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Preface

Clothing is an inherent necessity for human beings. Textiles protect us from unfavourabie
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 clothing 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 modern 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 modern 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 substantiai 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 ali 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 consuliting “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 ecologicalftoxicological 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. Hoiter, M. Mentel, R. Tannert, L. Mense, F. McKean, |. 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;
o 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 PA), 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.
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The sector of ready-made 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.

Jobs in textiles and clothing
1999

660.000

BB European countries

Data from [286]

Figure 1-1: Jobs in textiles and clothing in the different EU countries in 1999

"o«

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 parﬁculér, 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



3

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-
tor

60 %

40 %

Importance of factors of production

Capital intensive

Labour intensive

Productivity as % of average pro-
ductivity in EU manufacturing

66 %

46 %

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]:



Sub-sector Share (%)
Woven fabrics 22

Technical/industrial textiles (incl. 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
21 Air and noise

21.1 EU Immission 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, 11, lIl, 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
poliutants 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



- 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 | 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 |, 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 | 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
(i.e. 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 1A,
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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 | of the directive contains the categories of activity referred to in Article 1. When oper-
ated above the thresholds listed in Annex llA, 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 | 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 instailation 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:

- flexography - 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 \{al- sion values limit values
old in tonnes/year) sumption uesin (%of solvent in-
threshold in waste put)
gases
tonnes/year) (mg New Existing New | Existing
C/Nm®)
3 | Other rotogravure, flexography, 15-25 100
rotary screen printing, laminating | 25 100
or varnishing units (>15) rotary 0
screen printing on tex- >30 100
tile/cardboard (>30)
4 | Surface cleaning(>1)"% 1-5 20 4 15
>5 2000 10
5 | Other surface cleaning (>1) 2-10 75 12 20 (12
>10 7502 15 (12
8 | Other coating, including metal, 5-15 100 @® 25©
plastic, textile ©, fabric, fimand | , 45 5075 @@ | 256
paper coating (>5) 5
1 Dry cleaning 20 glkg M@ ®©
1
1 Manufacture of coating prepara- 100 - 1000 150 5 5% of solvent in- *
7 | ftions, vamishes, inks and adhe- >1000 150 3 put
sives (>100) 3% of solvent in-
put

(™ Threshold for rotary screen printing on textile and on cardboard
@ 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

“ 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

® 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)

® Rotary screen printing on textile is covered by activity No 3

™ Expressed in mass of solvent emitted per kilogram of product cleaned and dried

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

© 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.

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

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

(2 |nstallations 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 of activities 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 |, columns 1 to 6, and for oxides of nitrogen in Annex Il, 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 (SO2), 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-Immissionsschutzgesetze (BImSchG)
Aims of the german “Bundes-Immissionsschutzgesetz” 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.BImSchV (klein und mittlere Feuerungsanlagen)

2.BImSchV (Emissionsbegrenzungen von leichtfliichtigen halogenierten organi-
schen Verbindungen)

4 BimSchV (genehmigungsbeduirftige Anlagen)
5. BImSchV (Immissionsschutz- und Storfallbeauftragte)

9.BImSchV (Genehmigungsverfahrens-Verordnung)
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11.BImSchV (Emissionserklarungs-Verordnung)
12.BImSchV (Stérfallverordnung)
13.BImSchV (GroRfeuerungsanlagen)
22.BImSchV (Immissionswerte)

31.BImSchV (Begrenzung der Emission fllichtiger organischer Verbindungen bei
der Verwendung organischer Losemittel in bestehenden Anlagen)

Geruchsimmissionsrichtlinie (GIRL)

Landes-Immissionsschutzgesetze: Richtlinie fiir die Bekanntgabe und die Zulas-
sung von sachversténdigenstellen im Bereich des Immissionsschuizes (MeRstel-
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 §§ 11a, 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].

Eacilities according point 10.23 of the annexe to the 4.BImSchV

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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Eacilities 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
t/d 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 t/d), and facilities for non-printing dyeing with carriers (with capaci-
ties of 2-10 t/d) which needs authorisation are listed [342; 451].

Technische Anleitung (TA) Luft Vom 24. Juli 2002

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

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 | Formaldehyde 0.1 20
Formic acid

tetrachloroethane

Class Il Acetic acid 20 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 m%kg. The air-fabric ratio is a ratio of the
total gas volume (in m%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 m%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) Lirm vom 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)| Inindustrial area 70 dB(A)
b)| inindustrial parks 65 dB(A) 50 dB(A)
c)| in main areas, village and mixed areas 60 dB(A) 45 dB(A)
d)| in residencial zones and small urban areas 55 dB(A) 40 dB(A)
e)| in pure residencial areas 50 dB(A) 35 dB(A)
f) | inareas such as hospitals, etc. 45 dB(A) 35 dB(A)
Table 2-4: Guidelines on the effect of noise according to the TA-Ldrm

2.2 Water / waste water

2.21 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].
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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
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

2455/2001/EC

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 | of the Annex to Directive
76/464/EEC

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

76/464/EEC 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 | 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

Table 2-5: EU legislation on protection of water

Directive 2000/60/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.

8.

9.

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

Organophosphorous compounds.
Organotin compounds.

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.

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

Metals and their compounds.

Arsenic and its compounds.

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 poliutants are added to this directive (see Decision No. 2455/2001/EC,
commented below)

The "limit values" and "quality objectives" i.e. 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 | 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.



21

CAS Number ™ EU Number @ 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(**) Xy
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))
15 959-98-8 Not applicable (alpha-endosuifan)

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 ) (™)
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) X()
39 688-73-3 211-704-4 (Tributyltin compounds X




22

CAS Number EU Number @ Name of priority substance Identified 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
o CAS: Chemical Abstract Services

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

Table 2-6: List of priority 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 Il 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.



26

Pollutants/substances Identificatio Air water Threshold air Thresholds
n in kglyear water in
kglyear
1. Environmental issues (13) (11) (2)
CH4 X 100 000
Cco X 500 000
CO2 X 100 000 000
HFCs X 100
N20 X 10 000
NH3 X 10 000
NMVOC X 100 000
NOx5 As NO2 X 100 000
PFCs X 100
SF6 X 50
Sox As SO2 X 50 000
Total-nitrogen As N X 5000
Total phosphorus As P X 150000
2. Metal and compounds (8) (8) (8)
As and coumpount 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 Ph X X 200 20
Zn and compounds Total as Zn X X 200 100
3. Chiorinated 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 10 1
Hexachlorobutadiene (HCBD) X 1 w
Hexachlorocyclohexane(HCH) X 10 1
Halogenated organic com- As AOX 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) 100
Trichloroethylene (TRI) X 2000




27

Pollutants/substances Identificatio Air water Threshold air Thregsholds
n in kglyear water in
kglyear
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-Compounds 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 50 000
COD/3
5. Other compounds 7) (4) (3)
Chlorides As total C1 X 2000 000
Chlorine and inorganic com- As HCI 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 50 000
Number of pollutants 50 37 26
Table 2-7: EPER List of pollutants 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 | 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 Il, below).

List | 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 Il contains: a)substances belonging to the families and groups of substances in List | 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 eiemental phosphorus.
6. Non pérsistent 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 Uber Anforderungen an das Einleiten von Abwasser in Gewasser Ab-
wasserverordnung (AbwV)

- Verwaltungsvorschrift wassergeféahrdende Stoffe (VWVwS)

- “Anhang 38" (Textilherstellung / Textilveredlung)

- Grundwasserverordnung (GrundwV)

- Trinkwasserverordnung (TVO)

- Muster-Anlagen VO (MusterVAwS)

- Wasch- und Reinigungsmittelgesetz (WRMG)

- Tensidverordnung (TensV)

- Phosphathdchstmengenverordnung (PhéchstMengV)

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

Anlagenverordnung (VAwWS)
Wasserrechtliche Eignung von Bauprodukten

Indirekteinleiterverordnung (VGS)
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Selbst(Eigen-)iberwachungsverordnungen
Léschwasser-Rickhalte-Richtlinie (LORURL)

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 vom 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 m® 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 (APEQO) 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) mg/l 160
Biochemical oxygen demand in 5 days (BSBg) mg/l 25
Phosphorus, total mg/l 2
Ammonium nitrogen (NH,-N) mg/l 10
Nitrogen, total, adding Ammonium, Nitrite and Nitrate mg/l 20
nitrogen (Nitratstickstoff) (Ny,)

Sulfit mg/l 1
fish toxicity (Tg) 2
Colouring: Spectral absorption coefficient at:

436 nm (yellow sector) m’ 7
525 nm (red sector) ! 5
620 nm (blue sector) m’ 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

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 mgl/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 mgl/l 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 (APEQO) 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 Durchfihrung des Bundes- Immis-
sionsschutzgesetzes” (second decree on the enforcement of the BimSchG of December 10th
1990; BGBI. | S. 2694). The concentration of chrome VI in waste water must not exceed the
amount of 0.1 mg/l 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 mg/l in the sample.

For copper there is a differing concentration limit put down (deviating from part D sec-
tion 1 and 2): 1 mg/l in the sample.

Vorschriften liber 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 (i.e. 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%.

Phosphathéchstmengenverordnung — PhéochstMengV 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 (EC) 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 Il to Directive 1999/31/EC

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

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

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 aquacuitural 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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EWC (old) Waste EU waste category from 01.01.2002
04 02 01 Waste from unprocessed textile fibres 04 02 21
to.....04
04 02 05 Wastes from processed textile fibres 04 02 22
to.....08
04 02 09 Wastes from composite materials (impregnated 04 02 09
textile, elastomer, plastomer)
04 02 10 Organic matter from natural products (for example 04 02 10
grease, wax)
04 02 11 Wastes from finishing containing halogenates 04 02 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
04 02 13 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
07 02 02 Sludges from on-site effluent treatment 04 02 19* containing dangerous substances
04 02 20 other than those mentioned in 04 02
19
08 0308 Aqueous liquid waste containing ink 080308
13 06 01 Oil wastes: oil condensates from exhaust cleaning 13 05 06 oil from oil/water separators
13 08 99 wastes not otherwise specified *
16 03 01/02 Wastes from coating and laminating 08 04 09*/11*
08 04 01-08 08 04 10/12
16 03 03*/05*
16 03 04/06
16 05 02/03 Discarded chemicals 16 05 07*/08* inorganic/organic chemicals
containing dangerous substances
16 05 09 other than those mentioned above
150199 Contaminated packaging 15 01 10* packaging containing residues of or
1501 01-08 contaminated by dangerous substances

15 01 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 lil 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 classified(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, i.e. 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 Férderung der Kreislaufwirtschaft und Sicherung der umweltvertraglichen Beseitigung von
Abfallen”).

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

TA-Abfall

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

Bestimmungsverordnung besonders Uberwachungsbedurftiger Abfélle - BestbUAbfV
Bestimmungsverordnung iberwachungsbedurftiger Abfélle zur Verwertung - BestiVAbfV
Verordnung Uber verwertungs- und Beseitigungsnachweise — NachwV

Verordnung zur Transportgenehmigung - TgV

Verordnung Uber Entsorgungsfachbetriebe - EfbV

Abfallwirtschaftskonzept- und Abfallbilanz-Verordnung - AbfKoBiV
Bioabfallverordnung — BioAbfV

Klarschlammverordnung — AbfKIarV

Verpackungsverordnung — VerpackV

Verordnung Uber Betriebsbeauftragte fiir Abfall - AbfBetrbVO

Altdlverordnung — AltIV

Batterieverordnung — BattV
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Verordnung uber die Entsorgung gebrauchter halogenierter Losemittel — HKWADbfV

Gesetz Uiber die Uberwachung und Kontrolle der grenziiberschreitenden Verbringung
von Abféllen — AbfVerBrG

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 (i.e. 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 Einfiihrung 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

241 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

(EC) 1179/94

(EC) 2268/95

(EC) 143/97

(EC) 2364/2000

risks of existing substances

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

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

2002/755/EC

Commission Recommendation of 16 September 2002 on the results of the risk evaluation and
risk reduction strategy for the substance dipheny! 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: acrylaidehyde; 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)ethanal;
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 — i.e.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 |, in so far as they are operated above the solvent consumption thresholds listed in Annex HA.
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 i.e. 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.
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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 thdse 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 (i.e. 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 CAS-Number EINECS Number

Acrylaldehyde 107-02-8 203-453-4

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 and 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.
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Name CAS-Number EINECS Number

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

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 CAS-Number EINECS Number

nonylphenol 25154-52-3 246-672-0

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 CAS-Number EINECS Number

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

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
1999/721/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 poliution 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-
vant/co-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 aiready.

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 octabromodipheny! 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. Geféhrliche Stoffe. Ergdnzende Be-
stimmungen betreffend Biozid-Produkte sind seit 2002 diesem Gestz hinzugefiigt 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 fiir Gefahrstoffe (TRGS)
- Verordnung Uber brennbare Flussigkeiten (VbF)

- Technische Regeln fiir brennbare Flissigkeiten

- Verordnung Uber elektrische Anlagen in explosionsgeféhrdeten 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 Ulber Verbote und Beschrinkungen 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” (i.e. 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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25 Other ecological regulations

2.51 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 IEC (the electrical field International
Standards are being developed by the International Electrotechnical Commission (IEC) 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 (DS), Svensk Standard
(SS), etc. The Standardisation Organisations in Germany are Deutsches Institut fir 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 A/S and Sgfartssty-
relsen; in Germany Deutsche Institut fur Bautechnik, See-Berufsgenossenschaft and Germanis-
cher Lioyd; and in the UK Lloyds Register and the focal 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.

Legislation 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 1SO 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 fioor covering specimen. The radiant panel generates a radiant
energy flux distribution ranging, along 100 cm 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 DS 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 DS 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 Iikély 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
[4086].

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

1 119-90-4 612-036-00-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 19" amendement of the

Directive 76/769/EEC
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However, more than 100 dyes with the potential to form carcinogenic amines are still avaitable on
the market [2]. The German ordinance restricts the use of only about 5% of azo dyes. The 5"
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 / 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 involved and al-
ready tested by ETAD.
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C.l. Name C.l. 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 Cc
7 Pigment Yellow 55 21096 228771-0 6358-37-8 A
8 Pigment Yellow 63 238-611-1 14569-54-1 Cc

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 Cc
11 Pigment Yellow 114 | 21092 271-879-8 68610-87-7 C
12 Pigment Yellow 124 | 21107 267-243-4 67828-22-2 (o}
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 Cc
16 Pigment Yellow 170 | 21104 250-797-6 31775-16-3 Cc
17 Pigment Yellow 171 53815-04-6 c
18 Pigment Yellow 172 | 21109 76233-80-2 o}
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




62

C.l. Name C.l. 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.l. Generic name

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

43 Pigment without 169873-87-4 [}
C.l. Generic name

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

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

46 Pigment without 169798-08-7 c
C.l. Generic name

47 Pigment without 169873-87-4 Cc
C.l. Generic name

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

49 Pigment without 124236-34-6 [}
C.l. Generic name

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

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

52 Pigment without 103621-94-9 Cc
C.l. Generic name

53 Pigment without 304-380-1 94249-03-3 c
C.l. Generic name

54 Pigment without 300-272-3 93924-77-7 C
C.l. Generic name

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

56 Pigment without 280-397-7 83399-84-2 (o}
C.l. Generic name

57 Pigment without 279-221-1 79665-33-1 o
C.l. Generic name

58 Pigment without 79952-70-2 C
C.l. Generic name

59 Pigment without 78245-94-0 o]
C.l. Generic name

60 Pigment without 76822-91-8 C
C.l. Generic name
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C.l. Name C.I. Number EINECS Number CAS Number Regula-
tory
status
61 Pigment without 276461-9 72207-62-6 Cc
C.l. Generic name
62 Pigment without 71130-18-2 C
C.I. Generic name
63 Pigment without 272-732-0 68910-13-4 Cc
C.I. Generic name
64 Pigment without 255-508-7 41709-76-6 c
C.l. Generic name
65 Pigment without 250-798-1 31775-17-4 C
C.I. Generic name
66 Pigment without 30496-22-1 Cc
C.l. Generic name
67 Pigment without 26841-50-9 C
C.l. Generic name
68 Pigment without 5629-79-8 C
C.l. Generic name

Data taken from [63]; Key: Regulatory s tatus 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 5" 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-Industrie e.V. (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 | Minor relevance to waste water
Class Il Relevant to waste water
Class Il High relevance to waste water

The main criteria for the classification are the content of certain harmful (including bicaccumula-
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 |, Il and Il and sold in Europe are collected by a neutralconsultant from
the manufacturers.

+ The ftriggering of market mechanisms towards the development of environmentaily
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 | and Il.

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.

no ' Problematic substances contained
1’
[

contained —
E
Accumul. Substan. Pw yes . ‘l Accumul. Substances
Contained 5% i no
| Biodegradable / bioeliminable {5‘4>
- ‘ yes
Textile auxiliaries E -~ T |
| aquatic tox 1 mg/l Textile aux. readly g no
- no biodegradable ‘
yes
Textile auxiliaries 3 Textile auxiliary ]i no
readily biodegradable Aquatic toxicity 10 mg/l
yes j
Yes | Textile auxiliaries |
biodegradable / eliminable |
i
1
i
1. Textile auxiliaries with Il. Textile auxiliaries with | <—— IIl. Textile auxiliaries
minor relevance to relevant to waste water |« | with high relevance
waste water PO to waste water
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 | 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 unborn 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 CO, 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.
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254 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, B and 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 B and C, while B influences the effect of C. The total score, which is obtained
by multiplying the score for A, B and 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 B and 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
kglyear <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 <05
C Bioaccumulation

Bioconcentration Factor (BCF) > 100 2100
OrC1,C2; C3

C1If Mw > 1000 g/mol *

C2 1f 500 < Mw < 1000 g/mol

Pow-data < 1000 21000

Water solubility g/| >10 10-2 >2

C3 If Mw < 500 g/mol

Pow-data <1000 = 1000
Water solubility g/l > 100 100-2 >2-02 >0.02
No information *
Score figure: 1 2 3 4
Parameter

D 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.

__| Vegetable Cotton
| fibres Flax
Hemp
Jute
Sisal
Natural | Ramie
fibres Coco
etc.

Animal Wools and Sheep wool
fibres hair Camel wool
Rabbit hair
Goatwool

! Horsehair
etc.

Mulberry silk
Tussah silk

Silks

L_| Mineral ‘Asbestos
fibres ‘ etc.

Figure 3-1: Classification of fibres — Natural fibres
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Polyctr)n/d‘e:lu— E Polyester
sation o Polyamide
Polyester-ether
Polyamide
# Synthetic { Polymerisation Polyacrylic
fibres fibres Polypropylene
Polyethylene
Elastodiene
Man- Modacrylic
made | Vinylal
fibres Polystyrene
Polychloride
Polyadditio;l ‘‘‘‘‘ ‘ Polyurethane
fibres ‘ Elastan
Viscose
i Cellulose Cupro
“ fibres Acetate
Vegetable Triacetate
origin Modat
Halfsynthetic) W ‘ Spinning paper
fibres — i -—1
- el i fibres Cellulon
— Rubber fibres E Rubber
L T Zein
Ardein
# Animal origin  {~- } ztacse'”
(. Glass fibres |
Mineral ;_!‘_‘ rqck fibres E
| fibres ] ;
T skatbres |
metal fibres |
Figure 3-2: Classification of fibres — Man-made fibres

Textile raw materials and their by-products play a 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 Baumwollbérse 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 g/t greasy wool
- Organophosphates: 1-19 g/t greasy wool
- Pyrethroids: 0,05-6,3 g/t 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-
gitive in thermal processes)
Oligomers
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 celiulose, fibres with the generic name “lyocell” 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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The typical process from fibres to finished goods represents the textile chain and is summarized in

the following diagram.

Man-made

Natural

Yarn Formation

*Fibre preparation
*Texturizing
*Spinning

Fabric Formation
*Knitting
*Weaving
*Tufting

Fabric Finishing
*Preparation
*Dyeing
*Finishing
*Printing

——

Fabrication
+Cutting

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 foliow 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

Mercerisierung

Colouring

Printing

Dyeing

Functional finishing

Drying

Finished good

Figure 3-4: Schematic survey of textile finishing processes

impregnating
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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 repeilency, 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
\\"fawlvaric
Acidic de-mineralisation

" Pretreatment Scouring/Bleaching with |
. processes H202
T ,
....... m...T., D ——
!
R A
' Exhaust dyeing A
. Colouring processes (very exceptional: cold bad |7 » Printing
T batch)
h 4
h 4 After-Washing
e

i Finishing processes ‘ End finishing F<_—__J'“" M

A 4

— T common processes
- Finished knit onal

Figure 3-5: Typical process sequence for finishing of knitted fabric mainly consist-
ing of cotton
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Knit greige
fabric

y

Pretreatment
processes

Exhaust dyeing
Colouring process (very exceptional: cold bad
batch)

Finishing processes End fi

Y . common processes
Finished knit P

fabric @ 2 0 | optional processes

Figure 3-6: Typical process sequence for finishing of knitted fabric mainly consist-
ing of man-made fibres

Woven greige
fabric

Pretreatment
rocesses

Scouring/Bleaching
with H202

»
Dyeing v
(exhaust dyeing, cold bad [~ Printing

Colouring processes

batch or continuously)

L common processes
Finished woven

fabric <-eveeeee Optional processes

Figure 3-7:  Typical process sequence for finishing of woven fabric mainly consisting of
cotton
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Scouring in rope b
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- |
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Washing

A 4
L ¥ [ Crabhing |«
Pretreatment processes ;
|

Colouring processes
|
Finishing processes End finishing

[
v
Finished
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.



81
3.3 Wet-processing in textile finishing

Considering the processes used to finish a textile fabric (i.e. 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 chemicails 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 chemical
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.

34 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

8% T
\ Dyestuff and pigments
T 6% Softening agents
| 6%

Bleaching auxiliary

a??‘;ts Common purpose textile
° — auxiliaries
23%

Printing auxiliaries
7% . Unknown

5%

| Sizing agents and sizing
Colouring auxiliaries auxiliary agents
23% 5%

Figure 3-9: Distribution of textile auxiliaries according to their total consumption
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4 Pretreatment

41 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.

| Textile Finishing §———
|
1 |
——| Pretreatment ——|  Colouring I Finishing
| Mechanical - Dyeing Mechanical/
treatment - =~ | physical treat-
ments
Wet- and I Printing | [
- thermo- 1__,» 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:
cutting, minting, brushing,
roughing, etc.

The optional mechanical treatments to remove impurities such as knots, end fila-
ment, sizing dust, peelings of cotton, etc. are applied to dry fabrics. Some treat-
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-setting

Heat-setting (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-setting treatment improves the dimensional stability of the textiles.

Heat-setting can be done on grey fabrics as a pretreatment step, as an intermedi-
ate step after dyeing, or as a finishing step. The heat-setting is a thermo treatment
process. Due to volatile substances (e.g. preparational agents) on the raw mate-
rial, heat-setting 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 cotton, 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 cotton and cotton/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.



v Pretreatment ]

Wet- and thermo- Mechanical
treatment treatment

natural fibres vegetable origin » Singeing (all
(cotton and blends, linen, flax, jute) fibres)
» desizing of woven fabrics * Cutting of velour
* scouring / alkaline extraction / and cord

kiering * Minting, brushing
* bleaching and roughing
* 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

Figure 4-2: Overview of the fibre specific pretreatment processes
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4.2 Pretreatment techniques

4.21 Mechanical treatment techniques

Most fabrics and yarns are stili 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 rolis, 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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e relax tensions in synthetic fibres.

The cleaning medium can be water or Perchloroethylene, with eventual addition of textile -auxilia-
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]:

e desizing of woven fabric (impregnating, dwelling depending on size, rinsing);

» alkaline extraction/kiering/scouring (impregnating, dwelling, rinsing);

e bleaching (impregnating, steaming, rinsing);

e mercerising / caustic soda treatment (impregnating, reacting, stabilising or washing under
tension, rinsing);

e 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].
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Aims

Principle of the
method

Chemicals used

a) removal of wa-
ter soluble size

with surfactants

Water soluble sizes are mainly synthetic macro-molecular prod-
ucts (polyvinyl alcohol, polyacrilates, carboximethy! 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
starches*

b1) enzymatic
method

Desizing is generally effected by means of enzyme preparations,
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-
lytic)

The impregnating of woven fabric with sulphuric acid (foulard or
pad batch) is a cheap but difficuit and unreliable desizing method
that needs the addition of wetting agents.

* The term starch (water insoluble size) encompasses macro-molecular natural products and their deriva-

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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Chemical

[g Telquel/kg
substrate]

textilel

Continuous and

optimised procH
ess

Discon-
tin.

Process

Explanations

Complexing agent

1

3-15

Complexing agents polyacrylates and
phosphonates are applied but not EDTA or
DTPA

Surfacant

Surfacants, a mixture of non-ionic (about 70 % average, e.g. etho:
lated fatty 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 %)

0-2

0-2

Water
tion

consump-

[Vkg textile sub-
strate]

4-6o0r

8-12

ca. 50

(winch)

4 - 6 I/kg 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 Telquel/kg 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 g Telquel/kg, textile substrates are applied.

Water consumption 4-6

[I/kg textile substrate]

Table 4-4: A typical recipe for enzymatic desizing of woven fabric consisting of cot-
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 Telquel/kg textile Explanations
substrate]
NaOH (100 %) 10-20 Usually applied as with 33 % or 50 %solution
continuous and optimised
process
H,0, (100 %) 15-25 Usually applied as with 33 % or 50 %solution
Surfactants 1.656-3 As surfactants a mixture of non-ionic (about
70 % average, e.g. ethoxylated fatty alcohol)
and anionic surfactants (ébout 30 %, especially
alkylsulphonates but also alkyl sulphates and
linear alkylbenzene-sulphonates are applied
Complexing agents 2-4 As complexing agents polyacrylates and
’ phosphonates are applied but not EDTA or DTPA
MgSO, 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 4-6or 4 - 6 I/kg in case of multi-usage of water or
[I/kg textile substrate] 8-12 high efficient washing compartments; otherwise
8-12lkg
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 O*- 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:

e removal of metals (modern pretreatment lines are equipped with metal detectors);

e oxidative desizing (peroxide and alkali);

¢ scouring (alkali);

e demineralisation (acid reductive or, better still, alkaline reductive/extractive);

e bleaching (peroxide and alkali);

e 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 fibore damage during bleaching if OH* formation is not controlied. 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 PVA/starch blends is:

o detergent (0.3%);

e sequestrant (0.1%);

¢ sodium hydroxide (0.7-2.0%});
* hydrogen peroxide (0.2-0.4%);
o 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, i.e. 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 cotton 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 cotton. 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 wetting
agents/detergents)

Chelating/complexing agents

Surfactant-free dispersing agents
Reducing agents

Fibre protecting agents

Solvent

Non-ionic surfactants (e.g.. alcohol ethoxylate, alkyl phenol eth-
oxylate)

Anionic surfactants (e.g. alkyl sulphonate)
Sodium salts of nitrilotriacetic acid (NTA)
Ethylendiaminetetraacetic acid (EDTA)-Na
Diethylentriaminepentaacetic acid (DTPA)-Na
Sodium salt of gluconic acid

Sodium salt of phosphonic acids

e.g. polyacrylates, phosphonates

Sulphite, dithionite

Mainly organic products such as protein fatty acid condensates
and guanidine derivatives

Water, perchloroethene

Table 4-7:

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.

Main kiering and scouring chemicals
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IChemical

[g Telquel/kg textile

substrate]

continuous and|

optimised pro-
cess

discontin.

process

Explanations

NaOH (100 %)

20-80

20-80

The quantity depends both on the percentage of cotton in
blends and on the applied processes

Complexing
agents

1-6

3-30

Some suppliers for complexing agents do not
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

5-30

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

tion

strate]

Water consump-

[I’kg textile sub-

ca. 50

Rinsing is included: in case of continuous

processes the consumption can be lower if water-recycling
is practised.

Table 4-8:

Standard recipe for scouring of woven fabric consisting of cotton and

cotton blends
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Chemical [g Telquel/kg textile] Explanations
substrate]

Ihorganic 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.

[I7kg 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 Telquel/kg 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” of knit 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:

e impregnation at 60°C (pH 8-9.5) with:
o 2-3 ml/l wetting agent;
o 2-5mi/t emulsifier;
o 5-10 ml/l enzymatic compound,;
o 4-6 ml/l amylase;
o 2-3gflsalt;
o storing for 3-12 h, depending on the amount and type of starch;
e 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 naturai 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 detaits).

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, and leave
them white or considerably lighter in colour. The bleaching agents used are: '

+ hydrogen peroxide (H,0,);

» sodium hypochlorite (NaClO);

e sodium chlorite (NaClO,);

e potassium permanganate (KMnQ,);
e 0zone;

e peracetic acid.

Reductive bleaching: the bleaching agent will destroy the colouring matter by reductive reaction of
sulphur dioxide SO..

The bleaching agents used are:

e sodium dithionite (Na,S,0,) also called Hydrosuiphite;
e thiourea dioxide;
e 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-fatty 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 chiorite, 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)

Wetting 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 emuisifiers, 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.



102

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;

e 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 sail.

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,0, (100 %) 5-15 5-15 Stabilised by phosphoric acid and organic stabi
lisers

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 H,0,

Organic stabiliser*) | 0-10 0-20 For the stabilisation of H,0,, many products are
available which contain complexing agents for
calcium and heavy metal ions, such as
gluconate, NTA/JEDTA/DTPA, 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

[’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.

[I/kg textile substrate]

Table 4-14: Standard recipe for bleaching with hypochlorite of knitted fabric con-
sisting of cotton and cotton blends
Chemical [g Telquel/kg textile substrate] | Explanations
continuous and] discontin.
optimised procd{ process
ess
H,0, (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 of knitted 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 of jute

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:

e desizing;
e  scouring;
e  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:

e 15-30 ml/kg Ciba Tinoclarite FS (phosphorus-free mixture of bleaching agents, dispersant,
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wetting agent and detergent: see sections 4.7.1 and 4.7.2);
e 30-50 g/kg NaOH 100%;
e 45-90 ml’kg H,0, 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:
* toimprove 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:

e mercerising with tension;
e causticising or slack mercerising (without tension);
e 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;

e Stretching;

o flushing under tension;

e reducing the acidity (first with hot water and steam; second with acetic acid);
o 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
liguor must occur. Besides the addition of wetting agents, the following special treatments may be

applied:

e 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.

o 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 mercerisation of linen: crease resistant linen fabrics may be produced by treatment with urea
formaidehyde 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

conc. caustic soda
conc. KOH/NaOH

ammonia

270-300gNaOH/I

for cotton/viscose blend

Mercerising and causticising auxil-
iaries:

Wetting agents

Fibre protecting agent in pretreat-
ment

derivative of special alcohot
alkanol sulphonate

alkyl sulphonate

alkyl sulphate

sulphated alcohol

comb. sulphonates + sulphated
fats

glycerine

sodium chloride

See further section 4.7.2 and 4.7.3

as cotton/silk or cotton/wool are
mercerised

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 / fluorescent brighteners are listed in the following table.

Name CAS-Number Examples of products
C.l. Fluorescent Bright- 12768-92-2 Blankophor BA 267 %;
ener 113 Blankophor BA

C.l. Fluorescent Bright- 12270-52-9 Blankophor REU 170%;
ener 119 Blankophor REU Pulver

300%; Blankophor REU

C.l. Fluorescent Bright- | 3426-43-5 Leukophor PC (fliissig)
ener 134

Table 4-17: Examples of optical brighteners
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4.3.7 Cationisation (surface modification)

Chemical modification of the cellulosic surface (i.e. 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. Yet, 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 with 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
compounds

Mainly ammonium salts with N-
epoxy-2,3-propyl or N-3-halogen2-
hydroxypropy! group, e.g. N-epoxy-
2,3-propyl-N,N,N-triethylammonium
chloride

System can not be applied using
continuous process, leads to odour
nuisance and toxicological by-
products (i.e. epichlohydrine residual)

Reactive halogen-triazine compounds

Mainly monochloro-triazin chiorine
salt derivates

Continuous application process

Reactive amines, in alkaline medium

Aminoalkyl-halogenide, carbonic-,
phosphoric or sulphuric acid esters
containing amino groups, e.g. 2-
chlorethylamine, 1,1-dimethyl-3-
hydroxyazetidiniumchloride, 2-
sulfatoethyldimethylamine, 1,3-
diamino-2-sulfatopropan, sulfatoeth-
ylendiamin, trisulfatopropylamine,
disulfatodiethylamine

System was optimised to be applied
with padding-thermofixing technique,
without addition of electrolyte;
method may release toxic ethylimin

Most patented systems have no
practical interest till now (see text)

Reactive amino compounds, in acidic
medium (ammonium addition)

Hydroxymethylated imidazole com-
pounds like for example 2-methyl-4,5-
dihydroxymethyl-imidazole or 4-
methyl5-hydroxymethyl-
imidazole(with additional catalysts
like MgCI2 + NaBF4 or citric acid, or
acetic acid)

Ammonium is fixed directly to the fi-
bre surface by means of chemical
reaction of the reactive group incor-
porated in the substance (see text)

The continuous process needs no
additional electrolytes

Non-reactive amino compounds, in
acidic medium (ammonium addition)

N-methylol crosslinking compounds
(DMDHEU, trimethylolacetyl urea)
with additives like e.g. cholinchloride,
mono-, di- or triethanolamine, 4-(2-
hydroxyethyl)-morpholine, 1-(2-
hydroxyethyl)-piperazine, car-
bamoylethylamine derivates

Ammonium is fixed by means of si-
multaneous crosslinking reactions of
a reactant crosslinker (easy-care
treatments, see text)

Table 4-18:

44

Pretreatment of wool

Main surface modification systems for cellulosic fibres

As wool has to be treated, it is important to verify if the reaction of the treatment will target:

e the impurities and foreign materials present on/in the wool fibres after being shaped;
o 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:

e raw wool scouring: aqueous and/or solvent washing;

e carbonising;

e scouring (desizing treatment);

o fulling/crabbing/thermo fixing;

e easy-care treatments and anti-felting, anti-shrinking treatments: walking/felting/softening;
e 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.

441 Raw wool scouring

The washing of raw wool — so-called raw wool scouring- has several aims:
e 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]

e water, especially soda treatment at pH 10-11 with additional surfactants, at different tem-
peratures (this is the most common washing treatment);

e organic solvent like perchloroethene, dichloromethane, or “Freon” (difluorochloroethane).
Solvent washing is not as widely used as the treatments mainly used to remove grease.
Combined water/lsopropanol/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 0C)
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 0C, melting 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 0C)
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]:

e  Organochlorine insecticides (OCs);
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« Organophosphorous insecticides (OPs);
o 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.



114
4.42 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);

o 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:

e impregnating with sulphuric acid (6-9 % of acid);

e squeezing, exhaustion or whizzing of the surplus acid solution (5% solution relative to fab-
ric weight may remain);

e baking at 60-90 °C to concentrate the acid,;

e baking at 105-130 °C (carbonising);

e rumbling and rapping (mechanical treatments) to remove the carbonised particles;

e 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].



115

Liquors Carbonising assistants
Carbonising liquors: Wetting agents which are acid-stable:
Mainly: 6 — 9 % H2S04 Alkyl aryl sulphonates

HC! gas or acid solution (especially when recovering wool Alkyl sulphonates

from rags)

Alkyl sulphates
Aluminium chloride/hydrochloric acid at 130 °C (special

e.g. Alkylnaphtalene sulphonate; alkylphenol ethoxy-
United States-method) g Y P yP Y

tates; 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]
H,S0O, (100 %) 35-70
Surfactant 1-3
Water consumption ca. 3 In case of optimised continuous process
[I/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:

e soluble in water;

e 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, fatty 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 setting 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 / thermo-fixing / sanforizing

These kinds of treatments are mainly applied to
e 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].

4.45 Fulling / 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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o 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;

e 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;

e 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;

e additive treatments will permanently impregnate the shelter layer with a film or selectively
weld it;

e 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)

SPMS is used in the production of wool goods which require relatively low
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)

SMPP treatment first oxidise the cysteine moieties of the wool scales and
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:
Gaseous
Sodium hypochlorite

Sodium dichloroisocyanurate

Chlorination of wool occurs with gaseous chlorine (dry chlorination), hypo-
chlorite or sodium dichloroisocyanurate (DCCA) (see below for details).

After the treatment, the wool shall remain free of chlorine.

The less reactive acid, or salts of potassium or sodium of dichloroiso-
cyanurate are used in improved chlorination processes

Peroxymonosulphuric acid

H,SO,

Potassium peroxymonosul-
phate

See SPMS

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])
Table 4-25: Oxidation agents for anti-felting treatments of wool
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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 prepare
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 carrier”) 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(lll) salts, washed to remove the surplus of salts and then chlorinated with
hypochlorite [179].
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A chiorination 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 Telquel/kg textile | Explanations
substrate]

Dichloroisocyanurate 20-60

(1.2 — 3.8 % active

chlorine)

Formic/acetic/sulphuric 10-30

acid

Sodium disulphites 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 chio-
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 nd.

{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
IWS WB7 Potassium permanganate in sodium sulphate solution
Dylan XB, XC Peroxymonosulphuric acid (Caro’s acid)
Dylan XC Il 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 + buffer

Nikrulan (Ca)

Ditto

Basolan (BASF)

Sodium dichlorocyanurate =DCCA

Orced (Pechiney)

Ditto

Ficlor (Wiffen Ltd)

Ditto

Combination of various

oxidation processes

Dylan Z

1) Sodium hypochlorite; 2) Potassium permanganate

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

Additive processes

Waurset

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
SAWTRI/DCCA 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 / optical brightening of wool
Bleaching is applied in order to

e give the whiteness necessary for dyeing with pastel tones or to enable the wool to be
used for white articles;

e 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);

e reductive bleaching with stabilised sodium dithionite or thiourea dioxide, with or without
whiteners;

o 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 H,0,

most frequently used bleaching agent;
may be applied in alkali or acid medium

a wide range of bleaching process can
be used,

ecologically favourable;

acid bleaching: by virtue of the alkali
sensibility of wool; the advantages are
controversial, the bleaching may be
more intensive and lasting

natural coloured wool shall be first
treated with a solution of metallic salts
or modified metallic salts of iron, cobalt,
nickel, manganese and copper (cata-
lytic mordanting of animal hairs) as
acid bleaching is need

pH 9,5 50-60°C + stabilisers™ (Na-
Pyrophosphate or Na-Oxalate + Na-
Pyrophosphate); the pH is regulated by
addition of ammoniac (as no silicates are
used); cold dwell is possible by addition
of special auxiliaries;

pH 4,5-5,5 + activators (formic acid, per
acetic acid or Prestogen W (BASF) to
form peroxicarboxylic acid, which acti-
vates in a similar manner the hydrogen
peroxide); chelating agents may be
added as metallic ions must be remove
(catalytic mordanting)

Table 4-29:

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

Oxidative bleaching agents for wool

these substances act as activators/catalysers of the H,O, 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].

IChemical [g Telquel/kg textile] Explanations
substrate]

H,0, (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,0,

Most common reductive bleaching
agent.

The reduction products have to be
efficiently washed out of the textile,
to avoid reoxidation

Stabilisers to prevent the reducing agent
to be rapidly decomposed

Buffered with phosphates;

Complexing agents to prevent formation
of precipitations;

Wetting agents and detergents may be
used (alkylphenol ethoxylates, fatty alco-

hol ethoxylates, ev. mixed with alkyl sul-
phonates or alkyaryl sulphonates)

Thiourea dioxide

Ditto Na,S,0,, but less wider used

Ditto Na,S,0,

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:

e degumming / boiling-off;
o fixation of serecin on silk;

e weighting;

e plasma treatment of degummed silk;
e bleaching / optical brightening.
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451 Degumming / 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 C° 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 at 121 °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.1: 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;

e 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 lost 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 (1V) chioride and
disodium hydrogen phosphate;

treatment with a solution 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 potentiaily 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
wettability 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 / 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 resuit in fibore 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

e regenerative cellulose
viscose
acetate
triacetate

e polyamide

o polyacrylnitril

e polyurethane

e polyester

s 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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o the heat-up and vaporising of residual water: as the temperature rises, polymeric site-
chains become more loose and tension disappears;

e during the whole treatment, the knitted or woven fabric may be mechanically leaded and
presented to the fixing medium (heat or vapour);

e 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:

e 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;

o 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
[171.
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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°Bé
Surfactant 3-20
Water consumption n.d.
[I/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
[I/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 crépe de chine, crépon, 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;

e 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 play a 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 05-15
Surfactant 0.5-30
Water consumption 4-8 In case of micro fibres up to 60 I/kg

[I/kg textile substrate]

Table 4-36: Standard recipe for washing of woven fabric consisting of synthetic 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].



134

Chemical [g Telquel/kg textile | Explanations
substrate]
Complexing agents 0-10 Polyacrylates are predominantly applied, more seldom
polyphosphates
Surfactant 2-20
Water consumption nd.
[I/kg textile substrate]

Table 4-37: Standard recipe for alkali treatment of knit fabric consisting of synthetic
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

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.

[I/kg textile substrate]

Table 4-39:

Fibre Na,S,0, Methanesufinic NaOCi NaClO, H,0, Peroxyacetic
acid acid
Regenerated cel- | - - ++ ++ - -
lulose and cellu-
lose acetate
Polyester - - - ++ - 0
Polyamide ++ ++ 0 - 0* -
Quiana (PA) 0 0 0 - 0* -
Polyacrylics, 0 0 0 ++ 0 0
Modacrylics
Polypropylene 0 0 0 ++ 0 o
Polyvinylchloride 0 0 ++ 0 0
Polyvinylalcohol 0 0 ++ ++ 0 [
Elasthan/spandex | ++ ++ 0 0 ++ 0
Table 4-38: Bleaching processes of synthetic fibres

Standard recipe for reductive bleaching and optical brightening of poly-

amide
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Chemical [g Telquellkg Explanations
textile substrate]
NaClO, (100 %) 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

[I/kg textile substrate] n.d.

Table 4-40: Standard recipe for bleaching of Polyester 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

¢ ahandle like silk;
e 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:

e anionic: hydrophilic head is negatively charged;

e cationic: hydrophilic head is positively charged,;

e 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 (i.e. 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:

‘e good oil emulsifiers and dye dispersants;
« excellent wetting agents;
e not expensive;
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s 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:

Soaps i.e. alkali metal salts of
fatty acids

Fatty acid condensation products

Fatty acids (most common):

Stearic acid C,,H,;COOH sat.

Palmitic acid C,sH;3,COOH sat.

Lauric acid C,;H,,COOH sat.

Oleic acid C;;H;3;COOH unsat. C9-C10

Alkali metal: sodium, potassium, ammonium

C9-C13-alcohol polyethylene glycol carboxylic acids
C12-C14-alcohol polyethylene glycol ether carboxylic acids
C13-alcohol polyethylene glycol ether carboxylic acid

Sulphonates:
Alkylsulphonates
Alkylbenzene sulphonates
Lignin sulphonates
Naphtalene sulphonates
Petroleum sulphonates

Sulphosuccinates

n-C10-C13-alkylbenzene sulphonate, Na salts

castor oil sulphonate, Na salt

Di-2-ethylhexyl sulphosuccinate, Na salt

Sulphates:

Alcohol ethoxysulphates
Alkanolamides sulphates

Sulphated vegetable oils

Sodium, diethanolamine, triethanolamine or ammonium salts of sulphated fatty
acids or amines:

C12-C14-alcohol ether sulphate, salt

Lauryl sulphate, sodium salt

Alkyl ether phosphates

2-Ethylhexy! 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 EQ) partial ester of phos-
phoric acid

Oleyl alcohol polyethylene glycol ether (7 EQ) 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 sulphonates 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 sulphonates, lignin sulphonates and petroleum sulphonates are also industrially im-
portant. Being outstanding dispersants, lignin sulphonates 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 B-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 [ess stable to hydroly-
sis than the sulphonates. 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 of a commercial carboxymethylated fatty al-

cohol ethoxylate

Sodium a-olefinsulphonate, C14/C16

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 of an 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/cm?® 1.0

Table 4-45: Typical characteristic data of an industrial sulphosuccinate
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Fatty alkyl sulphate (sodium salts) (C12/C14 fatty alcohol)

CAS no. [97375-27-4]
Active substance content, wt% 30 %
Na,S0,, % max 1.0%
Nonsulphated portion, % max 0.5
Density, g/cm?® 1.03
Table 4-46: Typical characteristic data of an 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 of an 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 15-2%

g Sodium salt/100 g acid 103-105¢g

Colour

Yellow to brown

Table 4-48: Typical characteristic data of a 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:

e long chain amines;
e 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 EQ)

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].

Stearytrimethylammonium chioride

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, % T4-76%
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 alky! 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].




150
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].
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Non-ionic surfactant types Examples of compounds used in textile industry [283]

Fatty alcohol ethoxylates:
Linear alcohol ethoxylates C10-alcohol polyethylene glycol ether (3 EQ)

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 polyethyiene 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 aicohol ethoxylates C13-alcohol polyethylene glycol ethers (3,4,5,6,7,8,9,10 or 12 EQ)
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 glyco! ethes
C11-alcohol polyalkylene glycol! ether
C12-C14- alcohol polyalkylene glycol ether
C18- alcohol polyalkylene glycol ether

Alkyl polyglucosides C8-C10-fatty alkyl polyglucoside
C12-C14-fatty alkyl polyglycoside

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:

CeH1g — CeHy— O (CHLCH,), 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;

s good dispersing properties;

o effective soil remover from hydrophobic fibres (better than sulphonated surfactants);

¢ inferior soil remover from cotton fibres (worse than anionic surfactants);

e 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 nonyiphenol 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 nonylpheno! 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 (SDIA) 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;

e 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):

e quaternary ammonium compound derivatives (very rarely applied, as others have lower
toxicity);

e Dbetaine 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: Amphoteric surfactants

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, emuisifiers, 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, fluoro surfactants have extremely low surface tensions (i.e. < 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 fluoro 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 sulphonates,
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 lyes (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):
e bleaching;
e dyeing;
e  printing.

Bleaching is more commonly used as a pretreatment method and was described in the appropriate
sections (see 4.3.3,4.4.7,4.55 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, i.e. compo-
nents of the molecule, or according to their application class, i.e. 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.

5.21  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:

e 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;

o 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:

o diffusion of the dye from the dye liquor to the substrate;
¢ accumulation of the dye on the surface of the textile material;
e 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 controlied 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]:

522

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.).

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
circ. Liquor)
Airflow Circulating (induced by com- Circulating
pressed air)
Table 5-1 : Principles of batch 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 1:2-15
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 of these 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 lig-
uor. Foulard dyeing processes typically consist of dye application, dye fixation with chemicals or
heat and washing (Figure 5-4).
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Figure 5-4: Principle of (continuous) foulard dyeing
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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-O-Roll for
carpet)

O-Roll for carpet)

Pad-roll (or Carp- | Padding machine + washing machine

Pad-jig Padding machine + jigger + washing machine
Continuous Pad-steam Padding machine (" + steamer + washing ma-
chine
Pad-dry Padding machine "+ stenter frame + washing
machine
Thermosol

Notes:

(1) different applicators are used to dye carpets 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:

preparation of the dyeing liquor;
preparation of the dyeing bath;
impregnating of the fabric or exhausting;
drying;

fixing of the dye;

washing/rinsing;

7. drying.

SIS T od

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
CO2 dyeing pilot plant with an autoclave of 30 | 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 CO2 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 CO2 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 N,O or CCIF; 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 CO2
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 CO2 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 CO2-
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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;

o 1,3,5-trichloro-2,4,6-triazine groups modified disperse dyes for application on cotton and
protein fibres;

e SO,- chiloride, bromine, iodate, acetate, phenolate or toluensulphonate groups modified
disperse dyes for application on protein fibres;

e 2-Bromoacrylic acid ester or amide groups modified disperse dyes for application on cot-
ton and protein fibres;

» vinyl sulphone 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
liguids 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 century [81].

5.2.3 Dyeing of c ellulose fibres

Cellulose fibres can be dyed using a wide range of dyestuffs, namely [2, 267]:

e Reactive;

e direct (substantive);

e vat (reduced);

e sulphur (leuco 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.
DM} [394].



167

Naphtol azioc dyes
Direct dyes 3%
16%

g T
é?@%%g% % MM
,Izglll ® RN X AR \\\ \.

Sulfur dyes
7%
n Nk Rkt

.

R
Indigoid vat dye: 50%
7%

Vat dyes
17%

Figure 5-5: Dyes used on cellulose fibres

Dyeing cellulose fibres with the following dyestuffs may have some advantages [267]:

e pigments;

e leuco esters of vat dyes;

e mordant dyes;

e acid dyes;

e Dbasic dyes;

¢ mineral dyes;

e oxidation dyes;

e phtalogen dyes;

e coupling and diazotisation dyes.

More specifically, plant fibres like bast, jute, flax, etc can be dyed with [267, 17]:

e direct or reactive dyes;

e acid and metal-complex dyes (as the non-cellulosic portion of the fibres is high, i.e in
blends);

e 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 auxiliaries/ typical application conditions

Technique

Reactive

Direct

Vat

Sulphur

pH 9.5 - 11.5 by addition of sodium carbonate and/or sodium hydroxide

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
of the dyestuff

In padding processes urea or cyanoguanidine is usually added to the pad
liquor

After dyeing, the material is soaped at and then washed off with addition of
surfactants to remove unfixed dye

Salt is used to increase bath exhaustion
Mixtures of non-ionic and anionic surfactants are used as
wetting/dispersing agents

After-treatment is usually necessary to improve wet-fastness (possible use
of fixative cationic agents, formaldehyde condensation products)

Alkali and reducing agents (sodium dithionite, sulphoxylic acid derivatives,
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-
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 wetting agents are used

Reducing agents (Na,S, NaHS, glucose-based combination of reducing
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

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

Azoic

Preparation of the naphtholate (caustic soda and, in some cases, addition
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 NaNO, and HCI)

Developing stage (the textile is passed through the cold developing bath or
the developing solution is circulated through the stationary textile in the
dyeing machine)

Batch

Pad-batch

Pad-steam

Pad-dry

Batch
Pad-batch
Pad-jig

Pad-steam

Batch

Pad-steam

Batch

Pad-steam

Pad-dry/ pad-steam

Batch

Padding methods

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:

e 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;
o 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;
e 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 [mi/] Remarks

Reactive dyestuffs x [g/M

NaOH 38°Bé 20-40

Water glass 37/40° Bé 30-50 Today, there are recipes available without water

glass, with alkali only

Wetting agent 1-2
Complexing and sequestering 1-3 Mainly phosphonates and polyacrylates in order to
Agents minimise silicate deposits
Urea (45 %) about 200 g/l 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 aiso 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 muitiple-anchor dyeing sys-
tems. Compared to conventional monofunctional reactive dyes (i.e. 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:

e 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;

e high-temperature dyeing in a closed apparatus up to ca. 130 °C (especially for polyes-
ter/cotton blends): suitable dyes are necessary;

e 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:

o electrolytes (usually sodium chloride or sodium sulphate) to favour the aggregation of dye
ions on the fibre;

e 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);

o 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 (i.e. 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:

o 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;

e metal salts: copper sulphate and potassium dichromate can form with certain azo dyes
metal-complex with higher light fastness;

e 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 t/a (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:

o 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);

e 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 lig-
uors is given in the following table, taken from [2].

Component [am
Vat dyestuffs X
Wetting agent 1-2
Sequestering agents 1-3
Anti-migration agent 10-15
For reduction

NaOH 38°Bé 60 - 120
Na-dithionite 60 - 100
Wetting 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 sulphonates;

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 (jigger 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]:

e reducing agents (may already be present in the formulation): sodium sulphide, sodium hy-
drogensulphide or glucose/sodium dithionite, glucose/thiourea dioxide;

e alkali (caustic soda);

e salt (sodium chlorite and sulphate);

« dispersing agents: usually naphathalensulphonic acid-formaldehyde condensates, lignin-
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].
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Component [g/]
Sulphur dyestuffs X
NaOH 38°Bé 20-30
Anti-foaming agent 1-2
Wetting agent 15-3
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 i.e. 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):

e 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-
tolate/fibre complex;

addition of sodium chloride to enable a substantive attachment of the naphto-
lateffibre;

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 i.e. 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 HCI 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, i.e. 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:

e good levelness (evenness) and penetration;
o excellent fastness.

The disadvantages are:

¢ low affinity of the leuco ester to cotton fibre;
e relatively high dye costs;
« toxicological problems during production.

The dyeing processes are:

e 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;

e 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:

e dyeing with natural dyes;
e 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:
e poor fastness (especially light-fastness);

s relatively laborious pretreatment (tanning)of the fibre is necessary as basic dyes have no
substantivity for cellulose.
The dyeing processes are:

e pretreatment of cellulose with tannic acid (which contain phenolic OH groups). The tan-
ning mordant is insolubilised with antimony salts (tartaric emetic), synthetic products;

e 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:

e contamination of waste water with chromium and iron salts;
e 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:
e 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.I. Ingrain Blue 2:1
When using high molecular phthalogen developer, the process follows these steps:

e pretreating the cellulose with anionic products (optional);
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e 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 1.6x10° t, with a very low growth rate. Wool consti-
tutes only about 4% of all textile fibres, but because deep shades such as biue, 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:

e acid (metal-free) dyes;

e chrome (mordant) dyes;

e 1:1 and 1:2 metal complex dyes;

e reactive dyes;

o disperse dyes (temporarily solubilsed);

o 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
(metal-free)

Strongly acidic conditions for equalising dyes (by formic acid)

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)

Batch dyeing

Chrome
Dyes
(mordant)

pH3t04.5
sodium sulphate

organic acids: acetic and formic acid (tartaric and lactic acids
can

also be used)
reducing agent: sodium thiosulphate

after-chrome with Na or K dichromate

Batch dyeing
(After-chrome
method)

1:1 metal- complex
dyes

pH 1.8 to 2.5 (pH 2.5 in the presence of auxiliary agents such
as alkanolethoxylates)

sulphuric or formic acid
salt: sodium sulphate

ammonia or sodium acetate can be added to the last rinsing
bath

Batch dyeing

1:2 metal-

Complex dyes

pH45t07
ammonium sulphate or acetate

levelling agents (non-ionic, ionic and amphoteric surfactants)

Batch dyeing

Reactive dyes

PH4.5t07

formic or acetic acid

levelling agent

after-treatment with ammonia for highest fastness

Batch dyeing

Table 5-8:

Acid dyes
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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;
wet-fastness is sometimes poor and thus limited to pale/medium shades;

need strong acidic conditions (e.g. formic acid);
trichromic dyeing can be conducted;

example: C.I. Acid Blue 25 [190].

e 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);

e 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.l. Acid Green 25 (acid milling dye); C.I. Acid Red 85 (super milling

dye) [190].

0 0O 0 O

According to the role played by the dye/fibre affinity, dyeing with acid dyes in batch dyeing proc-
esses would consist of:

e 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);

e addition of the dissolved dye;

¢ heating of the batch to 95 °C or 80 °C;

e addition of acid at the end of the dyeing process;

e warm and cold rinsing follows;

e 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:

e acid;

e Sodium sulphate (for level-dyeing and fast acid dyes), sodium acetate and ammonium
sulphate (for acid milling dyes);

s 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.I.
Mordant Black 11 [190].

Advantages and uses:

e good levelling properties;
e very good wet fastness (after-chroming);
e used principally to obtain dark shades at moderate cost.

The main disadvantages are:

e long dyeing times;

o difficulties with shading;

e risk of chemical damage to the fibre during chroming;

e 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:

e preparation of the liquor by mixing formic acid (pH 3.5 — 3.8), calcined sodium sulphate
and wool protectant;

e addition of the dissolved dye (after 10 min) and heating to 90 C;

e dyeing during 30 — 45 min (and eventual adjustment with formic acid);

e coolingto 70 'C;

e addition of potassium dichromate and heating to 90 — 100 ‘C;

e 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 Crlll));

e chroming during 30 — 45 min;

e 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):

e preparation of liquor by mixing a metachrome mordant (a mixture of sodium chromate
and ammonium sulphate) and crystalline sodium sulphate;

e 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:

e potassium dichromate or chromate salt (as chrome donors, so-called mordants);

e pH regulators: Formic or acetic acid ;

+ other organic acids such as tartaric, lactic or formic acid (enhanced conversion of Cr VI to
Crlib;

¢ 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.I. Acid Blue 158 and C.I. 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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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;

e addition of calcined sodium sulphate;

¢ treatment of the textile material during 10 min (at 40 —50 °C);

e addition of the dissolved dye;

o after 10 min, heating to boiling point (or to 80 °C if ethoxylated fatty amines are present);

e 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);

e ammonium sulphate or ammonium acetate is added to the liquor;

e addition of calcined sodium sulphate;

« treatment of the textile material for 10 min at 30 — 50 °C;

o addition of the dissolved dye (and auxiliaries);

¢ heating to boiling point;

e dyeing for 30 — 60 min;

e 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);
e [-Sulphatoethylsulphone- (e.g. Remalan dyes);

e Acrylamide-, chloroacetyl- (e.g. Procilan dyes);

e o-Bromoacrylamide- (e.g. Lanasol, selected Lanaset dyes);

e 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:

e addition of an auxiliary agent and pH-adjustment of the liquor with formic acid (or acetic
acid) to pH 3 — 4;

e treatment of textile material at 40 C;

e addition of dissolved dye;

e after 20 —30 min, adjustment of pH to 5 — 6 with sodium dihydrogenphosphate;

e dyeing at boiling point for 1 h;

e after-treatment with ammonia (pH 8.5 - 9.0);

e 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 solubilised disperse dyes derived from
aminophenyl-4-(B3-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 vinylsulphone 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].



188
5.25 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:

e 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 sitk), as sodium sulphate is added
to protect the fibre;

o 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;

e reactive dyes: only applied when brilliant shades and higher colourfastness comparable to
acid dyes are needed;

e 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
(1) 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 g/L 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:

e disperse dyes;

e acid dyes;

¢ metal-complex dyes;

e reactive dyes;

e basic dyes (for polyamide modified by incorporation of sulphonic 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 auxiliaries/ 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 sulphonic groups are preferred because they are Batch
complex more water-soluble and produce better wet-fastness
dyes - toimprove 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 leveliing 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 g/L 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 g/L 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 g/L) 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 (i.e. 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 (i.e.
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 (ll)
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.

Synthanes 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 sulphonic 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].
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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 °C) was frequently done
in the past with the aid of carriers. Since these substances are ecologically harmful, dye-
ing below 100 °C 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 °C. 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-
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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;

e 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;

s continuous dye fixation with microwave is applied as the moist fabric (padded with dye lig-
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:

e dispersing agents;
e 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 B-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:

e reduced pilling tendency;

e increased shrinkage and elasticity;

e reduced flammability;

e improved dye receptivity and, thus, carrier-free dyeable;

e 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 °C. However, a series of less wet-fast dyes already absorb onto the fibre at 50 - 60 °C,
whereas more wet-fast dyes require temperatures up to 90 °C.
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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:

e 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;
e 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:

e application of an amino-group containing diazotisable disperse dye;
« diazotisation on the fibre;
e 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:

e application of the diazotisable azo dye;

* application of the developer at higher temperatures;

o 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 auxiliaries/ 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, paddie (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 Vere! (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:

e 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;

e 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:

e cationic retarders: colourless compounds which adsorb like dyes and compete for the
acidic groups in/on the fibre (i.e. quaternary ammonium salts, quaternary amines with an
aromatic ring substitute or an aliphatic chain, commonly with C,,-C,, alkyltrimethyl or C10-
C14 alkyldimethylbenzy! 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;

e 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, Na2SO4) or organic salts with
larger cations increase migration;
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o electrolytes: these compounds have a similar effect on dye migration;

* polycationic retarders as levelling agents: i.e. compounds (usually polymeric) with numer-
ous cationic groups;

* anionic retarders: compounds which contain two or more sulphonic acid g<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>