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Fig. 1 TGA and DSC curves of CNTs
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Fig. 2 Cyclic voltammorgrams of Ti/Ru-Ir-Sn anodes with

different contents of CNTs
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Fig. 3 Variation of the voltammetric charge of Ti/Ru-Ir-Sn

anodes with different contents of CNTs
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Fig. 4 Equivalent circuit used for EIS analysis of anode
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Fig. 6 Polarization curves of Ti/Ru-Ir-Sn anodes with dif-

ferent contents of CNTs
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Tab. 1 Impedance parameters of Ti/Ru-Ir-Sn oxide anodes with different contents of CNTs

Amounts of CNTs ~ R/(Q-cm?)  Qu/(Q'-cm?-s™) n RJ/(Q-cm?)  Q/(Q"-cm?-sT) n, R{/(Q2-cm?)
0 5.238 0.01066 0.6713 9.487 0.0922 0.5576 15.59
0.05 5.208 0.03952 0.6715 6.236 0.2016 0.4468 11.26
0.1 5.747 0.06459 0.6298 4.077 0.6110 0.4233 6.871
0.2 5.967 0.05378 0.6571 4.209 0.1894 0.4846 6.243
0.3 5.635 0.01612 0.4662 6.312 0.0468 0.6549 6.911
0.4 5.594 0.01833 0.6267 6.244 0.0471 0.4612 6.121
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Tab. 2 Fitted values from polarization curves of Ti/Ru-Ir-Sn oxide anodes with different contents of CNTs

0 0.05 0.1 0.2 0.3 0.4
a 1.0887 1.0943 1.1018 1.1351 1.1494 1.1143
b 0.0766 0.0916 0.0913 0.1036 0.1025 0.0908
iy 6.161x10™" 1.135x10" 8.454x10" 7.684x10" 6.068x10™" 5.369x10"

) SEM [ J. i T oA [\ & & CNTs A4k 9 FH
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AR, Hd Sn e E M) 2% ,Ir Ru L. E
WA, £ CNTs B9 AR T %2 % m
RuO,.IrO, .SnO, [ ¥ R I 1k, 1T A3 %500 36 B i
) 3 1 % T A
2.6 SEMFmNK

2pm EHT = 20.00 kv

nal A =
WD =10.4 mm Mag= 2.00KX

T A 2 4 R AR Ak W BH A 1) o E B T AR g
Z—, W e S0 = R R Ak R A i
J5 15 VA BE AR 14 T A

8 kX b A AN IR [H] 5 B CNTs &ALy
PH B & 4l T A8 bl 26 . NI 8 vl LE Y,
Ti/Ru-Ir-Sn FHAR (58 4k FL i 5w (R 193 h, B0
CNTs Jii PHAR 58 £k i fff 75 A 254 T 4, o 0.1
g L' CNTs PH# 3 Ak % fim 35 2 337 h, FWIE N
CNTs A i & # = Ti/Ru-Ir-Sn PH A% E 1. 7T LA
S U 2 ) 2 T B S0R T 2 i AR R A A e
() 22 SEIEAT AR RS NN 0.1 g- L' CNTs J& P B A7
BRI PR F AL, PR R AR T SRR 4 BE A 1
SR L B VT RO 2R I T AL T A T
177 AT B A SR A ) BRI 1 2 RS
3 & &

1) %54 CNTs #4543 H1 F1 BH AR 2% 18 RE 335 20 Br
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Fig. 7 Surface morphologies of Ti/Ru-Ir-Sn anodes containing no CNTs (A) and by the addition of 0.1 g-L" CNTs (B)
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Tab. 3 Elemental analysis result of anodes coatings with different contents of CNTs

% 0g-L! 0.05 g-L! 0.1g-L! 0.2 g-L" 03 g-L! 04¢g-L"
C 0 1.09 1.96 2.65 3.91 2.37
(0] 70.85 71.56 70.38 67.94 69.50 69.20
Ti 21.26 16.14 16.06 20.27 15.33 18.58
Ru 1.57 1.93 2.12 1.65 1.88 1.61
Sn 3.69 5.85 5.66 4.50 5.67 5.15
Ir 2.73 3.44 3.82 2.99 3.51 3.10
oxygen evolving electrodes: choice of a coating[J]. Journal
[ et i of Applied Electrochemistry, 1991, 21(4): 335-345.
‘ 3?5 g»ll:-l T ! [5] Trasatti S. Electrocatalysis: Understanding the success of
107 . 0:2 E_L.l DSA[J]. Electrochimica Acta, 2000, 45(15/16): 2377-2385.
' « 03 gL’ : s [6] Huang Y T(#%iz ¥), Peng Q(¥27%). The deactivation mech-
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Fig. 8 Variation of cell voltage with electrolysis time dur-
ing accelerated life tests for Ti/Ru-Ir-Sn anodes with
different contents of CNTs
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Effect of Carbon Nanotubes on Anodic Properties of
Ti/Ru-Ir-Sn Oxides

LIAN Feng'?, XIN Yong-lei*, MA Bo-jiang', XU Li-kun®
(1. Qingdao University of Science and Technology, Qingdao 266061, Shandong, China;
2. State Key Laboratory for Marine Corrosion and Protection, Luoyang Ship Material Research Institute,
Qingdao 266101, Shandong, China)

Abstract : The Ru-Ir-Sn metal oxide anodes coated on titanium (Ti/Ru-Ir-Sn) were prepared by thermal decomposition. The ef-
fects of amounts of carbon naotubes (CNTs) on anodic properties were studied by TGA, SEM, EDS, cyclic voltammetry, EIS, po-
larization measurements and accelerated life test. The thermogravimetric analysis and EDS spectrum data showed that the high tem-
perature oxidation decomposition of CNTs did not take place under the condition of the sintering temperature of 470 °C, and the
CNTs still existed in the anode coating in an element form. Compared with the contrast samples, the surface crack of the coating in-
creased, but remained typical morphology. Adding the CNTs significantly improved the electrochemical properties of Ti/Ru-Ir-Sn
oxide anodes, enhanced the active surface area of the anode, and reduced the internal resistance of the coating, which improved the
electrocatalytic activity of the anode toward chlorine evolution, thus, the chlorine evolution potential increased slowly, and the ac-
celerated life was also apparently improved. Particularly, the Ti/Ru-Ir-Sn oxide anode adding 0.1 g-L"' CNTs exhibited the best an-
odic electrocatalytic activity and stability.

Key words: carbon nanotubes; metal oxide anodes; electric catalytic activity; accelerated life
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