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A2 4d ol&4 A7
1. #9354 o8

W0l el v HEWY F=E W F& dHE  wetting
pressure®} antiwetting pressure®] o] wel GElR H12]. Wetting
pressure= = SH35}¢F EHF&o] HWHo| FE3+= 1t 7FsiA = effective
water hammer pressure( Py )¢t EW-&0] 7HA = T4 ¢H(Py)o] 2&

shul, Zt7he thSe] Eql, Eq.29b 2oH1l

1
PD_ 510 V2 Eq 2

=

pv = HE Ce E54449

wetting pressuret

i

of H]# s}t Antiwetting
| FxoA A= M H(capillary

pressurex= W A&
pressure) .2, Eq.33 #oH11].

PCI—Q\/gfyLAcoseA/S Eq. 3

Eq3ol A9 P mA# 48, 4,0 2w e 0, 9
oNMel HFZE agal S+ ZHT I ARV HFoE BAR 4HE
AT Abol o] HA ] whul | gttt wepA] FHo] eS¢ 9
HHakEl ™ antiwetting pressure’} wetting pressureX .t} FAHof s E,
W= T S AeTE, aAAAY] HFo] A4 F st
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X : distance travelled by the sensor over the sample
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(Surface Mean Deviation, SMD)
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QFAAE (%) = X100 Eq 6
Bpr— BWF
o= Ao EAH S SFEA ek dAF23, 2418 A A
SHA] & QT AAES Atele HHoRE AR OE FHEAS JHH
A EZ] gk @ AAE ¥t 7hs skt

Pixel count

Brightness intensity

Figure 1. In histogram, x—axis means the brightness intensity of a

pixel, and the y—axis means the number of pixels with that intensity.
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A2 A 3

2 AT = ARY] AlEes AFE] g AlEE 100% EFe o~
g E A& (Young Poong Filltex Co. Ltd., South Korea), Z~H|©
Z A E(regen®, Hyosung TNC. South Korea), ZZHWE HAAE
(Testfabrics korea, Inc., South Korea), & (Goodfellow, UK)S A}-&3}
ATk EA O ARER AEHI A= AA = 9 FAE Table 19
71AEG T AEe AL Aol A wel WHalgon, dwEAS
HALE ol &3t HEL ~HoZRE FES)
°

91@ U8 IAAS WAL WA AR AT L8, WYR2 A

vy

_

]]%er A= BcE AAE S8 A& FA9 30w FFol
sodium carbonate anhydrous(DAEJUNG)®} 60% sodium dodecyl-
benzenesulfonate(DAEJUNG)e] 1:1 ®H] &2 €39 1% w/w &4 A
zoto] 50°C oA 453 A sttt 1 & SRTE FE8] FA
st oA 24413 AxEAT. ZE2> 995%9] oA E(acetone,
JUNSEI chemical CO., Japan)ol #XA|ste] 25°C Z7AANA 1087 2L
A = FHTFE FAstL A9 dxzste] AREstT Als W o
=AAVE Fotr] fleke] A4 A 99.9%9 O, 7t=E AFESER AL,

243 7hES 98] 1H,1H,2H,2H-Perfluorodecyltriethoxysilane

(PFDTES, >97%)(Sigma-Aldrich Co., USA)S AF-&3}% T}

A3} (Iron oxide, Korea Nanomaterials, South Korea)S QT YA=E
A A7 B 7ol AFEsdth it Sum Abol= 9] QiAtE mholA®
PA=E, Fit 15-20nme] AAE v AAEA ARESFHH(Table 2).



Table 1. Sample codes and characteristics of

specimens
Sample code Top view Component Weave density  Thickness Weight
Film 100% PET Film - 0.26mm 352 g/m*
100% PET 2FX32
Knit Filament double gauge 0.80mm 187 g/m?*
jersey knit (in inch)
100% PET
Filament filament woven #4560 0.21mm 108 g/m?
. (in inch)
fabric
e~ 100% PET Staple 186X 142 .
Staple S  woven fabric (in inch) S SULE
_ 10 _
- =3 ray
5 9 8T 8



Table 2. Materials used as dust

particles

Iron Oxide (Fe;0,)

SEM image
Particle size Sum 15-20nm
Purity 99% 99.5%
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1. T = 93

AR gHel 0, Febzeh GFe Bokel veTzE TASIAT

Plasmalab 80 Plus X2 (Oxford Instruments Plc., UK)S Ap&3)
RIE(Reactive Ion Etching) 2l o2 sttt Zet=nl H8 & 9
A7 daE AJRE 690 HEE dolne Ry sdsA e A
22 9ol 9o kaptone tape® F-Z &L, A= 180W, AHA9 F9 &

T 20scem, FY 4E 40mTorro 2 8% FoF o A& 3PSt 15].

2. B4 714 %

Eet=vl A g Alde] WS AF8str] 9138 Hozumi (2519 %
WS Zkasled 1H,1H,2H,2H-perfluorodecyltriethoxysilane(PFDTES, >
97%)(Sigma-Aldrich Co., USA)= Al xwHd 7]4%5 2 (Chemical
Vapor Deposition, CVD) 31t} 2002 %S 80°C, -1.0 MPa®] =4
ol 4 2A17F Feb & & FH4 L E(ThermoStable n-32, DAIHAN
Scientific Co, Korea)ol| Al 75°C9] &%= 24A7F A =x3s$ T}

_12_



A3ANE BH 24 2 B

Age #ZW FEE sty A8 FA A A (Field-Emission
Scanning Electron Microscope, FE-SEM, SIGMA, Carl Zeiss,
Germany)< AF&sldth. Wla F® 7](Jon Sputter Coater, G20, GSEM,
Korea)E AFE3lo] 30mAClA 100% &9 W F® S AAAT. o] &
SEM stageE 0°= A A3te] S #&eA}h. T3 nlojla= % X%
ol ko] £ES A5y el rhebuie 2W ARV SAH7N(KES-
FB4-A Surface Tester, KATO TECH CO., LTD, Japan)& A}-&3}l4
Alg e a3 W AF7| HH X (Surface Mean Deviation, SMD)
Y& S5 tH(Figure 2).

714 SFE AAG Alge AS FFo] AYE ZHA AYEHA=A
wA357] fl& XA A E3H(X-ray Photoelectron Spectroscopy,
XPS, AXIS-HSi, KRATOS, UK)S AH&3tth v A e Als, St
oA A8, ZZn}l o] & CVD(Chemical Vapor Deposition) # 2] A
g9 ¥wWelA 1H,1H,2H,2H-perfluorodecyltriethoxysilane(FAS)9] Q&

.
Ax F Shiel EReE®) Aie] 24L 2AgdAT

E\I

O

_13_



Thickness T

=]

e |

X
X (cm)

Figure 2. Measuring surface roughness by KES.
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O
2. ¥ A LA

SEREES

NREY W ZH3AS Hrkslr] 98 54 =4 X (Theta Lite
Optical Tensiometer, KSV Instruments, Finland)S ©o]&3lo] A% H=E=

1

Lo

7+ 3} shedding angleﬂ A5t AA A5 35102 H-¥

Wgol Hel HES & 1027 dHstAds W FAdE= 7

%t} Shedding angle< 7]&o]Zl A5 W] 125+0.2u09]

S2H5H lem =olodA HsiAZ &
27] A ZFsheE HA IdEE S

stol 53] whE & Hegla, J54 SAHA= A 2 HE
1

A WEI A3 E Hy

_15_



2.2. &

|
a

-+
iy
il
ot
N,

1:111_

N

ull

ol A5 LS SAHS7] f8 EE Al s E5E A
A

& (Standard Spray Test, AATCC 22)& Z3dt. Arg&3t A=

Figure 33 24 A 85E W4E A7) &9 45 =2 143 §
250mle] =< 16cm =ololA dASIA FAET SAE Ed & AR

o] B71& TrARA o= A W "oy, Standard Spray Test Ratingse©ll
w2l 055 3= H7hskslth,

Figure 3. AATCC22 Water Repellency Spray Test Machine
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3. A7 A A

9 Fxo wE AAPYE AEHer Frhsta, e A9 2
T U3 AR T S-S Husty] 98 e AL E S TFAA
&5 TN

2174 12cme] 98 FE ARES 14 § 50mm x 50mme] H
A2+ g7kl Al(Standard Test Sieve, DAIHAN, 300um / 32um)E ©]
g3 271 B 24F 200mg = gAY ojux] ZEAYES 9l
WAl AL W 9] 2ol F T MY JdAE o8&kt
LT EXFE mlolaR YAt AE ZHS #44de €S de A
E 7o AAsiAat. 1 F I AIFHAATCC 22)5 o83 Z
Aol e M-S AAIEH o] W AFEE FRTY F AR AV
AR 8ol #EES Fostr] f8 SR AR 28 3 | ¢
S AAH 20mlE A At
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(2) gx g olmx #F R AA =

A EWol BLel s AYHE Py oTUA} Ex W
49 WEE B g LTAA AF AR BAL oY FAL A

o3l oA g FHARg %9 3ol A Digital Single Lens Reflex 71w 2}
(DSLR, EOS 70D, Canon)® #<3}% th(Table 3)[24]. A5 xHI} 7hH
g2t Atole] A AT = 635cmez FASHA T Aozl o]H|X|ol A @

7F mxE wHe FE8H7] fldl Image ] TS ARGt 4 AR
ntoh EdE e tie) AA WAl 50mm x 50mm7t HEE AE
T oFAAE BAS AA T

Table 3. Conditions of digital single-lens camera

Resolution (pixel) 5472 X 3648
Shutter speed (sec) 1"
F-stop F/29
Lighting condition 9W 5600K
_ 18 _
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Sample code Top view Cross-sectional view SMD(um)

Film

Knit

Filament

Figure 4. SEM images of the various pristine specimens.
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Sample code Pristine Plasma-etching Nanoscale width(nm)

Film 116.7£31.2
Knit 76.0£32.0
Filament 132.3+£36.5
Staple 161.5+259

Figure 5. SEM 1mages of pristine surface and plasma-etched surface

of specimens.
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3
30 x10

(a) pristine

1===(b) plasma etching
(c) plasma etching + CVD

N
o
]

Counts per second
= o
| |

0

678 680 682 684 686 688 690 692 694 696 698
Binding energy (eV)

Figure 6. XPS patterns of fabrics. (a) pristine polyester filament
woven fabric, (b) Plasma-etched Polyester filament woven fabric
(c) FAS CVD treated Polyester filament woven fabric after plasma

etching.
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Al 24 xH LA

W Fxo mE AR xW ASAS ¥usty] fste] BF HEA
7} shedding angles SA3tAth AT o W& F3& 357 125
s AFgstd o AF HEZF =4 A Table 4, Table 59F 7 0]
Plasma etching + CVDE 233 == /\]Eoﬂ A HEzZF 1500
shedding angle 10° "|%Fe] Z A
AEoA 1689°= 7Hd =kom, depd |
obxth. shedding angle 3 FFo] 1.9°2 7H& wgken, depulEst
A=, o8 2Ho|Eo| 42 7P =t
AEA4E 2474 5o 7ME A vetd oy, A=3 #
o] A= AHZIE Qlste] CVD 7h& Wk Hash 7 o A]

=< aFASs BAu27]. =3 CVD 7t A8gs o
Z9] SMD7} &4 % shedding angle 27l UElyoH,
& 2ol 7t g

N' ;& =5
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Table 4. Static contact angles on specimens

for water droplets of 3.5ul

Plasma etching

Sample code Pristine CvD + CVD
Film 78.8+2.6° 112.6£1.6° 168.9+1.8°
Knit 131.7£3.3° 145.4+2.8° 153.0£2.4°
Filament 57.5+4.6° 147.4+3.2° 164.1+2.5°
Staple 127.0£2.9° 137.9£3.0° 157.2+£3.7°

Table 5. Shedding angles on specimens for water droplets of 12.5ul

Sample code Pristine cVD Plasma etching

+ CVD

Film = 64.1+2.2° 1.9+£0.8°

Knit s 15.3%£1.3° 2.5+0.8°

Filament - 22.4+2.5° 2.5+0.8°

Staple - 45.1+1.7° 4.0+1.6°
— 25 —
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Table 6. AATCC 22 Spray Test results of specimens

Plasma etching
VD + CVD

Pristine

Sample code

ISO 4

ISO 4

ISO 4

Film

ISO 2 ISO 2 ISO 3

Knit
Filament

ISO 2 ISO 3

ISO 1

ISO 0
SO 1

ISO 2

Staple
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Figure 8. Changes in self-cleaning efficiencies of surfaces

contaminated with nano-size dust according to specimens.
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Figure 9. Nano-size dust remains on the nano-scales of

(a)film and (b)fiber after cleaning.
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Sample code

Micro-size dust after cleaning
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Filament

o
._'p- e
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Figure 10. Micro-size dust remains on the microstructure of

specimens after cleaning.
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Abstract
The Effects of Surface

Structure of Superhydrophobic
Fabric and Size of Dust particle

on Self-cleaning Properties

Kun Young Cho

Department of Textiles, Merchandising and Fasion
Design

The Graduate School

Seoul National University

This paper aims to investigate the effect of the relationship
between surface structure and particle size of superhydrophobic
fabrics on self-cleaning properties. To this end, superhydrophobicity
was implemented in polyester film, filament fabric, staple fabric, and
filament—knitted fabric. The surface structure, static contact angle,
shedding angle, and standard spray test rating of the implemented
fabric were measured. In addition, the size of the dust particle was
varied at the micro and nano level to obtain the dust removal rate

for each surface.
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After plasma etching and 1H,1H,2H,2H-Perfluorodecyltriethoxysilane
vapor deposition, all samples were superhydrophobic. The static
contact angle appeared in the order of film > filament fabric > staple
fabric > filament-knitted fabric, and the shedding angle appeared in
the order of film < filament fabric = filament-knitted fabric < staple
fabric. Unlike the film, all fabrics and knits had higher standard
spray  test rating after  superhydrophobic  treatment, and
filament—knitted and filament fabrics had higher standard spray test

rating than staple fabrics.

The self-cleaning properties of microparticles were all improved by
superhydrophobic processing, and filament fabrics, staple fabrics, and
films were higher than those of filament—knitted fabrics. The
self-cleaning properties of nanoparticles decreased in the order of film
> filament fabric > staple fabric > filament-knitted fabric before and
after superhydrophobic processing. In particular, the self-cleaning
properties of fabrics 1mproved after superhydrophobic treatment,

whereas the self-cleaning properties of films and knits decreased.

The standard spray test rating was more advantageous as the
surface mean deviation of the superhydrophobic fabric surface
increased. Self-cleaning properties increased as the micro-weaving

structure was denser, and the dust particle size increased.

keywords : Superhydrophobic Fabric, Water Repellency,
Self-cleaning Properties, Surface Structure, Particle Size,
Micro-roughness

Student Number : 2020-21525
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