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Abstract : Nanophase catalyst layer for direct methanol fuel cell has been fabricated by magnetron sputtering method.
Catalyst metal targets and carbon were sputtered simultaneously on the Nafion membrane surface at abnormally
higher gas (Ar/He mixture) pressure than that of normal thin film processing. They could be coated as a novel struc-
ture of catalyst layer containing porous PtRu or Pt and carbon particles both in nanometer range. Membrane electrode
assembly made with this layer led to a reduction of the catalyst loading. At the catalyst loading of 1.5 mg PtRu/
cn? for anode and 1 mg Pt/énfior cathode, it could provide 45 mW/érn the operation at 2 M methanol, 1 Bar

Air at 8C°C. It is more than 30% increase of the power density performance at the same level of catalyst loading
by conventional method. This was realized due to the ultra fine particle sizes and a large fraction of the atoms lie
on the grain boundaries of nanophase catalyst layer and they played an important role of fast catalyst reaction kinetics
and more efficient fuel path. Commercialization of direct methanol fuel cell for portable electronic devices is
anticipated by the further development of such design.
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1. Introduction the anode while oxygen in the air is reduced at the cathode
and the most developed liquid feed fuel cell is the DM#C.
The development of environmentally benign, cost effective It is competitive and even superior to advanced rechargeable
and efficient small fuel cells is one of the greatest challengedatteries such as lithium polymer or sulfur batteries in the
for materials scientists, industrial designers and portable elecview of energy density and recharging matter. And, as the
tronics manufacturers. Portable applications of small fuel cellsnew concept of mobile multimedia devices (PDA, wearable
will be available by the technical achievement of PEMFC computer etc.) is becoming realized, more powerful energy
(Proton Exchange Membrane Fuel Cell) or DMFC (Direct storage device is required and DMFC would be the solution
Methanol Fuel Cell) since they are the fuel cells that can befor these applications. There are several technical problems
operated in the ambient condition. Recently, the materialsconcerning the realization of this technology into the market.
and processes for compact and light weight PEMFC operatingrhe major issues are : (i) more efficient methanol oxidation
at room temperature and atmospheric pressure without angatalyst design, (ii) methanol tolerant catalyst for cathode,
peripheral such as compressor or humidifier has been develfiii) methanol crosover resistant membrane, (iv) liquid diffu-
oped for portable power sourcedts energy density over sion electrode, (v) air breathing electrode, and (vi) compact
120 Wh/kg (including metal hydride can) showed the poten-cell pack design with methanol solution storage.
tial of its application to laptop computérHowever, fuel Novel catalyst layer design has to be proposed for more
storage is still the bottleneck for the commercialization due efficient MEA (Membrane and electrode assembly), so that
to its volume and the problem of refilling. Thus, fuel cells both of the volume of cell pack and material cost of DMFC
employing liquid organic fuels are attractive as portable could be reduced. An estimation of power output and mate-
applications since the aqueous solution for fuel is oxidized atrial cost has been simulated. By the conventional DMFC
technologies, $20 is expected per cell pack (1000 mW for
TE-mail: hchang@sait.samsung.co.kr cellular phone), which is rather expensive comparing with
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battery pack and over 50% of this cost is coming from the ¥ Magnetran Gun

catalyst (6 mg PtRu/cfrand 3 mg Pt/cifor anode and cath- ]

ode, respectively). Although at this large amount of catalyst

loading, only 50 mW/cihof power output is available when

the cell is operated in 2 M methanol solution and air at room IP1] - -

temperature. At this performance, only 10 mW/aould be éL

achieved in the monopolar cell pack condition with air

breathing operation instead of requiring 30 mWAdar talk-

ing mode in the cellular phone within the size of conven- Pr—

tional rechargeable battery pack. Sarpie Lot :_E 1
Recently, improvements of power performance were Sampha Holder

reported by utilizing sputtering method for catalyst coaing. 4, 4 cus it T [ 1, Purging

An attempt to apply the catalyst layers by sputter deposition

directly on both of membrane and electrode led an increast NN

of catalyst utilization by two orders of magnitude and

showed the possibility of reduction of the anode catalyst

loading below 4 mg/cfused in conventional MEA process- | |

ing.® This paper also describes sputter deposited catalys

layer, but somewhat novel design of catalyst metals and carbo

was studied for more efficient electrochemical reaction andFig. 1. UHV Chamber with Catalyst and Carbon Sputtering System.

fuel path in the catalyst layer by utilizing nanophase struc-

tures. Nanophases are materials with at least one dimensio..

in the nanometer range, generally less than 100 nm. BecaustEhese catalyzed membranes were sectioned by ultramicrot-

of their unique combinations of mechanical, physical and omy method, so that the specimens of 60 nm thick could be

magnetic properties, they have received considerable attenprepared at the stroke rate of 1 mm/sec during the sectioning.

tion in the past decad& This novel structure was achieved

by abnormally higher gas pressure of sputtering source (10 2.2 MEA Process and Polarization Test

to 1¢ Pa) than normal thin film processing 4@ 10° Pa). Catalyzed membrane containing nanophase PtRu-C on the

Nanophase layer of catalyst and carbon processed with thianode, Nafion 115 membrane for electrolyte and nanophase

method was characterized by TEM (Transmission ElectronPt-C on the cathode was hot pressed with 200 kdfiain

Microscopy), HREM (High Resolution Electron Microscopy) hydraulic pressure at 125 for 3 minutes between the diffu-

and it was tested as MEA of DMFC for measuring its polar- sion electrodes of both sides. Diffusion electrode was pre-
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ization characteristics. pared with microporous layer of carbon/Teflon composite
powder on the either side of porous carbon paper (Toray
2. Experimental 060). The MEA (membrane and electrode assembly) was sit-
uated in the cell fixture and polarization characteristics were
2.1 Magnetron Sputtering of PtRu, Pt and Carbon measured by fuel cell test station (GT500, Globetech) com-

Nanophase particles of PtRu, Pt and carbon were looselhbined with electric load (Model 890, Scribner).
adhered to the surface of membrane directly by magnetron
sputtering process. Shown in Fig. 1, ultra high vacuum 3. Result and Discussion
chamber was evacuated to®a and filled with gas mixture
of Ar and He and maintaining 100 Pa. Two-inch diameter DC or RF magnetron sputtering at such high pressure was
PtRu alloy target was sputtered by dc magnetron at 300 W. possible since the width of the dark space in the plasma is

Nanophase PtRu was directly coated on the anode side afiversely proportional to the gas pressure so that the number
membrane (Nafion 115). Carbon target was simultaneouslyof collisions between accelerating ions and gas atoms in the
sputtered by rf magnetron at 400W and nanophase carbodark space is independent of the gas pressure. And it could
was freely mixed with sputtered PtRu particles and depositecdprovide the formation of porous and nanophase particles on
on the membrane surface. The membrane was fully dried bythe surface of membrane or electrode rather than the formation
gel dryer before loading on the supporting jig in the cham-of a dense thin film. Also with the co-sputtering of carbon
ber. Pt and carbon targets were also co-sputtered by the sanmiarget, multi-phase of catalyst metals and carbon particles
method on the cathode side of membrane after flipping thewere coated directly on the interface of electrochemical cata-
membrane-supporting jig. The sputtering time and powerlytic reaction. This process enabled the catalyst layer con-
could control the particle size and the loading amount of cat-taining catalyst and carbon particles both in nanometer range,
alyst and carbon. Active area of catalyst on the membraneso that a unique properties of MEA could be achieved due to
was decided by masking the membrane and it was ithcm its larger portion of catalytic reaction and more efficient lig-
this experiment. The microstructure of nanophase catalysuid methanol or gaseous oxidant flow. Conventional catalyst
layer was characterized by TEM (H-9000NA, Hitachi). supporting material such as carbon is now also in nanophase
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Fig. 2. Diffraction pattern from PtRu and TEM microstructure of a 100 - . ds - i

cross-section of catalyst layer (PtRu-C) on the membrane Current Dansity [malem?]

Fig. 4. Polarization characteristics of MEA made of nanophase
catalyst layer in DMFC (Operating conditions: 2 M Methanol,
Carben Layer 1 Bar Air, 80°C).
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Fig. 3. HREM Microstructure of nanophase catalyst layer. E 24
E a4 \‘\l\
as the same size of catalyst so that the thickness of cataly: . “\1
layer can be reduced. Because of the small particle sizes, )
large fraction of the atoms (as high as 50%) lie on the grain = I]__ ‘-h
boundaries. As a result, grain boundaries and interfaces r : : : : : : .
played an important role of fast kinetics of catalyst reaction D M0 00 M0 08 B0 MO0 0D 4000
and Current Denagity [madem]

Shown in Fig. 2 are the diffraction pattern from the dark _. - -
. . Fig. 5. Polarization characteristics of MEA made of nanophase
field of nanophase catalyst and the microstructure of PtRUcataIyst layer in PEMFC (Operating conditions: Hydrogen/Oxygen,
and carbon on the membrane. As seen on these micrographi Bar, 8c°C )
fine particles of catalyst and carbons are well dispersed anc
formed 250 nm thick layer. At this thickness, the catalyst
loading was measured as 1.5 m¢fic®n the cathode, 1 mg/ém  layer are shown in Fig. 4. As seen on this curve, the MEA
of Pt was coated with carbon. Carbon was controlled as 20%with catalyst electrode by spray coating of PtRu/C (prior art)
by weight of total catalyst layer in both sides. Those individ- showed near 300 mA/cmat 0.3 V. At this prior art, the utili-
ual particle sizes were measured in the Fig. 3 that shows amation of catalyst is still lower than expected, so that a large
HREM microstructure of nanophase catalyst layer. Carbonamount of precious catalyst has to be loaded. Nanophase cat-
layer on the surface is shown and it would give better elec-alyst layer that has nanophase carbon and PtRu of 1.5 mg/
trical contact between catalyst layer and diffusion electrode.cn? showed 150 mA/cf This power output showed the
Ultra fine particles (5~10 nm) of PtRu and carbon was well possibility of lowering the amount of catalyst loading as
dispersed and the nanocrystaline structure of PtRu is als@omparing to the performance of MEA having same amount
shown in the micrograph. Because of the sputtering at highof catalyst by prior art. The more efficient fuel path and rea-
pressure, this catalyst layer was deposited loosely with porestion kinetics owing to the lowerd charge transfer resistance
in orthogonal direction of fuel path. And, it is thought that by novel nanophase catalyst layer is thought to be the role of
co-sputtering with carbon retarded the directional growth of this achievement. Comparing with the MEA having the same
PtRu. However, further studies on the gas pressure and themount (1.5 mg/cR) of catalyst by prior art, this method
optimal combination of Ar/He will provide more appropriate provided the fast activation at the lower current range and the
structure of catalyst layer. reducing the polarization by diffusion at the high current

Polarization characteristics of MEA made of this catalyst range due to the efficient fuel path. This effect is more sig-



2171548187, A 47, A 435, 2001 175

nificant when this method is applied to the MEA (anode Pt
catalyst loading 0.2 mg~0.02 mg by spray coating and this
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