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Figure 1. Schematic of Young’ s model [36].
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Water drop on a smooth
hydrophobic surface

add surface
roughness

(A) Wenzel state (B) Cassie-Baxter state

Figure 2. Schematic illustration of how the addition of roughness to
a hydrophobic smooth surface can lead to an increase in the static
contact angle as predicted by the (A) Wenzel; and (B) Cassie-Baxter
model [36].
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Figure 3. Schematic of Cassie-Wenzel wetting transition.
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Lotus Rose filled microstructure
Cassie Wenzel Wenzel filled microstructure
Cassie filled nanostructure Wenzel filled nanostructure Wenzel filled micro/
nanostructure

Figure 4. Schematic of nine wetting scenarios for a surface with
hierarchical roughness [38].
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Figure 6. Mechanism of alkaline hydrolysis of PET.
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Figure 8. Schematic representation of the reorientation process.

80 T T T T T T T T T

contact angle []

| —+T=4C

40 —--T=20"C
—-T=50C

3} ~-T=70'C
---Untreated

30 1 I 1 1 I 1 1 1 T

20 40 60 80 100 120 140 160 180 200
ageing time [h]

Figure 9. Aging property by temperature [22].

12 - s g kel gy



3}st# 714 Z2ZH(Chemical Vapor Deposition, CVD)& 318} #k-g-2 o]
ot vk PAske FHHOE o, H, AVF 5o FHE oUA
£ Fwuotd 7liﬂ B4 ApdH o g 38t wgs 4o £ Ue

radical AE)= BABE] s|¥ EHAA WEL Do oo

CVD 7l&9] 98 ¥ FdxHo| we} radical7| 2] 717 ®E-&o] dojuy]
T 3sta, tiR/ E=v kel Y8 713 FHOE radicale] #RMEo] ®H
HESo] Yo}y & st} 7|9 THo 2 28E radicale E@ o= &
ZEAY 719 ZHo A= FFATES FASHH, A A e
WS o} o] E3tod(surface migration) HAe] XS Fol kA 4
£29l I1ETZ(network)E & A 323,431,

olol wtel 3}t 7| =2 AWIHEA FAEA =3o] stsEn

Wrgel Fob MEA L V8 A REF Y WrhEgS WL s 7]
) R RE Az wok B34, FAA R 24 5 Thrg ok

°F,
o A gAA HeHom *}%EII’_ ATt
1ol

b
N
Jb
)
lo
b S
it
ofo
i)
ox Jm JL
ol
{0
s
_VL‘
4 3

=
= ZX] oLouq ?j?ﬂ- iﬁ:fﬁé I” S
Az, A& a8 H7] 3A A B

22l PFOA(perfluorooctanoic acid)<} PFOS(perfluorooctanesulfomc ac1d)
2 EBIEo] 34 9 AAd R FFL 7 XEE C8 o) B
SHE e EL =9 AHgo] AdEI JATH27,28] ofo] Tt

- 13 - 2 21+



ATA vHELA A =S 3183 7 FEEt &8 T
o Nastgon, osh muske] Roe Sl48le A@lele] sl Aol
of wet Eel, s5ta Sao DA Hitd 2 A v A%
57b Z7h 8ol el HEzto] Z71EATE C8 o REE FA WEeA
oron] AE A ©a A7 47 1280 AR A9 vhE sl S
Aokal A agae) ezt doid F AL FAstATh weba Ashraf
512917 Baikk &30l ®©4& Hx F7F 1291 DTMS(dodecyl-
trimethoxysilane) & 3132 7] F2HsEA o2 zxAFAH EW

& dojgih

Rl
ox
ok
)

Figure 10. Anhydrous deposition mechanism of silane [24].
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NaOH
—

Superhydrophobic PET textiles

Figure 11. The development Process illustration of superhydrophobic

PET textiles by Chemical Vapor deposition of silane compound
(PFDTS) [49].

30 4 Effect of Surface fraction on water sliding angle
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Figure 12. Superhydrophobic polyester fabric nanorods treated,
modified with ODS by vapor deposition [29].
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A2 A4

A ld AE B A

B AFoA ZZo|~E(PET) 100%2] = E(Goodfellow Cambridge
Ltd.,, UK), ZE(Young Poong Filltex Co. Ltd., $+=), U< E(PA66) 100%
9] "= Z=(Goodfellow Cambridge Ltd., UK), 2} &(Testfabrics, Inc., USA)<
Ab-&-3t A tHTable D).

Adel AL, BE AE< ofA E(acetone, Junsei Chemical Co.,
Japan)oll A3t 57 1 223 AlFHS W & S/HTE 103 ol
FABE AFolA st ARSI AE AR
(Figure 13)oll 2:1 w®]g€9 wlsl(benzene, WAZZF(F), FH)F e-&
(ethyl alcohol anhydrous, >99.9%, WA 3=(F), =)= EF3 F, 90C
oA 7tEste] =8 & FE AR dAFY &uE 6AIF FF whE
EHAA BEEES AASL olF SHRFTE FAISEA 2l Hx3A

tH501.

BEHAAY] 7 2 S47] EAS A A Eg=zup oA A
99.99%2] 2kA 7125 AMg3tFon, gZe] EULE AldEs $Aksh)
E F(sodium hydroxide, Junsei Chemical Co., Japan)< Al-&3}%th.

A273E 9% ool FAH Aldle 38 EEY AES AF
shA ¥k, st 74 S3 348 A= Dodecyltrimethoxysilane
(DTMS, >93.0%, Tokyo Chemical Industry Co., Ltd., Japan)< A}-&3}%Th.
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Table 1. Characteristics of the specimens having different chemical structures and microstructures [51]

FHH A A= Tg Tm Thickness Molecular
(mN/m) °) () () (mm) structure
PET fabric 42 0.0£0.0 69 267 0.21
o OH
: (o]
PET film 42 83.3+1.2 69 267 0.20
PA66 fabric 47 0.0£0.0 50 265 0.11
H
rl“\/V\/\
ey
PA66 film 47 70.1+1.6 50 265 0.50
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Figure 13. Schematic illustration of soxhlet’ s extractor.
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A 2 - RAFAH THE

L YA 2 347 28 72

Ll &2 3% 7t

—

9 =H =l EUWJ@J] 2 SA47] EUS ds gEy g
ANg FA 308 FFFol 30% wiwel
Hol] 70CNA 5&EZF ARE A A
S TEE EZFFE pH7 =2 wj7ztx ¥

=
% Az B4 gol nE dolold 2 B8 Ay S A

Eg]o]]}\E-] uJE ol 01% Iﬂ% zl%oﬂ Euﬂy{;}___}y] u_] 1/&47] CQ

= Sal AHA Egzuk A S AP ATHE3] Se=vE oA Al AEle
RIE(Reactive Ion Etching) ®412] Oxford RIE 80 Plus(Oxford Instruments

Plc., UOE A&kt 6cmx6bem 2719 ARE A2 dold ol
W = HlolZ(kaptone tape)2 At FATE 5, AtAE 20sccmo 2
FAse AW O 4L 40mTorr2 FAEAT ol F Mg 200WE <
7Fste] 103t ol skt
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2. &% 7hE

2.1. gollo)A

ANE FHE A&Fgsr] faliA dololde APttt A /2
Q B(ThermoStable ON-32, DAIHAN Scientific Co., Korea)2 A}-&3}
130C oA 1, 3, 5, 9, 15 283l 24N 7HA WHEA 7| A7be] ©E A<
4 38 AsS AR YHTable DI54].

22, 878 714 F2

2538 7] 93 = & W e g2 Dodecyltrimethoxysilane (DTMS,
>93.0%, Tokyo Chemical Industry Co., Ltd., Japan)< A}l-&3}e] 3484 7]
4} ZZH(Chemical vapor deposition, CVD)S 3ttt 714 2o z
A tF2 2 E(ThermoStable ON-32, DAIHAN Scientific Co., Korea)ol
At 8719 @2 DTMS 10mlet AEE A4 ¥ar 130T o 4[30] 0.1,
0.5, 1, 3AIZF A3YstR o (Table 1), AlZtel] WE A5FA 38 AFS
s e

Table 2. Conditions for surface hydrophobization

. Chemical vapor
Method Thermal aging o
deposition
Pressure(Mpa) 0.1 0.1
Temperature(‘C) 130 130
Time(hours) 1, 3,5 9, 15 24 0.1, 0.5, 1, 3
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AE 7H T2 HIE Ay sl A FA FARA
(Field-Emission Scanning Electron Microscope, FE-SEM, AURIGA, Carl
Zeiss, Germany)2 AFE3FTH A 87F REA o2& SEM =34 A, A&
EHo| AA7F FA= S charging 4ol doives AS RS H35)
o W ¥ 7|(Sputter Coater, EM ACE200, Leica, Germany)ZS A}-&3}
of 30mA°lA 150% &<+ ¢F 13nme] FA=E FABst HEAS Fo35
ATt o]F SEM stageE 0° 2 A3l Alg WL FFEsIAUTE A
of A" yx AR 7+7-8 Imagel software(National Institutes of
Health, USA)Z Z+ Al5ulth SEM o] u| R oA 307 SAstd H#3t%
o

1.2. 83t3 H&
318k o A, & g3 A5 H, T AR F§gH =24 WItE
EAst7] Y& X-A A E4J7](X-ray Photoelectron Spectrometer,
XPS, Axis Supra, Kratos Inc., UK)9} oid#] E4F XX EFH(Energy-
dispersive X-ray spectroscopy, EDS, Bruker, X Flash Detector 4010,

Germany)S AH8-3}% T
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2. 29 A4 A7}

AR EREES

'~

A=Y 7 A4S Hriskr] Slsl B4 A4S J54 =
X|(Theta Lite Optical Tensiometer, KSV Instruments, Finland)& ©
o ZAsgchFigure 14). AT AFEE &gol ZEtx o]

o 2o

10x 50}4 73' _7,-_71-,4

o

-

o

>~
o 2 [k
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Figure 14. An image of the water contact angle analyzers.



2.2. Shedding angle

~5stE AN 8o 7 HEZZho 24 Shedding angles ZA3sHYth
Shedding angle Zimmerman [55]9] 2J&] A& "2 A A EW
=3 A8 HEFW FQlo] ofEE A At WHOE, V&0 AR
FHORERE lem Eolxl &olollA 125+03u 9 EHES Hox=glS

] EdFgo] 2cm o) FHEARAE 7ZtEE =4S THFigure 15). B A
T A= shedding angles A& T2 YA 53 A3 & = EHJM
2319t} olu shedding angle F¢ ZF=7F 10° vt of 2254S

AT skt

?21 ¥ 40)

Figure 15. Experimental setting for measuring shedding angle.
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23. 4=

Hwd AR A 4 ZSAS HFslr
(water spray tes)E AlPstAth AEE A5 S BHA F2A7]

al

250mle] &< 15cm YolA AstAzl & AATCC22 7)Z(Figure 16)o uw}

2} 055302 Hrlatgth 3He wE AY T PHFuo] FEIFS
3

B
3
&
bl
o
~

O
In
IJ
O
HU
=5
)
i
o
)
o
e
o

o, 057l 1Y we 5 o9 e, 1
Bre 4 HRd GEE JUhIE A 25He 4 Eed A LB
$82 dehie 2, 353 Bol Bold Ao & dElE 2,
15T FHO| Y RF EE FEE UEhiE A, 55FS F90)
B2 EE S0l QE A0SR 1R B 5L Uiy

y | (:::::-::::) ‘||||‘|||l’ ‘lll‘lllll'
5
100 (ISO 5) 90 (ISO 4) 80 (IS0 3)
|
7
_
> : -
i 1

) 70 (ISO 2) 50 (ISO 1)

Figure 16. Image of the AATCC water spray tester and standard
spray test ratings. Description: 100 points—no sticking or wetting of
the specimen face, 90 points—slight sticking or wetting of the
specimen face, 80 points—wetting of specimen face at spray points,
70 points—partial wetting of the specimen face beyond the spray
point, 50 points—complete wetting of the entire specimen face
beyond the spray points, 0 points—complete wetting of the entire
face of the specimen.
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3. W74 H7}
3.1. AE W74

ANgel Ag YA H7EE 98l Terg-O-Tometer(Yasuda  Seiki,
Japan)& AHE3l o™ 1:300 wiwsne] WAl H&2 AEYN FHFTFE A
A F, AA §lo] 40rpmell A 2084 1~53] et H 41l A HAFE
3 WHESt] Hg W Fe ARSI TH A4 AlF Slenit AFH HJE

7} 4 shedding angleS 243l ¥W A4 WslE BFa¢T)
3.2. vk W74

bz Y FAAS HEsh] 9 WHoE HolX HAEE WYL
ol #lo]= Z|(Scotch-Brite, 3M) % H|o] =(Scotch 810, IME A+&
sted 5, 10, 15 2 203])74A] wHE AE = %9 23 WHILE S5
oH41l. % 33] ¥HE 4383 § Fd3 g JeEhRAh
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A3 Ay R uF
A lA g BE s 54 ¥

=} o] %, Geo]d @ DTMS CVD # 2]
o] B4 Wsl BEe 98 HW Fejol ¥W 4R BHL
a1

L 42z Ao o2 29 JH

Zeld2E AE9 A dZE 4 /M, P aH IS UYYE
A5 9 5 Ase 4a EFgzvr AgE 92w, Scanning
3] ##3 A= Figure 177 2oh wA

Electron Microscope(SEM)S & &
g AsEE s 29 FJEHE K RHAE, o]FAIY] LS St ¢Z
o 7 2 Egk=ut oA ol s FEjodl2E A= W2 W 155nm,
Zoo 2y IEH UYYE A5 % 52 H 209+442nme| HAH O =E
FHo U A7 &2 IAHAUS S AT Aok

Oste] 31813 o Ao oaf AAHE Y 2ALY ARA7|= olF A
gk v 7HA1 o A< %’Zé‘l Hoflo] 24h, 318+ 714 F3+ 0.5h,
stetd 7144 52 0.5h Al & Follo]d 0.5h, &ddleo]d 05h A &
3tetd 7144 F2 05h o]FdE FARRE FEoE {A Ho|(Figure
18-21), &3} 7ol W FElo A IFE HAA Fes G
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Figure 18. Scanning electron microscope images of PET
(x15,000; x100.000)

_28_

fabrics

CVD0.5h

with various hydrophobic processing.



Thermal aging 24h

Figure 19. Scanning electron microscope images of PET films with various hydrophobic processing. (X 15,000;
% 100.000)
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CVD 0.5h + Thermal aging 0.5h +CVD 0.5
SRS - - - o - : B/

Figure 20. Scanning electron microscope images of PA66 fabrics with various hydrophobic processing.
(x15,000; >x100.000)
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Thermal aging 24h

CVD 0.5h + Thermal aging 0.5h ) ing 0.5h + CVD 0.5h

Lh

R C B Ly Wbl |
i,__\;._*-: P T ! o -
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P

Figure 21. Scanning electron microscope images of PA66 films with various hydrophobic processing.
(x15,000; x100.000)
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2. &3 7hEel wE 24 AR
2.1. Ak ETk2ut Q3 dojojAol 2T W3

3}5tA oo g2 s v 7i7é7l7} AEH A F47] =4e
2 Qg gojjo] o] & o] FoH A & ‘3}1 A&l ZEgol2E FEY
A FErERuE oA o)A _%7d°ﬂ A XPS(X-ray Photoelectron
Spectroscopy) #A41o2 ®W | 35t A& WHIE FAsIHRoH, 1 A
= Figure 229 2t} A4 Zghzul o8 APdd wet 108, 9
of o] & 130C ol A 244128 #HA = A X8R

I A, vAHY Y 2H FE FHAAA C-CEAFES UEdE=
284.49eV, C-0Z2&< Ue = 286.35eV, C=0Z2%< UEI) = 288.57eV,
83 0=C-0Z2%<s Ueld = 290.99eVel A 3 =37} AEHATHI8] 2
g HlEs g% AAEE, By Yoy &4 7= 93 EE
A g A C-CAF Hl&o] 7} =A UERET
SHAITE Aba EEk=v) Oﬂf‘] Tole W 4 Abs dAdo] doju C-C
Aol Zastsion, =" SA4 2871 Y3 C-024¢, C-0Z2¢,
0=C-0Z2%= = Pﬂ?&ﬁ}. Aha Epznh ol & 2443 doflo] A A g
g Fo= C-CATS #4asta C-0, C=0, 0=C-0 A¥te] F7lst9 o
wEbA 4kA ESkznk o § oo Fof AFA IHES W E

= %

2 Ak AW o A

v

O

- 32 - A =T} &



O, Plasma etchin 0, Plasma etching + Thermal aging 24h
g g ging
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Figure 22. XPS survey spectra of PET film, 10min plasma etched PET film, 10min plasma etched and thermal
aged at 130C for 24h PET film



2.2. 42T AFS 35 714 S BnE W3}

dZe] 7 7bF ©]F DIMS CVD A3k 2 &) s DTMS7F &9
of & ZF=J=A FUstr] 918 EDS(Energy Dispersive X-ray
Spectroscopy) #41-& 3tR e 1 A= Figure 23¢9 2tk ol CVD
a7 YEpr] AZRREE HA AZRRD 307 F2F AR tis) £4e
RS

EDS &4 A #WZ((Pt) =¥o] o] Foxl FejolA Pst= g Figure
230 A 42t Wi d4o] i3k peako] WElstom, ZE|oxE o] A5
g4 C, A4 0, ¥4 HE DIMS| A% &4 C, 4+4 O, ¥4 H, 74
SiZz FAH 7] Wi DIMSe] F3 o F& Si peaks &3l &<
T AR FEF 7Y FF A" F = £ atomic concentration
o] C 61.78 at.%, O 37.48 at.%, Si 0.74 at.%= Si peake] YE}L} 3EH
DTMS7} & &= &l

o&fl

A
1=
T
3*
=

- 34 - A 21



cps/eV cps/eV
0

300
250

250

200
200
150 Pt
o 1501} 0

100

]
IBNRRJRNAN -

—_—

100
T T T T T

) J\ A ) J\
0 0
3 4 5 6 7

Energy [keV] Energy [keV]

Figure 23. EDS patterns of fabrics (a) Untreated PET fabric, (b) PET fabric chemical
vapor deposited with DTMS after alkaline hydrolysis treatment.
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A2 d FHN e B A
1. @)

Zoo 2y FEF A& STz oA 5, HA =1 24AT 4
2 Al AA HZFZE 165.5° , shedding angle 0° 22 Aol FHES]
j =3 x]_

0. ey Geolgow 94H a4y BUS B 2od B

(e

%
< Holtrt 140¥ A Felle AZF HFZol 150° vl¥hs YERAT
(Figure 24). ¥4k olyz} doflo]d A g F
A A e £40] $om pinning®+ =
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2ba Eetznt A HEd E ol
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2 359 AE BFA 2agAdo] FEIASTS st
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Figure 24. Decrease in hydrophobicity of plasma etched and thermal aged PET film depending on time.
Contact angle(blue) and shedding angle(red) of PET film after 1, 7, 28, 84, 140 days and pinning

effect(right) after 1 day.
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Figure 25. Static contact angles and shedding angles of etched and
thermal aged PET samples depending on aging durations.
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Figure 26. Static contact angles and shedding angles of etched and
thermal aged PA66 samples depending on aging durations.
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Figure 27. Static contact angles and shedding angles of etched and
DTMS deposited PET samples depending on CVD durations.

50

180 [
1o 4 - - .

160 | g/§/ 40
wof

140

A\

80
70 b
60 |
50 | ;Z
40 [
30 |
20 |
10 b

--#--,- - PAB6 fabric

—4— —4— PABG film

20 .

}‘.d‘\\“ i -
s 8
Shedding angle (°)

Static contact angle (°)

-
1
—_
o

01 05 1 3
Time (h)
Figure 28. Static contact angles and shedding angles of etched and
DTMS deposited PA66 samples depending on CVD durations.
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3. ool AT Fotd 74 =%

oA HATE dolo]H 3AHS 7EC R st &z T UM E
Zgo2H FE fis] FdolA Az Agsta sEE 718 F
7HS 0, 05, 1, 3h2 A3t xgst & w = s

Ay= Figure 299 Zow, RE ZHA %A

ret
i,

A 3, ststA 7)1
=2 302N A AA HZFZE 155.9° +2.6° , shedding angle 6.6° +0.4° ,
sietd 714 F3F 308 F delold 307 AdA AHH HEFZ
159.8° +2.0° , shedding angle 3.8° +0.1° o2 o] F= ZHANA x4
TS WStk (Figure 30) o] of 318t 7)1 F2 30EAAARTG 3
717 S 30 & dollo]d 307 AP Al ATl U5 3FH
, WHE 3k 713 2 30 & ool 1AIRE e 3AZE A Y
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Figure 29. Static contact angles and shedding angles of alkaline
hydrolyzed, 3h thermal aged and DTMS deposited PET fabrics.
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Figure 30. Static contact angles and shedding angles of alkaline
hydrolyzed, DTMS deposited 0.5h and thermal aged PET fabrics.
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Table 3. Static contact angles and shedding angles of PET fabric with thermal aged after alkaline hydrolyzed

and DTMS deposition treatment

| o 30 30 30 30 1 1 1 1 3 3 3 3
A | Thermal
] 0 30 1 3 0 30 1 3 0 30 1 3
aging
CAC ) 155.9 | 159.8 | 149.1 | 149.7 | 159.3 | 154.9 | 158.7 | 1486 | 160.4 | 180.0 | 180.0 | 159.3
(£2.6) | (£2.0) | (£2.9) | (£1.5) | (£2.7) | (£25) | (£2.6) | (£2.1) | (£1.5) | (£0.0) | (£0.0) | (+3.6)
ShAC ) 6.6 3.8 150 | 117 55 5.6 4.4 13.2 41 5.4 5.3 6.2
(£0.4) | (£0.D | (£0.5) | (£0.4) | (F0.2 | (£0.3) | (£0.3) | (£0.4) | (£0.5) | (£0.2) | (£0.3) | (+0.3)
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Witk olF UuA A® ZeldzE "E Ude e 2 A2 o
A= 5UF zaow Azste] wY 254 (Figure 3)& A Rk,

271 Ay F dollo]A 24A13t A9} vl

© A ststA 71 32 307 A
A & ZPol2EH FELS 1615° £23° o AHZA HEZ
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Figure 31. Static contact angles and shedding angles of DTMS 0.5h
deposited, 0.5h thermal aged after DTMS 0.5h deposited and 24h
thermal aged PET films, fabrics, PA66 films, fabrics.
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Figure 32. Water spray tests grades of PET fabrics with different
conditions. (CVD 0.5h, CVD 0.5h + thermal aging 0.5h, thermal aging 24h)
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Figure 33. Images of water spray tests on PET and PA66 fabrics.
(thermal aging 24h, CVD 0.5h + thermal aging 0.5h)
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Figure 34. Durability of superhydrophobicity for the different hydrophobic treatments; CVD for 0.5h,
thermal aging for 24h and CVD for 0.5h followed by thermal aging for 0.5h. Static contact angles and
shedding angles of PET fabrics after 0, 1, 2, 3, 4 and 5 washing cycles.

,50,




2. Wb T4

- WS glstr] 13 BlolZ H 2=E(Figure 35, 36)= ©F H
ol Fguel HolZ F A WHo=m s oen 5, 10, 15, 203
3l

WTAE Bt 53] 208714 HXAE
zo| osiH =T AFH HEZ 151.5° £1.9° ¢
shedding angle 7.6° £0.4° ¢} 9.3° £0.2° o2 X4
< gl

olo] met e 714 S 08 AE & oo 08 AHg =1
< 383 AE F HoUAE HAsIsHHEA WFAES 7HAE HAHY =
Ao Z =&Y

- 5] - p _k:.'!_]-_: =



50

180 | &, & PET fabric CVD 0.5
—%— , —&— PET fabric CVD 0.5h + Thermal aging 0.5h
170 | A —A— Thermal aging 24h 440
— 160 - Z
2 ~
o I 430 @
S 150 [
S ol 4
2 140 10 £
o 3 ke
o ge}
o 130 F A% 2
'ES' = A A ¢ w
o , . 410
? 20r 7 . ek
A D
10
- 40
0+
1 1 1 1 1
0 5 10 15 20
The number of tape tests
Figure 35. Static contact angles and shedding angles

superhydrophobic PET fabrics after tape(Scotch-Brite, 3M) tests.
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Abstract

Development of superhydrophobic
fabric using thermal aging and

chemical vapor deposition

Somin Lee
Department of textiles, merchandising and fashion design
The Graduate School

Seoul National University

This study aims to propose a method to improve the low durability
and extended treatment time, which are disadvantages of thermal aging
used in superhydrophobic processing. When thermal aging and chemical
vapor deposition (CVD) were treated alone or together, this study
evaluated superhydrophobicity and durability against washing and
rubbing according to the process time and sequence. In addition,
polyester and nylon fabrics and films were utilized to analyze the
effects of the material’s chemical composition and surface structure on
superhydrophobic processing.

When the samples introduced with nano roughness were subjected to
thermal aging, the static contact angle increased, and the shedding
angle decreased as the treatment time increased. The surface
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wettability of superhydrophobicity, a static contact angle exceeding 150
degrees, and a shedding angle of fewer than 10 degrees were
approached. However, since the polyester sample is more advantageous
than the nylon sample in realizing superhydrophobicity, only the
polyester sample reached the superhydrophobicity after 24h of thermal
aging treatment. The polyester film reached superhydrophobicity within
3h. In the case of chemical vapor deposition treatment, super-
hydrophobicity was realized in all samples from 0.5h.

Depending on the process sequence and time, all samples reached
superhydrophobicity when thermal aging was treated for a relatively
short time after 0.5h of chemical vapor deposition, unlike when
chemical vapor deposition was performed after 3h of thermal aging.
After 0.5h of chemical vapor deposition and 0.5h of thermal aging,
superhydrophobicity, and water repellency were higher than those of
24h of thermal aging or 0.5h of chemical vapor deposition alone. The
water repellency of the superhydrophobic polyester sample was as low
as 1 grade after 24h of thermal aging but improved to the highest
grade of 5 after 0.5h of chemical vapor deposition and 0.5h of thermal
aging.

0.5h Chemical vapor deposition treatment followed by 0.5h thermal
aging treatment; unlike other conditions, water droplets rolled off the
surface even after 5 washing cycles. Superhydrophobicity was
maintained even after 20 cycles of rubbing with tape. Therefore, this
study derived that when processing superhydrophobic fabrics, 0.5h
chemical vapor deposition treatment and 0.5h thermal aging treatment
condition improved durability and thermal energy efficiency compared
to 24h thermal aging treatment condition.
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