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ABSTRACT

The effect of chemical and mincralogical con-
stitution on the physical characteristics of ceramic
triaxial bodies composed fro.n icldspar, quartz and
kaolin is investigated. Resulls show that suitable
whiteware bodics can be manufactured from the raw
materials investigated.

To support a meaningful interpretation of ob-
served phenomena in processing techniques, scien-
Lific investigations have been reviewed in this paper,
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INTRODUCTION

The major raw materials used for the manulac-
ture of ceramic whiteware products are polassium
feldspar, clay and silica. These matecials have the
formula, K(A1Si,))0,, Al (Si,0,) (OH,), and Si0), re-
spectively. Found in nature they contain ACCESSOry
minerals which introduce oxides as Na, 0, Ca0, Mg0,
Ti0,and Fe,0, The mincralogical and chermical com
positions of raw materials do differ from one deposit
to the other and are known 1o affect the pyrochemical
behaviour of products designed from these raw
materials.

The various oxides hring about a glassy matrix
which coexist with crystalline materials when heated
bui the amount of each depends on the chemical
composition of the ceramic, temperature and iime of
heat treatment, The glassy matrix formation of the
minerals is also controlled by the particle size of the
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raw malterials [1].

Reaction between feldspar and silica alone pro-
ducces incongruent melting point temperature at 1150°
* 20°C [2]. Silica-alumina eutectic also occurs at
1675°C 3] which is above the melting temperature of
ordinary whiteware. At 1 170°C, however, the
conguent melt of feldspar in clay - f cldspar-silica
system takes allumina and silica into solution [4].
Liquid formation which is attributed to pyro-chemi-
cal reaction of the clay - feldspar - system collects in
spaces between the less soluble particles and welds
them together with the bond of glass during cooling.
The amount of glass formed is an important factor in
determining the propertics of the ceramic in use [5].

The present work wishes 1o establish scientific
basis 1o assist exploitation of the raw matcrials under
study for whiteware products development. In this
connection the researcher undertook the study of the
effect of the chemical and mincralogical composi-
tions of the locally available raw materials 1o help
deduce general principles governing their appropri-
ate use in accordance with their pyrochemical behav-
lour and provide a quantitative and qualitative guide
for the production of specific ceramic products.

EXPERIMENTAL PROCEDURE

Several triaxial bodics were cxperimented upon.
Six of these bodies as shown in Table 1 and presented
on a triangular grid in Fig.1 were sclected and pre-
parcd for study. The chemical composition and
mineral assemblages of raw materials used are pre-
senied in Table 2. Table 3 shows the calculated
chemical constituent in each body and the calculated

mineral constituent (calculation with norm) of the

various bodics are shown in Table 4.

All batches were coarse crushed and passed
through 8 mesh sicve after jaw and roll crushing.
This done, a 3kg pot mill was used for milling cach
batch. Each batch weighs 2kg and was milled with
2kg porcelain balls and with 2 litre addition of walter.
Milling time for each batch was 20 hours.

Alter milling all batches were passed through 80
mesh sicve, owing to the thick nature of slurry
obtained. The sieved batches were dried ina dryerat
80°C for 24 hours. Later the dried batches were
subjected to crushing and were passcd through 12
mesh sieve by using net disintegrator with dry base
water content of 7%.

Using hydraulic press with a forming pressure of
250k gf/cm? the batches were formed into test tiles of
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Table 1: Batch composition of bodies (wt. %)

Test Sample No. 2 3 5 6
Toyane Silica Stone 40 10 40 10 10
11R Clay 50 80 20 50 20
Ayana Feldspar 10 10 10 40 40 70

Table 2: Chemical analysis (wt. %) and mineral assemblages of raw materials

Raw Material Si0, A10, Fe0 Ca0 Mgd KO0 Na0 TiO, Ig- Mineral

loss Total Assem-
blages

Toyane Silica 98.0 1.2 0.2 tr r 0.2 tr 0.1 0.3 100 Q

Stone

11R Clay 525 29.7 1.1 0.1 tr 0.5 0.1 1.1 136 997 K,Q>ES

Ayana Feldspar 78.0 123 01 01 tr 49 29 tr 04 991 Q>F

K = Kaolin S Sericite Q = Quartz F = Feldspar

Table 3: Chemical composition of bodies (calculated wt. % in measured values)

Sample No. 1 2 3 4 5 6
Si0, 87.0 734 59.6 81.0 67.3 14.9
A1, 8.0 16.6 25.1 1.3 19.9 14.7
Fe,0, 04 06 09 0.3 06 03
Ca0 0.1 0.1 0.1 02 03 0.4
Mg0 tr tr tr tr tr

K,0 0.9 13 1.7 23 2.7 IR
Na,0 0.3 03 0.4 12 12 21
Ti0, 0.3 0.6 09 0.3 0.6 02
Ig-loss 30 7.0 11.0 30 70 3.0
Total 100 99.9 99.7 99.6 99.6 99.4
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Table 4: Percentage mineral composition of bodies(Mineral composition

calculated with NORM)
Sample No. 1 2 3 4 5 6
Orthoclase 55 7.8 10.1 13.8 16.2 222
Albite 26 PAL, 3.1 10.0 10.3 174
Kaolinile 16.4 36.9 57.3 174 378 18.3
Quartz 74.1 49.2 243 571 322 40.1
Others 1.4 3.1 4.9 1.4 3.1 1.4

100 x 30 x 7Tmm. These tiles were later fired using an
clectric furnace at 800, 1000, 1100, 1180 and 1230%;
respectively.

All samples were subjected to the determination
of change in dimensions, bulk density and water
absorption tests in the dry state. Later, firing shrink-
age, waler absorption and bulk density of fired samples
were studied.

RESULTS AND DISCUSSION

Figures 2 through 4 present characteristic fea-
tures on shrinkage, expansion, water absorption and
bulk density of the bodies experimented upon.

EXPANSION AND SHRINKAGE
PHENOMENA IN BODIES

In Figure 2, all bodies except body No.3 expand
at and below 800°C. In the region of up to 1000°C it
is obscrved that the No.1 body which has the highest
quartz content also suffers expansion. This expan-
sion characteristic is attributed to the inversion of
quartz during which process the Si0* structure in the
bodics rotates with respect to each other.

Shrinkage for all bodies, except No.1 body,
starts selting in about and at 1000°C. This shrinkage
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Fig. 4 Bulk Density on Composition Diagrams

however increases until 1230°C, the final experimen-
tal temperature. The shrinkage results during the
process of sintering which initially takes the form of
agglomeration of fine particles which are in contact

eveniually fills voids in the body and welds particles
together on cooling. In these high temperatures it is
observed that pyrochemical activity increases result-
ing in progressive solution of some constituents of

with each other; a phenomenon which reduces sur- the bodies into glass. Feldspar is considered melting
face area. Another aspect of sintering that brings first and taking other constituents into solution.
about shrinkage is the resultant viscous flow of Increased temperatures also bring about a consider-
liquid, on application of high temperatures, which able degree of fluidity of glass which consequently
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fills pores, and welds refractory or unmelted materi-
als, a process which results in increased shrinkage of
the bodies. This increased shrinkage mechanism
results from surface tension forces of the liquid or
glass phase which also produces a minimum surface
area. The forces act by compressing the whole mass
by external glassy films. The whole process finally
results in filling pores or reduction of size of the
individual pores by internal pressure built up by
surface tension forces.

Generally, however, No.6 body is the only one
body which has shown a sign of deformation due to
over firing.

WATER ABSORPTION PHENO-

MENA IN THE BODIES

It is noted that water absorption characteristics
as presented in Fig.3 show low absorption figures in
the green bodies at 80°C than in the bodics fired at
800°C. This obscrvation demonstrates the removal
of water adsorbed on the surface and interlayer water
of particles [6] which, no doubt, relates to the me-
chanical water added to the bodies during wet proc-
essing and lest through drying at 80°C leaving voids
between particles.

At 800°C the mineral transformation which takes
place results in open structures in the bodies. In this
temperature impurities in the bodies burn out leaving
voids. Also noted is the brezk down of the clay
mineral structure which alters the entire structure of
the body above 450°C through the removal of OH
groups. The loss of OH leaves holes in the clay
mineral structure. This claim agrees with the find-
ingsof Brownand Gregg [7]; inaunit cell of kaolinite
mineral there are 80H which undergoes a change as:

8OH—S4H0 + 40~

There also occurs a rearrangement of the structure in
such an irregular manner, as noted by Evans and
White[8], which results in open structure in the
bodies. This inversion of SiO:suucLurc isalsoacon-
tributing factor to the open mineral structure in the
bodies in this temperature. All these phenomena
resultin water absorption of the bodies. The effect of
silica inversion on absorption is much more observed
inNo.1 body which has the greatest quartz content at
1000°C.

With a rise in temperature the gradual closure of
pores within the mineral structures by the fine par-
ticle agglomeration at 1000°C and liquid formation at
1100°C, both of which reaction reduces porosity

continues to decrease by the reaction of more glass
results.

At 1180°C and 1230°C porosity continues to
decrease by the reaction of more glass formation or
liquid flow which fills the pores until absorption
values of betwee 0 and 0.1 per cent are obtained in
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body Nos. 3.4,5 and 6.

BULK DENSITY RELATIONS

IN BODIES

The characteristic bulk density of the various
bodies as shown in Fig.4, is observed as having co-
relation with shrinkage and porosity which are dis-
cusscd above. Itis noted that the density of the green
bodies at 80°C is higher than the fired samples of
800°C and 1000°C. This phcnomenon as mentioned
above is caused by the non-reactivity of minerals in
the samples at the drying state.

In the 800°C and 1000°C temperatures the open
mineral structures which result from Si0* structural
inversion and the loss of OH' groups cause reduction
in density values of samples. Also at 1000°C it is
expected that alumina spinel [9] which breaks down
into chainlike mullite could result in open structure
which here again reduces density.

It can be discerned that density increases as 1100°C
is exceeded. In the 1230°C temperature, however,
the density of No.6 body reduces due to firing above

its critical temperature. Vitrification results in all
other bodies because of the glass phase which fills

pores in the samples. The process of vitrification
takes place during the gradual emperature increase
as from 1100°C which creates and develops the
glassy or liquid phase. This liquid phase is at all
stages relatively saturated with associated materials.
The increased final temperature provides the re-
quired fluidity of the glassy phase for complete
dissemination throughout the bodies bringing about
increased density. This conclusion agrees with
Watts’ [10] observation.

EXAMINATION OF SAMPLE
NOS. 1,3, AND 6

Having examined the general physical charac-
teristics of all samples three extremes are chosen
from the triaxial body compositions to help throw
more light on the effect of mineralogical composition
of the samples. These extremes are located at body
No.1, bodyNo.3 and body No.6 on the triangular grid
(Fig.1). They are chosen on the basis of their highest
mineral component as noted in Table 4 and are
conveniently classified as siliceious body, kaolinic
body and feldsparthic body respectively. The re-
spective physical characteristics are shown in Fig-
ures 5 through 9.

It can be discerned from Figures 3,6, and 7 that
the siliceious body No.1, kaolinic body No.3 and the
feldsparthic body No.6 register the characteristics
presented in Table 5. Examination of the figures
shows that the feldsparthic body is not suitable for
1230°C. Its critical temperature is set at 1180°C
where porosity of the body decreases to the minimum
and above which temperature there is elongation or
expansion of the body with consequent reduction in
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