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ABSTRACT

Bipolar plate is a piece of hardware in the fuel cell. It work as current collector
and exposed to an acidic environment. This research investigate conductive and non-
corrosive coating for metallic bipolar plate to protect them from dissolution but still
electrical conductive. There are three type of coating with different technique in this
research. First, we start with studying the electrical resistivity of metal-doped
diamond-like carbon (Me-DLC) films. Molybdenum-containing amorphous carbon
(a-C:Mo) films were prepared using a dual-cathode filtered cathodic arc plasma
source with a molybdenum and a carbon (graphite) cathode. The Mo content in the
films was controlled by varying the deposition pulse ratio of Mo and C. Film sheet
resistance was measured in Situ at process temperature, which was close to room
temperature, as well as ex Situ as a function of temperature (300-515 K) in ambient
air. Film resistivity and electrical activation energy were derived for different Mo and
C ratios and substrate bias. Film thickness was in the range 8-28 nm. Film resistivity

varied from 3.55x10” Q m to 2.27x10° Q m when the Mo/C pulse ratio was
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increased from 0.05 to 0.4, with no substrate bias applied. With carbon-selective bias,
the film resistivity was in the range of 4.59x10 and 4.05 Q m at a Mo/C pulse ratio
of 0.05. The resistivity of the film shifts systematically with the amounts of Mo and
upon application of substrate bias voltage. This part of the conductive coating is just
study the film resistivity. It isn’t applied to the metallic bipolar plates due to its
thickness very low. The next two coating technique were apply to the metallic bipolar
plates for fuel cell single cell test. Conductive oxide coating by reactive magnetron
sputtering and plasma treatments are technologically simple apparatus design and low
unit cost suitable for this application. Plasma nitridation and carburization of AISI
304 stainless steel was carried out by pulsed d.c. plasma immersion under nitrogen
and methane gases ambient. After surface treatment, Glow discharge optical emission
spectroscopy (GDOES) analysis was conducted to verify the chemical composition of
the surface layer. For conducting oxide coating, Zinc oxide and Aluminum doped
Zinc oxide film were prepared by using Zn and Zn/Al as sputtering target
respectively. The AISI 304 stainless steel with treated surface and conductive oxide
coating were test for interfacial contact resistance (ICR), corrosion rate in simulated
fuel cell environment and static water contact angle were also processed. The film
electrical resistivity measurement was also conducted for conducting oxide film. The
operating conditions were applied to AISI 304 stainless steel bipolar plates for single
cell tests and compared with the performance of the cells using graphite and bare AISI
304 bipolar plates. The performance of the single cell used graphite, bare AISI 304
and improved AISI 304 stainless steel bipolar plates operated at 0.6 volt shown that
only nitride carburized AISI 304 bipolar plate gave higher power density than bare
AISI 304. However, they are still interior to graphite bipolar plate.
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