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Process of vanadium extraction from stone coal vanadium ore by
activated sulfuric acid leaching at atmospheric pressure

JU Zhong-jun, WANG Cheng-yan, YIN Fei, YANG Yong-qiang, LI Dun-fang

(Research and Design Institute of Metallurgy, Beijing General Research Institute of Metal and Metallurgy,
Beijing 100070, China)

Abstract: The method of activated sulfuric acid leaching of stone coal vanadium ore was studied. The effects of the ore
particle sizes, sulfuric acid concentration, amount of active agent and catalyst agent, reaction temperature, reaction time
and liquid to solid ratio on the leaching rate of vanadium were investigated, respectively. The results show that the
optimal conditions of leaching vanadium from stone coal are as follows: stone coal with size less than 74 pm accounting
for 80%, sulfuric acid concentration 150 g/L, dosage of active agent (relative to ore) CaF, 60 kg/t, dosage of catalyst R
20 g/L, reaction temperature 90 ‘C, reaction time 6 h and liquid to solid ratio (volume/mass, mL/g) 2:1. Under the
best condition, the leaching rate of vanadium can be higher than 94%. Under the optimum condition, the two-stage
counter-current leaching process was employed, and the dosages of sulfuric acid and active agent CaF, can be saved. The
total recovery rate of vanadium is 86.9% throughout the whole process of two-stage counter-current leaching—solvent
extraction—stripping—oxydrolysis. The purity of product V,0Os is higher than 99.5%.
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A, (HR R HF WREZ N 3.5 mol/L, 1ff HF B w5
RYER Rtk . HE 25U 58 T RGBT I NaF
il CaFy, WERLHIMTE, 7690 CFRI 120, LR
HRAN 83%, Bfkd LRI, ik, HZEh
I B AT B B85, TR RIMA . &5 Hom k)
PN T B mE LT A= X

AR SCAE RS0 B M SRR S A AT A T TR
AR AW, IR T R -, )
R ALK R DT - LA R e b B, 793 3 i Al
V,0s P2, AR R A R . AR T2 2 AL
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Tablel Main chemical components of stone coal vanadium
ore (mass fraction, %)
Al Ba Ca Cr Cu Fe K
2.01 0.39 1.47 0.1 0.05 1.44  0.77

Mg Ti \Y% Zn Si C
0.47 0.09 0.44 0.34 35.68 5.16
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Hoy M4, CaCOs A TakZK .
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BRI FE B L AR 2 DL RS A A
BRI R, SRR TP I B DS R
BIRFF— S (FE 2k 600 r/min).

BRI Sk SRR A LU BIRCLE, i
NS AN B A, I AR B T IR R T AR
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I Ro PIBLS R H ik BOR HOR M —BHR
B0 e, — B AR R B N R — 1
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S HE I
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RAFEEEEMWIKRDTN: R 4 RS EE, RE
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2.1 REEHEREER

T EHAT — A SR A IR R SR, SR AT T .

A: TRIERUE 150 g/L, I LG 2:1(mL/g), ViR
% 90 C;

B: BRIRHE 150 g/L, ¥l L 2:1(mL/g), 354k
CaF, H & 60 kg/t, MWIEE 90 C;
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C: BiRHAE 150 g/L, WAL 2:1(mL/g), i&HHH]
CaF, & 60 kg/t, #4671 R &8 HXT 757 47)40 kg/t,
SV 90 °C

ARSI A R WK 2 iy 3R 2 HalnT s, 16
AT CaF, BLAAEAT] R I40F R RABIR
e, RN 6 h BRI AAUN 31.09%; AR
TEALF] CaFy 46 TV 6 h, G H AT LUk )
84.52%; A(EMCIEAN AR R, IR H A3
TSI, BHRIET] 94.70%. KL, FE TR
AT BRI, AT CaF, 3] T 2 0
H, WA ) R HE—20 e TR AR, DRI e 4t
SR, BIEREAH] CaF, LA R AAAEIScAT
AT

R2 WRUBER

Table 2 Results of exploring experiments

Reaction Leaching rate of vanadium/%
time/h A B C
4 17.84 80.25 91.26
5 25.79 81.58 94.17
6 31.09 84.52 94.70
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B 1 AFERLEEATT 5411 SEM &

Fig. 1 SEM images of stone ore vanadium ore with different particle sizes: (a) Particles with size between 124 um and 250 um;

(b) Particles with size between 104 pm and 124 pm; (c) Particles with size between 74 pm and 104 pum; (d) Particles with size

between 58 um and 74 pm; (e) Particles with size between 45 pm and 58 pm; (f) Particles with size smaller than 45 pm
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Fig. 2 Effect of particle size of ore on leaching rate of

vanadium
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Fig. 3 Effect of reaction temperature on leaching rate of

vanadium
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Fig. 4 Effect of dosage of CaF, on leaching rate of vanadium

B 4w, BLIE 2R B TE AL ) CaF, H &3
TR B, ISR CaFy ), O 6 h Bl &K
XA 30% /4, 14354 7] CaF, 54 60 kg/t IR
BRI R 95.04%. (ESLIEAN E, 4REEHhnvE1h7
CaF, & % 88 kg/t, HLITR HIZIGIA W] W, 2% &3
T A&, EEEHA] CaF, H &R 60 kg/to



F22 % T

S %E, A BB BRIRIG LR IR R MR T2 2065

2.5 ELF RIREXHAZHENEIG

SRS 400 g BOFE, ML 2:1(mL/g), BilR
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Fig. 5 Effect of concentration of catalyst R on leaching rate

of vanadium
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Fig. 6 Effect of concentration of H,SO, on leaching rate of

vanadium
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Fig. 7 Effect of liquid-solid ratio on leaching rate of

vanadium
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SRS 400 g BOFE, ML 2:1(mL/g), BilR
WRE 150 g/L, AL R WK 20 g/L, #W54LH] CaF, H
i 60 kg/t, VIR 80 'C, VAR 8h, Wi 4h
FRUREURE . S2aeas Bk 3 o,

R3IVIN AR H AR A5

Table 3 Effect of reaction time on leaching rate of vanadium

Reaction time/h 4 5 6 7 8
Leaching rate of
vanadium/% 9126 94.17 9470 9523 94.44

FH 3 W, B HE R sV B ] PR S 1T 384
YRV AT E] 6 h LR HZETTIA 94.70%, 136 h
DUE SR H R MK 202, R, % 183 T 2 RekE,
K2 I ERE R 6 ho

29 ERSIREIALE

H T L 2R B R R, Bk, BT
TR RIS TR, SR G R RIR R U R
AT R DL DTEAL T CaF, T FERE, Tkt
AR PRBOE R H, —BaR RN, A
JEU™ IR H R U0 B R

W BLE RS IS IR WA 8 Frow, —Bos i Ay Al
B, WRD 5 ZBog i, TR B M
WEEIR, —BrR MV E AR it i e N i Sl Ak B2
B, CRERMhER. s e, A BR T
IABIRAEAFI R, IEANARTEH] CaF,, PR
BrBe. 28 10 RAEH S0 i, — BoR et i i)~
RIS IRl 37.05 g/L, B H WV 20 Bk
BV M 100.03 /L, Pk, KH ZBORwmeE, wr
AR A R R R IR, ATREN N —ER 5 i
TR R AT ARG, BRI T RRER I FE, S
DT JE B TR T R R BRRE

B9 Brom b P B B8 0 T R R ) AR 1
Blo HHIE 9 M4, Zo0d 10 A SER IS, BUIKTI4%
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X IXF A RO A IR s s e vk, nTHT
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Fig. 8 Schematic diagram of whole process
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Fig. 9 Change of leaching rate of vanadium with cycle times
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Table 4 Main components of first-stage leachate (g/L)

\Y% Al K Fe Fe* Ca Mg Zn
1.69 856 235 532 311 07 282 158

& 4 AL, BHBPS EMCN 1.69 gL, H
HREHABITAAAE, 0 APRI FP S 4 @5 1, P
I, AbFEZR AN BR Y A e BT . AR
SR 5%P204-+95% i A K by 43 HLAH (435 71 A5
AT AR
2.10.1 B H M TAL B

P204 XM A AL pH H o4 2.2 A1,
I, TEER AP NE pH 2k 2.2 KA. B
o —E R FeT, 1l Fe’™ 5 P204 A Mo 45 4 fs
71, Bk, Fe AR R P204 LI AU,
TR RPR LA JFUN Fe®', IR IR AR R Rk, 5
Hil e KR JF AT AE—150 mV. 32 HR AL BEEA L
WE N 99.01%.

2,102 A

RS FTHUAN 5%P204+95%(1AFH 43 %0)
TR AL AR 5 7R DAy 28 Hp ORI SR FAh 3 7 1) — B i A
KH 6 I FAEL, ZPAHLL (O0):V(A)=1:1, Hfiliif
) 7 min, AEBGEE 35 'C, FHI9HE 1 S min. L
AR T 98.5%, KAHHHLE AL T 0.025 g/L.
2,103 A SEMIKIFITUR

A A AT REEFIHN 150 g/L H,S04, K 4
PIFI A, RAEMEL (0):(A)=8:1, [ A i (i)
Smin, [RASHREEA . 2R A HUAH S P
T 3mg/L, Ht, PHRFEREKT 99.0%.

ALK BRDTL S0 25 1. ARV 1.05 f5 iR
1 NaClOs b5, AR WEIE, Kf#2h, 15205
WA GURE G DL W E ORI AR A5, B
I, AT R AN R AE SR

R FEEE AR AT S B 7 R

VO(P204),+H,SO,~VOSO4+2H-P204 3)

MR TTREGYAT AL AR AR AR IR S
P A ) o
AT T RE G E

6VOSO,4+NaClO5+3H,0=3(V0,),S04+NaCl+3H,S0,
4)

M T RE @) AT AL, SR RE AR IR R B
MR 1720

(V0,),S04+2H,0=2HVO0;+H,S0, (5)

M IR (S) T A, KA AR v = A R e Ky
PP 1/2,

ZRA RN FIS) T 5, PUEAN— KR R b=k
IR 5P S o 101, BT U4 1E—
IKFRDTSE A R T B RV FE 5 ™ AR L AR, A
MK ARDUE IS FEA T EAN MR, AFN TAE S dh
DUR L Z, RS PR FE LA 2 rhoR B 55 ZE A RRE
IFi) o i T 75 0 PR K PR HE L

2.11 MR

B IK AT 2 (O BV 76 iR R B T 2k
7J<?5'~§'JT%T@E V205FALIEIIJ’ E&E‘Zﬁ%%ﬁﬁﬂ?
2HVOs—=H,0+V,05 (6)

PRI R . UKD B B e
IhdrhiBe, B ETE S 350 °C, MREALE AL,
4ekF 1 h, Bl TFHES 550 C, Bike2 h, 53] V,0;
FEd, AT 99.5%. A TEASKRHAE G DT
PorRITOL Rk, e R JE U, KBRS
NI RN R AR T2 AR R B E 9 BoR,
V105 [ S AT Ik 86.9%.

3 Zig

1) KGR R A R i 12
ZAFUTT 2 80% I FRLEE /N T 74 pm, BRIRIKSE 150
g/L, TEALH CaF, & 60 ke/t, AL RIKJE 20 g/L,
W o (mL/g) 2:1, VAR AE 90 °C, AIAE] 6 ho

2) fEAA 24 FPLRRR HZTIA 94%LL |,
PAR 4L T e iRy 20% . K B R H S
285 10 KAEHN, PR B ERE 90%, UESEiZ TS
HEgmett. Al TELMNT, KRR HBIR
il R P BB th 7 KT SR H U S R R 255 R
B A i e R ER S B PRV

3) TER AR —IK AR DT R nT DL S AR R 11
WA, ANHERIMA IR, VO AT Z A,
BAAR T BCRE -

4) W AT IR A I i A - R A K AR DT
WL, REBCRATL 86.9%, MHIX T4 T EATR
K

5) A TR FAAH, &R,
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