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Synopsis

The abnormal grain growth of steel, which occurs during carburization, adversely affects properties such as heat treatment
deformation and fatigue strength. This study aimed to control abnormal grain growth by controlling the materials and processes.
Thus, it was necessary to investigate the effects of microstructure, precipitation, and heat treatment conditions on abnormal grain
growth. We simulated abnormal grain growth using the cellular automaton (CA) method. The simulations focused on the grain
boundary anisotropy and dispersion of precipitates. We considered the effect of grain boundary misorientation on boundary
energy and mobility. The dispersion state of the precipitates and its pinning effect were considered, and grain growth simulations
were performed. The results showed that the CA simulation reproduced abnormal grain growth by emphasizing grain boundary
mobility and the influence of the dispersion state of the precipitate on the occurrence of abnormal grain growth. The study findings
show that the CA method is a potential technique for the prediction of abnormal grain growth.
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Fig. 2. Distribution of grain boundary misorientation using
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orientations. Dashed line represents ideal random
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Fig. 3. Overall flow of the CA simulation.
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Table 1. Parameters for cellular automaton.

Symbol Value Unit Description
Q 1.82 x 10°%) J/mol Activation energy
R 8.314 J/(K-mol) Gas constant
M, 4.67 x107°% m*/(J-s) Coefficient of grain boundary mobility
E, 0.75% J/im?® Grain boundary energy
T 1173 K Temperature
Zpax 5x 107 m/s Maximum random number
b 7 pixel Range of cells in the box count method
Xnaxo Ymax 150, 150 pixel Size of calculation cells

111

Fig. 4. Microstructures during specific steps.
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