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Research of Solution Treatment of AZ31 Magnesium Alloy Based on Cellular Automata
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(1.Heavy Machinery Eng. Research Center of Ministry of Education, Taiyuan Univ. of Sci. and Technol., Taiyuan 030024;
2.School of Mechanics and Civil Eng., Jinan Univ., Guangzhou 510632, China)

Abstract: Compared with traditional steel, magnesium alloy has many advantages such as small density, lightweight, high specific strength, high
specific stiffness, good thermal conductivit and comprehensive performance and it has good application and broad prospects in petrochemical and
information industry. However, it is poorly plastic at room temperature, which leads to cracks in the rolling process and affects their quality, there-
fore it is required to be solution-treated to improve its plasticity before processing. Taking into account this, the original grain structure of AZ31
magnesium alloy tube was obtained by metallographic experiment. Based on the thermodynamic mechanism of grain growth, the mechanism of
curvature driving and the energy dissipation mechanism, a cellular automata model and three major grain evolution rules was established. And the
grain evolution and edge number of AZ31 magnesium alloy at different temperatures and different times were studied. Finally, the microstructure
with uniform grain distribution and hexagonal shape was obtained. Through the topological analysis of grain growth and grain size distribution
statistics, it was found that the grain size is normally distributed at different temperatures and times, with hexagonal grains being the most. On this
basis, the mathematical model of grain growth under the solid solution condition was established, and its grain size and final properties after solid
solution were reasonably predicted and controlled. The analysis of the kinetics of grain growth showed that the growth index of magnesium alloy
is 0.87. The correctness and rationality of the cellular automaton model were verified by experiments, which laid a foundation for studying the
grain evolution of magnesium alloy during deformation.
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Tab.1 Chemical composition of as-cast AZ31 magnesi-
um alloy
m(Al)  m(Mn)/  m(Zn)/ m(Ca)/ m(Ni)/ m(Fe)/ m(Si)/ m(Mg)/
% % % % % % % %
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Fig. 1 Original grain structure
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Fig. 2 Main component of cellular automata
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Fig. 4 Energy transformation of the atom during the
transition process
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Fig. 5 Expanded direction of grain with different edges

REIU 212 AR A8 i L U, W RE AR B ] 25 Y
AN2RC, Jo 84~ 4R s v A7 54 i 2 4 Ja IR 28 — 2L
IS AE R AN 7, C BRS84S A0
AR, dnlEl6(a) Bz o

FEIU 22 AR5 i S U], B SE A i (] 25
Cot 1 Cootpor Coo o FICy o B AGB R A 1T
3L TFAHR APIRZS, WAE T —ASEF 22, € fIR
Sz 3B JE BPIRA, IE 6 (b) Froi .

PRI 23« AR5 iy S BN, W RE AR B[] 25 Y
Ciy jnCijin Cijuy FICy PUABJE A AT R34k T4
Rl ARAR S, AE T —ANIHE 2 N, C RS e i
3RRFE AR, 6 (c) iR o




188 TRERESHEAR

%51 %

i+, ) Ci+l, j+l

(c) FLh2-3

6 HMN2RABNREE
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Fig. 7 Rule 3 schematic diagram of grain boundary move-
ment
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Fig. 9 Grain growth process of magnesium alloys at dif-
ferent temperatures
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