CHAPTER Il

LITERATURE REVIEW

2.1 Introduction to Clay

Clay is made up of tiny crystals, many of them are so small that they can not be
seen even under the highest magnification of an ordinary microscope. These crystals

are mainly composed of a mineral calle lipite (Al,0,.28i0,.2H,0), which chemical

composition is 47% silica (SiQ,) 2l a4 nd 14% water (H,0). Besides the

kaolinite mentioned above e a mmbﬁr clay minerals that are quite

similar in their properties, ne'need | \ ideérthem in any detail because they are
only minor constituents of 46€ 4 | . Th t are of interest to us are
montmorillonite and halloysi€, Whici:are éven finer, than kaolinite and are sometimes

used in small quantities #0 enhance the < perties of other ceramic materials.

\

clay minerals: the kaolins and the
smectites. The kaolin has the emf Si,0,(OH),, and that of the smectite

has the formula, Alﬁhﬂ@ ),-(10) We will explain kaolin structure, since it is

the principal constituer To any terra cotta clays.

The kao@;

holloysite. Their structures’ have one thing ip,common-they are composed of silica

sheets linked toﬂ%ﬁ.&}l%rg%%rw &*gtﬂh§t (Fig. 2.1 (b)) placed

directly over a sili& sheet (Fig. 2.1 (a)y in such a w%‘that one in thrqipf the OH groups

s remolig wa;a:qa By e %tﬁt%&@lﬂ@rﬂoau% sheet. These

latter oxyg%ns now form a ‘bridge’ between the two sheets, forming a composite unit

rop eralsﬁacrite, dickite, kaolinite and

layer of kaolin type. If we write the modified gibbsite layer as [AIZ(OH)42+] (i.e. having
removed two OH groups) and the silica sheet as (Si205)2', we arrive at the composite
formula Si,O,. Al,(OH),, or ALSi,O,(OH),, the unit formula of the kaolin group.

The silica layer is often referred to as the tetrahedral layer, because of
the tetrahedral shape of the SiO, groups. The co-ordination number of the Si with

respect to oxygen, which is four, is denoted by a Roman numeral immediately above the



element thus: Si. In the gibbsite layer, the oxygens are arranged to form the corners of
octrahedra, which are geometrical figures having eight faces and six corners. The co-
ordination number of Al is thus six and represented as A", An important feature of the
octrahedral layer in the kaolinite is that only two out of three possible sites are occupied
by aluminium ions, the remainder being vacant; such structure are therefore called
dioctrahedral. There are three possible ways of filling three sites by two ions, thus giving

rise to one source of variation in the unit layers.

A crystal of kacli - S of o/ omposite layer but of a
book, where each page

er (Fig. 2.2). Note that there is
7 o
ayers a

neighboring uni i 4 ond, acting between
OH groups of tﬂﬁﬂ an tmﬁ::[ﬁx silica layers. For this
relativel i | iaﬁl ens and OH
groups ﬁﬁjlﬁﬁﬁﬁmgﬁnmlﬁﬂl (zf unit can be

‘stacked’ upon another to achieve this bonding and this gives rise to four distinct

represents a single la o ionic bonding between

minerals of kaolin type, viz. nacrite, dickite, kaolinite and holloysite.



These ultimate particles are juit ! dil)ﬁroken down by mechanical

means. A grain is a loose @gg.omerate of par&i&les caked together, that break up when

they are mixed ﬁw%ﬂﬂa%t&] w slth&Qrﬂfﬁy ground fireclay may

not just pass a 240-mesh standard §eve (72um aperture) the ultlmate particles are
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distributiofi of its particle sizes
(b) Specific gravity

The specific gravity of the clays is about 2.6. It is difficult to measure the
specific gravity of montmorillonite because it swells, but the value is calculated to be

close to that of the kaolins.



(c) Effect of heat on the clay minerals

Most hydrated minerals lose water when they are heated. When kaolinite,

nacrite or dickite are heated above 450 °C, they lose the water in their structure.

Al,Si,0,(0H), —2¥<— ALSi,0, + 2H,0

Kaolinite Metakaolin

Even after the water has been driven off, the residue still retains some of

the crystalline features of the original.ki 0lin miheral, and is therefore called “metakaolin”.
Chemically, however, it behaves as if | as ixture of finely divided silica and
alumina. Heating clay mine g L M metakaolin undergoes further
reaction to form crystalline ‘ ' '* OAUCTS eing free silica (cristobalite)
and mullite, 3A1,0,.2Si0,,. ' \ oceu a separation into an alumina-

\ in. which this takes place is still a
manner of controversy. [ 2 JiChiefly ray diffraction, indicated that at
1000°C a spinel-type co Y-AlLO,. At this temperature,

thermal analysis shows ought to be associated with

recrystallization of Y-Al,0,. Other/au thorities, t er, attributed this exothermic peak to
the formation of mullif[e; but -,-,'cr,»'-g:;_', ) since recent X-ray work strongly

suggests that mullite\jS=not_formed vntit much highertemperdtures are attained (1150-
SRR Y |
)

1300 °C). m m

More recent ?ccurate measuremsnts of the unit cell dimensions of the

sonet compouf@} 34 853 1B AT I RIAB T « scon-aumium

spinel, of formulaq'l'ZAI 0,.3Si0,. This *atter compound is then Saldd lose silica by a
progresﬂewq(ﬂoq ﬂ&r} mmewtf}’}W%’?rﬂﬂe compound,
Al,O SIOz, as an intermediate stage and by further loss of silica. True mullite,
3AlL,0,.2Si0,, is formed. The entire process may therefore be represented by the
following chemical equations: (70)

2(A1,0,.28i0,) —Z5— 2A1,0,.3Si0, + SO,

Metakaolin Silicon spinel
2A1,0,.3510, — % 2(Al,0,.Si0,) + SO,

Silicon spinel pseudo-mullite



3(Al,0,.810,) —*< 5 3A1,0,.2Si0, + SiO,

pseudo-mullite mullite  Cristobalite

All clays, on being heated to a higher temperature, begin to fuse and form
a viscous liquid which consists principally of the excess silica, together with various
impurities such as Na,0, K,O, CaO and MgO. These oxides lower the melting point of

silica and form liquid at the comparativ w temperature of 1200 °C. Therefore, these

impurities are called fluxing oxid

During firing,

,p pore space in the clay.

Consequently, the overa the clay body shrink. Clearly

the porosity decreases [ ty through the formation of liquid
during firing is known a
3llize completely, but mostly

solidifies to form glass.

Plasticity of clay is‘defined as the" ability of a clay-water mass at its
maximum consistency to be Jtoh shape after the forming forces are

removed.(12) The wontabitiy-if- Hhis-Gefiniion-has-we-0onil ations, one with respect to
(12) 'y P

shaping and the other t : 0 asm‘ability" refers to the amount

of plastic or viscous row stram that can take place before rupture occurs. In the

second “ability” fﬁ ﬂkq wrﬁ] WW%I %ﬂ ﬁjess after the forming

stresses are reméyed. This dual relatlon in the deflnltlon qualltatlvely means that a clay
will haveqw 6'1 ﬂﬂnﬂaﬁ mru de] é'a Weﬁlrﬁ} ﬂcﬂ this condition
it will be deformed to a considerable degree before failure. As a matter of fact, a clay-
water system of high plasticity requires large force to deform it and deforms to a greater
extent without cracking than low plasticity one which deforms more easily and ruptures
sooner.

There are many factors affecting the plasticity of clay bodies, and these factors
should be well understood in order to manipulate this property. Some of the factors are

primary and others are secondary. The primary factors are essential to achieve



plasticity, while the secondary factors are used to control or regulate plasticity. The
primary factors are:

(1) The anisodimensional shape of clay-mineral particle.

(2) The strong surface forces on clay-mineral particles due to the in completely
coordinated small cations with large charge.

(3) The rigidity of the water structure surrounding the clay mineral particles.

The secondary factors affecting plasticity do not create or destroy plasticity of

clay bodies but only increase or degreas itude. These secondary factors are:

(1) The type of cationssabsert ' ineral particles and/or contained
!.d

for water removal. Al ..':‘ listec - 2 10, _shrinkage and the cost of
drying, both of which V

(1) The initial wmr content affe
4
|
\

the cost of removal. £, | L7
) Parﬁﬁz uﬂtfgcm ﬂm‘imi&qeﬂgﬁal for shrinkage and

the amount of water required for formirig, and it affectsithe drying ratei./

81 W ok Sl st b ciock o ik e perict

sizes affect shrinkage and drying rate.

gnitude of shrinkage and

(4) The temperature of drying is related to the rate of water removal and the final
equilibrium moisture content of the ware. The application of heat to a damp clay body
sets up moisture gradients within the piece that becomes part of the drying mechanism.

(5) The partial pressure of water vapor in the drying environment is one factor

influencing the drying rate as well as temperature. In industrial practice the partial



pressures are monitored by measuring relative humidity. Relative humidity is defined as
the ratio of present water content to the saturated water content in air at each particular
temperature. Therefore, if temperature rises without adding water, relative humidity
decreases.

(6) The velocity of air affects the rate of drying by controlling moisture gradients

near the drying surface. This effect is operative up to some optimum velocity.

2.1.3 Chemical composition gf %I,ﬁ[/
Chemical analysis of a ch&\ﬁl& & about what we can expect when it

is used in a body, partnc it will be iring. For example, highly pure

kaolins are very refracto fi[ec;me structure in the pottery kiln.
.‘\ '\

On the other hand, stonew ntain sh and lime, can be fired quite

readily. Amount of iron oxi y tells us what the fired color will be.

%

Table 2.1 Some examples 0 ) of typical clays. (13)
Constituent i '_’ e 2 ) N.J. stoneware Red brick clay
clay
Silica (SiO,) 68 57
Alumina (Al,0,) e 19
Iron oxide (Fe,O,) 0.5 2 1.6 7
‘ L~ &
s manghny [ ¢
Lime (CaO) U = 0.4 0.3 4
1 - _aJ

arid ({4 AUNINE 1
Alkalies 3( NaO) 2 2 2.5 5
Combined water 12 12 6 4
Basic oxides 2.5 4.7 4.6 19
Neutral oxides 38 29 22 19
Acid oxides 48 53.8 68 58
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2.1.4 Earthenware clay or terra cotta clay

Most of the usable clay found in nature might be the "earthenware" clay or
common clay. These clays contain iron and other mineral impurities in sufficient quantity
to cause the clay tight and hard-fired at about 950 C to 1100 C. Before firing, the colors
of such clays are red, brown, greenish, or gray, as a result of the presence of iron oxide.
After firing, the clay may vary in color from pink to buff to tan, red, brown, or black,

depending on the composition of clay a

the world has been made of ea

firing condition. Most of the pottery in all over
l it is also the common raw material

for brick, tile, drain tile, ro

highly plastic, in fact, too plast ‘ 2 cd by itself. On the other hand, it

products. Common red clay is

can be changed to no Sence and or other rocky fragments.
Therefore the potter will
by the addition some amaiin "oF on & clay. The brickmaker will look for an
earthenware clay that is n ‘ . “and ‘eontains censiderable sand or other non-
plastic fragments and w : l@ el be able to press, dry, and fire his bricks

without having them warp,

2.2 Literature Survey .::}gthg,. P ca

Rice husk as lant. The burning of rice husk

in air always leads to the-formation of silica ash, which its Lmlor varies from gray to black

depending on ﬁjﬁrﬂ Iﬁ%ijﬁ ﬁﬂwij:;jb ounts.(7) The main
composition of iy ilica, th re, lthere ‘ a:ﬁp ications incorporating
material, as follows:

TIaInan N INIIAL........

mixed bricks. Bricks were made from clay-sand mixes with different percentages of rice husk
ash and burnt in a furnace for different firing times. The firing durations at 1000°C were 2
4 and 6 hours. Test results indicated that lightweight bricks could be manufactured with
rice husk ash without any deterioration in the quality of bricks. Further, the compressive

strength of the bricks was higher with rice husk ash contents. The optimum firing
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duration was found to be 4 hours at 1000°C. It is shown that bricks made of clay-sand-

rice husk ash mixes can be used in load bearing walls.

M. R. Yogananda and K. S. Jagadishi (15) investigated the pozzolanic properties
of rice husk ash, burnt clay and red mud. Compressive strength of lime-pozzolana
mortars with rice husk ash, burnt clay and red mud were studied. Influence of grinding
of rice husk ash and grinding with lime were also investigated. Combination of
pozzolana with partial replacement of u n clay and red mud by rice husk ash were

examined. Long term strength b olana mortars was investigated to

understand the durability of lj ana ce

V.LLE. Ajiwe et a study on the manufacture of

cement from rice husk ed from rice husk ash. The
developed cement sla tested for their physical
characteristics and che )Sitien: S C( ed that developed cement
was of similar standard t 1al: . Basac . | the results, the production of
cement from rice husk w rharaee loping countries since it reduce

problems of farm wastes.

sandcretes with ricekﬁusk ash addltlons o' Senegal. The mechanical

] '(and notably the ground
ash) was added revealg that there w increase in Mrformance over the classic
mortar blocks. In Eddltlon‘thﬁ-use of ungroufid rice husk ash enabled production of a

JEhI LA WERLLE)A e cactuiy of asr

with pozzolanic explamed the high strengths obtainegs,

ARABNTA Tk ) DUV o o

mechanical properties of clay brick. The objective of his work was to study the effect of

lightweight san

RHA on the mechanical properties and durability of clay brick. The ground and
unground RHA were mixed with mixture of sand and clay, and bricks were produced.
The percentages of RHA were 0%, 0.3%, 3% and 5% by weight. The results showed that
brick mixed with 3% RHA by weight exhibited the highest value of density, modulus of

rupture and compressive strength.
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C.S. Prasad et al.(8) investigated the effect of rice husk ash in whiteware
compositions. It had been found that the complete replacement of quartz by RHA
drastically reduced both the maturing temperature and the percentage of thermal
expansion, and increased the strength marginally. The improvement was attributed to
sharp changes in the microstructural features as a result of significant reduction in the

content of quartz phase and the simultaneous increase in glassy phase.

C.S. Prasad et al.(9) continued jinvestigation about the effect of substitution of

quartz by rice husk ash and silica fu ':, ] perties of whiteware compositions.
~progressively incorporated in a
: ——

whiteware composition in of quartz, It"had been found that replacement of
aking temperature (50-100 °C)
and the thermal expansi at ¢ well as the improvement in the
fired strength. Maximur "MOR (20.8%) was.observed for the whiteware
composition containing 109 : = ' \‘\i plete replacement of quartz

4.95% in whiteware body when

AULINENINYINS
AMIAN TN INGINY
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