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Preface

Clothing is an inherent necessity for human beings. Textiles protect us from unfavourable
weather and other environmental calamities. Moreover, textiles are instruments of social and cul­
tural affiliation and self-acceptance while at the same time fulfiling our desire for individuality.
These reasons motivated textile development that results in ever more sophisticated dothing in
all ethnic societies today. Fashion becomes something like body language, a "second skin" that
accentuates style and rank, sex and power, or their opposites.

In our modem society, fashion attains a new dimension as synthetic fibres are manufactured and
new chemical finishing treatments developed. Considering the wool of a sheep and an end­
fashioned pullover, it is evident that, in course of time, textiles have become "complicated"! Trying
to answer the question "how does the sheep fibre become the pullover" is simultaneously the an­
swer of "what is textile finishing".

Almost 2500 different chemicals can be used to colour and prepare a certain fibre in such a way
that it will be able to fulfil modem functionalized requirements such as having easy-care proper­
ties, etc.

This book considers the textile finishing process from an ecological perspective. A short survey of
the textile chain is followed by a detailed description of finishing processes; from pretreatment,
dyeing and printing to functionalized finishing. Of substantial interest are the chemicals involved
in the different treatments involved. The modular layout of the book allows the reader to follow
step by step the treatments of a specific fibre and the chemicals involved to obtain a specific tex­
tile function. Besides conventional finishing methods, the book focuses on innovative treatments
with microcapsules and novel coating processes. Tables compiling alphabetically all the chemi­
cals used, the process in which they may be used, their function and application details are given
in a separate section. Toxicological aspects of wearing specific clothes as well as the practical
recommendations on textile labels are also part of the book. Further information on toxicology
and physico-chemical properties of the chemicals, characterised by their CAS-number, can be
easily found by consulting •.www.oekopro.de". the online chemical database.

Another important aspect of the book is its focus on environmental protection in textile finishing.
The preventive approach to environmental protection, i.e. stopping the generation of waste and
emission at the source, is part of the overall goal of sustainable development. A substantial re­
duction in the consumption of raw materials and energy frequently brings economic benefits to a
company due to the fact that preventing the generation of waste and emissions also reduces the
demand for costly raw materials and energy. With this in mind, the book summarises environ­
mental considerations for textile processes and chemicals. For the sake of completeness, end-of­
pipe techniques, which focuses on achieving environmental quality standards by treating the
waste and emissions already generated, as well as ecologicalttoxicological recommendations for
substituting chemicals or processes and an extensive data collection on emissions and consump­
tion are an important part of this book.

The authors had thought to limit the scope of this work by assessing substances which are actu­
ally in use. Unfortunately, there was no, or very little, substantial support given regarding specific
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numbers of chemicals and the quantities used by the textile industry. However, some important
manufacturers of textile chemicals and textile finishers gave us constructive interviews, allowing a
pertinent view on the industry and its problems.

The extensive assessment of chemicals and all the other tasks relevant for this project were car­
ried out by F. Holter, M. Mentel, R. Tannert, L. Mense, F. McKean, I. Grothues, H. Lota, D.
Pollklasner, S. Konarski and W. Hammer. The authors thank them for their support and collabo­

ration.

The authors thank further Dr. S. Meyer-Stork (TVW GmbH) and Dr. H. Schoenberger for their
friendly cooperation. Numerous were people who assisted the drafting of this book and placed

their time, knowledge and experience at our disposal. The authors particularly express their
thanks to them.



1 General information

The textile industry is one of the most complicated industrial chains in the manufacturing industry.
The complexity of the sector is reflected by the difficulty in finding a clear-cut classification system
for the different activities involved. Historically. the textile "bond" has been fragmented into five
more or less independent but determined industrial branches.

• the cotton planters and sheep growers;

• the manufacturers of synthetically fibres;

• the spinners: weavers and knitters, etc. who produce textile surfaces or fabrics;

• the pretreatment. dyeing. printing. finishing and impregnating of textile fabrics. yarns. fi­
bres or goods is manufactured by the so-called textile finishing industry;

• the ready-made clothing section where fabrics are cut and assembled.

The European textile sector. as described in most information brochures of the textile federations.
most often encloses groups 3 and 4. The groups have been merged into one since nowadays it
has become impractical to classify the textile activities by reference to the fibre. Instead. the Fe­
derations now refer mainly to the manufactured products [32. 33. 45. 47):

- The sub-sector "Spinning and preparation" includes the preparation and production of filaments
(mainly PAl. of fibres (PA. PES. PP ... ). of yarns (pure and blend) of cotton. wool. linen, etc.

- The sub-sector "Interior textiles" includes carpets (woven squares and bathroom rugs. needle felt,
tufted.... ). furnishing fabrics (flat weaves. pile fabrics. plain, jacquard, printed, ... ). upholstery fab­
rics (curtain fabrics. wall coverings.... ). household linens (kitchen linen. bed linen. bath linen. table
linen). mattress ticking, blankets, coverlets. and trimmings.

- The sub-sector "Clothing textiles" includes the woven fabrics and knitted fabrics for sportswear.
rainwear. nightwear. work wear. underwear. fashion articles. leisure wear. It also includes ready to
wear or knits such as infant and children's wear. sweaters and other outerwear, tights. stockings.
socks. gloves, berets, etc. However. it is important not to confuse this sub-sector with the ready­
made clothing sector where fabrics are cut. assembled, and sewn into clothing!

- The sub-sector "Technical textiles" includes the geotextiles and textiles for construction. textiles
for agriculture. gardening and fisheries, textiles for defence, protection and safety, textiles for vehi­
cles. textiles for medical purposes. textiles for transport and packing, and textiles for industrial ap­
plications ( means of filtration. etc.).

- The sub-sector "Textile finishing" involves washing, bleaching, printing and coating many textile
products (for example. yarns, woven fabrics. carpets. knitted fabrics, non-woven fabrics. ready-to­
wear articles. etc); making them soil repellent, shrink resistant or flame retardant. etc. The sub­
sector includes commission finishing as well as integrated textile companies.



2

The sector of readYcmade clothing has nearly disappeared in Europe in part due to competition
from countries with different labour practices. However, the textile fabric, the stock, the material

delivered to the ready-made apparel sector is commonly supplied by European manufacturers.

The majority of this heterogeneous sector is dominated by small and medium companies. The tex­
tile industry is active right across Europe, but is mostly concentrated in a few EU countries.

• European countries

I

2

Data from [286]

Figure 1-1:

Jobs in textiles and clothing
1999

660.000

Jobs in textiles and clothing in the different EU countries in 1999

Based on a combination of the indicators "turnover", "value added", and "employement", Italy is by

far the most important Textile/clothing country in Europe (with a share of 31 % of the EU total), fol­

lowed by the United Kingdom (15%), Germany (14%), France (13%), Spain (9%), and Portugal

(6%).

The Textile/Clothing chain is composed of a wide range of industrial sub-sectors, using the entire

range of fibres. European industry is still enganged in all production stages, ranging from raw ma­

terials (in particular, the production of man-made fibres), to semi-processed articles (in particular,
spinning, weaving, knitting, and finishing activities), to the final products (e.g. home textiles, car­

pets, technical textiles, garments). An approximation of the relative importance of individual fibres
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in Europe's Textile/Clothing sector is given in the following table. In terms of industrial consump­
tion, man-made fibres accounted for about 72% (in 1998, industrial consumption in terms of vol­
ume). Cotton is the most important natural fibre [435].

Textile fibre Importance

Cotton 22%

Wool 7%

Polyester 25%

Polypropylene 12%

Polyamide 12%

Acrylic 6%

Cellulosics (man-made) 10%

Others (man-made) 6%

Note: no comparable information is available for "flax" and "silk". which together are estimated to represent about 5% of total fibre con­
sumption.

Table 1-1: Relative importance of textile fibres

The main distinction to be made in the Textile/Clothing sector is that between "textiles" and "cloth­
ing" products, with textiles accounting for about 60% of Community activity (based on combination
of turnover, added value, and employement). Their special characteristics as well as performance
can be characterised as follows (figures for 1999):

Textiles Clothing

Weight in total Textile/Clothing sec- 60% 40%
tor

Importance of factors of production Capital intensive Labour intensive

Productivity as % of average pro- 66% 46%
ductivity in EU manufacturing

Turnover (€ bn) 109 69

Investment (€ bn) 5 1.2

Imports (€ bn) 17 41

Exports (€ bn) 22 13

Trade balance (€ bn) +5 - 28

Import penetration rate 23% 46%

Employment 1,160,000 924,000

% of companies with less than 20 75% > 80%
employees

Table 1-2: Comparision between textiles and clothing industry

According to industrial activities, the "textile" industry can be further broken down into various sub­
sectors. Industry indicates their relative importance as follows [435]:
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Sub-sector Share (%)

Woven fabrics 22

Technical/industrial textiles (inc!. Carpets) 21

Knitted fabrics and articles 18

Yarn and thread 16

Textile finishing 12

Home textiles 11

Total Textiles 100

Table 1-3: Relative importance of sub-sectors of the textiles industry

In recent years, technical textiles have become a vital component of EU industry (reaching a share
of 27.6 % in total production in 1999, after 25.8 % in 1998), and its importance is bound to in­
crease. Within the EU, the main producers of technical textiles are Germany (17% of the EU total),
closely followed by the UK and France (16% each), Belgium (15%) and Italy (14%). Examples of
high-tech (or technical) products are high tenacity yarns, or special elastic or coated fabrics, all of
which have a high technology content. The vehicles and transport industry is the principal industrial
user of technical textiles (29% in total EU consumption of such products in 1999), followed by fur­
niture/home furnishing (14%) and construction/civil engineering (11%). Given that innovation in
new materials, processes and products is an inherent feature of this sub-sector, expenditure on
R&D is higher in this field than for "conventional" textiles (reaching up to 8-10% of turnover, com­
pared to the industrial average of 3-5%). In development of fibres, yarns and fabrics, functional
aspects - such as antibacterial, antistatic, UV protective, thermal, or biodegradable functions - are
playing an increasingly important role (435). For this reasons, in the following work, particular at­
tention was payed to those themes and a special section is dedicated to technical textiles(see
Intelligent textiles section 6.6).

In spite of the considerable potential of the market for technical textiles, it is sayed to remain a
niche market.



2 Legal regulations

2.1 Air and noise

2.1.1 EU 1mmission protection

The following table summarises the most important european directives on immission protection.
Comments on this legislation are made referring to [466] and stated below.

Legislation

2000/479/EC Council Directive 96/61/EC of 24 September 1996 concerning integrated pollution preven-

1999/391/EC tion and control

96/61/EC Commission Decision of 17 July 2000 on the implementation of a European pollutant emis-
sion register (EPER) according to Article 15 of Council Directive 96/61/EC concerning inte-
grated pollution prevention and control (IPPC)

1999/13/EC Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of volatile

organic compounds due to the use of organic solvents in certain activities and installations

2002/3/EC Directive 2002/3/EC of the European Parliament and of the Council of 12 February 2002
relating to ozone in ambient air

2001/839/EC Commission Decision of 8 November 2001 laying down a questionnaire to be used for an-

nual reporting on ambient air quality assessment under Council Directives 96/62/EC and

1999/30/EC (notified under document number C(2001) 3405) (Text with EEA relevance)
(2001/839/EC)

Information to be provided on an annual basis under Article 11 of Directive 96/62/EC, in

conjunction with Annexes I, II, III, IV and V, and Articles 3, 5 and 9(6) of Directive
1999/30/EC.

2001/80/EC Directive 2001/80/EC of the European Parliament and of the Council of 23 October 2001 on

the limitation of emissions of certain pollutants into the air from large combustion plants

2001/81/EC Directive 2001/81/EC of the European Parliament and of the Council of 23 October 2001 on

national emission ceilings for certain atmospheric pollutants

2000/76/EC Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000
on the incineration of waste

2000/69/EC Directive 2000/69/EC of the European Parliament and of the Council of 16 November 2000
relating to limit values for benzene and carbon monoxide in ambient air

1999/30/EC Council Directive 1999/30/EC of 22 April 1999 relating to limit values for sulphur dioxide,

nitrogen dioxide and oxides of nitrogen, particulate matter and lead in ambient air

96/62/EC Council Directive 96/62/EC of 27 September 1996 on ambient air quality assessment and

management

94/67/EC COUNCIL DIRECTIVE 94/67/EC of 16 December 1994 on the incineration of hazardous

98/C214/02 waste (see also 2000/76/EC)

88/609/EEC Council Directive 88/609/EEC of 24 November 1988 on the limitation of emissions of certain
pollutants into the air from large combustion plants: no longer in force (see also
2001/80/EC)

84/360/EEC COUNCIL DIRECTIVE of 28 June 1984 on the combating of air pollution from industrial
plants (84/360/EEC)

Table 2-1: EU legislation on immission protection
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Council Directive 96/61/EC of 24 September 1996 concerning integrated pollution preven­
tion and control

The purpose of this Directive is to achieve integrated prevention and control of pollution arising
from the activities listed below. It lays down measures designed to prevent or, where that is not
practicable, to reduce emissions in the air, water and land from the above mentioned activities,
including measures concerning waste, in order to achieve a high level of protection of the environ­
ment taken as a whole, without prejudice to Directive 85/337/EEC and other relevant Community
provisions.

Moreover, the directive lays down the requirements that Member States shall involve in their leg­
islation concerning granting of permits for new installations or reconsidering of permits for existing
installations. Among others, Member States shall take the necessary measures to ensure that an
application to the competent authority for a permit includes a description of:

- the installation and its activities,

- the raw and auxiliary materials, other substances and the energy used in or generated by
the installation,

- the sources of emissions from the installation,

- the conditions of the site of the installation,

- the nature and quantities of foreseeable emissions from the installation into each medium
as well as identification of significant effects of the emissions on the environment,

- the proposed technology and other techniques for preventing or, where this not possible,
reducing emissions from the installation,

- where necessary, measures for the prevention and recovery of waste generated by the
installation,

- measures planned to monitor emissions into the environment.

An application for a permit shall also include a non-technical summary of the details referred to in
the above indents.

Another point lays down that Member States shall take the measures necessary to ensure that the
conditions of, and procedure for the grant of, the permit are fully coordinated where more than one
competent authority is involved, in order to guarantee an effective integrated approach by all
authorities competent for this procedure.

The categories of industrial activities referred to in the directive and relevant for textile finishing
industry are:

- Combustion installations with a rated thermal input exceeding 50 MW

- Plants for the pre-treatment (operations such as washing, bleaching, mercerization) or
dyeing of fibres or textiles where the treatment capacity exceeds 10 tonnes per day
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- Installations for the surface treatment of substances, objects or products using organic
solvents, in particular for dressing, printing, coating, degreasing, waterproofing, sizing,
painting, cleaning or impregnating, with a consumption capacity of more than 150 kg per
hour or more than 200 tonnes per year.

Commission Decision of 17 July 2000 on the implementation of a European pollutant emis­
sion register (EPER) according to Article 15 of Council Directive 96/61/EC concerning inte­
grated pollution prevention and control (IPPC)

Member States shall report to the Commission on emissions from all individual facilities with one or
more activities as mentioned in Annex I to Directive 96/61/EC. The report must include the emis­
sions to air and water for all pollutants for which the threshold values are exceeded; both pollutants
and threshold values are specified (see table below, in section "EU legislation on air protection").
Member States shall report to the Commission every three years. The first report by Member
States shall be sent to the Commission in June 2003 providing data on emissions in 2001 (or op­
tionally 2000 or 2002, when data for 2001 are not available). The second report by Member States
shall be sent to the Commission in June 2006 providing data on emissions in 2004. From the year
T=2008 onwards and dependent on the results of the second reporting cycle, Member States are

encouraged to send annually the next reports to the Commission in December of the year T pro­
viding data on emissions in the year T-1.

List of pollutants to be reported if threshold value is exceeded: see section 2.2.1, below.

Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of volatile or­
ganic compounds due to the use of organic solvents in certain activities and installations

The purpose of this Directive is to prevent or reduce the direct and indirect effects of emissions of
volatile organic compounds into the environment, mainly into air, and the potential risks to human
health, by providing measures and procedures to be implemented for the activities defined in An­

nex I, in so far as they are operated above the solvent consumption thresholds listed in Annex IIA
(see tables below).

Member States shall take the appropriate measures, either by specification in the conditions of the
authorisation or by general binding rules to ensure that preventive action is taken to protect public
health and the environment against the consequences of particularly harmful emissions from the
use of organic solvents and to guarantee citizens the right to a clean and healthy environment. All
installations mentioned in Annexe I shall comply with (a) either the emission limit values in waste

gases and the fugitive emission values, or the total emission limit values, and other requirements
laid down in the directive; or (b) the requirements of the reduction scheme specified in the directive
(Le. the purpose of the reduction scheme is to allow the operator the possibility to achieve by other
means emission reductions, equivalent to those achieved if the emission limit values were to be
applied). For fugitive emissions, Member States shall apply fugitive emission values to installations
as an emission limit value. For installations not using the reduction scheme, any abatement
equipment installed after the date on which this Directive is brought into effect shall meet all the
requirements of Annex IIA.



8

Moreover, the Commission shall ensure that an exchange of information between Member States
and the activities concerned on the use of organic substances and their potential substitutes takes
place. It shall consider the questions of:

- fitness for use,

- potential effects on human health and occupational exposure in particular;

- potential effects on the environment, and

- the economic consequences, in particular, the costs and benefits of the options available,

with a view to providing guidance on the use of substances and techniques which have the least
potential effects on air, water, soil, ecosystems and human health. Following the exchange of in­
formation, the Commission shall publish guidance for each activity.

Member States shall also ensure that this gUidance is taken into account during authorisation and
during the formulation of general binding rules. That means in particular that substances or prepa­
rations which, because of their content of VOCs classified as carcinogens, mutagens, or toxic to
reproduction under Directive 67/548/EEC, are assigned or need to carry the risk phrases R45,
R46, R49, R60, R61, shall be replaced, as far as possible, by less harmful substances or prepara­
tions within the shortest possible time.

The Annex I of the directive contains the categories of activity referred to in Article 1. When oper­
ated above the thresholds listed in Annex IIA, the activities mentioned in this Annex fall within the
scope of the Directive. In each case the activity includes the cleaning of the equipment but not the
cleaning of products unless specified otherwise. Categories contained in ANNEX I of the directive
1999/13/EC that are relevant for textile finishing industry are described shortly below.

Adhesive coating: any activity in which an adhesive is applied to a surface, with the exception of
adhesive coating and laminating associated with printing activities.

Coating activity: any activity in which a single or multiple application of a continuous film of a coat­
ing is applied to:

- textile, fabric, film and paper surfaces,

- leather. It does not include the coating of substrate with metals by electrophoretic and
chemical spraying techniques. If the coating activity includes a step in which the same arti­
cle is printed by whatever technique used, that printing step is considered part of the coat­
ing activity. However, printing activities operated as a separate activity are not included, but
may be covered by the Directive if the printing activity falls within the scope thereof.

Dry cleaning: any industrial or commercial activity using VOCs in an installation to clean garments,
furnishing and similar consumer goods with the exception of the manual removal of stains and
spots in the textile and clothing industry.

Manufacturing of coating preparations varnishes inks and adhesives: the manufacture of the
above final products, and of intermediates where carried out at the same site, by mixing of pig­
ments, resins and adhesive materials with organic solvent or other carrier, including dispersion and
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predispersion activities, viscosity and tint adjustments and operations for filling the final product
into its container.

Printing: any reproduction activity of text and/or images in which, with the use of an image carrier,
ink is transferred onto whatever type of surface. It includes associated varnishing, coating and
laminating techniques. However, only the following sub-processes are subject to the Directive:

- f1exography - a printing activity using an image carrier of rubber or elastic photopolymers
on which the printing areas are above the non-printing areas, using liquid inks which dry
through evaporation,

- laminating associated to a printing activity - the adhering together of two or more flexible
materials to produce laminates,

- rotogravure - a printing activity using a cylindrical image carrier in which the printing area
is below the non-printing area, using liquid inks which dry through evaporation. The re­
cesses are filled with ink and the surplus is cleaned off the non-printing area before the
surface to be printed contacts the cylinder and lifts the ink from the recesses,

- rotary screen printing - a web-fed printing activity in which the ink is passed onto the sur­
face to be printed by forcing it through a porous image carrier, in which the printing area is
open and the non-printing area is sealed off, using liquid inks which dry only through evapo­
ration. Web-fed means that the material to be printed is fed to the machine from a reel as
distinct from separate sheets,

- varnishing - an activity by which a varnish or an adhesive coating for the purpose of later
sealing the packaging material is applied to a flexible material.

Surface cleaning: any activity except dry cleaning using organic solvents to remove contamination
from the surface of material including degreasing. A cleaning activity consisting of more than one
step before or after any other activity shall be considered as one surface cleaning activity. This
activity does not refer to the cleaning of the equipment but to the cleaning of the surface of prod­
ucts.
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Activity Threshold Emission Fugitive emis- Total emission

(solvent consumption thresh- (solvent con- limit val- sion values limit values

old in tonnes/year) sumption uesin (%of solvent in-
threshold in waste put)
tonnes/year) gases

New(mg Existing New Existing

C/Nm')

3 Other rotogravure, flexography, 15 - 25 100
rotary screen printing, laminating > 25 100
or varnishing units (>15) rotary

> 30(1) 100screen printing on tex-
tile/cardboard (>30)

4 Surface cleaning(>1 )(10) 1-5 20 (11) 15

>5 20 (11) 10

5 Other surface cleaning (> 1) 2-10 75 (12) 20 (12)

>10 75 (12) 15 (12)

8 Other coating, including metal, 5-15 100 (2)(4) 25 (5)

plastic, textile (61, fabric, film and >15 50/75 (3)(4) 25 (5)

paper coating (>5) (5)

1 Dry cleaning 20 g/kg (7) (8) (9)

1

1 Manufacture of coating prepara- 100 -1000 150 5 5% of solvent in- .
7 tions, varnishes, inks and adhe- >1000 150 3 put

sives (>100) 3% of solvent in-

put

(1) Threshold for rotary screen printing on textile and on cardboard

(2) Emission limit value applies to coating application and drying processes operated under contained conditions

(') The first emission limit value applies to drying processes, the second to coating application processes

(4) For textile coating installations which use techniques which allow reuse of recovered solvents, the emission limit

applied to coating application and drying processes taken together shall be 150

(5) Coating activities which cannot be applied under contained conditions (such as shipbuilding, aircraft painting) may
be exempted from these values, in accordance with Article 5(3)(b)

(6) Rotary screen printing on textile is covered by activity No 3

(7) Expressed in mass of solvent emitted per kilogram of product cleaned and dried

(8) The emission limit in Article 5(8) does not apply for this sector

(9) The following exemption refers only to Greece: the total emission limit value does not apply, for a period of 12

years after date on which this directive is brought into effect, to existing installations located in remote areas and/or
islands, with a population of no more than 2000 permanent inhabitants where the use of advanced technology

equipment is not economically feasible.

(10) Using compounds specified in Article 5(6) and (8)

(11) Limit refers to mass of compounds in mg/Nm3, and not to total carbon

(12) Installations which demonstrate to the competent authority the average organic solvent contentz of all cleaning

material used does not exceed 30% by weight are exempted from application of these values

• The fugitive emission value does not include solvent sold as part of a coatings preparations in a sealed container

Table 2-2: Thresholds and emission controls ofactivities relevant for textile finish­
ing
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Directive 2001/80/EC of the European Parliament and of the Council of 23 October 2001 on
the limitation of emissions of certain pollutants into the air from large combustion plants

This Directive shall apply to combustion plants, the rated thermal input of which is equal to or
greater than 50 MW, irrespective of the type of fuel used (solid, liquid or gaseous).

Not later than 1 July 1990 Member States shall draw up appropriate programmes for the progres­
sive reduction of total annual emissions from existing plants. The programmes shall set out the
timetables and the implementing procedures. Member States shall continue to comply with the
emission ceilings and with the corresponding percentage reductions laid down for sulphur dioxide
in Annex I, columns 1 to 6, and for oxides of nitrogen in Annex II, columns 1 to 4, by the dates
specified in those Annexes, until the implementation of the provisions that apply to existing plants.
Waste gases from combustion plants shall be discharged in controlled fashion by means of a
stack.

Directive 2002/3/EC of the European Parliament and of the Council of 12 February 2002 re­
lating to ozone in ambient air

The major purpose of this Directive is: (a) to establish long-term objectives, target values, an alert
threshold and an information threshold for concentrations of ozone in ambient air in the Commu­
nity, designed to avoid, prevent or reduce harmful effects on human health and the environment as
a whole; (b) to ensure that common methods and criteria are used to assess concentrations of
ozone and, as appropriate, ozone precursors (oxides of nitrogen and volatile organic compounds)
in ambient air in the Member States. In accordance with Article 7(3) of Directive 96/62/EC, Member
States shall draw up action plans, at appropriate administrative levels, indicating specific measures
to be taken in the short term, taking into account particular local circumstances, for the zones
where there is a risk of exceedances of the alert threshold, if there is a significant potential for re­
ducing that risk or for reducing the duration or severity of any exceedance of the alert threshold.

The Commission shall submit to the European Parliament and the Council by 31 December 2004,
at the latest, a report based on experience of the application of this Directive.

Directive 2001/81/EC of the European Parliament and of the Council of 23 October 2001 on
national emission ceilings for certain atmospheric pollutants.

The aim of this Directive is to limit emissions of acidifying and eutrophying pollutants and ozone
precursors in order to improve the protection in the Community of the environment and human
health against risks of adverse effects from acidification, soil eutrophication and ground-level
ozone and to move towards the long-term objectives of not exceeding critical levels and loads and
of effective protection of all people against recognised health risks from air pollution by establishing
national emission ceilings, taking the years 2010 and 2020 as benchmarks.

This Directive covers emissions from all sources of the pollutants sulphur dioxide (S02), nitrogen
oxides (NOx), volatile organic compounds (VOC) and ammonia (NH3) which arise as a result of
human activities, to amounts not greater than the emission ceilings specified in the directive.

Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000 on
the incineration of waste
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The aim of this Directive is to prevent or to limit as far as practicable negative effects on the envi­
ronment, in particular pollution by emissions into air, soil, surface water and groundwater, and the
resulting risks to human health, from the incineration and co-incineration of waste. This aim shall
be met by means of stringent operational conditions and technical requirements, through setting
emission limit values for waste incineration and co-incineration plants within the Community. This
Directive covers incineration and co-incineration plants. Without prejudice to Article 11 of Directive
75/442/EEC or to Article 3 of Directive 91/689/EEC, no incineration or co-incineration plant shall
operate without a permit to carry out these activities. Incineration plants shall be operated in order
to achieve a level of incineration such that the slag and bottom ashes Total Organic Carbon (TOC)
content is less than 3 % or their loss on ignition is less than 5 % of the dry weight of the material. If
necessary appropriate techniques of waste pretreatment shall be used.

Directive 2000/69/EC of the European Parliament and of the Council of 16 November 2000
relating to limit values for benzene and carbon monoxide in ambient air.

The objectives of this Directive shall be: (a) to establish limit values for concentrations of benzene
and carbon monoxide in ambient air intended to avoid, prevent or reduce harmful effects on human
health and the environment as a whole; (b) to assess concentrations of benzene and carbon mon­
oxide in ambient air on the basis of common methods and criteria; (c) to obtain adequate informa­
tion on concentrations of benzene and carbon monoxide in ambient air and ensure that it is made
available to the public; (d) to maintain ambient air quality where it is good and improve it in other
cases with respect to benzene and carbon monoxide.

Council Directive 1999/30/EC of 22 April 1999 relating to limit values for sulphur dioxide,
nitrogen dioxide and oxides of nitrogen, particulate matter and lead in ambient air

The objectives of this Directive shall be to:

- establish limit values and, as appropriate, alert thresholds for concentrations of sulphur
dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead in ambient air
intended to avoid, prevent or reduce harmful effects on human health and the environment
as a whole,

- assess concentrations of sulphur dioxide, nitrogen dioxide and oxides of nitrogen, par­
ticulate matter and lead in ambient air on the basis of common methods and criteria,

- obtain adequate information on concentrations of sulphur dioxide, nitrogen dioxide and
oxides of nitrogen, particulate matter and lead in ambient air and ensure that it is made
available to the public,

- maintain ambient-air quality where it is good and improve it in other cases with respect to
sulphur dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead.

COUNCIL DIRECTIVE of 28 June 1984 on the combating of air pollution from industrial
plants (84/360/EEC)

The purpose of this Directive is to provide for further measures and procedures designed to pre­
vent or reduce air pollution from industrial plants within the Community, particularly those belong­
ing to the categories set out in the following. Categories of plants are "...combustion installations
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with a nominal heat output of more than 50 MW; ... ". List of the most important polluting sub­
stances:

1. Sulphur dioxide and other sulphur compounds

2. Oxides of nitrogen and other nitrogen compounds

3. Carbon monoxide

4. Organic compounds, in particular hydrocarbons (except methane)

5. Heavy metals and their compounds

6. Dust; asbestos (suspended particulates and fibres), glass and mineral fibres

7. Chlorine and its compounds

8. Fluorine and its compounds

2.1.2 Relevant laws in Germany

In Germany: Bundes-Immissionsschulzgeselze (BlmSchG)

Aims of the german "Bundes-Immissionsschutzgeselz" is to

1. "protect ... humans, animals, plants, earth, water, atmosphere as well as culture and
other real assets from harmful environmental detrimental effects, and further prevent
harmful detrimental effects"

2. "as equipment needing administrative permissions is concerned: allow an integrated
prevention and reduction of harmful environmental effects from emission to air, water and
soil, inclUding waste management, and further protect and prevent against risks, sustantial
disadvantages and nuisance that may be caused in otherwise" (465).

Ordinances for establishing the law (as they may be relevant for textile finishing industry)

1.BlmSchV (klein und mittlere Feuerungsanlagen)

2.BlmSchV (Emissionsbegrenzungen von leichtflOchtigen halogenierten organi­
schen Verbindungen)

4.BimSchV (genehmigungsbedOrftige Anlagen)

5. BlmSchV (Immissionsschutz- und Storfallbeauftragte)

9.BlmSchV (Genehmigungsverfahrens-Verordnung)
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11.BlmSchV (Emissionserklarungs-Verordnung)

12.BlmSchV (StOrfallverordnung)

13.BlmSchV (Grol1feuerungsanlagen)

22.BlmSchV (Immissionswerte)

31.BlmSchV (Begrenzung der Emission flOchtiger organischer Verbindungen bei
der Verwendung organischer L6semittel in bestehenden Anlagen)

Geruchsimmissionsrichtlinie (GIRL)

Landes-Immissionsschutzgesetze: Richtlinie fOr die Bekanntgabe und die Zulas­
sung von sachverstandigenstellen im Bereich des Immissionsschutzes (Mel1stel­
lenRL)

TA-Luft

TA-Larm

Comments on the ordinances refering to the main emission pathways

As not otherwise mentioned, the comments are based on the current wording of the laws as pub­
lished in [465).

Generation of process steam

The 1.BimSchV is relevant for most of the combustion plants used in textile finishing industry, de­
pending on their size. Combution plants having heat capacity of 10-20 MW with petroleum and
natural gas combustion have recently been affiliated in §§ 11 a, 17a, 18a and 23a to the
1.BimSchV. The requirements and regulations for these combustion plants were precendently
codified in the corresponding permition regulating ordinances for immission protection of the TA
Luft, and in documents about the best available techniques [342).

Facilities according point 10.23 of the annexe to the 4.BlmSchV

Mainly finishing processes using a stenter frame after padding of chemicals on fabric (such as
singeing, thermofixing, thermosolating, impregnating and functional finishing processes) are sum­
marised under this point. A variety of volatile organic substances may be emitted during drying.
These emission are partially accompanied from odour nuisance [342).

Facilities using organic solvent in finishing textiles

The facilities for coating, impregnating and finishing using organic solvent are affiliate to point 5.1
in annexe of the 4.BimSchV, as a specific amount of solvent is exceeded. The textiles produced
from these facilities are special goods like for example canvas or sailcloths [342).
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Facilities for preatment and dyeing of fibres and textiles

In order to complain with the Commission Decision of 17 July 2000 (2000/479/EC) on the imple­
mentation of a European pollutant emission register (EPER) according to Article 15 of Council Di­
rective 96/61/EC concerning integrated pollution prevention and control (IPPC), the point 10.10 of
annexe to 4.BimSchV has been completely new drafted. In column 1, pre-treatment and dyeing
facilities for washing, bleaching, mercerising and dyeing with production capacities of more than 10
tid are affiliated, and thus needing newly authorisation referring to relevant immission protection
ordinances.

In column 2a and 2b, facilities such as bleaching with chlorine or chlore containing substances,
(with capacities lower than 10 tid), and facilities for non-printing dyeing with carriers (With capaci­
ties of 2-10 tid) which needs authorisation are listed [342; 451).

Technische Anleitung (TA) Luft Vorn 24. Juli 2002

The TA-Luft refers to facilities as listed in the 4. BlmSchV. Facilities that do not require official ap­
proval can be treated according to the § 24 BlmSchG.

The TA-Luft further contain specifications such as instructions for measuring immissions and emis­
sions (gas, dust, vapour, etc), regulations for permits, rules for limiting emission and lists of sub­
stances classified referring to their danger potential. Threshold values for emission concentration
and mass flow of substances are also specified. The substances are categorised referring to their
toxicity, odour intensity, carcinogenity, and persistence [74; 452). The TA-Luft takes into consid­
eration the state-of-the-art technology.

The following table shows several examples for the classification of relevant solvents [74, up­
dated).

Examples Mass flow in kg/h Concentration in mg/m'

Class I Formaldehyde 0.1 20

Formic acid

tetrachloroethane

Class II Acetic acid 2.0 50

Butylglycol

trichloroethylene

Table 2-3: Classification of solvents according to the TA-Luft

Organic substances in offgases, with exception of dusty organic substances, may not exceed
mass flow of 0.50 kg/h - mentioned as total carbon content of 50 mg/m3. Specific request for
some facilities (relevant for textile finishing) are formulated for facilities for textile finishing such as
thermofixing, thermosolating, coating, impregnating or functional finishing, including the corre­
sponding facilities for drying. Constructional and operational requests are that the concentration of
emission relevant substances on the textile fabric (e.g. residual monomer, preparations like spin­
ning additives, lubricants and sizing agents) are to be hold as low as possible. For this purpose,
some of the following recommendations are made:
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1. use of thermostable preparation agents

2. reducing of the application amount

3. pre-treatment of the fabric, e.g. washing

4. optimisation of pre-treatment, e.g. improving wash efficiency

The mass concentration referres to a air-fabric ratio of 20 m3/kg. The air-fabric ratio is a ratio of the
total gas volume (in m3/h) of a thermic treatment aggregate during a finishing process, and of the
fabric mass flow (in kg/h). By multiplication of the authorised mass concentration of the emitted
substance with the relevant air-fabric ratio of 20 m3/kg, a specific emission factor (mass of the
emitted substance (in g) pro mass finished textile (in kg)) (see section 7.1.5 Emission factor con­
cept).

Critical substance and preparation are to be replaced by less harmful ones. Old facilities which not
have the possibilty to respect the recommandations regarding the maximal mass concentration
have the possibility to optimised the plants taking account of the state of the art technologies.

Technische Anleitung (TA) Uirm yom 26. August 1998

The TA-Larm (Technical Instruction for Noise) refers to the protection of persons indirectly af­
fected, e.g. neighbours or general public. The immission values for the noise level listed below
referees to immission points situated outside of buildings.

Day Night

a) In industrial area 70 dB(A)

b) in industrial parks 65 dB(A) 50 dB(A)

c) in main areas, village and mixed areas 60 dB(A) 45dB(A)

d) in residencial zones and small urban areas 55 dB(A) 40 dB(A)

e) in pure residencial areas 50dB(A) 35 dB(A)

f) in areas such as hospitals, etc. 45 dB(A) 35 dB(A)

Table 2-4: Guidelines on the effect ofnoise according to the TA-Uirm

2.2 Water I waste water

2.2.1 EU protection of water

The most important legislation on water protection of the European Community is listed in the fol­
lowing table. Comments, stated below, are made referring to the wording laws as published in
(466).



Legislation

2000/60/EC Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000
establishing a framework for Community action in the field of water policy

Decision No 2455/2001/EC of the European Parliament and of the Council of 20 November

2455/2001/EC
2001 establishing the list of priority substances in the field of water policy and amending
Directive 2000/60/EC

Council Directive 76/464/EEC of 4 May 1976 on pollution caused by certain dangerous
substances discharged into the aquatic environment of the Community; amended by Direc-

76/464/EEC tive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 estab-
lishing a framework for Community action in the field of water policy

96/61/EC Council Directive 96/61/EC of 24 September 1996 concerning integrated pollution preven-
tion and control

2000/479/EC Commission Decision of 17 July 2000 on the implementation of a European pollutant emis-

sion register (EPER) according to Article 15 of Council Directive 96/61/EC concerning inte-

grated pollution prevention and control (IPPC) (notified under document number C(2000)
2004) (Text with EEA relevance)

91/676/EEC COUNCIL DIRECTIVE of 21 May 1991 concerning urban waste water treatment

86/280/EEC Council Directive 86/280/EEC of 12 June 1986 on limit values and quality objectives for

discharges of certain dangerous substances included in List I of the Annex to Directive

76/464/EEC

76/464/EEC
Council Directive 76/464/EEC of 4 May 1976 on pollution caused by certain dangerous

substances discharged into the aquatic environment of the Community

86/280/EEC Council Directive 86/280/EEC of 12 June 1986 on limit values and quality objectives for

discharges of certain dangerous substances included in List I of the Annex to Directive
76/464/EEC

84/491/EEC Council Directive 84/491/EEC of 9 October 1984 on limit values and quality objectives for

discharges of hexachlorocyclohexane

84/156/EEC Council Directive 84/156/EEC of 8 March 1984 on limit values and quality objectives for

mercury discharges by sectors other than the chlor-alkali electrolysis industry

83/513/EEC Council Directive 83/513/EEC of 26 September 1983 on limit values and quality objectives

for cadmium discharges
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Table 2-5: EU legislation on protection of water

Directive 2000/GO/EC of the European Parliament and of the Council of 23 October 2000 es­
tablishing a framework for Community action in the field of water policy

The purpose of this Directive is to establish a framework for the protection of inland surface waters,
transitional waters, coastal waters and groundwater which:

(a) prevents further deterioration and protects and enhances the status of aquatic ecosystems and,
with regard to their water needs, terrestrial ecosystems and wetlands directly depending on the
aquatic ecosystems;

(b) promotes sustainable water use based on a long-term protection of available water resources;

(c) aims at enhanced protection and improvement of the aquatic environment, inter alia, through
specific measures for the progressive reduction of discharges, emissions and losses of priority
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substances and the cessation or phasing-out of discharges, emissions and losses of the priority
hazardous substances;

(d) ensures the progressive reduction of pollution of groundwater and prevents its further pollution,
and

(e) contributes to mitigating the effects of floods and droughts and thereby contributes to:

- the provision of the sufficient supply of good quality surface water and groundwater as
needed for sustainable, balanced and equitable water use,

- a significant reduction in pollution of groundwater,

- the protection of territorial and marine waters, and

- achieving the objectives of relevant international agreements, including those which aim to
prevent and eliminate pollution of the marine environment, by Community action under Arti­
cle 16(3) to cease or phase out discharges, emissions and losses of priority hazardous
substances, with the ultimate aim of achieving concentrations in the marine environment
near background values for naturally occurring substances and close to zero for man-made
synthetic substances.

An indicative list of the main pollutants is cited in the directive:

1. Organohalogen compounds and substances which may form such compounds in the
aquatic environment.

2. Organophosphorous compounds.

3. Organotin compounds.

4. Substances and preparations, or the breakdown products of such, which have been
proved to possess carcinogenic or mutagenic properties or properties which may affect
steroidogenic, thyroid, reproduction or other endocrine-related functions in or via the
aquatic environment.

5. Persistent hydrocarbons and persistent and bioaccumulable organic toxic substances.

6. Cyanides.

7. Metals and their compounds.

8. Arsenic and its compounds.

9. Biocides and plant protection products.

10. Materials in suspension.

11. Substances which contribute to eutrophication (in particular, nitrates and phosphates).
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12. Substances which have an unfavourable influence on the oxygen balance (and can be
measured using parameters such as BOD, COD, etc.).

Moreover, a list of priority pollutants are added to this directive (see Decision No. 2455/2001/EC,
commented below)

The "limit values" and "quality objectives" Le. emission limit values and environmental quality stan­
dards are established in the following Directives (see comments on these directives as relevant for
textile industry, below):

(i) The Mercury Discharges Directive (82/176/EEC);

(ii) The Cadmium Discharges Directive (83/513/EEC);

(iii) The Mercury Directive (84/156/EEC);

(iv) The Hexachlorocyclohexane Discharges Directive (84/491/EEC); and

(v) The Dangerous Substance Discharges Directive (86/280/EEC).

Council Directive 86/280/EEC of 12 June 1986 on limit values and quality objectives for dis­
charges of certain dangerous substances included in List I of the Annex to Directive
76/464/EEC (list of dangerous substances: see comments on Directive 2000/60/EC, above)

This Directive lays down limit values for emission standards for the substances in discharges from
industrial plants, quality objectives for the substances in the aquatic environment, the times for
compliance with the conditions specified in the authorizations granted by the competent authorities
of Member States in respect of existing discharges, the reference methods of measurement ena­
bling the content of the substances in discharges and in the aquatic environment to be determined.
Further, this Directive establish a monitoring procedure, lays down a set of general provisions ap­
plicable to all the substances and relating, in particular, to limit values for emission standards,
quality objectives and reference methods of measurement, and a set of specific provisions which
amplify and supplement those headings in respect of individual substances.

Limit values for industrial plants which discharge dangerous substances are said to be determined
by the Council in a later stage. Meanwhile, the Member States were independently set emission
standards for discharges of such substances on the basis of the best technical means available.
The directive however contains some specific provision on limit values for carbon tetrachloride,
DDT and pentachlorophenol.

The directive was further amended (by Council Directive 90/415/EEC ) by adding for 1,2­
dichloroethane (EDC), trichloroethylene (TRI), perchloroethylene (PER) and trichlorobenzene
(TCB)'. Further, specific provisions on limit values for 1,2-dichloroethane (EDC) CAS - No 107-06-2
were added.

Council Directive 84/491/EEC of 9 October 1984 on limit values and quality objectives for
discharges of hexachlorocyclohexane
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This Directive; among others, lays down limit values for emission standards for HCH in discharges
from industrial plants.

Council Directive 84/156/EEC of 8 March 1984 on limit values and quality objectives for
mercury discharges by sectors other than the chlor-alkali electrolysis industry

This Directive, among others, lays down limit values for emission standards for mercury in dis­
charges from industrial plants.

Council Directive 83/513/EEC of 26 September 1983 on limit values and quality objectives
for cadmium discharges

This Directive- in pursuance of Directive 76/464/EEC, lays down limit values for emission stan­
dards for cadmium in discharges from industrial plants at which cadmium or any substance con­
taining cadmium is handled.

Decision No 2455/2001/EC of the European Parliament and of the Council of 20 November
2001 establishing the list of priority substances in the field of water policy and amending
Directive 2000/60/EC

The list of priority substances established by this Decision shall replace the list of substances in
the Commission Communication of 22 June 1982. This list, as it appears in the Annex to this Deci­
sion, shall be added to Directive 2000/60/EC as Annex X.
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CAS Number (1) EU Number (2) Name of priority substance Identified as
priority hazard·
ous substance

1 15972-60-8 240-110-8 Alachlor

2 120-12-7 204-371-1 Anthracene (X) (...)

3 1912-24-9 217-617-8 Atrazine (X) (•••)

4 71-43-2 200-753-7 Benzene

5 Not applicable Not applicable Brominated diphenylethers(··) Xr···)

6 7440-43-9 231-152-8 Cadmium and its compounds X

7 85535-84-8 287-476-5 C10-13-chloroalkanes(··) X

8 470-90-6 207-432-0 Chlorfenvinphos

9 2921-88-2 220-864-4 chloropyrifos (X) (•••)

10 107-06-02 203-458-1 1,2-dichloroethane

11 75-09-2 200-838-9 Dichloromethane

12 117-81-7 204-211-0 Di(2-ethylhexyl)phthalate (DEHP) (X) (•••)

13 330-54-1 206-354-4 Diuron (X) (•••)

14 115-29-7 204-079-4 Endosulfan (X)r··)

15 959-98-8 Not applicable (alpha-endosulfan)

16 206-44-0 205-912-4 Fluoranthene (••••)

17 118-74-1 204-273-9 Hexachlorobenzene X

18 87-68-3 201-765-5 Hexachlorobutadiene X

19 608-73-1 210-158-9 Hexachlorocyclohexane X

20 58-89-9 200-401-2 (gamma-isomer, lindane)

21 34123-59-6 251-835-4 Isoproturon (X) (•••)

22 7439-92-1 231-100-4 Lead and its compounds (X) (•••)

23 7439-97-6 231-106-7 Mercury and its compounds X

24 91-20-3 202-049-5 Naphthalene (X) (••• )

25 7440-02-0 231-111-4 Nickel and its compounds

26 25154-52-3 246-672-0 Nonylphenols X

27 104-40-5 203-199-4 (4-(para)-nonylphenol)

28 1806-26-4 217-302-5 Octylphenols

29 140-66-9 Not applicable (para-tert-octylphenol)

30 608-93-5 210-172-5 Pentachlorobenzene

31 87-86-5 201-778-6 Pentachlorophenol X(···)

32 Not applicable Not applicable Polyaromatic hydrocarbons X

33 50-32-8 200-028-5 (Benzo(a)pyrene)

34 205-99-2 205-911-9 (Benzo(b)fluoranthene)

35 191-24-2 205-883-8 (Benzo(g,h,i)pyrene)

36 207-08-9 205-916-6 (Benzo(k)fluoranthene)

37 193-39-5 205-893-2 Indeno(1,2,3-cd)pyrene)

38 122-34-9 204-535-2 (Simazine) Xr··)

39 688-73-3 211-704-4 (Tributyltin compounds X
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CAS Number (1) EU Number (2) Name of priority substance IdentifiM as

priority hazard-

ous substance

40 36643-28-4 Not applicable tributyltin-cation)

41 12002-48-1 234-413-4 (Trichlorobenzenes (X)(***)

42 120-82-1 204-428-0 1,2,4-Trichlorobenzene)

43 67-66-3 200-663-8 Trichloromethane (Chloroform)

44 1582-09-8 216-428-8 Trifluralin (X)(***)

(.) Where groups of substances have been selected, typical individual representatives are listed as indicative parameters

(in brackets and without number). The establishment of controls will be targeted to these individual substances, without
prejUdicing the inclusion of other individual representatives, where appropriate.

(..) These groups of substances normally include a considerable nunber of individual compounds. At present, appropriate
indicative parameters cannot be given.

(.*.) This prioority substance is subject to a reviewfor identification of possible « priority hazardous substance ». The Com-
mission will make a proposal to the European Parliament and Council for its final classification not later than 12 months
after adoption of this list.

(....) Only Pentabromobiphenylether CAS-number 32534-81-9

(.....) Fluoranthene is on the list as an indicator of other, more dangerous Polyaromatic Hydrocarbons

(1) CAS: Chemical Abstract Services

(2) EU-number: European Inventory of Existing Commercial Chemical Substances (EINECS) or European list of Notified
Chemical Substances (ELINCS)

Table 2-6: List ofpriority substances in the field of water policy (*)

Council Directive 96/61/EC of 24 September 1996 concerning integrated pollution preven­

tion and control

The purpose of this Directive is to achieve integrated prevention and control of pollution arising

from the activities listed below. It lays down measures designed to prevent or, where that is not

practicable, to reduce emissions in the air, water and land from the abovementioned activities, in­

cluding measures concerning waste, in order to achieve a high level of protection of the environ­

ment taken as a whole, without prejudice to Directive 85/337/EEC and other relevant Community

provisions. Among the categories referred to in the directive: "...Combustion installations with a
rated thermal input exceeding 50 MW; ... Plants for the pre-treatment (operations such as wash­

ing, bleaching, mercerization) or dyeing of fibres or textiles where the treatment capacity exceeds

10 tonnes per day; ... Installations for the surface treatment of substances, objects or products

using organic solvents, in particular for dressing, printing, coating, degreasing, waterproofing, siz­

ing, painting, cleaning or impregnating, with a consumption capacity of more than 150 kg per hour

or more than 200 tonnes per year; ... ".

Acting on a proposal from the Commission, the Council set emission limit values. Indicative list of

the main polluting substances to be taken into account if they are relevant for fixing emission val­

ues:

AIR

1. Sulphur dioxide and other sulphur compounds
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2. Oxides of nitrogen and other nitrogen compounds

3. Carbon monoxide

4. Volatile organic compounds

5. Metals and their compounds

6. Dust

7. Asbestos (suspended particulates, fibres)

8. Chlorine and its compounds

9. Fluorine and its compounds

10. Arsenic and its compounds

11. Cyanides

12. Substances and preparations which have been proved to possess carcinogenic or mu­

tagenic properties or properties which may affect reproduction via the air

13. Polychlorinated dibenzodioxins and polychlorinated dibenzofurans

WATER

1. Organohalogen compounds and substances which may form such compounds in the

aquatic environment

2. Organophosphorus compounds

3. Organotin compounds

4. Substances and preparations which have been proved to possess carcinogenic or muta­

genic properties or properties which may affect reproduction in or via the aquatic environ­

ment

5. Persistent hydrocarbons and persistent and bioaccumulable organic toxic substances

6. Cyanides

7. Metals and their compounds

8. Arsenic and its compounds

9. Biocides and plant health products

10. Materials in suspension

11. Substances which contribute to eutrophication (in particular, nitrates and phosphates)
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12. Substances which have an unfavourable influence on the oxygen balance (and can be
measured using parameters such as BOD, COD, etc.).

Moreover, considerations are to be taken into account generally or in specific cases when deter­
mining best available techniques, bearing in mind the likely costs and benefits of a measure and
the principles of precaution and prevention.

List of the directives referred to in this directive:

Directive 87/217/EEC on the prevention and reduction of environmental pollution by as­
bestos

Directive 82/176/EEC on limit values and quality objectives for mercury discharges by the
chlor-alkali electrolysis industry

Directive 83/513/EEC on limit values and quality objectives for cadmium discharges

Directive 84/156/EEC on limit values and quality objectives for mercury discharges by
sectors other than the chlor-alkali electrolysis industry

Directive 84/491/EEC on limit values and quality objectives for discharges of hexachloro­
cyclohexane

Directive 86/280/EEC on limit values and quality objectives for discharges of certain dan­
gerous substances included in List 1 of the Annex to Directive 76/464/EEC, subsequently
amended by Directives 88/347/EEC and 90/415/EEC amending Annex II to Directive
86/280/EEC

Directive 89/369/EEC on the prevention of air pollution from new municipal waste­
incineration plants

Directive 89/429/EEC on the reduction of air pollution from existing municipal waste­
incineration plants

Directive 94/67/EC on the incineration of hazardous waste

Directive 92/112/EEC on procedures for harmonizing the programmes for the reduction
and eventual elimination of pollution caused by waste from the titanium oxide industry

Directive 88/609/EEC on the limitation of emissions of certain pollutants into the air from
large combustion plants, as last amended by Directive 94/66/EC

Directive 76/464/EEC on pollution caused by certain dangerous substances discharged
into the aquatic environment of the Community

Directive 75/442/EEC on waste, as amended by Directive 91/156/EEC

Directive 75/439/EEC on the disposal of waste oils

Directive 91/689/EEC on hazardous waste
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Commission Decision of 17 July 2000 on the implementation of a European pollutant emis­
sion register (EPER) according to Article 15 of Council Directive 96/61/EC concerning inte­
grated pollution prevention and control (IPPC)

Member States shall report to the Commission on emissions from all individual facilities with one or
more activities as mentioned in Directive 96/61/EC. Member States shall report to the Commission
every three years. The first report by Member States shall be sent to the Commission in June 2003
providing data on emissions in 2001 (or optionally 2000 or 2002, when data for 2001 are not avail­
able).

Pollutants to be reported if threshold value is exceeded are listed in the following table.
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Pollutants/substances Identificatio Air water Threshold air Thresholds
n in kg/year water in

kg/year

1. Environmental issues (13) (11) (2)

CH4 X 100000

CO X 500000

CO2 X 100000000

HFCs X 100

N20 X 10000

NH3 X 10000

NMVOC X 100000

NOx5 AsN02 X 100000

PFCs X 100

SF6 X 50

Sox AsS02 X 50000

Total-nitrogen AsN X 5000

Total phosphorus AsP X 150000

2. Metal and compounds (8) (8) (8)

As and coumpoun 1 Total as As X X 20 5

Cd and compact Total as Cd X X 10 5

Cr and and compounds Total as Cr X X 100 50

Cu and compounds Total as Cu X X 100 50

Hg and compounds Total as Hg X X 10 1

Ni and compound Total as Ni X X 50 20

Pb and compounds Total as Pb X X 200 20

Zn and compounds Total asZn X X 200 100

3. Chlorinated organic sub- (15) (12) (7)

stances

Dichlorothethane-1,2 (DCE) X X 1000 10

Dichloromethane (DCM) X X 1000 10

Chloro-Alkanes (C10-13) X 1

Hexachlorobenzene(HCB) X X 10 1

Hexachlorobutadiene (HCBD) X 1 ~

Hexachlorocyclohexane(HCH) X X 10 1

Halogenated organic com- AsAOX X 1000

pounds

PCDD+PCDF(Dioxins+furans) As Teq X 0,001

Pentachlorophenol (PCP) X 10

Tetrachloroethylene(PER) X 2000

Tetrachloromethane(TCM) X 100

Trichlorobenzenes(TCB) X 10

Trichloroethane-1,1,1 (TCE) X 100

Trichloroethylene (TRI) X 2000
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Pollutants/substances Identificatio Air water Threshold air Thrjlsholds
n in kg/year water in

kg/year

Trichloromethane X 500

4. Other organic compounds (7) (2) (6)

Benzene X 1000

Benzene, toluene, ethylben- as BTEX X 200
zene, xylenes,

Brominated diphenylether X 1

Organotin-Ccimpounds As total Sn X 50

Polycyclic aromatic hydrocar- X X 50 5
bons

Phenols As total C X 20

Total organic carbon (TOC) As total C or X 50000
COD/3

5. Other compounds (7) (4) (3)

Chlorides As total C1 X 2000000

Chlorine and inorganic com- AsHCI X 10 000
pounds

Cyanides As total CN X 50

Fluorides As total F X 2000

Fluorine and inorganic com- As HF X 5000
pounds

HCN X 200

PM10 X 50000

Number of pollutants 50 37 26

Table 2-7: EPER List ofpollutants to be reported if threshold value is exceeded

Council directive of 21 May 1991 concerning urban waste water treatment

This Directive concerns the collection, treatment and discharge of urban waste water and the
treatment and discharge of waste water from certain industrial sectors.

The objective of the Directive is to protect the environment from the adverse effects of the above­
mentioned waste water discharges.

Council Directive 86/280/EEC of 12 June 1986 on limit values and quality objectives for dis­
charges of certain dangerous substances included in List I of the Annex to Directive
76/464/EEC (86/280/EEC)

This Directive lays down mainly, pursuant of Article 6 (1) of Directive 76/464/EEC, limit values for
emission standards for the substances referred to in Article 2 (a) in discharges from industrial
plants as defined in this Directive. The directive further lays down quality objectives for the sub­
stances referred to in this Directive in the aquatic environment.
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Council Directive 76/464/EEC of 4 May 1976 on pollution caused by certain dangerous sub­
stances discharged into the aquatic environment of the Community

Member States shall take the appropriate steps to eliminate pollution of the waters by the danger­
ous substances in the families and groups of substances (List I, below) and to reduce pollution of
the said waters by the dangerous substances (List II, below).

List I contains certain individual substances which belong to the following families and groups of
substances, selected mainly on the basis of their toxicity, persistence and bioaccumulation, with
the exception of those which are biologically harmless or which are rapidly converted into sub­
stances which are biologically harmless:

1. organohalogen compounds and substances which may form such compounds in the
aquatic environment,

2. organophosphorus compounds,

3. organotin compounds,

4. substances in respect of which it has been proved that they possess carcinogenic prop­
erties in or via the aquatic environment (1),

5. mercury and its compounds,

6. cadmium and its compounds,

7. persistent mineral oils and hydrocarbons of petroleum origin,

and for the purposes of implementing Articles 2, 8, 9 and 14 of this Directive:

8. persistent synthetic substances which may float, remain in suspension or sink and which
may interfere with any use of the waters.

List II contains: a)substances belonging to the families and groups of substances in List I for which
the limit values have not been determined; b) certain individual substances and categories of sub­
stances belonging to the families and groups of substances listed below, and which have a delete­
rious effect on the aquatic environment, which can, however, be confined to a given area and
which depend on the characteristics and location of the water into which they are discharged.

Families and groups of substances referred to in the second indent are

1. Some metalloids and metals and their compounds

2. Biocides and their derivatives not appearing in List I.

3. Substances which have a deleterious effect on the taste and/or smell of the products for
human consumption derived from the aquatic environment, and compounds liable to give
rise to such substances in water.
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4. Toxic or persistent organic compounds of silicon, and substances which may give rise to
such compounds in water, excluding those which are biologically harmless or are: rapidly
converted in water into harmless substances.

5. Inorganic compounds of phosphorus and elemental phosphorus.

6. Non persistent mineral oils and hydrocarbons of petroleum origin.

7. Cyanides, fluorides.

8. Substances which have an adverse effect on the oxygen balance, particularly: ammonia,
nitrites.

2.2.2 Relevant laws in Germany

Wasserhaushaltsgesetz (WHG)

Abwasserabgabengesetz (AbwAG)

Ordinances for establishing the law (as their may be relevant for textile finishing industry)

Verordnung Ober Anforderungen an das Einleiten von Abwasser in Gewasser Ab­
wasserverordnung (AbwV)

Verwaltungsvorschrift wassergefahrdende Stoffe (VwVwS)

"Anhang 38" (Textilherstellung / Textilveredlung)

Grundwasserverordnung (GrundwV)

Trinkwasserverordnung (TVO)

Muster-Anlagen VO (MusterVAwS)

Wasch- und Reinigungsmittelgesetz (WRMG)

Tensidverordnung (TensV)

PhosphathOchstmengenverordnung (PhochstMengV)

Moreover, following ordinances in the responsability of the Federal States are cited:

Anlagenverordnung (VAwS)

Wasserrechtliche Eignung von Bauprodukten

Indirekteinleiterverordnung (VGS)
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Selbst(Eigen-)Oberwachungsverordnungen

Loschwasser-ROckhalte-Richtlinie (LoRORL)

Kommunale Satzungen

Comments on the ordinances and laws

As not otherwise mentioned, comments are made referring to the current wording of laws as pub­
lished in [465).

Wasserhaushaltsgesetz WHG (law on the water household)

The pollution freight in waste water must be at least as low as it possible in accordance with the
acknowledged technological regulations. The state-of-the-art technology has to be applied in the
case of hazardous chemicals.

Abwasserabgabengesetz AbwAG (law on waste water taxes)

This regulation refers to the so-called direct dischargers, e.g. industries with their own sewage
plants or local authority districts that discharge their waste water directly into the sewage. They are
taxed according to the degree of the pollution freight..

Abwasserverordnung AbwV yom 15. Oktober 2002 (decree on waste water of 15th October
2002)

This decree replaces the "Abwasserverwaltungsvorschriften" (regUlations on waste water admini­
stration). The decree determines the requirements that have to be met for the issuing of an ap­
proval to be allowed to discharge one's waste water into lakes, rivers and canals.

The appendix 38 of this waste water decree ( the so-called "Anhang 38") is valid for waste water,
of which the pollution freight derives essentially from commercial and industrial treatment and
processing of spinning products and threads, as well as from the textile finishing industry. This
appendix is not valid for waste water from the cleaning of raw wool, from the photo and electro­
plating sector (e.g. making of printing stencils or printing cylinders), from the chemical cleaning of
textiles using solvents with halogen carbohydrates, from the processing of industrial water and
from indirect cooling systems. When only 5 m3 or less of waste water are discharged per day, then
only parts of the requirements of this appendix are valid.

The pollution freight has to be kept as low as it is possible after having checked the condition in
individual cases by the following measures:

1. Processing and re-use of cleaning water from the printery, which is used during the pro­
cess of the cleaning of the printing gear (stencils, cylinders, chassis etc.)

2. Renunciation of synthetic sizing agents, which do not reach a DOC-elimination degree of
80 percent after 7 days according to the number 408 of the appendix "Analysen- und Mess­
verfahren" (analysis and gauging procedures).
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3. Renunciation of organic chelating agents which do not reach a DOC-decomposition de­
gree of 80 percent after 28 days according to the number 406 of the appendix "Analysen­
und Messverfahren" (analysis and gauging procedures). Exceptions constitute the usage of
phosphates, polyacrlates and Maleinic acid-Copolymerisates for the textile finishing.

4. Renunciation of surfactants, which do not reach a DOC-elimination degree of 80 percent
after 7 days according to the number 408 of the appendix "Analysen- und Messverfahren"
(analysis and gauging procedures). Surfactants are organic surface-active substances with
cleaning and wetting properties, which - at a concentration level of 0.5 percent and a tem­
perature of 20°C - reduce the surface tension of distilled water to 0,045 N/m or less

5. Renunciation of printing pre-treatment with chlorine of wool and wool mixture substrata.

6. Renunciation of the use of Alkylphenolethoxylates (APEO) except for polymer disper­
sions that are put on textile surface patterns to remain there at least at 99 percent.

7. Minimization of the amount and holding back or re-use of:

7.1 Synthetic sizing agents coming from desizing processes,

7.2 Rest padding liquors from dyeing process,

7.3 Rest padding liquors from finishing process,

7.4 Rest bath liquors from coating and laminating

7.5 Rest of bath liquor of undersurface layer of textile floor covering and other sur­
face textiles

7.6 Rest of printing pastes

8. If re-use is not possible: Treatment of part of the sewage waters listed under number 7
with procedures that guarantee an elimination of the COD or TOC of at least 80 percent, or,
in case of rest padding dye liquors and rest printing pastes, a reduction of the dye of at
least 95 percent.

The following requirements have to be met with waste water at the point of discharge:
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Qualified sample or a 2·hour- composite sample

Chemical oxygen demand (COD) mgtl 160

Biochemical oxygen demand in 5 days (BSB5) mgtl 25

Phosphorus, total mgtl 2

Ammonium nitrogen (NH4-N) mgtl 10

Nitrogen, total, adding Ammonium, Nitrite and Nitrate mgtl 20
nitrogen (Nitratstickstoff) (N,o')

Sulfit mgtl 1

fish toxicity (TF) 2

Colouring: Spectral absorption coefficient at:

436 nm (yellow sector) m·1 7

525 nm (red sector) m-1 5

620 nm (blue sector) m-1 3

The requirements for ammonium nitrogen and nitrogen, total, are valid for a waste water tempera­
ture of 12 °C and above, within the drain of the biological reactor of the waste water treatment fa­
cility.

The requirement for phosphorus, total, is not valid for waste water from the use of organic phos­
phorus compounds of the flame retardant finish.

The following requirements have to be met with other waste waters before the mixing:

Qualified sample or a 2-hour- composite sample
mgll

Adsorbed organic halogens (AOX) 0,5

Sulfide 1

Chrome, total 0.5

Copper 0.5

Nickel 0.5

Zinc 2

Tin 2

Waste water from the following fields must not contain a higher pollution freight than the freight that
amounts to the following concentration details and to the discharged waste water volume as noted

in part B.
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Chrome, total Copper Nickel
mg/l mg/l mg/l

Rest padding liquors from dyeing 0,5 0,5 0,5

Dyeing liquors of more than a 3 percent exhaust dyeing and less 0,5 0,5 0,5
than a 70 percent fixing rate

Rest printing paste, not re-usable 0,5 0,5 0,5

After a continuous pre-treatment of knitted fabrics from synthetic fibres or fibre mixtures with pre­
dominant share of synthetic fibres, the concentration of carbohydrates, total, has to be kept below
20 mgtl in the waste water.

The waste water at the position of where the chemicals are processed must not contain:

1. Chlorine organic carriers,

2. chlorine separating bleaching agents, excepting sodium chlorite for bleaching of
synthetic fibres,

3. free chlorine from the use of sodium chlorite,

4. arsenic, mercury and their compounds, as well as tin organic compounds from the
use as a preservative agent,

5. Alkylphenolethoxylate (APEO) from washing and cleansing agents,

6. chrome VI-compounds from the use as oxidation agent for sulphur and vat dyes,

7. EDTA, DTPA und Phosphonate from the use as chelating agents in process water,

8. not used rests from chemicals, dyeing agents and textile auxiliaries, and

9. remaining printing paste in the printing gear when printing.

Furthermore, waste water may only contain such halogenic solvents that have been approved of
for chemical cleaning by the "Zweiten Verordnung zur DurchfOhrung des Bundes- Immis­
sionsschutzgesetzes" (second decree on the enforcement of the BimSchG of December 10th
1990; BGB!. I S. 2694). The concentration of chrome VI in waste water must not exceed the
amount of 0.1 mgtl in the sample. § 6 section 1 is not applied. The evidence that the requirements
according to section 1 are met, can be done by listing all employed processing and auxiliary sub­
stances in a diary. These substances must not, of course, contain any of the above-mentioned
substances or substance groups according to the giving of the producer.

There are differing requirements for existing drains of waste water of facilities that had been in op­
eration according to law or that had been in the process of construction before June, 1st 2000:

The requirements according to part D section 2 for the dyeing baths of more than 3
percent exhaust dyeing and less than a 70 percent fixation rate, as well as part E sec­
tion 1 NO.9 are not applied.
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For AOX there is a differing concentration limit put down (deviating from part D section

1): 1 mgtl in the sample.

For copper there is a differing concentration limit put down (deviating from part D sec­

tion 1 and 2): 1 mgtl in the sample.

Vorschriften iiber den Umgang mit wassergefahrdenden Stoffen - VwVwS (regulations on
the use of water polluting sUbstances)

This regulation described the substances that are intended to sustainably modify negatively the

physical, chemical or biological qualities of water (substance hazardous for water). The substances

are classified referring to their physical, chemical and biological characteristics into so-called

Wassergefahrdungsklassen WGK (Le. categories referring to their hazard potential to water). The

regulations also referres to groups of substances and mixtures of substances. Here, the require­

ments for the storage, filling and transshipping of water polluting substances are also laid down.

Industrial facilities, in which water polluting substances are used, are to be installed and main­

tained by expert firms.

Wasch- und Reinigungsmittelgesetz vom 5. Marz 1987 (law on detergents and cleansing
agents)

Detergents and cleansing agents are - according to this law - products that are meant to be used

for the cleaning or that aid the cleaning in accordance to the requirements and - as experience

shows - that can end up in the water cycle. That means not only surfactants but also other relevant

auxiliaries are concerned. Specific for the Textile finishing industry are products like scouring

agents, mercerising agents and auxiliaries, boiling-off auxiliaries, carbonising auxiliaries, spotting

agents, wetting agents, desizing agents, as well as detergents, dispersing and emulsifying agents,

auxiliaries used for soaping treatments after colouring, and agents to remove printing thickeners

[74).

Detergents and cleansing agents may only be introduced, so that after their use no further damage

on water quality is to be expected. This particularly concerns quality characteristics important for

the eco system, the drinking water supplies and the maintenance of wastewater treatment plants.

Thus, detergents and cleansing agents are to be used with consideration to water and according to

their purpose, particularlly the dosage recommendations have to be respected. Technical plants for

cleaning have to be constructed so that amounts of detergents and cleansing agents as well as

water and energy are as low as possible.

Tensidverordnung - TensV vom 30. Januar 1977

Anionic and non ionic surface-active substances in detergents and cleansing agents must in the

average be biodegradable to 90%.

Phosphathochstmengenverordnung - PhochstMengV vom 4. Juni 1980
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This regulation is applicable to detergents and cleansing agents used in household and dry­
cleaning of textiles. For this detergents and cleansing agents, dosage recommendations with re­
gard to their phosphate content have to be done.

2.3 Waste

2.3.1 EU legislation on waste

The most important legislation on waste of the European Community is listed in the following table.
Comments on these directives are stated below and were made referring to the current wording of
the laws such as published in [466].

Legislation

EC 2150/2002 Regulation (ECl No 2150/2002 of the European Parliament and of the Council of 25 Novem-
ber 2002 on waste statistics (Text with EEA relevance)

2000/76/EC Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000 on
the incineration of waste

2000/532/EC Commission Decision of 3 May 2000 replacing Decision 94/3/EC establishing a list of wastes

pursuant to Article 1(a) of Council Directive 75/442/EEC on waste and Council Decision

94/904/EC establishing a list of hazardous waste pursuant to Article 1(4) of Council Directive
91/689/EEC on hazardous waste

Commission Decision of 16 January 2001 amending Decision 2000/532/EC as regards the list
2001/118/EC of wastes

Council Decision of 23 July 2001 amending Commission Decision 2000/532/EC as regards

2001/573/EC: the list of wastes

1999/31/EC Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste

2003/33/EC Council Decision of 19 December 2002 establishing criteria and procedures for the accep-

tance of waste at landfills pursuant to Article 16 of and Annex lito Directive 1999/31/EC

2000/738/EC: Commission Decision of 17 November 2000 concerning a questionnaire for

2000/738/EC
Member States reports on the implementation of Directive 1999/31/EC on the landfill of waste

Table 2-8: EU legislation on waste management

Regulation (EC) No 2150/2002 of the European Parliament and of the Council of 25 Novem­
ber 2002 on waste statistics

Member States and the Commission, within their respective fields of competence, shall produce
Community statistics on the generation, recovery and disposal of waste, excluding radioactive
waste, which is already covered by other legislation. The statistics are to be compiled for all activi­
ties classified within the coverage of Sections A to Q, of NACE REV 1. These Sections cover all
economic activities. Moreover, the statistics are also to be compiled for (a) waste generated by
households; (b) waste arising from recovery and/or disposal operations. Statistics for the different
waste categories are to be produced.
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2000/532/EC ( and 2001/118/EC) Commission Decision of 3 May 2000 replacing Decision
94/3/EC establishing a list of wastes pursuant to Article 1(a) of Council Directive 75/442/EEC
on waste and Council Decision 94/904/EC establishing a list of hazardous waste pursuant to
Article 1(4) of Council Directive 91/689/EEC on hazardous waste

A list of waste is adopted, which have the following chapters:

01 Wastes resulting from exploration, mining, dressing and further treatment of minerals and quarry

02 Wastes from agricultural, horticultural, hunting, fishing and aquacultural primary production, food prepara-

tion and processing

03 Wastes from wood processing and the production of paper, cardboard, pulp, panels and furniture

04 Wastes from the leather, fur and textile industries

05 Wastes from petroleum refining, natural gas purification and pyrolytic treatment of coal

06 Wastes from inorganic chemical processes

07 Wastes from organic chemical processes

08 Wastes from the manifacture, formulation, supply and use (MFSU) of coatings (paints, vanishes and vitre-

ous enamels), adhesives, sealants and printing ink

09 Wastes from the photographic industry

10 Inorganic wastes from thermal processes

11 Inorganic metal-containing wastes from metal treatment and the coating of metals, and non-ferrous hydro-

metallurgy

12 Wastes from shaping and surface treatment of metals and plastics

13 Oil wastes (except edible oils, 05 and 12)

14 Wastes from organic substances used as solvents (except 07 and 08)

15 Waste packaging; absorbents, wiping cloths, filter materials and protective clothing not otherwise specified

16 Wastes not otherwise specified on the list

17 Construction and demolition wastes (including road construction)

18 Wastes from human or animal health care and/or related research (except kitchen and restaurant wastes

not arising from immediate health care)

19 Wastes from waste treatment facilities, off-site waste water treatment plants and the water industry

20 Municipal wastes and similar commercial, industrial

Wastes specific for the textile industry is further newly categorised in 2001/118/EC.

In textile finishing mills, beside the "usual" wastes categories (i.e. packaging, machines, oil wastes,
filter materials, etc), more branch specific wastes can be outlined. Referring to the above men­
tioned classification, the following table compiles these wastes [342).
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Ewe (old) Waste EU waste category from 01.01.2002

040201 Waste from unprocessed textile fibres 040221

to .....04

040205 Wastes from processed textile fibres 040222

to .....08

040209 Wastes from composite materials (impregnated 040209
textile, elastomer, plastomer)

040210 Organic matter from natural products (for example 040210
grease, wax)

040211 Wastes from finishing containing halogenates 0402 14* with org. solvents

Remaining padding liquor from finishing 04 02 15 other than those mentioned in 04 02

040212 Wastes from finishing not containing halogenates 14

Remaining padding liquor from finishing

040213 Dyes and pigments: 04 02 16* containing dangerous substances

Remaining padding liquor from colouring 04 02 17 other than those mentioned in 04 02
16

070202 Sludges from on-site effluent treatment 04 02 19* containing dangerous substances

04 02 20 other than those mentioned in 04 02
19

0803.08 Aqueous liquid waste containing ink 080308

130601 Oil wastes: oil condensates from exhaust cleaning 130506 oil from oillwater separators

13 08 99 wastes not otherwise specified *

160301/02 Wastes from coating and laminating 080409*/11*

080401-08 080410/12

160303*/05*

160304/06

160502/03 Discarded chemicals 160507*/08* inorganiclorganic chemicals
containing dangerous substances

16 05 09 other than those mentioned above

150199 Contaminated packaging 15 01 10* packaging containing residues of or

150101-06 contaminated by dangerous substances

1501 01 to 09 paper, plastic, wooden, metal-

lic, composite, mixed, glass or textile pack-
aging

* waste requiring special supervision

Table 2-9: Branch specific waste from Textile finishing industry

The wastes referred as remaining waste from finishing are in most case not containing dangerous
substances, and thus not require special supervision. Yet, concentrated waste liquors from finish­
ing requiring special supervision are:

Remaining printing pastes from gasoline printing (technique nor longer applied)

Remaining liquors from finishing with flame retardants
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Remaining liquors from antimicrobial finishing

Remaining liquors from finishing with biocides (protection against damage caused by in­
sects, etc)

Commission Decision of 16 January 2001 amending Decision 2000/532/EC as regards the

list of wastes

Decision 2000/532/EC is amended by this Commission Decision as follows: wastes classified as

hazardous are considered to display one or more of the properties listed in Annex III to Directive

91/689/EEC and, as regards H3 to H8, H10(6) and H11 of the said Annex, one or more of the fol­
lowing characteristics:

flash point < = 55°C,

one or more substances c1assified(7) as very toxic at a total concentration> =0,1 %,

one or more substances classified as toxic at a total concentration> =3 %,

one or more substances classified as harmful at a total concentration> =25 %,

one or more corrosive substances classified as R35 at a total concentration> =1 %,

one or more corrosive substances classified as R34 at a total concentration> = 5 %,

one or more irritant substances classified as R41 at a total concentration> = 10 %,

one or more irritant substances classified as R36, R37, R38 at a total concentration> =
20 %,

one substance known to be carcinogenic of category 1 or 2 at a concentration> =0,1 %,

one substance known to be carcinogenic of category 3 at a concentration> =1 %

one substance toxic for reproduction of category 1 or 2 classified as R60, R61 at a con­

centration > =0,5 %,

one substance toxic for reproduction of category 3 classified as R62, R63 at a concen­

tration > = 5 %,

one mutagenic substance of category 1 or 2 classified as R46 at a concentration> = 0,1

%,

one mutagenic substance of category 3 classified as R40 at a concentration> =1 %."

Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste

In respect of the technical characteristics of landfills, this Directive contains, for those landfills to
which Directive 96/61/EC is applicable, the relevant technical requirements in order to elaborate in

concrete terms the general requirements of that Directive, Le. provide for measures, procedures

and guidance to prevent or reduce as far as possible negative effects on the environment, in par-
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ticular the pollution of surface water, groundwater, soil and air, and on the global environment, in­
cluding the greenhouse effect, as well as any resulting risk to human health, from landfilling of
waste, during the whole life-cycle of the landfill.

Yet, Member States shall set up a national strategy for the implementation of the reduction of bio­
degradable waste going to landfills: Further, Member States shall take measures in order that only
waste that has been subject to treatment is landfilled. This provision may not apply to inert waste
for which treatment is not technically feasible, nor to any other waste for which such treatment
does not contribute to the objectives of this Directive, i.e. reducing the quantity of the waste or the
hazards to human health or the environment.

2.3.2 Relevant laws in Germany

Kreislaufwirtschafts- und Abfallgesetz (KrW-/AbfG)

Law to support the recycling management and to safeguard to ecological disposal of wastes ("Ge­
setz zur Forderung der Kreislaufwirtschaft und Sicherung der umweltvertraglichen Beseitigung von
Abtallen").

Ordinances for establishing the law (as their may be relevant for textile finishing industry)

TA-Abfall

Abfallverzeichnis-Verordnung (replaces EAKV Verordnung zur EinfOhrung des Europai­
schen Abfallkatalogs , see 2000/532/EC, etc

Bestimmungsverordnung besonders OberwachungsbedOrftiger Abfalle - BestbOAbN

Bestimmungsverordnung OberwachungsbedOrftiger Abtalle zur Verwertung - BestOVAbN

Verordnung Ober verwertungs- und Beseitigungsnachweise - NachwV

Verordnung zur Transportgenehmigung - TgV

Verordnung Ober Entsorgungsfachbetriebe - EfbV

Abfallwirtschaftskonzept- und Abfallbilanz-Verordnung - AbfKoBiV

Bioabfallverordnung - BioAbN

Klarschlammverordnung - AbfKlarV

Verpackungsverordnung - VerpackV

Verordnung Ober Betriebsbeauftragte fOr Abfall - AbfBetrbVO

Altolverordnung - AltolV

Batterieverordnung - BattV
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Verordnung Ober die Entsorgung gebrauchter halogenierter Losemittel - HKWAbN

Gesetz Ober die Oberwachung und Kontrolle der grenzOberschreitenden Verbringung
von Abfallen - AbNerBrG

Landesabfallgesetze

Comments on the ordinances and laws

As not otherwise mentioned, comments are made in reference to the wording of the laws such as
published in [465].

Technische Anleitung Abfall" TA-Abfall (technological regulation on wastes of March, 12th
19919

Second general administration decree to support the waste law part 1: Technological regulation
about the storing, the chemical/physical and biological treatment, incineration and deposition of
wastes needing special surveillance in the version of March, 12th 1991.

Here, substance-depending ways of waste disposal and waste disposal systems are determined.
This includes e.g. a strict prohibition to alter or mix substances, as well as regulations about how to
extract pollutants (Le. in the process of the pre-treatment of wastes). Examples for this are photo­
graphic fixing and developping bathes, rests of paints, etc. Wastepaper is not listed in the waste
catalogue and is - as a reusable material - to be recycled. In the "TA Abfall", appendix C, notices
on disposal and recommendations, among others, are given.

Abfallverzeichnis-Verordnung (replaces EAKV Verordnung zur EinfOhrung des Europai­
schen Abfallkatalogs , see 2000/532/EC, etc)

This decree is to determine the specification of wastes and the classification of wastes according
to their need for surveillance. The waste are categorised referring to the European directive
2000/532/EC and his amendments (see discussion above).

2.4 Chemicals

2.4.1 EU legislation on chemicals

The most important legislation on chemicals of the European Community is listed in the following
table. Comments on these directives are stated below and were made referring to the current
wording of the laws such as published in [466].
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Legislation

1999/13/EC Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of volatile or-
ganic compounds due to the use of organic solvents in certain activities and installations

1999/45/EC Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 con-

cerning the approximation of the laws, regulations and administrative provisions of the Mem-

ber States relating to the classification, packaging and labelling of dangerous preparations

98/8/EC Directive 98/8/EC of the European Parliament and of the Council of 16 February 1998 con-
cerning the placing of biocidal products on the market

(EC)142/97 Commission Regulation (EC) No 142/97 of 27 January 1997 concerning the delivery of infor-

mation about certain existing substances as foreseen under Council Regulation (EEC) No
793/93

(EC) 1488/94 Commission Regulation (EC) No 1488/94 of 28 June 1994 laying down the principles for the

assessment of risks to man and the environment of existing substances in accordance with
Council Regulation (EEC) No 793/93

(EC) 3093/94 Council Regulation (EC) No 3093/94 of 15 December 1994 on substances that deplete the
ozone layer - No longer in force, see further 2000/22/EC

(EEC) 793/93 Council Regulation (EEC) No 793/93 of 23 March 1993 on the evaluation and control of the

risks of existing substances

(EC) 1179/94 Commission Regulation (EC) No 1179/94 of 25 May 1994 concerning the first list of priority

substances as foreseen under Council Regulation (EEC) No 793/93

Commission Regulation (EC) No 1179/94 of 25 May 1994 concerning the first list of priority

substances as foreseen under Council Regulation (EEC) No 793/93
(EC) 2268/95 Commission Regulation (EC) No 143/97 of 27 January 1997 concerning the third list of priority

substances as foreseen under Council Regulation (EEC) No 793/93

Commission Regulation (EC) No 2364/2000 of 25 October 2000 concerning the fourth list of

(EC) 143/97 priority substances as foreseen under Council Regulation (EEC) No 793/93

(EC) 2364/2000

2002/755/EC Commission Recommendation of 16 September 2002 on the results of the risk evaluation and
risk reduction strategy for the substance diphenyl ether, octabromo derivative

2001/838/EC Commission Recommendation of 7 November 2001 on the results of the risk evaluation and
the risk reduction strategies for the substances: acrylaldehyde; dimethyl sulphate; nonylphe-

nol phenol, 4-nonyl-, branched; tert-butyl methyl ether

1999/721/EC 1999/721/EC: Commission recommendation of 12 October 1999 on the results of the risk

evaluation and on the risk reduction strategies for the substances: 2-(2-butoxyethoxy)ethanol;
2-(2-methoxyethoxy)ethanol; Alkanes, C10-13, chloro; Benzene, C10-13-alkyl derivs. (notified

under document number C(1999) 3232)

93/67/EEC Commission Directive 93/67/EEC of 20 July 1993 laying down the principles for assessment
of risks to man and the environment of substances notified in accordance with Council Direc-
tive 67/548/EEC

91/155/EEC Commission Directive 91/155/EEC of 5 March 1991 defining and laying down the detailed ar-
rangements for the system of specific information relating to dangerous preparations in im-
plementation of Article 10 of Directive 88/379/EEC - Le.Safety Data Sheet

88/379/EEC Council Directive 88/379/EEC of 7 June 1988 on the approximation of the laws, regulations
and administrative provisions of the Member States relating to the classification, packaging

and labelling of dangerous preparations - No longer in force

Table 2-10: EU legislation on chemicals
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Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of volatile or­
ganic compounds due to the use of organic solvents in certain activities and installations

The purpose of this Directive is to prevent or reduce the direct and indirect effects of emissions of
volatile organic compounds into the environment, mainly into air, and the potential risks to human
health, by providing measures and procedures to be implemented for the activities defined in An­
nex I, in so far as they are operated above the solvent consumption thresholds listed in Annex IIA.
See further section 2.1.1 relevant to air and noise for more details on activities concerned.

Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 con·
cerning the approximation of the laws, regulations and administrative provisions of the
Member States relating to the classification, packaging and labelling of dangerous prepara­
tions

This Directive aims at the approximation of the laws, regulations and administrative provisions of
the Member States relating to:

- the classification, packaging and labelling of dangerous preparations, and to

- the approximation of specific provisions for certain preparations which may present hazards,
whether or not they are classified as dangerous within the meaning of this Directive,

when such preparations are placed on the market of the Member States. The evaluation of the
hazards of a preparation shall be based on the determination of:

- physico-chemical properties,

- properties affecting health,

- environmental properties.

Directive 98/8/EC of the European Parliament and of the Council of 16 February 1998 con­
cerning the placing of biocidal products on the market

This Directive concerns:

(a) the authorisation and the placing on the market for use of biocidal products within the
Member States;

(b) the mutual recognition of authorisations within the Community;

(c) the establishment at Community level of a positive list of active substances which may
be used in biocidal products.

This Directive shall apply to biocidal products Le. active substances and preparations containing
one or more active substances, put up in the form in which they are supplied to the user, iRtended
to destroy, deter, render harmless, prevent the action of, or otherwise exert a controlling effect on
any harmful organism by chemical or biological means. An exhaustive list of 23 product types with
an indicative set of descriptions within each type is given in Annex V of the directive.
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Biocidal products types and their descriptions as referred in this directive are:

MAIN GROUP 1: Disinfectants and general biocidal products

These product types exclude cleaning products that are not intended to have a biocidal effect, in­
cluding washing liquids, powders and similar products.

Product-type 1 Human hygiene biocidal products: products in this group are biocidal products used
for human hygiene purposes.

Product-type 2 Private area and public health area disinfectants and other biocidal products: prod­
ucts used for the disinfection of air, surfaces, materials, equipment and furniture which are not
used for direct food or feed contact in private, public and industrial areas, including hospitals, as
well as products used as algaecides; usage areas include, inter alia, swimming pools, aquariums,
bathing and other waters; air-conditioning systems; walls and floors in health and other institutions;
chemical toilets, waste water, hospital waste, soil or other substrates (in playgrounds).

Product-type 3 Veterinary hygiene biocidal products: products in this group are biocidal products
used for veterinary hygiene purposes including products used in areas in which animals are
housed, kept or transported.

Product-type 4 Food and feed area disinfectants: products used for the disinfection of equipment,
containers, consumption utensils, surfaces or pipework associated with the production, transport,
storage or consumption of food, feed or drink (including drinking water) for humans and animals.

Product-type 5 Drinking water disinfectants: products used for the disinfection of drinking water (for
both humans and animals).

MAIN GROUP 2: Preservatives

Product-type 6 In-can preservatives: products used for the preservation of manufactured products,
other than foodstuffs or feedingstuffs, in containers by the control of microbial deterioration to en­
sure their shelf life.

Product-type 7 Film preservatives: products used for the preservation of films or coatings by the
control of microbial deterioration in order to protect the initial properties of the surface of materials
or objects such as paints, plastics, sealants, wall adhesives, binders, papers, art works.

Product-type 8 Wood preservatives: products used for the preservation of wood, from and includ­
ing the saw-mill stage, or wood products by the control of wood-destroying or wood-disfiguring or­
ganisms. This product type includes both preventive and curative products.

Product-type 9 Fibre, leather, rubber and polymerised materials preservatives: products used for
the preservation of fibrous or polymerised materials, such as leather, rubber or paper or textile
products and rubber by the control of microbiological deterioration.

Product-type 10 Masonry preservatives: products used for preservation and remedial treatment of
masonry or other construction materials other than wood by the control of microbiological and algal
attack.



44

Product-type 11 Preservatives for liquid-cooling and processing systems: products used for the
preservation of water or other liquids used in cooling and processing systems by the control of
harmful organisms such as microbes, algae and mussels. Products used for the preservation of
drinking water are not included in this product type.

Product-type 12 Slimicides: products used for the prevention or control of slime growth on materi­
als, equipment and structures, used in industrial processes, e.g. on wood and paper pulp, porous
sand strata in oil extraction.

Product-type 13 Metalworking-fluid preservatives: products used for the preservation of metal­
working fluids by the control of microbial deterioration.

MAIN GROUP 3: Pest control

Product-type 14 Rodenticides: products used for the control of mice, rats or other rodents.

Product-type 15 Avicides: products used for the control of birds.

Product-type 16 Molluscicides: products used for the control of molluscs.

Product-type 17 Piscicides: products used for the control of fish; these products exclude products
for the treatment of fish diseases.

Product-type 18 Insecticides, acaricides and products to control other arthropods. products used
for the control of arthropods (e.g. insects, arachnids and crustaceans).

Product-type 19 Repellents and attractants: products used to control harmful organisms (inverte­
brates such as fleas, vertebrates such as birds), by repelling or attracting, including those that are
used for human or veterinary hygiene either directly or indirectly.

MAIN GROUP 4: Other biocidal products

Product-type 20 Preservatives for food or feedstocks: products used for the preservation of food or
feedstocks by the control of harmful organisms.

Product-type 21 Antifouling products: products used to control the growth and settlement of fOUling
organisms (microbes and higher forms of plant or animal species) on vessels, aquaculture equip­
ment or other structures used in water.

Product-type 22 Embalming and taxidermist fluids: products used for the disinfection and preser­
vation of human or animal corpses, or parts thereof.

Product-type 23 Control of other vertebrates: products used for the control of vermin.

Council Regulation (EEC) No 793/93 of 23 March 1993 on the evaluation and control of the
risks of existing substances
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This Regulation shall apply to (a) the collection, circulation and accessibility of information on ex­
isting substances; (b) the evaluation of the risks of existing substances to man, including workers
and consumers, and to the environment, in order to ensure better management of those risks
within the framework of Community provisions.

On the basis of the information submitted by manufacturers and importers, and on the basis of the
national lists of priority substances, the Commission shall regularly draw up lists of priority sub­
stances or groups of substances (referred to as priority lists) requiring immediate attention be­
cause of their potential effects on man or the environment. The factors to be taken into account in
drawing up the priority lists shall be:

- the effects of the substance on man or the environment,

- the exposure of man or the environment to the substance,

- the lack of data on the effects of the substance on man and the environment,

- work already carried out in other international fora,

- other Community legislation and/or programmes relating to dangerous substances.

The extent of data reporting required depends on the quantities of substances produced or im­
ported. The Regulation differentiates between on high volume production or import of existing sub­
stances in quantities exceeding 1 000 tonnes per year, and in quantities exceeding 10 tonnes per
year but no greater than 1 000 tonnes per year. Yet, some substances shall be exempt from the
provisions; however, information on these substances may be requested by the Commission if
necessary.

Commission Regulation (EC) No 142/97 of 27 January 1997 concerning the delivery of in­
formation about certain existing substances as foreseen under Council Regulation (EEC)
No 793/93

The manufacturer(s) and importer(s) of the substances listed in the Annex (Le. table below) to the
Regulation shall deliver all relevant and available information concerning exposure to man and the
environment of these substances to the Commission. The information relevant to the exposure
information concerns the emission of, or exposure to, the chemical to human populations or envi­
ronmental spheres at various stages during the life cycle of the substance. The human populations
are workers, consumers and man exposed via the environment; the environmental spheres are
aquatic, terrestrial and atmosphere, as well as information related to fate of the chemical in waste
water treatment plants and it's accumulation in the food chain; the life cycle of a substance is seen
as manufacture, transport, storage, formulation into a preparation or other processing, use and
disposal or recovery.
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EINECS Number CAS Number Substance name

1 200-268-0 56-35-9 Bis(tributyltin) oxide

2 215-147-8 1306-23-26 Cadmium sulphide

3 215-717-6 1345-09-1 Cadmium mercury sulphide

4 218-743-6 2223-93-0 Cadmium distearate

5 220-017-9 2605-44-9 Cadmium dilaurate

6 231-901-9 7778-39-4 Arsenic acid

7 232-466-8 8048-07-5 Cadmium zinc sulfide yellow

8 235-758-3 12656-57-4 Cadmium sulfoselenide

9 261-218-1 58339-34-7 Cadmium sulfoselenide red

Table 2-11: Critical substances referring to Commission Regulation (EC) No 142/97

Commission Regulation (EC) No 1488/94 of 28 June 1994 laying down the principles for the
assessment of risks to man and the environment of existing substances in accordance with
Council Regulation (EEC) No 793/93

This Regulation lays down general principles for the assessment of the risks posed by existing
substances to man and the environment as required by Article 10 of Council Regulation (EEC) No
793/93.

Commission Recommendation of 7 November 2001 on the results of the risk evaluation and
the risk reduction strategies for the substances: acrylaldehyde; dimethyl sulphate; nonyl­
phenol phenol, 4-nonyl-, branched; tert-butyl methyl ether

All sectors importing, producing, transporting, storing, formulating into a preparation or other proc­
essing, using, disposing or recovering the following substancessummarised in table below should
take into account the results of the risk evaluation as summarized in this recommendation and in­
clude them, where appropriate, in the safety data sheets. The risk reduction strategies should be
implemented.

Name I CAS-Number I EINECS Number

Acrylaldehyde I 107-02-8 I 203-453-4

The substance is only used as an intermediate for the manufacturing of a number of different substances (e.g. animal

feed additives, biocides, pesticides, leather tanning agents, fragrances). Outside the European Community the sub-

stance is also used as an effective broad-spectrum biocide, tissue fixative, in etherification of food starch anl!l produc-

tion of colloidal metals.

Other sources of exposure of the substance to man and the environment in particular releases of the substance from

industrial combustion processes, automobile exhaust gases and tobacco smoke, which do not result from the life-cycle

of the substance produced in or imported into the European Community were identify.



47

Name I CAS-Number I EINECS Number

dimethyl sulphate I 77-78-1 I 201-058-1

The substance is mainly used as an intermediate and methylating agent in production of many organic chemicals (dyes,

perfumes, pharmaceuticals). Other uses reported are as a sulphating agent in the manufacturing of various products
(e.g. dyes, fabric softeners). Other sources of exposure of this substance to man and the environment were identified,
in particular releases of the substance from combustion of sulphur containing fossil fuels and formation in the atmos-

phere as a reaction product of sulphur dioxide and organic compounds, which does not result from the life-cycle of the

substance produced in or imported into the European Community.

Name I CAS-Number I EINECS Number

nonylphenol I 25154-52-3 I 246-672-0

The substance is mainly used as an intermediate in the production of nonylphenol ethoxylates (e.g. in detergents and
paints) and in the production of resins, plastics and stabilisers in the polymer industry. Other uses include the manu-

facture of phenolic oximes for use outside the EU in the metal extraction industry and in some speciality paints.

Name CAS-Number EINECS Number

phenol, 4-nonyl-, branched 84852-15-3 284-325-5

The substance is mainly used as an intermediate in the production of nonylphenol ethoxylates e.g. in detergents and
paints and in the production of resins, plastics and stabilisers in the polymer industry. Other uses include the manufac-
ture of phenolic oximes for use outside the EU in the metal extraction industry and in some specialty paints.

Name I CAS-Number I EINECS Number

tert-butyl methyl ether I 1634-04-4 I 216-653-1

The substance is mainly used as a fuel-additive in petrol. Other uses are in chemical and pharmaceutical industry and
laboratories.

Table 2-12: Critical substances referring to commission recommendation
19991721/EC

For example, the conclusions of the assessment to risk for nonyl phenol, a cleavage product of
common surfactants and, thus, as a substance having of particular interest for textile finishing in­
dustry are summarised in the following table. The risk assessment is based on current practices
related to the life-cycle of the substance produced in or imported into the European Community as
described in the comprehensive risk assessment forwarded to the Commission by the Member
State Rapporteur.
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Nonylphenol CAS No 25154-52-3

EINECS No 246-672-0

HUMAN HEALTH The conclusion of the assessment of the risks to

WORKERS, CONSUMERS and HUMANS EXPOSED VIA THE
ENVIRONMENT is that there is a need for further information and/or testing.

This conclusion is reached because there is a need for better information to
adequately characterise the risks for human health.

ENVIRONMENT The conclusion of the assessment of the risks to the

ATMOSPHERE is that there is at present no need for further information and/or

testing or for risk reduction measures beyond those which are being applied ..
Risk reduction measures already being applied are considered sufficient.

AQUATIC ECOSYSTEM and TERRESTRIAL ECOSYSTEM are that there is
need for further information and/or testing and that there is a need for specific

measures to limit the risks.

MICRO-ORGANISMS IN THE SEWAGE TREATMENT PLANT is that there is

at present no need for further information and/or testing or for risk reduction
measures beyond those which are being applied.

Table 2-13: Risk assessment results on nonylphenol

The strategy for limiting risks for the environment are further described. Marketing and use restric­
tions should be considered at Community level to protect the environment from the use of nonyl­
phenol/nonylphenol ethoxylates (NP/NPEs) in particular in:

- industrial, institutional and domestic cleaning,

- textiles processing,

- leather processing,

- agriculture (biocidal products, in particular use in teat dips),

- metal working,

- pulp and paper industry,

- cosmetics including shampoos and other personal care products.

Further work is necessary to establish those uses for which derogations can be justified. In addi­
tion to the above, and recognising development of new Community procedures, additional meas­
ures for nonylphenol and nonylphenol ethoxylates should be considered including pollution pre­
vention measures at Community level, as appropriate, for the following sectors:

production of nonylphenol and nonylphenol ethoxylates;

use of nonylphenol ethoxylates in the synthesis of other chemicals (captive use);

use of nonylphenol ethoxylates in emulsion polymerisation in particular use in acrylic
esters used for specialist coatings, adhesives and fibre bonding;
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production of phenol/formaldehyde resins using nonylphenol;

production of other plastic stabilisers using nonylphenol.

Pollution control measures should be applied to the above sectors and those listed below:

formulation (in sectors where nonylphenol/nonylphenol etoxylates use will continue);

civil and mechanical engineering including the manufacture of wall construction materi­
als, road surface materials and also in the cleaning of metals;

additives in lubricating oil and in the blending of fuel additive packages;

electronics/electrical engineering in particular use in fluxes in the manufacture of painted
circuit boards, in dyes to identify cracks in printed circuit boards and as a component of
chemical baths used in the etching of circuit boards;

the photographic industry (small and large scale) in particular use in products intended
for home use by amateur photographers, for photo developers who develop film for
amateur photographers, some professional products and also use in x-ray film;

production of phenolic oximes/epoxy resins;

the preparation of paint resin and also as a paint mixture stabiliser.

The need for further marketing and use restrictions should be considered at Community level if the
measures taken in these sectors are shown to be inadequate.

For possible use in biocides as an active substance, within the legislative framework currently in
force at Community level for biocidal products, it is recommended that due consideration be taken
of the results of the risk assessment. For use in pesticides as an active substance, within the leg­
islative framework currently in force at Community level for plant protection products, national
authorities when granting authorisation decisions and in particular in cases where significant envi­
ronmental impact is already experienced at local level should take into due consideration the re­
sults of the risk assessment. In such cases encouragement should be given to the development
and use of alternatives to nonylphenol and nonylphenol ethoxylates. For the use as an adju­
vantlco-formulant in pesticide and biocidal products national authorities when granting authorisa­
tion decisions and in particular in cases where significant environmental impact is already experi­
enced at local level should take into due consideration the results of the risk assessment. Encour­
agement should be given to the development and use of alternatives to nonylphenol and nonyl­
phenol ethoxylates and the adoption of other measures aimed at modifying consumer behaviour.
For the possible uses of nonylphenol and nonylphenol ethoxylates in veterinary medicinal prod­
ucts, within the legislative framework currently in force at Community level for veterinary medicinal
products, it is recommended to holders of marketing authorisations for products containing the
substances that they should substitute them with less harmful alternatives. For the use of sludge
containing nonylphenol and nonylphenol ethoxylates, within the legislative framework currently in
force at Community level for sludge management, it is recommended that consideration be given
to the development of provisions on concentration limit values for nonylphenol and nonylphenol
ethoxylates when sludge is spread on land.
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The conclusions of the assessment of the risks for phenol, 4-nonyl-, branched are similar than
those for nonylphenol.

Commission Recommendation of 16 September 2002 on the results of the risk evaluation
and risk reduction strategy for the substance diphenyl ether, octabromo derivative

All sectors importing, producing, transporting, storing, formulating into a preparation or other proc­
essing, using and disposing or recovering diphenyl ether, octabromo derivative (CAS No 32536­
52-0; EINECS No 251-087-9) should take into account the results of the risk evaluation set out in
this recommendation. The substance is mainly used as flame retardant mostly in applications in
the plastics and textile industries.

The conclusions of the assessment of the risks to WORKERS are:

1. that there is a need for further information and/or testing. This conclusion is reached since in­
formation is needed on transthyretin-T4 competition with octabromodiphenyl ether as well as in­
formation on the extent of excretion of commercial octabromodiphenyl ether into the breast milk
and information on the effects of prolonged exposure; and

2. that there is a need for limiting the risks; risk reduction measures which are already being ap­
plied shall be taken into account. This conclusion is reached for manufacture (bagging and clean­
ing activities) and for compounding and master batching (bag emptying). There are concerns for:

- systemic effects after inhalation and dermal repeated exposure,

- local effects in the respiratory tract after inhalation repeated exposure, and

- effects on female fertility after inhalation and dermal repeated exposure.

The conclusion of the assessment of the risks for CONSUMERS is that there is at present no need
for further information and/or testing or for risk reduction measures beyond those which are being
applied already. This conclusion is reached because consumer exposure is considered negligible.

The conclusion of the assessment of the risks for HUMANS EXPOSED VIA THE ENVIRONMENT
is that there is a need for further information and/or testing. This conclusion is reached since fur­
ther information is needed on emissions into the environment from use or on soil-plant transfer; on
the extent of excretion of commercial octabromodiphenyl ether into the breast milk and cow's milk.
Depending upon the results submitted by Industry on milk excretion further information might be
requested. There is a need for exposure information from local and regional sources on the con­
centration of octabromodiphenyl ether in cows milk. Information is needed as well on transthyretin­
T4 competition with octabromodiphenyl ether and on the effects of prolonged exposure.

The conclusion of the assessment of the risks to HUMAN HEALTH (PHYSICO-CHEMICAL
PROPERTIES) is that there is at present no need for further information and/or testing or for risk
reduction measures beyond those which are being applied already.

The conclusions of the assessment of the risks to the ENVIRONMENT are

1. that there is a need for further information and/or testing. This conclusion applies to the risk of
secondary poisoning from all sources of octabromodiphenyl ether. It is possible that the current
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PEC/PNEC approach for secondary poisoning may not be appropriate in terms of both the PEC
and the PNEC, and could underestimate the risk. This issue needs further investigation. A second
aspect of the concern for secondary poisoning is that although the substance is persistent, there is
evidence that it can degrade under some conditions to more toxic and bioaccumulative com­
pounds. There is a high level of uncertainty associated with the suitability of the current risk as­
sessment approach for secondary poisoning and the debromination issue. The combination of un­
certainties raises a concern about the possibility of long-term environmental effects that can not
easily be predicted. It is not possible to say whether or not on a scientific basis there is a current or
future risk to the environment.

2. that there is at present no need for further information and/or testing or for risk reduction meas­
ures beyond those which are being applied already. This conclusion applies to the environmental
assessment of risks to the aquatic (surface water, sediment and waste water treatment plants),
terrestrial and atmospheric compartments by the conventional PEC/PNEC approach for octabro­
modiphenyl ether itself from all sources (including the assessment of the hexabromodiphenyl ether
component);

3. that there is a need for limiting the risks; risk reduction measures which are already being ap­
plied shall be taken into account. This conclusion applies to the assessment of secondary poison­
ing via the earthworm route for the hexabromodiphenyl ether component in the commercial octa­
bromodiphenyl ether product from the use in polymer applications.

While the outcome of the human health risk assessment for exposure via the environment is that
further information/testing is required, Member States noted the uncertainties regarding the risk
characterisation for infants exposed to commercial octabromodiphenyl ether from human breast or
cow's milk. In particular, there was concern that it would take a significant time to gather the infor­
mation and that the resulting refined risk assessment could then indicate a risk to breast-feeding
infants. Any risk reduction measures proposed for the substance must take account of the concern
about infants exposed via milk. The legislation for workers' protection currently in force at Commu­
nity level is generally considered to give an adequate framework to limit the risks of the substance
to the extent needed. Within this framework it is recommended to develop at Community level oc­
cupational exposure limit values for the substance. Until such time as occupational exposure limit
values for the substance have been adopted at Community level, exposure in the workplace
should be reduced as low as technically feasible. The use of non-inhalable forms (pellets etc.) in
place of the powder form should be considered. The need for such measures will be dependent on
the outcome of proposals to protect human health and the environment. Marketing and use restric­
tions should be considered at Community level to protect the environment from the use of octa­
bromodiphenyl ether.
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2.4.2 Relevant laws in Germany

Chemikaliengesetz- Gesetz zum Schutz vor gefahrlichen Stoffen (ChemG)

Version from 20. June 2002:

Purpose of this law is to protect people and the environment from harmful influence by hazardous
substances; especially to make them discernible, to avert them, and to prevent their production.
Diese Gesetz regelt u.a. die Anmeldebestimmung dieser sog. Gefahrliche Stoffe. Erganzende Be­
stimmungen betreffend Biozid-Produkte sind seit 2002 diesem Gestz hinzugefOgt worden um es
der Directive 98/8/EC anzugleichen (see above).

Ordinances for establishing the law (as their may be relevant for textile finishing industry)

Gefahrstoffverordnung (GefstoffV)

Chemikalienverbotsverordnung (ChemVerbotsV)

Technische Regeln fOr Gefahrstoffe (TRGS)

Verordnung uber brennbare Flussigkeiten (VbF)

Technische Regeln fOr brennbare Flussigkeiten

Verordnung uber elektrische Anlagen in explosionsgefahrdeten Bereichen (ElexV)

Comments for establishing the laws

As not otherwise mentioned, comments are made with reference to the wording of the laws such
as published in [465].

GefStoffV - Gefahrstoffverordnung Neufassung vom 15. November 1999

Purpose of the decree is to protect people against work-related and other health risks by regulating
the classification, specification and packaging of hazardous substances, dangerous processes and
certain hazardous products; especially by making them discernible, by averting them and by pre­
venting their production, if there are no special regulations according to this in other decrees.

The European directives referred to for this decree are: Directive 67/548/EEC (amended by Direc­
tives 96/56/EC, 98/98/EC), Directive 1999/45/EC, and Directive 76/769/EEC (amended by Direc­
tives 97/56/EC and 97/64/EC), Directive 75/324/EEC (amended by Directives 80/232/EEC ,
94/1/EC), Directives 91/155/EEC and 88/379/EEC (amended by 93/112/EC), Directive 96/59/EC
and Directive 98/8/EC
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Verordnung Liber Verbote und Beschrankungen des Inverkehrbringens gefahrlicher Stoffe,
Zubereitungen und Erzeugnisse nach dem Chemikaliengesetz ChemVerbotsV - Chemika­
lien-Verbotsverordnung

Substances listed in the annexe of these ordinance are said no to be used. Examples of such
chemicals are:

Detergents, solvents, and agents for cosmetic care with a mass content of more
than 0.2 percent formaldehyde must not be put into circulation.

Substances mentioned in Directive 76/769/.

Substances containing cadmium with more than 0.01% per weight synthetic rubber

Water-free and neutral lead carbonate [598-63-0], lead hydroxycarbonate [1319-46­
6] and lead sulphate [7446-14-2 and 15739-80-7] as contained in dyestuffs and dyestuff
preparations

"Responsible-care concepts"

VCI-concept for storing of chemicals

This concept contains regulations for storing different chemicals. The basis of this concepts are
German laws, decrees and technological regulations that deal with the storage of chemicals. Addi­
tionally, recommendations, publications, and discussion papers by associations and firms are
given. The storage classifications are following the "Gefahrgutklassen" (Le. hazardous materials
transport categories) of the transport laws, the characteristics of hazardous substances of the
"GefStoffV" (decree on hazardous SUbstances), and other regulations.

Voluntary renoucement of critical textile auxiliaries

The chemical industry, under the leadership of TEGEWA, the association of manufacturers of tex­
tile auxiliaries, paper auxiliaries, leather and fur auxiliaries and surfactants, elaborates a classifica­
tion concept for textile auxiliaries based on their water pollution relevance. The german textile fin­
ishing is said to voluntary renounce on those auxiliaries classified as critical (e.g. alkylphenoleth­
oxylates) [454] (see section 2.5.3)
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2.5 Other ecological regulations

2.5.1 Fire safety standards

General requirements for fire protection through relevant government legislation is the basis for
standards and 'codes of practise', which are again based on recognised technical principles. In this
legislation the requirements are normally kept in quite general terms. Proof of their fulfilment re­
quires determination of verifiable criteria. The following review on fire safety standards is taken
from [22], as not otherwise mentioned.

Determination of criteria for fire safety is where the different standardisation organisations come
into the equation. These Organisations master the knowledge and experience in their field. The
members are representatives from governments, test institutes, industrial societies, and insurance
companies. Depending on the area of application the standards are either national or international.

Most building standards are national since every country has specific sets of rules that have devel­
oped over time. Efforts to harmonise building codes are being made and have already occurred in
the Nordic countries, where fire testing of building materials is almost identical.

In the EU the harmonisation of requirements is the responsibility of the EU Commission. The tech­
nical requirements to which the products must comply are defined by European Standards. These
European Standards are issued by the European Committee for Standardisation (CEN) and the
European Committee for Electrotechnical Standards (CENELEC). These standards also assist in
eliminating technical barriers to trade between Member States as well as between these and other

European states. Examples of international standards are lEe (the electrical field International
Standards are being developed by the International Electrotechnical Commission (lEG) in order to

remove trade barriers), ISO (all other technical fields are covered by the International Organisa­
tion of Standardisation (ISO). The aim of ISO is to promote the worldwide development of Stan­
dards in order to break down trade barriers and to encourage cooperation in intellectual, scientific,
and economic activities). In the Nordic countries they have Nordtest (NT), Internordic Standards
(INSTA), and of course the national standards covered by Dansk Standard (OS), Svensk Standard
(SS), etc. The Standardisation Organisations in Germany are Deutsches Institut fOr Normung (DIN)
and Verband Deutscher Elektrotechniker (VDE). In the UK they rely on British Standard (BSI). A
few examples of Official Approving Institutions are: in Denmark ETA-Danmark AlS and S0fartssty­
relsen; in Germany Deutsche Institut fOr Bautechnik, See-Berufsgenossenschaft and Germanis­
cher Lloyd; and in the UK L10yds Register and the local building authorities.

Legislation and standards in UK

The UK has got the most rigorous requirements for textiles set out in The Upholstered Furniture
(Safety) Regulations, introduced in 1980.
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These regulations state that furniture of any description which is ordinarily intended for use in a
dwelling, including caravans, has to comply with certain standards and must be labelled accord­
ingly.

According to the regulations, upholstered furniture including baby cots, prams, and loose pillows
must comply with the British Standard BS 5852: Part 1:1979 and BS 5852: Part 2: 1982. These two
standards are from 1990 collected in BS 5852:1990 which is equal to, but not superseding the two
previous standards, since the law has not been adjusted accordingly.

The general principle of BS 5852:1990 is that the test specimen is to be subjected to smouldering
and then to flaming ignition; the smouldering source being a cigarette and the flaming sources be­
ing selected from a series of three butane gas flames and four burning wooden cribs. The series is
designed to represent a range of intensities that might be encountered in various end-use envi­
ronments.

Mattresses and bed bases are regulated by the British Standard BS 6807:1990. The principle of
this particular standard is that the test specimen must be subjected to smouldering and flaming
ignition sources placed on top of and/or below the test specimen. The test can be made with or
without covers, like bed covers.

Curtains are regulated by the British Standard BS 5867 part 2 which again refers to BS 5438. This
standard contains three different tests:

A wide vertical strip of fabric or assembly is taken, and a specified small butane flame is applied to
the face of the strip for a prescribed time. Through this test, the minimum flame application time is
found at which ignition of the specimen would begin.

A wide vertical strip of fabric or assembly is taken, and a specified small butane flame is applied to
the face of the strip for a prescribed time. The extent of vertical and horizontal spread of flame is
observed. Flaming debris behaviour may be described and the duration of flaming and afterglow
as well as the extent of hole formation may be measured.

A wide vertical strip of the fabric or assembly is taken and a specified small butane flame is applied
to the face of the strip for a prescribed time. The rates of vertical and horizontal spread of flame
are measured. Flaming debris behaviour may be described and the duration of flaming and of af­
terglow may be measured.

Protective clothing is regulated by the European Standards EN 531, EN 533, EN 470-1, and EN
469, just as in Germany and Denmark.

Legis/ation and standards in Germany

Contrary to Denmark, Germany has regulations for some textiles in particular.

No specimen shall give flaming or molten debris. Curtains, draperies, and large tents are regulated
by ISO 6941 or EN 1101. ISO 6941 is an International Standard which specifies a method for the
measurement of flame spread properties of vertically oriented textile fabrics intended for apparel,
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curtains, and draperies in the form of single- or multi-component fabrics. The principle of the
method is that a defined ignition flame from a specified burner is applied for a defined period of
time to textile specimens which are vertically oriented. The flame spread time is the time measured
in seconds for a flame to travel between marker threads located at defined distances. Other prop­
erties relating to flame spread may also be observed, measured, and recorded. EN 1101 is a
European Standard which refers to the international ISO 6940 as the method of testing. The prin­
ciple of ISO 6940 is that a defined ignition flame from a specified burner is applied to textile speci­
mens which are vertically oriented. The time necessary to achieve ignition is determined by means
of the time measured for the ignition of the fabric.

Upholstered furniture is regulated by the European standards EN 1021-1 and EN1021-2. EN 1021­
1 (smouldering cigarette) the principle of this test method is to subject an assembly of upholstery
materials to a smouldering cigarette ignition source. The assembly is arranged to represent in
stylised form a junction between a seat and back (or seat and armrest) such as it might occur in a
typical chair. The ignitability of an assembly is determined by applying smoker's materials such as
a cigarette to the test subject. The test method measures the ignitability of the overall composite of
materials, i.e. cover(s), interliner, infill material, etc., as constructed on the test rig. The result shall
not be stated as being applicable to the general behaviour of any individual component.

The principle of EN 1021-2 is the same as for EN 1021-1 except that the ignition source is a small
gas flame.

Mattresses are regulated by the European Standard EN 597-1 and EN 597-2.

The standard EN 597-1 lays down a test method to assess the ignitability of mattresses, uphol­
stered bed bases, and mattress pads when subjected to a smouldering cigarette. Air mattresses
and water beds are excluded from this standard. The principle of the test is to subject full upper
surface or upper surface features of the mattress, the bed base, or the mattress pad to the contact
of smouldering cigarettes so that all the zones having different characteristics are tested.

The standard EN 597-2 lays down a test method to assess the ignitability of mattresses, uphol­
stered bed bases, and mattress pads when subjected to a gas flame equivalent to a match flame.
Air mattresses and water beds are excluded from this standard as well. The principle of the test is
to subject full upper surface or upper surface features of the mattress, the mattress pad or of the
bed base to the contact of a gas flame equivalent to a match flame, so that all the zones having
different characteristics are tested.

Protective clothing is regulated by EN 531, EN 533, EN 470-1, and EN 469 as in Denmark (see
below).

Floor coverings are regulated by DIN 4102 part 14, a test method which describes a procedure for
measuring the critical radiant flux of horizontally mounted floor covering systems exposed to a
flaming ignition source in a graded radiant heat energy environment in a test chamber. The basic
elements of the test chamber are: An air-gas fuelled radiant heat energy panel inclined 30° and
directed at a horizontally mounted floor covering specimen. The radiant panel generates a radiant
energy flux distribution ranging, along 100 em length of the test specimen from nominal maximum
of 1.1 W/cm2 to a minimum of 0.1 W/cm2. The test is initiated by open-flame ignition from a pilot
burner. The distance burned to flame-out is converted to W/cm2 from a flux profile graph.
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Legislation and standards in Denmark

There are no fire requirements for clothing textiles except for protective clothing, which are regu­
lated by four different Danish/European standards:

Protective clothing for industrial workers exposed to heat

DS/EN 531 which concerns protective clothing for industrial workers exposed to heat. This stan­
dard refers to test method DS/EN 532, the test method for limited flame spread. This test uses six
test specimens in the dimensions of 200x160 ± 1mm, three with the longer dimension in the width
direction of the material, and three in the length direction. The specimens are mounted vertically in
a special holder. The igniting flame is applied for 10 seconds. When tested according to DS/EN
531 the material has to meet the following requirements:

No specimen shall give flaming to the top or either side edge.

No specimen shall give hole formation.

The mean value of after-flame time shall be * 2 s.

The mean value of afterglow time shall be * 2 s.

Protection against heat and flame

DS/EN 533 which concerns protective clothing - protection against heat and flame. Performance is
expressed in terms of limited flame spread index based on the results of testing by DS/EN 532.
Three levels of performance are specified:

Index 1 materials must do spread flame, but may form a hole on contact with a flame.

Index 2 materials and material assemblies do not spread flame and do not form a hole on
contact with a flame.

Index 3 materials and material assemblies spread flame and do not form a hole in contact
with a flame. They give only limited after flame.

Welding and Allied Processes

DS/EN 470-1, which concerns protective clothing for use in welding and allied processes, is also
tested according to DS/EN 532 and has to comply with the same requirements as DS/EN 531.

Fire fighters

DS/EN 469 concerns protective clothing for fire fighters. These are also tested according to DS/EN
532 and must meet the same requirements as in DS/EN 531 & 470-1 except for part 2 which is
changed to:
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No specimen shall give hole formation in any layer, except for the outer layer of a multilayer as­
sembly.

Upholstered furniture, mattresses and curtains

There are no fire requirements for upholstered furniture, mattresses, and curtains.

carpets

Fire requirements for carpets are given in the Danish Standard OS 1063.2, Fire classifications ­
Floorings. The carpets are tested according to the Danish Standard/Inter Nordic Standard,
DS/INSTA 414. The principles of the test are: A specimen is mounted at an angle of 30* to the
horizontal plane with a forced air flow passing over the exposed surface. A burning wooden crib is
placed on the surface of the specimen. Damage inflicted to the specimen and light absorbed by the
smoke are observed.

A carpet can be classified as a class G flooring according to OS 1063.2 if four specimens, two cut
in one direction and two cut perpendicular to the first two, meet the following requirements:

That the mean damage of the carpet is less than 550 mm from the centre of the burning
crib.

That the mean damage of the underlay is less than 550 mm from the centre of the burning
crib.

That the length of the damage of both the carpet and the underlay for each test are less
than 800 mm from the centre of the burning crib.

That the mean of the four maximum smoke densities measured within the first 5 minutes
are less than 30%.

That the mean of the four maximum smoke densities measured within the first 10 minutes
are less than 10%.

It is not likely that Brominated flame retardants BFRs are used to meet the requirements, since
there are more cost efficient flame retardants available for these kinds of products (see discussion
in section 6.4.8).
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2.5.2 Azo colourants

The use of azo-dyes which may cleave into one of the 22 potentially carcinogenic aromatic amines
listed below is banned according to the 19th amendment of Directive 76/769/EEC on dangerous
substances [406]. The directive is based on the so-called German Ban on azo dyes (i.e. German
Consumer Goods Ordinance). Thus, azo dyes which, by reductive cleavage of one or more azo
groups, may release one or more of the aromatic amines listed, in detectable concentrations (i.e.
above 30 ppm in the finished articles or in the dyed parts thereof, may not to be used in textile and
leather articles which may come in direct or prolonged contact with the human skin or oral cavity
[406].

CAS Number Index Number EC Number Substances

1 92-67-1 612-072-00-6 202-177-1 Biphenyl-4-ylamine

4-aminobiphenyl xenylamine

2 92-87-5 612-042-00-2 202-199-1 Benzidine

3 95-69-2 202-441-6 4-chloro-o-toluidine

4 91-59-8 612-022-00-3 202-080-4 2-naphthylamine

5 97-563 611-006-00-3 202-591-2 o-aminoazotoluen-2' ,3-

dimethylazobenzene 4-o-tolylaso-o-
toluidine

6 99-55-8 202-765-8 5-nitro-o-toluidine

7 106-47-8 612-137-00-9 203-401-0 4-chloroaniline

8 615-05-4 210-406-1 4-methoxy-m-phenylenediamine

9 101-77-9 612-051-00-1 202-974-4 4,4 '-methylenedianiline

4,4'-diaminodiphenylmethane

10 91-94-1 612-068-00-4 202-109-0 3,3'-dichlorobenzidine 3,3'-
dichlorobiphenyl-4,4'-ylenediamine

11 119-90-4 612-036-00-X 204-355-4 3,3'-dimethoxybenzidine odianisidine

12 119-93-7 612-041-00-7 204-358-0 3,3'-dimethylbenzidine 4,4'-bi-o-

toluidine

13 838-88-0 612-085-00-7 212-658-8 4,4'-methylenedi-o-toluidine

14 120-71-8 204-419-1 6-methoxy-m-toluidine p-cresidine

15 101-14-4 612-078-00-9 202-918-9 4,4'-methylene-bis-(2-chloro-aniline)
2,2'-dichloro-4,4'-methylene-dianiline

16 101-80-4 202-977-0 4,4'-oxydianiline

17 139-65-1 205-370-9 4,4'-thiodianiline

18 95-53-4 612-091-00-X 202-429-0 o-toluidine 2-aminotoluene

19 95-80-7 612-099-00-3 202-453-1 4-methyl-m-phenylenediamine

20 137-17-7 205-282-0 2,4,5-trimethylaniline

21 90-04-0 612-035-00-4 201-963-1 o-anisidine-2-methoxyaniline

22 60-09-3 611-008-00-4 200-453-6 4-amino azobenzene

Table 2-14: List of aromatic amines banned according to the 19th amendement of the
Directive 76fi691EEC
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However, more than 100 dyes with the potential to form carcinogenic amines are still available on
the market [2). The German ordinance restricts the use of only about 5% of azo dyes. The 5th

Amendement bans their use in the manufacture (in Germany) of regulated consumer goods, and
their presence in detectable amounts (i.e. yielding greater than 30 mg individual listed amine I kg
consumer good) in regulated products placed on the German market. A similar restriction applies
in the Netherlands, Austria, and is pending in France. The Dutch and French restrictions apply only
to certain azo dyes, not to any azo pigments. Most azo pigments are exempted from the bans as it
aknowledge that, due to their generally extremely low solubility, they do not pose a risk to con­
sumer health. Some azo pigments are sufficiently soluble under analytical test conditions to yield
detectable amounts of a listed amine (i.e. greater than 30 mg/kg consumer good) and these azo
pigments are not exempted [63). The following table summarises azo pigments involv13d and al­
ready tested by ETAD.
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C.I. Name C.I. Number EINECS Number CAS Number Regula-
tory

status

1 Pigment Yellow 12 21090 228-787-8 6358-85-6 A

2 Pigment Yellow 13 21100 225-822-9 5102-83-0 A

3 Pigment Yellow 14 21095 226-789-3 5468-75-7 A

4 Pigment Yellow 14 7621-06-9 A

5 Pigment Yellow 17 21105 224-867-1 4531-49-1 A

6 Pigment Yellow 49 11765 220-802-6 2904-04-3 C

7 Pigment Yellow 55 21096 228771-0 6358-37-8 A

8 Pigment Yellow 63 238-611-1 14569-54-1 C

Pigment Yellow 121

9 Pigment Yellow 83 21108 226-939-8 5567-15-7 A

10 Pigment Yellow 87 21107-1 239-160-3 14110-84-6 C

11 Pigment Yellow 114 21092 271-879-8 68610-87-7 C

12 Pigment Yellow 124 21107 267-243-4 67828-22-2 C

13 Pigment Yellow 126 21101 290-823-3 90268-23-8 A

14 Pigment Yellow 127 21102 271-878-2 68610-86-6 A

15 Pigment Yellow 152 21111 250-799-7 31775-20-9 C

16 Pigment Yellow 170 21104 250-797-6 31775-16-3 C

17 Pigment Yellow 171 53815-04-6 C

18 Pigment Yellow 172 21109 76233-80-2 C

19 Pigment Yellow 174 21098 279-017-2 78952-72-4 A

20 Pigment Yellow 176 21103 290-824-9

21 Pigment Orange 3 12105

22 Pigment Orange 13 21110 222-530-3

23 Pigment Orange 14 21165 229-920-2

24 Pigment Orange 15 21130 228-789-9

25 Pigment Orange 16 21160 229-388-1

26 Pigment Orange 34

Pigment Orange 35 21115 239-898-6

Pigment Orange 37

27 Pigment Orange 44 21162 241-469-3

28 Pigment Orange 63

29 Pigment Red 7 12420 229-315-3

30 Pigment Red 8 12335 229-100-4

31 Pigment Red 17 12390 229-681-4

32 Pigment Red 22 1235 229-245-3

33 Pigment Red 37 21205 229-986-2

34 Pigment Red 38 21120 228-788-3

35 Pigment Red 41 21200 229-389-9

36 Pigment Red 42 21210 228-790-4
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C.I. Name C.1. Number EINECS Number CAS Number Regula-

tory

status

37 Pigment Red 114 12351 228-774-7

38 Pigment Blue 25 21180 233-354-1

39 Pigment Blue 26 21185 226-614-0

40 Pigment Green 10 12775 262-934-7

41 Pigment without 171091-00-2 C
C.1. Generic name

42 Pigment without 169873-88-5 C
C.1. Generic name

43 Pigment without 169873-87-4 C
C.1. Generic name

44 Pigment without 169798-13-4 C
C.1. Generic name

45 Pigment without 169798-12-3 C
C.1. Generic name

46 Pigment without 169798-08-7 C
C.1. Generic name

47 Pigment without 169873-87-4 C
C.1. Generic name

48 Pigment without 160611-26-7 C
C.1. Generic name

49 Pigment without 124236-34-6 C
C.1. Generic name

50 Pigment without 103621-95-0 C
C.1. Generic name

51 Pigment without 103621-93-8 C
C.1. Generic name

52 Pigment without 103621-94-9 C

C.1. Generic name

53 Pigment without 304-380-1 94249-03-3 C

C.1. Generic name

54 Pigment without 300-272-3 93924-77-7 C

C.1. Generic name

55 Pigment without 288-428-6 85721-17-1 C
C.1. Generic name

56 Pigment without 280-397-7 83399-84-2 C

C.1. Generic name

57 Pigment without 279-221-1 79665-33-1 C

C.1. Generic name

58 Pigment without 79952-70-2 C

C.1. Generic name

59 Pigment without 78245-94-0 C

C.1. Generic name

60 Pigment without 76822-91-8 C

C.1. Generic name
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C.I. Name C.I. Number EINECS Number CAS Number Regula-
tory

status

61 Pigment without 276461-9 72207-62-6 C
C.1. Generic name

62 Pigment without 71130-18-2 C
C.1. Generic name

63 Pigment without 272-732-0 68910-13-4 C
C.1. Generic name

64 Pigment without 255-508-7 41709-76-6 C
C.1. Generic name

65 Pigment without 250-798-1 31775-17-4 C
C.1. Generic name

66 Pigment without 30496-22-1 C
C.1. Generic name

67 Pigment without 26841-50-9 C
C.1. Generic name

68 Pigment without 5629-79-8 C

C.1. Generic name

Data taken from [63); Key: Regulatory status A: exempted under 5" Amendement; B: restricted under 5- Amendement; C: test data not

available

Table 2-15: Azo pigments falling within the scope of the 5th Amendement of the Con­
sumer Goods Ordinance
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2.5.3 Waste water relevance classification of auxiliaries according to TEGEWA

The Association of Textile auxiliaries suppliers, called TEGEWA Verband der TExtilhilfsmittel-,
Lederhilfsmittel-, GErbstoff- und WAschrohstoff-lndustrie eV. (D-60329 Frankfurt) worked out
since 1995, on recommendation of the german federal ministry of environment BMU, a "Method of
classification of textile auxiliaries according to their waste water relevance" [413). The following
description of this classification tool is taken from [2). More details on other classification concepts
(e.g. Netherlands RIZA concept, Swiss BEWAG concept) can be found in [4). The danish SCORE
scheme is further presented in section 2.5.4.

The proposed TEGEWA scheme provides a logic system for the classification of textile auxiliaries
in 3 classes of relevance:

Class I Minor relevance to waste water

Class II Relevant to waste water

Class III High relevance to waste water

The main criteria for the classification are the content of certain harmful (including bioaccumula­
tive) substances, biological degradation or elimination and aquatic toxicity of the sold products (see
scheme below).

The introduction of the classification concept rests essentially on the following pillars:

• Classification by producers on their own responsibility, guided by the association of textile
auxiliaries suppliers, called TEGEWA

• Screening of correct classification of textile auxiliaries in the three classes by an expert.

• A monitoring report on the effectiveness of the voluntary commitment which will be com­
municated to the authorities. For this purpose numbers and quantities of textile auxiliaries
classified in classes I, II and III and sold in Europe are collected by a neutralconsultant from
the manufacturers.

• The triggering of market mechanisms towards the development of environmentally
sounder products.

It is not claimed that the classification concept allows a differentiated ecotoxicological evaluation of
textile auxiliaries. The purpose of the classification concept is rather to allow users to select textile
auxiliaries also from ecological aspects. Ecological competition is intended to trigger a trend to­
wards the development of environmentally more compatible textile auxiliaries.
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The German Association of the Textile Finishing Industry (TVI-Verband, D-Eschborn) is officially

supporting this concept and has signed and published a self-commitment to recommend the textile

finishing industries to use classified products only and preferably such of classes I and II.

A classification of the textile auxiliary is possible both on the basis of data of the preparation and

on the basis of data of the ingredients by calculating mean values for the ingredients. For data to

be newly determined, it is recommended to determine those data on the basis of the ingredients.

_________n_o_ Problematic substances contained
contained

Biodegradable t bioeliminable

Accumul. Substan. 2 yes Accumul. Substances
Contained 5% ~1-----I -r-l

5 no

no

II. Textile auxiliaries
with high relevance
to waste water

~-
yes

Textile auxiliaries
aquatic tox 1mgtl . I Textile aux. readly l

no biodegradable

yes

Textile auxiliaries l3J Textile auxiliary ~ no

I
. -

readily biodegradable Aquatic toxicity 10 mgtl

yes j
yes Textile auxiliaries ~ no.

biodegradable t eliminable -
,

I. Textile auxiliaries with II. Textile auxiliaries with I I
minor relevance to relevant to waste water I'
wastewater I

Figure 2-1: TEGEWA classification scheme

Footnotes mentioned in the classification scheme:

1. Problematic substances are

1.1 CMR substances which are - according to Annex I to Directive 67/548/EEC -

• classified as "carcinogenic" cat. 1 or cat. 2 and labelled with R45 (May cause can­

cer) or R49 (May cause cancer by inhalation),

• classified as "mutagenic" cat. 1 or cat. 2 and labelled with R46 (May cause herita­

ble genetic damage) or R60 (May impair fertility),
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• classified as "toxic for reproduction" cat. 1 or cat. 2 and labelled with R61 (May
cause harm to the unbom child).

1.2 Ingredients which have an aquatic toxicity (definition see footnote 4) of < 0.1 mg/l and
are not readily biodegradable (definition see footnote 3),

1.3 Low-molecular halogen hydrocarbons (halogen share> 5%, chain length C1 - C12),

1.4 Arsenic and arsenic compounds,

1.5 Lead and lead compounds,

1.6 Cadmium and cadmium compounds,

1.7 Tri- and tetra-organotin compounds,

1.8 Mercury and mercury compounds,

1.9 Alkylphenolethoxylate APEO,

1.10 EDTA, DTPA (i.e. Ethylenediaminetetraacetic acid [60-00-4], Diethylenetriaminepen­
taacetic acid [67-43-6])

2. In connection with classifications made within this voluntary commitment, substances shall be
considered "accumulative" which are labelled either with R-phrase 53 "May cause long-term ad­
verse effects in the aquatic environment" alone, or with R53 in combination with other R-phrases.

3. Readily biodegradable =OECD tests 301 A-F with> 60% BOD/COD or CO2 formation, respec­
tively, or> 70% DOC reduction in 28 days.

4. Aquatic toxicity of textile auxiliaries = LC 50 daphnia (if not available to be substituted by fish).

5. Biodegradable/eliminable =OECD test 302 B: > 70% DOC reduction in 28 days, or OECD test
302 C: > 60% 02 consumption, or Proof of a > 70% reduction in precipitation typical of sewage
treatment plants.

Note: for textile auxiliaries the evaluation "readily biodegradable (3)", "aquatic toxicity" (4), and
"biodegradable/bioeliminable" (5) can be made not only on the basis of test data of the readyfor­
use preparation but also on the basis of valid data obtained by calculating mean values for the
various ingredients.

The classification of textile auxiliaries by referring to their water relevance has gain in the last years
in importance. Most European textile finishers rely on these categories when buying process
chemicals. This matter of fact reflected the disease of the branch towards negative media head­
lines, and thus their customers. Yet, this classification is a beginning but by far not enough as im­
portant aspects such as consumption for example have been unaccounted for. Aspects that may
be essential for an integrated, sustainable and affordable environmental protection.



67

2.5.4 Classification of auxiliaries according to the SCORE system

The score system is an administrative method of sorting chemicals on the basis of information es­
pecially from the chemical supplier's specification sheets. The sorting permits a priority selection of
chemicals which, because of actual consumption and information on environmental behaviour,
should be subject to closer examination. The description of the classification system is taken from
[2].

The score system is based on the parameters usually considered to be the most interesting in
connection with characterisation of substances injurious to the environment of industrial sewage:

A Discharged amount of substance

B Biodegradability

C Bioaccumulation

D Toxicity

The parameter A is a score on the estimated amount of chemical, which is discharged into the en­
vironment as waste water. B is a score on biodegradability, and C is a score on bioaccumulation.
The structure of the score system appears from the table stated below.

Together, A, Band C indicate the potential presence of the substance in the environment; (expo­
sure); how much of, how long and how is the substance present in the aquatic environment. A in­
fluences the effect of Band C, while B influences the effect of C. The total score, which is obtained
by multiplying the score for A, Band C, is called the exposure score. Effects of chemical exposure
depend on the toxicity of the chemical. The toxicity (D) should be evaluated concurrently in propor­
tion to the exposure.

Each parameter is given a numerical value between 1 and 4 with 4 indicating the most critical envi­
ronmental impact. Missing information involves highest score. The result is that each substance
can be given a score as to exposure (A_B_C), and independent of this, a score as to toxicity (D).
SUbsequently, it will be possible to make a ranking of the chemicals.

Application of the system implies that the system is worked into the waste water permits or envi­
ronmental approvals of the companies. Hereafter, the companies should send in information on
consumption of chemicals as well as environmental data. The first time, information on all chemi­
cals employed should be submitted, but following, reporting of new chemicals may take place con­
currently with the employment of these. At least once a year, the statement of consumption should
be updated.

The Federation of Danish Textile and Clothing Industries is prepared to act as "consultant" for the
individual companies, and it has established a data base management system for storing of infor­
mation on chemicals and calculation of score. By means of the data base facilities, it will thus be
possible to print out a list of the employed chemicals and the calculated score (a Score Report)
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specifically for each company. This list could subsequently be supplemented with a detailed analy­
sis of the chemicals, which were given a high score.

The information now available should form the basis of the environmental authority's (municipal­
ity/county) evaluation as to possible "interventions".

As regards mixtures of substances solely consisting of inorganic compounds, the parameter "bio­
degradability" is without meaning. A calculation of the "exposure score" A_B_C is thus not relevant
to such substances/mixtures.

It is advisable that the data used as score basis as far as possible have been obtained according
to internationally approved methods of examination.

Within the parameters Band C and D, data on different levels are used. The highest level repre­
sents data generated on basis of examination conditions, which seen in proportion to data from
lower levels are most comparable with a natural aquatic environment. As regards the parameter C,
data obtained from standardised bioaccumulation tests with fish are thus more realistic than data
from examinations based on determination of the distribution of the substance in a two-phased
mixture of octanol and water (Pow-data). However, Pow has a more direct correlation with bioac­
cumulation than solubility data.

The highest level is stated at the top within each parameter. When preparing the score system, it
has been taken into consideration that when data from the lowest quality level are used, the cer­
tainty will be less.

It is a prerequisite that data on the highest available level should always be used.

In order to secure the practical execution of the C score, it has been necessary to accept that the
score can be established on the basis of qualitative information on solubility. With this end in view,
there has been prepared a "diagram for establishment of the C score on the basis of qualitative
information on solubility".

Score System for Sorting of Chemicals on Basis of Environment Data and Information on Con­
sumption:
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Score figure: 1 2 3 4

Parameter

A Discharged amount of substance

kg/week < 1 1-10 >10 -100 > 100

kg/year < 50 50 - 500 >500 - 5000 > 5000

B Biodegraddability

Surface water (%) > 60 (50 - 100) 10-60 < 10

Sludge culture (%) > 70 20 -70 < 20

BOD/COD ratio > 0.5 ~ 0.5

C Bioaccumulation

Bioconcentration Factor (BCF) > 100 ~ 100

Or C1, C2; C3

C11f Mw> 1000 g/mol .
C2 If 500 ~ Mw ~ 1000 g/mol

Pow-data < 1000 ~ 1000

Water solubility g/I > 10 10 - 2 >2

C3 If Mw < 500 g/mol

Pow-data < 1000 ~ 1000

Water solubility g/I > 100 100 - 2 > 2-0.2 > 0.02

No information .

Score figure: 1 2 3 4

Parameter

o Effect concentration

Divided by effluent concentration > 1000 1000 - 101 100 -10 < 10

No information .
Table 2-16: Score system for sorting chemicals

The SCORE system is implemented in Denmark since 1992, as a part of the waste water dis­
charge permit and autority monitoring regulations. In the praxis, each textile finishing mill has to
submit to the Danish Textile Federation once or twice a year a list of the chemicals employed and
their consumption data. The classification system was originally developed as a tool for priorising
specific chemicals, principly with regard to their consumption. The SCORE system is said to be
basically not a system intended to identifying critical chemicals and their formulations (4). In Ger­
many, the TEGEWA scheme was thus preferred (see 2.5.3).



3 The textile chain (from raw materials to finished goods)

3.1 The nature of textile fibres

The textile chain begins with the production or harvest of raw fibres. Two general categories of
fibres are used in the textile industry: natural and man-made fibres. Man-made fibres encompass
both purely synthetic materials of petrochemical origin, and regenerative cellulose material from
wood fibres.

A more detailed classification of fibres is given in Figure 3-1 and Figure 3-2 (taken from [42]). A
categorisation based on the chemical characteristics of the fibre surface may be useful when con­
sidering finishing treatment processes. The overall terminology "cellulosic material" is especially
useful, as the term generally regroups either natural and half-synthetic fibres vegetable origins
such as cotton, flax, viscose, etc.

1----------------------1 Colton
Flax
Hemp
Jute
Sisal
Ramie
Coco
etc.

1---------------1 Sheep wool
Camel wool
Rabbit hair
Goatwool
Horsehair
etc.

t---------------I Mulberry silk
Tussah silk

t---------------------1 Asbestos
etc.

Figure 3-1: Classification of fibres - Natural fibres
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Classification offibres - Man-made fibres

Textile raw materials and their by-products playa crucial role concerning the ecological impacts
(esp. waste water and off-gas) in textile finishing. Especially the following items are of interest
[273]:

natural impurities from cotton, wool, silk, etc

fibre solvents (in cases where man-made fibres are produced by dry spinning or solvent
spinning processes)

monomers (esp. caprolactam ex polyamide 6)

catalysts (e.g. antimony trioxide in polyester fibres)
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sizing agents (woven textiles esp. cotton and cotton blends)

preparation agents (esp. woven and knitted textiles made of man-made fibres)

The native cellulose fibre cotton consists mainly of cellulose and some other components with
varying composition. The organic material in natural cotton, which is released during pretreatment
processes (pectines, proteins, waxes, seed capsules etc.), creates COD in the waste water. Also
inorganic substances (salts of K, Na, Fe etc.) are removed from cotton in the pretreatment proc­
esses. In cotton production besides fertilizers, fungizides, insecticides, herbizides, growth regula­
tors, and defoliants are used. Normally the pesticides are applied in growth periods before the
cotton boll is opened. Biocides can be applied to protect cotton fibres during transport and storage.
According to an analysis by order of the Bremer Baumwollborse the pesticide content in raw cotton
fibres is negligible [273].

The natural by-products of wool (grease, suint, dirt, vegetable matters) are removed during wool
scouring. Greasy wool contains residues of biocidal chemicals used to prevent or treat infestations
of sheep by external pests (ectoparasites), such as ticks, mites and blowfly. Like the natural by­
products they are removed in wool scouring and load the waste water. Biocide content of the wools
processed varies widely, according to the countries of origin of the wools:

Organochlorines: 0,2-5 glt greasy wool

Organophosphates: 1-19 glt greasy wool

Pyrethroids: 0,05-6,3 glt greasy wool.

Any remaining dirt and vegetable matter on the raw wool, together with short fibre fragments, are
removed either mechanically during carding or chemically by carbonizing. The washing of fabrics
during pretreatment removes preparation agents (spinning oils, combing oils, etc.) [273]

Preparation agents, applied during fibre processing, spinning and fabric formation cause the main
ecological charges in pretreatment of textiles made of man-made fibres. The preparation agents
are mainly based on the following chemistry:

Mineral oils

Ethylene-propylene oxide adducts

Common fatty acid esters

Steric hindered fatty acid esters (low-emission products)

Polyolesters (low-emission products)

Polyester-/polyetherpolycarbonates (low-emission products).

Table 3-1 shows the main application points and characteristic add-on levels (amount of prepara­
tion based on the dry weight of the fibres) of preparation agents and sizes. Besides preparation
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agents the following inherent ecological loads are imported from man-made fibres into the pre­
treatment processes in textile finishing (data from [273]).

Fibre Impurities, by-products Content

Polyamide 6 Caprolactam Upto 1%

(therefrom up to 90% extractable
during wet processes, up to 50% fu-

Oligomers
gitive in thermal processes)

Polyester Antimony trioxide (catalyst) 300 ppm Sb (appro. 80 ppm Sb can
be extracted during High Tempera-
ture dyeing)

Oligomers

Polyacrylonitrile Solvent (mainly N,N- 0.2%-2%
Dimethylformamide, N,N-
Dimethylacetamide)

Elastane Solvent (N,N-Dimethylacetamide) <1%

m-Aramide Solvent (N,N-Dimethylacetamide, N- 1%-3%
methylpyrrolidone)

Table 3-1: Inherent ecological loads of man-made fibres

However it cannot be the scope of this book to discuss in details all the aspect of man-made fibre
production, the problem of antimony based catalyst in polyester fibres is highligted shortly here.
The polymerisation reaction of polyethyleneterephthalate (main polyester type used in the textile
industry) is carried out with catalysts based on antimony oxides or antimony acetates in more than
99,9 % of the PES production world-wide. Antimony content in commercial PES fibres is in the
range 200 to 300 ppm. In wet pre-treatment processes, HT-dyeing, and in alkalisation of PES
some of the catalyst can be washed out. However, PES fibres can also be produced with catalysts
based on hydrolytically stable titanium/silicon mixed oxides or esters of the titanoic acid, compo­
nents with no adverse health or environmental effects as far as known. A reduced antimony con­
tent compared to the well established antimony compound catalysts can be found. The fibre made
with titanium compound based catalyst is only suited for a limited number of applications, where
colour and dyeability are not required. PES fibres made with titanium compound based catalyst
shows nearly the same mechanical properties as antimony compound based catalyst PES fibres
(however ageing resistance in practise has to be proofed). The fibre made with titanium compound
based catalyst can be converted like antimony compound based catalyst PES fibre types; e.g. for
lower quality fibrefill and some non-woven products. However, there are limitations for the use of
titanium compound based catalyst polyester fibres when good light fastness is required, e.g. for
white polyester curtains. Yet, to overcome the yellowish colour, optical brighteners have to be
used. Also, the price of titanium compound catalyst based PES fibres is higher compared to the
antimony compound based ones. But some advantages in dyeing lead to energy saving and dye
stuff reduction: dyeing at lower temperature (at the same dyeing time), shorter dyeing cycles (at
the same dyeing temperature), or reduced dyestuff concentration (at the same dyeing time and
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temperature) [273]. Recently, optimised finishing processes of Polyester made of antimony-free
catalysts was presented [463].

New fibres were developed in the last years, mainly to comply with the demand of environmental
friendly manufacture and process. Thus, looking at environmentally friendlier ways of spinning re­
generated cellulose, fibres with the generic name "Iyocell" as been developed and marked. First
commercialised fibres has been characterised by specific fibrillation properties but further devel­
opment has been achieved by functionalising (chemically cross linking) the fibres yet during
manufacturing [93]. Thus, these new fibres may offer additional advantages such as the ability to
be treated with fibre-modifying agents, even during manufacture process, to improve dyeability,
smoothness, etc [80, 97,100,138,140].

Micro fibres (i.e. polyester or polyester/nylon mixtures) have been established as the purely syn­
thetic fibre route to high-comfort fabrics; however, dyeing them remains problematic (see 5.2.7).
Some further improvements to polyester fibres in terms of biodegradability were also obtained by
replacing the polymer needed for synthesising the fibres (e.g. PES 3GT from Shell). Biotechnologi­
cal synthetic routes were also investigated in order to develop either monomers for synthetic fibres
or silk made from spiders [80].
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3.2 Textile processing

The typical process from fibres to finished goods represents the textile chain and is summarized in

the following diagram.

Yarn Formation

-Fibre preparation
-Texturizing
-Spinning

Fabric Formation

-Knitting
-Weaving
-Tufting

Fabric Finishing

-Preparation
-Dyeing
-Finishing
-Printing

Fabrication
-Cutting
-Sewing

Finished goods:
Clothes, household textile, carpets,

Technical/medical textiles, etc.

Figure 3-3: Typical textile processing flow-chart
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During yarn formation, textile fibres are converted into yarns by using grouping and twisting opera­
tions to bind them together. Methods of making spun yarn from man-made fibres are similar to
those used for natural fibres. Natural fibres must go through different preparation steps before be­
ing spun into yarn, for example, raw wool must be cleaned by wet processes before the fibre can
be dry processed to produce fibre, yarn or fabric. This initial wet cleansing is called scouring or
wool scouring. For man-made fibres, only one step of texturising is needed before spinning.

Thus, the two major methods used to form a textile fabric are weaving and knitting. Weaving is the
most common process and consists of interlacing yarn. Tufting is a process used to make most
carpets. Another special fabric formation technique is needle-felting (mechanical bonding of a fibre
to form a non-woven structure).

The basic treatments which follow are abridged under the terminology "textile finishing". Figure 3-3
gives as an example a schematic survey of textile finishing processes when treating a fabric made
of cotton.



Grey good

Wet pretreatment
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Mercerisierung

Colouring

Functional finishing

Finished good

Figure 3-4: Schematic survey of textile finishing processes
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Nevertheless, textile finishing is not a well defined step in the so-called "textile pipeline" (i.e. typical
flow-chart of Figure 3-3). One may make distinction between floc finishing, yarn finishing, fabric
finishing and finishing of "ready-to-wear" articles, depending on the production step where finishing
is applied [285].

"Textile finishing," (i.e. washing, bleaching, printing and coating, etc of textile products such as
yarns, woven fabrics, carpets, knitted fabrics, non-woven fabrics, ready-to-wear articles, etc) are
processes that impart textiles colours and properties such as softness, soil repellency, shrink re­
sistance, flame retardancy, and others. This sub-sector includes commission finishing as well as
integrated textile companies. Textile finishing is a diverse sector due to the raw materials, manu­
facturing techniques and finalized products associated with the industry. It cannot be defined as a
standard sequence of treatments, but rather as a combination of unit processes that can be ap­
plied within the production of a textile product, depending on the requirement of the final user [2].

As the following diagrams point out, the finishing treatments can take place at different stages of
the production process, depending for example on the design of textile products that have to be
treated (data from [2])

Knit greige
fabric

Pretreatment
processes

Colouring processes

Finishing processes

Finished knit
fabric

- common processes

••• _••_ optional processes

Figure 3-5: Typical process sequence for finishing of knitted fabric mainly consist­
ing of cotton
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Knit greige
fabric

Pretreatment
processes

Finishing processes

~
;"'~'"'~~tS~_~~'N_ 1

Washing !

f'Bi~~';hi~gl
'.~__~ •__~_.J

Exhaust dyeing

(very exceptional: cold bad
batch)

Finished knit
fabric

-- common processes

optional processes

Figure 3-6: Typical process sequence for finishing of knitted fabric mainly consist­
ing of man-made fibres

Pretreatment
processes

~~/~U.'.~~~~'.~~~~S~~.l,... -' ..Im_~ ..

........................................................................................ ;1; ,······:i~:*~~j'
Finishing processes

-- common processes

optional processes

Figure 3-7:
cotton

Typical process sequence for finishing of woven fabric mainly consisting of
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Greigefabric-
..

Rope sewing f

I Washing' ~ IWashing/Seo",'ngJ1 IFullingIWashlnQ
Scouring in rope
ooen width

I Carbonizing ~..
I Fulling Washing I

~
I Washing ~

Crabbing

I

Colouring processes I Dyeing r

I Finishing processes I End finishing I

~wool woven
fabric--

Figure 3-8: Typical process sequence for finishing of woven fabric mainly consist­
ing of wool

The scope of this document is to asses all of the chemical substances used in the industrial sub­
sector of "Textile finishing"_ The number of textile products (such as yarns, carpets, woven or knit­

ted fabrics, ready-to-wear clothes,) treated in the sector makes it necessary to restrict the scope of
our study_ Due to its very specialized nature, the carpet manufacturing industry is always consid­
ered a stand-alone sector, even though many of the operations carried out are very similar to those
used elsewhere in the textile finishing [2]_ As well as the special area of technical textiles, the car­
pet sector will not be treated in all its particularities_

The denomination "Textile finishing" is somewhat misleading in English as the term "finishing" also
describes the techniques where textiles or fabrics are coated, roughed, calendared, etc (named
"Appretur" in German)_ It is important to bear in mind that the term also depicts techniques such as
dyeing, printing, and pretreatment methods_
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3.3 Wet-processing in textile finishing

Considering the processes used to finish a textile fabric (Le. pretreatment, colouring, and special
finishing), there are two main types of processes discernable: the mechanical/physical treatments
(such as brushing, cutting, roughing, etc) and the so called wet processes (such as dyeing, wash­
ing, printing, etc).

For the most part, in the first sequence of treatments no chemicals are added. As the scope of this
study focuses on the chemicals used in textile finishing and their ecological impacts, this kind of
"dry processes" will not attract our interest.

The major processes of interest to us are the sequences of treatments where a special ch"emical
product is applied, impregnated, or soaked with the textile fibre or fabric. These products can be a
dye, a pigment, a bleaching substance, a base liquor, a flame retardant, etc.

A defined sequence of treatments can then be followed by another sequence of treatments using
another chemical substance, if needed. Typically, the treatments are arranged as to permit a con­
tinuous mode of sequences.

Looking for example at the sequence of treatments in the dyeing process, two major techniques of
applying the dyestuff is described: the exhaust (or batch) dyeing and the foulard/padding mangle
(or pad batch) dyeing methods (see section 5.2.2 for detailed information). These two types of
techniques, batch and foulard, are alternatives to most of the "wet process" in textile finishing. De­
pending on the factory, the degree of automation needed, the available machinery, or the pro­
ceeding finishing steps. either one or the other technique will be preferred.

3.4 Class of main chemicals used in the TFI

A huge number of products are applied in the textile industry. According to the well-known
TEGEWA nomenclature, the products used can be subdivided as follows [1]:

chemical fibres: natural and man-made (see figure 3-1);

dyestuffs for textiles: preparations on the basis of dyes or pigments (see section 5.4);

textile auxiliaries;

textile chemicals: basic chemicals such as e.g. acids, bases, and salts.

The name "textile auxiliaries" is the historically founded heading for chemical products which are
used for the manufacture of textile fibres, yarns, and textile structures as well as the processing of
textiles.

When textile auxiliaries are used, they become attached to the textile.
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After they have carried out their auxiliary function, they may be removed at some stage of textile
manufacture (non-permanent auxiliaries), or they may remain on the textile (permanent auxilia­
ries), so that the finished good then consists of the fibre, the textile structure and the auxiliaries,
which at that time function as finishing agents.

According to environmental considerations, a further distinction between substances and prepara­
tions may be advisable:

Substances are chemical elements or compounds of natural or synthetic origin;

Preparations consist of two or more substances, and may be mixtures or solutions.

Most textile auxiliaries are preparations. Many lists and catalogues classifying these preparations
can be found in the Literature Index of this document. The intent of this book is to look "behind"
these preparations and present a classification based on the chemical substances these prepara­
tions are made of. According to their functional use in the production process, the chemicals are
classified using for example the well-established TEGEWA nomenclature for auxiliary chemicals
[1;282].

The consumption of chemicals, auxiliaries, and dyes in German finishing industry for example is
estimated to [273]

204.000 t chemicals;

102.000 t auxiliaries;

13.000 t dyes.

A classification of these chemicals according to their use in textile processes gives the following
typical distribution (referring to the overall consumption) [7]:



Kierboiling auxiliaries; Spinning additives; Fulling agents; Special auxiliaries; Non-slip, ladder-proof
and anti-snag agents; Cleaning agents; Easy-care finishing agents; Optical brighteners; Oil repellents;
Mercerising and causticizing auxiliaries; Water repellents; Flame retardants; Desizing agents;

other: Scrooping agents; Finishing agents; Antistatic agents; Antimicrobial agents

13%
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Bleaching auxiliary
agents

11%

Printing auxiliaries
7%

Colouring auxiliaries
23%

Dyestuff and pigments

6% Softening agents
6%

Common purpose textile
auxiliaries

23%

5%

Sizing agents and sizing
auxiliary agents

6%

Figure 3-9: Distribution of textile auxiliaries according to their total consumption



4 Pretreatment

4.1 Introduction

Most fabric that is dyed, printed, or finished, with the exception of denim and certain knit styles,
must first be prepared. This preparation is the so-called pretreatment.

I
Textile Finishing _.

, ,
Pretreatment Colouring I I

Finishing I
Mechanical -I Dyeing

I

Mechanical/
1---

treatment physical treat-
ments

Wet- and
Printing

~- thermo- Chemical
treatment treatments

Coating and
laminating

Figure 4-1: Survey on textile pretreatments

In preparation, the mill removes natural impurities or processing chemicals that interfere with dye­
ing, printing and finishing. Many of the pollutants from pretreatment result from the removal of pre­
viously applied processing chemicals and agricultural residues. Most mills use the same pretreat­
ment equipment for the entire range of products they produce.

Pretreatment consists of a series of various treatments and rinsing steps critical to obtain good
results in subsequent textile finishing processes. Depending on the fabric and the fibre type, one or
more steps described next may not be applicable.
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The following table provides a survey on the different categories of pretreatment processes and
their aims.

Pretreatment operations Aims

Mechanical treatments: The optional mechanical treatments to remove impurities such as knots, end fila-
CUlling, minting, brushing, ment, sizing dust, peelings of collon, etc. are applied to dry fabrics. Some treat-
roughing, etc. ments can also be applied to obtain specific textile structures or handle.

Singeing Singeing is a dry process used on goods that must have a smooth finish. It re-

moves surface fibres protruding from yarns or fabrics ("frostings" which enhance
dyeing processes) by passing the fabric through a gas flame.

Heat-selling Heat-selling (also called thermo fixation) is carried out on fabrics of man-made
fibres or blends with natural fibres.

The treatment is applied in order to relax tensions in the textile / fibres. These ten-

sions are due to upstream processing (i.e. fibre, yarn, and fabric preparation). The
heat-selling treatment improves the dimensional stability of the textiles.

Heat-selling can be done on grey fabrics as a pretreatment step, as an intermedi-

ate step after dyeing, or as a finishing step. The heat-selling is a thermo treatment

process. Due to volatile substances (e.g. preparational agents) on the raw mate.-
rial, heat-selling can cause considerable exhaust load.

Desizing and scouring The following two operations are often combined.

Desizing is a process for removing sizing compounds (e.g. starch, Polyvinyl Alco-

hol PVA, and Carboxymethyl Cellulose CMC) applied to yarns prior to weaving or
spinning. Sizing compounds are necessary for controlling friction and electrostatic

charges. After solubilisation the size is discharged and the fabric is washed and
rinsed.

Scouring is a cleaning process for removing foreign (natural or acquired) impuri-

ties from textiles, fibres, and fabrics (e.g. wax and pectin). It also supports subse-
quent bleaching and dyeing processes. Scour baths usually contain alkalis, anti-

static agents, lubricants, detergents, and emulsifiers. In the case of wool, this term

can address both the removal of the grease and dirt present on raw wool (wool
scouring process) and the removal of spinning oils and residual contaminants from

yarn or fabric.

Carbonising Sometimes scoured wool contains vegetable impurities that cannot always be

completely removed by mechanical operations. Sulphuric acid is the chemical
substance used for destroying these vegetable particles. Carbonising can be ap-
plied on floc/loose fibre or on fabric goods.

Bleaching Bleaching is a process to whiten collon, wool, and some synthetic fibres by treat-

ment in solutions containing hydrogen peroxide, chlorine dioxide, hypo chloride,
sodium per borate, etc.

Mercerising Mercerising is a process for increasing the tensile strength, lustre, sheen, dye af-
finity, and abrasion resistance of collon and collon/polyester goods by impregnat-

ing the fabric with sodium hydroxide solution. Mercerising typically follows singe-
ing and may either precede or follow bleaching.

Surface modification These new kinds of treatments are applied to increase the ability of fibres to take
up specific dyes. The treatments are based on chemical modification of the fi-

bre/fabric surface.

Table 4-1: Main categories of pretreatment processes and their aims
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As we want to focus on the chemicals involved in these processes, it is more likely to refer to the
nature of the fibre involved, first. We will then discuss the fibre specific treatments.

Figure 4-2 gives an overview of the fibre specific pretreatment processes.



Pretreatment
Wet- and thermo­

treatment

natural fibres vegetable origin
(cotton and blends, linen, flax, jute)
• desizing of woven fabrics
• scouring { alkaline extraction {

kiering
• bleaching
• mercerizing { caustic soda

treatment
• optical brightening
• cationiozation (new treatments)

natural fibres animal origin
~wool

• raw wool scouring
• carbonising
• scouring {desizing
• crabbing { thermofixing {sanforizing
• fulling { felting
• antifelting treatments of wool

(easy-care finishing)
• bleaching { optical brightening

~silk

• degumming { boiling-off
• weighting
• bleaching { optical brightening

man-made fibres
half-synthetics (regen. cellulose,etc)
• alkaline treatment
• desizing
• saponification of acetate
• S-Finish (saponification
• cationising

synthetics
• washing (scouring)
• thermo fixing
• alkalizing of polyester
• bleaching { optical brightening

Mechanical
treatment

• Singeing (all
fibres)

• Cutting of velour
and cord

• Minting, brushing
and roughing
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Figure 4-2: Overview of the fibre specific pretreatment processes
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4.2 Pretreatment techniques

4.2.1 Mechanical treatment techniques

Most fabrics and yarns are still brushed, sheared and emerised in the spinning mills. The optional
mechanical treatment process to remove impurities like knots, end filament, sizing dust, peelings of
cotton, etc, are applied on dry fabrics. Main mechanical treatments are:

singeing (all fibres);

cutting of velour and cord;

minting, brushing and roughing.

Singeing can be carried out both on yarns and fabrics. The singeing of fabric is more common,
especially on cotton and cotton/PES or PA blends. Singeing of synthetic fibres, especially polyes­
ter, reduces the "pilling effect" and is usually applied after dyeing. Singeing is a method of remov­
ing the protruding filament ends on the fabric surface (known as "frosting" interference when dyed).
The fabric therefore passes over a row of gas flames or a very hot metal plate/cylinder. The fabric
is then immediately immersed into a quench bath of cold water to extinguish the sparks and cool
the fabric. For cotton and viscose fabrics this step is usually coupled with a desizing bath. The
double velour fabric is flitched into two parts by special cutting machines. Also, the knuckles of the
cord are cut on specially designed machines. Roughing is the inverse action of singeing, as fila­
ment ends are torn up from the fabrics. Roughing is applied on cotton of low quality to remove
peels, etc before singeing. Wool fabrics can be roughed before felting. If a special structure or
creping of the fabric is needed, a minting calendar is applied [17].

Processes that alter, enhance or are used to finish a fabric via a physical change in the cloth, in
particular to needlfelts include, further to singeing, calendaring, embossing, and heatsetting. Heat­
setting as a process used to dry and cure wet processed fabrics made of thermoplastic fibres is
commonly described in the section dealing with those fibres. Calendering is a process which typi­
cally uses a series of heated cans to press the fabrics. By varying the process controls (e.g. tem­
perature and pressure), the fabric's surface, thickness and/or permeability can be altered. Em­
bossing is a process similar to calendaring, in that heat cans or rollers are used to alter the fabric.
Instead of using smooth steel or cloth covered rolls, one or both rolls has a pattern etched or cut
into its surface. In a typical embossing setup a thermoplastic fibre is used [196].

Novel pre- treatments techniques that show promising results are the surface modification tech­
niques using plasma technology. These kind of treatments and their effects on colouring are dis­
cussed more intensively in section 6.6.2.

4.2.2 Wet- and thermo treatment techniques

In a succinct manner, the aims when applying wet- and thermo-treatments in pretreatment proc­
esses are:

• remove foreign materials from the textile substrate to improve their affinity to dyestuffs and
finishing treatments;
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• relax tensions in synthetic fibres.

The cleaning medium can be water or Perchloroethylene, with eventual addition of textileauxilia­
ries. The textile material treated can be fibres, yarn, or knitted/woven fabrics. This group of proc­
esses follows the principle of applying or soaking a special chemical substance to the textile sub­
strate. The techniques and machines used are therefore nearly the same as those used for other
finishing process, for example dyeing (see further section 5.2.2 for more information). The chemi­
cals used mostly depend on the wet processes applied and, thus, on the fibres treated. In order not
to repeat ourselves, the techniques related to these processes are described in further detail in the
following sections.

Note that the sequence of treatments always dependent on the fibre type, the eventual spinning,
weaving, or knitting step and the textile quality and subsequent treatment needed. Bear in mind
that not all of the following treatments are indispensable and that the sequence of treatments do
not imperatively follow the ensuing order.

4.3 Pretreatment of cotton, linen, flax and jute

Most common sequence of operations for e.g. cotton (usually pre-singed material) [17):

• desizing of woven fabric (impregnating, dwelling depending on size, rinsing);

• alkaline extraction/kiering/scouring (impregnating, dwelling, rinsing);

• bleaching (impregnating, steaming, rinsing);

• mercerising / caustic soda treatment (impregnating, reacting, stabilising or washing under
tension, rinsing);

• optical brightening.

A following drying step will complete the pretreatment before colouring.

4.3.1 Desizing of woven fabric

Desizing is applied to remove size components previously applied to the warp.

Sizing agents are film-forming and fibre-bonding products applied to yarns to render them more
slippery and supple, as well as stronger and more stable for the operation of weaving. The sized
yarns are also more easily separable and more resistant to mechanical influences. Additionally to
the sizing agent, sizing additives are added to the bath in order to soften, smooth, and prevent
electrostatic effects. These additives are oils, fats and natural or synthetic waxes. All these prod­
ucts (sizing agents and sizing additives) must be removed before colouring.

The main methods to remove size from textile substrate are summarised in Table 4-2 [17).



90

Aims Principle of the Chemicals used
method

a) removal ofwa- with surfactants Water soluble sizes are mainly synthetic macro-molecular prod-
ter soluble size ucts (polyvinyl alcohol, polyacrilates, carboximethyl cellulose,

etc.). The removal of these synthetic sizes from yarns with hot
water (and additional surfactants) is possible. As recycling of the
size from desizing baths is achievable, these synthetic size prod-
ucts have recently gained importance**.

b) removal of b1) enzymatic Desizing is generally effected by means of enzyme preparations,
starches* method e.g. preparations based on starch- and protein-splitting ferments

(such as malt diastases, pancreatic, or bacterial amylases). The
desizing enzymes (and also often additives like dispersing and
wetting agents) impregnate first the fabric and remain on the fab-
ric for a period of time to ensure chain reduction. The starch chain
may be reduced into more water soluble dextrines or further into
the sugars. These are subsequently washed out. When high tem-
perature resistant enzymes are used (like Enzylase HT or Ter-
mamyl), the impregnating and reduction step can be accom-
plished faster. The overall process takes place in a continuous
mode.

b2) alkali method This method is in fact an enzymatic method. As the desizing bath
is alkali, the desizing may be combined with the bleaching. The
enzymes are then added to the sodium chlorite bleaching bath.
The pH of the bath is stabilised and adjusted by special activators.
Another combined method uses a specially stabilised Peroxigen
compound (Albone DS).Continuous desizing and bleaching meth-
ods are e.g. Diaxal-STP-process (where Enzylase and Natrium
chlorite are used) and the strongly alkali hypochlorite process.
The continuous desizing may also be combined with a colouring
step (Diaxal DP process).

b3) oxidative method Additional important products for desizing are agents with an oxi-
dising effect such as mono- and dispersulphates which do not
only degrade starch but also cause a depolymerisation of syn-
thetic sizes.

b4) with acid (hydro- The impregnating of woven fabric with sulphuric acid (foulard or
lytic) pad batch) is a cheap but difficult and unreliable desizing method

that needs the addition of wetting agents.

* The term starch (water Insoluble size) encompasses macro-molecular natural products and their denva­
tives such as starch, starch derivatives, cellulose derivatives, pectin and allied polysaccharides, protein
products as well as other natural products. The desizing may be carried out by swelling and reduction of the
chain length, so that they can easily be removed from the fabric during subsequent washing operations.
**See section 7.1.2 for more information about "Recovery of sizing agents by ultra filtration "and below for
"Application of the oxidative route for efficient, universal size removal"

Table 4-2: Main desizing methods
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textilE Explanations

Discon·

tin.

Process

Complexing agent 1

Surfacant 1 - 3

3-15

4-20

Complexing agents polyacrylates and

phosphonates are applied but not EDTA or

DTPA

Surfacants, a mixture of non-ionic (about 70 % average. e.g. etho
lated fally alcohol)

and anionic surfacants (about 30 %. especially

alkylsulphonates but also alkyl sulphates and

linear alkylbenzene-sulphonates are applied; to

a minor extent alkyl ether sulphates and

alkylethoxi-phosphoric esters).

For recovery of sizing agents desizing is carried

out without surfacants; more washing

compartments are needed in order to remain

under a residual content of 1.2% sizing agent. Very often

surfacant formulations already

contain defoaming agents (0.1 - 1 g/kg); if not

dosage of defoaming agents is needed. Usually

polysiloxanes are used (very low dosage) and to

a lesser extent hydrocarbons (higher dosage)

and trialkyl phosphoric esters.

Soda

Or

NaOH (100 %)

0-3

0-2

0-3

0-2

Water consump 4 - 6 or

tion

[I/kg textile sub 8 - 12

strate]

ca. 50

(winch)

4 - 6 IIkg for multi-usage of water otherwise 8 -

12 I/kg; in a continuous washing process.

Bleaching and/or scouring is used for

desizing

Table 4-3: A typical recipe for the desizing of woven fabric consisting of cotton and
cotton blends sized with water-soluble sizing agents.
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Chemical [g Telquellkg textile Explanations
substrate)

Enzyme 5

Complexing agent 1

Surfacant 1 - 8 For discontinuous processes, e.g. desizing in a winch with liquor
ratio of 1:20 up to 30 9 Telquellkg, textile substrates are applied.

Water consumption 4-6

[l/kg textile substrate]

Table 4-4: A typical recipe for enzymatic desizing of woven fabric consisting ofcot­
ton and cotton blends.

Application of the oxidative route for efficient, universal size removal [2]

Depending on the origin and quality of the substrate, many woven fabrics contain a variety of dif­
ferent sizing agents. Most textile finishers deal with many different types of fabrics, and therefore
sizing agents, so they are interested in fast, consistent and reliable removal of non-fibrous material
(be it the impurities and fibre-adjacent material or any preparation agent) independent of the origin
of the fabric.

Enzyme desizing removes starches but has little effect in removing other sizes. Under specific
conditions (above pH 13), commonly used H202 will generate free radicals which efficiently and
uniformly degrade all sizes and remove them from the fabric. This process provides a clean, ab­
sorbent, and uniform base for subsequent dyeing and printing, no matter which size or fabric type
is involved.

Table 4-5 shows a standard recipe for removal of water-insoluble sizing agents using a cold oxida­
tive desizing method [2). The process is semi-continuous and the liquor for the oxidative desizing is
added at room temperature in a padder with a pick-up of 70-80%. The reaction takes place with a
retention time of 16-24 h (max.72 h), after which the fabric is thoroughly rinsed [2). Further details
on recipes can be found in [114).
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Chemical [g Telquellkg textile Explanations
substrate]

NaOH (100 %) 10-20 Usually applied as with 33 % or 50 %solution

continuous and optimised
process

HP2(100%) 15-25 Usually applied as with 33 % or 50 %solution

Surfactants 1.5-3 As surfactants a mixture of non-ionic (about

70 % average, e.g. ethoxylated fatty alcohol)

and anionic surfactants (about 30 %, especially

alkylsulphonates but also alkyl sulphates and

linear alkylbenzene-suiphonates are applied

Complexing agents 2-4 As complexing agents polyacrylates and

phosphonates are applied but not EDTA or DTPA

MgS04 0.15 - 0.3 Usually applied as 40 % solution

Water glass (100 %) 5-8 Usually applied as 40 % solution

Na-peroxodisulphate (100 %) 3-6 Usually applied as 20 % solution

Water consumption 4-60r 4 - 6 I/kg in case of multi-usage of water or

[I/kg textile substrate] 8-12 high efficient washing compartments: otherwise

8 -121/kg

Table 4-5: Standard recipe for the desizing of woven fabric consisting of cotton and
cotton blends sized with water-insoluble sizing agents

Recent studies [203) show that above pH 13 the oxide radical anion 0*- is the predominant form in

the oxidative desizing bath. This species is highly reactive, attacking non-fibrous material (sizing

agents, etc.) rather than cellulose, for various reasons. First because it is negatively charged like

the cellulose polymer in strongly alkaline medium (coulombic repulsion effect) and secondly be­

cause, unlike the OH* it does not react by opening the aromatic rings.

It is recommended, however, to remove first the catalyst that is not evenly distributed over the fab­

ric (e.g. iron particles, copper, etc.). One possible process sequence would therefore be:

• removal of metals (modern pretreatment lines are equipped with metal detectors);

• oxidative desizing (peroxide and alkali);

• scouring (alkali);

• demineralisation (acid reductive or, better still, alkaline reductive/extractive);

• bleaching (peroxide and alkali);

• rinsing and drying.

The proposed technique allows significant environmental benefits: reduced water & energy con­

sumption along with improved treatability of the effluent.

The oxidative route is a very attractive option where peroxide bleaching is carried out. Taking ad­

vantage of the fact that hydrogen peroxide is also used as an active substance for bleaching, it is

advantageous to combine alkaline bleaching with scouring and regulate the counter-current flow of
alkali and peroxide through the different pretreatment steps, saving water, energy, and chemicals.
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Thanks to the action of the peroxide free radical, the size polymers are already highly degraded.
The process produces shorter and fewer branched molecules, glucose, and more carboxylated
molecules such as oxalate, acetate, and formate, which are easier to wash out with a reduced
amount of water in efficient washing machines.

The pre-oxidation of size polymer is also advantageous at the waste water treatment level (im­
proved treatability). Even with enzymatic desizing, starches are not completely degraded (the long
molecules are not completely broken down after desizing). This means higher organic load to be
degraded in the biological plant and it is often the cause of problems such as the production of
bulky difficult-to-sedimentate sludge.

It is well known that in an oxidative alkaline medium (with hydrogen peroxide) there is potential risk
of fibre damage during bleaching if OH* formation is not controlled. Size and the cellulose have
similar molecular structures and therefore the attack of the cellulose polymer from non-selective
OH* is possible. To achieve good results and avoid damage to the fibre when removing starch-like
size, it is essential to add hydrogen peroxide at pH >13. In these operating conditions there is only
a minimum fraction of OH* radical, which is the active substance responsible for cellulose damage.

An example of an oxidative desizing padding recipe for PVAlstarch blends is:

• detergent (0.3%);

• sequestrant (0.1 %);

• sodium hydroxide (0.7-2.0%);

• hydrogen peroxide (0.2-0.4%);

• salt (0.04%);
• emulsifiers as needed.

The technique is particularly suitable for commission finishers (independent of their size), who
must be highly flexible due to the fact that their goods do not all come from the same source (and
consequently they cannot have goods treated with the same type of sizing agents). In the interest
of high productivity, these companies need to operate with a universally applicable technique in
order to go for the right-first-time approach.

There is no need for sophisticated control devices as these should normally already be available
for control of oxidative bleaching. The equipment is no different from modern preparation lines.

The steps and liquors are combined so that the resource consumption is optimised at minimal cost..

With the increased usage of hydrogen peroxide as a replacement for hypochlorite in bleaching, the
cost of hydrogen peroxide will continue to drop relative to other oxidants. Selective use of hydro­
gen peroxide (minimising non-selective reaction pathways) will be important for the reduction of
overall costs, including raw material, energy, and environmental clean-up [2].

4.3.2 Scouring/alkaline extraction/kiering

Scouring/alkaline extraction and kiering are applied to remove natural impurities such as wax,
proteins, pectin, earth alkali, and paraffin. The treatments further remove foreign impurities such as
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lubricating oils and spin finishes. This kind of treatment is often coupled with desizing and more
recently with mercerising (see 4.3.4).

Moreover, the treatment can be applied as a separate step or in combination with other treatments
(usually bleaching or desizing) on all kinds of textile substrates: woven fabrics (sized or desized),
knitted fabric and yarns. The types of fibres treated are cellulosic fibres and their blends, Le. cot­
ton, cotton/polyester blends, linens, coco fibres, bast, and jute

Methods Principle

Scouring (washing) Scouring (washing) is the treatment of textile materials in aqueous or other solu-
tions in order to remove natural fats, waxes, proteins and other constituents, as

well as dirt, oil and other impurities. Other impurities such as lubricating oils and
spin finishes are removed by the treatment of the fabrics with organic solvent (so-

called solvent scouring). Note: The treatment vanes with the type of fibre.

Kiering ( kier boil) kiering ( kier boil)is the process of prolonged boiling of colton or flax materials with

alkaline liquors in a large steel container known as a kier, either at or above at-
mospheric pressure (open boil and pressure boil at 140-210 kPa).

Either their have some advantage, the discontinuous method (kierboiling in the

autoclave or hank dyeing machine) of alkaline washing are nowadays mainly re-
placed by other continuous method such as the impregnation/steaming process
(pad-steam) or by prolonged hot treatment.

Enzymatic scouring Enzymatic desizing using amylases is an established process that has been in

use for many years. More recently, pectinases have shown promise in replacing

the traditional alkaline scouring treatment. Some suppliers of auxiliaries have in-
troduced an enzymatic process to remove hydrophobic and other non-cellulosic

components from colton. The new process operates at mild pH conditions over a

broad temperature range and can be applied using equipment such as jet ma-
chines.

It is claimed that, due to a better bleachability of enzyme-scoured textiles,
bleaching can be carried out with reduced amounts of bleaching chemicals and
auxiliaries. Enzymes actually make the substrate more hydrophilic (which could

explain better bleachability), but they are not able to destroy wax and seeds,
which are therefore removed in the subsequent bleaching process.

See further below, for detailed information about this new process.

Table 4-6: Main scouring methods

During treatment with caustic liquors, intra- and intermolecular hydrogen bonds of cellulose are
broken and the polar hydroxyl groups of the polysaccharides are solvated. Swelling of the fibre
which takes place favours transport of the impurities from the inside to the outside of the fibres.
The treatment also causes a hydrolytic decomposition of leaves, fruit pods and seed husk residues
of the raw cotton. Fat and waxes are also hydrolysed. These decomposition products usually need
the subsequent bleaching stage to completely be eliminated from the fabric. To prevent a "crusty"
handle, knitted fabric may not be treated by alkaline liquors.

The following table summarises the kiering or scouring agents and kier-boiling auxiliary agents
used in caustic liquors [17, 266].
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Kiering/scouring liquors Chemicals

Alkali Sodium hydroxide, Sodium carbonate

Solvent Water

Kier-boiling auxiliaries

Emulsifying agents (alkali-stable welling Non-ionic surfactants (e.g .. alcohol ethoxylate, alkyl phenol eth-
agents/detergents) oxylate)

Anionic surfactants (e.g. alkyl sulphonate)

Chelating/complexing agents Sodium salts of nitrilotriacetic acid (NTA)

Ethylendiaminetetraacetic acid (EDTA)-Na

Diethylentriaminepentaacetic acid (DTPA)-Na

Sodium salt of gluconic acid

Sodium salt of phosphonic acids

Surfactant-free dispersing agents e.g. polyacrylates, phosphonates

Reducing agents Sulphite, dithionite

Fibre protecting agents Mainly organic products such as protein fatty acid condensates

and guanidine derivatives

Solvent Water, perchloroethene

Table 4-7: Main kiering and scouring chemicals

Chelating agents are used to remove metal ions (in particular iron oxides), which catalyse the deg­
radation reaction of cellulose when bleaching with hydrogen peroxide. Reducing agents are added
to avoid the risk of formation of oxycellulose when bleaching with hydrogen peroxide and thus act
as fibre protecting agents. Economical interest leads to the fact that sewage water coming from the
mercerising process (flushing step) is often used to kierboil. On the other hand, the use of com­
plexing agents can be reduced if an acidic treatment consistency, either italicise or is carried out
prior to scouring, either for woven and knitted fabrics. Though, this possibility is very seldom prac­
tised in Germany [2]. The reason may be the quality of the tap water, which is sometimes highly
charged with ions [378].

Standard recipes for scouring and acidic demineralisation are compiled in Table 4-8 and Table 4-9,
respectively.
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[g Telquel/kg textile

Chemical sUbstrate) Explanations

continuous and discontin.

optimised pro process
cess

NaOH (100 %) 20-80 20 - 80 The quantity depends both on the percentage of cotton in
blends and on the applied processes

Complexing 1-6 3 - 30 Some suppliers for complexing agents do not

agents recommend more than 2 g/kg for continuous

processes. The application of complexing

agents are necessary to extract calcium. For this

purpose NTA is not efficient enough. Normally

a mixture of different complexing agents such

as phosphonates, gluconates, polyphosphates,

NTA, polyacrylates and in some cases still

EDTA and DTPA are in use.

The use of complexing agents can be reduced

significantly if an acidic treatment is carried out

prior to scouring. In Germany this possibility is

very seldom practised.

In some cases combinations of complexing

agents and reducing agents are used.

Surfactant 5-6 5 - 30 Some suppliers recommend 2 - 4 g/kg for

continuous processes. The composition

concerns the one which is given for desizing of

water-soluble sizing agents

Water consump- 8 -10 ca. 50 Rinsing is included: in case of continuous

tion processes the consumption can be lower if water-recycling

[I/kg textile sub is practised.

strate]

Table 4-8: Standard recipe for scouring of woven fabric consisting of cotton and
cotton blends
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Chemical [g Telquellkg textile Explanations
substrate)

Inorganic or organic 0-2

Acid

Complexing agents 1 -3 The same chemicals are applied like for scouring of woven
fabric

Surfactant 1 - 3 The same chemicals are applied like for desizing of water-

soluble sizing agents

Water consumption n.d.

[l/kg textile substrate]

Table 4-9: Standard recipe for neutral/acidic demineralisation of knit fabric con­
sisting of cotton and cotton blends

The consumption of chemicals for pretreatment of knit fabric is similar to the one for woven fabric.
However, the range is wider because knit fabric is treated much more often discontinuously. "Light
scouring" -also called "alkali pre-washing"- is only applied if bleaching is not needed; this is the
case for fabric to be dyed in dark shades (black, brown, dark marine or turquoise, etc).

Chemical [g Telquellkg textile Explanations
substrate)

Soda or ca. 50 There is a wide range of applied alkali quantity

NaOH (as 100 %) ca. 50

Surfactant 1-3

Water consumption n.d.

[I/kg textile substrate]

Table 4-10: Standard recipe for "light scouring" ofknit fabric consisting of cotton
and cotton blends

Enzymatic scouring

Enzymatic treatments have been a focus of interest for cotton finishing pertaining to fabric soft­
ness, good performance, and fashionable looks as well as the potential to simplify and cheapen
the manufacturing process. Complete or partial replacement of pumice stones by cellulose en­
zymes for the effect of "stone-washing" on denim is well established, and the concept of "bio­
polishing" has been extended to knitted structures and blended fabrics (see further 6.3.2) [301).

The enzymatic scouring process can be applied to cellulosic fibres and their blends (for both
woven and knitted goods) in continuous and discontinuous processes. When enzymatic desizing is
applied, it can be combined with enzymatic scouring. The process can be applied using jet, over-
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flow, winch, pad-batch, pad-steam or pad-roll equipment. Price performance is claimed to be eco­
nomical when considering the total process costs.

Sodium hydroxide used in conventional scouring treatment is reported to be no longer necessary.
This is only conditionaly right as seeds cannot be fUlly remove by enzymes, and the white grade is
thus lower. Nevertheless, the following advantages are reported of enzymatic scouring over the
traditional procedure (see next table) [2; 179).

Enzymatic scouring Enzymatic scouring + bleaching with re-
duced concentration of hydrogen per-
oxide and alkali

Reduction in rinsing water consump- 20% 50%
tion

Reduction in BOD-load 20% 40%

Reduction in COD-load 20% 40%

Table 4-11: Environmental benefits achieved with an enzymatic scouring process

A typical process for a pad-batch process combining scouring and desizing in one step is as fol­
lows:

• impregnation at 60°C (pH 8-9.5) with:

o 2-3 mill wetting agent;

o 2-5 mill emulsifier;

o 5-10 mill enzymatic compound;

o 4-6 mill amylase;

o 2-3 gIl salt;

• storing for 3-12 h, depending on the amount and type of starch;

• extraction and rinsing.

The environmental benefits remain as yet unclear as enzymes contribute to the organic load and
their action is based on hydrolysis rather than oxidation. The organic load which is not removed
with enzymatic scouring may appear in the later wet processing steps. A more global balance
would probably reveal no significant improvement.

Quality aspects (good reproducibility, reduced fibre damage, good dimensional stability, soft han­
dle, increased colour yield, etc.), technical aspects (e.g. no corrosion of metal parts) as well as
ecological and economical aspects are reported as reasons for the implementation of the enzy­
matic scouring technique [309, 303). Yet, enzymatic hydrolysis to decrease stiffness, ease stretch­
ability, and generally loosen the structure of fabrics was found to be also abliable to other cellulose
fibres such as linen, ramie, and regenerated cellulosics [301).
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4.3.3 Bleaching

Bleaching improves the whiteness of textile material, with or without the removal of natural colour­
ing matter and/or extraneous substances.

The textile substrates treated are mainly woven and knitted fabrics, but yarn can also be bleached.
Textile fibres that can be bleached are greige goods of natural fibres such as cotton, linen, jute,
ramie coco, as well as wool, silk and synthetic fibres (see sections concerned for more details).

A more specific application of bleaching processes are their use as reparing treatment of uninten­
tional felting of cotton fabrics [378].

Types of treatment:

Oxidative bleaching: the bleaching agent is a chemical reagent who decomposes in alkali solution
and produces active oxygen. This active oxygen is in fact the intrinsic bleaching agent as it will
further destroy partly or completely the colouring matter present in textile materials, an<;l leave
them white or considerably lighter in colour. The bleaching agents used are:

• hydrogen peroxide (H20 2);

• sodium hypochlorite (NaCIO);

• sodium chlorite (NaCI02);

• potassium permanganate (KMn04);

• ozone;
• peracetic acid.

Reductive bleaching: the bleaching agent will destroy the colouring matter by reductive reaction of
sulphur dioxide S02'

The bleaching agents used are:

• sodium dithionite (Na2S204) also called Hydrosulphite;

• thiourea dioxide;

• hydroxylamine sulphate.

Bleaching may be carried out as a single treatment with or in combination with other treatments
such as scouring and desizing. A combination of all three treatments is also feasible (see section
4.3.4).The bleaching treatment involves similar operational steps and machines as scouring treat­
ments. To produce completely white articles using natural fibres, a second bleaching (with more of
the same or with a different bleaching agent) is often necessary. The bleaching treatment will influ­
ence primarily the subsequent finishing treatments. However, it is also important to bear in mind
that the pretreatment steps will influence the success of the bleaching. An alkaline scouring, for
example, will improve the bleaching effect and at the same time simplify the bleaching process as
fewer and less aggressive treatments are necessary. The ecological impacts of a good cogitate
pretreatment sequence are evident.

In section 4.7.1, the bleaching agents and their characteristics are summarised in Table 4-12.
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The specificity of the different bleaching agents leads to characteristic bleaching treatments and
whiteness grade. Combined bleaching treatments are necessary for bright white results. The first
bleaching is often a Hypo chlorite or Chlorite bleaching. The second step would then be a Peroxide
treatment (e.g. the so-called CE/ES bleaching of cotton knitwear). Sometimes the fabric may be
bleached in a reused Peroxide bleaching bath first, after which a bleaching with Hypo chlorite fol­
lows. The bleaching bath with Hydrogen peroxide which finished the treatment is then reused in
subsequent scouring bath (so-called "Mohr" bleaching). A new and well applied method of com­
bined bleaching treatments is the so-called Solvay method. The fabric is impregnated with Sodium
Hypochlorite and left to react for 10-20 min. The subsequent bleaching with Hydrogen peroxide
takes place without drying the fabric ("active Hydrogen" bleaching). In a similar treatment Sodium
Chlorite may be used first to impregnate the fabric [17].

Auxiliaries which can be used in bleaching processes are summarized in the following table [266;
273; 93].

Function Chemicals

Stabilisers Mixture of complexing agents (see also 7.2.2), sugar
polymers, organic hydroxylic compounds and carbox-

ylic acids, phosphonic acid derivatives, organic phos-
phorous compounds, phosphonates, protein-fally acid

condensate, salts of organic polyacids, acrylic poly-

mers, protective colloide, organic metal complex com-
pounds, silicates, polycarboxilic acids

Co-stabilisers polyacids, anionic and non-ionic surfactants (APEO-
free), organic phosphorous compounds

Activators sodium chlorite, sodium hydroxide, silicates, enzymes

(catalases), sodium sulphite, mixture of organic acti-
vators for acid bleaching (urea, boric acid), mixture of

complexing agents for acid bleaching,

peroxide activator (e.g. tetraacetylethylenediamine)

Welling agentS/detergents and de-aeration agents surfactants stable in acidic or alkali conditions: alken-
sulphonate with alkyl polyglycol ether, combination of

anionic and non-ionic components, phosphoric esters
with emulsifiers, defoamed non-ionic surfactants
(APEO-free) (see further 4.7.2)

anti-corrosion agent nitrates

anti-slipping agent polyacrylamide

Table 4-12: Bleaching auxiliaries

See further section 7.1.2 dealing with environmental issues of pretreatment processes, where the
substitutions of sodium hypochlorite and chlorine-containing compounds in bleaching operations
are discussed.
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Bleaching of cotton

The bleaching steps necessary to whiten cotton depend on many factors such as desired bleach­
ing grade, quality of the cotton, structure of the fabric, etc. Combined treatments using different
bleaching agents are usually applied.

Compromises are obligatory as each bleaching step will also reduce the polymerisation of the cel­
lulosic material. The bleacher may, to a certain extent, choose the reaction conditions to mild in
order to avoid an overly and strong destruction of the cotton.

Mainly knitted or woven cotton fabrics are bleached; however, the bleaching of yarn is also occa­
sionally required.

Continuous bleaching treatments usually involve the following operations steps:

• impregnating of the fabric with cold or hot bleaching liquor;

• heating with steam or;

• sitting in a steamy atmosphere;

• washing.
A thoroughly washing of the fabric, prior to bleaching may also be advisable in order to avoid un­
necessary bleaching (and by the way unnecessary consumption of bleaching chemicals) of impuri­
ties and soil.

Discontinuous treatments are also possible.

Standard recipes for bleaching processes are compiled in the Table 4-13, Table 4-14 and Table
4-15, data from [2].
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Chemical [g Telquel/kg textile substrate) Explanations

continuous and discontinous

Optimised process process

H,O, (100 %) 5-15 5-15 Stabilised by phosphoric acid and organic stabi
Iisers

NaOH (100 %) 4-10 4-30 At the beginning of the bleaching process the

phosphoric acid is neutralised and looses its

stabilising effect

Complexing 0-2 0-2 For complexing calcium and heavy metal ions
agents*) the same compounds are used like for scouring;

magnesium may not be complexed because it is

needed for the stabilisation of Hp,

Organic stabiliser*) 0-10 0-20 For the stabilisation of HP,. many products are

available which contain complexing agents for

calcium and heavy metal ions. such as

gluconate, NTAIEDTAlDTPA, polyacrylates

and phosphonates; in Germany DTPA is no

more applied and EDTA to a minor extend

Surfactant 2-5 2-10 The same compounds are applied like for

desizing and scouring

Sodium silicate*) 8-20 Sodium silicate acts as pH buffer, alkali

supplier, anti-catalyte and stabiliser

Water consumption 6-12 ca. 50 Rinsing is included

[I/kg textile sub
strate]

*) The consumption of complexing agents, organic and inorganic (silicate) stabilisers vary in total from 0-
20g/kg. Like for scouring the consumption can be significantly reduced by acidic pretreatment.

Table 4-13: Standard recipe for bleaching of woven fabric consisting of cotton and
cotton blends
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Chemical [g Telquel/kg textile substrate] Explanations

continuous and discontin. process
optimised process

NaOCI (as active 5-6 ca. 30

chlorine)

NaOH (100 %) 1-3 5 -15

Surfactant 2-5 2 -10

Water consumption n.d. n.d.

[l/kg textile substrate]

Table 4-14: Standard recipe for bleaching with hypochlorite ofknitted fabric con·
sisting ofcotton and cotton blends

Chemical [g Telquel/kg textile substrate] Explanations

continuous and discontin.
optimised proc process
ess

HP2 (100 %) 5 -15 5-15

NaOH (100 %) 4-10 4 - 30 Usually the lower dosage is applied
because in case of knit fabric seed
shells are already removed to a high
extend

Complexing agents 0-2 0-2 See Table 4-13

Organic stabiliser 0-10 0-20 See Table 4-13

Surfactant 2-5 2 - 10 See Table 4-13

Sodium silicate 8-20 0-20 See Table 4-13

Water consumption n.d. n.d.

[I/kg textile substrate]

Table 4-15: Standard recipe for bleaching with hydrogen peroxide ofknitted fabric
consisting of cotton and cotton blends

Hydrogen peroxide is at present the most commonly used bleaching agent. This technology is
ecologically acceptable and economically feasible. However, the washing step after bleaching is a

step which consumes large amounts of water, since residual hydrogen peroxide has to be re­

moved to avoid problems in the subsequent dyeing processes (especially when dyeing with reac­

tive dyes). Catalase is an enzyme for textile applications which can decompose residual hydrogen

peroxide in fabric prior to dyeing and is applied after draining the bleaching bath [212) (see further
7.1.2, for process-specific treatment techniques of waste water).
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Bleaching of linen (flax)

The non-cellulosic material of linen is higher than in cotton and the fibre is therefore very difficult to
bleach correctly. Grass bleaching (crafting) is no longer used as a method. Nowadays, different
combined bleaching treatments are standard. Many of them include steps in which the linen mate­
rial is submitted to a hot alkali bath.

Bleaching of ramie

This fibre is itself white, so that a one step bleaching treatment with sodium hypochlorite, sodium
chlorite or hydrogen peroxide may be sufficient.

Bleaching ofjute

Jute is a fibre which is difficult to bleach. Hydrogen peroxide or sodium chlorite is often used. If
sodium chlorite is used a second bleaching with hydrogen peroxide is necessary.

Bleached jute has very poor light proofing properties as lignin impurities remain on the fibres. A
better bleaching method may be a treatment with potassium permanganate in a strong phosphor
acid bath, followed by a washing with sodium bisulphite.

Bleaching of coco

This fibre may be whitened by a hydrogen peroxide or a sodium dithionite treatment. A combina­
tion of the two treatments is often used.

4.3.4 One-step desizing, scouring and bleaching of cotton fabric

Combining three operations in one allows for significant reductions in water and energy consump­
tion. The following description of the process is taken from [2].

For woven fabric and its blends with synthetic fibres, a three-stage pretreatment process has been
the standard procedure for many years, comprising:

• desizing;

• scouring;
• bleaching.

New auxiliaries' formulations and automatic dosing and steamers allow the so-called "Flash
Steam" procedure which telescopes desizing, alkaline cracking (scouring) and pad-steam peroxide
bleaching into a single step.

Within the space of 2-4 minutes (with tight strand guidance throughout), loom-state goods are
brought to a white suitable for dyeing. This is a big advantage, especially when processing fabrics
that are prone to creasing. The chemistry is simple and completely automated with full potential for
optimum use.

The recipe consists of:

• 15-30 ml/kg Ciba Tinoclarite FS (phosphorus-free mixture of bleaching agents, dispersant,



106

wetting agent and detergent: see sections 4.7.1 and 4.7.2);

• 30-50 g/kg NaOH 100%;

• 45-90 ml/kg H20 2 35%.

The sequence of the "Flash Steam peroxide bleach" is:

1. application of the bleaching solution;
2. steam 2-4 min (saturated steam);
3. hot wash off.

Companies with new machinery suitable for this process can apply this technique.

4.3.5 Mercerising/caustic soda treatment

Mercerising/caustic soda treatments are applied:

• to improve tensile strength, dimension stability and lustre of cotton;

• to improve the ability to take up dyes(increased level of dye exhaustion).

The textile substrates treated are yarn, woven and knitted fabric.

Textile fibres that can be mercerised/soda treated are cellulosic materials such as cotton, viscose
and blends (cotton/silk, cotton/wool, cotton/synthetics), as well as linen.

Types of treatments:

• mercerising with tension;

• causticising or slack mercerising (without tension);

• ammonia mercerising.

Mercerisation is the treatment of cellulose textiles in yarn or fabric form with a concentrated solu­
tion of caustic alkali whereby the fibres are swollen, the strength and dye affinity of the materials
are increased, and their handle is modified.

The process takes its name from its discoverer, John Mercer (1844). The additional effect of en­
hancing the lustre by stretching the swollen materials while wet with caustic alkali and then wash­
ing off was discovered by Horace Lowe (1889).

The modern process of mercerisation involves both swelling in caustic alkalis and stretching to
enhance the lustre, to increase colour yield, and to improve the strength of the cotton.

The mercerising treatment usually involves usually the following operational steps:

• Impregnating with caustic liquor;

• Stretching;

• flushing under tension;

• reducing the acidity (first with hot water and steam; second with acetic acid);

• flushing.

A related process, the so-called liquid ammonia treatment, produces some of the effects of mer­
cerisation.
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For effective mercerising, complete penetration (wetting) of the fibres by the concentrated caustic
liquor must occur. Besides the addition of wetting agents, the following special treatments may be
applied:

• Hot mercerisation is the treatment of cellulose fabric with a hot concentrated solution of
caustic alkali to facilitate uniform penetration prior to cooling and stretching etc., so as to
improve the degree of mercerisation.

• Slack mercerisation is the mercerising of a fabric in absence of tension, or under reduced
tension. After washing-off, the fabric remains in a shrunken condition, and consequently a
high degree of yarn crimp is obtained and the fabric becomes more extensible. There are
two reasons for operating this process: to produce a stretch fabric or as part of the proc­
ess for suede imitation (the so-called "Simplex" textiles). Dye absorption is increased but
lustre is not.

Post mercerisatjon of Ijnen: crease resistant linen fabrics may be produced by treatment with urea
formaldehyde resin followed by a mercerising treatment in order to improve durability and supple­
ness.

The following table presents a summary of the chemicals used during the treatments [17]:

Function Chemicals Application

Mercerising asset cone. caustic soda 270-300gNaOH/1

cone. KOH/NaOH for cotton/viscose blend

ammonia

Mercerising and causticising auxil-

iaries:

Welling agents derivative of special alcohol See further section 4.7.2 and 4.7.3

alkanol sulphonate

alkyl sulphonate

alkyl sulphate

sulphated alcohol

comb. suiphonates + sulphated

fats

Fibre protecting agent in pretreat- glycerine as cotton/silk or cotton/wool are

ment mercerised

sodium chloride as cotton/viscose is mercerised

Table 4-16: Main mercerising chemicals
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4.3.6 Optical brightening

Optical brighteners increase the apparent reflectance of the textile in the visible region by convert­
ing ultra-violet radiation into visible light and so increase the whiteness or brightness.

Optical brightening is in fact a colouring technique as a substance is added to the textile substrate.
This treatment may also be applied before colouring to hide the impurities still present after, for
example, scouring. The synonym terminology of fluorescent brightening may therefore only be
used as the brightening substance remains on the end-product.

The addition of blue to counter the natural yeollow creaminess of cotton and wool has been known
for some time. Blue was added even after bleaching. In the 1930s and 1940s, home laundering of
white cotton shirts was normally accompanied by the addition of blueing in the final rinse water.
The use of Prussian blue and Ultramarine in final rinses was accepeted as standard practice.
Later, substantive materials that absorbed energy from the UV and re-emit it in the visible were
developed, thereby enabling "whiter-than white" cotton. One of the most succesfull of these prod­
ucts was 4,4'-Diaminostilbene-2,2'-disulphonic acid [81-11-8). Stability to high temperatures and
chemical systems has been improved to allow incorporation of these in industrial belaching recipes
[201). Examples of optical I fluorescent brighteners are listed in the following table.

Name CAS-Number Examples of products

C.1. Fluorescent Bright- 12768-92-2 Blankophor BA 267%;
ener 113 Blankophor BA

C.1. Fluorescent Bright- 12270-52-9 Blankophor REU 170%;
ener 119 Blankophor REU Pulver

300%; Blankophor REU

C.1. Fluorescent Bright- 3426-43-5 Leukophor PC (f10ssig)
ener134

Table 4-17: Examples of optical brighteners
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4.3.7 Cationisation (surface modification)

Chemical modification of the cellulosic surface (Le. introducing cationic sites) improves the ability
to uptake anionic dyes.

A number of methods for cationisation have been developed so far, however, the ideal method has
not yet immerged. A new, practical, economical, and dyer-friendly method for cationising cotton, in
particular, remains needed by the industry [151].

The modification of cotton with amino groups on the fibres surface can be obtained with a number
of reactive substances containing primary, secondary or tertiary amino groups, or rather quater­
nary ammonium groups. Either modification processes in alkali or acidic medium were developed.
However, only modification with primar and secondary amino groups shows promising improve­
ment of dye uptake in exhaust process. Dyeing with reactive dyes is thus possible without addition
of electrolyte. The fixation rate of dyes is improved, but level dyeing remain difficult. Ye~,a signifi­
cant yellowing of the fabric occur, if no further bleaching is made. Another disadvantage. of the pro­
cess is that fabrics have to be intensively washed to remove unfixed dyes [240].

Another kind of surface modification of cotton is an improved easy-care treatment wifh classical
crosslinking agents (6.4.5). The surface modification agent N-methylglucamin, for example, is
added to the crosslinking reactant, but show only interesting results when bright and medium
shade are needed. Modification with imidazole derivatives such as bishydroxymethyl-imidazol (and
MgCI2 catalyst) or monohydroxymethyl-imidazole as alternative formaldehyde-free crosslinking
systems also show promising results [240]. The main surface modification of cellulose fibres are
summarised in the following table.
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Surface modification Examples of modification agents Comments

Reactive quartenary ammonium Mainly ammonium salts with N- System can not be applied using
compounds epoxy-2.3-propyl or N-3-halogen2- continuous process, leads to odour

hydroxypropyl group. e.g. N-epoxy- nuisance and toxicological by-

2.3-propyl-N.N.N-triethylammonium products (Le. epichlohydrine residual)
chloride

Reactive halogen-triazine compounds Mainly monochloro-triazin chlorine Continuous application process
salt derivates

Reactive amines. in alkaline medium Aminoalkyl-halogenide, carbonico. System was optimised to be applied

phosphoric or sUlphuric acid esters with padding-thermofixing technique.
containing amino groups. e.g. 2- without addition of electrolyte;

chlorethylamine. 1.1-dimethyl-3- method may release toxic ethylimin
hydroxyazetidiniumchloride. 2- Most patented systems have no
sulfatoethyldimethylamine. 1.3- practical interest till now (see text)
diamino-2-sulfatopropan. sulfatoeth-
ylendiamin. trisulfatopropylamine.

disulfatodiethylamine

Reactive amino compounds, in acidic Hydroxymethylated imidazole com- Ammonium is fixed directly to the fi-
medium (ammonium addition) pounds'like for example 2-methyl-4.5- bre surface by means of chemical

dihydroxymethyl-imidazole or 4- reaction of the reactive group incor-

methyI5-hydroxymethyl- porated in the substance (see text)
imidazole(with additional catalysts The continuous process needs no
like MgCI2 + NaBF4 or citric acid. or additional electrolytes
acetic acid)

Non-reactive amino compounds, in N-methylol crosslinking compounds Ammonium is fixed by means of si-

acidic medium (ammonium addition) (DMDHEU. trimethylolacetyl urea) multaneous crosslinking reactions of

with additives like e.g. cholinchloride, a reactant crosslinker (easy-care

mono-. di- or triethanolamine. 4-(2- treatments. see text)
hydroxyethyl)-morpholine. 1-(2-
hydroxyethyl)-piperazine. car-

bamoylethylamine derivates

Table 4-18: Main surface modification systems for cellulosic fibres

4.4 Pretreatment of wool

As wool has to be treated. it is important to verify if the reaction of the treatment will target:

• the impurities and foreign materials present on/in the wool fibres after being shaped;

• the surface of the wool, to made characteristic feltings. etc or improve the colouring prop­
erties;

• the inherent properties of the wool to thermo treat or to relax the material.

An important aspect of wool is the fact that the fibre is made of protein. This protein -known as
keratin - enables many types of chemical reactions to influence the properties of the textile. It is
important to bear in mind that after each reaction/treatment, the amphoteric character of the fibre
must always be respected. The pH may therefore always be brought to the isoelectrical point.
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After shearing, wool is mechanically treated to shake out dirt and open the fleece in order to im­
prove the efficiency of subsequent scouring. The raw wool is then scoured by aqueous washing;
solvent scouring is less widely practised. The most common treatments before colouring wool are:

• raw wool scouring: aqueous and/or solvent washing;

• carbonising;
• scouring (desizing treatment);

• fulling/crabbing/thermo fixing;

• easy-care treatments and anti-felting, anti-shrinking treatments: walking/felting/softening;

• bleaching.

The special treatments such as easy-care, anti-felting and anti-shrinking will be exposed in the
chapter concerning special finishing treatments (6.4.5). Further novel treatments such as plasma
treatment for imparting better dyeing ability are discussed in section 6.6.2.

4.4.1 Raw wool scouring

The washing of raw wool - so-called raw wool scouring- has several aims:

• to remove natural impurities such as wool grease, suint (dried perspiration) and dirt;

• to remove residues of insecticides, acaricides or insect growth regulators (veterinary
medicines to protect sheep from ectoparasites, such as lice, mites, etc.);

• to make the wool suitable for further processing.

When considering the ability of solving the different contaminants present in raw wool, one may be
aware of the specificity of wool washing treatments. Wool grease is insoluble in water (but soluble
in non-polar solvents such as dichloromethane or hexane) and needs, therefore, the addition of
special surfactants to water. Suint arises from the secretion of the sweat gland in the skin and is
soluble in polar solvent such as water and alcohol. Dirty materials present on raw wool can be
mineral dirt, sand, clay, dust, and organic materials.

Scouring can occur with: (17)

• water, especially soda treatment at pH 10-11 with additional surfactants, at different tem­
peratures (this is the most common washing treatment);

• organic solvent like perchloroethene, dichloromethane, or "Freon" (difluorochloroethane).
Solvent washing is not as widely used as the treatments mainly used to remove grease.
Combined waterllsopropanol/hexane washing may be therefore applied (e.g. Sover-de­
Smet process)(see further discussion below: wool scouring with organic solvent).

No matter what kind of washing is used, all these treatments will destroy the grease so that addi­
tional greasing with lubricants is necessary before wool is to be spun, knitted or weaved. Therefore
yarns, knitted and woven fabrics must be re-washed ("desized or scoured") before bleaching and
colouring.

Raw wool scouring with water

The process is done by passing the wool through a series of wash bowls and subsequent squeeze
presses. The machine is often a so-called "Leviathan" scouring machine, where clean water is
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added to the last bowl and passes via a counter flow system from bowl to bowl. The final discharge

in the first bowl occurs in a controlled manner as wool fat -Lanolin- is recycled and effluent may be
decontaminated of impurities such as ectoparasiticides.

Table 4-19 points out the different scouring agents necessary for raw wool scouring (17).

Treatment steps Scouring agents and additives

1. washing (bowl) hot water (40 - 45 OC)

sodium carbonate or other alkali (as detergent builder) at pH 10-11

detergent (synthetic non-ionic like alcohol ethoxylate and alkyl phenol ethoxy-

late)

2. washing (bowl) hot water (nearly 38 OC, melling point of wool fat)

some builders and detergents as above mentioned, usually at lower concentra-

tion

sodium bisulphite solution (optional)

rinsing cycle hot water (nearly 38 OC)

anti-electrostatic agents (last rinsing step)

ph adjustment (last rinsing step)

Note: as washing occurs near pH 4,6 - the isoelectrical point of wool - the fibre damage is minimised. Special acid re­

sistant detergents are offered for this kind of washing; however, this acid wool scouring treatment is not used in practice
as the acid washed wool may have less suitable properties when spun.

Table 4-19: Scouring agents and auxiliaries used in raw wool scouring

Before wool is suitable for further processing, the ph of the fibres must be readjusted to isoelectri­

cal point in the last rinsing bath. Anti-electrostatic agents may also be added to facilitate easier
subsequent spinning.

In Table 4-20 a typical recipe for the raw wool scouring is compiled (2).

Chemical [g Telquel/kg textile Explanations
substrate)

Soda n.d.

Surfactant n.d. Non-ionic types See 4.7.2

Water consumption ca. 4 In case of optimised continuous process

[I/kg textile substrate]

Table 4-20: Standard recipe for the raw wool scouring

The removing of residues like insecticides and other so-called ectoparasiticides from raw wool will
have important implications for the discharge of scouring effluent. The chemicals known to be pre­

sent in raw wool include [2, 30):

• Organochlorine insecticides (OCs);
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• Organophosphorous insecticides (OPs);

• Synthetic pyrethroids insecticides (SPs);

• Insect growth regulators (IGRs).

The permitted legal use of these sheep treatment medicines varies in each country. Manufacturers
of raw wool may therefore use a database containing quantitative information on the OC, OP, and
SP content of wool from major producing countries [2).

Wool scouring with organic solvent

The description of the treatment is mainly taken from [2), as not other wise mentioned. The
Wooltech wool cleaning system involves the use of a non-aqueous solvent (trichloroethylene) and
does not use any water in the washing process.

The technique is reported to be applicable to any kind of wool. Typically, plants with 250 kg/h or
500 kg/h of clean wool (852 kg/h of greasy wool) capacity are used; however, smaller plants may
also be considered. Scarcity of water is most likely the main driving force for the implementation of
this technique.

The use of water is avoided in the actual wool cleaning process. The only source of water emission
is moisture introduced with the wool, steam used in vacuum ejectors and moisture recovered from
air drawn into the equipment. This water is treated in two steps comprising a solvent air stripping
unit and a residual solvent destruction unit. Here the residual traces of solvent are destroyed using
a free-radical process based on the Fenton reaction (iron and hydrogen peroxide).

Since pesticides adhere strongly to the solvent and are discharged with the grease, the clean wool
is reported to be pesticide free. This has positive implications for the downstream processes where
wool is finished.

Another positive effect of this technique is the reduction in energy consumption due to the low la­
tent heat of evaporation of an organic solvent compared to water.

A nominal consumption of 10 kg/h of solvent is reported for the production of 500 kg/h of clean
wool. Part of this solvent ends up in the water stream, as described above, and is destroyed. The
remaining portion is partly emitted as exhaust vapour (0.01 kg/h), part of which is accounted for as
uncaptured losses (5 kg/h).

It is reported that uncaptured losses can generally be very low; however, this is directly related to
how the plant operators undertake maintenance and how the plant is managed. The "Wooltech
process" has prepared a Code of Conduct for operators with strict maintenance, quality control and
management practices to address all environmental, health and safety issues.

The "Wooltech system" uses trichloroethylene as its solvent. Trichlorethylene is a non biodegrad­
able and persistent substance. Unaccounted losses of this solvent arising from spills, residues on
the fibre, etc. may lead to diffuse emissions resulting in serious problems of soil and groundwater
pollution.
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4.4.2 Carbonising

Carbonising is a chemical treatment used to remove vegetable impurities which may remain on
scoured wool after mechanical treatments.

The textile substrates treated are:

• floc/loose fibre (only fibre used to produce fine fabric for garments, so-called worsted fab­
rics);

• fabric ( not applied in the carpet sector).

Carbonising may be practiced on fabrics before or after felting (depending on the quality) as well
as before or after colouring. Carbonising of raw fibre is rare as the material is then difficult to dye
(e.g. afterchromic dyes cannot be used or different carbonised yarns will lead to irregularities in the
colour affinity of the woven fabric)

Synthetic fibres (PA, PAC, PES, etc), which are not damaged by the treatment, can also be car­
bonised. The carbonising treatment can also be applied on wool blends.

The principle of the process is treatment using a strong acid (mainly sulphuric acid) to transform
cellulose easily (mechanically) removable hydrocellulose. The best effects are obtained with good
pre-washed and dried material. Some processes therefore recommend pre-washing or impregnat­
ing the fabric with Perchloroethylene.

The classical carbonising treatment of fabrics usually involves the following operational steps:

• impregnating with sulphuric acid (6-9 % of acid);

• squeezing, exhaustion or whizzing of the surplus acid solution (5% solution relative to fab-
ric weight may remain);

• baking at 60-90 °C to concentrate the acid;

• baking at 105-130 °C (carbonising);

• rumbling and rapping (mechanical treatments) to remove the carbonised particles;

• washing and neutralising with dilute ammoniac.

The use of wetting agents leads to thorough wetting of the greige goods and reduces impregnation
time. To avoid damage of the wool, an excess of sodium carbonate may be added to the neutral­
ising liquor.

Table 4-21 gives an overview of the carbonising liquors and assistants used [17). A typical recipe
is compiled in Table 4-22, from [2].
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Liquors Carbonislng assistants

Carbonising liquors: Welting agents which are acid-stable:

Mainly: 6 - 9 % H2SO4 Alkyl aryl suiphonates

HCI gas or acid solution (especially when recovering wool Alkyl suiphonates
from rags) Alkyl sulphates
Aluminium chloride/hydrochloric acid at 130°C (special e.g. Alkylnaphtalene sulphonate; alkylphenol ethoxy-
United States-method) lates; alkyl polyglycol ethers
Aluminium chloride (for wool/synthetic fibres blends)

Neutralising liquors

Dilute ammoniac + excess sodium carbonate

Table 4-21: Carbonising agents and auxiliaries

Chemical [g Telquel/kg textile Explanations

substrate]

H2S04 (100 %) 35-70

Surfactant 1 -3

Water consumption ca. 3 In case of optimised continuous process

II/kg textile substrate]

Table 4-22: Standard recipe for wool carbonising

4.4.3 Scouring/desizing

The combined treatment of scouring and desizing removes lubricants - also called lubricating oils,
rag pulling oils or batching oils - and in some cases also removes sizing agents from woollen yarns
and fabrics.

Typical substances that must be removed by scouring wool can be classified as:

• soluble in water;

• insoluble in water, but able to emulsify with detergents;

• insoluble in water and non/poorly emulsifying with detergents. These substances are only
removable with organic solvent.

The washing will therefore occur with water or with organic solvent (dry cleaning).
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Water washing Sodium carbonate or bicarbonate solution (neutral or weakly alkaline con-
ditions)

Detergents: mixtures of anionic and non-ionic surfactants (e.g. alkyl sul-
phates, fally alcohols, alkylphenol ethoxylates)

Dry cleaning (less common) Perchloroethylene (most widely used)

Water and detergents (optional to provide a softening effect)

Note: in wool carpet yarn production, the scouring process with water can be combined with chemical selling of yarn twist
(by addition of reductive agents such as sodium metabisulphite) and/or insect-resistance impregnation [17].

Table 4-23: Washing (scouring) solutions for wool

Worsted (or combed) wool undergoes a short water washing (10 - 20 s dipping) with strong non­
ionic detergents. The treatment usually occurs on the same machine used for subsequent dyeing.
Coloured worsted wool is first washed with an ammoniac solution to remove non-fixed dyes. The
treatment is finished with a washing in a solution of formic acid and anti-electrostatics.

Woven or knitted fabrics are commonly washed not only to remove lubricants but also to give the
fabric a special lustre or handle. Furthermore, the fabric is relieved from tensions of the proceeding
knitting or weaving. Here to, ammoniac solution may be used to pre-wash the fabric.

A typical recipe is shown in Table 4-24, from [2].

Chemical [g Telquel/kg textile substrate] Explanations

Soda or 0-5

ammonia (100 %) ca. 2.5

Surfactant 3-20

Water consumption n.d.

[I/kg textile substrate]

Table 4-24: Standard recipe for wool washing and felting

4.4.4 Crabbing I thermo-fixing I sanforizing

These kinds of treatments are mainly applied to

• improve dimension stability of woollen fabrics and in so doing avoid shrinking during sub­
sequent treatments;

• dispatch folding and breakings which might have occurred during washing.

The textile substrates treated are mainly worsted yarns and special fabrics.

Crabbing is a process used in the worsted trade to set fabric in a smooth flat state so that it will not
cockle, pucker or wrinkle during the subsequent wet processing. The fabric is treated in open-width
and under warp-way tension in a hot or boiling aqueous medium, the tension being maintained
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while the fabric is cooling. The term flat setting is particularly used in the finishing of woven wool
fabrics, where setting is usually achieved by steaming under pressure.

The appellation thermo-fixing (or thermo-setting) is used to describe the use of hot vapour to set
the textile substrate (often in combination with colouring treatments).

The treatments may be applied before or after colouring; the treatment before colouring is the
preferred method.

There are many possible treatments and specially adapted machines available on the market for
this purpose. Many of them are trade marked processes.

Sanforizing is a controlled compressive shrinkage process. The trade mark Sanforized(r) is owned
by Cluett-Peabody Inc. and can be applied to fabrics which meet defined and approved standards
of washing shrinkage.

Despite the fact that hot water or steam is used to fix the fabric, many of these processes apply
special chemicals to improve the dimension stability of wool. The "Siroset" process for example,
applies Monoethanolaminsulphite (MEAS). These special finishing treatments will be reported in
more detailed in section 6.4.5 [17].

4.4.5 Fulling I felting

There are several different treatments depicted under this heading.

Felting is the matting together of fibres during processing or during use (see milling, fabric finish­
ing, and felt).

FUlling/milling (as fabric finishing) is the consolidation or compacting of fabrics which usually con­
tain wool or other animal fibres. Note: the treatment which is often done in a rotary milling machine
or in milling stocks produces relative motion between the previously soaked fibres of a fabric de­
pending on the type of fibre, the structure of the fabric and on variations in the conditions of milling.
A wide range of effects can be obtained varying from a slight alteration in handle to dense matting
with considerable reduction in size.

Continuous yarn felting is a process whereby slivers, rovings, slubbings, or yarns are felted on a
continuous basis. This is achieved by passing wool-rich material through a unit where it is agitated
in an aqueous medium where felting takes place. The process is used to produce a yarn or to con­
solidate a spun yarn.

A felt is a textile fabric characterized by the entangled condition of many or all of its component
fibres.

Three classes of felt can be distinguished:
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• pressed felt (mechanical or sheet felt), which is formed from a web or vatt containing ani­
mal hair or wool consolidated by the application of moisture, mechanical action and heat
which cause the constituent fibres to mat together;

• woven or knitted felts formed from staple fibre fabrics having some wool or animal hair
content. These are subjected to the processes identified in (a) to such a degree that the
original fabric construction is completely obscured by the smooth felted surface;

• needle felt (also defined as needle-bonded, needle-punched, or needled fabric): a non­
woven structure formed by the mechanical bonding of a fibre web or batt by needling.

Hardening (felt manufacture) is a process in the pressed felt industry as well as in the hat manu­
facture industry in which a mass of loose fibres, after being roughly shaped by carding and form­
ing, is subjected to a high-speed vibratory motion in the presence of steam while under consider­
able mechanical pressure.

Tumble felting is a method of felting hanks of wool yarn in either aqueous or other solvent media
using rotary washing or dry cleaning machines.

Structured needle felt is a pile fabric formed by subjecting a previously needled web or batt to a
further punching operation with forked, single barb, or side-hook needles. Rib, velour and pat­
terned structures may be produced [17, 83).

4.4.6 Anti-felting treatments for wool (easy-care finishing)

Easy-care treated wool is reasonably resistant to disturbance of fabric structure and appearance
during wear and washing and requires a minimum of ironing or pressing.

There are 3 types of treatments able to inhibit the natural property of wool to felt (17):

• subtractive treatments will chemically modify the surface and inherent properties of wool;

• additive treatments will permanently impregnate the shelter layer with a film or selectively
weld it;

• combined treatments.

The principle of subtractive treatments happens when the bisulphite bonds of the cuticle cysteine
are split up. The actions of enzymes or alkali in organic solvents are said to be processes no
longer in use. Nowadays, the treatment applies chemicals which oxidize the surface cysteine
bonds. Oxidation agents which come into consideration are listed in the following table, the infor­
mation are taken from [17; 206; 278):



Oxidation agent Characteristics

Potassium permanganate The oxidation of the shelter layer with potassium permanganate shall be
completed by a second treatment with sodium bisulphite (to remove the
manganese oxide)

Sodium peroxymonosulphate SPMS is used in the production of wool goods which require relatively low
(SPMS) shrink resist performance and has long been known to produce an inferior

shrink resist effect to chlorine; environmental problems occur as the treat-

ment produces effluent containing sulphate; the mechanism of action is
similar as the one proposed for SMPP[206]

Sodium monoperoxyphtalate SMPP treatment first oxidise the cysteine moieties of the wool scales and
(SMPP) opens the disulphide bonds for a subsequent treatment with sodium sulphite;

newest method proposed an after-treatment with the enzyme Papain to per-

mit reaction of the pre-oxidised wool and enhance felting resistance, a pre-
treatment with lipase is essential for no ball formation [206]

Chlorine; Chlorination of wool occurs with gaseous chlorine (dry chlorination), hypo-

Gaseous chlorite or sodium dichloroisocyanurate (DCCA) (see below for details).

Sodium hypochlorite After the treatment, the wool shall remain free of chlorine.

Sodium dichloroisocyanurate The less reactive acid, or salts of potassium or sodium of dichloroiso-
cyanurate are used in improved chlorination processes

Peroxymonosulphuric acid H,SOs

Potassium peroxymonosul- See SPMS
phate

Peracetic acid

Hydrogen peroxide See also section dealing with bleaching agents

Sodium sulphite See also section dealing with bleaching agents, used as alternative to chlori-
nation (see below)

Sodium dithionite See also section dealing with bleaching agents, used as alternative to chlori-
nation (see below)

Ozone The process not overcome the test stage (Disruptomatic-C-process Irnel

2000, ITF-process [17])
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Table 4-25: Oxidation agents for anti-felting treatments of wool

The oldest and best oxidation agent for wool is sodium hypochlorite (the process is therefore often
referred too as "chlorination of wool"). This oxidation agent has been used for years to~
woollen fabrics before printing. The treatment also improves the ability of the fabric to take up dyes
and gives the textile a better handling and easy-care properties. The risk of damage to the fibre
during this process is high, which is why formic acid is occasionally added and temperatures lower
than 10°C are used. Buffer agents ("chlorination carrjer") such as cationic active amine may also
be added to better control the reaction.These auxiliaries combine with the liberated chlorine to form
chloramines that react with the wool slowly and gradually. Alternatively, sodium dichloroiso­
cyanurate (DCCA) is used as an oxidation agent as it is easier to control the chemical reaction (so­
called neutral chlorination, even though the pH of the reaction may be 5,5) [278].

During the "Vantean" process, a lustering finishing process for worsted wool yarns, the wool is
pretreated with Nickel(lIl) salts, washed to remove the surplus of salts and then chlorinated with
hypochlorite [179].
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A chlorination process for wool as pretreatment before printing or as shrink-resist treatment leads
to enormous environmental problems. As yet, this problem remains unresolved; however, alterna­
tives have been pointed out, such as peroxy acids or enzyme-based processes (see table below)
[206].

Typical recipes are given in Table 4-26 and Table 4-27, from [2]

Chemical [g Telquellkg textile Explanations
substrate)

Dichloroisocyanurate 20-60

(1.2 - 3.8 % active

chlorine)

Formic/acetic/sulphuric 10-30

acid

Sodium disulphiles or 20-40

dithionite

Surfactant 2-5

Polymers (100 %) 10-30 Mainly cationic products

Water consumption n.d.

[I/kg textile substrate]

Table 4-26: Standard recipe for the pretreatment of wool before printing using chlo­
rine-containing substances (chlorination process)

Chemical [g Telquel/kg textile Explanations
substrate)

Peroxomonosulphates 20-60

Sodium sulphite or 20-60

dithionite

Surfactant 2-5

Polymers (100 %) 10-30 Mainly cationic but padding with anionic polymers is also

common. Cationic and anionic polymers are also applied
without pre-oxidation

Water consumption n.d.

[I/kg textile substrate]

Table 4-27: Standard recipe for the pretreatment of wool before printing using an
alternative chlorination process
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By additive treatments, the scales of the wool are masked or fixed by polymers. The handle of the
wool becomes therefore quite harder. There are two methods of coating the wool with polymer: the
monomers could be added onto the fibre and then polymerised, or a pre-polymerised polymer film
may be added and the coated fibres than selectively welded (spot-welding). Some additive proc­
esses could only be applied before, others only after colouring the wool. Treatments of this kind
will be discussed in further detail in section 6.4.5.

Experience has shown that neither subtractive nor additive treatments can alone suppress the
shrinkage and felting properties of wool during household wash; therefore, combined treatments
are very often used. A light chlorination, for example, will best prepare the wool for subsequent
coating treatments ("Hercosett-Superwash" treatment e.g.).

The following table summarises the major anti-felting treatments of wool [17, 179]
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Principle Name of the process Chemicals used in the process

Oxidation CSIRO Potassium permanganate

IWSWB7 Potassium permanganate in sodium sulphate solution

Dylan XB, XC Peroxymonosulphuric acid (Caro's acid)

Dylan XC II Potassium peroxymonosulphate

Oxidation by chlorination

dry WIRA, Wollindras Chloric gas

wet Kroy Chloric gas + water mixture

Dylan FTC Sodium hypochlorite

Sitt Ditto

Melafix (CGY) Sodium hypochlorite + butter

Nikrulan (Ca) Ditto

Basolan (BASF) Sodium dichlorocyanurate =DCCA

Orced (Pechiney) Ditto

Ficlor (Witten Ltd) Ditto

Combination of various Dylan Z 1) Sodium hypochlorite; 2) Potassium permanganate

oxidation processes Dylan XB2, XC2 1) Potassium peroxymonosulphate; 2) DCCA

Masking and interfacial
polymerisation IFP

Ester formation Wurlan 1) Hexamethylene diamine, aqueous solution

Bancora 2) Sebacyl chloride in organic solvent

DWI-Zahn-Bara Sebacic acid ester emulsion + Hexamethylene diamene

Add itive processes Wurset Spraying with polyurethane preliminary condensate in a chloro-

ethanol fixation with triethylenetetramine.

Lancrolan SHR3 Polyetherpolymer

Hercosett Single-bath application of Hercosett 57 (cationic polyamide pi-
chlorohydrine)

CSIRO-Sirolan BAP Synthappret BAP (By) = bisulphite adduction of an interlacable
polyisocyanurate in solution or emulsion

ditto new ditto + PUR-dispersion (Impranil DLN (By

IWS-DC-109 Silicon Product of Dow Corning in organic solvent

Synthappret LKF (By) Interlacable polymethane-elastomer

Tegosivin W 503 Polysiloxane + organic hardeners
(Goldschmidt)

Oxidation and additive CSIRO new or IWS- 1) Hypochlorite, acidic

treatment Superwash 2) Polyamide resin (Hercosett 57)

Dylan GR, GRC Simultaneous application of DCCA and polyamide polymer

Dylan Plus Oxidation with DylanXC2 + new polymer

SAWTRIIDCCA 1) DCCA; 2) alkylated methylol amine resin

USDA-Ozon-Hercosett 1) Ozone; 2) Hercosett 57

Table 4-28: Major anti-felting treatments for wool
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4.4.7 Bleaching I optical brightening of wool

Bleaching is applied in order to

• give the whiteness necessary for dyeing with pastel tones or to enable the wool to be
used for white articles;

• brighten the colour of the raw wool and give it a more pleasing appearance (as bleaching
agents are added during raw wool scouring).

However, bleaching of wool is not as important as the bleaching of natural cellulose fibres (263).

Wool can be bleached in nearly all processing stages, such as for example, loose fibre, yarn, wor­
sted yarn, knitted or woven fabric. Pastel toned fabrics may simultaneously be bleached and dyed.

The bleaching process is a chemical treatment of the fibre. The chemical groups on the surface of
the fibres may be oxidized or reduced (see for further information chapter Bleaching of cotton).
Optical brighteners are substances which may be added and permanently impregnate the fibres so
that they then "seem" to brighten. As wool is a natural product with a more or less creamy colour,
even after scouring, the fibres are conventionally bleached oXidatively and then undergo a second
bleaching with reductive agents. Most of these reductive bleaching agents are provided with addi­
tional optical brighteners. These whiteners remain permanently on the fibres and avoid the well­
known yellowing of wool in normal household washing and use. This yellowing shall be retarded by
using thiourea and formaldehyde.

Other than the conventional two-stage bleaching, other processes are also used (17):

• rapid acid bleaching with hydrogen peroxide (continuous or discontinuous process);
• reductive bleaching with stabilised sodium dithionite or thiourea dioxide, with or without

whiteners;

• reductive bleaching based on activated sulphinic acid derivatives, enabling simultaneous
whitening;

• oxidative and reductive bleaching in the dye-bath (for clear colour shades).

The following table recapitulates the characteristics and application conditions for most of the dif­
ferent bleaching agents for wool and other animal hair products (see also section 4.7.1, for further
information) (17).
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Bleaching agent Characteristics Auxiliary agents need

Hydrogen peroxide Hp, most frequently used bleaching agent; pH 9,5 50-60°C + stabilisers' (Na-

may be applied in alkali or acid medium Pyrophosphate or Na-Oxalate + Na-

a wide range of bleaching process can
Pyrophosphate); the pH is regulated by
addition of ammoniac (as no silicates are

be used, used); cold dwell is possible by addition
ecologically favourable; of special auxiliaries;

acid bleaching: by virtue of the alkali pH 4,5-5,5 + activators (formic acid, per
sensibility of wool; the advantages are acetic acid or Prestogen W (BASF) to
controversial, the bleaching may be form peroxicarboxylic acid, which acti-
more intensive and lasting vates in a similar manner the hydrogen

natural coloured wool shall be first peroxide); chelaling agents may be

treated with a solution of metallic salts added as metallic ions must be remove

or modified metallic salls of iron, cobalt, (catalytic mordanting)

nickel, manganese and copper (cata-

lytic mordanting of animal hairs) as
acid bleaching is need

Table 4-29: Oxidative bleaching agents for wool

Note that stabilisers used in the bleaching of cotton with Hydrogen peroxide were found to be not
suitable for oxidative bleaching of wool. Other oxidative bleaching agents have also been tested.
Bleaching with potassium permanganate has yet to be used in a suitable application. Oxidative
bleaching with peracetic acid or performic acid is in fact a hydrogen peroxide bleaching where
these substances act as activatorsfcatalysers of the H20 2 in an acid medium [17].

Regarding the standard recipe for wool bleaching, it must be stressed that the dosage of chemicals
can vary considerably depending on time span and temperature the process in question demands
[2].

A typical recipe is compiled in Table 4-30, from [2].

Chemical [g Telquel/kg textile Explanations

substrate]

HP,(100 %) 50-75 Because of high dosage the process is often carried out on

standing bath

Complexing agents 5-30

(stabiliser)

Ammonia (100 %) 0-20 pH 8 - 9 with buffer system (usually on base of sodium

tripolyphosphate)

Water consumption n.d.

[I/kg textile substrate]

Table 4-30: Standard recipe for bleaching of wool
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As wool persistently restrains hydrogen peroxide, reductive bleaching processes must be finished
with an efficient swilling. To avoid complications during the subsequent dyeing, the overall bleach­
ing process is generally ended with a reductive bath or bleaching.

Bleaching agent Characteristics Auxiliary agents used

Sodium dithionite Na,S,04 Most common reductive bleaching Stabilisers to prevent the reducing agent
agent. to be rapidly decomposed

The reduction products have to be Buffered with phosphates;
efficiently washed out of the textile. Complexing agents to prevent formation
to avoid reoxidation of precipitations;

Welting agents and detergents may be
used (alkylphenol ethoxylates. fatty alco-
hol ethoxylates. ev. mixed with alkyl sui-
phonates or alkyaryl sulphonates)

Thiourea dioxide Ditto Na,S,04' but less wider used Ditto Na,S,04

Table 4-31: Reductive bleaching agents for wool

4.5 Pretreatment of silk

Silk is the protein fibre forming the cocoons produced by silkworms. The term is also used to de­
scribe yarns. fabrics. or garments produced from silk. Raw silk is obtained from continuous lines of
filaments or strands from silk cocoons and contains no twists. drawn offs, or reels. Note that the
spelling 'tussah'. although considered erroneous by etymologists, is in common usage in the textile
industry for the name given to fibres and filaments. In fact tussah silk is a coarse silk produced by

a wild silkworm.

The raw fibres of the cocoon of the silk moth are largely afflicted with sericin. This sericin sheath is
responsible for the brittleness. harsh handle, mat appearance and yellowisch colour of raw silk.

The most common sequence of pretreatment operations for silk is therefore:

• degumming I boiling-off;

• fixation of serecin on silk;

• weighting;
• plasma treatment of degummed silk;

• bleaching I optical brightening.
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4.5.1 Degumming I boiling-off

Boiling-off - so-called degumming- partially or completely removes the sericin (silk gum) from silk
yarns or fabric, or from silk waste prior to spinning.

The textile substrates that can be treated are yarns or fabrics as well as silk wastes.

Degumming is a controlled, hot, mildly alkaline treatment intended to have little or no effect on the
underlying fibroin. Besides a glossy and soft feeling, the treatment also causes a loss in strength.
(In modern methods, this loss in strength is counter-acted by prior treatment of the silk with cross­
linking agents to fix the serecin: see below).

A classical degumming method is to treat the silk with so-called "Marseille soap" (an alkali-free
olive soap) in a bath at 90-98 Co for 2-4 h. After boiling-off with soap and soda, the silk is then
subjected to weak ammoniac rinsing. Other, more modern degumming methods are listed in the
following table [17, 265, 230]:

Degumming method Characteristics

Classical degumming Treatment with "Marseille soap", followed by a boiling-

off and weakly ammoniacal rinsing

Enzyme method Treatment with enzyme (e.g. papain, trypsin or alka-
lase), followed by a boiling-off with hot water under

pressure and weakly alkaline solution (NaHCO" am-
monia) or acidic solution (tartaric or citric acid ,e.g.)

Physical method Treatment with ultra-sound at -80 °C

Treatment with water under pressure at121 °C

Newest method for continuous process Treatment with powder products containing sodium
salts (carbonate and phosphate), sometimes with a
soap additive;

Treatment with liquid products containing, additionally
to sodium salts, anionic surfactants, chelating agents

and fibre-protective agents.

Table 4-32: Degumming methods

The use of ultrasound can be regarded as an appropriate method for accelerating various degum­
ming processes; especially with respect to the degumming methods with Marseille soap, tartaric
acid and papain [230].

Despite that, in principle, any dyeing machine can be used to degum raw silk, special new ma­
chines which operate more or less continuously from degumming to dyeing are commercially
available.
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The degree or evenness of degumming silk can be evaluated qualitatively by means of a dyeing
test with C.I: Direct Red [266]. The following three types of silk can be differentiated, depending on
the extent of degumming:

• cuite silk: the silk gum is completely removed (weight loss is up to 30%) and the fibrous
material is very glossy and soft;

• souple silk: semi-degummed silk with a weight loss of 6-12%;

• ecru silk: the silk gum is not, or only very slightly removed (weight loss of 1-4%).

4.5.2 Fixation of serecin on silk

Partial or complete fixation of the serecin, with cross-linking agents prior to degumming, improves
the strength of the material. However, the so-treated silk is not as lustrous and has a lower degree
of whiteness compared to conventionally degummed silk [230].

Cross-linking agents that can be used to fix the serecin on the raw silk are cyanuric chloride, trigly­
cidyl isocyanurate or hexamethylene diisocyanate. Glutaraldehyder and N,N'-dihydroxyethylene
bisacrylamide are less suitable cross-linking agents as they lead to a significant discolouration of
the silk fabrics [230].

4.5.3 Weighting of silk

The so-called weighting of silk compensates the loss in weight caused by degumming and thus
increases the mass and imparts a firmer handle to silk.

Textile materials that can be treated in such a way are yarns or fabric.

Weighting is of less importance in processing tussah since the weight IJ:>st by degumming this kind
of silk is much lower than the weight lost with cultivated silk,

The principle of the weighting treatment is the addition of metallic salts, plant material or, recently,
synthetic substances into silk fibroin. In this process, the fibre volume increases, the lustre and the
handle is improved. The weighting agents are fixed permanently onto the fibre. As water-soluble
compounds such as dextrin are used, the weighting and, thus, the properties of the fibres are
therefore not wash-fast.

The old method of weighting with tin phosphate silicate, the so-called mineral weighting, plays only
a minor role nowadays, These classical methods, as well as more recent treatments with synthetic
resins, are accurately described in the next table [17, 265]. Further details on chemical modifica­
tion of silk, in view of improving its low wet resiliency, is given in the section 6.4.4 dealing with
functional finishing.
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Weighting methods Characteristics

Mineral weighting pretreatment in a acid bath (repeated before each weighting bath);

Successive treatments with aqueous solutions of tin (IV) chloride and
disodium hydrogen phosphate;

treatment with asolution of aluminium sulphate (optional)

conversation of tin phosphate formed into tin sodium silicate (wash-
fast) in a concentrated silicate bath;

each bath is followed by accurate spin-drying.

Mineral weighting with tanning agents Similar treatments as above;
or logwood extracts Used principally for material that is to be dyed black;

Often combined with tin chloride/disodium hydrogen phosphate
treatments

Weighting with synthetic resins e.g. methacrylamide

the material is generally dyed first and then weighted by graft polym-

erisation' (only possible with resistant dyes!)

'Note: Graft polymerisation is the production of a copolymer formed when sequences of one repeating unit are built as

side branches on to a backbone polymer derived from another repealing unit. Grafting, as a potentially powerful method
for modifying chemically both natural and synthetic fibres, involves a variety of chemical initiators [126].

Table 4-33: Weighting methods

Too much weighting will damage the silk, reduce the quality and make it less resistant to sunlight
and moisture. The degree of weighting will also influence the affinity to dye as well as the wash­
fastness of dyed material. For these reasons, silk is weighted today only to improve lustre, handle,
drape and fullness for e.g. ties, borders, embroidery.

4.5.4 Plasma treatment of degummed silk

Treatment of silk fabrics in a corona or glow discharge (in oxygen or argon) results in an improved
wettabilily of silk fabrics. The plasma treatment leads to the formation of functional groups on the
filament surface which can react as acids. Therefore, an improvement in dyeability is observed
when dyeing in an unbuffered neutral dyeing liquor with acid dyes. However, under commonly
used dyeing conditions, there is no change of dyeability after plasma treatment of silk [230]. Fur­
ther chemical modifications of silk are discussed in section 6.4.4, as their mainly fall into category
"finishing with cross-linking agents".

4.5.5 Bleaching of silk I optical brightening

The bleaching of silk, often combined with addition of optical brighteners, achieves clear white and
brilliant light shades, thus improving the subsequent degumming process (removal of the coloured
pigment impurities).
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Textile materials treated in this method are yarns and fabrics as piece goods. Bleaching and
degumming are usually carried out in the same bath.

Oxidative and reductive bleaching, or both, may be used. The bleaching is usually performed after
weighting, as it damages the fibres less compared to mineral weighting. Optical brighteners may
also be added to the reductive bleaching bath to achieve full whiteness [17].

Silk with intense inherent colour, such as wild tussah silk, requires significantly stronger bleaching
conditions such as mulberry silk. Full whiteness will result in fibre damages and should therefore
the degree of whiteness should be carefUlly considered before using this stronger bleaching
method.

Reductive bleaching agents which can be used for silk are sulphur dioxide, dithionite or hydrogen
sulphite. Easy handle, lower costs and fibre preservation are properties which favour sulphur di­
oxide as the reductive bleaching agent.

However, the advantage of a persistent bleaching and a bleached material free of odours may only
be offered by oxidative bleaching. The bleaching with hydrogen peroxide or H202-releasing salts
become, therefore, the most used bleaching method. For more detailed discussions about bleach­
ing agents, please consult the precedent chapter on wool bleaching.

4.6 Pretreatment of man-made fibres

The most common operations used before colouring synthetic fibres are thermo-fixing (heat­
setting) and washing. Depending on the hydrophobicity or hydro affinity of the fibres, the applied
treatment may have a wetter or more "thermo" character.

Less hydrophobic character

• regenerative cellulose
viscose
acetate
triacetate

• polyamide
• polyacrylnitril

• polyurethane

• polyester
• polyolefin

More hydrophobic character

Wet treatments may be used for fibres with a high hydrophobic character, for example polyester, in
order to improve their hydro-affinity (the so-called alkalisation or peel-off treatment). Nevertheless,
fibres with a high hydrophilic character, such as viscose, will not be thermo-fixed as the hydrogen
bonds may snap.

The principle of a thermo-fixing treatment is:
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• the heat-up and vaporising of residual water: as the temperature rises, polymeric site­
chains become more loose and tension disappears;

• during the whole treatment, the knitted or woven fabric may be mechanically leaded and
presented to the fixing medium (heat or vapour);

• the temperature is chosen in order that the polymeric material undergoes a form of "re­
crystallising". The treatment at this maximum temperature and the subsequent cooling off
will "fix" the material as the fabric is under mechanical tension.

The position of thermo-fixation within the treatment depends on the make-up and the fibre. There
are several possible sequences for thermo-fixation, washing and dyeing. Thermo-fixation after
dyeing is also possible.

The purpose of the washing process is to remove from yarns the preparation agents and/or re­
move from fabrics the sizing agents. The terminology "preparation agents" is frequently used as a
heading for the textile auxiliaries, lubricants, coning, warping and twisting oils, conditioning and
stabilising agents as well as conditioning ("avivage") agents. These agents are surface-active sub­
stances and their formulations with mineral oils, ester oils, or silicone oils as well as with ethylene
oxide-propylene oxide mixed adducts. The surface-active substances are, for example, ethoxyla­
tion products of fatty acids, fatty amines, fatty alcohols, fatty amides or alkyl phenols, fatty acid
condensates, alkyl or alkyl ether phosphates as well as sulphated oils and fats [282].

Most preparation agents (95%) are removed at the washing stage (ethoxylated fatty alcohols are
commonly used as emulsifying agents). Preparation agents mostly made of silicone oils are used
on elastomeric fibres (elastan) and are very difficult to wash off (40% remain on the fibre). To im­
prove their removal it is common practice to use ethoxylated nonyl phenols [2]. It would be desir­
able that silicone oils may in future be replaced by thermo stable preparation agents [223]. Those
thermo stable preparations belong to the so-called product category carbonic acid polyester. Fa­
vorable results were obtained by synthetising of fat alcohols (or fat alcohol ethoxylates) linked with
polyethylene glycols by the means of ester functions. Carbonate bridges further linked together
small molecules of these products, and made them easier biodegradable [128].

When pretreating woven fabric, the extraction of sizing agents is achieved thanks to the actions of:

• surfactants (non-ionic or mixtures of non-ionic and anionic) which act as wetting and
emulsifying agents and promote the solubilisation of the size;

• complexing agents (e.g. phosphonates) used since there is a risk of precipitation of the
sizing agent components;

• alkali (caustic soda or sodium carbonate) chosen according to the sizing agent employed
(and thus according to the fibre type).

Another impurity which must be removed before colouring is the so-called brandmark-colouring of
the different fibre qualities. These dyestuffs are added to coning oils or size to tell the different fi­
bres apart. Despite the fact that these dyestuffs are chosen so that they have no affinity to the fi­
bre, these colorants may be removed by oxidative or reductive bleaching subsequent to washing
[17].
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4.6.1 Pretreatment of half-synthetic fibres (regenerative cellulose, cellulose ester)

Viscose is commonly treated with alkali. Subsequent bleaching with hydrogen peroxide is carried
out occasionally; therefore, the applied quantities of chemicals are lower then for cotton since vis­
cose does not contain natural by-products to be removed. In the case of knit fabric, the dosage of
caustic soda and hydrogen peroxide for bleaching is reduced to 40 - 70%. [2].

Alkaline treatment of viscose and cupro

Some viscose and cupro yarns are, in addition to washing and desizing treatments, also treated
with an alkali solution of sodium and/or potassium (see further section dealing with pretreatment of
natural fibres of vegetable origin for more details about washing and desizing treatments).

The treatment with an alkaline solution improves the handle and uniformity of the fabric. Thanks to
alkaline treatments, some size - especially linseed oils- are more easily removed from fabrics.
During the alkaline process, the fabric is treated in open-width form without any tension in a similar
manner as during the desizing or boiling-off processes [17].

Typical recipe for treatment of viscose are compiled in the following tables, taken from [2].

Chemical [g Telquel/kg textile Explanations

substrate)

NaOH (100 %) 40-60 Normally strength of applied caustic soda lye is 6°Be

Surfactant 3-20

Water consumption n.d.

[l/kg textile substrate]

Table 4-34: Standard recipe for alkali treatment of woven fabric consisting of vis­
cose

Chemical [g Telquel/kg textile Explanations

substrate)

NaOH (100 %) ca. 30 In case the scouring process is applied as single stage

Surfactant 3 - 20

Water consumption ca. 10

[l/kg textile substrate]

Table 4-35: Standard recipe for scouring of woven fabric consisting of viscose

Fabrics made of acetate may only be treated with alkaline under very mild conditions to avoid
saponification.

Crepping is a process to make crepe fabrics such as crepe de chine, crepon, Georgette, etc. The
fabric must be waved through with highly twined thread in the warp and/or the weft. When this fab­
ric is then wet treated, these threads shrink and causes a very interesting pattern. To obtain a uni-
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form and special pattern, a so-called crepe calendar may be applied to the fabric prior to wet
treatment.

Saponification of woven fabric made of acetate [17]

Prior to dispersion dyes coming on the market, saponification was necessary as it was difficult to
colour acetate fibres. Nowadays, saponification is only applied to acetate/cotton blends or regen­
erated cellulosic fibres that must be printed (as white and coloured etching on acetate is difficult).

The principle of saponification is a uniform film of regenerated cellulose which covers the surface
of the acetylcellulosic core. This regenerated cellulose film is then easy to colour with substantive
dyes.

Saponificated acetate fibres become insoluble in Acetone. In contrast, the saponification treatment
will not cause a matting of the fibres.

S-Finishing or saponification of triacetate [17]

The aims of the saponification treatment of triacetate with a strong and hot sodium hydrogen solu­
tion (S-Process) are different from other saponification treatments. This kind of saponification will:

• improve the colour fastness;

• soften the handle;
• reduce the affinity to electrostatic charge;

• improve the soil-release;

• emphasise the application possibility of synthetic resin finishing.

A disadvantage of the treatment is the impaired drafting of dispersion dyes. That is why the S­
process takes place after dyeing if marine blue or black colours are wanted.

4.6.2 Pretreatment of synthetics

Synthetic fabrics will primarily be treated by thermal processes, even though washing, rinsing and
relaxation steps playa part in their treatment.

Woven fabric and knit fabric consisting of synthetic fibres are washed in order to remove sizing
agents and preparation agents which are normally water-soluble. Scouring is not carried out. The
application of bleaching polyester and polyacrylnitrile with chlorite is no more common [2].

Washing of floc, top and yarn

The pre-washing treatment is usually integrated into the bleaching and/or dyeing processes. The
conditioning agents, such as spinning additives, etc are preferably washed out using non-ionic
detergents, as well as dispersing and emulsifying agents.
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Washing of woven fabric

In addition to spinning additives and preparation agents, the fabric must also be relieved from size.
In the majority of cases, these sizes are water soluble polymeric size such as acrylate, vinylace­
tate, polystyrol, etc. Protein and gelatine based size are becoming very rare.

Starch and cellulose size are only used for synthetic/cellulosic blends. The desizing treatment is
then simplified. The use of fully hydrolysed polyvinylalkohol size makes an alkaline peroxide bath
necessary.

Some emulsifying agents of spinning preparation may precipitate in hot water. To avoid this, the
fabric should be rinsed with temperate water, first.

Synthetic size can also be removed by a "displacement" treatment: the fabric is first impregnated
with water, squeezed, put on on docks and rinsed with perchloroethene.

As the fabric is woven without size, the pre-washing takes place during the dyeing or bleaching
phase by rinsing with a non-ionic detergent bath.

A typical recipe is compiled in the following table, taken from [2].

Chemical [g Telquel/kg textile Explanations
substrate)

Alkali 0-2 For pH-adjustment depending on the kind of sizing agents;

normally NaOH, soda or ammonia hydroxide are used. seldom

sodium phosphate

Complexing agents 0.5-15

Surfactant 0.5-30

Water consumption 4-8 In case of micro fibres up to 60 I/kg

[l/kg textile substrate]

Table 4-36: Standard recipe for washing of woven fabric consisting ofsynthetic fi­
bres (continuous and discontinuous processes)

Washing of knitted fabric

The preparation agents are applied in higher concentration in knitted fabric than on waved fabric.
These preparation agents must be carefully removed from knitted fabric to avoid problems during
subsequent direct dyeing or bleaching operations. Special care is needed as PES fibres must be
dyed with dispersion dyes.

Cationic preparation agents are removed by treatment with hot formic acid solution.

A standard recipe is compiled in the following table, taken from [2].
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Chemical [g Telquel/kg textile Explanations
substrate]

Complexing agents 0-10 Polyacrylates are predominantly applied, more seldom

polyphosphates

Surfactant 2-20

Water consumption n.d.

[l/kg textile substrate]

Table 4-37: Standard recipe for alkali treatment of knit fabric consisting ofsynthetic
fibres (continuous and discontinuous processes)

Solvent washing with perchloroethene is sometimes used to treat piece fabrics. The perchloroeth­
ene remains on PES fabric at temperatures higher then 70°C and acts as a carrier during subse­
quent dyeing processes.

Fixing of synthetic yarns and fabrics

The spinning process provokes important intra molecular tensions in yarns and fabrics. Stabilising,
presetting, warping, or thermo-fixing are the most important treatment steps to remove these ten­
sions. Further advantages of such fixing treatments are:

• stabilisation of the material to avoid shrinking during subsequent treatment or use;

• minimising the felting tendency of synthetic fabric.

The most important process is the heat-setting method. The first step of the treatment is a warming
up, followed by a cooling step where relaxation occurs. The details of operation such as tempera­
ture and duration depend to a large extent on the type of fibre used.

The thermo-fixing treatment can take place before or after washing/desizing. Some preparation
agents are not thermo stable and would be burned into the material [223].

The fixing treatment can take place before or after dyeing. It is even possible to fix woven fabric
while simultaneously doing a dye fixing treatment (thermosol process). Conditions are then chosen
in order that the fabric is in the open-width form during the overall finishing processes.

The fixing of synthetic blends is only advisable if the synthetic percentage in the fabric is high; oth­
erwise, the different types of fibres are fixed independently from each other, respective to their own
properties [17].

Bleaching / optical brightening

Although synthetic fibres do not contain coloured by-products as natural fibres do, bleaching is
necessary when perfectly white materials are desired. However, in practice, bleaching is also ap­
plied before colouring dark fabrics (especially when brilliant colours are required) [378]. Optical
brighteners are often added to synthetic materials during fibre manufacturing [17].

The choice of bleaching chemicals to use strongly depends on the type of fibre. The following table
summarises the possible bleaching processes of synthetic materials (mostly woven and knit fab­
ric), and was taken from [17].
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Bleaching agents

Fibre Na,S,O, Methanesufinic NaOCI NaCIO, H,o, Peroxyacetic
acid acid

Regenerated cel- - - ++ ++ - -
lulose and cellu-
lose acetate

Polyester - - - ++ - 0

Polyamide ++ ++ 0 - O· -
Quiana (PA) 0 0 0 O· -
Polyacrylics. 0 0 0 ++ 0 0
Modacrylics

Polypropylene 0 0 0 ++ 0 0

Polyvinylchloride 0 0 0 ++ 0 0

Polyvinylalcohol 0 0 ++ ++ 0 0

Elasthan/spandex ++ ++ 0 0 ++ 0

Table 4-38: Bleaching processes of synthetic fibres

Standard recipes are taken from [2] and are compiled in the following tables.

Chemical [g Telquel/kg textile Explanations
substrate)

Sodium dithionite 10-30

containing formulation

Optical brightener 5-15

Surfactant 1-2

Water consumption n.d.

[l/kg textile substrate]

Table 4-39: Standard recipe for reductive bleaching and optical brightening ofpoly­
amide
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Chemical [g Telquellkg Explanations
textile substrate]

NaCIOz (100 %j 5-15

Formic acid pH 2.5 - 3.5 Contains in addition buffer salts and stabilisers

or oxalic acid pH 2.5 n.d.

Corrosion inhibitor 10-.20

Water consumption

[lIkg textile substrate] n.d.

Table 4-40: Standard recipe for bleaching ofPolyester and Polyamide with sodium
chlorite

Moreover, due to the sensitivity of all polyurethanes to light, elastane fibres contain oxydation pro­
tecting agents which have been introduced indirectly (via initial products in synthesis) or by direct
addition to the spinning dope. Derivatives of the so-called sterically hindered phenols, e.g. the well­
known Butylated Hydroxytoluene BHT, are frequently used for this purpose. These problematic
compounds are, either, capable of migrating, or react with air to form yellow nitrophenates. De­
pending on pH, the self-colour of these nitrophenates is reversible which has increasingly led to
serious quality problems (especially for microfibres). Succes in counteracting the risk of yellowing
has been achieved in finishing through the specific application of so-called free-radical scavengers,
e.g. compounds based on N-methyl-2-pyrrolidone, as well as by adjusting the pH values to 4.5
[223).

Alkalising of Polyester

Nowadays synthetic fabrics meet the requirement of natural or similar natural material such as
easy-care and handle. Polyester especially is a material that best fulfils the needs. Some additional
treatments make it possible to give polyester

• a handle like silk;

• gentle felting properties.

There are two methods to obtain these properties [17):

• the use of so-called microfibres, fibres of ultra fine polyester fibres;

• the alkalising of polyester or treatment with an alkali hydroxide solution at high tempera­
ture.

Alkaline hydrolysis treatment is in fact a controlled degradation of the polyester in order to reduce
the weight of the material. With the relative surface of the fibre raised, the material was given a
typical silk-like finish. This treatment produces very problematic sewage water due to the high con­
centration of sodium hydrogen and terephtalate produced.

The chemical hydrolysis reaction conditions may be optimised by using special catalysts or alkali
stable wetting agents.
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Enzyme-assisted pre-treatment

At least two hot rinses are necessary in order to completely and effectively remove any residual
peroxide after peroxide bleaching of cotton substrates containing elastanes in batchwise process­
ing. Yet, the use of so-called catalase enzymes during the rinsing stage now makes it possible to
dispense with a double or multiple afterwash following the bleaching process. Valuable resources
such as machine running time, water and energy can thus be saved. Moreover, the process
changeover is accompanied by an improvement in quality since subsequent dyeing stage is more
reliable and the elastane component is subjected to less thermal-mechanical stress. Despite a
certain increase in costs for enzyme preparation, a long-term evaluation revealed that the new
process has led to an overall cost-saving of 6 to 8% compared to conventional process. At the
same time, a significant decrease in environmental pollution is a welcome bonus of the new proc­
ess [223).
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4.7 Pretreatment agents and auxiliaries

4.7.1 Bleaching agents and auxiliaries

Bleaching agents and auxiliaries are additives for the optimisation of more even bleaching and
whitening effects. Depending on the chemism of the bleaching processes, these products are sta­
bilising or activating agents - such as e.g. silicates, polycarboxilic acid and alkyl sulphates.
Bleaching auxiliaries can furthermore be applied to mask heavy metals (e.g. products on a trietha­
nolamine basis), cause anti-corrosion effects (e.g. by means of nitrates), result in effects for the
prevention of slipping and crease (e.g. by means of polyacylamides), reduce chlorine dioxide for­
mation and increase wetting and cleaning properties (282).

The following table summarises the main application conditions for each of the commonly used
bleaching agents. Characteristics as well as the auxiliary agents needed for bleaching with a spe­
cific bleaching chemical are also specified [17, 266, 2).
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4.7.2 Surfactants

The term surfactant is derived from the description surface active detergent. A surface active
chemical is one which tends to accumulate on a surface or interface. Surfactants therefore provide
remarkable benefits in many wet textile processes. The chemical process which takes place on the
solid/liquid surface between textile fibres and water often determines the success or failure of the
process.

Examples of important events in textile chemical processes involving interaction of surfaces in­
clude wetting, dispersing, emulsification, chemical or dye absorption, adhesion, vaporization, sub­
limation, melting, heat transfer, catalysis, as well as foaming and defoaming. Specific functions of
surface active agents include removing soil (scouring), wetting, softening, retarding dyeing rate,
fixing dyes, making emulsions, stabilizing dispersions, coagulating suspended solids, making
foams, preventing foam formation and defoaming liquids. Surfactants can be the essential active
substance in a textile auxiliary or can be used as additives in the formulation of auxiliaries, dyes,
printing pastes, and coating pastes (e.g. dispersing agents in dyestuffs, emulsifiers in preparation
agents, etc.)

A detailed description of surfactants is now given in order to avoid repetition in other parts of this
book [271; 2].

Chemically, surfactants are amphipathic molecules. That is, they have two distinctly different char­
acteristics, polar and non-polar, in different parts of the same molecule. Therefore, a surfactant
molecule has both hydrophilic (water-loving) and hydrophobic (water-hating) characteristics. Sym­
bolically, a surfactant is represented as having a polar "head" and a non-polar "tail".

Surfactants are classified according to the nature of the hydrophilic group:

• anionic: hydrophilic head is negatively charged;

• cationic: hydrophilic head is positively charged;

• non-ionic: hydrophilic head is polar but not fully charged;

• amphoteric: molecule has potential for both positive and negative groups, the charge de-
pends on the pH of the medium used.

Moreover, a distinction according to the nature of the hydrophobic group is made when this hydro­
phobic group contain heteroatoms (Le. bolc copolymers of propylene oxide and ethylene oxide,
silicone-based groups, fluorinated hydrocarbons).

Different classes of surfactants, their characteristics, and their use in textile processing are de­
scribed in the following. For each surfactant class, a table summarises the discussion.

Anionic surfactants

Anionic surfactants have several advantages:

• good oil emulsifiers and dye dispersants;

• excellent wetting agents;

• not expensive;
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• generate high levels of foam. Sulphate surfactants can be sensitive to calcium and mag­
nesium.

Anionic surfactants types: Examples of compounds used in textile industry [271, 283, 203)

Carboxylates: Fatty acids (most common):

Soaps i.e. alkali metal salts of Stearic acid C17H35COOH sat.
fatty acids Palmitic acid C16H33COOH sat.

Lauric acid C l1H21COOH sat.

Oleic acid C17H33COOH unsat. C9-C10

Alkali metal: sodium, potassium, ammonium

Fatty acid condensation products C9-C13-alcohol polyethylene glycol carboxylic acids

C12-C14-alcohol polyethylene glycol ether carboxylic acids

C13-alcohol polyethylene glycol ether carboxylic acid

Suiphonates:

Alkylsulphonates

Alkylbenzene suiphonates n-C1O-C13-alkylbenzene sulphonate, Na salts

Lignin suiphonates

Naphtalene suiphonates

Petroleum suiphonates castor oil sulphonate, Na salt

Sulphosuccinates Di-2-ethylhexyl sulphosuccinate, Na salt

Sulphates: Sodium, diethanolamine, triethanolamine or ammonium salts of sulphated fatty
acids or amines:

Alcohol ethoxysulphates C12-C14-alcohol ether sulphate, salt

Alkanolamides sulphates

Sulphated vegetable oils Lauryl sulphate, sodium salt

Alkyl ether phosphates 2-Ethylhexyl polyethylene glycol ether (3 EO) partial ester of phosphoric acid, Na
salt

C12 and C13 -alcohol partial ester of phosphoric acid

C13-alcohol polyethylene glycol ether (3, 6 or 20 EO) partial ester of phosphoric
acid

C12-C18-alcohol polyethylene glycol ether (5 EO) partial ester of phosphoric

acid

Tallow fatty alcohol polyethylene glycol ether (6 or 11 EO) partial ester of phos-
phoric acid

Oleyl alcohol polyethylene glycol ether (7 EO) partial ester of phosphoric acid

C20-C22-alcohol polyethylene glycol ether (12 EO) partial ester of phosphoric
acid

Nonylphenol polyethylene glycol ether (6,7,9 or 20 EO) partial ester of phos-
phoric acid

Anionic derivatives of polyoxyethylenated stearylamine prepared by reaction of

maleic anhydride with polyoxyethylenated stearylamine

Table 4-42: Anionic surfactants
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Soap is effective as a cleaning agent only in an alkaline aqueous medium. Thus, the most com­
monly used are the linear, more biodegradable of the suiphonates or sulphates. The sensitivity to
water hardness is a disadvantage for some applications (e.g., textile washing). In contrast, the so­
called super soaps, the sodium salts of carboxymethylated ethoxylates (also called carboxymeth­
ylated ethoxylate or polyether carboxilates) exhibit an extreme hardness resistance combined with
good water solubility. Since they have outstsnading dispersion and emulsification properties, they
are suitable for a wide range of uses, for example as industrial emulsifiers [384).

Sulphonates are nowadays the most important group among the synthetic surfactants. Besides
conventional suiphonates, lignin sulphonates and petroleum sulphonates are also industrially im­
portant. Being outstanding dispersants, lignin suiphonates are used to improve the viscosity of
concrete mixtures and drilling muds, while petroleum sulphonates are used mainly as oil-soluble
surfactants for producing water-in-oil emulsions [384).

Recalcitrant anionic surfactants are the common lignin sulphonates and condensation products of
naphthalene sulphonic acid with formaldehyde; which are widely used as dispersants for vat, sul­
phur and disperse dyes.

Sulphonated lignin is a very good dispersing agent for solids in water and is used in a textile appli­
cation mainly as a dispersing agent in speciality chemicals. The dark colours of these sulphonates
make their use unsuitable for many applications.

Alkylnaphtalenesulphonates, with molar ration so that n is between 2 and 3, are salts products with
outsanding dispersants for finely divided solids, and are thus used for example as pigment disper­
sants [384).

Alkanesulphonates below C8 are not surface active. C12-C18 sodium alkanesulphonates are
readily soluble in water. On account of their proportion of species with central sulphonate groups
("effective surfactants") the alkane sulphonates are good wetting agents. They are preferably used
in liquid formulations, but can also be incorporated in powders [384).

Since they have a long-chain hydrophobic residue and a terminal hydrophilic group, a-olefins are
efficient surfactants with high detergent power and good foaming ability in water. On account of
their good water solubility sulphonates obtained from 1-dodecene to 1-hexadecene are widely
used in liquid detergents and cleansing agents. Sulphonates obtained from a-hexadecene to a­
octadecene can be used in powder formulations. Sulphonates obtained from 13-branched a-olefins
are only slightly water-soluble, they are good wetting agents, but are less suitable for detergemnts
and cleansing agents. In industrial products they are used as a blend with linear a-olefin sulpho­
nates in a maximum proportion of 30% [384).

Further, the a-sulpho fatty acid esters based on coconut, palm kernel or tallow fatty acids have
good emulsifying properties. They are relatively insensitive to water hardness and their aqueous
solutions foam well and, thus, have good cleaning ability with respect to textiles. They are accord­
ingly used as components of soap bars and detergents, and are handled as sodium salts form of
40% pastes or slurries [384).

Esters of sulphosuccinic acid, such as dioctyl (2-ethylhexyl) sulphosuccinate (DOSS), are effective
fast-wetting surfactants. Yet, since they hydrolyse in hot acid or alkali and not emulsify, they are
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not used as scouring agents or under strong conditions. Their solubility in organic solvent makes
them useful in dry cleaning (203). The dialkyl sulphosuccinates with short-chain alkyl groups R
such as butyl, hexyl, or ethylhexyl are readily soluble in water and have outstanding wetting power
(fast wetters) and dispersing properties, and are therefore used in textile processing and dyeing.
They crystallise readily, like the sulphosuccinamates, and are therefore ideally suited as compo­
nents of dry cleaning agents. Table 4-45 gives some typical data of industrial products, which may
contain a few percent of a solvent (isopropanol) in order to render them clear (384).

Various fatty alcohols can react with chlorosulphonic acid or sulphur trioxide to produce their sul­
phuric acid esters. The properties of these surfactants, classified under sulphates, depend on the
alcohol chain length as well as the polar group and are often mixtures or blends comprised of sev­
eral alcohols of different lengths. These sulphates are more hydrophilic but less stable to hydroly­
sis than the suiphonates. Sodium Lauryl sulphate is an excellent foaming agent, unless unsul­
phated fatty alcohol is retained in the product [203]. More generally, other industrially important
sulphates are derived from dodecyl and tetradecyl alcohols (coconut oil and palm kernel alcohol).
These sulphates are water-soluble and resistant to water hardness, and form good detergents,
foaming agents, and emulsifiers. Their good dispersant properties are offset by apoor soil­
suspending power. The sodium salts of the sulphates of hexadecyl and octadecyl alcohols (tallow
fat alcohol) are fairly insoluble in water, especially in hard water; however, because the solubility
increases markedly with increasing temperature, these sulphates are very active at elevated tem­
perature (e.g., in textile processing). The fatty alkyl sulphates are generally commercially available
as 30% pastes; the linear, primary alkyl sulphates crystalise well and are therefore also handled as
powders (384).

Due to their insensitivity to water hardness, good foaming power, soil suspending power, and der­
matological compatibility, the fatty acid-derived salts of acyloxyethansulphonic and acylamino­
ethansulphonic acids are industrially fairly important (e.g. in the textile industry). They are prepared
by reacting the corresponding acid chlorides with sodium isethionate or N-methyltaurine (384).

Ether sulphates is the short name for salts of sulphuric acid hemi-esters of alkyl or alkylaryl oligo­
glycol ethers. The oligoglycol group of the ether sulphates results in better water solubility and
higher stability to water hardness. The most important surfactants of this group are the alkyl ether
sulphates derived from ethoxylates of dodecanol and tertradecanol (coconut and palm kernel fatty
alcohols) with a mean degree of ethoxylation of 2-4. Instead of natural alcohols, synthetic fatty al­
cohols are also used. These ether sulphates have achieved considerable importance due to their
good stability to hard water, dermatological compatibility, foaming and detergent power, their good
emulsifying and lime dispersing power, their rheological behaviour, and also account of synergestic
effects they exhibit in conjunction with some other anionic surfactants (sulphonates). Solutions of
ether sulphates are protected against autocatalytic decomposition by adding citrate, lactate, or
phosphate buffers. A well known property of ether sulphates is their ability to thicken, i.e. the in­
crease in viscosity on adding electrolytes (384).

Phosphate esters of fatty acids are also useful surfactants. However, since they are not resistant to
acid and hardness ions, and have relatively high cost, their use is limited to speciality products.
Their advantages as excellent emulsifiers under strong alkaline conditions make them effective for
scouring of oil and wax from textile materials (203). Generally the alkyl phosphates consist of mix­
tures of monoalkyl and dialkyl esters of phosphoric acid. Phosphoric partial esters with short-chain
alkyl groups (e.g. butyl phosphoric acids) are strong acids, which have corrosion-inhibiting and
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bactericidal action. They are readily soluble in hard water and act as wetting and dispersing
agents, and are therefore used in aCid-adjusted cleansing agents. The sodium salts of long-chain
alkyl phosphoric acids readily dissolve on water, have low sensitivity to water hardness, and are
resistant to saponification, especially in alkaline media. They are good wetting agents and emulsi­
fyers, the salts of monoalkyl phosphoric acids inhibit foam formation by other anionic or non-ionic
surfactants [384]. See for further information 6.5.1.

A novel series of anionic derivatives of polyoxyethylenated stearylamine have been recently devel­
oped which demonstrate low-foaming properties and good wetting properties. These derivatives
are most successfully used as levelling agents (so-called retarders) when dyeing cotton with direct
dyes [203].

Typical characteristics of some commercial surfactants are listed in the following tables, taken from
[384].

Carboxymethylated fatty alcohol ethoxylate (n=4), based on coconut oil alcohol

CAS no. [33939-64-9]

Active substance content, % 88-90 % (acid form), 21-23 % (Na salt)

Water content, % Approx. 10 % (acid form); 78% (Na salt)

Degree of carboxymethylation, % Approx.95%

Density, 20 C, g/mL 1.01 (acid form); 1.03 (Na salt)

Table 4-43: Typical characteristic data ofa commercial carboxymethylated fatty al­
cohol ethoxylate

Sodium a-olefinsulphonate, C141C16

CAS no. [68439-57-6]

Active substance content, wt% 37%

Of which disulphonate, wt% 4%

Sodium sulphate. % 1%

Sodium chloride trace

Unsulphonated substance, wt% 1.5

Table 4-44: Typical characteristic data ofan industrial sodium a-olefinsulphonate

Sodium diethylhexyl sulphosuccinate, anionic surfactant of the sulphosuccinate type

CAS no. [577-11-7]

Active substance content, wt% 68 -70%

Density, g/cm3 1.0

Table 4-45: Typical characteristic data ofan industrial sulphosuccinate
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Fatty alkyl sulphate (sodium salts) (C121C14 fatty alcohol)

CAS no. [97375-27-4]

Active substance content, wt% 30%

Na2S04, % max 1.0%

Nonsulphated portion, % max 0.5

Density, g/cm' 1.03

Table 4-46: Typical characteristic data ofan industrial fatty alkyl sulphate

Ether sulphates (sodium salts) of C12/C14 fatty alcohol; degree of ethoxylation 2

CAS no. [9004-82-4)

Active substance content, % 28%

NaCl, % max 0.3%

Na2S04, % max 1.0

Density, g/cm' 1.05

Table 4-47: Typical characteristic data ofan industrial ether sulphate

Dodecylbenzensulfonic acid, anionic surfactant of the alkylbenzenesulphonate type

Content of alkylbenzensulfonic acid. 97-98 %

Content of sulphuric acid Approx. 0.5 %

Content of water 0%

Content of unsulphonated compounds 1.5-2 %

9 Sodium salt/100 9 acid 103-105g

Colour Yellow to brown

Table 4-48: Typical characteristic data ofa high quality dodecylbenzenesulfonic acid

Cationic surfactants

Compared to anionic and non-anionic surfactants, use of cationic surfactants is low in the textile
production industry.

Cationic surfactants are important as corrosion inhibitors, fuel and lUbricating oil additives, germi­
cides and hair conditioners. Important applications for cationic surfactants in textiles include their
use as fabric softeners, fixatives for anionic dyes and dyeing rate retarders for cationic dyes.

Cationic surfactants are compatible with non-ionics and zwitterionics, but not with anionics.

Two common types of cationic surfactants are:

• long chain amines;

• quaternary amine salts.
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The most important cationic surfactants are the quaternary nitrogen compounds: tetraalkylammo­
nium salts, N,N-dialkylimidazolinium compounds and N-alkylpyridinium salts. Other cationic sur­
factants, e.g. the quaternary phosphonium salts or tertiary sulphonium salts are less important in­
dustrially, although they are useful as phase-transfer catalysts in synthesis [382].

Cationic surfactant types Examples of compounds used in textile industry [283, 383]

Alkylamine ethoxylates Lauryl amine polyethylene glycol ether (10 EO)

(alkylamine polyethylene glycol Coco amine polyethylene glycol ether (10 or 15 EO)
ethers) Tallow amine polyethylene glycol ether (15, 20, 45 or 50 EO)

Stearyl amine polyethylene glycol ether (25 EO)

Oleyl amine polyethylene glycol ether (6,9,20 or 25 EO)

Imidazolines 4,5-dihydro-1-methyl-2-nortallow alkyl-3-(2-tallow amidoethyl), Me sulphates
[86088-85-9]

Quaternary ammonium com- Cocoalkyltrimethylammonium methosulphate
pounds Cocoalkyltrimethylammonium chloride

Cocoalkylbenzyldimethylammonium chloride

Cocoalkyldihydroxyethylmethyl metosulphate

Quaternized cocoalkylamine polyethylene glycol ether

Table 4-49: Cationic surfactants

Typical data of some simple quaternary ammonium chlorides that are stored and transported in the
form of aqueous or aqueous-alcoholic solution in ·stainless steel or plastic drums are listed in the
following tables, taken from [383].

Stearytrimethylammonlum chloride

CAS no. [112-03-8]

Consistency Liquid

Active substance content, % 50-52 %

Content of free amine and hydrochloride, % 1%

Isopropanol content, % 30%

Density, g/mL 0.89

Stearylbenzyldimethylammonium chloride

CAS no. [122-19-0]

Consistency Liquid

Active substance content, % 50- 52 %

Content of free amine and hydrochloride, % 1%

Isopropanol content, % 0%

Density, g/mL 0.95
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Ditallowalkyldimethylammonium chloride

CAS no. [61789-80-8]

Consistency Liquid-solid

Active substance content, % 74-76 %

Content of free amine and hydrochloride, % 2%

Isopropanol content, % 16%

Density, g/mL 0.90

Ditallowacyloxyethyl hydroxyethylmethyl ammonium methyl sulphate ("ester quat")

CAS no. [93334-15-7] [91995-81-2]

Consistency Liquid-solid

Active substance content, % Approx. 90 %

Content of free amine and hydrochloride, %

Isopropanol content, % 10%

Density, g/mL 0.96

Table 4-50: Typical data of some quaternary ammonium chlorides

Long chain amine types are made from natural fats and oils or from synthetic amines. They are
soluble in strongly acidic medium but become uncharged and insoluble in water at pH greater than
7.

Quaternary amine type cationic surfactants are very often used as fabric softeners. They are appli­
cable in neutral, alkaline and acidic medium. These substances are water-soluble recalcitrant sub­
stances, with by far the highest toxicity of all classes of surfactants [2]. Examples are distearyldi­
methylammonium chloride (DSDMAC) or, more correctly, since the long alkyl residues are tallow
fat alkyl residues, ditallow alkyl dimethyl ammonium chloride (DTDMAC), which for a long time
were the most important component in fabric softeners. They were recently been replaced by less
toxic ammonium compounds, which contain ester group as cleavage sites which leads to rapid
breakdown of the compounds in water. These are the so-called esterquats obtained from fatty
acid, triethanolamine or N-methyldiethanolamine, and dimethyl sulphate [383].

Condensation of fatty acids with ethylenediamine or substituted ethylenediamine yields substituted
imidazolines. Such surfactants have properties similar to those of acylic quaternary ammonium
salts; they are dermatological extremely compatible, are antiseptic, and are used as wetting
agents, dispersants and cleaning agents, including body care products. Another important fabric
softener is the imidazoline derivative [86088-85-9] [383].

Cationic surfactants have a natural affinity to the often negatively charged surface of textile fibres.
They then form a film on the surface of the fibre. This property is used when applying cationic sur­
factants as conditioning agents or as antistatic finishing agents [239].
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Non-ionic surfactants

Non-ionic surfactants are widely used in the textile industry. They are important as wash­
ing/dispersing agents, levelling agents, etc.

Among the diverse types of non-ionic surfactants, the most important substances used in textile
processing are summarized in Table 4-51.

The large variability of the hydrophobic group as well as the option to achieve any desired degree
of ethoxylation, make the ethoxylates an extremely versatile class of surfactants. Irrespective of
the degree of ethoxylation, ethoxylates with identical hydrophobic groups have the same CAS
numbers.

By substituting the hydrogen atom of the terminal hydroxyl group of an ethoxylate by hydrophobic
residues such as benzyl, butyl, or methyl groups, terminally blocked ethoxylates are obtained that
are more chemically resistant, especially in alkyline media. Since blocked ethoxylates also less
foam in aqueous solution, they have a certain value in (alkaline) cleaning processes involving
strong mechanical action.

Polyhydroxy compounds such as glycerol, diglycerol, polyglycerol, erythritol, pentaerythritol, su­
crose, and other glucosides that are partially esterified with fatty acids have surface-active proper­
ties. Fatty acid esters of glycerol are insoluble in water, and when they contain alkali metal salts of
fatty acids, they are self-emulsifying. The fatty acids that are used are predominantely from the
tallow fat range (palmitic and stearic acids). Fatty acid esters of sorbitol are non-toxic, do not irri­
tate the skin, and are fully biodegradable. Sucrose is moreover a plentifully available natural raw
material. However, these surfacatants have not gained wide industrial acceptance due to a certain
instability of the sucrose glycoside bond, and expensive industrial synthesis. Dimethylformamide or
dimethyl sulfoxide must be use as solvent during synthesis, and completely removed after. Alkyl
Polyglycosides (APG) are strictly speaking alkyl oligoglucosides, though the incorrect terminology
has persist. Alkyl polyglycosides are waxy, soft to glassy-solid, and colored yellow due to impuri­
ties. As APG are non toxic, only slightly irritating to the skin, and biodegrade rapidly, they have
recently attracted increased attention. They are moderate foaming agents and outstanding emulsi­
fiers. They are suitable for washing textiles and hard surfaces, particulary in combination with other
anionic and non-ionic surfactants, with wich they give synergistic effects [383]. However, they ten­
dency to foam as high mechanical action is apply (i.e. in most textile process) have restrain their
use in these application field.

Surfactant amine oxides such as lauryldimethylamine oxide are insensitive to water hardness.
They are mainly used as constitutents of dishwasher detergents, shampoos and soaps, due to
mildness to skin and satisfactory foaming ability. Amine oxides in neutral aqueous solution should
be regarded as non-ionic surfactants. They are protonated in acid solution and thus represent the
transition to cationic surfactants [383].



Non-ionic surfactant types Examples of compounds used in textile industry [283J

Fatty alcohol ethoxylates:

Linear alcohol ethoxylates C10-alcohol polyethylene glycol ether (3 EO)

C12-alcohol polyethylene glycol ether (4 EO)

C12-C14-alcohol polyethylene glycol ether (4,5,6,7,9,11,12 or 30)

C12-C15-alcohol polyethylene glycol ether (3 EO)

C12-C16-alcohol polyethylene glycol ether (7 EO)

C12-C18- alcohol polyethylene glycol ether (8 EO)

C16-C18- alcohol polyethylene glycol ether (5,6,11,18,20,25 EO)

Oleyl alcohol polyethylene glycol ether

C12-C15-alcohol polyethylene glycol ethers (20 EO)

C13-alcohol polyethylene glycol ethers

Branched alcohol ethoxylates C13-alcohol polyethylene glycol ethers (3.4,5,6,7,8,9,10 or 12 EO)

C12-C14-alcohol polyethylene glycol ether (5 or 8 EO), tert.-butyl

blocked

Terminally blocked linear alcohol eth-

oxylates

Fatty amines ethoxylates

Fatty acids ethoxylates

Triglycerides ethoxylates

Alkylphenol ethoxylates Nonylphenol polyethylene glycol ethers (7 to 100 EO)

Octylphenol polyethylene glycol ethers (3,10.40 EO)

Ethylene OXide/propylene oxide adducts C10-C12-alcohol polyalkylene glycol ethers

C10-alcohol polyalkylene glycol ethes

C11-alcohol polyalkylene glycol ether

C12-C14- alcohol polyalkylene glycol ether

C18- alcohol polyalkylene glycol ether

Alkyl polyglucosides C8-C1O-fatty alkyl polyglucoside

C12-C14-fatty alkyl polyglycoside
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Table 4-51: Nonionic surfactants

Fatty alcohols ethoxylates adjusted by means of the degree of ethoxylation are used among others
as emulsifiers in textile industry. Fatty acid polyglycol esters have numerous uses as emulsifiers in
textile treatment. The same is also true of fatty acid alkanolamides and their ethoxylates. Fatty
amine ethoxylates are used as finishing agents and antistatics in textile treatment and leather
processing [383).

Among all the non-ionic surfactants, the most common are the polyoxyethylenated alkylphenols
and the polyoxyethylenated linear:

x: usually 1-40

Ethoxylated p-octylphenol
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The hydrocarbon group is the hydrophobic part of the surfactant while the chain of ethylene oxide
groupings is the hydrophilic part of the molecule.

The main properties (and advantages) of non-ionic surfactants are:

• compatibility with other types of surfactants;

• low-foaming tendency;

• good dispersing properties;
• effective soil remover from hydrophobic fibres (better than sulphonated surfactants);

• inferior soil remover from cotton fibres (worse than anionic sUrfactants);

• precipitation in solution at elevated temperature (so-called typical "cloud point" of the sur­
factant);

• tailoring possibilities for particular uses by controlling the relative amounts of hydrophobic
and hydrophilic character ( expressed in the HLB -i.e. the hydrophile-lipophile balance - of
the surfactant.

The property to precipitate at elevated temperatures may be a disadvantage. On the other hand,
the activity of the surfactant may be deliberately destroyed by elevating the temperature if desired.

In many cases, mixed surfactant systems are produced to obtain better emulsification.

However, the content of active substance of an ethoxylated surfactant is generally given as 100%,
despite the fact that ethoxylates contain amounts of polydiols (as by-product of synthesis) that in­
crease with increasing degree of ethoxylation. An industrial lauryl alcohol ethoxylate containing 5
mol of EO/mol contains, e.g. ,approx. 0.5%, an ethoxylate with 15 mol EO/mol contains 1.0%, and
one with 30 mol EO/mol contains 3.0 % of polydiol [383].

A specific environmental case is shown in the use of nonylphenol ethoxylates (see also 7.1.2 C.
Substitution of chemicals). Nonylphenol ethoxylates are used in several processes of textile
manufacturing, including scouring, fibre lubrication and dye levelling. The main use is in wool
scouring where the natural oils are removed from the wool. Nonylphenol ethoxylates are used be­
cause of their detergent and fibre lubricating (conditioning) properties and because they are not
adsorbed into the wool (unlike anionic surfactants). As nonylphenol might be released into the en­
vironment due to the breakdown of nonylphenol ethoxylates, there is a need for limiting the risks in
all applications. The amount of nonylphenol ethoxylate used within the textile processing industry
in the EU is reportedly at 8.000 tonnes for 1997. Industry estimates that approximately 40% of this
amount is exported outside of the EU. Industry also estimates that there are approximately 1.000­
2.000 textile processing sites within the EU. In Europe, a voluntary ban on the use of nonylphenol
ethoxylates in domestic detergents has been agreed to by all the major manufactures of deter­
gents. However, the phase-out of nonylphenol ethoxylates as cleaning agents for industrial uses
varies between different countries. In Switzerland their use has been banned. In the Netherlands
their use is reported as terminated. In Belgium, use has greatly decreased and a screening study
of the use and discharge in all sectors in Belgium is due to begin. In Sweden, uses of nonylphenol
ethoxylates in cleaning agents were reduced by 70-80% during the period 1990-1995. This reduc­
tion is a result of both administrative actions and voluntary actions from the industry. In Germany,
manufactures and processors of nonylphenol ethoxylates agreed to look into possible substitution
of nonylphenol ethoxylates in industrial uses (wetting agents and detergents in the textile industry
discussed by January 1989; use in leather and fur, paper, textiles and industrial cleaners by Janu-
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ary 1992). Based on these voluntary commitments, the use of alkylphenol ethoxylates 'in deter­
gents and cleaning agents was reduced by about 85% from 1986 to 1997. In Finland, PARCOM
Recommendation 92/8 had not yet been implemented in 1997. In the UK there is no specific legis­
lation aimed at nonylphenol or nonylphenol ethoxylates. However, they are covered indirectly by
legislation such as integrated pollution control (IPC). In 1996/97, the British Association for Clean­
ing Specialities (BACS) and the Soap and Detergent Industry Association (SOIA) reached a vol­
untary agreement to remove all alkylphenol ethoxylates from industrial and institutional detergent
in 1998. This agreement does not cover solvent degreasers (329).

Amphoteric surfactants

Amphoteric surfactants, also called zwitterionic surfactants, are not widely used in the textile in­
dustry. Their main characteristics are:

• use in combination with either cationic and anionic surfactants;
• soluble and effective in the presence of high concentration of electrolytes, acids and alka­

lies;

• expensive;
• use required only in specialised situations where a wide range of compatibilities are

needed.

The common types of amphoteric surfactants are either betaine or ampholyte ones (Table 4-52):

• quaternary ammonium compound derivatives (very rarely applied, as others have lower
toxicity);

• betaine derivatives;

• imidazolines derivatives;
• modified fatty amino ethylates (very good emulsifying and dissolving capacity for removing

oligomers in the reductive cleaning of polyester fibres).

Amphoteric surfactant types Examples of compounds used in textile industry
[283)

quaternary ammonium compound derivatives

Betaine derivatives Lauric acid amidopropylbetaine

imidazolines derivatives

Modified fatty amino ethylates Coconut fatty acid amidopropylbetaine

Table 4-52: AmphoMricsurlacmn~

Nowadays only true betaines are of economic importance, especially acid amide betaines and the
betaines derived from imidazolines. Betaines are insensitive to water hardness and pH value of
industrial water, are only slightly toxic, are compatible with the skin and mucous membranes, and
have antimicrobial properties. They have good washing and foaming performance and are highly
compatible with other classes of surfactants, and are therefore ideally suited for use in bodycare
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products. Lecithin or phosphatidylcholine, a naturally occurring phospholipids also belong to the
class of betaines [383].

Surfactants with heteroatoms in the hydrophobic group

Among these three main groups can be distinguished:

1. block copolymers of propylene oxide and ethylene oxide;

2. silicone-based surfactants;

3. fluoro surfactants.

The incorporation of propoxy groups in a surfactant increases its hydrophobicity. A wide range of
block copolymers can be synthesized by ethoxylation reaction of suitable starter molecules such
as methanol, ethanol, propanol, higher alcohols, diols such as butanadiol and triols such as glyc­
erol, or propylene glycol and ethylendiamine, to form block copolymers of propylene oxide and
ethylene oxide. The outstanding property of these surfactants is the lack of foaming ability of their
aqueous solutions, they also suppress the foam of strongly foaming solutions. The block copoly­
mers are therefore preferably used as wetting and cleaning agents in processes involving high
mechanical stress and in high speed cleaning machines. They are also used as demulsufiers and
dispersants. However, their unsatisfactory biodegradability prevents their widespread use [383].
For more details on defoamers, consult section 6.5.1.

Silicone-based surfactants are mainly derived from methylsilicones (see also Table 6-7). They
lower the surface tension of water to a greater degree than hydrocarbon-based surfactants, and in
this respect are inferior only to fluorosurfactants. Selective synthesis of basic structured sub­
stances results for example in non-ionic surfactants of the ethoxylate type, or carrying further addi­
tional functional groups. Thus, the choice of the siloxane building blocks, selective hydrolysis, and
dequilibration enables a wide variety of silicone surfactants to be synthetised. The polysiloxane
residues of most silicone surfactants have a polymeric character, in contrast to the previously dis­
cussed hydrocarbon-based surfactants. Polar and non-polar groups alternate in the polymer chain,
similar to the polypropylene glycol derivatives or the polypeptides. Thus, polydimethylsiloxane
residue forms relatively strong film I.e. layer on the water surface. Polysiloxanes modified with
polyethers are therefore important as integrated constituents of polyurethane foams, in which they
act as foam stabilisers. The stability of the films of silicone surfactants in aqueous foams makes
them useful as additives to aqueous fire-extinguishing agents. Although silicone surfactants form
stable foams, they are stable to destroy foams of hydrocarbon-based surfactants, which they dis­
place from the surface because of their higher surface activity. Silicone-based surfactants are used
in a wide range of special applications, for example in the production of fibres and textiles, as wet­
ting agents, dispersants, as defoaming agents, emulsifiers, demulsifiers and water repellents ( see
also 6.4.6) [382].

Fluoro surfactants used nowadays can be regarded as analogues of surfactants containing ali­
phatic hydrocarbon groups, in which the hydrogen atoms have been wholly or partly replaced by
fluorine atoms. Yet, the fluorinated hydrocarbons are extremely hydrophobic, even compounds
with short carbon chains such as perfluorobutyric acid and its salts already show considerable
surface-active ability. Moreover, f1uoro surfactants have extremely low surface tensions (I.e. S 20
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mN/m), and are already active at very low concentrations, wich for some extent compensate their
high costs. According to their high chemical and thermal stability and their ability to diffuse rapidly
in aqueous solution, the f1uoro surfactants are used for special applications or in high-speed in­
dustrial processes. Fluoro surfactants are used as wetting, emulsifying and flow-control agents, as
absorption agents for imparting water-repellent and soil-repellent properties to textiles, leather and
paper (see 6.4.6), and as additives in fire-extinguishing agents (see 6.4.8).

4.7.3 Other pretreatment agents

Fibre protecting agents in pre-treatment are used in all pre-treatment steps to reduce affection of
the fibre during processing. They are made of protein fatty acid condensates and guanidine de­
rivatives [273)

Kierboiling auxiliaries (or scouring auxiliaries) are used to remove fibre by-products like wax, fats,
pectines, inorganics, etc. from cellulosic materials. They are made -of strong alkali, and strong al­
kali-resistant and electrolyte-resistant surfactants (fatty acid ethoxylates, alkane suiphonates,
complexing agents). More details on their composition can be found in section 4.3.

Mercerising and causticizing auxiliaries are made of strong alkali (sodium hydroxide, ammonia),
wetting agents stable in highly concentrated Iyes (low molecular weigth alkyl sulphates, alkane
sulphonates), antifoaming agents as shorter-chain alkyl phosphates and complexing agents. More
details on their composition are given in the corresponding sections.

Carbonising auxiliaries and assistants are used to remove vegetable impurities with acid or acid
salts. They are made of strong sulphuric acid and acid-stable wetting agents (alkyl arylsulphates,
alkane sulphates, fatty alcohol ethoxylates). More details on their composition are given in the cor­
responding sections.

Sizing agents and sizing additives are used to protect warp yarns during weaving and are usually
applied in weaving mills. As they are washed-out during subsequent processes, they can be found
in waste water. Details about their composition are given in section 4.3.1, desizing of cellulosic
materials.

Desizing agents and auxiliaries are used to remove sizing agents from textile materials, their com­
position depends on the kind of desizing treatment applied and were described in detail in corre­
sponding section.

Wetting or hydrophilizing agents are auxiliaries for multipurpose use. They are mainly made of
surfactants (see section 4.7.2) like alkyl sulphates, alkane sulphonates, alkyl ether sulphates, alkyl
aryl sulphonates, alkyl ester of sulphosuccinic acids, ethoxylation products, phosphoric acid esters
[273).

Antifoaming agents are multipurpose auxiliaries and were discussed in more details in section
6.5.1.



5 Colouring

5.1 Introduction

Colouring is a method in which colour -by the way of a colorant- is added to a textile material.

A colorant is a chemical substance in which the molecule contains a chromophoric group (conju­
gated system) capable of interacting with light, thus giving the impression of colour.

This physical nature of colour and our perception of colour lead to a classification of the colouring
technologies based on [17]:

• uniform light reflection of a surface due to uniform colouring such as dyeing and bleach­

ing;

• composition of many different coloured light reflections and local coloured patterns due to

spinning or waving of different types of fibres, or due to printing.

The main technologies for colouring are therefore (figure 5-1):

• bleaching;

• dyeing;

• printing.

Bleaching is more commonly used as a pretreatment method and was described in the appropriate

sections (see 4.3.3, 4.4.7, 4.5.5 and 4.7.1).
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Figure 5-1: Survey of textile colouring treatments

Historically, uniform colouring and coloured patterns were obtained by dyeing or printing, respec­
tively. The strict separation of dyeing and printing technologies is no longer correct, as new tech­
nologies, such as infusion and spray techniques, erase the differences between them. A pattern
may be generated without the typical tool for the printing technologies, such as screens and rollers.
Likewise, the dyeing process can be performed in such a way so that some parts of a fabric are
treated with a reservation agent, a classic printing auxiliary. Also possible nowadays is the ability to
integrate the dyeing treatment within other process (spinning, etc.). Fibres may also be pretreated
differently so that, after waving, the difference in dye affinity provokes a non-uniform colouring.

Common to dyeing and printing processes are the colorants, i.e. the colouring matter. It is impor­
tant to correctly differentiate between the terminologies colorants, dyes, and pigments. Colorants
may be subdivided into dyes, i.e. substances which are soluble in the application medium, and
pigments, i.e. substances which are essentially insoluble in the application medium. Both pigments
and soluble dyes give colour to a substrate, i.e. yarn, fabric, etc, by altering its reflective charac­
teristics.

A systematic overview of colouring agents is given in figure 5-2, taken from [281]. A typical substi­
tute is given for each group, but not all the mentioned colouring agents are used in textile dyeing or
printing.
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Textile dyes and pigments can be classified according to their chemical composition, Le. compo­
nents of the molecule, or according to their application class, Le. technical requirements. A general
overview on the thematic is given in section 5.4 Dyestuffs.

5.2 Dyeing

In the following chapter the general principles of dyeing and the most commonly used dyeing tech­
niques are described. The chapter concludes with presentations of all the chemicals involved in the
dyeing of different fibres.

5.2.1 General principles of dyeing

Dyeing is a method for colouring textile material in which a dye is applied to the substrate in a uni­
form manner to obtain an even shade.

Various dyeing techniques exist:

• mass dyeing/gel dyeing, in which a dye is incorporated into the synthetic fibre during its
production (this technique is the most commonly applied process for PP fibres and is of
interest also for PAC);

• pigment dyeing, in which an insoluble pigment, without affinity for the fibre, is deposited
onto the textile substrate and then fixed with a binder;

• dyeing processes which involve the diffusion of a dissolved or at least partially dissolved
dyestuff into the fibre.

The first group of processes, relating to specific production steps of fibres, will not be described in
this document. Nevertheless, considering the environmental issues of dyeing of fibres during pro­
duction, some of these techniques shall be taken into account in order to permit an integrated dis­
cussion of the overall textile chain.

Dyeing with pigments is a method which has many analogies to printing with pigments, especially
with regard to chemicals involved (see also 5.4.12 and 5.2.3).

The group of processes which will be discussed in more detail in this chapter is the last cited.

Dyeing with soluble dyes includes a group of processes where the dye is formerly dissolved or
dispersed into so-called dye liquor. These dye liquors must first be prepared by the dyer on the
basis of commercially available dyestuff formulations (containing dyestuff and some auxiliaries,
e.g. dispersing agents) and process-specific chemicals.

From a molecular point of view, four characteristic steps are involved:

• diffusion of the dye from the dye liquor to the substrate;

• accumulation of the dye on the surface of the textile material;

• migration of the dye into the interior of the fibre until it is uniformly dyed;
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• fixation of the dye onto the substrate.

These operations are controlled by temperature, time and the affinity (substantivity) of the colorant
to the fibre. A lot of auxiliaries are necessary in order to promote these processes. Since auxiliaries
in general do not remain on the textile substrate after dyeing, they are ultimately found in the emis­
sions.

Textiles can be coloured at any stage of the manufacturing process so that the following dyeing
processes are mentioned [2]:

• flock (or stock) dyeing;
• top dyeing: fibres are shaped in lightly twisted roving before dyeing;

• tow dyeing: dyeing the mono-filament material (the tow) produced during the manufacture
of synthetic fibres;

• yarn dyeing;
• piece (e.g. woven, knitted and tufted cloths) dyeing;

• ready-made goods (finished garments, carpets, rugs, bathroom-sets, etc.).

5.2.2 Dyeing techniques

Historically, there are two great principle groups of treatments used to achieve dyeing with soluble
dyes:

• discontinuous (batch or exhaust) dyeing processes;

• continuous and semi-continuous dyeing processes.

Discontinuous dyeing process

Discontinuous dyeing is also called batch dyeing or exhaust dyeing. A certain amount of textile
material is loaded into a dyeing machine (formerly a batch) and brought into equilibrium with a so­
lution containing the dye and the auxiliaries over a period of minutes to hours. At the end of the
operation, the spent dye-bath liquor is drained off. The post-dyeing stage consists of washing with
water to remove unfixed amounts of dyestuff from the textile substrate.
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Dyeing liquor
(concentration decreases
by time)

Textile fabric

Figure 5-3: Principle of (discontinuous) batch dyeing

During the exhaustion process, the concentration of the dye in the liquor continuously decreases.-

In batch techniques, also used for pretreatment processes, common methods include beam, beck,
jet and jig processing. These machines differ from their working principles as textile goods and
batch liquor are stationary or circulating, respectively. The principles of such batch dyeing ma­
chines are listed in the following table, taken from [2].

Machine type Textile good Batch liquor

Beam dyeing, loose fibre dyeing, sliver dyeing, Stationary Circulating
hanks and cones dyeing machines

Jiggers and winches Circulating Stationary

Washing machines Circulating Circulating (counter-current)

Dyeing machine Circulating Circulating (direct current)

Jet overflow Circulating (induced by the Circulating
eire. Liquor)

Airflow Circulating (induced by com- Circulating
pressed air)

Table 5-1 : Principles ofbatch dyeing machines

In the process of applying a dyestuff in solution or in suspension, the factor which must be taken
into account is the specific liquor ratio ("ratio of mass of fabric to volume of dye bath") which de­
termines the depth of colour obtained. So, for example, a liquor ratio of 1:10 means that we have
10 litres of water for 1 kg textile material [2]. This parameter is very important because it influences
the environmental impact of discontinuous dyeing processes (see further 7.1.3). Discontinuous
dyeing equipment characteristics are summarised in the following table, taken from [2].
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Make-up Process Equipment Liquor ratio

Loose/stock fibre (also card sliver and tow) Loose stock dye- Autoclave (loose stock dyeing) 1:4-1:12
ing

Yarn Bobbins/ cones Yarn dyeing Autoclave (package dyeing) 1:8 -1:15

Hank Hank dyeing Hank dyeing machines 1:15 -1:25

Woven and knitted fabric, Rope Piece dyeing in Winch beck 1:15-1:40
tufted rope form

Carpet Overflow 1:12 -1:20

Jet -for fabric 1:4 -1:10

-for carpet 1:6 -1:20

Airflow 1:2 -1:5

Open-width Piece dyeing in Winch (only for carpet) 1:15 -1:30
open-width form

Beam dyeing 1:8 -1:10

Beam + washing machine 1:10-1:15

Jig dyeing 1:3-1:6

Jigger + washing 1:10

machine

Ready-made goods (e.g. garments, rugs, Piece dyeing Paddle 1:60
bathroom-sets, etc.) (not exceptional)

Drum Very variable

Table 5-2: Discontinuous dyeing equipment and liquor ratios

An emerging technique of the last few years is the process of dyeing using supercritical fluids in­
stead of water. An overview ofthese very promising environmental friendly dyeing techniques is
given in "Dyeing in nonaqueous systems", further in this section.

Continuous and semi-continuous dyeing process

The Padding technique is the most commonly used to treat continuous (or semi-continuous) textile
goods. The technique may be used either in colouring, pretreatment or finishing processes.

Textiles are fed continuously into a dye range. Commonly, the textile is then impregnated with
dyestuff (or other textile auxiliary liquor) by means of a foulard. Textiles are then fed continuously
in open width through a dip trough filled with the dye liquor. The substrate absorbs an amount of
dye solution and leaves the dip trough through two rollers that control the pick-up of the dye. The
surplus of stripped dye flows back into the dye bath. Moreover, special application systems are
also encountered in which the dyestuff is poured, jet-sprayed or applied in the form of foamed liq­
uor. Foulard dyeing processes typically consist of dye application, dye fixation with chemicals or
heat and washing (Figure 5-4).
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Padding mangle
(foulard)

Textile fabric

Deying liquor
(constant concentration)

Figure 5-4: Principle of (continuous) foulard dyeing

Dye fixation to the fibre occurs much more rapidly in continuous dyeing (immersion followed by
squeezing the dye solution from the fabric) than in bath dyeing. In these processes the factor that
must be taken into account is the pick-up percentage ("grams of liquor picked up by 100 grams
fabric"). The concentration of the dye in the dye bath is thus much higher than in exhaustion proc­
esses and remains nearly constant during the treatment (eventually by continuous addition of dye
liquor).

The only difference between continuous and semi-continuous processes is the fact that in semi­
continuous dyeing the application of the dye is performed continuously by padding, while fixation
and washing are discontinuous [2]. Equipment and processes are summarised in the following ta­
ble, taken from [2].

Make-up Process Equipment

Woven & knitted Rope Continuous Padding machine for piece in rope form +

fabric, tufted

Carpet J-box or conveyor + washing machine

Open- Semi- continu- Pad-batch(or Padding machine + washing machine

width ous Carp-a-Roil for

carpet)

Pad-roll (or Carp- Padding machine + washing machine

a-Roll for carpet)

Pad-jig Padding machine + jigger + washing machine

Continuous Pad-steam Padding machine (1) + steamer + washing ma-

chine

Pad-dry Padding machine (1)+ stenter frame + washing

machine

Thermosol

Notes:

(1) different applicators are used to dye carpels on continuous ranges

Table 5-3: Semi-continuous and continuous dyeing equipment and processes
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Nevertheless, there are special techniques and individually designed machines for special pur­
poses such as carpet dyeing (e.g. great format colouring) or fully-fashioned articles (e.g. socks).
Other special impregnation techniques are based on flex nip, foam application, spraying, etc.

Typical steps of a dyeing process:

1. preparation of the dyeing liquor;
2. preparation of the dyeing bath;
3. impregnating of the fabric or exhausting;
4. drying;
5. fixing of the dye;
6. washing/rinsing;
7. drying.

Despite the fact that the make-up of textiles influences the colouring technologies, the individual
interactions between fibre and dyestuff are the most important factors.

Dyeing in non aqueous systems

Bearing in mind the increasing costs of using and disposing of water, attempts are being made to
develop non-aqueous dyeing systems which produce an effluent that would not be discharged into
the aqueous environment.

However, most of the organic solvent systems evaluated for solvent dyeing were based on chlorin­
ated hydrocarbons, especially perchloroethylenes, which are now subject to controls. Yet, solvent
recovery can never be 100% sufficient; it will always give rise to air pollution problems.

A great deal of interest was thus awakened with the ITMA 1995 demonstration by Joseph Jasper,
Ciba and the research group at the German North West Textile Research Institute (DTNW) in
Krefeld, which revealed a new method of dyeing from an enVironmentally safe solvent, supercritical
carbon dioxide [80].

Since 1995, growing international interest in this technology has been observed worldwide. The
approach started by UHDE Hochdrucktechnik GmbH, Hagen and the DTNW resulted in a new
C02 dyeing pilot plant with an autoclave of 30 I for dyeing a maximum of two bobbins or a fabric
wound on a dyeing beam. Currently, the system is claimed to be suitable for dyeing polys(ethylene
terephtalate) (PETs). Recently, results were reviewed in [326] and prospects of the technique
pointed out.

Above the critical point of 74 bar, 31°C, the carbon dioxide has properties of both a liquid and a
gas. In this way, supercritical C02 has liquid-like densities which are advantageous for dissolving
hydrophobic dyes, and gas-like low viscosities and diffusion properties which can lead to shorter
dyeing times in relation to water. Compared to water dyeing, the extraction of spinning oils, the
dyeing and removal of excess dye can all be carried out in one plant in the carbon dioxide dyeing
process which simply involves changing the temperature and pressure conditions; drying is not
required since at the end of the process C02 is released in a gaseous state. The carbon dioxide
can be recycled easily, up to 90% after precipitation of the extracted matter in a separator [326].
Thus, a typical dyeing procedure may be summarised by:
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1. loading the autoclave with goods;

2. running, in supercritical carbon dioxide, a first extraction to remove spinning oils;

3. addition of a charge of pure dye and dyeing by impregnating the goods in supercritical
fluid;

4. levelling-out of the dyed goods by circulation of the supercritical/dye mix;

5. running, in pure supercritical carbon dioxide, a second extraction to remove excess dye;

6. decompression;

7. recovery of the carbon dioxide.

Although some other gases such as N20 or CCIF3 have very similar boiling points and critical data
as carbon dioxide, for environmental and safety reasons carbon dioxide is the best choice for tex­
tile applications because it is cheap, non-explosive, inert, and non-toxic.

For industrial applications of this technology some open questions still exist which must be an­
swered.

The dyeing system is claimed to be suitable for dyeing polyester, aramid, and polypropylene fibres.
Until recently it was not possible to dye polar fibres in the supercritical medium. It is important to
improve the dyeability of these market relevant fibres and blends in order to establish the C02
dyeing technology. The problem of dyeing natural fibres in carbon dioxide arises from the inability
of carbon dioxide to break the hydrogen bonds with suitable results. Thus, the diffusion of the dyes
into fibres such as cotton and viscose, but also wool and silk, is hindered. Furthermore, disperse
dyes only show minimal interactions with polar fibres, leading to unacceptable, low fastness data;
whilst reactive, direct, and acid dyes which are used in conventional water dyeing are nearly in­
soluble in supercritical carbon dioxide.

A number of different methods have been described to overcome the limitations of the C02 dyeing
process for natural fibres [326):

1. impregnation of swelling agents (e.g. high-molecular weight polyether derivative, polyeth­
ylene oxide or propylene glycol) prior to dyeing;

2. impregnation and permanent fixation of high concentrations of cross-linking agents (e.g.
based on dimethylol dihydroxyethylene urea and dimethylol urea) prior to dyeing;

3. use of co-solvents (e.g. water or alcohols);

4. permanent modification of the fibre surface by introducing hydrophobic functional groups
(e.g. cotton modified with alkylamino groups or 1,3,5-trichloro-2,4,6-triazine groups).

However, all the dyeing experiments on natural fibres described so far lose the main advantages of
the water-free supercritical carbon dioxide dyeing because in all processes presented, pretreat­
ment and in some cases after-cleaning of the dyed fibres is carried out in water or other solvents to
remove the pre-impregnated substances from the fibre surface, etc. As a result, other concepts
have to be developed. One of the concepts which could overcome the problems is to modify C02-
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soluble disperse dyes with functional groups which are able to react with the fibre by formation of
chemical bonds [229]. Reactive groups modifying disperse dyes determined up to now are [326]:

• sulphonylazide groups modified disperse dyes for application on impregnated cotton;

• 1,3,5-trichloro-2,4,6-triazine groups modified disperse dyes for application on cotton and
protein fibres;

• 502- chloride, bromine, iodate, acetate, phenolate or toluensulphonate groups modified
disperse dyes for application on protein fibres;

• 2-Bromoacrylic acid ester or amide groups modified disperse dyes for application on cot­
ton and protein fibres;

• vinyl suiphone groups modified disperse dyes for application on cotton and protein fibres
(the most suitable for dyeing amino groups containing fibres).

Up to this point, no concepts exist in literatures which are suitable for commercialisation; however,
this is an important challenge for the breakthrough of the technology.

Another application which could have potential for commercialisation is the sterilisation and disin­
fection of textiles and related material in the medical field with carbon dioxide in liquid and super­
critical state. Preliminary results are very promising [326].

Perhaps other non-aqueous media will outshine supercritical carbon dioxide. For instance, ionic
liquids could have an impact on dyeing technology as well as dye manufacture. It has been dis­
covered that when certain reactive ionic solids are mixed together, a clear, colourless liquid forms
spontaneously without recourse to heat or any special treatments. The key advantage of using
such liquids is that they have no vapour pressure and thus none of the problems encountered with
volatile organic solvents. This type of transport media, together with supercritical fluids, may have
an enormous impact on the dyehouse of the 21 st century [81].

5.2.3 Dyeing of cellulose fibres

Cellulose fibres can be dyed using a wide range of dyestuffs, namely [2, 267]:

• Reactive;
• direct (substantive);

• vat (reduced);
• sulphur (Ieuco sulphur or solubilised sulphur);

• naphtol (azoic dyes developed on the fibre).
Figure 5-5 shows the consumptions referring to the main dyestuff classes (in %, based on Mio.
OM) [394].



167

Sulfur dyes
7%

Indigoid vat dyes
7%

Naphtol azioc dyes
3%

Reactive dyes
50%

Figure 5-5: Dyes used on cellulose fibres

Dyeing cellulose fibres with the following dyestuffs may have some advantages [267]:

• pigments;
• leuco esters of vat dyes;

• mordant dyes;

• acid dyes;
• basic dyes;

• mineral dyes;

• oxidation dyes;

• phtalogen dyes;
• coupling and diazotisation dyes.

More specifically, plant fibres like bast, jute, flax, etc can be dyed with [267,17]:

• direct or reactive dyes;

• acid and metal-complex dyes (as the non-cellulosic portion of the fibres is high, i.e in
blends);

• basic dyes (if colour must be brilliant, but fastness may be poor).

However, jute and coir (from coconut) have a strong, persistent (even if bleached), natural colour.

The advantages (or disadvantages) of using the mentioned dyestuffs and the resulting dyeing
techniques are discussed more intensively in the following pages. Moreover, the most common
dyestuffs and resulting dyeing techniques for cellulose fibres are summarised in table 5-4.
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Dyestuff Chemicals and auxiliariesl typical application conditions Technique

Reactive - pH 9.5 - 11.5 by addition of sodium carbonate and/or sodium hydroxide Batch

- Salt is used to increase dye bath exhaustion: higher concentrations are
used for low-affinity dyes and for deep shades

- Application temperatures vary from 40 ·C to 80 ·C depending on the class Pad-batch
of the dyestuff

- In padding processes urea or cyanoguanidine is usually added to the pad Pad-steam

liquor

- After dyeing, the material is soaped at and then washed off with addition of Pad-dry

surfactants to remove unfixed dye

Direct - Sail is used to increase bath exhaustion Batch

- Mixtures of non-ionic and anionic surfactants are used as Pad-batch

wetting/dispersing agents Pad-jig

- After-treatment is usually necessary to improve wet-fastness (possible use Pad-steam
of fixative cationic agents, formaldehyde condensation products)

Vat - Alkali and reducing agents (sodium dithionite, sulphoxylic acid derivatives, Batch
thiourea dioxide, and other organic reducing are agents) applied to convert

the dye to the sodium leuco form

- Poorly degradable dispersants are present in the dye formulation and are

further added in other steps of the process

- levelling agents are sometimes necessary

- Temperature and the amount of salt and alkali required vary according to

the nature of the dye (IK, IW, IN)

- Dye is fixed to the fibre by oxidation, generally using hydrogen per- Pad-steam
oxide, but halogen-containing oxidising agents can also be used

- After-treatment takes place in a weakly alkaline detergent liquor at boiling

temperature

- In continuous processes, anti-migration and welting agents are used

Sulphur - Reducing agents (NazS, NaHS, glucose-based combination of reducing Batch

agents) and alkali are applied to convert the dye into soluble form, unless

ready-for-use dyes are used

- Dispersants and complexing agents are used in batch dyeing Pad-steam

- In batch dyeing, the dye generally absorbs at 60 - 110 ·C, while in the pad-
steam process the material is padded at 20 - 30 ·C and then subjected to

steaming at 102 - 105 ·C

- Oxidation is carried out mainly with hydrogen peroxide, bromate and iodate Pad-dry/ pad-steam

Azoic - Preparation of the naphtholate (caustic soda and, in some cases, addition Batch

of formaldehyde is required to stabilise the naphthol on the fibre)

- Impregnation of the naphtholate by exhaustion or padding processes

- Preparation of the diazotised base (with NaNOzand HCI)

- Developing stage (the textile is passed through the cold developing bath or Padding methods
the developing solution is circulated through the stationary textile in the

dyeing machine)

Table 5-4: Most common dyestuffs and resulting dyeing techniques for cellulose
fibres.
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Reactive dyes

One third of dyes used for cellulose fibres today are reactive dyes. They are most commonly ap­
plied according to the pad-batch and continuous processes for woven fabric; while batch proc­
esses are the most common for knitted fabric, loose and yarn [266].

Dyeing techniques are:

• Exhaustion (or batch) dyeing (usually with highly and moderately substantive dyes): dye,
alkali, and salt are added to the dye bath in one step, at the start of the process, or step­
wise. The stepwise process then consists of an exhaustion phase and a fixation phase.
After dyeing, the liquor of all batch dyeing processes must be drained off by rinsing and
washing using additional auxiliaries;

• Pad dyeing, an impregnating process: dye, additives, and alkali are applied to the textile
by dipping, followed by squeezing out. Fixing has to take place in a subsequent step,
during separate storage (semi-continuous process) or continuously by special steaming or
thermofixing processes. After fixation, the material is always washed off and dried.

Dyeing cellulose fibres with reactive dyes may imply the use of the following chemicals and auxilia­
ries:

• alkali (sodium carbonate, bicarbonate and caustic soda), the amount is determined by the
reactivity of the system and the desired depth of shade;

• salt (mainly sodium chloride and sulphate) to improve dye exhaustion. The amount is also
strongly dependant on the system and the depth of shade desired;

• urea may be added to the padding liquor in continuous processes in the one-bath method;

• sodium silicate may be added in the cold pad-batch method.
A typical recipe for padding liquors is listed in the following table, taken from [2].

Component [mill) Remarks

Reactive dyestuffs x [gil]

NaOH 38°Be 20 -40

Water glass 37/40° Be 30 - 50 Today, there are recipes available without water

glass. with alkali only

Welling agent 1 - 2

Complexing and sequestering 1 -3 Mainly phosphonates and polyacrylates in order to

Agents minimise silicate deposits

Urea (45 %) about 200 gil Applied for reactive dyestuffs with comparatively

low water solubility

Table 5-5: Typical recipe for padding liquors for cold pad batch dyeing of cellulosic
fibres (cotton and viscose) with reactive dyestuffs

Dyeing cellulosic fibres with reactive dyes has been identified as a major contributor to the problem
of coloured effluents. Another important problem is the requirement when dyeing cellulosic fibres
with anionic reactive dyes, to use large amounts of electrolyte in order to suppress the negative
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charge on the fibre surface [80). Poor dye fixation has been a long-standing problem with reactive
dyes in particular with batch dyeing of cellulose fibres, where a significant amount of salt is nor­
mally added to improve dye exhaustion (and therefore also dye fixation).

On the other hand, shade reproducibility and level dyeing were the major obstacles using the most
efficient dyes (high exhaustion and fixation rate).

In past years, many attempts have been made to remedy the weak points of reactive dyeing sys­
tems as much as possible. The most important developments are [266):

• development of effective chromophores (e.g. introduction of the triphenyl dioxazine and
copper-formazan chromophores in the blue range). However, especially in the red range,
these new reactive dyes are still inferior to vat and naphtol dyes;

• development of homo- and heterofunctional dyes, meaning multiple-anchor dyeing sys­
tems. Compared to conventional monofunctional reactive dyes (Le. having only one an­
chor per molecule), these new dyeing systems with several (same or different) functional
anchors per molecule show much more favourable fixation yields in the exhaustion proc­
ess. Moreover, the possibility to adapt the dye by choosing anchors of different reactivity
opens up the possibility of having dyes with a wide range of properties. At the same time,
process reliability and dyefastness are improved. Thus far, combinations of triazine and
vinylsulphone anchors (refer to section 5.4 for further information) have had the most im­
portant effect;

• development of short-liquor techniques for exhaustion dyeing;

• development of new applications for reactive dyes such as, for example, dyeing warp
yarns with reactive dyestuffs in the "Color Denim Process", using a cationisation step
[124; 180; 187; 188)

• development of special processes to improve the fixation yields by chemically modifying
cellulose fibres. The degrees of exhaustion and fixation yields of reactive dyes are signifi­
cantly increased by introducing nucleophile groups (e.g. amino groups) into the cellulose
fibre. Furthermore, the possibility of bonding not only reactive dyes but also nucleophilic
direct dyes covalently to cellulose arises when reactive groups are introduced to cellulose
(for further information consult section 4.3.1);

• development of special processes to improve fixation yields by combining finishing and
dyeing. The first commercially successful system was the BASF Basazol process where
the cellulose fibre is finished first with the trifunctional cross-linking agent 1,3,5­
triacroylaminohexahydro-1,3,5-triazine, and then dyed with dyes containing sulphonamide
groups. The Indosol process of Sandoz, still used today, combines finishing with aminated
resins and dyeing with copper complex dyes, which form mixed complexes with resins.

However, the practical importances of most of these techniques are still relatively low.

Direct (substantive) dyes

Direct dyes are also quite important in cellulose fibres dyeing: 75 % of the total consumption of
these colorants is used when dyeing cotton or viscose substrates [266).
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Direct dyes are especially sensitive to differences in fibre affinity. A careful pretreatment of the
cellulose fibres to improve dye uptake is therefore imperative.

According to the colouring principles of direct dyes, the applied techniques for cellulose dyeing are:

• exhaustion (batch) dyeing: the dye is made into a paste, dissolved in hot water, and
added to the dyeing batch. After dyeing, the textile is drained off and washed with cold
water. After-treatment is recommended;

• high-temperature dyeing in a closed apparatus up to ca. 130 °C (especially for polyes­
ter/cotton blends): suitable dyes are necessary;

• pad process (continuous or semi-continuous): the impregnation step is followed by a fixa­
tion step (cold storage, thermal treatment, or salt treatment in a jigger). All these proc­
esses are finished by rinsing with cold water. After-treatment is also recommended.

Dyeing cellulose fibres with direct dyes may imply the use of the following chemicals and auxilia­
ries:

• electrolytes (usually sodium chloride or sodium sUlphate) to favour the aggregation of dye
ions on the fibre;

• wetting and dispersing agents, mixtures of non-ionic (ethoxylated fatty alcohols, fatty
amines, fatty acids, alkylphenols or propylene oxide polymers) and anionic (fatty alcohol
sulphates, alkyl aryl sulphates) surfactants are used for this aim (see also below);

• after-treatment agents to improve wet-fastness properties. The most commonly used are
the so-called cationic agents, usually quaternary ammonium compounds with long hydro­
carbon chains; formaldehyde condensation products with amines, polynuclear aromatic
phenols, cyanamide, or dicyanamide may also be used.

Wetting and dispersing agents such as mixtures of non-ionic surfactants are used for retarding or
exhausting the dyeing process. Elimination of foaming in the dye bath is essential for successful
dyeing performance, most traditional surfactants are not adequate. Newly developed anionic sur­
factants prepared from ethoxylated hydroxysulphobetaines of polyoxyethylanated stearylamine
demonstrated low-foaming and beneficial surface-activity properties [203) (for more details about
surfactants consult section 4.7.2).

Products referred to as "levelling agents" for dyeing with reactive dyes (or sulphur dyes) actually
consist of wetting and dispersing agents. The task of these products is not so much to prevent too
rapid adsorption of the dye, as this can be controlled by salt addition, but more to ensure thorough
wetting, and to disperse soil, preparations, dye deposits, etc. Mixtures of non-ionic and anionic
surfactants have long been used for this purpose. Nonionic components include ethoxylated fatty
alcohols, fatty amines, fatty acids, alkylphenols, or propylene oxide polymers. Anionic components
include fatty alcohols sulphates, alkylaryl sulphates, and Turkey red oil (Le. Sulfonated castor oil
[8002-33-3)) [266).

After-treatment is a key process to improve fastness of the fabrics dyed with direct dyes, especially
for increasing colour depth. Two principles exist:

o removing the unfixed dye, dye aggregates, or dye degradation products by washing
with complexing agents, surfactants or organic solvents with a dispersing effect;
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o reducing the solubility of the fixed anionic dye by blocking the hydrophilic groups.

The blockage of the hydrophilic groups via the formation of salt-like compounds with cationic after­

treatment agents can occur by various techniques:

• fixative cationic agents: these are complex substances that form with the anionic dye a
salt-like compound less soluble than the original dye. Quaternary ammonium compounds

with long hydrocarbon chains, polyamines and polyethyleneimine derivatives can be used

for this purpose;

• metal salts: copper sUlphate and potassium dichromate can form with certain azo dyes
metal-complex with higher light fastness;

• agents based on formaldehyde condensation products with amines, polynuclear aromatic
phenols, cyanamide (the use of these condensation products leads to the formation of

sparingly soluble adducts with the dye molecules);

• diazotised bases: diazotisation is made after dyeing, by coupling with aromatic amines or
phenols containing hydrosolubilising groups.

Vat dyes

Approximately 10-15% of cellulose fibres or cellulose-containing blends are dyed using vat anthra­

quinone dyes. The total consumption of vat dyes is approximately 22 000 Va (1993) of commercial
products, not including indigo [266).

Vat dyes have excellent fastness properties and are often used with fabrics subject to hard use

such as uniforms, towels, jeans, etc.

According to their chemistry and dyeing principle, vat dyes are dye preparations which consist of

vattable coloured pigments and dispersing agents. The leuco form of anthraquinoid dyes are often

used for dyeing cellulose fibres. Due to the low affinity of vatted indigoid dyes for fibres, these dyes

are used mainly in textile printing. Indigo, for example, is used almost exclusively in the dyeing of
warp yarn destined for blue denim clothing. Being identical to the natural material, indigo is also

being used in the dyeing of environmentally friendly clothes [266).

The colouring principles of vat dyes are the dissolving of the dye (by reduction/vatting in alkaline

medium into the leuco form), absorption and oxidation on the fibre (by converting into the insoluble

pigment form) and the after-treatment of the dyeing process.

Thus, the applied techniques for dyeing are:

• Exhaustion (batch) dyeing: leuco process (textile goods are introduced into the batch after
the vatting of the dye), pre-pigmentation process (textile goods and pigment dyes are in­

troduced into the batch, prior to vatting), semi-pigmentation process (textile goods are in­
troduced simultaneously to vatting) and high-temperature process (dyeing is conducted at

90-115°C);

• Continuous dyeing (especially suitable for vat dyes) are almost exclusively used for
woven fabrics and rarely for knitwear: pad-steam or wet-steam processes( textile goods

are impregnated with aqueous dye dispersion and anti-migration and wetting agents; vat-
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ting takes place in a chemical padder). In the pad-steam process, the impregnated fabric
must be dried before vatting and subsequent rinsing, oxidizing, and soaping steps. The

after-treatment (soaping step) consists of washing the material in slightly.

Dyeing cellulose fibres with vat dyes may imply the use of the following chemicals and auxiliaries:

• reducing agents: sodium dithionite, thiourea dioxide and sulphoxilic acid derivatives, hy-

droxyacetone (as a sulphur-free alternative);

• caustic soda;

• sodium sulphate;

• anti-migration agents (in the padding process): polyacrilates and alginates;

• dispersing agents: formaldehyde condensation products with naphtalenesulphonic acid

and ligninsulphonates;

• levelling agents: surfactants (including fatty amines ethoxylates, fatty alcohol ethoxylates)
and other components such as betaines, polyalkylenamines, polyvinylpyrolidone, poly­

amide amines;

• oxidants: hydrogen peroxide, perborate, 3-nitrobenzensulphonic acid;

• after-treatment agents: soap, weak alkaline detergent liquor (see 4.7.2).

The use of available solutions for pre-reduced vat dyes, especially indigo vat dyes, may consid­

erably reduce the amount of reducing agent required for dyeing. A typical recipe for padding liq­

uors is given in the following table, taken from [2].

Component [gil]

Vat dyestuffs x

Welting agent 1 - 2

Sequestering agents 1 -3

Anti-migration agent 10 -15

For reduction

NaOH 38°Be 60 -120

Na-dithionite 60 -100

Welting agent 1 - 2

Table 5-6: Typical recipe for padding liquors when dyeing cellulosic fibres (cotton and vis­
cose) with vat dyestuffs

Because of the affinity of the reduced leuco form of many vat dyes for the cellulose fibre, the textile

is dyed very rapidly and unevenly. Levelling agents with an affinity for dyes compete for the cellu­
lose fibres with the leuco for of the vat dye. This retards the absorption and improves levelling. The

substances with an affinity for the dye that are the most suitable for vat dyeing are stable in the
strong alkaline dye liquor. As foam formation seriously affects the dyeing process in modern dye­

ing equipment, the substances are classified according to their surface active properties [266]:
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Surface Active Compounds: fatty alcohol ethoxylates (stripping agent), fatty amine eth­

oxylates (stripping agent), alkylbenzimidazole suiphonates;

Nonsurface Active Compounds: betaines (N-pyridiniumacetic acid), polyalkyleneamines,

oligomeric aminoamides (most important levelling agents for vat dyes), polyvinylpyrroli­
done (stripping agent);

Sulphur dyes

Cellulose fibre dyeing (also cellulose/polyester blends) of piece, yarn and flock are the main fields

of application for sulphur dyes. Their favourable price give them a selection advantage when
deeper, muted shades of black, dark, blue, olive, brown and green are needed.

Sulphur dyes may be combined with other dyes for reasons of shade, fastness and/or tone-in-tone

dyeing (polyamide/cellulose blends). This may be done in a single or successive dyeing baths,
according to the dye properties and desired effect.

Due to the large variety of sulphur dyes, there are many possible techniques for dyeing. For the

most part, continuous (pad-steam, pad-roll, pad-heat, etc) dyeing techniques are applied, although

batch dyeing is possible Oigger dyeing with/without pre-pigmentation, circulating-liquor dyeing, jet
dyeing, etc).

Dyeing cellulose fibres with sulphur dyes may imply the use of the following chemicals and auxilia­

ries [266]:

• reducing agents (may already be present in the formulation): sodium sulphide, sodium hy-

drogensulphide or glucose/sodium dithionite, glucose/thiourea dioxide;

• alkali (caustic soda);

• salt (sodium chlorite and sulphate);

• dispersing agents: usually naphathalensulphonic acid-formaldehyde condensates, Iignin­
sulphates and sulphonated oils;

• complexing agents (EDTA or polyphosphates) are used in circulating-liquor processes;

• oxidizing agents (hydrogen peroxide, halogenated compounds such as bromate, iodate,
chlorite) to fix the dye onto the textile substrate.

A typical recipe for padding liquors is given in the following table, taken from [2].



175

Component [g/I)

Sulphur dyestuffs x

NaOH 38°Be 20 - 30

Anti-foaming agent 1-2

Welling agent 1.5-3

Reducing agent (liquid) 20-30

Table 5-7: Typical recipe for padding liquors when dyeing cellulosic fibres (cotton and vis­
cose) with sulphur dyestuffs

Dyeing with sulphur dyestuffs is presented as an environment-friendly dyeing technique for cotton.
Further details about applicability and operational data are given in section 7.1.3 Substitution of
dyestuffs.

For electrochemical dyeing Le. the chemical reducing agent is replaced by electrons produced
from electrical current, see above, in section dealing with vat dyes. However, the technique is quite
new and by far not obtainable at industrial scale.

Naphtol dyes (azoic dyes developed on the fibre)

Nearly all cellulosic fibres can be dyed in every processing state by using Naphtol AS combina­
tions. Other dyes rarely give the same depth of colour and shade. Moreover, the possibility of
dyeing cellulosic fibres partially coated with wax has led to a large number of special processes
and articles (e.g. batik). Another use of interest to the industrial and commercial industries is the
production of denim articles for which special processes have been developed. The coupling com­
ponent of the dye is then already added to the size (warp sizing padding processes or warp sizing
and dyeing processes).

Nevertheless, their popularity has declined due to application costs and the possible presence of
arylamines on the fabric and in the effluent [2].

According to the application principles of dyeing with azoic colorants, a number of delicate steps
are involved in the process (described in detail in section 5.4):

• preparation of the naphtolate and application to the fibre by an impregnating process:

hot solution process (dissolving and boiling with caustic soda and a protective col­
loid) or cold solution process (solubilization with alcohol and caustic soda);
addition of formaldehyde (specific naphtol dyes) to enable air stability of the naph­
tolatelfibre complex;
addition of sodium chloride to enable a substantive attachment of the naphto­
late/fibre;
lower temperature when using a long liquor dyeing (e.g. hank yarn) or high tem­
perature and intermediate drying, when using a padder (e.g. pieces);

• developing Le. diazotisation of the base and formation of the dye on the fibre:

cold diazotisation (eventually by addition of ice) by using sodium nitrite in hydrochlo­
ride (alternatively in paste form, stirred in the Hel solution);
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addition of sodium acetate, disodium phosphate, or similar compound to neutralize
excess of mineral acid;
addition of an alkali-binding agent (e.g. acetic acid, aluminium sUlphate) to the de­
veloping bath (as impregnated textile is passed through it) to neutralize the alkali
carried over and prevent decomposition of the diazonium salt.

• rinsing and after-treatment to remove excess colour lake from the fibre surface.

The use of naphtols and bases in solution is safer and simpler to apply.

Pigments

Pigment dyeing is commonly used for heavy textiles (e.g. canvas), light printing grounds, dress
materials, shirting, bed linen, and furnishing articles. Usually, only light shades are produced by
pigment dyeing. Recent developments in polyurethane-based binders which form elastic films
make deeper colouration possible [266].

Since pigments are insoluble products, they are used in a non-ionic preparation and fixed to the
fibre with a binder, Le. an aqueous dispersion of cross-linkable mixed polymers (copolymers or
polymer blends, basis polyacrylate, polystyrene and polyurethane). The film, with the embedded
pigment particles, is formed on the fibre by cross-linking at high temperatures (compare with
6.4.13).

Piece goods are impregnated continuously using a liquor containing the pigment, the binder, an
anti-migration agent, a cross-linking agent (if necessary), an acid donor, and a softener. Drying at
90-120 °C and further fiXing at 160-180 °C, without after-washing, rounds off the process. A resin
finishing (crease-resistance, anti-shrink finishing, etc.) can be carried out at the same time (see
chapter 6 Finishing for more details).

Nowadays, a washout effect on cotton is produced with pigments in an exhaustion process (to ob­
tain for example stonewashed effects on jeans). Cotton is therefore pretreated by impregnating the
fibre with a cationic product which can attach to the pigments. The amount of binder is reduced
and fixation can be carried out at lower temperatures (120-130 °C). Nevertheless, this process is
environmentally criticisable as much of the pigments are lost and subsequently contaminates the
wastewater [180; 187; 188; 266].

Leuco Esters of vat dyes

The leuco esters of vat dyes are anthraquinoid or indigoid vat dyes which have been made water
soluble by reduction and esterification of the hydroxyl groups with sulphuric acid. After application
to the fibre, the esters are hydrolysed, usually using sulphuric acid at room temperature or slightly
elevated temperatures (up to 70°C), and the original vat dye is recovered by oxidation (e.g. with
sodium nitrite) [267].

Leuco esters of vat dyes are most commonly used for high-quality articles of cellulose fibres in light
colours and polyester/cellulose blends in moderate depths of colour.
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The advantages are:

• good levelness (evenness) and penetration;

• excellent fastness.

The disadvantages are:

• low affinity of the leuco ester to cotton fibre;

• relatively high dye costs;
• toxicological problems during production.

The dyeing processes are:

• batch dyeing is not commonly used for this process: one- and two-bath processes do,
however, exist (as bottoming -i.e. striking in the presence of salt in weakly alkaline me­
dium- and development of the dye are made simultaneously or not). Auxiliaries added to
the bath(s) are sulphuric acid and nitrite;

• continuous processes provide more favourable dye yields: padding processes with or
without intermediate drying and with/without steaming are mentioned. Auxiliaries added to
padding liquor are dye, soda and nitrite, and the usual after-treatment agents.

The importance of leuco esters in vat dyes is decreasing as they can now be easily replaced by
pigment colouring, and also by reactive or vat dyes.

Mordant dyes

Dyeing with mordantic dyes includes, first of all, the treatment of the fibre with metallic salts (i.e.
mordanted). These compounds produce on the fibre poorly soluble coloured complexes (lakes)
with certain azo and anthraquinone derivatives. Alizarin (1,2-dihydroxyanthraquinone) is the best
known anthraquinone derivative. This natural dye was once extracted from the root of the madder
plant; nowadays, it is been replaced by a synthetic product [266].

Suitable azo dyes contain, for example, hydroxyl and carboxyl groups in the o-position to the azo
group on one or both of the aromatic nuclei. The shade of the dye depends on the type of metallic
mordant used. Alizarin and Aluminium-Calcium salts produce the well-known Turkish red.

Mordant dyes are used for:

• dyeing with natural dyes;
• dyeing of e.g. cambric and bunting. Today, easier methods using developing dyes and vat

dyes have replaced this process.

The main advantages when using mordant for dyeing cellulose fibres are the excellent light and
wet-fastness colours obtained.

The main disadvantage is that the dyeing process is relatively tedious and often requires 10 steps
or more. The necessary auxiliaries range from rancid olive oil (or sulphoricinoleic acid), tanning
agents, and mordanting agents to acids and soaps.
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Acid dyes

Acid dyes are azo or anthraquinone dyes made water soluble by introducing to the molecule sul­
phonic acid groups.

Acid dyes are occasionally used for dyeing cotton. The process is no longer important but presents
some advantages when dyeing vegetable hard fibres such as jute and sisal. Those fibres contain
substances with basic groups which allow the formation of salt-like binding between the acid dyes
and these basic groups [267).

However, the disadvantages when using acid dyes on cellulose fibres are:

• no sufficient substantivity for cellulose;

• the only useable dyes are which can form a metal complex on the fibre when applied to­
gether with a metallic salt;

• contamination of wastewater with the surplus of heavy metals.

Basic (cationic) dyes

Suitable dyes are to be found in the azo, diphenylmethane and triphenylmethane series, and
among thiazine, azine, oxazine, thiazole, and quinoline derivatives.

The method of using basic dyes to dye cellulose fibres is of little significance. The main advantage
is that bright colours are obtained at low cost with rhodamine, auramine, fuchsin, or methylene
blue, among others

The disadvantages are:

• poor fastness (especially light-fastness);

• relatively laborious pretreatment (tanning)of the fibre is necessary as basic dyes have no
substantivity for cellulose.

The dyeing processes are:

• pretreatment of cellulose with tannic acid (which contain phenolic OH groups). The tan­
ning mordant is insolubilised with antimony salts (tartaric emetic), synthetic products;

• dyeing in weakly acidic medium as a salt-like bond was formed with the acidic phenolic
hydroxyl groups.

Bast fibres do not need mordanting for dyeing with basic dyes.

Mineral dyes

Inorganic metallic salts are applied to cotton (by pad process) and then converted in an alkaline
medium to the corresponding oxide (by treatment with steam).
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The mineral dyes are used for dyeing tarpaulin and uniform materials; mainly for brown and khaki
shades (mineral khaki). The method is still important in some countries.

The main advantages of dyeing with mineral dyes are that the method is inexpensive and pro­
duces lightfast, water- and rot-proof colourings.

The main disadvantages are:

• contamination of waste water with chromium and iron salts;

• hardening of the fabric.

Oxidation dyes

Aromatic amines form insoluble polyazine derivatives in the fibre. This is in fact the actual dye. The
oxidation of these amines occurs in a hydrochloric acid medium with e.g. dichromate. For the chief
representative of this group, aniline black, the chromophore consists of dibenzopyran rings.

Oxidation dyes are decreasing in importance when dyeing cellulose. However, they are occasion­
ally used for printing grounds, as the dyes are easily reservable.

The main advantage is the full bluish black shade of excellent fastness obtained. On the other
hand, the main disadvantage is that the aniline and other aromatic amines, as well as the bichro­
mate used for this purpose, are toxicologically hazardous.

Phthalogen dyes [267]

The actual dye used in this process is the insoluble phthalocyanine pigment formed in the fibre
itself. Dye precursors are involved in the dyeing process.

Phthalogen dyes are suitable when washfast and weatherproof articles are needed. The main ad­
vantages are the high brilliance and excellent fastness colours obtained. Further advantages are
that no danger of photochromism exists if a finishing operation is performed with synthetic resin
products.

When using low molecular phthalogen developer, the process follows these steps:

• aminoiminoindolenine (or its derivatives) and heavy-metal donors (preferentially Cu or Ni)
are applied by padding;

• formation of the pigment by heating (150 'C) and addition of weak reducing agents (e.g.
glycols);

• after-treatment with hydrochloric acid and addition of sodium nitrite to remove secondary
products.

The most important aminoiminoindolenine is C.1. Ingrain Blue 2:1

When using high molecular phthalogen developer, the process follows these steps:

• pretreating the cellulose with anionic products (optional);
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• development of heavy metal complexes(Ni or Cu) of indolenine (so-called polyindo­
lenines) by wet treatment (exhaustion process) in the presence of reducing agents in al­
kaline medium with hydrosulphite.

Coupling and diazotization dyes [267]

Diazotization dyes are dyes based on direct dyes which contain aromatic amino groups. These
aromatic amino groups are diaozotised on the fibre by "developing" agents such as a phenol,
naphtol, or aromatic amine.

These methods may be used as a form of after-treatment for textiles dyed with direct dyes (for
more information refer to section 5.2.3 dealing with the dyeing of cellulose fibres using direct dyes).
Wet-fastness is improved by enlargement of the molecule, and of course, the shade also changes.

Coupling dyes are dyes based on azo dyes which contain amino or hydroxyl groups capable of
coupling. These dyes react with a diazonium compound (usually diazoted 4-nitroaniline as a stabi­
lised diazonium salt) to form so-called polyazo (or coupling) dyes.

This after-treatment of textiles dyed with water soluble, substantive azo dyes results in colours of
excellent wet-fastness.

5.2.4 Dyeing of wool

Worldwide wool production is currently about 1.6x106 t, with a very low growth rate. Wool consti­
tutes only about 4% of all textile fibres, but because deep shades such as blue, brown, and black
dominate, the corresponding fraction of total dye consumption is twice as great, namely 8% [276].

Dyeing properties of wool vary largely depending on biological and environmental factors. Careful
sorting of wool provenances and fleece components is inevitable. Wool can be dyed with the fol­
lowing dyestuffs:

• acid (metal-free) dyes;

• chrome (mordant) dyes;

• 1:1 and 1:2 metal complex dyes;

• reactive dyes;
• disperse dyes (temporarily solubilsed);

• vat dyes, leuco esters of vat dyes (used in the past).

The advantages (or disadvantages) of using the mentioned dyestuffs and the resulting dyeing
techniques are discussed more intensively in the following section. Moreover, the most common
dyestuffs and resulting dyeing techniques for cellulose fibres are summarised in Table 5-8, taken
from [2].



Dyestuff Chemicals and auxiliaries! typical application conditions Technique

Acid dyes - Strongly acidic conditions for equalising dyes (by formic acid) Batch dyeing

(metal-free) - Moderately acidic conditions for half-milling dyes (by acetic
acid)

- More neutral conditions for milling dyes (by acetic acid and

sodium acetate or ammonium sulphate)

- Salt: sodium sulphate or ammonium sulphate

- Levelling agents (not necessary for equalising dyes)

Chrome - pH 3 to 4.5 Batch dyeing

Dyes - sodium sulphate (After-chrome

(mordant) - organic acids: acetic and formic acid (tartaric and lactic acids method)
can

also be used)

- reducing agent: sodium thiosulphate

- after-chrome with Na or K dichromate

1:1metal- complex - pH 1.8 to 2.5 (pH 2.5 in the presence of auxiliary agents such Batch dyeing
dyes as alkanolethoxylates)

- sulphuric or formic acid

- salt: sodium sulphate

- ammonia or sodium acetate can be added to the last rinsing
bath

1:2 metal- - pH 4.5 to 7 Batch dyeing

Complex dyes - ammonium sulphate or acetate

- levelling agents (non-ionic. ionic and amphoteric surfactants)

Reactive dyes PH 4.5 to 7 Batch dyeing

formic or acetic acid

levelling agent

after-treatment with ammonia for highest fastness
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Table 5-8:

Acid dyes

Summary of the most common dyestuffs and dyeing techniques for wool

Acid dyes consist of simple chromophoric systems which are made water soluble by the introduc­
tion of sulphonic acid groups. Nearly 25 - 30 % of acid dyes are used for dyeing wool.

Acid dyes are subdivided into levelling. milling and super-milling dyes, with increasing affinity for
the fibre (approx. increasing size of the dye molecule). respectively. The more important classes
for wool dyeing are [267):

• disulphonated levelling (also called equalizing) dyes:
o dyes with poor affinity for the fibre and thus very good levelling properties;
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o easiest to apply, because they have a relatively small molecular size and are read-
ily soluble in water;

o wet-fastness is sometimes poor and thus limited to pale/medium shades;
o need strong acidic conditions (e.g. formic acid);
o trichromic dyeing can be conducted;
o example: C.1. Acid Blue 25 [190].

• acid and super milling dyes:
o dyes with good affinity to the fibre and therefore do not migrate well at boiling point
o acid milling dyes are made of larger molecules and require only a weak acid (e.g.

acetic acid);

• super milling dyes usually have the highest molecular weight and are applied at a
pH close to neutral, they are not very soluble in water;

o very good wet fastness and thus used mainly for specific dyeing such as dyeing of
loose fibre which will receive further wet treatments, dyeing of milling (mild felted)
woollen fabrics, etc.;

o examples: C.1. Acid Green 25 (acid milling dye); C.1. Acid Red 85 (super milling
dye) [190].

According to the role played by the dye/fibre affinity, dyeing with acid dyes in batch dyeing proc­
esses would consist of:

• preparation of the fibre by reaction of the acid (usually 10 min): starting temperature is 60,
50, or 30°C as levelling, milling or super-milling dyes must be used;

• addition of salt (reaction time 10 min);

• addition of the dissolved dye;

• heating of the batch to 95 °C or 80°C;
• addition of acid at the end of the dyeing process;

• warm and cold rinsing follows;

• optional further improvement in fastness.

Because of their poor levelling properties, super milling dyes must be applied under controlled ex­
haustion in an almost neutral bath (Without any acid). The dyeing is performed using ammonium
salts such as ammonium sulphate or ammonium acetate [190].
Dyeing of wool at temperatures below the boiling point (so-called low-temperature dyeing) is a well
established method. Dyeing at temperatures in the range of 85-90 °C is especially interesting when
dyeing wool blends of synthetic fibres, this method also has several other advantages. For low­
temperature dyeing, wool is prescoured with a surfactant which modifies the surface of the wool.
After this pretreatment (or modified scour), dyeing is in most cases performed without using level­
ling agents. Excellent results have been obtained with acid levelling, acid milling, sulphonated, and
unsulphonated 2.1 premetalized and reactives dyes, on both shrinkresist-treated and untreated
wools [190].

Other interesting and novel features of pretreatment and functional finishing of wool are significant
enough to be mentioned. Chlorinated wool such as "Superwash Wool" is treated with synthetic
resins (polyamide/epichlorohydrine or polyurethane). A treatment with methylol amides compounds
may improve dye fastness. Moreover, both fastness and anti-felting properties can be improved by
the application of a polyquaternary compound (see further 6.4.5). Similar treatment is the applica-
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tion of anionic condensation products on the surface of the dyed fibre to bleed it. For more details
on this special finishing of wool, please consult section pre-cited.

The most common chemicals and auxiliaries applied when dyeing with acid dyes are:

• acid;
• Sodium sulphate (for level-dyeing and fast acid dyes), sodium acetate and ammonium

sulphate (for acid milling dyes);

• pH regulators: acetic, formic and sulphuric acid;

• levelling agents, mainly cationic compounds such as ethoxylated fatty amines.

Levelling plays an important role in dyeing with acid dyes. Many non-ionic, cationic, anionic, and
amphoteric surfactants are used as levelling agents. Examples of levelling agents are ethoxylated
fatty amines, quaternary ammonium compounds and other non-ionic surfactants such as ethoxy­
lated fatty alcohols, fatty acids, alkylphenol and fatty mercaptans, which may also be found in spe­
cific products [2]. Addition of salts to the dyeing bath also exhibits retarding and levelling effects.
Nonionic surfactants form a hydrophilic complex with the anionic dye, and thus are products with
affinity to the dye. The molecules contain a hydrophilic group consisting of long polyglycol ether
chains, and a hydrophobic portion, usually fatty alcohols, alkyl phenols, fatty acid alkylolamides,
etc. The ionic surfactants include cationic compounds having affinity both for fibres and dyes, and
only have alevelling effect above a critical micelle concentration. Typical compounds of this group
include polyglycol ethers of fatty amines, fatty acid amide amines, and fatty alkylpolyamines. Ani­
onic surfactants exhibit fibre affinity. They include alkylnaphthalinesulphonic acids, fatty alkyl sul­
phates, alkylbenzensulphonates, alkyl polyglycol ether sulphates, and polycarboxylates. Ampho­
teric products combine the properties of cationic and anionic surfactants. Typical products include
ethoxylated nitrogen-containing fatty alkyl compounds with an anionic group on nitrogen or at the
end of the polyether chain. Commercially available levelling agents for wool include many kinds of
synergistic mixtures of surfactants of various ionic types [266].

Chrome (mordant) dyes

Chrome - also called mordant - dyes are in principle selected acid dyes which form complexes
with chromium ions (added as dichromate or chromate salt). An example of a chrome dye is C.1.
Mordant Black 11 [190].

Advantages and uses:

• good levelling properties;
• very good wet fastness (after-chroming);

• used principally to obtain dark shades at moderate cost.

The main disadvantages are:

• long dyeing times;
• difficulties with shading;
• risk of chemical damage to the fibre during chroming;

• environmental problems as chromium may be released in waste water.
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A number of techniques have been developed for the application of mordant dyes [267]:

The after-chroming method (chrome-developing dyes) is an exhaust dye bath process. The dye is
applied first and the fibre is then chromed in a separate step:

• preparation of the liquor by mixing formic acid (pH 3.5 - 3.8), calcined sodium sulphate
and wool protectant;

• addition of the dissolved dye (after 10 min) and heating to 90 'C;

• dyeing during 30 - 45 min (and eventual adjustment with formic acid);

• cooling to 70 'C;
• addition of potassium dichromate and heating to 90 - 100 'C;

• after 15 min, addition of sodium sulphate (or other reducing and complexing agents) to
support the chemical reaction by detaching the bounded chromate (as CrVI) from wool
and make it accessible to complex formations (as Crill));

• chroming during 30 - 45 min;

• neutralization with ammonia (pH 8).

The after-chroming process nowadays supersedes the old mordant processes where the fibre was
chromed prior to dyeing with the chromable dye.

The metachrome process is a one-bath chroming method where complex formations are preceded
by dye diffusion. As dye and chromium salt are applied simultaneously, the release of Cr(VI) must
be delayed (essentially by pH adjustments):

• preparation of liquor by mixing a metachrome mordant (a mixture of sodium chromate
and ammonium sulphate) and crystalline sodium sulphate;

• pre-run of 10 min, at 40 - 50 'C;

• slowly heating to boiling point;

• dyeing for 45 - 90 min;

• addition of acetic acid.

The most common chemicals and auxiliaries applied when dyeing with mordant dyes are:

• potassium dichromate or chromate salt (as chrome donors, so-called mordants);

• pH regulators: Formic or acetic acid;

• other organic acids such as tartaric, lactic or formic acid (enhanced conversion of Cr VI to
Cr III);

• sodium and ammonium phosphate (or other reducing and complexing agents);

• other auxiliary agents such as ethoxylated fatty alcohols, alkylphenols and fatty amines as
levelling agents ( as reduced acid use is preferable).

Metal-complex (or pre-metallised) dyes

Metal-complex dyes are chemically very similar to chrome dyes. Their advantage compared to
chrome dyes is that the dye/metal complex is formed during dye production and, thus, the risk of
fibre damage is reduced. Owing to the special operative conditions, 1:1 metal-complex dyes are
particularly suitable for piece-dyeing of carbonised wool.

Examples of these dyes are C.1. Acid Blue 158 and C.1. Acid Black 60 [190]. The most important
1:1 and 1:2 chromium and 1:2 cobalt wool dyes are listed in Table 5-9, data taken from [276].
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fibre damage is reduced. Owing to the special operative conditions, 1:1 metal-complex dyes are
particularly suitable for piece-dyeing of carbonised wool.

Coupling

"'~
O-OH '°8 "Et,component
'N

0° HN-D \. / S03H

H03S

( ):H' yellow

O,N OH
bordeaux

~"
violet green

yellow orange
brown olive

O,N gray

O,N OH

~H'
blue green

scarlet
black gray

H03S

OH

0-'H'
blue

red
black

°2N ~

HO'~H' violet
yellow red

gray

CI

OH

~H' violet

CI

""'-s:~ blue
bordeaux

black

R

Table 5-9: Most important metal-complex dyes for wool
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Dyeing process with 1:1 metal-complex dyes follows the following operative steps:

• adjustment of the bath to pH 1.9 -2.2 with sulphuric acid (or pH 3 -4 with formic acid) in
the presence of auxiliary agents;

• addition of calcined sodium sulphate;

• treatment of the textile material during 10 min (at 40 -50°C);

• addition of the dissolved dye;

• after 10 min, heating to boiling point (or to 80°C if ethoxylated fatty amines are present);

• dyeing during 90 min;

• rinsing in several steps;

• addition of ammonia or sodium acetate to the last rinsing bath (optional).

The addition of auxiliaries, such as alkanethoxylates, allows a decrease in the amount of acid used
and acts as a levelling agent. Other synergistic amphoteric mixtures are mentioned.

Dyeing with 1:2 metal-complex dyes (the most important group) occurs in a similar manner in more
moderately acidic conditions. Here no hydrolytic attacks by sulphuric acid and/or oxidative attacks
by Cr-VI need be feared:

• adjustment of the bath to pH 4-7 with acetic acid (depending of the dye type);

• ammonium sulphate or ammonium acetate is added to the liquor;

• addition of calcined sodium sulphate;

• treatment of the textile material for 10 min at 30 - 50°C;

• addition of the dissolved dye (and auxiliaries);

• heating to boiling point;

• dyeing for 30 - 60 min;

• rinsing;
• addition of formic acid for acidification and improvement of feel and wet-fastness.

Levelling agents are very important when dyeing with metal-complex dyes. The auxiliary agents
used for this purpose are the same as for acid dyeing (see corresponding section above, for more
details) Of particular interest are ethoxylated fatty amines, as they form adducts with the dye which
break down at higher temperatures. Glauber's salt is also added.

Reactive dyes

Reactive dyes for wool are not identical to those used for cellulose dyeing. The principal reactive
anchor groups for wool dyeing are:

• N-Methyltaurine ethylsulphone- (e.g. Hostalan E, Procilan E dyes);

• I1-Sulphatoethylsulphone- (e.g. Remalan dyes);

• Acrylamide-, chloroacetyl- (e.g. Procilan dyes);

• u-Bromoacrylamide- (e.g. Lanasol, selected Lanaset dyes);

• 2,4-Difluoro-5-chloropyrimidyl- (e.g. Drimalan F dyes).
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As the reactivity of the wool is considerably higher, level dyeing is achieved by the addition of spe­
cial auxiliary agents (so-called levelling agents) which block reactive groups by forming adducts
with the fibre. These adducts are destroyed when the temperature is elevated, at which point dye­
ing reaction may be controlled (see further below, disperse dyes).

The process steps are:

• addition of an auxiliary agent and pH-adjustment of the liquor with formic acid (or acetic
acid) to pH 3 - 4;

• treatment of textile material at 40 C;

• addition of dissolved dye;

• after 20 -30 min, adjustment of pH to 5 - 6 with sodium dihydrogenphosphate;

• dyeing at boiling point for 1 h;

• after-treatment with ammonia (pH 8.5 - 9.0);

• rinsing steps (the last being weakly acidified).

Disperse dyes

In the past few years, attempts have been made to find alternatives to dyeing wool with reactive
dyes and special levelling agents. The use of temporarily solubiIised disperse dyes derived from
aminophenyl-4-(Il.-sulphatoethylsulphone) is the most successful method.

These dyes have sufficient hydrophobic character to be soluble at room temperature; however, as
the temperature is increased, conversion to the reactive vinylsuiphone form gradually occurs [208].

Dyeing and after-treatment profiles are almost the same as those used when dyeing wool with
conventional reactive dyes.

Vat dyes, leuco esters of vat dyes

Vat dyes play an important role in the dyeing of wool. Due to its fastness to wool, Indigo was long
consider to be irreplaceable. Notable disadvantages were difficulties handle the dyes and the
negative effects when using reducing agents and alkali on wool. Today, indigo and its derivatives
have been replaced by the other classes of dyes, mentioned below in this chapter [267].
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5.2.5 Dyeing of silk

Silk has, compared to wool, a similar but considerably lower affinity for ionic dyes. Moreover, the
stability of silk is lower than that of wool. The lower affinity results in accurately controlled process
conditions (i.e. controlled addition of acid and temperatures not exceeding 90°C) [267, 168].

Silk is dyed with the same dyes as wool. In addition, direct dyes can also be used. The dyeing pH
is slightly higher than that of wool; therefore, the cited dyes for silk are:

• acid dyes (the most important): dyeing can be conducted in a soap bath used for degum­
ming (consult section 4.3.1 dealing with pretreatment of silk), as sodium sulphate is added
to protect the fibre;

• direct dyes (results in good fastness dyeing): a little of the degumming liquor (weak acid
with acetic acid) can be added to the dyeing liquor as a levelling agent;

• metal-complex dyes: 1:1 metal-complex dyes (of little importance) can be applied with af­
ter-chroming processes (in weakly acidic medium at 90°C) and produce excellent fast­
ness values; 1:2 metal-complex dyes (best suited) are applied in weakly acidic medium
and produce good fastness;

• reactive dyes: only applied when brilliant shades and higher colourfastness comparable to
acid dyes are needed;

• developing dyes, vat and leuco esters of vat dyes, and cationic dyes: less important
classes of dyes.

To improve the colourfastness when dyed with acid, direct and metal-complex dyes, an after­
treatment with 8% tannic acid and 4% acetic acid (30%) heated at 35 - 40°C for 60 min is recom­
mended. The treatment is finished with a rinsing in a fresh bath containing 4% potassium antimony
(III) oxide tartrate at 20-25 °C, without intermediate rinsing.

Moreover, an after-treatment of silk is necessary to give the fibre its typical texture. Usually, this is
made by reviving the fabric in a bath containing 1-2 giL of formic, acetic, lactic or citric acid.

5.2.6 Dyeing of polyamide fibres (nylon)

Polyamide fibres (PA 6 and PA 6,6) are easily dyed using various types of dyes. Due to their hy­
drophobic characteristics, they can be dyed with disperse dyes; whereas, thanks to the presence
of the groups NH-CO- and NH2- in the chain of the polymer, acid, reactive and 1:2 metal-complex
dyes can also be used. However, in practice acid levelling dyes are increasingly used. Polyamide
fibres can be dyed using:

• disperse dyes;

• acid dyes;
• metal-complex dyes;

• reactive dyes;
• basic dyes (for polyamide modified by incorporation of suiphonic acid groups).

Before dyeing, fabrics must generally be pre-fixed to compensate for material-related differences in
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affinity and to reduce the sensitivity to creasing during the dyeing process. Moreover, modification
of the fibre affinity can be attained by reaction with fibre-reactive products, such as chlorotriazine
derivatives to block parts of the amino groups [17, 267].

The advantages (or disadvantages) of using the mentioned dyestuffs and the resulting dyeing
techniques are discussed more intensively in the following table. Additionally, the most common
dyestuffs and resulting dyeing techniques for polyamide fibres are summarised in table 5-7, taken
from [2].

Dyestuff Chemicals and auxiliariesl typical application conditions Technique

Disperse pH=5 by acetic acid Batch

- dispersing agents (sulphoaromatic condensation products or non-

ionic surfactants)

dyeing is conducted at near-boiling temperature

Acid dyes - pH conditions from acid to neutral depending on the affinity of the Batch

Dye

- optimal bath exhaustion and level dyeing are achieved by either pH

or temperature control methods (levelling agents are also used)

- in the acidic range, electrolytes retard the exhaustion

- with levelling dyes, wet-fastness is often unsatisfactory and after-

treatment with synthanes can be necessary

1:2 metal- - dyes containing suiphonic groups are preferred because they are Batch

complex more water-soluble and produce better wet-fastness

dyes - to improve absorption of low-affinity dyes (especially for

disulphonic) dyeing is carried out in weakly acidic conditions using

acetic acid

- high-affinity dyes are applied in neutral or weakly alkaline medium

using amphoteric or non-ionic levelling agents

Reactive - in principle the reactive dyes used for wool are also suitable for PA Batch

dyes - dyeing is conducted at near-boiling temperature in weakly acidic

Conditions

after-treatment is performed at 95°C using a non-ionic surfactant

and sodium bicarbonate or ammonia

Table 5-10: Summary of the most common dyestuffs and dyeing techniques for
polyamide fibres

With polyamide fibres, it is often difficult to obtain a high enough dyeing temperature, especially
when dyeing in a jigger. The dyeing properties are therefore improved either by means of pre­
treatment with a benzyl alcohol-ethanol mixture, or by the direct addition of benzyl alcohol to the
dye bath [266].
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Disperse dyes

Disperse dyes used for polyamide fibres are more than 50 % azo compounds, about 25% are an­
thraquinones and the rest are methane, nitro and naphthoquinone dyes. These dyes were origi­
nally developed for dyeing acetate fibres and are finely dispersed products which have a solubility
in a bath of about 0.1 gIL The solubility of polyamide dyes are somewhat higher than that of poly­
ester dyes.

Disperse dyes are especially applied for lighter shades, as the wet-fastness deteriorates with in­
creasing depth of colour. The material is dyed in acidic conditions (pH 5) using acetic acid. A dis­
persing agent is always added to the liquor, in order to stabilise the dispersion. Dyeing is con­
ducted near boiling point. With rapid acting processes, e.g., the dyeing of hosiery special mixtires
of surfactants with wetting, washing, and dispersing effects are used. These contain polyglycol
ethers as dispersants as well as non-ionic ethoxylation products and anionic conditioning agents.
High molecular mass polyglycol ethers improve stripping of the hosiery products from the patterns
[266].

Acid dyes

Acid dyes are derived from mono- and diazo compounds and from anthraquinones; 70 -75% are
applied to polyamide fibres [267].

As with acid dyeing of wool, with increasing dye affinity, the hydrophobic interaction in the initial
phase must be repressed to achieve uniform absorption. This means that for high-affinity dyes the
liquor must be neutral at the start and the acidification slowly increased to optimise exhaustion.

The acidity level of the bath is regulated either by means of pH-controlling instruments or by add­
ing retarding agents (0.25-1 gIL of acid donors, such as ammonium sulphate, sodium pyrophos­
phate or special auxiliaries based on esters of organic acids, which release acid during the dyeing
process).

Optimal exhaustion and uniform dyeing can also be achieved by controlling the temperature pro­
file.

Auxiliary agents (anionic, cationic, non-ionic surfactants) are normally added to the dyeing liquor
(0.2-2 gIL) to improve the levelling effect. See further section 5.5.2 for novel low-foaming levelling
agents based on ethoxylated hydroxysulphobetaines which fullfill the need of (Le. surfactants)
faster dyebath circulation due to new macine technology. Anionic levelling and resist agents with
affinity for fibres are used. These are mono- and polysulphonates of high molecular mass aliphatic
and aromatic compounds. They also prevent formation of "stripes" on dyed polyamide. Cationic
levelling agents (e.g. fatty amines) are similar or identical to those products used in wool dyeing
(see section 5.2.4). Nonionic surfactants (ethylene oxide adducts such as ethoxylated fatty alco­
hols) form a complex with the anionic dye, thus having dye affinity. Uniform adsorption of the dye
can be achieved by pH control as well as by the use of retarding agents. This is carried out auto­
matically metering acid into the dye bath, or by adding substances that gradually release acid (Le.
ph regulators - acid or alkyli releasing agents) [266].
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The wet-fastness of dyeing with acid dyes on polyamide fibres is often unsatisfactory: After-treat­
ment is often necessary. Two kinds of finishing treatment are possible:

• the old process involved tannic acid (polygalloyl glucose) and potassium antimony (III)
oxide tartrae (tartar emetic) used to form adducts which shield the dyed material. The pro­
cess is expensive and said to be carcinogenic;

• the synthanes (synthetic tanning agents) process in which these agents are added to the
exhausted bath or to fresh liquor at pH 4.5 by formic or acetic acid. The material is treated
at 70 - 80°C and is then rinsed.

Synthane,s are high molecular mass condensation products of aromatic sulphonic acids with for­
maldehyde or condensation products of phenol, cresol, catechol, and naphtol with formaldehyde,
which are made water soluble by reaction with bisulphite. The treatment increases the contact
fastness of acid and metal-complex dyes and, to a lesser extent, their wash-fastness. The fastness
to chlorinated water in swimming pools is hardly improved. Synthanes also have a stain-repelling
effect on floor-coverings. Nevertheless, the treatment has a lot of disadvantages: the adhesive
strength of coatings or laminating is reduced; the treated material becomes poorly resistant to dry
heat, after-fixing and steam; it feels harder; the shade changes slightly; the light-fastness is re­
duced; and, in the presence of softeners, the rubbing fastness is decreased. Despite all of these
disadvantages, synthanes are frequently used; addition of 1-2 % per weight of fibre is common
[267]. A special synthane used for treatment of bathing suits is "Fadex CL" of Sandoz (limited in
the application due to its brown colour).

Metal-complex dyes

Approximately 30% of PAs are dyed using 1:2 metal-complex dyes.

Among 1:2 metal-complex dyes molecules containing suiphonic groups are the most suitable for
polyamide fibres. These are readily soluble in water, are applied in weakly acidic dye baths, and
provide even dyeings with good fastness: examples of these were given in the chapter dealing with
metal-complex dyestuffs [276]. A disadvantage of these dyes is their tendency to mark structural
differences in the material. Their use is therefore limited to dark shades.

The disulphonated acid dyes have the advantage of giving good light- and wet-fastness, despite
their poorer build-up properties.

The absorption of the dye increases with decreasing pH levels. Dyeing conditions vary from weakly
acidic by the addition of ammonium sulphate and acetic acid to neutral or moderately alkaline for
high-affinity dyes. For high-affinity dyes, amphoteric or non-ionic levelling agents are usually
added.

The washfastness of metal complex dyes can be improved by an aftertreatment with a syntan
(synthetic tanning agent - see Acid dyes, above). The enhancement of the results obtained on
such aftertreatment has been reported to be achieved by a subsequent use of selected cationic
compounds. A commercial syntan/cationic system has been reported [108].



192

Reactive

In principle, the reactive dyes used for wool are also suitable for polyamide[267].

The dyeing process is carried out in weakly acidic conditions (pH 4.5 - 5). The process is started at
20 - 45°C and then the temperature is increased to close to boiling point.

Non-ionic surfactants and sodium bicarbonate or ammonia are used in the after-treatment (soap­
ing) step.

5.2.7 Dyeing of polyester fibres

Polyesters are quantitatively the most important synthetic fibre. Polyester fibres used for textile
clothing are essentially mixed with cotton or wool. Pure PES fibres are employed in the knitwear
sector.

As the fibres are hydrophobic, water-soluble dyes do not attach. Since the preferred dyeing me­
dium is an aqueous liquor, the poorly water-soluble dyes must be dispersed before application.
Instead of this, water-insoluble dyes of small molecular weight, originally developed for dyeing
cellulose acetate, may be used.

A large variety of disperse dyes are available for colouring PES fibres. However, chemically identi­
cal dyes can exhibit marked differences not only in colouring strength and shade, but also in their
preparation and finish. Especially in modern dyeing processes, exacting standards are set for fine
dispersion and dispersion stability.

Most common dyestuffs and techniques are summarised in the following table, taken from [2].
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Dyestuff Chemicals and auxiliaries! typical application conditions Technique

Disperse - pH 4 - 5 by acetic acid Batch dyeing at

- levelling agents (aliphatic carboxylic esters, ethoxylated products, 125 - 135°C

combinations of alcohols, esters or ketones with emulsifying under pressure

agents) (HT)

- possible addition of complexing agents (EDTA) for dyes sensitive

to heavy metals

- this techniques requires the use of carriers unless modified Batch dyeing

polyester fibres are employed below 100°C

- pH 4 - 5 by acetic acid Thermosol

- thickeners such as polyacrylates and alginates are added to the Process

padding liquor in order to prevent migration of the dye during

Drying

- after-treatment with a solution containing sodium hydrosulphite

and sodium hydroXide (dispersing agents are added to the last

washing bath)

Table 5-11: Summary of the most common dyestuffs and dyeing techniques for
polyester

Articles made of pure PES are dyed almost exclusively using batch dyeing techniques, and among
these, dyeing under high-temperature conditions is the most commonly applied. The most common
dyeing processes for PES are [267,17]:

• dyeing polyester fibres under atmospheric conditions (below 100 DC) was frequently done
in the past with the aid of carriers. Since these substances are ecologically harmful, dye­
ing below 100 DC is no longer in use today for pure PES fibres, unless the carrier-free

dyeable fibres are employed (see modified PES fibres, below);

• concerning high-temperature dyeing, the process is usually carried out in acidic conditions
(pH 4 - 5) with addition of acetic acid under pressure at 125 - 135 DC. In these conditions,
levelling agents are necessary in order to prevent excessively rapid absorption. Examples
of levelling agents used are ethoxylated castor oil, stearic acid, alkylphenols, mixtures of
alcohols, and esters or ketones of medium chain length with emulsifying systems [2].
Hazardous carriers were used in the past as levelling agents, today they are no longer
used in the HT-dyeing processes. Provided alkali-stable dyes are used, dyeing in alkaline
medium (pH 9 - 9.5) is also possible. This technique has been developed in order to
counteract the migration of oligomers typical in PES fibres. In fact, oligomeric components
(cyclic trimers of ethylene terephthalate are especially harmful) tend to migrate out of the
fibre during dyeing, thus forming with the dye agglomerates that can deposit on the textile
or on the dyeing equipment. To achieve level effects, ethoxylated products are used as
levelling agents (see text below);

• the thermosol process is another applied technique, although it is primarily used for
PES/cellulose blends. It is the most important continuous dyeing process. The dye is pad-



194

ded on the textile together with an anti-migration agent. A drying step at 100 - 140°C is
carried out. The dye is then fixed (200 - 225 °C for 12 - 25 seconds). For lighter shades,
the material needs only to be rinsed or soaped after dyeing. For dark shades, in order to
ensure high light fastness, an after-cleaning step is most often times necessary. This usu­
ally consists of an alkaline reductive treatment followed by post-rinsing in weakly acidic
conditions. Information about alternative processes is reported below;

• the pad roll process is another continuous or semi-continuous dyeing process, where the
disperse dye is fixed only partially to PES fibres by padding. After retention in saturated
vapour atmosphere, the colours obtained are light, but the production is cheap and of
adequate fastnes;

• continuous dye application in foam is only possible if the fabric is carefully pretreated. De­
spite that, foam application offers the advantage of dyeing floor coverings using greatly
reduced liquor volumes, the method is not attractive for dyeing PES piece goods;

• continuous dye fixation with microwave is applied as the moist fabric (padded with dye liq­
uor) is subsequently treated with microwaves in the presence of vapour. The addition of
urea as a carrier is recommended.

Further auxiliaries which can be added to dye baths are:

• dispersing agents;

• complexing agents such as EDTA types (as dyes sensitive to heavy metals are used. e.g.
anthraquinoid red products).

Levelling agents necessary to give uniform dyeing in the high-temperature process are classified in
three typical groups: dyeing accelerants (carriers), ethoxylated products, and new special prod­
ucts. The group of the carriers includes the same compounds as those used in dyeing polyester
fibres at boiling temperatures: halogenated benzenes, halogenated toluene, 2-phenylphenol, di­
phenyl ethers, salicylic esters, methylnaphthalenes,etc. However, these compounds often have
disadvantages such as reduced lightfastness, environmental pollution, excessive fibre swelling,
and strong odour. As alternatives aliphatic carboxylic esters are used; yet, the carrier effect is in­
adequate when dyeing at boiling temperatures. Ethoxylated products are ethoxylated castor oil,
stearic acid, alkylphenols, and the sulphuric or phosphoric esters of ethoxylated fatty alcohols or
alkylphenols. Special levelling agents are ussally products consiting of combinations of alcohols,
esters, or ketones of medium chain length (C6-C12 or C7-C16) with emulsifying systems. The ef­
fect of cyclodextrins as levelling agents for dyeing polyester under high temperature conditions
was also reported [266].
The most important active substances used in dyeing accelerants for polyester fibres are cited as
1,2-dichlorobenzene; 1,2,4-trichlorobenzene; 2-phenylphenol; diphenyl; diphenyl ether; metyl, butyl
and benzyl benzoate; methyl salicylate, dimethyl phthalate; tertralin; a- and l3-methylnaphthalene,
phthalic acid N-butylimide; and chlorophenoxyethanol. Chlorobenzenes, methylnaphthalene, and
carboxylic esters are particular suitable for polyester-wool blends [266].

After-treatments are often necessary when dyeing PES fibres; especially when dyeing in dark
shades the nonfixed dye components must be removed in order to increase fastness. Oligoesters
(oligomers) leaving the fibre would also interfere with further weaving and spinning. These trouble­
some substances are usually not rinsed out thoroughly enough by traditional soaping after dyeing.
Therefore, loose material, and yarn in particular, must often be reductively treated with alkaline
solution of "hydrosulphite" (i.e. sodium dithionite) in the presence of an emulsifying washing agent.
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Organic reducing agents, benzophenone or triazole compounds, and other stripping agents may
also be used in the dye bath or as an after-treatment to improve fastness.

Polyester fibres may also be dyed in an alkaline medium to reduce the oligomer problem and to
facilitate the process of finishing (desizing and dyeing in one step). Levelling agents of the ethoxy­
lated product type are used for this, and special products are also used to buffer the liquor in the
pH range 9-9.5 [266].

Microfibres are fibres with a fineness of less than 1 dtex. The problems encountered when dyeing
fibres of such a large surface are the risks of unevenness, lighter appearance of the colour neces­
sary, great amount of dye required and, thus, lower light- and wet-fastness [267). Similar dyeing
behaviour is encountered when PES fibres are pretreated with alkali in order to peel the surface.

In order to increase the rate of dye strike, the PES fibres can be chemically or physically altered.
The modified polyester fibres also have some further advantages:

• reduced pilling tendency;

• increased shrinkage and elasticity;

• reduced flammability;
• improved dye receptivity and, thus, carrier-free dyeable;

• dyeing with basic (cationic) dyes and disperse dyes are possible.

The inconveniences of such modified fibres are their tendency to hydrolyse and their often lower
light fastness. The joint use of modified and normal PES fibres can be exploited for different dye
effects.

PES fibres can be dyed with cationic dyestuffs, provided that acidic components (e.g. sulphated
aromatic polycarboxylic acid such as 5-sulphoisophtalic acid) are used as co-monomers during the
manufacturing of the fibre (creation of anionic sites, chemical modification of the PES fibre).

Modified polyester fibres known as NCD (noncarrier dyeable)fibres can be dyed with disperse dyes
at boiling temperatures without addition of carriers. To prevent unlevel effects caused by exces­
sively rapid adsorption of the dye, levelling agents of the ethoxylated product type are used [266).

5.2.8 Dyeing of cellulose acetate (AC) and cellulose triacetate (CT)

Cellulose 2.5-acetate (AC) and cellulose triacetate (CT) are commonly processed as filaments.
They have a silk-like feel, dull gloss, and pleasant drapping quality. Nevertheless, cellulose ace­
tates are being increasingly replaced by synthetic polyamide and polyester fibres.

In contrast to the other regenerated cellulose fibres, CA and CT are hydrophobic (and not compa­
rable with viscose rayon, from a dyeing point of view). Therefore, they can be dyed with disperse
dyes under conditions which are very similar to those applied to PES fibres [267).

Cellulose acetate is dyed using the exhaustion method with disperse dyes in the presence of non­
ionic or anionic dispersing agents in weakly acidic conditions (pH 5 - 6). Dyeing is normally done at
80 - 85 ac. However, a series of less wet-fast dyes already absorb onto the fibre at 50 - 60 ac,
whereas more wet-fast dyes require temperatures up to 90 ac.
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Compared to CA, CT dyeing and finishing characteristics are more similar to purely synthetic fibres
such as PES. Cellulose triacetate, like CA, is dyed using disperse dyes in a weakly acidic medium
in the presence of levelling auxiliaries. Applied dyeing techniques for CT are:

• batch dyeing process, usually at 120°C, but if these conditions are not possible a dyeing
accelerant (based on butyl benzoate or butyl salicylate) is required;

• thermosol process (see Dyeing of PES, for more details).

For stress relaxation, articles made of CT are heat set (thermofixed) after dyeing or alkali treated at
high temperatures (S-finish) before dyeing (see corresponding chapter for more information).

Moreover, CT and CA have the inconvenient tendency of absorbing gases from the air (industrial
waste, etc). In order to protect the coloured fibres from eventual destruction emanating from the
adsorbed gases, they should be after-treated with special cationic products. These products un­
dergo a salt-like bond with the mostly acidic gases and protect the textile (coloured for e.g. with red
and blue anthraquinone dyes) from gas fading.

When dyeing acetate fibres with disperse dyes, levelling agents with a dispersing action are used
(non-ionic or anionic surfactants, see Dispersants and protective colloid in 5.5.2). These products
often also need to have a detergent action to remove fibre preparations during dyeing and to
maintain them in emulsified form. Triacetate fibres dyed with dispersed dyes need the same level­
ling agents as those that are used for dyeing other fibres (see polyester, polyamide, and acetate).
When dyeing at 100°C, special carriers are often used. The dyeing accelerants are only necessary
for dyeing triacetate when increased dye yield is need for very deep tones or with dyes that do not
diffuse well. The most commonly used compounds are esters of benzoic acid, salicylic acid, or
phthalic acid [266).

In addition, the range of disperse dyes intended for PES fibres contain numerous products that are
very well suited to CT, in particular.

Moreover, CA and CT can also be dyed using developing dyes. The process, which was used in
the past for various shades, is still being employed for black. Despite the process being more tedi­
ous, the produced dyeings are fast to wet treatments. The process for CA implies the following
steps:

• application of an amino-group containing diazotisable disperse dye;

• diazotisation on the fibre;
• coupling with a naphtol (e.g. 2-hydroxynaphtoic acid) as developer.

The process for dyeing CT using developing dyes is somewhat altered since CT is more easily
accessible for ionic products:

• application of the diazotisable azo dye;
• application of the developer at higher temperatures;

• diazotisation is performed in the cold, and simultaneous coupling of the diazonium salt
formed with the developer already present on fibre.
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5.2.9 Dyeing of acrylic fibres

Acrylic fibres represent the third most important synthetic fibres, after PES and PA. In western
Europe and the united states, ca. 60% are used for clothes and 30 % for household textiles [267).

So called PAC fibres are hydrophobic and contain anionic groups in the molecule. As a result, they
can be dyed using disperse and cationic dyes. With the introduction of cationic co-monomers in the
polymer (see also below, Modacrylic fibres), the fibre can also be dyed using acid dyes.

The following table summarises the most common dyestuffs and techniques, taken from [2).

Dyestuff Chemicals and auxiliariesl typical application conditions Technique

Disperse - dyeing conditions correspond to those used for polyester

- addition of carriers is not required

Cationic - Acetic acid (pH 3.6 - 4.5) Batch

- Salt (sodium sulphate or sodium acetate)

Retardant auxiliaries (usually cationic agents)

- Non-ionic dispersing agents

- Acetic acid (pH 4.5) Pad-steam

- Dye solvent process with

- Steam-resistant, readily-soluble dyes (usually liquid) are Pressurised

required Steam

- Dye solvent Pad-steam

- Rapidly diffusing dyes are required process with

saturated steam

Table 5-12: Summary of the most common dyestuffs and dyeing techniques for
polyacrylic fibres

Batch dyeing is commonly applied for cable or stock (package dyeing), yarn in hank form or pack­
ages and for fabric. Piece dyeing can be performed using beam, overflow, paddle (for knitwear,
ready-made bath sets), or drum (socks). Stock, cable, and top can also be dyed on special ma­
chine, using the pad-steam process, preferably with pressurised steam to obtain short fixing times.
Piece goods, especially upholstery material (velour), are also dyed according to the pad-steam
process, but in this case fixing is carried out with saturated steam. This implies longer fixing times,
which means that rapidly diffusing cationic dyes and dye solvents are required.

Nevertheless, a tendency for using other dye application processes such as gel dyeing [267) is
increasing. To avoid severe shrinkage of polyacrylonitrile fibres, dyeing is carried out below the
glass transition temperature Tg in the presence of dyeing accelerants. Ethylene and propylene
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carbonate and particularly benzyloxypropionitrile are suitable [266).

Certain modified polyacrylonitrile fibres become yellow and delustered or lose strength if they are
dyed at 100°C. Such fibres can be dyed at low temperatures using dyeing accelerants. Dyeing
accelerants for the Verel (modified acrylic) fibres include triisobutyl phosphates [266).

Disperse dyes

Disperse dyes are used to produce light to medium-deep shades. The dyeing techniques corre­
spond to those used on polyester fibres. However, dyeing can be performed at temperatures <100
°c without carriers. Furthermore, due to the good migration properties of disperse dyes, levelling
agents (carriers) are not required.

Cationic dyes

Typical recipes used in batch dyeing include an electrolyte (sodium acetate or sodium sulphate),
acetic acid, a non-ionic dispersant and a retarding agent. Dyeing is conducted by controlling the
temperature at the optimum range for the treated fibre. Finally, the bath is cooled down and the
material is rinsed and submitted to after-treatment.

Continuous processes commonly applied are:

• pad-steam process (fixation with pressurised steam at more than 100°C) - this process
has the advantage of reducing fixing time. Pad liquor typically contains a steam-resistant
cationic dye (usually liquid brand), acetic acid and a dye solvent;

• pad-steam process (fixation with saturated steam at 100 - 102°C) - this process requires
a longer fixing time. Rapidly diffusing cationic dyes and dye solvents, which exhibit a car­
rier effect, are required.

When dyeing with basic dyes, special levelling agents (anion active or cation active products ­
also called retarding agents) are widely used in order to control the absorption rate of the colorant
on the fibre, thus improving level dyeing. Cationic products known as retarders are of greatest im­
portance. These can be of "permanent" or "temporary" type, the more important being the perma­
nent retarders which have affinity for the fibre. More commonly, the auxiliaries that can be added to
the dyeing baths are:

• cationic retarders: colourless compounds which adsorb like dyes and compete for the
acidic groups inIon the fibre (Le. quaternary ammonium salts, quaternary amines with an
aromatic ring substitute or an aliphatic chain, commonly with C'2-C,4 alkyltrimethyl or C10­
C14 alkyldimethylbenzyl side chains), polymeric compounds or polyethoxylated amines
are also often used;

• cationic softeners: compounds which act like cationic retarders, and reduce the consump­
tion of the last;

• migration aids: colourless cationic auxiliary agents which have a considerably lower affin­
ity for fibre that dyes. Quaternary ammonium salts with aromatic ring systems (e.g. tri­
methylbenzylammonium chloride), electrolytes (e.g. NaCl, Na2S04) or organic salts with
larger cations increase migration;
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• electrolytes: these compounds have a similar effect on dye migration;

• polycationic retarders as levelling agents: Le. compounds (usually polymeric) with numer­
ous cationic groups;

• anionic retarders: compounds which contain two or more suiphonic acid groups per mole­
cule, capable of forming a soluble addition complex with the dye.

Other levelling agents used in PAN dyeing include anionic products with an affinity for the dye (e.g.
naphtalenesulphonic acid-formaldehyde condensation products). The possibility of precipitation of
the dye-auxiliary adducts can be avoided by adding non-ionic dispersing agents [266].

The conditions when dyeing special PAC fibres usually proceed on exhaustion techniques. Nev­
ertheless, some particular rules have to be observed:

• dyeing of high-bulk material: anionic retarders and cationic dyes with K;::4 are preferred;

• dyeing of pore fibres: three times more dye is required to achieve a given shade, navy and
black shades are hardly dyeable, other deep hues must then be cleaned reductively with
ammoniac, more softener is required;

• dyeing microfibres: two times or more is required to achieve a given shade, starting tem­
perature for dyeing is higher, more cationic retarder is required, reductive after-cleaning is
sometimes necessary and the use of special dyes is recommended;

• dyeing modacrylic fibres: these kind of fibres contain more than 20% vinyl chloride or vi­
nylidene chloride as co-monomer and are used because of their reduced flammability.
The fibre types and their dyeing properties change frequently. General characteristics are
an increased plasticity and a strong tendency to shrink at higher temperature; light­
fastness is considerably poorer. Use of these dyes is therefore limited but the relustering
required in the past after dyeing is no longer necessary.

5.2.10 Dyeing of other synthetic fibres

Poly (Vinyl Chloride) fibres (PVC) [267J

PVC fibres have the advantage of good flame retardancy and are used for this reason e.g. for seat
covers, quilt fillings and technical purposes.

The fibres are dyed preferably using disperse dyes at moderate temperatures to avoid shrinkage.
Hence, some fibres are dyed at 60 -65 'C, using dyeing accelerants. Others can be dyed at 100
'C without carrier ( a few even at 110 'C).

When dyeing with cationic dyes and anionic auxiliaries, average depths of shade are achieved, but
selected dyes give the possibility of good light-fastness.

Similar to certain modacrylic fibres, some PVC must be relustered (dry heat at 110-130 'C) after
dyeing,
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Elastomeric (polyurethane) fibres [267J

Polyurethanes fibres are contained in most stretch articles and also in fashion materials and knit­
ted fabrics. Moreover, mixtures with polyamide are used in many technical and medical purpose
materials. Articles of cotton/elastomeric blends and PES/Cotton/elastomeric blends are also very
common. The companion fibre is often spun around the elastomeric thread, which makes separate
dyeing of the polyureathane unnecessary.

Polyurethanes fibres can be dyed with:

• acid dyes;
• metal-complex dyes;

• chrome dyes;
• disperse dyes.

In all dyeing processes for elastomeric fibres, dyeing equipment which permits low-strain guidance
of the material and the lowest possible thermal stress are important.

In general, higher processing temperatures are not possible as fibres tend to degrade. The inade­
quate dyeing receptivity of the polyurethane is often circumvented with the aid of fibre-affinitive
cationic dyeing auxiliaries combined with ethoxylated fatty alcohols or fatty amines.

Polyamide/Polyurethanes blends can be dyed using disperse dyes (however the wet-fastness is
lower on Polyurethane), acid and metal-complex dyes but rarely with chrome dyes (as elasticity is
lost and the feel becomes brittle).

Mixtures of polyurethane/polyester must be dyed using small molecular, rapidly diffusing dyes,
similar as when dyeing PES fibres.

Cotton/polyurethane blends can be dyed with vat dyes, sulphur dyes, and combinations of sub­
stantive and acid dyes.

Polypropylene fibres

Polypropylene fibres are:

• inexpensive;
• dimensionally stable;

• low weightening;
• low water absorbing;

• resistant to chemicals and rot-proofed.

The pure aliphatic hydrocarbons character of these fibres make the dyeing with dyes normally
used for textile dyeing impossible. Hence, other solutions must be applied:

• lipophilic dyes, which are employed for dyeing mineral oil, are occasionally used for spe­
cific materials. However, the dyeings are of such poor fastness that the use for textile
purpose is not recommended;

• mass dyeing with pigment formulations is the method of choice for dyeing unmodified-
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polypropylene, hence treatment temperatures must be kept below 120 'C;

• modifications of the polypropylene fibres make them dyeable in aqueous liquor. Polypro­
pylene containing nickel compounds, for light stabilization, is dyeable using dyes that are
capable of forming nickel complexes (water-insoluble, chelating dyes such as for example
C.1. Disperse Red 91). A modification of the polypropylene using basic components make
it accessible to acid dyes commonly used for wool and polyamide fibres. However, a pre­
treatment with an acid or an alkylsulphonate is required before dyeing. A third modification
of the polypropylene is the introduction of a polyether or a polyamide, making the fibre ac­
cessible to disperse dyes. Preliminary tests are required to determine the type of modifi­
cation, and subsequently, the type of dyeing used [267].

Since a high degree of ligthfastness is required, the material is polymerised in the presence of
nickel salts. Subsequent treatment with dyes capable of complexation results in the formation of
nickel complexes during the dyeing process. Appropriate dyes include for example CAS-Nr.
[83156-84-7] [276].

Poly(Vinyl Alcohol) (PVA) fibres [267J

PVA fibres have some interesting properties which make them suitable for sewing thread and for
canvas and other articles used outdoors:

• a cotton-like feel;
• a high strength, a low moisture absorption;

• good rot resistance;

• waterproofness.

Nevertheless, the importance of these fibres in the textile industry is decreasing greatly.

The ability of PVA to be dyed depends on the cross-linking degree of the fibres with formaldehyde
(acetalization). In general, PVA does not need to be bleached. The fibres resemble cellulose and
polyamide in their dyeing properties. Several types of dyes are more or less suited:

• disperse dyes: poor light- and wet-fastness restrict their use to light shades;

• direct dyes: their wet-fastness can be improved by the usual after-treatment; deep shades
can also be obtained;

• cationic, reactive and sulphur dyes: exhibit varying fastness;

• vat dyes: the most suited (e.g. Indanthren brands), they produce a fastness which is com­
parable to or better than that obtained with cotton. Nevertheless, really deep shades are
difficult to obtain;

• metal-complex dyes: the best suited are poorly water-soluble, the weakly acidic dyeing is
performed with a levelling agent (e.g. an ethoxylated fatty alcohol sulphate ). A very fast
dyeing is produced which is also suitable for weatherproof articles.

Aramid fibres [267J

Aramide fibres are high-performance fibres and are polyamides made from aromatic amines and
dicarboxylic acids. Their textile application properties are similar to polyamide and polyester fibres.
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The aramides are highly heat resistant and flame retardant, and are for this reason used for pro­
tective clothing. However, aramides are expensive and so further applications in the textile sector
are reduced. Moreover, only moderate light-fastness of the colours is obtained.

The most commonly used aramide fibres for textile purpose is Nomex (Du Pont). The treatment
processes for Nomex involve the following steps:

• heat setting by steam (at 120 or 90°C) before wet finishing;

• thorough washing;

• colouring with cationic dyes, at pH 3-4 and 120°C for 2h, addition of a carrier, and addi­
tion of 25 gil of sodium nitrate, for better levelling;

• thorough after-washing, with additional sodium hydrogensulphite to remove superficially
adhering dye;

• faulty dyeing can be largely stripped by treatment at 120°C with benzyl alcohol or with a
carrier and a retarder which has a levelling effect in the presence of hydrosulphite in an
alkaline liquor.

The cationic dyes suitable for aramides like Nomex are:

• C.1. Basic Yellow 15, 21, 23, 25,49, 53, 79;

• C.1. Basic Orange 22, 35;

• C.1. Basic Red 29, 46;

• C.1. Basic Blue 41, 54;

• C.1. Basic Green 6.

The usual carriers can be employed whenever benzyl alcohol (in amounts of 10-40 gil) is pre­
ferred. Further dyeing accelerants cited are butyl benzoate, salicylic esters, benzaldehyde, and
acetophenone [266].

Other very strong or high-temperature-resistant fibres (e.g. poly(tertafluoroethylene) or carbon fi­
bres) cannot be dyed with the methods commonly employed in textile dyeing [171, 170,280]).

5.2.11 Dyeing of Fibre blends

Natural/synthetic fibre blends are becoming more and more important in the textile industry due to
the fact that they allow the combining of favourable technological properties of synthetic fibres with
the pleasant feel of natural fibres. Of the worldwide consumption of PES fibres, 55 - 60 % is used
in blends with cellulose fibres or wool. About 40 % of polyamide is used in blends, while 50 % of
polyacrylic fibres are used especially in blends with wool for knitwear [2, 267].

Fibre blends can be produced according to three different methods:

• fibres of different types in the form of staple fibres are mixed at the yarn manufacturing
stage, during spinning;

• fibres of different types are separately spun and the resulting yarns are wound together to
give a mixed yarn;

• fibres of different types are separately spun and combined together only at the weaving
stage where one or more fibre yarns are used as warp and the other ones as weft.
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Dyeing of blend fibres is always longer and more difficult as an operation compared to pure fibre
dyeing. Despite these disadvantages, dyeing tends to be placed as close as possible towards the
end of the finishing process. In fact, this enables the dyer to satisfy the requests of the market
without the need to store large amounts of material already dyed in flock or yarn form in all avail­
able shades.

When dyeing blend fibres, the following methods can be applied:

• the two fibres are dyed in the same tone ("tone on tone") or in two different shades using
the same dyes;

• only one fibre is dyed (the colourant is not absorbed by the other ones);

• the different fibres are dyed in different tones.

For "tone on tone" dyeing, it is sometimes possible to use the same dye for the different fibres.
When dyes of different classes need be employed, the dyeing process is easier to control when
the selected colourants have affinity only for one fibre and not for the other. In reality, however, this
situation is exceptional and the dyeing of fibre blends remains a complex operation. Some re­
search has been done to allow dyeing of all fibres with the same type of dye. Modifying the natural
fibres with suitable auxiliaries is one method to permit this (see polyester-wool blends, below)

Blend fibre dyeing can be done in batch, semi-continuous and continuous processes. Batch proc­
esses include:

• dyeing in one bath and one step (all dyes are added in the same bath in one single step);

• dyeing in one bath and in two steps (dyes are added to the same bath in subsequent
steps);

• dyeing in two baths (dyes are applied in two steps in two different baths).

The most common fibre blends will be discussed in the following.

Polyester-cellulose blends

A large part of the production of PES (ca. 45 %) is used to make this mixture. Polyestercellulose
blends are used for all types of clothing as well as for bed linen. The cellulose component is usu­
ally cotton, but viscose staple fibres and occasionally linen are also used. The preferred mixing
ratio is 67:33 PES: cellulose (for textiles worn close to the skin), 50:50 and 20:80 [267].

In dyeing PES-cellulose mixtures, disperse dyes are used for the polyester component, while the
cellulose portion is usually dyed with reactive, vat and direct dyes. Pigment dyeing is also com­
monly used for lighter shades.

Disperse dyes stain cellulose fibres only slightly and they can easily be removed by subsequent
washing or, if necessary, by reductive after-treatment. Most of the dyes used for cellulose stain
PES very slightly or not at all.
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A typical recipe for padding liquors is given in the following table, taken from [2].

Component [gil)

Vat and disperse dyestuffs X

Wetling agent 1-2

Sequestering agents 1-3

Anti-migration agent 10 -15

Acetic acid (60 %) 0.5-1

Table 5-13: Typical recipe for padding liquors for the dyeing ofpolyester/cellulose blends
with reactive dyestuffs (using a one-bath method)

Moreover, some metal-complex dyes can be used to print and dye cotton-polyester blends in vari­
ous shades (examples CAS-Nr. [103850-03-9], [79828-44-7) and [79817-89-3]). Yet, special aux­
iliaries are required when printing or dyeing with such substances because they act as disperse
dyes (276).

PES-cellulose blends are commonly dyed in continuous processes. Nevertheless, for yarn and
knitwear, batch dyeing is of major importance.

In batch dyeing, the application of dyes can be done in one or two steps taken in one bath or in two
different baths in subsequent stages. The disperse dye is generally applied at high-temperatures
(HT) without the use of carriers. The one-bath/one-step procedures are preferred, being more eco­
nomic, but present more difficulties due to the presence of salt increasing the tendency of disperse
dyes to stain the cotton fibre of the blend. Recently developed low-salt reactive dyes are claimed to
show good performance and high reproducibility in this application (see section 5.4.8).

In the one-bath/one-step procedure, special auxiliaries, so-called acid donors, are used which
lower the pH value when the temperature is increased. In this way it is possible to fix the reactive
dyes in alkaline conditions and then reach the optimal dyeing conditions (pH 5 - 6) for disperse
dyes by increasing the temperature. Alternatively, it is advantageous to operate at pH 8 - 10 using
alkali-stable disperse dyestuffs, which also avoid oligomer problems.

In continuous processes the dyes are usually applied in one bath. The fabric is subsequently dried
and disperse dye is fixed to the PES component by a thermosol process. Afterwards, the second
dye is developed according to the procedure typical for each class; in general using pad steam,
pad-jig, or pad-batch processes.

Table 5-14 presents a summary of the most frequently applied processes, taken from (2). Dyes are
applied according to application conditions typical for their class. For more details regarding a
given class of colourant, please refer to the specific section.
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Technique Dispersel Dispersel Dispersel Pigment

vat reactive direct

Batch One-bath process YK Will

Two-bath process YK

One-bath two-step YK YK YK
process

Continuous I stage II stage

Application of all Thermosol + pad-jig W

dyes in one bath

by padding + Thermosol + pad-batch W

drying followed

by Thermosol +pad-steam W W W

Y =yarn

W =woven fabric

K =knitted fabric

(1) Pigment dyeing includes padding with the pigment, a binder and auxiliaries, drying and po-
Iymerisation at 140 ·C for 5 min.

Table 5-14: Summary of dyestuff and dyeing techniques for polyester-cellulose
blends

Polyester-wool blends

Polyester-wool blends are widely used, especially for woven goods and knitwear. The most fre­
quently ratio found is 55:45 PES: wool.

Wool cannot be dyed at the high temperatures typical of the HT dyeing process for PES fibres and
PES-cellulose blends. The dyeing time should also be as short as possible so that the wool is not
damaged. For large productions it is therefore preferable to dye wool and PES separately, blend­
ing the two fibres at the yarn manufacturing stage. However, quick changes in fashion and short­
term planning frequently do not allow separate dyeing.

When dyeing polyester-wool blends, disperse dyes are used for polyester and anionic (acid and
metal-complex dyes) for wool.

Only disperse dyes which stain wool as little as possible or are easily removable by washing can
be used for dyeing wool-polyester blends. Disperse dyes, in fact, tend to stain wool and a reductive
after-treatment is not always possible (appropriately stable dyes are required). Frequently used
dyes are [267]:

• C.1. Disperse Yellow 23,54,64;

• C.1. Disperse Orange 30, 33;
• C.1. Disperse Red 50, 60, 73, 9,167,179;
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Alternative wool protecting additives are water-soluble proteins or alkylsulphonates and alkylsul­
phonic esters, yet the protection is qualitatively lower than with formaldehyde. Newly developed
formaldehyd-free wool protecting agents are based on halohydrine groups or activated C=C bonds
[229].

The one-bath process method is preferred in practice; the two-bath process is only applied when
deep shades and high fastness are required. The material is first dyed with disperse dyes; then, in
some cases, a reductive intermediate treatment is applied before dyeing the wool.

In both dyeing methods, after dyeing, an after-treatment is applied to remove disperse dye at­
tached to the wool, if the dye used for wool can withstand it. The material is treated with ethoxy­
lated fatty amine in weakly acid liquor at 60 cc. Reductive after-treatment (see section 5.4) is also
sometimes possible.

Polyamide-cellulose blends [267J

Since PA fibres have an affinity for almost all dyes used for cellulose, different possibilities are
available for dyeing this blend:

• direct and disperse dyes (pH 8) e.g. C.1. Direct Yellow 44, Direct Red 81 and Direct black
51 );

• acid or 1:2 metal-complex dyes (pH 5 - 8);
• vat dyes (exhaust and pad-steam processes are used) e.g. C.1. Vat Orange 26, B. 4 and

14, Brown 55, Black 9 and 25;

• reactive dyes.

Application conditions are those typical for each class of dye. They have already been described in
the previous chapters. Although PA fibres are more or less strongly dyed by all dyes normally used
for cellulose, the shades often do not correspond. A careful dye selection must be made and the
dyeing process adapted. A typical adaptation of the process is the addition of a special auxiliary
agent called resist which prevents the direct dye to exhaust mainly on the PA component (see also
resist printing in section 5.3.6).

Polyamide-wool blends [267J

Blends with polyamide/wool ratios varying from 20:80 to 60:40 are used. This blend is particularly
important in the carpet sector. On the other hand, the addition of 5 - 20 % of polyamide (PA) fibres
to wool increase the strength of woollen articles and make them suitable for functional clothes such
as, for example, thermal underwear, etc (so-called stretch fabrics).

In principle, both types of fibres can be dyed with the same classes of dyes, Le. acid and 1:2
metal-complex dyes. However, due to better acceSSibility, the PA fibre is dyed more deeply than
wool when lighter shades are applied. On the contrary, when applying deep shades, the higher
bonding capacity of woollen surfaces will result in a darker colour.
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Alternative wool protecting additives are water-soluble proteins or alkylsulphonates and alkylsul­
phonic esters, yet the protection is qualitatively lower than with formaldehyde. Newly developed
formaldehyd-free wool protecting agents are based on halohydrine groups or activated C=C bonds
[229].

The one-bath process method is preferred in practice; the two-bath process is only applied when
deep shades and high fastness are required. The material is first dyed with disperse dyes; then, in
some cases, a reductive intermediate treatment is applied before dyeing the wool.

In both dyeing methods, after dyeing, an after-treatment is applied to remove disperse dye at­
tached to the wool, if the dye used for wool can withstand it. The material is treated with ethoxy­
lated fatty amine in weakly acid liquor at 60°C. Reductive after-treatment (see section 5.4) is also
sometimes possible.

Polyamide-cellulose blends [267]

Since PA fibres have an affinity for almost all dyes used for cellulose, different possibilities are
available for dyeing this blend:

• direct and disperse dyes (pH 8) e.g. C.1. Direct Yellow 44, Direct Red 81 and Direct black
51 );

• acid or 1:2 metal-complex dyes (pH 5 - 8);

• vat dyes (exhaust and pad-steam processes are used) e.g. C.1. Vat Orange 26, B. 4 and
14, Brown 55, Black 9 and 25;

• reactive dyes.

Application conditions are those typical for each class of dye. They have already been described in
the previous chapters. Although PA fibres are more or less strongly dyed by all dyes normally used
for cellulose, the shades often do not correspond. A careful dye selection must be made and the
dyeing process adapted. A typical adaptation of the process is the addition of a special auxiliary
agent called resist which prevents the direct dye to exhaust mainly on the PA component (see also
resist printing in section 5.3.6).

Polyamide-wool blends [267]

Blends with polyamide/wool ratios varying from 20:80 to 60:40 are used. This blend is particularly
important in the carpet sector. On the other hand, the addition of 5 - 20 % of polyamide (PA) fibres
to wool increase the strength of woollen articles and make them suitable for functional clothes such
as, for example, thermal underwear, etc (so-called stretch fabrics).

In principle, both types of fibres can be dyed with the same classes of dyes, Le. acid and 1:2
metal-complex dyes. However, due to better accessibility, the PA fibre is dyed more deeply than
wool when lighter shades are applied. On the contrary, when applying deep shades, the higher
bonding capacity of woollen surfaces will result in a darker colour.
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These inconveniences are obviated by adjusting the fibre affinity of PA with fibre-affinitive retarding
agents (also called PA reserving/blocking agents such as aromatic sulphonates) when colouring
with lighter shades. Consequently, the level of auxiliary agents depends on the depth of colour and
is between 0.5 - 4 %. Monosulphonated acid dyes are the most suitable.

Dyeing is performed in the presence of acetic acid and sodium sulphate. Due to limited fastness of
acid dyes, 1:2 metal-complex dyes are required for darker shades [267].

When dyeing wool-polyamide blends with anionic dyes, and the individual compenents of the fibre
blend are not dyed to the same colour intensity, the use of an auxiliary with an affinity for the fibre
can reduce the dye affinity of that component of the mixture with the greater affinity. The products
used for this levelling effect are the same as those used as chemical resist agents (see Resist
printing in 5.3.6) [266].

Polyacrylonitrile-cellulose blends [267J

PAC-cellulose blends are used for household textiles (drapery and table linen) and imitation fur
("peluche" in which the pile consists of PAC fibres and the back is made of cotton). The percent­
age of PAC in the mixtures varies between 30 and 80 %.

PAC can be dyed with cationic or disperse dyes, while direct, vat or reactive dyes can be used for
the cellulose component. The following methods are the most commonly used for dyeing this type
of blend:

• continuous dyeing with cationic and direct dyes according to the pad-steam process. To
avoid precipitation of cationic and anionic dyes present in the pad liquor at relatively high
concentration, a combination of anionic and non-ionic surfactants are added to the solu­
tion to keep the differently charged dyes in separate solution phases. Moreover, so called
fixing accelerators are added to achieve deep penetration of PAC fibres;

• batch dyeing (usually according to the one-bath, two-steps method) with cationic and vat
dyes (the so-called pigment process), or with cationic and reactive dyes.

Polyacrylonitrile-wool blends [267J

Among synthetic fibres, PAC fibres are the most suitable for obtaining blends with wool that keep a
wool-like character. This makes the blend widely used, especially for knitwear and household tex­
tiles. The blending ratio of PAC to wool varies from 20:80 to 80:20.

Metal-complex, chrome, and reactive dyes are the dyestuffs typically used for the wool part, while
PAC is commonly dyed using cationic dyes.

Cationic dyes stain wool fibre. As a matter of fact, cationic dyes attach first to wool and then mi­
grate to PAC fibre at higher temperatures. Even if well-reserving dyes are selected, dyeing must
be conducted for a sufficiently long time (from 60 to 90 minutes) in order to obtain good wool re­
serve [2].
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PAC-wool blends can be dyed using the following exhaustion methods:

• one-bath one-step;
• one-bath two-step;

• two-bath.

The first one allows shorter dyeing times and lower consumption of water. However, it is not al­
ways applicable due to the simultaneous presence in the dye bath of anionic and cationic com­
pounds which can produce precipitation of formed adducts on the fibre. Precipitation can be pre­
vented using dispersing agents and selecting appropriate dyes.

When dyeing with the one-bath, two-step method, use of reserve agents are not necessary. In
fact, wool absorbs the cationic dye and slowly releases it, acting as a retarding agent (exerting a
retardant effect on PAC).

Other synthetic fibre blends [267J

Nearly all fibres have already been combined with each other to create new, fashionable or techni­
cal effects. Blends of synthetic fibres may also have some interesting advantages.

Mixtures of PES and PAC fibres are frequently used for outerwear or furnishing fabrics. Selected
disperse and cationic dyes are used for dyeing. However, tone-on-tone dyeing and bi-colour dye­
ing are also possible but carriers must often be added [129].

Mixtures of PA and PAC fibres are occasionally used for producing skiing articles and for wool/PA
imitations. Cationic dyes are used for dyeing the PA component, while sulpho group containing 1:1
metal-complex dyes are applied to the PAC fibres in the same bath. The stability of the bath can
be improved by the addition of a non-ionic auxiliary (e.g. an ethoxylated fatty alcohol).

5.3 Printing

The art of textile printing is probably as old as civilisation itself. In Europe, there are records of
textile printing using hand blocks and oil-bound pigments similar to those employed for paper from
the 15th century; however, the earliest cloth samples still in existence date from about 1650. From
approximately 1760 (hand-block printing) and 1790 (engraved copper roller printing), the UK in­
dustry grew rapidly to be the most important world-wide, reaching it is zenith just before the First
World War. Afterwards, there was a general decline in production and this trend continues still,
despite considerable technical innovations. The reasons for the decline were many and varied but
principally resulted from considerable investments in new printworks outside Europe, particularly in
the Middle and Far East. World-wide production of printed textile goods is summarised in Figure
5-, showing that around half the world's print output is from Far Eastern countries [335].
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Total production 17,7 m '10' In 1997
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The table shows present trends in the use of individual fibres in printing [335]. Cellulose fibres
constitute some 60% of the total marked, 80% of this being cotton.
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Concerning printing machine types, screen printing (particularly with rotary screens), has continued
to displace roller printing over time. Increasingly sophisticated controls have been fitted to the new
machines. Today, some 89% of all printed textiles are produced with flat or rotary screens. The
trends in printing techniques are depicted in the following figure.
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Figure 5-8: Trends in printing techniques

Despite improvements in machine productivity yielding right-first-time production, several factors
have arisen as a result of the present fashion and marketing trends. The increasing trend towards
short run lengths (less than 1000 m per colourway as compared with 3000 m in other markets),
with frequent small repeat orders and a shorter design life may greatly influence further develop­
ments in printing machines. In the ideal modern printworks, which aspires to total quality manage­
ment and on time delivery, the sequence from design to bulk print production needs to be fully re­
corded and all operations closely integrated. Several proprietary computer-aided design (CAD) and
computer-aided manufacturing (CAM) systems are now available.
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The calibrated video display units (VDU) generate colorimetric data which may be used to produce
sample fabric patterns using ink-jet printers, for laser engraving print screens, or to optimise dye
recipes for production [335).

In the following chapter, the general principles of printing and the most commonly used printing
techniques will be described. The chapter concludes with a presentation of all the chemicals in­
volved in the printing of different fibres.

5.3.1 General principles of printing

Printing, like dyeing, is a process of applying colour to a substrate. However, instead of colouring
the whole substrate (cloth, carpet, or yarn) as in dyeing, dye preparations (so-called printing
pastes) are applied only to specified areas in order to obtain a desired pattern. These mostly or­
namental patterns consist of one or several colours.

Printing involves different techniques and different machinery compared to dyeing, but the physical
and chemical processes which take place between the dye and the fibre are analogous to dyeing.

The typical steps involved in textile printing are:

• preparation of a pattern form (the pattern form depends on the technique used);

• preparation of a printing colour paste (based on dyes or pigments);

• application of the paste to the substrate (Le. cellulose, synthetics or protein fibres, in dif­
ferent makeup's like yarn or fabric);

• fixation of the colour to the substrate (e.g., by the action of steam or hot air);

• optional after-treatment such as washing and drying of the printed substrate.

All theses steps (and the possible alternatives) are discussed below, with special attention given to
the chemicals involved.

Some noticeable differences in the above mentioned schema occur when considering special
methods such as:

• resist printing;
• discharge printing;

• transfer printing;

• two-phase printing.

We can speak of discharge printing if, in the fixation process which follows the application of the
printing paste, there is local destruction of a dye applied previously. If the etched (discharged), and
previously dyed area becomes white, then the process is called white discharge. If, on the con­
trary, a coloured pattern is to be obtained in the etched area after the destruction of the previously
applied dye, the process is then called coloured discharge. In this case the printing paste must
contain a reduction-resistant dye (so-called illuminating dye) along with the chemicals needed to
destroy the previous one. As a result, the pre-dyed background is destroyed according to a pat­
tern, and the dye, which is resistant to reduction, takes its place [2,195].
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In the case of resist printing, a special printing paste (called "resist") is printed onto certain areas of
the fabric to prevent dye fixation. In the case of physical resist, the material is printed with an im­
permiable resin which inhibits the penetration of a dye applied in a second stage. On the other
hand, with a chemical resist, dye fixation is prevented by a chemical reaction [2]. The so-called
batik effect, achieved today in several ways, is a typical resist effect, even though the classic Batik
process (working with wax as resin) is not a printing process.

Depending on the way the process is carried out, one can speak of pre-printing, intermediate or
over-printing resists. One common procedure is the wet-an-wet process in which the resist paste is
initially printed. The material is then overprinted with full cover screen and finally fixed and washed.
Over-printing resists can be applied only if the dye, already present in the previously dyed and
dried fabric, is still in its unfixed form, as in the case of developing dyes.

Application
of the reservation
agent

Raw white material

Resist area

Dyeing

Coloured area

White reserve

Figure 5·10: Schematic representation of resist printing

In transfer printing, the pattern is first created on an intermediate carrier (e.g. paper) using selected
disperse dyes and then transferred from there to the textile. The dye is usually fixed by placing the
printed paper in contact with the fabric into a thermal pressure system. Under the influence of the
heat, the dye sublimates and diffuses from the carrier into the fibre of the textile substrate. There is
no need for further treatment such as steaming, washing, etc. This technique is applied for poly­
ester, polyamide, and some acrylonitrile fibres, using selected disperse dyestuffs according to the
specific type of fibre (see section 5-33).
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Strictly speaking, transfer printing is not a textile printing method, but rather a specific textile col­
ouring method. The paper used for textile transfer printing can be processed by all the various pa­
per-printing techniques. In order to simplify the polemic, textile transfer printing can be subordinate
as a surface printing technique (see figure 5-13).

Two-phase printing refers to the separate application of dye and fixing agent, and is not a specific
printing technique. The two-phase printing is an essential method when applying vat dyes.

All these textile printing methods differ with respect to the mechanism of action of the various
chemicals, as well as in the dyes used.

Considering the principle of textile printing, differences are made between the various application
modes. All the application principles can be conducted by any of the standard printing techniques
and either by hand or mechanically [278]. A standard classification of printing techniques is de­
scribed in detail in [231]. A distinction is made between:

• relief printing;

• gravure printing;

• stencil printing;

• surface printing;
• instant printing (e.g. ink-jet printing).

Relief, gravure, stencil, and surface printing are techniques in which a printing form is used to ap­
ply the printing paste onto the substrate. Instant printing techniques are techniques in which the
pattern is applied without use of a printing form.

5.3.2 Printing techniques

The following figure summarizes the various techniques available for printing on textiles [278]. Our
interest will be focused in the subsequent discussions concerning automatic or semi-automatic
techniques, with exception of the carpet printing techniques.
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Figure 5-11: Textile printing technologies

Stencil (screen)printing

Stencil printing (called screen printing) is a technique in which the pattern surfaces of the printing
form are permeable for the colour paste (DIN 16609). The printing paste needs therefore to be
pressed by squeezing, through the pores of a stencil (or screen), and to be applied on the textile

substrate [281, pg. 34].
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Figure 5-12: Stencil (screen) printing process

The printing form is a screen (also called stencil), a device which permits dye to be applied to the
textile underneath through openings that correspond to the proposed pattern.

Mechanized screen printing has become the established method for short production runs, in part
due to the width of textiles currently being printed. Figure 5-12 gives a survey of the textile proc­
esses based on stencil printing.

A number of different screen-printing devices have been developed based on the relatively primi­
tive manual techniques. Among the most widely practiced today, two major principles can be dis­
tinguished:

• flat-screen printing;

• rotary-screen printing.

During flat-screen printing, the textile fabric lays flat (or horizontally moved and placed stationary
during printing). The screen is mobile (vertically) and is placed when printing a few millimetres
above the textile. A squeegee (doctor blade) slides the printing paste over the screen. The screen
is wiped in order to bring the paste in contact with the textile. Squeegees of many different types
are used, including wipers, rollers, and, magnetic rollers.

Printing paste

Magnetic rollers \ .

--=

Textil fabrics

Frame

Figure 5-13: Flat-screen process

The machines can be manual, semi-automatic, or completely automatic, and consist basically of a
facility for moving the textile. The machine is a gluing device which causes liquid glue to be applied
by a squeegee to the under-side of the textile and the printing equipment itself.
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When belts pre-coated with thermoplastic glue are used, the textile is squeezed first by a heating
roller, causing the glue in the immediate vicinity of the textile to soften and instantly adhere to the
belt. Permanent adhesives can also be used. The textile can then simply be fixed by placing it in
position and pressing down. The endless rubber belt, after pulling away the fabric, is moved
downward in continuous movement over a guide roller and washed with water and rotating
brushes to remove the printing paste residues and the glue, if necessary. After this, the belt is sent
back to the gluing device. Details about the chemistry of the glue are given in section 5.3.3.

Mobile screen

Printing paste

Doctor blade

Adhesives

Belt (transport device)

Figure 5-14A: Schematic representation of a flat-screen printing machine

In fully mechanised machines, all the colours are printed at the same time. A number of stationary
screens (from 8 to 12, but some machines are equipped with up to 24 different screens) are placed
along the printing machine. The screens are simultaneously lifted, while the textile, which is glued
to a moving endless rubber belt, is advanced to the pattern-repeat point.

The screens are then lowered again and the paste is squeezed through the screens onto the fab­
ric. The printed material moves forward one frame after each application and as it leaves the last
frame it is finally dried and it is ready for fixation.

Rotary-screen printing machines use the same principle described earlier, but instead of flat
screens, the colour is transferred to the fabric through lightweight metal foil screens, which are
made in the form of cylinder rollers. The fabric moves along in continuous movement under a set
of cylinder screens, while at each position the print paste is automatically fed into the inside of the
screen from a tank and is then pressed through onto the fabric. A separate cylinder roller is re­
quired for each colour in the design.
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Figure 5-148: Schematic representation of the rotary-screen printing process

Conventional so-called printing paste input systems for rotary-screen printing machines need quite
high fill volumes. As a consequence, the amount of paste residue that has to be removed at each
colour change is also fairly significant. Various systems have been introduced in order to lower the
volume configuration of this equipment, which also reduces the amount of waste. These will be
further discussed in section 7-3 dealing with environmental issues of printing. Rotary-screen print­
ing machines are equipped with both gluing and washing devices analogous to those described
earlier for flat-screen printing. The belt is washed in order to remove the residues of paste and ad­
hesive. Not only the belt, but also the screens and the paste input systems (hoses, pipes, pumps,
squeegees, etc.) have to be cleaned for each colour change.

An alternative colour paste application with squeegees is spraying the dye through a stencil (the
so-called Brush Printing). This method results in very good penetration and is most used in the
printing of flags and in making imitation fur and other "long-pile" materials.

Flock printing is sometimes used in conjunction with screen-printing tables. For this, the textile is
first coated with an adhesive and immediately "sprinkled" with "flocks" 0.3-3 mm in length (usually
pretreated viscose). An electrostatic field (20000-60000 V) is applied to orientate the flocks in a
single direction, and obtain something like small spears on the textile that can further be printed.
By inverting the electrostatic field or heating the textile after fixation with concurrent suction, loose
flock dust not subject to printing can be removed. Whereas flock covering of complete surfaces
has become firmly established, flock patterns (as the adhesive is applied following a pattern) are
less popular.

Relief (block) printing

Relief printing is a technique in which the printing form (spots impregnated with the colour paste) is
raised (DIN 16514)[281).

Printing form (block)

Figure 5-15: Relief (block) printing process
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First, the raised areas of the printing form are covered with colour paste. Printing is accomplished
by laying the prepared printing form on the fabric and pressing or striking it.

Printing forms for textile printing can consist of a wood block (so-called block printing), or a rubber
block, in which the areas where printing should not occur are carved out.

Block printing, as a manual process, still finds use today, mainly in the fine arts field. The Perrotine
process is the attempt to mechanize this historical process, but these machines are only rarely
used. Other relief printing machines once widely distributed, such as relief roller printing machines,
have suffered a similar fate, although they are still used in carpet printing (in modified versions
[30]) and in the so-called Vigoureux-print. Vigoureux printing is a printing process in which bands
of thickened dye paste, with intervening blank areas, are applied across slubbings of wool or other
fibres. The slubbing is subsequently steamed, washed, and then combed to produce a very even
mixture of dyed and undyed lengths of fibre

The Stalwart-Pickering system for carpeting is a flexo-printing process, in which pieces of foam
corresponding to the pattern are attached to rollers by means of an adhesive. A low-viscosity dye
solution is then picked up from a tank (continuous process). As well as other carpet printing meth­
ods, e.g. knit-deknit process, these techniques are not emphasised in this survey.

The so-called Golgas process is often associated with batik printing, as special printing effects are
obtainable. For this mechanical resist system, several layers of textile are pressed together be­
tween metal plates bearing a relief. The textiles and the plates are then immersed in dye liquor.
Consult chapter Dyeing, for more information about chemicals used for dyeing different types of
fibres.

Yarn printing, known as pearl or flame printing, is a technique using two relief rollers bearing axial
stripes or "discs" running in precise opposition to each other, providing both pressure and back­
pressure. Each roller has its own dye application device. The hank is stretched between two
beams and is printed by being passed several times through the rollers.

Gravure printing

Gravure printing techniques are techniques in which the printing areas of the printing form are re­
cessed (DIN 16544). [281).

Textile fabrics

Colour paste

(engraved areas)S;~~•• =,~_-==

Printing form (gravure)

Figure 5-16: Gravure printing process

The printing paste is applied to the entire surface of the printing form. A doctor blade is used to
remove excess paste from the surface, leaving it only in depressions (engraved areas).
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Printing a textile is accomplished by laying (or rolling) it on a surface somewhat able to be de­
formed. The prepared printing form (usually a roller) is then applied to the fabric at a relatively high
pressure level, causing the cloth surface to be pressed into the engraved areas.

Roller printing is a process which is declining steadily in importance. The older type of machinery,
used mainly for printing staple-cotton fabrics with a maximum width of 90 cm, has been almost
completely displaced by screen printing techniques. Figure 5-17 shows the schematised figure of a
roller print. In textile roller printing machines, a roller is used for each colour to be printed (mounted
in series).

~ Textile fabrics

Printing roller
(engraved)

Figure 5-17: Schema of a roller printing form

An engraving suitable for textile printing is always deeper and coarser than one intended for paper
printing. Preparation of the printing rollers involves considerable cost (see further section dealing
with chemicals used). The technique is therefore only justified for large outputs and limited
changes in colour and design.

Surface printing

In surface printing, the printing and not printing areas of the form are almost on the same layer
(DIN 16529) [281].

Figure 5-18: Surface printing process
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The printing and the not printing areas of the form have distinct physical-chemical properties. Sur­
face printing is an indirect printing technique in which an intermediate carrier (usually a special
paper in the case of textile printing) is used to transport the coloured pattern to the substrate.

The colour pastes for surface printing characteristically do not contain volatile solvents. The pastes
dry by diffusing into the substrate and/or by oxidative cross-linking.

Among wet transfer techniques, two kinds of processes dominate [278]:

• Sark process (also called Orbis process);

• Fastran, Dew-Print and "Colton-Art" processes.

The principle of the Sark/Orbis process consists of a pattern generated on a metal roller [278]. This
pattern is made using a printing-dye mix in which the dyes and auxiliaries are present as a soapy,
plastic mass: the printing-dye mix is cut and glued on the roller. This printing intermediate not ne­
cessitates additional colouring paste, but has a restricted use-time. The pattern is then transferred
by rolling the prepared metal roller onto a textile previously impregnated with a solvent/water mix­
ture. The transfer step is followed by steaming and washing. Although the process can be used on
all types of fibres, it has so far seen service only for silk and artificial silk.

Common for the Fastran, Dew-Print and the Danish "Cotton-Art" processes is the use of paper as
an intermediate carrier. The papers are first printed using paper-printing methods [281] and are
usually limited to four colours. The paltern is transferred to the textile which has initially been im­
pregnated with auxiliaries. Printing includes fiXing by heat (100-105°C), followed by a short­
washing period (as most auxiliaries and un-fixed dye remain on the paper). The technique can be
used for all types of fibres, including wool and colton.

Neither of the wet-transfer processes described have become significant, due to lower production
volume. Only the development of dry-transfer processes account for the fact that transfer printing
is today applied to 700-800.106 m2 of textile per year.

In STAR printing, the intermediate carrier is also paper, but a specially prepared paper containing
thermoplastic binders. The picture on the paper is printed with conventional paper-printing tech­
niques (see section 5.3). This coloured picture is then transferred to the textile by squeezing and
heating the fabric and the paper by way off a roller. The transferred paltern is subsequently fixed to
the textile by steaming. Nevertheless, a chemical cleaning is necessary to remove residues of the
thermoplastic film from the textile. The technique is so far practiced by only a single company;
even though the process is applicable to all classes of dyes, with the exception of developing, oxi­
dation and pigment dyes.

An interesting variation is the thermachrome process, where the thermoplastic binder first printed
on the paper is formulated in such a way that it acts as a binder on textile as well. For this purpose,
pigment and special binder are used (see section 5.3.3). As no cleaning step is required subse­
quent to transfer, the thermachrome process is of some importance in label printing, and for print­
ing emblems containing photographically precise palterns on finished items of clothing (e.g. T­
shirts) [278].
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Even so, the only important transfer printing process, from a quantitative standpoint, is the sub­
listatic process. Well over 90% of the annual transfer-prints of 700-800.106 m2 are printed using
this technique. Analogous to the STAR process, the intermediate is a paper first printed using
(usually four-colour) paper-printing techniques. Yet, thermoplastic binders are avoided and the only
colouring material used are disperse dyes which sublime unchanged in the range 180-230°C.
During textile printing at 200-220 °C for 60-20 s, only the dye is transferred from the paper to the
textile. No after-treatment is required. The process is restricted almost exclusively to polyesters
(over 90%) and polyester blends (mainly polyester/wool), because the fibres must be capable of
absorbing a disperse dye, but have a low thermoplasticity in the temperature range used.

Mainly rollers are used in transfer machines, either presses can be used to print single items. Spe­
cial machines apply vacuum to reduce transfer temperature and time, and preserve the structure of
the textile.

Attempts have been made to extend the process based on sublimable disperse dyes to natural
fibres, especially cotton. It is clear, however, that transfer printing would claim a bigger market
share if an equally simple process could be devised similar to that for printing polyester fibres.
Pigmented melt-transfer and film-release papers have long been available for printing motifs on
garments and T-shirts. However, as the handle and durability of such prints leaves much to be
desired the search for ways to transfer reactive dyes has continued. Thus, pretreatments based on
modification of the fibre surface (e.g. esterification of cotton) has been suggested, followed by wet­
transfer where the optimisation of dye yield leads to lower moisture and light fastness. The Cotton
Art process developed in Denmark uses a special transfer paper from which it is claimed that 90%
of the dye is transferred [335). Transfer printing of polyester/cotton blends poses a further problem
due to the disperse dye tendency to stain the cotton as well as transferring to polyester. If certain
products such as polyglycols are incorporated, more dye is transferred to the cellulosic fibre but
with a loss in fastness. Pretreatment with melamine-formaldehyde resin (see 6.4.4) increases sub­
limation transfer of disperse dyes and produces prints with good fastness but only moderate light
fastness and impaired fabric handle. Nevertheless, some printing results on polyester/cotton
blends might be acceptable for reasons of fashion. Similar pretreatment results on silk have been
reported [335].

Instant printing

In contrast to the above described techniques, instant printing makes it possible to have a given
pattern "instantly" printed onto the substrate, without using preparation of a printing form [281);
meaning that the technology is capable of taking images from a computer screen and directly
transposing them to the fabric. The new terminology of "instant" printing was recommended to
avoid the difference of opinion concerning notions such as "non-print" or "non-impact".

Among the recommended differentiations between photomechanical and electronic processes, the
only processes of interest for textile printing are those based on direct electronic transfer - the so­
called jet and ink-jet printing on textile.
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Jet printing (or bubble-jet) is an application system originally developed for printing carpets, but is
now increasingly used in the whole textile sector. The process of spraying printing dyes through
independently controllable jets was perfected by many equipment manufacturers.

At present, there are two ways of carrying out a jet-printing process:

• a separate fixed jet holder is assigned to each colour and the textile moves in warp direc­
tion under mounted jet holders;

• the jets are mounted on a sliding frame which can itself be moved in the direction of the
warp, while the fabric remains stationary.

Jet-printing device

Figure 5-19: Schematic representation ofjet-printing

Jet-printing machines differ also from one another in respect to the method used for controlling the
dye jets:

• a continuous stream of dye, directed either onto the textile or diverted into a channel for
return to the dye-storage tank;

• the dye stream is switched on and off by a magnetically operated needle valve ("drop-on­
demand" method).

Several textile jet printing machines for both natural and synthetic fibres are now offered. These
usually print at ca. 1.5 m wide and use one of the three main technologies [207]:

piezo drop on dernand(DOD) systems (e.g. Vutek, Innotech, Mimaki, Epson)
thermal ink jet (bubblejet) DOD devices (e.g. Encad, Canon, Colorspan)
continuous jet, charged drop printers using either a binary-charge system (Stork's Truprint)
or a multilevel-charge drive (Stork'Amethyst, Zimmer's Chromatex).

The following technical description of the machines refers to depictions from [2].

The first commercial jet printing machine for carpets was the Elektrocolor, followed by the first MiI­
Iitron machine. In the Millitron printing system the injection of the dye into the substrate is accom­
plished by the switching on and off a dye jet by means of a controlled air stream. The carpet
moves along without any parts of the machine being in contact with the face of the substrate.

Air streams hold continuously flowing dye jets, deflected into a catcher or drain tray. This dye is
drained back to the surge tank, filtered, and re-circulated. When a jet is requested to fire, the air jet
is momentarily switched off, allowing the correct amount of dye to be injected into the textile sub­
strate. The dye is continuously supplied to the main storage tank to compensate for the amount of
dye consumed.
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Spray printing systems and first generation jet printing methods cannot be controlled to produce a
pre-specified pattern. Thus the equipment must first be employed to produce a wide range of ef­
fects, only then can selections be made from these by the designer or marketing staff.

A first improvement was made with the first digital carpet printers (Chromotronic and Titan by Zim­
mer and Tybar Engineering, respectively). These machines are based on the so-called "QrQJLQ.n
demand principle DOD", namely the use of switchable electromagnetic valves placed in the dye
liquor feed tubes to allow the jetting of discrete drops of dye liquor in a predetermined sequence
according to the desired pattern.

In these machines, although the amount of dye applied can be digitally controlled at each point of
the substrate, further penetration of the dye into the substrate is still dependent on capillary action
of the fibre and fibre surface wetting forces. This can lead to problems for reproducibility (e.g. when
the substrate is too wet) and means it is still necessary to use thickeners to control the rheology of
the dye liquor.

The latest improvement is now represented by the "injection dyeing method" (Milliken's Millitron
and Zimmer's Chromojet), in which the colour is injected with surgical precision deep into the face
of the fabric without any machine parts touching the substrate. Here, the control of the quantity of
liquor applied to the substrate (which may vary, for example, from lightweight articles to heavy
quality fabrics) is achieved by varying not only the "firing time", but also the pumping pressure.

The material is accumulated into a J-box, and is then steamed and brushed. When it reaches the
printing table it is stopped. The jets are mounted on a sliding frame that can itself be moved in the
direction of the warp while the carpet remains stationary during the printing process. In the Chro­
mojet system, the printing head is equipped with 512 nozzles, which are magnetically controlled
and can open and close up to 400 times a second.

Ink-jet printing is a digital printing technique with its origins in paper printing technology [281] which
is now also increasingly being used in the textile industry. In ink-jet printing, colour is applied to the
surface of the substrate without variation in firing time, pressure, or velocity.

The potential advantages and expectations for all these techniques are high [195, 207, 215, 217].
Yet, excellent print quality can be obtained: detail level is claimed to be 0,08 mm with an overlap
precision of 0,04 mm (screen printing typically 0,2 and 0,3 mm) [80].

Conventional printing uses so-called spot c1ours, Le. the printer chooses individual colours from a
wide range of dyes or pigments, and these are mixed to produce each shade in the pattern. On the
other hand, most digital printers utilise cyan, yellow, magenta and black (CMYK) inks, the required
shade being produced by projecting the droplets of ink into a predetermined micromatrix arrange­
ment (Le. so-called process colours). This limits both the total number and the gamut of shades
that can be produced, although increasingly machines and software that allows the use of up to
eight "primaries" are being introduced (335). At present, the ranges of ink-jet dyes commercially
available are: reactive dyes for cellulosic fibres, disperse dyes for polyester, acid dyes for nylon,
silk and wool, with special pigment colour and polymer binder system under development (see for
more details section 5.4.13). The dyes used for jet printing are much more costly than conventional
colours [215].
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Xerographic printing on textiles has been evaluated but there are few suitable toners [335].

The technical and economic problems of digital printing are gradually being resolved. At the mo­
ment, however, most jet printing machines operate by scanning action across the width of the sub­
stare which greatly reduces their output (typically 0.2 m/min). Another disadvantage of the tech­
nique is that, at present, the substrate requires a special pre-treatment. To attain maximum colour
yield on textile substares, the pre-treatment should minimise the jetted drops from spreading later­
ally on the fibre surface but must nevertheless allow for rapid wetting, absorption and drying of the
ink. The incorporation of absorbents (e.g. fumed silica) on cotton seems to be more beneficial than
the use of either a cationic dye-fixing agent or thickener (xanthan gum) alone. More generally, for
jet printing using piezo or bubblejet printers, the fabric is first given a pre-treatment by padding with
a solution of thickener (and a variety of other agents to facilitate dye adsorption and fixation) fol­
lowed by drying [215].

Ink jet printing has already established itself for initial sample production since this offers very fast
customer response, versatility and economy [207]. If durable, multi-head and truly continuous
printers can be produced, digital printing may become more widely adopted. In the meantime, suc­
cess is more likely in those areas for which conventional printing is less suited. Examples are for
printing of complex halftone Le. photorealistic designs, some types of exclusive "haute couture"
fabrics or panels for print/cut and sew production of garments for the mass customisation market
[215].

Recently Canon has launched a new machine for the textile industry which can print fabric at
1m/min to a maximum width of 1,65m. Inks are available for cotton, silk, viscose, nylon, wool, and
polyester. Fixation of the print is carried out by normal steaming or thermosol techniques.

Xeros has adopted a different approach to digital printing on textiles. The company markets an
electrostatic printing machine that applies disperse dyes to a paper carrier, which is subsequently
used to transfer-print polyester piece-goods using a calendar [335].

The TAK system is another printing system which can still be found in the carpet industry. With this
technique irregular patterns can be produced. The carpet, previously dyed with a ground shade, is
given coloured spots by way of drippings. The size and the frequency of the coloured spots can be
varied by adjusting the overflow groove placed along the carpet width.

5.3.3 Chemicals used for machine preparation and maintenance

Stencil printing

The first stencils were made of reinforced paper in Japan. Later, woven screens were used and the
parts in which no printing occurs were simply covered over. For dye application with a spray pistol,
metallic (e.g. zinc sheet) and plastic stencils were developed: the patterns were cut out, machined

or etched.

Today, these techniques are seldom practiced, except sporadically for distinguishing the joins be­
tween large repeating patterns.
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Flat screens consist of a frame which has been covered with a gauze. Historically, the frame was
made of wood, and the mono- or multifilament of the gauze (natural silk) was covered manually
with paint to create a pattern on those area where printing is to be prevented. Today, the frames
are mostly made of welded metal tubes (aluminium). The stretched pre-stressed gauze consists
mostly of artificial fibres such as polyamide, polyester, metallic polyester, carbon-polyamide or
stainless (nitro or V2A-) steel. This gauze is attached to the frame by using adhesives made of
two-components, polyurethane-, and unsaturated polyester resins. Newly developed are UV­
hardened adhesives containing different photo cross-linking monomers of acrylates. After proc­
essing, the adhesives are hardened and protected by a lacquer containing urethane pre-polymer
or polyester resins as binding components, and naphthalene or ethyl acetate as solvents. In the
case of two-component adhesives, tri- or poly isocyanides are used as hardeners.

The coating of the fixed gauze occurred traditionally with a light-hardening photosensitive resist.
Colour separations (film diapositives) are further placed over the coated screens and illuminated.
The resist is made of diazo- or dichromate sensitive colloids (polyvinyl alcohol or polyvinyl alco­
hol/polyvinyl acetate). Synthetic resins such as polymethacrylate or polyvinyl chloride as well as
colour pigments (e.g. phtalocyanin, violet pigment, thiazion (dyestuff) are often added to the colloid
solution. The ratio of dichromate in the chromate sensitive soluble layer is approx. 1%. After illumi­
nation and photographic development of the colour separations, the unhardened screen coating is
washed out. The remaining hardened photo-resist is further strengthened by relacquering and fixa­
tion with a solution containing 2% formaldehyde and 1% ammonium dichromate.

Traditional methods (i.e. coating a polyester screen mesh with photosensitive polymer, exposure to
UV light through the colour separation positive film and then washing out the polymer from the un­
exposed areas) are still frequently used to make flat screens. However, it is now possible to use
CAD data to drive the screen-making process. For example, the pattern can be applied using a
scanning, ink-jet print head which projects drops of black ink onto the screen to which a photosen­
sitive coating has been applied, after which it is exposed in the usual manner. This obviates the
need for producing colour-separated positive films. Equipment is also made which allows an image
of a colour separation to be projected directly onto coated flat screens (335).

Rotary screens for "printing cylinders" can be prepared by any of the following methods:

• a thin-walled nickel cylinder is etched to obtain the pattern;

• a cylindrical screen is perforate over its entire surface and the pattern obtained:
o by the (above described) photo-resist method;
o or, by coating over with a paint which is partially burnt out using a laser to obtain the

pattern (computer controlled digitalized design data CAD).

• a cylinder is coated with photo-resist and illuminated with a colour separation and a half­
tone screen. After dissolution of the unfixed photo-resist and drying, the cylinder is con­
nected up to the cathode in an electrolytic bath. A nickel coating is then applied, varying
from a few hundred to a few tenths of a millimetre depending on the size of the screen.
This results in a thin-walled cylinder bearing the pattern (direct electrolytic method).

It should be noted that the electrolytic method is capable of producing smaller apertures separated
by less metal (e.g., 78-100 apertures per cm). This leads to fine colour gradations and noticeable
reductions in dye consumption (for transfer printing onto paper, for example).
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Rotary screens can also be produced applying a similar jet application process as the production
of flat screens: the jet printer applies the pattern with an opaque hot-melt wax resist onto a pre­
coated lacquer screen. However, until recently most rotary screens were produced by electrode­
position process (either the lacquer screen process introduced by Stork in 1963 or the Zimmer
galvano-nickel screen system). The traditional methods yield a screen mesh which has tapered,
hexagonal holes, and it is not possible to attain mesh sizes finer than 100 dpi. This led to the intro­
duction of screens which have hourglass profile holes that are less restrictive to the flow of print
paste and allow for higher definition prints (125-250 dpi), (e.g. so-called PentaScreen or No­
vaScreen) [335].

Laser engraving is increasing in importance, and now approximately 20% of screens are produced
by this method. A rotary screen is pre-coated with polymer and engraved with a powerful beam
from a carbon dioxide laser. The laser beam is modulated by a computer using digital data for col­
our separations, producing screen "mesh" holes of different sizes [335]. The screens can thus be
used to produce half-tone effects, which further offers a way to produce multicolour patterns with
the cyan, magenta and yellow primaries used in paper printing [343]. Laser engraving is estimated
to be 15% cheaper than conventional methods; however, the hot-melt jet printing method offers
40% savings. The disadvantage of laser engraving is that it is relatively slow when producing fine
meshes. Laser engraving may also be used to produce flat screens but a less powerful argon ion
laser must be used so as not to damage the underlying screen mesh.

For further details concerning chemicals involved in preparing screens, please consult chapter
5.2.2 of this book [281].

Coated screens and rotary screens made by electrolytic application are not able to be recycled or
give a new pattern. On the other hand, screens coated with resistant paint can only be reused a
few times for creating a new pattern without damaging it. This reality leads to great warehouse
capacity problems for printing mills. Fast paced changes in the fashion industry produce a lot of
new printing patterns but, until further inquiry into customer needs, the discarded patterns must be
stored.

For further details concerning chemicals involved in washing and decoating screens, please con­
sult chapter 5.3.3 of this book [281].

Another use of screen printing machines is the device which permits the transport of the fabric un­
derneath the screens. The gluing machines are usually made of rubber belts, or blankets, imbued
with suitable glues. Glues used for this purpose are mostly thermoplastic adhesives consisting of
poly(vinyl acetate), poly(vinyl chloride), and an organic solvent. Sometimes the fabric is fixed using
a cotton black grey placed between the blanket and the fabric, usually when fine textiles are to be
printed. The fabric is then bonded to the black cloth using gum-Cordofan (1:1) and/or dextrin-water
1:1, or 20% poly(vinyl alcohol).

When knitted fabrics of polyacrylonitrile are to be printed, adhesives made of gum resins-Cordofan
1:1, dextrin-water 1:1 and 15-20 % poly(vinyl alcohol) are mixed and applied between the fabric
and a black grey. Partial replacement of water in the solvent is possible [278]. Heavy fabrics can
be directly glued to the rubber printing blanket or undercloth.
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Relief printing

Printing forms destined for relief printing are made of materials which permit etching or resolving of
the non-printing areas of the printing block. The printing forms are thus metallic or plastics sub­
strates coated with light sensitive substances. The fixing of the printing pattern on the light sensi­
tive substrate is obtained by creating a master copy using contact light. The areas of photo­
sensitive layers which are striked by light become hardened. The areas of the form which were not
struck by the light remain soft and are subsequently washed out during photo-development.
Therefore, the relief occurs on these areas, as elsewhere the needed pattern becomes raised.

Printing plates can thus be obtained as:

• metallic plates made of zinc, magnesium or copper are photo-sensitized with chromate
colloid or diazo methods;

• photopolymeric synthetic materials such as polymerisable resin with a photo sensor, or
polymerisable monomers with a resin binder, a plasticiser and a photo initiator.

For further details about chemicals involved in the preparation of the printing form, please consult
chapter 6.3.3 of this book [281].

Gravure printing

Hollow copper cylinders constitute the heart of the roller-printing process. Depending on its size, a
cylinder may have a weight of 40 - 70 kg. The printing roller can be engraved using various types
of cutting instruments (graving chisels, hooks), either by hand or mechanically. Embossing or
etching is also applied. An engraving suitable for textile printing is always deeper and coarser than
an engraving used for printing paper. When printing on textiles, higher pressure, and larger dye
volumes are required to overcome the pillowy textile structure.

Modern methods are so far the optoelectronically or magnetoelectronically controlled engraving
machines [281]. The very superficial engraving which results is rarely applied for textile printing,
but rather for printing "transfer papers". Photogravure is so far the most interesting method to ob­
tain an engraved cylinder appropriate for textile printing. The copper roller is coated with a photo­
sensitive resist (formerly chrome gelatine) and colour intensities captured as grey levels on a
transparent film are transferred onto it. The colour shades are reproduced using a half-tone
screening technique. The engraving is realised by etching the cylinder after the removal by wash­
ing off of all photosensitive resist not exposed to light.

The engraved copper rollers are further plated with a thin layer of chromium (max. depth 0.04 mm),
to avoid damage of the rollers (due for example to doctor blades). The electroplated rollers have
considerably longer life.

For further details about chemicals involved in the preparation and washing of printing forms,
please consult chapters 7.2.2,7.3.1, and 7.3.3 of this book [281].

Regarding the devices necessary for transporting the fabric continuously through the printing ma­
chines, the principles are similar to the ones used in stencil printing.
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The gluing machines are usually made of rubber belts or blankets, imbued with suitable glues.
Glues used for this purpose are usually thermoplastic adhesives consisting of poly(vinyl acetate),
poly(vinyl chloride), and an organic solvent. Commonly, the fabric is then fixed using a cotton black
grey placed between the blanket and the fabric, most often when fine textiles are to be printed. The
fabric is then bonded to the black cloth using gum-Cordofan (1:1) andlor dextrin-water 1:1, or 20%
poly(vinyl alcohol) [278].

Surface (textile transfer) printing

Papers used for transfer printing are of very good quality and have a weight of 60-80 g/m2
• They

are coated on the printing side with a thin layer of starch (approx. 3 g/m2
).

The papers are prepared by all the various paper-printing techniques; textile-printing equipment
can also be used [278]:

• gravure printing (from roll to roll): very fine half-tones, shadings and colour sequences are
produced;

• flexography gravure printing (from roll to roll): less demanding designs characterised by
large, uniform surfaces are feasible;

• offset surface printing (from sheet to sheet): very half-tone reproductions are possible only
from sheet to sheet;

• screen printing (from sheet to sheet, or roll to roll): lower costs by preparing the corre­
sponding stencils make this technique particular interesting;

• textile printing equipment like roller and gravure printing (very fine half-tone images and
shadings), or rotary-screen printing (simpler design, less expensive): printing is from roll to
roll with aqueous printing pastes.

Transfer printing paper may also be printed using a digital application system. Digital printing of
transfer papers using disperse dyes for polyester fabrics are now commercially available [335].

When using classic textile printing and hence aqueous pastes, the papers used must be more ab­
sorbent (60-80 g water/m2 in 60 s) than those used when printing with solvent (alcohol or toluene)
based pastes.

Dye manufactures supply the selected disperse dyes in various forms, suitable for the preparation
of either solvent or water-based printing pastes. Performance and properties of the printing pastes
are similar to conventional ones, but the additives contained in the formulation of the paste must
be carefully selected. Resins similar to polyester, nylon, etc. are to be avoided as they may hold
the dye and give a weak transfer. Cellulose derivatives such as ethyl cellulose are ideal for printing
the transfer paper by gravure and flexo. Flexography also uses water-based systems for which
polyvinyl acetate, fumaric and acrylic resins can all be used. Thickeners such as bean gum or algi­
nate are also recommended. The following table shows a typical water-based printing paste used
to print a heat-transfer paper with flexographic (gravure) printing [262].



Additives Formulation ratio

Dispersed dyestuff 15.0%

Alkali solubilised aqueous acrylic 65.0%

Anti-foaming agent 2.0%

Wetting agent 0.5%

Water 15.5%

Amine 2.0%
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Table 5-15: Example of a typical water-based printing paste used to print a heat­
transfer paper with f1exography (gravure) printing

For further details concerning chemicals involved when using the above listed printing techniques,
please consult the relevant chapters of the book [281].

A new technique used to prepare the transfer is the ink-jet printing technology. Transfer materials
suitable to be printed by ink-jet technique and further by transferred to a T-shirt made of cotton are
specially produced 30-lJm polyester or polyamid films. The transfer materials comprises carriers
covered with hot-melt transfer-ink absorber layers of fusible polymer matrixes in which fine parti­
cles of fillers, which improve ink uptake, are embedded [370].

Instant printing

The increasing use of CAD systems, with the consequent ability to store patterns in digital form,
makes it partiCUlarly attractive to use some electronic methods of carrying out the printing opera­
tions and thereby eliminating the costly and time-consuming process of screen-making [335].

The dyes used in ink-jet printing technologies, mainly specialy formulated, salt-free preparations of
metal-complex dyes are discussed in section 5.4.13.

The special application when using ink-jet printing technique for transfer printing on textiles is de­
scribed regarding the chemicals used, in the paragraph dealing with instant printing, section 5.3.2.

5.3.4 Primary chemicals in printing pastes

Printing paste formulation

The composition of a textile printing paste is determined by the printing method (direct, discharge,
resist, or transfer printing), the substrate, the application method, and the fixation method. Never­
theless, the paste should be capable of being applied to a variety of synthetic and natural fibres,
and be washfast and dry clean resistant, once applied to the textile.

Printing pastes consist of four main components: the colouring matter, the binding agent, the sol­
vent, and the auxiliaries [281]:
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Figure 5·20: Main components of a printing paste

The most important auxiliaries are thickening agents. Thickening agents, supplied in already pre­
pared solvent solutions are called thickeners. These thickeners impart a printable, pasty consis­
tency to an otherwise aqueous printing liquor. Some thickening agents may of course also play the
role of a binder (see further Thickening agents in textile printing)

The colouring agents are dyestuffs, Le. pigments or dyes, but grimes and fillers are also part of this
group. Dyes are soluble in the application solution; pigments, however, are not so soluble. A sys­
tematic overview of colouring agents is given in Figure 5-2. In order to avoid repetition, a detailed
discussion on dyes and pigments is part of section 5.4. Characteristics of the processes, such as
dyestuffs and auxiliaries used, when printing on cellulose, synthetic or protein fibres are further
exposed in sections 5.3.5, 5.3.6 and 5.3.7.

There are two main types of paste used [262]:

• pigmented emulsions;

• plastisol printing pastes.

Emulsions pastes are:

• used for direct printing of material;

• suitable for all types of fibres;

• able to dry by evaporation at room temperature;

• able to cure at 160°C for 2-3 minutes, to achieve washing and dry-clean fastness.

Suitable printing pastes are based on aqueous dispersion of an auto crosslinking acrylate polymer.
A typical formulation of an oil-in-water solution is given in Table 5-16 (taken from [262]), where the
oil is in fact white spirit.



Table 5-16:

Components Ratio

Water 10.0%

Emulsifier 1.0 %

Thickener 4.0%

White spirit 62.0%

Catalyst solution 3.0%

Binder 15.0%

Pigment dispersion 5.0%

Typical formulation of a pigment emulsion printing paste (based on
aqueous dispersion)
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Pigment dispersions are specifically formulated dispersions for textile printing, usually based on
organic pigments.

Printing pastes which are entirely water-based are obtained by replacing the white spirit with water.
The binder could be an acrylate copolymer which is capable of cross-linking in the presence of a
catalyst under heat. Catalysts used are ammonium salts of inorganic acids, e.g. diammonium
phosphate or ammonium thiocyanate. Moreover, specific properties of printing pastes are con­
trolled by the addition of auxiliaries such as, for example, lubricants, accelerators, thickeners, hu­
mectants, or softeners.

Plastisol pastes are printing pastes:

• used for direct printing of material and for transfer pastes;

• based on a vinyl resin dispersed in plasticizer;

• characterised by virtually 100 % non-volatility, no solvent is present;

• used frequently for printing on dark or dark-coloured fabrics.

Suitable printing pastes are formulated as:

• PVC homopolymer (i.e. vinyl resin) dispersed in phthalate plasticizer;

• liquid plasticiser (e.g. dialkyl phthalate or di-iso-octyl phthalate);

• heat and light stabilisers (e.g. liquid barium/cadmium/zinc combined with epoxy plasti­
ciser);

• high proportion of extender to improve wet-on-wet properties.

The optimum composition of a printing paste is determined by the mutual interactions between
specific fibre materials and dyestuff types. The following sections deal with details concerning the
chemicals involved when printing different types of fibre.

Since between 5 and 10 different printing pastes are usually necessary to print a single pattern (in
some cases up to 20 different pastes are applied), in order to reduce losses due to incorrect
measurement, the preparation of the paste is done in automated stations. In modern plants, with
the help of special devices, the exact amount of printing paste required is determined and pre­
pared continuously for each printing position, thus reducing leftovers at the end of the run.
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It is common practice in many printing houses to filter the printing pastes before application, using,
for example, a filter cloth. This operation is especially important for thickeners to prevent free parti­
cles from blocking the openings of the screens [2].

Binders in textile printing

Binders are typically added to printing paste based on pigments in order to [281,2]:

• coat the pigment and allow printing of very fine dispersions;

• protect the pigment from mechanical abrasion;

• fix the pigment to the fibres;

• gives the paste good drying properties.

Binders used in textile printing are in general self-crosslinking polymers which reticulate during the
fixation step. They are supplied as aqueous polymer dispersions, based mainly on acrylates and
less commonly on butadiene and vinyl acetate, with solid contents of approx. 40-50%. The amount
used depends on the amount of pigment and textile substrate, and usually varies within the range
of 50-150g per kg of print paste. The surface active substances neede to produce a stable disper­
sion are responsible for the compatibility of the binder with the other components of the print paste.
The fastness, i.e. the resistance of the binder film (approx. 10 IJm) to mechanical stress and its
swelling tendency in water and organic solvents, must be increased to an acceptable level by the
cross-linking reaction of the binder. Whereas the older types of cross-linkable binders reacted with
separate fixing agents during condensation process (hot air at 150 DC), self-cross-linking binders
are now well established. These contain reactive groups, usually from copolymerisation with
monomers such as N-methylolacrylamide or similar compounds. Three-dimensional cross-linking
of the binder film can be achieved by acid catalysis under the usual condensation conditions.
Binder films based on butadiene can age by the action of light and oyxigen, i.e they can become
yellow, and their fastness properties can deteriorate. Butadiene binders are therefore not recom­
mended for pigment printed textiles that a continuously exposed to light [266].

Binders made of natural wood resin, wax, stand linseed or safflower oils and chitosan were tested
in order to obtain biodegradable printing paste. Promising results were reported when using chito­
san as binder, no solvent is further necessary [449]. Such ecologically optimised paste are already
market [450].

Solvents in textile printing

Solvents are usually already added in the formulation of the so-called thickeners, typical for textile
printing. The type of printing paste (emulsion or plastisol) and thickening agent used determine the
appropriate solvent. Solvents that can be used for textile printing are for example white spirit (mix­
ture of aliphatic hydrocarbons with C12-C50 chain length).

For further information refer to specific sections dealing with the printing of various fibres. See also
heading "Dye solubilising and dispersing agents" in Auxiliaries in textile printing, following.
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Auxiliaries in textile printing

Apart from the dyestuff, printing pastes contain a thickening agent and various other auxiliaries,
which can be classified according to their function as follows:

• oxidising agents (e.g. m-nitrobenzenesuiphonate, sodium chlorate, hydrogen peroxide);

• reducing agents (e.g. sodium dithionite, formaldehyde sulphoxylates, thiourea dioxide,
tin(lI) chloride);

• discharging agents for discharge printing (e.g. anthraquinone);

• substances with a hydrotropic effect, like urea;

• dye solubilisers, which are polar organic solvents like glycerine, ethylen glycol, butyl gly­
col, thiodiglycol, etc.;

• resists for reactive resist printing (e.g. sulphonated alkanes);

• defoamers, (e.g. silicon compounds, organic and inorganic esters, aliphatic esters, etc.).

The composition of the pastes is even more complex and variable when printing with dyes. Impor­
tant factors determining the composition are beside the dye itself, the printing technique, the sub­
strate, the application, and the fixation methods applied. In principe a distinction can be made be­
tween printing processes based on pigments, which have no affinity for the fibre, and dyes, which
have such an affinity.

The essential auxiliaries for pigment printing are necessary to adhere the pigments permenantely
to the fibre, they remain on the fibre and give colour fastness [266]:

- thickening agents

- binders

- fixing agents

- hand modifiers

- emulsifiers

- other additives such as antifoaming agents (see also 6.5.1) and acid donors (in solvent­
based printing)

In the case of dyes with an affinity for the fibre, the auxiliaries are generally removed from the fab­
ric in a final wash[266]:

- thichening agents

- oxidising agents

- reducing and discharging assistants
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- auxiliaries for discharge printing

- fixation auxiliaries

- dye solubilising and dispersing agents

- auxiliaries for reactive resist printing

. auxiliaries for burn-out printing

- aftertreatrnent agents and detergents

Other auxiliaries such as preservatives (e.g. formaldehyde in natural thickeners), coagulation
agents (e.g. borax or aluminium sulphate for flash-age printing of vat dyes), acids (e.g. citric acid or
ammonium sulphate when printing with disperse and cationic dyes), antifoams (see also 6.3.2),
"print oils" (mineral oils for reduced mechanical friction) may also be add to either pigment or dyes
printing paste.

Textile printing adhesives have further to be add when screen printing techniques are used, in or­
der to prevent moving of the textile goods during the process (see 5.3.3).

A more detailed discussion about the auxiliaries need for printing follows in sections 5.3.5 to 5.3.7.

Thickening agents [278J

Printing paste normally contains 40-70% thickener solution; this typically corresponds with 2.5-10%
(max. 16%) thickening agent.

Oil/water emulsions, used in the past as thickeners for paste based on dyes, have now been
largely replaced by formulations similar to those used for warp sizes. Thanks to the improvements
made in the characteristics of the starting materials, thickening agents are now supplied almost
exclusively in cold-soluble form.

Water-in-oil emulsions were also widely used in the past as thickeners based on pigments. They
contained up to 70 % white spirit (mixture of aliphatic hydrocarbons with C12-C50 chain length),
which resulted in emissions of volatile organic carbons into the exhaust air from drying and curing
ovens. Half-emulsion printing pastes (oil in water) are only occasionally employed today. Never­
theless, modern thickeners can still contain approximately 10 % of mineral oils, which are ulti­
mately found in exhaust air. Next generation thickeners have been developed which do not contain
any volatile solvents. They are supplied in the form of non-dusting granules.

The standard classification system for thickening agents, according to the categories alginate, etc.
(see derivative or synthetic thickening agents) should instead be supplanted by chemical criteria.
However, the information such as, for example, the chemical constitution, and ionic charge of the
various dissolved long-chain polymers are rarely available. The practitioner therefore rather follows
the recommendations provided by the producer (product information sheet).
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Thickening agents Relevancy

Non-ionic unmodified polysaccharides

Starch of wheat, corn and rice Rarely used nowadays

Gum Arabica Rarely used nowadays

Gum tragacanth Rarely used nowadays

Guar flour (finely ground) Carpet printing

Non-ionic modified polysaccharides' 'modified (hydrolysed) by acids, alkalis. oxidising agents.

enzymes, influence of high temperature

Starch products": "introduced at concentrations of 30-50% and very resistant

to alkalis

British gum

Swelling starches

Non-ionic starch ethers and starch esters: In combination formulations, as adhesives for woollen cellu-

lose

Gum resin: Expensive, and thus used in combination or for high-quality

thickeners

Crystal gum

Industrial gum (e.g. Cordofan)

Gallactomannans (polysaccharides):

Carob flour

Guar derivatives Today, rarely used unmodified

Obtained by reaction with ethylene oxide or propylene oxide

Cellulose derivatives: Increasingly recommended but seldom used alone; formerly

Methyl derivatives also used as stabilizing agents for emulsion thickeners con·

Ethyl derivatives
taining naphta (e.g. white spirit)

Hydroxyethyl derivatives

Hydroxypropyl derivatives

Anionic polysaccharides

Alginates': Become increasingly important due to his use when printing

with reactive dyes

Sodium alginate Most widely used

Magnesium alginate Alternative to sodium alginate

Ammonium alginate Alternative to sodium alginate, when using reactive dyes

fixed under acidic conditions

Carboxymethylated polysaccharides': Become extremely important

Anionic starch ethers

Alone, or in combination, in Africa prints

Anionic etherified see flours Mainly based on guar, alone or in combination

Carboxymethyl celluloses and their sodium salts Usually in combination

Xanthan (bio-polysaccharide) Produced by controlled fermentation of glucose

Used in printing of thick-pile carpet

By addition of special auxiliaries in the printing paste. the
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, addition of sequestering agents IS somehmes need
, obtained by reaction of the alcoholic hydroxyl groups of starch, galactomannans, or cellulose with chloroacetic acid

3 reaction of guar with 2.3-epoxy propyltrimethyl ammonium chloride lead to a thickener recommended for special effects

• see further discussion below

Thickening agents Relevancy

Xanthan is made compatible with cationic dyes; used in

combination with e.g. seed-flour products

Cationic polysaccharides Little practical importance3

Synthetic polymeric agents'

Poly(acrylic acids) Only important synthetic thickener today

Copolymerisation products of maleic anhydride Not important
(ethylene. styrene. or vinylmethyl ether with

polyfunctional monomers (e.g. divinylbenzene)

Aqueous emulsion copolymers of 20-40% Have same importance as well

(meth)acrylic acid. olefinic compounds (e.g. eth-

ylacrilate) and 2% polyfunctional monomers
..

Table 5-17: Thickening agents in textile printing

Synthetic thickeners are long-chain polymers bearing carboxylic groups partially cross-linked. The
substances have the ability to swell considerably in water upon neutralisation and form high­
viscosity gels. Synthetic thickeners are most effective in neutral or slightly alkaline mediums. The
commercial products are supplied either in powdered form or as special liquid preparations (i.e.
"concentrates" or "clear"). The products are either already neutralised or need the addition of a
defined amount of alkali (e.g. ammonia, sodium hydroxide, or an amine) to swell in water.

The most important advantage of polymeric thickening agents is their ease to be handle, Le. the
short swelling times and the stability of the preparations. These thickeners were first introduced in
pigment printing and lead to the near extinction of printing emulsions based on heavy naphta.
Later, the properties of these polymers were exploited for printing with acid and metal-complex
dyes.

An important disadvantage of the substances is their sensitivity to electrolytes. This leads to the
development of special "non-ionic" grades of dyes with low electrolyte content (so far only disperse
dyes). However, the use of completely synthetic thickeners for printing on polyester textiles or
transfer paper is still very limited [278].

The most commonly used pigment printing thickening agents are liquid, easily pourable prepara­
tions of synthetic polymers in a mineral oil. They can be aqueous formulations, completely neu­
tralised with ammonia and with a solids content of approx. 25%, or anhydrous, partially neutralised
products with a solids content uo to 60%. The latter require the addition of a predetermined
amount of ammonia to the print paste. Completely solvent-free granulated solid products are also
gaining in importance. With these, pigment printing can be a practically emission-free process
[266].
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Natural thickening agents, both unmodified and chemically modified, are today widely used in
printing with dyes. They have largely replaced emulsion thickenings based on white spirit. Etheri­
fied or carboxymethylated starches are often used for printing with disperse dyes, and alginates for
reactive printing. Recently, synthetic polycarboxylates, specially developed for reactive printing,
have become established. These have improved dye fixation yields and are easy to use, swelling
rapidly in water, and having good resistance to bacterial attack. Advantages of the alginates in­
clude ease of removal in after-wash, resulting in a printed fabric with a soft hand, and also low
sensitivity of the thickening effect towards electrolytes in the print paste [266].

Fixing agents

Additional fixing agents are sometimes necessary when printing with pigments, to enhance the
level of wet-fastness, especially with smooth fibres such as PES. Melamine-formaldehyde conden­
sates are used for this purpose. In order to reduce the consequent formaldehyde emissions, modi­
fied compounds of the same chemical type, but with low formaldehyde content, are now common
(see also discussion in section 6.4.4). Alternative fixing agents of different chemical bases such as
aziiidines or isocyanates are occassionaly used, but these should be treated with circumspection
as experience of their use is limited, and toxicological hazards cannot be excluded [266].

Plasticisers

Plasticizers in pigment printing paste are mainly silicones or fatty acid esters, which are used to
improve the dry rubbing fastness and give a smooth dry handle to the fabric. See further hand
modifiers in section 5.5.2.

In so-called plastisol paste, the plasticisers can be liquid plasticiser (e.g. dialkyl phthalate or di-iso­
octyl phthalate) (see below) [262].

Emulsifiers

In high- and low solvent pigment printing pastes, the emulsifiers serve to stabilise the solvent
(White spirit). In solvent-free pigment printing they are used to prevent agglomeration of the pig­
ment, screen blocking, and separation of components of the print paste [2]. Non-ionic surfactants
such as aryl- and alkyl polyglycol ethers are most commonly used for this purpose.

Discharge agents and assistants

Discharge agents for discharge printing processes consist of two main types; namely, OXidising
agents and reducing agents. Nowadays, the most important methods of discharging are based on
reduction; indeed, the terms reducing agent and discharge agent are synonymous for many print­
ers. The most widely used reducing agents are sulphoxilic acid derivatives and tin salts. The fol­
lowing reducing agents are commercially available: sodium formaldehyde sulphoxylate (Rongalit
C®, BASF), zinc formaldehyde sulphoxylate (Decrolin®, BASF), calcium formaldehyde sulphoxy­
late (Rongalit H®, BASF), trisodium aminomethane sulphoxylate (Rongalit FD®, BASF), thiourea
dioxide, and stannous chloride [195].



240

Discharging assistants such as anthraquinone are often used in order to improve the dis­

charge effect of a reducing agent and are therefore used on fabrics which have been dyed

with the azo dyes which are more difficult to discharge. Leucotropes (Leucotrope W® and

Leucotrope O®, BASF) are compounds of certain tertiary amines with benzoyl chloride and its

substitution products; they are also used to improve the discharge effect. These sulphonated

dimethylphenylbenzylammonium salts are benzylating agents, which are sulphonated in both

aromatic rings, and, enable white discharge prints of indigo and certain vat dyes. The dye

after reducetion, is converted by benzylation into a water-soluble, oxidation-resistant deriva­

tive that can easily be washed out [266]. Other assistants that may be added in discharge

printing pastes are sodium carbonate, zinc oxide, sodium dichromate, sulphuric acid, oxalic

acid, alkali, penetrating agents, and wetting agents [195]. White pigments such as zinc oxide,

titatnium dioxide or barium sulphate can also be added to discharge print pastes, as they

cover the remaining undischarge ground dyes, and produce a plastic effect in patterns. Opti­

cal brighteners can intensify the white effect in white discharge prints, and are mainly used

with polyester [266]

Penetrating agents are often necessary with white discharge, especially on knitted fabrics. Addi­

tives of this type include glycerol, ethylene glycol, and thiodiglycol which are effective mainly due to

their humectant properties. Wetting agents are also necessary when printing on fabric of low ab­
sorbency which may be coated with a dried film of thickener from the preliminary pad-dyeing (195).

Oxidising agents

Oxidsing agents are used in old discharge printing processes to discharge most indigo-dyed

and some selected reactive-dyed fabrics. Oxidising agents such as chlorine, bromine, perchlo­

ric acid, chromic acid and benzoyl peroxide are mentioned [195]. Hydrogen peroxide is used

as in dyeing to reoxydised printed vat dyes. Sodium chlorate is used only occasionally to pre­

vent reductive dye decomposition when printing disperse dyes. Sodium m­

Nitrobenzenesulphonate is used in direct reactive printing on cellulose fibre (smooth and

problem-free printing), and is also used in combination with natural thickening agents in direct

disperse printing on acetate, triacetate, and polyester fibres. It is recommended for use with

polyamide fibres as yellowing can occur [266].

Dye so/ubi/ising and dispersing agents

When printing with dyes, dye solubilising agents have the task of dissolving the water-soluble

dyes during the preparation of the paste. Many polar organic solvents are recommended and

used for this purpose, e.g., ethanol, ethylene glycol, ethylene diglycol, butyl glycol, glycerine,

and thiodiglycol. Thiodiglycol is widely used in textile printing. It is recommended for solubi­

lising cationic dyes, acid dyes, metal complex dyes, substantive dyes, naphtol, and leuco es­

ters of vat dyes.

Dispersing agents can cause insoluble dyes to become finely dispersed during the preparation

of the print paste, and stabilise this state of dispersion.
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The agents are ussauilly already present in the dye preparations (see section 5.5.1), so that a

separate addition to the print paste is not necessary [266)

Others auxiliaries used in printing paste

For typical printing auxiliaries such as resins, surfactants, softeners, drying or fixing accelerators,
neutralising agents, see also further [281] and refer to sections dealings with printing on specific
fibres (see 5.3.5 to 5.3.7).

Other auxiliaries such as fungicides, biocides, perfumes, etc may be incorporated in printing for­
mulations. Some of them are similar to those used in dyestuff formulations (see 5.5.1 and 5.5.2),
others have multipurpose uses in textile finishing (consult also 6.5).

5.3.5 Printing on cellulose

Colourants used to print on cellulose are:

• pigments;

• vat dyes;
• reactive dyes;

• disperse dyes;

• acid and metal complex dyes;

• others.

Pigments are by far the most important colouring agents for printing on cellulose, only a small
number of dye categories accounts for the rest.

Printing with pigments

Pigment printing has gained in popularity and importance. For some fibres, (e.g. cellulose fibres)
pigments are by far the most commonly applied technique. Pigments can be used on almost all
types of textile substrates, and, thanks to increased performance of modern auxiliaries, it is now
possible to obtain high-quality prints using this technique.

Pigment printing pastes contain a thickening agent, a binder and, if necessary, other auxiliaries
such as fixing agents, plasticizers, defoamers, etc.

White spirit-based emulsions, used in the past as thickening systems, are now used only occa­
sionally (mainly half-emulsion thickeners). Today solvent-free synthetic thickening agent such as
Lutexal P® (BASF) and Alcoprint PTP® (Ciba) are being increasingly adopted [335].
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More information regarding the characteristics of auxiliaries used can be found in sections 5.5.2,
5.4.12 and 5.3.4.

In the past the most common criticism of pigment prints was the inferior fastness to solvents, rub­
bing and abrasive washing conditions. Ifgoods to be pigment printed required a resin finish, this is
usually applied before finally printing. However, post-finishing is also claimed to produce better
results. When printing on dark backgrounds, maximum opacity of the pigment paste is required,
but the use of excessive amounts of titanium dioxide reduces the colour value of the other pig­
ments used. In this cases the incorporation of diatomaceous earth as the opacifier into the print
paste has been shown to overcome this problem.

Improved adhesion of prints on polyester (or cotton/polyester blends) was obtained by pretreating
the fabric surface with UV laser light. Adhesion is also improved by augmenting the self­
crosslinking properties of the binder, using a small addition of crosslinking agent (which is also
available in a low-formaldehyde form, see discussion in section 6.4.4) [335].

An example of a pigment printing paste is given in the following [284].

Chemical Typical range [g/kg paste)

Thickener (acrylate, 5-10 % mineral oil) 10 -30

Emulsifier (n-surfactant) 10 -15

Pigment binder (polyacrylate) 50 - 250

Crosslinking agent, fixing agent (methoxymethylate melamine) 2-5

Softening agent (dicarbonic acid ester, polysiloxane) 10-20

Defoamer (silicone emulsion) 1 -3

Urea 10-20

Preservative I biocide (isothiazolon based) 0.5-2.0

Colouring pigment preparation 0-50

Table 5-18: Typical recipe of a pigment printing paste

Ecological aspects gain even more in importance when preparing pigment printing paste. Espe­
cially human toxicological reasons lead to the development of paste with reduced hazardous sub­
stances such as formaldehyde, residual monomers or fission product (e.g. acrylamide, acrylnitrile,
butylacrylate or ammoniac, depending on the auxiliaries) [284]. Further development lead to bio­
degradable printing paste; yet, these paste are made of chitosan as binders and vegetable natural
pigments [449; 450].

After applying the printing paste, the fabric is dried and the pigment is normally fixed with hot air
(depending on the type of binder in the formulation, fixation can also be achieved by storage at 20
°C for a few days). The advantage of pigment printing is that the process can be done without sub­
sequent washing (which, in turn, is needed for most of the other printing techniques).
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Pigment discharge printing can also use a "dry" process which utilises hot, dry air to activate the
discharge agent in order to destroy the dyes without subsequent steaming and washing treatments
(compared to discharge printing with vat and reactive dyes, below). The discharge printing paste
employed in the "dry" process consists of a binder system, pigment, discharge agent and other
auxiliaries, which become fixed on the surface of the fabric during the baking stage; the fixed
binder contains destroyed dyes and decomposed discharge agents at the end of the baking stage.
Hence, the dry discharge system requires superior discharge agents which can be sufficiently acti­
vated during baking in order to destroy the dyes present in the ground. There are many benefits to
this process, which include simpler production operations, lower production costs, and lower efflu­
ent levels [195].

Printing with vat dyes

Vat dyes are the oldest and most versatile dyes used for printing on cellulose fibres including cot­
ton, regenerated cellulose, and line. They are widely used in various direct and discharge printing
processes, but seldom in resist printing.

Printing with vat dyes incorporates the following characteristic steps:

• applying/printing of the water-insoluble pigments onto the fabric;

• conversion into alkali-Ieuco form (by the reaction of alkali and a reducing agent in an at-
mosphere saturated with water);

• absorption into the fibres;
• re-oxidation into the vat crystalline form (by reaction of oxidising agents, e.g. air);

• boiling with alkali and soap.

Extremely fine pigmented dye powders are supplied either in powder, granulates or liquid formula­
tions (see further details on vat dyes in section 5.4.10).

Furthermore, additives are added by the manufactures to increase the extent of dispersion and
provide stabilisation and homogenisation. Moreover, in liquid formulations auxiliaries are added to
protect against sedimentation, drying and frost damage (see 5.5.1).

Depending on the fixation process used (all-in or two-phase processes, see below), special addi­
tives can also be contained in the formulations.

In the all-in process, the printing paste contains not only the dye but also all the chemicals neces­
sary for fixation. The process may also be referred to as sulphoxylate or Rongalit C-potash proc­
ess, depending on the reducing agent used. It is equally suitable for direct printing or for producing
colour-discharge effects. The chemicals that may be present in the printing paste are listed in
Table 5-19, taken from [278].
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Function Chemicals

Colouring matter Vat dyes

Reducing agent Sodium hydroxymethane suiphinate CAS-Nr. 149-44-0 (CI Reducing Agent 2)

Disodium iminobismethane sulphinate CAS-Nr. 8065-69-8

Keton derivative (liquid)

Alkali Potassium carbonate (potash)

(in thickener or printing Sodium carbonate

paste) Sodium hydroxyde (in pre-reduced dyes are used)

Sometimes:

Triethanol amine (or other aliphatic bases like sodium nitrite or sodium chlorate, when
blue dye varieties are used)

Thickening agent Starch/brilisch gumltragacanth combinations (formerly widely used)

Starch ethers/seed flour derivatives/ special alginates or gums formulations

Other auxiliaries Glycerine

Glycols

Glycol ethers

Glucose

Thioglycols

urea

printing oils (optional)

defoamers (optional)

Table 5-19: Chemicals in printing paste used for printing with vat dyes on cellulose,
with the all-in process

When printing with vat dyes and during vat discharge printing, thioglycol is often added, since it
increases the solubility of the leuco-form of the dye and hence improves the fixation rate of certain
vat dyes [266].

After printing and drying, the fabric is often cooled by air before it is steamed in order to fix the
printing. As an after-treatment, the printed textile is washed. Washing begins with a thorough rins­
ing in cold water. The re-oxidation is then finally carried out with hydrogen peroXide in the pres­
ence of small amounts of acetic acid. A soap treatment with sodium carbonate closes the process.

Many precautionary measures are necessary when using the all-in process but it is still widely
used today.

In the two-phase processes, dye and chemicals are applied in two separates steps:

• dye and thickener (the "solid phase") are applied;

• chemicals, Le. reducing agent and alkali (the "liquid phase"), sometimes with other auxilia­
ries, contained in an aqueous solution are applied by impregnating (with a padding de­
vice) the fabric.
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The chemicals that may be involved in two-phase processes are pointed out in Table 5-20, taken
from [278].

Function Chemicals

Reducing agent Sodium dithionite, CAS 7631-94-9

Sodium hyposulphite, CI Reducing Agent 1

Sodium hydroxy methane sulphinate, CI Reducing Agent 2

Stabilised derivative of hydroxy methane sulphunic acid, CI Reducing Agent 13

Alkali Sodium hydroxide

(sometimes mixed with sodium carbonate or potassium carbonate)

Thickening agent Starch ethers (more common today)

Starch!seed flour derivatives! special alginates or gums formulations

Thickener coagulant Borax (when thickeners like seed-flour derivatives are used)

Aluminium sulphate (when thickeners like alginates are used)

Other auxiliaries Alkali-resistant wetting agents

Table 5-20: Chemicals used for printing with vat dyes on cellulose, using the two­
phase process

Typical formulations for padded developing liquors are given in Table 5-21 [278]. The uptake of
liquor is 70 - 80 %, applying the typical concentrations listed below.

Reducing agent and chemicals Long duration steaming

Water' 700ml

Sodium hydroxide 40 g

Borax 0-10 g

CI Reducing Agent 2, sodium hydroxymethane sulphinate 80-100g

Reducing agent and chemicals Short duration steaming

Water' 700ml

Sodium hydroxide 60g

Borax 0-10g

CI Reducing Agent 1, hydrosulphite cone. 80-100g

Reducing agent and chemicals Short duration steaming

Water' 700ml

Sodium hydroxide 60g

Borax 0-10g

CI Reducing Agent 13 80-100g

'Additional water is added for a total batch weight of 1000 g

Table 5-21: Typical formulations for padded developing liquors
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Immediately after padding with the developing liquor, the wet fabric is steamed. The washing and
re-oxidation steps take place continuously after steaming, and are similar to those used in the all-in
process.

Discharge printing processes are used for white discharging of light to medium colours shades, or
for colour discharge by illuminating other ground colours.

Special auxiliaries have been developed to increase the discharge effect, and also permits good
fixation discharge of the colours [195]:

• Anthraquinone;

• dimethylphenylammonium chloride (Leukotrope W®, BASF);

• calcium salt of a disulphonic acid of dimethylphenylbenzylammonium chloride (Leucotrope
O®, BASF);

• alkalis: sodium carbonate, potassium carbonate, sodium hydroxide solution;

• hydrotopic agents or dispersants (also named penetrating agents and wetting agents).

However, augmented discharge pastes of this type have the disadvantage of poor paste stability,
poor storage stability, unsatisfactory reproducibility, and the risk of fibre damage. Moreover, these
substances are not suitable for regenerated cellulose [278].

In discharge printing, aqueous solutions of the weak oxidising agent are applied to the fabric by
padding, either alone or in combination with non-volatile organic acids, especially glycolic or lactic
acid, using a foulard or a special padding machine. The fabric is then dried and steamed. The risk
of defective printing is high, as impurities coming from malfunctioning rollers, etc, often appear only
after steaming. To avoid these troubles, optical brighteners can be added (5 - 20 kg of printing
paste) that fluoresce under UV light, using special lamps mounted on the printing machines [278].
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Reducing agent Vat dye Vat dye Substantive Insoluble azoic

And chemicals as ground as ground dye dye

dye dye as ground dye as ground dye

Thickener' 450g 350 9 450 9 450g

Zinc oxide 1:1 150 9 100 9 100 9 100 9

Sodium hydroxy methane sulphinate, CI 240g 240 9 150 9 200 9
Reducing Agent 2

Leukotrop W cone. 60g 160g 80g
Sodium nitrobenzene sulphate 30g 30 9
Sodium hydroxide (solution, 38°Be) 180 9
Potassium carbonate 0-90 9 60 9
Anthraquinone 20g

Water or thickener to 1000 9

'gum resin/British gum mixtures or alkali resistant seed·flour ether thickeners

Table 5-22: Typical formulation of a white discharge paste for printing with vat dyes
(ground dye)

Colour-discharge printing can be achieved using vat dyes to illuminate other ground colours such
as substantive dyes, insoluble azo dyes and reactive dyes. The illumination is obtained by using
the same reducing agent as is used in the sulphoxylate process (see below) to cleave the ground
colour and simultaneously fix the vat dye. The formulations are identical to those used in the all-in
process; also, 50 - 150 g of the reducing agent (Sodium hydroxy methane sulphinate, CI Reducing
Agent 2) may be added per kg of printing paste. After printing and drying, the fabric must be
steamed quickly. The conditions applicable for the post-printing steps are comparable to those
already described for the all-in process.

The process of discharge printing using oxidising agents such as chlorine, bromine, perchloric
acid, chromic acid, and benzoyl peroxide was originally developed to discharge most indigo-dyed
fabric and some selected reactive-dyed fabrics. Discharging assistants were sodium dichromate,
sulphuric acid and oxalic acid (for example using chromic acid to give a white discharge), or alkali
(using benzoyl peroxide for use on grounds that have been dyed with azo dyes). Nowadays the
most important methods of discharging are based on reduction [195].

However, a particularly useful technique which allows continuous production is alkaline discharge
printing. This method is useful for discharge prints on cellulosic fabrics which have been pre­
padded with vinyl-suiphone reactive dyes. It is also applicable to discharge prints on polyester fab­
rics which have been dyed with alkali-stable dischargeable disperse dyes. Alkali discharge printing
employs strong alkali in the printing paste [195].
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Resist printing, neither the mechanical (paste resist) nor the chemical, is still used nowadays with
vat dyes. The reasons for this are the difficult process steps and environmentally critical chemicals
used (heavy-metal salts). The only resists which are still popular are those used in certain tradi­
tional processes such as the typical wax resist with indigo and certain African printing.

Printing with reactive dyes

The importance of reactive dyes in textile printing is steadily increasing. The reasons for this are
the brilliance and wide range of available colours, as well as the ease with which the dyes are ap­
plied. Other advantages are the stability of the fibre-dye bond, the facile removal of unfixed dye by
washing, a high fixation yield, good build-up properties, and good stability of the printing paste pre­
pared with them.

The most important reactive dyes in textile printing are:

• monochlorotriazine MCT dyes;

• sulphatoethylsulphone SES dyes.

Moderately reactive dyes (i.e. MCT) are the only ones used in the one-phase process. More reac­
tive ranges (i.e. SES) are applicable only in the two-phase process. All the other types of reactive
dyes are of minor importance in direct printing.

A concise list of all the chemicals involved in printing cellulose with reactive dyes is given in Table
5-23, taken from [278).
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Function Chemicals

Colouring agent reactive dyes. mainly MCT or SES types

Thickening agent and auxiliaries Commercial grades of alginates. especially sodium salts of alginic acids
obtained from seaweed

Preservatives (i.e. in-can preservatives. see section 6.5.6)

Sequestering agents (polyphosphate)

Half-emulsions of oil-in-water type of e.g. sodium alginate

Kerosene

Emulsifier

·Carboxymethylcellulose CMC of high substitution grade (>2) l

Synthetic thickeners (i.e. sodium salts of poly(acrylic acids)). in combi-

nation with alginates and auxiliaries cited below

"Wetting of the fabric" (for one-phase Urea

method only. see below)

Alkali Weak bases like sodium hydrogen carbonate. sodium trichloroacetate.
etc. when using highly reactive dyes (SES. DCC. FCP. OFT. etc.)

Mainly sodium carbonate. when using moderately reactive dyes (e.g.
MCT)

Sodium hydrogen carbonate can also be used with intense colours. but
a yield reduction of 10 % is to be expected.

Oxidising agent (optional. to avoid reduc- Weak oxidising agents like derivatives of benzenesulphonic acid

tion)

·in Asiatic world, mainly

Table 5-23: Chemicals involved in printing cellulose with reactive dyes

It is conventional to use sodium alginate as the thickening agent for reactive dye print pastes. It is
one of the few naturally derived polymers which does not overwhelmingly interfere with the dye's
fixation process to cellulose. However, natural thickeners exhibit less shearingthinning rheology
than synthetic thickeners. Thus, new products based on modified polyacrylic acid were designed
specifically for printing fibre reactive dyes. The technology is said to surpass alginate performance
in many ways: enhanced colour brilliance, better levelness, reduced dye concentration, reduced
urea consumption, elimination of oxidising agent as an additive in stock paste, and reduce stock
hydration time from hours to minute [395]. Moreover, the use of modified polysaccharide and syn­
thetic polyelectrolyte as thickening agents in reactive printing constitutes an interesting alternative
to the alginates used up to now. These new carboxymethylated systems based on cellulose, guar
and starch as well as polymerizate thickeners were shown to be equally suitable for reactive print­
ing and actually increase the technical printing and colouristic possibilities with reactive dyes [360).

When using a one-phase method (also known as an all-in process), the alkali is already contained
within the printing paste. To permit the dye to diffuse from the printing paste into the fibres, urea is
added to the printing paste. The concentration of this environmentally critical substance in the
paste depends on the fixation mode used. Steam fixation requires the use of 50-80 g/kg of urea for
cotton, and 100-150 g/kg for viscose rayon. Hot-air fixation (suitable for cotton) requires even
larger amounts of urea [278).



250

Thickener system Sodium alginate Semi-emulsion system Synthetic thickener system
system

Water

Urea 50-150g 50-150g 50-150g

Oxidising agent 109 10 9 10 9

Sodium carbonate or 15 9 15 9 15 9

Sodium hydrogen carbonate 25 9 25g 25 9

Sodium alginate (4%) 450 9 150 9 150g

Dye

Emulsifier 10 9

Kerosene 400 9

Synthetic thickener (emulsion) 40-70 9

Table 5-24: Typical formulations for 1000 g ofpaste, suitable for a one-phase
method

Urea is widely used in printing with reactive dyes. It is hydrotropic properties significantly improve
the fixation rate of the dye, which is especially important for rgenerated cellulose fibres. Alkalies
such as sodium carbonate or sodium hydrogencarbonate are also necessary for the fixation of
reactive dyes. Alternativevely, special procducts such as sodium salts of a chlorinatedcarboxylic
acid can be used. These salts act as alkali-releasing agents agents, Le. the alkali is only liberated
during the dye fixation process (steaming) [266].

Alkali-free printing pastes are applied in the two-phase method. The paste consists only of sodium
alginate, oxidising agent, and dye; urea is not required. After printing and drying, an alkali-liquor is
applied by special padding or batching devices. The fixation occurs subsequently, without interme­
diate drying, by steaming.

When using sodium silicate as an alternative additive to the sodium sulphate or carbonate, no fur­
ther addition of alkali is needed (see Table 5-25, taken from [278]).

Chemicals Alternative 1 Alternative 2

Sodium sulphate 180 9

Sodium carbonate 150 9

Potassium carbonate 50g

Sodium silicate 800 9

NaOH (d=1.36, 38 °Be) 100ml 200ml

Table 5-25: Typical formulations of alkali baths, used in two-phase printing of cellu­
lose with reactive dyes
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The two-phase printing process is somewhat undesirable from an environmental point of view, as
large amount of water are needed for the final wash.

Textiles printed with reactive dyes, whether fixed by a one-phase or a two-phase method, can be
ultimately washed by a thorough cold rinsing followed by a boiling step. At sufficiently high tem­
peratures, detergents are not required. When alginates are used as thickeners, complexing agents
are added to the boiling step.

Prints based on reactive dyes are unusually subject to fastness problems, when treated at too high
of a temperature, or excessively exposed to acidic or alkaline mediums.

Discharge printing on a reactive dye ground is of great importance worldwide. The printed colours
are usually vat dyes. The reducing agent and the alkali act as both developing and discharging
agents (see also former section dealing with cellulose discharge printing with vat dyes).

Chemicals Amount

Ti02 (White) or vat dye 100 g/kg

CI Reducing agent 2 (Rongalit C®, BASF) 150 g/kg

Potassium carbonate 90 g/kg

Thickener (seed-flour derivative)

Table 5-26: Typical formulation ofa discharge paste

The discharge paste is first printed onto the reactive dye ground (usually SES type), dried, and
then steamed straight away in the absence of air.

Resist printing known as "pigment-under-reactive" is applied, although the application properties of
the pigments are usually poor. The resist is optimised when replacing the usual organic acids (Le.
tartaric and citric) by water-soluble organic acids in the form of their ammonium salts (Le. pyra­
zolone carboxylic acid derivative). A typical system consists of (278):

• pre- printing of a normal pigment paste additionally containing:
o 20 - 40 g/kg of seed-flour derivative;
o 30 - 40 g/kg of 25% ammonia;
o 40 - 60 g/kg of resist agent.

• over-printing (without intermediate drying) of a normal alkaline reactive paste containing
MCT or SES type dyes;

• drying, fiXing in saturated steam, and finishing in the usual way.

A special resist printing is the so-called reactive/reactive resist. The system consists of:

• pre-printing of a standard formulated MCT reactive dye, containing sodium carbonate and
additionally 30 - 40 g/kg of a special resist (Le. stabilised sodium hydrogensulphite com­
pounds);
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• over-printing (without intermediate drying) of a standard formulated SES printing paste,
containing sodium hydrogen carbonate;

• drying, fixing in saturated steam, and finishing in the usual way.

Crepe effects are obtained by controlled shrinking of cotton articles. The method consists of over­
printing the article (must not be mercerised or alkali treated) with a solution of sodium hydroxide.

Printing with substantive (direct) and acid dyes

These dyes are commonly used together when printing on cellulose. Their low price is the main
advantage when producing inexpensive goods.

A typical printing paste for printing with substantive or acid dyes consists of:

• dyes dissolved in hot water;

• addition of urea and a solvent (ethylene glycol, thioethylene glycol, glycerine or similar
substance);

• thickener (easily removable by washing);

• small amounts of oxidising agents.

The fixation of the print occurs by steaming, usually saturated for 30 -60 min. During the final
wash, the fabric is often treated with auxiliaries which improve wetfastness (Le. cationic quaternary
polyammonium compounds).

Discharge printing occurs by printing dischargeable ground dyes, often made of substantive dyes
with azo bridges, easily subjectable to reductive bond breaking. The reduction agent used is so­
dium hydroxy methane sulphinate. Discharge auxiliaries can be anthraquinone (as reduction cata­
lyst) or quaternary ammonium compounds. For improving whiteness effects, white pigments (Le.
zinc oxyde or titanium dioxide), optical brighteners, as well as humectants, wetting agents and,
sometimes, alkali can be added.

An "over-loading" of the substantively dyed ground is prevented by treating the fabric, before or
after printing, with the following chemicals:

• oxidising andlor acidic compounds such as hydrogen peroxide or sodium m­
nitrobenzenesulphonate (typically 5-15 giL of oxidising agent, 3-8 giL of acid);

• optionally combined with non-volatile organic acids, preferably glycolic or lactic acid.

Resist printing techniques are today restricted to batik articles. A wax pattern is printed on cotton
fabric. The fabric is subsequently dipped in a cold solution of substantive dyes (containing groups
capable of reacting with diazotised bases or diazonium salts, Le. fast colour salts). After drying with
air, the coupling with the diazonium salt takes place. Rinsing and boiling-off in water finishes the
process.
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Printing with cationic and mordant dyes

These two classes of dyes are now almost never used in cellulose printing, despite their favourable
economics. Environmental problems are encountered when using cationic dyes as they need a
mordant for fixing (Le. a synthetic tanning agent) and for after-treatment, an antimony salt. Similar
problems appear when using mordant dyes as the mordants are heavy metal salts, especially
chromium salts. Moreover, both types of dyes need the addition of special thickening agents and
dye-specific formulations.

Printing with other dyes

Sulphur dyes behave in colouring processes much like vat dyes, except that they can be converted
to vat form using weak reducing agents such as sodium sulphide or glucose (see chapter dealing
with Dyestuffs and dyeing of cellulose). Black grades are the only ones used in textile printing. The
black versions of sulphur dyes can be used in two-phase printing processes together with vat dyes
using identical formulations.

Leuco esters of vat dyes are only rarely used today in textile printing as they are comparatively
inexpensive.

Naphtol dyes (azoic dyes produced on the fibre) are used in printing on cellulose as one of the
oldest colouring processes. The printings are obtained by a two-phase treatment:

• application by padding of naphtol preparation (containing the coupling component);

• drying;
• immediate printing of a paste containing the diazotised base (developing agent);

• drying and washing to remove unreacted naphtol, or an additional fixing step if other types
of dyes are added (to produce specific colour shades).

The following tables are taken from [278] and summarise the chemicals involved in the process.

Function Chemicals

Coupling component ("the naphtol") 2-hydroxy-3-naphtoloic acid anilide CAS 92-77-3

Caustic solution sodium hydroxide

Alcohol

Dispersing agent

Table 5-27: Naphtol preparation for printing on cellulose
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Function Chemicals

Developing agent diazotised base or stabilised diazonium salts'

Thickener

Auxiliaries sodium acetate and acetic acid

Optional dyes supplements reactive dyes, phtalogen dyes, or pigments

'diazonium salts are complex double salts of diazonium ions, with e.g. zinc chloride, 1,5-naphtalene disulphunic acid, or
tetrafluoroboric acid; see further section explaining Dyestuffs for examples of developing agents.

Table 5-28: Printing paste for printing on cellulose with naphtol dyes (developing
paste)

Printing with specific dyes as a supplement is still important in African printing, in conjunction with
sophisticated resist techniques.

Printing with a single-step method which applies mixtures of diazo and coupling components is
now no longer popular due to ecological, toxicological, and technical considerations. Mixtures of
this type were used for direct or reserve printing with aniline black and phthalogen dyes.

Phtathalocyanine developing dyes can be described as the reaction product of an isoindolenine
with a heavy-metal compound.

The printing paste typically contains:

• an isioindolenine (Le. 1-Amino-3-imino-isoindolenine);

• a heavy-metal compound (Le. copper, cobalt or nickel compound);

• auxiliaries to improve solubility, suppress hydrolysis, and liberate ammonia upon heating.

For direct printing, the dyes are mixed in a printing paste with a solvent (Le. glycols, glycol ethers,
amino alcohols, amides). An ammoniacal solution of a copper or nickel complex, as well as a
thickener, is' further added. The printing pattern is first colourless, but appears during subsequent
drying steps. Fixation occurs by steaming or hot-air treatment. Ensuing acid treatments remove
excess heavy-metals, as subsequent rinsing and boiling-off remove thickener and deposited dye­
pigments. The strong-acid can be replaced by a Trilon B bath, as copper compounds and aUXiliary
dyes were used.

Combinations of phthalogen dyes are possible with many of dyes. Simultaneous printing is achiev­
able with reactive dyes, naphtol dyes, leuco-vat esters, and pigment dyes. When printing with re­
active dyes, acidification is carried out with 5-10 g of formic acid, instead of the usual hydrochloric
acid. When using vat dyes, the chemicals are applied using a two-phase printing process. Combi­
nation with disperse dyes in a single paste is interesting for printing on fibre blends of low cotton
ratio.

Metal-complex dyes are a precursor of the actual phthalocyanine. The complex is developed in the
usual way by steaming, hot air treatment or wet development with reducing agent (see section
5.2.3 Dyeing on cellulose).
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Development with reducing agent can be used for direct or two-phase printing in conjunction with
vat dyes. Their use is limited to suitable pretreated cotton. The thickeners used are starch­
tragacanth thickeners or starch ethers etherified to a specific degree.

The most important complex dye from a commercial standpoint is Phthalogen Blue IBN. It is a co­
balt complex that has been rendered water-soluble by the presence of a basic group. The solubility
of the product in dilute acetic acid is high, so no additional auxiliary is required. The basic group
can be cleaved either by thermal fixation methods or reductive treatment [278]. The insoluble co­
balt phthalocyanine pigment is obtained using direct printing, or over-printing of a naphtol impreg­
nated textile (see above).

Chemicals Amount

Metal complex dye (Phthalogen Blue IBN) 30 9

Acetic' acid 60% 10 9 (up to 30 9 for an alkaline Naphtol AS)

Thickener 500 9

Starch-tragacanth thickeners or starch ethers etheri-
fied to a specific degree

Water (or additional thickener) 460g

'for storage stability replace with lactic acid

Table 5-29: Typical formulation for a printing paste using a metal-complex dye (1000
g paste)

5.3.6 Printing on synthetic fibres

The difficulties encountered when printing on synthetic fibres are nearly the same as those met
when dyeing them (see therefore chapter relating to dyeing on synthetic fibres). Fabrics based on
regenerated cellulose are printed with the same dyes used for cotton (see printing on cellulose).
However, fibres derived from cellulose esters and synthetic polymers can need specifically devel­
oped dyes and printing methods. Moreover, the nature of the textile surface to be printed (woven,
knitted, or tufted) is also important.

Specifics when printing with pigment are described in a separate section.

Printing with pigments

Referre to printing with pigments in section 5.3.5

Printing on 2,5 Acetate

Printing on acetate is carried out either on tables or with roller or rotary-screen printing machines.
For further details consult the section dealing with preparation of the printing machines.

Woven and knitted acetate fabrics can be printed with [278]:
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• disperse dyes (almost exclusively);

• cationic dyes;
• acid dyes and metal-complex dyes.

When using selected disperse dyes (and sometimes cationic dyes), liquid preparations are pre­
ferred and pre-dispersion is not necessary. Additional auxiliaries added to the printing paste can be
an organic base to inhibit so-called "fume-fastness". The prints are fixed using steaming, rinsing,
and washing with an anionic detergent and once again rinsed.

When using acid and metal-complex dyes, the fixation occurs during drying. For this purpose, the
printing paste must contain high concentrations of alcohol to permit swelling of the acetate during
printing.

Fixation auxiliaries for printing on acetate fibres (and on polyester) aree mainly fatty acid deriva­
tives and products based on polyglycols [266].

Chemicals Amount

Dye 10-60g

Urea 30 9

Water 280- 330 9

Solvent mixture: 130 9

Thiodiethylene glycol CAS 111-48-8 30 9

Benzyl alcohol 50 9

Ethyl glycol 50 9

Thickener solution: 500 9

2-hydroxyethyl methyl cellulose CAS 9032-42-2 40 - 50 g/1000 9 solution

Ethyl alcohol 600 g/1000 9 solution

Water 280-290 g/1000 9 solution

Ammonium rhodanide CAS 1762-95-4 70 g/1000 9 solution

Table 5-30: Typical printing paste (1000 g) formulation when printing on acetate with
acid or metal-complex dyes

Discharge printing can be made on a ground dyed with select disperse dyes and cationic dyes.
The best white discharge is obtained when using as discharging agent zinc formaldehyde sul­
phoxylate CAS 24887-06-7. With colour discharge dyeing, tin (II) chloride, or formamidine sul­
phunic acid CAS 1758-73-2 are used as discharging agents.

Blends can be printed just like pure acetate, especially using disperse and acid dyes. Very fash­
ionable discharge prints can be obtained with selected disperse dyes as ground, cationic dyes as
colour-discharging system and tin (II) salt as the discharging agent.
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Printing on Triacetate

Today, prints on polyester are largely more popular than those on Triacetate. However, printing on
triacetate still has a small interest for triacetate/polyamide blends.

Printing is carried out on tables or with roller, rotary screen, or flat-screen printing machines. For
further details consult the section dealing with the preparation of printing machines.

Only certain disperse dyes are used to print on triacetate. Fixation accelerants, to intensify colour
and improve dye yields, are added in nearly all printing pastes, except when steaming under pres­
sure is subsequently applied for fixing the prints. The treatment is followed by careful cold and
warm washing steps. Small amounts of hydrosulphite (1-2 gil) or sodium hydroxide solution (1-2
cm3/1) are usually added to the wash baths. After washing, the fabric is rinsed, sometimes neutral­
ized, and then dried [278].

No discharge or resist process was specially developed for triacetate.

Printing on polyesterltriacetate blends occurs using selected disperse dyes and the same chemi­
cals as those used with fixation agents already mentioned for pure triacetate.

Printing on Polyamide

Woven and knitted fabrics based on polyamide 6 (made from E-caprolactam) and polyamide 66
(made from hexamethyldiamine and adipic acid) are almost the only polyamides suitable for print­
ing.

Printing is carried out on tables, roller and screen-printing, when pretreated woven and knitted
polyamide fabrics are to be printed. Velour knits are preferably printed on roller and rotary-screen
printing machines. Goods and fabrics that display high elasticity and poor dimensional stability are
almost exclusively printed on screen-printing tables. For further details consult the section dealing
with the preparation of printing machines.

Polyamide can be conventionally printed using [278]:

• selected metal-complex dyes;

• disperse dyes;

• reactive dyes;
• substantive dyes (occasionally).

Apart from the dyes and their associate auxiliaries, the printing paste is made of solvents such as
thiodiethylene glycol (CAS 111-48-8) and urea (or thiourea) to increase dye solubility and colour
intensity of the print. Other solubilising agents used are diethylenglycol monobutyl ether (CAS 112­
34-5), and in special cases cyclohexanol. The pH is stabilised between 5 and 3, by the eventual
addition of ammonium sulphate [278]. Certain fixation auxiliaries containing nitrile groups have
proven to be especially suitable for printing on polyacrilonitrile fibres. They can be used with cati­
onic dyes and some disperse and metal complex dyes [266].
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Thickeners suitable for polyamide printing have low-viscosity and a solids content higher than 12­
16%. They are mostly etherified seed-flour and guar products combined with degraded starches.
When printing with reactive dyes and mildly acidic printing paste, the thickening agents used are
high- and medium-viscosity alginates and guar ethers, but none containing starch.

After printing, the fabric is steamed (at least 20-30 min at approx. 102°C) and than washed thor­
oughly. The washing steps comprise cold rinsing, washing at 40-45 °C and rinsing again. To pre­
vent bleeding onto a white ground andlor improve fastness to moisture, auxiliaries (2-3%) can be
added to the rinsing bath. These substances are usually condensation products of formaldehyde
with aromatic suiphonic acids (see also 6.4.4), and formic acid as a pH adjusting chemical (i.e. pH
regulator). Very heavy fabrics can be washed in a bath containing sodium carbonate and alkyl
ammonium polyglycol ether. The washing of reactive dye based prints occur in a cold rinsing bath
with 2 gIl of sodium carbonate (at pH 9) and, if necessary, a complexing agent to remove water
hardness. An alternative to this is a hot alkaline rinsing, followed by a washing with a liquor con­
taining 0.5-1 gIl at 80-90 °C. After hot and cold rinsing, neutralization is obtained by adding an
acetic acid to the last rinse.

White discharge prints are obtained using Decrolin (i.e. reserving agent). The ground can be died
with selected acid and lsolan 1:2 metal-complex dyes, however, some disperse dyes - and even a
number of substantive dyes- are also suitable. An after-treatment to improve wetfastness is some­
times done with Mesitol PS or NBS.

For Colour-discharge printing using vat dyes, and grounds coloured with acid or metal-complex
dyes, the preferred reducing agent is Cl Reducing agent 2 (Rongalit C). The most suited vat dyes
are indigoid, thio indigoid and a few anthraquinoid dyes. The reoxidation takes place at the pH of
acetic acid and, more problematically, with hydrogen peroxide and ammonia.

Discharging with tin(lI) chloride is the most important discharge printing process on polyamides.
Both white and colour discharging are suited.

Further details concerning discharge printing processes were already discussed in the above sec­
tion concerning printing on cellulose. The resist process is rarely applied to polyamides.

Blends of polyamides with elasthane (spandex) marked under the trade names polyamide/Lycra
and polyamidel Dorlastan are important in the production of swim-wear. Despite the fact that spe­
cial pretreatments steps such as a Mesitol PS bath are necessary, printing with acid and metal­
complex dyes takes place using analogous formulations to those employed with pure polyamide.

Printing on Polyacrylonitrile

Polyacrylonitriles have characteristics very similar to that of wool.

Printing is carried out on roller printing machines (gravure printing) or flat- or rotary screen presses
(stencil printing).Consult for further details section dealing with preparation of the printing ma­
chines.
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Polyacrylonitriles are conventionally printed using cationic dyes. The dyes chemically character­
ised as triphenylmethane, oxazine, antrhraquinone, azo, naphtthalimide, methane, and cycloam­
monium dye types (see section 5.4).

Eventual addition of a 30% solution of sodium chlorate shortly before printing can improve the sen­
sitivity of certain dyes to steaming.

Suitable paste formulations are made of thickeners with high solid contents, as well as substances
that form an elastic film after the drying of the printed fabric. Moreover, levelling of the dyes can be
achieved by the addition of carboxymethyl cellulose, or other anionically active materials. Suitable
substances are dispersing agents such as the condensation products of the naphthalene sulphonic
acids with formaldehyde, or alginate thickeners. Moreover, some deep shades necessitate the
addition of CAS 69071-73-4 in the printing paste to be adapted to continuous fiXing conditions
[278].

Fixation ideally occurs using high-pressure steaming, but continuous steaming at 102°C is also
feasible.

After-treatment includes the following steps:

• rinsing with cold water containing ammonia or sodium carbonate;

• washing at 40-60 °C with an anionic detergent and hydrosulphite, and eventual addition of
an enzymatic desizing agent (if a starch containing thickener was used);

• rinsing and washing with a fresh liquor at 60-70 °C, containing eventually 5-10 gil of a
softening agent at pH 5 (citric or acetic acid);

• dewatering by spinning or suction;

• drying at 100-110 °C on a tentering frame.

Discharge printing on polyacrylonitrile fabric are somewhat popular, despite printing is usually car­
ried out on dyed knitted goods. White discharge effects can be obtained by using Decroline or
tin(lI) chloride (see discharge printing on cellUlose). However, these methods are largely replaced
by over-printing techniques using pigments. Colour-discharge with tin(lI) chloride takes place on
grounds preliminary dyed with selected cationic dyes. The printing paste then contains selected
discharge- resistant cationic dyes (eventually supplemented with metal-complex dyes), and 40-80
glkg of tin(lI) chloride.

Among the other dyes used to print on polyacrylonitrile, selected disperse dyes have some specific
advantages when printing bright colours, or for sharp pattern outlines. For this purpose, e.g. an
anionic disperse black is mixed with a cationic black.

Modifications of the polyacrylonitrile fibres can be obtained (during production or pretreatment) to
make them receptive to acid and metal-complex dyes (see sections Dyeing of synthetic fibres and
Pretreatment of synthetic fibres, respectively 5.2.9 and 4.6.2).
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Blends Main dyes used for printing

Polyacrylonitrile/cellulose Cationic and reactive dyes

Polyacrylonitrile/wool Metal-complex and cationic dyes

Polyacrylonitrile/polyester Disperse dyes and cationic dyes

Polyacrylonitrile/PVC-vinyl chloride copolymers (Modacryl fibres Disperse and cationic dyes
with flame resistant properties)

Table 5-31: Printing on polyacrylonitrile blends

Printing on Polyester

Polyester is the most important fibre for textile printing. Nearly 25 - 35% is printed using transfer
techniques, the remainder using classical direct, discharge and resist methods. The fabrics are
mainly destined for the clothing sector. Over 90% of the synthetic fibre market are fibres based on
polyethylene terephthalate, the others are principally polydimethylocyclohexane terephtalate or
anionically modified fibres.

Printing is carried out on tables or with flat or rotary screen-printing machines, as well as with
graved roller devices. The fabric is glued either to a black grey, or directly to the rubber blanket.

Only selected disperse dyes are used for conventional printing on unmodified polyester. Cationic
dyes are applicable to anionically modified polyester (278). The wet fastness of textile printed with
these selected disperse dyes is significantly reduced by excessive amounts of non-ionic products,
Le. detergents, carriers, fixing accelerators, softening agents or antistatic agents. With respect to
this behaviour, the printing pastes are carefUlly formulated, depending on the dye and the fixation
process used.

The most common paste system used for printing polyester is based on low-solids thickener such
as low-viscosity alginates or seed-flour derivatives, sometimes in combination with starch and cel­
lulose ethers. The auxiliaries of the thickener solution are defoamers and/or printing oils, and a non
volatile acid donor. Many disperse dyes necessitate the addition of monosodium phosphate (as
acid donor), to avoid chemical degradation in the alkaline medium of the thickener. When using
other types of dyes, the addition of approx. 5 g/kg printing paste of an oXidising agent such as so­
dium chlorate or sodium nitro benzene sulphonate is common (278).

Synthetic thickening agents such as those used in printing with pigment (Le. thickening agent
based on ethylene-maleic anhydride polymers and poly(acrylic acid)), promise to have interesting
application properties. However, these paste formulations are today exclusively available for carpet
printing.

Moreover, specific auxiliaries (mainly carriers, also called fixation accelerators) are required as a
function of the fixation process:

• fixation by HT steam (7min., 175°C) is the best process for printing on polyester. Only
dyes very resistant to high temperatures are suitable; mixed alginate and starch ethers, (
4:1 to 3:1) thickening agents, and seed-flour mixing are also encountered.
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• 1-3 g/kg paste of polyphosphate is added when using alginates, and a fixation auxiliary
(Le. an ethoxylated sUbstance);

• fixation using high-pressure saturated steam (30min, 2.5 bar) is a process which gives
very good results the higher the pressure is added(60-90% dye yield at 2.5 bar). The ad­
dition of carriers is not justifiable, as they only slightly influence the dye yield;

• thermosol fixation (dry heat, 1min. at 200°C) is in general only suitable for woven fabrics;
mean dye yields of 50-70% are achieved without a carrier;

• fixation using saturated steam (30 min, 102°C) is a process which is only rarely used
when printing on polyester as it necessitates the use of selected dyes and large amounts
of carrier.

After-treatment consists first of repetitive washings, cold and hot rinsing steps, followed by an alka­
line reduction step (2g/l of NaOH, 2g/1 of hydrosulphite, 19/1 of a welting agent) at a bath tempera­
ture of 40-50 °C. Alternatively, these washing sequences can take place at a temperature of 70­
80°C with lower concentrations of chemicals, and are closed by cold and warm acidic rinses and
drying at temperatures of 110-130°C under low tension.

Fixation auxiliaries for printing on polyester fibres (and on acetate) rae mainly fatty acid derivatives
and products based on polyglycols [266].

Further finishing with fabric conditioners (softening, easy-care and crease-resistant finishings) and
antielectrostatic agents are frequently applied after printing on polyester. Please consult the chap­
ters dealing with finishing for more detailed information on the chemicals used.

Discharge and resist printing on polyester are methods of increasing importance for producing very
fine and short repeating patterns. Three methods are available:

• true discharge printing on a dyed ground

Usually zinc formaldehyde sulphoxilate (Oecrolin) or tin(lI) chloride are used with a hydroxydi­
phenyl carrier (discharge intensifier) to obtain white effects. However, neither white discharging
nor colour discharging of this type is recommended for· reasons such as the durability of the
effects.

• discharge resist on an unfixed ground

First, a ground is printed (high-viscosity thickener) or dyed (padding) and dried, without fiXing
the dyes. In a second step, a paste including the discharge agent is printed on the pretreated
ground. Only during the third step are the ground and printed pattern simultaneously fixed. The
discharge paste can be printed using a two-stage fixing method (pre-steaming at 100°C fol­
lowed by post-steaming 170°C) or the single-stage process (HT steam at HO°C). The single­
stage method not only requires the addition of polyglycol in the discharging paste, but also
twice as much reducing agent (e.g. counter 60-100 g of tin salt - water 1:1 usually used for the
two-stage fiXing). The discharging agent can be lin(lI) chloride, Oecrolin (zinc formaldehyde
sulphoxilate) or Rongalit OS (Sodium hydroxymethane sUlphinate?). However, for practical
reasons such as difficult dosage of chemicals, the preferred reducing agents are tin(lI) chloride
or Rongalit OS, despite corrosive risks when using tin(lI) salt (presence of hydrochloride acid).



262

• ordinary resist on an unfixed ground

The process is based on so-called alkaline discharge printing. First, the ground is coloured with
special disperse dyes that can be hydrolysed by alkali (e.g. dyes containing N(RCOOR)-ester
groups able to form carboxylate groups when treated with strong alkali) and gently dried. In a
second treatment step, the dry ground is printed with pastes that contain sodium carbonate,
sodium hydroxide or sodium silicate solution, and alkali-resistant disperse dyes; followed by
steaming to fix the dyes after the hydrolysis takes place according to the pattern. The process
is environmental friendly and inexpensive as it allow continuous production techniques [195].
On the other hand, the printed patterns are diffuse and the process conditions are difficult to
optimise [278].

Optical brighteners may be added as auxiliaries in white discharge printing as they intensify the
white effect on polyesters [266].

Crimped effects with polyester can be achieved by applying a printing paste containing approx.
400 glkg of p-phenylphenol and then fixing the printed product [278].

Polyester fibres modified by the incorporation of anionic (acidic) groups can be dyed using basic
(Aztrazon type) dyes, analogously to polyacrylonitrile (see Printing on polyacrylonitrile).

Table 5-32 revues the dyes suitable for printing on polyester blends.

Blends Main dyes used for printing

Polyester/cellulose: Pigments

Polyester/cotton (mainly) Mixture of disperse and reactive dyes·

Polyester/viscose Selected disperse dyes with swelling agents (i.e. poly-
glycol or their ethers and esters)

Disperse dyes with acidic metals (burn-out textiles··)

Polyester/wool Combinations of disperse dyes with selected acid and
metal-complex dyes

Polyester/other synthetic fibres No commercial importance

·printing paste made of dyes, urea, sodium nitrobenzene sulphate, and sodium hydrogen carbonate

Table 5-32: Main dyes used for printing polyester blends

Burn-out effects have achieved considerable importance in the fashion industry. The process is
based on the property of cellulosic fibres (cotton, in our case) to be destroyed by heating in the
presence of strong acids or their salts. Polyester filaments that have been surrounded during the
spinning process by cotton or viscose staple fibre (so-called core-spun yarns) are printed with a
special printing paste. This paste contains disperse dyes and strongly acidic metal salts(e.g. sul­
phuric acid or aluminium SUlphate). The subsequent heat treatment carbonises and destroys the
cellulose fibres and simultaneously fixes the dyes to the polyester component. The carbonised
cellulose is removed by a mechanical treatment followed by intensive washing. The process is
environmentally problematic due to the acidic salts used (and remaining in the waste water) but
also for reasons of low-yields of the dyes associate with the salts used.
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The origin of this process is a technique used in India to produce Saris. Blended yarns of polyester
and cotton are woven, and dyed or printed using disperse dyes. The fabric is then treated with
70% sulphuric acid to remove cotton components.

5.3.7 Printing on protein fibres (wool and silk)

Wool chlorination and degumming of silk are the most important pretreatment processes with re­
spect to printing. See sections 4.4 and 4.5 dealing with pretreatment of wool and silk.

Conventional direct printing on protein fibres can occur using the following colourants [278]:

• acid dyes (mainly);

• metal-complex dyes;

• reactive dyes;

• chrome dyes;
• basic and substantive dyes (theoretically);

• pigments.

Yet, special printing techniques such as breakthrough effects ("Devore"), printing with pigments
(matt, bronze, etc) may also be applied on silk, either as direct or discharge printing, in a similar
manner than for other fibres.

Printing with acid dyes

Auxiliaries in printing paste are summarised in Table 5-33, from [278].

Function Chemicals

Dye (formulated) Acid dyes

Solvent Urea or thiourea

Solubilising agents Thioethylenglycol

Aqueous solvent Hot water

Dispersing agents (optional) Glycerine (only for wool)

Other solvent (optional) Polyglycol ethers

Thickening agents (alone or combined) Seed·flour derivatives (mainly guar)

Cold soluble British gum

Tragacanth and gum arabica (not longer in use)

Acid donor (promote dye fixation) e.g. ammonium sulphate, tartrate, or oxalate

Acetic or glycolic acid (optional)

Oxidation/neutralising agents (optional) Small amounts of sodium chlorate

Others auxiliaries (optional):

Defoamers Silicone or high-boiling alcohols

Printing oils

Levelling agents (prevent frosting effects) Alkyl aryl polyglycol ether

Table 5-33: Main chemicals used for printing with acid dyes on protein fibres
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Fixation usually requires saturated-steam (occasionally previously sprayed) at 100-102°C for 30-60
min.

The after-treatment process includes very mild, with respect to mechanical stress and temperature,
washing steps. Auxiliaries that can be added to the washing baths are:

• anionic synthetic detergents (0.5-1 giL);

• products based on the condensation of high molecular mass aromatic sulphonic acids
with formaldehyde (5-6% of textile weight), to improve fastness (synthetic tanning agents);

• acetic or formic acid;

• polyammonium compounds (2-3 giL).

Printing on silk was for long time the main domain of acid or metal-complex dyes. The dyeing pro­
cess can be resumed as follows [362]:

Printing on silk with acid or metallkomplex dyes

Xg

20-40 g

10 - 20 g

(50 g

Xg

Xg

30-60g

Total: 1000 g

Steaming

Washing

Dyes

Solvent

Levelling agent

Urea)

Water

Thickener

Acid or acid donor (organic acids, ammonium salts)

25 - 60 min at 102/105 C

Cold. max. 30 C, soaping

Cationic aftertreatment

Printing with metal-complex dyes

Printing with metal-complex dyes is carried out using almost the same process and chemicals
used as in printing with acid dyes (see above), although the printing must be accomplished without
acids or acid donors.

Printing with reactive dyes

Despite additional costs, reactive dyes are willingly used when goods with very high fastness
properties are wanted (e.g. "Woolmark").

Reactive dyes necessitate almost the same printing process and chemicals as acid dyes (see
above), except that formic acid is often included in the paste to ensure acidity. However, the final
wash must be carried out adding synthetic tanning agents (e.g. Mesitol or Erional MWS), disodium
phosphate with ammonia added to pH8 (2 giL) and an anionic detergent [278].

An alternative treatment when printing on silk can be used which produces prints of inferior quality.
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The process takes place in an alkaline medium (sodium hydrogen carbonate) with alginate thick­
ening agents. Printing on silk with reactive dyes have almost replace printing with add or metal
complex dyes in the last years, not only for washproofed goods. The process present some ad­
vantages i.e. reduced steaming time, very good wet proofing, good light proof, uncomplicated af­
terwashing, and good reproducibility. Yet, reactive dyes are more expensive than acid or metal
complex ones. The process is summarised in the following scheme, from (362).

Printing on silk with reactive dyes

Xg

Xg

100 g

10 - 20 g

10g

20 - 30 g

10g

Xg

Total 1000 g

Steaming

Washing

Dyes

Water

Urea

Oxidation agent (e.g. sodium
nitrobenzene sulphate)

Wetting and levelling agent

Sodium bicarbonate

Polyphosphate

Alginate thickener (low viscose)

10-20minat105 C

Cold, 50 C,80 C soaping

Printing with chrome dyes

The technique is rarely used because of uniformity in suitable dyes, and environmental problems
associated with the use of chrome dyes (278).

The printing paste contains mainly:

• chromium (III) salts (chromium fluoride, rarely the acetate);

• formic acid (or oxalic acid).

Discharge printing

Discharge-printing techniques on wool and silk are carried out following the classical manufactur­
ing steps of dyeing the textile with dischargeable substantive or acid dyes, followed by printing the
material with discharge-resistant acid or substantive dyes. Moreover, the chemicals implied in the
process are the usual wide range of auxiliaries and discharging agents such as sodium or zinc
formaldehyde sulphoxylate (see further 5.3.5 Printing on cellulose).

Although a mild reducing agent such as thiourea dioxide (formamidine suiphonic acid) can be used
to prevent fibre damage, this alternative process entails restrictions in suitable dyes (278).

Colour-discharge printing is restricted to a very small palette of suitable dyes. In principle, the fol­
lowing can be used for colour-discharge printing on protein fibres (278):

• vat dyes, according to the sulphoxylate (all-in-one) process;
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• basic dyes, using tin(lI) chloride as reducing agent;

• selected-discharge resistant pigment dyes, using soft binders (softening agents) and zinc
formaldehyde sulphoxylate as reducing agent;

• selective discharge-resistant substantive and acid dyes, using sodium or zinc formalde­
hyde sulphoxylate as reducing agent (the best process in this case).

Discharge printing on silk have always had a particular importance, independent from fashion
trends. Dischargeable dyeings are metal complexe or reactive ones. The reduction agents used
are tin salt (tin-2-chlorid SnCI2) or formaldehyde-sulphoxylate (sodium or tin salt). In the following,
some discharge printing processes on silk are summarised, from [362].

Discharge printing on silk with tin salt

Xg

Xg

50 g

10 - 20 g

50 g

40-100g

Xg

Total 1000 g

Steaming

Washing

Dyes

Water

Urea

Oxidation agent (e.g. sodium

nitrobenzene sulphate)

Welling and levelling agent

Tin salt SnCl,

Thickener (acid resistant)

20 - 40 min at 102 C

Cold. max. 30 C

Discharge printing on silk with formaldehyde sulphoxylate

Xg

Xg

0- 50 g

80-140g

20 g

40-60 g

40g

Xg

Total 1000 g

Steaming

Washing

Vat dye

Water

Glycerin

Sodium formaldehydesulphoxy­
late (Rongalit C)

Wetting and levelling agent

Soda or potash

Dispersing agent

Thickener (ether
starch/galactommannane)

10 -15 min at 102/105 C

Cold, oxidation at 30/40 C,

soaping at 80 C. neutralisation
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Discharge printing on silk with formaldehydsulphoxylate and

reactive, direct or basic dyes

Xg

Xg

30 - 60 9

80-100g

20 9

Xg

Total 1000 9

Steaming

Washing

Printing on blends

Dyes

Hot water

Urea

Sodium formaldehydsulphoxylate

Ammonium chloride or ammo­
nium sulphate

Thickener (ether starch 1galac­

tommannane)

15 - 30 min at 102/105 C

Cold, soaping at 30140 C, cold

washing and neutralisation

Blends containing protein fibres are not of great importance in textile printing.

Wool/silk blends are printed (direct or discharge) following exactly the same procedure as for pure
wool, except for small adaptations to the pretreatment requirements.

Wool/cellulose blends ("half-woo''') can also be printed following the procedure of pure wool print­
ing. However, special after-treatment agents have been developed (e.g. cationic quaterneray poly­
amminium compounds, etc) [278].

Silk/wool blends ("half-silk") are pretreated like pure silk and printed like "half-wool".
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5.4 Dyestuffs

In order to distinguish between the various types of dyestuffs used in the textile industry it is advis­
able to consult the Colour Index published by the Society of Dyers and Colourists together with the
American Association of Textile Chemists and Colorists. Dyes are classified for specific usage and
may be included in more than one entry; for example food dyes include acid, solvent, and natural
dyes as well as pigments. Table 5-34 shows the Colour Index classification in which colourants are
arranged strictly on the basis of their chemical structure [262]. The code number refers to a special
chemical structure and form the heading of an undoubtedly identifiable commercially available col­
orant, e.g. C.1. 16055 for Acid Violet 56.

As our interest focuses on the application conditions, a categorization of dyestuffs according to
application classes is advisable.

The following application classes will be considered and discussed more intensively [2]:

• acid dyes;
• basic (cationic) dyes;

• direct (substantive) dyes;

• disperse dyes;
• metal-complex (solvent) dyes (pre-metallised dyes);

• naphtol dyes (azoic dyes developed on the fibre);

• reactive dyes;

• sulphur (Ieuco sulphur or solubilised sulphur) dyes;

• vat (reduced vat) dyes;

• natural dyes;

• pigments.



Chemical composition C.1. Number

Nitroso 10 000 - 10 299

Nitro 10 300 -10 999

Azo-

Monoazo 11000-19999

Diazo 20 000 - 29 999

Triazo 30 000 - 34 999

Polyazo 37 000 - 36 999

Azoic 37 000 - 39 999

Stilbene 40 000 - 40 799

Carotenoid 40 800 - 40 999

Diphenylmethane 41000-41999

Triarylmethane 42 000 - 44 999

Xanthene 45 000 - 45 999

Acridine 46 000 - 46 999

Quinoline 47 000 - 47999

Methane and polymethine 48 000 - 48 999

Thiazole 49 000 - 49 399

Indamine and indophenol 49 400 - 49 999

Azine 50 000 - 50 999

Oxazine 51 000 - 51 999

Tiazine 52 000 - 52 999

Sulfur 53 000 - 54 999

Lactone 55 000 - 55 999

Aminoketone 56 000 - 56 999

Hydroxyketone 57 000 - 57 999

Anthraquinone 58 000 - 72 999

Indigoid 73 000 - 73 999

Phthalocyanine 74 000 -74999

Natural organic colouring agents 75 000 - 75 999

Oxidation bases 76 000 - 76 999

Inorganic colouring agents 77 000 - 77 999

269

Table 5-34: Colour index classification by chemical composition

Table 5-35 , taken from [268], gives a distribution of each chemical class between the major appli­
cation classes.
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Distribution between application ranges/%

Chemical class '" C C '"~ III '" ~
c

u U '" 1:' E '""0 ·iii
~

c. >.(3 III '" 0 0> III "0 iii
III 1:> '0 '0 E .0. ~ '" >

Unmetalised azo 20 5 30 12 12 6 10 5

Metal-complex azo 65 10 12 13

Thiazole 5 95

Stilbene 98

Anthraquinine 15 2 25 3 4 6 9 36

Indi90id 2 17 81

Quinophthalene 30 20 40 10

Aminoketone 11 40 8 3 8 30

Phthalocyanine 14 4 8 4 9 43 15 3

Formazan 70 30

Methine 71 23 1 5

Nitro, nitroso 31 2 48 2 5 12

Triarylmethane 35 22 1 1 24 5 12

Xanthene 33 16 9 2 2 38

Acridine 92 4 4

Azine 39 39 3 19

Oxazine 22 17 2 40 9 10

Thiazine 55 10 10 25

Table 5-35: Distribution of each chemical class between the major application
classes

The next table summarises the application characteristics and properties of these dyestuffs, as
well as the auxiliaries needed when colouring with them, table taken from [2]. A more detailed dis­
cussion follows in section 5.4.1.to 5.4.12.

The properties and chemical characteristics, as well as the environmental issues of the different
classes of dyes are given in the following sections, mainly based on description taken from [2] as
not otherwise mentioned.

A more detailed discussion on dyestuffs, with respect to their general application conditions for the
different types of fibre can be found within sections 5.2 and 5.3.
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5.4.1 Acid dyes

Chemical characteristics

Acid dyes are azo (the largest group), anthraquinone, triphenylmethane chromophoric systems
which are made water-soluble by the introduction in the molecule of up to three sulphonate groups.

C.1. 42640 - acid viole1l49

CzHs CzHs
I W.B

:;(UcO~
C±N 80sN ¢ ~s08 +a 3 I 3 Na

~

N(CH3l2
triphenylmethane dye

C.1. 63010 - acid blue 45

OH 0

OH

anthraquinone dye

C.1. 13390 - acid blue 92

azoic dye

C.1. 74220 - acid blue 249

phthalocyanine dye

C.1. 10316 - acid yellow 1C.1. 45186 - acid violett 30

H H
I I <±J

~Nry:Y)NY) e ~V ~ ~S03 Na\C/ <±+JaEb3s
H

xanthene dye

nitro·derivate dye

N02

N02

Figure 5-21: Examples of acid dyes
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Their interaction with the fibre is based partly on ionic bonds between sulphonate anions and the
ammonium groups of the fibre, as shown below for wool and for polyamyde, at different pH condi­
tions.

Moreover, the fibre/dye interaction is based on secondary bonds such as Van der Waals forces.
Secondary bonds are established in particular in the case of higher molecular weight dyes, which
form aggregates with high affinity for the fibre.

In use, acid dyes are classified by their dyeing behaviour and wet fastness properties rather than
chemical composition, hence the generic term acid dyes includes several individual dye classes.

The arbitrary classification normally adopted, in order of increasing fastness, is:

• level-dyeing or equalising acid dyes;

• fast acid, half-milling or perspiration-fast dyes;

• acid milling dyes;

• supermilling dyes.

Level-dyeing or equalising dyes are subdivided into two classes, monosulphonated (mainly for
PAl, and disulphonated (mainly for wool). Due to their poor affinity for the fibre, they all have very
good levelling properties. Their wet fastness is, however, sometimes poor, limiting their use to
pale/medium shades.

Fast acid dyes (also known as half-milling dyes or perspiration-fast dyes) are used only for PA.
They are generally monosulphonated and exhibit superior fastness properties to level-dyeing acid
dyes, while retaining some of the migration properties. The shade range available in this class is
not as wide as that of the levelling or milling dyes and they therefore tend only to be used when
alternatives would have poorer fastness properties.

Acid milling dyes are so named because they have a degree of fastness to the wet treatments em­
ployed when milling (mild felting) woollen fabrics. The class is further sub-divided to include su­
permilling dyes, which have good wet fastness properties arising from long alkyl side-chains at­
tached to the chromophore. Due to their high molecular weight, milling dyes have a good affinity to
the fibre and do not migrate well at boiling point. Milling dyes are used mainly for wool in applica­
tions where good wet fastness is required; for example in the dyeing of loose fibre which will re­
ceive a further wet treatment during hank scouring.

Depending on the class they belong to, acid dyes are applied under pH conditions which vary from
strongly acidic to more neutral (pH 3 - 7.5). For low-affinity dyes it is necessary to increase the
level of cationisation of the fibre (by acidification) in order to improve dye uptake. Conversely, dyes
with higher molecular weight and high affinity would adsorb too rapidly on the fibre if applied under
such strongly acidic conditions [2].

Acid dyes often have very low solubility in water, and dye solubilising agents must be added if they
are to be used in pad liquors or printing pastes for wool or polyamide, especially with dark colors.
Suitable materials include ethanol, propanol, di- and triglycol, various glycol ethers, and non-ionic
surfactants [266].



279

Environmental issues

The ecological properties of acid dyes are assessed under the following parameters. The table
below, taken from [2], does not consider the environmental issues related to chemicals and auxilia­
ries employed in the dyeing process.

Parameters of concern Comments

Bio-eliminability

Organic halogens (AOX)

Eco-toxicity Acid dyes are in general not toxic. However, two dyes (Acid orange

156 and Acid orange 165) have been classified as toxic by ETAD.

Acid Violet 17(triphenylmethane dye) is reported to have an

allergenic effect

Heavy metals

Aromatic amines

Unfixed colourant Degrees of fixation in batch dyeing are found to be in the range of

85 - 93 % for monosulphonated dyes and in the range of 85 - 98 %

for di- and tri-sulphonated dyes

Effluent contamination by additives in
the dye formulation

Table 5-37: Overview of the ecological properties of acid dyes

5.4.2 Basic (cationic) dyes

Chemical characteristics

Cationic dyes contain a quaternary amino group which can be either an integral part (more com­
mon) or not of the conjugated system. Sometimes a positively-charged atom of oxygen or sulphur
can be found instead of nitrogen [2].

Ionic bonds are formed between the cation in the dye and the anionic site on the fibre.
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C.1. 51004 - basic blue 3

C.I.11085-basicred 18

ex

Figure 5-22: Examples of typical basic dyes

Cationic dyes are slightly soluble in water, while they show higher solubility in acetic acid, ethanol,
ether, and other organic solvents. In dyeing processes, they are applied in weak acid conditions.
Basic dyes are strongly bound to the fibre and do not migrate easily. In order to achieve level dye­
ing, specific levelling auxiliaries, (also called retarders) are normally employed. The most important
group is represented by quaternary ammonium compounds with long alkyl side-chains (cationic
retarders). Electrolytes and anionic condensation products between formaldehyde and naphthale­
nesulphonic acid may also be found.

Environmental issues

Many basic dyes exhibit high aquatic toxicity, but when applied properly, they show fixation de­
grees close to 100 %. Problems are most often attributable to improper handling procedures, spill
clean-up, and other upsets.

The following dyestuffs have been classified as toxic by ETAD, the Ecological and Toxicological
Association of Dyes and Organic Pigments Manufacturers:

• Basic Blue 3, 7, 81;

• Basic Red 12;
• Basic Violet 16;

• Basic Yellow 21.

5.4.3 Direct (substantive) dyes

Chemical characteristics

Direct dyes (also called substantive dyes) can be azo compounds, stilbenes, oxazines, and phtalo­
cyanines. These dyes always contain solubilising groups (mainly suiphonic acid groups, but car­
boxylic and hydroxyl groups can also be found) which ionise in aqueous solution.
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Direct dyes are characterised by long planar molecular structures which allow these molecules to
align with the flat cellulose macromolecules, the dye molecules being held in place mainly by Van
der Waals forces and hydrogen bonds [2).

Direct red 81

Direct green 23

Direct brown 44

Direct yellow 12

Direct yellow 59

S03Na

H3
CD=S
. 1 0 '~ceSN 1 C-NH

o N' 2

Figure 5-23: Examples of typical direct dyes

During the last few years of the nineteenth century, a new range of disazo and triazo dyes with the
remarkable property of sUbstantivity for unmordanted cotton came into excistence. Alternatives to
benzidine (which is claimed to be carcinogen) as key intermediates have been investigated.
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Among these 4,4 '-diaminostilbene-2,2'disulphonic acid, 4,4'-diaminobenzanilide, 2-(4­
aminophenyl)-5(6)-amino benzimidazole and diaminodiphenylphenylamine derivatives were cited.
Simultaneously, some progress has been made into the areas of direct dyes where 1­
naphthylamine derivatives are used as middle components. These recent trends in the synthesis of
metal-free and benzidine-free direct dyes are presented in [305),

Environmental issues

The ecological properties of direct dyes are assessed under the following parameters. Table 5-38 ,
taken from [2), does not consider the environmental issues related to chemicals and auxiliaries
employed in the dyeing process due to the fact that those issues are discussed in a specific annex.

Parameters of concern Comments

Bio-eliminability

Organic halogens (AOX)

Eco-toxicity Direct Orange 62 has been classified as toxic by ETAD

Heavy metals

Aromatic amines The main emphasis of research for direct dyes was actually on the

replacement of possibly carcinogenic benzidine dyes

Unfixed colourant Degree of fixation in batch dyeing processes ranges from 64 - 96 %

EURATEX (70 - 95 % according to EPA)

Effluent contamination by additives in

the dye formulation

Table 5-38: Overview of the ecological properties of direct dyes

5.4.4 Disperse dyes

Chemical characteristics

Disperse dyes are characterised by the absence of solubilising groups and low molecular weight.

From a chemical point of view, more than 50 % of all disperse dyes are simple azo compounds,
about 25 % are anthraquinones and the rest are methine, nitro, and naphthoquinone dyes.

The dye-fibre affinity is the result of different types of interactions:

• hydrogen bonds;
• dipole-dipole interactions;

• van der Waals forces.
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Disperse dyes present in their molecule hydrogen atoms capabilities of forming hydrogen bonds
with oxygen and nitrogen atoms on the fibre.

Dipole-dipole interactions result from the asymmetrical structure of the dye molecules which makes
possible electrostatic interactions between dipoles on the dye molecules and polarised bonds on
the fibre. Van der Waals forces take effect when the molecules of the fibre and colourant are
aligned and close to each other. These forces are very important in polyester fibres because they
can differentiate between the aromatic groups of the fibre and those of the colourant.

Disperse dyes are supplied as both powder and liquid products. Powder dyes contain 40 - 60 %
dispersing agents, while in liquid formulations the content of these substances is in the range of 10
- 30 %. Formaldehyde condensation products and ligninsulphonates are commonly used for this
purpose.

Disperse dyes are widely used not only for dyeing, but also for printing synthetic fibres. Many of
them are not only used for dyeing polyester, but also for nylon and triacetate where they can easily
migrate out of the fibres and cause harm if dyes with allergenic effects are used [153].

Typical disperse dyes used for transfer printing are for examples of CI Disperse Yellow 3 CAS
11855; CI Disperse Red 4 CAS 60755; CI Disperse Blue 3 CAS 61505 and CI Disperse Red 60
CAS 6075 [262].

Environmental issues

The ecological properties of disperse dyes are assessed under the following parameters. Table
5-39 , taken from [2], does not consider the environmental issues related to chemicals and auxilia­
ries employed in the dyeing process because these issues are dealt with in a specific annex.
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Parameters of concern Comments

Bio-eliminabiJity Owing to their low water-solubility, they are largely eliminated by

absorption on activated sludge in the waste water treatment plant

Organic halogens (AOX) Some disperse dyes can contain organic halogens, but they are not

expected to be found in the effluent after waste water treatment

(because they are easily eliminated by absorption on the activated

sludge)

Toxicology The following disperse dyes potentially have an allergenic effect:

Disperse Red 1, 11, 17, 15; Disperse Blue 1, 3, 7, 26, 35,102,124;

Disperse Orange 1,3,76; Disperse Yellow 1,9,39,49,54, and 64,

Heavy metals

Aromatic amines These dyes are still offered by some Far East dealers and

Manufacturers (ETAD)

Unfixed colourant Level of fixation is in the range of 88 - 99 % for continuous dyeing

and 91 - 99 % for printing

Effluent contamination by Conventional dispersants (formaldehyde condensation compounds,

additives in the dye formulation lignosulphonates, etc.) are poorly biodegradable «30 % or

ca. 15 %, according to different studies).

Some dyes are formulated with more readily eliminable dispersants

(albeit not suitable for all formulations). More information is

Table 5-39: Overview of the ecological properties of disperse dyes

5.4,5 Metal-complex dyes

Chemical characteristics

Metal-complex dyes may be broadly divided into two classes, 1:1 metal-complexes, in which one
dye molecule is co-ordinated with one metal atom and 1:2 metal complexes, where one metal atom
is co-ordinated with two dye molecules. The dye molecule will typically be a monoazo structure
containing additional groups such as hydroxyl, carboxyl, or amino groups, which are capable of
forming strong co-ordination complexes with trivalent transition metal ions, typically chromium and
cobalt. Typical examples of pre-metaIIised dyes are shown in Figure 5-24 and Figure 5-25, taken
from [2].



C.1. 16055 - acid violet 56 C.I. 14880 - acid blue 158
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Figure 5-24: Examples of molecular structures typical of 1.1 metal-complex dyes

NiB

Me =Cr, Co

Figure 5-25: Molecular structure typical of 1.2metal-complex dyes

When used in dyeing processes, metal-complex dyes are applied in acidic conditions. The pH lev­
els range from strongly acidic (1.8 - 4 for 1:1 metal complex dyes) to moderately acidic neutral(4 ­

7 for 1:2 metal complex dyes).

1:1 metal-complex dyes exhibit excellent level dyeing and penetration characteristics and have the
ability to cover irregularities in the substrate. Their light and wet fastness properties are good even
for deep shades. They are particularly suitable for yarn and for piece dyeing of carbonised wool.

1:2 metal-complex dyes are used for both wool and polyamide. They form the most important
group in this class and may be divided into two sub-groups:

• weakly polar 1:2 complexes - solubilised by the inherent anionicity of the complex or
containing non-ionic, hydrophilic substituents such as methylsulphone (-S02CH3)' These



286

dyes exhibit excellent fastness to light and wet treatments and excellent penetration prop­
erties;

• strongly polar 1:2 complexes - solubilised by one or more sulphonic or carboxylic acid
residues, these dyes possess lower levelling power than the weakly polar dyes mentioned
above but superior wet fastness properties and are generally suitable for use in applica­
tions in which mordant dyes are used. This second group is also more suitable for dyeing
polyamide fibres.

However, metal-complex dyes are unsurpassed in terms of range of application. Apart from certain
restrictions affecting a few synthetic fibres, virtually all substrates can be dyed or printed with these
substances but withdull shades. No other class of dyes provides such a generally high level of
fastness, particularly lightfastness. Countless shades fromm greenish yellow to uniform black can
be obtained by using different metals and combining different metal-complexe dyes (276). Details
on metal-complex dyes used in textile colouring can be found in the respective sections, dealing
with dyeing of wool and polyamides (5.2.4 and 5.2.6), cotton (5.2.3) and polypropylene (5.2.10).
Dust-free preparations used in textile colouring are further discussed in section 5.5.1. More mis­
cellaneous uses of metal-complex dyes such as solvent and ink-jet dyes, and in pigments are dis­
cussed in sections 5.4.13 and 5.4.13, respectively.

Another type of metal-complex dyes are formazan dyes, metal complex dyes with a special chro­
mophore; the metallised formazan compounds can be used for textile dyeing and become impor­
tant reactive dyes for cotton. The blue to blue-green complexes of quadridentate formazans are
particulary important because of their colour clarity, which is similar to that of anthraquinone
dyes.They can also be combined easily with yellow, orange, and red azo dyes and therefore pres­
ent a low-price alternative to blue anthraquinone dyes for trichromic dyeing. Copper complexes
from quadridentate formazans are preferred on account of their high stability. Some dicyclic com­
plexes of tridentate formazans also show good fastness and good application properties.

Water-soluble formazan complexes can be used to dye wool and polyamide, examples are CI Acid
Blue 267 and 297, and the 1:2 cobalt complex CI Acid Black 180. As with acid dyes, the formazan
dyes can be applied in a neutral to weakly acid bath. As environmentally friendly alternatives to
Cr(lll) and Co(lIl) metal complex acid dyes a range of 1:2 iron complex formazan dyes was syn­
thetised, which produce violet, blue, black and brown shades, furnishing dyeings on wool and
polyamide with good wet and light fastness (402).

Metal-complex dyes often have very low solubility in water, and dye solubilising agents must be
added if they are to be used in pad liquors or printing pastes for wool or polyamide, especially with
dark colors. Suitable materials include ethanol, propanol, di- and triglycol, various glycol ethers,
and non-ionic surfactants (266).

Environmental issues

The ecological properties of metal-complex dyes are assessed under the following parameters.

Table 5-40 , taken from (2), does not consider the environmental issues related to chemicals and
auxiliaries employed in the dyeing process because these issues are dealt with in a specific annex.
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Parameters of concern Comments

Bio-eliminability Great differences from dye to dye (bio-

eliminability can be <50 %j

Organic halogens (AOX) Some products contain organic halogens: AOX in

waste water. therefore depends on the eliminability

of the dyes concerned)

Eco-toxicity

Heavy metals Cr III is an integral part of the chromophore.

Metals can therefore be found in the effluent due to

unfixed dye

Aromatic amines

Unfixed colourant Degree of fixation ranges from moderate to

excellent (from 85 to 98 % and greater in some

cases)

Effluent contamination by additives in the dye Inorganic salts are present in the preparation of

Formulation powder dyes. These salts. however. do not present

any ecological or toxicological problems

Table 5-40: Overview of the ecological properties of metal complex dyes

5.4.6 Mordant dyes (chrome dyes)

Chemical characteristics

The Colour Index classifies these colourants as mordant dyes. but chromium has become the al­
most universally used mordant and the class is commonly referred to as chrome dyes.

From a chemical point of view they can be regarded as acid dyestuffs which contain suitable func­
tional groups capable of forming metal complexes with chrome. They do not contain chrome in
their molecule, which instead is added as dichromate, or chromate salt to allow dye fixation. Inter­
action with the fibre is established through ionic bonds formed between the anionic groups of the
colourant and ammonium cations available on the fibre. In addition, chromium acts as a link be­
tween dye and fibre. This gives rise to a very strong bond which is reflected in the excellent fast­
ness obtained. Figure 5-26 . taken from (2), shows the ionic and coordination bonds in the case of
wool.
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Figure 5-26: Representation ofpossible ionic arid coordination bonds between wool
and chrome dyes

Environmental issues

For this section the only important mordant dyes are the chrome dyes for wool, almost universally
applied for the after-chrome process (see 5.2.4). Despite numerous predictions for the demise of
these dyes over the last 30 years, it is clear that they are still important in the market place due to
their extraordinary fastness properties and low cost, especially in full shades of navy and black.
However, the hexavalent form of chromium, as present in bichromate salts used for fixation, is
highly toxic. For this reason, attempts are being made to replace the toxic bichromate used in cur­
rent industrial chrome dyeing procedures with fibre substantive Cr(III)/organic acid anionic com­
plexes (metachrome process). An additional advantage lies in the fact that the oxidative damage to
wool associated with the use of bichromate salts will be greatly reduced [80].

The ecological properties of chrome dyes are assessed under the following parameters. Table
5-41 , taken from [2], does not consider the environmental issues related to chemicals and auxilia­
ries employed in the dyeing process because these issues are discussed in a specific annex (see
7.3).
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Parameters of concern Comments

Bio-eliminability

Organic halogens (AOX)

Eco-toxicity

Heavy metals Chromium present in the final colourant is not

contained in the molecule, being instead added as

Dichromate, or chromate salt during the dyeing

Process to allow dye fixation

Aromatic amines

Unfixed colourant

Effluent contamination by additives in the dye

Formulation

Table 5-41: Overview of the ecological properties of chrome dyes

5.4.7 Naphtol dyes (azoic dyes developed on the fibre)

Chemical characteristics

From a chemical point of view, naphtol dyes are very similar to azo dyes, the main difference being
the absence of suiphonic solubilising groups.

They are made up of two chemically reactive compounds which are applied to the fabric in a two
stage process. The insoluble dye is synthetised directly in the fibre as the result of the coupling
reaction between a diazotized base (developing agent) and a coupling component. The coupling
components are usually derivatives of the anilides of the 2-hydroxi-3-naphtoic acid (also called
naphtol AS). These naphtols are available in powder form or in liquid form. In the case of liquid
forms, the solution also contains caustic soda, the naphtol concentration ranges between 30 %
and 60 %).
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C.I. Formula Name of

commercial
product

37505
O):oH

Naftol AS (P,L)

1
00

-

g-~-o
37560

O):oH -8 Naphlol AS-
BO(P,L)

1 0 0

g-~ ~ /;
37610 H3C CH3 Naftol AS-G

H3C-OC-H2C-OC-~O--O-~-CO-CH2-CO-CH3
(P)

37510
O):oH

Naftol AS-E

1 0 0 -
(P)

g-~-Q-CI
37535

O):oH
NaftoIVS-RL

1
00

-
(P)

g-~-Q-O-CH3
37550 O):oH O-CH3 Naftol AS-ITR

1
00

-
(P,L)

g-~--Q-o-CH3
CI

37600
~ CO-NH-Q-CI

Naftol AS-LB
(P,L)

OJerOH
~ --

37520 O):oHH3C NaftoIAS-D

I '" '" ~
(P,L)

g-~ ~ /;

Table 5-42: Examples of typical coupling components for naphtol dyes

Developing agents can be derivatives of aniline, toluidine, orto and meta anisidine, diphenyl amine.

They are available as:
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• free bases (fast colour bases) ;

• liquid bases (these formulations are aqueous dispersions of the aromatic amines and are
safer and simpler to apply than solid bases);

• fast colour salts (these are already diazotized diazonium compounds which are marketed
in stabilised forms and do not need to be diazotized before use in dyeing: some examples
are given in the figure below, taken from [2]).

•

C.I. Formula

37005

(}
.,&. CI

37010

C'u
.,&. CI

37025 NH26(N02
'''&'

37090 NH2H,co
.,&. CI

37125 NH2¢,OCH,
I.,&.

N02
37165 CH3

H2N-P-NH-co-Q
H3CO

37255

H2N-Q-NH-C0-o-0CH3

Table 5-43: Examples of typical developing agents (fast colour base) for naphtol
dyes
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C.1. Azoic diazo component 5 stabilised as salt with 1,5 naphthalene disulphonic acid

C.1. Azoic diazo component 10 stabilised as salt with zinc chloride

-

2

C.1. Azoic diazo component 34 stabilised as salt with borontetrafluoride

Table 5-44: Examples of typical fast colour salts

Application of azoic colourants involves a number of steps:

• preparation of the naphtolate solution: naphtol is converted into naphtolate form in order to
be able to couple with the diazonium salt;

• application of the naphtolate to the fibre;

• preparation of the diazotized base: in order to make the coupling reaction possible, the
base must first be diazotized in the cold using sodium nitrite and hydrochloric acid (this
step can be avoided when using fast colour salts);

• formation of the azoic dye into the fibre.

To dissolve naphtols by the cold dissolution process, ethanol or certain heterocyclic bases (pyri­
dine derivatives, N-methylpyrrolidone) are used as solvent [266).

Sparingly soluble aminoisoindolones and other precursors of the phthalogen developing dyes are
dissolved with special mixtures of glycols, amines, and surfactants [266)

Environmental issues

The ecological properties of naphtol dyes are assessed under the following parameters. Table
5-45 , taken from [2), does not consider the environmental issues related to chemicals and auxilia­
ries employed in the dyeing process because these issues are discussed in a specific annex.



293

Parameters of concern Comments

Bio-eliminability

Organic halogens (AOX)

Eco-toxicity

Heavy metals

Aromatic amines Developing agents are all diazolisable amines. diamines.

Substituted anilines. toluidines. anisidines. azobenzenes. or

diphenylamines. Some of these amines. and in particular p-

Nitroaniline. chloroaniline. and B-naphtilamine. are on the 1980 US

EPA priority list as harmful pollutants and their use is forbidden.

Unfixed colourant Degree of fixation in continuous dyeing processes ranges

between 76 and 89 % and between 80 and 91 % in printing

Processes

Effluent contamination by

dispersants and additives in the dye

Table 5-45: Overview of the ecological properties of naphtol dyes

5.4.8 Reactive dyes

Chemical characteristics

Reactive dyes are unique in that they contain specific chemical groups capable of forming covalent

links with the textile substrate.

The energy required to break this bond is similar to that required to degrade the substrate itself.

thus accounting for the high wet fastness of these dyes.

The structure of Reactive Black 5, one of the most important reactive dyestuffs in terms of amount
used, is illustrated in Figure 5-27, taken from [2).

Figure 5·27: Reactive Black 5

Chemical structure of reactive dyes can be schematically represented by the following formula:

Col-B-R. where:



294

• Col is the chromophore, which is in general consists of monoazoic, anthraquinone,
phthalocyanine and metal-complex compounds;

• B is the linking group between the chromophore and the reactive group;

• R represents the reactive group (anchor system with the linking group). The anchor sys­
tems are characterised by their reactivity. Based on this, they are classified as hot, warm
and cold dyers.

Some typical examples of reactive systems for cellulose and wool or polyamide fibres are reported
in the following tables.

Moreover, so-called formazan dyes can also be used in their metalsied form to dye and print cot­
ton, or wool and polyamide (see also 5.4.5). Yet, the most important formazan dyes are those
containing reactive groups for dyeing and printing on cellulose fibres. They are usually blue, occa­
sionally green copper complexes containing suiphonic acid and reactive groups; examples are CI
Reactive Green 15, Reactive Blue 70, 83, 84, 104, 157, 160, 182, 202, 209, 212, 216, 218, 220,
221, 226, 228, 235. The increasing importance of blue formazan dyes is mostly due to their suit­
ability as a cheap constituent of triple dyes [402].
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Anchor system Denomination Commercial name

Dichloro-s-triazine (cold dyer) Procion MX

-NH ......f ...... ...... Cl

N"cJ
tl

Amino-fluoro-s-triazine (warm dyer) Cibacron F

-NH......f .....c' F

N~C/~
AH-R

Trichloro-pyrimidine (hot dyer) Cibacron T-E

Cl Dimaren X. ZI

-t'fCl
~f""
Cl

-S02-CH2-CH2-0-S03Na Beta-sulphate-ethyl-sulphone (warm dyer) Remazol

2.4-difluoro 5-chloro pyrimidine VerofixyF Drimalan F/1
'C l :--..

-S02-CH2-CH2-0-S03Na Beta-sulphate-ethyl-sulphone Remazolan

-S02-NH-CH2-CH2-0-S03H Sulphate-ethyl sulphonamide Levafix

-NHCO-CBr=CH2 Bromoacrylamide Lanasol

Table 5-46: Typical anchor systems for wool and polyamide fibres

The reactive groups of the colourant react with the amino groups of the fibre in the case of protein
and polyamide fibres, and with the hydroxyl groups in the case of cellulose.

In both cases, depending on the anchor system, two reaction mechanisms are possible: a nucleo­
philic substitution mechanism or a nucleophylic addition mechanism.

An important issue to consider when dealing with reactive dyes is the fact that two competing re­
actions are always involved in the colouring process:

• alcoholysis: dye + fibre -+ dye fixed to the fibre;
• hydrolysis: dye + water -+hydrolysed dye washed away after dyeing (undesired reaction).



296

This fact has important consequences, especially in the case of cellulose fibres. In fact, the alka­
line conditions in which reactive dyes react with cellulose fibres increases the rate of the hydrolysis
reaction. The characteristics of the resulting hydrolysed dye are such that the dye is no longer a
reactive substance and it is therefore discharged in the effluent.

In continuous dyeing of cellulose fibres with reactive dyes by the pad dry thermofix process, large
amounts of urea (50-100 g/I) are adde to the liquor. These increase the solubility of the dye in pad­
deying liquor and, during the fixing process, form a melt which allows the dye to diffuse into the
fibre. In many cases, this improve the yield. Dicyandiamide, which has a lower tendency to sub­
lime, can be used instead of urea [266].

Poor dye fixation has been a long-standing problem with reactive dyes, in particular with batch
dyeing of cellulose fibres, where a significant amount of salt is normally added to improve dye ex­
haustion (and therefore also dye fixation). On the other hand, shade reproducibility and level dye­
ing were the major obstacle in "right-first-time" production using the most efficient dyes (high ex­
haustion and fixation rate).

Research and development has been faced with a number of Objectives, all of which have been or
are in the process of being successfully achieved. These include:

• increasing the robustness of individual dyes and dye combinations (trichromatic systems);

• optimising the washing-off properties of the dye, thus improving wash fastness;

• enhancing reproducibility of trichromatic combinations used in most commonly applied
dyeing processes;

• reducing salt consumption and/or unused dye in the effluent;

• improving fastness properties (e.g. light fastness, fastness to repeated laundering).

With the use of sophisticated molecular engineering techniques it has been possible to design re­
active dyes (e.g. bifunctional dyes and low-salt reactive dyes) with considerably higher perform­
ance than traditional reactive dyes [150]. Some examples of successes are the introduction of non­
anthraquinone bright blues (e.g. CI Reactive Blue 198) based on the triphenon-dioxiazine chromo­
phore, new anthraquinone-based chromophore (particular suitable alternative to phtolocyanine
dyes for Viscose), or improved reactive dyes designed for wool and silk [335]. Recent develop­
ments in bifunctional reactive dyes are described in more detail in the section dealing with the
dyeing of cellulose (see 5.2.3). Specially purified and formulated reactive dyes for ink-jet printing
are now also marked to meet specific application properties of this new technique (see further
5.3.2 Instant Printing).

Another important development is the improvement of the dyeing process when dyeing cellulose
with selected reactive dyes. The Econtrol® process, for example, provides a very simple Pad-dry
process by controlling the relative humidity content, and needs only reduced amounts of auxiliary
chemicals and no urea [2, 150]. This approach is described in more detail in the section 7.1.3,
dealing with techniques minimising consumption of chemicals.
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Environmental issues

The ecological properties of reactive dyes are assessed under the following parameters. Table
5-47 , taken from [2], does not consider the environmental issues related to chemicals and auxilia­
ries employed in the dyeing process because these issues are discussed in a specific annex.
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Parameters of concern Comments

Bio-eliminability Because both unfixed reactive dye and its

hydrolysed form are readily soluble they are

difficult to eliminate in biological waste water

treatment plants

Organic halogens (AOX) Many reactive dyes contain organic halogens.

However, a distinction has to be made between

halogens bonded to the chromophore and halogens

bonded to the anchor group (see Section 2.7.8.1 for

more detailed discussion).

Eco-toxicity

Heavy metals Heavy metals can be present both as impurities

from the production process (limits have been set

by ETAD) and as an integral part of the

chromophore. The latter concerns phthalocyanine

dyes, which are still widely used especially for blue

and turquoise shades (substitutes have not yet been

found)

Aromatic amines

Unfixed colourant Fixation rate can be poor (1) (see also discussion in

Section 2.7.8). Efforts have been made to increase

the level of fixation. Some reactive dyes can reach

>95 % of fixation even for cellulosic fibres (see

Sections 4.6.10, 4.6.11 for recent developments)

Effluent contamination by dispersants and

Additives already in the dye

Notes:

(1) [EURATEXj Fixation degree for:

- cotton batch dyeing: 55 - 80 %

- wool batch dyeing: 90 - 97 %

- printing (general): 60 %

Table 5·47: Overview of the ecological properties of reactive dyes

Heavy metals like copper and nickel, which can be present in green, turquoise and blue reactive
dyes are yet not bio-available, but can be removed from fabric by washing or wearing.
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However, alternatives to reactive dyes for dyeing are till now not found. Alternatives for printing
pastes are otherwise cited, such as for example natural component on the basis of mineral pig­
ments (Le. ultramarine blue, ferrous oxide brown, etc) [448].

5.4.9 Sulphur dyes

Chemical characteristics

Sulphur dyes are made up of high molecular weight compounds obtained by the reaction of sul­
phur or sulphides with amines and phenols. Many colourants exist which contain sulphur in their
molecule, but only dyestuffs which become soluble in water after reaction with sodium sulphide
under alkaline conditions can be called sUlphur dyes.

The exact chemical structure is not always known because these are mixtures of highly complex
molecules. Amino derivatives, nitrobenzenes, nitro and aminobiphenyls, substituted phenols, sub­
stituted naphhalenes, condensed aromatic compounds, indophenols, azines, oxazine, thiazol, az­
ine and thiazine rings can be part of these compounds. Sulphur dyes contain sulphur both as an
integral part of the chromophore and in polysulphide side chains.

Cellulose fibre dyeing (also cellulose/polyester blends) of piece, yarn and flock are the main fields
of application for sulphur dyes. Their favourable price give them a selection advantage when
deeper, muted shades of black, dark, blue, olive, brown and green are needed.

As has already been mentioned, sulphur dyes are insoluble in water, but after reduction under al­
kaline conditions they are converted into the leuco form, which is water-soluble and has a high
affinity to fibre. After absorption into the fibre they are oxidised and converted into the original in­
soluble state.

Sulphur dyes are available in various modifications, which are classified under the following
names:

• sulphur dyes - available as amorphous powders or dispersible pigments. Amorphous
powders are insoluble or partially soluble in water and are brought into the solution by
boiling with sodium sulphide and water. Dispersible pigments can be used in this form for
pad dyeing with the presence of a dispersing agent. They can contain a certain amount of
reducing agent already in the formulation and in this case are called "partly reduced pig­
ments;"

• leuco-sulphur dyes (ready-for-use dyes) - available in liquid form and already contain the
reducing agent required for dyeing. Therefore, they must simply be diluted with water be­
fore application. Low-sulphide types are also available on the market;

• water-soluble sulphur dyes - available in the form of Bunte salts (Col-S-S03Na) obtained
by treating the dye in its insoluble form (Col-S-S-Col) with sodium hydrosulphite. These
dyes can be dissolved in hot water but they do not have an affinity for the fibre. The addi­
tion of alkali and reducing agent makes them substantive for the fibre.
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Sodium sulphide and sodium hydrogensulphyde are generally employed as reducing agents to
bring the dye into the solution (unless ready-for-use sulphur dyes are applied). Binary systems
made of glucose and sodium dithionite (hydrosulphite) or thiourea dioxide are also used as alter­
native reducing agents.

In all processes the dye is finally fixed to the substrate by oxidation. Nowadays, hydrogen peroxide
or halogen-containing compounds such as bromate, iodate and chlorite are the most commonly
used oxidising agents.

For novel colouring technique avoiding the use of chemical reduction agent, see further sections
5.4.10 and 5.2.3 dealing with electrochemical dyeing.

Environmental issues

The ecological properties of sulphur dyes are assessed under the following parameters. Table
5-48 , taken from [2), does not consider the environmental issues related to chemicals and auxilia­
ries employed in the dyeing process because these issues are discussed in a specific annex.

Parameters of concern Comments

Bio-eliminability

Organic halogens (AOX)

Eco-toxicity

Heavy metals

Aromatic amines

Unfixed colourant Degree of fixation ranges between 60 and 90 % in

continuous dyeing and 65 - 95 % in printing

Effluent contamination by additives in the dye Poorly biodegradable dispersants are present. New

Formulation formaldehyde condensation products with higher

elimination (>70 %) are already available

Table 5-48:

5.4.10 Vat dyes

Overview of the ecological properties ofsulphur dyes

Chemical characteristics

From a chemical point of view vat dyes, can be divided into two groups: indigoid vat dyes and an­
thraquinoid dyes. Indigo dyes are almost exclusively used for dyeing warp yarn in the production of
blue denim.Yet, in the last years, the market share of vat dyes stabilised as vat dyes are nowadays
preferred dyes when colouring high-quality cellulose textiles with essentially good colour fastness
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(see also Figure 5-). An important subgroup among indigoid dyes are indanthrene-like dyes (" in­
digo of anthracen"), which main representative and much used dyestuff is C.1. vat Blue 4 [394].

Like sulphur dyes, vat dyes are normally insoluble in water, becoming water-soluble and substan­
tive for the fibre after reduction in alkaline conditions (vatting). They are then converted back to the
original insoluble form by oxidation and in this way remain fixed onto the fibre.
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Vat blue 1

C.1. 73000

Vat blue 4

C.1. 69800

Vat orange 3

C.1. 59300

Vat yellow 1

C.1. 70600

Vat orange 9

C.1. 59700

Vat blue 20

C.1. 59800

o 0

~~
~NF\-NN~~

H H
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Figure 5-28: Examples of typical vat dyes
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Vat dyes are preparations which consist of a vattable coloured pigment and a dispersing agent
(mainly formaldehyde condensation products and ligninsulphonates). They can be supplied in
powder, granules, and paste form.

A wide range of different techniques are used in colouring processes using vat dyes; the con­
sumption of vat dyes referring to the application technique are given in Figure 5-29 [394].

Printing 2500 t
11%

Exhaust dyeing 7800 t
35%

Dyeing 20000 t
89%

Continous dyeing 12200 t
54%

Figure 5-29: Consumption of vat dyes, referring to the application technique

Nevertheless, all processes involve three steps:

• vatting;

• oxidation;

• after-treatment.
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Dye in its oxidated form

Vatting I Reduction step

Dye in its reduced form

Bath

Textile fabric

After-treatment I Oxidation

Figure 5-30: Molecular view of colouring with vat dyes

The step in which the reduction of the dyestuff into its leuco-form takes place is called vatting.

Vat dyes are generally more difficult to reduce than sulphur dyes. Various reducing agents are
used; however, sodium dithionite (hydrosulphite) is still the most widely employed although it has
some limits. Sodium dithionite is consumed by reduction of the dye and also by reaction with at­
mospheric oxygen, therefore an excess of reducing agent has to be used and various techniques
have been proposed to reduce these losses.
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In addition, sodium dithionite cannot be used in high temperature or pad-steam dyeing processes
because over-reduction can occur with sensitive dyes. In these application conditions and also for
printing, sulphoxylic acid derivatives are normally preferred.

Thiourea dioxide is also sometimes used as a reducing agent, but a risk of over-reduction exists as
its reduction potential is much higher than that of hydrosulphite. Furthermore, the oxidation prod­
ucts of thiourea dioxide contribute to nitrogen and sulphur contamination of waste water.

Following increasing environmental pressures, biodegradable sulphur-free organic reducing agents
such as hydroxyacetone are now available. Their reducing effect, however, is weaker than that of
hydrosulphite, so they cannot replace it in all applications. Nevertheless hydroxyacetone can be
used in combination with hydrosulphite, thus reducing to a certain extent the sulphite load in the
effluent.

In classical vat dyeing, after absorption by the fibre, the dye in its soluble leuco form is converted
to the original pigment by oxidation. This process is carried out in the course of wet treatment
(washing) by the addition of oxidants such as hydrogen peroxide, perborate or 3­
nitrobenzenesulphonic acid to the liquor.

The final step consists of after-treating the material in weakly alkaline liquor at boiling point with a
detergent. The soap treatment is not only aimed at removing pigment particles, but also allows the
crystallisation of amorphous dye particles, which gives the material the final shade and the fast­
ness properties typical of vat dyes.

Vat dyeing conditions can vary widely in terms of temperature, amount of salt and alkali required,
depending on the nature of the dye applied. Vat dyes are therefore divided into the following
groups according to their affinity to the fibre and amount of alkali required for dyeing:

• IK dyes (I = Indanthren, K =cold) have low affinity, they are dyed at 20 - 30°C and re­
quire little alkali and salt to increase dye absorption;

• IW dyes (W = warm) have higher affinity, they are dyed at 40 - 45°C with more alkali and
little or no salt;

• IN dyes (N =normal) are highly substantive and applied at 60°C requiring much alkali, but
no addition of salt.

Electrochemical dyeing, a novel process where the chemical reduction agent is replaced by elec­
trons from an electric current is said to be one of the most promising innovation of the last years.
The technique can moreover be used for all dyestuffs needing reduction agents (e.g. sulphur dyes,
indigo dyes, indanthrene dyes). A distinction is made between direct and indirect electrolysis. In
the case of sulphur dyes, direct electrolysis is applied Le. the electrons are transfered immediately
to the dye and reduce it to a coloured form. On the other hand, when using vat dyes and indigo
which are comparable to insoluble pigments, a good soluble and regenerable mediator have to
transfer the electrons from the electrode surface to the dye molecules [394]. The conventional and
the electrochemical processes are compared in the following figure.
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Sewage water

Coloured fabric Coloured fabric

Figure 5-31: Comparative shema of classical and electrochemical dyeing processes

A good soluble ferrous complex is the convenient mediator for indirect electrochemical dyeing. The
complexe moving free in the dyeing bath transfers electrons by ceding them to the dyestuff mole­
cule. The regeneration of the mediator take then place at the cathodic electrode, where the me­
diator is once again bring in its activated form. The regulation of the voltage Le. the redox potential
allows precise vatting of even sensitive dyes. In the so-called batch process, the water, alkali, me­
diator and textile auxiliaries are first added, the voltage adjusted and the dyestuff portionly dosed
to the mixture. On the other hand, the so-called all-in process started with all the chemicals men­
tioned below, but the amount of dyestuff need is added in one portion as the voltage is adjusted.

The electrochemical dyeing is said to have some very interesting advantages concerning the con­
sumption of chemicals. Table 5-49 shows a comparative table of consumption data of conventional
and electrochemical dyeing processes using indanthrene dyes (100 kg cotton, liquor ratio 1:10).
The conventional dyeing is applied using sodium dithionite, in different colour depths [394).
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Chemicals Electrochemical Conventional Conventional Conventional

(bright to deep col- (Bright colour) (Medium colour) (Deep colour)
ours)

Mediator 13.6 gil - - -
(ferrous complex) i.e. 2050 9

Reduction agent - 3 gil 5 gil 8 gil

(sodium dithionite) i.e. 3000 9 i.e. 5000 9 i.e. 8000 9

Caustic soda 32 mill 14 mill 19 mill 24 mill

i.e. 2100 9 i.e. 6160 9 i.e. 8360 9 i.e. 10560 9

Reductive purifyca- - - 2 gil 2 gil
tion i.e. 2000 9 i.e. 2000 9

(sodium dithionite)

Caustic Soda - - 2ml/I 2 mill

i.e. 880 9 i.e. 880 9

Total 4140g 9160g 16240 9 21440 9

Water consumption 150 I * 1000 I 2000 I 2000 I

Notes: colour depths were obtained applying a 0.3% (bright), 2% (medium) or 4% (deep) reduction; 15% lose of water

during electrochemical dyeing has been supposed.

* water which must be replenished, assuming that approx. 15 % of the dyeing liquor remains on the textile

Table 5-49: Consumption ofprocessing chemicals (conventional versus electro­
chemical dyeing)

The recovery of processing water after electrochemical dyeing allows to reduce the chemical load
of sewage water. Moreover, the amount of fresh water need is considerably lower than for conven­
tional dyeing process. Another advantage that may improve reliability of dyeing is the possibility of
exact contol of the chemical reaction by regulating the process potential. In practice, still existing
dyeing equipment can be refit with appropriate electrolysis devices (394).

Environmental issues

The ecological properties of vat dyes are assessed under the following parameters. Table 5-50 ,
taken from (2), does not consider the environmental issues related to chemicals and auxiliaries
employed in the dyeing process because these issues are discussed in a specific annex.
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Parameters of concern Comments

Bio-eliminability Vat dyes can be regarded to as highly eliminable

due to their high degree of fixation and to the fact

that they are water-insoluble

Organic halogens (AOX)

Eco-toxicity Since they are sparingly soluble they are not bio-

available

Heavy metals Vat dyes contain heavy metal impurities (Cu, Fe,

Mn, Ba and Pb) due to their production process (in

some cases it is still difficullto keep these limits

Below the ETAD standards)

Aromatic amines

Unfixed colourant Vat dyes show high exhaustion levels (70 - 95 % in

continuous dyeing processes and 70 - 80 % in

printing)

Effluent contamination by additives in the dye Dispersants are present in the dye formulation. Since

formulation they are water-soluble and poorly degradable, they

are found in the waste water.

New formaldehyde condensation products with

higher elimination (>70 %) are already available

And more readily eliminable substitutes are being

developed

Table 5-50: Overview of the ecological properties of vat dyes

5.4.11 Natural dyes

Natural dyes are made from plants, animals and shells such as indigo, madder, walnut shells and
cochineal insects. Natural dyes have no built-in affiliation for textile fibres, therefore fixing agents
(normally polluting heavy metals such as chromium and tin), so-called mordants are used. In com­
parison to synthetic dyes, natural dyes have poor light and wash fastness. They further have large
variations in colour tone, making colour matching difficult. In addition, large quantities of resources
are needed for a small amount of dye - as concentrations of dye found in nature tend to be ex­
tremely low - making their widespread use quasi impractical [156,400; 401].

The knowledge about the chemical composition of naturally occurring dyestuffs is primary impor­
tant for archeological and ethnographical studies. However, the consolidated knowledge about the
chemical structure of natural dyes is even today most useful to synthesize improved dyes.
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The synthesis of Indigo and Alizarin are examples of successful researches of the past century on
this field.

Nowadays, natural dyes still have a very important application as colouring agents in food and
drug ingredients, in cosmetics, etc. They are further used for colouring paper and leather, as com­
ponents in artist' pigments, and also as indicators or analytical reagents. Their use as colouring
agents for textile is today nearly only restricted to some ethnographic application purposes. In in­
dustrial application, natural dyes have completely disappeared, making place for cheaper and im­
proved synthetic dyes. Yet, in the last year some attempts have been made to optimize some of
them for large scale application. The main disadvantage of natural dyes remains their poor wash­
or ligthfastness; thus, apart some restricted application for colouring textile material destinated to
an environmentally friendly clientele, the attempt failed. Natural occurring pigments are surely an
exception; however, most of them can today be used as synthesized products (see 5.4.12). Espe­
cially in India, researchs of the last years were undertaken to study the old traditional art of vege­
table dyeing on textile fibres with a scientific approach [156; 157; 189].

The most important application of natural dyes as textile colouring agent are summarized in the
following table.

Nature of the textile material Colouring products

Polyamide, silk Extracts of logwood, quercilron or fustic

Rottlerin

Wool (fashion nuance) Extracts of logwood, quercilron , fustic, fisethwood or
redwood

Cotton printing Extracts of logwood, quercilron, fustic or Buckthorn
berries

Table 5-51: Most important use ofnatural dyes for textile colouring, today

About 160 years ago,a classification according to the applicationwise natural dyes mentioned two
groups: substantive dyes (Le. colourant directly dye the fibre) and adjective dyes (Le. mordant
dyes which are applied on materials mordanted with metallic salts). The above classification was
replaced by an equivalent subsequent classification Le. direct dyes and mordant dyes. Another
classification divided them into monogenetic dyes and polygenetic dyes. Monogenetic dyes pro­
duce only one colour irrespective of the mordant while the colour generated on the fibre by the
polygenetic dye depends on the mordant used. Refering to the applicationwise classification used
for synthetic dyes, the following table gives typical examples of dyes, basic, mordant and vat natu­
ral dyes [82].
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Classification of natural dyes Typical examples Comments

Direct dyes Turmeric Many natural dyes belong to this category.

Annatto Fibres dyed with them are normally treated with

Carthamin metal salts.

Used on cellulosic fibres

Acid dyes Saffron Majority of them have carboxylic acid groups as

against the suiphonic groups contained in the
artificial colourants.

The acid dyes material are usually subjected to
an after-treatment with tannic acid and tartar

emetic (back tannin) which enhances the
washfastness.

Used on wool and silk

Basic dyes Barberine The dyes have very low Iigthfastness.

Used on wool and silk, but also on cotton mor-

danted with tannic acid, tartar emetic or other
metal salts

Mordant dyes Several natural dyes belong to All dyes which form complex with mordants are
this class and many are extracted grouped 'under this heading.
along with the tannin from the Formation of metal complexes on the fibre may
vegetable matters in which case be achieved by simultaneous application of the
the dye is directly taken by the mordant and the dye, or by after-treatment.
untreated cellulosic materials.

Vat dyes Indigo These dyes are converted from their insoluble

form to a soluble so-called leuco form that have
affinity for the natural fibres. By exposion to air,

the leuco form once into the fibre structure is
back oxidized, treatment with hot solution gives
the true colour.

Table 5-52: Examples of natural dyes, according to applicationwise classification

With the exeption of natural dye Lawsone, the natural dyes do not present an alternative to syn­
thetic dyes for application on synthetic fibres [82).

In the following tables the natural dyes components are classified according to their chemical
structures. For each colouring component extracted from natural product capable of being used in
textile processes, the occurrence (Le. plant, champignon, root, etc) is explained and details about
its use in textile processes are given. The tables refer to information taken from [296).

Natural dyes of the Carotenoid Group

Characteristics and Sources

In the following tables, only the chemical characteristics of the main natural dyes of the carotenoid
group which can be used for textile purposes are listed.



Name and C.I. Number Sources

a Carotene 'Trace component in Saffron

(C.1. 75130) 'Trace component in Gorse

'Trace component in Broom

I3-Carotene 'Trace component in Saffron

(C.1.75130) 'Trace component in Gorse

'Trace component in Broom

y-Carotene 'Trace component in Saffron

(C.1. 75130) 'Trace component in Broom

Rubixanthin 'Trace component in Marigold

'Trace component in French Marigold

Xanthophyll, Lutein 'Trace component in Saffron

'Trace component in Broom

'Component in Anthyllis vulneria

'Component in African Marigold

'Component in French Marigold

'Component in Sunflower

'Component in Scots pine

Zeaxanthin 'Trace component in Saffron

(C.1. 75137)

Violaxanthin 'Trace component in Marigold

(C.1.75138) 'Component in Gorse

'Component in French Marigold

'Component in Sunflower

'Component in Scots pine

Lycopin 'Trace component in Marigold

(C.1. 75125) "Trace component in Saffron

Plectaniaxanthin

Flavoxanthin "Trace component in Marigold

"Trace component in Gorse

'Trace component in Broom

Kryptoxanthin 'Component in Sunflower

'Component in African Marigold

Azafrine "Main component in Escobedia scabrifolia

Bixin 'Main component in Annato

Crocetin 'Trace component in Saffron

"Main component in Tree of sorrow

'Trace component in Annato

Crocin 'Main component in Saffron

"Main component in Cape Jasmin

'Component in Indian Mahogany
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Table 5-53: Examples of carotenoid dyes for textile purposes
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Typical Applications

Saffron (C.1. Natural Yellow 6) can be used as a direct dye for wool, silk, and cotton. It can be dyed
with or without mordant such as alum and tin. On wool without mordant, one obtains an orange
yellow colour; on cotton, orange is obtained when also steeped in tin salt.

Cape Jasmine (C.1. Natural Yellow 6) can be used as a direct dye on silk without previous mor­
dant. The essence of the fruit in powder form can be used for dyeing after adding 2 grams of alum
and 1 gram of oxalic acid to each litre of the dyeing fluid. Before dyeing, cotton can be steeped in
acetate of aluminium, or in pyroligneous acid.

Tree of sorrow (C.1. Natural Yellow 19): cotton, silk, and wild silk are steeped in alum mordant and
lemon juice and then dyed with the essence of the petal. The flowers from Trees of sorrow are of­
ten used in combination with other flowers (e.g. Butea monosperma) as a dye.

Indian Mahogany (C.1. Natural Red 1, C.1. Natural Yellow 4): on alum mordanted wool one obtains
yellow, with tin mordant one obtains orange, and with iron liquor dark brown.

Marigold (C.1. Natural Yellow 27): pale yellow tints can be obtained on wool and silk previously
steeped in alum.

Annatto (C.1. Natural Orange 4) is, as with Saffron, used for dyeing wool, silk, and cotton in tints
from orange to yellowish orange without using mordant. Concerning wool: 100% of Annato dyeing
on wool mordanted with 25% alum and 6 % tartar produces deep orange, the second dyeing pro­
duces yellowish-orange (the dyestuff is previously mixed with soda. With equal quantities of An­
natto and Soda, silk can be intensively coloured gold at 50°C (dyeing duration: 1 hour). A subse­
quent treatment with tartaric acid provides an orange red colour.

Natural dyes of the Diaryloylmethane Group

Characteristics and Sources

Name and C.1. Number Sources

Curcumin -Main component in Turmeric

Demethoxycurcumin -Trace component in Turmeric

Bisdemethoxycurcumin -Trace component in Turmeric

Tab/e 5-54:

Typ~alApplications

Examples ofdiary/oylmethane dyes for textile purposes

Turmeric (C.1. Natural Yellow 3) is used as a direct dye for dyeing cotton, wool, and silk into
greenish yellow colours. It is also used for dyeing alum mordanted wool orange yellow, chrome
mordanted wool brown, tin mordanted wool orange, and wool steeped in iron liquor brown. The
iron bath should not be alkaline and the dyeing temperature should not exceed 60°C, otherwise
the brightness and intensity of colour would be lower than expected.
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Natural dyes of the Benzoquinone Group

Characteristics and Sources

Name and C.I. Number Sources

Polyporenic acid 'Main component in Hapalopilus nidulans

Atromentin 'Trace component in Paxillus involtus

'Trace component in Paxillus atromentos

'Trace component in Xerocomus chris-
entheron

Telephoric acid 'Component in Lungworl

Grevilline 'Component in Suillus Grevillei

Boviquinone 'Main component in Suilllus Bovinus

Carlhamin 'Main component in Safflower

(C.1. 75140)

Table 5-55:

Typical Applications

Examples of benzoquinone dyes for textile purposes

Hapalopilus nidulans: the Fungus is reduced into small pieces and boiled for about one hour with
1% ammoniac. It can then be used for dyeing wool, at 90°C for an hour; to obtain the following
colours: on wool without mordant violet, on alum mordanted wool violet, on tin mordanted wool
violet, on copper mordanted wool auburn, and on wool with iron liquor purplish-black.

Hapalopilus nidulans: wool without mordant gives an olive green colour. Wool with alum gives olive
grey, with copper purplish-black, and with iron liquor green.

Paxillus involutus: wool without mordant turns a brownish-orange colour. Wool with alum is dyed
brownish-orange, with tin gold, with copper olive green, and with iron liquor brown.

Xerocomus chrysenteron: wool without mordant is dyed yellowish green. Wool with alum gives a
yellowish-brown colour, with tin orange, with copper green, and with iron olive green.

Suillus Bovinus: wool without mordant turns yellow. Wool with alum is dyed yellow, with tin orange,
with copper greenish yellow, and with iron greenish yellow.

Suillus grevillei : wool without mordant is coloured beige. Wool with alum gives beige, with tin or­
ange, with copper olive green, and with iron olive.

Safflower (C.1. Natural Red 26): generally, safflower yellow is used as a dye on alum mordanted
wool. One obtains a yellow tint which is comparable to several hydroxyflavone colours. Safflower
on cotton and silk: such dyes require careful preparation of the dyeing fluid to eliminate the water
soluble safflower yellow.

Natural dyes of the Naphtochinon Group
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Characteristics and Sources

Name and C.I. Number Sources

Lawson "component in Egyptian privet

(C.1. 75480)

Lapachol "Main component in Tecoma ipe

"Main component in Bignonia tecomoides

"Main component in Tecoma ochracea

"Main component in Tecoma Lapacho

"Main component in Tecoma Leucoxylon

"Main component in Tecoma araliacea

"Main component in Ocotea rodiaei

Desoxylapachol "Trace component in Tecoma ipe

Menachinon "Trace component in Tecoma ipe

a-Lapachon "Trace component in Tecoma ipe

I3-Lapachon "Trace component in Tecoma ipe

Lapachonon "Trace component in Tecoma ipe

Dehydro-a-Lapachon "Trace component in Tecoma ipe

Lomatiol "Main component in Lomacia i1icifolia

"Main component in Lomacia longifolia

uglon "Trace component in Walnut-tree

Droseron "Component in Drosera whittakeri

Methylnaphthazarin "Component in Drosera whittakeri

Hydroxydroserone "Main component in Dyer's Bugloss

"Main component in Onosma

"Trace component in Lithospermum arverse

Alkannan "Trace component in Dyer's Buglos

(C.1. 75520)

Shikonin "Main component in Lythospermum eryth-

(C.1. 75535) rorhizon

"Trace component in Lythospermum offici-

nale

Isobutylshikonin *Trace component in Lythospermum eryth-

rorhizon

13,I3-Dimethylakrilshikonin "Trace component in Lythospermum eryth-

rorhizon

I3-Hydroxy-isovaleryshikonin "Trace component in Lythospermum eryth-

rorhizon

Teracrylshikonin Trace component in Lythospermum eryth-

rorhizon

Table 5-56:

Typical Applications

Examples of Naphtochinon dyes for textile purposes
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Egyptian Privet (C.1. Natural Orange 6): wool and silk can be directly dyed without previous mor­
dant. Orange brown is obtained on non-mordanted wool.

Walnut tree (C.1. Natural Brown 7): the leaves and shells from walnut trees can dye mordanted and
non-mordanted wool. With or without alum mordant, brown tints are achieved.

Butternut Tree: the leaves, shells, and roots are used as a brown dye on wool. One can even ob­
tain dark brown tints and almost black tints without using mordant.

Dyer's Bugloss (C.1. Natural Red 20) can be used as a dye on wool with 25% alum mordant and
6% tartar. Dye duration: 45 min. at gooC. With alum mordant one obtains violet tints, with iron liq­

uor greyish violet tints. The tints are very sensitive to light and to alkaline.

Bignonia Tecomoides (C.1. Natural Yellow 16) is heated with lime to dye cotton in a bath.to obtain
a yellow colour.

Natural dyes of the Anthrachinone Group

Characteristics and Sources
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Name and C.\. Number Sources

Alizarin -Trace component in Madder

(C.I. 75330) -Component inWild madder

-Trace component in Rubia cordifoJia

-Trace component in Rubia akane

-Component in Sweet woodruff

-Trace component in Dyer"s woodruff

-Main component in Chay root

-Trace component in Morinda citrifoJia

-Trace component in Morinda umbellata

6-Methylalizarin -Trace component in Coprosma lucida

1-Hydroxy-2-methylanthraquinone -Trace component in Madder

-Trace component in Sweet woodruff

-Trace component in Morinda citrifolia

-Trace component in Morinda umbellata

3-Hydroyx-2-methylanthraquinone -Trace component in Coprosma lucida

Digitolutein -Component in Foxglove

Hydroxyanthraquinone -Trace component in Madder

-Trace component in Sweet woodruff

-Trace component in Morinda citrifolia

-Trace component in Morinda umbellata

AJizarin-1-methoxymethane -Trace component in Sweet woodruff

-Trace component in Chay root

-Trace component in Morinda

citrifolia

-Trace component in Morinda umbellata

Alizarin-2-methoxymethane -Trace component in Madder

-Trace component in Woodruff

-Trace component in Morinda citrifolia

-Trace component in Morinda umbellata

Purpuroxanthene -Trace component in Madder

(C.1. 75340) -Trace component in Rubia cordifoJia

-Component in Sweet woodruff

-Trace component in Relbunium hypcarpium

-Trace component in Morinda citrifolia

-Trace component in Morinda umbellata

Rubiadin -Trace component in Madder

(C.1. 75350) -Trace component in Sweet woodruff

-Trace component in Morinda citrifolia

-Trace component in Morinda umbellata

-Trace component in Coprosma lucida

Lucidin -Trace component in Rubia akane

-Trace component in Sweet woodruff



Name and Col. Number Sources

'Trace component in Morinda citrifolia

'Trace component in Morinda umbellata

'Trace component in Coprosma lucida

Nordamnacanthal 'Trace component in Madder

'Trace component in Rubia cordifolia

'Trace component in Rubia akane

'Trace component in Morinda citrifolia

'Trace component in Morinda umbellata

Munjistin 'Trace component in Madder

(C.1. 75370 'Trace component in Rubia cordifolia

'Trace component in

Relbunium hypcarpium

Rubiadin-1-methoxymethane 'Trace component in Morinda citrifolia

'Trace component in Morinda umbellata

Damnacanthal 'Trace component in Morinda citrifolia

'Trace component in Morinda umbellata

Chinizarin 'Trace component in Madder

(C. I. 58050)

Hystazarinmonomethoxymethane 'Trace component in Chay Root

Christofin 'Trace component in Madder

2-Hydroxymethylchinizarin 'Trace component in Madder

Chinizarin-2 -carboxylic acid 'Trace component in Madder

6-Methyl-purpuroxanthene 'Trace component in Morinda citrifolia

'Trace component in Morinda umbellata

Soranjidiol 'Trace component in Morinda citrifolia

(C.1.75390) 'Trace component in Morinda umbellata

'Trace component in Coprosma lucida

Phomarin 'Component in Foxglove

Anthragallol 'Trace component in Madder

(C.1. 58200) 'Trace component in Coprosma lucida

Purpurin 'Component in Sweet woodruff

(C.1.75410) 'Trace component in Dye(s woodruff

'Trace component in Relbunium hypcarpium

Digitopurpon 'Component in Foxglove

Pseudopurpurin 'Trace component in Madder

(C.1.75420) 'Trace component in Wild madder

'Trace component in Rubia cordifolia

'Component in Sweet woodruff

'Main component in Dye(s woodruff

'Component in Relbunium hypcarpium

Morindon 'Main component in Morinda citrifolia
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Name and Col. Number Sources

(C.1.75430) ·Main component in Morinda umbellata

·Trace component in Coprosma lucida

Copareolatin ·Trace component in Coprosma lucida

Copareolatindemethylather ·Trace component in Coprosma lucida

Chrysophanol ·Trace component in Rhubarb

(C. I. 75400) ·Trace component in Bitler dock

·Trace component in Common sorrel

·Trace component in Tanner's Dock

·Trace component in Alder Buckthorn

·Trace component in Sagradabark

·Trace component in Aloe

Chrysophanolanthron ·Trace component in Bitter Dock

·Main component in Andira araroba

Aloe-emodin ·Trace component in Rhubarb

·Trace component in Bitter Dock

·Trace component in Sagradabark

·Trace component in Aloe

Rhein ·Trace component in Rhubarb

Emodin ·Trace component in Rhubarb

·Trace component in Bitter Dock

·Trace component in Common sorrel

·Trace component in Alder Buckthorn

·Trace component in Sagradabark

·Trace component in Red creeper

·Trace component in Andira araroba

·Trace component in Common yellow wall lichen

·Component in Xanthoria elegans

·Component in Dermocybe sanguinea

·Trace component in Dermocybe semisanguinea

·Component in Common buckthorn

·Main component in Alatrernus

·Main component in Petiolaris

·Component in Chestnut tree

Physcion ·Trace component in Rhubarb

·Trace component in Bitter Dock

·Trace component in Common sorrel

·Trace component in Tanner's Dock

·Trace component in Alder Buckthorn

·Trace component in Red creeper

·Trace component in Rubia cordifolia

·Component in Common Yellow wall lichen

·Component in Xanthoria elegans



Name and C.I. Number Sources

'Component in Dermocybe sanguinea

'Component in Dermocybe semisanguinea

Physcionanthranol A 'Trace component in Red creeper

Physcionanthranol B 'Trace component in Red creeper

Fallacinol Trace component in Common yellow wall lichen

'Component in Xanthoria elegans

Fallacinal 'Trace component in Common Yellow wall lichen

'Trace component in Xanthoria elegans

Parietic acid 'Trace component in Common Yellow wall lichen

Dermoglaucin 'Component in dermocybe sanguinea

'Component in Dermocybe semisanguinea

Dermocybin 'Component in dermocybe sanguinea

'Component in Dermocybe semisanguinea

Dermolutein 'Component in dermocybe sanguinea

'Component in Dermocybe semisanguinea

Dermorubin 'Component in dermocybe sanguinea

'Component in Dermocybe semisanguinea

5 Chlordermolutein 'Component in dermocybe sanguinea

'Component in Dermocybe semisanguinea

5 Chlordermorubin 'Component in dermocybe sanguinea

'Component in Dermocybe semisanguinea

Xanthorin 'Component in Xanthoria elegans

Erythroglaucin 'Component in Xanthoria elegans

Kermesic acid 'Main component in Kermes

(C.1. 75460) 'Trace component in Cochineal

'Trace component in Polish cochineal

'Trace component in Porphyorophora hameli

'Trace component in Lac insect

Laccainic acid 'Trace component in Kermes

'Trace component in Cochineal

'Trace component in Polish cochineal

'Trace component in Porphyorophora hameli

'Component in Lac insect

Carminic acid 'Main Component in cochineal

(C.1. 75468) 'Main component in Polish cochineal

'Main component in Porphyorophora hameli

Laccainic acids A,B,C and E 'Main component in Lac insect

Erythrolaccin 'Component in Lac insect

Desoxyerythrolaccin 'Component in Lac insect

Isoerythrolaccin 'Component in Lac insect
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Table 5-57: Examples of natural Anthrachinone dyes for textile purposes
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Typ~alApplicaffons

Tanner's Dock roots are used for dyeing on alum mordanted wool to obtain yellow, orange and
auburn. The tints possess good fastness to light and washing.

Alder Buckthorn's bark is used for dyeing to obtain brown on alum mordanted wool; an addition of
potassium carbonate to the dyeing fluid creates dark auburn, On wool steeped in chrome mordant
one obtains auburn as well.

Aloe: a mixture of Aloe and water directly dyes wool a dark cherry brown colour. Post-treatment
with potassium bichromate makes brown tints darker. With iron sulphate one obtains maroon.

Red Creeper (C.1. Natural Orange 1): the pigment created from the bark of the root provides differ­
ent tints when fibres are steeped in different mordants. On cotton steeped in alum mordant one
obtains red, on cotton with iron liquor one gets lilac, and on alum mordanted cotton and iron liquor
mordanted cotton one obtains brownish-violet. When dyeing wool, calcium acetate is added to the
dyeing fluid to correct the acidity of the mordanted fibres. Red is obtained with alum mordant,
brownish-violet with chrome mordant, violet with iron liquor, and red with lin.

Rubia cordifolia (C.1. Natural Red 16): when used on alum mordanted wool, a brownish-red colour
is created.

Rubia akane: one obtains red on alum mordanted wool.

Lady's Bedstraw (C.1. Natural Red 14): wool steeped in alum mordant is coloured red.

Hedge Bedstraw (C.1. Natural Red 14): the roots are used for dyeing purposes and when applied
to wool with alum mordant, red tints are the result. The tints have good fastness to washing and
light.

Common Cleavers (C.1. Natural Red 14): one obtains red on wool mordanted with alum.

Sweet Woodruff (C.1. Natural Red 14): wool mordanted with alum is dyed red.

Dyer's Woodruff (C.1. Natural Red 13): one obtains red tints on alum mordanted wool.

Relbunium hypcarpium: red tints are obtained on wool mordanted with alum.

Chay Root (C.1. Natural Red 6): when dyeing clothes with Chay Root it is very important to add 2%
chalk to the dyeing fluid so as to prevent chay root's acidic substances from dissolVing the mor­
dant. One obtains bluish-red when dyeing wool with alum mordant.

Morinda citrifolia (C.1. Natural Red 18): at first, cotton is washed and dried. It is then treated in a
hot mixture of water, soda, and ricinus oil (or sesame oil), and soaked until the mixture gets almost
white (about 12 days later). Afterwards, the cotton is taken out and dried. The bark of Morinda ci­
trifolia roots is added to water and boiled until the water gets dark red; the cotton then put into the
solution and left to soak for 3 to 4 days in the dyeing liquid.

Harungana madagascariensis: yellowish-brown is obtained on cotton previously steeped in alum
mordant.
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Tectona grandis leaves are used for dyeing alum mordanted silk and used to make yellow and
olive tints.

Andira araroba: dark violet is obtained on wool mordanted with 25% alum and 6% tartar.

Common Yellow Wall Lichen: on wool with chrome mordant one obtains pink; golden yellow is ob­
tained on non-mordanted wool.

Dermocybe sanguinea: non-mordanted wool gives a brownish-orange colour. Wool with alum is
dyed red, with tin red, with copper brownish-red, and with iron liquor purplish-black.

Dermocybe semisanguinea: non-mordanted wool: brownish-orange, wool with alum: red, wool with
tin: orange red, wool with copper: brownish red, wool with iron: purplish-black.

Polish Cochineal (C.1. Natural Red 3): tints from scarlet to carmine are obtained on alum mordan­
ted silk.

Porphyorophora hameli is used as a dye on alum mordanted wool to obtain a carmine colour;
scarlet is obtained when used on tin mordanted wool.

Natural dyes of the Indigoid group

Characteristics and Sources
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Name and Col. Number Sources

Fagopyrin ·Component in Buckwheat

Indigo ·Main component Indigo plant

(C.1. 75780, C.1. Natural Blue 1 ) ·Main component in synthetic indigo

(C.1. 73000, C.1. Vat Blue 1) ·Component in Banded dye-Murex

Indirubin ·Trace component in Indigo plant

(C.1. 75790, C.I. Natural Blue1) ·Trace component in Synthetic indigo

(C.1.73200, C.1. Vat Dye (synthetic) ) ·Component in Banded Dye-Murex

Indican ·Main component in Dyer's Knotweed

Isatan B ·Main component in Woad

·Trace component Rock-shell

6,6'-Dibromindigo ·Component in Spiny Dye-Murex

(C.1. 75800) ·Component in Banded Dye-Murex

·Component in Dog-whelk

·Main component in wide-mouthed pur-

pura

·Main component in Rock-shell

6,6'-Dibromindirubin ·Component in Spiny Dye-Murex

Isatin ·Trace component Indigo plant

·Component in Dog-whelk

Tyriverdin ·Component in Dye-Murex

Table 5-58:

Typical Applications

Examples ofnaturallndigoid dyes for textile purposes

Yoruba Indigo: On cotton one obtains tints from pale blue to dark blue.

Indigo carmine (C.1. Natural Blue 2, C.1. Natural Acid Blue 74): dyeing wool with Indigo carmine is
not difficult, one need only treat the wool in a boiling bath containing indigo carmine and alum with
or without tartar addition (as alum provides a lasting quality to the tint). Silk which is to be dyed
with indigo carmine is previously mordanted with alum. Whereas indigo suiphon acid is preferred
for wool dyeing, indigo carmine is particularly suitable for silk and cotton dyeing.

Natural dyes of the Flavanoid Group

Characteristics and Sources



Name and C.I. number Sources

Chrysin "Component in Black poplar

"Component in Golden Rod

Liquiritigenin "Component in Common Robinia

"Component in Dahlia pinnata

"Component in Adamen Redwood

"Component in Red sanders wood

Apigenin "Component in Weld

(C.1. 75580) "Component in Sawwort

"Component in Dyer's chamomile

"Component in German chamomile

"Component in Parsley

"Component in Black poplar

"Component in Tea

Baicalein "Component in Golden rod

Luteolin "Component in Wild indigo

(C.1. 75590; "Component in Weld

C.1. Natural Yellow 2) "Component in Broom

"Component in Dyer's chamomile

"Component in Tansy

"Component in Parsley

"Component in Holy herb

"Component in Artichoke

"Component in Salvia triloba

"Trace component in Arnica montana

"Component in Foxglove

"Component in Dahlia pinnata

"Component in Tea

Pectolinarigenin "Trace component in Red clover

Salvigenin "Component in Salvia triloba

Mulberrin "Component in White Mulberry

Cyclomulberrin "Component in White Mulberry

Mulberrochromen "Component in White Mulberry

Cyclomulberrochromen Component in White Mulberry

Galangin "Trace component in Chinese Ginger

"Trace component in Bastard Hemp

"Component in Black poplar

Galangin-3-methylllther "Trace component in Chinese Ginger

Gallangin-7-methylllther "Component in Black poplar

Garbanzol "Component in Japanese Sumac

Campferoil "Trace component in Walnut-tree

(C.1. 75640; "Trace component in Woad
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Name and C.I. number Sources

C.1. Natural Yellow 13,10) 'Trace component in Weld

'Component in Sawwort5

"Component in Hemp agrimony

'Trace component in Red clover

'Trace component in Onion

"Component in Anthillis vulneria L.

"Component in Black poplar

"Component in Canadian Golden Rod

'Component in Laurel

"Component in Ash-Tree

"Trace component in Chinese Pagoda-tree

'Coinponent in Common Buckthorn

'Component Rhamnus Petilolaris

"Component in Jung Fustic

'Component in Old Fustic

"Trace component in sweet gale

'Component in Gossypium Malvaceae

"Component in Black nigrum L

'Component in Hollyhock

'Component in Fumitory

'Component in Sicilan Sumac

'Component in Buck'shorn

'Component in Chestnut-tree

'Component in Mastich tree

'Component in French Tamarisk

'Component in Larch

'Component in Tea

Datiscetin Main component in Bastard Hemp

(C.1. 75630;

C.1. Natural Yellow 12 )

Fisetin "Component in Young Fustic

(C.1. 75620; "Component in Smooth Sumac

C.1. Natural Brown 1) "Component in Japanese Sumac

'Component in Schinopsis Lorentuis

Pratoletin 'Trace component in Red clover

'Trace component in White clover

Morin 'Component in old Fustic

(C.1.75660; 'Component in White Mulberry

C.1. Natural Yellow 8,11)

Rhamnetin 'Component in Black poplar

(C.1. 75690; 'Component in Common Buckthorn

C.1. Natural Yellow 13) 'Trace component in Alaternus



Name and Col. number Sources

'Main component in Rhamnus petiolaris

'Component in French Tamarisk

Xanthoramnin 'Component in Rhamnus infectorius

(C.1. 75695; C.1. Natural Green 2,

C.1. Natural Yellow 13)

Isorhamnetin 'Component in Betel nut

(C. I. 75680; 'Component in Canadian golden Rod

C.1. Natural Yellow 10) 'Trace component in Marigold

'Component in Dyer's chamomile

'Component in Tansy

'Trace component in Bastard Hemp

'Component in Anthyllis vulneria L.

'Component in Black poplar

Rhamnazin 'Component in Buckthorn

(C.1.75700; C.1. Natural Yellow13) 'Main component in Rhamnus Petiolaris

Quercetin 'Component in Indian Mahogany

(C.1. 75670; 'Trace component in Walnut-tree

C.1. Natural Yellow10,13; 'Trace component in Bitter Dock

C.1. Natural Red 1) 'Trace component in Gorse

'Component in Chamomile

'Component in German Chamomile

'Component in Tansy

'Component in Common germander

'Trace component in Bastard Hemp

'Trace component in White clover

'Main component in Golden Rod

'Component in Common buckthorn

'Main component in Rhamnus petiolaris

'Component in Young fustic

'Component in Sweet gale

'Component in Gossypium Malvaceae

'Main component in Elder

'Component in Black nigrum L

'Component in Hollyhock

'Component in Logwood-tree

'Component in Common poppy

'Component in Fumilory

'Component in Mealy tree

'Component in Buck'horn

'Component in Rhus semiatala

'Component in Bearberry

'Component in Chestnut tree
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Name and Col. number Sources

'Component in Mastich tree

'Component in French tamarisk

'Component in Malpighia punicifolia

'Component in Scots spine

'Component in Larch

'Component in Tea

'Component in Uncaria gambier

Quercetin -3-methylather 'Component in Inula viscosa

'Component in Ash-tree

'Component in White Mulberry

Quercetagetin 'Component in Dyer"s chamomile

'Component in African Marigold

Myricetin 'Component in Tea

'Trace component in White clover

'Component in Black walnut

'Trace component in White clover

'Trace component in Common heather

'Component in Young fustic

'Component in Sweet gale

'Component in Black nigrum L.

'Component in Sicilian Sumac

'Component in Rhus semiatala

'Main component in Buck'shorn

'Component in Bearberry

'Component in Mastich tree

'Component in Malpighia punicifolia

Jaceosid 'Component in Broom knapweed

Jacein 'Component in Broom knapweed

Robinetin 'Component in Common robinia

Daidzein 'Trace component in Red clover

Formononetin 'Trace component in Red clover

'Trace component in White clover

'Component in Adaman Redwood

Genistein 'Component in Wild indigo

'Trace component in Dyer"s broom

'Component in Broom

'Trace component in Red clover

'Trace component in Chinese Pagoda-tree

Prunetin 'Component in Adaman Redwood

'Component in Muningaholz



Name and C.I. number Sources

Biochanin A 'Component in Wild indigo

'Trace component in Red clover

Santal 'Component in Camwood

Muningin 'Component in Adaman Redwood

Baptigenin 'Component in Wild indigo

Tectorigenin 'Component in Wild indigo

'Component in Muningaholz

Pseudobaptigenin 'Component in Muningaholz

Naringenin 'Component in Dahlia pinnata

Butin 'Component in Common Robinia

'Component in Bur-Marigold

'Component in Pallas-tree

'Component in Dahlia pinnata

Sakuranetin 'Component in Black Walnut

Fustin 'Component in Young fustic

'Component in Smooth Sumac

'Component in Japanese Sumac

'Component in Schinopsis lorentui

Eriodictyol 'Component in Dahlia pinnata

Homoeriodictyol 'Component in Holy herb

Taxifolin 'Component in Scots pine

Dihydrorobinetin 'Component in Common robinia

Ampelopsin 'Component in Woodbine

Morelloflavon 'Component in Indian Cambodge-tree

Butein 'Component in Common robinia

(C.1. 75760; 'Component in Bur-Marigold

C.1. Natural Yellow 28) 'Component in Pallas-tree

'Component in Dahlia pinnata

'Component in Acacia mearnsii

Isoliquiritigenin 'Trace component in Gorse

'Component in Dahlia pinnata

'Component in Adaman Redwood

Flemingine 'Component in Wild hops

Robtein 'Component in Acacia mearnsii

Rottlerin 'Component in Mallotus phillippinensis

(C.1. 75310)

Sulfuretin 'Component in Bur-Marigold

'Component in Young fustic

'Component in Pallas-tree

'Component in Dahlia pinnata

'Component in Japanese Sumac
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Table 5-59:

Typ~alApplicaljons

Examples of natural Flavanoid dyes for textile purposes

Weld (C.1. Natural Yellow 2): with alum mordant one obtains a bright yellow tint. If 0.1% copper
sulphate is added to the dyeing fluid, the tint gets a bit yellowish-olive, it improves the light­
fastness of the tint. One obtains olive tints with copper mordant; olive brown is obtained using iron
liquor.

Dyer's Broom: citreous is obtained on alum mordanted wool; after-treatment with ferrous sulphate
gives a dark brown colour, and after-treatment with copper sulphate results in greenish-olive.

Gorse: tints with alum mordant are yellow, and after-treatment with a solution of copper sulphate
gives a moss-green colour.

Broom: yellow tints are obtained with alum mordant; after-treatment of the tints with copper sul­
phate creates green tints.

Sawwort: with alum mordant one obtains greenish-yellow; after-treatment with ferrous sulphate
results in dark olive brown. After-treatment using copper sulphate gives a yellowish-green colour.

Dyer's Chamomile: with alum mordant one obtains yellow, with alum and tartar one obtains golden
yellow. The tints possess excellent fastness to washing and to light.

Roman Chamomile: yellow is obtained with alum mordant.

German Chamomile: wool previously steeped in alum mordant is dyed yellow. After-treatment with
tin sulphate gives a very nice yellow tint, and after-treatment with ferrous sulphate gives blackish­
brown. Cotton and linen mordanted with acetate of aluminium or with tin are dyed a very nice yel­
low.

Yarrow: on wool with alum mordant one obtains yellow; after-treatment with ferrous sulphate
makes dark olive.

Tansy: when using alum mordanted wool with tansy herbs one obtains citreous. Olive is obtained
with copper mordant, and dark olive brown with iron liquor.

Parsley: on wool steeped in alum mordant one obtains a pale yellow; after-treatment with copper
sulphate results in yellowish-green.

Cow Parsley: using the essence of the petals one obtains yellow on wool mordanted with alum.
Using cow parsley herbs one obtains green on alum mordanted cotton.

Burrweed: with the petals, herb, flowers, and fruit (especially when unripe) one obtains a nice yel­
low tint with alum mordant.

Chinese Ginger: wool previously steeped in alum mordant is dyed brownish-yellow.

Holy Herb: golden yellow is obtained on alum mordanted wool.
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Common Germander: one obtains yellow on wool mordanted with alum.

Artichoke: on wool mordanted with alum (and tartar) one obtains bright yellow tints which possess
good light-fastness and fastness to washing as well.

Hemp Agrimony: yellow is obtained on alum mordanted wool.

White Clover (C.1. Natural Yellow 10): on alum mordanted wool one obtains yellow tints; after­
treatment with copper sulphate results in greenish-olive.

Onion: On wool mordanted with alum (and tartar) one obtains golden yellow tints.

Buckwheat (C.1. Natural Yellow 10): yellow tints are obtained on alum (and tartar) mordanted wool.

Inula viscose: wool mordanted with alum is dyed golden yellow.

Yellow Larkspur: on alum mordanted silk one obtains yellow tints. The use of chrome mordant re­
sults in brownish-orange. Iron liquor results in brownish-olive and bright orange is obtained with tin
mordant.

Anthyllis vulneraria: yellow is obtained on alum mordanted wool.

Greek Hay: on wool mordanted with alum one obtains yellow; after-treatment of the tint with a so­
lution of copper sulphate results in a green tint which possesses good fastness to washing as well
as excellent light-fastness.

Euphorbia cyparissias herb is used for dyeing wool with alum mordant pale yellow. With iron sul­
phate one obtains umber. Cotton steeped in iron sulphate and copper sulphate is dyed green.

Common Heather: dyes alum mordanted wool in tints from yellow to brownish-yellow; post­
treatment with potassium bichromate results in brown.

Meadowsweet: the leaves and petals are used for dyeing alum mordanted wool golden yellow;
after-treatment with ferrous sulphate results in brownish-black. One obtains citreous with tin mor­
dant.

Silver Birch: the leaves are used for dyeing alum mordanted wool bright golden yellow. One ob­
tains a nice olive green tint after a post-treatment with a diluted solution of copper sulphate. Non­
mordanted wool is dyes reddish-brown using essence of Silver Birch bark; a similar colour is ob­
tained with alum mordant. Dark auburn is obtained using chrome mordant and greyish-violet is
obtained with iron liquor.

Vine: one obtains yellow tints on wool mordanted with alum; the tint becomes fawn-coloured when
treating it with ferrous sulphate.

Black poplar: one obtains yellow on wool previously steeped in alum; post-treatment with a solution
of ferrous sulphate results in grey.

Hazel: the leaves are used for dyeing alum mordanted wool to obtain a yellow colour.
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St John's Wort: one obtains yellow on wool steeped in alum mordant; after-treatment with ferrous
sulphate results in olive brown, and post-treatment with copper sulphate results in an olive green
colour.

Foxglove: yellow is obtained on wool steeped in alum mordant.

Common Robinia: the leaves create a yellow coloured dye.

African marigold: with alum mordant on wool and silk one obtains yellow; post-treatment with fer­
rous sulphate results in green, and the post-treatment with potassium bichromate results in golden
brown.

Ragwort: colours (when gathered before it completely flourishes) wool dark red. Adding potassium
makes the green colour darker. The colour is fairly durable, but fades when exposed to strong
light.

Canadian Golden Rod: the whole plant, especially the leaves and petals, are used as a direct dye
to achieve a pale yellow colour. Using alum mordant results in citreous. One obtains blackish­
brown with iron vitriol.

Bur-Marigold: wood steeped in alum mordant is dyed golden yellow. Post-treatment of the colour
with ferrous sulphate results in dark brown, and the post-treatment with copper sulphate gives olive
yellow.

Sunflower: wool mordanted with 20 % alum is dyed in a nice and durable golden yellow tint. Post­
treatment with potash makes the colour more red; post-treatment with copper sulphate results in
olive.

Laurel: one obtains yellow on wool previously mordanted with alum. Post-treatment with ferrous
sulphate gives a fawn-coloured tint, and with copper sulphate olive green.

Golden Rod: one uses the herbs of the plant for dyeing alum mordanted wool golden yellow.

Ash-tree leaves are used for dyeing alum mordanted wool yellow; post-treatment with ferrous sul­
phates makes blackish-brown. The bark of the plant is used for dyeing alum mordanted wool yel­
low, with ferrous sulphate green, and with copper sulphate an olive or a pale olive green is
achieved.

Black Oak (C.1. Natural Yellow 10): dyes wool pale yellow. One can boil the bark of the plant with
an equal quantity of alum (or one third more) with water for 10 minutes and then immerse wool in
it. To get more saturated colours, one can use 15% alum mordant (No tartar) and then dye with 20
% plant bark. The tint becomes brighter by adding 1% chalk to the dyeing fluid (the wool is let to
soak for 8 to 10 minutes) to obtain golden yellow. With tin mordant on wool one obtains orange
yellow. Nice green tints are obtained when adding chalk to an indigo dyeing fluid. Post-treatment
of Black Oak's tints with ferrous sulphate gives several bronze and olive tints on wool mordanted
with alum.
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Chinese Pagoda-Tree (C.1. Natural Yellow 10): one obtains golden yellow with alum mordant, or­
ange yellow with tin mordant, dark olive with iron liquor, olive yellow with copper, and orange with
chrome mordant.

Common buckthorn (C.1. Natural Yellow 13): one obtains golden yellow on wool mordanted with
alum and tartar. Using the bark, one can obtain dark yellow with alum mordant and red if left to dye
longer.

Alaternus (C.1. Natural Yellow 13): one gathers the bark in spring and then uses it to dye wool with
alum mordant for a sand brown tint; adding potash gives auburn. One also obtains auburn on wool
with chrome mordant. The fruit gathered in July and August is used for dyeing alum and tartar
mordanted wool, one obtains a golden yellow tint which has good light-fastness as well as excel­
lent fastness to washing.

Rhamnus infectorius: one obtains golden yellow on wool steeped in alum mordant and tartar.

Rhamnus Iycioides (C.1. Natural Yellow 13): one obtains golden yellow with alum mordant.

Rhamnus petiolaris: on wool mordanted with alum one obtains a durable dark yellow tint.

Young Fustic (C.1. Natural Brown 1): the leaves are used as a tanning agent but are also used for
dyeing iron salts and mordanted wool black.

Old Fustic (C.1. Natural Yellow 11): using alum mordant one obtains different tints like golden yel­
low and brownish tints. The most bright and genuine yellow tints are obtained when using tin mor­
dant. On chrome mordanted wool one obtains pale to dark olive yellow. Using copper sulphate as
a mordant gives olive; using ferrous sulphate gives dark olive.

Jack-Fruit plant (C.1. Natural Yellow 11): the wood is used for dyeing wool and silk previously mor­
danted with alum to obtain golden yellow. One can also obtain khaki using the wood of the Jack­
fruit plant.

Osage orange: golden yellow tints are obtained on alum mordanted wool.

White Mulberry: the leaves gathered in May and June can be used for dyeing cotton and linen in
citreous (using acetate of aluminium mordant).

Sweet Gale: with alum mordant one obtains yellow; post-treatment with copper sulphate results in
yellowish-brown, and with ferrous sulphate a greyish-green.

Myrica esculenta: beige is obtained on alum mordanted wool.

Pallas tree (C.1. Natural Yellow 28): yellow can be obtained on alum mordanted wool; with iron liq­
uor and copper sulphate one obtains olive.

Wild Hops (C.1. Natural Yellow 22) is used for dyeing wool and especially for dyeing silk. It is not
suitable for dyeing cotton and linen. One dyes silk with a boiling mixture of wild hops and soda to
obtain golden yellow and orange tints.
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GOssypium herbaceum: the petals are used for dyeing dark yellow with alum mordant, brownish­
yellow with chrome mordant, and olive with iron liquor.

Dahlia pinnata: using the essence of the petals one obtains orange yellow tints on wool with alum
mordant.

Natural dyes of the Authocyane and Betalaine Groups

Characteristics and Sources

Name and Col. Number Sources

Pelargonidin 'Main component in Common poppy

'Main component in Guinea corn

Cyanidin 'Component in Vaccinium myrthillus

'Component in Blackthorn

'Main component in Common poppy

'Main component in Guinea corn

Delphinidin 'Component in Vaccinium myrthillus

'Component in Blackthorn

Betanidin 'Component in Pokeweed

'Component in Red beet

Vulgaxanthin 'Component in Red beet

Isobetanidin 'Component .in Pokeweed

Table 5·60:

Typical Applications

Examples of natural Anthocyane and Betalaine dyes for textile purposes

Elder berries are used for dyeing copper sulphate and mordanted cotton violet blue. Post­
treatment with soap suds makes the dyeing fluid sky-blue; it becomes lilac if treated with vinegar.
Wool previously steeped in alum mordant is dyed brownish-violet.

Dwarf elder: ripe berries of Dwarf elder are used for dyeing with blue. It also dyes alum and vine­
gar mordanted leather and linen dark blue.

Biliberrry: violet blue is obtained on wool steeped in alum mordant, using tin mordant obtains blu­
ish-violet, and using iron mordant results in bluish-black.

Bramble: the fruit gathered from September to October are used for dyeing alum mordanted linen
carmine. Post-treatment with potash makes the dyeing fluid blue. Without mordants linen turns
amethyst-coloured; a post-treatment with vinegar makes it become red. The branches and leaves
gathered in the springtime are used for dyeing in grey tints with iron liquor.

Black currant: one uses the black juice of black currant (frUit) for dyeing silk mordanted with tartar.
Emetic to produce violet blue. Violet is obtained when using acetate of aluminium as a mordant.
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Woodbine: alum mordanted wool is dyed violet (the colour is light-fast but not alkali-fast).

Blackthorn: the decoction of the fruit of Blackthorn dyes linen red; the tint turns faint blue when

washed with soap.

Bird-Cherry: using the ripe fruit one obtains violet and grey tints on wool mordanted with alum. The

bark gathered in autumn is used for dyeing alum mordanted wool orange, and ferrous sulphate

mordanted wool dark brown.

Privet: the decoction of the privet is used for dyeing linen, wool, and cotton with tin II chloride pale

blue. Taking equal quantities of alum and ferrous sulphate one can dye linen a mat blue (blackish­

blue), cotton a faint greyish-blue, and wool a rich blackish-blue. The decoction of privet and juniper

berries is used for dyeing cotton; a post-treatment with copper and aluminium acetate gives a nice

green tint. Yellow or yellowish-brown tints are obtained on wool mordanted with alum and tartar

(using the essence of the green leaves); the lints possess a good fastness to washing and a good

light-fastness as well. Using the essence of the berries and leaves on wool mordanted with alum

one obtains green.

Commelina communis (C.1. Natural Blue 2): the pigment of the petals is used for dyeing silk with

blue tints.

Hollyhock: when using cotton one obtains black when using strong iron liquor, with weaker iron

liquor it turns blackish-blue, using aluminium mordants results in violet blue, tin mordant in bluish

violet. Silk turns violet when used with tin mordant. Wool becomes dark violet when used with tin

mordant, with iron liquor bluish-black or greyish-blue, and with alum mordant grey or violet blue.

Common Poppy: with tin mordant on wool (especially), linen, cotton, and silk one obtains nice

amaranth red tints.

Hibiscus rosa-sinensis: cotton is dyed brown with tin mordant and tartar, from lavender to purplish­

grey with iron liquor, and yellow with chrome and alum mordants.

Pokeweed: wool steeped in alum mordant and tartar is dyed in a dyeing bath of acetic acid (pH 2­

3) in a fuchsin red tint. The dyeing temperature should not exceed 60° C to prevent the tint from

getting brown. The light-fastness of pokeweed tints is poor.

Pigweed: with iron liquor or alum and copper mordants one obtains bright moss-green tints.

Natural dyes of the Neoflavanoid Group

Characteristics and Sources
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Name and C.1. Number Sources

Brasilin "Main component in Sappan wood

"Main component in Brazil wood

"Main component in Braziletto wood

Hilmatoxylin "Component in Logwood-tree

Hilmathein "Component in Logwood-tree

Table 5-61:

TypkalappHcaffons

Examples of natural Neoflavonoide dyes for textile purposes

Braziletto Wood: the soluble red wood is used for dyeing wool with alum and tartar in tints from red
to bluish-red, tin II chloride and tartar mordanted wool is dyed carmine, and wool steeped in copper
mordant is dyed dull red. All the tints possess poor fastness to light and washing and are de­
stroyed by acids and alkali.

Logwood-tree: on wool with alum mordant one obtains blue, with tin violet, with copper mordant
bluish-black, and with iron liquor black. One often prefers to use copper mordant or chrome and
copper mordant to dye wool black because those mordants give more light-fastness than the other
mordants. Logwood is very good for dyeing silk. To dye it violet, blue, or black, one steeps it in
alum mordant and in tin II chloride and then applies together (in case of dark colourings) some
tannin and some Alnus glutinosa. One obtains chrome black on silk previously steeped in nitrate of
iron. For cotton and linen, one obtains black on cellulose fibres when using tannin and iron salts as
mordants. If one adds small quantities of copper sulphate to the mordants, one can prevent tint
fading. A post-treatment with chrome salt is also necessary.

Natural dyes of the Insoluble Redwoods Group

Characteristics and Sources



Name and C.I. Number Sources

Santalin ·Component in Camwood

Tetra-O-methyl-santarubin ·Component in Camwood

Homopterocarpin ·Component in Adaman Redwood

·Component in African Padauk

·Component in Camwood

·Component in Red Sanders wood

Ptreocarpin ·Component in African Padauk

·Component in Camwood

·Component in Red Sanders wood

Maackiain ·Component in Adaman Redwood

·Component in African Padauk

·Component in Camwood

·Component in Red Sanders wood
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Table 5-62:

Typical Applications

Examples of natural Redwood dyes for textile purposes

Red Sanders wood (C.1. Natural Red 22): since the pigments of red sanders wood are water­
insoluble, one confects an essence from rasped or powdered red sanders wood in methanol and
then dyes mordanted wood in it. In so doing, one obtains a bright red tint with tin mordant, tints
from orange red to scarlet with alum mordant, and dark violet with iron sulphate.

Camhood (C.1. Natural Red 22): the tints are bluish in colour.

False red sandalwood: on wool mordanted with alum one obtains roseate and with tin mordant
carmine.

Natural dyes of the Xanthon Group

Characteristics and Sources
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Name and Col. Number Sources

Euxanthon 'Component in Mesua ferrea

Gentisin 'Component in Great Yellow Gentian

Isogentisin 'Component in Great Yellow Gentian

Gentisein 'Component in Great Yellow Gentian

1.3,7-Trimethoxyxanthon 'Component in Great Yellow Gentian

Mesuaxanthon A 'Component in Mesua ferrea

Meuaxanthon B 'Component in Mesua ferrea

1,5-Dihydroxyxanthon 'Component in Mesua ferrea

Euxanthon-7-methylether 'Component in Mesua ferrea

Mangiferin 'Component in Mangifera indica L.

'Component in Garden Iris

Homomangiferin 'Component in Mangifera indica L.

Mangostin 'Component in Mangosteen

Il-Mangostin 'Component in Mangosteen

y-Mangostin 'Component in Mangosteen

Dracorubin 'Component in Daemonorops draco

(C.1. 75200)

Dracorhodin 'Component in Daemonorops draco

(C.1. 75210)

Carajucin 'Main component in Bignonia chica

(C.1. 75180)

Magnoflorin 'Component in Coptis japonica

'Component in Barberry

'Component in Xanthoriza Simplicissima

'Component in Meadow-tree

'Component in Bull bay

'Component in Nandina domestica

'Component in Michelia champaca

Berberrubin 'Component in Barberry

Berbamin 'Component in Barberry

'Component in Oregon Grape

Jatrorrhizin 'Component in Barberry

'Component in Barberry

'Component in Xanthariza Simplicissima

'Component in Jateoriza palmata

'Component in Nandina domestica

'Component in Coptis japonica

'Component in Coptis chinensis

'Component in Coptis teta

Table 5-63: Examples of natural Xanthon dyes for textile purposes
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Typical Applications

Great yellow Gentian: when dyed with great yellow gentian, wool mordanted alum turns pale yel­
low, with iron liquor beige brown, and with copper mordant greyish green.

Mangifera indica: using a decoction of the dried leaves for dyeing alum mordanted wool, one ob­
tains yellow. One also obtains yellow on wool with tin mordant. Greyish-olive is obtained on wool
with iron liquor.

Mangosteen: wool, previously treated with alun can be dyed yellow using a decoction of fruit par­
ings. Stanous mordants also produce yellow tones, ferrous mordants rather grey olive tones.

Bignonia chica (C.1. Natural Orange 5): directly dyes non-mordanted wool a nice orange colour.

Natural dyes of the Basic Group

Characteristics and Sources
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Name and C.I. Number Sources

Berberin 'Component in Blood wood

(C.1. 75160) 'Component in Barberry

'Component in Golden seal

'Component in Phellodendron amurensee

'Component in Xanthoriza simplicissima

'Component in Toddalia asiatica

'Component in Meadow rue

'Component in Angelica tree

'Component in Oregon grape

'Component in Coptis japonica

'Component in Coplis chinensis

'Component in Coplis teta

'Component in Coplis trifolia

'Component in Coplis anemonefolia

Oxyacanthin 'Component in Barberry

'Component in Xanthoriza Simplicissima

'Component in Oregon grape

Magnoflorin 'Component in Coplis japonica

'Component in Barberry

'Component in Phellodendron amurensee

'Component in Xanthoriza simplicissima

'Component in Meadow rue

'Component Bull bay

'Component in Nandina domestica

'Component in Michelia champaca

Berberrubin 'Component in Barberry

Berbamin 'Component in Barberry

'Component in Oregon grape

Jatrorrhizin 'Component in Barberry

'Component in Jateorhiza palmata

'Component in Xanthoriza simplicissima

'Component in Nandina domestica

'Component in Coplis japonica

'Component in Coplis chinensis

'Component in Coplis teta

Columbamin 'Component in Barberry

'Component in Jatheoriza palmata

'Component in Coptis japonica

'Component in Coptis chinensis

Isotetrandin 'Component in Barberry

Sanguinarin 'Component in Blood root

'Component in Prickly poppy



Name and C.1. Number Sources

Hydrastin 'Component in Golden seal

'Component in Oregon grape

'Component in Prickly poppy

Canadin 'Component in Golden root

'Component in Oregon grape

Hydrastinin 'Component in Golden seal

Phellodendrin 'Component in Phellodendron amurensee

Coptisin 'Component in Coplis japonica

'Component in Coplis chinensis

'Component in Coptis teta

'Component in Blood root

'Component in Prickly poppy

Worenin 'Component in Coptis japonica

'Component in Coplis chinensis

Chelerylhrin 'Component in Toddalia asiatica

'Component in Blood root

'Component in Prickly poppy

Palmatin 'Component in Barberry

'Component in Jateorhiza palmata

'Component in Phellodendron amurensee

'Component in Coplis japonica

'Component in Coplis chinensis

'Component in Coplis teta
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Table 5-64:

Typical Applications

Examples of natural Basic dyes for textile purposes

Barberry (C.1. Natural Yellow 18): the roots or bark can be used as a direct dye on wool, silk, or
cotton. Wool and silk are dyed in a source of light at 50 to 60°C; cotton can be dyed with tannin
mordant or with tartar emetic to obtain dark yellow tints.

Nandina domestica: one uses a decoction of the wood for dyeing wool mordanted with iron salts to
obtain bluish-brown. Yellowish-brown is obtained using calcium salt.

Greater Gelandine: the herb collected in May is boiled in water to create a yellow decoction which
dyes non-mordanted wool a nice brownish-yellow colour. If one uses alum mordant on wool the tint
changes just slightly but the fastness to washing becomes better.

Blood root: tints from orange to red are obtained on silk and wool previously mordanted with alum.
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Natural dyes of the Alkaloid Group

Characteristics and Sources

Name and C.1. Number Sources

Harmalol ·Component in Syrian rue

Harmalin ·Component in Syrian rue

Harman ·Component in Syrian rue

·Component in Sickingia rubra K.SCHUM

Harmin ·Component in Syrian rue

·Component in Sickingia rubra K.SCHUM

Vasicin ·Component in Syrian rue

·Component in Malabar nut tree

Vasicinon ·Component in Syrian rue

·Component in Malabar nut tree

Oxyvasicin ·Component in Malabar nut tree

Deoxyvasicinon ·Component in Syrian rue

Pegamin ·Component in Syrian rue

Peganol ·Component in Syrian rue

Erythramin, Erythratin ·Component in Cockspur coral tree

I3-Erythroidin ·Component in Cockspur coral tree

Hypaphorin ·Component in Cockspur coral tree

Protopin ·Component in Prickly poppy

·Component in Fumitory

Cryptopin ·Component in Prickly poppy

·Component in Fumitory

Sinactin ·Component in Fumitory

Ushinsunin ·Component in Michelia Champaca

Table 5-65:

Typical Applications

Examples of natural Alkaloid dyes for textile purposes

Syrian rue: as the pigment of the seeds are only slightly water-soluble, one confects first the pow­
dered seeds in methanol and lets the decoction sit in tepid water over night; then one dilutes the
decoction with double the amount of water and uses the liquid for dyeing wool with alum mordant
(at 90°C for 60 min) to obtain an orange colour.

Malabar nut tree: alum mordanted wool is dyed yellow.

Peumus boldus: on alum mordanted wool one obtains orange brown.

Indian coral tree: wool is dyed red.

Fumitory: on wool previously steeped in bismuthate one obtains nice yellow (which is appropriate
for green dyeing in combination with Indigo).



Natural dyes of the Benzophenone Group

Characteristics and Sources

Name and Col. Number Sources

Maclurin 'Component in old fustic

'Component in White Mulberry

'Component in Symphonia globu-
lifera

Cotoin 'Component in White mangrove

Hydrocotoin 'Component in White mangrove

'Component in Aniba pseudocoto

Methylhydrocotoin 'Trace component in Sagradabark

'Component in White mangrove

'Component in Aniba pseudocoto

Protocotoin 'Component in White mangrove

'Component in Aniba pseudocoto

Methylprotocotoin 'Component in White mangrove

'Component in Aniba pseudocoto
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Table 5-66: Examples ofnatural Benzophenone dyes for textile purposes

Natural dyes of the Gallotannin Group

Characteristics and Sources
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Name and Col. Number Sources

Gallic acid 'Component in Caesalpinia coriaria

'Trace component in Arnica montana

'Component in Silva Birch

'Component in Mealy tree

'Component in Japanese Sumac

'Component in Chestnut tree

'Component in Pomegranate

'Trace component in Ink nut tree

'Trace component in Belleric Myrobalans

'Component in Indian Almond

'Component in Indian Gooseberry

'Component in Tea

'Component in Schinopsis Lorentui

'Component in Betelnut

m-Digallic acid 'Component in Sicilian Sumac

'Component in Tea

Chebullagic acid 'Component in Ink nut tree

'Component in Belleric Myrobalans

'Component in

Indian Gooseberry

'Component in Schinopsis Lorentui

Chebulinic acid 'Component in Ink nut tree

'Component in Belleric Myrobalans

'Component in

Indian Gooseberry

Corilagin 'Component in Ink nut tree

'Component In Belleric Myrobalans

'Component in

Indian Gooseberry

'Component in Japanese Sumac

'Component in Indian Almond

'Component in Caesalpinia Coriaria

'Component in Schinopsis Lorentui

Ellagic acid 'Component in Gipsywort

(C.1. 75270) 'Component in Sweet gale

'Component in Sicilian Sumac

'Component in Mealy tree

'Component in Japanese Sumac

'Component in Bearberry

'Component in Chestnut tree

'Component in French Tamarisk

'Component in TPomegranate



Name and Col. Number Sources

·Component in Malpighia punicifolia

·Component in Spruce

·Component in Belleric Myrobalans

·Component in Indian almond

·Component in Indian Gooseberry

·Component in Caesalpinia Coriaria

·Component in Schinopsis Lorentui

Castalin ·Component in Chestnut tree

Castalagin ·Component in Chestnut tree

Valonic acid ·Component in Valoniac oak

Valonic acid-dilactone ·Component in Valoniac oak

Flavogallol ·Component in Pomegranate
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Table 5-67:

Typical Applications

Examples of natural Gallotannin dyes for textile purposes

Sicilian Sumac (C.1. Natural Brown 6): the leaves and branches are used for dyeing wool, which
have been previously impregnated in alum mordant, olive yellow. One also obtains pale olive on
wool steeped in bichromate of potassium, pale yellow on tin mordanted wool, and grey to black
tints on iron liquor mordanted wool.

Japanese Sumac: using equal quantities of wood essence and caesalpinia sappan wood essence,
one can dye silk mordanted with vinegar and potash bright orange.

Bearberry: the decoction of the leaves is used for dyeing alum mordanted wool a nice yellow col­
our, and iron liquor mordanted wool grey to black.

Chestnut tree: the bark is used for the dyeing process. Wool steeped in bismuthate is dyed dark
brown. One uses the green fruit shells for dyeing non-mordanted wool, in which case brown is ob­
tained. A post-treatment with bichromate improves fastness to light and washing without consider­
able modification of the tint. With the leaves one obtains greenish-yellow on wool with alum mor­
dant. If one adds potash to the dyeing fluid one obtains gold yellow. Using a mixture of alum and
copper gives olive brown, a mixture of alum and iron liquor results in olive green tints.

Sticky Alder tree: with the essence of the plant bark one obtains pale brown on alum mordanted
wool. A post-treatment of the tint with ferrous sulphate results in deep black, and with copper sul­
phate a blackish-brown.

Valonian oak: beige brown is obtained on non-mordanted wool. One obtains grey and black tints
with iron liquor.

French tamarisk: wool mordanted with iron sulphate is dyed in tints from grey to black. One obtains
yellow tints with alum mordant.
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Ink nut tree: wool and cotton can be dyed. Without mordants one obtains greyish-beige. Black or
grey tints are obtained using ferrous sulphate. The use of alum mordant results in yellow.

Pomegranate: from a mixture of the powdered shells and water, decoction is made for dyeing wool.
If one afterwards uses a diluted solution of potash or alum mordant one will obtain yellow. A post­
treatment using a diluted solution of pyroligneous acid results in brown; a final treatment of the tint
with a diluted solution of potash results in violet blue.

Alchemila vanthochlora: the decoction (of dried and powdered leaves) is used for dyeing alum
mordanted wool citreous.

Agrimony: one obtains golden yellow on wool with alum mordant.

Natural dyes of the Condensed Tanning Agent Group

Characteristics and Structure



Name and Col. Number Sources

Catechinic acid ·Component in Sessile oak

·Component in Spruce

·Component in Tea

·Component in Cola nuts

·Component in Uncaria gambier

·Component in Betel nut

Leucoanthocyane ·Component in Laurel

·Component in Sessile oak

·Component in Malpighia punicifolia

·Component in Betel nut

Polyeucoanthocyane ·Component in Larch

·Component in Juniper

·Component in Betelnut

(-)-Epicatechin(+)-Catechin, B, ·Component in Scots pine

·Component in Larch

·Component in Western Hemlock

(-)-Epicatechin(+)-Catechin, B, ·Component in Scots pine

·Component in Western Hemlock

(-)-Epicatechin(+)-Catechin, B3 ·Component in Scots pine

·Component in Hemlock

(+) Catechin (-) Epicatechin, B, ·Component in Scots pine

·Component in Western Hemlock

trimeric (+)Catechine ·Component in Scots pine

(-)Epicatechine, C, ·Component in Western Hemlock

trimeric (+)Catechine ·Component in Scots pine

(-)Epicatechine, C, ·Component in Larch

Picea tannin ·Component in Spruce

Picea tannin diglucoside ·Component in Spruce

Dihydro-picea tannin ·Component in Spruce
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Table 5-68:

Typical Applications

Examples of natural tanning agent for textile purposes

Conifers, willows and other materials containing natural tanning agents were used mainly for tan­
ning leather but applications as dyeing material for wool or cotton were also reported,

Spruce: reddish-brown is obtained on wool steeped in alum. Using a decoction made from the
branches of Spruce, one obtains grey on wool with ferrous sulphate.

Larch: brown-yellow is obtained on alum mordanted wool; a post-treatment with copper sulphate
results in a greyish-green colour.
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Western Hemlock: a decoction of the bark is used for dyeing non-mordanted wool beige. One ob­
tains pink with alum mordant, yellowish-brown with bichromate of potassium, and grey with iron
liquor.

Juniper: using a decoction of the fruit one obtains light brown on alum and cooking salt mordanted
wool; olive is obtained with copper sulphate mordant.

Goat Willow. using a decoction of the leaves one obtains yellow on wool with alum mordant.
Bronze is obtained on wool with copper sulphate, greyish-green on wool with ferrous sulphate. If
one uses the bark of the plant for dyeing, one will obtain reddish-yellow on wool with alum mordant
(adding a little bit of potash makes the tints redder). One obtains pale brown with copper s~iphate ,
grey with ferrous sulphate, and fawn-brown with bichromate of potassium.

Schinopsis lorentzii: one uses the essence of the plant for dyeing. Yellowish-brown is obtained on
wool with alum, brown with copper sulphate.

Cutch: pale brown is obtained on wool mordanted with alum. On non-mordanted wool and cotton
with copper sulphate one respectively obtains brown and reddish-brown.

Areca catechu: a decoction made from the nuts is used for dyeing. One obtains reddish-brown on
wool with alum mordant, brownish-black is obtained with ferrous sulphate.

Acatia nilotica: A decoction made from the bark is used for dyeing. One obtains yellowish-olive on
non-mordanted wool, brown is obtained with alum mordant, and grey or black with ferrous sul­
phate.

Rhizophora mucronata: a cinnamon colour is obtained on wool without mordant, brownish-red is
obtained with alum mordant, dark brown, grey, or black is obtained with ferrous sulphate.

Tea. the essence is used for dyeing. One obtains brown on wool with alum mordant (adding some
copper sulphate solution to the dyeing fluid). Reddish-brown is obtained on wool mordanted with
bichromate of potassium.

White Water lily: a nice brownish-yellow tint is obtained on wool with alum mordant; with ferrous
sulphate one obtains grey and black tints.

Bracken: auburn is obtained on non-mordanted wool, olive grey is obtained on alum and copper
sulphate mordanted wool, and pale violet is obtained on silk steeped in ferrous sulphate with the
addition of cooking salt.

Apple tree: a decoction made from the bark of an old apple tree is puce coloured and bitter and
can be used without mordant for dyeing wool, one obtains buff colour. Using alum mordant one
obtains citreous, greenish-black is obtained using iron salts. When using only the inner bark one
obtains a pure yellow tint on cotton with acetate of aluminium.

Tormentil: a decoction made from the plant is used for dyeing wool previously steeped in alum
mordant and tartar yields a yellowish-brown colour. One obtains auburn on wool using a copper­
sulphate+potassiumbichromate mordant.

Pterocarpus: dyes alum mordanted wool orange. One obtains reddish-brown with iron sulphate.



Natural dyes from the Lichen and Fungus Group

Characteristics and Sources
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Name and C.I. Number Sources

Orselic acid 'Component in Orchella weed

Lecanoric acid 'Component in Orchella weed

'Component nRocelia phycopsis

'Component in Crawfish

'Component in Cudbear Lichen

variolaric acid 'Component in Crawfish

'Component in Pertusaria dealbescens

Montagnetol 'Component in Rocella phycopsis

Erythrin 'Component in Orchella weed

'Component in Rocella phycopsis

Gyrophoric acid 'Component in Cudbear Lichen

'Component in Lungwort

Physodic acid 'Component in dark crottle

Orcin 'Component in Rocella phycopsis

'Rock thipe

'Component in Dark crottle

Atranorin 'Trace component in Common Wall Lichen

'Component in Pertusaria dealbescens

'Component in Cudbear Lichen

'Component in Dark crottle

'Component in Crottle Franz

'Component in Cladonia rangiferina

Chloratranorin 'Component in Dark crottle

Amnolic acid 'Component in Dealbescens

'Component in Usnea florida

'Component in Usnea hirta

Physodalic acid 'Component in Dark crottle

Psoromic acid 'Component in Orchella weed

Lobaric acid 'Component in Crottle Franz

'Component in Usnea hirta

Salazinic acid 'Component in Crottle Franz

'Component in Usnea hirta

'Component in Usnea florida

Norstictinsaure 'Component in Lungwort

Stictinic acid 'Component in Usnea florida

'Component in Usnea hirta

Usnic acid 'Component in Usnea hirta

'Component in Usnea florida

'Component in Cladonia Manguiferina

Variegatic acid 'Component in Suillus bovinus

'Component in Xerocomus chrysenteron



Name and Col. Number Sources

'Component in Suillus Variegatus

Xerocomic acid 'Component in Xerocomus chrysenteron

Cinnabarine 'Component in Pycnoporus cinnabarinus

Cinnabarinic acid 'Component in Pycnoporus cinnabarinus

Purpurogallin 'Component in Fornes fomentarius
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Table 5-69:

Typical Applications

Examples ofnatural Lichen and Fungus dyes for textile purposes

Dark Crottle: wool steeped in alum mordant is dyed yellowish-brown, one obtains golden brown
when the dyeing duration is longer; orange is obtained after drying the tint in the sun.

Crottle: on non-mordanted wool one obtains orange. A subsequent treatment with ammoniac pro­
duces beige; an intensive use of ammoniac results in a fawn colour.

Lungwort: a decoction made from the plant is used for dyeing non-mordanted wool tints from
golden yellow to golden brown. Wool steeped in chrome mordant is dyed brown.

Usnea hirta: one obtains reddish brown on wool without mordant. A reddish-brown colour is ob­
tained using alum mordant; with potassium bichromate one obtains middle brown.

Cladonia rangiferina: a decoction made from c1adonia rangiferina dyes non-mordanted wool yel­
low; in case of longer dyeing duration one obtains golden brown. An after-treatment with copper
sulphate results in moss-green.

Suillus variegates: wool without mordant is coloured citreous, with alum mordant yellow, with stan­
nous chloride orange, with copper + iron sulphate mordant yellowish-green.

Xerocomus chrysenteron: wool without mordant is dyed yellowish green, with alum yellowish
brown, with stannous chloride orange, with copper sulphate green, and with iron SUlphate olive

green.

Pycnoporus cinnabarinus: wool without mordant is dyed brownish-yellow, with alum brownish­
yellow, with stannous chloride brownish-orange, with copper sulphate reddish-brown, with iron sul­
phate olive brown.

Fomes fomentarius: wool without mordant is dyed beige, with alum orange brown, with stannous
chloride brownish-orange, with copper sulphate yellowish-brown, with iron sulphate dark brown.

Natural dyes from the Naphtaline Derivates Group

Characteristics and Sources
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Name and Col. Number Sources

Diospyrol 'Component in Gossypium herbaceum

~-Sorigenine 'Component in Rhamnus japonica

Nepodin 'Trace component in Common sorrel

Table 5-70: Examples of natural naphtaline dyes

Dye plants and Dyestuffs of unknown constitution

Dyestuff of unknown Sources Characteristics Dyeing information

constitution

Safflower yellow In Safflower blooms No lightfastness; Solu- Dyes wool:

C.1. Natural Yellow 5 ( 25-30%) ble in cold water Yellow with alum mordant

Brown with iron sulphate

Olive yellow with cupper sul-

phate

Safflower carmine In Safflower blooms Posses a slight light- used for dyeing silk red

C.1. Natural Red 26 (3-6%) fastness

Tanning agent of Grislea In Grislea Tomentosa Grislea Tomentosa is used in

Tomentosa C.1. Natural Red 17 combination with Morinda

(20%)
citrifolia for red Dyeing on
wool

Its tanning agent is used for
dyestoff fixation on cotton

Calycian In Calysaccion longifo- Buds and blooms of the plant
liumWIGHT are used for red and yellow

C.1. Natural Red 29 dyeing

The colours possess excel-

lent lightfastness

Chinese green In Rhamnus chloropho- Bark,branches and roots of

C.1. Natural Green 1 rus Rhamnus chlorophorus are
used in making the dyestoff.

Cotton and silk are dyed blu-

ish green and the colour is of
great light resistance

Can also be used as a vat

dye

Juice brown In Watersoluble Dyes

C.1. Natural Brown 12 Cassels brown Braun non mordanted wool brown

Soga(brown dyestuff) Peltophorum pterocar- A decoction of the bark is

pum BACKER used for dyeing alum mor-
danted wool brown

Table 5-71: Examples of natural dyes of unknown constitution
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5.4.12 Pigments

Pigments are insoluble products, usually dispersed in a non-ionic preparation.

Pigments are widely used in printing processes (pigment printing), and also in textile ennobling to
obtain lustrous, metallic, etc effects.

Being insoluble products, pigments can only be fixed to the surface of the fibre. For pigment col­
ouring, very fine (particle size s 0.5 IJm) inorganic or organic pigments are used in a non-ionic
preparation. They are fixed with the help of a binder. The binder is an aqueous dispersion of cross­
linkable mixed polymers (copolymers or polymer blends, basis polyacrylate, pOlystyrene,-polyure­
thane). A film in which the pigment particles are embedded, is formed on the fibre. Cross-linking
occurs during heating. The binder film must adhere firmly to the substrate without the material be­
coming too stiff or sticky. The type and amount of binder used depend on the amount of pigment
and determine not only the feel, but also the rubfastness and wetfastness of the dyeing.

Pigment dyeing offers the advantages of universal applicability to all fibres (including glass fibers).
It is a single-stage process, even for fiber mixtures. After-treatment is not required. Raw cotton is
covered well (see 5.2.3, for more details on process chemicals). Pigment dyeing is commonly used
for heavy textiles (e.g. canvas), light printing grounds, dress materials, shirting, bed linen, and fur­
nishing articles [266].

Pigment printing refers to producing printed texties by the application of coloured pigments with the
aid of pigment binders, softening agents, flow modifiers, defoamers, and special thickeners. The
coloured pigments consist mainly of organic products of the azoquinacridone, dioxazine, and
phtalocyanine types, to mention only few examples. These are supplemented by carbon black and
inorganic white pigments, mainly titanium dioxide, and sometimes with iron oxides for brown
shades. All these pigments are used in textile printing in the form of 25 - 50 % dispersions reduced
in size mechanically (by grinding) to the optimum particle-size distribution and mixed with various
additives (emulsifiers, dispersing agents, evaporation inhibitors, and preservatives). The resulting
viscosity properties should be as stable as possible, and it is important to strive for a consistency
that facilitates pumping and metering so that the preparation can be processed by automatic me­

tering equipment. Special effects sometimes call for the use of copper and aluminium alloys in
powered form ("bronze printing"), basic dyes modified with synthetic resins ("luminescent pig­
ments"), or mica that as been coated with titanium dioxide ("nacreous effect") [287].

Pigments are insoluble in water and organic solvents. Organic pigments are for a large part de­
rived from benzoids. Inorganic pigments are derivatives of metals such as titanium, zinc, barium,
lead, iron, molybdenum, antimony, zirconium, calcium, aluminium, magnesium, cadmium, and
chromium [2]. In section 5.1, Figure 5-2 gives a systematic of colouring matters and the most im­
portant pigments are also listed.

Among organic pigments azo and azomethine pigments are metal-complex dyes which contain bi-,
tri-, and tetracyclic planar systems and are devoid of solubilising compounds. Complexes of
azomethine dyes playa much greater role than azo pigments with complex-bound metals. Never­
theless, a few azo dyes with low molecular masses display pigmenting properties as well. For ex­
ample, a bicyclic 1:1 nickel complex with CAS-Nr. [106335-41-5] is suitable for mass dyeing
polyolefin, polyamide, or polyester fibres.
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Examples of yellow metal-complex pigments include 1:1 nickel compounds containing symmetric
or unsymetric heterocyclic azo moieties with CAS-Nr. [88717-24-2]. A greenish yellow pigment can
be obtained with the bicyclic 1:1 copper azomethine dye CAS-Nr. [21405-81-2] [266].

Pigments occurring in nature are listed in tables below [296].

Name of the plant Colour index of the pigment

Orpiment C.1. Pigment Yellow 39; C.1. 77086

Massicot C.1. Pigment Yellow 46; C.1. 77577

S. Gelberde C.1. Pigment Yellow 42 and 43; C.1. 77492

Realgar C.1. Pigment Yellow 39; C.1. 77085

Iron red C.1. Pigment Red 101, 102; C.1. 77491

Cinnabar C.1. Pigment Red 106; C.1. 77766

Minium C.1. Pigment Red 105; C.1. 77578

Ultramarine C.1. Pigment Blue 29

Azurite C.1. Pigment blue 30; C.1. 77420

Egyptian blue C.1. Pigment Blue 31; C.1. 77437

Berlin blue C.1. Pigment Blue 27; C.1. 77510

Viridian green (terra verde) C.1. Pigment Green 23; C.1. 77009

Malachite C.1. Pigment Blue 30; C.1. 7742

Carbon black C.1. pigment Black 9; C.1. 77267

Flake black C.1. pigment Black 18; C.1. 77011

Manganese black C.1. Natural Balck 14; C.1. 77728

Ferric oxid black C.1. Pigment Black 11; C.1. 77499

Umbra C.1. Pigment braun 7

Manganese brown C.1. Pigment Brown 8; C.I. 77727,77730

Table 5-72: Natural anorganic pigments

5.4.13 Solvent and ink-jet dyes

Solvent dyes are substances that are sparingly soluble in water but readily soluble in organic sol­
vents such as alcohols, esters, and ketones. They have many applications, including foil printing
and thread dyeing. Anionic 1:2 chromium and cobalt complexes (see also 5.4.5) are examples of
dyes best suited for this purpose as they are particularly Iightfast. To increase their solubility they
are sometimes mixed with organic bases such as long-chain aliphatic amines, guanindines, or
cationic dyes (see also 5.4.2). Laking converts the sodium salts produced during synthesis into
salts containing organic cations. Due to their insolubility in water, solvent dyes can be completely
free from salts by washing with water. They are marked as 100% dyes without additives. Solubil­
ities up to 1000 g/I can be achieved in organic solvents [276].
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Ink-jet printing is a new application area of metal-complex dyes. In the ink-jet process, ink droplets
are transferred to the substrate by spraying (see principles of instant printing in 5.3.2). The dye
solutions are normally based on water, glycols, or cyclic aliphatic amides. The most important re­
quirement is a total absence of salt because, otherwise, the capillaries of expensive print heads
might become blocked or degraded by corrosion. The dye must further not crystallize. To obtain
the desired properties, standard chromophores are replaced by residues such in CAS-Nr. [104815­
64-7], CAS-Nr. [104815-63-6] or CAS-Nr. [109973-79-7], a so-called formazan dye, or in CAS-Nr.
[116932-38-8]. Other examples include the 1:2 copper complex with CAS-Nr. [113989-79-0], a
lithium salt used as an ink-jet dye [276].

Referring to new patents further dyes such as violet reactive monoazo copper complex dyes with
CAS-Nr [41258-31-7], [412358-32-8], [412358-33-9] and [412909-22-9] for cotton and jet-inks are
cited [371]. A yellow dye for application on cotton is mentioned under CAS-Nr. [394223-99-5] [372].
Further sulpho- and phenylaminosulphonyl-substituted phtalocyanine compounds for ink-jet print­
ing produce prints with good optical depth, light- and water fastness [385].

5.5 Colouring auxiliaries

5.5.1 Dyestuffs formulations

Depending on the dye class and the application method employed (e.g. batch or continuous dye­
ing, printing) different additives are present in the dye formulations. Since these substances are
not absorbed by the fibres, they are completely discharged in the waste water. Typical additives
are listed in the table below, taken from [2].
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Additive Chemical composition COD BOD,mg TOC

mgO,/1 °ll elimination (1)

Dispersants - Lignin sulphonates 1200 50 15%

- Naphthalene sulphonates 650 50 15%

Condensation products with

Formaldehyde

- Ethylene oxide/ propylene oxide

Copolymers

Salts Sodium sulphate, sodium chloride

Powder binding Mineral- or paraffin oils (+ additives)

Agents

Anti-foaming Acetyl glycols

Agents

Anti-freeze - Glycerine 1200 780 90%

Agents - Glycols 1600 10 95%

Thickening - Carboxymethyl cellulose 1000 0 30%

Agents - Polyacrylates

Buffer systems Phosphate, Acetate

(1) Statistical elimination test (Zahn-Wellens Test)

Blank cells mean that data is not available

Table 5-73: Ecological properties of dye formulations additives

While these additives are not toxic to aquatic life, they are generally poorly biodegradable and not
readily bioeliminable. This applies in particular to the dispersants present in the formulations of vat,
disperse, and sulphur dyes, which are water-insoluble and require special auxiliaries in order to be
applied to the textile in the form of aqueous dispersions. These dispersants consist mainly of
naphthalene sulphonate-formaldehyde condensation products and lignin sulphonates, but sul­
phomethylation products derived from the condensation of phenols with formaldehyde and sodium
sulphite can also be found. Other not readily eliminable additives are acrylate and CMC-based
thickeners and anti-foam agents.

The difference between liquid and powder formulations should also be mentioned. Dyes supplied
in liquid form contain only one third of the amount of dispersing agent normally contained in pow­
der dyes (see Table 5-74, taken from (2)). The reason for this difference stems from the manufac­
turing process of powder dyes: the very small particles generated during grinding must be pro­
tected during the subsequent drying process and this is possible only by adding high proportions of
dispersing agents.
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Formulation component Powder formulation Liquid formulation

Dye 30-50 % 20 -40 %

Dispersing agent 40-60 % 10-30%

Salts 0-20% -
Powder binding agents 0-5% -
Anti-foaming agents 0-5% 0-5%

Anti-freeze agent - 10-15%

Thickening agent - 0-5%

Water 5-10% 40-60 %

Table 5-74: Proportion ofadditives and dye in powder and liquid dyes (disperse
dyes)

Formulation component Powder formulation Liquid formulation

Dye 50-80 % 15-30%

Salts 0-10% -
Powder binding agents 0-5 % -
Surfactants 10·40% 0-15%

Buffer 5-10% 1-5%

Water 5-10% 40 -60 %

Table 5-75: Proportion ofadditives and dye in powder and liquid dyes (reactive
dyes)

Considering the formulation characteristics of reactive dyes, the ratio dye/auxiliaries is near 5:1 for
powder and 15:1 for liquid formulation (see Table 5-75, taken from [121]). Yet, the absolute differ­
ences between liquid and powder formulations are here not as great, as formulation with reactive
dyes need effectively lower amounts of auxiliaries.

Note that liquid formulations include liquid dispersions and true solutions (solutions without solubi­
lising aids), whereas powder dyes can be supplied as dusting, free-flowing, non-dusting powders
or granulates.

Toxicological, ecological, and process technology considerations have led to a demand for dye
preparations that do not produce dust. Such formulations greatly simplify handling on the part of
the customer. The problem that can be approached in several ways, including the addition of high
boiling mineral oils, use of liquid preparations, or dye granulation. The latter two variants have
been intensively studied by major dye manufactures in recent years.

The chief requirements with respect to liquid preparations are a highstorage stability, a high con­
centration, and good miscibility with water. These are met by adding water-soluble solvents such
as polyglycols, poly(glycol ethers), or cyclic lactams. An example of such a liquid preparation is CI
Acid Black 52, with CAS-Nr. [5610-64-0]. Liquid dyes can also be prepared by phase separation.
Another route for the production of highly concentrated, stable liquid preparations entails ex­
changing the usual counteractions for ions that impart better solubility.
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For example, sodium ions required during synthesis can be replaced by lithium or substituted hy­
droxyalkyl-ammonium species. Finally, salts produced during synthesis that interfere with the
preparation of high-concentration liquid formulations can be removed by membrane separation
techniques [276).

Dye granulates are solid dye preparations, which are much more soluble in cold water than dye
powders that have been treated with dust-reducing agents. A lot of dust-reducing agents are avail­
able (e.g. water, sugar solution, oil, etc.); yet, only optimised formulation based on mineral- or par­
affin oils are actually used. The advantage of dye granulates over dye powders are moreover their
better solvating and dispersing properties. A major disadvantage is their higher cost, due to higher
energy need for granulation process [121).

Being insoluble products, pigments can only be fixed to the surface of the fibre. For pigment col­
ouring, very fine (particle size s 0.5 ~m) inorganic or organic pigments are used in a non-ionic
preparation. They are fixed with the help of a binder. The binder is an aqueous dispersion of cross­
linkable mixed polymers (copolymers or polymer blends, basis polyacrylate, polystyrene, polyure­
thane). More details on formulation of pigment products are given in sections 5.3.4 and 5.4.12 .

5.5.2 Other colouring auxiliaries

Colouring auxiliaries necessary for dyeing specific fibres are already described in detail in sections
5.2.3 to 5.2.11. In the same way, auxiliaries for printing are referred to in sections 5.3.3 to 5.3.7.
Moreover, chemicals in printing paste are discussed in section 5.3.4. In the follOWing section, some
specific auxiliaries are described succinctly:

1. Stabilisers: UV absorbers and antioxidants

2. Complexing agents

3. Wetting and penetrating agents

4. Dispersing agents and protective colloids

5. Dyestuff solubilising agents and hydrotopic agents

6. Levelling agents

7. Acid donors I dispensers, pH-regulators and alkali dispensers

8. Antifoaming agents

9. Carriers

10. Powder binding agents, dust-preventing agents

11. Crease-preventing agenst

12. Dyestuff protecting agents, boildown protecting agents

13. Padding auxiliaries
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14. Fixing accelerators for continuous dyeing and printing

15. Aftertreatment agents for fastness improvement

16. Bonding of fibres - agents and additives to promote bonding of fibres and threads

17. Printing adhesives

18. Edge adhesives

19. Brightening and stripping agents

20. Fibre-protective agents in dyeing

21. Reducing agents

22. Oxidising agents

23. Resist agents for dyeing and printing

24. Hand-modifiers for textile printing

25. Stripping agents

1. Stabilisers: UV absorbers and antioxidants

The main candidates for treatment with stabilisers are technical textiles and dyed, long-lasting
items often exposed to extreme climatic conditions. The so-called ageing of fibrous materials are
undesirable degradation processes due to influence of light, heat and oxygen. A fibre specific clas­
sification of types of stabilisers is given in the following table, taken from [141).



358

Fibre 5tabiliser Effects

Polyester UVabsorber High Temperature light fastness of dyeings

Substrate stabilisation

Polyamide Antioxidant' Improvement of HT light fastness of dyeings

Photochemical and thermal fibre stabilisation

Antioxidant" Thermal and photochemical fibre stabilisation

Improvement of HT light fastness and heat resistance of dyeings

UVabsorber Improvement of HT light fastness, particularly in conjunction with
antioxidants

Wool UVabsorber Improvement of light fastness of dyeings and their chemical
properties

Retardation of photo bleaching and photo yellowing

'peroxide decomposer type "radical scavenger type

Table 5-76: Textile fibre stabilisers of current interest

A UV absorber is a molecule which is incorporated within a host polymer and which absorbs ultra­
violet light efficiently and converts the energy into relatively harmless thermal energy. UV absorb­
ers are technically important for preventing photo degradation. Lightfastness of dyes are often im­
proved when UV absorbers are incorporated into the dye molecule itself. Dyes containi\lg a built-in
UV absorber moiety such as 2-hydroxybenzophenone have been used as reactive dyes for cotton,
and dyes containing a 2,4-dihydroxybenzophenone residue have been described for polypropylene
fibres. Similar approaches have been used for cationic dyeing as 2,2'-dihydroxy-4,4'­
dimethoxybenzophenone was used on cationically dyed poly(m-phenyleneterephtalalimide) fibres.
Typical UV absorbers other than the 2-hydroxyphenone types are 2-hydroxyphenylbenzotriazoles
and 2-hydroxyphenyl-s-triazines. Many dyes were synthesised containing built-in photostabilisers
based on these absorbers. Also, azo dyes for cotton, wool and leather exist using the ortho­
hydroxybenzophenone moiety as the coupling component. Figure 5-32 shows an example of a
disperse dye containing a built-in hindered amine residue designed for improved lightfastness of
dyeings used in automotive materials and awnings (137).

Ivonuals

Figure 5-32: Example of a disperse dye containing a built-in hindered amine residue
for improved Iightfastness
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Moreover, suitable tailored UV absorbers have been described for application to fibres during or
after the dyeing process.

Traditionally, the UV absorbers used for polyester dyeings have been benzophenone derivatives
(e.g. Uvinul 0-49, GAF, BASF). Formulations based on Tinuvin 326 (Ciba) are nowadays widely
used for polyester. Yet these formulations are only suitable for batch applications under mild post­
fixation conditions because of their moderate resistance to sublimation. UV absorbers of the mono­
or di-(o-hydroxyphenyl)triazine class have proved to be more effective for application in all normal
processing operations, including pad-thermofix dyeing and printing. The triazine structure makes it
possible to formulate a wide range of different derivatives. Patent applications also cover deriva­
tives of o-hydroxyphenylpyrimidine and benzoxazine-4-one [141].

Uvinul0-49

Uvinul 0-49 (GAF, BASF), figure taken from [141]

Figure 5-33:

Tinuvin 326

Example of a traditional UV absorber for polyester dyeing

Tinuvin 326 (Ciba), taken from [141]

Figure 5-34: Example of a widely used UV absorber for polyester dyeing
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Triazinyl UVabsorbers

R =Alkyl, alkoxy, hydroxy, halide, sulphoalkoxy
R,= Hydroxy, alkoxy, alkylthio, substituted alkyl,

substituted phenyl, o-hydroxyphenyl
R2 =R, identical or different
X = H, sulpho
n = 0,1,2

Figure taken from [141]

Figure 5-35: Triazinyl UVabsorber

Water-soluble UV absorbers are used for polyamide, wool, silk and cotton. Commercial products
are sulpho group-containing benzophenones and o-hydroxyphenylbenzotriazoles [141]. Benzotri­
azoles were successfully used with disperse dyes on polyester, nylon, cotton and on wool. Benzo­
triazoles have also been used as stabilisers for disperse dyes in coating films and for anionic reac­
tive dyes on protein fibres. Commercial UV absorbers for dyeing on polyester for lightfast fabrics
suitable for automobile interiors are available for quinone dyes, quinophtalone dyes and
bis(indolylazo)triazolium dyes [137]. Other products suitable for textile application are derivatives of
oxalic acid. From this last UV absorber system, further water-soluble, bifunctional reactive deriva­
tives are obtainable which reduce the permeability to UV radiation of woven and knitted cotton fab­
rics [141].

Water-soluble UV absorbers derived
from benzotriazole

R1=Alkyl, alkoxy, sulphonate
X1=H, sulphonate, halide, sulphonated arylalkyl
X2 =X1

Figure taken from [141]



Figure 5-36: Water-soluble UVabsorbers derived from benzotriazon
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Water-soluble UV absorbers derived
from oxalic acid

R, = Sustituted, unsubstituted alkylbenzyl
R2 = H, halide, alkyl, phenylalkyl
R3 =R2 identical or different
A =Direct bond or alkylene linkage
r =0,1,2

Figure taken from [141]

Figure 5-37: Water-soluble UVabsorbers derived from oxalic acid

On the other hand, any substance which scavenges free radicals or reacts with hydroxyperoxides
in such a way that it neutralises their propagating effect can be a useful photostabiliser. For this
reason, up to 50 ppm Manganese (II) compounds are added to the spinning melts for high quality
polyamide fibres. For technical polyamide fibres, copper (I) compounds are used instead. Treat­
ment with copper (II) complexes improves the performance of spun polyamide fibres. Azomethine
derivatives have shown very good results. Selected copper complexes of this type can also be
applied directly from the liquor in all important dyeing processes for polyamide. Patent applications
propose the addition of manganese (II) ions to the dyebath to improve dyeing properties of both
regular and acid-modified, very fine polyamide fibres [141].

Peroxide decomposer antioxidants
derived from azomethine

Figure taken from (141)

y

R H /\ H R

'(X:;~~:X?
x x

R1/R2 =H, OH, alkyl, alkoxy, halide
X=H, sulpho, carboxyl, sulphonamide, etc.
Y=Aliphatic, cycloaliphatic linkages

Figure 5-38: Peroxidedecomposer antioxidants derived from azomethine
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Improved lightfastness of disperse dyes containing buill-in hindered amine residue were reported.
Hydroquinone, used in after-treatment when dyeing nylon with vat dyes, also fulfils the scavenging
effect [137). Other types of antioxidants used on textile materials are hindered phenols and triazine
soluble hindered amine light stabiliser (HALS) derivatives [137]. These radical scavenger antioxi­
dants have to be applied in larger amounts than peroxide decomposer.

Radical scavenger antioxidants based

on sterically hindered phenols

R =H, alkyl, alkoxy, halide
A = Connecting links such as (CH2)nCONH, triazine
X =Sulpho, carboxy, sulphonamide, etc.

Figure taken from [141)

Figure 5-39: Radical scavenger antioxidants based on sterically hindered phenols

Radical scavenger antioxidants based

on sterically hindered amines

R1 = H, oxyl, hydroxyl, acyl, alkyl, alkoxy
A =0, NH
Rz = Alkyl, aryl, substituted aryl
R3 = Rz identical or different
X,Y = H, sulpho, carboxyl, etc.

Figure taken from [141)

Figure 5-40: Radical scavenger antioxidants based on sterically hindered amines

Better lightfastness of reactive dyes on wool were obtained using tertiary amines (dimethylethano­
lamine) in the dye bath.

2. Complexing agents
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Purified and softened water is used in textile finishing to avoid formation of disturbing saltlike com­
pounds or stable complexes due to the presence of alkaline earth and lor heavy metal salts.
Moreover, complexing agents are added to the dye bath to combine with multivalent cations, espe­
cially the calcium, magnesium, and iron salts which are carried into the dye liquor by the textile
material (e.g. cotton). The use of these products is also extremely important for washing out un­
fixed dye after completion of the dyeing stage. In general the products used are the same as those
used in the washing and cleaning processes of textile pre-treatment. EDTA (ethylenediamineter­
traacetate), DTPA (diethylenetriaminepentaacetate), NTA (nitrolotriacetate) and derived phos­
phonic acids are very effective on a wide range of cations including heavy metal ions and those
from hard water.

Specific products to combat the effects of water hardness include mild complexing agents such as
polyphosphates and various polycarboxilic acids. These also have a dispersing action on precipi­
tates from water hardness (see dispersants and protective colloids).

Specific mild complexing agents for heavy metal ions of iron, copper, and manganese include vari­
ous polyhydroxy compounds, e.g. sorbitol, gluconic acid, glucoheptanoic acid, and alkanolamines.
With metal complex dyes, the use of these weak complexing agents is preferable, so that the metal
is not removed from the dye molecule. Strong complexing agents are suitable for stripping these
dyes, as the matel-free dye is less strongly bound to the fibre [266].

3. Wetting, penetrating, and de-aerating agents

This group of products is perhaps the most difficult to define in terms of technical function. Wetting
and de-aerating agents often perform the same function: that of expelling air from the textile as­
sembly contained in the dyebath. The use of penetrating agents is invariably associated with the
dyeing of yarns with a high twist factor, where they enhance transport of the dye into the yarn as­
sembly. In this respect it could be argued that they are in fact a levelling agent. All the products in
this class are invariably powerful surfactants (see 4.7.2). Commonly used commercial products are
readily bio-eliminable compounds such as alcohol polyglycol ethers and esters (also in blends with
alkane suiphone), but poorly degradable products such as ethoxylated amines can also be en­
countered [2].

4. Dispersing agents

Vat, disperse and sulphur dyes already have a high content of dispersing agents in their formula­
tion, which allows the application of these colourants in the form of aqueous dispersions. Additional
amounts of dispersants are usually added (also for other classes of dyes) in the subsequent steps
of the dyeing process to maintain the stability of the dispersion throughout the dyeing (or printing)
process (see further 5.2 and 5.3). Powdered dispersion and vat dyes contain 50-80% of these
products, and dyes prepared in the liquid form 10-30%. Also during the dyeing of plant fibres (e.g.
raw cotton) which have not been pretreated, considerable amounts of impurities in the form of
waxes, pectinates, and water hardness rae introduced into the dye baths. The dispersants must
also prevent these from being precipitated [266].

Dispersants used in textile finishing can be divided into two classes:

1. water-soluble oligo- and polyelectrolytes ("protective colloids", see below)
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2. surfactants.

Substances commonly used as dispersing agents are condensation products of naphthalene sul­
phonic acid with formaldehyde, lignosulphonates. Anionic and non-ionic surfactants (e.g. ethoxy­
lated alcohols, phosphated alcohols, and naphthalene suiphonates) are also applied (2). Specific
dispersants are available for dyes, plant fibre impurities, precipitates due to water hardness. For
example, condensation products of B-naphthaline sulphonic acids with formaldehyde have been
known since 1913, and are still used as dispersant in dye production and dyeing. In addition to
these, condensation products of phenol with formaldehyde and sodium sulphite (sulphomethylation
products) are now also used as dispersing agents for dyes. The degree of condensation depends
on the conditions of the reaction with formaldehyde, and can give products with 2 - 10 aromatic
nuclei. However, the structure of this, the most common dispersing agent, has not yet been fUlly
elucidated. Conventional formaldehyde condensation products and the lignosulphonates described
below are only approx. 30% degraded in biological wastewater treatment plants (test method
GECD 3028). However, some formaldehyde condensation product which can be >70% eliminated
from wastewater has been recently commercially available (266). Lignosulphonates are products
based on natural lignins and form a further large group of dispersants for finishing and as auxilia­
ries in the dye bath. They are produced from sulphite pulping liquor or from alkali lignins produced
in the kraft pulping process. The molecular mass of industrial lignosulphonates, whose structure is
still not completely elucidated, lies between 2000 and 100000. The basic building block is phenyl­
propane, from which a large number of derivatives can be obtained. Some undesirable properties
of the lignisulphonates include a reducing action on sensitive azo dyes during high temperature
dyeing (130°C) and possible soiling of the fibre due to dark colour of these products. Polysaccha­
rides, alginates, cellulose derivates, polyacrylates and polyvinyl compounds further are disper­
sants, used especially in the production of pigments. Dispersants for cotton impurities and precipi­
tates from water hardness are polycarboxylates, which are homopolymers and copolymers of
acrylic and maleic acids with relative molecular masses of 1000 - 10 000. With higher molecular
mass, the protective colloid effect becomes a flocculating action (application in dyeing cellulose
processes were low foaming and nor dye retention are need) (266).

Protective colloids are used to promote the stability of dyestuff and pigment dispersion (see also
5.5.1). The colloids envelop dispersed particles of the same charge and thus prevent flocculation
caused by changes of temperature and concentration, i.a. when electrolytes are added. The col­
loids are often applied together with dispersing agents. Protective colloids can be made of sul­
phated oils, alkylsuphates, fatty acid and protein condensates, naphthalene suiphonic acid formal­
dehyde condensates, ligninsulphonates or polyacrylates (282) (see also 4.7.2).

5. Dye so/ubi/ising and hydrotropic agents

Solubilizing and hydrotropic agents are used to increase the solubility of the dye and allow to dis­
solve large amounts of a dye in a small amount of water. This is mainly necessary when dye baths
are used in padding processes, dye stock solutions and printing pastes. Solvents are used in dye­
ing and printing to wash dye residues from equipment and apparatus. Many auxiliaries used in
continuous dyeing contain solvents, hydrotropic agents, and surfactants, not only because of their
ability to solubilise dyes, but also to improve the fixing process, produce fibre swelling, and to pro­
vide wetting and foaming properties, etc. The commercial products supplied for dissolving dyes
often contain mixtures of solvents, dispersants, and surfactants.
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Solvents and hydrotropic agents are neede when dyeing with the following classes of dyes: devel­
oping dyes, phtalogen dyes (Le. aminoisoindolines), reactive dyes, and acid dyes and metal­
complex dyes [266]. Details on the auxiliaries need for the different classes of dyes are given in
sections 5.4.1, 5.4.5, 5.4.7 and 5.4.8. Further specification on colouring processes are given in the
corresponding sections.

6. Levelling agents

Levelling agents are used in batch dyeing processes to improve the uniform distribution of the dye
in the fibre. They are probably the most important class of dyeing auxiliaries, as a grossly unlevel
dyeing is of no commercial value and is difficult to correct. They are employed for different types of
fibres, therefore the substances employed can be different. Nevertheless, two main groups of lev­
elling agents can be identified: products which have an affinity for the fibre and products which
have an affinity for the dye. Products which have an affinity for the fibre compete with the dye for
dye-sites on the fibre. In this way they reduce the rate of absorption of the dye and improve their
migration. To the second group belong substances which form loosely bound complexes with the
dye, reducing its mobility and in some cases neutralising the electrostatic attraction between the
dye and the fibre [2]. Common substances used as levelling agents are reported in an upcoming
section, dealing with the dyeing processes divided on the basis of the fibre to· which they are ap­
plied and by the dyestuff used (see sections 5.2.3 to 5.2.11). Fibe-substantive levelling agents in­
clude the anionic surfactants used in the dyeing of wool or nylon with acid dyes, or the dyeing of
cotton with direct dyes. Dye-substantive levelling agents include polyoxyethylenated alkylamines
and some amphoteric surfactants, which are used in dyeing of wool and cotton. Ethoxylated am­
photeric surfactants for wool dyeing are also commercially available. See further section 4.7.2 for
more details on surfactants.

Yet, advances in dyeing machine design have resulted in faster dyebath circulation and low­
foaming levelling agents have to be designed as many traditional surfactants were no longer ade­
quate. Ethoxylated hydroxysulphobetaines prepared by reaction of polyoxyethylenated stearyla­
mine and sultone are examples of such novel low-foaming levelling agents used for dyeing nylon
with acid dyes [302].

7. Acid donors/dispensers, pH-regulators and alkali dispensers

The so-called acid donors represent a more sophisticated range of formulated products designed
to create shifts in dyebath pH. They are hydrolysable acid esters which break down during dyeing,
progressively lowering the pH. They are widely used for wool and/or polyamide fibres to control the
absorption of anionic dye into the fibre. They are also employed for cotton and polyester blends
when dyeing with disperse and reactive dyes in the one-bath, one-step procedure. Organic acid
esters, fatty alcohol ethoxylates, and aromatic sulphonates are commonly found in commercial
products. Acid donors usually have good bio-eliminability [2]. More generally, the products used as
pH-regulators are organic acids, acids or buffering salts or mixtures of such compounds [282]. For
more details on the chemicals used, consult the corresponding chapters in section 5.2.

B. Antifoaming agents

Formulated products designed to suppress foam formation are used, which do not adversely influ­
ence the quality of the resultant dyeing. The majority are based on silicone derivatives.
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Examples of antifoaming agents are given in section 6.5.1.

9. Carriers

Dyeing accelerants (so-called carriers) are used in batch dyeing of synthetic fibres (particularly
polyester fibres) to promote the absorption and diffusion of disperse dyes into the fibre under low­
temperature conditions. They are still important for dyeing blended fibres of wool and polyester, as
wool cannot withstand dyeing under high temperature conditions (above 100 °C).

Typical carrier formulations contain 60 - 80 % active substance and 10 - 30 % emulsifier and
sometimes a small percentage of solvent.

Typical active substances for dyeing accelerants include:

• liquid halogenated benzenes (1,2 dichlorobenzene; 1,2,4-trichlorobenzene; dichlorotolue­
ne);

• aromatic hydrocarbons such as alpha- and beta-methylnaphthalene, diphenyl, trimethyl
benzene, etc.;

• phenols such as o-phenylphenol, benzylphenol, etc.;

• carboxylic acid and their esters such as methyl, butyl and benzyl benzoate, methylsalicy­
late, phthalic acid, dimethylphthalte, dibutylphthalate and diethylhexylphthalate;

• alkyl phthalimides such as N-butylphthalimide.

Most of the above-mentioned substances are toxic to humans, aquatic organisms, and sewage
slUdge. Hydrophobic carriers exhaust approximately 75 - 90 % onto the substrate, while hydro­
philic types like phenols derivatives (e.g. o-phenylphenol), benzoate, N-alkylphthalimides, and
methylnaphthalene are mainly found in waste water. With the exception of benzoate and N­
alkylphthalimide derivatives, all others are poorly bio-degradable and could pass through the waste
water treatment system. On the other hand, the carriers which remain on the textile material are
partially volatilised during the subsequent heat treatments (drying or fixing processes), thus pro­
ducing air emissions.

Carboxylic acid esters and alkylphthamides derivatives are the substances which are most fre­
quently used in Europe as carriers. However, it is reported that carriers such as methyl naphtha­
lene, mono-, di-, tri-chlorobenzene, biphenyl, orthophenyl phenol, and benzyl alcohol are still found
to be in use [2].

10. Powder binding agents, dust-preventing agents

These are auxiliaries in powder formulations of dyes add to circumvent dusting. The dust can be
immobilised by a great variety of binding agents such as water, sugar solutions, oils, etc. The basis
of modern powder binding agents are mineral and paraffin oils. Granulation techniques moreover
allows formation of very fine dry granulates, that needs no further binding agents [121] (see further
5.5.1).
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11. Crease-preventing agents

Products which are to prevent creases during skein-dyeing of piece goods. Anti-creasing agents
may also be applied for other presentations of the textile goods (e.g. ready-to-wear knit-wear) as
well as other wet processes (e.g. in pretreatment and fulling) in order to prevent creases (see
6.3.2,6.4.3 and 6.4.4). These products are agents with slipping and smoothing effects e.g. based
on polyglycol ethers and polycaprolactam, of fatty acid derivative as well as of fatty alcohols, phos­
phoric acids and esters or sulphated oils and fats. The following are the main classes of com­
pounds used [266]:

synthetic products based on fatty acids or their esters, amides, akylol esters, and alkylo­
lamides also fatty alcohols, usually ethoxylated. Apart from these non-ionic compounds,
ionic compounds with carboxylic, sulphonic, or phosphoric acid groups can also be used.

Products based on lecithin.

Products based on water-soluble alkoxylated high molecular mass polyamides

High molecular mass polyethoxylated, polyacrylates, and acrylamide-acrylic acid co­
polymers.

Frequently mixed products are also used as anti-creasing agents which do not only contain a lubri­
cant but also other auxiliaries such as e.g. wetting agents, levelling agents, dispersing agents,
plasticiszing agents or anti-foaming agents [282].

12. Dyestuff protecting agents, boildown protecting agents

Under unfavourable conditions, certain dyes can be changed or destroyed during application. Spe­
cial protecting agents are then added to the dye baths. Boildown effects occur when dyeing wool
and wool-cellulose blends, meaning that the azo dyes used are reductively decomposed by break­
down products from the wool proteins, or undergo changes in shade. The products used to prevent
these effects are generally preparations based on buffer and/or oxidizing substances, e.g. urea,
ammonium salts and polyphosphates, possibly with surface-active substances such as protein
degradation products, fatty acid protein condensates and ammonium salts of alkane sulphonic acid
or aromatic nitrocompounds [282]. Yet, similar defects can occur on dyeing with reactive dyes,
which can be modified through reduction by cellulose degradation in the presence of alkali at ele­
vated temperatures. The dye is protected by the mild oxidising agent sodium 3­
nitrobenzenesulphonate. The product is also used to protect the dye from reduction when boiling
off before bleaching coloured piece goods. When dyeing bleached cotton with reactive dyes, which
are very sensitive to oxidation and reduction, even small amounts of residual hydrogen peroxide
must be destroyed by weak reducing agents. Vat dyes of the indanthrone type tend to give cloudy
and green tints at dyeing temperatures above 60°C owing to over-reduction. This effect can be
prevent by adding sodium nitrite or glucose [266].

13. Padding auxiliaries

These are products which are added to pad liquors Le.[266; 282]



368

antimigration agents: water-soluble highmolecular natural substances such as alginates
and guar derivatives, or synthetic polymers such as polyacrylates or polyacrylamides);
compounds used to a lesser extent are cellulose ethers, starch ethers, carboxymethyl
celluloses, modified polysaccharides, and poly(vinyl alcohols)

antifrosting auxiliaries to promote dyeing of protruding parts of the fibre: foaming surfac­
tants such as ethylene oxide adducts, or products increasing the viscosity and thickness
of the liquor film to prevent the fibres from protruding, such as high molecular mass poly­
acrylates and acrylamide-acrylic acid copolymers

products increasing wet pick-up: solutions of e.g. polyacrylamides polymers and copoly­
mers, which are products that increase viscosity, optimised wetting also increase we pick
up

dispersants and protective colloids (see above),

wetting agents (see above),

or dye solubilising agents and hydrotropic agents.

14. Fixing accelerators for continuous dyeing and printing

Products which are used in continuous dyeing processes and printing to accelerate the fixing of
dyestuffs, to cause a more rapid diffusion of the dyestuffs into the fibre and a higher dyestuff yield.
With regard to their chemical composition, fixing accelerators are Le. aliphatic or aromatic ethoxy­
lates, ethers, esters, glycols, alkyl aryl suiphonates or fatty acid derivatives [282].

15. Aftertreatment agents for fastness improvement

Aftertreatment agents are applied in an aftertreatment process subsequent to dyeing in order to
improve the fastness of dyes (see 5.2.3 to 5.2.11). In order to improve the rubbing fastness ­
possibly also the wet fastness- so-called soaping aftertreatment agents (based on detergent sub­
stances) or dye-affinitive polymers are used with which the non-fixed dye fraction is removed from
the fibre. In order to improve wet fastness -particularly of direct and reactive dyes- so-called cati­

onic fixing agent (e.g. polyquaternary ammonium compounds, cationic formaldehyde condensates
and other nitrogen derivatives) are used (see also section 6). These products form difficultly solu­
ble compounds with the water-soluble dyestuffs in the fibre [282]. Aftertreatment with metal salts
such as copper sulphate or potassium dichromate leads to complexation with certain substantive
dyes, by reducing their aqueous solubility. On the other hand, aftertreatment with diazotised bases
can only be used with dyes that have amino and hydroxyl groups in suitable positions, and, for
example couple with diazotised 4-nitroaniline [266]. In order to improve wet fastnesses of polyam­
ide dyeing with anionic dyestuffs it is frequently made use of anionic aftertreatment agents (e.g.
polysulphonates). In order to improve light fastness, heavy metal salts such as copper and chro­
mium salts can be used in case of certain metallizable dyestuffs -e.g. selected direct and acid
dyes. In case of polyamides, copper benzotrieazoles are used, whilst in case of polyesters, benzo­
phenones for light fastness improvement of the dyes are applied (more details on this product
group are given under the heading UV stabilisators, above) [282]. In addition to the use of cationic
products to improve wetfastness, dark coloured sulphur-dyed materials must be aftertreated with
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sodium carbonate or sodium acetate to neutralise the sulphuric acid produced by oxidation of the
sulphur dyes on staorage, which can damage the fibre [266].

16. Bonding of fibres - agents and additives to promote bonding offibres and threads

These products are intended to achieve the mutual adhesion of fibres or threads or to increase this
adhesion. As a result, the fibres or threads are combined into a system. These agents are also
known as "binders". Agents to promote bonding of fibres and threads are solutions and dispersions
as well as solids. They are high molecular natural or synthetic compounds based on e.g. acrylic
acid esters, acrylonitrile, ethylene, butadiene, chloroprene, propylene, styrene, vinyl chloride, vi­
nylidene chloride, vinyl acetate, latex or starch derivatives. The additives to promote bonding of
fibres and threads are intended to improve the processing properties and to modify the properties
of the bonded fabric - such as e.g. elasticity, flexibility, resistance to washing and drycleaning as
well as ageing and light exposure (see also UV stabilisators and further section 6). With regard to
their chemical constitution these additives cover a very broad range. They include for instances
fatty acid derivatives, polyethers and N-methylol compounds [282] (see further 6.5.7).

17. Printing adhesives

Printing adhesives are products intended to fasten the goods to be printed onto the support (print­
ing blanket) in case of screen printing. The following products are used: -water-soluble adhesives
based on natural substances, similar to the printing thickeners (e.g. starch and starch derivatives
as well as vegetable gum) or synthetic water-soluble polymers (polyvinyl alcohol, polyvinylcapro­
lactam etc.). -water-insoluble adhesives (permantent adhesives or thermo-plastic adhesives)
based on synthetic copolymers (polyvinyl acetate, polyacrylic acid esters, etc.) which are applied
from volatile solvents or as dispersions [282] (see also 6.5.4).

18. Edge adhesives

Edge adhesives (edge stiffening agents) are intended, particularly in case of cut open hosery for
the hardening of edges, so that the latter do not role up in case of treatment in broad form, such as
dyeing, leaching, mercerising, raising and printing [282] (see also 6.3.3).

19. Brightening and stripping agents

Brightening agents permit partial removal of the dye already absorbed and fixed or adhering to the
surface from the fibre without modifying the dyestuff chemically. The products suitable for this pur­
pose are e.g. polyvinyl pyrrolidone, polyglycol ether, fatty amine ethoxylates or dyeing accelera­
tors. Stripping agents are products which are intended for the removal or destruction of the dyes
and auxiliaries on the textiles. This concerns e.g. reductive or oxydative operations under applica­
tion of sodium dithionide (hydrosulfide), thiourea dioxide, sodium or zinc formaldehyde sulphonic
acids, hypochlorite or sodium chloride [282] (see also 4.7.1 and 4.3.2). Stripping agents suitable
for metal-complexes can further be made of complexing agents (see 2., above)

20. Fibre-protective agents in dyeing

Fibre-protective agents of this type are intended to prevent or reduce to an acceptable extent
damage to the fibre during dyeing, finishing and use. These products are e.g. based on protein
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hydrolysates, protein fatty acid condensates, lignosulphonates, formaldehyde-elimination products,
benzophenone, benzotriazole and alpha-cyanoacroylic acid derivatives [282].

21. Reducing agents

In dyeing, reducing agents are used for the following purpose:

reduction of vat and sulphur dyes to form the leuco compound

aflertreatment for improving the colourfastness of textiles dyed and printed with disperse
dyes

stripping of defectively dyed textiles by reductive decomposition of the dye

in dye protection agents, for reducing residual hydrogen peroxide in belached cotton
dyed with reactive dyes

The reducing agents used can be divided into three groups [266]:

1. Sulphur-containing compounds. These are directely or formally derived from di­
thionous acid and sulphunic acid (i.e. sodium dithionite, hydroxyalkylsulphinates,
thiourea dioxide/formamidinesulphunic acid), sulphurous acid (i.e sodium sulphite,
hydroxyalkylsulphonates), hydrogen sulphide (i.e. sodium sulphide, sodium hydro­
gen sulphide)

2. Organic compounds. These include substances with a-hydroxycarbonyl structure
(reductones): glucose, hydroxyacetone

3. Complex hydrides: Na BH4

Following increasing environmental pressures, biologically degradable sulphur-free organic reduc­
ing agents have been investigated. Hydroxyacetone is significantly more effective than glucose,
but cannot match the range of application of sodium dithionite, which is still the dominant reducing
agent for vat dyes. Alternatives sUlphur-free reducing agents for reducing sulphur dyes include
low-mixtures of organic reducing agents with sodium dithionite or thiourea dioxide, hydroxyace­
tone, and glucose [266].

22. Oxidising agents

Oxidisng agents are required when dyeing cellulose fibres with vat dyes, leuco esters of vat dyes,
and sulphur dyes, and also for the production of aniline black.

The agents employed in dyeng are mostly the same as those used in textile bleaching, i.e. hydro­
gen peroxide, sodium peroxosulphate, sodium peroxoborate, sodium hypochlorite, and sodium
chlorite (see Table 4-41). For special applications, sodium chlorate, sodium nitrite, sodium dichro­
mate, and sodium 3-nitrobenzensulphonate are also used [266].

23. Resist agents for dyeing and printing
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In some dyeing operations, resists are employed to prevent dyes from being absorbed on certain
parts of the textile, to produce special effects. Resist areas can be produced mechanically or
chemically by using resist agents. In textile printing, there are may ways of obtaining resist effects
(see 5.3). Not only can a textile be made resistant to dyeing, but it can also be made resistant to
the acquisition of other surface qualities, e.g., abrasiveness, a crepe effect, or roughness effects.

Resist agents to give uniform uniform dyeing of fibre blends are mainly used in dyeing of wool­
cellulose, polyamide-cellulose, and wool-polyamide fibres with acid, metal-complex, and direct
dyes. Resist agents for dyeing are for examples sodium salt of dichlorotriazine-p-sulphanilic acid
(so called Sando-Space process of polyamide-wool blends), polycondensation products of aryl- or
alkylarylsulphonic acids with formaldehyde (protection of wool and polyamide in cellulose blends),
or fatty alcohol sulphonates, alkylarylsulphonates, sulphonated castor oil (tone-in-tone dyeing of
wool-polyamide blends) [266].

24. Hand-modifiers for textile printing

Hand modifiers are textile auxiliaries necessary in textile printing processes using pigments. Two
types of hand modifiers can be distinguished (see also 6.3.2):

a. Silicones. Mainly poly(dimethylsiloxanes) used in conjunction with fixing agents (e.g. etheri­
fied melamine-formaldehyde condensates) make it possible to produce high-quality pig­
ment printed materials.

b. "True" softeners. Dioctyl phthalate and fatty acid esters cause the binder film to be more
mobile, resulting in a considerably softer hand [266].

25. Stripping agents

When dyeing and printing, any defective textile products that may sometimes be produced must be
rectified for economic reasons. Depending on the severity of the defect, the dyed material may be
simply brightened (partial dye removal), or the dye may be chemically destroyed by reduction or
oxidation, and thus completely removing it from the fibre. Brightening is often possible using an
auxiliary having affinity for the dye, thus having the same composition as a levelling agent (see
above). Chemical decomposition of the dye is carried out with the usual reducing agents, oxidising
agents, and discharging assistants used in dyeing and printing. Examples of suitable products and
treatments used for brightening dyed cellulose materials are treatments with sodium carbonate,
strong solutions of formic acid, or diluted hydrochloric acid, in conjunction with levelling agents.
Stripping is performed with alkaline sodium dithionite, sodium hypochlorite, or sodium chlorite so­
lution. Materials dyed with reactive and naphtol dyes cannot be brightened, though in expetional
cases. Stripping is performed similar than for direct dyes, or with alkaline sodium dithionite solution
with an added "reduction catalyst" (Le. anthraquinone) as destroying of naphtol dyes is need. Ma­
terials dyed with vat and sulphur dyes can be brightened in a "blind vat" (alkaline sodium dithionite
solution) by an auxiliary with an affinity for the dye (e.g. fatty amine ethoxylates, polyvinylpyrroli­
done). Wool dyed with acid or metal-complex dyes can be brightened by boiling with levelling
agenst and sodium sulphate. Reductively stripping is performed with zinc formaldehyde sulphoxy­
late and formic acid in the presence of a levelling agent (e.g. fatty amine ethoxylate). Brigthening
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dyed polyamide can be reached in solutions of sodium carbonate and levelling agent. Brightening
of material dyed with disperse dyes is performed with non-ionic levelling agent and dispersing
agents, and stripping is obtained by reduction with zinc formaldehyde sulphoxylate or oxidation
with sodium chlorite. Polyester and triacetate dyed with disperse dyes are very difficult to be
stripped (chlorite bleaching with additional carrier), brightening is obtained by using non-ionic level­
ling agent and carriers [266].



6 Finishing

6.1 Introduction

The term "finishing" covers all those treatments which serve to impart to the textile the desired
end-use properties. These can include properties relating to visual effect, handle and special char­
acteristics such as waterproofing and non-flammability [2].

Finishing may involve mechanical/physical and chemical treatments. In mechanical treatments,
chemical agents are often used to enhance, facilitate, or make durable the effect of the treatments.
Typical mechanical/physical treatments are harshening, sanding, emerising, cutting, calendering
and squeezing, but also steaming and sanforizing. Among chemical treatments, we can further
distinguish between treatments which involve a chemical reaction of the finishing agent with the
fibre and chemical treatments where this is not necessary (e.g. softening treatments). One can
further distinguish treatments which impart characteristic look and feel qualities, and those which
lead to more functional properties of the textile material, which are often fibre specific ones.

Some finishing treatments are more typical for certain types of fibre (for example, easy-care fin­
ishes for cotton, antistatic treatment for synthetic fibres and mothproofing and anti-felt-treatments
for wool). Other finishes have more general applications (e.g. softening). Thus far, the cotton fin­
ishing system predominates and can be assumed in this chapter unless another system is speci­
fied. Several classifications also refer to ennobling and conditioning treatments in order to avoid
repeating of the term "finishing".

Coating and laminating are processes usually applied in the fabrication of technical textiles. How­
ever, coated or laminated materials are nowadays more and more used for classical clothing such
as sophisticated sports and leisure wear, metallic glimmered clothes, etc. These treatments will be
succinctly described under this heading; however, the production of technical textiles cannot be
discussed in all its aspects.
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Figure 6·1: Survey of textile finishing treatments

In the case of fabric (including carpets in piece form), the finishing treatment often takes place as a
separate operation after dyeing. However, this is not a rule: in carpets, for example, mothproofing
can be carried out during dyeing and, in pigment dyeing, resin finishing and pigment dyeing are
combined in the same step by applying the pigment and the film-forming polymer in the dyeing
liquor.

The following figure asses the finishing of different textile products.
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Figure 6-2: Importance of the finishing of different textile products

6.2 Finishing techniques

6.2.1 Mechanical/physical treatments

Mechanical treatments are mainly applied to produce webs such as cord and velvet. These fabrics
are obtained by harshening, sanding, emerising, and cutting a textile surface, using appropriate
machines. Depending on the kind of cord and velvet, the ground material is made of a (woven,
knitted, or non-woven) surface of cotton, polyamide, polyester, or polyurethane, and the web is
made of wool, cotton, silk or synthetics [17).

Prior to mechanical treatments, the materials are prepared by applying stiffening or softening
agents. Bee wax is sometimes applied to the web prior to brushing, to obtain lustring of the mate­
rial. The mechanically treated fabrics usually undergo subsequent chemical treatments such as
shrink-resistant treatments. Some materials also necessitate the application of lustring agents.

Physical treatments apply steam or vapour in conjunction with pressure or stretching techniques.
The effects of treatments such as calendering, pressing, etc are comparable to those of ironing:
the material is laid out suitably, lustring and handle are improved. Different machines are employed
and differ in the types of material they are able to treat. Steam is more suited to fashion surfaces
made of hydrophilic fibres, whereas contact heat is best adapted for ennobling synthetics. Special
machines even allow the application of pressed patterns to obtain surfaces such as moire, gauffre
or plisse, etc:
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These effects are often made permanent by applying so-called permanent press finishing agents.

These products are frequently called non-creasing or non-shrinking agents, and are also frequently
referred to as "cross-linking agents" (reactant types) or "prepolymers. Expressions such as "syn­

thetic resin finishes", "synthetic resins", "resins" and "aminoplasts" - although misleading - are also

frequently used. Such an agent is monoethanolaminsulphit, used for fixing gaufrage made of cot­

ton, or for permanent fixing of lustre on cellulose material made of melamine resins. Treatments
combining mechanical/physical and chemical methods are further discussed in the chapter dis­

cussing chemical finishing, as well as in the section relating to finishing chemicals.

6.2.2 Chemical treatments

The refinement of textile materials using chemical substances became more and more popular in

the past few years. This might be due to the fact that the only way for European textile finishing

industry to subsist seems to be the development and promoting of supplementary sophisticated
textiles, especially products derived from technical textiles.

Historically, three general finishing systems have evolved based on the processing of the three

major natural fibres; cotton, wool and silk. These general systems differ in the processes and
equipment used. The cotton finishing system predominates. The synthetic fibres and their blends

with natural fibres are finished in the general system which best fits the fabric type in which they

are used.

For most chemical finishes, such as easy care, soil-release, water repellents, and fire retardants,

the fabrics must be properly prepared and be free of fibre finishes and contaminants, residual

sizes, and inorganic salts if optimum results are to be obtained.

Although there have been some attempts to use solvent systems to apply chemical finishes, most

are applied commercially from aqueous systems [266]. The traditional method for applying finishes

is described in the following sections.

In more than 80 % of cases, the finishing liquor, in the form of an aqueous solution/dispersion, is

applied by means of padding techniques. The dry fabric is passed through the finishing bath con­

taining all the required ingredients, and is then passed between rollers to squeeze out as much as

possible of the treating solution before being dried and finally cured. Washing as a final step tends

to be avoided if not absolutely necessary.

In order to reduce the pick-up, other so-called minimum application techniques are gaining impor­

tance. These are topical application methods such as (see further the heading below, coating and

laminating):

• kiss-roll (or slop-padding) application (the textile is wetted by means of a roller, which is

immersed in a trough and which applies a controlled amount of liquor on only one side of

the textile);

• spray application;

• foam application (air rather than water dilutes the finishing chemicals).
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In the case of foulard application (see principle in section 5.2) the pick-up is approximately 70 %,

while with minimum application systems this can be about 30 %. In the minimum application tech­

niques, however, the liquors are more concentrated by a factor of 2 to 3 in order to allow the same
amount of active ingredient to be applied [198].

In the wool yarn carpet sector the functional finishes are applied to the yarn or to the loose fibre
either during the dyeing process or in the subsequent rinsing bath.

Apart from particular cases where there are problems of incompatibility between the different aux­
iliaries, both with padding and long liquor application techniques (batch processes), all the finishing

agents necessary to give the textile material the desired properties are applied in a single bath

rather than in different steps [2, 266].

6.2.3 Coating and laminating

The auxiliaries for production of technical textiles are applied by the usual processes, e.g., pad­

ding, with nip rollers, spraying, coating and strewing. Wet processes of surface finishing may in­
volve the use of foam. Dry processes are increasingly used, both to apply powders, e.g., for sin­

tering and melting, and in transfer processes. The well-known conditions for drying and curing are

generally the same as those used in classical textile finishing. To these must be added molding
operations and adhesion processes [266]. However, important auxiliaries for the finishing of tech­

nical textiles differ from the classical ones; for example, polymer dispersions for fibre bonding or

coating, cross-linking agents, resins, etc. As particular substances gain importance in the finishing
of even traditional clothing, it is important to consider processes such as coating and laminating.

Comprehensive descriptions of those particular processes are given in the following sections in

order to permit an assessment of the chemical substances involved.

A laminate is obtained when a textile surface and another material are coupled. In the cases we

are interested in, the textile usually dominates in the produced laminate. Examples of products

obtained using laminates are upholstery furniture, protective clothing with signal colour, shoes, tent
canvas, leisure wear, etc. The techniques used are mainly spraying, printing, foaming, extruding,

coating, bonding and laminating.

Bonding is the term used to describe a technique where a textile fabric is glued to another textile

material, using glue or thermoplastics. When the textile surface is glued to other materials like pa­

per, plastic film or foam, one speaks of laminating. Heat or glue, even as film can be used to bond

the different surfaces together.

Coating is more specifically the applying of a film on one side of the textile material. The applica­
tion is performed using techniques based on doctor blades, or smelting. The film can be applied

directly, or using a transfer principle. The following table summarises the main application tech­

niques [17].
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Application technique Principle Examples of textile materials

Direct coating Doctor blade or rollers Most used technique when pastes

are to be applied

Reversal or Transfer coating Direct coating of a paste on an inter- Coating of work wear and publicity
mediate surface (e.g. siliconised pa- banners (see also transfer printing
per) and subsequent smelting on the technique)

textile

Exhaustive coating Dipping the textile fabric completely Not a popular method, used mainly to
into the liquor produce canvas for marquee and tar-

paulin

Coating using a calendar Polymeric (PVC or polyurethane) Engraving is possible

pastes are mixed and applied by Applications are e.g. sealed table-
smelting on the substrate, as a film or cloth, synthetic leather, shower cur-
spots tain, floor and wall covering, tarpau-

lin, etc

Direct coating using an extruder The same principle as for calendar- Mainly coating with polyolefin film
ing, but the smelting occurs in a

screwed extruder and the polymeric
mass is applied as a film on the sub-

strate

Foaming Special polymeric emulsions are Production of cracked leather (Bay-

continually mixed and sprayed, cast process);

foamed on the substrate (or an inter- Modified processes are being de-
mediate support) vised

Floc coating A glue is first applied by direct coat- Carpets, some cords, and velvets

ing on the textile surface, f10cs (short
textile filaments) are then shaken out
and electro statically directed on the

glued surface.

Table 6-1: Main application techniques for coating and their principles

Common to all coating and laminating processes are, besides the applying of paste, film or mate­
rial, the fiXing together of the surface components; particularly the hardening of a coating which is
an important factor and can be obtained using the following principles [17):

• volatilising or vaporising;

• gelification;

• cross-linking;

• cooling;

• coagulating;

• combinations of the different principles.
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Hardening techniques Principles Examples of application

Volatilising or A hard polymer is solvated or dispersed One-component polyurethane, polyamide, ac-

Vaporising in a solution or solvent; after application, rylate, and multi component polymers of PVC;
the solvent or dispersing agent is for mass PVC ethylacetate is used as solvent
evaporated

Gelification Elevation of temperature (160-200 ·C, PVC plastisols (polymer powders dispersed in
depending on the plasticizer used) pro- fluid and oil plasticizers)
motes a homogenised mass

Coagulating A solvated polymer is applied on the Mainly one-component polyurethane
textile surface and subsequently ex- An example is the production of synthetic
haust in a bath containing a not-miscible leather
and not-solvating solution; the polymer
precipitate and the remaining solvent is
washed out

Smelting Some polymers are able to vitrify or Mainly polyolefin (Polyethylene, polypropylene)
plasticise when heated for a defined as well as PVC and Polyamide
time

Cross-linking (external or After a controlled chemical reaction Natural (NR latex) and synthetic lattices like
internal) among molecules of the polymer, called Butadien-Acrylnitril; Butadien-Styrol or Poly-

(vulcanising') vulcanisation, the polymer remains in an chloropren polymerics (NBR-, SBR- or CR-

elastomeric condition; catalysts have to latex, respectively)

be added for cross-linking the polymers Applications of these synthetic textile materials
(see further text below) are, beside conventional technical articles and

carpets, to an increasing degree in the produc-
tion of home textiles, bags, fashioned clothes,

etc

, consult for more details [306]

Table 6-2: Hardening techniques ofcoating and laminating processes, and exam­
ples ofapplications

Cross-linking of the polymers applied to a textile is a very common technique. Besides the hard­
ening of the coated film, cross-linking enables swelling of the fibre and shrinkage of the textile to
be minimised, as well as high wet and dry strengths to be achieved. Cross-linking of the polymer
can be produced by two methods:

1. externally, by the addition of a cross-linking agent to the polymer (see further 6.5 Finishing
chemicals);

2. internally, by means of a cross-linking component copolymerised into the polymer (self­
cross-linking). The polymer on the fibre cross-links in the presence of acid catalysts and
heat [266]

The possibility of directly polymerising monomers onto the fibre to form coatings and to provide
fibre bonding has been investigated for many years. However, this has so far not been possible in
large-scale textile production, whether by initiation with peroxides, cerium compounds, etc., or by
the use of UV, or electron beam radiation, or gamma-rays [266].
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6.3 General finishing: refinement of look and feel

The following finishes affect the optic and handle of textile materials. These effects are mainly ob­
tained through the application of chemical substances which do not react chemically with the textile
material.

6.3.1 Optical brightening

These processes are attached to the bleaching section. For more details about chemicals involved
in this process, please consult the corresponding chapters.

6.3.2 Softening

Softening is applied in order to improve the handle of woven and knitted fabrics, and the lubricity of
fibre, yarn, and fabrics. The improved lubricity exhibits itself in improved tear strength, reduced
needle breakage during sewing, improved fabric drape, and softer feel. Three methods of softening
are used, either alone or in combination:

• mechanical softening;

• chemical softening;

• biological softening (or bio-polishing).

The mechanical production of soft handle is the oldest method of handle modification at a time
when mainly filing and weighting agents were applied in order to achieve a softer handle by loos­
ening the stiff, hard, board-like woven fabric. Even crushing a woven fabric on a calendar between
paper or cotton rollers gives a softer handle [75] (see also 6.2.1).

Chemical softening is a treatment in which a (mainly) aqueous solution containing softening agents
is applied to fabric. The chemicals used to obtain the desired effect are anionic, cationic and non­
ionic substances which can be added after dyeing. Softening agents are surface-active substances
with a long chain hydrophobic part and a short chain hydrophilic water solubilising group, and,
thus, are surfactants (see 4.4.2 Surfactants). Softeners form a film of high tenacity on the material
they wet. Anionic softeners account for less than 10 % of the total market, the remainder is almost
equally divided between the other softeners [17, 266]. Simple substances such as emulsified or
sulphurised vegetable oils and fats are nowadays usually substituted with synthetic products.

Softening agents are prepared from sulphated fatty alcohol, substitute quaternary ammonium de­
rivate, polyoxiethylene derivatives, fatty acid derivatives of melamine resins, siloxane, etc. Some
products impart a permanent soft handle. For the best possible softening effects the chain length
of the fatty group should be about C,8. The fatty group is connected to a hydrophilic solubilizing
group. A great variety of linkages and solubilizing groups are used.

Broadly, all the available softeners are divided into two groups: non-permanent and permanent. A
classification on the basis of their substantivity is also possible [266; 280; 199; 75]:

• substantive softeners;
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• non-substantive softeners;

• reactive softeners;

• amphoteric softeners;

• special softeners.

Substantive softeners are generally cationic compounds which are attracted to the negatively

charged textiles in aqueous baths. The softening effect produced is durable to washing treatments.

Cationic softeners are the most widely used softeners in the garment processing industry due to
their cost efficiency and wide range of potential textures [199).

The simplest cationic softeners are primary, secondary, and tertiary amino compounds and their

salts formed by neutralisation with a quaternising agent such as acetic acid. Reaction of amines

with alkylating agents such as methyl chloride, benzyl chloride, etc. produces quaternary softeners
(Le. "quat"). Quaternary methylammonium compounds containing one or two fatty alkyl groups are

used extensively as cationic softeners in home laundering, but only to a small extend in fabric fin­

ishing. Quaternary ammonium compounds including dimethyl ammonium chloride (DTMAC),

distearyl dimethyl ammonium chloride (DSDMAC) and di(hardened tallow) dimethyl ammonium

chloride (DHTDMAC) have been cited [3).

Amino esters form an important group of cationic softeners, prepared by the reaction of fatty acids

or acid chlorides with amino alcohols or hydroxy ethylene diamine [75). Fatty amides of diamines,

such as aminoethylethanolamine, which react with acetic acid to form acetate salts have been

used as substantive softeners, but these compounds tend to yellow with heat or aging. Complex

products formed by the reaction between amino amides with ethylene oxide, followed by quaterni­

zation with chloromethane or methyl or ethyl sulphate exhibit less tendency to yellow and are
therefore widely used. The amino amides may also be cyclicised to form imidazoles before being

converted into acid salts or quaternised [266). Imidazolines constitute an important class of soften­

ers; the cyclic compound imidazoline has a low melting point and higher solubility than the parent
amidoamine. Alkylamines, formed by the reaction of fatty acid and diethanolamine, can also be

used as softeners by making them cationic [75).

Application:

• cationic softeners are substantive to cellulosic fibres and can be applied by exhaustion as
well as by padding;

• cationic softeners are more effective at increasing the drape and limpness of cellulose
containing fabrics than the nonionics are.

Noticeable recent developments in cationic softener chemistry are quaternary imidazolinium salts.

Moreover, dioleyl dimethylammonium chloride cationic softeners were found to give good softness
to cotton terry towel, compared to distearyl dimethylammonium chloride [75).
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Cationic softeners Examples of structures

Amine salts and quaternaries [ R, R, r\/

( ) /-R cr

e.g. Dimethylamine hydrochloride [506-59-2]

Amino esters 0

R)lN~~~OH
H

Reaction product of fatly acid and polyamines

o ['

R)lN~N~
H

e.g. Aminoethylethanol amine, acetate salt

Imidazoline +

R-<~
CH3COO·N

CNH2

Fatly alcohol based
R1

" /R2

N

I
e.g. Distearyl dimethylammonium chloride [107-64-2]

Difatly amido-imidazoline based

[.J-) Jl ]~,w,
/~~ R

Difatly bis-imidazoline based

[ rN~ eN

RJ;"~"!,R
2CH3SO,-

Difatly amido-amine based [ ro \ R 0

R)l~~N~~)lR
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Cationic softeners Examples of structures

Dicyanidiamide/stearylamine based

[ rH, H H
~N N N,

HO Y Y C18H37 CH3COO·

NH NH

Diethanolamine based °
R)lN~OH

~OH

Table 6-3: Examples of cationic softeners

Non-substantive softeners, like nonionic softeners, are compatible with all finishing agents and,

thus, are among the most useful finishing auxiliaries. When applied on the substrate, the mole­

cules align themselves by mechanical deposition. Their water solubility depends on the number of
centres of hydration.

Fatty acid derivatives, (about C18• chain length) when linked to ester or ether group, and the hydro­

philic portion of the molecule may be glycerine, polyoxyethylene, sorbitan, or ethoxylated sorbitan

are typical examples of non-ionic softeners [266]. The glycerides, fats and oils, in actual use dis­

persed by sulphated oil, are available in the form of cream coloured paste. They are non-yellowing

softeners for cotton and synthetic fibres when applied along with optical brighteners [75].

Application:

• nonionic softeners are especially useful where protection from yellowing is important, or
where compatibility with anionic components such as optical brighteners is needed;

• nonionic softeners tend to give surface smoothness to fabric, without excessive drap;

• nonionic softeners are often used as lubricants to assist in napping and other chemical

processes which involve metal-fibre friction.

Nonionic softeners Examples of structures

Polyethylene glycol/fatty acid based
Ry0""-- Ry0""--(CH2CH2O)nH (CH2CH20)nCOR

° °
Table 6-4: Examples of nonionic softeners

Non-substantive softeners, like anionic softeners, are only slightly adsorbed, as most of the textile
materials show anionic nature in aqueous baths, and thus repel negatively charged molecules and

colloids.
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During padding, softener is mechanically deposited and the amount orients itself in a characteris­

tic manner with the hydrophobic portions as external coatings of the oil. Anionic softeners are not

popular due to poor exhaustion, but are particularly useful for cellulosics and cottons before sanfo­
rising (see 4.3.1) [75].

Emulsion of oils, fats and waxes are made of anionic or non-ionic surfactants (see 4.4.2) as emul­

sifying agents and are stabilised against development of rancidity and discolouration. Sulphonated
fats show excellent softening and emulsifying properties [75].

Softeners consisting of sulphonated oils or fatty esters, often blended with unsulphonated oils, are

widely used on plain finish fabrics, such as denims, to facilitate comprehensive shrinkage of the

fabrics. The products act as lubricants as well as wetting agents [280].

Soaps of sodium or potassium stearate type with glycerol monostearate can be used to impart

smooth, bulky handle to bleached cottons and rayons. Superfatted stearic acid soaps impart to silk
material a bulk and soft handle, difficult to obtain with synthetic softening agents [75].

Furthermore, sulphated oils and tallow are used, having the hydrophilic radical near the centre of

the molecule, which is said to permit a greater amount of oily matter on the fibre surface. However,

they tend to yellow and become rancid due to oxidation. By adding antioxidants and preservatives,

this can be minimised. Sulphated fatty alcohols, when applied in low concentration, tend also to

produce a smooth, waxy handle. In certain cases, mixture of either sodium stearate or triethanola­

mine salt of stearic acid and fatty alcohol sulphate in the presence of liquor ammonia is used as an

anionic softener for cotton and other fabrics. Half esters or short chain dicarboxilic acids with fatty

akylamides are also used as anionic softeners [75].

Soluble oils - so-called sulphonated oils - were the first step towards overcoming the weakness of

soaps towards hard water. Turkey Red oil was the forerunner of these compounds. The introduc­

tion of sulphuric acid residue renders fatty acid soluble in water and imparts certain amount of re­

sistance to acid, compared with soap [75].

Anionic softeners however have limited durability to laundering and dry cleaning. Since affinity to

fibre is low, relatively large amounts of the softeners must be applied in order to obtain a softening

effect.
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Anionic softeners Examples of structures

Oil, fat, and wax emulsion (see 4.2.2)

Soaps of sodium or potassium stearate type with glycol monostearate -< N+C
17

H35 a

0-

e.g. Sodium stearate [822-16-2]

SUlphated oils and tallows

Sulphated fally alcohols

Soluble (sulphonated) oils CaH17CH(OS03H)CH2C7H 14COO~

Table 6-5: Examples ofanionic softeners

Another class of non-substantive softeners are emusion softeners made of wax or polyethylene.

Waxes like paraffin wax, bees wax, carnuba wax, etc. are applied in an emulsified form on textile
material to impart a soft and supple handle. Stabilised paraffin wax emusion provides softening

and finishing to cotton and rayon. Slightly dilute emulsions may be applied by padding, without

washing when dried. For lustre effect, the fabric is further calendered. More dilute emusion can be
applied in a jigger. Wax emusion can be used as a binding agent for china clay for combined dull­

ing and weighting of rayon (see 4.3.4). It is also used in sizing mixtures (see 4.3.1) (75).

Polyethylene emulsions are secondary emulsions of low molecular mass oxidized polyethylenes.
They may be used as pure finish and applied on fabrics made of natural or synthetic fibres. After

padding, no curing is required. Moreover, polyethylene emulsions gain in popularity by virtue of

their ability to reduce losses in tear strength during resin finishing (see 6.4.4). In resin finishing, 15

to 20 giL of the polyethylene emulsion may be used. The handle of the fabric is improved when
used alone or in combination with other finishing ingredients such as quaternary ammonium com­

pounds, silicone emusion, etc [75).

Softening action is due to the deposition of a relatively soft, smooth surface film. The important

products belonging to this group are the polyethylene emulsions, yet polyester emulsion, etc are
also available. They are prepared by polymerisation of the monomer, which has been emulsified in

the water phase.

Application:

• polyethylene emusions are widely used in finish baths where they function more as lubri­

cants than as handle-modifying agents;

• they improve the tear strength and abrasion resistance of fabrics as well as ease of sew­

ing but increase seam slippage.



387

Wax and polyethylene softeners Examples

Bees wax, carnuba wax, stabilised paraffin wax

Polyethylene emulsion

Table 6-6: Examples ofpolyethylene softeners

Non-substantive softeners, like silicone emulsions (or resins), have siloxane chains as their fun­

damental units. Silicone forms oil-in-water and water-in-oil emulsion. This emulsion is suitably di­

luted before using. The fabric after impregnation is dried and cured. For satisfactory durability, a

catalyst is introduced to the emulsion system to promote cross linking [75].

Silicones, systematically termed polyorganosiloxane, used for textile purposes are mostly polymers

with a linear structure (Le. repetitive dimethylsiloxyl groups -RSiO-). These polymeric chains are
partially hydrolysed with alkoxy-dimethylsiloxy functions, or ended with trimethylsilyl groups. These

alkoxy-dimethylsiloxi groups may afford cross-linkage in presence of water and form the so-called

H-siloxane. The cross-linkage can further form dense, three dimensional polymeric nets. Silicones

with relatively polar side-chains such as aminopropyl-, amido-, pierazino-, or cyclohexyl groups ate

mainly used for hydrophobic and softening purposes. Polyoxyalkyl-side-chains improve the soil­

release abilities of siloxanes [186] (see further 6.4.2 Finishing with repellents).

Chemical modifications of the silicones are necessary to obtain finishes which do not alter at high

temperatures (Le. yellowing of the textile after curing). The simplest method to reduce yellowing is
to use amino silicones containing a reduced amount of amino groups. Another modification is to

prepare silicone based on Si-C3H6-NH2 elements. However, the basic silane is difficult to be syn­

thetised, which makes it more expensive. Alternatively, the amine can be alkylised to Si-C3H6-NH­

C2H4-NR2 (R=Me or Et), or it can be involved in more complicated ring systems. Yet, the easiest

method is to acylate the amine. The acylation with acetan hydride is a cheap and rapid method.

However, this chemical substance is difficult to obtain in some countries, as the substance is also

used to acetylate opium base into heroin. Other acetylations are proposed with butyrolacton. All
these modifications commonly reduce the yellowing tendency of silicones, but also blocks the anker

nitrogen. A reduced softening effect is the consequence [351].

Silicones are classified as non-reactive, conventional reactive and organo reactive [75]:

• non-reactive silicones are dimethyl polysiloxanes. Dimethylsilicone fluid emulsions are
often used as softeners and are particularly effective on synthetic fabrics. They impart a

unique surface smoothness to fabrics. The softening is not very durable to washing, since

there is no reactivity in polydimethyl polymer. Introducing amino group via alkyl group as a
pendant group in the siloxane macromolecule (Le. amino silicones) considerably en­

hances softening. However, the fabric yellows during curing and thus are only recom­

mended for dark coloured fabric;
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• conventional reactive silicones are dimethyl siloxane polymers which have been modified
using silane, silanol or ester functional groups;

• organo reactive silicones are also dimethyl polysiloxane polymers, but are modified with

functional groups capable of reacting with fibres, durable press resin, latex systems or

with themselves. The amino mercapto and epoxy groups are an example of such func­

tional groups. Organo-modified silicones containing epoxy, hydroxy, or amino groups are

often used on fabrics containing cellulose. Epoxy modified silicones react with cellulosic

fibres by virtue of both the silanol end group and the reactive epoxy group; they are solu­

ble in water and do not require emulsifying agent. Amino silicones are particularly effective
softeners but tend to yellow; they are often blended with fatty cationic softeners. The

chemical modification of an amino silicone emulsion using dialkyl oxalate results in the

formation of a stable emulsion of amide modified silicone with non-yellowing attributes and
distinguishable change in softness.

Application:

• simple silicon emulsion, partially obtainable as microemulsion are able to be incorporated

between the fibres, but are not permanent;

• methyl- and amino- modified silicone resins are cross-linked after incorporation between the
fibres and thus impart a permanent soft- and smooth handle.

Silicone emulsion softeners Examples

Non-reactive silicones (dimethyl polysiloxanes)

-HH~;-
Conventional reactive silicones (dimethyl siloxane polymers modified with

Ho-HH"1;-OH
silane, silanol or ester functional group)

Organo reactive silicones (dimethyl polysiloxane polymers modified with

R-l+Ltf-LtJ,--,reactive group)

e.g. epoxy modified silicone

e.g. amino functional siloxane I I n (bH
2
hm I

I/NH(H2Ch

INH3
Table 6-7: Examples of silicone emulsion softeners
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Siliconemulsions with reduced propensity to thermomigrate or either to yellow indigo jeans.are

obtained by using alternative non-ethoxilatated emulsifiers. Example of such textile specific sili­
cone emulsifiers are alkylpolyglycosides [351] (see further 4.7.2).

Newly developed permanent and hydrophilic softeners based on silicone are the so-called poly­

quaternary polysiloxanes. The structure of this silicone is characterised by linear polymeric chain

fragments of siloxanes separated by one negatively charged azote atom. The hydrophilic ammo­

nium-functionalised polysiloxane are said to produce a finish with both good handle and wash­
proofing. Moreover, the yellowing tendency is reduced and the hydrophilicity of the softener is

raised [352; 356]. An example is compound with CAS-Nr. [409318-77-0], a polyorganicsiloxane

having piperidinyl functions [391]. Another amino-functional organosilicone compounds exhibiting
low foaming and providing organic fibres with good softness is manufactured under CAS-Nr.

[395667-44-4] [377].

Reactive softeners have reactive groups in them which react with the fibre substance and yield a

softening effect. This bond is a definite covalent bond, formed in the presence of an acid catalyst at
elevated temperatures.

Thus softeners posses a reactive group, such as sulphonic acid, isocyanate group, etc. which re­

act with the hydroxyl groups of the substrate. Their application is also similar to non-ionic soften­

ers, (temporary effects are obtained when not cured) and to durable softeners.

Stearyl amidomethyl pyridinium chloride is one of the oldest products of this class. Yet, due to lib­

eration of pyridine and possible yellowing, its use is restricted. The reaction product of diisocyanate
monoethanolamine and higher alkyl isocyanate are softeners based on diisocyante monoethanol­

amine. Further, products prepared from cyclopropane monocarbonic acid, monoethanolamine and

higher alkyl isocyanate are used as reactive softeners. N-methylol based derivative with higher

fatty acids produce reactive softeners. Softeners based on 1,3,5 triazine are prepared using the

idea of reactive dyes: a strong hydrophobic higher alkyl group is attached through -NH- bridge to a

mono or dichloro-1,3,5 triazine group. Moreover, a great variety of polyethylene glycol modified

triazine compounds are available as reactive softeners.

Softeners based on octadecyl ethylene urea impart durable water repellency (see 6.4.6 Finishing
with repellents) with a softening effect. They may be applied to cellulosic fabrics along with cross­

linking agents such as DMDHEU, DMEU, etc by pad-dry-cure techniques (refer to 6.4.4). For good

softening and water repellency a solution of 0,6-2,5 %owf can be used.

Softeners based on epoxy compounds are applied to cotton and wool fibres. Recently developed

softeners are condensation products of appropriate carbamates with formaldehyde. On the other
hand, amidourethane with cyclopropanyl reactive groups are softeners reacting without a catalyst.

Stearylamine epichlorohydrin based softeners also produce durable softening.
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Reactive softeners Examples

Stearyl amidomethyl pyridinium chloride C17H3S

\ +
CO-NHCHz(CzHsN )Cr

Softeners based on diisocyante monoethanolamine

Softeners based on cyclopropane monocarbonic acid C18H37

\
NHCO-C2H4-NHC~

Softeners based on N-methylol based derivative with higher fatty acids

HN----<O
a==< R

HN\

OH

Softeners based on 1,3,5 triazine CI

NAN

A~RX N N/
H

Softeners based on polyethylene glycol modified triazine compounds V y

NAN NAN

WAN~oAN~Z
(A)n

Softeners based on octadecyl ethylene urea
C"H~ ----<0

HN

l>
Softeners based on epoxy compounds

",-<0
°j-OH

R

Softeners based on carbamates jOH

RO-C-N
0 L OH
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Reactive softeners Examples

Amidourethane with cyclopropanyl reactive group ~NH

C18H3SNCO + HO ~H
0

Stearylamine based softeners (stearyl amino epichlorohydrin based and OH
stearyl amine/urea reaction based)

)-JCI

C18H37NHCH2

Table 6-8: Examples of reactive softeners

Amphoteric softeners consist of one or more long chains attached to a polar nucleus, which con­
tains both cationic and anionic properties. The effective polarity of the molecule as a whole de­

pends on the pH of its environment.

Amphoterics

• impart a greater antistatic effect,

• are more durable and;

• are better softeners than anionics.

Further, they are not as permanent as cationics but compatible with other classes of softeners.

However, amphoteric softeners are quite expensive and have not found wide acceptance.

Typical molecules are substituted amino acids, sulphobetaines, amines oxides and imidazolines
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Amphoteric softeners Examples

Substituted amino acids

R-N(\COO'

Sulphobetaines R R
\/ .
N+-(CH2>n-S03
/
R

Amines oxids R R
\ /
N+-O'

/
R

Imidazolines H

~+
R-()

N

~
~C~O

Table 6-9: Examples of amphoteric softeners

Special softeners did not come under any of the classes above, but can be used along with the
other products for multiple advantages.

A novel use of biotechnology in textile processing is bio-polishing. The treatment of cellulosic fibres
with specific cellulase enzymes in order to improve surface appearance is a controlled hydrolysis.
Cellulase reacts aggressively with 1-4 glycoside bonds in the cellulose and destroys part of the
surface; consequent enzyme treatment should be optimised by the maximum weight loss at mini­
mum strength loss of the material. Three types of enzymes are available: acid stable, neutral sta­
ble and alkaline stable. The acid enzymes are used exclusively for biopolishing, as they are the
more time and cost effective. Alkaline stable is used in some laundering detergents to remove
stains. Conventional machines such as winch, drum, padding mangle, etc. can be employed for
enzyme finishing at any time during wet processing, but it is most conveniently applied after
bleaching, either combined with other treatments or as a separate operation. Bio-polishing is a
permanent finish which further lowers the tendency to pill, increases the flexibility and thus makes
a soft handle, smooth surface and clear surface appearance. The treatment is applicable to jute,
ramie, flax, etc.. Cellulase enzymes are also used for stone washing of denim jeans. Mostly, neu­
tral and acid enzymes are used. Acid enzymes are faster than neutral enzymes but impart back
staining properties [152].

Additional speciality softeners are polymeric softeners such as polyacrylamide, polyvinylalcohol,
polyvinyl acetate and polyacrylate formulations.
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They are used with other functional chemicals (e.g. silicones and amino silicones, reactive soften­
ers, resins, etc.) and impart softness and anti-crease properties.

Latex based softeners are the latest ones on the marked. They are hydrophilic latex based soften­
ers used for woven and knitted cotton, dyed cotton yarns, jute-woollen blends and terry towels,
which have multiple advantages. For soft and silky handle, synthetic latex-based softeners can be
used in the form of emulsion.

Special softeners Examples

Enzymes

Polymeric softeners

Latex based softeners

Table 6·10: Examples of special softeners

Another kind of textile softening is obtained when delayed-cure system using microencapsulated
reactants are used (see Easy-care finishing of natural and regenerated cellulose in 6.4.4). As the
capsule walls are made of ethylcellulose, the residue of the wall material after curing contributes to
the physical properties of the fabric, Le. it functions as a fabric softener [379].

Some specific process characteristics when finishing synthetics with softeners can be found in [71;
72). Other than for cellulosic fibres, the pH during application of cationic and amphoteric softeners
have to be led in neutral or light alkali bath, and temperatures up to 50/60 Care usefull for con­
tinuous finishing. Application of chemicals using continuous technique is particular problematic on
polyester fibres. The low substantivity of the polyester fibres make it necessary to use further spe­
cific electrolyte preparation which provoke a controlled precipitation of the finishing substances on

the fibre surface.

6.3.3 Stiffening

Stiffening fabrics can be done by applying substances that swell and solvate the surface, by sin­
tering (vitrifying) thermoplastic fibres, or by impregnating the surface with stiffening and aggluti­

nating agents.

Swelling processes are used to obtain textiles called organza, glassy lawn, etc. These fabrics are
made of cotton mousseline previously treated with concentrated sulphuric acid (or other mineral
acid). A mercerising under tension is applied before and after the acid treatment. Strictly speaking
it is not a finishing treatment, even though the result is a transparent and stiffened, but elastic ma­
terial. A subsequent colouring is also feasible.

Stiffening processes use impregnation with various permanent or non-permanent stiffening agents.
Fabrics made of polyamide are treated with solutions of zinc or calcium chloride to obtain, after
drying and treatment with hot air, a permanent stiffening effect. Some organza imitations are ob­
tained by treating mousselines with polymeric solutions or dispersions.
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Permanent stiffening of knitted and woven fabrics are obtained by impregnation using polymeric
resins, or combinations of water soluble products containing OH-groups (such as starch, polyvinyl
alcohol, alkyl cellulose, etc) with formaldehyde amine resins to stiffen. The polymeric resins are
based on acrylic acid ester, vinyl acetate, and vinyl chloride. In finishes on cellulose-containing
fabrics, soluble and emulsion types of stiffeners are used. The soluble types include poly(vinyl al­
cohols) and modified starches (e.g. hydroxyethyl starches). The most widely used emulsion poly­
mers are poly(vinyl acetate) and acrylate and methacrylate copolymers. The effects are washfast
but not resistant to organic solvent washing. An improvement can be obtained by addition of tem­
perable resins like prepolymer of urea, melamine-ethylurea, polyacrylamidmethylol, or triazon­
formaldehyde [17]. These copolymers contain reactive groups, such as methylol amide or epoxy
groups, which undergo cross-linking on curing, making the polymers more insoluble and resistant
to laundering. Polymeric methylated urea- and melamine-formaldehyde resins are to be preferred
on 100% synthetic fabrics. Stiffeners made of polymeric compounds are also called hand builders
[266]. Further details on synthetic resins are given under the heading functional conditioning.

6.3.4 Special breakthrough effects such as ajoure, devore, crepe, etc.

Ajoure is an embroidery technique which creates open areas, often in figured patterns, usually on
a woven fabric. Devore is more specifically the production of a pattern on a fabric by printing with a
substance that destroys one or more of the fibre types present. A lot of such breakthrough effects
exists, they are mainly obtained by destroying one of the fibres of a textile surface made up of dif­
ferent fibres.

Depending on the nature of the fibres that have to be destroyed, several treatments and chemicals
are possible. A fabric made of silk and cotton, or polyamide and viscose, can be broken by de­
stroying the cellulose fibres during carbonising with aluminiumsulphate, or boiling with caustic
soda. Benzoylperoxide is the substance which is printed on acetate fibres to destroy them and
produce devore. Consult further discharge printing of the different fibres ( in chapter 5.3) to obtain
more information on oxidising and reduction agents.

A so-called burning (a newly re-discovered fashion) is obtained by impregnating, with mineral ac­
ids, a fabric made of cellulose and embroidered silk or wool [17].

Beside the "true" crepe qualities manufactures by weaving, crepe articles produced by treatment
with chemicals are actually to be considered printed products (5.3). Principally, chemically pro­
duced crepe effects can be obtained using two different methods [361]:

• imprinting a fabric with a base;

• printing with reserve paste.

The first method is based on imprinting of a thickenered concentrate sodium hydroxide solution,
which lead to a local mercerising and crimping of the printed place. A typical recipe includes:

• 980 g caustic soda 40 Be;
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• 20 g solvitose thickener;

• optional wetting agents.

After crimping, the fabric must be carefully washed and the remaining caustic soda further neutral­

ised with acetic acid. A last washing step with small amount of formic acid may also improve the

handle of the crimped fabric. A further treatment with reactant crosslinking agents (easy-care fin­

ishing, see also 6.4.4) will further improve the washfastness of the crepe effect. An appropriate

finishing bath may thus contain:

• 150 g/I Dimethyloldihydroxyethylen urea or Dimethylolethylen urea;

• 30 - 40 g/I Polyethylene emulsion (approx. 33 %);

• 0.6 g/I Magnesiumchloride;

• 0.6 g/I citric acid.

Compared to the caustic soda method, the reserve printing uses a dextrin or britisch gum thickener

that is applied on the fabric, dried and further padded through a caustic soda liquor. Special dye­
stuffs can optionally be added to the reserve paste, to obtain interesting coloured crepe effect. An

interesting alternative to classical reserving agent is the treatment with highly active hydropic re­
pelling agents (see 6.4.6). A typical reserve paste containing reactive dyes contain thus:

• 320 g Alginate thickener;

• 200 g urea;

• 10 g Revatol® S Gran;

• 100 - 180 g acrylate binder;

• 20 g silicone softening agent;

• 30 - 80 g hydrophobic repellent (based on fluorocarbon);

• 40 - 80 g sodium trichloroacetate;

• X g Dystuff, to prepare 1000 g paste.

Some interesting lustring effects can be obtained by further calendering the crepe. The reactive
dyes can also be replaced by pigments or glossy pearl preparation. The receipt thus can enclose:

• 600 g Galactomannane thickener;

• X g Water, to prepare 1000 g paste;

• 50 g Permethylated glyoxal resin;

• 40 g Silicone based hydrophobic repellent (with crosslinking agent and catalysator);
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• 20 g Silicone softening agent;

• 15 g Zinc nitrate;

• Y g Pigment or glossy pearl preparation, to obtain 1000 g paste.

Moreover, crepe effects can also be obtained on wool. Mostly unchlored wool mousseline is
crimped using diverse chemicals such as calcium rhodanide (mainly), calcium nitrate, barium rho­
danid, zinc or aluminium salts. The recieopt include:

• 500 - 600 g/kg calcium rhodanid;

• 500 - 400 g g/kg cellulose ether thickener;

• optional fast-fixing acid dyes.

Crepe effects on silk are obtained using ammonium rhodanid. Moreover, synthetic polyamides can
be treated with a variety of shrinking agents. The most popular chemicals are phenol and resorcine
(10 - 35% conc., thickened with galactomannane). Coloured shrinking effects are obtained with
additional acid or disperse dyestuffs, matt-, silver- or gold pigment preaparation combined with
binders [361].

6.3.5 Delustring

Delustring of some high gloss synthetic fibres is sometimes necessary.

Acetate fibres have the difficult property of delustering when heated wet over 80°C. The delustring
treatment thus consists of eXhausting the fabric for nearly an hour into a boiling bath containing
surfactants. The delustring effect is improved by addition of swelling agents such as phenol, tur­
pentine oil, pine oil, etc. The effect is not permanent as it disappear when the fabrics are wet
ironed.

Triacetate fibres can be delustered by impregnating the material with urea, then drying and heating
at 165°C to deluster.

The delustring of other synthetics consists of applying a cloudy film on the surface of the material,
before or after dyeing. This cloudy film can be obtained by various methods:

1. precipitation of white or coloured pigments on the fibre surface, by two successive treat­
ments with salts which precipitate consecutively. This old process is mainly applied on
coloured fabrics. Salt combinations are, for example, sodium sulphate + barium chloride;
alkali sulphide + zinc sulphate; sodium stannate + barium chloride; zinc sulphate + ferro
cyanide; alkali molibdate + barium chloride. Coloured pigments are obtained using metal­
lic salts of, for example, cobalt, chrome, etc. Addition of adhesives and softeners can im­
prove the fastness and the handle of the delustered material;

2. application of dispersed white pigments on the fibre surface (padding or foulard delus­
tring). The method is only used on dyed fabrics. The dispersion of white pigments (titan
dioxide, zinc sulphide, lithopone) contain further adhesives, filling and softening agents.
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This delustering technique is not wet fast and produces a disturbing white film on dark
coloured textiles;

3. application of pigments to the fibre surface using substantively twitting auxiliaries as car­
rier substances (substantive delustring). The dispersions are made of cationic active pig­
ments which have a great affinity for (mainly) negatively charged fibre surfaces. The pig­
ments used are the same as those used for the preceding treatment, but the particles in
this case are previously charged. The treatment is similar than that for continuous dyeing
and can be controlled by temperature and by the addition of salts. A disadvantage is the
negative influence on the light fastness of some dyes;

4. production of pigments on the fibre surface by treatment with a solution containing sub­
stances which precipitate at elevated temperatures. The precipitation of the water­
insoluble pigments occurs by progressively elevating the temperature or by the addition of
appropriate auxiliaries. Prepolymers made of urea/formaldehyde are best suited for this
type of treatment. Precipitation of the insoluble end-condensate occurs when an acid act­
ing as catalyst is added to the solution. Other substances are complex metal salts, which
are easily soluble in cold water but become hydrolysed at elevated temperatures and pre­
cipitate (e.g. ammonium titane oxalate, ammonium zinc oxalate and ammonium phtalate);

5. mechanical treatment of the fibre surface (see further mechanical finishing treatments).

6.3.6 Lustring and metallic effects

A metallic film can be produced on textile materials by electrically applying or vacuum nebulising
metallic or lustring pigments. In this field may be mentioned pigment printing systems based on the
application of materials on the fibre surface which alter their appearance in reflected light using
metallic (gold, silver and bronze), pearlescent, sparkle and thermochromic pigment additives (see
5.4.12) [335]. A less effective method is imbuing the fabric with synthetic adhesives and subse­
quently either pollinating with metallic powders or coating with a film.

Lustring agents can be combined with mechanical treatments and are generally emulsions of par­
affins, waxes, polyolefines, polyglycols, or polysiloxanes. Products mentioned under softening can
also be used. Some conditioning agents, which are applied as such or from aqueous or non­
aqueous solutions onto textile materials in order to simplify processes such as spinning, weaving,
sewing, etc. are also sometimes used to obtain lustring effects. These products are generally
preparation of surface-active agents (see section on surfactants) mixed with natural and/or syn­
thetic oils, fats or waxes [282]. Further, cellulase enzymes can be used to improve the gloss or
lustre of cellulosic fibres (Le. denim stone washing and bio-polishing, see also 6.3.2 and 4.3.2)

[152].

Some recent problem of a manufacturer of Jeans with a special glossy finish revealed that the lus­
tring finish was obtained by applying a polyurethane to the fabric. Isophorone diisocyanate (CAS­
No. 4098-71-9) yields the polyurethanes, saying to have with high stability, resistance to light dis­
coloration, and chemical resistance. However, the glossy prepared jeans had the inconvenient of
releasing a desagreable and feared to be toxic odour was released when ironing [122].
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6.3.7 Sculptured effects such as seersucker, crepe, cloque, etc.

Fabrics characterized by crinkled or puckered surfaces, sometimes contrasted by flat areas, are
easily obtained by using fabrication fibres of different shrinking properties. For example, material
made of triacetate fibres and polyamide need only be treated with in a hot bath to crinkle.

A puckered pattern can be produced on a uniformly made fabric by locally applying a solution
containing swelling agents. Phenol and resorcinol are substances suitable for polyamide fabrics.
Caustic soda [335] or specific reserving agents are suitable for crinkling cotton (see further printing
on cotton, reserve printing). Nowadays, synthetic resins are most widely used to obtain interesting,
fashionable textiles. The copolymerisates are colourless, or coloured with the addition of white,
coloured or metallic pigments, or reactive dyes (see further 5.4 , for dyes and pigments). The sub­
stances are printed on the textile surface (see further section 5.3.1) and remain soft and lustrous
areas. Further details about copolymerisates are given under heading 6.4 Functional conditioning.

6.4 Functional conditioning (ennoblement)

The fastness and effectiveness of finishing treatments are improved by chemically converting the
finishing agent with itself or with the fibre. This type of conditioning is more likely defined as func­
tional finishing, as the term also refers to the easy-care finishing treatments of cotton, which is
somewhat misleading.

6.4.1 Waterproof handle and filling refinement

Handle and filling refinement are imparted by products containing filling and stiffening agents,
weighting agents or/and softening agents (compare further with sections 4.3.3, 6.3.2, 6.3.3).

Filling textiles in order to mimic a better quality is an old method no longer used today. Fabrics
made of cotton or line were treated with preparations based on starch and Chinese clay to fill-out
the pore of the fabric. Products nowadays have a better handle as well as a greater resistance to
scrubbing, and are washfast.

Permanent handle-imparting agents are subdivided into two main groups [17]:

1. washfast to 40°C. These products are made of polymeric emulsion: polyacryl resins and
polyvinyl resins which impart a soft handle, whereas polymethacrylic resins stiffen the fab­
ric. A typical example of an application is the finishing treatment of cotton fabrics for pil­
lows. The so-called inlets are filled to prevent feathers from passing through the fabric;

2. washfast to 95°C. These permanent finishes are obtained using derivates of cellulose
(copperoxide ammoniac cellulose, oxiethyl cellulose) and cross-linkable amines. The prin­
ciple of the "Hecowa" process was a treatment with a solution of cellulose in cuoxam.
Ether cellulose are applied in a complicated process no longer in use. Preparations made
of sodium cellulose derivates (xanthat) or agents based on synthetic resins are now more
commonly used. The resins are especially marked in many different formulations, impart­
ing more or less supple, soft or stiff, water insoluble films (see further coating and lami­
nating, as well as cross-linking agents). A handle-imparting treatment also providing an
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improvement to scrubbing can be obtained using the "Hajdu/Forcylor" process. The treat­
ment uses an emulsion of sodium silicate, surfactants and vaseline oil fixed on the fibre in
a second bath containing calcium chloride. The "texylon" process uses resins combined
with a silkon derivate (tetraethylsilicate).

Differing from the treatments of cellulose fabrics, softening agents are only rarely advisable for the
finishing of articles made of wool. Softening of poor quality wool to obtain a better article is there­
fore no longer possible. Handle-imparting agents for wool mostly contain filling agents; the addition
of a weighting agent is also possible.

6.4.2 Swelling resistance finishing

Synthetic fibres made of regenerated cellulose tend to swell when wet. A water repellent finishing
only delays the swelling. Formerly, anti-swelling treatments for these fibres were based on formal­
dehyde or formaldehyde-splitting substances, and the action of an acid catalyst in order to "cross­
link" the cellulose molecules (e.g. "AvcoseUAvisco" process). Nowadays, these treatments are no
longer necessary as easy-care finishings such as non-creasing are much better at imparting a
swelling resistance to these fibres (see below). Moreover, alternative fibres with lower swelling
tendencies (Le. modal) are available on the market.

The shrink-resistance of wool can be improved by treatment using aliphatic and aromatic di- and
polyisocyanates (see further 4.4 and 6.4.5) [17).

6.4.3 Shrink resistance finishing

Dimension stability of textile materials is an important factor for both the end-user and the manu­
facturer. Some of the treatments available were already described in previous sections (e.g. 4.3.5,
4.4.4, 4.4.6 and 4.6.2). Synthetic fibres, for example, are fixed by vapour and tension (thermoset­
ting, thermofixing) during pretreatment. On the other hand, wool is made stable by treatment in hot
water, followed by deterrent cold water (crabbing). Shrink-resistant treatments can principally be
divided into mechanical and chemical treatments. Whereby combinations of treatments have be­
come more and more usual, they enhance dimensional stability as well as produce easy-care
properties.

1. mechanical treatments are mostly applied to fabrics made of cotton, pure or fabrics
blended with synthetics. These kinds of processes are based on controlled shrinking un­
der pressure (Le. so-called "sanforising");

2. chemical treatments assimilate anti-shrinking with anti-swelling. For cotton and their
blends with synthetics (mainly Polyester), the shrink resistance finishing is part of the
permanent-press finishing (see below). Wool treated against felting remains dimensionally
stable; the best suited treatment is a fixing using monoethanol amine sulphide (see further
Easy-care finishing of wool, below and under 4.3.2). Shrink resistance and swelling resis­
tance treatments are synonymous with textiles made of regenerated cellulose [17).
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6.4.4 Easy-care finishing: non-creasing and permanent press conditioning

The main property of an easy-care textile is non-creasing, Le. the ability to refund its original form
after felting. For the most part, native and regenerated cellulose materials have a tendency to per­
manently felt. This negative character is prohibited by incorporating synthetic resins between the
amorphous cellulose. The improvement of such treatments created even better and more diverse
care properties when the cellulose chains of the fibres where further cross-linked with the resins or
even with themselves. Historically, the evolution of easy-care finishing treatments increased from
non-creasing to wash-and-wear, and finally to permanent press finishing. These chemical finishes
all reduce the propensity of cellulose-containing fabrics to wrinkle in the wet and dry state and sta­
bilise them against progressive shrinkage during laundering. The terms easy-care, wrinkle resis­
tance, wash-and wear, no-iron, durable or permanent press have all been applied to this type of
finish, and although they may denote different levels of performance, they are often used inter­
changeably [266].

The main application field for these finishing treatments are woven fabrics. The principle of the
treatment is that cross-linking between the cellulose molecules of cotton and rayon are introduced;
this results in a fabric with a "memory" which tends to return to the state it was in when the cross­
links were introduced, thus smooth and flat, or specially creased and felted for example, depending
on the effect required.

Cross-linking processes are based on 2 main groups; however, dry cross-linking is by far the most
applied process [17]:

1. dry cross-linking process: a dry fabric is impregnated with the prepolymer resins (already
mixed with auxiliaries and catalysts), further dried and cured to enable the condensation
of the resins;

2. wet or moist cross-linking process: the cellulose fibres of the already wet (or even moist)
fabric are swelled, the cross-linking agent is further impregnated into the fabric in strong
alkali or mineral acidic medium and the overall product is left for nearly 24 hours in order
to permit cross-linking (the catalyst can be applied in the same impregnating bath as the
cross-linking agent, or in second, separated bath); complete drying and application of high
temperatures only occur when the cross-linking reactions have already finished;

3. two-step cross-linking process: a combination of the two previously mentioned finishing
processes: for example, first, a dry cross-linking with aminoplastic synthetic resins takes
place and in the second part of the finishing a cross-linking in alkali medium is initiated.

The effects of these methods are quite different. The dry cross-linking reactions, using so-called
aminoplastic synthetic resins, impart, for example, good constancy when wrinkled in the dry state
but only moderate stability after wetting. On the contrary, resin-free cross-linking improves the wet
wrinkle resistance, whereas the creasing tendency of the dry fabric is high. For practical reasons
the different kinds of cross-linking reactions are therefore combined in a single process (conju­
gated finish).
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Dry cross-linking processes: are the oldest and most widespread easy-care finishing processes.
They are best suited for finishing native and regenerated cellulose fibres. For the most part, ami­
noplastic resins are used for non-crease finishing. Fabrics made of regenerated cellulose are
mainly treated with urea-formaldehyde prepolymers, whereas melamine and glyoxal derivate reac­
tion resins are mostly used on cotton and linen. Blends of cotton/synthetics are conditioned primar­
ily with melamine derivatives, and blends of polyester with reaction resins.

The processes follow the reaction scheme described in Figure 6-3. A dry fabric is impregnated with
the cross-linking agents and with the reaction auxiliaries by means of a foulard. Subsequently, a
mild drying step follows the curing of the resins on specially designed curing machines. Cross­
linking of the prepolymers to form long chains of resins or links to the fibre surface takes place.
The condensation is initiated by the addition of acid or substances splitting acid at high tempera­
tures. Four groups of reaction catalysts are distinguished (17):

1. free acids (e.g. lactic acid, tartaric acid, glycol acid);

2. ammonium salt (chloride, sulphate), mono- and di- hydrogenphosphate;

3. salts of organic bases (alkanolamine chlorinated hydrate);

4. metal salts (magnesium chloride, zinc chloride, zinc nitrate, aluminium chloride, etc.

The most widely used catalysts are those based on magnesium chloride. Zinc salts were previ­
ously used but have been mostly abandoned for environmental reasons. The nitrate salts were
used extensively during a period when there was speculation that chloride catalysts might give rise
to the known carcinogen bis(chloromethyl) ether when used with formaldehyde-containing com­
pounds. This speculation is said to be unfounded, and chloride catalysts replaced the nitrates
again. Magnesium chloride is often used alone, but it can be combined with organic acids such as
citric acid, or more acidic salts such as aluminium chloride to provide "hotter" catalysts which cure
the cross-linkers at lower temperatures or in shorter times than pure magnesium. These mixed
catalysts often also allow the combination of the drying and condensation steps into one process
(so-called "shock"-catalysts).

Post-cured permanent press, in which the cross-linker is left uncured or only partially cured in the
fabric by the finisher and then fully cured in garment oven after the garment is sewn, became very
popular in the 1960s, and many plants installed garment curing ovens for this purpose. Later it was
found that procured fabrics could be reformed on hot heat presses to smooth seams and install
creases, and the use of garment ovens declined (266).
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The phenomenon known as chlorine retention is characteristic of all resins derived from unsubsti­
tuted urea. When fabrics containing them are bleached with hypochlorite, they tend to form
chloramides. Upon heating, as with ironing, these chloramides decompose to form hydrogen chlo­
ride, which can seriously degrade the fabric. Urea-formaldehyde finishes also tend to release for­
maldehyde from fabrics treated with them (266). Free formaldehyde can be introduced on the fab­
ric with the prepolymer or can be released from hydrolyse of the resin. Release of the formalde­
hyde during washing operations (after curing) can be limited by the addition of sodium hydrogen
sulphite or sodium boric hydride to the bath. Further improvements are the addition of urea or eth­
ylene urea to the prepolymers, and the use of prepolymers with low formaldehyde content. Yet, the
stabilities of the resins are quite different, and the type of catalyst used also have an influence on
the formaldehyde release of a treated fabric. Moreover, the finished fabric can produce "fishy"
odours due to formations of methylaffi1nes if not prepared properly or if cured with ammonium salt
catalysts. These odours can be cancelled by treating the fabric with ozone air (17).

Phototropism is another disadvantage of finishing using synthetic resins when the fabric was dyed
with soluble copper phthalocyanine dyes. For a short time, when subjected to intensive light, the
dyed fabric becomes violet. This phenomenon can be counteracted by using proper catalysts and
washing of the fabric; addition of copper nitrate to the finishing is also a possibility.

The resin finishing of cotton often comes with a diminishing of the abrasion resistance and tensile
strength. These negative effects on the mechanical properties can sometimes be cancelled-out by
special stretching treatments during finishing.

The most important cross-linking agents for cotton and cellulose fibres are summarised in the fol­
lowing table. Some of the main advantages and properties of the obtained finishes are also dis­
cussed (17). The key products are aminoplastic resins (reacting mainly by self-condensation, with
low cross-linking to cellulose) or reaction resins (reacting even by self-condensation and with the
cellulose). The newest agents are also used in solutions for wet or moist cross-linking processes.
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Name of the finish- Methylol derivates of urea (in alkali medium)
ing type Carbamide resins

Formula 0
II

HO-CH2-NH-C-NH-CH2-OH

Examples of typical Dimethylol urea, N,N'-bis(hydroxymethyl) urea [140-95-4];
cross-linking agents N,N'-dimethoxy urea [68071-45-4)

Cross-linking reac- Self-condensation (aminoplastic) as well as cross-links with cellulose
tion

Characteristics of The methylol derivatives of urea itself were the first compounds used as cross-linking
the finishing agents for commercial easy-care finishes. They are still used to some extent, particu-

larly on rayon fabrics and where more sophisticated products may not be readily avail-
able;

The finished fabrics are characterised by high springiness, low wash resistance, harsh
handle, and chlorine retention;

No fibre damage

Name of the finish- Methyl derivatives of melamine (in alkali, heated medium)
ing type Melamine resins

Formula NH

II
C

HOH2CN/ "'NCH2OH

I I
HOH2CN=C", /C=NH

N
H

Examples of typical Derivatives containing up to 6 methylol groups per molecule, particularly those in

cross-linking agents which the methylol groups have been partially or completely converted into meth-
oxymethyl groups; a widely used commercial product is;

Dimethyl ether of trimethylol melamine [1852-22-8]

Cross-linking reac- Self-condensation (aminoplastic)
tion

Characteristics of Finishes tend to yellow when bleaching with hydrochlorite and evolve considerable
the finishing formaldehyde on storage; treated fabrics show little crease resistance and the finishing

is only moderately wash proofed; handle is soft; no chlorine retention, no fibre dam-
age;

The products are not used extensively today, except for stiffening synthetic fabrics,
where the methoxymethyl products are used and in special finishes such as fire-
retardants and rot-resistant fabric finishes; used alone or in combination;



Name of the finish- Cationic methylol derivatives
ing type (reaction of methylol derivatives with amines)

Formula H, /CHz-CHzOH

/~,
H clf CHz-NHCONHCHz-OH

Examples of typical
cross-linking agents

Cross-linking reac- Self-condensation (aminoplastic)
tion

Characteristics of Not relevant as functional finishing treatment, but important as after-treatment auxiliary
the finishing for improving colour fastness of direct dyes;

--+ insoluble salts of resin-cation and dye-anion

Name of the finish- Formaldehyde (wet impregnating process)
ing type FormW

Form D (moderately swelled)

Formaldehyde-spender (e.g. formamide)

Formaldehyde gas

Polyoximethylene POM (condensated formaldehyde, linear or cyclic)

Formula CHzO

Examples of typical Formaldehyde
cross-linking agents Gaseous formaldehyde

Hexamethylenetetramine (Urotropin) as formaldehyde spender

Cross-linking reac- Resin-free cross linking of the cellulose chains

tion

Characteristics of Wet dwelling processes using pure formaldehyde are now obsolete;
the finishing Good crease recovery after wetting as well as wet and dry non-creasing properties.

Usually attended with a reduction of fabric strength;

Difficulties reproduce results; great deal of odour annoyance during finishing; finishes
are susceptible to chlorine retention

405
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Name of the finish- Acetals
ing type Polyformal (Le. linear polymeric acetal of polyols)

Formula HO(H'C)"O(CH,)~\

/CH,

?(H,C),O(H,C),O

H,C"
O(CH,),O(CH,),O

I
lH,

?(H,C),O(H'C)20

H2C",
HO(H2Ch-O(CH2hO-CHrO-(CH2hOH

Examples of typical Pentaerythritol acetal
cross-linking agents

Cross-linking reac- Reversed acetylation --> cross linking (reactant)
tion

Characteristics of Soft handle, good abrasion resistance;
the finishing No formaldehyde release during finishing;

No chlorine retention on the finishes;

Moderate improvement of non-creasing; good shrink resistance; insufficient dry non-
creasing

Name of the finish- Oxo-formaldehyde derivatives
ing type

Formula 0 H2C-CH2OH

II
HCHO

I
H3C-C-CH3 + - C=O

I
HC=CH2

Further condensation or polymerisalion is possible

Examples of typical
cross-linking agents

Cross-linking reac- Incorporation of synthetic resins and cross linking
tion

Characteristics of Unsatisfying effects
the finishing Yellowing of the fibre



Name of the finish- Glyoxal (Sanforset)
ing type

Formula O-C-C-O
H H

Examples of typical Oxalaldehyde [107-22-2)
cross-linking agents

Cross-.linking reac- Cross linking of the cellulose
tion

Characteristics of Yellowing of the fibre
the finishing Decrease in strength

Name of the finish- Dimethylol-ethylene ( or propylene) urea derivatives:
ing type Ethylene and propylene ureas are produced by reacting primary ethylene- and propyl-

enediamines with urea at high temperatures; with the evolution of ammonia, these eth-
ylene or propylene ureas further react with formaldehyde to form the resins.

Formula a) imidazolidon derivatives (methylol derivatives of ethylene urea)

HN-CH2
/ \ NH3 +

rC" ........CH2 -- RCHO+
o N NH3

H

b) pyrimidone derivatives (methylol derivatives of propylene urea)

Examples of typical a) dimethylol ethylene urea DMEU [136-84-5]
cross-linking agents b) dimethylol propylene urea DMPU [3270-74-4]

Cross-linking reac· Reaction resins
tion

Characteristics of DMEU was widely used as cross-linkers in the 1950s and 1960s. Pyrimidone deriva-
the finishing tives have some advantages over DMEU, such as improved freedom from discolora-

tion and improved durability, but is more expensive and never gained commercial im-
portance;

Chlorine retention is low;

Good wash resistance; good non-creasing properties, improved tear strength; good
dimensional stability.

407
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Name of the finish- Triazones:
ing type made by reacting urea with formaldehyde and a primary amine

Formula C,H5
I(NiN N

HOH,C/ Y 'CH,OH

0

Examples of typical Dimethylolmethyl triazinone (triazone)
cross-linking agents Hydroxy-1,3-bis(hydroxymethyl)hexahydro-s-triazin-2-one [1852-21-7]

Cross-linking reac- Reaction resin
tion

Characteristics of Triazones were used extensively as cross-linkers during the 1950s, mostly in combi-
the finishing nation with other cross-linkers such as methylol ureas where they have a "depressant"

effect upon chlorine damage; they were abandoned because of their tendency to yel-
low fabrics, generate amine odours, and evolve formaldehyde.

Name of the finish­
ing type

Urons:

made by reacting 1 mol of urea with 4 mol formaldehyde and cyclicising the tet­
ramethylol compound. They are usually methylated with methanol under acidic condi­
tions,

Formula

urea
and
dialdehyde

Examples of typical N,N'-bis(methoxymethyl)uron [7388-44-5)

cross-linking agents

Cross-linking reac- Reaction resin
tion

Characteristics of Used alone or in combination with other products such as melamine resins.

the finishing



Name of the finish- Methylol derivates of carbamates:
ing type Produced by reacting the appropriate hydroxy compound with urea at elevated tem-

peratures.

Formula PH20H

~:H~H - Urethane + CH20

O-C2Hs

Examples of typical Methyl carbamate [598-55-0]
cross-linking agents Methoxyethyl carbamate [1616-88-2J

Dimethylolmethyl carbamate

Dimethyloethyl carbamate

Cross-linking reac-
tion

Characteristics of The products were used commercially and produced finishes which were resistant to
the finishing severe laundering conditions, showed no yellowing, but considerably evolved formal-

dehyde.
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Name of the finish­

ing type
Methylol derivatives of dihydroxyethylene urea:

produced by reacting glyoxal with urea

e.g. Dimethylol dihydroxyethylene derivatives (ureine)

Formula x
/"­

R-CH2-N"y/N-CH2-R

R = -OH; -OR'; -NR3

X= 'c=o 'c=s
I I

\0 ),02I 2 I

y= -6-6-6-6-
I I I I

Examples of typical
cross-linking agents

Cross-linking reac­
tion

Characteristics of
the finishing

[3720-97-6]

DMDHEU [1854-26-8]

1,3-dimethoxymethyl DHEU [3001-61-4]

[4356-60-9]

Reaction resins

These products have almost replaced all of the other products formerly used as cross­

linkers in easy-care finishing;

The products are the agents of choice for permanent press because of the lower for­

maldehyde evolution potential (both in the cured' and uncured state) and the stability in
the uncured or partially cured state (see post-cured permanent press process);

DMDHEU modifications (buffered versions, and versions with slightly less than 2:1

formaldehyde to DHEU ratio of the original glyoxal-urea product) offered better fabric
whiteness with certain catalyst systems and slightly lower formaldehyde evolution from

the finished fabric;

Products with varying degrees of methylation appear later (commercial products are
commonly 25·50% methylated) and are prepared by reacting DMDHEU with methanol

at low pH and prOVide lower formaldehyde evolution on fabrics;

Hydroxyl-containing compounds with low volatility (Le. glycols, glycerin or nitroalco­

hols) can be added to or react with either DMDHEU or methylated DMDHEU to pro­
vide even lower formaldehyde evolution potential from treated fabric (see further dis­

cussion on formaldehyde "scavenger", in text below)
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Name of the finish- Dimethyl dihydroxyethylene urea:
ing type Made by reacting dimethyl urea with glyoxal

Formula \

<:J:
/ OH

Examples of typical 4,5-dihydroxy-1 ,3-dimethyl-2-imidazolidine [3923-79-3]
cross-linking agents

Cross-linking reac- Reaction resin
tion

Characteristics of See also other cyclic urea derivatives;
the finishing The product has been available commercially but has not significant been used be-

cause of his high cost, low effectiveness, and colour and odour problems;

Improved derivatives are commercially available.

Name of the finish- Polycarboxylic acids
ing type

Formula COOH

~HO COOH

Examples of typical Citric acid [77-92-9]
cross-linking agents Butane tetracarboxilic acid BTCA [1703-58-8]

Cross-linking reac- Ester cross linking reactions using hypophosphite salts as catalysts
tion

Characteristics of Zero-formaldehyde system; little commercial success because of high costs and colour
the finishing problems (see further discussion on formaldehyde-free systems below).

Table 6-11: Main cross-linking agents and the characteristics of their corresponding
finishing treatments for cotton and cellulose-containing fibres

Multifunctional methylol derivatives of urea, substituted ureas, or melamine produced by reacting
formaldehyde with these compounds have been used almost exclusively as the cross-linking
agents for commercial easy-care finishes. In order to replace the early cross-linking agents such
as N,N'-dimethylolurea and to alleviate the chlorine retention problem, cyclic urea products were
developed. However, these substituted ureas, including mainly ethylene and propylene ureas, tri­
azones and urons, did little to reduce formaldehyde evolution from fabrics treated with them,

With the advent of durable press methods in the mid-1960s, after-washing as a cost and energy
intensive step was eliminated from most finishing processes. Products with lower formaldehyde
potential then became particularly necessary. Many compounds which are capable of cross-linking
cellulose have been proposed as easy care finishes and some have been run commercially on a
small scale but have since been abandoned for cost, environmental, or deficiency reasons. These
include polyepoxy compounds, polyaziridinyl compounds, dihydroxyethylsulphone, polyacetals and
severals dialdehydes [266, 17). The only product group presenting the advantages of good easy-
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care finishing properties and low formaldehyde evolution potential are the methylol derivatives of
dihydroxyethylene urea (DMDHEU derivatives). The properties of the treated fabrics concerning
stability, even in the uncured or partially cured state, promotes the popularity of the so-called post­
curing processes. Beside the original DMDHEU, several buffered versions and versions with
slightly less formaldehyde, as well as products with varying degrees of methylations, appeared.
For the most part, the newly developed products provide lower formaldehyde evolution on fabrics.

Further improvement of this positive effect was the addition of specific formaldehyde "scavengers".
Among these hydroxyl-containing compounds with low-volatility, such as glycols or glycerin which
even sometimes react with either DMDHEU or methylated DMDHEU, play an important role. Yet
non-volatile hydroxy compounds also work, nitroalcohols are more specifically mentioned. Hydroxy
and active methylene compounds are also used commercially to some extent. Among all the modi­
fications of the glyoxal-urea type products, the ones which have been both methylated and which
contain hydroxy compounds afford the lowest formaldehyde evolution potential of all commercially
available easy care finishes of the methylol type [266].

Easy care finishes free of formaldehyde or formaldehyde precursors have also been proposed:

• dimethyldihydroxyethylene urea, 4,5-dihydroxy-1,3-dimethyl-2-imidazolidone was im­
proved and used for this purpose commercially;

• polycarboxilic acids such as citric acid and butane tetracarboxilic acid, with hyposphos­
phite salts, imidazoles or sodium maleate, sodium tartrate or sodium citrate as catalysts
and citric acid as extender [159; 314];

• systems based on polyacrilics, polyurethane, and silicones.

Presently, these zero-formaldehyde finishing systems do not appear to compete with DMDHEU­
type products. The main difficulty in BTCA treatment, for example, is its higher cost. By adding
suitable additives such as polyhydric alcohols (e.g. glycerol, triethanolamine), phosphorous cata­
lysts or sodium salt of hydroxy acids (e.g. sodium salt of maleic acid), the cost may be reduced
[152]. Reactive polymeric silicones appear to be interesting as they impart simultaneously non­
creasing, waterproof and soil-release properties [186].

Wet or moist cross-linking processes: as already mentioned, are based on the reaction, in strong
alkaline or mineral acidic medium, of the swelled cellulose with an appropriate cross-linking agent.
Even the cellulose may be cross-linked (so-called resin-free cross-linking), but the cross-linking
agent may self-condensate (reaction resins). The processes are thus discontinuous and somewhat
obsolete for practical and ecological reasons.

The most popular systems are those using acid mediums. Auxiliaries are, beside sulphuric acid
and pH buffers, N-methylol derivatives (reaction resins), often modified propylene urea and strong
acid catalysts. Some processes work with separated resin and catalyst baths (e.g. Triatex®), oth­
ers use perchloroethene vapour to condensate after impregnating the reactants on the fabric and
partial drying (e.g. Shirley-Fiberset®).

Impregnation in an alkaline medium is a less widespread finishing due to the tendency of the fab­
rics to yellow lower their abrasion resistance. The reactants used can be [17]:
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• bifunctional aliphatic chlorhydrin, e.g. epichlorohydrin (106-89-8] or 1,3-dichloropropanol
(DCP);

• sulphonium derivates, e.g. tetramethylene sulphone [126-33-0] or tris-beta-sulphato­
ethylsulphonium (Dinatrium salt).

Combined processes are for example:

• permanent press (durable press) processes in which easy-care treatments are comple­
mented by stabilisation of form and crease effects. Fabrics made of synthetics such as
polyester, polyamide and polyacrylic need only a heat treatment to obtain thermoplastifi­
cation of the material and permanent creasing. Materials made of cellulose, or blends
containing more than 20 % of it, necessitate further impregnating with prepolymers;

• post-curing processes are nearly obsolete today and were characterised by a primary im­
pregnation with prepolymers and gentle drying. Curing, condensation of the resins took
place after confection. The prepolymers used are mainly DMEU and DMDHEU deriva­
tives, and seldomly DMMC products (see further Table 6-11, and note below);

• pre-curing processes are those in which the impregnated material is only partially cured.
Crease and pleating are fixed later by heat pressing;

• double-curing processes associate permanent press and easy-care effects by applying,
simultaneously or successively, cross-linking agents of different reactivity. Primary treat­
ment steps stabilise dimension and formation of resins (dry non-creasing properties), a
second set of treatments improve the form stability and wet properties by cross-linking
resins/cellulose fibres.

Note: post-curing process, also called delayed-curing are newly become already attractive as mi­
croencapsulated reactants are used. The reactants (cross-linking agent and/or catalyst) are en­
capsulated in ethylcellulose and are thus protected against chemical attack; the release of volatile
or malodorous ingredients is inhibited. As the capsules are made of ethylcellulose, the residue of
the wall material after curing contributes to the physical properties of the fabric, Le. it functions as a
fabric softener (see for microcapsules further 6.6.1).

In the last years, many attempts have been made to develop special processes to improve fixation
yields of reactive dye by combining easy-care finishing and surface modification treatment of cel­
lulose. Basically, two possibilities exist [240]:

1. a compound containing the amino group is fixed on the cellulosic fibre by means of a re­
actant crosslinking agent;

2. a compound containing either the amino group and a cellulose reactive group reacts di­
rectly with the cellulose surface.

However, strong yellowing and restricted application to small dye molecules are some of the dis­
advantages that the process has to overcome before industrial use. For more details on the
chemicals that may be involved, consult 4.3.7.
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Removal of finishes using cross-linking reactions is always difficult. Non-creasing finishes based
on urea/formaldehyde or melamine/formaldehyde can be removed by treatment in a hot acid bath.
Conditioning based on reaction resins are only partially removable, the colours are thereby often
damaged. The spotting agents must be removable, without any leftover residue, by air blowing - if
necessary after prior spraying with water or solvents. Fluorpolymers and silicone based finishes
adhere even more strongly to the textile material.

A considerable amount of work has also been carried out on the chemical modification of silk with
view to imrproving its low wet resiliency. These studies have included graft copolymerisation, diba­
sic anhydrides treatment, amino-formaldehyd resin finishing (such as trimethylol melamine TTM),
polycarboxilic acids cross-linking (mainly citric acid and 1,2,3,4-butanetetracarboxilic acid STCA)
and epoxides treatments. Among the chemical modifications, the epoxide treatment onto silks
looks promising. Conventional treatment is conducted with an epoxide solution in tertachloroethyl­
ene, which is applied on an industrial scale in Japan. One of the major problems of this process is
the use of the organic solvent, which is responsible for environmental pollution in work place and
can be dangerous to health of exposedworkers. Moreover, the treatment of silk fabrics at relatively
low temperatures for long time periods can enhance the risk of diminishing the intrinsic physico­
chemical and mechanical properties of the silk goods. A comprehensive research program has
been undertaken to study new aqueous epoxy agents such as TOEA and TOES (multi-functional
epoxy-resins). As both agents also result in a substantial influence on the handle of the silk, alter­
native modifying agents have been developed. For this purpose, a new modifying agent consti­
tuted of silicone-containing epoxy cross-linking agent (so-called EPSIA agent) was developed and
applied with a pad-dry-steam process from an aqueous bath containing further dispersion agent
(Le. non-ionic surfactant) and catalyst (Le. potassium thiocyanate). This non-formaldehyde finish­
ing was shown to be suitable for crease-resistance finishing of silk fabric and either enhance silk
resilience or improve its shrinkage, as well of imprOVing the handle of the silk fabric [213]

6.4.5 Easy care finishing of wool: anti-felting and shrink-resistance

The aims of the treatments are principally to stabilise the textile surface, but also the permanent
fixation of creases. Classical anti-felting treatments for wool are also able to produce a more stabi­
lised material (see further pretreatment of wool). Ensuing hot vapour pressing treatments further
improve the dimension stability of woollen materials. These processes use additional bases and
reduction agents [17]:

• an impregnation using glyoxal bisulphite followed by pressing and curing steps (3-steps
permanent press process) are used to permanently stabilise wool. PU-prepolymers can
be used for the same purpose (see below);

• impregnation with monoethanol aminsulphite or monoethanol aminecarbamte and further
sanforising with vapour have also been proposed (Siroset NO, Thioset M processes);

• spotting of specific areas of a confectioned textile with a reactive sulphonium derivate and
further pressing is a process used for permanently fixing creases. Ammonium thioglyco­
late is today replaced by monoethanolamin sulphite (MEAS) or monoethanolamine car­
bamate;
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• further chemicals used in similar processes are sodium hydrogenesulphite and urea, or
ethyleneglycol and diethanolamine carbonate with urea (Immacula process). Some proc­
esses also use organic solvent; other, more specific, treatments for crimpy wool use m­
glutaraldehyde and sodium bisulphite.

Shrink resistance of wool can be obtained using a number of processes (see also 4.4 Pretreatment
of wool). One of the processes most used commercially involves subjecting the fibres to a light
chlorination, which confers some degree of shrink-proofing, then coating them with a resin, which
masks the surface scales. These chlorination-polymer treatments have been in commercial use
since the 1970s and account for about 80% of all machine-washable wool fabrics. The polymer
used is a polyamide-epichlorhydrine polymer capable of self cross-linking, it is applied at 2wt%
solids on the fabric in a bath adjusted to pH7.5-8.0 with sodium bicarbonate or ammonia and ex­
hausted by raising the temperature to 30°C. After treatment, the fabrics or garments are extracted
and dried. Nonchlorination processes which utilise polymers alone have been developed. One
such process uses a reaction product of sodium bisulphite with a prepolymer formed by capping
poly(propylene oxide) with an aliphatic diisocyanate (Synthappret SAP), or an aqueous anionic
dispersion of a polyurethane (Impranil DLN). The polymers are exhausted from a bath containing
magnesium chloride at pH 7.5-8.0 by raising the temperature from 30°C to 60°C over 30 min, after
which the pH is increased to 9.0 and the temperature maintained at 60°C for 30 min to cure the
polymer [266].

Although there have been a number of reputably commercial enzyme-based continuous processes
over the years, there are still no large scale successful enzyme-based processes for wool in the
manner of the cellulase processing of cotton. The other principal alternatives to the oxidative
treatments are those based on electrical discharge processes- either glow discharge in a vacuum
or corona discharge at atmospheric conditions. Despite that, these processes have many attractive
features. They are not suitable for developing garment processing routes and are consequently
restricted in use. Nonchlorination processes combining oxidative pretreatment with permonosul­
phate, followed by application of a polymer, have been recently presented ( Exo-S; Simpl-X) [184].

6.4.6 Finishing using repellents

Conditioning with substances which repel or attract foreign matter from textile surfaces are:

1. repellence of soil (active in dry medium);

2. repellence of oil (active in dry medium);

3. repellence of water (active in wet medium);

4. releasing of soil (active in wet medium).

Some may thus differentiate between hydrophobic and hydrophilic treatments, Le. treatments that
improve either the affinity to or the repellence of the fabric towards water.

An important factor for these finishes is the surface tensions of the textile fabrics. Especially fluoro­
carbon compounds and organo silicate compounds have the property to modify the surface tension
in order to either repel oil and water or dry soil, respectively.
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Hydrophobic treatments make the fabric either waterproof (Le. completely resistant to water) or
water repellent (Le. permeable to air and vapour). The principle of the treatment is, however, the
same: water repellents and insoluble compounds are introduced into the fibres. Waterproofing can
also be obtained by coating (see below). The design of the weave and quality of the fibre also have
a great influence on the outcome of the finishing.

The earliest waterproofing treatments consist of coating fabrics with various substances which are
impervious to water, such as natural fats and oils, waxes, pitch, and asphalt. Later, vulcanised
natural rubber became an important waterproofing material. Coating materials used for water­
proofing are applied as hot melt, latexes, or solvent solutions. However, coated rainwear, often
known as "slickers", were very uncomfortable for extended use because of its impermeability and
stiffness. Yet, coated fabrics are still used for tents and tarpaulins, but fabrics treated with repel­
lents which do not reduce permeability to air and water vapour have largely replaced them for
rainwear[266].

Treatments combining water repellence and permeability to air and water vapour are subdivided
into three main categories [17]:

1. mechanical treatments consisting of storing a water repellent matter between the fibres
(durable effect);

2. chemical treatments based on reaction of hydrophobic matter with the fibres (durable ef­
fect);

3. treatments based on coating the fibres with a water repellent film (durable effect).

Mechanical treatments using wax-based repellents are characterised by the following process
steps:

• impregnation using a soap or tensed solution containing emulsified paraffin or wax;

• drying and impregnating using aluminium formate or aluminium acetate (old method), or
stabile emulsion of paraffins, waxes and aluminium salts or zirconium salts. Usually the
products also contain a protective colloid such as glue, poly(vinyl alcohol) or an acrylic
polymer [266].

The wax-salt repellents are still in use (especially those with zirconium salts), they are inexpensive
and provide good water repellency, but have poor durability to laundering or dry cleaning.

Chemical modifications of the fibres improve permanent repellent effects. The principle is an es­
terification or an etherifaction of the cellulose with water repellents such as

• fibre affine and cationic fatty acid derivates (reactive quaternary repellents);

• fatty acid derivates containing metals (organometallic repellents);

• fatty modified synthetic resins (resin-based repellents).
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Reactive quaternary repellents were the first truly durable water repellents. They are based on
stearaminomethylpyrimidinium chloride. Commercial products contain not only the quaternary but
other by-products and derivatives such as methylol stearamides and methylenedistearamide. The
quaternary compounds react with the hydroxyl groups of the cellulose on curing, chemically linking
the hydrophobe with the cellulose.

The bound hydrophobe tends to retain other unbound hydrophobic materials on the fabric .The
quaternary type repellents are dispersible in water and are applied through aqueous baths, fol­
lowed by drying and curing at 135-205 °C. The products have fallen into disuse because of the
necessity of after-washing fabrics treated with them to remove by-products such as pyridine salts
[266].

Organometallic repellents derived from fatty acids, such as stearic acid, form complexes with
chromium which can be used as water repellents for natural and synthetic fibres. They are neu­
tralised with an amine (e.g. hexamethylenetetramine) or sodium hydroxide and applied using a
pad-dry-cure process. Chrome complexes have fair to good durability to washing and dry cleaning
but are sensitive to alkali and some detergents and soaps. They are green in colour and can cause
a slight colour change in the fabric. Aluminium complexes are colourless but less effective than the
chromium complexes. The organometallic complexes have also fallen into disuse in recent years
[266].

Resin-based repellents are produced by condensing fatty materials with methylolated melamines
and emulsifying the resulting product (for more information please refer to easy-care finishing,
cross-linking agents, above). Some of the manufacturing processes for these products are quite
complex, as exemplified by Phobotex FTC, which is made up of a three-step process involving
methylated methylol melamine, stearic acid, diglycerides, triethanolamine, monochlorobenzene,
and paraffin wax. They produce durable water repellency on a broad range of fibres and fabrics.
They are less expensive than the f1uorochemical, silicone, or reactive quaternary types. The
chemicals are applied using the pad-dry-cure process, often together with cross-linking agents.
They require an acid catalyst and curing temperatures of up to 175°C for maximum repellency and
durability and are normally applied at a rate of 1-4 wt% of repellent solids on the fabric. The resin­
based repellents have been used as extenders for more expensive fluorochemical repellents [266].

Coating treatments are mainly used for synthetic fabrics; however, natural fibres can also be
treated. They consist of applying a film made of silicone or f1uorochemical repellents on the fibre.

Silicone repellents are methylhydrogen- and dimethylsiloxane copolymers which react in the pres­
ence of a catalyst to form cross-linked water-repellent films. The polysilioxanes can be used in
combination with durable press/easy-care finishes such as modified fatty acid aminoplastics or
epoxy resins (two-component system). When applied to cellulose fibres, the addition of melamine
prepolymers or reaction resins is preferred. Typical catalysts are zirconium, tin, or aluminium salts,
zinc octoate, tin (II) oleate, copper naphtenate, or metal-free compounds such as epoxy amines or
amides. The repellents are usually applied using a pad-dry-cure (150°C) process in the form of
emulsified oils. Application in the form of foam is also possible. Yet, some commercial products
marked the silicone in organic solvents which can be applied by padding and foulard techniques;
the elastomeric character of the obtained film is lost.
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Silicone repellents on cellulosics exhibit good dry-cleaning fastness but poor washfastness; how­
ever, on synthetics they have good fastness. They are more expensive than wax-salt repellents but
less expensive than the newer fluorochemical finishes. Silicone repellents are normally applied at a
level of 0.5-1.5 wt% solids on the fabric. In recent years, organo-modified silicones with various
reactive functional groups have become available which offer the possibility of greater durability;
however, these have found more use as softeners than as water repellents [266] (see 6.3.2).

Eluorochemical repellents used for textiles are mainly copolymers of fluoroalkyl acrylates and
methacrylates. The comonomers are esters of acrylic and methacrylic acids containing a variety of
alkyl and substituted alkyl groups chosen to modify the physical properties of the polymers, im­
prove performance, and reduce cost. Eor best repellency, at least four fully fluorinated carbon at­
oms should be present and the end group should be trifluoromethyl. Although they are the most
expensive water repellents, they have become the most widely used repellents due to the addi­
tional oil and soil repellency which some of them produce (dual-action effect, see below). They are
marked under the trade names Scotchgard® (3M), Zepel® and Teflon® (Dupont), Persistol®
(BASE), and Repellan® (Henkel). An example is outlined in the following figure, taken from [17].

Figure 6-4: Example of a f1uorochemical repellent blocpolymer

Eluorochemical repellents are applied using a pad-dry-cure process with the cure being optional
but usually used for the benefit of other finishing bath components such as cross-linkers. They are
often used with "extenders" which could be other repellents such as quaternary or resin-based
types or even materials normally used as softeners. With extenders, the amount of fluorochemical
required can often be reduced by 50% or more resulting in greatly improved economics [266].

The problem with finishing treatments such as soil-release and anti-soiling is very complex and
must be considered individually as [17]:

• repelling of dry soil (antisoiling, soil-repellent finishing);

• repelling of wet soil from dry textiles (hydrophobic treatments, finishing with oil- and fat re­
pellents);

• easy wear of soil during laundry (stain-release and soil-release finishing);
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• repelling of wet soil from wet textiles during laundry (soil-redeposition).

The repelling of dry soil is particularly interesting for synthetic fibres and is often anticipated by
applying antistatic substances which also act as antisoiling and bacteriostatic agents. Hydrophilic
treatments such as treatments with acrylate are also useful, whereas soaping the fibre surface is
more appropriate for polyester. Many products for this purpose are based on chlorofluorocarbons.
Soil repellents are also called soil inhibitors or stain blockers and are mostly applied to synthetic
fibres (Le. polyamide) during carpet production. The finishing treatment usually consists of a two
step application; first, the stain blocker itself, followed by a treatment with fluorocarbons.

Stain blockers of the 1st. generation are anionic polymers. Of these, two different types can be
distinguished:

• sulphonated phenolic condensation products, mainly phenol/formaldehyde polycondensa­
tion products of phenolsulphonates, naphtolsulphonates and suiphonates of 4,4'­
Bis(hydroxyphenyl)sulphon;

• polymers based on maleic acid or ethacrylic acid and containing carboxylic groups.

The sulphonated phenolic condensation products produce a finish with an acceptable permanence
regarding alkaline washing, but tend to yellow under UV light. The carboxylic groups containing
polymers do not yellow as easily but also do not provide as good resistance to alkaline washing.
Most stain blockers of the 1st generation thus contain a mixture of the two product classes. How­
ever, stain blockers of the 2nd generation outmatch these properties. The substances are prepared
using basic catalised condensation of 4,4'-Bis(hydroxyphenyl)sulphon with formaldehyde. The
stain blockers thus have no ionic group and are can therefore be applied in a neutral medium, The
affinity toward polyamide is high and the permanence toward mechanical stress is very good (354).
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Figure 6-5: Characteristics of soil repellents

Easy wear or soil release finishing is part of the easy care treatment group. They are most effec­
tive when applied in a thin, negatively charged, non-adhering and non-plasticising film.

The repelling of oil (oleophobic finishing) is obtained using stain repellents such as f1uoropolymers,
mainly long chained perfluored aliphatic acids (e.g. perfluorooctanoic acid). These cationic active
substances are applied as dispersions or in solutions with organic solvents using exhaust or fou­
lard processes (for example, Scotchgard® process of 3M, or Oleophobol® process of Pfersee). To
improve the stain release effect, the products are combined with hydrophobic agents (so-called
extenders). This reduces the concentration of the expensive oil repellents without reducing the
effect [17).

However, it became generally recognised that any finish which imparts a hydrophilic surface to
textiles will improve soil release. Numerous products of various types have been proposed, pat­
ented, and marketed. Although there are dozens of such products, few have gained appreciable
commercial significance [266).

Novel hydrophobic treatments of cotton and synthetic fibres such as plasma treatments are dis­
cussed in section 6.6.2. These treatments are said to be interesting and ecological alternatives to
conventional hydrophobisation treatments.
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Hydrophilic treatments improve the ability of the textile to wet, Le. to absorb water. The absorb­
ency of some textiles (for example, towelling) can be improved by special weaving techniques,
blending with hydrophilic fibres, or functional finishing. Among the finishing methods, absorbency is
obtained by:

• inserting hydrophilic groups (e.g. the Refresca® process which applies polyacrylic acid on
Polyester fibres under vacuum conditions);

• or, coating the fibre surface with hydrophilic (anionic, cationic or non-ionic) film: the most
popular hydrophilics are emulsions based on polyamide (e.g. Lurotex A25®, Nylamid®,
Sanumid SR®), and on acrylic or methacrylic acids or esters (e.g. Migafar FS®); some
products are based on polyglycolether (e.g. Permalose T®) or silicone (Emulsion SA
322®).

The treatment of synthetic fibres with hydrophilic polymers is in general called soil-release finish­
ing, as the treatment makes the soil adhering the hydrophobic fibres more accessible to water.

The most widely used soil-release agents are (266):

1. anionic polymers;

2. low molecular weight polyesters;

3. caustic treatments on polyester;

4. f1uorochemicals.

The anionic polymers may be either emulsions or solutions. They are usually vinyl copolymers
containing carboxyl groups, although almost any anionic polymer which can be fixed to the fibre
surface will work. A variety of monomers have been proposed, including acrylic, methacrylic, and
maleic acids. Acrilic acid is commercially the most important. Comonomers are used to improve
the flexibility and durability of the polymer, typically lower alkyl acrylates such as methyl or ethyl
acrylate are used for this purpose (at least 15% of the carboxylic acid monomer is needed). Co­
monomers such as N-methylolacrylamide provide limited cross-linking of the polymer when used in
small amounts (1-2 %) and adds durability to the finish.

The anionic polymers are usually supplied in concentrations of 20-30% solids, and up to 15 wt% of
the products supplied are used on fabric. They are usually applied in finishing baths along with
other chemicals in pad-dry-cure systems. These products can adhere to fabric by absorption.
Chemically fixing the polymer on the fabric must be incorporated into the finish to obtain durability,
in other words:

• internal reactive monomer components reacting with the fibre;

• or reaction with an external cross-linking agent.

The anionic soil-release agents are probably the least expensive of these finishes; yet, their main
disadvantages are:
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• incompatibility with cationic agents (e.g. softeners);

• interference with the catalysis of some durable press (easy care) finishes;

• pick-up of metal-ion during laundering;

• yellowing;

• loss of fastness of pigment dyes.

Low molecular mass polyester types are used mostly on polyester fabrics, where they are claimed
to "co-crystallise" with polyester fibre components. The polyesters contain large hydrophilic poly­
glycol segments as recurring segments along short blocks of poly(ethylene terephtalate) units.

The products are usually supplied in concentrations of 15%, and up to 15 wt% of the product is
used on fabric. They are usually applied to the fabric using padding and are fixed by heating which
causes them to absorb into the surface of polyester fibres. Alternatively, they can be exhausted
onto polyester fibres in baths at elevated temperatures under conditions similar to those used for
dyeing. Finishes of this type sometimes has adverse effects on the fastness of dyes. Products are
supplied under the name Cirrasol PT®, Permalose T®, Milease T®, etc. This type of finish is not
effective on cellulosic fibres, where methods using oxyethylated products of alkylphenol derivates
are preferred [17].

Caustic treatments on polyester fibres produce a hydrolysis of the fibre surface, liberating carboxyl
and hydroxyl groups, and resulting in soil-release properties in the fibres. Strong alkalis such as
sodium or potassium hydroxide are used and sometimes combined with auxiliaries such as qua­
ternary compounds to enhance the effect. The soil-release properties are durable until the fabrics
are heated (i.e. ironing will irreversibly rearrange the fibre surface).

The fluorochemicals used for soil release differ from those used solely for water and oil repellency
in that they contain hydrophilic groups as well as perfluoro alkyl groups (dual action fluoro poly­
mers). The hydrophilic groups are usually polyethoxylene chains. These dual-action fluorochemi­
cals were first offered by 3M as FC-216 and FC-218, other versions have been marketed by 3M
and other suppliers. A typical example of such a dual-action polymer is POly-[N-methyl-perfluoro­
octanyl-sulphonamido-ethyl-acrylate).

Both non-ionic and cationic products are available, as are low-flash products containing acetone
and high-flash point products without acetone. The products are supplied at concentrations from
15 to 30%. Application of 0.3-0.4 wt% of active solids on the fabric is recommended. The f1uoro­
chemical agents are usually applied with other finish bath ingredients in durable press formulations
by a pad-dry-cure system. They are the most expensive soil-release agents; however, they are
probably the most widely used types due to their performance, compatibility with durable press
finishes and freedom from deleterious side effects [266].

Besides fluoroacrylate, fluorocarbon dispersions also contain a number of other comonomers and
auxiliaries which serve a variety of functions (Figure 6-6).
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Figure 6-6: Most important components of typical fluorocarbon dispersion

Fluoroacrylate is the crucial component. It is responsible for oil repellency as well as for water re­
pellency. Fluorocarbons almost always contain long-chain fatty alcohol acrylates such as lauryl or
stearyl acrylate, which increases water repellency. Other frequently used comonomers are vinyl
chloride, vinylidene chloride, methyl methacrylate, and acrylonitrile. These products achieve spe­
cial effects such as soil repellency or white spirit and solvent resistance. Reactive monomers such
as acrylates with methylol or epoxy functional groups improve wash-fastness by reacting with
themselves or with functional groups on the surface. Siloxane compounds, generally higher­
molecular polydimethyl-siloxanes, are occasionally incorporated, imparting a soft handle (intermo­
lecular or intramolecular additions [186]). If necessary, fluorinated urethane structures can be used
which produce additional effects such as oil repellency. The precise structure of the urethane can
be widely variable. Naturally, emulsifiers (surfactants) are necessary to stabilise the aqueous
emulsion or dispersion. Combinations of several surfactants are normally used. Necessary auxilia­
ries are: solvents, regulators, (or chain transfer agents) and initiators. The solvent is required to
synthesise the emulsion and assist in the film-forming process. Regulators reduce the molecular
weight of radical acrylate polymerisation, which is started by initiators such as azo or peroxide
compounds. The necessary components are selected from those sub mentioned in suitable ratios
to meet a specified requirements profile [134). Figure 6-7 shows the theoretical structure of a
polymer film formed from fluoroacrylate.
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Figure 6-7: Theoretical structure ofa polymer film formed from fluoroacrylate

Depending on the effects required, some additional auxiliaries are required during the process.
These auxiliaries always depend on the requirement profile. Extenders such as melamine com­
pounds or capped isocyanates, for example, can be added to the finishing bath for Polyamide and
Polyethylene fabrics (rainwear manufacturing). These cross-linking agents further increase the
wash-fastness through chemical reactions. A catalyst for the reaction is also need. The finishing of
polyamide carpets requires the addition of 2% stain blockers, which are higher-molecular anionic
polymers or condensation products which are intended to block the cationic functions of the carpet
in order to prevent the absorption of anionically charged contaminants [134]. Moreover, in the past
few years much research has been done to investigate topics such as the combined properties
and effects of f1uorochemicals and silicones [186].

In May 2000 a US manufacturer (leading world producer) of f1uorochemicals announced that, due
to environmental concerns, it was ceasing the creation of products containing perfluorooctanyl sul­
phonate (PFOS), a by-product of perfluorocarbons synthesis (Le. for preparation of Scotchgard®
products). This decision will have large repercussions for the entire sector [111;112;113; 319].
However, the concurrence of products using another synthesis will still be obtainable (Le. as Tef­
lon® products).

6.4.7 Non-slip, ladder-proof and anti-snag finishes

An important aspect of mechanical stability is the prevention of the movement of fibres, fibre sys­
tems, or yarns, within the textile structure [266].

Non-slip, ladder-proof and anti-snag finishing treatments reduce the slipping of the various yarn
systems in fabrics, the formation of ladders in knitwear, or prevent snags in hosiery and other
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ready-made goods of continuous-filament yarns. Moreover, they contribute to the increasing seam
stability of fabrics. The negative properties of some fibres or specialty goods are additionally rein­
forced by the action of some softeners, including those used in private laundry. The two funda­
mental treatments to remedy to these problems are

• impregnation using an adhesive and thin film forming substance;

• or applying a substance which creates a harsh fibre surface.

Products used earlier contained colophony emulsified in soapy solutions. Newer products are
synthetic substances, generally preparations based on plastics, natural resins, silicic acid, or me­
tallic oxides. Permanent effects are obtained when using self-cross-linking acrylic polymers (e.g.
Mace-Gard® process) or silicone ester hydrolysed on the fibres. Harshening of fibre surfaces is
obtained using metal complex salts or silicic acid dispersions. Some polymers may also be applied
using foaming techniques [282, 17).

Polymer dispersions with internal cross-linkings are noted to be less effective against slipping than
their chemical counterparts without reactive groups. Poly(vinyl alcohol) (Tgca. 70°C), poly(vinyl
acetate) dispersions (Tg 30-35°C), and copolymer dispersions with Tg between 15 and +30°C
(hard-film formers) are suitable. To give a softer handle, polymer dispersions with a Tg of -5 to ­
20°C are used. The addition of cross-linking agents such as N-methoxymethylmelamine
compounds to polymer dispersions does not improve slip resistance.

Moreover, PVC plastisols are used for strengthening lattice woven materials and layered yarn
structures. Slipping can also be reduced by polyurethane dispersions combined with vinyl acetate­
ethylene copolymer dispersions. Products based on silica are the most typical textile non-slip
agents. The cationic silica non-slip agents are often very effective. Silica products dry to form a
brittle, powdery material. They are often combined with other textile auxiliaries. [266).

6.4.8 Finishing with flame retardants

Flame retardants are a key element of safety in many products of daily life and in the workplace
environment. Like many plastics, textiles are also quite flammable and burn well. In a number of
application areas, this fire risk has to be reduced by measures such as the use of flame retardants.
However, over the past few years, certain types of flame retardants have been criticized due to
their proven or alleged effects on man and the environment. Moreover, publications often refer to
flame retardants as if they were a homogenous product group. This is not the case, since flame
retardants derived from a number of totally different chemical compounds which only have their
ultimate effect on ignitability in common [320). Figure 6-8 summarizes the chemical substances
which can be used as flame retardants [291). Flame retardants in the US market, for example, can
be grouped into six categories: bromine based, antimony based, phosphorous based, chlorine
based, aluminia trihydrate and other (Le. including magnesium hydroxide and boron-, molybde­
num- and nitrogen-based) [136).
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Figure 6-8-; Chemical substance groups which can be used as flame retardants

Considering the propensity of different fibres to burn as well as their burning mechanisms, one
should be aware of the diversity of flame retardant treatments.

Cotton and rayon present serious fire hazards, particularly in certain fabric constructions and in
certain end uses. Wool, in contrast, is difficult to ignite and burns very slowly. Thermoplastic syn­
thetic fibres, such as nylon, polyester, and polyolefin, are generally less serious fire hazards than
cellulosics because they tend to melt away from a flame, but present the additional hazard of mol­
ten drippings. When blended with cellulosics, thermoplastics represent a greater hazard because
the cellulosics form a matrix which retains the molten thermoplastics and prevents them from drip­
ping away from the flame [266].

The available concepts for obtaining flame proofing on textiles are as follows [17]:

• tightening of fabric construction (e.g. special weaving techniques);

• development of new yarns (e.g. copolymerised Modacrylics; Viscose, Acetate or Acrylic
with additives; Nomex);
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• chemical modifications of fibres (e.g. grafting vinylchlorid on Acrylics);

• conditioning with flame retardants.

The current portfolio of effective and commercially available flame retardant treatments and inher­
ently flame retardant or resistant textiles is a consequence of the perceived need for increased
safety and the intensive research into flame retardants during the period of 1950-80. The biggest
change in flame resistance in the last 20 years is in improved application systems (136). The most
commonly used flame retardant agents can be classified as follows:

• inorganic (non-durable finishes and wool finishes with flame retardants);

• antimony-trioxide based (in conjunction with halogenated - Le. brominated - organic com­
pounds as synergistic agents);

• phosphor-organic, reactive (Le. durable, based on halogenate-free phosphonate deriva­
tives);

• phosphor-organic, non-reactive (semi-durable treatments).

Table 6-12 lists a currently valid selection of flame retardant textiles comprising both treated or
finished examples as well as inherently flame retardant ones [65; 222).
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Fibre Flame retardant structural Examples of trade name Mode of introduction
components

Natural:

Cotton Organophosphorus and nitrogen- Proban CC (Albright and Wil- chemical finish
containing monomeric or reactive son), Pyrovatex CP (Ciba),
species Aflammit P and KWB (Thor),

Flacovon WP (Schill & Sei-

Antimony-organo-halogen systems
lacher)

Flacavon F12/97 (Schill &

Seilacher), Myflam (Bostik,

form. Mydrin)

Wool Zirconium hexafluoride complexes Zipro (IWS), Pyrovatex CP chemical finish
(Ciba), Aflammit ZR (Thor)

Regenerated:

Viscose Flame retardant additives: organo- Sandoflam 5060 (Clariant additive introduced during
phosphorus and nitrogen/sulphur- form. Sandoz), in FR Viscose fibre production
containing; (Lenzing)

polysilicic acid complexes Visil AP (Sateri)

Synthetic:

Polyester Organophosphorus species: copolymeric modifications /

phosphonic acidic comonomer Trevira CS (Trevira GmbH additive introduced during

form. Hoechst) fibre production

phosphorous containing additive Fidion FR (Montefibre)

Modacrylic Halogenated comonomer (35-50% Velicren (Montefibre), copolymeric modifications
w/w) plus antimony compounds Kanecaron (Kaneka Corp.)

Polypropyl- Halo-organic compounds usually as Sandoflam 5072 (Clariant form additive introduced during

ene brominated derivates Sandoz) fibre production

Inherent:

Polyhaloalke- Polyvinyl chloride Clevyl (Rhone-Poulenc) homopolymer

nes Polyvinylidene chloride Saran (Saran Corp.)

Polyaramids Poly(m-phenylene isophthalamide) Nomex (DuPont), Conex aromatic homo- or copoly-

Poly(p-phenylene terephthalamide) (Teijin) mer (for high heat and

Kevlar (DuPont), Twaron flame resistance)

(Enka)

Poly(aramid- Kermel (Rhone-Poulenc) aromatic homo- or copoly-

aramid) mer (for high heat and
flame resistance)

Novoloid Kynol (Kynol Japan) aromatic homo- or copoly-
mer (for high heat and

flame resistance)

Polybenzimid PBI (Hoechst-Celanese) aromatic homo- or copoly-

azole mer (for high heat and

flame resistance)

Carbonized Semicarbon Panox (RK Textiles) aromatic homo- or copoly-
acrylics mer (for high heat and

flame resistance)



Table 6-12: Durable-finish and inherently flame retardant fibres in common use
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Fibres which have inherently flame retardant structures usually have aromatic char-forming poly­
mer backbones (e.g. polyaramides, novoloid, etc) or halogen atoms present (e.g. modacrylic).

Non-durable finishes are nowadays nearly obsolete; however, they are effective. They are suitable
only for fabrics which are seldom or never laundered and can be retreated whenever laundering is
done, such as buntings and some draperies. The flame retardants are applied through an aqueous
solution by padding or spraying and drying, usually at concentrations of 10-15%. The compounds
are made of water soluble salts able to form or give rise to Lewis acids on pyrolisis. Some of the
compounds which have been used include [266,17,69,143,182,136):

• diammonium phosphate (DAP) and monoammonium phosphate (MAP);

• aluminium sulphate;

• ammonium sulphate;

• sulphamic acid;

• ammonium sulphamate;

• zinc chloride;

• sodium stannat;

• various phosphate salts (e.g. ammonium di- or mono-hydrogenphosphate;
Na3P04.12H20), various ammonium salts, and combinations thereof;

Ammonium phosphate and ammonium polyphosphate of different natures and polymerisation
grade are the most popular anorganic phosphor-based flame retardants. Elemental red phosphor
shows, for example, on polyacrylonitril and polyester substrates, polyurethane foams and polyam­
ide, a flame retarding effect. However, the use of red phosphor on textiles is restricted due to its
intensive colouration. Moreover, red phosphor is sensitive to high temperatures combined with
water. Red phosphor is therefore often proposed as a coating product [321). Phosphoric and boric
acids and their salts also prevent or inhibit afterglow, as well as serving as flame retardants.

Finishes based on the incorporation of metal oxides (titan, antimony, zinc, tin) and additional chlo­
rinated organic compounds (paraffin, PVC) are able to withstand some laundering cycles, but are
no longer used (e.g. treatments with litanyl chloride or antimony trichloride, and further alkalising in
a soda bath) [17).

Other semi-durable finishes for cellulose present more advantages. The phosphorilation of cellu­
lose with a mixture of phosphoric acid and urea results in phosphate ester of cellulose, a fire
retardant. However, the ester picks up anions from laundering to form sodium, calcium, or magne-
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sium salts and must be regenerated by reconverting it to the acid or ammonium form after each
laundering.

Another semi-durable finish for cellulose is based on the formation of an insoluble resin within cel­
lulosic fibres. The treatment consists of applying a combination of ammonium phosphate with a
dicyandiamide-formaldehyde condensation product, followed by baking. Various modifications of
this finish have been proposed. Cyanamide and phosphoric acid (pyroset CP) also produce semi­
durable fire retardancy when applied to cellulosic fabrics, dried and cured. The application of 3mol
of cyanamide per mole of phosphoric acid solution is optimum, and the fire resistance withstands
nearly 10 laundry cycles when 45% solids add-on where applied. However, the fabric must be re­
activated by scouring and ammonia treatment after each laundering. This type of finishing is thus
only practical for some commercial uses, especially on draperies [266].

Durable finishes are more likely treatments based on chemical reactions between the fibres (cel­

lulosics, as well as some synthetics) and substances containing nitrogen or phosphor. The durabil­
ity concepts are chemical bindings between the flame retardant and the reactive groups of the fab­
ric (reactant cross-linking), polymerisation of the flame retardant on the fabric (self-cross-Iinking),
encapsulating of the flame retardant between the fibre after "opening" with high temperatures
(thermosol-cross-Iinking), as well as ionic exchange of flame retardant and substrate (ionic link­
age). The principal steps of the different treatment types are schematised in the following diagrams
[69].

Neutralisation

Impregnating

Foulard
Flame retardant bath

Slenlering frame

Stenterlng frame
1. Step: Drying at 120·C to 8·12%molsture
2. Step: Condensation at 160·C.

depending on fabric 3-5 min

Figure 6-9: Typical durable flame retardant finishing process based on reaction
cross-linking
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Figure 6-10: Typical durable flame retardant finishing process based on self- cross­
linking
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Washing

Impregnating

Foulard
Flame retardant bath

Slentering frame

Stenterlng frame
1. Step: Drying at 120'C
2. Step: Thermosoling at 190·210·C I for 30-40 sec

Figure 6-11: Typical durable flame retardant finishing process based on thermosoling

Some of the finishes developed, such as APO (tris-aziridinyl phosphine oxide) which was pro­
moted for cotton, and tris(bromoethyl) phosphate (TRIS), which was promoted for polyester, are no
longer in use because the reactants were found to be carcinogenic.

Many of the most successful finishes have been based upon tetrakis (hydroxymethyl) phospho­
nium chloride (THPC) or its derivatives [266,17]:

• in the Proban process, THPC is reacted with urea to form a water soluble compound
which is stable in solution. This compound is applied to fabric in a pad-dry process.
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• The fabric is then exposed to ammonia and ammonium hydroxide consecutively to pro­
duce an insoluble polymer within the fibres by reaction of the methylol groups of the THPC
with urea and ammonia;

• in the THPC-amide process, THPC is applied with urea, trimethylol melamine and sodium
hydroxide in a pad-dry-cure process (with typical concentrations of 17%, 10%, 10% and
1.5%, respectively). Although the finishes become discoloured by chlorine bleaching, the
treated fabrics are very durable to laundering;

• padding with a 30% solution of THPOH (a conversion product of THPC with alcoholic so­
dium or potassium hydroxide) and further drying to 10-20% moisture and treatment with
ammonia, also produces a fire-resistant fabric. The finish shows little loss in strength, little
stiffness, good durability, but discoloration by chlorine bleaching, and no improvement in
wrinkle recovery;

• the lowest cost treatment of the THPC types is obtained when a methylolmelamine is
combined with THPOH and an ammonia treatment, followed by curing. A typical bath
contains approx. 18.5% THPOH and 11.5% trimethylolmelamine. The finish shows little
loss in strength, only a little increase in stiffness and good durability, but discoloration by
chlorine bleaching, and no increase in wrinkle recovery;

• THPOH-amide treatments are similar to THPC-amide processes. A typical finishing bath
contains 16% THPOH, 10% urea, and 10% trimethylolmelamine. With this finish about
90% of the fabric strength is retained, with a slight increase in stiffness. Durability is very
good, recovery is greatly increased, and yellowing with chlorine bleach is very slight.

Tetrakis(hydroxymethyl) phosphonium salt pre-reacted with urea or another nitrogenous material is
often designated as "precondensate". The reaction products are complex oligomers; exact compo­
sitions are proprietary information of chemical suppliers. The precondensate treatment using
gaseous ammonia gas to polymerise the precondensate in the fibre is the largest commercial use
of flame retardant in the US. A generalised precondensate formulation, applicable to a range of
fabric and constructions, is as follows [136]:

• precondensate 20.0 to 50.0 %wt;

• sodium acetate (anhydrous) 0.8 to 2.0 %wt (the amount is 4% of the amount of precon­
densate used);

• non-ionic surfactant 0.2 %wt;

• water 79.0 to 47.8 %wt.

The final steps in the process are oxidation of the phosphorous polymer, washing of the fabric, and
adjustment of the fabric pH. Oxidation can be done on either batch or continuous equipment using
hydrogen peroxide. For batch processing, 10% hydrogen peroxide (50% active solution), based on
the weight of the fabric, at 54° to 60°C with a 20:1 liquor-to-fabric ratio can be used. For open­
width, continuous oxidation, 10% hydrogen peroxide is padded onto the fabric. After conversion of
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the phosphorous to the pentavalent, durable, state and washing to remove trace of odours, rinsing
with warm water or dilute (2% to 5%) sodium carbonate solution completes the wash [137].

All THPC and THPOH finishes must be after-washed in order to removed unreacted materials and
by-products. THPC has been replaced by sulphate salt THPS because of possible toxicity with
THPC, which is no longer manufactured [266].

Another durable fire retardant used commercially for cotton is the methylol derivative of the addi­
tion product of a dialkyl phosphite with acrylamide (Pirovatex CP® [20120-33-6]). The product is
used alone or in combination with trimethylolmelamine. It is a pad-dry-cure process with add-ons of
approx. 20-25% on cotton. The principle of these treatments is that the flame retardants are fixed
durably on the fibre by chemical cross-linking with the different melamine derivatives (see also
6.4.4). Some cross-linkings or covalent bondings with the hydroxyl groups of the fibre surface also
occur. The reaction between such a flame retardant, the cellulose surface and etherified methyol­
melamine is shown in the following diagram [236].

~ trimethylolmelamine
preco ndensate

@ Flameretardant
pyrovatex cP

Catalyst
H3PO.
Phosphoric acid

Figure 6-12: Schema of the reaction of Pyrovatex CP and trimethylolmelamine with
cellulosic fibres

Flame retardant systems based on formaldehyde-free durable treatments have been developed.
One option is to synthesise flame retardants made of a flame retardant component and a reactive
group component which can react with the cellulosic surface. These reactive groups are similar to
those used in reactive dyes, i.e. vinylsulphone or trichlorotriazine derivatives. Yet, first results with
these so-called reactive flame retardants show intensive yellowing of the fabrics. Another possibil­
ity is to fix the phosphoric flame retardant to the cellulose by graft polymerisation. The grafting of
diethyl-2-(acroyloxy)-ethylphosphat (OAEP) in the presence of 2-methoxy-2-(1-oxo-2-propenyl)
amino methyl acetate (Magme 100) shows good durability and flame resistance; however, the
handle is not as negatively influenced as with dimethyl-(acroloyloxy)-methylphosphonate (OAP)
grafting. Phosphorilation of specially aminated cellulose surface with dimethylphosphonate in Oi­
methylformamide also gives promising results [236], as well as the sulphatation of cellulose with
sulphamate in the presence of urea derivatives [182]. Simultaneous sulphatation and phosphorila­
tion treatments with ammonium sulphamate and tris(N,N',N"-methyl phosphoramide (TPA) also
improve the durability and provide other advantages [182].
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Polymerics are commonly made more flame-resistant by reducing the organic, and hence flamma­
ble, components, for example by adding fillers which are non-flammable or of low flammability (for
example quartz flour, glass, wollastonite and the like). However, especially for polymeric fibres,
these adducts are only desirable to some extent as they can modify considerably the fibre proper­
ties. Another possibility is the addition of classical flame retardants such as inorganic compounds
and halogenated compounds (see above). Halogenated phosphoric acid esters are disclosed as
flame retardant additives for plastics. Yet, the use of flame retardant organophosphorous com­
pounds which are not incorporated in the polymers (e.g. in synthetic polymeric fibres) results in a
kind of plasticising effect, which affects the inherent properties of the polymers. Nevertheless,
halogen-free sterically hindered phosphonates and phosphates, of which some were still disclosed
as image dye stabilisers for photographic layers, can increase the flame resistance without sub­
stantially affecting their other properties. Cyclic phosphates and thiophosphates protected by vo­
luminous groups of the general formula shown below are reported to be used for application on
halogen-free polymers [364).

Figure 6-13: Examples of cyclic phosphate and thiophosphate flame retardants for
polymers

Polyester-cotton blends can be permanently treated for fire retardancy using a combination of a
specially formulated halogen-free phosphonate with a THPC-urea ammonia process. The phos­
phonate alone is claimed to afford durable flame retardency on pure polyester fabrics when ap­
prox. 5% is applied by padding, drying, and thermosoling. Various additives and co-monomeric
modifications are available, see the following table [22).
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Generic name Nature

Phosphine acid derivative (Trevira®CS) Co-monomer

Bisphenol 5 (Toyobo®GH) Additive

Cyclic phosphonate (Amgard®1045) Dimeric additive

Table 6-13: Flame retardant modifications for polyester fibres

The synthesis of phosphor-modified polyethylenterephtalates used as flame retardants for polyes­

ter is described in the following figure [321). The most popular representative of this class is the
polycondensation product trademarked under Trevira®CS.
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Figure 6-14: Synthesis of flame retardant modifications for polyester fibres

Speciality resins, such as methylated thiourea-formaldehyde resins, have been used to flameproof

nylon, acetate, and acrylic fabrics [266].
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Cyclic phosphonate esters (CPEs) are a unique type of liquid flame retardant which can be applied
to polyester or nylon fabrics using the thermosoling process. CPEs are also suitable for use in
backcoating and other binder applications due to their high compatibility with binders such as
acrylics. Use of CPEs in combination with an insoluble additive, such as one of the halogen flame
retardants, reduces their negative property to leaching [143].

Although wool has inherent flame retardancy, most carpets made of wool are treated to increase
the flame retardant effects. Treatments with zirconium or titanium potassiumhexafluor complexes,
which are applied by foulard (i.e. Zirpo process), even simultaneously with colouring baths, are the
most interesting. Specific agents used for this purpose are potassium hexafluoro zirconate K2ZrF6
and potassium hexafluoro titanate, K2TiF6 [22]. Various modifications of this process have been
made to improve durability and compatibility with shrink-proof finishes. Treatments with zirkoni­
umtungsten complexes or tetrabromophtalic acid are also mentioned [17]. The flame retardancy of
wool with sulphamic acid in the presence of urea has also been tested with good results [182].

A specific problem is to work out the proper formula for a flame retardant used on coated fabric
(upholstery fabric, etc). Textile coatings are often made of a mixture of polymer systems. A com­
pound or formulation which effectively flame retards a polyester fabric may not be effective when
the fabric is coated with an SBR latex. Furthermore, combining a flame retardant treated fabric with
a flame retardant containing coating does not always lead to a flame retardant coated textile. In
addition to the proper flame retardants already mentioned, so-called "dilution flame retardants",
can be used either alone or in combination with other flame retardants. Dilution compounds can be
effective in any type of polymer matrix. Generally speaking, they are the least efficient form of
combustion modifier in terms of load levels required. However, the extremely low cost of some of
these additives (i.e. fillers) makes them very competitive with other flame retardant technologies
[132]:

• metal hydrates (e.g. aluminium hydroxide);

• inert fillers such as calcium carbonate, glass, clay, talc, etc.;

• dilution of volatile fuel gases with water, halogens, carbon dioxide, and nitrogen.

However, chlorine-containing coating polymers based on polyurethane or polyacrylate are made
flame-retardant by dispersed additives based on Antimony-Brome; although the treatment is not as
permanent as desired. Another disadvantage of treatment with antimony- and halogene-derivatives
is the ecologically ominous additional step: to the flame-retardants must be added highly concen­
trated dry pulver during the foaming of the aqueous polymer dispersion, which in turn makes the
foaming of the obtained highly viscose compounds difficult [333]. Newer concepts to obtain flame­
proofing effects for (mainly technical) textiles are, beside the use of classical flame retardants fin­
ishes, the microencapsulation of flame retardants [266] (see further 6.6 Intelligent textiles).

The market for flame resistant fabric is limited to hospitality, institutional, health care, military, and
institutional settings, and any settings where flame resistance is mandated by law. Many point out
the problems that using fire retardant chemicals on upholstery fabrics will cause. The treatments
not only affect the other finishing treatments, but also introduce issues of toxic waste disposal as
well as other environmental problems associated with some of them. Some note that fire retardants
effective for open flame will not protect from smouldering fires (cigarettes) [38].
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General requirements for fire protection from government through relevant legislation are the basis
for standards and "codes of practise", which are again based on recognised technical principles.
These standards are national and international. Since every country has specific sets of rules
which have developed over time, efforts are made to harmonise the standards [22]. More details
are given in section 2, Legal regulations.

During the past few years, new results showing that halogenated -Le. especially brominated­
flame retardants have a tendency to accumulate and spread in the environment have further in­
creased the focus on these compounds. A recent Danish study on brominated flame retardants,
summarising the main application fields of these compounds in textiles and pointing out same al­
ternatives, is cited in the following [22].

Flame retardants are one of the major categories of chemicals used in textiles. The dominating
flame retardant system for textiles based on bromine is hexabromocyclododecane (HBCD) and
decabromodiphenyl ether (DeBDE) in conjunction with antimony trioxide. Both DeBDE and HBCD
are additive substances.

The use of brominated flame retardants for textiles within the EU takes place mainly in the United
Kingdom and Ireland, where there are strict requirements for flame retardancy treatment of uphol­
stered furniture (see section 2, Legal regulations).

Based on international experience, the following types of applications of brominated flame retar­
dants in textiles are possible:



Clothing,

particularly protective

clothing

Carpets

Curtains

Upholstered furniture
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Protective clothing

No use of brominated flame retardants has been identified for civil purposes. In the pas
though it has been normal to use e.g. the bromine-antimony system for some types of

protective clothing. The disadvantage of the bromine based flame retardant systems for
clothing, is the lack of softness of the treated product.

The only known use of BFRs in textiles for clothing in Denmark is connected to ABC

uniforms from 1984 (ABC: atomic, biologic, chemical), produced for the Danish Army.

The used mixture consists of the antimonyldecabromodiphenyl ether system in combi­
nation with inorganic phosphorus compounds. The ABC uniforms are designed to be
worn for maximum 30 days and to stand one wash at 30·C. When a uniform has been

used (e.g. in war zones), the clothing is used for training purposes in Denmark and
through repeated laundering, most impregnation will be washed out. On the basis on

information from the Danish Army round 4 tonnes decabromodiphenyl ether will be pre­
sent in the stockpile.

Children's night-dress

Within the UK and the USA, requirements regarding the flammability of children's night­

dresses exist, and night-dresses fUlfilling these requirements are also found on the
Danish market. According to major producers of flame retardants for textiles, the use of

organophosphates is absolutely dominant, and possibly no brominated compounds are
used. The only possible use might occur in 100% polyester products, in which BRF rep­

resents a cheap solution, meeting the requirements.

No use of brominated flame retardants in Denmark has been identified. Demands re­

garding flame retardancy exist only within the contract market. The contract market is
defined as products purchased to public or private institutions, business, e.g. for offices,

industry, canteens, hospitals, and kindergartens. The absolutely predominant flame
retardancy system is based on aluminium hydroxide combined with various fillers, in­

corporated in the back side layer.

DeBDE might to some extent be used for synthetic carpets, but it is unlikely that these

products reach the Danish market in significant amounts, whereas existing require­
ments for flame retardancy are reached by cheaper alternatives. Still industry informa­

tion and indicate that PBDEs or other BFRs might be present in flame retarded carpets
based on cheaper synthetic fibres, where they are encapsulated within the polymer fi­

bres.

Flame retarded curtains are not normally used in Denmark. It is in textiles based on
plastic that brominated flame retardants are most likely to be found, and the most likely

products are blackout curtains, roller blinds and cinema screens. Brominelantimony
systems with PBDEs or HBCD are likely to be used. No actual consumption has been

identified, but a small consumption is likely to occur.

Upholstered furniture

In Denmark, furniture used for the contract market are normally flame retarded. The

flame retardant may be added to both the textile and the padding.

Among the main Danish textile finishers supplying the furniture industry, the general

statement is that no brominated flame retardants are used.

The main entries to the Danish market of furniture with textile treated with brominated

flame retardants are furniture for the 'contract market'. A normal practise among some
suppliers of contract furniture is to sell products produced for the English civil market,
as these fulfil the requirements stipulated by the British Standard, that are regarded as

some of the most rigorous rules for fire protection of furniture.

Foam and stuffing for upholstered furniture

Seemingly, no Danish producer of various types of foam for furniture, cars, etc., uses

brominated flame retardants. Chlorinated organophosphates (e.g. TCPP) and mela­
mine are normally used for slap stock foam, but it must be expected that foreign pro-
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duced foams may contain brominated flame retardants. The bromine analogue to

TCPP has had a widespread use. Other used systems might be phosphorus derivatives

used with penta-bromodiphenyl ether.

The expanded polystyrene stuffing in sack chairs, health mattresses, nurse cushions,

etc., is normally flame retarded with between 0.5% and 1% hexabromocyclododecane.

This may correspond to a yearly consumption of HBCD between 200 and 700 kg.

Tents Internationally, tents are one of the major textile end-products for brominated flame re-

tardants. They are used for both military tents and civil tents especially 'party' tents.

Apparently there are no such consumption in Denmark. According to the Danish mili-

tary other solutions than bromine antimony systems are used, but some import of flame

retarded tents may take place. The possible consumption is assumed to be low, most

probably under 1 tonnes.

Table 6-14: Examples of applications of brominated flame retardants in textiles

Seemingly no applications of brominated flame retardants for textiles take place in Denmark. This
information is based on inquiries among Danish industries and major foreign suppliers of bromin­
ated flame retardants for textiles. Inquiries among Danish producers of slap-stock foams indicate
that no brominated flame retardants are used in Danish production of foams.

The main supply of brominated textiles to the Danish market is through import of furniture or tex­
tiles for furniture. A major part of upholstered furniture produced for export to the UK is made with
textiles treated or produced in the UK. A large part of the imported flame retarded is most likely re­
integrated into the market as furniture for the UK market and the contract market.

The largest Danish consumer of BFRs within the category "textiles" is related to furniture. BFRs
might be present in imported special curtains and related textile products made on plastic basis
and in imported carpets made from synthetic fibres; although no cases have been identified.

The total consumption of brominated flame retardants with textiles in 1997 is estimated at 2-11
tonnes as shown in Table 6-15.
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Product group Total consumption Consumption of specific compounds (tonnes) 1)
of BFRs

Tonnes Trend PBDE TBBPA PBB HBCD Other

BFRs

Protective clothing <0.1 Downward <0.1 <0.1 <0.1

Curtains, carpets and
<1 Downward <1 <0.5 <0.5

tents

Furniture 2) 2-8 Downward <3 2-8 <3

Foam and stuffing 3) 0.2-1.7 Downward <1 0.2-0.7 <1

Total (round) 2-11 <5 2-9 <5

For some applications the flame retardants are indicated as either-or (for instance either TBBPA or PBDE) and the sum total
of BFRs is lower than the sum of the single groups.

2)

31

The estimate is based on the following base assumptions: Textiles used within the contract market are generally flame re­
tarded. The contract market for furniture is estimated to be 20-25% of the whole consumption of textiles for furniture. The
estimate of the whole consumption for furniture is based on the assumption that on average 1 m2 textile is used per 5 kg
upholstered furniture (less for swivel chairs) and on average 4 m2 per upholstered furniture, (1 m2 per swivel chair). Com­
bined with information from Statistics Denmark these assumptions indicate that around 1-2 million m2 textiles are used yearly
within the contract market for furniture. According to industry contacts approx. 10-15% of this can be assumed to be flame
retarded with a brominated substance. It is assumed that round 0.05 kg flame retardant is used per m2, and that the flame
retardant contains round 40% brominated substances.

Foam and stuffing for upholstered furniture cover two areas: The first is EPS pellets. The second area is flame retardants for
flexible PUR foam, where the use of BFRs (predominantly PeBDE /5/) now in general seems to be phased out, and the con­

sumption is assumed to be low.

Table 6-15: Consumption ofbrominated flame retardants with textiles in Denmark
1997

It is expected that emissions into waste water from washing of furniture textiles in offices, etc., will
be negligible. It is assumed that the emission from textiles which are washed regularly will lead to
emissions into waste water. This is relevant to protective clothing. It is assumed that, on average,
half of the flame retardants will be washed out before the products are discarded. Furthermore, the
consumption of protective clothing with BFRs for civil purposes has in the past been larger. Hence,
the emission to waste water is expected to be <150 kg BFRs per year. Correspondingly it is ex­
pected that 150 kg BRF are disposed of with solid waste.

On average, around 50 kg DeBOE is likely to be released per year into waste water from ABC
uniforms through washing processes (the used uniforms are put to training use and are washed
repeatedly).

It is assumed that a volume corresponding to the consumption is disposed of in solid waste.

The future trends in consumption are very dependent on specific fire regulations. At the level of the
EU, negotiations on this issue are underway. These will be of essential importance to the future
consumption of flame retardants for textiles and may have consequences on the choice between
different technical solutions (i.e. the use of brominated flame retardants).
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Aromatic BFRs are substituted by aliphatic BFRs (e.g. HBCD). Furthermore, the general tendency
is that BFRs are being substituted by halogen-free alternatives, including inherently flame retardant
textiles.

In general, the use of halogen antimony systems for protective clothing has disappeared. The
prevalent systems are either based on cotton treated with an organo-phosphorus washable treat­
ment, or inherently flame retardant synthetic fibres, such as modified polyesters. Often, the textile
must be both heat and flame resistant, and hence char forming meta-aramides and para-aramides
fibres are often chosen. Some heavy duty clothes, e.g. for use in welding, may imply the use of
flexible glass fibre, where the binder might be flame retarded with a brominated compound, but
also phosphorus based flame retardants may be used. It is most unlikely that other types of cloth­
ing other than protective clothing are to be found containing flame retardants.

Substitution of brominated flame retardants in the upholstery sector is somewhat difficult to estab­
lish. The relative advantage of brominated flame retardants, and probably an explanation for the
widespread use in the United Kingdom, is the applicability to almost all fibre types and fabric con­
structions, meeting the correct level of flame retardancy according to the British Standard, com­
bined with a relatively low cost. These features enable the application to any product, even though
the original design and choice of materials do not include considerations regarding fire retardancy.

It is, however, possible to avoid the use of halogenated flame retardants including BFRs and still
meet the requirements stipulated by BS 5852:1990 required by the British Upholstered Furniture
Safety Regulations, and that is the normal required standard within the contract market for textiles
in Denmark (e.g. for use in offices, theatres, institutions).

As an example from a Danish textile industry, a producer of fabrics reports that it is possible to
replace the brominated flame retardants with flame retardants based on phosphorus, nitrogen, and
zirconium, depending on the textile. The phase out has had no consequences for the fulfilment of
various standards. The producer supplies to both transportation industries and the contract market,
fulfilling the requirements of aircraft, car industry, and contract products for institutions and offices.

Moreover, in the last decade, brominated flame retardants have been totally phased out of flexible
foams produced in Denmark. The alternatives used are chlorinated phosphate esters, in some
cases combined with melamine. Halogen-free additives, containing ammonium polyphosphates,
and reactive phosphorus polyols are used or will be used in the near future for automotive seats
and foam-lamination of textiles.

The most used flame retardant for carpeting is aluminium trihydroxide, and all known requirements
can be fulfilled without the use of brominated flame retardants [3].

Moreover, new systems based on nitrogen-containing compounds are combined with intumescent
systems. Nitrogen-compounds alone have little flame retardant properties, except when present
with phosphorous, where they have a synergistic effect enhancing char formation. Intumescent
systems such as 1. ammonium polyphosphate, melamine, pentaerythritol, and 2. melamine phos­
phate and dipentaerythritol are dispersed throughout flame resistant cotton fibres. These systems
can form more char resistance to oxidation, and may be effective for backcoating fabrics or cotton
composite barriers [136].
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In conclusion, one may observe that current market trends for flame retardants show a shift to­
wards non-halogenated systems. However, most likely there will never be a single flame retardant
which fulfils all fire safety requirements, material properties, and price interests equally well [320].

Additives which facilitate the detection of an unseen fire hazard are nowadays also added to tex­
tiles. However, warning agents like bis(thiol) carbonate which liberates n-butanethiol at tempera­
ture increasing 190'C unfortunately have breakdown partially during textile processing. Microen­
capsulation technology was thus investigated as a means of protecting these early warning agent
during processing. The concept of swelling starch granules or short cellulosic fibres in liquid am­
monia containing dissolved sensory early warning agent precursor show some success. Microcap­
sules prepared in this way have been applied to cotton fabrics and other textiles, for use in uphol­
stery and similar applications [379] (see also 6.6.1).

6.4.9 Anti-electrostatic finishes

The accumulation of electrostatic charge on textile fabrics is mainly a problem when using syn­
thetic fibres. It can be avoided using either special antistatic fibres, or applying a conductible film to
the fibre surface.

Antistatic fibres are made inherently conductible by [17]

• incorporation of microencapsulated air (to increase capillary activity);

• incorporation of additives (e.g. f1uoromonomers);

• incorporation of graphite;

• grafting of a copper sulphide film.

During carpet formation, thin chrome/nickel wires are spun between the other fibres in order to
obtain antistatic effects. Some processes apply a thin conductible layer between the backcoating
and the textile [17].

Numerous substances are now available which impart antistatic properties, durable even for
washing or chemical laundering. These antistatic agents have a cationic, anionic, amphoteric or
nonionic character, and are able to build a conductible film on a textile surface. The conductibility is
further increased by the action of surface active substances, orienting their hydrophobic extremity
to fibre.

Table 6-16 summarises the main antistatic agents used in functional finishing [17]. From a chemi­
cal point of view, formulated products are mostly based on:

• quaternary ammonium compounds;

• phosphoric acid derivatives.
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Antistatic agent Typical formula Examples

Poly(ethylene glycole)s H(CH2CH2O)xH
Glycerol alpha-methyl ether

CAS-No. 260402-72-0

0
Fatty acid poly(ethylene gly- )l /(CH2CH2O)xHcole) esters

R 0

0

Fatty acid amide poly(ethylene )l /(CH2CH2O)xHglycole) ethers
R N

H

(CH2CH2O)xH
/ Tallow alkyl amines, ethoxylated

Ethoxylated amines R-N

\ CAS-No. 61791-26-2

(CH2CH2O)xH

R 1

1+
Aminoxides R 2-N-O-

I
R 3

lOR rQuaternary fatty acid aminide ~ /"R2_~1_R4 X
amines R5 N I

H R3

o SO- MAlkyl poly(ethylene glycole)
R/ "(CH CH 0)/ 3

ethersulphates 2 2 x

Phosphoric acid esters O=P==(ORh
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Antistatic agent Typical formula Examples

Alcohols ethoxylated with
O=P==[O-(CH2CH2OkRj

phosphoric acid esters

[ O-R, r[~<: ]Ammonium salts of phospho- 0=\ 0-R2
ric acid esters

Quaternary polymers of e.g. ( ) Ivinylpyridine

Quaternary copolymers of e.g. ( ) Ivinylpyridine and vinylpyrroli-
done

[R_I1_Rr Quaternary ammonium com-

Ammonium salts X- pounds, bis(hydrogenated tallow

4 I 2 alkyl)dimethyl, chlorides;

CAS-No. 61789-80-8
R3

[R' rQuaternary ethoxylated R2-r,-(CH2CH20)XH X
amines

Table 6-16: Main antistatic agents used in functional finishing

The effects of antistatic agents depend to a great extent on the type of synthetic fibre used.

An antistatic agent for nylon based on urethane oligomer (i.e. polyalkylene polyurethane) is for
example a solid compound with CAS-Nr. [260402-75-3]. The proposed finishing include dyeing of
the woven fabric of textured yarns, treating with a fixing agent, and subsequent treating with the
solution containing 30 gIl of the antistatic product (30% solids). The solution is squeezed to pick-up
60%, and heat-set 1 min at 160C.
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The treated fabric was washed , dried, treated with a solution containing a fluoropolymer water
repellent, a blocked isocyanate crosslinking agent and further a melamine crosslinking agent,
squeezed to pick-up 50%, dried, and heat-treated 1 min at 170 C [373].

6.4.10 Antipilling finishing

The pilling tendency of (mainly) synthetic fibres can be diminished by impregnating the fabric (prior
to sanding/singeing) with substances forming adhesive films on the surface. These adhesives are,
for example, acrylic or vinylic polymers. Roughing of the textile surface to diminish the slippage
propensity of the fibres is obtained by applying dispersions of aluminium hydrate. Swelling of the
fibre ends occur by spraying an organic solvent on them.

Finishing agents which make the fibre surface slippery will always increase the pilling effect. Sof­
teners, used in private laundering, and silicones belong to this category [17].

6.4.11 Stabilizing against UV radiation and light

The trends in special textile applications such as car production and technical textiles have ex­
posed the limitations of the ageing stability of certain dyed textile fibres. In the case of polyester,
polyamide, and wool, ways have now been found to overcome this problem. However, no solutions
have been found so far for cotton and polyacrylonitrile. The chemical industry developed new dyes
and stabilisers individually applicable in an aqueous medium. Stabilisers encountered in textile
finishing differ from those used as plastic additives [141]. More details about stabilisers applied in
conjunction with dyes can be found in chapter 5.5.2.

Another field of application for UV absorbers is the improvement of sun protection factors (SPF) of
textile products such as swimsuits, hats, and other sports and leisure wear. Scientific investiga­
tions of skin protection through textiles, and the improvement thereof, are only recent areas of in­
terest. On the basis of studies made in Australia, the Australian authorities prepared a "sun protec­
tion clothing evaluation and classification" (DR 94321) which will be used for labelling on textiles. It
was found that in particular fabrics of cotton, silk, polyamide and polyamide/elasthane blends (the
latter slightly delustred) provided inadequate skin protection against strong UV radiation, especially
in light colours. However, provided these fabrics exhibit good structural tightness, their UV protec­
tiveness can be appreciably improved through the application of UV absorbers. The effect of low­
ering the permeability toward UV radiations of textile fabrics is also called "UV-cutling" [311]. Wa­
ter-soluble derivatives of oxalic acid are used to reduce the permeability to UV radiation of woven
and knitted cotton fabrics [141; 365].
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UV-Absorber Examples

Water-soluble UV absorbers derived from R2 H H R3

oxalic acid u'-n-'l)
'I # /-~

(R,O), AS03M

R, =Sustituted, unsubstituted alkylbenzyl
R2 =H, halide, alkyl, phenylalkyl
R3 =R2 identical or different
A =Direct bond or alkylene linkage
r =0,1,2

Figure 6-15: Water-soluble UV absorber derived from oxalic acid, used to reduce the
permeability to UV radiation of cotton fabrics

However, some products do not contain sophisticated substances to obtain satisfying UV protec­
tion, but rather use semi-permanent softener (see 6.3.2). Classic biodegradable softeners have no
influence on UV protection factor (UPF) (349).

6.4.12 Finishing with biocides

Biocides in the textile industry are used to prevent deterioration by insects, fungi, algae and micro­
organisms and to impart hygienic finishes for specific applications. Moreover, biocides are added
to a wide range of textile preparations in order to increase their storage stability (see further 6.5.6).

Sensitivity of the fibres differs on a case by case basis, but textiles made from natural fibres are
generally more susceptible to biodeterioration than synthetic, man-made fibres. Synthetic fibres
are hardly ever subject to deterioration by micro-organisms or insects; nevertheless, two polymers
are more sensitive than others: Polyvinyl chloride (PVC) and Polyurethanes (PUR), both of which
require biocides. Natural man-made fibres, such as rayon, are readily degraded by mildew and
bacteria, whereas acetate is more resistant. Animal fibres (keratin: wool, silk) are susceptible to
attack by both micro-organisms and insects. Cellulose fibres (cotton, linen... ) are susceptible to
attack by micro-organisms, but not by insects. Yet, cellulose fibres are more sensitive to rot and
mildew than animal fibres.

Treatment with biocides can take place before textile processing (e.g. during storage and transport
of the raw fibres) and at various stages of textile processing. Both yarns and fabrics may be
treated. Different techniques can be applied according to the fibre used, the end-product, etc.

Fabrics exposed to outdoor conditions and carpets are especially in need of being treated with
biocides. Preserved textiles are used for tents, tarpaulins, awnings, blinds, parasols, sails, water­
proof clothing, etc. Virtually all textiles used for outdoor applications, except clothing, seem to be
preserved with biocides. For indoor applications, mainly woollen articles are of concern as well as
shower curtains, and in some instances, mattress ticking. It is actually only for cotton textiles that
the primary function of the preservatives is to preserve the fibres themselves.
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Today, cotton seems mostly (apart from clothing) to be used for garden furniture fabric, whereas it
has been replaced by synthetic fibres for other applications. According to the producers of tents,
awnings, etc. one of the reasons for this substitution is that the biocides on the market today do not
provide the necessary protection for cotton fabrics. Cotton fabrics were formerly preserved with
pentachlorophenol (PCP), which is now prohibited in most EU countries [164].

details the main active components in biocides used in textile application, worldwide. The reparti­
tion is mainly between silver, copper, organometallic derivatives, phenols, quaternary ammonium
derivatives ("Quat's") and biguanides (guanylguanidin derivatives). Yet, the range of applicable
biocides is limited to those used in Europe [348].

()rganOlll!ta~COfllXlunds

7%

A'lenol
7%

Copper
9%

Qual's
22%

Figure 6-16: Main active components of biocides in textile applications

Hence, it is convenient to distinguish between protection against micro-organisms (antimicrobial
finishing) and protection against damage caused by insects and other pests (mothproofing).

Antimicrobial finishings are applied to textiles in order to prevent deterioration or other negative
effects such as odours, lack of hygiene, transmission of contaminations, etc. due to uncontrolled
growing of micro-organisms on textiles. The bactericide and fungicide finishes are also called ac­
tive care treatments. The treatments are mainly applied to fabrics made of cellulose fibres (I.e.
cotton and linen). The effects of antimicrobiotic agents can be either active or passive. The agents
either interfere immediately with the membrane, the metabolism, or the genome of the micro­
organism cell (active), or prohibit the microbiotic colonisation (passive) [323]. Such organic or inor­
ganic antimicrobials are introduced into textiles
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• either by "co-extruding" them into man made fibres at the spinning stage;

• or, more flexibly, by coating them via a topical specialty finish onto fabrics and garments
[349].

A variety of antimicrobial finishes have now been developed for application on textiles. The agents
used mainly for protective wear are, for example [17]:

• copper naphthenate [1338-02-9];

• copper oxychinolatel copper quinolinolate [10380-28-6];

• cadmium selenide [1306-24-7];

• pentachlorophenol fatty acid ester;

• dimethyldithiocarbamate (e.g. zinc salt [137-30-4];

• dichlorodiphenylmethane (e.g. [2051-90-3], trichlorocarbanilide [101-20-2]);

• tetramethyl thiuramidisulphide;

• salicylanilide [87-17-2];

• pentachloro phenol [87-86-5];

• trialkyltin derivatives (e.g. Tributyltin TBT [56573-85-4]);

• organic mercury derivatives.

Further types of fungicides and bactericides which have the ability to interrupt the usual metabo­
lism of microorganisms and inhibit their growth, thereby imparting antibacterial and antifungal ac­
tivity to cellulose fibres are [397]:

• metal salts and organometallics;

• iodine and iodophors;

• quaternary ammonium salts;

• formaldehyde and formaldehyde-containing derivatives;

• amines, ureas and guanidines;

• phenols and thiophenols;

• antibiotics.
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The durability of the treatment can be improved by adding zirconium salts (mostly zirconium ace­

tate). Moreover, zirconium and chrome salts may improve the weather-proofing of cotton articles
[17].

Recently, suitable antimicrobial agents such as quaternary ammonium compounds, were already

added during textile dyeing of polymeric fabrics. Dye molecules often contain reactive groups such

as sulphonate, amino, and hydroxyl that serve as auxochrome in dyes, but are chemically reactive

and potentially useful as linkers for attaching moieties to synthetic fibers. Thus, using these reac­

tive groups as a means of functionalising textile materials was proposed. As an example of this

innovative finishing technology, acid dyed nylon i.e. polyamid fabrics were finished in a quaternary

ammonium salt solution with CAS-Nr. [50744-87-1], and durable and refreshable antimicrobial

functions were conferred on the fibres [390].

For cellulose fibres, preservatives are mainly applied to prevent rot and mildew. They are often

applied in the finishing process of the fabrics, where biocides are added together with antistatics,

water repellents, dyes, etc. They are applied in aqueous solutions of 0.25 - 1% in baths through

which the fabric is transported. 70 - 80 % of the biocides are adsorbed by the fabric. The fixation is

very high (up to almost 100 %), if the agents are applied in a bath process where the liquor ratio

influences the degree of fixation (e.g. in dyeing baths).

Other typical biocides used in the textile industry are [322]:

• 2,2'-Dihydroxy-5,5'-dichlorodiphenylmethane;

• 2-Phenylphenol [90-43-7];

• quartenary ammonium salts;

• dichlorophene, disodium salt [22232-25-3];

• zinc naphthenate [12001-85-3];

• thiabendazole [148-79-8];

• organo tin derivatives;

• 2,4-Dichlorobenzyl alcohols;

• 2-bromo-2-nitropropane-1,3-diol;

• sodium-o-phenyphenolate [132-27-4];

• alkylated amino functional silicone oil, example [394248-09-0] [388].

Referring to the Textilhilfsmittel-Kataloge 2000 [1] further substance groups can be identified [358;

410]:
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Chemical characteristics Examples of biozide [CAS-No.)

Benzimidazol derivatives [17804-35-2]; [14255-88-0]; [3878-19-1]; [10605-21-7];

(Benzimidazol carbamates Carbendazim) [27386-64-7]; [62732-91-6]; [

Isothioazolone derivatives [2682-20-4]; [26172-55-4]; [26530-20-1]; [57063-29-3];
[26530-09-6]; [2682-20-24]; [26172-55-4]; [64359-81-5];
[57373-19-0]; [64359-80-4]; [66159-95-3]

Isothiazolinone derivatives [2634-33-5]

Organotin derivatives (Tri-, Oi, Mono-) [56573-85-4]; [56-35-9]; [1983-10-4]; [2155-70-6]; [56-36-
0]; [688-73-3]TBT, [1461-22-9]; [4342-36-3]; [28801-69-6];
[14275-57-1]; [26239-64-5]; [26354-18-7]

Fatty alkanolamides of undecenoic acid

Oichlorophen derivatives [97-23-4]

(2,2'-methylene-bis(4-chlorophenol)-esters)

Polyhexamethylenebiguanides [32289-58-0]

Sodium pyrithione [1121-31-9]

2-(thiocyanomethylthio)benzothiazole (TCMBT) in TCMBT= 2-(melhyllhio)benzolhiazole [615-22-5]
combination with o-phenylphenole and copper-ll-
hydroxyquinoline

Quaternary ammonium derivatives

Table 6-17: Examples of antimicrobiotics

An example of a wash- and heat-resistant antimicrobial and partly acaricidal product for finishing
cotton, wool, polyester and polyamide fabrics comprises the active substance based on benziso­
thiazolone CAS-Nr. [2634-33-5) (or preferably in combination with permethrin [52645-53-1]), the
solvent 1-methyl-2-pyrrolidone with CAS-Nr [872-50-4). and polyethyleglycol surfactants with CAS­
Nr. [25322-68-3) [387).

Many application techniques have been used to impart antibacterial or antimicrobial activity of
controlled durability through:

1. fibre reaction and formation of metastble bonds;

2. interaction with thermosetting agents;

3. formation of coordination compounds;

4. ion-exchange method.

All of the aforementioned methods are based on the controlled-released concept. Such release is
usually brought about by moisture present in the fibre, or may be induced by air oxidation or pho­
tochemical exposure of the treated substrate [397).

Furthermore, so-called bacteriostatical and fungistatical finishes are treatments which deprive the
micro-organisms of their living conditions. For this purpose, the cellulose can be acetylated or
cyanoximethylated. Yet, more auspicious are treatments based on the incorporation of aminoplas­
tics. The growth inhibition simultaneously has a desodourising effect (so-called impedoring).
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Textiles which come into consideration for such an anti-microbial treatment are mainly socks, lin­
ings, hospital textiles, etc. A variety of sanitising anti-microbial finishes have been developed. In
addition to the effective control of bacteria (and maybe yeasts and fungi) such finishes must also
be safe for both the consumer and the manufacturer, and durable to repeated laundering.

For example, Magnesium Hydroperoxyacetat and Magnesium Dihydroperoxid are active antimi­
crobiotic substances used on cotton. A regenerative functionalising of the anti-microbiotic finishing
may also be obtained by first applying a preliminary chemical of the active agent Monomethylol­
5,5-dimethylhydantoin. The substance may then be activated or regenerated by further chlorine
bleaching. Other processes use bifunctional agents to increase the permanence of the applied
metallic salts. The permanence of a tin-complex of pyrithion may be obtained by applying it in urea
medium, to fix the pyrithion to cotton fibres. A permanence of the finish may also be obtained by
spraying a PU-hot melt on the finished textile (see further 6.4.13 Chemicals in Coating and Lami­
nating). Yet, heavy metals and formaldehyde derivatives are being replaced more and more by
active ingredients containing polycationic molecules able to anchor the cotton [346).

A new approach for imparting antibacterial activity to cellulose-containing fabrics is the incorpora­
tion of certain polyvalent metal salts catalyst and low-viscosity poly(vinyl alcohol) (that does not
contain acetyl groups) into easy-care finishing preparation. N-methylol crosslinking agent such as
DMDHEU was used for easy-care finishing. Softening agents used to enhance both fabric smooth­
ness and resistance to microbial deterioration were commercial formulations of silicone elastomer,
cationic fatty acids condensation products and amphoteric condensation product. It was shown
that antibacterial activity can be explained in terms of the ability of poly(ninyl alcohol) (up to 10 gIl)
to modify the surface related properties via coating andlor encapsulation (see further 6.6.1),
thereby hindering diffusion of microorganisms into the cellulose structure, as well as its ability to
form with metal cations complexes that themselves are toxic inhibitors. The results revealed that
the enhancement of easy-care properties as well as antibacterial activity imparted to the finished
samples were determined by the nature of the metal salt-catalyst and followed the decreasing or­
der: CuS04.5H20 > ZnS04.7H20 > NiS04 > 3 CdS04.8H20 > none [397).

An interesting tendency of the last few years is the steadily increased availability of fibres already
functionalised during manufacturing (by "co-extruding"). The development of these so-called func­
tionaIised fibres is becoming a necessity for the textile industry to increase the added value of
products, and respond to the expectations of the consumer. Fibres with antimicrobial performances
are only one category of these new types of fibres. Due to the range of applications for the func­
tional fibres the products are characterised with appellations like "smart", "intelligent" or "high-tech"
textiles [323).

The initial target markets for antimicrobial fibres were socks and shoe linings and next to the body
wear (underwear and sports apparel), mainly in cotton blends. The attributes of these blends were
quite simply the promotion of all day freshness, which is substantiated by the ability to prevent the
explosive growth of bacteria and fungi within the product. From the initial market development, the
technique has moved into home textiles were duvets, pillows, blankets, sheets, and mattress pro­
tectors have all been integrated. Further markets are therefore bedding textiles for hospitals, work
wear for hospital workers and medical devices. The fibres are available in a cut staple or continu­
ous tow form and can be converted into yarns, fabrics or nonwoven composite structures through
the use of conventional equipment. [324).
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Presently, the antibacterial and/or antifungal performance of functional synthetic fibres can be
achieved through two different methods [323; 346]:

1. coating the fibre with bacteriostatical and lor fungistatical chemicals;

2. incorporation into the fibre structure of well-established bacteriostatic and fungistatical
chemicals. This is achieved using modern spinning technology in which stable dispersions
of these chemicals are "late-injected" into the polymer stream prior to fibre formation. The
resulting fibres contain a reservoir of finely dispersed organic molecules which will con­
tinue to diffuse into the fibre surface by a concentration gradient mechanism for the life­
time of the product [324].
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Figure 6-17: Main methods for conditioning functional fibres (antimicrobial fibres)

Examples of chemical additives which are used as antibacterial/antifungal agents in functionalised
fibres are [324; 347; 359; 379]:

• Triclosan, used to prevent the growth of bacteria (e.g. in Amicor AB®, Rhovyl AS®);

• Tolnafate, an "over-the-counter" fungistatic agent (e.g. in Amicor AF®);

• benzyle benzoate, an acaricidic agent (e.g. in Rhovyl AS+®);

• silver nitrate, an oxidising agent used as biocide (e.g. in Actipore SN®);

However, the active substance has to be present in high concentrations during "co-extruding",
compared to conventional application processes.
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The efficiency of the treatment depends on a variety of factors and, thus, is only applicable to a few
specific fibres. Polypropylene and acrylate fibres are convenient materials for this purpose [346].

The newest technologies apply the anti-microbiotics in the form of microcapsules on the fibre
structure. The method is already used for application onto cotton and is based on a foulard proc­
ess. The microcapsules are covalently bonded to the fibre surface and are thus wash-proofed. The
active microbiotic agent diffuses very slowly out of the capsules [347] (see further 6.6.1, for more
details on microcapsule chemistry).

An interesting alternative to anti-microbiotic chemicals is the incorporation into the fibre structure of
ceramic substrates on which silver ionens are implanted (e.g. Bioactive® from Trevira, Diolen
Bactekiller® from Akzo). The mode of action is the permanent fixation of silver ions to ceramic
substrates, which are distributed uniformly onto the fibre; thus interfering in the metabolism of the
bacteria (cysteine bonds) and denaturing it [325]. The ceramic substrates incorporated into the
polyester or polyamid fibres are made of zeolites [379]. Alternatively to zeolite, titansilicate of an
even lower particle diameter « 1 IJm) may be used. Alternatively to silver, other metallic cations
may be used. Yet, ionic exchange reactions are also used to incorporate zirconium phosphate into
polyester fibres. Moreover, a method of transferring the anti-microbial finishing agent via a donor
substrate such as dryer sheets and subsequent tumble drying has already been reported. Such a
treatment preferably comprises silver ions, particularly as constituents of inorganic metal salts or
zeolites [367].

Silver Ions on Bacteria
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Figure 6-18: Mode of action of incorporated silver ions/ceramic substrates with anti­
microbial effects

The advantages of these newly developed fibres over conventional coated fibres are impressive.
Compared to other systems based on the incorporation of chemicals, even lower allergenic reac­
tions due to migration into the skin are expected.
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A process between the finishing and the co-extruding phase is a process in which the active sub­
stance is incorporated into the outer layer of the fibre during the colouring process. The amount of
active substance needed is lower than that needed for co-extruding and the permanence is said to
be five times better [346].

Another approach to reduce bad odours associated with textiles consists of fixing into the fabric
smell absorbers or substances which have the capability of binding the organic sweat components
which are the precursors of odours via bacterial degradation. Textile bearing cyciodextrines were
recently developed for this purpose. The cage-like molecules work like garbage cans for sweat.
Incorporated in automotive or upholstery fabrics they can also absorb tobacco smoke or other en­
vironmental pollutants [349].

Moreover, chitin derivatives were recently developed to allow antimicrobiotic finishes for wool.
Therefore, chitosan - a biopolymeric derivative of chitin - is quaternised to irnprove its anti-microbi­
otic capacities. Derivatives such as N-triethylchitosaniodid, N,O-triethylamrnoniummethyl­
Chitosaniodid and chitooligosaccharides were developped; the products show further to good an­
timicrobiotic effects and a strong binding to wool [355].

A newly patented method describes a process to enhance antibacterial wash and wear properties
of cellulosic fabrics using a mixture of metal compounds and natural functional agents such as
chitosan. A woven cotton fabric is scoured, bleached, treated with liquid ammoniac to pickup 70%,
dried, treated with an aqueous solution containing 3% chitosan powder and 5% ZnO, squeezed to
pickup 70%, and dried and cured for 3 min at 145°C. The fabric is then treated with an aqueous
solution containing 3% dihydroxyethyleneurea, squeezed to pickup 70%, dried for 3 min at 110°C
(compare with 6.4.4 Easy-care finishing), mercerized, made into a shirt, and treated with formal­
dehyde in a gas phase [366].

Moth- and beetleproofing is necessary to protect keratine based fibres (e.g. wool) from deteriora­
tion due to insects (moths, beetles, etc). The agents used to combat these insects are contact poi­
sons or products which attack the digestive tract of the insects. The latter method is preferred, as
contact poisons may also be active against other creatures. Yet, an agent active against moths is
no longer useful against beetles.

Agents which may not longer be used for environmental reasons are general-purpose insecticides
such as those based on DDT (dichlorodiphenyltrichloromethane, pentachlorophenole, or dieldrin).

The first mothproofing agents were all based on the modification of Martius yellow (an old colou­
rant for wool) and marked in 1926 under the trade name Eulan® by Bayer. Numerous modifica­
tions occurred in order to improve durability and eliminate yellowing. The development of Eulan®
products based on sulphonamide lead to the most widely used moth-proofing agent, polychloro-2­
(chloromethylsulphonamide)diphenyl ether (PCSD). The advantages of these products are their
universal application possibilities: the products can be applied in nearly all wet processes and are
characterised by high durability. A new generation of products, introduced due to environmental
pressures, are synthetic pyrethroid insecticides, such as permethrin and cypermethrin. Table 6-18
summarises the main moth-proofing agents for wool [17; 266].
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Denomination Commercial name Comments

Dimethanonaphth[2,3-b)oxirene Dieldrin® General purpose insecticide, no longer used

[60-57-1) due to environmental reasons.

Martius Yellow An old colourant for wool which imparts moth

2,4-Dinitro-1-naphthol; resistant to fabric dyed with it; no longer used

Acid Yellow 24; C.1. 10315
industrially.

[605-69-6]

Chlorokresotinic acid Eulan® RHF (Bayer) First modification of Martius yellow, trade

[3687-70-5] DRP 469 094, 1926 marked under Eulan® in 1926; not waterproof
finished.

Eulan® new (Bayer) Better wet proofing than Eulan® RHF

DRP 503 256,1930

Benzenesulfonic acid, 2-(bis(3,5- Eulan® CN (Bayer)
dichloro-2.hydroxyphenyl)methyl)-
5-chloro-, monosodium salt

[4430-22-2]

Eulan® FL (Bayer) Improved product of the Eulan-series for fin-

DP 877 764, 1951 ishing without yellowing.

Eulan® NK (Bayer)

DRP 506 987, 1930

Eulan® BL (Bayer) Application in organic solvent.

Eulan® BLN (Bayer) Application in organic solvent.

DP869137,1944

Eulan® WA cone. (Bayer) Application in organic solvent.

Sodium 1,4',5'-trichloro-2'-(2,4,5- Eulan® U 33 (Bayer) Sulphonamid based product, applicable univer-

trichlorophenoxy) methanesul- DP 890 883, 1953 sally in all wet processes for highly durable fin-

fonanilide ishes.

[69462-14-2]

Eulan® WA new (Bayer) Comparable to Eulan® U33 but less expensive
and less durable.

Mitin FF® (Ciba) Application in aqueous solution; mothproffing

Swz.P.215328,1938 agent based on urea derivatives make the wool

Swz.P.220682,1940
unedible for pests.

Eulan BLS® (Bayer) Application with organic solvent.

Eulan-Asept® (Bayer) Combined mothproofing and fungistatic effects.

Gardone® (Shell) Organo-phosphor derivative.

Dicaphtone® (AMCY) Organo-phosphor derivative.

3-trimethoxisylil propyldimethyl Sylgard® (Dow Corning)
octadecyl ammoniumchloride

Cypermethrin Synthetic pyrethroide derivative.

[52315-07-8)

Cyfluthrin (trans/cis) Eulan SP® (Bayer) Synthetic pyrethroide derivative.

[68359-37-5]

Permethrin Mitin BC® (CGY) Most used synthetic pyrethroide derivative.
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Denomination Commercial name Comments

[52645-53-11 Perigen (WeUcome)

Hexahydro pyrimidin derivative: 4- Mitin BC® (CGY) Biocide active against beetles; often combined
hydroxy-3,4-pyrazolopyrimidine with other biocides such as Permethrin, cyflu-
HHP thrin, etc.

[315-30-01

Table 6-18: Main moth-proofing agents for wool

6.4.13 Chemicals in coating and laminating

Textile coating agents are products intended to produce firmly adhesive layers on textile fabrics
[282). A variety of substances can be used as coating material, either solvated in organic solvents
or dispersed in aqueous solutions, foamed or not. The most common Polymers are [17):

• polyvinylchlorid/plasticizers (so-called plastisols);

• polyurethanes in aqueous dispersion;

• polyacrylic esters in aqueous dispersion;

• silicone elastomers.

Even today, some articles are still coated using organic solvents. This mode of application neces­
sitates explosion-proofed machines and sophisticated techniques for air exhaust. For economic
and environmental reasons, polymers are now applied to textiles in water or as dry powders. Alter­
natively, low-melting textile fibres can bond other textile fibres [266).

Polymers are rarely applied alone; instead, mixtures are used containing dyestuffs, fillers, stabilis­
ers, etc. which influence the properties of the coating (i.e. so-called textile coating additives). Es­
sential components are chalk and carbon black [17). Starch and modified starches are also stan­
dard constituents to produce stiffening, reduce thermoplasticity, etc., often in combination with
polymer dispersions [266). Further auxiliaries are indispensable to obtain products with specific
properties. Textile coating additives also include preparations of vulcanising agents [282).

In the same manner, laminating additives are intended to improve product properties when two or
more textile fabrics, etc. are bonded [282).

A list of auxiliaries for technical textiles with TEGEWA nomenclature is given below [266):

Auxiliaries used alone or as polymer additives

• additives in polymer dispersions;

• additives in polymer powders;

• polymer solutions;



458

• cross-linking agents;

• nonslip agents;

• hydrophobic agents;

• oleophobic agents;

• flame-proofing agents;

• anti-static agents;

• affinity promoters;

• anti-microbial agents.

Auxiliaries mainly used as additives

• plasticizers;

• thickeners;

• surfactants as emulsifiers, dispersants and foaming agents;

• wetting agents;

• anti-foams;

• light stabilisers;

• pigments;

• carbon black;

• inorganic fillers.

Most of these auxiliaries have already been discussed in previous chapters (especially 4.7,5.5 and
6.3 to 6.5).

Apart from the water repellents used in classical textile finishing, ammonium stearate is used as a
hydrophobic component of polymer dispersion coating pastes. Oil-repellency is most commonly
achieved by the presence of perfluoro groups (~C6) in polymers. They are usually applied as dis­
persions and are generally used in combination with polymer dispersions which do not contain
perfluoroalkyl groups. For example, a thin, oil-repellent polyester is obtained by impregnation
(padding process) with a liquor containing a vinyl acetate-ethylene copolymer dispersion (Tg ­
18°C) 50%, an oleophobic agent based on a perfluoromethacrylate (tg 47°C, mp 75°C) with a
fluorine content 16,5%, a melamine cross-linking agent 50%, and amine hydrochloride as a
catalyst. The fabric is dried at 120°C and cured for 3min. at 150°C [266).
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Polymers which form brittle films such as homopolymers can be softened by copolymerisation with
a monomer which creates a soft film when polymerised (internal plasticisation). SUbsequent addi­
tion of a plasticiser such as a dialkyl (dibutyl or dioctyl) phthalate or dioctyl sebacate, e.g. to PVC

powder or polymer dispersion, is known as external plasticisation. In a similar approach, a mono­
mer with a thickening effect (e.g. acrylic acid) can be incorporated into a polymer. Problems can be
caused by migration of the plasticiser/softener (266).

Polymers contain the auxiliaries used in their production. The production of polymer dispersions
(latexes) in an aqueous medium normally requires a redox system consisting of peroxides (hydro­
gen peroxide, organic peroxides) or peroxosulphates, reducing agents (dithionite, bisulphite), po­
Iymerisation initiators, and dispersing/emulsifying agents (protective colloids or surfactants) (266).

A typical composition of a polymer dispersion is (266):

Components Ratio

Copolymer of monomer I (60%), monomer II (33%), monomer III with dispersive effect 47.0%
(1%) and reactive monomer (6%)

Emulsifier (ionic or non-ionic) 2.0%

Production auxiliaries: reducing/oxidising agents, buffers, pH regulators 0.7%

Preservative and anti-foam 0.1 %

Residual monomer 0.2%

Water 50.0 %

Table 6-19: Typical composition of a polymer dispersion

Polymer solutions used in the form of aqueous solutions include (266):

• sizing agents: poly(vinylalcohols), cellulose ethers, starches, polymers and copolymers of
acrylic acid (see also 4.3.1 for more details on sizing agents);

• protective colloids for the production of polymer dispersions;

• some dispersants such as maleic anhydride copolymers, surfactants, ethoxylated alkyl­
phenol, ethoxylated fatty alcohol;

• some finishing agents based on polyacrylamide:

• textile print adhesives: poly(vinyl alcohol);

• many thickening agents (see 5.3.4 Chemicals in Printing paste).

Polymer powders used without water offer significant environmental advantages as emissions are
minimized compared to aqueous polymer systems. Polymer powders and hot-melts are character­
ized by their melting behaviour, adhesive properties, resistance to water and solvents, and their
adhesive bond strength even when sUbjected to high temperatures. The polymer powders used as
hot melt adhesives provide a strong adhesive bond.
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Yet, adhesive bonds are also formed between a plastic film (PVC, polyurethane, polyester) and a
textile. Polymer powders are available in various particle sizes from 0 to 500 IJm. The polymers
with the largest market share in Western Europe as hot melt adhesives are those based on ethyl­
ene-vinyl acetate [266].

Suitable products for chosen applications and some practical formulations are provided in the fol­
lowing table:

Application Practical formulation

Coating for a cotton textile, medium hard handle 75 parts polyacrylate dispersion 45%, Tg ca. 25°C

25 parts water

15 parts titanium dioxide

parts pigment

2.5 parts thickeners 30%, viscosity 6000 mPa.s

Soft-elastic coating on woven fabric As above, with polyacrylate dispersion 50%, Tg _goC

Impregnation of vertical blind of Trevira CS; stiffening 500 giL polyurethane secondary dispersion 35%, Tg ca.-

without reduction of flame-retardant properties 31°C

Coating a fabric for later flocking 100 parts polyacrylate dispersion 45%, Tg-15°C

0.2 parts antifoaming agent

0.8 parts N-methoxymethylmelamine cross-linking agent

50%

4.5 parts thickeners 30% ammonia to adjust pH to 8, vis-
cosity ca. 6000 mPa.s

Table 6·20: Some coating applications and their typical formulations

The well-known Gore-Tex® membrane, for example, is a patented composite of two polymers. The
first polymer is expanded polyfluoroethylene (ePTFE) which is a film containing nine billion pores
per square inch. Each pore in the ePTFE is 20,000 times smaller than a raindrop, but 700 times
larger than a molecule of water. The second film in Gore-Tex® is an oleophobic (oil hating) mate­
rial which blocks contamination by oils and other chemicals to the ePTFE membrane (refer also to
finishing with repellents). It is the second material along with lamination to outer fabrics which
makes this kind of material unique. Polytetrafluoroethylene is an addition polymer, otherwise
known as Teflon. In addition polymerisation, the monomers (in this case tetrafluoroethylene) react
in a way in which a long chain of monomers are created through the un-pairing and re-pairing of
electrons. The carbon atoms in the tetrafluoroethylene are covalently bonded to one another with
the four flourines on the top and the bottom. The people at Gore Inc. take the polytetrafluoroethyl­
ene and stretch it out, creating a thin membrane. The waterproof properties of the polytetrafluoro­
ethylene remain, while the material is able to be used in the textile industry [338].

More specific additives in polymer coatings are microcapsules. The application of fragrances, skin
softeners, anti-microbial agents, etc. using micro-encapsulation techniques is discussed in more
detail in section 6.6.1. Interesting alternative to classical coating technique is a novel kind of
plasma treatment, where polymerisation of the synthetic fibre surface prior to coating or laminating
greathly improved the stability of the composite (see further 6.6.2).
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6.5 Other finishing chemicals

6.5.1 Antifoams

The increased rate of machine operation and material transport in modern textile rnills implies an
enormous expenditure of mechanical energy. Foam formation must be anticipated in any operation
in which air is permitted to enter the treatment baths. Three general approaches have been pro­
posed for solving the textile industry's foam problems:

1. mechanical-technological solutions;

2. introduction of foam inhibitors;

3. use of low-foaming surfactants in the formulation of textile auxiliaries.

In most cases, a combination of measures is required (330).

Anti-foaming agents (foam inhibitors) are multi-purpose textile auxiliary products, such as phos­
phoric acid esters, emulsified fats and oils, high molecular alcohols, as well as silicon and fluorine
derivatives (282). Antifoaming agents are used in pretreatment as well as in dye baths (esp. in
jets), finishing liquors, and printing pastes. Antifoaming effects can be reached by products which
are insoluble in water and have a low surface tension. They displace foam producing surfactants
from the air/water boundary layer.

More specially, the preferred method of foam control in pretreatment processes relies on phos­
phate esters of alcohols containing four to eight carbon atoms (e.g. tributyl phosphate). These es­
ters are stable in solutions containing high concentrations of alkali and electrolytes. Mixed ether
formulations represent one modern solution to foam problems, especially in bleach baths. Dye­
works are the largest consumers of foam-control agents in the textile industry and dyers often util­
ize special silicone antifoaming agents (330).

Antifoaming agents are often based on mineral oils (hydrocarbons). Typical active ingredients of
alternative products are silicones, phosphoric acid esters (esp. tributylphosphates), fatty acid com­
pounds, high molecular alcohols, fluorine derivatives, and mixtures of these compo­
nents.Minimisation of hydrocarbons in the effluent as well as a reduction of the VOC content in the
off-gas are the main reasons to substitute mineral oils containing antifoaming agents.

If alternative products are used, hydrocarbon content in wastewater- often limited in na­
tional/regional regulations - is minimised. Specific COD of the alternative products is lower com­
pared to hydrocarbon-containing products; the alternative products can have a high bioelimination
rate. For example, a product with a chemistry based on triglycerides of higher fatty acids and fatty
alcohol ethoxylates (COD: 1245 mg/I; BOD5: 840 mg/I) is eliminated in biological wastewater
treatment to an amount of more than 90 % (determined in the modified Zahn-Wellens-Test ac­
cording to OECD 302 B). Furthermore organic-carbon content (VOC) caused by carry-over of the
antifoaming agents into thermal processes (esp. drying after dyeing, heatsetting and finishing) is
reduced.The alternative products can be applied similar to conventional products. Effectiveness
has to be regarded. If antifoaming agents based on silicones are used operational reliability (dan­
ger of silicone spots on the textile and silicone precipitates in the machinery) should be regarded.
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It has to be taken into account that silicones are eliminated only by abiotic processes in wastewa­
ter and tributylphosphates are smell intensive and strongly irritant. Also high molecular alcohols
are very smell intensive and can therefore not be used in hot liquors. Achieving certain concentra­
tions, silicone oils may reduce oxygen input in activated sludge plants for wastewater treatment.
The alternative antifoaming agents are in use in German finishing mills and world-wide as well.
There are various suppliers for these products. The products can be used similar to conventional
products. If silicone products are used normally, due to the high effectiveness of these products,
the required quantity can be reduced to a considerable amount. Prices of mineral oil free products
are similar to conventional products (273).

Nowadays, antifoamers are added in nearly all mechanical processes in such great amount that a
verification of they usefulness and effectiveness would be preferable in order to limite their uncon­
trolled and growing consumption. Sustainable environmental protection in form of resource savings
and economic savings would be the welcome result.

6.5.2 Fillers

Inorganic fillers are used in considerable quantities in combination with polymer dispersions, espe­
cially for technical textiles (266) (see further 5.4.4):

Fillers for polymer dispersions Properties

carbon black (aqueous dispersion) black pigment, e.g. for black-out coating

antistatic agent for carpet backing

Graphite antistatic agent

Calcium carbonate (chalk) filler for flat and foamed coatings for carpet backings

Aluminium hydroxide flame-resistant component

Kaolin filler with a soft filled structure

Sand (fine) for coating glass textiles

Barium sulphate to make a heavily-weighted textile

Table 6-21: Fillers for polymer dispersions

6.5.3 Surfactants

Surfactants have a wide range of uses; especially for finishing technical textiles (see also 4.4.2):

• emulsification, dispersing, dissolution;

• increasing the mechanical stability (shear stability) of liquid products, and preventing
deposition on rollers;

• improvement of the spraying properties of auxiliaries;

• improvement of the stability of auxiliaries towards salts;

• increasing the amount of filler which can be incorporated in a liquid product;
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• improvement of dyeing yield;

• production of foamable products;

• wetting of particles or textiles and improvement of penetration;

• increasing hydrophilicity and water absorption capacity.

Surfactants can affect the volatility of water vapour and the reduction of the hydrophobicity and
oleophobicity of coatings and the strength of adhesive bonds between the textiles and coatings
[266). Yet, surfactants are ubiquitous as textile auxiliaries. Due to a variety of applications, two
main groups of surfactants should to be differentiated. Some surfactants are applied as textile aux­
iliaries that are removed completely from textile fibre after use. The other types of surfactants are
those which remain partially or permanently on the fibre surface. Examples of this class are anti­
static agents, softening agents, hydrophiling, and hydrophobing agents [350).

6.5.4 Polymers

The terms polymer dispersion and latex describe the same form of a polymer, i.e. finely dispersed
water-insoluble polymer particles in water produced by means of dispersants (emulsifiers, protec­
tive colloids). Dispersed polymers are particularly suitable for textile applications. The terms "emul­
sion", derived from emulsion polymerisation and "resin" are also used. Typical polymer emulsions
include the silicone emulsions used to give textiles hydrophobic properties [266]

Polymer dispersions can be produced by radical polymerisation. The ultimate properties of the
textile are closely linked with the polymersiable monomers "concealed" in the polymer. The funda­
mental properties of the polymers can be improved by including reactive (functional) monomers in
the polymer chain such that the reactivity of the reactive groups are still present and utilisable.
Permanence properties (wet and strength and stability towards water, washing processes, sol­
vents, and dry cleaning) are improved by copolymerisation with the reactive monomer N­
hydroxymethyacrylamide (NHMAM) (N-methylolacrylamide, NMAM). Other commonly used reac­
tive groups include the epoxy group of glycidyl methacrylate and the hydroxyl group of hy­
droxyethyl acrylate [266) (see also 6.4.13).

Cross-linking of the polymers applied onto the textile is necessary, especially for application in the
technical sector. Cross-linking of the polymer can be produced by two methods:

1. externally, by the addition of a cross-linking agent to the polymer;

2. internally, by means of a cross-linking component copolymerised into the polymers (self­
cross-linking).

Melamine cross-linking agents (e.g. N-hydroxymethylmelamine, partially or fully etherified) are
preferably used with polymer dispersions. When melamines are added to polymer dispersions,
they give improved resistance to water, washing, reduced shrinkage, etc. Alone, it has a flame
retardant effect due to the nitrogen content. The cross-linking agents used in resin finishes for
classical textiles (see 6.4.4 and 6.4.5) are also used [266].
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6.5.5 Stain blockers I soil repellents I soil release agents

Protective antistain and -soil chemicals are often applied during the commercial production of car­
pet or carpet tiles. The procedure is usually in two steps: a stainblocker application followed by a
treatment with a fluorocarbon [354]. Soil repellents are polysiloxane derivatives, alkane sulpho­
nates, fluorocarbon resins, polyisocyanates, isoparaffin, polyurethanes, and mixtures of them [1].
Soil release agents are mainly made of polyurethane derivatives, ethoxylated carbon acid deriva­
tives, fluorocarbon resins, polyacrylates, alkan suiphonates and mixtures of these substances [1].

See further 6.4.6.

6.5.6 Biocides

Biocidal products are used in the textile industry for three main purposes:

1. to improve the storage stability of aqueous raw materials and auxiliaries as well as liquors
by preventing microbal material destruction. The preservation of manufactured products in
cans, tanks or other closed containers by controlling microbial deterioration to ensure their
shelf life. In many cases, the same substance is also the active substance which pre­
serves the film from mould, mildew, and algae growth. This kind of substance can be
found in products used in the overall textile chain;

2. to preserve fibrous material from microbiological deterioration. For cellulose fibres (wool,
cotton), preservatives are mainly applied to prevent rot and mildew. Moreover, the prod­
ucts, applied mostly for permanent finishing, reduce further the risk of propagation of un­
desired germs and prevent odours produced by micro-organism activity (see section
6.4.13);

3. to protect keratin-containing textiles from damage caused by insect pests (moths, carpet
beetles, etc). The products can be applied to the textile material either immediately after
harvesting and fibre preparation or during finishing processes (so-called moth-proofing)
(see section 6.4.12).

Products of the first group, used for storage stability, can be classified referring to [322]:

In-can preservatives are used to prevent for example pH-reduction, loss of viscosity, evolution of
gas, coagulation, foul smell (biological degradation), colour changes, breaking of emulsion, or
colonies on surface.

There is a potential overlap with product types used as film preservatives or as fibre, leather, rub­
ber, and polymerised material preservatives for products stored in cans and applied in films, such
as paints, coatings and glues. Another area of overlap can be the use of lubricants.

The relevant sub-groups for in-can preservatives are:

• washing and cleaning fluids (professional use), human hygienic products (professional
and non-professional use);

• detergents (professional and non-professional use);
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• paints and coatings (see film preservatives), (professional and non-professional use);

• fluids used in paper, textile and leather production (see film preservatives and fibre,
leather, rubber, and polymerised material preservation), (professional use);

• lubricants (in metal working fluid), (professional use).

In-can preservatives are e.g. [322; 410]:

• etheric oils (for example, thyme oil, rose oil);

• alcohols (for example, benzyl alcohol, bronopol);

• carbonacidesters, -amides (for example, 4-hydroxybenzoeacidester, chloracetamide);

• carbamidacid derivates (for example, 3-iod-2-propinyl-buthylcarbamate);

• dibromdicyanobutane;

• formaldehyde;

• slow-release formaldehydes (for example, n-formale, o-formale);

• isothiazol derivates (for example, methylisothiazolinone): chlorinated and non-chlorinated
isothiazolinone derivatives, partly formaldehyde donors are added - typically approx. 15
ppm for chlorinated actives and 50-100 ppm for non-chlorinated actives are added;

• mercaptobenzthiazoles;

• organic acid;

• phenol derivates (for example, 3-methyl-4-chloro-phenole);

• chlorinated cresol derivatives Le. chlorocresols [1321-10-4] (for example 4-Chloro-3­
methylphenol [59-50-7]);

• sodium benzoate [532-32-1];

• potassium sorbate [590-00-1];

• Sodium ortho-phenylphenate [132-27-4];

• 2-Bromo-2-nitropropane-1 ,3-diol [52-51-7];

• quaternary ammonium salts (for example, benzalkoniumchloride Parasterol [8001-54-5]).

For product types used in washing and cleaning fluids, a very heterogeneous range of products is
applied. Please refer to [322] for more details.
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Phosphates, such as Diethylentriaminpenta-methylenphonacids (DTPMP), are used to stabilise
alkalic hydrogen peroxide solutions. In acidic detergents, citric-, glycolic-, and lactic acids are used.
In detergents, the use of mono- and triisopropylammonium-ethersulphates is a relatively new de­
velopment.

The relevant sub-groups for film preservatives are:

• paints and coatings (see in-can preservatives), (professional and non-professional use);

• plastics (see fibre, leather, rubber, and polymerised material preservation), (professional
use);

• glues and adhesives (professional and non-professional use);

• fluids used in paper, textile and leather production (see in can preservatives and fibre,
leather, rubber, and polymerised material preservation), (professional use).

The main film preservatives (zinc pyrithione and iodopropynyl butyl carbamate (IPSe)) are
used in all sub-groups indicated above.

Dry film preservatives which protect the surface coating from mould, mildew, and algae growth are
typically fungicides. The dominant fungal species can vary with environment, climate, and condi­
tion of the applied film. Optimum fungal growth conditions include a humid environment, a neutral
to acidic environment with an organic food source. On the other hand, algae growth requires high
humidity, a neutral to alkaline environment, and light, to allow for photosynthetic processes. Most
fungicides used as dry film preservatives are not good algaecides. One dry film fungicide particu­
larly suited to both fungal and algae protection is zinc pyrithione.

Zinc pyrithione, although still relatively new to the industry, has been well-received as both a fungi­
cide and algaecide. During the last 10 years, the industry has not had many choices of new dry­
film preservatives. However, zinc pyrithione is actually not a new fungicide -- it has been used for
more than 30 years as the fungicide in anti-dandruff shampoos and similar personal care products.

Zinc pyrithione is also known as zinc 2-pyridinethiol-n-oxide. It has a water solubility of 8 ppm at
neutral pH. This low solubility makes the zinc pyrithione suitable for use in outdoor products that
require protection against micro organisms.

UV degradation of zinc pyrithione in a film is gradual, and therefore, efficacy in direct sunlight can
be expected for years. Its stability at high temperatures is also very good -- zinc pyrithione can
withstand temperatures of 100°C for at least 120 hours, with a decomposition temperature of
240°C. Another concern for fungicides is alkaline stability.

Because pyrithione is an excellent chelating agent, zinc pyrithione cannot be used in applications
which rely on metal carboxalates for film curing. The metal, particularly cobalt, will trans-chelate
with the zinc and lose the ability to catalyze the film curing. Also, if the water supply contains high
concentrations of soluble iron, a sequestering agent should be used to chelate with the iron.
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Zinc pyrithione is used, among other uses, for fungal protection of carpet backing, for applications
such as dry-film preservation of architectural and industrial paints and coatings, as well as for ad­
hesives, etc.

lodopropynyl butyl carbamate (IPSC) is an industrial fungicide used in textiles, as well as plastic
product applications, to prevent dry film fungal growth. In coating applications, 0,3 - 0,5 % of lodo­
propynyl butyl carbamate (IPSC) (active material), in relation to the weight of the total formulation,
will protect against mildew growth.

Biocides in the textile industry are used to prevent deterioration by insects, fungi, algae and micro­
organisms, and to impart hygienic finishes for specific applications. Sensitivity of the fibres differs
on a case by case basis, but textiles made from natural fibres are generally more susceptible to
biodeterioration than synthetic man-made fibres (Hamlyn, 1990). Synthetic fibres are hardly ever
subject to deterioration by micro-organisms or insects; nevertheless, two polymers are more sensi­
tive than others: Polyvinyl chloride (PVC) and Polyurethanes (PUR) for which both biocides are
added. Natural man-made fibres, such as rayon, are readily degraded by mildew and bacteria
whereas acetate is more resistant. Animal fibres (keratin, wool, silk) are susceptible to attack by
both micro-organisms and insects. Cellulose fibres (cotton, linen... ) are susceptible to attack by
micro-organisms, but not by insects (Van der Poel, 1999). Yet, cellulose fibres are more sensitive
to rot and mildew than animal fibres. The treatment with biocides can take place before textile
processing (e.g. during storage and transport of the raw fibres) and at various stages of textile
processing. The treatment can be applied to at the yarn phase or to the fabric. Different techniques
can be applied according to the fibre used, the end-product, etc. Fabrics exposed to outdoor con­
ditions and fabrics such as carpets especially require treatment with biocides.

6.5.7 Agents and additives to promote bonding of fibres and threads

These products are used to achieve the mutual adhesion of fibres and threads, or to increase ad­
hesion. The fibres or threads are thus combined into a system (e.g., in blends, etc.). The products
used for this purpose, also called "binders", are solutions and dispersions as well as solids. They
are high molecular, natural, or synthetic compounds based on, for example, acrylic acid esters,
acrylonitrile, ethylene, butadiene, chloroprene, propylene, styrene, vinyl chloride, vinylidene chlo­
ride, vinyl acetate, latex, or starch derivatives. Additives which can be added to these active agents
are intended to improve the processing properties and to modify the properties of the bonded sys­
tem [282). With regard to their chemical constitution, these additives cover a very broad range (e.g.
softeners, UV stabilisers, etc.), (please consult sections 6.3 and 6.4 for more details on chemicals
which may be involved).
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6.6 Intelligent textiles

Intelligent textiles represent a variety of different types of fabrics and garments. Their so-called
intelligence arises from the incorporation of particular components into the fabric. The components
may be:

• electronic devices;

• specially constructed polymers;

• some types of colourants, or other chemical substances which may improve functionality
[331).

However, the innovative functions which an intelligent textile (also called "smart textile") may ac­
quire are often obtained through a combination of special materials and modern textile processing
[341).

Whatever their role, intelligent textiles can either alter their nature in response to external factors or
confer additional benefits to their users; they are thought to be "materials that think for them­
selves".

The applications of intelligent textiles will be extraordinarily wide ranging: for example, for biomedi­
cal applications, for protective clothing, for sports and leisure activities, for fashion, etc. Their use is
almost certain to expand to construction materials, geotextile materials and engineering textiles
[331).

6.6.1 Finishing with microcapsules

Reviewing the various types of intelligent textiles, the major concept for functional ising textiles
which can be retained is the use of micro-encapsules, either or alone or combined with laminating
and coating processes (see also 6.4.13 Chemicals in coating and laminating), or with printing,
dyeing, or finishing processes (see 5.2, 5.3 and 6.4).

Micro-encapsulation is a micro-packaging technique which traditionally involved the deposition of
thin polymer coatings on small particles of solids, droplets of liquids or dispersions of solids in liq­
uids. The ingredients to be encapsulated are referred to as core, internal phase, active, encapsu­
late, payload, or fill; whereas terms applied to the coating of the micro-capsules include wall, shell,
external phase, or membrane. The technique was primarily established as the basis for the car­
bonless copy paper industry and is now used widely in a number of industries [339; 340; 379). Re­
search aiming at incorporating cosmetic compositions into textiles started to intensify in the late
80s [349). One of the early important patents in Europe was described as "an invention relating of
microcapsules encapsulating a substance having a function to improve physiological conditions of
human skin ... ; treating liquids containing such microcapsules; and textile structures treated with
such a treating liquident, micro-capsules contained on textiles are typically
prepared according t( [349):
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1. encapsulation of a cosmetic of medical formulation, preferably by in-situ or interfacial po­
Iymerisation of a urea-formaldehyde resin;

2. fabric treatment with a "water repellent" to minimize its subsequent stiffening because due
to binder penetration;

3. application of microcapsules with a binder, preferably silicone or polyurethane based, from
an aqueous dispersion;

4. drying or heat setting.

In more general terms, micro- or sub-micrometer dimensioned hollow bodies may be created simi­
lar to natural ones (e.g. Golgi vesicle). The simplest forms are those in which the walls are single­
layered. The manufacturing principle is as follows: a finely dispersed solid is suspended in a poly­
meric solution; drops are then formed and further hardened. The wall is thus the continued phase
of the particle and the solid is embedded in a polymeric material, forming a continuous matrix. In
fact, there are over 50 different known wall materials; both natural and synthetic polymers can be
used to form micro-capsules. These include the natural polymers gelatine, gum arabicum, car­
rageenan and alginate, and synthetic polymers such as ethylcellulose. The finished capsules can
be modified by cross-linking further depositions of layers of wall material, dyeing, waxing, and
grafting. The range of commercial micro-encapsulation techniques fall into six distinct categories
[379]:

1. Spray coating methods

Processes Principles Chemicals

Pan coating Batch processes where fine particles are en- Wall materials used are e.g. sugars,

Fluid-bed coating capsulated, as they are suspended in an up- gums, cellulose derivatives, and other
wards-moving air stream. The coating solu- materials such as chitosan.

Wurster air suspension coat- lion is sprayed on the particles, the wall ma-
ing (Coating Place) terials harden onto the particles.
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2. Wall deposition from solution

Processes Principles Chemicals

Complex coaservation The process of complex coaservation (Le. The technique can be used to encap-
(Eurand) involving more than one colloid) consists of sulate water-soluble and water-

Organic phase-separation four separate stages. each stage is carried insoluble liquids, solids, or disper-

coaservation (Eurand) out under continuous agitation. First, the core sions - e.g. gelatine in gelatine/gum
material is dispersed within the wall material, arabicum. For more detailed exam-

Hydroxypropylcellulose en- which is in liquid form. Three immiscible pies see text below.
capsulation (Mead) chemical phases are than formed by changes
Urea-formaldehyde encap- in pH, temperature, ionic strength, or the ad-
sulation (3M) dition of a non-solvent or an incompatible

polymer. The coating material is then depos-
ited on the core materials by means of further
physical influences. The liquid polymer on the

surface of the core is finally hardened by
cross-linking, thermal curing, or desolvata-

tion.

3. Interfacial reaction

Processes Principles Chemicals

Interfacial polycondensation An active agent (e.g. pesticide) is dispersed The walls are formed by reaction of
(Pennwalt, Moore) in an organic diacid chloride by mechanical organic diacid chloride and a dia-

Isocyanate process (Stauffer) agitation in water. The emulsion formed is mine. Hardening can be increased by

Parylene free radical con-
stabilised using a surface-active agent. Once the addition of isocyanates. The core

the appropriate droplet size is achieved, an includes the active agent as well as
densation (Union Carbide) aqueous solution of a diamine is added. Iso- surface-active agents.
Alginate polyelectrolyte cyanates are often added to increase hard- Additives such as UV absorbers and
membranes (Damon) ening of the capsules by crosslinking the wall antioxidants that are soluble within
Direct olefin polymerisation material. The capsules can be dried, although the oil phase and do not interact with
(National Lead) formulation into stable liquid suspensions by the building blocks of the wall mate-

Surfactant crosslinking
adding appropriate thickening or suspending rial may also be included within the

(Champion)
agents is more common. capsules.

Clay-hydroxy complex walls
The active agent is released by simple diffu- Formulation additives can be thick-

(Ryan)
sion or by passage through microscopic eners, or suspending agents (emulsi-
pores. fiers).

Protein crosslinking (Frippak)
For more detailed examples see text

below.
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4. Physical processes

Processes Principles Chemicals

Vacuum metallisation These processes involve nozzle devices. E.g. Fluid core material

Annular-jet encapsulation a fluid core material is pumped through a Liquefied wall material
(SWRI,3M) central tube while liquefied wall material is

Immiscible carrier fluid, solvent, or airpumped through a surrounding annular
Liquid membranes (Exxon) space. The extruded rod of material then
Gas-filled capsules (Materials breaks up into droplets. Hardening takes
Technology) place during passage through a heat-

Fast-contact process exchanger. The immiscible carrier fluid is

(Washington University) subsequently filtered, reheated and recycled.

5. Matrix solidification

Processes Principles Chemicals

Spray drying A combined solution of core and wall material The solution of the core/wall materi-

Spray cooling is atomised using spray techniques. als can contain water or other sol-

Emulsified-melt solidification Hardening is obtained by evaporation of wa- vents. The wall materials can be, for

ter or other solvents, or by cooling if wall example, a melt of fat or wax, al-
Solvent evaporation (Fuji, materials are made of fat or wax. though other materials are also pos-
Southern RI) sible.

Starch-based processes
Air stream carries the solid capsules along

until separation takes place in a cyclone.
(USDA) Further cleaning may be necessary involving
Nanoparticle formation filtration, scrubbing, or incineration.
(Speiser, Krauter)

Cellulose acetate particles

(Moleculon)



472

6. Naturally occurring pre-formed capsules

Processes Principles Chemicals

Encapsulation of fat-soluble Some micro-organisms (especially yeast) Examples of yeasts are Torulopsis

materials using yeast, fila- have the property of accumulating fat within Iipofera, Endomyces vernalis, and

mentous fungi or protozoa (J. their cells when growing on specific media Saccharomyces cerevisiae. Fat-
L. Shank, USP 4001480, (up to 40-60% fat by weight). Proteolitic en- soluble substances which can be in-

1997) zymes could be added to aid release by sof- corporated are dyes, lubricants, fla-

tening the capsules. Hardening can be ob- vours, aroma compounds, and adhe-
tained by cross linking of the cell wall material sives. Cross linking agents and sof-

using formaldehyde or glutaraldehyde. tening enzymes are further additives
of the processes.

Encapsulation of dyes using Yeast with more natural fat content (I.e. less Lipid-extending substances such as
lipid-extending substances than 40%) are used to encapsulate core ma- e.g. aliphatic alcohols C,-C, have
and yeast (Dunlop) terial such as dye. The dye must be soluble been employed to prepare cells con-

or freely dispersible within a so-called lipid- taining leuco dye (ct. preparation of
extending substance to be absorbed by the carbonless copy paper [343]).
yeast, as a component of the core material.

Refined Dunlop process Yeast containing low levels of fat (less than The solvent used is usually water, but

(AD2, Birmingham) 10%) can be used as microcapsules without other solvents such as ethanol or

so-called lipid-extending substances. Yeast isopropanol can also be used. Treat-
cells incubate at elevated temperature in ments of wall material by proteolytic
small volumes of solution or dispersion of enzymes or chemicals such as so-

core material. The core material is able to dium hydroxide or magnesium salts
diffuse across the yeast cell wall. It has been increase the permeability of the cells.

proposed that an unknown natural surfactant The list of possible core materials is

present in the yeast aids the encapsulation almost endless but includes flavours
process. The products can remain as a sus- and fragrances, pheromones, insecti-

pension or dried. The contents of the cap- cides, dyes, vitamins, drugs, deter-

sules are released by simple diffusion or by gents, rodenticides, nematocides,

subjecting the cell walls to physical pressure, insect repellents, herbicides, fungi-

or chemical or microbial attack. cides, molluscicides, insect and plant
growth regulators, as well as food

colorants.

Table 6-22: Commercial micro-encapsulation techniques

Different encapsulating processes for textile purposes are possible, depending what kind of parti­
cle properties are needed (346):

• spray drying (perfum oils in gum arabic);

• hardened emulsion (core: enzyme; wall: pOlystyrol, ethyl cellulose, silicone);

• building of Iiposomes (phospholipid vesicles);

• complex coaservation (gelatine and gum arabic), i.e. the core material is emulgated in a
gelatine/gum arabicum solution which further partially precipitate (coaservate formed by
pH influence) and orient themselves around the core particles. The hardening o(the gela­
tine/gum arabicum walls occurs by decreasing the temperature (gelatinising) and adding
formaldehyde or glutaraldehyde (see further [340; 339]);
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• surface polymerisation (carbonic acid chloride and amine or alcohol; polyester, polyurea,
polyurethane), for example, the formation of polyurea capsules made of polyisocyanates,
occurs immediately after the addition of a cross-linking agent based on polyamine. The
polyisocyanate dispersed in oil drops reacts on its surface with the cross-linking agents to
form polyurea wall material (see for more details on isocyanate and amine used [339;
340]);

• self organisation, a deposition in layers of polyelectrolytes (e.g. sodium polystryrol sul­

phonate and cationic polyelectrolyte) on a supporting substrate. Layers of 10 to 100 J.lm
are prepared and further dissolution of the substrate may transform the coated particles in

hollow balls (Sf 4 J.lm) (e.g. melamine-formaldehyde core can be dissolved in acidic solu­

tion of pH < 1.6). The diffusion of the core particles (of nearly 1 nm) proves that the
formed membrane is permeable. A core made of polystryrol latex can be destroyed by
heat;

• if smaller particles are wished, block copolymers are synthesised and further arranged
into polymer micelles. Polymeric micelles having a diameter ranging from 10 to 100 nm
are made of polyisopren and polystyrol as core material and polyacrylic acid and
poly(tertbutylacrylate) walls. The envelope remains semi permeable, even after cross­
linking.

The aim of the encapsulation process is to isolate the core material from the environment. How­
ever, a release of the material must occur during use. Most particle walls can be destroy through
application of pressure or gravitational force; others by the action of solvents, enzymes, chemical
reactions, hydrolysis, or slow abrasion. The mechanism of controlled release replaces the process
of repeated metering of non-capsulated systems, and thus decreases their toxicity potential by
avoiding high starting concentrations.

The microcapsules used in the textile industry are typically of diameters ranging from 2 to 2000 J.lm

and have wall thicknesses of 0.5 to 150 J.lm. The proportion of core material in the capsule is usu­
ally between 20 and 95% per mass; however, there may be applications where lower levels of en­
capsulant are desired. Microcapsules are generally manufactured in the form of a free-flowing
powder, although some commercial preparations are suspensions or even solid cakes or bricks of
material [379].

The capsules are used, for example, in colouring (dyeing and printing) processes and for hygienic,
deodourising, and medical purposes. Encapsulated perfumes are especially used for application
on non-woven fibres; however, application of embedded biocides on textile products such as un­
derwear, socks, and sport wear, etc. are also common today (see further 6.4.12) [346]. Other ap­
plications include dyes, vitamins, skin softeners, phase change materials, etc. [337].
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Application fields Examples

Dyeing and printing textiles microcapsulated dyes and pigments, duplex multicoloured
fabric, transfer printing, electrical colouring, etc.

Hygienic, deodorant, and medical uses fragrance, insect repemng, cleaning, antimicrobiotic, cos-

metic, aromatherapy, flame-retarding, etc.

Textile processing delayed-cure systems for easy-care finishing, systems for

high-secure handling, formation of functionalised fibres,

etc.

New application fields bioreactor systems, colour-changing effects, functional-

ised hosiery, military applications, etc.

Table 6-23: Main textile applications of microencapsulation

The use of encapsulated dyes in dyeing or printing processes presents several advantages. Clas­
sical transfer printing is usually limited to the use of dyes able to volatise at temperature lower than
the melting point of the textile. This restriction can be surmounted by encapsulated dyes able to be
released by pressure or chemical action can be a solution to surmount this restriction. The applica­
tion field is especially interesting when printing with transfers on polyester and polyamides, An­
other application field of encapsulated dyes in the dyeing process is to obtain multicoloured specks
effects on textiles, Disperse dyes encapsulated in methylcellulose are marked for dyeing polyester
(e.g. Fine Colour N Type, Matsui Shikiso Chemical Co.). Other disperse dyestuffs are encapsu­
lated in gelatine, pectin, agar, methylcellulose, acrylic or maleic acid. Multicoloured effects can be
obtained on polyester, cotton, acrylics, polyamide, and wool (e.g. MCP HP Dyestuffs, Hayashi
Chemical Co.). Colour specks of 50-3000 IJm in diameter are obtained, For dyeing textiles using an
aqueous method, the capsule walls must be hydrophilic, thickening agents are required to control
dye diffusion through capsule walls. The capsules containing disperse dye are 10-200 IJm in di­
ameter and can be ruptured on steaming, On preparing a dye liquor a suitable carrier must also be
added, dye and carrier do not come into contact. Yet, rotary-screen printing was also adapted for
encapsulated dyes, by increasing the mesh of the screen. Moreover, filtering the encapsulated
dyes and further addition of thickener in the paste is recommended. Although basic and acid mi­
croencapsulated dyes are available, these types can so far only be used to produce small multi­
coloured specks by single-phase printing, Textile fabrics with dual surfaces of different colour
tones can also be produced using microencapsulated printing technique (i.e. duplex multicoloured
fabric, on both sides) [379].

A technique ensuring good dyeing characteristics on different fibres with little migration of colorant
and producing a wash and rubbing fast finish is the technology described by Rotring-Werke Riepe
KG, Germany. The microencapsulation process is not affected by the nature of the colorant, pro­
vided substantial insolubility and particle size of less than 1 IJm. The colorant is dispersed in a sol­
vent (10 -200 gil, in e.g. methylene chloride) by adding a welting agent consisting of an anionic
surfactant (e.g. ethoxylated alcohols, sorbitan derivatives or naturally occurring compounds such
as lecithin). A polymeric film or non-film former with limited solubility to water is added to the mix­
ture. After emulsification and further evaporation of the solvent and part of the water, the micro­
capsules have wall constructed from polymers such as styrenelmaleic anhydride copolymers or
epoxy resins such as those of the bisphenol-A-glycidyl ether type with a catalytic curing agent of
the modified aliphatic amine type. On application on textile, the colorant is released by melting the
capsule walls.
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Undesired migration of the dye in textile processing can also by combated by mixing microcap­
sules containing dye, with other containing fastness-improving agent. Dyes are encapsulated at
30% (by mass) of the polymeric wall material and fastness agents (e.g. sodium carbonate) with
60% (by mass) achieve best results. The wall materials used include methylcellulose, polyacryla­
mide, and carboxymethylcellulose (Fuji Photo Film Co.). The capsules (20-200 IJm diameter) are
ruptured on heating, releasing dye or fastness agent. A different approach to the problem is the in
situ preparation of microcapsules during screen printing and other colouration process. For this,
Milliken Research Co. developed a method where the textile material is first pretreated with an
aqueous solution containing a skin-forming ionic component. Examples of such components are
anionic ones like anionic bipolysaccharides, poly(acrylic acid) and anionic acrylic copolymers.
Cationic ones can be polyacrylamide copolymers. The application amounts of the ionic polymer
are 0.5-5.0 % by mass. The textile material may be then dried and the dye liquor made of acid,
disperse or direct dyes added. Additive of the liquor is an ionic component of opposite charge to
the primary treatment. A water-insoluble dye-impermeable skin around the individual dye droplets
is thus formed by ionic interaction. Thereby, unwanted migration of the dye is controlled. The proc­
ess can be used to pattern dye on a whole range of material such as natural and synthetic ones. It
can also be incorporated into jet-injection printing. Release of the dye is controlled by application of
steam, thus melting the capsule walls (379).

Printing on textile using electric fields can be performed using dyes particles encapsulated in a wall
material having dielectric properties. Dispersing agents and solvents are not usually required but
can be co-encapsulated with the dielectric liquid if required. Suitable wall materials include vinyl
resins such as polyacrylate and polyacrylamide, polyester resins and polyamide resins. Numerous
dye types can be used for printing on knitted or nonwoven materials made of wool, polyester, re­
generated cellulose, cotton, etc. The dye carrier liquid can be water, alcohols such as methanol,
ethanol or propanol, or ethylene alcohols. Rupturing of the capsules (less than 50 IJm diameter) is
achieved by means of pressure, heat, or appropriate solvents. The advantage of method is that no
further addition of rigid resin binder is necessary to ensure fixing of the dye on textile (379).

The 3M Company has developed a novel transfer printing technique using microcapsulated system
which can release colourant by simply rubbing of the transfer paper onto the target textile material.
Up to 50% of the colorant is bound to the exterior surface of the microcapsule, to enable a small
time delay between rupturing of the capsules and colouring. A wetting agent enables the colourant
to be carried from the material containing the bound microcapsules. The hydrophobic inner phase
of the microcapsules may be fragrant oils, mineral oils, triglycerides such as castor oil, plasticisers
such as phthalate esters, or polybutene. The most common preparation process of the capsules
(10-80 IJm) is aminoplast polymerisation (see Table 6-22) (379).

Further examples of encapsulating are the use of Iiposomes during dyeing processes of wool. In
recent years, liposomes have been examined as way of delivering dyes to textiles in a cost­
effective and environmentally sensitive way (see 5.2.4). Amphipathic lipid molecules may form
double-layered lipids, due to their tendency to rearrange themselves. The vesicle formed may be

multi lamellar (MLV) where the layers are spaced by liquid, unilamellar (ULV, 100 J.lm), or small

vesicles (SUV, < 100 nm) (346). Liposomes are prepared using a liquid or a combination of lipids;
most commonly, phospholipids such as phosphatidycholine are used. Especially for application on
wool, the liposomes can also contain lipids such as cholesterol found in wool lipid.
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Several procedures can be used to prepare liposomes including thin film hydration, sonification,
extrusion, use of a French press, ethanol injection, detergent dialysis, or reverse-phase evapora­
tion. Recent studies conclude that wool dyeing using liposomes is cost-effective and reduces fibre
damage by permitting a lowered dyeing temperature. Liposome concentrations of 1% allow a dye­
bath exhaustion greater than 90% at a low temperature of 80°C. Moreover, there was a significant
saving of energy costs and the impact of the dyeing process on the environment was also reduced,
with chemical oxygen demands being reduced by about 1000 units [337].

Hygienic, deodourant and medical uses are certainly bearing the most diverse application field. A
large variety of ingredients have already been incorporated in microcapsules. Water-insoluble
materials such as fragrances or insect repellents were encapsulated by dispersing in coating sol­
vents (see 6.4.13) or mixing them in aqueous systems containing appropriate additives (e.g. vis­
cosity builders/thickeners, surfactants). The microcapsules are sprayed onto non-woven material
with a binder such as PVA or acrylic, and adhere between the strands of the fabric. Coating
weights of between 2 and 30 g/m2 have been achieved, yet, leaving the surface characteristics
unchanged [379]. As well as frangrance and insect repellents, disinfectants and cleaning agents
can be included. This coating technique can also find use by application on other textile material,
especially in the case of special work wear, etc.

Microcapsules incorporated into sizing bath or other finishing liquor are already obtainable. Fra­
grances such as lavender oil or pine oil have been encapsulated in gum arabicum and gelatine
capsules. Yet, other encapsulated essential oils (e.g. apple spice) were also impregnated onto
numerous textile materials, for so-called aromatherapy (Kanebo Ltd). The microcapsules (5 -10
IJm) are attached to the fabric as an extra process at the end of fabric dyeing. For example, a pair
of stockings would contain approx. 200 million fragrant microcapsules and persistent well smelling
to hand washing up to ten times. Other incorporated materials are e.g. herb armur cork (Pheloden­
dron amurense), vitamin C, seaweed extracts, antimicrobial agent, and insect repellent (see
6.4.12).

Fragrant fibrous materials have also been produced that consist of perfumes bound to a variety of
fibres using a low-temperature reactive organopoly-siloxane resin. Urea-formaldehyde or mela­
mine-formaldehyde have been used as wall materials to prepare capsules that contain approx.
90% by mass of a perfume such as jasmine oil or sandalwood oil. The capsules are applied by
soaking, padding, coating or printing, and further curing of the resin. However, a pretreatment of
the textile material with a water-repellent agent such as wax emulsion (see 6.4.6) to prevent pene­
tration of the binder (i.e. preferably silicone binders) into textile material. In fibrous structures that
are treated with polyurethane elastomers, such as nonwovens or knitted fabrics, no resin binding
stage is necessary as the microcapsules can be incorporated into the elastomers before applica­
tion; resins are also unnecessary where fibre composites are employed [379].

Capsules made of yeast (wall) and moth-proofing agents (core) are used to obtain a permanent
hygienic finish on textiles. The yeast serves as nutrients for the moth and the active ingredients are
released by eating. Microcapsules containing fragrance may be applied via a binding agent as dis­
perse paste on cotton, polyester, or polyamide. Two major techniques of incorporating water­
insoluble or fat-soluble ingredients into microcapsules were described (see Table 6-22). The ingre­
dients used were alkali-soluble biocides (e.g. dichlorophen), water-insoluble biocides (e.g. Kathon
893) and essential oils (e.g. mint, clove, cedar oil) [379].
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The traditional "scratch and sniff' application of fragrance containing gelatine or synthetic capsules

was made using screen printing, litho, or web printing techniques. Systems comprising aqueous
dispersions of encapsulates can be applied by pad, exhaustion or hydroextraction techniques to a
wide variety of substrates. Durability to washing and handle (or feel) may be further improved by
incorporating suitable formaldehyde-free binders and softeners. For screen-printed applications,
the encapsulates are simply mixed with water-based, solvent-free inks or binders (see further 5.3.4
Main chemicals in printing paste). Once printed, the fabric is then cured, as with standard textile
inks, to achieve a good bond to the fibres. Usually a softener is also required, as unsoftened fabric
containing microcapsules can sometimes appear to be stiffened. The microcapsules prepared us­
ing melamine-formaldehyde systems show, when attached to cotton, that the smaller the capsules,
the better they survive laundering. This phenomenon may be due to the relative thickness of a
capsule within an adhesive film binding the capsules to the textile substrate [337].

The use of microencapsulation processes in detergent formulations is widespread, principally for
the protection of sensitive ingredients during storage and for prolonging the activity of ingredients
such as enzymes during wash cycle. A novel product type is a kind of transfer cloth or felted sheet
that must be added during garment laundering. The transfer cloth contains encapsulated perfumes
or deodorant which become entrained in the fabric and enter the pores of the garment. The active
ingredient can further by released by physical pressure during common wearing. The wall of the
capsules (10-200 IJm diameter, 0.1-10 IJm thick) are made of urea-formaldehyde polymers and
have loading of perfume oil over 50% by mass [379).

Manufacturing fibres with a hollow centre core is one way of utilising microencapsulation technol­
ogy in textile industry without affixing microcapsules to textile material. The fibres are thus made
with identical or at least similar process and materials as for microcapsules walls (see Table 6-22),
and exhibit the same release characteristics. For example, fibres made of a polyethylene core
containing aromatic perfumes or essential oils (for up to 10% of the mass) and coated with poly­
ester sheet are still marked (Mitsubishi Rayon Co.). Other examples are the fibres marked under
the trade name Accurel ® (Enka/Akzo group). The matrix material are polyolefins such as polyeth­
ylene, polypropylene and poly(vinylidene fluoride), yet, copolymers such as ethylene/acrylic acid
salts and condensation polymers such as nylon 6, polyactidiacid and poly(ethylene oxide) can also
be used. The matrix is different of other encapsulation systems in that the material is microporous,
the pores on the capsule and fibre surface being between 0.1 and 1.5 IJm in diameter. Within the
capsules the pores are interconnected giving sufficient internal space for incorporation of 75% core
material by mass. Supplies of the products can be obtained with or without core material [379) (see

.also functionalised fibre by co-extruding in 6.4.12). Another fibre is based on a polyacrylonitrile
(Actipore ® by Focus Polymers, Courtaulds group) and can incorporate as active agents silver
nitrate (0.5% by mass), polyvinylpyrrolidone-iodine complex (0.92% by mass), copper chloride
(15% by mass), chlorohexidine and its salts, hydrocortisone and other transdermal drugs, non­
adherents for wound dressings, and lanolin. Tetracycline and polyVinylpyrrolidone-iodine complex
have also been incorporated in fibres formed from polycaprolactone (biodegradable), polyethylene
and polypropylene (both non-biodegradable), with up to 25% by mass of active ingredient [379).

An important application field of microcapsules in textile processing is the market of easy-care arti­
cles made of natural or regenerated cellulose fibres. Fabrics are treated with cross-linking agents
and/or catalysts during finishing, but the resin formation only occur after fashioning of the garment
(so-called delayed-cure, see 6.4.4). The system have to be stable during storage and transport.
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Microencapsulation of the reactants ensures that less care is required in selecting the appropriate
cross-linking material, as the capsule wall protects the reactants from chemical attack and inhibits
the release of volatile or malodorous ingredients (e.g. formaldehyde). The capsules employed are
between 75 and 175 IJm in diameter and, as the capsule walls are made ethylcellulose, the residue
of the wall material after curing contributes to the physical properties of the fabric (Le. functions as
a fabric softener).

Custom-made microcapsules were also manufactured for use in non-aqueous solvent systems
(e.g. Kanegafuchi Boseki Kabushiki Kaisha Co.). The capsules contain solutions of hydrophobic
agents for treating textiles Le. anti-pilling agent, f1ameproofing agent, felting agent, UV absorber,
anti-static agent, anti-soiling agent, water-repellent agent, softening agent, cross-linking agent or
colourant. The wall materials, formed by interfacial polymerisation, are prepared using polyure­
thanes, silicone resins, polyamides, epoxy resins, polyamides or polyester, and have low breaking
strength [379].

Microcapsules ( 1-10 IJm) have also been prepared using phase separation technique which can
be incorporated into spinning solutions and, thus, being incorporated into an extruded fibres (see
also Functionalised fibres Figure 6-17, in 6.4.12). More generally, core materials that are chemi­
cally, thermally or mechanically unstable can be encapsulated with amounts of 0.5% to 40% by
mass. A number of polymeric substances have been used including gelatine, ethylcellulose, poly­
ester and polyamide as wall material. Fibres can be formed using both wet and dry-spinning tech­
niques from well-known fibre forming polymers, including polyamides, vinyl polymers, acrylic poly­
mers and polyacrylonitriles. The core materials incorporated into these fibres include flame retar­
dants, deodorants, softening agents, perfumes, antistatics, antioxidants and UV absorbers (e.g.
Exlan Co. process) [379].

New application fields of miscellaneous microcapsules are given in the following.

Paraffin wax which changes from liquid to solid state (and vice versa) solely due to change in tem­
perature are so-called Phase Change Materials (PCM). PCMs such as nonadecane (C'9H40) and
other medium chain-length alkanes are microscopic in size and are contained in an outer plastic

shell which is very durable (1 ~m thick, 20 -40 ~m diameter; loading of 80-85% PCM) [337]. PCMs
are incorporated into fibre, coated on fabric, or topically applied to foam in order to obtain thermal
adaptive functions for the items. The phase-change polymers adjust, absorb, and store excess
heat during sport activity for example, and release it further if necessary ("body equalization proc­
ess")[345]. Yet, there are a number of limitations when using microcapsulated PCMs. For PCMs
incorporated into fibres, the only currently available commercial fibre is acrylic, and there is an up­
per limit to the amount of PCM in the fibres, beyond which the fibres' tensile properties are appre­
ciably reduced. Where PCMs have been coated onto fabrics, fabric handle may be compromised,
and durability to abrasion during wear and to washing and dry-cleaning may be lowered [331).

Cyclodextrines

are used as carrier molecules to release application surplus on fabric, or as "catcher" in air ex­

haustion processes in the textile industry. Referring to the number of glucose units per ring, a-, ~-,

or y-cyclodextrines can be distinguished.
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Resulting complexes with gases, oils, and small aliphates or aromates, heterocycles, or further

with larger molecules (macromolecules and steroides) can be formed. A reactive ~-cyclodextrine

with covalent bonding abilities is already available; the cyclodextrine can thus be fixed like a reac­
tive dye on textile. More generally, due to their hydrophilic outer surface, but hydrophobic inner
surface, the cyclodextrines are able to absorb small molecules in their core and further release
them slowly [346]. This property is thus used to reduce bad odours associated with textiles by
binding the organic sweat components (which are the precursors of odours via bacterial degrada­
tion) with the help of odour absorbing cyclodextrines. The cage-like molecules incorporated in
automotive or upholstery fabrics can also absorb tobacco smoke or other environmental pollutants
[349].

New concepts are systems made of shell and core materials capable of "controlled release" of the
ingredient in the capsules. This can be obtained by activating, with e.g. light, ultra waves, or tem­
perature, an inactive encapsulated substance. Another possible system is the embedding of the
active substance in an onion-like system of "hard" shells, separated by soluble layers containing
the active substance. These new systems will be optimised for application on both synthetics and
natural fibres [346].

Controlled release

phase with outer
inactive ingredient~<'!J02SQQss~ membrane

microcapsule

outer ~~ft
impact ::::

activated
ingredient

Multilayered vesicle

sucessive outwearing of the layers
("onion-like charaeter")

"hard"
shell

active
ingredient

Figure 6-19: Functionalised finishing with microcapsules: concepts of "controlled
release" and multi-layered vesicles

Other applications of microcapsule technologies are colour-changing systems. Colour-changing
systems are beginning to be seen in textile applications such as product labelling, medical and
security applications, and in novelty textiles for purposes such as swimwear and T~shirts. The two
major types of colour-changing systems are: thermochromic, which alters colour in response to
temperature, and photochromatic, which alters colour in response to UV light. The colour-changing
materials are produced in an encapsulated form which protects the sensitive chemicals from the
external environment. Today, dyes are available which change colour at specific temperatures for
a given application. Physicochemical and chemical processes such as coaservation and interfacial
polymerisation have been used to micro-encapsulate photochromic and thermochromic systems.
Interfacial polymerisation techniques are the most popular, as they produce durable capsule walls.
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The most widely used capsule systems for inks involves urea or melamine-formaldehyde shell
formation. Micro-encapsulated colour-changing dyes can be applied to textiles using a variety of
printing processes, including screen printing and gravure printing. Thermochromic dyes are made
of specific liquid crystals for precise colour modifications, or specific leuco dyes if a response over
a more general range of temperatures is needed [337]. The most important types of liquid crystals
for thermochromic systems are the cholesteric (chiralnematic) types, where adjacent molecules
are arranged so that they form helices. Thermochromism results from selective reflection of light by
the liquid crystal. An alternative means of inducing thermochromism is through the rearrangement
of the molecular structure of a dye, as a result of a change in temperature. The most common
types of dye which exhibit thermochromism through molecular rearrangement are the spirolac­
tones. In reversible thermochromic systems a colourless dye precursor and a colour developer are
both micro-encapsulated along with a non-volatile, hydrophobic organic solvent. The colour devel­
oper can donate a proton to the dye precursor, reacting thus to form the dye itself. On heating, the
solvent melts, whereupon the microcapsules become coloured or lose colour. The reverse change
occurs if the mixture is then cooled [331].

colourless dye-precursor

H+

coloured dye

Figure 6-20: Example of a spirolactone dye used in thermochromic microcapsule sys­

tems

reaction between
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melted solVent

coloured dye

outer membrane

Figure 6-21: Schematic representation of a thermochromic microcapsule system
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Polychromatic artificial yarns and fibres have also been prepared by incorporating liquid crystals
into the internal cavity of a yarn or fibre. The fibres consist of a transparent outer surface and an
internal tube that contains an aggregation of microcapsules with a liquid crystal care material. UV
absorbers such as iron(llI) oxide are coencapsulated to reduce damage to the liquid crystals. The
fibres can be knitted or spun and can be mixed with a variety of other fibres to produce interesting
products (e.g. Kyoshin Sangyo Co.) [379).

Micro-encapsulation does not protect the dyes completely from the elements, and eventually the
properties are lost (usually after 6 months). Particular care must be taken with the solvent and
other components within the ink mix (see further 5.3.4) [337). Photochromatic and polychromatic
dyes are also available as encapsulated formulations on textiles. Newer technologies have been
developed including hydrochromic dyes, which change colour in contact with water, and piezo­
chromic dyes, which change colour in response to pressure.

Another interesting application of microcapsules is their use in flame retardant finishing. Both flame
retardants and intumescents (see 6.4.8 Finishing with flame retardants) can be encapsulated using
a poly(vinyl acetate) resin and applied to textiles, and thus, overcome the usual disadvantage of
conventional finishing with flame retardants. The resins also act as the adhesive for attachment of
the capsules to the fabric, usually cotton alone or in blends with nylon or polyester. Other systems
incorporate the micro-encapsulated fire retardant during spinning of a polyester fibre for blending
with cotton. It was found that micro-encapsulation in silicone-containing shells, in particular, vinyl­
triethoxysilane, produced significant advantages in decreasing combustibility in poly(ethylene ter­
ephtalate) [337).

Microcapsules have also become interesting for military applications. The decontamination agent,
consisting of 90% syn-bis(N-chloro-2,4,6-trichlorophenyl) urea and 10% zinc oxide, has been en­
capSUlated in ethylcellulose wall material, employing interfacial polymerisation and phase separa­
tion techniques. The microcapsules (content of 75% by mass) have been bonded to fabric using
acrylic binders in a resin finish. Irreversible decontamination of mustard gas take place when the
gas diffuses into the capsules. Polyamide capsules containing other decontaminant agent such as
monoethanol amine and the hypernucleophilic agent 4-(NN-dimethylamino)pyridine were also pre­
pared for deactivation of the nerve gas Sarin [379).

Microcapsules used for combating textile counterfeiting contain a colour former or an activator ap­
plied to, for example, a thread or a label. The microcapsules are applied using printing techniques
onto a label as a logo or another printed message. They adhere to the textile and, depending on
the type of chemical within the capsules, can be detected at a later date to check authenticity.

Miscellaneous applications are uses such as bandages and support hosiery treated with capsules
containing glycerol stearate and silk protein moisturisers. The textiles are in direct contact with skin
and thus extensive medical treatment is obtained allowing high comfort and skin quality. Further
application of micro-encapsulated octane, tung oil and paraffin oil as cleaning solvents is reported
for producing cleaning/wiping clothes made of polypropylene non-woven material.
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Yet, the use of alternative insecticidal compounds such as those found in many essential oils and
other plant extracts is reported for production of long-lasting acaricide bed sheets (see also 6.4.12
Finishing with biocides) [337].

Currently, although capsules can survive 25-30 wash cycles, conventional ironing and other heat­
input processes such as tumble-drying can cause a dramatic reduction in the desired effect. For
the future, much research and development regarding such improvement is expected to be done
by the micro-encapsulation industry.

6.6.2 Other concepts for intelligent I smart textiles

Beside microcapsules, other concepts were developed to fulfil needs for intelligent textiles.

An alternative approach to confer better insulation properties to textiles is the use of shape­
memory effects. The incorporation of shape-memory materials can be done with either shape­
memory polymers or shape-memory alloys. Shape-memory polymers were originally designed
from blends of elastomers and glassy thermoplastics, but recently developed versions are types of
polyurethanes. Polyurethane films, for example, can be incorporated between adjacent layers of
clothing (see also 6.2.3 and 6.4.13 Coating and laminating). When the temperature of the outer
layer has fallen sufficiently, the polyurethane film responds so that an air gap between the layers of
clothing becomes wider. Shape-memory alloys, such as nickel/titanium, possess different proper­
ties below and above the temperature at which it is activated. The temperature of activation can be
chosen by altering the ratio of nickel to titanium in the alloy [331].

Developments in intelligent garments are numerous and applications considerably increase as
electronic devises are continually miniaturised. An interesting and potentially important develop­
ment is the incorporation of tiny conductive fibres or sensors, being weaved or knitted with the fi­
bres constituting the garment [331].

Another technology which leads to a variety of processes to modify fibre or textile materials to fulfil
highly desirable requirements is low plasma technology. There are two, equally important forms of
low plasma technology: glow-discharge technology under reduced pressure and barrier discharge,
and corona treatment under atmospheric pressure. In both cases, active particles such as radicals,
ions, electrons, and photons are generated which further provoke general reactions with the textile
surface. Reactions to be achieved are oxidation of the surface, generation of radicals, and edging
of the surface; when using special gases (i.e. reduced pressure treatments) a plasma-induced
deposition polymerisation may occur. For the treatment of textiles this means that hydrophilisation
as well as hydrophobisation may be achieved; moreover, both the surface chemistry and the sur­
face topography may be influenced to result in improved adhesion or repellency properties as well
as in the confinement of functional groups to the surface [353].

Till now, plasma treatments were shown to be suitable for [353]

• desizing of cotton fabrics;

• successful shrink-resistance treatment for wool, with a simultaneously positive effect on
dyeing and printing;
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• modifying man-made fibres with diffusion barrier layers on their surface in order to im­
prove their stability;

• hydrophobisation treatment of cotton (so-called Lotus effect [399],see also text below).

The morphology of wool is highly complex; yet, the surface is highly hydrophobic. Plasma treat­
ment of wool has thus different effects on the surface. Chemical and physical surface modifications
due to plasma treatment result in decreased shrinkage behaviour of wool; the felting density de­
creases from more than 0,2 g/cm3 to less than 0,1 g/cm3. However, with respect to shrink-resist
treatment, this effect is too small as compared with state of the art processes, i.e. the chlo­
rine/Hercosett treatment. Therefore, an additional resin coverage of the fibre surface is required
(see also 4.4.6). This leads to a smooth surface and an area shrinkage in the range of design, i.e.
a little more than 1%. Additional advantages of plasma treatment on wool are in particular; the in­
creasing dyeing kinetics, an enhanced depth of shade, and an improved bath exhaustion. A sur­
face treating barrier discharge machine (i.e. corona treatment on atmospheric pressure) on a pilot
plant scale is currently in use in the industry [353). Moreover, interesting dyeing effects can be ob­
tained with wool treated with different gas plasma. A treatment with S02-plasma is used to incor­
porate sulfonic groups into the woollen surface, a treatment with NH3-plasma lead on the other
hand to amino groups on the wool surface. As sulphonic groups rather have a retarding effect on
dyeing, the hue obtained when colouring this fibre is less intensive as those of amino-wool. Yet,
the dyeing of fabrics has to take place rather soon after plasma treatment [398).

Moreover, plasma treatment of synthetic fibres can modify the surface by allowing a deposition
polymerisation, depending on the special gases used. Polypropylene surfaces, for example, afford
a permanent hydrophilisation when using maleic acid anhydride as an assisting agent (i.e. so­
called plasma-induced grafting) and a glow-discharge treatment. When polyethylenterephtalate
fibres are used as en enforcing material for a polyethylene matrix, an ethylene plasma treatment
can increase impressively the adhesion strength of the composite material. With a mixture of eth­
ylene and hexafluoroethane as plasma gas, an alcohol repellency is obtained. Furthermore,
polyaramid fibres - so-called high-performance fibres - can be treated with hexafluoroethane /
hydrogen plasma in order to improve their resistance to hydrolysis. For this purpose, a diffusion
barrier layer is applied to the surface, which also results in high alcohol repellency values, and
gives much better resistance to 85% sulphuric acid treatment than conventional fluorocarbon fin­
ishing (compare with 6.4.6) [353).

Fibre surfaces modified with plasma treatment are also expected to show improved dust and dirt
repellent properties, and hence fibres should also be repellent to bacteria and fungi.

Further example of achieving water repellency using plasma treatment is the plasmapolymerisation
of ethen on cotton fibres. The method is said to be an ecological interesting alternative to other
hydrophobic finishings (see 6.4.6) [398).



7 Environmental considerations for textile processes and chemi­
cals

7.1 Textile Production

The biggest environmental issue relevant to the textile industry is the amount of water discharged
and the chemical load it carries. Other important issues include energy consumption, air emis­
sions, solid wastes, and odours.

In the following chapter, the various techniques regarding exhaust air, waste water, and solid
waste treatments are outlined. In order to avoid repetition, this survey is presented at the beginning
of the chapter. Further environmental considerations are included in more specific sections refer­
ring to pretreatment, colouring (dyeing and printing), and finishing processes.

In order to encourage a pollution prevention approach, this section provides both general and pro­
cess-specific descriptions of some pollution prevention advances.

In general terms, it can be said that pollution prevention techniques have ideally to improve effi­
ciency and increase profits while at the same time minimising environmental impacts. This can be
done in many ways such as reducing material inputs, re~engineering processes to reuse by­
products, improving management practices, and employing substitution of problematic chemicals.
Among general pollution prevention, the following opportunities can be distinguished, examples
are based on case studies taken from the US-EPA documents on textile industry [15]:

Quality control for raw materials (e.g. purchasing of less-polluting raw materials, optimised
storage and use of returnable containers)

Chemical substitution (e.g. replace chemicals with less-polluting ones, or replace chemical
treatment with mechanical or nonchemical treatment)·

Process modification (e.g. use low-liquor ratio dyeing machines, use pad batch dyeing
methods, use countercurrent washing, optimise process conditions, or combine processes)

Process water reuse and recycle (e.g. reuse dyebaths, reuse rinse baths, etc)

Equipment modification (e.g. install automated dosing systems and dye machine control­
lers, use continuous horizontal washers, use continuous knit bleaching ranges)

Good operating practices (e.g schedule dyeing operations to minimise machine cleaning)

The so-called IVU-Richtlinie and the BREF-Documents [273; 2]. extensively described recent pro­
cess-specific technologies, regarding to environmental benefits, applicability and economic points
of view. These very comprehensive case studies are take as basis for our following listing. Addi­
tional references are cited in the text.
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Energy is an aspect that is unfortunately often paid few attention. However, measures for sustain­
able environmental protection can only be consired as an overall system, deferring of system bor­
ders may be necessary. Extensive case studies of rational energy use concepts - i.e. regenerative
heat recovery for waste water, power heat coupling, thermal insulation of buildings, etc - for
choosed textile mills can further be found in [224].

7.1.1 Techniques for exhaust air, waste water and solid waste treatments

A. Exhaust air [273]

Emissions to air of textile finishing processes originate mainly from the following pathways [342]:

Generating of process steam: most mills have install their own machines for generating
heat and electricity, to fu1lfi1I the demands of textile finishing industry energy supply; the cor­
responding combustion plants work with petroleum or natural gas to produce process
steam.

Textile processes, such as singeing, thermofixing, thermosoling, impregnating and func­
tional finishing, using mainly a stentering frame after padding application of textile chemi­
cals.

Coating, impregnating and finishing processes using solvents for chemical application.

Pre-treatment and dyeing processes, such as washing, bleaching, mercerising and dyeing
(when producing more than 10 tid): yet, no relevant emission to air seems to come from
these processes, referring to actual level of awarness (however, some seldom case may
show high emission of chlordioxide during chlorine bleaching).

Main achieved environmental benefits when using abatement systems for emissions to air are
minimisation of volatile organic carbon (VaC) and special toxic substances in the exhaust, as well
as minimisation of odour nuisances.

In principle, the following exhaust abatement systems can be used in textile finishing (as single
solutions as well as in a combination of two or more techniques):

• oxidation techniques (thermal incineration, catalytic incineration);

• condensation techniques;

• absorption techniques;

• electrostatic precipitation;

• adsorption techniques (seldom in use);

• biological techniques (not in use).
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Typical systems in textile finishing are

• heat exchanger (condensation technique; primarily used for energy saving);

• aqueous scrubber (absorption technique);

• combination of aqueous scrubber and electrostatic precipitation;

• combination of heat exchanger, aqueous scrubber and electrostatic precipitation.

Oxidation technigues

Principally the oxidation technique is a transformation of combustible air pollutants into harmless
substances by combustion/oxidation. In case of complete oxidation, all hydrocarbon compounds
will be transformed to carbon dioxide (C02) and water (H20). If the oxidation is incomplete, carbon
monoxide (CO), formaldehyde (CH20) and other partially oxidised substances are generated. Two
different oxidation techniques exist:

• thermal incineration and;

• catalytic incineration.

Thermal incineration occurs at temperatures between 750°C and 1000 °C. The exhaust is lead to
a first heat exchanger by ventilation; there the heat content of the cleaned exhaust is exchanged to
raw-gas. This preheated exhaust (appr. 500-600 °C) is subsequently heated by a burner, to get the
ignition temperature. The clean-gas in turn passes a heat exchanger system. Normally nearly all
pollutants are burned off (including odour intensive substances and low boiling solvents).

It is also possible to conduct exhaust to the boiler house where it is used as incineration air.
Therefore a special burner which can work with a high air surplus and a high moisture content has
to be installed.

Compared to thermal incineration, the advantage of catalytic incineration is the considerable low
activation temperature which is between 300°C and 450 °C. This is due to special catalysts, which
reduce the ignition temperature at one hand and accelerate the reaction velocity between pollution
substances and oxygen of the air at the other hand.

The disadvantage of thermal incineration is the energy consumption for heating up the exhaust to
at least 750°C. After incineration the temperature of the cleaned exhaust is around 200 °C to 450
°C. Generally there are not sufficient heat consumers in the company, so most of the energy will
be wasted. Another problem results from the gas-air-mixture typical for textile finishing. In the tex­
tile industry, there are mostlz high exhaust volume flows with comparable low charges, which has
to be cleaned. Often there are changing amounts of exhaust, leading to inefficient thermal incin­
eration. In case of catalytic incineration, phosphorous compounds, halogens, silicones, and heavy
metal compounds can react as catalytic poisons. These compounds are often found in textile in­
dustry, so special care has to be taken by using catalytic oxidation in this field.
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Condensation techniques

Besides energy recovery, air/air and air/water heat exchanger cause partial condensation of the
pollutants. Exhaust is cooled down in the heat exchangers to a temperature at which the pollutants
form drops or a film. The condensed pollutants are already partly separated in the heat exchang­
ers; the residual part can be separated in downstream filters.

Pollutants with a high volatility and in most cases odour intensive substances are removed.

Absorption techniques

The commonly used techniques are aqueous scrubbers. The exhaust-gas is brought into close
contact with the washing liquid (water and partially additives like acids, alkali, or oxidising agents)

Depending on the equipment producer there exist different types:

• nozzle vaporizers;

• centrifugal systems;

• systems based on turbulence of washing water.

This leads to

1. cooling of the exhaust (condensation of the pollutants containing vapours);

2. absorption of pollutants in the scrubber liquid (partially emulsions are generated with wa­
ter-insoluble substances);

3. dissolving of soluble substances in the water drops.

The pollutants get separated in the mist collector installed downstream. Wastewater from aqueous
scrubbers can be treated with oil/water separators or other techniques. The scrubber liquid can be
cycled or used in a continuous way.

The efficiency of aqueous scrubbers in textile finishing strongly depends on process specific pa­
rameters; normally the efficiency is in a range between 40 - 60 %. Applicability for water-insoluble
pollutants is limited.

Electrostatic precipitation

Electrostatic precipitation depends on the attraction of different charged particles. In electric pre­
cipitators, there are strong potential gradients between the sparkling electrodes and the precipita­
tion electrodes with opposite polarity. The sparkling electrode has a small diameter like for exam­
ple a wire or the point of a needle, the precipitation electrode has a big area like a plate for exam­
ple. The exhaust has to pass the potential gradient between the electrodes. The solid and/or liquid
particles of the exhaust are charged unipolar in the ionisation area. The charged particles are at­
tracted from the antipoles and precipitated at the precipitation electrodes. They loose their charge
after getting in contact with the precipitation electrode and can then easily be removed by wash­
ing, vibration or gravity.
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The electrostatic process exists of:

• ionisation of the air;

• charging of the pollutant particles;

• transportation of the particles to the precipitation plate;

• neutralisation of the particles;

• cleaning of the precipitation plates from the waste.

Electrostatic precipitators can precipitate dusts and aerosols with a size of 0.01 to 20 f.!m. Best

efficiency will be reached at around 0.1 f.!m - 1.5 f.!m. Therefore, the producers recommend to in­

stall a mechanical filter before the electric filter, which precipitates most of the particles> 20 f.!m.

The efficiency for electrostatic precipitators for particle sized solid and liquid pollutants is in a range
between 90 % and 95 %. Gaseous pollutants and at the same time odour relevant substances
cannot be precipitated. Therefore, for best total efficiency it is important, that mostly all condens­
able substances, emitted as aerosols, are removed before reaching electrostatic precipitation. This
can be achieved by heat exchangers or exhaust scrubbers.

Exhaust cleaning can be installed at both, new and existing installations. However if existing ma­
chinery has to be rebuilt, in some cases applicability is limited due to economical, technical and
logistic factors. In each case, for installation of an exhaust cleaning system, a tailor-made solution
regarding the above mentioned techniques has to be developed.

Exhaust cleaning systems which are delivered from various suppliers are installed in various Ger­
man textile finishing industries. Systems based on heat exchangers, aqueous scrubbers and elec­
trostatic precipitators dominate.

A not negligeable disadvantage of all these treatment techniques is the high energy demand resp.
high amounts of resulting CO2 by thermal as well as catalytic incineration (i.e. one of the green­
house gases). Compared to environmental relevance of removed organic compounds, this disad­
vantage may be negligible. Installation and running costs have also to be considered. Especially
costs for the maintenance of the equipment and energy costs should be considered. Compared to
the other above mentioned techniques oxidation techniques have by far highest investment cost
and running cost. Moreover, in aqueous scrubbers, the pollutants are redistributed from exhaust to
the wastewater. Efficient wastewater treatment (oil/water separators, biological wastewater treat­
ment) is required.

Thus, in order to establish effective sustainable pollution control, end-off-pipe techniques always
have to be the very last solution [381).
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B. Waste water

Textile wastewater is a mixture of many different chemical compounds which can roughly be clas­
sified into easily biodegradable, heavily biodegradable (recalcitrant) and non-biodegradable com­
pounds. Typically, textile waste waters have high biological oxygen demand/chemical oxygen de­
mand (BOD/COD), a substantial proportion of which is represented by substances present in a
highly emulsified and/or soluble form. The organic polluting load can further be also highly col­
oured.

Waste water in textile finishing mainly originate from four sectors:

1. pre-treatment (washing, desizing, scouring, bleaching, mercerising, boiling off)

2. dyeing (continuous, semi-continuous, discontinuous)

3. printing

4. finishing

The waste water is thus normaly made up of remaining baths of the corresponding processes
[342], further detailed data for some specific processes are listed in sections 7.1.2, 7.1.3, 7.1.4 and
7.1.5 (in A. Process-specific emission and consumption levels):

desizing baths (CSB: 3000 to 80000 mg Oil, depending on process parameters and
washing techniques);

bleaching baths (CSB: 3000 to 10000 mgOil);

scouring baths (CSB: 2000 to 6000 mg Oil, if desizing is made in a separate step);

exhausting baths (CSB: 400 to 2000 mg Oil for reactive dyeing; 5000 to 10000 mg
Oil for vat or dispersed dyeing; 10000 to 13000 mg O2/1 for naphtol dyeing);

remaining pad-dyeingbaths (CSB: 10000 to 100000 mg O2/1);

remaining finishing baths (CSB: 5000 to 200000 mg O2/1);

remaining printing paste (CSB: 50000 to 300000 mg 02/L).

In order to reduce their polluting charge, waste waters can be treated by physical, chemical, or
biological methods. A great number of treatment processes are available (Table 7-1) [315]. De­
tailed knowledge about the location, waster water loading and amount are necessary for choosing
the appropriate process. The best suited process is the one that allows maximum purgation effect
with lowest resources inputs. Energy, required space, interference liability, and disposal of residual
wastes are factors that have to be considered.
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Methods Processes Examples of use

Physico-mechanical Sedimentation High density solids

Filtration Low density solids

Ultrafiltration, reversed-osmose Highly molecular compounds, salts

Evaporation Highly boiling compounds, salts

Physico-chemical Adsorption Adsorbable organics

Chemical Ionic exchange Heavy metals

Precipitation, flocculation Preciptable or coagulatable com-
pounds

Oxidation Heavily biodegradable compounds

Biological Anaerobe Highly loaded organic waste water

Aerobe Lower loaded waste water

Table 7-1: Major waste water treatment techniques

Physico-mechanical treatments (77)

The loading compounds remain chemically unmodified after physico-mechanical processes, and
can further be landfilled, incinerated, or recycled after appropriate treatment. The disposal of the
produced sludges and filter cakes is usually responsible for the major treatment costs. However,
today they are techniques to minimise the quantity of the sludge and disposal of sludge by incin­
eration according to the state of the art. Thus, the problem of organic compounds is not just shifted
from one media to another.

Precipitation / coagulation methods are based on the principle that the effluent, containing the im­
purities in dissolved, colloidal, or suspended form, is first treated with coagulants. The produced
microflocs can be obtained either by pH adjustment (such as acid craking), or by inorganic coagu­
lants (multivalent metals) or by organic coagulants. Organic coagulants are low molecular mass,
highly charged polyelectrolytes that are usually cationic, and can be used either as an alternative
or in conjunction with, inorganic coagulants.

When the impurities in the waste water are in the form of microflocs and other suspended solids
the second stage of flocculation aggregates them into larger agglomerates. This is usually
achieved by adding low to moderately charged polyelectrolytes with a very high molecular mass;
the charge may be anionic or cationic. Flocculation involves adsorption of the polyelectrolytes onto
particle surfaces. These form loops and tails which act as physical bridges across particles, thus
binding them together into a polymer-particle matrix or floc, Le. a bridgeing mechanism.

Solid / liquid separations can be achieved by various means, including gravity sedimentation, filtra­
tion, and centrifugation. Another method gaining in popularity is dissolved air flotation, where solids
are induced to float by introduction of microscopic air bubbles which attach to the floes and accel­
erate their rise to the surface. The floes form a float which is skimmed by mechanical scrapers in
the form of sludge.

Wastewater treatment by flocculation/precipitation and incineration of sludge is a technique that is
applicable both to new and existing installations.
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There are many plants in operation in Europe; however, sludge is incinerated in a few cases only.
Before flocculation/precipitation, the textile wastewater is equalised. However, compared to bio­
logical treatment, equalisation time can be shorter (about 12-h-equalisation). Fibres are removed
by a sieve. The dosage of flocculants is about (in case of treatment of mixed wastewater with COD
of about 1000 mg Oil):

• aluminium sulfate: 400 - 600 mgll

• cationic organic flocculant: 50 - 200 mg/l

• anionic polyelectrolyte: 1 - 2 mg/l

The quantity of sludge is about 0.7-1 kg dry matter/m3 treated wastewater. Usually, it is de-watered
in a chamber filter press. Content of dry matter of 35-40% are usually achieved. Investment cost
for a plant for 20 m3/h wastewater (including sieve for fibre removal, reactor, sludge container,
chamber filter press, compressed air supply, pipes, and control instruments) vary between 200,000
and 300,000 EURO. Operation cost vary from 0.25 - 1.50 Euro/m3

. Costs for incineration in plants
according to state of the art vary from 70 - 250 EUROlt [273].

The costs for energy and maintenance (i.e. replacement of filter module) of ultrafiltration technolo­
gies are very high, and the process thus only profitable if the compounds loading the waste water
are subsequently reintroduced in the finishing process. The technique is applicable to all textile
finishing industries provided proper wastewater segregation and membrane-compatible selection
of single wastewater streams. Recipes have to be checked in terms of membrane compatibility and
have to be changed if necessary. For instance the use of water glass has to be avoided for dyeing
padding liquors. Wastewater streams containing non-avoidable compounds which can create irre­
versible scaling of membranes may not be treated in the membrane plant (e.g. pigment paste
containing streams, or reactive resins from finishing). Additional pipe system for wastewater seg­
regation and recycling of permeate is needed. To this purpose, also additional tanks for interim
storage have to be installed.

Distillation of the waste water is only applicable if the polluants are only highly boiling compounds,
and not able to accumulate in the exhaust vapors. Evaporation methods need very high energy
and are, thus, only suitable if speciality compounds have to be recycled.

Physico-chemical treatments [315]

Polluants are adsorbed on the surface of adsorbent materials by dint of intermolecular bondings.
Soluble, dispersed or emulgated organic compounds can thus be removed from waste water. The
adsorbent materials can be active carbon, aluminium oxide, synthetic polymer, or numerous either
anorganic or organic natural products. The consumption of adsorbent materials can be lowered by
additional thermal or extractive recycling of the materials. Adsorptive cleaning steps are generally
applied after biological or chemical treatment processes, to remove coloured or strong smelling
compounds.
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Chemical treatments [315)

The impurities are coagulated or destroyed by chemical reaction. A better separation of coagulated
ingredients from water can be obtained. Further treatment steps required are filtration or sedimen­
tation (see also physico-mechanical treatments, above).

Chemical reaction of the impurities in order to transform them in less polluting and/or easy biode­
gradable compounds is also often advisable. Frequently, oxygen (from air), hydrogen peroxide or
ozone are used destroy the polluants by oxidation reactions. The impurities are either directly oxi­
dised to carbon, or a partial oxidation take place, that produce easy biodegradable compounds.

Electrochemical oxidation of textile waste water was also reported. The most convenient and cost
effective method is said to be the electrolytically generation of chlorine or hypochlorous acid using
seawater or neutral brine liquor. The method is mainly advised for effectively remove colour­
causing compounds [211). However, the production of chlorine species and chlorinated organics­
and, thus, raised toxicity - will surely be a limiting factor of industrial scaling of the technique [380).

Biological treatments

During biological treatments, polluants are transformed, by dint of bacteria, in cytosic material, or in
gases such carbon dioxide, methane or hydrosulphide. Two distinct biological treatments exist ­
aerob or anaerob treatments - depending on the kind of bacteria used. Aerobe micro organisms
need oxygen for respiration and working; anaerobe bacteria, on the other hand, need to live oxy­
gen free operation conditions.

Aerobe bacteria transform 30 to 50% of the available carbon into cytosic material, Le. the polluants
are mainly transformed into biomass which had to be removed from water in form of sewage
sludge. Due to the high growth rate of the micro organisms, aerobe biological systems are less
susceptible to disturbance from highly toxic impurities. In highly loaded waste water, the entry of
oxygen limited if no supplementary oxygen is added or the system activated by supplementary
ventilation. Therefore, the aerobe treatments are generally used for waste water with low organic
content.

In contrast, anaerob systems need no oxygen to degrade organic loadings. The degradation reac­
tions are much more complexe and the end product is biogass made of carbon dioxide and meth­
ane. Anaerob working bacteria produce even less amounts of biomass, and, thus, less sludge is to
be disposed. Hence, this kind of treatment is mainly used if concentration of organic polluants is
high, and aerobe cleaning treatment not cost-effective. However, a complete elimination of organic
impurities is seldom possible, and, thus, the anaerobe treatment is mainly used as preliminary
cleaning step in highly loaded waste water treating process [315).

Biological treatment is usually the most important part of textile wastewater treatment. In most
cases, activated sludge systems are applied. In all activated sludge systems, easily biodegradable
compounds are mineralised whereas heaVily biodegradable compounds need certain conditions,
such as low food-to-mass-ratios (F/M) « 0.15 kg BODs/kg MLSS x d), adaptation (which is there if
the concerned compounds are discharged very regularly) and temperature higher than 15°C (nor­
mally the case for textile wastewater).
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Before this background, F/M is the most relevant design parameter. When remaining under the
mentioned F/M value, heavily degradable textile chemicals, such as nitrilotriacetae (NTA) [GOCh,
1984), m-nitrobenzene sulfonate and its corresponding amine [Kolbener, 1995), polyvinyl alcohol
(PVA) [Schonberger, 1997] and phosphonates [Nowack, 1998] are degradaded and mineralised
respectively. Today, many activated sludge systems meet these system conditions (see following
examples) which also enable practically complete nitrification. In these cases, both easily and
heavily biodegradable compounds can be discharged. Non-biodegradable compounds should be
avoided or treated/pre-treated at source but this happens in a few cases also. Therefore, in many
cases, in addition to activated sludge further treatment steps have been developed and imple­
mented such as flocculation/precipitation, adsorption to activated carbon and ozonation. The
plants, presented as follows meet the requirement of low F/M ratio, adaptation, and temperature
higher than 15°C. Most of them also have additional treatment steps to remove remaining dye­
stuffs (colour) and other non-biodegradable compounds [273].

Activated sludge systems with low F/M ratios and additional treatment steps to remove non­
biodegradable compounds are applicable both to new and existing plants for all kinds of textile
wastewater. It can also be applied to municipal wastewater treatment plants with low and high per­
centages of textile wastewater as well as to pure industrial plants in which the wastewater of one
or more TFI is treated. Lower F/M-ratios require bigger aeration tanks resulting in higher invest­
ment costs. At first order, size of activated sludge systems is directly proportional with F/M. Precise
data on investment costs is not available. Additional cost for additional aeration is about 0.30
EURO/m3.The treatment of wastewater at low F/M-ratios, retention time is lower and aeration en­
ergy is higher; however significant lower residual COO and ammonia concentrations justifies the
additional energy consumption [273].

C. Solid wastes

In textile finishing industries, many different solid and liquid wastes are caused and have to be dis­
posed of. For example, solid waste from yarn production include dust, seed and trash. Solid waste
from knitting and weaving consists of yarn remnants, cutting, faulty products and yarn spools. Solid
waste from the wet treatment of textiles include sludge from external works, dirt, grease and
vegetable matter as well as waste chemicals and packaging. Some of these solid wastes can be
recycled or reused, others are incinerated or put to secured landfill; there are also some wastes
which (in a few cases) are treated in anaerobic digesters. Many of these wastes are not specific for
the textile finishing industry. Therefore, in the following, the distinction is made between wastes
which are specific and non-specific for this sector; not every kind of waste will be relevant for every
TFI and most of the wastes are not specific for the textile sector [273].
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Wastes, non-specific for TFI Wastes, specific for TFI

Waste not in need of control Waste not in need of control

Waste glass Waste yam

Paper, paper board (including cones) Waste fabric (knit and woven fabric)

(bad works, trails, selvedge cutting)

Wood Wastes from shearring and raising

Iron scrap (pipes, old machines etc.) Waste jn need of control

Electric cables Residual padding dyeing liquors

Plastic drums (clean) Residual printing pastes

Metal drums (clean) Residual padding finishing liquors

Non-contaminated plastic wrap Oil-containing condensates from off-gas

Rubble from building sites Treatment (waste gas from stenters)

Waste in need of control Sludge from textile wastewater treatment

Waste oil

Oil contaminated cloth

Non-halogenated waste solvents

Soot from oil incinerators

Glue and adhesive agents

Contaminated packing material

Dyestuffs and pigments

Electronic scrap

Waste highly in need of control

Waste from oil/water separators

Halogenated waste solvents

PCB-containing condensers

Table 7-2: Solid and liquid wastes from textile finishing industries (TFI)

Information on the quantities is available for twelve textile finishing industries. The available data
show a big range of the textile substrate specific quantities. In Table 7-3, for textile waste (waste
yarn, waste fabric), available information is compiled. Usually, most of the textile waste is recycled.

Today, there are only a few TFI, which segregate high loaded wastewater streams, such as resid­
ual padding dyeing liquors and residual padding finishing liquors. In case of exceeding limits for
COD, nitrogen or colour, such measures are applied. It is more common to dispose off residual
printing pastes separately. These pastes are disposed in incineration plants or, in case of reactive
and vat printing pastes in anaerobic digesters.

There are TFI treating their wastewater by flocculation/precipitation. The volume specific sludge
quantity after de-watering (usually in chamber filter presses) including the water content (which is
usually 60-65%) is normally within the range 1 - 5 kg/m3 treated wastewater. Taking into account a
specific wastewater flow of 100-150 I/kg, the textile substrate specific sludge quantity is 100-750
g/kg finished textiles (273).
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Number of Specific quantityf or textile Comment
TFI waste [kg wasteft textile prod-

uct]

TFI1 39 PA sock manufacturing company; most of the waste is caused
during confection of the socks

TFI2 37 Woven fabric manufacturing industry

TFI3 20 Woven fabric finishing industry; half of the quantity is fibre dust
and the other half waste fabric

TFI4 32 Woven fabric manufacturing industry

TFI5 6 Yarn finishing industry

TFI6 88 Commission finisher for knitted fabrics); high percentage from
shearing and raising

TFI7 52 Finishing plant with weaving and finishing compartment

TFI8 14 Commission finisher (mainly wool); shearing and raising waste

TFI9 160 Finishing mill with fabric manufacturing. Raising and shearing
waste

TFI10 7 Finishing mill mainly finishing PES knitted goods

TFI11 84 Tufting and finishing carpets

TFI12 43 Finishing plant with coating compartment (selvedge cutting
waste)

Total waste (textile and non textile waste): 273 kg!t (174 kg!t
waste to be recycled 85 kg!t to be incinerated)

Table 7-3:

D. Odour nuisance

Quantity of textile waste from nine different TFI

Textile finishing processes are often accompanied by odour emissions. Smell intensive substances
and typical ranges for odour concentrations are summarised in the following table (273).

Data on odour concentrations collected at 16 finishing plants which have all problems concerning
complaints on odour nuisances are summarized in Fehler! Verweisquelle konnte nicht gefunden
werden. (273).
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Substance Possible source

epsilon-caprolactam Heat setting of polyamide 6 and polyamide 6 blends;

Paste and powder coaling with PA 6 and PA 6-copolymers

Paraffines, fatty alcohols, fatty acids, fatty acid esters Heat setting of grey textiles and inefficiently pre-washed
(less odour intensive substances, but high concentra- textiles

tions)

Hydrocarbons Printing, defoamers, machine cleaner

Aromatic compounds Carriers

Acetic acid, formic acid Various processes

Hydrogen sulfide, mercapantes Sulfur dyeing

Sulfur derivatives Reducing agents

Ammonia Printing (ex urea), coating, non-woven processing

Acrylates Printing (ex thickening agents), coating, non-woven proc-

essing

Formaldehyde Easycare finishing, finishing of non-wovens, permanent

flame retardants, burner emission in direct heated stenters

Terpene (d-limonene) Solvents, machine cleaners

Styrol Styrene polymers and copolymers

Vinylcyclohexene Butadiene polymers and copolymers

Aldehydes Singeing

Acroleine Decomposition of glycerol

Phosphoric acid esters (esp. tributylphosphate) Wetting agents, de-aeration agents

Phthalates Levelling and dispersing agents

Amines (low molecular) Various processes

Alcohols (octanol, butanol) Wetting agents, antifoaming agents

Table 7-4: Smell intensive substances in textile finishing



Substrate/Process Range of odour concentration Average odour concentration

IOU/m'l IOU/m'l

PA6 2000-4500 2500

Heat setting grey fabric

PA6 500-2000 1100

Finishing of heatsetted and pre-

washed fabrics

PES 1500-2500 2000

Heat setting grey fabric

PES 500-1500 800

Finishing of heatsetted and pre-

washed fabrics

CO 300-1000 500

Finishing

Fibre blends 1000-2500 1500

Heat setting

Fibre blends 500-2000 1200

Finishing of heat setted and pre-

washed fabrics

Sulfur dyeing Up to 10.000

Singeing Up to 60500

Non-wovens (monomer containing Upto 10000

binders)

Printing (mansardes) Data collected at one finishing mill 300

Pigment (CO) [EnviroTex, 1998c] 600

Vat-2-phase (CV) 50

Disperse (PES) 300

Vat discharge (CO)

Printing (steamer) Data collected at one finishing mill

Pigment (CO) [EnviroTex, 1998c] 700

Disperse (PES 600

Vat 2-phase (CO) 6003
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Table 7·5:

(OU: odour unit)

Typical examples for odour concentrations in textile finishing

Odour mass flows can be estimated on the basis of the data compiled in table above assuming an
average asir flow in the stenters of 10000 m3/h

For techniques used in treating odour nuisances, refer to section A of this chapter.
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7.1.2 Pretreatment

A. Process-specific emission and consumption levels

Pretreatment of cotton knit fabric [273]

In the following two processes are described for continuous pre-treatment which means bleaching
and washing as well as three discontinuous processes. The intensity of cotton knit fabric bleaching
mainly depends on the kind of cotton quality and the degree of whiteness to be achieved. For sub­
sequent exhaust dyeing with dark shades a less intensive bleach process is necessary only (pre­
bleach) whereas for pale shades and non-dyed products the whiteness must be higher and
bleaching more intensive respectively.

Continuous pretreatment of cotton knit fabric

Bigger TFI often have continuously working machines for the pre-treatment. In the following a pro­
cess is described for continuous bleaching/washing with hydrogen peroxide. The process consists
of following steps:

Padding of the bleaching liquor with a pick-up of 130%

Bleaching reaction in a steamer (30 min) with saturated steam at a temperature of 95-98°C

Counter-current rinsing

Padding of liquor containing complexing agents and washing agents with subsequent sec­
ond steamer (3-5 min with saturated steam)

Rinsing and drying (in case of non-dyed qualities, before drying softening agents are ap­
plied)

A typical recipe is given below.



Recipe [g/kg textile] COD of product spec. COD·input [g
[g O,lkg product] O,/kg textile]

Padding liquor for bleaching

NaOH(100%) 8,2

Wetting agent 6,0 1210 7,3

Complexing agents 4,4 270 1,2

Organic stabilisers 22,0 185 4,1

MgSO, 2,2

HP,(50%) 66,0

Optical brightener 5,0 760 3.8

Washing agent 1,5 2060 3,1

Second padding liquor

Polyphosphate 1,1

Washing agent 1,1 1780 2.0

sum: 21,4

Padding liquor in case of softening

Softening agents 14,5 684 9,9

Acetic acid (60%) 1,1 645 0,7
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Table 7-6: Typical recipe for the continuous bleaching/washing ofcotton knit fabric

The specific COD-input can vary between 20-30 g/kg textile. The specific water-consumption and
wastewater flow is about 30 I/kg (±7 I/kg). Typical values in first rinsing water are:

COD: 4000-8500 mg 0211

Conductivity: 2.5-4.5 mS/cm

pH: around 10.

Typical values in second rinsing water are:

COD: 1000-3000 mg 02/1

Conductivity: 0.5-1.2 mS/cm

pH: around 8-10

At first order the chemicals and auxiliaries applied for bleaching/washing reach wastewater quan­
titatively. As already mentioned, the COD-input-factor is 20-30 9 02/kg textile. Measurements in
total wastewater showed COD output-factors between 80-100 9 02/kg textile. This means that
about 60 9 02/kg textile has been extracted from the greige cotton knit fabric.

The consumption of energy of the described process is not available.
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The second process described consists of following steps:

Padding of the de-mineralisation liquor with a pick-up of 130% (inorganic and organic ac­
ids) with subsequent reaction at 40°C and rinsing

Padding with the bleaching liquor (H202 as bleaching agent)

Bleaching reaction in a steamer with saturated steam at a temperature of about 97°C

Counter-current rinsing

Depending on the quality addition of softening agents

In principle the recipe for the bleaching liquor concerns the one given above. The specific con­
sumption of chemicals, water, steam and electricity is contained in Fehler! Verweisquelle konnte
nicht gefunden werden. It is obvious that this process needs significant lower quantities of water.
The input of organic auxiliaries is slightly higher. It can be expected that also here the total specific
COD emission is about 80-100 g 02/kg textile. The range is mainly caused by different specific
weight and quality of processed knit fabric.

Input unit Typical range

Spec. consumption of inorganic chemicals [g/kg textile] 37-41

Spec. consumption of organic chemicals, as COD [g O,lkg textile] 29-35

(calculated with the recipe in Table 3.13)

Spec. consumption of water [I/kg textile] 14-19

Spec. consumption of steam [kg/kg textile] 1.1-1.6

Spec. consumption of electricity [kWh/kg textile] 62-79

Spec. COD-output in wastewater caused by the applied [g O,lkg textile] 16-20

chemicals

(it is assumed that the welling agents, complexing (the welling
agents and organic stabilisers reach wastewater quan- agents contribute
titatively whereas the optical brighteners and the sof- most to the COD
tening agents remain to 70% and 90% respectively on in wastewater)
the textile sUbstrate)

Table 7-7: Consumption ofchemicals, water and energy for a continuous pretreat­
ment process (bleaching/washing) of cotton knit fabric

Discontinuous pretreatment of cotton knit fabric

For discontinuous bleaching/washing of cotton knit fabric, Fehler! Verweisquelle konnte nicht ge­
funden werden. provides the standard recipes for bleaching with hydrogen peroxide (H202). For
the discontinuous pre-bleaching and full-bleaching in a bleaching vessel following values are avail­
able (Fehler! Verweisquelle konnte nicht gefunden werden.). Thereby factors can not be calculated
because of missing wastewater flow for the single batches. Only the overall specific wastewater
flow is known (for the whole process including rinsing, the specific water consumption is 30-50
I/kg).
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Parameter Pre-bleaching Full-bleaching

Exhausted Hot rinsing Cold rins- Exhausted Hot rinsing Cold rins-
bleaching (15min) ing bleaching bath (15min) ing
bath (25 min) (25 min)

COD 5200-6500 4200-5400 800-1700 7800-8500 5700-6500 800-1200

[mg02/1]

PH 11.4-11.7 11.1-11.3 11.1-11.2 12.1-12.5 12.1-12.3 11.3-11.5

Conductivity 6.4-9.5 5-8 1.5-3.5 16-16.8 12-12.6 2.1-1.5

[mS/cm]

Note: for exhausted bleaching bath and rinsing water

Table 7-8: Data for COD, pH and L from pre- and full-bleaching with H202 ofcotton
knit fabric

Formerly, for cotton knit fabric a combination of sodium hypochlorite and hydrogen peroxide has
been applied. Because hypochlorite generates chlorinated by-products it has been phased out to a
high extend. Data from 1992 show values for the combined application of hypochlorite and perox­
ide indicating the big difference of AOX in wastewater. The applied recipe is according to the ones
mentioned in previous section. AOX in the exhausted H20 2-bleaching bath is up to 6 mg CIII be­
cause there is no rinsing after hypochlorite bleaching and the knit fabric transports the by-products
to the peroxide bleaching bath. The overall specific wastewater flow (for the whole process includ­
ing rinsing, specific water consumption is 30-50 I/kg)

Parameter NaOCI- H20 2- Rinsing
Bleaching bleaching

Exhausted Exhausted
bleaching bath bleaching bath

COD 1500-1800 1500-1600 70-80

[mg02/1]

AOX 90-100 3.5-6 0.2-0.3

[mgCI/I]

PH 9.3-10.2 10.5-11 8.2-8.3

Conductivity 10.2-10.5 7.2-8 0.8-0.85

[mS/cm]

~: for exhausted bleaching bath and rinsing water (LR =1:15)

Table 7-9: Data for COD, AOX, pH and L from combination bleaching with Na­
OCIIH20 2 of cotton knit fabric

Pretreatment of knit fabric consisting of synthetic fibres [273)

The availability of specific data on the input/output of processes for the pre-treatment of knit fabric
consisting of synthetic fibres is limited. The components which are removed from the fibres along
with quantities can be seen from previous sections. Together with specific water consumption and
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wastewater flow respectively the concentration of COD and hydrocarbons can be reliably esti­
mated. Bigger industries have continuous pre-treatment processes (usually washing processes)
with low specific water consumption resulting in high COD and hydrocarbon concentrations. For
the latter concentrations in the gil-order are typical.

Continuous pretreatment of woven fabric

Pretreatment of cellulosic woven fabric [273]

For cotton, the most common processes are desizing, scouring and bleaching. In addition, after
scouring, mercerisation could take place. Today, these processes are often combined. Fehler!
Verweisquelle konnte nicht gefunden werden. shows the process of desizing in case of water­
soluble sizing agents which can be removed just with water. The desizing bath contribute to or­
ganic load to a high extend. The COD concentration and load can be calculated from the load of
sizing agents on the fabric and the specific COD value. According to Fehler! Verweisquelle konnte
nicht gefunden werden., water consumption for desizing is 4 I/kg. Suppose the load of sizing agent
on the fabric is 6 weight-% and the specific COD is 1600 g/kg (in case of polyVinyl alcohol), the
resulting COD concentration is about 24000 mg 02/1 and the resulting COD emission factor 96 g
02/kg fabric. The mentioned water consumption (4 I/kg) is very low and can be considered as best
achievable value. Older washing machines have higher water consumption, which can be five
times. As a consequence, COD concentration is five times lower.

washing water
Injection system steamer 1 cylinder dryer

0.4 kg steam/kg fabric OA kg steam/kg fabric 1.1 kg steaml
kg fabric

41lkg
0.4 kglkg

~f~A11
41/kg I
0.4 kglkg

L
water input
steam input

input of textile auxiliaries 40 glkg NaOH (as100 %)
5 mlfkg non.ionic/anionic wetting agent
2 mVkg sequestring agent

Note: Desizing: first two compartments; scouring process sequence: padding of scouring liquor, steam treatment, wash­
ing and drying.

Figure 7-1: Typical continuous process for desizing and scouring
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In case of starch and modified starch, usually enzymatic desizing or oxidative desizing (cold
bleaching) is applied with subsequent washing. In section Fehler! Verweisquelle konnte nicht ge­
funden werden., typical recipes for enzymatic desizing, for cold oxidative desizing and for desizing
of water-soluble sizing agents can be found.

SUbsequent bleaching is carried out continuously also (figure following).

steamer 2

0.4 kg steam/kg fabric

!lJIIJIIJn
0/, " , "A "N\~3
U~;;toVo6to~~'6'o~\o00000 oco O

cylinder dryer 2

1.1 kg steam/kg fabric

/ ~

000000
000000

1
45 mllkg H2O, (35 %)
15 glkg NaOH <as 100 %)
10 mlJkg organic stabiliser
3 ml/kg wetting agent

4Ukg
0.4 kg/kg

21/kg
0.111kg

2mllkg acetic acid (80 o/~

Figure 7-2: Typical continuous bleaching with the process sequence: padding of the
bleaching liquor, steaming, washing and drying.

Regarding water consumption for pretreatment processes of cotton fabric, following values are
achieved for modern equipment (Table 7-10.). However, older equipment may have significantly
higher consumption. The table also contains the values for steam consumption.
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Pretreatment Total water Hot water Steam consumption Steam consumption
process consumption consumption without heat exchanger with heat exchanger

[I/kg] [I/kg] [kg/kg] [kg/kg]

Desizing 3-4 3-4 0.6 - 0.8 0.3 - 0.4

Washing after 4-5 4-5 0.8 -1 0.4 - 0.5
scouring

Washing after 4-5 4-5 0.8 -1 0.4 - 0.5
bleaching

Washing after 4-6 4-6 0.8 -1.2 0.4 -0.6
cold bleaching

Table 7-10: Specific water consumption and steam consumption for the pretreat­
ment processes of cotton fabric

Pretreatment of synthetic woven fabric [273]

Synthetic woven fabric is pretreated both discontinuously and continuously. The main purpose is to
remove preparation agents.

In case of continuous pretreatment, very high concentrations of hydrocarbons may result. E.g. with
a load of hydrocarbons of 1.5 weight-% and a specific water consumption of 5 I/kg, a concentration
of hydrocarbons of 3000 mgll result. As this single wastewater stream is high in hydrocarbon con­
centration but low in flow, it is considered as a concentrated stream.

In case of fabric with a certain percentage of elasthane, silicon oil is also present. The complete
removal of silicone oil can be very difficult. In some cases, still tetrachloroethene is applied; how­
ever, totally closed systems are applied to this purpose today having very low losses of tetrachlo­
roethene

Pretreatment of woolen woven fabric [273]

The availability of detailed information on the pretreatment of woolen fabric is limited. Thus, refer­
ence is given to the standard recipes for pretreatment in section 4.4 is given only.

B. Process-specific treatment techniques

The principle of treatment techniques for exhaust air, waste water and solid wastes were already
described in section Techniques for exhaust air, waste water and solid waste treatments. In the
following, more process specific techniques are presented.

General good management practices such as for example planified purchase and storage of
chemicals, constant recordaI and documentation of in- and output mass flows, etc but also meas­
ures anticipating the problems by integrating environmental considerations of preceding textile
processes are able to reduce emissions.
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Further process-specific techniques to reduce emissions are:

Recovery of sizing agents by ultrafiltration

Recovery of caustic soda from mercerising process

Enzymatic scouring of cotton susbtrate

Enzymatic remove of hydrogen peroxide after bleaching

Optimisation of cotton warp yarn

Optimisation of hydrogen peroxide bleaching

Further more, application of the so-called emission factor concept when choosing adequate auxil­
iaries for heat-setting treatments of synthetic fabrics may also reduce emissions to air (see 7.1.5B.
Emission factor concecpt for minimised air pollution). Substitution of critical substances is dis­
cussed in a separate section.

Recovery of sjzing agents by ultrafiltration [2]

Sizing agents are applied to warp yarn in order to protect it during the weaving process and must
to be removed during textile pretreatment, thus giving rise to 40-70% of the total COD load of
woven fabric finishing mills.

Water-soluble synthetic sizing agents such as polyvinyl alcohol, polyacrylates, and carboxymethyl
cellulose can be recovered from washing liquor by ultrafiltration. Recently, it has been confirmed
that modified starches such as carboxymethyl starch can also be recycled.

The principle of recovery by ultrafiltration is as follow: after sizing and weaving, sizing agents are
removed during textile pretreatment by hot washing with water in a continuous washing machine
(in order to minimise water consumption, the washing process may need to be optimised). Sizing
agent concentration in the washing liquor is between 20-30 gil. In the ultrafiltration plant, they are
concentrated to 150-350 gil. The concentrate is recovered and can be re-used for sizing, whereas
permeate can be recycled in the washing machine. Note that the concentrate is kept at high tem­
perature (80-85°C) and does not need to be reheated.

The following figure shows the mass balance of sizing agents and water for the process with and
without recovery in a representative case study. It can be seen that, even with recovery, some
losses of sizing agent still occur at various steps of the process, especially during weaving.

Furthermore, a certain amount of sizing agent still remains on the desized fabric and a fraction
ends up in permeate. Taking everything into consideration, the percentage of sizing agents which
can be recovered is 80-85%.
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Material balance for sizing agents without recovery

sizing agents
64 kglh condensate weft 320 kg/h water 4770 I/h
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size box

Drying _ Weaving _ Desizing Fabric
750 kg/h fabric
220 I/h water
2 kg/h sizing agents

losses of sizing
agent (dust)
ca. 1% =0,65 kg/h

losses of sizing
agent (dust)
ca. 12% =7,7 kg/h

waste water 4550 I/h
53 kg/h sizing agents

Material balance for sizing agents with recovery
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sizing agent concentrate
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Ultrafiltration
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Figure 7-3: Representative example of mass balance for sizing agents and water
with and without recovery

The environmental benefits of using the waste water treatment are that the COD load of waste
water from finishers of woven fabric is reduced by 40-70%. Sizing agents are recovered up to 80­
85%. In addition,sizing agents in waste water do not need to be treated.

Thus the energy consumption for the treatment is reduced significantly as well as the quantity of
sludge to be disposed of.

Ultrafiltration is very efficient in reducing high organic load from textile mills.
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However, it must be remembered that the polymers used for recoverable sizing agents are also
widely applied in products such as household detergents, which are found in great quantities in
other effluents. Size recovery does not contribute much to reducing the overall organic load origi­
nating from the discharge of these compounds.

When desizing coloured woven fabric (dyed warp yarn), the desizing liquor becomes slightly col­
oured. Dyestuff particles are more difficult to remove and the liquor needs to be submitted to mi­
crofiltration (which is more complex, but still feasible).

Moreover, the operation/management of ultrafiltration units for recovery of sizing agents requires
qualified staff and accurate maintenance. Re-use in the weaving plant is not always without prob­
lems. Stock and the recovered size need to be kept under sterile conditions when stored and
mixed with virgin size. Failure to protect against bacterial growth (biological degradation of con­
centrates and contamination of the ultrafiltration equipment) resulted in the closure of a recycling
plant in Belgium.

It is true that ultrafiltration needs energy; however the amount consumed is much less than the
energy required to produce new sizing agents (if they are not recovered) and to treat them in a
waste water treatment plant.

However, approximately 75% of the sizes are still starch-based and thus, with the exception of
CMC, not suitable for recycling. Recoverable sizing agents are usually only recovered in integrated
mills having a weaving and a finishing section at the same site. There are mills where recovery is
carried out in spite of a considerable distance between the weaving and finishing departments (up
to 300 km in one company in the USA). However, long-distance shipments cancel out any ecologi­
cal advantages because the liquor needs to be transported in adequate conditions in insulated
tankers.

When weaving and finishing (desizing) takes place in completely different places, another option
would most likely be more practical. The sizing agent could be removed and recovered directly in
the weaving mill, which would therefore produce desized fabric. However, while the quantity of
processed fabric must be higher than 1000 Uyr to make the process cost-effective in an integrated
mill, the minimum amount in a weaving mill producing desized fabric is much higher (about 5000 ­
8000 t fabric/yr) because, in addition to the ultrafiltration plant, a washing machine and a dryer
must be installed.

To date, the textile finishers' acceptance of already de-sized fabric is limited. Weavers are con­
cerned about the quality of the recovered size. Furthermore, certain effects such as minting can
only be done with non-desized fabric.

A cosUbenefit assessment of the method should take into account not only the costs of ultrafiltra­
tion, but also recipe and overall process and treatment costs, especially when considering that
changing over from starch and starch derivatives to synthetic sizing agents has implications for
weaving efficiency. Synthetic sizing agents are more expensive than starch-based sizing agents;
however, they are applied in lower amounts and weaving efficiency may be higher.

The following table presents a typical example of annual savings achievable when introducing re­
covery of sizing agents:
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Input for sizing Without recovery With recovery

[euro/a] [euro/a]

Produced woven fabric It/a] 8750 8750

Quantity of warp yarns It/a] 5338 5338

Load of sizing agents referred 13.8 10.0

to yarn - in weight- %

Recovered sizing agents [t/a] 427 76095

Starch derivatives It/a] 470 261435

PYAtt/a] 264 722500 75 205100

Polyacrylates (100%) It/a] 32 158400

Wax [t/a] 59 133040 26.7 30485

Fresh water [m3/a] 5075 5840 755 830

Steam It/a] 890 10780 350 4235

Electricity [kWh/a] 155680 8560 32000 1760

Man power [h/a] 4450 58700 1680 22180

Total cost I 1200855 I 499085

Cost [euro/t warp yarn] I 225 I 93.5

Table 7-11: Typical example of annual savings achievable when introducing recov­
ery of sizing agents

In the example given in the table, there will be additional savings due to the higher weaving effi­
ciency and reduced cost of pretreatment (time saving and significantly reduced consumption of
chemicals for degradation and removal of sizes compared to starch-based products) and waste
water treatment. The payback time of an ultrafiltration plant may then be less than one year.

The investment costs for the example illustrated above are the following (in €):

• ultrafiltration plant: 1,000,000

• equalisation tank: 105,000

• installation: 77,000

• start up: 27,500

• miscellaneous: 27,500

• total investment cost: 1,237,000

Waste water problems and cost reductions have been the most important driving forces towards
implementing the recovery of sizing agents. The first plant for recovery of polyvinyl alcohol went
into operation in 1975 in the USA. Meanwhile, there are two other plants which have been in op­
eration in Germany for many years and various other plants in Brazil, Taiwan and the USA. There
are not many suppliers of ultrafiltration plants [2; 273).
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Yet, ultrafiltrafiltration may be a most questionable method of sustainable pollution control. The re­
use of the recovered products is only possible when known and homogenous sizes were used.
Moreover, the actual costs for maintaining, supporting and using (energy and water) of such tech­
niques are seldom take into account. Effective use of sizing agents, moisturing of yarn and other
techniques, involving larger system limits and considering the overall process of fabric production,
enables often considerable savings of sizing agents and simultaneous improving the quality in fol­
lowing finishing processes (381).

Recovery of caustic soda from mercerjsation process (273)

During the mercerisation process, cotton yarn or fabric (mainly woven fabric but also knit fabric) is
treated under tension in a solution of concentrated caustic soda (270-300 g NaOH/1 respectively
170 - 350 g NaOH/kg textile SUbstrate) for about 40-50 seconds. SUbsequently, textile substrate is
rinsed in order to remove caustic soda. This rinsing water is called weak lye (40 - 50 g NaOH/I)
and can be concentrated by evaporation for recycling. After removal of lint, fluff and other solids (in
self-cleaning rotary filters or pressure micro filtration), the weak lye first is concentrated, for in­
stance in a three stage evaporation stage. In many cases, purification of the lye is required, nor­
mally carried out after evaporation. The purification technique depends on the extend of lye con­
tamination and can be simple sedimentation but also oxidation/flotation by injection of hydrogen
peroxide.

The driving force of the evaporation process is a temperature and pressure drop over the stages,
with the highest temperature and pressure in the first stage and the lowest temperature and pres­
sure in the last stage. To use the vapours of one stage to heat the next one, the boiling point in the
next stage must obviously be lower. This is achieved, despite the higher concentration, by lower
pressure in the next stage. The concentration increases over the stages, the temperature de­
creases. The vapours of the last stage are used to pre-heat the weak lye feed and are then con­
densed to liqUid phase in a condenser by heating up cold water for process use.

The technique is applicable both to existing and new installations. Alkaline burden of wastewater is
reduced drastically and required acid for wastewater neutralisation is minimised. First caustic soda
recovery plant went into operation more than one hundred years ago. Today, there are more than
300 plants in operation world-wide, especially for recovery of caustic soda from woven fabric mer­
cerisation and yarn mercerisation and some from knit fabric mercerisation; the latter process is not
applied very often.

The concentration of weak lye usually is 5-8 °Be (30-55.g NaOH/I) and is concentrated to 25-40
°Be (225-485.g NaOH/I), depending on the mercerising process applied; in case of raw mercerisa­
tion (dry textile substrate is treated) the concentration is 25-28 °Be and is 40 °Be in case non-raw
mercerisation. In case of raw mercerisation, the concentration of impurities is significantly higher
and thus viscosity which do not allow to go for higher concentrations (circulation in evaporators is
disturbed). The more stages for evaporation, the more often the heat is re-used and the lower is
the steam consumption and herewith the running cost. Investment however, obviously increases
with more stages.

Evaporation requires approx. 0.3 kg steam (bar)/kg water evaporated in a 4-stages evaporation
plant. This corresponds to 1.0 kg steam/kg recovered NaOH 28 °Be or 1.85 kg steam / kg 40 °Be
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NaOH. However, energy consumption for production of caustic soda from chloroalkali electrolysis
is also considerable.

Enzymatic scouring

Desizing, scouring with strong alkali and bleaching are typical pretreatment steps for cotton finish­
ing mills. Often scouring and bleaching steps are combined. Scouring improves wettability of cot­
ton fibres. Hydrophobic impurities as pectines, waxes are removed from the fibres. With the use of
enzymes (generated from genetically modified microorganisms) the alkaline scouring process can
be replaced. The enzymes are used in combination with surfactants (wetting agents and emulsifi­
ers) and complexing agents. Due to a better bleachability of enzyme scoured textiles bleaching
can be carried out with reduced amounts of bleaching chemicals and auxiliaries [273].

Enzymatic scouring process was already described in section 4.3.2.

Enzymatic removal of residual hydrogen peroxide after bleaching [273)

To achieve reproducible bleaching results residual hydrogen peroxide content of 10-15 % of the
initial quantity should be still available after bleaching. The residual hydrogen peroxide content
must be completely removed to prevent any change of shade with dyestuffs which are sensitive to
oxidation. Reducing agents and several rinsing steps are necessary in common peroxide removal
techniques. High energy and water consumption and the use of sulphur containing reducing
agents are the main disadvantages of the conventional technique.

Special enzymes (peroxidases) catalyse the reduction from hydrogen peroxide to oxygen and wa­
ter. No side reactions with the substrate or with dyestuffs occur.

Enzymatic peroxide removal is possible in a discontinuous, semi-continuous, and continuous way.
The method is applicable both in new and eXisting installations. The technique is applied in Euro­
pean textile finishing mills and world-wide as well.

Peroxidases are completely biodegradable. Rinsing steps after peroxide bleaching can be reduced
(normally only one rinsing step with hot water is necessary). Peroxidases have no negative influ­
ence on downstream dyeing process. Therefore, after treatment with the enzymes in an exhaust
process the liquor does not have to be drained prior to dyeing. Savings in energy and water con­
sumption can be achieved. Wastewater pollution with reducing agents (used for conventional pro­
cesses) id avoided.

A typical process sequence is given below:

Peroxide bleaching - liquor change - one rinsing bath (hot water) - liquor change - enzymatic per­
oxide removal - dyeing without previous liquor change.

Typical application amounts for the peroxidases in exhaust techniques are in the range of 0,5-2,0
mill (40-60 °C; 20 min) [Bayer, 1999), resp. 0,2 mill (20-50 °C; 10-15 min) [Stohr, 1997). In padding
liquors a peroxidase concentration between 1-6 mill (100 % liquor up-take) is used [Bayer, 1999).

Due to savings in water and energy consumption cost savings in a range between 6-8 % (exhaust
technique) are said to be achieved.
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Optimisation of cotton warp yarn pre-treatment [273]

For producing of white, non-dyed sheets to be used under bed sheets and table cloth, cotton
woven fabric is in use. To this purpose, cotton warp yarn is bleached before weaving because the
fabric is not desized after the weaving process. A five-step process has been applied, consisting of
wetting/scouring, alkaline peroxide bleaching and three subsequent rinsing steps whereas the last
rinsing water has been reused for the first bath. The existing process has been studied in detail.
With the results, the optimised process has been developed. Wetting, scouring and bleaching is
combined to one step and rinsing is performed in two steps; the second rinsing bath is reused.

In addition, heat recovery has been introduced. The hot scouring/bleaching bath (110°C) is heating
fresh water for first rinsing in a heat exchanger. The bath is cooled down to about 80°C and fresh
water is heated to 60-70°C. This cooled scouring/bleaching bath is collected in a tank which also
receives the warm rinsing water from first rinsing. Energy of this wastewater then is recovered in a
second heat exchanger to heat mixed fresh water and rinsing water from second rinsing. After that,
cooled scouring/bleaching bath and first rinsing bath is discharged to a municipal wastewater
treatment plant whereas second rinsing water is reused for preparing the scouring/bleaching bath.

The optimisation of the process is possible both for exiting and new installations. Regarding the
recovery of heat, space for additional tanks is required which may be a limiting factors in some
cases. The quality of the cotton yarn has to be considered (content of iron, seeds etc.) in order to
make to sure that the process can be applied.

Water consumption and wastewater discharge before and after optimisation can be seen from ta­
bles following.
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Process sequence Process Water consumption for Water consumption for op·
conventional process [I) timised process [I)

1. step wetting/scouring 6400 6400

2. step bleaching 5000

3. step cold rinsing 5000 5000

4. step warm rinsing 5000

5. step rinsing and pH adjust- 5000 5000
ment with acetic acid

All steps 26400 16400

Recycling of last - 5000 -5000
rinsing bath

Overall water con- 21400 11400
sumption

Specific water con- 26.81/kg 14.31/kg
sumption (800 kg
yarn/batch)

Residual water 1400 1400
content in the yarn

Wastewater flow 20000 10000

Specific wastewater 251/kg 12.51/kg
flow

Table 7-12: Water consumption and wastewater discharge before and after opti­
mised pre-treatment process of warp yarn

The consumption of chemicals and energy has also been reduced drastically: Following savings
are achieved:

Process time: about 50%

Water consumption/wastewater discharge: about 50%

NaOH: about 80%

H202: no reduction

Complexing agents/stabilisers: about 65%

Surfactants: about 70 %

Optical brightener: no reduction

COD load of wastewater: about 20%

Energy: 1.2 kg steam/kg warp yarn

In Table 7-13, the conditions of the optimised process are compiled. It also contains the calculation
of COD-input and COD-output respectively.
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Process and Input

quantity spec. COD-value COD-load per
and -concentration 800 kg batch

[mgO,/g] [kg 0,]

resp. [mg 0,11]

Wetting/scouring/bleaching

Recipe

NaOH 38° Be/33% 3.5 g/I - -
Hpz 35% 3.0 g/I -
Complexing agent and stabiliser g/I 85 0.53

Surfactant 1.9g/1 1610 19.35

Optical brightener 0.15weight-% 2600 ;u2

total: 23

Conditions: pH ca. 12, 110°C, 10 min

Extracted COD from CO warp yarn 56

First rinsing

Conditions: 70°C, 15 min 3000 mg 0,11 15

Second rinsing

Conditions: 70°C, 15 min 1000 mgOz/1 5

Total 99 kg COD

resp. 124 g/kg

Table 7-13: Recipe and conditions of the optimised pre-treatment process of cotton
warp yarn

The considerable savings of time, water, chemicals and energy makes the process highly eco­
nomical. The optimised process does not require new pre-treatment equipment but tanks, heat
exchangers, pipes and control devices for energy recovery from wastewater. Two textile finishing
industries in Germany are practising the described optimised process successfully.

Optimision of hydrogen peroxide bleaching process

The optimision of the hydrogen peroxide bleaching process essentially leads to minimised con­
sumption of complexing agents [2].

When bleaching with hydrogen peroxide, different more or less reactive oxygen species may be
present in water (02**, H20iHOO', H20/OH", HOO*/02*-' OH*/O*-, Oi03*-)' The kinetics of forma­
tion and disappearance depends on the concentration of oxygen, the energy for activation, the
reduction potential, the pH, the catalyst, and other reagents. These processes are very complex
and can only be explained with dynamic simulation models. The bleaching is mostly controlled by
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the addition of complex formers Le. complexing/sequestering agents.

Complexing agents which are typically applied in finishing mills are based on polyphosphates (e.g.
tripolyphosphate), phosphonates (e.g. 1-hydroxyethane 1,1- diphosphonic acid), and amino car­
boxylic acids (e.g. EDTA, DTPA and NTA). The main concerns associated with the use of these
substances arise from their ability to form stable complexes with metals (remobilisation of heavy
metals), their N- and P- content and their often low biodegradability/bioeliminability.

The use of high quantities of sequestering agents can be avoided by removing the responsible
catalysts from the water used in the process and from the textile substrate.

Softening of fresh water is largely applied by textile mills to remove the iron and the hardening al­
kaline-earth cations from the process water (magnesium hydrate has a stabilising effect and tech­
niques which remove transition metals and calcium are therefore preferred).

As for the iron present on greige goods (originating from fibre impurities, metallic particles, etc.),
modern continuous lines are equipped with magnetic detectors for the removal of the iron particles
before the bleaching step.

However, this is not sufficient when the goods are heavily contaminated and iron is not evenly dis­
tributed over the fabric (rust). Iron can be solubilised and removed from the substrate by ll.QQ
demineralisation or reductive/extractive treatment of the goods to be bleached. In the case of acid
demineralisation, Fe(llI) oxide, iron metal, and many other forms (some organic complexes) are

solubilised in strongly acidic conditions (in hydrochloric acid at pH 3). This treatment requires that
the metal parts of the equipment must be able to withstand these conditions. The advantage of the
reductive treatment is that there is no need to use strong corrosive acids. Moreover, with the new

non-hazardous reductive agents it is possible to avoid a drastic change of pH.

Moreover, scavenging away the disturbing OH* radicals formed during bleaching minimises fibre
damage without the need of complexing agents. The control of the bleaching process is funda­
mental to preventing uncontrolled decomposition of hydrogen peroxide and to allow optimum use
of hydrogen peroxide.

Under optimal conditions (pH around 11.2, homogeneously distributed catalyst and controlled per­
oxide concentration) the hydroxyl radical OH* is scavenged away by hydrogen peroxide, forming
the true bleaching agent, the dioxide radical ion. These conditions permit the optimal use of hydro­
gen peroxide during reaction. The addition of formic acid (formate ion) as scavenging agent is also
useful in order to further control the formation of the OH* radical.

With this newly proposed technique it is possible to bleach cellulose in full to high whiteness, with­
out damage to the fibre with:

• no use of hazardous sequestering agents;

• minimal consumption of peroxide «50 % compared with uncontrolled conditions);

• (pre-)oxidation of the removed substances.

As mentioned above, as an alternative to acid demineralisation, pre-cleaning of heavily soiled fab­

ric (rust) is possible in more alkaline conditions using non-hazardous reducing agents, without any
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need for a drastic change in pH. The reduction/extraction is effective for all types of substrates and
qualities of fabrics (highly contaminated, uneven distribution of iron-rust). This step is easy to inte­
grate into discontinuous and continuous processes following the oxidative route under mildly or
strongly alkaline bleach conditions

The methods described may be generally applicable to existing and new plants. However, fUlly
automated equipment is necessary for the application of hydrogen peroxide under controlled proc­
ess conditions. Dosing of the bleaching agent, controlled by a dynamic simulation model, is still
limited.

Reduction of peroxide consumption by more than 50% is possible. There is no increase, but rather
a decrease in organic load, with better treatability of the effluent. The chemistry needed is not ex­
pensive and is reliable, provided that there is an understanding of the complex control parameters.

C. Substitution of chemicals

Chemicals that may be substitute for environmental reasons in pre-treatment processes are:

Alkylphenol ethoxylates and other hazardous surfactants

Non-biodegradable complexing agents

Chlorine-containg bleaching agents

Substitution of alkylphenol ethoxylates (and other hazardous surtactants) [2)

Many surfactants give rise to environmental concerns due to their poor biodegradability, their tox­
icity (including that of their metabolites), and their potential to act as endocrine disrupters. Con­
cerns currently focus on alkylphenol ethoxylates (APEO) and in particular on nonylphenol ethoxy­
lates (NPE), which are often contained in the formulations of detergents and many other auxiliaries
(e.g. dispersing agents, emulsifiers, spinning lubricants).

Alkylphenol ethoxylates are themselves believed to be endocrine disruptors and to cause femini­
sation of male fish. More importantly, they produce metabolites which are believed to be many
times more potent as endocrine disruptors than the parent compounds. The most potent of these
are octyl- and nonylphenol. Nonylphenol is listed as a priority hazardous substance under OSPAR
and the EC Water Framework Directive, which means that any discharges need to be phased out
[2).

Alkylphenol ethoxylates may be present in auxiliary formulations as the main active substances or
in small percentages as additives. In both cases substitutes are available. The main alternatives
are alcohol ethoxylates (AE), but other readily biodegradable surfactants have also been devel­
oped [300).
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As to other problematic surfactants, substitutes are often available which are readily biodegradable
or bioeliminable in the waste water treatment plant (OECD-test 301 A-F, pass level>70% for tests
based on dissolved organic carbon, or 60% for tests based on oxygen depletion or carbon dioxide
generation; OECD-test 303 A, pass level: DOC or COD generation >80%; OECD-test 302 S, pass
level: DOC-elimination >80% in 7 days) and which do not form toxic metabolites. The finisher
should be able to select the less hazardous products based on the information reported by the
manufacturer on Material Safety Data Sheets [2]. However, due to considerable variability both
between the two chemical classes of APEO and AE and within the classes themselves, no general
assessment of toxicity and potential risks should be conducted. Only specific chemicals in specific
applications should be considered. In terms of environmental risk, AE appears to present a clear
advantage over Nonylphenolethoxylate (the most important APEO), chiefly owing to issues of bio­
degradability [300].

Chemical Fish Daphnid Algal Fish Daphnid Algal

Acute acute acute chronic chronic chronic

Ethoxylated 2.0 2.0 2.0 0.2 0.2 0.2
Nonylphenol*

Alcohols, ca- 24 24 24 2.4 2.4 2.4
C10, ethoxy-
lated

Alcohols, C12- 2.2 2.2 2.2 0.22 0.22 0.22

C14, ethoxy-
lated

*The exact NPE for which the above results are given is not identified in the source document

Table 7-14: Comparison ofacute and chronic toxicity values (mg/I)

Unfortunately, when trying to identify the specific chemicals which act as substitutes in a specific
formulation, it became clear that much of this information was proprietary nature as no details of
composition are given to the finisher.

For the substitution of APEO in detergents with AE, the new washing formulations are reported to
be applied in concentrations similar to the conventional ones. According to other sources, AEs are
slightly less effective detergents than APEOs, which means higher concentrations and feed rates
may be required for equivalent effects. Investigations carried out in the wool scouring sector show
that mills using alkyl phenol ethoxylates used an average of 7.6 g detergent per kg greasy wool
(range 4.5 - 15.8 g/kg), while the users of alcohol ethoxylates consumed an average of 10.9 g de­
tergent per kg greasy wool (range 3.5 - 20 g/kg) [2].

The substitution is generally applicable in all new and existing wet processing installations. How­
ever, as long as "hard" surfactants are used in fibre and yarn preparation agents, the largest frac­
tion of potentially hazardous surfactants in wet-processing effluents cannot be controlled by the
dyehouse. The possibility of foaming in rivers exists in cases where sufficient amounts of surfac­
tant pass through sewage treatment works unchanged or as partial metabolites with residual sur­
factant properties. The formation of foam is, however, typical of many other surfactants, including
APEOs [2].
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As with APEOs, it must be noted that these surfactants also have many dry applications (e.g. as

dry spinning lubricants in the production of viscose for technical uses). In these cases, the substi­
tution is possible, but it is expensive and it is not a priority. Here the presence of APEOs can be
regarded as a less critical problem since the surfactant does not enter the wet processing line.

From an economical point of view, AEs are 20 - 25 % more expensive than APEOs. The fact that
they appear to be less effective can further increase the operating costs over those of APEOs.
However, mills making the change from APEO to AE are more likely to take care to optimise their
use. An example is given of a UK scouring mill which made the substitution in 1996. Annual costs

for detergent use were estimated to have increased from EUR 84,700 to EUR 103,600: an in­
crease equivalent of about EUR 1.09 per tonne of wool processed. In the past few years the cost
of APEO has been reduced significantly from EUR 1,OOO/tonne (1997/98) to EUR 700 (1999). As a
result, the increase in cost involved with the use of AE could be even higher [2].

Generally speaking, costs of ecologically optimised formulations are comparable, but in some
cases can be significantly higher than conventional products. However, the finisher tends to accept
the extra costs associated with the use of more environmentally friendly products, especially when
the overall environmental balance is considered. The enforcement of regulations at national and
European levels, together with voluntary instruments such as the PARCOM recommendations and
the eco-labelling schemes, are the main driving forces.

Selection of biodegradable/bioeliminable complexing agents in pretreatment and dyeing processes

[2]

Complexing agents are applied to mask hardening alkaline-earth cations and transition-metal ions
in aqueous solutions in order to eliminate their damaging effect, especially in pretreatment proc­
esses (e.g. catalytic destruction of hydrogen peroxide), but also during dyeing operations.

Typical sequestering agents are polyphosphates (e.g. tripolyphosphate), phosphonates (e.g. 1­
hydroxyethane 1,1-diphosphonic acid), and amino carboxylic acids (e.g. EDTA, DTPA, and NTA)
(see figure below [2, 273]).



518

Tripolyphosphate 0- ° -0
o~ / II \ --;:/0

(Sodium tripolyphosphat: P P P.
CAS-No.: 7758-29-4) -j "0/f'O/ \_
NTA

Ho~:)OH
Nitrilotriacetic acid

CAS-No.: 139-13-9

° yo
OH

HEDP H,O,P+PO,H,1-Hydroxyethan-1.1-diphosphonic acid

OH

Figure 7-4: Chemical structure of some N- or P- containing complexing agents

When complexing agents are used polycarboxylates or substituted polycarboxylic acids (e.g. poly­
acrylates and polyacrylate-maleinic acid copolymerisates), hydroxy carboxylic acids (e.g. gluco­
nates, citrates), and some sugar-acrylic acid copolymers are convenient alternatives to the con­
ventional sequestering agents. None of these products contain N or P in its molecule. In addition,
the hydroxy carboxylic acid and sugar-acrylic acid copolymers are readily biodegradable.



Figure 7-5:

Gluconate COO-

H OH

HO H

H OH
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CH20H
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N
Chemical structure of some N- and P-free complexing agents
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The best complexing agent (in a technical, economical, and ecological sense) is one which
achieves a good balance of ecological properties and effectiveness.

Effectiveness is measured as the capacity to complex alkaline-earth cations, the dispersing capac­
ity, and the capacity to stabilise hydrogen peroxide.

On the ecological side, the following factors are to be considered:

• biodegradability;

• bioeliminability;
• remobilisation of heavy metals;
• nitrogen content (eutrophication potential);

• phosphorus content (eutrophication potential).

Table 7-15 gives an analysis of the aspects related to the effectiveness of commercially available
complexing agents [179, 273].
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Ecological property EDTA, NTA Poly phos Phospho- Poly car- Hydroxy Sugar co-
DTPA phale nales boxylales carboxylic polymers

acid

Biodegradability No Yes Inorganic No No Yes Yes

Bioeliminabilily No - Yes (1) Yes . .

N-content Yes Yes No No No No No

P-content No No Yes Yes No No No

Remobilisation of heavy Yes Possible No No No No No
metals

Table 7-15: Qualitative assessment of commercially available complexing agents

The substitution of conventional complexing agents with the substances mentioned above has the
following positive effects:

• reduced eutrophication in the receiving water;

• improved biodegradability of the final effluent;
• reduced risk of remobilisation of the heavy metals from sediments.

Complexing agents are applied in textile chemistry in many different fields. Recipes and application
techniques are therefore process-specific. However, the use of the optimised products mentioned
above does not imply major differences with respect to conventional complexing agents.

Bioelimination/biodegradation rates for some products available on the market are:

• sugar-acrylic acid copolymer: readily biodegradable, (OECD 301 F, mineralisation: 100%;
COD: 194 mg 02/g; BODs 40 mgOig);

• sugar acrylic acid copolymer: readily biodegradable (OECD 301C; COD: 149 mg 02/g);

• hydroxy carboxylic acid: bioeliminable (OECD 302 B, elimination: 92%; COD: 144 mg

02/g; BODs 51 mg 02/g)];

• carboxylates: readily bioeliminable (OECD 302B, elimination>90%; COD: 280 mg 02/g;

BODs 125 mg 02/g);

• modified polysaccharide: readily biodegradable (OECD 301 E, biodegradability: 80%;

COD: 342 mg Oig; BODs 134 mg 02/g)]·

Taking as a reference the application of conventional complexing agents, no cross-media effects
need to be mentioned. With polyacrylate-based complexing agents, the residual monomer content
in the polymer should be taken into account (note that acrylates are also widely used in large vol­
umes in other sectors as detergent builders, thus overloading the waste water treatment plants

significantly more than textile effluents do).

The complexing agents described in this section can be used in continuous and discontinuous pro­
cesses. The effectiveness of the various products must, however, be considered when replacing
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conventional complexing agents by more environmentally-friendly ones (see table below).

Properties EDTA, NTA Poly-phos- Phos- Poly- Hydroxy Sugar co-
DTPA phate phonate carboxy- carbox- polymers

lates ylic acid

Softening + + + ++ + 0 +

Dispersing - - 0 0 + - +

Stabilisation of + - - ++ 0 - + (special
peroxide products)

Demineralisation ++ + 0 ++ 0 0 0

Table 7-16: Effectiveness of complexing agents

Costs for N- or P-free compounds, especially for sugar-acrylic copolymers, are comparable to
other N- and P-free products, although higher quantities may be necessary in some cases. N- and
P-free complexing agents are applied in many plants world-wide. Consumption of polycarboxylates
is significantly higher than for sugar-acrylic copolymers and hydrocarboxylic acids. The enforce­
ment of regulations at national and European level, together with voluntary instruments like the
PARCOM recommendations and the eco-Iabelling schemes, are the main driving forces to imple­
ment these new product [2, 273].

However, the possibility to reduce consumption by restrained use of more effective chemicals have
always to be take in consideration before substitution is favoured. A striking example of sustained
pollution control was the case of the mill TVW Textilveredlungs- und Handelsgeselschaft Windel
mbH. The finisher reduce drastically the release of P-containing compounds only by reducing the
consumption up to 70%. A meticulous verification of old recipes allowed such high savings, either
reducing consumption of chemicals and costs [381].

Substitution of sodium hypochlorite and chlorine-containing compounds in bleachjng operations [2]

The application of hypochlorite gives rise to subsidiary reactions leading to the formation of a num­
ber of chlorinated hydrocarbons such as the carcinogenic trichloromethane (which is also the most
frequently formed as it is at the end of the reaction chain). Most of these by-products can be de­
tected as absorbable organic halogens by means of the sum parameter AOX. Similar contributions
to the formation of hazardous AOX come from chlorine or chlorine-releasing compounds and
strong chlorinated acids (e.g. trichloroacetic acid). Halogenated solvents are a different category of
problematic AOX.

Sodium hypochlorite was for a long time one of the most Widely used bleaching agents in the tex­
tile finishing industry. Although it has been largely replaced in Germany and many other European
countries, it is still in use in many parts of the world not only as a bleaching agent, but also for
cleaning dyeing machines or as a stripping agent for recovery of faulty dyed goods.

In certain conditions, sodium chlorite may also give rise to the formation of AOX, although to a
lesser extent than hypochlorite. However, recent investigations have shown that the cause is not
sodium chlorite itself, but the chlorine or hypochlorite present as impurities (from nonstoichiometric
production) or used as an activating agent. Recent technologies (using hydrogen peroxide as the
reducing agent of sodium chlorate) are now available to produce CIOzwithout generation of AOX.
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Hydrogen peroxide, as a substitute for sodium hypochlorite, is now the preferred bleaching agent
for cotton and cotton blends.

When a single-stage process using only hydrogen peroxide cannot achieve the high degree of
whiteness required, a two-stage process with hydrogen peroxide (first step) and sodium hypo­
chlorite (second step) can be applied in order to reduce AOX emissions. In this way, the impurities
on the fibre - which act as precursors in the haloform reaction - are removed, reducing the amount
of AOX in the effluent. Nevertheless, a two-stage bleaching process using only hydrogen peroxide
is currently possible, thus completely eliminating the use of hypochlorite (cold bleaching at room
temperature followed by a hot bleaching step).

There is also increasing support for peroxide bleach under strong alkaline conditions, which
achieves a high degree of whiteness after careful removal of catalysts by a reduction/extraction
technique. The additional advantage claimed is the possible combination of scouring and bleach­
ing. The reduction/extraction phase followed by a strong oxidative combined bleaching/scouring
step (high alkali and high active oxygen concentration) is applicable for bleaching highly contami­
nated textiles in all make-ups and in all types of machines (discontinuous and continuous). This
method takes the oxidative route and uses the active oxygen.

Sodium chlorite is also proposed as an elemental chlorine-free bleach, provided that measures are
taken to avoid the presence of chlorine and hypochlorite.

The main environmental benefits when substituting sodium hypochlorite and chlorine-containing
compounds is that the presence of hazardous AOX such as trichloromethane and chloroacetic acid
in the effluent is avoided.

Particular attention needs to be paid to the combination or sequence of pretreatment operations
and the mixing of streams containing hypochlorite or chlorine. For example, the application of the
two-step bleaching method where hypochlorite and peroxide are used is potentially hazardous if
the hypochlorite bleaching is performed when large quantities of organohalogen precursors are still
present on the substrate. The risk would thus be reduced if hypochlorite bleach came as a last
step after an alkaline peroxide bleach, which removes the precursors from the fibre. However, no
data has been made available which shows the importance of reversing the sequence of the two
steps from hypochlorite .. peroxide into peroxide .. hypochlorite. It is actually more important to
avoid mixing hypochlorite bleach waste water with certain other streams and mixed effluents, in
particular from desizing and washing, even when the right sequence of pretreatment and bleaching
is adopted. The formation of organohalogens is highly possible in combined process streams.

As with chlorite bleach, handling and storage of sodium chlorite needs particular attention because
of toxicity and corrosion risks. Machinery and equipment must be inspected frequently due to the
high stress to which they are subjected.

Complexing agents (e.g. EDTA, DTPA, phosphonates) are normally applied as hydrogen peroxide
stabilisers. The main concerns associated with the use of these substances arise from their ability
to form stable complexes with metals (remobilisation of heavy metals), their N- and P- content, and
their often low biodegradability/bioeliminability. The addition of strong sequestering agents, how­
ever, can be avoided by fine control of the pH conditions during the bleaching process (see section
4.3.3) and with the assistance of silicates, magnesium, acrylates or biologically degradable car-



523

boxylates, slowing down the uncontrolled decomposition of hydrogen peroxide.

Optical brighteners are often applied when peroxide bleaching is not sufficient to achieve the re­
quired level of whiteness. The resulting COD load and smoke during fixation in the stenter must be
taken into account. Moreover, optical whiteners are potentially irritating and thus not always ac­
ceptable for white goods coming into close contact with the skin (e.g. underwear, bed sheets).

The substitution of hypochlorite as bleaching agent is applicable to both new and existing installa­
tions.

Hydrogen peroxide is a valid substitute for bleaching yarn and woven fabric made of most cellulo­
sic and wool fibres and most of their blends. Nowadays, a full hydrogen peroxide bleaching proc­
ess is also applicable to cotton &cotton-blend knitted fabric, and a high degree of whiteness (>75
BERGER Whiteness Index) can be obtained (with a strong alkaline scour/bleach after removal of
the catalyst).

Exceptions include flax and other bast fibres which cannot be bleached using peroxide alone. Un­
like chlorine dioxide, the anionic bleaching agent is not strong enough to remove all coloured mate­
rial and does not preferentially access the hydrophobic region of the fibre. A two-step hydrogen
peroxide-chlorine dioxide bleaching is an option for flax.

It is claimed that a sequence where precursors of halogenation are removed with a peroxide
bleach followed by a hypochlorite bleach (or a peroxide pre-bleach followed by a combined hydro­
gen peroXide/hypochlorite bleach) is still necessary for high whiteness and for fabrics which are
considered fragile and would suffer from depolymerisation.

Sodium chlorite is an excellent bleaching agent for flax, linen, and some synthetic fibres.

In general, bleaching with hydrogen peroxide is no more expensive than with hypochlorite due to of
market saturation. The two-stage bleaching process with hydrogen peroxide proposed for knitted
fabric is reported to be between two to six times more expensive than the conventional process
using hydrogen peroxide and hypochlorite [273].

Concerning the use of chlorine dioxide as bleaching agent, investment may be needed (in existing
installations) for equipment resistant to the highly corrosive conditions in which this bleaching
agent is used.

As far as the production of elemental chlorine-free chlorite is concerned, this process is fUlly inves­
tigated and described in other BREFs (pulp &paper industry). The economic reasons for not using
this process in the pulp & paper industry (due to high production capacity required) are not relevant
in the textile sector where the quantities used are relatively small.

Market demands for chlorine-free bleached textiles and the requirements set by legislation (re­
garding waste water discharge) are the main driving forces for the implementation of this tech­
nique, Many plants in Europe and worldwide have largely substituted sodium hypochlorite as
bleaching agent.
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7.1.3 Dyeing

A. Process-specific emission and consumption levels

Water and energy consumption in dyeing processes are a function of the dyeing technique, oper­
ating practices, and machinery employed.

Batch dyeing processes generally require higher water and energy consumption levels than con­
tinuous processes. This is partly due to the higher liquor ratios involved.

The liquor ratio may also play an important role in the level of exhaustion of the dye. This parame­
ter is related to the exhaustion level of the bath through the equation: E = K/(K+L), where:

K (affinity) = 50 to 1000 for various dyelfibre combinations
L (liquor ratio) =5 to 50 for various machines
E (exhaustion) =0.5 to 1 (50 to 100 % exhaustion)

From this equation it can be inferred that when L increases, E decreases and a lower amount of
dye is absorbed into the fibre when the equilibrium is reached. The effect is more pronounced
when using low-affinity dyes.

The liquor ratio also has an influence on the consumption levels of chemicals and auxiliaries. Most
of them are dosed on the basis of the amount of bath (o.w.b) rather than the weight of the fibre
(o.w.f). For example, in a 1:5 bath ratio, 50 gIl of salt is 250g/kg of fibre, but at 1:40 liquor ratio, the
same 50 gIl of salt corresponds to 2 kglkg of fibre [2].

High energy and water consumption in batch dyeing is not entirely the result of high liquor ratios,
but is also a consequence of the discontinuous nature of the batch dyeing operating mode, with
particular reference to operations such as cooling and heating.

Shade matching can also be responsible for higher water and energy consumption, especially
when dyeing is carried out without the benefit of laboratory instruments. In a manual regime the
bulk of the dyestuff is normally applied in the first phase, to obtain a shade which is close to that
required in the final product. This is followed by a number of matching operations, during which
small quantities of dye are applied to achieve the final shade. Shades which are difficult to match
may require repeated shade additions with cooling and reheating between each addition [2].

Furthermore, increased energy and water consumption may also be caused by inappropriate han­
dling techniques andlor poorly performing process control systems. For example, in some cases
displacement spillage may occur during immersion of the fibre in the machine, while potential for
overfilling and spillage exists where the machines are equipped only with manual control valves
failing to control liquor level and temperature correctly.

Continuous and semi-continuous dyeing processes consume less water; however, this also means
a higher dyestuff concentration in the dye liquor. In discontinuous dyeing the dye concentration
varies between 0.1 to 1 gIl, while in continuous processes this value is in the range of 10 to 100 gIl.

The residual padding liquor in the pads, pumps, and pipes must be discarded when a new colour is
started. The discharge of this concentrated effluent can result in a higher pollution load compared
to discontinuous dyeing when short lots of material are processed. Modern continuous dyeing
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ranges, however, have steadily improved in recent years. Small pipes and pumps and small pad­
bath troughs reduce the amount of concentrated liquor to be discarded. In addition, it is possible to
minimise the discarding of leftovers, thanks to automated dosing systems, which meter the dye
solution ingredients in the exact amount needed.

In the following Table 7-17 and Table 7-18, different dyeing technologies are compared with regard
to the consumption of water, energy and of some specific auxiliaries, taken from [205).

In both continuous and batch dyeing processes final washing and rinsing operations are water in­
tensive steps. Washing and rinsing operations actually consume greater quantities of water than
the dyeing process itself [2).

For environmental issues related to dyestuffs and dye formulations, please refer to 5.4, 5.5, and
below.

In the past few years attempts were made to optimise the overall dyeing process. Besides the de­
velopment of dyes with improved levelling and fixation properties (referred in 5.4 and 5.2.3), stud­
ies on the application of ultrasound technology during dyeing show that the technology brings
about higher dyestuff uptake and better fixation onto textile substrates [327).

Bearing in mind the increasing costs of using and disposing of water, attempts are being made to
develop nonaqueous dyeing systems which would produce an effluent that would not be dis­
charged into the aqueous environment. However, most of the organic solvent systems evaluated
for solvent dyeing were based on chlorinated hydrocarbons, especially perchloroethylene, which
are now subject to controls. Yet, solvent recovery can never be 100% sufficient, it will always give
rise to air pollution problems. A great deal of interest was thus awakened with the new method of
dyeing from an environmentally safe solvent, supercritical carbon dioxide. Since 1995 growing in­
ternational interest as been observed worldwide in this technology (see 5.2.2 for further descrip­
tion).
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Specific consumption per kg dry clothing textiles
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Table 7-17: Comparative table of textile dyeing technologies for batchwise proc­
esses
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Exhaust dyeing of knit fabric [273]

Usually knit fabric is dyed discontinuously (exhaust dyeing). Only in some cases it is dyed semi­
continuously (cold pad batch dyeing). In the future also continuous dyeing will be practised.

Exhaust dyeing of cotton knit fabric

Cotton knit fabric can be dyed with different kind of dyestuffs such as reactive, direct, sulphur and
vat dyestuffs. Today the application of reactive dyestuffs is most common. Direct dyestuffs may be
used for lighter shades and sulphur dyestuffs for dark shades. Vat dyestuffs may be used in case
of very high light fastness requirements.

Table 7-19 presents typical input factors whereas distinction is made between light, medium and
dark shades which reflects the specific input of dyestuffs. The high range for the liquor ratio is not
due to different kind of machines but to the non-optimum loading of the soft flow machines having
an optimum liquor ratio of 1:8. This occurs in case of small batches dyed in a too big machine.

light shade medium shade dark shade

Liquor ratio 1:8 -1:25

Dyestuff input [g/kg textile] 0.5-4 5-30 30-80

Organic auxiliary [g/kg textile] 0-30 0-30 0-35
input

Salt input [g/kg textile] 90-400 600-700 800-2000

Inorganic auxiliary [g/kg textile] 50-250 30-150 30-150

Table 7-19: Typical input factors for exhaust dyeing of cotton knit fabric with reac­
tive dyestuffs

Normally, for light shades less rinsing is required and soaping is not needed. Table Fehler! Kein
Text mit angegebener Formatvorlage im Dokument. 18 contain the data of the single emitted bath
from reactive dyeing at light shade along with values for COD, pH, conductivity and colour (spec­
tral absorption coefficients, SAC) LR =1: 25; specific water consumption for the whole process:
142 I/kg (including water at loading stage and direct cooling after dyeing). COD values are very
low, especially for rinsing water. In contrary such data are presented for a dark shade showing
significant higher values for COD, conductivity and colour (Table Fehler! Kein Text mit angege­
bener Formatvorlage im Dokument. 20, along with values for COD, pH, conductivity and colour
(spectral absorption coefficients, SAC) LR =1: 8.2; specific water consumption for the whole proc­
ess: 71 I/kg). The values for exhaust dyeing with reactive dyestuffs will be between these extreme
cases.
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No. Name of bath COD pH Conduc- SAC SAC SAC
of tivity 436nm 525nm 620nm
bath [mS/cm)

[mgO,lI) [11m) [11m) [11m)

1 Exhausted dye 920 11 72 43 18 6
bath

2 Rinsing bath 180 10.6 10 9 4 2

4 Rinsing bath 33 10 2.8 4 2 1

5 Rinsing bath 23 9 1 2 1 1

6 Rinsing bath 5 8.3 0.8 1 0.5 0.2

Table 7-20: Sequence of emitted baths from exhaust dyeing (light shade) ofcotton
knit fabric with reactive dyestuffs

No. Name of bath COD AOX pH Conduc- SAC SAC SAC

of [mg [mgCl1I tlvity 436nm 525m 620nm
bath 0,11) [mS/cm)

[11m) [11m) [11m)

Exhausted dye 4800 3.3 11.5 63 1100 1080 1130
bath

2 Hot rinsing bath 600 0.4 10 3.2 8 8 9

3 Rinsing bath 36 0.03 8.2 0.62 0.5 0.3 0.3

4 Rinsing bath 25 0.04 8 0.34 0.3 0.1 0.2

5 Hot rinsing bath 580 0.3 8.3 1.3 3.5 3.2 3.3

6 Rinsing bath 30 0.04 7.4 0.52 0.1 0.1

7 Rinsing bath 25 0.04 7.4 0.5 0.1 0.02 0.03

8 Hot rinsing bath 390 0.25 8.2 1.5 2.8 2.6 3

9 Rinsing bath 24 0.03 7.6 0.52 0.1 0.08

10 Rinsing bath 12 0.04 7.7 0.5 0.2 0.08

11 Conditioning bath 2200 1.6 7.7 1.1 15 8 5

(softening)

Table 7-21: Sequence of emitted baths from exhaust dyeing ofcotton knit fabric with
sulphur dyestuffs (dark shade)

In the following two more examples are submitted, one for dyeing with direct dyestuffs (light shade)
(Table 7-20) and one for dyeing with sulphur dyestuffs (dark shade) (Table 7-21). the tables are
given along with values for COD, AOX, pH, conductivity and colour (spectral absorption coeffi­
cients, SAC).
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No. Name of bath COD AOX P Conduc- SAC SAC SAC
of H tlvlty 436m 525m 620 nm
bath [mS/cm]

[mg [mgCI/I [11m] [11m] [11m]
0,11]

Exhausted dye 3000 1.5 10 9.1 50 28 19
bath

2 Rinsing bath 160 0.18 8. 1.2 8 3 2.8
2

3 Rinsing bath 50 0.07 7. 0.6 0.3 0.02 0.02
4

4 Conditioning bath 900 0.2 4. 0.8 13 9 7

(softening) 8

Table 7-22: Sequence ofemitted baths from exhaust dyeing of cotton knit fabric with
direct dyestuffs (light shade)

No. Name of bath COD AOX pH Conduc- SAC SAC SAC

of tivlty 436nm 525m 620nm
bath [mS/cm]

[mg 0,11] [mgCI/I [11m] [11m] [11m]

Exhausted dye 4800 3.3 11.5 63 1100 1080 1130
bath

2 Hot rinsing bath 600 0.4 10 3.2 8 8 9

3 Rinsing bath 36 0.03 8.2 0.62 0.5 0.3 0.3

4 Rinsing bath 25 0.04 8 0.34 0.3 0.1 0.2

5 Hot rinsing bath 580 0.3 8.3 1.3 3.5 3.2 3.3

6 Rinsing bath 30 0.04 7.4 0.52 0.1 0.1

7 Rinsing bath 25 0.04 7.4 0.5 0.1 0.02 0.03

8 Hot rinsing bath 390 0.25 8.2 1.5 2.8 2.6 3

9 Rinsing bath 24 0.03 7.6 0.52 0.1 0.08

10 Rinsing bath 12 0.04 7.7 0.5 0.2 0.08

11 Conditioning bath 2200 1.6 7.7 1.1 15 8 5

(softening)

Table 7-23: Sequence ofemitted baths from exhaust dyeing of cotton knit fabric with
sulphur dyestuffs (dark shade)

Table 7-22 and Table 7-23 clearly indicate that from exhaust dyeing high, medium and low loaded
baths occur which are emitted. This directly leads to the approach to recycle the low loaded ones
without much efforts.

Exhaust dyeing of knit fabric consisting of synthetic fibres [273]
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Table 7-24 shows a typical recipe for exhaust dyeing of PES knit fabric including the application of
a UV stabiliser for high light fastness. The conclusion is that disperse dyeing causes significant
higher COD emission factors than e.g. reactive dyeing because of the dispersing agents (present
in the dyestuffs itself to 40-60 weight-%) and carriers. There are no analytical data available. The
same is for exhaust dyeing of other synthetic fibres.: Sequence of emitted baths from exhaust
dyeing (dark shade) of cotton knit fabric with reactive dyestuffs

Input factor [g COD/kg textile) Output factor Emission to

wastewater [g COD/kg textile)

Liquor ratio 1: 10

Exhaust dyeing

Dyestuff input 1-100 0.5-50

Dispersing agent 6 5

Organic acid ? ?

Mixture of carriers (especially 23 11
phthalic acid esters)

UVabsorber 19 4

Defoaming agent 17 16

After-treatment

NaOH (50%)

Reducing agent 7 5

Sequestring agent 3 3

Sum 45-95

Table 7-24: Example for the typical input and calculated output factors for exhaust
dyeing of PES knit fabric with disperse dyestuffs

Explanations for the calculation:

disperse dyestuff formulations contain 40-60% dispersing agents, therefore the output fac­
tor is 0.5-50

very small amounts of dispersing agents and defoaming agents remain on the textile sub­
strate, thus they reach wastewater nearly quantitatively

carriers have affinity to PES fibres, so about 50% remain on PES fibres

UV absorber have affinity to PES fibres and only about 20% reach wastewater

reducing agents for after-treatment are partially oxidised (assumption: 30%), so COD con­
tribution to wastewater is lower than the input

Continuous and semi-continuous dyeing of woven fabric [273]
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Exhaust dyeing of woven fabric is not described because it is very similar to exhaust dyeing of knit
fabric. In principle, the sequence of baths is the same. Thus, semi-continuous and continuous
dyeing is described only. Thereby, the application of dyestuffs by padding is the same but fixation
is different. The latter can take place at room temperature (in case of cold pad batch dyeing; here
after padding, for fixation, the textile is remained by slow rotation for 8-24 h) or at about 100°C by
steaming or at up to 220°C by hot air etc. There are various combinations. However, the prepara­
tion of the padding liquor is required for all processes. Very often, the whole quantity of padding
liquor is prepared in advance. In order to avoid a stop of the process, a surplus of liquor is pre­
pared. Nowadays, still the residual padding liquor in the padder and the residual liquor in the
preparation tank is discharged to wastewater. Compared to the overall wastewater flow, the quan­
tity of these concentrated dyestuff liquors is very low. However, they contribute to the overall dye­
stuff load in wastewater to a high extend. The quantity of liquor in the padder mainly depends on
width, weight of dyed fabric and type of construction. The range is about 10-15 I for very modern
designs and 100 I for old designs and heavy woven fabric (>200 g/m2). The residues in the prepa­
ration tanks depends on applied dosage and control technology and can be a few Iitres under op­
timised conditions and up to 150-200 I. The latter is not too exceptional. The quantity of residual
padding liquors can be estimated with the number of batches per day (e.g. 40,000 mId and aver­
age batch of 800 m result in 50 batches per day). The number of batches multiplied by the average
volume of residual padding liquor per batch results in the daily overall quantity of residual padding
liquor.

Provided a realistic pick-up of 100% (representing the magnitude) and a typical range of dyeings
from 0.2 - 10%, the dyestuff concentration in the padding liquor varies between 2 - 100 gIl. Con­
cerning the dyestuffs themselves and not considering dyestuff finishing agents (also present in the
commercially applied dyestuff products), specific COD of the dyestuffs is in the order of 1 g 02/g.
Thus, COD contribution of the dyestuffs in the padding liquors varies between 2000 - 100,000 mg
02/1.

In the following, typical recipes for the most important kind of dyestuffs and padding liquors re­
spectively are mentioned. Thereby, the concentration of dyestuffs is given with "x", but the range
for their concentration is mentioned above.

Recipe components [mill] comment

Reactive dyestuffs x [gil]

NaOH 38'Be 20 - 40

Water glass 37/40' Be 30 - 50 Today, there are recipes available without water

glass, with alkali only

Wetting agent 1 -2

Complexing and seques- 1·3 Mainly phosphonates and polyacrylates in order

tring agents to minimise silicate deposits

Urea (45%) about 200 gil Applied in case of reactive dyestuffs with com-
paratively low water solubility

Table 7-25: Typical recipe for padding liquors for cold pad batch dyeing of cellulo­
sics (CO and CV) with reactive dyestuffs
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Recipe components [gil)

Sulphur dyestuffs x

NaOH 38°Be 20 - 30

Anti-foaming agent 1 -2

Wetting agent 1.5-3

Reducing agent (liquid) 20 - 30

Table 7-26: Typical recipe for padding liquors for the application ofsulphur dye­
stuffs (for dyeing of cellulosics (CO and CV))

Recipe components [gil)

Vat dyestuffs x

Wetting agent 1 - 2

Complexing and seques- 1 -3
tring agents

Anlimigration agent 10 - 15

For reduction

NaOH 38°Be 60 -120

Na-dithionite 60-100

Wetting agent 1 - 2

Table 7-27: Typical recipe for padding liquors for the application of vat dyestuffs (for
dyeing ofcellulosics (CO and CV))

Recipe components [gil)

Vat and disperse dye- x
stuffs

Wetling agent 1 -2

Complexing and seques- 1 - 3
tring agents

Antimigralion agent 10 -15

Acetic acid (60%) 0.5-1

Table 7-28: Typical recipe for padding liquors for the application of vat and disperse
dyestuffs (for dyeing of cellulosics/PES blends with one padding liquor)

B. Process-specific treatment techniques for exhaust air, waste water, and solid wastes

The principle of treatment techniques for exhaust air, waste water and solid wastes were already
described in section 7.1.1.

Process-specific techniques to reduce emissions in dyeing processes are:

discontinuous dyeing with airflow machines
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minimisation of dyeing liquor in cold pad batch dyeing

silicate free fixation method for cold pad batch dyeing

enzymatic aftersoaping in reactive dyeing

dyeing of loose wool in standing bath

dyeing of loose wool fibre and combed tops - minimisation of wastewater emissions

Discontinuous dyeing with airflow dyeing machines [273]

Discontinuous processing of textile substrates require more water and energy compared to con­
tinuous processes. However, for a long time efforts are undertaken to optimise discontinuous pro­

cesses with respect to productivity, efficiency and also to minimise energy and water consumption

respectively. This lead to dyeing jets. Thereby liquor ratios have been reduced step by step. The

latest developments have LR of 1:3 (for woven PES fabric) and 1:4.5 (for woven CO fabric). To

achieve such low LR, within the machine Oet), the fabric is moved by moisturised air or a mixture of

steam and air only (no liquid) along with a winch. The prepared solutions of dyestuffs, auxiliaries

and basic chemicals are injected into the gas stream. The bath level is always below the level of

processed textiles in order to maintain low LR. The principle of such an airflow dyeing machine is

illustrated in Figure 7-6.

Rinsing is carried in a continuous manner. During the whole rinsing process, the bottom valve is
open and rinsing water is discharged without additional contact with the fabric (which is the case in

conventional machines). This also allows the discharge of hot bath liquors, also after high­

temperature dyeing at 130°C. Thus, in addition to time saving, optimum heat recovery can be per­

formed. The fabric itself is processed with low tension and crease formation is minimised.
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Figure 7-6: Scheme of an airflow dyeing machine aet) with indication ofair ventila­
tion and injection of the concerned bath

Rinsing performance in an airflow machine Get), showing the open valve in order to achieve con­
tinuous rinsing

Textile processing at low LR and practically continuous rinsing, water saving of about 50% are
achieved compared to machines having a hydraulic system (the fabric is moved by injection of
process liquor and a winch) at LR of 1:8 up to 1:12. The same is for heating energy. There are
also savings of auxiliaries and basic chemicals of about 40%. The savings are compiled in Table
7-29 for exhaust dyeing with reactive dyestuffs
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Input unit Conventional exhaust dyeing Exhaust dyeing in an airflow system

at LR 1:8 up to 1:12 at LR 1:4.5

Water [I/kg] 100 -150 20 - 80

Auxiliaries [g/kg] 12-72 4 -24

Salt [g/kg] 80 - 960 20 - 320

Dyestuffs [g/kg] 5-80 5 - 80

Steam [kg/kg] 3.6-4.8 1.8-2.4

Electricity [kWh/kg] 0.24-0.35 0.36-0.42

Table 7-29: Comparison ofspecific input factors for exhaust dyeing with reactive
dyestuffs in dyeing jets

The application of this technique needs investment in new dyeing machines (see e.g. Figure 7-7).
Existing machines can not be retrofitted. The machines can be used both for knit and woven fabric
and for nearly kinds of textile substrates. Fabrics consisting of wool or wool blends with a percent­
age of wool of more than 50% can not be dyed because of felting. It can not be recommended to
dye linen fabric with the described system because of scaling of the machines with linen fluffs. For
silk, the system has been approved but is still rarely applied for it. Concerning dyeing with vat and
sulphur dyestuffs, a process has been developed to minimise the oxidation of dyestuffs by oxygen
from injected air (minimisation of oxidation by heating up to steam atmosphere). Elastic fabrics
containing polyurethan fibres (Iycra) are always difficult to dye with respect to dimension stability
but they can be dyed in the airflow system. Also other substrates, such as PES or PESIWO blends
are difficult or impossible to process in case of low dimension stability of the fabric.
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Figure 7-7: Example for an airflow dyeing machine

Airflow dyeing machines are in operation in many textile finishing industries world-wide. There is
only one producer of machines in which the textile substrate is moved by air only achieving lowest
water consumption. There are several other producers of machines using air and liquor for moving
the textile substrates.

High productivity and reproducibility and minimisation of water, chemicals and energy consumption
have been and still are the main driving forces for the application of this technique. However, in­
vestment cost for airflow dyeing machines, compared to conventional dyeing jets are around one
third higher but due to high savings a short payment period can be achieved.

Minimisation of dyeing liquor losses in cold pad batch dyeing [273)

Cold pad batch (cpd) dyeing is a widespread technique for the semi-continuous dyeing of cellulosic
(mainly cotton or viscose) woven and knit fabric with reactive dyestuffs. The dyeing liquor and the
necessary alkali for fixation and other auxiliaries are fed to a containment (padder or dyeing
trough) for impregnating the textile (Figure 7-8).
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Figure 7-8: Typical scheme for cold pad batch dyeing

In order to minimise the losses from impregnation bath, the add-on of dyeing liquor can be carried
out in a nip (Figure 7-9) or in volume minimised trough (Figure 7-10).

Figure 7-9: Scheme of cold pad batch dyeing by application of the dyeing liquor in a
nip
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Scheme of cold pad batch dyeing by application of the dyeing liquor in a
volume-minimised trough, here in aU-shaft

In case of application of the dyeing liquor in a nip, the loss can be minimised down to about 5 I per
batch, in case of a U-shaft down to 12 I. Both values are for a trough width of 1800 mm.

The losses of dyeing liquor can be significantly reduced not only by minimising the trough volume
but also by additional measures:

Minimisation of auxiliaries' consumption by dosage of auxiliaries depending on shade depth
which results in lower wastewater pollution. Dyestuff solution and auxiliaries are dispensed sepa­
rately and recipe-specific, and are mixed before feeding into the padder and dyeing trough respec­
tively.

On-line measurement of pick-up (measurement of consumption of dyeing liquor and deter­
mination of quantity of processed fabric (measurement of length and specific weight)) is deter­
mined. The determined values are automatically processed and are used for the preparation of the
next comparable batch in order to minimise surplus and thus losses of padding liquor

Application of rapid batch technique; residual dyestuff liquor in the feeding tanks can be
minimised which is at least as important as the minimisation of trough volume. New systems do not
prepare the whole dyestuff solution (for the whole batch) before starting dyeing but prepare it just­
in-time in different steps. This can be performed by on-line measurement of pick-up (see above).
Figure 7-11 shows the dyeing liquors and different auxiliaries, needed for fixation of reactive dye­
stuffs.
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Figure 7-11: Typical scheme of an automated dispensing system for cold pad batch
dyeing

The automated process control system guarantees high precision operation corresponding with
high accuracy in dyeing liquor preparation with automated control of dosing tolerances. Thus, a
bundle of techniques enable the highest reduction of dyeing liquor losses. The minimisation of the
whole pad batch dyeing system enables the losses from troughs from 30 I up to 100 I per batch
down to about 12 I, in case of nip dyeing even down to about 5 I. Automated dispensing system
along with on-line measurement of pick-up allow the minimisation of residual dyestuff liquor in the
feeding tanks from up to 150 I down to 5-15 I. In addition, new systems are operated with mini­
mised flow of rinsing water (about 25% savings).

The need for increased reproducibility and productivity, and wastewater problems because of col­
our have been the main driving forces for implementation of the technique. The technique is appli­
cable both to existing and new cold pad batch dyeing systems. Dyeing in the nip is only possible
for light fabrics (up to 220 glm) and fabric with good wettability. In case of brushed or sheared tex­
tile, the pick-up time may be to short and reproducibility is adversely affected. Special attention has
to paid to knit fabric and elastic fabric.

In Europe and countries outside Europe, there are about 40 plants successfully in operation.
These plants are equipped with the online dosage system for individual dosing of alkali products.
The rapid batch dosing system for liquid dyes is successfully applied in a TFI and can be consid­
ered to be in the stage of market introduction.

The regular control of the dosage system, such as pumps is very important. The determination of
the pick-up has to be checked from time by time. This means the check of the length metering
system and the determination of specific weight under standardised conditions of the fabric to be
dyed (not of the raw material before textile pretreatment). Thus, precision of the system can be
maintained.
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Investment of the automated dosage system and a volume minimised trough (e.g. U-shaft) is about
85,000 EURO (related to a width of 1800 mm). In case of 15 batches per day, 230 working days
per year, savings of at least 50 I per batch and price of dyeing liquor of 0.5 EURO/I, savings of also
about 85,000 EURO result. This means a short pay back time. Thereby, cost for additional waste­
water disposal are not taken into account.

Silicate free fixation method for cold pad batch (cpb) dyeing [273)

World-wide, the spreading of cpb-dyeing is approximately 16%. Thus, it became an important
dyeing method with increasing relevance. In the early 70ties, sodium silicate was introduced as a
problem solver in cpb, mainly to increase the pad liquor stability and to avoid selvage carbonisation
with state of the art application technique at these days. However, from this time onwards, the
dyehouses had handling problems with sodium silicate. Now, silicate free, highly concentrated
aqueous alkali solutions have been designed and developed especially for modern and advanced
dosing technique using new designed application technique with reduced liquor content as well.
The solution is ready-made and is directly applied for cpb-dyeing; it has not to be prepared by TFI.
It is a carefully adjusted mixture of specific alkaline in aqueous solution.

In combination with reactive dyestuffs with high fixation rates (see concerned described tech­
nique). Further, there are following advantages:

No rests of alkali in formulation tank because alkali can be added ready-made solution and
TFI has not to prepare it

No deposits (like in case of silicates) on the cpb-dyeing equipment and easy to wash-off

No need to add auxiliaries in the padding liquor to avoid deposits

Low electrolyte content which reduces the substantivity of the hydrolysed dyestuff in the
washing off procedure (reduced energy and water consumption)

It allows wastewater treatment based on membrane technique (no crystallisation in filters,
pipes and valves and no membrane blocking which is the case for sodium silicate)

The technique is applicable both to existing and new installations. However, for existing installa­
tions, additional measures for process optimisation and control may be needed.

In Europe, there are many TFI applying ready-made alkali solutions, mainly in Italy but also in
France, Germany and Austria.

The aqueous alkali solution has been designed for direct dosing units. Thus, the delivered, ready­
made solutions can be applied. The aqueous alkali solution can be used in conventional state of
the art membrane pumps dosing units with 4:1 ratio (alkali solution to dyestuff solution) as well.

Figure 7-12 shows the typical dosing curve. Advantage of using a curve instead of conventional
step recommendations of alkali is to increase reproducibility because of adjusted alkali amount
referring to the amount of dyestuff in the recipe.
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Figure 7-12: Dosage of ready made alkali solution depending on applied dyestuff

concentration

Compared with conventional fixation methods, the ready-made alkali solution is more expensive in
price per kg. In addition, as a silicate-free alkali with the tendency to lower pad liquor stability, its
application needs more efficient temperature control (cooling/heating concepts). Generally spoken
it means more additions in the infrastructure around the padder to guarantee constant conditions.
The ready-made alkali solution is developed for modern optimised trough designs (see described
technique "Minimisation of dyeing liquor losses in cold pad batch dyeing") with very low liquor
content and short pad liquor exchange time and therefore there is no need to have this extremely
long pad liquor stability time. Also the benefits of indirect cost have to be taken into account as

well:

Investment in advanced dosing unit is cheaper because you need only 2 dosing cycles (1
for dyestuff solution, 1 for the ready-made alkali solution). Conventional fixation methods
based only silicate need always minimum 3 dosing cycles (1 for dyestuff solution, 1 for sili­
cate, 1 for caustic soda). 1 dosing cycle using advanced technique is around 12,000 EURO

No need to remove rubbers in short time periods because of silicate deposits. In Germany,

the cost are 7,000 - 10,000 EURO to remove rubbers of a padder.

Much better washing off of hydrolysed dyestuff means less energy and water consumption.

Higher productivity of padders and washing ranges

Better reproducibility because of defined and monitored conditions

The main driving forces for implementation of the technique are:

Better reproducibility

Reduction of total process costs
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Easy handling, no deposits and better washing off behaviour

Possibility using membrane technique for waste water treatment

Possibility having a liquid form of alkali dosable in supplied concentration without crystalli­
sation problems

Enzymatic aftersoaping in reactive dyeing (273)

Dyeing and printing with reactive dyes affords soaping and rinsing steps to remove non-fixed reac­
tive dyestuffs resp. dyestuff hydrolysates. Consumption of energy, water, and chemicals for the
soaping and rinsing steps is high. With enzymatic techniques the removal of non-fixed dyestuffs
from the fibre as well as from the exhausted dyebath can be achieved. Usually the application of
the enzymatic compounds takes place in the fourth or fifth rinsing step (see Table 1-1).

Common aftertreatment (example) Enzymatic aftertreatment

5 min overflow rinsing 5 min overflow rinsing

10 min 40 °c 10 min 40°C; neutralisation

10 min 40°C; neutralisation 10 min 60 °c

10 min 95°C 10 min 95 °c

10 min 95°C 15 min 50 °C; enzymatic treatment

10 min 50°C 10 min 30 °C

10 min 30°C -

Table 7·30: Comparison between common and enzymatic afterlreatment (exhaust
dyeing)

The amount of rinsing steps can be reduced by means of an enzymatic aftertreatment. Therefore
besides the application of environment-friendly enzymes, savings in consumption of detergents,
water, and energy are the main advantages concerning environmental aspects.

The technique is applicable for exhaust dyeing with reactive dyestuffs. Application in continuous
processes and printing are currently under development. Most of the reactive dyestuffs can be
enzymatically decolourised. However, a test on laboratory scale should be performed. Enzymatic
aftertreatment is applied in several German finishing mills as well as world-wide.

The enzymatic rinsing step is carried out as follows (exhaust technique):

Fresh water (50°C)

Addition of a process regulator mainly for adjusting optimal pH (1 g/l)

Control of pH; addition of acetic acid if necessary

Addition of enzymatic compound (0.25 gIl);
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Running time: 10 min

Draining of the liquor.

Savings in water and energy consumption and reduced process times are advantages in an eco­
nomical sense. Implementation of the enzymatic technique is, thus, motivated by cost saving po­
tentials and improved quality (better fastness properties can be achieved).

C. Techniques minimising consumption

Major techniques used to minimise consumption in dyeing processes are:

Dyeing of loose wool in standing bath

Dyeing of loose wool fibre and combed tops - minimisation of wastewater emissions

Further examples are of minimised consumption are also given in heading D of this section, deal­
ing with substitution of chemicals. See also 7.1.2 Pretreatment Section C: Selection of biodegrad­
able/bioeliminable complexing agents and tables comparing different generations of dyeing tech­
nologies.

Dyeing of loose wool in standing bath [273]

It is well-known that wool can be dyed with high exhaustion rates. This is for afterchrome dyes and
1:2 metal complex dyes (see also described technique concerning substitution of chromium con­
taining dyestuffs). Also disperse dyes have high exhaustion rates. In such cases, the exhausted
dye bath can be reused for the next batch. In the following, an example for doing so is described.
The concerned company is finishing loose material consisting either of wool or of polyester with
subsequent spinning unit. The produced yarn is used for the formation of fabrics (in an other com­
pany) which are also finished. The latter is the reason for that rinsing of the loose material after
dyeing can be minimised. Thus, in case of wool dyeing with afterchrome dyestuffs or metal com­
plex dyestuffs, there is only one rinsing. Disperse dyeing is carried out with reductive after­
treatment directly subsequent to dyeing and one rinsing bath. The rinsing and after-treatment bath
are discharged (after neutralisation, reduction of hexavalent chromium and chromium(lll) precipita­
tion) to a municipal wastewater treatment plant. Along with the introduction of dyeing in standing
bath, all ten dyeing stations with 50 to 1000 kg capacity (LR 1:8) have been equipped with tem­
perature and pH control and automated acid dosage. In addition, acetic acid had been replaced by
formic acid in order to reduce COD load. The dyeing processes for wool are carried out conven­
tionally. The so-called "Lanaset TOP" process has not been introduced yet. However, dyeing in
standing bath is possible. Per day, about 65 batches are dyed.

For dyeing in standing, for 10 storage tanks have been introduced with 17m3 each along with a
concerned piping system (Figure 7-13). The exhausted dye baths are moved to the tanks by com­
pressed air. A ring pipe is therefore used in order to minimise the installation of new pipes.



547

Most of the tanks are constantly used for the same type exhausted dye baths (e.g. afterchrome
bath for dark shades, such asblack and marine or exhausted bath from dyeing with metal complex
dyestuffs etc.). For preparation of new dyeing baths, the dyestuffs and chemicals are supplied
manually.
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Figure 7-13: Scheme indicating the installations (tanks and piping system) for dyeing
in standing bath

The process optimisation measures resulted in a 70% reduction of chromate reduction. Dyeing in
standing bath lead to the reduction of specific water consumption from 60 to 25 l/kg (absolute: re­
duction from 150,000 m3/a to 65,000 m3/a) and wastewater flow respectively which is nearly 60%.
In case of wool dyeing, the application of sodium sulfate can be completely avoided because of
protein degradation compounds -originating from wool- guarantee sufficient levelling; these even
improves further wool processing.

Dyeing in standing bath is possible at new and existing installations. Space for the tanks must be
available and the number of different shades may not be too large. In case of the described exam­
ple, the technique has been introduced in practice in a 35 years old dyehouse.
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Dyeing in standing bath is successfully in operation since 1996. In the start-up phase, experience
has to be collected how to prepare new dyeing baths from exhausted ones; but soon it becomes
daily routine. Yet, only one reference plant is mentioned in Germany.

Investment for building for the tanks, the tanks themselves, piping and control devices 0.8 million
EURO. Fresh water and wastewater cost are 3.20 EURO/m3 (0.6 EURO/m3 for fresh water in­
cluding treatment and 2.60 EURO/m3 wastewater fee. Thereby, cost for pre-treatment (neutralisa­
tion, reduction of hexavalent chromium and precipitation of chromium(llI) and disposal of sludge is
not taken into account. Thus, annual savings of about 250,000 EUROs are achieved which allows
an acceptable pay back time.

Increasing cost for wastewater and increasing requirements on wastewater discharge (especially
regarding chromium) have been the driving forces for the company to install the described tech­
niques.

Dyeing of loose wool fibre and combed tops - minimisation of wastewater emissions [273)

Dyeing of loose wool fibre and combed tops is still carried out with afterchrome dyestuffs and metal
complex dyestuffs as well. These chromium containing dyestuffs can be substituted by metal free
reactive dyestuffs in many cases (see technique" Substitution of afterchrome dyestuffs for dyeing
of wool (all make-ups)"). However, when substitution is not possible, the conventional dyeing proc­
ess can be optimised by applying proper process control (especially pH control). For 1:2 metal
complex dyestuffs, the dyeing process can be improved (not suitable for afterchrome dyes) by us­
ing a special auxiliary for increasing dye bath exhaustion within shorter time and to replace acetic
acid by formic acid. The optimised process is well-known as "Lanaset TOP process" which has
been released by a dyestuffs and textile auxiliaries supplier in 1992. It is mainly for dyeing loose
wool fibre and combed tops which are still major make-ups (about half of the world-wide annual
processed quantity). The control of pH and the application of a mixture of different fatty alcohol
ethoxylates (having fibre and dyestuffs affinity) shorten the dyeing time drastically compared to the
conventional process (see Figure 7-14). In addition exhaustion rate is almost 100%. This makes
dyeing on standing bath easier (see described technique" Dyeing of loose wool and polyester in
standing bath")
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Key: conventional process (whole curve) and the optimised process (Lanaset TOP process) (hatched part of
the curve)

Figure ]-14: Dyeing of loose wool fibre and combed tops - comparison of the dyeing
curves

Because of higher exhaustion and fixation rate respectively, colour in exhausted dye bath is re­
duced which directly correlates with chromium content. Residual chromium contents in exhausted
dye bath down to 0.1 mg/I are achievable. When dyeing in standing bath, no build-up of chromium
occurs. The substitution of acetic acid (having a specific COD of 1067 mg 02/g) by formic acid
(having a forth time lower specific COD of 235 mg 02/g and being a stronger acid than acetic acid)
leads to lower COD load in the effluent. During dyeing, boiling time can be shortened to one third
which saves not time only but also energy. In addition to environmental advantages, the process
enables fast shade and fastness development, leading to reproducible dyeings with very high fast­
ness properties.

The technique is applicable in new and existing installations for dyeing loose wool fibre and
combed tops. The process has been successfully introduced into practice in many dyehouses
world-wide. Savings are achieved due to shorter process time and less rinsing water.
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The requirements to reduce the chromium content in wastewater and the need to increase produc­
tivity have been the main driving forces for the implementation of this technique.

D. Substitution of chemicals

Substitution of dyestuffs

The environmental issues related to dyestuffs have already been discussed in more detail for each
class of dyestuff in the preceding paragraphs dealing with different dyestuffs classes (section 5.4).
Only some general key issues such as fixation rates of dyes, AOX emissions, heavy-metal emis­
sions, and the problematic azo dyes are first considered, to give an overview of the problematics.
Concrete case studies taken from the Best Available Technique Documents [2; 273) close the sec­
tion.

Fixation rates of dyes (2)

Spent dye baths, residual dye liquors, and water from washing operations always contain a per­
centage of un-fixed dye. The rates of fixations vary considerably among the different classes of
dyes and may be especially low for reactive dyes (in the case of cotton) and for sulphur dyes.
Moreover, large variations are found even within a given class of colourants. This is particularly
significant in the case of reactive dyes. Fixing rates above 60 % cannot be achieved, for example,
in the case of copper (sometimes nickel) phthalocyanine complex reactive dyes especially used for
turquoise-green and some marine shades. In contrast, the so-called double anchor reactive dyes
can achieve extremely high rates of fixation.

The degree of fixation of an individual dye varies according to type of fibre, the shade, and the
dyeing parameters used. Therefore, fixation rate values can be given only as approximations.
However, they are useful as a guide to the amount of unfixed dyes which can be expected in waste
water. Information from different authors is given in the table below (2).
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Dyestuffs EPA OECD ATV Bayer (1) Euratex Spain

Acid dyes

-forwool 10 }7 -20 }7 -20 - )5 -15 5-15

- for polyamide 20

Basic dyes 1 2-3 2-3 2 - 0-2

Direct dyes 30 5 - 20 5-30 10 5 - 35 5-20

Disperse dyes

- for acetate 25 )8 - 20 }8-20 )5 }1 - 15 }O-lO

- for polyester 1 bar 15

- for polyester HT 5

Azoic dyes 25 5-10 5-10 - 10 - 25 10-25

Reactive dyes (2)

- for cotton }50 -60 }20 - 50 )5 - 50 }5-50 20-45 }10-35

-forwool 3-10

Metal-complex 10 2-5 2-5 5 2 -15 5-15

Chrome dyes - - 1-2 - - 5-10

Vat dyes 25 5 - 20 5-20 - 5 - 30 5-30

Sulphur dyes 25 30-40 30-40 - 10 - 40 15-40

EPA: US Environmental Protection Agency

OECD: Organisation for Economic Co-operation and Development

ATV: Abwasser Technishe Vereinigung (Waste Water Technical Association)

Note:

(1) Now Dystar (including Hoechst, BASF)

(2) New reactive dyestuffs with higher fixation rates are now available (see section 5.4)

Table 7-31: Percentage ofnon-fixed dye which may be discharged into the effluent
(principal classes of dyes represented)

As a result of low fixation, dyestuffs which are poorly bio-eliminable pass through the waste water
treatment plant and are ultimately found in the effluent. The first undesirable effect in the receiving
water is colour. High doses of colour not only cause aesthetic impact, but can also interrupt photo­
synthesis, thus affecting aquatic life.
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Other effects are related to the organic content of the colourant (normally expressed as COD and
BOD, but could be better expressed as organic carbon, using TOC and DOC as parameters), its
aquatic toxicity, and the presence in the molecule of metals or halogens which can give rise to
AOX emissions.

AOX emissions

Vat, disperse and reactive dyes are more likely to contain halogens in their molecule. The content
of organically bound halogen can be up to 12 % on weight for some vat dyes. Vat dyes, however,
usually show a very high degree of fixation. In addition, they are insoluble in water and the amount
which reaches the effluent can be eliminated with high efficiency in the waste water treatment plant
through absorption into the activated sludge.

On the other hand, reactive dyes may have low fixation degrees (the lowest level of fixation is ob­
served with phthlocyanine in batch dyeing) and their removal from waste water is difficult because
of the low biodegradability and/or low level of absorption of the dye onto activated sludge during
treatment. Reactive dyes may also contain halogen atoms. The halogen in MCT (monochlorotri­
azines) reactive groups is converted into harmless chloride during the dyeing process. In calculat­
ing the waste water burden it is assumed that the MCT reactive groups react completely by fixation
or hydrolysis so that they do not contribute to AOX emissions. However, many commonly used
polyhalogenated reactive dyes, such as OCT (dichlorotriazine), DFCP (difluorochloropyrimidine),
and TCP (trichloropyrimidine) contain organically bound halogen even after fixation and hydrolysis.
Bound halogen is also found in discharges of dye-concentrate (pad, kitchen) and non-exhausted
dyebaths that may still contain un-reacted dyestuff. For the other classes of colourants the AOX
issue is not relevant due to the fact that, with few exceptions, halogen content is usually below 0.1
%.

PARCOM 97/1 recommends strict limits for AOX. Even stricter limits are set by EU-Ecolabel and
German legislation. Extensive investigation of AOX in textile effluents has been performed, but
AOX as an indicator remains a matter of discussion. Dyestuffs containing organically bound halo­
gens (except fluorine) are measured as AOX and the only way to limit AOX from dyeing is through
dye selection, more efficient use of dyes, or by treating the resulting effluent (e.g. by decolouration,
filtration, and free radical oxidation of the chromophore).

However, it should be noted that AOX from dyes do not have the same effect as the AOX derived
from chlorine reactions (haloform reaction, in particular) arising from textile processes such as
bleaching, wool shrink-resist treatments, etc. Dyestuffs are not biodegradable compounds and the
halogens in their molecule should therefore not give rise to a haloform reaction (the main cause of
hazardous AOX). In this respect it is interesting to consider that PARCOM 97/1 does not set a
general discharge limit value for AOX, but rather allows discrimination between hazardous and
non-hazardous AOX [2].

It is interesting to observe that this type of legislation promotes the development of new kinds of
products to reduce the discharges to allowable limits.
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For example, in the case of dyeing cellulosic fibres with reactive dyes, many innovative reactive

systems (see 5.2.3 and 5.4.2) or fibre pretreatments (4.3.1) were developed (see also case stud­

ies, below). Interestingly, organofluorine compounds do not fit into the AOX classification since the

fluoride ion liberated in the test protocol as soluble silver fluoride is not detectable. Dye makers

thus likely concentrate on vinylsulphone and fluoroheterocycle-containing reactive dyes [80].

Another product class which can lead to high AOX emissions appearing in effluents from subse­
quent dyeing processes are shrinkproofing agents used in chlorine treatments of wool. Alternative

processes to replace chlorine have been developed (e.g. permonosulphiric acid treatment) (see

4.3.2 and 6.4.5).

Heavy metals emissions

Metals can be present in dyes for two reasons: first, metals are used as catalysts during the

manufacture of some dyes and can be present as impurities; secondly, in some dyes the metal is

chelated with the dye molecule, forming an integral structural element.

Dye manufacturers are now putting more effort into reducing the amount of metals present as im­

purities. This can be done through the selection of starting products, removal of heavy metal, and

substitution of the solvent where the reaction takes place. ETAD has established limits in the con­

tent of heavy metals in dyestuffs. The values have been set to ensure that emission levels from a 2
% dyeing and a total dilution of the dye of 1:2,500, will meet the known waste water requirements.

Examples of dyes containing bound metals are copper and nickel in phthalocyanine groups, cop­

per in blue copper-azo-complex reactive dyes, and chromium in metal-complex dyes used for wool

silk and polyamide. The total amount of metallised dye used is decreasing, but there remain do­

mains (certain shades such as green colours, and certain levels of fastness to light) where phtha­

locyanine dyes, for example, cannot be easily substituted.

The presence of the metal in these metallised dyes can be regarded as a less relevant problem
compared to the presence of free metal impurities. Provided that high exhaustion and fixation lev­

els are achieved and that measures are taken to minimise losses from handling, weighing, drum

cleaning, etc., only a little bit unconsumed dye should end up in the waste water. Moreover, since

the metal is an integral part of the dye molecule, which is itself non-biodegradable, there is very

little potential for it to become bio-available.

It is also important to take into account that treatment methods such as filtration and absorption

into activated sludge, which removes the dye from the waste water, also reduces proportionally the

amount of bound metal in the final effluent. Conversely, other methods such as advanced oxidation

may free the metal.

Problematic azo dyes

Coloured fabrics, when in contact with human· skin , may cause contact dermatitis allergic reac­

tions.
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Skin irritancy to polyester fabrics dyed with disperse dyes, for example, became stronger as the
concentration (% shade) of the dye in the fabric increased. Reduction clearing treatment (with a

hot solution of sodium hydroxide and sodium hydrosulphite) which is usually given to dyed fabrics

to remove the surface-deposited dyes, reduced skin irritancy. For this reasons, the use of non­

sensitizing dyes was recently added to the requirements for the ability to use eco-Iabels. These are

in most cases disperse dyes such as Yellow 3, Orange 3, Orange 37, Orange 76, Red1, Red 17,

Blue 3, Blue 106, and Blue 124. Many of these are not only used for dyeing polyester, but also for

nylon and triacetate, where they can easily migrate out of the fibres and cause harm (153).

It is also important to mention that about 60 % to 70 % of the dyes used nowadays are azo dyes.

Under reductive conditions, these dyes may produce amines and some of them are potentially car­

cinogenic. A list of potentially carcinogenic amines that can be formed by the cleavage of certain

azo dyes is shown in section 2.5.2. Details on legislation are also given there.

The use of azo-dyes which may cleave into one of the 22 potentially carcinogenic aromatic amines

listed is banned according to the 19th amendment of Directive 76/769/EEC on dangerous sub­

stances (406). The directive is based on the so-called German Ban on azo dyes (i.e. German Con­

sumer Goods Ordinance). Thus, azo dyes which, by reductive cleavage of one or more azo
groups, may release one or more of the aromatic amines listed, in detectable concentrations (i.e.

above 30 ppm in the finished articles or in the dyed parts thereof, may not to be used in textile and

leather articles which may come in direct or prolonged contact with the human skin or oral cavity

(406). However, more than 100 dyes with the potential to form carcinogenic amines are still avail­

able on the market (2).

In the following case studies, concrete substitution operations of dyes are presented, with respect

to their environmental and economic benefits. The presented processes using substitute and/or

optimised dyestuffs are:

Exhaust dyeing of cellulosic fibres with polyfunctional reactive dyestuffs

Exhaust dyeing of cellulosic fibres with low salt reactive dyestuffs

Environment-friendly dyeing with SUlphur dyestuffs

One-step continuous vat dyeing in pastel to pale shades

Exhaust dyeing of cellulosic fibres with polyfunctional reactive dyestuffs [273]

Polyfunctional reactive dyes contain more than one reactive group in each molecule and offer very

high levels of fixation by exhaust dyeing which leads to lower colour usage to achieve a given

depth of shade and a lower unfixed colour load in the effluent. Innovative manufacturers have in­

troduced dye ranges of this type over the last few years as pressure to reduce the colour load to

wastewater has increased particularly in Western Europe.

The achieved environmental benefits are:

Reduced colour load
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Reduced Salt Consumption

Reduced Water and Energy Consumption

Reduced AOX Load

The main benefit achieved by the use of polyfunctional high fixation reactive dyes is the reduced
colour and COD load to the effluent. In the case of a reactive dye containing two or more reactive
groups of similar reactivity, the potential for achieving a covalent linkage with the cellulose hydroxyl
groups is significantly increased.

The fixation of a reactive dye with cellulose can be expressed either as a percentage of total dye
applied (fixation rate, sometime also called absolute fixation) or as a percentage of dye exhausted
(exhaustion rate, sometimes also called fixation efficiency). In the case of a monofunctional dye
the fixation rate is approximately 60% (with an exhaustion rate of approximately 70%) so that 40%
of the dye applied is lost to the effluent which has to be treated to remove colour before it can be
discharged to a river or other receiving water. In the case of a reactive dye containing two reactive
groups, the increased probability of reaction with cellulose can give rise to figures of 80% fixation
rate and over 90% exhaustion rate. This leads to a significant reduction in the amount of colour
lost to the effluent.

High exhaustion rate also means that a lower amount of colour is required to achieve a given
depth of shade and hence salt loading can be reduced as this normally increases with increasing
dyestuff concentration.

High fixation rate minimises the amount of unfixed dye that must be removed at the end of the
fixation stage to achieve the desired level of fastness performance. This means that shorter rinsing
and soaping sequences are required which leads to considerable savings in water and energy
consumption.

For example the recently introduced dyes have very high levels of fixation and consequently re­
quire less water and energy in the wash-off stage. A further recent innovation allow much shorter
processing times on certain substrates by combining the pretreatment and dyeing steps using
polyfunctional dyes which fix at 90°C. Savings of up to 40% in water and energy consumption are
claimed.

Some of the most recent polyfunctional dyes use a combination of reactive groups based on modi­
fied vinylsulphone or heterocyclic f1uoro components, which means that there is no contribution to
Adsorbable Organic Halogen (AOX) in the effluent. Consult for examples further section 5.4.

High fixation reactive dyes can be applied on all types of dyeing machines but offer particular ad­
vantage on the most modern low liquor ratio dyeing machines fitted with multi-tasking controllers
where additional advantages of reduced energy and water consumption can be exploited. Thus,
high fixation, polyfunctional reactive dyes have been in widespread use for many years in all Euro­
pean countries and world-wide as well. Individual manufacturers provide comprehensive technical
information for their high fixation dye ranges inclUding detailed salt recommendations according to
depth of shade, type of substrate, equipment in use, etc. These recommendations should also
have been designed to ensure a high level of reproducibility and maximise Right-First-Time per­
formance.
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Compared to conventional monofunctional reactive dyestuffs, polyfunctional reactive dyestuffs are
more expensive when considering the price per kilogram only. However the high fixation efficiency,
the savings on salt usage, and reduced water and energy consumption means that the total cost of
processing can be significantly reduced.

The main driving force for the development of high fixation, polyfunctional reactive dyes has been
the introduction of legislation restricting the colour of effluents discharged to sewer (indirect dis­
charges) or river (direct discharges). Most European countries set colour absorbance limits at vari­
ous wave lengths which have to be complied with by the discharger. This has meant an increase in
charges for colour removal treatments either on-site or at the local municipal wastewater treatment
plants. In some countries legislation also exists to limit AOX levels in effluent. An equally important
factor has been the drive to reduce the total costs of processing, and high fixation dyes giving high
levels of Right-First-Time production can make a significant contribution in this respect.

Exhaust dyeing of cellulosic fibres with low salt reactive dyestuffs (273)

Traditionally, exhaust dyeing of cellulosic fibres with reactive dyestuffs required high amounts of
neutral salts' usually 50-60 gil but up to 100 gil for dark shades. However several manufacturers
have developed innovative dyestuff ranges and application processes that only need about two
thirds of this quantity. Examples of these systems can be found in section 5.4.8 They are generally
polyfunctional reactive dyes (Le. they contain more than one reactive group) offering very high lev­
els of fixation which brings the added benefit of reduced unfixed colour load in the effluent. These
dyestuff ranges have also been designed to perform well on modern low liquor ratio dyeing ma­
chines which offer further possibilities for reducing the overall salt requirement as illustrated in
Table 7-32.

Winch LR 20:1 Jet LR 10:1 Low LR Jet LR 5:1

Traditional Reactive Dyes 1200 kg 600kg 300kg

(60g/l salt)

Low Salt Reactive Dyes 800 kg 400 kg 200 kg

(40g/l salt)

Table 7-32: Quantities ofsalt required to dye 1000 kg fabric to a medium depth of
shade

Salt consumption for exhaust dyeing is reduced by about one third of the quantity needed for con­
ventional reactive dyestuffs, with positive impact on effluent salinity and on smooth running of
wastewater treatment units. The significantly lower salt usage translates into reduced salt handling
and dissolving time. An automation of salt or brine additions is facilitated by lower required salt
quantity.

When reducing salt levels it is important to ensure that reproducibility levels are maintained as this
can have a major impact on water and energy consumption per unit of production. Under low liquor
ratio (LR) dyeing conditions the sUbstantivity of a dyestuff is increased due to increased mechani­
cal pick-up and the exhaustion and fixation levels are also increased, but to a lesser extent.
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However migration and level dyeing behaviour are adversely affected unless there is a compen­

sating reduction in salt concentration. It should also be mentioned that rinsing after dyeing needs

efficient washing machinery because the non-fixed compounds of the high-affinity type, low salt
reactive dyestuffs are not as easy to wash out as low- or medium-affinity dyestuffs.

High affinity low salt reactive dyestuffs can also be favourably used for one-bath dyeing of polyes­

ter-cellulose blends, which saves time, water and energy. The lower salt concentration reduces the

tendency of disperse dyestuffs to stain the cotton fibres of the blend (beneficial for fastness and

reproducibility of shades). High affinity dyestuffs allow efficient coloration under conditions of

longer liquor ratios with respect to cotton such as those that exist when dyeing polyester/cellulose

blends.

The technique is applicable both to existing and new dyeing machines. Low salt reactive dyestuffs

can be applied on all conventional exhaust dyeing machines but offer particular advantage on the
most modern low liquor ratio dyeing machines where additional advantages of reduced energy and

water consumption can be exploited. Low salt reactive dyestuffs have been in use for the last five
years in all European countries and throughout the world-wide.

Individual manufacturers provide comprehensive technical information for their low salt dyestuff

ranges including detailed salt recommendations according to depth of shade, type of substrate,

equipment in use etc. These recommendations should also have been designed to ensure a high
level of reproducibility and maximise Right-First-Time performance.

Compared to conventional reactive dyestuffs, low salt reactive dyestuffs are significantly more ex­

pensive when considering the price per kilogram only. However the high colour strength, the sav­

ings for salt and increased reproducibility have to be taken into account as well. Depending on the

special circumstances of each dye house, the application of low salt reactive dyestuffs can be of

economic benefit.

Thus, in areas having arid climate conditions and negative water balance, low salt reactive dye­

stuffs have been introduced first (e.g. North Carolina in the US and Tirupur, Tamil Nadu in India).

They have also found success in areas where the dyehouses are discharging directly to freshwater
areas and there is a need to minimise salination effects.

Enyironment-friendly dyeing with sulphur dyestuffs [273]

World-wide sulphur dyestuffs are of great importance in dyeing cotton in medium to dark shades

(esp. black) with a high fastness to light and washing (see also 5.4.9). Sulphur dyes are synthe­
sised by reaction of aromatic nitrogen containing compounds with sulphur or polysulfides. The

molecular structure of sulphur dyes which are water insoluble pigments is in most cases not well

defined. Dyeing process is carried out with the reduced water soluble "Ieuco-compound". Common

sulphur dyes are available in powder form; before dyeing they have to be reduced with sodium
sulfide in an alkaline solution. Also liquid pre-reduced dyestuff formulations are available (sulfide

content> 5 %). Surplus of sulfide in wastewater (caused by the dyestuffs and the reducing agent)
is responsible for wastewater toxicity and odour nuisances (esp. in working place atmosphere).
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The following sulphur dyes with an optimised ecological performance are available:

Prereduced dyestuffs with reduced amount of sodium sulphide (liquid formulations; sulfide

content < 1 %)

Non-prereduced sulfide-free dyestuffs (water soluble in the oxidised form)

Non-prereduced sulfide-free stabilised dispersed dyestuffs (in powder or liquid form); re­

duction with hydrosulfite is possible

Non-prereduced sulfide free dyestuffs (stable suspension); reduction with glucose is possi­

ble

Alternative reducing techniques are possible for all sulphur dyestuffs. The following binary systems

are in use (glucose is added to sodium dithionite to prevent over-reduction):

combination of dithionite and glucose

combination of hydroxyacetone and glucose (seldom)

combination of formamidine sulfinic acid and glucose (seldom).

Stabilised sulfide free dyestuff types can be reduced with sodium dithionite without addition of glu­

cose. For another type of non-prereduced SUlphur dyestuffs the reduction step can be carried out

with glucose alone. AOX-free re-oxidation is possible with peroxide instead of potassium dichro­

mate and halogenated compounds (bromate, jodate, chlorite or N-chloro-p-toluene sulfamide) and

is meanwhile widely applied.

Sulfide content in wastewater is minimised, if sulfide-low or sulfide-free sulphur dyes are used in

combination with sulfide free reducing agents. If peroxide is used for re-oxidation instead of di­

chromate or halogenated compounds chromium respectively AOX-content in wastewater is

avoided.

The dyestuffs and reducing agents can be used in existing and new dyeing machines (exhaust

dyeing as well as continuous techniques). Differences of shade compared to common sulphur

dyeing are to be regarded.

The dyestuffs and reducing agent system are in use in Europe and world-wide as well. Yet, using

sodium dithionite as reducing agent, the sulfite content in wastewater is to be taken into account.

A typical recipe for cotton dyeing on a jet machine (liquor ratio 1:6 to 1:8; dyeing for 45 min at 95

°C is given below:

Non-prereduced sulphur dye: 10 %

Wetting agent: 1 gil

Caustic soda solution (38 Be): 15-20 mill



Soda ash:

Salt: 20 g/I

Glucose:

8-10 gIl

10-12 gil
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Sodium dithionite: 8-10 gIl or hydroxyacetone: 4-5 g/I or formamidine sulfinic acid: 4-5
g/1.

Stabilised non-prereduced sulfid-free dyestuffs are more expensive in comparison to common sul­
phur dyes.

Main motivation in application of sulfide-free or sulfide-low techniques in dyeing with sulphur dyes
is to minimise wastewater problems and to meet requirements to wastewater disposal, as well as
to reduce odour nuisances and to improve working place atmosphere.

One-step continuous vat dyeing in pastel to pale shades [273)

Conventional continuous (pad steam) vat dyeing comprises padding of the dyestuff pigments, in­
termediate drying, padding chemicals/auxiliaries (reducing agents), steaming, oxidising and wash­
ing (several soaping and rinsing steps).

One-step continuous vat dyeing is possible with special vat dyes and auxiliaries. Padding, inter­
mediate drying and fixation is carried out in a continuous way. The following auxiliaries have to be
used:

Special selected vat dyes with low migration tendency

Auxiliaries based on polyglycols and acrylic polymers for pad liquor stability, high fastness
level and little influence on handle

The process can be carried out without steaming and subsequent washing. Waste water is only
loaded with residual padding liquors. Water consumption is minimised to appro 0.5 I/kg textile.
SaVings in chemicals consumption and energy are additional environmental benefits.

The technique can be performed on cellulose and cellUlose/polyester blends. Applicability of the
technique is restricted on pastel to pale shades (up to appro 5 g dyestuff/I at 50 % liquor pick up).
The technique is applied in several finishing mills in Germany as well as world-wide.

Typical recipe of padding liquor:

30-40 gIl auxiliary I

5-10 gil sodium sulfate

10-20 gil auxiliary II

up to 2.5 g/kg dyestuff

Typical process parameters:



560

padding: liquor pick-up: 50-65 % (as low as possible); liquor temperature: < 35°C

intermediate drying: 100-140°C

thermofixation: cellulose 30 s at 170°C; polyester/cellulose: 30 s at 190°C

Considerable cost-savings due to savings in energy, time, water, and chemicals can be achieved

compared to conventional pad-steam vat dyeing.Thus, this is the main motivation to implement the
one-step technique.

Substitution of colouring auxiliaries

Colouring auxiliaries were already mentioned and discussed relating to the dyeing process in pre­

vious sections. Nevertheless, an overall discussion about their environmental concerns was not

done. The following summary referrers mainly to the BREF Documents [2].

Regarding the environmental concerns associated with the chemicals and auxiliaries used in dye­
ing processes it is worth mentioning the following key issues:

Sulphur-containing reducing agents

Waste water from sulphur dyeing contains sulphides used in the process as reducing agents. In

some cases, the sulphide is already contained in the dye formulation; in other cases it is added to

the dye bath before dyeing. In the end, however, the excess of sulphide ends up in the waste wa­

ter. Sulphides are toxic to aquatic organisms and contribute to an increasing COD load. In addition,

SUlphide anions are converted into hydrogen sulphide under acidic conditions, thereby giving rise
to problems of odour and corrosivity.

Sodium hydrosulphite (also called sodium dithionite) is a sulphur-containing reducing agent which

is commonly used not only in sulphur and vat dyeing processes, but also as a reductive after­
cleaning agent in PES dyeing. Sodium hydrosulphite is less critical than sodium sulphide; however,

during the dyeing process sodium dithionite is converted into sulphite, which is toxic to fish and

bacteria, and in some cases it is converted to sulphate. In the waste water treatment plant sulphite

is normally oxidised into sulphate, but this can still cause problems. SUlphate, in fact, may cause

corrosion of concrete pipes or may be reduced under anaerobic conditions into hydrogen sulphide.

Hydroxyacetone, although it produces an increase in COD load, is recommended to lower the sul­

phur content in waste water, but it cannot replace hydrosulphite in all applications. New organic

reducing agents with improved reducing effects have been developed. These reducing agents are
based on a special short-chain sulphinic acid derivative; they are liquid, have very low toxicity and
are readily biodegradable (see also 7.1.3).

Consumption of the reducing agent by the oxygen present in the machine (partially-flooded dyeing

machines) also needs to be taken into account.
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Instead of applying only the amount of reducing agent required for the reduction of the dyestuff, a
significant extra amount of reducing agent often needs to be added to compensate for the amount
consumed by the oxygen contained in the machine. This obviously increases the oxygen demand
of the effluent.

Oxidising agents

Dichromate should no longer be used in Europe as an oxidising agent when dyeing with vat and
sulphur dyes, but it is still widely used for the fixation of chrome dyes in wool dyeing. Chromium III
exhibits low acute toxicity, while chromium VI is acutely toxic and has been shown to be carcino­
genic towards animals. During dyeing processes with chrome dyes, Cr VI is reduced to Cr III if the
process is under control. Nevertheless, emissions of Cr VI may still occur due to inappropriate
handling of dichromate during dye preparation.

Emissions of trivalent chromium in the waste water can be minimised, but cannot be avoided, un­
less alternative dyestuffs are applied.

The use of bromate, iodate and chlorite as oxidising agents in vat and sulphur dyeing processes
and the use of hypochlorite as a stripping agent for decolouring faulty goods or for cleaning dyeing
machines (e.g. before subsequent lighter-coloured dyeing) may also produce AOX emissions.
However, only hypochlorite and elemental-chlorine-containing compounds (e.g. certain chlorite
products which contain Cl2 or use chlorine as an activator for the formation of chlorine dioxide gas)
are likely to give rise to hazardous AOX.

Salt

Salts of various types are used in dyeing processes for different purposes (e.g. to promote level
dyeing or increase dye exhaustion). In particular, large amounts of salt are used in cotton batch
dyeing processes with reactive dyes. The amount ofsalt employed is quite significant compared to
other classes of dyestuffs, for example direct dyes (5.2.3) and efforts have been made by dye
manufacturers to solve this problem.

Amount of salt employed in cotton batch dyeing processes with reactive and direct dyes (2)

In addition to the use of salt as a raw material, neutralisation of commonly employed acids and
alkali produces salt as a by-product. Salts are not removed in conventional waste water treatment
systems and they are therefore ultimately discharged into the receiving water. Although the mam­
malian and aquatic toxicity of the commonly employed salts are very low, in arid or semi-arid re­
gions their large-scale use can produce concentrations above the toxic limit and increase the sa­
linity of the groundwater. Countries have set emission limits at 2,000 ppm or below. River quality
standards must also be taken into account.

See further case studie "exhaust dyeing of cellulose fibres withlaw salt reactive dyestuffs", above.
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Carriers

Use of these auxiliaries, which were widely employed in the past, has been reduced due to eco­
logical and health problems. They are still an issue in the dyeing of polyester blends in wool.

Carriers may already be added to the dyes by manufacturers. In this case, textile finishers will
have little knowledge of the loads discharged.

Carriers include a wide group of organic compounds, many of them being steam volatile, poorly
biodegradable, and toxic to humans and aquatic life. However, as the active substances usually
have a high affinity for the fibre (hydrophobic types), 75 - 90 % are absorbed by the textile and
only the emulsifiers and the hydrophilic types such as phenols and benzoates derivatives are
found in the waste water. The carriers which remain on the fibre after dyeing and washing are par­
tially volatilised during drying and fixing operations and can give rise to air emissions.

Traces can still be found on the finished product, thus representing a potential problem for the
consumer, especially if the fabrics are badly dyed and finished [153).

Dispersing agents [273)

Disperse dyes are only sparingly soluble in water. To achieve an uniform dispersion which is not
affected by temperature and shearing stress dispersing agents are added to disperse dyestuff for­
mulations. Ligninie sulfonates and condensation products of naphthalene sulfonic acid with formal­
dehyde are mainly in use. The dispersing agents are not fixed on the fibres and contribute to a
considerable amount to the problematic wastewater load in textile finishing (average COD: 1200
mg Oig (Iignine sulfonates), resp. 650 mgOig (naphthalene sulfonic acid condensation products).

Elimination in biological wastewater treatment is insufficient for both products. Thus, they contrib­
ute to residual (recalcitrant) COD in treated wastewater. Disperse dyes in powder or granulated
form contain 30-50 (in some cases up to 70%) of dispersing agents; disperse dyes in liquid form
contain 10-30 %.

There are two approaches to increase the bioelimination/biodegradation rate of dispersing agents.
With the improved dispersing agents conventional dispersing agents can be substituted in the dye­
stuff formulations to an extend of max. 70 %.

1. Chemistry of optimised dispersing agent used in liquid dyestuff formulations is based on
fatty acid esters. The dispersing capacity of the product is improved; compared to conven­
tional liquid dyestuff formulation. The tinctorial strenght can be increased from 100 % to
200 %. In other words, the amount of dispersing agents in dyestuff formulations can be sig­
nificantly reduced.

2. An alternative to common dispersing agents for powder and granulate formulations are
modified aromatic sulfonic acids (as sodium salt).
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The main achieved environmental benefits according the first approach show degradation test ac­

cording to Zahn-Wellens shows elimination rates between 90 and 93 %. A comparison between

common disperse dyestuff and optimised dyestuff formulations (average values considering the

whole dyestuff palette) is given in Figure 7-15. Differences in tinctorial strength are taken into ac­

count.
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Figure 7-15: Comparison between the composition of conventional and new dyestuff
types (before and after biological treatment)

According to the second approach, the degree of bioelimination of the dispersing agent is 70 %

(test method according to GEeD 302 B). The contamination of wastewater by dispersing agents,
when HT dyeing with a conventional and optimised dyestuff is carried out, is shown in Figure 7-16.

(The conventional dye contains 65 % Iignine sulfonates (elimination rate approx. 25 %); the ecol­

ogically advanced dye contains 60 % dispersing agent (elimination rate approx. 70 %).)
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There is no restriction in application fields with exception that the dyestuff palette is currently lim­
ited. The ecologically advanced dyestuffs are in use in German finishing mills and world-wide as
well. The ecologically optimised disperse dyes can be used similar to conventional disperse dyes.
Yet, the costs for the dyestuffs are higher compared to conventional liquid dyestuff formulations.
Improvement of the environmental performance is the main motivation to use disperse dyes with a
better degree of bioelimination.

Other auxiliaries of environmental interest

Other substances which may. be encountered in the dyeing auxiliaries and that may give rise to
water pollution are [2]:

• fatty amine ethoxylates (levelling agent);
• alkylphenol ethoxylates (levelling agent);
• quaternary ammonium compounds (retarders for cationic dyes);
• polyvinylpyrrolidone (levelling agent for vat, sulphur and direct dyes);
• cyanamide-ammonia salt condensation products (auxiliaries for fastness improvement);
• acrylic acid-maleic acid copolymers (dispersing agent);
• ethylenediamine tetraacetate (EDTA) complexing agents;
• diethylenetriaminepentaacetate (DTPA);
• ethylenediaminetetra(methylenephosphonic acid) (EDTMP);
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• diethylenetriaminepenta(methylenphosphonic acid) (DTPMP).

These are water-soluble, hard-to-biodegrade compounds which can pass untransformed or only
partially degraded through waste water treatment systems.

In addition, some of them are toxic (e.g. quaternary amines) or can give rise to metabolites which
may affect reproduction in the aquatic environment (APEO).

In the following case studies, some specific substitution of dyeing auxiliaries are considered:

Exhaust dyeing of polyester and polyester blends - carrier-free or use of ecologically opti­
mised carriers

Selection of antifoaming agents with improved environmental performance

More environment-friendly reductive aftertreatment in PES dyeing

Substitution of afterchrome dyestuffs for dyeing of wool (all make-ups)

Exhaust dyeing of polyester and polyester blends - carrier-free or use of ecologically optimised
carriers [273]

Due to the high glass transition point of polyethyleneterephthalate, which is in the range of 80-100
°C, the diffusion rate of disperse dyestuff molecules into the PES fibres at normal dyeing tem­
peratures is very low. Therefore, dyeing conditions used for other substrates are not applicable.
Exhaust dyeing of single polyester and polyester blends can be carried out either in autoclaves at
high temperature (HT-dyeing; 130°C, which is usually applied for PES and wool-free blends) or at
normal dyeing temperatures (95°C - 100 °C or 106°C - 120°C with wool protection agent), which
is applied for PES/wool-blends) with the help of so-called carriers.

Carriers are absorbed to a great part on the PES fibre. They improve the swelling of the fibres and
increase the amorphous parts in the fibre structure. After dyeing and rinsing steps a particular
amount is emitted to wastewater. The other part, fixed on the textile, enters the off-gas in down­
stream drying and heat setting steps or remain on the fibre with possible problems concerning
consumer health.

Common substances which can be used in carrier formulations are

Chlorinated aromatic compounds (mono-chlorobenzene, trichlorobenzenes etc.)

o-phenylphenol

Biphenyl and other aromatic hydrocarbons (trimethyl benzene, 1-methyl naphthaline etc.)

Phthalates (diethylhexylphthalate, dibutylphthalate, dimethylphthalate)
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Human toxicity, aquatic toxicity, high volatility, and high odour intensity are the main problems in

using common carriers. For special applications (esp. in carpet industry) modified polyethylenter­
ephthalate which is dyeable with cationic dyestuffs can be used. For pure polyester and wool-free

blends, HT-dyeing without use of environmental problematic carriers is the best method.

However, dyeing of. polyester blends esp. polyester/wool blends and poyester/elasthane blends

afford the use of carriers because the sensitivity of the wool substrate to high temperatures.
Chemistry of carrier systems which are optimised concerning human toxicology and environmental

properties are based on

Carbonic acid esters/benzylbenzoate

and N-alkylphthalimide.

Regarding polyester/elasthane blends, it is recently possible to apply certain dyestuffs at 120 ­

125°C. These dyestuffs provide very high washing fastness on these blends.

In HT-dyeing of PES wastewater and off-gas is carrier-free. The amount of environmental prob­

lematic substances is reduced. Carbonic acid esters/benzylbenzoate based carriers are readily

biodegradable (degree of mineralisation: 79 %). Due to their low volatility odour nuisance (esp.

regarding working place atmosphere) is negligible. In dyeing with carriers based on N­
alkylphthalimide odour nuisance is minimised due to the low volatility of the products.

HT-dyeing can be carried out for all PES qualities. Special HT-dyeing equipment is necessary.

Application for PES blends is limited regarding the sensitivity of the fibre blends (esp. PESIWO

blends) to high temperature.

Dyeing with optimised carriers is applicable for all PES blends. The effectiveness of the products in
comparison to common products has to be kept in mind. However, carriers based on N­

alkylphthalimide derivatives are not biodegradable and only partially eliminated in biological

wastewater treatment.

Carbonic acid esters/benzylbenzoate carriers are used in a range between 2,0-5,0 g/I (dyeing at

boiling temperature; average liquor ratio). N-alkylphthalimide carriers are applied in a range of 2 %
(liquor ratio 1:10) to 1 % (liquor ratio 1:20) for dyeing of light shades. For dark shades the amount

of carrier is 6 % resp. 3 %.

HT-dyeing and optimised carriers are applied European- as well as world-wide. The price for eco­
logical optimised carriers is approximately the same as for common carriers.

Keeping environmental limit values and improved conditions concerning working place atmosphere

are the main motivation to use HT-dyeing or optimised carrier systems.

Selection of antifoaming agents with improved environmental performance [2)

Excessive foaming causes uneven dyeing of yarn or fabric. There is a trend towards higher con­

sumption of defoamers because of the growing preference for high speed and high temperature
processing, reduction in water usage, and continuous equipmenUprocesses.
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Antifoaming agents are commonly applied in pretreatment, dyeing (especially when dyeing in jet
machines), and finishing operations, but also in printing pastes. Low foaming characteristics are
particularly important in jet dyeing where agitation is severe.

Products which are insoluble in water and have a low surface tension are suitable for providing
antifoaming effects. They displace foam-producing surfactants from the air/water boundary layer.
Nevertheless, antifoaming agents contribute to the organic load of the final effluent. Their con­
sumption should therefore be reduced in the first place. Possible measures in this respect are:

• using machines which have a teflon-lined interior (in new machines the parts such as the
basket and the jet nozzle, where the fabric comes into contact with the machine, are teflon
coated);

• using bath-less air-jets, where the liquor is not agitated by fabric rotation;

• re-using treated baths.

However, these techniques cannot completely avoid the use of defoamers. Therefore the selection
of auxiliaries with improved ecological performance is important. Antifoaming agents are often
based on mineral oils (hydrocarbons), whereas ecologically improved products are free of mineral
oils (hydrocarbons) and are characterised by high bioelimination rates.

Typical active ingredients for alternative products are silicones, phosphoric acid esters (esp. tribu­
tylphosphates), high molecular alcohols, fluorine derivatives, and mixtures of these components.

Thanks to the use of mineral oil-free defoamers the hydrocarbon load in the effluent, which is often
limited in national/regional regulations, is minimized. Furthermore, these alternative defoaming
agents have lower specific COD and higher bioelimination rates than hydrocarbons.

For example, a product based on triglycerides of fatty acid and fatty alcohol ethoxylates (COD:
1245 mg/I; BODS: 840 mg/I) has a degree of bioeliminability higher than 90 % (determined in the
modified Zahn-Wellens-Test, according to OECD 302 B Test method or EN 29888, respectively)
[273].

Concerning air emissions, thanks to the substitution of mineral oil-based compounds, it is possible
to reduce VOC emissions during high-temperature processes (caused by the carry-over of
antifoaming agents on the fabric after wet operations).

The mineral oil-free defoamers can be used in a way similar to conventional products. Because
silicone products are highly effective, the required amount can be considerably reduced.

It has to be taken further into account that:

• silicones are eliminated only by abiotic processes in waste water. Furthermore, above
certain concentrations, silicone oils may hinder the transfer/diffusion of oxygen into the
activated sludge;
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• tributylphosphates are odour-intensive and strongly irritant;

• high molecular-weight alcohols are odour-intensive and cannot be used in hot liquors.

There are no particular limitations to be mentioned concerning the application of the mineral oil­
free formulations. However, the effectiveness of the various alternative products has to be kept in
mind. If antifoaming agents based on silicones are used there is a risk of silicone spots on the tex­
tile and silicone precipitates in the machinery.

The cost of mineral oil-free products is reported to be comparable to conventional ones [273].

Consult section 6.5.1 and 4.7.2 for further details on antifoaming agents and alkyl phosphate sur­
factants.

More environment-friendly reductive aftertreatment in PES dyeing [273]

Customers demand a high washing fastness. In order to meet the requirement, aftertreatment is
practised to remove non-fixed disperse dyes from the fibres. Aftertreatment in PES-dyeing can be
carried out with surfactants or more effective by means of reducing agents. In conventional after­
treatment, sodium dithionite is used as reducing agent. The pH of aftertreatment bathes has to be
changed two times:

Dyebath: acidic

Reducing step: alkaline

Rinsing step: acidic (pH of the textile: 4-7.5).

Reducing agents based on special short chain sulfinic acid derivatives can be used directly in the
exhausted acidic dyebath. The reducing agents with high biodegradability cause a lower sulfur
(resp. sulfite) load in the effluent. Further sulfinic acid products with a similar ecological perform­
ance (readily biodegradable, lower sulfite load in effluent) are available; they have to be applied in
alkaline conditions.

The reducing agent based on aliphatic short chain sulfinic acid derivatives is readily biodegradable
(Biodegradation> 70 % (OECD 302 B - DOC-reduction after 28 d). The sulfur content of the prod­
uct is appro 14 % (sodium dithionite: appro 34 %). Savings in water consumption up to 40 % are
possible.

Sodium dithionite primarily reacts to sulfite; sulfate is generated slowly. The sulfinic based reducing
agent primarily reacts to 50 % sulfite and 50 % sulfate. Amount of inorganics (sodium sulfate, so­
dium sulfite) is minimised compared to dithionite (see Data valide for loose fibre dyeing (liquor ratio
1:4), effluents from dyebath, aftertreament bath, and two rinsing baths

Table 7-33).
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Recipe Sulfur concentra- Spec. sulfur load Max. sulfite con- Max. spec. sulfite
tion in mixed ef- [mg/kg PES) centration in load [mg/kg PES)
fluent [mg/l) mixed effluent

[mg/l)

Sodium dithionite 260 4100 640 10300

(3 gil)

Sulfinic acid compound 290 4700 360 5800

(6.25 mill)

2 rinsing baths

Sulfinic acid compound 390 4700 490 5800

(6.25 mill);

1 rinsing bath

Data valide for loose fibre dyeing (liquor ratio 1:4), effluents from dyebath, aftertreament bath. and two rinsing baths

Table 7-33: Sulfur and sulfite concentration in mixed effluent and specific sulfur and
sulfite load

Furthermore working place safety compared to auto-inflammable dithionite is improved, odour nui­
sances are minimised.

The technique can be performed on PES, PAC, CA, and their blends. In case of blends with elas­
thane fibres applicability is limited. The alternative auxiliaries can be used in all types of dyeing
machines. The technique is applied in more than five finishing mills in Germany and world-wide as
well.

A typical process is described below:

1.0-1.5 ml/I (medium shades) resp. 1.5-2.5 ml (dark shades) reducing agent is added to the
exhausted dyebath (10-20 min; 70-80 °C)

Hot rinsing

Cold rinsing.

Cost savings and improvement of the environmental performance (esp. reduction of sulfite content
in wastewater) is to be seen as main reason for the substitution of conventional reductive after­
treatment.

Another approach for more environmental-friendly aftertreatment in PES dyeing consists in using
disperse dyes that can be cleared in alkaline medium by hydrolytic solubilisation instead of reduc­
tion. These are azo disperse dyes containing phtalimide groups. With these kind of dyes, the use
of hydrosulphite or other reducing agnets can be avoided, which means a lower oxygen demand in
the final effluent. There is a possibility of dyeing PES/cotton blends using a one-bath two-steps
dyeing method, as alkali c1earability enables these dyes to be applied in the same bath with cotton
reactive dyes. This brings about additional environmental benefits in term of water and energy
consumption.
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Provided that the cost of dyestuffs is not higher compared to conventional disperse dyestuffs, the
process is expected to bring savings in time (higher productivity) and reduce water, energy and
chemiCals costs [2).

Substitution of afterchrome dyestuffs for dyeing of wool (all make-ups) [273)

In 1995, world market for wool dyestuffs was about 24,000 t, whereas the percentage in Asia, es­
pecially China and Japan, is higher and is lower in Europe.

1:1 MCD
Reactive

5%

Figure 7-17: Percentages ofapplied quantities of dyestuff classes for wool dyeing on
global base; MCD =Metal Complex Dyestuffs

Due to their lack of brilliance, afterchrome dyestuffs are used for muted shades: 50-60% of after­
chrome dyestuffs for wool are applied for black shades, a further 25-30% for navy, and the re­
maining 10-25% for other restrained colours, such as brown, bordeaux or green (see also 5.4.6).

Part of the chrome used in dyeing appears in wastewater, however its quantity can be minimised
by process optimisation, especially by exact pH control (ideal is 3.5 - 3.8) and by adding anionic
auxiliaries. However, still considerable amounts of chromium may be present in wastewater, not
only in the exhausted dye bath but also in rinsing water and from after-treatment processes.

Quite recently, there are reactive dyestuffs available to substitute afterchrome dyestuffs, also for
dark shades. There are six different colours available which are compiled in Table 7-34, along with
information on composition and biodegradation.
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Chemical char- Biological deg- spec. spec. Content
acterisation radation and COD- BOD.- Content orga- Content
(all dyestuff prod- elimination resp. value value heavy nohalog of nitro-

Trade ucts are pulver Danger [%), testing [mg [mg metals ens gen
name formulations) symbol method O,lg) O,lg) [mg/g) [mg/g) [mg/g)

Lanasol mixture of azo Xn 40-50,OECD 790 55 65 39
Yellow dyestuffs 303A
CE

Lanasol formulation of an Xi <10. OECD 302B 909 0 <1 ca. 10
Golden azo dyestuff
Yellow
CE

Lanasol mixture of azo Xi <10. OECD 302B 700 0 <1 56
HedCE dyestuffs

Lanasol mixture of azo and Xn 40-50.0ECD 928 329 <1 36
Blue CE anthraquinone 303A

dyestuffs, contains
reactice black 5

Lanasol mixture of azo Xn 20-30,OECD 1032 57 <1 64
Navy CE dyestuffs, contains 302B

reactive black 5

Lanasol mixture of azo Xn 20-30,OECD ca. 800 0 96
Black CE dyestuffs, contains 303A

reactive black 5

applied auxiliaries for
LanasolDyes

Cibaflow anionic de- Xi 80-90,OECD 410 135
CIR aerating agent 302B

containing alkyl-
polyalkylene-
glycolethers and
esters

Albegal B amphoteric hy- Xi 60-70,OECD 1.025 0 33
droxyethylated 302B
fatty acid amine
derivate

Table 7-34: Name and data on six reactive dyestuffs for wool dyeing and concerned
auxiliaries

These dyestuffs are based on bifunctional reactive dyestuffs mainly from the bromo-acrylamide or
vinylsulfone type in order to achieve the required wet-fastness. A typical structure of a bifunctional
reactive dyestuff from the bromo-acrylamide type is shown in Figure 7-18 (see also 5.4.8). The dye
range is based on a trichromy with Yellow CE or Golden Yellow CE, Red CE and Blue CEfor the
coloured shade area and Navy CE and Black CE as basis for high fast navies and blacks.
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N=N

HS03

NH-CO-CBr=CH2

o
co-o-~ NH-CO-CBr = CH2N _

Figure 7-18: Typical example for the chemical structure ofa metal free reactive dye·
stuff for dyeing of wool, appropriate to substitute afterchrome dyestuffs

The reactive dyestuffs meet the very high standards of fastness like afterchrome dyes.

In Table 7-35 the properties of the reactive dyestuffs, in comparison to afterchrome dyestuffs, are
compiled.

Afterchrome Dyestuffs Reactive dyestuffs

Fixation mechanism small acid dye molecule, which is covalent chemical bond

complexed with chromium

Formulation only one chromophore to yield black dye mixture necessary to yield black

Levelling properties good fibre levelness fibre levelness depends on dyeing aux-
iliaries and combination partners

Dyeing process two-step dyeing process: dyeing and one-step dyeing but for dark shades,
chroming after-treatment is required

Reproducibility Shade matching difficult very good

Impact on wool fibres fibre damage wool protection by the dyestuffs them-
selves

Health and safety as- handling of hexavalent chromium metal free
peets (carcinogenic compound)

Effluent characteristic chromium in the effluent more coloured but metal free

Table 7-35: Properties of reactive dyestuffs for wool dyeing in comparison to after·
chrome dyestuffs

The reactive dyestuffs can be applied for all make-ups in all concerned existing dyeing machines.
When controlling pH and temperature properly, adding a suitable levelling agent and carrying out
adequate after-treatment exhaustion rates of more than 90% and exceptional fastness level of af­
terchrome dyestuffs are achieved. In special cases, such as chlorination of the wool after dyeing,
high level fastness can not be achieved.
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The main environmental benefit of the process is that effluent and wool is free of chromium. Han­
dling of hexavalent chromium, which requires special safety precautions (due to its chronic toxicity
and carcinogenic properties) can, thus, be avoided. However, dyeing with reactive dyestuffs re­
quire levelling agents which are heavily or non-biodegradable but are eliminated in wastewater
treatment plants by adsorption. These compounds have affinity to wool fibres and remain there to
an extend of about 50%.

Reactive dyestuffs for wool dyeing are applied for a few years all over Europe and other countries.
Reactive dyestuffs can be applied to the same cost compared to afterchrome dyestuffs.

Figure 7-19 shows a typical dyeing curve for wool exhaust dyeing.

A 0.5 gIl Deaeration agent on basis fatty alcohol ethoxylates

0-5% Glauber's salt

1-2% Levelling agent (alkylaminethoxylates and alkylaminethersulfates)

x % acetic acid (80%) and lor formic acid - pH 4.5 - 6

B Y% reactive dyestuffs

C z % ammonia or soda ash or sodium bicarbonate; after-treatment in a fresh bath at 85°C/20

minlpH 8.5

D Rinse warm and cold; acidify with 1% formic acid (80%) in the last rinsing bath
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Figure 7-19: Dyeing curve for the application of reactive dyestuffs for wool exhaust
dyeing

The avoidance of handling of hexavalent chromium and wastewater problems as well pushed the
introduction of reactive dyestuffs substantially.
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The same is for the attractive cost of these dyestuffs.

7.1.4 Printing

A. Process-specific emission and consumption levels

Emission sources typical for printing processes are [2]:

printing paste residues;

waste water from wash-off and cleaning operations;

volatile organic compounds from drying and fixing.

Rotary screen printing is considered more extensively. For environmental issues related to dye­
stuffs and formulations, please refer to sections 5.4,5.5 and 7.1.3.

Printing paste residues [2]

Printing paste residues are produced for different reasons during the printing process and the
amount used can be particularly relevant.

Two main causes are, for example, incorrect measurements and the common practice of preparing
excess paste to prevent a shortfall. Moreover, at each colour change, printing equipment and
containers (dippers, mixers, homogenizers, drums, screens, stirrers, squeegees, etc.) must be
cleaned. Print pastes adhere to every implement due to their high viscosity and it is common prac­
tice to use dry capture systems to remove them before rinsing with water. In this way, these resi­
dues can at least be disposed of in segregated form, thus minimising water contamination.

Another significant, but often forgotten source of printing paste residues, is the preparation of sam­
ple patterns. Sometimes they are produced on series production machines, which means highly
specific amounts of residues produced [2, 17].

There are techniques available which can help to reduce paste residues and techniques for recov­
ery/re-use of the surplus paste [284] (see further headings Band C of this section). Their success
is, however, limited due to a number of inherent technological deficiencies of analogue printing
technology. Most of these deficiencies are related to the analogue transfer of the pattern, the un­
avoidable contact between the surface of the substrate and the applicator (screen), and the need
for thickeners (paste rheology) in the formulation, which limits the ultimate potential for paste re­
use.

Digital printing may offer a solution to these problems (see section 5.3.2).
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Waste water from wash-Qff and cleaning QperatjQns [2]

Waste water in printing prQcesses is generated primarily from the final washing Qf the fabric after

fixatiQn, cleaning Qf applicatiQn systems in the printing machines, cleaning Qf cQIQur kitchen

equipment, and cleaning Qf belts.

Waste water from cleaning-up QperatiQns accQunts fQr a large share Qf the tQtal pQllutiQn IQad,

even mQre than water from wash-Qff QperatiQns [2].

EmissiQn IQads intQ water are mainly attributable tQ dyestuff printing prQcesses, because in the
case Qf pigment printing, althQugh cQnsiderable amQunts Qf waste water arise frQm cleaning QP­

eratiQns, pigments are cQmpletely fixed QntQ the fibre withQut the need fQr washing-Qff. PQllutants

which are likely tQ be encQuntered in waste water are listed in the table belQw [2]:

Pollutant Source Remarks

Organic dyestuff Un-fixed dye The related environmental problems depend on the
type of dyestuff concerned (these have alread
been discussed in Section 9)

Urea Hydrotropic agent High levels of nitrogen contribute to eutrophication

Ammonia In pigment printing pastes High levels of nitrogen contribute to eutrophication

Sulphates and sulphites Reducing agents by-products Sulphites are toxic to aquatic life and sulphates
may cause corrosion problems when concentration
is >500 mgtl

Polysaccharides Thickeners High COD, but easily biodegradable

CMC derivatives Thickeners Hardly biodegradable and hardly bioeliminable

Polyacrylates Thickners Hardly biodegradable, but >70% bioeliminable

Binder in pigment printing (OECD 302B test method)

Glycerin and polyols Anti-freeze additives in dye formu
lation

Solubilising agents in printin~

pastes

m-nitrobenzene sulpho In discharge printing of vat dyes a! Hardly biodegradable and water-soluble
nate and its correspond oxidising agent
ing amino derivative In direct printing with reactive dye!

inhibits chemical reduction of the
dyes

Polyvinyl alcohol Blanket adhesive Hardly biodegradable, but >90% bioeliminable
(OECD 302B test method)
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Pollutant Source Remarks

Multiple - Substituted Reductive cleavage of azo dyestuft Hardly biodegradable and hardly bioeliminable
aromatic amines in discharge printing

Mineral oils laliphatic hy Printing paste thickeners (half Haliphatic alcohols and hydrocarbons are readil
drocarbons emulsion pigment printing pastes biodegradable Aromatic hydrocarbons are hardl

are still occasionally used) biodegradable and hardly bioeliminable

Figure 7·20: Typical pollutants in waste water from printing processes

Volatile organic compounds from drying and fixing (2)

Drying and fixing are another important emission source in printing processes. The following pol­

lutants may be encountered in the exhaust air (2):

aliphatic hydrocarbons (ClO-C20) from binders;

monomers such as acrylates, vinylacetates, styrene, acrylonitrile, acrylamide, butadiene;

methanol from fixation agents;

other alcohols, esters, polyglycols from emulsifiers;

formaldehyde from fixation agents;

ammonia (from urea decomposition and from ammonia present, for example, in pigment

printing pastes);

N-methylpyrrolidone from emulsifiers;

phosphoric acid esters;

phenylcyclohexene from thickeners and binders.

Rotary screen printing (273)

Concerning rotary screen printing, it is well-known that losses of printing pastes are considerable
and therefore of high environmental relevance. In addition, in printing, fixation rates of dyestuffs is

significantly lower compared to exhaust dyeing; compared to senii-continuous and continuous

dyeing, the difference is even bigger. Also for printing, the fixation rates for copper or nickel

phthalocyanine complex dyestuffs is lowest and may be less than 50%.

Depending on diameter and length, the volume of conventional squeegees is 2.5 - 4 kg. The pipes

and the pump also contains about 2.5 kg printing pastes. Also the screens contain residual printing
pastes (1-2 kg). Thus, for conventional printing paste supplying systems, volumes (= losses) of 6.5

- 8 kg result. Depending of the quantity and pattern of textile substrate to be printed, the losses of
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printing paste can be higher than the one printed on the textile substrate. E.g. for a quantity of 250
m with 200 g/m and a coverage of printing paste of 80% (ratio of total textile area to the printed
area), 40 kg printing paste is required. In case of 7 colours and 6.5 kg per supplying system, the
loss is 45.5 kg and therefore higher than the quantity printed on the textile substrate. This calcula­
tion has not taken into account the residues in the printing paste buckets.

Printing pastes are concentrated mixtures of different chemicals. Concerning organic compounds,
pigment printing pastes are the most concentrated ones whereas reactive printing pastes have the
lowest content of organic compounds. In

Figure 7-21: Typical composition of printing pastes with reactive dyestuffs

to Figure 7-24, typical recipes for reactive, vat, disperse and pigment printing pastes are submit­
ted.

Composition of reactive printing pastes COD: ca. 55.000g/kg

Reactive dyestuff liquid
5%

Figure 7-21: Typical composition ofprinting pastes with reactive dyestuffs
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Composition of vat printing paste COD: ca. 160.000 g/kg

Vat dyestuflliQuid
4%

Thickener
5%

KaHurrcarbonat
11%

Typical composition ofprinting pastes with vat dyestuffs

Composition of pigment printing paste COD: ca. 300.000 g/kg

o-oss·linking agent

Acrylate thicken~I~ler:\l°

I
VO

3%
Agment dough

4% --:=- _
Binder
12%

Figure 7-23: Typical composition ofpigment printing pastes
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Composition of disperse printing paste

asper~,:agent1

asperse dyestuff
3%

Mono sodium phosphate
3%

=:::-:--:--,,.,.....-

Water
66%

Figure 7-24: Typical composition ofprinting pastes with disperse dyestuffs

After having finished a certain dessin, the printing utilities, such as squegee, pipes, pumps and
screens are cleaned in special equipment. Typical values for water consumption are as follows:

350 I per pump and pipes for one printing paste supplying system

35 I per squegee (modern washing equipment)

90 I per screen (modern washing equipment)

In addition, water is consumed for printing blanket washing, which is about 1200 Ith. Normally, the
washing facility is coupled with printing blanket movement which is only about 25% of time. Fur­
ther, the blanket of the dryer, subsequent to the printing process is also washed. A typical con­
sumption is about 400 IIh; also here the washing facility is coupled with printing blanket movement.

B. Process-specific treatment techniques

Recycling of residual printing pastes [273]

Printing pastes are high concentrated and consist of dyestuff, thickener and various other chemi­
cals specific for the different kind of printing pastes (mainly pigment, reactive, vat and dispersed
printing pastes).
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Typically the loss of printing pastes (mainly to wastewater) is 40-60% in case of non-optimised
systems. Thus, considerable environmental problems have to be tackled. For a long time, printing
pastes have been prepared manually in a concerned colour kitchen. Thereby, since the very be­
ginning, residual printing pastes have been reused but was strongly depending on responsible staff
and actual production. Today, printing pastes are usually prepared with computerised systems.
Every printing paste has its certain recipe which are saved electronically. Printing pastes are pre­
pared in surplus in order to avoid stop of printing runs. So, considerable amounts of residual print­
ing pastes have to be tackled and a lot are still discharged to effluent which causes severe waste­
water problems and are also less acceptable from the economical point of view. When recovery
printing paste from the supplying system for rotary screens ( see technique "Recovery of printing
paste from supplying system of rotary screen printing machines", in heading C of this section) the
need for recycling increases.

There are different systems available to recycle residual printing pastes. One option is to weight
every paste and direct it to a certain place in a storage facility. The composition is saved electroni­
cally and available computer programmes calculate the formulation of new printing pastes consid­
ering the reuse of residual printing pastes which are fetched manually from its storage place and is
brought to an automatic printing preparing system (see Figure 7-25 as an example).

Note: residual printing pastes can be reused for the formulation of new printing pastes

Figure 7-25: Example for an automatic printing paste preparing system

Another possibility is to empty all drums with residual printing paste and sort it according to their
chemical characteristic, which is mainly kind of dyestuff (e.g. pigments or reactive dyestuffs) and
kind of thickener. The drum is cleaned with a scraper to minimise the printing paste loss, then is
washed and reused for the preparation of new printing pastes. An example for such an approach
can be seen from Figure 7-26 [284]. Here, the storage of residual printing pastes is minimised.
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Note: the drums are emptied to certain storage tanks according to their characteristic

Figure 7-26: Example for printing paste recycling

The quantity of residual printing pastes to be disposed off is significantly reduced both in waste­
water and solid waste. The amount of residual printing paste are reduced to 50% at least, in many
cases to about 75%.

Systems for recycling of printing pastes are applicable both in existing and new installations. How­
ever, for totally computerised systems, the printing section must have a minimum size which is 3
rotary screen and/or flat screen printing machines. World-wide, especially in Europe, there are
various plants from different suppliers in operation.

From applying textile finishing industries, it is reported that such systems need some time for im­
plementation in daily routine but after managing starting problems, available systems work satisfy­
ingly. In case of textile finishing industries having only one or two kinds of printing pastes (e.g.
pigment printing pastes), the systems are most efficient. In case of industries having various kinds
of printing pastes, the number of different single and mixtures of printing pastes may be difficult to
manage with respect to logistic aspects. Then, achieved recycling rates may be in the range 50­
75% only.

However, investment cost are about 0.5 -1 million EURO depending on size and number of differ­
ent printing pastes to be recycled. Pay back periods reported, vary between two and five years
depending on individual circumstances [273].

Economical considerations and needs respectively and problems of residual printing paste dis­
posal have been the main driving forces.
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c. Techniques minimising consumption

Selected techniques minimising consumption are taken from BAT-documents [2; 273):

Volume minimisation of printing paste supplying systems of rotary screen printing machines

Recovery of printing paste from supplying system of rotary screen printing machines

Volume minimisation of printing paste supplying systems of rotary screen printing machines (273)

The printing p<;!ste supplying system is indicated in Figure 7-27. The volume depends on the di­
ameter of pipes and squeegee as well as on pump construction and length of pipes. ,The figure is
showing the printing paste drum, the pipes, the pump and (the front part of the) squeegee.

Figure 7-27: The printing paste supplying system of rotary screen printing machines

When changing the colour or pattern, the printing paste supplying systems have to be cleaned and
considerable amounts of printing pastes find its way to wastewater. Thereby, printing machines
can have up to 20 printing paste supplying systems. For fashion designs, a typical number of dif­
ferent colours per dessin are 7' to 10. Typical system volumes of conventional and modern printing
paste supplying systems are compiled in Table 7-36. In addition to this volume, residual printing
paste in the rotary screens have to be taken into account which may be 1-2 kg. Thus, in conven­
tional systems the loss per supplying system is up to 8 kg. This quantity has to be related to con­
sumed amount of paste printed on the textile fabric. Then it is obvious that the volume of the sup­
plying system may be higher than the amount printed on the fabric (in case of printing pattern
having about 120 m). In Europe, in the past years, average printing batch has significantly de­
creased and is 400-800 m only.
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Minimising the system volume is a major measure to reduce printing paste losses to wastewater.
Diameters of pipes and squeegees have been reduced to 20-25mm leading to substantial reduc­
tions.

Printing width Volume of conventional printing paste Volume of optimised printing paste
supplying systems in [I] including pipes, supplying systems in [I] including
pump and squeegee pipes, pump and squeegee

164 5.1 2.1

184 5.2 2.2

220 5.5 2.3

250 5.8 2.4

300 6.2 2.6

320 6.5 2.7

Table 7-36: Volume of conventional and optimised printing paste supplying systems
of rotary screen printing

In addition, especially for small run lengths, additional measures may be taken, such as

non-usage of the supplying system but manual injection of small quantities of printing paste
(1-3 kg) directly into the squeegee or manual insertion of small troughs (with a cross­
section of 3x3 cm or 5x5 cm)

minimisation of pipes by supplying the printing pastes by funnels directly positioned above
the pumps - in case of small run length

minimisation of residual printing pastes in the screens by application of squeegees with
homogenous paste distribution over width

manual stop of printing paste supply shortly before finishing a run in order to minimise the
residual printing pastes in the rotary screens

nowadays the pumps can be operated in both directions; thus after finishing a run, some of
the printing paste can be pumped back to the drum but there are limits because of sucking
air via the holes in the squeegee

Depending on the age of existing printing paste supplying systems, the system volumes and thus
the losses can be reduced significantly. Taking into account pumps which can be operated in both
directions, the reduction is about one third.

The described measures are applicable both to existing and new installations. Many plants in
Europe and world-wide have been retrofitted with minimised printing paste supplying systems be­
ing in operation successfully.

However, the manual injection or insertion of printing pastes and the manual stop of printing paste
supply shortly before the end of the run needs well educated and motivated staff.
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Meanwhile some industries are practising the manual injection or insertion, others report that even
for small lots (up to 120 m), the technique is difficult to apply. Reproducibility may be affected be­
cause the quantity of printing pastes to be inserted vary with different designs which is difficult to
manage for the stuff and a constant level of printing pastes within the screen can not be main­
tained which may affect constant printing quality.

The installation of 12 sets of volume minimised pipes and squeegees requires investment cost of
about 25,000 EURO.

The need of minimising production cost by minimising the loss of printing pastes and problems
wirh wastewater disposal have been the main driving forces for implementation of the technique.

Recovery of printing paste from supplying system of rotary screen printing machines [273)

This technique may be combined with the described technique "Volume minimisation of printing
paste supplying systems of rotary screen printing machines" (see preceeding heading). The print­
ing paste remaining in the paste supplying system is recovered. Before filling the system, a ball is
inserted in the squeegee and then transported by the incoming paste to its end. After finishing a
print run, the ball is pressed back by controlled air pressure. At the same time, the pumping direc­
tion has been changed and the printing paste in the supplying system is pumped back to the drum.
The, the drum contains a defined printing paste which can easily be reused. Therefore, there are
different systems available which are described in the technique "Recycling of residual printing
pastes".

This process of printing paste recovery from the supplying system is illustrated in Figure 7-28; the
ball is indicated in the moment, the pump is transporting the paste back to the drum.

Figure 7-28: Recovery ofprinting paste from the paste supplying system by pumping
back by hand of an inserted ball
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The loss of printing paste are reduced drastically. For instance, at a printing width of 1620 mm, the
loss is reduced from 4.3 kg (in case of a non-optimised printing paste supplying system) to 0.6 kg.
Rotary screen printing machines have up to 20 supplying systems. However, in practice, for fash­
ion designs 7-10 different printing pastes are common. So, the saving of 3.7 kg per supplying sys­
tem has to be multiplied. Thus water pollution can be minimised considerably.

The technique is applicable for new installations (new rotary screen printing machines). Certain
existing machines can be retrofitted. In the market, there is only one supplier for this technique.
World-wide, especially in Europe, there are many rotary screen printing machines in operation,
equipped with the described technique.

The textile finishing industries apply the technique successfully, especially in combination with re­
cycling of the recovered printing paste. Investment for retrofitting of a rotary screen printing ma­
chine with 12 new squeegees and pipes for a printing width of 1850 mm and the recovery system
is about 42,000 EURO. From Note: the number of changes may be higher in practice, also average
number of printing pastes per dessin

Table 7-37, the amortisation period can be seen.

Number of changes of printing pastes per day 8

Number of working days per year 250 d

Average number of printing pastes per dessin 7

Saving of printing paste per supplying system 3.7 kg

Price of printing paste 0.6 EURO/kg

Savings per year 31080 EURO/a

Note: the number of changes may be higher in practice, also average number of printing pastes per
dessin

Table 7-37: Calculation of savings by installation of the printing paste recovery sys­
tem

Table 7-37 is in case of using the existing pumps. Then, normally a certain range of viscosity has
to be maintained. In case of unlimited range of viscosity, the pumps have also to be replaced by
new ones. Then, investment cost are about 90,000 EURO. So, amortisation time is not about one
year like for the example but about two years. However, with respect to the above mentioned ex­
ample, there are indications from textile finishing industries that cost are 25% (112,000 EURO in­
stead of 90,000 EURO) higher. In addition, in practice it has to be taken into account, that not the
whole quantity of recovered printing pastes can be reused. This is especially the case in industries
having various kinds of printing pastes due to logistic problems (limited storage and handling ca­
pacities). Rates of reuse of only 50-75 % are reported which significantly extends the amortisation

time.
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Severe wastewater problems and the need to decrease losses of printing paste because of eco­
nomical and environmental reasons have been the main driving forces of the technique.

D. Substitution of chemicals

For substitution of dyestuffs, please consult corresponding heading in section 7.1.3. Following
case studies for substitution of problematic printing auxiliaries are:

Substitution of urea in reactive printing pastes

Reactive 2-phase printing

Pigment Printing with low emissions to air

Substitution of urea in reactive printing pastes [273]

Urea is used in reactive printing paste up to 150 g/kg paste. Urea is also used in printing pastes
containing vat dyes but at significant lower concentrations (about 25 g/kg paste). The main func­
tions of urea are:

to increase the solubility of dyestuffs with low water solubility. This hydrotropic effect does
not influence fixation rates significantly

to increase the condensate formation necessary for the migration of dyestuffs from paste to
textile fibres

to form condensates with increased boiling point (115°C); thus the requirements on steam
quality can be reduced.

Urea can be substituted by controlled addition of moisture (10 weight-% in case of cotton fabric, 20
weight-% in case of viscose fabric and 15 weight-% in case of cotton blends). This substitution is
practised for reactive printing on cotton, viscose and concerned blends.

Application of moisture is either performed by spraying defined quantity of water mist or by add-on
as foam. The latter has been qualified best, especially in case of reactive printing on stable viscose
fibre fabrics. Figure 7-29 and Figure 7-30 show a plant for controlled application of moisture by
spraying water mist and a plant by adding moisture in form of foam.
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Figure 7-29: Spraying system for the controlled add-on of water on textile fabric

a = discs, b = spray; c = textile fabric; d = discs frame; e = control of spray intensity

Note: the foam is added by a screen like in rotary printing

Figure 7-30: Water foam preparation system

In textile finishing industries the printing section is the main source of urea and its decomposition
products (NH1NH/). During wastewater treatment excess of ammonia needs high consumption of
air and energy respectively for nitrification. Discharge of ammonia and nitrate contribute to eutro­
phication. Substitution/minimisation of urea at source significantly reduces these adverse effects.

In case of reactive printing the urea content in the printing paste can be reduced from 150 g/kg
paste to zero by application of moisture. In case of phthalocyanine complex reactive dyes reduc­
tion to 40 g/kg paste is possible only because of bad migration properties of these big dyestuff
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molecules. In mixed wastewater of a textile finishing industry with a printing department the am­
monia concentration went down from about 90-120 mg NH.-N/I to about 20 mg NH.-N/1.

The substitution of urea is applicable both to new and existing plants performing reactive printing
on cotton, viscose and concerned blends. However, the application of moisture needs energy but
this consumption is significantly lower than energy consumption for the production of urea.

Cases have been reported where spraying systems did not meet the quality standards of prints on
viscose stable fibres. The foam system is applied in practice since several years with very satis­
factory results.

Regarding investment cost the spraying system is significantly cheaper compared with the foam
system. Investment cost for the spraying system including on-line moisture measurement is about
30,000 Euros, for the foam system about 200,000 Euros.

Stringent limits applied by local authorities for NH.-N in wastewater, due to eutrophication in sur­
face water have promoted the introduction of this technique. Because of high energy consumption
for biological nitrification, many municipalities have changed their fee system and now also charge
industrial indirect dischargers on nitrogen emissions also. Such fee systems also strongly pro­
moted the application of the described technique.

Reactive 2-phase printing [273]

In conventional 1-phase printing with reactive dyes urea is used to increase solubility of the dye­
stuffs and to enhance formation of condensate which is important for migration of the dyestuffs
from the printing paste on the textile. Depending on the substrates, quality of pretreatment, fixation
conditions and dyestuffs urea is added in an amount of 20 to 200 g/kg printing paste. In 1-phase
printing minimisation or even substitution of urea is possible by controlled addition of moisture (see
preceeding heading Substitution of urea in printing pastes).

Application of urea in printing is accompanied with the following ecological disadvantages:

High ammonia content in wastewater with the potential of eutrophication.

Sublimation of urea and degradation to ammonia in the printing mansardes with conse­
quences for working place atmosphere and off-gas emission

2-phase printing can be carried out without urea. The process steps are as follows:

Padding of the printing paste which contains thickening stock solution, pigments and water

Intermediate drying

Padding with alkaline solution of fixating agents (esp. water-glass)

Fixation by means of overheated steam

Washing steps (removal of thickeners, improvement of fastness properties)
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Significant reduction of ammonia content in waste water and reduced off-gas problems are the
main ecological improvements. In addition life time of printing pastes and therefore the recycling
rate of residual printing pastes is increased

The process of 2-phase reactive printing can be carried out on cotton and viscose substrates. Ap­
plication of the fixation liquor needs the combination of an impregnation device with a steamer.
Overheated steam is necessary. Reactive dyes based on monochlorotriazine and vinylsulfone
types can be used. The technique is applied world-wide.

A typical recipe for the printing paste is given below:

Thickening stock solution:

Alginate based thickenng agent:

Oxidising agent

Complexing agent

Preserving agent

Water

Total

Printing paste:

Thickener stock solution:

Reactive dyestuff

Water:

Total

700 g

50g

3g

0.5-1 g

xg

1000 g

800 g

xg

yg

1000 g

Fixation is carried out by means of overheated steam (90 s at 125°C).

Ecological aspects as well as quality and economic aspects are the reasons for implementation of
2-phase printing. Further details on chemicals used for the process were given in section 5.3.5.

Pigment Printing with low emissions to air [273]

Due to processing conditions during drying and fixation volatile organic components charge the off­
gas in pigment printing. Especially if fixation of the printed goods and finishing is carried out in a
one-step process kind and quality of the off-gas pollutants are of essential interest.

In Europe white spirit printing seemed to be eliminated, but nevertheless the main sources for off­
gas charges in pigment printing are based on aliphatic hydrocarbons. These substances arise from
the mineral oil content in thickeners. Their emission potential can be in a range up to 10 g Org.­
C/kg textile. Nowadays optimised products are available. These new products are based on poly­
acrylic acid with a reduced hydrocarbon content. Also hydrocarbons can be substituted by polyeth-
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ylene glycol. Another kind of new developments is based on synthetic granules/powders, free of
hydrocarbons.

Another source of emissions in pigment printing (formaldehyde and alcohols (mainly methanol)) is

the fixation agent (crosslinking agents based on methylol compounds (melamin compounds or

urea-fomaldehyde pre-condensates». New formaldehyde-low products are available.

In addition to the above mentioned items with optimised printing pastes ammonia emission in the

off-gas caused by ammonia solutions used as additives in the binder systems can be reduced to a

considerable amount. Furthermore optimised printing pastes are APEO-free. Conventional prod­
ucts should be substituted due to the high aquatic toxicity and reproductive toxicity of nonylphe­

nols.

Table 7-38 shows concrete examples of the emission rates for the thermal processing steps during

pigment printing:

Process Pigment print recipe I Pigment print recipe II Pigment print recipe III

[g Org.·CI kg textile] [g Org.-CI kg textile] [g Org.·CI kg textile]

Drying 2.33 0.46 0.30

Fixation 0.04 0.73 0.06

Sum 2.37 1.19 0.36

Table 7-38: Emissions during pigment printing

In recipe I an already optimised thickener with hydrocarbons was used, in the optimised recipe II

the mineral oil is exchanged for polyethylene glycol, and in the optimised recipe III the thickener is

based on a powder. Formaldehyde emissions below 0.4 g CH20/kg (assumed air textile ratio: 20

m3/kg textile) can be achieved. Carry-over of volatile substances from printing to finishing proc­

esses can be reduced to a level < 0.4 g Org.-C/kg (assumed air/textile ratio: 20 m3/kg). For opti­

mised printing paste recipes ammonia emission can be reduced below 0.6 g NH3/kg textile (as­
sumed air textile ratio: 20 m3/kg).

The technique is applicable in new and existing installations. Thickeners based on powders can

lead to raising dust or closing the stencils. The technique is applied in Europe as well as world­
wide.

Economical benefits are given by saving end-of-the-pipe technologies. To keep the limit values

concerning off-gas (Organic-C, formaldehyde, ammonia) is the main motivation for the use of
VOC-reduced printing pastes.
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7.1.5 Finishing

A. Process-specific emission and consumption levels

Among textile finishing processes, the ones involving chemicals are those which are more signifi­

cant from the point of view of the emissions generated. As in dyeing, the emissions are quite dif­

ferent between continuous and discontinuous processes. Therefore this distinction will be used in

the discussion of the main environmental issues associated with finishing [2]. Anti-felt treatments

represent a peculiar type of finishing both in terms of applied techniques and emissions. The envi­
ronmental issues related to this process are therefore discussed in sections 6.4.4 and 6.4.5 to­

gether with the description of the process.

Environmental issues associated with continuous finishing processes [2]

With some exceptions (e.g. application of phosphor-organic flame-retardant), continuous finishing

processes do not require washing operations after curing. This means that the possible water pol­

lution emissions are restricted to system losses and to the water used to clean all the equipment.

In a conventional foulard, potential system losses at the end of each batch are:

• the residual liquor in the chassis;

• the residual liquor in the pipes;

• the leftovers in the batch storage container from which the finishing formulation is fed to
the chassis.

Normally these losses are in the range of 1 - 5 %, based on the total amount of liquor consumed; it

is also in the finisher's interest not to pour away expensive auxiliaries. However, in some cases,

within small commission finishers, losses up to 35 or even 50 % may be observed. This depends

on the application system (e.g. size of foulard chassis) and the size of the lots to be finished. In this
respect, with application techniques such as spraying, foam, and slop-padding (to a lesser extent

due to high residues in the system) system-losses are much lower in terms of volume (although

more concentrated in terms of active substance).

Residues of concentrated liquors are re-used if the finishing auxiliaries applied show sufficient sta­

bility, or otherwise disposed of separately as waste destined for incineration. However, too often

these liquors are drained and mixed with other effluents.

Although the volumes involved are quite small when compared with the overall waste water vol­

ume produced by a textile mill, the concentration levels are very high, with active substance con­

tents in the range of 5 - 25 % and COD of 10 to 200 g02/litre. In the case of commission finishing
mills working mainly on short batches, the system losses can make up a considerable amount of

the overall organic load. In addition, many substances are difficult to biodegrade or are not bio­

degradable at all, and in some cases they are also toxic (e.g. biocides have a very low COD, but

are highly toxic).

The pollutants which can be found in the waste water may vary widely depending on the type of

finish applied. The typical pollutants associated with the use of the most common finishing agents
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are discussed in sections 6.3 and 6.4. In particular, the following substances are worth mentioning
because they are water-soluble and hardly biodegradable:

• ethylene urea and melamine derivatives in their non cross-linked form (cross-linking
agents in easy-care finishes);

• organo-phosphorous and polybrominated organic compounds (flame retardant agents);

• polysiloxanes and derivatives (softening agents);

• alkyphosphates and alkyletherphosphates (antistatic agents);

• fluorochemical repellents.

In drying and curing operations, air emissions are produced due to the volatility of the active sub­
stances themselves as well as that of their constituents (e.g. monomers, oligomers, impurities, and
decomposition by-products). Furthermore, air emissions (sometimes accompanied by odours) are
associated with the residues of preparations and fabric carry-over from upstream processes (for
example, polychlorinated dioxinstfurans may arise from thermal treatments of textiles which have
been previously treated with chlorinated carriers or perchloroethylene). The emission loads depend
on the drying or curing temperatures, the quantity of volatile substances in the finishing liquor, the
substrate, and the potential reagents in the formulation. The range of pollutants is wide and de­
pends on the active substances present in the formulation, and again on the curing and drying pa­
rameters. In most cases, however, the emissions produced by the single components of the fin­
ishing recipes are additive. As a result, the total amount of organic emissions in the exhaust air
(total organic carbon and specific problematic compounds such as carcinogenic and toxic sub­
stances) can easily be calculated by means of emission factors given for the finishing recipes by
manufacturers. However, Germany is the only EU Member State for which there is a fully devel­
oped system in which the manufacturers provide the finisher with such information on the products
supplied [344].

Another important factor to consider with regards to air emissions is that the directly heated (meth­
ane, propane, butane) stenters themselves may produce relevant emissions (noncombusted or­
ganic compounds, CO, NOx, formaldehyde). Emissions, for example, of formaldehyde up to 300
gth (2 - 60 mgtm3

) have been observed in some cases which were attributable to inefficient com­
bustion of the gas in the stenter frame [179]. It is therefore obvious that the environmental benefit
obtained with the use of formaldehyde-free finishing recipes is totally lost if the burners in the
stenter frames are poorly adjusted and produce high formaldehyde emissions.

The active substances in the most common finishing agents and their possible associated air
emissions are discussed in sections 6.3 and 6.4. Moreover, a more comprehensive list of pollut­
ants that can be found in the exhaust air from heat treatments in general, is reported in section
7.1.1, with references to [2] and [290].

Environmental issues associated with discontinuous processes [2]

The application of functional finishes in long liquor by means of batch processes is used mainly in
yarn finishing, and in the wool carpet yarn industry in particular. Since the functional finishes are
generally applied either in the dyebaths or in the rinsing baths after dyeing, this operation does not
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entail additional water consumption with respect to dyeing. For the resulting water emissions, as

with batch dyeing, the degree of exhaustion of the active substances is the key factor which influ­

ences the emission loads. The maximisation of the exhaustion level is particularly important when

biocides are applied in mothproofing finishing: note here that the finishing agents are dosed based
on the weight of the fibre and not on the amount of bath (in g/Iitre).

The pollutants which may be encountered in waste water vary depending on the finishing agents

applied; sections 6.3 and 6.4 provide more details. The main issues worth mentioning are the ap­

plication of mothproofing agents (emissions of biocides) and the low level of exhaustion of soften­
ers (emissions of poorly biodegradable SUbstances).

Environmental issues associated with coating and laminating [2]

The main environmental concerns in coating/laminating operations relate to air emissions arising

from solvents, additives, and by-products contained in the formulations of the coating compounds.

A distinction must therefore be made between the various products available (the following infor­

mation is taken from [2]).

Coating powders

The emission potential of coating powders is in most cases negligible (with exception of polyamide

6 and its copolymers (epsilon-caprolactam is released at standard process temperatures). In some

cases softeners (often phthalates) can be found in the emissions.

Coating pastes

The emissions from the coating pastes result mainly from the additives (except in the case of PA 6,

which is mentioned above). These are mainly:

• fatty alcohols, fatty acids, fatty amines from surfactants;

• glycols from emulsifiers;

• alkylphenoles from dispersants;

• glycol, aliphatic hydrocarbons, N-methylpyrrolidone from hydrotropic agents;

• aliphatic hydrocarbons, fatty acids/salts, ammonia from foaming agents;

• phthalates, sulphonamides/esters ex softeners/plasticizers;

• acrylic acid, acrylates, ammonia, aliphatic hydrocarbons from thickeners.

Polymer dispersions (aqueous formulations)

The emission potential of polymer dispersions is quite low compared to coating pastes. Compo­
nents that are responsible for air emissions are the dispersing agents, residual compounds from

the polymerisation (especially t-butanol used as catalyst in radically initialised polymerisation reac-
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tions) and monomers arising from uncompleted reaction during polymerisation. The latter are par­
ticularly relevant to matters of workplace atmosphere and odour nuisances. They include:

• acrylates as acrylic acid, butylacrylate, ethylacrylate, methylacrylate, ethylhexylacrylate
and vinylacetate;

• cancinogenic monomers like acrylonitrile, vinylchloride, acrylamide, 1,3-butadien and vi­
nylcyclohexene.

Vinylcyclohexene is not often identified in the exhaust air. However it is always formed (2 + 2 cy­
c1oaddition-product) if 1,3-butadiene is used. Acrylamide in the exhaust air is often related to for­
maldehyde emissions (reaction products of methylolacrylamide).

Melamine resins

Melamine resins are widely applied. Melamine resins are produced by reaction of melamine and
formaldehyde and subsequent etherification mostly with methanol in aqueous medium. The prod­
ucts can contain considerable amounts of free formaldehyde and methanol. During their applica­
tion the cross-linking reaction of the resin with itself or with the fabric (e.g. cotton) is initiated by an
acid catalyst and/or temperature, releasing stoichiometric amounts of methanol and formaldehyde
(see further 6.4.4).

Polymer dispersions (organic solvent-based formulations)

Solvent coating is not very common in the textile finishing industry. When this technique is applied,
exhaust air cleaning equipment based on thermal incineration or absorption on active carbon is
normally installed [2).

Typical recipes in textile finishing [273)

Recipes for padding liquors in textile finishing are compiled in Table 7-39. Recipes are collected
from 22 textile finishing plants. Different substrates (CO, WO, CV, PA, PES, PAC and blends) and
the main finishing agents (softening agents, repellents, non-slip agents, easycare agents, antifelt­
ing agents, antistatic agents, optical brighteners, stiffening agents, and flame retardants) are re­
garded. It is clearly to be seen that in most cases the padding liquor has to fulfill a multifunctional
task (e.g. softening agents and crosslinking agents are combined). The amount of active ingredient
in padding liquors is in most cases in a range between 5-50 g/I per auxiliary. In some cases a
higher concentration of auxiliaries is applied.
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Effect Substrate Process temperature Recipe

I·C]

Softening PES/CV/CO 150 Softening agent: 130 gil

Foaming agent: 15 gil

Softening PES 170 Softening agent: 40 gil

Softening CO 150 Softening agent: 10 gil

Softening PESIWO 130 Softening agent: 5 gil

Softening PAC 160 Softening agent 1: 10 gil

Softening agent 2: 10 gil

Softening, optical PES 185 Softening agent: 5 gil
brightening, anti- Optical brightener: 19 gil
electrostatic

Antielectrostatic agent: 6 gil

Wetting agent: 2 gil

Levelling agent; 2 gil

Softening, stiffening CO 120 Starch: 50 gil

Softening agent 1: 30 gil

Softening agent 2: 15 gil

Wetting agent: 2 gil

Softening, PESIPAC 130-170 Softening agent: 160 gil

stiffening Stiffening agent: 20 gil

Wetting agent: 2 gil

Softening PA 150 Softening agent: 10 gil

Antielectrostatic (wet in wet Antistatic agent: 10 gil
process)

Hydrophobic, con- PES 160-190 Hydrophobic agent: 52 gil
ditioning Conditioning agent: 27 gil

Hydrophobic, PES 175 Hydrophobic agent: 25 gil

conditioning Conditioning agent: 20 gil

Softening Softening agent: 6 gil

Hydrophobic PACIPES 180 Hydrophobic agent: 40 gil

Acetic acid: 2 gil

Hydrophobic WO 150-190 Hydrophobic agent: 60 gil

Wetting agent: 0,3 gil

Acetic acid: 1 gil

Hydrophobic, PES/CV 160 Repellent 1: 30 gil
Oleophobic Repellent 2: 45 gil

Repellent 3: 30 gil

Catalyst 1: 12

Crosslinking agent: 55 gil

Wetting agent: 10 gil

Acetic acid: 2 gil
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Effect Substrate Process temperature Recipe

1°C]

Oleohobic CV/CO/PES 165 Oleophobic agent: 155 gil

Additive: 4 gil

Non-slip CO/PES/CV 180 Non-slip agent: 15 gil

Non-slip PESIWO 130 Non-slip agent: 30 gil

Easycare, CO/PES 150:180 Crosslinking agent: 25 gil

softening, Catalyst: 8 gil

optical brightening Wetting agent: 5 gil

Softening agent:15 gil

Optical brightener: 4 gil

Dyestuff: 0,01 gil

Acid: 0,5 gil

Easycare PES 155 Non creasing agent (formaldehyde-free): 25 gil

Additive for easycare: 10 gil

Dispersing agent: 1 gil

Stabilizer: 1 gil

Levelling agent: 5 gil

Easycare, CV 170 Crosslinking agent: 150 gil

softening (wet in wet) Catalyst 1: 50 gil

Catalyst 2: 18 gil

Softening agent: 90 gil

Acetic acid: 1 gil

Easycare, CV 190 Crosslinking agent: 50 gil

softening Catalyst 1: 20 gil

Catalyst 2: 0,5 gil

Softening agent1: 10 gil

Softening agent 2: 40 gil

Acetic acid: 0,5 gil

Easycare, CO 100-150 Crosslinking agent: 50 gil

softening, Softening agent 1: 35 gil

optical brightening Softening agent 2: 10 gil

Optical brightener: 25 gil

Easycare, CO/EL 170 Crosslinking agent: 20 gil

softening, Catalyst: 8 gil

dyeing aftertreat- Softening agent: 30 gil
ment Dyeing aftertreatment: 10 gil

Acetic acid: 1 gil

Easycare, CO 150 Crosslinking agent: 40 gil

softening, Catalyst 1: 12 gil

optical brightening Softening agent 1: 25 gil

Softening agent 2: 20 gil

Optical brightener: 2 gil
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Effect Substrate Process temperature Recipe
re)

Easycare, CV/PA6 180 Crosslinking agent: 65 gil

softening Catalyst 1: 20 g/l

Catalyst 2: 0,2 gil

Softening agent 1: 50 g/l

Softening agent 2: 15 gil

Easycare, CV/PES 170 Crosslinking agent: 50 gil

softening Softening agent 1: 50 gil

Softening agent 2: 30 gil

Catalyst 1: 20 gil

Acetic acid: 1 gil

Easycare, L1ICO 180 Crosslinking agent: 70 gil

softening, Catalyst: 40 gil

non-slip Non-slip agent: 35 gil

Softening agent 1: 10 gil

Softening agent 2: 40 gil

Deaeration agent: 2 gil

Antielectrostatic, PES 100 Non-slip agent: 90 gil

non-slip Antielectrostatic agent: 5 gil

Antielectrostatic, PES 190 Optical brightener: 9 gil

optical brigthening Antielectrostatic agent: 7 g/l

Antifelting WO 140-160 Antifelting agent 1: 35 gil

Anlifelting agent 2: 35 g/l

Deaeration agent: 5 gil

Antifelting PESIWO/LY 160-190 Antifelting agent: 30 g/l

Coating: 30 gil

Wetting agent: 0,3 gil

Sodium carbonate: 2 gil

Flame retardant CO 145 Flame retarder: 160 gil

Table 7-39: Typical recipes in textile finishing

It is to be noted that the emission potential of each finishing recipe - and thereby, the total emis­
sion potential of a textile finishing plant caused by chemicals and auxiliaries - can be calculated on
the basis of substance emission factors, recipe data and liquor pick-up (see formula below and B.

Emission factor concecpt for minimised air pollution).

Textile based emission factor [g/kg textile) =

Substance emission factor [g Y /kg aux.) x liquor cone. [g aux. /kg liquor) x liquor pick up [kg

liquor/kg textile)/1000

Y = g Organic-C (sum parameter for non- or low toxic organic SUbstances)
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Y =g substance (more toxic organic substances or special inorganic substances (ammo­
nia, hydrogen chloride etc.)

The substance specific emission factor is defined as the amount of organic and inorganic sub­
stances in gram which can be released at defined process parameters (curing time, curing tem­
perature, sUbstrate) from one kg auxiliary. The textile specific emission factor is defined as the
amount of organic and inorganic substances in gram which can be released at defined process
parameters (curing time, curing temperature, sUbstrate) from one kg textile (see further the so­
called "Bausteinkonzept" in application in Germany, described below.

Finishing of cellulosic fibres [273)

There is a big number of different chemicals and even more recipes available in order to finish tex­
tile substrates with certain using properties. For woven fabric, these chemicals are applied in a
continuous process by padding the finishing liquor with subsequent reaction and fixation in a sten­
ter. In most cases, there is no after-washing. In some cases, after-washing is required. Then,
wastewater problems may occur. Outstanding examples are the finishing with reactive flame retar­
dants (organo phophorous compounds) and with reactive easy-care (for non-ironing effects) com­
pounds. For the latter, a typical recipe is presented in Table 7-40.

Components Quantity remarks
[gil]

Dimethyloldihydroxy ethylene urea 130 - 200 The reaction is carried out at acidic conditions (pH 2-
as cross-linking agent 3), reaction time is 20 - 40 h at 25·30·C

Sulfuric acid (48%) 15 - 30

Washing agents 2 Fatly acid ethoxylates

Note: COD of the padding liquor is about 130,000 mg 02/1

Table 7-40: Standard recipe for the finishing ofcotton woven fabric with reactive
easy-care (for non-ironing effects) compounds

The chemicals, applied both for flame retardancy and non-iron finishing are non-biodegradable and
pass biological treatment almost unchanged. Also adsorption to activated sludge is very low.

Regarding cotton woven fabric, agents for the improvement of crease and shrink resistance are
widely applied. In this case, no after-washing is carried out. One example is presented in Table
7-41.



Component Quantity x 0,91 because spez. COD COD

[1/1000m] of dilution [gO,lkg] [mg/I]

Levelling and dispersing agent 5 4,55 645 2934,75

Methyloldihydroxiethylene urea 40 36,40 790 28756

MgCl, 10 9,10

Natrium F-borate 0,15 0,14

Optical brightener 2 1,82 360 655,2

Additive for cross-linking agents 20 18,20 628 11429,6

Smoothness agent 40 36,40 340 12376

Softening agent 1 30 27,30 530 14469

Softening agent 2 30 27,30 440 12012

177,15

Total: Total 82632,55

195 Iliquor/1 OOOm

599

Table 7-41: Typical recipes for the improvement of crease and shrink resistance

In this case, there is no after-washing. Thus, the residual finishing liquor in the padder and the
preparation tank is discharged. The reactive component (methyloldihydroxiethylene urea) , the
optical brightener and the softening agents are not biodegradable and contribute to residual COD
in the treated effluent of biological wastewater treatment plants.

B. Emission factor concecpt for minimised air pollution

In general, it is well known that the input of processes very often determine the output and emis­
sions respectively. The cleaner production approach follows this basic recognition and promotes
pollution prevention at source. According to this approach, in Germany, with respect to emissions
to air, a so-called emission factor concept has been developed in co-operation between public
authorities (national and federal states level), the German Association of textile finishing industry
(TVI-Verband) and the Association of textile auxiliaries, leather and for auxiliaries, paper auxiliaries
and surfactants manufacturing industry (TEGEWA). The emission factor concept concerns facilities
for textile finishing by heat setting, thermosol processes, impregnation, and finishing. The following
description of the concept is taken frorn the so-called IVU-BAT (273), more examples of emission
factors can also be found there.

The aim of the concept is to minimise the air pollution potential of the applied textile auxiliaries and
thus minimising emissions to air. A further aim of the concept is to receive clarity and transparency,
knowledge and a better control on the emissions of the large amount of auxiliaries and recipes. To
this purpose, the textile substrate as well as the applied textile auxiliaries are characterised by so­
called emissions factors (see also [344]).
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Normally, emissions are regulated by emission mass concentrations (Le. mg substanceslm3
) air

and emission mass flows (Le.g substances/h production).

In contrary to these common emission values, the emission factors (textile substrate based emis­
sion factor and auxiliary based substance emission factor) relate the emission potential of auxilia­
ries to the produced amount of textiles resp. the auxiliary themselves.

The textile material based emission factor is defined as the amount of organic and inorganic sub­
stances in gram which can be released under defined process parameters from one kg of textile
material in:

g organic C/kg textile substrate

g special substances/kg textile substrate (like toxic, cancerogenic, mutagenic, terato­
genic sUbstances). This means more dangerous substances with respect to the Euro­
pean chemical law.

It is to be noted that the textile substrate based emission factors are calculated with an air-to-textile
ratio of 20 m3 air/kg textile as a standard condition.

The auxiliary based emission factor is defined as the amount of organic and inorganic substances
in gram which can be released under defined process parameters from one kg of auxiliary in:

g organic C/kg aUXiliary

g special substances/kg auxiliary

On base of substance emissions factors for the auxiliaries, the emissions of a recipe can be pre­
dicted. On this way the operator knows the emissions of his process before carrying out it. There­
fore he can spend work in minimising the emissions, for example in reducing the amount of auxilia­
ries or replacing auxiliaries with high emission potential.

The auxiliary based emission factors has to be provided as product information (further to informa­
tion in Material Safety Data Sheets) from the supplier (chemical industry) to the user (textile finish­
ing industry). All substances according to class I 3.1.7 TA-Luft exceeding 500 ppm in the auxiliary
have to be declared. In addition, information on substances classified under item 2.3 TA-Luft (can­
cerogenic SUbstances) exceeding 10 ppm is obligatory. They are either measured or calculated by
a concept of the chemical industry (Le. the so-called TEGEWA concept from 1994 [4)). It is impor­
tant to know, that in more than 90 % of all cases the single components behave additionally. Nev­

ertheless, there may be substances which show emission values strictly depending on the ad­
justed process parameters, mainly curing temperature, time, and substrate.

The concept can be characterised as a self-learning integrated system to control and prevent air
emission in textile finishing. Already during product and process design the system can be applied
successfully. Typical auxiliary based emission factors are summarised in [273].

As a result of the concept, the following limit values can be achieved in textile finishing industry:

0.8 g organic C/kg textile (for substances categorised in class II and III item 3.1.7 TA­
Luft), if the mass flow is equal to or higher than 0.8 kg C/h
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0.4 g substance/kg textile (for substances categorised in class I item 3.1.7 TA-Luft
(formaldeyde, acetic acid etc.)), if the mass flow is equal to or higher than 0.1 kg/h

special limit values for carcinogenic and inorganic substances

The concept is applicable to existing and new installations. The concept has been developed with
the world-wide textile chemistry and the German finishing industry. The concept is generally ap­
plied in Germany. It is suitable for facilities for textile finishing by heat setting, thermosol proc­
esses, impregnation, and finishing (without singeing; for coating and industrial textiles it is not gen­
erallyapplicable).

The situation today is that for nearly all textile auxiliaries on the common market the needed emis­
sion factors are available (or may be easily evaluated). About 10 % are validated by measure­
ments, 90 % are calculated with respect to the acknowledged system of TEGEWA. The textile fin­
ishing mill has to check its recipes according to the emission factor concept at least one time a
year.

Staff costs for calculating the finishing recipes according to the emission factor concept are negli­
gible. There are no other costs for textile finishers. The reduction of chemical consumption lead to
cost savings in purchase as well as in less wastewater treatment costs. In some cases installation
of exhaust-air cleaning can be avoided.

The main advantages which force the implementation of the emission factor concept are:

Comparability of auxiliaries (g emission/kg auxiliary)

Comparability of processes (g emission/kg textile)

More transparency for the finisher and the authorities

Exchange of emission relevant recipes

Pre-calculation of emissions enables the finisher to meet the emission limit values

Auxiliary add-on can be minimised

Identification of the main sources for process emission (proper priority setting!)

Air/textile ratio (m3/kg) can be reduced (energy saving!)

Low emission auxiliaries mean higher content of active ingredients on textilen substrate

Cost intensive emission measurements can be reduced

C. Techniques minimising consumption

Selected techniques for minimising consumption of finishing processes are [2; 273; 342]:

Selection of auxiliaries according to the emission factor concept (see 7.1.5 B. Emission
factor concecpt for minimised air pollution, above)
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Stenter with optimised energy consumption

Stenter with optimised energy consumption [273)

Stenters are mainly used in textile finishing for

Heatsetting

Drying

Thermosol processes

and finishing treatments.

It can be assumed (rough estimation) that in fabric finishing, as an average, every textile substrate
is treated 2.5 times in a stenter which is therefore often the bottle neck in textile finishing mills. Re­

garding the investment cost and running cost for a stenter, it is obvious that energy consumption of
stenters is the main item concerning ecology of stenter technology (see Table 7-42).

Maintenance

8%

Peripherie

6%

Disposal

3%

Note: 10 years running time considered (depreciation time: 10 years)

Table 7-42: Cost distribution for a stenter

Technologies reducing energy consumption of stenters are compiled below:

Heat recovery
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With air/water heat exchanger, up to 70 % of energy can be saved. Existing machinery can be re­

constructed. Hot water can be used in dyeing. Electrostatic filtration for off-gas cleaning can be

installed optionally.

If demand on hot water is not given air/air heat exchanger can be installed (only new installations!).
Appr.30 % savings in energy can be achieved. An aqueous scrubber with subsequent electrostatic

filtration can be installed optionally for off-gas cleaning.

Clean gas

Water

(Dyeing
compartment)

Figure 7-31:

Electrostatic
filtration

Condensate, residues

Air/water heat exchanger

Figure 7-32:

Isolation

Clean air

Aqueous scrubber

Off-gas

Electrostatic
filtration

Condensate. residues

Principle of air/air heat exchanger

Proper isolation of stenter encasement reduces heat losses to a considerable amount. Savings in

energy consumption to 20 % can be achieved if the isolation thickness is enhanced from 120 to

150 mm (provided the same isolation material is taken).

Monitoring and control systems for temperature, air flow and moistness of textiles and air

If the air flow is controlled by means of monitoring moisture content in the off-gas respectively cir­

culating air moisture contents in the air, up to 150 g water/kg off-gas in drying processes can be
achieved. Due to the fact that moisture content is directly proportional to the air/textile ratio, the air
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flow can be reduced to a considerable amount. A reduction of fresh air consumption from 10 kg
fresh air/kg textile to 5 kg fresh air/kg textile results in 57 % energy saving.

Control of temperature on the textile by means of pyrometers and adjusting of an optimised curing
time and air temperature is an additional method to minimise the energy consumption

Moistness of incoming textiles should also be minimised by means of vacuum techniques or opti­
mised squeezing rollers. Energy consumption in a stenter can be reduced to 15 % if moisture of
incoming textiles is reduced from 60 % to 50 %.

Indirect heating with gas

By means of a flue gas/air heat exchanger the heat which is generated by the burner flame is di­
rectly transferred to the circulating air in the stenter [Prinzen, 2001]. A higher efficiency factor is
achieved compared to conventional indirect heating system using mainly thermo oil. Reactions of
off-gas compounds with emissions from the textile materials and auxiliaries (esp. generation of
formaldehyde) can be avoided.

Burner technology

With optimised burner systems and sufficient maintenance of burners in direct heated stenters, the
methane emissions can be minimised. A typical range for an optimised burner is: 10-15 g methane
(calculated as organic carbon)/h (however it has to be taken into account that methane emission of
burners strongly depends on actual burner capacity)

Miscellaneous techniques

With optimised nozzle systems and air guidance systems, energy consumption can be reduced
especially if nozzle systems are installed which can be adjusted to the width of the goods

Savings in energy consumption and therefore minimisation of off-gas caused by machine based
emission (esp. carbon dioxide and vac (methane» is the main ecological advantage using opti­
mised stenter technologies.

The described methods are applicable for all new installations. If existing equipment have to be re­
build, the applicability in some cases can be limited due to the fact that re-construction is too costly
or a technological problem.

However, condensed substances (mainly preparation oils) from heat recovery systems have to be
collected separately. If aqueous scrubber systems are installed wastewater is discharged instead
of off-gas. However, compared to total wastewater load of a textile finishing plant the impact is
negligible and abatement by means of a biological wastewater treatment in most cases efficient
enough.

The described technologies are in use in German finishing mills and world-wide as well. The indi­
rect heating system based on flue-gas/air exchanger is currently to be installed in several finishing
plants. Minimising energy consumption at stenters, especially if heat recovery systems are in­
stalled affords proper maintenance (cleaning of the heat exchanger and stenter machinery,
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checking of control/monitoring devices, adjusting of burners etc.). Proper scheduling in finishing
minimises machine stops and heating-up/cooling down steps and is therefore a prerequisite for
energy saving. Often heat recovery systems which themselves can have -however limited - off-gas
cleaning efficiency due to the fact that substances in the off-gas are condensed, are combined with
an aqueous scrubber or electrostatic filtration systems or a combination of this techniques.

Pay-back data for heat recovery systems are compiled in Table 7-43:

1-shift 2-shift 3-shift

Process Savings Pay-back Savings Pay-back Savings Pay-
[EUROI period tal [EUROI period tal [EUROI back pe-

riod tal

Air/water Drying 32050 5.7 64150 2.6 96150 1.7

Fresh water
temp.:15'C Heatsetting 34450 5.4 68900 2.4 103350 1.5

Air/water Drying 18050 12.6 36100 5.9 54150 3.3

Fresh water
temp.:40'C Heatsetting 23350 8.6 46700 3.7 70050 2.4

Air/air Drying 8000 > 20 16000 15.6 24000 8.5

Fresh air
temp.:20'C Heatsetting 11000 > 20 22000 9.6 33000 6.6

Table 7-43: Return on investment assuming different processes, heat recovery sys­
tems and working times

Minimisation of energy consumption respectively energy costs are the main reason to install opti­
mised stenter technology respectively to re-built existing machinery.

D. Substitution of chemicals

In order to reduce consumption of environmental critical substances, processes using alternative
substances are presented below. However, it is obvious that also application of the emission factor
concept (see above) can reduce consumption and thus emission of critical substance.

Formaldehyde-low easycare finishing (273)

Easycare finishing (in other words: non-creasing and non-shrinking finishing) is mainly carried out
on cellulosic fibres and their blends with the intention to increase the crease recovery and/or di­
mensional stability of the fabrics. Easycare finishing agents are mainly compounds synthesized
from urea, melamine, cyclic urea derivatives, and formaldehyde. Reactive (crosslinking) groups are
composed of free or etherificated N-methylol groups (see Figure 7-33).
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H2COH-NH-fi-NH-CH20H

o
Dimethylol urea and Dimethylol urea derivatives

Melamine derivatives (R = H, CH 20H, CH 20CH J

J,3-Dimethylol-4,S-dihydroxyethen urea

1,3~DimethyloIA,5~dihydroxyethen urea derivatives ( R= H, CH;)

I,3-Dimelhyl-4,5-dihydroxyelhen urea (DMeDHEU)
(J ,3-Dimcthyl-4,5-dihydroxyimidazolidinon-2; DMDH)

Figure 7-33: Chemical structure of crosslinking agents

Catalysts mainly based on metal salts are used to accelerate the rate of cross-linking reactions.

Formaldehyde-low or even (if required quality resp. non creasing effect is achieved) formaldehyde­
free products are an alternative.

A rough overview on different product types and their potential to release formaldehyde is given in
Table 7-44. further information can be found in section 6.4.4.



607

Type of crosslinking agent Formaldehyde release

Dimethylol urea High

Melamine formaldehyde condensation products High

Dimethyloldihydroxyethen urea (DMDHEU) High

Dimethyloldihydroxyethen urea DMDHEU derivatives Low
(mostly used)

Modified dimethyldihydroxyethen urea Formaldehyde-free

Table 7-44: Overview on formaldehyde releasing capacity of the most important
crosslinking agents

With formaldehyde-low or formaldehyde-free products a reduction of formaldehyde emissions in
finishing is achieved. Formaldehyde residues on the textiles can be minimized « 75 mg/kg textile).
With optimised catalysts curing temperature and therefore energy consumption can be reduced.

The products can be applied similar to conventional products. Kind and amount of catalysts as well
as curing time and temperature has to be adjusted. Required quantity for formaldehyde-free prod­
ucts is appro two times higher. When formaldehyde-free or formaldehyde-low products are applied
it has to be taken into account that in case of direct heated stenters formaldehyde is also gener­
ated in a considerable amount by the burners.

All above mentioned crosslinking agents are hardly biodegradable. However, only small amounts
(esp. residual liquors) of the products are introduced to the waste water. Non optimised formalde­
hyde-free products can be smell intensive. Auxiliaries for formaldehyde-free and formaldehyde-low
easycare finishing are supplied from various companies and applied world-wide.

Typical recipe for formaldehyde-low finishing of cotton (woven fabric):

40-60 gIl crosslinking agent

12-20 gIl catalyst

liquor pick-up: 70 %

drying and condensation (150°C, 3 min)

Typical recipe for a formaldehyde free finishing of cotton:

80-120 gIl crosslinking agent (integrated catalyst)

liquor pick-up: 80 %

acidifying with acetic acid

drying and condensation (130°C, 1 min).

Crosslinking compounds are often applied in combination with wetting agents, softeners, products
which increase ripping strength etc.
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Prices for formaldehyde-free products are significant higher than for formaldehyde-low products.
Yet, regulations concerning formaldehyde in the off-gas and compliance to various codes of con­
ducts concerning consumer health (eco-Iabels) are the main motivation for the use of the formal­
dehyde-free or formaldehyde-low products.

7.2 Textile use

7.2.1 Toxicology

In recent years, alarms have been raised from time to time concerning hazardous chemicals in
textiles [20; 21]. In the last years, the mass media highlighted the problem of chemicals in clothes.
For example, it was reported that azo dyes were found in diverse textiles like Babywear [407], etc.
Formaldehyde, used in crease-resistant treatment has occassionaly been found in bedwear [408],
and other textiles. Tin organic substances were depicted to be problematic substances on sports­
wear [409] and rain clothes [191]. Yet, different European countries held hearing with representa­
tives of textile industry, commercial organisations, and various public authorities and carried out
study for the purpose of identifying and studying the scope of the problem of chemicals in clothing
[20; 21 ;290; 405; 411]. However, considering the great amount of chemicals used in textile pro­
duction and finishing, the numbers of incompatibility due to textile use reported is relatively low,
allergic reactions rather seldom. The reason therefore is that the chemicals on textiles are only to a
very low extend free- available. Four main escapments for skin reaction on textiles are distin­
guished: physical-irritating causes (e.g. due to closely weared trousers); chemical-toxic stimulating
effects (at most on the workplace); intelorance and pseudo allergic phenomenes such as allergic
reactions. Irritations are the most usual skin reaction on textiles (e.g. due to sensitizing toward
wool). Allergic reactions towards textile chemicals appear seldom as immediate reaction (typ I), but
most often as tardily reaction (typ IV). Against, allergic reactions may also be due to component of
textile accessories such as belts and buttons made of nickel or rubber [43]. Overview on the prob­
lematic of textile allergies are given in [23; 313].

Nevertheless, not all the chemicals that are used in textile manufacturing according to this book
remain in finished textiles. This depends on the way the chemicals are used in the production, their
specific properties and the degree to which they are washed out in the washing steps. With certain
exceptions, most chemicals in the fabric preparation of textile materials are consumed and washed
away. Relatively many chemicals from the processes in the dyeing/printing and finishing of textiles
remain in the textile material. The following table gives as examples two typical compositions of a
cotton labelled 100% cotton [23].
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Example 1 Example 2

73% Cotton 77% Cotton

2% Polyacryl 2% Elasthan

8% Dyestuff 4% Dyestuff

14% Urea-formaldehyde resin 10% Resin for shrink-resist ance

3% Softening agent 2% Softening agent, optical brightener, etc.

0.3% Optical brigthener 5% Reinforcement, lifts, sewing threads

Table 7-45: Possible composition of a textile labelled 100% cotton

From these examples, the complexity of delimiting the problem of textile allergy can be seen. Yet,
this study focus on the chemicals that may be introduced to textiles by finishing processes. Some
aspects of specific chemicals and dyes are discussed at the end of the chapter.

A number of criteria have been developed to sort out chemicals that can reasonably be expected
not to remain in finished textile materials or products. These criteria are based on the fact that
chemicals have certain properties or that they are used in a way that makes it likely that they will
not remain in finished goods. The KEMI report on chemicals in textiles mentioned as rejection cri­
terion[290]:

Substances with good chemical water solubility are removed in the washing steps;

Volatile substances (boiling point < 100 C) evaporate in treatments up to finished goods

Auxiliary chemicals are removed after use; the function of auxiliaries is to facilitate certain
processes without being incorporated in the material;

Certain process chemicals are removed after use or degrade during use; examples of the
latter are bleaching agents and certain oxidation or reduction agents.

This means that most surfactants, Le. detergents, emulsifiers and other water-soluble chemicals
such as inorganic salts, alkalis, acids etc., are washed out, provided that washing is performed and
is effective. There are exceptions, however, such as auxiliaries in print pastes for e.g. pigment
printing, which are normally not washed out, but remain to some extent in the textile material.
Some other chemicals may also remain in finished textile materials or products due to the fact that
they have been incompletely removed in washing or in other processes, for example hydrolised or
poorly fixed dyes. According to these criteria, a list of chemicals possibly remaining in textile mate­
rials and products was compiled [290]. Problematic dyestuffs were not included in the list as they
are compiled below in separate tables. Dyestuffs were further described in previous sections (see
2.5.2, 5.4 and 5.5.1).
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Fibre production

Substance CAS no. Function

lead 7439-92-1 metal impurities

cadmium 7440-43-9 metal impurities
mercury 7439-97-6 metal impurities

tin 7440-31-5 metal impurities

Pretreatment· Bleaching, optical brightennlng

Substance CAS no. Function

potassium dichromate 7778-50-9 Oxydation/reduction agent

Stilbene derivatives Optical brighteners

Distyryl biphenyl derivatives Optical brighteners

styryl derivatives Optical brighteners

coumarins Optical brighteners

benzoxazole derivatives Optical brighteners
benzimidazole derivatives Optical brighteners

pyrazoline derivatives Optical brighteners
pyrenoxazole derivatives Optical brighteners

Naphthalimides Optical brighteners

Colouring - Dyeing and printing

Substance CAS no. Function

1,2,4-trimethylbenzene 95-63-6 carrier

propylbenzene 103-65-1 carrier

chlorobenzene 108-90-7 carrier

Dichlorobenzene 1,2-1,4-1,3- 95-50-1/106-46-7/541-73-1 carrier

Trichlorobenzene 87-61-6/120-82-1 carrier

o-chlorotoluene 95-49-8 Carrier

Dichlorotoluene 95-73-8/118-69-4/95-75- Carrier
0/98-87-3

(2-chlorophenoxy)ethanol 1892-43-9 Carrier

Pentachlorophenol 87-86-5 Carrier(preservative)

Biphenil 92-52-4 Carrier

Phenylphenol, hydroxybiphenyl 90-43-7/92-69-3 Carrier

Methylbiphenyl 28652-72-4 Carrier

Diphenyl oxide 101-84-8 Carrier

2,2' ,a,4'-tetrachlorobiphenyl 2437-79-8 Carrier

Polychlorinated biphenyls PCP 1336-36-3 Carrier

Methylbenzoate 95-58-3 Carrier

Butyl benzoate 136-60-7 Carrier

Benzyl benzoate 120-51-4/136-60-7 Carrier

2-hydroxy-3-chloro-benzoicacid Carrier
butyl ester
2-hydroxy-3-methyl-benzoic acid carrier
methyl ester

2-hydroxy-benzoic acid methyl es- 119-36-8 Carrier

ter
Acetic acid(dichlorophenoxy) ethyl 5333-23-3 Carrier
ester
Acetic acid phenoxyethyl ester 2555-49-9 Carrier

Methyl cresotinate 23287-26-25 Carrier
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Colouring - Dyeing and printing

Substance CAS no. Function

Naphthalene 91-20-3 Carrier
(solvent, moth repellent, insecticide)

Methyl naphthalene 90-12-0/91-57-6 Carrier

Dimethyl naphthalene 28804-88-88 Carrier

1-chloronaphthalene 939-27-5 Carrier

Tetrahydronaphthalene 119-64-2 Carrier

1-chloronaphthalene phtalic acid 90-13-1 Carrier
esters

Dimethyl phthalate 131-11-3 Carrier

Diethyl phthalate 84-66-2 Carrier

Dimethyl terephthalate 120-61-6 Carrier

N-alkyl-phthalimides Carrier

Chlorinated elthylenes carrier

Sodium/potassium dichromate 7778-50-9 OXidizing/reducing agent

Copper acetate 142-71-2 Oxidizing/reducing agent

Copper nitrate Oxidizing/reducing agent

Stannic chloride 7772-99-8/7646-78-8 Oxidizing/reducing agent

Diethylene hexylphthalate 117-81-7 Fixation, printing

Butyl benzyl phtalate 85-68-7 Fixation, printing

1,2,4-butanetriol 30-68-00-6 Fixation, printing

Dimethylformamide 1968-12-02 Fixation, printing

Diethylene gycol 111-46-6 Fixation, printing

N-vinylpyrrolidone 88-12-0 Fixation, printing

Chromium compounds Fixation(dye)

Zinc sulphoxylate formaldehyde 7440-47-3 Fixation

Zinc compounds 24887-06-7 Fixation

Cobalt compounds 7440-48-4 Dye

Copper compounds 7440-50-8 Dye

Chromium compounds 7440-47-3 Dye(fixation)

Nickel compounds 7440-02-0 Dye

Surfactants-see below Emulsifier, dispersion agent, detergent

Organic solvants see below solvent

Finishing - Easy-care treatments

Substance CAS no. Function

Formaldehyde 50-00-0 Impregnenting agent

Urea 57-13-6 Wrinkle-resistant treatment

Urea formaldehyde (UF) 9011-05-6(ex) Wrinkle-resistant treatment

Dimethylol urea 140-95-4 Wrinkle-resistant treatment

Methoxy dimethylol urea Wrinkle-resistant treatment

Dihydroxy ethylene urea Wrinkle-resistant treatment

Dimethylol-4 methoxy-5,5- 3720-97-6 Wrinkle-resistant treatment
dimethylpropylene urea

Dimethylol-4-methoxy-5,5- 13747-12-1 Wrinkle-resistant treatment

dimethylpropylene urea

Dimethylol-4-dihydroxyethylene 1854-26-8 Wrinkle-resistant treatment

urea (DMDHEU)

Dimethylol ethylene urea (DMEU) 136-84-5 Wrinkle-resistant treatment

Dimethylol propylene urea(DMPU) 3270-74-4 Wrinkle-resistant treatment

Tetramethylol acetylene diurea 5395-50-6 Wrinkle-resistant treatment

Propylene urea 6531-31-3 Wrinkle-resistant treatment
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Finishing - Easy-care treatments

Substance CAS no. Function

Dimethylol ethyl carbamate 3883-23-6 Wrinkle-resistant treatment

Dimethylol carbamate Wrinkle-resistant treatment

Dimethylol methyl carbamate 4913-31-9 Wrinkle-resistant treatment

Tris-methylol-2-carbamoyl Wrinkle-resistant treatment
ethylamine

Melamine 108-78-1 Wrinkle-resistant treatment

Melamine formaldehyde (MF) 9003-08-1 (ex) Wrinkle-resistant treatment
Polymethoxymethylol melamine Polymer Wrinkle-resistant treatment

Polymethylol melamine Polymer Wrinkle-resistant treatment

Methylol acrylamide 924-42-5 Wrinkle-resistant treatment

Dimethylol ethyltriazone 134-97-4 Wrinkle-resistant treatment

Dimethylol-5-oxa-1,3-piperazine-2- 73-27-69-7 Wrinkle-resistant treatment

on

2-amino-2-methylpropanol 3207-12-3 Wrinkle-resistant treatment
hydrochloride

Alkanolamine hydrochlorides Wrinkle-resistant treatment

Aminohydrochlorides Wrinkle-resistant treatment

Di(hydroxyethyl)amine 114-42-2 Wrinkle-resistant treatment

Glyoxal 107-22-2 Wrinkle-resistant treatment

Polysiloxane emulsion 63148-62-9 (ex) + water Wrinkle-resistant treatment

Zinc fluoroborate 13826-88-5 Wrinkle-resistant treatment

Magnesium chloride 7786-30-3 Catalyst,wrinkle-resistant treatment

Zinc chloride 7646-85-7 Catalyst, wrinkle-resistant treatment

Zinc nitrate 7779-88-6 Catalyst wrikle-resistant treatment

Organic solvents- see below solvent

Finishing - Softening treatment

Substance CAS no. Function

Acrylic polymers Surface-modifying

Polyethylene 9002-88-4 Surface-modifying

Polyvinyl acetate 9003-20-7 Surface-modifying(impregnating agent)

Styrene polymer 9004-67-5 Surface-modifying

Methyl cellulose 9004-57-3 Surface-modifying

Carboxymethylcellulose (CMC) 9000-11-7 Surface-modifying

Potato starch 9005-25-8 Surface-modifying

Dextrin 9004-53-9 Surface-modifying

Sugar 57-50-1 Surface-modifying

Glycerin 56-81-5 Surface-modifying

Paraffin 8002-74-2 SUrface-modifying (impregnating agent)

Wax Surface-modifying (impregnating agent)

Casein 9000-71-9 Surface-modifying

Barium sulphate 7727-43-7 Surface-modifying

Zinc chloride 7646-85-7 Surface-modifying ( catalyst, wrinkle-
resistant treatment)

Calcium carbonate 471-34-1- Surface-modifying

Calcium chloride 10043-52-4 Surface-modifying

Kaolin 1332-58-7 Surface-modifying

Surface-modifying Talc 148-07-96-6 Surface-modifying

Silicone polymer Surface-modifying (impregnating agent)

Water glass 6834-92-0 Surface-modifying

Amide-modified esters Plasticizer
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Finishing - Softening treatment

Substance CAS no. Function

Methylolsteraramide 3370-35-2 Plasticizer (impregnating agent)

Octadecylethylene urea 4991-32-6 Plasticizer (impregnating agent)

Polyacrylic amides 9003-05-8 (ex) Plasticizer

polyacrylates (C4H402) X.Y Me (group) Plasticizer

Fatly alkohol sulphates Plasticizer

Polyglycol ether,polyoxyalkylene Surface-modifying
glycols

Poly(oxyethylene- Plasticizer

oxypropylene)glycole ethers + fat

group

Fatlyaminoethoxylates Plasticizer

Quaternary ammonium salts Plasticizer

Stearic acid 1957-11-04 Plasticizer

Stearates Plasticizer

Oleates Plasticizer

Oleic acid 112-80-1 Plasticizer

Palmitates Plasticizer

Pentachlorobiphenyls 25429-29-2 Plasticizer

Polychlorinated biphenyls 13636-36-3 Plasticizer

Bis(2-ethylhexyl)phtalate 117-81-7 Plasticizer

Dibutyl phtalate 84-74-2 Plasticizer

Phosphates Plasticizer

silicone Plasticizer (impregnating agent, spinning

and spooling)

Finishing - Water-repellent treatment

Substance CAS no. Function

Melamine formaldehyde (MF) 9003-08-1 (ex) Impregnating agent (wrinkle-resistant
agent)

Octadecylethylene urea 4991-32-6 Impregnating agent (plasticizer)

1-(octa cyloxymethyl)pyridinium 855507-99-9(C16-18) Impregnating agent
chloride

Alkylpyridine compounds Impregnating agent

Stearamidomethylpyridinium chlo- 4261-72-7 Impregnating agent

ride

Methylolstearamid 3370-35-2 Impregnating agent (plasticizer)

Acrylic polymers Impregnating agent

Ethyl acrylate:acrylic acid 140-88-5: 79-10-7 Impregnating agent

Polyvinyl acetate 9003-20-7 Impregnating agent (surface-modifying)

Polyvinyl chloride Impregnating agent (plasticizer, spinning
and spooling)

Silicone Impregnating agent (surface-modifying)

Silicone polymer flurinated Impregnating agent (surface modifying)

Fluorocarbons HFC+FC; Grupp Impregnating agent

Paraffin 8002-74-2 Impregnating agent (surface modifying)

Fatly acid salts, insoluble soaps Impregnating agent

Waxes modifyied with:

-Aluminium salts
-zirconium salts Impregnating agent(plasticizer, spinning

and spooling)
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Finishing - Water-repellent treatment

Substance CAS no. Function

Protein compounds as complexes

with

-aluminium salts Impregnating agent
-dichromates 7440-31-5 Impregnating agent
-tin 50-00-0 Impregnating agent

-formaldehyde Impregnating agent

Aluminium triacetate 8006-13-1 Impregnating agent

Aluminium triformate 7360-53-4 Impregnating agent

Chromium/falty acid complex Impregnating agent

Zinc salts Impregnating agent

Organic solvents-see below Solvent

Finishing - Soil-repellent treatment

Substance CAS no. Function

Melamine formaldehyde 9003-08-1 8 (ex) Impregnating agent (wrinkle-
resistant agent)

1-(octa cyoxymethyl)pyridinium 85507-99-9(C16-18) Impregnating agent

chloride

Stearamidomethylpyridinium chlo- 4661-72-7 Impregnating agent
ride

Methylol stearamide 3370-35-2 Impregnating agent (plasticizer)

Polyurethane Impregnating agent

Polyester Impregnating agent

Polyacryltate Impregnating agent

Acrylic polymers 140-88-5: 79-10-7 Impregnating agent

Ethyl acrylate: acrylic acid Impregnating agent

Fluorcarbon polymers Impregnating agent

Paraffin 8002-74-2 Impregnating agent (surface-
modifying)

Silicon 7440-21-3 Impregnating agent (plasticizer,
spinning and spooling)

Silicon polymer Impregnating agent (surface-

modifying)

Zirconium salt Impregnating agent

Protein compounds as complexes
with

-aluminium Impregnating agent

-dichromates Impregnating agent

-tin 7440-31-5 Impregnating agent

-formaldehyde 50-00-0 Impregnating agent
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Finishing - Flame-retardant treatment

Substance CAS no. Function

Borates Flame retardant

Pentabromodiphenyl ether 32534-81-9 Flame retardant

Decabromodiphenyl esther 1163-19-5 Flame retardant

Hexabromocyclododecane 25637-99-4 Flame retardant

Chlorinated paraffins 9002-86-2 Flame retardant

Tetrachlorophtalic acid 632-58-6 Flame retardant

Tetrabromophtalic acid 13810-83-8 Flame retardant

Tetrakis(hydroxymethyl) phosphonium acetate 7580-37-2 Flame retardant

Tetrakis(hydroxymethyl )phosphonium phosphate 22031-17-0 Flame retardant

Tetrakis(hydroxymethyl) phosphonium chloride (THPC) 124-64-1 Flame retardant

Tetrakis(hydroxymethyl)phosphonium sulphate (THPS) 55566-30-8 Flame retardant

THP oxalate 52221-67-7 Flame retardant

THPOH 512-82-3 Flame retardant

Tris(l ,3-dichloroisopropyl)phosphate Fyriol 13679-87-8 Flame retardant

Tris(l-aziridinnyl)phosphine oxide 545-55-1 Flame retardant

Tris(dibromopropyl)phosphate 126-72-7 Flame retardant

Tris(chloroethyl )phosphate 115-96-8 Flame retardant

Tris(chloropropyl)phosphate 13674-87-5 Flame retardant

Vinyl phosphonate polymer Flame retardant

Phosphonated N-methylolamides Flame retardant

Thiourea melamine complex Flame retardant

Triethanolamine 102-71-6 Flame retardant

Antimony trioxyde 1017-56-7 Flame retardant

Titanium tetrachloride 1309-64-4 Flame retardant

Potassium hexafluorolilanate 7550-45-0 Flame retardant

Potassium hexafluorozirconate 16923-95-8 Flame retardant

Tungsten oxide 1314-35-8 Flame retardant

Tin halides 7440-31-5 Flame retardant

Finishing - Antimicrobial treatment

Substance CAS no. Function

Chlorophenol biocide

Trichlorophenol Biocide

Pentachlorophenol 87-86-5 Preservative (carrier)

Quaternary aluminium salts Biocide (detergent, softener.antistatic
agent)

Mercury compounds 7439-97-6 Biocide

Copper compounds 7440-50-8 Biocide

Tin compounds 7440-31-5 Biocide

Zinc compounds 7440-66-6 biocide

Finishing - treatment against moths and other insects

Substance CAS no. Function

Naphtalene 91-20-3 Carrier (solvent. moth repellent. in-
secticide)

Pyethrins insecticide

pyrethroids insecticide

Pentachlororophenol 87-86-5 Preservative (carrier )
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Multipurpose auxiliaries - Washing and chemical additives in formulations

Substance CAS·Number Function

Alkylaryl sulphonate Detergent, emulsifier, dispersion agent

Alkyl sulphonate Detergent, emulsifier, dispersion agent

Fatly acid condensation products Detergent, emulsifier, dispersion agent, sof-
tener, antistatic, biocide

Quaternary ammonium salts Detergent, emulsifier, dispersion agent
Nonylphenyl ethoxylates 9016-45-9 (ex) Detergent, emulsifier, dispersion agent
Polyethoxylates Detergent, emulsifier, dispersion agent
Polyglycol ether Detergent, emulsifier, dispersion agent

Multipurpose auxiliaries· solvents

Substance CAS·Number Function

2,4-dimethyi phenol 108-95-2 Solvent

Phenol 108-95-2 Solvent
Hexachlorobutadiene 87-68-3 Solvent
Nitrophenol 100-02-7 Solvent

p-chloro-m-cresol 59-50-7 Solvent

Toluen 108-88-3 Solvent

Xylene 1330-20-7 Solvent

Table 7-46: List of chemicals possibly remaining on textile materials

From this list, hazardous substances have been identified as a basis for risk assessment studies of
chemicals in textiles. The following tables resumes the health and environmental hazard of the
substances, i.e. their inherent potential for causing harm to human health and the environment.
The probability that these hazardous properties will effectively cause harm can only be judged via
risk assessments, that means considering other factors such as emission paths and exposure
conditions, mainly.

Among substances dangerous to health, substances with skin-sensitizing properties in particular
have been identified , since such properties can pose a danger with textiles that come in contact
with skin [304; 313).
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Substance Risk Phrase R45 R340 R43 Function

Formaldehyde X X Wrinkle-resistant agent

Pentachlorophenol, X Biocide

PCP

Phenol R24/25 Solvent

2,4-dimethylphenol R24/25 Solvent

Dichlorotoluene X Carrier

Sodium/Potassium X Oxidation agent

Dichromate

Mercury compounds R26/27/28 X Biocide

Antimony trioxide X Flame retardant

Potassium R23/25 Flame retardant

hexafluorozirconate

R23 Toxic by inhalation; R24 Toxic in contact with skin; R25 Toxic if swalled;

R26 Very toxic by inhalation; R27 Very toxic in contact with skin; R28 Very toxic if swallowed;

R43 May cause sensitization by skin contact; R45 May cause cancer; R340 Some risk of cancer cannot be excluded

after frequently repeated exposure

Table 7-47: Substances from Table 7-46 classified as toxic

Substances wich are restricted due to their health and environmental properties in some general
kind of use, not specifically for textiles, have also been identified
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Substance CAS Number Restricted Observation Function
substance substance

Formaldehyde 50-00-0 X X Wrinkle resistant

agent
Dimethylformamide 1968-12-02 X Solvent
Pentachlorophenol, PCP 87-86-5 X Biocide

Pentachlorobiphenyl 25429-29-2 X Plasticizer
Polychlorinated biphenyler 1336-36-3 X Carriers

Diphenyl oxide 101-84-8 X Carrier
Phenol 108-95-2 X Solvent
Dichlorobenzene ,1 ,2-1 ,3 106-46-7 Carrier

Dichlorobenzene 1,4- 106-46-7 X Carrier

Toluene 108-88-3 X Solvent

Hexachlorobutadiene 87-68-3 X Solvent

Dialkyl phthalate 131-17-9 Phthalate Phthalate Carrier

Dimethyl phtalate 131-11-3 X Ditto Carrier

Diethyl phthalate 84-66-2 Phthalate Ditto Carrier

Dibutyl phthalate 84-74-2 X Ditto Plasticizer

Diethylene hexylphthalate 117-81-7 Phthalate ditto Plasticizer

Butyl benzyl phthalate 85-68-7 Ditto Ditto Plasticizer

Dimethyl terephthalate 120-61-6 Ditto Ditto Plasticizer

Quaternary ammonium salts DSDMAC DSDMAC Softener

Nonyl phenol ethoxylates 9016-45-9 etc X X Detergent

emulsifier, etc

Chlorinated paraffins 9002-86-2 Parrafins, Parrafins, Flame retardant

C10-13 C10-13

Tris(dibromopropyl) 126-72-7 X - Flame retardant

Table 7-48: Substances from Table 7-46 that are restricted substances and/or on
observation

Substance CAS Number Function

Chromium compounds Oxidizing agent

Sodium dichromate 10588-01-9 Fixing agent

Potassium dichromate 7778-50-9 Fixing agent

Chromic fatty acid salt Impregnating agent

Cadmium 7440-47-3 Pigment

Zinc salts 40-66-6 Catalyst

Zinc chloride 7646-85-7 Catalyst

Zinc nitrate 7779-88-6 Catalyst

Zinc ftuoroborates 13826-88-5 Impregnatinng agent

Zinc sulphoxylate formaldehyde 24887-06-7 Fixing agent

Nickel compounds 7440-02-0 Dye

Tin compounds 7440-31-5 Biocide

Phenyl mercury 7439-97-6 Biocide

Table 7-49: Metals and metal compounds from Table 7-46 that are included in the list
of restricted Substances and/or observation

Substances judged to have dangerous properties to human health and the environment have also
been identified. Examples are substances used as carriers for colouring, solvents in defferent pro-
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cesses, flame retardants, impregnating agents for waterproofing and oilproofing, and preserva­
tives.

Substance CAS Number R21 R38 Function

Biphenyl 92-52-4 X X Carrier

Methyl biphenyl 28652-72-4 X Ditto

Phenylphenol 90-43-7 X Ditto

Naphthalene, naphthalin 91-20-3 X Ditto,moth repellents

tetrahydronaphthalene 119-64-2 X Ditto

Methylnaphthalene 90-12-0 X Ditto
91-57-6 R43

1-chloronaphthalene 90-13-1 X Ditto

Fluorocarbons Impregnating agents

Ditto 16919-27-0 Flame retardants

Ditto 16923-95-8 Ditto

Tris(chloroethyl) 115-96-8 X Ditto
phosphate

Chlorophenol X Preservative

Trichlorophenol X Ditto

2-chloro-3-methylphenol 59-50-7 X Ditto, solvent

2-nitrophenol 100-02-7 X solvent

R21 Harmful in contact with skin; R38 Irraitating to skin; R43 May cause sensitization by skin contact

Table 7-50: Examples of substances from Table 7-46 judged to have hazardous
properties

Approximatily 4,000 dyes have been tested with regard to acute toxic properties according to
ETAD (Ecological and Toxicological Association of the Dyestuffs Manufacturing Industry). Ap­
proximately 10 % of these dyes are judged to have properties hazardous to human health, of
which 1% can be regarded as toxic [290). Examples of toxic dyestuffs are compiled in the following
table.

Dye C.I. Number Hazard R45 R25 R36

Direct blue 24400 T,C X
Direct brown 95 T X

Direct red 28 22120 T X
Azoic diazo Comp.20 37175 T X
Azoic diazo Comp 41 37265 T X X
Disperse blue 1 64500 C

Acid red 26 16150 C

Acid orange 156 T

Acid red 114 28682 T,C X
Basic red 9 42500 C

Basic red 12 48070 T X
Basic yellow 2 41000 C

Basic yellow 21 48060 T X
Basic blue 2 51005 T X
Basic vilolet 16 48013 T X X

T Toxic; C Judged to be possibly carcinogenic (to humans) according to IARC;
R45 May cause cancer; R25 Toxic if swallowed; R36 Irritating to skin

Table 7-51: Examples of toxic dyes
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In the following tables examples of sensitizing dyes are compiled. Yet, most common sensitizing
dyes are disperse dyes. These dyes produce dyeings of more or less high colourfastness, and
may in some case come into direct contact with skin.

Dye C.I. Number Hazard R43 Dye type

Disperse blue 1 64500 Antraquinone dye

Disperse blue 3 61505 Xi X Antraquinone dye

Disperse blue 7 62500 Antraquinone dye

Disperse blue 35 Xi X Antraquinone dye

Disperse blue 106 Xi X Antraquinone dye

Disperse blue 124 Xi X Azo dye

Disperse orange 1 11080 Xi X Azo dye

Disperse orange 3 11005 Xi X Azo dye

Disperse orange 37 Xi X Azo dye

Disperse red 1 11110 Xi X Azo dye

Disperse red 15 60710 Antraquinone dye

Disperse red 17 11210 Azo dye

Disperse yellow 1 10345 Nitro

Disperse yellow 3 11855 Xn X Azo dye

Disperse yellow 9 10375 Nitro dye

Disperse yellow 39 Azo dye

Disperse yellow 49 Nitro dye

R43 May cause sensitization by skin contact

Table 7-52: Examples of sensitizing disperse dyes

Reactive dyes react with the textile fibre, bonding tightly to it, giving them high colourfastness.
Their sensitizing properties are therefore not judged to pose any serious danger on skin contact
with textile fabrics or products, provided that excess dye has been thoroughly washed out.

Dye C.I. Number Hazard R42 R43 Dye type

Reactive black 5 Xn X X Azo dye

Reactive blue 198 Xn X

Reactive orange 4 Xn X X Azo dye

Reactive orange 12 Xn X X Azo dye

Reactive orange 16 Xn X Azo dye

Reactive orange 35 Xi X Azo dye

Reactive orange 64 Xn X X Azo dye

Reactive orange 67 Xn X X Azo dye

Reactive orange 86 Xn X X Azo dye

Reactive red 11 Xi X

Reactive yellow 86 Xi X

Reactive yellow 134 Xi X Azo dye

Acid blue 40 62125 1) Anthraquinone dye

Acid yellow 23 19140 2) Azo dye

Acid violet 17 42650 3) X

Xn Harmful to health; Xi Irritating;
R42 May cause sensitization by inhalation; R43 May cause sensitization by skin contact

Table 7-53: Examples of sensitizing reactive and acid dyes
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A risk assessment from specific textile dyes was already carried out. The report addresses the
question of risks for human health (specifically for workers and consumers) posed by 8 disperse
dyes used on fabrics, namely Disperse Blue 1, 35, 106 and 124, Disperse Red 1, Disperse Yellow
3 and Disperse Orange 3 and 37. These dyes are bound to the fabric by physical forces only. The
report focuses only on risks of sensitisation and carcinogenicity, apparently after consultation with
EU authorities, on the basis of these effects being the main concerns. Yet, the report is based on
very limited toxicological and other data, especially for carcinogenesis, for which no data at all ap­
pear to exist for 6 of the 8 dyes. A valid risk assessment can thus only be conducted for 2 of these
dyes. For workers, despite the high skin exposure calculated through modelling, sensitisation risks
are likely to be within acceptable limits based on the limited evidence from occupational health
surveys. Any specific conclusion regarding cancer risks is not state in the report. Based on the
modelled exposures, such risks would be expected to be significant for Disperse Blue I, while no
conclusions can be drawn regarding the other seven dyes. Furthermore, the question of cancer
risks from dye inhalation by workers is not addressed. For consumers, it is assumed that no sig­
nificant initiation of sensitisation or cancer risks will arise from dermal contact with textiles dyed to
fastness of 4 or above. This conclusion is appropriate only for carcinogenic risks arising from Dis­
perse Blue I, while for skin sensitisation, no quantitative estimates can be made. However, the
proven sensitising potential of the dyes and the high incidence of sensitisation to them observed
among the general population raises concern that such a risk may exist. The risk from the oral ex­
posure route for young children needs to be considered [292].

Specific methods for testing genotoxicity of textile were developed. From 140 textile fabric tested
only 5 show muagenic potential. These positively tested fabrics were all dyed with deep blue or
black wool, cotton/synthetic blends or wool/synthetic blends. Yet, the detected mutagenic chemi­
cals were extracted from textiles using ethanol or DMSO solvents but were not soluble in water
and exudation. Moreover, the mutagenic properties seemed to be caused by the dye itself, prod­
ucts of cleavage or by impurities contained in the dye [237].

A large number of dyes - predominantly direct but also acid, azoic and basic dyes - contain cer­
tain azo dyes that can be degrade or metabolise to certain arylamines, which are judged to have
carcinogenic properties. The problematic of azo dyes were already discussed in details in previous
section of this book. Examples of specific dyes that can be formed to carcinogenic amines are
given in section 2.5.2.

Chemicals in textiles occur for most part at low concentrations. The load of a textile differs of
course between the fibre material, the colour intensity, the dye type used, and the structure of the
textile. The following table provide a short survey of the concentration range expected for some
typical textile additives [290]. More information on concentration of chemicals used in textile proc­
ess can be found in previous sections considering those processes. The following section dealing
about labels will further outline the concentration range considered for chemical analysis.
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Substance or substance group Concentration on textile Remarks

Heavy metals

Mercury 0.01 ppm

Copper 1-50ppm

Zinc 1-50ppm

cadmium Few ppm Small quantities can also occur as
natural impurities in cellulose used for
e.g. viscose fibre

Biocide

Pentachlorophenol 5 ppm > 100 ppm (occasionally)

Dyes 0.05 - 3 % of total weight of textiles

Carriers 0.1 1 % of total weight of textiles

Formaldehyde < 30-100 ppm

Arylamines (azo cleavage) > 30 ppm Limited occurrence in textiles

Refer to section 2.4.2

Flame retardants 1 - 10 % of total weight of textiles Limited occurrence in textiles

fluorocarbons 0.3 - 8 % of total weight of garment Limited occurrence in textiles

Table 7-54: Expected concentrations of some typical chemicals in textiles

A survey of the risks associated with chemicals in textiles can reliably be done in the way KEMI did
it. Such risk assessment can be obatined either by means of analysis or by considering in details
the textile processes.

Chemical analysis of textile materials may appear to be the fastest and most efficient method to
obtain a complete picture of what is actually left in finished textile products. Yet, the great number
of chemicals used by the textile industry, and often also the lack of information make it simply im­
possible to know what have to be looking for. Furthermore, analytical methods are often restrictive
due to their inherent detection limits. Many allergic reactions on skin, for example, occur at con­
centration of chemicals on textile that cannot be detected by chemical analysis. Nevertheless, the
use of so-called biotest may circumvent these limitations. Biotests are analysis that simulate the
real wearing properties of textiles regarding e.g. perspiration (307). These biotests then also con­
sider the compounds that are produced in connection with other chemicals or wearing. Yet, no
analysis can be done without knowing of the chemicals that have to be search.

First, all the substances used in textile manufacturing and finishing processes (Le. textile dyestuffs,
finishing agents and auxiliaries) have to be compiled. A complete list of substances also include
those chemicals that may be formed or transformed during process. Beyond doubt, this book is the
first work presenting such a list. In order to identify the chemicals that remain in the finished textiles
after manufacture, the textile processes have to be shined through suspiciously. By means of the
process properties, rejection criterions have to be elaborated. This leads to a list of possibly re­
maining chemicals that can be further handled with regard to exposure conditions and other risk
assessments parameters. Reasonable elaboration of health and environmental recommendations
such as labels might then be expected if the textile producers agreed for a close declaration of
their products.
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Some aspects of chemicals and dyes said to be problematic in textiles are discussed in the fol­
lowing section.

7.2.2 Labels

In Table 7-55, the most common ecolabels (I.e. Oko-Tex Standard 100/1000, European Ecolabel
on textile, Pure Ware and Naturtextil) were compared. Outstanding parameters of all labels - with
exception of Naturtextil- are heavy metals. However, their presence in the parameter list more ob­
viously seems to be dictated from public opinion ("Chemical substance of the month") then from
process and manufacturing specific reasons (compare mercury Hg, arsenic As, lead Pb, cadmium
Cd, zinc Zn). On the other hand, tin (Sn) which is a prevalent metal failed in most of the require­
ments. Moreover, some metals are fibre specific, like cobalt which is a catalyst added during
manufacturing of polyester fibres. As cobalt have to be part of the analysed parameters, it should
be reasonably limited to parameters relative to polyester, and not additionally searched in cotton.

In Table 7-56, the pesticides considered by the main labels were summarised.

The reasons why doubtable (may be also non-sensical) parameters are accept in analysis list for
textiles may be deduced from following considerations:

1. Most parameters of these labels are substances which were intensively discussed by public
opinion in the last years. The "normal consumer" is thus sensitised by the problematic. Everyday
polluants such as lead and mercury which can actually hardly be found in textiles are thus as­
sessed as analysis parameters to the lists. The "label-producer" seem to adopt these parameters
in order to avoid further justification of their choice.

2. The research institutes, consultants by elaboration of the parameter lists, are also respon­
sible for the laboratory investigations. As heavy metals are analysed by ICP, a test method ob­
taining simultaneously results for a lot of parameters, it is irrelevant if some heavy metals need to
be analysed or not. The additional expensed are restricted to the notification of the result. Anyhow
an extra noted parameter is not generated more cost, the result will be additionally paid. The ex­
pected benefit of the laboratories may thus raised.

3. The substance that a textile finisher applied on the fibre may be different than the eventu­
ally hazard chemical found afterwards by the end consumer on his shirt. This is particular true for
organic finishing agents and auxiliaries which are deployed on the fabric and react with the fibre
(e.g. crosslinking agents for easy-care textile properties). The chemical reaction taking place on
the fibre is known to the great possible extend but investigation mainly focused on the deployed
substances. Methods for analysis of the reaction products often failed.
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List of pesticides, which must be analysed concerning ECa-Tex-Standard 100

Name CAS-Nr.

2,4,5-T 93-76-5

2,4-0 94-75-7

Azinophosmethyl 86-50-0

Azinophosethyl 2642-71-9

Aldrin 309-00-2

Bromophos-ethyl 4824-78-6

Captafol 2425-06-

Carbaryl 63-25-3

Chlordane 57-74-9

Chlordimeform 1970-95-9

Chlorfenvinphos 470-90-6

Coumaphos 56-72-4

Cyfluthrin 68359-37-5

Cyhalothrin 91465-08-6

Cypermethrin 52315-07-8

DEF

Deltamethrin 52918-63-5

DOD 53-19-0, 72-54-8

DOE 3424-82-6, 72-55-9

DDT 50-29-3, 789-02-6

Diazinon 333-41-5

Dichlorprop 120-36-2

Dicrotophos 141-66-2

Dieldrin 60-57-1

Dimethoat 60-51-5

Dinoseb und Salze 88-85-7

Endosulfan, a- 115-29-7

Endosulfan, b- 33213-65-9

Endrin 72-20-8

Esfenvalerat 66230-04-4

Fenvalerat 51630-58-1

Heptachlor 76-44-8

Heptachlorepoxid 1024-57-3

Hexachlorbenzol 118-74-1

Hexachlorcyclohexan, a- 319-84-6

Hexachlorcyclohexan, b 319-85-7

Hexachlorcyclohexan, d- 319-86-8

Lindan 58-89-9

Malathion 121-75-5

MCPA 94-74-6

633
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List of pesticides, which must be analysed concerning ECO·Tex-Standard 100

Name CAS·Nr.

MCPB 94-81-5

Mecoprop 93-65-2

Metamidophos 10265-92-6

Methoxychlor 72-43-5

Mirex 2385-85-5

Monocrotophos 6923-22-4

Parathion 56-38-2

Parathion-methyl 298-00-0

Phosdrin/Mevinphos 7786-34-7

Propethamphos 31218-83-4

Profenophos 41198-08-7

Quinalphos 13593-03-8

Toxaphen (Camphechlor) 8001-35-2

Trifluralin 1582-09-8

EC·eco·label: the sum total content of the following pesticides shall
not exceed 0,5 ppm in greasy wool and keratin fibres

Name CAS·Nr.

Aldrin 309-00-2

DOD 53-19-0, 72-54-8

DDT 50-29-3, 789-02-6

Dieldrin 60-57-1

Endrin 72-20-8

Hexachlorcyclohexan, a- 319-84-6

Hexachlorcyclohexan, b 319-85-7

Hexachlorcyclohexan, d- 319-86-8

Lindan 58-89-9

Cypermethrin 52315-07-8

Deltamethrin 52918-63-5

Fenvalerat 51630-58-1

Cyhalothrin 91465-08-6

Flumethrin
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EC-eco-Iabel: the sum total content of the following pesticides shall
not exceed 2 ppm in greasy wool and keratin fibres

Name CAS-Nr.

Diazinon 333-41-5

Propethamphos 31218-83-4

Chlorfenvinphos 470-90-6

Dichlorfenthion

Chlorpyriphos

Fenchlorphos

Diflubenzuron

Triflumuron

Table 7-56: Comparative lists of the pesticides considered by the most common la­
bels

The consequences of a faulty choice of parameters for textile labels are various. Some of the rea­
sons above-mentioned may sound somewhat theoretical, wherefore we check the daily praxis
more intensively out.

The average client orientate his choice not on the results of the test standards of the labels, but
rather on the published comparative studies of respective periodicals. The consumer assumes that
the test parameters compared in these studies are based on those of the textile labels. The test
methods correspond to approved EU-standards, the institutes testing the textiles are often the
same as those assigning the labels.

Exemplary, we compare the textile tests of the consumer specific german periodical "Oko-Test" of
the years 1996 to 2001. In Table 7-57, the respective test parameters are summarised.

The results of the measurement are rather unimportant, as the arising question is why a specific
parameter was chose. It may be assumed that similar products (e.g. underwear and clothes worn
near the body such as shirt) were tested according similar parameters. Far from it! Considering the
table, it is rather impossible to recognise any systematic for a specific textile group. Suspicion is
imposed upon that the choice of the parameters is mostly orientated on the current topics of public
discussion. For example, the tests mainly focused on dyes as dyes were daily issues. As fabrics
made of polyester were compared, antimony was only considered now and then, cobalt was com­
pletely ignored but loading of cadmium and copper were priory assessed. Why?
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7.3 Disposal of textiles

European Union consumers discard 5.8 million tonnes of textiles a year. Only 1.5 million tonnes
(25%) of these post-consumer textiles are recycled by charities and industrial enterprises. The
remaining 4.3 million tonnes goes to landfill or is burnt in municipal waste incinerators. represent­
ing an enormous unused source of secondary raw materials. The European Commission has
therefore funded a wide range of projects covering both design for reuse and increased use of re­
cycled content in new products [433] (see also [436]).

It is very difficult to quantify the exact durability of textile products. The durability for apparel is
even more difficult to quantify because fashion is an important factor. Some service life of treated
articles are presented in the following table [410].

Articles Service life (years)

Clothes on contact with skin 1

Other clothes and bed linen 2-5

Household linen 5-10

Bedding (mattress) 10

Carpets 8-20

Wall-to-wall carpet 5-30

Sunblind 8-15

Tents 5 -20

Awning 2

Table 7-58: Service life of some textile articles

The environmental impact of textile products in the userphase are dominated by the maintenance
of the textile products, particulary the cleaning. It is stated that 73% of the consumption of energy
in the entire life cycle of a 100% cotton product is consumed in the userphase (based on life cycle
studies and on 100 times of laundering and drying). The corresponding value for a 50/50 cot­
ton/polyester product is 66%. A similar calculation for a pure polyester product give 82% (based on
a more detailed life cycle study and 20 times of laundering and drying) [3]. Another life cycle analy­
sis indicates that for a woman's knitted polyester blouse, the split in energy consumption among
consumer use operations (laundering, manufacture and use of detergent. blouse disposal). blouse
manufacturing operations (resin to apparel) and blouse disposal were 66%, 10% and 24%, re­
spectively [19]. Yet. it is obvious that the comparision of the different types of textile products is
very complex and must at least be considered by a very well defined functional unit including exact
demands for the fitness for use.

Reutilization of textile waste includes two varieties:

the direct utilisation of all (or part) the product for which it was originally designed (e.g. sec­
ond hand clothing. re-used buttons, etc)



647

the transformation of part (or all) of the product into new products (e.g recycling of raw ma­
terials)

Textile wastes may be transformed to product through mechanical or chemical processing. Pro­
duction waste has many advantages in the manufacturing of secondary raw materials. Limitations
for this method are the composition of the waste (with few or none non-textile components, etc)
and the fibre quality. The fibre length is important for the usage of the recycled fibres, as recycled
fibres tends to be shorter than for virgin fibres.

The description of recycling within textile industry is based on a KEMI report [290].

In chemical recycling the fibres are liberated from their binding in the fabric by hacking, shredding,
brushing or a combination of them. Afterwards, the fibres are often collected by means of an air­
driven system. Recycling of mixed textile waste, like from the recollection of textile waste sfrom
households, requires a pre-sorting in different fraction. The sorting is a manual process, which is
one of the reasons for the exportation of such wastes to country with low epenses for wages.

Textiles are then pulled apart by pulling and/or garnetting. The pulling apart takes place using ro­
tating cylinders with projection teeth. Garnetling is a process combining combing and pulling apart,
producing combed parallel fibres ready for spinning. Seperation of fibres of technical textiles like
coated woven textiles or laminate with foaming components, may be obtained by working at low
temperature (to brittle the coating). An additional chemical step may also be an effective cleaning.

By mixture with virgin fibres with longer fibre length (up to 80 - 90 % recycled fibres), the material
may be used for different types of yarns, e.g. yarn for clothing, nonwoven, etc. Shredded fibres
from unsorted textile waste produce low-quality products with limited use, e.g filling material for
furniture and mattresses. The nonwoven industry, the packaging industry and the automobile and
furniture industry are the major consumer of mechanically recycled textiles. Typical products from
mechanical recycling are fibres and yarns, cotton and wool, nonwovens and geotextiles, felt and
panels, and insulation products for heat, sound and vibrations.

Chemica/ recycling may be done through partly or total depolymerisation, followed by cleaning and
polymerisation. Depolymerisation is convenient for polyamide, polyester or polypropylene, because
they originally are synthetised from relatively stable monomers. Chemical recycling may also be
done by extracting a component out of a mixed material. The polyurethane component in a cot­
ton/lycra product is for example dissolved in cyclohexanon in order to get a relatively clean cotton
material. A product of woven cotton/polyester mixture may also be treated in a solution of sulphuric
acid (15 - 20 %), which weakens the cellulose in such a degree that it may be rinsed out in a me­
chanical treatment. The liberated cellulose can be used for making paper or cellulose deviates; the
polyester fibres which are not affected by the sulphuric acid can be recycled after rinsing.

Thermoplastic polymeric material may also be treated by thermal recycling. After heating and ex­
trudation, the pulverised thermoplastic polymers are granulated or spun to new fibres. This method
is possible when the material dealt with consist of compatible thermoplastics or at least thermo­
plastic which can act as a matrix. The use of additives in form of antioxidants is often required to
manufacture recycled synthetic from waste fibres.



8 Glossary on textile finishing

English catchword Glossary

abrasion resistance The ability to resist wear from the continuous rubbing of the fabric against another surface.
Garments made from fibres that possess both high breaking strength and abrasion resistance

can be worn often and for a long period of time before signs of wear appear.

Absorbency The ability of a fabric to take in moisture. Absorbency is a very important property, which ef-

fects many other characteristics such as skin comfort, static build-up, shrinkage, stain re-

moval, water repellence, and recovery.

absorbency underload Weight of nuid in grams that can be absorbed by 19m of fibre, yarn or fabric which has been
SUbject to a pressure of 0.25 Iblin2 before welling.

acid dispensers see pH-regulators, acid and alkali dispensers

additives for non- Products which are used to correct any undesired changes which occur in textiles during fin-

creasing and non- ishes. These include e.g. reduction of the breaking strength, tear strength and abrasion resis-

sMnking fi nishes tance as well as of the sewing properties. These additives are mostly polymer dispersions.

aftertreatment agents Aftertreatment agents are applied in an aftertreatment process subsequent to dyeing in order

for fastness improve- to improve the fastness of dyes. In order to improve the rUbbing fastness -possibly also the

ment wet fastness- so-called soaping aftertreatment agents (based on detergent substances) or

dye-affinitive polymers are used with which the non-fixed dye fraction is removed from the fi-
bre. In order to improve wet fastness -particularly of direct and reactive dyes- so-called cati-
onic fixing agent (e.g. polyquaternary ammonium compounds, cationic formaldehyde conden-

sates and other nitrogen derivatives) are used. These products form difficultly soluble com-
pounds with the water-soluble dyestuffs in the fibre. In order to improve wet fastnesses of

polyamide dyeing with anionic dyestuffs it is frequently made use of anionic aftertreatment
agents (e.g. polysulphonates). In order to improve light fastness. heavy metal salts such as

copper and chromium salts can be used in case of certain metallizable dyestuffs -e.g. selected

direct and acid dyes. In case of polyamides, copper benzotrieazoles are used, whilst in case 0

polyesters, benzophenones for light fastness improvement of the dyes are applied.

Agents to remove For the removal of printing thickeners appropriate surface-active agents are used. See a/so

printing thickeners detergent, dispersing and emulsifying agents.

alkali dispensers see pH-regulators, acid and alkali dispensers

anti-electrostatic Products which are applied onto synthetic and natural fibres. yarns and textile fabrics in order

agents to reduce or prevent the electrostatic charging of the finished textile material. These products
are e.g. hydrophilic andlor surfactants increasing surface conductivity such as e.g. ethoxyla-

tion products of fatty acids, alkane sulphonates, alkyl aryl suiphonates, alkyl phosphates,
quaternary ammonium compounds and amine oxides as well as polycondensates and co-

polymers.

anti-electrostatics A. are surface-active preparations with substantive properties vis-a-vis textiles in the solvent

bath. As opposed to the products of the same name under "anti-electrostatic agents· durable
finishing of textiles is not so important here as the prevention of electric charges of textiles in

the solvent bath. Electrostatic charging results here from friction between textiles with different
standard potential and lead i.a. to deposits of slubs and pigment soil on the material to be

cleaned. Furthermore. they render subsequent finishing treatment more difficult.

anti-felting agents A.-f.a. are intended to reduce the felting of animal wools and hair fibres. They modify e.g. the
surface of wool fibres so that garments made of accordingly treated wool do not shrink during
washing (hand washing or machine washing). These products are either oxidizing agents

(mostly chlorine in form of sodium hypochlorite or stable organic salts but also peroxosulphate

or permanganate or anionic or cationic soluble or dispersable prepolymers which are used as
preparations with solvents or dispersing agents (q.v.).

anti-foaming agents Auxiliaries which prevent the formation of foam or destroy an existing foam. Such products are

(foam inhibitors) mainly used in sizing and finishing baths, printed pastes, pretreatment and dye baths as well



649

English catchword Glossary

as in drycleaning (ct. defoaming agents for solvent application). These products are e.g. pho-

phoric acid esters. emulsified fats and oils, high molecular alcohols as well as silicon and fluo-

rine derivatives.

antifrosting auxiliaries Products which prevent a frosting effect in pad-steam processes. These products are foaming

surfactants such as ethylene oxide adducts. ct. padding auxiliaries

antimicrobiotics for fin- Products which are preferenlially applied for permanet finishing of textiles with the objective to

ishing achieve resistance toward microorganisms. This avoids a microbially caused material damage,

reduces the risk of propagation of undesired germs and prevents odours produced by the mi-
croorganisms'aclivity. Some special antimicrobial agents are also referred to as 'rot-proofing",

"anti-ror or "mould-preventing" agents. Antimicrobiotics are antimicrobial agents for textiles,
for example on the basis of organic and inorganic metallic compounds, phenol derivatives as

well as nilrogen andior sUlphur-containing heterocyclic compounds.

antimicrobiotics for Products which improve the storage stability of aqueous raw material and auxiliaries as well as

storage stability liquors by preventing microbially caused material destruction (cf. antimicrobiotics for finishing)

antimigration agents Products which prevent the undesired migration of dyestuffs in or onto the textile materials.
These products are water-soluble high molecular natural substances such as alginates and

guar derivatives or synthetic water-soluble polymers such as polyacrylates or polyacrylamides.

ct. padding auxiliaries

anti-snag agents see non-slip, ladder-proof and anti-snag agents

Biochemical Oxigen A measure of the oxygen consumed by bacteria to biochemically oxidised organic substances

Demand (BOD) present in water to C02 and H20. The larger the organic load, the larger the amount of oxy-

gen consumed.

biocides - agents to These products are intended to protect textiles - particularly keratin-containing textiles, such as

protect textile against wool and hair fibres, - but also feathers from damage by animal pests. Such pests are able to

damage caused by digest keratin. i.e. to transform it into food. These are digeslion specialists such as e.g. mothes

insects and other pests (Tineidae), seed molhes (Oekophoridae), carpet beetles (Anthrenus), fur beetles (Attagenus)
etc. Agents to protect textiles against damage caused by insects and other pests are products

which are applied from aqueous media, such as e.g. based on sulphonamide, diphenyl urea,
triphenyl urea, derivatives. sulphanilide or synthetic pyrethrolds, or which are applied from Of-

ganic solvents, such as e.g. based on sulphamide or synthetic pyrethroids.

bleaching Process to whiten cotton, wool and some synthetic fibres by treatment in solutions containing

hydrogen peroxide. chlorine dioxide, hypo chloride, sodium per borate, etc.

bleaching auxiliaries These products are additives for the optimisalion of more even and low-polluting bleaching

and whitening effects. Depending on the chemism of the bleaching processes, these products
are stabilizing or aclivation agents - such as e.g. silicates, polycarboxylic acid and alkyl sul-

phates. Bleaching auxiliaries can furthermore be applied to mask heavy metals (e.g. products
on a triethanolamine basis), cause anti-corrosion effects (e.g. by means of nitrates), resull in

effects for the prevention of slipping and crease (e.g. by means of polyacylamides), reduce
chlorine dioxide formation and increase wetting and cleaning properties.

boildown protecting see dyestuff protecling agents, boildown protecting agents

agents

bonding agents for These bonding agents are intended for the fixing of inorganic or organic pigments onto the

pigment dyeing and textile goods These products are film-forming substances. such as e.g. plastics solutions or

printing dispersions based on acrylobutadiene styrene block polymerisation.

bonding of fibres - These products are intended to achieve the mutual adhesion of fibres or threads or to increase

agents and additives to this adhesion. As a result, the fibres or threads are combined into a system. These agents are

promote bonding of also known as "binders". Agents to promote bonding of fibres and threads are solutions and

fibres and threads dispersions as well as solids. They are high molecular natural or synthelic compounds based
on e.g. acrylic acid esters, acrylonitrile. ethylene. butadiene, chloroprene, propylene, styrene,
vinyl chloride, vinylidene chloride, vinyl acetate, latex or starch derivatives. The additives to

promote bonding of fibres and threads are intended to improve the processing properties and
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to modify the properties of the oonded faoric • such as e.g. elasticity, flexioility, resistance to
washing and drycleaning as well as ageing and light exposure. With regard to their chemical

constitution these additives cover a very oroad range. They include for instances fatly acid
derivatives. polyethers and N-methylol compounds.

Orightening and strip- Brightening agents permit partial removal of the dye already aosoroed and fixed or adhering to

ping agents the surface from the fiore without modifying the dyestuff chemically. The products suitaole for

this purpose are e.g. polyvinyl pyrrolidone, polyglycol ether, fatly amine·ethoxylates or dyeing
accelerators. Stripping agents are products which are intended for the removal or destnuction

of the dyes and auxiliaries on the textiles. This concerns e.g. reductive or oxydative operations

under application of sodium dithionide (hydrosulfide). thiourea dioxide. sodium or zinc formal·
dehyde sulphonlc acids, hypochlorite or sodium chloride.

caroonising Sometimes scoured wool contains vegetaole impurities that cannot always oe completely re-
moved through mechanical operations. Sulphuric acid is the chemical suostances used for

destroying these vegetaole particles.

carbonising assistants Products which are assistants for the treatment of wool with acid or acid salts in order to ob-

tain the removal of vegetaole impurities or admixed vegetaole fiore fractions; this treatment is
referred to as "carbonisation". Caroonising agents are wetting agents which are aced-staole

under conditions of application. such as alkyl aryl sulphonates, alkyl sulphonates. alkyl sul-
phates - which facilitate or shorten the even penetration of wool with caroonising liquor. They

can possioly have a protecting effect on wool and contrioute towards achieving higher tear re-
sistances and an end product of higher purity.

carriers Dyeing accelerants or carriers are added during dyeing oy the exhaust process to the oaths in

order to cause a rapid aosorption of the dyes. a more rapid diffusion of dyes in the fiore and a
higher dyestuff yield. Dyeing accelerants are also referred to as carriers. With regard to their

chemical composition, carriers are generally difficultly soluble, mainly aromatic hydrocaroons,

esters or ethers of aromatic or mixed aliphatic-aromatic carboxylic acids or oxy compounds.

Usually they contain emulsifying agents. Furthermore, preparations of the aoove-mentioned
substances and ethoxylated products are used.

catalysts for non· These products accelerate the rate of cross-linking reactions both in and with fiores. Such

creasing and non- products are e.g. oased on metal or ammonium salts and preparations of acids or alkalis.

shirinking finishes

cationic fixing agents see aftertreatment agents for fastness improvement

causticizing auxiliaries see mercerising and causticising auxiliaries

chelating agents Ch.a. are intended to mask hardening alkaline-earth cations and transition-melal ions in aque-
ous solutions in order to eliminate their damaging effect. In textile finishing they are used as

ooiling auxiliaries, bleaching auxiliaries, mercerising and causticizing auxiliaries, desizing

agents. dyeing and printing auxiliaries. detergent agents as well as hydration auxiliaries for the
application of resins. synthetic wetting agents and compounds in coating. Ch.a. are e.g. poly·

phosphates. phosphonate. polycarooxylates and their preparations.

Chemical Oxygen De- A measure of the amount of oxygen required to chemically oxidised organic and inorganic

mand (COD) suostances in water. The analytical values are usually expressed in : mg 0211 (effluent) or mg

02lg (SUbstance).

chemical-retting see Retting (flax)

coating agents as well Textile coating agents are products which are intended to produce fimnly adhesive layers on

as according additives textile faorics These products are synthetic polymers or e.g. acrylic acid esters, acrylonitrile,
ethylene. butadiene, styrene. vinyl chloride, vinylidene chloride, vinyl acetate as well as prod·
ucts oased on natural latex. Texfile coating additives are intended to vary the properties of the

coatings such as e.g. fleXibility, adhesiveness as well as light and heat stability. With regard to
their chemical constitution, additives cover a very oroad range (cf. filling and stiffening agents).
These additives include also preparations of vulcanizing agents.

compensating agents see levelling agents
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conditioning agents Products which are applied as such or from aqueous or non-aqueous solutions onto synthetic

and natural fibres, yams and textile fabrics. Conditioning agents permit subsequent processes
such as spinning, knitting, weaving, sewing or napping through influencing the frictional be-

haviour and, if necessary, textile properties such as lustre, handle or brilliance. These product~

are generally complex preparations of surface-active substances, if necessary with natural

and/or synthetic oils, fats or waxes. The following surface-active agents are for instance used:
ethoxylation products or fatty acids, fatly acid amides, fatly alcohols, fatty amines, alkyl phe-

nols and fatty acid glycerides; fatty acid condensates, alkyl and alkyl ether phosphates, alkyl
ammonium compounds, sulphonated or sulphated oils, fats, fatty alcohols and alkyl benzenes.

conditioning and stabi- Products intended to control and maintain a desired humidity in yarns, to cause dimensional
Iizing agents stability and possibly result in an increase of strength. These products are often solutions of

welting agents with hygroscopic agents and/or anti·microbially acting agents.

coning oils, warping Products which are applied on fiat and texturized filament yams as well as spun yams in order

and twisting oils to make them suitable for subsequent textile operations - such as winding, twisting, warping,

knitting and weaving - by rendering them more flexible, slippery and anti-electrostatic. The
products in question are oily preparations from highly refined mineral oils (white oils) andlor
ester oils as well as ethylene-propylene oxide mixed adducts with oil-soluble (preferentially

non·ionic) emulsifiers as well as additions of anti-electrostatics.

continous dyeing C.d. is operated at constant composition, I.e. a long length of textile fabric is pulled through

each stage of the dyeing process. In general these techniques are operating at high dyestuff

concentrations of 10 to 100 gil but do hardly generate waste water beside equipment clean-up
discharges.

crabbing Through hot water are tensions removed at wool fibres (analogical to thermofixing for synthet·

ics).

crease-preventing Products which are to prevent creases during skein·dying of piece goods. Anti-creasing agent~

agents may also be applied for other presentations of the textile goods (e.g. ready-ta-wear knit-wear)
as well as other wet processes (e.g. in pretreatment and fulling) in order to prevent creases.
These products are agents with slipping and smoothing effects e.g. based on polyglycol ethers

and polycaprolactam, of fatty acid derivative as well as of fatty aicohols, phosphoric acids and

esters or SUlphated oils and fats. Frequently mixed products are also used as anti·creasing

agents which do not only contain a lubricant but also other auxiliaries such as e.g. wetting
agents, levelling agents, dispersing agents, plasticiszing agents or anti-foaming agents.

deaeration agents see dyeing wetling agents, deaeration agents

defoaming agents for Auxiliaries which prevent formation of foam or destroy existing foam. This occurs via removal

solvent application of the foaming agents on the surface as well as via film formation and spreading. Fluorinated

silicons are used as active substances.

delustring agents D.a. are products intended to reduce the lustre of textiles. They are generally preparations of

pigments or pigment·forming products which are dispersed or fixed by means of appropriate

additives. Such additives are for instance surface·active substances or bonding agents.

desizing Process for removing sizing compounds applied to yams. Sizing compounds are necessary for

controlling of friction and electrostatic charging. After solubilization the size is discharged and

the fabric is washed and rinsed.

desizing agents D.a. are intended to remove the sizing agents and sizing assistants applied onto the textile

goods. This may be carried out by swelling and reduction of the chain length of the sizings, so
that they can be easily removed from the fabric during the subsequent washing operation.

detergent, dispersing This product class covers products which are particularty used for the cleaning of textile sub-

and emUlsifying agents strates during manufacture and finishing. These products are substances or preparations
which have as a rule the following properties to a higher or lower extent: surface activity, wet·

ting power (cr. wetting agents), dispersing power, emulsifying power, anti· redeposition power.
The chemical bases for detergents, dispersing and emulsifying agents are for instance soaps,

alkane sulphonates. ethoxylation products, ether sulphates or phosphates, phosphonates and
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polyacrylates.

dew-relling see Reiling (flax)

direct dye D.d. are applied directly from the dye-bath together with salt (sodium chloride or sodium sul-

phate) and auxiliary agents. which ensure a thorough welling and dispersing effect. Mixtures
of non-ionic and anionic surfactants are used for this purpose.

discharging agents D.a. are printed onto a predyed textile material for the destruction of the dyes and thus cause

a pallern to be produced. The products used are e.g. stabilized reducing agents or oxidizing
agents either in connection with acids or alkalis.

discharging assistants D.a. are added to printing pastes in order to safeguard sufficient effects in case of difficulty
dischargeable dyes. These products are mainly anthraquinone derivatives, onium compounds
and ethoxylated amines.

discontinuous dyeing This process involves applying a dyestuff In solution or suspension at a specific liquor ratio
(batch dyeing) which determines the depth of colour obtained (gen. 0.1 to 1.0 gil). At the end of the operation

the spent dye-bath liquor is drained off. The post-dyeing stage consists of washing with water
to remove unfixed amounts of dyestuff from the textile substrate.

dispersing agents D.a. are products which are intended to promote the formation and stability of dyestuff and

pigment dispersions. These products are surfactants - e.g. sulphated fatty acid esters and
amides, fally acid condensates, alkyl aryl sulphonates or ethoxylation products and their mix-

tures. (see also protective colloids)

dispersing agents see detergent. dispersing and emUlsifying agents

drycleaning detergents D.d. are products which increase (enhance) the cleaning effects of organic solvents and ex-

tend them by Incorporating water into the organic medium, thus extending the cleaning action
of the entire system also to the removal of hydrophilic stains. Drycleaning detergents are

mainly or exclusively anionic, non-ionic or cationic preparations.

dyeing Method for colouring textile material in which a dye is applied to the substrate in a uniform
manner to obtain an even shade. A dye is an organic molecule which contains a chromophoric

group capable to react with light. thus giving the impression of color

dyeing welling agents. D.w.a. and d.a. are products which increase the wetting capacity of the dye liquors and wet the

deaeration agents textiles to be dyed in order to allow a rapid and even access of the dyeing liquor to the textile
fibre. They cause a lowering of interfacial tension and are to improve also dye penetration in

padding processes and increase dye absorption. Dw.a. are surfactants - e.g. alkylsulphates,
alkanesulphonates, alkyl aryl suiphonates as well as salts of sulphosuccinic acid esters and

phosphoric acid esters. D.a. are low-foaming standardizations of welling agents, mixtures of
alcohol of higher valence and neutral phosphoric acid esters. The laller have also a defoaming

effect on surface-active compounds.

dyestuff protecting Products which protect dyestuffs during their application onto the textile from destruction by
agents, boildown pro- foreign mallers with a reducing effect. These products are generally preparations based on

tecting agents buffer andlor oxidizing substances. e.g. urea, ammonium salts and polyphosphates, possibly

with surface-active substances such as protein degradation products. fallyacid protein con-
densates and ammonium salts of alkane sulphonic acid or aromatic nitrocompounds.

dyestuff solubilizing D.s.a. promote the dissolution of dyestuffs in water. These products are generally water-
agents soluble solvents - e.g. alcohols, esters. polyols and thloethers as well as their mixtures.

edge adhesives Edge adhesives (edge stiffening agents) are intended, particularly in case of cut open hosery

for the hardening of edges, so that the laller do not role up in case of treatment in broad form.
such as dyeing, leaching, mercerising. raising and printing.

emulsifiers for gasoline Emulsifiers which serve for the manufacture of two-phase print thickenings of low solids con-
printing tent. They generally contain aliphatic, aromatic or aliphatic-aromatic non ionic surfactants.

emUlsifying agents see detergent, dispersing and emUlsifying agents

exhaustion dyeing Dyestuff preparation is solved in water and fixed on textile fibre.
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felting agents F.a. are intended to promote felting during the milling operation or to render felting more even.

They are generally surface-active agents or preparations thereof such as soaps, alkyl sul-

phates, alkyl sulphonates, alkyl aryl polyglycol ethers or fatty acid condensates, if necessary,
with inorganic or organic substances capable of swelling.

fibre protecting agents This group includes textile auxiliaries which protect the fibre and lor reduce affection of the

in pretreatment fibre during preparative processes such as boiling and bleaching. They are mainly organic
products such as protein fatly acid condensates and guanidinum derivatives.

fibre-protective agents Fibre-protective agents of this type are intended to prevent or reduce to an acceptable extent

in dyeing damage to the fibre during dyeing, finishing and use. These products are e.g. based on protein
hydrolysates, protein fatty acid condensates, Iignosulphonates, fonnaldehyde-elimination

products, benzophenone, benzotriazole and alpha-cyanoacroylic acid derivatives.

filling and stiffening F.a. are products intended to impart a full handle to textiles; s. a. are products intended to in-

agents crease the stiffness (bending modulus) of textiles. F.a. and s.a. are frequently the same prod-

ucts whilst the effect to be achieved-filling or stiffening-depends on the amounts of application
and the substrate. These products are preparations of natural or synthetic high molecular
compounds in form of solid substances, aqueous solutions or aqueous dispersions. F.a. are

different from filling materials-inorganic or organic substances, such as chalk, arbon black,
cork powder- which are La, applied in textile coating. Cf. handle-imparting agents,

finishing This term can address both the sequence of wet treatments that are carried out to give the

fibre the required colour and final properties, and any specific operation to apply functional

finishes (easy-care, anti-felting, mothproofing agents, etc)

finishing agents Auxiliaries for drycleaning comprise i.a. also textile auxiliaries which are described under the

name 'finishing assistants".

fixing accelerators for Products which are used in continuous dyeing processes and printing to accelerate the fiXing

continuous dyeing and of dyestuffs, to cause a more rapid diffusion of the dyestuffs into the fibre and a higher dyestu~

printing yield. With regard to their chemical composition, fiXing accelerators are i.a. aliphatic or aro-
matic ethoxylates, ethers, esters, glycols, alkyl aryl sulphonates or fatty acid derivatives.

IIame retardants F.r. are intended to reduce the inllammability and combustibility as well as the aftergloW of
textiles. Theses products are mostly ammonium salts, boron compounds, sulphur. nitrogen,

hydrogen (bromlum, chlorine) or phosphorus compounds or their synergetic combinations as
well as preparations based on halogenated organic substances e.g. chlorinated paraffin, chlo-

rinated rubber, polyvinyl chloride, chlorinated polyvinyl chloride and halogenated (chlorinated

or brominated) diphenyl ether with antimony trioxide and/or other metallic oxides.

fluorescent brighteners see optical brighteners (fluorescent brighteners)

foulard dyeing Dyestuff preparalion Is put on rolls, press on textile and fixed by means of steam, heat or

chemicals

fUlling This treatment takes advantage of the felting tendency of wool fibre when it is submitted to

friction under hot humid conditions and is a Iypical pre-treatment for woollen fabric

handle-Imparting Handle-imparting agents are products which are intended to modify the handle of textiles.

agents Handie-imparting agents include: Weighting agents (q.v.), filling and stiffening agents (q.v.)
and softening agents (q.v.).

hydrophilizing agents Hydrophilizing agents are products intended to increase the water transport speed particularly
on hydrophobic synthetic fibres. They cause moisture (e.g, perspiration) to spread more
quickly on and in textiles (reduction of moisture congestion) and thus to improve the "wearing
comfort", These products are e.g. preparations of ionic and non-ionic plastic solutions, eth-

oxylation products, polyamide derivatives and the similar.

hydrotropic agents H.a. increase the solubility and/or the rate of dissolution of dyestuffs in water. Appropriate

products are urea and formam ide.

kierboiling auxiliaries Products which are added during the pretreatment of textile materials of cellulose fibres or of
mixtures of cellulose fibres with synthetic fibre materials to the alkaline boiling, kiering and
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scouring liquors in order to increase or accelerate their effectiveness. They are for instance
applied in the boiling of grey cotton. the preliminary scouring of linen and rendering cotton arti-

cies absorbent by the continuous process. These are in general particularly alkaline-resistant
and electrolyte-resistant surfactants and special complexing agents, which are either applied

alone or in a mixture.

ladder-proof agents see non-slip, ladder-proof and anti-snag agents

laminating agents as L,a. are products which are intended to bond two or more textile fabrics or textile fabrics with

well as according addi- other fabrics (e,g, foils). These products are solid or liquid preparations of natural or synthetic

tives latexes, polyvinyl acetates. polyurethanes, polyacrylates, cellulose esters, polyethylene, poly-
propylene or polyvinyl chlorides. Laminating additives are intended to improve product proper-
ties such as e.g, now behaviour, binding properties and adhesiveness.

levelling agent L,a. play an important role in acid dyeing (and metal-complex dyeing). A number of non-ionic,

cationic, anionic and amphoteric surfactants belong to this category

levelling agents Products which are intended to promote an even distribution of dyestuffs in textiles, L.a. con-

tain one or several of the following product types: a) retarding agents: Products which deceler-

ate the absorption of dyes on textiles, i.e. to lower the rate of absorption; b) migration agents:
Products which promote the migration of dyes in or on textiles; c) compensation agents: Prod-

ucts which prevent or reduce the formation of inegality in case of uneven conditions within a
dyeing lot (e,g. in case of material or temperature differences): d) penetrating agents: Products

which promote the penetration of dyes into the inner of the textile or into the cross section of
the fibre. L.a. are generally surface-active substances or preparations thereof, such as sul-

phated oils, fatty acid esters and amides, fatty acid condensates, protein condensates, alkyl
sulphates, alkyl aryl sulphonates, alkyl-, alkyl aryl-, alkyl amine, and alkyl aryl amine polyglycol

ethers, fatty acid polyglycol esters, polyglycol ethers or natural substances, amine derivatives

as well as onium compounds; also betains and sulphobetains as well as polyamine conden-
sates and water-soluble polymers.

lubricants Lubricants - also called lubrication oils, rag pulling oils or batching oils - are products which are
applied to fibre goods with more than 3% of the goods' weight. The products permit the rag

pulling, spinning and drawing of wool, bast and waste fibres of all types by imparting smooth-
ness, suppleness and electrostatic properties to the fibres - i.e. all necessary properties for the
spinning process. Lubricants are formulations of vegetable and animal oils and fats as well as

of mineral oils and emulsifying agents and anti-electrostatics.

lustring agents L.a. are products which cause an increase of lustre on textiles in connection with mechanical
treatment or also without the latter, They are generally emulsions of paraffins, waxes, polyole-

fins, polyglycols or polysiloxanes. In part also products mentioned under conditioning agents

(q.v.) and softening agents (q.v.) are used for lustring. The fast-to-waShing fixing of a me-
chanically produced lustre can be effected by using anti-aeasing and anti-shrinking agents

(q.v.) and reactive repellents (cf. water repellents).

make-up Generic term used in the textile industry to name the different forms in which a textile material
can exist. Examples are flock, yarn, woven and knitted fabric

mercerising Carried out to improve tensile strength, dimensional stability and lustre of cotton. Moreover an
improvement in dye uptake is obtained

mercerising Process for increasing the tensile strength, lustre, sheen, dye affinity and abrasion resistance
of cotton goods by impregnating the fabric with sodium hydroxide solution.

mercerizing and caus- Products used to improve the wetting power of the lye in a concentration range from 6° to 36°

ticizing auxiliaries Be as well as of ammonia and thus to accelerate their even penetration into the fibres. These
products are wetting agents which are stable in highly concentrated Iyes and which contain a

component which is effective as a surfactant in Iyes - e.g. low-molecular alkyl sulphates, alkyl
aryl suiphonates or highly sulphonated oils - and anti-foaming or hydrotropic substances - e.g.
butyl glycol, shorter-chain aikyl phosphates or ethoxylated amines as well as possibly se-

questering agents.
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migration agents see levelling agents

mordants M. are chemical substances intended to improve the dye affinity of the fibre material in textile

naphtol dye Azoic dyes allow colours with outstanding fastness. but their popularity has declined because
of application costs and the possible presence of aryl amines on the fabric and in the effluent.

non shrinking agents see non-creasing and non-shrinking agents

non-creasing and non- These products are intended to increase the crease recovery and lor dimensional stability of

shrinking agents textile materials. The effect is generally based on a cross-linkage in and on the fibres. They
can reduce the swelling (non-swelling agents) and can be applied for permanent fixing of me·

chanical finishing effects -such as lustre. chintz. Schreiner, embossing, plisse as well as per-

manent press finishes. These non-creasing and non-shrinking products are generally com-
pounds which have at least two reactive groups such as N-methylol compounds and their

ethers as well as aldehydes. acetates as well as amino- and amidofunctional compounds.

non-slip, ladder-proof These products reduce the slipping of the various yam systems in fabrics, the formation of

and anti·snag agents ladders in knitwear as well as the prevention of snags in hosiery and other ready-made goods
of continuous-filament yams, respectively. Additionally, they contribute toward increasing the
seam stability of fabrics. These products are generally preparations based on polastics natural

resins, silicic acid or metallic oxides.

oil repellents O.r. are products which are intended to impart an oil·repellent finish to textiles. These products

are preparations based on fluorocarbon resins which contain in part also solvents. Cf. Repel-

lents

optical brighteners O.b. are generally preparations of organic compounds whose fluorescent radiation increases

(fluorescent brighten- the brightness of textiles. They absorb onto the fibre or are solvated in the fibre. These prod-

ers) ucts are e.g. stilbene, pyrazoline or benzeneazole derivatives.

oxidizing agents O.a. are used in dyeing and printing for oxidizing of reduced forms of vat dyes, leuco ester wet
dyes and suiphur dyes. The products used are e.g. peroxide, sodium perborate, sodium per-

sulphate, sodium hypochlorite, sodium bromate, sodium chromate or salts of m-nitrobenzene

sulphonic acid.

padding auxiliaries These are products which are added to pad liquors. see Antimigration agents see antifrosting
auxiliaries see wet pick up: products increasing wet piCk-up

penetrating agents see levelling agents

pH-regulators, acid and Products which are intended to adjust andlor control the pH during dyeing. These products are

alkali dispensers organic acids, acids or buffering salts, or mixtures of such compounds.

pigment printing Pastes containing a thickening agent, a binder and if necessary other auxiliaries such as fixing
agents, plasticiers, defoamers, eiC.

preparation agents Products which are applied during the manufacture of chemical fibres onto the latter in order to

enable susequent processes· such as drawing, twisting, warping, texlurizing, converting and
spinning - to be carried out. The products are applied as such or from aqueous or nonaqueous

solutions. Preparation agents are surface-active substances and their formUlations with min-

erai oils, ester oils or silicone oils as well as with ethylene oxide-propylene oxide mixed ad-

ducts. The surface-active substances are e.g. ethoxylation products of fatty acids, fatty am·
ides, fatty alcohols, fatty amines or alkyl phenols, fatty acid condensates, alkyl or alkyl ether

phosphates as well as sulphated oils and fats.

prespotting agents P.a. are surface ·active preparations which are used for the pre-treatment of stained and/or
strongly soiled spots on textiles by brushing or preferentially spraying prior to mechanical dry-

cleaning. These prOducts, which are frequently also called universal prespotting agents, must

be fully scourable in the cleaning liquor.

pre-treatment All types of wet finishing processes such as scouring, bleaching, desizing,mercerising,etc. of

the fibres, fabric or yarn. The employed techniques depend upon factors such as type of proc-

ess, quality and type of materials and the desired final effects.
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printing adhesives Printing adhesives are products intended to fasten the goods to be printed onto the support
(printing blanket) in case of screen prinling. The following products are used: -water-soluble

adhesives based on natural substances, similar to the prinling thickeners (e.g. starch and
starch derivatives as well as vegetable gum) or synthetic water-soluble polymers (polyvinyl

alcohol, polyvinylcaprolactam etc.). -water-insoluble adhesives (permantent adhesives or

thermo-plastic adhesives) based on synthetic copolymers (polyvinyl acetate, polyacrylic acid
esters, etc.) which are applied from volatile solvents or as dispersions.

printing thickeners Printing thickeners are intended to provide the printing pastes with the viscosity required for
printing. These products are on the one hand based on strongly swelling natural substances -

such as e.g. alginates, glactomannans, solubilized starches of cellulose ethers- and on the
other hand emulsions based on hydrocarbons, polyacryllc acid or maleic acid anhydride de-

rivatives. See also agents to remove printing thickeners.

Wet pick-up: products Products which increase the wet pick-Up and dye yield in case of dyeing with reactive dyes

increasing wet pick-up according to the padbatch process. These products are solutions e.g. of polyacrylamide poly-
mers and copolymers. cf. padding auxiliaries

protective colloids P.c. envelop dispersed particles of the same charge. This prevents flocculation caused by
changes In temperature and concentration, I.a. when electrolytes are added. Protective col-

loids are often applied togelher with dispersing agents (cf.). These products are sulphated oils,
alkylsulphates, falty acid and protein condensates or ethoxylation prOducts, naphtalene sul-

phonic acid formaldehyde condensates, lignosulphonates and water-soluble polymeres, such
as e.g. polyacrylates.

rayon A generic name for man-made continuous filament fibres, obtained from regenerated cellu-

lose. The term rayon is used for fibres produced by both cupra-ammonium and viscose proc-

esses

reactive dye Dye, alkali (sodium hydroxide or sodium bicarbonate) and salt are added to the dye bath. Salt

concentration employed depends on the sUbstantivity of the dye and on the intensity of the

shade.

reducing agents Reducing agents are intended to reduce vat and sulphur dyes in order to transform them into
the water-soluble form with an affinity for the fibre. With reducing agents it is also possible to

remove dispersions dyes adhering to the surface of synthetic fibres or to strip and destroy the
dyes in case of faulty dyeing. The products used are e.g. for the reduction of vat dyes in dye-

ing (sodium dithlonit (hydrosulphide) or sulphurcylic acid derivatives, for the reduction of vat
dyes in printing (sodium dithionite or special stabilized sulphonlc acid derivatives), for the re-

duclion of sulphur dyes (sodium sulphide, sodium SUlfhydrate or glucose), for reductive after-

purification of polyester fibre dyeing (sodium dithionlte, thiourea dioxide and reduclonates), or

for the stripping and destroying of dyes (sodium dithionite, zinc formaldehyde suiphonic acids

or thiourea dioxide).

repellents This group includes water repellenls (q.v.), oil repellents (q.v.) and soil repellents (q.v.)

resist agents Products which are intended to occupy places In the textile material with affinity for the dye in

a way that the dyeing is reduced or completely preented. The products used In dyeing for tihis
purpose are inorganic salts, tannins, synthetic organic tanning agents, hydroxyaryl suiphonic

acids and their condensates and in general anionic or polyanionic compounds. The products

used in printing are organic acids, aluminium salts tin(ll)salts or alkali compounds.

retarding agents (re- see levelling agents

tarder)

relting (flax) The SUbjection of crop or deseeded straw to chemical or biological treatment to make fibre
bundles more easily separable from the woody part of the stem, Flax is described as water-

relted, dew-relted, or chemically-relied, etc., according to the process employed.

scouring removal of foreign impurities from textiles. In the case of wool, tihis term can address both the
removal of the grease and dirt present on raw wool (wool scouring process) and the removal
of spinning oils and residual contaminants from yam or fabric in
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scouring process for removing natural and acquired impurities from fibres and fabric (e.g. wax, pectin).

It also supports subsequent bleaching and dyeing processes. Scour baths usually contain al-
kalis, antistatic agents, lubricants, detergents. emulsifiers.

semi-continous dyeing This kind of dyeing process is characterised by performing dyeing in a continuous mode but

fixation and washing steps are run discontinuously. Operation concentrations are in a range of
1.0 to 10 gil.

sequestering See complexing agent

singeing Remove the surface fibres by passing the fabric through a gas flame.

sizing additives Sizing additives are products which are added to the sizing bath or which are applied onto the

sized yam (cf. Preparation agents) in order to additionally support the weaving process by

softening, smoothing and anti-electrostatic effects. In chemical terms, these are products
based on oils, fats and natural or synthetic waxes.

sizing agents Sizing agents are intended to render yams more slippery and supple, stronger and more sta-
ble for the subsequent operation of weaving, and to make them more easily separable and
more resistant to mechanical influences with regard to subsequenttrealrnent on the weaving

loom. Sizing agents are film-forming and fibre-bonding products. Depending on their chemical

structure they belong to two large substance classe: a) macro-molecular natural products and
their derivatives (starch and starch derivatives, cellulose derivatives, pectin and allied polysac-

charides, protein products as well as other natural products); b) synthetic macro-molecular

products (polyvinyl alcohol- polyacrylates as well as other synthetic products).

soaping aftertreatment see aftertreatment agents for fastness improvement

agents

softening agents S.a. are products which are intended to impart a soft handle to the textiles. As a result of the
different structure of the products. handle modifications such as e.g. smooth, fully fluffy. supple

and rustling are possible. Many softening agents are moreover influencing e.g. hydrophilic and
hydrophobic properties, elastic resiliance, sewing properties and creasing behaviour. S.a. are

generally preparations of fats. waxes, paraffins, silicons and their derivatives. S.a. for textiles
are different from plasticizing agents e.g. for plastics. Cf. handle-imparting agents.

soil release agents S.r.a. are intended to improve soil release from textiles. They are based on fluorocarbon res-

ins. polyacrylates, modified silicones and ethoxylation products.

soil repellents S.L improve the soil repellent properties of textiles or facilitate the removability of impurities

from accordingly finished textiles. These products are preparations based on silicates. alu-
minium compounds, fluorocarbon copolymers, phosphoric acid derivatives and polyacrylates.

spinning additives Products which are added during the manufacturing of chemical fibres after the spinning to the

polymer. These products influence the physical and chemical properties of the manufactured
spinning good - such as lustre, light stability, UV stability and oxidation stability as well as anti-

electrostatic properties and dyeability. Spinning additives are e.g. organic and inorganic pig-

ments, optical brighteners. stabilizers and antioxidants as well as surface-active substances.

spinning bath additives Products which are added to the spinning bath during the manufacturing of chemical fibres

(preferentially viscose fibres) on the basis of the coagUlation principle. They clarify the spin-
ning bath and prevent incrustalions of spinnerets and spinning bath ducts. Spinning bath addi-

lives are surface-active substances of various types. preferentially however nitrogen com-

pounds.

spinning solution addi- Products added to the spinning solulion during the manufacture of chemical fibres (preferen-

tives tially for viscose). The products facilitate the spinning of the threads and influence the proper-
ties of the manufactured spinning goods. The spinning solution additives are surface-active

substances and preparations such as sulphated oils, alkyl sulphates, alkylamine polyglycol

ether. fatty acid condensates.

spotting agents S.a. for the textile and textile finishing industry are products for the removal of spots resulting
from the production or finishing of textile fabrics. S.a. of this type must be removable without
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residues by air blowing - if necessary after prior spraying with water or solvents. S. a. of this

kind contain surfactants andlor spot specifically acting chemicals.

spoiling agents S.a. are products which are intended to remove spots which cannot be removed in drycleaning

or wet washing. S.a. contain mostly also surfactants in addition to specially active chemicals.
Spoiling agents which are used in the pre-treatment of special stains prior to mechanical

treatment in solvents (special prespolling agents) must be easily emulsifiable in the dryclean-

ing liquor.

stabilizers These products include anti-ageing agents, antioxidants, gas fading inhibitors as weli as

agents which protect textiles against damage caused by exposure to light, radiation and heat
(bleaching stabilizers, see bleaching auxiliaries). These products are based on e.g. nitrogen

bases, oxidizable substances with hydroxyl or amino groups - e.g. bis-(p-hydroxyphenol}-
propane, dibenzyl-( Jl-hydroxylethyl)-amine, dihydroxy-propylpiperazine or amino-
propylpiperazine, substintuted benzotrialzols, sulphonated benzophenone compounds, cyanu-

ric acid chloride deriavatives or triphenylimidazols.

stabilizing agents see conditioning and stabilizing agents

staple fibre Man-made fibres (see fibre, man-made under fibre) of predetenmined short lengths. Note: The

fibres, which mayor may not be crimped, are usually prepared by CUlling or breaking filaments
of the material into lengths suitable for the processing system in question. These normaliy

range from 5 mm to 500 mm and have a linear density of 0.5 -50 decitex, although special
products are made outside these ranges.

stiffening agents see filling and stiffening agents

stripping agents see brightening and stripping agents

sulphur dye S.d. are insoluble in water, but after reduction under alkaline conditions they are converted to

the leuco-fonm, which has high affinity for the fibre. After adsorption into the fibre the colorant

is oxidised to the original insoluble state.

texturised fibres Filament yams that have undergone a special treatment aimed to give the fibre a greater vol-

ume and surface interest than the conventional yam of the same fibre

top A continuous untwisted strand or sliver of wool fibres.

tow Mono-filament material.

tWisting oils see coning oils, warping and twisting oils

warping oils see coning oils, warping and twisting oils

waste (cotton, wool There are two classes of waste, known as 'hard' and 'soft', and their treatment differs accord-

and other staple fibres) ing to the class. Hard waste is essentially that from spinning frames, reeling and winding ma-
chines and all other waste of a thready nature. Soft waste comes from eartier processes where

the Fibres have relatively little twist, and are neither felted, nor compacted.

water repellents W.r. are products which are intended to impart a water-repelient and water-proof finish to tex-

tiles. Some of these products are still known as "impregnation agents". These products are
emulsions of paraffins and waxes which can also include aluminium, chronium and zirconium

compounds as well as fat-modified synthetic resins, fluorocarbon resins and products based
on polysiloxanes. Products for water-proof textile coating do not come under the expression

·water repellents·. Cf. repellents

water-relling see Retting (flax)

weighting agents W.a. are intended to increase the basic weight of textiles. Such products are generally prepa-

rations of e.g. pigments (kaolin, talcum) or soluble compounds (urea, glycerine, salts). Some

special weighting agents are used on silk. Cf. handle-imparting agents

welling agents W.a. are intended to reduce the surface tension of liquids so that their wetting power is in-
creased. They are used in textile production, wherever aqueous liquors are rapidly spread on
textile substrates and are to penetrate into the substrate. Wetting agents can be used in al-

most ali wet treatment processes. Theses products are surface-active substances such as
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alkyl sulphates, alkane suiphonates, alkyl aryl suIphonates, alkyl ether sulphates, alkyl esters

of sulphosuccinic acids, ethoxylaUon products and phosphoric acid esters as well as their
preparations,

worsted Descriptive of yams spun wholly from combed wool In which the fibres are reasonably parallel,

and fabrics or garments made from such yams. In most countries fabrics with a small propor-
tion of non-wool decorative threads can be described as worsted. (See also worsted-spun.)

worsted-spun A term applied to yam spun from staple fibre processed on worsted-spinning machinery by

carding or preparing, combing, and drafting; or by converting a continuous-filament tow and

drafting: or from a combination of slivers or rovings from both systems. Note This definition is
descriptive of processing technique and not fibre content.



9 SUMMARY

During the 1980s the production of textiles became increasingly globalised, with most of the growth
occurring in Asia, and by the 1990s this way became a well established pattern. The axis of the
textile industry was moving away from Europe and the US to Asia, e.g. Hong Kong, Taiwan, South
Korea, Indonesia and Thailand. Western Europe increasingly became a net importer of textiles.
The most obvious reason for this switch in geographical location for the production was the lower
labour costs in Asia. The position was further complicated for the textile companies of Western
Europe by industrial Iiberalisation in the former Eastern bloc countries such as the Czech Republic
and Slovenia. This decade also saw the arrival of new entrants from the Middle East, e.g. Turkey,
which led to a further decline in Western Europe's share of textile production. The impact of these
changes has been dramatic and it is estirnated that the German textile industry is some 30%
smaller than it was in 1993 [334].

The shrinking of the textile finishing industry is in fact symptomatic of all the old manufacturing in­
dustries in Europe, restructuring themselves in a global market. Unfortunately, the decline of the
textile industry has most often been misused by suppliers of textile chemicals as a pretext to re­
stricting their efforts in these areas. Comparing the situation of the automobile sector, the textile
auxiliary manufacturers resistance against a more detailed product labelling is most deplorable.
Yet, it would be of great use for product responsibility guarantees of textile manufacturers toward
their clients, Le. the consumers/users of textile products. The classification of textile auxiliaries by
referring to their water relevance categories is a beginning, but by far not enough, as important
aspects such as consumption have been unaccounted for; such aspects that may be essential for
integrated, sustainable and affordable environmental protection.

In no way could the Western European textile industry compete based solely on cost grounds. If
they were to compete at all it would be on a different playing field. Yet, in the last few decades
nearly all of the most important textile chemical innovations, with a few notable exceptions from
Japan, have come from the research laboratories of the European companies. The main targets
for R&D have been new products and application processes for the dyeing and printing of polyes­
ter, cotton/cellulosics and (to a lesser extent) polyamide.

The manufacturers of textile auxiliaries also demonstrate their intention in collaborating with
authorities by elaborating reference documents on the best available techniques (Le. BREF [2]).
Yet, these documents give an useful overview of modern finishing techniques, the textile auxiliaries
are often only cited as a substance class. The intrinsic chemical substances present in auxiliary
formulations frequently remain unknown.

The report "Ecological exposition of chemical substances used by the textile finishing industry"
assesses almost 2500 chemical substances used in textile finishing. Application characteristics,
functions and all specific information on the chemicals are presented in alphabetically listed tables.
Further relevant physico-chemical as well as eco-toxicological data on listed substances may fur­
ther be found on the online chemical database ..www.oekopro.de... Prefixed to this extensive data
section, the different finishing processes are described and the inherent environmental issues dis­
cussed. Thereby, almost all of the possible finishing treatments were considered, from pre-
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treatment, dyeing and printing to functional finishing such as flame redundancy, waterproofing and
antimicrobial treatments. Special attention has been given to new processes and products. Treat­
ments with microparticles, for example, show the innovative potential of the somewhat traditional
finishing industry. Though these innovations present a great chance for European finishers, the
development into modern, functionalised, so-called intelligent textiles also bears potential danger
and throwbacks if awareness of the chemicals involved is restricted.

Besides an overview on current European legislation, a summary of some important classification
schemes of textile auxiliaries is also given. Moreover, in order to attain sustainable environmental
protection, the report presents a widespread description of environmental aspects of finishing
treatments and textile auxiliaries. Yet, the authors plead for an affordable environmental protection:
preventing the generation of waste and emission reduces the demand for costly raw materials and
energy, thus bringing frequently economic benefits for the company. Knowledge of the substances
involved in finishing processes is surely an important step in the right direction.
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treatment, dyeing and printing to functional finishing such as flame redundancy, waterproofing and
antimicrobial treatments. Special attention has been given to new processes and products. Treat­
ments with microparticles, for example, show the innovative potential of the somewhat traditional
finishing industry. Though these innovations present a great chance for European finishers, the
development into modern, functionalised, so-called intelligent textiles also bears potential danger
and throwbacks if awareness of the chemicals involved is restricted.

Besides an overview on current European legislation, a summary of some important classification
schemes of textile auxiliaries is also given. Moreover, in order to attain sustainable environmental
protection, the report presents a widespread description of environmental aspects of finishing
treatments and textile auxiliaries. Yet, the authors plead for an affordable environmental protection:
preventing the generation of waste and emission reduces the demand for costly raw materials and
energy, thus bringing frequently economic benefits for the company. Knowledge of the substances
involved in finishing proc~sses is surely an important step in the right direction.
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Appendix 2: Branch Specific Data on
Chemical Substances



In the following tables, the chemical substances used in textile finishing
are listed alphabetically. Specifications like tradename of products
containing the substance, as well as branch specific details on their
function, the textile processes where they may be used, and the
application conditions are further mentioned. The list ends with some
substances having no name but only CAS-numbers to characterise
them.

Closing this set of tables, an alphabetically sorted list of popular generic
substance and common product names facilitates the search technique
(see Appendix 3).

Additional information on the substances such as physico-chemical and
eco-toxicological datasets can be found in our chemical database on
www.oekopro.de. Among others, the possibility is given to establish
online lists of substances, referring to research criteria such as for
example function, process and application specifications. After a formal
registration, the database is free of charge.
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Appendix 3: Alphabetical List of Textile
Chemicals
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Tradename/Product Substance
Acacetin 5,7-Dihydroxy-4'-methoxyflavone
Acetate Orange GR; Artisil Orange 2R; Cellitonorange
GR (BASF); Cibacetbraun JNH-01 150%; Cibacet
Orange 2R; Dispersol Orange AG; Navicet Orange
GR; Navinyl Orange GR; Serene Orange GR;
Tulasteron Fast Orange GR C.1. Disperse Orange 3
Aceton; Dipolit WS80491 5-15%; Klebezement
VerdOnner (Loser 64) 2,5-10%; Oleophobol AG 5-
7,5%; Oleophobol CM 5-7,5%; Oleophobol S 7,5-10%;
Oleophobol SM 5-7,5%; Quecophob LPU 12%;

~cetoneSandofluor GPC 7%; Wollpermann SA
cetoquinone Red 2JZ C.1. Disperse Red 41
cid Scarlet PA C.1. Acid Red 16
cidol Dark Blue M-TR C.1. Acid Blue 193
cidol Orange 3RE; also: CAS 85030-26-8 C.1. Acid Orange 165
cidolbelb RE-NW 200%; Acidol Yellow RE C.1. Acid Yellow 221
cidolbraun KM-N, Acidolbraun M-BL f10ssig; Acidol

Brown M-BL C.1. Acid Brown 355
cidolbrillantblau BX-NW; Acidol Brilliant Blue B C.1. Acid Blue 333
cidolgelb M-2GLN; Acidol Yellow M-2GLN C.1. Acid Yellow 241
cidolqelb M-5RL; Acidol Yellow M-5RL C.1. Acid Yellow 204
cidolqrau M-G; Acidol Grey M-G C.1. Acid Black 187
cidolgrOn M-FGL; Acidol Green M-FGL C.1. Acid Green 108
cidololiv KM-G; Acidol Olive M-BGL C.1. Acid Green 104
cidolrot M-BR; Acidol Red M-BR C.1. Acid Red 362
cidolscharlach M-L; Acidol Scarlet M-L C.1. Acid Red 357
crafix MF 0,1-1%; Cassurit HML 1%; Cassurit MLG

1%; Cassurit MT 1%; Deflavit ZA: Dicrylan 7417 0,3%;
Dispersogen P 0,1%; Fixapret CNR 0,5%; Fixapret
CPN 1%; Fixapret COC 1%; Fixapret TX 2437 1%;
Formaldehyd 24%; Formaldehyd 24,9%; Formaldehyd
37%; HIFAST BROWN 2KD 05-55156; PAD N Brown
RO 09-9594; Imprafix SV 1-3%; Irgasol DAM 0,2%;
Kaurit M 70; Kaurit S; Kieralon EDB; Knittex FA konz.
0,5-1%; Knittex FPC konz. 0,5-1%; Knittex FPR konz.
0,5-1%; Knittex GM konz. 0,5-1%; Knittex IS 2,5-5%;
Levogen BF 0,1-0,5%; Luprintol M; Luprintol MC;
Luprintol MCL; Lyocol RDN flOssig 50 mg/l; Lyofix
CHN 1-2,5%; Lyofix MLF (neu) 0,5%; Lyogen PN
IOssig 60-150 mg/l; Pigmatexhellbraun 2K 70447

0,18%; Preventol D6 11 %; Pyrovatex CP neu 0,5-1 %;
Quecodur TL717 0,1%; Quecodur TVA 0,5%; Rewin
KBL 0,05%; Sarabid VAT 0,25%; Setamol WS 0,2%;
Solidogen FRT 1%; Tubiperl P 0,02%; CORIAL Binder
IF; FIXAPRET CL Formaldehyde
~crafix MF; Acrafix ML 200% Hexamethoxy methyl melamine
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Acraminblau FFG 150%; Acraminblau F3G 133%;
AOUAFINE Blue BB 05-37505; Heliogenblau K 6840;
Pigmatexblau 3G; HIFAST CONC BLUE 2G 05-
57236; HIFAST N BLUE 2G 05-57829; HIFAST N
BLUE 3G 05-57961; HIFAST N BLUE 3GFC 05-
57996; HIFAST N CONC BLUE 3G 05-57941;
HIFAST N CONC Blue 3G 05-57866; HIFAST N Conc
Blue 3GLS 05-57995; HIFAST N CONC BLUE 3GS
b5-57704; HIFAST N GREEN G 05-54839; PAD N
BLUE 2GC 09-97808; PAD N Blue 2GS 09-97839;
PAD N Blue 3G 09-9781; PAD N BLUE G2W 09-
97837; PAD N BLUE NCR 09-97824; PAD N BLUE P
09-97815; POLYFAST Blue RB 05-57216; POLYFAST
Navy JS 05-57171; RESPAD BLUE G3W 01-8400;
Ecotex P Blue BC; Ecotex P Turchese BV;
Heliogenblau K 7080; also: C.1. Pigment Blue 15:3
beta form) C.1. Pigment Blue 15

Acramingoldgelb FGRN-01; Ecotex P Bruno 2CM;
Ecotex P Giallo GC; HIFAST N GOLDEN YELLOW RF
05-58952; Pigmatexbrillantgelb RN 60452;
PigmatexheligrOn 2KBX 70471; PV-Echtgelb HR 70;
POLYFAST YELLOW LR 05-58226; RESPAD
BROWN BC3W 01-8819; Permanent Yellow HR C.1. Pigment Yellow 83
fA,cramingrOn FB-01; Ecotex P Turchese BV; Ecotex P
~erde GV/2; Ecotex P Verde VR; PigmatexheligrOn
~KBX 70471; Texilac Verde 10; AOUAFINE Mint
Green 05-34501; HIFAST N CONC GREEN B 05-
54863; HIFAST N CONC GREEN B 05-54865;
HIFAST N CONC GREEN B 05-54904; HIFAST N
GREEN B 05-54816; PAD N Green B 09-9480;
POLYFAST GREEN PB 05-54157; RESPAD GREEN
GB3W 01-8300 C.1. Pigment Green 7
fA,craminrot FITB-01. Imperonrot K-GC. Pigmatexrot
BN 60412; Permanent Maroon HFM C.1. Pigment Red 170
fA.craminrot FRC 80% 01; Ecotex P Bordeaux RV;
Pigmatexhellmarine 70433; Texilac Rosso 08;

'"'.1. Pigment Red 146Permanent Carmine FBB; also: CAS 5280-68-2
fA,craminsoftener SID; Antischaumemulsion SRE
(Wacker Silicon-Emulsion SRE); Aphrogene Jet (Zetex
~et); Avivan SLMPO; Defoamer T; Deurosoft MN4;
Entschaumer S1/01; Finistrol SME 10-25%; Fumexol
SD; Moussex 920SE; Persoftal NG; Respumit S;
Respumit SD; Roma-Silicon 244 Polvdimethvlsiloxane
fA.craminviolett FFR 01; Ecotex P Blue Marino BM;
Ecotex P Blue Navy BG; Ecotex P Bordeaux RV;
Ecotex P Viola V; Pigmatexviolett 4B 60480; Texilac
Blue scuro 05; HIFAST A CONC VIOLET 4B 05-
56828; HIFAST A VIOLET 4BN 05-56868; HIFAST N
Co Violet 4BSC 05-56872; HIFAST N VIOLET 4B 05-
56844; PAD N VIOLET 4B 09-9680; PAD N VIOLET
~BC 09-9686; RESPAD VIOLET V3W 01-8501;
Dioxazine Violet; also: CAS 215247-95-3 C.1. Piament Violet 23
fA.crylonblau GRL 300%; Astrazonblau FGGL 300% 40
~O%; Maxilonblau GRL 300%; Maxilon Blue GRL;
~andocryl Blue B-RLE; Astrazon Blue FGGL;
Maxilonschwarz FBL-01 300%; also: CAS 26850-47-5 C.1. Basic Blue 41
fA.crylongelb GL 200 %; Astrazonblau BRL 200% 1-5%;
~strazongoldgelb GL-E 200% 40-50%;
Maxilonschwarz FBL 200%; Maxilonschwarz FBL-01
300%; Maxilonschwarz RM 200%; Yorkshire Yoracil '"'.1. Basic Yellow 28



1073

Tradename/Product Substance
Acrylonrot GRL 180%; Astrazonrot FBL 200% 80-90%;
Astrazon Red FBL; Maxilonrot GRL-BR 150%;
Maxilonrot GRLP 100%; Maxilon Red GRL; also: CAS
12221-69-1, CAS 29508-47-2 r.1. Basic Red 46

crvpal ZU 0,1-1% lA-crvlonitrile
dalin K; Cellolube TH; Perapret PE40 Polyethylene
erosil130; Delustrinq Aqent TS 100 Silicium dioxide
tlammitZR Potassium hexatluorozirconate
frotin ZNL 10-25% lZinc-N,N-diethyldithiocarbamate
Ibatex FFO Maleic acid bis(2-ethyl-hexyl ester)
Ibeqal SW Hexamethylenetetramine (HMTA)
Idrin lA-ldrin
lizarin 1,2-DihYdroxYantraauinone
lizarin Yellow R; also: 1718-34-9 (monosodium salt) C.1. Mordant Orange 1
lizarinchromschwarz PTS; Eriochrome Black T C.1. Mordant Black 11
lizarinchromschwarz PTS; Eriochrome Black T C.1. Mordant Black 11 sodium salt
Ikatlo; Benzonerol VSF-A tlOssig 3-5%; Diagum

CW12 2%; Diaprint CKA 2%; Diresulschwarz ROT 2-
~%; Emalan 6560 (Ridoline) 5%; Kappawet T1/023;
Monagum W 2%; Monatex MK30 2%;
Sodiumhydroxid; Natronlauge; Natronlauge 30%;
Natronlauge 47%; Natronlauge 50%; P3-Percy 72 5%;
~HEL® DM-41 LIQUID; CHEL® DTPA-41 LIQUID;
CORIAL® Binder IF; PALEGAL LP; SEQUESTRENE
30ACHELATE Sodium hydroxide
~Ikannan; C.1. Natural Red 20: CAS 517-90-8 + 517-
88-4 C.1. Natural Red 20
lA-lkannin; Anchusasaure Anchusasic acid
alpha-Hydrojuglon 1,4,5-Naphthalintriol
alpha-Lupeol alpha-Lupeol
alpha-Methylnaphthalin alpha-Methylnaphthalene
~Iphanolechtmarineblau R, Erionylmarine R 180 %,
Erionylschwarz CRF-01, Nylofastmarineblau 5R;
Supranolmarine R; Telonechtmarineblau R 182 %; 1-
Naphthalenesulfonic acid, 8-(phenylamino)-5-[[4-[(3-

C.1. Acid Blue 113sulfophenyl)azol-1-naphthalenYllazol-, disodium salt
also 97-52-9 + 27761-26-8) .1. Azoic Diazo Component 5

(also 92-87-5 + 97-52-9; C.1. 37225 + C.1. 37125);
Benzidine C.1. Azoic Diazo Component 112
also: 18268-54-7 (free acid) C.1. Acid Red 88
also: C.1. Disperse Blue 35, CAS 12222-75-2: Bafixam
Blue L-G 3R; Chemilene Dark Blue T; Dispersol Navy
BT; Navilene Navy BT; Serilene Dark Blue GN C.1. Direct Blue 35
also: C.1. Mordant Red 57 C.1. Direct Red 1 disodium salt
also: C.1. Solvent Red 69: Lampronol Scarlet R C.1. Acid Red 73
also: CAS 12392-64-2 (C.1. Acid Blue 161); Neolan
Blau B; Lanafastdunkelblau M-BR; Lanasynmarineblau
S-DNL; Acidoldunkelblau M-TR C.1. Acid Blue 161

Itriform CFD luminumllll)ethoxide
luminium sulphate luminium sulfate
luminiumchlorid; catalyst 3282 4,5% luminum chloride
luminiumpulver luminium powder
malon Red 3G C.1. Acid Red 104
meisensaure 85%; Leukophor KNR flOssig 2%;

Tubingal CSO 1%; Tubingal CSO extra 1%; Tubingal
VP911%; Formic acid
Amidoflavin FF-PW; Amido Flavine FFP C.1. Acid Yellow 215:1
Amidosulfonsaure Sulfamic acid
1-Aminoanthraauinone; also: CAS 82-37-1 .1. Azoic Diazo Component 36
1-Aminoanthraauinone; also: CAS 82-37-1 r.1. Azoic Diazo Component 36 diazonium ion
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4-Aminodiohenvl 4-Aminodiphenyl
Ammoniak; Ammoniaklosung 24%; CORIAL Binder IF;
Lutexal HSD; AQUAPRINT Fluorescent Pink BLF 05-
53229 Ammonia

mmonium chloride; Knillex catalyst UMP 10-15% Ammonium chloride
mmonium sulohate; CATALYST 04-82 Diammonium sulfate
mmoniumoersulfat Ammonium oersulfate
mmoniumstearat Ammonium stearate
niline Yellow C.1. Solvent Yellow 1
niline Yellow C.1. Solvent Yellow 1 hvdrochloride
nthosine 5B C.1. Acid Red 107
nthrachinon Pulver 9,10-AnthraQuinone
ntimussol SF 60-65%; Convidol H; Convidol 3360;

Entschaumer TP; Luprintol MCL; Lutexal HSD;
Mineralol; Moussex 9009 (Moussex 9009 HL);
Respumit NF; Nofome SF; Perifoam ANS; Verdicker
ST 165 Sybron Paraffin oil
Antiox Blue Star RG; Flacavon H14/371 25-50%;
CATALYST 04-26 RINGS; CATALYST 04-28 A ~ntimony trioxide
loiqenin ',5,7-Trihvdroxvflavone
loiin ',5,7-Trihvdroxvflavone-7-aoiose Qlvcoside
PO risl 1-aziridinyl)phosphine oxide
100110 Acid Black BRL; C.1. 30334 C.1. Acid Black 232
PP Polvohosohoric acids, ammonium salts
ppretan EM; Appretan EMR; Binder DAS (Tubiprint

Binder DAS); Lametan M; Peripret KL; Rolla-Finish
202; Rolla-Finish 207; Rolla-Finish 220; Rucogumm
KLH; Schlichte UC-1; Stabiform 691; Ukadan 2010;

ibatex HKN Polyvinvl acetate
lovral2 Aluminium hydroxide
QUAFINE Blue BB 05-37505 Polymer
QUAFINE ORANGE RB 05-38112; HIFAST EC

ORANGE R 05-58264; HIFAST EC ORANGE R 05-
58323 C.1. Piqment Oranqe 16
!AQUAFINE YELLOW B2G 05-38503; AQUAFINE
Yellow 2G 05-38141; AQUAFINE Yellow MV 05-
38115; HIFAST N BLUE 3G 05-57961; HIFAST N
BLUE 3GFC 05-57996; HIFAST N CONC BLUE 3G
05-57941; PAD N BLUE NCR 09-97824; PAD N
YELLOW 2G 09-98808 Petroleum naohtha
AQUAPRINT WHITE OP 05-51151; AQUAPRINT
WHITE OPN 05-51173; BAFIXAN BLACK BN LIQUID;
BAFIXAN Black PA; BAFIXAN Black RB Liquid;
BAFIXAN BLUE 2RL LIQUID; BAFIXAN BLUE FRL
LIQUID; BAFIXAN Blue PA; BAFIXAN Blue RS;
BAFIXAN PINK FF3B LIQUID; BAFIXAN Red PA;
BAFIXAN YELLOW 3GE LiQuid; HIFAST N CONC
PINK 3B 05-53742; BASOJET PEL-200; LEOPHEN N-
AM; PALEGAL N-SF; UNIPEROL N-SE; UNIPEROL
V Dipropylen qlycol
QUAPRINT WHITE OPN 05-51173 Aluminium silicate dihydrate
raldit PT 810 1,3,5-TriQlvcidvl isocvanurate lTGIl
rbylen LF; Diadavin ANE; Diadavin NSE; Diadavin
AN; Fluidol AW12; Genapol UD-079; Grunau

Pillenwachs 847 (Grunau Wachs 147); Hostapal FA
85%; Kyolox JWA; Pentazon FLN; Perigen HAT;
Perigen W190; Peripret KN; Perlavin FBS; Perlavin
F23; Perlavin NIC; Perlavin N115; Uniperol 0 microperl TerqitoI24-L-60N
Arianor Madder Red C.1. Basic Red 76
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ARIDYE PAD WHITE 09-91102; CATALYST 04-82;
CATALYST D 11-10 1.5 MM EXTRUDATES;
CATALYST G1-22; CATALYST HO-20; CATALYST
HO-90; CATALYST H1-80 REDUCED; CATALYST H1-
90 EXTRUDATE 4MM; CATALYST HO-11 Silica, amorphous
ARIDYE SX Red B 05-5307; HIFAST N CO SCAR
4RF 05-53984; HIFAST N GREEN G 05-54839;
HIFAST N ORANGE OLY 05-58736; HIFAST N RED
BDC 05-53932; HIFAST N RED DC2B 05-53902;
HIFAST N VIOLET 4B 05-56844; PAD N BLUE NCR
09-97824; PAD N YELLOW 2G 09-98808; PAD N
RED B 09-9380; PAD N YELLOW 3G 09-98824; PAD
N YELLOW 4GL 09-9889; RESPAD BLUE GL3W 01-
8404; RESPAD Red C3W 01-8001; RESPAD RED
CM3W 01-8003 Polyoxyethylene distyryl phenyl ether
ARIDYE SXN Black 2K 05-5211; PAD N Grey 09-
9299; PAD N GREY 2K 09-9286 Polyethylene qlycoi oleyl ether
Arostit BLN 60-70%; Blankit IIA; Blankit liAR; Blankit
IN; Blankit AN; Blankit AR; Blancolen K; Hydrosulfit
konz.; Hydrosulfit N konz.; Hydrosulfit F konz.;
Hydrosulfit FE konzo; Sodiumhydrosulfite; Redutex
MG; Ronqal HAT; Ronqal HT91; BLEACHIT 1A Sodium dithionite
Astrazon Brilliant Red 4G; Basacryl Brilliant Red X-4G;
Severon Brilliant Red 4G ; also: CAS 65122-06-7 Col. Basic Red 14
Astrazon Red Violet 3R; Astrazonviolett 3 R 45-55%;
Basacryl Brilliant Red BG ; also: CAS 54268-66-5,
rAS 85283-95-0 C.1. Basic Violet 16
Astrazonblau BRL 200% 45-55%; Astrazonblau F2 RL
~0-50%; Astrazon Blue F2RL Col. Basic Blue 147
~strazonblau F2 RL 12-17%; Astrazonblau FBL f10ssig
~OO% 15-25%; Etapuron PAC 2,5-10%; Essigsaure
~O%; Finistrol AFN 2,5%; Fornax K 1-2,5%; Perrustol
ULN (110) 1-3%; Phobol STA 1-2,5%; Maxilonblau
~RL 200% Pulver 13-15%; Maxilonrot BL-N f10ssig
7%; Maxilonschwarz FBL 200% 22%;
Remacrylschwarz GRB; Rewin KBL 4,9%; Uvitex BAC
13%; ~cetic acid
~strazonblau 5GL 200 % Col. Basic Blue 45
~strazonqelb 7GLL 200% 45-55% Col. Basic Yellow 21
~strazonschwarz FDL 200% 20-30%; Astrazonblau
FBL flOssiq 200% 30-40%; Astrazon Blue FBL Col. Basic Blue 159

tranorin ~tranorin

uraminbase Col. Basic Yellow 2
utomate Red B Col. Solvent Red 164
utomate Yellow 8 Col. Solvent Yellow 107
vistat 3P; Felosan TAC (Felosan TAK-NO) 2%;

Kollasol GTE 52%; Kollasol SD 70%; Leophen LG;
h"riisobu!Y1 phosphateLeophen M; Leophen TX1498; Rapidoprint SC10 1%

'f,WA detergents (Sonal Sivo Kompakt); Benzo 13-
18%; Calgon TLL; Sodiumcarbonat (wasserfrei);
h'elonblau AR 3-8%; Telonrot AFG 3-8% Sodium carbonate
'f,WA detergents (Sonal Sivo Kompakt);
Natriummetasilikat-5-hydrat Sodium metasilicate, pentahydrate
If-.WA detergents (Sonal Sivo Kompakt); NTA; Trilon

Nitrilotriacetic acid (NTAlA Pulver; Triolon TA f10ssiq; CHEL® 330 11 % FE
IZidine Wool Blue B; C.1. 24310 C.1. Direct Blue 45
IZO Black Blue B C.1. Direct Black 30
IZO Blue Col. Direct Violet 39
IZO Blue C.1. Direct Violet 39 disodium salt
IZO Blue; also: CAS 25188-49-2 C.1. Direct Violet 28
IZO Turkish Red r.1. Solvent Oranqe 8
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lAzo Violet r.1. Direct Violet 32
lAzosol Fast Scarlet CRA \"'.1. Solvent Red 31
Badena Perm 265; Deurosoft HKS; Dicrylan 7524;
luprintol MC; luprintol MCl; Protolan 369; RO-MA-
Deformer 168; RO-MA-Silikon 244; RO-MA-Silikon
?56; RO-MA-Silikon 270; RO-MA-Silikon 271; RO-MA-
Silikon 273; Rotta-Entschaumer 169; Siliaen SI Polvsiloxane
BAFIXAN BLACK BN LIQUID; BAFIXAN Black PA;
BAFIXAN Black RB Liquid; BAFIXAN Blue PA;
BAFIXAN Blue RS; BAFIXAN PINK FF3B LIQUID;
BAFIXAN RED Hl NB 301; BAFIXAN Red PA;
BAFIXAN YEllOW 3GE LiQuid; BAFIXAN YEllOW
Hl NB 801 D-Glucit
BAFIXAN BLUE FRl LIQUID; lurafix Blue FRl C.1. Disoerse Blue 289
BAFIXAN BLUE 2Rl LIQUID \"'.1. Disperse Blue 72
BAFIXAN RED Hl NB 301; Palanil Brilliant Pink REl C.1. Disperse Red 91
BAFIXAN Red PA C.1. Disoerse Red Dve
BAFIXAN TURQUOISE 2B LIQUID; Teraprint

r.1. Disoerse Blue 332urauoise Blue G
BAFIXAN YEllOW Hl NB 801 C.1. Disperse Yellow 64
Baltane CF; 2,5-10% in AM 8 Klebesprav 2,5-10% 1,1,1-Trichloroethane
BASACRYl SALT NB-KU Quaternarv ammonium comoounds
Basacrylgelb X-2Gl; Diacryl Yellow 3G-N \"'.1. Basic Yellow 51
Basacrvlsalz AN Dibenzvldimethvlammonium chloride
Basacrylsalz AN; Cassurit HMl 3%; Cassurit MlG 3%;
Cassurit MT 3%; Dicrylan catalyst SlA 0,5%; Fixapret
COC; FIXAPRET Cl; Fixapret CPN; Fixapret TX 2437;
Invadin DS 3-5%; Kaurit M 70; Knittex FA konz. 1-
?,5%; Knittex GM konz. 0,5-1%; Knittex IS 0,5%;
levogen BF 0,1-0,9%; lubasin C; lubasin S; luprintol
MC; luprintol MCl; lyofix CHN 1-2,5%; Methanol;
Oleophobol CM 0,5%; Oleophobol SM 0,5%; Pregan
E; Pyrovatex CP neu 3%; Rucogumm KlH 0,5%;
Siliaen PW; FIXAPRET® Cl Methanol
Basilen Fixierer F-RP Neu Sodiumtrichloroacetate
Basilengelbbraun E-GR; Basilen Brown E-GR \"'.1. Reactive Brown 31
Basilenrot E-7BN; Procion Red H-E7B .1. Reactive Red 141
BASOl WS Liauid Naohthalenesulfonic acid-formaldehyde-resin
Basolan DC (BASF\ dichloroisocvanuric acid
Basolan SW; Chemocarrier Spez.; Deurol H; Diadavin
CA42063; Diadavin SW 10-15%; Dicrylan Verdicker X
1-2,5%; Duron Antistatikspray; Finish PU 6%; Fluidol
AW12; Hostapal JET AU; Hydrophobol CF 1-2,5%;
Imprafix SK 75-85%; Impranil ClS02 (losung) 15-
~O%; Irgapadol AS 9%; Irgapadol FFU 6%;
Isopropanol; Kieralon D; lEOPHEN RA; levegal FrS
1-3%; Levegal FTSK 01 1-3%; luprintol MC; Nuva FH
14%; Nuva FHN 10%; Perfit SE 3-8%; Persistol E;
Silgone R; Siligen MA; Siligen SI; Tanawet PAD;

inegal MR 25%; Univadin PA 4%; Verdicker A 01 5-
2-Prooanol10%

Basosoft JET-K; Dryol FE; Evoral FlT; Evoral KW;
Paraffin; Persoftal PW; Phobotex VFN Paraffin
BASOTOLAR Potassium iodate
Bavferrox 600 Iron oxide (Fe203\
Bavferrox 600 Iron Oxide (Fe304\
Bayferrox 130; Bayferrox 600; AQUAPRINT BROWN
3K 05-55148; ARIDYE Pad Brown R 09-9550; Iron
Oxide Red; Chinese red ".1. Piament Red 101
Bayferrox 320; Bayferrox 600; Black Iron Oxide I
Maanetite C.1. Piament Black 11
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Bayferrox 420; Bayferrox 600; PAD N YELLOW K 09-
9884; Goethite C.1. PiQment Yellow 42
Baygard CA 40162 1,5%; Rucogen CD 1-3%;
Rucogen TA 1758 1-3%; Ruco-Cleaner MS 2-3%;
SILIGEN SIN Dipropvlene Qlvcol methvl ether
Baygard EDW; Baypret 10 DU; Dicrylan 7417; Dicrylan
7524; Dicrylan PSC; Finish PU; Protolan 357; Protolan
367; Rotta-Coating 1207; Rotta-Coating 1224; Rotta-
CoatinQ 1228 Polvurethan
Bavaard EP 0,1-0,5% 1,3-Dichloro-2-propanol
Baylase LT aloha-Amylase
Baypren Latex MKB 2-Chlor-(1,3)-butadiene polvmer
Bavsolex EXT; Contavan TIG 5%; Kappaauest S12 Phosphonic acid
Beisol B260; Beisol LZV Amvlase
Belfasin 2597 Pulver: Glycolsaure (57%) Hydroxyacetic acid
Belfasin 2420; Harnstoff; PRESTOGEN SP Liauid Urea
Bemacetschwarz GS f10ssig; Cibacetblau F3R;
Cibacetbraun JNH 150 %; Cibacetgrau NH;
Ostacetblau P3R; Terasilschwarz NL; also: CAS
86722-66-9 C.1. Disperse Blue 3
Bemacronblau S-RA; Miketon Polyester Discharge
Blue R C.1. Disperse Blue 106
Bemacronbrilliantrot E-BS; Dianix Fast Brilliant Red BSC.1. Disperse Red 146
Bemaplexschwarz S-BGL; Acidolbraun KM-N;
Acidolbraun M-BL flOssig; Acidoldunkelblau M-TR;
Acidolgelb M-2GLN; Acidolgrau M-G; AcidolgrOn M-
FGL; Acidololiv KM-G; Acidolrot M-BR;
Acidolscharlach M-L; Acidolschwarz M-SRL;
Vialonechtorange RL 85 flOssig; Vialonechtschwarz

rhromium (III)3RL 85 f10ssiQ
Benactivblau HE-G; Evercion Blue HEGN; Procion
Blue H-EGN ".1. Reactive Blue 198
Benactivblau HE-RG, Remazolbrillantgelb 4GL;

".1. Reactive Blue 160Procion Blue H-ERD
Benactivblau N-3RN, Remazolblau 3R Pulver;
Remazol Blue 3R r.1. Reactive Blue 28
Benactivbraun N-GR, Remazolbraun GR; Remazol
Brown GR C.1. Reactive Brown 18
Benactivbraun P-4GR; Cibacron Brown 4GR; also:

r.1. Reactive Brown 2CAS 70210-17-2
BenactivbriliantgrOn, RemazolbriliantgrOn 6B,
RemazolbriliantgrOn 6B flOssig 50%; RemazolgrOn 6B;

r.1. Reactive Blue 38Remazol Brilliant Green 6B
Benactivbrillantorange N-3R; Remazolbrillantorange
3R; Remazolbrillantorange 3R f10ssig 25%; Everzol
Brilliant OranQe 3R; Remazol Brilliant OranQe 3R C.1. Reactive OranQe 16
Benactivbrillantrot N-BB, Remazolbrillantrot BB;
Remazol Brilliant Red BB C.1. Reactive Red 21
Benactivbrillantviolett N-5R, Remazolbrillanlviolett 5R;
Remazol Brilliant Violet 5R C.1. Reactive Violet 5
Benactivebrillantblau N-R spezial, Remazolbrillantblau
R, Remazolbrillantblau R Spezial f10ssig 25; Remazol
Brilliant Blue R C.1. Reactive Blue 19
Benactivgelb N-GRS, Remazolgelb GR, Remazolgelb
GR f10ssia 40 %; Remazol Yellow GR C.1. Reactive Yellow 15
Benactivgoldgelb HE-R; Kayacion Golden Yellow E-

r.1. Reactive Yellow 138SNR; also: CAS 104269-59-2
Benactivmarineblau HE-R 150%; Procionmarineblau
HER 150 %; Procion Navv H-ER r.1. Reactive Blue 171
Benactivmarineblau N-2GL; Remazolmarineblau GG;
Remazol Navy Blue GG C.1. Reactive Blue 203
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Benactivscharlach HE-2G, Cibacronscharlach 2G-E;
Cibacron Scarlet 2G-E C.1. Reactive Red 43
Benactivschwarz N-B; Benactivschwarz NB Granulat;
levafixschwarz EBNERS.RE; Nerochromazin;
Remazolschwarz B f10ssig 50%; Remazolschwarz B
Granulat; Rottafast Black B; Remazol Black B C.1. Reactive Black 5
Benactivsuprablau SE-BR; Sumifix Supra Blue BRF C.1. Reactive Blue 221
Benactivsupragelb SE-Rl; Rottafast Golden Yellow R;
Sumifix Supra Yellow 3RF C.1. Reactive Yellow 145
Benactivsupramarineblau SE-R; Rottafast Navy Blue
B; Sumifix Supra Navy Blue BF C.1. Reactive Blue 222
Benactivsuprarot SE-3Bl; Sumifix Supra Brilliant Red
3BF C.1. Reactive Red 195
Benactivtorkisblau N-G konz.; Remazoltorkis G;
Remazoltorkis G f10ssig 50%; Remazoltorkis G 133%;
Rottafast Turauoise G; Remazol Turauoise Blue G C.1. Reactive Blue 21
Benanthrenblau BC; Indanthrenblau BC C.1. Vat Blue 6
Benanthrenbraun BR; Ostanthrenbraun BR C.1. Vat Brown 1
Benanthrenbraun G-N; Mikethrene Brown G C.1. Vat Brown 68
Benanthrenbrillant RR; Indanthrenbrillantviolett RR-D;
Solanthreneviolett 4RN Microperle ('.1. Vat Violet 1
BenanthrenbriliantgrOn FFB; BezathrenbriliantgrOn

('.1. Vat Green 1FFB; IndanthrenbriliantarOn FFB
Benanthrendirektschwarz RB 200%;
Indanthrendirektschwarz T-RBS Colloisol flOssig C.1. Vat Black 9
BenanthrenQelb GC, TexanthrenQelb GC C.1. Vat Yellow 2
Benanthrenaelb 3RT, Cibanonaelb 3R C.1. Vat Oranae 11
Benanthrenaoldoranae C.1. Vat Oranae 9
Benanthrenoliv MW; Bezathrenoliv MW; Indanthrenoliv
MW Colloisol f10ssig; Indanthrenoliv T-MW Colloisol
f10ssig C.1. Vat Green 13
Benanthrenoliv R C.1. Vat Black 27
BenanthrenolivQrOn B, IndanthrenolivQrOn B C.1. Vat Green 3
Benzo Chrome Black N; C.1. 31925 C.1. Direct Black 24
Benzo Chrome Brown 5G .1. Direct Brown 60
Benzo Chrome Brown R .1. Direct Brown 62
Benzo Dark Green GG .1. Direct Green 19
Benzo Fast (IG Farben); Benzo Fast Copper Red GGl .1. Direct Red 180
Benzo Fast Red 9Bl .1. Direct Red 43
Benzo Fast Red Gl .1. Direct Red 52
Benzo Green FF .1. Direct Green 20
Benzo Grev S .1. Direct Black 40
Benzo Navy Blue BM .1. Direct Blue 295
Benzo Rubine HW C.1. Direct Red 42
Benzo Violet R; also: CAS 25188-45-8 C.1. Direct Violet 3
Benzobraun D3G ex [FIAn C.1. Direct Brown 1
Benzoechtscharlach 4BEN [FIAn C.1. Direct Red 72
Benzoechtschwarz G 330%, Direktschwarz GRV 800
%, Kunstseidenechtschwarz B; Saturnschwarz G 200
%; also: CAS 7518-68-5 C.1. Direct Black 19 disodium salt
Benzonerol VSF 600 %; Benzonerol VSF-A f10ssig;
Direktkunstseidenschwarz CA 400 %;
Durofastschwarz GV 150 %; Durofastschwarz GVS

~.1. Direct Black 22600 %; Durofastschwarz VSF 600 %
Benzorot 8B-V; also: CAS 25188-35-6 .1. Direct Red 26
Benzoviolett Rl ex rFIATl .1. Direct Violet 5
Benzylbenzoat; Rhovyl AS+ Benzvlbenzoate
Benzylphenol f4-Benzylphenol
Berbamin Berbarnine
Berberin Berberine
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beta-Hydrojugolon 12,3-0ihydro-5-hydroxy-1,4-naphthalindion
beta-Methvlnaphthalin beta-Methvlnaphthaline
beta-Naohthvlamin beta-Naohthvlamine
Betanidin Betanidine
Bevaloid 2655; 88 (teilweise verseift); Chimtex X 81; 4
(Chimgel X 81; 4); Lamephil 0; Lamephil OJ;
Polyvinylalkohol; Rotta-Rapidschlichte 936; Texogum
12 (teilweise verseift); Tubigum R120; Vinarol OTL
Vinarol OTL 30\ Polvvinvl alcohol

Bezachromflavin R C.1. Mordant Yellow 8
Bezafluorgelb BA 10-15%; Bozemine N 705 1,5%;
Oicrylan PSC 1-5%; Orimarenrubinol X-2LR 2%;
Erkantol AS 20-30%; Ethylenglykol; Imperonblau K-RR
19%; Imperondunkelbraun K-BR 30%; Knittex IS 10-
15%; Levegal ROL 8-13%; Lyofix CHN 1-2,5%;
Monoethylenglykol; Nuva FSN 4%; Oleophobol AG
7,5-10%; Oleophobol PF 1-2,5%; Oleophobol S 5-
7,5%; Oleophobol SM 1-2,5%; Oleophobol U 1-2,5%;
Pigmatexhellbraun 2K 70447 2,5%; PigmatexheligrOn
2KBX 70471 2%; Pigmatexhellmarine 70433 5%;
Preventol 0615%; Rongalit H flOssig 5%; Sarabid VAT
~%; Sandacid VS 5-50%; Scotchgard FC-247 8%;
~cotchgard FC-251 8%; Scotchgard FC 270 5%;
~cotchgard FX 3563 3%; Scotchgard FX 3569 3%;
~erasilschwarz LBSN flOssig 50% 10%; Tubassist
RT0607W 33%; Tuboblanc BL 13%; Univadin NT
10%; Uvitex EAR 12%; Uvitex MST 10%; Ethvlene alvcol
Bezathrendunkelblau DB r.1. Vat Blue 20
Bezathrengelb 5GF, Indanthrengelb 5GF; Indanthren
rYeliow 5GF C.1. Vat Yellow 46
Bezathrenrot FFB, Indanthrenrot FBB Colloisol,
Indanthrenrot T-FBB f10ssig; Cibanone Red-FBB;
Indanthrene Red-FBB; Indanthrene Red-FBBA; also:
CAS 4568-45-0 C.1. Vat Red 10
Bioactive fibre, Trevira Silver
Biomet 300 rrributvitin methacrylate co-methacrylate polvmer
Bis-(hvdroxvmethvl\-harnstoff Bis-(hvdroxvmethvl) urea
Bismarck Brown R; also: CAS 8005-77-4; 68915-07-1 C.1. Basic Brown 1
Bis-(methoxvmethvll-harnstoff Bis-(methoxvmethyl) urea
1,4-Bis(methvlaminolanthraauinone '"'elliton Fast Blue B
Blankophor BA 267%; Blankoohor BA r.1. Fluorescent Briahtener 113
Blankophor BBU; Blankophor BBU f10ssig 01; Fluolite

C.1. Fluorescent Briahtener 220PS
Blankophor BRU 225%; Blankophor BRU f10ssig;

C.1. Fluorescent Brightener 263Blankophor BRU
Blankophor BSUN f10ssig; Ultraphor CF f10ssig;
Blankoohor BSU; also: CAS 68971-49-3 C.1. Fluorescent Briqhtener 264
Blankoohor CLE f10ssia; Blankoohor CL C.1. Fluorescent Briahtener 191
Blankophor DRS flOssig 200 % 02; Hostalux N2R C.1. Fluorescent Briahtener 386
Blankophor ER f10ssig 330% 01; Palanil Brilliant White
R C.1. Fluorescent Briqhtener 199
Blankophor ER flOssig 330% 01; Palanil Brilliant White C.1. Fluorescent Brightener 199 (regioisomer: p-
R cvanol
Blankoohor PAS flOssia B; Tinooal CBS C.1. Fluorescent Briahtener 351
Blankophor REU 170%; Blankophor REU Pulver
300%; Blankoohor REU C.1. Fluorescent Briahtener 119
BLEACHIT 1A 4,6-0imethvl-7-ethvlamino coumarin
BLEACHIT 1A; Tetrasodiumpyrophosohate etrasodium diohosohate
Borax Borax
Boric acid; PRESTOGEN SP Liauid Boric acid
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Tradename/Product Substance
Bozemine N 705 1,5%; Perchlorethylen; Tanede SD

Tetrachloro ethylene200
Brillantindiao 4B-D 150% suorafix Ta. C.1. Vat Blue 5
Brilliant Congo R; also: CAS 132-34-3 (free acid) C.1. Direct Red 34
Brilliant Green; also: CAS 68513-85-9 .1. Basic Green 1
Brilliant Lanafuchsin SL C.1. Acid Red 22
Brilliant Millina Oranae GR r.1. Acid Oranae 55
Brilliant Purpurine 4B ",.1. Direct Red 67
Brilliant Purpurine R; also: CAS 25188-31-2 .1. Direct Red 15
Brueggolit C Splitt; Sodiumhydroxymethanesulfinate
dihydrate Sodium formaldehYdesulfoxYlate dihydrate
5BT oentabromo toluene
Butanoxime Butanoxime
Butein .1. Natural Yellow 28
Butyl acetate (99/100%); Imprafix TRL 35-45%;

~cetic acid n-butyl esterStabilisator 1097 80%
ButYlalYkol; Forvl197 1-3%; Leyaoon OLN 1-3% 12-Butoxyethanol
Butylphthalat Dibutyl phthalate
C. I. 11050 Uanus Green B
C.1.11280 C.1. Basic Dye
C.1. 14085 C.1. Mordant Dye
C.1. 14810 C.1. Acid Dye
C.1. 15000 C.1. Acid Dye
r.1. 16010 C.1. Acid Dye
",.1. 19565 C.1. Direct Dye
C.1. 19610 C.1. Acid Dye
C.1. 21060 .1. Direct Dye
C.1. 22000 r.1. Direct Dye
C.1. 22020 C.1. Direct Dye
C.1. 22035 C.1. Direct Dye
C.1. 22050 C.1. Direct Dye
C.1. 22060 C.1. Direct Dye
C.1. 22070 C.1. Direct Dye
C.1. 22080 C.1. Direct Dye
C.1. 22095 C.1. Direct Dye
C.1. 22100 C.1. Direct Dye
C.1. 22110 C.1. Direct Dye
C.1. 22125 C.1. Direct Dye
r.1. 22140 C.1. Direct Dye
~.1. 22160 C.1. Direct Dye

.1. 22165 C.1. Direct Dye
C.1. 22175 ('.1. Direct Dye
C.1. 22210 (".1. Direct Dye
C.1. 22220 C.1. Direct Dye
C.1. 22230 C.1. Direct Dye
C.1. 22255 C.1. Acid Dye
C.1. 22260 C.1. Direct Dye
C.1. 22270 C.1. Mordant Dye

.1. 22275 C.1. Mordant Dye

.1. 22285 C.1. Acid Dye

.1. 22300 C.1. Direct Dye

.1. 22320 \"'.1. Direct Dye
C.1. 22322 .1. Direct Green 21: 1
C.1. 22330 C.1. Direct Dye
C.1. 22335 C.1. Direct Dye
C.1. 22370 C.1. Direct Orange 1
C.1. 22375 C.1. Direct Orange 1
C.1. 22390 C.1. Direct Dye

.1. 22400 C.1. Acid Dye
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C.1. 22415 C.1. Direct Dye
C.1. 22495 .1. Direct Dye
\.,.1. 22530 .1. Direct Dye

.1. 22545 .1. Direct Dye

.1. 22585 .1. Direct Dye
C.1. 22600 C.1. Direct Dye
C.1. 22605 C.1. Direct Dye
C.1. 23045 C.1. Direct Dye
C.1. 23070 C.1. Acid Dye
C.1. 23350 C.1. Direct Dye
C.1. 23385 C.1. Direct Dye
C.1. 23390 C.1. Direct Dye
C.1. 23400 C.1. Direct Dye
C.1. 23530 C.1. Direct Dye
C.1. 23540 C.1. Direct Dye
C.1. 23550 C.1. Direct Dye
C.1. 23580 C.1. Direct Dye
C.1. 23585 C.1. Direct Dye
C.1. 23590 C.1. Direct Dye
C.1. 23595 C.1. Direct Dye
C.1. 23610 C.1. Direct Dye
C.1. 23620 v.1. Direct Dye

.1. 23625 \..;.1. Direct Dye
C.1. 23645 C.1. Direct Dye
C.1. 23650 C.1. Direct Dye
C.1. 23695 C.1. Direct Dye
C.1. 23700 C.1. Direct Dye
C.1. 23715 C.1. Direct Dye
C.1. 23720 C.1. Direct Dye
C.1. 23730 C.1. Direct Dye

.1. 23740 .1. Direct Dye

.1. 23745 .1. Direct Dye

.1. 23760 .1. Direct Dye

.1. 23770 .1. Direct Dye

.1. 23780 C.1. Direct Dye

.1. 23785 C.1. Direct Dye
C.1. 23795 C.1. Direct Dye
C.1. 23825 C.1. Direct Dye
C.1. 23835 C.1. Direct Dye
C.1. 23840 C.1. Direct Dye
C.1. 24050 C.1. Direct Dye
C.1. 24060 C.1. Direct Dye
C.1. 24070 C.1. Direct Dye
C.1. 24075 C.1. Direct Dye
C.1. 24090 .1. Direct Dye
C.1. 24120 ('.1. Direct Dye

.1. 24160 ~.1. Direct Dye
C.1. 24165 C.1. Direct Dye
C.1. 24180 C.1. Direct Dye
C.1. 24190 C.1. Direct Dye
C.1. 24195 C.1. Direct Dye
C.1. 24200 C.1. Direct Dye
C.1. 24210 C.1. Direct Dye

.1. 24215 C.1. Direct Dye

.1. 24225 .1. Direct Dye

.1. 24230 ~.1. Direct Dye

.1. 24240 C.1. Direct Dye
C.1. 24250 C.1. Direct Dye
C.1. 24260 C.1. Direct Dye
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C.1. 24290 C.1. Direct Dye
C.1. 24300 C.1. Direct Dye
C.1. 24320 C.1. Direct Dye
C.1. 24325 C.1. Direct Dye
C.1. 24330 C.1. Direct Dye
C.1. 24335 C.1. Direct Dye
C.1. 24345 C.1. Direct Dye
C.1. 24350 C.1. Direct Dye
.1. 24355 C.1. Direct Dye
.1. 24361 C.1. Direct Dye
.1. 24365 C.1. Direct Dye
.1. 24375 C.1. Direct Dye
.1. 24385 C.1. Direct Dye
C.1. 24390 C.1. Direct Dye
C.1. 24395 C.1. Direct Dye
C.1. 24420 C.1. Direct Dye
C.1.25110 .1. Acid Dye
C.1.25115 .1. Acid Dye
C.1. 26725 .1. Direct Dye
C.1. 29205 .1. Direct Dye
C.1. 29250 .1. Direct Dye
C.1. 29255 .1. Direct Dye
C.1. 29260 .1. Direct Dye
C.1. 30055 .1. Direct Brown 61
C.1. 30065 .1. Direct Dye
\.-.1. 30075 .1. Direct Dye
C.1. 30080 C.1. Direct Dye
('.1. 30085 .1. Direct Dye
('.1. 30095 .1. Direct Dye
\.-.1. 30105 .1. Direct Dye
C.1. 30130 .1. Direct Dye
C.1. 30160 .1. Direct Dye
C.1. 30165 .1. Direct Brown 173
C.1. 30170 .1. Direct Dye
C.1. 30175 .1. Direct Dye
C.1. 30180 .1. Direct Dye
C.1. 30190 .1. Direct Dye
C.1. 30195 C.1. Direct Dye
C.1. 30200 C.1. Direct Dye
C.1. 30210 C.1. Direct Dye
C.1. 30215 C.1. Direct Dye
C.1. 30230 C.1. Direct Dye
C.1. 30240 r.1. Direct Black 11
C.1. 30250 C.1. Direct Dye
C.1. 30265 C.1. Direct Dye
C.1. 30300 C.1. Direct Dye
C.1. 30320 C.1. Direct Dye
C.1. 30335 C.1. Direct Dye
C.1. 30350 C.1. Direct Blue 11
C.1. 30360 C.1. Direct Dye
.1. 30370 C.1. Direct Dye
.1. 30375 C.1. Direct Dye
.1. 30385 C.1. Direct Dye
.1. 31690 C.1. Direct Dye
C.1. 31695 .1. Direct Dye
C.1. 31705 ~.1. Direct Brown 57
C.1. 31715 .1. Direct Dye
C.1. 31745 C.1. Direct Dye
C.1. 31765 C.1. Direct Dye
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C.1. 31770 C.1. Direct Dye
C.1. 31775 C.1. Direct Green 22
C.1. 31780 C.1. Direct Dye
C.1. 31793 C.1. Direct Dye
".1. 31795 .1. Direct Dye
C.1. 31800 .1. Direct Dye
C.1. 31805 .1. Direct Dye
C.1. 31815 .1. Direct Dye

.1. 31820 .1. Direct Dye

.1. 31825 C.1. Direct Dye

.1. 31830 .1. Direct Dye

.1. 31835 C.1. Direct Dye
C.1. 31840 C.1. Direct Dye
C.1. 31845 C.1. Direct Dye
C.1. 31855 C.1. Direct Dye
C.1. 31875 C.1. Direct Dye
C.1. 31880 C.1. Direct Dye
C.1. 31890 C.1. Direct Dye
C.1. 31895 C.1. Direct Dye
,-,.1. 31900 C.1. Direct Dye
,-,.1. 31905 v.1. Direct Dye

.1. 31915 v.1. Direct Dye
C.1. 31920 C.1. Direct Dye
C.1. 31935 C.1. Direct Dye
C.1. 31940 C.1. Direct Dye
C.1. 31945 C.1. Direct Dye
C.1. 31950 C.1. Direct Dye
C.1. 31960 C.1. Direct Dye
C.1. 31965 C.1. Direct Dye
C.1. 31970 C.1. Direct Dye
C.1. 33350 C.1. Direct Dye
v.1. 35065 .1. Direct Dye
".1. 35070 .1. Direct Dye
C.1. 35080 .1. Direct Dye
C.1. 35100 .1. Direct Dye
C.1. 35220 .1. Direct Dye
C.1. 35225 C.1. Direct Dye
C.1. 35230 C.1. Direct Dye
C.1. 35240 C.1. Direct Dye
C.1. 35400 C.1. Direct Dye
C.1. 35540 C.1. Direct Dye
C.1. 35650 C.1. Direct Dye

.1. 35670 C.1. Direct Dye
C.1. 35680 .1. Direct Dye
C.1. 35730 .1. Direct Dye
C.1. 35900 C.1. Direct Dye
C.1. 36040 C.1. Direct Dye
C.1. 36210 C.1. Direct Dye
C.1. 36220 C.1. Direct Dye
C.1. 37077 C.1. Azoic Diazo Component I Azoic Brown 29
C.1.37115 C.1. Azoic Diazo Component
C.1. 37270 C.1. Azoic Diazo Component
,-,.1. 42650 .1. Acid Violet 17

.1. 62045 .1. Acid Blue 62
C.1. Acid Black 69; Chrome Leather Fast Black S .1. Direct Black 41

.7-Naphthalenedisulfonic acid. 5-(acetylamino)-3-
[[4-(acetyiamino)phenyl]azo]-4-hydroxy-. disodium

C.1. Acid Violet 7; C.1. 18055 ~alt
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C.1. Food Yellow 13; Quinoline Yellow; Mixture of C.1.
470051 & C.1. 470052; also: CAS 68814-04-0 C.1. Acid Yellow 3
C.1. Natural Red 14: C.1. 75420 Pseudopurpurin
C.1. Natural Red 8: C.1. 75330 + 75420 + 75340 +
75350 + 75370 + 75410, Pseudopurpurin Muniistin
p.1. Natural Red 16: C.1. 75340 + 75350 + 75370 +
75410, Xanthopurpurin Purpuroxanthene
f::.1. Natural Red 31: C.1. 75200 + 75210, Dracorubin,
Dracorhodin Dracorubin
C.1. Natural Red 31: C.1. 75200 + 75210, Dracorubin,
Dracorhodin Dracorhodin
C.1. Natural Red 19: C.1. 75460 + 75430, Kermesic
~cid, Morindon Morindon
C.1. Natural Red 18: C.1. 75380 + 75390, Morindadiol,
Soraniidiol Soraniidiol
f..-.1. Natural Yellow 13: C.1. 75670 + 75650 + 75690 +
75430 + 75640 + 75695 Kaempferol
f::.1. Natural Yellow 2: C.1. 75580 + 75590, CAS 491-
70-3 + 98443-86-8 Luteolin
1..-.1. Natural Yellow 25; C.1. Natural Orange 2 Rottlerin
1..-.1. Natural Yellow10; C.1. Natural Yellow 13;

k:.1. Natural Red 1Quercetin
.1. Piqment Red 2r type; HIFAST N Red 2R 05-53733 Medium Shade Naphthol Red

ralco Oil Yellow G .1. Solvent Yellow 72
Calgon TLL; Calgon T neu (mittlere Kettenlange) Sodiumpolyphosphate
Capsanthin apsicum red
Carajurin; Annatto; C.1. Natural Orange 5: C.1. 75120 +
75180 Caraiurin
Carboxvmethvl cellulose; Chimcell 30SG; Edifas B rarboxvmethvl cellulose, sodium salt
f--aroat; Pentapotassium-bis(peroxymonosulfate)- Potassium peroxymonosulfate sulfate
bis(sulfate\ K5rHS03(02lUS03(02\](HS04\2\
Cartasol Yellow M-GL .1. Basic Yellow 103
Carthamidin ',5,7,8-Tetrahvdroxvflavone
Carthamin aflorot
Carthamin; Safflower Yellow C.1. Natural Red 26
CATALYST 04-82 rrunqsten trioxide
CATALYST 0 3-114 1OO%/RINGS 7X7X3 MM;
CATALYST 03-114 K/80 RING 7X7X3MM; CATALYST
P4-27 STRAENGE 4MM; CATALYST 04-82;
CATALYST D10-10; CATALYST G1-22; CATALYST
G1-25; CATALYST HO-12; CATALYST HO-13 L;
CATALYST HO-14 STRAENGE 3MM; CATALYST HO-
14 STRAENGE 3MM; CATALYST HO-90; CATALYST
M8-10 lA.luminium oxide
f--ATALYST 0 3-114100%; RINGS 7X7X3 MM;

k:opperl(ll)-chlorideCATALYST 03-114 K; 80 RING 7X7X3MM
~ATALYST 0 3-114100%; RINGS 7X7X3 MM;
CATALYST 03-114 K; 80 RING 7X7X3MM Potassium chloride
catalyst 3282 47,5%; Magnesiumchlorid;
PRESTOGEN N-SC Maqnesiumchloride
CATALYST 04-28 A Cesium sulfate
CATALYST 04-28 A; Monoammonium phosphate;

~mmonium Dihvdroqen PhosphateMAP
CATALYST 04-10 EXTRUDATES; CATALYST 04-10
RINGS; CATALYST 04-110 EXTRUDATES;
~ATALYST 04-110 RING; CATALYST 04-110 STAR
RING 10X5; CATALYST 04-115 STERNRING
11 X4MM; CATALYST 04-26 RINGS ~anadium Oxide
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CATALYST 04-10 EXTRUDATES; CATALYST 04-10
RINGS; CATALYST 04-110 EXTRUDATES;
CATALYST 04-110 RING; CATALYST 04-110 STAR
RING 10X5; CATALYST 04-115 STERNRING
11X4MM; CATALYST G1-22; CATALYST HO-20 Potassium oxide
CATALYST 04-10 EXTRUDATES; CATALYST 04-10
RINGS; CATALYST 04-110 EXTRUDATES;
~ATALYST 04-110 RING; CATALYST 04-110 STAR
RING 10X5; CATALYST G1-22; CATALYST H 2-91
~ET SPENT CATALYST; CATALYST H 5-11;
CATALYST H1-40 TABLET 5X5MM; CATALYST H1-
90 EXTRUDATE 4MM; CATALYST H2-91 REDUCED
NEW 4 MM; CATALYST H2-91; CATALYST H5-1 0;
CATALYST H5-15 5X5X2MM RINGS Sodium oxide
CATALYST 04-10 EXTRUDATES; CATALYST 04-10
RINGS; CATALYST 04-110 EXTRUDATES;
CATALYST 04-110 RING; CATALYST 04-110 STAR
RING 10X5; silica (amorphous) Diatomaceous earth
CATALYST 04-10 EXTRUDATES; CATALYST 04-10
RINGS; CATALYST 04-110 EXTRUDATES;
CATALYST 04-110 RING; CATALYST 04-115
STERNRING 11X4MM; CATALYST H1-40 TABLET
5X5MM Silicic acid
CATALYST 04-10 EXTRUDATES; CATALYST 04-10
RINGS; CATALYST 04-110 EXTRUDATES;
~ATALYST 04-110 RING; CATALYST 04-115

!sulfurSTERNRING 11X4MM; CATALYST M8-10
ATALYST 04-26 RINGS Dirubidium monoxide

~ATALYST 04-26 RINGS; CATALYST 04-28 A;
rATALYST 04-82; titanium white itanium dioxide
,",ATALYST 04-26 RINGS; CATALYST 04-28 A;

Steatite ceramicrATALYST 011-82 RING 5X2X2MM
CATALYST 04-115 STERNRING 11X4MM Dicesium monoxide
CATALYST 04-115 STERNRING 11X4MM Silica (crvstalline-cristobalite)
CATALYST 04-27 STRAENGE 4MM; CATALYST 04-
~8 A; CATALYST 04-82 Divanadium pentoxide
CATALYST 04-27 STRAENGE 4MM; CATALYST H 2-
91 WET SPENT CATALYST; CATALYST H2-91;
CATALYST H2-91 REDUCED NEW 4 MM;
CATALYST H1-80 REDUCED; CATALYST H2-91
REDUCED NEW 4 MM; CATALYST M8-10 Molybdenum trioxide
CATALYST 04-82; CATALYST G1-22; CATALYST
G1-25; CATALYST H 5-11; CATALYST H5-10;
CATALYST H5-15 5X5X2MM RINGS Calcium oxide
CATALYST 04-82; Fiberglas Fibrous glass filter media
CATALYST G1-10; CATALYST G1-22; CATALYST
G1-25; CATALYST H1-90 EXTRUDATE 4MM;
CATALYST H1-40 TABLET 5X5MM; CATALYST H1-
80 REDUCED Nickelous oxide
CATALYST G1-22; CATALYST H 5-11; CATALYST
H1-80 REDUCED; CATALYST H5-15 5X5X2MM
RINGS Graphite
CATALYST G1-10; CATALYST H1-40 TABLET
5X5MM; CATALYST H5-10; CATALYST H1-80
REDUCED Magnesium oxide
CATALYST HO-90 PlatinumllV) oxide
CATALYST H 2-93 REDUCED 3-6 MM GRANULES Pumice
CATALYST H 2-91 WET SPENT CATALYST;
CATALYST H 2-93 REDUCED 3-6 MM GRANULES;
CATALYST H1-90 EXTRUDATE 4MM; CATALYST

Manqaneselll,lII) oxideH2-91 REDUCED NEW 4 MM; CATALYST H2-91
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ATALYST H 291 WET SPENT CATALYST
Tradename/Product Substance
vi -
CATALYST H 2-93 REDUCED 3-6 MM GRANULES;
("'ATALYST H2-91 REDUCED NEW 4 MM robalt
CATALYST H 2-91 WET SPENT CATALYST;
CATALYST H 2-93 REDUCED 3-6 MM GRANULES;
CATALYST H2-91 REDUCED NEW 4 MM;

K;obalt(ll) oxiderATALYST H2-91; CATALYST M8-10
vATALYST H 2-91 WET SPENT CATALYST;
CATALYST H1-90 EXTRUDATE 4MM; CATALYST

Copper(ll) oxideH2-91 REDUCED NEW 4 MM; CATALYST H2-91
\,.,ATALYST H 2-91 WET SPENT CATALYST;
CATALYST H2-91 REDUCED NEW 4 MM ("'opper
CATALYST H1-80 REDUCED Nickel
CATALYST H1-40 TABLET 5X5MM Chrom(lIIloxide
CATALYST HO-11; CATALYST HO-12; CATALYST
HO-13 L; CATALYST HO-14 STRAENGE 3MM;
CATALYST HO-20; CATALYST HO-90 Palladiumllll oxide
Cellitazolschwarz STN 88 C.1. Disperse Black 1
Celliton DischarQe Rubine BBF .1. Disperse Red 16
Celliton Fast BLue FFG C.1. Disperse Blue 6
relliton Fast Blue FW; also: CAS 4424-82-2 r.1. Disperse Blue 34
\"'elliton Violet R \,.,.1. Disperse Violet 13

ellitonechtblau FFB (BASF); Celliton Fast Blue FFB .1. Disperse Blue 5
Cellitonrot GG; Cellitonechtrot GG C.1. Disperse Red 17
CHEL DM-41 LIQUID; CHEL DTPA-41 LIQUID;
LUSYNTON EX; LUSYNTON RED; LUSYNTON SE;
TRILON TA Liauid; SEQUESTRENE 30A CHELATE Nitrilotriacetic acid, sodium salt
Chemantrenbrillantrosa R C.1. Vat Red 1
ChemantrenQoldQelb RKJO C.1. Vat OranQe 1
Chemocarrier LH 54%; Chemocarrier Spez. 54% 1,2,3-Trichlorobenzene
Chicaaoblau 6 B; also: CAS 83763-66-0 C.1. Direct Blue 1 tetrasodium salt
Chloramine Blue HW C.1. Direct Blue 51
Chlorantinlichtrot-5BL; also: CAS 83221-50-5 C.1. Direct Red 81 disodium salt
CHLORAZOL VIOLET N; also: CAS 2586-58-5 C.1. Direct Violet 1 disodium salt
Chlorienvinfos Chlorienvinfos
4-Chlor-2-methvlaniline I4-Chloro-2-methvlaniline
4-Chloroanilin I4-Chloroaniline
3-chloro-benzenediazonium; see also CAS 108-42-9,
CAS 141-85-5 C.1. Azoic Diazo Component 2 diazonium ion
3-chloro-phenylamine; also: CAS 141-85-5
hvdrochloride\ CAS 17333-84-5 (diazonium ionI C.1. Azoic Diazo Component 2

3-chloro-phenylamine; hydrochloride; see also CAS
108-42-9, CAS 17333-84-5 C.1. Azoic Diazo Component 2 hVdrochloride
Chlorpvrifos Chlorpvrifos
Chrome Fast Yellow GG C.1. Solvent Yellow 20
Chrome Intra Green G C.1. Acid Green 25
\,.,hrome Leather Black A .1. Direct Black 34
Chrome Leather Fast Black V C.1. Acid Black 70
fjhrom(III)-oxid; ChromoxidgrOn K 9995; Chromium
pXide Green; CATALYST H1-40 TABLET 5X5MM;

K;.1. PiQment Green 17~Iso: CAS 68909-79-5
Chrvosphansaure Rumicin
Chrysarobin; also: CAS 491-59-8 (enol tautomerl 1,8-Dihvdroxv-3-methvl-9-anthrone
\,.,hrysin 5,7-Dihvdroxvflavone

ibacetblau GFD; Eastone Blue GFD C.1. Disperse Blue 102
I--ibacetbraun JNH 150 %; Cibacetgrau NH;
K;ibacetbraun JNH-01 150 %; Cibacetgelb 2GC 150 %;
Cibacetgrau NH-01; CibacetgrOn 5G; Serisolechtgelb
GD 120 %; Cellitonechtgelb G Plv C.1. Disperse Yellow 3
CibacetlOrkisblau G C.1. Disperse Blue 7
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Cibacron Blue C-R C.1. Reactive Blue 235
Cibacron Navy C-B C.1. Reactive Blue 238
Cibacron Oranae 4R-A; also: CAS 70210-13-8 C.1. Reactive Oranae 35
Cibacron Pront Blue 3R C.1. Reactive Blue 74
Cibacron Pront Blue 5R C.1. Reactive Blue 157
Cibacron Pront Yellow 4RN C.1. Reactive Yellow 134
Cibacron Red C-R C.1. Reactive Red 238
Cibacron Tlirkisblau 3 GE; Cibacron Turquoise Blue
3G-E C.1. Reactive Blue 190
~ibacrongelb F-3R; Cibacron Yellow F-3R C.1. Reactive Orange 91

ibacronmarine F-G; Cibacron Navy F-G C.1. Reactive Blue 184
ibacronmarine P-2R 01; Cibacron Red 4B C.1. Reactive Red 245

Cibacronrot F-B; Cibacron Red F-B 1r.1. Reactive Red 184
Cibacronrot P-B Granulat; Cibacron Brilliant Red BD;
~Iso: CAS 70210-20-7 C.1. Reactive Red 24
Cibacronscharlach F-3G; Cibacron Scarlet F-3G C.1. Reactive Red 183
~ibacronschwarz P-GR 150%; Procion Golden Yellow
H-R; also: CAS 70161-14-7 C.1. Reactive Oranae 12

leland's reagent 1,4-dimercapto-2,3-butanediol
loth Red G; also: 7357-71-3 C.1. Acid Red 177
olumbia Brown R C.1. Direct Brown 68
onao Brown R C.1. Direct Brown 21
ongo Orange R 1.".1. Direct Orange 13
onao 4R 1.".1. Direct Red 68
ORIAL Binder IF Polymer

CORIAL Binder IF 1,2-Benzisothiazolin-3-one
Cotton Black 3G 1.".1. Direct Black 131
cream of tartar Potassium bitartrate
Crocein Scarlet 3BX 1"'.1. Acid Red 25:1
Crocetin all-trans Crocetin
Crocin Gardenine

1,7-bis(4-hydroxy-3-methoxyphenyl)-1 ,6-heptadiene
Curcumin 3,5-dione
Cvanidinchlorid 3,3' ,4',5,7-Penthydroxyflavvliumchloride
Cvanoauanidin; Dicvandiamid Cvanoauanidine
Cyhalothrin Cyhalothrin
Cypermethrin Cypermethrin
Cvromazine Cvromazine

3,5,7-Trihydroxy-2-(2-hydroxyphenyl)-4H-1-
Datiscetin bezopvran-4-on
Datiscetin C.1. Natural Yellow 12
Decabromodiphenyloxid; Caliban F/RP53; Carbinul
PCUK) Decabromodiphenylether (deca-BDE)

DefoamerT Diethylene alycol monostearate
DEKOL N-S Polvacrvlic acid
Delphinidin(chlorid) 3,3',4',5',7-Hexahydroxyflavyliumchloride
Deltamethrin Deltamethrine
Desmodur N100 1,2% Hexamethvlene Diisocvanate (HDI)
Desmodur TT 0,2% ,4-Toluene diisocyanate
Desmodur TT 0,2% oluene-2,6-Diisocyanate
Dextrin (20904); Noredux 150 (Noredux A-150);
Solamyl9502 (nun 9801); Solamyl9514; Solamyl
9600; Solamyl9630; Solamyl9700; Collamyl9100;

StarchKartoffelstarke; potatoe starch
DHTDMCA; DSDMCA; di(hardened tallow) dimethyl

distearyl dimethyl ammonium chlorideammonium chloride
Diacel Navy DC; o-Dianisidine dihydrochloride;
Dihydrochloride of C.1. Azoic Diazo Component 48 C.1. Disperse Black 6 dihydrochloride
Dialgin BV; Dialgin HV4; Dialgin NMV; Manutex F;
Viscalain MF Sodiumalainate
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Diamine Brilliant Blue G C.1. Direct Blue 36
Diamine Brilliant Rubine S C.1. Direct Red 55
Diamine Brilliant Scarlet S C.1. Direct Red 56
Diamine Dark Brown G C.1. Direct Brown 215
Diamine Green CL; C.1. 30285 C.1. Direct Green 10
Diamine Green FG; C.1. 30330 C.1. Direct Green 7
Diamine Heliotrope B C.1. Direct Violet 27
Diamine Nitrozol Green G C.1. Direct Green 60
Diamine Steel Blue L C.1. Direct Blue 39
1,4-Diaminoanthraquinone; Cibacetvioletl 2R; Miketon
Fast Red Violet R (Mitsui Toatsu Dyes ltd), Firma

okyo Kasei ltd (our); Celliton Rotvioletl RN IBASF) C.1. Disperse Violet 1
Diammoniumphosphate; DAP DiammoniumhvdroQenphosphate
Dianil Black CR; C.1. 31810 C.1. Direct Black 27
Dianil Blue 2R C.1. Direct Blue 31
Dianil Blue 4R C.1. Direct Blue 58
Dianil Blue R 1",.1. Direct Blue 49
Dianix Brilliant Red 4G-SE .1. Disoerse Red 221
Dianix Fast Red B-FS 1'.1. Disoerse Red 127
Dianixgelb 6GSL-FS 200 SA; Samarongelb 6GSL 200
%; Polysynthren Brilliant Yellow 6GSL; also: CAS

1'.1. Disoerse Yellow 11461968-66-9
Dianixmarineblau HB-SE 200 S; Samaron Navy Blue

1'.1. Disoerse Blue 333HB
Dianixrot 2 BSL-FS 150 SA; Samaronrot 2BSL 150 %;

C.1. Disperse Red 184Polysynthren Red 2BSL
Dianixvioletl HFRL-SE 150; Resolinrotvioletl FBL 200
% C.1. Disperse Violet 26
Diazamine Leather Green B; C.1. 30225 .1. Direct Green 58
Diazinon Diazinon
Diazo Blue 2B .1. Direct Blue 183
Diazo Blue Black RS .1. Direct Black 83
Diazo Brown G .1. Direct Brown 127
Diazo Fast Black B .1. Direct Black 86
Diazo Geranine B C.1. Direct Red 119
Diazo Navv Blue BP C.1. Direct Blue 131
Diazo Olive G C.1. Direct Green 39
Diazo Sky Blue B C.1. Direct Blue 136
Diazol Brown FBR; C.1. 30060 C.1. Direct Brown 20
Diazol Cutch BAR; C.1. 35530 C.1. Direct Brown 70
Diazol Cutch BR; C.1. 35535 C.1. Direct Brown 73
Diazol LiQht Scarlet 5B C.1. Direct Red 64
Diazol LiQht Scarlet 3J C.1. Direct Red 65
Diazol Violet R C.1. Direct Violet 43
Diazol Violet R C.1. Direct Violet 43 disodium salt
DiazollichtgrOn BL ultrakonz.; ImcosolgrOn BL;
SiriuslichtQrOn 4B 200 %; also: CAS 25180-48-7 C.1. Direct Green 26
DiazollichtlOrkis JLS; Solophenvl Turquoise Blue C.1. Direct Blue 86
Diazurine B C.1. Direct Black 87
Dichlofenthion Dichlofenthion
1,2-Dichlorbenzene 1,2-Dichlorbenzene
3,3'-Dichlorbenzidin 3,3'-Dichlorobenzidine
Dichlordiphenvldichlorethan (DDD) Dichlorodiphenvldichloroethane (DDD)
Dichlordiphenyltrichlorethan (DDT) Dichlordiohenvltrichlorethane (DDT)
1,3-Dichlorisocvanat-Sodiumsalz; Basolan DC 1,3-Dichloro-1,3,5-triazinetrione, sodium salt
Dichlorotoluene Dichlorotoluene
Dicerel Yellow EPL C.1. Direct Yellow 126
Dicrylan catalyst SLC; Dibutyltindilaurate Di-n-butyltin Dilaurate
Dicrylan SLTS 50-75%; Imprafix BE 35-45%; Impranil

IrolueneCLS02 (L6sung) 20-25%
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Dicrvlan Verdicker R ~crvlic acid
Dicrvlan Verdicker X; Tylose H300P HYdroxYethYlceliulose
Dicyclanil Dicyclanile
Dieldrin Dieldrine
Diethylenglykol; Tanawet PAD; Tubiperl P 1%;
AQUAPRINT Fluorescent Pink BLF 05-53229;
AQUAPRINT OPAQUE BASE 05-51149; ARIDYE Pad
Brown 4K 09-9552; ARIDYE Pad Brown R 09-9550;
ARIDYE PAD WHITE 09-91102; ARIDYE SXN Black
?K 05-5211; FIXAPRET ECO; FIXAPRET ECO;
LEOPHEN RA; HIFAST BLACK 2KR 05-52852;
HIFAST BLACK LVP 05-52172; HIFAST N ROYAL
BLUE 05-57929; HIFAST N Royal Blue R 05-57826;
PAD N GREY 2K 09-9280; PAD N GREY 2K 09-9286;
PAD N Yellow 4GL 09-98832; PAD N Yellow 4GL 09-
98839; POLYFAST BLACK KB 05-52131; POLYFAST
BLUE LGB 05-57188; POLYFAST Blue RB 05-57216;
POLYFAST BROWN HWP 05-55165; POLYFAST
GREEN PB 05-54157; POLYFAST Navy JS 05-57171;
POLYFAST PINK 3B 05-53779; POLYFAST RED A2B
05-53263; POLYFAST RED RRL 05-53279;
POLYFAST SCARLET 05-53261; POLYFAST Violet
VB 05-56122; POLYFAST YELLOW LG 05-58231;
POLYFAST YELLOW LR 05-58226; RESPAD GREY
R3W 01-8600 Diethylene qlycol

Diethylenetriaminepenta(methylenphosphonic acid)
Diethylentriaminpentaimethylenphosphonsaure) DTPMP)
Diflubenzuron Diflubenzuron
Diisodecylphthalat; Estabex ABF2DIDP (Intercide ABF
2 DIDPl Diisodecyl phthalate
Dilatin NAN 10-15% Naphthalene
Dilatin NAN 20-25% Biphenyl
Dilatin NAN 5% Diphenyloxide
3,3'-DimethoxYbenzidin; o-Dianisidine 3,3'-Dimethoxvbenzidine
dimethyl phosphonate Dimethyl hydroqen phosphite
3,3'-Dimethylbenzidin; o-Tolidine 3,3'-Dimethylbenzidine
3,3'-DimethYI-4,4'-diaminodiphenYlmethan 3,3'-DimethYI-4,4'-diaminodiphenYlmethane
1,3-Dimethylol-4,5-dihydroxyethylenharnstoff; Fixapret
CNR; Fixapret CP konz.; FIXAPRET ECO; Knittex FA 1,3-Dimethylol-4,5-dihydroxyethylene urea
konz.; Knittex GM konz.; Quecodur TVA DMDHEU)
Dimethylphthalat Dimethylphthalate
Dioctylphthalat Di-2-ethylhexylphthalate
Diphenyl Blue Black C.1. Direct Black 15
Diphenvl Brown BN C.1. Direct Brown 58
Direct Blue Black BM .1. Direct Black 20
Direct Blue 3R .1. Direct Blue 19
Direct Brown 3GA .1. Direct Brown 222
Direct Brown 3GN; C.1. 30050 .1. Direct Brown 79
Direct Brown MA C.1. Direct Brown 223
Direct Brown R C.1. Direct Brown 86
Direct Dark Brown B C.1. Direct Brown 75
Direct Dark Brown G C.1. Direct Brown 26
Direct Dark Green BA C.1. Direct Green 85
Direct Deep Black XA C.1. Direct Black 154
Direct Grey B C.1. Direct Black 100
Direct Violet BB C.1. Direct Violet 13
Direct Violet 2R C.1. Direct Violet 45
Direktlichtqelb R; Saturnqelb LFF 200 % C.1. Direct Yellow 28
Direktlichtrot 4BL 167 % C.1. Direct Red 79
Direktoranqe WS 200 % C.1. Direct Oranqe 102
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Direktscharlach 4B 130 %; also: CAS 25188-34-5 lJ.1. Direct Red 23
Direkttiefschwarz EGG .1. Direct Black 38
Diresulschwarz ROT 3-5%; Sodiumsulfide Disodium sulfide
k1isodium phosphite Phosphonic acid, disodium salt
Disodiumphosphate Disodiumphosphate
~ispersing agent A; Luprintan DCA; Nofelt WA
(hochmolekular); Olinor PA; Polyglykol 300 (mittlere
molare Masse 300); Siligen MA; Textilwachs W;
BASACRYL Salt NB-414; Imperiazon ST; Imperiazon
ST spez.; Novazikon BBL; Pentavit AS; Pentavit B;
Pentazicon TS (Pentazikon); Pentazon FLS; Protolan
370; Ratifix F; Sandoclean MW; HIFAST CHARCOAL
CW 0552172; HIFAST N BLACK 4BLV 05-52849;
UNIPEROL 0 Polvethvlene alvcol
Dispersol Fast Yellow T3R C.1. Disperse Orange 60
Dispersol Green C-6B; also: CAS 71872-50-9 C.1. Disperse Green 9
Dispersol Yellow B-6G C.1. Disperse Yellow 218
Dispersolbraun C-3G 200 Korner; Dispersol Brown 3G
PC C.1. Disperse Brown 19
Dispersolgelb C-5G 200 G; Rottasperse Yellow 5 G C.1. Disperse Yellow 119
Dispersolnavv C-4R 200 %; also: CAS 6227-15-2 C.1. Disperse Blue 29
Dispersolnavy C-4R 200 %; Kayalon Polyester Navy
Blue 5R C.1. Disperse Violet 93:1
Dispersolrot C-4G150 GR; Dispersol Red 4G PC C.1. Disperse Red 278
Dispersolrubin C-B 150 %; Dispersol Fast Rubine BT;
also: CAS 12236-25-8 C.1. Disperse Violet 33
DispersoltOrkis CR Granulat; Dispersol Turquoise CoR C.1. Disperse Blue 185
Doracetoranae 3GL 200 %; Polvdve Oranqe 3R-SF C.1. Disperse Oranqe 86
Doracidwalkrot BM C.1. Acid Red 128
Doramingrau FBH C.1. Acid Black 80
Dorolanbordeaux SBRL, Lanafastbordo M-B C.1. Acid Violet 90
Drimarenatzorange X-3LG; Drimarene Discharge
Oranqe X-3LG "-I. Reactive Oranqe 11
Drimarenblau K-2RL COG; Drimarene Blue K-2RL r.1. Reactive Blue 209
Drimarenblau X-3LR; Reactone Blue S-RL C.1. Reactive Blue 52
Drimarenbrillantgelb X-6G; Cibacron Brilliant Yellow
2G-E C.1. Reactive Yellow 161
DrimarenbriliantgrOn K-5BJ f10ssig 40 %,
LevafixbriliantgrOn E-5BA; Levafix Brilliant Green E-
JBA C.1. Reactive Green 21
DrimarenbriliantgrOn X-6BL; Drimarene Brilliant Green
X-6BL C.1. Reactive Green 25
DrimarenbriliantgrOn X-3G; Drimarene Green X-3G;
Drimarene Brilliant Green X-3G C.1. Reactive Green 12
Drimarenbrillantrot K-4BL; Drimarene Brilliant Red K-
4BL C.1. Reactive Red 147
Drimarene Turquoise X2 C.1. Reactive Blue 18
Drimarenqelb P-GL COG; Drimarene Yellow P-GL C.1. Reactive Yellow 142
Drimarengoldgelb K-2R COG, Levafixgoldgelb E-RA
f10ssig 40 %, Levafixgoldgelb E-RA Macrolat; Levafix
Golden Yellow E-GRA C.1. Reactive Yellow 125
DrimarenqrOn X-2BL; Drimarine Green X-2BL C.1. Reactive Green 15
Drimarenmarineblau K2B 100 %; Drimarene Navy K-
?B C.1. Reactive Blue 193
Drimarenorange K-GL, Levafix E-5GA Granulat;

r.1. Reactive Oranae 69Drimarene Oranae K-GL
Drimarenoranae PG COG; Drimarene Oranae P-G .1. Reactive Oranae 93
Drimarenrubinol K-5BL 100 %; Drimarene Rubinole K-
5BL C.1. Reactive Red 171
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Drimarenscharlach K-2G, Levafixscharlach E-2GA
Macrolat; Drimarene Scarlet K-2G "'.1. Reactive Red 123
DrimarenlOrkis P-CO; Drimarene Turauoise P-CO r.1. Reactive Blue 207
DrimarenlOrkis X-B; Cibacron Turquoise Blue 2G-E ~.1. Reactive Blue 41
Drimarenviolett K-2RL, Levafixrotviolett E-
4BLA;Levafix Red Violet E-4BLA; also: CAS 69121-25

r.1. Reactive Violet 331
Drimarenviolett X-2RL;Drimarene Violet X-2RL .1. Reactive Violet 6
Drvol FE 2%; Imprafix SV 1-3% ~vlenes

DTDMCA; dimethvl ammonium chloride Dimethvlamine hydrochloride
DTPA Diethylenetriaminepentaacetic acid
Duasvn-Saurehodamin B C.1. Acid Red 52
Durofastblau B2R; Imcosolblau BRR; Siriuslichtblau
BRR 182% (BAYER); also: CAS 87440-96-8 C.1. Direct Blue 71 tetrasodium salt
Durofastblau FGL 200 % C.1. Direct Blue 200
Durofastblau FRL 200 % C.1. Direct Blue 201
Durofastaelb 4 RL; Superlitefastqelb EFC 200 C.1. Direct Yellow 106
Durofastarau 3 LR C.1. Direct Black 117
Durofastreinblau 2GL C.1. Direct Blue 106
Durofastrubin 2BL C.1. Direct Red 83:1
Duron SI; Feran SSG; Feran SSK konz.; Fixan 796;
Produkt KB 35; Svntharesin 40119; Svntharesin A Silicic acid
Durospersblau Z-SF, Palanildunkelblau 3RT-CF 92;
Celliton Blue GF3R; also: CAS 61968-29-4 C.1. Disperse Blue 148
Durospersrot 2BSF; Eastman Polvester Red B C.1. Disperse Red 88
Dvbin Scarlet G C.1. Disperse Red 220
Eastone Brilliant Fast Red 2B-GLF C.1. Disperse Red 137
Echtrot E; also: CAS 15792-28-6 C.1. Acid Red 13
Echtrot E; also: CAS 15792-28-6 C.1. Acid Red 13 disodium salt
Echtrot 3GL Base spezial C.1. Azoic Diazo Component 9
Echtrot R Base flOssig 45 %; also: CAS 16047-24-8
diazonium ion) C.1. Azoic Diazo Component 34

Echtrotsalz FRN; C.1. 37075 C.1. Azoic Diazo Component 33
Ecotex Arancio GR; Ecotex P Bruno 2CM; Ecotex P
Bruno R; Pigmatexorange OL 60461; HIFAST N
ORANGE OLY 05-58736; Isol Benzidine Oranae GX C.1. Piament Oranae 34
Ecotex Arancio GR; Permanent Orange G ~.1. Pigment Orange 13
Ecotex P Blue Marino BM; Ecotex P Blue Navy BG;
Pigmatexhellmarine 70433; Texilac Blue scuro 05;
PAD N BLUE 2G 09-9780; POLYFAST BLUE LGB 05-
57188; RESPAD BLUE GH3W 01-8402 C.1. Piament Blue 15:1
Ecotex P Blue Navy BG; Ecotex P Bruno 2CM; Ecotex
P Bruno R; Ecotex P Nero 2K; Pigmatexschwarz NG
~0401; HIFAST BLACK 2KR 05-52851; HIFAST N
BLACK 4BLV 05-52849; HIFAST BROWN 2KD 05-
55156; HIFAST BLACK LVP 05-52172; HIFAST Black
3FC 05-52173; HIFAST N BLACK C 05-52827; PAD N
GREY 2K 09-9286; POLYFAST BLACK KB 05-52131;
POLYFAST BROWN HWP 05-55165; ARIDYE SXN
Black 2K 05-5211; PAD N Grey 09-9299; PAD N
GREY 2K 09-9280; RESPAD GREY R3W 01-8600;
k;arbon Black; Lamp black C.1. Piament Black 7
Ecotex P Bruno 2CM; Ecotex P Giallo GC; Ecotex P
Giallo GL; Ecotex P Verde GV/2; Pigmatexbrillantgelb
RN 60452; AQUAFINE YELLOW LF 05-38154; Vulcan
Fast Yellow GR [FIATl 1r.1. Piament Yellow 13
Ecotex P Giallo 2G; Hansa Brilliant Yellow 10GX C.1. Pigment Yellow 98
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Ecotex P Giallo GL; Ecotex P Verde GV/2; AQUAFINE
Mint Green 05-34501; AQUAFINE Yellow 2G 05-
38141; AQUAFINE YELLOW B2G 05-38503;
AQUAFINE Yellow MV 05-38115; HIFAST N GREEN
P 05-54839; PAD N YELLOW 2G 09-98808; Vulcan
Fast Yellow G [FIAT]; also: CAS 5468-75-7 ..... 1. Piqment Yellow 14
Ecotex P Rosso BL; HIFAST N CONC FUCHSIA 05-
~3769; HIFAST N CONC FUCHSIA 05-53935;
HIFAST N Fuchsia 05-53842; POLYFAST PINK 3B
b5-53779; Quindo Maqenta RV 6803 .....1. Piqment Red 122 (2,9-reqioisomerl
Ecotex P Rosso BL; HIFAST N CONC FUCHSIA 05-
53769; HIFAST N CONC FUCHSIA 05-53935;
HIFAST N Fuchsia 05-53842; POLYFAST PINK 3B
05-53779; Quindo Maqenta RV 6803 C.1. Piqment Red 122 (3,1 O-reqioisomerl
Ecotex P Rosso R, Ecotex P Rosso RF C.1. Piqment Red 2
Ecotex P Rosso RV; PAD N RED GR 09-93832;
Seqnale Liqht Red FGR C.1. Piqment Red 112
Ecotex P Royal OL; HIFAST N ROYAL BLUE 05-
57929; HIFAST N Royal Blue R 05-57826; Lapis
Lazuli; Ultramarine; also; CAS 57455-37-5 C.1. Piament Blue 29
EDTA; Trilon TB Pulver; Triolon TB f10ssig Ethylendiamintetraacetic acid (EDTAl
Eqanal GES; Imprafix SV 40-45% Isobutano
Elisiane Turauoise JL .1. Reactive Blue 107
Elite Fast Red R .1. Acid Red 323
Ellaqsaure Ellaqic acid
Emodin 1,3,8-Trihydroxy-6-methylanthraauinone
Emulgator PHN01: colouring auxiliaries; Impranil
~LS02 (Losung): finishing agent; Lavotan DS,
Rucogen DW: common purpose textile auxiliary;
f,!ialonechtorange RL 85 f10ssig, Vialonechtschwarz
l3RL 85 f10ssiq: acid dye 1-Methoxy-2-propanol
Endrin Endrin
Enianil Fast Red 3B r.1. Direct Red 29
Enianil Violet ND ~.1. Direct Violet 37
Entschaumer DCH Dimethyl-polysiloxane
-l-Epicatechin L-Acacatechine

Erichromblau BFF 250 %; Chromeazurol B; also:
15012-28-9 (free acidl r.1. Mordant Blue 1
Eriochrom Blau-schwarz RSS ~.1. Mordant Black 17
Eriochrom Blau-schwarz RSS .1. Mordant Black 17 monosodium salt
Eriochrom Rot B; also: CAS 3618-63-1, CAS 53295-
b4-8 ..... 1. Mordant Red 7 free acid
Erionylschwarz M-BN; Vialonechtschwarz 3RL 85
IOssia C.1. Acid Black 63
Erkantol PAD 5-10%; Finish PU 6% 1-Prooanol
Estaflex ATC ~cetyltributylcitrate

Etapuron PAC 2,5-10%; Ethanol 92,4%; PALEGAL LP;
Perlit SE 10-15%; Rucogen DAK 1-5%; Rucogen DGA
14%; Spiritus 92,4% Ethanol
Ethylacetate; Haftvermittler TN 30%; Imprafix BE 18-
123%; Imprafix TH 20-30%; Impranil AV 55-65%;
Impranil C-LG 65-75%; Scotchgard FC 270 0,1-1%;
~cotchgard FX 3563 0,1-1%; Scotchgard FX 3569 0,1-

lA.cetic acid ethvl ester1%; Kiwotex TDK80; Kiwotex TKD50

Ethylendiamintetra(methylenphosphonsaure1
Ethylendiaminetetra(methylenephosphonic acid)
EDTMPl

Ethylene qlycol monoethyl ether -Ethoxyethanol
Ethylene alycoi monomethyl ether acetate -Methoxyethyl acetate (methyl cellosolve acetatel
EthylenealYcol monomethyl ether -MethoxYethanol
EULYSIN N-WP -Butyrolactone
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Tradename/Product Substance
Eurozim OXI-500 (INPAX 0.29 mq/mL protein) ratalase
Evans Blue; Geiav Blue; also CAS: 2150-53-0 .1. Direct Blue 53
EverdinQ Supra Rubine BL C.1. Direct Red 83
Fast Blue B salt; C.1. Azoic Diazo Component 48
diazonium ion C.1. Azoic Diazo 48
Fast Dark Blue Base R C.1. Azoic Diazo Component 113
Fast Garnet GBC base C.1. Solvent Yellow 3
Fast Yellow 3G C.1. Disperse Yellow 4
Fastoqen Blue SBL C.1. Acid Blue 249
Felosan APF 13%; Kollasol GTE 25%; Invadin MC
neu) 12%; Lavotan DSU 13% 12-Methvl-2.4-pentanediol

Felosan TAC (Felosan TAK-NO) 15% Butvltriqlvcol
Fenvalerate Fenvalerate
Feran FEB Butvlacrvlate
Finish PU 5% 2-Butoxvethvl acetate
Finish PU 9% 2-Ethoxyethyl acetate
Fisetin ~,3'.4' ,7-Tetrahydroflavone
Fisetin .1. Natural Brown 1
Fixapret NF; Rottapret 522 1,3-Dimethvl-4,5-dihvdroxvethvlene urea
Fixierer E Poly(dimethyl diallyl ammonium chloride)
Flumethrin Flumethrin
Fluorescent Yellow L C.1. Piqment Yellow 101
Formanil Blue 4R C.1. Direct Blue 177
Formanil Brown R; C.1. 31750 C.1. Direct Brown 190
Formanil Green GB C.1. Direct Green 21
Formanil Violet BRL C.1. Direct Violet 85
Foronbrillantblau S-R 200 %; Foron Brilliant Blue S-R;
~Iso: CAS 104137-27-1 C.1. Disperse Blue 354
Franqulin A Emodin-L-rhamnosid
Fumarprotocetrarsaure; also: CAS 81050-85-3 Fumarprotocetrar acid
Fvrol ris(1,3-dichloroisopropvl)phosphate (TDCP)
Galactomannan, Carboxvmethvlderivat 3alactomannan, Carboxvmethvlderivative
GalanQin ,5,7-Trihvdroxyflavone
Gallussaure; Gallic acid .4,5-Trihvdroxvbenzoic acid
Gluconsaure Gluconic acid
Glukose D-Glucose
Glycerin 99,5%; BAFIXAN Black RB Liquid; BAFIXAN
BLUE HL NB 701; ULTRAPHOR SFG Liquid;
ULTRAPHOR SFN Liquid; ULTRAPHOR PAB 1,2,3-Propanetriol
Glvezin A hiodiQlvcol
Gummi arabicum Gummi arabicum
Haematoxvlin Hvdroxvbrasiline
Hamamelitannin Hamamelitannine
HBCD hexabromo cvclododecane
Helaktvn Red F-4BAN .1. Reactive Red 88
Heliodecor-Defoamer .4,7,9-Tetramethvl-5-decin-4,7-diol
HelioaenqrOn K 9360 .1. PiQment Green 36
Heliotrope 2B .1. Direct Violet 36
Helizarinweir.. RTN; Texilac PO Weiss; ARIDYE PAD
WHITE 09-91102; AQUAPRINT WHITE OP 05-51151;
AQUAPRINT WHITE OPN 05-51173; CATALYST 04-
26 RINGS; CATALYST 04-28 A; CATALYST 04-82;
Titanium Dioxide C.1. Piqment White 6
Heptachlor Heptachlor
Heptachlorepoxid Heptachlorepoxide
Heptol EMG; Schwefelsaure; Schwefelsaure (>15%) Sulfuric acid
Hesperidin Hesperitin-7-rutinosid
Hexachlorbenzene Hexachlorbenzene
HIFAST A CONC VIOLET 4B 05-56828 Methvlated melamine formaldehvde
HIFAST CHARCOAL CW 0552171 Acrvlic copolvmer
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Tradename/Product Substance
HIFAST CHARCOAL CW 0552173 ~crvlic copolvmer
HIFAST N BROWN YB 05-55835; Fastogen Super
Red 2R; also: CAS 82643-43-4 C.1. Piament Red 214
HIFAST N CO PINK Y 05-53982; PAD N PINK Y 09-
9383; RESPAD SCARLET DL3W 01-8002; Indofast
Brilliant Scarlet Toner R-6300 C.1. Piament Red 123
HIFAST N CO SCAR 4RF 05-53984; HIFAST N
CONC GREEN B 05-54863; HIFAST N CONC
GREEN B 05-54865; HIFAST N CONC GREEN B 05-
54904; HIFAST N CONC RED BN 05-53976; HIFAST
N CONC YELLOW 4GLD 05-58987; HIFAST N
GOLDEN YELLOW RF 05-58952; RESPAD BLUE
G3W 01-8400; RESPAD BLUE GH3W 01-8402;
RESPAD BLUE GL3W 01-8404; RESPAD BROWN
BC3W 01-8819; RESPAD GREY R3W 01-8600;
RESPAD Red C3W 01-8001; RESPAD RED CM3W
~1-8003; RESPAD SCARLET DL3W 01-8002;

Polvethvl)benzenesRESPAD VIOLET V3W 01-8501
HIFAST N CONC Blue 3G 05-57866; HIFAST N Cone
Blue 3GLS 05-57995; HIFAST N CONC BLUE 3GS
05-57704; HIFAST N Cone Yellow 3G 05-58982; PAD
N Blue 3G 09-9781; RESPAD BROWN BC3W 01-
8819 Aromatic petroleum derivative solvent
HIFAST N CONC PINK 3B 05-53742; HIFAST N Cone
Pink 3B 05-53939; PAD N PINK 3B 09-93809; PAD N
PINK 3B 09-9381; RESPAD RED CM3W 01-8003 C.1. Piament Violet 19
HIFAST N Cone Pink 3B 05-53939; PAD N Pink 3B
09-93847 Barium sulfate
HIFAST N CONC RED B 05-53767; PAD N RED B 09-
9380; ARIDYE SX Red B 05-5307; PAD N RED C2W
09-93844; RESPAD Red C3W 01-8001; Permanent
Carmine FB C.1. Piament Red 5
HIFAST N CONC RED BN 05-53976; PAD N
~CARLET LB 09-93839; Cromophtal Red BR C.1. Pigment Red 144
HIFAST N Fuchsia 05-53842 Naphthol Red Piament
HIFAST N RED DC2B 05-53902 Red Piament
HIFAST N RUBINE 05-53946 Piament Rubine shade
HIFAST N RUBINE 05-53946; PAD N GREY 2K 09-
9280; PAD N PINK 3B 09-9381; PAD N RED B 09-
9380; PAD N VIOLET 4B 09-9680; POLYFAST Blue
RB 05-57216; RESPAD BLUE G3W 01-8400;
RESPAD BLUE GL3W 01-8404; RESPAD BROWN
BC3W 01-8819; RESPAD GREEN GB3W 01-8300;
RESPAD Red C3W 01-8001; RESPAD RED CM3W
01-8003; RESPAD SCARLET DL3W 01-8002; Nekanil
910; Sandolanwalkviolett; AQUAFINE Blue BB 05-
37505 Nonvlphenole ethoxvlate
Horsil NV; U; Tylose CR700 (Tylose CR 700 N);
Tylose C30NV (TYlose C30) Sodiumcarboxymethylcellulose
Hostalan Dark Blue G C.1. Reactive Blue 218
Hostalan Red FG C.1. Reactive Red 199
Hydrazinhvdrat Hvdrazinhvdrate
Hvdrophobol ZAN 7.5-10% irkonium acetate
Hvpericin Hvpericum red
Hvperosid Quercetin-3r..-D-aalactosid
Igenal Brown PRBF C.1. Acid Brown 89
Imcosolbraun 3R; also: CAS 69013-32-7 C.1. Direct Red 11
Imcosoloranae ER; C.1. 40260 + 40265 .1. Direct Oranae 37
Imperonaelb K-GGN C.1. Piament Yellow 12
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Itperonorange K-GR; Hostaperm Orange GR; also:
C.1. Vat Orange 7: Indanthrenbrillantorange GR,

C.1. Pigment Orange 43Indanthrenbrillantoranae GR Suorafix Teig
Imprafix BE 35-45%; Methvlethvlketon Butanone
Imprafix SK 17-22% -Toluenesulfonic acid
ImorafixTH 0,1-0,5%; Imorafix TRL 0,1-0,5% oluene diisocvanate
Indanthrenblau T-CLF Colloisol; Indanthren Blue CLF .1. Vat Blue 66
Indanthrenbordo RR .1. Vat Red 15
I:ndanthrenbraun LBG Colloisol; Indanthren Brown
LBG C.1. Vat Brown 84
Indanthrenbrillantblau RCL C.1. Vat Blue 6:1
Indanthrenbrillantviolett 3B C.1. Vat Violet 9
Indanthrendruckbraun HRR Suprafix Teig 2PH;
Indanthren Printing Brown HRR C.1. Vat Brown 57
Indanthrenaelb F3GC; Caledon Yellow 4GL .1. Vat Yellow 33
Indanthrenaelb F2GC; Indanthren Yellow F2GC C.1. Vat Yellow 37
Indanthrenmarineblau TRR-90 C.1. Vat Blue 22
Indanthrenoliv T-T Colloisol f10ssig C.1. Vat Black 25
Indanthrenrotviolett RRN C.1. Vat Red 13
Indanthrenscharlach GG C.1. Vat Red 14
Indigo Indigo blue
Indigo; C.1. Pigment Blue 66; Leuco-Indigo C.1. Vat Blue 1
Indiao; C.1. Pigment Blue 66; Leuco-Indigo C.1. Vat Blue 1 disodium salt ienolatel
Indigokarmin C.1. Acid Blue 74
Indosolgelb SF-2RL, Indosolmarineblau SF-GLE,

~.1. Direct Yellow 162Indosolschwarz SF-RL; Indosol Yellow SF-2RL
Indoxvl Indoxvle
Invadin MC ineul 1%; Iraapadol FFU 1% 12-Ethvl-1-hexanol
losol Red .1. Solvent Red 68
Irgalan Blau 3GL ~.1. Acid Blue 171
Irgalangrau GL 200 %; Lanasvnschwarz BRL 200 % C.1. Acid Black 132
Iraasol VAT; Intratex P Ligninsulfonate-sodium salt
Isatin Isatin
Isohamnetin 3,4' ,5,7-Tetrahvdroxv-3'-methoxvflavone
Isolan Bordo K-RLS; Isolan Bordeaux S-BL C.1. Acid Red 425
Isolan Brown S-GL C.1. Acid Brown 415
Isolan Marineblau S-RL (Bayer); Isolan Navy Blue S-
RL C.1. Acid Blue 335
Isolan Scharlach K-GLS C.1. Acid Red 279
Isolanbordo K-RLS, Lanafastbordo RLS C.1. Acid Red 277
Isolanaelb S-GL; Levalan Yellow N-GLS C.1. Acid Yellow 232
Isolangrau S-GL; Isolan Grev S-GL C.1. Acid Black 220
Isolanorange K-RLS 150 % v.1. Acid Orange 107
Isolanrot S-RL; Isolan Red S-RL v.1. Acid Red 414
Isoohorone Diisocvanate Methvlene-i3,5,5-trimethvl-3,1-cvclohexvleneI-ester
lJack-Fruit plant C.1. Natural Yellow 11
lJuglon 5-Hvdroxv-1 ,4-naphthochinone
Kalialaun Aluminum ootassium sulfate
Kampferol 3,4' ,5,7-Tetrahvdroxvflavone
Kappaquest S12; Knittex catalyst UMP 1-2,5%;
Hydrochloric acid (>25%); Sirrix 2UD (Sirrix 2UD
f10ssiaI3% Hvdrochloric acid
Kappazon K55 Sodium silicate
Kathon 893 2-n-Octvl-4-isothiazolin-3-one
Kaurit S; Urea formaldehvde Dimethvlol urea
Kayacelon Reactive Blue CN-BL; also CAS 89797-01-
3 C.1. Reactive Blue 216
Kavacion Blue E-NB C.1. Reactive Blue 212
Kavalon oolvester Blue CR-E C.1. Disperse Blue 366
Kavarect Blue B C.1. Reactive Blue 228
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Kaylon Polyester LiQht Scarlet GF C.1. Disperse Red 153
Kermessaure Kermesic acid
Kermessaure; Kermeric acid; also: CAS 476-35-7 C.1. Natural Red 3

~Ipha-Tridecyl omega-hydroxy poly(oxy-1 ,2-
KIERALON JET-B CONC ~thandiyl)
KIERALON JET-B CONC Polypropylene Qlycol
KIERALON MFB; KIERALON N-DB Neopentyl qlycol
Kiwotex L3097 Phosohoric acid methYlohenyl diphenyl ester
Knittex catalyst UMP 5-7,5% Maleic acid
Knittex catalyst UMP 2,5-5%; Phosphorsaure 75%;
CATALYST 04-26 RINGS; CATALYST H 2-91 WET
SPENT CATALYST; CATALYST H1-90 EXTRUDATE
~MM; CATALYST H2-91 REDUCED NEW 4 MM;
f-ATALYST H2-91 Phosohoric acid
Knittex catalyst ZO; Zinknitrat ~inc nitrate
Kodaflex TXIB (Eastman TXIB) 12,2,4-Trimethyl-1 ,3-pentanediol diisobutyrate
Kollasol ED Dioctylphthalate
Lake Red C; Brilliant Red; also: CAS 15958-19-7 C.1. Piqment Red 53
LanacronQelb S-2G; Lanacron Yellow S-2G C.1. Acid Yellow 220
Lanacronrot S-G; Avilon Fast Red G-W C.1. Acid Red 315
Lanafastqelb 3N; Isolan Yellow GL C.1. Acid Yellow 155
LanafastQrOn GL C.1. Acid Green 43
Lanafastorange M-RL; Acidol Orange M-RL; also: CAS
55809-98-8 C.1. Acid OranQe 142
Lanafastschwarz M-RL; Acidolschwarz M-SRL; Acidol
Black M-SRL C.1. Acid Black 194
Lanasetgelb 4GN; Lanasetorange R; Lanasolgelb 4G;
Lanasolmarine MBN; Lanasolorange RG;
Lanasolschwarz B; Lanasol Yellow 4G; also: CAS
170247-70-0 C.1. Reactive Yellow 39
Lanasetrot G; Lanasol Scarlet 2R C.1. Reactive Red 78
Lanasol Black B r.1. Reactive Black 43
Lanasol Blau 8G "".1. Acid Blue 185
Lanasol Blue 3G .1. Reactive Blue 69
Lanasol Red 2G (Ciba) C.1. Reactive Red 116
Lanasol Rot B; Cotton Ponceau C.1. Acid Red 65
Lanasol Rot 6G "".1. Acid Red 84
Lanasolblau 3R; Lanasolmarine MBN; Lanasol Blue

k;.1. Reactive Blue 503R
Lanasolrot B; Lanasol Red B .1. Reactive Red 65
Lanasolrot 5B; Lanasol Red 5B; also: CAS 70210-39-8 C.1. Reactive Red 66
Lanasolrot G; Lanasol Red G; also: CAS 70210-00-3 C.1. Reactive Red 83
Laviron N ~odium lauryl ether sulfate
Lawson 12-Hydroxv-1,4-naphthoquinone
Lawsone . I. Natural Oranqe 6
Leather Brown 5RT C.1. Basic Brown 2
L-(-)-EthYllactate Ethyl lactate
Leuchtsalz G; 2-Hydroxynaphthalin-6,8-disulfonic acid
dipotassium-salt GAcid
Leukoohor KNR flOssiq; Leukoohor KNR C.1. Fluorescent Briqhtener 340
Leukophor PC (fIOssiQ) C.1. Fluorescent BriQhtener 134
LevaceliechtQelb R 125 %; also: CAS 25738-24-3 C.1. Direct Yellow 50
Levacellscharlach 4BN; Derma Red 2002 C.1. Direct Red 239
Levafix Blue P-RA C.1. Reactive Blue 104
Levafix Navy Blue PN-FRL C.1. Reactive Blue 226
Levafixblau E-3GLA; Drimarene Blue R-3GL C.1. Reactive Blue 113
Levafixblau E-GRN, Levafixblau E-RN; Cibacron Blue
F-R l",.1. Reactive Blue 182
Levafixbraun E-2R Macrolat; Levafix Brown E-2R '"'.1. Reactive Brown 19
Levafixbraun E-RN Macrolat; Levafix Brown E-RA r.1. Reactive Brown 37
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Levafixbrillantblau E-B, Levafixbrillantblau E-B f10ssig
40 %; Levafix Brilliant Blue E-B C.1. Reactive Blue 29
Levafixbrillantblau E-BRA flOssig 29 %,
Levafixbrillantblau E-BRA Macrolat; Drimarene Brilliant
Blue K-BL C.1. Reactive Blue 114
Levafixbrillantblau E-FFN Macrolat 150 %; Levafix
Briliant Blue E-FFA C.1. Reactive Blue 181
Levafixbrillantgelb E-3G f10ssig 40 %; Levafix Brilliant
Yellow E-3G; also: CAS 72139-14-1 C.1. Reactive Yellow 25
Levafixbrillantgelb E-GA 200 % Macrolat, Levafixgelb
EGNA; Levafix Brilliant Yellow E-GA C.1. Reactive Yellow 111
Levafixbrillantrot E-6BA f10ssig 40%;
Drimarenbrillantrot K-8B; Levafix Brilliant Red E-6BA C.1. Reactive Red 159
Levafixbrillantrot E-4BA, Levafixbrillantrot E-4BA
f10ssia 40 %; Levafix Brilliant Red E-4BA 1--.1. Reactive Red 158
Levafixbrillantrot E-BA; Drimarene Brilliant Red K-BL C.1. Reactive Red 124
Levafixbrillantrot E-RN Macrolat; Levafix Brilliant Red
E-RN r.1. Reactive Red 242
LevafixQelb E-3RL Macrolat; Levafix Yellow E-3RL C.1. Reactive OranQe 30
Levafixaelb PN-5G; Cibacron Brilliant Yellow 6G-P C.1. Reactive Yellow 95
Levafixgoldgelb E-G f10ssig 40 %, Levafixgoldgelb E-G
150 % Macrolat; Levafix Golden Yellow E-G C.1. Reactive Yellow 27
Levafixgoldgelb E-3GA Macrolat; Drimarene Golden
Yellow K-L C.1. Reactive Oranae 67
Levafixmarineblau E-BNA f10ssig 40 %,
Levafixmarineblau E-BNA Macrolat, Levafixorange E-
3RN; Levafix Navy Blue E-BNA; also: CAS 108624-00-
6 C.1. Reactive Blue 225
Levafixmarineblau E-2R; Levafix Navv Blue E-2R C.1. Reactive Blue 73
LevafixoranQe E-3GA Macrolat; Levafix OranQe E-3GA C.1. Reactive OranQe 64
Levafixrot PN-FB; Drimarene Brilliant Red P-B C.1. Reactive Red 187
Levafixroyalblau E-FR flOssig 40 %; Levafix Royal Blue
E-FR C.1. Reactive Blue 224
Levafixsalz PC 45-55% Monochloro acetic acid, sodium salt
LevafixlQrkisblau E-BA; Drimarene Turauoise K-GLD C.1. Reactive Blue 116
Levalin MIP Polvacrvlamide
Levalin SRN 50-60%; Lurotex A25; Levafixbrillantblau
E-BRA f10ssig 29% 10-20%; Levafixbrillantblau E-BRA
Macrolat 10-20%; Levafixbrillantrot E-4BA 15-25%;
Levafixbrillantrot E-4BA flOssig 40% 15-25%;
Levafixbrillantrot E-6BA f10ssig 40% 15-25%;
Levafixmarineblau E-BNA flOssig 40% 5-10%;
Levafixmarineblau E-BNA Macrolat 5-10%;
Levafixorange E-3RN 5-10%; Levafixbrillantblau E-B
5-10%; Levafixbrillantblau E-B f10ssig 40% 5-10%;
LeveQal RDL 7-12% Caprolactam
Lindane bamma-Hexachlorcvclohexan (Qamma-HCHI
Lissamin Gelb AE 110 % C.1. Acid Oranae 3
Lithol Fast Yellow 1840 C.1. PiamentYeliow 139
Lobrarsaure Stereocaulic acid

rrhiourea dioxide (formamidine sulphinic acid or
Lorinol R; Thioharnstoffdioxid IrDOI
Losin ES spez.; Losin SFLM N-Methvl-2-pvrrolidone
Lubit LC; Lubit RLN (RLl; Tannex BCA Lecithine
Ludigol Granulat; Matexil PAL (Zetex PA-LN f10ssig);
Revatol S Granulat; BASOTOL 60%; BASOTOL
GRANULES; BASOTOL ~-Nitrobenzenesufonicacid sodium salt
Lutein D<anthophvll
Luteolin ~'.4',5,7-Tetrahvdroxvflavone

Lutexal HSD Benzene
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L(+l-Weinsaure L-(+I-Tartaric acid
Lvcopin Dicarotene
Lvcramine Liqht Red BJ C.1. Basic Red 42
Lyogen PN f10ssig 3%; welting agent 611 1%; wetting
agent CG16 1-5%; PALEGAL LP; Solusoft WMA;
HIFAST BLACK 2KR 05-52851; HIFAST EC Black 3B
05-52165; HIFAST N BLACK C 05-52827; HIFAST N
Red 2R 05-53733; POLYFAST BLUE LGB05-57188;
POLYFAST BLACK KB 05-52131; POLYFAST
BROWN HWP 05-55165; POLYFAST GREEN PB 05-
54157; POLYFAST Navy JS 05-57171; POLYFAST
RED A2B 05-53263; POLYFAST RED RRL 05-53279;
POLYFAST SCARLET 05-53261 ~-(2-Butoxvethoxvlethanol
Lvoprint TFC 16%; Isoparaffin Isopar B
Maqnesiumsulfat wasserfrei (Bittersalzl Maqnesium sulfate
Malvidinchlorid; Primulidinchlorid Malvidin chloride
Maxilon Blue RBL; Basacryl Blue GL; Atacryl Blue
GNA; also: CAS 15000-59-6 C.1. Basic Blue 54
Maxilonblau 5G 200%; Astrazonblau BRL 200% 10-
120%; Astrazonschwarz FDL 200 % 1-5%; also: CAS
12787-91-9, CAS 63589-49-9 C.1. Basic Blue 3
Maxilonblau 5G 200%; Astrazonblau BRL 200% 10-
120%; Astrazonschwarz FDL 200 % 1-5%; also: CAS

1e.1. Basic Blue 3 (2,7-reqioisomerl12787-91-9, CAS 63589-49-9
Maxilonblau TRL 200 % Pulver; Maxilon Blue
h'RL .1. Basic Blue 145
Maxilonqelb GL 200 %; Maxilon Yellow GL .1. Basic Yellow 45
Maxilonqelb 5GL 300% .1. Basic Yellow 13
Maxilonqelb M-4GL; Calcozine Yellow FW .1. Basic Yellow 87
Maxilonqelb M-3RL 200 %; Maxilon Yellow M-3RL .1. Basic Yellow 91
Maxilonrot M-RL 200%; Basacrvl Red X-BL .1. Basic Red 51
Maxilonschwarz RM 200%; Basacrylmarineblau FR;
~strazon Green M; Astrazondunkelblau 2 RN 45-55% C.1. Basic Green 4 carbinol base
Maxilonschwarz RM 200%; Basacrylmarineblau FR;
~strazon Green M; Astrazondunkelblau 2 RN 45-55% C.1. Basic Green 41euco base
Maxilonschwarz RM 200%; Basacrylmarineblau FR;
~strazon Green M; Astrazondunkelblau 2 RN 45-55%;
also CAS 18015-76-4 C.1. Basic Green 4 oxalate
Maxilonschwarz RM 200%; Basacrylmarineblau FR;
~strazon Green M; Astrazondunkelblau 2 RN 45-55%;
~Iso CAS 68513-86-0 C.1. Basic Green 4
m-Diqallussaure m-Gallovlqallic acid
Mecodur R258 Harter; Diphenvlmethan-diisocvanate Methvlene diphenvl diisocvanate
Melamine-formaldehyde resins 1,3,5-Triazine-2,4,6-triamine
Meleqrana Supra Black MG C.1. Acid Black 66
Mesamoll 3% om. qebunden Chlorine
Metadiazol Brown JO C.1. Direct Brown 158
Methacrylsaure Methacrylic acid
2-Methoxv-5-methvlanilin 2-Methoxv-5-methvlanilin
4-Methoxv-m-phenvlendiamin 4-Methoxv-m-phenvlendiamine
Methvlbenzoate Methvlbenzoate
4,4'-Methylenbisbenzenamin 4,4'-Methylenebisbenzeneamine
4,4'-Methvlen-bis-(2-chloranilinI 4,4'-Methvlenebis-(2-ChlorobenzenamineI
Methvlisobutvlketon Methvlisobutvlketone
-Methvl-4-nitroaniline -Methvl-4-nitroaniline

Methvlsalicvlat; 2-Hydroxybenzoic acid methyl ester Methvlsalicylate
Milchsaure Lactic acid
Millinq Fast Bordeaux VGN C.1. Acid Red 119:1
Millinq Oranqe G C.1. Direct Oranqe 101
Monascin; also: CAS 21516-68-7 Monascoflavin
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Monascorubrin (CAS: 13283-85-7 113283-90-) Monascorubrin
Morbidon Sodium tripolyphosphate
Morin .1. Natural Yellow 8
MottenkuQeln 1,4-Dichlorobenzene
Mvrecitin 3,3',4' ,5,5',7-Hexahvdroxyflavone
Naphthalene Black 12BR ,-,.1. Acid Black 28
Naphthamine Blue TBF C.1. Direct Blue 23
Naphthol AS-E C.1. Azoic CouplinQ Component 10
Naphthol Yellow RS 1".1. Acid Yellow 1
Naphthol Yellow RS; Naohthol Yellow S C.1. Acid Yellow 1 disodium salt
Naphtol AS C.1. Azoic CouplinQ Component 2
Naphtol AS-BO C.1. Azoic CouplinQ Component 4
Naohtol AS-CA C.1. Azoic Couolina Component 34
Naphtol AS-D C.1. Azoic CouplinQ Component 18
Naphtol AS-G C.1. Azoic CouplinQ Component 5
Naohtol AS-ITR C.1. Azoic Couolina Comoonent 12
Naphtol AS-LB C.1. Azoic Coupling Component 15
Naphtol AS-RL C.1. Azoic CouplinQ Component 11
Naphtol AS-S C.1. Azoic CouplinQ Component 32
Naphtol AS-SG flOssia C.1. Azoic Couolina Comoonent 13
Natriumchlorat sodium chlorate
Natriumhvpochlorit (LosunQ) Sodium hvpochlorite
n-Butanol; Perrustol APF 1% 1-Butanol
n-Butylbenzoate n-Butylbenzoate
N-Butvlphthalimid N-Butylphthalimide
Neolan Rosa BA .1. Acid Red 186
Neolanblau 2RN 200 % C.1. Acid Blue 158
Nerochemanthrene BB f10ssig; also: CAS 28780-10-1 C.1. Vat Green 9
Neutrichrome Red S-JL C.1. Acid Red 359
New Coccine; also: CAS 12227-64-4 C.1. Acid Red 18 trisodium salt
Niaara Blue HW C.1. Direct Blue 64
Nigrosin WLF; Niarosine; also: CAS 68510-98-5 C.1. Acid Black 2
2-nitro-benzenediazonium C.1. Azoic Diazo Component 6 diazonium ion
2-nitro-phenvlamine C.1. Azoic Diazo Component 6
Nobiletin Nobiletin
Nylanthrene Scarlet Y-LFW C.1. Acid Red 420
Nylanthreneblau LGGL 240 %; Nylofastblau E-2GL;
Telonblau GGL; also: CAS 16247-34-3 C.1. Acid Blue 40
Nylanthreneblau LGGL 240 %; Nylofastblau E-2GL;
Telonblau GGL; also: CAS 16247-34-3 C.1. Acid Blue 40 monosodium salt
Nvlanthreneaelb FLW, Nvlofastaelb RDL C.1. Acid Yellow 159:1
Nylanthrenegelb 4NGL 200 %; Telongelb FG; also:
CAS 69762-08-9 C.1. Acid Yellow 49
Nylanthreneorange SLF 200 %, Telonorange AGT C.1. Acid OranQe 116
Nylanthrenerubin 5BLF 20, Telonrubin A5B; Neonyl
Fast Rubine 5BLF C.1. Acid Red 299
Nvliton Fast Scarlet DYL; C.1. 26207 C.1. Acid Red 350
Nylofastblau FBX 200 % C.1. Acid Blue 25
Nylofastblau FBX 200 % C.1. Acid Blue 25 monosodium salt
Nvlofastaelb E-4R; Nvlomine Yellow A-R C.1. Acid Yellow 219:1
Nvlofastrot E-2BA 200 %; also: CAS 12217-37-7 C.1. Acid Red 266
Nylofastrot SN-3R 200 %, Saurewalkrot BY C.1. Acid Red 151 monolithium salt
Nylofastrot SN-3R 200 %, Saurewalkrot BY C.1. Acid Red 151 monosodium salt
Nylosangelb N-7GL 100 %, Nylosanorange E-GNS 50
%; Nylosan OranQe C-GNS; also: CAS 72827-75-9 C.1. Acid OranQe 156
Nylosangelbbraun EGL 150 %; Nylosan Yellow Brown
E-GLN C.1. Acid OranQe 178
p-Dianisidine; also: Disperse Black 6; can be formed

"'.1. Azoic Diazo Component 48bv C.1. 24110
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Tradename/Product Substance
Organol Dark Red C.1. Solvent Orange 14
Orqanol Orange R C.1. Solvent Oranqe 13
ortho-Aminoazotoluene ortho-Aminoazotoluene
ortho-Toluidine ortho-Toluidine
Ostacetscharlach S-L2G; Artisil Scarlet 3GFL; 3-{[4-(2-
chloro-4-nitro-phenylazo)-phenyl]-(2-cyano-ethyl)-
amino}-propionic acid methyl ester C.1. Disperse Red 54
Ostacetscharlach S-L2G; Artisil Scarlet 3GFL; acetic
acid 2-{[4-(2-chloro-4-nitro-phenylazo)-phenyl]-(2-
cyano-ethyl)-amino}-ethyl ester C.1. Disperse Red 54
Ostalanqrau BLN 200 % C.1. Acid Black 60
Ostazinblau S-2G; Procion Blue M-2G; also: CAS

0865-31-5 C.1. Reactive Blue 109
stazinaelb S-3R; Procion Yellow MX-3R C.1. Reactive Oranae 86
stazinrot S-5B; Procion Brilliant Red 5B C.1. Reactive Red 2
xalsaure Oxalic acid
xamine Blue B C.1. Direct Blue 12
xamine Blue BG C.1. Direct Blue 60

Oxamine Bordeaux BXX .1. Direct Red 74
Oxamine Brilliant Red B .1. Direct Red 53
Oxamine Brown GX .1. Direct Brown 17
4,4'-Oxybisbenzenamin ,4'-Oxybisbenzenamine
Oxydiamine Violet B .1. Direct Violet 42
Ozon zone
PAD N PINK 3B 09-93809; PAD N PINK 3B 09-9381;
PAD N VIOLET 4B 09-9680 Ethoxvlated stvrenated phenole
PAD N RED B 09-9380; PAD N VIOLET 4B 09-9680;
PAD N YELLOW 4GL 09-9889 Ethoxvlated octvlphenole
PAD N RED E 09-93807 Yellow Shade Naphthol
PAD N Yellow 4GL 09-98832; Permanent Yellow FGL .1. Piqment Yellow 97
PAD PENETRANT 01-8930 Trimethvl nonvloxvpolvethvleneoxvethanol
Palanil Orange RL; Intrasil Direct Orange 3GH;
Calcosperse Orange 3RD; also: CAS 12223-33-5, C.1.
Disperse Oranae 76, Polvspersaelbbraun RL 200 % C.1. Disperse Oranae 37
Palanilbrillantblau BGF flussig, Palanilbrillantblau BGF
N flussig; Palanil Brilliant Blue BGF C.1. Disperse Blue 87
Palanilgelb 3GE 200%; Polyspersgelb 3-GN 360%;
Rottasperse Yellow E 3 G; BAFIXAN YELLOW 3GE

C.1. Disperse Yellow 54LiQuid
Palanilgelbbraun R-CF; Polyspersgelbbraun TS 150%;
Rottasperse Yellow Brown SR; Dianix Gelb-braun

C.1. Disperse Orange 302RFS
Palanilmarineblau TR neu; Palanil Navy BLue TR C.1. Disperse Blue 330
Palanilorange GL; Resolingelbbraun 3GL 200%;
Tertraneseoranqe P-LH; Rottasperse Oranqe G C.1. Disperse Oranqe 29
Palanilrot 3BLS-CF 100 %; Tertranesegelb P-5R; also:
CAS 79300-13-3 C.1. Disperse Red 167:1
Palatin Fast Black WAN ex C.1. Acid Black 52
PALEGAL A I2-Phenoxyethanol
PALEGAL N-SF; Uvitex MST 3% Diethanolamine
Paliotol Yellow 4G C.1. Piament Yellow 117
Paliotolgelb K 0961 HD; Lithol Fast Yellow 1090 C.1. Pigment Yellow 138
Paonidinchlorid Peonidin
Para Brown 3G C.1. Direct Brown 147
Para Brown V C.1. Direct Brown 151
Para Green B C.1. Direct Green 57
Paradiazol Bronze J; 31755 C.1. Direct Brown 159
Paradiazol Brown N; C.1. 30035 .1. Direct Brown 7
Paradiazol Brown RD .1. Direct Brown 171
Paramine Fast Bordeaux B r.1. Direct Red 18
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Tradename/Product Substance
Pararosanilin; Parafuchsin; Paramagenta C.1. Basic Red 9 acetate
Pararosanilin; Parafuchsin; Paramagenta;
Parafuchsinhydrochlorid C.1. Basic Red 9
Pararosanilin; Parafuchsin; Paramagenta;
Parafuchsinhydrochlorid; Pararosaniline (chloride);
Basic fuchsin; Parafuchsin hydrochloride C.1. Basic Red 9 hydrochloride
Parasterol Benzalkonium chloride
p-Arbutin Hvdrochinon-r..-D-alucopvranosid
p-Dihydroxybenzene Hydroquinone
2-Phenylphenol 2-Phenylphenol
Phillvrin Phillvgeninglucosid
Phthalsaure Phthalic acid
Physcion Emodinmethylether
Phvsodsaure Phvsodalin
Pigmatexgelb 3G 60451; HIFAST N Cone Yellow 3G
05-58982; PAD N YELLOW 3G 09-98824; POLYFAST
YELLOW LG 05-58231 C.1. Pigment Yellow 17
Pigmatexhellbraun 2K 70447; PAD N Brown RO 09-
9594; Pigment Brown CIBA 2R C.1. Pigment Brown 22
Pigmatexhellscharlach C 70413; Cromophtal
Red G C.1. Pigment Red 220
Pigmatexrubine 2B 60414; Permanent Rubine F6G C.1. Pigment Red 184

Ophioxylin-5-Hydroxy-2-methyl-1,4-
Plumbaqin naphthochinonee
Polvacrvlonitril Polvacrvlonitrile
Polyethyleneglycol 300 monodecylether (fractionated,
raction 5); Polyethyleneglycol monodecylether;

C10PEG300/5; Polvethvleneglvcol monodecvlether
POLYFAST BLACK KB 05-52131; POLYFAST BLUE
LGB 05-57188; POLYFAST Navy JS 05-57171;
POLYFAST SCARLET 05-53261; POLYFAST Violet
VB 05-56122; POLYFAST YELLOW LG 05-58231 Epoxidized soya oil
POLYFAST PINK 3B 05-53779 solvent-refined heavy paraffinic distillate
POLYFAST RED A2B 05-53263; POLYFAST RED
RRL 05-53279; Fast Pink NO.3 r.1. Piament Red 245
Polymethacrvlsaure Polymethacrvlic acid
Polvron 10051,6% ~mmoniumbifluoride
Polyspersblau BGS, Polyspersblau PBRS; also: CAS
13698-89-0 (methylated 2-(4-hydroxy-phenyl)
unction), CAS 12222-78-5. CAS 15114-15-5 C.1. Disperse Blue 73
Polvspersblau P2R; Foron Blue SE-2R C.1. Disperse Blue 183
Polyspersbrillantblau SBL 200 % C.1. Disperse Blue 87:1
Polvspersbrillantrot SBL; Palanil Brilliant Red BEL C.1. Disperse Red 92
Polyspersrot FB 200%; Resolinrot FB 200%;
Rottasperse Red EB; Resolinrot FB C.1. Disperse Red 60
Polvspersrot HT-LS 200 % C.1. Disperse Red 323
Polyspersrubin FLM 200 % C.1. Disperse Red 73
Polyvinylpyrrolidone K-30; Albigen A; Lamestrip CO;
Reduktol AL; also: CAS 9003-39-8 Polyvinylpyrrolidone
Ponceau 5R C.1. Solvent Red 110
Pontamine Catechu 3G C.1. Direct Brown 74
Porofor ADCIM IPorofor ADC/M) ~odicarbonamide IADC)
Potassium dichromate Potassium dichromate
Potassium permanganate Potassium permanganate
Potassiumcarbonate Potassium carbonate
Pregan E; AM 8 Klebesprav 2,5-10% Dichloromethane
Preventol D6 0,7% ~-Chloro-2-methyl-4-isothiazolin-3-one

Preventol D6 0,7% 12-Methvl-312H )-isothiazolone
Preventol GD 97% Dichlorophen
Primulin; also: CAS 10360-31-3 C.1. Direct Yellow 59
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Tradename/Product Substance
Prisulon 1090/30,2% -Chloro-3-methvlphenole, sodium salt
Procinvl Blau RS; Procinvl Blue R .1. Reactive Blue 6
Procinvl Gelb GS; Procion Yellow G .1. Reactive Yellow 5
Procinyl Rubin BS; Procinyl Rubine B .1. Reactive Red 30
Procion Brilliant Blue HGR; also: CAS 23422-12-0 .1. Reactive Blue 5
Procion Brilliant Oranoe 2R; also: CAS 73816-75-8 .1. Reactive Oranoe 4
Procion Brilliant Red 8B .1. Reactive Red 11
Procion Brilliant Red H3B .1. Reactive Red 3
Procion Gelb HAS; also: CAS 4988-30-1 .1. Reactive Yellow 3
Procion Yellow H-E6G; also: CAS 68991-98-0 .1. Reactive Yellow 135
Procion Yellow M-8G; also: CAS 70865-29-1 .1. Reactive Yellow 86
Prociongelb H-E4R; Procion Yellow H-E4R .1. Reactive Yellow 84
Propetamphos Propetamphos
Protocatechuic acid ~,4-Dihvdroxvbenzoic acid
Protocetrarsaure ~aprar acid
Purpurin; C.1. 58205 Purpurin
Purpuroxanthin 1,3-Dihvdroxv-anthraouinone
PV-Echtrot HF 4B; Permanent Pink FL ~.1. Pigment Red 187
PYROSETCP k:vanamide

PYROVATEX CP (CGY)
N-hydroxymethyl-3-dimethoxyphosphoryl-
Ipropionicamide

Pvrovatex CP neu 1-3% Ethvleneurea
Puercetagetin ~,3',4',5,6,7-Hexahydroxyflavone
Puercetin ~,3',4',5,7-Pentahvdroxvtlavone
QUILON C; QUILON M; QUILON S (Dupont); tearic acid, chromium complexe
Reactofil Blue 2GL .1. Reactive Blue 83
Reactofil Blue 2RLD .1. Reactive Blue 84
Reactone Blue S-3GL .1. Reactive Blue 70
Redulit C; Ronoalit C (BASFl Sodium formaldehvde sulfoxvlate
Remazol Brilliant Blue G .1. Reactive Blue 202
Remazol Golden Yellow H4G .1. Reactive Yellow 17
Remazol Printing Navv Blue RR .1. Reactive Blue 122
Remazol Red B .1. Reactive Red 22
Remazolbelbbraun G; Remazol Yellow Brown G .1. Reactive Brown 30
Remazolblau BR; Remazol Blue BR C.1. Reactive Blue 158
Remazolbordo B; Remazol Bordeaux B C.1. Reactive Red 49
Remazolbrillantblau B; Remazol Brilliant Blue B C.1. Reactive Blue 27
Remazolbrillantblau BB, Remazolbrillantblau BB
IOssig 33 % neu; Remazol Brilliant Blue BB C.1. Reactive Blue 220
Remazolbrillantgelb GL, Remazolbrillantgelb GL

k:;.1. Reactive Yellow 37~Ossig 25 %; Remazol Brilliant Yellow GL
Remazolbrillantorange FR; Remazol Brilliant Orange
FR C.1. Reactive Orange 82
Remazolbrillantrot 5B; Remazol Brilliant Red 5B C.1. Reactive Red 35
Remazolbrillantrot 6B; Remazol Brilliant Red 6B;
Benactivsuorarot SE-6BL C.1. Reactive Red 174
Remazolbrillantrot 3BS; Remazol Brilliant Red 3BS C.1. Reactive Red 239
Remazolbrillantrot F3B; Remazolrot F3B; Remazol
Brilliant Red F3B C.1. Reactive Red 180
Remazolbrillantrot GG; Remazol Brilliant Red GG C.1. Reactive Red 106
Remazolgelb FG; Rottafast Yellow G; Remazol Yellow
FG C.1. Reactive Yellow 42
Remazolgoldbelb RNL, Remazolgoldgelb RNL flOssig
~3%; Remazol Golden Yellow RNL C.1. Reactive Oranoe 107
Remazolgoldgelb 3R f10ssig; Remazol Golden Yellow
3R C.1. Reactive Oranoe 96
Remazolrot 3B; Remazol Red 3B .1. Reactive Red 23
Remazolrot RB; Remazolrot RB flOssig 25%; Rottafast
Red 3 B; Rottafast Red RB; Remazol Red RB;
Benactivrot N-RB C.1. Reactive Red 198
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Tradename/Product Substance
Remazolschwarz Rl; Remazolschwarz Rl flOssig 33
%; Remazol Black Rl C.1. Reactive Black 31
Resolin Brillantrot BlS 200 %; Resolin Brilliant Red
BlS C.1. Disperse Red 159
Resolinbalu FBl 150%; Rottasperse Blue ER; also:
CAS 31810-89-6 C.1. Disperse Blue 56
Resolinblau BBlS; Resolin Blue BBlS; also: CAS
56532-53-7 C.1. Disperse Blue 165
Resolinblau F2GS; Resolin Blue F2GS .1. Disoerse Blue 367
Resolinbrillantblau BGlN 200%; Terasilblau BGE
200%; Rottasperse Blue GB; BAFIXAN BLUE Hl NB
701 C.1. Disoerse Blue 60
Resolinbrillantgelb 7Gl 200 %; Resolin Brilliant Yellow
7Gl C.1. Disperse Yellow 93
Resolinbrillantgelb 10GN 200 %; Resolin Brilliant
Yellow 10GN C.1. Disperse Yellow 184:1
ResolinQelb 5Gl 200 %; Resolin Yellow 3Gl C.1. Disperse Yellow 241
ResolinQelb 4GlS; EsteriQuinone Liqht Yellow 3Jll C.1. Disoerse Yellow 42
Resolingelb GNl-SE; Terasil Yellow 4G; also: CAS
86836-02-4 C.1. Disoerse Yellow 211
ResolinoranQe 3Gl 200 %; Resolin OranQe 3Gl C.1. Disoerse Orange 66
Resolinrot BBl; Resolin Red BBl; also CAS: 12223-
42-6 k:;.1. Disoerse Red 82
Resolinrot F3BS, Resolinrot F3BS 150 %; Resolin Red
F3BS; also: CAS 99035-78-6 "'.1. Disoerse Red 343
Resolinrot FRl 150 %; Serilenerot RlS 150 %;
Tertraneserot P-FTS; Polydye Red AR-SF; also: CAS
58051-98-2 C.1. Disperse Red 177
Resolinscharlach 3Gl 200 %; Resolin Scarlet 3Gl .1. Disoerse Red 106
RESPAD BLUE Gl3W 01-8404; also: C.1. Vat Blue 4:
Benanthrenblau RS C.1. PiQment Blue 60
RESPAD BLUE G3W 01-8400; RESPAD SCARLET
Dl3W 01-8002 Butvlated melamine-formaldehvde-cooolvmer
RESPAD EMULSION 01-8900 Solvent naphtha (petroleum)
RESPAD Red C3W 01-8001 ~mmonium hydroxide
Resoumit BA 2000 Castor oil
Rhamnazin 3,4' ,5-Trihydroxy-3',7-dimethoxyflavone
Rhamnetin 3,3',4',5-Tetrahvdroxv-7-methoxvflavone
Rhodamin B; also CAS 68957-24-4, CAS 68957-24-4,
"'AS 64381-99-3 "'.1. Basic Violet 10
Robinin Kamoferol-3-0-rahmnosvl-Qalactosvl-7-rhamnosid
Romapon 311 Monoethanolamine
Ronqal5242 Hydroxvacetone
RonQalit 2PHA ~ulfur dioxide
Roseline OF 1-2,5% B-Hexanediol
Rottafast Oranqe 2 R C.1. Reactive Oranqe 122
Rottafast Yellow 4 G; Reactofix Yellow ME4Gl C.1. Reactive Yellow 186
Rottasperse Navy Blue ECO; Rottasperse Black ECO ;
Sodvecron Blue GBl; also: CAS 83929-84-4 C.1. Disoerse Blue 291
Rottasperse Red S 3 B; Foron Rubine S-2GFl; also:
CAS 26850-12-4 C.1. Disoerse Red 167
Rubiadin 1,3-Dihvdroxv-2-methvlanthraQuinone
Rubixanthin; C.1. Natural Yellow 27; C.1. 75125 +
75135 lycopene
Rubropunctatin; also: CAS 13471-84-6 Rubropunctatin
RucoQen SFE Dipentene
Rutin; Quercetin-3-rutinosid Rutin trihvdrate
~affron; Cape Jasmin 1V.1. Natural Yellow 6
Sakoton Blue U; C.1. 24203 C.1. Direct Blue 306
Salazinsaure; Saxatilsaure ~axatilic acid
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Tradename/Product Substance
Samaron Oranae HGRL C.1. Disperse Orange 34
Samaronrot HGF; Samaron Red HGF C.1. Disperse Red 358
Samaronscharlach RGSL; Polvsvnthren Scarlet RGSL C.1. Disperse Red 183
Samaronviolett 4RS 400 %; Polvsvnthren Violet 4RS C.1. Disperse Violet 48
Sandocryl Golden Yellow B-GRL 1...1. Basic Yellow 82
Sandolanbrillantblau .1. Acid Blue 142
Sandolanwalkblau N-BL 150 % ('.1. Acid Blue 80
Sarmentogenin Sarmentogenin
Saturngelb L4G; also: CAS 7248-45-5 C.1. Direct Yellow 44
Saturnrot F3B 200 %; Tertrodirektlichtrot F3B 230 %;
also: CAS 25188-41-4 C.1. Direct Red 80
Saureschwarz BGL; Bemaplexschwarz S-BGL C.1. Acid Black 107
Schwefelschwarz BG 250 %; Diresulschwarz RDT;

('.1. Sulphur Black 1Immedialschwarz C-BR f10ssia
copoletin Scopoletin
cotchoard FC 270 0,1% Dimethoxane
eela Fast Black FC C.1. Acid Black 209
EQUESTRENE 30A CHELATE etrasodium ethylenediaminetetraacetate
erilene Blue CB-LS .1. Disperse Blue 153
erilene Navv Blue R-FS; also: CAS 12222-83-2 .1. Disperse Blue 85

Serisol Blue 3RD .1. Disperse Blue 124
Serisolbrillantorange RGL 200 %; also: CAS 61968-

~.1. Disperse Oranae 3138-5
Serisolfastcrimson BD 150 %; Cellitonechtrubin B .1. Disperse Red 13
Setaron Brilliant Oranoe 2RL .1. Disperse Oranoe 56
Setaron Brlliant Red 4G; also: CAS 70210-08-1 .1. Disperse Red 151
Sicomingelb K 1630 S, Sicomingelb L 1930 S;
Crocoite; also: CAS 7758-97-6 Col. Piament Yellow 34
Sicominrot K 3130 S; Sicominrot K 3030 S; Molybdate
Chrome; Chrome Vermilion Col. Pigment Red 104
SILIGEN FA; Ethylenoxide-propylenoxide-copolvmer Poloxanlene
Sirius Lioth Blue 3RL; Sirius Supra Blue 3RL Col. Direct Blue 93
Sirius Supra Olive GL Col. Direct Green 23
Siriuslichtblau FGG 200 % Col. Direct Blue 225
Siriuslichtbraun R Col. Direct Oranoe 40
Siriuslichtaelb FGR-LL 200 % Col. Direct Yellow 58
Siriuslichtaelb GD 167 % Col. Direct Yellow 110
Siriuslichtgrau CG-LL 167 %, Siriuslichtgrau CG-LL
?50 %; Superlitefastgrau GLL Col. Direct Black 112
Siriuslichtoranoe GGL-V 143% (BAYER); Col. 40215 Col. Direct Oranoe 34
Siriuslichtrot F4BL 154 % Col. Direct Red 212
Siriuslichtrotviolett RLL Col. Direct Violet 47
Siriuslichtscharlach BN 182 % Col. Direct Red 96
Siriuslichtschwarz L-V; Siriusschwartz L fFIAn Col. Direct Black 51
Sodium bicarbonate Sodium hvdroaencarbonate
Sodium bisulfide Sodium hvdroaensulfide
Sodium fluorborate Sodium tetrafluoroborate
sodium hvpophosphite sodium monophosphate
odium maleate Maleic acid, disodium salt
odium perborate Sodium Perborate Tetrahydrate
odiumacetate; Sodiumacetate 99/100% Sodium acetate
odiumbichromate (Sodiumdichromate) Sodium dichromate
odiumbisulfite; Sodiumbisulfite 38 40%;

Sodiumbisulfite 65 66% Sodium disulfite
Sodiumchloride (mill salt); Sodiumhypochlorite
solution) Sodium chloride

Sodiumchlorite; Sodiumchlorite 20%; Sodiumchlorite
25%; Sodiumchlorite 80% Sodium chlorite

~-Hydroxy-1 ,2,3-propanetricarboxylic acid, trisodium
Sodiumcitrate; Trisodium Citrate salt dihydrate
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odiumnitrate Sodium nitrate
odiumnitrite Sodium nitrite
odiumpersulfate Sodium peroxodisulphate
odiumsulfate; CHEL 330 11 % FE Sodium sulfate
odiumsulfite (wasserfrei) Sodium sulfite

Sodiumthiosulfat (Pentahvdrat; Fixiersalzl Sodium thiosulfate pentahvdrate
Sodiumtripolvphosphate Sodium tripolvphosphate
Solanthrenenavvblue RA Microperle C.1. Vat Blue 18
Solophenvl Yellow AGL; Solophenyl Yellow AGL C.1. Direct Yellow 169
Somasolorange GGL; Tertrodirektlichtorange 2GL 140
%; Everdino Supra Oranoe GL C.1. Direct Oranoe 39
Somazinbrillantrot HE-3B; Procion Red H-E3B C.1. Reactive Red 120
SRA Fast Blue FSI C.1. Disperse Blue 28
SRA Fast Blue III 1..-.1. Disperse Blue 22
SRA Fast Pink II C.1. Disperse Red 22
SRA Fat BLue FSII C.1. Disperse Blue 24
SRA Golden Oranqe III C.1. Disperse Oranqe 15
B-Lupeol B-Lupeol
Stabilisator 1097 20% Isophthalovl dichloride
Stannous chloride in( Ill-chloride
Starke, 2-Hvdroxvethvlether Starch, 2-Hvdroxvethvl ether
Stearinic acid butvl ester Stearinic acid butvl ester
Stearinsauretridecvlester Stearinic acid tridecvl ester
Stictinsaure; Stereocaulonic acid Stictic acid
Sudan Brown 3B C.1. Solvent Red 2
Sudan III; Sudan Red BK [FIAT] .1. Solvent Red 23
Sudan Oranqe G; C.1. Food Orange 3 C.1. Solvent Orange 1
Sudan Red 402 .1. Solvent Red 215
Sudan Red BB [FIAT] .1. Solvent Red 24
Sudan Red G .1. Solvent Red 1
Sudan Rot 7B; Fettrot 7B .1. Solvent Red 19
Sudan Rot B; Sudan Red B .1. Solvent Red 25
Sudan Schwarz B; Fettschwarz C.1. Solvent Black 3
Sugar Sucrose

etrakis(hydroxymethyl)phosphonium sulphate
sulfate salt THPS THPSl
sulfonated castor oil urkev red oil
Sulphuretin 3',4',6-Trihvdroxvauron
Sumifix Supra Brilliant Red 2BF; also: CAS 23354-52-
1 C.1. Reactive Red 194
Supranol Blau BLW; Alizarine Brilliant Sky
BLue GLW C.1. Acid Blue 221
Supranolgelb 4GL C.1. Acid Yellow 79
SupranolgrOn 6GW; Alizarine Brilliant Green
6GW C.1. Acid Green 81
Supranoloranoe GSN C.1. Acid Oranoe 95
Supranolrot BL C.1. Acid Red 260
Supranolrot 3BW C.1. Acid Red 274
Supranolrot GW C.1. Acid Red 276
~upranoltOrkis GGL; TelonechtlOrkisblau GGL 167 %;
[relon Fast Turauoise Blue GGL C.1. Acid Blue 279
Supranolvioletl RWN; Sandolanwalkviolett C.1. Acid Violet 48

alc; CATALYST 04-26 RINGS Maonesium silicate hydrate
ecoreduct TH; Thioharnstoff rrhiourea
elonblau A3GL; Telon Fast Blue A3GL 1".1. Acid Blue 290
elonblau AR ~.1. Acid Blue 205
elonblau BRL Micro; Telonlichtblau KBRL 200 %;

Supracen Blue GBN C.1. Acid Blue 324
rrelonechtblau AFN; Isonal Blue FGN C.1. Acid Blue 264
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rrelonaelb A3RL; Telon Fast Yellow A3RL C.1. Acid Yellow 242
[Telongelb 3RL Micro, Telonlichtgelb 3RL 250 %; Telon

ellow 3RLL C.1. Acid Yellow 240
elonQelb RLN Micro; Telon Yellow RNL C.1. Acid Yellow 230
elonlichtaelbbraun 3G C.1. Acid Brown 248
elonlichtrot FRL, Telonrot FRL Micro; Merpacyl Red

C.1. Acid Red 337G; also: CAS 12270-02-9
elonlichtrot K-BRL 200 %, Telon Rot BRL Micro;
elon Red BR-CL C.1. Acid Red 426
elonrot AFG; Telon Fast Red AFG C.1. Acid Red 360
elonschwarz LDN; Telon Printing Black L;

also: CAS 57693-14-8 C.1. Acid Black 172
ensid NaDBS Dodecvl benzenesulfonic acid, sodium salt
erasil Flavin 8GFF; Setaron Brilliant Flavine 8GFF;

Coumarin 7; also: CAS 12239-58-6 C.1. Disperse Yellow 82
erasil Golden Yellow 2RS 1.-.1. Disperse OranQe 149
erasil Rot 3GS disperQiermiltelfrei; Terasil Red 3GS .1. Disperse Red 349
erasilrosa 4BN; BAFIXAN PINK FF3B LIQUID r.1. Disperse Red 11
ertranesegelb P-5R konz; SRA Fast Golden Yellow

XIII C.1. Disperse Yellow 23
ertranesenavy P-HGS f10ssig; Rottasperse Navy Blue

S 3 G; Foron Marine Blue; also: CAS 3956-55-6 C.1. Disperse Blue 79
ertraneserubin P-HBRS f10ssig; Sodyecron Rubine
BF C.1. Disperse Red 313
ertranesescharlach P-HGF; Latvl Scarlet B-FS C.1. Disperse Red 135
ertrodirektdiazoschwarz OB2; Diazol Black lOBI C.1. Direct Black 80
ertrodirektlichtblau B-2R 300 % C.1. Direct Blue 222

1,4,5,8-tetraaminoanthraquinone; Chemilene Brillant
Blue EX; Miketon Fast Blue C.1. Disperse Blue 1

hamnolsaure; Octellatsaure; Hirtellsaure hamnol acid
4,4'-Thiobisbenzenamine 4,4'-Thiobisbenzenamine

hioflavin S; Thioflavine T; Thioflavin; Thioflavin-T;
Rhoduline Yellow; Thioflavin-TCN; also: CAS 68188-
80-7 C.1. Basic Yellow 1

HPC etrakis(hydroxymethyl)phosphonium chloride
HPOH etrakis-hydroxymethyl-phosphoniumhydroxide

2-(5-Chloro-2H-benzotriazol-2-yl)-6-(1,1-
inuvin 326 dimethylethyll-4-methvlphenol

?,4-Toluylendiamin; C.1. Oxidation Base 20; also: CAS
1328-62-7 C.1. Developer 14

oluvlene Black Blue GN C.1. Direct Blue 38
oluylene OranQe GL; C.1. 22385 .1. Direct Orange 33
riazol Dark Blue B .1. Direct Blue 43
riazol Violet BN .1. Direct Violet 17
riazol Violet R .1. Direct Violet 38

1,2,4-Trichlorbenzol 1,2,4-Trichlorobenzene
Triclosan; Amicor AB fibre; Rhovvl AS riciosan
Tricufix Blue 3RL; C.1. 33560 .1. Direct Blue 163
Triethanolamin 99%; ULTRAPHOR SFG Liquid;

rrriethanolamineULTRAPHOR SFN Liauid
riflumuron riflumuron
rilon A; Trilon TA f10ssiQ 40% Nitrilotriacetic acid, sodium salt
,4,5-Trimethvlaniline 12,4,5-Trimethvlaniline
RIS rislbromoethvll phosphate
risodiumphosphate risodium phosphate
risulfon Blue B C.1. Direct Blue 50
risulfon Bronze B C.1. Direct Brown 45
risulphon Blue R r.1. Direct Blue 27
ubiperl P 0,04% ~crylic acid ethyl ester
ubotex PCA Potassium hydroxide
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Tradename/Product Substance
Tvrian Purole; 6,6'-Dibromindiao C,1. Natural Violet 1
ULTRAPHOR PAB; ULTRAPHOR PAR; Ultraphor
SFR C.1. Fluorescent Brightener 374:1
ULTRAPHOR SFG liquid; Ultraphor SFG C.1. Fluorescent Brightener 374
Universalseifenol Sodium sulforicinate
used in combination with oleophobic finishes (as
extender) in the so-called "Quarpel finishing" from the
US Army: Zelan Band Zelan AP (Dupont); Zepel B
and Phobotex FTC (CGY) stearaminomethvlpvrimidium chloride
-l-Usniacin -l-Usnic acid
+)-Usniacin +)-Usnic acid

Uvitex ERN-P-250% 1%; AQUAFINE ORANGE RB
05-38112; BAFIXAN TURQUOISE 2B LIQUID;
CORIAL® Binder IF; Heliodecor-Defoamer Propylene glycol
VBr inyl bromide
Vialonechtoranae RL 85 f10ssig C.1. Acid Oranae 89
Vibatex VF 0,01%; Vibatex VM 0,01%; Primasol V;

AcrvlamidCibafluid C 0,1%
ibatex VM 0,09% Vinyl acetate
ibatex VM 0,09% Ethylene glycol, monoacetate
ictoria Pure Blue FGA; also: CAS 37279-80-4 r.1. Basic Blue 81
innol C 66; Vinnol P70PS; Solvic 367NC; Solvic
76NB Polvvinvlchloride
iolamine B .1. Acid Violet 30
itexin aporanetin
uloinsaure uloinic acid

Valkaelb R .1. Acid Yellow 42
Valkmarine C-40 C.1. Acid Black 26
Vasserstoffperoxid; Wasserstoffperoxid 35% Hydrogen peroxide
aterglass; Cotoblanc RS 21%; Verolan LGA 75-80% Disodium metasilicate

Vool Dark Green AZ .1. Acid Green 33
anthophyll ~,3'-Dihydroxy alpha-carotin
oracil Blue (G); also: CAS 12217-41-3 .1. Basic Blue 22
oracil Red 2G C.1. Basic Red 18:1
ambesi Red 4B C.1. Direct Red 142
apon Fast Red CB C.1. Solvent Red 32
eaxanthin !Zeaxanthin
inc oxide I'-inc oxide
itronensaure Citric acid



Appendix 4: References Chemical
Substances
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[1) n.n.
Code of Federal Regulations Office of the Federal Register National Archives and Records
Service, US Government Printing Office General Services Administration Washington DC
20402 USA 2123 (1981)

[2) Owens J.E.
Methods for Preventing Static Damage to Photographic Paper
Photographic Science and Engineering; 13(5), S. 280 (1969)

[3) National Association of Photographic Manufactors
Environmental Effect of the Photoprocessing Chemicals
NAPM, Volume 1 und 2 (1974)

[4) Leo A., Hansch C., Elkins D.
Partition Coefficient and Their Uses
Chemical Reviews; 71(6), S. 525 - 616 (1971)

[5) Robinson H.J., Stoerk H.C., Graessle O.E.
The Toxicologic and Pharmacologic Properties of Thiabendazole
Toxicol. Appl. Pharmacol.; 7(1), S. 53 - 63 (1965)

[6) Bringmann, G., Kuehn, R.
Befunde der Schadwirkung wassergefahrdender Stoffe gegen Daphniamagna
Z. f. Wasser- und Abwasser-Forschung; 10 (5), S. 161-166 (1977)

[7] Chou J.T., Jurs P.C.
Computer-Assisted Computation of Partition Coefficients from Molecular Structures Using
Fragment Constants
J. Chern. Inf. Comput. Sci.; 19(3), S. 172 -178 (1979)

[8) Roth
Wassergefahrdende Stoffe
4. Erg. Lieferung 1986 ecomed, Landsberg 1982

[9) National Printing Ink Research Institute
NPIRI Raw Materials Data Handbook
Volume 1: Organic Solvents
National Printing Ink Research Institute Lehigh University, Bethlehem, Pennsylvania
18015/USA 1974

[10] Nationallnst. of Occupational Safety and Health
Registry of Toxic Effects of Chemical Substances,
Quarterly Issue
Hrsg. Lewis R. J., Tatken, R. L.Edition DHHS (NIOSH) Publications, 1980
NIOSH, (1986)

(11) OECD-Guideline
OECD-Guideline for Testing Chemicals; Partition Coefficients
(n-Octanol-Water)
Umweltbundesamt, Berlin, 5. Januar 1987

(12) Mina R.
Silver Recovery from Photographic Effluents by lon-Exchange Methods
J. Appl. Photogr. Eng.; 6(5), S. 120 - 125 (1980)
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(13) Janicke W.
Chemische Oxidierbarkeit organischer Wasserinhaltsstoffe
WaBuLo Berichte; 1, S. 30 -114 (1983)
Institut fOr Wasser-, Boden- und Lufthygiene des Bundesgesundheitsamtes
Dietrich Reimer Verlag, Berlin 1983

[14) Freier R.K.
Aqueous Solutions
Data for Inorganic and Organic Compounds
WaBrige L6sungen/Daten fOr anorg. und org. Verbindungen
Vol. 1 u. 2
Walter de Gruyter & Co., Berlin 1976, 1978

[15) Paulus W.
Mikrobiozide fOr KOhlschmierstoffe
Erd61, Kohle, Erdgas, Petrochemie; 37(7), S. 303 - 307 (1984)

[16) Gersich F.M., Mayes M.A.
Acute Toxicity Tests with Daphnia Magna Straus and Pimephales
Promelas Rafinesque in Support of National Pollutant Discharge Elimination Permit
Requirements
Water Research; 20(7), S. 939 - 941 (1986)

[17] Holcombe GW., Phipps G.L., Knuth M.L., Felhaber T.
The Acute Toxicity of Selected Substituted Phenols, Benzenes and
Benzoic Acid Esters to Fathead Minnows (Pimephales Promelas)
Environmental Pollution (Series A); 35(4), S. 367 - 381 (1984)

[18] Fukuda S., lida H., Yamagiwa J.
Toxicological study of DTPA as a drug (II).
Chronic side effects of orally administered DTPA to rats
Hoken Butsuri; 19(2), S. 119 - 126 (1984)

[19] Delcourt A., Deysson G.
Activitee antimitotique de quelques derives soufres etude sur la
cellule vegetale
Ann. Pharm. Fr.; 34 (3-4), S. 81 - 87 (1976) (Annales Pharmaceutiques Francaises)

(20) Beurteilung der Gefahrlichkeit von Fotochemikalien gem. WHG 7a (Entwurf)
pers. Mitteilung von Agfa-Gevaert, 1989

(21) Fa. BASF AG, Ludwigshafen (1989)

(22) Oil and Hazadous MaterialsTechnical Assistance Data System
US-EPA; File Nr. 7216886, sodium acetat

[23] Dawson GW., Jennings A.L., Drozdowski D., Rider E.
The Acute Toxicity of 47 Industrial Chemicals to Fresh and Salt Water Fishes
J. Hazardous Materials; 1(4), S. 303 - 318 (1977)

[24) Fa. Agfa-Gevaert AG, Leverkusen (1989)

[25) Curtis MW., Ward C.H.
Acquatic Toxicity of 40 Industrial Chemicals:
Testing in Support of Hazardous Substance Spill Prevention Regulation
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Appendix 5: Subject Index



Acid dyes
Agents and additives to promote bonding of fibres and threads
Anti-electrostatic finishes
Anti-felting treatments for wool (easy-care finishing)
Antifoams
Antipilling finishing
Azo colourants

Basic (cationic) dyes
Biocides
Bleaching
-Bleaching agents and auxiliaries
-Bleaching I optical brightening of wool
-Bleaching of silk I optical brightening

Carbonising
Cationisation (surface modification)
Chemicals
Chemicals in coating and laminating
Chemical treatments
Classification of auxiliaries according to the SCORE system
Coating and laminating
Colouring
Colouring auxiliaries
Crabbing I thermo-fixing I sanforizing

Degumming I boiling-off
Delustring
Desizing of woven fabric
Direct (substantive) dyes
Disperse dyes
Dyeing
-Dyeing of acrylic fibres
-Dyeing of cellulose acetate (AC) and cellulose triacetate (CT)
-Dyeing of cellulose fibres
-Dyeing of Fibre blends
-Dyeing of other synthetic fibres
-Dyeing of polyester fibres
-Dyeing of silk
-Dyeing techniques
-Dyeing of wool
-Principles of dyeing
Dyestuffs
-Dyes, Acid
-Dyes, Basic (cationic)

1177

277
467
443
118
461
446
59

279
464
100
138
123
128

114
109
40
457
377
67
378

156;378
353
116

126
396
89
197
280
159
199
195
160
180
202
192
188
160
188
159
268
277
279
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-Dyes, Direct (substantive)
-Dyes, Disperse
-Dyes, Metal-complex
-Dyes, Mordant (chrome dyes)
-Dyes, Naphtol (azoic dyes developed on the fibre)
-Dyes, Natural
-Dyes, Solvent and ink-jet
-Dyes, Sulphur
-Dyes, Vat
Dyestuffs formulations

Easy-care finishing: non-creasing
Easy care finishing of wool: anti-felting and shrink-resistance
EU Immission protection
EU legislation on chemicals

Finishing
-Finishing with biocides
-Finishing with flame retardants
-Finishing with microcapsules
-Finishing techniques
-Finishing using repellents
Fillers
Fixation of serecin on silk
Functional conditioning (ennoblement)

Intelligent textiles

Lustring and metallic effects

Mercerising/caustic soda treatment
Metal-complex dyes
Mordant dyes (chrome dyes)

Naphtol dyes (azoic dyes developed on the fibre)
Natural dyes
Non-slip, ladder-proof and anti-snag finishes

280
282
284
287
289
308
352
299
300
353

400
414
5
40

373
447
425
468
376

462
127
398

468

397

106
284
287

289
308
424



One-step desizing, scouring and bleaching of cotton fabric
Optical brightening
Other ecological regulations

Polymers
Pretreatment
-Pretreatment agents and auxiliaries
Pretreatment of man-made fibres
Pretreatment of wool
-Raw wool scouring
-Scouring/desizing
Pretreatment of silk
-Bleaching of silk / optical brightening
-Degumming / boiling-off
-Fixation of serecin on silk
-Plasma treatment of degummed silk
Pretreatment of synthetics
Pretreatment techniques
-Mechanical treatment techniques
-Wet- and thermo treatment techniques
Printing
-Primary chemicals in printing pastes
-Principles of printing
-Printing on cellulose
-Printing on protein fibres (wool and silk)
-Printing on synthetic fibres
-Printing techniques

Relevant laws in Germany

Sculptured effects such as seersucker, crepe, c1oque, etc.
Shrink resistance finishing
Special breakthrough effects such as ajoure etc.
Softening
Stain blockers / soil repellents / soil release agents
Stiffening
Surfactants
Swelling resistance finishing

1179

105
108;381
54

463
84
89
129
110
114
115
125
128
126
127
128
132
88
88
80
209
231
213
241
263
255
215

39

398
399
394
381
464
393

142;462
399
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Water / waste water
Waste water relevance c1assification/TEGEWA
Wet-processing in textile finishing
Wet- and thermo treatment techniques

16
64
81
88
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