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Acidic Precipitation of Vanadium from High Concentration of
Vanadium Solution by Ammonium Salt

Liu Dong Xue Xiangxin Yang He
( Institute of Resources and Environment School of Metallurgy Northeastern University Shenyang 110819 Liaoning China)

Abstract: Currently the vanadium solution used for vanadium extraction coming from the integrate
process of sodium roasting and then water leaching of vanadium slag has relatively lower vanadium con—
centration.It will produce a large amount of toxic waste water containing V>* Cr® NH,* SO,”” and Na'
etc which increases the cost of post-ireatment and the risk of environmental pollution.In this paper the
feasibility of acidic precipitation of vanadium from high concentration of vanadium solution by ammonium
salt was studied using ordinary vanadium solution with the concentration of vanadium increased as raw
material. And the effects of ammonium addition coefficient ( K) acid addition for the first time ( pH,) va-—
nadium precipitation temperature ( T) and acid addition for the second time ( pH,) on the recovery rate
of vanadium and products grade were investigated.Moreover XRF and ICP were used to analyze the vana—
dium concentration in solutions before and after vanadium extraction grade and impurities content of prod—
ucts.The results show that the preparation of vanadium pentoxide from high concentration of vanadium so—
lution is feasible.The optimum recovery rate of vanadium up to 99.83% can be obtained at 60 g/L of va—
nadium concentration K=2 pH,=5.0 7=90 °C and pH,=2.0 with V,0; purity of 99.99% which meets
the standard of YB/T5304—2011.This study also provides a research basis for the industrial treatment of
vanadium solution with low pollution and high efficiency.
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1 Table 1 Chemical compositions of
vanadium solution g/L
pH 4~5 4 Cr Na Si
pH 2~2.5 21.5 5.88 27.4 1.53
. V,0; .
1.2
V,0;. 1 5 (100
mlL)
pH T 21.5.30.40.50.60 g/L
1t 30~60 m’ 200 r/min
V* Cr* NH," SO, Na' 60 °C pH,
12-15 (K) .
pH, r 30 min.
N N N N 500 °C
150 min V, 0, o X
e ( ZSXPrimuslIl )
( PerkinElmer Avio 500 ICP-OES
30 ¢/L 57-10 )
% ( 2 K
n (1) (2 .
e 30 g/L ° 50 g/]: BB g |
99% [T R g — JI#4(60°C)
{10 ) X
0 gy R T
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Fig. 1

Flow chart of the experiment
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Table 2 National standard of vanadium pentoxide
w/!%
TV V,05 ) Si Fe P S As Na, +K,0 V,0,
V,05 99 =99.0 <0.20 <0.20 <0.03 <0.01 <0.01 <1.0
V,05 98 =98.0 <0.25 <0.30 <0.05 <0.03 <0.02 <l1.5
V,05 97 =97.0 <0.25 <0.30 <0.05 <0.01 <0.02 <1.0 <2.5
W=K-+V-C (1)
w.v.C (g . 2,
(L) . (g/L), 99% V,0; V,0,
M | V,0;
n= (2) 23-24
M, 100% o 3
M M, (g) ( 2 2 21.5.30.
(g)o 60 g/L V,0, 98 . 215g/L 30
g/L
2 19
2.1 60 g/L
21.5.30.40.50.60 g/L 60 °C
pH 45 K 4 100 101.0
pH 2.5 95 C 30
11005
min. 2
2 21.5 ¢/L 86. 8 1 1000
84% 30 g/L. = *
= {995 =
86.50% 40 ¢/L =
98.63% 50 g/L 199.0
90.40% 60 g/L Joas
97.25% 40 ¢/L o £
V W (g 1)
40~60 g/L
2
2’ Fig.2 Relationship between vanadium concentration
3 and recovery rate products grade
30 /1. I 215 gL |
3
Fig.3  Photos of ammonium polyvanadate obtained at different vanadium concentrations
2.2 K 60 g/L 60 C pH 4.5

K K 2.0.3.0.3.5.4.0.



.16 ¢ 2019 40
5.0 pH 2.5 3
95 °C 30 min. 4 K Table 3 Con.tent of 1mpun.tles in the proc%ucts obtained
4 at different vanadium concentrations
/ w/!%
K -1 .
(g+L7) Si P Na, 0 S
K 4 98.74% K 2 5 21.5 0.031 8 0.003 0 0 0.029 0
99.939% . 30 0.025 5 0.001 0 0.134 8 0.006 0
40 0.063 6 0.002 0 0.080 9 0.038 0
4 99% 50 0.050 9 0.001 0 0.606 5 0.109 0
99% 60 0.012 7 0.002 0 0.229 1 0.025 0
99.0 100.5
o -\-
(NH,) 4, Na,V,,0, * 10H,0 o 98.8| 1000
NH," Na* Na* '
' s < 98.67 / S
N, ’ ¥ « Jo95 &
Voz+ o 984r S
25 =
| ek 199.0
s B2r v, aty
o 5
98.0— L L L L L L—98.5
° 2.0 2.5 3.0 3.5 40 45 5.0
4 IE/ES U
( 2 4 V,0; 4 K
98 K=2 Fig4 Relationship between ammonium addition coefficient
K 2 o K and recovery rate products grade

Fig.5 Photos of ammonium polyvanadate obtained at different ammonium addition coefficients

4
Table 4 Content of impurities in the products obtained
at different ammonium addition coefficients

K Na, 0/% S/%
2.0 0.134 8 0.023 4
3.0 0.040 4 0.019 0
3.5 0.080 9 0.012 7
4.0 0.134 8 0.013 6
5.0 0.080 87 0.009 0
2.3 pH,
pH,

60 g/L 60 °C pH, pH,

4.5.5.0.5.5.6.0.7.0

95 C
6

98.92% pH,=5.5

30 min,
pH,
pH, =6
98.25% -
pH,=5.5
pH, 55~7

pH

K 2
2.5

pH,
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Fig.6  Relationship between pH, and recovery

rate products grade

7 pH,

Fig.7 Photos of ammonium polyvanadate obtained at different pH,

5 pH,
Table 5 Content of impurities in the products
obtained at different pH,

w/!%
pH,
Si P Nazo S
4.5 0.318 2 0.003 0.2157 0.053 0
5.0 0.108 2 0.001 0.188 7 0.012 0
5.5 0.012 7 0.004 0.296 5 0.092 0
6.0 0.019 1 0.002 1.091 7 0.724 0
7.0 0.019 1 0.001 0.539 1 0.053 0
8
85 C 97.5% 90 C
98.77% o

90 C 70 C

9% o 9 95 C

pH >2.5

V1002867

16
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Fig.8 Relationship between temperature T
and recovery rate products grade
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Fig.9 Photos of ammonium polyvanadate obtained at different temperatures
6 pH, pH,
Table 6 Content of impurities in the products obtained H
at different temperatures P
99.83%  pH, 25 98.
i u 25%
’ Si P Na, 0 s e
70 0.006 4 0.001 0 0.781 7 0.131 0
80 0.006 4 0.001 0 0.188 7 0.034 0
85 0.006 4 0.001 0 0.417 8 0.019 0 19 H. =
90 0.012 7 0.004 0 0.175 2 0.017 0 ° Pty =
95 0.044 5 0.001 0 0.444 8 0.062 0 96.14%  pH,=2 99.99% .
pH <1 ~
100 100
98|
99 °1.0~15 vVo,”
s 9% S
% % =
= L g 17 19
= =z TP, pH>2
ol 97 =
—a— [l 5
ook —A— V,0 17 4 96 ° 7
20 25 ( 2 10 pH, 20
sz V,0,5 9 pH, 2.0
o 11 H H
1 pik 05 1 " H 1.5 "
Fig.10 Relationship between pH, and recovery ’ P )
pH, 20 25 o
rate products grade
7 pH,
2.5 pH, Table 7 Content of impurities in the products
pH, obtained at different pH,
60 g/L 60 C pH 5 w!%
H
K 2 pH e Si Na, 0 S
pH, pH, 0.5.1.0.1.5.2.0.25 90 °C 0.5 0 1.0513 0.038 0
30 min. pH 1.0 0 2.170 0 0.017 7
1.5 0 1.226 5 0.017 4
2.0 0 0.363 9 0.008 9
2.5 0.031 8 0.997 4 0.018 9

10
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1 pH,
Fig.11  Photos of ammonium polyvanadate obtained at different pH,

60 g/L 3
pH, =5 K 2 T=90
C pH, 2 o
99.83% 8 60 g/L K 2 pH,
99.99% V,04 99 0 5.0 T 90 <C pH, 2.0
8 99.83%
Table 8 Chemical compositions of the product obtained 99.99% V,0599 (YB/
at the optimum parameters % T5304—2011) ,
v Si0, P Na Fe S o
56.01 0 0 0.270 0 0 0.008 9
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