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ABSTRACT

The high temperature proton exchange
membrane (HT-PEM) fuel cell using metal bipolar
plates (BPs) can solve some challenges of traditional
PEM fuel cells, including low CO tolerance and high
BP cost. To improve its operating life, understanding
the deterioration phenomena of the HT-PEM fuel
cells using bare metal BPs is necessary. This work
studies this fundamental subject and verifies the
reasons for the cell deterioration. The experimental
results indicate that the cell power with bare SS304
BPs decreases by about 53.5%, and the total cell
resistance increases by about 92.5% after a
continuous 384-h operation. The increase in the
electrical resistance of the BPs due to formation of a
passivation film on the SS304 surface is the major
reason for the deterioration phenomena. Moreover,
the cathodic BP after a continuous operation has a
larger rugged surface area and a wider O and P
elements distribution than the anodic BP, because of
more produced water and more phosphoric acid leaks
on the cathode side during operation, which causes
more serious oxidation and corrosion problems. A
stricter anti-corrosion criterion for the cathodic metal
BP may be needed for this type of fuel cell.

INTRODUCTION

Recently, many environmental problems, such
as global warming, extreme climate, acid rain, and an
increase of particulate matter in the air, have been
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caused by burning fossil fuels. These problems affect
the development of human civilization. Thus, the
demand for cleaner energy technologies is increasing.
However, most of the renewable energy sources, such
as solar power and windy energy, currently face a
challenge of unstable power output, and thus plenty
of energy storage approaches have been proposed for
overcoming this challenge. Power-to-hydrogen
technologies and the power regeneration systems
based on fuel cells are considered one of the practical
solutions to the energy storage and electricity
regeneration (Eveloy, 2018; Gondal, 2019). In
addition to the practicability of energy storage,
hydrogen and fuel cell systems also have other
advantages, such as high efficiency, high reliability,
good modulability, and being eco-friendly. As a result,
in many developed countries, the fuel cell technology
has been chosen as a focus of alternative energy
development.

A high temperature proton exchange membrane
(HT-PEM) fuel cell is usually operated at between
150-200 °C and is a very promising fuel cell system.
The carbon monoxide tolerance of this type of fuel
cell is high enough to tolerate 1-3% CO in H, and
thus it is practical for reformate fuel cell systems.
Moreover, its rejected heat has better recoverability
due to higher operating temperature. Compared to a
traditional proton exchange membrane (PEM) fuel
cell, it is more suitable for stationary fuel cell systems
with reformed H, supply sub-systems, because the H;
purification sub-system for HT-PEM fuel cells is less
critical than that for traditional PEM fuel cells.

The common type of electrolyte system for
HT-PEM fuel cells is the acid doped polymer
membrane. For the acid doped membranes, the major
hydrogen proton transport is based on the hopping
mechanism via hydrogen bonds between solvent
molecules (Altaf et al., 2021), and thus water is not
essential for fuel cell operation (Yusoff et al., 2020).
As acid doped polymer membranes can work without
water, they are able to operate at temperatures higher
than 100 °C. Among all kind of proposed electrolyte
systems for HT-PEM fuel cells, the HsPO.-doped
polybenzimidazole (PBI)-based and the
pyridine-based membranes (Charalampopoulos et



al., 2020; Chen et al., 2020) are currently the two
successful and commercially available systems. Their
common points include high conductivity, good gas
separability, good chemical stability at high
temperature, good mechanical strength at high
temperature and containing phosphoric acid (H3PO.).

It has been demonstrated that the PEM fuel
cells can be applied in portable and stationary
applications. However, some critical problems,
including the costs associated with the noble metal
catalyst and graphite bipolar plates (BPs) in the fuel
cells, still need alternative solutions before the PEM
fuel cells enter the commercial market (Moreno et al.,
2015). Thus, applying stamped metal BPs instead of
traditional graphite BPs in the PEM fuel cell stacks,
which are usually produced by traditional milling
methods, is considered a promising method to reduce
the cost of the stacks. Moreover, using stamped BPs
can reduce the weight, volume and the
vibration-proof ability of the stack. Thus, the studies
on the metal BPs for PEM fuel cells become
attractive to researchers in recent years. The most
common materials of present metal BPs are stainless
steel (Hu et al., 2019; Song et al., 2020) because this
material is well accessible. Some people as well
proposed the BPs made of titanium or aluminum
alloy (Shi et al., 2020; Gonzalez-Gutiérrez et al.,
2019) because of its better corrosion resistance or
lower cost. Metal has the advantages of good
mechanical stability, high thermal and electrical
conductivity, and great fabrication formability.
Nevertheless, the acid nature (pH value ranging
between 2-3), humid environment and high
temperature inside PEM fuel cells cause corrosion
and dissolution problems. Thus, there are still many
aspects that should be studied and improved for
applying the metal BPs in PEM fuel cells.

According to the above introduction, one can
understand that HT-PEM fuel cells are promising
solid electrolyte fuel cells. In addition, using metal
BPs is a future trend for PEM fuel cells. However, the
research combining the HT- PEM fuel cell and metal
BPs is still not common. This is because metal suffers
from a corrosion problem in the acid environment.
The operating temperature and the acid content in the
membrane electrode assembly (MEA) of HT-PEM
fuel cells are both higher than those of traditional
PEM fuel cells. Thus, the corrosion problem of metal
BPs is expected to be more serious than that in
traditional PEM fuel cells, and is inferred to affect the
available operational duration of HT-PEM fuel cells
more significantly. Before proposing suitable and
cost-efficient solutions to the reduced operational
duration of this type of fuel cell, it is necessary to
understand the performance deterioration mechanism
of the HT-PEM fuel cells with metal BPs first.

The studies about the performance degradation
of HT- PEM fuel cells have been presented by some
researchers. For example, Qi and Buelte (2006)
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studied the relationship of the open circuit voltage,
and the performance deterioration of PBI/H3PO4 fuel
cells under 180°C. They found that the Pt crystallite
size on the cathode side became 4.3 times bigger as
the cell was operated under the open circuit voltage
for 244.5 h. Liu et al. (2006) mentioned that physical
deterioration of membrane, agglomeration of both the
anodic and cathodic catalysts, and H3PQO, leaching
from the solid electrolyte were the main reasons for
the performance drop of the HT-PEM fuel cells using
H3PO4 doped PBI membrane. In 2006, the changes in
the effective surface area of the catalyst and the high
frequency resistance of a PBI/H3PO, HT-PEM fuel
cell with time were investigated by Hu et al. (2006,
2006). Their results indicated that cell performance
drop was mainly due to the decrease of catalyst
effective surface area because of sintering after a
500-h long-term experiment. Modestov et al. (2009)
reported the results of a 780-h duration test of a
PBI/H:PO4s MEA. A voltage decrease rate of 25 uv
h! was obtained in the test and the growth of Pt size
was inferred the major cause of the MEA
deterioration. Oono et al. (2010) carried out a
continuous durability test of the HT-PEM fuel cell
with PBI/H3POs membranes at the temperatures
ranging from 150 to 190-C. They indicated that the
performance drop in the early stage was caused by the
catalyst aggregation. In the terminal stage, the
performance degraded because of the depletion of
H3PO4 in the membrane. Oono et al. (2012) studied
the cell degradation mechanism of a HT-PEM fuel
cell with PBI/HsPOs MEAs. After a 17860-h
operation, both the oxidation of the carbon support
and the growth of the Pt particles were observed.
They also found that the cell performance declined
rapidly after 14000 h due to a decrease in the
membrane thickness and leaching of H3POa,. In 2013,
the same group (Oono et al., 2013) studied the
long-term available operational duration of the
HT-PEM fuel cells using H3PO4-doped, chemically
cross-linked poly (2,5-benzimidazole) (ABPBI)
membranes instead of PBI/H3PO4 membranes. Their
research indicated that the available operational
duration of the ABPBI membrane was longer than
that of a PBI membrane. The thickness of the ABPBI
membrane did not change significantly. In addition,
the amount of Pt in the catalyst layer did not change.
Park et al. (2020) studied the degradation phenomena
and performance recovery of an HT-PEM fuel cell

with a PBI/HsPOs MEA. In this research, the
relationship between cell degradation, exposed
humidity and membrane HsPOs loading was

investigated. A 74.1% performance degradation was
observed if the membrane was exposed to a humid
environment. In addition, doping little HsPOs in the
electrodes recovered the cell performance. Li et al.
(2021) studied the degradation phenomena of an
HT-PEM fuel cell under a 600-h accelerated stress
test. This study indicated that the activation
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polarization was the key issue which caused the
performance degradation. In this research, a serious
acid loss from the membrane after a load cycling test
was as well observed.

Although the above studies showed some
performance deterioration mechanisms of HT-PEM
fuel cells, these studies were carried out with graphite
BPs. The research about the deterioration phenomena
of HT-PEM fuel cells using metal BPs is currently
still rare. Therefore, for the future development of the
HT- PEM fuel cells using metal BPs, understanding
the deterioration phenomena of the HT-PEM fuel
cells using bare stainless steel BPs is selected as the
target in this research. The previous paper carried out
by Yan et al. (2019) presented the performance
deterioration rates of the HT-PEM fuel cells using
different types of BP. To further understand the
difference between the anodic and cathodic BPs after
operation, the comparison between the anodic and
cathodic BPs after a continuous operation are as well
carried out in this work.

FUEL CELL AND EXPERIMENTAL
SETUP

To study the performance deterioration
phenomena of the HT-PEM fuel cell using bare
stainless steel BPs, the performance of the fuel cell
was continuously measured. The electrochemical
impedance spectroscopy (EIS) technique was utilized
for quantifying the resistance change of the HT-PEM
fuel cell before and after operation. The morphology
and element composition on the surface of the BPs
after operation was as well investigated to understand
the deterioration phenomena on the SS304 BP
surface.

The HT-PEM Fuel Cell Using SS304 BPs

To carry out the continuous operation test for
this research, a single HT-PEM fuel cell using the
stamped SS304 BPs was assembled. The single cell
comprises two terminal plates made of Al6061, two
current collectors made of gold plating copper, two
BPs made of uncoated 304 stainless steel, and a
25-cm? MEA.

The steel sheet for the stamped BPs was 0.2
mm thick. Two Z-shape flow channels were formed
on the BP via a stamping process. Each single flow
channel had a depth of 0.6 mm and a width of 1.3
mm. The distance between the two flow channels was
0.6 mm. The summed thickness of the metal sheet
and the flow channel depth, i.e, the total thickness of
the BP, was 0.8 mm. To prevent gas leaks, two gasket
layers were installed on the stamped SS304 BPs. The
detailed information of gaskets can be found in the
previous paper (Chen et al., 2018). The assembly
torque was 6 N-m. The model number of the MEA
used in this study was AAM-25, a product from
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Advent Technologies Inc. The membrane in the MEA
was an Advent TPS® membrane and was doped with
HsPO4. The membrane had a pyridine-type structure
and was PBI-free. Pt/C was selected as the catalyst
material on the electrodes. Figure 1 shows the photos
of the assembled HT-PEM fuel cell and the stamped
uncoated SS304 BP used in this fuel cell.
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Fig. 1. (a) The photo of the HT- PEM fuel cell using
stamped SS304 BPs and (b) the photo of the stamped

SS304 BP

Experimental Setup

To carry out the long-term duration tests of the
HT-PEM fuel cell using SS304 BPs, a test facility
with a continuous operation function (figure 2) was
used to measure the continuous voltage and current
data of the fuel cell. This test facility comprised a
power measurement sub-system, a hydrogen and air
supply  sub-system, two gas bubbling-type
humidifiers, a thermal management unit and a data
logging unit. The highest current and voltage for the
fuel cell test facility were 60 A and 60 V,
respectively. The accuracy of all gas mass flow
controllers in this experiment was + 0.3% F.S.. To
operate continuously, several sensors, including
voltage sensors, temperature sensors and pressure
sensors, were used to monitor the status of the fuel
cell. To obtain the electrochemical impedance
spectroscopy, an EIS measurement facility (brand :
AMETEK®, model number: VersaSTAT4) was used
to evaluate the impedance of the HT- PEM fuel cell
at different operating time. To perform the EIS tests,
a fixed direct current was pulled from the fuel cell.
The impedance of the fuel cell was obtained by
alternating the current under a periodic change with a
frequency ranging from 10000 Hz to 0.01 Hz. The
amplitude of the exciting current was 5% to 10% of
the output direct current. To observe the surface
morphology of the SS304 surface, a scanning
electron microscope (SEM) supplied by Carl Zeiss
Microscopy (model : JEOL JSM-6500F) was utilized
in this paper. The energy-dispersive X-ray (EDX)
spectroscopies of the bipolar plate samples were as
well measured by the SEM to analyze surface
element composition on the SS304 surface.

In the continuous operation and the EIS tests,
the temperature of the fuel cell was fixed. In order to
control the operating temperature of the HT-PEM
fuel cell in this study, four high-power heating rods



were inserted in the end plates, and a T-type
thermocouple was inserted in the bipolar plate. A
temperature controller was used to acquire the
voltage signal from the thermocouple and to control
the power supplied to heating rods. By controlling the
power supplied to the heating rods and by covering
the fuel cell with a heat insulation jacket, the
operating temperature of the cell was maintained at
160+1.5°C. Hydrogen and air were flowed into the
fuel cell with no humidification processes. The
stoichiometric ratios of anodic (Hz) and cathodic (air)
gases were set at 1.2 and 2.0, respectively. Prior to
the performance measurement, the HT- PEM fuel cell
was operated at 5 A for 24 h to complete the break-in
process. During the formal cell continuous
experiment, the output current was set at 5 A (200
mA cm?) within the first 50 h and was set at 7.5 A
(300 mA cm™) after the 50" hour of deterioration
experiment.

Performance and EIS
measurement sub-system

Fuel Cell
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Fig. 2. The schematic diagram of the experimental
setup for the deterioration test of the HT-PEM fuel
cells using bare SS304 BPs

RESULTS AND DISCUSSION

In this research, the polarization curves and
electrochemical impedance of the HT-PEM fuel cell
with SS304 BPs at various operating hours were
measured and recorded. The SEM images and
surface element analysis results of the anodic and
cathodic BPs of the HT-PEM fuel cell were shown
and compared. To further understand the reasons for
the difference of the surface condition between the
anodic and cathodic BPs after operation, the
phosphorus mapping of the MEA cross-section was
as well captured.

Deterioration of Cell Performance
Figure 3 discloses the polarization curves of the
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tested HT-PEM fuel cell at different operating hours.
As can be seen, the maximum cell power density is
about 245.8 mW cm? and its corresponding cell
voltage is 0.37 V at the 24" hour. However, the
maximum power density drops to 160.1 mW cm
and 114.4 mW cm? at the 168" and the 384" hours,
respectively. It is observed obviously that the output
power of the HT-PEM fuel cell using bare SS304
BPs decreases along with the operating duration.
The maximum power density drops by about 53.5%
after a continuous 384-h operation. In the EIS test
(figure 4), it is also found that the resistance of the
fuel cell deteriorates with time. The total resistance
of the fuel cell, a sum of ohmic resistance, activation
resistance and mass transport resistance, can be
obtained from the larger intercept on the x axis in an
electrochemical impedance spectroscopy. As shown
in Fig.4, the total resistance of the fuel cell, the
intercept on the x axis at an EIS frequency of about
10-2 Hz, is about 748 mQ cm? at the 24™ hour and
becomes 1440 mQ cm? at the 384" hour. The total
resistance of the fuel cell increases by about 92.5%
after a 384-h continuous operation. From the EIS
results, it is seen that not only the ohmic resistance
(the smaller intercept on the x axis), but also the
activation and mass transport resistance (the
diameter of the arc) increases with operating
duration. The increase in the arc diameter can be
attributed to some reasons, including the physical
deterioration of electrodes, the contamination of
catalyst by phosphoric acid and the deterioration of
the hydrophobicity of gas diffusion layer (GDL).
The elevation of the ohmic resistance is inferred to
be associated with loss of H3PO4 from the proton
exchange membrane, and the increase in the
electrical resistance of the BPs due to formation of a
passivation film on the SS304 BP surface. Figure 5
exhibits the SEM images of the anodic SS304 BP
after a 432 h continuous operation at 200, 500 and
2500 magnifications. From this figure, a rugged
surface can be noted on the used SS304 plate surface.
It is inferred that the rugged surface area is covered
by a layer of passivation film caused by the
oxidation and corrosion reactions on the metal
surface. By contrast, the flat surface in the figure is
the original SS304 surface which has not been
corroded or oxidized yet.

In the previous study carried out by Yan et al.
(2019), the surface morphology of the cathodic
SS304 plate was examined and its surface elements
were analyzed. It was inferred that the passivation
film on the SS304 BP surface after a continuous
operation was a layer of iron phosphate and ferric
oxide caused by the oxidation and corrosion
reactions. In this work, in addition to observing the
microscopic surface image of the anodic BP of the
HT-PEM fuel cell, understanding the difference
between the anodic BP and the cathodic BP after a
continuous operation is one of the major objectives
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as well. As a result, comparison of the anodic and
cathodic BPs after a continuous operation is
discussed in the next section.
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Fig. 3. The IV curves of the HT-PEM fuel cell using
bare SS304 BPs at various operational time
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Fig. 4. The EIS results of the HT-PEM fuel cell
using bare SS304 BPs at various operational time at
400 mA cm

Comparison of The Anodic and Cathodic BPs
After Operation

From Fig. 5, it is observed that the passivation
film appears light or grey color, and the uncorroded
surface appears dark color in the SEM images. To
understand the difference of the corrosion levels on
the anodic and cathodic BP surfaces, the SEM
images of the unused SS304 BP, used anodic SS304
BP and the used cathodic SS304 BP at a 200
magnification are compared in figure 6. As can be
seen in Fig.6, the BP surface after operation
becomes more cratered than before operation.
Moreover, the cathodic BP shows more light color
areas than the anodic BP. These indicate that the
passivation film is more widely distributed on the
cathodic bipolar surface, implying a more serious
oxidation or corrosion reaction on the cathode side.

To further examine the composition of the
passivation film and to study the difference between
the anodic and cathodic BPs after a continuous
operation, the surface mapping of Fe, O and P
elements on the anodic and cathodic BPs at a 2500
magnification was captured. The mapping results are
disclosed in figure 7. From Fig.7(a), it is obviously
observed that the O and P elements are concentrated
in the rugged area on the anodic BP. However, the
Fe element is uniformly distributed over the entire
region. This result verifies the inference of that the
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rugged surface area in Fig.5 is covered by a layer of
passivation film. In contrast to the anodic BP, the O
and P elements distribution over the entire region on
the cathodic BP (Fig.7(b)) are less concentrated.
This is because the passivation film on the cathodic
BP is more widely distributed due to more serious
oxidation and corrosion reactions. Because of the
existence of Fe, O and P elements on the SS304 BPs
after a continuous operation, it is reasonable to infer
that the passivation film is a mixed layer of iron
phosphate and ferric oxide. According to Egs. (1)-(2),
formation of ferric oxide on the steel surface can be
attributed to the existence of H,O which is produced
due to the H, oxidation reaction in the fuel cell. In
addition, because of the existence of phosphoric acid
in the polymer membrane and the acid leak
phenomenon, iron phosphate is expected to be
formed according to Eq. (3).

Fe+H,0 — FeO +2H* + 2e". )
2FeO + H,0 — Fey05 + 2HY + 2¢, 2
Fe,03 + 2H3POs — 2FePO4 + 3H,0. (3)

passivation film

10 pm :

Fig. 5. The SEVI.\/I— images of the anodic SS304 BP
after a 432-hr continuous operation at 200, 500 and
2500 magnifications



The products of the oxidation and corrosion
reactions reduce the electrical resistance of the
SS304 BP because these compounds have lower
electrical conductivity. Furthermore, the rugged
surface resulted from the formation of the
compounds leads to a higher contact resistance
between the BPs and the GDLs. Owing to the above
two reasons, the electron transport resistance of the
SS304 BP increases after a continuous operation,
which is one of the reasons for the deterioration of
the cell performance. Water is produced on the
cathode side according to the working mechanism of
a PEM fuel cell. Although some water diffuses from
cathode to anode due to a concentration difference,
the amount of water on the cathode side is still more
than the anode side. In addition, the amount of
leaked phosphoric acid on the cathode side is more
than the anode side because the attractive force
between water and acid drags phosphoric acid
moving to the cathode side. Thus, the oxidation and
corrosion reactions on the cathode are more serious,
leading to a more widely distributed O and P
elements on the cathodic BP is. To verify that there
is more phosphoric acid leaking on the cathode side,
the phosphorus mapping on the cross section of a
used MEA is further captured. The result is
presented and discussed in the latter part of this
article.

To further verify the above discussion about
Fig.6 and Fig.7, a quantitative surface element
analysis of the unused SS304 plate and used anodic
SS304 BP by the EDX approach was carried out.
Figure 8(a) and Fig.8(b) present the scanned areas
and the EDX spectroscopies of an unused SS304
plate and a used anodic SS304 BP sample after a
432-h  continuous operation, respectively. To
compare the surface element compositions of the
unused, used anodic and used cathodic BPs, the
EDX result of the cathodic BP in the previous paper
carried out by Yan et al. (2019) is cited in this paper.
In this work, the C, O, P and Fe elements are the
studied targets because C and Fe are two major
elements of SS304, and because the surface
oxidation and corrosion reactions are expected to
lead to an elevation of the amount of O and P
elements on the plate surface. Figure 9 shows the
comparison of the EDX results of the three different
BPs. As disclosed in Fig.9, the atomic
concentrations of the C and Fe elements on the both
anodic and cathodic BPs decrease after a continuous
operation. The change of Fe element is especially
significant because the Fe element is an active
reductant and thus its concentration becomes much
smaller as a corrosion or oxidation reaction occurs
upon on the Fe element. The dramatic increase in the
O and P elements can also be seen in Fig.9. These
results verify that the SS304 BPs in the high
temperature PEM fuel cell suffer from serious
oxidation and corrosion problems. It is also observed
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that the atomic concentration of P element is almost
0% on the unused SS304 plate, but it becomes 4.6%
and 7.1 % on the used anodic and used cathodic BPs,
respectively. Since the only phosphorus source in the
high temperature PEM fuel cell is HsPO4 in the
proton exchange membrane, it can be confirmed that
HsPO4 leaking from the membrane during the fuel
cell operation is the major cause for formation of
phosphorus related compound on the BP surface. It
can be also found that the element concentrations on
the used anodic BP are close to that on the used
cathodic BP except for the P element. The atomic
concentration of P element on the cathodic BP is
54.3% higher than that on the anodic BP. This result
reflects the inference of more H3PO. leaks on the
cathode side in the discussion about Fig.7.

100 pm

()
Fig. 6. The SEM images of (a) the unused SS304 BP,
(b) the anodic BP after operation, and (c) the
cathodic BP after operation at a 200 magnification

To obtain a direct evidence of more H3PO4
leaks on the cathode side, the phosphorus EDS
mapping on the cross sections of the unused and
used H3PO4 doped MEAs is captured and the results
are revealed in figure 10. As shown in Fig.10, the P
element is concentrated in the membrane and
catalyst regions before the cell operation. However,
the P element distribution on the used MEA
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becomes less concentrated. Apparently, the amount
of P element in the GDL becomes more after
operation. It is as well observed that the amount of
detected P element on the cathode GDL is more than
that on the anode side. These results provide an
evidence of more phosphoric acid leaks on the
cathode side, which leads to a more serious

corrosion problem and a wider rugged surface area
on the cathodic SS304 BP.

(a) (b)
Fig. 7. The EDS mapping results of (a) the anodic
surface and (b) the cathode side of the SS304 BP
after 432 hour operation at a 2500 magnification

Fe

‘Ll.li_ Ll : 1‘_11

(a) (b)
Fig. 8. The EDX spectroscopies of (a) the unused
SS304 BP and (b) the used anodic SS304 BP
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CONCLUSIONS

The deterioration phenomena of the HT-PEM
fuel cell using bare SS304 bipolar plates are
investigated in this research. The output power of the
HT-PEM fuel cell decreases with operating duration.
The maximum power density of the HT-PEM fuel
cell drops by about 53.5% after a continuous 384-h
operation. In addition, the total fuel cell resistance
increases by about 92.5% after the continuous
operation. One of the major reasons for the
deterioration of the cell performance and the raise of
the total cell resistance is the increase in the
electrical resistance of the bipolar plates due to
formation of passivation film on the SS304 bipolar
plate surface, which is caused by the oxidation and
corrosion reactions on the metal surface. The
cathodic bipolar plate after a continuous operation
has a larger rugged surface area and a wider O and P
elements distribution than the anodic bipolar plate,
because of more produced water and more HsPO,
leaks on the cathode side of the HT-PEM fuel cell.
The research results indicate that the cathodic SS304
bipolar plate may suffer from more serious oxidation
and corrosion problems in the HT-PEM fuel cell. As
a result, a stricter anti-corrosion criterion for the
cathodic bipolar plate may be needed when
considering the anti-corrosion approaches for the
metal bipolar plates in HT-PEM fuel cells.
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membrane
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ABPBI poly(2,5-benzimidazole)

PEM proton exchange membrane

SEM scanning electron microscope
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