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58379 ¥9

ol A3} E Er-t}EH Bl U5 B (Titanium dioxide-Multi-walled carbon nanotube; TiO,~MWCNT) U=E3tA=
[e=]

(a) EolA Elelw & AA(Titanium compound precursor)S 7138l 3}aL;
(b) MWCNTs3k &7 @Al (a)o] 7hpiale d7AS &9 Aesi;

(c) HSOsot A TA (b)o] BAES LEZHo
T=E fA8a

3

£7)(autoclave vessel)Z %73 12~24A17F < 150-200

(1) B2 A ()9 HES A,

(e) Ti0CNT Y =BgdA=S A7) 98te] W2l 374 (dust proof environment)oA] 2k 50~60TCNA] &4 (d)o] A
AEs A=A

AT% 2

Aol ol A,

27 Hebg ATA/3 3 ES A, vrEA S 20-30ColA ZhEiaE }1 , A7) HebE ATA/ e
vl A s ElElE o] AX 2 EAFO]=(titanium isopropoxide) T Elelg ZFZTlo]=(titanium chloride)<l
TR,

AT 3

A 18tol] wE ’“OﬂHP%%”\jﬂ] 9]']1 A ZzE o]t ekt A U5 H (Titanium dioxide-Multi-walled
o] g% YB3t oA Ti0ol thdk INTS S 0.01~0.553%2], oA e e-t5H g Jrhe yx B

A1&e] w2 SIS o8 AxH o stEE-tEe v UxFH(Titanium dioxide-Multi-walled
carbon nanotube; Ti0,-MWCNT) Yi=E-shA| 24,

A7) mEEA 250 FA= 115 A, olitstE -ty g4 Yk FH ye 59A.

A7 5

A1 WA A4 e olitstE|E-thEd A Yk (Titanium dioxide-Multi-walled carbon nanotube;
Ti0,-MVONT) W= 3tAE o] &3t BlFAAE Alxsts Wy o =A

A7) WS ts HAE Xgete, dEIAE AxsE

(g) 2738 19 @A (e)olA de 200228 E 9 Ti0,~CNT Y534 25 FTO(Fluorine doped Tin Oxide)
A 9 7heEsid 78 714 2

(h) 0.5 MABR-FAY 277 HolZg HE FAEZ Aojsta; gE-Edold W (doctor-blading proces
s)oll oJste] HES A3,

(i) 123 5t 450T 2] 2=ollA &7 (held 42 55 7Fd AgstaL;
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(j) 98 78 Ti0-ONT Y=E3 &8 A7) 95t FHE-719 N3-9 & (ruthenium-based N3-dye)= A

(D)A] 9L Ti0,-ONT Y83 IEBS 718A]7]H;

(k) &4 (oA D& A7 78 Ti0-ONT Y=g &5 o] &3le] A=S A xstaL;

[e]
[e]

(1) &4 (kA & A=, A HAF(counter electrode) D MA A=A (liquid electrolyte) S o] &3}
AR TS Ti0-ONT Y5 HSFHAE Az},

A At d5S Wgor F9E FIO(Pt-FI0) 714<), HFAAE Axs= 9.

A5kl A,
A71 oA A d-e oA EYE (acetonitrile)o] 0.1M9 #F L2 =3} (lithium iodide), 0.05M¢] L9o=
(iodine) & o]FojA|=, HUYAXE A= W,

7% 8

2 g o Ti0,-8HA Y= FEOWONT) Y=E3dAE o]83 88 2 98 7-5(dye sensitized) EfFH A

E3], B wge o8 7-3(dye sensitized) EIYAAY E&S Hol: 9wk3 7 2 (hydrothermal route)ell
o)) A ZE Ti0,-MWONT vbx=E3kzo] st A olo),

ol ols] AAFE A3} (photo-generated charge)S H=o
sensitized) Bl¥H=A] EE slolrg= ejkAA o BlAHA A
ol&l] AAdE H3k(photo-generated charge)E g A Aola a&2Ql AEE AT
ko] ONT2] HgA7E AA = ok, Ti0-MICNT U=BdAE At =-2 2 A7) 01%%(Sol—ge1 and
electrophoresis method)o] A|=%HAA T, o]H ZH$ Ti0, Y=3E]Z(nanoparticle)d} CNT Ato] &3 2 A
A Fzbo]l  FEE] AFelA] @obA, ol ol o AyAdE A3F(photo-generated charge)] ANZF
(recombination)S Z3hAl WA 4= Q.

=5 "7n0:ONT 2 Ti0y:CNT E3A9 9 W Ax 2 1259 F=n] A& (Hydrothermal preparation of
Zn0:CNT and TiOy:CNT composites and their photocatalytic applications)" (by K. Byrappa, A. S.
Dayananda et.al., published in Journal of Material Science (2008) 43:2348-2355, DOI 10.1007/s10853-

007-1989-8 dated 21" February 2008)2 A4 <$F2l(autogenous pressure)olA wpd=3dt =9 ukg x4
(hydrothermal condition) (T=150~2407C) 3}ollA A" (=¥ A Yx=5B(multi walled carbon
nanotube; MWONT)E 7FA]&) Zn0:CNT 2 Ti0,:(NT EAES /WA e, 2 7tekntel 9= (indigo caramine

_4_



[0005]

[0006]

[0007]

[0008]

[0009]

[0010]
[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

3IHSd 10-2011-0129374

dye) & o]-&3lo] UV FE oy} Aol ojgk H3kA|e] FZul(photocatalytic) 80| FAIHATE.
=5 "Ti0, Yx=HFBel Al 22 FZu] MWONTS] A% 2 EA (Preparation and characterization of new
photocatalyst combined MWCNTs with TiO, nanotubes)" (by ZHU Zhi-ping et. al., published on 10"

September 2007 Trans. Nonferrous Met. Soc. China 17(2007) s1117-1121)<2 TiO—# Yx=HFrel v5 @i
U= %H (multi-walled carbon nanotube; MWCNTs)7} ZAEsle] Alx® M=z 539 FZvf(photocatalyst)
MWCNTs/Ti0,-NTs Y= 53A17F W Fadukg o] ofs) 89 3& MA s

e =R gEW 242 9% GdeRc/dusEd 109 F9NsEd 2 dans Bedd 4§
(Hydrothermal Synthesis of Nanorods/Nanoparticles TiO, for Photocatalytic Activity and Dyesensitized

Solar Cell Applications)" (by Sorapong Pavasupree et.al., published in Materials Research Society)<
20 A7 ek 150CoA vk o g FAE W ZohaA (nesoporous) TFE 7 Yre2=/UnnElF
Ti0E 7fA%e}h. W2Y3A (mesoporous) 7325 71 U2 =/UYegeldE Ti0E o83 A9 HY oy
2 A g88 o 7.12%°1A ).

A w9k (Thin Solid Films), 2007 (Vol 515), 5131 #Ho]A|ol A Lee T.Y < 0.15 %2 MWCNTS 7FA 3L -
A W oR  10~151 T2 FAS AW, 1 G280 4.97%¢, Ti0,E ZHEFE th=¥ g =5 d (\WONT) =

AHEE AR S HFAA Y A e TR

A %L%—% dohf At

gyl Jig

agER, 2 dge oistE -ty w4 Y FH(Titanium dioxide-Multi-walled carbon nanotube;
TiO,MVONT) =3 etAlE Alxste s s Algsty, 47 U vs dAE Zddoh:

(a) &4 Helg 33tE A A (Titanium compound precursor)E 7FE3lshaL;

(b) MWCNTs3} A ©Al (a)9] 7heale A8 a3 e,

(c) 50,84 A A (h)e] AdES LESH B &7](autoclave vessel)Z &7]31 12~24A17F 5<F 150-200
T FAl8kaL;

(1) B2 A (0o HES AHeH;

(&) Ti0-CNT Y=B3 A= A7) 98te] W2 874 (dust proof environment)oA] 2k 50~60CoA ©A (d)o] A

AEE Az
g A ]Oﬂ’ﬂ lé g o AR vk S Al 20~30Col A THEslE 4 = HElg ATA/EEE, vEA s
Al Elebg o] AX 2 EALo]=(titanium isopropoxide) T+ Elelm F2gFo|=(titanium chloride)E A3},

=
e Ao A, B oame duke Yo o8] Al olAkslEle-tlEY A Yx=FH (Titanium dioxide-
Multi-walled carbon nanotube; TiO,~MWCNT) Y:=8-3AZ AFstH, o]&¥ yx=Bg Ao Ti0o] tidk CNTL
0= 0.01~0.5% %] ).

T o2 FAdeA, B UwE FadulHe o) Az oibstElg-thsd g YnRFE
dioxide-Multi-walled carbon nanotube; TiO,~MWCNT) Yx=83A= ATy, 7] Yyx=&dds e FAE=

1~15 "] Ao},

T g2 FAdeA, E dwye oibstgeE-tEsd w4 UxFE(Titanium dioxide-Multi-walled carbon
nanotube; TiO-MWCNT) YB3 S o] 83te] HUARE A|Zstes PHS AFsid, A7) dyHe v dAES
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(g) A8 19 @A (e)olA 9 20022 E ¢ Ti0-CNT Yx=E3A LL2S FTO(Fluorine doped Tin Oxide)

(h) 0.5 MIABZ-FA 277 HolZg FAE FAZ Aosti; dE-Edold W (doctor-blading proces

(i) 98 2% Ti0-CONT Y53t 985S d7] 98t FHE-71% N3-H & (ruthenium-based N3-dye)Z T

(k) @A (jelA e 98 78 Ti0-ONT Y=t 55 ol &sto] A= Alxstar;

) @A (koA Qe A= A A= (counter electrode) @ MA AsA(liquid electrolyte)S ©]838}]
AF e Ti0-ONT Y23 HUAdXS Az},

g e g FAdelA, o] &8 ddl A5 Waor sgd FIO(Pt-FI0) 7]& o]t}

re
e

B ® tE FA A, AAH HHL otHMEYEH (acetonitrile)e] 0.1M] 2lHF L£2=3&=(lithium
ide), 0.05M9] 22 =(iodine)& o]Fo]xt},

= e E gE FAldelA, HEdAe] e A& 5-15%<]H.

g & gE FAldelA, A aEe 5% ool

O
Q
Q

DRk Aol o3 Axw 2 ol oikstE|er P MWONT v EFA©] TEM(Transmission Electron
Microscopy) % FE-SEM(Field-Emission Scanning Electron Microscope, Hitachi S-4200) ©]u]X]. &= lat
MWCNTo] Ale)#] e Fgdukeatgo] o3 A4 E Ti0, Y=3E]Z<] TEM(Transmission Electron Microscopy)
olu| X & et Ht }F 371 oF 8~10molH, TEZL AWM F5d AAFAS Aotst= 2
2 WS 7MY (faceted). 1bE A A AFEE X5 (AE ~20-40nm 2 Zo] ~5-15um)E e = MWCNTs <

rlo

o,
jincs
N

H

TEM o[RS HoFET. = 1co] YeERd FE-SEM(Field-Emission Scanning Electron Microscope) Ho]E] ol A
MVCNT 2 Ti0, Abole] AHghs & 4 ok, 53 Ti0, NPs HEo 2 FAsHA A3 AL HIdaA & $

20 FARkg A o Alxd 2 Bl olAkstEE H MICNT Y H3HAS] FT-IR ~FER]. & 2a% (a)
Z%7] MWCNTs, (b) Ti0, Y=3tE]E, (o) Favrgoz A" MWCNTs ¥ (d) Ti02-MWCNTs =53] FTIR ©

(

oJE1Z LFEPITE. 500em 2Ae] S A Ti-0 Atole] Adte] wWatalAl vbehdth. Ti0.e 29 oF 520cm o

24 SR

S
=
[P}
Z,
H
f
%
2
fo
()]
—
[\}
o
=]
fr
o
o
18
o
>
n
o,
4z
fo
ot
=k
Ho
N
)
o
offt
e
sl
tilo
ot
1=
HE,

Ao T2 77 B 9 7153 ~E#HQ(strain)e #He)| 7118 itk MWONT=

=
Auke AP AWZo A9(Z, MICNT 2 TiOMICNT), 2 2991 1143m % 1735em Aol &

4

e 7HAE WEe EHRE FE. A% A (fingerprint region)ol YolA 1143em Ao SQET
Qa7 Felslz] ofdrh. e}, 3400em 1ol F(OH 2EHX(strech), TE EAS AAth¥
w A5

1735em - 24 EAR (Yo7 FAS BE Fx)7l B AL MNIE ¥35te] Faugoz A3
)

] 7
olwt -COOH 717} &AgS jebirt, 2boll A, TiO-MWCNT =2-3+A4| (nanocomposite)olA] TU3 EA R}

%
o
B=)
il
i
o
29

1745cn & o7} o3 Ao ey, of

s

W3 MWONT EH4) Ti07} A 3H(conjugation)

rir

oh, 1380cn ©A slotE SARE ¥ A owmes Fduken Aoy olgx tE B3

b

de o

il
i
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U e AAsl7] flek FAF Q] Y&
arkggel s AzE olitstElgr B B Ye=FH(ND Y Y=5FAE s
I o] Ti0,~ONT Wiegh A= A3 Z(hydrothermal route)oll <& A|zxHct, &
WA we o3 AxE 2 EHO Ti0-ONT Yx&EdAE BddA

>1E

onl

e 5% ol AT

k:o{l
10

e
e
o,
lo,
BN
o,
d
Co2

PN
. o

),

&
=
oo
_ﬂ
%
=
o
%
i
~—
)
-
i

& xgstg. Ti siste/AFA= vd4sHA Helbg
O]iii%/\}o]c(tltanlum 1soprop0X1de) = HEE %iﬂO]E(titanium chloride)o]al, ol A&,

A

1

ok

ol
ol

2 3 o] Ti0,-ONT YB3l s Estste g4l ot AxF):

(a) &AM Ti stF=/HAFAE 7HEslista;

(b) CNTsz}+ Al &7 (a)e] A7l (presoursor) &3 238t ;

(c) HS08F A A ()9 AAPES SEEHo|H &7](autoclave vessel) 2 H7]3 12~24A]7F F<F 150-200
T= fAsH;

(1) B2 G (0o HES AHeH;

(e) ¥ 27 (dust proof environment)ollA] <F 50~60CelA @A (d)e] WAES AZRAZIL}

Ti0o thak ONTY =FH%= 0.01-0.55 %0 th, 3Ae 2~5mee] WY = F7tect, S EZ#HolH &7 (autoclave

vessel )= vlEAE ] HEE2o2 IHIH AL 12-24 A|7F E<F 150-200CoA AT, 18l 9 A
S 50-60ColA xS},

lﬂ

=y
oAl Nt AgHom 4k A, 471 A, 71w 53, 77 55 FF SolA AduEE de A "

ZIAAR A, E AP, Zh=nk AP, WA A oA dgE EA Al os] WA HT).
E ok o] Ti0,~CNT Y =5¢-A+= TEM(Transmission Electron Microscopy), FE-SEM(Field-Emission Scanning

Electron Microscope) % FT-IR &3 Hel <9 EAsEd. FTIR dHolHE FEuksxd skolA -CO0H7] 7k
MWCNTe] EWelA dela 53AE Adstr] f18] Ti dFA A (conjugation) goh= AL AAIgTE, o] ¢k
gk A3t (conjugation)& sl o5 ZAAA @Fo|tt. Ti0dlA MICNTZ a&H o= A3}t olssta $xf

o] o3 &Mooz AAE FFile A HIHNAd &S 5% o MAst, dYgAX HE5s MAste
2 odtgol BEXg gAde 4 Qi

TS WA A o8 AlFzE 2 Ao BT o)A oA AAYD e e] G&o] 5% ol &
A, Z-A Hoz AlxzE Ti0-CNT Yx=E3tAe] Hu Bl A] a0l 4.97%2 Lee 59 =i 2 dxzu¥

A (mesoporous) 7%= 74 Ti0,9 2= 2 YUngEl o] 7.12%2 88 UElU+= Pavasupree 59 =%
I} vk, B Ao FEukS I o] AlxE Ti0-ONT W=i3hAl= 5-15% Wl MAd HgdA] &

£33 ekt o714 oald ZAE B A B oEE e yreEghA e A= 1-20 vlAge]al a8 5-

e ol Aol o8 | dAls] AWd Aelvk. ey, i drge] M= shr]el AAlde] WeE

AAldl 10 Ti0-MWCNTs Y=gk A%

Ti0,-MVCNTs =B Al A He ol &alM Az, S ¢l oo A"

ekl ¢

i
o
A
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Elg oA ZEALO|=(titanium isopropoxide)(2ml)E 7}Esstar A, Ar] £ 5mge] MWCNTsE F713}
3 58 FoF 2292 AYsAT. 3mee HS0, (1t 3 S HE %_‘Zi FPE SEZHH £V

(autoclave vessel)® AT}, o] SLEZF#o]H £7|(autoclave vessel)S 24 A|ZF &<k 175CE A 313t}
A PPES o] 2o] AAY B2 HAS A3t Mol =& il Ti0,-MICNTs Y32 AAsH7] 9

i Lo7)7] Ysle] WA 37 (dust proof environment) 3holl 50Co|A] Az},

off,

AAlel 2 Ti0-NT Wi=i3HA 95 26 eddA el A=

Ti0-ONT Y=5E3A A8 23 HEAAE Axs7] Hste, AxAd 77 7148 WA 308 5 B2 SHT
oAlAl ZThEEsAlZI L F7R AxEgY. 25 FAE 11101—‘5} | $18l 2 7149 Fas Mgl E 0.5 v 2
Z2-FA9 271 "HolZ&E Ytt. Ti0-ONT Ui=&ga] 2 &2 FIO(Flourine doped tin oxide) 7] @&
ojreg]lal YE-E# o)W A (doctor-blading process) o2 HELS FASIATE. 28| A 1 A7 Bk 450C
o] 2EAA FAES SA AT, HYHA HEE Aol Ti0-INT Yx=i53% 458 iF FHE-7I6
N3-9 & (standard ruthenium-based N3-dye)E ZH-A|ZATE. HEEL 2447F H<F oeb2oA 0.3mMe 5=¢ #
= & FHE-7)¥F N3-9 & (standard ruthenium-based N3-dye)ol]l HA|AIZHTE, FWo| 33 Id8E AAF
7] 8 AMEES oeEE A Ao TR AFRAFHY. AdH o] (spacer)E Ti0,-(NT Y53 25 A

0;

Sol 7} Al Fa 7k FT0 7149 Pt SEwel Tio O thed g 0E 438 Feius ugos wdy
2

FTO(Pt-FT0) 71d& Z33l= At dA=(counter electrode)S Ti0,~CNT Y=gt LB Ao AR =gk},

otHIEUE™-] 0.1 2 8253k, 0.05Me] 8E2 oFo|xl E3E-7|w Gojo] HA W= o] &5
Aok B4 del, d= A=A g st el A dad B owes deojmela, A daEe F AT
Apolefl A vk, zh B FA] A el Fels FolA, ~100mW/ el 24 el AZIE FI0 FH& Sl
Ti0-CONT Y Bg A& Aol We #EAZTG. /ME32 A (open—circuit voltage)(Voc) % @eb-3|2 3

F %= (short-circuit current density)(Jsc)Z 7] Y&l 7oA AR AF-AL =4S AARE A1719
g olgkt. E'_E 574l 0.28are] A3t (spot) 715 ARESkaL b BjkdA AEe] &4 9o

A AT, g s t(open—circuit voltage) (Voc) % ©F-3l2 HAFEE(short-circuit current
density)(Jsc)& 471 H"GH ArbF Al7le A 1-V 545 o83kttt 2 HE(fill factor; FHE g
P

a2 RS AR AbAQl dE wek a8 (n)& A7 s 1V FAdelA dobdl ghe o8-8kl

AAlel 3

FAZE ¢k 2moli, 0.12F %% thEY BA YeRFHE R E AAd 204 7]EE xR AE AxzH
% AAE 5.6%99 &S JERAT.

ANl 4
FAZE F 2melar, 0.255 %] tH B UeFEE JHAE A 2004 Ve YeSdAR Alxd H
& A= 5.16%9] ma&s HERAAT.

AAlel 5

FAZF 10~12mo] AL, 0.12F %] a8 &4 Y=RBE 7HA = Al 204 7ed deSdAz Axd H
& AA= 7.60%0] mE&S HERAAT.

Al 6
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[0059]

FAZF 10~12mo] 3L, 0.25% %2 o=

& AAE= 7.37%0 ZES e

B e o)y
1. ® Wyl Fe 37

H
=1

B A
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U FHE 7HA = AAld 2004 7]EE B dAlE Az
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