ELSEVIER

Available qnline at www.sciencedirect.com
"=, ScienceDirect H

International Journal of Hydrogen Energy 32 (2007) 425-429

International Journal of

YDROGEN
ENERGY

www.elsevier.com/locate/ijhydene

Technical communication

Influence of the support in selective CO oxidation on Pt catalysts for fuel cell
applications

Mariana M.V.M. Souza®®*, Nielson F.P. Ribeiro®, Martin Schmal®

aEscola de Quimica, Federal University of Rio de Janeiro, Centro de Tecnologia, Bloco E, sala 206, CEP 21940-900, Rio de Janeiro/RJ, Brazil
YNUCAT/COPPE/UFRIJ, Centro de Tecnologia, Bloco G, sala 228, CEP 21945-970, Rio de Janeiro/RJ, Brazil

Received 26 April 2006; received in revised form 26 September 2006; accepted 19 October 2006
Available online 6 December 2006

Abstract

One crucial requirement for the proton exchange membrane fuel cells (PEMFC) is to feed clean hydrogen to the anode, which is rapidly
poisoned by traces of CO present from the upstream hydrocarbon reforming and water—gas shift processes. The removal of CO can be achieved
by using catalysts able to selectively oxidize CO in the presence of excess hydrogen. Herein we report the effect of the support on Pt catalysts
for total and selective oxidation (SELOX) of CO. The catalysts supported on ceria and zirconia presented higher activity than alumina and
silica supported catalysts in SELOX reaction at low temperatures, but with lower CO conversions.
© 2006 International Association for Hydrogen Energy. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Fuel cells are receiving increased recognition as alternatives
to existing power sources because of their theoretical high
fuel efficiency and low-environmental impact [1,2]. The most
promising fuel cell technology for transport applications ap-
pears to be the proton exchange membrane fuel cell (PEMFC)
fueled by hydrogen, due to the fast start-up, high power density
and low-temperature operation [2,3]. In order to avoid storing
high pressure hydrogen on a vehicle, it has been proposed
that hydrogen for PEMFC can be produced in an onboard fuel
processor [4].

The production of hydrogen in onboard reformers actually
occurs in three catalytic processes in series: (i) autothermal
reforming of a hydrocarbon or alcohol for producing synthe-
sis gas (fuel + O, + H,O — CO, + Hj), (ii) water—gas shift
(WGS) reaction (CO + H O — CO, + Hjp), which maxi-
mizes Hj yield and lowers the CO concentration; and (iii) se-
lective oxidation (SELOX) of CO in the H-rich reformate
in order to reduce CO concentration to less than 10 ppm [5].
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CO impurities contained in the reformer gas (60-65%H;,
10-15%H50, 1-2%CO, balance CO;) are known to poison
commonly used anode catalysts (Pt, PtRu) and decrease the
efficiency of the fuel cell to an unacceptable level [6].

The crucial requirements for the SELOX reaction are high
CO oxidation rate and, equally important, high selectivity.
Selectivity is crucial considering the competing H oxidation
that may lead to a decrease in the overall fuel cell efficiency.
Besides oxidation of both CO and H,, methanation and WGS
reactions can also take place simultaneously. Thus, the cata-
lyst should fulfill several requirements, namely: (i) to possess
high CO oxidation activity, (ii) to exhibit high selectivity
with respect to the undesired H, oxidation and, additionally,
(iii) to function at the temperature region defined by the fuel
processing unit (250-300 °C) and the operation temperature of
PEMFC (80-100°C).

Several catalytic systems have been tentatively tested in the
SELOX reaction. Supported noble metal catalysts, such as Pt,
Ru and Rh, were found to be the most appropriate for this
reaction: CO can be totally converted to CO, but a notice-
able amount of Hj is also simultaneously consumed in the
presence of excess O [7-11]. For low temperatures, highly
dispersed gold on an oxide support showed high activity and
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