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ABSTRACT A grain growth simulation model for ceramic material sintering process with sintering
additives based on cellular automata is constructed based on the grain growth driving force theory of grain
boundary energy and the curvature of the grain boundary. The results show that the sintering additives
on the grain boundarles have a strong pinning effect. The grain growth index of the ceramic material with
sintering additives is lower than that without sintering additives. Add sintering additives can effectively
refine the grains The simulation results are in good agreement with the microstructure of Al2O3/TiN
ceramic materials with sintering additives. Cellular automata model is applicable to the grain growth
simulation of the ceramic material with sintering additives in sintering process.
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Fig.1 Simulation initialization when t=0CAS (a) without sintering additives (b) with sintering addi-

tives
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Fig.2 Simulation of grain growth evolution at different CAS without sintering additives (a) t=500CAS;

(b) t=1000CAS; (c) t=1500CAS; (d) t=2000CAS; (e) t=2500CAS; (f) t=3000CAS
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Fig.3 Simulation of grain growth evolution at different CAS with sintering additives (a) t=500CAS;

(b) t=1000CAS; (c) t=1500CAS; (d) t=2000CAS; (e) t=2500CAS; (f) t=3000CAS
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Fig.4 Evolution of average grain size with CAS and simulated lnDa–lnt
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Fig.5 Evolution of the grain number with CAS and simulated lnNu–lnt
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Fig.6 SEM micrographs of the fracture surface of Al2O3/TiN content 30% TiN

W 5�SÆ"?'-EF,H��O�(, PÆ

"�?'�OA$Vk?, c� 2�,HD, +1

�#(�,Æ"�?';�, /1��#(�,Æ"
�?';�, [$97":��Oaf�EÆ�, $

i���#(��5OÆ"�,+"�$�'
2.4 G^=g?��

�#1.B Al2O3/TiNC ����,!& TiN

1'= 30%,�#(��1'= 2%,$EFIs��
 "'��#(�1'EÆ, �#��= 1700d, e

�,H= 10 min, W 6 =!`l� SEM CmW, !

&fX;^��Æ"= Al2O3 ��,fX;i��Æ

"=� "' TiN,�?;6�Æ"&�!# ��
#(�'

PW&$Vk?, Al2O3 ���� "' TiN �

�#(��8X�($� CA <=EF,,HD=

3000CAS ,EF�#Dj8L@, Al2O3 � TiN Æ

"":��?� 4–5 µm tg, ��'� "'?3
kn3\'O8���!# ��#��,=h ,

+lfaÆ2RH, /PW&$i,L�!# o�
�#(��@gN8Æ2M, ��N89GÆ"�j

b�, maBdb�MW$�, P/����B��

�%��&'

P-:K��YTS[XT, � 2�EFS[

K, c�hEF, ��o?$Æ"97m:�e9T
B=M`,  iB6, *+)AJ�1��#(��
C ���#��@Æ6=:ED�����, n�

8EF =������#��, 2F!Æ"���

 **p�Æ"��=%�R@Æ"���iK:
1'

3 = u
1. �8Æ2&�Æ2:3�Æ"��;=%K

L, AJB1��#(��C ��@Æ6=:E
D,��EF*3�#(��Æ2�,db�MW$
�'

2. +1�#(�,EF,0�Æ"��o?
n=0.36, 1��#(�,EF,0�Æ"��o?
n=0.33, [c+c� 2�,HD, 1��#(�,
Æ"�97":�68+1�#(�,Æ"�97
":, $i���#(��5OÆ"�,+"�$
�'



6 � . 24:29/;3354:067</;5�5;849�=> 6236 � . 24:29/;3354:067</;5�5;849�=> 6236 � . 24:29/;3354:067</;5�5;849�=> 623

3. EF#D$1.�1��#(�� Al2O3/

TiNC ������Cm*+L@, �#(���
���&)N�Ls$EF#DEÆ, FEF�0C
��,*+)AJ�EDn�81��#(����
�����EF'

v w " x
1 R.L.Coble, Sintering crystalline solids: II, experimental

test of diffusion models in powder compacts, Journal of

Applied Physics, 32(5), 793(1961)

2 FANG Bin, Simulation study on microstructure evolution

of ceramic tool materials during fabrication, PhD Thesis,

Shandong University(2007)

(p j, ����y��ko�������qjl��',,
omn)op)q�- (2007))

3 C.A.Bateman, S.J.Bennison, M.P.Harmer, Mechanism for

the role of mgo in the sintering of Al2O3 containing small

amounts of a liquid phase, Journal of the American Ce-

ramic Society, 72(7), 1241(1989)

4 S.J.Bennison, M.P.Harmer, A history of the role of MgO

in the sintering of Al2O3, Ceramic Transactions, (7),

13(1990)

5 J.Wang, S.Y.Lim, S.C.Ng, C.H.Chew, L.M.Gan, Dramatic

effect of a small amount of MgO addition on the sintering

of Al2O3–5 vol% SiC nanocomposite, Materials Letters,

33, 273(1998)

6 A.Rittidech, L.Portia, T.Bongkarn, The relationship

between microstructure and mechanical properties of

Al2O3–MgO ceramics, Materials Science and Engineering

A, (438-440), 395(2006)

7 LI Jialiang, NIU Jinye, CHEN Fei, Low temperature sin-

tering of silicon nitride ceramics by spark plasma sintering

technique, Journal of the Chinese Ceramic Society, 39(2),

246(2011)

(p!q, r�k, p z, qlrrss{��s��ttu�
�, urm)u, 39(2), 246(2011))

8 NIU Ben, ZHAO Xinliang, WANG Sunhao, LI Baoping,

WANG Jieqiang, Effects of sintering additives on prepa-

ration and properties of AlN ceramics, Journal of the Chi-

nese Ceramic Society, 38(12), 2257(2010)

(r |, /nq, st}, pvt, su�, ���	 AlN �
���vo
�pq, urm)u, 38(12), 2257(2010))

9 YANG Haitao, YANG Guotao, YUAN Runzhang, Densi-

ficaton and phase transformation during the sintering of

Si3N4–MgO–CeO2 ceramics, Journal of Tsinghua Univer-

sity(Science & Technology), 39(5), 126(1999)

(rwu, r u, svt, Si3N4-MgO-CeO2 �������
~vt��l, wxn))u (�!-)w), 39(5), 126(1999))

10 Dierk Raabe, Computational Materials Science (Beijing,

Chemical Industry Press, 2002) p.254

(D. wx, �����, (Beijing, Chemical Industry Press,

2002) p.254)

11 Chen I Q, Phase–field models for microstructure evolution,

Annual Review of Materials Research, 32, 113(2002)

12 Fan D, Computer Simulation of microstructural evolu-

tion in multiphase materials using a diffuse-interface field

model, PhD Thesis, The Pennsylvania State Univer-

sity(1996)

13 Bortz A B, Kalos MH, Lebowitz J L, A new algorithm

for monte carlo simulation, Journal of Computational

Physics, 17, 10(1975)

14 Braginskym, Tikare V, Olevsky E, Numerical simulation

of solid state sintering, International Journal of Solid and

Structures, 42, 621(2004)

15 Nurminen L, Kuronen A, Kaski K, Kinetic monte carlo

simulation of nucleation on patterned substrates, Physical

Review B, 63, 35407(2001)

16 Battaile C C, Srolovitz D J, Butler J E, A kinetic monte

carlo method for the Atomic Scale simulation of chemi-

cal vapor deposition: application to diamond, Journal of

Applied Physics, 82, 6293(1997)

17 Raabe D, Hantcherlil, 2D cellular automaton simulation

of the recrystallization texture of an if sheet steel under

consideration of zener pinning, Computational Materials

Science, 34(4), 299(2005)

18 Ding H L, He Y Z, Liu L F, Ding W L, Cellualr automata

simulation of grain growth in three dimensions based on

the lowest-energy principle, Journal of Crystal Growth,

293(2), 489(2006)

19 He Yizhu, Ding Hanlin, Liu Liufa, Shin K, Computer sim-

ulation of 2d grain growth using a cellular automata model

based on the lowest-energy principle, Materials Science

and Engineering: A, 429(1/2), 236(2006)
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