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AL B RS B3] BhAR] 2| H|(Vulcan XC-72%)E 7]4ko 2 3} L}l A}o] % 9] PtRu-Ni/VCE} PtRu-Sn/VCE dH4J 519 ok
FE Sul= F2H A3 1) (transmission electron microscopy, TEM), FAFAALE 1| -0 | 2] 24 £ 7](scanning
electron microscopy-energy dispersive spectroscopy, SEM-EDS), XAl 33 | 2.337]|(X-ray photoelectron spectroscopy, XPS),
X4l )2 (X-ray diffraction, XRD)& 53} Zujlo] T} 72 W Aso] s E47} HojH o, Zu) A7|skstd 58
2 obg 4 dia BIE Slste] Ak B N, vlEke AEES T} CO B2 HES ETEKAOlA AHgSu = Hojss
PtRu/VC" (60 wt% PtRu)} H] 3191 0.1, o]of tj gt @ oFe t}-&3} Zhr}. 44 & - 22} Bk-S-: PtRu-Sn/VC > PtRu-Ni/VC >
PtRuw/VC® (E-TEK). H&F-2-AF3HES- : PtRu-Sn/VC > PtRu-Ni/VC > PtRw/VC® (E-TEK). @9 &8 : PtRu-Sn/VC > PtRu-
Ni/VC > PtRu/VC" (E-TEK).

FHO : A e A=A, A7) eketA] S, wigkE Aehk-g, DA g, AP d e

Abstract : Nano-sized PtRu-Ni/VC and PtRu-Sn/VC electrocatalysts were synthesized by a one-step radiation-induced reduction
(RIR) (30 kGy) process using distilled water as the solvent and Vulcan XC-72 as the supporting material. The obtained electrocatalysts
were characterized by transmission electron microscopy (TEM), scanning electron microscope energy dispersive spectroscopic
(SEM-EDS), X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS), respectively. The catalytic efficiency of elec-
trocatalysts was examined for oxygen reduction, MeOH oxidation and CO stripping decreased in the following order, Hydrogen
stripping : PtRu-Sn/VC > PtRu-Ni/VC > PtRu/VC® (E-TEK). MeOH oxidation : PtRu-Sn/VC > PtRu-Ni/VC > PtRu/ VC*®
(E-TEK). Unit cell performance : PtRu-Sn/VC > PtRu-Ni/VC > PtRuw/VC® (E-TEK) catalysts.

Keywords : Direct methanol fuel cell, Electrocatalysts, Methanol oxidation, Unit cell performance, Radiation induced reduction
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Ik, Wb me Azlola A, eo] olat e}
ch 23, 7Y, g B vEE 5= A=
17} she AF7E Bsl A Fo] ATHI-AL
J mekE ol &3 A|(direct methanol fuel cell, DMFC)=
FaE ARE ARShe A dejdE A=A (polymer
electrolyte membrane fuel cell, PEMFC)%} H| =3t e & 2¢
il glom, ARt 29} 2HEElE 2l Qlvk Z18u DM-
FCE ARE 4 o4l ool o]eke-g 27 AshdSHanode)
of FF3te] ARt} 9]¢} o] DMFCE PEMFCOb= &
Ao ARMYAAE AGIA T Rl ML
A= A4 o 8o}y TR ARS| FFo| PEMFCO] vl
olstaL, A& @t & 4= Stk 2T DMFCe| 54
= AAE LFe AlA oAy PMP, 72t -84
3 e Folg ARI7)e) TR ol T Ak Am

Hu
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O ol o oft g ook ofd

N oop b ooh B

]

i oo b

>

[ Olﬂ o:

U DMFCE oba7h7 s W 7] eja Susjof 2 &
AREol 7] Wil ALBHE AL B A7 A8
wojof gtrh. DMFCO| 48315 ¢13fl sfidsfiof d A2
wo Zul B4, We AT AL, B2 ujEhe Sk (methanol
crossover) 5-°] 3tk E3] &
urg-o) Bxhek Ame} Coo 7
Soll AHEEE uF Hulo] FHte] FUBAE AAA7ID
AApe] o] 5 Wafgto R 7|l Lk DMFC] Zujst ALLE]
£ P W 2EolA Qe Ashkgol glo] ulg A
P EAR dEA o, otk Pt PARSIRAR Q1% 1)
5(CO poisoning) T2 2 Q15to] ZH/do] Ha| Ak o] Fuf
o $He AV BAES AT gk Be B HFE
o BREo] 9l Pz 74Ao] ulathe EAKE 23 9lo]
ol2|gt ZAIHE S5tz 9l thekt sfAReto] AAIE S
ok %] St Prake BASUE AR AHgSH) 9T Ry,
Sn, Mo, Ni, Pd, Co 53} Z-& z&Zu|S AF&-3) 23720 33
FEle] el Alxstel COol iRt YA WA el
GhlE Pt Sio] chef AMgOR QIE g BAIE FHsks
¥ o] TH8-10].

2 Aol A= DMFCE] COofl &J3h )=t PtZul 9
JHE ZAIE S5 ffste] Pro} @A 212 Ru, Ni, Sn
= A8t 3 Sl S(PtRu-Ni, PtRu-Sn) WAMI &A=
Bato] et TAT Hoji = Ahe v) 7 (transmi
ssion electron microscopy, TEM), =AM R u| 7-of L x| BAF

& EA7]|(scanning electron microscopy-energy dispersive spec-

2] 2(DMFC) A E-A| Z 0l (PtRu-Si/VC, PtRu-Ni/VC) 2] 34 321

troscopy, SEM-EDS), XAl 3] & (X-ray diffraction, XRD)=
o Zoho] B W Abo] chat BAE sllT, H7lshetd
o
ke

e B GBSk T - BE ULS, WES ABRS,
=

P of

1

Aol A8 AJF2 Sigma-Aldrich, USAo| A 743t H,
PtCl6xHO (37.5%Pt), RuClixH,O (41.0%Ru), CoClxH,O (47.4
%Co), SnClLxH,0 (52.0%Sn)2} NiCl, x6H,0 (41.5%Ni)& A}
gaton] Sulaal Al 37hael A4 glo] ARtk B
A A A2 AH8F Vulean XC-72"= CABOT Co., Ltd (USA)9]
A Folshel ALgstoic 4 98] AHEE SulE aqua-
MAXTM-Basic 360 series plus water purification system (YL
Instruments Co. Ltd. Korea)2 At SF+E AMESIR 0 H,
TR HF A g 182 MQem ofek. FAHE Fujo] A
71stetd EAM7LE S15te] AHgE0Ql ETEKALS] PR
vC" (PtRu: 50 wt%), Johnson MattheyA}2] HiSPEC 1000 (Pt/
VC), DupontA}2] Nafion 1175 G+¢]3}o] vl EA-L st

2.2. AN EI RIS 0|25t PtRU/M-VC =01 2| §tA
WA, VC (Vulcan XC-72%)2 AVE(2: 8 vol %)2 o] 2o]
72 =3 SujE AREE AAAE o] FA KT ©A ESEE
& AAS ok FAE VCE Zu|E gx4]7]7] 3t A
A A 2 AHE-8HSiTE PRu-Co/VCHWE FAdote W2 ot
=3 2k FH4(188 mL)9} o|Az 2 I UF(12 mL)E o]

T g ol AXA = AHEE VC 1.0 g& 254
715 E8l 155 ¢ AR AES. AXA 7 4k gl

H,PtClexH,0 (0.43 g), RuCLxH,O (0.41 g), NiClx6H,0 (0.37
QS H7lel 2 T 155 B9 2 9utEA|E Bdlo] BAMA
=tk AAA 9 Fuj R AREE F45E0] BAkE] Sl Sl
A wER o] SAIRSHA7]AL 1.0 M FASHEE &
& o]43| pH 9.002 A3 2}t mE AX a7} d=
2o 7 (gamma-irradiation) S F3HA| A Zoh 7hapA

= AEF2 30 kGy (6.48 x 107/h)o|t}. mpz|uto 2 HhAP 2

lo it 12

PtRu/M-VC Catalysts

Carbon black (O)

Platinum (@)

Solvent
[Water (188 mL): 2-Propanol (12 mL)]

M: Sn,Ni, Ru (@)

Figure 1. Schematic Preparation procedure of the PtRu/M-VC ca-
talyst by one-step RIR.
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A} 3 B8 BRI AUALE S AMEsho] gule AHEH
2, oAmeuE ul BeBE A|AAAZT PRu-SVC
SulE glop 2 wrEe Ba) WA

2.3. PtRUM-VCE S| EHE M T}

A E 2ol ZAHAL XA 3]H (Japanese Rigaku D/max
YA XRD)2A S S Selstaim, gaE Sujo 247} 7
28 A7) ) FAPAARD| Aol A AT BA]
(Hitachi S-4800 microscope SEM-EDS) &3} 2} &1 1| 7 (JEOL
JEM-2100 microscope TEM)S E3 4~aj3}%ic}.

m

2.4. PtRu/M-VC=10{2o| M7|5tstH
FAHE Zoe] A71akeHe 2el

RS

&

7t

- =3} uhg, v

T ARSE RESE Zegskaltt WA & (5.0 mg)¥} 5%
b2 §91(0.05 mL)S 244]7F <t HEA| A Z T 9le] 4
HE £ dojx &2ujoat & Ellﬂ—i%j%(Glass carbon el-
ectrode, GCE)9]ol| 0.02 cm® £7|2 FE A AQck FE=E
AT AaEL71dH 9 X:‘lﬁ—‘ioﬂ/ﬂ 50 C 2R 244]
et ARAA FRek 4 & - F3F g veE At
S 7= 0.5 MY 34O A cyclic voltammetry (EG&Glns-
truments, Potentiostat/Galvanostat model 283, USA)o]| 2J3f H
ZhE| o, mE A7|s}elA Balo o] &3t A 7|sker Al
Ag/AgClE 7]& 7= (reference electrode) 2 2 Pt =1} =1
£ o]&sto] Az A=5 ZH7 AtiH=(counter electrode)
I} 9] A =H(working Electrode)S £3F 3 AFA|AES ALE
shelck ARMSSAR AR ERZHS A A A
=+ X &HA(membrane electrode assemblies, MEA)E A|2}5}o]
Hotdtt A2 92 DupontAl2] Nafion 11792 24 €]
shol ALGBLGTE SIEUL B ATE Bof A% PRu-
Ni/VC (2.5 mg/em’), PtRu-Ni/VC (2.5 mg/em’)S A48} 31
%F==null:= Johnson MattheyAl2] HiSPEC 1000 Pt/VC (2.5
mglen’) S AESITE 0= MEA A2 A X Na-
fion 1175 A3 oo 2 ALgIgon, 5o YAe
Mo =3 H 25 PRu-M/VC (Ni, Sn), PRwVC® (E-TEK)
OF=Z1]l= Johnson MattheyA}2] HiSPEC 1000 (Pt/VC)E A}
g3t

|o|. 0x

e o

ok A
b

Bl
=

[o

m*i

3.1. QAE HEALM S

[

PREMVC Sobie 159 B IYe] olo) 440

D‘lﬂ

= gdstlch wArd e ol tigt Wyl Ee B =w
£l gafl =g on I Wyt g ot 22 A% §

H,0 — ey, H, H-, OH-, H,, H,0, (1)

B o= 01611 H000 A el Apf-ehe 2t gl e
s Tl 07 FH 2 vhE7] A3 A SUAR AR
EoiRlct. ofofl tiEh 42 4 2)2F G)ell A A 4= At

M+ e — M° 2)

M"+H — M +H 3)

919 ukga} §ALSHA|, thrt o] 22l Pt Co”ﬂr Sn*'e
E|Ag] vhgof o) shelEt). WiHof =54 2t ZH(OH:)
2 =2 A8 58S A ‘71 'IHf°ﬂ a4 YAk} o] 22
k= Utk F&olo] 43t
= A4S WA Hﬁ}@l 44 %ﬂHOﬂ H7HA =M o]z
g =t olof thgt AA 412 Eq. (4)2F

(CH3),CHOH + OH — (CH3),C-OH + H,0  (4)

M’ + (CH3),C-OH — M’ + (CH3),C=0 + H"  (5)

Choi et al[14-17]AFHEL G 553 vd @FAE
= PSS ko] g AA 2o GAT=
T IS RS ol Aabe WAMIg el &
TollA Al2E PRu-M/VCE == 3lo] A3t e-dwol
e S 20d = Al

3.2. PtRu-M/VC (M= Ni, Sn) 02| EM T}
HIALAZH WS 3] 3323 €] Q] PtRu-M/VC (M =Ni, Sn)
Zouji= choFat Au) 2 Abgetel 549571 HolAth Figure 2
LSS S AlzE Zui(PRu-M/VC)S] EH
HR-TEMS £33 =33t A}olt}. Figure 2(a)= AAE ﬂi
A| A A 2] HR-TEM oJu]zJo|t}t. FA|H XA A= E-Eolu
2 F5o] EAIGHA] g v A BlEtgon 2]#]| A<

%t A7) oF 45 nmo|t}. Figure 2(b), (c):= HR-TEM ©]u|z|

e tlo T
[e2n ol.m mlﬂ-l

Figure 2. TEM image of the (a) Original VC, (b) PtRu-Ni/VC and (c) PtRu-Sn/VC by one-step RIR.
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Figure 3. SEM-EDS data of the (a) PtRu-Ni/VC and (b) PtRu-Sn/VC
by one-step RIR.

2 PAHSLES B ARE PRuM A EA Fol g
AAAA FB) 7 om 7] oJske] the ARt mEA A
o] I Hlo] U AT 4 Uglow], ol YrpAfe]
2ol BAEL A HSSAR AL o] AgE Fojo] 3k
Ssted Agsits A2 BEe B9 S8 5 Ao
[18,19].

Figure 3-2 WA S-S 53l Al=E Zulj(PtRu-M/VC)
©] SEM-EDS 54 Z3}o|tt. Figure 3(a), (o) Al=d =02l
SEMo|u] 2| & &4 A A EHO]| PrRu-M (M =Ni, SN) L=

AA7E A Babelo] Qe BHlE 4 gglow XA
£ o8 22 ime70 ime] 718 Zerhe A Helshalh
Egh Y7} vl gl o 7t Fujo] 24 el 95te] EDS
= 2garHon, 24271 Fiare 30), 2 53 T
4= Q1tH20,21].

A E &9 XA 3™ (X-ray diffraction, XRD)¥E4] 2
L Figure 49 e lch Figure 4(a)~(c)S X 26" Fo]
A RE AZ] FASH ekt WaE SR paE
Z+= Vulcan XC-72% carbon blacko]] 23+ Zo]w, FCC Pt &
9] (111), (200), (220)9] EA =91 40°, 46°, 68° 2]
127} PRu-M/VC Zrfofl A &= QU 4 =43k Ni
% sn9) 927k ekl ekt PRusk Ni, Snol B
B4 L2 Q18}o] X-ray amorphous P 7} A/dgoll w2t 1
0] 1A} 200) We 7 Ho 23H Ao ol EH
oo w3k 4 9l

o]= Figure 49| Pt (220) 19| 925 gzt A& &3
% o Aokl gla 4 e, olelat o5 fio F2e)

] el

2 B

Pto] ThE S dAbEo] E3H = Ao] YUC= Pté} Ry,
Ni, Sno] g3 FAo] AFgAer FAHUSS elE 5

A TH22-24].

2] 8(DMFC) A A Z 0l (PtRu-Sn/VC, PtRu-Ni/VC) 2] 34 323
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Figure 4. XRD patterns of the (a) PtRu/VC" (E-TEK), (b) PtRu-Ni/
VC (c) PtRu-Sn/VC by one-step RIR.

3.3. PtRu-M/VC (M = Ni, Sn) 02| M7|3tst™ EM
m 7}

A U (cyclic voltammetry, CV)-2 43 AFAZES] AF

SARgo| digh FAEYE obu el A7) 3 P S FAIS)H
Lo AEEE 9ot 0.5 M HSOs £ Yol A 3 E

Zuj| o] Abaleke] HhS EAL 0.1 Vs £ER 0212 V (vs.
Ag/AgCl o] W 9oA] CVE o] &slo] BAsI¢Ict

Figure 5= -0.2~12 V H 9o A =4H)Q F2t gzl
i3t ¥-g 25 EAgE Aolrt. Figure 5(a)= -85 <l
PRwVC® (E-TEK)2} A S-S B3l Qo] PRu-Ni/VC
= 63 B3 3o 2 PRRwVC” (E-TEK)XE.t} PtRu-Ni/VC7}
FAMH) F - g2 WAl o e AL AT 5 ‘ilai

t}. Figure 5(b)= A8l PRRwWVC® (B-TEK)®} HFAMA 3

HE E3) HdojZl PtRu-Sn/VCE H|I BASE 7oz Flgure
5(a)9] AT} 12514 PRwWVC® (E-TEK)ET} PtRu-Sn/VC7}
o) & - EA Aol o B A8 selg 4 U3
Th[25-28].

Figure 62 HEhe AIBIRLS 542 2ASE] 919 10
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Figure 5. Cyclic voltammograms of the PtRw/VC® (E-teck), PtRu-

Ni/VC and PtRu-Sn/VC electrodes in 0.5 M H>SO4. Room
temperature, scan rate 0.1 V/s.

M CH:OH + 0.5 M H,S0,2] &80 A 20 mV/s2] 4
2 AEFH 2 AR-EE PRW/VC® (B-TEK)9} HAAEH
< =3 345 PtRu-Ni/VC, PtRu-Sn/VCE $3HAet=
(cyclic voltammograms) 2. & H] W =745t Zu}o|t}. Figure 6(a)
L Akg a9l PtRw/VC” (E-TEK)S} PtRu-Ni/VCE] wEhe A
shehIvks 548 Uehdls 202 PRwVC" (E-TEK) R T}
PRu-Ni/'VC7} =2 §Hg 54 A1 HolFe= A gRlst
9t} Figure 6(b)= AF&-=uf¢] PtRwVC® (E-TEK)S} PtRu-Sn/
V€O mEhe AEHINES E4S YehlE Ao R PRu/VC”
(E-TEK)E.t} PtRu-Sn/VC7} 52 ¥Hg 54 2iE RS
AL gelatdct. o2t At 2SR AHE-H Nidt Snol
At AEH R H7IAAE A vghe Ashekge] E44S
TH 7= 9T dvte AR AT 4= drH12,22,23,
26-28].

Figure 7 WAL 0 2 A2 H FuijE AME-3) Had
A= A 3g+A|(membrane electrode assemblies, MEA)S A Z}5}
of Told 58S B3 Aot 2 A3E ol E &
| (PtRu-Ni/VC, PtRu-Sn/VC)S AHL-3) A|Z-et MEA7} zH2t
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Figure 6. Cyclic voltammograms for methanol oxidation of PtRu/
vc® (E-TEK), PtRu-Ni/VC and PtRu-Sn/VC catalysts in
1.0 M CH3;0H/0.5 M H,SO4
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Figure 7. Unit cell performance using the prepared PtRu/C as anode
catalysts (under 60 C anode: 2 M methanol, cathode: O,).
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