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Preparation of Zirconia Ceramics with High Density and Fine Grains
by Oscillatory Pressure Sintering

LI Shuang™?, XIE Zhi-Peng*

(1. State Key Laboratory of New Ceramics and Fine Processing, School of Materials Science and Engineering, Tsinghua Uni-
versity, Beijing 100084, China; 2. School of Resources and Environmental Engineering, Shandong University of Technology,
Zibo 255049, China)

Abstract: To fulfill the demands of ceramic components with high strength, high toughness and high reliability
in key projects, a novel oscillatory pressure sintering (OPS) method was proposed in this study. With this new
method, zirconia ceramics with high relative density, fine grains, high fracture strength, and excellent reliabil-
ity, were prepared. As a comparison, zirconia ceramics were sintered by pressure-less sintering (PS) method
and hot pressing (HP) method at same temperature. SEM analysis shows that the oscillatory pressure inhibits
the rapid grain growth of zirconia at high temperature. Statistic results indicate that the OPS zirconia presents
fine grain size at 251 nm, while the average sizes of PS and HP zirconia are 451 and 298 nm, respectively. In
addition, the oscillatory pressure induces plastic deformation of grains and sliding of grain boundaries, facili-
tating elimination of closed pores at grain boundaries. As a result, the relative density of OPS zirconia reaches
approximately 99.7%. Due to the refinement of grains and the increase in relative density, the OPS zirconia
presents an increase from 1003 MPa to 1572 MPa in flexural strength, and an increase from 13 to 32 in

Weibull modulus. Furthermore, its resistance to low temperature degradation is also improved because of the
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microstructure evolution.

Key words: oscillatory pressure; grain refinement; strength and toughness; relative density
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Fig. 3 Morphologies of zirconia ceramics

(a) PS zirconia, fracture surface; (b) HP zirconia, fracture surface; (c)
OPS zirconia, fracture surface; (d) OPS zirconia, polished surface
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