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Technics for vanadium pentoxide extraction from
black shale in pressure field

LI Min-ting, WEI Chang, LI Cun-xiong, DENG Zhi-gan, LI Xing-bin, FAN Gang

(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China)

Abstract: The extraction of vanadium from black shale in Guizhou was investigated by pressure acid leaching. The
effects of main factors on leach recovery were investigated in pressure field. Optimum parameters for the leaching of
vanadium for one-step leaching are: reaction time of 3 h, sulfuric acid concentration of 200 g/L, leaching temperature of
180 and stirring speed of 580 r/min. Under these conditions, about 76% vanadium is recovered. A two-step
countercurrent leaching process is developed, and the vanadium recovery of 90% is obtained. Vanadium in the leachate is
efficiently separated and enriched by solvent extraction after several preprocesses namely. The extraction and stripping
yields of vanadium are 98.1% and 99.41%, respectively. Ammonia is employed to precipitate vanadium in the stripping
liquor, subsequently and then the precipitates (ammonium poly-vanadate) are calcined at 550 for 3 h to produce 99%
V:0s. The overall yield of vanadium through all process stages is about 85%.

Key words: vanadium; black shale; pressure acid leaching; solvent extraction
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Table 1 Chemical composition of black shale sample %

K20 Na;O CaO MgO AlLO; SiOs MnO TiO, P05
3.360 0 0.590 0 0.490 0 1.220 0 16.620 0 53.0300 0.007 9 0.9800 0.190 0

Mo Zn Cu Fe 03 FeO TFe S A%
0.0870 0.018 0 0.0190 2.700 0 2.3800 3.740 0 0.700 0 1.8300
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Fig.1 SEM image and EDS patterns of black shale sample
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2
Table 2

Phase and valence state of vanadium in used sample

1% 100.00 18.00 80.53 1.47 34.34 28.86 36.80
w(V)/% 3.260 0.585 2.627 0.048 0.627 0.527 0.672
330 g/L
2 65 g/L
200 g/L
21
85% 1.2 MPa
85¢
1.2 mL/g
2.1.1 N 75F
180 1.2 mL/g e
H 651
200 g/L ™
2 2 & 551
3h
45r
75.79%
35 : : - :
100 150 200 250 300 350
3h TR vk (g- L")
95 3
Fig.3 Effect of H2SO4 concentration on leach recovery of
85¢ vanadium
= I5f
3 2.13
= 5[ 1.2 mL/g 200 g/L
& 55+ 3h
4 4
45+
120 40.68% 180
35 : L . , . 9 Y
0 ] 5 3 y 5 5 75.30% 34.38%
JR R Tl /b
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Fig.2 Effect of reaction time on leach recovery of vanadium 2H0  V205+2H'—2V0,"+H:0
180
2.1.2 2.1.4
180 1.2 mL/g 180 1.2 mL/g
3h 3h 200 g/L
3 5 5
200 g/L 100~500 r/min
330 g/L 41.0% 73.8%
74.23% 78.24% 4% 32.8%

500 r/min
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Fig.4 Effect of temperature on leach recovery of vanadium
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Fig.5 Effect of stirring speed on leach recovery of vanadium
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3h 200 g/L 180
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3
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2.1.6
5
3h 200 g/L
150 1.2mL/g
6.6 g/L
4h 330 g/L
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580 r/min 1.2
MPa 3
3
3
Table 3 Experimental results of two-step countercurrent
leaching
( )% feL ) 1% 1%
1 74.21 39.77 0.25 90.00
2 75.77 38.45 0.24 90.07
3 73.86 40.24 0.22 91.03
4 76.25 45.86 0.19 92.08
5 75.62 42.39 0.22 90.70
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Fig.8 SEM image and EDS patterns of leach residue



1274

2.2
[17]
[18] [19-21]
4
4 ( )
Table 4 Main compositions in leachate g/L
v Al As K20 Na,O
9.990 8.560 0.129 1.400 0.102
P SiO2 Fe Mg H>SO4
1.580 2.500 16.780 3.620 42.390
4
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[21]
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