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Abstract

In order to develop a kW-class polymer electrolyte membrane fuel cell (PEMFC), several electrodes have been fabricated by differe
catalyst layer preparation procedures and evaluated based on the cell performance. Conventional carbon paper and carbon cloth electr
were fabricated using a ptfe-bonded Pt/C electrocatalyst by coating and rolling methods. Thin-film catalyst/ionomer composite layers we
also formed on the membrane by direct coating and transfer printing techniques. The performance evaluation with catalyst layer preparat
methods was carried out using a large or small electrode single cell. Conventional and thin film membrane and electrode assembl
(MEAs) with small electrode area showed a performance of 350 and 650 riAtdb V, respectively. The performance of direct coated
thin film catalyst layer with 300 ciiMEAs was higher than those of the conventional and transfer printing technique MEAs. The influence
of some characteristic parameters of the thin film electrode on electrochemical performance was examined. Various other aspects of ove
operation of PEMFC stacks were also discus§d.998 Elsevier Science S.A.
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1. Introduction 2. Experimental

Polymer electrolyte membrane fuel cells (PEMFCs) 2.1. Membrane pretreatment
have incorporated various electrodes containing ptfe-
bonded Pt/C, Nafion impregnated Pt/C and sputter-depos- Two forms of membrane were used during MEA manu-
ited Pt [1-3]. Due to the catalyst costs, many researchersfacturing processes. Before being used in manufacturing
have been studying the membrane and electrode assemblWMEA, the polymer electrolyte membranes, Nafion were
(MEA) manufacturing processes that can reduce the contentwashed in various solutions to remove trace organic and
of Pt in the electrocatalyst layer while maintaining the per- inorganic contaminants and to intentionally change its
formance. Recently, a thin film catalyst layer was developed form. The pretreatment procedure involved boiling the
and reported to have a very low Pt loading (0.12—-0.16 mg polymer electrolyte membrane in 3 wt.% aqueougOH
Pt/cnt) [4,5]. In this electrode structure, Nafion was used solution for 60 min, followed by boiling for 60 min in
instead of ptfe to bond to the structure and the catalyst layer pure water and subsequently boiling for a further 60 min
was applied to the membrane, rather than to the gas diffu-in a fresh sample of pure water. The membrane for conven-
sion layer. tional MEA was then removed and boiled for 60 min in 0.5

In this work, we report the performance evaluation M H,SQO, solution, followed by boiling for 60 min each in
on various MEAs made by using ptfe-bonded carbon two different samples of pure water. On completing the
paper and carbon cloth electrodes and a thin film elec- purification procedure, the membrane specimen was stored

trode. in the last sample of washwater at room temperature prior to
use.
The membrane for direct coated MEA was boiled for 60
"+ Corresponding author. min in 20 wt.% aqueous NaOH solution instead of sulfuric
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Gatalyst O Hot-pressing

Fig. 1. Schematic diagrams illustrating a conventional MEA and thin film MEA.

acid to get the membrane in Nform. Then, the membrane  for 3 min with a pressure of 193 atm. The schematic dia-
was boiled for 60 min in pure water to remove the remaining gram illustrating the conventional MEA is given in Fig. 1.
NaOH on the surface of the membrane, followed by drying

the membrane fixed with a frame in a vacuum oven 4680  2.3. Thin film MEA fabrication

The membrane in Naform can be used in an electrode

fabrication process based on a high temperature casting To increase the contact area between the polymer elec-

technique. trolyte and the platinum clusters, an electrocatalyst slurry
was made, in which Nafion solution replaced the ptfe emul-
2.2. Conventional MEA fabrication sion. The Nafion/Pt-C/glycerol slurry was prepared by first

thoroughly mixing together in a small vial the 5 wt.%

An electrocatalyst slurry and an electrode support are Nafion solution and the 20 wt.% Pt/C (Johnson-Matthey)
prepared in separate ways. For electrode support, a sheetr 40 wt.% Pt/C (Tanaka K.K.) using a magnetic stirrer.
of carbon paper was soaked in a waterproofing solution The ratio of supported Pt catalyst to Nafion for the catalyst
mixed with water for 30 min. and dried in the air for a layer is typically 3/1 (in weight of solids) [5].
day. Then, the carbon paper was subjected to sintering at The protonated form of Nafion within the slurry was
370°C for 20 min. The electrocatalyst slurry was obtained converted to the TBA (tetra-butyl ammonium cation)
by two mixing steps. In the first mixing step, platinum-dis- form by the addition of 1 M TBAOH (tetra-butyl ammo-
persed carbon powder with a platinum content of 20 wt.% nium hydroxide) in methanol. Since the addition of alkaline
(Johnson-Matthey) was mechanically stirred for 30 min in a solutions directly to the solubilized Nafion results in some
solvent to give a homogeneous mixture. Subsequently, in coagulation, the TBAOH solution was not added until the
the second step, ptfe emulsion was added to the mixture anccatalyst and Nafion solution were extremely well mixed
stirred by ultrasound. The ptfe comprised about 30 wt.% of (typically a few hours). The paintability of the slurry was
the resulting electrocatalyst layer. After adding a bridge- improved by the addition of glycerol, in the approximate
builder and a peptization agent, further mechanical stirring ratio of 1/1 or 3/1 (wt.%) with 5% Nafion solution, whose
was carried out for 30 min to give an electrocatalyst slurry. primary function was to enable higher temperature film
In another mixing method, the bridge-builder and peptiza- casting.
tion agent were mixed with the ptfe emulsion by mechanical
stirring before adding the ptfe into the mixture of Pt/C and
solvent.

Using a coating apparatus, this slurry was coated upon the
electrode support fixed on a flat die of the coating apparatus
and dried for a day in air and then, for about 30 min in an
inert atmosphere at 226. Then, the dried electrode was
transferred to a rolling apparatus, allowed to pass between
two rotating rolls, and subjected to sintering in an inert
atmosphere for 30 min at 3%0.

Portions of 5 wt.% Nafion solution (Aldrich) were brush-
coated onto the electrocatalyst layer. Then, the Nafion-
impregnated electrodes were placed in an oven 4C80
and allowed to dry for 60 min in an air atmosphere. The
amount of Nafion loading in the final dried electrode was
controlled at a value of 2 mg/cirNafion-impregnated elec-

trodes were bonded onto both sides of the pur_ifiéddfm Fig. 2. Scanning electron micrograph of the electrocatalyst layer of a thin
polymer electrolyte membranes by hot-pressing at°C45  film MEA.
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bottom sides, the membrane is in the centre. The thickness
of the catalyst layer and membrane are approximately 25
and 100um, respectively.

3. Results and discussion
3.1. Performance of small electrode single cells

A fuel cell test fixture was fabricated using machined
graphite blocks, having rib-channel patterns on one side,
which facilitated the distribution of humidified gases to
AccV SpotMagn Det WD Exp 1 100 m the porous gas-diffusion electrodes, as well as providing
RO DL, SE Sl i oledirodel current collection from the electrodes. The blocks became
gas tight and waterproof due to the impregnation treatment
of phenol resin. The active cell areas, represented by the rib-
channel patterns, were 25 and 50°cifeflon-coated fiber-

In the direct coating method [5], by using the screen glass gasket materials, placed on both sides of the mem-
printer, the slurry was applied to one side of a membrane brane, provided sealing on bolting the cell components
in Na" form held in place on a vacuum table. Then, the together. Copper endplates enabled test cell fixtures to be
coated layer was dried for 60 min on the vacuum table at bolted together, and electrical cartridge heaters inserted into
140°C. The table was cooled, the membrane was turned the walls of the copper plates allowed various operating cell
over, and the process was repeated on the other side otemperatures to be selected.
the membrane. This assembly was also hot-pressed for 1.5 The fuel cell test station used in this investigation had
min at 195C with a pressure of 77 atm to compact and several temperature controllers and flow meters, which con-
strengthen the catalyst layer. trol the temperatures and flow rates of the hydrogen and

In the transfer printing technique [4], the slurry was oxygen gases entering the fuel cell and also control the
applied on Kapton polyimide film (Chemical Fabrics) by temperatures of humidification vessels. An electronic load
the same process as in the direct coating method. Thenwith a maximum capability of 1 kW (Scribner Associates)
the coated layer was dried for 120 min at 1@5n a vacuum was used to obtain the performance of the single cells.
oven. The coated blank, membrane and counter electrode The single cell was operated at various temperature of
were hot-pressed together for 1.5 min at A@%vith a pres- 60-90C on Hy/O,. Humidification of the anode/cathode
sure of 77 atm. The membrane/catalyst assembly wasgas streams is accomplished by diverting the streams
removed from the press and allowed to cool, then the Kap-
ton film was peeled away from the membrane, leaving the
thin film catalyst layer adhering to the membrane.

Finally, the catalyzed membrane was rehydrated and
ion-exchanged to the Hform by immersing it in lightly
boiling 0.5 M sulfuric acid for 60 min, followed by rinsing
it in de-ionized water. A separate Teflon-coated carbon
cloth was used as a backing for the thin film MEA to provide
support and to provide a hydrophobic distribution network
for the gases. The carbon cloth backing was made by coat-
ing the slurry containing carbon black powder and ptfe
emulsion on the carbon cloth. The process of making the
slurry and the drying and sintering process are similar to that
of making the conventional catalyst layer. The schematic
diagram illustrating the direct coated MEA is also given in
Fig. 1.

Fig. 2 shows a typical scanning electron micrograph rig 4. comparison of cell voltage against current density performances for
(SEM) of the electrocatalyst layer of the thin film MEA. H,0, cells with a carbon paper electrode (0.3 mg Pgcand a carbon
The porous structures of Pt/C agglomerates were uniformly cloth electrode (0.4 mg Pt/dn Conditions: Nafion 117 membrane; elec-
distributed in the electrocatalyst layer and were evenly clo- trode areas 25 cnf; conventional MEA (1.2 mg Nafion/cfj) Hy/O, = 1:1

.. R _ atm; H = 7.5 l/min; G, = 2.25 I/min; ©), carbon cloth electrode at 80;
Sely contacted, similar to the ptfe bonded PUC electro (4), carbon cloth electrode at 90; (®), carbon paper electrode at*€Q)

catalyst. Fig. 3 shows a SEM picture of the cross-section (,), carbon paper electrode at“@ (W), carbon paper electrode with
of the thin film MEA. The catalyst layers are on the top and different mixing conditions at 9.

Fig. 3. Scanning electron micrograph of the cross section of a thin film
MEA.
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e during the single cell tests. Then, the concept of the single

cell design was expanded to make stacks.

1 Fig. 6 shows the performances of home made MEAs and

B, ] a commercial MEA, both tested in this laboratory. The con-
i Sonn ventional MEA shows a lower performance compared with

07 .&&&&g’:&ﬂ:&gk&: ] the thin film MEAs and commercial MEA which show a
D“u% S SR performance of 0.6 V, 400 mA/cmHowever, the perfor-
05l i mance of the direct coated thin film MEA was still lower

than that of the commercial MEAs reported in literature [6].
In order to improve the performance of the direct coated
MEA, the optimization of the manufacturing processes
and parameters for MEA has been carried out through the
5 160 . 260 3(')0 4c'>o . 5c'>o 6(')0 7(')0 sipgle_: celltests. The higher_performance of the direc@ cc_)ated
thin film MEA compared with that of the transfer printing
Current Density (mA/cm?) technique thin film MEA seems to be related to the forma-
Fig. 5. Polarization curves for transfer printing technique thin film MEA tion of a more intimate membrane/electrode interface.
(0.1 mg Pt/cr) with Nafion 115 membrane. Conditions: electrode The proton penetration and gas accessibility may define
area= 50 cnf; H,/0, = 1:1 atm; B =7.5 I/min; O, = 2.25 l/min; ©), the active reaction region in the electrocatalyst layer. As the
'%’,f’cg'ycem' at 80C; (4), low glycerol at 70C; (0), high glycerol at o, rrant density increases, the active reaction region narrows
' and closes to the interface of membrane and electrode. The
through heated water-filled sparger bottles that are usuallytransfer printing technique thin film MEA made from a 40
kept at 90 and 8 for H, and Q, respectively. wt.% Pt/C electrocatalyst has a higher density of the elec-
Fig. 4 shows the performance of the conventional MEA trocatalyst in the active reaction region and shows higher
with an electrode area of 25 épmade from a Nafion 117  performance in the high current region as shown in Fig. 6,
membrane and commercial carbon cloth electrode (E-TEK) compared with the MEA made from 20 wt.% Pt/C.
or carbon paper electrode. As the cell temperature increases
from 60 to 90C, the cell performance slightly increases. 3.3. Performance of small stacks
The improvement in the mixing of the slurry enhances sig-
nificantly the performance of the conventional MEA. This ~ Two small stacks with electrode areas of 50 and 308 cm
indicates that the uniform distribution of ptfe in the electro- were designed and fabricated to have separate active elec-
catalyst layer can greatly affect the performance of the trode and humidifier sections. The active section includes
MEA. The performance of the carbon paper MEA was 0.6 the plurality of MEAs, fluid flow field plates, coolant flow
V, 350 mA/cnf. This result indicates that the technique of plates, electrical connections between the individual cells,
the conventional MEA manufacturing process could not be as well as control circuitry to generate electric power. The
acceptable for applying stack fabrication [1].
Fig. 5 shows the performance of the thin film MEA with 1.0}
an electrode area of 50 énmade by the transfer printing
technique with a Nafion 115 membrane. As the cell tem-
perature increases from 70 to°&) the cell performance 0.8
slightly increases. The content of glycerol in the slurry
affects the performance of the thin film MEA in the high
current region. The glycerol improves the paintability of the
slurry ink, but could reduce the contact area of the Ptelec- > 0.5
trocatalyst and Nafion powder and the charge transfer. The g g4
performance of 0.6 V, 650 mA/chof the thin film MEA !
indicates that the thin film MEA manufacturing processes
are well established and can be acceptable for applying 0.2
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3.2. Performance of large electrode single cells Current Density ( )

Fig. 6. Comparison of cell voltage against current density performances at
The large electrode single cell was designed and fabri- 90°C for H,0, cells with commercial MEA @), conventional MEA of
cated with internal humidifiers and water cooling channels. lc\larlf’on Paper e'ecg"d"l ardtth'g film "ggss % Aﬁ /Dg- Ci”f't'ot”s
. - . . aron membprane; electrode are cnT; 21O = 11 atm;
The single cell has a gas flow field area of 30Gevhichis "~ g &' jirin'0, = 3.8 imin; (0), direct coated thin fim MEA, 20%
a parallel rib-channel pattern. The functions of the internal pyc; (), transfer printing technique thin film MEA, 20% PYCD),

humidifiers and the gas flow field pattern were checked transfer printing technique thin film MEA, 40% Pt/C.
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Fig. 7. Comparison of cell voltage against current density performances for
a 4-cell stack with electrode area of 50 T(®) and a 2-cell stack with
electrode area of 300 énA). Conditions: Nafion 115 membrane; transfer
printing technique thin film MEA; HO, = 1:1 atm; B =8.5 I/min;

0O, = 3.8 I/min.

humidification section includes a plurality of membrane
humidification cells which intoduce water to the respective
inlet hydrogen and inlet oxygen streams. The inlet hydrogen
stream entering the fuel cell stack is humidified in the humi-
dification section and then directed to the plurality of indi-
vidual MEAs in the active section. The pure water was
pumped into the reaction side to cool the each cell and
then passed through the humidifier section to humidify the

Y.-G. Chun et al. / Journal of Power Sources 71 (1998) 174-178

the parallel straight rib pattern with a storage chamber at
both ends in which gas distribution is not uniform on the
overall electrode area. Water supply and removal could also
be irregular.

4. Conclusions

In order to obtain some key technologies of MEA fabri-
cation that can be applicable to a kW-class PEMFC, several
MEASs have been fabricated by different catalyst layer pre-
paration procedures and evaluated based on the cell perfor-
mance. Conventional MEAs were fabricated using carbon
paper and carbon cloth electrodes and showed a perfor-
mance of 350 mA/cfat 0.6 V. Thin film MEAs manufac-
turing processes were developed using direct coating and
transfer printing techniques. The thin film MEAs showed a
performance of 650 mA/cfrat 0.6 V in the small electrode
single cell and of 400 mA/cfrat 0.6 V in the large electrode
single cell.
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