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ABSTRACT

Inthiswork, first, polypyrrole (PPy) nanowires were deposited on Glassy
Carbon Electrode (GCE) by chronoamperometry (PPy/GCE). Then Pt
nanoclusters were dispersed on the as formed electrode by Cyclic
Voltammetry (CV) methode (PPy—Pt/GCE). Cyclic Voltammetry and
chronoamperometry techniques were employed for investigation of
electrocatal ytic activitiestoward methanol oxidation reaction (MOR). The
results showed, PPy—Pt nanocomposites have a higher surface area and
better electrocatalytic activity as compared to pure Pt modified el ectrode.
Thisdifference could be attributed to high dispersion of Pt nanoclustersin
PPy nanowires and synergic effect of the Pt and PPy nanowires. It ap-
peared that, PPy—Pt nanocomposite could be an alternative anode material
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for direct methanol fuel cells.

INTRODUCTION

During the past decades, direct methanol fuel cell
(DMFC) hasbeenwidely investigated. It hassignifi-
cant advantagesfor powering portable goplicationssince
it doesnot require aseparate hydrogen generation sys-
tem and hashigh energy density!. Themost activecata-
lyst for methanol oxidationreactionin DMFCsisPt or
Pt-based dloysin acidic solution. The DMFC hasat
least two problemsto be suitablefor practical uses: (1)
it requiresexpensive e ectrocatalysts such as Pt for the
methanol oxidation (2) the active sites of the
electrocatalysts are poisoned by the adsorption of re-
actionintermediatessuch as CO23.
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Thecatal ytic compositesof PYRu, PYRUW/FE®, PY
Pd®, Pt/Ru/Ni™ and P/Ru/W® have been devel oped
for DMFCs, in order to reduce the poisoning effect of
the catalyst and thereby improvethe catalytic perfor-
mance. However, the costs of these e ectrocatayst ma
terialsare often expensive. Application of conductive
polymersisapromising strategy for decreasesthese
problems. Conducting polymers appeared to be suit-
ablehost matrix for dispersng metallic particlesin fuel
cells, owingto their unique€ ectronic properties. The
composite of conducting polymer—meta nanoparticles
permitsafacileflow of electronic chargesthroughthe
polymer matrix in el ectrochemica processes®. Among
the numerous conducting polymers, Polypyrrole (PPy)
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isone of the best candidates because PPy nanowires
havelarge surfacearea, highly electronic conductivity
and charge transport properties. The PPy nanowires
possess porous structure, which issuitableto accom-
modate adispersed cata yst and remarkably reducethe
cost of fud cells. Theincorporation of acatayst intothe
porous PPy nanowire matrix not only increasesthe spe-
cificareaof thecatayst materia but aso, enhancesthe
tolerance of the anode catalyst to CO poisoning™.

Herewereported the catal ytic activity of PPy—Pt/
GCE intheMOR. The PPy—Pt/GCE showed excdl lent
cadyticactivitiestoward M OR rdlaiveto pure Pt modi-
fied electrode. Moreover, the content of Pt metd inthe
catalyst wasremarkably reduced, and thereby the cost
of prepared catal yst was decreased.

EXPERIMENTAL

Chemicalsand reagents

Pyrrolewas obtained from Merck and purified by
distillation under nitrogen atmosphere. K,Pt Cl . and
methanol wereobtained from Merck. All other Chemi-
calswereof analytical grade and were used without
further purification.

Apparatus

Electrochemicd measurementswerecarried out us-
inganAutolab potentiostat / ga vanostat PGSTAT30.A
conventiond three-eectrodecdl wasused withAg/AgCl
sat. KCl as reference electrode, a Pt wire as counter
electrode, a glassy carbon eectrode (GCE, 0.07065
cm?) asworking dectrode. All experimentswerecarried
out at ambient temperatureinacidic media.

Preparation of eectrodes

Prior to modification, the glassy carbon el ectrode
with adiameter of 3mm was polished with 0.05 pm
auminapowder on polishing doth and rinsed thoroughly
with distilled deionized water. The PPy was electro-
chemically deposited at aconstant potential of 0.80V
for 120 sin an aqueoussolution of 0.1 M LiClO, and
0.1 M carbonate containing 0.15 M pyrrole. Freshly
prepared PPy film e ectrodeswereusuadlyimmersedin
10% HCIO, solutionfor 12 hin order to remove any
CO,?ions. The PPy nanowiresmodiified electrodewas
obtained and denoted as PPy/GCE. Then PPy/GCE
was treated by CV in 0.5 M H,SO,+ 2.0 mM K_Pt
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Cl inthepotential rangefrom0.4t0-0.2V a 50 mV.s
for embedding Pt nanoclustersin PPy nanowires. The
PPy—Pt nanocomposite modified electrode was ob-
tained and denoted as PPy—Pt/GCE. For comparison,
the same Pt deposition processwas conducted at bare
GCE and denoted as P/GCE. Theoptima cyclenum-
ber was achieaved around 30.

REASULTSAND DISCUSSION

Char acterization of PPy/GCE and PPy-Pt/GCE

Scanning € ectron microscopy (SEM) imagesof the
synthesized PPy nanowiresand PPy—Pt onglassy car-
bon electrode were shown in Figure 1. Figure 1(a)
shows the sponge-like nano-matrix consisted of PPy
nanowireson GCE surfacewith adiameter of about 90
nm. Figure 1(b) showsthe morphol ogy of the PPy—Pt
nanocomposite on the GCE. The diameter of Pt
nanoclustersin PPy—Pt/GCE was estimated around
100-140 nm.
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Figurel: SEM imagesof (a) the PPy nanowiresand (b) the
PPy—Pt nanocompositeon thebare GCE.

CV, curvesfor PPy—Pt/GCEin0.5M H,SO, so-
lution saturated N, wereshownin Figure 2. The pres-
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ence of oxidation/reduction peaksaredueto formation
of Pt nanoclusterson the electrode. A pair of current
peaks between -0.15 and +0.10 V presents the hy-
drogen adsorption and desorption at Pt particles. The
electrochemical activesurfacearea (EAS, m?.g?) of
the deposited Pt catalyst can be measured by integrat-
ing Coulombic chargefor hydrogen adsorption or des-
orption (Q,) on the CV curvesin N,-purged 0.5 M
H_SO, solution. The EASwas obtained according to
thefollowing equation™:

= —Q H
0.21[Pt]
Wherethe[Pt] isthePtloading (mg.cm?), Q, isthecharge
for H, adsorption or desorption (mC.cm®) and 0.21 s
the charge required to oxidize a monolayer of H, on
smooth Pt. Theca culated EASwas 32 and 21 m2.g* for
the PPy—Pt/GCE and PYGCE respectively. PPy-PY/GCE
showed much higher EA Sthan Pt/GCE, which may be
attributed to thehigh surfacearea.of PPy nanowiresand
smaller Pt nanoclugtersdispersed in PPy nanowires.
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Figure2: CV_in0.5M H,SO, solution saturated N, at the (a)
Pt/GCE and (b) PPy—Pt/GCE with 50 mV.s'scan rate

Electrocatalytic activity of methanol oxidation re-
action

CV and chronoamperometry techniqueswere used
for evaluation of MOR reectivity. Thedectro-oxidation
of methanol on PPy—Pt/GCE and Pt/GCE wasstudied
by CVin0.5M H,SO,+0.5M CH_OH aqueous sol u-
tion at 50 mv s* and the resulting CV_are shown in
Figure 3. Intheforward scan, where asan anodic peak
at 0.66 V with apesak current density (Ip) of 17mA.cnr
2 (curvea) isrelated to methanol oxidation in PPy—Pt/
Research & Reotews On

GCE €electrode, an anodic peak appeared at 0.48V in
the reverse scan was attributed to the removal of in-
completely oxidized carbonaceous speciesgeneratedin
theforward scan. These carbonaceocus speciesaremosily
in the form of linearly bonded Pt=C=0"2. For com-
parison, the CV at the Pt/GCE was shownin curveb.
Thevoltammogram of methanol oxidation at PYGCE
wasvery similar to that of PPy—Pt/ GCE, and thetwo
oxidation peaksappear at 0.74 and 0.52 V.

Thepesk current dengity at PYGCEismuchsmaller
thanthat of PPy- PYGCE. Theenhanced e ectrocataytic
activitiesat PPy—Pt/GCE can be assigned to the uni-
form dispersion of Pt clustersin the PPy nanowiresand
the synergic effect of the PPy—Pt composite. The ef-
fective dispersion and utilization of Pt clustersinthe
high electron conductivity PPy nanowiresinhibitsthe
formation of strongly chemisorbed and thereby de-
creasesthe Pt catal yst surface poisoning, which area
benefit to enhance the e ectrocata ytic performanceto-
ward methanol oxidation. Thecatalyst toleranceto car-
bonaceous speci es accumul ation can be described by
theratio of theforward anodic peak current (1)) to the
reverseanodic peak current (1,).

Highly I/1, ratioindicatesmethanal isefficiently oxi-
dizedto CO, and alittleaccumulation of carbonaceous

residuesonthe catalyst surface!™.
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Figure3: CVsof PPy—Pt/GCE (a) and Pt/GCE (b) in nitrogen
saturated 0.5M H_SO, and 0.5M CH_OH agueoussolution at
50mV.stscanrate

Figure 4 shows, chronoamperometric curves mea-
sured at different potentials0.75, 0.70, 0.65 and 0.55

V at the PPy—Pt/GCE for 1 h. As can be seen, the
largest current hasachieved at 0.65 V and the current
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decreased with passing of time. Theresultisin good
agreement with CV result of methanol oxidation.
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Figure4: Chronoamperometric curvesfor the PPy—Pt/GCE
at 0.75,0.70,0.65and 0.55V in 0.5M H_SO,+0.5M CH OH
aqueoussolution.

In order to compare the performance of the PPy—
Pt/GCE and Pt/GCE towards the MOR,
chronoamperometry testsweredonein 0.5M H,SO,
solution containing 0.5 M methanol at 0.65V for 1 h,
asshowninFigure5. Intheinitia period of time, the
current decreases probably dueto theformation of in-
termediate species, such as CO_, CH,OH_,, and
CHO_,_ for both the el ectrodes during the methanol
oxidation reaction. After longtimeoperation, athough
thecurrent isgradualy decayed, but theinitia and lim-
iting currents of PPy-Pt/GCE are higher than PYGCE
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Figure5: Chronoamperometric curvesof the PPy-Pt/GCE
(a) and thePt/GCE (b) at 0.65V in0.5M H,SO,+0.5M CH,OH
agueoussolution.
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throughout al therangesup to 3600 s. So, it indicates
that the PPy-Pt nanocampositeis moreactivethan the
Pt nanoparticlesfor methanol € ectro-oxidation, asis
consstent withthe CV resullts.

CONCLUSION

In this work, we deposited Pt clusters in PPy
nanowiresand formed aPPy—Pt nanocompositeonglassy
carbon e ectrode surface. Theenhanced € ectrocata ytic
activity wasachieved by PPy—Pt compositeinre aiveto
pure Pt modified GCE toward MOR reaction. The ad-
vantage of the prepared PPy—PtY/GCE was attributed to
the 3D structureof thecomposite, high dispersion of Pt
nanoclugtersinlargesurfaceareaof PPy nanowiresand
synergic effect between Pt and PPy nanowires. So, it
gppeared that, thise ectrode can bean dternativeanode
meaterid for direct methanol fue cdls
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