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A fine microstructure of AZ31 magnesium
alloy developed by composite extrusion

in solid-liquid two-phase region
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Abstract: A novel semi-solid extrusion shear process was proposed based on the idea of " process
coupling and shortening process", which can improve the comprehensive mechanical properties by
grain refinement. The casting process and solidification process of AZ31 semi-solid forming process
were simulated wia Anycasting software. The appropriate extrusion parameters were selected by
comparing the results of simulation and experiment. The results show that in the deformation zone,
the nucleation of AZ31 is promoted by dendrite fragmentation and pressure, leading to the
achievement of a fine and uniform structure. The presence of the liquid phase is beneficial to
coordinating the deformation during extrusion, reducing the effect of slip and twining on the texture,
and thus the extrusion texture is weakened. The maximum basal texture strength is only 5. 3 when
the shear angle is 180°. Shear angle can further refine grains and improve comprehensive mechanical
properties. The best mechanical properties are obtained at the shear angle of 150° with yield strength
of 222 MPa, tensile strength of 309 MPa and elongation of 8%.
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Table 1 Actual compositions of AZ31 alloy
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Fig. 1 Schematic diagram of extrusion die and coordinate system
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Fig. 2 Schematic diagrams of semi-solid extrusion shear process
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Table 2 Specific parameters for different shear angles
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Fig.3 Schematic diagrams of sample observation section

(a)cross section of AZ31 extruded bar; (b)deformed area of composite extrusion
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Fig. 4 Tensile specimen size of AZ31 magnesium alloy
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Fig.5 Simulation of melt filling at different filling ratios
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Fig. 6 Simulation of solidification of castings with different solid phase ratios
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Fig. 7 Temperature-time curves

(a) temperature-time curves simulated by Anycasting; (b) measured temperature-time curves of the experimental process
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Fig. 9 Optical microstructures of AZ31 bars in different areas of cross section at different shear angles

(a)direct extrusion edge-L; (b)direct extrusion center-M; (¢)direct extrusion edge-R; (d)150°L;(e)150°-M; (£)150%-R;(g)135°-L; (h)135°-M; (1)135°-R



84 R T A

2021 4 4 H

— T RSN R OB AZ BB T A L

ZAFFARE] 3 A A E AN R AL 7 2 o R
SFLOLE 10, B AR ) L TN A R AR B B B F
T PR EG ff BE R AE TR AN 24 500 DS o EL R G 1 1

14
12+
c 10+
=2
N 8
w
£ 6
jud
Q0 4t
2
0 R
135 150 180
Shear angle/(*)
10 RIE A EE BT R AZ31 b A 78 T 4% X 8T 2 b RS

Fig. 10  Average grain size in cross section of AZ31

bar extruded at different angles
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EBSD data of different parts in semi-solid extrusion deformation zone in fig. 3(b)

(a)region Aj;(b)region By ;(c)region Ay ;(d)region By ;(e)region As; (f)region By
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Fig. 12 Recrystallization distribution in deformation zone of different parts in semi-solid extrusion deformation zone in fig. 3(b)
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Fig. 13 Polar diagrams of macro texture under different shear angles

& 13

MAX=8.8
L

ANTR) S DA BE R B R A K A
(2)180°;(b)150%; () 135°

(a)180°;(b)150%; (¢)135°

2.6 EBhMHMERE

X AS[R) Ff BE N BT AR R A VR Y R 1] AT A R L
SCG L R 14, BT R Y IR R R RN BRL
i, 2354 198 MPa il 289 MPa, iK% 9.8%, 8]
VIR AGIAE 2 048 T8 &, & okL N 36 1 7 45 0 £

350

(a) 350+ (b) ¥YS =UTS =3
300 300 303.2 308.5
250 250
£ 200 $
o o
s = 200
S 150} S 150¢
100 —a180° 100+
50 180
; : 0

0 2 4 6 8 10 12
&%

I LA W TR Xk £ 28 ORI KL TR G B T 42
HEVE AT 200 AL R s R Hall-Petch 24 2001 HAF
kB B R B R R A el T 4R T 7RO T
R R TR R A TR IR AT 3 I R Al (] A2 P A
B P B A 2 AT B A ol IO e TR i T

Shear angle/(°)

14 IR A EE T Ui AZ31 #e bt = iR b b v g
Ca) 23 10 A0 28 5 Cb) 2 3 1 A B
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(a)stress-strain curves; (b)tensile data at room temperature
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