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Abstract: The performancef the Direct Methanol Fuel Cell (DMFC) using multi-layer electrode, which prepared

by various anode catalysts and Nafion membranes, was studied for reducing the amount of the metal catalyst loaded
in the MEA system. The amount of the catalyst used in this experiment was 3-4 rimgfcathode and 1-2 mg/ém

in anode, respectively. The best performance was to be 230 R\WAHEA3 at 90C and 2 bar in this experiment.
However, the overall performance of the DMFC was maintained almost the same compared to the general commercial
catalyst systems.
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1. Introduction occurring in a DMFC, which contains a polymer electrolyte
membrane, are as following:
Direct methanol fuel cell (DMFC) is one of the prime can-
didates for the small power sources and future electric vehicle Anode CHOH + H,0. — CO,+ 6H" + 66
applications because of its high power density and low tem- N
perature operatidi®. In contrast with the polymer electrolyte Cathode 3/2 @+ 6H" + 6e-— 3H,0
membrane fuel cell (PEMFC), the DMFC system does not Overall CHHOH +3/2 G — CO, + 2H,0
require either hydrogen as a fuel or fuel reforming devices
for the fuel cell stack. Reformer also increases the overall The significance of the DMFC is due to overall simplicity
system weight. Generally, hydrogen may be carried in a formand a liquid fuel where the gases need not to be humidified.
of hydride. Presently most of the fuel cell vehicles are using Many researchers have reported the catalysts to promote
compressed hydrogen in a cylinder as fuel although it is nothe methanol oxidation reaction, as following: (1) noble metals,
safe perfectly. From the safety of the fuel storage, the(2) noble metal alloys, (3) noble metal alloys with non-noble
researchers are trying to alter the hydrogen as a fuel for thenetals, (4) chemisorbed layers on Pt, (5) platinum with inor-
methanol. ganic material, and (6) redox catalyafd Pt-Ru appears to
The DMFC has some problems, yet as followings. 1) be the best methanol oxidation catalyst in acidic electrolytes
Methanol crossover through the membrane to the cathodes reported in the literatdfe
side decreases the oxygen kinétiesd the cell potential in Jung et. al. have reported the anode catalyst to improve the
turn affecting the efficiency of the system. 2) The removal of overall performance in the DMFC céfls In most of their
carbon monoxide, which poisons the catalyst, is essential irstudies, they used commercially available carbon as a support
the catalyst system to improve the overall performance of thematerial. Pt-Ru samples and catalyst for anode were prepared
DMFC*%. 3) The formation of C@at the anode side blocks in their laboratories. Loading amount of the anode catalyst
the active site of the catal§$t varies from 5 to 10 mg/ctin the previous paper. The
The methanol is oxidized at the anode and releases protorpresent work is mainly concentrated on low loading noble
which combines with oxygen to form water and generatesmetals and operating at low temperature and pressure. A
the energy as shown in Fig. 1. The electrochemical reaction®MFC is operated at normal atmospheric pressure and
between room temperature to°@0 Comparative studies
tE-mail: doohwan@kier.re kr were carried out using various commercially available anode

68



@=77185)814), 4l 63, Al 15, 2003 69

Second laycr — «f— el Sccond layer
DAL First layer — (P First layer
N * . Diffusion layer = — Diffusion layer
o ) Carbon paper <_| |—> Carbon paper

— |
h1:.~:h.||'°*—‘ . s ™
|

WWALE

Fual — : — Cxidant ; g ‘
b P | MeOH | — N L 1
e thanalF % al - 1 - * el Graphite NN Graphite
" K Membrane
Arviria Ll Fig. 2. Schematic diagram of multi-layer electrode used in this
Pakmes Mambiars experiment.
Fig.1. Schematic diagram of DMFC single cell. propyl alcohol and distilled water. The additions of ionomer
in the catalyst partially reduced catalyst particles in intimate
catalysts for DMFC. contact with other catalyst particles to provide electronic
conductivity. It also provides good ionic conductivity within
2. Experimental the electrode structure and a continuous ionic path to the

membrane electrolyte. The cathode catalyst is Pt black and the

The performancef the DMFC using multi-layer electrode loading varied from 3 to 4 mg/énCathode is a gas-diffusion
was examined in this study. The schematic diagram of thetype consisting of two layers. The single cell assembled was
multi-layer electrode was shown in Fig. 2. The membraneoperated at various temperatures.
electrode assemblies (MEA) used in this study had an active
area of 25 crh The membrane and electrode were assembled 3. Results
using graphite plates that have flow channel machined into
the surface for the supply of fuel and oxidant, which acts as Fig. 3 shows the single cell performance of MEA1 under
electrical connection for the cell. The cell was assembledthe ambient (Fig. 3a) and 2 bar oxygen pressure (Fig. 3b).
using gold-coated copper end plate. 2.0 M methanol wasThe maximum power density of MEA1 was shown to be 115
used and was passed through the anode side of the cell usirapd 130 mW/crhunder the ambient and 2 bar oxygen pressure
programmable mass flow controller with a flow rate of 2 ml/min at 0.4V, 60C, respectively. As expected, the overall power
in all the experiments. The flow rate of oxygen was kept atdensity of MEAL increased with increasing the temperature
2 bar on the cathode side. The anodes prepared using varioa the same operating voltage.
catalysts were i) 60% Pt-Ru on carbon, ii) unsupported Pt-Ru Fig 4. shows the single cell performance of MEA2 under
black. The loading of the catalyst was varied on the electrodeshe ambient (Fig. 4a) and 2 bar oxygen pressure (Fig. 4b).
as shown in Table 1. The Pt-Ru catalysts were from E- TEKThe maximum power density of MEA2 was shown to be 40
(USA), having an atomic ratio of 1:1. The catalyst slurry was and 50 mW/crf at 0.4V, 60C under the ambient and 2 bar
prepared by adding a Nafion ionomer into a mixture of iso- oxygen pressure, respectively. The overall performance

Table 1. Sample preparation condition in this experiment.

MEA cathode electrode anode electrode
No. diffusion layer 1st layer 2nd layer diffusion layer 1st layer 2nd layer
) 2 mglent Ptblack 2 mg/ent Pt black . 1 mg/enf Pt-Ru/C 1 mg/ent Pt-Ru black
1 C/B+teflonbinder = oo 2506) + Nafion(15%) /B * Nafionbinder o q o 33 %) + Nafion(25 %)

0.3 mg/cnd Pt-Ru/C

2 + Nafion(33 %)
3 1 mg/cnt Pt-Ru black
+ Nafion(25 %)
4 1 mg/ent Pt black 0.5 mg/cnd Pt-Ru/C 0.5 mg/cn Pt-Ru black +
+ Nafion binder(15 %) + Teflon(20 %) Nafion (25 %)

MEA No. 1, 2, 4: Nafion 117, and pressured at 34 Kgt/fan3 min.
MEA No. 3: Nafion 115, and pressured at 34 Kgfiéar 3 min.
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Fig. 3. Single cell performance of MEA1 at the (a) ambient and (b)

2 bar of oxygen pressure. Fig. 4. Single cell performance of MEA2 at the (a) ambient and (b)

2 bar of oxygen pressure.

decrease compared to the MEAL should be due to decreas

of the amount of catalyst in anode. 08 80
Fig 5. shows the single cell performance of MEA3 used ork 14
the Nafion 115 membrane under the ambient (Fig. 5a) and : J— o
bar oxygen pressure (Fig. 5b). The maximum power density o < o0 '-“ /./'/ 1% §
MEA3 was shown to be 65 and 140 mWfcat 0.4 V, 66C A e 1% &
under the ambient and 2 bar oxygen pressure, respectivel %0 04l \'>-<_\_ H40 ?
The maximum power density examined a®@@inder 2 bar % 03l ya \"'\'\.\_\ 110 §
oxygen pressure was shown to be 230 m\{/and it is the © ozl / Tt 1w E

best performance in this experiments. The maximum powel -
density examined at 60 under ambient oxygen pressure o1 v @ 1°
was much smaller than that of the MEAL. This should be %7 p pros pres 200 250 200
due to the thickness of the Nafion membrane. Current Density (mA/cm’)

Fig 6 shows the single cell performance of MEA4 under 240
the ambient (Fig. 6a) and 2 bar oxygen pressure (Fig. 6b) 08
The maximum power density of MEA4 was shown to be 22 o 17 -
and 28 mWicrh at 0.4 V, 66C under the ambient and 2 bar < 06 i §
oxygen pressure, respectively. The sample prepared using tF gp 05 E
MEA4, which contained the smallest amount of catalyst in this $ ¢4 1% g
experiment, showed the lowest value of the maximum power 5 ,, s a)
density in this experiments. 02 E

o J40
4. Discussions s (b)
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In the present study, performance of the multi-layer elec- Current Density (mA/ent)

trode for the DMFC was investigated to reduce the amounirig. 5. single cell performance of MEA3 at the (a) ambient and (b)

of the catalyst actually loaded in the MEA system without 2 bar of oxygen pressure.

decreasing the overall performance of the DMFC. The

amount of the catalyst used in this experiment was 3-4 Mig/lcmmulti-layer electrode could reduce the amount of the catalyst
in cathode and 1-2 mg/énn anode. The MEA prepared by a about 1/2-1/4 compared to the general commercial product,
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under 150 mA/crf) there was not any appreciable change of
the cell performance. With thinner membrane, higher perfor-
mance is expected but this behaviour was suppressed due to
increasing the amount of the methanol cross over on the
cathode side. However, there is difference of 50 mAjonthe
higher current density region at the same operating voltage.
It should be that most of the methanol was consumed in the
reaction and then the methanol cross over was very low. This
improvement was observed due to thinner membrane.

The performance of DMFC was determined by many factors
such as methanol diffusion and g€@volution, especially,

0 50 100 150 200 250
Current Density (mW/en?’) dealt with in this experiment. The methanol diffusion and CO
- 100 evolution were affected by the hydrophobic, hydrophilicity
:::Sgug e 1% and pore size distribution of diffusion layer. These factors
.. /././-/'/ —> < should reduce the amount of catalyst without the performance
= :1 ‘°~.\.\ P 470 § decrease of DMFC. More detailed §tudies are needed contin-
g@ -\_ ", :/' 460 E uously to clarify the factors and their mechanisms.
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