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Abstract: A Pt catalyst (Pt/G,Cy) supported on the hybrid supporting materials composed of
graphene oxide (GO) and carbon black (C) was fabricated using polyol method to improve
the durability of electrocatalysts. The electrochemical performances measured by cyclic volta-
mmograms using three-electrode system revealed that the properly designed Pt/G,C, catalyst
exhibited higher durability than that of Pt/C catalyst without sacrificing an electrocatalytic aciv-
ity. In the oxygen reduction reaction (ORR) performed in acid solution with the rotating disk
electrode, the P/G,C, catalyst showed greater mass and area-specific activity than those of Pt/
C catalyst.
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o] Zo) @A) WS Eolr] A ol
gasith ) Holl= 229 (graphene), B
B (carbon nanotube, CNT), B&xt=3}o]H (carbon
nanofiber, CNF) 59| 2 W#4& 7KK &4 &
AAE o] &g A7t s o]FojA L Yt
AL Az 717], AqUAAE g sk 2], H
% 2Ash A ek B A B 5 TR wof]
& 7Fsdol 7] wiiel IS WAl Sl gk
& WHERE, 394, 717414 4 84 AT W
4 71A7] el AgR] A dFolu A= A
EZRE FEZ 9a Qrp g RH e} )
g wf A vk BT olvE He i
R R ER R N e
S ARt W A4 Al O A2 Hgo] =
Ao Yol Ak sty deyow Qe
graphene oxide & FF
=5 W=gatet A A4S & oA A=A
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4 W=SiAke] A veFe okl 3-8o] 7t
3, 53] A|SeEnRA Be Ar|sey B8E
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B AiMe AristetEue] WS AT
7] $lsl THE Bes TERe SRR TR
FEuE Axste] 1 54S BAIT. Axd B3
HAA Frlle A714 24 A8t glol PyC Fufol H]
3l Fdd W3S vepiich Sule] =94 5S4
Thermogravimetric analysis (TGA), X-ray diffraction
(XRD) ¢} Transmission electron microscope (TEM)
S olgale} Yohusith 3 AF AlZElolN w83}
A9 (cyclic voltammetry, CV) 2.2 Zuljo] 7|3}
3 B4 WA Sls, Zole) 4 B U
(oxygen reduction reaction, ORR) & &AL QY
B7kskgic,

=

(linear sweep voltammetry, LSV) &
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2.1 Polyol method & 0|38 SEIEX|N H0f XM=

B Ao YA ethylene glycol (EG) =
AREste] Exe] f7] PEAG EAE glol YA
7] 9@ Babe zA"o] 42 polyol method & ©]&
sl Wi ZlE AT S @RFZE carbon
black (C, Vulcan XC-72) 3} graphene oxide (GO)
£ ARSI 40 wi% o WEE FHRAA EFEAA
S| & Az3ATE AdE Aveke 98 48 PuC
Zrjel Azg EuE WS @3, PYC FHi=
polyol method & ©]&3ate] Alxste] HHAA =

LER EETEE

Hummer’s method & AZH GO ¢ C
S ZH3F] EG 200mL ©] Y37 223 EXAEE
AAZE 2, 110°C7HA] 7HFE8IHA IAIA GO €F C
7} &3] FAEES sgltk C 9F GO 9 Bl&S
ZA3H PYC, P/G,Cs, Pt/GsCs, Pt/GsCh, PY/GO
|5 Az39e™ PYG,C, Frlol %lo} xE GO2
oln] y= o Folot. #g HAIQ]l HyPtCly6H,0
(Sigma Aldrich Co.) & EG o] &a)AA A4 &
Ag FHEHAT. 110°C7EA] 7188 GO ¢ ¢ &8
o] 40 wt.% © WFo] FAHESE dAFe W7 A
T4 £d93 1M NaOH & ¥& F 90 FoF ut
SAAT wFo] IXH AR FulE 7} o
S U2 SRR A AES 3 600Col FIEA

£ 3.

22 221 54 24

AzE o] w3 "ABe FAats] A
Thermogravimetric analysis (TGA, TA Instruments
TGA Q50) #4& At 52 £=7F 10°C/
min ¢ 4 24 900°C7HA] 7FEEHH air £9
7104 =33ttt X-ray diffraction (XRD, Rigaku
RAD-3C) 45 S8l Srfjoll gxl€ wlge] &4 o
g JAe] 2715 EklErilen 20 7 3~100° <1
HelolA Cu Ko radiation (A=1.541A), 1.5min™!
o] 7oz A8t @AAIRl GO ¢k C o 'A
g e 27] 9 e E ERIs] SlsiA]
Transmission electron microscope (TEM, JEOL
JEM-2010) & AR&-31S9t)

s

23 ™I|EtEE S HIt

BAJAFH (cyclic voltammetry, CV, BioLogic,
SP-50) & AM&-3led PYC, ¢k PUG,C, EFFAA =
o] 78k S48 IR 3 AT Al2HQ]
half cell & ©]&3le] 43I, working electrode,
reference electrode ¢} counter electrode & Z}Z}
glassy carbon electrode, Ag/AgCl electrode <}
platinum electrode & AME-3I3AT}. 9= 5 wt% nafion
£ (Dupont Co.) 3 isopropyl alcohol (IPA) <}
=gqe Fu) dAE Axstd AFC] 3mm <l
working electrode $1° ZE3IATE Hf@S 0.5M
°] H,SO4 78S ARSI, 50mV/s o] FAF &
EZ 02-1.0V o] AN SAs T3
Zb Euje] WgAde AolE ERls] SEiA
0.4~12V ¢ AL 50 mV/is o FAF &&=
Z4ek & vwsksin).

Znjo] 2k4 3] WkE- (oxygen reduction reaction,
ORR) & #2137 ¢3] AFFAAAH (linear
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sweep voltammetry, LSV) & o|&3}c} e &
4L sk 3 A5 AIZ2ERL half cell & )83}
%3, rotating ring disk electrode rotator (RRDE,
ALS Co., Ltd RRDE-3A) °l working electrode =
rotating disk electrode (RDE, ALS Co., RDE

reference electrode <} counter electrode = 27|
Ag/AgCl electrode 9} platinum electrode & AR&-3}
Stk A5°] 3mm 9l rotating disk electrode ¢
Zul, 5 wt.% nafion €% (Dupont Co.) ¥4
isopropyl alcohol (IPA) ©] &%€ Zn] Y35 I
sk dald2 0.5M H,S0, 7898 ARSI,
A A AAMY HABoE AsA 3087 O,
purging & o] saturated flow gas JEIZ FH|5ko
geellA EA sk |A —0.2~1.0 V €] HShE el
A 50mVis & FAF HEZ 50cycle 2 SFAA
g @43 A7l F 10mVis 9 FAF &=
linear sweep voltammetry (LSV) 418 400, 900,
1600 2 2500 rpm A1 ATt

3. @3 o nE

3.1 SEEXA Foie 221y sS4

Az Fujo] wig A g1 93] TGA w4
S AABEAA, 2 AFE Fig 1(a) o YERAITE
29 EF GAFS 40wt% = A3 PYC, PY
G,Cg, P/GsCs, PU/GsC, ©F PYGO THA 714 &
A zste] z+ Zwfoll Zkz} 427, 43.3, 40.5, 41.1 3
40.1 wt.% ] wigo] IxE AL et T
AR W AR HiF 2715 XRD 48 539
gels Y, Fig. 1(b) ol 2 272 Yepiith wE
ARke] Ha A7) 20=40° 46°, 68° 9} 82° o A
3= (111), (200), (220) F (311) peak & <
o]-g-3}o] Scherrer’s equation ol 28] AAEATED
Pt/C, Pt/G,Cs, Pt/GsCs, Pt/GysC, <+ PYGO Zwj ol

203

9XE W Axte] Ha FA7E zHzt 24, 23, 2.3,
2.6 ¢ 2.7nm E YERITH

3.2 SEEXN Foje] MY|sEE 24

7 Zujo] H7|slshd Ew| &4 WA Jtee
Hrrslz] flete] Cv B7E AAsiEen o A9E
Fig. 2 ol YJERAITE Fig. 2 ¢ CcV A3 olA PyC,
Pt/G,Cs, Pt/GsCs 2} PY/GsC, Zule] 27 Zvf &4
HAo Z}zF 62.11, 59.08, 5043 £} 45.79m’g! 02
ARSI 3032] CV 7H&538E HrF & Ev) €4 W
2o 747} 4887 (-21.33%), 51.76 (~12.39%), 44.77
(~11.22%), 40.98(-10.52%) ©|a, 60% F Zw) A
WS Z}7} 40.59 (—34.66%), 45.89 (=22.33%),
39.59 (=21.50%) 2} 36.15 (21.07%)m’g” o= 7+
A% AL BRIEIL &4 ¢ e FXARE AL
PyC Zuljo} wlarste] gAAe] GO 7F E3he H3e
A ZFaje] 79 FAA e GO ol FIIETE
z7] Enf &/ WA o] tha AR W32 3
FEle 202 Yeldth ol BIE¥Ae| PyC U¥]
k2 PYGO Eu7b H7b=EAA 27184 0) Padhe
A Aol Aol dxjsks A9E, ¢ U¥] GO
FEHzo] 27 o] GO7} F7EAFE 2%
o= Zloz Tt BiAA vle] GO
ZeE WAl ol wla gkl Ao &4
AA o] W7Ade] ddE Zo= AlsEn 0 B
TolME Z718WA L A3t A 282 PYG,Cs
e HF FujR MAsl] o]F BAE XSGt
Zvfje] 4ta 3 HESe] tigh €42 RDE £ 9]
83 half cell system & S3l &Ittt Fig. 3(a)
9} (b) ol 400, 900, 1600 3 2500 rpm °IA] scan
potential ©] Mg o] AF Y=o 7S VeI, =
e AFAQ ORR 548 Bt T#Ze 12V
(vs. Ag/AgCl)y B AEAH OS2 charge transfer 2
9GS W= 798 HO|I, onset potential S HSl
%ol charge transfer ¢} mass transfer 7} &3HE +
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Fig. 1. (a) Thermogravimetric analysis curves and X-ray diffraction patterns of various catalysts Pt catalysts.
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Fig. 2. Cyclic voltammograms (CVs) of (a) Pt/C, (b) Pt/G,Cs, (¢) Pt/GsCsand (d) Pt/GsC,.
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Fig. 3. Oxygen reduction reaction (ORR) polarization curves in 0.5 M oxygen saturated H,SO, solution at different
rotating rates of (a)Pt/C and (b)Pt/G,Cs and change of oxygen reduction reaction (ORR) polarization curves of (c) Pt/C

and (d) Pt/G,C; catalyst after potential cycling at 2500 rpm.
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o] Yepdt}. £ 02 mass transfer o] TS
e FooA dHT AFEE FE R 2D
1600 rpm © A Pt/G,Cg 2] half wave potential <
P/C Ht} 40mV A= =2 A9 #e K= AE
FRIsIREE ol GO7F Pt €A T =] H7)1H
Er7h S7HES) dielstal Akt dwtdes C
Al GAE] bulk FEIAAY] H71HEEE amorphous
Tz 9] dHo| JEIRIA] & AE|oA 1 S/em
olalol™ RGO ¢ #A$ollE graphitic +2Z 71471
o Zol] 100~200 S/em =2 LA glom, Sujuks-
o] dojip= AHAAMY W7HER Aole HS F
Ao AzFET) ¥ gl e B
7} 57V&4E limiting current density 7} Z718F3 ).
Suje] kA 3l Wkl sk ldS ER1s] ¢
s APEFAHES 300 cycle & 3312, A}
9] half wave potential 9] ZA&S AASIAT
Fig. 3(0)2} (d) o1& 50 cycle vt} 42k4 39l wHS-S
ZAsle] == JeRISITE 300 cycle 2] WHE &
o] PYC ¢} Pt/G,Cs 9] half wave potential & Z}Z}
143 3 5.7% 7} 7agk A2 AR, el CV
Ao} v E AkA 3 RESOA = Sl GO
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Koutecky-Levich (K-L) plot 2 Fig. 4(a)} (b) °l
YEMISI X, Koutecky-Levich (K-L) equation & %
3 Ak B2 F AgEE ARk 5 ARk

Koutecky-Levich (K-L) equation < ©t-2 2] (1)}

1_1,1_ 1 1

' nFkCy  0.62nFDy v "°Ch 0
el oM j= SAE AR/ (current density)
o|a, jr % j; = Z7ZF kinetic current density <}
diffusion-limited current density ©|th. n & Ak &
2 & AEE ARe] #2 7 FZejolx dojvk=
whgoll #ofshe AR 5 & & Uk ol

7z (D

=i o
=1

A} (faraday constant) €1 F & 96485 C mol™'¢]
e 7K, k= Ak 3R akge] WS gl

ok 0.5M H.SOs 8ol Abe] SHHAIF (Do),
A9 T4 Hm (v) oF HA YellA ke T
(Cor) € 27t 1.8x10%cm?s™!, 0.01 cm?s™! <}
1.13x 10 °mol em™¢] & 7kzth. 3| LAZF 9]
23 AdrE 02 UYERIIE . Fig. 3(a)9t (b)
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Fig. 4. Koutecky-Levich plots calculated from oxygen reduction reaction (ORR) data of (a) Pt/C and (b) Pt/G,Cg and bar
plots of (¢) mass activity and (d) area-specific activity at 0.7, 0.65 and 0.6 V (vs. Ag/AgCl)
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Fig. S. TEM images and their corresponding particle size histograms of (a) initial Pt/C and (b) final Pt/C catalyst after
accelerated durability test and (c) initial and (d) final Pt/G,Cg catalyst after accelerated durability test(ADT).

Aoz A=
b el dhge] 848 HwElr] 913l kinetic
current & T8It Kinetic current = nafion film
of &gt A&g FAE & Uk 7l AltEe
AFzkoltt.
Kinetic current & 73h= 22 o 4 ()9 2t}
L, (A)xI(A)
(Ilim_l)

Q9] AejA &= F3FLA 3= kinetic current ©]
t}.2%32 A4kE kinetic current TS Ag/AgCl A=<
7S 2 0.6, 0.65 3 0.7 VOlA mass activity (7,,)
9} area-specific activity (/) ©Z normalization 3}
o Z¥7} Fig. 4(c)9t (d) ol YERATE Fig. 4(c) &
kinetic currents A= $lol] HAE WFo] S 7|
F9 2 normalization ¥ mass activity ©]Th kA
S wkge] S WS W PUG,Cs ©l mass
activity 7F Pt/C ©l| H|s] 0.6, 0.65 3 0.7V ©lA]
747t 313, 189 9 143% 2713 Ao= Upehdth
Area-specific activity + W] Z7|slsty Zn) &
A WHOZ normalization 3l A4FSE ZEo 2 Fig.

I(4) = @

4(d) JERNSIT). Area-specific activity & 0.6, 0.65
0.7V oA ZFzF 335, 204 & 156% & A =
7} Ho|M mass activity & A AE&S 7R
A& I

713k o As) Fo] Wi Qxle] A7) BAate
= geldy] 98] TEM 24< AAEitt. Fig 5
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ojujR|9} 1o wWE S|AEIHE YERNSITE. TEM
Mg Bal ZF Sujerigs) Wrt A $o wig o
o YA =719} agglomeration ratio & 21ttt
P/C o EXE WFL 24nm o4 79nm =
229% YA S 2ol wbd B3] Eujjel py
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b gkl WS SIS ZF Fvi= C 9 GO
o] Hl&-& th2A st Axsiglen, Axd Fnje
94 54 A% e JAE oF 2~3nm Hx=e} oF
40 wtY% 2 53X GAF 5 A" A Ist
Aok &gk, A7)se 248 FE PyC Suiet H
wate] EFEAA Fuje] et Y A 8
d RS SIS EEEAA o] gAA F
GO2| Hlgo| S/ Fuje] Aol S7lske
AL ZASIAL, 2 F C 2 GO 9 H]Eo] 2:891
PY/G,Cy Zri7F Sm &4 AR W4 F 7S
BT 9l Sl AS Itk ORR A94&
ulgko 2 Koutecky-Levich (K-L) plot & A3 2zt
Zulol ] 4 A} gkgo] dofuke AS & 4 AUTH
TS PYC SRty E3EA]A] E02] mass activity
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