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Effect of twin boundary on static recrystallization of
AZ31 magnesium alloy

DING Xue-zheng, LIU Tian-mo, CHEN Jian, ZHANG Yu, LU Li-wei

(College of Materials Science and Engineering, Chongqing University, Chongqging 400030, China)

Abstract: The effect of twin boundary during static recrystallization of the as-cast AZ31 magnesium alloy annealed at
different temperatures for different times was studied after being forged or compressed with certain proportion. The
results show that the twins produced by forging are short and their orientations are disordered, but twins produced by
compression are narrow and long and exist with groups that have the same orientation. The morphology differences of
diverse deformation are related to the difference of deformation rate of the forging and compression. Annealing
experiments results show that under the same condition, the recrystallization at twin boundaries of the forged AZ31
magnesium alloy occurs more easily than that of the compressed AZ31 magnesium alloy. Moreover, the nucleation ways
in the diverse areas of twin boundary were studied. A new nucleation theory of “twin boundary bulge nucleation
mechanism” at low temperature was proposed. The results indicate that some twin variants are not the positions for
priority nucleation, which is different from the classic twin nucleation theory.
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Table 1 Chemical composition of AZ31 magnesium alloy
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Fig. 1 Engineering stress—strain curves of AZ31 magnesium
alloy compressed by 4%, 8% and 12%
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Fig. 2 Microstructures of AZ31 magnesium alloy forged or compressed with different proportions without annealing: (a) 4%,
forged; (b) 4%, compressed; (c) 8%, forged; (d) 8%, compressed; (e) 12%, forged; (f) 12%, compressed
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Fig. 3 XRD patterns of AZ31 magnesium alloy forged or
compressed with different proportions without annealing:
(a) Raw material; (b) 4%, forged; (c) 8%, forged; (d) 12%,
forged; (e) 4%, compressed; (f) 8%, compressed; (g) 12%,

compressed
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Fig. 4 Schematic drawings showing changes of crystal orientation during transformation: (a) Before deformation; (b) During

deformation; (c) After deformation
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Fig. 5 Microstructures of AZ31 magnesium alloy compressed by 8% , annealed at 200 or 300 C and held for different times:
(a) 200 °C, 5 min; (b) 300 °C, 5 min; (c) 200 C, 20 min; (d) 300 ‘C, 20 min; (¢) 200 ‘C, 1h; (f)300 C, 1 h
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Fig. 6 Microstructures of AZ31 magnesium alloy forged or compressed with different proportions and annealed at 200 ‘C for 24 h:
(a) 4%, forged; (b) 4%, compressed; (c) 8%, forged; (d) 8%, compressed; (e) 12%, forged; (f) 12%, compressed
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Fig. 7 Schematic drawings of nucleation mechanisms of twin boundary[9’14]: (a) Twin boundary bulge nucleation; (b) Nucleation

surrounded by twin cross; (c) Nucleation of sub-grain boundaries growth; (d) Nucleation of secondary twins
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Fig. 8 Microstructures of AZ31 magnesium alloy forged by 12% and annealed at 200 ‘C for different times: (a), (b), (¢) 5 min; (d),
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Fig. 9 Microstructures of AZ31 magnesium alloy forged or compressed by 12% and annealed at different temperature for different
times: (a) Forged, 20 min, 200 °C; (b) Forged, 1 h, 200 C; (¢) Forged, 10 h, 200 °C; (d) Compressed, 1 h, 200 C; (e) Compressed,
10 h, 200 °C; (f) Compressed, 24 h, 200 C; (g) Compressed, 5 min, 300 °C; (h) Compressed, 1 h, 300 C
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