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Dedication

The first and second editions carried no dedications, but A.E. Dodd might like to be
remembered for other reasons than this dictionary. Some lines from his Weaver Hills
and Other Poems seem appropriate:

Rock, crag, Earth’s skull

Known by lens and X-ray beam;
Soil, silt, Earth’s skin,

Analysed to micron grain;

Grass, tree, Earth’s hair,
Numbered, classified and named;
Atom tagged, star docketed,
Computed by electron brain.

These myriad facts all known
And yet

Another’s mind unknown
Except

By Mind, by Mind alone.

Words are as leaves,
They shrivel, trees stand bare.
Words are as leaves,
Leaf-mould, seeds root there.
We once more tread the pack-horse way
And smile to think how small the lasting worth
May be of so much toil.
A.E. Dodd, 1967

For my own part I might hope to fulfil:

The Preacher sought to find out acceptable words, and that which was written was
upright, even words of truth.
Ecclesiastes 12:10

and be allowed to put my dedication to the third edition in the form of a silica

tetrahedron:
To A

P <V[\E, CR and especially SW
D




Preface to the Third Edition

When I joined BCRA (as it was then known) to work for Dr A.E. Dodd, the second
edition of this dictionary was well in hand. As a newly-qualified physicist, 1
contributed a few specialised entries. Nearly 30 years later, many more are required.
The dictionary has been considerably expanded to take account of new
developments in engineering ceramics, electroceramics; of new processes in
whitewares; of new machinery and new test methods; of the impact of environmental
legislation. The same broad scope has been adopted and coverage of glass, vitreous
enamel and cement industries widened. It has seemed wise, in an industry which has
moved much further to being science-based rather than craft-based, to include some
terminology in relevant areas of basic science: in particular crystal structure, fracture
mechanics and sintering. Here, and for some advanced ceramics produced in a wide
variety of forms, some longer entries have been introduced to avoid extensive use of
cross-references and to provide a coherent understanding of closely-related materials
and processes.

Abbreviations have become something of a disease. Those in general use have
been listed in their appropriate alphabetical positions, but where authors substitute
(unrecognized and sometimes unrecognizable) initials for well-known processes as a
shorthand, the obscurity resulting from carrying them over unexplained to another
context cannot be clarified even by a multitude of dictionary entries. Such have been
omitted.

About 2000 new terms have been added. Though some existing terms have been
modified to take account of changed emphases (roller hearth kilns are not the rarities
of 30 years ago), very few have been removed. This is a twofold tribute to Dodd’s
original work. His definitions, concentrating on the essence of the meaning, have stood
the test of time, even when the words now have much broader application in details.
Where words have become obsolete, it has been thought worthwhile to preserve his
accurate and authoritative definitions for historical record.

My thanks are due to The Institute of Materials for giving me the opportunity to
revive Dodd’s Dictionary; to Mrs Dodd for permission to use the original copyright
material; to Dr R.C.P. Cubbon, then Deputy Chief Executive of British Ceramic
Research Ltd, for allowing me to use the Company’s library — without which this
revision would have been impossible; to the staff of the Information Department
there, past and present, who have all shared in gathering the information on which
this book is based; and finally, to all my other ex-colleagues and friends in the
industry, whose continued penchant for asking awkward questions has been the
driving force and reason for that collection.

D. Murfin
Madeley, 1994
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ABRASIVE 1

7.6 Temperature. See SOFTENING POINT.
12.0 Temperature. See ANNEALING
POINT.

‘A’ Glass. A glass composition first used
for making glass fibre, it was a container-
glass type containing 10-15% alkali, and
was soon superseded by special
compositions.

Abbe Number or Abbe Value. A measure
of the optical dispersion of a glass
proposed by the German physicist E.
Abbe (1840-1905). Its usual symbol is v
and is defined by v = (n, - /) (np-ne)!
where n. ny, and ny are the refractive
indices at wavelengths equivalent to the
spectral lines C, D and F. Also known as
CONSTRINGENCE and as the v-VALUE.
Aberson Machine. See sSOFT MUD
PROCESS.

Abbreviations. Abbreviations have
become a disease, in that authors
substitute (unrecognized and sometimes
unrecognizable) initial letters for well-
known general processes whose names
are more than a few letters long, e.g.
LPS for liquid-phase sintering, CTE for
coefficient of thermal expansion. What is
explained and used as a shorthand in one
technical paper gets carried over to
others, and becomes a source of
obscurity. This dictionary lists
abbreviations in general use in their
appropriate alphabetical positions.
Ablation. The removal of a surface skin;
the term has been applied to the
volatilization or burning away of a
special protective coating, of ceramic or
other material, on space vehicles. The
heat absorbed during ablation effectively
dissipates the heat generated by re-entry
of the space vehicle into the Earth’s
atmosphere.

Abradability Index. See ABRASION
RESISTANCE and BS 1902 Pt 4.6
Abrams’ Law. States that the strength, S,
of a fully compacted concrete is related

to the ratio, R, of water to cement by the
equation S = A/BR where A and B are
constants. (D. A. Abrams, Struct. Mat.
Res. Lab. Lewis Inst., Bull. 1, Chicago,
1918.)

Abrasion. Wear caused by the
mechanical action of a solid, e.g. wear of
the stack lining of a blast furnace by the
descending burden (cf. cORrROSION and
EROSION).

Abrasion Resistance. The ability of a
material to resist mechanical rubbing.
Some ceramic products are specially
made to have this property, for example
blue engineering bricks for the paving of
coke chutes. There are several types of
apparatus for the evaluation of this
property; see BENDER ABRASION
METHOD, KESSLER ABRASION TESTER,
MIDLAND IMPACT TEST, MORGAN-
MARSHALL TEST, RATTLER TEST, SCC
TEST, TABER ABRASER. BS 1902 Pts 4.6
and 4.7 specify its determination for
refractories at ambient and elevated
temperatures, the first using air-blown
alumina abrasive, the second alumina/
zirconia abrasive fed by gravity. BS 6431
Pt 20 specifies a wet test (PEI TEST)
and a dry test (MCC TEST) for the
surface abrasion of glazed tiles. Pt 14
specifies a deep abrasion test for
unglazed tiles, in which alumina
abrasive, grain size 80, is fed under a
vertical rotating wheel to cut a groove in
the tile, whose depth is measured after a
standard number of revolutions of the
wheel. BS 1344 Pt 4 is an obsolescent
test for vitreous enamels. ASTM C.704
specifies a test for refractory bricks and
castables, using an air blast with 1kg of
graded SiC abrasive.

Abrasive. A hard material used in the
form of a wheel or disk for cutting, or as
a powder for polishing. The usual
abrasives are silicon carbide and fused
alumina. Abrasive wheels are commonly
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made by bonding abrasive grains with
clay and feldspar (a proportion of FRIT
(q.v.) is also often added) and firing the
shaped wheel; organic bonds e.g.
synthetic resins, rubber or shellac, are
also used, in which case the wheels are
not fired. For the standard marking
system see under GRINDING WHEEL.
Abrasive Jet Machining. Abrasive
particles are entrained in a high-velocity
fluid jet which acts as the cutting tool. If
the fluid is a gas, up to 50g/min of
abrasive powder is carried through the
jet nozzle at supersonic speed by
pressures of 200 to 850 kPa. In
WATERIJET CUTTING, discharge pressures
up to 400MPa provide jet velocites up to
700 m/s, carrying 1.5 to 2.0 kg/min of
abrasive in a jet which can be confined to
a smaller diameter without spreading.
Absolute Temperature (°Abs). See
KELVIN TEMPERATURE SCALE.
Absorption. See POROSITY; WATER
ABSORPTION.

Absorption Ratio. See SATURATION
COEFFICIENT.

Accelerated Tests. Test methods which
attempt to determine the effect of slow
changes on materials by adopting more
severe or more rapid changes, and
correlating the test result with actual
behaviour in service. Examples are tests
for weathering, wear, moisture
expansion. ASTM-E632 gives criteria for
designing such accelerated tests.
Accelerator. A material that, when
added to hydraulic cement or to plaster,
accelerates the setting. With cement,
care must be taken to distinguish
between the effect on the initial set and
the effect on the longer-term hydration -
some additions accelerate setting but
inhibit the final development of strength;
also, a compound that acts as an
accelerator at one level of concentration
may become a retarder at some other

concentration. In general, alkali
carbonates are strong accelerators for
portland cement. For plaster, the best
accelerator is finely-ground gypsum,
which provides nuclei for crystallization;
potash alum has also been used.
Acceptance Angle of an optical fibre, see
NUMERICAL APERTURE.

Acceptance Testing. With increased
emphasis on quality control and
quality assurance, raw materials or
intermediates are subjected to a series
of tests of relevant properties to ensure
that they match the producers’
specification. The acceptance quality
level, which is the percentage which is
acceptable to the buyer, is usually
specified, and compliance checked by
testing and statistical analysis of the
results. BS 3921 lays down a detailed
sampling scheme for building bricks.
See also ACTION LIMIT, QUALITY
CONTROL; ATTRIBUTES.

Accessory Mineral. A mineral that is
present in a rock or clay in relatively
small quantity, usually as an impurity;
e.g. mica 1s usually found as an accessory
mineral in china clay.

Acheson Furnace. An enclosed electric
resistance furnace, of the type first used
by Acheson in 1891 to make silicon
carbides from carbon and sand, which
can attain temperatures of 2500 °C.
Acicular. see MORPHOLOGY.

Acid Amnealing. Dipping of the metal
base for vitreous enamelling into dilute
acid (generally HCI) followed by
annealing; this promotes scaling before
the pickling process.

Acid Embossing. The etching of glass
with HF or a fluoride.

Acid Frosting. The etching of glass
hollow-ware with HF or a fluoride.

Acid Gold. A form of gold decoration
for pottery introduced in 1863 by J. L.
Hughes at Mintons Ltd., Stoke-on-Trent.
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The glazed surface is etched with dilute
HF prior to application of the gold; the
process demands great skill and is used
for the decoration only of ware of the
highest class. A somewhat similar effect
can be obtained by applying a pattern in
low-melting flux on the glaze and
goldbanding on the fluxed area; this is
known as MOCK ACID-GOLD, c.f. BRIGHT
GOLD and BURNISH GOLD.
Acid Open-hearth Furnace. An OPEN-
HEARTH FURNACE (q.v.) used in the
refining of hematite iron; little such iron
is now made. The particular feature is
that the hearth is made of acid
refractories — silica bricks covered with a
fritted layer of silica sand.
Acid Refractory Material. General term
for those types of refractory material
that contain a high proportion of silica,
e.g. silica refractories (> 92% Si0O,) and
siliceous refractories (78-93% SiO,).
The name derives from the fact that
silica behaves chemically as an acid and
at high temperatures reacts with bases
such as lime or alkalis.
Acid Resistance. In USA, the acid
resistance of ceramic decorations on
glass is specified in ASTM C724 and
C735. The acid resistance of vitreous
enamelled ware at (nominal) room
temperature is determined by exposing
the enamelled surface to 10% citric acid
for 15 min at 26 + 1°C. (ASTM C282)
Five classes of enamelware are
distinguished according to their
subsequent appearance:
AA: no visible stain and passes dry-
rubbing test
A: passes blurring-highlight test and
wet-rubbing test
B: passes blurring-highlight test: fails
wet-rubbing test
C: fails blurring-highlight test; passes
disappearing-highlight test
D: fails disappearing-highlight test.

A similar classification has been adopted
in B.S. 1344 (Part 2) but the time of
exposure to the 10% citric acid is 20 min
and the temperature is 20 °C. BS 1344 Pt
3 tests resistance to H,SOy; other parts
test resistance to hot acids, alkalis and
detergents.

Acid-resisting Brick or Tile. A fired clay
brick or tile of low porosity and high
resistance to a variety of chemicals. B.S.
1902 Pt 3.12 specifies an acid resistance
test for refractories, Pt 3.15 a test for
bulk material. ASTM C-279 specifies
three grades according to resistance to
H,SO,. ASTM C-410 specifies industrial
floor bricks.

Acid-resisting Cement. The principal
types are as follows: 1. Silicate: an inert
filler bonded with silica gel that has been
precipitated in situ from Na- or K- silicate
in the presence of Na,SiFj, or from
silicon ester. 2. Rubber Latex: essentially
cement sand mixes impregnated with
rubber. 3. Synthetic Resin: with an inert
filler. 4. Sulphur Cements: usually with
sand as filler. 5. Bituminous Cements.
ASTM specifications for these materials
are listed in Vol 4-05 of the Annual Book
of ASTM Standards, and number some
25, including specifications for mortars
and grouts.

Acid Scaling. Dipping or spraying metal
with acid, then annealing at red heat, to
remove oil, rust and dirt before vitreous
enamelling. cf. ACID ANNEALING.
Ackerman Blocks. Hollow extruded clay
blocks, with thin walls and large voids,
for ceiling and floor construction,
available in sizes from 150 to 220 mm.
(Polish Stand. PN B-12005, 1969).

ACL Kiln or Lepol Kiln. ACL is a trade-
mark of the Allis Chalmers Mfg Co.,
USA: Lepol is a trade-mark of Polysius
Co., Germany. Both terms refer to a
travelling-grate preheater for portland
cement batch prior to its being fed to a
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rotary cement kiln; with this attachment,
the length of a rotary cement kiln can be
halved.

ACOP. Approved Code of Practice (in
HEALTH and SAFETY, q.V.).

Acoustic Emission. Internal structural
changes in materials (crack growth,
phase transitions, plastic deformation)
may release strain energy manifested as
ultrasonic waves, whose detection and
analysis gives an insight into the type of
changes taking place. In particular, crack
growth may be continuously monitored
and warning of impending failure
obtained.

Acoustephoresis. Dense suspensions are
subjected to uitrasonic vibrations. (~ 1
MHz) The amplitude of the resulting
particle vibration is considered to be
proportional to the ZETA POTENTIAL.
ACS. American Ceramic Society.
Actinic Green. An emerald green glass
of the type used for poison bottles.
Action Limit. In statistical QUALITY
CONTROL (q.v), the number of defective
items per sample which will only be
exceeded by chance in a given number of
tests, in practice usually taken to be 1 in
1000. The warning limit is usually taken
to be 1 test in 40 revealing a defective
item.

Activated Alumina. A synthetic high-
surface area alumina, produced by
appropriate heat-treatment, and usually
a transition alumina containing a smali
proportion of OH- ions.

Activated Carbon. According to ASTM
D-2652, activated carbons are a family of
carbonaceous substances manufactured
by processes that develop absorptive
properties. This standard defines over
100 terms relating to the use of granular
and porous carbons as absorbant
materials, and the ASTM Annual Book
of Standards Vol 15-01 contains some 20
test methods for relevant properties.

Activated Clay. Acid treatment of
bentonite and other clays to improve
bleaching and absorption properties.
Activated Sintering. Sintering in the
presence of a sintering aid — a material
such as a foreign oxide which produces
supersaturated surface phases providing
higher surface energy.

Activation Energy. A threshold energy
value which must be acquired by a
system before some types of reaction or
change can occur. See ARRHENIUS’ LAW.
Active Brazing. Joining ceramics with
metal brazes which wet well the surface
of the ceramic, obviating the need for
prior metallising.

Active Filler-Controlled Pyrolysis.
(AFCOP) In this technique for making
multiphase ceramic matrix composites,
an active filler material (a transition
metal or compound thereof which will
yield a carbide or other ceramic) is
mixed with an organometallic polymer
and pyrolysed. The kind, content and
structure of the filler control the kinetics
of the polymer pyrolysis and the
resulting microstructure, which may
contain disordered or glassy areas. (M.
Seibold and P. Greil, 1st European Conf
on Adv. Mater & Processes.)

ACZS. Alumina-Chrome-Zirconia-Silica
refractory, used in glass tanks.

A-D Goodness-of-Fit Test. See K-S
TEST.

Adams Chromatic Value System. A
method for the quantitative designation
of colour in terms of (1) lightness, (2)
amount of red or green, and (3) amount
of yellow or blue. The system has been
used in the examination of ceramic
colours (E. Q. Adams, J. Opt. Soc. Am.,
32,168, 1942).

Adams Process. A method for the
removal of iron compounds from glass-
making sands by washing with a warm
solution of acid (Na oxalate containing a
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small quantity of FeSOy,; see J. Soc.
Glass Tech., 19, 118, 1935).

Adams-Williamson Annecaling Schedule.

A procedure, derived from first
principles, for determining the optimum
annealing conditions for a particular
glass; (L. H. Adams and E. D.
Williamson, J. Franklin [nst., 190, 597,
835, 1920).

Adapter. A connecting-piece, usually
made of fireclay, between a horizontal
zinc-retort and the condenser in which
the molten zinc collects.

Adherence. The strength of the bond
between two materials, especially that
between a coating and the substrate.
ASTM (313 specifies a test for the
‘Adherence of Porcelain Enamel and
Ceramic Coatings to Metal.” Adherence
failure is measured as the ratio of bright
metal to remaining adherent enamel
after indentation by a specified plunger.
ASTM (C633 specifies a text for the
‘Adhesion or Cohesive Strength of
Flame-sprayed Coatings’.

Adiabatic Diesel Engines. Ceramic
components have been made to
withstand the high operating
temperatures in uncooled (waterless)
diesel engines designed for minimum
heat loss, usually incorporating exhaust
turbochargers. (The term ‘adiabatic’ is
not used with its strict meaning of no
heat gained or lost during a
thermodynamic process.)

Adobe. Mud used in tropical countries
for making sun-dried (unfired) bricks;
the term is also applied to the bricks
themselves.

Adsorption. Process of taking up a
molecular or multi-molecular film of gas
or vapour on a solid surface. This film is
not readily removed except by strongly
heating the body. The adsorption of
moisture on the internal surface of a
porous body may cause the body to

expand slightly; this is known as
MOISTURE EXPANSION (see also GAs
ADSORPTION METHOD). Langmuir’s
adsorption isotherm, with the equation
f=ap/(1 - ap), is based on the
assumption that adsorption is limited to
a monomolecular layer (f is the fraction
of the surface covered; p is the gas
pressure; a is a constant).

Advanced Ceramics. A general term for
ceramics, usually of high purity or
carefully controlled composition and
microstructure, used in technical
applications where their mechanical,
thermal, electrical and/or optical
properties are important. cf. SPECIAL
CERAMICS, FINE CERAMICS, TECHNICAL
CERAMICS, ENGINEERING CERAMICS,
ELECTROCERAMICS, OPTICAL
APPLICATIONS.

Aebi Kiln. A car tunnel kiln built to the
design of Robert Aebi, Zurich. One such
design 1s top fired by the crRYPTO
SYSTEM (q.v.).

Aerated Concrete. Concrete with a high
proportion of air spaces resulting from a
foaming process; the bulk density may
vary from about 560-1440 kg/m3 (35-90
Ib/ft3). Aerated concrete is chiefly used
for making pre-cast building units. It is
also known as GAS CONCRETE,
CELLULAR CONCRETE O FOAMED
CONCRETE.

Aeration of Cement. The effect of the
atmosphere on portland cement during
storage. Dry air has no effect, but if it is
exposed to moist air both moisture and
carbon dioxide are absorbed with erratic
effects on the setting behaviour (cf. AIR
ENTRAINING).

Aceroclay. Clay, particularly china clay,
that has been dried and air-separated to
remove any coarse particles.

Acrogel. A highly porous solid formed
by replacing the liquid in a GEL by a
gas.
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Aerograph. A device for spraying
powdered glaze or colour on the surface
of pottery by means of compressed air.
Aerox. Alumina filter ceramic with
uniform micron-sized pores, made by
Aerox Ltd, which company was acquired
by Doulton Industrial Products, Stone,
now part of Fairey Engineering.

A.F.A. Rammer. Apparatus designed by
the American Foundrymen’s Association
for the preparation of test-pieces of
foundry sand; in 1948 the Association
changed its name to the American
Foundrymen’s Society. See A.F.S. and
SAND RAMMER.

AFNOR. Abbreviation for the French
Standards Association; Association
Frangaise de Normalisation, 23 Rue
Notre-Dame-des-Victoires, Paris 2.
AFRSIL Advanced Flexibie Reusable
Surface Insulation comprises an inner
layer of leached silica glass fabric; a
central layer of high-purity fused silica
fibre; an outer layer of quality fabric.
The material was developed as in
insulating blanket for the Space Shuttle
by NASA, Ames Research Centre and
Johns-Manville, USA.

After Contraction. The permanent
contraction (usually expressed as a linear
percentage) that may occur if a fired or
chemically-bonded refractory product is
re-fired under specified conditions of
test. Fireclay refractories are liable to
show after contraction if exposed to a
temperature above that at which they
were originally fired (cf. FIRING
SHRINKAGE).

After-glow. See Jump.

After Expansion. The permanent
expansion (usually expressed as a linear
percentage) that may occur when a
refractory product that has been
previously shaped and fired, or
chemically bonded, is re-fired under
specified conditions of test. Such

expansion may take place, for example,
if the product contains quartz or kyanitc,
or if bloating occurs during the test (cf.
FIRING EXPANSION).

A.F.S. American Foundrymen’s Society,
Des Plaines, Illinois, USA. This Society
has issued standard methods for testing
foundry sands.

Afwillite. A hydrated calcium silicate,
3Ca0. 28i0, . 3H,0; it is formed when
portland cement is hydrated under
special conditions and when calcium
silicate is autoclaved (as in sand-lime
brick manufacture).

Agalmatolite. An aluminosilicate
mineral that is very similar to
PYROPHYLLITE (Q.V.).

Agate. A cryptocrystalline variety of
silica that has the appearance of a hard,
opaque glass; it usually contains
coloured LIESEGANG RINGS. It is used in
the ceramic industry for burnishing gold
decoration on pottery and for making
small mortars and pestles for preparing
samples for chemical analysis.

Agate Glass. Decorative glassware,
simulating AGATE, made by blending
molten glasses of two or more colours,
or rolling glasses of several colours
together in the plastic state.

Agate Ware. Decorative earthenware
made, chiefly in the 18th century in
Staffordshire, by placing thin layers of
differently coloured clays one on
another, pressing them together, slicing
across the layers and pressing the slab of
variegated coloured clay into a mould.
When fired, the ware had the
appearance of natural agate.

Ageing. (1) A process, also known as
SOURING (q.v.), in which moistened clay,
or prepared body, is stored for a period
to permit the water to become more
uniformly dispersed, thus improving the
plasticity. A similar effect can be achieved
more quickly by TEMPERING (q.v.).
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(2) The process of allowing vitreous-
enamel slip to stand, after it has been
milled, to improve its rheological
properties.

Agglomerate. To form assemblages of
smaller particles, rigidly joined together
electrostatically or by intergrowth. (Or,
as a noun, such an assemblage.)
Agglomeration defeats mixing on the
scale of the finest particles, and can
produce variations in packing density
which impair strength and other
properties.

Aggregate. See CONCRETE AGGREGATE;
LIGHTWEIGHT EXPANDED CLAY
AGGREGATE.

Aglite. Trade-name: a lightweight
expanded clay aggregate made by the
Butterley Co. Ltd, Derby, England, from
colliery shale by the sinter-hearth process.
The bulk density is: (12-18 mm) 0.5 kg/l;
(5-12 mm) 0.55 kg/l; (<5 mm) 0.8 kg/l.
Agricultural Pipes. See FIELD-DRAIN
PIPES.

Agricultural Tile. See DRAIN TILE.

Air Bell. A fault, in the form of an
irregularly shaped bubble, in pressed or
moulded optical glass.

Air-borne Sealing. A process for the
general, as opposed to local (cf. SPRAY
WELDING), repair of a gas retort by
blowing refractory powder into the
sealed retort, while 1t is hot; the powder
builds up within any cracks in the
refractory brickwork and effectively
seals them against gas leakage. (West’s
Gas Improvement Co. Ltd., Brit. Pat.
568159; 21/3/45.)

Air Brick. A fired clay brick, of the same
size as a standard building brick, but
having lateral holes for the purpose of
ventilation, e.g. below floors. BS 493
specifies units for use externally (Class 1)
and internally (Class 2).

Air Chain. A line of air bubbles, forming
a defect in glass or vitreous enamel.

Air Content. The volume of air voids in
cement paste, morter or concrete,
excluding the pore space in the
aggregate. Air entrained by mixing or
gases generated chemically may be
included. (ASTM C-125).

Air Entraining. The addition of a
material to portland cement clinker
during grinding, or to concrete during
mixing, for the purpose of reducing the
surface tension of the water so that 4-5
vol.% of minute air bubbles become
trapped in the concrete. This improves
workability and frost resistance and
decreases segregation and bleeding. The
agents used as additions include: 0.025~
0.1% of alkali salts of wood resins,
sulphonate detergents, alkali
naphthenate, or triethanolamine salts; or
0.25-0.5% of the Ca salts of glues (from
hides); or 0.25-1.0% of Ca
lignosulphonate (from paper-making).
Air-floated. Material, e.g. china clay, that
has been size-classified by means of an
ATR-SEPARATOR ((.V.).

Air-hardening Refractory Cement or
Mortar. See CHEMICALLY BONDED
REFRACTORY CEMENT.

Airless Drying. The drying chamber is
surrounded by an airtight inner shell and
an insulated outer shell. The original air
atmosphere is recirculated and heated,
so that it is progressively replaced as
heat transfer medium by superheated
steam from the drying product. No air is
allowed to enter the dryer during the
drying process.

Air Line. A fault, in the form of an
elongated bubble, in glass tubing- also
known as HAIR LINE.

Air Permeability, See PERMEABILITY.
Air Pollution. BS 1747 specifies methods
of test for the determination of fine
suspended particles (smoke); SO,, NO,.
See also TA-LUFT and HEALTH AND
SAFETY.
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Air Ramming. US term for the process
of shaping a refractory brick or furnace
hearth with a pneumatic rammer.

Air Seal. A method for the prevention of
the escape of warm gases from the
entrance or exit of a continuous furnace,
or tunnel kiln, by blowing air across the
opening.

Aiir Separator. A machine for the size
classification of fine ceramic powders,
e.g. china clay; the velocity of an air
current controls the size of particles
classified.

Air-setting Refractory Cement or
Mortar. See CHEMICALLY BONDED
REFRACTORY CEMENT.

Air-swept Ball Mill. See BALL MILL.

Aiir Twist. Twisted capillaries as a form
of decoration within the stem of a wine
glass.

Aired Ware. Pottery-ware that has a
poor glaze as a result of volatilization of
some of the glaze constituents. The term
was used more particularly when ware
was fired in saggars in coalfired kilns,
‘air’ escaping from a faulty saggar into
the kiln while kiln gases at the same time
penetrated into the saggar. The term is
also sometimes applied to a glaze that
has partially devitrified as a result of
cooling too slowly between 900 and 700
°C; the most common crystallization is
that of calcium silicate or zinc silicate.
Akermanite. 2Ca0.Mg0O.2510,; m.p.
1454°C; sp.gr. 3.15; thermal expansion
(~1200°C) 10.6 x 10-6 K-1. This mineral
is found in some slags.

Alabaster Glass. A milky-white glass
resembling alabaster; transmitted light is
diffused without any fiery colour.
Albany Clay. A clay found in the
neighbourhood of Albany, New York; a
quoted analysis is (%) S10, 57.6; ALO,
14 .5; Fe,05 5.2; CaO 5.7, MgO 2.7;
Alkalis 3.1. A somewhat similar clay
occurs in Ontonagon County, Michigan.

Because of its fine particle size and high
flux content, this clay fuses at a
comparatively low temperature to form a
greenish-brown glaze suitable for use on
stoneware; it is also used as a vitrifying
bonding material.

Alberene Stone. A US stone having
properties similar to those of
POLYPHANT STONE (q.v.).

Albite. See FELDSPAR.

Albolite. A silica and magnesia plastic
cement.

Alcove. A narrow covered extension to
the working end of a glass-tank furnace;
it conveys molten glass to a forehearth
or revolving pot.

Alginates. Organic binders and
suspending agents derived from sea
plants. Ammonium alginate and sodium
alginate have found some use as
additions to suspensions of glazes and
enamels.

Ali Baba. Popular name for a large
chemical stoneware jar of the type used
for the bulk storage of acids; these jars
are made in sizes up to 5000 litres
capacity.

Alite. The name given to one of the
crystalline constituents of portland
cement clinker by A. E. Térnebohm
(Tonindustr. Zig., 21, 1148, 1897). Alite
has since been identified as the mineral
3Ca0. SiO,

Alkali-Aggregate Reaction. The
siliceous components of aggregates may
react detrimentally with the alkali
componenets of Portland cement, after
the concrete has hardened.

Alkali Attack. See DURABILITY OF ON-
GLAZE DECORATION.

Alkali Neutraliser. See under
NEUTRALISER.

Alkoxide. Compounds formed from the
reaction of an alcohol with an alkali
metal. They are used in SOL-GEL
processes (q.v) for preparing ceramics.
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All-basic Furnace. Abbreviation for All-
Basic Open Hearth Steel Furnace. The
whole of the superstructure of such a
furnace-hearth, walls, roof, ports, ends, is
built of basic refractories These furnaces
were introduced in Europe in about
1935, the object being to make it
possible to operate at a higher
temperature than that possible with basic
O.H. furnaces having a silica roof.
Alligator Hide. (1) A vitreous-
enamelware fault in the form of severe
ORANGE PEEL (q.v ) and TEARING (q.V.);
causes include too-rapid drying and too-
heavy application of enamel.

(2) A decorative glaze effect, having the
appearance indicated by ils name,
sometimes used by studio potters; it is
achieved by loading the glaze with
refractory oxides to increase the viscosity so
that during firing, the glaze does not flow
uniformly over the surface of the ware.
Alon. Aluminium Oxy-Nitride (q.v).
(Alon has previously been used as a
tradename for fused alumina, by the
Cabot Corp, USA.)

Allophane. An amorphous gel
consisting, usually, of 35-40% Al,O5,
20-25% SiO, and 35% H,O. It is often
found in association with halloysite.
Allport Oven. A pottery BOTTLE OVEN
(g.v.) in which the hot gases from the
firemouths entered the oven nearer to its
centre than the usual points of entry
around the oven walls; another feature
was preheating of the secondary air. (S.
J. Allport, Brit. Pat. 570 335; 3/7/45; 606
084; 5/8/48.)

Alluvial Clay. A brickmaking clay of
river valleys typified in England by the
clays of the Humber estuary, the Thames
valley, and the Bridgwater district. The
composition is variable.

Aloxite. Trade-name: Fused alumina
abrasives and abrasive products made by
the Carborundum Co., Ltd.

Alsing Cylinder. An early type of BALL
MILL (q.v.) invented by J. R. Alsing in
1867.

Alumina. Aluminium oxide, Al,O5. This
oxide exists in several forms: principally
v-Al, O, stable up to about 1000°C and
containing traces of water or of hydroxyl
ions, and a-Al,O5, the pure form
obtained by calcination at high
temperature. The so-called B-Al,O5 is
the compound Na,0.11Al,0,. BS 4140
specifies powder properties and methods
of determining chemical contaminants of
aluminium oxide powders, which are
also specified in ASTM F.7. See also
ALUMINA (FUSED); ALUMINA (SINGLE
CRYSTAL); ALUMINA (SINTERED);
ALUMINA (TABULAR); CORUNDUM.
Alumina Cement. See HIGH-ALUMINA
CEMENT.

Alumina Clogging. Nozzles for
secondary steelmaking ladles can
become blocked by build-up of dense
products of the reaction between the
nozzle refractories and the steel and slag,
in particular by attack on the alumina
phase of the refractory.

Alumina (Fused). In spite of its high
m.p. (2050 °C), alumina can be fused in
an oxy-hydrogen flame or in an electric
arc. By the former method, large single
crystals (boules) can be produced; they
are used as bearings, and as dies for
wire-drawing, and for other purposes
demanding high abrasion resistance.
Fused alumina made in the electric arc
furnace is usually crushed, and sieved
into a range of grit sizes for use as an
abrasive; when re-bonded and sintered it
is used as a special refractory material.
Alumina Poreelain, Defined in ASTM-
C242 as: A vitreous ceramic whiteware,
for technical application, in which
alumina is the essential crystalline phase.
Alumina (Single Crystal). Made by

the flame-fusion of the powder; used
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in bearings, lasers, fibre-drawing dies,
etc.

Alumina (Sintered). Alumina,
sometimes containing a small amount of
clay or of a mineralizer, and fired at a
high temperature to form a dense
ceramic. Sintered alumina has great
mechanical strength: compressive
strength 3 GN/m2 (20 °C), 0.9 GM/m2
(1000°C), 1 GN/m2 (1500 °C); tensile
strength 175 MN/m2 (20°C), 140 MN/m?
(1000 °C), 35 MN/m2 (1400 °C); Young’s
Modulus, 350 GN/m2 (20 °C), 140 MN/
m? (1000 °C), 140 GN/mZ2 (1500°C).
Sintered alumina also has high abrasion
resistance, high dielectric strength, and
low power factor. Thermal expansion (0-
1000 °C) 8 x 10-¢. Because of these
properties, sintered alumina is used in
thread guides, tool tips, and grinding
media; as the ceramic component of
sparking plugs, electronic tubes, ceramic-
to-metal seals, etc. Sintered alumina
coatings can be applied to metals by
flame-spraying. Alumina ceramics for
electrical and electronic applications are
specified in ASTM D2442.

Alumina (Tabular). A pure (99.5%)
alumina calcined at 1650°C and
containing very little (e.g. 0.02%) Na,O;
it consists of coarse tablet-like crystals of
CORUNDUM (q.v.).

Alumina Whiteware. Defined in ASTM
— C242 as: Any ceramic whiteware in
which alumina is the essential crystalline
phase.

Aluminalon. A composite, 90% alumina,
10% aluminium nitride, formed by hot-
pressing. It has high strength and
ductility to 1400 °C, and is acid resistant
to 1200 °C. ‘
Aluminium Borates. Two compounds
have been reported: 9A1,05 2B,0,,
which melts incongruently at 1950 °C;
2A1,0; B,0;, which dissociates at
1035°C. The compound 9A1,0,. 2B,0;,

when made by electrofusion, has been
proposed as a special refractory material:
R.u.L., 1500°C; thermal expansion, 4.2 x
10-6 (20-1400°C); good thermal-shock
resistance.

Aluminium Beride. The usual compound
is AlB,; sp.gr. 3.2. AlIB, dissociates
above 980°C to form AlB,, (sp.gr. 2.6)
and Al

Alumininm Carbide. Al,C;; the
dissociation pressure at 1400°C is
approx. 1 x 10-5 atm.; m.p. 2800 °C;
sp.gr. 2.99. This carbide is slowly
attacked by water at room temperature.
Aluminium Enamel. A vitreous enamel
compounded for application to
aluminium. There are three main types:
containing lead, phosphate glass, or
barium. Lithium compounds have also
been used in these enamels.

Aluminium Nitride. AIN; m.p. 2200°C in
4 atm. N,; dissociates at 1700-1800°C in
vacuo. The theoretical density is 3.26.
Thermal expansion (25-1000°C) 5.5 x
10-6. Thermal conductivity 550 W/m.K.
That of alumina is about 30 W/m.K, so
AIN is tape cast (q.v) into substrates and
chip carriers for printed circuits, using
CaO or Y,0; as densification additives.
AIN is a raw material for SIALONS (q.v),
forming a series of POLYTYPOIDS (q.V)
with constant (Si+Al):(O+N) ratio.
When shaped into crucibles AIN can be
used as a container for molten
aluminium. It is a good electrical
insulator, the resistivity exceeding 10!2
ohm. cm at 25 °C. Modulus of rupture,
250 MN/m? at 25°C and 120 MN/m? at
1400 °C. Hardness, 1230 (K100).
Aluminium Oxynitride. AION is an
infrared transmitter in the wavelength
range 1 to 4um.

Aluminium Phosphate. Generally refers
to the orthophosphate, AIPOy; sp.gr.
2.56, m.p. approx. 2000 °C but
decomposes. It is supplied in various
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grades, particularly for use as a binder in
the refractories industry. The bonding
action has been attributed to reaction
between the phosphate and basic oxides
or Al,O; in the refractory. This type

of bond preserves its strength at
intermediate temperatures (500-1000
°C), a range in which organic bonds are
destroyed and normal ceramic bonding
has not yet begun.

Aluminium Titanate. Al,0,.TiO, melts
at 1860 °C, but slowly dissociates below
1150 °C to Al,O5 and TiO,, producing a
microstructure with a network of fine
cracks. This gives good thermal shock
resistance and a thermal expansion
coefficient up to 700°C which is almost
zero, but non-uniform. It may be
stabilized with small amounts of Fe,TiOs
or MgTiO; to provide more uniform
expansion.

Alumino-silicate Refractory. A general
term that includes all refractories of the
fireclay, sillimanite, mullite, diaspore and
bauxite types. BS 1902 Pt 2 defines it as
a refractory containing 8 to 45% Al O3,
the balance being predominantly silica.
Aluminous Cement. See CIMENT FONDU.
Aluminous Fireclay Refractory. This
type of refractory material is defined in
B.S. 1902 Pt 2 as a refractory containing
in the fired state, > 45% Al,O;, the
balance being predominantly silica.
Alundum. Trade-name: Fused alumina
made by Norton Co.

Alunite. KAI,(SO,),(OH), occurs in
Australia, USA (Arizona, Nevada,
Utah), Mexico, Italy, Egypt, and
elsewhere. The residue obtained after
calcination and leaching out of the alkah
can be used as raw material for high-
alumina refractories.

Amakusa. The Japanese equivalent of
CHINA STONE (Q.V.).

Amberg Kaelin. A white-firing
micaceous kaolin from Hirschau,

Oberpfalz, Germany. A quoted analysis
is (per cent): Si0O,, 48.0; Al,0, 37.5;
Fe,O; 0.5; TiO, 0.2; CaO 0.15; alkalis
2.6; loss-on-ignition 12.2.

Amber Glass. Whilst other colours of
CONTAINER GLASS are selected for
aesthetic reasons (clear and green being
those generally available) the amber or
brown glass is designed to absorb
ultraviolet light to protect some foods
and pharmaceutical products sensitive to
UV. The amber colour is imparted by
iron and sulphur.

Ambetti or Ambitty. Decorative glass
containing specks of opaque material;
the effect is produced by allowing the
glass to begin to crystallize.
Amblygonite. A lithium mineral of
variable composition,
(Li,Na)AIPO,(F,OH); sp. gr. 3 0; m.p.
1170°C. It occurs in various parts of
southern Africa, but is relatively
uncommon and therefore finds less use
as a source of lithium than do PETALITE
and LEPIDOLITE (q.v.).

Amborite. Hot-pressed fine-grained
boron nitride with a ceramic bond, used
as an abrasive (de Beers Co).

Amboy Clay. An American siliceous
fireclay; it is plastic and has a P.C.E.
above 32.

AMDCB. Applied Moment Double
Cantilever Beam. See FRACTURE
TOUGHNESS TESTS.

American Bond. Brickwork of stretcher
courses with a header course every 5th,
6th or 7th course.

American Hotel China. A vitreous type
of pottery-ware. A typical body
composition is (per cent): kaolin, 35;
ball clay, 7; feldspar, 22; quartz, 35;
whiting, 1.

Ammonium Bifluoride. NH,F.HF; used
as a saturated solution in hydrofluoric
acid (usually with other additions) for
the etching of glass.
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Ammonium Vanadate. NH,VO;; used
as a source of vanadium in ceramic
pigments, e.g. tin-vanadium yeliow,
zirconium vanadium yellow and
turquoise, etc.

Ampelite. A carbonaceous schist
containing alumina, silica and sulphur,
sometimes used as a refractory.
Amperit. Tradename. Mixed alumina-
titania powders supplied by Hoechst
AG.

Amphiboles. See SILICATE STRUCTURES.
Amphoteric. Capable of reacting as acid
or base (e.g. Al,O3).

Ampoule. A small glass container that is
sealed (after it has been filled with
liquid) by fusing the narrow neck. The
glass must resist attack by drugs and
chemicals, but must be readily shaped by
mass-production methods; normally, a
borosilicate glass of fairly low alkali and
lime contents is used.

Amsler Volumeter. An apparatus for the
measurement of the bulk density of
powdered or granular materials (see BS
1902 Pt 3.6). It comprises a cylindrical
steel container, whose lid is retained by a
screwed collar to provide a mercury seal.
A guarded capilary tube with a reference
mark is fitted into the domed lid. A
plunger with a graduated micrometer,
fitted into the side of the cylinder,
controls and measures the displacement
of mercury within.

Anaconda Process. A method for the
shaping of silica refractories formerly
used at some refractories works in USA.
The bricks were first ‘slop-moulded’,
then partially dried, and finally re-
pressed. The name derives from the
town of Anaconda, Montana, USA,
where the process was first used, early in
the present century, by the
Amalgamated Copper Co.

Analysis. See DIFFERENTIAL THERMAL
ANALYSIS; PARTICLE-SIZE ANALYSIS;

RATIONAL ANALYSIS; ULTIMATE
ANALYSIS.

Anatase. A tetragonal form of titania,
TiO,; sp. gr. 3.84. The other forms are
BROOKITE (q.v.) and RUTILE (q.v.). All
three structures have similar Ti-O bond
distance but differ in the linking of the
TiOg octahedra. Anatase has been
observed in some fireclays and kaolins. It
is rapidly converted into rutile when
heated above about 700 °C.

Anchors. Specially shaped metal or
ceramic pins to hold ceramic fibre
blankets or panels in place to form
furnace linings. Other heavier unshaped
linings (of refractory concrete) are also
anchored to the furnace structure by
notched or shaped rods and bars.
Andalusite. A mineral having the same
composition (Al,S5105) as sillimanite
and kyanite but with different physical
properties. The principal source is S.
Africa; it also occurs in California,
Nevada, and New England (USA).
When fired, it breaks down at 1350°C to
form mullite and cristobalite; the
change takes place without significant
change in volume (cf. KYANITE).
Andalusite finds some use as a
refractory raw material.

Andreasen Pipette. An instrument used
in the determination of the particle size
of clays, by the SEDIMENTATION
METHOD (q.v.); it was introduced by A.
H. M. Andreasen, of Copenhagen
(Kolloid Zts., 49, 253, 1929).

Andrews’ Elutriator. A device for
particle-size analysis. It consists of: a
feed vessel or tube; a large hydraulic
classifier; an intermediate classifier; a
graduated measuring vessel. (L.
Andrews, Brit. Pat. 297 369; 14/6/27.)
Angle Bead. A special shape of wall tile
(see Fig. 7, p350).

Angle of Drain. The angle at which
vitreous enamel ware is placed on a rack
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after dipping, to obtain the required
thickness of coating.

Angle of Nip. The angle between the
two tangents to a pair of crushing rolls at
the point of contact with the particle to
be crushed. This angle is important in
the design of crushing rolis for clay; it
should not exceed about 18°.

Angle Tile. A purpose-made clay or
concrete tile for use in an angle in
vertical exterior tiling.

Angstrom Method. See THERMAL
DIFFUSIVITY.

;\ngstrom Unit, A. 10nm, still met in
X-ray crystallography.

Angular. See MORPHOLOGY.

Anhydrite. CaSO,; there are soluble and
insoluble forms. Anhydrite begins to
form when gypsum is heated at
temperatures above about 200°C. The
presence of anhydrite in plaster used for
making pottery moulds can cause
inconsistent blending times; the moulds
tend to be soft, and to give slow casting,
slow release of casts from the mould,
and flabby casts.

Anionic Exchange. See 10NIC
EXCHANGE.

Anisotropy. The state of having
properties whose values differ
according to the direction of
measurement. This is quite frequently
met in ceramics, and can arise from the
basic crystal structure (e.g. sheet-like
crystal structures with weaker,
asymmetric forces between the layers,
have much lower tensile strength
perpendicular to the sheet). On the
microstructural scale, directional forming
processes such as uniaxial PRESSING
(g.v) can make anisotropic such
properties as strength and shrinkage.
Anneal. To release stresses from glass by
controlled heat treatment; the process is
usually carried out in a LEHR (q.v.). See
also ADAMS-WILLIAMSON ANNEALING

SCHEDULE; REDSTON-STANWORTH
ANNEALING SCHEDULE; TREBUCHON—
KIEFFER ANNEALING SCHEDULE.
Annealing Point or Annealing
Temperature. The temperature at which
glass has a viscosity of 1013 poises; also
known as the 13.0 TEMPERATURE. When
annealed at this temperature glass
becomes unstressed in a few minutes. A
method of test by fibre elongation is
given in ASTM - C336; C598 specifies a
beam bending test.

Annealing Range. The range of
temperature in which stresses can be
removed from a glass within a
reasonable time, and below which rapid
temperature changes do not cause
permanent internal stress in the glass.
When comparing glasses, the Annealing
Range is taken as the temperature
interval between the ANNEALING POINT
(q.v.) and the STRAIN POINT (Q.V.).
Annular Kiln. A large continuous kiln,
rectangular in plan, of a type much used
in the firing of building bricks. The
bricks are set on the floor of the kiln and
the zone of high temperature is made to
travel round the kiln by progressively
advancing the zone to which fuel is fed.
There are two principal types:
LONGITUDINAL-ARCH KILN (q.v.) and
TRANSVERSE-ARCH KILN (Q.V.)
Annulus Brick. A DOME BRICK with the
large faces equally inclined to each other
in breadth and length, so that one end
face is smaller than the other.

Anode Pickling. See ELECTROLYTIC
PICKLING.

Anorthite. Sec FELDSPAR.

Anorthesite. A coarse-grained rock
consisting almost exclusively of
plagioclase (see under FELDSPAR). It
occurs in Canada, New York State,
Norway and Russia; trials have beer
made with this material as a flux in
ceramic bodies.
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Antiferroelectric. A dielectric of high
permittivity which undergoes a change in
crystal structure on cooling through a
CURIE TEMPERATURE (q.v.) but which
possesses no spontaneous polarisation.
The state is visualised as polarisation of
adjacent lines of atoms in opposite
directions.

Antiferromagnetic. A material in which
the atomic magnetic moments are
aligned antiparallel so that the total
moment is zero and there is no
observable spontaneous magnetization.
The alignment disappears at the CURIE
TEMPERATURE (q.v.). Antiparallel
ordering gives rise to an
antiferromagnetic or to a ferrimagnetic
depending on the crystal structure.
Antimony Oxide. Sb,O5; m.p. 655°C; sp.
gr. approx. 5.5. Used as an opacifier in
enamels and as a decolorizing and fining
agent in glass manufacture, particularly
in pot melting; in pottery manufacture it
is a constituent of Naples Yellow.
Antimony Yellow. See LEAD
ANTIMONATE.

Antioch Process. Plaster moulds are
produced by pouring an aqueous plaster
of Paris slip over a mould, steam
treating, allowing to set in the air and
oven drying.

Anti-piping Compound. HOT-TOPPING
COMPOUND, (q.V).

Antique Glass, Flat glass made by the
CYLINDER PROCESS (q.v.) and with
textured surfaces resembling old glass; it
is used in the making of stained-glass
windows (cf. CATHEDRAL GLASS).
Anti-static Tiles. Floor tiles of a type
that will dissipate any electrostatic
charge and so minimize the danger of
sparking; such tiles are used in rooms,
e.g. operating theatres, where there is
flammable vapour. One such type of
ceramic tile contains carbon. The
National Fire Protection Association,

USA, stipulates that the resistance of a
conductive floor shall be less than 1
megohm as measured between two
points 3 ft (1 m) apart; the resistance of
the floor shall be over 25 000 ohm
between a ground connection and any
point on the surface of the floor or
between two points 3 ft (1 m) apart on
the surface of the floor.

A.P. US abbreviation for ANNEALING
POINT (Q.V.).

Apatite. Calcium phosphate, CaPO,
though other negative ions (F, Cl, CO;
or OH) may be present in natural rocks.
Apatite is a chief constituent of bone.
Apatite and hydroxyapatite (containing
the OH- ion) are used in bioceramics,
particularly if it is desired to achieve
bone intergrowth with the artificial
component or prosthesis.

APGS. Advanced Plasma Gun System
for thermally sprayed coatings.

Aplite. A rock mined in Virginia for use
in glass manufacture; it consists
principally of albite, zoisite and sericite.
Apparent Initial Softening. When
applied to the REFRACTORINESS-UNDER-
LOAD TEST (q.v.), this term has the
specific meaning of the temperature at
which the tangent to the curve relating
the expansion/contraction and the
temperature departs from the horizontal
and subsidence begins. (For typical curve
see Fig. 5, p230.)

Apparent Porosity. See under POROSITY.
Apparent Solid Density. A term used
when considering the density of a porous
material, e.g. a fireclay or silica
refractory. It is defined as the ratio of
the mass of the material to its APPARENT
SOLID VOLUME (q.v.) (cf. TRUE
DENSITY).

Apparent Solid Volume. A term used
when considering the density and
volume of a porous solid, particularly a
refractory brick. It is defined as the
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volume of the solid material plus the
volume of any sealed pores and also of
the open pores.

Apparent Specific Gravity. For a porous
ceramic, the ratio of the mass to the
mass of a quantity of water that, at 4°C,
has a volume equal to the APPARENT
SOLID VOLUME (q.v.) of the material at
the temperature of measurement. ASTM
C20 specifies a boiling water test; ASTM
C830 a vacuum pressure test.
Application Weight. The weight of
vitreous enamel coating applied, per unit
area covered.

Applied Moment Double Cantilever
Beam. See FRACTURE TOUGHNESS
TESTS.

Apron. See under SAND SEAL.

APS. Air plasma spraying — see PLASMA
SPRAYING.

AQL. Acceptance Quality Level. See
ACCEPTANCE TESTING.

Arabian Lustre. The original type of on-
glaze lustre used by the Moors from the
9th century onwards for the decoration
of pottery; the sulphides or carbonates of
copper and/or silver are used, the firing-
on being in a reducing atmosphere so
that an extremely thin layer of the metal
is formed on the glaze.

Arbor. US term for the spindle of a
grinding machine on which the abrasive
wheel is mounted.

Arc Furnace. See ELECTRIC FURNACE.
Arc ion plating. Metal is evaporated and
ionised, then a reactive gas of non-
metallic elements is introduced and
reacted with the metal vapour at the
surface of a substrate, whereon a
ceramic film is formed. Usually the
substrate is given a negative bias voltage.
Arc-image Furnace. See IMAGE
FURNACE.

Arc-spraying. See PLASMA SPRAYING.
Arch. In addition to its normal meaning
this term is sometimes applied to a

furnace roof. See also ARCH BRICK;
ARCHING; POT ARCH.

Arch Brick. A building brick or refractory
brick having the two large faces inclined
towards each other. This may be done in
two ways: in an END ARCH (q.v.) one of
the end faces is smaller than the opposite
end face; in a SIDE ARCH (q.v.) one of the
side faces is smaller than the opposite side
face. Arch bricks are used in the
construction of culverts, furnace roofs, etc.
(See Fig. 1, p 15.)

Arching. (1) The preheating of glass-pots
before use. (2) The jamming of material
in a hopper or shaft furnace, an empty
space being formed beneath the ‘arch’
thus produced.

Architectural Glass. Glass used in the
construction industry. ASTM C-724
specifies Test Methods for Acid
Resistance of Ceramic Decorations on
Architectural Glass. Four drops of each
of 10% citric acid and nominal 3.7%
HCl are placed on the glass surface for
15 min, and acid attack assessed visually
against a 7-point scale.

Archless Kiln. Alternative name for
SCOVE (q.v.).

Argillaceous. Containing clay; clayey.
(From French argile, clay).

Argillite. A sedimentary rock rich in clay
minerals; the term is now generally
applied to thick-bedded clay rock that
has no distinct cleavage.

Aridised Plaster. Plaster that has been
treated, while being heated in the
‘kettle’, with a deliquescent salt, e.g.
CaCl,; it is claimed that this produces a
strong plaster having more uniform
properties.

Ark. A large vat used in the pottery
industry for the mixing or storage of clay
slip.

Arkose. A rock of the sandstone type
but containing 10% or more of feldspar;
it is formed by decomposition of granite.
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Armeur. Ceramic armour stops
projectiles by absorbing their kinetic
energy to generate cracks in the hard,
brittle ceramic. Of light weight
compared to metal armour, ceramics
such as boron carbide and alumina are
useful as body armour.
Armouring. Metal protection for the
refractory brickwork at the top of the
stack of a blast furnace; its purpose is to
prevent abrasion of the refractories by
the descending burden (i.e. the raw
materials charged to the furnace).
Arrest Line. A R1B MARK (q.v) defining
the crack front shape of an arrested
crack, before the crack is spread again
by a new stress.
Arrhenius’ Law. A logarithmic
relationship between reaction rate and
temperature which applies to creep,
diffusion and solid state phase
transformations (among many other
chemical and physical reactions).
logv=A-qkT
where v is the reaction rate, A is a
constant, g is the activation energy, T is
the temperature and k is Boltzmann’s
constant. The activation energy is a
threshold energy value which the system
must have before the reaction can occur.
Arris. The sharp edge of a building brick
or ridge-tile; an ARRIS TILE is a specially
shaped tile for use in the ridge or hip of
a roof. The ARRIS EDGE on glass is a
bevel up to 1/16 in. (1.5 mm) wide and at
an angle of 45°.
Arsenic Oxide. As,O5; sublimes at
193°C; sp. gr. 3.87. Used as a fining and
decolorizing agent (particularly in
association with selenium) in glass
manufacture.
ASA. Prefix to specifications of the
American Standards Association, 70
East 45th Street, New York 17.
Artifical Porcelain. See SOFT PASTE
PORCELAIN.

Asbestine. A fibrous mineral consisting
of mixed hydrated silicates of Mg and
Ca; it occurs in New York State.
Asbestos. A fibrous, heat-resistant
mineral, which may be formed into
boards or woven into fabric or paper.
Formerly much used as a heat insulating
material, the health hazard of ASBESTOSIS
has led to its replacement by forms of
calcium silicate board. There are two
types of asbestos. Chrysotile is a hydrated
magnesium silicate, stable up to 500 °C. It
is used as a reinforcing fibre in asbestos
cement, when mixed with water and
Portland cement. Heat-resistant boards,
sheets and pipes can be made, containing
about 10% asbestos. Relevant British
standards are BS486, 567, 690, 835, 3497,
3656, 4624 and 5247. Amphiboles (e.g.
tremolite, a hydrated calcium magnesium
silicate, or crocidolite, a hydrated sodium
iron silicate) also known as blue asbestos,
cause ASBESTOsIS. They are less strong
than chrysotile, though with higher elastic
moduly, and weaken markedly above 300
°C. The Annual Book of ASTM
standards, Vol 4.05, lists some 50
standards for asbestos fibre and asbestos-
cement products and relevant test
methods.

Asbestosis. A severe inflammatory
disease of the lungs, caused by inhaling
amphibole (blue) asbestos.

Asbolite. Impure cobalt ore used by the
old Chinese potters to produce
underglaze blue.

Ascera Method. A tensile testing
technique using test pieces of simple
geometry and large test volume
(cylinders 9 to 10 mm diameter, 120 mm
long). Non-tensile forces are minimised
by careful design of the gripping,
alignment and force application devices.
(ASEA Ceramica AB, Sweden).
Ashfield Clay. A fireclay associated with
the Better Bed coal, Yorkshire, England.
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The raw clay contains about 57% SiO,,
27% Al,0Os, 1.7% Fe,O; and 1.5%
alkalis.

ASTM. American Society for Testing
and Materials. This Society is
responsible for most of the American
standard specifications for ceramics.
Address: 1916 Race St., Philadelphia 3,
Pa., USA.

Ashlar Brickwork. Clay brick or
blockwork, made to resemble stonework
by the size, arrangement and surface
appearance of the units.

Aspirating Screen. A vibrating SCREEN
(q.v) through which the fines are drawn
by suction.

Astbury Meodel. A theoretical model to
describe the plasticity of clays, and in
particular their non-elliptical (except
bentonite) hysteresis loops. The clay is
represented as an arrangement of purely
elastic elements (springs) and purely
viscous elements (dashpots) with the
proviso that as more energy is stored,
the elastic elements break down and are
converted into viscous elements. (N.F.
Astbury. Science of Ceramics ,Vol. 2,
1965).

Atomiser. A device to produce a fine
spray of small particles or liquid
droplets. In a SPRAY DRYER, the
atomiser may be a nozzle, or a spinning
head which produces the spray
centrifugally.

Atritor, Trade-name: a machine that
simultaneously dries and pulverizes raw
clay containing up to 18% moisture; it
consists of a feeder, metal separator,
pulverizer, and fan. (Alfred Herbert
Ltd., Coventry, England.)

Attaclay. See ATTAPULGITE.
Attapulgite, One of the less common
clay minerals; it was first found at
Attapulgus, USA, and is characterized
by a high (10%) MgO content. It has a
large surface area and is used in oil

refining, as a carrier for insecticides, etc.
Also known as PALYGORSKITE (Q.V.).
Atterberg Test. A method for
determining the plasticity of clay in
terms of the difference between the
water content when the clay is just
coherent (tested by rolling out the clay
by hand) and when it begins to flow as a
liquid; the difference is the Atterberg
Number. The test was first proposed by
A. Atterberg (Tonindustr. Ztg., 35, 1460,
1911).

Attributes. Qualitative characteristics of
products, whose presence or absence is
subject to inspection to assess the
acceptance quality level of a sample.
(Inspection by variables involves
numerical measurement) BS 1902 Pt 3.13
relates to the attributive properties of
corner, edge and surface defects in
refractories. See ACCEPTANCE TESTING.
Attrition. Particle-size reduction by a
process depending mainly on impact
and/or a rubbing action.

Attrition Mill. A disintegrator depending
chiefly on impact to reduce the particle
size of the charge. Attrition mills are
sometimes used in the clay building
materials industry to deal with the
tailings from the edge-runner mill
Attritor. Tradename. A bead mill, made
by Torrance & Sons, Bristol.

Aubergine Purple. A ceramic colour,
containing Mn, introduced in the 18th
century, when it was used for underglaze
decoration.

Auger. (1) An extruder for clay, or clay
body, the column being forced through
the die by rotation of a continuous screw
on a central shaft. (2) A large
‘corkscrew’ operated by hand or by
machine to take samples of soft material,
e.g. clay, during prospecting.

Autoclave. A strong, sealed, metal
container, fitted with a pressure gauge
and safety valve; water introduced into
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the container can be boiled under
pressure, the gauge pressure developed
at various temperatures being as follows:
Gauge pressure (p.s.i.): 025 50 100 150
(0 175 350 700 1050 kPa)

Temperature (°C): 100 130 148 170 186
A common method of testing glazed
ceramic ware for crazing resistance is to
expose pieces of ware to the steam in an
autoclave, at 50 p.s.i. in B.S. 3402 and
B.S. 4034, or at 5~250 p.s.i. (increasing
the pressure in steps of 50 p.s.i.) in
ASTM - C424. The method is
unsatisfactory because it confuses the
effects of moisture expansion (the prime
cause of crazing) and thermal shock. An
autoclave test is also sometimes used in
the testing of vitreous enamelware. As
applied to the testing of portland
cement, the autoclave test reveals
unsoundness resulting from the presence
of any MgO or CaO.

Autocombustion System. An
electronically controlled impulse system
for the oil firing (from the top or side) of
ceramic kilns.

Autogenous Grinding Mill. In this type
of rotating cylinder mill, the only
grinding medium is the incoming coarse
feed. (Autogenous = self-produced).
Automation. The operation of processes
under automatic control (nowadays
usually by digital computer) without
human intervention. Older U.S.
literature, especially that relating to the
brick industry, used the term when
mechanisation was meant — power
assistance without automatic control.
Autosieve. An automatic sieve
fractionation system for particle size
analysis. Four sieves are mounted on the
outside of a hollow plastics cylinder, into
which powder is fed through an axial
part. Cylinders are interchangeable, with
different sets of sieves. The finest sieve is
at the bottom. Sieves are mechanically

oscillated and fluid jets blown through
the sieves to fluidize the powder. The
fines are automatically weighed at each
oscillation of the sieves.

Auxiliary Metal Bath Process. Molten
metals act as solvents to promote
reactions between inorganic materials to
form powders of borides, carbides or
nitrides. (Powder Metallurgy Int. 4, (4),
191, 1972).

Autostic. A water-based, air-setting
cement much used for small tasks such
as mounting thermocouple sheaths.
(Tradename of Carlton, Brown &
Partners, Sheffield).

Aventurine, A decorative effect
achieved on the surface of pottery or
glass by the formation of small, bright,
coloured crystals (generally hematite,
Fe,O,, on pottery bodies, but chrome or
copper on glassware).

Ayrshire Bauxitic Clay. A non-plastic
fireclay formed by laterisation of basalt
lava and occurring in the Millstone Grit
of Ayrshire, Scotland; there are two
types, the one formed in situ, the other
being a sedimentary deposit. Chemical
analysis (per cent) (raw): SiO, 42; Al,O,
38; TiO,, 3—4; Fe, 0, 0.5; alkalis, 0.2.
AZS Relractories. Alumina-zirconia-
silica refractories, used in contact with
the molten glass in glassmaking. These
refractories are fusion-cast for high
density, low porosity, and resistance to
corrosion by ingress of molten glass.
ASTM C1223 tests for glass exudation
from AZS refractories, on heating to
1510 °C.

B25 Block. A hollow clay building block,
25x30x13.5 cm, introduced by the Swiss
brick industry in 1953. It is economical
to lay (22 blocks per m2), giving a wall
25 cm thick with low thermal
transmittance.

Babal Glass. Name for Barium
Boro-Aluminate glass proposed by
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M. Monneraye, J. Serindat and C.
Jouwersma (Glass Techn., 6, (4), 132,
1965).

Babic’s Mortar. A cement mortar made
water-repellant by incorporating an
aqueous siliconate. (Build Trades J. 183
(5439) 34 1982)

Babosil. Trade-name: a frit for

pottery glazes, so-named because

it contains barium, boron and silica.

It comprises:

0.06 K,0  0.125 Al,O,
0.50 Na,0 0.68 B,O,

0.43 BaO
2.45 Si0,

Backbone. A system of polystyrene
backing for brick panels. (United
Research & Development Corp, and
BASF).

Backface Wear. Abrasion of the rear
face of a refractory by differential
movement between it and a rotating or
flexing structure, e.g. in a rotary cement
kiln.

Back Heat. In an annular kiln, the
temperature in the furthest back of the
chambers being fired; sometimes the
term is extended to include the hottest of
the chambers being cooled.

Back Ring. See HOLDING RING.

Back Stamp. The maker’s name and/or
trademark stamped on the back of
pottery flatware or under the foot of
hollow-ware.

Backing. The common brickwork behind
facing bricks in a brick building, or low-
duty refractories or heat insulation
behind the working face of a furnace.
Backing Strip. A strip of metal welded to
the back of a metal panel prior to its
being enamelled; the purpose is to
prevent warping.

Bacor; Bakor. A Russian corundum-
zirconia refractory for use more
particularly in the glass industry; the
name is derived from BADDELEYITE
(g.v.) and corRUNDUM (q.v.). There are

various grades, e.g. BAKOR-20 (62%
Al,O4, 18% Zr0,, 16% Si0,) and
BAKOR-33 (50% ALO;, 30% ZrO,, 15%
Si0,).

Baddeleyite. Natural zirconia, ZrO,;
there are deposits of economic
importance in Australia, Brazil and
Russia.

Badging. The application, usually by
transfer or silk-screen, of crests, trade
marks, etc. to pottery or glass-ware (cf.
BACK STAMP).

Baffles. Thin detachable batts, placed
vertically around the edge of a kiln car
as a shield, held in place by small wedges
known as baffle pegs.

Baffie Mark. A fault that may occur on a
glass bottle as a mark or seam caused by
the joint between the blank mould and
the baffle plate.

Baffle Wall. See sHaADOW WALL.

Bag Wall. A wall of refractory
brickwork built inside a downdraught
kiln around a firebox, each firebox
having its own bag wall. The purpose is
to direct the hot gases towards the roof
of the kiln and to prevent the flames
from impinging directly on the setting
(cf. FLASH WALL).

Bain Deformation. The conversion of
one crystal lattice into another by a
simple expansion or contraction along
the orthogonal axes. A MARTENSITIC
TRANSFORMATION (g.v.) can be
described by a Bain deformation
combined with a lattice-invariant
deformation (one which does not change
the crystal structure) to produce an
undistorted plane; the transformed
(product phase) lattice is then rotated to
coincide with the present lattice along
the habit plane.

Bait. (1) A tool used in the glass
industry- it is dipped into the molten
glass in a tank furnace to start the
drawing process.
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(2) To shovel solid fuel into the firebox
of a kiln.

Bakor. See BACOR.

Balance; Balancing. A grinding wheel is
said to be in STATIC BALANCE if it will
remain at rest, in any position, when it is
mounted on a frictionless, horizontal
spindle; such a wheel is also in DYNAMIC
BALANCE if, when rotated, there is no
whip or vibration. The process of testing
for balance, and the making of any
necessary adjustment to the wheel, is
known as BALANCING.

Baldosin Catalan. A Spanish type of
extruded ceramic floor tile.

Ball Clay. A sedimentary kaolinitic clay
that fires to a white colour and which,
because of its very fine particle size, is
highly plastic. The name is derived from
the original method of winning in which
the clay was cut into balls, each weighing
about 15kg. As dug, ball clays are often
blue or black owing to their high content
of carbonaceous matter. In England, ball
clays occur in Devon and Dorset; in
USA, they are found in Kentucky and
Tennessee. Ball clays are incorporated in
ceramic bodies to give them plasticity
during shaping and to induce vitrification
during firing. In addition to their use in
most pottery bodies and as suspending
agents for vitreous enamels, ball clays
are used to bond nonplastic refractories
such as sillimanite. Current consumption
is about 400 000 tons in USA and 100
000 tons in Britain.

Ball-in-hand Test. A ball of mixed
castable refractory, shaped by hand, is
allowed to fall from a specified height
and caught in the open fingers of the
hand. The consistency is judged with the
aid of photographs. The test is specified
in ASTM C-860 and in BS 1902 Pt. 7.3.
Ball Mill. A fine-grinding unit of a type
much used in the pottery, vitreous
enamel, and refractories industries. It

consists of a steel cylinder or truncated
cone that can be rotated about its
horizontal axis (see CRITICAL SPEED);
the material to be ground is charged to
the mill together with alloy-steel balls,
pebbles, or specially made ceramic
grinding media (generally high-alumina).
The mill may be operated dry or wet;
wet ball-milling is usually a batch process
but dry ball-milling may be continuous,
the ‘fines’ being removed by an air
current (ATR-SWEPT BALL MILL).

Ball Test. See KELLY BALL TEST.
Balling. (1) The tendency of some
ceramic materials or batches, when
moist, to aggregate into small balls when
being mixed in a machine.

(2) One method of shaping pottery
hollow-ware in a JOLLEY (q.v.); a ball of
the prepared body is placed in the
bottom of the plaster mould and is then
‘run up’ the sides of the mould as it
rotates.

Ballotini. Transparent glass spheres less
than about 1.5 mm diameter; presumably
a derivative of the Italian ballotta, a
small ball used for balloting.

Baltride. Tradename. A coating of
TITANIUM NITRIDE (q.v.) applied,
especially to twist drills, by plasma
vapour deposition. (Balzer’s High
Vacuum Co).

Bamboo Tile. A term used in Africa and
Asia for SPANISH TILE (q.v.) on account
of their resemblance, when placed in
position, to a roof of split bamboo.
Bamboo Ware. A bamboo-like type of
CANE WARE (q.v.), somewhat dark in
colour, first made by Josiah Wedgwood
in 1770.

Banbury Mixer. A heavy-duty mixer for
viscous pastes, with a pair of counter-
rotating rotors.

Banding. The application, by hand or by
machine, of a band of colour to the edge
of a plate or cup.
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Band Theory of Solids. The outer
electrons of the atoms in a crystal lattice
behave as though unbound, but subject
to a periodic electrical potential
corresponding to the lattice spacing.
Their possible energies fall into bands of
allowed and forbidden states. See also
ELECTRICAL CONDUCTIVITY.

Bank Kiln. A primitive type of pottery
kiln used in the Far East: it is built on a
bank, or slope, which serves as a
chimney.

Banks. The sloping parts between the
hearth of an open-hearth steel furnace
and the back and front walls. They were
constructed of refractory bricks covered
with fritted sand (Acid O.H. Furnace) or
burned-in magnesite or dolomite (Basic
O.H. Furnace). cf. BREASTS.

Bannering. Truing the rim of a saggar
(before it is fired) by means of flat metal
or a wooden board, to ensure that the
rim lies in one horizontal plane and will
in consequence carry the load of
superimposed saggars uniformly.
Bansen. A unit of gas permeability
expressed in [(m3/h.).cm]/ [m2(mm water
pressure)] (H. Bansen, Arch.
Eisenhuttenw. 1, 667, 1927-28).

Baraboo Quartzite. A quartzite of

the Devil’s Lake region of Wisconsin,
USA, used in silica brick manufacture.
A quoted analysis is (per cent): SiO,,
98.2; Al,O3, L.I; Fe,04, 0.2; Na,O +
K,0, 0.1.

Barbotine. French word for srip (g.v.).
Barelattograph. A French instrument for
the automatic recording of the
contraction and loss in weight of a clay
body during drying under controlled
conditions; (for description see Bull. Soc.
Franc. Céram. No. 40, 67, 1958).

Barium Boride. BaBg; m.p., 2270°C; sp.
gr., 4.32; thermal expansion, 6.5 x 10-5;
electrical resistivity (20°C), 306
pohm.cm.

Barium Carbonate. BaCO;; decomposes
at 1450°C; sp. gr. 4.4. Occurs naturally in
Durham, England, as witherite. The
principal use in the ceramic industry of
the raw material is for the prevention of
efflorescence on brickwork; for this
purpose it is added to brick-clays
containing soluble sulphates. The pure
material is used in the manufacture of
barium ferrite permanent magnets, and
in some ceramic dielectrics to give lower
dielectric loss. In the glass industry this
compound is used in optical glass and
television tubes; it is also used in some
enamel batches.

Barium Chloride. BaCl, a soluble
compound sometimes used to replace
CaCl, as a mill-addition in the
manufacture of acid-resisting vitreous
enamels. It also helps to prevent
scumming. Poisonous.

Barium Osumiilite. A glass-ceramic
formulation BaMg,Al3(SigAl,04p)
patented by J. J. Brennan et al (U.S. Pat
4589900, 1986, used as the foundation
material for composites.

Barium Oxide. BaO; m.p. 1920°C; sp. gr.
5.72.

Barium Stannate. BaSnOj; it is
sometimes added to barium titanate
bodies to decrease the Curie
temperature. An electroceramic
containing approx. 90 mol% BaTiO5 and
10 mol%, BaSnO; has a very high
dielectric constant (8000-12000 at 20°C).
Barium Sulphate. BaSO,; m.p. 1580°C;
sp. gr. 4.45.

Barium Titanate. BaTiO5; m.p. 1618°C.
Made by heating a mixture of barium
carbonate and titania at 1300-1350°C.
Because of its high dielectric constant
(1350-1600 at 1 MHz and 25°C) and its
piezoelectric and ferroelectric properties,
it finds use in electronic components; its
Curie temperature is 120-140°C. The
properties can be altered by the
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formation of solid solutions with other
ferroelectrics having the perovskite
structure, or by varying the BaO:TiO,
ratio on one or other side of the
stoichiometric.

Barium Zirconate, BaZrO;; m.p. 2620 C;
sp. gr. 2.63. Synthesized from barium
carbonate and zirconia and used as an
addition (generally 8-10%) to barium
titanate bodies to obtain high dielectric
constant (3000-7000) and other special
properties.

Barker-Truog Process. A process
described by G. J. Barker and

E. Truog (J. Amer. Ceram. Soc.,

21, 324, 1938; 22, 308, 1939; 24, 317,
1941) for the treatment of brickmaking
clays with alkali, this being claimed to
facilitate shaping and to reduce the
amount of water necessary to give
optimum plasticity. According to their
patent (US Pat. 2 247 467) the clay is
mixed with alkali to give pH 7-9 if it
was originally acid, or pH 8-10 if
originally non-acid; it is also stipulated
that the total amount of alkali added
shall be limited by the slope of the
curve relating the pH to the quantity of
alkali added, this slope being reduced to
half its original value. The alkali is
usually added as soda ash (Na,COj3)
and the amount commonly required is
about 0.2%.

Bar Kiln, Bar Dryer. A pre-fabricated,
steel-cased tunnel kiln for the rapid
firing of heavy clay products is combined
in a two-storey arrangement with a rapid
dryer in which the ware is set on the
same Kkiln cars as are used for firing.
(Occidental Industries, Paris).
Barratt-Halsall Firemouth. A design for
a stoker-fired firemouth for a pottery
BOTTLE OVEN (q.v.); a subsidiary flue
system links all the firemouths around
the oven wall to assist in temperature
equalization. The design was patented by

W. G. Barratt and J. Y. M. Halsall (Brit.
Pat. 566 838; 16/1/45). Also known as the
GATER HALL DEVICE because it was first
used at the factory of Gater, Hall & Co.,
Stoke-on-Trent, where J. Y. M. Halsall
was General Manager and which was at
the time associated with the Barratt
pottery.

Barrelling. The removal of surface
excrescences and the general cleaning of
metal castings by placing them in a
revolving drum, or barrel, together with
coarsely crushed abrasive material such
as broken biscuit-fired ceramic ware (cf.
RUMBLING).

Barton Clay. A clay of the Eocene
period used for brickmaking near the
coast of Hampshire and in the Isle of
Wight.

Barytes. Naturally occurring BARIUM
SULPHATE (q.v.) It is the principal
source of BARIUM CARBONATE (q.V.)
but is also used to some extent in the
natural state in glass manufacture.
Basalt Ware. A type of ceramic artware
introduced in 1768 by Josiah Wedgwood
and still made by the firm that he
founded. The body is black and vitreous,
iron oxide and manganese dioxide being
added to achieve this; a quoted
composition is 47% ball clay, 3% china
clay, 40% ironstone and 10% MnO.,.
The ware has something of the
appearance of polished basalt rock (cf.
FUSION-CAST BASALT).

Base Coat. A fired coating over which
another coating is applied. See GROUND-
COAT; ENGOBE.

Base Code. Alternative name for PUNT
CODE (q.v.).

Base Exchange. See IONIC EXCHANGE.
Base Metal. (1) In the phrase
‘base-metal thermocouple, this term
signifies such metals and alloys as
copper, constantan, nickel, tungsten,
cte.



BATDOFT THEORY 23

(2) In the vitreous-enamel industry, the
term means the metal (steel or cast iron)
to which the enamel is applied.

Basic Fibre. Glass fibres before they
have been processed. A number of fibres
may subsequently be bonded together to
form a strand.

Basic Open-hearth Furnace. An OPEN-
HEARTH FURNACE (q.v.) used in the
refining of basic pig-iron. The hearth is
built of basic refractory bricks covered
with burned dolomite or magnesite.
Basic Oxygen Steelmaking. Various
related processes in which oxygen is
blown into the molten iron bath by a
retractable refractory lance. The vessels
are lined with basic refractories, and
lime may also be injected through the
lance. The BOS, BOF or LD/AC process
is top-blown, in that the oxygen is
introduced from above. The Q-BOP
(quiet or quick BOP) or OBM (oxygen
bottom Maxhuette) process is bottom-
blown through a nozzle in the lower
lining, which shrouds the oxygen with a
concentric jet of hydrocarbons to protect
the lining. See L-D PROCESS.

Basic Refractory. A general term for
those types of refractory material that
contain a high proportion of MgO and/or
CaQ, i.e. oxides that at high
temperatures behave chemically as
bases. The term includes refractories
such as magnesite, chrome-magnesite,
dolomite, etc.

Basket-weave Checkers. CHECKERS
(g.v.) built to form continuous vertical
flues.

Basse-taille. Vitreous enamelled artware
in which a pattern is first cut in low relief
on the metal backing, usually silver; the
hollows are then filled with translucent
enamel, which is subsequently fired on.
Basset Process. For the simultaneous
production of hydraulic cement and pig-
iron by the treatment, in a rotary kiln, of

a mixture of imestone, coke, and iron
ore. (L. P. Basset, French Pat. 766 970,
7/7/34; 814 902, 2/7/37.)

Bastard Ganister. A silica rock having
many of the superficial characters of a
true GANISTER (q.v.) such as colour and
the impression of rootlets, but differing
from it in essential details, e.g. an
increased proportion of interstitial
matter, variable texture, and incomplete
secondary silicification.

Bat. (1) A refractory tile or slab as used,
for example, to support pottery-ware
while it is being fired.

(2) A slab of plaster used for various
purposes in the pottery industry.

(3) A roughly shaped disk of pottery
body - as prepared on a batting-out
machine prior to the jiggering of
flatware, for example.

(4) A short building brick, either made
as such or cut from a whole brick.

(5) In USA, a piece of brick that has
been broken off.

Bat Printing. A former method of
decorating pottery; it was first used, in
Stoke-on-Trent, by W. Baddeley in 1777.
A bat of solid glue or gelatine was used
to transfer the pattern, in oil, from an
engraved copper plate to the glazed
ware, colour then being dusted on. The
process was still in use in 1890 and has
now been developed into the MURRAY-
CURVEX MACHINE (q.v.).

Batch. A proportioned mixture of
materials. The term is used in most
branches of the ceramic industry; in
glass-making, the batch is the mixture of
materials charged into the furnace.
Batch-type Mixer. See MIXER.

Ban. Sec BAT.

Batdorf Theory. A theory of brittle
fracture which assumes random flaw
orientation and a consistent crack
geometry, proposing that reliability
predictions should be based on linear
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elastic fracture mechanics combined
with the weakest link theory. See
FRACTURE MECHANICS. (S. B. Batdorf
and J. G. Crose. J Appl.Mech 41 (1974)
p459).

Batt Wash. See REFRACTORY COATING.
Batter. In brickwork, the name given to
an inclined wall surface or to the angle
of such a surface to the vertical.
Battery. Term applied to the large
refractory structure in which coke is
produced in a series of adjacent ovens
(cf. BENCH).

Battery Casting. A system of mechanised
handling, tilting and automatic filling of
the heavy plaster moulds used to slip-
cast sanitaryware. Several moulds are
grouped together in a ‘battery’ and
handled as one unit. The sytem was
invented by Shanks Ltd of Glasgow
(Br.Pat. ), and developed by the
Armitage-Shanks Group.

Battery Top Paving. Refractory
brickwork, cast blockwork or cast
refractory concrete laid or placed on the
top of a coke-oven BATTERY.

Batting Out. The process of making a
disk of prepared pottery body for
subsequent shaping in a JIGGER

(q-v.).

Battledore. A tool used in the hand-
made glass industry for shaping the foot
of a wine glass; also known as a
PALLETTE.

Baudran Expansion Apparatus. A device
for measuring the thermal expansion of
ceramics up to 1500°C; expansion of the
test-piece is directly transmitted by a
lever system to an inductive
displacement detector. This procedure is
used for testing refractories (B.S. 1902,
Pt. 1A); it was devised by A. Baudran
(Bull. Soc. Franc. Ceram. (27), 13, 1955).
Baumé Degrees (°Bé). A system,
introduced by a Frenchman, A. Baumé,
in 1768 for designating the specific

gravity of liquids. There are two scales,
one for liquids lighter than water and
one for heavier liquids; only the latter is
normally of interest in the ceramic
industry, where it is sometimes used in
describing the strength of sodium silicate
solutions. The precise equivalence
between the Baumé scale and the
specific gravity is in some doubt but the
following conversion factor has been
standardized in USA and may be
generally accepted:

sp. gr. = 145/(145-°Bé)
Bauxite. A mineral containing a high
proportion of aluminium hydroxides,
formed by weathering in tropical
climates. Its principal sources are
Australia, Brazil, France, French
Guinea, Guyana, Hungary, Jamaica,
Surinam, Russia and former Yugoslavia.
It is purified in the BAYER PROCESS
(q.v.) to produce calcined alumina used
in the abrasives, electroceramics,
refractories and other branches of the
ceramics industry.
Bauxitland Cement. See KUHL CEMENT.
Bayer Process. A process for the
extraction of alumina from bauxite,
invented by K. J. Bayer in 1888. The
bauxite is digested with hot NaOH and
the Al,O; is then extracted as the soluble
aluminate. Because of this method of
extraction, the calcined alumina used in
the ceramic industry usually contains
small quantities of Na,O.
Bayerite. A trihydrate of alumina,
Al,0O5.3H,0, named after K. J. Bayer,
originator of the BAYER PROCESS. (q.V.);
however, the trihydrate formed in this
process is GIBBSITE (q.v).
BDKG. Berichte der Deutschen
Keramische Gesellschaft.
Bead. (1) Any raised section round
glass-ware.
(2) A small piece of glass or ceramic
tubing surrounding a wire.
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Beading. (1) The application of vitreous
enamel slip, usually coloured, to the
edge of enamelware.

(2) Removal of excess vitreous enamel
slip from the edges of dipped ware.
Bead Test. The softening and flow
characteristics of a glass are assessed by
comparing the bahaviour of a bead of
specified size and shape with beads of
standard compositions.

Bear. See SALAMANDER

Bearer Arch. See RIDER BRICKS.

Bed Alternative name for a SETTING
(q.v.) of gas retorts.

Bed Joint. A horizontal joint in
brickwork.

Bedder. A plaster shape conforming to
that of the ware to be fired and used to
form the bed of powdered alumina on
which bone china is fired.

Bedding. (1) The placing of pottery
flatware on a bed of refractory powder,
e.g. silica sand or calcined alumina, to
provide uniform support during the
firing process, thus preventing warpage.
(2) The compacted base (of gravel or
other material) on which sewer pipes are
laid and supported. ASTM C896. The
Clay Pipe Development Association, UK
has published tables relating to bedding
and loads on vitrified clay pipes.
Beehive Kiln. See ROUND KILN.
Beer-Lambert Law. = LAMBERT’S LAW
(qv.).

Beidellite. A clay mineral first found at
Beidell, Colorado, USA; it is an Al-rich
member of the montmorillonite group.
Belfast Sink. A domestic or industrial
sink with an overflow and with its top
edge plain; cf. EDINBURGH SINK and
LONDON SINK.

Belgian Kiln. A type of annular kiln
patented by a Belgian, D. Enghiens
(Brit.Pats.18281, 1891; 22008, 1894;
7914, 1895). 1t is a longitudinal-arch kiln
with grates at regular intervals in the kiln

bottom; it is side-fired on to the grates.
Such kilns have been popular for the
firing of fireclay refractories at 1200-
1300°C.

Belite. The name given to one of the
crystalline constituents of portland
cement clinker by A. E. Térnebohm
(Tonindustr. Ztg., 21, 1148, 1897). This
mineral has since been identified as one
form of 2Ca0.SiO,.

Bell. The socket of a sewer pipe, into
which the sPIGOT fits. See also TRUMPET.
Bellarmine. A fat, salt-glazed bottle or
jug, usually decorated with a bearded
face stamped on the narrow neck.

Bell Damper. A damper of the sand-
seal type, and bell-shaped. Such
dampers are used, for example, in
annular kilns.

Belleek Ware. A distinctive type of
pottery made at Belleek, County
Fermanagh, Northern Ireland. The
factory was established in 1857 and the
ware is characterized by its thinness and
slightly iridescent surface; the body
contains a significant proportion of frit.
Bell Kiln. See TOP HAT KILN.

Bench Paving. Brickwork on the top
surfaces of coke oven side benches, to
resist coke spillage, heat and abrasion.
Belly. (1) The part of a blast furnace
where the cross-section is greatest,
between the sTack (q.v.) and the BOsH
(q.v.); this part of a blast furnace is also
known as the wAIsT.

(2) The part of a converter in which the
refined steel collects when the converter
is tilted before the steel is poured.
Bender Abrasion Method. The Concrete
Masonry Association of Australia test
for ABRASION RESISTANCE (q.v.) based
on the test developed by Perth City
Council, derived from ASTM C779-82.
The abrasion index Ia is given by

Ia = (number of thousands of
revolutions)'s/depth of penetration.
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Steel ball bearings are driven at constant
load across the surface and the depth of
penetration measured.

Belshazzar. A 16-quart wine bottle.

Belt Kiln. A tunnel kiln through which
ware is carried on an endless belt made
of a wire-mesh woven from heat-
resisting alloy. Such belts, if slightly
overheated, can leave belt marks on the
ware, a common fault with glassware
from the lehr. In the pottery industry
such kilns have found some use for glost
and decorating-firing.

Bench. (1) A series of chamber ovens or
gas retorts built of refractory bricks to
form a continuous structure.

(2) The floor of a pot furnace for making
glass.

(3) A clay pit, if beyond a certain depth.
may be worked in a a series of horizontal
layers, known as Benches: these may
coincide with different strata in the
working face.

Bend Test. See MODULUS OF RUPTURE.
Beneficiation. US term for any process,
or combination of processes, for
increasing the concentration of a mineral
in an ore; the term is now replacing the
older term ‘mineral dressing’ in the UK.
An example of beneficiation in the
ceramic industry is the treatment of
certain pegmatites to produce a
SPODUMENE (q.v.) concentrate.

Bent Glass. FLAT GLASS (q.v.) which has
been reshaped when hot.

Bentonite. A natural clay, named from
Fort Benton, USA, where it was first
found. It consists chiefly of
MONTMORILLONITE (q.v.). It occurs as
two varieties — sodium bentonite and
calcium bentonite; the former swells very
considerably when it takes up water. The
principal source is USA: Western
bentonite (the Na variety from the
Wyoming area) and Southern bentonite
(the Ca variety from the Mississippi

area). The particle size of bentonite is all
less than 0.5um; It has remarkable
bonding properties and is used as a
binder for non-plastics, particularly for
foundry sands.

Bentonite Number. A measure of
sedimentation resistance, expressed in
terms of the heights of clear and turbid
portions of the liquid column, and its
overall density. A sharp boundary
between the suspension and the clear
liquid is formed by adding bentonite.
(Glass Ceram. 39 (5) 224 1983).

Berg Method. See DIVER METHOD.
Berkeley Clay. A plastic, refractory
kaolin from S. Carolina; P.C.E.34.
Berkovich Indenter. A 3-faced diamond
pyramid for indentation hardness tests.
A sharper tip can be maintained
compared to the 4-faced Vickers
pyramid indenter.

Berl Saddle. A chemical stoneware
shape for the packing of absorption
towers; it is saddle-shaped, size about
25mm, and approx. 60000 pieces are
required per m3. A packing of Berl
Saddles provides a very large contact
surface and is a most efficient type of
ceramic packing. (Patented in Germany
by E. Berl 1928).

Berlin Porcelain. Porcelain, particularly
laboratory porcelain, made at the Berlin
State Porcelain Factory. A quoted body
composition is 77% purified Halle clay
and 23% Norwegian feldspar, all finer
than 10mm. The ware is fired at 1000°C
and is then glazed and refired at 1400°C.
Bernitz Blocks. Perforated refractory
blocks designed for the passage of air
and steam in water-gas plant.

Berry Machine. See soFT MUD
PROCESS.

Beryl. 3BeO.A],0;.65i0,; this mineral
is the only economic source of beryllium
oxide and other beryllium compounds. It
occurs in Brazil, South Africa, India, and
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Madagascar. Beryl has a low, but
anisotropic, thermal expansion.

Beryllia. See BERYLLIUM OXIDE.
Beryllides. A group of intermetallic
compounds of potential interest as
special ceramics. Cell dimensions and
types of structure have been reported for
the beryllides of Ti, V, Cr, Zr, Nb, Mo,
Hf and Ta (A. Zalkin el al., Acta Cryst.,
14, 63, 1961).

Berylliosis. A serious lung disease
acquired by exposure to very small
quantities of the dust of beryllia or other
beryllium compounds. It may take many
years to reveal itself.

Beryllium Carbide. Be,C; decomposes at
2100°C with volatilization of Be; sp. gr.
approx. 2; Knoop hardness (25-g load)
2740; thermal expanston (25-800°C),
10.5 x 10-%. This refractory carbide is
slowly attacked by water at room
temperature and by O, and N, at
1000°C. It has been used as a moderator
in nuclear engineering.

Beryllium Nitride. Be;N,; m.p. 2200°C
but oxidizes in air when heated to above
600°C. There are two forms: cubic and
hexagonal.

Beryllium Oxide or Beryllia, BeO; m.p.
approx. 2530°C; sp. gr. 3.02. A special
refractory oxide notable for its
abnormally high thermal conductivity (1.4
W/mK at 60°C) and mechanical strength
(crushing strength 1.5 GN/m?2; transverse
strength, 200 MN/m? tensile strength 100
MN/mz2-all at 20°C). Thermal expansion
(20-1000°C), 9 x 10-6, Thermal-shock
resistance is good. Electrical properties:
Volume resistivity (300°C) 1013-1015
ohm-cm; dielectric constant (IMHz) 6-7,
power factor (1 MHz) 6.5 x 10-4. ASTM
F356 relates to its electrical and electronic
applications. It acts as a moderator for
fast neutrons and is used for this purpose
in nuclear reactors; it is also sometimes
used as a constituent of special porcelains.

Instruments have been mounted on BeO
blocks in space-craft. Beryllium
compounds are toxic.

Bessemer Converter. See CONVERTER.
Best Gold. See BURNISH GOLD.

Besto wing. The cover of fired bricks
(usually three courses) for the setting of
a CLAMP (Q.v.).

Beta-Alumina. (B-alumina) The
compound Na,O.11AL,O;. It has
applications as a solid electrolyte.
Bethel-Bagnall Nozzle. A composite
refractory nozzle designed to give a
constant teeming rate in the casting of
steel. A nozzle having the diameter
required for the latter part of the
teeming is fitted in the ladle well, and a
secondary nozzle of smaller diameter is
then fitted below the primary nozzle; the
nozzle of smaller diameter is removed
when the ladle has been partly emptied.
(H. A. Bethel and F. T. Bagnall, Brit.
Pat., 549 212, 11/11/42).

B.E.T. Method. See BRUNAUER,
EMMETT and TELLER METHOD.

Better Bed Fireclay. A siliceous fireclay
occurring under the Better Bed Coal of
the Leeds area, England.

Bevel Brick. A brick having one edge
replaced by a bevel (see Fig. 1, p39).
Bevelled. Cut at an angle. Flat glass is
given bevelled edges for aesthetic effect,
especially on mirrors. Bevelled bricks are
so made to fit corners, or to enhance the
appearance of the top of a wall. Bevelled
pipes have angled ends to fit
complementary ends or other
components at an angle.

BG-sign. A sign that the slip resistance
of a surface has been tested by the
Berufsgenossenschaftliche Institut fiir
Arbeitssicherheit. The sign is
accompanied by a classification of the
open voids and the slip resistance.
BHN. BRINELL HARDNESS (q.V.)
NUMBER.



28

BI. Bridge Indentation. See FRACTURE
TOUGHNESS TESTS.

Bicheroux Process. A method developed
in 1918 by Max Bicheroux, of Aachen,
for the production of plate glass; molten
glass from a pot is cast between rollers.
Bidet. A low ceramic bowl specially
designed for washing the private parts.
BS5505 provides a specification.
Bierbaum Scratch Hardness. A diamond
point is drawn across the surface to be
measured, under a specified pressure,
and the scratch width is measured with a
travelling microscope.

Bigot Curve. Drying shrinkage curves
for clays which correlate lineal shrinkage
with water loss in air-drying to 110°C.
Plasticity figures are derived by
multiplying the shrinkage by the ratio of
weights of water of plasticity to total
water absorbed. (A. Bigot, Comptes
Rendues, 172, 755, 1921).

Binder. A substance added to a ceramic
raw material of low plasticity to facilitate
its shaping and to give the shaped ware
sufficient strength to be handled;
materials commonly used for this
purpose include sulphite lye, sodium
silicate, molasses, dextrin, starch,
gelatine, etc. The term BOND (q.v.) is
also sometimes used in this sense but is
better reserved to denote the
intergranular material that gives strength
to the fired ware.

Bingham Body or Bingham Material. A
material that behaves elastically up to a
yield stress but at higher stresses
deforms at a rate proportional to the
stress in excess of the yield value.
(Named after E. C. Bingham; see
BINGHAM PLASTOMETER).

Bingham Plastometer. A device for the
measurement of the rheological
properties of clay slips by forcing the slip
through a capillary under various
pressures; a curve is drawn relating the

rate of flow to the pressure. E. C.
Bingham, Proc. A.5.T.M., 19, Pt.2, 1919;
20, Pt. 2, 1920.)

Bioceramics. Ceramics used in
biomedical applications. The chief
applications are as DENTAL CERAMICS
(g.v.) and PROSTHESES (q.v.). Alumina
and synthetic apatite or hydroxyapatite
are the most frequently used for
prostheses, which must be compatible
with body fluids.

Bioglass. Registered Tradename of
University of Florida for a series of
bioactive glasses.

Bioglass-Ceramics. Glass-ceramics (q.v.)
usually based on calcium phosphates,
used in biomedical applications
Biomimetic Process. The gradual
incorporation into the body, by a natural
process, of a synthetic material
mimicking a natural material. For
example, the gradual intergrowth of
bone material into synthetic porous
hydroxyapatite prostheses.

Biot Number. The heat-transfer ratio
hr/k, where h is the heat transfer
coefficient, r is the distance from the
point or plane under consideration to the
surface, and k is the thermal
conductivity. The Biot Number is a
useful criterion in assessing thermal-
shock resistance. (M. A. Biot, Phil. Mag.,
19, 540, 1935.)

Biotite. A mica containing appreciable
amounts of iron and magnesium,; it
sometimes occurs as an impurity in such
ceramic raw materials as feldspar and
nepheline syenite.

Bird’s Beak. A special type of wall tile
(see Fig. 7, p350).

Birdcage. An imperfection occasionally
occurring in bottle manufacture, a glass
thread (or threads) spanning the inside
of the bottle.

Birefringence. Double refraction, with
the formation of two images through a
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crystal such as calcite, which has
different refractive indexes for the two
planes of polarization of the incident
light. The greater this difference, the
greater the birefringence, or separation
of the images. BS 7604 specifies two tests
(Pt. 1a tensile test; Pt.2 a bending test)
for determining the stress optical
coefficient of glass, allowing stresses to
be computed from birefringence
measurements.

Biscuit. (1) Pottery that has been fired
but not yet glazed. Biscuit earthenware
is porous and readily absorbs water;
vitreous ware and bone china are almost
non-porous even in the biscuit state.

(2) In the vitreous-enamel industry, the
dried (but still unfired) coating of
enamel slip.

Biscuit Firing. The process of kiln firing
potteryware before it has been glazed.
Earthenware is biscuit-fired at 1100~
1150°C; bone china is biscuit-fired at
1200-1250°C.

Bismuth Oxide. Bi,O5; m.p. 825°C; sp.
gr. approx. 8.5. Four crystalline forms
exist.

Bismuth Stannate. Bi,(SnO;);:
sometimes added to barium titanate
bodies to modify their dielectric
properties; particularly to produce
bodies having an intermediate dielectric
constant (1000-1250) with a negligible
temperature coefficient.

Bismuth Teluride. Bi,Te;; m.p. 585°C.
A semiconductor that has found some
use as a thermoelectric material.

Bisque. The older form, still preferred in
USA, of the term BIscuIT (q.v.).

Bit Gatherer. The man whose job is to
gather small quantities of glass for use in
decorating hand-blown glass-ware.
Bitstone. Broken pitchers or calcined
flints (in either case crushed to about
25mm) formerly used in the bottom of a
saggar for glost firing to prevent sticking.

Black Ash. This term has been applied
to crude barium sulphide, which has
been used as a substitute for barium
carbonate as an additive to clay to
prevent scumming.

Black Body. As applied to heat
radiation, this term signifies that the
surface in question emits radiant energy
at each wavelength at the maximum rate
possible for the temperature of the
surface, and at the same time absorbs all
incident radiation. Only when a surface
is a Black Body can its temperature be
measured accurately by means of an
optical pyrometer.

Black Core or Black Heart. Most
fireclays and brick-clays contain
carbonaceous matter; if a brick

shaped from such clays is fired too
rapidly, this carbonaceous matter will
not be burned out before vitrification
begins. The presence of carbon and the
consequent reduced state of any iron
compounds in the centre of the fired
brick result in a ‘Black Core’ or ‘Black
Heart’.

Black Edging. A black vitreous enamel
applied over the GROUND-COAT (q.v.)
and subsequently exposed, as an edging,
by brushing away the COVER-COAT
(q.v.) before the ware is fired.

Black Speck. A fault, in glass,
particularly in the form of a small
inclusion of chrome ore. On pottery-
ware the fault is generally caused by
small particles of iron or its compounds.
In vitreous enamelware also, the fault is
caused by contamination.

Black Silica. A carbonaceous silica ash
produced by the controlied incineration
of rice husks (q.v.)

Blackboard Enamel. A slightly rough,
matt vitreous enamel which will accept
writing in chalk.

Blade. A section of a setting in a batch
kiln.
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Blaes. A Scottish name for carbonaceous
shales, of a blue-grey colour, associated
in the Lothians with oil-shales but
differing from these in having a much
lower proportion of bituminous matter,
in being brittle rather than tough, and in
producing when weathered a crumbling
mass which, when wetted, is plastic.
Blaine Test. A method for the
evaluation of the fineness of a powder on
the basis of the permeability to air of a
compact prepared under specified
conditions. The method was proposed by
R. L. Blaine (Bull. A.S.T.M., (123), 51,
1943) and is chiefly used in testing the
fineness of portland cement. The
equipment is essentially the same as
RIGDEN’S APPARATUS (q.V.).

Blake’s Profiles. Auxilary tools to ensure
accurate brickwork.

Blake-type Jaw Crusher. A jaw crusher
invented by E. W. Blake in 1858. One
jaw is fixed, the other being pivoted at
the top and oscillating at the bottom.
Output is high but the product is not of
uniform size (cf. DODGE-TYPE JAW
CRUSHER).

Blakely Test. See TUNING FORK TEST.
Blank. (1) In the vitreous-enamel
industry, a piece cut from metal sheet
ready for the shaping of ware. (2) A
piece of glass that has received
preliminary shaping. See also cLOT;
OPTICAL BLANK.

Blanc-de-Chine. White, glazed Chinese
porcelain.

Blanc Fixe. BARYTES (q.v.)

Blank Mould. The metal mould in which
the PARISON (q.v.) is shaped in glass
hollow-ware production.

Blanket Feeding. The charging of batch
(to a glass tank furnace) as a broad, thin
layer; this gives a uniform distribution
across the width of the furnace.

Blast Furnace. A shaft furnace, 30-36m
high, for the extraction of iron from its

ore; a smaller type of blast furnace is
used for the extraction of lead. In iron-
making, ore, limestone and coke are
charged at the top and hot air is blasted
(hence the name) in near the bottom.
The whole furnace is lined with
refractory material carbon/SiC in bosh
and stack; aluminosilicate, silicon
carbide, firebrick or gunned
aluminosilicate in the upper stack;
alumina-chrome, mag-chrome or SiC/
graphite castables may be used in the
hearth.

Bleaching Clay. A clay, usually of the
bentonite or fuller’s earth type, used for
decolorizing petroleum products etc.; the
liquid is allowed to percolate through a
layer of the clay, which adsorbs the
colouring matter on its surface.

Bleb. A raised blister on the surface of
faulty pottery-ware.

Bleeding. (1) The appearance of water at
the surface of freshly placed concrete,
hence the alternative name WATER
GAIN,; it is caused by sedimentation of
the solid particles, and can to some
extent be prevented by the addition of
plasticizers and or by AIR ENTRAINING
{q.v.). A test for the bleeding of cement
pastes and mortars is provided in ASTM
(C243. See also LAITANCE.

(2) The movement of gold or platinum
decoration on pottery ware during the
early stages of the firing-on; the
movement is caused by the passage of an
excess of hot vaporized solvent over the
ware as a result of overloading the kiln
or inadequate draughting.

Blending Batch. A batch charged to a
glass furnace during a changeover in
composition of the finished glass. It has a
composition intermediate between that
of the glass already in the furnace and
that finally required.

Bleu Persan. A form of pottery
decoration in which a white pattern was
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painted over a dark blue background;
the name derives from the fact that the
pattern generally had a Persian flavour.
Blibe. A fault, in glass-ware, in the form
of an elongated bubble intermediate in
size between a seed and a blister. GREY
BLIBE consists of undissolved sodium
sulphate.

Blinding. (1) The clogging of a sieve or
screen.

(2) US term for a glaze fault revealed by
a reduction in gloss, and caused by
surface devitrification.

Blister. A large bubble sometimes
present as a fault in ceramic ware. In
glass-ware, if near the surface it is a SKIN
BLISTER and if on the inside surface of
blown glass-ware it is a PIPE BLISTER
(q.v.). The common causes of blisters in
vitreous enamelware are flaws in the
base-metal, surface contamination of the
base-metal, and too high a moisture
content in the atmosphere of the
enamelling furnace.

Bloach (US). A blemish on plate glass
resulting from stopping the grinding
before all the hollows have been
removed; a ‘bloach’ is an area of the
original rough surface.

Bloating. The permanent expansion
exhibited by some clays and bricks when
heated within their vitrification range; it
is caused by the formation, in the
vitrifying clay, of gas bubbles resulting
either from entrapped air or from the
breakdown of sulphides or other
impurities in the clay (cf. EXFOLIATION
and INTUMESCENCE).

Block. (1) Defined in the UK (B.S. 3921)
as: ‘A walling unit exceeding in length,
width or height the dimensions specified
for a BRICK’ (Q.V.).

(2) A rectangular piece of KILN
FURNITURE (q.v.), with cavities in its
upper surface to hold small items such as
spark plugs.

Block Handle. A cup handle of the type
that is attached to the cup by a solid bar
of clay (which is, of course, integral with
the handle) (cf. OPEN HANDLE).

Block Mill. See PAN MILL.

Block Mould. A one-piece mould,
especially a glassmaking mould.

Block Rake. A surface blemish, having
the appearance of a chain, sometimes
occurring on plate glass.

Block Reek. CULLET cuT (q.v.)
Blocking. (1) The shaping of glass in a
wooden or metal mould.

(2) POLING (q.v.) with a block of wood.
(3) The removal of surface blemishes
from glass-ware by reprocessing.

(4) The setting of optical glass blanks in
a carrier prior to grinding and polishing.
(5) A US meaning is: running a glass-
furnace idle at a reduced temperature.
(6) Synonym of THWACKING (q.v.).
Bloom. (1) Surface treatment of glass
(e.g. lenses) by vapour deposition; this
decreases reflection at the air/glass
interface.

(2) A surface film on glass caused by
weathering or by the formation of
sulphur compounds during annealing.
(3) A fault on vitreous enamels,
especially blacks, caused by their
reaction with sulphur gases in the dryer
or enamelling furnace to form a surface
film of sodium sulphate; the fault may
not become visible until the enamelware
has been in a moist atmosphere for some
time.

Blotter. US term for a disk of
compressible material, e.g. blotting-
paper stock, for use between a grinding
wheel and its mounting flanges.
Blow-and-Blow. The process used to
blow small-neck glass containers with
the 1S MACHINE (q.v.). The PARISON
(q.v.) is blown and the second blowing
process produces the final shape of the
ware.
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Blow-in Lining. A sacrifical refractory
lining to protect the permanent lining of
a blast furnace when recommissioned
after re-lining. It normally covers BOSH
to HEARTH.

Blow Mould. The metal mould in which
blown glass-ware is given its final shape.
Blow pipe Spray Welding. See sPrRaY
WELDING.

Blowing. See LIME BLOWING, GLASS
BLOWING.

Blowing Iron. An iron tube used in
making hand-blown glassware

Blown Away. See HOLLOW NECK.
Blown Enamel. Vitreous enamel
showing surface ridges. They form
during wet-spraying with too thick or too
fluid a coating, or too high an air
pressure.

Blowpipe. See BLOWING IRON.

Blue Brick. See ENGINEERING BRICKS.
Blue Coring. A blue colouring at the
centre of fired ware, caused by residual
reduction of iron- or titanium-bearing
materials in the body, after the organics
have been burned out.

Blue Enamel. An area in dry-process
vitreous enamelware where the coating
is too thin and the ware appears blue.
Blueing. The production of blue
engineering bricks, quarries or roofing
tiles by controlled reduction during the
later stages of firing; this alters the
normal state of oxidation of the iron
compounds in the material and results in
a characteristic blue colour.

Blunger. A machine for mixing clay
and/or other materials to form a slip;

it usually consists of a large hexagonal
vat with a slowly rotating vertical
central shaft on which are mounted
paddles. The process of producing a slip
in such a machine is known as
BLUNGING.

Blurring-highlight Test. A test to
determine the degree of attack of a

vitreous-enamelled surface after an acid-
resistance test; (see ASTM - C282).
Blushing. A pink discoloration
sometimes occurring during the glost-
firing of pottery. It can be caused by
traces of Cr in the kiln atmosphere
arising, for example, from CHROME-TIN
PINK (q.v.) fired in the same kiln, or by
firing a tin-opacified glaze in a kiln
containing traces of Cr vapour from the
firing of Chrome Green.

Board. See WORK BOARD.

Boccaro Ware. Red, unglazed stoneware
with relief decoration.

Bock Kiln. See BULL’S KILN.

Body. (1) A blend of raw materials
awaiting shaping into pottery or
refractory products.

(2) The interior part of pottery, as
distinct from the glaze.

(3) The condition of molten glass
conducive to ready working.

(4) The cylindrical part of a steel
converter.

Body Mould. In the pressing of glass,
that part of the mould which gives shape
to the outer surface of the ware.

Body Stain. See sTAIN (4).

Boehme Hammer. A device for the
compaction of test-pieces of cement or
mortar prior to the determination of
mechanical strength, it consists of a
hammer, pivoted so that the head falls
through a definite are on the test-piece
mould to cause compaction under
standard conditions.

Boehmite. A monohydrate of alumina:
often a constituent of bauxite and
bauxitic clay.

Boetius Furnace. A semi-direct coal-
fired pot furnace for melting glass; this
was the first pot-furnace to use
secondary air to increase the thermal
efficiency.

Bogie Kiln or Truck Chamber Kiln. An
intermittent kiln of the Box KILN (q.v.)
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type distinguished by the fact that the
ware to be fired is set on a bogie which is
then pushed into the kiln; the bogie has
a deck made of refractory material (cf.
SHUTTLE KILN),

Bohemian Glass. A general term for
Czechoslovakian glass, particularly table-
ware and chemical ware; it is generally
characterized by hardness and brilliance.
Boiling. A fault in vitreous enamelware
(particularly in enamelled sheet-steel)
visible as blisters, pinholes, specks,
dimples or a spongy surface. The usual
cause is undue activity of the GROUND-
CcoAT (q.v.) during the firing of the

first COVER-COAT (q.v.), but gases are
also sometimes evolved during the
firing of the cover-coat (cf. BOILING
THROUGH).

Boiling Through. A fault in vitreous
enamelware, small dark specks
appearing on the surface of the ware,
usually in consequence of gas evolution
from the base metal.

Bole. A friable earthy clay highly
coloured by iron oxide.

Bolley’s Gold Purple. A colour that has
been used on porcelain. A solution of
stannic ammonium chloride is left for
some days in contact with granulated tin
and is then treated with dilute goid
chloride solution. The gold purple is
precipitated.

Bolt-hole Brush. A stiff brush with a
straight metal guide, used to remove
vitreous enamel from the edges of ware
to prevent chipping and to neaten the
fired product.

Bolus Alba. CHINA CLAY (Q.V.)

Bomb. The large, approximately
hemispherical pad of silicone rubber or,
originally, gelatine which transfers the
colour in the MURRAY-CURVEX printing
process (q.v.).

Bond. (1) The arrangement of bricks in
a wall; the bond is usually such that any

crossjoint in a course is at least one
quarter the length of a brick from joints
in adjacent courses. For special types of
bonds see AMERICAN BOND, DUTCH
BOND, ENGLISH BOND, FLEMISH BOND,
FLYING BOND, IN-AND-OUT BOND,
MONK BOND, QUETTA BOND. To begin
or end a course, a bonder, a brick of
special size or shape, may be required.
(2) The placing of roofing tiles so that
the joint between two tiles in one course
is at or near the centre of the tile of the
course below.

(3) The intergranular material, glassy or
crystalline, that gives strength to fired
ceramic ware.

(4) The bond in abrasive wheels may be
ceramic, silicate of soda, resin, shellac,
rubber, or magnesium oxychloride.
Bond Fireclay. A U.S. term for a fireclay
of sufficient natural plasticity to bond
nonplastic materials.

Beond’s Law. A theory of grinding which
postulates that the grinding rate of a
solid is proportional to the crack
propagation speed in the solid.
(F.C.Bond, Trans. Amer. Inst. Min.
(metall) Engrs. 193, 1952, p484).

Bond Strength. In ASTM C952 for the
bond strength of mortar to masonry, a
crossed-brick couplet tensile test is used
for clay bricks; a stacked bond flexural
test for concrete blocks. ASTM E518is a
flexural test for the bond strength of
masonry, in which a transverse force is
applied to a beam of bricks, using an air
bag.

Bond and Wang Theory. A theory of
crushing and grinding: the energy (h)
required for crushing varies inversely as
the modulus of elasticity (E) and specific
gravity (S), and directly as the square of
the compressive strength (C) and as the
approximate reduction ratio (). The
energy in hp.h required to crush a short
ton of material is given by the following
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equation, in which all quantitics are in
f.p.s. units:

_ [ 0.001748C2
h= [ SE

The theory is due to F. C. Bond and J. T.
Wang (Trans. Amer. Inst. Min(metall.)
Engrs., 187, 875, 1950).

Bondaroy’s Yellow. An antimony yellow
developed by Fourgeroux de Bondaroy
in 1766: white lead, 12 parts; potassium
antimonate, 3 parts; alum, 1 part; sal
ammoniac, 1 part.

Bonded Roof. A term for the roof of a
furnace when the transverse joints in the
roof are staggered (cf. RIGGED ROOF).
Bonder. A brick that is half as wide
again as a standard square (rectangular
or arch); such bricks are sometimes used
to begin or end a course of bonded
brickwork. (See Fig. 1, p39).

Bondley Process. See under
METALLIZING.

Bone Ash. Strongly calcined bone,
approximating in composition to
Cay(PO,). The m.p. of bone ash is about
1670°C, density 3.14. It is used in the
making of cCUPELS (q.v.). Less strongly
calcined bone constitutes about 50% of
the BONE CHINA body. It is
occasionally used, to the extent of about
2%, in some vitreous enamels. See also
CALCIUM PHOSPHATE.

Bone China. Vitreous, translucent
pottery made from a body of the
following approximate composition (per
cent): calcined bone, 45-50; china clay,
20-25, china stone, 25-30. The
COMBINED NOMENCLATURE (q.V.)
defines this ware as: ‘Completely
vitrified, hard, impermeable (even before
glazing), white or artificially coloured,
translucent and resonant. Bone China
contains calcium phosphate in the form
of bone ash; a translucent body is thus
obtained at a lower firing temperature

] [ (n+2) (n-1) ]

than with hard porcelain. The glaze is
normally applied by further firing at a
lower temperature, thus permitting a
greater range of underglaze decoration.’
The British Pottery Manufacturers’
Federation defined this material as:
‘Ware with a translucent body containing
a minimum of 30% of phosphate derived
from animal bone and calculated as
calcium phosphate. B.S.5416 ‘China
Tableware’ now specifies that bone china
shall contain ‘at least 35% by mass of the
fired body of tricalcium phosphate’.In
the USA, ASTM-C242 permits the term
‘bone china’ to be applied to any
translucent whiteware made from a body
containing as little as 25% bone ash.
Bone china, though delicate in
appearance, is very strong. It was first
made by Josiah Spode, in Stoke-on-
Trent, where by far the largest quantity
of this type of high-class pottery is still
made (cf. PORCELAIN).

Bonnet Hip. See HIP TILE.

Bonnybridge Fireclay. A fireclay
occurring in the Millstone Grit in the
Bonnybridge district of Scotland. A
typical per cent analysis (fired) is: SiO,,
56-57; Al,O3, 36; Fe,03, 3-4; alkalis,
0.75. P.C.E. 32-33.

Bont. N. Staffordshire term for one of
the iron hoops used to brace the outside
brickwork of a BOTTLE OVEN (q.v.).
Boost Melting. The application of
additional heat to molten glass in a fuel-
fired tank furnace by the passage of an
electric current through the glass.

Boot. Alternative name, preferred in
USA, for POTETTE (q.V.).

Borax. NaB,0O-.10H,0; sp. gr. 2.36
(anhydrous), 1.7 (hydrated). Occurs in
western USA and is an important
constituent of vitreous enamel and glaze
frits, and of some types of glass. On
heating, the water of crystallization is
lost by a series of steps:
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Na,B,0,. 10H,O 62°C —
Na,B,0,.5H,0 130°C —
Na,B,0,.3H,0 150°C —

Na,B,0,.2H,0 180°C —
Na,B,0,.H,O 318°C — Na,B,0..

The anhydrous borax, (sodium
tetraborate) melts at 741°C.

Borax Glass. Vitreous, anhydrous,
sodium tetraborate (NaB,0,).
Borazon, Trade-name (General Electric
Co., USA); cubic form of BORON
NITRIDE (q.v.).

Boric Oxide. B,O5; m.p. 450°C; sp. gr.
1.84. Solid B,0; is commonly available
only in the vitreous state; two crystalline
forms exist, however, 0-B,0;5

(hexagonal) and B-B,O; (a denser form).

Borides. A group of special ceramic
materials. Typical properties are great
hardness and mechanical strength, high
melting point, low electrical resistivity
and high thermal conductivity; impact
resistance is low but the thermal-shock
resistance is generally good. For the
properties of specific borides see under
the borides of the following elements:
Al, Ba, Ca, Ce, Cr, Hf, La, Mo, Nb, Si,
Sr, Ta, Th, T, U, V, W, Zr.
Boroaluminate. See ALUMINIUM
BORATE.

Borocalcite. See COLEMANITE.

Boron Carbide. B,C; synthesized by the
reaction of C and B,O; at high
temperatures. Boron carbide has a
Knoop Hardness (100g) of 23002800,
which is second only to that of diamond;
for this reason it is used for grinding and

drilling. Its transverse strength is approx.

280 MN/m? and compressive strength
over 3GN/m2 Boron carbide is also
refractory (m.p. 2450°C) although
oxidation becomes severe above 1100°C;
it is otherwise chemically resistant and
abrasion resistant, and finds use in
nozzles and other high-temperature

locations. The sp. gr. is 2.52. Thermal
expansion (25-800°C) 4.5 x 10-5;
(25-2000°C) 6.5 x 10-6.

Boron Nitride. BN; oxidizes in air at
800°C. but its m.p. under a pressure of
nitrogen is >3000°C. Sp. gr. 2.2. This
ceramic exists in forms that correspond
to the graphite (hexagonal) and the
diamond (cubic) forms of carbon. The
cubic form is as hard as diamond and
was originally made (R. H. Wentorf, J.
Chem. Phys., 26, 956, 1957) by the
simultaneous application of very high
pressure (85 000 atm.) and temperature
(1800°C). It has since been found that, in
the presence of a catalyst, both the
temperature and pressure can be
reduced. It is made under the trade-
name Borazon by General Electric Co.,
USA. The hexagonal form of BN is
readily produced by high-temperature
reaction between B,O; or BCl; and
ammonia. Hot-pressed hexagonal BN is
machinable. Its electrical resistivity is 1.7
x 1013 ohm.cm at 20°C and 2.3 x 1013
ohm.cm at 500°C. Uses include dielectric
valve spacers, crucibles and rocket
nozzles; it is not wetted by some molten
glasses.

Boren Oxide. See BORIC OXIDE.

Boron Phosphate. BPO,; vaporizes at
1400°C; sp. gr. 2.81; related structurally
to high-cristobalite. It has been used as a
constituent of a ceramic body that fires
to a translucent porcelain at 1000°C.
Boron Phosphide. There are two
compounds: BP, Sp. gr. 2.97; Knoop
Hardness (100g) 3200; decomposes at
1130°C.; B,5P,, sp. gr. 2.76; Knoop
Hardness (100 g) 3800; melts or sublimes
at approx. 2000°C.

Boron Silicides. See SILICON BORIDES
Borosilicate Glass. A silicate glass
containing at least 5% B,O; (ASTM
definition); a characteristic property of
borosilicate glasses is heat resistance.
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Bort. Industrial diamond of the type
used as an abrasive for cutting and
grinding.

Bosh. (1) The part of a blast furnace
between the tuyere belt and the lintel; it
is usually lined with high-grade fireclay
refractory and is water-cooled.

(2) In the glass industry, a tank
containing water for cooling glass-
making tools.

Boson Box. Incorrect form of BOzZsIN
Box (q.v.).

Boss; Bossing. In the process of pottery
decoration known as GROUND-LAYING
(q.v.), brush marks are removed by
BOSSING, 1.e. striking, the ware with a
pad, or Boss, made by stuffing
cottonwool into a silk bag.

Bottger Ware. A dark red stoneware.
Botting Clay. Prepared plastic refractory
material for use in the stopping of the
tap-holes in cupolas. A typical
composition would be 50-75% fireclay,
up to 50% black sand, 10% coal dust
and up to 5% sawdust.

Bottle Brick. A hollow clay building unit
shaped like a bottomless bottle, 305Smm
long, 76mm o.d., 50mm. i.d. and
weighing 1kg. The neck of one unit is
placed in the end of another to build
beams, arches or flat slabs; steel
reinforcement can be used. Bottle bricks
have been used in France (where they
are known as ‘Fusées Céramiques’), in
Switzerland, the Netherlands, and in S.
America.

Bottle Oven. A type of intermittent kiln,
usually coal-fired, formerly used in the
firing of pottery; such a kiln was
surrounded by a tall brick hovel or cone,
of typical bottle shape.

Bottom Pouring or Uphill Teeming. A
method of teeming molten steel from a
ladle into ingot moulds. The steel passes
through a system of refractory fireclay
tubes and enters the moulds at the

bottom,; the refractory tubes are of
various shapes. See TRUMPET, GUIDE-
TUBE, CENTRE BRICK and RUNNER
BRICKS.

Bottom Stirring Elements. Refractory
blocks including apertures or pipes for
passing gas or powder into the steel
charge, built into the bottom lining of a
BASIC OXYGEN FURNACE (q.V.).
Bottom Tuyeres. Refractory blocks
inserted separately to introduce gases
into the charge of a BASIC OXYGEN
FURNACE (q.v.). Cf. BOTTOM STIRRING
ELEMENTS.

Boudouard Reaction. The reaction
leading to dissociation of CO into COy;
see CARBON MONOXIDE
DISINTEGRATION. (O. Boudouard,
Compt.Rend., 128, 98, 824, 1522, 1899).
Boulder Clay. A glacial clay used in
making building bricks, particularly in
the northern counties of England.
Boule. A fused mass of material, pear-
shaped, particularly as produced by the
VERNEUIL PROCESS (q.v.). Sapphire
(99.9% AIl,O;) boules, about 50 mm
long, are produced in this way, and are
used, for example, in making thread
guides, bearings and gramaphone
needles.

Bourry Diagram. A diagram relating the
water-loss and shrinkage of a clay body
to the drying time; the two curves are
shown on the one diagram. (E. Bourry,
the 19th century French ceramist.)
Bouyoucos Hydrometer. A variable-
immersion hydrometer. The original
instrument was graduated empirically to
indicate the weight of solids per unit
volume of suspension; it was
subsequently developed for particle-size
analysis. (G. J. Bouyoucos, Soil Sci.,23,
319, 1927, 25, 365, 1928; 26, 233, 1928.)
Bowl. That part of the feeder which
delivers molten glass to the following
unit.
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Bowmaker Test. A method of
forecasting the durability of refractory
glass-tank blocks proposed by E. J. C.
Bowmaker (J. Soc. Glass Tech., 13, 130,
1929). The loss in weight of a sample cut
from the tank block is determined after
the sample has been immersed for 3 h. in
HF/H,SO, at 100°C; the acid mixture is
3 parts by vol. HF (commercial 50-60%
HF) and 2 parts by vol. pure conc.
H,SO,. The test is no longer considered
valid.

Box-car roof. Popular name for the
KREUTZER ROOF (q.v.).

Box Feeder. A device for feeding clay to
preparation machines. It consists of a
large metal box, open topped, with the
bottom usually formed by a steel-band
conveyor or by a conveyor of
overlapping steel slats; for plastic clay
the feeding mechanism may be a number
of revolving screw shafts.

Box Kiln. A relatively small industrial
intermittent kiln of box-like shape
Boxing. The placing of biscuit hollow-
ware, e.g. cups, rim to rim one on
another; this helps to prevent distortion
during firing.

Boxing-in. A method of setting in a kiln
so that, for example, special refractory
shapes can be fired without being
stressed and deformed; also known as
POCKET SETTING.

Boyd Press. A toggle-press in which
pressure is exerted both on the top and
bottom of the brick in the mould. It was
introduced in 1888 and has since been
widely used for the dry-pressing of
building bricks and refractories.
(Chisholm, Boyd and White Co.,
Chicago, USA).

Bozsin Box. A box, with heat-insulated
walls, containing a temperature recorder;
it was designed by M. Bozsin to travel
with the ware through a vitreous-
enamelling furnace.

Brabender Plastograph; Brabender
Plasti-Corder. Trade-names: instruments
designed in USA to assess the plasticity
of clays and other materials on the basis
of stress measurement during a
continuous shearing process.
Brackelsberg Furnace. A rotary furnace,
originally fired by pulverized coal, for
the melting of cast iron; the lining of the
first such furnaces was a rammed
siliceous refractory, but silica brick
linings have also been used successfully
(C. Brackelsberg, Brit. Pat. 283 381;
13/4/27.)

Bracken Glass. Old English glass-ware
made from a batch in which the ash from
burnt bracken supplied the necessary
alkali.

Bracklesham Beds. Pale-coloured clays
intermingled with glauconite sand
occurring in parts of Southern England
and worked for brickmaking to the S.W.
of London and near Southampton.
Bragg Angle, Bragg’s Law. See X-RAY
CRYSTALLOGRAPHY.

Brake Linings. See FRICTION ELEMENTS.
Brasqueing. A process sometimes used
for the preparation of the interior of a
fireclay crucible prior to its use as a
container for molten metal. The crucible
is lined with a carbonaceous mixture; it
is then covered with a lid and heated to
redness (From French word with the
same meaning.)

Bravais Lattice. See CRYSTAL
STRUCTURE; SPACE GROUP.

Bravaisite. A clay mineral containing Mg
and K, and of doubtful structure; it has
variously been stated to be a mixture of
kaolinite and illite or of montmorillonite
and illite.

Brazing. Ceramics may be joined to each
other, or to metals, by providing a
molten interlayer which wets the
surfaces to be joined, then solidifies.
Metal alloys are usually used, though
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inorganic glasses have been used for
silicon nitride. Brazing may be direct,
when the braze material itself (possibly
including a suitable activator) wets the
surfaces; or indirect, used for the many
ceramic surfaces which are difficult to
wet with low-melting brazes. The
ceramic is first metallized, and then
brazed using an alloy which wets the
metallization layer. The most common
method is the MOLY-MANGANESE
process.

Brazilian Test. A method for the
determination of the tensile strength of
concrete, ceramic, or other material by
applying a load vertically at the highest
point of a test cylinder or disk (the axis
of which is horizontal), which is itself
supported on a horizontal plane. The
method was first used in Brazil for the
testing of concrete rollers on which an
old church was being moved to a new
site (cf BRITTLE-RING TEST).
Break-out. Defined (ASTM - C286) as:
‘In dry-process enamelling, a defect
characterized by an area of blisters with
well-defined boundaries.’

Break-up of Matt Glaze. The term
BREAK-UP is applied more particularly
to the glazes containing rutile used on
wall tiles. Some of the added rutile
dissolves in the glaze, the yellow or
brown titanates thus formed
subsequently collecting round the
undissolved rutile crystals to give the
marbled effect known as the RUTILE
BREAK O BREAK-UP.

Breast Wall. (1) The side-wall of a glass-
tank furnace above the tank blocks, also
known as CASING WALL, CASEMENT
WALL OF JAMB WALL.

(2) The refractory wall between the
pillars of a glass-making pot furnace and
in front of the pot.

Breasts. The sloping parts joining the
hearth of an openhearth furnace to the

furnace ends below the ports and
adjoining brickwork (cf. BANKS).
Brecem. High alumina cements blended
with granulated blast furnace slag,
developed by the Building Research
Establishment, Watford.

Bredigite. The form of caLcium
ORTHOSILICATE (q.v.) that is stable from
about 800-1447°C on heating, persisting
down to 670°C on cooling.

Breezing. A thin layer of crushed
anthracite or of coarse sand spread on
the siege of a pot furnace before setting
the pots.

Brémond Porosimeter. Apparatus for
the evaluation of pore size distribution
by the expulsion of water from a
saturated testpiece. (P. Brémond, Bull.
Soc. Franc. Ceram. (37), 23, 1957).
Brenner Gauge. An instrument for the
non-destructive determination of the
thickness of a coating of vitreous
enamel; it depends on the measurement
of the force needed to pull a pin from
contact with the enamel surface against a
known magnetic force acting behind the
base metal.

Breunnerite. Magnesite containing
5-30% ferrous carbonate; some of the
Austrian ‘magnesite’ used as a raw
material for basic refractories is, more
strictly, breunnerite.

Brewster. Unit of photoelasticity: 1
brewster is equivalent to a relative
retardation of 10-13 cm?/dyne. Named
after Sir D. Brewster who, in 1816,
demonstrated that glass becomes
birefringent when stressed.

Brianchon Lustre. A lustre (q.v.) for
pottery-ware developed by M.
Brianchon, in Paris, in 1856. The
reducing agent necessary to form the
thin deposit of metal is incorporated as
bismuth resinate so that a reducing
atmosphere in the kiln is not needed.
Although the easiest lustre to apply, it is
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less durable than lustres produced in a
reducing fire.

Brick. A brick is a clay or calcium
silicate walling unit as big as can be
conveniently handled in one hand.
BS3921 for clay bricks, defines their co-
ordinating size to be 225 x 112.5 x 75mm,
with a working size (derived by
subtracting a 10mm allowance for a
mortar joint) of 215 x 102.5 x 65mm.
BS3921 also specifies requirements for
compressive strength, water absorption,
soluble salt content, efflorescence and
sampling. cf. BLOCK.

See following types: ACID-RESISTING;
CLAY BUILDING; CONCRETE; FACING;
FLOOR; PAVING; PERFORATED; SAND
LIME; SEWER. See also CLADDING. For
Brick Shapes, both for building and for
furnace construction, see Fig. 1, and
BS 3446 Pt.1. BS 3056 specifies
dimensions of refractory bricks for
various applications. BS 1902 Pt 3.11
specifies the measurement of dimensions
and shapes of refractory bricks and

blocks. ASTM C861 specifies metric
dimensions for refractory bricks; C909 a
series based on a 38-mm module for
refractory rectangular and tapered
bricks. Measurement of dimensions and
warpage are specified in C134.

Brick Clays. Clays suitable for the
manufacture of building bricks occur
chiefly in the carboniferous and more
recent geological systems. In the UK
about 30% of the bricks are made from
carboniferous clays, 30% from the
Oxford clays, 10% Glacial clays, 6%
Keuper Marl; the remaining 24% are
made from Alluvial clays, the so-called
Brick-earths, Tertiary, Cretaceous,
Devonian, Silurian, and Ordovician
deposits. Brick clays are impure and
most of them vitrify to give bricks of
adequate strength when fired at
900-1100°C.

Brick Earth. An impure loamy clay,
particularly that of the Pleistocene of the
Thames Valley, used for brickmaking.
Brick Shapes. See Fig. 1 and the further
references in Appendix A. The German
DIDIER CO publishes a detailed coding
system for refractory bricks and shapes,
which is a de facto standard in Europe.
Brick Slip. A fired ceramic architectural
facing varying from about 13 to 38mm in
thickness and produced either as a unit
itself or cut from a larger unit.

Bricking Centre. A curved wooden
former for the construction of arches.
Bricking Rig. A metal framework with
compressed air plungers, for constructing
arches or cylindrical refractory
structures.

Bricklaying. The process of building a
wall or other structure by bonding
together individual BRICKS with MORTAR
or other methods. BS 5628 Pt3 includes
recommendations for bricklaying.
Brickwork. See MASONRY;
BRICKLAYING.
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Bridge; Bridge Wall. A refractory wall
separating two parts of a furnace. The
bridge wall (or firebridge) in a boiler
furnace terminates the combustion
chamber. In a glass-tank, the bridge wall
separates the melting end from the
working end of the furnace; the wall is in
this case usually double, is pierced by the
THROAT (q.v.) and is spanned at the top
by refractory tiles known as bridge
covers.

Bridge Crack. A defect sometimes found
in the clay column from an extruder;
such a crack is likely to be present if the
bridge that supports the auger-shaft is
too close to the mouthpiece.

Bridge Wall. See BRIDGE.

Bridge Indentation. A modified SINGLE-
EDGE PRECRACKED BEAM. See
FRACTURE TOUGHNESS TESTS.

Bridging. A phenomenon preventing the
free flow of powder from a hopper. The
particles stick together temporarily to
form a bridge across the outlet nozzle,
effectively reducing its area. See also
CRACK BRIDGING; TILE BRIDGING.
Bridging Oxygen. An oxygen ion placed
between two silicon ions, e.g. in the
structure of a silicate glass.

Bright Annealing. Heating metal to be
vitreous enamelled to red heat or above
in a reducing atmosphere, to produce a
clean, bright surface.

Bright Gold or Liquid Gold. A material
for the decoration of pottery-ware; it
consists essentially of a solution of gold
sulphoresinate together with other metal
resinates and a flux (e.g. a bismuth
compound) to give adhesion to the ware.
This form of gold decoration is already
bright when drawn from the decorating
kiln (cf. ACID GOLD and BURNISH
GOLD).

Brights. Any portion of decorated glass
forming part of a design, but which has
not been acid treated.

Brilliant Cut. Process of decorating flat
glass by cutting a pattern with abrasive
wheels followed by polishing.
Brimsdown Frit. A lead bisilicate frit for
glazes made from 1913 until 1928 by
Brimsdown Lead Works, Brimsdown,
Middlesex, England. The batch consisted
of litharge, silica, and Cornish Stone.
Although the frit contained 64% PbO its
solubility, when tested by the Home
Office method then used, was only 1-2%.
Brindled Brick. A building brick made
from a ferruginous clay and partially
reduced at the top firing temperature; it
has a high crushing strength.

Brinell Hardness. An evaluation of the
hardness of a material in terms of the
size of the indentation made by a steel
ball when pressed against the surface.
Symbol — HB supplemented by numbers
indicating the diameter of the ball used
and the load applied; the abbreviation
adopted by the American Ceramic
Society is BHN-Brinell Hardness
Number. The test is primarily for metals;
it has been applied to clay products, e.g.
building bricks, but without great
success. (I. E. Brinell, Comnm. Congr.
Internat. Math Essai, 2, 83, 1901)
Bristol Glaze. A feldspathic type of
glaze, generally opaque, maturing at
1200-1250°C and suitable for use on
once-fired stoneware. Both the
transparent and the opaque types are
compounded from feldspar, whiting,
ZnO, china clay and flint; the opaque
type contains more feldspar and less
whiting. Bristol glazes tend to be rather
dull and often show pin-holes.

BRITE. Basic Research in Industrial
Technologies in Europe/European
Research on Advanced Materials - a
European Community programme of
research including advanced ceramics.
Britmag. Trade-name: dead-burned
magnesia made by the seawater process
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in Britain. (Steetley Co. Ltd., Worksop,
England).

Brittle Fracture, Brittleness. See
FRACTURE. Brittle, or fast fracture
occurs when the intensified stress at a
crack tip exceeds the fracture stress of
the material (i.e. the force is sufficient to
break the interactive bonds). The crack
then propagates catastrophically rapidly.
Brittle fracture is characterized by a very
small (sub-millimetre) microcrack zone
at the crack tip, low (0.01 kJm-2)
fracture energy and a linear relationship
between the load and the load-point
displacement in fracture tests. This type
of fracture is typical of low-toughness
ceramics such as glass and fine-grained
monolithic ceramics.

Brittle-ring Test. A test to determine the
behaviour of a ceramic material under
tensile stress; a test-piece in the form of
an annulus is loaded along a diameter so
that maximum tensile stresses develop
on the inner periphery of the annulus in
the plane of loading. For theory of this
test see Mechanical Properties of
Engineering Ceramics, p. 383, 1961. (cf.
BRAZILIAN TEST.)

Bread Glass. Larger panes of flat glass
were made by blowing a tall cylinder
instead of a sphere, and cutting it
lengthwise and flattening it by reheating.
See CROWN GLASS.

Broken-joint Tile. A single-lap roofing
tile of a size such that the edge of one
tile, when laid, is over the centre of the
head of a tile in the course next below.
Broken Seed. See SEED.

Brokes. Term used in the English ball-
clay mines for clay that will not cut into
balls; such clay is generally of low
plasticity and poor fired colour.
Brongniart’s Formula. A formula
relating the weight (W, oz) of solid
material in 1 pint of slip (or slop glaze),
the weight (P, oz) of 1 pint of the slip,

and the specific gravity (S) of the dry
solid material:

W = (P - 20) x S/(S-1)

The formula was established for slop
glazes by A. Brongniart (Traité des Arts
Céramiques, Vol.1, p.249, 1854).
Brookfield Viscometer. An electrically
operated rotating cylinder viscometer in
which the drag is recorded directly on a
dial; it has been used in the testing of
vitreous-enamel slips (J. Amer. Ceram.
Soc., 31, 18, 1948).

Brookite. The orthorhombic form of
titania, TiO,; sp. gr. 4.17. The other
forms are ANATASE (q.v.) and RUTILE
(q.v.). It is comparatively rare and is
rapidly transformed into rutile at
temperatures above about 800°C.
Broseley Tile. An old name for a plain
clay roofing tile; such tiles were made in
Broseley, Shropshire, England.
Brownies. Term sometimes applied to
brown spots in white vitreous-enamel
ground-coats; more commonly known as
COPPERHEADS.

Brown China. ROCKINGHAM WARE, q.V.
Brownmillerite. A calcium aluminoferrite
that occurs in portland and high-alumina
cements. It was originally thought to have
the composition 4Ca0.Al,O;. Fe,05;
there is, however, a continuous series of
solid solutions in the CaO-Al,O5-Fe, 05
system, the usually accepted Brown-
millerite composition being only a
particular point in the series. M.p.
1415°C; thermal expansion (0-1000°C),
10.1 x 10-6. v
Brucite. Mg(OH),; deposits in Ontario
and Quebec (Canada) and in Nevada
(USA), are used as a source of MgO.
Bruise. A concentration of cracks in the
surface of glass-ware caused by localized
impact.

Brulax System. An impulse system of oil
firing, particularly for the top-firing of
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annular kilns, developed by A. A.
Niesper, in Switzerland, in 1955.
Brunauer, Emmett and Teller Method.
A procedure for the determination of
the total surface area of a powder or of a
porous solid by measurement of the
volume of gas (usually N,) adsorbed on
the surface of a known weight of the
sample. The mathematical basis of the
method was developed by S. Brunauer,
P. H. Emmett and E. Teller - hence the
usual name B.E.T. METHOD (J. Amer.
Chem. Soc., 60, 309, 1938). ASTM C1069
measures the specific surface area of
alumina or quartz by nitrogen
adsorption.

Brunner’s Yellow. An antimony yellow
recipe given by K. Brunner in 1837: 1
part tartar emetic, 2 parts lead nitrate, 4
parts NaCl. The mixture is calcined and
then washed free from soluble salts prior
to its use as a ceramic colour.

Brush Marks. A surface imperfection
found on the exterior of some bottles;
the marks resemble a series of fine
vertical laps and are also known as
SCRUB MARKS.

Brushing. The removal of bedding
material from pottery-ware

after the biscuit firing.

Brussels Nomenclature. Term given to
the International Tariff Nomenclature
agreed and issued in 1955. Chapter 69
related to ceramic products. The
Brussels Nomenclature has been
superseded for tariff purposes by the
COMBINED NOMENCLATURE OF THE
EUROPEAN COMMUNITIES (q.v.)

BS; BSI. Abbreviations for British
Standard and British Standards
Institution. The Institution is
responsible for the preparation
(through industry committees on which
interested parties are represented) of
national standards for Britain; copies of
these standards, and of foreign

standards, can be obtained from the
Institution at Linford Wood, Milton
Keynes, MK14 6LE
BSCCO.Bi-Sr-Ca+Cu-0
SUPERCONDUCTORS.

Bubble Alumina. Sintered bauxite is
fused with carboneous materials and
steel borings in an electric arc furnace. A
slag containing nearly 90% Al,O; is
formed, and dispersed into bubbles by
blowing air or steam into the molten
slag. The alumina bubbles are leached in
dilute sulphuric acid to remove
remaining oxide impurities. Alumina
over 99.7% pure is obtainable, either as
bubbles for insulating applications, or as
very fine, hard crystals for abrasive
applications, obtained by crushing the
bubbles. (B.T. Horsfield. US Pat
1682675, 1925).

Bubble Cap. A small, hollow, chemical
stoneware hemisphere with serrations
round the bottom edge; used on
stoneware trays in de-acidifying towers
in the chemical industry.

Bubble Glass. Glass-ware containing gas
bubbles sized and arranged to produce a
decorative effect (cf. FOAM GLASS).
Bubble-pressure Method. A technique
for the determination of the maximum
size of pore in a ceramic product; this
size is calculated from the pressure
needed to force the first bubble of air
through the ceramic when it is wetted
with a liquid of known surface tension.
The method is used, for example, in the
testing of ceramic filters (B.S. 1752).
Bubble Opal. orAL GLASS (q.v.)
containing many tiny pockets of gas,
rendering it opaque.

Bubble Structure. The relative
abundance, size and distribution of gas
bubbles in a ceramic glaze or in a
vitreous enamel. In the latter, the dull
enamels contain most bubbles, glossy
enamels being relatively bubble-free.
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Bubbling. See GAS BUBBLING BRICK.
Bubbly Clay. A clay which, because it
contains small amounts of organic
matter, causes bubbles if used in vitreous
enamels.

Buck. A support used in the firing of
heavy vitreous enamel-ware.

Buckstave or Buckstay. A steel bracing
designed to take the thrust of the
brickwork of a furnace.

Buckyball. See FULLERENES.

Buffer Course. Refractory brickwork
installed to separate two materials, to
prevent chemical reaction between
them.

Buffer Layer. The layer with
composition and properties intermediate
between body and glaze, found at the
body/glaze interface.

Bugholes. Small holes or pits in the
surface of formed concrete.

Biihrer Kiln. The z1G-zZAG KILN (q.v.)
invented by J. Biithrer (Brit. Pat. 562;
1867).

Building Brick. See CLAY BUILDING
BRICK; CONCRETE BRICK;

SAND-LIME BRICK.

Building Clays. See BRICK CLAYS.

Bulb Edge. The rounded edge of sheet-
drawn glass.

Bulged Finish. See FINIsH.

Bulk Density. A term used when
considering the density of a porous solid,
e.g. an insulating refractory. It is defined
as the ratio of the mass of the material to
its BULK VOLUME (q.v.). ASTM C20
specifies a boiling water test, ASTM
C830 a vacuum pressure test for
refractories; ASTM C914 a wax
immersion test. ASTM C357 and C493
are boiling water and mercury
displacement tests for granular
refractory materials. ASTM C134
specifies a bulk density determination
from measurements of the size of
refractory bricks using steel straight

edges to measure dimensions and
warpage. BS 1902 Pt 3.6 specifies four
tests for the GRAIN DENSITY (q.v.) of
refractories.

Bulk Specific Gravity. For a porous
ceramic, the ratio of the mass to that of a
quantity of water which, at 4°C, has a
volume equal to the BULK VOLUME
(g.v.) of the material at the temperature
of measurement.

Bulk Volume. A term used relative to
the density and volume of a porous solid,
e.g. a refractory brick. It is defined as the
volume of the solid material plus the
volume of the sealed and open pores
present.

Bulkhead. A panel of thinner brickwork
built into a furnace wall to permit early
replacement.

Bulking. The tendency of fine particles,
e.g. sand, to occupy a greater volume
when slightly moist; the finer the
particles the more pronounced is this
effect of surface moisture.

Bull Float. A long-handled finishing
tool for levelling large areas of
concrete.

Bull’s Eye. (1) A thick round piece of
glass or lens.

(2) See ELECTRODE RING.

Bull’s Kiln. A cLamp (q.v.) of a

type designed by W. Bull (Brit. Pat.
1977; 31/5/1875) in which the bricks to
be fired are set in a trench below
ground level; this type of kiln finds
some use in India. (Also known as a
BOCK KILN.)

Bullers’ Rings. Annular rings (63.5mm
dia. with a central hole 22mm dia.)
made by pressing a blend of ceramic
materials and fluxes; the rings are not
fired. The constituents are so
proportioned that the contraction of the
rings during firing can be used as a
measure of the temperature to which
they have been exposed in a kiln; the
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contraction is measured, after the firing
process and when the rings are cold, by
means of a gauge. The rings were
introduced in about 1900 by Bullers
Ltd., Stoke-on-Trent, England, from
whom four types are now available for
use in various temperature ranges
within the overall range 960-1400°C.
Bullhead. See KEY BRICK.

Bullion. Flat glass of uneven thickness
made by the handspinning of a gob of
glass at the end of an iron rod.

Bullnose. A building brick or refractory
brick having one end face rounded to
join one side face. Such bricks built
above one another can be used to form a
rounded jamb, hence the alternative
name JAMB BRICK (q.v.) (See Fig. 1,
p39).

Bump Check. PERCUSSION CONE (q.v.)
Bung. (1) A vertical stack of saggars or
of ware.

(2) A refractory brick shape used in the
roof of a malleable iron furnace.
Bunsen’s Extinction Coefficient. The
reciprocal of the thickness that a layer of
glass, or other transparent material, must
have for the intensity of transmitted light
to be decreased to one-tenth of its
intensity as it falls on the layer.

Burgee. Contaminated sand resulting
from the grinding of plate glass. (N.
England dialect; the same word is used
for poor quality coal).

Burger’s Vector. See CRYSTAL
STRUCTURE

Burgos Lustre. A red lustre for porcelain
made by suitably diluting a gold lustre
with a bismuth lustre; some tin may also
be present. (From Burgos, Spain.)
Burley Clay. A refractory clay,
intermediate in alumina content between
a flint clay and a diaspore clay, that
occurs in Missouri, USA; elsewhere it is
known as Nodular Fireclay. The name
derives from the diaspore oolites, known

to the local miners as ‘burls’, found in
these clays. The Al,O; content of the
raw clay is 55-63%.

Burning. An alternative (but less
appropriate) term for FIRING (q.v.)
Burner Block. See QUARL BLOCK.
Burning Bar; Burning Point; Burning
Tool. A support, usuailly made of heat-
resisting alloy, for vitreous enamelware
during firing. Defects in the ware caused
by contact with these supports are
known as BURNING TOOL MARKS.
Burning Off. See BURN OFF.

Burnish Gold or Best Gold. The best
gold decoration on pottery is made
bright by BURNISHING, i.e. rubbing,
usually with a blood-stone or agate.

It is applied to the ware as a suspension
of gold powder in essential oils, with or
without the addition of a proportion of
BRIGHT GOLD (q.v.); other ingredients
are a flux (e.g. lead borosilicate or a
bismuth compound) to promote
adhesion to the ware, and an extender
such as a mercury salt. This type of
gold decoration is dull as taken

from the kiln, hence the need for
subsequent burnishing. cf. AciD

GOLD.

Burn Off. A fault in vitreous enamelling
resulting from the apparent burning-
away of the ground coat. The fault may
be due to the enamel having become
saturated with iron oxide; to prevent
this, the fusion temperature of the
ground-coat should be raised by altering
its composition. Other causes are too
thin a coat, wetness of the metal before
dipping, or shaking the dipped metal too
vigorously.

Burn-out. Heating a green ceramic
shape to remove the (usually organic)
binder. When this immediately
precedes sintering, the rate of heating
must be carefully controlled, to avoid
trapping the resulting gases in pores as
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these close, and to prevent excess
porosity.

Burnover. An underfired STOCK BRICK
(q.v.) from the outside of a clamp; such
bricks are usually re-fired.

Burr. (1) A partially fused waste brick
from a kiln, or several such bricks fused
together.

(2) A rough edge on the base-metal used
in vitreous enamelling; it must be
removed before the enamel is applied.
Burr Mill. A mill for pigment
preparation, comprising two ribbed discs
rotating against each other.

Bursting Expansion. In the refractories
industry this term has the specific
meaning of surface disintegration of
basic refractories caused by the
absorption of iron oxide. The expansion
that leads to this form of failure results
from solid solution of magnetite (Fe,O,)
in the chrome spinel that forms a major
constituent of chrome and chrome-
magnesite refractories. A laboratory test
submits a test-piece cut to the size of a
50mm cube, to the action of 40 g of mill-
scale (crushed to pass a 30 B.S. sieve) for
I h at 1600°C; the expansion is expressed
as a linear percentage.

Bursting Off. Breaking blown glass-ware
from the end of the blowing iron.
Bushing. (1) An electric glass-melting
unit for the production of glass fibres,
which are drawn through platinum
orifices in the base.

(2) A liner fitted in the feeder that
delivers glass to a forming machine;
this liner is also known as an ORIFICE
RING.

Bustle Pipe or Hot-blast Circulating
Duct. A metal tube of large diameter
which surrounds a blast furnace at a
level a little above the tuyeres; it is
lined with refractory material and
distributes the hot air from the hot-
blast-stoves to the pipes known as

GOOSENECKS Which in turn carry the air
to the tuyeres.
Butterfly Bruise. PERCUSSION CONE
(q.v.)
Button. Part of a piece of pressed glass
designed to produce a hole when
knocked out; also sometimes called a
CAP OI KNOCK
Button Test. A test for the fusibility of a
vitreous enamel frit, or powder, first
proposed by C. J. Kinzie (J. Amer.
Ceram. 15, 357, 1932) and subsequently
standardized (ASTM C374); Also known
as the FUSION-FLOW TEST and as the
FLOW BUTTON TEST.
Bwichgwyn Quartzite. A quartzite from
Bwichgwyn, N. Wales, used as a raw
material for silica-brick manufacture.
Chemical analyses are:

' Si0, ALO; Alkalis
As quarried 966 1.1 0-4
Washed 974 07 03

°C. Degrees Celsius (formerly, and still
more commonly, known as Degrees
Centigrade). For conversion to
Fahrenheit 7°C = (%7 + 32)°F.

‘C’ Glass. (Chemical) An acid-resistant
glass composition for glass-fibre, it
contains 7-10% Na,O.

Cgo- See BUCKYBALL.

Cgo- See CONTRAST RATIO.

Cabal Glass. A special glass consisting
solely of Calcium oxide, Boric oxide
and Alumina, hence its name. Cabal
glass is known for its low dielectric

loss. It was first made by H. Jackson for
the UK Ministry of Munitions in
1917-19.

Cable Cover. A fired clay (in this context
generally, but erroneously, known as
‘earthenware’) or concrete conduit for
covering underground electric cables;
these covers warn of the cable’s presence
and protect it from excavating tools. For
specification see B.S. 2484.
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CACT. Center for Advanced Ceramic
Technology, at Alfred University, USA.
CAD/CAM. Computer Aided Design/
Computer Aided Manufacture
Cadmium Carbonate. CdCO;. Small
amounts (up to 2% ) are sometimes
added to CADMIUM SELENIDE (q.v.) red
colours to improve their stability.
Cadmium Niobate. Cd,Nb,O; an anti-
ferroelectric compound; the Curie
temperature lies between — 85°C and -
100 °C.

Cadmium Nitrate. Cd(NO;), .4H,O
m.pt. 59.5 °C used to add cadmium for
colouring glass to vitreous enamel.
Cadmium Oxide. CdO; sp. gr. approx.
7.0. The vapour pressure is approx. 1
mm at 1000°C and 7 mm at 1100°C.;
sublimes rapidly at 1500°C. It is
occasionally used in ceramic colours.
The oxide is poisonous.

Cadmium Selenide. This compound, or
the polyselenide, is responsible for the
colour in selenium ruby glass. With some
CdS in solid solution it forms the basis of
Cd-Se red ceramic (especially vitreous
enamel) colours; the firing temperature
must not exceed about 850°C. The
presence of up to 3% V,Os is claimed to
stabilize the colour; blackening in the
presence of a glaze or flux containing Pb
is caused by the formation of PbSe.
Cadmium Silicate. CdSiOy; sp. gr. 4.9;
m.p. 1240°C.

Cadmium Sulphide. CdS; sp. gr. 4.8; m.p.

1750°C. A constituent of some ruby-
coloured glass, of some yellow enamels,
and of Cd-Se red ceramic colours which
can be fired at temperatures up to about
850°C. Sintered CdS can be used as a
photoconductive ceramic.

Cadmium Sulphoselenide. CdS.x CdSe.
A ceramic pigment, the basis of a range
of yellow, orange and red ceramic
colours. See CADMIUM SELENIDE;
ENCAPSULATED COLOURS.

Cadmium Titanate. CdTiO;; a
ferroelectric ceramic having the ilmenite
structure at room temperature; the Curie
temperature is approx. -220°C.
Cadmium Yellow. Cadmium sulphide,
coprecipitated with barium sulphate.
Cadmium Zirconate. CdZrOg;
occasionally used as an addition to
barium titanate bodies, the effect being
to reduce the dielectric constant and
Curie temperature.

Calcine: Calcination. Heat treatment
intended to produce physical and/or
chemical changes in a raw material. The
calcination of bauxite, for example,
eliminates water and yields a product that
is relatively free from further firing
shrinkage; when kyanite is calcined, on the
other hand, the change is not in chemical
but in mineralogical composition, mullite
and cristobalite being formed.

Calcite. CaCO;, the mineral constituent
of limestone, chalk, and marble. Used as
a constituent of soda-lime glass and, as
WHITING (q.v.), in some pottery bodies;
it is a major component of the batch
used in portland cement manufacture.
Calcium Aluminates. The five compounds
(q.v.) are: TRICALCIUM
ALUMINATE(3Ca0.AlL,05);
DODECACALCIUM HEPTALUMINATE
(12Ca0.7Al,0;); CALCIUM MONO-
ALUMINATE (Ca0.AlLO;); caLcium
DIALUMINATE (CaO. 2Al,0;) and
CALCIUM HEXALUMINATE (Ca0.6AL,03).
TRICALCIUM PENTALUMINATE (q.V.) is a
mixture of the mono- and di-aluminates.
Calcium Boride. CaBg; m.p. 2235 °C: sp.
gr. 2.45; thermal expansion (25-1000 °C.)
5.8 x 10-9; electrical resistivity (20 °C),
124 pohm.cm.

Calcium Carbonate. See CALCITE;
WHITING.

Calcium Chloride. CaCl,; used for
FLOCCULATION (q.v.) in the preparation
of glazes; about 0.05% is normally
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sufficient. It is also sometimes used as a
mill-addition in the preparation of
vitreous enamel slips. Calcium chloride
solution accelerates the rate of setting of
portland cement; it is also sometimes
added to concrete mixes as an integral
waterproofer.

Calcium Dialuminate. CaO. 2A1,0;;
melts incongruently at 1762 + 5 °C;
thermal expansion, 5.0 x 10-¢ - Present
in high alumina cement but does not
itself have cementing properties.
Calcium Ferrite. In the binary system,
two ferrites are formed - CaO.Fe,O;
and 2Ca0.Fe,0;; the former may occur
in some HIGH-ALUMINA CEMENT (Q.V.).
Thermal expansion (0-1000 °C): CaO.
Fe,0,, 11.7 x 10-6; 2Ca0.Fe, 03, 10.5 x
10-6.

Calcium Fluoride. See FLUORSPAR.
Calcium Hafnate. CaHfO;; m.p. 2470 +
20°C; sp. gr. 5.73; thermal expansion
(10-1300 °C), 7 x 106,

Calcium Hexaluminate. Ca0.6A1,05;
melts incongruently at 1830 = 15 °C to
form corundum and a liquid.

Calcium Metasilicate. See
WOLLASTONITE.

Calcium Monoaluminate. CaO.Al,O5;
melts incongruently at 1602 £ 5 °C;
thermal expansion (0~1200 °C), 6.8 x
10-6. A major constituent of HIGH-
ALUMINA CEMENT (q.V.).

Calcium Orthosilicate or Dicalcium
Silicate. 2Ca0.Si0,; m.p. 2130 °C.
Occurs in four crystalline forms: a,
stable above 1447 °C; o', bredigite,
stable from about 800-1447°C on
heating, 1447 °C-670 °C on cooling; B,
larnite, stable or metastable from
520-670 °C; vy stable below 780-830 °C.
Material in which a considerable amount
of 2Ca0.S10, has been formed by high-
temperature reaction, falls to a powder —
‘dusts’ - on cooling because of the
inversion (accompanied by a 10%

increase in volume) to the y-form at 520
°C. The inversion can be prevented by
the addition of a stabiliser, e.g. B,O; or
P,0Os. Calcium orthosilicate is a
constituent of portland cement and may
be formed in dolomite refractories.
Calcium Oxide. See LIME.

Calcium Phosphate. The compound of
most interest is 3Ca0.P,0O5 or
Ca;(PO,),; melts with some dissociation
at 1755 °C. Crucibles made of this
phosphate withstand FeO melts at 1600
°C and permit the refining of steel to a
phosphate content of 0.025%. It is also
used in the manufacture of opal glass.
See also BONE ASH.

Calcium Silicate. The four compounds
(g.v.) are: woLLASTONITE (Ca0.SiO,);
RANKINITE (3Ca0.28i0,); caLCIUM
ORTHOSILICATE (2Ca0.Si0,); and
TRICALCIUM SILICATE (3Ca0.Si0,).
Autoclaved calcium silicate board
products, reinforced with cellulose fibres,
have been developed as substitutes for
asbestos. BS 3958 Pt 2 specifies the
properties and dimensions of preformed
calcium silicate insulation suitable for
use up to 650°C and 950°C.

Calcium Silicate Bricks. The approved
term (replacing sand-lime brick and flint-
lime brick) for bricks made by
autoclaving a mixture of sand (or
crushed siliceous rock) and lime.
Requirements and qualities are specified
in B.S. 187, and in the USA, in ASTM
C73 for calcium silicate facing bricks.
Dimensions are specified in BS 4729.
Calcium Stannate. CaSnO;; sometimes
used as an additive to barium titanate
bodies, one effect being to lower the
Curie temperature.

Calcium Sulphate. See ANHYDRITE;
GYPSUM; PLASTER OF PARIS.

Calcium Sulphe-Aluminates. Two
compounds exist: the ‘high’ form,
3Ca0.A1,0;.3CaS0,.30-32H,0; and
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the ‘low’ form, 3Ca0.A1,0;.
CaS0,.12H,0. Both forms may be
produced by reaction between
3Ca0.Al,0; and gypsum during the
hydration of portland cement. The ‘high’
form is also produced when cement and
concrete are attacked by sulphate
solutions.

Calcium Titanates. Three compounds
exist: Ca0.TiO,, m.p. 1915°C;
4Ca0.3TiO,, melts incongruently at 1755
°C; 3Ca0.2TiO, melts incongruently at
1740 °C. Calcium titanate refractories
slowly deform under load at high
temperature; they resist attack by basic
O.H. slag and portland cement clinker
but react with materials containing SiO,
and/or Al,O5. Ca0O.TiO, has a dielectric
constant of 150-175; it finds use as a
component of more complex titanate
dielectrics.

Calcium Zirconate. CaZrO;; a material
having useful dielectric and refractory
properties. As a dielectric it is normally
used in minor amounts (3-10%) in
titanate bodies; as a refractory it can be
used, even under reducing conditions, up
to 1700°C provided that it is not in
contact with siliceous material. M.p.
approx. 2350°C, sp. gr. 4.74; thermal
expansion 8-11 x 10-6 (25-1300 °C).
Calcrete. Gravel and sand cemented
with calcium carbonate.

Calcespar. Old name for caLCITE (g.v.).
Calculated Brickwork. Brickwork
designed according to the engineering
principles set out in BS 5628 ‘Code of
Practice for the Use of Masonry’. The
calculations take into account the load
on the wall, its height, the crushing
strength of the bricks, the type of
mortar, the stiffening effect of the floors,
and other factors. Walls of calculated
brickwork can be thinner, and hence
more economic, than traditional walls,
yet still be fully adequate to withstand

the stresses that will be imposed on
them. See also LIMIT STATE DESIGN.
Calculated Mineralogy. Modern
terminology for RATIONAL ANALYSIS
(Qv.)

Calculon. A building-brick size equal to
6.75 in (17 cm).

Caledonia Body. A ceramic body for
making coarse glazed pottery; typically,
it contained 70% yellow-firing clay, 20%
china clay and 10% flint.

Calgon. Proprietary name for a complex
sodium phosphate (q.v.) sometimes used
as a deflocculant for clay slips; (Albright
and Wilson, Ltd., Oldbury, England).
Callow. A term, of localised use, for the
overburden of a clay-pit.

Calorific Value (CV). The quantity of
heat released when a unit weight (or
volume) of fuel is completely burned.
Units: 1 Btu/lb = 0.556 cal/g = 2326 J/kg.
Typical values: coal, 25-35 MJ/kg; liquid
fuels, 40-50 MJ/kg; natural gas 40 MJ/
m3.

Calorite. Trade-name: a pyroscope
similar to a pyrometric cone but
cylindrical; they are made for use
between 500 and 1470 °C (Wengers Ltd,
Stoke-on-Trent, England).

Cameo. (1) Glass jewellery, etc., made of
two or more layers of glasses of
different colours and carved in relief.
(2) Similar ornamental pieces made of
JASPER WARE (q.v.)

Cam Lining. A lining, usually of
refractory brick, whose thickness varies
regularly around a kiln to induce feed
movement and improve heat exchange.
Campaign. The working life of an
industrial furnace between major repairs;
the term is particularly applied to blast
furnaces and to glass-tank furnaces.
Canal. The section of a flat-glass tank-
furnace through which molten glass flows
to the drawing chamber.

Candle. See CERAMIC FILTER.
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Candlot’s Salt. caALcIiuM SULPHO-
ALUMINATE (g.v.).

Cane. Glass rods of small or medium
diameter.

Cane Marl. Local name for one of the
low-quality fireclays associated with the
Bassey Mine, Littlerow and Peacock coal
seams of N. Staffordshire, England.
Cane Ware. Eighteenth-century English
stoneware of a light brown colour; it was
a considerable advance on the coarse
pottery that preceded it but, for use as
tableware, cane ware was soon displaced
by white earthenware. During the 19th
and the earlier part of the 20th century,
however, cane ware continued to be
made in S. Derbyshire and the Burton-
on-Trent area as kitchen-ware and
sanitary-ware; it had a fine-textured
cane-coloured body with a white engobe
on the inner surface often referred to as
CANE AND WHITE.

Cank. An indurated clay with cemented
particles, or a useless mixture of clay and
stone, the term is chiefly used in the
Midlands and North of England.
Cannock. South Staffordshire term for a
ferruginous nodule occurring in a
fireclay; the name derives from the town
of Cannock in that area.

Cannon. A small (15-60 ml) thick-walled
glass bottle of the type used to contain
flavouring essences.

Cannon Pot. A small poT (q.v.) for glass
melting.

Cant. The bottom outside edge of a
SAGGAR (q.v.); it is important that this
should be rounded to help the saggar to
resist thermal and mechanical shock.
Cantharides Lustre. A silver lustre for
artware similar in appearance to the
lustre on the wings of the cantharides
beetle; it is yellow and has usually been
applied to a blue lead-glaze.

Canton Blue. A violet-blue ceramic
colour made by the addition of barium

carbonate to cobalt blue. A quoted
recipe is (per cent): cobalt oxide, 40;
feldspar, 30; flint, 20; BaCO,, 10.

Caolad Flint. A form of cryptocrystalline
silica occurring at Cloyne, Co. Cork,
Eire. It has a sp. gr. of 2.26 and is readily
ground, without the need for pre-
calcination, for use in pottery bodies.
Cap. (1) See BUTTON. (2) A COLLAR
(q.v.) on the end of a posT (q.v.) to
increase the area of contact.

Capacitor. See DIELECTRIC.

Capon Abrasion Test. A method for the
determination of deep abrasion resistance.
A flat test-piece is placed to touch
tangentially a 200mm diameter steel disc
rotating at 75 rpm, and white fused
alumina of grain size 80 (32 GB 1971) is
fed into the grinding zone at a rate of
100g/100 revolutions of the disc. The
volume of material removed after 150
revolutions of the disc is measured by
measuring the length of groove ground in
the test-piece. The equipment is calibrated
against Austrian standard granite. The test
is the British and European standard test
for unglazed ceramic floor tiles (BS 6431,
Pt14, 1983 EN 102) and has also been
adopted for clay pavers.

Capping. (1) The formation of a weak
region at the end of a pressed compact.
In the region just below the top punch,
the compact is subjected to a
compressive force only, with no shear
component die to interaction with the
die walls. This region is consequently
weak. This fault is also known as END-
CAPPING.

(2) capping is also the term used for the
various methods (cardboard or cement
spacers, grinding) used to ensure that the
faces of crushing strength test specimens
are plane, parallel and perpendicular to
the applied force.

Carbides. A group of special ceramic
materials; see under the carbides of the
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following elements: Al, Be, Ce, Cr, Hf,
La, Nb, Si, Ta, Th, Ti, U, V, W, Zr.
Carbon. See CARBON REFRACTORIES;
GRAPHITE.
Carbon-Ceramic Refractory. See
PLUMBAGO.
Carbon Dioxide Process. A method of
bonding refractory grains by mixing
them with a solution of sodium silicate,
moulding to the required shape and then
exposing the shape to CO,. The process
was first mentioned in Brit. Pat. 15 619
(1898) but did not come into general use
until about 1955, when it began to be
employed in the bonding of foundry
sands and cores. The process has been
tried for bonding rammed linings in
small ladles.
Carbonisation. The removal of volatile
components from pitch-bonded, resin-
bonded or impregnated basic
refractories, by heating to 980 to 1000 °C
immersed in metallurgical coke in an
airtight container, to provide a reducing
atmosphere. The refractories retain
RESIDUAL CARBON (q.v.) The
carbonisation mass loss is the loss in
mass during this process. ASTM C-607
specifies a coking or carbonization
procedure for large shapes of caron-
bearing materials. Cf. CARBON YIELD.
Carbon Meonoxide Disintegration. The
breakdown of refractory materials that
sometimes occurs (particularly with
fireclay refractories) when they
are exposed, within the temperature
range 400-600 °C, to an atmosphere
rich in carbon monoxide. The
disintegration is due to the deposition
of carbon around ‘iron spots’ in the
brick, following the well-known
dissociation reaction:

2CO=C0O,+C
BS 1902 Pt 3.10 and Pt 7.6 specify tests
for resistance to CO, as does ASTM
C288.

Carbon Refractories. These refractories,
consisting almost entirely of carbon, are
made from a mixture of graded coke, or
anthracite, pitch and tar; the shaped
blocks are fired (packed in coke). The
fired product has an apparent porosity of
20-25% crushing strength 50-70 MNm-2;
R.u.L. (350 kPa), 1700°C; thermal
expansion (0-1000 °C), 0.65%. The
principal use is in the lining of blast
furnaces, particularly in the hearth and
bosh (cf. PLUMBAGO).

Carbon Yield. See RESIDUAL CARBON.
Carborundum. Trade-mark of The
Carborundum Co., Niagara Falls, USA,
and Trafford Park, Manchester,
England. This firm pioneered the
industrial synthesis of silicon carbide and
their trade-mark is often used as a
synonym of SILICON CARBIDE (q.V.),
particulary in its use as an abrasive.
Carbothermal Reduction. High
temperature reactions in which carbon
acts as a reducing agent so that one
ceramic may be prepared from another.
e.g. AIN may be prepared by heating C
+ AL, O, mixtures in N,. The carbon
reduces the alumina, to Al metal which
reacts with the nitrogen gas.
Carboxymethylcellulose (CMC). An
organic compound that, in the form of its
sodium salt, finds use in the ceramic
industry as an additive to glazes and
engobes to prevent friability before the
coating is fired; CMC has been added to
vitreous enamel slips to prevent settling.
Carboy. A glass container for acids, etc.;
it has a narrow neck and its capacity is 5
gallons or more. (See B.S. 678.)
Carburettor. The chamber of a water-gas
plant, lined with refractory material and
often filled with CHECKERS (q.v.) on
which oil is sprayed to enrich the gas (cf.
SUPERHEATER).

Carder Tunnel Kiln. A tunnel-kiln
designed in about 1928 by Carder and
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Sons, Brierley Hill, England, for the
firing of stoneware at 1200°C.
CARES. Ceramic Analysis and
Reliability Evaluation of Structures.
(Formerly known as SCARE ~ Structural
Ceramic Analysis and Reliability
Examination). A Fortran 77 computer
program using Weibull and Batdorf
fracture statistics to predict the fast-
fracture reliability of isotropic ceramics.
Carlton Shape. A tea-cup the top half of
which is cylindrical, the bottom half
being approximately hemispherical but
terminating in a broad, shatlow foot. For
specification see B.S. 3542.
Carman Equation. A relationship,
derived from KOZENY’S EQUATION
(q.v.), permitting determination of the
specific surface, S, of a powder from
permeability measurements:

S = 14V[p3/KV(1 - p2)]
where p is the porosity of the bed of
powder, V is the kinematic viscosity of
the flowing fluid, and K is a constant. In
his original application of this equation,
Carman used a simple apparatus in
which liquids were used as permeating
fluids. (P.C. Carman, J. Soc. Chem. Ind.,
57,225, 1938.)
Carnegieite. Na,0.A1,0,.2510,, m.p.
1526°C. It is formed when NEPHELINE
(same composition) is heated above
1248°C and is sometimes found in
fireclay refractories that have been
attacked by Na,O vapour.
Carolina Stone. A CHINA STONE (q.v.)
used to some extent in the US pottery
industry.
Carrara Porcelain. Term sometimes
applied to PARIAN (q.v.).
Carrousel. A four-wheeled bogie fitted
with a rotating framework which carries
two sets of STILLAGES (q.v.) for the
handling of bricks from a dryer to a
Hoffmann type of kiln. (From the
French word for a merry-go-round.)

Carry. Term sometimes used in Scotland
for OVERBURDEN (q.v.).

Car Top. See DECK.

Cascading. The behaviour of the charge
in a ball mill when it spills from the
highest point without an appreciable
proportion passing into free flight.

Case Mould. See under MOULD.

Cased Glass. Glass-ware with a
superimposed layer of another glass
having a different composition and
usually coloured. The thermal
expansions of the two glasses must be
carefully matched (cf. PLY GLASS).
Casella Counter. A device for the
automatic counting and size-
determination of particles from 1 to
200mm. (Casella Electronics Ltd., York,
England.)

Casement Wall. See BREAST WALL.
Casher Box. A metal box used to catch a
glass bottle after it had been severed
from the blow-pipe in the old hand-
blown process.

Casing Wall. See BREAST WALL.

Cassel Kiln. See KASSEL KILN.

Cassette. A design of tile CRANK based
on a rectangular refractory module. The
tiles are supported and separated
without building up a structure of posts
and pins.

Castable. BS 1902, Pt 7 defines a castable
as a mixture of graded refractory
aggregate and other materials, which,
after mixing with water, will set owing to
the formation of a hydraulic and/or a
chemical bond. Castables are subdivided
into two categories according to their
bulk density. Insulating castables are
those which when cast, cured and dried
at 110 °C have a bulk density 1600
kg/m3. All other castables are known as
dense castables. BS 1902 Pt 7 specifies
tests for UNSHAPED REFRACTORIES
(q.v.). ASTM C401 defines REGULAR
CASTABLE REFRACTORIES as those
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containing hydraulic setting cements and
having a lime content greater than 2.5%.
Normal strength castables have a
modulus of rupture of at least 2.07 MN
m-2 (300 psi); high-strength types have a
modulus at least 4.14 MN m-2. They are
further classified on the basis of volume
stability. Insulating castables are
classified on the basis of bulk density.
See also LOW-CEMENT CASTABLE; NO-
CEMENT CASTABLE.

Casting. Shaping a fluid material (which
subsequently solidifies) by pouring it into
a mould. The process is used in pottery
manufacture and in glass-making. To
cast pottery-ware, a SLIP (q.v.) is poured
into a plaster mould which absorbs a
proportion of the water so that the body
builds up on the walls of the mould. In
the production of thin-walled ware, e.g.
tableware, excess slip is poured out of
the mould when the required thickness
of ware has been formed. For thick ware,
e.g. sanitary fireclay, the SOLID CASTING
process is used, with an inner plaster
core; slip is in this case poured into the
space between mould and core and the
body is allowed to build up without any
slip being poured off. ASTM C 866, a
test for the filtration rate of whiteware
clays, is relevant to casting behaviour.
Glassware can be cast by pouring molten
glass into a mould. (A telescope mirror
blank 6 m diameter was thus made).
Television tubes and radomes are made
by centrifugal casting. The glass flows
upwards in a spinning mould, producing
a uniform wall thickness. Complex
shapes are made by slip-casting ground
glass powder in plaster of Paris moulds,
then firing.

Casting-pit Refractories. Specially
shaped refractories (usually fireclay) for
use in the casting of molten steel. The
individual items included in the term are:
LADLE BRICKS, ROD COVERS, STOPPERS,

NOZZLES, MOULD BRICKS, TRUMPETS,
GUIDE TUBES, CENTRE BRICKS,
RUNNERS, CONES and MOULD PLUGS
(q.v.). ASTM (435 classifies nozzles,
sleeves and ladle bricks each into type
A, B or C depending on PCE, porosity,
reheat linear change and, for ladle
bricks, modulus of rupture.

Casting Spot. A fault that sometimes
appears on cast pottery as a vitrified and
often discoloured spot on the bottom of
the ware or as a semi-elliptical mark on
the side. It occurs where the stream of
slip first strikes the plaster mould and is
attributable to local orientation of platy
particles of clay and mica in the body.
The fault can be largely eliminated by
adjusting the degree of deflocculation of
the slip so that it has a fairly low fluidity.
The fault is also sometimes called
FLASHING.

Castle; castling. Local term for the
setting of bricks on a dryer car, two-on-
two in alternate directions.

Catalyst Support. Many catalysed
chemical reactions require the catalyst to
present a high surface area to the
reagents. One way of achieving this is for
the catalyst to be supported on an inert
substrate itself of high surface area — for
example a ceramic honeycomb.
Catalytic Converter. A device to remove
noxious components from the hot
exhaust gases of diesel and petrol
engines, by passing them over a suitable
catalyst to promote their breakdown.
Cordierite ceramic honeycombs are the
usual catalyst carriers.

Cataphoresis. The movement of colloidal
particles in an electric field; this forms
the basis of the purification of clays by
the so-called ELECTRO-0OSMOSIS (q.v.)
method.

Catenary Arch. A sprung arch having
the shape of an inverted catenary (the
shape assumed by a string suspended
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from two points that are at an equal
height from the ground). The stress
pattern in such an arch is such that there
is no tendency for any bricks to slip
relative to one another.
Cateracting. Term used in ball-milling
for the state of the charge when a large
proportion falls in free flight. This
usually occurs at mill speeds higher than
that needed for CASCADING (q.v.).
Cathedral Glass. Rolled flat-glass
textured on one side to resemble old
window glass (cf. ANTIQUE GLASS).
Cathode Pickling. See ELECTROLYTIC
PICKLING.
Cationic Exchange. See 10N1C
EXCHANGE.
Cat Scratch. Surface flaws on glassware
resembling the marks of a cat’s claws.
Cat’s Eye. (1) Glass tubing of the
SCHELLBACH (q.v.) type for use in spirit-
levels. (2) A fault, in glass-ware, in the
form of a crescent-shaped blister which
may contain foreign matter.
Cauchy Formula. A formula proposed
by A. L. Cauchy, a 19th-century French
mathematician, relating the refractive
index, n, of a glass to the wavelength, 2,
of the incident light:
n=A+BA2+Ch4 ..
A closer relationship is the HARTMAN
FORMULA (q.v.).
Caveman. An oddjob man around
(frequently under) a glass furnace.
Cavity Wall. A wall built so that there is
a space between the inner and outer
leaves, which are tied together at
intervals by metal or other ties. Such a
wall has improved thermal insulation
and damp-proofness.
CBN. Cubic Boron Nitride (q.v.)
C/B Ratio. A term that has been used
for the SATURATION COEFFICIENT (Q.V.).
C & D Hot Top. A HOT-TOP (q.V.)
designed by W. A. Charman and H. J.
Darlington (hence the name ‘C & D) at

the time, about 1925, when they were
both employed by Youngstown Sheet
and Tube Co., USA. The hot top, which
is fully floating, consists of a cast-iron
casing lined with fireclay or insulating
refractories; a refractory bottom ring is
attached to the lower end of the casing
to protect the latter from the hot metal.
C-D Principle. The Convergence-
Divergence principle used in the
FRENKEL MIXER (Q.V.).

c.e.c. Cation exchange capacity. See
IONIC EXCHANGE.

Celadon. An artware glaze of a
characteristic green colour, which is
obtained by introducing a small
percentage of iron oxide into the glaze
batch and firing under reducing
conditions so that the iron is in the
ferrous state. The name was used by the
first Josiah Wedgwood for his self-
coloured green earthenware.

Celeste Blue. A ceramic colour made by
softening the normal cobalt blue by the
addition of zinc oxide.

Celite. The name given to one of the
crystalline constituents of portland
cement clinker by A. E. Térnebohm
(Tonindustr. 58 Zig. 21, 1148, 1897). This
constituent has now been identified as a
solid solution of 4Ca0.Al,05.Fe,O5 and
6Ca0.2A1,0;.Fe, 04

Cell. One of the spaces in a hollow clay
building block. According to the US
specification (ASTM C212) a cell must
have a minimum dimension of at least
0.5 in. (12.5 mm) and a cross-sectional
area at least 1.5 in2 (950 mm?).

Cell Furnace. A glass-tank furnace in
which glass in the melting end and
auxiliary chambers is heated electrically.
Cellular Brick or Block. A clay building
brick or block which shall not have
holes, but may have frogs or cavities
(holes closed at one end) exceeding 20%
of the volume of the brick or block. (B.S.
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3921). Cellular bricks are usually made
by pressing whereas PERFORATED
BRICKS (q.v.) are made by extrusion.
Cellular Concrete. See AERATED
CONCRETE.

Cellular Glass. See FOAM GLASS.
Celsian. Barium feldspar,
Ba0.Al,0,.2Si0,; m.p. 1780 °C. There
are two crystalline forms, resulting in a
non-linear thermal expansion curve.
Celsian refractory bricks have been
made and have found some use in
electric tunnel kilns.

Celsius. The internationally approved
term for the temperature scale
commonly known as Centigrade. The
fixed points are 0°C, (the triple point of
water) and 100°C (the steam over
boiling water). See °C, °F.

Cement. See ACID-RESISTING CEMENTS;
CIMENT FONDU; HIGH EARLY-STRENGTH
CEMENT;, HYDRAULIC CEMENT; KEENE’S
CEMENT; PORTLAND CEMENT; RAPID-
HARDENING PORTLAND CEMENT;
REFRACTORY CEMENT, SILICATE
CEMENT; SOREL CEMENT, SULPHATE-
RESISTING CEMENT; SULPHO-ALUMINATE
CEMENT; SUPERSULPHATED CEMENT. For
methods of testing cement see BS 4550,
Pts 0 to 6, which specifies chemical
analysis, strength and consistency tests,
setting times, soundness, heat of
hydration, and standard sands and coarse
aggregates for mortar and concrete. BS
6432 specifies tests for glass-fibre
reinforced cement.

Cementation. A process to promote the
absorption and diffusion of one
substance into the surface of another.
(Originally, producing a hard carbon
steel coating on wrought iron by packing
it in charcoal and heating strongly for a
long period).

Cement Bacillus. This name has

been applied to the compound
3Ca0.Al,05.3CaS0,.31H,0, which is

formed by the action of sulphate
solutions on portland cement and
concrete.

Cemented Carbide. Metal carbides,
chiefly tungsten carbide WC and
titanium carbide TiC, used for cutting
tools, in which the carbide grains are
bonded together by a thin layer of metal,
usually cobalt, though nickel has also
been used. The object is to provide a
degree of ductility to an inherently
brittle material.

Cemented Oxide, See ToOL (CERAMIC).
Cement-kiln Hood. The head, which may
be mobile or fixed, of a rotary cement kiln;
through the hood the burner passes and
within the hood the clinker discharges
from the kiln to the cooler.

CEN. Comité Européen de
Coordination des Normes, Boite 5,
B-1000, Brussels. EN. Abbreviation for
European Standards (Euronorm)
Centigrade. See °C.

Centre Brick. A special, hollow,
refractory shape used at the base of the
GUIDE TUBES (q.v.) in the bottom-
pouring of molten steel. The Centre
Brick has a hole in its upper face and
this is connected via the hollow centre of
the brick to holes in the side faces (often
six in number). The Centre Brick
distributes molten steel from the trumpet
assembly to the lines of RUNNER BRICKS.
Centre Pip. A fault in tableware made
by the ROLLER-HEAD (q.v.) process. A
small raised area forms at the centre of
the ware in firing. The orientation of clay
particles introduced by pugging persists
across the thickness of the ware at the
centre. Elsewhere the shaping process
reorients the particles along a diameter.
The result is a central region of
minimum drying and firing shrinkage
and a raised centre.

Centreless Grinding. The cylindrical
workpiece to be ground is supported on
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a workable and rotated by a ‘regulating
wheel’ (q.v.). It is also sometimes known
as a CROWN BRICK Of SPIDER.
Centrifugal Casting. Tubes and other
rotationally synmetric shapes are cast on
the inside of moulds spun at high speed
to produce large forces which increase
consolidation rates. A dense cast results.
No central core is needed to cast hollow
articles. The moulds may be of plastics
or metal and need not be porous. Cone-
shaped glassware such as television tubes
is made in this way.

Centrifugal Disc Mill. A horizontal disc
within a chamber is rotated at high speed
by an electric motor. Clay is fed in near
the axis, and comminuted by the
centrifugal action of the mill, at constant
moisture content.

Centrifuge. A device in which the rate of
settling of particles from a liquid
suspension is accelerated by subjecting
them to a high centrifugal force; this is
done by charging the suspension into
carefully-balanced ‘buckets’ at opposite
ends of a diameter of a rapidly spinning
disk or shaft. Such equipment is used
industrially in the treatment of raw
materials; in the ceramic laboratory, the
centrifuge is used as a method of
particle-size analysis, particularly for
particles below about Imm.

Centura Ware. Glass-ceramic tableware
that has been glazed, and sometimes
decorated. (Trade name: Corning Glass
Works, USA). ‘
CERABULL. A computer database and
electronic bulletin board operated by the
American Ceramic Society.

Ceramel. Obsolete term for CERMET
(Q.v.).

Ceramesh. 0.1 mm pore-size metal mesh
coated with zirconia.

Ceramic Coating (on Metal). Defined
(ASTM - C286) as: ‘An inorganic
essentially non-metallic, protective

coating on metal, suitable for use at or
above red heat.’

Ceramic Colour Standards. This set of 12
ceramic tiles provides standard colours
for the calibration of colour measuring
instruments used in all industries.
Specially developed colours and glazes
and rigorously precise firing schedules
give stable and reproducible colours.
There are 3 neutral grey standards with
flat spectral curves to check linearity of
response; 7 strongly coloured standards
with steep spectral curves to check
responsivity or wavelength and
waveband errors; 2 colour-difference
standards which ‘pair’ with the mid-grey
and the green standards, giving a direct
check on colour difference
measurements. A black and a white
standard are available, plus ‘specials’ to
individual requirements. (The
development of these tiles, in
collaboration with the National Physical
Laboratory, earned Ceram Research,
Stoke-on-Trent, its second Queen’s
Award for Technological Achievement).
Ceramic Filter, A ceramic characterized
by an interconnected pore system, the
pores being of substantially uniform size.
Such ceramics are made from a batch
consisting of pre-fired ceramic, quartz or
alumina together with a bond that,
during firing, will vitrify and bind the
surfaces of the grains together. The pore
size of different grades varies from about
10 to 500mm; tests for pore size are
described in B.S. 1752. The filters are
commonly available as tiles or tubes, the
latter sometimes being known as
CANDLES; special shapes can be made

as required. Uses include filtration,
aeration, electrolytic diaphrams and air-
slides (cf. FILTER BLOCK; SINTERED
FILTER).

Ceramic Process. The ASTM definition
is: “The production of articles or coatings
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from essentially inorganic, non-metallic
materials, the article or coating being
made permanent and suitable for
utilitarian and decorative purposes by
the action of heat at temperatures
sufficient to cause sintering, solid-state
reactions, bonding or conversion
partially or wholly to the glassy state.’
See also APPENDIX A.

Ceramic-to-metal Seal. The joining of a
metal to a ceramic is generally
accomplished by METALLIZING (q.v.) the
ceramic surface and then brazing-on the
metal component. Ceramic-to-metal seals
are used in electrically insulated and
vacuum-tight ‘lead-throughs’, especially
for high-power h.f. devices; components
so made are more rugged and resist
higher temperatures than those having a
glass-to-metal seal, thus permitting a
higher bake-out temperature and use in a
nuclear environment.

Ceramics and Ceramic Materials. Non-
metallic inorganic or carbon solids,
artificially produced or shaped by a high-
temperature process, and inorganic
composites wholly or essentially
comprising such materials. Ceramics are
usually taken to be shaped articles. (For
a discussion of the problems in defining
ceramics, and for official and quasi-
official definitions in various contexts,
see APPENDIX A).

Ceramic Whiteware. This term is defined
in the USA (ASTM (C242) as: ‘A fired
ware consisting of a glazed or unglazed
ceramic body which is commonly white
and of fine texture; the term includes
china, porcelain, semivitreous ware and
earthenware.’

Ceramix. Tradename for a flow control
device developed by Ideal Standard Inc
for hot/cold water mixer taps. Two
alumina discs, one solid, the other
pierced by three holes, rotate against
each other to open or close the holes to

provide for the passage of water. The
device is wear-resistant. (UK Pat.
2136544 A and 2136545A, 1984)
Ceramming. The conversion of a glass to
a glass-ceramic.

Ceramography. The study of
microstructures of ceramics at
magnifications greater than 50 .
Ceramoplastic. An electrically insulating
composite of synthetic mica bonded to
glass.

Ceramtec. Tradename of the Ceramic
Development Co for pyrophyllite, but
often used in a context which implies
that it is a synthetic ceramic.

Ceranox. A collective term for binary
compounds of B, C, N and Si.
CeraPearl. A castable apatite ceramic,
for dental application. Its tensile strength
(150 MPa) is more than twice that of
feldspathic dental porcelain.

Cercoms. Composites with at least one
ceramic component.

Cercon. Tradename. Lightweight
honeycomb ceramics (Corning
Glassworks).

Ceria. See CERIUM OXIDE.

Cerium Borides. CeB,: m.p.2100 °C;

sp. gr. 5.7. CeBg: thermal expansion
(25-1000 °C) 6.7 x 10-6

Cerium Carbides. CeC,: m.p. 2500 °C;
sp.gr. 5.2; decomposed by water. Ce,Cg
has also been reported.

Cerium Nitride. CeN; produced by the
action of N2 on Ce at 800C or NH; on
Ce at 500C.

Cerium Oxide. CeO,; m.p. 2600C; sp. gr.
7.13; thermal expansion (20-800C), 8.6 x
10-6. A rare earth derived from the
monazite of India, Brazil, Florida,
Australia and Malagasy. Used in the
polishing of optical glass; it is also
effective both as a decoloriser and as a
colouring agent for glass.

Cerium Sulphides. There are three
sulphides: CeS, m.p. 2450 °C % 100 °C;
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Ce;S,, m.p. 2050 °C £ 75 °C; and Ce,S,,
m.p. 1890°C + 50 °C. Special ceramic
crucibles have been made of these
sulphides, but they can be used only in
vacuo or in an inert atmosphere; such
crucibles are suitable as containers for
molten Na, K, Ca and other highly
electropositive metals. The thermal-
shock resistance of CeS is good, that of
Ce,S; poor, and that of Ce;S,
intermediate.

Cerlite. An Italian body of clay,
chamotte and feldspars, which is claimed
to combine the strength of vitreous china
with the lower deformability of fireclay,
whereby it is suitable for making large
objects.

Cermet. A material containing both
ceramic and metal. According to one
definition the proportions by weight lie
between 15% and 85%. Cermets appear
first to have been made by M. Hauser in
Switzerland in 1926. Experiments have
been made with a wide range of ceramics
(oxides and carbides) and metals (iron,
chromium, molybdenum, etc.) in an
attempt to combine the refractory and
oxidation-resistant properties of
ceramics with the thermal-shock
resistance and tensile strength of metals.
Success has been only partial. The most
promising cermets are TiC/Alloy (the
alloy containing Ni, Co, Mo, W, Cr in
various proportions), Al,O5/Cr, AlL,O4/
Fe and ThO,/Mo. The principal use for
cermets would be for the blades of gas
turbines and other high-temperature
engineering units. Special cermets are
also currently being used in brake and
clutch linings. (Name first proposed by
A. L. Berger —see J. Am. Ceram. Soc.,
32, 81, 1949; for general information on
the subject see J. R. Tinklepaugh and W.
B. Crandall Cermets, Reinhold, 1960.)
Note also that C.A.Calour and A.Moore
claimed (J. Mat. Sci., 7, (5), 543, 1972)

that above 700 °C metal matrix cermets,
reinforced with ceramic fibres or
whiskers, were not viable. If the fibre
reacts sufficiently well with the metal
matrix to form a bond, its lifetime is
limited by corrosion; if it is sufficiently
unreactive not to corrode, an inadequate
bond is formed.

Cerulean Blue. Cobalt stannate
CoOnSn0O,, a light blue pigment.

Chain Hydrometer. A type of
hydrometer that is operated at constant
depth by a chain loading device similar
to that used on some analytical balances.
It has been used for the determination
of the particle-size distribution of clays.
Chain Silicates. See S1ILICATE
STRUCTURES.

Chair. (1) A wooden chair of traditional
design used by a glass-blower.

(2) A team of workmen producing hand-
made glass-ware.

Chairman. See GAFFER.

Chalcedony. A cryptocrystalline, fibrous
form of quartz; flint, for example, is
chalcedonic.

Chalcogenide Glass. A glass containing a
high proportion of tellurium, selenium or
sulphur. Such glasses are used in
electronic current-switching devices, as
their conductivity differs along different
crystal panes, but their switching rate has
proved too slow for modern computer
applications. Current research centres on
their high infra-red transmission, and
applications in solar cells.

Chalk. A soft rock consisting of fine-
grained calcium carbonate used as an
alternative material to limestone in
cement manufacture, and in the
production of WHITING {(q.v.).
Chalkboard Enamel. BLACKBOARD
ENAMEL (q.V.)

Chalked or Chalky. The condition of
vitreous enamelware that, in
consequence of abrasion or chemical
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attack, has lost its gloss and has become
powdery.

Chamber Dryer. A type of dryer in
which shaped clayware is placed in
chambers in which the temperature,
humidity, and airflow can be controlled;
the ware remains stationary during the
drying process. The Keller Dryer is of
this type, its distinctive feature being the
system of handling the bricks to be dried
by means of STILLAGES (q.v.) and
FINGER-CARS (q.v.).

Chamber Kiln, An ANNULAR (g.v.) kiln
of the type in which the setting space is
permanently subdivided into chambers;
examples include the sHAW KILN (q.v.)
and the MENDHEIM KILN (q.V.).
Chamber Oven. A refractory-lined gas-
making unit; the capacity of such an
oven may vary from about 1 to 5 tons of
coal.

Chamotte. A W. European word
(originally German) which has now also
been adopted in the UK, denoting
refractory clay that has been specially
fired and crushed for use as a non-plastic
component of a refractory batch; it is
generally made by calcination of lumps
of the raw clay in a shaft kiln orin a
rotary kiln (cf. GROG)

Champlevé Enamelware. One type of
vitreous-enamel artware: a pattern is first
cut into the base-metal but, where the
pattern requires that enamels of
different colours should meet, a vertical
fin of metal is left so that the colour
boundary will remain sharp, the two
enamels not running into one another
when they are fused. (French word
meaning ‘raised field’.)

Characterisation. The description of
those material variables that are
sufficient to permit reproduction of
material performance in service, in a test
or in relation to material processing. The

term is used loosely for the measurement

of microstructural, textural and
mineralogical properties.

Charge. As applied to a ball mill this
term means the material being ground
and the grinding media.

Charge Pad. Localised thicker or better
quality refractory in a metallurgical
furnace, to withstand the impact of hot
metal or scrap entering the furnace.
Charge Shaft. See FIRE PILLAR.
Charlton Photoceramic Process. A
positive print is formed on ceramic ware
by a process involving the application of
emulsion to the ware, exposure in
contact with the negative, and
development. (A. E. Charlton, Ceramic
Industry, 56, No. 4,127, 1951.)

Charp. Trade-name for Calcined High-
Alumina Refractory Powder; it is made
from Ayrshire bauxitic clay.

Charpy Test. An impact test for fracture
resistance. A V-notched specimen, fixed
at both ends, is struck behind the notch
by a pendulum. The energy lost by the
pendulum in fracturing the test-piece
gives a measure of the impact strength of
the material. See FRACTURE TOUGHNESS
TESTS.

Chaser Mill. Name occasionally used for
an EDGE-RUNNER MILL (q.v.) particularly
of the over-driven fixed-pan type.
Chatelier. See LE CHATELIER.

Chatter Sleek. = FRICTIVE TRACK (q.V.)
Check, Crizzle, Vent. A surface crack in
glassware. (See also SMEAR.)

Checkers; Checker Bricks. Refractory
bricks or special shapes set in a
regenerator in such a way as to leave
passages for the movement of hot gases;
waste gases passing from a furnace
through the checkers give up heat which,
on reversal of the direction of gas flow in
the furnace, is subsequently transferred
to the combustion air and fuel.
Checkerwork, Chequerwork. A
construction made with many CHECKER
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BRICKS (q.v.) to provide a large surface
area for heat transfer to gases.
Checking. (1) A defect in cast-iron
enamelware, raised lines appearing on
the surface as a result of cracks in the
ground-coat. (2) The term has been used
in USA to signify surface cracking or
crazing of clayware.

Cheeks. The refractory side-walls of the
ports of a fuel-fired furnace.

Chemically Bonded Refractory Cement.
A jointing cement for furnace brickwork
that may be one of two types: Air-setting
refractory cement — finely ground
refractory material containing chemical
agents, such as sodium silicate, which
ensure that the cement will harden at
room temperature; Air-hardening
refractory cement — finely ground
refractory material containing chemical
agents that cause hardening at a
temperature below that at which
vitrification begins but above room
temperature.

Chemical Machining. Selective etching
or dissolution of material to shape a
component. See LEACHABLE GLASS;
LITHIUM SILICATE GLASSES.

Chemical Porcelain. US term for
CHEMICAL STONEWARE (Q.V.).

Chemical Stoneware. A vitreous type of
ceramic product for use in the chemical
industry and in other locations where
resistance to chemical attack is sought. A
typical body composition is: stoneware
clay or plastic fireclay, 25-35%, ball clay,
30-40%, feldspar, 20-25%; grog, 20—
30%. The grog may be crushed
stoneware or porcelain, fused alumina,
or silicon carbide, depending on the
combination of physical properties
sought in the finished product. The firing
temperature is usually 1200-1300 °C.
Chemical stoneware has a crushing
strength of nearly 300 MN m-2; the
coefficient of linear expansion (20-100

°C) is 4 x 10-6. In the USA, this type of
ware is termed ‘Chemical Porcelain’.
Chemical Surface Coating (CSC). This
low-temperature chemical modification
technique has three stages: activation of
the substrate; formation of the new
ceramic precursor by chemical action;
heat treatment to convert the new
precursor into a new ceramic coating.
For instance, a silicon nitride coating can
be produced by activating a silica gel
substrate by chemisorption of
trichorosilane, reacting with ammonia
and heating to 500 °C.

Chemical Vapour Deposition (CVD).
Chemical reactions between gaseous
reagents at or near a heated surface are
used to deposit a material coating on
that surface. Process temperature are
typically above 700 °C. The technique is
widely used both to prepare ceramic
materials, and to apply ceramic coatings
to other material. It was first developed
to fabricate microelectric devices.
Compared to other coating methods it
has higher deposition rates and offers
better control over the microstructure of
the coating by adjusting the deposition
parameters.

Chemical Vapour Infiltration (CVI).
Vapour phase reactants infiltrate a
porous preform. Their chemical
reactions deposit product within the
pores to produce a 2-phase composite.
Chequers; Chequer Bricks. See
CHECKERS; CHECKER BRICKS.

Chert. A general term for a
cryptocrystalline siliceous rock that may
occur in either nodular or tabular form.
Chert stones were used as pavers and
runners in the old paddle type of mill for
grinding potters’ materials; trimmed
chert blocks are now used as a lining
material for ball mills.

Chest Knife. A tool used in hand-blown
glass-making for removing the MoIL (q.v.)
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from the blowing-iron; the moils are
allowed to crack off while the blowing-
irons are in a receptacle called a ‘chest’.
Chevenard Dilatometer. An apparatus
for the measurement of thermal
expansion; it depends on the recording,
by means of an optical lever, of the
differential expansion of the test-piece
and that of a standard. It finds use in
Western Europe for the testing of
ceramic products. (P Chevenard Compte
Rend., 164, 916, 1917.)

Chevron Notch Bend Test. Sece
FRACTURE TOUGHNESS TESTS.
Chevroning. Fault-like planes in rotary
kiln linings. The bricks between adjacent
fault planes are tilted out of alignment
with a V or chevron end to the displaced
region. Ovality of the kiln structure is
one cause.

Chill Mark. A surface defect on glass-
ware characterized by its wrinkled
appearance; also known as FLOW LINE
(q.v.). It is caused by uneven contact in

_ the mould prior to the forming.
Chimney Linings. Refractory concretes
are used line steel chimneys, by gunning
or casting. BS 4207 provides a code of
practice for their formulation and
installation. See also FLUE LINER.
Chimney Pot. The relevant British
Standard is BS 1181 (1961); cf. FLUE
LINER.

China. BS 5416 specifies this to be
pottery with water absorption 0.2% and
tranlucency 0.75% (assessed by
comparison with standard test pieces)
See also BONE cHINA. In the USA,
however, ASTM-C242 defines the word
as any glazed or unglazed vitreous
ceramic whiteware used for nontechnical
purposes, €.g. dinnerware, sanitary-ware,
and art-ware, provided that they are
vitreous. The COMBINED
NOMENCLATURE (q.v.) equates this term
with PORCELAIN (q.v.).

China Clay (Kaolin). A white-firing clay
consisting essentially of KAOLINITE
(q.v.). Major deposits occur in Cornwall
(England); Georgia, S. Carolina and
Florida (USA); Germany, France,
Czechoslovakia, and elsewhere. Annual
output in USA is 2 500 000 tons; in
England, 1 500 000 tons. Of these
tonnages only about 20% is used in the
ceramic industry (pottery and
refractories). Typical composition (per
cent): Si0,, 47; Al,O;, 38; Fe, 03, 0.8;
Alkalis, 1.7; loss-on-ignition, 12.
Chinaflow. A specialist distribution
service for china and glassware, operated
by National Carriers.

Chinagraph. Specially formulated pencils
(Royal Sovereign Pencil Co) for marking
pottery, glass and similar smooth, hard
surfaces.

China Process. A US term defined
(ASTM - C242) as the method of
producing glazed whiteware in which the
body is biscuit fired and glaze is then
applied followed by glost firing at a
lower temperature. (In the UK this
process is used in the manufacture both
of earthenware and of bone china.)
China Sanitary-ware. US term for
vitreous ceramic sanitaryware.

China Stone. Partly decomposed granite,
consisting of feldspathic minerals and
quartz, it is used as a flux in pottery
bodies. Examples in the UK are Cornish
Stone and Manx Stone. The former is
available in various grades, e.g. Hard
Purple, Mild Purple, Hard White and
Soft White; the feldspars are least
altered in the Hard Purple, alteration to
secondary mica and kaolinite being
progressively greater in the Mild Purple,
Hard White, and Soft White; the purple
stones are so coloured by the small
amount of fluorspar present. Manx Stone
(from Foxdale, Isle of Man) is virtually
free from fluorine.
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Chinese Blue or Mohammedan Blue.
The mellow blue, ranging in tint from
sky-blue to greyish-blue, obtained by the
early Chinese and Persian potters by the
use of impure cobalt compounds as
colorants.

Chinese Red, Chrome Red. Red and
orange colours made from various
proportions of lead oxide PbO and lead
chromate PbCrQO,.

Chipping. The chipping of vitreous
enamelware is often attributable to the
enamel coating being too thick, or to the
curvature of enamelled edges being too
sharp. Chipping of the edges of ceramic
tableware is also accentuated by poor
design.

Chittering. A fault that may appear as a
series of small ruptures along the edge or
rim of pottery-ware. True chittering is
caused by incorrect fettling.

Choke. A glass-making fault appearing
as a constriction in the neck of a bottle.
Choke Crushing. The method of running
a pair of crushing rolls with the space
between the rolls kept fully charged with
clay; with the rolls operated in this way
much of the crushing is achieved by the
clay particles bearing on each other
which gives a finer product than with
FREE CRUSHING (q.V.).
Chrome-Alumina Pink. A ceramic
colour consisting principally of Cr,0;,
Al,O5 and ZnO; when used as a glaze
stain, the glaze should contain ZnO and
little, if any, CaO. It is recommended
that, for use under-glaze, the glaze
should be leadless. The colour depends
on diffusion of Cr into the insoluble
Al,O4 lattice and is normally stable up
to 1300 °C.

Chrome Green. See VICTORIA GREEN.
Chromel. Tradename. Nickel-chrome
alloys used in chromel-alumel
thermocouples, and kiln accessories and
furniture.

Chrome-Magnesite Refractory. A
refractory material made from chrome
ore and dead-burned magnesite, the
chrome ore preponderating so that the
fired product contains 25-55% MgO.
Such refractories may be fired or they
may be chemically bonded; they are
frequently metal-cased and find most use
in the steel industry. A typical chemical
analysis is (per cent): SiO,, 3-7; Fe,Os,
10-14, Al,0;, 12-18; Cr,0,, 25-30; CaO,
1-2; MgO, 35-40. See also MAGNESITE-
CHROME REFRACTORY for ASTM
classification.

Chrome Ore. An ore consisting
primarily of chrome spinels, (Fe, Mg)O.
(Cr, Fe, Al),O,; it occurs in ultrabasic
igneous rocks and in rocks derived from
them by alteration, e.g. serpentines. The
chief sources are in S. Africa, Rhodesia,
Turkey and Russia; there are other
important deposits in Yugoslavia,
Greece, India, Philippines and Cuba.
The composition varies widely; a typical
refractory-grade ore contains (per cent)
Cr,05, 40-45; SiO,, 3-6; and AL, O3,
FeO, and MgO, 15-20 of each. The
principal use in the refractories industry
is in the manufacture of chrome-
magnesite bricks for the steel industry
Chrome Red. See CHINESE RED.
Chrome Refractory. A refractory brick
made from chrome ore without the
addition of other materials; the Cr,O;
content is 25%. and the MgO content is
25% . Chrome refractories are neutral,
chemically, and find nse as a separating
course of brickwork between silica
refractories and basic refractories; their
R.u.L. q.v.) is considerably lower than
that of chrome-magnesite refractories.
Chemical composition (per cent): SiO,
4-7; Fe, 03, 12-15; Al,O,, 16-20; Cr,0;,
38-42; CaO, 1-2; MgO, 15-20.

Chrome Spinel. A spINEL (q.v.) in which
the trivalent metal is Cr.
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Chrome-Tin Pink. A colour for ceramic
glazes; it was first used in England in the
18th century and was originally called
‘English Pink’. The mechanism by which
the colour is formed is precipitation of
fine particles of chromic oxide on the
surface of tin oxide in an opaque glaze;
lime must also be present.
Chrome-Zircon Pink. About 70% of the
SnO, used in CHROME TIN PINK (q.V.)
can be replaced by zircon without
impairing the colour or stability.
Chromic Oxide. Cr,O5; m.p. approx.
2270 °C; sp. gr. 5.21; thermal expansion
(0-1200 °C) 7.4 x 10-6. A source of green
colours for the ceramic industry but
usually added in the form of a chromate,
e.g. potassium dichromate. The oxide is
highly refractory and has been used to a
limited extent to improve the bond in
CHROME-MAGNESITE REFRACTORIES
(Q.v.)

Chromite. Ferrous chromite. FeO.Cr,05;
sp. gr. 4.88; thermal expansion (0-1200
°C) 8.3 x 10-6 Chromite is a major
constituent of many CHROME ORES
(q.v.).

Chromium Borides. At least seven
chromium borides have been reported.
The compound that has received most
attention is the diboride, CrB,; m.p.
approx. 1900°C; sp. gr. approx. 5.5;
thermal expansion 5.0 x 10-6. When
heated in air, a coating of B,O5 is
formed and prevents further oxidation
up to the limiting temperature at which
B,0O; itself ceases to be stable. It has
been used for the flame-spraying of
combustion-chamber linings.

Chromium Carbides. At least two Cr
carbides exist. Cr;C,; m.p. 1890 °C; sp.
gr. approx. 6.7; thermal expansion (20—
1000 °C) 10 x 10-6. CrC: m.p. 1550°C but
oxidizes at 1100 °C. These carbides are
hard, refractory, and chemically
resistant. As such they have found

limited use in bearings and corrosion-
resistant nozzles, etc.

Chromium Dioxide. CrO,. A
ferromagnetic; CURIE POINT (q.v.) 116
°C; magnetic coercive force 20-30
oersteds; saturation magnetization 130
emu/g.

Chromium Nitrides. There are two
compounds, Cr,N and CrN; the latter
decomposes at 1500°C.

Chromium Oxide. See CHROMIC OXIDE;
CHROMIUM DIOXIDE.

Chromium Silicides. Several compounds
exist e.g. Cr3Si, Cr,Si, CrSi, Cr;Si, and
CrSi,. The m.p. varies from approx.
1550°C for CrSi and CrSi, to approx.
1700°C for Cr,Si. Hardness varies from
76-89 Rockwell A. These silicides resist
oxidation up to about 1000°C; they have
good resistance to thermal shock but
low resistance to impact.

Chromophore. Atoms or ions whose
arrangement of electrons leads to
selective absorption of particular
wavelengths of light, and so imparts
colour to their compounds, which may
be used as PIGMENTS (q.v.). Typical
chromophores are multivalent metals
such as Co, V. In lattice colours the
chromophore forms part of the crystal
lattice. See also ENCAPSULATED
COLOURS.

Chrysotile. The principal mineral of the
ASBESTOS (q.v.) group. When pure it
has the composition 3Mg0.28i0,.2H,0.
Chuff Brick. A soft, underfired, salmon
pink brick (USA).

Chiin Glaze. A thick, high-temperature
opalescent glaze, often with red or
purple streaks.

Chum. A shaped block of wood or
plaster on which a bat of pottery body
can be roughly shaped before it is placed
in the mould for jolleying in the making
of large items of hollow-ware; a piece of
flannel is placed over the chum before it
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is used and this subsequently slips off the
chum when the shaped clay is removed.
Chunk Glass. Rough pieces of optical
glass obtained when a pot of glass is
broken open.

CICS. Ceramic Industry Certification
Scheme. The body which grants
accreditation certificates for QUALITY
ASSURANCE under BS 5750, for the
ceramics industry.

CIE System. The name derives from the
initials of the Commission Internationale
de I’Eclairage. It is a trichromatic system
of colour notation that is used, for
example, in the glass industry.

Cinpres. Gas assisted injection moulding,
a plastics manufacturing technique.
Ciment Fondu. Trade-name: aluminous
hydraulic cement. (Lafarge Aluminous
Cement Co. Ltd, 73 Brook St., London,
W1) For general properties of this type
of cement see HIGH-ALUMINA CEMENT.
See also GORKAL CEMENT.

Cimita. A natural mixture of clay and
feldspar occurring in parts of Chile. The
composition is not uniform but a typical
analysis (per cent) is: SiO,, 58; Al, Oy,
33; Fe, 04, 1; Alkalis, 4; H,O, 4.

Cinder Notch. See SLAG NOTCH.

Circle Brick. A brick with two opposite
larger faces curved to form parts of
concentric cylinders (cf. RADIAL BRICK,
and see Fig. 1, p39).

Circle System of Firing. See under
ROTARY-HEARTH KILN.

Cire-perdue. French words for LosT
wAX (q.v.).

Citadur. Trade-name: a HIGH-ALUMINA
CEMENT (q.v.) made in Czechoslovakia.
Citric Acid. An organic acid sometimes
used for the treatment of steel prior to
enamelling, or in some metal release
tests.

Cladding. An external non-load bearing
facing, e.g. of bricks, faience or tiles,
used in frame-type buildings (cf.

VENEERED WALL). ASTM C1088 is a
specification for thin veneered brick
units (maximum thickness 1 in., 25.4mm)
made from clay or shale.

Cladless Hot Isostatic Pressing, See
SINTER-HIP.

Clamming. Local name for the brick and
fireclay filling of the wiCKETs (q.v.) of an
old-type pottery kiln; sometimes spelled
CLAMIN.

Clamp. A kiln constructed, except for
the permanent foundations, of the bricks
that are to be fired, together with
combustible refuse and breeze. sTOCK
BRICKS (q.v.) in the London area were
formerly fired exclusively in clamps but
these produced only about 50% of first-
quality bricks and were replaced by
annular or tunnel kilns.

Clark Circle System. See under ROTARY-
HEARTH KILN.

Clash. Local Scottish term for a thin
slurry of clay and water.

Classification. The subdivision of a
powder according to its particle size
distribution or its separation into
fractions of differing particle sizes. See
also SIEVES, AIR SEPARATIONS, etc.
CLAW. Control of Lead at Work
Regulations, 1980.

Clay. A natural material characterized
by its plasticity, as taken from the clay-
pit or after it has been ground and mixed
with water. Clay consists of one or more
clay minerals together with, in most
cases, some free silica and other
impurities. The common clay mineral is
kaolinite; most clays consist of kaolinite
in various degrees of atomic disorder.
See also BRICK CLAYS, CHINA CLAY,
FIRECLAY and the clay minerals
HALLOYSITE, KAOLINITE,
MONTMORILLONITE, €ftc.

Clay Building Brick. A brick for normal
constructional purposes; such bricks can
be made from a variety of BRICK CLAYS
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(g.v.). Relevant British Standard is: BS
3921. The US Standards are ASTM — C62
(Building Brick); ASTM - C216 (Facing
Brick); ASTM - C67 (Sampling and
Testing); ASTM - C126 (Glazed Bricks).
Clay Gun.The modern preferred term
(BS 3446 Pt3 1990) for TAPHOLE GUN
(q.v.)

Clay Lath. BS 2705 describes this as
copper-finished steel wire mesh at the
intersections of which suitably shaped
unglazed clay nodules have been bonded
by a firing process. Clay lath provides a
stable, well-keyed base to cover the
whole of a surface with the minimum
number of joints; it is supplied in rolls or
mats.

Clay Shredder. A unit for the
preliminary preparation of plastic clay.
The machine consists of a hopper with a
flat or conical base; adjustable knives
operate from a vertical, central, rotating
shaft. The clay falls from the shredder
through slots in the casing.

Clayite. A term proposed by J. W.
Mellor (Trans. Brit. Ceram. Soc., 8, 28,
1909) ‘for that non-crystalline variety of
the hydrated aluminium silicate-
Al,0,.2810,.2H,0 - which occurs in
china clay and in most clays yet
examined. Kaolinite is crystalline
clayite’. When X-ray analysis was
subsequently able to demonstrate the
crystallinity of all the clay minerals
except ALLOPHANE (q.v.), the term was
discarded.

Clayspar. Trade-name for a siliceous raw
material occurring in Scandinavia and
containing approx. 95% Si0,, 2.5%
AlLO5, 1.5% K,0, 0.5% Na,O.
Cleaner. A hot solution of alkalis
(strength about 5%) used to remove
grease and dirt from the base-metal
before it is enamelled.

Clear Clay. A clay such as kaolin that is
free from organic matter and so does not

give rise to bubbles if used in a vitreous
enamel; such clays are used in enamels
when good gloss and clear colours are
required.

Clear Frit. A frit that remains non-
opaque when processed into a vitreous
enamel.

Clear Glaze. A ceramic glaze that is
transparent.

Cleavage, Cleavage Plane. Cleavage is
the FRACTURE (q.v.) of a crystal along
specific crystallographic planes known as
cleavage planes. See also CRYSTAL
STRUCTURE.

Cleavage Crack. Typically, a plastically
deformed groove with median and
lateral cracks emanating from it, caused
by a hard sharp object crossing the
(glass) surface. In crystalline materials,
cleavage cracks are those proceeding
across the grains.

Clinker. (1) Hydraulic cement in the
unground state as it issues from the
rotary or shaft kiln in which it was made.
(2) Dead-burned basic refractory
material, e.g. stabilized dolomite clinker.
(3) Lumps of fused ash from coal or
coke as formed, for example, in the
fireboxes of kilns. (4) For the similar
word as applied to continental
engineering bricks see KLINKER BRICK.
Clinkering Zone. That part of a cement
kiln which is in the temperature range
(1350-1600 °C) in which the constituents
react to form the CLINKER (q.v.).
Climbing Temperature Programme. A
systematic method to determine the
optimum conditions for HOT PRESSING
(q.v.). Full pressure is applied at room
temperature. The temperature is then
increased slowly, and densification
monitored (by observing the press
piston movement) until it stops for a
preset time interval, when full
densification is assumed. Density is
plotted against time, at constant
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pressure. An elongated S-shaped curve
results, corresponding to the three
stages of densification. The isothermal
pressing temperature is found by using
regression techniques to fit the
approximately linear second stage.
Clino-enstatite. See ENSTATITE.
Clinotherm System. A prefabricated low
thermal mass kiln.

Clip. A brick which has been cut to
length (USA).

Clip Tile. A ceramic unit designed to fit
around the base of a steel I-beam.
Clobbering. Decorating another
producer’s ware without permission
(USA).

Closed Chip. A fractured corner of edge
where the material is still in place.
Closed Fraction. A controlled
distribution of particle size, between
upper and lower set limits.

Cloisonné Enamelware. One type of
vitreous-enamel artware: a pattern is
outlined on the base-metal by attaching
wire fillets to the metal; enamels of
different colours are applied within the
partitions thus made; the ware is then
fired and the surface is polished. (From
French word meaning ‘partitioned’.)
Closed-circnit Grinding. A size-
reduction process in which the ground
material is removed either by screening
or by a classifier, the oversize being
returned to the grinding unit. Typical
examples are a dry-pan with screens,
dry-milling in an air-swept ball mill and
wet-milling in a ball mill with a classifier.
Closed Porosity. See under POROSITY.
Closed Pot. See under pPOT.

Closer. See Pup

Closet Suite. A suite of ceramic sanitary-
ware including the closet and the
flushing cistern.

Closure. US equivalent of CLOSER (g.v.)
Clot. Roughly shaped clay or body ready
for a final shaping process.

Clot Mould. The mould, in some types of
stiff plastic brick making machines, into
which a clot of clay is extruded and from
which it is then ejected prior to the final
re-pressing.

Clunch. A name used in some parts of
England for a tough coarse, clay or for a
marly chalk.

CMAA. Concrete Masonry Association
of Australia. See BENDER ABRASION
METHOD.

CMC. (1) Abbreviation for
CARBOXYMETHYLCELLULOSE (q.v.). (2)
Critical Moisture Content. (3) Ceramic
Matrix Composite — see COMPOSITES.
CMZP. Calcium magnesium zirconium
phosphate (Ca,_ , Mg, )Zr,(PO,)c The
material is chemically stable to 1500 °C,
has thermal conductivity 1-2 W/mK
from 200 to 1200°C, bulk thermal
expansion of 5 x 10-7/K from 25 to

750 °C.

CNB. Chevron Notch Bend. See
FRACTURE TOUGHNESS TESTS.

CNC. Computer Numerical Control.
CO, Process. See CARBON DIOXIDE
PROCESS.

Coade Stone. A vitreous ware, used for
architectural ornament, made in London
by Mrs Coade from 1771 until her death
in 1796; manufacture finally discontinued
in about 1840. The body consisted of a
kaolinitic clay, finely ground quartz and
flint, and a flux (possibly ground glass).
Coated Dolomite Grain. Also known as
unfired semi-stable dolomite refractory,
this comprises calcined dolomite bonded
with tar or oil.

Coating. See METAL PROTECTION;
REFRACTORY COATING.

Cob Mill. A disintegrator for breaking
down agglomerates of the raw materials
used in the compounding of vitreous-
enamel batches.

Cobalt Aluminate. As used as a stain in
the pottery industry, this is of
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indeterminate composition but it is more
stable and gives a better blue than most
other cobalt stains. When used to whiten
a pottery body, up to about 0.1% is
required.

Cobalt Carbonate. CoCOy; sp. gr. 4.1.
Sometimes used as a source of
COBALT OXIDES (q.v.) in ceramic
colours.

Cobalt Chloride, CoCl,.6H,0;

Cobalt Nitrate, Co(NO;),.6H,O. Soluble
cobalt compounds sometimes used in the
ceramic industry for the purpose of
neutralizing the slightly yellow colour
caused by the presence of ‘iron’
impurities; the principle is the same as
the use of a ‘blue bag’ in the laundry.
Cobalt Chromate, CoCrO,. Finds some
use, in admixture with ZnO and Al,O;,
as a green or blue colour for vitreous
enamels.

Cobalt Oxides. Grey or ‘prepared’ oxide,
CoO, m.p. approx 1800°C; cobaltic
oxide, Co,0j5; black oxide, Co;0,. Used
to give a blue colour to glass and pottery
ware, and added (together with nickel
oxide) to ground-coat enamels for steel
to impove their adherence. The tint of
cobalt oxide colours can be modified by
adding other oxides (see MAZARINE
BLUE, WILLOW BLUE and CELESTE
BLUE). With the addition of the oxides
of manganese and iron a black colour
can be produced.

Cobalt Sulphate, CoSO,.7H,0. A
soluble cobalt compound used for the
same purpose as COBALT CHLORIDE
(g.v.). It is also sometimes used in
vitreous enamels for mottling single-coat
grey-coloured ware.

Cobble Mix. U.S. term for concrete
containing aggregate up to 150mm
diameter. (Cf. CYCLOPEAN).

Coble Creep. CREEP (q.v.) in which the
creep rate is controlled by diffusion at
the grain boundaries, and is proportional

Next Page

to the cube of the grain size. (R.L.
Coble, J. Appl. Phys. 32 (5) 1961 p787).
Cobo Process. The cold bonding of other
materials to bricks.

Cock-spur. See SPUR.

Coconut Piece. A special shape of
ceramic wall tile (see Fig 7, p350).

COD. Crack Opening Displacement.
(q.v.)

Cod Placer. See under PLACER.
Coefficient of Scatter. A term used in
the testing of vitreous enamelware and
defined (ASTM 286) as: ‘The rate of
increase of reflectance with thickness at
infinitesimal thickness of vitreous enamel
over an ideally black backing; for
method of test see ASTM C347”’
Coesite. A form of silica produced at
500-800°C and a pressure of 35 kbar;
sp.gr. 3.01; insoluble in HF. Named from
L. Coes who first obtained this form of
silica (Science, 118, 131, 1953).
Co-generation. The combined
generation of heat and electric power,
using a diesel or gas-engine generator.
Land-fill gas (methane) is a frequently
used fuel.

Coil Building. A primitive method of
shaping clay vessels by rolling clay into a
‘rope’, which is then coiled to form the
wall of the vessel; the inner and outer
surfaces of the roughly shaped ware are
finally smoothed.

Coin Brick. See JAMB BRICK. (a solecism
for QUOIN BRICK).

Coke Oven. A large, refractory-lined
structure consisting of a series of tall,
narrow chambers in which coal is heated
out of contact with air to form coke.
Silica refractories are used for most of
the coke-oven structure. (See BS 4966)
(BS 6886 specifies alumino-silicate
refractories for coke-ovens).

Cokilite. A refractory castable based on
silicon nitride.

Coking. See CARBONIZATION.
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Colburn Process. The production of
sheet glass by vertical drawing for about
4 ft and then bending over a driven
roller so that the cooling sheet then
travels horizontally. The process was
invented in USA by I. W. Colburn in
1905 and was subsequently perfected by
the Libbey-Owens Company.

Coldclay. A self-hardening clay,
tradename of Fulham Pottery. Cf.
DUOCLAY.

Cold Crushing Strength. See CRUSHING
STRENGTH.

Cold-end Handling, Operations in the
manufacture of glass when the glass is
cool after processing.

Cold Joint. The surface between a run of
concrete which has passed to its final set,
and a second run poured alongside it but
which is no longer able to blend into it.
Cold-process Cement. Older name for
SLAG CEMENT (q.V.).

Colemanite. Naturally occurring calcium
borate, 2Ca0.3B,05.5H,0; there are
deposits in Nevada and California. It is
used in some pottery glazes.

Collar. A short fireclay section used to
join the main (silica) part of a horizontal
gas retort to the metal mouthpiece.
Collaring. The final process in
THROWING (q.v.) a vase: both bands are
used to compress the clay and thus
reduce the size of the neck.

Collet. A flange for the mounting of an
abrasive wheel on a spindle.

Colloid. Material in a form so finely
divided that, when dispersed in a liquid,
it does not settle out unless flocculated
by a suitable electrolyte. The finest
fraction of plastic clays is in this form.
The colloidal size range is approx. 0.001-
0.20mm.

Colloid Mill. A high-speed dispersion
unit yielding a suspension of particles of
the order of 1mm size. The original mill
of this type was designed by H. Plauson
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(Brit. Pat. 155 836 and subsequent
patents).

Colloidal Celours. Colloidal-sized
particles in glass scatter light, the
wavelength of maximum scatter being
dependent on particle size. Coloured
effects are thus produced (as in sunsets).
Colloidal gold, silver or copper are most
used. Red filter glasses are made by
precipitating coloured crystals such as
CdS or CdSe. The particles are dispersed
in the glass by controlled nucleation and
growth. The metal to be precipitated is
dissolved in the glass along with a
reducing agent (tin oxide or antimony
oxide). The molten glass is cooled to a
temperature at which the nucleation rate
is high, then heated to promote crystal
growth.

Colorimeter. An instrument for COLOUR
MEASUREMENT (q.V.).

Colour. See also ENCAPSULATED
COLOURS; LATTICE COLOURS;
COLLOIDAL COLOURS; TRISTIMULUS
VALUES; TRICHROMATIC PRINTING;
MUNSELL SYSTEM; METAMERISM. Colour
is important in the ceramics industry
because of its aesthetic value. Most
ceramic ‘colours’ are solid coloured
particles (PIGMENTS q.v.) suspended in a
glass. Such DECORATION (q.v.) must be
durable, non-toxic and stable. It is
applied by a wide range of processes, as
designs or coloured glazes. Colour
measurement is important, particularly
for glazed tiles, sanitaryware and
vitreous enamelware. These may have to
match eachother and other coloured
materials in e.g. the bathroom. ASTM
C609 specifies a photometric method for
the measurement of small colour
differences between tiles. There are two
basic methods of colour measurement:
spectrophotometry, and the Tristimulus
Filter Method typified by the
Colourmaster, Hilger and Hunterlab
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instruments. See CERAMIC COLOUR
STANDARDS. BS 5252, 1976 specifies a
wide range of colours used in industry.
The Methuen Handbook of Colour 1983
provides colour charts, the names of a
wide range of colours, and their
technical co-ordinates. See also 1ISCC-NBs
COLOUR SYSTEM and RAL COLOUR
REGISTER. See also Colour. Its
measurement, computation and
application. Chamberlin and
Chamberlin, Heyden 1980. For an
elementary discussion of colour
measurement in the ceramic industry,
see W. Ryan and C. Radford
Whitewares.: Production, Quality and
Quality Control, Institute of Ceramics,
1987.

Colour Retention, The colour retention
of red, orange and yellow vitreous
enamels containing cadmium sulphide,
or sulphoselenide, when exposed to
atmospheric corrosion is measured by
treating the enamel surface with cupric
sulphate solution; details of the test are
given in ASTM - C538.

Colour Twist. Twisted coloured glass
rods as a form of decoration within a
wine-glass stem.

Columbium. Name used in USA for
NIOBIUM (q.v.).

Comb Rack. A bar of acid-resisting
metal, e.g. Monel, used to support and to
separate metal-ware in a PICKLING (q.v.)
basket, while it is being prepared for the
application of vitreous-enamel slip. The
term is also applied to a burning tool for
vitreous enamelling.

Combed. A surface texture of narrowly
spaced lines produced on clay facing
bricks by fixing wires or plates above the
extruding column of clay so that they
‘comb’ its surface.

Combined Nomenclature of the
European Communities. Published by
the EC Commission in Luxembourg,

1987, this document replaced the
BRUSSELS NOMENCLATURE. It classifies
ceramic products in Chapter 69,
according to use, dealing with
refractories, bricks, tiles and china and
other tableware. Ceramics for electrical
applications are classified in Chapter 85.
The ‘Explanatory Notes’ to the
classification give definitions of different
types of ceramics, for international tariff
and trade purposes. See APPENDIX A.
Comeback. In the vitreous-enamel
industry this term denotes the time that
elapses before a batch-type furnace
regains its operating temperature after a
fresh load of ware has been placed in it.
Comminution. A term covering all
methods of size reduction of materials,
whether by crushing, impact, or attrition.
Common Bond. Term sometimes used in
USA for AMERICAN BOND (q.v.).
Common Pottery. A term used in the
COMBINED NOMENCLATURE (q.v.) for
‘products obtained from ferriginous and
calcareous clay (brick earth) which,
when fractured, present an earthy, matt
and coloured (generally brown, red or
yellow) appearance. Particles, inclusions
and pores representative of their
structure are greater than 0.15mm and
visible to the naked eye. Water
obsorption (measured by a specified test)
is 5wt %.’

Commons. Clay building bricks that are
made without attention to appearance
and intended for use in the inner leaf of
cavity walls or for internal walls; for the
UK, dimensions are specified in BS 3921.
The crushing strength of such bricks
varies from about 10 to 40 MNm—2, the
water absorption from about 10 to

30 wt%.

Compacting Factor. A factor indicating
the workability of any concrete made
with aggregate not exceeding 40 mm, but
of particular value for assessing
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concretes of low workability. The factor
is the ratio of the bulk weight of the
concrete when compacted by being
allowed to fall through a specified
height, to that when fully compacted.
For details see BS 1881.

Compact Tension. See FRACTURE
TOUGHNESS TESTS.

Compaction. The production of a dense
mass of material, particularly of a
powder, in a mould. Ceramic powders
may be compacted by dry-pressing,
tamping, vibration, isostatic pressing, or
explosive pressing. A.R. Cooper and
L.E. Eaton (J. Am. Ceram. Soc. 45,
1962, p897) proposed a quantitative
model for the compaction of ceramic
powders. This equated the reduction in
volume of the compact to the statistically
distributed and pressure-activated
processes of filling large and small voids.
Experimental rate constants for these
two processes reveal whether
compaction is dominated by primary
particles or by agglomerates. Such
analysis neglects interaction between the
powder and the die walls (see DIE WALL
FRICTION). More efficient bonding
results if the particles are subjected to
shear forces as well as compressive
forces. (D. Train, Trans Inst Chem
Engrs, 35, 1957, p258).

Compass and Wedge. Term sometimes
used for a brick that has a taper both on
the side and on the face, e.g. a 9 in. (228
mm) brick tapered 4.5/3.5in. (114/89
mm) and 2.5/2 in. (63/50 mm).

Compo. A siliceous, highly grogged
fireclay composition, with crushed coke
or graphite sometimes added, for use as
a general ramming material in the
casting-pit of a steelworks or in a
foundry. A typical composition is (per
cent): crushed firebrick, 65-70; chamotte,
15-20; siliceous fireclay, 14; foundry
blacking, 1. The batch is made up with

about 10% water. (The word is an
abbreviation for ‘Composition’.)
Composites. Materials comprising two or
more components with different
properties. The components may exist as
continuous phases, or one may be
continuous and another discrete. In
ceramic matrix composites the
continuous phase is ceramic — the
discrete phase metallic or a second
ceramic. In metal matrix composites, the
continuous phase is metallic. See also
CERMETS.

Composite Refractory. A refractory
brick, different parts of which have
different compositions and/or textures,
e.g. an insulating refractory having a
dense working face, or a metal-cased
basic refractory having internal
partitions filled alternately with
magnesite and chrome-magnesite.
Composition Brick. Scottish term for a
common building brick made by the
stiff-plastic process from clay and
colliery waste; characteristically, it has a
black core.

Compound Rolls. Two or more pairs of
CRUSHING ROLLS (q.v.) arranged above
one another, the upper pair acting as a
primary crusher and the lower pair as a
secondary crusher. Compound rolls find
use in the size-reduction of brick clays.
Compressibility. The compressibility of
ceramic fibre is the percentage relaxation
after Smin of the pressure which gives a
50% reduction in thickness. Cf.
RESILIENCE. BS 1902 Pt section 8
specifies tests.

Compression Precracking. See
FRACTURE TOUGHNESS TESTS.
Compressive Strength. The maximum
load per unit area, applied at a specified
rate, that a material will stand before it
fails. BS 3921 specifies a compressive
strength test for building bricks,
specifying a strength of 5 N/mm?2 for all



70 CONCRETE

bricks, but 50 or 70 N/mm? for Class B
and Class A ENGINEERING BRICKS.
ASTM E447 gives two tests for masonry
prisms, one for comparative laboratory
tests with different bricks and mortars;
the other for use on-site. The prisms are
single-wythe, laid in stack bond,
containing at least two morter joints, and
cured for 28 days.

Concrete. A mixture of hydraulic
cement, fine aggregate (e.g. sand) and
coarse aggregate, together with water; it
is placed in situ or cast in moulds and
allowed to set. The ratio of the three
solid constituents is usually expressed in
the order given above, i.e. ‘1: 2: 5:
concrete’ means 1 part cement, 2 parts
fine aggregate and 5 parts coarse
aggregate. The properties are largely
determined by the cement and ‘fines’,
but, for normal constructional purposes,
the coarse aggregate must be graded to
give dense packing.

Concrete Aggregate, Normal (as
opposed to lightweight) concrete
aggregate includes sand and

gravel, crushed rock of various types and
slag. The nomenclature is given in BS
812; the mineralogical composition is
dealt with in ASTM C294 and C295.
Concrete Block. The properties required
of precast masonry units, both dense and
lightweight, are specified in the UK in
BS 6073. In USA the properties required
of a solid concrete building block are
specified in ASTM C.90, C936 for
concrete paving blocks and C 744 for
units faced with resin or cement plus
filler; the properties of hollow concrete
blocks are specified in ASTM C90 and
C129; for methods of sampling and
testing see ASTM C140, C426 and
C1006. C139 specifies special units for
manhole construction. There are some
15 more ASTM specifications for
specialised pre-cast concrete products.

Concrete Brick. A building brick made
from portland cement and a suitable
aggregate. ASTM — CS5 specifies two
types: Type 1. Moisture-Controlled
Units; Type I1. Non-moisture-Controlled
Units. There are three grades of each
type, these being classified according to
crushing strength and water absorption.
Concrete Pipes. Pipes for water and
drainage are made in large sizes from
pre-cast concrete units. BS 5911 specifies
the pipes, fittings for joints, inspection
chambers etc., including special
requirements for porous, reinforced or
glass composite concrete pipes. The
Annual Book of ASTM Standards, Vol
4.05 lists some 25 standards relating to
the requirements and test methods for
concrete pipes, fittings and joints, this
number almost doubling if metric
equivalents are counted separately.
Condenser. The condenser attached to a
horizontal zinc retort for the cooling of
the zinc vapour and its collection as
metal is made of fireclay.

Conditioning Zone. (1) The part of a
tank furnace for flat glass where the
temperature of the glass is adjusted
before it flows into the forehearth or
drawing chamber.

(2) That part of the feeder, away from
the wall of a glass-tank furnace, in which
the temperature of the molten glass is
adjusted to that required for working.
Conduit (for Electric Cable). See CABLE
COVER.

Cone. (1) The usual term for a
PYROMETRIC CONE ((.V.) Or a TEST
CONE (q.v.); for nominal squatting
temperatures of Pyrometric Cones see
Appendix 2.

(2) A special fireclay shape sometimes
used in the bottom pouring of molten
steel; it has a hole through it and
conveys the steel from runner brick to
ingot mould. The cone is frequently
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made as an integral part of a runner
brick, in which case the latter is known
as a RISER BRICK Or END RUNNER (q.v.).
Cone and Plate Viscometer. A cone with
wide (c. 174°) apical angle is placed on a
horizontal flat plate. The space between
is filled with the liquid to be studied and
the cone or the plate rotated about the
axis of the cone.

Cone Crusher. A primary crusher for
hard rocks, e.g. quartzite used in making
silica refractories; it consists of a hard
steel cone that is rotated concentrically
within a similarly shaped steel casing (cf.
GYRATORY CRUSHER).

Cone Hip. See HIP TILE.

Cone-screen Test. A works’ test for the
fineness of milled enamels. A standard
volume of enamel slip is washed through
a conical sieve; the amount of oversize
residue is read from a graduated scale
along one side of the sieve.

Cone Wheel. A small cone-shaped
abrasive wheel of the type frequently
used in portable tools.

Congruent Melting. The melting point of
a solid is said to be congruent if the
material melts completely at a fixed
temperature and without change in
composition. (cf. INCONGRUENT
MELTING).

Coning and Quartering. A method of
obtaining a random sample of a powder
by pouring it out to form a cone, which
is then divided into four by two
diametral ‘cuts’. One quarter is selected,
and the process may be repeated.
Consistency. The flow or mechanical
displacement properties of cements,
mortars and refractory castables. See
KELLY BALL TEST and VICAT NEEDLE
for cements; BALL-IN-HAND TEST for
castables, FLOW TABLE TEST for mortars
and concretes.

Consistodyne. Trade-name; a device for
attachment to the barrel of a pug for

controlling the workability of the clay;
(Ceramic Age, 77, No. 11, 34, 1961).
Consistometer. Term used in the
vitreous-enamel industry for various
instruments designed for the evaluation
of the flow properties of enamel slips.
The earliest consistometer was that used
by R. D. Cooke (J. Amer. Ceram. Soc., 7,
651, 1924); this was of the capillary type
and was developed into an instrument
suitable for works’ control by W. N.
Harrison (ibid., 10, 970, 1927). Other
instruments for controlling the properties
of vitreous-enamel slips include the
GARDNER MOBILOMETER (g.V.).
Consolidation. Heat treatment of
POROUS GLASS and RECONSTRUCTED
GLASS (q.v.) to eliminate porosity.
Constant Moment Test. See FRACTURE
TOUGHNESS TESTS.

Constringence. See ABBE NUMBER.
Contact Stress. The tensile stress
component in a (glass) surface near the
contact area of force due to an applied
object.

Container Glass. One of the major
divisions of the glass industry — jars,
bottles and other containers. ASTM
C147 tests their internal pressure
strength; C225 their resistance to
chemical attack; C148 the quality of
annealing; C149 their thermal shock
resistance. British standards specify
requirements for different types of
containers for various applications,
including bottles for beer and cider (BS
6118); soft drinks (BS 6119,7367 and
7488); wine (BS 6117); medicine (BS
1679); milk (BS 6106 and 3313); food
(BS 5771); honey (BS 1777); drinking
glasses for wine tasting BS 5586.
Containerless Hot Isostatic Pressing. See
SINTER-HIP and GAS-PRESSURE SINTERING.
Continental Porcelain. The true,
feldspathic, hard-paste PORCELAIN (q.v.)
made in Western Europe.
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Continuous Casting. Molten metal flows
continuously into a shallow, water-
cooled mould and the solidified ingot is
withdrawn at a constant rate between
cooled moving belts or rollers.
Refractories for such a process must
have long lives.

Continuous Chamber Kiln. See
TRANSVERSE-ARCH KILN.

Continuous Kiln. A kiln in which the full
firing temperature is continuously
maintained in one or other zone of the
kiln. There are two types: ANNULAR
KILN (q.v.) and TUNNEL KILN (Q.V.).
Continuous Vertical Retort. A type of
gas retort, built of silica or siliceous
refractories. Coal is charged into the top
of the retort, coke is extracted from the
bottom, and town gas is drawn off, the
whole operation being continuous (cf.
HORIZONTAL RETORT). Continuous
vertical retorts are also used in the zinc
industry, in which case they are built of
silicon carbide refractories.

Contrast Ratio (C80). A ratio related to
the reflectance of a vitreous enamel
coating and defined in ASTM C347 as:
The ratio of the reflectance of an enamel
coating over black backing to its
reflectance over a backing of reflectance
0.80 (80%).

Contravec. Trade-name: a system for the
blowing in of air at the exit end of a
tunnel kiln to counteract the normal
convection currents. (Gibbons Bros.
Ltd., Dudley, England)

Ceonversion. A change in crystalline
structure on heating that is not
immediately reversible on cooling. The
most important example in ceramics is
the conversion of quartz at high
temperature into cristobalite and
tridymite (cf. INVERSION).

Converter. A refractory-lined vessel
supported on trunnions and used for the
production of steel by oxidation of the

impurities in the molten pig-iron that
forms the charge; this is done by a blast
of air or oxygen. In the original
BESSEMER CONVERTER the blast passed
through the converter bottom, the basic
refractory lining being pierced with
tuyeres for this purpose. In the
TROPENAS CONVERTER the blast strikes
the surface of the molten metal via
tuyeres passing through the refractory
wall — hence the alternative name SIDE
BLOWN CONVERTER. In the oxygen
process of steelmaking, TOP-BLOWN
CONVERTERS are used; they are lined
with tarred dolomite or tarred
magnesite-dolomite refractories.

Cooke Elutriator. A short-column
hydraulic elutriator for sub-sieve sizes
designed by S. R. B. Cooke (U.S. Bur.
Mines, Rept. Invest., No. 3333, 1937).
Cooler. As used in the portland cement
industry, the term ‘cooler’ refers to the
ancillary unit of a cement kiln into which
hot clinker is discharged to cool before it
is conveyed to the grinding plant.
Cooling Arch. A furnace for the
annealing of glassware, which is placed
in the furnace and remains stationary
throughout the annealing (cf. LEHR).
Co-ordinating Size. The size of a co-
ordinating dimension (ISO 1803). E.g.
that for a BRICK (q.v.) is 225 x 112.5 x
75mm. The target size to which the
product is actually manufactured is called
work size, and is less, by the nominal
thickness of the joints (10mm for bricks,
1mm for tiles). Neither of these is the
actual size (obtained by measurement)
which must be within a given range of the
specified work size. The nominal size is
the size used to describe the product, and
may again differ.

Copacite. Trade-name; a Canadian
SULPHITE LYE (q.V.).

Coping. The top course of masonry in a
wall. BS 5642 Pt2 specifies materials,
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sizes and design of concrete, stone and
clayware copings.

Copper Carbonate. The material is the
basic carbonate, CuCO,.Cu(OH),; it is
used as a source of copper for coloured
glazes, particularly for those glazes fired
under reducing condions.

Copper Enamel. A vitreous enamel
specifically compounded for application
to copper, the composition is essentially
lead silicate with small additions of
alkalis, arsenic oxide and (sometimes)
tin oxide.

Copperhead. A fault (reddish-brown
spots) liable to appear in the ground-
coat during vitreous enamelling; the
spots are exposed areas of oxidized base
metal. Causes include boiling from the
base-metal, inadequate metal
preparation, very thin application of
enamel, and the presence of acid salts in
the enamel slip.

Copperlight. A glass window pane, 6 mm
thick and up to 100 mm? size, fitted in a
special copper frame and used as a ‘fire-
stop’.

Copper Oxide. Cupric oxide (black),
CuQ; cuprous oxide (red) Cu,0. Used as
colouring agents in pottery and glass.
Copper oxide normally gives a green
colour but under reducing conditions it
gives a red, due to the formation of
colloidal copper, as in rouge flambé and
sang de boeuf art pottery and copper
ruby glass. Mixed with other metal
oxides it yields black colours for glazes
and for vitreous enamels.

Copper Ruby Glass. See RUBY GLASS.
Copper Titanate. CuTiO;; a compound
sometimes added in amounts up to 2%
to BaTiO; to increase the fired density.
Co-precipitation. Precipitation of one
compound is assisted by the addition of a
second compound which precipitates
with the same reagent. Co-precipitation
can be used to prepare ceramics or their

precursors with a mixed composition of
carefully controlled proportions.
Coquille. Thin glass with a radius of
curvature of 90 mm; used in the
production of sun glasses; from French
word meaning ‘shell’ (see also
MICOQUILLE).

Coral Red. A ceramic colour. One form
of coral red consists of basic lead
chromate; this compound is unstable and
the decorating fire must be at a low
temperature.

Corbel. Brickwork in which each course
projects beyond the course immediately
below.

Cord. A fault in glass resulting from
heterogeneity and revealed as long
inclusions of glass of different refractive
index from that of the remainder of the
glass.

Cordierite. A magnesium alumino-
silicate 2MgO.2A1,0,.55i0,; part of the
Mg can be replaced by Fe or Mn.
Cordierite exists in three crystalline
forms but only the o-form is commonly
encountered; it melts incongruently at
1540 °C. There is a large deposit of
cordierite in Wyoming, USA, but it is
usually synthesized by firing a mixture of
clay, steatite and alumina (or an
equivalent batch) at 1250 °C or above.
The mineral has a low and uniform
thermal expansion (2.8 x 10-6 between
0° and 1200 °C) and cordierite bodies
therefore resist thermal shock. The
electrical resistance (108-1010 ohm-cm at
300 °C) is adequate for many purposes
when high thermal shock resistance is
also required, e.g. arc chutes, electric
fire-bars, fuse cores, etc. The dielectric
constant (1 MHz) is 5.0 and the power
factor ( 1 MHz) 0.004-0.008. Cordierite
honeycombs are used as supports for
automobile engine exhaust catalysts.
Core. (1) The central part of a plaster
mould of the type used in soLID
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CASTING (q.v.). (2) The central part of a
sand-mould as used in foundries. (3) A
one-piece refractory or heat-insulating
shape for use at the top of an ingot
mould and serving the same purpose as a
HOT-TOP q.v.); this type of core is also
sometimes called a DOZZLE.

Cored Brick. A brick that is a least 75%
solid in any plane parallel to the load-
bearing surface.

Corex Process. The direct reduction of
iron ore using non-coking coal.
Introduced by Iscor Ltd, S. Africa, and
formerly known as the KR process.
Corhart. Trade-name for various types
of electrically fused refractories: Corhart
Standard is a fused mullite-corundum
refractory (18-20% SiO,, 72-74%
Al,O3); Corhart Zac is a similar product
containing zirconia (8-12% SiO,, 65—
75% Al,O5, 15-20% ZrO,). These
electrocast refractories are used chiefly
in glass-tank furnaces. Corhart 104 is a
fusion-cast chrome-magnesite refractory
for use in the steel industry. (Corhart
Refractories Co. Louisville 2, Kentucky,
USA,; English agent--Electrocast Ltd.,
Greenford, Middlesex.).

Cornelius Furnace. A type of glass-
melting furnace in which the glass is
heated by direct electrical resistance.
The design was introduced in Sweden by
E. Cornelius (Brit. Pat. 249 554; 23/3/25;
303 798; 8/1/29).

Corner Wear. The wear of an abrasive
wheel along one or both of its
circumferential edges.

Cornish Crucible. A small (e.g. 90 mm
high, 75 diam.) clay crucible of a type
used for the assaying of copper; these
crucibles are made from a mixture of
about equal parts of ball clay and silica
sand.

Cornish Stone. See CHINA STONE.
Corridor Dryer. Term sometimes used
for a CHAMBER DRYER (Q.V.).

Corrosion. Wear caused by chemical
action (cf. ABRASION and EROSION
(q.v.). See also sLAG ATTACK. ASTM C
621 and C 622 describe tests for the
resistance of refractories to corrosion by
molten glass.

Corundum. The only form of alumina that
remains stable when heated above about
1000 °C; also known as 0~Al,O5; m.p.
2050 °C; hardness 9 Moh; sp. gr. 3.98;
thermal expansion (20-1000 °C) 8.5 x 10-6;
sp. heat 0.18 (20 °C), 0.22 ( 100 °C). It
occurs naturally, but impure, in S. Africa
and elsewhere but is generally produced
by extraction from bauxite followed by a
firing process at high temperature.
Corundum is used as an abrasive and as a
refractory and electroceramic, e.g. in
sparking plugs (see also ALUMINA).
COSHH. Control of Substances
Hazardous to Health Regulations, 1988.
See HEALTH AND SAFETY.

Co-spray Roasting. A process for
making FERRITES (q.v.) in which a
solution of mixed Mn and Fe chlorides is
sprayed into a large roaster. A mixture
of Mn and Fe oxides is formed, and HCl
recovered. Zinc oxide is added, and
MnZn ferrites produced.

Cotac. Cobalt-bonded Tantalum
Carbide. Tradename, (ONERA, France)
Cottle. Term used in the N. Staffordshire
potteries for the material, e.g. stiff
canvas, used to form the sides of a
plaster mould while the plaster is being
poured in and until the plaster has set.
(Probably from N. country. Cuttle a layer
of folded cloth.)

Cotto. Traditional Italian tiles, extruded
as split tiles from weathered shaly red or
yellow clays of Tuscany or Emilia. The
tiles are given a rustic finish by
wirebrushing or sandpapering after
drying, then fired set upright using
special steel kiln furniture. Tiles up to 61
cm square are produced.
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Coulter Counter. A high-speed device
for particle-size analysis designed by W.
H. Coulter (Proc. Nat. Electronics Conf:,
12, 1034, 1956) and now made by
Coulter Electronics Inc., Chicago, USA.
A suspension of the particles flows
through a small aperture having an
immersed electrode on either side, with
particle concentration such that the
particles traverse the aperture
substantially one at a time. Each particle,
as it passes, displaces electrolyte within
the aperture, momentarily changing the
resistance between the electrodes and
producing a voltage pulse of magnitude
proportional to particle volume. The
resultant series of pulses is electronically
amplified, scaled and counted.

Counter Blow. In the BLOW-AND-BLOW
(q.v.) process of shaping glass-ware, the
operation during which the parison is
blown out.

Counterflow Kiln. A tunnel kiln with
two parallel tunnels, through which the
ware moves in opposite directions. The
resultant air-flow pattern in the linked
tunnels leads to fuel economy.

Coupe. A design of plate in the form of
a very shallow bowl, lacking any flat rim
at the edge.

Course. By convention, a course of
brickwork includes one layer of mortar
as well as the bricks themselves.

Cove Skirting. A special shape of
ceramic wall tile (see Fig. 7, p350).
Cover. An item of KILN FURNITURE
(q.v.). The cover is the flat refractory
shape forming the top of a cRANK {q.v.);
it protects the top piece of ware and at
the same time holds the PILLARS (q.v.) in
position.

Covercoat. (1) The final coat applied to
vitreous enamelware resulting in the top
surface. Normally there is a ground-coat
and a cover-coat, but some enamels are
now sufficiently opaque for single-coat

application to appropriate grades of
base-metal.

(2) The clear layer covering the ink
design of a transfer. Commercial Decal
Inc USA, incorporated a low-melting
glass into the covercoat, to protect the
colour layer during firing. This also
fortuitously served to reduce METAL
RELEASE (q.v.) from colours containing
lead or cadmium. (Br. Pats. 1120486,
1968 and 1426219, 1976).

Covered Pot. See under POT.

Covering Power. The ability of a glaze
or vitreous enamel to cover, uniformly
and completely, the surface of the fired
ware.

Cowper Stove. See HOT-BLAST STOVE.
CPDA. Clay Pipe Development
Association.

Crack Arresters. Macroscopic design
features to prevent or delay CRACK
GROWTH (q.v.) Examples are holes
drilled near sharp corners to arrest
cracks which may originate there, by
reducing stress concentrations.

Crack, Cracking. See FRACTURE.

Crack Branching. When a single crack
divides into two or more cracks, the rate
of crack growth is slowed, because the
available energy must be shared over the
production of a greater number of new
fracture surfaces (see FRACTURE, CRACK
PROPAGATION). This effect can be
induced by the pre-existence of
microcracks or zones of weakness (e.g. at
grain boundaries) throughout the
ceramic. The TOUGHNESS (q.v.) of
ZIRCONIA (q.v.) ceramics can be
enhanced by this mechanism. Crack
branching is also known as FORKING in
FRACTOGRAPHY (q.v.).

Crack Bridging. A mechanism leading to
higher TOUGHNESS (q.v.) in ceramics
and composites. Intact material behind
the crack tip imparts closure forces on
the crack. The crack is ‘bridged’ behind
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the tip either by reinforcing fibres or
whiskers (fibre-bridging) or by larger
grains in the matrix (grain bridging). As
the crack opens under load (i.e. the
crack opening displacement (COD)
increases) the ‘bridges’ are subject to
stresses which rapidly increase, until the
whiskers or grains fracture or pull out
from the matrix. Whiskers will support
stresses up to a maximum crack opening
displacement comparable to a fraction of
the whisker radius, and given fibre-
bridging stress which decays rapidly as
the COD increases. Large grains will
support only much lower bridging
stresses, but the COD required to pull
out a matrix grain is of the order of the
grain size, much larger than whisker
diameters. The grain bridging zone then
extends (e.g. in aluminium with ~10um
grains) to several hundred microns
behind the crack tip, and the (smaller)
grain-bridging stress decays
correspondingly slowly as the crack
opens. This leads to greater fracture
resistance with increased crack length
(R-CURVE (q.v.) behaviour) in ceramics
such as larger-grained alumina.

Crack Deflection. A method for
increasing TOUGHNESS {q.v.) in which a
dispersed second phase prevents the
direct growth of a crack, diverting it and
lengthening its path.

Cracking off. The severing of shaped
glass-ware from the MoIL (g.v.).
Crackle. (1) A multiply crazed or
cracked surface on art pottery or glass.
To produce the effect on pottery the
glaze is compounded so as to have a
higher thermal expansion than the body;
the craze pattern is sometimes
emphasized by rubbing colouring matter,
such as umber, into the fine cracks. With
glass, the ware is cracked by quenching
in water; it is then reheated and shaped.
(2) A crackled vitreous enamel — the

surface appearing to be wrinkled due to
its mottled texture — can be produced by
the wet process of application.

Crack Nucleation. New cracks form in
ceramics when an external stress forces
DISLOCATIONS towards barriers such as
GRAIN BOUNDARIES, impurities or other
POINT DEFECTS (5€e CRYSTAL
STRUCTURE). This build-up of
dislocations forms a microcrack, which
grows initially by this PLASTIC
DEFORMATION PROCESS. See CRACK
PROPAGATION.

Crack Opening Displacement. The linear
separation of the two surfaces formed by
cracking. It significantly affects the
diminution in crack propagation due to
CRACK BRIDGING (q.v.)

Crack Propagation. The movement of a
developing crack through a solid. See
FRACTURE; CRACK NUCLEATION. A
newly-formed microcrack grows initially
by plastic deformation of the material
just ahead of the crack tip. This absorbs
much energy, so that initial crack growth
is slow. It also tends to blunt the crack
tip, reducing the stress concentration
effect. On the other hand, small cavities
form in the deformed area, which link to
the tip of the crack, which extends. In
ceramics, the nature of the material
limits the amount of plastic deformation;
crack tip blunting is limited and the local
stress quickly comes to exceed the
fracture stress of the material. The
interatomic bonds are broken and the
crack propagates rapidly and
catastrophically. See FRACTURE;
BRITTLE FRACTURE; GRIFFITH-OROWAN
CRITERIA; TOUGHNESS; STRESS
INTENSITY FACTORS.

Crank. This word is used in the pottery
industry in two related senses: (1) A thin
refractory bat (Fig. 4, p177) used as an
item of KILN FURNITURE (q.v.) in the
glost-firing of wall tiles. A number of
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cranks, each supporting one or more
tiles, are built up to form a stack; the
cranks are kept apart by refractory
distance-pieces known as DOTS.

(2) A composite refractory structure for
the support of flatware during glost- and
decorating-firing; the crank is designed
to prevent the glazed surfaces of the
ware from coming into contact with
other ware or kiln furniture.

Craquelé. See CRACKLE.

Crater. A clearly-defined hole in a
refractory brick or block whose diameter
and depth are measurable.

Crawler. Local term for an apron-feeder
to a pan mill used in brickmaking,.
Crawling. (1) A defect that sometimes
occurs during the glazing of pottery,
irregular areas that are unglazed, or only
partially glazed, appearing on the fired
ware. The cause is a weak bond between
glaze and body; this may result from
greasy patches or dust on the surface of
the biscuit ware, or from shrinkage of
the applied glaze slip during drying.

(2) A similar defect liable to occur in
vitreous enamelling when one coating of
enamel is fired over another coating that
has already been fired. Causes include a
too-heavy application of enamel, poorly
controlled drying, and the use of enamel
that has been too finely ground.
Crazing. The formation of a network of
surface cracks. A typical example is the
crazing of a glaze; this is caused by
tensile stresses greater than the glaze is
able to withstand. Such stresses may
result from MISMATCH (g.v.) between
the thermal expansions of glaze and
body, or from MOISTURE EXPANSION
(q.v.) of the body; ASTM specifies a
water-quench test from 149 °C for
vitreous whitewares (C554) and an
autoclave test (C424) for nonvitreous or
semivitreous bodies for which moisture
expansion may be a factor. In the special

case of glazed tiles fixed to a wall, a third
cause is movement of the wall or of the
cementing material between the tile and
the wall. Crazing of vitreous enamelware
(particularly cast dry-process enamel)
may also occur, the system of fine cracks
penetrating through the enamel to the
base-metal. The crazing of cement and
concrete is due partly to natural
shrinkage and partly to volume changes
following surface reaction with CO,
present in the atmosphere. (For
CRAZING TESTS see under AUTOCLAVE;
HARKORT TEST; PUNCH TEST; RING
TEST; SINGER’S TEST, STEGER’S TEST;
TUNING-FORK TEST).

Crazing Pot. Popular name in the
pottery industry for an AUTOCLAVE
(q.v.).

Creep. The slow deformation that many
materials undergo when continuously
subjected to a sufficiently high stress.
With most ceramics, creep becomes
measurable only when the stress is
applied at a relatively high temperature.
A 20-50 h creep test for refractories is
described in ASTM C832. BS 1902 Pt
4.10 describes a compressive creep test
up to 1600 °C for refractories. See also
SLOW CRACK GROWTH.

Creeper. Correcting, with a mortar wipe, a
tendency for brick rings to drift outward
axially in the upper part of an arch.
Cremer Kiln. A German design of
tunnel kiln that can be divided into
compartments by a series of metal slides
to permit better control of temperature
and atmosphere. The fired ware is
cooled by air currents through
permeable refractory brickwork in the
kiln roof or by water-cooling coils. (G.
Cremer, Brit. Pats. 697 644, 30/9/53; 740
639, 16/1/55; 803 691, 29/10/58.)
Crescent Crack. See FRICTIVE TRACK.
Crespi Hearth. A type of open-hearth
steel furnace bottom characterized by
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the fineness of the particles of dolomite
used for ramming; after it has been
burned-in, the hearth is very dense and
resistant to metal penetration. (G. B.
Crespi, Brit. Pat. 507 715. 10/8/38.)
Crimping. The production of a rolled or
curled edge to the base metal prior to
vitreous enamelling.

Cristobalite. The crystalline form of
silica stable at high temperatures; its
m.p. is 1723 £ 5 °C. Cristobalite is
formed when quartz is heated with a
mineralizer at temperatures above
about 1200 °C and is itself characterized
by a crystalline inversion, the
temperature of which varies but is
generally between 200 °C and 250 °C;
this inversion is accompanied by a
change in length of about 1 %.
Cristobalite is a principal constituent
of silica refractories, causing their
sensitivity to thermal shock at low
temperatures; it is also present in many
pottery bodies and is synthesized for
use as a refractory powder in the
investment casting of metals, for which
purpose its high thermal expansion is
advantageous.

Cristobalite Squeeze. The process of
putting ceramic glazes into
compression, by taking advantage of
the INVERSION (q.v.) of cristobalite at
220 °C. On cooling from the glost kiln,
by 573 °C the glaze has solidified, and
the body contraction, due to the B to o
cristobalite phase change, compresses
the glaze.

Critical Moisture Content. The moisture
content of a clay at which the clay
particles touch, the water occupies the
voids between the particles, and no
shrinkage occurs on further drying. It
corresponds roughly to the LEATHER-
HARD (q.v.) state. Drying can be more
rapid below the critical moisture content,
without risk of distortion.

Critical Speed. (1) The maximum safe
speed of rotation of an abrasive wheel;
at higher speed vibration becomes
dangerous. (2) In ball-milling, the speed
of rotation above which the balls remain
against the casing, as a result of
centrifugal force, throughout a
revolution of the mill; this speed is given
by the equation: NVR = 54.18 — where N
is the rev/min and R is the radius of the
interior of the mill, less the radius of the
ball, in feet.

Critical Stress Intensity. See STRESS
INTENSITY FACTOR.

Crizzle. See CHECK.

Crockery. A popular term for ceramic
tableware, sometimes restricted to
EARTHENWARE ((.V.).

Crocodile Kiln A type of TOP-HAT KILN
(q.v.) developed by Keller GmbH. The
hood has a swivel bearing at one end,
and so opens at an inclined angle, rather
than being raised vertically.

Crookes Glass. A glass, usually
containing cerium, that absorbs ultra-
violet light and is used for protective
goggles, etc. This glass resulted from the
work of Sir W. Crookes, in 1914, for the
Glass Workers’ Cataract Committee of
the Royal Society.

Crop. To cut replacement refractory
bricks roughly flush with surrounding
worn lining bricks, to equalise behaviour
when returned to service.

Cross-bend Test. (1) Term sometimes
used for TRANSVERSE STRENGTH TEST
(q.v.).

(2) A test to determine the resistance of
vitreous enamelware to cracking when it
is distorted.

Cross-fired Furnace. A glass-tank
furnace heated by flames that cross the
furnace perpendicular to the direction of
flow of the glass; the furnace has several
pairs of ports along its melting end (cf.
END-FIRED FURNACE).
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Crouch Ware. Light-coloured
Staffordshire salt-glazed stoneware of
the early 18th century; it was made from
a clay from Crich, Derbyshire, the word
‘crouch’ being a corruption.

Crowding Barrow. A hand-barrow for
bricks; it has a base and front, but no
sides.

Crown. A furnace roof, particularly of a
glass-tank furnace.

Crown Blast. The procedure of blowing
air at roof level into the exit end of a
tunnel kiln to counteract the natural flow
of gases in this part of the kiln.

Crown Brick. See KEY BRICK and
CENTRE BRICK.

Crown Glass. Glass of uneven thickness
and slightly convex (thus producing
some optical distortion), hand-made by
blowing and spinning (cf. oPTICAL
CROWN GLASS).

Crucible Test. See SLAG ATTACK
TESTS.

Crush. A defect of flat glass — a lightly
pitted dull-grey area.

Crush Dressing. Shaping the face of an
abrasive wheel to a required contour by
means of steel rolls.

Crushing Rolls. A unit frequently

used for the size reduction of brick
clays, etc. Two steel rolls are arranged
horizontally and adjacent, with a gap
between them of a uniform width
equivalent to the maximum size of
particle allowable in the crushed
product; the rolls are rotated in
opposition, and sometimes at different
speeds, so that the clay is carried
downwards and ‘nipped’ between the
approaching surfaces of the rolls (cf.
EXPRESSION ROLLS).

Crushing Strength. The maximum load
per unit area, applied at a specified rate,
that a material will withstand before it
fails. Typical ranges of values for some
ceramic materials are:

Fireclay and silica refractories: 14-35
MN m—2

Common building bricks: 1442 MN m—2
Engineering bricks Class ‘A’: 70 MN m-2
Sintered Alumina: 350 MN m-2

Now usually referred to as
COMPRESSIVE STRENGTH (q.v.). BS
1902 specifies cold crushing strength of
shaped insulating refractories (Pt. 4.1)
and dense refractories (Pt. 4.3) and
ULTIMATE COMPRESSIVE STRENGTH
(q.v.) of dense refractories (Pt. 4.2). BS
1902 Pt. 7.6 specifies cold crushing
strength tests for unshaped refractories.
ASTM C133 and C93 specify tests for
refractory bricks and insulating
firebricks respectively; C 773 is a test
for whitewares; E447 for masonry
prisms.

Crusilite. A silicon carbide heating
element. (Trade-name: Morganite
Electroheat Ltd, London.).

Cryogenic. Relating to (the production
of) low temperatures. See
SUPERCONDUCTIVITY.

Cryolite. Natural sodium aluminium
fluoride, Na;AlF; m.p. 980 °C; sp. gr.
2.95. Because of its low m.p. and its
fluxing action, it is used in the
manufacture of enamels and glass and in
the ceramic coatings of welding rods.
Opal glass is often made from batches
containing about 10% cryolite; a similar
preparation is sometimes used in white
cover-coat enamels.

Crypto System. An impulse system of oil
firing, more particularly for the top-firing
of annular kilns. Trade-name: R. Aebi &
Cie., Zurich.

Cryptocrystalline. Crystalline, but with
sub-microscopic grain size.
Cryptofluorescence. Term proposed by
W. A. Mcintyre and R. J. Schaffer
(Trans. Brit Ceram. Soc., 28, 363, 1929)
for soluble salts that have crystallized in
the interior of a clay building product
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and are therefore hidden; the term has
not gained general currency.

Crystal Glass. A popular, but misleading,
name for a type of decorative glass that
is usually deeply cut so that the brilliance
resulting from its high refractive index is
fully displayed. For British Standard
definitions see FULL LEAD CRYSTAL
GLASS and LEAD CRYSTAL GLASS.
Crystalline. (1) (of solids) having the
atoms in a definite long-range order. See
CRYSTAL STRUCTURE.

(2) (of particles in a powder) having the
geometric shape of a freely-developed
crystal. See MORPHOLOGY.

Crystalline Glaze. A glaze containing
crystals of visible size to produce a
decorative effect. Typical examples are
glazes containing zinc silicate crystals
and the AVENTURINE (q.v.) glazes.
Crystal Structure. Crystals are solids
whose constituent atoms have a regular
repetitive arrangement in space.

The basic unit of a crystal structure is
the unit cell, which is the smallest group
of atoms which has the characteristics
and symmetry of the whole crystal. It is
the volume formed by joining adjacent
lattice points, those points at which the
arrangements of atoms begins to repeat
itself. The lines along the edges of the
unit cell are the /lattice vectors. (The
lattice constants are the lengths of these
lines and the angles between them). The
space lattice is the regular, repetitive and
symmetric three-dimensional array
formed by placing repeating unit cells
alongside one-another. The space lattice
describes the geometric arrangement of
the atoms in a crystal. There are only 14
such symmetrical arrangements possible,
the BRAVAIS LATTICES {(q.v.) (See fig. 2,
p81. See also RECIPROCAL LATTICE,
X-RAY CRYSTALLOGRAPHY, SPACE
GRoUP). While it is possible to prepare
single crystals in which such symmetric

arrangements of atoms make up the
whole of the material, most crystalline
solids actually consist of small crystals
packed together at random, and
separated by grain boundaries. The
MICROSTRUCTURE (q.v.) of these
polycrystalline materials has an
important influence on their properties.
Moreover, the arrangement of the atoms
in crystals is not perfect. Defects occur.
These may be point defects, affecting
single atoms, or line defects, affecting
lines and planes of atoms. The various
types of point defect are Substitutional
Defect — an atom in the lattice is
substituted by a foreign atom of similar
size. Vacancy — an atom is missing from
a lattice site. Interstitial — a (small)
foreign atom fitting in between the
lattice atoms. Frenkel Defect — the
displacement of an atom from its
position in the lattice (leaving a vacancy)
to an interstitial position. Schottky defect
- a pair of vacancies in an ionic crystal,
the two missing atoms being ions of
opposite electric charge. All such point
defects strain the lattice, and affect the
movement of dislocations, the line
defects. Solid-state DIFFUSION (q.v.)
occurs by movement of atoms into
neighbouring vacancies. In general, the
numbers of point defects increase as the
temperature is raised. There are two
types of line defect, or dislocation: Edge
dislocations occur when an extra plane of
atoms is present on one side of a
perpendicular plane (the slip plane) but
not on the other. Such dislocations are
relatively easy to move by low stresses,
making the crystals weaker and more
susceptible to plastic flow. Screw
dislocations mark the boundary between
slipped and unslipped crystal parallel to
the direction of slip, as if a cut had been
made into the solid crystal and the
planes of atoms sheared one atom space
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parallel to the edge of the cut. This
transforms successive atom planes into
the surface of a helix, hence the name.
The Burger’s Vector indicates the
direction of displacement due to
dislocations, which are usually combined
edge and screw dislocations. This is the
direction of plastic deformation when
shear forces are applied. The Burger’s
vector is normal to an edge dislocation,
parallel to a screw dislocation. Point
defects and grain boundaries stop the
movement of dislocations, and thus
affect strength as well as other
properties.

Crystar. Tradename. A form of
RECRYSTALLISED SILICON CARBIDE
(q.v.) in which SiC and electronic grade
Si react at over 2300 °C, and the grains
recrystallize to form a continuous
network of SiC. Crystar is used to
produce thermal shock resistant kiln
furniture as well as tubes and other
refractory shapes. (Norton Co, USA).
C-Scan A coustic Microscopy, C-SAM.
Focussed transducers from 10 to 100
MHz are coupled to the test piece in a
water-immersion tank so that the test-
piece is located at the desired depth
below the test-piece surface. (The
reflections from that surface itself are cut
out electronically). Scanning the
transducer over the surface produces an
image of internal flaws at that depth in
the specimen.

CSZ. Cubic Stabilised zirconia (q.v.)
C.T. Compact Tension — See FRACTURE
TOUGHNESS TESTS.

C.T. Nozzle. Trade-name: a refractory
nozzle for steel-pouring designed to give
a Constant Teeming rate (hence the
name). The nozzle consists of an outer
fireclay shell and a refractory insert of
different composition. Strictly speaking,
the term refers to a particular type of
insert developed for the teeming of free-

cutting steels. (Thos. Marshall & Co.
(Loxley) Ltd., Brit. Pats. 832 280, 6/4/60;
904 526, 29/8/62.)

Cubing Rolls. CRUSHING ROLLS (q.v.)
having projections and used for breaking
down hard ‘slabby’ clays into a cube-like
product that is more suitable for feeding
to a secondary grinding unit.

Cuckhold. (1) An iron tool for cutting
off lumps of prepared clay, from a pug,
ready for the hand-moulding of building
bricks. (2) A two-pronged fork with a
taut wire joining the extremities of the
prongs; it is used for cutting clay from a
WASHBACK (q.v.) for STOCK BRICK
(q.v.) manufacture

Cuckle. See CUCKHOLD.

Cull. US equivalent of the English
WASTER (q.v.).

Cullet. Broken glass that can be
recharged to the glass furnace. The word
is derived from the French collet the
little neck left on the blowing iron when
bottles were hand blown; these ‘collets’
were returned to the glass-pot and
remelted. FACTORY CULLET or
DOMESTIC CULLET is from the same
glassworks at which it is to be used;
FOREIGN CULLET is from a different
glassworks.

Cullet Cut. Scratches on glassware due
to particles of cullet in the polishing felt.
Culm. A Carboniferous shale used for
brickmaking in the Exeter area. (Dialect
word for coal dust or soot.)

Cummings’ Sedimentation Method. An
approximate method of particle-size
analysis having the merit of giving a
weight/size distribution directly. (D. E.
Cummings, J. Industr. Hyg. Toxicol., 11,
245, 1929.)

Cup Gun. A spray gun, particularly as
used for touching-up vitreous
enamelware, with a container for the
enamel slip forming an integral part of
the gun.
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Cup Wheel. An abrasive wheel shaped
like a cup; such wheels are used, for
example, in the grinding of flat surfaces.
Diamond cup-wheels are employed in
the grinding of tungsten carbide tools.
Cupel. A small, refractory, tapered
cylinder (broad end up) with a shallow
depression in the top; cupels are made
from bone ash or calcined magnesia and
are used for the assay of non-ferrous
ores.

Cupola. A shaft furnace used in a
foundry for the melting of iron. Cupolas
are generally lined with fireclay
refractories covered with a ganister-clay
mixture. For the production of cast iron
with a low sulphur content, a basic lining
is sometimes used; the lining is in this
case built of chrome-magnesite or
dolomite refractories, or it may be
rammed with a monolithic basic
refractory composition.

Cupola Brick. See KEY BRICK.

Cupping. A process in which vitreous
enamel slip is poured over selected areas
of a piece of ware while it is being
drained, to ensure that the overall
thickness of application shall be uniform.
Curb Bend. A special shape of wall tile
(see Fig. 7, p350).

Curie Law and Curie-Weiss Law.
Magnetic susceptibility y = C/T where C
is the Curie constant. and T is the
absolute temperature. A
FERROMAGNETIC material may be
regarded as a paramagnetic material in
which the atomic magnetic moments are
aligned by an internal interaction the
‘Weiss field’ (P.Weiss, 1907)
proportional to the magnetization.
Above the CURIE POINT, T, the (then)
paramagnetic behaviour of
ferromagnetic materials is described by
the CURIE-WEISS LAW, x=C/(T - T,).
Curie Temperature. Originally
discovered by Pierre Curie in 1895 as the

tcmperature at which a material changed
from ferromagnetic to paramagnetic
behaviour. Now generally applied to the
temperature at which ordered
arrangements of atoms, which give rise
to a variety of electric and magnetic
properties, break down.

Curing. The process of keeping freshly
placed concrete moist to ensure
complete hydration so that maximum
strength is developed. Compounds are
available for spraying on concrete to
retard loss of moisture during the curing
period (see ASTM C156 and C309). Pre-
cast concrete units are often STEAM
CURED (q.v.).

Curling. A defect in vitreous enamelling
that is similar to CRAWLING (q.v.).
Curtain Arch. An arch of refractory
brickwork that supports the wall
between the upper part of a gas-
producer and the gas uptake.

Curtain Wall. See SHADOW WALL.
Curtains. An enamelling defect, in the
form of dark areas having the
appearance of drapery, liable to occur in
sheet-steel ground-coats. The probable
cause is boiling or blistering when the
ground-coat is being fired.

Cushion Edge. Defined in BS 6431 as: ‘A
slight convex radiusing of the periphery
of the glazed surface of a tile and/or tile
fitting where the glazed surface meets
the edges’.

Cut-back. The careful removal of
damaged or worn refractory surrounding
a lining failure site, until sound
refractory capable of being patched is
reached.

Cut Glass. Glass-ware into which a
pattern has been ground by means of an
abrasive wheel; the grinding is followed
by polishing (cf. BRILLIANT CUT).

Cut Glaze. A faulty glaze, spots or
patches being bare or only very thinly
covered. The common cause is
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contaminated areas on the biscuit-ware,
1.e. patches of oil, grease, dust, or soluble
salts. A fault resulting in a similar
appearance is KNOCKING (q.v.)

Cut-off Scar. Marks on the base of a
glass bottle made by the Owen’s suction
machine; the ‘scar’ is largely caused
during the final blowing operation,
however.

Cutlery-marking. See SILVER-MARKING.
Cutting-off Table or Cutter. A frame
carrying a tightly stretched wire, or a
system of such frames and wires, that
operates automatically at a short
distance from the mouthpiece of a pug
or auger to cut off clots or finished bricks
or pipes from the extruded column.
Cutting-off Wheel or Parting Wheel. A
thin abrasive wheel of the type used for
cutting-off or for making slots. Such
wheels generally have an organic bond.
Cutting Tools. See TOOL TIPS.

Cutty Clay. A variety of English ball clay
that was formerly used for making
tobacco pipes.

CVR. Abbreviation for CONTINUOUS
VERTICAL RETORT (q.v.).

Cyanide Neutraliser. See under
NEUTRALISER.

Cyanite. Obsolete spelling of KYANITE
(q.v.).

Cyclic Fatigue. The breakdown of a
material by repeated application of a
regularly increasing and decreasing
stress.

Cyclone Classifier. A dust-laden gas
enters a cylindrical or conical chamber
tangentially and leaves through a central
opening. The dust particles, moving in a
helical path, experience a force towards
the centre of Mv/r, where M is the
particle mass, v the particle velocity and
1 the radius of the chamber. Thus
particles are separated according to size,
by a force which can be 5 to 2500 times
that due to gravity in a settling tank. The

detailed mechanics and flow patterns in
practical cyclone classifiers are complex.
Cyclopean. Concrete containing
aggregate large than 150mm, used in
dams and other large structures.
Cylinder Process. An old method of
making flat glass by blowing molten glass
to form a cylinder, which is then cracked
open and flattened in a special furnace
known as a flattening kiln. In Belgium ,
France and Germany, the cylinder was
made of a length to correspond to that of
the glass sheet and the circumference
corresponded to the width. Bohemian
practice was the reverse of this and only
small sheets (about 3 ft square) could be
made.

Cylinder Test. See THERMAL SHOCK
TESTS.

Cylindrical Screen Feeder. One type of
feeder for plastic clay. It consists of a
vertical cylindrical screen though which
clay is forced by blades fixed to a vertical
shaft that rotates within the cylinder.
This machine not only feeds, but also
mixes and shreds the clay.

Czochralski Technique. A method of
growing single crystals of the refractory
oxides, and of other compounds, by
pulling from the pure melt; the
compound must melt congruently. (J
Czochralski Z. Phys. Chem., 92, 219,
1917.)

Dam Ring Significant local thickening of
the lining of a rotary kiln in an axial
direction, to expand the upstream feed
surface area to increase residence time,
or for other control purpose.

Damp Proof Course. An impervious
layer below the surface of a floor, or
through the width of a wall, designed

to prevent moisture rising from the
ground below. The usual materials

are bituminous, but a course of
ENGINEERING BRICKS (q.V.) is common
in older buildings. B.S.3921 specifies
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WATER ABSORPTION limits for bricks for
damp-proof courses of 4.5 (class 1) or 7.0
(class 2) the latter being recommended
for external works.
Danielson-Lindemann Deflection Test.
A procedure for assessing the ability of
vitreous enamelware to suffer a small
degree of bending without the enamel
cracking (R. R. Danielson and W. C.
Lindemann, J. Amer. Ceram Soc., 8, 795,
1925). The procedure has been
standardized by the American Ceramic
Society (Bull. Amer. Ceram. Soc., 7, 360,
1928; 9, 269, 1930).

Danneberg Kiln. An ANNULAR KILN
(q.v.) in which the products of
combustion leave each firing chamber
through holes in the hearth and through
numerous small interconnecting flues.
Danner Process. A method for the
continuous production of glass tubing
invented by Edward Danner in the USA
in 1917. Glass flows from a tank furnace
on to a mandrel, which is inclined and
tapered and slowly rotates. The mandrel
is hollow and air is blown through it to
maintain a hole through the glass, which
is continuously drawn from the lower
end of the mandrel as tubing, 1.5 to
60mm dia., at a rate of up to 250 kg/h.
(c.f. VELLO PROCESS.)

Danny. An open crack at the base of the
neck of a bottle.

Dapple. External or internal surface
irregularity in a glass container.

Darcy’s Law; Darcy. Darcy’s Law states
that the rate of flow of a fluid, subjected
to a low pressure difference, through a
packing of particles is very nearly
proportional to the pressure drop per
unit length of the packing. This Law
forms the basis of methods for the
determination of the permeability of
ceramics. The DARCY is the c.g.s. unit of
permeability: a material has a
permeability of 1 darcy if in a section

1 cm? in area perpendicular to the flow,
1 ml of fluid of unit viscosity flows at a
rate of 1 cm/s under a pressure
differential of 1 atm.; 1 Darcy = 1.013 x
10-° PERM (q.v.) (The Law was
propounded by H. P. G. Darcy, when
designing the fountains at Dijon in
1856).

Datolite. A boron mineral
approximating in composition to
Ca0.B,0,.25i0,.H,0; it occurs in
Russia and elsewhere. Trials have shown
that it is a suitable flux for use in glazes
for structural clay products.

Datapaq Trade-name. An automatic
recording system of travelling
thermocouples, which can pass through
e.g. a tunnel kiln and provide a record of
the firing schedule.

Davis Revergen Kiln. The word
‘Revergen’ is a trade-mark. A gas-fired
tunnel kiln of the open-flame type; the
flame does not come in actual contact
with the ware. The combustion air is
preheated by regenerators (hence the
name) below the kiln. The design was
introduced by Davis Gas Stove Co. Ltd,
Luton, England; this firm was absorbed
by Gibbons Bros Ltd, Dudley, England.
Day Tank. A periodic glass-tank
furnace, usually consisting of a single
chamber, from which glass is worked out
by hand; the furnace is operated
(charging, melting, and working) on a
24-h cycle.

DCB Double Cantilever Beam. See
FRACTURE TOUGHNESS TESTS.

DCCA Drying Control Chemical
Additives. Chemicals such as oxalic acid,
tetramethylorthosilicate (TMOS) and
dimethyl formamide, which improve
drying and produce larger pores in gels.
See SOL-GEL PROCESS.

DCDC Double Cleavage Drilled
Compression. See FRACTURE
TOUGHNESS TESTS.
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DCL Fusion-cast Refractory. A US
fusion-cast refractory, e.g. glass-tank
block, made by a process that largely
eliminates the cavities liable to occur as
a result of shrinkage during cooling; the
mould is L-shaped and is tilted while it is
being filled so that the shrinkage cavities
concentrate in the smaller leg of the L
(the ‘lug’), which is then sawn off and
discarded. (DCL = Diamond Cut Lug;
c.f. RO, RT and SR).

DCMA Number. See Dry Colour
Manufacturers’ Association
Dead-burned. Term applied to a
refractory raw material, and especially to
magnesite, after it has been heated at a
sufficiently high temperature for the
crystal size to increase so that the oxide
becomes relatively unreactive with
water. Magnesite is deadburned in shaft
kilns or rotary kilns at a temperature of
1600-1700°C.

De-airing. The removal of air from
plastic clay or body, from the moist
powder in dry-pressing, from casting
slip, or from plaster during blending.
There are various devices for submitting
these materials to a partial vacuum
during their processing. De-airing

is most commonly practised in
extrusion, shredded plastic clay being
fed to the pug, or auger, via a de-airing
chamber. The original patent was that
of R. H. Staley (US Pat., 701, 957,
1902.)

Debinding The removal of a binder from
a green ceramic compact. c.f. BURNOUT.
Debiteuse. A refractory block having a
vertical slot; it is used in the FOURCAULT
PROCESS (q.v.) of sheet-glass
manufacture, being depressed below the
molten glass which is drawn upward
through the slot. (French word for a
feeding device.)

Debonding The breakdown, under
thermal, mechanical or chemical stress,

of the bonds between the components of
a composite.

Debye-Scherrer Technique. See X-RAY
CRYSTALLOGRAPHY.

Decal. The American term for a ceramic
transfer or litho which is now also
current in the UK. Decals are used to
apply designs to ceramic tableware,
ornamental ware and tiles, and to glass
containers. The decal comprises three
layers: the colour, or image, layer which
comprises the decorative design; the
covercoat, a clear protective layer, which
may incorporate a low-melting glass; the
backing paper on which the design is
printed (by SCREEN PRINTING OT
LITHOGRAPHY (.v.). There are various
methods of transferring the design while
removing the backing-paper, some of
which are suited to machine application.
(See HEAT-RELEASE DECAL, HEAT-
ACTIVATED DECAL, SLIDE-OFF DECAL).
Decalcomania (USA). A particular type
of transfer printing, now known in
England as LITHOGRAPHY (q.v). The
term is derived, via the French, from two
Greek words: decal (off the paper), and
mania, this form of printing having had a
short, but extreme, popularity with
young ladies in 1860/65.

Deck. The refractory top of a car used in
a tunnel kiln or bogie kiln.

Decking. The stacking of vitreous
enamelware in several layers ready for
firing.

Decolorizer. A material added to glass
to counteract the colour imparted by
impurities such as iron; the decolorizer
may be an oxidizing agent, removing the
colour by chemical action, or it may
counteract the colour already present by
introducing the complementary colour.
The materials used include the oxides of
As, Ce, Co, Mn, Nd and Se.

Decorating Firing or Enamel Firing. The
process of firing pottery-ware after the
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application of coloured or metallic
deeoration; the temperature is usually
700-800°C and this fixes the decoration
and makes it durable.

Decoration. The application of colours
and designs to ceramic ware. Bodies and
glazes may be coloured or enhanced by
crystalline effects, and coloured
decorations applied on or under-glaze by
printing or by applying transfers. Gold
and other precious metal is applied to
more expensive ware, and may require
additional firing. Glassware may also be
decorated by cutting or engraving. See
also COLOUR; DECAL; MURRAY-CURVEX
MACHINE; SCREEN PRINTING; BANDING;
GLAZE; GOLD DECORATION; LUSTRE;
ENGOBE; ENGRAVING.

De-enamelling. The removal of vitreous
enamel from the base metal; this can be
done by sand-blasting or by solution in
alkali.

Deep Cut. Alternative name for cuT
GLASS (q.v.).

Defiecting Block or Spreader Block. A
block of refractory material, triangular in
cross-section, that is built into a coke-
oven below a charging hole; the sharp
edge of the block is uppermost and this
defiects or spreads the stream of
descending coal so that it comes to rest
more uniformly in the oven.
Deflocculation. The dispersion of a clay
slip by the addition of a small amount of
suitable electrolyte, e.g. sodium silicate
and/or sodium carbonate.

Defluorinated Stone. CHINA STONE (q.v.)
from Cornwall, England, from which the
small amount of fluoride present has
been removed by flotation.

Deformation Eutectic. The composition
within a ceramic system (e.g. china clay,
flint and feldspar) which, when heated
under specified conditions, deforms at a
temperature lower than that required to
produce deformation in any other

composition within the system. This term
is used more particularly in USA.
Deformation Temperature. The
temperature at which, when a ceramic
material is heated under specified
conditions, the rate of subsidence
becomes equal to the rate of thermal
expansion. With glass, this temperature
corresponds to a viscosity of 1011-1012
poises.

Dégourdi. The preliminary low-
temperature (800-900°C) firing of
feldspathic porcelain, as practised in
Europe; the second (glost) firing is at
approx. 1400°C. (French word meaning
‘warming’ as distinct from the high-
temperature-grand feu-glost firing.)
Delft Ware. An early type of porous
earthenware covered with a tin-opacified
glaze and decorated in blue before the
glost fire; named from Delft, Holland,
but the process was already in use in
England in the 16th century. In USA the
term is defined (ASTM C242) as a
calcareous earthenware having an
opaque white glaze and monochrome
on-glaze decoration.

De-hacking. The removal of ware from a
kiln setting. The term is usually used
when this is done mechanically,
particularly in brick kilns.

Deko-Press. A process intended to
reduce the production costs of tableware
by combining the dry-pressing of spray-
dried powder with decoration and single-
firing in a roller-hearth kiln. Developed
by Hutschenreuther AG. (Keram Z 36
(1984) 551.)

Dekram. Trade-name. A multi-colour
printing machine for ceramic tableware
(Brit.Pat. 1247001, 1971, Service
Engineers Ltd).

Dela-Drum. Powder and spray are fed
into the lower end of an inclined rotating
drum. As the moist powder rises along
the axis of the drum it agglomerates, and
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particles of uniform size are discharged.
(Dela Gesellschaft fiir Granuliertechnik
m.b.H)

Della Robbia Ware. Terra-cotta artware
with white or brightly-coloured glaze.
Deltek An advanced ceramic developed
by FOSECO (FS) Ltd and Birmingham
University. It has good thermal shock
resistance, high refractoriness and
strength, and can be fabricated to
complex shapes with good surface finish
and dimensional tolerances. Its
applications are to investment casting,
aluminium die casting and other metal
casting processes.

Demijohn. A glass container for wine or
spirits; it has a narrow neck and a
capacity of over 10 litres. The name is
derived from the French Dame Jeanne, a
popular 17th-century name for this type
of large bottle.

Dendritic see MORPHOLOGY

Dense. When applied to structural clay
or refractory products the term generally
signifies ‘of low porosity’; when applied
to a glass it means ‘of high refractive
index’ (in this context the term is
sometimes expanded to OPTICALLY
DENSE).

Densification The processes during
shaping and firing which lead to closer
packing of particles, the removal of
pores, and a denser ceramic compact or
article.

Density. The determination of the
various densities ascribed to refractory
materials is specified in B.S.1902 Pts. 3.4
to 3.8. See APPARENT SOLID DENSITY;,
BULK DENSITY; DENSITY FACTORS;
PACKING DENSITY; TRUE DENSITY.
Density Factors for Glass. Factors for
calculating the density of a glass from its
composition; the original set of factors
was that of A. Winkelmann and

O. Schott (Ann. Physik. Chem., 51, 730,
1894). Numerous amendments to these

have since been put forward; probably
the most reliable are those of M. L.
Huggins and K. H. Sun, J. Amer. Ceram.
Soc., 26, 4, 1943.

Dental Ceramics. DENTAL PORCELAIN
(g.v.) has been supplemented by other
BIOCERAMICS, in particular APATITES
and ALUMINA, for general maxillofacial
restorative work, using crowns and
implants. Metallising, metal-ceramic
bonding and colour matching are
important in dental ceramic work. BS
3365 specifies dental silicate and silico-
phosphate cements; BS 6039 glass-
ionomer cements.

Dental Porcelain. Feldspathic porcelain,
shaped, tinted and fired for use as false
teeth; the firing is sometimes carried out
in a partial vacuum to remove small air
bubbles and thus ensure maximum
density and strength. X-ray diffraction
studies have shown fired dental
porcelain to be some 80% glassy phase.
Dental porcelain jacket crowns are
specified by BS 5612, denture teeth by
BS 6817.

Deox. A masonry cleaning solution
(National Chemsearch (UK) Ltd).
Derby Press. Trade-name; a machine for
the re-pressing of wire-cut building
bricks. (Bennett & Sayer Ltd., Derby,
England.)

Design. Traditionally, ceramic design
was governed by aesthetic
considerations. The design of modern
ceramic engineering components is
governed by the need to avoid sharp
corners and re-entrant shapes (both for
ease of shaping and to avoid stress
concentration, leading to crack
propagation), and to take advantage of
the high compressive strength of
ceramics.

Detergent. For resistance of the
decoration of tableware see DURABILITY
OF ON-GLAZE DECORATION.
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Detonation Gun (D-gun). A D-gun
comprises a water-cooled barrel about
1m long and 25mm diameter. An
oxygen/acetylene mixture ignited in the
barrel drives a charge of powder
(particle diameter 45 um) at a velocity of
c. 800 m/s, temperatures c. 4000°C being
reached. After ignition, the barrel is
purged with nitrogen and the cycle
repeated 4 to 8 times per second, each
detonation depositing overlapping 25mm
circles of powder some 20um thick, on
the target as the gun is carefully
traversed.

Detonation Forming. See EXPLOSIVE
PRESSING.

Detonation Plating. Term suggested
(Iron & Steel, London, 39, (2), 63, 1966)
to replace FLAME PLATING (Q.v.).
Devil’s Tongue A starch plant from
whose tuberous root Konjaku Meal is
prepared. This has been used to improve
the filterability of slips.

Devitrification. The change from the
glassy to the crystalline state; it may
occur either as a fault or by controlled
processing to produce a devitrified
ceramic; see GLASS-CERAMIC.
Devitrified Glass. The original term for
GLASS-CERAMIC (q.v.).

Devitrite. A crystalline product of the
devitrification of many commercial
glasses; the composition is
Na,0.3Ca0.6Si0,; its field of stability in
the ternary system is small and far
removed from its own composition
When heated to 1045°C devitrite
decomposes into wollastonite and a
liquid. First named by G. W. Morey and
N. L. Bowen (Glass Industry, 12, 133,
1931).

De-watering. The removal of water from
a ceramic slip, e.g. by filter-pressing.

DF Stone. Abbreviation for
DEFLUORINATED STONE (q.V.).

D-gun. See DETONATION GUN.

Diagonal Bond. Brickwork in which
headers are laid to form a pattern of
diagonals.

Diamantini. See GLASS FROST.

Diamond Pyramid Hardness (DPH). A
hardness test based on the measurement
of the depth of indentation made by a
loaded diamond; for details see B.S.427.
As applied to the testing of glass, this
procedure affords a measure of the yield
point of the glass structure.

Diamond Wheel. An abrasive wheel
consisting of graded industrial diamonds
set in a ceramic, metal, or resinoid bond.
Diaphragm Wall. A wide-cavity brick
wall with the two leaves bonded together
by cross-ribs of brickwork replacing the
normal wall ties. The resulting connected
box structure gives a wall of greater
resistance to lateral and vertical loading,
suitable for tall single-storey structures.
Diaspore. One of the monohydrates of
alumina; its equilibrium temperature
with corundum and water is 360°C. It
occurs, mixed with a certain amount of
clay (and thus more properly termed
DIASPORE CLAY), in Missouri (USA)
and in Swaziland (S. Africa). Diaspore,
after strong calcination to eliminate
firing shrinkage, is used as a raw material
for the manufacture of high-alumina
refractories.

Diatomite; Diatomaceous Earth. A
sedimentary material formed from the
siliceous skeletons of diatoms, which are
minute vegetable organisms living in
water (both fresh and marine). Large
deposits occur in USA, Denmark, and
France; there are smaller deposits in
Ireland and elsewhere. Because of its
cellular nature (porosity about 80% ) and
the fact that it can be used up to a
temperature of about 800°C, diatomite is
used as a heat- and sound-absorbing
material; it is employed either as a
powder for loose-fill, as shaped and fired
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bricks, or as an aggregate for lightweight
concrete.

Dice. The small, roughly cubical,
fragments produced when toughened
glass is shattered.

Dice Blocks. See THROAT.

Dichroic Glass. A glass which transmits
some colours, and reflects others.
Dickite. Al,0,.2810,.H,0. This is the
best crystallized of the kaolin minerals,
the crystals consisting of regular
sequences of two basic kaolin layers.
Dickite is comparatively rare; it is
occasionally found in sandstones.
Dicor. Tradename. A castable,
machineable glass-ceramic based on
mica (tetra-silicic fluormica) with up to
7% added ZrO, to improve chemical
durability and translucency for dental
applications. (P.J. Adair, Dentsply
International and Corning Glass. U.S.
Pat, 4431420 1984)

Didier-March Kiln. A coal-fired tunnel
kiln; typically, there are four fireboxes,
two on each side.

Didymium. A mixture of rare earth
oxides, chiefly the oxides of
LANTHANUM, NEODYMIUM and
PRASEODYMIUM (q.V.).

Die. (1) An attachment at the exit of an
extruder designed to give the final shape
to an extruded clay column. A brick die
usually has an internal set of steel plates
arranged to permit lubrication of the
internal surface presented to the clay
column.

(2) In dry-pressing and plastic shaping,
this term is often applied to the metal
mould into which the moist powder

or plastic clay is charged prior to
pressing.

Die Cast Brick Machine. A machine
developed by Machinery Inc. USA to
make special shapes from the extruded
slug, so not disrupting the production
process.

Die Pressing. Term used in some
sections of the industry for brRY
PRESSING {(q.V.).

Dielectric. A material that is capable of
sustaining an electrical stress, i.e. an
electrical insulator. Electroceramics of
high dielectric constant include the
fitanates, stannates, and zirconates; with
suitable compositions the dielectric
constant can attain 20 000, the power
factor varying from 1 x 10~ to 500 x
10-4. They are used in high-capacity
condensers at radio-frequencies.
Dielectric Heating. The heating of a
dielectric by energy loss within the
material when it is exposed to a high-
frequency electric field. Trials have been
made with this form of heating, at radio-
frequencies, as a method of drying
clayware but it is generally uneconomic.
Die-Wall Friction. The interaction
between the wall of the die and the
powder compact in uniaxial dry-pressing,
which leads to a non-uniform pressure
distribution across the compact. Special
lubricants may be used to reduce this
effect.

Differential Thermal Analysis (DTA). A
method for the identification and
approximate quantitative determination
of minerals. In the ceramic industry,
DTA is particularly applied to the study
of clays. The basis of this technique is
the observation, by means of a
thermocouple, of the temperatures of
endothermic and/or exothermic reactions
that take place when a test sample is
heated at a specified rate; in the
differential method, one junction of the
thermocouple is buried in the test
sample and the other junction is buried
in an inert material (calcined Al,Oj)
that is heated at the same rate as the test
sample. In the DTA of a clay, the major
effect is the endotherm resulting from
the evolution of the water of
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constitution. The temperature of the
peak of this endotherm varies according
to the particular clay mineral present;
the area of the endotherm (as measured
on DTA curve) affords a means of
assessing the quantity of thc mineral
present.

Differential Scanning Calorimetry
(DSC). The difference in energy inputs
to a substance and a reference material
is measured as a function of temperature
while both are subjected to a controlled
temperature programme. ’
Differential Sintering. If two separate
powder compacts of different green
densities are sintered to be fully
densified, then the lower density
compact must shrink more. However, if
the compacts are joined as one piece, the
region of lower green density is
mechanically constrained from shrinking
more than the adjacent higher density
region, and so does not sinter to full
density. This phenomenon is known as
differential sintering.

Differential Thermogravimetry (DTG). A
technique for the study of the changes in
weight of a material when heated,; it has
been applied, for example, in following
the dehydration process of clay minerals.
Diffusion. The transport of matter by the
movement of atoms, ions or molecules.
The process is driven by differences in
concentration of chemical species in
different parts of the substance, with
thermally activated movement. In solids,
atoms migrate through the lattice either
by the diffusion of INTERSTITIALS, or of
VACANCIES moving in the opposite
direction (see CRYSTAL STRUCTURE).
Diffusion is important in SOLID-STATE
SINTERING. (q.v). It may occur within
the grains of a polycrystal (volume
diffusion) or along the GRAIN
BOUNDARIES (q.v.). (Surface or grain
boundary diffusion.)

Diffusion Bonding. A group of joining
techniques in which strong bonds are
achieved through solid state diffusion
without melting of the base materials.
The techniques are usually used to join
dissimilar materials, either directly, or
using thin interlayers. In diffusion
brazing a melting filler metal is
interposed between the components to
be joined. In diffusion welding the
interlayers do not usually melt. (For a
review, see O.M. Akselsen, J. Mater. Sci.
27, 569, 1992).

Diffusion Sintering. See SOLID-STATE
SINTERING.

Diffusivity. See THERMAL DIFFUSIVITY.
Digs. Deep, short scratches on glass.
Dilatancy. The behaviour exhibited by
some materials of becoming more fluid
when allowed to stand and less fluid
when stirred; dilatancy is shown by some
ceramic bodies that are deficient in fine
(<2um) particles. (cf RHEOPEXY and
THIXOTROPY).

Dilatometry. The measurement of
thermal expansion, strictly, as a function
of temperature. In particular, a
continuous record can reveal phase
changes in materials.

D-line Cracks. Fine, closely spaced
weathering cracks near the edges of
concrete.

Dimming Test. To determine the
durability of optical glass the surface is
subjected to the action of air saturated
with water vapour at a definite
temperature (usually 80°C) for a
specified period. Any dimming of the
surface is then observed.

DIMOX. The Directed Metal Oxidation
process (q.v).

Dimple. (1) A fault in vitreous
enamelware appearing as a small shallow
depression. Causes include: (i) Oil or
water spots from spray line. (ii)
Contamination of slip by other enamel
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frit. (iii) Contamination of dry biscuit by
dust of another enamel. (iv)
Contamination of dry biscuit by iron or
other dust from dryer or racks. (v)
Incomplete healing of a burst blister. (vi)
Incorrect spraying due to suspension of
slip being too highly set, or to the
presence of large frit particles.

(2) A fault in a pottery glaze resulting
from the failure of the glaze to heal
completely over the depression formed
during the bursting of a large bubble
during the glost firing.

DIN. Abbreviation for Deutsche
Industrie-Norm (German Industry
Standard). These standards are
published by the Deutscher
Normenausschuss (abbreviation

DNA) which has its offices in

Berlin, W.15.

Dinas Brick. The original name for a
silica refractory, so called from Dinas, in
S. Wales, where the silica rock was
quarried. The name is preserved in the
German dinas-stein and the Russian
equivalent.

Dinnerware. An American term (ASTM
(C242) for ceramic whiteware made in a
consistent pattern and a full range of
articles to make up a dinner service.
Dinosaur. A precision setting machine
which automatically cuts, faces and sets
green bricks. (Pearne & Lacy, USA;
Craven Fawcett, Leeds).

Diopside. MgO.Ca0.2Si0,; m.p. 1392°C;
sp. gr. 3.3; thermal expansion (0-1200°C)
8.8 x 10-6. There is a deposit in New
York State. Trials have been made with
synthetic diopside as a high-frequency
electro-ceramic. It is formed as a
devitrification product of sodalime glass
if the CaO is partially replaced by MgO:;
it is also formed when siliceous slags
attack dolomite refractories.

Dip Mould. A one-piece glass forming
mould. The molten glass enters at the

top, and the finished ware is removed
through the same hole.

Dipping. (1) BISCUIT-FIRED POTTERY
(q.v.) is dipped into a suspension of the
glaze ingredients in water; the dipped
ware is then dried and GLOST-FIRED
(qv)

(2) In vitreous enamelling, the base-
metal can be dipped in slip and drained
(wet process) or it can be first heated
and then dipped in powdered frit (dry
process).

Dipping Weight. See pICK-UP.
Direct-arc Furnace. See under ELECTRIC
FURNACES FOR MELTING and REFINING
METALS.

Direct-bonded ceramics. Ceramics in
which there is no change in chemical
composition at the grain boundaries, but
only of particle orientation, so that the
bonds across the grain-boundries are of
the same nature as those in the bulk of
the ceramic. Such ceramics have high
mechanical strength.

Direct Coagulation Casting. In this
NEAR NET SHAPE technique for forming
complex shapes, an aqueous
electrostatically stabilized suspension of
low viscosity is cast into a non-porous
mould and then coagulated by changing
the pH or by a delayed reaction
catalyzed by enzymes, to form a stiff, wet
green body.

Directed Metal Oxidation Process.
Ceramic reinforcement is incorporated
in a ceramic matrix formed by the
reaction of molten metal with an
oxidant.

Direct Firing. The firing of pottery or
vitreous enamelware in a fuel-fired kiln
or furnace without protection of the
ware from the products of combustion.
Directional Solidification. This is a
technique for preparing lamellar or
fibrous composites of ceramics and/or
metals by growth from a molten eutectic
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composition, using techniques normally
used for growing single crystals. The
solidification front is made to advance
slowly in one direction, by minimizing
convection in the melt, as in some zone-
melting or crucible techniques.
Directionally solidified eutectics have
low porosity, stable microstructures up
to the eutectic temperature, and good
bonding between the uniformly
distributed phases. (R. L. Ashbrook, J.
Amer. Ceram. Soc. 60 (9/10), 428, 1977).
Direct Teeming or Top Pouring. The
transfer of molten steel from a ladle,
through one or more refractory nozzles,
directly into the ingot moulds.

Dirty Finish. See FINISH.

Dirty Ware. Foreign matter that
occasionally disfigures potteryware as
taken from the kiln; potential sources of
the ‘dirt’ include the atmosphere, both in
the factory and in the kiln, the placers’
hands, the kiln lining, the kiln furniture.
See also WHITE DIRT.
Disappearing-filament Pyrometer. An
optical pyrometer consisting of a small
telescope with an electrically heated
filament placed in its focal plane. A hot
surface within a kiln or furnace is
focused through the telescope and the
current supplied to the filament is
adjusted until the apparent temperature
of the filament and furnace coincide, the
filament then disappearing in the general
colour of its background. The
corresponding temperature is read from
a scale on the instrument.
Disappearing-highlight Test. A test to
determine the degree of attack of a
vitreous-enamelled surface after an acid-
resistance test; (see ASTM - C282).
Disc. A thin refractory support used to
protect other KILN FURNITURE from
glaze attack during glost firing.
Discharge-end Block. See NOSE-RING
BLOCK.

Disintegration Index. A measure of the
durability of a hydraulic cement proposed
by T. Merriman (Engng. News Record,
104, 62, 1930). The test involves shaking
with a lime-sugar solution followed by
titration of one aliquot against HCI with
phenolphthalein as indicator and another
with methyl orange as indicator. The
Disintegration Index is the difference
between the two titrations. The test was
superseded by the test now known as the
MERRIMAN TEST (q.V.).

Disintegrator. A machine used for the
size reduction of some ceramic materials.
A rotor is rapidly revolved within a
casing, both rotor and casing having
fixed hammers which impact on the
material being ground (cf. HAMMER
MILL).

Disk Feeder. A type of clay feeder for
attachment to the base of a storage bin.
There are various types. In one of these
there is a short fixed cylinder with a side
outlet; below the cylinder is a revolving
horizontal disk. In another design the
disk is stationary, the clay being
discharged by moving arms inside the
cylinder.

Disk Wheel. An abrasive wheel of a type
that is usually mounted on a plate so that
grinding can be done on the side of the
wheel.

Dispex. Trade-name; ammonium
polyacrylate, sometimes used as a
deflocculant in clay slips. (Allied
Colloids Ltd., Bradford, England.)
Dislocations. See CRYSTAL STRUCTURE.
Disordered clays. Clays in which there is
substantial ISOMORPHOUS SUBSTITUTION
(g.v.). Disordered clays have fine particle
size, high plasticity, high unfired strength
and high drying shrinkage. In general,
ball clays are disordered, china clays not.
Disorp. A process developed by Didier-
Werke, Germany, to absorb HF from the
hot flue gases from the firing of bauxite
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or fireclay, by filtration through a bed of
limestone granules.

Dispersion Strengthening. Very fine
particles of a second phase, widely
dispersed throughout the crystal lattice
of the first phase, inhibit the movement
of dislocations, increasing strength and
fracture toughness. The technique is
used in cements and to strengthen metals
by introducing e.g. thoria. If the
dispersion is produced by solid state
reactions which precipitate the second
phase chemically, the technique is
known as precipitation hardening. See
TOUGHNESS.

Dissector. A person employed to classify
defective potteryware according to the
nature of the fault.

Disthene. Obsolete name for KYANITE
(q.v.).

Diver Method. A technique for the
determination of particle size by
sedimentation. The specific gravity at a
given depth in a sedimenting suspension
is determined by means of small loaded
glass ‘divers’ of known specific gravities
in a range between the specific gravity of
the dispersion medium and that of the
homogeneous suspension. If a ‘diver’ is
placed under the surface of a
sedimenting suspension it will descend to
a level where its weight is equal to the
weight of suspension displaced; it will
then continue to descend at the same
rate as the largest particles at the level of
its geometrical centre of gravity and at a
greater rate than ali the particles in the
suspension located above that level. (S.
Berg. Ingeniorvidenskabelige Skrifter,
No. 2, 1940.)

Division Wall. A wall of refractory
bricks between two adjacent settings in a
bench of gas retorts.

D-line Cracks. Fine, closely spaced
weathering cracks near the edges of
concrete.

D-load. The strength of a concrete pipe
in a 3-edge bearing test, expressed as the
load per unit length as a fraction of
internal diameter or horizontal span.
The load may be the maximum the pipe
will support, or may be that load which
will produce a 0.001 in (0.025mm) crack
throughout a length of 1 ft (305mm) of
the pipe.

DNA. See under DIN.

Debbin. A type of dryer used in the
tableware section of the pottery industry;
the ware, while still in the plaster mould,
is placed on horizontal turntables within
the drying cabinet; the turntables can be
rotated about a vertical axis so that the
ware moves from the working opening
into the interior of the dryer where
moisture is removed from the mould and
the ware by means of hot air.

Dobie. A hand-shaped clay building
brick before it has been fired; from
ADOBE (q.v.). In USA a ‘dobie’ is a
lump of raw fired clay.

Docking. The immersion of building
bricks in water as soon as they are taken
from the kiln; this is done only when the
bricks are known to contain lime nodules
and is a method for the prevention of
LIME BLOWING (q.V.).

Doctor Blade. (1) A thin, flexible, piece
of steel used for smoothing a surface,
e.g. for cleaning excess colour from the
engraved copper plate used in printing
on pottery.

(2) A blade used for parting thin ceramic
sheets or wafers of the type used in
miniature condensers.

Document Glass. A glass that absorbs
ultraviolet rays and thus protects
documents from deterioration.

Deod Box. An old device for extruding
rods or strips of a pottery body for use in
the making of cup handles or of basket-
ware. The term may be a corruption of
WAD BOX (q.v.) or it may be from pop
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the old name for the Reed Mace or
Bulrush.

Dod Handle. A cup- or jug-handle made
by the old bpop Box (q.v.) method.
Dodecacalcium Heptaluminate.
12Ca0.7AL,03; cubic; sp. gr. 2.68
(anhydrous), 2.73 (mono-hydrate); m.p.
1392°C; thermal expansion (0-1200°C)
8.0 x 10-6. A constituent of high-alumina
hydraulic cement. This compound has
not been prepared in a strictly anhydrous
form; when sorption of water has
reached a max. the composition is
12Ca0.7A1,04.H,0.

Dodge-type Jaw Crusher. A jaw-
crusher with one jaw fixed, the other
jaw being pivoted at the bottom and
oscillating at the top; the output is low
but of uniform size (cf. BLAKE-TYPE
JAW CRUSHER).

DOFP. Direct-On Finish Process of
vitreous enamelling (US abbreviation).
Dog-house. In an open-hearth steel
furnace, the arched refractory area
through which a metallic burner (for oil-
firing) is inserted; in a glass-tank furnace,
the refractory-lined extension into which
batch is fed.

Dog’s Teeth or Dragon’s Teeth. A fault
sometimes found on the edges of a
rectangular extruded column of clay, the
greater friction at the corners of the die
holding the clay back relative to the
centre of the extruding column; if this
corner friction is too great it results in a
regular series of tears along the edges of
the column. Methods for curing the fault
are increasing the moisture content of
the clay, improving the lubrication of the
die, or enlarging the corners of the die at
the back of the mouthpiece.

Dolly. A gathering iron with a refractory
tip used in the making of glass-ware in
semi-automatic machines.

Dolly Dimples. A slight defect in cast-
iron vitreous enamelware, blisters in a

leadless enamel having almost
completely healed.

Doloma. Calcined dolomite, i.e. a
mixture of the oxides CaO and MgO; the
term was introduced by the Basic
Furnace Linings Committee of the Iron
and Steel Institute (I.S.1. Spec. Rept. 35,
1946).

Dolomite. The double carbonate of
calcium and magnesium, (Ca,Mg)CO;.
Dolomite occurs abundantly in many
countries: in England it extends as a belt
of rock from Durham to Nottingham-
shire; in Wales the Carboniferous
Limestone has been dolomitized locally.
Typical analysis (% ): MgO, 20; CaO, 30;
CO,, 46; impurities, 4. It is used as a
source of magnesia in glass production
but the principal use is as a refractory
matenal, for which purpose it is calcined.
Because of the free lime present calcined
dolomite rapidly ‘perishes’ in contact
with the air; it may be tar-bonded to give
it partial protection, or it can be
stabilized by firing it, mixed with steatite
or other siliceous material, so that the
lime becomes combined as one or more
of the calcium silicates. Stabilized
dolomite refractory bricks find some use
in the lining of electric steel furnaces and
rotary cement kilns, tarred dolomite
bricks or blocks (sometimes with dead-
burned magnesite added) are much used
in the newer oxygen steelmaking
processes. See also TEMPERED
DOLOMITE BLOCK.

Deomain. In a ferroelectric or
ferromagnetic crystal, e.g. barium
titanate, a ‘domain’ is a small area within
which the polarization is uniform. If the
crystal is exposed to a high electric or
magnetic field, those domains in which
the polarization is in a favourable
direction will grow at the expense of
other domains. A domain structure gives
rise to HYSTERESIS (q.V.).
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Dome Brick. A brick in which both the
large and the side faces are inclined
towards each other in such a way that,
with a number of these bricks, a dome
can be built. (See Fig. 1, p39.)

Dome Plug. A refractory shape,
usually made of aluminous fireclay

or of a refractory material of still
higher alumina content, used in the top
of the dome of a HOT-BLAST STOVE
(q-v.).

Doping. The addition of small quantities
of other materials to markedly affect the
properties of the main component.
Electrical properties of ceramics are
particularly susceptible to modification
in this way.

Deorfner Test. A test for stress in
glazed ware proposed by J. Dorfner
(Sprechsaal, 47, 523, 1914): a cylinder
of the ware is partly glazed and

the shrinkage of the glazed portion is
noted.

Dorr Mill. A TUBE MILL (q.v.) designed
for operation as a closed-circuit wet-
grinding unit.

Dorry Machine. Apparatus for testing
the abrasion resistance of a ceramic; the
flat ends of cylindrical test-pieces are
abraded under standardized conditions
by movement in contact with a specially
graded sand.

Dot. A small refractory distance-piece
for separating cCRANKs (q.v.) and
SETTERS (Q.V.).

Dottling. The setting of pottery flatware
horizontally on THIMBLES (q.v.).
Double Cantilever Beam. See
FRACTURE TOUGHNESS TESTS.

Double Cleavage Drilled Compression.
See FRACTURE TOUGHNESS TESTS.
Double Draining. A further period of
flow of slip from dipped vitreous
enamelware after the initial draining has
finished and the enamel appears to have
set. A possible cause of this trouble is

excessive alkalinity of the slip caused by
the solution of alkalis from the frit;
alternatively, the amount of electrolyte
added to the slip may have been
incorrect.

Double Embossing. Producing three
shades of decoration on glassware, by
producing a design with acid, followed
by two additional acid treatments.
Double-face Ware. Vitreous enamelware
that has a finish coat on both sides.
Double-frit Glaze. A glaze containing
two frits of different compositions. As an
example, a glaze may contain a lead frit
and a leadless frit; the glaze is thus
rendered highly insoluble by the
inclusion in the second frit of those
constituents liable to increase lead
solubility.

Double-layer Extrusion. Making bricks
by extruding two layers of clay
simultaneously, the outer layer usually
forming a thin surface layer of enhanced
appearance.

Double Layer Theory. Ceramic particles
generally contain atoms that are easily
polarized, with resulting strong
interparticle attraction.
AGGLOMERATION (g.v.) can be
prevented by mixing the powders in a
liquid with dissolved ions, whereby a
“double-layer” of dissolved ions forms
round each particle. The double-layer
theory describes the electrostatic
repulsion between two particles whose
electric double-layers overlap. This
overlap causes a local increase in the
electrolyte concentration. The resulting
osmotic pressure counterbalances the
attractive electrostatic van der Waals
forces, and prevents the particles coming
together in agglomerates.

Double-roll Verge Tile. A single-lap
roofing tile having a roll on both edges
so that verges on the two sides are
similar.
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Double Roman Tile. See under ROMAN
TILE.

Double-screened Ground Refractory
Material. A US term defined as: A
refractory material that contains its
original gradation of particle sizes
resulting from crushing, grinding, or
both, and from which particles coarser
and finer than two specified sizes have
been removed by screening (cf. SINGLE-
SCREENED).

Double Standard. A brick (particularly a
refractory brick) that is twice as wide as
a standard square, e.g. 9 x9x 3 in

(229 x 229 x 76 mm).

Double-thread Method. A procedure
for determining the coefficient of
thermal expansion of a glass by forming
a thread by fusing a fibre of the glass
under test to a fibre of a glass of known
expansion; from the curvature of the
double-thread, when cold, the
coefficient of expansion of the glass
under test can be calculated. (M.
Huebscher, Glashiitte, 76, 57, 1949).
Deuble Torsion. See FRACTURE
TOUGHNESS TESTS.

Double-wing Auger. An AUGER (q.v.)
with two discharge screws.

Down-cast. Local term for negative
pressure in the atmosphere of some
zones of an annular kiln.

Down-draught Kiln. A kiln in which the
hot gases from the fireboxes first rise to
the roof, then descend through the
setting and are finally withdrawn through
flues in the kiln-floor.

Down-draw Process. The production of
glass tubing by continuously drawing
molten glass downward from an orifice.
See also overflow process.

Downtake or Uptake. One of the two
vertical passages, built of refractory
bricks, leading from the ports to the slag-
pockets of an open hearth furnace. As
such a furnace operated on the

regenerative principle, the direction of
gas-flow being periodically reversed, the
identical passages at the two ends of the
furnace alternately served as Downtake
for the waste gases leaving the furnace
and Uptake for the hot air for
combustion and (in gas-fired furnaces)
the fuel gas.

Downward Drilling. Wear on glass-tank
furnace bottoms.

Dezzle. See under CORE.

DPH. Abbreviation for DIAMOND
PYRAMID HARDNESS (Q.v.).

DPT - Diffuse Phase Transition - see
RELAXORS.

Drag-ladle or Dragade. To make
quenched cULLET (q.v.) by ladling
molten glass into water.

Drag-line. A type of mechanical
excavator often used in the winning of
brick-clays; a ‘bucket’, suspended from a
boom, is lowered on to the clay and is
then dragged towards the excavator by a
wire rope, thus filling the ‘bucket’ with
clay. An advantageous feature of a drag-
line is its ability to work clay below the
level of the excavator itself.

Dragged. A surface texture on clay
facing bricks produced by a tightly
stretched wire contacting thc column of
clay as it is extruded from the pug in the
wire-cut process: this texture is also
known as rippled.

Dragon’s Teeth. See DOG’S TEETH. Also
large, tooth-like formations of clinker
near the outlet of the sintering zone of a
rotary kiln.

Drain Casting or Hollow Casting. Terms
used (more particularly in USA) for the
slip-casting process for making hollow-
ware, the excess slip being drained by
inversion of the mould.

Drain Lines. Lines or streaks liable to
appear in badly drained wet-process
vitreous enamelware after it has been
fired.
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Drain Tile. US term for an unglazed
field-drain pipe. The properties of clay
drain tiles are specified in ASTM - C4
and C498 (for perforated drain tile); of
concrete drain tiles in ASTM - C412.
Draw. See LOAD.

Draw Bar. In the PITTSBURGH PROCESS
(g.v.) of drawing sheet glass, the position
of the sheet is defined by a refractory
block (the draw-bar) submerged in the
molten glass.

Drawing Chamber. The part of a tank
furnace for flat glass from which the
sheet of glass is drawn.

Drawn Stem. See STEMWARE.

Dredging. A dry process of vitreous
enamelling in which powdered frit is
sifted on to the surface of the hot base-
metal.

Dresden Green. A ceramic colour for
use up to about 1100°C. It consists of
(%): CoO0, 24; Cr,0,, 52; ZnO, 24.
Dressing. The process of removing, from
the face of an abrasive wheel, those
grains that have become dulled during
use.

Dressler Kiln. The first successful muffle-
type tunnel kiln was that built by Conrad
Dressler in 1912. The name is now
applied to a variety of kilns designed and
built by the Swindell-Dressler Corp.,
Pittsburgh, USA.

Dri-lok. Tradename. A method for the
quick and precise construction of kiln
cars using interlocking insulating bricks
without mortar. Developed by MPK
Insulation, Colchester, the Dri-lok bricks
are 230 x 114mm or 230 x 230mm, up to
114mm thick.

Drip Course. A protruding or recessed
course inside the crown of a glass tank,
to prevent molten material running
down and corroding the breast walls.
Drip Test. See SLAG ATTACK TESTS.
Drop Arch. An auxiliary brick arch
projecting below thc general inner

surface of the arched roof of a furnace,
brick conduit or like structure.

Drop Forward. The projection of
isolated bricks from the general lining
surface of a newly commissioned rotary
kiln.

Drop-machine Brick. US term for a
refractory brick made by dropping,
from a height of about 5 m, a clot

of the prepared batch into a mould.
The process aims to imitate hand-
moulding.

Drop Monkey. A system of ropes for
moving kiln cars.

Dropper. A drop of glaze that has
formed, by condensation of glaze
vapour, on the inside of the roof of a
glost kiln and has subsequently fallen on
the ware that is being fired.

Dropping. See SAGGING.

Dropping Ball Test. See KELLY BALL
TEST. BS 4551 includes a dropping ball
test for the consistence of mortars.
Drop Threat. A glass-tank THROAT
(q-v.) below the level of the floor of the
melting tank.

Drum Dryer. A rotating drum, heated to
dry tumbling raw materials.

Dry-bag Process. See ISOSTATIC
PRESSING.

Dry Colour Manufacturers’ Association.
This body has devised a scheme for the
classification of pigments, based on the
chemical and structural identity of the
colouring substance. It excludes single
metal oxides and non-oxide PIGMENTS
(q.v.) but includes all mixed metal oxides
in one of 14 crystal classes and over 50
pigment categories, each having a
specific DCMA Number (E.g. Crystal
class XIH is spinel and DCMA No
13-26-2 refers to cobalt aluminate blue
spinel.

Drum. (1) Term sometimes applied to
the mouth of a port in a glass-tank
furnace.



DRYER ScuMm 99

(2) A wooden former of the type that
was used in making the side of a saggar
by hand.

Drum-head Process. A process used in
Europe for the shaping of flatware; it
was developed on account of the
‘shortness’ of the feldspathic porcelain
body. A slice of the pugged body is
placed on a detachable ‘drum-head’
which fits on the BATTING-0UT (q.v.)
machine. The’drum-head’, with the
shaped disk lying on it, is then removed
and inverted over the jigger-head, the
bat then being allowed to fall on the
mould for its final jiggering.

Dry Body. An unglazed stoneware type
of body. The term has been applied, for
example, to CANE WARE, JASPER WARE
and BASALT WARE (q.v.).

Dry Edging. A fault sometimes
occurring in pottery manufacture as a
result of insufficient glaze application: it
is shown by rough edges and corners.
Dry Gauge. See DRAG-LADLE.

Dry Laying. A rapid form of refractory
construction, chiefly for brick rings in
rotary kilns. Mating faces of bricks are
placed in direct contact, and mortar used
sparingly, if at all, for local adjustment.
Dry Lining. See DRY LAYING.

Dry Mix. See DRY PROCESS.

Dry Pan. An EDGE-RUNNER MILL (Q.V.)
used for grinding relatively dry material
in the refractories and structural
clayware industries. The bottom has a
solid inner track on which the mullers
rotate and outer perforated grids
through which the ground material is
screened, oversize being ploughed back
to the grinding track.

Dry Pressing. The shaping of ceramic
ware under high pressure (up to 100
MN.m-2), the moisture addition being
kept to a minimum (5-6%) or, with
some materials, eliminated by the use of
a plasticizer, e.g. a stearate. Dry pressing

is used in the shaping of wall and floor
tiles (when it is often referred to as DUST
PRESSING), most high-grade refractories,
abrasive wheels, the Fletton type of
building brick (the moisture content for
pressing is in this case 19-20%), and
many articles in the electroceramic
industry. The process is also sometimes
referred to as SEMI-DRY PRESSING.

Dry Process or Dry Mix. (1) Term used
in the US whiteware industry and
defined (ASTM - C242) as the method
of preparation of a ceramic body by
which the constituents are blended dry;
liquid may then be added as required for
subsequent processing.

(2) The process of cement manufacture
in which the batch is fed to the kiln dry.
Dry Process Enamelling. In this method
of vitreous enamelling, the base metal is
preheated to a temperature above that at
which the enamel to be used will mature
(usually 850-950°C); the finely powdered
enamel is then applied to the hot ware
which is then fired to complete the
maturing process.

Dry-rubbing Test. A test to determine
the degree of attack of a vitreous-
enamelled surface after an acid-
resistance test; (see ASTM - C282).

Dry Shake. A dry mixture of cement and
fine aggregate, spread over a concrete
floor before final finishing, to provide a
wear-resistant surface.

Dry Spray. Faulty spraying of vitreous
enamel, leading to a rough, sandy
surface.

Dry-stacked walls. See MASONRY.

Dry Strength. The mechanical strength
of a ceramic material that has been
shaped and dried but not fired; it is
commonly measured by a transverse
strength test.

Dryer. See CHAMBER DRYER; DOBBIN;
HOT-FLOOR; MANGLE; TUNNEL DRYER.
Dryer Scum. See sCuM.
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Drying Shrinkage. Ceramic ware (and
particularly clayware that is shaped from
a moist batch shrinks during drying; the
drying shrinkage is usually expressed as
a linear percentage. e.g. the drying
shrinkage of china clay is usually 6 to
10%; that of a plastic ball clay is 9 to
12%. To produce ware (e.g.
electroceramics or refractory bricks) of
high dimensional accuracy, the drying
and firing shrinkages must be low; this is
achieved by reducing the proportion of
raw clay and increasing the proportion of
nonplastic material in the batch, which is
then shaped by dry-pressing, for
example.

DT. Double Torsion. See FRACTURE
TOUGHNESS TESTS.

DTA. DIFFERENTIAL THERMAL
ANALYSIS (q.v).

DTG. DIFFERENTIAL
THERMOGRAVIMETRY (q.V)
Duck-nesting. Localised pockets of
lining scour sometimes affecting high-
alumina brickwork.

Ductile Reinforcement. See CRACK
BRIDGING; STRAIN HARDENING; FIBRE
REINFORCEMENT.

Dulling. A glaze fault characterized by
the ware having poor gloss when drawn
from the kiln; the cause is surface
devitrification, which may result from
factors such as SULPHURING (q.v.) or
too-slow cooling.

Dummy. A foot-operated device for
manipulating paste moulds when
blowing glass by mouth.

Dumeont’s Blue. Alternative name for
SMALT (Q.V.).

Dumortierite. A high-alumina mineral,
8A1,0,.6510,.B,04; it occurs sufficiently
abundantly in Nevada, USA, for use in
the ceramic cores of sparking plugs
although bodies of still higher alumina
content are now more generally used for
this purpose.

DRYING SHRINKAGE

Dump. An item of KILN FURNITURE (q.V.)
designed for use in a RING — a bottomless
saggar — for the support of large hollow-
ware, e.g. basins. Dumps may also be used
as spacers in a CRANK (q.v.).

Dunite. A rock consisting essentially of
olivine but sometimes also containing
chromite; it occurs in many parts of the
world and is used in the manufacture of
forsterite refractories.

Dunnachie Kiln. A gas-fired chamber
kiln designed by J. Dunnachie (Brit. Pat.
3862; 1881). The first such kiln was built
at Glenboig, Scotland, in 1881 for the
firing of firebricks. Important features
are the solid floor and the space between
the two lines of chambers.

Dunt, Dunting. A crack, or the
formation of cracks (which may be
invisible), in ware cooled too rapidly
after it has been fired.

Duo-clay. Trade name for a highly
plastic modelling clay, which can be fired
and glazed normally, or may be air dried
at room temperature to a hard state in
which it may be decorated with special
cold glazes. Developed by Podmore &
Sons, Stoke-on-Trent.

Duplex Ceramics. Spherical pressure
zones 10-50um diameter are
homogenously dispersed in a ceramic
matrix, to toughen it and to enhance its
thermal shock resistance. The zones
contain a high proportion of unstabilized
zirconia. Spontaneous or stress-induced
tetragonal/monoclinic transformation of
the zirconia produces compressive
stresses in the zones, and radial
compressive and tensile hoop stresses in
the nearby matrix. (H.E. Lutz and

N. Claussen, J. Eur. Ceram. Soc. 7 (1991)
209)

Dupré’s Equation. A relationship
between surface energies in ceramic-
metal bonding.

W=AG =Y+ Ym = Yom
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where W is the work of adhesion (the
energy required to separate unit area of
the bonded surface); AG is the change in
surface energy; Y., ¥, and Y., are
respectively the surface energies of the
ceramic, the metal, and of the interface
formed by joining, assuming pristine,
clean surfaces.

Durability of On-glaze Decoration. A test
for the resistance of decorated tableware
to attack by detergents is provided in
ASTM - C556; the reagent used is a
solution of 5 g. Na,CO; per litre of water;
the test is for 2,4 and 6 h at 99 + 1.1°C.
ASTM - C676 is a related test for glass
tableware, C675 for alkali attack on
ceramic decorations in bottles; C1203 a
boiling test for the resistance to alkalis of
glassware decorated with fired enamels.
Durapatite. A highly transiucent
hydroxyapatite of near theoretical
density, made by sintering a wet compact
of recently precipitated hydroxyapatite.
Duravit. Tradename. A mechanized
(battery) slip casting system for
sanitaryware, developed by Netzsch
(Germany).

Dust. A fault, in electric lamp bulbs or
valves, resulting from local
concentrations of seed or finely-divided
foreign matter; also known as SPEw. See
also DUSTING.

Dust. Dust is defined by B.S.2955, 1958
as particles which are or have been
AIRBORNE, with particle size (200 mesh
BS sieve). RESPIRABLE DUST (q.v.) is a
hazard in the ceramics industry, causing
s1LIcosIs (g.v.) and other diseases.
Workers wear protective clothing;
machines are fitted with dust extractors,
and dust concentrations in the working
environment routinely measured. See
DUST SAMPLING.

Dust Coat. A coating of vitreous enamel
that has been sprayed thinly and
relatively dry.
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Dust Pressing. See DRY PRESSING.
Dusting. (See also pusT) (1)
Spontaneous falling to a powder,
particularly of material containing a
large amount of caLciuM
ORTHOSILICATE (q.v.), which suddenly
expands when it is cooled from red heat.
(2) In dry-process vitreous enamelling, a
synonym of DREDGING (q.v.)

(3) In wet-process vitreous enamelling, a
defect during spraying resulting in
localized concentrations of almost dry
slip.

(4) The cleaning of an applied coating of
vitreous enamel slip after it has dried,
preparatory to firing.

Dust Sampling. RESPIRABLE DUST (q.v.)
concentrations are routinely measured in
the workplace. Measurements may be
taken over a long period in the general
environment (see GRAVIMPINGER) or by
personal dust samples such as the
Casella, carried by the operative. Dust
samples collect specimens in filters, and
the collected samples are weighed and
analysed. (see THRESHOLD LIMIT
vALUE). The methods for sampling are
specified in the UK by MDHS 14, 1993
(q.v.) and in the USA by NIOSH (q.v.)
Manual of Analytical Methods, DHEW
Pub. No. 84-100, revised 1987. The dust
is collected on special filters (see below),
and weighed and analysed.

Dust Sampling, Filters. Glass fibre
filters are adequate for measurements
of dust concentration, but not if the
dust is to be analysed. Also fibre loss in
handling can be significant if dust is
collected. Silver or membrane filters are
then used. The Gelman DMS800 is a
proprietary membrane filter exemplified
in MDHS 14. (Gelman Sciences Ltd).
Millipore Ltd filters are of a range of
types. The Gelman DMS800 is made
from a copolymer of acrylonitrile

and PVC. Such membrane filters and
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those made from mixed esters of
cellulose do not show excessive weight
charge due to moisture absorption (as
do cellulose nitrate filters), nor (as do
pure PVC) do they show excessive
static build-up.

Dutch Bond. Brickwork with alternate
header and stretcher courses and
alternate stretchers in vertical alignment.
Dutch Kiln. An early type of up-draught
intermittent kiln for the firing of bricks;
it had a number of small chimneys in the
roof.

Dutch Oven. A simple furnace of small
size and usually fired with solid fuel; it
can be constructed outside a newly-built
furnace, for example, and used as an air-
heater for drying-out and warming up
(cf. DUTCH KILN).

Dwell Mark. A fracture surface marking
resembling a pronounced RIPPLE MARK
OR WALLNER LINE, indicating a pause in
crack propagation at that point.

Dye Absorption or Dye Penetration. A
test for porosity in ceramic products that
are nominally non-porous. It is applied,
for example, to porcelain insulators for
which B.S.137 stipulates that there shall
be no sign of dye penetration after a
fractured specimen has been immersed
for 24 h in a 0.5% solution of fuchsine in
alcohol under a pressure of 14 MNm-2.
Dyer Method. A procedure for shaping
the socket of a clay sewer-pipe proposed
by J. J. Dyer (Brick Clay Record 105 (3),
27, 1944).

E.B. Gun. Trade name; a cement gun of
a type designed for use in repairing the
refractory lining of gas retorts. (E. B.
Refractory Cement Co. Ltd.,
Stourbridge, England.)

‘E’ Glass. (Electrical.) A glass of low
alkali content (<1%Na,0), used to make
electrically insulating glass fibre.
Earthenware. Non-vitreous, opaque,
ceramic whiteware. The COMBINED

DutcH BonDp

NOMENCLATURE (q.v.) defines
earthenware products as those

made from selected clays, sometimes
mixed with feldspars and with varying
amounts of chalk, characterized by a
white or light-coloured fragment
(slightly greyish, cream or ivory).

The fragment, which has a fine grain,

is homogeneous; the diameter of

the non-homogeneous elements
(particles, inclusions, pores)
representative of the structure of the
general mass should be less than 0.15
mm: these elements are therefore not
visible to the naked eye. In addition
their porosity as measured by the
method specified in the Nomenclature,
(6912 00 10) (coefficient of water
absorption) is 5% or more by weight.
(See also FINE POTTERY, wWhich is
coloured.) The general body
composition is (per cent): china clay, 25;
ball clay, 25; calcined flint, 35; china
stone, 15. The biscuit firing temperature
is 1100 to 1150°C.

Easing Air. The air that is admitted
through the feed-holes of an annular kiln
at one stage in the firing of FLETTON
(q.v.) bricks; the purpose is to check the
rapid rise of temperature consequent on
the ignition of the organic matter present
in such bricks.

Easy Fired. Clayware, particularly
earthenware, is said to be easy fired if it
has been fired at too low a temperature
and/or for too short a time.

Eaves Course; Eaves Tile. A course of
special-size roofing tiles {eaves-tiles) for
use at the eaves of a roof to obtain the
correct lap.

Ebonex. Titanium suboxide material for
electrodes for electrochemistry, and for
use as a high temperature lubricant.
Specific properties depend on the
proportions of suboxides present. See
MAGNELI PHASE.
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Eccospheres, Tradename for
MICROBALLONS (q.v.) made by
Emerson-Cuming Corp, USA.
Ecosmalt. A process to apply vitreous
enamel by a two-coat, one-fire process,
in which the enamel is applied by
electrostatic powder coating in two
successive stages.

Edge Bowl. A hollow bow!l about 7 in.
deep and containing the slot through
which glass is drawn in the PITTSBURGH
PROCESS (q.V.).

Edge-defined film growth. A
modification of the CZOCHRALSKI
TECHNIQUE (q.v.) for growing single
crystals. In the EFG technique a new die
with a capillary hole is immersed in the
melt, which is wicked to the top of the
die by surface tension. A seed crystal is
touched to its surface there, and slowly
pulled away. A film of the melt spreads
over the top of the die, and the growing
crystal assumes the cross-sectional shape
defined by the sharp edges of the die.
Shapes similar to extruded cross-sections
can be produced.

Edge Lining. The painting, by hand or
machine, of a coloured line round the
edge of pottery.

Edge-runner Mill. A crushing and
grinding unit depending for its action on
heavy mullers, usually two in number,
that rotate relative to a shallow pan
which forms the base; the pan bottom
may be solid or perforated (cf. END-
RUNNER MILL).

Edging. (1) The removal of dried
vitreous enamel cover-coat from the
edge of ware, to reveal the underlying
coating of enamel.

(2) The application of differently
coloured slip around the rim of enamel-
ware.

Edinburgh Sink. A domestic or
industrial sink having an overflow

and with its top edge projecting
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outwards; cf. BELFAST SINK and LONDON
SINK.

EDS Energy Dispersive Spectroscopy.
Efflorescence. A deposit of soluble salts
that sometimes appears on the surface of
building bricks after they have been built
into a wall. If the salts are derived from
the bricks themselves they consist chiefly
of CaSO,, MgSO,, K,S0O, and Na,SOy;
soluble sulphates present in the raw clay
can be rendered insoluble by the
addition of BaCO; to the clay while it is
being mixed; this precipitates the
sulphate as insoluble BaSO,.
Efflorescence may arise, however, from
soluble salts in the mortar or, if a wall
has no damp course or is backed by soil,
from the soil itself. A test for the
likelihood of bricks to effloresce is given
in B.S.3921, which categorizes
efflorescence ‘nil’, ‘slight’ (area marked),
‘moderate’ or ‘heavy’ (50% covered).
Efflorwick Test. A test for the likelihood
of the formation of EFFLORESCENCE
(q.v.) on a clay building brick. A ‘wick’,
made by shaping and firing a red clay
known to be free from soluble salts, is
allowed to absorb any soluble salts
dissolved by distilled water from the
crushed sample to be tested; the ‘wick’ is
then dried and examined for
efflorescence. The conditions of the test
have been standardized by the New
York State College of Ceramics (Brick
& Clay Record, 101, No. 5, 25, 1944).
EFG. Edge-defined Film Growth (q.v.)
Eggshell Porcelain. A very thin, and
hence highly translucent, porcelain
originally made by the Chinese and
Japanese for the European market.
Bone China has also for long been
available of ‘eggshell’ thinness.
Eggshelling. (1) A glaze fault resulting in
potteryware coming from the glost-kiln
with an egg-shell appearance. The fault
is caused by gas bubbles that have burst
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on the surface of the glaze, which has
subsequently failed to heal; the glaze is
too viscous at the firing temperature
used.

(2) A similar surface fault in vitreous
enamelware (unless this surface appears
on the ground-coat, when it can be an
advantage as providing a good base for
the cover-coat).

Egyptian Blue. A colour resulting from
the formation of a complex copper
silicate in an alkaline glaze or glass; the
colour was much used by the ancient
Egyptians and subsequently by the
Persians.

Ehecoat. Tradename. A high-emissivity
refractory coating of silicon carbide,
made by MPK Insulation, Colchester.
Einecs. European Inventory of Existing
Commercial Chemical Substances. As
well as listing thousands of individual
substances. the Inventory includes
general definitions. Those relevant to the
ceramics industry include:

2660434 Portland Cement

2660455 High Alumina Cement
2660460 Glass, oxide

2660476 Frits

2663409 Ceramic materials and wares
(for the text of this definition,

see Appendix A).

From 2690474 to 2691059, and 2701852,
2702086, 2702107, 2704654 various
colours and pigments, mainly spinels.
2704235 Bone Ash

2706599 Portland cement flue dust
2706667 Feldspar group minerals
2957317 Nonoxide glasses.

The purpose of the Inventory is to
establish whether a substance is
‘existing’, or ‘new’ and so subject to wide
ranging health and safety testing. The
Inventory is published in several
volumes. The general definitions are in
Advance Edition Vol VIII, Substance
Definitions Index, EINECS, Commission

EcyprTiAN BLUE

of the European Communities,
Luxembourg 1987.

Eirich Mixer. An under-driven wet-pan
mixer. The original design was that of
two Germans L. Eirich and J. Eirich
(Brit. Pat. 379265; 25/8/32).

Elastic After-effect. When glass and
certain ceramic materials are subjected
to stress for a long period they remain
partly deformed when the stress is
removed: the elastic after-effect is the
ratio of the deformation remaining after
a given time to the deformation
immediately after removal of the

stress.

Elastic Fractionation. Soft aggregate
particles are separated from hard by
projecting them against a steel plate, the
harder rebounding further.

Electret. An electrical analogue of a
permanent magnet: a material that is
‘permanently’ electrified and exhibits
electrical charges of opposite sign at its
extremities. In order to retain their
charge for a long period (days or weeks)
ceramic electrets must be polarized at
high temperature; materials that have
been treated in this way include the
titanate dielectrics.

Electrical Conductivity. A measure of
the ease with which an electric current
can be made to flow in a material by an
applied voltage.

Electric current is the flow of charge,
which in ceramics can be carried by
positively charged, mobile ions (ionic
conductivity), or by electrons or holes.
Electrons in a solid can have one of a
range of energies. These available
energies are in bands, the bands being
separated from each other by quite wide
energy gaps. If all the available energy
states in a conduction band (so called)
are full, electrons must acquire sufficient
energy to cross the gap to the next
higher conduction band, before they can
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move freely and carry charge. A material
exhibiting this behaviour is called an
electrical insulator. If about half the
available energy states in a conduction
band are occupied, most of the electrons
in that band can easily reach a more
energetic state, and are thus able to
move freely. A material of this type is an
electrical conductor - typically a metal.
If the conduction band is almost empty,
only a few electrons can easily acquire
more energy (the rest must cross the
energy gap to the nearly empty band
above them). Conduction is thus limited,
and the material is an intrinsic
semiconductor. If the conduction band is
nearly full, a few electrons can reach the
vacant higher energy states, leaving
‘holes’ behind them. These behave as
positive charge carriers otherwise like
electrons. (Hole conduction). Again the
material is an intrinsic semiconductor.
The number of such mobile electrons
and holes increases as the temperature
rises, so the electrical conductivity of
semiconductors increases with
temperature. The number of mobile
electrons (or holes) can be increased by
DOPING (q.v.) the material with another
of higher or lower valency respectively,
producing n-type (negative) or p-type
(positive) doped or extrinsic
semiconductors.

ASTM D1829 is a test for the electrical
conductivity of ceramics at elevated
temperatures.

Electrical Discharge Machining. EDM.
The cutter (a profile tool or cutting wire,
forms the anode and the workpiece the
cathode, about 40mm apart, separated
by a fluid dielectric such as paraffins in
the EDM machine. Sub-micron solid
impurities in the fluid migrate to form a
bridge; a ‘spark’ passes through the fluid,
and material is removed from the
cathode by melting, evaporation and by
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thermal spalling. The fluid concentrates
the spark plasma into a very small
volume, with energy densities up to 3
J/mm?2 and plasma temperatures of
40000°C. The rate of removal of material
depends on its electrical and thermal
properties and not on its hardness or
brittleness. Mirror finishes can be
achieved.

Electric Furnaces for Melting and
Refining Metals. Several types of electric
furnace are used in the metallurgical
industries, both ferrous and non-ferrous:
all these furnaces are lined with
refractory materials, the larger furnaces
generally being bricked, the smaller
furnaces usually having a monolithic
refractory lining which is rammed into
place. The chief types of such furnaces
are DIRECT ARC, in which the electric
current passes through the charge:
INDIRECT ARG, in which the arc is struck
between the electrodes only; INDUCTION
FURNACE, in which the metal charge is
heated by eddy-currents induced in it.
Induction furnaces may be operated at
high frequency (h.f. induction furnaces)
or at low frequency (Lf. induction
furnaces).

Electrical Porcelain. Porcelain

made for use as an electrical insulating
material. A typical batch composition is
18% ball clay, 22% china clay, 30%
quartz, 15% china stone, 15% feldspar.
Low-tension porcelain for the insulators
used for normal supply lines and high-
tension porcelain for the high voltage
grid are of essentially the same
composition, but the latter is generally
made to a lower porosity. Large
insulators may be jolleyed or, where
necessary, thrown and turned; some
types of insulator for suspension lines
are warm-pressed. Relevant British
Standards include: B.S.16, 137, 223,
3288, 3297.
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Electrocast Refractory. A refractory
material that has been made by FusiON-
CASTING (q.v.).

Electroceramics. A general term for
ceramics specially formulated for
electrical and electronic applications.
B.S.6045 gives eight classes:

Group C.100 PORCELAINS (alkaline
alumino-silicates)

C.200 STEATITE, FORSTERITE
(magnesium silicates)

C.300 high permittivity ceramics:
TITANIA, TITANATES,

STANNATES and NIOBATES.

C.400 alkaline earth alumino-silicates.
C.500 porous aluminium and magnesium
silicate.

C.600 MULLITE

C.700 HIGH ALUMINA ceramics

C.800 OXIDE CERAMICS

The standard also defines six classes of
glass insulating materials, based on
composition: G.100 alkali-lime-silica;
G.200 and G.300, borosilicates
{chemically and electrically resistant
respectively) G.400 alumina-lime-
silicates; G.500 lead oxide alkali silica;
G.600 barium oxide alkali silica.
B.S.4789 specifies ceramic envelopes for
electron tubes.

Electrode Ring or Bull’s Eye. Special
refractory shapes, in the roof of an
electric arc steel furnace, forming an
opening through which an electrode is
inserted.

Electrofusion. The process of fusion in
an electric furnace. See FUSION-
CASTING.

Electroless Plating. The formation of
metal coatings by autocatalytic chemical
reduction of metal ions from solution.
The metal being deposited itself
catalyses the continous chemical
reduction of the metal ions, the electrons
are supplied by the reducing agent, and
not by an external source of electric
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current, and uniform coatings of
theoretically unlimited thickness can be
deposited at a constant rate solely on the
article to be plated. The process is used
to apply Ni, Co, Cu or noble metal
coatings to ceramics, as well as to
plastics and metals.

Electrolyte. A compound which, when
dissolved in water, partially dissociates
into ions, i.e. into electrically charged
atoms, molecules, or radicals. Electrolytes
are added to clay slips and to vitreous-
enamel slips to control their flow
properties.

Electron Beam Perforation. Holes are
melted in ceramics by precise localised
heating with an electron beam focussed
with a magnetic lens.

Electronic Ceramics. Ceramics whose
applications in a wide range of electronic
devices, use such properties as
semiconduction, piezoelectricity, ionic
conduction, as well as the more widely
known electrical insulating properties of
traditional electroceramics.

Electron Microscopy. Electrons from a
cathode can be focused by electric and
magnetic fields, to form an enlarged
image of the cathode on a fluorescent
screen. In TRANSMISSION ELECTRON
MICROSCOPY, the electrons pass through
the specimen to be studied; its magnified
image can then be examined. The
resolving power is some 1000 times that
obtainable with optical microscopes. In
SCANNING ELECTRON MICROSCOPY, the
electron beam is focussed on the
specimen, and made to perform a raster
scan (as in a TV tube) across its surface
point by point. This causes secondary
electrons to be emitted point by point.
These are processed electronically to
produce an image of the surface features
on a cathode ray tube screen.
Electrolytic Pickling. A method (not
much used) for the preparation of the
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base-metal for vitreous enamelling;
chemical PICKLING (q.v.) is assisted
(ANODE PICKLING) or replaced
(CATHODE PICKLING) by electrolysis.
Electro-esmosis. The de-watering and
partial purification of clay by a process
of ELECTROPHORESIS (q.v.) first
proposed by Elektro-Osmose A. G.
(Brit. Pats., 135815-20 25/6/18). The
process has had only limited application
because of its high cost; it has been used
at Karlovy Vary (formerly Karlsbad) in
Czechoslovakia, and at Grossalmerode
and Westerwald (Germany).
Electrophoresis. The movement of fine
particles in a suspension as a result of
the application of an electric field. Use is
made of this effect in the electrical
lubrication of the dies in some
clayworking machinery, the migration of
the clay particles leaving a concentration
of water between the clay and the metal
die. Clay particles become negatively
charged and migrate towards the anode.
Casting is thus possible. See ELEPHANT
and VOLUPHANT.

Electro-optic Materials. See
OPTOELECTRONICS, FERPICS.
Electrostatic Spraying. A process in which
particles that are to be sprayed are given
an electrostatic charge opposite to that on
the ware to be sprayed; this attracts the
sprayed particles to the ware. Although
technically applicable to vitreous
enamelling, this method of spraying has so
far been little used in the ceramic industry.
Electrostriction. A second-order
electromechanical coupling effect,
usually a much smaller effect than
PIEZOELECTRICITY (q.v.) Some lead
magnesium niobates have significant
electrostrictive strains (0.1%) with near
absence of hysteresis. (L.E. Cross ef al,
Ferroelectrics 23, 1980, p187).

Elephant. An electrophoretic casting
machine which produces a single
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continuous band of clay. Two cylindrical
anodes rotate in opposite directions. The
cathode is placed in the nip between
them, and slip fed in from above. A clay
deposit is built up on the cylinders. When
the deposits are thick enough, they unite
to form a continuous band, whose width
depends on the length of the cylinders
and whose thickness depends on their
speed of rotation. (Karl Héndle,
Germany. Interceram 27, 1978, p 33)
Elevator Kiln. A kiln into which a
setting of ware is raised from below; the
ware is set (outside the kiln) on a
refractory base which is subsequently
elevated by jacks into the firing position.
Kilns of this type have been used, for
example. in the firing of abrasive wheels.
Elutriation. The process of separation of
particles, according to their size and/or
density, by submitting them to an
upward current of water, air or other
fluid (Cf. SEDIMENTATION).

Embossing. The decoration of pottery by
means of a raised pattern (flowers, figures,
etc.); the effect is usually obtained by
depressions in the plaster mould in which
such ware is made (Cf. SPRIGGING).
Emery. A naturally occurring, impure,
CORUNDUM (g.v.); used as an abrasive.
Emissivity. A surface property, being the
ratio of its emissive power for heat to
that of a BLACK-BODY (q.v.) for a given
wavelength and at the same
temperature. Some reported values for
refractory materials are:

Type of Refractory 1000°C 1500°C
Fireclay 0.8 0.7
Silica 0.85 0.7
Sillimanite 0.55 0.6
Sintered alumina 04 04
Chrome-magnesite 0.85 0.7

Emley Plastometer. An instrument
designed primarily for assessment of the
plasticity of building plaster; it has also
been used for the testing of clay. The
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material to be tested is placed on a
porous disk which is mounted on a
vertical shaft; as the shaft revolves it
rises, pressing the sample against a
conical metal disk, the motion of which
is resisted by a lever. Equilibrium is
reached when the force of the sample
under test against the metal disk is equal
to the stress acting through the lever; the
average relative tangential force for the
first S-min. period is taken as an index of
plasticity. (W. E. Emley, Trans. Amer.
Ceram. Soc., 19, 523, 1917.)

Emperor Press. Trade-name. A dry-
press brickmaking machine of the rotary-
table type. (Sutcliffe Speakman Ltd.,
Leigh, Lancs., England.)

Enamel. See ENAMEL COLOUR; GLASS
ENAMEL; VITREOUS ENAMEL.
Enamel-back Tubing. Glass tubing, the
back half of which (the tube being held
vertically) is seen to consist of white or
coloured PLY GLASS (q.v.)

Enamel Colour. A ceramic colour for
the on-glaze decoration of pottery.
Enamel Firing. In the British pottery
industry this term is synonymous with
DECORATING FIRING (q.V.)

Enamelled Brick. A hard, smooth brick
with a fired (usually coloured) wash
coating.

Enamelling Iron. Cold-rolled sheet
specially made from steel of very low
carbon content for the vitreous-enamel
industry

Encapsulated Colours. Ceramic colours
in which the CHROMOPHORE (q.v.) is
physically trapped or encapsulated in
the crystal matrix, not forming a part of
the crystal lattice itself (cf. LATTICE
COLOURS). The pink cadmium
sulphoselenide inclusion pigments
(Degussa, Br. Pat. 1403470, 1975) were
of this type, with the pigment trapped in
the zZIRCON (q.v.) lattice. Later
developments have led to means to
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entrap much greater concentrations of
chromophore to enhance colour
saturation, producing bright yellow,
orange and red cross colours. (British
Ceramic Research Ltd UK Pat.
2106530A, 1983). The technique can
also be used to impart stability to
pigments which would be difficult or
impossible to use, either by reducing
flow problems caused by reaction with
glazes (cobalt blue colours) or
increasing thermal stability of the
pigment - grey colours based on
carbon black pigment encapsulated in
zircon.

Encapsulated HIPing. The ceramic
powder is contained in a thin glass
envelope during HOT ISOSTATIC
PRESSING, excluding the furnace
atmosphere from the compact. The
technique has proven particularly
valuable in HIPing high-T_ ceramic
superconductors. It allows the oxygen
chemistry to be controlled and avoids an
additional treatment stage in an
oxidizing atmosphere.

Encapsulation. The sealing of an
electronic component, particularly of a
semi-conductor, generally with a ceramic
sealing compound (cf. POTTING
MATERIAL).

Encaustic Tiles. Ceramic tiles in which a
pattern is inlaid with coloured clays, the
whole tile then being fired.

End. A brick shape used for the
construction of arches and sprung roofs;
the large faces are inclined towards each
other in such a way that one of the end
faces is smaller than the other. (See Fig
1, p39.)

End Feather. See FEATHER BRICK.
End-fired Furnace. A type of glass-
tank furnace in which the ports are in
the back wall (cf. CROSS FIRED
FURNACE).

End Runner. See RISER BRICK.
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Endoprep. A process for electrostatic
powder enamelling which requires no
metal preparation.

End-runner Mill. A smalil grinding unit,
primarily for laboratory use, operating
on the principle of the pestle and mortar;
the runner is set eccentrically in the
mortar, which is mechanically driven (cf
EDGE-RUNNER MILL).

End Skew. A brick (particularly a
refractory brick) with one end
completely bevelled at an angle of 60°.
This bevel can be towards a large face
(end skew on flat) or towards a side face
(end skew on edge). Both types of brick
are used in the springing of an arch (See
Fig 1, p39)

End Wall. (1) The vertical refractory
wall, furthest from the furnace chamber,
of the downtake of an open-hearth steel
furnace.

(2) One of the two vertical walls
terminating a battery of coke ovens or a
bench of gas retorts; it is generally
constructed of refractory bricks and
heat-insulating bricks with an exterior
facing of building bricks.

(3) cf. GABLE WALL.

Endell Plastometer. See GAREIS-ENDELL
PLASTOMETER.

Endellite. Obsolete name for the clay
mineral HALLOYSITE (q.v.); some
authorities, however, would preserve the
name for those halloysites containing an
excess of water.

Endothermic Reaction. A chemical
reaction that takes place with absorption
of heat. The dehydration of kaolinite is a
reaction of this type.

Enduro. Tiles made by the FIRESTREAM
process (q.v.) Fliesen u. Platten 36 (4) 14
1986.

Energy Dispersive Spectroscopy. X-rays
emitted by an element struck by a beam
of electrons are detected by a Li-doped
silicon crystal, in which electron-hole
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pairs are generated, the number of pairs
being proportioned to the energy of the
X-rays. The resulting electrical pulses
are displayed as a spectrum of X-ray
intensity vs. energy.

Enforced-order Mixer. See FRENKEL
MIXER.

Engine-turning Lathe. A lathe having an
eccentric motion and used to incise
decorations on pottery-ware before it is
fired.

Engineering Bricks. Building bricks that
have been shaped from a clay such as an
Etruria Marl which, when fired at a high
temperature, will vitrify to produce a brick
of great strength and low water
absorption. If firing is under reducing
conditions, blue bricks are produced; with
oxidizing firing the product is a red
engineering brick. In either case the brick
must conform, in the UK, to B.S.3921
which sub-divides them into two classes:
Class A — min. crushing strength 70
MNm-2, max. water absorption 4.5 wt%.
Class B — min. crushing strength 50
MNm-2, max. water absorption 7 wt%.
Engineering Ceramics. Simply, ceramics
used for applications in engineering.
More precisely, the term usually
excludes ceramics based in clay, and is
particularly applied to mechanical
engineering applications in which the
thermo-mechanical properties of the
ceramics are important. Typical
engineering ceramics now widely used
are alumina, zirconia, silicon carbide,
and silicon nitride.

English Bond. A brick wall built with
alternate header and stretcher courses.
English Crystal Glass or English Full
Crystal. Older name for FULL LEAD
CRYSTAL GLASS (q.v.).

English Garden Wall. A brick wall in
which three stretcher courses are
followed by one header course, the bond
pattern then being repeated.
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English Kiln. A transverse-arch chamber
kiln with a system of flues and dampers
above the chambers permitting any two
chambers to be connected. It was
designed by A. Adams in 1899 for the
firing of building bricks made from
highly bituminous clays.

English Pink. See CHROME TIN PINK.
English Translucent China. Ceramic
tableware, etc., introduced in 1959 by
Doulton Fine China Ltd, Burslem,
England. In contrast to bone china it is
feldspathic, but differs from Continental
porcelain in that it is biscuit fired at a
higher temperature than the glost fire.
English and Turner Factors. See
THERMAL EXPANSION FACTORS FOR
GLASS.

Engobe. A coating of slip, white or
coloured, applied to a porous ceramic
body to improve its appearance; a glaze
is sometimes applied over the engobe, as
in sanitary fireclay. A typical engobe for
sanitary fireclay consists of 10% ball
clay, 40% china clay, 20% flint and 30%
china stone; some of the china stone may
be replaced by feldspar and considerable
variation is possible in the proportions of
the other constituents. (French word.)
Enloc. A system for keeping plates
warm. A special conductive decoration
on the underside of the plate is heated
inductively by a generator beneath the
table.

Epitaxy. Growth of one crystal layer
onto another with the same crystal
orientation.

Engraving. A method of decoration. For
application to pottery, the pattern is
engraved on a copper plate or roller; the
incised pattern is then filled with
specially prepared colour which is
transferred to the ware by transfer
paper. As a method of decorating glass-
ware, the pattern is cut directly into the
glass surface by means of copper wheels;
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the depth of cut is shallower than in
intaglio work.

Enslin Apparatus. This apparatus for the
determination of the water-absorption
capacity of clays was originally designed
by O. Enslin (Chem. Fabrik., 6,147,
1933) for testing soils. It consists of a
U-tube, one arm of which is connected
via a 3-way tap to a calibrated horizontal
capillary tube; the other arm ends in a
funnel with a sintered-glass base on
which is placed a weighed sample of
clay. Water is allowed to contact the
sample and the amount absorbed is read
from the capillary tube. The result is
expressed as a percentage of the weight
of the dry clay.

Enstatite. Magnesium metasilicate
MgSiO5: m.p. 1550°C. Enstatite
(orthorhombic) is stable up to about
1050°C when it inverts to proto-enstatite
(orthorhombic) which is the stable high
temperature form. Clino-enstatite
(monoclinic) is formed as a metastable
phase when proto-enstatite is cooled
rapidly; the transition temperature is
865°C. Thermal expansion (300-700°C):
enstatite 12 x 10-5; proto-enstatite 10 x
10-¢ clino-enstatite 13.5 x 109, Proto-
and/or clino-enstatite are major
constituents of steatite ceramics: clino-
enstatite is found in magnesite re-
fractories that have been attacked by
siliceous slags.

Envelope Kiln. Alternative name,
particularly in USA, for TOP-HAT KILN
(q.v.) or SHUTTLE KILN (q.v.).
Equilibrium Diagram. See PHASE
DIAGRAM.

Equivalent Particle Diameter or
Equivalent Free-falling Diameter. A
concept used in evaluating the size of
fine particles by a sedimentation process;

it is defined as the diameter of a sphere

that has the same density and the same
free-falling velocity in any given fluid as
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the particle in question (cf. PARTICLE
SIZE).

Eriometry. The measurement of particle
size by using laser-generated diffraction
patterns.

Erosion. Wear caused by the mechanical
action of a fluid, e.g of molten steel
flowing through the refractory nozzle in
a ladle or of waste gases flowing through
the downtake of an open-hearth furnace
(cf. ABRASION and CORROSION).
Erosion-resistant Castable. A term used
in the petrochemical industry to describe
high-strength dense castables used to
make erosion-resistant linings.

Erz Cement. A ferruginous hydraulic
cement formerly made in Germanyj; it
has now given place to FERRARI
CEMENT (q.V.).

ESSE A. An Italian clay building block,
19 x 40 x 29cm, made with pore-forming
additive