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Abstract: Aiming at solving the problems of temperature control in molten bath, iron loss, and grade re-
duction of vanadium slag caused by O, injection in the traditional process of vanadium extraction from
hot metal, a new technology using iron oxides (Fe,0;) for vanadium extraction from hot metal was pro-
posed in this study, taking advantage of the characteristics of mild indirect oxidation reaction and con-
trollable process. Thermodynamic calculations identified Fe,O, as the optimal oxidizer with recommen-
ded addition ranges of 1.5%—6.0%. A systematic investigation was conducted on the effects of Fe,O; ad-
dition ratio, particle size, and bath temperature, revealing the enhancement mechanisms of particle size
reduction and temperature elevation on vanadium oxidation. The study further developed a “CaO-Fe,0,”
oxidizer system that improves reaction efficiency by lowering the melting temperature. Through pro-
cess parameter optimization, the optimal conditions were determined as: reaction temperature 1350 °C,
4.5% of 0.074-0.5 mm Fe,O; with n(CaO): n(Fe,0;) = 0.75. Under these conditions, the reaction
reached equilibrium within 2 min, achieving a final V content in the hot metal of 0.016%, oxidation rate
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of 95.12%, with vanadium slag containing 7.15% V and 1.93% P. This “CaO-Fe,0,” system demon-
strates efficient vanadium extraction from hot metal and provides new insights for the development of

vanadium extraction technologies.
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Table1 Composition of hot metal %

C Si \Y% P Ti Mn S Cr
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Fig. 2 Calculations of the effect of iron oxide species on
vanadium oxidation rate
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Fig. 3 Calculations of the effect of reaction temperature
on vanadium oxidation rate
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Fig. 4 Calculations of the phase composition of vanadium slag
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idation rate of elements in hot metal
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oxidation rate of vanadium in hot metal
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Table 2 The compositions and addition ratio of the oxidant

Oxidant w(Ca0)/% w(Fe,0,)/% Addition ratio/%
n(CaO):n(Fe,05)=0.25 8.05 91.95 4.89
n(Ca0):n(Fe,0,)=0.50 14.89 85.11 5.29
n(Ca0):n(Fe,0,)=0.75 20.79 79.21 5.68
n(Ca0):n(Fe,0,)=1.00 25.93 74.07 6.08
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Fig. 10 Relationship between the addition of CaO and the
oxidation rate of vanadium in hot metal
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Table 3 Chemical compositions of vanadium slag %

Sample TFe FeO \% Ca Si Ti Mn Cr P
A 38.10 46.47 12.01 0.16 4.51 440 5.37 3.58 0.05
B 42.74 53.65 634 440 4.00 6.38 4.53 1.81 0.33
C 28.08 3449 6.84 1338 536 522 437 1.71 1.28
D 21.58 23.64 7.15 1995 4.58 3.02 3.80 1.53 1.92
E 19.99 24.10 7.49 21.64 426 3.45 3.62 1.77 1.93
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FFAEG R AL I I AE 431, DUES BRAN A A (b-2. c-
2) FIESERMEATA (b-3, ¢-3) AUFE A B, [l V| Ti,

i()pm

Cr TR ER K OIS B A B S A B, TR i
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Fig. 12 XRD pattern of vanadium slag
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Fig. 13 SEM images and EDS mapping of vanadium slag at different n(CaO):n(Fe,05)
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Table 4 EDS points analysis results %

Point Fe Mn Cr \% Ti Ca P Si (6]

a-1 23.32 4.65 7.68 22.94 2.88 0.02 0.00 0.12 38.39
a-2 11.22 6.73 0.14 0.59 0.52 0.57 0.00 23.71 56.23
b-1 27.51 4.59 3.07 13.84 8.89 0.18 0.00 0.04 41.87
b-2 18.46 6.16 0.06 0.57 0.39 7.20 0.00 16.43 50.73
b-3 7.66 3.02 0.04 0.41 0.93 11.90 0.00 21.85 54.21
c-1 25.68 4.58 4.87 20.33 4.70 0.17 0.00 0.19 39.49
c-2 22.07 7.64 0.19 0.70 0.37 2.63 0.00 16.11 50.30
c-3 8.37 6.40 0.11 0.46 0.19 7.95 0.00 22.44 54.08
d-1 18.59 10.32 7.46 20.10 1.29 2.12 0.00 0.30 39.82
d-2 2.32 0.19 0.28 6.47 15.54 2598 0.00 1.35 47.87
d-3 0.45 0.18 0.07 341 0.11 30.65 8.93 5.95 50.27
d-4 54.29 3.73 0.20 0.96 0.32 0.74 0.00 0.00 39.76
e-1 17.62 11.38 5.87 19.30 437 1.50 0.00 0.07 39.90
e-2 0.27 0.52 0.00 2.08 0.13 28.87 9.93 593 52.27
e-3 43.05 15.47 0.21 1.42 0.22 0.80 0.00 0.00 38.84
e-4 93.89 0.33 0.22 1.18 0.19 0.97 0.00 0.01 3.22
e-5 1.08 0.39 0.30 9.74 14.44 2498 0.00 1.03 48.04

3 £

1) it T 22T RAS Y, Fe,05 #H LE T Fe,0,
Hl FeO 54K SRy ELAT i 35 i 24 A 3 ok
B AR AR S I R RS N 4 B 208 1.5%
1 6.0%; FEAR S I T nT LA HEEk K Fh L) 8k
N P AEREAG; BLAh, T8 AH AT RS SR B Hh A B
FELL VTS

2) FAIK Fe,O, AR E FIGE 2444 5 i I T JEE RE A%
P HE R AURCR o FE RN IREE A 1350 °C BFER N
4.5% 1) 0.074 ~ 0.5 mm $i 2% Fe,0,, £8 X il 6 min
JEHIK L& RN 0.015%, SUEALR K 95.45%, L
OV EEHR 12.01%.

3) FEEALFI 5 A CaO Al B & M I W 8 /1

S 30k

o 4 n(Ca0):n(Fe,05)=0.75 I}, S5 )i - 1] [11] 4
0 ZE 2min, Z ST EH 0.016%, LA R A
95.12%, Pl V &K 7.15%, P 5N 1.93%,

4) BUE YA A7 AL CaO B 5
Wi, Bl CaO &3, Bk dhA 4 (Fe, TiO,) 7]
BREKWAH (CaTiOs) #4728, &Mitbif1 #H (Fe,Si0,) [ 45
BRI A AH (CaFeSiO,) 75 A%, [FIRT H B A B R 25 AH
(Cas(PO,),Si0,) AT 1

5) WFFE R B A AR R P B R, s fle Ak
SR R ST AR AL L, SER T kK ik Al B A 4R
Blo AMUNEEFFMER TR EE T FIS R,
WA 58 T oK AR T 28R, M2 T2
[FRK SR B T 23 A 25 T B JEhl, HA
B RS AR Tl F A
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