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Abstract

Clays are used in the ceramics industries largely because of their contribution to the moulding and
drying properties of the wares being produced; many clays, such as the flint clays, are used because
of favorable behavior during firing or because they produce favorable properties in fired ware. To
assure the most effective use of a clay, the ceramic technologist must meet problems of purification,
aging, bacterial action, and the improvement of the working properties of clays and bodies through
additions of non-plastic materials or chemicals. He deals with flocculation and deflocculation,
thixotropy, and related phenomena in casting slips. Control of drying behavior is important.
Finally, the ceramist is concerned with the influence of the clay content of ceramic bodies on their
behavior during firing. The methodology adopted is the descriptive research method which involved
an indepth review of literature related to the study, observation schedule and selection of foreign
and local Case studies to compare and deduce data on clay essential materials for ceramic
production. The findings of this study reveals that clays are used in the ceramics industries largely
because of their contribution to the moulding and drying properties of the wares being produced,
many types of clay, such as the flint clays, are used because of favorable behavior during firing or
because they produce favorable properties in fired ware.
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INTRODUCTION

Clay is considered to becoming the important determinants of soil specifications as well as
industrial minerals that is helpful and is very important in ceramic productions. Clay forms a
significant component of soil because it constitutes a significant element in bricks and tiles, making
it an essential material in ceramic process. The use of clay in manufacturing industries depends on
its physical and chemical properties; therefore, there is a lot of research that dealt with how to

improve ceramic production using clay as an essential material.

Ceramics belongs to a class of inorganic, solids that are subjected to high temperature in
manufacture and/or use. The most common ceramics are composed of oxides, carbides, and nitrides.
Silicides, borides, phosphides, tellurides, and selenides also are used to produce ceramics. Ceramic
processing generally involves high temperatures, and the resulting materials are heat resistant or
refractory. Traditional ceramics refers to ceramic products that are produced from unrefined clay
and combinations of refined clay and powdered or granulated non plastic minerals. Often,

traditional ceramics is used to refer to ceramics in which the clay content exceeds 20 percent.

When clays are used in ceramics, one of several functions is generally served. Most clay, alone or
in mixtures, are used chiefly for their contribution to the working properties, drying strength, and
dry strength, of the ceramic masses which they comprise or to which they have been added. Some
clays, however, are used more because they offer an inexpensive body constituent or filler of the
desired chemical composition, already subdivided by nature to a convenient grain size. For
example, china clay probably serves as much or more as filler than as a plasticizer in some dust-

pressed wall-tile. Other applications of clays for their refractory or fired properties include the use
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of raw or calcined flint clay as a grog in refractories or as an investment material in precision

casting.

The Nature of Clay

Clay is a product of the decomposition of granite rock. 75% of the earth's crust is made of alumina
and silica, two of the major constituents of clay. granite decomposes into feldspar, the most
common mineral, which is composed of alumina, silica, and flux (of an alkaline nature e.g. sodium,
potassium, lithium, calcium). the flux is somewhat soluble, and over long periods of weathering is
carried off by moisture. The remaining alumina and silica are refractory (resistant to heat) and
chemically inert. After long exposure to moisture, the alumina and silica become hydrated (water
chemically added) to produce clay. This takes long periods of geologic time and cannot be
synthesized. Clay is 14% chemical water. Unfired clay also contains physical water, which
evaporates during drying. Stages of green (unfired) clay from most to least water: slip, plastic clay,
leather-hard clay, bonedry greenware, especially in humid climates, even bone-dry greenware

contains some physical water.

Factors that contribute to the plasticity of clay include:

Plate-like particle shape of particles

» Size of the particles

Chemical/electrical attraction between particles

Presence of carbonaceous (organic) matter

Plasticity: is the ability of clay to respond to pressure with a continuous and permanent change of
shape in any direction without breaking apart, and hold that shape when released. Daniel Rhodes
says that clay is unique in its degree of plasticity. Factors that contribute to the plasticity of clay
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are the plate-like particle shape of clay (provides large surface area), the size of the particles (small
particles are more plastic than large ones), chemical/electrical attraction between particles (adding
an electrolyte, a.k.a. deflocculant such as soda ash or sodium silicate, will reduce the attraction
between particles and reduce plasticity and clumping.. .good in casting slip, difficult to work in

plastic-forming methods.

Clay that lacks plasticity (a short clay) will not bend well and tends to break instead of forming
when bent. A classic test is to roll a coil of clay the thickness of a pencil and see if you can wrap it
around your finger without breaking. Short clays lack plasticity, but will shrink less than more
plastic clays. A clay can be too plastic (a fat clay), and will feel sticky/slick. A fat clay generally

slumps easily when thrown, and tends to have cracking problems in drying.

Types of Clay

Primary Clay or Residual Clay is clay is formed at the site of the parent rock. It is less common
than secondary (transported or sedimentary) clay, but generally whiter, free from
impurities. Because this clay is broken down by ground water, etc. and not transported, particle
size is mixed (no opportunity for sorting or grinding) and the clay is usually not very plastic, and is

refractory. Most kaolins are primary clays.

Secondary Clay has been transported from multiple sources by water (alluvial), or wind (aeolian),
which sort particle sizes, or by glacier (glacial), which may grind but has uneven particle
sizes. Many secondary clays contain organic (carbonaceous) and other impurities (iron, quartz,
mica, etc.). Some of the more plastic kaolins are secondary clays. Other secondary clays: ball clay,

stoneware clay, fireclay, earthenware clay, slip clays, volcanic clays.
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Ball clay: was named for the practice of rolling the very plastic clay into balls during mining. A
secondary (transported) clay with carbonaceous additions that color it grey, brown, or tan in the
raw state, and fires to a light tone. More iron than kaolins, less than fire clays. Less refractory than
kaolins due to more iron and smaller particle size. This small particle size gives highest shrinkage
(up to 20%) and plasticity of all clays. Too plastic to be used alone. Increases green (dry) strength.
Sometimes used as a glaze ingredient to add strength to the raw glaze coat. Matures in the cone
10-12 range. Maximum amount of ball clay for a "white™ body is usually not more than 15% (the

exception is some lowfire whiteware bodies)

Fireclays : Are secondary clays with large particle size (thus low shrinkage), good resistance to
heat, more iron than ball clays, firing buff to brown. Used to add "TOOTH" to a body, and raise

the maturing temperature.

Pine lake - high silica, fairly light in color: 1.5% iron, slightly plastic. Dry shrinkage 6.5%, cone 04
shrinkage 8%, cone 10 reduction 10%. A.P. GREEN FIRE CLAY - a 28 mesh clay from Missouri
with 1.3% iron. Specks in the body. Light orange-brown in color @ cone 9. Dry shrinkage 6%,

cone 04 shrinkage 9%, cone 10 reduction 16% shrinkage.

Stoneware clays: are secondary clays. Some can be used as dug w/o additions. Bigger particles
than ball clay, less shrinkage than ball, less plastic than ball. Light to dark grey reduced, warm in

color when reoxidized, tan to brown in oxidation.

Earthenware clays : usually matures in the cone 08-01 range, and are generally not fired above
cone High iron color gives a red fired color, and causes melting and bloating at temperatures high
enough to cause vitrification. The higher the firing temperature, the darker the color. Brittle if

over-fired. Varies in plasticity from sticky to short. Raw clay may be red, ochre, grey, brown, or
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greenish and fires orange to red. Most of the usable raw clay found in nature is earthenware. Used

in stoneware bodies up to 10% for color.

Slip clays: contain iron and impurities that melt completely at cone 9-10. used in glazes. albany
slip clay no longer available. dolomite 9, soda ash 1, redart 90 or dolomite 8.5, pearl ash 4, soda
ash 1, unwashed wood ash 10.5, om 4 50, flint 20, red iron 6. alberta slip - a direct substitute for
albany slip formulated by the archie bray foundation in helena, mt. blackbird/barnard - similar to

albany slip but lighter in color. barnard no longer available.

Volcanic clays: are formed from the weathering of volcanic glass or ash. Particles average to small,
with the smallest particles of clay being found in this category. Bentonite (Al203.4Si02.H20) is
the most common volcanic clay and is approx. five times more plastic than ball clay. Used in small
amounts (2-3%) in clay bodies to add plasticity, or in glazes to prevent settling and hardening of
ingredients in the bucket, and strengthen the dry glaze coat. 3.6% iron. Always mix bentonite with
other dry ingredients before adding to water. it bloats in water, forming clumps that are very
difficult to mix. macaloid is a synthetic bentonite that does not bloat in water and may be directly

mixed into liquids.

ESSENTIALS OF CLAY IN CERAMIC PRODUCTION

Clay is a kind of material that is formed through the processes of weathering and erosion. Clay has
the smallest particle size of any soil type. Because of this, clay is smooth and dense. This also means
that clay retains water well.. Another way to use clay is through ceramic production. One property
of clay is plasticity. This means that you can stretch out the clay without it breaking or tearing. Clay
with high plasticity is used to make ceramic wares and ceramic sculptures. You can test the

plasticity of your clay by rolling it out, bending it, and shaping it.
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Clay particles of different sizes require differing amounts of water to plasticize them. But particles
of differing nature, that is, whose electrolytic surfaces react differently with water, also require
differing amounts of water. This is another area where a potter sees plasticity much differently than
a technician in a tile company lab. The former looks for WOPL (water of plasticity) values on data
sheets (an indicator of the amount of water needed to make a raw material plastic, e.g. 26 grams per
100 grams of clay). However a potter sees water content as simply an indicator of how stiff a clay
body is, he does not really care if a body has 21% or 23% water, as long as it is the stiffness he

needs.

Looking at WOPL numbers for various clays suggests that porcelains require much more water
than stonewares and earthenwares. But this is not the case, this author has noted that almost all de-
aired clay bodies, from coarse stonewares to fine porcelains need about 20-22% water for throwing
consistency. Also that WOPL numbers are not a great indicator of plasticity. This can be verified
by simply throwing on the potter’s wheel with a range of ball clay,
kaolin, stoneware and earthenware materials. The degree of observed plasticities will not relate well
to the WOPL numbers on the data sheets (e.g. drastic differences in plasticity will only be small

differences in WOPL).

Conclusion

There are three essential properties that make clay different from dirt. These are plasticity, porosity,
and the ability to vitrify. Clays are used in the ceramics industries largely because of their
contribution to the moulding and drying properties of the wares being produced, many types of
clay, such as the flint clays, are used because of favorable behavior during firing or because they

produce favorable properties in fired ware.
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Clay particles of different sizes require differing amounts of water to plasticize them. But particles
of differing nature, that is, whose electrolytic surfaces react differently with water, also require
differing amounts of water. This is another area where a potter sees plasticity much differently than
a technician in a tile company lab. The former looks for WOPL (water of plasticity) values on data
sheets (an indicator of the amount of water needed to make a raw material plastic, e.g. 26 grams per
100 grams of clay). However a potter sees water content as simply an indicator of how stiff a clay
body is, he does not really care if a body has 21% or 23% water, as long as it is the stiffness he
needs. Looking at WOPL numbers for various clays suggests that porcelains require much more
water than stonewares and earthenwares. But this is not the case, this author has noted that almost
all de-aired clay bodies, from coarse stonewares to fine porcelains need about 20-22% water for
throwing consistency. Also that WOPL numbers are not a great indicator of plasticity. This can be
verified by simply throwing on the potters wheel with a range of ball clay,
kaolin, stoneware and earthenware materials. The degree of observed plasticities will not relate well
to the WOPL numbers on the data sheets (e.g. drastic differences in plasticity will only be small

differences in WOPL).
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