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Abstract : In this study, carbon nanotubes were used as supporter to get high dispersion
and high loading of Pt for PEMFC. Thermal oxidation method was applied to carbon
nanotubes surface treatment. FI-IR and XPS were used to measure the effect of temperature
on functional group. The increased concentration of functional groups was confirmed by XPS
analysis, and increased Pt loading and dispersion was also observed by TGA and TEM analysis
with increased temperature. Thermal behavior of oxidation is closely related to the manufacture
of highly dispersed Pt/MWCNTs. PUMWCNTs treatment temperature at 90°C, showed high
dispersion and high loading of Pt, and also showed good cell performance.

Keywords : PtYMWCNTs, Catalysts, Functionalization, Multi-walled Carbon nanotubes (MWCNTs),
Thermal treatment

.M B & it Aollx 2] TEHYSE Z Y2 Fop
A 38 7FsAol ANEAL SthD PEMFCS] 383}
AR D AT A (polymer electrolyte membrane 2 HsliXe 2%, WHFAL 2HE=A) (membrane

fuel cell, PEMFC)= =& 887 AL Al5A], A9 21 electrode assembly, MEAY>® 7iito] & Q3 483}
slHl WhHo 2 selouA|E A A7luRZ W3 P E Ad™Ee] HA e FE F S 98
29| EujFEo|th )

MEAE ZZE AwA who] oz tha o] ¢

*E-mail: jbkim@ulsan.ac.kr

—245 -



246 J. Korean Electrochem. Soc., Vol. 14, No. 4, 2011

om M5 Uie vl FolA A== [7)81E vt
o o H71E AN w2 ARSE S Q)
AR 248 ProlH HAARE gubdo® Jho
AREET S HAFe] o 4 4ts) vb
(hydrogen oxidation reaction, HOR)®| dojulal AlA=
oM AFA3RIHT-3-(oxygen reduction reaction, ORR)®]
Jofttt.

PEMFCE- Ak M= Fufjo] A+ 582 A, Pt
o] ehEsl e oiA Fuie] A Fo] o x|l
Ast A7t =4, BRA] W ARAel] A A 5
S 2 WprofRitt Pl A9 713 4ol sl ==
PAFe] A71E= 2-5nm YA JeH, ole JHE EHO
X E Pt YA 4k 3 HhS-(oxygen reduction
reaction, ORR)®] FH7rS Hole Ae)o]7| =3t} o
Sl GX]A| 9] s} AAEstAM= P ] E3kE 7
2APE B O g Ee] AE At &)
o]FoiR| 3L Ut} WE=AlE F v B ReRE (Multi-
Wall Nanotubes, MWCNTs)&#| 3|9} &E3le] W, Lils
& e FE el VulcanXC-72 7HEEE HRAE
ARl AFHA] A (single cell)2] Atar =]l
2gato] F7HE A A3, AR A 0.7 vel 2
GxZolM FujdAdo] BabeREES 288 ATt
oF 6l =41 YERTE o2t zlolo] A9lS B
FH I89 o ANHEE 2 £ 93 How
gt w8, Fuj) Az il wet $YE v
FH GXAE AME-S Pt Solietar sheets Sole] Az
ol whet Ak S Ao|rt U, AdjFeR
Hojx|= Fnl| &40] Aolx BA=FEI} 955
A7 Jele Aes Byd uvh Jdokd 2 g
AupeRHe] gl S X TR A4S
ZHBIAL oA Faf Al Al L IHEe] Pt
A& o]gA gt} o] BAES /AS 8l ek

rr oo

oo

Pretreated 50 mg MWNTs

7

W@ | Qe | e

25°C 50°C 90°C 110°C

N T
DI-water .({f./ -

((":. -
(Dry 4 h) =
Pt/CNTs catalyst \

Fig. 1. Step for synthesized Pt/MWCNTs catalyst.
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H,PtCl¢6H,0 (Sigma Aldrich Inc)2 AH&-3I3iTh 4]
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Fig. 2. FT-IR spectrographs for functional group on
strong acid-oxidized MWCNTSs surfaces with treatment
temperatures from Non-treatment MWCNTSs and treatment
temperature at 25, 50, 90, and 110°C.
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Fig. 3. Raman spectra of MWCNTs according to treatment
temperature and Ip/I; ratio from Non-treatment MWCNTs
and treatment temperature at 25, 50, 90, and 110°C.
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Fig. 5. X-ray diffraction of synthesized Pt/MWCNTs by
treated MWCNTS from temperature at 25, 50, 90, and 110°C.
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Fig. 6. Images of synthesized Pt/MWCNTs by transmission
electron microscope by treated MWCNTs from temperature
at 25, 50, 90, and 110°C.
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Fig. 7. X-ray photoelectron Cls spectra of synthesized Pt/MWCNTs by treated MWCNTs from (a) temperature at 25°C,
(b) temperature at 50°C, (c) temperature at 90°C, (d) temperature at 110°C.
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Table 1. Concentration ratio of functional group of X-ray photoelectron Cl1s spectra about synthesized Pt/MWCNTs

Binding energy Surface composition (%)

Element Component Chemical bonding
(eV)0.1eV) 25°C 50°C  90°C  110°C
C Pt/MWCNTs C-C(sp®) 284.5 39.56 32.38 30.35 31.44
C-C(sp>) 285.1 20.24 25.01 25.19 24.39
RC = O (include-OH) 286.5 18.6 21.02 22.02 21.83
R-COO- 289.3 20.5 21.57 22.42 22.32
(@) Metallic Pf7/2 (b) Metallic P4£7/2
> Oxydised Pt4f5/2 > Oxydised Pt4f5/2
86 8’4 8’2 8’0 7’8 7’6 7I4 7‘2 7'0 6’8 86 5‘4 8'2 slo 7‘8 7‘6 7‘4 7’2 7’0 68
Bimding Energy(eV) Bimding Energy(eV)
(¢)  Metallic Ptaf7/2 (d)  Metallic Ptaf7/2
Oxydised Pt4f5/2 Oxydised Pt4f5/2
3 3
g g

86 84 82 80 78 7% 74

Bimding Energy(eV)

86 84 82 80 78 7% 74 72

Bimding Energy(eV)

Fig. 8. X-ray photoelectron Pt4f spectra of synthesized Pt/MWCNTs by treated MWCNTs from (a) temperature at 25°C,
(b) temperature at 50°C, (c) temperature at 90°C, (d) temperature at 110°C.
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Table 2. Concentration ratio of platinum of X-ray photoelectron Pt4f spectra to include non-substitution Pt about

synthesized Pt/MWCNTs
. ) Binding ener: Surface composition (%)
Element Component Chemical bonding @V :tgo, ) e\gg Py S0°C 90°C lo°C
Pt Pt/MWCNTs Pt-Pt (Pt4{7/2) 71.3/74.8 6.34 18.18 25.03 20.35
Pt-O (Pt4£5/2) 72.1/74.8/76.3 5.66 14.82 21.97 16.65
Non-substitution - - 38.00 17.00 3.00 13.00
TGA Analysis (Tatget Pt loading : 50 wt%) 12.00 33.00 47.00 37.00

TRAE S7FEE 110°C &% 743 2S #EsI3T)
Pte] 74 70~80 eV AfolollA] ElEL), F 9|7 xS
71.39F TR AREQl 748 eV oA £5423F pt <o)
PUf72Z e dulFoz v AguRE 71
ARZ 721, 7489 763 eVolA] Pufs2E P27t Al
P{OH),2| Pt AtelE FElE FH3lar 22 LEPdLE?
Pto] 315k A 1= F AMEHoR Pe] B BEE
Table 20 YERNAT}. Table 25 EufAl2A] D45+ Ao
PtE FUIIHL, TGAR 1€ HX % tjv] X]|3H=A]
%o pE ANl G9XE PE 71E0 8 XPS £
FEHRE JeRNQIT Fig. 8(a) 25°Ce] 7% TGA 2
P} 120 wt% BAEAL, TGAR elgh v|gA] pyt
38.0%¢Ith. BAE Pr= 559 FEIZ 63%, AsE 3
B2 57%= @A Fo] dth= 2o g AlEE} Fig 8(b)
50°Ce] A= TGA A3, Pt 34 wi%= ©A &
Aen X9 Pr= 5Pt 182%, AkslE FE|7t
14.8% 12]3 ¥|2A] Pt 17.0% 2t} Fig. 8(c)
90°C2] 7330l FAE P= 47.0 wi%e|3L Pto] 43|
7} 25.0%, AsE FEjrt 22.0% 283 HEA Pt
3.0%2 YERRTE 90°C7RE w5 FEe) AlslE e
9] Pyt BF Zvlshe A4S dAsIg o 9o°cel=
FYS Pt UiFE B@XE AoE AlgH)

AzE Fule A5S Rls] al HeH71E AN
3193 Fig. 9ol YERAth Al2Fe MEA= 84} a2
dhol] Ay Fu S{2]E Axglo] IRl oo
AeEN S At AxE ZE 212F Prt 04 meg/em®
o] Fx2 3t} 25, 50, 90, 2 110°ClA] A2
AR Az vl d52 06 VoAl ZHE 420,
600, 700, Z&F 3 650 mA/em®> AFEEE JeERNATE
90°Coll A 2k 2E ERAZ Alzd Su)o) A e
2o} 28 ASS Btk ARg L7 FeRE
25, 50, 90, % 110°CelA 12, 34, 47, 37 wt%=
30 wi% ©1 ZERE PYMWCNTs Enjje] Adso] akit
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g9
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Fig. 9. Polarization curves of MEAs manufactured by
synthesized Pt/MWCNTS each treated temperature MWCNTSs
from 25, 50, 90, 110°C.

4.4 E

2 A= ARk o8-8 PYMWCNTs S0
Az Al MWCNTs] AA2]geollr] ERAksle] e
gelsldth. FTIR, XPS, Raman #41& E3)] T2 &
TollA] AAZE gRA] P 271 ER] S
om AzE PYIMWCNTs S0 Clse] F=H1E B3l %
719] FL2 90°C7iA] FE719] FEIt STRRlE e
gl a3} AT, 110°ColA S EdY 5
ATFZ(sp YT T Ahshe @48 Holn 2879
L Zaske AL BESIALE o2 110°ClA
73] elgt @A 9] skslrh 27 Faolite] o
£ s 2RSS Welishes o2 Alsg) 28
7] =] Tt vlEEle pe] BXR= SR AS
TGAZ ERISISIL. o= 28717t S718rE Prt &
A =)71e] o golst S 2 A Fer1e
Pte] wAR|Hoz zHgsle] IR B x| FHujjr}
Az A AEHA G HrEE 53] 90°CelA
e gRA 2 AFRE Fuje] Aol 0.6 VOIlA
700 mA/em? AFLEZ 7P =2 2345 JeESITH




25

M

2 J. Korean Electrochem. Soc., Vol. 14, No. 4, 2011

WCNTse] Axjg]zgol 90°C7 2 Aol o

TR Fuf Al A A 2ew AgEn)

D
o

kS

. K. Kordesch and G Simader, “Fuel Cells and their
Applications”, VCH, Wiley, New York (1996).

. C. M. Lai, J. C. Lin, E. P. Ting, S. D. Chyou, and K. L.
Hsueh, ‘Contribution of Nafion loading to the activity of
catalysts and the performance of PEMFC’ Int. J. Hydrogen
Energy, 33, 4132 (2008).

. R.R. Passos, V. A. Paganin, and E. A. Ticianelli, ‘Studies
of the performance of PEM fuel cell cathodes with the
catalyst layer directly applied on Nafion membranes’
Electrochim. Acta, 51, 5239 (2006).

. S. Gottesfeld and M. S. Wilson, New Trends Electrochem.
Technol., 1, 487 (2000).

. R. Hockaday and C. Navas, ‘Micro-Fuel Cells™ for
portable electronics’ Fuel Cells Bull., 10, 9 (1999).

. W. Li, C. Liang, W. Zhou, J. Qiu, H. Li, G Sun, and Q.
Xin ‘Homogeneous and controllable Pt particles deposited
on multi-wall carbon nanotubes as cathode catalyst for
direct methanol fuel Cells’ Carbon, 42, 436 (2004).

. W. Lj, C. Liang, J. Qiu, W. Zhou, H. Han, Z. Wei, G Sun,
and Q. Xin, ‘Carbon nanotubes as support for cathode
catalyst of a direct methanol fuel cell’ Carbon, 40, 787
(2002).

. W. Li, C. Liang, W. Zhou, J. Qiu, Z. Zhou, G. Sun, and
Q. Xin, ‘Preparation and characterization of Multiwalled
Carbon Nanotube-Supported Platinum for Cathode Catalysts
of Direct Methanol Fuel Cells’ J. Phys. Chem. Bulletin,
107, 6292 (2003).

. K. I. Han, J. S. Lee, S. O. Park, S. W. Lee, Y. W. Park,
and H. S. Kim, ‘Studies on the anode catalysts of carbon
nanotube for DMFC’ Electrochim. Acta, 50, 791 (2004).

. R. Yu, L. Chen, Q. Liu, J. Lin, K. Tan, and S. Ng et al.,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

‘Platinum Deposition on Carbon Nanotubes via Chemical
Modication” Chem. Mater., 10, 718 (1998).

V. Parry, G. Berthome, J. C. Joud, O. Lemaire, and A. A.
Franco, ‘XPS investigations of the proton exchange
membrane fuel cell active layers aging: Characterization
of the mitigating role of an anodic CO contamination on
cathode degradation’ J. Power sources, 196, 2530 (2011).
R. V. Hull, L. Li, Y. Xing, and C. C. Chusuei, ‘Pt
Nanoparticle Binding on Functionalized Multiwalled
Carbon Nanotubes’ Chem. Mater., 18, 1780 (2006).

R. Yudianti, L. Indrarti, and H. Onggo, ‘Thermal Behavior
of Purified Multi Walled Carbon Nanotube’ J. Applied
Sciences, 10, 1978 (2010).

C. C. Chien and K. T. Jeng, ‘Effective preparation of
carbon nanotube-supported Pt-Ru electrocatalysts’ Materials
Chemistry and Physics, 99, 80 (2006).

D. Q. Yang, B. Hennequin, and E. Sacher, ‘XPS
Demonstration of m—7 Interaction between Benzyl
Mercaptan and Multiwalled Carbon Nanotubes and Their
Use in the Adhesion of Pt Nanoparticles’ Chem. Mater:,
18, 5033 (20006).

H. S. Oh, K. H. Kim, Y. J. Ko, and H. S. Kim, ‘Effect of
chemical oxidation of CNFs on the electrochemical carbon
corrosion in polymer electrolyte membrane fuel cells’ /nz.
J. Hydrogen Energy, 33, 701 (2010).

M. S. A. Rahaman, A. F. Ismail, and A. Mustafa, ‘A review
of heat treatment on polyacrylonitrile fiber’ Polym. Degrad.
Stabil., 92, 1421 (2007).

S. Dalton, F. Heatley, and P. M. Budd, ‘Thermal stabilization
of polyacrylonitrile bres’ Polymer, 40, 5531 (1999).

H. J. Choi, H. T. Bae, J. K. Lee, B. C. Na, M. J. McNallan,
and D.-S. Lim, ‘Sliding wear of silicon carbide modified
by etching with chlorine at various temperatures’ Wear,
266, 214 (2009).

N. Ikeo, Y. lijima, N. Niimura, M. Sigematsu, T. Tazawa,
S. Matsumoto, K. Kojima, and Y. Nagasawa, ‘“‘Handbook
of X-ray Photoelectron Spectroscopy”, JEOL, Tokyo (1991).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


