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Abstract: Nano-scale platinum catalysts were prepared on a glass carbon electrode by cyclic voltammetry. The surface morphology
and active area of the catalysts, and their catalytic activity toward methanol oxidation and oxygen reduction were studied by SEM,
linear and cyclic voltammetry. The result shows that the diameters of global Pt particles are affected by the scan rate of cyclic
voltammetry: the faster the scan rate is, the smaller the diameters of Pt particles are. The size of the nano-scale platinum catalysts has
different effects on their catalytic activity toward oxygen reduction and methanol oxidation: the catalyst with a size of 100 nm shows
its best activity toward methanol oxidation, but the catalyst with a size of 65 nm shows its best activity toward oxygen reduction.
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1 Introduction

There has been an increasing interest in the
development of proton exchange membrane fuel cells
(PEMFC) and the direct methanol fuel cel(DMFC) in
the recent years, since they have a lot of advantages as a
tool for energy use[1—2]. Highly dispersive platinum
supported on carbon has been widely used in various
electrochemical systems, particularly in oxygen
reduction electrocatalysis[3—4]. However, the oxygen
reduction proceeds at a very slow kinetic rate in both
PEMFC and DMFC. The exchange current density of the
oxygen reduction reaction at the Pt catalyst electrode is
as low as 107" A/em?®. Obtaining a cathodic catalyst with
a high electrocatalytic activity for oxygen reduction is
important for the development of both PEMFCs and
DMFCs[5-6].

In general, two ways have been developed to
improve the electrocatalytic activity of the Pt catalyst for
oxygen reduction. First, Pt-based complex catalysts were
developed[7—10], such as Pt-Co, Pt-Fe, Pt-Cr,
Pt-HxMoQO;. Second, the Pt catalysts with an optimum
structure were prepared by a suitable preparation method
because structural factors, such as the average size and

the relative crystallinity of the metal particles, the
electrochemically active area and the alloying content of
the complex catalysts. can significantly affect the final
electrocatalytic activity of the catalysts[11]. Moreover,
the preparation method has an important influence on the
structure of the catalysts. The two aspects that have
special meanings in numerous
supported Pt catalysts are particle size effect and
metal-support interaction[12]. The particle size effect is
closely connected with the structure sensitivity of oxygen
reduction on platinum. The experimental results of
oxygen reduction on Pt single crystal planes in acid
media show a relatively small structure sensitivity
[13—15].

Poirier and Stoner found that the oxygen reduction
activity on thin film Pt depends on the grain size, specific
surface area and lattice parameter[16]. The experimental
data in 0.5 mol/L H,SO,4 showed that the specific activity
of O,-reduction decreases with increasing grain size. The
activity decreases was not in agreement with the
previous observations in oxygen reduction electro-
catalysis on highly dispersive platinum[12], indicating
that the examination of thin-film Pt catalysts can give
novel insights into platinum electrocatalysis. Therefore,
the preparation methods for the Pt-based catalysts for
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DMFC are attracting much attention of investigators
[17-18]. The objective of the present work is to study the
effect of the size of nano-meter Pt on its catalytic activity
toward oxygen reduction and methanol oxidation.

2 Experimental

The preparation and electrochemical measurement
of the catalysts were conducted in a cell with an
Ag/AgCl/saturated KCl electrode as the reference
electrode and a platinum sheet electrode as the counter
electrode. The potentials in the present paper are with
respect to this reference electrode. In the preparation of
the catalysts, a glassy carbon disk electrode with a
diameter of 3 mm was used as the working electrode.
Before the preparation, the working electrode was
polished with 0.05 pm alumina, and then cleaned by
ultrasonator in acetone and distilled water successively
and by cycling in 0.5 mol/L H,SO, between 0.2 V and
0.9 V at 50 mV/s. Five catalysts was prepared by cycling
the cleaned glass carbon disk electrode for 2 cycles
between —0.3 V and 0.6 V at 10, 20, 30, 40 and 50 mV/s
in the quiescent solutions of 5 mmol/L H,PtCls+0.5
mol/L H,SO,, respectively. Before the electrochemical
measurement, the working electrode with catalyst was
placed in 0.5 mol/L H,SO,4 and the cell was deaerated for
half an hour under open circuit potential, and then the
electrode was cycled for 6 cycles between —0.3 V and 1.1
V at 50 mV/s. In the study of oxygen reduction, the
solution was saturated with O,.

H,PtCls was spectrum grade and other chemicals
used were analytical grade. Solutions were prepared with
distilled water. Highly purified nitrogen was used to
deaerate the solutions and highly purified oxygen was
used for oxygen reduction. All the electrochemical
experiments were carried out under room temperature.

The electrochemical experiments were performed
using the cyclic and linear voltammetry with an
electrochemical instrument (Eco Echemine BV) and a
rotating disk electrode (RDE, model ATA-1B). The
morphology of the prepared catalysts was observed with
a scan electron microscopy (Thermal field emission
environmental SEM-EDS-EBSD, model Quanta 400F,
FEI/ OXFORD/ HKL).

3 Results and discussion

3.1 Cyclic voltammograms of Pt catalysts

Five Pt catalysts were prepared by cycling the
cleaned glass carbon disk electrode for 2 cycles between
—0.3 V and 0.6 V at 10, 20, 30, 40 and 50 mV/sin the
quiescent solutions of 5 mmo/L H,PtClg+0.5 mol/L
H,SO,, respectively. Fig.1 presents the voltammograms
of prepared catalysts Pt(a), Pt (b), Pt(c), Pt(d), Pt (e) on
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glassy carbon disk electrode in deaerated 0.5 mol/L
H,S0O, solution. It can be seen from Fig.1 that the slower
the electrodeposited scan rate is, the larger the surface
area of the catalyst Pt is. The hydrogen adsorption/
disadsorption current peak appears between the potential
—0.2—-0 V. Platinum oxide is formed at the potential more
positive than 0.6 V and is reduced between the potential
0.3-0.8 V. Estimated by integrating the oxidation peak
area of adsorbed hydrogen, the real surface area of these
five catalyst are 0.036 82, 0.025 19, 0.020 34, 0.019 22
and 0.010 73 cmz, for the preparation at 10, 20,30, 40
and 50 mV/s, respectively.

0.2

a — Pt(a) prepared at 10 mV/s
b —Pt(b) prepared at 20 mV/s

-0.1
¢ —Pt(c) prepared at 30 mV/s
d —Pt(d) prepared at 40 mV/s
02 e —Pt(e) prepared at 50 mV/s
04 02 0 02 04 06

E/V
Fig.1 Cyclic voltammograms of five Pt catalysts prepared in
0.5 mol/L H,SOj, solution with scan rate of 50 mV/s

3.2 Surface morphology of Pt catalysts

The surface morphology of the catalysts Pt (Pt(a),
Pt(b), Pt(d), Pt(e)) were observed by scan electron
spectroscopy. The results obtained are shown in Fig.2. It
can be seen that there is little difference in the surface
morphology between these four Pt catalysts. All of them
are global and the average diameters of the global grains
are 130, 100, 80 and 65 nm for catalysts Pt(a), Pt(b), Pt(d)
and Pt(e), respectively. That is to say, the larger the
scanning rate is, the smaller the average diameters of the
Pt global grains are.

3.3 Activity of Pt toward methanol oxidation

The cyclic voltammograms of the Pt catalysts on
rotating glassy carbon disk electrode were obtained in
0.2 mol/L CH3;0H+0.5 mol/L H,SO, solution, as shown
in Fig.3. It can be seen that the methanol oxidation
current density on catalyst Pt(b) is the largest among
these five Pt catalysts. The average diameter of catalyst
Pt(b) global grains is about 100 nm. This indicates that
the catalytic ability of nano-meter Pt toward methanol
oxidation depends on its grain size. The experiment
results show that the size of the 100 nm nano-scale
platinum catalysts has the best catalytic ability toward
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Fig.2 Scanning electron micrographs of Pt catalysts (Pt(a) in Fig.2(a), Pt(b) in Fig.2(b), Pt(d) in Fig.2(c) and Pt(e) in Fig.2(d)) on

glass carbon electrode
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Fig.3 Voltammograms of Pt catalysts in 0.2 mol/L+0.5 mol/L
H,S0O, with scan rate of 50 mV/s

methanol oxidation.

3.4 Activity of Pt toward oxygen reduction

The voltammograms of the catalyst Pt(b) were
obtained in the solution with and without methanol. Fig.4
shows that oxygen reduction on catalyst Pt(b) in
O,-saturated 0.5 mol/L H,SO, solutions with and without
0.8 mmol/L methanol. Oxygen reduction current density
on Pt(b) in the solution without methanol is larger than
on that in methanol containing solution, indicating that
the activity of the catalyst Pt(b) decreases when the
solution contains methanol. Thus catalyst Pt(b) is not
suitable for catalytic oxygen reduction.
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Fig.4 Voltammograms of Pt(b) in 0.5 mol/L O,-saturated

H,SO, without (curve a) and with (curve b) 0.8 mmol/L

methanol with scan rate of 5 mV/s (ORR represents oxygen

reduction reaction.)

0.4 0.5

The linear voltammograms of five catalysts on
rotating glassy carbon disk electrode were obtained in
O,-saturated 0.5 mol/L H,SO, solutions, as shown in
Fig.5. It can be seen that the oxygen reduction current
density on catalysts increases as the grain size of the
catalysts becomes smaller and the catalyst Pt(e) has the
largest activity among these five Pt catalysts. The
average diameter of catalyst Pt(e) global particles is 65
nm.

Fig.6 shows the linear voltammograms of Pt(e) in
O,-saturated 0.5 mol/L H,SO, solutions with and without
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Fig.5 Voltammograms of catalysts in 0.5 mol/L oxygen
saturated H,SO, with scan rate of 5 mV/s
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Fig.6 Voltammograms of Pt(e) in 0.5 mol/L O,-saturated
H,SO4 without (curve a) and with (curve b) 0.8 mmol/L
methanol with scan rate of 5 mV/s

methanol. It should be noted that the oxygen reduction
current on Pt(e) is not reduced but improved by the
existence of methanol. This is important for the
application of DMFC, which faces the serious problem
that methanol in anode penetrates through membrane to
cathode.

4 Conclusions

1) The particle size of the platinum catalyst related
to potential scan rate when it is prepared by the cyclic
voltammetry. The faster the scan rate is, the smaller the
diameters of Pt particles are.

2) The activity of nano-meter platinum catalysts
toward oxygen reduction and methanol oxidation
depends to a great extent on particle size of the catalysts.
The catalyst with a size of 100 nm shows its best activity
toward methanol oxidation, but the catalyst with a size of
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65 nm shows its best activity toward oxygen reduction.

References

(1]

[2]

B3]

(4]

(3]

(6]

(7]

(81

[l

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

WASMUS S, KUVER A, Methanol oxidation and direct methanol
fuel cells: A selective review [J]. J Electroanal Chem 1999, 461:
14-31.
MC NICOL B D, RAND D A J, WISSIAMS K R. Direct
methanol-air fuel cells for road transportation [J]. J Power Sources,
1999, 83: 15-31.
KINOSHITA K. Particle size effects for oxygen reduction on highly
dispersed platinum in acid electrolytes [J]. J Electrochem Soc, 1990,
137: 845-848.
PAULUS U A, SCHMIDT T J, GASTEIGER H A, BEHM R J.
Oxygen reduction on a high-surface area Pt/Vulcan carbon catalyst:a
thin-film rotating ring-disk electrodes study [J]. J Electronal Chem,
2001, 495: 134-145.
ZHOU Zhen-hua, ZHOU Wei-jiang, WANG Su-li, WANG
Guo-xiong, JIANG Lu-hua, LI Gong-qian, XIN Qin. Preparation of
highly active 40wt.% Pt/C cathode electrocatalysts for DMFC via
different routes [J]. Catal Today, 2004, 93/95: 523—528.
APPLEBY A J, FOULKES F R. Fuel cell handbook [M]. New York:
VanNostrand Reinhold, 1989.
TODA T, IGARASHI H, UCHIDA H. Enhancement of the
electroreduction of oxygen on Pt alloys with Fe, Ni, and Co [J]. J
Electrochem Soc, 1999, 146: 3750-3760.
MUKERJEE S, SRINIVASAN S, SORIAGA M P. Effect of
activities for oxygen reduction XRD, XAS, and electrochemical
studies [J]. J Phys Chem, 1995, 99: 4577-4589.
XU Y, RUBAN A V, MAVRIKAKIS M. The adsorption and
dissociation of O, on Pt-Co and Pt-Fe alloys [J]. J] Am Chem Soc,
2004, 126: 4717-4725.
HUANG You-ju, LI Wei-shan, HUANG Qing-dan, LI Wei, ZHANG
Qing-long, JIANG La-sheng. Catalytic activity improvement of
platinum toward oxygen reduction reaction by hydrogen
molybdenum bronze [J]. Chem J Chinese University, 2007, 28(5):
921-924.
ATTWOOD P A, MC NICOL B D, SHORT R T. The
electrocatalytic oxidation of methanol in acid electrolyte preparation
and characterization of noble metal electrocatalysts supported on
pre-treated carbon-fiber papers [J]. J Appl Electrochem, 1980, 10(2):
213-222.
MUKERIJEE S. Particle size and structural effects in platinum
electrocatalysis [J]. J Appl Electrochem, 1990, 20: 537-548.
MARKOVIC N M, GASTEIGER H A, ROSS P N. Oxygen
reduction on platinum low-index single-crystal surfaces in sulphuric
acid solution: Rotating ring-Pt (hlk) disk studies [J]. J Phys Chem,
1995, 99: 3411-3415.
KITA H, LEI H W, GAO Y Z. Oxygen reduction on platinum
single-crystal electrodes in acidic solutions [J]. J Electroanal Chem,
1994, 379: 407-414.
EI KADIRI F, FAURE R, DURAND R. Electrochemical reduction
of molecular oxygen on platinum single crystals [J]. J Electroanal
Chem, 1991, 301: 177-188.
POIRIER J A, STONER G E. Microstructural effects on
electrocatalytic oxygen reduction activity of nano-grained thin-film
platinum in acid-media [J]. J Electrochem Soc, 1994, 141: 425-430.
BONNEMANN H, BRIJOUX W, BRINKMANN R. Formation of
colloidal transition. metals in organic phases and their application in
catalysis [J]. Angew Chem Int Ed Eng, 1991, 30: 1312—-1324.
SCHMIDT T J, NOESKE M, GASTEIGER H A, BEHM R J.
Electrocatalytic activity of PtRu alloy colloids for CO and CO/H,
electrooxidation: ~ Stripping voltammetry and rotating disk
measurements [J]. Langmuir, 1997, 13: 2591-2595.

(Edited by LAI Hai-hui)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


