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Development of Polymer Electrolytes Based on Ionic Liquids for High
Temperature/Low Humidity PEFC Applications
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Abstract : High temperature polymer electrolyte membranes incorporating ionic liquids (ILs) in
different polymers such as commercial fluorinated polymers, sulfonated polymers and recasted
nafion have been developed. ILs based on imidazolium cation and different anions possess high
tonic conductivity and good thermal stability and have been used in the present study. The
membranes containing IL show conductivity ~107%S cm™ above 100°C under anhydrous conditions and
are thermally stable up to 250-300 °C. IL acts as a conducting medium in these electrolytes and
plays the same role as played by water in fully hydrated nafion membranes. Due to high
conductivity and good thermal stability, these membranes are promising materials for PEFCs at
higher temperatures under anhydrous conditions.
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suitable for applications in polymer electrolytes. The
aim of the present work is related to study the
effect of replacement of water with IL and to
develop polymer electrolytes based on ILs with high
conductivity and good thermal stability.

2. Experimental

The ILs wused in the present study have
2,3-dimethyl-1-alkyl imidazolium (DMOIm') cation
and different anions (BF4, PFs, CF3SO3;, N(CF3S0,)»
etc) have been synthesized by the method reported
in our -earlier publications.(z) Some of the ILs
(EMIBF4, EMITf) have been purchased from TCIL
Commercially available polymers such as PVdF-HFP
has been purchased from Aldrich, whereas
sulfonated poly(aryl ether ketone) (SPEAK-6F) and
recasted Nafion have been synthesized.“"‘) Polymer
electrolytes containing ILs have been prepared by
solution casting method by using
acetonitrile/methanol as the solvent. The details of
measurements of conductivity, viscosity, TGA,
AF-TEM are given in our earlier publications R

3. Results and discussion

Fig.1 shows the variation of conductivity and
viscosity of a  representative ionic  liquid
(DMOIMTFSI) with temperature. With an increase
in temperature, the decrease in viscosity has been
found to be accompanied by an increase in
conductivity. The decrease in viscosity leads to
higher mobility, as viscosity and mobility are
inversely related to each other, which increases
conductivity and conductivity higher than 102 S
cm'has been observed above 70°C. As the IL
comprise entirely of ions, so ions are in contact with
each other in the IL and are not separated by
solvent molecules as in a salt solution. The addition
of a suitable solvent, with higher dielectric constant
and low viscosity, has been observed to result in an
increase in conductivity. The higher conductivity of
binary mixture of IL and solvent as compared with
the IL is due to (i) a decrease in viscosity, as
viscosity of solvent is lower than that of the IL,
which leads to higher mobility and (ii) making ions
present in IL free from each other and hence these
ions can contribute to conductivity. However the
boiling point of the solvent should be higher than
200°C, so that it does not evaporate when the
membrane containing IL and solvent is operated at
higher temperatures (100-200°C). The conductivity
of the binary mixture of IL and solvent has been
found to be higher than that of the IL at all
temperatures.
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Fig. 1 Ionic conductivity and viscosity of the ionic
liquid, DMOImTFSI

Polymer electrolyte membranes containing ILs were
prepared by using three different types of polymers as
discussed below:

3.1 Polymer electrolytes containing commercial
polymers:

Polymer electrolytes based on various ILs and
different commercially available polymers namely PEO,
PAN, PVdF, PVdAF-HFP have been synthesized and
studied. For the same IL, polymer electrolytes containing
PVdAF-HFP have been found to show maximum
conductivity(2) as well as good mechanical and thermal
properties, which may be due to the presence of fluorine
in the polymer, as C-F bonds have higher strength than
C-H bonds. However the conductivity of polymer
electrolytes is lower than that of the neat IL, which is due
to the addition of inert polymer. Although these polymer
electrolytes show higher conductivity at temperatures
above 100°C, yet it is lower than for Nafion membranes
at 80°C under fully hydrated conditions.

The thermal stability of the IL and of polymer
electrolytes containing IL has been checked by
TGA/DSC measurements. The IL containing imide anion
has been found to be thermally stable up to 400°C,
whereas the polymer electrolytes containing the IL are
thermally stable up to 300°C. Weight loss by less than 5
% only has been observed up to 300°C, which suggests
that these membranes can be used at temperatures up to
200°C in different devices. However the lower
conductivity of these polymer electrolytes containing
commercial polymer as compared to Nafion needs
improvement by at least one order of magnitude so as to
get higher value of current density in PEFCs.

3.2 Polymer electrolytes containing recasted
Nafion:
In order to check whether water being used in Nafion
membranes can be replaced by the IL or not, nafion
membranes fully hydrated with water and those
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containing IL were studied under similar conditions. The
ionic conductivity of Nafion membranes swollen with
IL(EMIT{) and with water was measured at different
temperatures and the variation of conductivity with
temperature is shown in Fig.2. Although the conductivity
of fully hydrated Nafion membranes is relatively higher
than for membranes containing IL, yet it has been
observed that membranes containing IL also show
conductivity of the same order under non-humid
conditions. This indicates that IL can be used as the
conducting medium in place of water in Nafion
membranes and secondly these membranes can be
operated at temperatures higher than 100°C and under
non-humid conditions. However the retention of IL by
the membranes at higher temperatures over extended
periodsof time and its mechanical properties has to be
studied in detail. Work is in progress to understand the
conduction mechanism in such polymer electrolytes
containing ILs.

\'\'\
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Fig. 2 Variation of ionic conductivity of water swelled
Nafion and EMImTf-based Nafion with
temperature

3.3 Polymer electrolytes containing sulfonated
polymers:

Sufonated poly aryl ether ketone (SPAEK-6F) random
copolymers with different degrees of sulfonation have
been synthesized in our group via nucleophilic aromatic
substitution.”*  Sulfonation of different polymers
provides —SO3H groups on the backbone / side chains of
the polymer, which helps the conduction by protons in
the membranes based on such polymers. The
conductivity of sulfonated polymers containing ILs has
been found to depend upon (i) the concentration of IL
present in the membrane, (ii) the degree of sulfonation of
the polymer and (iii) temperature. Although the
conductivity of membranes has been found to be higher
at large concentrations of the IL and at higher DS, yet
they can not be increased beyond a certain limit as it
leads to a deterioration of mechanical properties of
polymer electrolytes. For applications of these
membranes in PEFCs, the concentration of IL and DS

has to be adjusted in such a way that we obtain polymer
electrolytes having optimum properties-high
conductivity and good mechanical strength. The
conductivity of polymer electrolytes containing IL
(EMITY) in SPAEK-6F was also measured at different
temperatures. For comparison purposes, the conductivity
of sulfonated polymers under fully hydrated conditions
was also measured and the variation of conductivity with
temperature for both the membranes is given in Fig.3. In
this case also the polymer electrolytes containing
sulfonated polymer have higher conductivity under fully
hydrated conditions than for polymer electrolytes
containing IL, yet the sulfonated polymers containing IL
also show high conductivity at temperatures above 120°C
under non-humid conditions. These results suggest that
IL can act as a conducting medium instead of water in
these sulfonated polymers and can replace water in such
polymer electrolytes which can thus be used at
temperatures higher than 100°C under non- humid
conditions. However the mechanical stability, ability to
retain IL for long periods of operation and compatibility
with electrodes has to be checked before their actual
application in devices.
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Fig. 3 Varation of ionic conductivity of water swelled
SPAEK-6F and EMImTf-based SPEAK-6F
with temperature

4. Conclusion

Ionic liquids can be used to replace water in polymer
electrolyte membranes based on nafion and sulfonated
polymers. The conductivity of polymer electrolytes
containing ionic liquid is however slightly lower than for
membranes swelled with water. The polymer electrolytes
containing ionic liquids can be wused at higher
temperatures (>80°C) and under anhydrous conditions,
which is required for their applications in PEFCs.
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