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Abstract

For enhancing the performance of polymer electrolyte membrane (PEM) fuel cells, copper plates are widely used as the
current collectors. The degraded surfaces of the copper plates affect the performance of fuel cells adversely. This work
investigates the effects of corrosion in the copper current collector plates on the performance of PEM fuel cells. The experi-
ments were conducted on a single PEM fuel cell with a working area of 25 cm?. To bring out the effect of corrosion, a set
of copper plates were allowed to get tarnished by keeping them open to the atmosphere for 2 months. Then, the plates were
used as the current collectors in the PEM fuel cell and the performance of the PEM fuel cell was monitored. It was observed
that the ohmic losses increased drastically with a maximum voltage drop of 0.4 V. The tarnished surface of copper plates
was subsequently polished using emery sheets and the same set of experiments were repeated. It was observed that the
performance of the PEM fuel cell decreased to 43.64% due to corrosion and the performance got recovered by 21.8% due to
polishing. The surface degradation of the plates was characterized and a correlation for degraded performance was suggested.
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Abbreviations Introduction

1% Voltage of the cell, V

I Current of the cell, A The polymer electrolyte membrane (PEM) fuel cell is an
i Current density of the cell, A/cm? electrochemical device that converts the chemical energy of
P Power of the cell, W hydrogen and an oxidant (air/oxygen) continuously deliv-
P Power density of the cell, W/cm? ered in the active area into electrical energy (Barbir 2005).
R Gas constant (8.134 J/mol K) The byproducts of this reaction are low temperature heat
iy Exchange current density (Alcm?) and water, which produce zero or very low harmful emis-
i Limiting current density (A/cmz) sions (O'Hayre et al. 2006). Hence, PEM fuel cells have been
F Faraday’s constant (96,485 s A/mol) widely used in comparison to other types of fuel cells for
PEM Polymer electrolyte membrane producing electricity (Mench 2008). The main components
SEM Scanning electron microscope of PEM fuel cells are supporting endplates, current collect-

ing plates, bipolar plates, electrodes, membrane/ electrolyte,
catalyst layer, and gas diffusion layers (Das and Bansode
2010). The combination of membrane/electrolyte, catalyst
layer, and gas diffusion layers is called membrane electrode
assembly (MEA), which also acts as the main functional
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are expensive (Barbir 2005). Hence, stainless steel plates
are preferred over graphite plates because of its enhanced
properties such as electrical and thermal conductivity and
cost-effectiveness. In PEM fuel cells, three different types
of flow distributors: parallel, serpentine, and mixed designs
are used. Bansode et al. (2010) proved experimentally that
the mixed-flow distributors have better performance than
parallel and serpentine flow distributors. Though electricity
is produced in bipolar plates, the current generated is trans-
ferred to the external circuit or electronic load via current
collectors. It can be said that the current and voltage meas-
urement in PEM fuel cells are dependent on the performance
of the current collectors. As the electrical conductivity of the
copper is high, copper current collector plates are preferred
over other metal current collector plates in PEM fuel cells.
However, the copper current collector plates have a greater
tendency to get corroded due to surface oxidation.

Activation losses, ohmic losses, and concentration losses
are the three major losses associated with fuel cells (Barbir
2005). Each loss has a major impact on the fuel cell's per-
formance, so it needs to be thoroughly investigated. Ohmic
losses are relatively high, which occur due to the resistance
offered by the electrically conductive components of PEM
fuel cells (Mennola et al. 2002). Surface oxidation within
the fuel cell is inevitable due to the continuous availability
of water in the fuel cell which causes the tarnish (thin layer
of corrosion) in the metal plates. However, the resistance
offered by the corrosion in the metal plates is not accounted
for ohmic losses. For example, when stainless steel plates
are used in the fuel cells, which have good corrosion resist-
ance, it is found to be highly susceptible to corrosion due
to the presence of water essential for the electrochemical
reaction (Wang et al. 2003; Lee et al. 2004). Moreover, it is
a well known fact that the development of tarnished/ cor-
roded surfaces on any metal components of fuel cell offers
resistance, which results in reducing the current produced
in the PEM fuel cell. In the case of copper current collec-
tor plates, the surface oxidation leads to the formation of
tarnished surfaces which in turn leads to the changes in the
conductivity of copper plates.

Extensive studies have been carried out to understand
the oxidation of copper by oxygen and air (Tylecote 1950;
Wagner and Grunewald 1938). At high temperatures, the
thickness of the oxide film increases drastically and follows
parabolic rate law, whereas, at low temperatures, the oxida-
tion rate reduces after the oxide film formed attains several
nanometers in thickness (Mrowec and Stoklosa 1971; Roy
et al. 1991). Feng et al. (2003) studied the kinetics of cop-
per powder oxidation in dry and humid air conditions and
found that the oxidation process was controlled by electron
transport across it as long as the oxide film remains thin.
The electron migration across the metal/ oxide interface
is controlled as the film thickens, and these mechanisms
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control the oxidation kinetics at low temperatures. On the
other hand, at higher temperatures, the oxidation process is
controlled by the diffusion process.

Thus, from the literature, it can be seen that most of the
studies related to copper oxidation are focused on differ-
ent substrate materials and surfaces (Young et al. 1956; Liu
et al. 2006; Nam and Ju 2013; Rahman and McCarthy 2017,
Jayaramu et al. 2019). However, it is necessary to have a
good understanding of the oxidation of copper on the appli-
cation such as the electrochemical performance of PEM fuel
cell assembly. Therefore, this paper brings out the effects of
corrosion in copper plates due to aging on the performance
of a complete PEM fuel cell system.

Design and Fabrication of a Single PEM Fuel
Cell

The experiments were carried out on a PEM fuel cell with
an active area of 25 cm”. Nafion® 212-NR membrane was
used as the electrolyte, catalyst layers (CL), and Ballard car-
bon paper (MGL 370) was used as the gas diffusion layer
(GDL) in the membrane electrode assembly (MEA). 0.5 mg/
cm? of platinum loading was coated on the cathode side and
0.25 mg/cm? of platinum loading was coated on the anode
side of the membrane and used as the catalyst layers. The
mixed-flow field of 3 sets, grooved on 4 mm thick graphite
plates, as shown in Fig. 1. Aluminum plates with a thickness
of 18 mm were used as the endplates. Copper plates with a
thickness of 2 mm were used as the current collectors on
both sides of the PEM fuel cell.

Experimental Setup

The schematic representation of the fuel cell setup with the
test station for a single PEM fuel cell is shown in Fig. 2.
The test station consists of external humidification facili-
ties. Separate flowmeters were used to regulate the reactant
flow rate of hydrogen and oxygen. The cell voltage, current,
and temperatures are recorded simultaneously using a data
acquisition unit. To apply the electrical load to the fuel cell,
an electronic load box with an accuracy of +0.01 A was
used.

Experimental Methodology

The PEM fuel cell used in the present experimental
research work was fed with humidified (100% RH) hydro-
gen gas on the anode side and humidified (100% RH)
oxygen gas on the cathode side. On the anode and cath-
ode sides, the fabricated copper plates of 2 mm thickness
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Fig. 1 a Photograph of the fabricated mixed-flow field (3 channel set), b line drawing of graphite plate (dimensions are in mm)

Fig.2 Schematic representation of the experimental setup

were used as current collectors. The membrane electrode
assembly (MEA) was activated and the experiments were
conducted at ambient temperature without cell heating.
The polarization curve was plotted by varying the current
with a time increment of 5 s. The PEM fuel cell using
conventional non-corroded (pristine) copper plates as the
current collectors is also mentioned as the PEM fuel cell
with pristine copper plates hereafter.
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To bring out the effect of corrosion in the current collec-
tors (copper plates) on the performance of PEM fuel cells,
a similar set of experiments were conducted on PEM fuel
cell with tarnished copper plates as current collectors. The
tarnished copper plates were obtained by exposing the con-
ventional non-corroded copper plates to the atmosphere at
a room temperature ranging between 28 °C and 35 °C for 2
months. The second set of experiments in the PEM fuel cell
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was conducted by replacing the conventional non-corroded
copper plates with tarnished copper plates. The PEM fuel
cell using tarnished/corroded copper plates as the current
collectors is also mentioned as the PEM fuel cell with tar-
nished copper plates hereafter.

After the completion of the second set of experiments in
the PEM fuel cell, the tarnished surfaces of copper plates
were removed and polished using emery paper. Figure 3
presents the photographs of copper plates in both anode and
cathode sides, which clearly shows the difference between
tarnished and polished surfaces in the copper plates. In
addition, the third set of experiments in the PEM fuel cell
was carried out using the polished copper current collector
plates. The PEM fuel cell using polished copper plates as
the current collectors is also mentioned as the PEM fuel cell
with polished copper plates hereafter.

Scanning electron microscope (SEM) microstructural
studies of copper plates were captured using High-Resolu-
tion Scanning Electron Microscope (Inspect F). SEM micro-
structural analysis was performed on a small copper samples
of size 33 cm, cut from the tarnished plate (both anode and
cathode side). The electrical conductivity tests were con-
ducted on the same copper samples of size 3 x 3 cm? using
Keithley 4 probe measuring unit. There was no significant
difference between the anode and cathode side copper plates.
The samples were then polished using the emery paper and
SEM analysis was performed. For comparison, the electri-
cal conductivity tests were also conducted on the polished
copper samples.

To theoretical value of hydrogen flow rate (inHz) is calcu-
lated using the following equation (Barbir, 2012):

. Sy, XMy, Xxnx1
TS TTTOR
where M, is the molecular weight of the hydrogen (2.016 g/
mol), S, is the hydrogen stoichiometry, n is the number of
electrons transferred, I is the cell current (A), and F is the
Faraday’s constant (26.801 A.h/mol or 96,485 C/mol).

The theoretical value of oxygen flow rate (i, ) is calcu-
lated using the following equation:
_ So, XMy, xn x 1
o, = 4F
where M), is the molecular weight of the oxygen (31.999 g/
mol), and S, is the oxygen stoichiometry. The experiments
were conducted with the hydrogen stoichiometry of 1.2 and
the oxygen stoichiometry of 2.5. In the current study, the
hydrogen flow rate ranges from O to 0.5 lpm and the oxygen
flow rate ranges from 0 to 0.75 Ipm.

Results and Discussion

The results of experiments conducted on the PEM fuel
cells are presented in this section. The experiments were
repeated four times and the data points are the average of
four independent experiments. However, the precision of
the experiments based on these four repeated runs falls

Tarnished
surface

Polished
surface

(a) Cathode

Fig. 3 Photograph of copper plate with tarnished and polished surfaces in (a) cathode and (b) anode sides

@ Springer \@



Transactions of the Indian National Academy of Engineering (2022) 7:1167-1177 1171

1.0
PEM fuel cell with
[ —/—Pristine copper plates

0.8 1 % —O—Tarnished copper plates

> —O—Polished copper plates
A

=
5 0.6 1
o
S
S
- 04 1

02 1

00

0.6 0.8 1.0 1.2 1.4 1.6
Current density in A/cm?

0.0 0.2 0.4

Fig.4 V-I polarization curves of the PEM fuel cell with pristine, tar-
nished and polished copper plates

within 2%. The effect of corrosion in copper current col-
lector plates on the performance of PEM fuel cells was
brought out in terms of voltage and power density.

Effect of Copper Corrosion in Cell Voltage

Figure 4 compares the variation of voltage with current
density, i.e., V-I (voltage—current density) polarization
curve of a single PEM fuel cell using conventional non-
corroded (pristine), tarnished and polished copper plates
as current collectors. Usage of tarnished copper plates
as current collectors resulted in altering the shape of the
polarization curve. At lower current densities, i.e., for cur-
rent densities less than 0.1 A/cm?, the V-I curves of both
PEM fuel cell with pristine and tarnished copper plates
are similar. For current densities of more than a value of
0.1 A/cm?, the slope of the polarization curve of the PEM
fuel cell with tarnished copper plates increased in com-
parison to the polarization curve of the PEM fuel cell with
pristine copper plates. The voltage difference between the
PEM fuel cell with pristine and tarnished copper plates
at current densities of 0.6 A/ecm?, 0.8 A/cm?, 1.0 A/cm?
and 1.2 A/cm? were 0.11 V, 0.16 V, 0.2 V and 0.25 V,
respectively. For current densities more than a value of
1.2 A/cm?, the concentration losses dominate and result
in further voltage drop. It can be seen from Fig. 4 that at a
current density of 1.4 A/cm?, the voltage of PEM fuel cell
with tarnished copper plates attains a minimum voltage
value of 0.1 V, whereas at the same current density, the
voltage of the PEM fuel cell with pristine copper plates
was 0.5 V. This indicates that the voltage losses due to cor-
rosion of copper current collector plates is significant and
can be considered as another important factor in addition
to the above-mentioned losses.

PEM fuel cell with

—/—Pristine copper plates

08 1 —O—Tarnished copper plates

—O—Polished copper plates

Power density in W/cm?

Current density in A/cm?

Fig.5 P-I polarization curves of the PEM fuel cell with pristine, tar-
nished and polished copper plates

Effect of Copper Corrosion in Power Density

Figure 5 compares the variation of power density with respect
to the current density, i.e., P—I polarization curves of a single
PEM fuel cell with pristine, tarnished and polished copper
plates as current collectors. Similar to the variation of the V-1
polarization curve in Fig. 4, the power density of PEM fuel
cell with pristine and tarnished copper plates do not vary ini-
tially. When the current density reached a value of 0.25 A/cm?,
the performance of PEM fuel cell with pristine and tarnished
copper plates differed and the P—I polarization curve started
to diverge. Further increase in the current density resulted in
increasing the difference in power densities between the PEM
fuel cell with pristine and tarnished copper plates. When the
current density was increased to a value of 0.97 A/cm?, PEM
fuel cell with tarnished copper plates attained the maximum
power density of 0.39 W/cm?. Further increase in current den-
sity resulted in a decrease in the power density of the PEM fuel
cell with tarnished copper plates, whereas at the same current
density value of 0.97 A/cm?, the power density of the PEM
fuel cell with pristine copper plates was 0.56 W/cm? which is
relatively higher than the PEM fuel cell with tarnished copper
plates and showed an increasing trend. The maximum power
density of the PEM fuel cell with pristine copper plates was
0.7 W/cm? at the current density of 1.42 A/cm?. It is evident
from Fig. 5 that the performance of the PEM fuel cell with
tarnished copper plates is much lower than the performance of
the PEM fuel cell with pristine copper plates due to the effect
of corrosion in copper current collector plates in the PEM fuel
cell with tarnished copper plates. From the observed maxi-
mum power densities of the PEM fuel cell with pristine and
tarnished copper plates, the percentage of power density loss
due to corrosion in copper current collector plates was calcu-
lated to be 44.3%. Hence, it could be said that the corrosion in
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the current collectors affected the overall performance of the
PEM fuel cell significantly.

Performance of PEM Fuel Cell after Polishing
the Tarnished Copper Plates

From Figs. 4 and 5, it can be observed that marked improve-
ment in voltage and current density of PEM fuel cell occurs
due to the removal of the oxidation layer in copper current col-
lector plates. After polishing the tarnished copper plates, the
ohmic losses in PEM fuel cell were reduced with an increase
in a voltage drop of 0.13 V at a current density of 1.13 A/
cm? (Fig. 4). However, the performance of the PEM fuel cell
with polished copper plates in terms of voltage and the current
density was still lower than the performance of the PEM fuel
cell with pristine copper plates (Figs. 4 and 5).

After polishing the tarnished copper current collector
plates, the performance of the PEM fuel cell (PEM fuel cell
with polished copper plates) increased for current densities
more than a value of 0.4 A/cm? in comparison to the PEM
fuel cell with tarnished copper plates as shown in Fig. 5. The
maximum power density of the PEM fuel cell increased from
0.39 W/cm? (tarnished copper plates) to 0.51 W/cm? (polished
copper plates) owing to the removal of the oxidation layer from
the tarnished copper plates (Fig. 5). Thus, the polishing of the
corroded surface of copper current collector plates enhanced
the performance of the PEM fuel cell. Though polishing of
tarnished copper current collector plates resulted in improv-
ing the performance of PEM fuel cell with tarnished copper
plates, the performance was lesser than the PEM fuel cell with
pristine copper plates utilizing the conventional non-corroded
copper current collector plates. This behavior is attributed to
the changes in roughness and reduction in the surface thickness
of copper current collector plates used in PEM fuel cell due to
polishing. Thus, it can be said that the removal of the oxida-
tion layer on copper current collector plate surfaces also has
a significant effect on the performance of the PEM fuel cell.

Correlation for Corroded Cell

The voltage of the PEM fuel cell is given by (Barbir 2005)

RT (i . RT L
Vcell =ET—E1n<i—)—(IXAXRCCH)—EHI(i _l>
0 L

where Er is the theoretical cell potential (V), R is the gas
constant (8.134 J/mol K), i is the cell current density (A/
cm?), iy is the exchange current density (A/em?), o is the
transfer co-efficient, F is Faraday’s constant (96,485 s A/
mol), n is the number of electrons transferred, A is the active
area of the cell (cm?), R, is the overall resistance of the cell
(€), and i; is the limiting current density (Alcm?).
This equation can be written shortly as
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Due to the corrosion in the current collectors, the resist-
ance of the copper plates increases. Therefore, the measured
current value through the current collectors is not the actual
value of current produced by the PEM fuel cell. In order to
correlate the deviation of current measured, the following
equation is proposed with a non-dimensional correction fac-
tor in terms of the resistance. The equation can be written as

R,\"
Veen & (Ep = AV, ) X <R_>

tr

where R, is the resistance of the pristine copper plate (€2),
R, is the resistance of the tarnished copper plate (€2) and n
is a constant value.

The equation can be replaced with a constant ‘c’:

Rpr n
Ve = ¢ X (Ep — AV ) X <_>
Rtr

The new correlation in terms of non-dimensional num-
bers has been developed based on the present experimental
data obtained. The cell voltage is a function of cell resist-
ance and the non-dimensional correction factor of change
in resistance due to copper corrosion. The constant and
exponents in the equations are estimated by multi-parameter
non-linear square fitting and it is shown in the following
equation:

047
Veen = 131X (Ep = AV)) X (R_p'>

tr

Similarly, the equation for the polished copper plate sur-
face can be written as

Rpol

R 0.47
Vo =131 x (Ep — AV, ) X < i >

where R, is the resistance of the polished copper plate (€2).

The present experimental data were compared with the
developed correlation and the parity plot is shown in Fig. 6.
The new correlation predicts more than 80% of data within
+20% error band.

Effects on Cell Voltage and Temperature of PEM Fuel
Cell at Static Current Test

The variation in cell voltage of a single PEM fuel cell with
pristine, tarnished and polished copper plates as current col-
lectors at a constant current density of 0.8 A/cm? is shown
in Fig. 7a. Initially, the cell voltage of PEM fuel cell with
pristine copper plates was above 0.61 V. When the PEM fuel
cell with pristine copper plates was operated continuously
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2
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for 240 min, the voltage dropped to 0.56 V which is attrib-
uted to the increase in ohmic loss caused due to the increase
in cell temperature. The cell voltage of the PEM fuel cell
with tarnished copper plates was 0.48 V at low tempera-
ture and the voltage difference due to corrosion was 0.13 V.
In addition, when the PEM fuel cell with tarnished copper
plates was operated for another 240 min, the cell voltage
dropped to 0.41 V. This indicates that the formation of the
oxidation layer due to corrosion in the copper plate increased
the ohmic loss in PEM fuel cell. After the removal of the
oxidation layer in the tarnished copper plate, i.e., after pol-
ishing of tarnished copper plates, the PEM fuel cell with pol-
ished copper plates was also operated for 240 min and it was
observed that the cell voltage dropped from the initial value
of 0.54 V-0.50 V at the end of the experiment (Fig. 7a).

Similarly, the variation in cell voltage of a single PEM
fuel cell with pristine, tarnished and polished copper plates
as current collectors at a constant current density of 1.0 A/
cm? is shown in Fig. 7b. The ohmic resistance is directly
proportional to the square of the current and at higher cur-
rent densities, the temperature of the PEM fuel cell increases
which resulted in a significant voltage drop in the PEM fuel
cell with tarnished copper plates. The voltage of the PEM
fuel cell with tarnished copper plates dropped at higher
current density as well as with higher temperature. After
240 min of the experiment, the voltage drop observed in the
PEM fuel cell with tarnished copper plate was 0.07 V. The
voltage drop results confirm the increase in ohmic resistance
in PEM fuel cells due to the formation of oxidation layer in
tarnished copper plates.

The variation of cell temperature of the PEM fuel cell
pristine, tarnished and polished copper plates with time at
the current density of 0.8 A/cm? is shown in Fig. 8a. The
PEM fuel cell was operated at ambient temperature and then
the load is applied to maintain the static current density of
0.8 A/cm?. Since heat is produced due to the electrochemical
reaction, the temperature of the PEM fuel cell was increased.
At low current density, the rise in temperature of the cell was
lower when compared with the operation of the PEM fuel
cell at higher current densities. From Fig. 8a, it is found that
the cell temperature of the PEM fuel cell with the tarnished
copper plates is very high compared to the PEM fuel cells
with pristine copper plates. The additional resistance due
to the oxidation layer in the tarnished plates caused the rise
in temperature of the PEM fuel cell with tarnished copper
plates. The variation of temperature of the PEM fuel cell
with pristine, tarnished and polished copper plates with time
at the current density of 1 A/cm? is shown in Fig. 8b. When
the PEM fuel cell was operated at the higher current density,
the temperature of the PEM fuel cell was increased more.
The rise in temperature of the PEM fuel cell increased the
rate of evaporation of liquid water and thus more amount of
water was removed by the reactant stream. The maximum
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temperature difference of 5-6 °C was observed when the
PEM fuel cell was continuously operated for 240 min.

Characterization of Pristine, Tarnished and Polished
Copper Plates

The SEM images and EDAX graphs of the pristine, tar-
nished, and polished copper plates used as current collectors
in the PEM fuel cell are shown in Figs. 9 and 10, respec-
tively. The SEM images evidence the presence of oxide on
the tarnished copper plate surfaces in comparison to the
un-corroded/pristine copper plate (Fig. 9). The elemental
composition of tarnished copper samples determined using
EDAX also indicated the presence of oxide/ oxygen ele-
ments on the surface of tarnished copper plates (Fig. 10).
When the tarnished plate was polished using the emery
sheet, a change in the surface texture was occurred. The

oxidation layer was removed by the rubbing process which
increased the roughness of the copper plate surfaces. The
change in the surface texture of copper plates due to corro-
sion can be seen clearly in Fig. 9. The oxidation surface has
increased the wettability, which influences the performance
more than the roughness.

The electrical conductivity and resistivity values of the
tarnished, polished and pristine copper current collector
plates are tabulated in Table 1. Due to the presence of an
oxide layer in the copper plate, the electrical conductivity of
the tarnished copper plate decreased to 67.2%. Even though
polishing of the oxidation layer increased the conductivity of
the copper plate, the electrical conductivity of the polished
copper plate was lesser than that of the pristine copper plate
(Table 1).

The relative differences in the electrical conductivities
of copper plate samples presented in Table 1 are similar to
the differences in the performance of the fuel cell evalu-
ated in terms of V-I and P-I polarization curves shown in
Figs. 4 and 5. The maximum current and power densities of
the PEM fuel cell with pristine, tarnished and polished cop-
per plates are shown in Fig. 11. The data from Table 1 and
Figs. 4 and 5 are collated and the difference in maximum
current and power densities of the pristine, tarnished and
polished cells are also compared in Fig. 11. The electrical
conductivity of tarnished copper plate used in PEM fuel
cell with tarnished copper plates was less than the electrical
conductivity of pristine copper plate used in PEM fuel cell
with pristine copper plates. Similarly, the maximum cur-
rent and power densities of the PEM fuel cell with tarnished
copper plates were significantly less than that of the PEM
fuel cell with pristine copper plates. Polishing of tarnished
copper plate resulted in increasing the electrical conductivity
of copper plate, and also the maximum current and power
densities of the PEM fuel cell with polished copper plates.
However, the values of electrical conductivity of polished
copper plate and, maximum current and power densities of
PEM fuel cell with polished copper plates were less than the
pristine copper plate and PEM fuel cell with pristine copper
plates, respectively.

Conclusions

The performance of a single PEM fuel cell was monitored
by varying the surface conditions of the copper plates,
which are used as current collectors. The effect of corro-
sion of copper current collector plates in the PEM fuel cell
was brought out by comparing the polarization curves of
PEM fuel cell with pristine and tarnished copper plates.
Comparison of V-I polarization curves showed thata 0.4 V



Transactions of the Indian National Academy of Engineering (2022) 7:1167-1177 1175

Magnifica-
tion

Pristine copper plate

Tarnished copper plate

Polished copper plate

500x,
200 pm

1000x,
100 pm

2500x,
50 pm

5000x,
20 pm

- | ‘

Fig. 9 SEM images of the pristine, tarnished, and polished copper plates

difference was observed when the PEM fuel cell with tar-
nished copper plates attained the minimum voltage and at
the current density of 1.2 Alcm?, it was observed that the
performance of the PEM fuel cell decreased to 43.64%.
Similarly, it was observed from P—I polarization curves
that 44.3% of power density was lost due to the corrosion
of copper current collector plates in the PEM fuel cell.
This indicates that the resistance offered due to corrosion
in copper current collector plates is significantly high, even
though the resistance of other main components did not
change significantly. After removing the oxidation layer

by polishing the tarnished copper plates, it was observed
that the performance of the PEM fuel cell increased. After
polishing, the performance of the PEM fuel cell recov-
ered back to 21.8% at the current density of 1.2 A/cm?.
However, it was lower than the performance of the PEM
fuel cell with pristine copper plates due to the change in
roughness and reduction of the surface thickness of copper
plates due to polishing. From static current tests, it is found
that the drop in cell voltage and the rise in cell temperature
occurred due to the oxidation layer formed over the cop-
per plates. Hence, it can be concluded that the corrosion
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Fig. 10 EDAX graph of the (a) tarnished and (b) polished copper plates

in current collectors, especially in copper plates, decrease
the performance of the PEM fuel cell significantly which
needs to be considered to assess the long-term performance

@ Springer ‘\w

and maintenance of the PEM fuel cells. Removal of the
oxidized layer from the tarnished copper plates can be a
strategy to mitigate this effect.
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Table 1 Electrical conductivity and resistivity of copper current col-
lector plates used in the PEM fuel cell

Description Electrical conductiv-  Electrical
ity (S/m) resistivity
(Qm)
Pristine copper plate 4.36x107 2.29%x 1078
Tarnished copper plate 1.43x107 6.99x107
1.6 1.2
B Maximum power density 1.42
14 + . .
# Maximum current density 124 1.0
1.2 + :
< E
2 + 0.8 E
1 1.0 >
Z 0.8 r 0.6 S
£ 5
5 06 g
£ 04 2
© 04 -
T 02
0.2
0.0 A % 0.0

1.43E+07 2.29E+07 4.36E+07
Pristine copper Tarnished copper Polished copper
plates plates plates

Electrical Conductivity of PEM fuel cell in S/m

Fig. 11 Maximum current and power density of the PEM fuel cell
with pristine, tarnished, and polished copper plates
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