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Abstract

In order to improve the durability of membrane electrode assemblies (MEAs), surface treatments of carbon-supported Pt catalysts are studied.
When treating catalysts with amines, especially hindered amine light stabilizers (HALS), durability testing of an MEA drastically improved. The
amino groups in the molecule of HALS are considered to react with carboxyl groups on carbon support to form complexes. It was confirmed that
hydrogen peroxide formation is retarded in the case of HALS-added catalyst by using a hydrogen peroxide test paper. Together with the results of
the catalyst surface treatments using nitric acid and dehydrated ethanol, it was clarified that surface functional groups, carboxyl and/or hydroxyl
groups, on the carbon support play an important role in the generation of hydrogen peroxide during fuel cell operation.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Hydrogen is the focus of world attention because it is clean
and environmentally friendly. Proton exchange membrane fuel
cells (PEMFCs), which use hydrogen and oxygen as fuels, have
been considered one of the most promising power sources of the
future. In order to establish PEMFCs as a practical power source,
however, the system is required to have more stable performance.
It is reported that membrane electrode assemblies (MEAs) tend
to fail with pinholes in the membrane in too short a time for
the realization of PEMFCs [1–2]. Peroxide radicals, which are
derived from hydrogen peroxide, are generally blamed for the
chemical degradation of the perfluorinated sulfonic acid (PFSA)
membranes. Although a large number of studies [3–4] have been
made on membrane degradation by peroxide radicals, little is
known about the relationships between hydrogen peroxide for-
mation and catalysts. We reported [5] that MEA durability can
be drastically improved by using a heat-treated catalyst, point-
ing out that surface functional groups, hydroxyl and/or carboxyl
groups, on the carbon support are responsible for the hydrogen
peroxide formation that can lead to the membrane degradation
in an MEA. The heat-treated catalyst, however, has a larger
platinum crystalline diameter and has less organic contaminant
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remaining on carbon support than a non-heat-treated catalyst
because of the treatment at a very high temperature. It has not
been excluded that the smaller platinum crystalline diameter
or organic contaminant might promote hydrogen peroxide for-
mation. This study shows that the MEAs using catalysts whose
acidic surface functional groups are neutralized have better dura-
bility even though the platinum crystalline diameter remains the
same and organic contaminant is not removed.

2. Experimental

2.1. Amine-treated catalysts

2.1.1. MEA preparation
Carbon-supported Pt catalyst (46%Pt/Ketjen: catalyst-A)

or carbon-supported Pt/Ru catalyst (30%Pt–23%Ru/Ketjen:
catalyst-B), water, ethanol and ionomer solution (Flemion, 910
equivalent weight (EW); Asahi Glass Co. Ltd.) were mixed
with a homogenizer. The ratio of ionomer to carbon support
was 0.8. Amine-treated catalyst inks were formulated in the fol-
lowing manner. Catalyst-A or catalyst-B and water were stirred
and this was followed by the addition of an ethanol solution
of amine instead of ethanol in the case of the reference ink
described above. There should be no difference between the
amine-treated catalyst inks and the reference ink in terms of
organic contaminant on carbon support. The suspension was
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