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POTENTIAL-pH DIAGRAM OF COPPER IN 55% LiBr SOLUTION
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1. Electromechancs & Materials Engineering College, Dalian Maritime University, Dlian 116026;
2. School of Chemical Engineering, Dalian University of Technology, Dalian 116012

ABSTRACT: Potential-pH diagrams with condition figure for corrosion and anti-corrosion, passivity of
copper have been established according to the chemical potential of copper in 55 % LiBr solution at room
temperature. The results indicate that the area of Cu;O region decreases and formation potential of
CuBr moves towards negative while its soluble potential shifts to positive with Br concentration in-
creasing, which accelerate the corrosion of copper. The potential-pH diagrams will be of avail for study-
ing the corrosion behavior of copper in high temperature and high concentration LiBr solution.
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Table 1 data of free energy at 25T

species state G, kJ/mol species state G, kJ/mol species state G, kJ/mol
H* aq 0 ‘Br~ aq -85.925 H, g 0
'H0 1 -242.307 2CuBry aq -189.12 O, g 0
OH" aq -157.293 Cu S 0
Cu” ag 50.3 Cu0 S -148.1
Cu?’ aq 65.7 Cu0 S —-134
HeuOy aq -258.9 CuBr S -101
Cu03” aq -183.9

Remark: 1 — Results of calculation;2 — Cited from reference[6]; Other data cited from reference[ 9] ; ag-aqua, I-liquid, s-solid

Table 2 Electrode reaction and equation of potential or pH values

electrode reaction

equation of pH or potential relating to pH

.Cu®" +2H,0=HCuO5 +3H"
.Cu?' +2H,0=Cu0i™ +4H"
JHCuO; =Cu0}™ +H"
Cu"=Cu®" +e

.Cu” +2H,0=HCuQ); +3H" +e
.Cu?' +2H,0=Cu03” +4H" +e
2Cu+ HyO=CupO+2H" + 2e
.Cu+ HO=CuQ+2H" +2e
CCu O+ Hy0=2CuO+2H™ + 2¢
10.2Cu* + H,O=Cu,O+ 2H"
11.Cu” + H,0=CuO+2H"
12.Cu0+ H,0 = HCuOO; + H*
13.Cu0 + H,O=Cu(3~ +2H"
14.Cu=Cu" +e

15.Cu=Cu®" +2e

16.Cu+ 2H,0=HCuO; +3H" +e
17.Cu+ 2H,0= Cu3™ +4H" + 2¢
18.Cu, O+ H" =2Cu** + H,0 + 2¢
19.Cu; O+ 3H,0=2HCuO; +4H" +2e
20.CuO+ 3H,0=2Cu0%" + 6H" +2e
21.Cu" +H,0=CuO+2H" +e

O 00 B W N =

22.CuBr; =Cu® +2Br~

lgla (HCuO; )/a (Cu?* )] =3pH - 29.827
lgla(Cu0d™ )/a(Cu®* )1 =4pH— 42.965

lgl a (CuO%™ )/a (HCuO; )1=pH-13.138
E=0.160+0.0592lg{a(Cu®* )/a(Cu* )]
E=1.924-0.1776pH+ 0.0592lg[ a (HCuO; )/a (Cu*)]
E =2.701-0.2368pH+ 0.0592lgl a (Cu(3 " )/a(Cu* )]
E=0.515-0.0592pH

E =0.588~0.0592pH
E=0.661-0.0592pH

lga(Cu®)= ~pH-1.009

lga (Cu?* )= —2pH +8.362

lga (HCuO; ) = pH—-21.465

lga (CuO%™ ) =2pH - 34.603
E=0.521+0.0592lga(Cu*)

E =0.340+0.0296lga (Cu**)
E=1.223-0.887+0.0296lga (HCuO; )
E=1.611-0.1184 +0.0296lga (CuO3™)
E=0.166+0.0592pH + 0.0592lga (Cu** )
E=1.931-0.1184pH + 0.0592lga (HCuO; )
E=2.708-0.1776pH + 0.0592lga (Cu(% ™)
Iga(Br™ )=pH-11.34

a(Cu’) _
I 2 _11.832+2lga(B
€ 2 (CuBrs ) ga(Be™)
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Continued Table 2
electrode reaction equation of pH or potential relating to pH
23.CuBr; =Cu®" +2Br +e E =0.860+0.0592lg i%%% +0.1184lga(Br ")
24.CuBr; +2H,0=HCuO; +2Br~ +3H" +e E=2.624-0.1776pH+ (0.0592lg %%Eu% +0.1184lga (Br )
a(Cu0i™)

25

26.
27.
28.
.CuBr+ HyO=CuO+Br~ +2H" +e

.2CuBr; + H,0=Cu,0O+4Br~ +2H"
31.
32.
.CuBr=Cu’" +Br +e
34,
35.

29
30

33

CuBr+2H,0=Cu,0+2Br” +4H" +e
Cu+Br =CuBr+e
Cu+ CuBr, =2CuBr+e

CuBr; +2H,0=CuQ+2Br™ +2H" +e

Cu+2Br~ =CuBr; +e

CuBr+2H,0=HCu(); +Br  +3H" +e
CuBr+2H,0=Cu0} +Br  +4H" +e

.CuBr; +2H,0=CuQ™ +2Br  +4H" +e

E=3.401-0.2386pH+ 0.0592Ig +0.11841ga(Br™ )

a(CuBr; )
lga(Br™)=pH-11.34
E=-0.156-0.0592lga (Br )
E=—-0.133-0.0592lga (CuBr; )
E=1.332-0.1184pH+ 0.0592lga (Br~)
lga(Br™ )=pH-11.34
E=1.354-0.1184pH ~ 0.0592lga (CuBr; ) +0.1184lga (Br ™)
E=—-0.179+0.0592lga (CuBr; ) — 0.1184lga(Br~)
E=0.837+0.0592lga (Cu®* )+ 0.0592lga (Br )
E=2.61—-0.1776pH+0.0592lga (HCuO; ) + 0.0592lga (Br )
E =3.378—0.2366pH + 0.0592lga (Cu03 ™) +0.0592lga (Br )
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Fig.1 E-pH diagram of copper in
55% LiBr solution at 25°C
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Fig.3 E-pH diagram of copper-water system at 25T
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Fig.2 Condition of corrosion, anticorrosion and

passivity of copper in 55 % LiBr solution at 25T
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Fig.4 E-pH diagram of copper in
1 mol/L NaBr solution at 25T
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