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Abstract : This study is to develop a fuel cell system applicable to an in situ NMR (Nuclear mag-
netic resonance) diagnosis. The in sifu NMR can be used in real time monitoring of various reactions
occurring in the fuel cell, such as oxidation of fuel, reduction of oxygen, transport phenomena, and
component degradation. The fuel cell for this purpose is, however, to be operated in a specifically
designed tubular shape toroid cavity detector (TCD), which constrains the fuel cell to have a
tubular shape. This may cause difficulties in effective mass transport of reactants/products and
uniform distribution of assembly pressure. Therefore, a new flow field designed in a particular
way is necessary to enhance the mass transport in the tubular fuel cell. In this study, a tubular-
shaped close-type flow field made of non-magnetic material is developed. With this flow field,
oxygen is effectively delivered to the cathode surface and the produced water is readily removed
from the membrane-electrode assembly to prevent flooding. The resulting DMFC (direct methanol
fuel cell) outperforms the open-type flow field and exhibits 36 mW/cm? even at room temperature.
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Fig. 1. Schematic diagrams of the central conductor and
outer conductor of a TCD with 4 tubing for inlets and
outlets of methanol solution and oxygen. An MEA should be
placed on the surface of the central conductor. Methanol
comes in through the bottom hole connected to the inlet
tubing and flows upward and goes out through the upper
hole as denoted by the arrows.
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Fig. 2. The components of tubular type DMFC for a TCD.
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Fig. 3. Photos of a tubular type DMFC with an open flow
field made of copper, damaged membrane and corroded
internal conductor after DMFC test.
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Fig. 4. Schematic diagram of an open-type flow field made
of Teflon and the photo of the Au-coated central conductor
wrapped with an MEA and the open-type flow field.
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Fig. 5. Cell performances of a tubular type DMFC assembled
with an open-type flow field in the absence (rectangle) and
presence (triangle) of back pressure. To the anode and cathode
electrodes, 1.0 M of MeOH with 3 c¢/min and humidified
oxygen with 500 cc/min were fed, respectively. The cell
temperature was 25°C.
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Fig. 6. Photo of condensed water in the outer conductor
during the DMFC test with an open-type flow field.
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Fig. 7. Schematic diagrams of a close-type flow field made
of Teflon on the left and the photo of the Au-coated central
conductor wrapped with an MEA and the close-type flow
field on the right. The internal piece provides the path for
oxygen and generated water while the external piece covers
the internal flow field, resulting in maintaining high pressure
inside the flow field.
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Fig. 8. Comparison of the performances of a tubular type
DMFC assembled with open-type and close-type flow fields.
To the anode and cathode electrodes, 0.5 M of MeOH with
3cce/min and dry oxygen with 200 cc/min were fed,
respectively. The cell temperature was 25°C.
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