
� 24 � � 4 � Vol.24 No.4

2 0 1 0 � 8 � CHINESE JOURNAL OF MATERIALS RESEARCH August 2 0 1 0

� � � � � �

�������������	��
��� ∗

�� 1 � � 2 ��� 1 ��� 2 �� 1

1. Æ�������� Æ� 100044

2. Æ�������� Æ� 100029

� � 	
������������ (CA) ������, 
������������	���

���	�	�


� (ICP) ������ Pt ���, 
�Æ�� (TEM) � X Æ��Æ (XRD) ����������	���
�������
����, ����	�������������, ����� 4 nm

��	Æ X Æ��
 (EDX)


������Æ�, 
��������������������������Æ�������
����, 	���
��������	�����������������

��� �������, ���, ����, ����
�� TM911 !"� 1005-3093(2010)04-0363-05

Carbon Aerogel Supported Pt Catalyst for
Electrocatalytic Oxidation of Methanol

GUO Zhijun1 ZHU Hong2∗∗ ZHANG Xinwei1 WANG Fanghui2 GUO Yubao1

1.School of Science, Beijing Jiaotong University, Beijing, 100044
2.School of Science, Beijing University of Chemical Technology, Beijing 10002

* Supported by National Science Foundation of China No.20876013 and Key Program No.20636060 and
International S&T Cooperation Program of China No.2009DFA63120.
Manuscript received May 5, 2010; in revised form June 18, 2010.
**To whom correspondence should be addressed, Tel: 13161080285, E–mail: zhuho128@126.com

ABSTRACT Carbon aerogel (CA) as the catalyst support was synthesized via a sol-gel process.
Pt/CA catalysts were prepared by intermittent microwave-assisted polyol process. The content of Pt was
measured by inductively coupled plasma (ICP). The results of X-ray diffraction (XRD) and transmission
electron microscopy (TEM) measurements show that the catalyst particles distributed homogeneously. The
mean particle size of Pt/CA is about 4 nm. The chemical contents of the catalysts were analyzed using
energy diffraction X-ray(EDX)spectroscopy. The electrochemical property of carbon aerogel supported
Pt catalyst for methanol oxidation was evaluated by cyclic voltammetry (CV), linear-sweep voltammetry
(LSV), and chronoamperometry. The results of electrochemical measurements show that the activity of
Pt/CA catalyst is better than that of Pt/C catalyst.
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1 #$%&
0�9!=9:;�I09�, !1D�&$

%, '1�C45:, EDE�C45:8@ÆA!
�2!$, <F!45:%

E5J�� H2PtCl6 �B:�3C!!45:
@4B:�:, 8@K5C5-, L! 0.4 mol/L

KOH �B:�3CEFAG�� pH DMHE 9%

EFAG�NF'CF:@< 20 s, 6 10 s, EI 6

8%EG�GOHIDPJ�7Q, EJR7 80S�

FKÆA 12 h, <F!45:4( (Pt/CA) &$%,

Pt �LMJ�� 20%%

78��&$%GN:@5J=O��9B
��Nafion 3C, ECK55-0H4Æ<�P9I
FA:%!'�GGQG8��P9IFA:TJ
U!�&>2, 7V2�ÆADK�, <F;L!B
"�&%

!RHL� HR–6000 3 X <=M<N (CuKα

(λ=0.15405 nm) W X <=K, K�O 40 kV, K�

S 40 mA) !><�T (RH H–800 3) X&$%�

:L?P8@>P%!�LQA7U=MVN (2<

JY N@ ULTIMA 3) YJ&$%: Pt �J�%E

5J��&$%GNAW35JB9:, EDCD�

JE%NQB"FO�: ZGQP� 1 kW,E<P�

<5 W,HI4S� 12 L/min,QH4S� 0.2 L/min,

GNIJ� 1 mL/min, RY�� 12 mm, 44S�
0.92 L/min, KLOX 298 kPa%[!��-< X– <

=�V5M&$%R445%!NS\TNQN@�
760B �$�B"N!VU���& O8@�$�
YP, B"�&�U!�& (S?� 3.8 mm), ]=�

&�^!VW�&, X�&�(Y�&, B"2��
25S, .:Q��RÆSXJ^!VW�&%0LM
D� 20% � Pt/C &$%"�X=GN%

2 '()*+
0T 1BX, Pt>=�>??T� 3.5 nm, 5G

Æ<, YZZ�U[VW%Pt >=�['�Æ5�,

?_5>?7 2–4 nm U=%̀ Pt/C &$%�[\
X�U[;>?�5GA%[]%>?5GVIT,

, 1 a�\ Pt/CA(a) ] Pt/C(b) bYZc^[^_`_dWX[
Fig.1 TEM and corresponding statistics histograms of the particle size for Pt/CA (a) and Pt/C (b)
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�]C]G 3006(>=�S?^c<O�, Pt/CA

&$%! Pt/C &$%�eÆ>?5i� 3.6 nm !

3.8 nm%

T 2 >\, f6&$%j�(�]$d Pt[111],

_\(>=�>?e,, ^k@Af%f6&$%�
XRD TV:7 20–25◦ jOV'`P!� [002] ;2

M<d%C: Pt/CA &$%� C[002] ?J Pt/C &

$%:� C[002] d, _\ Pt/CA &$%� CA �
_g���;�, C`P$l�?J C, 0`CB�

%gg, �hJI�&$%�%�%0f6&$%�
XRDTVh�RmF, Pt[200]�Pt[220]�Pt[311];2

M<d5iOV7 2θi?T� 40◦�46◦�68◦�82◦n,

_\(�; ���2`i# (fcc) ��%7GN�
X <=M<TV:, ]aa4 bb[,� Pt[220]

;2?Pd, Lcj�djk Pt[220] M<d%e!
ScherrerNf [10]d = 0.9λkα1

B(2θ)cosθmax
cgO Pt/CA&$

%! Pt/C &$%�>?5i� 4 nm ! 4.5 nm, 8
0�TcY<F��k#H5d%

!�LQA7U=MVNYPf6&$%: Pt

�J�5i� 17.6%(Pt/CA) ! 17.3%(Pt/C), 8L
MDlm%

0T 3 Be, 2 6&$%ÆJ� Pt�C ! O%C

: C ;&�dDf?, C8� Pt ;&, gC8� O

;&%hoB0pJ, &$%ijh Pt >=R4%
7T 4 :, khil*, 7qJ 0.2 V mlnR

mF&$ml, ]_�j�m@, 7 0.2 V–0.4 VA%

nOV'$&d�S, /����koE np�%
XJ[q��j, &$%>2���koE nq,

��!97(N�olpm*ZG%���?$7
0.4 V op30ZG, 7khil� 0.63 V pm!q

hil� 0.38 V pm5iOV'���?$d!8
5r?$�?$d, _\f6&$%X���_$'
�?&$9%%0T 4 B0rO, Pt/CA &$%X

, 2 a�\ Pt/CA(a) ] Pt/C(b) b XRD [

Fig.2 XRD patterns of Pt/CA (a) and Pt/C (b)

���?$p0�j= Pt/C&$%�q, ; Pt/CA

&$%X���kq#hil?$d�d�S?J
Pt/C &$%X���?$d�d�S, _\ Pt/CA

&$%X���g��&$9%%
0T 5 BX, Pt/CA &$%�p0�j= Pt/C

&$%�q, `�S��= Pt/C &$%�?, /_
\ Pt/CA &$%X���&$9%�J Pt/C &$

%%

�85r��f6&$%'1<F��&7�
�?$:�&$@�, ��'f6&$%7il(�
� 10 mv/s�20 mv/s�30 mv/s�40 mv/s�50 mv/s �

�$�@�%]_il(��m?, ��?$d�S
m?, khil���?$d�jkq, qhil�

��?$d�jqq%7T 6 :, f6&$%���
?$d�S��8il(�e#rj4k= [11], _

\f6&$%����&$?$jl�56s3�
s-t'��$�E jl%0T 6 rB0rO, 7

, 3 a�\ Pt/CA(a) ] Pt/C(b) b EDX [

Fig.3 EDX spectra of Pt/CA (a) and Pt/C (b)

, 4 a�\ Pt/CA ] Pt/C s 0.5 mol/L

H2SO4+0.5 mol/L CH3OH ntubvstt
uo

Fig.4 CVs of Pt/CA and Pt/C in the 0.5 mol/L

H2SO4 + 0.5 mol/L CH3OH solution
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, 5 a�\ Pt/CA ] Pt/C s 0.5 mol/L H2SO4

+0.5 mol/L CH3OH ntubo\pvttu
o[

Fig.5 LSVs of Pt/CA and Pt/C in the 0.5 mol/L

H2SO4 + 0.5 mol/L CH3OH solution

, 6 a�\ Pt/CA ] Pt/C bbh[�ucwxu
wpvquyvvbwruo (I–v1/2)

Fig.6 Plots of the peak current density against the

square root of the scan rate for methanol oxi-

dation on Pt/CA and Pt/C catalysts (I–v1/2)

wmil(�� Pt/CA &$%���?$d�Sj
= Pt/C &$%�?, r_\ Pt/CA &$%��&

$%�xJ Pt/C &$%%

T 7>\,I0���Sij�s�x�"��
S,]_*=�yyfFz=jXtO5J��Su
x@�, /_5Ez'7���&$?$jl:zG
�:=z:e&$%:{, `fDfFz=j{Jv
JIw%0T 7 hB0rO, Pt/CA &$%N��

�?$�S=7 Pt/C &$%N�?, 8T 4 {y
z|��kxA%��7 Pt/CA &$%�&N�?
$ 1000 s DN��S|= Pt/C &$%�?, Xt

O Pt/CA&$%X���?$��&$9%!vJ
%%

, 7 a�\ Pt/CAw Pt/Cs 0.5 mol/L H2SO4 +

0.5 mol/L CH3OH ntub{ycwuo
Fig.7 Chronoamperometry curves of Pt/CA and

Pt/C in 0.5 mol/L H2SO4 + 0.5 mol/L

CH3OH solution

, 8 a�\ Pt/CA ] Pt/C �|c}wz{cww
r[

Fig.8 Potential-dependent steady-state current of

methanol electrooxidation on Pt/CA and

Pt/C catalysts

0T 8 BX, ]_B"�O�m?, f6&$
%�vw�SjS m?, }B"�OkF 0.6 V

*�SDkFf?, B"�Ogm@vw�SE`
@,%/6�O8�S|O@$B08T 4 :�{
yz|z=X , r8.| [12] :�U}S}%}
il�Om@F 0.6 V OVd�S, `B"�O�
0.6 V *OVf?�vw�S%XJwm�B"�
O, Pt/CA &$%�vw�Sj= Pt/C &$%�
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&$%��%
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G���5-�!45:4(&$%, C:�(>=
02`i#��~7, (>=74 !45:N5G
Æ<, >?D5G7 2–4 nm U=%/6!45:4
(&$%7~1��3C:�g���$�&$9
%!vJ%%!45:�=>2>?�:E?�B�
%�';::��}~, �hJ(>=74 N�5
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