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Table 1 FSP parameters and speed ratio factors

No. olr-min™ vimm-min™* olv
1 600 200 3
2 400 100 4
3 600 75 8

Note: w-rotation speed, v-traveling speed, w/v-speed ratio factor.
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Fig.1 Schematic diagrams of size of tensile specimen (a) and
hardness measurement region (b) (WD-welding direction, TD-
transverse direction, ND-normal direction, and SZ-stir zone)
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Fig.2 OM images of FSPed samples at w/v=3 (a), w/v=4 (b), and
wlv=8 (C)
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Fig.3 Microstructures of SZ (a), TMAZ (b), HAZ (c), and BM (d) of the FSPed sample at w/v=3
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Fig.4 EBSD maps of SZ in FSPed samples at w/v =3 (a), w/v=4 (b), and w/v=8 (c)
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Table 2 Average grain size (d), average misorientation angle (6,,),
and high angle grain boundary ratio (f,,.;) of FSPed
samples with various w/v

wlv d/um 0,J) finced %
3 1.34 34.59 85.44
4 1.45 36.53 89.87
8 214 37.49 91.25
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Fig.5 2D hardness cloud diagrams of FSPed samples at w/v=3 (a),
wlv=4 (b), and w/v=8 (c); maximum hardness of SZ (d) (AS
represents advance side, and RS represents retreat side)
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Fig.6 True stress-true strain curves (a) and tensile fracture diagrams (b) of FSPed samples tested at 475 °C with strain rate of 107 s™
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Fig.7 EBSD maps of FSPed samples at w/v=3 (a), w/v=4 (b), and w/v=8 (c) after tensile fracture (ND-normal direction and DD-deformation

direction)
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Table 3 Grain aspect ratio and cavity proportion of FSPed
samples with various w/v after tensile fracture

olv Grain aspect ratio Proportion of cavities/%
3 1.70+0.20 7.74%0.42
4 1.32+0.17 8.06+0.53
8 1.18+0.23 8.28+0.66
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Fig.8 Grain-boundary misorientation angle distributions of FSPed samples at w/v=3 (a), w/v=4 (b), and w/v=8 (c) after tensile fracture
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Fig.9 Cavities (a—c) and cross-sectional views (a,—c,) of fracture samples at w/v=3 (a, a,), w/v=4 (b, b,), and w/v=8 (c, c,)



« 1722 ¢

W] e JE RS TR

5 55 4%

.48 % S HCF O FLIFA T AL 5l % 3 R, T LU
ER R e RS 2P TN 3 A DN
LR 77 T R K £ e 5 K 8 DR T A 4
B RE: 010K 25 0PI T 1B TG T 7 4 2 A B i
F8 % AL . (B Ak b LR K R A — A
I 1 K CIRT AR 25 i 5 << 9% » 3 2 b FL 7 it
S 1 5 P 2 — , IRt T DR R £ I B AL
ST 5 L, 68 9 A0 T B 35 5 K R 8 1 79 % o £
WL R, R AR AL B S5 . ) 9a,~0c, F 7 1
10 T 610 7% 390 P20 00 5% 7 AR A0 RIS R T
W1 M B L — 2B T T % PR RS T MR M
e O A T SRS A B OB T L

4 25 i

DB BEPE EEIN T 250 WA L D7 (K38, ¢
PEEESIN TIX ARG K, SRR IBH 38K, Bh A 45 b
SEINFE Ty, 159 5 5 i ELAG] (0 K A B AL

20 45 P XA FEZ e {1 3k B AT R0 A N ) 8 A ol
FEAR, EZBRAN K. S8R B BRI T IXRE FZ 7 Afi
A G — 1053 AT IR , 3504 DXCRE 82 f v, FAATLIRE T X 2K
Z 5 IAFE I XCRE P A o L A 40 P DX R W {22 2 P A
PEPE D EHR e iR

3) 3 bb A7 O 4 1 N TR R R Y8 P iR 4 AR
475 'C. 102 s R 3R15 1 2500% fa 8 A A< BRI
X BT T AAVER E M e 1 S5 A 2 o DA R v A KA
FEf A B T2 HCT MR SV AR T (1 3 ZE AL
N g .

SE 30k References

[1] Xu Guofu(#4: [E &), Peng Xiaoyan(% /), Duan Yulu( B’ #)
et al. The Chinese Journal of Nonferrous Metals(+ [ 45 4 4 J& 2%
#)[9], 2016, 26(8): 1577

[2] Feng Lei(dt 7), Li Jianguo(Z= & H), Mao Yizhe(E#% ¥). Rare
Metal Materials and Engineering( % 5 4 J& # B 5 1 #2) [9],
2019, 48(9): 2857

[3] Lin Chunfa(i#i % %), Dai Yuxuan(#& 5% %T), Han Yugiang (% i 3%)
et al. Materials China(H El A1 ELiE J£)[J], 2024, 43(10): 944

[4]Sun Z Y, Liu F Y, Chen H Y. Rare Metal Materials and
Engineering[J], 2021, 50(10): 3454

[5] Qiao K, Wang K S, Gao F et al. Materials Characterization[J],
2024, 215: 114155

[6] Smolej A, Klob&ar D, Skaza B et al. Materials Science and
Engineering A[J], 2014, 590: 239

[7]Argade G R, Kumar N, Mishra R S. Materials Science and

Engineering A[J], 2013, 565: 80
[8] Liu H J, Zhang H J, Yu L. Materials & Design[J], 2011, 32(3):
1548
[9] Schneider J A, Nunes A C. Metallurgical and Materials
Transactions B[J], 2004, 35: 777
[10] Wang Xiaodong( E I %5), Ke Liming(F] 22 B]), Xing Li(Ji§ TN)
et al. The Chinese Journal of Nonferrous Metals( [ 5 % 4> &
2£41%)[9], 2010, 20(1): 100
[11] Heidarzadeh A, Mironov S, Kaibyshev R et al. Progress in
Materials Science[J], 2021, 117: 100752
[12] Zeng X H, Xue P, Wu L H et al. Journal of Materials Science &
Technology[J], 2019, 35(6): 972
[13] Mao Y Q, Ke L M, Chen Y H et al. Journal of Materials Science
& Technology[J], 2018, 34(1): 228
[14] Mishra R 'S, Bieler T R, Mukherjee A K. Acta Metallurgica et
Materialia[J], 1995, 43(3): 877
[15] Ma Z Y, Mishra R S, Mahoney M W et al. Metallurgical and
Materials Transactions A[J], 2005, 36: 1447
[16] Xu G F, Cao X W, Zhang T et al. Materials Science and
Engineering A[J], 2016, 672: 98
[177Liu X D, Ye L Y, Tang J G et al. Materials Science and
Engineering A[J], 2021, 805: 140545
[18] Zhang Lei(ik %), Guo Ping( ¥k #£), Wang Huan(E *X) et al.
Rare Metal Materials and Engineering(# 8 4 @+ k5 T [J],
2024, 53(12): 3422
[19]1Deng Y, Yin Z M, Pan Q L et al. Journal of Alloys and
Compounds[J], 2017, 695: 142
[20] Avtokratova E, Sitdikov O, Markushev M et al. Materials
Science and Engineering A[J], 2012, 538: 386
[21] Liu F C, Ma Z Y. Scripta Materialia[J], 2008, 59(8): 882
[22] Mason J K, Schuh C A. Acta Materialia[J], 2009, 57(14): 4186
[23] Liu F C, Ma Z Y, Chen L Q. Scripta Materialia[J], 2009,
60(11): 968
[24] Jiang H J, Liu C Y, Zhang B et al. Materials Characterization[J],
2017, 131: 425
[25] Kawasaki M, Xu C, Langdon T G. Acta Materialia[J], 2005,
53(20): 5353
[26]Li M J, Pan Q L, Shi Y J et al. Materials Science and
Engineering A[J], 2017, 687: 298
[271Yi L L, Yu G, Tang Z M et al. Materials Characterization[J],
2024, 208: 113604
[28] Kaibyshev R, Musin F, Gromov D et al. Scripta Materialia[J],
2002, 47(9): 569
[29] Kaibyshev R, Musin F, Lesuer D R et al. Materials Science and
Engineering A[J], 2003, 342(1-2): 169



H1H T BEREEEEIN TAREE Al-Mg-Sc-Zr & 4 4H 21 1 i AR i 28 8 W . 1723

Microstructure and High-Strain-Rate Superplasticity of Friction Stir Processed
Al-Mg-Sc-Zr Alloy with Low Magnesium Content

Mei Lin', Sun Yongho?, Xie Jing?, Chen Xingpin®
(1. Guangxi Key Laboratory of Multidimensional Information Fusion for Intelligent Vehicles, Guangxi University of Science and Technology,
Liuzhou 545006, China)
(2. International Joint Laboratory for Light Alloys (MOE), Chongging University, Chongging 400044, China)

Abstract: The effect of speed ratio factor of friction stir processing on microstructure, microhardness and superplasticity of Al-3Mg-0.1Sc-0.1Zr
alloy was investigated. The results show that with the increase in speed ratio factor and heat input, the area of stir zone and the grain size are
increased, the dynamic recrystallization is more complete, while the peak hardness in stir zone is decreased. All alloys processed at different speed
ratio factors show high-strain-rate superplasticity when they are tensile-tested at 475 °C with strain rate of 102 s™. Three types of true stress-true
strain curves are observed during tensile tests. The optimal elongation of 2500% is achieved in the alloy processed with a speed ratio factor of 4,
and significant strain hardening occurs before tensile fracture, which improves the common softening loss of stress at the later stage of
superplastic forming, implying high engineering application value. The outstanding superplasticity is mainly attributed to equiaxed fine grains
with excellent thermal stability and a high proportion of high angle grain boundaries. Based on the analysis of grain aspect ratio, cavity evolution,
and morphology of fracture profile, the dominant mechanism of superplastic deformation under all speed ratio factors is grain boundary sliding.
Key words: Al-Mg-Sc-Zr alloy; friction stir processing; speed ratio factor; high-strain-rate superplasticity; grain boundary sliding
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