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Abstract

The effect of an immobilized diffusion layer on the catalyst layer and the oxygen reduction reaction in polymer electrolyte fuel cells
(PEMFCs) have been studied. Since, the oxygen reduction reaction is an inhibitive reaction, much effort has been devoted to the improveme
of this reaction in PEMFCs. In this work, the effect of an immobilised hydrophobe carbon layer as the diffusion layer in the gas diffusion
electrode has been evaluated. The study of various electrochemical methods in this research, as well as the evaluation of cell polarisatic
curves showed that the efficiency of electrodes with the diffusion layer in the high current density regions is higher than the electrodes with
no diffusion layer. While in the lower current density region the electrodes without the diffusion layer are more efficient than the other type.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction hydrogen oxidation and the high kinetic rate of this reaction,
while the low reaction rate of the oxygen reduction reaction
The membrane electrode assembly (MEA) is the key com- (ORR) leads to a high reduction overpotential in the per-
ponent of proton exchange membrane fuel cells (PEMFC) formance condition of PEMFQ21-25] In this work, the
[1]. The effective parameters on MEA performance are also cathodic reaction has been considered as the main target
effective on cell performance. Much research has been car-for improvement of PEMFC performance. The experiments
ried out about the effect of structural paramef{er8], per- have been carried out in two distinct parts: (1) evalua-
formance condition§4—6] and MEA fabrication methods tion of constructed electrodes for the ORR by using a
[7-10]. As well as the experimental methods, mathematical three-electrode system and electroanalytical methods; (2) the
modelling methods have been used in these stydlied?2] use of results obtained from part one for the preparation of
One of the effective structural parameters on the PEMFC MEAs and test of them on a single cell. In the three-electrode
performance is the diffusion layer in the MEA3]. This tests, various electrochemical techniques such as voltamme-
layer can be used as an immobilised layer or as a distincttry, chronoamperometry and AC impedance spectroscopy
layer on the catalyst layer. This layer provides a physical have been used. Besides analysis of the diffusion layer, the
micro porous base for the catalyst layer. Within its channels innovation of fast, easy, efficient and low cost methods in
the reactions are introduced onto the catalyst layer. Enor-the characterisation and evaluation of the electrodes and
mous research has been reported concerning the morphologMEAs are the important subjects of this paper.
ical and structural characteristics of this layer and its effect
on cell performanc§l4-20}
In this research, we have studied the role of a diffu- 2 Experimental
sion layer in the cell performance and in the electrodes

with/without this layer. A three-electrode system and com-  apn AutoLab potentiostat—galvanostat model PGSTAT 30
plete cell experiments have been used in this work. Among has been used for the electrochemical experiments. The elec-
the electrodic reactions, the hydrogen oxidation reaction yrochemical cell consisted of an Ag/AgCl reference electrode
(HOR) has a low oxidation overpotential due to the ease of (Azar Electrode), a Teflon body for handling of working
electrode and a glassy jacket. A flowmeter with 0—100 ml
* Corresponding author. Tel:98-21-4890-3857, min~* range (OMEGA) and a regulator (PAKKENS) arg
fax: +98-21-4890-3702. used for the control of reactants flow rate in the successive
E-mail address: djmirzazadeh@yahoo.com (J. Mirzazadeh). experiments. The reactant gases enter into a glass humidifier
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Fig. 1. A schematic diagram of experimental half cell set-up.

with 100 ml volume before the entrance into the cell. The set-up and controlling systerrif. 2) were designed and in-
Fig. 1 shows the set-up of half cell experiments. In all tegrated by experts of fuel cell vehicle project in R&D Cen-
research based on the application of half electrodes, re-ter of the Iran Khodro Company. The procedurd&jfwas
producibility is a very important topi¢4,5,25-27] In the used for the preparation of MEAs. For the preparation of half
present work a custom made punch was used for cutting thecells, at first a small sheet of carbon paper was cut by means
electrodes with 0.5 chsurface area. All the parts of the cell  of the punch. Then the diffusion layer with 20% PTFE and

Pl

Fig. 2. Schematic flow diagram of experimental set-up.
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Fig. 3. Cyclic voltamograms of half cells without DL (a) and with DL
(b) in the presence of Nand in 0.5M BSQy, v=10mVs

2.5mgcnT2 carbon loading was sprayed on the carbon pa-
per. After that the electrode was coated by spraying of the

catalyst layer with 0.2 mg cn? Pt loading and 15% PTFE.

Finally the prepared electrodes were hot pressed on &1 cm

Nafion 117 sheet at the 18C and 120 kg cm? pressure

for 60s. The same procedure was used for the preparatio

of half and complete cells without diffusion layers by elim-
inating the diffusion layer spraying step. All of the half cell
experiments were performed in a 0.5 M$D;, solution and
at room temperature (2%).

3. Results and discussion
3.1 Partl

3.1.1. Cyclic voltammetry

Fig. 3shows the cyclic voltamograms (CVs) of electrodes
without diffusion layer (DL) (3a) and with DL (3b) in the
presence of Bl As seen, the electrode with DL shows a
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Fig. 5. Chronoamperograms of half cells without DL (a) and with DL
(b) in the presence of £ Eapp = 0.2 V/(Ag/AQCI).

the basis of this figure, the reduction of @t (a) initiates

at about 0.65V versus Ag/AgCl, while at the surface of (b),
the initial potential of ORR is about 0.4V versus Ag/AgCI.

Thus, the half cell without DL shows better performance
than the other type.

n3.1.2. Chronoamperometry

For the quantitative comparision of diffusibility of the
two types of electrodes the chronoamperometry method was
used. This method is the usual method to determine the dif-
fusion coefficients of electroactive species at the surface of
electrodesFig. 5shows the chronoamperograms of the elec-
trodes discussed. The observed limited currents are given by
the equation:

D\ 12
i =nFA (—) Cc*
it

In this equationi is the limited current (mA)) the number
of electrons,F = 96485 mot?, A the surface of electrode
(cm?), D the diffusion coefficient (cris™1), T the time (s)

higher active surface area than the other electrode. HenceandC the concentration of reactant (mM cr).

it is expected that, (a) has lower ORR overpotential and

higher cathodic current densitieSig. 4 demonstrates the
CVs of the two electrodes in the presence of @s was

Drawing of anl versust~'/2gives a line with a slope
of nFA(D/7)Y2C*. The values oh, F, A, andC* are nec-
essary for the calculation dd. Considering that the reac-

expected, the electrode without DL shows a higher activity tant () is used as a humidified gas the value @f is
toward the ORR due to its higher active surface area. On indefinite. HenceD/2C* is considered as a new parame-
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Fig. 4. Cyclic voltamograms of half cells without DL (a) and with DL
(b) in the presence of Hand in 0.5M BSQy, v=10mVs

ter in order to determine the total diffusibility of the elec-
trode. On the basis of this methddl/2C* is calculated as
543 x 10 9mMcm2s 12, for the half cell without DL
and 212 x 10 2mMcm2s 12 for the DL included half
cell with DL. It can be seen that tH2/2C* or in the other
words the diffusibility of the electrode without DL is almost
2.5 times greater than the other type.

3.1.3. DC amperometry

The above mentioned experiments showed that, the DL in-
cluded electrode has better characteristics than the electrode
without DL for the ORR. One of the important topics in the
PEMFCs, is the durability of cell performance. For the eval-
uation of durability of the two types of electrode, we used
the DC amperometry methodrig. 6, shows the cathodic
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Fig. 6. DC amperograms of half cells without DL (a) and with DL (b) 01 ¥ 8
in the presence of at Eapp = 0.2 V/(Ag/AQCI).
00511
. . . +0
currents of half cells at a fixed potential (0.2 V/(Ag/AgCI) in ol10

the presence of £in a 3000 s time window. As can be seen P83 om0 oas 050 055 060 065 070
in the figure, the half cell (a) (without DL) shows higher Zfohm
currents than other cell (b). While at the later times (after Fig. 7. Nyquist plots for ORR at 0.2V/(Ag/AgCI) on half cell without
3005) the cathodic current of electrode (a) begins rapidly to Pt (+) and with DL (©).
decrease and at late times its decrease becomes smooth. In
contrast to the electrode (a) the initial reduction of current e.g. it is possible to evaluate the DL effect on the reaction
is very slower at electrode (b). The rate of current decreaseby time scanning or successive operation of the experiment.
at the middle and late times are slow and similar in both of
electrodes. This behaviour is seen due to the stabilisation 0f3.2. Part 2
the moisture layer thickness formed by the accumulation of
water molecules. It is seemed that the layer thickness of the3.2.1. Complete cell experiments
electrode with DL is lower due to its higher hydrophobicity. In this part, the performance of the complete cell has been
Thus, on the basis of this experiment, the half cell with DL evaluated. Cell potential-current density curves for cells of
shows a higher durability than the other and is most suitable varying MEAs are shown ifrig. 8 This plot is recorded un-
for the preparation of an MEA at higher current densities. der the optimum cell operating conditions. These conditions
are shown inTable 2 Hy, and @ have been used as pure

3.1.4. AC impedance

Much research has been carried out using impedance mea-
surements in PEMFCR5-27] In order to make a quan-
titative evaluation of resistance against the ORR, the AC
impedance method has been uded. 7 shows the Nyquist
plots for oxygen reduction on the electrodes with and with-
out DL in 0.5M H,SOy4. The results obtained from this ex-
periment have been shown irable 1 As seen, there is a
small difference in linear resistancBs] between the two
types a electrode. The linear resistance due to DL addition
on the electrode is not valuable, but leads to a small increas-
ing polarisation resistanceR{). Thus the electrode without ' ' ' ' ' ' |
DL shows a slightly better performance toward the ORR 0 100 200 300 400 500 600 700
than the electrode with DL. Further information about the

diffusion layer effect can be achieved by using this method,
Fig. 8. Potential—current curves for cells with DO} and without DL

Cell potential/V

Current density/mA cm?

(®).
Table 1
The values ofRs and Ry for half cells constructed with/without DL in Table 2
ORR Optimum cell operating conditions
R Humidifier Gas flow Cell temperature
Rs (Q) R, () temperature °C) rate (sccm) (°C)
O, H O H
Half cell with DL 3.84 3.25 2 2 2 2

Half cell without DL 3.60 2.65 75 85 45 25 80
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Fig. 9. Current-time curves for cells with DICY) without DL (®) at Ve = 0.7.
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Fig. 10. Current-time curves for cells with DIOY) without DL () at Ve = 0.48.

gases and the cell operation pressure was atmospheric. Agurves are recorded along a 6-h period. It is seen that the

can be seen in thiig. 8, both types of MEAs show similar  cell without the DL shows current densities 100 mA higher

activity in the activation region of the polarization curve. It than the other cell. The durability of the two cells is almost

is clear that the application of the DL is not effective on the identical.Fig. 10shows the same plot &) = 0.48 V. As

kinetic rates of reactions occurring at the catalytic sites of can be seen ifrig. 10 the cell with the DL shows a better

the MEAs. performance at higher current densities. Besides achieving
The DL included MEA shows higher current densities in higher current densities, the DL included MEA shows more

the ohmic region of the-v plot. This is observed due to the durability than other type. The influence of diffusion layer

lower diffusion limitation and lower ohmic drop of potential characteristics has been discussed by Passalacqu§23al.

at the MEA without the DL. On the contrary, in the mass and Forsyth and co-worke[22].

drop region of the—v plot the MEA with DL shows higher

current densities and current overload is observed at higher

current densities than for other type. The two curves cross4. Conclusions

each other at about 400 mA. This indicates that the existence

of the DL has no utilization in cell performance before this  The effect of the diffusion layer on gas diffusion elec-

point. But after this point the application of the DL cause trodes and cell performance was studied. A three—electrode

an improvement in cell performance. For more elucidation system, as well as a complete cell system, were used for

of this fact we have performed experiments at low and high characterisation of MEAs constructed with/without the dif-

current densitiesrig. 9 shows current density—time plot for  fusion layer. The oxygen reduction reaction was considered

cells of the two types at a fixed cell potential 0.7 V. These as the main reaction affecting the evaluation of the electrodes
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