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Abstract: In order to achieve low—-temperature reduction of vanadium-titanium magnetite high-value utili—
zation of iron powder and clean utilization of vanadium-rich titanium materials a new process which in—
cludes grinding and removal of impurities ore coal sodium salt mixed to make agglomerates direct reduc—
tion—grinding secondary reduction of iron powder sodium roasting to extract vanadium for efficient and com—
prehensive utilization of vanadium-titanium magnetite was proposed. The results show that the grinding treat—
ment of vanadium-titanium magnetite concentrate can effectively remove impurities laying the foundation for
the subsequent production of high-quality iron powder and efficient vanadium extraction. The addition of so—
dium salt can greatly reduce the direct reduction temperature and improve the reduction effect. After grind—
ing and selecting the primary reduced iron powder and secondary reduction the reduced iron with 98.72%
grade can be obtained and its chemical compositions and process performances reach the industrial first—
level iron powder standard. V,0; with 98.12% of purity can be obtained from the vanadium titanium en—
riched material by sodium oxidation roasting-water leaching-acid ammonium salt vanadium precipitation-eal—
cination and deamination. A titanium—rich material with a TiO, grade of 49.61% can be obtained from the
leaching residue through dilute sulfuric acid leaching. Under the selected conditions the total recovery rates
of Fe V,05 and TiO, from vanadium-titanium magnetite concentrates to secondary reduced iron powder
V,0; products and titanium-rich materials are 90. 75% 82.71% and 89.63% respectively.
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Table 1 Chemical compositions of vanadium-titanium
magnetite concentrate %0

TFe  Fe,0,  FeO  TiO,  V,0,  Si0,  AlLO,

55.79  45.41 30.86 8.96 0.61 5.01 3.16

MgO0  Ca0  Na,0  K,0  Cr,O, P S

2.23 0.63 0.07 0.01 0.28 0.013 0.71

1
55.79% Ti0, 8.96%
V,0, 0. 61% ( CaO +
Mg0) /( Si0,+A1,0,) = 0.35
0.71% S P.Na.K
2 72.21%
8.47% 19.32% .
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Fig. 1 New technology for efficient comprehensive utilization of vanadium-itanium magnetite
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Fig.2 Influence of grinding time on impurity removal of
TFe 55.79% 60.12% V,0; vanadium-titanium magnetite concentrate
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Table 3 Chemical compositions of TFe60.12% vanadium

titanium magnetite concentrate %

TFe  Fe,0, FeO  TiO, V,0;  Si0,  ALO,

60.12  50.74  31.63 7.98 0.75 1.98 2.21

MgO  Ca0  NayO K, 0  Cr,0, p S

1.71 0.61 0.07 0.01 0.27 0.01 0.61
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Fig.3 Effect of temperature on reduction of

vanadium-iitanium magnetite concentrate
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Fig.4 Effect of coal consumption on reduction and

separation of vanadium-titanium magnetite concentrate
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Table 4 Low-temperature reduction and separation effect of vanadium-titanium magnetite
1% /%
1%
Fe TiO, V,0s Fe TiO, V,0s
60.03 95.02 0.42 0.09 94.88 3.16 7.20
21.47 12.43 35.91 3.23 4.44 96. 62 92.46
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Table 5 Chemical compositions and process performances of secondary reduced iron powder
1%
. /
TFe Mn Si C S P (g° em™) (50 ¢) /s (g+ em™)
=98.5 <0.35 <0.10 <0.05 <=0.02 <0.02 <0.30 2.60 ~2.80 <30 =6.70
98.72 0.003 0.09 0.023 0.02 0.013 0.28 2.63 30 6.87
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Fig.7 Factors affecting vanadium extraction from vanadium-rich titanium material by sodium roasting

15 g/L pH=2.2
(NH,/V=0.3) 100 C
30 min
98.12% V,0; TFe60. 12%
82.71% 6,
6 V,0;
Table 6 Chemical compositions of V,0; product %
V, 05 Si0, AL, 0, Na, 0 K,0 S
98.12 0.03 0.48 0.04 0.02 0.09
GB3283—1987
V,0, V,0,97 .
S 0.03 V,0,98
VZ OS
2.4.2

15%

1/6 80 °C 60 min
TiO, 35. 45% 49. 61%
TFe60. 12% 89.63%
78% .
TiO, 49%
3
8 8
o D
Fe V.Ti 90.75% .
82.71% 89.63% ;@
V,0; E)
Na, CO,



20 » 2020 41
TFe55.79%
PRGNSO
Fe: 100%
V:100% TFe60.12%
Ti: 100% Sk 5 K5 - BB %@1\’@
I
I
|
I
}
Fe: 94.88% Fe: 0.68% | Fe: 4.44% l
V:7.20% ’ V:034% | V:92.46%
Ti: 3,15%435\,"%5%%’% Ti: 023% P —— - Ti: 96.62%% PLECK
<+— Na,CO;
Ji& AR BE -k 2
Fe: 4.13% Fe: 90.75%
V:0.36% V:6.84%  TFe95.43% V:8439%  V:807% 3545%Ti0,
Ti: 15% JB0"  Ti: 1.65% i JE ik s Ti: 6.01%  ZHW Ti:90.61% Bk
N «— HS0,
| Ti: 89.63%
- % Ti
TR T BRI 49%@;02
Fe: 90.75% V. 1.68%
V:6.84% Trc98.72% — .
Tii 165%  {ft bk RRES R <]
K —»

8
Fig.8 New technological process for efficient comprehensive utilization of vanadium-titanium magnetite
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