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Abstract

Project Code : TRG5380009

Project Title : Investigation of Pt Particle-size Effect on Catalyst Activity and Cover-

age of Oxygen-containing Species in Polymer Electrolyte Fuel Cells

Investigator : NUTTAPOL LIMJEERAJARUS, Ph.D.
THAI-NICHI INSTITUTE OF TECHNOLOGY

E-mail Address : nuttapol@tni.ac.th

Project Period : 2 years (June 2010 — May 2012)

The effect of Pt particle size on catalyst oxygen reduction reaction (ORR) activi-
ty is one of the most important phenomena needed to be studied in order to determine
optimum Pt sizes in polymer electrolyte fuel cell (PEFC) applications. The use of opti-
mum Pt sizes ensures the efficient use of such expensive noble metal, while maintains
the performance required for PEFC applications. This research aims to investigate the
Pt-particle size effect in gas-phase PEFC membrane electrode assemblies (MEAS),
which are prepared with different Pt particle sizes ranging from 2-8 nm. The ORR ac-
tivity is observed to be almost constant at each cell temperature ranging from 25-80 °C,
regardless of the Pt particle size. In addition, from stripping voltammetry (SV), the de-
pendence of quantity of oxygen-containing species adsorbed on the Pt surface on po-
tential and relative humidity is identical for all particle sizes. This implies that there is no
change in electronic properties of Pt surface due to the size variation, and thus there is
no Pt particle-size effect on ORR activity for the particle sizes of 2—-8 nm. This finding is
in concurrence with the results reported in previous study, which was conducted in lig-
uid-phase PEFC MEAs using EC-NMR technique. As a result, this key finding suggests
that the optimum Pt particle size for PEFC applications is the size prepared as small as
possible to obtain the advantage of the high specific surface area while maintain the

same performance, which results in the reduction in production cost.

Keywords : Catalyst Activity, Particle—size, PEFC, Oxygen—containing Species
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1. UNW (Introduction)
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3. N1Inaaad (Experimental)
0/ 1 aaa g: A é a wa
AUSIUHATIN PYC 19 3 e Ae 2.1, 45 Usz 7.9 nm  Selimaudanig
munwaauaadluad 1 lagnihanldieea catalyst ink L1iath catalyst layer 283
PEFC MEAs Catalyst ink 9z0nieBadInd Ky uazitn1saseg anaflaszylilu
% o M oo a a 9 &
HauzadguaTui ldTumsdduWlunsmsuwmdluada - 9aniu Catalyst ink 2z
Qﬂﬂuﬁ (Screen-printing method) U diffusion backing (diffusion layer and Teflon-
;ﬂl a t:llt:ldv A:lln:\ 2 g: o
coated carbon paper) \WaNa® Catalyst electrodes NUWBNNI 5 cm 3NBWUILD1 Cata-
lyst electrodes N6 W3BNAL Electrolyte 71la3UN15819813U32naLTIAIWBBNLA (Or-
ganic impurity removal) @28 HNO; 1 M an¥inn1sdsznay MEA ¢2833 Hot-pressing 11 2
A 1 a J Q 1 aaAaa {
MPa 130 °C iHutaan 1 w1l Taueiaz MEA eHEaIua N IUasendvuiavad
auMAUNIAGATNEI 9N 1NUUIIIzNaY MEA adluiivasimadiTaings

@19191 1 QuENtanImMsnwIaIdLIl jisennihamesad

Catalyst Particle size* Pt/C ratio Specific surface area
(nm) (Wt%) (m’Ig-Pt)
TEC10E50E 21 46.5 132.2
TEC10ES50E-HT 4.5 50.6 75.9
TEC10E70TPM-HT 7.9 70.1 55.4

* ﬁagavl,ﬁmﬂu%ﬁ'w Tanaka Kikinzoku 1@ lasn13le laser beam analyzer

. | a X o o
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@ by A . {9 o
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) A eAA N & ' &
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ANl EN1IENIINeReasINUAITIA IV performance LABILALUREUINNANTIR
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4« .
perature 40°C @3liu standard temperature lun1311 electrochemical surface area

(ESA) Uazd%IU SV 12)nNasauiaNuTUFNRNSuaLTadend 9 adue 20-90 %RH

1 . 1 1 a é/
U7 1 Unit cell NlFlunanasausussnuzuas PEFC MEAs fINAalIN (Wanuina cell
d & ° o 2 ' {
holder fiuaaslugtliflu cell holder §%IL LEaRUWIA 45 cm’ ud cell holder 7ilTlu

ar X 2
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4. WANINANDI HATITUNANITNAADY (Results & Discussion)
Wa28Y |-V performance test 289 PEFC MEAs NNRA3INA4L39U 138123110619 )
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Eﬂﬁ 3 Cyclic voltammograms 183 PEFC MEAs ﬁNa@r’um’mmLsaﬂgmmuwamuu
YUNAA )

8
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0O, ﬁ Cathode 1Ju N, LN LLazmaauﬁ Cell temperature 40°C %GLﬂu standard tem-
perature l4n1311 electrochemical surface area (ESA)

gﬂﬁ LEAINANIINA8aIN#a1n Cyclic voltammetry §1%5U PEFC MEAs fina®
%umné’u‘iaﬂg’jﬁ%mmmmme] TauaNNINIa1 ESA  (cm’ -Ptiem -electrode) leiann
JUNTY (1)

ESA:QH /QPt (1)

Tasfi Q, ﬁaﬂ%mmﬂszq"lﬂﬁwﬁlﬂumzmumi H, adsorption T9%1lalasnsdwIs
Audilanawlusis H, adsorption area &% A1 Qp ﬁaﬂ%mmﬂszﬂﬂﬁwﬁlﬁu
N32UIWMT oxidation Ba9lalasianunpolycrystaline uwaadnuiSoy Fa1nauwisele
80" Qp AFNLYINAL 210 Clem’-Pt
mﬂﬁf’m:mmmm@hﬂ%mmoﬁ"sLs'aﬂﬁﬁ%mﬁﬁmﬁﬁ‘%ﬂ’]"lﬁﬁ]’%dvl,éfmﬂaums (2)

ESA (2)

U, = x100

<A

I@Uﬁ S o Catalyst loading (g/cmz-electrode) LR Ag ﬁaﬁuﬁﬁ’sﬁ'}mﬁz“ﬂad
é"sl,iaﬂﬁﬁ%ml,l,wamaﬁfm (cm’-Pt/g) ZanyuenldainError! Reference source not
found. B9avnlWldnan1IMARDINIITWIAT ESA uaz Up, P09PEFC MEAs 614903
an3197 2

{ 1 1 dl J Qs 1 aaa i
A19199 2 f1 ESA uazen Upt V8IPEFC MEASs ﬂﬂitﬂﬂﬂ“ﬂuﬁ]’m@l’]Lidﬂgﬂiﬂ’]"ﬂ%’]@@l’]d )

Pt Particle size (nm) 2.1 4.5 7.9

Parameters

Pt catalyst loading (S), mg/cmz-electrode 0.41 0.41 0.49
Specific surface area ( A, ), mz-Pt/g 132.2 75.9 55.4
Pt/C mass ratio of the catalyst (m), wt% 46.5 50.6 70.1
Electrochemical surface area (ESA), 227 132 119
em’-Pt/em’-electrode

Pt utilization, (U p, ) 419 | 424 | 438
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