H2F wl Alw A1 A A4, 2020 H Journal of Adhesion and Interface Vol.21, No.4, 2020
(A== (Original Article)) https://doi.org/10.17702/jai.2020.21.4.143

S-27| slojEE|E &&t=1} Particle-Binder 38 & 0|26
2y IO H=

Preparation of Hydrophobic Coating Layers Using Organic-Inorganic
Hybrid Compounds Through Particle-to-Binder Process

Seung-Hee Hwang, Hyo-Won Kim and Juyoung Kim'

Department of Advanced Materials Engineering, Kangwon National University,
Samcheok 25931, Gangwon-do, S. Korea

(Received December 04, 2020, Revised December 24, 2020; Accepted December 25, 2020)
2 9F: Sol-Gel 4L EdjA AzxHE §-F7] stolHgt IFEES WA FY, P FH(Ant-
icing), A-7F Al % ‘ﬂJ P 28 51 22 754 A% ARE de AR :
T 1Y #HZ AxRS] YsiAe ZREHY WYX ZF Wil A8 WY 2=F AoVt &
FHEoh FH YA e FH REE A= AP A ZAHL in-situ fabrication F7, ‘Pre-fluorinating/
Post-roughening’, ‘Pre-roughening/ Post- ﬂuormatmgcllﬂr B o]iLlo] H‘— in-situ fabrication ZA Q| Particle-
Binder $4& Ol8e|4 &yl SEEWG Axec. 37 )
Aek sherE ) Aepe) 9 Zgies Fo AR
SfoiA B1E tedlAel eae)
st ure 2 2akgc). el
A7heA, BB e dah Hlee] me agute] B4 WalE ZARShgLh R
10 wt%?l §-F7] ol B8 = F3HE(GPTi-HF10)S HIIH 2
Aol Sslolon #%TS (10752 + 169, o Mpl el #71% vheglate] wA7} 13
(GPTi-HF10-MS 3.0)0] 7} =& 2273 Z7K(130.84+1.99°)2 LFER} ¢c}.
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Abstract: Hydrophobic Organic-Inorganic (O-I) hybrid materials prepared by sol-gel process have been widely
used at functional coating fields such as coatings for anti-corrosion, anti-icing, self-cleaning, anti-reflection.
The key point for fabricating hydrophobic surface is to optimize the surface energy and roughness of the
coating films. There are typical processes to control the surface energy and roughness which are ‘In situ
fabricating’, ‘Pre-fluorinating/Post-roughening’, ‘Pre-roughening/ Post-fluorinating’. In this study, particle-binder
process was used for in-situ fabrication of hydrophobic coating films. Various O-I hybrid compounds prepared
using several kinds of alkoxysilane compounds were used as a binder for silica nanoparticles at particle-binder
process. To study effect of fluorine content and weight ratio of particle : binder on the hydrophobicity and
surface morphology, Hydrophobic coating films were prepared onto glass substrate at various content of
fluorine content of O-I hybrid binder and weight ratio of particle : binder. The coating films prepared using
O-I hybrid binder (GPTi-HF10) having 10 wt% of fluorine content showed the highes water contact angle
(107.52£1.6°). The coating films prepared at 1:3 weight ratio of GPTi-HF10 : silica nanoparticle exhibited the
highest water contact angle (130.84+1.99°).

Keywords: O-1 Hybrid, Hydrophobic coating, Particle-Binder process, Sol-gel process, Hydrolysis-condensation
reaction
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(CF., -CFy) % Stgo] 4ol Arwu}
S A 2+35}3t & (Fluorinated alkylsilane)of+= 1H, 1H, 2H,
2H-Perfluorooctyltriethoxysilane (PFOTES) [16], 1H, 1H,
2H, 2H-Perfluorodecyltriethoxysilane (PFDTES) [17],
Trichloro(1H, 1H, 2H, 2H-perfluorooctyl)silane (TCFS)
[18] 5©°] @il Polytetrafluoroethylene (PTFE, Teflon)
[19], B47] 3§ ofa < whaFA|(Fluorinated acrylics) &=
+= Perfluoroalkylethyl methacrylate (FMA) [41]7} T &
Aolth. 2475 FstAe doeu Ar AHHoR
FH|H A7} Wol &4 S UE & Polydimethyl-
siloxane (PDMS)%= AF&E T} [20]. A& E]'%‘/\]EP
S}3HELS A 7R (Self-assembly)S 35t F & HF & A
sol-gel & oA AFA = ARG o] 7h4=H-5f- %é‘?&‘i
o= o 71 fol ZEY FA, 2717 e =
e %P’Qéla‘rﬂﬂ‘:’% o] &3 2 FHAYA F
et AN 2pd BUS Alzsted AREE S
t} [14, 46]. ‘:‘/\0“’ O}El A 9] A9 Methyl
methacrylate (MMA), Butyl acrylate (BA), 2-Hydroxyethyl
methacrylate (2-HEMA)Q} Z+8 o3& ey ele] 2=
@3 ol BT T otad AR AlxEo] &4
ﬂ FAAI [15]. 28y E47] ohf ShehETt
stof et WA 7178 WA o
HEZS 120° 8 298 4 gl ol CF,
o] FHHY A (S 6.7 mI/mH)E = JﬂE‘r?SP FHE 9]
& PER A o B AEzo] oF 1207 o
Aol7] wiZoltt [12, 13]. whehA 24Ade B F3A
7171 1A= E™] &71 P A A gt
(17, 21, 22]. E7HL3<-E M= agd 2UE A
7= 3AL | ookl =27 ‘Pre-fluorinating/Post-
roughening’, ‘Pre-roughening/Post- fluorinating’, ‘In situ
fabricating’ @] A| 71X 2 2R &Y, 0|83t FAELS &£
Bo] Lhe 4% Ei o] Athe £70] 57| 728
BHAZ 5 glo] agao] AT ERS Az}

Agsiet [23].
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Pre-fluorinating> W o | 2|7} @2 B 47|
Sh= 3HetE E+= PDMSE o]§3sto| ZHH 3
7]+ A o]3l Post-roughening> FE O] AA]
Fstst7] 9l E714+2E 847 HAHLe= U
= @43 (Nano lithography), 3FA~(&REE, Calcination),
3}l 7] A= 2H(Chemical vapor deposition)©] o 3 4] o]t}
[35]. Pre-roughening2 tHE A O 72 U430 BI7|&E ¢
AS ol-gste] AR 2d8e FAATIAY 7IA E
Fgubo] glaa, & - SehdSAe T E
HS AZAAA 28e A7 340l Aotk
o]o]| o]0 A] Post-fluorinating- T E TS A5Al Z 2 A|
(Hydrophobic treatment reagents)ol] GX| Al A FHO| A

fr

TS e = JEE A7 AY Fetr) s
He O] sto] FHO| 47| I SgES SEFAY
L FAo] giEA o]t} [24, 25]. In-situ fabricatingS =

|

aEe Az 5
= 1R B e fel Bo1E
AT BB Reh A 7 RS
=z 5 “* HlolE| & AM&3lt). In-situ
fabrication 40—75;4, 01] 3£ 4 & 2 Spraying 57, Layer-
by-layer assembly, Particle- Binder 37 o] )1t} [26-30].
SFA] AJAISE T 71A] #7 (Pre-fluorinating/Post-roughening
4 Pre-roughening/Post-fluorinating)-> 11719 #H|7)} &
fastal Ao s IS A|2sk7]of ofFzo] 3l
Z) 9t In situ fabricating 34 -2 31719 AH| 7} I Q 3}
A Fow ¥ WA BAGol AYEH A =7t
7hestth= Aol Sl
H Lo A= In-situ fabricating?] Particle-Binder &
oA f-57] stol B = ShetEd Ae7t Ui
Zv7} Binder®} Particle2 AF-835lojA FH SV L%
MM 254 DR Az 2E AL,
7] ARslEEse eRd % FEUNSS F
o AEE §-827] Sfo]HelE E(So)T g e Rol
37 93] B4%tg AestaE 1H, 1H, 2H, 2H-Per-
fluorooctyltriethoxysilane (PFOTES)E A}-&3}o] A =5
Baghg §-27] stoluels 28 27t ulolE R AL
3l 3 87] 812l Methyl Ethyl Ketoneo]] EAME Al ]
7} Ul YAE Particle= AHE-SEGIT) HIQIT = AL
2% -F7] sholHe| s B4t AREE
o) M7t A7FEAl e 31 A®He] S ¥t
tfslo] 2AFSFRATE Particle-Binder 578 < ©]-8-31o] A|
23 2 AP HE FIE U Y A (Particle) 2} HEQI
b5 ot FAME E3ste] Al ZHAS Az
g1 o]2 9a 7AYo AWFE W A2 E5
= FAAAA F71E dedAe] gl o
AR AW 3to] tfsto] ARSI
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Table 1. Recipe for the preparation of fluorinated O-1 hybrid solutions (unit : g)
Sample GPTMS PTMS PFOTES TTiP Solvent 0.1M HCl(aq)

GPTi-FO1 5 5 0.15 5 20 1.01
GPTi-FO05 5 5 0.75 5 21 1.07
GPTi-F10 5 5 1.50 5 22 1.15
GPTi-F15 5 5 2.25 5 23 1.22
GPTi-F20 5 5 3.00 5 24 1.30
GPTi-F25 5 5 3.75 5 25 1.37

Table 2. Recipe for the preparation of fluorinated O-1 hybrid solution using hydrolyzed fluorinate alkoxysilane compounds

(unit : g)
Sample GPTi (S.C=20%) H-FAS (71%)

GPTi-HF01 20 0.056
GPTi-HF05 20 0.280
GPTi-HF10 20 0.560
GPTi-HF15 20 0.840
GPTi-HF20 20 1.120
GPTi-HF25 20 1.400

2. Al o E(0.1M HCl(aq)) S AFg3}o] Azt o we] Hh-g-

21 N 2 Rf=

§-57] Stolne = wholE AxA AgE §714
T35} E 2=  (3-Glycidyloxypropyl)trimethoxy-silane
(GPTMS, =98%, MW = 236.34 g/mol, Sigma Aldrich
Co.), Trimethoxy-propylsilane (PTMS, =97%, MW
164.27 g/mol, Sigma Aldrich Co.) 12|32l 1H, 1H, 2H,
2H-Perfluoro-octyltriethoxysilane (PFOTES, 298%, MW
= 510.36 g/mol, Sigma Aldrich Co.)& A}&3}% 3L, TiO,
SIEHE 2= Titanium(IV) isopropoxide (TTiP, >97%
MW = 284.22 g/mol, Sigma Aldrich Co.)& A}-&3}%tt.
S0 2= Ethyl alcohol (EtOH, =>99.5%, MW = 46.07
g/mol, Sigma Aldrich Co.)¥} Tetrahydrofuran (THF, =
99.9%, MW = 72.11 g/mol, Sigma Aldrich Co.)& A}-&-3}
A TR 2 Z25Ee-o] =ulj £ = Distilled water
¢} Hydrochloric acid (HCI, 36.5~38%, MW 36.46
g/mol, Sigma Aldrich Co.)& A3} TH A4A FZE
Az AFEE SiO, YAFE = MEK-AC-5140Z (SiO,, 40
wt%, 70~100 nm, MW = 60.08 g/mol, Nissan Chemical
Industries Ltd.)S AM&3}% T

22. 9-87| sfo|Eg|E &9 MXE
F-77] sto| BHE| = vt = 7hEE 2 S5%
o E3}lo] GPTMS, PTMS, PFOTES, TTiP, EtOH

s
=2 ]
= =

KeX
°©
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22 BAHZ GPTMS:PTMS:TTIP = 1:1:12 1435}
al H20/Sl—4 Zr @3S 1~1.52 3o AYsHom A
z¥ IgHe GPTigta HYstch. GPTio Az
500 ml H]o]# g Rh-g-Zof AJFZ One-shote 2 347}s}
o] 60~65C ¢ 25 & 7}alo] 48417k EQF mulkslgict.

287 7770 slo[2E|E &9 M=

5t GPTio| 24242 Hojsl7| 93le] PFOTES

% 7}519th. PFOTES: GPTMS, PTMS, TTiPo| tf
o] 1,5, 10, 15, 20, 25 W% & 3 7}3} 1, o2 gt

%%ﬂ FAloll Hrtete] Azt A S Zﬂzﬁ GPTi

Fg N TH o PFOTESE #H71ste] A &8t %

© = X & A %39 PFOTESE thE 3gtE Sy
Ao Edste] f7-F7] slolHel=E Alxgt BE
GPTiof| A &t &L 3tA 500 ml H]o]AF {2 §F-gxo
Al eF-E& One-shoto. 2 A7} & 60~65C2] &2 & 7}5}o]
48X 7F EoF wHlElY Il GPTi-F2 Wislgct 340

=

2 PFOTESE A7}t A% wre AL 18slo] r
12 3lof 204 7}TtoH Ly g
i o]Z A 7458 E PFOTES &2 H-FASE WW3s
9t $H o & H-FASE #H7}3h i‘% oo GPTi ZEH
o] H-FASES H7}8tal 60~65C o] =2 7151o] 484
7F EoF wHlslo] A zslgTh o2 Mk Ig ol
2 GPTi-HF& &} ¢ th(Table 1, Table 2).
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Table 3. Composition for preparation of hydrophobic coating solutions used at Particle-Binder process

1) Particle (g) / Binder (g)2] %k

Sample O-I hybrid (g) MEK-AC-5140Z (g) Binder : Particle PB
GPTi-HF10-MS 0.1 10 1 1:0.1 0.1
GPTi-HF10-MS 0.3 10 3 1:03 0.3
GPTi-HF10-MS 1.0 10 10 1:1.0 1.0
GPTi-HF10-MS 2.0 10 20 1:20 2.0
GPTi-HF10-MS 2.3 10 23 1:23 2.3
GPTi-HF10-MS 2.5 10 25 1:25 2.5
GPTi-HF10-MS 2.8 10 28 1:28 2.8
GPTi-HF10-MS 3.0 10 30 1:3.0 3.0
GPTi-HF10-MS 4.0 10 40 1:40 4.0
GPTi-HF10-MS 5.0 10 50 1:50 5.0

24, 249 [RAO| M=

Particle-Binder 34 & 0]835}o] A4A FE AL A
235}7] o4 AFeE T2 13 Q)& MEK-AC-5140Z
(o138} MS)&= A| =3t -7 stolHg =7} 10 g AHE-H]
e w1 goll AFE 50 g7hA] MBI A 7 {-77] 5t
olBgE £ ZETh E-E A A4 124]
7 ol4F Bakiolth agd] ZR LS ALER HhelE v
GPTi-FO10] 3 MS7} 10 g AF&5 10 ™ GPTi- FOI-MS
1.0, A3t vl g 7} GPTi-HF100] 22 MS7} 23 g AF-&
©]¢l oW GPTi-HF10-MS 2.32] w4l o2 wslgich
(Table 3, Figure 1).

Figure 1. Schematic diagram of Particle-Binder synthesis.

25 27d 1Y HE M=E

AzE §-57] sfolHeE &, BATS $-57] 8
o] B2 E(ols §-57] so]He|E) 13 A
(Glass slides, 25 mm x 75 mm)E 7| A2
sto] mEULe FAAAT AL 28w AH Auls

o]-&3}o] EtOH, T/F<t Acetone S = F 330 Z A
A & AbgstaTh ZHYHS ATUIYS 0]8-31

Accel 150 rpm, Speed 2500 rpm, Running 10 sec®] %4
o2 FE 5 17-20Co| A 557 AXR3}a 1007C o] A
LAIZF Ax3ko] 17~20C oA 24A17F F3F 44435k A
%39
2.6. =4

=

AzE §-577] stolmels & u £44 2P
AR S ZHe T BAH S Bolels] Slstel Alet
A 9= 7] (Zeta potential analyser, Malvern Panalytical
Ltd., UK)9] 5 &334 (Dynamic Light Scattering, DLS)
BEE BASIT 24 42Q5C)eld Ao
o X572 Polystyrene, 3]4 -&ui= Ethyl alcohol
(EtOH, =99.5%)2 Al83lo] A2 334 B A5ttt

§-57] Slo|HelE & Alzo] ALEE 3R] A
SHEE0] WeER ¥ HSA BAFEE s
7] ¢5}e] 500 MHz NMR 3H 2} 7] & 27| (Nuclear
Magnetic Resonance 500, Bruker, German)-& ©]-8&3}¢]
wAstolth, B4e AeolA Ayt en Hojg)
& Tetrahydrofuran® & 3}¢] 29Si-NMR A~AHEH S 3
315} o}

A 23t F-F7] stol B =9 Rr|E9tds Qs
7] ¢5Fe] €E A 7](Thermal Analysis System, TAS, TA
instruments, US)E ©]-&sto] A3t Alme &
E AxA713 20 FHE A2 HadS ol§
alo] A F9]7] stoll A A-25-E 800C7H#] 10T/&
of £ER $eAA BAsAt

Azt Ee mHo| vl TE RS ) nias
F=AMA A& 1] 3 (Ultra High Resolution Scanning Electron
Microscope, UHR-SEM, Hitachi, Japan)2 ©]-&35}o] 4]
shelth A&+ 10 mm x 10 mm 27| 9] f-2] 7|3 9]

Ha 1l A 2] H A4 2020
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FEAAz e A=
AA e oA Au ZHS sl XWHE(X 50)+-¢
HjE(x 100,000)7}A] Al& FHO AR5 Felst
Rk

Seute] YARTE BAGs| 9feke] FAHAH
u] 73 9] EDX (Energy Dispersive X-Ray Spectrometer,
Hitachi, Japan)& 3] 2413191, Z8gat FTHo| &4
she fao BA2 S8 Xy BAA 23 247
(X-ray Photoelectron Spectroscopy, XPS, Carl Zeiss,
Germany)E &8l &45F3th EDX #4 A&+ 10 mm
x 10 mm =7]9] 2] 7|79jo] ~AATYL o §5to]
IS FAAF o EAYL= C O, F, Si, TiE
3lTh XPS A4 Al&& 8 mm x 8 mm 7] 9] &7
Z1Helo] 2UIY S o]t ZHUS FAHAAHL
W BEAYAdAE C, O, F, Si, TiZ 3}¢gt).

f-57] stolBe|EE o]&sto] Al A
PFOTES 7} o] 2o} A7lo] uje 2 H&7}
44 BPe] B8 e e Wske] m
= Xéi W3S o] &5t A A RS
3 H=Z =4 7]|(Contact Angle Measurement, Phoenix
300 Touch, SE.O., Korea)E T3l & &S 54359
o} AR 82 7] A(Glass slides, 25 mm x 75 mm)of A
Hagor st 100CoA dxxste] At
= FAAA v F42 A2 FASHEA F
= > (Distilled water)E 3 ul A ASHA|A A& F 10 3

3.1. 5-57| slo|EEE &

e
B>
4>
0x
Rl
om
12
10
Hr
1z

AZH §-57] Sto|HeE B4 §942 DLS 4
2 YT AW, -7 sojHels BAugEe
PFOTES®] %7} o] 8} PFOTESS] 2 7}aFel 7 gl

o] 1~10 nm H¢je] 13 3 A= AEEYL) o

71 stol B Ert 7]l Aol A -
EAbE o] 9l AHl Y-S yEeEbdT B8 4=}
o} GPTi-HF9] Eg 3y He 278 Y=zt 7t
o]l TAQlo] RE AGA T Ho] 90~140 nm H
ol 13 & A2 AEHAUT ol F/E Yx=YgA
7heFoll A @lo]l GPTi-HFo|| &]3to] g o} Abof
¢ A EA FEAE O] 9la GPTi-HF7F o - =3¢
AR RN IS dt= AL YEFHTH(Table 4).

Az3 f-F7] stolBel =] AR Btz &
212 PSi-NMRE F3to] EA3H1rh ¥Si-NMR £4]
Al Feo] et T Alado] ety T T, T, T2

2ot T0o] AHEY ¥ 37~ 39 ppm FL2
2 RSi(OCH3); 725 el T19 A EY ¥

Hr‘
:I[o
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Table 4. Particle size of O-1 hybrid sol measured by DLS

(unit : nm)

Sample Size

GPTi 2.6
GPTi-FO1 2.2
GPTi-F10 2.7
GPTi-F25 32
GPTi-HFO01 32
GPTi-HF10 2.6
GPTi-HF25 3.1
GPTi-HF10-MS 0.1 137.5
GPTi-HF10-MS 0.3 139.8
GPTi-HF10-MS 0.5 138.7
GPTi-HF10-MS 0.8 136.2
GPTi-HF10-MS 1.0 135.1
GPTi-HF10-MS 2.0 137.0
GPTi-HF10-MS 2.5 134.8
GPTi-HF10-MS 2.8 131.2
GPTi-HF10-MS 3.0 131.9
GPTi-HF10-MS 4.0 1353
GPTi-HF10-MS 5.0 134.1

L —46~48 ppm H I, T20] AHEH WOl -53--57
ppm, T3] AHEY WOl —61~66 ppmO &2 T' T2
Tof tjat 335 AeslghE o %Li% Fig. 70| Jep
At} [42]. §-F7] slo]H g == PFOTESS| &7} of 7
a2 kol TA glo] TOEEA T7HA mE wart &
Azt Aoz 2l = thFig. 2).

Fig. 32 f-57] sto|B = 9] §ujE AxAZ]
T B FHE Az AR dE4 ABE YEhyS
o} 800C7HA] S-23hol whet AR FF HAE 4

ULOE/;H ‘37] ﬁ%k_% X/\]_zﬂ—_/'\_oh;]. H/\—lﬁ‘q_e

1:1

EQE 275 FFS A=E351o] Table 59 A&t
fF-F7] stolB el =9 R7)&E -2 PFOTESS] 7}t
o B 2] 3 gheFol A Qo] 40~50%2] W= 3ol
= Aot

32. §-F7| sPo|EEE 2 &AM FEHUSO0[ESH =X

51 AE|OLO| A
Fig. 4= o .07 Flo]HBEE o]Lsle] A2 =
guto] mjAf 2 olu| A& e LA, Fig. 5+ GPTi
2 GPTi-HF102] g2 2o 2 AHokslo] 23t
o (Cross-sectional) @] b A2 o]u] 22 LY Q)
t}. Fig. 49 et 7-F7] slolEe|=9] I gy n]A|
& 2K PFOTES 37} o] ¥ Ei= PFOTES®| 7}
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Figure 2. Liquid state *Si-NMR spectra of O-I hybrid; (a)
GPTi, (b) GPTi-FO1, (c) GPTi-F10, (d) GPTi-F25, (e) GPTi-
HFO01, (f) GPTi-HF10, and (g) GPTi-HF25.
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Figure 3. TGA curves of O-I hybrid; (a) GPTi, (b) GPTi-FO01,
(¢) GPTi-F10, (d) GPTi-F25, (e) GPTi-HFO1, (f) GPTi-HF10,
and (g) GPTi-HF25.

PR

Table 5. Inorganic content of O-I hybrid compounds calculated
by TGA results

Sample Inorganic content
GPTi 49.45 %
GPTi-F01 50.79 %
GPTi-F10 46.23 %
GPTi-F25 40.02 %
GPTi-HFO01 46.91 %
GPTi-HF10 4720 %
GPTi-HF25 44.11 %
ol FA gle] arul& (50,000 vy M &= vlj - A7t
A% Aol B TLE o231 e Bt ot
§-57] ol Hel= o] AEFHE Agke7]7} 7lgkel
s=2A 7)ot 4EAge Bal Aol 955197
o= Az ot Fig 59 (@] thehil 2%
e v ojul g Fo 2% Byote] A
NAE §-57] stolHel=rt Wi n=w BB 29
2 YA BAT 5 YAk

Figure 4. UHR-SEM images of O-I hybrid coating films; (a)
GPTi, (b) GPTi-FOl, (c) GPTi-F10, (d) GPTi-F25, (e)
GPTi-HFO01, (f) GPTi-HF10, and (g) GPTi-HF25.

FA B AE A207 A4Z, 2020
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Figure 5. Cross-sectional images of O-I hybrid coating films;
(a) GPTi, (b) GPTi-HF10, (c) thickness of GPTi, and (d)
thickness of GPTi-HF10.

Figure 6. UHR-SEM images of hydrophobic coating films; (a)
GPTi-HF10-MS 0.3 (x 5.00 k), (b) GPTi-HF10-MS 0.3 (x
50.0 k), (c) GPTi-HF10-MS 1.0 (x 5.00 k), (d) GPTi-
HF10-MS 1.0 (x 50.0k), (¢) GPTi-HF10-MS 2.0 (x 5.00 k),
(f) GPTi-HF10-MS 2.0 (x 50.0 k), (g) GPTi-HF10-MS 2.5 (x
5.00 k), (h) GPTi-HF10-MS 2.5 (x 50.0 k), (i) GPTi-
HF10-MS 3.0 (x 5.00 k), (j) GPTi-HF10-MS 3.0 (x 50.0 k),
(k) GPTi-HF10-MS 5.0 (x 5.00 k), and (1) GPTi-HF10-MS 5.0
(x 50.0 k).
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Figure 7. Cross-sectional images of hydrophobic coating
solution. (a) GPTi-HF10-MS 1.0, (b) GPTi-HF10-MS 3.0, (c)
thickness of GPTi-HF10-MS 1.0, and (d) thickness of GPTi-
HF10-MS 3.0.
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Table 6. Water contact angle of hydrophobic coating films
prepared using various weight ratio of O-I hybrid binder to
silica nanoparticles

Sample Water contact angle
GPTi-HF10-MS 0.3 106.15+2.5°
GPTi-HF10-MS 1.0 107.11£2.2°
GPTi-HF10-MS 2.0 107.95+2.1°
GPTi-HF10-MS 2.3 111.2742.9°
GPTi-HF10-MS 2.5 118.16+2.5°
GPTi-HF10-MS 2.8 125.11£3.1°
GPTi-HF10-MS 3.0 130.84+2.06°
GPTi-HF10-MS 4.0 126.31£1.99°
GPTi-HF10-MS 5.0 126.68+1.65°

(a)

-

Figure 8. 3D images of surface roughness of hydrophobic
coating solution; (a) GPTi-HF10-MS 1.0, (b) GPTi-HF10- MS
3.0, and (c) GPTi-HF10-MS 5.0.
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Table 7. EDX results of O-1 hybrid coating films in comparison

to XPS results (unit : Atomic %)

Analysi Element
Sample - -
S C (6] F Si Ti
) EDX 49.13 38.14 0.00 9.24 349
GPTi
XPS 51.16 3184 0.00 15.42 1.59
GPTi-H EDX  50.16 37.71 0.06 8.72 3.35
FO1 XPS 5134 2832 0.00 19.46 0.88
GPTi-H EDX 4891 32.96 3.85 12.92 1.35
F10 XPS 46.83  29.36 9.85 12.08 1.88
GPTi-H EDX  48.10  29.61 9.88 10.55 1.86
F25 XPS 38.52  27.16 2252 10.15 1.65
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Figure 9. XPS results of O-I hybrid coating films; (a) GPTi,
and (b) GPTi-HF10.
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Figure 10. XPS results of O-I hybrid and hydrophobic coating
films; (a) GPTi-HF10, and (b) GPTi-HF10-MS 3.0.

Table 8. EDX results of hydrophobic O-1 hybrid and

hydrophobic coating films in comparison to XPS results
(unit : Atomic %)

) Element
Sample  Analysis - -
(0] F Si Ti
EDX 4891 3296 385 1292 135
GPTi-HF10

XPS 4683 2936 9.85 12.08 1.88
GPTi-HF10 EDX 1640 5830 127 23.66 038
-MS 3.0  XPS 2148 4794 485 2522 051

GPTi-HF103} GPTi-HF10-MS 3.09] ¥ u}
EDX$} XPS H- A A] GPTi-HF109] T g ut2 okx] ol
gt el FUstA XPS A A oA B =2 AT
S YEFY I, GPTi-HF10-MS 3.0 A %3+ sguto] 4
Sofli= EDX HAA] Ba7} 127 at%, XPS &4 A] &4
7} 4.85 at% = OF 4ufj o] 4Fo] 4 B Apo]7t Qlth
B ATt o8t GPTi-HF10-MS 3.0¢] 38 ut E35}
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Figure 11. Water contact angle measurements of O-I hybrid
coating films.
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Figure 12. Water contact angle measurements of O-I hybrid
coating films.
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Table 9. Water contact angle of O-I hybrid coating films
prepared using various O-I hybrid solutions

Sample Water Contact Angle

GPTi 74.99+1.0°
GPTi-FO1 87.96+5.4°
GPTi-FO05 94.70+£3.7°
GPTi-F10 97.54+1.2°
GPTi-F15 97.31£2.1°
GPTi-F20 98.56+5.5°
GPTi-F25 98.10+4.8°
GPTi-HFO01 98.69+1.4°
GPTi-HFO05 105.41+1.8°
GPTi-HF10 107.52+1.6°
GPTi-HF15 107.12+2.2°
GPTi-HF20 106.62+1.2°
GPTi-HF25 106.66+1.6°

ol IAYY ® US_ l FRANIAZ EE =277 &
Ast7] wiZoll PFOTESS H7FshA] %2 GPTiof A&

o} Agpido] FF *QL #A o2 7% 3 PFOTESE 10
wt% H7}Ste et o o)A} adrAdo] 718k e A

© —CF; 7|9} —CF, 719 ®9ojy (6.7 mi/m’)E=
GPTi-Fo} GPTi-HF9} 22 uj S Fdata A Zy
o ol Aeulo] Aol H| B HE7to] oF 120°7}

= “IT—

Ae]7] wZoltt [13].

Table 90| A & <= Q)% o] GPTi-F2| 784S GPTi-
HFe] 5us) 51 PFOTES geol A l e o
2 HE7bo] 8-10° o7} Q= 2L B 4 9=y

o]+= PFOTES®] 71 &7 7](Long alkyl chain)®] ¢3¢
o g ytol o3t Ao FE ALEEH . GPTMS, PTMS, TTiP
9} F Ao PFOTESE &g 5}o Xﬂifﬁ GPTi-Fol| A=
7} AgtslehEol Sl 7] ARE 71 A7 o)
W& whaz, A 2% GPTio PFOTESE S 5fo] A=
o G HFO| A= o] R4 U =N @45l
= ZHi ol Al PFOTES7} ! 7}5]‘”7] o Zof A o
ié—m}o o] ‘d7ﬂ ﬂ OE /%17%511:} t[]ra}
X GPTi-HF 2 0]—%—0]—0:] i%h;} Xﬂ}_/\] GPTi-F9] ¥
sto] wlstel o e & A&7 ATE ehd 4 91
< Ao &E woEh

Fig. 133} Table 62 44>

L

o

/\I\

HU

=

[¢]

Al H

d P AL o]Esto] A=

=

A - 059
3t FEubo] By & 1} 9} rs,; Hate] gt = A
=2t 54 23E HEiodth S22l o5t GPTi-

HF10-MS 0324 5F¥ GPTi- HFlO MS 1LOZA 7R =

718 YedAE EF3A ¢ GPTi-HF109] 79
o 5 JEZ4 YA Te; fAREY AL, GPTi-HF10- MS
LoRAET B7E Yk} o] F7tst= H$-
= A&7l Ja Aot A2 EIFHAY. o=
GPTi-HF10-MS 1.0% 4 nyloj A= Zgul s A
FAo] Y 2 g 7428 A5 FrlE
U= QiAo ghefo] &AL o2 Qe ApAdS &F

o] L
AR

AR 7= ol E e Aoz AyzrET

130
120

110 4 * +

..o

Water Contact Angle (°)

T T T T T T T
MS2 MS23 MS25 MS28 MS3 MS4 MS5

Particle/Binder

T T T
GPTi-HF10MS 0.3 MS 1

Figure 13. Water contact angle measurement of hydrophobic
coating films.
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