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Development of the Electrical Conductivity of PEM Fuel Cell
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ABSTRACT

This research is aimed to develop the dectrical conductivity of PEM fud cdl
through the using of a series of graphite plates. The effect of width, thickness of plates
in addition to the current and gas flow rate (hydrogen and oxygen) were studied.
Results showed that dectrical conductivity can be reached to the optimum value
(850S\cm), when cdl thickness, current and gas flow rate are 0.3cm, 8.13A and 0.6
L\min respectively.
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INTRODUCTION
he polymer eectrolyte membrane (PEM) fud cdl is one of the most promising
power sources for stationary and transportation in the future due to many
attractive features. These features include high efficiency, high power density,
relatively low operation temperatures, convenient fue supply and long lift time.
However, the high cost of PEM fud cells have became one of the mgjor barriers
to fud cedl commercialization. The automotive industry has invested considerable
effort in the commercialization of PEM fud cdl for cars, which are expected to
eventually compete with internal combustion engine vehicles [1].
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The ideal performance of a fud cel depends on the eectrochemical reactions that
occur with different fuels and oxygen. Fud cells are classified primarily by the kind of
eectrolyte they employ. This determines the kind of chemical reactions that take place
in the cdl, the kind of catalyst required, the temperature range in which the cdl
operates, the fud required, and other factors. These characteristics, in turn, affect the
applications for which these cells are most suitable. There are several types of fud
cdls currently under development each with its own advantages and limitations:
polymer eectrolyte membrane (PEM) fud cdls, direct methanol fud cels, akaline
fud cdl, phosphoric acid fud cdls, molten carbonate fud cdls, solid oxide fud cdls
and regenerative fud cdls [2].

Polymer eectrolyte membrane fuel cdls operate at reativdy low temperatures,
around 80°C (176°F). One type of PEM that meets most of these requirements is
Nafion. The Nafion membrane belongs to a class of poly-perfluoro-sufonic acids
which consists of a hydrophabic tetra fluoro ethylene backbone with pendant side
chains of perfluoronated vinyl-ethers terminated by sulfonic acid groups [3].

The most popular bipolar plates used in PEM fued cdls are graphite plates.
Graphite bipolar plates possess were consider a good eectrical conductivity, excellent
corrosion resistance, and lower density than metal plates. The problems of graphite
plates are their brittleness and pours structure as well as high cost. The high cost of
graphite plates is associated with the machining of gas flow channels on the surface of
plates and post processing such as resin impregnation to make the plate impermeable to
the fuel and oxygen due to the brittleness of graphite,

Graphite plates should be a few millimeters thick in order to maintain sufficient
mechanical strength for machining flow channels and stacking assembly [4].

Kuan has developed a novel composite bipolar plate for a polymer eectrolyte fue
cdl by a bulk molding component (BMC) process. The eectrical resistance of the
composites material decreases from 20,000 to 5.8 Q\cm when the graphite content
increases from 60 to 80 wt%. Polymer mixed with higher loadings of graphite can lead
to the higher conductivity of composites [5].

SUGGESTIONS
For future researches, a several suggestions can be used to develop the dectrical
conductivity of PEM fud cdl. This may be summarized in:
1. Comparison study between different plates like between aluminum and copper.
2. Fud cdls consist of many series of plates at different thicknesses.

EXPERIMENTAL WORK
Inthiswork fud and eectrolysis cdls were manufactured as following:
1. Fud cdl
Figure (1) shows a schematic representation of the fud cdl, in which two graphite
eectrodes surrounded the polymer dectrolyte membrane. One eectrode is negative
(anode), while the second is positive and it is called the (cathode). Also figure (1)
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shows the reactant\product gases and the ions conduction flow direction through the
cdl. Gaseous fud (hydrogen) is fed continuously to the anode (-ve eectrode)
compartment and oxygen is fed to the cathode (+ve dectrode) compartment. Electrode
chemical reactions take place at the dectrodes to produce an dectrical current.
Hydrogen diffuses from the anode through the gas diffuses layer to the catalyst layer
(anode dectrode) in which hydrogen molecules split into protons and eectrons
according to the following half cell dectro-chemical reaction:

Hy— 2H* + 26 1)

The protons travel through the dectrolyte membrane to the cathode while the
eectrons are conducted to the cathode through the external circuit. At the cathode,
oxygen diffusion cathode diffusion layer to the cathode catalyst. At the catalyst,
oxygen reacts with protons and eectrons forming water and producing heat via this
half reaction:

2H" + 1\2 0, + 2 — H,0 )

ELECTROLYSISCELL

It is wel known that hydrogen and oxygen can be produced by dectrolysis
techniques. In this technique as shown in figure (1) water is split by passing an
eectrical current through it. The water dectrolysis is thus the exact reverse of
hydrogen fue cdl. Electrolysis technology can be implemented at any scale whenever
there is supply of eectricity. Reactions in the PEM dectrolysis cdl are following in
these steps:

Anode: 2H,0—4H"+ O, +4€  (3)
Cathode: 4H" + 46 — 2H2 (4)

The dimensions of graphite plates are shown as follows:

Table (1): Thedimensions of graphite plates
samples Length, L (cm) Width, W(cm) Thickness, T(cm)
A 5 5 0.2
B 5 5 0.3
C 5 5 0.4
D 5 3 0.3
E 5 4 0.3
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The flow rates of hydrogen\oxygen gas used were 0.4, 0.5 &0.6 L/min. after determine
the current and voltage of cdls; the dectrical conductivity was calculated according to
ASTM D-99 using the formula below:

_ IxL
EC= V+WxT (5)

Where: E.C. dectrical conductivity (S\cm, voltage drop (volts), I: current (A)
W: sample width (cm), T: sample thickness (cm) and L: sample length (cm)

RESULTSAND DISCUSSION

The dectrical conductivity of the graphite plates was measured in series fud cels
to evaluate the performance with different conditions. The flow rates conditions of
hydrogen \ oxygen gas were 0.4, 0.5and 0.6 L\min. In addition, table (1) shows the
samples dimensional include thickness (T), surface area (S) and width (W). During the
experiments, the currents and voltages were also investigated as shown in tables
(2 and 3).

Figures (2-4) exhibit that eectrical conductivity increases with increasing in flow
rate of hydrogen and oxygen gases, the maximum value was (850.7S\cm) at 0.6 L\min.
While the other flow rates of 0.4 and 0.5 L\min is slightly increased.

Increasing in eectrical conductivity twice at 0.6 L/min flow rate than0.4 L/ min due
to quantity of hydrogen gas, hydrogen has the highest energy density per unit weight
than any other chemical fud for many applications. It can be converted directly into
eectricity by fud cdl in an eectrochemical process [3].

EFFECT OF CURRENT ON ELECTRICAL CONDUCTIVITY

The figures (2-11) also indicate that dectrical conductivity increases with increasing
in the current while the voltage of fue cel decreased for the same flow rate. The
experimental results exhibited when the current reached (8.13 A), the voltage of fud
cdl decreased to the (0.04 v) at specimen E as shown in table 4.

EFFECT OF PLATE DIMENSIONS ON ELECTRICAL CONDUCTIVITY

In figure (8) shows the effect of different thicknesses on dectrical conductivity was
also investigated in this work. The measured conductivity increases with increasing
thickness of the plates and then decreased according to equation (5). The graphite
plate exhibited the maximum eectrical conductivity at 0.3cm in comparison to other
thicknesses as wdl increase with flow rate as shown in figure (8).

EFFECT OF CURRENT ON POWER

Figures (9-11) show the distribution of power vs current for graphite plates at 0.4,
0.5&0.6 L/min flow rate. The maximum power was 2.66, 3.13 & 3.5 W, respectively.
At low current, the graphite plates exhibited the maximum power in comparison to
those at high current.
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CONCLUSIONS

In this experimental work the dectrical conductivity increase with increasing in
flow rates of hydrogen as wel as when the current reached to the maximum, the
eectrical conductivity exhibits high improvement. Thickness of the plate is affected on
the dectrical conductivity values.
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Table (2): E.C of fuel cell at 0.4 L/ min flow rate
of each O,& H, gases

samples I, (A) V, (Volt) E.C, S\em Power, (W)
A 2.75 0.6 22.91 2.06
B 5.5 0.1 183.15 0.68
C 35 0.5 17.5 2.18
D 2.51 0.85 16.38 2.66
E 6.1 0.08 317.2 0.61

Table (3): E.C of fuel cell at 0.5 L/ min flow rate of each

02& H2 gases
samples [, (A) V, (volt) | E.C, S\cm Power, (W)
A 3.1 0.81 19.13 3.13
B 6.2 0.08 258 0.62
C 4.1 0.47 21.8 2.4
D 3.3 0.58 31.57 2.39
E 7.5 0.06 520 0.56
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Table (4): E.C of fuel cell at 0.6 L/ min flow rate of each

0,& H, gases
samples I, (A)| V,(volt)| E.C, S\cm Power,
W)
A 35 0.8 21.87 35
B 6.82 0.07 324 0.59
C 4.88 0.41 29.75 2.5
D 3.67 0.55 37.03 2.52
E 8.13 0.04 850.7 0.4
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Figure (1): a schematic representation of the PEM fuel cell.
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Figure (2):

E.C. with current at 0.4 L\ min flow rate of O, & H, gases
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Figure (3)

: E.C. with current at 0.5 L\ min flow rate of O, & H, gases
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Figure (4): E.C. with current at 0.6 L/ min flow rate of O2 & H2 gases
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Figure (5): current-voltage of graphite plate at 0.4 L/min flow rate
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Figure (6): current-voltage of graphite plateat 0.5 L/min flow rate
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Figure (7): current-voltage of graphite plate at 0.6 L/min flow rate
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Figure (9): power- current of graphite plateat 0.4 L/ min flow rate
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Figure (10): power - current of graphite plate at 0.5 L/min flow rate
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Figure (11): power - current of graphite plateat 0.6 L/ min flow rate
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