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Fig.2  XRD patterns of the porous catalyst electrodes prepared 
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Fig.3  Effect of pulse period on methanol oxidation performance 
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 4  ������������� XRD� 

Fig.4  XRD patterns of the porous catalyst electrodes prepared by 

the pulse electro-deposition method at different periods 
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Fig.5  Effect of the atom ratio of Pt to Ru in the porous catalyst 
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Fig.6  XRD patterns of the porous catalyst electrodes prepared 

with different atom ratio of Pt to Ru 
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Fig.7  EDS spectra of the porous catalyst electrodes 
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Fig.8  Effect of the mass ratio of metal to carbon black in the porous 

catalyst electrodes on the methanol oxidation performance 

(0.5 mol/L H

2

SO

4

+0.5 mol/L CH

3

OH, at 25 �) 

 

� 9 7�����C"DE��$#Ù�$%

&)ã��x¬N�DE�� ���S��H w

PtRu

/ 

w

C

=20%�����'o�DE%p�pz���\�

}�<=�vw-M'{|�\��=���(<=

")�DE%p�DE��¡ w

Nafion

/w

C

 = 40%��

DE%p�pz�vw-�{|�²vw�G�A�

�*�DEp��4z+¡ 2.9 nm�,!�DE�

� w

Nafion

/w

C

=80%��DEp��pz���µ��v

wgM'{|�-.NLDE%p�qr)3 /%&

�!0b1NDE��¡ w

Nafion

/w

C

=40%���}$�

�<=�A3j±����;�âÚ7NLx"�}

<àkI�¿À�Ê) 

DE�p�{|vw��3����2����

\34þ5���67�fvw�{|�)�}$<

=bXï8�~�À�*���659:;�<n�

��À�*�('o��=>?N�@Aµ����

 *AJF!;�BC����5*�JDE;�B 

 

 

 

 

 

 

 

 

 

 

 9  �����6:/89�������� TEM;< 
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Preparation of Electrodes for Direct Methanol Fuel Cell by Pulse Electro-Deposition 

of Pregnant Active Precursors in Porous Carbon Layer 

 

Liu Shibin, Sun Yanping, Niu Zhongyi, Zhang Zhonglin, Hao Xiaogang, Wang Xiuguang 

(Taiyuan University of Technology, Taiyuan 030024, China) 

 

Abstract: A new method of directly charging active metal nano-particles was developed so as to be used to improve the efficiency of 

depositing precious metals in catalytic layer. The precursors of active material were impregnated in porous carbon black layer in advance, 

and Pt or Pt alloy were firstly deposited on the surfaces of carbon black nearby Nafion particles by the pulse electro-deposition method. 

The performances of the electrodes were characterized by CV, and the structure and composition of deposited nano-particles by XRD, 

TEM and EDS. The optimum condition of the preparing process is t

off

 /t

on

=300:100, w

PtRu
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C

=40% (mass fraction), n

Pt

:n

Ru

=1:1 (atom ratio). 

The specific surface is 92 m

2

/g, particle size 3.2 nm. Methanol peak value of current density reaches 82 mA·cm

-2

. The efficiency of Pt-M 

in porous catalytic layers is much higher than that of thin film electrode method, reaching about 79.1%. 

Key words: pulse electro-deposition; precursor impregnation; porous catalytic electrode; methanol electro-oxidation 
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