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PEMFC electrode preparation: Influence of the solvent composition
and evaporation rate on the catalytic layer microstructure
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Abstract

A series of parameters affecting the catalytic layer microstructure in polymer exchange fuel cell electrodes have been evaluated. The
deposition of the catalytic layer in the gas diffusion support is shown to depend not only on the ink deposition method but also on the
characteristics of the solvent used to disperse both the catalyst and the Nafion ionomer. The solvent viscosity and its dielectric constant are
two important factors to control for the catalytic ink preparation. In particular, the solvent dielectric constant is shown to be directly related
to the electrode performance in single cell tests.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Several recent studies on the preparation of electrodes for
polymer exchange membrane fuel cells (PEMFC) reveal the
importance of maintaining a suitable equilibrium between
electronic and protonic conductivity in the electrodes for im-
proving the rate of the reduction–oxidation processes and
decreasing the system resistance to the electric current and
to the mass transport phenomena. Nafion® ionomer is com-
monly used in PEMFC electrodes to enhance proton conduc-
tion from the electrocatalytic metallic surface towards the
polymer electrolyte. The ionomer content variation in the
catalytic layer has been one of the most analysed parameters.
Different studies have concluded that the optimum Nafion®

amount in the electrode catalytic layer ranges from 30 to
36 wt.% of the catalyst weight[1–3], but it has been recently
proved to depend on factors such as the Pt metallic loading
in the catalyst[4,5]. Sasikumar et al.[6] have found opti-
mum values of Nafion® content in the electrodes which can
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reach up to 50 wt.% of catalyst for Pt loadings as low as of
0.1 mg cm−2 using a catalyst with 20 wt.% of Pt.

In the same way that not only the platinum loading but
also its dispersion are key factors in the design of catalysts
for electrodes to maximise their active surface area, not only
the ionomer content but also its distribution, microstructure,
porosity and interconnection are also essential for providing
a good proton transfer rate from the anode to the cathode
without increasing the mass transfer resistance and obtaining
high efficiency in the electrochemical conversion[7–10].

From this standpoint, conditions for Nafion® ionomer in-
corporation into the catalytic layer must be controlled in or-
der to achieve high performance components and minimising
ohmic and mass transport overpotentials. The Nafion® net-
work structure and its interconnection throughout the elec-
trode determine the three-dimensional zone of the catalytic
layer, the triple-phase boundary and the porosity. The sol-
vents used for inks preparation play a key role in the for-
mation process of the proton conduction network, since the
dielectric constant of the solvent influences the degree of ag-
gregation of the Nafion® ionomers[11,12]. When Nafion® is
mixed with organic solvents, the mixture may become a so-
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