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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 

 

}��f~ 3 �R�p'��R�p'����

�±5%��ãR��ùp'Èü&�p'�����

5%��m�~�ßo�ö���±5%�ã 3�p'R

��ùp'Èü 

������	
�

�����Al-Mg-Ga-Sn ���� 

Al-Mg-Ga-Sn ½¾��ab9:¬
ÂÃ`�-

Al-Mg-SnÄÃ`�

[23]

�{1��g� 1� Al-GaÂ

Ã`���Al/Ga3 4/1P¦ GaK+3 20%TG�Ý�

Ga ÃºGU�OÁW�3
 Al ¬1��p'� 

¡ Al/Ga�ÏePAl/Ga�@+Ï�øù 17/1 14/1 

12/1 10/1 9/1 - 8/1T��¢3 4/1 G��£V«×

( Al- Ga��½?>�� 2aù Mg-SnÂÃ`�

3 770.5 ��SnK+�ù 72%ÝÁ� Mg

2

Sn�¤`&

3! Sn� MgÝ�203.5 �¥¦�>§t��&3!

Mg � Sn Ý�561.2 �¥¦�>§t���p'c

e Mg+Snd+ù 10%�� Mg/Sn@+Ïù�� 1/1�

V«×� Mg

2

Sn`>�� 2bù Ga-MgÂÃ`�

Ga3 Mg���)U�#ù 5%�V«× Ga-Mgf>

�Å��¤`�¼ Ga

5

Mg

2

  Ga

2

Mg GaMg GaMg

2

- Ga

2

Mg

5

 

�p'ÀÉ½¾{1`��¨©ªÃº¤�«¬

�� Ãº� ÀÉtó ®¯¸#M¹º¶·�

X���°-`�����Ü�� 

�����XRD 	
 

� 3 ù 6 � Al-Mg-Ga-Sn ½¾�O�f� XRD

�±�K� Al

ss

 Mg

2

Sn - Ga

5

Mg

2

&� Al/Ga=8/1

Ý Ga

5

Mg

2

HG²³#�ù´� 

� 4ù 6�½¾3ª"S#�ÖD���µ¶?¦

·C¡?P�¸¹ºT� XRD�±µ¶?�� Al

ss

- NaCl��á�q Ga

5

Mg

2

&3 30 50- 70 �ÝP� 

Thermometer 

Drying tube 

Water bath 

M
e
a
s
u
r
i
n
g
 
c
y
l
i
n
d
e
r
 



�3584�                                          �57+,-).                                           � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  Mg-Sn_ Ga-MgP��{� 

Fig.2  Binary phase diagrams of Mg-Sn (a) and Ga-Mg (b) 

 

 

 

 

 

 

 

 

 

 

 

� 3  MN|�CP XRD�� 

Fig.3  XRD patterns of different Al-Ga alloys 
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� 4  MN�kf�P XRD�� 

Fig.4  XRD patterns of product at different temperatures: 

(a) 30~70   and (b) 90   
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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, (c) S3, (d) S4, and (e) S6 
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Table 2  EDS results of 1~6 points shown in Fig.5a~5c 
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Fig.6  Electron probe map of product of S1 at 70 - 
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Fig.7  Electron probe map of product of S1 at 90 - 
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Table 4  Composition analysis results of point A, B marked 

in Fig.6, 7 (at%) 

Element Point A (70 -) Point B (90 -) 

Al 23.291 29.825 

O 73.144 66.634 
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Fig.8  Hydrogen production (a) and conversion rate (b) of six Al- 

Ga alloys at different temperatures 
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Table 5  Hydrogen generating rate of six Al-Ga alloys 
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Table 6  Energy density of six Al-Ga alloys 
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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 E

corr

/V I

corr

/A·cm

-2

 R

p

/Ω·cm

2

 

S1 –1.313 8.82×10

-3 

5.1 

S2 –1.392 1.29×10

-2

 3.6 

S3 –1.478 1.32×10

-2

 3.4 

S4 –1.481 1.45×10

-2

 3.2 

S5 –1.489 1.51×10

-2

 2.9 

S6 –1.490 1.62×10

-2

 2.9 
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���

�������� Mg

2

Sn�Ga

5

Mg

2

����30~70 �

������ Al

ss

�Mg

2

Sn � Al(OH)

3

�90 ���

�� Al

ss

� AlO(OH)� 

2) Al-Mg-Ga-Sn ��� Al/Ga=8/1 ��
 !"

#� 90 �$��
%� 1.156×10

3 

mL/g��
&'(

)* 97.6%�+,-. Al/Ga/01��
2(03�

�
%04� 

3) Al-Mg-Ga-Sn��567%'�89'�:;�

"<�
2(* 19.36 mL/(min·g)�"<=%>?*

3.515×10

10 

J/m

3
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Hydrogen Production Behavior of Al-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% NaCl) 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

ss

 (Al-based solid solution), 

Mg

2

Sn and Ga

5

Mg

2

. In addition to NaCl, the reaction products of Al-Mg-Ga-Sn alloy/seawater include Al

ss

, Mg

2

Sn and Al(OH)

3

 at 30~70 

°C, whereas Al

ss

, and AlO(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 1.156×10

3

 mL/g, energy density is 3.515×10

10 

J/m

3

, and 

conversion rate is up to 97.6%. 

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