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ABSTRACT: The work aims to improve the mechanical properties of AZ91 magnesium alloy at more than 120 “C. Ca, Si and
La/Ce mixed rare earth elements were added to AZ91 alloy. Isothermal extrusion was carried out at 360 C with an average ex-
trusion speed of 1.2 mm/s and an extrusion ratio of 30 : 1 to explore the effects of Ca, Si and La/Ce mixed rare earth elements
on the mechanical properties, phase composition and microstructure of AZ91 alloy. Ca had a greater effect on the mechanical
properties of AZ91 extruded alloy than Si. At room temperature, the yield strength, tensile strength and elongation of
Mg-9A1-Zn-0.5RE-Si extruded alloy were 254 MPa, 306 MPa and 7.0%, respectively. However, the yield strength, tensile
strength and elongation of Mg-9Al-Zn-0.5RE-0.5Ca extruded alloy were 308 MPa, 330 MPa and 7.1%, respectively. The me-
chanical properties of Mg-9Al-Zn-0.5RE-0.5Ca-0.5Si extruded alloy at room temperature were the best, and its yield strength,
tensile strength and elongation were 351 MPa, 383 MPa and 7.4%, respectively. It indicated that the strength and plasticity of
AZ91 extruded alloy could be improved simultaneously through the synergistic action of Ca and Si. At 150 C and 200 C,
Mg-9Al1-Zn-0.5RE-0.5Ca-0.5Si alloy still had the best mechanical properties. At 150 ‘C, the yield strength, tensile strength and
elongation were 174 MPa, 225 MPa and 31.8% respectively. At 200 ‘C, the yield strength, tensile strength and elongation were
136 MPa, 153 MPa and 49% respectively. After extrusion, [1010]and [1120] textures parallel to the extrusion direction were
formed in the alloy. After 360 C hot extrusion, the tensile properties of the alloy can be significantly improved due to dynamic
precipitation, dynamic recrystallization and texture. At room temperature, 150 ‘C and 200 ‘C, the mechanical properties of
Mg-9Al1-Zn-0.5RE-0.5Ca-0.5Si are the best, indicating that the addition of Ca, Si and La/Ce mixed rare earth elements at the
same time is beneficial to improving the heat resistance of AZ91 alloy.

KEY WORDS: rare earth magnesium alloy; extrusion; electron backscattered diffraction; precipitation strengthening; heat re-
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Tab.1 Chemical component of as-cast M g-9Al-Zn-0.5RE-xCa-ySi alloy wt.%
Alloys Al Zn Ca Si La Ce Mg
A 8.44 0.99 — 0.86 0.13 0.20 Bal.
B 8.19 1.11 0.51 0.73 0.21 0.37 Bal.
C 8.78 0.99 0.67 — 0.18 0.33 Bal.
D 9.16 1.12 0.45 0.49 0.19 0.32 Bal.
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Fig.3 SEM images of 4 as-extruded alloys: a) A alloy; b) B alloy; c) C alloy; d) D alloy
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Fig.5 Recrystallization structure and statistical results of recrystallization grain of as-extruded alloys:
a) A alloy; b) B alloy; c) C alloy; d) D alloy
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Fig.6 IPF maps and PF maps of the as-extruded alloys: a) A alloy; b) B alloy; c) C alloy; d) D alloy
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Fig.7 Tensile properties of as-extruded A, B, C and D alloys as shown in Fig.7: a) at room temperature; b) at 150 ‘C; ¢) at 200 C
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Tab.2 Structural parameters and strengthening contributions from grain boundary strengthening and precipitation
strengthening in Mg-9Al-Zn-0.5RE-xCa-ySi alloy

GB strengthening

Orowan strengthening

YS predicted re-

Alloys d/pm oge/MPa dy/nm J/nm AGorowan/MPa sult/MPa
A 6.6 95.0 52 130 30.7 192.7
B 5.1 108.1 61 126 322 207.8
C 4.2 119.1 55 121 333 219.4
D 3.8 125.2 50 80 49.5 241.7
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