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Table 1 Chemical composition of titanomagnetite wt%
A TFe FeO Fe, 0, Ti0, Si0, Ca0 AL 0, v P
ey 57.15 30. 41 47.91 7.74 3.82 1.29 3.69 0.29 0.13
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1)K 30 g 0 SR il SRR IR 5 1 5, T
W25 A O 7 R (1) F(2) REAT IR 4
TESONTTREE (1) F1(2) H, M8 AR S 1
CO,, BFEIPRIEOLT , i st B bt 25 2 i €O,
L CO, N BCHRAREERS  BRANAGEA o BRI, LU J7
PR (1) R (2) g HEdE, A 1.6 4% 1.7 £, 1. 8 {5 A
L9 fEmre ik, 5 A 1.6C,1.7C,1.8C 1 1.9C, A~
[FIBRIC T BS540 Bt 0 BCn. 2 s o
2Fe0 + C =2Fe + CO, (1)

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

Table 2 Amount of C added in titanomagnetite

wit%

WKL L 1.6C 1.7C 1.8C 1.9¢C
N 11.28 11.90 12.52 13.11
el 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)
®3 AFEBRECH T Si LA (X R 100 g
A 57 H))
Table 3 The amount of Si added with different
carbon ratios (per 100 g ore) g
Si Fic kb
L te
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
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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

wit%
B 5 S (B BC L, 38 ST [A]) 1.6C,2h 1.7C,2h 1.8C,2h 1.9C,1h 1.9C,2h 1.9C,3h
R AhR o 0.12 0.15 0.21 1. 10 0.43 0.22

TEABCAR G St 28 PF R, XA R e e EE 1Y
S W AT 4R (1. 9C U 3 h Ay )™
Yy, FABBREC RSBV 2 h (8977 8)) o 573 Ja Rl
FHIVBREE BEAT LI 3 B (CELBEETE ) , R N3R5
PR o HERATH, AEAN IR B Si i) 45 0F R kb

B Fe Sb, b &A1 C, 1 VS EAKT 0.01%
W HIRRRIN V. Fe IORUIEE 6 TR, &8 Fe
W B B IGC L A B I3 O, 25 1. 9C Iy Ik
HIRFN T 96.40% . JE G RICRTRRTE, VA
RPN, A HEFERD] V TR FZ L =M HE
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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%

A Fe C v Si Ti

1.6C 99. 962 0. 041 0. 007 0. 004 0. 004
1.7C 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

RO AUINILIEG Si gt Fe VR
Table 6 Recoveries of Fe and V without adding any

reducing agent in the smelting process

KA EL 1.6C 1.7C 1.8C 1.9C
V I/ % 1.18 1. 264 1.50 1.91
Fe Y%/ % 84.98 91.29 94. 68 96. 40

4.2 mEHRTRE

TERC AR St 2548 5 X5 A [A] Bk FE L 1 i
S A T 3 o 43 e XU R kB R A T
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Table 7 Chemical composition of metal ingots and recovery degrees of V and Fe with different carbon

ratios and silicon ratios

C et Si fit bt Fe frit/wi% V&/wi% CEi/wi%  Siti/wi% Tifi/wi%  Fe i/ % V I/ %
1.2Si 99. 582 0. 057 0.112 — — 94.36 9.34
1.7C 1.58i 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 1.58i 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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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

Sifickb oA 1.2Si fI 1.5Si BF,3 #(A, B, C) X1
W& Fe &, 1M Si Bt bt &y 1. 8Si Bf, A3 B3 . C3
AR OR KB Fe JUR, XK St AIIA AT L
fie it Fe ALY JEU0N 68 , T 2 2 )8 Fe 191K
o BARE ST BIMARX G 8 Fe WA5E 00 53y
2 A5 - DRG0 SiAy AR E Fe ALY HOIE AL, 3%
XIS Fe A5 A s @FH 2 Si e s 552, AT
Fe (197385, MIAREVRKE (K 7),SiIMARLE
—EJLH (1. 2Si ~ 1. 8Si) NI, Fe Byl 5 SR 1
JESE N o

AN CREEE St BCEET , Jif XA 4 14 3%
W7 ke XRD B, s b 32 2R D Bk
PREGEEFIBE SRR A1 o BLAbh, 70 28° i i B 1 18
Sl m] AHERT IR o s b B T AR R A R 46

# XRD 5 EDS Zp#iral 128 4 A KON ERIREAEE , B
KRR, C DX B EE I

HIZR 7 W0, AH TR SiE Ee B 00, £ A s e
HE O PR T4 Ji = ) R LLARAS B e 1) Fe iR EA
Fei o B BN, Si B PCA BB AR BUA S P FeO 1Y
FRLE , M ] BE2: B TiO, § Si i S iy 1
O, NI A —HB 0 Sio 7E A JRUad R v, 3 m €
BCLL) , S22 19 TiO, ¢ C 3 JRU R H , AR I 73 B B
A TiO, FT AR St R D T Pk, B2
i Si Al L2 5 8k S AL W 138 I, AT $2 55 Fe 1Y

B Ti 339 Lk Ti0, I XA T, eh sl 3
B TiO, By s L, T AR AN 8 Frn . H A
AP, BEF SiBC FE AR N, THO, fi (3232 i K



BEHTZE

5500

(a) 1.9C-1.2Si (100 um) (b) 1.9C-1.28i (20 pm)

100 pm 20
x100 x500

(¢) 1.9C-1.58i (100 pm) (d) 1.9C-1.58i (20 pm)

() 1.9C-1.88i (100 pm) (f) 1.9C-1.88i (20 pm)

6 i CHCHOY 1. 9C BTIUA = Wb AT e ot , AN Si B e B R BT 5

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 ke
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 SRR AR
A3 46. 84 4.56 4.61 1.68 0.87 — — 41.44

B 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 BT
3 2.07 11.32 10. 07 24.00 6.91 — 2.41 43.22

D1 — — — — — 100 — —

) — — — — — 100 — — R Fe
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Table 9 Compositions of each point in Figure 5
Ti Al Mg Si Ca Fe Mn [0} MIAH
Al 42.00 10. 90 4. 69 — — 2.28 — 40. 13
A2 46.01 8.43 3.85 — — 1.01 — 39.20 SRR AR AL
A3 50. 23 4.87 4. 64 — 0.63 — — 39. 63
B1 2.48 36. 17 14.29 — — 5.33 1.27 40. 46 N
Cl 3.85 13.52 7.03 22.70 5.64 5.43 2.89 38.94
C2 2.23 30.78 12.33 8.94 2.05 2.32 1.31 40. 06 A
C3 3.81 11. 07 9.55 21.97 8.90 — 2.49 42.20
D — — — — — 100 — — NS
x10 6 & ST
Table 10  Compositions of each point in Figure 10
Ti Al Mg Si Ca Fe Mn [0} YIAH
Al 45.76 3.67 5.81 — — 7.21 — 37.56
A2 49. 61 6. 18 5.95 — — 1.55 — 32. 80 ERBREEEE
A3 51.42 4.75 4.84 — — — — 38.98
B1 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 AN
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 b 3
C3 4.70 15.90 11. 87 17. 69 6. 84 — 3.09 39. 87
D1 — — — — — 100 — —
A
D2 — — — — — 100 — IR Fe
) 1-Mg ALTi,0,.
b i 2 2-MgALO,
2 } 2 2
NIRRT <1 ga
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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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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



