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W F(Pt) 2} FHE(Ru) S| 2447} LAEEterA(CO) AHstah-g-of v X = F&FS AR} §AE XA A|(support) & AH-§-
k20 wt% WS -2 HE Alg]2 Zu|(Pt: Ru=7:3,5:5,3:7)& Z20°|= " (colloidal method) S 2 §H445}% T
choFsl Ea| - 3}ekA B A% Q] B b4 14 u) A (transmission electron microscopy, TEM)1} X-41 3] (X-ray diffraction,
XRD), oY A| E-AFE X-Al H-A] 7] (energy dispersive X-ray spectroscopy, EDS)& ©]-8-5}o] L% - 3lsH4] EAJS B X5},
X-A1 3F7A} B339 (X-ray photoelectron spectroscopy, XPS)= Safl AR EA] WSS &5kt oEo] dAksterA ¥l
71} 74 B(CO stripping voltammetry) & o] &-310] 7] 8314 7 5-8 AT} 24 205 % PuRusC7} 714
W2 WAl A 9l(vs. Ag/AgCheF 71 2 AAtslera o] A7) 98k 28 T 2{(CO EAS) g2 UEh e o5 3
PtsRus/Co] Y4tateta o] 2 7]318k4 4bakREg-of glo] 713 A A Ql Zrl Y& E1lst3ith. PisRus/CY] ARPd4= HstE
ol 22 A SANSH D W AN H 0] o MEHS Sa AAHE SIS} 123 o] 487 (bifunctional) o] &7}
Qabsherae] 17)5ak Alsiehgol ojet B41S SN ATk AR Hr,

FHIO: A S ARAA, M-S Fof, aksteia, QARhEA o)A

Abstract : The electrocatalytic oxidation of CO was studied using carbon-supported 20 wt% PtRu (PtRu/C) catalysts, which were
prepared with different Pt : Ru atomic ratios from 7 : 3 to 3 : 7 using a colloidal method combined with a freeze-drying procedure.
The bimetallic PtRu/C catalysts were characterized by various physicochemical analyses, including X-ray diffraction (XRD),
transmission electron microscopy (TEM), energy dispersive X-ray spectroscopy (EDS), and X-ray photoelectron spectroscopy
(XPS). CO stripping voltammetry measurements indicated that the addition of Ru with a Pt catalyst significantly improved the
electrocatalytic activity for CO electrooxidation. Among the tested catalysts, the PtsRus/C catalyst had the lowest onset potential
(vs.Ag/AgCl) and the largest CO EAS. Structural modification via lattice parameter change and electronic modification in the
unfilled d band states for Pt atoms may facilitate the electrooxidation of CO.

Keywords : PEMFC, PtRu catalyst, Carbon monoxide, CO tolerant

1.8 2 B2 AR 1= A X (polymer electrolyte membrane fuel

cell, PEMFC)= shahol 1] & A7]o)u 2 2 vla#s o

* To whom correspondence should be addressed. BEAQ v A] MR Ao, thE AR AR vl A=
E-mail: whkim@gist.ac ke oMol e A, 71 5, AH e e A, we
doi:10.7464/ksct.2012.18.4.432 A% S0 wro o]HEo] QIr}1-3]. 2gL} TEA A A

432



He Sl F2 etdd g92d WEPyos
AALBERA(COYQ} oA a7
3 ol ¢ mEEE= 4AS 7}X]1 9lo] Zuj¢] H4o]
2 AAFo] HATFA 7Y

747'#/\1 FaE A=)

e Cﬂﬁi *}%okﬂl Qtﬁ HH%" 24HdE0] v=
AA Al ArdA] Ase] 24 l . =
sfAst7] 915k wetom iAo A s datsteas
AA 4= ol A9 A, HEA e 2904 Fe 39
Zof At @ g A Hu)e) A 2HS
F7h AE L QYrio-12]. L FoA A4
2 FHasleha WFHole] J5-E FAA
S F szt wlgel A 29 942 A=K 2997
(bimetallic) &= S A =5t Aol

A7 LEA A ARAA] AR Hanode)©] UAHE}
o WulsA4e S7HA717] 9% 294 Sz Ha-FH s
(Pt-Ru), W-54(Pt-Sn), W =-E| Eh(Pt-Ti), Wa-o] 2] &
(Pt-Ir), W-F(Pt-Au), W5-=2 B (Pt-Mo) 5o Hily]
T UeHo,10,13]). i g Eehe) A5, A 29] Fo] v
LA 8 SeAA Pastol OIS 345k, o
uf QA Sarstol Lol Wg Zufo] wExE|o] gl UL
oS ol4kSlRkA(CO)R WhE A AT Ao of
T o2 AATCHO 714 B AU ) [14-16). E3E )
T A 2 Ya7ro] Az g0 7 olgl wito] W 2u| dd W3
A2 Afolo] AYL oFsHA| o] w3
o RRY A HEEES fm(mw F3h[17]. o1z4%* +

by
Hofbooloa ®t 2 rlo

e

g

= ‘E——rLoﬂ/ﬂl_ ‘i‘%‘(f’t)# FHERw =4H7F Ldiksh
2 Aol vjAl= Y BASIIA A2 OhE W
Bl A2 A E 20 wt% PRW/C A= JulE A=
star, ol = - A EA4S EA ST g A XA
A% 20 wt% Pt/C, Pt;Rus/C, PtsRus/C, PtsRu,/C E1j&52
F2o]|& " (colloidal method)©. & FAJ5I9i T thefst &
2] - s}ebz] EAAku) ol E 3} X4 v) 7 (transmission electron
microscopy, TEM)Z} XA 3] (X-ray diffraction, XRD), o\
A BAFE X-A EA 7] (energy dispersive X-ray spectroscopy,
EDS)E o|-&3fto = - 3l8hs 542 elstal, X-A 3
A} F33H(X-ray photoelectron spectroscopy, XPS)Z Z3af A
41—1 5“ tﬂﬂi eIttt HEo] datsbeta i A%
strlpplng voltammetry)& ©]-83}o] A 7|35}sk4

2. 4

oo

HFEH
[=N=

21. 0§ M=

= Aol A BaE A A Al(support) 2 ARE-SF 20 wi%e Wi,

129

N F-2HE Alg]= Zuj(Pt:Ru=7:3,5:5,3:7)= ogd
28 Z(CH¢Oz, Junsei Chemical Co.)2 A o] A} SHAA =
/\}_9_ ]_oq Z 2ol v o 2 3A o]_o:h:]. PtRu/C _,_UHE s
A517] 913 Vulcan XC-72R (Cabot Corp., Sper = 236.8 m /g)
EBAE AR AR, WFH(HPtCls-xH,0, Aldrich)¥} 2454
(RuCls*6H0, Aldrich)& Z--A|(precursor) & A5l o =
wiehd WS ok Aok WA S5YARe] #Yet A 2
THAE FA o7 g A A 9] A B A|AS 1185t
&t} Vulean XC-72R Bt4E 6 M GAKHCI, 37%) 8-of ¥
31 12A17F SoF wHlstke) AF 22 g4V pH 5.5 A= )
T S5 o8-8 73] AATE 3 SAIRE 59 120 ToflA|
s HEAIT 7} %XPWE At gl 5952 50
mL o2&l 22| Fe] §sjAXl ¥, ARSI EE(NaOH, 50%)
&S A7ske] pH 12714 283ttt 54 dE50] 23H &
Hof| 3A]7F F<k 160 T F& }OH WSt - REHlE 20
EE theth Ot Wi, WE-FHlE Z20|=TF ' A4
Aloll 2 GAHES, F27HA] A7l Z20l= NS A A
Al ghao} Alo] 24417 B9} Wbtk wiko] B
s0lE AFEE AAHE olgste] Ayo] FRAR 48
MAsEL oJ1et § 5 AAZ7(freeze-dryer) S o|-&3F0] 7
2ACE FAUL7IE 14T AT S S
A g e NAA| $lo] B BAE 91 Ao
2 7|3k HEH o M P Cﬂr PRu/C ZWi & &4

oF 9] Az A 27 2o

=
F2]7] 100 TolA 2417t &
= WZ3 2HEY YA o] wEt PtRu,/C (nominal atomic

ratio)2 7|5}t

{|

gul

22. 504 EHEN

g A Ao gAH Wg-FHE SHEY Y12 E
HX3517] 913l Rigaku Rotalflex (RU-200B) XRD 77|15 A&
3ol YO R Cu Ka (A =1.5401 A)S AlL3}9 o,

o] wj ARESE AU} AF= 40 kV, 100 mAo|T) HA] 0.025%/
35 FAF SRR 2 0=10-80°9] W¢]o] A XRDE S5},
SLE(111) T]20] AT S1 915 0008°3 s FAk SR
2 0=33-37°2] ¥9JolA XRDS F ©f 2Ae}sich a3
e o) Qo] Z7)9} A4S W) TaRRY
Scherrer A& 2]-8-5}o] A4kl PRW/C ZuiE52] 34
(morphology), YA+ =7] &3 F(particle size distribution) 5
S ¢tolr 7] 93| JEOLALS] JEM-20108 A}-83}o] TEM &
4& shelch BRA YAar] LERS] PuE A7) 913
1507) ol4e] AAHE2 Adke] ol gaheich. TEM o] £
215l EDSZ o] §3te] FAE WlF-SelE th=giate] A4
slelx 2Au|E EA5F9th XPS (ESCALAB 250, Al Ka
Soto] Wiyt FElE 22U AksE AE
2 PtRuy/Co| AAHH]of whE ¥ gh2] Aol #|(binding
energy) W3S Eelstct 49 1s 3] 32(284.5 eV)E 7]+
o2 At YA S A8tglom, XPSPEAK AT EQJo] g

W AHgste] BAATE EASAxL,

X-ray source) £412



434 A7) A18W A4S, 20124 124
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Table 1. Structural parameters for the Pt/C and PtRu/C catalysts
measured using XRD and TEM

Catalysts 2 O’ Lattice Mean particle size (nm)
()" | parameter (A" | XRD® TEM*
Pt/C 39.56 3.943 32 33
Pt;Rus/C | 39.58 3.940 2.7 2.6
PtsRus/C | 39.68 3.930 2.9 2.7
Pt;Ru;,/C | 40.38 3.825 2.7 2.4

* The angular position of Pt(111) reflection peak

® Lattice parameter calculated from XRD analysis

¢ Crystallite sizes of the Pt-based catalysts calculated by line bro-
adening of powder XRD peak

¢ Mean particle diameter of the Pt-based catalysts from TEM images
using at least 150 visible particles
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Figure 1. XRD patterns of the Pt/C and PtRu/C catalysts prepared with different atomic ratios of Pt : Ru; (a) X-ray diffraction wide scan and

(b) fine scan of the Pt (111) reflection peak.



(b) Pt;Rus/C

Figure 2. The TEM images of the prepared Pt/C and PtRu/C cataly-
sts with different atomic ratios of PtRu as well as energy-
dispersive X-ray spectroscopy spectra for the prepared
PtsRus/C catalyst.
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Figure 3. X-ray photoelectron spectra of Pt 4f'and Ru 3p for the
prepared Pt/C and PtRu/C catalysts.

Table 2. Electronic parameters of the catalysts measured using XPS

measurements
Pt 4f7» BE (eV) Ru 3p3» BE (eV)
Catalysts 0 o o o
Pt Pt Ru Ru

PU/C | 71.05 (60)" | 71.85 (40)" - -

PtRu/C | 71.33 (56)" | 72.24 (44)* | 462.14 (73)° | 465.39 (27)"
PtsRus/C | 71.29 (57) | 72.19 (43)* | 462.43 (73)" | 465.88 (27)"
Pt:Ruy/C | 71.28 (57)" | 72.33 (43)" |462.45 (73)° | 465.67 (27)°

* Relative % of the Pt’and Pt2+species
® Relative % of the Ru’and Ru4+species

of XPS 4] Azfo|ck. XPS £HE B4 Soje 7t U
Pt 4f, Ru 3p2] T o] & R}(core-electron)2] A gtof 1 X|(binding
energy, BE) @ v 510} Sjaba A2 SHIE 4 21510
™, 1 A3E Table 2¢] A 2|8tqith. Pt 4f A= 23 AFe)
(spin state)]l whe} 172, 32 & FH=2 EA5H7] Wizl Pt 47,
4fp0] T 7H0] wA R UeAH, ol wg ARl HEE=
S35 2} 8 4 9tk Figure 3O4] Pt 4fm, 450 2120 )
AL AR OE AsL AgE Jells P, P 938 23]
I glow, 4f,0] Rt Wl F&o] 71 eV, ¥lg AR ¥
A(PtO)7} 72 eV ZA oA I E QUek 20| AfthE Q] WA
< o]&sto] Sl oA 9 Wi o] ABHYEE AtR A3,
PUC Zjo] 7-90] 4eak W0l 60%, AFShE wiol o 40
%z 7] ol Akack g slel Zu) Eulo] HES} ol
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EAS HMZo] t 7o, £3], PtsRus/C-2 13.3 cm’ 2 Pt/Co]|
v 2580 = & CO EAS ghg yreRwich29].
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Figure 4. CO stripping voltammograms of the Pt/C and PtRu/C
catalysts in 0.5 M H>SO4at a 50 mV/s scan rate at room

temperature. The dashed curves correspond to the CVs
obtained in a CO-free condition.

Table 3. The quantitative analysis of the cyclic voltammograms for

the prepared catalysts
Catalysts Eonser (V)* E (V) CO EAS (cm?)°
Pt/C 0.481 0.592 5.5
Pt;Rus/C 0.282 0.445 12.1
PtsRus/C 0.260 0.362 13.3
Pt;:Ru7/C 0.263 0.358 12.7

* Onset potential (vs. Ag/AgCl)

® Peak potential at 50 mV/s (vs. Ag/AgCl)

€ Electrochemical active surface area calculated by taking 484 uC/
cm’ for Pt/C and 420 pC/cm2 for PtRu/C as the electrical charge
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Figure 6. CO coverage for the electrooxidation of CO over the Pt/C
and PtsRus/C catalysts with respect to the time of CO
exposure.
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