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a b s t r a c t

This research investigates the optimal polytetrafluoroethylene (PTFE) content in the cathode gas diffusion
layer (GDL) by evaluating the effect of compression on the performance of a proton exchange membrane
(PEM) fuel cell. A special test fixture is designed to control the compression ratio, and thus the effect of
compression on cell performance can be measured in situ. GDLs with and without a microporous layer
(MPL) coating are considered. Electrochemical impedance spectroscopy (EIS) is used to diagnose the
vailable online 8 January 2011

eywords:
roton exchanger membrane fuel cell
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olytetrafluoroethylene

variations in ohmic resistance, charge transfer resistance and mass transport resistance with compression
ratio. The results show that the optimal PTFE content, at which the maximum peak power density occurs,
is about 5 wt% with a compression ratio of 30% for a GDL without an MPL coating. For a GDL with an MPL
coating, the optimal PTFE content in the MPL is found to be 30% at a compression ratio of 30%.

© 2011 Elsevier B.V. All rights reserved.
ompression ratio

. Introduction

The gas diffusion layer (GDL) is a key component that may sig-
ificantly affect the performance of a proton exchange membrane
PEM) fuel cell. In particular, the amount of hydrophobic agents
uch as polytetrafluoroethylene (PTFE) in the GDL is an impor-
ant factor that dominates the GDL’s water transport properties
nd also the water balance within the membrane–electrode assem-
ly (MEA). An appropriate PTFE content in the GDL, especially
n the cathode side, not only prevents flooding of the electrode
nder high-humidity conditions but also avoids drying of the
EA under low-humidity conditions. Numerous studies have been

evoted to determining the optimal hydrophobic agent content
n the cathode GDL with or without a microporous layer (MPL)
oating on one side of the GDL’s surface [1–13]. However, all
f them either neglect the influence of compression in theoret-

cal analyses or describe experiments performed under constant
ssembly pressure conditions. For example, Yan et al. [5] used flu-
rinated ethylene propylene (FEP) as the hydrophobic agent and
ound that the best cell performance can be achieved with an FEP

∗ Corresponding author. Tel.: +886 2 25925252x3410; fax: +886 2 25997142.
E-mail address: mhchang@ttu.edu.tw (M.-H. Chang).

378-7753/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpowsour.2010.12.090
content of 10% in the GDL and 20% in the MPL. However, the com-
pression ratio or assembly pressure used in their experiments is
unclear.

The compression ratio of the GDL induced by assembly pres-
sure is also an important factor that may profoundly affect cell
performance. Insufficient compression may cause serious gas leak-
age and a large contact resistance, which lead to poor performance
and potentially dangerous operating conditions. In contrast, over-
compression may change the GDL’s pore structure and hence
increase the mass transfer resistance through the GDL, which also
degrades cell performance. Therefore, it is critical to determine the
optimal compression ratio during fuel cell assembly. Numerous
studies in the literature have investigated this question [14–31].
However, most of them did not consider the effect of the PTFE con-
tent of the GDL. Only a few investigations have used different types
of GDL [14,15] and explored their characteristics under different
compression ratios. Since both the assembly pressure and PTFE
content may change the pore structures and affect the transport
resistance of reactants through the GDL and MPL, it is necessary

to take the effect of compression into consideration in the deter-
mination of the optimal PTFE content in the gas diffusion media.
So far it is still unclear how compression affects the determination
of the optimal PTFE content within the GDL and MPL, and this fact
motivates the present investigation.

dx.doi.org/10.1016/j.jpowsour.2010.12.090
http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
mailto:mhchang@ttu.edu.tw
dx.doi.org/10.1016/j.jpowsour.2010.12.090
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side of the CCM directly to form the MEA. The reaction area on
the CCM is 5 cm × 5 cm. Since we are interested in the optimisation
of PTFE content in the cathode GDL, the anode GDL is controlled
to be the same in all tests. SGL® carbon paper 10BA without an
Fig. 1. Fuel cel

In this study, we design and construct a special test fixture to
nvestigate the effect of compression on the performance of a PEM
uel cell. The present design can adjust the compression ratio in
itu, so cell performance can be measured directly after the com-
ression ratio on the cell is adjusted. Electrochemical impedance
pectroscopy (EIS) is also used to diagnose the variations in ohmic
esistance, charge transfer resistance, and mass transport resis-
ance with compression. Cathode GDLs both with and without an

PL coating are considered in order to determine the optimal PTFE
ontent in the GDL and MPL. The results clarify the effect of com-
ression on the determination of the optimal PTFE content of the
athode GDL and MPL.

. Experimental

.1. Single cell fixture design

Fig. 1 shows a schematic of the special single fuel cell test fixture;
hotographs of the top and side views are shown in Fig. 2(a) and
b), respectively. The fixture consists of an MEA, two graphite flow
eld plates, two current collectors, and two end plates. The anode
nd plate rests against two stainless steel prisms fastened to the
ase of a stainless steel plate. Thus, it is fixed during the compres-
ion process, whereas the cathode end plate is movable. A central
ompression screw is used to exert a compression force on the fuel
ell unit. The magnitude of the compression force is measured by a
oad cell installed between the compression screw and the cathode
nd plate. To achieve uniform compression, eight bolts evenly dis-
ributed on the boundary are used to align the compression after
he central screw is rotated until the readings on both dial gauges
re the same. The dial gauges not only indicate the uniformity of
he compression but also provide the readings for determining the
ompression ratio. Two electrical heaters are buried in each end
late to provide heating during the test procedures. This special
xture makes it possible to adjust the compression ratio while the

uel cell remains in operation.
.2. MEA preparation and experimental materials

The MEA consists of a catalyst-coated proton exchange mem-
rane (CCM) and two GDLs on opposite sides of the CCM. In this
fixture design.

study, all the experiments employ the same CCM, which is made
of Nan-Ya®, series number bMEA5. The GDLs are attached to either
Fig. 2. Photographs of (a) top and (b) side views of the fuel cell fixture.



ower Sources 196 (2011) 3773–3780 3775

M
P
w
c
p
s
i
T
c
a
w
o
c
s
i
d
s
v
s
t
t

5
o
p
m
l
k
c
b
t
i

C

w
G
i

2

s
t
s
f
a
a
r
(
r
g
t
i
M
f
o
a
i
r
c
r
p
w
e
b

Current Density (mA/cm
2
)

C
e
ll
 P

o
te

n
ti

a
l 
(V

)

0 500 1000 1500 2000
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

10%

15%

20%

25%

30%

35%
H.-M. Chang et al. / Journal of P

PL coating is used as the anode GDL. Cathode GDLs with different
TFE contents are made from SGL® 10AA carbon paper without any
et-proofing treatment. To adjust the PTFE content in the cathode

arbon paper, the paper is first washed with acetone to remove
ossible surface contaminants. Then it is dipped in diluted PTFE
olution to incorporate PTFE into it. Next, it is placed in a mechan-
cal convection oven to dry at 110 ◦C and 250 ◦C for 20 min each.
hese processes are repeated several times until the desired PTFE
ontent has been reached. Finally, the carbon paper is placed in
high-temperature oven for sintering at 350 ◦C. To prepare GDLs
ith an MPL coating, a carbon slurry is prepared from a mixture

f carbon powder (Vulcan XC72R carbon black) and ethylene gly-
ol with a pre-assigned weight percentage of PTFE. The mixture is
onicated in an ultrasonic cleaner and then agitated by a dispersing
nstrument for 2 h to ensure sufficient mixing of the carbon pow-
er and PTFE. Next, the carbon slurry is sprayed uniformly on the
urface of the carbon paper to form an MPL and then dried in a con-
ection oven at 90 ◦C. This spraying and drying process is repeated
everal times until the carbon loading reaches 1.0 mg cm−2. Finally,
he carbon paper is sintered in a high-temperature oven at 350 ◦C
o complete the MPL coating.

The flow field plate is made of Poco graphite material AXF-
QC with two parallel serpentine channels machined on one side
f its surface. The current collectors are made of copper with a
ure gold coating on their surfaces. Gaskets made of soft poly-
er material were used around the border of the MEA to prevent

eakage of the reaction gases. The overall thickness of the gas-
et is slightly less than that of the MEA. Therefore, the MEA is
ompressed first, and then the MEA together with the gasket can
e compressed uniformly. The compression ratio is defined as
he variation in MEA thickness over its original thickness. That
s,

ompression ratio = �l

lm + la + lb
× 100%, (1)

here lm, la, and lb are the original thicknesses of the CCM, anode
DL, and cathode GDL, respectively. The variation in thickness �l

s read from the dial gauges on the test fixture.

.3. Performance tests and characteristic analysis

The experimental measurements focus on the effect of compres-
ion on cell performance with respect to different PTFE contents in
he cathode GDL and MPL. Therefore, cell performance was mea-
ured under several different compression ratios. A Hephas® P-300
uel cell test station was employed to measure the cell performance
nd obtain the polarization curves. Pure hydrogen and compressed
ir were used as the fuel and the oxidant, respectively. The flow
ates of hydrogen and air were controlled by mass flow controllers
MFCs) with maximum flow rates of 2000 sccm and 5000 sccm,
espectively. Both reactant gases were humidified by bubbling the
ases through distilled water tanks held at a constant tempera-
ure of 70 ◦C. The temperature of the cell was also held at 70 ◦C
n all experiments. Before measuring the polarization curve, the

EA was conditioned for at least 24 h to ensure that the cell per-
ormance is stablized. During the testing processes, the flow rates
f hydrogen and air were first held at minimum values of 200 sccm
nd 500 sccm, respectively, and then they were adjusted automat-
cally to stoichiometric values of 1.5 and 2.0 for hydrogen and air,
espectively. The polarization curves were obtained by scanning the
ell potential from an open circuit voltage (OCV) to 0.3 V and then

ecording the resulting current densities. In each case the scanning
rocess repeated three times and the recorded current densities
ere averaged to determine the polarization curve. The maximum

rror in current densities at the same cell potential is found to
e less than 5%. Each test always began at a compression ratio of
Fig. 3. Polarization curves at different compression ratios. PTFE content is 5% in
cathode carbon paper without an MPL coating.

10%, and then the compression ratio was increased gradually to a
maximum of 35%.

To identify the individual contributions to the cell resistance,
a frequency response analyzer (FRA) module added to an Auto-
lab PGSTAT 302N potentiostat was employed to perform the EIS
measurements. The impedance spectra were recorded by sweeping
frequencies over the range of 10 �Hz to 1 MHz with the amplitude
of the AC current held at 5% of that of the DC current. The sweeping
process also repeated at least three times to assure the same spec-
trum was reproducible. The obtained spectra were further analyzed
by an equivalent circuit to explore the effects of compression on
the variations in ohmic resistance, charge transfer resistance, and
gas transfer resistance. In addition to the polarization curve and
impedance spectra measurements, the physical properties of the
GDLs were also measured, including gas permeability and in-plane
electrical resistivity. The gas permeability was measured by a PMI®

gas permeability tester using air as the test gas. The measured air
flow rate and applied pressure difference were converted to the
permeability according to Darcy’s law. To measure the in-plane
electrical resistivity, a low-resistivity meter (Loresta-GP®, model
MCP-T610) based on the four-point test method was used in com-
pliance with the JIS-K-7194 standard. The obtained data increase
our understanding of the effect of PTFE content on the performance
of the GDL and MPL.

3. Results and discussion

The tests can be divided into two parts. First, we consider cath-
ode GDLs without an MPL coating. The optimal PTFE content is
determined by evaluating the variations in the OCV, peak power
density, and limiting current density under different compression
ratios. Second, the influence of the MPL is considered, and carbon
paper is coated with MPLs of varying PTFE contents to determine
the optimal PTFE content.

3.1. Cathode GDLs without MPL coating
The polarization curves of a typical case with a 5% PTFE content
in the cathode GDL are shown in Fig. 3 for several compression
ratios. Obviously, the cell performance depends heavily on the
compression acting on it. For a compression ratio of 10%, the
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ell is apparently under insufficient compression, since the cell
otential descends rapidly with increasing current density. Insuffi-
ient compression could cause high electrical contact resistances
ithin the cell, resulting in poor cell performance due to high

hmic resistance. As the compression ratio increases, cell perfor-
ance improves; the limiting current density measured at 0.3 V

ncreases up to a compression ratio of 30% and then decreases at
compression ratio of 35%. However, the OCV appears to decrease

ignificantly with increasing compression ratio. The OCV is well
nown to be quite sensitive to fuel crossover and/or internal cur-
ent within the cell [32]. A small change in fuel crossover may
ause a very noticeable voltage drop at an open circuit. Accord-
ngly, the present results indicate that a larger compression ratio

ill enhance the amount of fuel crossover and thus reduce the cell
otential at an open circuit. Similar results can also be observed

n other cases with different PTFE contents in the cathode carbon
aper.

To determine the optimal PTFE content in the cathode GDL, the
ariations in OCV, peak power density, and limiting current den-
ity with compression ratio for four typical cases with different
TFE contents are demonstrated in Fig. 4(a)–(c), respectively. As
hown in Fig. 4(a), the maximum value of the OCV in each case is
bout 0.86 V and always occurs at a compression ratio of 10%. This
alue is lower than that of a typical PEM fuel cell, which is gener-
lly higher than 0.9 V. The main reason is the lack of an MPL coating
n the surface of the carbon paper facing the CCM. The morphol-
gy of the carbon paper surface is quite rough without this coating.
oughness at the interface between the CCM and the carbon paper
ay enhance the amount of fuel crossover and cause a significant

rop in the OCV. This effect is more pronounced when the cell is
nder a higher compression ratio. Thus, the OCV decreases with

ncreasing compression ratio in all cases. In particular, at moderate
ompression (20–30%), a higher PTFE content in the GDL seems to
egrade the cell potential at an open circuit. In Fig. 4(b), the vari-
tion in peak power density with PTFE content is limited when
he compression is insufficient, as indicated in the case with a 10%
ompression ratio. As the compression ratio increases, the influ-
nce of the PTFE content grows, indicating that it is an important
actor dominating the cell performance. Although the peak power
ensity rises gradually in all cases, the rate of increase is larger in
he GDLs with lower PTFE contents. At compression ratios of 25%
nd 30%, in particular, the peak power density appears to decrease
ith increasing PTFE content, and the maximum occurs at a PTFE

ontent of 5%. Similar behaviour can also be observed in the varia-
ion in limiting current density, as shown in Fig. 4(c). Since a PTFE
ontent of 5% yields the maximum peak power density and limit-
ng current density at an appropriate compression ratio of 30%, we
uggested that it is the optimal PTFE content in the cathode carbon
aper.

To better understand the effects of compression and PTFE con-
ent on the fuel cell, AC impedance spectroscopy was used to
iagnose cell performance. Impedance spectra at a current den-
ity of 800 mA cm−2 as a function of compression ratio are shown in
ig. 5 for a PTFE content of 5% in the cathode carbon paper. Two dis-
inct arcs can be observed, which have been widely reported in the
iterature for a hydrogen/air PEM fuel cell operating on fully humid-
fied reactants. Similar spectra also appear in the other cases with
ifferent PTFE contents. The high-frequency arc on the left repre-
ents mainly the effective charge transfer resistance for the oxygen
eduction reaction in the catalyst layer, and the low-frequency arc
n the right is attributed mainly to the transport resistance of air

ithin the GDL. The generally proposed equivalent circuit shown

n Fig. 5 was used to simulate the impedance data. The horizontal
eal axis intercept of the impedance spectrum at the end of the left
rc is equal to the ohmic resistance of the fuel cell R1. The resis-
ance R2 and capacitance C1 represent the effective charge transfer
Compression ratio (%)

Fig. 4. Variations in (a) OCV, (b) peak power density, and (c) limiting current density
with compression ratio in cathode GDLs with different PTFE contents.

resistance and the associated capacitance properties of the cata-

lyst layer, respectively. The resistance R3 represents the transfer
resistance of air, and C2 is the associated capacitance. As demon-
strated in Fig. 5, the resistance R1 decreases and shifts significantly
to the left with increasing compression ratio up to a compres-
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Fig. 6. Variations in (a) ohmic resistance, (b) charge transfer resistance, and (c) gas
ig. 5. Impedance spectra at different compression ratios with a current density of
00 mA cm−2. PTFE content is 5% in cathode carbon paper without an MPL coating.

ion ratio of 30%. The reduction in R1 with a further increase to
5% is relatively insignificant. This result indicates that the com-
ression will be adequate at a compression ratio of 30%, and the
lectrical contact resistance at the interfaces between the fuel cell
omponents could be minimized at this compression ratio. Thus,
he ohmic resistance R1 can represent the membrane resistance
ppropriately once the fuel cell has reached sufficient compression.
he variations in ohmic resistance R1, charge transfer resistance R2,
nd gas transfer resistance R3 with compression ratio are displayed
n Fig. 6(a)–(c), respectively, for four typical cases with different
TFE contents in the cathode GDL. As shown in Fig. 6(a), the ohmic
esistance decreases gradually with the compression ratio in all
ases. However, for a given compression ratio, the variation in R1
s relatively limited at PTFE contents of 5–20%, especially when the
ompression ratio is greater than 20%. Moreover, in these cases
he compression seems to be adequate at a compression ratio of
0%. However, when the PTFE content rises to 30%, an obvious

ncrease in R1 appears, and the contribution from the electrical
ontact resistance is still significant even when the compression
atio reaches 35%. In Fig. 6(b), in all the cases the charge trans-
er resistance R2 decreases gradually with increasing compression
atio, indicating that sufficient compression efficiently enhances
he fuel cell reaction kinetics. Under insufficient compression (a
ompression ratio of less than 25%), we did not find any regular
ehaviour for the variation in R2 with compression ratio. However,
nder sufficient compression (at compression ratios 25% and 30%),
he resistance R2 first increases with increasing PTFE content up
o 20% and then jumps to a lower value at a PTFE content of 30%
nder the same compression ratio. The variations are relatively

imited at a compression ratio of 35%. Fig. 6(c) suggests that both
he compression ratio and the PTFE content of the GDL profoundly
ffect the gas transfer resistance R3. This resistance is due mainly
o the diffusion of hydrogen and air to the anode and cathode cat-
lyst layers, respectively, through the GDL. As shown in Fig. 6(c),
3 always increases with increasing compression ratio. This trend

ndicates that an increase in compression always results in a higher
as transport resistance, since the pores for the passage of reac-
ion gas within the GDL will be condensed, blocking the diffusion
f gas through the GDL. The saturation of liquid water within the
ores of the cathode GDL may also increase under higher compres-
ion, increasing the air transport resistance. Moreover, at the same
ompression ratio, the gas transfer resistance always increases
ith increasing PTFE content in the cathode GDL. Note also that

he increasing rate is slower at a PTFE content of 5%, at which
he gas transfer resistance appears to be minimized under normal
ompression. Table 1 lists the permeabilities and in-plane electri-
al resistances measured before compression for the four typical
ases with different PTFE contents. The permeability decreases

radually with increasing PTFE content, whereas the in-plane
lectrical resistance rises slightly at first until the PTFE content
eaches 20% and then has a more significant increase at a 30% PTFE
ontent.

transfer resistance with compression ratio at different PTFE contents in the cathode
GDL.
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Table 1
Permeabilities and in-plane electrical resistances at different PTFE contents in GDL
without MPL coating.

PTFE content (%) Permeability (m2) In-plane electrical
resistance (m� cm)

5 2.76 × 10−11 42.16
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10 2.43 × 10−11 43.58
20 2.33 × 10−11 44.28
30 2.16 × 10−11 57.48

.2. Cathode GDLs with an MPL coating

Since we have found that carbon paper with a 5% PTFE content
ives the best performance under normal compression, here we
urther consider the influence of the MPL coating in this case and try
o find the optimal PTFE content in the MPL. The polarization curves
f a typical case with a 5% PTFE content in the MPL are shown in
ig. 7 at different compression ratios. A comparison with the results
f Fig. 3 clearly shows that the addition of an MPL on the cathode
arbon paper can effectively enhance fuel cell performance. The
imiting current density measured at 0.3 V increases gradually with
he compression ratio and exhibits no degradation even at a com-
ression ratio of 35%. Note that it is quite difficult to check whether
he limiting current density will begin to reverse at higher com-
ression ratios by increasing the compression ratio further using
he test fixture shown in Fig. 2. However, over-compression can
till be observed by examining the variation in OCV with compres-
ion ratio. As shown in Fig. 7, the OCV now rises to more than 0.9 V
fter the employment of an MPL on the cathode carbon paper, sug-
esting that the MPL coating may effectively reduce the amount of
uel crossover. The only exception is that at a compression ratio of
5%, the OCV is still less than 0.9 V. This result reveals that the effect
f fuel crossover is more significant in this case and indicates that
he fuel cell is over-compressed at a compression ratio of 35%. The
ariations in the polarization curves for the other cases with dif-
erent PTFE contents in the MPL were also obtained. To determine
he optimal PTFE content in the MPL, here we follow the method

sed in Section 3.1 to separately consider the variations in OCV,
eak power density, and limiting current density with compres-
ion ratio at different PTFE contents in the MPL. The results are
resented in Fig. 8(a)–(c), respectively. As shown in Fig. 8(a), the
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with compression ratio at different PTFE contents in the cathode MPL.
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ig. 9. Impedance spectra at different compression ratios with a current density of
00 mA cm−2. PTFE content of the cathode MPL is 5%.

CV in each case generally decreases slowly up to a compression
atio of 30% and then jumps to a significantly lower value at a com-
ression ratio of 35%. Moreover, the OCV in each case is generally
reater than 0.9 V at compression ratios of less then 30% and less
han 0.9 V at a compression ratio of 35%. That is, over-compression
an always be observed at a compression ratio of 35%. Fig. 8(b)
hows that the peak power density in each case rises monotoni-
ally with compression ratio except at 30% PTFE content, in which
ase the peak power density is less at a compression ratio of 35%
han at 30%. Furthermore, at a compression ratio of 30%, a 30% PTFE
ontent also yields the maximum peak power density before over-
ompression occurs. The variations in limiting current density are
imilar to those in peak power density, as shown in Fig. 8(c). In
articular, a PTFE content of 30% always yields the highest limiting
urrent density at compression ratios of 30% or lower. Since this
ase exhibits the highest peak power density and limiting current
ensity at a proper compression ratio of 30%, and the correspond-

ng OCV remains above 0.9 V, we may conclude that the optimal
TFE content in the MPL is 30%.

AC impedance spectra as a function of compression ratio are
hown in Fig. 9 for a typical case with a 5% PTFE content in the
PL at a current density of 800 mA cm−2. Each spectrum contains

wo distinct arcs similar to those shown in Fig. 5. Therefore, the
ame equivalent circuit can be used to simulate the variations in
hmic resistance, charge transfer resistance, and gas transfer resis-
ance. We first note that the ohmic resistance, represented by the
eft intercept on the horizontal real axis, shifts gradually to the left

ith increasing compression up to a compression ratio of 30% and
hen stops decreasing at a compression ratio of 35%. This result is
onsistent with that for the case without an MPL coating shown in
ig. 5, which indicates that a 30% compression ratio is necessary to
liminate the electrical contact resistance even with an MPL coat-
ng on the carbon paper. The variations in ohmic resistance with
ompression ratio at different PTFE contents in the MPL are shown
n Fig. 10(a). The ohmic resistance is generally considered to be
ue mainly to proton transport through the membrane, and thus
he measured ohmic resistance indicates the membrane resistance.
owever, the present results show that the PTFE content in the
PL may also affect the ohmic resistance somewhat under suffi-

ient compression. The associated variations in the charge and gas
ransfer resistances are shown in Fig. 10(b) and (c), respectively.
he effects of compression on both resistances are similar to those
llustrated in Fig. 6(b) and (c) for the case without an MPL coating.
hat is, higher compression may improve the reaction kinetics and
hus reduce the charge transfer resistance. Simultaneously, the gas
ransfer resistance increases gradually with compression, increas-
ng more quickly once the compression ratio exceeds 25%, as shown
n Fig. 10(c). In particular, a PTFE content of 30% always yields the
owest ohmic and gas transfer resistances, making this the optimal

TFE content in the MPL. Table 2 lists the measured permeabili-
ies and in-plane electrical resistances for the six cases at different
TFE contents in the MPL. A comparison with Table 1 clearly shows
hat the permeability decreases after the MPL coating is added to

Fig. 10. Variations in (a) ohmic resistance, (b) charge transfer resistance, and (c) gas
transfer resistance with compression ratio at different PTFE contents in the cathode
MPL.
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Table 2
Permeabilities and in-plane electrical resistances at different PTFE contents in MPL.

PTFE content in
MPL (%)

Permeability
(m2)

In-plane electrical
resistance (m� cm)

5 9.55 × 10−12 35.74
10 8.78 × 10−12 41.38
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20 8.34 × 10 43.64
30 7.77 × 10−12 44.39
40 6.91 × 10−12 46.93
50 6.27 × 10−12 50.80

he GDL’s surface. The permeability also decreases gradually with
ncreasing PTFE content in the MPL, and the in-plane electrical
esistance appears to rise slightly. Although the maximum perme-
bility and minimum in-plane electrical resistance do not occur at a
TFE content of 30% in the MPL, this PTFE content still provides the
est cell performance. Since the function of the MPL is to improve
he transport of liquid water and avoid flooding within the cathode
DL, the present results indicate that the cell performance depends
ore heavily on the PTFE content in the MPL than on the permeabil-

ty or in-plane electrical resistance. A PTFE content of 30% seems to
rovide better water transport ability than the others and should
e the optimal PTFE content in the MPL.

. Conclusions

In this study, a special fuel cell test fixture was designed and
sed to measure the effect of compression on fuel cell performance

n situ. The purpose was to evaluate the optimal PTFE content of
oth the GDL and the MPL by measuring the fuel cell performance
t different compression ratios. The results show that appropriate
ompression and proper PTFE content in both the GDL and the
PL are quite important in determining the optimal fuel cell

erformance. For a GDL without an MPL coating, a GDL containing
% PTFE yielded the maximum power density at a compression
atio of 30%. This case also shows less OCV loss due to fuel crossover
nd a minimum gas transfer resistance at sufficient compression.
herefore, we suggest that it is the optimal PTFE content in the
athode GDL. Furthermore, in a GDL with an MPL coating, we found

hat the optimal PTFE content in the MPL is 30%, since the fuel cell
xhibits the best performance at this PTFE content under the same
ompression ratio of 30%. The present fuel cell test fixture design
rovides an efficient way of measuring fuel cell performance under
ifferent compression ratios. Its use could be expanded in the

[
[
[
[
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future to evaluate the effect of compression on the determination
of the optimal design parameters in a PEM fuel cell system.
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