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Table 1 Chemical composition of AZ31 magnesium alloy
(mass fraction, %)

Al Zn Mn Si Fe Cu S Mg

3.00 090 0.26 0.07

0.04 0.03 0.03 Bal
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Fig. 1 Schematic illustrations of expansion-continuous shear deformation: (a) Die structure; (b) Die cavity parameter

diagram; (c) Mould; (d) Extrusion samples
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Fig. 2 Observation positions of extruded sample
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Fig. 3 Microstructures of ND-ED plane of extruded sample at different extrusion temperatures: (a) Original; (b) 300 C;

(c) 340 °C; (d) 380 °C; (e) 420 °C; (f) 460 'C
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Fig. 4 Microstructures of ND-ED plane of extruded sample at 300 ‘C: (a) Position a; (b) Position b; (c) Position c;

(d) Position d; (e) Position e; (f) Position f
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Fig. 5 EBSD maps of extruded sample at position a: (a), (b) Microstructure and twin distribution; (c) Enlarged map of G1;
(d) Enlarged map of G2; (e) Line graph of misorientation angle along white arrow CD; (f) Line graph of misorientation angle

along white arrows AB and EF
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Fig. 6 EBSD maps of extruded sample at position b: (a), (b) Microstructure and twin distribution; (c) KAM map of orange

dashed box in Fig. 6(b); (d) Enlarged map of G1; (e) Enlarged map of G2; (f) Line graph of misorientation angle along

white arrows AB and CD
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Fig. 8 EBSD maps of extruded sample at position d: (a) Microstructure; (b) Enlarged map of G1; (c) Enlarged map of G2;

(d) Enlarged map of G3; () IGMA map of G3
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Fig. 9 EBSD map(a) of extruded sample at position e and optical microstructure(b) at position f
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Grain refinement mechanism of AZ31 magnesium alloy processed by
expansion-continuous shear deformation

CHE Bo'?, LU Li-wei®?2, XIANG Yao'?, MA Min%?, LUO Jun®, LIU Long-fei® 2

(1. School of Materials Science and Engineering, Hunan University of Science and Technology,
Xiangtan 411201, China;
2. Hunan Provincial Overseas-wisdom Innovation Center of New Energy Vehicle in
Industrial-Academic-Research Cooperation, Hunan University of Science and Technology,
Xiangtan 411201, China;
3. Hunan Provincial Key Laboratory of Vehicle Power and Transmission System,
Hunan Institute of Engineering, Xiangtan 411104, China)

Abstract: This study proposes a new method of expansion-continuous shear deformation, and the grain refinement
mechanism of AZ31 alloy was investigated with an optical microscopy and electron backscatter diffraction. Results
show that AZ31 alloy can refine the grains from 150 pm to about 2.5 um. During the expansion deformation,
{1012} tensile twinning is the main deformation mechanism, which can offer numerous nucleation sites to trigger
dynamic recrystallization. At the opening position, the Mg alloys have undergone large extrusion-ratio and shearing
deformation, which can activation of prismatic (a) slip. Grains refinement and uniform microstructure are
improved due to the basal and prismatic (a) slip. During the whole process, low-angle grain boundaries are
gradually transformed into high-angle grain boundaries. Dynamic recrystallization becomes more sufficient due to
the content of high-angle grain boundaries increasing from 27.6% at the position of the extrusion channel to 72.2%
at the position of the channel of sheet forming. Therefore, the grain refinement mechanisms of Mg alloys are
dynamic recrystallization stimulated by twinning and continuous dynamic recrystallization.

Key words: AZ31 magnesium alloy; expansion-continuous shear deformation; dynamic recrystallization; grain

refinement
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