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8 oF: ALA A 404 YA2]7tE tetraethyl orthosilicate(TEOS)E #AE
2] mHo| A Axtola Fx FAHI BEEA hydroxylZ]|E FAlO] ZU%E & E4
221 IR APt Aoz WA 58 5A F49) FHH 21E dols dFE oA &
A YAzl Azt ofo]2E&8 o] 83 244 ko] JAL YicAPst mH| ¥-g4d9d -OHY]
7t EA5kA] gkob WiAdol e A EERE FAT 4 §lith o]df wiote] MLAA7E ZHR v
Agziet 7t4EslE TEOSE Edfol= TP olgsty f8 =ZHES 14 IFSE T 242
trichloro—(1H, 1H,2H,2H)perfluorooctylsilane(TPFOS) & o2 FHsI] 150° o]ite] =42 714
£ 244 BYUS ARsIGlem, 1° ogty] & &Efo|d b o 2USAE FAlo] ZHA]D AT o]
of HEo 44 APzt o] s FEIALIL fHASHH W, TPFOS §of SJsiA
FEHLZL Aoty AR E fEAHY W1y 508 EXE/MAE 24444S |AIsteu, 2003
EABNAE A AFARE fAGHH. 2EH R Ho YR 2L Hpd e Aezte] ¢
Fol 0.3 g¢l HP3 QNG 28] T F 2242 TPFOS Moz Fgske Zloloirt. oA AzxH
TR FENLI FQo37t &bl HH HYAR Ago] 7HeE Aeg moHn

FAo] ¢ e, AEGH), Ear, WY, Bidp

Abstract : Hydrophilic and hydrophobic nanosilica and tetraethyl orthosilicate (TEOS) as a
coupling agent was used to form a coarse spike structure as well as an excellent reactive hydroxyl
groups on the glass surface. Then, a second treatment was carried out using a
trichloro—(1H, 1H,2H, 2H) perfluorooctylsilane(TPFOS)  solution for ultimate water repellent glass
surface formation. The formation of hydrophobic coating layer on glass surface using silica
aerosol, which is hydrophobic nanosilica, was not able to form a durable hydrophobic coating
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layer due to the absence of reactive ~OH groups on the surface of nanosilica. On the other hand,
a glass surface was first coated with a coating liquid prepared with hydrophilic hydroxyl
group—containing nanosilica and hydrolyzed TEOS, and then coated with a TPFOS solution to

introduce a hydrophobic surface on glass having a water contact angle of 150°

or more. The

sliding angle of the coated glass was less than 1°, which meant the surface had a super
water—repellent property. In addition, as the content of hydrophilic nanosilica increased, the optical
transmittance decreased and the optical transmittance also decreased after 2nd coating with the
TPFOS solution. The super—hydrophobic property of the coated glass was remained up to 50 times
of rubbing durability test, but only hydrophobic property was shown after 200 times of rubbing
durability test. Conclusively, the optimal coating conditions was double 1st coatings with the HP3
coating solution having a hydrophilic nanosilica content of 0.3 g, and subsequent 2nd coating with
the TPFOS solution. It is believed that the coating solution thus prepared can be used as a surface
treatment agent for solar cells where light transmittance is also important.

Keywords ' nanosilica, coupling agent, superhydrophobic, water repellency, fluorosilane
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Table 1. Composition of coating solutions with hydrophilic fumed silica or hydrophobic silica

aerogel
Component (g) HP1 HP2 HP3 HPC3 HP5
Fumed silica 1.0 2.0 3.0 - 5.0
silica aerogel - - - 3.0 -
EtOH 156 158 158 158 158
TEOS 3.0 6.0 9.0 9.0 15.0
10 wt% HCI 3.0 6.0 9.0 9.0 15.0
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Table 2. Contact angles of glass after cleaning
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3.2. TEOS, TPFOSQ| 7I4:25}

A HTY] AELGE fote] AHgH ARtE
A= A9 st 21 Aot flote
Table 3¢ H= Hie} Zo] TEOS &7 TPFOS
SHe 77t AlxstAnk TEOS1 8oz f¢
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W levelingS FJA717] fls 44 AW
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Acetone + KOH +
Contact angles IPA Acetone IPA KOH Heating
") 29.20 43.50 42.75 20.50 12.25

Table 3. Compositions and water contact angle of TEOS and TPFOS solutions

Compositions (%) TEOS1 TEOS TPFOS
EtOH 80.00 79.95 80.00
Water 10.00
TEOS 10.00 0
TPFOS 0 10.00

Capstone FS-3100 0 \ 0.05 0
Total 100.00

Contact angles ( ° ) 52 ‘ 53 76
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Table 4. Water contact angles of TEOS and TPES solutions with hydrolysis time

Times (h) 0 1 2 3 4 5 24 48
TEOS 53 66 29 64 61 61 58 59
TPFOS 64 71 72 80 85 96 110 105
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Table 5. Compositions of hydrophilic TEOS
coating solution

Compositions (%) TEOS solution

TEOS 10.0

EtOH 80.0
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Table 6. Compositions and water contact angles of hydrophobic ES—1 series coating solutions
Coating Compositions (wt%) ESO-1 ‘ ES1-1 ‘ ES3-1 | ES5-1
Ist TEOS solution 100
Ethanol 9¢ | 97 [ 95 | 93
2nd TPFOS 2
Silica aerogel 0 ‘ 1 ‘ 3 | 5
Contact angles ( °) | 103 | 144 | 156 | 155
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Table 7. Water contact angle of glass coated with HP and SHP series coating solutions containing

hydrophilic fumed silica

Coating Component (g) HP1 HP2 HP3 | HP5 | SHP1 | SHP2 | SHP3 | SHP5
Fumed silica 0.1 0.2 0.3 0.5 0.1 0.2 0.3 0.5
Ist EtOH 15.78 | 15.78 | 15.78 | 15.78 | 15.78 | 15.78 | 15.78 | 15.78
TEOS + HCI 0.624 | 1.248 | 1.872 | 3.12 | 0.624 | 1.248 | 1.872 | 3.12

2nd ll;lzf)?—[s No treatment 919
Contact angle (°) 10 | 12 | 15 [ 18 [ 100 [ 130 | 155 | 153

(A)

2n

®)

©

Fig. 1. AFM photos of glasses coated with different coating solutions:
(A) SHP3 (B) SHP5 (C) HP3.
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Fig. 2. Transmittance
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solutions.
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Table 8. Water contact angle of glasses repeatedly coated with SH coating solution and finally with

TPFOS
SHP1-2 \ SHP2-2 \ SHP3-2 \ SHP5-2 | SHP1-3 \ SHP2-3 \ SHP3-3 | SHP5-3
No. O.f Ist 2 times 3 times
coating
Contact 136 151 165 154 153 165 160 156
angle (°)

(A) (B) (<)

Fig. 3. AFM photos of glasses coated with different coating solutions:
(A) SHP1-2 (B) SHP2-2 (C) SHP3-2.
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Stols YlcAe)zte] ARt B4 ATe] A
2] T7E HislstojoF g,

e
S

g

ta

Transmittance (%)
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Fig. 5. Transmittance of 3-time coated glasses
with HP series coating solutions.
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Fig. 4. Transmittance of 2-time coated glasses = 8131;2 in3 SHP57.} ia‘: Oiv\i‘;; Iy
with HP series coating solutions. 38 FRolA= SHP series =7 2 JdS

=z
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Table 9. Sliding angles of glasses double coated with SH series coating solution and

subsequently with TPFOS solution

No of coating 1-time 2-time 3—-time
SHP1 X X 90°
SHP2 X 23° a1
SHP3 30° {1° 1°
SHP5 50° 1° a1
Table 10. Water contact angles of coated glasses after durability test by wiping
Sample SHP1 SHP?2 SHP3 SHP5
-1 [ 2] 3] 1] 2] 3] -1]-=2]-3]-1]-2]-3
Wiping Contact angle (°)
0 time 115 | 136 | 153 | 130 | 151 165 | 155 | 165 | 160 | 154 | 154 | 156
10 time | 100 | 135 | 120 | 116 | 138 | 135 | 156 | 156 | 158 | 150 | 157 | 153
20 time | 110 | 132 | 118 | 115 | 137 | 128 | 143 | 151 154 | 144 | 153 | 152
50 time 109 | 123 | 118 | 114 | 130 | 113 | 133 | 153 | 151 132 | 144 | 155
100 time | 105 | 108 | 121 111 125 | 110 | 120 | 130 | 133 | 115 130 | 135
200 time | 101 104 | 107 | 109 | 114 | 105 | 112 | 120 | 105 | 115 110 | 115
o= 22 I3 SHP3-29} HP2 IHfoz 3 L 2574 yedeziil ezt oo2ES o
3 13 39T BaA Aoz 24 3P 84 245 Euro] G4 Uniest B
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