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UNANEBNIWIDINE

A direct ethanol fuel cell was studied using ethanol solution produced in the
laboratory. A high efficiency vacuum fractionating technique was introduced to
simultaneously remove ethanol from fermentation broth. Fermentation kinetic
revealed a strong product inhibition and the threshold ethanol concentration was 100
g/L. The broth was boiled at 35 °C by reducing the pressure to 45 mBar. The ethanol
vapor was fractionated for up to 94 wt% before leaving the column. As a result, the
ethanol product can be dehydrated without further distillation. Ethanol concentration
in the broth was kept lower than 25 g/L, thus minimized the product inhibition effect.
For batch extractive fermentation, a high substrate utilization rate was obtained at
26.6 ¢/L h and most of glucose was consumed within 21 h. For repeated-batch
extractive fermentation, addition of glucose was carried out up to 9 times and ethanol
was produced 8 times higher than batch fermentation. Subsequently, proton exchange
membranes were prepared from epoxidized natural rubber (ENR), ENR blended with
chitosan, and chitosan. Experimental results showed that addition of chitosan to ENR
increased sorption of water, ethanol, electrical properties, ion exchange capacity, and
proton conductivity. However, dipping of membrane in 10% v/v sulfuric acid caused a
higher degree of cross-linking resulting in a lower proton conductivity. In comparison
to Nafion membrane which is a commercial available proton exchange membrane for
fuel cells, the chitosan membrane dipped in 10% v/v sulfuric acid for 5 minutes still
possessed much lower proton conductivity. For the testing for electricity generation of
the direct ethanol fuel cells using Nafion membrane and prepared membranes,
experimental results revealed that the peak power density for Nafion membrane was
found to be 80 mW/cm? at a load current-density of 280 mA/cm?. However, a peak
power density of 58 mW/cm? at a load current-density of 210 mA/cm? was observed
with the prepared membrane. Finally, the membrane bioreactor for direct ethanol
fuel cell was unsuccessfully investigated. No electricity was obtained probably due to

by-products formation which prevented oxidation of ethanol at anode electrode.



