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FHAWMX B Corrosion behavior of aluminum-based materials

in polymer electrolyte membrane fuel cell
environment
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In chap. 1, the background and purpose of this study was described.
Bipolar plate (BP) is one of the core elements of polymer electrolyte
membrane fuel cell (PEMFC) which should possess some specifications such
as superior electrical and thermal conductivity, high corrosion resistance,
good mechanical performance, and low cost. BP candidate materials are
roughly classified into carbon-based and metal-based materials.
Carbon—based materials are lightweight and have excellent corrosion
resistance. Metallic materials have the opposite characteristics, and
corrosion resistance is a particular and important issue. Aluminum 1is
considered as a promising BP material because of having some important
characteristics such as low density and low cost. Earlier, it was proposed
that the PEMFC bipolar plate can be divided into two parts. In this study,
the corrosion behavior of pure aluminum and aluminum—composite bipolar
plates in PEMFC environment was studied through power generation test. In
addition, the corrosion behavior of pure aluminum in different concentrated
fluoride—sulfate solution without and with some organic compounds as
corrosion inhibitors was investigated through immersion process.

In chap.2, a single cell was operated using the bipolar plate

constructed of two materials such as a channel former made of glassy carbon




and a gas isolation plate made of aluminum. Aluminum gas isolation plate
at cathode side remained glossy after even 1000 h of cell operation. In
contrast, an oxide layer with a thickness of about 1 pm was formed on the
gas isolation plate at anode side. In the simulated corrosion test, a thick
oxide layer was formed when aluminum was immersed in water while only a thin
oxide layer was formed in the saturated water vapor. The microscopic images,
scanning electron microscopy (SEM) images, energy dispersive X-ray (EDX)
spectra and transmission electron microscopy (TEM) images were taken and
evaluated the surface and structural morphology, and elemental
compositions. Thus, it was suggested that aluminum can be considered as one
of the most suitable materials for use as gas isolation plate in PEMFC where
the higher voltage and improved corrosion resistance were found using
TiN-SBR coated aluminum plates.
In chap. 3, corrosion behavior of pure aluminum in the simulated and
“real” environments in polymer electrolyte membrane fuel cells were
investigated. Here, the word “real” means the recovered solutions that
were collected from the cathode and anode of the operating PEMFC. The
corrosion rate of pure aluminum was calculated after immersion in different
solutions, such as distilled water, sulfate ions, fluoride ions, their
combined solutions and recovered solutions. The corrosion morphology,
surface roughness, structures of corrosion products, and elemental
compositions in simulated and real environments were measured and examined.
The results revealed that higher and lower amounts of oxide layers as
corrosion products were found for the presence of fluoride and sulfate ions,
respectively, in the tested solutions.

In chap. 4, corrosion behavior of pure aluminum in sulfuric acid with
sodium fluoride media through immersion process at 80° C was studied. It
was found that the corrosion rate was increasing with increasing the acid
concentration as well as through addition of fluoride ions in the acid
solutions. On the contrary, the only sulfate ions from the acid solutions
work to slow down the corrosion rate even sometimes act as corrosion
inhibitors. Thus, it is concluded that the rule of fluoride ions and sulfate
ions are as corrosion accelerator and inhibitor, respectively. Therefore,
it should be taken the special consideration when aluminum is used for
various purposes in different areas.

In chap. 5, the inhibitive effect of methyl-1H-benzotriazole (Me—BTA)
on pure aluminum was investigated at different concentrations of

fluoride—sulfate as the test solutions. The mass change after immersion in



different solutions without and with methyl-1H-benzotriazole was
calculated and the lower amount was found when Me—BTA was used. The corrosion
rate, surface roughness, surface morphology, and EDX data evaluation of pure
aluminum without and with methyl-1H-benzotriazole were performed after
24-120 h of immersion at 80 °C in fluoride—sulfate solution. The corrosion
rate and surface roughness were improved when methyl-1H-benzotriazole was
used in the test solutions. The lower corrosion products, such as aluminum
oxide, were found on the surface of the aluminum after using
methyl-1H-benzotriazole. Thus, it was confirmed that
methyl-1H-benzotriazole is a good corrosion inhibitor that minimizes the
corrosion rate and improves the surface roughness of pure aluminum in
sulfate—fluoride solutions through its adsorption activity.

In chap. 6, the benzylphosphonic acid (BPA) was deposited onto pure
aluminum in a monolayer self—-assembly or adsorption process. The inhibition
results of BPA molecule on Aluminum surface in fluoride sulfate containing
solution suggest some points: the corrosion onto Aluminum metal through the
adsorption of inhibitor BPA improved the surface layers through chemical
bonding. The inhibition effectiveness attained from the weight loss
measurements agreed results where the treated environment had a lower value
than the untreated one. Surface observation and elemental compositions were
studied by microscopic images, SEM, EDX, TEM images and contact angle data.

Thus, it is concluded that the pure aluminum can be treated as one

of the suitable materials for use as bipolar plate in PEMFC environment.
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