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Table 1 Bulk soluble aluminum alloy and hydrogen production performance
Additive Composition Hydrogen production rate  Hydrogen production efficiency/% Ref.
Ga Al-Ga 112 mL-min™"-g"' 100 [4]
Ga-In Al-Ga-In 93 [5]
Ga-In-Sn Al-3% Ga-3% In-5% Sn 1080 mL-min"-g™" 100 [6]
Ga-In-Sn Al-11% Ga-3% In-1% Sn 98 [7]
Ga-Mg-Sn Al-Ga-Mg-Sn 97.6 [8]
Ga-In-Sn-Bi 0.2 g Al-4 g (Gag -In, o,.-Sn, . -Bi. ) .0) 12 mLmin"-g™ 92.5 [9]
Ga-In-Sn-Ti Al-Ga-In-Sn-Ti 570 mL-min~"-g™' 96 [10]
Mg-Ga-In-Sn Al-Mg-Ga-In-Sn 4.38 mL-min"-cm™ 100 [11]
Ga-In-Sn-Li Al-3.8% Ga-1.5% In-0.7% Sn-2% Li 17 mL-min"-g™' 100 [12]
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Fig.3 Observation of Tyndall effect in product solutions of different types: (a,, a,) KCl; (b,, b,) HNO,; (c,, c,) acetic acid; (d,, d,) malic

acid; (e,, e,) oxalic acid
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Fig.4 Particle diameter distribution of various product solutions
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Fig.5 SEM image and EDS element mappings of reaction products of KC1 solution under the recovery efficiency of 0%
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Fig.6 Effects of temperatures and oxalic acid concentrations on Ga

recovery efficiency
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Fig.7 pH evolution during leaching process at 70 °C
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Ga K15 S M B . Ga I 58 29.8 °C, A sz
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K8 Gaiz i FE LA A

Fig.8 Screenshots of Ga leaching process video: (a) initial reaction; (b) bright white liquid metal; (c) liquid metal agglomerates into spherical

shapes; (d) collected liquid metal
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Fig.9 Characteristics of product solution with varying initial concentrations at 70 °C: (a) average diameter and (b) average Zeta potential
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Recovery and Leaching Behavior of Gallium During Hydrolysis of Bulk Soluble
Aluminum Alloys

Zhang Jianbin'?, Wang Dingmengjic'”, Zhang Jianjun'?, Wang Baodui’
(1. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, China)
(3. College of Chemistry and Chemical Engineering, Lanzhou University, Lanzhou 730000, China)

Abstract: Al-Ga-Mg-Sn soluble aluminum alloy was selected for a one-step hydrometallurgical technique. Acid leaching agents, including
organic acid solutions (e.g., oxalic, malic, and acetic solutions) and inorganic acid solutions (e.g., nitric acid) were used. The type of leaching
agent, pH value, temperature, and solution concentration are key factors influencing the recovery of Ga during hydrogen production. Recovery
results show that under the temperature of 70 °C and the agent concentration of 0.2 mol-L™, the organic acid solution successfully recovers
gallium, with oxalic acid exhibiting the highest recovery efficiency (86.88%), followed by malic acid (73.40%) and acetic acid (13.17%). In
contrast, the inorganic acid (nitric acid) solution fails to recover gallium. Oxalic acid, with an initial pH value of approximately 3.8, achieves a
recovery efficiency of 94.38% under 70 °C/0.3 mol-L™" and 93.78% under 90 °C/0.2 mol-L™". The leaching behavior of gallium was then tested and
analyzed based on changes in pH value, shape of the recovered gallium, solid particle size and Zeta potential of the product during the hydrolysis
process. The results show that the recovery of gallium from oxalic acid leachate increases with the decrease in particle size of the product and
increase in absolute value of Zeta potential. The highest recovery efficiency (94.38%) is achieved with a product particle size of 155 nm and a
Zeta potential value of -31.29 mV.

Key words: soluble aluminum alloy; hydrometallurgy; gallium; Zeta potential
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