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bstract

To study the effect of internal pressure distribution on the performance of a PEM fuel cell, a pressurized endplate was designed and fabricated.
he endplate had a built-in hydraulically pressurized pocket with a thin wall facing the fuel cell assembly. Pressure sensitive films were used to

easure the pressure distribution for both conventional and newly designed end plates. Fuel cell performance tests were conducted under selected

onditions. It was found that the pressure distribution for the newly designed endplates was more uniform than for the conventional end plates, and
n improved fuel cell performance was obtained with the newly designed end plates as well.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Proton exchange membrane fuel cell (PEMFC) is an electro-
hemical device that can convert the chemical energy stored
n hydrogen and oxygen into electricity, without generating
ollutants. It has attracted much attention recently because of
he prospect of being a clean energy converter and part of the
olution to the present environmental problems. However, com-
ercialization of fuel cell is still in its infancy and has a long
ay to go. High price and poor performance are two major
arriers.

In a conventional PEMFC design, end plates are the two out-

rmost components in a fuel cell assembly. They act as part of
he clamping system to provide compressive force in order to
nitize the single fuel cells together to form a stack. In addition,
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hey also have some other important functions, such as ensur-
ng good electrical contact between multiple layers within the
uel cell, ensuring good sealing at various interfaces, providing
assages for the reactants, products and possibly cooling agents
o enter and leave the fuel cell and in some cases providing
lectrical leads for connections to external loads.

Although the current design of fuel cell end plates can provide
he above listed functions in a somewhat satisfactory manner, it
s recognized that there are some existing problems to be solved,
uch as the following:

. Deformation of end plates has an influence on fuel cell per-
formance and is difficult to control.

. End plates are typically bulky and heavy, as compared to the
fuel cell stacks.

. Tie rods tend to loosen up during service. This may cause

leakage, bad electrical contacts and deteriorated performance
of the fuel cell stacks.

. Repeatability in pressure distribution can hardly be realized
among the fuel cell stacks.
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To achieve good performance in a fuel cell, it is believed that
here exists an optimum level in the pressure used for a cer-
ain cell configuration [1–6]. Too much pressure will obviously
queeze the gas diffusion layer and change its porosity ratio,
hich may choke the fuel cell by making the flow of gases and
igration of water difficult. On the other hand, too little pres-

ure will surely result in a high contact resistance between gas
iffusion backing and the bipolar plates, which would hurt the
uel cell performance as well. Ideally, the optimum value is to be
chieved throughout the fuel cell active area, but in reality it can
nly be achieved in a very small portion of the area because of
he structure in the conventional end plates. Therefore, from the
uel cell performance point of view the most relevant shortcom-
ng of the existing end plate design is the difficulty of achieving
uniform pressure distribution over the fuel cell active area.

In this regard, a significant amount of research work has been
erformed to improve fuel cell performance [3,7,8]. Unfortu-
ately, very little scientific research has been focused on the
ressure distribution between the fuel cell stacks. Modeling a
uel cell generally does not take into account the effect of non-
niform pressure distribution (e.g. [5]). Part of the reason is that
he relationship between contact pressure and contact resistance
as not been completely understood yet.

The goal of this study is to understand the influence of clamp-
ng pressure distribution on the fuel cell performance through
n experimental test. The study is intended for future design of
nd plates to both enhance the fuel cell performance and reduce
ost, weight and volume of the fuel cell stacks. The study pro-
oses a prototype end plate for the investigation of the pressure
istribution between the bipolar plates. In addition, a fuel cell
ntegrating both conventional and newly designed end plates is
abricated and tested under predetermined conditions. Fuel cell
erformances are compared and the merits of a more uniform
ressure distribution are analyzed.

. End plate design
As shown in Fig. 1, a new design is proposed to integrate a
ressurized and enclosed pocket filled up with hydraulic fluid
e.g., oil or air) by a hand-operated hydraulic pump into the

Fig. 1. Schematic of a new design for the end plate and compression system.
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Fig. 2. Schematic showing the pressure film in the fuel cell stack.

nd plate. The thin wall of the pocket (0.15 mm in thickness)
acing the stack is used to transmit the hydraulic pressure inside
he pocket to the bipolar plates. By doing so, this design will
rovide uniform pressure distribution to the stack not only on
he perimeters but also on the central area.

With this new design, the rigidity of the end plate is not
s important because the uniform pressure distribution is not
chieved by very thick and rigid end plates. Therefore, an end
late can be made thinner and therefore lighter. It may be made
f plastic materials as opposed to metals, which will further
esult in a weight reduction.

A pressure gage was built into the system as shown in Fig. 1
o facilitate the real-time monitoring or regular examination of
he pressure. A needle valve and a shut off valve are used to

ake adjustments in the fluid pressure. Therefore, the prob-
em of loosening up of bolts during service can be solved. The

ore uniform pressure distribution will lead to better electrical
ontact and mass transport and in turn an improved fuel cell
erformance.

. Pressure test

To reveal the actual pressure distribution, some pressure tests
ere conducted on both the conventional and the newly designed

nd plates. Pressure sensitive films were used during the test-
ng process. In these tests, ‘Super Low’ and ‘Ultra Low’ films
ere used under different experimental conditions. The pres-

ure ranges of the ‘Super Low’ and ‘Ultra Low’ films used
ere 70–350 lbf in.−2 (0.483–2.413 MPa) and 20–80 lbf in.−2

0.138–0.552 MPa), respectively. A square piece of film was cut
ith the dimension of 3.5 in. (8.89 cm) × 3.5 in. (8.89 cm) and
as inserted between the membrane–electrode assembly (MEA)
nd the diffusion layer as shown in Fig. 2. A torque of 25 in. lbf
282.46 N cm) was applied on each bolt in a certain sequence.
hen the pocket was pressurized to a predetermined pressure

evel. After approximately 5 min, the pressure in the pocket was
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Fig. 3. Pressure distribution profiles between bipolar plates fo

eleased so as to loosen up the bolts and to take the film out. The
ntensity of the red color on the film indicates the level of the
ocal pressure applied.

Shown in Fig. 3 are examples of the pressure distribution
rofiles inside the fuel cells with the conventional and newly
esigned end plates, respectively. A fuel cell that had an active
rea of 25 cm2 was used and the pressure inside the pocket was
00 psi (1.38 MPa) for the new end plates. It can be clearly
bserved in Fig. 3(b) that the pressure distribution for the new
nd plates is much more uniform than that for the conventional
nd plates. Similar results have been obtained for different thick-
ess combinations of gas diffusion layers and gaskets, and also
or a two cell stack, which indicates that the new end plates
an provide a much more uniform pressure distribution, toler-
te more variations in the plate thickness and work well for both
ingle cell and stack cell. On the other hand, it was noticed in the
ests that the pressure distribution inside a fuel cell was greatly
nfluenced by the thickness difference between the gas diffusion
ayers and the gaskets for conventional end plates, which indi-
ates that a careful design of the assembly is needed to achieve
reasonably good performance for a conventional fuel cell.

Fig. 4 is a proof-of-concept pressure test performed by replac-

ng the MEA and gaskets with a 5 mils (0.127 mm) think Teflon
atch of the same size as the active area. It can be found that
he pressure distribution on this area is much more uniform for
he new end plates, while due to the deformation of the conven-
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o

Fig. 4. Pressure distribution profiles between bipolar plates with a Teflon ins
conventional end plates; and (b) newly designed end plates.

ional end plates; the pressure in the center of the active area is
ignificantly lower than the surroundings in Fig. 4b. This proves
hat part of the pressure applied to the fuel cell assembly on the
erimeter has been shifted to the center portion by the pressur-
zed pocket and therefore the new plates can provide a more
niform pressure distribution.

Another proof-of-concept pressure test was conducted and
s shown in Fig. 5. Pressure distribution was measured over the
nterface between one end plate and the adjacent bipolar plate. It
s obvious from Fig. 5 that the pressure distribution is different
etween the conventional and the newly designed end plates.
hen pressure was further transmitted inward towards the center

f the fuel cell assembly, the differences in pressure distribution
ere generated between the end plate designs.

. Fuel cell performance testing

In the previous section, it was examined that the pressure
istribution profiles were different for the conventional and the
ewly designed end plates. In this section, the fuel cell is tested
nd the test results are reported to confirm the benefits of the

niform pressure distribution in the fuel cell. The fuel cell per-
ormance testing is focused on the performance of the PEM fuel
ell with the newly designed end plates and compared with that
f the conventional end plates.

ert for: (a) conventional end plates; and (b) newly designed end plates.
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polar plate for: (a) conventional end plates; and (b) newly designed end plates.
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Fig. 5. Pressure distribution profiles between end plate and its adjacent bi

In the performance testing process, polarization curves were
btained when the pressure inside the pressure pocket was var-
ed from 0 psi (0 MPa) to 100 psi (0.69 MPa), and then to 200 psi
1.38 MPa). All of the data reported was obtained with the in-
ouse MEA coated with catalyst layers (0.5 mg cm−2 Pt on the
athode side and 0.4 mg cm−2 Pt on the anode side with a nom-
nal thickness of 50 �m). The active area of the membrane was
5 cm2; the gas diffusion layers had a thickness of 0.368 mm.
eflon of 0.635 mm thickness was used for the gaskets. The
ipolar plates with a single serpentine flow field were made by
lectrochem Inc. Eight bolts of size #10–32 were used to provide

he clamping pressure and a torque of 25 in. lbf (282.46 N cm−1)
as used for each bolt. The bolts were tightened in a certain
redefined sequence to ensure that the compressive force was
easonably close to each other for the eight bolts. An in-house
est stand was used with a 100A Model 890B Scribner load box,
hich had imbedded software for current interrupt resistance
easurement.
In obtaining the polarization curves, current was stepped up

rom zero to the maximum current density with an increment
etween 10 and 100 mA cm−2. Duration for each current density
as 5 min.
The cell comprising the newly designed end plates was tested

t room temperature under the atmospheric pressure. Pure hydro-
en at a certified grade of 99.999% purity was used at anode. Air,
s the practical oxidant to fuel cells, was used at cathode. Con-
tant reactant utilization conditions were used: 33% hydrogen
tilization, 25% oxygen utilization for air.

Cell internal resistance was measured and recorded at current
ensities higher than 100 mA cm−2 using the current interrupt
echnique with Scribner v.3.1b fuel cell software. Resistance
alues at lower than 100 mA cm−2 were not measured because
he voltage loss at the lower current range was smaller than
hat could be accurately measured. The current interrupt resis-

ance comprises mostly the ionic resistance of the conductive
embrane and contact resistances.
Fig. 6 shows the fuel cell performance test results for the
onventional end plates as well as the newly designed end
lates with 100 psi (0.69 MPa) pressure and 200 psi (1.38 MPa)
ressure inside the pocket. A small voltage increase from the
onventional to 100 psi (0.69 MPa) and to 200 psi (1.38 MPa)

U
a
s

ig. 6. Effects of different end plates and pressure on the pocket on polarization
urve.

ressure was observed, especially for higher current densi-
ies.

. Conclusions

In this study, a pair of newly designed end plates is used to
tudy the pressure distribution inside a single fuel cell and fuel
ell stack. It is confirmed that by pressurizing the built-in pocket
ith hydraulic fluid, the new design can significantly improve

he pressure distribution over the fuel cell active area and at the
ame time enhance fuel cell performance. It is believed that the
ptimum fuel cell performance could be achieved if the opti-
um pressure level were known, which needs a further study.
evertheless, the benefit of uniform pressure distribution over

he active area has been demonstrated with the newly designed
nd plates in this study.
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