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BT R, HERREAIIREE . BRECFRA . ARIUNTR] . AR L DS FEXT AR BRI 52, 2246 HBL1010 AXHXAEE
2k, ZERFW: ERNRIRRE Y 1.458 mol/L, ZEIBGEREE A 35~45 °C, ARIUHTECY 10min, AHEL O/A=1/1CHIAH 57K A 1A
BT, PURBRGREIRIAT] 95%LL o =gz s Rion, PURARIERILH] 99.7%LL b SR
NaOH 4 i EAHAHMATIR A, [RAEELIT pH J5 HEINA NH,CLUTL, £330 0 FA b AR £ 98.68% LA I,
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Extraction of vanadium from high acid leaching solution of
stone coal by HBL101

LI Qing-gang, XU Liang, QI Zhao-shu, MO Xing-de, LIAO Yu-long

(School of metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: A new extractant HBL101 was used to directly extract vanadium from high acid leach solution of stone coal.
The effects of acidity and potential of feed, time, phase ratio and temperature on the extraction of vanadium were
investigated. The extraction distribution isotherms of vanadium were plotted. The extraction distribution isotherm was
also obtained. The results show that the extraction of vanadium from the solution with 1.458 mol/L [H'] reaches 95% in
single stage with A/O ratio of 1:1 (volume ratio of oil phase to aqueous phase) at 35—45 ‘C for 10 min. In three-stage
counter current test, the extraction rate of vanadium is 99.7%. The loaded organic can be easily stripped using NaOH
solution. After pH adjustment, the strip liquor is used to precipitate vanadium by adding NH,4Cl. The final product of
V,0s with purity of 98.68% can be obtained.
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M, B RN R s SR, HTR
W R hAE D, ARMETEAMER, BRI
TWFER KPS, {1l N1923 ZHUA(V), 75 pH N 2
I, BLV)ARBCRAEIA R 95%LL E, 1T pH KT 6 IFA
HUCEASE] 35%° 10, il SR H N263 ALV )
V), B ILAS ORI Y pH B I 5~7
I, FEECRIE 90%LA F o 5k S A SRR R
M ZIEFERAEREL(V), JFLL TBP IhAF], 58K
LAE pH BN 2~3 IN AR LR, ZEHUR KT 98%.
Al N1923. N263 Fl=1EF T2 V)R, %)
W) pH ZREGASTZ], Tk E—AR M. Bk
PR TBP X i B4 HEA T AU T, R INAE IR
4 0.5 mol/L NH,VO; [ HCl %, O/A=1/1. =&
T, FERUCRATIA 98%LA b, ST Tl W FH R WL IE
ARG T PSOT7 A EAL(IV) HH(VI), RILLE
F PSO7+ AL AR 2 s R WA RS B0 JE R PRt v
LAV R, T A A, B R
O/A=12 I, £ 5 IR AI, VD PLAV)IHIAEI
HKIBJIEF) 98% LA . P507 XLV (VDL £
B, DRI DA F kA= b, ) o AR S
T P538 B CUbi v A U ST R (VO IHLEE, B9 R
IAEIREE R 20 CRIZAE T, ZHE Y VO; BT 5
AWAEEHMN LA, EH5WMAKT
n(VO3 ):n(HA)=1:1, (HHARLIIF AR WG HGE
KIM 2508 T SR eI AR A AL 53T H
W AIHND . BLOV)IIIESE, AUV AR B
100%. AHEA K TR TSR k0 PN A .

gr Bpmik,  H AT AR T AR AR
TP TEHMHBRZE . A A E . AU
EREPEZE . W RO ZER R AL o IBAh, R
DN e B v AU R aE . O T vk Bk
AL, RN R SRR AR AT ARV ) R, ASCAERE
T T AR AR A I i RV VA T v R A R A
N, A SR TR S ALV,
SR JE IR AE TGN HBL101 P A i B [ B 72 1
BRI P AR IR EEAN AR, ]
RIHFR Wb T P04 ML 29 s i b
Rl IR AR AMEE T, BRI A,
AT A EAS, T AR . TR AR
T AR P ZE U . B 8RS, TR A
FHWI. ZENG T T FE AR LIX63 M
W M b 2 BRSOV S HLOV ) IIRIFY, 4551 R,
7 pHAE N 1~2 B ZA IR LA S Fe F i ik £
PEREIHNVD) HL(V), R0 B A0 R S Bk ) 4%
PER, R ERRAAT N AT S R .

1.1 WX 58E
111 SEER )

AEUGH E AT HBL101, XAt 5254
A, BN et MR AR .

R A 1] P R 2 SR ) s B () A O R v th
W, RRBRIE Ay 1.458 mol/L, 754 S 2 1) (1 1R i
B HOREE, A7 342 mol/L, sk Wk 1.

A

R OBWRA AL HIMRSE
Table 1 Chemical components of feed solution (g/L)

V,0s H,SO, Fe Mg Ca

5.75 71.442 7.447 0.822 0.007
Al As Cr P Si0,

5.358 0.036 1 0.146 1.053 0.208

Vanadium concentration in aqueous phase was determined by
ferrous ammonium sulfate titration, other concentrations in

aqueous phase were determined by ICP.

1.1.2 SEEw s

125 mL/250 mL BB =F, HERIR G4,
pH/ORP-4571 RJE vh/ A4k i A7 1, HURAR 5 55
BRI G .

1.2 KGRI

T A GRS B B AR, AR IO < Jg B
5 HLAEH A G ML, 3E A HUAHAE A
ay, RN IR

VO; +HL — VO,L+H" (1)

AR WU [ A K F NaOH ¥, i Na" 5#E
BWIF VO A, Na BEAFT WU KA [ 2K N
H e N5 FE R

NaOH + VO,L —> NaL+HVO, 2)

1.3 SKWHAE

(1) BRETALIE: S50 Rl I8 5, 1 RRE
OISR T, AR 30 min, FiPESS
HIGHE 8~24 ho (2) AHUAHMECH]: FEAELGRH 56
BEFRMARLE N 1.9, SICHHUHT RN, B,
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ZEH NI, 5. KA HBL101 UGBS TR i 104 1109

SR A AT T E A . (3) BIER: %
BB 125 mL A, TR
TR MR, IS AU 008 4
SRIQHIE M, 45500000 HBO AV IR R 3 5 )
SR 5 RS20 SR P I ) 2 4 kR o
ARG, TR, B TR R,
AR TEE ORI, AR (E).

[Mel, Y,

[Me], ¥,

b [Mel, AZERBHE TIRIZ, ¢/Ls [Mel, WERR
TR TIRIZ, g/l Vo WARBIIARL Ly Vo kR
AR, Lo

E=1 x100% 3)

2 HR5UHE

2.1 HGRRENETEENENZIN
SLIGRHA: F NaClOs ¥ BREAAL EIHLAT 950 mV,
HE 24 h LU EFFERSEES, BB VL0s WK 5.75 g/L.
R . O/A 2y 1/2, ZEHUNE 4 10 min,
Sy AHISE] 3 min, A 28 'C, AKAHAF N 60 mL,
LI EE R 1 TR

100
"— VO,
60 o — A3
° A — A
[ v— Cri
o yp— +
401 N
) » — Fe3*
20
0 1 2 3 4

[H*}/(mol-L ™)
1 BREEX & U HE AR T m

Fig. 1 Effect of [H'] on extraction of elements

M T IR, IR BN L A IR S i AN 2
Fo BOATREE BTN, PAIAIBOR ST B,
{E O/A=1/2. TRFEN 4 mol/L WL Bg AL IR AT AR
ik 3 80% KA b o MEIL R # M"(aq)+nHL(org)=
ML, (org)+nH'(aq) & tH, & RAAT T L5 2R 1Y)
55 Re I RT H RCHA G 8 2% B T 4 A he ) o Bl
HIREERIPEAC, WK T ATRAH, /D& Fe. Al B 5448

B ATk, R BE R B AR AR P18 S . T A5 5 5
R TG RE 1, F¥'s AP SR 45 4 fie 1k
HRE MR MG, S F'y AP{EGER
FAF P ARG o, Ca® AERRSE N 0.5~1.5 mol/L i,
WA DA, H Ca” IR N 0.007 g/L, ]
REAE HH TAEAE T i 2e, AT H AR 8%. AL
FIRIESAF FPLIIZEIURYILE 80% LA I, i HAth 24
IFERCRBA,  BEHIZAEIRIAE 0~4 mol/L RS 451
XLV B R A E R, o] DL s T v
RAERUL(V), FEHERS F's AP 52405 51
E

2.2 BHRBAIITEH. k. 5. EEEEMEN
SCRCENR: ) NaClOs Kekha s 4 21 fa A7 23 51k
445, 578, 605. 782. 884. 956, 1072, 1135mV,
FE 24 h JE AL, RBRIR R 1.458 mol/L.
RN O/A 4 1/1, ZEHUNHE 4 10 min,
Sy AHISE] 3 min, A 28 'C, AKAHMAF N 50 mL,
e GLRHAT N FE I, S 25 R 2 s

L =— VO3
op [TV
A — Mg2+
80F v— Ca?t
60 -
X
= 40
20+
0Fr o—
400 600 800 1000 1200

@/mV
2 RHBCBAL S ASHUCR R
Fig. 2 Effect of potential of feed solution on extraction of

metals

I 2 PR, RGBT K 8 B
A H4HATAE 850~900 mV I, HLAIZEI I
100%, 1 i T-iZ A7V B, AR IR IEAA KR
2SR K o—pH BSR40, FESRIR N
1 mol/L. HLAZAE 900 mV LA G2 LL VO; XA LE.
i B 2 vT g, ARG T 850 mV B, BLOKHES A2
LA VO3 FIl VO™ BB I A7 A, Bl LA (T i
W VO3 I EEEI T s, T AR IR B LA P 4
KT, B ZA RGN VO3 BA BT i AR B0
Ko BE AR, W Fe MMASWRAER, 75
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AT, Fe LA Fe* T A7fE, BB TR,
Fe* A8 Fe'", 1M Fe [IAEHURAET WU Wil 4846 J LT
HF . WP Ca®ty Mg IR A ANBE HLA (K42 £ 1
RAWAE, HAEBCRL PR %, L5 as RR W %A
AT VO3 HA R ik £k, @ T Fe™'\ Fe''\
Mg®'\ Ca® % B FER IR 44 B R I R .

2.3 ZEENAT B XA Sk ZE N A #20

S EH: H NaClO; # BHE UL 2 HiL A7 880 mV,
FRE 24 h TFARSEE, RHEHN 1.458 mol/L, RHH
V,0s WKIE R 5.75 g/Lo {EARSCAER (1) 5 8258 50 (RH
B 5 ARSI A I

R . O/A 4 11, 23Rt 4 3 min,
MWEER 28 °C, AKAMARA N 50 mL, sEEGEE R anlE 3 pr
7No

100
—s— 3
80
ES
1]
= 00f "— VO;
g -—Fe3+
g 40f
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m
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Fig. 3 Effect of time on extraction of metals

MIE 3 BTEH, 76 10 min N, VO ZARURAH
NP ) P A T B ey, M AE IS TR 10 min BFARICR
FEARAAR, BNZAIGAZEIAAE 10 min Ao A47IAF) T4
T4, MOE PSRRI A4 10 mine 1 AN I (]
WA ARARAE IR )L AR, TR A I AL B,
ERE IR Fe'', BT ARIGR fET 20t s B VO,
Al Fe™',

2.4 ZFEEUHE LI ENER RIS 0D

REIAAFAN R XU R A 10 min, WA 28 C,
S AHIFTAA 3 min, ARG 30 mL, SEEe4EE R an
Kl 4 Fios .

M 4 7T LLE H, BEAE O/A HIU/ VR AR IR A,
X 10% 5282, O/A=1/1 I LA U

£ 95%LL b, AHELHUN, K LV )& R
N T PRAER T AR, DR LE 1/1. #ESkR:
7 RHPAHEG 11, 38 1 S8 A AT HILAH R O
AT HUH A AN AS I
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Fig. 4 Effect of O/A on extraction of vanadium

2.5 ZEZEBURE XTI ENERIZ I

RN . O/A=1/1, AHUNTE] 10 min,
SYAHIFIE] A 3 min, ZKAHARR A 50 mL, SEH 45 R
5.
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Fig. 5 Extraction of temperature on extraction of vanadium

M S WA Y A BGRAIEARR T LA (V)
M BCR BT IR B e, IXAT R IR AR AR U Y (1)
PR G, 35~45 CI, ZEHURIA S m, BEER
FETH SRR M BEAK. DROAHR BE I &y, H AR EGH]
SRS, ATHUARIOHE R, 3 AT WU 45
AR o [ 30 v %) B 75 SR AR 2 o AR I
BRI AR IR B A% N 35~45 °C o ANETRE W 484k,
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ZEERN, 45 SR HBL101 25U B Ry b AR 1111

Fe (2R LT 0, WIS AN AT A BT
BSOS

2.6 SENMFRMLZE

EALE O/A=1/1 R 4y 28 “C AEHU H] 24 10 min
I, SRR AH By e AR B R i, 2 AR T 2l i 2k
Wik 6 fizs.
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Fig. 6 Isotherm extraction curves of vanadium(V)

M 6 FTLLVE Y, fEAHLA A 10%HBL101+
0%l AL AT AN AL B (V,05) 0 15.28 g/L Zida o
HIE 6 m AL UV RIEEIUEER L R B0, Ui
POV )TEXFEIUAR R TR R R U o A RO S AR 1Y
JR B, el e U R, ARV K
FE 0.03 g/L B, &IEAHLL O/A=1/2 #4ELk, 2l
BPUVOIEREINZ, WK 6 wLLE W, Wit =g
I, KA BV Y BE AT AR 42 0.03 /L. [RUtE,
FAERA R T = GO i AR IV,

2.7 ZRPEREKE

FEARSER T, BT T 6 = JON R AR LR,
R E 7, Eth A FRAKMH, O RREATIAH,
T HEARZRIE Wi S IR =30 C,
O/A=1/2.4, Al 18] 10 min, Z>AHISE] 3 min, V=30
mL. B 7 %, Alv Asv Asy Ay Asy Ag IR =
PREMAFERUF AR, 01+ Oz O3+ Oy Osy Og
I3 MR IR SRR AR A WA, SER S,
FABR IR W BREE I VLT Ay Aoy Asy Ags Asy Ag
HIHLIKREE, H ICP 43HT As A2 48 251 ik
JEo SERaE R A 2 I 3. i 2 "rAL R
—HORAR, AR IKREACT 0.02 g/L, HLK)
AL H) 99.7%

0 A
o ~ A
\\11/// \\\31\\
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B 7 —gOE AR S iR
Fig. 7 Flowchart of simulated three-stages counter current

extraction

F2 PN = GOER ARG 45 R

Table 2 Vanadium of simulated three-stage counter current

extraction
No. pl(gL™h) Extraction rate/%
Al 0.009 7 99.83
A2 0.014 9 99.74
A3 0.009 7 99.83
A4 0.014 9 99.74
AS 0.009 7 99.83
A6 0.014 9 99.74

T3 AT TSR AR

Table 3 Metals of simulated counter current extraction in Ag

Element pl(gL™h) Extraction rate/%
Fe 7.442 0.07
Mg 0.800 2.67
Ca 0.070 0
Al 5.348 0.19
As 0.036 0.28
Cr 0.145 0.68

LA Eo W3 ATLIE Y, BRI 2% 5 e 8 1 251
I, BEIZERGIDE PLEAT B IR R -
R B 7 P A E L B SE SR A5 2 ) S A L
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# Oy Oy O3y O4n Osy Og¥AJE, Fl 1 mol/L )
NaOH % O/A=1/1, {EE N KA 30 min 7521 KA
VR pH b 8.8 Fmﬁﬁ’ﬁz“E% UL, 15 2 R R
BT e e i3 2 V,0s, KA ICP 73#HT1 V,0s HH 82
T, 4RI 4.

F4 DA IR I TR L

Table 4 Major impurity contents in V,0s

Element Mass fraction/% | Element Mass fraction/%

Al 0.1314 Li 0.023 6
As 0.124 6 Mg -

Ca 0.078 2 Mn -

Cd 0.010 4 Na 0.450 5
Cr 0.008 6 Ni 0.001 9
Co 0.002 2 Pb 0.075 4
Fe 0.0392 Zn 0.116 0
K 0.256 3 \Y% 98.681 7

M 4 FTLUE 1, I P B R AR5 2R
R, R ARG R 0= G2l E L 2 98.68%.
AR ZEBCRE ) Fe 2570 %, BT A< 200
(V) &3858UK, HAar AR, 13310 R AW H
FEUUN, AT B Al REIS 31 98.68% LA .

3 4hig

1) HBL101 BEERRSE Jy 0~4 mol/L 31 il Py 2 Y
VO3, HARZEEFe'. AP'. Ca®'. Mg &% Fid)E,
HABAR R AR .

2) HBL101 UM PR V205 IR AR AR

ZATUNR < L 35~45 °C, ZKIN ] 10 min, O/A=1/1,
TEALFAT V)RR AR IA 2] 95% LA .

3) iRl HBL101 A< HU A5 2 kA3 1 A< I
HISRECh 3 %, &3 GUEmAE, PLHARURIL F
99.68%LA I,

4) HBL101 AN B IREE, n] B HEAEHURNA,

WAT AR, BRI T MG G JLASEU A A
b P204 K, JAF 1528 g/L, ZAIGN AT kA
FEREA AHEE . P204 AT P R AR IR
SRR, HAZFENGH VO3 B mn e £erk, BT

WG e FE BT . TRAENMNAES, MR
SRV pH HJE, T EFEH &AL,  [RIAE 8
T P204 ZEHU T 2 R A EA G DT
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