5525 B3 5 ) PEEREEFIR 201545 A
Volume 25 Number 5 The Chinese Journal of Nonferrous Metals May 2015

XEHS: 1004-0609(2015)-05-1355-07

PEBHBERSRRANRTHE RN

THkfE, RER, Ak, 2

AR a5 AEA TR, JhiT 100083)

8 O D THR&EPEEE, oI iR e SR A, RS E AT, RIS, TP T
AE Ca0-Si0,-MgO-Al,05-TiO,-V,05 EHRE E kil R 5 EIR R A0 iR AT N o S5 AL . £ESZIGHEVE R, HL7E
PV ] 1R 4310 L BEIRRE R A s S, BEEE Vo0, S IR B i Sam B Y, BT S
P EINARLRE I T 0 R LIRS B R DL SRR IR S5 A W R G0 SRR 1, T 5 | AT AT I ) A 5 40 e L e
Ag o RN, ) S0 BT S LT v R R 2 TE IR AH OGS, 456 PUMS AR SR AR Fo AR, T30 T B s Ji S R )
P RK RS AT A RS AG®, XU SR R IVEARAR BN, RSB 1.91%H 0.56%, BHifi, $E4t
T A A (R B E T 2k T 23 T ) AT 25 T B

KEEIE: P RS TCEL; AP R TR

HESES: TF841.3 MERFRERD: A

Distribution behaviors and thermodynamic analysis of
vanadium between molten iron and high titanium slag
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University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In order to improve the vanadium recovery rate and the vanadium distribution ratio between slag and molten
iron, the distribution behaviors of vanadium between molten iron and low basicity and high titanium slag of
Ca0-Si0,-Mg0-Al,03-Ti0,-V,05 was studied using analytical-grade reagent under laboratory conditions. The results
show that, the distribution ratios of vanadium increase as the basicity of final slags increase and decrease as the V,0;
content increase. Based on the thermodynamic activity factor models, the variation of basicity and vanadium content of
final slags affect the vanadium activity coefficients in molten iron and slag, which leads to the change of vanadium
reduction potential and distribution ratio. At last, equilibrium constant K and Gibbs free energy AG® of carbothermic
reduction of vanadium were calculated by the distribution ratios of vanadium obtained from the experiments and Wagner
and Aggregate-electron-phase models.
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Table 1 Experimental materials and its purity

Sample Component Purity/% Supplier
CaO 98 Sinopharm
SiO, 99 Sinopharm
MgO 98.5 Sinopharm
Slag
AL O, 99 Sinopharm
V,0, 95 Alfa Aesar
TiO, 98 Sinopharm
Iron powder 98 Sinopharm
Metal
Graphite 99 Sinopharm
Gas Ar 99.9 AGA Gas
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Table 2 Experimental slag and iron composition

Sample Mass fraction/%

No. Ca0 C" ALO; MgO TiO, V,0; basicity

Binary

al 6.17 45 693 152 5513 5.14 0.25
a2 1027 45 693 151 5568 5.07 0.51
a3 1320 45 7.02 149 5579 4.93 0.75
a4 1528 45 699 155 56.03 499 1.01
bl 10.78 45 697 154 5596 3.04 0.50
b2 10.18 45 7.06 143 5629 4.90 0.51
b3 957 45 699 145 56.01 7.09 0.51
b4 879 45 705 159 5553 894 0.49

1) Iron is 20 g; other is slag 10 g.
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Fig. 1 Schematic diagram of tubular furnace and porous crucible (1—Ar; 2—Control system; 3—Thermal couple; 4—Porous

crucible; 5—Resistance furnace; 6—Alundum tube; 7—Molybdenum basket): (a) Tubular furnace; (b) Porous crucible
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Table 3 Slag and iron composition after reduction
Sample Content in slag, w/% Content in iron, w/% Binary

No. CaO SiO, Al,O3 MgO TiO, V,0; A% Ti Si C basicity
al 7.78 22.39 9.13 3.4 57.11 0.19 1.58 0.58 0.83 4.62 0.35
a2 12.29 18.24 9.13 3.16 57.01 0.17 1.61 0.47 0.76 4.66 0.67
a3 15.42 15.15 8.97 3.36 56.94 0.16 1.63 0.42 0.67 4.67 1.01
ad 16.85 13.21 9.26 3.67 56.87 0.14 1.65 0.41 0.55 4.75 1.28
bl 12.84 18.41 8.4 3.59 56.69 0.07 1.01 0.55 0.73 4.59 0.70
b2 12.46 18.28 8.54 3.77 56.76 0.19 1.55 0.47 0.86 4.55 0.68
b3 12.08 17.71 8.72 3.94 57.14 0.41 2.21 0.45 0.78 4.53 0.68
b4 11.81 17.09 8.99 4.06 57.30 0.75 2.82 0.43 0.85 4.50 0.69
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Fig. 2 Change of vanadium distribution Ly with basicity and

V,0; content of final slag
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Table 4 Interaction coefficients of elements relating to
vanadium in molten iron at 1500 C

J C Si \Y% Ti

eV -0.34 0.042 0.015 -

R JE G 7 A R i 2 203 A, ] L
TFRIEA T VL05 MG LR T, T R b A 2T 215
TREENE, WRS, LR

W' =D xexpl—y, (RT)] ©)
By =3 Y= 2 (10)
ay,0, = Xv,0,7v,0, = Xv/v (11)
v,0, = % (12)
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Table 5 Atomic energy scalar (kJ'mol ")

j Ca Si Al Mg Ti 0] \Y%
x 104.6 171.54 125.52 146.44 133.89 12552 184.10

23 3.5X10°
- 22}
g 3.0x10°
2.1¢
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04 06 08 1.0 12 14
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Fig. 3 Change of activity coefficient with basicity (a) and

V,0; content (b)
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Table 6 Thermodynamic equilibrium constant and Gibbs free

energy of vanadium reduction at 1500 C

Sample R w(Vi0n. Ly - X AG®/
No. (kJ-mol ™)
al 0.35 0.19 2763 2249 1.23 -3.03
a2 0.67 0.17 3215 2467 1.30 -3.90

a3 1.01 0.16 3519 2583 1.36 —4.56
a4 1.28 0.14 4129 3006 1.37 —4.68

bl 0.70 0.07 3098 2332 133 -4.19
b2 0.68 0.19 2686 2053 131 -3.96
b3 0.68 0.41 2523 1925 1.31 -3.99
b4 0.69 0.75 2237 1731 1.29 -3.78
Average — - - - 1.313  —4.011

T B PR 2 (AT VA B AT AT I AL B
JEUSN IR 75 A 3T ERE A 30, T BLAEE] 1500 'C RN
STt BRI A B R, WaR(13).
FeO-V,0, +4C = Fe +2[V]+4CO
AG® =19450-13.19T
AG® = —RTInK (13)
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