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ABSTRACT

Stable metal oxides non-solublein acidic medium has been prepared and characterized. The influence of metal oxide
(MO,) typeonthe activity of Pt towards ethylene glycol oxidation in acidic medium has been examined. All modified
PUMO,/glassy carbon (GC) electrodes exhibited a better activity compared to polycrystalline Pt. While Pt/SnO,/GC

electrode produced the highest oxidation current, Pt/CeO,/GC exhibited the best tolerance against poisoning pro-

cess. © 2009 TradeSciencelnc.-INDIA

INTRODUCTION

Improvement in a cohol oxidationisstill animpor-
tant task infud cell technology. Ptisat present the best
—known catalyst for the adsorption and dissociation of
small organic molecules. However, itisgeneradly ac-
cepted that Pt aloneisnot sufficient to oxidize a cohol
at areasonablerate, mainly because of surface poison-
ing.Also, pt exhibitsalimited ability for breaking C-C
bond. Besides adsorbed CO, severa two-C interme-
diateshave been reported at polycrystaline P-4, For
possiblegpplicationinafud cdl, ethyleneglycol should
be oxidized completely. Thisrequire C-C cleavage,
whichisstill ahard challenge’>®. To achievethis,itis
necessary to modify the composition and the structure
of theanode catal yst". In addition to that complete
oxidation aswell asoxidation of poisoningintermediate
requires an additional oxygen atom. It was reported
that somemetal oxidescan act asoxygen storage com-
ponent!*213, Among them CeO, wasfound to havethe
ability torelease oxygen reversibly.

Ethyleneglycol (EG) ismuchlessvolatileand less

toxicthanmethanadl. Itisdectrochemicaly oxidizable>*
and itscompl ete oxidation in acidic medium produce
10 e per EG molecule compared to 6e for methanal.
Recently, the synergistic effect of CeO, modified P/C
towardsEG oxidationin alkainemediumhasbeen es-
tablishedd. Dueto theinterest on direct acohol fuel
cellsusing an acidic polymer eectrolytemembrane, in-
creasing effort isbeing dedicated to study EGinacidic
media®*. Theusageof MO catalystsin acidic fuel
cell technology islimited duetotheir solubilityinacidic
media

In the present study, three different MO, non-
solublein acidic mediahave been prepared and used
to modify the Pt/GC electrode. Thestability and activ-
ity of PYMO,/GC electrodestowards EG oxidationin
acidic media have been examined using cyclic
voltammetric and chronamperometric techniques.

EXPERIMENTAL
Chemicalsand solutions
Analytical grade chemicalsH,SO, (BDH), ethyl-


mailto:amr_aawd@mans.edu.eg

34 Electrochemical activity testing

PCAIJ, 4(2) December 2009

Full Paper ==

eneglycol (Pprlabo), H,PtCl, (Merck), SnO, (Merck),
(NH,),\W,,0,,.5H,0 (BDH), Ce(NO,),.xH,0
(Merck) have been used for catalyst preparation and
€lectrochemica measurements.

All solutionswere prepared from water obtained
with aMegapure system (MP-A6 Corning).

Metal oxidepreparation

WO, and CeQO, were prepared by direct thermal
decomposition of (NH,), W O, .5H,0,
Ce(NQ,),.xH,0, respectively. SnO, was prepared as
described elsewhere®21. NH,OH (25 wt. %) solu-
tion was added drop wise to agueous solution of
ShCl,.5H,0 under vigoroustirring; thefina pH of so-
lution was adjusted to 8. The obtained Sn(OH), XH,O
asawhite preci pitate wasfiltered, washed thoroughly
with 2% CH,COONH, to éliminate the excess chlo-
ride, dried at 120°C for 24 handfinally calcinated for
4h.

Electr ochemical measur ements

All eectrochemical experimentshave carried out
using Voltd ab modd PGZ 100 and aconventiond three-
electrode cedll. Platinum wire and asaturated calomel
electrode (SCE) were used asthe counter and refer-
ence electrodes, respectively. Glassy carbon disc
(Sigradur®€, Sigri Electrographite GMBH, Germany)
of geometric surface area0.39 cm? were used asthe
working electrode to support the PUMO, particles.
Beforethemaodification, the GC electrodeswere pol -
ished onamicrocloth (Biihler) using aluminum oxide of
different diameters (13, 3, 1, 0.3and 0.05 pum)2+2,

Pt/MO electrode was prepared as described pre-
vioudy by Camposet a.?: A definiteamount of metal
oxide was added to a 25ml solution of 0.3mM of
H,PtCl,in0.1M H,SO,. Electrodeposition was done
with continuous stirring of asolution containing metal
oxideasasuspens on by applying aconstant potentia
of -200mV/(SCE) to the glassy carbon el ectrode for
10 min. The PMO /GC electrodes were character-
ized by sufaceand el ectrochemical techniques.

Testingthe PYM O, /GC dectrodesfor ethylenegly-
col oxidationwasdonein0.5M EG +0.1M H_SO, by
chronoamperometric and voltammetric techniques.

Characterization
Elemental composition of thefilm wasdetermined
Phusica] CHEMISTRY  commm—

using energy dispersve X-ray (EDAX), horida-ex-200,
Japan. The Surface morphol ogical studieswere car-
ried out with Scanning el ectron microscopy SM 5410,
JEOL, Japan.

RESULTSAND DISCUSSION

Theintrinsic solubility of metal oxidewas deter-
mined by soaking 0.5 g of prepared metal oxidein 100
ml of H,SO, for 2 days, sonicated for 5 min using P
Sdlectaultrasonic bath, filtered usng nano-por devices,
drayed at 120 °C until constant weight was obtained.
The percent of recovery was 99.6 + 0.2%.

Prepar ation of thecompositeelectrode

Figure listhe current-time plot for the deposition
from a“bath solutions” containing 0.24 g in metal ox-
ideand 0.3 mM H,PCl,in0.1M H,SO,. Sciencethe
suspension was under continuous stirring during the
deposition step, the deposition was limited by mass
transport by convection and not by diffusion control.
During thefirst seconds of theelectrodeposition, asig-
nificant amount of the current was dueto the charging
of thedoublelayer and at |onger timesthe current main-
tained constant with time.

Surfacecharacterization of theelectrodes

Theelectrodeposits were characterized by scan-
ning el ectron microscopy (SEM) and X-ray (EDAX).
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Figurel: Chronoamperometry of thedectr odeposition of Pt/
MO, on GC electrode using0.24gM O, and 3.89mg H,PtCl,

in 0.1M H2S04. Edep.=-200mV/SCE.
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Figure?2: Scanning electrone microscopy imagesof (A) Clean glassy carbon electrode, (B) Glassy carbon electrodeafter its
modification with Pt/WO, (3500X) and (C) At amagnification of 5,000X.
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Figure3: EDAX imageof Pt/CeO,/GC compositeectrode.
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Figure4: Cyclicvoltammogramsfor Pt/M O /GC electrodes
in0.IM H,SO,. (—) Pt/SnO,/GC, (------- ) Pt/WO,/GC
and (......... ) Pt/CeO,/GC. Scanrate: 50mV s™.

Figure 2 presentsthe SEM images of theglassy carbon
el ectrode before and after the el ectrodeposition of Pt/
WO, composite el ectrode as an example. The SEM
image of clean glassy carbon electrodeisshowninfig-
ure 2A. The micrograph shows an homogeneous sur-
facefreeof particles. After deposition of tungsten and

TABLE 1: Pt/M ratiosobtained by EDAX of modified glassy
carbon electrode.

0249 CeO,+ 0249 SN0, +  0.24gWOs +
Deposition 0.3Mm 0.3mM 0.3mM
bath HgPtClG in25 HgPtCla in25 HthC|6 in25
ml H,S0, ml H,S0, mi H,S0O,
PUM ratio  [PU/[Cel = [P/[S] = ~
(EDAX) 2.8 186 [P/w] =8

Thedeposition timewas600sin all casesand E e =200 mV/
SCE.

platinum the surface of the electrode change to that
showninfigure2B wherethe obviouspresenceof some
materia sshowsthat glassy carbon e ectrodewas modi-
fied. At larger magnification (5,000X) the presence of
some dendrite growth indi cates that the deposit hasa
high surfacearea(figure 2c).

Some spectrometric measurements using theen-
ergy dispersive x-ray spectroscopy (EDAX) technique
weredonein order to analyzethe chemical composi-
tion of themodified e ectrode. The EDAX spectrum of
Pt/CeO,/GC dectrodes compositeelectrode (figure 3)
shows different peaks dueto the presence of cerium
and platinum in addition to that for carbon and oxygen.
Thisisof coursefurther evidence of the presence of
these materialson themodified electrode. TABLE 1
showsthe Pt/M ratio obtained by EDA X of modified
glassy carbon electrode. As can be seenfor thistable,
compositedectrodewith different composition can be
prepared by just changing the“bath solution” composi-
tion.

Cyclicvoltammetry experiments

Figure4 showsthecyclic voltammogramsof vari-
ous modified PYMO /GCin 0.1M H_SO,. Peaks ob-
served below 0.1V are due to hydrogen adsorption/
desorption process. During theforward potential scan,
theincreasein current increase at potential > 0.5V are
dueto theoxidation of Pt surfacewhichreduceinthe
reverse scan forming areeducation peak between 0.5
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Figure5: Cyclicvoltammogramsfor polycrystalline Pt elec-

trodein 0.1M H_SO,. Scanrate: 50mV s™.
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Figure6: Current-potential curvesfor EG electro-oxidation
on (——) Pt/SnO/GC, (------- ) P'WO,/GC, ( ......... ) Pt/
CeO,/GCandPt( - -)in0.1M H_SO,+0.5M EG. Scanrate:
50 mV s
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Figure7: Chronoamperometric curvesrecorded at 0.5V vs.

SCE for (——) Pt/SN0,/GC, (-----) PUWO/GC, (.........)
Pt/Ce0,/GC and Pt ( - - -)in0.1M H,SO, +0.5M EG.

Physical CHEMISTRY o

and 0.4V depending on the type of composite elec-
trode. Ascan beseenfromthisfigure, thegenera shape
of thevoltammogramsof thethreecomposited ectrodes
areclosetothat of normal polycrystalline Pt recorder
under the same condition (figure5). However, careful
examination to thesevoltammogramsindicatesthat the
thereadifferencein the peak heights of peaks| andll.
Thisisconnected to the crystall ographic orientation of
the Pt crystal surface. Peak | was ascribed to Pt(110)
sitewhile peak (I1) to Pt(100) site?”. So, increasing
the height of peak (I1) asin case of Pt/CeO,/GC and
PtWO,/GCindicatesthat the Pt surfaceismorerichin
Pt(100) stemorethanin Pt/SnO,/GC electrode. Asa
result of theincreasein the Pt(100) siteon the surface
of the 1% two el ectrodes, the onset potential for Pt ox-
ideformation processwas shifted to more positive po-
tentiad thanthelast onewhichisrichwith Pt(110) site.
Thisisinaccordancewith thedatarecorded for Ptaingle
crysds.

The catalytic activity of the composite electrodes
for the electrooxidation of ethyleneglycol inacidic so-
lution has been examined. Figure 6 presentsthecyclic
voltammogramsfor EG oxidation at thethreedifferent
compositee ectrodes. For comparison, voltammogram
of polycrystalline Pt, recorded under the same experi-
mental condition, isincluded. For the sake of clarity,
only thepositive-going sveepswereplotted. Itisclearly
seen that, theonset oxidation of ethyleneglycol at the
threemodified e ectrode shifted to less positivevaue
withthe highest shift (100 mV) for Pt/SnO,/GC elec-
trode. Inadditionto that, the oxidation current obtained
at thethree modified el ectrodes around the peak po-
tentid isvery closeto each other but it isapproximately
twicethat obtained using polycrystalline Pt e ectrode.
Thisenhancement in cata ytic activity can be attributed
to the oxidation of the poi soning speciesat lesspostive
potentia s. The promotion of poisoning speciesoxida:
tion hasbeen attributed to the bifunctiona mechanism®
31 together with the modification of thedectronic prop-
ertiesof Ptviawhat isso called ligand effect®>34, How-
ever, theroleof particlesizeeffect aswell ascrystallo-
graphic ordination of deposited Pt cannot be excluded.

Testing thetol erance ability of themodified elec-
trode towards poi soning process during ethylene gly-
col oxidationisvery important fromthe practica point
of view. For thisreason, the current density for ethyl-
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eneglycol oxidation hasbeen recorded asafunction of
timeat 0.5V/SCE over morethan 15 min. Theresult-
ant curvesareshowninfigure7. Ascan be seenfrom
thisfigure, Pt eectrode exhibitsthe highest current den-
gty at thebeginning of ethyleneglycol oxidation, how-
ever itsactivity drops so fast duetoitssurface poison-
ing by intermediate products. On the other hand, the
threemodified PYMO,/GC e ectrodes exhibit abetter
tolerance aganst poi soning speciesaccumulation. The
highest tol erance ability was obtained at Pt/CeO,/GC
modified electrode. The enhancement factor (ratio of
oxidation currentsfor Pt wit and without modification)
obtained for CV at 0.5V together with the current den-
stiesobtained fromi-t curvesafter 1I5minaregivenin
TABLE 2. Ascan be seen fromthistable, the enhance-
ment factor was found to decrease in the order: Pt/
SnO,/GC ™ Pt/WO,/GC > Pt/CeO,/GC > Pt. On the
other hand, thetolerance agai nst poisoning accumula
tion wasfound to decreasein the order: Pt/CeO,/GC
> Pt/WO,/GC > Pt > Pt/SnO,/GC.

TABLE 2: Current dendty and catalyticfactor of EG oxidation
at Pt and Pt/M Ox/GC electrodesat 0.5V/SCE.

Electrode Catalyticfactor®  j (uA cm?)°®
Pt/Sn0O2/GC 2.6 160
Pt/WO3/GC 24 40.2
Pt/Ce02/GC 18 16.2

Pt 1 33

@Ratio of oxidation currentsof (Pt/MOx/GC)/ (pt) obtained
from CV at 0.5V, "Current density of (Pt/MOXx/GC) / (pt)
obtained fromi-t at 0.5V after 15min electrolysis.

CONCLUSIONS

P/MO,/GC composite el ectrodes have been pre-
pared s mply by dispersingtheMO, suspensioninthe
platinum deposition bath. Modified electrodes were
found to enhancethe EG oxidation current together with
shifting the onset of itsoxidationtolesspositiveva ue.
Pt/CeO,/GC dectrode exhibited the best tol erance be-
havior against poisoning process.
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