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Mechanism of vanadium extraction from
vanadium-bearing slags using alkaline hydrothermal process
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Abstract: At present, the emission amounts of toxic vanadium tailings and vanadium-bearing converter slags are
enormous, and the vanadium-bearing slags cannot be utilized synthetically, the recycling mechanism of vanadium from
vanadium-bearing slags was researched. SEM analysis shows that vanadium in vanadium tailings mainly exists in Fe,0;
and Fe,TiOs phases, also, some are embedded in acmite phase (NaFe(SiOs),). And, the vanadium in converter slags
mainly shows in Ca,Si0Q,4, Ca;Si0Os, Ca,Fe,Os phases and freedom oxides. According to the tetravalent and pentavalent
vanadium with alkali-soluble property, it is inferred that above 92% vanadium in vanadium tailings and 94% vanadium in
vanadium-bearing converter slags are alkali soluble. Through the influence experiments of temperature and alkali
concentration on vanadium-bearing slags phase, it can be obtained that the decomposition of silicate is affected obviously
by temperature, and the regulation of silicates decomposition rate with alkali concentration is linear. In conclusion, the
more than 90% vanadium can be leached by hydrothermal process in NaOH medium.
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Table 1 Composition analysis of vanadium tailings at different particle sizes

Mass fraction/%

Size/pum
Cr,0; Fe,0; MgO Al,O4 TiO, MnO CaO V505 SiO, Na,O
Unsized slag 4.32 47.14 2.63 2.18 11.95 4.87 1.94 1.75 20.41 6.87
>150 3.75 57.00 2.34 1.91 10.25 4.00 1.53 1.94 16.74 5.12
96—150 4.27 47.02 2.60 2.22 11.68 4.68 1.7 1.63 19.05 5.43
75-96 4.10 44.27 2.51 2.11 11.33 4.55 1.75 1.56 17.71 7.12
48-75 4.27 47.24 2.63 2.27 12.11 4.85 1.95 1.72 21.92 6.68
<48 4.38 47.07 2.54 2.10 11.92 4.87 1.94 1.78 19.80 6.91

F2 TPHRAE ALK
Table 2 Chemical composition of vanadium-bearing

converter slags (mass fraction, %)

T102 MnO FGT S V205 CI'203
4.82 1.70 15.27 0.28 3.63 1.18
FeO Al,O3 Si0O, CaO MgO P

7.76 2.79 11.23 44.51 11.80 0.59
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Fig. 1 Experimental apparatus at high-pressure ambient
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Fig. 4 Elemental surface scanning results of vanadium tailing particle shown in Fig. 3
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Fig. 5 XRD patterns of vanadium-bearing converter slags
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Table 3 Chemical compositions of leaching residues from vanadium tailings

Mass fraction/%

Leaching rate

Material
CI'203 F€203 A1203 T102 MnO V205 SlOz Na20 of V/I%
V-bearing tailings 4.32 47.14 2.18 11.95 4.87 1.75 20.41 6.87 -
Residues by ICP 5.55 58.71 0.029 12.88 5.14 0.18 7.15 9.59 92.25
Residues by XRF 4.98 57.42 0.33 13.71 5.12 0.06 7.07 9.64 97.53
F 4 ANERLEH RO TSR
Table 4 Chemical compositons of leaching steel residues from converter slags
Mass fraction/% Leaching rate
Material
Cr203 FeT A1203 T102 MnO V205 8102 S+P of V/I%
Converter slags 1.18 15.27 2.79 4.82 1.70 4.63 11.23 0.87 -
Residues by ICP 1.08 16.27 0.09 4.90 1.70 0.16 6.23 0.86 95.12
Residues by XRF 1.12 17.12 0.79 4.88 1.67 0.08 7.03 0.86 94.15
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Fig. 7 XRD patterns of final leaching slags leached at

different reaction temperatures
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Table S EDX analysis of leaching slags from vanadium tailings by hydrothermal process

Mass fraction/%

Slag
(0] Fe Si Na Al Ti Mn Mg Cr \% Ca
V-bearing tailing 33.93 27.34 9.83 5.78 5.52 8.20 2.33 0.70 1.24 1.14 0.78
Medium slag 39.88 29.78 4.99 7.74 0.14 7.56 4.25 1.94 1.79 0.28 1.66
Final leaching slag 39.56 28.51 5.67 8.80 0.46 8.01 3.71 2.02 1.92 0.02 1.31
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Fig. 13 XRD patterns of V-bearing steel tailings at different

leaching temperatures
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