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Abstract
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Project Period: 16 March 2009 - 15 March 2011

Direct ethanol fuel cell (DEFC) recently becomes one of the promising fuel cell types due to
non-toxicity and natural availability of the ethanol fuel. Several researches have been working on the
DEFCs using proton exchange membranes made from hydrated proton-conducting polymeric
membranes such as Nafion”. However, due to the issues of fuel crossover, electrode kinetic
limitations, and stability of polymeric membrane, the proton-conducting oxide membrane, Ba(Y,Zr)O,
(BYZ), replaces the polymeric membranes in this study. By having oxide membrane, (i) the operating
temperature could be increased, resulting in an increase in the electrode kinetics, which could lead
to an improved fuel cell performance, and (i) ethanol crossover problem could be resolved due to
the impermeable oxide membrane.

The proton conductivities of BYZ samples fabricated by the co-sputtering, 2-step sputtering
and cold isostatic press at various Y doping concentrations were studied and analyzed. The first two
techniques were employed for thin BYZ film, while the latter was for BYZ pellet fabrications. By using
BaCO,, 3 mol% vyttria stabilized zirconia (YS2), nano-Y,0, powders and 1 wt% ZnO as a sintering
aid, 6-40 at.% BYZ pellets with no second phase and relative bulk density higher than 97% can be
achieved. The highest total proton conductivities of the BYZ pellets were obtained at 20 at.% BYZ.
EIS results of BYZ thin films also verify the dependence of conductivity on the Y doping concentration
and reveal 10°-10°times higher conductivities than those of BYZ pellets.

According to the quantum simulation results, proton migration mechanism consisted of 2
steps: (i) migration to the second nearest oxide ion and (i) the rotation of 90° around the Zr-O-Zr axis.
The calculated migration energies were in a range of 0.05-0.43 eV and highly dependent on the Y-

arrangement around the diffusion center, which was caused by the interaction between proton and



Y. The highest binding energy of 0.17 eV was found when Y was the first nearest neighbor to the
migrating proton.

Fuel cells using 20 at.% BYZ pellet and BYZ thin film as electrolytes were then fabricated
and tested. By using hydrogen as a fuel, the open circuit voltages of 0.85-1.00 V and power densities
of 0.05 — 5.73 mW/cm’ were achieved at the operating temperatures of 500-800 °C depending on
what kind of anode material used. Pt-Au shows the higher performance than Pt anode. The power
density increased to 0.5 mW/cm® at 500 °C when thinner BYZ electrolyte was used. The open-circuit
voltage of fuel cell using ethanol as a fuel and Pt as anode was obtained at 0.4-0.5 V. However, once
Pt-Au anode was used, the power density of 0.92 mW/cm’ can be achieved with some unstablility.
Thus, the improvement on the direct ethanol fuel cell using oxide as electrolyte is still needed to be

able to employ in the real application.
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