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Fabrication of Ordered Mesoporous Silica-Carbon Nanotubes
Composites as Catalyst Supports for Loading with Pt
Nanoparticles and Their Electrocatalytic Performance

Hu, Yuanyuan He, Jianping* Wang, Tao Guo, Yunxia Xue, Hairong Li, Guoxian
(College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 21001 6)

Abstract Ordered mesoporous silica-carbon nanotubes composites have been obtained using tetraethyl-
orthosilicate as silicon source and cetyltrimethylammonium bromide as templating agent and subsequentlyl
were used as supports for loading with platinum nanoparticles by a microwave-irradiated polyol process.
X-ray diffraction (XRD) and transmission electron microscope (TEM) show that carbon nanotubes is highly
dispersed into silicon oxidation substrate. Electrocatalysis tests reveal that Pt-C/Si catalysts show excellent
catalytic performance, which could be due to the doped of the high electrical conductivity carbon nanotubes
(CNTs) and the ordered mesoporous structure that is beneficial to electron transfers. When 40 milligram of
carbon nanotubes was added to the composites, the electrochemical active surface area (EASA) of this elec-
trocatalyst is 120.9 m*g ' in 0.5 molsL ' H,SOy sulotion, which is higher than Pt-CNTs electrocatalyst and
the peak current of methanol oxidation is 80.3 mAescm °. Thus, this composite is promising for applications
in direct methanol fuel cell.

Keywords ordered mesoporous silicon dioxide; carbon nanotubes; Pt-C/Si catalysts; microwave irradia-
tion; electrocatalysis oxidation
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4 E

Eibd Vol. 70, 2012

[A)AT SRS U BiR SEARAIG, LR, WA L SRR AT
e BRI BRAKE B 2% R (5 R B WA, X m] BE R
TR AR BB T, (S T 2 1 Ak
HAANFLE T A AL, AEAA R LA P 2 2
M.

Pl 3 52— FR A1 C/Si-x 1 N W B3t Py S5 it 2 S £L
oAtz . SRR INALET S BR 1 Pow,
FLRTAALILA B t-plot VETHEAFH, SLAR A d4%
BIH B8UTHE. BEAMAE plpo M 0.35 ZEATERRER, Ui W]
P AT IR A FLAS AL, XL AT /N 5 XRD
A4 B30 FER AR BRI, SISl C/Si
PRSI ST 3R 1 B R, SAFRER
(¥ BET LLR AR LA T FLIREE CNTs 228 2 (1T}
R IEHT RS, SR R
DURAERIEVE AN R, SR 5 P 2RI N T A 4G
Hy, BRI K AR CTAB IR AR BN A FLAE A (K T AR
ARG, BB AR e, B 2R s 1
CTAB 1 SCHISEAEMANRE A 2R AR, IXmT BRI 4tk
TEAE CTAB AR AR AR A 2 5 ), i AL
TSGR AT PRI AR

(a) ’
800 vy MJ
5 |
"E 600 4 - 0w e-0-0-0-
E 1 A _'_':-':EIIEI:I:M
=) v
g W s —=—C/Si-0
g |y —o—C/Si-1
2 s - A— C/Si-2
= 200 —¥—C/Si-3
]
T T T T T T T T T Al T
0.0 0.2 0.4 0.6 0.8 1.0
pp,
1 (b) —=—/Si-0
—8— C/Si-1
4 A C/Si-2
T A —y—C/Si-3
3 2
=
0
T T T T I v T
2 4 6 8 10 12
Dinm
B 3 C/Six [ Ny W PR B 20 i 25 (a) A F LA (D) 2 Aii Hh 2%

(b)
Figure 3 N, adsorption-desorption isotherms (a) and pore di-
ameter (D) distribution curves of C/Si-x (b)

£ 1 C/Six HILEHBH

Table 1 Pore structural parameters of C/Si-x

Sample Sprr/(m?eg ™) me/(cm3 *g”") Rmeso/% D/nm
C/Si-0 1061 0.97 100 3.72
C/Si-1 1022 0.95 100 3.69
C/Si-2 970 0.92 100 3.67
C/Si-3 961 0.79 91.8 3.24
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Table2 Electrochemical parameters of different catalysts

Samples Ow/mC  I(mAsem 2)  EASA/(m’eg )
Pt-C/Si-0 — — —
Pt-C/Si-1 1.32 3.64 26.4
Pt-C/Si-2 6.04 14.72 120.9
Pt-C/Si-3 5.30 10.01 106.3
CNTs 1.95 5.38 39.1
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Figure 6 TEM images of different catalysts
(a) Pt-C/Si-0; (b) Pt-C/Si-1; (¢) Pt-C/Si-2; (d) Pt-C/Si-3
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Figure 9 CV curves of Pt-C/Si-3 (a) and Pt-CNTs (b) cata-
lysts in 0.5 molsL ™" H,SO,, Change of EASAs for Pt-C/Si-3 and
Pt-CNTs electrocatalysts during the repeated cycling (c)

F® 3 AN C/Si HEHH AT CNTs frHE 5
Table 3 Conductivity of different C/Si samples and CNTs

Samples C/Si-0 C/Si-1 C/Si-2 C/Si-3 CNTs

Conductivity/(Sem™) 2.11Xe™® 041 211 228 1244

A3 LL CTAB 1E24 CNTs K43 B FL — E Ak

SER R, e T R A B T R R IR 9K A
LA A ATRL P-C/ST AL TR RE TR LR
T RRRIA 3 1) FLAE 45 8 R T A e ik FERTE 514048 Pt
YK BLT, Si-OH FRY" Pt QKb §516 Pt fi b ik
Fir CO XILEHLAE, 1M Hm 5 CNTs W48 £k
T AL, AE75 P-C/Si AL F4E H,SO, A1 1 Hy,
fE T o T R AR R 1O T HL P R ZE
SER BRI AR Ay P A TR AR AL T — 4 AT 2 i
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