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Fig 1 SBM micrographsof the Ru-Ti-Tr-Sh oxide anode coatingswith different S content(0 5% (by mol) from S0 to S5)
1 S Ru-Ti-Ir-Sn EDX
Tah 1 EDX analysisof the Ru-Ti-Ir-Sh oxide anode coatingswith different Sh content(% , by mass)
Na o Ir Ru Cl S Ti

Surface 23 43 20 81 15 30 104 0 39 41

S0 B right point 23 23 22 90 17. 89 109 0 34 88
Dark point 18 42 20 37 14 82 113 0 45 26

Surface 26 43 20 42 16 29 0 88 101 34 97

Sl B right point 22 30 18 93 17 14 0 34 167 39 62
Dark point 21 72 11 95 6 79 Q17 Q 53 58 83

Surface 25 90 20 17 15 64 103 140 35 86

S2 B right point 27. 39 23 37 16 24 134 137 30 30
Dark point 21 27 13 63 9 55 0 64 102 53 89

Surface 25 95 19 64 15 00 Q 76 135 37. 30

3 B right point 28 16 22 08 17. 90 091 123 29 72
Dark point 19 65 18 92 12 83 116 Q75 46 69

Surface 27. 16 20 13 14 94 Q 92 114 371

Sv B right point 31 01 19 39 16 33 Q 99 125 31 03
Dark point 23 75 19 86 15 36 120 121 38 62

Surface 25 78 18 12 15 94 081 125 38 10

S5 B right point 10 83 22 89 22 46 147 156 40 78
Dark point 25 46 16 92 17. 62 094 154 37. 53

2 © 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



2 S Ru-Ti-Ir - 161
Ru-Ti-Ir-Sn EDX , ,
RU Scherrer ,
Ir( 1 Bright point) , ,
Sy .
5]
22
' ' 3 Sn Ru-Ti-Ir-Sn
0 5% (bymol) N, 1] -
0,
1 3% (by mass , 1% (bymol) '
; o > 4% ( by mol) 1123 V.
, Sn o1, Ru Ir s
100% .
2 S| Ru-Ti-Ir-Sn -
XRD ,
7 X L 1
Ti @ -Ti) , 1.145}
hO, RUO, 1140}
To, , 3 B 27.8°352° &
. B 1135}
54 4 , 3 %
, , > 1130}
_ =
(Ru, Ti, Ir) O, 1125k
RU'* (0 076 m) If* (Q 077 m) Ti'* (Q 075
m) , 1205 1 2 3 4 -
Cs./ % (by mol)
(7]
) s ' 3 o Ru-Ti-Ir-Sn
XRD S0,
2 J S J Fig 3 Influence of Sh content on the chlorine evolution po-
tential of Ru-Ti-Ir-Sh oxide anode coatings
*:(Ru,Ti,Ir)0, a:Ti
Sn3 95.0r B
W/LML-_«MJ Snd g
N 94.0r
MAWMUWLJ\MSIG g ot
% 930
£ o0}
I Y R W % s}
910}
SnO 905 N N : 1 1 1
10 20 30 40 30 60 70 80 90 T - S
20/(°) I
2 Y RU-Ti-Ir-Sn XRD 4 s RuTi-Irsh
Fig 2 XRD pattems of the Ru-Ti- Ii-Sn oxide an-ode coat- Fig 4 Influence of Sn content on the current efficiency of

ingswith different Sh content

Ru-Ti-Ir-Sn oxide anode coatings



. 162 2006
60+
4 . S5)
S . , S g
(< 2% (by mol) ), B
"
S ) T st
94. 64% , Sn
40l
0 T
e
Ru-Ti- I-Sn 5 Ceal % (by mol)
’ Ru . 6 Ru-Ti-I-Sn @
| E o , Q2
11v I E , Fig 6 Variance of the woltanmetric charges for the Ru-
a ., ) Ti- Ir-Sn oxide anode coatingswith Sh content
) , q
[10] -90
' 4-80
170
Sl . 160
12r S 1-50%
9t 3 J40=
< 6t N +~30
ol
= 3L 4-20
Of 20F " 0
3l COT o T 007600 16000 100000
6l [/t
02 04 06 08 10 12
E/V (v SCE) 7 Ru-Ti-Ir-sn 3 5% Ne&Cl
Bode 13,
5 Ru-Ti-Ir-Sn

Fig 5 Typical wltanmogran curves of the Ru-Ti-Ir-Sh
oxide anode coating

)

Fig 7 Bode plots of the Ru-Ti-Ir-Sn oxide anode coatings

recorded at 1 3V in 3 5%NaCl lution
scatter points, expermental data and the real line

6 X a SL for fitting values
. . q S
, S 4% (by mol) , ICPE} ('ZPEz
, s . " I 2 [
, q —— 1 -
| S— | | N
S q Ry Ret
24 8 Ru-Ti-Ir-Sh
“Ti-lr- 0
7 Ru-Ti~Irsh 3 5% Fig 8 Equivalent circuit model for EIS analysis of the

NaCl Bode
13V ,

Ru-Ti-Ir-Sn oxide anode coatings



2 S Ru-Ti-Ir . 163-
0.70 :
v, [b 3sf \ ¢
g 150 0651 %34
2 | Q [
%130 =060 33.0:
? 055} 326t
o ot L
1o 22}
0.50+ ]
EC | B T R S S 1 3 v 3 By
Gs./ % (by mol) Cs./ % (by mol) Cs./ % (by mol)
9 Ru-Ti-Ir-n S

Fig 9 Variance of electrochemical paraneterswith Sh content for the Ru-Ti-Ir-Sh oxide anode coatings

8
1Rs Rf Rct
CPE1 CPE2
Cd|[12] . 3 S]
R , /
9 Ru-Ti-Ir-Sn
Sh 9a ,
Cdl 3 3
n , S
( 9b). . Ry
; S 3% (bymol)
( 9C) 1 1 S"] RCI
, S
- R
q :
3
1) S Ru-Ti-Ir-Sn
2) Ru-Ti-Ir-Sn Sl
3) S Ru Ti-Ir-S

[11]

[1]

[2]

[3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

(References) :

Trasatti S Electrocatalysis understanding the success of
DSA[J]. Electrochimica A cta, 2000, 45: 2377 2385

) ,Han Yan( ).
on Ru-Ti-Ir-Sn oxide coated electrodes| J]. D evelopment
and Application of M aterials, 2002, 17 (1) : 28

W ang Bin ( ), Hou Shizhong ( ), Han Yan
( ), et al Recent status of development of metal
oxide coated anode for antifouling by electrolyzing sea

Hou Zhigiang( Investigation

water[ J]. Development and Application of M aterials,
1998, 13(1): 42

Balko EN, Nguyen P H.
coatings[ J]. Joumnal of Applied Electrochemistry, 1991,
21: 679

M inors o, Yasushi M urakami, Hayato Kaji, et al

Iridiumtin mixed oxide anode

ur-
face characterization of RuO, -S0, coated titanium elec-
trodes[J]. 1 Electochan Soc , 1996, 143(1) : 34
0, /S0, elec-
trodes prepared by lgel process and their electrocata-
lytic for pyrocatechol [ J]. Acta M aterialia, 2004, 52:
723

Yoshio Takasu, Sabshi Onoue, Kohichi Kaneyana, et
al Preparation of ultrafine RuO,-110,-TiO, oxide parti-

Liu Yang, Li Zhiying, Li Jinghong

cles by lgel process[J]. ElectrochimicaA cta, 1994, 39
(13): 1996
W ang Xin( ), Zhou Jing-en (

). Effectsof S10, on microstructure, morphology of
RUO, + S0, +TiO, /Ti anode[ J]. The Chinese Journal
of NonferrousM etals, 2002, 12 (5) : 922
CanaraO R, Trasatti S Surface electrochamical proper-
tiesof Ti/ (RUO, +Z10,) electrodes[ J]. Electrochimica
Acta, 1996, 41(3) : 42Q

Trasatti S Physical electrochemistry of ceramic oxide
[J]. Electochin Acta, 1991, 36 (2) : 225

), Tang Dian(



. 164- 2006

[11] Xul K, Scantlebury JD. A study on the deactivation [12]
of an 110, Ta, Og coated titanium anode[ J]. Corrosion
Science, 2003, 45: 2735

Kemer Z, Pajkossy T. On the origin of cgpacitance dis-

persion of rough electrodes[ J]. Electochin. Acta,
2000 , 46: 207.

Investigation on Ru-Ti-Ir Anode CoatingsM odif ied
by Addng $h Elanent

WANG Ke '?,HAN Yan ,WANG Jun-tao’ ', ZHANG Xiao-ling , UN Yu-puf
(1 State Key Laboratory for M arine Corrosion and Protection,
Qingdao B ranch of L uoyang ShipM aterial Research Institute Q ingdao 266071, Shandong, China,
2 Depariment of M aterial Science and Engineering of Shandong U niversity, Jinan 250061, Shandong, China)

ADbstract The anode coatings of Ru-Ti- Ir-Sn oxide with various Sh contentswere prepared by themal decom-
position and characterized by the scanning electron microscopy (SEM ) |, energy digpersive X -ray detector (EDX) ,
X-ray diffraction (XRD) , and the potential of chlorine ewolution, current efficiency, cyclic wvoltammetry and elec-
trochamical impedance pectroscopy (EIS). The results tests showed that there was a great change in the mor-
phology of the coatings after adding Sh elenent The addition of Sn not only reduced the potential of chlorine evo-
lution, but al effectively improved the current efficiency of the anode coatings

Key words. Themal decomposition, Ru-Ti-Ir anode coatings, Sn elenent
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