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Abstract. Microstructure evolution of dynamic recrystallization of AZ31 magnesium alloy during 

isothermal heating process was simulated by cellular automaton method (CA method). When heat 

holding time is constant, the grain size of AZ31 magnesium alloy increases significantly with the 

increase of heating temperature. When heating temperature is constant, the grain size increases slightly 

with increase of holding time. By compared CA simulation results with experimental results, the 

maximum relative error is 16.5%. It is proved that cellular automaton method may be used to predict 

the microstructure evolution of AZ31 magnesium alloy during isothermal heating process. 

1. Introduction 

The magnesium alloy has lower stacking fault energy, higher diffusion velocity of grain boundary. 

Because the stacking fault energy which is on the sub grain boundary can be absorbed easily by the 

grain boundary, dynamic recrystallization is occurred easily. The nucleation and grain growth of 

dynamic recrystallization have a decisive influence on the dislocation density. The nucleation of 

dynamic recrystallization leads to the dislocation accumulation and increase of dislocation density. 

The growth of grains leads to the dislocation disappearance and reduction of dislocation density.  

Cellular automaton (referred to as CA) can be well applied to the simulation analysis of 

microstructure evolution of dynamic recrystallization process. Rappaz had studied the microstructure 

evolution of solidification process by CA method [1]. Goetz [2] was the first researcher who had 

applied CA method to simulate the process of dynamic recrystallization. ZHOU [3] had made 

deformation process link the CA method to analyze the dynamic recrystallization in the blade forming 

process. Cellular automaton method can be applied to study in the solidification nucleation, 

recrystallization and phase transition process [4]. LI [5] had used CA method to study phase 

transformation process of dynamic recrystallization of TA15 titanium alloy. YANG[6] had improved 

cellular automaton and transmission model of flow field model, and used it to simulate the 

microstructure evolution of AZ31 magnesium alloy with equiaxed and columnar structure at the 

condition of convection, and analyzed the growth law of single dendritic, multi dendritic, and 

columnar dendritic of magnesium alloy. JIN [7] found that dislocation density distribution is highly 

uneven after dynamic recrystallization, which is a typical feature of dynamic recrystallization. The 

influence mechanism of thermal processing parameters on dynamic recrystallization nucleation and 

growth behavior is by changing the density of dislocation accumulation rate. Huang [8] had used 

cellular automaton method to research the solidification process of nucleation and growth of 

magnesium alloy during thin strip casting-rolling, and to analyze the influence law of process 

parameters on grain size and orientation of magnesium alloy. WU [9] had set up a dendritic growth 

model of three-dimensional numerical simulation of the cellular automaton of magnesium alloys, and 

the dendrite growth law of directional solidification process of magnesium alloy had been obtained. 

WU [10] had used improved cellular automaton method to simulate the microstructure evolution of 

close-packed hexagonal structure of magnesium alloy, the dendrite growth model which is along 

different the grain orientation had been established. 
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In this paper, cellular automaton method is used to simulate the process of dynamic recrystallization 

during heating process. The influence of process parameters on microstructure is analyzed. 

Mathematical model between grain size and heating process parameters had been carried out.  

2. Properties of experiment materials 

Properties of AZ31 magnesium alloy are that initial dislocation density (ρ0) is 1010 m-2，and shear 

modulus (G) is 17000 MPa, and boundary activation energy (Qb) is 134kJ·mol-1, and deformation 

activation energy (Q) is 121kJ mol-1, and constant K is 6030, and hardening constant (h0) is 1013, and 

recovery constant (r0) is 17.7. In experiment study, the heating temperature is 200℃, 250℃, 300℃, 

350℃, 400℃, respectively, and the holding time is 10min, 20 min, 30 min, 60 min, respectively.  

3. Effect of heating temperature and holding time on microstructure of AZ31 magnesium 

alloy 

The microstructure of magnesium alloy sheet during heating process was simulated by CA method. 

The heating temperature and holding time had an effect on microstructure of magnesium alloy, shown 

as Fig.1. Corresponding to the microstructure seen as Fig.1, the relation between grain size and heating 

temperature and holding time is shown as Fig.2. The curves of grain size and heating temperature are 

shown as Fig.2a. The results show that the grain size of magnesium alloy sheet increases with the 

increase of heating temperature. When holding time is 10 min and the heating temperature is 200 ℃, 

250 ℃, 300 ℃, 350 ℃, respectably, the grain size is 9.71µm, 15.12µm, 25.08µm, 27.51µm, 

respectably. The grain size increases with the increase of heating temperature, which is due to the static 

recrystallization in heating process. The curves of grain size and holding time are shown as Fig.2b. 

When the heating temperature is constant, the grain size increases slightly with the increasing of 

holding time. The grain size increases significantly with the increase of heating temperature. 

 

 

    

    
Fig. 1 Microstructure and grain size distribution of AZ31 magnesium alloy at different heating 

temperature when holding time is 10 min (a, heating temperature 200 ℃; b, heating temperature 250℃; 

c, heating temperature 300℃; d, heating temperature 350℃) 
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Fig. 2 Grain size of AZ31 magnesium alloy sheet during heating process (a, grain size with heating 

temperature; b, grain size with holding time. ) 

4. Analysis of simulation results and experimental results 

The comparison between the simulation results and the experimental results of the AZ31 

magnesium alloy sheet during heating process by CA method is shown as Fig.3. Comparison of 

simulation results and experimental results is shown as Fig.4. The relative errors between simulation 

results and experiment results are less than 16.5%.  

     

     
Fig. 3 Microstructure evolution of simulation results and experimental results when holding time is 10 

min (a, original; b, heating temperature 200 ℃; c, heating temperature 300℃; d, heating temperature 

400℃) 
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Fig. 4 Comparison of simulation results and experimental results (a, holding time 10 min; b, heating 

temperature 300℃) 
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5. Conclusion 

(1)Microstructure evolution of dynamic recrystallization of AZ31 magnesium alloy during 

isothermal heating process was simulated by cellular automaton method (CA). By compared the 

simulation results with the experimental results, the maximum relative error is 16.5%.  

(2) When holding time is constant, the grain size of AZ31 magnesium alloy increases significantly 

with the increase of heating temperature. When heating temperature is constant, the grain size 

increased slightly with increase of holding time.  
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