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ABSTRACT

Investigations on systems using Ni modified carbon paste electrode (Ni-
CPE) electrocatalystsfor ethanol oxidation in alkaline solution. Therelative
activities of the Ni-CPE catalyst were assessed. The results show that this
electrodeisactivefor the ethanol oxidation. The prepared electrode showsa

considerable performancein direct ethanol fuel cell.
© 2015 Trade Science Inc. - INDIA

INTRODUCTION

Theperformanceof direct ethanol fud cell isstill
limited by thed ectrocatd ystsavail ablefor ethanol oxi-
dation.

Fud cdlshavebeenidentified asapromisng power
sourcefor transportation and portable electronic de-
vices, sincethey convert the chemical energy of afuel
derectly intodectrica energy; havelow emissonsand
absence of moving parts. The Direct Ethanol Fudl Cell
isaneectrochemica devicewhich convertstheenergy
through chemical reactions: electrooxidation of etha-
nol, into electrical energy. The demand for energy,
coupled with concernsabout environmental pollution
and growingfossil fuel costshave created agreat need
for clean and efficient power sources¥. Both direct
methanol fuel cellsand direct ethanol fuel cellshave
been projected to be strong candidates to complete
with advanced batteriesfor powering mobileand por-
tableelectronic devices owing to their uniquely high
specific energyt?. However methanol istoxic for hu-
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man beingsiseasly volaileandinflammableaswedl as
non- renewabl €%, Among the other alcoholsavail-
able, ethanol appears as an attractive and promising
fuel duetoit’s:

1. Non-toxicity,

2. Naturd availability,

3.  Renewaility

4. Higher power density

Based on that, direct ethanol fuel cells (DEFCs)
appear as more attractive technologies than direct
methanol fuel cells(DMFCs)9,

Theperformanceof direct ethanol fue cdls(DEFCS)
isdtill limited by the e ectrocatalystsavail ablefor etha
nol oxidation, which are mostly based on expensive
noble metalssuch asplatinum or itsalloys®*2.

Past research on the devel opment of DEFCshas
focused mainly onthe so-called PEM DEFCsthat use
PEM astheelectrolyte, aPt-based catayst onthe an-
ode, and apure Pt catalyst on the cathode**4.,

Inthiswork, Ni-CPE anodeis prepared by elec-
trodeposition nickel catalyst layer onto carbon paste
surface. Themorphology and structure of therdlative
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activitiesof the Ni-CPE anodewereassessed by TEM.
Therelativeactivities of the prepared €l ectrode were
tested for ethanol oxidation reaction.

EXPERIMENTAL SECTION

Apparatus

Electrochemicd experimentswere performed us-
ing avoltalab potentiostat (model PGSTAT 100, Eco
ChemieB. V., Utrecht, The Netherlands) driven by the
generd purposedectrochemica systemsdataprocess-
ing software (voltal ab master 4 software).

All thedectrochemica experimentswere performed
inastandard one-compartment three-dectrodecdll. The
reference e ectrode was SCE and the counter e ectrode
wasplatinum. All electrode potential swerereferred to
thisreference electrode. Theworking electrodewas
copper modified carbon paste el ectrode (Ni-CPE).

Reagentsand solutions

All chemicaswereof thehighest quaity. Graphite
powder (spectroscopic grade RWB, Ringsdorff-Werke
GmbH, Bonn-Bad Godesberg, Germany) wasobtained
from Aldrich and was used without further purification.
NiSO, wasobtained from Merck chemicas. Deionised
water wasused to preparedl| solution. Electrolytic so-
lutionis0.1 M KOH.

Preparation of themodified electrode

The carbon paste unmodified was prepared by
adding paraffin il 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. Thee ectrocatayst e ectrode (Ni-CPE) was
devel oped by depositing the nickel at fixed potentia
(0.1V for 1 hour) onto the carbon paste el ectrode sur-
face.

RESULTSAND DISCUSSION

Characterization of prepared eectrode

Thecyclic voltammograms (CV's) of the unmodi-
fied carbon paste el ectrode (CPE), and Ni-CPE were
recorded in the supporting electrolyte (0.1M KOH
solution). The change of the CV s shapes (Figure 1),
before and after modification, isamajor signthat the

carbon paste e ectrodewas, effectively, modified with
Ni.

A typical EDX spectrumisshowninFigure2the
atomicrationof Ni (electrodeposited onto carbon paste
electrode) isabout (40%). The characteristic peak of
Ni cannot befoundinFigure2. It indicatesthat CPEis
amost fully covered by the Ni catalyst layer.

TheNyquist plotsfor thetested € ectrode Ni-CPE,
inakainesolutionispresentedin Figure 3. Thelocus
of Nyquist plotsisregarded asone part semi circlein
CNi-CPE dectrode (curveb), but in carbon pasteelec-
trode (curve a), the plot was not perfect semi circle.
Thisfeature had been attributed to frequency disper-
son of interfacia impedance, and corrosion resistance
of carbon paste €l ectrode better than Ni-CPE.
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Figurel: Cyclic voltammogramsrecorded in electrolytic
solution at 100 mV/s, at a- car bon paste electrode, b- nickel
modified car bon pastedectrode.
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Figure2: EDX spectraanalysisof theNi-CPE scanning elec-
tron microgr aphsof thecr oss-section of Ni-CPE anode: 11: Ni
and |: CPE cataly4.
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Figure3: Electrochemical impedance spectr oscopy recor ded
for CPE (curvea) and Ni-CPE (curveb),in IM K OH solution.

Ethanol oxidation

Figure4 comparesthetransient curvesrecorded,
successively, at carbon paste el ectrode (curvea) and
at nickel modified carbon paste e ectrode (curveb), in
0.1M KOH containing 0.24 mol/L ethanal. Itisclearly
seen that carbon paste el ectrode haslittle activity of
ethanol oxidation. Theonset potentia of ethanol oxida-
tionisobserved at around 500 mV for Ni-CPE (Figure
5). The Ni-CPE showed much better el ectrochemical
activity and stability than carbon paste e ectrode.

1

10

AT

200 400 600 80 1000
Time (Sec

Figure4: Chronoamper ometry curvesof a-Carbon pastedec-
trodeand b- Ni-CPE for ethanal oxidation, in 0.1IM KOH.
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Theethanol concentrationonfud cell performance
hasapositive effect. Anincreaseon ethanol concentra-
tion will lead to an increase on the coverage of the
electrocatalyst, increasing the ethanol oxidation reac-
tion, and to anincrease of current density (Figure6).
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Theresultspresented in Figure 7, show that increase
of ethanol concentration leadstoincreasein cell per-
formance.

Theeffect of ethanol concentration onfuel cell per-
formanceusudly, havetwo different effects, apositive
and anegative one:

(1) Anincreaseon ethanol concentrationwill lead to
anincreaseon the coverage of thee ectrocatalyst,
increasing the ethanol oxidation reaction, and to
increase of the oxidation current density;
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Figure5: Seady state cyclic voltammograms of a- carbon
pastedectrodeand b- Ni-CPEin0.1M KOH +0.24M etha-

nol, scan rate 100 mV.s?, room temper ature.
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Figure6: Influenceof ethanol concentration on oxidation
current density.

—==>  [H01jANIC CHEMISTRY

Au Tudian Journal



76 Electrocatalytic activity of Ni modified carbon paste electrode

ICAlJ, 10(2) 2015

FPull Paper e
01

e

0.08— I —

e (W

P

0.06
0
002 i RAF

0.01 ! ! A

05 1 15 2 15 3
[Ethanol] mol L
Figure7: Influenceof ethanol concentration on power den-
sity
(2) Fromacertain concentration of ethanol, thetota
activesiteswere occupied by theethanol molecule,
whichleadsto the deterioration in performance of
thefud cdl.

CONCLUSION

Based ontheobtained resultsand discussion, itis
concluded that Ni-CPE based catalyst shows good
promisestoimprovethe activity of oxidation reaction
of ethanol in alkaline media, and the effect of ethanol
concentration was studied.

High ethanol concentrationsachievelower fud cell
performance.
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