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m. 43
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1. N R AR

F=Z1) 75S YEF = copolymerE A|Z38}7] $15Fo] seed particle®
OFUELA de] TiO, Y YA} CNTE A5t CNTE 3ol 7

E5A7E 7HAES HS048 HNOz;= Arbale] 3 AL st

i)

o

23E FFwel Agsgon, B Aol AHgH CNTE 05

)
B>

U5 B (multi-walled carbon nanotube)®] I HZ 10~30nm< &7

&

A nfoelm 2w E 9] ZdolE VRt
Figure 6 & &2 oA A&¥ CNTY TEM Ald o=z 22 A uj

&2 293 Aol o 2X2o CNTY vEH S ##str] $ste] uu&

Figure 6. The morphology of the carbon nanotube
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Copolymer =& €3 ©#A|E= butyl acrylate(BA, DAEJUNG Co.)
¢} methyl methacrylate(MMA, DAEJUNG Co)& A E3ta 7AIA =
2,2'—azobisisobutyronitrile(AIBN, DAEJUNG Co.), A2 sodium
dodecylbenzenesulfonate(SDS, DAEJUNG Co.)E& +#H|3I3 T BE Al=®
© AAsHA i A= ARSI

Figure 7 & 182} 34 A} 858 dZFA o Ex}zxo|t}

CH,— CH, CH,
¢=0 CH,=C
((:3H2 )3 (I)
CH, CH,
butyl acrylate methyl metacrylate

Figure 7. The chemical structure of acrylate monomers

Self-cleaning fabric A1 85 A %37 ¢Y&te] W} YId&28 A&
i, £ FEuY 7)ee vlaskr] sk Wy UdEe I T
A, 9 & H 3 o2 UEQT AlgZ AEE A E disk A

BE Table 1 3 v}



Table 1. Characteristics of the fabrics

cotton nylon
yarn count 60'S 100D/24F
weight (g/m?) 72.82 82.50
density (warpxweft) 122x72 97x89
thickness (mm) 0.143 0.199
weave type plain plain

Figure 8. SEM images of the fabrics
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2.1. Copolymer® A=

H Ao A= CNT-TiOs-acrylate copolymerE A %3star 1o o3k

Hl a0 2 TiOs-acrylate copolymer®} acrylate copolymerE A Z3s}o]

=42 seed particles®} WA AIQ] 2,2 -azobisisobutyronitrile(AIBN),
EAFAI Q] sodium dodecylbenzenesulfonate(SDS)E & o] ¢} &7 W
22717y AR " 37 EFaTd W2 & Aa 3 sl AAAIA P}
At 4 E3ES 20T FA4AA 30 FF 300rpm o= wHEAA QFA

gk & Uy XS T0CT7HA AAE Al ofa-EHolE dEFAd

J
()

(@)

fru

Jo
>
r
>
N
>
=
offl
r 3
rE
oo
>,
N

Sayd gz YR xS
i, 80TColA ohA] 1AHS A e & TFES TAATH
Copolymer &Aool AR&H Alokd 1 s}

Figure 10 o YEF AT,
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Table 2. Formulation for suspension polymerization of

TiOs/CNT/Acrylate copolymer dispersion

Material

TiO, (anatase type : 230nm) 10g
seed particle

MW-CNT 1g

butyl acrylate 15g
monomer

methyl metacrylate bg
initiator AIBN(2,2’-azobisisobutyronitrile) 0.2¢g
dispersion agent SDS lg
medium water 17

Figure 9. Schematic diagram of suspension polymerization.

20



CNT+water+5DS

lSoniﬁcation 15min

Addition TiO;

l Sonification 15min & Dry

water+AIBN

TiO,+water +AIBN

Addition AIBN

Polyacrylate

\

TiO, + Polyacrylate

CNT+TiO,+Polyacrylate

‘mer N,

20°C, stirring (300rpm, 30min)

1 Rising the temperature to 70°C

Dropping the monomers (2mg/s)

!

70°C, stirring 4hours

!

80°C, stirring Lhour

Figure 10. Process of suspension polymerization.
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2.2. Self-cleaning fabric® A|Z

2z o84 647 Aeeth HAEe] A9 ®Wohe] add-ong w7
datel 9ol YL oW WREIY b ARE D4 B @

= 158 ZF AlHTE - 40TolA 1243 st g dx AA A

oz A A AFE acrylate, TiOs—acrylate, CNT-TiOs—acrylate =
AHE Wy UdE9 F 671l 22 AC, AN, TC, TN, CC, CN<
2 B@ystdn. HEE HHE A5 A5 Ce No=Z Hrisiaint

A 7o A AY dAdE AlFE= Figure 11, Table 3 3 2t}

‘ Polymerization | - ‘ Dipping (5min) | - ‘ Padding (4bar, 15rpm) ‘ - ‘ Drying (50°C, 6h)

Nylon 23] dt5

: /|
R i //# 3 _//
[t r
4:-‘ =i b
.EE y

- =————= ¥

Figure 11. Schematic diagram of sample preparation process.
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Table 3. Fabric specimens

cotton nylon
c
=l cotton nylon
2
Y
H
@
a
C N
>
a —_— i
H
<
QT =
& f= =  cotion =, o nylon
g 81 g4
o - —
=
=
e
AC AN
=
g 2
g " == cotton . -+ nylon
—_— i I
<3 '-
E g 5 - ?ll_'__ b
S B :
D
TC TN
O Re—— —_——
Z
-
g | .
S = T 4 cotton e nylon
=7 ki) e
51 | ESEN [z
QY | s LB
ol Se—— =
S,
o
3
CC CN
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A
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3.1. CNT-TiOz-c} =2l E ¥

3.1.1. g&# &A
St 9 copolymer, TiO; @ CNT £4F 7pgde] oS A#s7] ¢

o A% FyAA3Aw A (High resolution-transmission electron

microscope, JEM-3010, JEOL, Germany)S AF&3}e] 4ol =7] & &

ol

e gelski

312. &88 7z E4
g E CNTS TiO,, 18] ofadwelEe] Fes LZE

Ao E3Hx FT-IR spectrometer(Nicolet 6700,

91 5}e]

scientific, USA)E E3to] £33 AHEHDS =As T o] w, FAS

32, M= 8o1™ 4000-650cm ! WIS AR 3T

b}

A 7FE DS 3000rpm/min SE2 Y

Z4g sl AR A BA

17 e Asshel Agsie

= 54 4

g = AREEE o™, 18] 10

g ZAe §4E LA B hEde



32. 7l HE9 44 &4

3.2.1. Add-on
g8 TiO.2k CNT 24t 7bedez wak yde&s A F

add-onS AAFstAth 1E 2 E(Wiseven Wov-30, Wisd laboratory

Y

instruments, Germany)2. 2 105ColA Al87F dwE wj71A] AZFA
3 AxdE A8 7hE A AY 39 FEFS S-S A (DS E3)
add-on ratioS A4} T

Z4e 3% ARl thate] 38 WE AW T BT

. (W, — ;)
Add— on ratio(%) = TXNO (1)
b

where, W, . dried weight of sample after treatment

W, : dried weight of sample before treatment

[\
=51
(g
Jm
o,

2
I8 Agld A= THH TiO, ¥ CNTe #3 AeHE #zstr] 9
slo] w3 E 7](Sputter coater, BAL-TEC/SCD 005, Soft comp,
Germany)& AR&3sto] & el A 220% 7F AlEE ZHEHE & dAAW
% FAAA @ 7 (Field-emission scanning  electronic  microscopy,

AURIGA, Carl zeiss, Germany)2. 2 A|89] %W #4234}
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3.3. Self-cleaning A5 7}

TiO.9} CNT-TiO»9] &) 2802 23 self-cleaning A5< B 7}

517] glske] Alztel WE f/1% i 4§ BRI

T A+ Solar cell reliability test system(K3600, McScience Inc.
Korea)S AF&3ste] 20C, 65%RH 74 & FAst Jej= st Att. 3
& Sulfur PLS lamp 900W= # 4171 1000W/m*(1SUN)el =, & %
Ab B2 S 20cmx20cmel k. Al g ek 3 1He] A= 100cmE A1 A A
o Wgd B3 gdo HeAs AdS Figure 12 o eI
Beer®] ol e} Fdev E49 ko HHERE FFEE T
A FEs Aes AN F Atk AlZF #HE FEE §9 FAEE
UV-Vis spectrometer(Lambad 20, Perkin elmer Inc., USA)E ©o]& 3}
g &7 Hd 55 342 664nmell A 33 SA S F Hrsto]

71Ze Eeldee HQ)E F8l ArtsiAn4, 28].
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Sulfur PLS Lamp
1000W/m’

P
=

201
65%RH

100cm

Y

e o

Methylene Blue Solution
5mg/L

Figure 12. Schematic diagram of the experiment

for photocatalytic decomposition.

(G—0)  (4y—A)
Photocatalytic decomposion = 00 = OA (2)

o

where, (; : initial concentration of the solution

C' : the concentration after illumination by light

A, * initial absorbance

A : variable absorbance
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V. 23

1. CNT-TiOs-o}=a8HolE FZIAY EA

1.1. o9&
Figure 13 2 d95s%s S3lA FA4 5" TiOs-acrylate

copolymer®} CNT-TiOs-acrylate copolymer #4tolS Tz} n] 7 o
2 #FYP3 BFolg g2 dFgoz Role AHo| TiO, YAfolw, 49
of Mo g Hol= Ao| acrylate copolymere] L, (b)oll A TiO, YA Ab

o7 rttte A Hol:E AL CNTY R<yolth

TiO+=

Barale] 49 TiO, YA Aol CNT/L 91814 Qs A& Seld 47}

fth o1& B8l CNT-TiOZk A2 A%stn glo} Tioe A47F CNT
2 olEatel BEu) /)5S WHT S AL Aolat U F 9

TiOy YA =719 A% TiOs—acrylate copolymer= 65~270nm= 7}#]
= WHH CNT-TiOs-acrylate copolymeri= 80~240nm%iti. CNTS}F 34

s O
NS

7 0

3¢ 4 2717F vt 2m REx] WAE FA e s

dojg =

of HHkH o & TiOy-acrylate copolymer”}

Figure 13 A= & F dxo] TiOe =i 22 YAEo]
A & "olgE o F7] u

CNT-TiOs-acrylate copolymer®.t} 4=} Wolg]7} f Zro} Ak &3

A
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CNT= #A7o] 10~30nmel &337] wjzo] TiO, FHE A ¢s

[
>
>,
o

3ol o] Ti(OBws4 Ti(OCH7)s &3 22 TiO, AFAE
o] &3le] CNT WS TiO, Ux A= AAIA AFATE[9, 30,
3117 9ol glojA T Hols HAu B Ao Ao
250nm¢<! TiO, YAe} CNTE

(o
ot

C BAA 7] 3L, o] & oz ™Y o] EV}

)

=3ty = Aol encapsulation Al Z 7] o] whE 2HFA 2] o

Lo
o

U 4zt S olmdbeolE mE A AlLo] A3 HA AR I e
Qo] AAHNS Aoz AZATHT, 18, 27, 32].
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(a) TiOs-acrylate copolymer

o

(b) CNT-TiO3-acrylate copolymer

Figure 13. The morphology of the acrylate copolymer
modified TiO, and CNT
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1.2. 88ty =

L

R wEA Azl guhHel pxel 54 wets] 98kl

FT-IRE o] &3l H7skd v} Figure 14 & =53 TiO, &2 A

Mo
J{m

=]

3t TiOs,-acrylate copolymer, Z12]3l CNT-TiOs-acrylate copolymer +

o] tjgk FT-IR =HEg |t}

Tre TiOx Z=IHER Ao ¥=r7t s HolA &+ HH,
TiOs-acrylate copolymer®t CNT-TiOs-acrylate copolymer® 7%
2956.7cm '3} 1733.0cm!, 28]31 1163.3cm el A FEld 9 =7} By
Atk 2956.7cm = C-H M5<& uvetde d3e]m, 17330cm = C=0
#3XEE, 1163.3cm = C-0 A& 5SS Yebit18, 331

ol

wep A =43 TiO.9F vl dlS W, acrylate copolymer®}t & < st
F ¥3ZE B TiO,-acrylate copolymer = E TS E3to] TiO,¢} of
ALY olETF Ao TiO, T¥el /MAHASS AT 5 U

CNT-TiOs-acrylate copolymeri= TiOs-acrylate copolymer®] #]3&}¢]
v Ao ZArrb dAubAow st 7hEelA] & CNT 22 4F A

22 1ske] 2917.2cm™!, 2844.3cm el A C-HZE 3 1467.0cm ol A

ol

= C=C & ¥=z2E Hv. wabis CNT-TiOs-acrylate copolymer

0.

1%

AEHo| A 2956.7cm, 2982.5cm ¢ W=7} AsfA il 1457.0cm
13836cm o] MEE =27 A7 AL CNT AYgoz <3 Axpetar A
ET BA9 2056.7cm T} 2872.5cm ‘= C-HE JEhyu=z sz A4

of ol o=l Fharol o Bolytia §5% 4 YriIal
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Figure 14. FT-IR spectra of TiO,, TiO,—acrylate copolymer,
CNT-TiOs—acrylate copolymer, acrylate copolymer, and CNT
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1.3. 47 279 =

oladHolE FTFFAL FAdE TiO.9F CNTO 4= &7 H +=

>

542 49Bs] Aste] P AWES o] §3tel YE BAS ANFHA
Table 4 += TiOs-acrylate copolymer®} CNT-TiOs-acrylate copolymer
dAF 2719 74 vEd Bt AFS ekl 3ol Figure 156 & 7

zbe] Botolo] Al #FE Pzt Ao BEXEE Ve 1ot

FHAAANA(TEM)S FaiA Stz ##d Ades gy d=
24 Az, dAe] Hir A Fo] TiOs-acrylate copolymeri= 221nm,
CNT-TiOs-acrylate copolymer+= 467nm=Z CNT<} 43S w7} TiO,
PARE @5 o2 AMEFS R dxF 277 oF 28 STk

ool AAG QEEMe Ay F Awgom 4ed DLS

b e ARAPoR BAHE 39 A5 WaE Bate] e AE

Table 4. The particle size in TiO,—acrylate copolymer dispersion and

CNT-TiO, acrylate copolymer dispersion

diameter(nm)  vol % dia?rzfee}tl;rgtr%relm)
TiO2 269 2543 221
—acrylate copolymer 103 7457
CNT-TiO2
—acrylate copolymer 467 100.00 407
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Figure 15. The size distribution of suspension
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Table 5. Add-on of the treated fabrics

(unit : g/m2)

nylon_1 nylon_2 cotton

TiO,—-acrylate
CNT-TiOs-acrylate

1.67(+0.60) 3.47(+0.29) 3.89(+0.47)
2.04(£0.11) 3.25(%£1.00) 2.80(£0.34)

Add-on ratio (%)

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00 -

4.18

2.49

2.03

MNylon_1

Mylon_2 Cotton

TiO2-acrylate W CNT-TiO2-acrylate

Figure 16. Add-on ratio of the treated fabrics
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Mag 500 X 20 pm 43 mm Date :27 Mar 2012 Time
Au ber Status = Power Up

Date :27 Mar 2012 Time
Chamber Status = Power Up

Figure 17. SEM images of untreated cotton surface
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20 pm Date :27 Mar 2012 Time
Chamber Status = Power Up

Date :27 Mar 2012 Time
Chamber Status = Power Up

Figure 18. SEM images of untreated cotton surface
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(b) Cotton fibers coated with TiOz-acrylate 3.00K and 10.00K

=3 EHT. i6:37:00 [l Mag - 000KX 2 pm WD= 3.7 m EHT= 200KV 0% 200

(c) Cotton fibers coated with CNT-TiOs-acrylate 3.00K and 10.00K

Figure 19. SEM images of cotton fiber surfaces treated with suspension.
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(f) Nylon fibers coated with CNT-TiOs-acrylate 3.00K and 10.00K

Figure 20. SEM images of nylon fiber surfaces treated with suspension.

47



3. Self-cleaning A&

3=

M

3.1. WEd &F &4 o3

TiO22} CNT-TiO29] #F=n] 280 5 <13k self-cleaning A 5S H7}

371 sleted ARk Aol we wdd 2R FAE WsE 24499
o, vlgd B Figure 22 o 2ol F89 gHjeld =ML Hi

A thiazino] Y HA F-Alo] xo] Mol ¥istE Fal] &2 AH
S 944 #Z2E 5 9 web B Ao Azt - 3 dkgof o3
o f7] 24& st F5u] 289 self-cleaning 5= H71s}7]

AR Frl=Z WEd EFE AASA T3S, 39, 401.

CH; CH;
N
/
Methylene Blue H;C
(blue)
] 5
CH; 4 s CH,

N S N
Leucomethylene Blue H3C/
(colorless)
N
H

Figure 21. Chemical structure of methylene blue.

48



M A5 Z solar cell reliability test

Figure 22 ¢} Table 6

o]t} Figure 23

¥} Table 7

B

0
o
o
)
fiie)

~

Nlo

o

3

i)

2]

T Eal&> AC 69.68%, TC 97.36%, CC 97.88%,

g

=

7 Aol

5ol

%

s

AN 75.13%, TN 85.24%, CN 96.19%¢] #3ll&<S e AT o]

ol

oA"Y olER "3 ACS AN #|

ok o
o

iy

. =242 TiO.2F CNT-TiO7} =

=
o T

I

H o]
TCe} CC, TN9 CNe| 4= %

s

Gz o ee waow

ol
Jlo
o
o

TH

ojy

]

] CNT7F 4918l CC9F CN9| 725 100%°] 7H7he %2 &g

E
=

d CNT7F #33A24 o

6]:]1—

TiO.9F A

L
T

dl, °l

HA=

gl

N A A% TiO7} FZ

1} O
D

gz o] e

T
T

ol A1§-5)

il

49



15141 7] o2 ZoldtHe, 7, 8, 9, 211.

-

A
TiOs-acrylate copolymer® *1#]¥ TCe TNE A$% 85% o]Ae]

o

ol
Jo

0

o

il

7F yA ek

sl

!
o

bol Apel Al g oo A

S

380nm ©]

TiO+=

=
=

Sulfur PLS Lamp=
of oA TiO 7} &

T

T

o AHgH

o

300~1100nme] 33 7}A] 7] wj &l

el

i)

g
<

S o

il ol o 2

o

skl TiO.7}

S

o NEE A

7 g

=
=

¢

)]

ol

o

==
"o

i)

ol
M

[1, 2, 41].

oy
"o

il

o] TiOx2} CNT-TiO; 4==

j

o}
PRTN

HH

A}
=

3ol A

B
il

8
B

il

LIS

o Be
CNT-TiO,

ol
o
3
ol
HH

T
o B

50

ESRUIVPNEI I e S S

S



o BEES KBt Table 6 ¥ Table 7 ©

e

TCe CC=

=K
-

F7F 0221391 whH H A

i

Al=2] TN¥ CN2 0.1762, 0.1758 o] At

RRERS RS

a1

0.1211, 0.1366 ©]

1=
=

ato] v

71 4l

il

ol

=)

2

Hel Aog AR T3, 39]. wEla] o] 71x|

15

= #o

-
[€]

.EH

B

_Eﬁ

A
oF

k!

B

ol
o
3
ol
e

51



Table 6. Average decomposition of the methylene blue solutions by

the treated cotton fabrics according to irradiation time

Oh 1h 2h 3h 4h
M absorbance 0.221 0.197 0.148 0.113 0.053
B | decomposition 0% 1196 35% 49% 76%
A absorbance 0.131 0.093 0.088 0.050 0.039
C | decomposition 0% 29% 33% 62% 69%
T absorbance 0.121 0.064 0.053 0.043 0.003
C | decomposition 0% 46% 56% 65% 97%
C absorbance 0.137 0.083 0.052 0.032 0.002
C | decomposition 0% 39% 62% 77% 98%
100.00%
S90.00%
50.00%
70.00%
& 50.00%
% 50.00%
g 30.00%
20.00%
10.00%
0.00%

......... MB = AC

Time (hours)

=—0—TC = CC

Figure 22. Photocatalytic decomposition rate of methylene blue

solutions by the treated cotton fabrics according to irradiation time
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Table 7. Average decomposition of the methylene blue solutions by

the treated nylon fabrics according to irradiation time

Oh 1h 2h 3h 4h
M absorbance 0.221 0.197 0.144 0.113 0.053
B | decomposition 0% 1196 35% 49% 76%
A absorbance 0.139 0.116 0.093 0.060 0.034
N | decomposition 0% 179 34% 56%% 75%
T absorbance 0.172 0.087 0.077 0.049 0.026
N | decomposition 0% 51% 56% 72% 85%
C absorbance 0.175 0.097 0.062 0.029 0.006
N | decomposition 0% 45% 65% 3% 96%
100.00% /.
90.00%
e
B0.00% //./-_‘ -
2 _ o~ ‘
e 4 -
650.00% -~ ST e
5 ST, AT
3 / ol
E a000% b
/ .
30.00% 7, -
/ 2
20.00% / P )Q'
10.00% = ,-"
oa Lol
(] 1 2 3 4
Time (hours)

--------- MB =a(m= AN —O—TN =—@=—CHN

Figure 23. Photocatalytic decomposition rate of methylene blue

solutions by the treated nylon fabrics according to irradiation time
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Figure 24. Picture of coated specimens according to irradiation time
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Table 8. Photocatalytic decomposition rate of wine stain on the

coated cotton specimens according to irradiation time

Oh 4h 8h 16h 24h
AC 0.00% 5.88% 11.23% 16.80% 27.67%
TC 0.00% 6.77% 10.20% 19.01% 271.93%
CC 0.00% 9.07% 14.42% 26.92% 36.19%
40.00%
35.00%
30.00%
25 00%
:E 20.00%
3
o 1500
a
10.00%
5.00%
0.00%
o 4 8 i6 24
Time {(hours)

------ AC =Cm= TC =—=—CC

Figure 25. Photocatalytic decomposition rate of wine stain on

cotton specimens according to irradiation time.
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Table 9. Photocatalytic decomposition rate of wine stain on the

coated nylon specimens according irradiation time

Oh 4h 8h 16h 24h
AN 0.00% 4.80% 4.01% 15.34% 17.38%
TN 0.00% 5.14% 6.18% 18.83% 22.26%
CN 0.00% 7.47% 10.97% 21.35% 30.59%
55.00%
50.00%
25.00%
/ o B
20.00% - =1
E / o
5 R
E- 15.00% ;’ et
E / 4 ._-'-
a s
10.00% s
/./ ’
’
- - =0
5.00% B e
/o
/
0.00%

Time {hours)

------ AN =C= TN =—@=—CN

Figure 26. Photocatalytic decomposition rate of wine stain on

nylon specimens according to irradiation time.

59

A2t &



70

A

4. S FaAZA 4

"0

+
)
B

2

A& (wetting

Sl
B

o) 7] <]

ol A

il

B

behavior)o| ™ o] =

gA 2]

=243 4 o 4=

T
-

ol
=

7 A= H ol

B

o|J

=
L

WA o] &= AL ltH44, 45].

2
=

T g 8= Hl

S
=

—_—

0
T
o

B

3

)
S

o
Al A= Figure 27

2=
a1 =

7hE AgE Al

o
T

Figure 27 ¥ Figure 28

= Al

=

Ir

Godl

]

o

ey

o] 31, Figure 28

‘BO
™

u, of=d e olE

sl <

TiOs-acrylate copolymer$}

ergkot,

1] 2] A

_i I
e

CNT-TiOs-acrylate copolymer 7}

bele.

)

7}
AC7F 10&, TC7}F 72%, CC7F 230

=
[}

137.1° ¢ 141.3° = "¢ =LA

= 7hE

=

SE

T
T

Q7o) o]

il

—_
10

p—

0

il

)

EEER

60



FA R TiO,9}

23t

A A

1

77

o
100

Bo

o

0
olp
K
Bl
B

B

-
| .

o

shi mholaz -t o]

£l

_MQ_“_

oH
HK

)

ﬁo

CNT7}

;i I
KA

—~
10

o-

T
Nd

e
o

—_—

0
L

olTTx7F A=W

—_
file)

o

v TC+= CCe

2l

910 44

M

JApel =717 2o}

M9l roughnessE CC

hya
ar

=24

7}A Sk eH45].

=
=
Z

=
=

Q5] A

T AY=

TFA 2 7}

EIREE R

)
Mo

AHe ANo| 124299

G

.EH

T Az 2

28z oA 7}

, CN< 9+

al

¥

[
A

i
—~

Njo

M

A 8o A= 30°9 H

Bl
B

A gkom, TiO.u CNTS}

T =g P E AT
o7} W3 UdE9] self-cleaning 3

RS

Aol

-0
[¢)

i

g

5 3

H self-cleaning A3

Al
A

ojre] A=

=2 g
= =

| skel, A o

_(H

61



U
r
il
=)
Gl

~

16, 17, 18, 27]. o&

gol e AsE mgth whebA ol AriHel

E
=

HHT self-cleaning

o3

self-cleaning &

62



1g

10s 30s 1m 2m

-

3m

4m

96.9° (+8.4) -
£ L
C

96.9° (+4.0) 0
T M
C

137.1° (£20)  1304° (+42) 1174° (£93)  88.2° (£87) 0
: M
C

1413° (+28)

1358° (+55)  130.2° (+88)  1241° (+83) 104.9° (+83)

Figure 27. Contact angle of water on cotton fabrics
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Table 10. Air permeability of cotton specimens

(Unit : cfm)
C AC TC CC
163.6+5.0 154.0+2.1 140.4+1.2 145.4+1.0
100.00% 94.13% 85.82% 88.88%

1636
1500 — 1540
1400 |—
— 1200 |—
£
&
1000 —
]
o
ﬁ 800 —
%
600 [—
400 —
200 (—
00

L& AC TC CE

Figure 29. Air permeability of cotton fabrics
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Table 11. Air permeability of nylon specimens

(Unit : cfm)
N AN TN CN
452+0.12 2.34+0.09 2.7510.21 2.94+0.06
100.00%% B51.77% 60.79% 64.90%
5.00
452
I

400 —
E
B | | 2.75 2.94
LY
] 2.34
k-
,'i‘n 200 |—

100 —

0.00

N AN TN CHN
Figure 30. Air permeability of nylon fabrics
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Table 12. Tensile stress of the cotton specimens after irradiation

(Unit : MPa)
AC TC CC
Oh 48h Oh 48h Oh 48h Oh 48h
16.8(+2) 14.5(+4) 15.1(+4) 14.4(+2) 18.4(+4) 16.3(£4) 18.7(£3) 18.5(£2)

20

15 ~

10 1

Tensile stress{MPa)

Figure 31. Tensile stress of the cotton against irradiation time
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Table 13. Tensile stress of the nylon specimens after irradiation

(Unit : MPa)
N AN TN CN
Oh 48h Oh 48h Oh 48h Oh 48h
120.7(£6) 120.1(£6) 121.8(£9) 118.2(£3) 121.1(+6) 117.4(£5) 122.2(£5) 118.8(+7)
125

100

75

50

Tensile stress(MPa)

25

Figure

32. Tensile stress of the nylon against irradiation time
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Abstract

Fabrication of

self-cleaning textiles treated

with Ti1Oy-CNT

Hyun Jung Lee
Department of Clothing and Textiles
The Graduate School

Seoul National University

The purpose of this study is to fabricate of self-cleaning textiles
with photocatalysts that can be excited by visible light irradiation.
Self-cleaning property of textiles was realized by coating
CNT-TiOs—acrylate copolymer suspension synthesized by
suspension polymerization. The coating suspension was applied
onto textiles which were cotton and nylon by dip—pad-drying

process. Self-cleaning property of the specimens were compared to
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fabrics treated with TiOs—acrylate copolymer suspension and
untreated.

The morphology, structure and particle size of the copolymer
with CNT-TiO, were analyzed by TEM, FT-IR, and size analysis.
TiO, nanoparticles and CNT were entangled by the polymer
chains and the average diameter was about 467nm. The coated
specimens had a different add-on ratio as textiles, so it was
controlled for the comparison of the self-cleaning effect from
photocatalysts. The structure and morphology of the coated
specimens were characterized by the FE-SEM.

Self-cleaning properties of coated specimens were investigated
through the decomposition of methylene blue (MB) aqueous
solution and wine stain under visible light irradiation. The
decomposition of MB solution increased by 98% with cotton and
96% with nylon under irradiation by photocatalytic activity of
CNT-TiO,. Wine stain decomposition also increased by 36% on
cotton and 30% on nylon. It had greater self-cleaning activities
than TiO, coated specimens under visible light independently of
textiles.

Through the contact angle, air permeability and tensile strength
test, CNT-TiO, coated specimens were ascertained the change of
chemical and physical properties. The contact angle increased and

the air permeability was reduced after CNT-TiO: treatment,
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especially nylon fabrics which consisted of filaments and had
hydrophobic surface and small pore size. The tensile strength of
the specimens increased after CNT-TiO;—acrylate coating
treatment. After irradiation light, the tensile strength decreased
because of the photocatalytic effect, but CNT-TiO, coated
specimens had better self-cleaning effect and a little reduction of
the strength than TiO; coated specimens. So it showed a

possibility of applications as self-cleaning textiles.

Keywords : titanium dioxide, carbon nanotube, self-cleaning,

photocatalytists, photodecomposition
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