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Effect of stick second-phase particles with different geometric
orientations on grain growth simulated by phase field method
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Abstract: The phase-field method was applied to simulating the effect of the second-phase particle with different
geometric orientations and spherical second-phase particles (SPP) on the matrix grain growth. The results show that, in
the grain growth process, most of the spherical SPP locate in the intersection of crystal boundary, while stick SPP locate
in the grain boundary with the same direction as the grain boundaries. The SPP show a strong pinning effect on grain
boundary and the limiting grain radius can be expressed by Zener relations. Under the condition that the SPP area fraction
and size are constants, there is no difference between stick SPP and spherical SPP in the pinning effect on grain growth
when the area fraction of the SPP is small(<<5%), however, compared to spherical SPP, the stick SPP show more
effective pinning effect when the area fraction of the SPP is large(>5%).
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Fig.1 Microstructures evolution of system containing stick SPP and spherical SPP at area fraction (f;) of 2%: (a) Stick SPP, /=300;
(b) Stick SPP, =3X10% (c) Stick SPP, +=1.5X10% (d) Spherical SPP, /=300; (¢) Spherical SPP, =3X10% (f) Spherical SPP,

=1.5%10*
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Fig.2 Microstructures simulation of system containing stick

SPP and spherical SPP at area fraction (f,) of 5% and time steps
£ =2.3x10" (a) Spherical SPP, 5%; (b) Spherical SPP, 3%+stick
SPP, 2%; (c) Stick SPP, 5%
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Fig.3 Changes of mean grain radius with time for system

containing SPP: (a) £,=5%; (b) £,=8%; (c) f;=10%
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Table 1 Variation of parameters in grain growth exponent

formulate for stick and spherical SPP

, , R=Ar"+B
Area fraction of stick SPP/%
B m
0 0.20 2.40 1.99
1 0.20 2.40 2.01
2 0.20 3.20 2.08
5 0.28 3.50 2.40
8 0.44 3.15 2.88
10 0.71 2.70 3.53
R=At""+B
Area fraction of spherical SPP /%
A B m

0 0.20 2.40 1.99
1 0.20 2.76 2.04
2 0.20 3.00 2.09
5 0.28 3.20 2.38
8 0.44 3.00 2.85
10 0.67 2.50 333
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