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Dynamics of liquid water and its effect on the
transport of the readive oxygen spedes has been widely
adknowledged as the performance limiting phenomenon
in the cahode of a PEM fuel cell. In the past,
experimental efforts on fuel cells have looked only at the
net average aurrent while, mathematica models were
developed to get better insight into locd spedes and
current density distribution. Lately, reseach has been
focused on developing experimental schemesto
investigate the spedes distribution within the fuel cdl
assembly and its effed on the readion rates essential for
further optimization in terms of more aeausage,
prevention of locdized floodng and dehydration and
‘hotspots’ caused by high local current densities etc. The
locdized floodngis also suspeded to cause spatial —
temporal locd current oscill ations. Qualitative evidence
of the effect of these locd oscill ations on the average
measured current has been observed at high current
density operation by reseachers at the Eledrochemica
Engineging Laboratory at the University of Kansas.
Other researchers have dso reported unstable arrent
profil es at high current densities, but have dways
dismissed them as unstable behavior. Such oscillations are
not uncommon in eledrochemicd systems and have been
reviewed inby J. L. Hudsonand T. T. Tsotsisin the cae
of eledro — dislution and cathodic depositi ons of
metals.

A small-scdefuel cdl with segmented current
colledors and eledrodes has been designed and fabricated
by our research group at the University of Kansasto
investigate the performance of the cahode (or anode)
along the length of a mnventional gas distributor channel.
Madhined graphite strips were embedded in an aaylic
block and channels were machined on the surfacefor gas
distribution. A top and side view schematic of the
segmented current colledor is provided in Figure 1.
Membrane dedrode assmblies (MEA) with segmented
eledrodes on one side sharing a @mmon eledrode on the
other and regular MEA’ s with un-segmented eledrodes
on both sides were dso fabricated in our reseach lab. The
eledrode on one side of the MEA was 7cm long and 0.6
cm wide. The other segmented side of the MEA had 6
eledrodes 1cm long and 0.6 cm wide, separated by a
distance of 0.2 cm. The segmented MEA a so had a built-
in reference dedrode to measure the individual half cdl
potentials. Effort was focused on achieving a smocth
finish to the segmented current colledor block to avoid
differential contad resistance. An MEA with un-
segmented eledrodes on both sides was used and a low
potential was impaosed sequentially to ead current
colledor segment whil e the patential distribution on the
other segments were monitored. Uniformity in contad
between the current coll edtor segments and the MEA was
assumed when a Lapladan distribution of potential was
achieved.

In the cahode of the fuel cdl, non-uniformity in
the performance dong the length of the channel can be
caused by locdized floodng due to inherent variationsin
the catalyst and gas diffusion layers. Moreover, in the
case of an air cathode, oxidant depletion effeds can also
result in non-uniform readion rates. Experimental results
obtained using the segmented MEA with pure oxygen as
the cahode stream will be presented in this work. These
results addressthe inherent differencesin catalyst and
badking layers and their floodng charaderisticsin the
cahode dongthe length of the channel. Operating
parameters li ke stoichiometric flow rates, step changesin
the gplied load and temperature were investigated.
Future reseach efforts will be focused on extending this
study to an air cahode to oltain a cmprehensive ideaof
the oxygen and water adivity distribution and its effect on
the cahode performance Previous work [2] that provided
qualitative results on hydrogen starvation will also be
investigated further in the future.
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a) Top view of segmented section
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b) Side view of segmented section

Figure 1. Schematic of segmented fuel
cell components desianed for this work.



