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Abstract: Direct ethanol fuel cell (DEFC) has been assembled with the ceramic membrane based-Pt/C (40wt%) catalyst
electrodes. The porous silicon carbide (SiC) membrane, fabricated through sintering process, was applied for the fabrication of
DEFC. The dilute ethanol-water fuel solution was used for the DEFC operation with a micropump and air blower. The direct
ethanol oxidation based-ceramic membrane fuel cell showed relatively stable potential-current behavior even though at room
temperature by a continuous air-blowing and a circulation of the dilute-ethanol fuel solution. The other chemicals such as
acetaldehyde or acetic acid, being formed during DEFC operation, was not detected from the NMR (nuclear magnetic

resonance) spectrum analyzed with the dilute ethanol fuel solution collected upto 90min.
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1. Introduction

Direct Ethanol Fuel Cell (DEFC), referred as a PEM-based
direct alcohol fuel cell, is promising candidates as power
sources especially at small-scale applications such as mobile
phones as well as commnercial drones [1]. Especially, a
direct alcohol fuel cell/battery hybrid system will become
standard equipment for new-type drones [2]. As new
electricity-supply equipments for hydogen-powered drones,
direct alcohol (methanol or ethanol) fuel cells (DMFC or
DEFC) and polymer electrolyte membrane fuel cell (PEMFC)
have been developed [3]. The ethanol-water mixture aqueous
solutions are fed to the anode compartment of the DEFC,
where with the aid of the electrocatalysts, ethanol is oxidized
to produce carbon dioxide releasing simultaneously protons
and electrons [4-5]. Protons are then transported to the
cathode through the electrolyte and electrons flow through an
external circuit, and then arrive at the cathode [6-7].

There are two basic types of DEFC concepts: PEM-based
and AEM-based (AEM = anion-exchange membrane). The
main challenge for the PEM-based concept is the slow
kinetics of the ethanol oxidation at the anode [8-9]. An

AEM-based concept shows faster kinetics for both the
ethanol oxidation and the oxygen reduction reaction (ORR)
than the PEM-based concept, and higher efficiencies have
been shown [10-14].

By comparing the performance of fuel cells operating on
some low molecular weight alcohols, it was resulted that
ethanol may replace methanol in a direct alcohol fuel cell.
This study is to identify the potential in the direct ethanol
fuel cells (DEFC) application. To improve the performance
of a direct ethanol fuel cell (DEFC), it is of great
importance to develop anode catalysts for ethanol electro-
oxidation more active than platinum alone [9]. The major
problem in the fabrication and commercialization of DEFCs
is connected to the swelling and distortion of the polymer
membrane [10-11]. The present polymer electrolyte
membrane has some problems such as a swelling and a
distortion with a geometrical resistance in the crossover of
ethanol. The present polymer membrane for DEFC or
PEMFC should be replaced by SiC ceramic membrane. The
establishment of the DEFC membrane technology would be
able to applied to the field of small electronic devices and
their power source. DEFC system have some merits in the
view of fuel supply & storage as well as replacement
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compared to other fuel cells. DEFC system shows low
operation temperature and high current density as well as
rapid starting and response to load variation, the utilization
and dissemination of DEFC system in small or portable
electronic devices is expected through these research
programs [12-18].

The present research is to develop a direct ethanol fuel cell
(DEFC) wusing silicon carbide mebrane-based catalyst
electrode assembly. The ceramic membrane-catalyst
assembly to substitute the previous polymer membrane was
made for fabricating the DEFC. The DEFC system
comprised of the membrane electrode assembly (MEA) using
silicon carbide (SiC) membrane was characterized, its power
output was measured. During the demonstration test, the
ethanol-water fuel solution circulated through the DEFC
system was analyzed by NMR.

2. Experimental Procedure

SiC membrane was fabricated by heating SiC powders
(mean sizes of 10um) with silicon resin. A porous silicon
carbide (SiC) membrane having approximately 30% has been
applied for making up a direct ethanol proton exchange
membrane (DE-PEM) fuel cell. A horizontal type cell having
Pt/C (40wt%) catalyst layer on both side of the ceramic
membrane was used for the demonstration test. Pt/C catalyst
(18mg/cm?), nafion solution (100mg, 5wt%) and IPA
(isopropyl alcohol, 300mg) was mixed and then spreaded on
the ceramic membrane. Carbon cloth containing Pt/C catalyst
was attached on both side of the ceramic membrane and
catalyst electrode Pt/C. The MEA and graphite end plates
was compressed. The power output was measured by
supplying dilute-ethanol fuel solution with continuous air-
blowing condition at room temperature. During operation of
DEFC, the samples of dilute-ethanol fuel solution were taken
for NMR analysis to identify the intermidiate phase, being
created from the dilute-ethanol fuel solution.

3. Result and Discussion

In this research, the SiC ceramic membrane based-direct
ethanol fuel cell was fabricated with Pt/C catalyst electrode
and graphite end plates.

Figure 1 shows photograph and FE-SEM surface
morphology of SiC ceramic membrane. Porous
microstructure having a pore size range of 20-40 um was
observed in the SiC ceramic membrane fabricated as the
thin plate type of 40x40x5mm size. This research is to
produce the membrane electrode assembly (MEA) using
silicon carbide (SiC) membrane, catalyst, anode and
cathode. A horizontal type cell having Pt/C (40wt%)
catalyst layer on both side of the ceramic membrane having
approximately 30% was used for the demonstration test.

Figure 1. Image and FE-SEM morphology of porous SiC ceramic membrane
for DEFC.
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Figure 2. Schematic diagram of DEFC fabricated with SiC ceramic
membrane.

Figure 2 and Figure 3 show schematic diagram and layout
design of collector, MEA and end plate of DEFC. The Pt/C
catalyst electrode layers and SiC ceramic membrane of Smm
thnickness was assembled with metal frames. The DEFC
system was designed in the configuration of having
micropump for injecting the dilute ethanol fuel solution into
it.
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Figure 3. Design of DEFC fabricated with SiC ceramic membrane and fuel cell parts.

Figure 4. DEFC fabricated with SiC ceramic membrane.
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Figure 5. Cell potential vs. current behavior of direct ethanol fuel cell for ethanol solution.

Figure 4 shows DEFC system fabricated with SiC ceramic
membrane and catalyst. Figure 5 shows performance results,
cell potential and current behavior of DEFC operation for
dilute ethanol fuel solutions with different ethanol
concentration of 2wt% and 5wt%. In the initial experiment,
DEFC was fabricated with relatively dense SiC ceramic
membrane and the voltage increased into 245.9 mV without
electrical current level. It seemed in case of dense SiC
membrane that the oxidation and reduction of ethanol was
not sufficient for obtaining electrical current. In the voltage-
current and power-current of direct ethanol fuel cell, the
voltage drop of the direct ethanol fuel cell was observed with
increasing current. The sufficient feeding of aqueous ethanol
solution into direct ethanol fuel cell stack exhibited very high
voltage and high current level of 1.289 V, 1.11A through
simple multi-meter.

The excess fuel feeding by micropump induced problem of
leakage of the dilute ethanol solution by alcohol cross-over
and accumulation of liquid fuel in membrane. The output
with the concentration of the dilute ethanol solution and
operation time was nearly constant. During DEFC, the
maximum current incerased to 1.11A and maximum power
density showed 88.6 mW-cm™” at room temperature. Upto
now, the power density, reported concerning DEFC,
30mW-cm™? (25°C) in case of alkaline type and 50mW-cm™
(60°C)"™®, 185 mW-cm™ (80°C)"”, 38.6mW-cm? (80°C)*"
for multi walled carbon nanotubes. The performance of fuel
cells is represented in its cell potential versus current. This
behavior is largely determined by the kinetics of the
electrode reactions and the internal resistance of the cell. The
potential loss due to the slow kinetics associated with oxygen
reduction electrode was revealed as curves in the line of
potential-current behavior. Also, the smooth potential drop

due to internal resistances was shown in the diagram. The
cell potential measured was rather low as compared to the
values measured by simple multimeter, due to the problems
of electrical resistance and electrode-contact in electrode for
measurment. The internal resistacne of DEFC showed
somewhat fluctuation in power output of cell.

Generally, the liquid solution at the anode may create the
problem of the catalyst layer readily peeling off from the
solid polymer electrolyte (SPE) membrane, i.e. ‘‘electrode
delamination’’, due to the different swelling degree between
polymer membrane and the electrode. The ceramic
membrane would prevent the problem related to the electrode
delamination in DEFC. This study is concerned with
fabricating new membrane electrode assembly (MEA)
showing active Pt/C catalyst layer, porous anode electrode
and porous ceramic membrane. In this research, the
electrtical voltage and current were relatively stable during
DEFC operation for 10hrs. This behavior implies the long-
time durability for dilute ethanol soultion of the SiC ceramic
membrane of the DEFC. However, there is no report about
the modification or adopting new electrolyte to avoid or at
least decrease ethanol crossover to some degree.

The ethanol oxidation based-fuel cell stack showed high
voltage and measurable current level even though at room
temperature. Even if, the porous ceramic membrane was
utilized for the direct ethanol-proton exchange membrane
fuel cell, low permeability of the ceramic membrane for
ethanol as compared to the conventional polymer electrolyte
would occur. It was inferred in case of the porous ceramic
membrane, the current material exhibit somewhat alcohol
cross-over to the cathodic electrode greatly decreasing cell
efficiency.

Generally, it was reported the ethanol don’t completely



International Journal of Energy and Power Engineering 2016; 5(6): 209-214

decomposed into CO, and H,O but will convert acetaldehyde
(CH3CHO), acetic acid (CH;COOH) with small amount as
intermediate phases in electrochemical oxidation below
100°C [17, 21]. However, in DEFCs below 100°C the
electro-oxidation of ethanol does not proceed all the way to
carbon dioxide (CO,), but rather to acetaldehyde (CH;CHO),
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acetic acid (CH3;COOH), and CO, depending on the nature
and structure of the catalyst used, the applied potential, and
the temperature field established. Acetaldehyde was reported
to be the main product of ethanol oxidation in early
investigations.
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Figure 6. 1H NMR spectra of the dilute ethanol solutions taken after DEFC operation.

Figure 6 shows the NMR spectrum analyzed with the
dilute ethanol fuel solution collected after DEFC operation
for 15minutes. Other chemicals besides ethanol did not
detected by NMR analysis. The pattern differences between
the initial fuel solution and the colleted ethanol fuel solution
were identified in NMR data. Even though, the acetaldehyde
and acetic acid have been created from the ethanol during
operation, these chemicals would be a very small quantities
and might be decomposed in a short period of time. From the
fundamental research to the development of electrode
materials and fuel cell assembly until the introduction of fuel
cell into commercialization, the investigation on all possible
factors affecting the DEFC’s performance and stability are
just at initial stage, and there is still much works to improve
for direct ethanol fuel cell development.

4. Conclusion

In this study, ceramic electrolyte membrane (CEM)-
based DEFC was developed with Pt/C catalyst electrode
layer. The DEFC having 18 mg/cm® Pt (40 vol.%)/C
catalyst layer on both side of the ceramic membrane was
used for the demonstration test. The ethanol oxidation
based-fuel cell stack showed measurable voltage and
current level even though at room temperature. The DEFC
fabricated with dense SiC membrane didn’t showed the
electrical current showing voltage level of 245.9 mV. Using
porous SiC membrane, the DEFC showed mearsurable
voltage and current level of 1.289 V, 1.11A and maximum
power density of 88.6 mWscm™ at room temperature. The
NMR analysis for circulated dilute ethanol solution
obtained from DEFC demonstration test did not revealed
the presence of other chemicals being decomposed from

ethanol.
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