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Abstract

CeQ,/C used in this study was prepared by a solid-state reaction under the microwave irradiation. The activities of Pt/G/@tfe€eO
electrochemical oxidation of ethanol were studied in 1.0 M KOH solution by cyclic voltammetry, chronopotentiometry and electrochemical
impedance spectroscopy (EIS). The results showed that the composite of FEC@@e the better performance than Pt/C. The influence of
the amount of the addition of Ce@n the catalytic activity of alcohols oxidation on platinum electrode in alkaline solution was tested. The
electrode with the weight ratio of Pt to CeOf 2:1 with a platinum loading of 0.30 mg crishowed the highest electro-catalytic activity.
© 2004 Published by Elsevier B.V.
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1. Introduction The development of new catalysts is particularly impor-
tant for direct alcohol fuel cells (DAFCs) due to their slow
Direct methanol fuel cells (DMFCs) are recognised to dynamics and the poisoning of catalyst by the intermediates
be a promising power source for portable electronic de- produced during the oxidation procesgE3, 14] PtRu/Cis a
vices and electric vehicleld,2]. However, two major ob-  prominent catalyst based on the bi-function mecharish
stacles found that inhibit applications of DMFCs are (i) Here we report a ceria (CePbased novel catalyst for the
the relatively low dynamics of methanol electrooxidation direct electrochemical oxidation of ethanol in alkaline so-
and (ii) high methanol crossover through the membrane lutions. Ceria based catalysts have been investigated exten-
[3,4]. sively for water-gas-shift reactiolfi$6—18] The direct elec-
Therefore, other alcohols are considered as alternative fu-trochemical oxidation of methane in solid oxide fuel cells
els. As one of the alternative fuels, ethanol is safer and has(SOFCs) on ceria-based anode has been repit8jdPt-
more energy density compared to methanol (8.01 kWHkg group metals/ceria catalysts have received considerable at-
versus 6.09 kWhkg'). Moreover, as a green fuel, ethanol tention because of their use in the automobile catalytic con-
can be easily produced in great quantity by fermentation verter[20,21]
of sugar-containing raw materials. It has been known for = The Pt-CeQ@/C catalysts reported here is the first time
long that the anodic oxidation of methanol in alkaline me- to be used for the direct oxidation of ethanol. The critical
dia is more feasible than in acidic medie-10]. The ethanol problem with precious metal catalysts used in the low tem-
electrooxidation at Pt in alkaline solution has been reported perature fuel cells is their prohibitive economics. This type
[11,12] of catalysts, if properly developed, would of course be much
more economical. Ceria could be prepared by homogeneous
precipitation[22,23], hydrothermal synthes|24]. Recently,
* Corresponding author. Tel.: +86 20 84036736; fax: +86 20 84113369, Liao et al. used microwave aided hydrothermal method to
E-mail addressstdp32@zsu.edu.cn (P.K. Shen). rapid prepare cerig25].
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2. Experimental

CeQ/C used in this study was prepared by a solid-state
reaction under the microwave irradiation. The agueous solu-
tion of K,COg3 was added to the Ce(Ng» aqueous solution
and mixed with dispersed carbon black (Vulcan XC-72R,
Cabot Corp., USA). The precipitate was dried in an oven
at 100°C. The mixture was put into a microwave oven and
then alternatively heated for 20 s and paused for 60 s for six
times. Pt-Ce@C catalysts were prepared by the reduction
of HoPtCls solution on Ce@/C powder. The ratios of Pt and
CeQywere controlled by stoichiometric calculation. The Pt/C
or Pt-CeQ/C powders were dispersed in 2-propanol with
Nafion solution under ultrasonic stirring, then, the catalyst
ink was deposited on the surface of a graphite rod with the
geometric area of 0.50 rand dried at 80C for 30 min.
The Pt loadings on the Pt/C and Pt-GéOelectrodes were
normally controlled at 0.3 mg cnt.

Ethanol was of analytical grade. All the solutions were
freshly prepared with distilled-deioned water. The experi-
ments were carried out at 3G controlled by water-bath
thermostat.
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Fig. 2. Cyclic voltammograms of the electrochemical oxidation of ethanol
in 1.0 M KOH containing 1 M ethanol with a sweep rate of 50 m¥.s

Fig. 2 shows the cyclic voltammograms of ethanol oxi-
dization on Pt/C and Pt-Ce2:1 by weight)/C electrodes
with a platinum loading of 0.30 mg cm? at 30°C in 1.0 M
KOH solution containing 1.0 M ethanol, respectively. The
peak potential of the ethanol oxidation locates—#1.09V
for Pt/C electrode and the peak potential negatively shifts
to —0.14V for Pt-CeQ/C. It is clear that the involvement

Electrochemical measurements were carried outin a three-0f C€Q; significantly increased the electrode activity at the

electrode cell by using IM6e electrochemical workstation
(Zahner-Electrik, Germany). A platinum foil (3.0 &nand

1.0M KOH|Hg/HgO were used as counter and reference
electrodes, respectively. Power X-ray diffraction (XRD) was
employed to obtain information about the surface and bulk

same Pt loadings. The results not only show that the peak
current density is much higher on Pt-Ce:1 by weight)/C
electrode than that on Pt/C electrode, but also show that the
starting potential for ethanol oxidation shifts to more nega-
tive direction, indicating ethanol electrooxidation is more ac-

structure of Pt and/or ceria supported on carbon and carriedtVe 0n Pt-Ce@/C electrode than that on Pt/C electrode. The

out on a D/MAX2200 diffractometer employing Cuskra-
diation (. =0.15418 nm).

3. Results and discussion

Fig. 1shows the X-ray diffraction pattern of Pt-Ce(1:1
by weight)/C comparing with the results of C&G and Pt/C.
Itis obvious that the XRD pattern of Pt-Cef@ combined the
crystalline features of Ptand Ce@ndicating the coexistence
of both them.
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Fig. 1. XRD patterns of Ceg)C, Pt/C and Pt-Ce&C.

surface area of the electrode was calculated by counting the
amount of hydrogen adsorption/desorption in alkaline back-
ground. According to the R€effL0], the peaks in the potential
region—800 mV <E< —500 mV are associated with the hy-
drogen adsorption process in the anodic scan. The coulombic
charge for hydrogen desorptio®y) is 2.28 mC cni? at Pt-
CeQ (2:1 by weight)/C. The electrochemical active surface
(EAS) was calculated according to the Ed) [26].

1)

where [Pt] represents the platinum loading (mgéjin the
electrode. EAS for Pt-Cef)2:1 by weight)/C is 36 rhg .

The EAS for Pt/C is 34 thg~L. The results further revealed
that the electrochemical oxidation of ethanol is more active
on Pt-CeQ/C electrode than that on Pt/C electrode at almost
the same EAS for hydrogen adsorption.

The content of Ce®in the Pt-CeQ/C catalysts affects
the catalytic activity for ethanol oxidation. The optimisation
of the content of Ce@was conducted by changing the ratios
of Pt and Ce@ at fixed platinum loading of 0.30 mg crA.
Cyclic voltammetric studies were carried out to understand
the variation of Ce@ with fixed platinum loadingFig. 3
shows the effect of the content of Ce( Pt-CeQ/C cata-
lysts with platinum loading of 0.30 mg cm on the electrode
performance for the oxidation of ethanol. The figure presents
the plots of peak current density and peak potential against
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sl 0.16 performance for ethanol oxidation, in terms of the reaction
m activity and the poisoning resistance. Itis possible that£LeO

v e — 10142 functions as Ru does in PtRU/C catalysts because oxygen-
2er — 1-012 @; containing species could easier form on the surface of,CeO
,i 141 ) The formation of oxygen-containing species at lower poten-

12 {-0.10 tial can transform CO-like poisoning species on Pt topCO

ort 0.08 releasing the active sites on Pt for further electrochemical

0.000.050.100.150.200.250.30 reaction. The mechanistic study is in progress.

Ce0,/mg cm

Fig. 3. Effect of the content of Cen Pt-CeQ/C catalysts on the electrode Acknowledgements
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