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Abstract

Owing to the global development of high-strength alloys and renewable energy industries, the demand for vanadium, a key
raw material in these industries, is expected to increase. Until now, vanadium has been recovered as a by-product of the
industry, but interest in its direct recovery from minerals has increasing with its significantly increasing demand. In particular,
the recovery of vanadium from stone coal ore and vanadium titano-magnetite (VTM) containing vanadium has been actively
researched in China, which has the largest reserves and production of vanadium in the world. In Korea, a large amount of VTM
also occurs in the northern part of Gyeonggi-do, and fundamental research and technical development is being conducted to
recover vanadium. It is necessary to understand the current status of the separation technology used worldwide to satisfy the
demand for metals such as vanadium, which currently depends on imports.
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Table 1. World mine production and reserves™

Mine production (t) Reserves
2020 2021¢ (kt)
United States 17 - 45
Australia - - 6,000
Brazil 6,620 6,700 120
China 70,000 73,000 9,500
Russia 19,500 19,000 5,000
South Africa 8,580 9,100 3,500
Total (rounded) 105,000 110,000 24,000
e: Estimated
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Table 2. Selected vanadium-bearing minerals in VTM deposits®”

Mineral Formula Major impurities S.G.
Magnetite Fe;04 Si, Ti, Al, Mn, Mg, Ca, Cr, V 5.175

Ilmenite Fe,+TiOs Si, Al, V, Cr, Mn, Mg 4.72
Hematite Fe,05 Mn, V 5.26
Perovskite CaTiO; Nb, Si, Al, REE, Mg, Na, K, Fe, V 3.98-4.26
Coulsonite Fe*'V*',0, Cr, Ti, V, Fe*" 5.17-5.20

Rutile TiO, Fe, V,Nb, Ta 4.23
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Table 3. XRD quantitative analysis result of Final Concen- £ o]
trates'™ | S ] "
Vanadium Conc. Titanium Conc. m l |-
Phase Welght (%) Phase Welght (%) 6 2 4 & 8 10 12 1
Energy (keV)
Ilmenite 66.1
v . 018 F B 57 Fig. 3. SEM-BSE images (left) of a polished thin section of
agnetite : orsterite : the vanadium-titanium magnetite ore used in the
Hornblende 8.5 study. Representative EDS spectrum results (right)
Magnetite 79 for each analysis point in the SEM-BSE images. The
limeni ) o ’ red, blue, and green dots are the EDS analysis points
menite 8. Chlorite > in the light gray, black and gray area parts, respec-
Spinel 3.6 tively".
Table 4. The results of average content of the VTM ore samples by SEM-EDS analysis (wt%)""

EDS spot” Minerals \Y% T-Fe Ti Si Al Mg Ca

Light gray part Magnetite 0.88 95.31 2.35 0.13 0.76 0.54 0.03

Black part Ilmenite 0.91 68.00 14.68 2.24 12.81 1.34 0.02

Gray part Gangue mineral 0.21 64.54 5.93 3.64 24.62 1.02 0.04

a Elemental analysis was performed by measuring EDS at 10 points to obtain an average content value.
b Fig. 3 shows the EDS analysis spots.
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Table 5. Main reactions of reduction, carbonization and nitridation of titanium oxides>
Chemical reactions AGYTmol™! Spontaneous reaction
temperature/K
3TiOx(s)+C(s) = Tis0s(s)+CO(g) 270477-199.23T T>1358K
2Ti05(s)+C(s) = 3Ti,03(s)+CO(g) 254972-145.95T T>1747K
Ti,05(s)+C(s) = 2TiO(s)+CO(g) 314539-165.52T T>1900K
TiO(s)+C(s) = Ti(s)*+CO(g) 426327-179.48T T>2375K
1/2TiOx(s)+3/2C(s) = 1/2TiC(s)+CO(g) 267439-170.36T T>1570K
1/5Ti505(s)+8/5C(s) = 3/5TiC(s)+CO(g) 266831-164.59T T>1621K
1/3Ti,05(s)+5/3C(s) = 2/3TiC(s)+CO(g) 268149-166.66T T>1609K
TiO(s)+2C(s) = TiC(s)+CO(g) 244955-167.24T T>1465K
2TiOx(s)+4C(s)+Na(g) = 2TiN(s)*+4CO(g) 760470-519.44T T<1464K
2/3Ti505(s)+10/3C(s)+Na(g) = 2TiN(s)+10/3CO(g) 580151-386.62T T>1501K
Ti,05(s)+3C+ Na(g) = 2TiN(s)+3CO(g) 495161-337.96T T>1465K
2TiO(s)+2C+ Ny(g) = 2TiN(s)+2CO(g) 180624-172.45T T>1047K
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Table 6. V content of Fe phase with different ammounts of CaCO5 (wt.%)>

Position
Amount . 5 3 . Average
0% 0.153 0.126 0.098 0.165 0.136
4% 0.149 0.094 0.126 0.104 0.118
8% 0.071 0.107 0.085 0.113 0.094
12% 0.071 0.126 0.051 0.094 0.086
16% 0.019 0.142 0 0.112 0.068
20% 0.013 0 0.082 0 0.024
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