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Abstract—Anodic oxidation characteristics of RuQ0,-SnQ.-IrO,/Ti type mixed oxide electrode was investigated to

find a new type electrode with the lower oxygen overpotential and higher stability for chloro-alkali industrial use.
Electrochemical characteristics of this electrode are measured by Tafel plot and polarization curves in acidic solution,
and for the application as real electrode in industrial electrolysis, stability of electrode in ZnSQy solution by using
the long time was investigated. Mixed oxide electrode containing SnO. of 20 mol% exhibited oxygen evolution overpo-
tential much lower than that on previous RuQ; film electrodes. Also the addition to SnO, increased the stability.
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Fig. 1. Potential-pH equilibrium diagram for the Ru(— )-Ir(-- --)-Sn
(---)-H;O system at 25°C.
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Fig. 2. Procedures and pyrolysis condition for preparation of mixed
oxide electrode.
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Fig. 3. Schematic diagram for the measurement of electrochemical
characteristic.
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Fig. 4. Experimental apparatus for batch electrolysis process.
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Fig. 5. X-ray diffraction diagrams for the various types of the mixed

oxide electrode.
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Fig. 6. Optical micrographs of the(80/10/10 mole%) RuQ;-SnO,-IrO,
/Ti electrode prepared in various coating conditions.
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Fig. 7. Tafel plots for oxygen evolution on various DSA electrodes
in 1 M H;SO,4 at 25°C.

Table 1. Experimental kinetic parameters for the oxygen evolution
reaction on the various DSA electrode in 1 M H,SQ, solution

at 25°C
Anodic material
s 7 N . -2
mol % Metal oxide afy b/ ¢ lb/mA-cm
RuO; 0.025 0.031 0.826 0.450
70/30 RuQs-Ir0; 0.182 0074 0331 0.086

80/10/10 RuO»-SnO,-IrQ, 0.114 0.058 0.443 0.140
where a: Experimental transfer coefficient
i, : Exchange current density

Table 2. Oxygen overvoltage on various DSA electrode in 1 M H;SO,

Anodic material Overvoltage(V)
mol % Metal oxide 1 mA-cm? 10 mA-cm? 100 mA-cm?
RuO; 0.025 0.096 0.168
70/30 RuQ.-Ir0, 0.182 0.353 0.524
80/10/10  Ru0.-SnQ»-Ir0, 0.114 0.247 0.381
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Fig. 8. Anodic polarization curves on various DSA electrode in 1 M
st()4 at ZSOC.
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Fig. 9. Time variation of anodic polarization at 50 mA/cm® on various
DSA electrode in 0.5 M ZnSO, at room temperature.
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Table 3. Experimental kinetic parameters for the oxygen evolution
reaction on mixed oxide electrode of various SnO, mole ratio
in 1 M H,SO, solution at 25°C

Anodic material

mol % Metal oxide aly b/V @ b/mA-em ?
80/ 10/ 10 Ru0»-Sn0,-Ir0,  0.114 0058 0443 0.140
70/20/10 RuOs-Sn0:-1r0,  0.007 0.025 1.040 0.750
60/30/10 Ru0,-Sn0,-Ir0, 0.027 0.031 0831 0420
50/40/10 Ru0,-Sn0,-IrO; 0.884 0232 0.111 0.022

where a : Experimental transfer coefficient
i, : Exchange current density
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Table 4. Oxygen overvoltage on mixed oxide electrode of various SnO,
mole ratio in 1 M H,S0,

Anodic material o Over\'t>ltage(\;'):
mol % Metal oxide 1:mA-cmM'i}O’mi'ErLi 100mA-cm *
80/10/10  RuQ»-SnO,-Ir0, 0.114 0.247 0.381
70/20/20  Ru(»-Sn0,-IrO; 0.007 0.064 0.121
60/30/10  Ru(Q»-SnQ,-irO, 0.027 0.097 0.169
50/40/10 RuO»-SnOrIrO; 0884 1417 1950
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Fig. 12. Anodic polarization curves on mixed oxide electrode of var-
ious SnQ; mole ratio in 1 M H,S0O, at 25°C.
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Fig. 13. Time variation of anodic polarization at 50 mA/cm?* on mixed
oxide electrode of various SnO, mole ratio in 0.5 M ZnSQO,
at room temperature.
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Fig. 15. Change in potential(@®) and in current density(a) for the oxy-
gen evolution from 1 M H;SO, at 25°C RuO;+ IrO;+ SnO,
active layers.
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Fig. 14-a, b= t}okgt molen] 2] Sn0,S H7}3 Ao 305 M
ZnSO, &-Holl4] 3047k o] Ml & A5 Ay As)F9
A AbE Jeld 33 dn) 7 Apgleldh of Apxlel 4 B upe}
7o} Sn0,¢| A7tk 10%, 20%, 30%, 40% 2 Z7}5tel ohe} A=
FHe BAog Fodo] FojuEl: Zo g Rol Sn0,2 AHrleko)
71l o} T EA S kA e] FlEE A& &+ Ut Fig
15 v}k mole®] 2] Sn0,7t H7HE &£3H4sE Aol did 3
mA/cm’e] P HFLE e} 124 V] A HE stollre) HeHst
2 AFLE Hto|ck Sn0,2] mole H)7} F715tel mie} A FL e
F7hsle Al ZAsie, Sn0:9 mole ¥|7} 20%<] A$- 71
2 dFUze 74 2o AAE Yel 2R Sn0,9 Hrbe
20%7} 74 A A g 7o Atgsich o] 42 A & 4= iRl
20% ©]4 Sn0,E 71 A $ =HAste] 714 dolxje 7 o2 Ho}
20%2] SnO,& A7IF EFASIE Aol 71 $& AsES
o]F I 9J&& ¥ & Ut

5.4 &

B ATl A A zbed AEE 20%9] SnO,E MR EPAISHE
AT A$ 712 AHEE9W RuO4 RuO.-IrO. Al 2] DSA A5
B} e Abaubg dgk-g B9 o Sn0,2 mole H]-E 571l
weh WrAel F7hEE & & Ak

(1) thoke SnO, mole 119} & 7holl W W F-4-& 40%>30%>20

%>10%(mol%) F2.2 F7l=glont

(2) RuOs-SnOx-Ir0y/Tis} EFAISIE ASo 4 of2] mole H]
9] SnOyoll Hrlel] w2 kel 7HAE 20%>30%>10%>40%
(mol%) +2% Jepdch

w2}] 7]Z&2} RuOprt RuQ,-IrO: 2.tk ¥] 23 7} ¢) 223 & Sn0,
& 20%(mol%) H7IAZe g A el & AFE A
2% £ etk
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