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Thermodynamic analysis for separation of
tungsten and vanadium in W(VI)-V(V )-H,O system

ZHANG Jia-liang, ZHAO Zhong-wei

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The thermodynamic equilibrium diagrams were drawn for the distribution of species at different pH and
concentrations in the W(VI)-V(V)-H,O system at 25 “C. The difference of existing forms between W and V in the mixed
solution was found by the theoretical analysis, and accordingly the technical routes for separation of W and V were
presented. The results show that the polymeric ability of VO, is stronger than that of WO,”". At the pH range of 8.5-9.0,
most of VO, transform to polymeric anions, while almost all W ions still exist as the form of monomeric WO,*". This
difference makes it possible that W and V can be separated efficiently by a proper method. In the solution with low

concentration of W and V, VO, ions are formed under low pH conditions, while W ions exist as the form of anions.

Consequently, VO," ions can be selectively separated by the cation extraction agent or exchange resin.

Key words: W(VI)-V(V)-H,O system; W; V; separation; thermodynamic equilibrium; tungstovanadate
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1.1 #BHhFEE
WD)-V(V)-H,O Z s S s Wi 7 #2 X fr

TR

WO +H" =HWO, (1
WO3 +2H" =H,WO, 2)
6WO2 +6H" = W05 +3H,0 (3)
6WO; +7H' = HW,03, +3H,0 (4)
12WO +14H* =H,W,,0})" +6H,0 5)

ML S WOD-V(V)-Ho0 HRR B B0 b 1657
12WO32™ +18H" = H,W,,0%, +8H,0 (6)
VO3 +H' =HVO% (7
VO; +2H" =H,VO, (8)
2VO; +2H* =V,07 +H,0 )
2VO; +3H' =HV,03 +H,0 (10)
2VO; +4H* =H,V,037 +H,0 (11)
4VO3 +8H' =V,0/; +4H,0 (12)
5V03 +10H* = V 05 +5H,0 (13)
10VO} +24H" = V,,0% +12H,0 (14)
10VO} +25H" = HV,,03 +12H,0 (15)
10VO3 +26H" =H,V,,03 +12H,0 (16)
VO +4H* = VO] +2H,0 (17)
2VO3 +4WO2 +10H' = V,W,0}; +5H,0 (18)

2VO} +4WO2 +11H" =HV,W,03; +5H,0  (19)
3V0O3 +3WO02 +10H" = V;W,0% +5H,0 (20)
3VO3 +3WO2 +11H" =HV,W,0/5 +5H,0  (21)
9VO3 + WO +24H" = VyWO3; +12H,0 (22)
9VO3 + W03 +25H" =HV,WO3; +12H,0 (23)
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WEE, “117 AW A S A 0 R, FR3E R BT
WA R EE, A W(VD)-V(V)-H,0 & &4 Ay
PIAS 3R J7 R
[Wlp =[WO; ]+ [HWO; ]+ [H, WO, ]+ 6[ W05, ]+
6[HW, 03, ]+ 12[H, W, 049 1+12[H,W,,04, 1+
4V, W,015 1+ 4[HV, W,035 1+ 3[V;W,0 ]+

3[HV;W;055 1+[Vo WO ]+[HV,WO3, 1 (24)
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Table 1 Equilibrium constants and formulas of relevant reactions(25 ‘C)

Re;c(zion gk Formula Reference
1 3.5 [HWO, ] =1x10**[WO3 J[H"] [14]
2 8.1 [H,WO,]=1x10*[WO2 J[H' [14]
3 49.07 [W, 08, 1=1x10"T[WO2 '[H"* [15]
4 56.48 [HW,03,]=1x10***[W0; °[H"T [15]
5 115.38 [H,W,,0} 1=1x10">*¥[wo; 1[H" [15]
6 135.02 [H, W,,0%1=1x10" w03 17 [H']* [15]
7 13.36 [HVOZ 1=1x10"*[vO} J[H"] [16]
8 21.31 [H,VO0;]=1x10*"3[VO} J[H ] [16]
9 27.38 [V,0%"]1=1x10738 VO3 P[H' ] [16]
10 37.17 [HV,03 ]=1x10*"[VO} P[H' [16]
11 45.4 [H,V,02 1=1x10%4[VO} P[H']* [16]
12 95.11 [V,015 1=1x10"![vOy T'[H'T* [16]
13 118.69 [V5075 1=1x10"*[vOy P[H " [16]
14 264.82 [Vig0%s 1=1x10"*¥voy 1'H" 1 [16]
15 270.89 [HV,,03 1= 1x10°" " [VO; °[H" ] [16]
16 274.49 [H,V;035 1= 1x10"**[vO; ] '[H" "¢ [16]
17 28.23 [VO;]=1x10%2[VO} J[H' T [16]
18 99.29 [V,W,005 1= 1x10*?[VO3 P[WO2 *[H* ' (17]
19 101.52 [HV,W,0}5 ] = 1x10""*?[vO} P[wo3 *[H* ]! [17]
20 105.49 [V;W;055 1= 1x10'*[vo} F[WO3 F[H]° [17]
21 112.48 [HV; W0}, 1=1x10"">*[vo} F{wo? F[H*]" [17]
2 25731 [VoWO3]1=1x10%7'[vOy P[WO3 J[H T [17]
23 259.46 [HV,WO3; 1=1x10%"*[vO} ’[WO3 J[H' [17]

[Vl =[VO; 1+[HVO; 1+[H,VO,1+2[V,07 1+
2[HV,05 1+ 2[H,V,05 1+ 4[V,0}; ]+ 5[Vs0j5 ]+
10[V,,05 1+ 10[HV, ;035 ]+ 10[H, V;, 03 1+[VO; ]+
2[V,W,015 1+ 2[HV, W,035 1+ 3[V;W;03, ]+
3[HV, W;055 1+9[VoWO3: 1+ 9[HV,WO3]  (25)

T AR RS LA BRI M) pH

B, I BT (D)~25)K M, B AT15 21 4 2 Ik

MBS DU RIREE S R, BV B IR IR

(R ECAR B R i% 88 1y A LI BE R A 3. AT A,

KRR PAEAERI TR B 1S5 85 S BRI BE IR Bz Ry

K 1

2 FHR51R

2.1 W(\VD)-V(V)-H,0 & HF &2

£ W(VD)-V(V)-H,0 &', Ll pH1H 0.5 A Ak,
AR A pH E MERTIAAEN &S T8, 0
(EE IR 8. B 1 s AN . AR S N & F 2
TR 80 pH IR R K.

BB [W1=[V]:=0.05 mol/L I (L& 1(a)), *
FPRAR B 1 AE pH 290 8.5 WP A, T4 A R0 &5
B EENRZBRE T V,W00," . 7£ pH N
3.5~7.0 (TG A, VoW,0n S B K BE /R 23 B0AE 90%
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Fig. 1 Mole fraction of W and V in main ions as a function of pH at different concentrations of W and Vg in W(VI)-V(V)-H,O
system (25 C) (1—WO4; 2—W0,,%; 3—HW0,,"; 4—H,W,04,'"; 5—H,W1,04%; 6—VO,; 7—HVO,; 8—V,0,7; 9—
HV,0,77 10—V,0,,"; 11—Vs0,07; 12— V(0% 13—HV (05" ; 14—H,V 055" 15—V0,"; 16—V,W,0,0"; 17—
HV,W4015; 18—V3W;010°; 19—HV;3; W30 20—VeWO,5" 3 21—HVoWO, ): (a) [W]=0.05 mol/L, [V];=0.05 mol/L;
(b) [W]1=0.5 mol/L, [V]=0.5 mol/L; (c) [W];=0.5 mol/L, [V]3=0.05 mol/L; (d) [W]=0.05 mol/L, [V]=0.5 mol/L
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Fig. 2 Mole fractions of W(a) and V(b) in monomeric anions, isopolyanions, heteropolyanions as function of pH at different
concentrations of [W]r and [V] in W(VI)-V(V)-H,0 system (25 C): 1—[W]r=0.05 mol/L, [V]r=0.05 mol/L; 2—[W]=0.5 mol/L,
[VI1=0.5 mol/L; 3—[W]=0.5 mol/L, [V]1=0.05 mol/L; 4—[W]=0.05 mol/L, [V]1=0.5 mol/L
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