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Method Using Monte Carlo Simulation to Efficiently Predict HIP Sintering Profiles of Ceramic Materials
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In order to produce ceramic materials offering high performance and high quality, hot isostatic press (HIP) sintering is a key process that effec-
tively removes defects and optimizes the density and grain size of ceramic materials under high-temperature and high-pressure conditions.
However, repeated experiments are necessary to determine the HIP sintering profile in advance. It is therefore desirable to reduce the number of
such experiments so as to shorten the development period.

Toshiba Materials Co., Ltd. has responded to this situation by making efforts to develop a simulation technology that can efficiently predict the
HIP sintering profiles of ceramic materials. We have now developed a method using Monte Carlo simulation, one of the promising candidates for
investigating the growth of microstructuresin a sintered body, and succeeded in facilitating the determination of optimal simulation parameters to
control the HIP sintering process with a minimal amount of experimental data. This method is expected to contribute to improved efficiency of the

HIP sintering process for ceramic materials.
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Experimental HIP sintering profile models of relative density and grain
size ratio
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Examples of microstructures of sintered ceramic materials calculated
by Monte Carlo sintering simulation
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Results of experimentally modeled and calculated relative density
and grain size ratio under ordinary pressure
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Results of experimentally modeled and calculated relative density
and grain size ratio at HIP sintering pressure of 90 MPa
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Dependence of sintering control sub-parameter and correlation
parameter for Monte Carlo sintering simulation on HIP sintering pressure

33 alkDpikiFEtt

328 L O MCEERS S T2l —>av®, 10~ 180 MPa
DOPIH L THEAIL, # FE D Fa b Fel 85 o, Deate
Ld/do T k% RDIAERERSICRT, 73y
MEITO aguld, pIc LT 2MHE, ol phs
90 MPa DU, —EfECRIfId 2 Hm &7z, kpld, p
2180 MPax Tl & —EMETH 7275, BKEFKAEIRE
FEI T D kg, 13, pICRLTBBLRENT B &7z,

INSDINTEHTI LD, £ 2y Z7F R HIP B 9287
a7 7 ANVEFVEEBETES, pliRETHHREa, ki,
WHEOFPEHEN, Zhuckh, SEIBEFEL-FiEZH
WL, MCHERES S 2L —ar 2 HIPEESICH @
BTEDTERTE T,

4, HEHE

Y52y 7 RIBEFIC B I B HIP BEFE EER SN EL D720,
MCHERES S 2L — ar O HIPBERS~ O A F &2 FAFE L
Too b kZBATEIET, DHRVERT -0 5D
W H A EDEAAREEICKD, HIPHER S S2L—ay
BTy, FOpKEMEEEINTER, 5, HR5KE
] D7z, BT 22l —a v ORRBIF 2 ED T,

E I

OO EIE, —BRMEEAN 7740253y
I 2y — RIS BEEES SaL—ar 74 —500C
ORI LD DD TH D, BHTICERL TS - 18
FORPROEBHEEAN 774023y 020 d—D
PRSI R OB S S 2L — 2 ay 74— 5 LRSI
EHOBERLET,

—A%53SC FEATURE ARTICLES

S Bk

(1) /AFOLRE, FEEIESR. S MERAN © HIP - CIP£¢4ff & EM BT~ D
I, BTSRRI, 1988, 343p.

(2) Shinagawa, K.; Hirashima, Y. A constitutive model for sintering
of ceramic powder compacts with internal structure due to
granules, JSME Int. J. Ser. A, Solid Mech. Mater. Eng. 1999, 42,
1, p.17-24.

(3) MEFE, Bk - WES 22— 2 v R ERAIgE. Mihs &
AR, 2004, 51, 12, p.833-838.

(4) Alarifi, H.A. et al. Molecular Dynamics Simulation of Sintering
and Surface Premelting of Silver Nanoparticles. Mater. Trans.
2013, 54, 6, p.884-889.

(5) Martin, C. L. et al. Sintered ceramics with controlled microstructures:
numerical investigations with the Discrete Element Method. J.
Ceram. Soc. Jpn. 2016, 124, 4, p.340-345.

(6) Deng, J. A Phase Field Model of Sintering with Direction-Dependent
Diffusion. Mater. Trans. 2012, 53, 2, p.385-389.

(7) SeEREMEI V=T “ 2T 3y 7 ABLERR O @ EAL Oz d DT m kA
A/ R=vav” T7AvkI3vrAkry— <https://www.jfcc.or.jp/
develop/matl-gr4.html>, (%M 2020-09-04) .

A SEE HASEGAWA Koji, Ph.D.
HE~7U7V (k)

BAFE - BT

T (444i)

Toshiba Materials Co., Ltd.

SEFR 5B HIRAMATSU Ryosuke
=707V (BR)

FAFE - BT

ISR - B REOURTRRRA SR
Toshiba Materials Co., Ltd.

fEF KM USUI Daichi
BE~TITV (FR)

FAFE - BT

Toshiba Materials Co., Ltd.

IV IMBBECEITZEYTHIALEEY I 2 L— 3 vz AW HIP BEE TR 53

A%
=

offl



