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On the Sintering Shrinkage of Alumina Ceramics
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Abstract: Sintering shrinkage curve is an important reference for the design and optimization of
pressureless sintering process. Conventional method for obtaining the sintering shrinkage curve is
very time-consuming, as it needs researchers to prepare dozens of samples and measure their
shrinkages at different sintering temperatures. Thermal dilatometer or thermal mechanical analyzer
are timesaving methods for obtaining the sintering shrinkage curve, but these methods can only
measure the linear shrinkage of the sample along one dimension. In the present work, the shrinkage
of AlL,O; ceramics was in-situ measured by non-contact method using high temperature optical
dilatometer. The result showed that the shrinkages in diameter and height of Al,O3 ceramics were
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different during pressureless sintering. Based on the measured results, the volume shrinkage, relative
density and the apparent sintering activation energy of ALO; powder were calculated. The apparent
sintering activation energy of the powder was about 460 kJ/mol + 22 kJ/mol. The results indicates
that the high temperature optical dilatometer is very useful for measuring the sintering shrinkage
curve of materials and studying the anisotropic shrink behavior.
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Figure 1 SEM images of the starting Al,03; powder: (a) spherical Al,O3 secondary particles; (b) small primary
particles in the spherical Al,O5 secondary particle
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Figure 2 Principle of the optical non-contact method for measuring the shrinkage of the sample during sintering
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Figure 3 Variation of the shrinkage of the diameter
with sintering temperature
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Figure 4 Variation of the shrinkage of the height with
sintering temperature
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Figure 5 Variation of the volume shrinkage of the Figure 6 Variation of the relative density of the
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Table 1 The density and relative density of the samples pressureless sintered at 1600°C
measured by Archimedes' method

Sample Heating rate / °C-min ™" Density / g-cm™ Relative density / %
Green body — 63.8 63.7
1# 2.5 99.9 99.8
2# 5 93.9 93.6
3# 10 89.2 88.7
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