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Boabwol o Axjekejol A, 7] @A(2) o]F, A7IEZS A& pllv) 7S ZIEEE 2AstE GAE S
7h2 xS ¢ glon, uEtAEAE pliv) 108 2= 24T 5 9

Woamgo] A AAYgEol A, AT GA(4)A, S B9 Aol wighzlel | X 27io] 70 WX 85T, B
vl Alet A= 75 WA 80CE Foh. W, A7) wAl(DOA, F4& HEHS 10 WA 30417 B¢, B vkgA
A= 20 WA 25417 Fot =3leteE Aol

o] Fujs i deld 9 AsAA(PENFC) o datstera g das(dws) S, a@x dsz
2 AT HA(PENFC) o] 3715 (AAE) Fuf, B HA] A HAA(DLFO) S 7]5014A%) Ful2 AMgE 5 3l

wge] aa

24k 7F Bl22E(high voltage acceleration test)Z¥ A-8AF(NT /g4 Ful)e 49 62.5%9 &4
Aol ddE Ao whate] B wmol Zuje] A 6.2% AL T £Mo] gEd AT, wI, ALAE
Hlgte] & welo] A9 wig Qo] 3 A=7) stopxlon, @4 WA TATVE AA #EE =, o
Fa 2 I Fuje] Hdr)sshE Ade] Fh AErt wEEs ¢ 4 vk, @, 54 A& (polarization
resistance)©] -&AF] A9 70099-F S7FeHd] whale], 2 ol g 3% FUFehE Wl vk webd, &2
g o] FujE AREFORM, 7IE AFl vlste] U] A FFE ARAAE ATE 7 dve A
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M = b
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o] it

EW9 Zee ¥4
E 18 B udge) Zulo] AxAAS mAF Aolth.

% 2(a) ¥ X ray photoelectron C 1s ~HERS YERH Zlo|aL, 2(b)= CNT, Pt/CNT-A 2 Pt/CNT-R Zwj9
Z}eH(Raman) ~FEHS eRd AHolt).

3& Pt/CNT-A 2 Pt/CNT-R &9]¢] TGA 2 DIG =4S yeld Ao},

Y

% 4 7HE H2E A Fule] TEM ofm A B XRD SRS ekl AezA, (a)= WE/®4, (b)= Pt/ONT-A,
(c)& Pt/ONT-R Zwje]ar, (d)&= XRD sH& o]},

T 5E 7 HAE A5 MEAY FA FAS UE RAezA, (a)E Pt/C, (b)E Pt/CNT-A, ()& Pt/CNT-R
ZujE Yehd™, (D)= 0.6VellA o] dFaree] vadds vebdrt.

T 62 7I% HZ=E HA$ MEAS EIS =FHEHS Yepd Ao =24, (a)& Pt/C, (b)&E Pt/CNT-A, (¢)+= Pt/CNT-
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(b)& Pt/ONT-A, (c)+&= Pt/CNT-R &wE YeRY, (D)= 3-8 (capacitance)S v 3k Zlo|t},

T 88 JHE H2E F Zujo] TEM ov]x 2 XRD S ekl RowA, (a)E Pt/C, (b)E Pt/ONT-A, (¢)
= Pt/CNT-R Z2vjE YEhy | (D& XRD ES Yehd Aol
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o] gheFo]l 70owt%e Zdbebd Wiu/gavrfid Suf G Axzvt 2 HA @ ZAFo] v
3w 5

gl Sris aEA deijd 9 ABRAA(PENFC) 9] datstea A de=S(oxs) S, uea i
2 ARHAA(PEMFC) o] s7l5(as) Friz AHgE s As 5oz o S Ee AA A8 (DLFC) <]

< A
TNFGNEE) Ful2 A8 & ok,

<AAY 1> dEHAE AF/EAUYLEFE Eu9 AF

EBAAAAAAZE EHEA -5 (Multi-walled CNTs: MWONTs, CM-95, =% > 95%, dtsh)wdl(F))E
AFE-SFTE. MWONT(o] S  “ONT” 2 E71$thH S INO; 2 H,S0, E3-8 9o Wi 110TelA 36417 o A8t
o, A7) 2k ElE MWWONTE ZEHZ o313k 3 AA S (Fol24) 2 AlZstar 60T 6A17F B¢t 23 Aa =279
A AZAACH Ax"E AR E WONTE dddl S8 F 80 ¥a 110TColA =S92 EAAIZT. NaOlE
ol gsle] 7] BAik" £ pHE 112 AT, A7) pl 112 A" Edo WFAAQ HPtCle6H05
Ya, AR o3, GAFR AZE F 60TAA 6217 5 AFAZXT| A AZRAZA WF/eEan)

Zu(Pt/CNT-AZ %713 & AZ& Y. 7] 9a/82UeFE AFSuE 5o €o] A
24N Bt a5 WEHS I, HZ o7, HAAFZ HHS F 60TANA 6A13F B IFAZTNA AZxEA
7 WF/ A58 2o (Pt/NT-RE F7]30H) S A %3} ).

Tt

=]
2]

<A ¥4 1> XPS(X-ray_Photoelectron_Spectroscopy), FEA(Element Analyzer), =}%H(Raman) Z¥®EF, XRD(X-
ray Diffraction) ¥ TEM(Transmission Electron Microscope) =4

(1) XPS(Thermo Fisher K-alpha) % EA(Thermo Scientific Flash 2000)& Zwje] 38 FAE %
(functional group)& ¥Zsl=t] A&}

=)

57

(2) Fvl 3Wd ©x A H=(nature of carbon bonding) ¥ TlHE(defect)E H7] $I5te] gk ~#HEH
S =AEA L, 633nme] FFoA JAL dlolAFE FHA DXR Btek-mlo| A E A A X (Thermo Scientific)E ARE
she] 200 WA 3500cm oA 1Stk

o~

(3) Fvje] & (graphitic) T % WF A 727] AAHS ste] X-4 FH(XRD, Rigaku RAD-3C) #4& &

LEEEY

(4) 95 AR FAHEEE wEeE7] 9lskel TEMJEOL JEM-2010) o]w|#]& H.gket,

o

o] 29 92 TGA(Thermogravimetric analysis, TA Instruments TGA Q50)% ZAA 3T},

CNT, Pt/CNT-A 2 Pt/ONT-R Zvw]e] XPS C 1s peak® Wgtil, 2 Aahs = 20] EASGT = 2004 2 & 9)

= vk} Zo], CNT diH|sle] Pt/CNT-A o] A5 A7 & =& A3l (binding energy) & %= #%57]
7V S7beke Ao vebwtal, Pt/INT-R Fmie] 49 skdAe]l & #s717F #ashes slow yebsth.

CNT, Pt/CNT-A % Pt/CNT-R Zmje] XPS, EA % epvt 2~ Ed] A3E [£ 1] YeplAct.

# 1
nE XPS EA Sl
(Relative intensity / %) (Content / %) (In/1¢)
C-0 C=0 0-C=0 C 0 7] e} 0/C
(H,N,S)
CNT 3.1 1.0 0.5 96.16 0 0.11 0 0.84
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Pt /CNT-A 5.0 5.6 4.0 48.53 | 5.32 0.23 0.1 1.19
Pt /CNT-R 5.4 3.8 2.4 48.20 | 3.50 0.40 0.07 1.03

BA 472 WU PL/ONT-A Zuje) 4% 4 o] F748 Ao vehda, ot 2Age] o8] N Ewo] 7]
S3F(functionalization) S-S uvebATh. 39, Pt/ONT-R Zvje] A9 2 gto]l #Asided, ole
LTHB(Law Temperature, Hydrogen Bubbling) * ] &<t @35 o2 o] HASS & = ¢

w3} e WS (self-catalyzed dehydration reaction)®] A= 3 UEl}E Ao

T3 gt ~2AEHS S E AR Q3 (NT] 7]5 3 (functionalization) ® LTHBZ <13k 3ld& 3kelst
F A, = 2(b)= ®HE, ONT, Pt/CNT-A 2 Pt/CNT-R &vje] kvt ~"E-o] yely d+=d], 1328 2 1595
KL

cm e FArh vesth ol 4 (6) I3 HEr B g (D) 2 59 72 OdES U
Ebdich. 7F AZ9) T,/Tp ¥I7F Zh2F 0.84, 1.19 2 1.03%) Ao2 yephdkdl, Pt/ONT-A Fol9] 1,/1; w7t 7}

3 AL o] A4 (heterogeneous state)2] Sp3 Az 9 Ak EE A3 g4 yHEES YehH, Pt/CNT-R Zvj
o Ip/Ig BI7F 248k A2 ONT ®WolA C=C 232 g 2 & (restoration) g LERALEH

TGA AF&= = 3¢ ZEAISIGITE. Pt/CNT-A Fulje] x7] ¥la 292 S5lwteovk, LTHB A2 § Pt/CNT-R v

At dsuisE AAstglal, ole BA3Y Bk ofsA A U™ T YA §9 Foz §EHYY
29 Aelth, vlg Mol Hohters] WEA UAl £4A §EPoR A% /T el B Q4as] 37
S BAE PAT 5 9eS ¢ 5 Ak

%S =

<A A 2> WA= EFA (Membrane Electrode Assembly)®] A=

olAxad oI Fo EiE Zujet Swtd% YUI& o]exw (Nafion ionomer) &3 &ejg|E vue-212 9
A olste] w-A= EIA(MFA)S A Fstch. AFR wF/eA Zuf(40wt% Pt, Johnson
Mattey Inc.)E of:=Z MEAR A}&&}ar, W/, Pt/CNT-A 2 Pt/CNT-R ZviE A4S MEAR A3t}

# 2
MEA No. =l g =29
D= B (mg cn )
MEA-1 40wt% e /A Ll Ry 0.4
MEA-2 Pt/CNT-A
MEA-3 Pt/CNT-R

<AFd 2> dBAA A BA

A A H7ME Ysle] 5 cn’ S A A (Fuel Cell Technologies Co.)& Al&3sl9on, v 7AZE 4 9
715 Abgskdet. AAEE Ad34S D.W.Jung et al.(Material Research 19 (2009) 668-671) 7HA1= o] <

A EBl2~E(Polarization test)olA, 100% AH&EEZS z2tE 7F57|A (humidified reactant gas)S Ao
2o gk Au](stoichiometric fuel to oxygen ratios) 1.5 % 2,002 Z}z} o= W |40 FF3A
CAER 2R A AHs el 10T R Skl

Do i ool

AR EEA A ~NEZ 2~ FT (RIS, Gamry, PC14)7} AZHE MEAC] A3S =A== AlgEYgoer, A%
0.1 Hz WA 10 Kz, AFUEE 200mhen 2 8FGlt}.

2+ (Cyclic voltammetry, CV, Wonatech, GwpgOOhp) #41-& Hk$- =) o
Axpateta g4 W 29 (Electrochemical Active Surface Area: ECSA)S ##sl7] 9ste] a5},

N H}
rlet

20

u
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[e]

g

(¢p]
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7} H2EE AASE nA(1.4V) o)A 6A17F S S E ).
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A H2E 9 e AFAREHAEE A7) MEAY WA S48 Siske] 7t H2E dFel AFdAUt.

ARAAY WY BAE Aste] /1% ge AP SIS,

AaF Flol L4Ve] B AL 647 B el v Aash A& ssel YA @ 5 AR 4%

M0 < 0, +4H +e E'=1.229 Vg (1)

C + 2H,0 — CO, +4H +4e E'= 0.207 Vg (2)

T 5o & F e vie) o], AMAE MEAR WF/Ea FHulE AFSSE MEA-19] S - A 3} gk
CERRTh, PUONT-A ZlE AMEE MEA-29) A9 Asbh i A= glout, oldd 2 dshl wEEd
PUONTR Z01% AL& WEA-39] 79 s} @abo] wl$ As vehgtov], o]z ¥ wie] Zug ALga
A% o) Aol 2 fARTE A8 & 4 Atk

&

T MEA-1 2 MEA-29] A5 27 AFUEIF 0.6Vl 742k 795.7 2 771.3 mAem ¢l Ao Uehgon], 77}
298.4 (-62.5%) = 499.0 mAem (=35.3%)% 7raatolch. Wbl MEA-3S 737.4 o)A 691.1 mAem 2 °F 6.2%7
Dasts Aoz et olZA, LTHR AH2E dozx okstA Ags w2 Adx 2 #5717 A4 H o
Pt/CNT Zwle] Wl5-4go]l A FA=EATS & = At

dsdst @48 vwstr] $18te] 9 H2~E(Impedance test)E Fd 7FEE7 A5 Sule AFgS b
wEHE AEE sglth. 2 A3 A & 99 ZAESI.
T 9ol & 5 e mkel ol MEA-19] A9 wig/eha Zujeo] A gto] 8uj 713 d) uWhale], MEA-29] A

Pt/CNT-A Zufeo] A &o] 1.78] F7Febar, MEA-39] 7% Pt/CNT-R Zwle] A do] 1.18) Friete=dl 23 ch. wh
ghA, 2 g FujQl Pt/CNT-Re] 745 Wlﬁ} 2 A St A= vl WS A 4 g A
o

(3) 7F&37F A% TEM o™= 2 XRD o€

o Sl WA B R e AZSIRe 5A4E 2o st Skletr] flste] 7k Svfol sl 7k
7b Ao TEN olWIHE Heokal, M A A71E ®B7] s XRD AR S SAST. T Ak = 4ol UE
o

MEA-1 50 MEA-29] A 7H597F & Fvle] 717k i AA SRk & 5 luh. Trell wkeo] MEA-39] A9
Srle] =7] Wbk A dAEH wokeh. wepd, 2 dwe] P/INTR Svle) A el v Sfel v
ato] Bk Srbetales & S ik =, s gy YA MEA-1, MEA-2 B MEA-3lA4 ZHzt 1.9, 2.9 %
5.7mm= et Hl(Scherrer's A ARSSk] AlAE), o= LTHB H2] & Wigo] sohugoes wg jx 47
7h S7reR] welv, Mo iAF A7) B RAkE TEM oA = ghlshgitt.

)

O

At 7k HAE Fo| TEM olwx] 2 XRD #H¥HS = 8o YERlY. EE ZujdA wWFe $3] o]
ZE A5, 7P dASA Vet A5 MEA-19] W/ Sele A9k, Wg/gh Fule] dxavle
215% Z7Fstd oy, MEA-29] Pt/CNT-A Zwje] A% 124% Z7bel 23 th. whd MEA-39] Pt/CNT-R Zwje] A%
A 7HE AR Foll= Mg A77F 19% FrbebEdl LAtk weba, & 3] Pt/CNT-R FHule] A9 A
A, A 9L Hd75EE Aol o] F ol dSES ¢ & Avh. 7S HAE A$o W 40154 3}

A71stetd ds 54 A3 [ 3]el yeEdn

rrilﬂ

Ay

_10_
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* 3
Sample Performance of MEAs Active surface area of Pt particle size of
at 0.6 V (mAcm ) cathode Side(ngil) cathode side (nm)
Initial After Initial After Initial After
MEA-1 795.7 298.4 52.9 7.5 1.9 6
-62.50% -85.80% 315%
MEA-2 771.3 499.0 31.0 24.3 2.9 6.5
-35.30% -21.60% 224%
MEA-3 737.4 691.1 28.2 25.3 5.7 6.8
-6.20% -10.30% 119%
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Dissociation of
Hydrogen molecules

Hydrogen Spillover
from Pt to CNT
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Dehydration
by atomic hydrogen
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