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Introduction

Significant commercial advances of direa methanol fuel
cdls (DMFCs) continue to be hampered by several issues
involving the use of proton exchange membranes (PEM).
Reduced methanol efficiencies and caalyst poisoning
occur asaresult of the high methanol permeability of
commercially avail able Nafion, a perfluorosulfonate
polymer and the aurrent mark for PEM performancein
DMFC applicaions. The mmpaosite gproach has
recently been used to oltain reduced methanol
permeability of the Nafion membrane while maintaining
high power density.> Yang et al. have introduced
zirconium phosphate into Nafion by the ion exchange of
Zr* followed by predpitation of zirconium phosphate by
treament with phosphoric add. The retention of high
ionic conductivity is propased to arise from the high
water content of the Nafiorn/zirconium phosphate
composite.

Previoudly, we have reported the preparation of a

compasite PEM utili zing Nafion and a conjugated
polymer.? The Nafion/poly(1-methylpyrrole) composite
was prepared by thein situ paymerization of 1-
methylpyrrole in Nafion. Preliminary results demonstrate
areduction in methanol crossover by as much as 50%
without significant increase in the resistance of the
Nafior/poly(1-methylpyrrole) compaosite PEM. The
medhanism by which the Nafion/paly(1-methylpyrrole)
compasite restricts methanol transport has not been fully

determined. A simple dogging of the pores would reduce

the volume avail able for solvent transport. This
explanation necesstates a static, rigid structure of the
Nafion framework, a distinct posshili ty with the

avail abili ty of eledrostatic aosdinking aff orded by the
oxidized conjugated pdymer. Further charaderizaionis
necessary in order to provide adefinitive explanation.

Results

We will present results describing an anal ogous
Nafiorn/polypyrrole cmmposite PEM. The switch to the
polypyrrole mmposite system all ows for the investigation
of alarger range of loading levels of palypyrrole into the
Nafion membrane due to the relative eae of
polymerization of pyrrole compared to 1-methylpyrrole.
The composite membrane systems were obtained by the
in situ polymerization of pyrrole in the Nafion membrane
with the aldition of an oxidizing agent, either Fe** or
H,0,. A significant reductionin methanol crosover
combined with minimal increase in resistanceis obtained
for Nafior/paypyrrole mmposites as measured by
steady-state voltammetry. While complete
charaderization of the Nafion/polypyrrole compositein
terms of the extent of loading and location of polypyrrole
remains challenging, investigations in several areas can

shed light on the morphology of this system in order to
elucidate structure/property relations to aid in the future
design of PEMs. Detail s of these investigations will be
presented.
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