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Polyphosphazenes are an interesting class of
polymers because they combine the dtributes of alow T
polymer (high degree of poymer chain flexibility) with
high temperature polymer stability™ 2. From a synthetic
perspedive, polyphosphazene constitutes one of the most
mature inorganic-backbone polymer systems.  With
appropriate functionali zation of the basic
poly(dichlorophophazene) backbone an unlimited number
of spedalty polymers can be synthesized. These unlike
hydrocarbon polymers are generally resistant to chemical
and thermal degradation’. Although polyphosphazenes
have been explored for their use as lvent free solid
polymer eledrolytes in lithium batteries® its use as
aternative membranes in PEM fuel cdls both for
reformate based systems and dred methanol is just
emerging. Its application in dired methanol fuel cdlsis
particularly significant based on the wide range of
possble  microstructures  with  dffering  proton
conductivity and methanol crossover. This is based on
the unique caabili ty of adding different side chainsto the
polymer's P-N badbone that can be sulfonated.

Methanol crosover is one of the most important
impediments in the viability of DMFC's. Central to this
issue is the unacceptably high crossover of methanol in
Nafion” type membranes. In Nafion”, the water and
methanol sorption cannot be cntrolled independently of
the membrane's ion exchange c@adty because the
polymer is not crosdinked and the swelling is dependent
on boath the membranes ion exchange caadty as well as
polymers crystalinity. Water diffuses through Nafion
due to the inherent hydrophobicity of the paymer's PTFE
badbone ad the side chains, resulting in the asence of
strongly hydrated/hydrogen banded water in  the
membrane®. Prior work by Prof. Pintauro® © has own
that well equilibrated crosdinked membranes based on
paly[bis(3-mthylphenoxy)phosphazene]  (with  15wt/o
benzophenone) posessed an ion exchange caadty of 1.4
mmol/g and a high proton conductivity ((0.07 S/cm).

This presentation will focus on the methanol
crossover measurementsin a DMFC single cdl at the fuel
cdl operating temperatures (in the range 40-70°C).
Comparison will be made with current state of the at
Nafion” membranes as a function of methanol
concentration (in the range 1-10M). In addition, stealy
state polarization measurements will be presented in a
DMFC in the same fuel cell operating conditions as
mentioned above. To our knowledge these measurements
condgtitute the first of ther kind for a
sulfonated/crosslinked pdyphaosphazane membrane.
Experimental

Methoddogy used for the preparation of the

membrane is described in a separate joint abstrad with
Tulane University, Carter et al., submitted to the same
symposium.  These polymers prepared by sulfonating
poly[ bis(3-methylphenoxy)phosphazene] (700000 MW)
were blended with kmown amounts of PVDF
(pdyvinyledenefluoride), known by its trade name &
Kynar [Attofina, USA]. Both Kynar 761 and Kynar-Flex
were used. The films were cat into films, which were
typicdly 100um thick. These films were subsequently
radiation crosdinked with eledron beam at Science
Reseach Laboratory (MA). Various dose levels were
used for this purpose.

Fuel cdl tests and crossover measurements were
conducted in a spedally constructed DMFC, which had
an in built dynamic reference dedrode, thus allowing for
simultaneous anodic half-cdl polarization measurements.
In addition, there were the usua arrangements of
controlling the cél temperature, preheding the methanol
stream as well as controlling the flow rate (peristaltic
pump). Methoddogy for methanol crossover
measurements foll owed those described ealier for Nafion
membranes’.

Results

Figure 1 shows limiting current behavior in a
DMFC single cdl using the procedure outlined
elsewhere’. The mmparison shows an approximately one
order of magnitude lower crossover for blended
polyphosphazene membrane as compared to Nafion 117.
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This presentation will focus on the impad of
these measurements as well as snge and half-cdl
polarization measurements as a function of methanol
concentration in the range of (1 to 10 M).
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