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Simulation of second phase particles with different sizes on
grain growth process

MA Xiao-fei, GUAN Xiao-jun, LIU Yun-teng, SHEN Xiao-min, WANG Li-jun, SONG Shu-tong, ZENG Qing-kai

(College of Materials Science and Engineering, Shandong University, Jinan 250061, China)

Abstract: Based on the ordinary grain growth cellular automaton(CA) model, a novel transition rule was established to
simulate the influence of second-phase particle size on grain growth process. The influences of second-phase particles
with various sizes on grain growth process in the matrix of a two-phase material were simulated and quantitatively
analyzed. The results show that the evolution of the microstructure will be pinned by the second phase particle. When the
volume fraction of particle is fixed, the effect of pin of the particles increase with the decrease of the particle size. And
for a single particle, the influence of large one will be bigger than that of the small one for the single particle. The
quantitative relation between grain growth and the second-phase particle size obtained from the simulation is in
accordance with the theoretical models.
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Fig.1 Schematic diagram of grain boundary pinned by second phase particle
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Fig.2 Simulation of microstructures of pinned second-phase particles with different sizes: (al) =0, r=0; (a2) =4 000 CAS, r=0; (a3)
=8 000 CAS, r=0; (bl) =0, =40 nm; (b2) =4 000 CAS, =40 nm; (b3) =8 000 CAS, =40 nm; (c1) =0, =80 nm; (c2) =4 000
CAS, =80 nm; (c3) =8 000 CAS, =80 nm; (d1) /=0, =120 nm; (d2) =4 000 CAS, =120 nm; (d3) =8 000 CAS, =120 nm; (el)
=0, =160 nm; (e2) =4 000 CAS, =160 nm; (e3) =8 000 CAS, =160 nm; (f1) =0, =200 nm; (f2) =4 000 CAS, =200 nm; (f3)
=8 000 CAS, =200 nm
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Fig.3 Changes of average grain size with time
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Fig.4 Logarithm analyses curves during grain growth of

single phase material
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Fig.5 Microstructures of particles experiment: (a) Carbon-

replica of Ti(CN) precipitations on grain boundary in IF stee

(b) Ti-Nb alloy containing particles!”?
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