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Analysis for Densification Behavior and Grain Growth of Nanocrystalline
Ceramic Powder under High Temperature
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Abstract

Densification, grain growth, and phase transformation of nanocrystalline ceramic powder were
investigated under pressureless sintering, sinter forging, and hot pressing. A constitutive model for
densification of nanocrystalline ceramic powder was proposed and implemented into a finite element program
(ABAQUS). A grain growth model was also proposed by including the effect of applied stress on grain
growth when phase transformation occurs. Finite element results by using the proposed models well
predicted densification behavior, deformation, and grain growth of nanocrystalline titania powder during
pressureless sintering, sinter forging, and hot pressing.
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Table 1 Material data for nanocrystalline titania
powder.

Material Property Value Ref.
Atomic volume, Q [m?*) 1.56x10% 6.9,
Surface free energy,y, [J/m’ ] 0.8-0.000167 T 10

Activation volume, AV [ nr'] 6.77x10°*°
Effective diffusion coefficient
at atmospheric pressure,
Llest noph [m3/5 ]
at 600C 1.1x10°%
at 650C 1.0x10#
at 700C 3.4x107%
at 800°C 1.2x107
C, 3.0
C, 1.0
C, 35
C, 2.3
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Fig. 1 Comparison between experimental data and
calculated results for the average grain size
with time for nanocrystalline titania powder
compacts during pressureless sintering at 600,
700, and 800C
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Fig. 2 Comparison between experimental data and
finite element results for variations of relative
density with time for nanocrystalline titania
powder  compacts during  pressureless
sintering at 600, 700, and 800 C
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Sinter Forging, 700°C
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Fig. 3 Comparison between experimental data and
finite element results for variations of axial
strain with time for nanocrystalline titania
powder compacts during sinter forging at
700°C under initial axial stress of 190 and
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Fig. 5 Comparison between experimental data and
finite element results for variations of relative
density with time for nanocrystalline titania
powder compacts during sinter forging at
700°C under initial axial stress of 190 and
346 MPa
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Fig. 4 Comparison between experimental data and
finite element results for variations of the
average grain size with time for
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Fig.6 Comparison between experimental data and
finite element results for variations of the
average grain size with time for
nanocrystalline titania powder compacts
during hot pressing under 354 MPa at 600,
700, and 800TC
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