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In this paper an investigation of the influence of the mineral content of illite-kaolinite clays on the products’ shrinkage during
drying and firing is presented. Under the same conditions for preparing raw materials and ceramic mass, as well as under the
same firing regime, the products’ shrinkage during drying and firing is mostly influenced by the amounts of quartz and the illite
and kaolinite clay minerals.
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Predstavljena je raziskava vpliva vsebnosti glin ilinit-kaolinit na kr~enje pri su{enju in `ganju. Pri enakih pogojih priprave
surovega materiala in keramike in enakemu re`imu `ganja na kr~enje najbolj vpliva razmerje med kremenom ter glino
ilinit-kaolinit.
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1 INTRODUCTION

The illite-kaolinite clays differ significantly in
mineral composition from illite, kaolinite, quartz,
feldspar, Fe2O3 and CaCO3

1,2. The presented raw
material composition, depending on the sintering
temperature, produces solid-state reactions, polymorphic
transformations of quartz and liquid-phase formation3.
Besides the sintering temperature of the ceramic mass,
the raw material mineral content also has an important
role for the relations between the microstructure
constituents4. The appearance of the liquid phase
accelerates the solid-state reactions5. The mineral content
of illite-kaolinite clays, besides other factors, determines
the formation of new crystal phases during the sintering
process, and the polymorphic transformations of quartz
caused by volume changes6.

During the drying of shaped ceramic products, the
simultaneous transfer of mass and heat in the homo-
geneous polydispersive system material with water
occurs7. The water is transported from the internal area
of the material through capillaries to the surface of the
products, where it evaporates. The process depends on
the diffusion and evaporation rates. The difference in the
water content on the surface and in the inside layers of
the material enables humidity to transfer continuously
from the inside to the surface by diffusion8. The volume
changes during the drying induce internal stresses.

2 EXPERIMENTAL

Two types of illite-kaolinite clays were used for the
preparation of samples (the clays are marked "PV" and
"BP"). The samples were formed by plastic shaping in a
mould of parallelepiped shape with dimensions 7.7 cm ×
3.9 cm × 1.6 cm and marked with the numbers 1, 2, 3, 4,
5 … 15.

The clays’ analyses consisted of a determination of
the mineral content with x-ray analysis, as well as che-
mical and granulometric analyses with a determination
of the particle size distribution. The grain shape was
determined microscopically. The linear and volume
shrinkage of the samples during the drying in air to a
constant mass and during drying in a dryer at 110 °C
were determined too.

The samples were fired at 800 °C, 900 °C, 1000 °C,
1100 °C and 1200 °C. The total porosity, the mineral
content by x-ray analysis, and the microscopic analyses
were assessed for the sintered samples.

3 RESULTS AND DISCUSSION

On the basis of the mineral and chemical compo-
sitions shown in Figure 1, Figure 2 and Table 1, it was
concluded that the investigated specimens were
illite-kaolinite clay types containing �-quartz, carbonate
and Fe2O3. In the "BP" clay the content of �-quartz was
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lower and there was a larger content of illite and
kaolinite. The granulometric analysis shows a higher
average content of "PV" clay grain (Table 2), although
the pulverization of the clays was performed under the
same conditions. This is due to the difference in mineral
content, particularly the higher percentage of quartz in
the "PV" clay.

The higher content of �-quartz in the "PV" clay and
the higher average content of grains explain the lower
average value of the volume shrinkage for the 15
samples during the air drying to a constant mass (Figure
3, Figure 4 and Table 3). The results of the volume
shrinkage, as well as the average value for 15 samples
during drying in a dryer to a constant mass, show higher
values of the volume shrinkage for the samples based on
"PV" clay (Figure 5, Figure 6 and Table 4). The higher
the content of �-quartz, the lower the content of clay
minerals and the higher average value of the grains in
this clay enable the easier transport of water from the
internal area of the samples through the capillaries to the
surface at a drying temperature of 110 °C. The different
values of the volume shrinkage of the samples during
drying are the consequence of an unequal pressure
during plastic shaping in a mould.

The volume shrinkage during firing is smaller for the
samples based on the "PV" clay (Figure 7). The X-ray
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Table 1: Chemical composition of clay
Tabela 1: Kemi~na sestava gline

Oxides SiO2 Fe2O3 Al2O3 CaO MgO Na2O K2O SO3 Ig. loss
Clay "BP"
Percentage by weight, w/%

72.68 5.70 10.98 0.48 0.70 0,31 1.12 – 8.03

Clay "PV"
Percentage by weight, w/%

71 5.51 10.55 1.42 0.62 0.45 1.86 0.25 8.34

Table 2: Average grains value of the investigated clay types
Tabela 2: Povpre~na velikost zrn v preiskanih glinah

Clay type Average grains value (MV), d/µm
"BP" 17
"PV" 27

Table 3: Average values of volume shrinkage during drying in air to
the constant mass
Tabela 3: Povpre~no volumensko kr~enje pri su{enju na zraku do
konstantne mase

Clay type Average values of volume shrinkage (for
15 samples) /%

"BP" 18.4
"PV" 15.8

Table 4: Average values of volume shrinkage during drying in dryer
to the constant mass
Tabela 4: Povpre~no volumensko kr~enje pri su{enju v su{ilniku do
konstantne mase

Clay type Average values of volume shrinkage (for
15 samples) /%

"BP" 0.98
"PV" 1.65

Figure 3: Volume shrinkage during drying to a constant mass in air
("PV" clay)
Slika 3: Volumensko kr~enje pri su{enju do konstantne mase na zraku
("PV"-glina)

Figure 2: X-ray diffractogram of "BP" clay
Slika 2: Rentgenski difraktogram "BP"-gline

Figure 1: X-ray diffractogram of "PV" clay
Slika 1: Rentgenski difraktogram "PV"-gline
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Figure 9: X-ray diffractogram of sintered product ("PV" clay, T =
1200 °C)
Slika 9: Rentgenski difraktogram za sintrani produkt ("PV"-glina, T =
1200 °C)

Figure 6: Volume shrinkage during drying to a constant mass in dryer
("BP" clay)
Slika 6: Volumensko kr~enje pri su{enju do konstantne mase v
su{ilniku ("BP"-glina)

Figure 5: Volume shrinkage during drying to a constant mass in dryer
("PV" clay)
Slika 5: Volumensko kr~enje pri su{enju do konstantne mase v
su{ilniku ("PV"-glina)

Figure 4: Volume shrinkage during drying to a constant mass in air
("BP" clay)
Slika 4: Volumensko kr~enje pri su{enju do konstantne mase na zraku
("BP"-glina)

Figure 8: X-ray diffractogram of sintered product ("BP" clay, T =
1200 °C)
Slika 8: Rentgenski difraktogram za sintrani produkt ("BP"-glina, T =
1200 °C)
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Figure 7: Volume shrinkage during sintering
Slika 7: Volumensko kr~enje pri `ganju



analysis of the sintered products shows a higher content
of the minerals sillimanite, Al2O3·SiO2, and mullite,
3Al2O3·2SiO2, formed during the sintering of the samples
based on "BP" clay (Figure 8). The higher content of the
�-quartz in the "PV" clay and the higher total porosity
explain the lower volume shrinkage during sintering,
when the quartz is partly transformed into tridimite
(Figure 9). The microstructures of the sintered products
are shown in Figures 10 and 11.

4 CONCLUSION

The investigation of the influence of illite-kaolinite
clays’ mineral content on the linear and volume
shrinkage during drying and firing shows that the
shrinkage depends on the following factors:

• Using the same conditions for the preparation of raw
materials and ceramic mass during drying in air and
in a dryer to a constant mass, the most important
factor is the influence of the relation between the
quartz and clay’s minerals content

• the values of the volume and linear shrinkage of
samples during the firing process depend also on the
relation between the quartz and the clay’s minerals
content. This influence is particularly strong at
temperatures above 1000 °C.
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Figure 11: Microstructure of sintered product ("BP" clay, T = 1200
°C)
Slika 11: Mikrostruktura sintranega produkta ("BP"-glina, T = 1200
°C)

Figure 10: Microstructure of sintered product ("PV" clay, T = 1200
°C)
Slika10: Mikrostruktura sintranega produkta ("PV"-glina, T = 1200
°C)
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