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Fig.1 XRD patterns of Al-Mg-Ga-Sn alloys with different Ga

contents
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Fig.3 BSEM images of Al-Mg-Ga-Sn alloys with different Ga contents: (a) 0%, (b) 4%, (c) 8%, (d) 12%, and (e)16%
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Table 1 Area fraction occupied by phase in white zones
of specimens

Specimen a b c d e
Area fraction/% 17.2 15.8 11.2 13.3 15.1

H Mg 1 Sn [ ¥ b 423E 2/1, 454 XRD WA I 45
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EE MR R 3 A3, s 4 F 7 R Mg A Sn R T
PRI 2/1, Wb n] e 58 e A4 2 MgoSns 18] 3
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Table 2 EDS analysis results of each point shown in Fig.3 (at%)

Specimen Point Al Mg Ga Sn  Main phases
. 1 97.00 02.81 - 00.19 Al
2 37.01 41.29 - 21.70 Mg,Sn
b 3 6.09 58.39 07.40 28.12 Mg,Sn
. 4 02.37 68.04 00.67 28.92 Mg,Sn
5 1243 25.63 61.30 00.64 GasMg,
d 6 94.36 02.47 02.82 00.36 Al
. 7 03.63 66.79 02.97 26.61 Mg,Sn
8 12.07 24.59 59.91 02.53 GasMg,

WS RS 8 XN EDS BT g5 Bk, Mg JaE
Ga JUE M A T HLERIT 1/2.5, 454 XRD K48,
AT AR GasMg,, fEEIT A& A ®, HEE Ga iz
380, A GasMg, AR B AR N,
RIPIRNE 3 &H SR EIEAH S EDS s
Mras g, RO HIER B TE I Al J6 2 R 20 U b 1
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Table 3 Content of Al in each alloy (/%)
Specimen a b c d e
Designed content 90 86 82 78 74
96.68  93.95 89.6 89.5 89.68

Tested content

Diameter Remaining/%

Diameter Remaining/%

o 1 2 3 4 5 6 7 8
Time/h

0 1 1 1 1 1 1 1 1
0.0 10 20 30 40 50 60
Time/h

K4 %5 e Rl BT 0 B A i 2
Fig.4 Degradation curves of each alloy at different temperatures: (a) 30 ‘C, (b) 40 C, (¢) 70 C, and (d) 90 C
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Fig.7 Corrosion morphologies of alloys with different Ga contents after degradation for 1 min in pure water at 70 C: (a) 0%, (b) 4%,
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Table 4 Corrosion parameters of the degradable alloys with
different Ga contents

Specimen EeconlV Loorn/x107* Accm™ Ry/Q-cm’
a -1.3515 1.104 390
b -1.3696 1.165 370
c -1.3938 1.307 366
d -1.3938 1.426 330
e —1.4387 1.476 306
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55123

TR, Ga S X Al-Mg-Ga-Sn & 4 ZH ZUR AR (4 5% i

- 4045 -

GasMg, FH T o5 A 2 B pd s i 16 K.

2) 4 G HERT 9% Ga 763 Fr RORKGR (9361
S, HLREAR SOV B ) A T A AR JE S M A2 5

3) BiEE T Ga RS ENHIN, & erE b
R AR 6 5 5 P

5% Xk

[1] Estrin Y, Nene S, Kashyap B P et al. Materials Letters[J]],
2016, 173: 252

[2] Du B D, He T T, Liu G L et al. International Journal of
Hydrogen Energy[J], 2018, 43(15): 7201

[3] Koirala I, Singh B P, Jha I S. Scientific World[J], 2015, 12(12):
14

[4] Zhao Chong(®& 1), Xu Fen(ff 2¥), Sun Lixian(#) 37 %) et al.
Progress in Chemistry(tb %213t 2 )[J], 2016, 28(12): 1870

[5] Ma Li(% JJ), Zeng Hongjie(}5 £1.7%), Yan Yonggui([=7K i)

References

et al. Corrosion Science and Protection Technology(J&§PhiF} 2%
P A1, 2009, 21(2): 125

[6] Zhang Yingying(iK Z &), Qi Gongtai(5% /A &), Liu Bin(Xl| &)
et al. Journal of Chinese Society for Corrosion and Protection
(1 R 55 B 7 2241 [], 2005, 25(6): 336

[7] Li Yongtao(Z5 7K ¥#). Thesis for Master(Tfi=:1£ 3)[D]. Chang-

chun: Jilin University, 2016

[8] Zhang Yan(5K ), Song Yusu(‘&K & #). Corrosion & Protec-
tion(J& 1t 5 B H)[J], 2005, 26(4): 143
[9] Guo Siwen(F[ 8 30), Shao Yuan(ff ##), Gu Zhengfu(ili IE &)
et al. Materials Review(# ¥l S4R)[1], 2018, 32(6): 947

[10] Zhu Jianfeng(4 &%), Hu Dan(" F}), Ren Guofu(fL:H &)
et al. Journal of Shaanxi University of Science and Techno-
logy(BR V4 B3R 2 24 4R)[J], 2017, 35(1): 62

[11] Marya M P. US Patent, 8211248[P], 2012

[12] Wang W, Zhao X M, Chen D M et al. International Journal
of Hydrogen Energy[J], 2012, 37(3): 2187

[13] Kravchenko O V, Semenenko K N, Bulychev B M et al.
Journal of Alloys & Compounds[J], 2005, 397(1-2): 58

[14] Zhang J P, Wang R C, Yan F et al. Transactions of
Nonferrous Metals Society of Chinal[J], 2012, 22(12): 3039

[15] Ziebarth J T, Woodall J] M, Kramer R A et al. International
Journal of Hydrogen Energy[J], 2011, 36(9): 5271

[16] Raghavan V. Journal of Phase Equilibria & Diffusion[J],
2011, 32(1): 57

[17] Zhang Jianbin(3K # %), Liu Junjun(¥ % %), Li Qinlin(ZE JK
M). Chinese Journal of Rare Metals(¥iH 4:J&)[J], 2019,
43(6): 592

[18] Chang Y, Liu B, Wang H H et al. Rare Metal Materials &
Engineering[J], 2017, 46(9): 2428

Effect of Ga Content on Microstructure and Degradability of Al-Mg-Ga-Sn Alloys

Zhang Jianbin, Liu Junjun, Li Qinglin
(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: AI-Mg-Ga-Sn alloys with different Ga contents were prepared by electric furnace melting. The microstructure morphology and
composition were characterized by optical microscopy (OM), scanning electron microscopy (SEM) and X-ray diffractometry (XRD); the
degradation rates were measured in pure water at 30, 40, 70 and 90 °C; and the electrochemical performance at room temperature was
tested using the electrochemical workstation. The results reveal that in case that Mg+Sn is 10% (mass fraction), AI-Mg-Ga-Sn alloys with
0 wt%, 4 wt%, 8 wt%, 12 wt% and 16 wt% Ga, all contain Al matrix phase and Mg,Sn phase. Moreover, GasMg, phase appears with the
increase in Ga content. The degradability of AI-Mg-Ga-Sn alloys primarily presents start-up with pitting corrosion in aluminum matrix
phase, and acceleration with intergranular corrosion between Mg,Sn and GasMg, compound phases. The initial degradation temperatures of
alloys with different Ga contents depend on the content of low melting point elements (Ga+Sn) solved in the aluminum matrix; the alloy
with the same Ga content rapidly degrades with elevating temperature, and the degradation reaction kinetics follows Arrhenius equation.
Electrochemical analysis at room temperature indicates that as Ga content increases in Al-Mg-Ga-Sn alloy, the corresponding corrosion
potential negatively shifts to different extents, while the corrosion current gradually improves.

Key words: aluminum alloy; degradable; microstructure; corroded morphology
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