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Effect of Surface Modification Extent of Carbon Nanotubes on
Electrocatalytic Performance of Carbon Nanotubes Supported Pt catalyst

CHEN, Yu' TANG, Ya-Wen' Kong, Ling-Yong? LIU, Chang-Peng® XING, Wei® LU, Tian-Hong"*"
(‘College of Chemistry and Environment Science, Nanjing Normal University, Nanjing 210097, P. R. China, *Nanoport Ltd. Inc.
of Shenzhen, Shenzhen 518057, P. R. China; *Changchun Institute of Applied Chemistry, Chinese Academy of Sciences,
Changchun 130022, P. R. China)

Abstract Based on the synthesis and purification of carbon nanotubes (CNTs), CNTs were treated with concentrated
HNO; solution at 50, 75, and 100 C for 5 h. After CNTs were treated in concentrated HNO, solution at 75 °C for 5 h,
suitable amount of hydrophilic O-containing surface groups would be formed so that the average size of the Pt particles
deposited on the CNTs surface is small, about 3.7 nm, leading to the good electrocatalytic activity of the Pt/CNTs
catalyst for the methanol oxidation. If the treatment temperature is as low as 50 C, the amount of the hydrophilic O-
containing surface groups formed on CNTs is small so that the Pt particles formed on CNTs would be easy to
aggregate. If the treatment temperature is as high as 100 C, the amount of the hydrophilic O-containing surface groups
formed on CNTs is large and the CNTs would be opened. Then, the Pt particles formed on CNTs would be
concentrated near the fractures and form large Pt particles, leading to the low electrocatalytic activity of the Pt/CNTs

catalyst for the methanol oxidation.

Keywords: Carbon nanotubes, Pt, Catalyst, Methanol
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Fig.1 TEM images of CNTs (a) before and (b) after

purification
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Fig.2 The XRD spectra of (a) Pt/CNTs-50,
(b) Pt/CNTs-75 and (c) Pt/CNTs-100 catalysts
Pt/CNTs-50, Pt/CNTs-75 and Pt/CNTs-100 catalysts are the
catalysts with CNTs treated in concentrated HNO; solution at
50, 75 and 100 C, respectively.

%1 7A[E Pt/CNTs L7 B Pt fi FFHHF

Table 1 The average size of the Pt particles in different

Pt/CNTs
Catalyst dxgpy/nmM dmpw/nm
Pt/CNTs-50 4.0 4.2
Pt/CNTs-75 3.6 3.8
Pt/CNTs-100 11.9 8.1
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Fig.3 The TEM images of (a)Pt/CNTs-50, (b)Pt/CNTs-75 and (c)Pt/CNTs-100 catalysts



122 Acta Phys. -Chim. Sin. (Wuli Huaxue Xuebao), 2006

Vol.22

ATV

Transmittance
00r1
12391
0¢LL

0Tre

1000 2000 3000 4000
o /em!
4 R HNO; 4325 (a)/E(b)CNTs BILL ML E
Fig.4 The IR spectra of CNTs (a) without treatment
and (b) treated with concentrated HNO;
solution at 75 °C for 5h
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Fig.5 The cyclic voltammograms of (a)CNTs-50/GC,
(b)CNTs-75/GC and (c)CNTs-100/GC electrodes
in 0.5 mol-L* H,SO, solution

WA A S 15 58 (1 4b), iX K BICNTsZHNOJE R 5 1Y
I T A ERRAL.

5 & CNTs-50/GC ,CNTs-75/GC il CNTs-100/
GCHL R 7EH,SO, H G IR R L i £k #60.38 VS
PR — X SR AR D0 23 31 A B FCNTs 2 T OH A A Ak
UEFN CNTs K1 COOH (A i1, {5 B CNTsZ:
W HNO, Zb PR 5, A 7E CNTs i AL h T 2 Ak
1. Uk, FAE e f 3 B HNO, A 3L () 7
I K, IEM CNTs (1R 1A 7 48 3L 41 1Y il HNO,
A R B T TG AN, XU 2 S e R
HNO, 4b B B T = 1 35, 22 B B HNO, 4b ik
JERTH T, CNTSs f9 B 24 Al C1 T FF B R2 B 3,
It CNTs (1) LR TR v, 5% 5 H BET 7AE L
RIS R — 3.

2.2 AEPUCNTsELFIXTREE SR B ENLENE

& 6 JA[A] Pt/CNTs/GC HLH%7E 0.5 mol - L™
CH;0H+0.5 mol - L™ H,SO, &7 ' BIAE IR 22 il 2.
FERTA IR IR 2 th Ze b, W for IE 4 )y 1) B % F i
AL IEES L IRTE 0.63 V £ 4T, [HUEH I A A . AR
W T Pt/CNTs-50 . Pt/CNTs-75 il Pt/CNTs-100 {1k
FI B HL 3 43 514 18.4.19.6 T 8.5 mA rem?,
B X R b 1 E AR AR TS A A PUCNTs-75>
Pt/CNTs-50 > Pt/CNTs-100. 357 & 17221 24 pt
BT B BPRARTE 3 nm A2 AT, BEER P AEAL R T
FH P S Ak 1) AR TG M dp . 0 PR T (1 kAR
KT 3 nm B, 5 ER Pe A0 5 B fE AL TE P 2B Peokz
TRIAR A3 K TR

K& 7 AR PUYCNTS/GC i 4k 57 i 2 7E 0.5
mol - L™ CH,OH+0.5 mol - L' H,SO, ¥, HL L

20 -

02 00 02 04 06 08
E/V(vs SCE)
B 6 A[E Pt/CNTs/GC HEiRHIEINAR th&k
Fig.6 The cyclic voltammograms of (a)Pt/CNTs-50/
GC, (b)Pt/CNTs-75/GC, (c)Pt/CNTs-100/GC
electrodes in 0.5 mol-L* H,S0,+0.5 mol-L*
CH;0H solution
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Fig.7 The chronoamperometric curves of (a)Pt/CNTs-
50, (b)Pt/CNTs-75 and (c)Pt/CNTs-100 catalyst
electrodes in 0.5 mol-L' CH;0H+0.5 mol-L!
H,SO0, solution
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