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Microstructure and Mechanical Properties Evolution of Cast Magnesium Alloy AZ91D

after Equal Channel Angular Extrusion
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Abstract: This paper demonstrates the effect of equal channel angular extrusion (ECAE) process on the microstructure and
mechanical properties of cast magnesium alloy AZ91D. In terms of mechanical properties. the yield strength, ultimate
strength, elongation rate, and elastic modula of AZ91D were increased from 86. 3 MPa, 146. 3 MPa, 1.84%, and 42. 5 GPa to
144.1 MPa, 222.8 MPa, 15.15%, and 47. 7 GPa after one ECAE pass, and to 109. 1 MPa, 268. 3 MPa, 25.48%, and 48.9
GPa after two ECAE passes at room temperature. In terms of microstructure, the dendritic crystal had been crushed because of
sliding and rotation motion after the first pass of ECAE process, the crystal and black eutectic phase (Mg;; Al;;) of AZ91D has
been elongated along the direction of extrusion. When the second pass was applied, the black eutectic phase began to remelt,
and was reduced and distributed discontinuously.
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Table 1 Chemical composition of Magnesium alloy AZ91D

Al Zn Mn Si Cu Ni Fe Be Mg

9.0 0.7 0.13 0.01 0.02 0.001 0.002 0.001 5 43t
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Fig. 1 Schematic of ECAE die employed by the current
study
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Table 2 Key parameters of ECAE process
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Fig. 2 Processing routes of ECAE
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Fig. 3 Tensile sample of AZ91D at room temperature
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Table 3 Mechanical properties of AZ91D at room tempera-

ture
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KA iS5 /MPa /MPa /% /GPa

1 84. 94 157.8 2.36 43. 280

JE A 2 88. 64 141.3 1.51 42. 690
B 3 85. 36 139.9 1.63 41. 670
¥ 86.3 146. 3 1.84 42.547
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Fig. 4 Microstructure of AZ91D before ECAE process
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Fig. 5 Microstructure of AZ91D after one ECAE pass 23 8
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Fig. 7 Microstructure and SEM image of continuous re-
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Fig. 6 Microstructure of AZ91D after two ECAE passes
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Fig. 8 Microstructure and SEM image of discontinuous

region of AZ91D after two ECAE passes

(F#% 9 1)



B3k H3W

T R A Y B FE U ’

28 AR I 32 3 AN ¥ 50, i 10 A4 RL 8 A 50,
B i g A i AR AR AE LA 10 Fros .

& 10 S i 4L R

Fig. 10 End surface twist
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