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ABSTRACT

The copper modified carbon paste electrode (Cu-CPE) is designed and
prepared by electro deposition of copper onto carbon paste surface for a
direct ethanol fuel cell (DEFC). The morphology and structure of the catalyst
layer were analyzed by MEB. The catalyst coating layer shows an alloy
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character. The results show that Cu-CPE is very active for the ethanol

oxidation. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Fud cdlshavebeenidentified asapromisng power
sourcefor transportation and portabl e el ectronic de-
vices, sincethey convert the chemical energy of afue
derectly into e ectrica energy; havelow emissionsand
absence of moving parts. The Direct Ethanol Fuel Cell
isan eectrochemica devicewhich convertstheenergy
through chemical reactions: electrooxidation of etha-
nol, into electrical energy. The demand for energy,
coupled with concernsabout environmental pollution
and growingfossl fuel costshave created agreat need
for clean and efficient power sourcest. Both direct
methanol fuel cellsand direct ethanol fuel cellshave
been projected to be strong candidates to complete
with advanced batteriesfor powering mobileand por-
table electronic devices owing to their uniquely high
specific energy'?. However methanol istoxicfor hu-
man beingsiseasily volatileand inflammableaswell as
non- renewabl €%, Among the other alcoholsavail-
able, ethanol appearsas an attractive and promising
fud duetoit’s:

i Non-toxicity,

i Naurd availability,

i Renewability

v Higher power dengity

Based on that, direct ethanol fuel cells (DEFCs)
appear as more attractive technologies than direct
methanol fuel cells(DMFCs)i3.,

Theperformanceof direct ethanol fud cells(DEFCS)
istill limited by theelectrocatd ystsavailablefor etha-
nol oxidation, which are mostly based on expensive
noble metalssuch asplatinum or itsalloyg®12.

Past research on the devel opment of DEFCs has
focused mainly on the so-called PEM DEFCsthat use
PEM astheelectrolyte, aPt-based catalyst onthean-
ode, and apure Pt catalyst on the cathode**4,

Inthiswork, Cu-CPE anodeisprepared by elec-
trodeposition copper catayst layer onto carbon paste
surface. Themorphology and structure of therelative
activitiesof the Cu-CPE anodewere assessed by MEB.
Therelativeactivities of the prepared el ectrode were
tested for ethanol oxidation reaction.
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Figurel: Cyclicvoltammogramsrecorded in buffer solution
at 100mV/s, at b- carbon paste e ectr ode, a- copper modified
carbon pasteelectrode

EXPERIMENTAL SECTION

Apparatus

Electrochemical experimentswereperformed us-
ing avoltalab potentiostat (model PGSTAT 100, Eco
ChemieB. V., Utrecht, The Netherlands) driven by the
generd purposedectrochemica systemsdataprocess-
ing software (voltalab master 4 software).

All thedectrochemicd experimentswereperformed
inastandard one-compartment three-dectrodecell. The
reference e ectrode was SCE and the counter e ectrode
was platinum. All electrode potential swerereferred to
thisreference electrode. Theworking electrodewas
copper modified carbon paste e ectrode (Cu-CPE).

Reagentsand solutions

All chemica swereof thehighest quality. Graphite
powder (spectroscopic grade RWB, Ringsdorff-Werke
GmbH, Bonn-Bad Godesberg, Germany) wasobtained
from Aldrich and was used without further purification.
CuS0, wasobtaned fromMerck chemicals. Deionised
water wasused to preparedl solution. Electrolytic so-
lutionis0.1M KOH.

Preparation of themodified electrode
The carbon paste unmodified was prepared by
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Figure 2: Scanning electron micrograph of Cu-CPE

adding paraffin oil to carbon powder and thoroughly
hand—mixing in a mortar and pestle. The resulting paste
was packed into the electrode and the surface was
smoothed. The dectrochemica sensor was devel oped
by depositing the copper at fixed potentia (0.1V for 1
hour) onto the carbon paste € ectrode surface.

RESULTSAND DISCUSSION

Characterization of prepared electrode

The cyclic voltammograms (CV's) of the copper
modified carbon paste el ectrode (Cu-CPE) and car-
bon paste el ectrode (CPE) wererecorded in the sup-
porting electrolyte (0.1 M KOH) (Figure 1).

We can see that the shape of the cyclic
voltammogram wasmodified inthe presence of copper
at CPE surface, suggesting that the carbon paste elec-
trodewaseffectively modified by copper. Thesurface
structureof copper modified carbon paste surfacewas
observed using scanning e ectron microscopy (Figure
2). Thefilmlayer of copper wasformed onthesurface
of carbon paste electrode; it was not disintegrated or
detached from the surfacewhenimmersed inthe buffer
solution.

TheNyquist plotsfor thetested e ectrode Cu-CPE,
inakalinesolutionispresented in Figure 3. Thelocus
of Nyquist plotsisregarded asone part semi circlein
Cu-CPE eectrode (curveb), but in carbon paste el ec-
trode (curve a), the plot was not perfect semi circle.
Thisfeature had been attributed to frequency disper-
sion of interfacid impedance, and corrosion resistance
of carbon paste el ectrode better than Cu-CPE.
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Figure3: Electrochemical impedance spectr oscopy recor ded
for, a- carbon pasteelecter odeand b- Cu-CPE éectrode, in
1M KOH solution.

! /
£ b\ 7
i
.
in
10 ‘ — : / a.
- ’ b
0 Her e
| " i~ B - s
-10 5
1 05 ] 05 1 15
Potil (1)

Figure5: Seady state cyclic voltammograms of a- carbon
pastedectrodeand b- Cu-CPEin0.1M KOH +0.12M etha-
nol, scan rate 100 mV.s?, room temperature

Ethanol oxidation

Figure4 comparesthetransient curvesrecorded,
successively, at carbon paste el ectrode (curvea) and
at copper modified carbon paste electrode (curveb),
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Figure4: Chronoamperometry curvesof a-Carbon pasteeec-
trodeand b- Cu-CPE for ethanal oxidation, in 0.1M KOH
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Figure6: I nfluenceof ethanol concentration on oxidation cur-
rent density

in 0.1IM KOH containing 0.12 mol/L ethanal. It is
clearly seenthat carbon paste e ectrode haslittle activ-
ity of ethanol oxidation. Theonset potentia of ethanol
oxidationisobserved at around 400 mV for Cu-CPE
(Figure5). The Cu-CPE showed much better e ectro-
chemicd activity and stability than carbon paste el ec-
trode.

Theethanol concentrationonfue cdl performance
has apositive effect. An increase on ethanol concen-
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Figure7: Effect of ethanol concentration on thee ectr ochemi-
cal impedance spectr oscopy

tration will lead to an increase on the coverage of the
electrocatalyst, increasing the ethanol oxidation reac-
tion, and to anincrease of current density (Figure6).

Theeffect of the concentration of ethanol wasaso
investigated by spectroscopy Impedance. We notethat
the diameter of thesemi circledown gradually asthe
concentration of ethanol increases. Thisshowsthat the
oxidation reactionisintensefor thehigh concentration
of ethanol (Figure7).

Theresultspresented in Figure8, show that incresse
of ethanol concentration leadsto increasein cell per-
formance.

CONCLUSION

Low ethanol crossover isessential toimprovethe
performance of DEFCsand achieve higher power den-
gties.

Inthiswork, the effect of ethanol concentration,
and the effect of addition of copper onto carbon paste
electrodewerestudied.

Inthiswork the maximum power dengty, 0.3 mwW/
cn?, was obtai ned using copper modified carbon paste
electrode.
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