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A= multi-walled nanotubesMWNTs)E AtAh-BA4 E37IARE A glste], ¥ #5715 4311, 1 A
ELC_LI”]'—E‘ ZARIITE, A A AEE MWNTsS FHEAL FTIR 183 XPSE #43819it) 28)® ehax]|#]A)
of W LIRS HXAIZ] F, A A A7)0k BRES ARSI 9 'hax|R Al ©x]E Fa)je] w7)35}
84 BEAL AR TS F4ste] Bt it o] AWz YE, Ak W 545 36t ssldsv)7)
*Xlﬂxﬂﬂl T1E ARS o = QUdnk Ak A Seke A& 57} 100 °C A H 17k Vel PY100-MWNTs

AMZL] 7, 3.5 nm9] ﬂ 29 AR A5 B, 9.4%2 71 é" SR &S veRith T8, o] Th =2 2
oA ﬂﬂﬂ AMZo| A, AR A7 I, BAEE AAas WD} oyt Aus Fall, 494 A7et &
A&E AaES XJFAL;E HBA)A Aofe 4= ‘2121%—;— ALY, o9} A= o], FHulle] [7]gsta] o]

100 °C A 2J7HA)= <7}slc7E, 200 °C2) 300 °C2] A-$-oll= A8t Pt/lOO-MWNTs AEL- B E FolA F
18] W54 % (specific current density)?] 120 mA/mg XI5 YERILE.

Abstract — In the present study, the effect of oxyfluorination treatment on multi-walled nanotubes (MWNTs) supports
was investigated by analyzing surface functional groups. The surface characteristics were determined by Fourier trans-
formed-infrared (FT-IR) and X-ray photoelectron spectroscopy (XPS). After the deposition of platinum nanoparticles on
the above treated carbon supports, a crystalline size and a loading level had been investigated. Electrochemical proper-
ties of the treated MWNTs-supported Pt (Pt/ MWNTs) catalysts were analyzed by current-voltage curve measurements.
From the results of surface analysis, an oxygen and fluorine-containing functional group had been introduced to the sur-
face of carbon supports. The oxygen and fluorine contents were the highest value at the treatment of 100 temperature.
The Pt/100-MWNTs showed the smallest particle crystalline size of 3.5 nm and the highest loading level of 9.4% at the
treatment of 100 temperature. However, the sample treated at the higher temperature showed the larger crystalline size
and the lower loading level. This indicated that the crystalline size and the loading level could be controlled by chang-
ing the temperature of oxyfluorination treatment. Accordingly, an electrochemical activity was enhanced by increasing
the temperature of treatment upto 100, and then decreased in the case of 200 and 300. The highest specific current den-
sity of 120 mA/mg had been obtained in the case of Pt/100-MWNTs.
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A uprelFE whe- EE2R1 efulx] WEk Fx|olrH1]. dndAE
AR9] ALIFH DoUAIE 7IA1A oAz Hdtshk= #70]
ANo] 71E oA Bt &afo] =3 feEEe WEe] ALY o
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oflzef, 758 A, A g A 502 g8o] 7ted AA
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A=A 9] Ag3lE At AFARl AFEE A5 W ¢
SN, AS71E, # A AR 9 ARSI AR, A A R
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18] 31, 7HE W=F-H (carbon nanotubes) [15, 16]7F Al 22 BFA X]
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sl B> BEHE, 713 W 5o 27lo] aEo] vk |
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lubricity, %1712 EAJ3} &
SH(oxyfluorination)i= & 2~ 3}(fluorination) | A1 ]
-COF7] ¥ -COOH7 |5 E{ishk= 7o) 7Fssitt. 5, 24947 A
- 2 wAHYF (free radical mechanism)ell 2J38)] ¥4 o2
FAgA17]aL, olefl AkATt WH-E-3Ho] peroxide”]7F A/ E T, S
Z. Hruska 5-2[20] oxyfluorination *]2]:= F 24} W3 (corona
discharge) Z|2] o]l B]l] FAdo] A7 IXF FA H= 2E ATsIsict.
A4S B4 ERTIAE AR BHe A4 2 ¥eo
224 A5 EHel B4 9 olF AAE A =2 X|3A)7|= HE
So% A ARe] w2 kst 715738 2 "ot of=gt
Al W g, A 2EA, 903 1714 B4, v A, i
A4 59 5AS Uehlo] F 12 Rolell ] AR ¥)ar Qlrh21-23].
B Ao s BaRAAY] S AbhEA 2E]slo] A2
B9 35718 BRI &, B AEE AAA o
A BE/MWNTs SUiE Alzsto] 71818H4 A4S A=
Wel tiste] AT Ab-EA AR FHREE A,
100, 200, 7232 300 °CE Z=3tel] whg Az] Zies Alojate], o]
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2-1. AR & A

2 ATl AFE A2 FAAEE MWNTs(multi-walled
nanotubes, ILJIN Nanotech Co. Koreays 71?1 Ag] glo] AR:-
sior, Sulle] gx1E S8l WA s EAHH,PClg, Aldrich)?t
&A= Z(C,H,0H, 99 wt%, Aldrichy AR} o, g4
2 28 8- (HCHO 35 wt%, Samchun Chemical, Korea)y=
ARSI

2-2. EMNKIR[HIS] ARN-EA X2

B4 vEke] HFSE AAS 53 18 99.8% AlE-S A
313 B ES AAE I8l REEA 100 °C o)de] 2ol
7FAAZ] NaF 22 (pelletyS E2HA1A HFS AASIE oW, A7)
237 99.9% oVFe] A ZRAE ARSI Het Whe el F,

gas ALO; TS ARE-31o] A AT

47k AnbA o 7 FEA) Rl WheAJo] 7] wjiol w-ed
2)9] AL SUSTS A8, BRe7) = YAS ARSIt A
A A W71 EeEs AlASY Stk e daviag 1Akt
34 (purging)stal 4271 FAAIZL $ AFS gspgior, B4
ZE29) AbARTEAS] 3R] E32 buffer tankel] SRS -
deHA EFEEF 143 FAII) WA BA9) AR E3H]
Foll 23t TRVAE A RT] flsto] Aol EFVIR0] F

& 60 kPaollA] B4 W AbRS] 2EE AR, 100, 200, 300 °CE
AN 7 A2lsld o, B40k Ao HlE-S 1112 A X
stHAl Attt 27 Agd A5 REMWNT, 100-
MWNTs, 200-MWNTs, 123 300-MWNTsC.Z H338l3it).
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ZuA) &= SHIAE ARESE GRS TR ARSIt 24].
EA " Bax#A] 500 mgs oA ASEF 400 ml F} &
grato] 2002 52t 253 WAV|E ARt AR '
Aell tial 10 wt.% M o2 T@5k7] 214 104 mge] ¥
= ATFAQ] AFPNTFALS Q] oA E GAS A A B
Ab gollel] XA mgdste] 4ARE wRIAIZATE &3t &-llef] pH X
A2 91814 0.1 M NaOH &< 100 mIE 37FE ., 140 °CollA] 3
AIZE 71T, BE AR of= T 7k 9l 716lA e3s)
Rom, 1A ke ok, S 2 LE AIFE 5, 70 °cellA
2477 Azl FullE AT

2-4. M 2N

A2 MWNTs® 329 ¥H57]9] Wighs gRlsh| 9181 FT-IR
37](Digital FRS-80, Bio-Rad, scan range: 500~4,000 cm™)Z ©]
gote] S AAEI A e A58 MWNTs 399 s
71¢] W3lE #5171 93 X-ray photoelectron spectroscope(XPS)
S AMEEHS AL, sourceEE MgKoE o83t 4545 o,
chamber W9 &2 10°~10 torrz 83l 431k

o] FAE 0] PYMWNTs Fviie] Rishel 39 vAl+3
9 EAS #E] $18l Xeray diffraction(XRD) 2418 3t31om,
bR 0 2 CuKas &3 Rigaku Model D/MAX-IIT BE A3}
Qe e GA S S 8l At 0w SRS S
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= ] ©]4-%l5= Jobin-Yvon Ultima-C Inductively Coupled Plasma-
Atomic Emission Spectrometer(ICP-AES)E AME-alo] JoF 7495

st

25 MRAHU=EM £

EHAZE MWNTeol| #E-2 FAAR S A/-Aek =4
(current-voltage curvesys S73317] 918l AA718}et &4 FA =
Autolab with PGSTAT 30(Eco Chemie B. V.; NetherlandsyS A&
3k, 2 =-2 glassy carbon =l Nafion® 1%#A1S o]43}
of A FuiE FAAA ARESIRITE 715 Ag/AgCE
ARSI, 2= Pt meshE AR3IITE 374 A3ES 1.0 M
CH;0HS} 0.5 M H,S0, &3t =85 AR8s3itt. 9] FAS
(scan rate)i= 20 mV/secZ 1733}o] =31t

3. 21 ¥ 0F

3-1. MAEA EMEEIE MWNTS| LXEM

Fig. 1< BkaxxA1] &3 B4V 2)2] u}E FLIR 24439
4,000~500 cm™ 2] HL]ollA] vheERd Zlolt, Avfel] vhebd nie} 31o]
3,000~2,840 cm™'e|4] CH, stretching vibration ¥]=12} CH bending
vibration®l] €] 5497} tha w|okspAINE LpERE O, WA 2]
Al §IRE 1,750 em el ] TtE R T1EE] 71918k
C=0, C-0 °f ¥ =] A7} T7kehs 2l & 5 Atk
TS AbA A APl 23] C-C Ao a2 Stk
1,300~1,000 cm'ellA 2] HA] F3E% C-F stretching bend= 5718}
Sl=tll, ©li= fluorine radicalel] 2]3ll &3} carbon radicalo] T
A B4 T 0,949 Whgo] dofupr] wiFolafar Azt ol
g Aol wet MWNTs el 5717k =51 Qs &
A (active site)}e] A 7Fs/d0] FokA|7] wltoletal Azt
upebA, E EAVEAE o835t MWNTs A4 2lS stat &
o E37EA0 A 25F o] gste] AkhdsT] W A
719 SRS 2EE F USS ERIE 7 STk
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Fig. 1. FT-IR spectra of the oxyfluorinated MWNTs as a function of
treatment temperature.
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Fig. 2. XPS spectra of the oxyfluorinated MWNTs as a function of
treatment temperature.
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Fig. 3. F,, spectra of the oxyfluorinated MWNTs as a function of
treatment temperature.

MWNTS] 24758 F2 shrE vt 7AE ] Q7] wjitel] a3t
offIR] 284.7 eV F-ellA =2 o] whavant dEEQlch 1
Bt £33 B4k A AHeld ARES] A9 v as dvky
o7 7o, g 2571 SR ue) 532 eV Htol
A Ak BT AE o S8

b m)Ag] AJEE QIE 686 eV ol M9 B AV
T+ 100 °CollA X=]8t 100-MWNTs BEZ2] A 374 271819
3, 71 W 2 oA HeElst MEe] A ot Asieitt

B4 BATAE S A 24187 98IA Fig 32 Ak
A S A s gete] U EE MWNTsS] XPS
Fg core level spectras WERA Zlo|t}. Tl vhepdl vig) ko]
oA Aefgk AlEH Hlwal & o, 100 °Coll A Egh HE2
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Table 1. Elemental analysis results of oxyfluorinated multi-walled

nanotubes
Elemental contents (wt.%)
Sample
C (¢} F
Neat MWNTs 96.4 1.8 0
RT-MWNTs 93.6 22 2.8
100-MWNTs 92.8 23 34
200-MWNTs 95.2 22 1.4
300-MWNTs 95.7 2.1 0.7
|I
t Pi{111)
‘ | Pt200) Py220)
PY300-B W T \ }
1
MWHNT;

Intensity (au.)

Fig. 4. XRD spectra of the PUMWNTs as a function of treatment
temperature.

Table 2. Crystalline average size and content of platinum catalysts
deposited on various carbon materials

Sample Crystalline Size by XRD (nm) Pt contents by ICP (wt.%)
Neat MWNTs 6.7 53
RT-MWNTs 5.8 7.0
100-MWNTs 3.5 9.4
200-MWNTs 4.2 8.5
300-MWNTs 4.6 73

7] o1E$) Ao 98-S Tl ==t 300 °ColM = 7R W A9
B4 #5717 B9 AS FaE 5 Qi) webA, Abea s
7k Fxelel QoA oo B9 d a3E de 5 e
A o] L7 EAEkL Y5 Snlshe Zolgkal e 4 Qi)

Table 12> AbA-E4 A2 23l mHel FAE B4 gy
SlojR 2 gelaly] gato] XPS BAS S8E 5 13 Y
A& Bl FEs Akt 2E YRSl Ml 257t S
whebe B4gtako] 27k o 100 °CollA 3.4%2) 7P =2 &
2 TS YERISIT). o] Avls AbhEa H2E gl 9l
Al ZFZHTEE 100 °ColA] Ak 9l E4vF B9 7 Sl 2494
o] B3-S cAIst. 12, 200 °C 9 300 °CF 70| 31-20f|4 <]
AbnBa HEE ek A9, Ak W B AlEA B9 4
A= FI) skl QS BojFEqdu)

3-2. EHA2|E EAXIKIH| SXIE Z0f
A2 A E MWNT] 9138 9214170 3 XRDE 5743}
o] Fig. 4°] YERAITE XRD A3}25E 40, 46 L 67° oA

Pt(111), Pt(200), Pt(220)2] & ¥|IZ WA 5= Qlojx, mIo]
AR 2l gRIE 4 glom, gk Rl flste] ICP/AES

£ olg3to] HetAlet A7 Table 200 VFERAGITE W @Ak
= vlws] B9, v gae] A o @xeko] 53 %18l

a1, 100°CelA 3 AR Sui7t 94 wi%ed] 7HE =& SR ES
HAth o)A A7) Agst vlel o] AbhEa A o
-COOH, -COO0, -CF 53 72 #57]9} 317do] Fo=ir] W
T HAEE 22 Zlo® duEn). A2ens olurt o w2 4
$= gXgo] ozt 7Aaskin). w1, Al MWNTsS] Wi 4
2 A7) (crystalline size)i= Scherrer 7 2)S o] &3k 2] (1)} 2
W o2 sk 4= Qlrh2s]. ol=3t Hot A% 7= Table 2

v 23k AE] -, AR A7} 6.7 nmo) .0, AFL-oflA
A2lE AE, REMWNTsel ©@58 94x1e] 47473 3717} 5.8 nm
2 o 7RSItk 100°CoA A Eet BRAA A Ao T9le W
1AL 79, 4 A717F 3.5 nm JEE G IRfel| vlske] 7+
7 2 AR A= SAEQT o] Bk w& X AEs
MEL 7S, 47423 A717) R SIS =, A% 717}
71 Ze MRS A8 F s AAAE 100°ColA A2 st
MWNTs|t}. o] ATZRE] | 100°CoA 2 2)8t ghaz| A Aol 2=
sk A9, Ak 9 B4 279 £4jo] folsto], b AR A
712l A4 dAke =2 BXSES B8 F UsS & g Qi

_ _Ka
¢ Bcosb

M

(L W= A4 =171, K: Scherrer constant (=0.89), A=0.154 nm,
B: (220) diffraction®] half-height width: radian unit.)

3-3. S0 M39| M7|sEM MHE

Fig. 5% Aba-B4 A2E AL, 100, 200, 300 °ColA %2t
MWNTs w9 AFd9=40S YeRA Zlo|th. Fig. sellA 2= vl
9} o] Ak A7l 2571 A, 100, 200, 300 °CE SV}l
wehr] wEkEo] AlglEs 3371 oF 800~900 mVellA eS|
HERLSH, 100 °C o)do] =W 23] njxe|sh ¥5/MWNTs %
o] 7188k o] o 9siAl LRt A1s ER1st = Qi)
o)A Aba-EA Hgle] 2Jal MWNTse] E9ol -COOH, -COO,
-CF 57 22 ME2 713 Ts717F ==, vl @xdee

5 -
C
44
€
(&) 3
2 e
E 2 b
1 .
a
0 4
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mV (Ag/AgCl)

Fig. 5. Current-voltage curves of the (a) Pt/neat MWNTs, (b) Pt/RT-
MWNTs, (¢) Pt/100-MWNTs, (d) Pt/200-MWNTs, and (e) Pt/
300-MWNTs measured in 1.0 M CH;0H + 0.5 M H,SO,.
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Fig. 6. Specific current density of the (a) Pt/neat MWNT5, (b) Pt/RT-
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onset-potential)’= (a)2} (b)2] 73-%-, ¢k 600 mVe] FAE YER=
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T3S Al ol Al AlikE 137/ E S (specific current
density)E Fig. 69 AIAISISITE ATfol|A] Holi= 2 A9, AolA
EA el osiA L vlAFUET S7FE e H, 100 °CollA # 2]
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AT 2B AT
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ool M A= FIS AvRgton), FIH o g v
o] FulEe] 87 S AR S8l W7 shekAel
AatQiet. 71 A, AbAm 4 AEE FEliA MWNTsel Aks
&F TSR AR We71E A7 Hl 23 8 3.4 weserH]
Jstar, EASS A = Utk HEREE RIS slo],
o719 =S Alofsioled], Abh 2 B g=Fo] 100 °Co
A Aelet A, 7P 8 FAIE vERe] a3l At
o]Folg ASGITE. olef] whzt, 7o) Al ©RAA | Aol Wi
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