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Microwave roasting-acidic leaching technique for
extraction of vanadium from stone coal
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Abstract: Compared with the conventional roasting-acidic leaching procedure and acidic leaching process of raw stone
coal, the microwave roasting-acidic leaching technique for extraction of vanadium from stone coal was developed, and
the effects of H,SO,4 dosage and leaching time on vanadium extraction were investigated. The results show that the
leaching rate of V,0s reaches up to 83.5% when the tested sample is microwave roasted (without any additive) at 700

for 60 min, the dosage of sulfuric acid is 22% of V,0s leaching at 90 . The leaching rate is improved by about 30%,
more than that obtained from the conventional roasting or acidic leaching of raw stone coal under the same leaching
conditions. The positive correlation between the leaching rate of V,0s5 and Al,O; is found out by leaching V,05 and
Al,O; from both the roasted samples and raw stone coal. Based on the minerals crystal constitution and the characteristics
of microwave roast, the mechanism on improving the leaching rate of V,0s by microwave roasting was discussed. It is
indicated that the breakage of the minerals crystal constitution resulted from microwave roasting is the key factor of
affecting the improvement of V,05 leaching rate.
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[2-12] Table 1 Distribution of V,05 in 5 samples
Sample  W(V,05)/  W(V,05)/  W(V,0s5)/  W(V,05)s/
No. % % % %
1 0.74 0.47 0.27 0.10
2 1.09 0.58 0.28 0.23
3 1.30 0.63 0.52 0.10
(12] 4 1.10 0.43 0.58 0.10
1] 5 1.29 0.43 0.76 0.10
V,0; Note: wW(V,0s), is total mass fraction.of V,0s; w(.vzof)m,
W(V,0s), and W(V,0s), are mass fraction of V,0s in mica,
H,S0, kaoline and ferrite, tourmaline and garnet.
Fe( ) pH
2
HF H,SO, NaClO; Table 2 Chemical composition of sample for tests (mass
7l HF NaClO; fraction, %)
V05 C ALO; Fe,04 S KO  Si0,
e 1.05 1241 8.73 3.38 2.51 1.98  65.53
V,0s
1.2
HW-18 18 kW
MX4+
[14-15]
13
- el 1.3.1 -
Na,COs 1 mm 125
- 2 kg
700 60 min (
) 100 g 800
240 min 65%
74 pm
100 g 1.5:1
95 10 min
1 3:1 2.5%
2 ) 450
1.1 mL
5 \ V()
V,0s
(mL)
43%~63% (8) H,S0, 100 g
V() 10% V() V() 90% H,S0, (g
1 1.3.2
5 1 mm



910

2011 4
65% 74 pm
_ 100
£ 80
2 )
>
5 601
i
&
21 @ 40t
2.1.1 H,SO4 E
v
H,S0, — 20¢ * — Microwave roasting-acidic leaching
© — Acidic leaching of raw stone coal
0 4 8 12 16 20 24
24 h H,SO4 Leaching time/h
V,05 1 2 V,05
Fig.2 Effect of leaching time on V,0s leaching rate
100
H,S0, 22%
s 80 6h V)05 80.0%
= 20 h V,05 70.0%
5 60+
2
&
=401 2.2
£
3
S 20! * — Microwave roasting-acidic leaching
+ — Convention roasting-acidic leaching
o — Acidic leaching of raw stone coal
. . . ) . [15]
010 15 20 25 30 35 40
Mass fraction of H,SO,/% V,05 0.71 Fe, O3
1 H,SO, V,0s 1.23 AlLO; 0.21 V,05
Fig.1 Effect of H,SO, dosage on V,0;s leaching rate Fe,04 Al,O4 AlO;
Si0O,
1 HzSO4 C V205 F6203
V205 HzSO4
22% V,05 83.5%
50.0% H,S0,
35% 70% V,0;5
H,S0O, 25% V,0s
10%
H,S0,
[2]
V205
V205 V205 V205
2.1.2
H,SO, 22% H,S0O,
30% V,0s

2 H,SO,4



21 4 - 911
X{Y23[Z40,0(0OH),]} Z Si Al,O3
Al Y ALY ALO;
Fe3+ Mg2+ X
K+ Na+ OH A1203 V205
KAIL[AISi;0,0](OH), ALO,
KA13(Mg,F62+)[Alsi7020](OH)4 550 V205
700 1 050 5
60 - - D p
* — Microwave roasting-acidic leaching
4+ — Convention roasting-acidic leaching ,
[ = 50 e — Acidic leaching of
<, raw stone coal
v S a0t ~
1Al Z
KA]Q[VSI}Olo](OH)z f‘_.é 30F
SiO o
2 £ 20t
[#]
51
700 \% = 10}
Fe 0 . ) ) ) )
1050 5 10 15 20 25 30 35
Mass fraction of H,SO,/%
V.o 4 (95 ) H,S0, ALO;
25 Fig.4 Effect of H,SO4 dosage on Al,O5 leaching rate at 95
AL O3
25 ) 95 100
) (700 )
(800 ) 24h £ 80F
@]
H,SO ALO o
2 4 23 % 60 -
3 4 P
g
3 4 95 ) ALO; = 40}
- =
g
ALOs — 20} s — Microwave roasting-acidic leaching
V.0 4+ — Convention roasting-acidic leaching
25 o — Acidic leaching of raw stone coal
0 10 20 30 40 50
ALO; Al, O, leaching rate/%
’s 5 95 )  V,0;s ALO;
¢ — Microwave roasting- . 5 Relationship between acidic leaching rates of V,0s and
acidic leaching
= 20l + — Convention roasting- ALO; at 95
8' acidic leaching
= 5 X AlLO
= 203
o« 15p o — Acidic leaching of
e raw stone coal y V205 V105
n .
:D 1ok A1203
.8
£ _
2
S 5t / y=1.593 5x+10.569 (R*=0.983 6) )
0 L i i i i
3 0o 15 2 25 30 35 y=1.593 8x+15.311 (R*=0.989 0) 2)

Mass fraction of H,SO,/%
3 25 ) H,S0, ALO;
Fig.3 Effect of H,SO,4 dosage on Al,O3 leaching rate at 25

y=1.343 7x+25.756 (R*=0.765 4) (3)
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