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Efficient extraction metallurgy of vanadium slag: calcium-magnesium
composite roasting vanadium extraction process
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Abstract: The calcification process is a relatively clean vanadium extraction technology from vana-
dium slag, but there is still room for further improvement in vanadium yield and product index. The cal-
cium-magnesium composite vanadium extraction process originally developed by our team has achieved
the effect of improving vanadium recovery rate, reducing impurity dissolution rate and tailings reduc-
tion through ion synergistic effect. In this paper, the comprehensive influence of calcium-magnesium
composite on the whole process of vanadium extraction from vanadium slag is expounded. After calci-
um-magnesium composite roasting, the main vanadium-containing phases in the roasting clinker of va-
nadium slag are changed from Ca,V,0, and Mn,V,0; to Ca,V,0,, Mn,V,0,, Mg,V,0, and
Ca;Mg,V,0,,. After acid leaching, the leaching rate of vanadium was increased by about 5%, and the
dissolution rate of impurity elements such as Ca and P decreased. The vanadium precipitation rate of
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ammonium salt in vanadium leaching solution was 99.5%, and the purity of vanadium oxide product
was 99.8%. The vanadium precipitation wastewater can be completely reused after lime neutralization
treatment without affecting the smooth operation of the original process.

Key words: vanadium slag, calcium-magnesium composite roasting, vanadium extraction, recovery
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Table 1 The main components of vanadium slag %

V,0;  TFe SiO, TiO, MgO ALO; MnO CaO Cr,0,

1529 31.00 1450 1438 292 347 732 257 143
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Fig. 1 Leaching efficiency of different vanadates in sulfur-
ic aicd solution (pH=3.0)
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ing clinker
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Table 2 Leaching concentrations of impurity elements at
different MgO/(CaO+MgO) molar ratios  mg/L

MgO/(CaO+MgO) v Cr P Mn Fe Mg

0 14265 8925 9.52 3614 2395 627.7
1/6 16074 6.828 0.854 4523 16.50 894.8
173 16074 6.259 1.849 5049 17.78 1344
1/2 16 501 5.121 1.707 5604 18.92 1507
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Table3 Chemical composition of the leaching residue
with different MgO/(CaO+MgO) mole ratio %

MgO/
(CaO+MgO)
0 0.420.383.810.09 7.25 6.68 6.21 0.71 1.29 4.04 30.53 6.21 93.7

Mg AL Mn P S Ca Ti V Cr Si Fe O %

1/6 0.630.383.39 0.1 6.016.046.380.62 1.284.5231.76 6.38 90.6
1/3 0.910.383.28 0.1 5.86 5.1 6.840.64 1.334.79 32.58 6.84 89.4
172 1.830.383.18 0.09 5.31 4.356.85 0.64 1.394.91 33.07 6.15 88.5
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IR LAk SEHE N 1/3 A 12 BE, BUAL SR B AR =
99.45% F1 99.42%
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Table 4 Element concentration and vanadium precipita-

tion rate in vanadium precipitation wastewater
by ammonium salt

JEHWE/(mg L™

MgO/(Ca0+MgO) v & P Fo S Mn Mg TR/ %
0 73.0 0.10 0.10 1.10 27.6 2220 370  99.24
1/6 57.0 1.58 0.38 0.48 13.5 3217 602  99.50
13 62.5 0.58 0.41 1.28 8.55 3488 840 99.45
12 67.5 0.60 0.55 1.80 6.05 3528 767 99.42
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Fig. 4 XRD diffraction spectra of vanadium oxide products
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Table 5 Chemical composition of vanadium oxide products %

K, IR T AR, SR 5 TR IR pH AE R
BT IERNRE . % 6 ATTHUR KGR BT
BLIE IR A, BEE IR PR B N, 12
V R RN, 95 RIS Cr. P, Mn, Mg 1
W BE B T RRE, BLIR RS ARGERETE 90.98% ~
91.85%, A7 B B REAIK

F 6 BEAMEIRRBAEE RN

Table 6 Effect of wastewater recirculation on the leach-
ing of vanadium slag

JEEWE/(mg-L™)

{[EEZRVe o P Mn PR /%
1 13532 4.160 27.54 3073 800.1 91.85
2 15167 4253 2689 3555 855.6 91.45
3 15795 4371 2721 3397 8322 90.98
4 15993 4.635 28.80 3550 897.8 91.76

IZ V0, Mg i Al P Mn Ti Cr Ca Fe

HEAE 99.5 0.003 0.0037 <0.001 0.008 0.168 0.037 0.011 0.070 0.081
FEEEE A 99.8 0.003 <0.001 <0.001 0,002 0.009 0.013 0.009 0.002 0.002
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Fig. 5 Process roadmap of vanadium extraction by calcium-magnesium composite roasting
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