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Abstract

Textured samples prepared from 45 % kaolin, 25 % feldspar and 30 % quartz
were fired at selected temperatures from 200 to 1320°C. Young's modulus and
flexural strength were measured. The results showed the dependence of
mechanical properties on the orientation of the kaolinite crystals in the sample.
Young's modulus is higher along the basal planes of the kaolinite crystals.
Flexural strength had lower values if a force affected the sample collinearly
with basal planes of the kaolinite crystals. Both mechanical strength and
Young's modulus showed that the texture effects persisted even after firing.
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I ntroduction

It is often assumed that due to their polycrystalline structure, ceramic materials are
isotropic. But anisometric crystals or particles, which are part of the dry ceramic
powder or the water ceramic slip, can be spatially oriented if an applicable
method is used. For exp. spray-deposition leads to a preferential arrangement of
particles parallel to the substrate surface. Similarly, a cold pressed and sintered
body seems to have a preferred orientation with the particles (crystals) lying
nearly parallel to the direction of the pressing force .A similar effect occurs during
hot-deformation processing (moderate texture) or templating with aligned
platelets (stronger texture) and hot-pressing. Crystal rotation during pressing and
preferred crystal growth of plate-shaped crystals during annealing may also
contribute to the texture. Another method is vibration of a container with anisometric
powder particles, where the particles are affected by the gravitational force,
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when particles were exposed to vibration and preferred orientation of the basal
planes in the horizontal level was obtained . The texture persists in the green
electroceramic blank obtained from the vacuum extruder. This was shown by
radiointroscopy based on penetrating plane-polarized electro-magnetic waves through
the slab sample cut from the blank. Well-ordered texture can be identified in the outer
layer of that blank.

The influence of the texture on the mechanical strength of ceramics is
typically considered to be harmful. Adjacent volume blocks with a different
texture may cause cracking on block boundaries during drying or firing.

The cause of that is anisotropy of thermal expansion of the volumes with the
different orientation of anisometric crystals. The acoustic emission method was
employed to detect micro cracking attributable to the thermal expansion anisotropy.
Acoustic signals were registered during cooling and a direct correlation between
micro cracking and anisotropy was observed. Micro cracks preferentially form at
grain boundaries and propagate either in the bulk or along grain boundaries,
depending on the toughness of the boundaries relative to the grain interiors. The
fracture toughness of the samples measured parallel to the pressing direction was
higher than that perpendicularly measured to the pressing direction.

Anisometric platelike kaolinite crystals represent the most significant part (up
to 50 %) of the raw material mixture used in the electroceramic plants for insulator
production. Forming of a wet ceramic mass by using the vacuum extruder aligns
the anisometric crystals into a texture with a different local degree of the order.
Measurements of the material show the anisotropy of mechanical strength,
velocity of sound propagation, thermal diffusivity, and electrical properties. The
texture affects the dimensions of a wet sample during its drying and the sample
dilatation during heating .

The highest degree of texture is created in the surface layer of the blank as a
result of friction between the wet ceramic mass and the mouth of the vacuum
extruder.

A reliable confirmation of the texture in the surface layer of the green blank for
quartz porcelain may be done using XRD analysis. It was observed that feldspar
crystals are partially oriented and the quartz crystals are randomly oriented.
Evolution of mullite texture on firing tape-cast kaolin bodies indicated that the
texture preserves during heating.

The objective of this paper is to illustrate how technological texture influences the
mechanical strength and Young's modulus of quartz electroporcelain.

Experimental

Electroporcelain samples were prepared in the following manner, a mixture of
kaolin (45 wt. %), quartz (30 wt. %), and feldspar (25 wt.%), employed for high
voltage insulator production, was wet ground and partially dewatered by pressure
filtering. From the resulting plastic mass, a blank with diameter of 200 mm was
extruded using a vacuum extruder. After reaching the equilibrium moisture (with
about 1 wt.% of the physically bound water), the samples were cut from the
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blank. The method for cutting the samples from the surface layer is shown in Figure 1.
The dashed lines show the prevailing orientation of the kaolinite crystals in the
samples.

R-sampie blank

Figure 1: Samples and directions of the texture. Dashed lines indicate orientation of
the platelike kaolinite crystals.

Young's modulus was measured by the impulse ultrasound method on the
samples with dimensions 20 x 20 x 20 mm. The ultrasound wave was directed
perpendicularly to the basal planes of the kaolinite crystals (radial direction) or
collinearly with these planes (axial or tangential direction). Five samples were
fired at selected temperatures from the interval of 200 to 1320°C (the
temperatures are showed in Figure 2) using a heating rate 5°C/min, 10 min holding the
temperature, and then free cooling down with a furnace. Young's modulus was
calculated from the sound velocity c and volume mass p by the formula E =
pc®. The volume mass was calculated from the weight and dimensions of the sample.

The flexural strength was measured by the three-point-bending test with the
support span of 60 mm. Dimensions of the samples were 9-9-70 mm. Sets of
green or fired (1320°C, 10 min) samples of both textures were measured at the
room temperature. The resultant values of the flexural strength were processed by
Weibull's statistics.

Results and Discussion
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Figure 2: Dependence of the Young' modulus on firing temperature.
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Young's modulus

Results of the ultrasound measurements of the Young's modulus with ultrasound
wave passing through the sample along the basal planes of the kaolinite crystals
(axial or tangential direction) and perpendicularly on the basal planes (radial
direction) are displayed in Figure 2. Only graphs for axial and radial directions
appear in Figure 2, because the results for axial and tangential directions were close.
This follows from the similar orientation of the anisometric crystals in these
directions. The results indicated a strong dependence of the Young's modulus on the
texture. The results also show that differences between Young's modulus in radial
and axial/tangential directions were preserved even after firing at the temperature
of 1320°C. The results reflect the main processes in ceramic material-dehy-
droxylation accompanied by slight decrease of the Young’s modulus and rapid
solid-phase sintering at the temperatures above 950°C.

Figure 3: Three —point bending the R-samples with radial texture (upper picture) and
A- samples with axial texture (lower picture). Dashed lines indicate positioning of the
platelike kaolinite crystals.

Mechanical strength

The result of the Weibull’s statics used for processing the mechanical strength
(measure by the three point bending, see figure 3) of the green and fired samples are
show in figure 4-7.
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Figure 4: Result of the weibull’s statistics for mechanical strength (Mpa) of the green
R-samples. Weibull’s moduli are written beside the liner approximations.
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Figure 5: Result of the weibull’s statistics for mechanical strength (Mpa) of the fired
R-samples.

Obviously, there are two types of texture of R-samples which can be identified in
Figures 4-5. The first type has lower mechanical strength and high Weibull's
modulus that provides evidence of the common dominant source of the cracks. The
second type of the texture has higher mechanical strength and low Weibull's modulus
which means a large influence of sample size on the strength values. The fired R-
samples preserve this character of the mechanical strength. However the Weibull's
moduli are lower and mechanical strengths are much higher.
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Figure 6: Results of the Weibull's statistics for mechanical strength (MPa) of the
green A-samples.
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Figure 7: Results of the Weibull's statistics for mechanical strength (MPa) of the
fired A-samples.

Similarly, the A-samples also decrease their Weibull's modulus after the
firing; see Figures 6-7.

However, in this mode of the mechanical loading, the influence of the defects in
the structure is not as dominant as in the R-samples. Thus, measuring the mechanical
strength before and after firing (1320°C) also supports the fact, that the mechanical
properties are sensitive to texture, and that axial texture clearly implies higher
mechanical parameters. A comparison between the mechanical strengths of A-
samples and R-samples is shown in Table 2. It can be assumed that the mechanical
strength of the non-textured sample is between the values in the A-samples and R-
samples.

Figures 4-7 show different mechanical behavior of the A-samples and R-samples.
It was found that the texture of the extruded blank is complex and consists of two
partial textures - helical and circular. The circular texture appears mostly on the
surface of the blank, while the interior of the blank has a combined texture . From
this point of view, the A-samples and R-sam-ples have different textures. The texture of
the A sample (which is cut from the surface of the blank) is mostly circular (see
Figure 1) and relatively homogeneous. The texture of the R-sample is combined
because it is cut radially from the blank and its center (which is a place of the
fracture) is 35 mm under the surface (see Figure 1). The results seen in Figures 4-5
reflect the double texture of the R-samples.

It is important to note that the numerical values shown in Table 2 and in Figure
2 and Figures 4-7 should not be considered as generally valid. If the samples were
cut from another location of the blank or another vacuum extruder used, the values
would be different than presented in this article. This was also found, where the
texture was determined indirectly by the contraction of the small samples after drying
and firing, and cut from different vacuum extruded blanks.

Both Young's modulus and mechanical strength confirmed that the texture is
sustained even after firing at 1320°C. This fact can be explained by mullite crystals
which come from the kaolinite crystals . XRD analysis of the samples cut from
the extruded blank before and after firing confirmed the same orientation of the
mullite crystals as original kaolinite crystals .
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Table 2: Mechanical strength (MPa).

A-samples R-samples
green fired green fired
1.02 +0.06 32.82 £4.93 0.98 + 0.06 27.64 £3.27

Conclusion

The tests showed dependence of the mechanical properties on the orientation of
the kaolinite crystals in the sample. Young's modulus is higher along the basal
planes of the kaolinite crystals. Flexural strength has lower values if a force
affects the sample collinearly with basal planes of the crystals. Young's modulus
and flexural strength preserve anisotropy during the all the firing.
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