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Theoretical Calculation of High Temperature Potential-pH
Based on Fe-H,O, Cr-H,O and Zr-H,O Systems

Yang Yang, Yang Yu, Chen Yunmin , Cao Qi, Xiong Wei, Lu Yunyun, Wu Xiaoyong
Nuclear Power Institute of China, Chengdu, 610213, China

Abstract: From the perspective of thermodynamics, this paper uses the Nernst equation to
calculate the potential-pH diagrams (E-pH diagrams) of the Fe-H,O system, Cr-H,O system and Zr-
H,O system at temperatures of 423 K and 573 K. This paper theoretically explain the corrosion
behavior tendency of the main constituent elements of reactor structural materials of iron, chromium
and zirconium in high temperature and high pressure water, which are affected by potential and pH.
This provides data reference for the materials electrochemical corrosion tests in the water chemical
environment in reactor, preventing the corrosion of the material, and extending the service life of the
material.

Key words: Thermodynamic calculation, Iron-water system, Chromium-water system,
Zirconium-water system, High temperature, Potential-pH diagram
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( Nernst) 52, FIHALEKANIFIHE, 74
Fe-H,O K& . Cr-H.0 K& K Zr-H.0 A R &
(432, 573 K) ZEMEHI28dE, BWTE
FWFE5T 432, 573 KT, &Y E=1 1 Fe-
H,0 K% . Cr-H,OfRZ K Zr-H,0 K F& ) E-pH 4,
R4 I R HE PN 7K A 25 A 25 A8 1A 6 1 Ei A
P2 AT SRR S

1 #hEtE
1.1 HEFRE

aA+mH" +n* = bB+cH,0 (1)
A, ao m. b, cHHAYT A H . YT B

1 HO Mfb2eiti 250 n AHAR2E R LT
MR, TERWCT, MR TR RO A
HL0L Er 5 pH E B ¢ R 0] LIAR $i Nernst 77 #2
A A
E, =E' —2.303 ( RT'm/nF)pH—

2.303(RT /nF)lg(as/a,) (2)
A H, F oA Faraday %48, UH N 96500; R Fn
FRES R B, R=8.314 J/(K * mol); a,fla,
Y A RN B MR B, TERESIET, YR
AEFWE (mol/L) , WRMIGE R 15 ECHTE
W T T R bR i, H5 R
M ARV S A 3 F B BE (AGY ) 3% W S i %X
(K) RREWTF:

AG = —nFE! = —-RTInK (3)

Hit, AiHRARRERNE (3) FAGHEL K,
BRIV AT A5 21 Sz 7 b v L AL~ fL AL BRI AT %6

E-pH W R FRZ 2L (2) , ML il H i AL s
pH. RN E, 1) E-pH E .
1.2 RAOFHHEITRE
WA 11t E R, RETFH
AGIH :
AGy = AGl, —(T-298)S%,+ [ CdT— || ¢,/Tar
(4)
AP, AGL MHITAE 298 K T AUbRIET AT F H
fits SUAWIETE 298 K T WIPRERT; C ¥R
TE 298 K~T Z [A] f1E R BE IR A, HiRik= Uk .
Co=x,+x,T+x,T7+xT? (5)
Krp, x( 0, 1,2,3) WA Ea AT =T
EHATIRIRIGAG . S0, AGL LIS Coo B ILHIT
R8s, R 1 PR,

2 Fe-H,O & &K E-pH E

T Fe-H,0 AR UwR"" H FeOOH . FeO,” .
Fe,(OH),". FeO % KN & & 17 7€ , Fe(OH), Al
Fe(OH), JUEWHAITA, # Fe-H,0 M F7E 423
573 K FRYFZR L 2. ARIEHRI 2 5dE"
A5 Fe-H.O R R 9 £ 22 iy e =X an 3k 3,
% 3 20 Fe-H,OK R EpHIE (E 1) .

1 298 K H W A4

Tab.1 Thermodynamic Data of Common Substances at

298 K
PIBL | A, /(KT + mol ) | S8,/ - K+ mol ™) | G/ K"+ mol)
H, 0 130.68 28.836
0. 0 205.152 29378
H.O -237.14 69.95 75351
H' 0 0 0
¢ 0 65.285 0

#2 Fe-H.0 KR EE E-pH ik
Tab.2 Main E-pH Equations of Fe-H,O System

s FE
(a) 0,+4H +4¢ =2H,0
(b) 2H'+2¢ =H,
1 Fe* +H,0=FeOH +H"
2 Fe’'+2H,0=Fe(OH), +2H +e"
3 3Fe,0:+2H +2¢ =2Fe;0,+H,0
4 2Fe(OH), =Fe,0:+H,0+2H"
5 Fe’"+2¢ =Fe
6 HFeO, +3H +2e =Fe+2H,0
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#3 AFERREET Fe-H,O R F RN E-pH 115X
Tab.3 E-pH Calculation Formula of Main Equations of Fe-H,O System at Different Temperatures

) HHER
423K 573K

(a) E=1.209-0.084pH+0.02111gao, E=1.116-0.114pH+0.02811gac,
(b) E=0.082-0.084pH—0.042lga: E=0.103-0.114pH—0.0571ga:»

1 pH=4.11+lg(FeOH /Fe’") pH=2.55+Ig(FeOH'/Fe™)

2 [E=1.274-0.1679pH+0.8391g[Fe(OH), /Fe’"] E=1.32-0.2274pH+0.1137Ig[Fe(OH), /Fe’']
3 E=0.28-0.084pH E=0.29-0.114pH

4 2pH=—16.74-1g{[Fe(OH), T’} 2pH=-15.67-1g{[Fe(OH), T’}

5 E=0.307+lg(Fe’") E=—0.272+g(Fe’")

6 E=0.497-0.13pH+0.042Ig(HFeO,) [E=0.398-0.17pH+0.0571g(HFeO, )

P TSR ILHE THIWRE

1 R AT R L s SR A P AT LA 2K
TITHLAREL [H/H(g)], T IRLHB A
FEERE K 1 RS, R T, Fe-
H.O AR B IX (ERASRRENE) T B
AN, HAERRTE XN (pH<7) S X 32 5L Y

2r

_2 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14
pH
a 423K
2 -
(@)
= 0r ()X\\\ Fe20s

-2
0
b 573K
El 1 Fe-H,O KR E-pH A
Fig. 1 E-pH Diagrams of Fe-H,O System
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YR Fe:0, Fl Fe,0,, 7E pH H 6 ZE47 1T, HERKHE
i Fe 84k HM Fe,0,, 4RELT} i 72206 Fe,O, &
b Fe,05. Fe,0; Hil Fe,0, 4 Fe a5 ALk,
W H AR R pH KR LU R ALTE Fe,0,
il Fe;O, e AA1E 1Bl DX IE ]

3 Zr-H,O &R E-pH B

FRE SCHR [8], Zr-H,O M Z v i 322/ iy
T 4PN, REP EERS P E R T
R E RS, 1E Ze-HO0 (KR, BIRIER
Yy A B34 1 mol/L,  NI3E i 3138 T 45 Zr-H,0
KRR 423, 573K M FRZ RN R, ks
PiRe MR 5 THAG Rl r E-pH K (E12) .

%4 Zr-HO KA E-pH Ji
Tab. 4 E-pH Equations of Zr -H,O System

ha=2 R
(a) 2H'+2¢=H,
(b) 2H,0=0,+4H +4e
1 Zr"+H,0=2r0™ +2H"
2 ZrO*+2H,0=HZrO; +3H"
3 Zr+2H,0=Zr0,+4H +4e
4 Zr*+2H,0=ZrO,+4H"

ZrO* +H,0=Zr0,+2H"

ZrO,+H,0=HZrO, +H’

Zr=7r"+4e”

Zr+H,0=ZrO*+2H +4¢"

O |0 | | |W»m

Zr+3H,0=HZrO; +5H +4e
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S5 Zr-HO KR E-pH 5
Tab. 5 E-pH Calculation Formula of Zr-H,O System

SR
5
423K 573K
1 2pH=3.955+g(Zr*'/Zr0™") 2pH=1.027+g(Zr*'/Zr0™")
2 3pH=—19.857+lg(ZrO*'/HZrO;") 3pH=-5.659+g(ZrO*' /HZrO;")
3 E=1.336-0.084pH-0.0211g(Zr/Zr0,) E=1.445—0.114pH—0.0281g(Z1/ZrO,)
4 4pH=—3.361+g(Zr""/Zr0,) 4pH=8.08+1g(Zr"/Zr0,)
5 2pH=-7.316+1g(Zr0"'/Z10,) 2pH=6.96+1g(Zr0"'/Z10,)
6 pH=—-12.542+1g(ZrO,/HZ1O; ) pH=—12.62+1g(ZrO,/HZrO; )
7 E=1.41-0.0211g(Zr/Zr"") E =1.22-0.0281g(Zr/Zr*")
8 [E=1.489-0.042pH—0.0211g(Z1/Zr0™") E=1.25-0.057pH—0.0281g(Zr/Zr0"™")
9 E=1.073-0.105pH-0.0211g(Zr/HZrO; ") E=1.086-0.142pH—0.0281g(Zr/HZrO;")
(a) E=—0.084pH E=0.114pH
(b) E=—1.282-0.084pH E=—1.367-0.1144pH
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Fig.2 E-pH Diagrams of Zr-H,O System
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#6 Cr-HOKFRM E-pH ik
Tab. 6 E-pH Equations of Cr-H,O System

i FeiE
(a) O,+4H'+4e —>2H,0
2H'+2¢ —H,

Cr'+2e —Cr(s)
Cri+e »Cr’
H,CrO+6H+3¢ —Cr +4H,0
HCrO, +7H'+3¢ —Cr’+4H,0
CrO,/+4H'+3¢ —>Cr(OH),
H,CrO,—~HCrO, +H"

Jo

—
o
=

HCrO, —»CrO, +H"

oI IR e N R N A IS

CrO,/+8H +3¢ —Cr’ " +4H,0

423, 573 K T ICEfLE AL X 35,
TESEBR I R, E-pH #4248 F 8454
HL Ak 24 TAE S A 4 R 2R BT bl v e A 7

5438 SCHR [14] #FH FactSage A4 1Y E-pH £
P} CroNisMos N BEATEAITR, IR HHR
Fl2F R Ak 2 B 58 T BT H R A T H0IE . AR
U E-pH BT LI 1, T ik R i e 4 AR
AR AR E-pH K —5, HpyzERal
RBJE FH 16 4 R [T 2 (8] A AR 52 08 DL KA [+
BET RS RN ZERERN, 8050 LA
FHHALF RS 7 it — B IE
5 & it

FIHA T A8 ) K98 T Fe-H.O KR |
Cr-H,O /K & J Zr-H.O A &1 E-pH &, H#EWr A
R 25 AT S g (4 AT e B 2B A RS e 1, X
WK AL I T & S AL R A B

7 Cr-HO AR E-pH 115X
Tab. 7 E-pH Calculation Formula of Cr-H,O System

) PR
423K 573K

(a) E=1.21-0.084pH+0.02IgP, E=1.37-0.11pH+0.031gPo,

(b) E=—0.084pH-0.0421gP,, E=—0.11pH-0.061gP,

1 E=—0.817+0.0421gCr"" E=—0.71+0.061gCr"”"

2 E=—0.17-0.084Ig(Cr’"/Cr™) E=0.14+0.111g(Cr""/Cr"")

3 [E=1.26-0.168pH+0.0281g(H,CrO./Cr’) E=1.14-0.22pH+0.041g(H,CrO,/Cr")
4 E=1.31-0.196pH+0.0281g(HCrO, /Cr’") E=1.29-0.26pH+0.331g(HCrO, /Cr’")
5 [E=0.96—0.112pH~+0.0281g[CrO,”/Cr(OH), ] [E=1.06—0.15pH+0.041g[CrO,”/Cr(OH), |
6 pH=-2.03+g(H,CrO./HCrO,") pH=4.02+1g(H,CrO/HCr0O,")

7 E=1.52—0.224 pH+0.028 Ig(CrO,” /Cr"") E=1.62—0.29pH~+0.041g(CrO.” /Cr’")

FHE TSR T HRIE

El 3 Cr-HO &R E-pH &
Fig.3 E-pH Diagrams of Cr-H,O System
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