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Potential—pH diagrams for V-Fe-H,0 system during oxygen pressure
acid leaching of vanadium-bearing converter slags
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(Key Laboratory of Ecological Utilization of Multi-metal Intergrown Ores, Ministry of Education,
School of Materials and Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: According to the empirical equations of potential (¢), pH and the ionic activity factors of various species, the
thermodynamics of V-Fe-H,O system at oxygen partial pressure of 0.5 MPa, ionic activity factor of corresponding
concentration of 0.1 mol/kg and temperatures of 60, 100, 150 and 200 ‘C respectively was summarized in the form of
(potential—pH) (¢—pH) diagrams. The stable regions of soluble vanadium ions (V3+, VO** and VO3 ) contained in the
region soluble iron ions (Fe** and Fe*") at pH<<2. With the increase of temperature from 60 C to 200 ‘C, the pH values
of stable regions of V', VO*', VO, Fe*" and Fe®" become more negative and the redox potentials get higher. The
stable regions of vanadium iron spinel and other oxides are substantially less affected. The thermodynamic calculation
results indicate that vanadium can be extracted by oxygen pressure acid leaching method, but iron cannot be separated by
one-step leaching process. The leachate needs to be purified to make vanadium products. The experiment results show
that leaching rates of vanadium and iron are 96.87% and 89.25%, respectively, at temperature of 140 “C, oxygen partial
pressure of 0.5 MPa, particle size ranging between 0.055 mm and 0.075 mm, ratio of liquid to solid (ratio of volume to
mass) of 15:1, leaching time of 120 min, stirring speed of 500 r/min and initial acid concentration of 200 g/L. The
experimental results are in good agreement with the results of thermodynamic calculation.
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Table 1 Values of ayand iy for calculating four kinds of ions at 60~200 ‘C!®

. . Simple anion Anion containing Acidic anion containing
t°C Simple cation (Including OH") oxygen ( AOY~ type) oxygen [AO,(OH)" type] ¢ f(’)‘;s / J@-mol™-K™)
ar Br ar Br ar Br ar Br
60 14644  —0.41 —192.46  —0.28 -5.31 1.90 —510.45 3.44 96.232
100 19246  —0.55 —242.67 0 =5.77 2.24 —564.84 3.97 129.70
150 19246  —0.59 —255.22  -0.03 556.47 2.27 —598.31 3.95 138.07
200 209.20 —65.00 —271.96 —0.04 606.68 2.53 —635.97 4.24 146.44
R2 AFE T A-E
Table 2 A7 values at different temperatures from 25 ‘C to 300 ‘C
t/'C 25 60 100 150 200 300
Ar 0.511 0.545 0.595 0.689 0.809 1.983
£3  VH0 RERPAEAFRE R o i
Table 3 ¢° values of various reactions in V-H,O system at different temperatures
Reaction No. Reaction Gkl
25°C 60 C 100 'C 150 'C 200 'C
1 V¥ 2e=V -1.175 —-1.140 —-1.106 -1.073 —1.050
2 VO+2H +2e=V+H,0 —0.865 —0.848 —0.834 —0.823 —0.826
3 Vie=V* —0.256 -0.211 —0.164 —0.111 —0.062 1
4 V,05+6H +2e=2V*'+3H,0 0.134 0.114 0.086 8 0.0495 —0.006 36
5 V,05+2H+2e=2VO+H,0 —0.486 —0.471 —0.458 —0.450 —0.454
6 VO +2H +e=V*"+H,0 0.438 0.431 0.418 0.393 0.349
7 V,0,72H+2e=V,03+H,0 0.301 0.319 0.335 0.347 0.346
8 2VO*+H,0+2e=V,05+2H" 0.047 7 0.106 0.167 0.233 0.293
9 HV,0; +3H +2¢=V,05+2H,0 0.542 0.597 0.655 0.723 0.777
10 2VOZ’ +10H +4e=V,05+5H,0 1.366 1.451 1.559 1.704 1.850
11 V,05+6H +2e=2VO*+3H,0 0.958 0.932 0.898 0.850 0.782
12 VO, +2H +e=VO*'+H,0 1.002 1.000 0.992 0.972 0.933
13 V,05+2H+2e=V,0,+H,0 0.704 0.718 0.729 0.736 0.729
14 ZHVOi’ +6H +2e=V,0,+4H,0 1.644 1.747 1.878 2.067 2.267
15 ZHVOi’ +5H"+2e=HV,05 +3H,0 1.405 1.470 1.558 1.691 1.836
16 2V0i’ +7H"+2e=HV,05 +3H,0 2.190 2.308 2.461 2.683 2.921
17 ZHVOi’ +8H"+4e=V,0;+5H,0 0.973 1.033 1.107 1.207 1.307
A O, +4H +4e=2H,0 1.228 1.229 1.225 1.211 1.186

os)

2H"+2e=H, 0 0.029 6 0.057 8 0.084 8 0.098 0
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Table 4 pH’ values of various reactions in V-H,O system at different temperatures
Reaction No. Reaction pH’
25°C 60 C 100 'C 150 'C 200 'C
18 VO-+2H =V*+H,0 5.243 4.422 3.682 2.975 2.387
19 V,05+6H'=2V*"+3H,0 2.200 1.640 1.131 0.636 0.198
20 V,0,4+4H'=2VO**+2H,0 2.145 1.615 1.136 0.680 0.283
21 HV,0;5 +H'=V,0,+ H,0 8.139 8.410 8.664 8.961 9.179
22 V,05+2H'=2V0, +H,0 —0.733 —1.030 -1.272 —1.459 —1.606
23 ZHVOi’ +4H'=V,05+3H,0 7.949 7.789 7.762 7.930 8.194
24 VOZ’ +H'=HVO;~ 13.272 12.692 12.207 11.821 11.552
RS V-H0 REWFAEAFELSE T AEER 1
Table 5 Activity factors for substances in V—H,0 system at different temperatures
Ton Ionic strength, 7/ Activity factor, yr
(molkg ") 25°C 60 C 100 'C 150 °C 200 'C
v 0.40 0.292 0.258 0.216 0.155 0.101
V¥ 0.75 0.192 0.154 0.112 0.0612 0.0283
vo* 0.40 0.292 0.258 0.216 0.155 0.101
HV,05 0.10 0.785 0.770 0.749 0.711 0.666
VO3 0.15 0.583 0.558 0.524 0.464 0.398
VO35 0.10 0.785 0.770 0.749 0.711 0.666
H,V,07 0.10 0.785 0.770 0.749 0.711 0.666
HV20§’ 0.60 0.412 0.372 0.320 0.241 0.168
HVO?{ 0.30 0.545 0.515 0.475 0.407 0.335
VOZ’ 0.60 0.412 0.372 0.320 0.241 0.168

Pl HUV-HO F 2 511 ST i 224 0.1 mol/kg,
153 215 W TAEAN R BE R 3E FE

A V-HO & S W AN [ 2, 43 1 R =X
QYFMQG)THHA V] ¢ 86 pH ik :IF2: 15, BIATf
FIF 53 <A 0.5 MPa. HiLEE 4374 60+ 100+ 150 Fl 200
'C V-H,0 R[] o—pH F(LK 1).

5 3 B 5 P N 9 et P S E L P e A DA
R TG A AE, (HAE pH<2 IMIRPESME TR, 1
V', VO I VO," 3 Pk 8 747 (Es /£ pH>8 [
BEIESCAE R, 5 HVO2 |« HV,05 Ml VO3~ 25 B 1174k,
XECREE X A AE NI A1 BE SR T SR H 1R 2 5
B L8 NFE s R AL I AT AT

BEXT R I SRR R L 2 AT IR 5,
FEEH AT pH<2 MIRVESAT T Al R B 1A e X
MARAIE Ol FHE 3 w4, BHEIREH 60 CThm
200 C, MR VRRE K IR RN (3)XF MK ¢ fH
—0.211 V #5E51-0.062 1 V; K& V. VO Hil VO,
FeOE X R Y (19) (20)A1(22)%F M i pHO A1 43 51 ey
1.640, 1.615 FI—1.030 P#{% 4 0.198. 0.283 Fl —1.606.
EHUE AT, BEAE SO BE Ty, B S N A R

PEAAT T P B B A B AR A AR S HL A 38 T i,
P PR BB R, IR 25 Fy BRI A
Ao AR T o° S pHY AR AR, JEAS M hf
FERRYEZ AT T RES TR I AT 2 45 R TR,
XEFAEE AR R PREAT IR SN, O T 5k
HUE R, A2 w5 HE LSRN PR S I 3 JEE I3 A S
MBI ER . DL, SRR I R PR AN
AR,

1.3 =BT Fe-H,0 ZAYHE{I—pH

ANFRET Fe-H,0 % o—pH KIRZHI14ES
V-H,0 F—30, M4 CHR[11-12, 18-19] [ 2
el , 195 Fe-H,0 R4 RN AEANFAR S R o°
% pHY, S5 mnge 6 A7 A, &AJTIRE R D
T 8 frdil. WL Fe-H,O 7K % & TR0 0.1
mol/kg, L5325 4>k 0.5 MPa, JE 55k
60~ 100, 150 F1 200 ‘C It} Fe-H,0 Z ) o—pH E (LK
2).

Hi & 2 B4, KRR E XS Y, BB — o
LA Fe,O5 M4 FesO4 5 [ A TE XA AL, ok



2940

A G A R

2011411 H

1 AR N E N 0.5 MPa I V-H,0 £ [K) o—pH &
Fig.1 ¢—pH diagrams of V-H,O system at oxygen partial pressure of 0.5 MPa and different temperatures: (a) 60 ‘C; (b) 100 C;
(c) 150 C; (d) 200 C
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Table 6 goo values of various reactions in Fe-H,O system at different temperatures

1.0

15,

¢P/V
Reaction No. Reaction

25°C 60 C 100 C 150 C 200 C
25 Fe*"+2e=Fe —0.442 -0.408 -0.373 —0.340 -0.317
26 Fe*'+e=Fe*" 0.736 0.806 0.881 0.967 1.045
27 Fe,05+H,0+2e= 2HFeO, -1.182 -1.196 -1.230 -1.331 -1.461
28 Fe;0,+8H +8e=3Fe+4H,0 -0.120 -0.106 -0.092 5 -0.056 6 —0.053 7
29 3Fe,05+2H +2e=2Fe;0,+H,0 0.178 0.207 0.229 0.281 0.509
30 HFeO; +3H +2e= Fe+2H,0 0.461 0.492 0.530 0.637 0.744
31 Fe;0,4+8H +2e=3Fe* +4H,0 0.847 0.801 0.750 0.793 0.735
32 Fe;0,+2H,0+2e= 3HFeO, +H" -1.862 -1.898 -1.960 -2.136 —2.445
33 Fe,05+6H +2e=2F¢*+3H,0 0.624 0.603 0.576 0.622 0.660
A 0,+4H " +4e=2H,0 1.228 1.229 1.225 1.211 1.186
B 2H"+2e=H, 0 0.029 6 0.057 8 0.084 8 0.098 0
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Table 7 pH’ values of various reactions in Fe-H,O system at different temperatures

. . pHY
Reaction No. Reaction
25°C 60 C 100 C 150 C 200 C
34 Fe,05+6H" = 2Fe3++3H20 1.730 1.525 1.174 0.651 0.370

8 Fe-H,O REWAEA FIELEE R (136 FE N1

Table 8 Activity factors for substances of Fe-H,O system at different temperatures

Ionic strength, 7/

Activity factor, yr

fon (molkg™) 25°C 60 C 100 C 150 ‘C 200 °C
Fe?* 0.4 0.2918 0.258 5 0.2163 0.154 6 0.100 8
Fe** 0.75 0.1917 0.1542 0.1119 0.061 24 0.028 4
HFeO; 0.1 0.785 0 0.770 4 0.749 4 0.7114 0.6657
2.0 2.0
Fer (@) Eo (b)
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-1.0
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—200 1 1 1 1 1 1 1 1 1
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Fig.2 ¢—pH diagrams of Fe-H,O system at high temperatures and oxygen partial pressure of 0.5 MPa: (a) 60; (b) 100 C; (c) 150

‘C; (d) 200 C
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Table 9 ¢° values of various reactions in V-Fe-H,O system at different temperatures

- . op IV
Reaction No. Reaction
25°C 60 C 100 'C 150 °C 200 'C
1-17 The same with that of reactions of V-H,O system in Table 3
25-33 The same with that of reactions of Fe-H,O system in Table 6
35 FeO-V,0;+2H " +2e=Fe+V,05+H,0 —0.106 —0.00208  0.125 0.0742 0.063 1
36 V,05+Fe’ +2H +5e=Fe0-V,05+H,0 0.959 0.964 1.052 1.057 1.165
37 2V,05+Fe,05+10H +10e=FeO-V,03+5H,0 1.018 0.998 0.967 0.928 0.869
38 4HVO,* +Fe,05+18H+10e=2Fe0-V,05+11H,0 1.385 1.395 1.404 1.422 1.435
39 4VO,* +Fe,05+22H +10e=2Fe0-V,05+11H,0 1.458 1.475 1.495 1.526 1.554
40 2VO*'+Fe* +20,+4H ' +11e=Fe0-V,0;+2H,0 0.940 0.969 1.045 1.062 1.167
41 2VO* " +Fe* +20,+4H +10e=Fe0-V,05+2H,0 0.971 0.977 0.982 0.989 1.066
0,+4H +4e=2H,0 1.228 1.229 1.225 1.211 1.186
B 2H'+2¢e=H, 0 0.0296  0.0578  0.0848 0.098 0
F 10 V-Fe-H,0 % VAL | (¥ pH® B
Table 10 pH0 values of various reactions in V-Fe-H,O system at different temperatures
Reaction Reaction PHg
No. 25°C 60 C 100 °C 150 °C 200 'C
18—24 The same with that of reactions of V-H,O system in Table 4
34 The same with that of reactions of Fe-H,O system in Table 7
42 FeO-V,0,+8H'=2V*"+Fe?"+4H,0 2.396 2.129 1.820 1.665 1.340
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Fig.3 ¢—pH diagrams of V-Fe-H,O system at oxygen partial pressure of 0.5 MPa and different temperatures: (a) 60 ‘C; (b) 100 C;

(¢) 150 °C; (d) 200 °C
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Table 11 Chemical composition of converter slags (mass
fraction, %)
\Y% TiO, TFe Si0, MnO
8.07 10.71 36.33 15.43 7.72
MgO Cr,0; AlLOs CaO
5.47 3.23 2.58 2.38

N 4 — (Mn, Fe)(V, Cr)
* 24— Fe,VO,
= — (Fe, Mn),SiO,
e — Fe,TiO,
* — Si0,
.
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Fig.4 XRD pattern of converter slags
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