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This research is about the search of a performance improvement of a single
polymer elecirolyte fuel cell by energetic argon ion bombardment on membrane surface
and an upgrading of a single cell test station. First, a molecular dynamic simulation
with AMBERSY software has been performed by using quantum mechanic and molecular
dynamic technique. The results show that there presented nano-scale craters on the
surface after bombardment of ions. This causes an increasing of roughness of the
surface, which results in a higher surface area. It was found that the sulfonate'groups
in Nafion chains were collected in the region that ions are embedded. This may cause
nano crater, which can be occupied by water molecules and protons, and result in
higher proton conductivity. After the computer simulation, membrane surface were
bombarded by two techniques. One is a 10 keV argon ion beam and the other one is
the -2.5 kV, 200 Hz pulsed plasma immersion ion implantation and deposition. lon
fluent were varied between 10" — 10" ion/cm’. The AFM results showed that the
roughness of membrane increased from 0.888 nm to 1.874 nm, hence increasing of
membrane surface area. It is expected that the performance of the fuel cell would be
increased from the increasing of the surface area. Results from FTIR analysis showed
that there is merely small effect to sulfonate groups on the membrane surface after ion
bombardment. However, it is found that there is an increasing of C = O bond,
wavelength 1725 — 1885 cm'1. Contact angle measurement showed that the contact
angle decreased from 80 degree to 64 degree after the treatment. The membrane
surface is less ‘hydrophilic. AC impedance analysis results showed that the proton
conductivity decreased by 20% after plasma treatment and 66% after ion beam
bombardment. After that, as-received and freated membranes were assembled in
single cell units and the performances of those were compared. It was found that the
performance of the fuel cell using treated membranes were poorer than the untreated
one, which conflicts with our hypothesis. This might be due to chemical bond breaking
of some essential bonding for proton conduction. The single cell test station has been
upgraded by utilizing membrane-type gas humidifiers, instead of bubble-type ones,
which give higher relative humidity. Essential parameters to run fuel cells can be
controlled via a computer which can control gas tube and cell temperature and the gas

flow rate. It can also show the real-time results of current, voltage and power produced

by the cell. Moreover, the data can be taken via the computer to plot I-V curve. Now
we can say that we have a standard single cell test station. This is confirmed by
comparing the performance of the same single cell measured by both our test station
and a standard test station at ITRI (Industrial Technology Research Institute of Taiwan).
The results showed the similar cell performance. The test station is a key instrument in

fuel cell study and development in the future.





