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Table 1 Chemical compositions of AZ31 magnesium
alloy (/%)
Al Zn Mn Si Fe Cu Mg
2.7 0.9 0.4 <0.01 0.004 <0.01 Bal.

B R AR 3R T R 5, FH e B L S5 R P B I
TARFE TAF SHERE L R T B, 0 T R o 2 1 b B
JEN T AR IR 28 0.2 mm. S26 bk B 7 4 ik
T FE (r/min)/ B 3 3 FE (mm/min) #E 4700 T, BN
475/118. 600/118. 750/150. 750/60. 750/30. 950/118.
1500/118 . 7 2 B I 1. 77 [m) o Ak b i) B <8 A 1K
FE, JEhFIN 5 g TRER+5 mL ZR+90 mL ZFE+10
mL ZX1#7K , Fl OLY CIA m3 4 AH . i W0 2% 5 4L 41,
H JEM-200CX 37 i HL 55 W8 5% 55— AHbL 1~ 1K T2 25 A 4y
A, KRB & SRR o R BT
FSP In L7y i, HRSFE 1 B, &2 mm.

F Instron 8801 ZY$y i HLidt 4T mydE A aae, Fi i
M 350~450 C, RiAREFN 5x107~1x107 s, H
JSM- 6460 £ k] 22 471 $ H B BE AT Fr A T 1120 7

-3 ™,
S
~ RL r W ‘
i — _..j'_:. —_———— — - f“f’_ — ——coy—
- _.l_ 7 '
N
20 |

K1 ffire R

Fig.1 Size of tensile specimen (mm)
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Fig.2 Microstructures of BM and FSP specimen in SZ: (a) BM, (b) 475/118, (c) 600/118, (d) 750/150, (e) 750/60,
(f) 750/30, (g) 950/118, and (h) 1500/118
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Table 2 Superplasticity of AZ31 Mg alloy

FSP parameter/  Initial grain TEMP  Strain rate

EL/%
rmin/ mmmin®  size/pm ['C /x10*s? 0
BM 7.67 450 > 630
10 595
5 405
475/118 0.94 450 10 320
100 150
5 350
450 10 300
600/118 1.35

5 220

350
10 148
750/150 1.62 450 > 160
10 120
5 235
750/60 2.26 450 10 300
100 95
5 210

750/30 2.77 450
10 130
5 90

11 2. 4

950/118 95 50 10 20
5 145

1500/118 3.21 450
10 160

K] 3 2% 600/118 1 750/60 [¥) S2 [X FSP ikt TEM & H
Fig.3 TEM images of FSP specimen in S2: (a) 600/118 and
(b) 750/60
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Fig.4 Macrograph of tensile specimens at 450 ‘C with strain

rate of 5x10*s?
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Fig.5 Flow stress of BM and FSP specimens: (a) 950/118, 750/150, 1500/118; (b) 750/60, 475/118; (c) 750/30, BM; (d) 600/118

K6 FSPBlFEhLif bR )5 SZ X & M 2R
Fig.6 Optical microstructures of FSP specimens in S2 after tensile test at 450 ‘C with strain rate of 5x10*s™:
(a) 475/118, (b) 600/118, and (c) 750/60
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Fig.7 Optical microstructures of specimens after tensile test at 450 °C with strain rate of 5107 s™:

(a) BM, (b) 475/118, and (c) 600/118
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B8 6007118 IR FEFT 750/60 1AE i A6 BT 114 4 e B2 IR A
Fig.8 SEM morphologies of 600/118 specimen with strain rate of 5x10*/s™ at 350 ‘C (a) and 450 ‘C (b); SEM morphologies
of 750/60 specimen at 450 ‘C with strain rate of 1x10%s™ (c) and 5>10™* s (d)
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Superplasticity of Fine-grained AZ31 Magnesium Alloy Prepared
by Friction Stir Processing

Gao Xue, Zhang Zheng, Wang Wen, Hai Minna, Jia Shaowei, Wang Kuaishe
(Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: AZ31 magnesium alloy with fine-grained microstructure was prepared by friction stir processing (FSP). The superplasticity of
base metal (BM) and fine-grained AZ31 magnesium alloy with different grain sizes were compared. The results show that microstructure
of the AZ31 hot-rolled plate with an average grain size of 7.67 pm is refined to 0.94~3.21 um. The maximum elongation of the BM is
630% at 450 < and 510 s, while that of the FSP AZ31 alloy is 405% in the same situation, indicating there is no linear relationship
between grain size and superplastic performance. Superplastic deformation mechanism is mainly grain boundary sliding, and twin crystal
also affects the deformation. The failure mechanism is cavity generation, growth and coalescence.

Key words: friction stir processing; AZ31 magnesium alloy; superplasticity
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