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A study on composite membranes based on hydrocarbon polymers and ionic liquids
for high temperature PEFCs

*Ji-Suk Baek, **Jin-Soo Park, Kyung-Hyun Kim, Gi-Young Moon, Hye-Kyung Kim, Young-Woo Choi,
Go-Gun Park, Tae-Hyun Yang, Chang-Soo Kim, Young-Gun Shul

Abstract : The water-like ionic liquids have been widely used to enable the proton conduction in ionic liquid based
membranes at high temperature and anhydrous PEFCs. In this study, we synthesized various kinds of composite
membranes based on hydrocarbon polymers having good thermal and mechanical stabilities at high temperatures and
ionic liquids. The composite membrane consisting of hydrocarbon polymer and ionic liquid was characterized by
thermogravimetric analyzer (TGA) and impedance spectroscopy. Consequently the non-aqueous composite membranes
of a variety of hydrocarbon polymer and ionic liquids have good conductivity and thermal stability at high temperature
conditions.
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wide range of organic and inorganic materials.
These liquids have been utilized not only as clean
solvents, but also as catalysts for green chemistry
and electrolytes for batteries, photochemistry and
electrosynthesis and even as advanced heat transfer
fluids and lubricants. Many of these types of ionic
liquids are available commercially.(]) Ionic liquids
(ILs) have also shown much promise as

1. Introduction

Recently, many research efforts have been
focused on new membranes suitable for high
temperature ~ polymer  electrolyte  fuel  cells
(HT-PEFCs). Among those, the hydrocarbon
membranes have been intensively investigated as
an alternating membrane due to their having better
thermal and mechanical stabilities compared with
the perfluorosulfonic acid membranes under water , , Y ;
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copolymers and membrane properties.

And the ionic liquid is a liquid that contains
essentially only ions. In particular, the salts that
are liquid at room temperature are called
room-temperature ionic liquids, or RTILs. Unlike
conventional molten salts, ionic liquids (ILs) are
salts with low melting points (<100 °C) and, most
importantly, often are hydrolytically stable. Since
ionic liquids exhibit extremely low vapor pressures
and wide liquid ranges, and are highly polar yet
non-coordinating, they are good solvents for a
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replacement for water as they are non-volatile and
also have a larger electrochemical stability window
than water. Membranes based on different
polymers (commercial polymers, recast Nafion,
sulfonated copolymers etc.) containing ILs have
been also reported™ for use in PEFCs at higher
temperatures and under anhydrous conditions.

For this purpose, we synthesized various
composite membranes by adding ionic liquids to
hydrocarbon copolymers with different structures.
From the analyses of the ac-impedance spectra and
thermogravimetric analyzer (TGA) curves, the
composite membranes containing ionic liquids were
investigated on  electrochemical and thermal
properties at high temperature and anhydrous
condition.

2. Experimental

We used various hydrocarbon polymers and ionic
liquids. The electrochemical properties of the composite
membranes were investigated at elevated temperatures
under anhydrous conditions. The ionic conductivity of
the composite membranes was measured by a.c.
impedance spectroscopy using a four-point-probe
conductivity cell with platinum electrodes. The
measurements were carried out under a potentiostatic
mode in the frequency range of 100 mHz to 10 MHz with
SmV oscillating voltage. Ionic conductivity of the
samples was calculated from the following equation:

L
o=——
RWd
here o is the ionic conductivity, L the

distance between two potential sensing platinum
wires, R the membrane resistance derived from
the impedance value at zero phase angle,
Wthewidthofthepotentialsensingplatinumwire, and d
the membrane thickness. Each electrochemical data
was averaged by three measurements, and the
standard deviation of all data was below 1%. And
heat scans were carried out in the temperature
range of 50 to 600 °C with 10 °C min" of a
heating rate under nitrogen.

3. Summary

The sulfonated aromatic polymers are widely
investigated as candidate PEM materials due to
their high chemical and thermo oxidative stability,
good mechanical properties. As a results, the
composite membranes of hydrocarbon copolymers
and ionic liquids have good conductivity at high
temperature and anhydrous condition. Furthermore,
the composite membranes have good thermal and
mechanical stabilities.
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