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Predominance Diagram of Dissolved Species and Pourbaix Diagram of

V-H,0 System at High Vanadium Concentration

ZENG Ying MA Min-Rui

(College of Materials and Chemistry & Chemical Engineering, Chengdu University of Technology, Chengdu 610059, P. R. China)

Abstract: The predominance diagram of dissolved species and a Pourbaix diagram of the V-H;O system with a
high vanadium concentration were studied at 25 C by a concentration comparison method. The concentration of
dissolved species, borderlines for liquid phases or solid phases and borderlines between the solid and solid phase were
calculated on the basis of thermodynamic analysis and electrochemical analysis with a total V concentration of cqw,=
1.0x10™* mol- L. The predominance diagram of dissolved species and the Pourbaix diagram of the V-H,O system were
then plotted. Comparisons made between predominance diagrams for ¢gy,=1.0x10" mol+L™ and ¢1y=1.0x10" mol-L~
show that at a specific temperature and pressure the total concentration of vanadium has little effect on the stable
predominance regions of the vanadium cation. These conditions also have a remarkable effect on the multi vanadium
acid radical anion. A series of protonation and polymerization reactions may occur with the vanadate radical anion
resulting in changes in the total concentration of vanadium and in acidity. A higher total concentration of vanadium
and higher acidity result in a more stable multi-core vanadium radical anion.

Key Words: V-H,O system; Higher vanadium concentration; Pourbaix diagram; Predominance diagram;
Concentration comparison method

AR AP AR, B & E e AR WP ILDIIE. R0, PSP — R A %
AW DR AL S A R, InsRaR e . BUEY BTN, W pH L RAALIE AR TR, BLAY A
PR DU PUBRRE R B LS B, TER SRR 7E—E IR, KL 1 At
PRI & T ZOTE TR PUNSUR PR IADR: e B id A 2 2R i 15 Y pHAELR S B,

Received: November 24, 2008; Revised: February 16, 2009; Published on Web: March 18, 2009.
“Corresponding author. Email: zengyster@gmail.com; Tel: +8628-84079016.

U148 B T SRR 5T 35 H (047Y029-008-1) FIF T -1 45 JE 42 (200706 16008) BE A % il
© Editorial office of Acta Physico-Chimica Sinica



954

Acta Phys. -Chim. Sin., 2009

Vol.25

BB 25 2 S5 T 2 TE AR T b B DR 393 A X 3k
KUTUE X, 2 PR IR 4 T 2Rl AT 4.

i, 32 —pH &) 7] 0 3 % B AN [] B 32 F0 pHL 4%
T, AR R P& RIS (B0 ) A B 1
55 LR R AT B AT BB AR B B RS T L RO
PR B FEp 2l A R A S5 X Bl A s vk B, ATt
P2 DI E I B B2 e N T k= N R Pk o W K A
2 IR FRE 4 TRl ST, AT
HTHARESEZ: ] 1 25 CHE AU 23518 1.0x107
1 1.0x107 mol - L= 4 1 fife 25 ) i A1 34 IX Sk /&1
Pourbaix K", MFRIIE A vk 11548 HL 4 —pHIE
AR, 1538 T EmE ). AR EZ NS0 ER, B
AR AR RE, FLAEKIE W 1 RS R IX
WA 5 BRI BEARSC. TolkA 2 i
W R PRI RD, 25 CHUK M F 5 e
() FE B —pH &1 1 A DL SCHR R . AR SCHEXTV-H,0 14
F AT BEAETE A 2H 53 A T 30 B R W A2 43 B i) 2
filh b, iz W BE i el BT 25 CHE SV
WEBE R 1.0x107 mol » L™ 1) fiff 25 i g 348 DX 3 el
F1 Pourbaix [&].

1 V-HOZFRBBASHNRBEXEE

25 CH, V-H,0 K R /7 ) RIS S &
GRS T VTR pH (B . RSB SR AT 6. R ALk
FE AR (/N T 1.0x107° mol - L), 168 Fl pH 5514
T, AR T R DA RAZAEAE, Bl SR Y
B, HIRAAR S T U B A 1) pHL A T el AR B,
S crv=1.0x10" mol - L™ i, A REAFTERY I
fRAL53 47 V- VOi" . HVO;" \H,VO; .VO; . V* VO,
VOH2",VO* HV,0; .H,V,0; .V,0! . HV,0!" . V,0l5 .
H,V,,0% \HV,(0% .V, 0% UL & H* HO il H,0, 5
Croy=1.0x107 mol - L™ #f Kb, B4 hIK 2§44 : HV,05 |
H,V.0; .V,0!" HV,0} .V,0l; H,V, 0% HV,0%
V08 FTREM RN 7 B 15 M5 & 39 4N, W
B A YA sz g L2 1.

MRPEF A, TFEAR R A Ry 2, BifE
YEER L E F pH T AT A5 H 45 VA i 4L o 2 T 1)
WL, VRIS LA, Pk i, 240115 E -3 -
3V, pH b 0-14 JE N EY V-H0 & R 4l ot
P (E 1), b OGBS LR 2.

A 1 AT O, A3 X RS 21 P48,
SRR AR 12 AR, 4500 vV VO* VOs
VO* . VOH*,VO;~ \HV,0; \HV,0!".V,0%; \H,V,0% .

1 cqy=1.0x10" mol-L if V-H,0 K RBFEHTH
BRI/
Table 1 Reaction equations of dissolved species in
V-H,0 system at cgy,=1.0x10= mol-L™*

Index  Non-oxidation reaction Index Oxidation reaction

(1)  V*+H,O=VOH>+H* (24) V¥*=V*+te~

(2) VOH*=VO*+H' (25) V*+H,O=VOH*+H*+e"
3) VO:;+2H;0=H,VO; +2H* (26) V*+H,0=VO*+2H"+e"

(4) H,VO;=HVO; +H* (27) VO=VO*+e~

(5) HVO:i=HVO!{ +H* (28) V*+H,0=VO*+2H*+e"

(6) 2VO*+3H;0=HV,0;+5H* (29) VOH*=VO*+H*te"

(7)  H;V,0:+H,0=2H,VO;+H* (30) VO+3H,0=VOi +6H"+2¢"
8) 2VO:;+3H,0=H;V,0:+3H* (31) VO*+H,0=VO:"+2H*+e"

(C)]

(10)
11
12)
13)
14)
15)
(16)
an
18)
19)
(20)
2D
(22)
(23)

H,V,i05+14H*=10VO; +8H,0
5H,V,0: +H*=H,V 05 +7H,0

VO*+3H,0=H,VO; +4H"+e"
2V*+5H,0=HV,0; +9H"+4e"

(32)
(33)

H,V,i0%=HV,0%+H* (34) 2VO*+3H,O=HV.0;+5H"+2¢e"
HV,0%=V,0s%+H* (35) 2VO*+5H,0=H,V.O;+7H*+2e"
5V,0+8H'=2V,05%+4H,0  (36) HV,05+2H,0=H,V,O; +2H"+2e"

5H,;V,0:=HV,0%+7H,0 (37)
2HV,,03+4H,0=5V,0i; +10H* (38)
V, 05 +2H+2H,0=2H,V,0;  (39)
V05 +2H,0=2HV,0} +2H*
HV,0:=V,0! +H*

2VOi +2H'=V,0! +H,0
H,V,0;=HV,0! +2H"

HV,0! +H,0=2HVO; +H*

2HVO: =V,0! +H,0

HV,0¢ +H,0+H'=2H,VO;

HV,0;+3H,0=2H,VO; +3H"+2e~
HV,0;+3H,0=2HVO; +5H*+2¢"
HV,0;+3H,0=2VO; +7H"+2¢"
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Predominance diagram of dissolved species in
the V-H,0 system at cyy,=1.0x102 mol-L™
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Table 2 Values of key points in the predominance
diagram of dissolved species in V-H,0 system at
crv=1.0x10" mol - L™

No. pH EIN No. pH EIN
1 0.00 1.217 12 3.52 -0.290
2 1.00 1.020 13 14.00 -1.529
3 3.68 0.360 14 3.52 —-0.050
4 4.69 -0.050 15 2.90 —0.255
5 12.45 -0.700 16 6.44 —0.196
6 14.00 -1.005 17 12.45 3.000
7 0.00 —-0.082 18 3.68 3.000

2.90 -0.010 19 1.00 3.000

9 14.00 -1.420 20 5.07 3.000
10 0.00 —-0.255 21 5.07 —0.082
11 3.00 —-0.255 22 6.44 3.000
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Fig.2 Predominance diagram of dissolved species
in the V-H,0 system at cyy,=1.0x10~° mol - L1
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Table 3 Equilibrium reactions between solid and
dissolved species in V-H,0 system at cqy=1.0x10°mol - L™

Index Equilibrium reaction

Index Equilibrium reaction

(€]
2
3
“
(6))
(6)
()
®)
©

(10) V,0,+4H,0=2H,VO; +4H*+2¢" (23)
(11) V:0+4H,0=2HVO: +6H*+2e" (24)
(12) 2VO;+H,0=V,0,+2H"

V=V42e”
V24+H,0=VO+2H*
2V*+3H,0=V,0,+6H*
2VOHZ+H,0=V,0,+4H"
2VO*+H,0=V,0,+2H*
2V*+3H,0=V,0,+6H+2e~  (19)
V,0,42H=2VO*+H,042¢"  (20)
V:05+5H,0=2VO} +10H+4e™ (21)
2VO*+2H,0=V,0,+4H"* 22)

14)
15)
(16)
a7
(18)

V,05+2H,0=H,V,0; +H*
5V,05+3H,0=H,V,,0% +4H*

5V 0+ 19H,0=3H,V, 0% +32H"+20e"
5V 0+ 19H,0=3HV,, 0% +35H+20e"
2V,0,;:+10H,0=3V,0'; +20H"+8¢"
V0,:+8H,0=3HV,0% +13H"+4e"
V+H,0=VO+2H*+e
2VO+H,0=V,0,+2H"*+2¢"
V,0:+H,0=V,0,+2H"+2¢"
3V,0+H,0=V,0,;+2H"+2e"
V015+2H,0=3V,0:+4H"+4e"

(25) V,04+H,0=V,0:+2H*+2e”

(13) 2VO*+3H,0=V.Os+6H*+2¢"
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Fig.4 Pourbaix diagram of the V-H,0 system at
crv=1.0x10"° mol - L1
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Table 4 Values of key points in the Pourbaix diagram of the V-H,0 system at cyy=1.0x10= mol- L™

No. pH E/INV No. pH E/N No. pH E/N
1 0.00 0.930 6 3.96 -0.020 11 14.00 -1.693
2 5.04 0.440 7 14.00 -1.312 12 5.96 -0.837
3 9.56 -0.30 8 3.96 0.150 13 5.96 -1.264
4 14.00 -1.070 9 7.12 —-0.905 14 0.00 -1.264
5 0.00 0.435 10 3.96 —-0.350 15 6.73 -1.264
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