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Table 1 Chemical composition of titanomagnetite wt%
)i'%an TFe FeO Fe, 0,4 TiO, Si0, Ca0 Al, Oy \% P
R 57.15 30. 41 47.91 7.74 3.82 1.29 3.69 0.29 0.13

2 LR
1) % 30 ¢ 7 H 5ARIA] HL ) SR TR A 2 5, ]
eSO R (1) T (2) kAT IR 3
TER T REE (1) A (2) B AR I 7 4
CO, ., [AFESEPRIE M T, i J5 a2 v th 2 A2 B CO,
P CO, MECRARUERT BN A AN UL, LU T
(1) M(2) AEEUE, A 1.6 £i5.1.7 £i5. 1.8 f5
1.9 {5 b, 715 K 1.6C,1.7C,1.8C F1 1.9C, A
[IRRHC Eb T RS54 B BN 2 R
2Fe0 + C =2Fe + CO, (1)

Fe,0, +1.5C =2Fe + 1. 5CO, (2)
F2 I CBMAR

Table 2 Amount of C added in titanomagnetite

wt%

TR e L 1.6C 1.7C 1.8C 1.9C
C e A 11.28 11. 90 12.52 13. 11
W 88.72 88. 10 87.48 86. 89
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Fig.1 Schematic diagram of the experimental

installation
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2Fe0 + Si = Si0, +2Fe (3)
F3 AFEBKECE T SiBc AR (XL 100 g
UL 1))
Table 3 The amount of Si added with different
carbon ratios (per 100 g ore) g
Si BC kb
TR C L
1.2Si 1.5Si 1. 8Si
1.7C 1. 821 2.326 2.731
1.8C 1. 157 1. 446 1.735
1.9C 0.785 0.982 1.178

AT € —S ZLAM AT AN TR J5L 7 49y vh 5% A e
F AT AT, LARAT i A A 3 D A ] A C A
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Fig.2 Relationship between weight loss degree

and reaction time with different C ratios
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Table 4 Residual carbon contents of pre-reduced product with different carbon ratios and reaction times

wt%
RS (BRTC L, 38 S5 R[] ) 1.6C,2h 1.7C,2h 1.8C,2h 1.9C,1h 1.9C,2h 1.9C,3h
FRATHR i 0.12 0.15 0.21 1. 10 0. 43 0.22

TEARFLARIRFA Si (9 Z0F T, R R BC L Y
T Wy AT I 43 H (1. 9C BRI 3 h /Y 7
Yy, AR HER BN 2 h B972) o K43 e Rl
PRI BEHEA T A3 4 B ( ELEEEIRA) 25 R gk 5
Jin, HRATE, FEA IR R Si 45T, ke

% Fe 4b, i8S A /DRI C, 1MV S RKT 0.01%
HHEMIEERIN V. Fe CRIZ 6 iR, 48 Fe
WSO i A i . LU P BT 3 K, 2 1. 9C B 42 R U
RIKFNT 96.40% , RELETEBCRMEERTE, V A
RABE I, AR RV LR EE L =M
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Fig.3 Phases compositions of pre-reduced products

with different carbon ratios and reaction times
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Table 5 Chemical compositions of metal ingots

obtained with different carbon ratios wt%

% Fe C v Si Ti

1.6C  99.962  0.041 0.007  0.004  0.004
1.L7C  99.943  0.065  0.007  0.003  0.003
1.8C  99.947  0.062  0.008  0.005  0.004
1.9C  99.921  0.083  0.010  0.004  0.005

6 AWML Si I Fe VIR
Table 6 Recoveries of Fe and V without adding any

reducing agent in the smelting process

iHC L 1.6C 1.7C 1.8C 1.9C
V IR/ % 1.18 1.264 1. 50 1.91
Fe W/ % 84.98 91.29 94. 68 96. 40

4.2 BERER

TEBEA R B Sic 19 45 7 F XA [R] Bk B LU A9 ids
JEP= AT o R, K I ad e R I Ak e A T
IR 3T (CELEDEREA) , A a5 R 2 7 PR

K7 AFEBRECE BERCH T S BEE RV Fe UK

Table 7 Chemical composition of metal ingots and recovery degrees of V and Fe with different carbon

ratios and silicon ratios

C Lt Si Fi ke Fe fit/wi% V&i/wi% C&FE/wt%  SifFi/wi%  TifFE/wi%  Fe IU%/% VIR %
1.2Si 99. 582 0. 057 0.112 — — 94. 36 9.34
1.7C 1.5Si 99. 492 0.213 0.117 0. 072 — 96. 27 40. 09
1.8Si 98. 860 0.423 0. 124 0.242 0. 044 97.23 81. 62
1.2Si 99.753 0. 042 0.123 — — 95.73 7.58
1.8C 1.5Si 99. 352 0.210 0. 137 0. 071 — 97.22 38.63
1.8Si 98. 897 0. 414 0. 142 0.251 — 98. 89 80. 96
1.2Si 99. 645 0. 036 0. 137 — — 97.45 5.793
1.9C 1.5Si 99. 446 0.172 0. 131 0.035 — 98. 74 33.34
1. 8Si 98. 824 0. 391 0. 131 0.231 — 99. 89 77.71
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S8 B BT N A Si A D T
A VRS R ARAR, SR AR B i 0 AR R
AN B RS KRR TIO, , S RG> Si RS
AR MO I #E 7R 38 )R TiO, | (TiO, Al 8% Si ik
J5 24 Ti, 0, F1 TiO, WAk 2% S ny 77 B X (5) 1 (6)
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BRI DB RE S BRAY FeO W £ T A Si 2
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2Ti,0, +Si =4TiO0 + Si0,
AG’ = —16.376 kJ/mol (T=1600C) (6)
HER 7 AT Fe MSCRBEE Si e 3G i
Ko ARG (SEM) XATE € BLEE (S BT 5%
PR R EAT W8, 1.7C . 1.8C 1. 9C F il i
h T O E R BilnE 4 s /6 R,

ATiO, +Si =2Ti,0, + Si0,
AG’ = —180.399 kJ/mol (T=1600C) (5)

(a) 1.7C-1.2Si (100 pm)

(b) 1.7C-1.2Si (20 pm)

(¢) 1.7C-1.58i (100 um)

(d) 1.7C-1.5Si (20 pm)

() 1.7C-1.8i (100 um)
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WAL TR 2 e R I . 4 JE et X B
15 Fe WCORAR MR ZE R K F (R 7) , Fe POE
Bl Si BC LG 3G IS K, XOREONER T 4

(f) 1.7C-1.8Si (20 pm)

4 8 C RN 1. 7C BIBUR S e A s g, AN Si B LR B pr a5

Fig.4 Backscattering images of slags obtained with different Si ratios when the C ratio is 1. 7C
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Fig.5 Backscattering images of slags obtained with different Si ratios when the C ratio is 1. 8C
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Fig.6 Backscattering images of slags obtained with different Si ratios when the C ratio is 1. 9C
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Table 8 Compositions of each point in Figure 4

Ti Al Mg Si Ca Fe Mn 0 LUK
Al 38.55 5.90 6.16 1.18 — 6. 46 — 41.76
A2 39.31 11.09 4.39 0.77 0. 60 3.66 — 40. 18 BRI AR
A3 46. 84 4.56 4.61 1.68 0.87 — — 41. 44
Bl 2.49 36.21 13. 16 — — 7. 64 1.33 40.5
B2 2.16 36. 02 14.75 — — 3.94 1.27 41. 86 R
B3 2.65 38.17 17.17 — — — 0. 80 41.21
Cl 1.97 28.73 10. 87 8.10 1. 40 7.53 0.85 40.55
2 1.97 15.72 5.68 12.34 2.26 3.49 1.56 40.48 Y
c3 2.07 11.32 10. 07 24.00 6.91 — 2.41 43.22
D1 — — — — — 100 — —
D2 — — — — — 100 — — i Fe
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Table 9 Compositions of each point in Figure 5
Ti Al Mg Si Ca Fe Mn 0 LY
Al 42.00 10. 90 4.69 — — 2.28 — 40.13
A2 46.01 8.43 3.85 — — 1.01 — 39.20 ERER A BE
A3 50.23 4.87 4.64 — 0. 63 — — 39. 63
Bl 2.48 36. 17 14.29 — — 5.33 1.27 40. 46 R
Cl 3.85 13.52 7.03 22.70 5. 64 5.43 2.89 38.94
2 2.23 30.78 12.33 8.94 2.05 2.32 1.31 40. 06 I IR
3 3.81 11.07 9.55 21.97 8.90 — 2.49 42.20
D — — — — — 100 — — AN
Fz10 K6 &
Table 10 Compositions of each point in Figure 10
Ti Al Mg Si Ca Fe Mn 0 LYK
Al 45.76 3.67 5.81 — — 7.21 — 37.56
A2 49. 61 6.18 5.95 — — 1.55 — 32.80 ERIR AR EE
A3 51.42 4.75 4.84 — — — — 38.98
BI 4.20 36.07 12.75 — — 12.94 1.27 32.75
B2 3.90 32.70 15.21 4.23 1.01 3.28 1.63 38.04 RbA
B3 5.41 38.56 18.71 — — — — 37.32
Cl 5.46 7.97 4.66 20. 61 7.31 15. 06 2.36 36.57
2 2.07 11.54 12.03 25.53 5.33 — 2.19 41.31 By I
3 4.70 15.90 11.87 17. 69 6.84 — 3.09 39.87
D1 — — — — — 100 — —
D2 — — — — — 100 — — I Fe
1 1-Mg,ALTi 0,
1
: | | 2 2-MgALD, 36
Jz \ 2,\ J 121 iR .
AL L7C-18S | 24
32
T?E 1 ‘ | 5 > 2 g 30
z b | 1 e &
o | Y TSR 1.7C-1.58i &
1 Ereh e oy o8
2
1
i |
2 , 26
I 1 Ml B W‘w'} | 17C-1.28i
' 24 : !
Il Il Il Il 1 1 1
10 20 30 40 50 60 70 80 90 12 %iééstt 13
20/(°) '
E7 AR Si B0 A R X 2 A B8 CHELL Si HC XA TiO, f (o7 B S

Fig.7 X-ray diffraction pattern of slag with

different Si ratios

Fig.8 Effects of C ratios and Si ratios on TiO,

grade in slag
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T B DR T A MERERR IS AR A A, AR
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WCRHBTAR I 1. 509% $ET+ 2 80. 96% , Pt , W1 2B Al
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Study on the test of vanadium-bearing molten iron prepared from
titanomagnetite by two-step reduction method

LI Dong-bo', WANG Yun', ZHANG Guo-hua’, WEI Jia-ming' , WANG Hong-yang’ ,GUO Ya-guang',

GAO Yong-liang' ,CUI Jian®
(1. China ENFI Engineering Corporation, Beijing 100038, China;

2. University of Science and Technology Beijing, State Key Laboratory of Advanced Metallurgy, Beijingl00083, China)
Abstract: Aiming at the poor separation effect of metal from slag because of TiC in slag in the process of
titanomagnetite smelting in electric furnace, a new method of carbothermal pre-reduction-silicothermal reduction
melting separation is proposed in this paper. That is in the later stage of the reduction process, silicon was used
instead of carbon for reduction reaction to avoid the formation of TiC, and the condition test and product and slag
detection analysis were carried out. The condition tests of carbon thermal pre-reduction show that low carbon (C =
0.12% ~0.22% ) products can be obtained at 1200 “C by controlling reaction time and carbon content (1.6 ~1.9
times of theoretical carbon ratio). The condition tests of siliconthermal reduction smelting show that the yield of V
increases with the increase of Si ratio, and the yield of Fe increases with the increase of Si ratio. Under the same Si
ratio, the lower the C ratio in the pre-reduction stage, the lower the Fe yield and the higher the V yield. When the
Si ratio is increased to 1. 8 Si, the V yield is 77. 71% ~81.62% and the Fe yield is 97.23% ~99.89% under
different carbon ratios, and the separation effect of metal from slag is good. Slag X-ray diffraction spectrum shows
that the main phases in the slag are magnesium aluminum titanate ( Mg, Al,Ti,0,;) and magnesium aluminum
spinel (MgAl,O,), without TiC. According to the spectrum and energy spectrum, it is calculated that with the
increase of Si ratio, the content of TiO, in slag increases, which can be controlled at 27. 28% ~34.86% when the
ratio of Si is 1. 8. This method uses Si instead of C for deep reduction, which significantly improves the yield of V.
The recovered vanadium can make up for the cost caused by silicon consumption, and the potential economic
benefits are significant.

Key words: vanadium titanomagnetite ; carbothermic reduction; silicothermic reduction; vanadium; carbon ratio;

silicon ratio ;slag phase; TiC



