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Ceramic Powder under High Temperature

HongGee Kim and KiTae Kim

Key Words :

Nanocrystalline Ceramic Powder(t} 3=

Algte] B9, Densification(X] 2 3}), Grain

Growth(Z 7 d A&, Pressureless Sintering(“d%t 2~ 7Z), Sinter Forging(d % &% &

), Hot Pressing(¥ %
Analysis(F 3t 2 23 A)

%% A7), Constitutive Model(74 %2%), Finite Element

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).
growth when phase transformation occurs.

A grain growth model was also proposed by including the effect of applied stress on grain
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. Finite element results by using the proposed model
also well predicted experimental data in the literature for densification behavior of nanocrystalline zirconia

powder during pressureless sintering and sinter forging.
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Table 1 Material data for nanocrystalline titania powder

Material Property Unit Value Ref.
General Properties 14,18,19
Atomic volume, m’ 1.56x10°%
Surface free energy, v, J / m? 0.8-0.000167 T
Activation volume, AV m’ 6.77x10%°
Effective diffusion coefficient
at atmospheric pressure, Liett moph m? / S )
at 600C 1.1x10%
at 650°C 1.0x10%
at 700C 3.4x10%
at 800°C 1.2x107%
C, 3.0
G 1.0
C; 35
Cs 2.3

Grain Size, nm
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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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Fig. 3 Comparison between experimental data and
finite element results for variations of axial
strain with time for nanocrystalline titania
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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 radial
strain with time for nanocrystalline titania
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Fig. 11 Photographs of (a) initial compact, powder
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120 min during sinter forgmg at 650C under
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Fig. 12 Comparison between experimental data and
finite element results for variations of the
average grain size with time for
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Table 2 Material data for nanocrystalline zirconia powder
Material Property Unit Value Ref.
3 -29
Atomic volume, Q /m ) 1.12x10 16
Surface free energy, ¥, ] I;; 0.59
Effective diffusivity, Degr e o Dw /G
Grain boundary diffusivity , 8Dgy, m3 § Do.gb exp(— Q7gb / RT)
m'/s 2.9x10°
8D, b
’ kJ/mol 506
ng
Cy 1.5
G 0.7
G 1.5
Cs 0.5
1.00 160_~-».----ps.aoo~c
/ = 140__-~--l---PS,700t .
0.95 i |----e---- PS,600C "
2 O 8o0T €120 [——o—— SF, 700C, 346 MPa .
2 5.90 0 700C € |—8— SF.700C,190MPa g ‘
' @100} T N
8 o 600T & =g SF, 650C, 284 MPa ,
..... FEM, p=0 7] [——a—— SF,650C, 175 MPa.’
,2 0.85 —— FEM, :=o_.3,_ £ 80 _y _ wp.sooc '
© & gl —+ — He.o0T X
& 0.80 o [ —B — HPB00T +
075 aor o
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Fig. 13 Comparison between experimental data and
finite element results for wvariations of
relative  density  with  time  for
nanocrystalline titania powder compacts
during hot pressing under 354 MPa at 600,
700, and 800 T
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Fig. 14 Variations of the average grain size with
relative density for nanocrystalline titania
powder compacts during pressureless
sintering, sinter forging and hot pressing
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