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Densification Behavior and Grain Growth of Zirconia
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Abstract

Densification behavior and grain growth of zirconia powder compacts are investigated under
high temperature. Experimental data are obtained for zirconia powder under pressureless sinter-
ing, sinter forging and hot isostatic pressing. The constitutive equations by Kwon et al. are used
for diffusional creep and grain growth. The constitutive equations by McMeeking and co-workers
are also included to study the effect of power-law creep. These constitutive equations are
implemented into a finite element program (ABAQUS) to investigate the friction effect during
sinter forging and the canning effect during hot isostatic pressing. The agreements between
experimental data and finite element results are very good in pressureless sintering and hot

isostatic pressing, but not as good in sinter forging.
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Table 1 Chamical composition and physical prop-
erties of HSY-3.0 Zirconia powder

Average particle size (ym) 0.53
Specific surface area(m?/g) 6.4
Chemical composition(wt %)

2r0, 94.06
Y.0; 5.41
CaO 0.02
Na,0O 0.01
Loss of ignition 0.13
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Table 2 Material data for Zirconia powder

Material property Unit Value Ref.
General properties
Atomic volume, Q m? 3.36x107% (20)
Theoretical density, p Kg/m? 6080
Melting temperature, Tn, K 2960
Surface free energy, 7s J/m? 0.84 (24)
Specific heat, C J/KgK 400
Thermal conductivity, k J/msk 2.0
Thermal expansion coefficient, o /K 10x 1078

Properties for diffusional creep

Effective diffusional coefficient

At 1200°C m®/s 9.15x107*

At 1300°C m®/s 4.13x107%

At 1350°C m®/s 1.46x107%

At 1400°C md/s 8.78x107%
Sintering potential, os MPa 0.5

C 1.9

C. 1.0

Cs 1.6

C 1.0

k, 0.2

ko m’/s 5.692x107"

Qs KJ/mol 603.4

m 4

Properties for power-law creep (19

n 2

Reference stress, g MPa 1480

Reference strain rate, ¢,

At 1200°C 1/s 0.1046

At 1300C l/s 0.149

At 1350°C /s 0.469
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Fig. 8 Scanning electron micrographs and finite calculations for grain size at the cross-section of
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a zirconia powder compact after 90 min under initial axial stress 17.9 MPa during sinter

forging at 1300°C
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Table 3 Material properties for 304 stainless

steel®"
Mterial properties Value
General Property
Atom vol, m® 1.21x107%
Burgers vector, m 2.58%107
Solid density, kg/m? 8000
Melting temperature, K 1810
Mechanical Property
Young’s modulus at R. T., GP4 124.8
T-dependence of modulus 0.85
a Power-law creep exponent 7.5
Dorn constant 1.2x10%
Yield stress at R.T., MPa 254 .4
Yield stress at 977K, MPa 111.7
Yield stress at 1089K, MPa 78.6
Yield stress at 1144K, MPa 51.0
Thermal Property
Thermal expansion coefficient,/K 18.2x10°¢
Thermal conductivity, J/m s K 13.8
Specific heat, J/Kg K 1213
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