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High temperature proton-exchange
membrane fuel cdls (PEMFCs) are being
investigated to alleviate some of the problems
encountered at the present temperature of 80°C.
These difficulties include CO poisoning of the
platinum electrodes, and thermal and water
management. The proton conductivity of Nafion
relies on water, and at higher temperatures the
conductivity dramaticdly deaeases due its loss
by evaporation. Therefore, in order to maintain
desirable proton conductivity at elevated
temperatures, one possble gproach isto modify
Nafion from its origina form. This was
previously accompli shed by incorporating sili con
oxide via sol-gel within the Nafion
membrane.[1] The purpose of this gudy is to
investigate @mposite Nafion membranes for
operation in PEMFCs at temperatures above
100°C. This was accomplished by incorporating
various metal oxide and zeolite particles into the
Nafion membrane using a recasting procedure
that employs lubili zed Nafion.[2] The particles
varied in particle size surface aea chemicd
makeup and surfacechemistry.

Results and Discusson - Shown in figure 1
are the PEMFC pdarizaion curves obhtained
when silica, adumina or titania ae incorporated
in the Nafion membrane & a cdl temperature of
130°C and a total presaure of 3 atm. All three
metal oxides have the same particle size and
surface aea Silica dealy provides the best
response. This can be quantified by considering
the liner portion of the polarizaion curve, which
refleds the cél resistivity. (Reported as R values
infigures1land 2

® SiO,Recast Nafion (R = 0.29)
v AlL,OjRecast Nafion (R = 0.36)
+ TiO/Recast Nafion (R = 0.5)
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Figure 1: PEMFC performance of silica alumina
and titania Recast Nafion membranes at 130°C
and 3atm.

This variation in PEMFC performance @n be
attributed to the differences of metal oxide
compasition and the nature of the Nafion —metal
oxide interface

Figure 2 shows the pdarizaion curve for
three different silicas all with the same particle
size ad surface demistry, but with different
surface aess.
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= SiO, - Surface Area 80 - 100 mzlg (R=0.25)
® SiO, - Surface Area 115 - 145 m2/g (R=0.24)
v SiO, - Surface Area 300 - 350 m2/g (R=0.18)
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Figure 2. PEMFC performance of silica with

different surface aeas Recast Nafion membranes
at 130°C and 3atm.

Here we seethat with increasing surface aeg the
resistances of the cdls deaease (seeR values in
figure 2). This can be atributed to the increased
number of sites the water moleaules can form
hydrogen bonds with.

Conclusions — The daraderistics of
PEMFC can be improved by increasing it
operating temperature sove 100°C. Composite
membranes prepared by suspending metal oxide
or zeolite particles in Nafion solution show
improved PEMFC performance d elevated
temperatures. The particles d$ze surface areg
chemicd makeup and surface chemistry all play
vital roles in its ahility to improve water
retention, thereby improving high temperature
PEMFC operation. In all four cases of the silicas
shown here, current densities are high enough to
manufadure ahigh temperature PEMFC with the
added benefits of incressed CO tolerance and
improved water and hea management.
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