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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 (Gagy 51N, 475-SNyg 267, 4s) 12 mL-min™g™ 925 [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.1 Process flowchart for Ga recovery from Al-Ga-Mg-Sn
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AR S0 7 58 1 Ja e ) BE R S SRR L LR VHINO,
FNKCHE N 771 s F VR BC 1 I VRTBON 7K I o o
A7 ) 39 T A AN T 0 e AR 4 S VA AR 5 e P R T B
SN PEE R pH (AR A

W B KB IR 4 30,50, 70 AT 90 °C , #5 /K I A ik
BV 2 IR 5 N AT 48 A 4: Al-Ga-Mg-Sn 4211l 7
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Fig.2 Ga recovery efficiency vs. different leaching agents under
70°C/0.2 mol-L™*
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3[HC,0;]+ A" — AI[HC,0,], (10
3[C,0%°]+ 2AF* — AL[C,0,], (1D
R

3[HC,H,0;]+ A** — AI[HC,H,0.], (12)
3[C,H,0%°]+ 2AIF* — Al[C,H,O.], (13)
LR

3[C,H,0;]+ Al** — AI[C,H,0,], (14)
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SEM iy FIEDS o & A3 7 Arai . MEIS k10
LR S ALTTRY S A, P AFAE ALY, Ga i
HAEIX L =
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Fig.3 Observation of Tyndall effect in product solutions of different types: (a,, a,) KCI; (b, b,) HNO,; (c,, ¢,) acetic acid; (d,, d,) malic

acid; (e,, e,) oxalic acid
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H,C,0, <> H" + HC,0; (K,, = 5.6 x 10°?) (15)
HC,0; <> H" + C,02"(K,, = 1.5 x 10°*) (16)
R

H,C,H,0, <> H' + HC,H,0;(K,,=4.0x10*) (17)
HC,H,0; <> H' + C,H,02 (K, =9.0x 10°) (18)
LR

HC,H,0, <> H' + C,H,0, (K, = 1.8 x 105)  (19)

4000 + —s—Average diameter

Diameter/nm

KCl HNO, C,H,0, C,H,0, C,H,0,

P4 R ORI 5

Fig.4 Particle diameter distribution of various product solutions
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5 [y 0% I, S BRI IR) SR P M0 SEM IR A A EDS ST AR T 23 Afi

Fig.5 SEM image and EDS element mappings of reaction products of KC1 solution under the recovery efficiency of 0%
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TR AR R S5 A T, DA R AR IR IR B A AR &, i
Fi Ga [ SR 1L
331 RE5EHFR A EIE G R

SEEG Y T 4NRE :30.50.70.90 C,5 R TN
0.05.0.1.0.2.0.3.0.4 mol-L*, I N A 4R VI HI i N 1 g
JeA, pHAE Ny 3.7~4.0 Ju [ A, s W2 T8] [ %€ 20 min, i
MR S5 A& 6 Al . 76 30,50 CINF, [A] YA 2 it 34k i T
R TS . 4k 7 0.05 mol L 48 % 0.4 molLt
I, 78 4 30 “CR, [ W3 1 0% MG %2 41.17%, 7
50 “CH}, H1 0% 9K & 75.23% , ¥ 7E B K N ok 31
il . E70.90 ‘CINF, =] Wi 22 [R) 4 S Bl B2 1 T v 1T 184
K ARTE H IR KB JE B R B A & . £70 C
I, R 12 573 B 4 0.05.0.1.0.2.0.3 1 0.4 mol/L i,
Sob 87 ) TE] WAE R 43 i) S 0% 41.24% - 88.86% - 94.38% Fl
93.26%. 5 17V EE 9 0.3 mol-L i |l fie 22 3 A KAl
N 94.38% , 24 FE S 0.4 mol-L i, L [a] U 2R Ay 93.26%
7E.90 C I, 33 H 773 B 4 0.2 mol- Lt i ik 31 e KAl (1]
%R 93.78% , ¥k JE 4k 41 Tt v 42 0.3.0.4 mol- L™ i, JL[A]
CH 53518 93.61%+.92.86%

R A R P AT R TR B AR IR EE R R4
Hl B AFAE S NAS 5 A B O VTR 2 IR FE UG, R g

100

80

60

40}

20

Ga Recovery Efficiency/%

0 L
0.0 0.1 0.2 03 0.4
Concentration/mol-L™!

Pl 6 i AN Z AR B 0T Ga [mIUSC 28 (15 )
Fig.6 Effects of temperatures and oxalic acid concentrations on Ga
recovery efficiency

I 5 T VAR S AR B R THI T ) A8 A ) 7 5, BELS 1 B
FREEAT o IR , AR TFAR K2 RN AT o
332 pHAZWH Gaiz BT AR

A BRA IR 1) A2 RO /N5 V5 ) pH B IR AR A A 2%
VIRAR . R pHAE AR T A2 O v Ak 2 34
B A5k . B 7 IR EE 70 CHE, ARFEIHREE T songid A
pH {E [ S AR A 5 [ 4 5

I8 HA AV 9 0.05~0.4 mol-L™, I\ 9 AT VA 45 i
B HIfEL 1.0 g WIEhpHEII N 3.8, T (DAL
() FRKAL 2 [ S, pH {8 1 3.8 78 45 8~9 YU [l Y, 2B il
VTR 5 95 RV A S5k o I SR AR BRI TR
HAEAE R & H, & & ZE 1 ) Al g T F6 T8 ik
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E AL TR A AR, Ga Y [EI R 2 Fh . X2
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Fig.7 pH evolution during leaching process at 70 °C

F+ % 5~6.5 1, Ga AT H o MRS AR 7K S B i A% AT R0 e
U6 pHE T~ , OH H 3 B T PR 42 15 %5 9 2B B AI(OH),/
AIO(OH), [Fl I i i it A7 £ R & HC,0,.C,0; » = 5
A2 B AI(OH),/AIO(OH) 52 J3 T it T ¥ e i R 591, 9 /N it
kikife, koML, G Galalf, W E
0.1 mol-L ™, pH B AR FR 21, ARk ol 28 1T
fRIAL 2 RS, 24 T & 7~8 I, Ga A T #a % Y, 78 I pH
BT, F A BURL 5 SR T T Ga IR G EVTE T, §
IR R
3.3.3 4 GatiH s Tl

[ AT S 56 P 1 3 5 35 BBl E 30~90 'C 2 1] 3T Ga

4% S 29.8 °C, 7E SEIG H IR Y Ga S AR FRIRAS o
8 7y Ga iz ik B i TR AR A o o] WA 4R B 5 ¥ )
FUR N, Bl A BT 0T OISR 252 A Y TR Y, R R
AR R DT T SIS , RS BB S & &8 1)
IR o BebR IR 52 A EL BRI ] i mT Be 2 BT
Gaflk I MR E 3 % . GalfIrs 58 29.8 °C, A St
W TR RR A L B B R E R s A Ga ) %
(5.9 gem ) K T35 v i P SRR HE 7126 (.32 gem ™),
RE [ GE M R FB AR o
334 ARt AL Zeta 0L IZ B AT A AR

AR DLVO H it (AR AR E M) , W Zeta HLAAE 1)
KNSR P TRLREAR , Zeta FRUAE I ZAHE N|230] mV
e RIURL 2 [8) A A SR RN 5 o, 3 W) Zeta HLA K T
[£30] mV B, FIORL (8] AS 5 R AR SR A RERLAR B/ e R
2 VR Zeta FLAL /N T |£30] mV I, R 8] B kAR
AR, WURDRLAR TG OR . 7E 3.2 HYSZI6 45 5 b Ga i [l i %
SRR A <. 990 70 CT,5MA [FH E
A I R 5 Zeta A IR A0S I8 5 F B
12 ho 383 3 YL & 5 SRAF- T I, AN [RIVR BE BV R
hiAeH R ZES .

2495 7V FE 24 0.05 mol-L i, [51 U 2 g 0% , ¥4 K
HORLAE A 1443 nm, Zeta FUAL{E 9-7.39 mV. Zeta HiLA7 4k
T 0~[£10] mV B, A= B ¥ R T A SR Ak T AR AN R e

b

K18 Gaixthiid FERL S E
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

FPIRAS , 2 POk R S BRI K, N Ga & T KH
A6 T B A JBURL o 24382 tHRIVR BE AL 0.1 mol L FH =
0.2 mol-L i, [H] g 3 M\ 41.24% i 2% 7 T 45 88.86%, V4
R4 43 59 O 397, 203 nm, Zeta HEL A7 {f - 14.95.
=25 mV. #3257k % 0.3.0.4 mol-L i, A1 %
43 5 4 94.38% . 93.26%, [#] 44 i KL ki 44 4 155 157 nm,
Zeta FLA7 AR N-31.29.-31.32 mV., IS [ 44 B0k 2 1 H
fif 3G 00, ] A4 B0RL 2 (R P R R 0 38 0, ] A
oL 1) ) A e R o, R AR N . IR Ga & AN
A7 7E 14 H A7 10 76 2% T H AR T2 BB H J2 5 Bl 3 UKL 1)
o M R , Ga 3R T R HL 2 AR 1k 1 5, e i 2
WBE 2 3G 0. W R, AR B R AR R D [ i 2R R
Zeta FHL AV 266 XA B K, e A 6 Rk vy o D [ A R B A
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Recovery and Leaching Behavior of Gallium During Hydrolysis of Bulk Soluble
Aluminum Alloys

Zhang Jianbin'?, Wang Dingmengjie*?, 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.
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