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Enhanced Leaching of Vanadium and Gallium from Red Mud
with a Mixture of Acids
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Abstract: A mixture of two acids (H,SO,, HCl) was used to enhance the acid leaching of vanadium (V) and gallium
(Ga) from red mud, and the effects of key parameters on the leaching rates of V and Ga were investigated, including
volume ratio of two acids, acid concentration, reaction time, leaching temperature and liquid-to-solid ratio. The results
show that under the following conditions, including two acids in a volume ratio of 1:1, acid concentration of 28.89% ,
liquid-to-solid ratio of 9, reaction time of 60 min and leaching temperature of 120 °C , the leaching rates of V and Ga can
reach 90.65% and 97.30% , respectively. X-ray diffraction (XRD) and thermodynamic analyses indicate that muscovite ,
hematite and perovskite in red mud are dissolved to some extent during the acid leaching process, and vanadium and
gallium exist in different valence states in the leachate. It is concluded that acid leaching can effectively promote
dissolution of minerals and release of valuable metals.
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Fig.1 XRD pattern of red mud sample
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Table 2 Standard-state Gibbs free energy

Yk s AG /(K] - mol™")
v 0 -8.619
V2 I -174.423
VO il -443.391
V(OH)* i -450.344
V3t 11 -173.356
V,0; 1 -1255.225
vo* 11 -465.315
V(OH)," il -762.254
Vo v -434.207
VO, v ~732.899
V(OH)," v -1010.603
V(OH)?* v -469.453
HV,05~ v -1724.197
V,0s5 Y -1596.748
Vo,” v -630.939
V05~ A -1009.771
Vo, > v -1128.872
HVO,* v -1188.239
H,VO,~ \ -1236.309
V,0,% v -3670.531
H;VO, \ -1232.473
H;V,0,” \ -2183.873
HV0,,* v ~5404.201
H,V0y, V -5410.514
H, V00 A% -8 815.374
HV (04 V -8 820.157
Ga, 0 I -78.681
GaO* I -86.635
Ga, 05 111 -239.075
GaOOH 11 -150.077
Ga®* 111 -38.747
Ga(OH),* il -91.558
Ga(OH)?* il -142.187
Ga0," v -128.741
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Fig.4 Effect of acid concentration on leaching rates of V and Ga
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Fig.5 Effect of leaching temperature on leaching rates of V and Ga
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Fig.6 Effect of liquid-solid ratio on leaching rates of V and Ga
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Fig.7 Effect of reaction time on leaching rates of V and Ga
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Fig.8 XRD patterns of red mud and its leaching residue
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