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Clean, high efficiency and green utilization of vanadium
tailings extracted by calcium process

He Wei, Wang Jian, Ge Wensun, Chen Lian

(Pangang Group Research Institute Co., Ltd., State Key Laboratory of Vanadium and Titanium Resources Comprehens-
ive Utilization, Panzhihua 617000, Sichuan, China)

Abstract: Calcium extraction of vanadium tailings was taken as research object, the composition, phase
and occurrence state of main elements of the tailings were analyzed. On the basis of combining previ-
ous studies, the comprehensive utilization of vanadium-bearing alloy and titanium-bearing furnace slag
from calcium-based vanadium extraction tailings by physical method and pyrometallurgical separation
technology is put forward. Studies have shown that after the removal of vanadium tailings by shaking
desulfurization treatment, gypsum residue and iron-rich vanadium material were separated, gypsum
residue is used in cement plants. V/Fe-rich material with a certain proportion of reducing agent and ad-
hesive mixed press into pellets, smelting by ore-thermal furnace smelting reduction, ferroalloys with a
vanadium content of about 3% and reduction slag containing about 36% TiO, were obtained, V-contain-
ing ferroalloys can be used for alloying V-containing molten steel, and reduced slag can be used for
smelting high titanium slag. It can be exploited for effective extraction and recovery of valuable ele-
ments such as Fe, V and Ti from calcium-based extraction of vanadium tailings and can reduce the en-
vironmental pollution.

Key words: calcium extraction of vanadium tailings, shaking desulfurization, ore-thermal furnace
smelting, vanadium-containing ferroalloys, reduction slag, vanadium-containing molten steel alloying
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Table1 Main chemical composition of vanadium extraction tailings %
TV TFe SiO, CaO MnO S P TiO, H,0
08~14 20~35 10~15 4~10 3~7 1.0~25 0.04 ~ 0.06 7~11.0 20~35
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Table 2 Occurrence state of main elements in vanadium tailings extracted by calcium method %
UR7) Al Ca Cr Fe K Mg Mn Mo Na p S Si Ti A
BR(BEEMY 2607 1141 501 4153 000 3274 483 10000 8346 0.00 492 905 5847 30.57

BEOAEMAY 015 003 000 010 000 024

MEOEMLY 184 006 000 004 000 053

B 0.00 0.00 000 08  0.00 0.0
RERRES (L-8E) 1165  31.66  0.00 1.61 321 2227
BRBOREMREE 5518 2546 9497 5484 7973  18.19

AR 3.83 0.72 0.02 0.21 7.05 1.35

BERERER 099  2.01 0.00 0.3  0.00 2435
TR RS (4) 0.00 2748 000 058 10.02  0.00
GIN37R 024 009 000 010 000 024
Yag s 0.00 000 000 000 000 0.00
AALES 005 1.08 0.00 000 000 0.0
Jc8an 100.00  100.00 100.00 100.00 100.00 100.00

18.91 0.00 0.00

73.05  0.00

100.00

0.00 0.00 0.00 0.00 0.00 0.03 0.56 0.07

0.14 0.00 0.00 0.00 0.00 0.06 0.01 0.01

0.44 0.00 0.00 0.00 0.00 0.00 0.06 0.12

7038 1221 1670  4.45 36.06

12.18  0.00 2846 53.17 3442 29.19

0.41 0.00 0.87 0.00 0.00 1.91 0.07 0.20

0.41 0.00 0.00 0.00 0.00 8.55 1.69 2.77

1.42 0.00 3.49 0.00 5431 0.51 0.20 0.00

0.10 0.00 0.00 29.62  0.00 0.06 0.00 0.94

0.00 0.00 0.00 0.00 0.00 9.92 0.00 0.00

0.29 0.00 0.00 0.00 0.09 0.02 0.07 0.07

100.00 100.00 100.00 100.00 100.00 100.00 100.00

(a) R 1P FE 2816 <200
E1 {SERAREEMHEERE TR

Fig. 1 Identification of phase of vanadinmtailings extracted by calcium method under microscope
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Table 3 Particle size and sulfur content distribution of

tailings
Ki£/mm Hhlg R SR HR%

=0.3 40 0.75 0.323 0.21
~03~+0.15 570 10.71 0.234 2.15
~0.15~+0.074 945 17.75 0.082 125
~0.074~+0.052 3504  6.58 0.145 0.82
—0.052~+0.037 6545 1230 0.088 0.93
-0.037~+0.019 13553  25.46 0.087 1.90
—0.019~+0.01 7626 1433 0.117 1.44
<0.01 6453 1212 8.78 91.31
At 53231 100 117 100
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Table 4 Desulfurization effect of slotting and shaking table
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Table 5 Main chemical compositions of vanadium-rich iron material %
TV TFe SiO, CaO MnO AlLO; TiO, S P
WA 139~1.61  37~418  1334~146 22~29 1.52~162 21~238 11.98~13.06 02~03  0.047 ~0.053
SFIE 1.43 40.8 13.76 245 1.58 22 12.35 0.28 0.049
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Fig.2 Process flow chart of vanadium-rich iron material balling
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Table 6 Main chemical composition of vanadium-rich iron pellet %
TFe MFe V,0; TiO, CaO SiO, MnO ALO, S P
JuHEl 32.36~38.65 <0.5 2.08~2.67 987~11.34 3.62~6.14 1022~1328 1.04~1.73 2.08~3.12 0.22~031 0.038~0.052
Ty 35.62 <0.5 2.22 10.23 4.15 11.07 1.16 2.78 0.26 0.047
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Fig. 5 Ferroalloy temperature cross section
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Fig. 6 Isothermal section of CaO-Si0,-Al,0,-MgO-TiO,
slag system at 1 600 °C
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Fig. 7 Smelting process of vanadium-rich iron pellet in
arc furnace
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Fig. 8 Composition change of slag during the smelting
process of ore-thermal electric furnace
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Table 7 Main components of alloy %
C \Y% Si Mn Ti S P
S 3.09~5.39 2.15~3.54 0.56 ~ 1.24 1.52~1.89 0.63 ~2.51 0.037 ~ 0.056 0.052 ~ 0.084
SFEIMH 431 3.05 0.84 1.73 1.32 0.048 0.072
. . 4
P S LR A 4 [V [Si] BA M [Ti] & ®[Si] A [Ti]
B [C] S RRIER L 9 R 10, s 5l
F
T A oA
4.0 < 2 Iy A
= AT
35¢ 2} T
B _ - b ®
3.0 — -
S X
? 251t 0 I I I I
= 3.0 3.5 4.0 4.5 5.0 5.5
20} Ww[C)/%
[V]=-1.23+2.951In [C] e o marmy
sk R=0.89 10 [C] &ExT [Si]\[Ti] SENTWEER
Fig. 10 Influence of [C] content on [Si] and [Ti] content
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Fig. 9 Influence of [C] content on [V] content

[Si] & B EA A E; MEP0K [C] & BIE 4.5%



- 106 - W gk Pl K

2022 45 43 &

LA B, B [C] & &S, [Ti] &2 mil e, Pk
FHRESHUERA &R [V] &R PR, (A
Yot R TiO, P U & U & & it &
BURA 4T [C] SR HIFE 4.0% ~4.5% BENGIE.
3) R BRI S
B 19 AMREAR RS T i, IS8 DS = Bl 0 L

# 8, W FE 8L, if 5k h TiO, &% & h
36.16%, WVE R mkiE e MR R, SR IHIZ T 240
AR PR I, 77 A 0 B VR G 4 A i i 58 4
PR3] T R, S g B R T 0 3 R e Rk e Ak
FIH

*8 BUTEREEERS

Table 8 Main components of reducing slag %
Moo V,0; Ca0 FeO MgO MnO TFe Si0, TiO, AL,
WHE 013~050 19.19~3521 0.60~511 216~3.68 0.12~047 1.09~2.60 9.96~1564 32.61~38.16 4.33~10.14
FHEIE 0.21 28.02 2.48 2.94 0.24 2.02 14.07 36.16 6.42
1.4
HIE 11, & 12 AT LUE ), A FeO ity s 0,108 $2+0.0199
. = — R 2F »=0. x+0. °
i V,0s Fa AR Y [V] S ARSI o 7=0.87 n=45 .
WL RR, AL  FeO &, AF TH &P < 0‘8
IR B DL R AR ) [V] & i, (AR i i v § '
=t P N N . Z 0.6}
FeO & ¥ i 45 KAK, BAR AT — LR i
V.05, (125 SH0E e [Si]. [TH] 975 2 B, o
H s % 18, R T el S oA &b T Si i, 02
DIARAS L i A R i, SCRE M & B & goklak Al O To 20 30 40 50 60

() V,05 BN FE 0 138 I, 43 (FeO) 5 LA 1% ~

2% FEL,
4.0
[V]=—1.245 2 (Fe0)+10.39
R=0.85 n=19
35 ¢ %
< *
= L
Z 301 3
*
*
25
2.0 L L
0 2 4 6
Ww(FeO)/%

11 RJRES FeO SEIME [V] BIXFR
Fig. 11 Relationship of reducing slag FeO and [V]
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Table 9 Main components of HRB400E

ZFR BSR4
C Si Mn P S
‘ 0.21~0.25 0.32~0.45 1.26 ~ 1.40 0.018 ~ 0.038 0.011 ~ 0.040 0.018 ~ 0.032
15 27
0.235 0.38 1.32 0.029 0.028 0.025
0.21~0.25 0.30 ~ 0.47 1.22~1.37 0.012 ~ 0.037 0.007 ~ 0.035 0.021 ~ 0.035
JR A= 34
0.227 0.38 1.31 0.021 0.025 0.027
% 10 HRB400E HFMEESR T
Table 10 Main mechanical properties of HRB400E
AP B/ mm R./MPa R,/MPa Ayl % i L RE Gtk
L 8. 310 (430 ~ 485)/460 (620 ~ 685)/658  (23.0 ~44.0)/35.0  (12.5~20.8)/16.2 (1.39~1.54)/1.47 4% 12
- 012 (440 ~ 500)/473 (625 ~ 695)/649  (28.0 ~41.0)/34.0 (11.3~20.5)/15.9 (1.40~1.56)/1.49 4% 15
[IR(-S =400 =540 =90 =125 ToHLL

6 &
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