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Phase field model for grain distribution of deformation magnesium alloy
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(1. College of Physics Science and Engineering, Guangxi University, Nanning 530004, China;
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Abstract: The multi-state phase field (MSPF) model coupling with lattice deformation model were used to obtain the
initial grain microstructure of deformation magnesium alloy and inhomogeneous stored energy distribution and simulate
the evolution of the recrystallization nucleation and grain growth at different annealing temperatures. The effect of
annealing temperature on grain growth during recrystallization was analyzed, and the feature of grain size distribution at
different times was investigated. The results indicate that, under the same deformation conditions, there are relatively
high stored energy at high dislocation density regions, e.g. around grain boundaries, where the preferred recrystallization
nucleation sites form. Because the stored energy within the deformed grain is relatively low and uniform, the
recrystallization nucleation and grain growth process are slower. The weighted frequency distributions of grain size at
different temperatures show that it exhibits a bimodal distribution and abnormal grain growth phenomenon at low
temperature, while grains grow up fast and grain size distribution moves to large scale and to be homogeneous at high
temperature.
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473 -17.2 23.1 3.2 2.65 51.2 0.17 0.33x10°

2.50% 107

523 -19.7 22.1 5.2 2.65 51.2 0.17 0.42X 1072
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Fig. 1 Microstructures evolution during recrystallization at annealing temperature of 623 K (black regions are deformed grains,
white regions are recrystallization grains): (a) 6 s; (b) 12's; (c) 17 s;(d) 32 s
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Fig. 2 Microstructures evolution during recrystallization at annealing temperature of 573 K: (a) 12 s; (b) 20 s; (¢) 26 s; (d) 52 s
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Fig. 3 Microstructures evolution during recrystallization at annealing temperature of 473 K: (a) 28 s; (b) 46 s; (c) 64 s; (d) 106 s
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Fig. 4 Grain morphologies and grain size distributions at annealing temperature of 473 K (D is grain diameter, P,, is weighted

frequency of grain size): (al) Microstructure, 400 s; (a2) D vs frequency in Fig. 4(al); (a3) D vs Py, in Fig. 4(al); (b1) Microstructure,
1 000 s; (b2) D vs frequency in Fig. 4(b1); (b3) D vs P, in Fig. 4(b1)
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Fig. 5 Grain morphologies and grain size distributions at annealing temperature of 523 K: (al) Microstructure, 400 s; (a2) D vs

frequency in Fig. 5(al); (a3) D vs P,, in Fig. 5(al); (b1) Microstructure, 1 000 s; (b2) D vs frequency in Fig. 5(bl); (b3) D vs P,, in
Fig. 5(b1)
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Fig. 6 Grain morphologies and grain size distributions at annealing temperature of 573 K: (al) Microstructure, 400 s; (a2) D vs
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Fig. 6(b1)
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Fig. 7 Grain morphologies and grain size distributions at annealing temperature of 623 K: (al) Microstructure, 400 s; (a2) D vs
frequency in Fig. 7(al); (a3) D vs P,, in Fig. 7(al); (bl) Microstructure, 1 000 s; (b2) D vs frequency in Fig. 7(bl); (b3) D vs P,, in

Fig. 7(bl)
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Fig. 8 Morphologies showing abnormal grain growth of recrystallization process at 473 K for 1 000 s™: (a) Simulated result,

£=0.25; (b) Experimental result, £=3.2
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