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Abstract

Placing a hydrogen conducting, methanol impermeable metallic barrier like
palladium (Pd) is a well-known method for preventing methanol crossover through
solid polymer electrolyte for direct methanol fuel cells (DMFC). Applying a bias
potential between the anode and the barrier can further develop this concept so that
the hydrogen transfer rate is enhanced. Since hydrogen diffuses in Pd as atomic form
while it moves through nafion electrolyte as ion, it has to be reduced or oxidized
whenever it passes the interface formed by Pd and the electrolyte. We performed
experiments to measure the hydrogen transport through the Pd membrane placed in
Nafion electrolyte of hydrogen/oxygen fuel cell (PEMFC). Applying a bias potential
between the hydrogen electrode of the cell and the Pd membrane facilitated the
hydrogen passage through the Pd membrane. The results show that the cell current
measured with the Pd membrane placed reached almost 40 9% the value measured
with the cell without Pd membrane. It was found that the current flown through the
bias path is only a few percent of the cell current.
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1. Introduction

Direct methanol fuel cells (DMFC)
employing proton exchange polymer
electrolyte have recently gained
considerable interest owing to their

attractiveness as a candidate for vehicular
applications. One of the major chemical
problems in DMFC is fuel cross over and
its impact on cathode operation and
system energy efficiency [1,2]. The vast
majority of the polymer electrolyte fuel
been performed using
Nafion as the electrolyte. As far as
DMFC is concerned, the electrolyte has
The methanol
crossover rate across Nafion 117 is about
100 mA/cm® and the resulting cathode
performance decay as well as the loss of
fuel are simply not acceptable.

There have been several attempts to
circumvent the crossover. One approach
so far is to use basic polymers doped
with {34]. A tenfold
decrease in methanol crossover

cell work has

significant disadvantages.

inorganic acids
the
resulted from the use of those polymers,
but a complete blocking is still far from
realization.
based on a barrier concept [5] or on
morphology change of the membrane [6].

An alternative approach is

In the design utilizing the barrier concept,
a film of a methanol impermeable protonic
conductor, such as a metal hydride, is
inserted polymer
electrolyte such as Nafion. A barrier such

in proton exchange

as Pd foil placed in Nafion electrolyte can
basically block transportation
molecules or ions except hydrogen. As is
well known, hydrogen atoms are dissolved
in Pd lattice readily.
atomic ratio of H to Pd reaches almost

of any

The maximum

0.8. As shown in Fig. 1 hydrogen ions
approaching the interface between Pd and
Nafion should be reduced first and then
converted into H atoms. Hydrogen atoms
are first adsorbed on the Pd surface and
then, diffuse through the Pd lattice in
atomic form. As the atoms reach the
other surface of Pd barrier interfacing
with Nafion, these atoms now have to
oxidized again and are transported as ions
until they reach the oxygen electrode
(cathode). But the past work employing
this approach relied solely on the
reduction or oxidation of hydrogen on the
barrier surface at near the thermodynamic
potential established by the concentration
of the involved species [5]. The
modification of the potential of the barrier
can make the reduction or oxidation at
either surface of the barrier take place at
much favorable overpotential. In our study
we first applied the barrier concept to

proton exchange membrane fuel cell
(PEMFC). A bias potential was then
applied to a Pd foil placed in the

membrane. If, with such arrangement, it
is proven that the barrier with bias
potential does certainly work, the concept
can be directly applied to DMFC. One
aspect to be
application is

considered in such

that the current flown
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throught the bias path should be a small
fraction of the fuel cell current. In this
report we present the outline of our
approach and some data that support
legitimacy of our approach. :

2. Experimeéntal

Electrodes

Commercial carbon gas diffusion
electrodes loaded with platinum (0.4 mg
Pt cm”, Globe Tech Co.) were used as
both the cathode and the anode. To
increase the three-dimensional contacting
areas between the solid electrolyte and
the catalytic platinum layer, the catalytic
surface was impregnated with 0.8 mgcm ™
Nafion® (Aldrich Chemical Company).
The electrodes were dried for 2 hours at
80 T to remove residuary solvents like
isopropyl alcohol and water. The smooth
Pt electrode with low surface area was
also prepared by evaporating platinum of
about 300 A thickness on a carbon paper.

Nafion® 117 was used in this study
as the proton exchange membrane. The
following procedure was wused in the
pretreatment of the membrane: (1) The
membrane was boiled in 3 wit% H202
solution for one hour; (2) then rinsed in
boiling deionized water for 2 hours to
remove any organic compounds; (3) boiled
in 0.5M H2804 for one hour to remove
metal compound and to exchange Na+
with H+; (4) and finally rinsed in boiling
deionized water for 2 hours.

Membrane-Electrode Assembly (MEA)

The treated membrane was hot
pressed to Pt (04mgcm™® anode and
cathode - separately (120, 70atm, 90sec).
A 24 m thick Pd foil (99.9%, Aldrich)
was thin coated with Nafion ionomer. Fig.
2 shows the Pd foil sandwiched between
the two Nafion membranes and hot
pressed at low pressure (10atm).
Electrochemical deposition of Pd was
made on some of the foil samples to
increase their surface area. During the
deposition the foil was used as the
cathode in 2% PdCI2 solution (dissolved
in 2N HCI). The hydrogen or oxygen gas
was fed into the anode or cathode of
PEMFCs through a humidifier that had
been insulated and heated. The
temperatures of the electrochemical’' cell
and humidifiers at the cathode and the
anode were set at 60C, 65C and 70T,
respectively [7]. The cell currents and
terminal voltages were measured to plot
the i-V curves. In all experiments, the
total flow rate of the gas mixture was
300 ml min-1 while the pressure of the
mixture was set to be one bar. The
terminal voltage control was realized by
applying different load resistors between
electrodes.

Application of a bias potential

Fig. 3 shows the application of a bias
potential on the Pd foil against the
hydrogen electrode (anode). A potentiostat
(EG&G Model 263A) in its galvanostatic
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mode or a voltage divider with high
resistance (over one mega ohm) was used
to apply a bias potential to the Pd foil
with respect to the anode. A DC battery
and a resistor of megaohm range can
provide a bias potential with drawing a
very low current of 1 mA range through
the bias circuit.

3. Results and Discussion |

The complete cell arrangement is
shown in Fig. 4. Also shown in the figure
are the electrochemical potentials of
hydrogen, oxygen electrodes and the Pd
barrier. Although the surface of Pd foil is
rather smooth, the microscopic details of
its terrain should be rough. When this foil
is pressed against Nafion film, the
inherfacev would not achieve a full contact
between the constituting atoms or
molecules of each phase. A better contact
can be achieved if the foil surface is
coated with the Nafion ionomer. Better
contact reduces the resistance at the
interface. The cell performémce with or
without the ionomer coating is shown in
Fig. 5. It clearly shows that the ionomer
treatment remarkably improved the cell
performance.

With the foil treated with the ionomer
another the cell
performance was achieved when a bias
potential is applied 'atb the foil. The
performéng:e of the cell with or without
the bias application is shown in Fig. 6.

improvement in

Fig. 6 shows that application of the bias
potential on the foil also contributes - for
improvement of the cell performance. At
the hydrogen electrode (anode) the
hydrogen molecules are oxidized sending
electrons to external circuit and protonic
ions to the opposing oxygen electrode
through  Nafion electrolyte.  Without
voltage modulation of the Pd foil, the
electrochemical potential of the foil is
determined by the concentrations of
hydrogen atom or ion at the interface.
The i-V curves shown in Fig. 6 confirm
that the Pd foil with the voltage
modulation exhibits a large improvement
in performance. »

But there should be an optimum value
in the bias potential applied on Pd barrier.
For example, at 0.3 V the cell cun'ént
increased from 5 to 30 mAcm 2 But if
the bias potential is increased beyond a
critical value that is around -02 V
against the anode, the cell performance
starts to decrease. It should be reminded
that a favorable potential at one interface
where the hydrogen reduction reaction
occurs has the adverse effect at the other
interface where the oxidation reaction
occurs. Thus an optimal bias potential or
current should exist. The dep_endénce of
the cell performance on the bias current
is shown in Fig. 7. As the bias current
density was increased over 3 mAcm ? the
cell performance deteriorated
significantly. These bias currents
correspond to bias potential in the range
of 006 ~ -0.15 V referred to the anode. It

was
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confirms the existence of the optimum
bias value. ,
Going back to the point of reducing
the resistance of the interface between the
foil surface and the polymer electrolyte,
an increase of the interfacial ‘area
certainly should be a contributing factor.
Electrochemical deposition of palladium on
the foils surface increased the surface
area substantially. the
cyclo-voltammogram of the foil shown in
Fig. 8 we can see that the surface area
of the. foil after deposition is about ten
times higher than that of untreated foil.
The effect of the surface area of the Pd
foil on i~V curve is shown in Fig. 9.
Throughout the entire voltage range
of the cell, the current flowing through
the bias path was adjusted to be about 3
mAcm'z, which is only a few percent of

From

the cell current that ranges from 100 to
300 mAcm?® It is true that the
performance of the cell with the barrier is
still far below that of the cell without the
foil (the baseline). At 0.4 V the cell with
the modification delivers only 40% of the
current of the baseline. However, the 25
m Pd foil is too thick as a barrier,
particularly the operating temperature is
much below 90TC. If a thin, preferably in
the range of hundred nano meter and
continuous Pd film can be fabricated, the
cell performance can be greatly improved
with the potential modification on the
inserted Pd barrier. Furthermore, such a
thin Pd film does not have to be
sandwiched between two Nafion sheets.

As long as a direct. contact between the
Pt catalyst of the anode and Pd barrier
can be avoided, Pd film can be placed
right next to and hot pressed against the
anode to reduce the thickﬁe_ss of MEA.
Thus the barrier concept demonstrated
with PEMFC can be extended to DMFC.

4. Conclusions

To prove a barrier concept that could
be applicable to DMFC a Pd foil was
placed to nafion electrolyte of PEMFC and
the cell performance was tested. Even
though the performance was much lower
than that of the cell without the barrier,
it steadily improved by making a series
of treatments on the barrier surface. The
treatment that contributed for improving
the performance includes coating of the
surface of the Pd foil with Nafion
ionomer, depositing Pd on the foil surface
so that its surface area is increased and
finally application of a bias potential on
the foil. The terminal voltage at 50
mAcm * jumped from below 0.2 V to 0.7
V after the series of the treatments. The
power consumption for such modification
was less than 1 % of the operational
power of the cell. However, the power
density of PEMFC even after such
treatments is still in the range of 0.035
Wem™® and it has to be improved to meet
requirements expected for practical use.

_%1_



Seong-Min’Song, I-Gyo Koo, Woong-Moo Lee

Acknowledgements o 3. Wainright ]S, Wang JT, Weng D,

' ‘ ' Savinell Rf and Litt M, J. Electrochem.
Soc., 142, N.7, (1985)

4,  Wainright JS, Wang JT, Weng D,
Savinell Rf and Litt M, J. Appl
Electocehm., 26, N.7 (1996)

5. Cong Pu, Wenhua Huang, Kevin L.
Ley, and S. Smotkin, J. Electrochem.
Soc., 142, 1119 (1995)

References 6. W. C. Choi, J. D. Kim and S. I Woo,

J. Power sources, 96, 411 (2001)

1. M. K. Ravikuma and A. K. Shukla, , J. 7. J. M. Song, S. Y. Cha and W. M. Lee,
Electrochem. Soc., 143, 2601 (1996) J. Power sources, 94, 78 (2001)

2. A. Heinzel, V. M. Barragan, J. Power
Sources, 84, 70 (1999)

This research was 'supported by the
Alternate Energy Program through the
Republic of Korea Ministry of Commerce,
Industry, and Energy.

...%2_



Faoixl H12A H4E(E001 129)

thin coated Nafion

ionomer
ot o

Pd foll
" Pt(H ) u Pt(O,)
E—— 7777
Nafion 117
Nafion Nafion 7777

T oy kX3

Fig. 1 Hydrogen transport through Fig. 3 Adjustment of the potential at the
Nafion/Pd/Nafion Pd foil with respect to anode and cathode

Polymer Electiolyte
{Nafion 117)

Hylg) —» 2H* + 2¢° /\ 1/20,(0) + 2H + 2¢¢ —» HO()

A dectrode
 Nefien 177 Hydrogen «———
Hydropen ————» —_— ?xg:r
(anode & cathode) (MEA)
(a) (b)
Fig. 2 Membrane-Electrode Assembly (MEA); Fig. 4 Experimental setup

(a) Anode and cathode and (b) MEA



Seong-Min Song, lI-Gyo Koo, Woong-Moo Lee

L T T T

Y :
10F g —e— no pretreatment : 10 . —a— 1mAcm?®
c\l . --0— thin coating with Nafion ionomet ‘-\ —*— 3mAcm”®
08} ¥ . 08 -—&— 10 mA cm™
*0
2 oe} 0\\0\ 1 2 osl 1
5.0 e j
S 04} . o_ B o4} B
> \.\ ‘\O\ >
02} . To, 1 0.2 h
\b ‘-\\0\
oo} e o ] 00} -
0 20 40 680 80 100 0 50 100 150 200
Curvent Density / mAcm’ Current Density / mAcm™®

Fig. 5 Effect of Nafion ionomer pretreatment Fig. 7 Determination of optimum bias potential
of Pd foil surface on the cell performance

T T y T 8 r r . r : r T
10r -0 Pd membrane without bias potential
| vl oien I [EPPRRS Pd foil without treatment |\
vel S\-O—Pdmmmbmpotmm ] o BF -~ Pdfoil with Pd a .Am/‘/g\ g
x ! g /
o 4} ! \ B
06} \o.\. _ = / ;\
Z NN 2 /
NN : I - -
§’ 04} 2 . E 1 / \ .
S o\ “1\ i ® 0} .,W.-.H*:;;;.;{-,]‘ ]
02} 0, . o LN J g
\o - . O 2t -
00} \(v Te ;
0. s 1m0 200 7400 1200 1000 800 600 400 200 0
Current Density / mAcm® Vottage / mV ( VS. NHE)
Fig. 6 Effect of bias potential application Fig. 8 Cyclovoltammogram of Pd foil

at the Pd foil on the cell performance



TR HX H123 HM4Z(2001d 12%9)

1.0 ey
. ——— DBase line
08F bw ~-=— Pd foil with Pd deposition |
LN\ —o— Pdfoil without treatment
[<B ] -
. - .
z 08} & u ‘\\\\\ 4
& J\ LN T —
2 o4} b T ]
~.
; KX ‘\I.\
02} o e ]
T .
oo} T - ]

V] 50 100 150 200 250 300 350 400
Current Density / mAcri”

Fig. 9 Effect of surface area increase of the
Pd foil on the cell performance



