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XF V(V EIV)-H,0 RM78E Fe(ITTEk 11 )-H,0M R 4L
BYMBE pH AR F P R OR EE TR,
B V(V)-Fe(Il)-S(VI)-H,0 F A JJ2AF A A DLk IE
i H. V(V)-Fe(Il)-S(V)-H,0 %3F3F V(V)-H,0 &,
Fe(Il)-H,0 &L S(VI)-H,O RSB . Kitk,
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D15 PR, R T R . SRR R # ) 5F
Bt E AR, A EMIRIZRIL S B %, I
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1.1 AHOEHIRE
5 7 SCHR[18—20], V(V)-Fe(IID)-S(VI)-H,O % i
NS N7 ) 5 R R H P Al B =& 1 Fngil

Rz 1 V(V)-Fedl)-S(V)-H,0 RTE K M7 FE el &% 3
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Table 1 Equilibrium reactions and corresponding constants of
V(V)-Fe(IlI)-S(VI)-H,O system

Equation

No. lg k Equation

1) 28.23 VO, +4H'=VO0j} +2H,0

2 21.33 VO; 2H'=VO0; + H,0

3) 13.36 VO +H'=—HVO0?2"

4) 21.31 VO +2H'=H, V0,

(5) 24.73 VO] +3H'=H;VO4(a)

(©6) 27.38 2VO; +2H=V,03” +H,0

@) 37.17 2VO; +3H'=HV,03 +H,0

®) 45.40 2VO; +5H'=H,V,0; +H,0
) 64.85 3VO; +6H=V,0;5” +3H,0
(10) 95.11 4VO0; +8H=V,0}, +4H,0
(1)  264.08  10VO} +24H'=V,,0%; +12H,0
(12) 27086  10VO; +25H'=HV, 05 +12H,0
(13) 27449  10VO; +26H=H,V,,05; +12H,0
(14) 2937 VO H4H'+S03"=V0,S0; +2H,0

XHEL, 4 V(V)-Fe(D)-S(VI)-H,0 R A7 5:01 50 5 9Lk 85 7 i3 16 913
(15) 11.87 Fe*'+OH = Fe(OH)*"
(16) 21.17 Fe'" +20H = Fe(OH);
17) 29.76 Fe*" +30H =Fe(OH);
(18) 2.03 Fe’" +S02"=FeSO;
(19) 2.98 Fe'' +2S03"=Fe(SO,),
(20) -3.00 H'+HSO, =H,S0,
21) 1.99 H'+S03"=HSO0,
(22) 14.00 H'+OH =H,0

RIEER 1 FrsEdE, n#s V(V)-Fe(IID)-S(VI)-H,O
& FE o A R (23)~(@4) s (B T
B2 AR S S BE DN, AETHROE AR A S DLES )
WEREE):

[VO; =1 X 10%#[vO; J[H'T* (23)
[VO; J=1 X102 [ VO3 J[H']? (24)
[HVO3 1=1 X103 VO] J[H"] (25)
[H,VO; ]=1X10*"*'[ VO] ]J[H'] (26)
[H3VOy (a)]= 1X10*7[ VO, J[H') (27)
[V,07 1=1X107*¥[ VO3 [H']? (28)
[HV,03 =1 X10*"[ VO J[H')? (29)
[H,V,0; =1 X 10°*[ VO [H']’ (30)
[V;05 =1 X10%%[ vO; P[H']® (31)
[V,0); =1 X 10" vOoy 1'H' (32)
[ V;05 1=1 X 10**%¥[ VO3~ 1"[H1* (33)
[HV,,05 ]=1 X 107*%[ VO3 1"[H']* (34)
[H,V,,05z =1 X 107+ VO3~ 1"[H"]* (35)
[V0,S0; I=1 X 10*¥[ VO} ][SO J[H']* (36)
[Fe(OH)*' =1 X 10"*"[Fe*"][OH ] (37)
[ Fe(OH); =1 X 10*""[Fe’ J[OH T (38)
[Fe(OH);]= 1X10*7[Fe*"[OH ]’ (39)
[ FeSO} =1 X 10*®[Fe*1[S03™ ] (40)
Fe(SO,); I=1 X 10**[Fe*"|[SO; I (41)
[H,SO,]= 1X10°[H'][HSO; ] (42)
[HSO, =1 X10"°[SO3 ][H'] (43)

[H,0]= 1X10"[OH ][H"] (44)
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WA SHEJREE, 7 V(V)-Fe(IID)-S(V)-H,O 14 %
b U AT DA B4 R R
[Felr=[Fe’ [+[Fe(OH)* J+[ Fe(OH); [+[Fe(OH)s]+
[ FeSO; [+[ Fe(SO,); ] (45)
[VI=[ VO, T+[ VO3 I+[ VO; +[HVO;™ +[ H,VO; T+
[H;VO,(a) [+2[ V,07” +2[ HV,07 ]+
2[ H,V,05 1+3[ V05" 1+4[ V, 015 T+10[ V;,0% T+
10[ HV,,05 1+10[ H,V;oO55 I+ VO,80; 1 (46)

[SI=[SO?™ J+[ FeSO} 1+2[ Fe(SO,); +[H,S04]+

[HSO, ] 47)
Ho g ER R T By B AR B SR
pH fE, HEIEH(23)~( 47K AR, RIS 2K R

H BT RO MRS BRES T BRI 5
VR EE KR FE A BB B i B 7 o5 S VBRI BE K
I3 B AE— PRI LU B SR BRI BRI T
PRI FEARAT B e 38h, = HrBkeE pH>3 I & A
HAEMBAIBRDTIE. B, AT, HER pH
v PR GEAE—-1~3

2 ZER5THE

2.1 V(V)-Fe(ll)-S(VI)-H,0 RH{HFFE SR
[# 52 S L[ V]r=0.1 mol/L & 4%k[Fe]r=0.1 mol/L-.
ER[S]r=0.5 mol/L, THEIFLM T 25 CRFHH %
Jﬂ%% TR TR BRSO pH AR AR %
P, anlE 1 RE 2 Bos. BB AT, SERERTE
PR, WL EELL VOS FIERAFLE, FEERE
B, HBTRBARKAEE, V0,50, MEEI/R 7 HU%
Wik, B pH=1.25 K4, iSRRI, ke ki
W pH {, VO,S0; &% T, HV,,05% « H,V;,05; %
RAEME TERSBZEH L, pH>1.5 LA,
HV, 055 1ZHT N 5 1 B RIBAF A . AEFTRT A
FREEVEEN, WIS AR A — S S B 7,
VO; .« H,VO; . H,V,0;. V,,0% %%, RETEAIM
HEARE N BB 2 AT, fERRERTEVIA R, Fe’
A SRR EL A7 4 i FeSO; 1 Fe(S0O,), - Bi% pH 1)
W, P 2K, FeSOL STt E L%
ik, Fe(SO,); MREEIZHT T 1. TE TR T pH Y A,
BRIFIAAAE TS KRBT 70 A=A XA AR pH X

(PH<0.25) Fe' 3, K pH X (0.25<pH<1.75)LA
FeSO; N3, ik pH X (pH>1.75)LA Fe(SO,), NE,
FAETE SNBH B TR D AR B B 1. B v
YARFFE T Fe(IlD)-S(VI)-H,O RIS, 1EREA
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e B . AR AR S
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Fig. 1 Mole fraction of V-bearing ions as function of pH
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Fig. 2 Mole fraction of Fe-bearing ions as function of pH
257C)
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pH B IS INTIFEAR . 5E L pHioo, A5 SLERER KB B8 1
MIEE IR BN 50%I i pH {E, MR 3 "L, 7F
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Fig. 3 Mole fraction of cations and anions of V and Fe as

function of pH (25 C)
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mol/L B, pHsg, ro H 0.8 3 /MZ 1,75, WAL 7R
FEVEEEIAN, EBRKE N 0.05 mol/L I, i ek &
FUIH & F RS BT 0L, BRERIR A7 1E 5
FUOR TEAEERA S TS B 6 B AR

BRI A AE T & RS 1R IR 20 BBl pH (AR LR

100 -

—=—[V];=0.05 mol/L\ ¥
60 [—a—[v1],=0.50 mol/L
]
I

40 |—&—[V]=1.00 mol/L I

Mole fraction of vanadium/%

——[V]=1.50 moI/L,‘ 4
20' f/l/IlI”
o kT
OF s-s-8-8-%06
| 0.5Qw
-1 0

B4 AFESSUREE TSP BT EER 2 805 pH IR
£(25C)
Fig. 4 Mole fraction of V-bearing ions as function of pH at

different total vanadium concentrations (25 C)
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Fig. 5 Mole fraction of Fe-bearing ions as function of pH at

different total sulfur concentrations (25 C)
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Fig. 6 Mole fraction of Fe-bearing ions as function of pH at

different total iron concentrations (25 C)

HE 6 AL, 482K H 0.05 mol/L 3 % 0.5 mol/L
i, pHsge, re H1 0.8 #2192, SEKEN 1.0 mol/L
I, R R B DARH B T TS AEAE . BRI,
TEARIE pH 20T, BRFER B E 71 & Bl .

22 PESBIZHIEL SN
wvnwmmwu&o%*ﬁﬁ“%m%¥%@

IR AN R FE 2 T BE pH E IR AL
T 7.
HE 7 /T, SEEIR BEAR A T T LI s DN,

IAE pH<1.0 G, SHBEZ KBTS EME
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SI(R3NH); (SO,)* 1oy +2HV (0% —
S ool 2[(R3NH)5 - HV}(035 ]org +5S03 (51)
._g [Sly Fe Vv " o _
S gol 005 molL, -0, "—a— ’ [((R;NH); (SO4)" Jorg +2Fe(SO,4), —
< 0.50 mol/L, -<-, —®— *
g 125 mol, -%-. —— [ & JUPRREE 2[(RyNH)" -Fe(S0,); Jory +SO;~ (52)
s 60F 2.00mol/L, -o-, —v— f5" P
= P gl N — T AL
2 ol T ST FIRER ST, YE IR N235 200K 41
2 NP BB AT 04, R L 478 gL,
g A 5.97 g/L. WS RERHLEAE RO A 8 T . e
s o =2 ;;J,’&-%i- 8 LA T MBI TN, B
B et pH(L4~1L8)IKITHiE, VA LRI I B8 T R
pH WK, BRI R E5 FTHCL AR T 61.2%
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Fig. 7 Mole fraction of anions of V and Fe as function of pH

at different total sulfur concentrations (25 C)

&A% P 7 vT50, 24858 0.05 mol/L. 0.5 mol/L.
1.25 mol/L+ 2.0 mol/L B}, TEAHRI) pHsov,v~pHsov re
i 0.82~3.0. 0.82~1.8. 0.82~1.1. 0.82~0.88 N,
FELIREWE T HIERAEAE, Mk Z U E 51
TERAELE AL pH U R N, AT IR R A LA L) (3l
TP B 5 22 4 e ot e S PR BB SR A B s 1, Bk
AR 5 1 2 26 B (BSO8Rt i) A0 2 R i
BRMIA B PFIERA R 5. HE 7B LUEH, B
KT E, AERERPLER S B pHsey v~
PHsov,re TIN5 2, BRVERETE R, P20
B HME P TR

BT BN 1.89 g/L, 3.09 g/L AT B4
WRERIZ R, YANG 57U FEER N235 REHL
SrEPURIER . RRM, RIS pH M 0.4 R
1.8 MR, FLRIEELH 31%M % 93%, ZkiZ
B 28% B M FAARE 6.2%. HR3EIR 1 A& 7, 721k pH
90, B 9 A ST AR R R R AL 32 ZE DL HL SOy
HV,,0% « H, V(05 ZREMHE TSI, #hbh
Fe*' FIil /b & 1] Fe(SO, ), MEAAFE. YANG 50N
REEFE T B & AE I (48)~(52) (K S B, ABATT AR 2k
RELE AR 5 AR & BT ELR AT .

2[RN],,, +H,S0, — [(RyNH)} (S0,)* 1., (48)
[(RyNH); (S0,)* ]y +2 V0,80, —

2[(R3NH)+ ~VOZSO;]Org + SO?{ (49)
2[(1{31\1H);r (SO4 )27 ]org + HZVIOOgg -

[(RyNH); -H, V}g055 Jorg +2503 (50)

P T = 22 94.6%, BRAHRH 1.8% T £ 10.2%).
£ pH=1.8 ZHISHRIAE F#D, &R E T AN
ML F, WO R AR Tk, RIS R AT
SRAIAF IR 73 B 205, . TAVAKOLI 2398158 7 LA
PR P 5 W R A R D2EHPA REHY 2 55 Bt B V4 0 O AL
Ak, 5 R WE 9 Fros. I8 9 7l I, 7 pH i [ 0.8~1.6
W, BRIEERCRGE B T, 45O T I 5 i 4
FATHD, IEWR pH=0.8~1.6 L =B DARH & 11245,
ML E 2 DL FH B AR e B, fEL 2R 1F T 1T
PAF—E LR B R
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Fig. 8 Separation of vanadium over iron from acidic leaching

solution with N235
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Fig. 9 Separation of vanadium over iron from acidic leaching

solution with D2EHPA
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Thermodynamic of V(V)-Fe(III)-S(VI)-H,O system and its
utilization for separating vanadium over ferric from acidic solution

LIU Jing-wen', YANG Zheng-fei', ZHOU Peng', LI Fei'*?

(1. School of Chemistry and Chemical Engineering, Jishou University, Jishou 416000, China
2. Key Laboratory of Mineral Cleaner Production and Exploit of Green Functional Materials in Hunan Province,

Jishou University, Jishou 416000, China)

Abstract: Aiming at the separation of vanadium over iron from acidic leaching solution, the thermodynamic equilibrium
diagrams for distribution of species at different pH values and different concentrations of vanadium, iron and sulfur with
the systems of V(V)-Fe(Il)-S(VI)-H,O at 298 K were drawn. The variation regularities were also analyzed. Based on the
thermodynamic analysis, the corresponding separation methods of vanadium/iron were put forward. The results show that
Fe**and VOj cations are predominant specials of iron and vanadium in strong acidic solution (-1 <<pH<C0.5),
respectively. When 0.5<pH, due to the coordination of sulfate, Fe*‘transforms to FeSO; and then Fe(SO,),

progressively, alongside this VO} progressively polymerized to various polyanions. pHsgy, is defined as the pH value
when target metal anions occupy 50% mole fraction of total. It can be seen that the more vanadium in solution the lesser
the pHsgy, v,the more iron the larger the pHsgs, re, the more sulfur in solution the smaller the pHsge, r.. In the pH range of
PHsov, v—PHsou, ke, in view of the difference of ionic electrical properties between vanadium and iron, the effective
separation of vanadium over iron can be achieved by ether choosing alkaline extractant or ion exchange resin to
preferentially adsorb vanadium polyanions oracid extractant or ion exchange resin to preferentially adsorb iron.

Key words: V(V)-Fe(Il)-S(VI)-H,O system; thermodynamic; pHsg,; solvent extraction; ions exchange
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