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Abstract—The very high power density output available from polymer electrolyte membrane fuel cells combined
with low cost has high potential for commercialization. Such high power densities are attained via better utilization
of Pt crystallites in the reaction layer. This enhanced performance can be achieved by making a thin catalyst layer on
the membrane surface. The robustness in the front surface catalysts is essential to minimize the coagulation of Pt par-
ticles when the fuel cells are subjected to long-term operation. This robustness of the catalyst structure depends on the
manufacturing processes and also the organic solvents used to make the slurry. In this work, five different electrodes
were fabricated by using different fabrication procedures, and the poison effect of CO was investigated at the ancde

interface.
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INTRODUCTION

Since fuel cells enable one to directly convert the stored chemi-
cal energy to electrical energy without the mtermediate generation
of thermal energy, they are not limited by the Carnot cycle, urlike
heat engmes. Thus energy-conversion efficiencies for fuel cell sys-
tems (45-65%) are generally two tumes higher than those for heat
engines [Warshay and Prokopious, 1990; Lemons, 1990]. Conse-
quently, there 15 a worldwide mnterest 1 the development and com-
mercialization of polymer electrolyte membrane fuel cell (PEMFC)
for vehicular and stationary applications.

Ore of the mam problems with PEMFC performance has been
the high Pt loading and another major concern is CO tolerance. It 1s
reported [Kumm, 1990] that coating the catalyst shury on the mem-
brane leads to a thmner reaction layer at the membrane surface, which
niot only enhances the high oxygen reduction rate but also results
m good contact between membrane and electrode. Thus has resulted
in the reduction of Pt loading from 4 mg to 0.4mg per cm’ with
only a small loss 1 cell performance [Srmivasan et al, 1988]. The
small concentration of CO i reformed gas acts as a poison of the
Pt catalyst n the anode. It 1s reported that PtRu alloys are the most
effective electrocatalysts for the total electrooxidation of CO, and
the best Ru content on the electrode surface was 50% for CO ox1-
dation In addition, the robustness m the front surface catalysts is
essential to mmumize the coagulation of Pt particles when the fuel
cells are subjected to long-term operation This robustness of the
catalyst structure depends on the manufacturing processes and also
the orgamic solvents used to make the slurry.

In the present mvestigation, five different nterfaces or surfaces
were fabricated by using different fabrication procedures. The results
obtammed usmg these procedures are discussed The poison effect
of CO was mvestigated at the anode interface. The concentration
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of CO was mamtained at 100 ppm, that 1s, the concentration of CO
normally present m reformate gas.

EXPERIMENTAL

In polymer electrolyte membrane fuel cells where catalyst shury
1s coated directly on the membrane, the spreadability of catalyst
shurry and thickness of layer depend strongly on viscosity and dielec-
tric constant of the medium. This leads to a thinner reaction layer
at the membrane surfaces as the bulk of the current 1s generated
close to the front surface of the electrode. It has been demonstrated
that the localization of Pt particles near the front surface exhibits
mmproved oxygen reduction kinetics, which marufests itself n terms
of a several-fold mprovement of current density even at higher cell
voltage [Sruuvasan et al., 1988].

When organic solvents of different dielectric constant are mixed
with Nafion solution [Uchida et al., 1995], the resultmg solution
will be either one of the following form: solutiory, colloid, or pre-
cipitate. In the present mvestigation, solvents were selected with di-
electric constants greater than 10, except butyl acetate (5.01 at 20
*C). However, 1sopropy! alcohol (18.1) was mixed with butyl ace-
tate m such a manner that the dielectric constant of the resultmg mix-
ture was more than 10 and the slurry remained m solution.

Five different interfaces were prepared with different solvents
and fabrication procedures by usmg 30 wt% PtRu (1:1) m Vul-
can XC-72 (E-Tek, Inc, USA) for anode sides and 40 wt%o Pt/C (E-
Tek, Inc., USA) for cathode sides. In all five electrode surfaces, the
Pt loading, of 0.7 mg/em’® were mamtained for both anode and cath-
ode surfaces. Nafion 115 from Dupont, 125 pm thick was used. The
Nafion membrane was pretreated in a standard way. The cell was
operated at 100% hurmidity. Self-made diffusion layer with 30 wt%
PTFE was used. Paste method was applied to coat the catalyst shury
on the membrane for mterface I to IV and for mterface V, the cat-
alyst slurry was coated on the backmg layer which was hot pressed
on the membrane. The active electrode area was maintained at 50
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cm’ for all experiments.

Interface I was made by using the catalyst slurry coated directly
on the membrane. The slurry was made by usmg 30 wt%Pt/Ru for
anode mterface and 40 wt% PY/C for cathode mterface. For both
mterfaces Nafion ionomers (5 wt% solution), butyl acetate and 1s0-
propyl aleohol were added and sonicated for one hour For mterface
T, the chemical composition and preparation procedures were same
as mterface I except the 3-methy] butanol was used mstead of butyl
acetate and other solvents remamed the same. Interface I was coated
directly on the membrane, like interface L

Interface 1T was made by wsmg 5 wt% Nafion 1onomer, dime-
thyl sulphoxade, 1sopropyl alcohol and 10 wt% NaOH solution with
30 wt? Pt/Ru for the anode mterface and 40 wt% Pt/C for the cath-
ode interface. The membrane was 1on-exchanged into Na* before
coating the slurry on the membrane. The coated membrane was
beked at 150 °C under vacuum for 3 hours and fmally 1on exchanged
to H' form before use.

Interface IV was prepared the same as mnterface 11T where ethyl-
ene glycol was used mstead of dimethy] sulphoxide. The treatment
procedure and the other ingredients were same as mnterface II1.

Interface V was made by usmg carbon cloth from M/S Textron
Specialty Materials, USA, as electrode backing material A gas dif-
fusion layer was sprayed onto the carbon cloth, by using Teflon as
binding material, to a final concentration of 0.5 mg C/em’. Then
the Pt catalyst was coated onto the diffusion layer. The shury was
made by using 30 wt% PtRu, 5 wt% Nafion solution, glycerol, iso-
propyl alcohol and 10% NaOH solution for anode mterface and
40 wt%% PY/C with the same solvents for cathode mterface. The elec-
trode was baked at 150°C for 3 hours under vacuum. Before hot
pressing, the electrode was converted to H' form by treating with
0.5 M H,SO,.

In all protocols, the weight ratio of Pt/C and Nafion 1onomer was
maintaned at 3 : 1 as reported by Gottesfeld and hus group [Wilson
et al, 1995]. For mterfaces I to IV, the diffusion layer was inserted
as such. For interface V, the catalyst shurry was coated over the dif-
fusion layer and then the electrode was hot pressed mto the mem-
brane at 140 °C for 5 minutes under pressure before MEA was as-
sembled mto the smgle cell fixtures. The experments were carried
out mitially by using H,/O, and then H,/air; subsequently, the be-
havior of the electrode was studied by usimg H, contamung 100 ppm
CO. In all experiments, the polarization data were recorded at vari-
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Fig. 1. Polarization curves for interface I using Nafion 115 with H,/
0O,, Hy/air and H,+CO/O,.
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ous current densities at different temperatures.
RESULTS AND DISCUSSION

Fig. 1 shows the polanzation curves for mterface I using Nafion
115 with Hy/O,, Hyfair, H,+CO/0, and Hy+CO/air: Interface I was
prepared by coating the catalyst slurry directly on the membrane.
The maximum current density of 1,100 mA/cm® at 0.5V at 80°C
was obtained by using H, and O,; and 640 mA/em® at 0.5 V at 80°C
was obtamed by using H, and air at ambient pressure.

The behavior of the electrode was mvestigated by mtroducing a
small amount of CO (100 ppm) m the H, compartment by using
oxygen mn the cathode compartment. There was small decay m cell
performance when oxygen was used m the cathode compartment;
however, a large decay 1n cell performance was observed when air
was used mstead of oxygen This decay m cell performance was
due to the partial pressure of oxygen m awr at the cathode side and
poisonng of the electrode surface by CO on the anode side [Rohland
and Plzak, 1999; Schmidt et al., 1994].

The polarization curves for mterface I with Nafion 115 with Hy/
0,, Hyfair, H,+CO/O, and H,+CO/ar are demonstrated m Fig. 2.
Interface Il was prepared by coatng the slurry directly on the mem-
brane. It gives high performance of 1,200, 800 mA/cm’ at 0.5 and
0.6V at 80°C and ambient pressure usmg cathode O, With ar; 1t
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Fig. 2. Polarization curves for interface II for Nafion 115 with H,/
0,, Hy/air, H,+CO/0O, and H,+CO/air.
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Fig. 3. Polarization curves for interface Il for Nafion 115 with H,/
0O,, Hy/air, H,+CO/O, and H,+CO/air.
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Fig. 4. Polarization curves for interface V for Nafion 115 with H./
0,, H,/air, H,+CO/O, and H,+CO/air.

gives a current density of 700, 500mA/cm’ at 0.5 and 0.6 V, respec-
tively, at 80 °C and ambient pressure as shown m Fig. 2. Experi-
ments were also conducted with H, contaming CO as anode gas
and oxygen or ar as cathode gases. The varation of cell perfor-
mance using pure hydrogen and hydrogen mixed with CO was about
2% for oxygen and 7% for air.

Fig. 3 shows the polarization data for mterface I coated on the
membrane directly It gives current density of 720 mA/em’ for H,/
O, and 480 mA/em’ for Hy/arr at 0.5 V at 80°C and ambient pres-
sure. The performance usmg hydrogen mixed with CO decays only
2% for H,/O, from 60 to 80 °C and 8% for H,/air.

Fig. 4 shows the polanization curves for mterface IV at 80 °C for
H,, H,+CO with O, and air prepared by coatmg the membrane. The
fabrication procedure of Interface IV was similar to interface IT1. A
current density of 800 mA/em? for H,/C, and 520 mA/em? for H,/
air was obtamed at 0.5 V at 80 °C and ambient pressure.

The polarization data for mnterface V with H,/O,, Hy/ar, H,+CO/
0,, H+COfarr at 80 °C and ambient pressure are shown mn Fig. 5.
Interface V was prepared by hot pressing the electrode with mem-
brane. Thus mterface was different from the other mterfaces where
the shurry was coated duwectly on the carbon cloth substrate mate-
rial. The maximum current density of 800 mA/cm? at 0.5 V at 80°C
for H/O, and 480 mA/em?® at 0.5 V at 80 °C for Hy/air at ambient
pressure was observed When CO was mixed with the anode com-
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Fig. 5. Polarization curves for interface IV for Nafion 115 with H,/
0O,, H,/air, H,+CO/O, and H,+CO/air.

Table 1. Electrode Kinetic parameters for various interfaces for
H,/O, and 80°C

Interface  Tafel slope, mV dec™ Cell resistance, (2 cm®
I 778 0.29
II 54.0 0.25
111 105.9 0.35
v 949 0.36
\Y 103.0 0.33

partment, a slight decay m cell performance (about 3%) smlar to
other mterfaces I-IV was observed by using the O, cathode. When
arr was used, decay 1n cell performance was 5%.

Interface I gives better performance of 1,200, 800 mA/em® at
0.5 and 0.6V at 80°C and ambient pressure by using H,/O, than
any other mterface. This means that the addition of 3-methyl butanol
as a solvent minmizes the agglomeration of Pt particles mcreasmg
the utiization of catalyst, and that the catalyst layer contacts better
with polymer electrolyte membrane by direct coating method than
by hot pressmg method.

In all polarization curves, the cell potential, V, versus cell current
density, 1, showed an mutial curve downwards due to the over po-
tentials of the two electrode reactions, followed by a linear decline
m cell potential with ncreasing current density. These lnear fea-
tures may be due to ohmic resistance (1, ), which 1s the overall resist-
arice of electrolyte, 1onic and electronic. The equation for this expres-
sion, from a current density of zero to the value at the end of linear
region, is

E=E,-blogi-#,,
E,=E+blogi,

Here, E 1 the potential from expermmental observation and 7 1s the
current density. The parameters b and E, are the Tafel slope and re-
versible potential for the smgle cell, respectively. 1, 15 the exchange
current density and #,,, represents the cell resistance which causes
the linear vaniation of potential with current The calculated kanet-
1cs parameter for various nterfaces for HyO, at 80°C 1s given m
Table 1. The order of Tafel slope was determmed to be 54.0, 77.8,
94.9, 103.0 and 105.9 mV dec™! for mterface II, I, IV, V, and III,
respectively. The lowest value of 54.0mV dec™ for interface Il means
that this mterface has better performance than any other interface.
This 1s good agreement with the results of polarization data.
The cell resistance was determined to be about 0.25 to 0.36 Qcm’.
The cell resistance 1s mamly mfluenced by the membrane thick-
ness. The expected resistance values for Nafion 115, calculated for
Nafion conductivity of 0.17 Q@ 'em™ at 80 °C and thickness of 160
Wm, are about 0.12 Qem?® lower than the values obtained from ex-
permental data. This difference may be attnbuted to the contact re-
sistance between electrode and membrane and resistance of other
cell components such as backmg, flow plates and current collectors.

CONCLUSIONS

Five different electrodes were fabricated by using butyl acetate,
3-methyl butanol, dimethyl sulphoxide and ethylene glycol as a sol-
vent and different MEA fabrication method. Interface II wiuch was
prepared by coating the catalyst layer drectly on Nafion membrane,
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and using 3-methy] butanol as a solvent gives higher performance
of 1,200 mA/em® at 0.5 V and 800 mA/em’ at 0.6 V than any other
mterface due to the minmization of agglomeration of Pt particles.
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