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Large-scale phase-field simulation on the formation of polycrystalline microstructures
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This study developed a large-scale simulation method for abnormal grain growth phenomena based
on the phase-field modelling and parallel computing on multiple GPUs. The developed method was
applied to 2D and 3D abnormal grain growth to elucidate the validity of the well-known mean-field
theory proposed by Humphreys. A series of large-scale simulations were performed while varying
the initial size ratio, boundary energy ratio, and mobility ratio of a specific grain and matrix grains.
Detailed comparisons of the simulated results and theoretical predictions demonstrated that the
abnormal grain growth behaviors (i.e., whether or not the abnormal growth occurs and the limiting
size that can be reached by an abnormally growing grain) is well described by the mean-field theory.
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(b) 100,000 steps

Fig. 1 3D polycrystalline system for simulating the abnormal growth of a specific grain: (a)

initial state, (b) 100,000 steps. Different grains are distinguished by different colors. The matrix

grains are visualized only for a half of the entire domain to make the specific grain visible.
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Fig. 2 Abnormal growth conditions of the specific
grain shown in Fig. 1 as a function of the grain
size ratio p = K/ <R>, boundary energy ratio /'= y
/<y>, and mobility ratio = M/<M>.
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(a) 2D simulations
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Fig. 3 Temporal variations in size ratio p as functions of boundary energy ratio /" and mobility

ratio 1 compared to the theoretical diagram shown in Fig. 2: (a) 2D and (b) 3D simulations. Plots

with different colors indicate results for different initial size ratios pini = Bini /<FE>ini.
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