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Microstructure and mechanical properties of as-extruded
Mg-2Sn-2Bi-0. 5Ca—0. 2Mn magnesium alloy
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2. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The low-alloyed Mg—Sn—Bi—-based alloys have high tensile ductility and extrusion formability,
which are ideal materials for developing magnesium alloys with high strength and ductility. Considering the
poor strength of the alloy, a new low-alloyed Mg—2Sn-2Bi-0. 5Ca—0. 2Mn magnesium alloy was designed by
micro-alloying, which was successfully extruded at an extrusion temperature of 523 K and an extrusion ratio of
25:1. The microstructure and phase composition of the as-extruded alloy were analyzed by electron backscatter
diffractometer (EBSD) , X-ray diffraction (XRD), scanning electron microscope (SEM), and transmission
electron microscope ( TEM ), and the tensile properties were tested by tensile testing machine at room
temperature. In addition, the work-hardening behavior and strengthening and toughening mechanism of the
alloy were discussed in detail. Results show that the as-extruded alloy was mainly composed of o — Mg,
Mg,Bi,, and Mg,Bi,Ca phases, and exhibited almost complete dynamic recrystallization structure and typical
extruded magnesium alloy texture. The studied alloy had a high strength-ductility with tensile yield strength
(TYS) of 287.2 MPa, ultimate tensile strength ( UTS) of 353.0 MPa, and elongation ( EL) of 20.0% . The
higher yield strength was the result of the combined effect of grain boundary strengthening, second phase
strengthening, and texture strengthening. The fracture morphology of the alloy presented ductile fracture
characteristics, while the presence of coarse Mg,Bi,Ca phases adversely affected the plasticity. The work-
hardening behavior of the alloy could be divided into stage 1 and stage 11I, with stage 1l being suppressed.
Keywords: Mg—Sn—Bi-based alloy; microstructure ; mechanical properties; strengthening mechanism; work-
hardening behavior
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Fig. 1 Pre-extrusion structure (a), EBSD orientation map (b), dynamic recrystallization grain distribution map (c¢), and
(0001) polar diagram (d) of studied alloy
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Fig.2 XRD patterns of experimental alloy
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Fig.4 Tensile curve of experimental alloy at room temperature
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Table 1 ~Comparison of properties of magnesium alloys with different compositions and extrusion parameters'™®-'' 721
Alloy Extrusion temperature /K Extrusion ratio TYS/MPa UTS/MPa EL/%

Mg-1. 3Bi-0. 4Ca " 573 36:1 102 193 44.5
Mg—1Bi-1Zn [°] 573 16: 1 173 216 22.3
Mg—1Bi-1Zn-0. 6Ca "°! 215 272 27.1

Mg-28n [12] 573 31.5:1 127 232 9.0
Mg-2Sn-2Bi-0. 5Ca—0. 2Mn (in this study) 523 25:1 287 353 20.0
Mg-5Bi-2Sn 13! 573 10: 1 212 262 5.0
Mg-5Bi-4Sn 3 573 10: 1 239 282 3.6
Mg-8Sn—4Al-27n |14 573 16: 1 200 290 17.9
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tems of extruded alloy
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Fig.5 Work-hardening curve of experimental alloy
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