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ABSTRACT

A simple galvanostatic method is reported on the preparation of bimetallic
Pt-Sn and trimetallic Pt-Sn-Ni catalysts onto graphite sheet electrode and
studied their catalytic activity towards isopropanol (2-Propanol/2-PrOH)
and ethanol (EtOH) electro-oxidation. These catalysts have been character-
ized by SEM, EDX, CV and amperometry. The results indicate that the Pt-
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Sn-Ni catalyst performs better than the binary Pt-Sn catalyst for both the
alcohols. Theresultsare explained in terms of bifunctional effect, electronic

effect and strong adsorption of intermediate products.
© 2011 Trade SciencelInc. - INDIA

INTRODUCTION

Direct dcohol fuel cells(DAFCs) havedrawn tre-
mendous attention as power sourcesin stationary and
mobile applications at |ow operating temperature!¥l,
Electro-oxidation of EtOH and 2-PrOH involvemore
intermediates and products than that of methanol
€l ectro-oxidation and thusmore efficient el ectro-cata-
lystsare needed at lower temperature. Platinumisthe
best choice asan electro-catalyst for DAFC, but its
cost and surface poi soning phenomenon inhibitit from
large scaleapplications. It iswell established that the
incorporation of small percentage of Ruor Mo with
Pt moiety enhancesthelife-timeof thecatayst by re-
moving COviabi-metalicfunction, but they are highly
expensive metals. Thus, search for an alternate
cheaper bi-functional metal isurgently needed. Re-
cently, trangtiona metalslike Sn, isreportedtoplay a
crucial rolefor enhance the el ectro-catalytic activity

of Pt asaco-metal!d. On the other hand, adecrease
of Pt loading in the construction of electrodes of a
DAFCisawaysbeneficiary for thereduction of the
cost of thefud cells. Thuswithout compromising of
adding small percentage of bi-functional metalslike
Sn, introduction of athird meta in placeof costly Ptis
aconvenient way to modify the Pt electro-catalytic
propertiesin order to increase the catalytic activity
and weaken or even overcome poisoning by theal co-
hol electro-oxidation intermediates especially the
adsorbed CO-like species. The different research
groupsinvestigated the ethanol electro-oxidation on
carbon supported Pt—-Sn catalysts*¥. Again, many
research groups examined the el ectro-oxidation of
ethanol on a ternary Pt—Sn—Ni electro-catalyst
(50:40:10) and they showed the superiority of Pt-Sn-
Ni over Pt-Sn(®,

But very few reportsareavailablein theliterature
on electro-oxidation of 2-propanol onbimetalic elec-
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trodes13.

Thus, itisfound that therearemany reportsavail-
able on ethanol electro-oxidation using ternary
electro-catalyst, but there is hardly report on 2-
PrOH electro-oxidation onto ternary el ectro-cata-
lyst. Secondly, theternary electro-catalyst was pre-
pared mainly using chemical routes. In the present
study, we would like to prepare ternary Pt-Sn-Ni
catalystsgalvanostatically, snceit isoneof the prom-
ising systemsand would liketo study their electro-
catalytic behaviour towards ethanol and 2-PrOH
el ectro-oxidation and compared with pure Pt and
Pt-Sn data.

EXPERIMENTAL

Sulphuric acid (Merck), H,PtCl ,6H,O(Arora
Matthey Limited), SnCl, (Merck), NiSO,,7H,O (E-
Merck) were used as supplied. The concentrations of
all the salt solutionswere 0.005M using 0.5 M HCI
(Merck). EtOH (Bengal chemicals) and 2-PrOH
(Merck) weredistilled before use. Graphitefoil, 0.5
mmthick (Alfa-Aesar) wastaken assubstratefor metal
deposition. Beforedeposition, the graphitesurfacewas
electrochemically cleaned. Depositionswere carried
out galvanostatically (PAR VersaStat™I1) with 2.5
mA.cmr2 for 30 minutes using atwo electrode con-
figuration. The catalytic activity of all the deposited
electrodestowards EtOH and 2-PrOH oxidation was
studied by cyclic voltammetry and amperometry tech-
niques. A three el ectrode setup was constructed for
thisstudy, where graphite supported € ectrodes (1cm?)
weretheworking e ectrode, the counter el ectrodewas
the Pt foil (1cm?), whileasaturated calomel electrode
(SCE) served asreference el ectrode. The electrolytes
were 0.5 M sulphuric acid solution (blank), or 0.5M
sulphuric acid contai ning EtOH/2-PrOH (1.0M) so-
[ution. Thesurface morphol ogies of theanode materi-
alswereinvestigated with ascanning el ectron micro-
scope (SEM, Hitachi S-3000N), at an accelerating
potential of 20kV. Theelemental compositionsof the
electro-deposited catal ysts were determined by en-
ergy dispersive X-ray (EDX) analysis. The EDX
analysiswasperformed using an EXLII, oxford at-
tached to the microscope. All the experimentswere
carried out at 25°C.
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Figure3: SEM imageof Pt-Sn-Ni electrode
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RESULTSAND DISCUSSION

SEM imagesof the Pt, Pt-Sn, and Pt-Sn-Ni elec-
trode surfacesareshownin Figure 1, 2 and 3, respec-
tively. Itisseenthat these el ectrodes are covered with
auniform, relatively smooth catdyst layer. Theaverage
particlesizeinall these surfacesrangefrom 200to 250
nm.

Based onthecomposition of thecatalysts, obtained
fromthe EDX analysis, the el ectrodes may be desig-
nated as Pt .Sn,, and Pt .Sn, Ni, [Atomic percentage,
Pt:Sn=86:14, Pt:Sn:Ni =85:13:2].

Typical cyclic voltammograms of the blank and
those of 1.0 M EtOH and 2-PrOH solution in 0.5M
H,SO, medium at 30 mV.s™ scan rate within the po-
tentia limit—0.2to 1.1V vs. SCE are shown in Figure
4,5and 6, respectively.

Cyclic voltammogram of the Pt electrode shows
thefeaturesof hydrogen desorption, doublelayer charg-
ing, oxide formation, oxide reduction and hydrogen
adsorption. The double layer region for the Pt elec-
trode, followed by hydrogenregion, isfeatureless. The
current lowly increasesfrom 0.575V vs. SCE indi-
cating the formation of surface oxide. But for Pt-Sn
electrode, thereisno sign of hydrogen desorptionand
adsorption. Thecurrent dowly increasesfrom 0.280V
and apeak appears at about 0.51 V.
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Figure4: Cyclicvoltammogramsrecorded in sulphuricacid
solution onto Pt, Pt-Sn and Pt-Sn-Ni catalyst. Scan rate 30
mV.st.
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Thismay beduetotin oxideformation. Interesting
featuresare observed for Pt-Sn-Ni e ectrode. The hy-
drogen desorption profileischaracterized by largesingle
peaks at about 0.03 V. But the current-potential re-
sponse in the hydrogen adsorption region becomes
broader and not defined at all.
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Figure5: Cyclicvoltammogramsof ethanol (1M) inH_SO,

solution onto differ ent electr odesPt, Pt-Sn and Pt-Sn-Ni cata-
lyst, Scanrate 30 mV.s?.

The characteristic features of acohol electro-oxi-
dationon P, i.e. twowell-defined oxidation peaksare
found during theforward and thereverse scans. It is
clearly seen from Figure 5 that the onset potential for
el ectro-oxidation of EtOH isshifted tolower potentia
vaueonthebimetdlic catdyst surface. Theanodic peak
current of EtOH e ectro-oxidation onto Pt-Sn surface
isalso higher than that of pure Pt. All theseindicate
sgnificant enhancement of cataytic activity of Ptinpres-
ence of Snfor EtOH e ectro-oxidation. Inthe cathodic
sweep only one anodic peak is observed and thisis
attributed to renewed oxidation of thefuel. Thecyclic
voltammogram of EtOH oxidation, asshowninFigure
5, showstwo distinct oxidationregions. Initid kinetics
of thesed ectrodesismuch dower followed by asharp
risein current dengity. Fromthegraphitisclear, though
patternsarethe same, that theoverall kineticsin Pt-Sn-
Ni catalyst surfaceis superior to Pt-Sn and pure Pt for
ethanol eectro-oxidation. Itisaso cleared that theon-
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set potentid for ethanol el ectro-oxidationisshiftedto
lower potential for Pt-Sn-Ni electrode compared to
Pt-Sn and pure Pt. Thus, anegative shift of the onset
potentia and higher anodic peak current vauesarein-
dicativeof better éectro catalytic activity of Pt-Sn-Ni
for EtOH e ectro-oxidation compared to Pt-Snand pure
Pt. Theimproved catalytic effect of ternary electrodeis
dueto thebi-functional effect of Snand electronic ef-
fect of Ni i.e. synergistic effect.

Another probable explanation for the better cata-
Iytic behavior of Pt-Sn-Ni isconsidered whichisin
agreement with the electro-negativity series, an elec-
tron transfer from Ni and Snto Pt can bepossible. As
aresult, it could beinferred that these e ectron transfers
can a so contribute to weakening the bond of Pt-CO
like species, assisting the conversionto CO,. Low on-
st potentid for Pt-Sn-Ni indicatesthat thedissociative
adsorption of ethanol isalso favored by the presence
of co-metals.

Cydlic voltammogramsof 2-PrOH el ectro-oxida-
tion, shownin Figure 6, reveasvery interesting fea-
turesonto Pt-Sn and Pt-Sn-Ni eectrode. Intheanodic
sweep, two peaksappear and in the cathodic scan only
one anodic peak appears. But for Pt-Sn-Ni electrode,
acurrent increment occurs from 0.07 V with the 1%
peak appearsat 0.42V followed by the 2™ peak at 0.7
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Figure6: Cyclicvoltammogramsof 2-PrOH(1M) inH_SO,
solution onto Pt, Pt-Sn and Pt-Sn-Ni catalyst. Scan rate 30
mV.st.
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V. Ontheother hand, Pt-Sn-Ni e ectrode exhibit high
current valuesin between 0.128 V t0 0.43 V regions,
where Pt-Sn activity isalmost negligible. Thus, high
current valueindicatesthebetter catalytic activity of the
Pt-Sn-Ni electrodein thelow potentia region. Incase
of 2-PrOH electro-oxidation onto Pt-Sn-Ni electrode
the oxidation current isincreased compared to Pt-Sn
electrodebut still itisinferior tothat of Pt electrode. A
catalytic deectivation of Ptin Pt-Snisobserved (Figure
6) for 2-PrOH electro-oxidation dueto theformation
of acetond?,

Figure7 showstheamperogramsof EtOH eectro-
oxidation for Pt, Pt-Sn and Pt-Sn-Ni at 450 mV vs.
SCE for 1800 seconds. Initial suddendropin current
withinfirst 6 minutesisobserved for both Pt-Sn and
Pt-Sn-Ni, followed by a slower decay. From thei-t
plot, itiscleared that the current val ues, obtained for
Pt-Sn-Ni, wereaways higher than those obtained for
Pt-Sn. Theseresults confirm that Pt-Sn-Ni isthe best
catalyst compared to Pt-Sn and pure Pt for EtOH
el ectro-oxidation. Thebi-functional mechanism sug-
gests, inthisspecific case, that oxygenated specieson
Sn assisted by Ni allowstheremoval of thereaction
intermediates such as CHx and CO at lower potentids
andthusbetter catdytic activity towardsethanol dectro-
oxidationisexplained.
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Figure7: Amperometrici-t curvesof EtOH (IM)inH_SO,

solution at 0.45volt onto Pt, Pt-Sn and Pt-Sn-Ni cataly<t.

Au Tudian Yournal



CTAIJ, 6(4) 2011

Abhik Chatterjee et al.

201

But theamperometry study of 2-PrOH d ectro-oxi-
dation (Figure 8) showsthat both Pt-Sn and pure Pt
arenot so efficient catdyst compared to Pt-Sn-Ni. From
the Figureitisseen that the current for Pt-Sn-Ni sys-
temisawayshigher. Bi-functiona mechanismdoesnot
operatefor 2-PrOH d ectro-oxidation, but the observed
enhancement of catalytic activity of Pt-Sn-Ni in pres-
enceof Ni may be duetoitseectronic effect™.
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Figure8: Amperometrici-t curvesof 2-PrOH (IM)inH,SO,
solution at 0.45 volt onto Pt, Pt-Sn and Pt-Sn-Ni catalyst.

CONCLUSION

In this study, electro-oxidation of EtOH and 2-
PrOH hasbeen studied onto ternary Pt-Sn-Ni surfaces
and compared theresultswith pure Pt and Pt-Sn sur-
faces. Incase of EtOH, improved catalytic activities of
Pt are observed in the presence of Snand in presence
of two co-metals Sn and Ni. Theresultsindicate that
the Pt-Sn-Ni catalyst performsbetter than the binary
Pt-Sn catdyst dueto the promoting effect of Ni. Thisis
explained in terms of electronic effect of Ni and bi-
functional effect of Sn. However, for 2-PrOH electro-
oxidation cataytic activity of Ptisinhibitedinthepres-
enceof Sn. Thisisdueto theformation of acetonedur-
ing 2-PrOH electro-oxidation and its strong adsorp-

—= Full Paper

tion onto Sn surface. In case of 2-PrOH on to Pt-Sn-
Ni el ectrodethe oxidation current isincreased com-
pared to Pt-Sn and pure Pt electrode. The marginal
improvement in the catalytic activity of the Pt-Sn-Ni
el ectrodetowards 2-propanol € ectro-oxidation might
be dueto theresultant effect of Snand Ni. Though Sn
has negativeimpact on 2-PrOH el ectro-oxidation, but
introduction of Ni enhancesthed ectronic effect, which
overcomethenegativeimpact of Snand thushasbetter
catalytic activity compared to Pt-Sn and Pt alone.
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