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Study on the Track and Recycle of Vanadium in the Titanium
Extraction from Blast Furnace Slag
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Utilization Panzhihua 617000 Sichuan China)

Abstract: The reaction mechanism and track of vanadium were analyzed by theoretical calculation and
sample detection during titanium extraction from blast furnace slag in Pangang by processes of high tem—
perature carburization and low temperature chlorination. The results show that vanadium enters into the

carbonization slag in the form of V,0, during high temperature carburization of the blast furnace slag

then V,0; reacts with chlorine in the process of low temperature chlorination and the product VOCI; en—
ters into coarse TiCl,. VOCI, transforms into solid VOCI, and stays in the residue through refining
process. V,0s satisfying the GB3283 — 1987 standard can be prepared by undergoing processes of calci—

nation of the residue salt roasting leaching and etc. Preliminary measurement indicates that about 50

tons of V,0; can be recycled in producing every 10 000 tons of coarse TiCl,.

Key words: blast furnace slag high temperature carbonization low temperature selective chlorination

TiCl, refining vanadium extraction
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Process flow diagram of high temperature carburization and low temperature chlorination for preparation of TiCl,
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Ti,0;—Ti,0,—TiO—Ti

V,0, :V,0,—V,0,—V
3Ti0, +C =Ti,0, + CO
AG°=273500-197.98T T =1381K
2Ti, 0, + C =3Ti,0, +CO
AG° =249 500 —152.47T T =1636K
Ti,0, + C =2TiO + CO
AG°=358500-195.67T T =1832K
TiO + C =Ti + CO
AG° =400 200 —-159.87T T =2503 K

TiO, +3C =TiC +2CO

AG° =263 700 -168.29T T =1567K
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Ti,O5 +8C =3TiC +5CO

AG° =261 740 -162.35T T =1612K
Ti,0; +5C =2TiC +3CO

AG° =263 100 —163.44T T =1610K
TiO +2C =TiC + CO

AG° =215 400 —-147.33T T =1462 K
3TiO, + CO =Ti; 05 + CO,

AG° =106 950 -26.98T T =3964 K
2Ti, 05 + CO =3Ti1,0, + CO,

AG° =82950 +18.53T T =-4476 K
Ti,0, + CO =2TiO + CO,

AG° =191 950 -24.67T T =7780 K
TiO + CO =Ti + CO,

AG° =233 650 +11.13T T =-20993 K
MgO + C =Mg + CO

AG° =597 500 -277T T =2153K
CaO +C=Ca+CO
AG° =661 900 -269T T =2463 K

Si0, + C =Si + CO
AG° =667 900 -3 277T T =2043 K
Si0, +2C =Si +2CO

AG° =353 200 - 182T T =1944 K
Al1,0, +3C =2A1+3CO
AG° =443 500 - 192T T =2322K
MnO + C =Mn + CO
AG° =285 300 -170T T =1681K
V,0, +2C =V,0, +2CO
AG° =165 700 —133T T =1243 K
V,0, +3C =2V +3CO
AG° =293 800 —167T T =1762 K
3
1 650 € MgO.Ca0.8Si0, AL O, C
MnO
V -
V,0, \Y
1.2.2
1 TiC.Al,0;.Si0, .
CaO. MgO

TiCo

1
Table 1 Typical chemical compositions of
carbonization slag %

STi TiC Al O;  SiO, CaO MgO SFe V,04

13.20 14.00 17.65 23.73 26.83 7.15 1.20  0.12

600 °C :
1/2TiC(s) +Cl,(g) =1/2TiCl,(g) +1/2C (s)
AGy = =289 530 +54.855T AGgy( = =242 kJ/mol
CaO(s) +ClL,(g) =CaCl,(s) +1/20,(¢g)
AGy = —161 510 +55. 4T AGgy . = =113 kJ/mol
MgO(s) +Cl,(g) =MgCl,(s) +1/20,(¢g)
AG) = —40 166.2 +119. 16T AGYy . =63.86 kJ/mol
1/2S10,(s) +Cl(g) =1/2SiCl,(g) +1/20,(g)
NG =125 520 +38.08T AGyy . =158.73 kJ/mol
1/3A1,05(s) +Cl,(g) =2/3AICL(g) +1/20,(g)
AG; =558 034 —10.78T AGyy . =548.86 kJ/mol
2V,0, +6Cl,(g) = 4VOCL, +0,( g)
AGY =165 700 —133T AGly = —420 kJ/mol

N 600 °C
TiC  CaO
V,0,
\%
VOCl, TiCl, o
1.2.3
TiCl, ’ :
TiCl, TiCl, .
TiCl,
TiCl, VOCl,

TiCl, VOCl, VOCl,

Al +mTiCl, + Cl, =mTiCl, * AICl,
VOCl,  TiCl,
VOC, + TiCl, = VOCL, | +TiCl,

nVOCl,,, TiCl, + AlCI,
TiCl,
v
TiCl, .
1.3
2 2
V,0, 0.20% ~0.28% .
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Table 2 Compositions of blast furnace slag in Pangang %
Ti0, AL O, MgO Ca0 FeO MFe Si0, V, 0,4 C MnO,
22 ~25 14.2~15.8 8.0~8.9 20 ~30 2.4~2.6 2.7~6.3 1~3 17.1~19.4 0.20 ~0.28 0.4~5.2 0.3~0.5
3
3 V,0, v 0.26% ~
A4 o 0.28 % V, 0,
3 v °
Table 3 The content of vanadium in high-temperature V,0, A4
carbonization slag % 0.14% ~0.15%
V205 V,0,
-1 0.159 VOCI, TiCl, 0.55% ~0.63%
-2 0.159
-3 0.141 Vocl
-4 0. 141 0.1% VOCl, VOCcl,
=3 0.159 25% ~26%
4 3 V.0, ¥ 1t TiCl, 50 t
O. 1 V2 05 R 43 P
o » 2 .
6 AY
s RidrE (V,05)
4 v

Table 4 The content of vanadium in residue slag of
low-temperature chlorination for titanium extraction %

V, 05 TV
-1 <0.1 <0.1
-2 <0.1 <0.1
-3 <0.1 <0.1
-4 <0.1 <0.1
5
Table 5 Compositions of collected dust by low
temperature chlorination %

TiC T V,05 MgO CaO  Si0, ALO,

-1 1.17 7.38 <0.1 8.54 24.00 24.03 12.30
-2 1.81 6.24 <0.1

6 TiCl, TiCl,
Table 6 The components of crude and refined TiCl,

1%
FeCl, sicl, vocl,  AlCl,

TiCl; -1 0.0004 0.1613 0.5512 0.0005 0.5
TiCl, -2 0.0006 0.0848 0.6238 0.000 5 0.5
TiCl, 0.0001 0.0072 0.0001 0.0005 0.5

AR

2
Fig. 2 The track of vanadium in titanium extraction
from blast furnace slag in Pangang
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48.0% » 7 GB3283 - 1987
7 8 N
Table 7 Compositions of residue after high Table 8 Chemical compositions of clinker and residue
temperature calcination % for vanadium extraction %
V,0, S0, Ti0, Fe,0, ALO, Z0, SO,  MnO SV SV Na,0 ALO, Si0, Nb,O;
22.00 3.00 28.00 20.00 8.40 4.80 <0.01 0.73 8.76  8.66 2112 6.75  2.46  2.05

3.80  3.42 231 1113 3.68 3.35
Nb,O5 P05 Ca0 K,0 Na,O MgO €l Cr04

Fe,0, 710, cl Mn0  MgO0  TiO,
2,30 0.71 0.30 0.26 6.10 0.26 <0.01 0.21

17.06  4.05 0.25 0. 65 0.21 12.96
26.89  6.75 0.013 0.16 0.43 31.52

=100: 25 100 g 25 9
g 850 °C 90 min Table 9 Chemical compositions of leaching solution
containing vanadium g/L
118 g 90 g
pH 10.2 >V Fe Ti Al Si Ca P Mg Mn Cr
R 450 mlL 18.85 0.027 0.02 022 <0.01<0.01<0.01<0.01<0.01 0.21
58 g
8 9.
3
8 (8.66 +
8.76 x100% ) =98.86%; (1 1) “ — ”

-3.42 x58/8.66 x90) x100% =74.6% -

95% 0 2) N
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