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A A 91719k 3 Al AWEAl HEA, A2E oA shde]
Aol Fokx|ar glow, Flg-7]719 g3}, AEst o= Qlate] A Hlo
2 w3 itk A5 AR (Fuel Cel)= £ A7) &
3 Whg-o] ANk o] 8¢ Hor dAn Fo FA9d ¥ T AAE A A7) 3
2 W3 R
2] o] tH(A. Mcdougall, 1976). 53] A4 5 A5 wWlgs A5HX(DMFC : direct
methanol fuel cell)= Fol-§ oz gy lown, 4 At e A
A d5E AR = o Al 2F E=7E gFdsta(akaeRl, 2006, 737 9], 2004). 1
Ak DMECE A= 5421 Axs FolQl Wig ARg-&Fo]l B2 Zlo] EAlgeltt o]
Al ast7] slA vEEAe] =a, WA T gAaAsel Aol wig
a&dor @EXsl= WHo] ATy A= 2], 2006; F. Gloaguen et al,
1997). @A Als2E S, 7HEEY, givbe{RH o] AMS-HA glth Hool &
AvfeRad g A7) oe] 2§ Fokdl A &3] o|Fold o =T, 9
b= RBrt zke ¢ 714, =214, 71414 54 wiZolzta & 4 vk
| DMFC A= Aes FEA1717] falA gdbefHE AXA R ARg-ste] wle
I Z2bs verE =272 ddsiAl BARAT7] 99 ddgrEe]l gl FalEal o
(Xuguang Li €], 2006; Nathalie Job et al, 2006). DMFC A=2] 832 A7) 7]
sl gaAEed MEd FAATE s o JhAE Sigh ols2 Al g
H, AAY, olewdhy, Fxol=y So] ARgE 1 gIth(Xuguang Li et al, 2006). 1
ZoA 71 ol Ag3ta Y WE-L NaBH, HCHO S<¢] A2 ALgsl=
FHoltH(A-8-g 9], 2006; King-Tasi jeng et al, 2006). 121} FHLe 2F

H SAS ARgstEr FAA oA K3 Wil 3igh

ol
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.?l',
L

o dn
ol

2. A7 54

=AM &

IE gAA0 R Y] Wy dAE gdsiA A% gavhe{Feas Jgsl=d

2ol gt o] &S wAetr] fJaA 1) el ol FAYAZ FHU)

A e AgolA o] Fgdd i} o] hexachloro platinate(IV)
H
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o
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@rdﬁ}ﬂﬂ 0}051‘:} ““lﬁ‘ri}% zo
LA GA), W dke] EAG Rk 4
B(TEM) #zo] Falsglon, My izt g@A=2 Qg gavkefiHe w
A& = ﬂﬁ% ZAVal7] 9lste] 77K A AAB A o3 SerATZMo] =AY

4
o g FhagAel Suow oy Al Fgak werel Ml Avngi.

23
2
rﬁ

1. A3AE

B3 Aled gaeEil giydAoe] 10~15 nmel =W giaeEn
() fxhvked, fzj?)OIDﬂL W Qlzte] YFHowmE Mg al (H.PtCls - xH-0,
x=5.7 Kojima Chemical , Japan)-2 A}g-3}¢]T} Table 1o A3 AME-H b

Be] S4AE AL

<Table 1> Properties of carbon nanotube.

Property Value Test Method

Diameter 10 ~ 15 nm HR - TEM

Length 10 ~ 20 pm SEM

Purity 95 wt % TGA, SEM, HR - TEM
Bulk Density 0.1 g/cc Tapping Method
BET specific )

200 m“/g BET (ASAP 2010)

surface area

N
i)
—Fl
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spectrophotometer§ ALg-Ele] o]l =) 5) 2
dell thdste] BaheFre] Aztel we PiCl el F3%% L Avn gt

B Apda Aed AgAxE Fig 19 7t&elA] wAls gtk 30 wthe wFo]
A gapefH e Azsr] fske] 0806ge] AstMTate well w9l ¥ gt
FH 0762 @y Aedd 2A7HES miAEA PCliE FAAZIY. Fatol
% gl olFetal AR REE 25 SRR FAk AAHE § 80T
247t AZRAA PICL77 F23E gavefrs ZhEgd. Pl &
WeRHs D74 oF 800T 74#] 7hdabas Mg o]go] EaH=
AR F, e A wE % FA7E B 2ol ARE Aol X-ray 3
A (Regaku, D/MAX2000 Ultima/PC)S AAJetth Xray 3]dE42 Cu-Ka, 40
kV/40 mA Zz1 o= 35°<20<85° W 9]elA] 5°/min®] FAMGER IS

Z.EJ A
A [¢]
=
H

ik

-

Platinum solution

Carbon nanotube

Mixing / 100 rpm, 25 C, 2 hrs
Adsorption
|
Filtering / Washing
|
Heat treatment 400 C, N,

Platinum loaded carbon nanotube

[Fig. 1] Flow diagram of platinum nanoparticles loading on carbon nanotube.

HA mdlA AHE AEE gk T[N A (TEM, JEOL, JEM-2010)74 -2
Faliste] Wi QQake] =7 B EARS wobstiith B AlsEe] Tl gk
2 EAS A¥EY] ¢35te] AAE T A alM (Micromeritics ASAP-2010)2 =33}
. A8 A BE AR 473Ke] Lxdi] AHgHo] 107 torr o]ss} B uw) 714 12

BN

JH
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Aol @ B F AagAe ANt A FAL KA sRE e
& A AR Aas 2%A FIR Oe F
o o2 oz Axsgt. o|miE AL 7

SesoriE BET wm@A (m'/g), FHTHI

(A) Fotol Ma Yegde A%

auty o 7 As43lE (hydrate halides)E-2 &l 2 =x] ¢gror} W gy
AEEL B & = Aow ddx] JuhF. Albert Cotton et al, 1980). A3} HFAk
g Eo molm PCl%9l 2HVE AR gAe ko] dth dgulgals Ed
5ol ¥ gaveRFus don PiCl 7 FEgd uel 8o Ao ¢{ﬂ7<]’ﬁ3
2HE FHg Aow Wi wg S 500 ppm 0w 2SS ¢ Al
e gaheRae PCl’el §AEHS Fig 20 m=ASATh %ilﬁri%ﬂsﬂ
PtCl%e) FH-e A& 27)d) vl AEE o] Folx EZnlm Wyl o|=7] =],
3 olfre EhvkeRrRe] ddd AFES R FU1EololA EAREEolE
(capillary condensation theory)dl ¢]Asle] B-Zo] 35 7] wFo]t}(S. J. Gregg. et
al, 1982)

100
804

60

0 T T T T T T
0 20 40 60 80 100 120

Time (min)

Adsorption (%)

[Fig. 2] Adsorption of PtCls” on carbon nanotube from platinum solution.

(platinum : 500 ppm)
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wt%e] WMol FAE garbeRHg
2 FAAAD. PCLE FAE e ing AR stdxsid
well A vk wAste] e Wi SPE EiE w5 WE e 4 5
A5 Q8A, PClesh FAE dahein, 98 dahef, £
FAE AAR97)6A 800T7H dA el dPFRAL AAsga, 1
Fig. 3l mAlstink. aglo e (a9 a3 dshigite
7 mAskaL 9lan, (b) 98 @AbeREs 100T PRkl i) Fum Q1
o FRFAAvt dolkar, 2 ol Felli= wg AAMF Tl Fashedl o= g4
FHIb eelA Azd gleo]7] wiel Wz g gk 171w oltt. (o)
PCl*7L A8 @avbeffrs 100 #gkel T—Ersﬂ U Q% Fas) o
oy, 350°C oA 400C7A] 7hak2 A FaFo] A%t thgdl ofF AMAs FF fd4i
7b @Atk whebA PCles) 2z dolgvhal ek 400 T(o-1sk phA o
He) ewel 800T()-214 dAHd AREs Addste] XRD EAsdy 1 Aot
Fig. 4¢] et gich
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[Fig. 3] TG curves of (a) HoPtCls-5.7H20, (b) as-received carbon nanotube
(c) PtCls® impregnated carbon nanotube.
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PL(111)

Pt (200)
Pt(220) PL(311)

Intensity
e
o
N

T T T T T T T T T 1
35 40 45 50 55 60 65 70 75 80 85
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[Fig. 4] XRD patterns of PtCls® impregnated carbon nanotube
heated up to (c)-1 400 C, (c)-2 800 TC.

Fig. 42%¥ % Alg =57} wge] A9l 3=l 20 = Pylll), Py200),
Pt(220), Pt(311)7} t}ehikar 1014 (Zhenhua Zhou et al, 2003), 400 C74A]5k ) €)3}o]
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[Fig. 5] TEM observations of platinum nanoparticles on carbon nanotubes prepared
at, (@)400 C, (1800 T and (c)prepared by Xuguang Lee(Xuguang Li <], 2006)
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Table 2¢] Btarle%nd] 2% PClL 2 400T, 800C 744 dA2ldt Alge] H)
FAAEA Aas AYstddh. d24E 985 sgAbeRHe] widAe 2005
m’/g o]glor} 7+ 7+ 121.9 & 1055 m°/g ©& 39% 2 47% 7} 7HAsgh o= Wl
= 4xke] AR Qdste] nmHAo] Zolg oz AlgdEu. Hi FAFNI=
0.529 cc/g ol 7+ 7} 0460 2 0424 cc/g 7 13% = 20% 7rA3s+gl). 800°C
A H B 5y A ulg fdAe] EHudl o3 Fw oghAe] 2 uliolr)

=, M JAEY BivkeRBe] FHd dad SrlEEe] d7d FA4 Ho FA
THAE AaATAL Al 2718 ST B 4 ok

<Table 2> Characteristics of platinum nanoparticles loaded carbon nanotubes.

Sper” v Vi R?

Carbon nanotube(CNT) ) .
(m°/g) (cc/8) (cc/g) (A)
As-received 200.5 0.529 0.024 105.5
Heat treated, 400C 121.9 0.460 0.001 151.0
Heat treated, 800C 105.5 0.424 0.001 160.7

* BET specific surface area. " Total pore volume. ¢ Micropore volume.

d .
Average pore diameter

V. 248
A BAARA NFES FAAT= 7P Bol AMg-FHE By dslulgikes ig
Al Aoz slal o2 4&dd Fol § FAAZS sl FHHolZn By
2 tk(King-Tasi jeng et al, 2006). e} FFAHE FAAZE A8tz HAslar

b Besith webd A Aol ofel Ropdl de &
= FAAR Agstn olsld dMT FgelomyE PIA’E FAND F ook
4002 Adste] M QA2 FA stuA stgor), 1 AT FAe et g

al
BAAA 3 wiel oA WF thegAE 48 FHow
% %

A, abeROE Qs 580 9a Pl
o4 oF 400TolM A S 2 nm olskel W P
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<Abstract>

Platinum nanoparticles loading on carbon nanotube by

impregnation and direct heating method

Changho Lee” - Heeyeon Kim** - Seungkon Ryu***

Platinum nanoparticles loading on carbon nanotube was carried out by
impregnation of hexachloro platinate(IV) from hydrogen hexachloro platinate(IV)
hydrate dissolved solution without using reduction agents, and heating the
hexachloro platinate(IV) impregnated carbon nanotube up to 400 C. The amounts
of impregnated hexachloro platinate(IV) on to carbon nanotube were measured
with UV-visible spectrophotometer. The TG, XRD, and TEM analysis were
performed to confirm the platinum particles loading and distribution on carbon
nanotube. The average platinum particles size on carbon nanotube was under 2
nm by heating the hexachloro platinate(IV) up to 400 C in spite of non-using
reduction agents, while the average size increased due to the agglomeration of
some particles by heating them up to 800 C. Therefore, uniformly distributed
platinum nanoparticles loading on carbon nanotube can be obtained from simple

impregnation of hexachloro platinate(IV) from solution and heating it up to 400 .

Key words : Platinum nanoparticles, Carbon nanotube, Reduction agents, Direct

methanol fuel cell
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