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Table 1 Six different compositions of Al-Ga alloy
(mass ratio)
Sample S1 S2 S3 S4 S5 S6
Al/Ga 17/1 14/1 12/1 10/1 9/1 8/1
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Fig.1 Schematic diagram for hydrogen generation experiment

device
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H1 Ga,Mgs.

ARSI I8 05 W Ay 4 L AR 4L 1A 52 45 56 2R R) (AL HL
EF . JOERER . IR TS AHIEE SR £,
T 20 3k A1 SR AR 2 B A3 AT R AE A A
2.2 XRD %7

Kl 3 4 6 P Al-Mg-Ga-Sn & &% &R_FEH) XRD
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Fig.2 Binary phase diagrams of Mg-Sn (a) and Ga-Mg (b)
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Fig.3 XRD patterns of different Al-Ga alloys
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Fig.4 XRD patterns of product at different temperatures:
(a) 30~70 ‘C and (b) 90 C
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Fig.5 SEM-BSE images (a~e) of different Al/Ga alloys and EDS line scanning (f) for Fig.5e: (a) S1, (b) S2, (¢) S3, (d) S4, and (e) S6

%2 5a~5c H1 1~6 B R BEIE N ITER
Table 2 EDS results of 1~6 points shown in Fig.5a~5c

Content/at%

Point Color

Al Mg Sn Ga

1 97.80 0 1.80 0.40
Grey

4 95.32 3.24 0.95 0.49

2 8.00 59.67 32.23 0.10

3 13.59 28.92 0.61 56.88
White

5 4.63 61.21 29.65 4.51

6 10.21 26.85 0.54 62.40

H X S Mg 5 Sn Jii - He 0 2/1, 454 XRD 1 Mg-Sn
AR AT BUR 2 16 Mg,Sn. 5 S2 AL (A 2),
S3 &4 (45 5) 1 Mg 55 Sn Jfl T HUJREZIE 2/1, 1H Ga
TEE, N 451, RYIER Mg,Sn AMNEAE Ga LG
Y. 556 FTiR A EBIX Ik GaMg J5i 7 LT 2.5/1,
4h4r XRD Fll Mg-Ga - JGAH B w] LU 52 A GasMg, . [l
B, 553 Ga S A GasMgs.

K15 Mot % Sn B 5 Mg JE AL &4 Mg,Sn, Bl A
Ga RN, FRM Mg 5 Ga &4 ERHH
GasMg,. 1T GasMg, £ MgSn S AL b R, 5
K5 E X LU EDS A (R
X 7> GasMg, il Mg,Sn. I & Se Kl 4k 4bili 4T EDS
g obr, WK Sf. &5 REW: Mg Sn R —

., A MgySno 50~60 um Ak, Sn & & BT I,
Mg M1 Ga 58 25 s, BRI & A4k GasMg,. 70~90
um &b 4§ FEAL, Mg, Sn. Ga #a#4 2, £ GasMg,
A1 MgoSn FEA7AE B F 4k

X6 FRFE b A DO T AR Image T 4K
PEREAT RS, S5 IR 3. BEE AUGa LLIFFEME,
ORI, M 6.7%F) 16.7%; KO IR 5y
A R R AT IR I B A, A B IR A SRl —
ALY, H— IR A B Rk . B AUGa LE
PIREAS, FEA AR — I Ah, IR A K2 R
Mg,Sn 7L AL e, fEdbi KR, RIMEIES B
AR RLERAR, R IR S AR AR N B K
2.4 FEMRESH

Kl 6 FIIE 7 5 S1 XA~ 7 EREH K. K 4
MR R S1 P74 EDS s Hr4 5. K 6 fin
70 ‘CF S1 WKW AVO JETELEIE 173, 454
XRD, F=#)FE 2K AI(OH)s3; 90 CH, il 7 fiox S1
WAL ALVO Ji 1 Eedeilr 1/2, 454 XRD, ;“#1+
B AIO(OH). 1] LA H G A6 Al 557K S B AL 2 T 1
A B RTER (D Al (2). THR[20-241H 8 A

#3 TRAHEFABRBERSL

Table 3 White area ratio (Rynice) in different samples
Sample S1 S2 S3 S4 S5 S6
Ryhite/ %0 6.7 8.5 11.8 13.0 14.4 16.7
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Fig.6 Electron probe map of product of S1 at 70 C
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x4 BE6, THWE A, BEHKDDITER

Table 4 Composition analysis results of point A, B marked
in Fig.6, 7 (at%)

Element Point A (70 'C) Point B (90 C)
Al 23.291 29.825
O 73.144 66.634

Sy BARE 22 5, AR [RI B F (R 7K i S . 7= )
FHA AI(OH);. ASLIGH 90 CHE, 77414 AIO(OH),
DRI s o % (2) HEAT, AR DK
PER (Vy), FPEMER (Ry) MPEEAR (1)
e e A AR 3 AN ERAR, Yy MBS E
b AT K AR, T Y SRS (3) T
¥ =/ 100% (3)
14

Kb Vo b AR AR VOB AR SR
AR
Zou S I HUMCIFBS 1 Mg-Al 45 42, EHEK

H, SA AR 900 mL/g, F AL E N 97.2%.
Kl 8a F1 8b 43 Jill Ay A 5 5 25 RS AE A RIS B IR A
AR BAT AR ST AE 30 CHE, T
AR 0.570x10° mL/g, PEEFHLER N 51.1%, B
A AR N S6 4E 90 CRY, HJA 1.156x10° mL/g, 7%
AFAZHPTIE 97.6%. Wik 8b Jiur, Al/Ga ELIHIFE(R,
SRS AW N, SO AR B . [F
—URJER, REKSY, AlUGa bbb 7= S50 R &l
G, XAER B Ga =M R, Ga i FHEANA
AR BB B AR B AL, 2R LT Heg 5468 2R ok 55
MIVER, TR INPR 7 B AL IS, I T AL (1

FPAGEFE Ry (mL/min-g) FAEEHE E (J/m)
e B e A MR A OB R 22, 4 I R AE R
SEA (RSl =20 Ffe A, o X (4) F1 (5D
i

R, =

i 4
t

E=Ey'pai-Ga (5)
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L vy AR (mL), ¢ AR R En N #6 cMEBSEHNREEE
K B R R AU A N e B PaLGa AR AlGa Table 6 Energy density of six Al-Ga alloys
M 5 i 6 Sample pr0m
5 TR 6 435l A 7 OH A N g B R IR UL A 4 30 ¢ 0°C nc 20T
Ro AT LLG H, S50 G 4 00 %R RE 5 8 B S1 1.872 1.994 2.388 2.796
% Ga OEMFmmFAE, HFE-—4170 5 S EAH s2 1.994 2.158 2.582 2.812
Ko S6 At 90 Clgeiy ™ A IH % 19.36 mL/(min-g), S3 2211 2.224 2.650 2.946
e R E L 3.515x10" J/m®. Huang 4504 1 S4 2277 2342 2737 3.065
S5 2.366 2.398 3.012 3.214
1200 s6 2.737 2.934 3.184 3.515
. —=-SI 7a
gl
Elooo | T 1000 mLe Al-In-Ga-Sn-Bi 1708 < £ 3 il AL 7T LA 20K fO
§ A AL [ IE 15.6 mL/(min-g).
2 2.5 Tafel Bk
F [ 9 B K T ALGa 4 IR M2
- 9 CROKH 4y 9 Al/Ga<12/1) FIF Tafel 4143k
= (A Tl BT Eore ATHLIHE T Toors HRHE 238 1=B/Ry,

—
) e} O (el
(=] S (=] S
T T T T 1
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Hydrogen Conversion Rate/%
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K8 6 Bl d AN )il B2 T 0™ S FH ™ Sl e e 3
Fig.8 Hydrogen production (a) and conversion rate (b) of six Al-

Ga alloys at different temperatures

£S5 HMBHEAENTEER
Table 5 Hydrogen generating rate of six Al-Ga alloys

Ru/mL-(min-g)”
Sample

30°C 50 C 70 'C 90 C
S1 0.98 1.45 2.41 4.43
S2 1.28 1.94 2.74 5.19
S3 1.67 2.31 3.12 6.64
S4 2.49 3.06 4.63 8.89
S5 2.76 4.95 8.73 12.85
S6 3.55 6.21 11.53 19.36

T B AL FPH Rp o AR A HL B AR Tl A g — A
HEB N HDHG RN R hob R R L
A FELBHBE A, <5 e PO TR RS Ak R B 2, e 2 R RE BT
M9 rTLLBIE A B, A Ga & MIHE, HEZTE
WILT—#e . RUIEBSLEE KT, AL &8 FH MR )
BEAR LR Al/Ga LLBUK, BALRBHBOR; & 7 24
AR K I S 4 R . AR AT L
i, BEH AUGa LLAIREAR, WL Uwr) BHTTE -
X HE T FHAR AL Bl A FL BN I ads B, AT n
BT, HEURATE R 8b 4151, [, 4 Al/Ga
PURRARIN, MR TR, R M e .

-1.0F
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3 -14F
% L
- L. -1.46:
g? 16 1470~ #—Sl
F %-1.475;22 —o—S2
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18 21485 ——S4
I -1.490 - —55
20k AT S5 28 24 ——S6
1 10%(I/A) 1 1 1 1 1 1
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9 ARG K T Al-Ga & 4 (K BF 3R /K 1 2%

Fig.9 Tafel curves of Al-Ga alloy in simulated seawater
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Table 7 Corrosion parameters of the Al-Ga alloys with
different Ga contents

Sample Ecor/V Teor/ A-cm’™ Rp/Q-cm2
S1 -1.313 8.82x107 5.1
S2 -1.392 1.29%107 3.6
S3 ~1.478 1.32x107 3.4
S4 ~1.481 1.45x107 3.2
S5 ~1.489 1.51x107 2.9
S6 ~1.490 1.62x10 2.9
3 & it

1) Al-Mg-Ga-Sn A 4 fE BRI /K o i &0 32 22 5
LA G A Mg,Sn, GasMg, II7EM: 30~70 C
KB 2K Al. Mg,Sn Al AI(OH);, 90 ‘Cr=4)
FHIE Al A1 AIO(OH).

2) Al-Mg-Ga-Sn &4 1E Al/Ga=8/1 IN /" Z B R i
I, 90 °C FHIF=EE N 1.156x10° mL/g, FAFELE
"Ik 97.6%, ANFEAFE Al/Ga LLERAR, 72 S0H R,
PEARBE.

3) Al-Mg-Ga-Sn &4 B A H a4, N IR R,
BE A AETE 19.36 mL/(min-g), fx A5 5 ik
3.515x10" J/m’,

4) %4 Al-Mg-Ga-Sn £ 4 HAG AR F) 14 )6 ot 72
55 AH I R T S A HLBH, 5 SRR B Leor
BT, IR T KA
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Hydrogen Production Behavior of AI-Mg-Ga-Sn Alloy in Seawater

Zhang Jianbin, Jiao Kai, Gao Jiji, Rong Yu, Shi Yu
(State Key Laboratory of Advanced Processing and Reuse of Nonferrous Metals, Key Laboratory of Non-ferrous Metals Alloys and

Processing, Ministry of Education, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Al-Mg-Ga-Sn alloys with six different Al/Ga mass ratios were prepared by casting. The hydrogen production behavior of these
alloys in simulated seawater (3.5wt% NacCl) at 30, 50, 70 and 90 °C was investigated; Quantitative analysis of hydrogen production rate,
hydrogen yield, energy density and conversion rate, and qualitative analysis of microstructure and electrochemical performance were
conducted. XRD analysis combined with SEM observation reveals that the phases of Al-Mg-Ga-Sn alloys are Al (Al-based solid solution),
Mg>Sn and GasMg;,. In addition to NaCl, the reaction products of Al-Mg-Ga-Sn alloy/seawater include Als, Mg,Sn and AI(OH); at 30~70
°C, whereas Al, and AIO(OH) at 90 °C. The polarization resistance of Al-Mg-Ga-Sn alloy in the 3.5wt% NaCl solution at room
temperature gradually increases with the increases of Al/Ga ratio, and the corrosion current is related to the microstructure. At 90 °C and
Al/Ga=8/1, hydrogen production rate is 19.36 mL/(min-g), hydrogen yield is 1.156x10° mL/g, energy density is 3.515x10'° J/m’, and
conversion rate is up to 97.6%.

Key words: aluminum alloy; simulated seawater; hydrogen production; corrosion current
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