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Abstract — Water-repellent coating solutions were synthesized by hydrolysis and polycondensation reactions with
water using tetracthoxysilane (TEOS) and chlorotrimethylsilane (CTMS) as precursors. The solutions were coated on a
PMMA sheet and thermally cured to prepare non-fluorinated water-repellent coating films. Coating films were charac-
terized by water contact angles, UV-Vis transmittance and surface morphology. The contact angle of coating films pre-
pared by varying the molar ratio of CTMS/TEOS to 0.6~1.0 exhibited a maximum value of 107° when the CTMS/TEOS
molar ratio was 0.8. The coating films showed a high transmittance over the visible range up to 90% when the CTMS/
TEOS molar ratios were 0.6~0.8. However, when the molar ratios of CTMS/TEOS were 0.9~1.0, the transmittance of
coating films was lower than 70% due to an uneven shape of the rough surface.
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Fig. 1. Preparation process of water repellent coating solutions.
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Fig. 2. Synthesis reaction equations of silicon resin.
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Table 1. The composition of water-repellent coating solutions prepared with different molar ratios of CTMS/TEOS

Sample code CTMS/TEOS molar ratio CTMS (mole) TEOS (mole) H,0 (mole) MeOH (mole) HCI (mole)
CT1 0.6 0.013 0.022 0.08 0.3 0.0015
CT2 0.7 0.016 0.022 0.08 0.3 0.0015
CT3 0.8 0.018 0.022 0.08 0.3 0.0015
CT4 0.9 0.020 0.022 0.08 0.3 0.0015
CT5 1.0 0.022 0.022 0.08 0.3 0.0015

' b) 97°

i e 117

10 107°

Fig. 4. Contact angles of PMMA surfaces prepared with different molar ratios of CTMS/TEOS. a) 0.6, b) 0.7, c¢) 0.8, d) 0.9, e) 1.0
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Fig. 5. FT-IR spectra of water-repellent coating films prepared with
different molar ratios of CTMS/TEOS. a) 0.6, b) 0.7, c) 0.8,
d) 0.9, ¢) 1.0
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Fig. 6. UV-visible spectra of water-repellent coating films with different
molar ratios of CTMS/TEOS. a) 0.6, b) 0.7, ¢) 0.8, d) 0.9, ¢) 1.0

SEMHV:10.00kV ~ WD: 10.45 mm
SEM MAG: 5.00 kx  Det: SE 10pm

SEM HV: 10.00kV ~ WD: 12.47 mm
SEM MAG: 500 kx  Det: SE 10um

CTMS/TEOSS] & H]7} 0.6, 0.7, 0.8¢) A-$-oll= 90%2] F3-&5
ROt CTMS/TEOSS] & 817} 0.9, 1.021 Z-$-oll= 70% ©]3}2)

& FoE-S B

Fig. 72 CTMS/TEOSS] & H]& 0.6, 0.8, 0.9, 1.0°.% &-]3}o]
Azg 78 2ok 3 S e SEM AR o]t CTMS/
TEOS?] & 1|7} 0.6, 0.8%] 7-t-olli= W& 7] 2 F4#-3] end-capping
% silicon resin®| FAJEH P2 7] U3 o] A O
L}, CTMS/TEOSS] & H|7} 0.9, 1.0 %2 CTMS7} 3331 7 $-of =
hexamethyldisiloxane®] & A .2 Q13| wE7]| 2 FE3}A|
end-capping® silicon resin®] FAF)|A] Ealn 2 AZ T Bt
A3t GPafo] doidg & = A%l e, o] A¥= Fig. 62 Fah&
A Anfe} 2 dx|star Sl

CTMS/TEOS = Bl& g8t} Alxd 3% §ooz dojxl
PMMA A E 28] A8 7 L9} §-22]& Table 4¢] CTI, CT2, CT3,
CT4, CT5 A 82 YRR QItE CTMS/TEOS & 8]7} 0.6, 0.7, 0.8%
CTMS7} 23] 7k Z-9-olls 78 Tubo] 7dshar 7| 5ske]
HBS} FO| W% 953t AB A w e} 5B =31 1228 e}
wiolct. vkl CTMS/TEOS E H]7F 0.9, 1002 CTMS7} 7

SEM HV:10.00kV  WD: 10.54 mm
SEM MAG: 5.00 kx  Det: SE 10 ym

)

SEM HV:10.00kV  WD: 12.44 mm
SEM MAG: 5.00 kx  Det: SE 10 pm

Fig. 7. SEM microstructures of surfaces of coating films prepared with different molar ratios of CTMS/TEOS. a) 0.6, b) 0.8, ¢) 0.9, d) 1.0
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Table 2. The composition of water-repellent coating solutions prepared with different molar ratios of H,O/TEOS

Sample code H,O/TEOS molar ratio CTMS (mole) TEOS (mole) H,0 (mole) MeOH (mole) HCI (mole)

H1 0.9 0.016 0.022 0.02 0.3 0.0015

H2 1.8 0.016 0.022 0.04 0.3 0.0015

H3 2.7 0.016 0.022 0.06 0.3 0.0015

H4 3.6 0.016 0.022 0.08 0.3 0.0015

H5 4.6 0.016 0.022 0.10 0.3 0.0015
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Fig. 9. Contact angles of PMMA surfaces prepared with different molar ratios of H,O/TEOS. a) 0.9, b) 1.8, ¢) 2.7, d) 3.6, e¢) 4.6
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Fig. 10. UV-visible spectra of water-repellent coating films with differ-
ent molar ratios of H,O/TEOS. a) 0.9, b) 1.8, ¢) 2.7, d) 3.6, e) 4.6
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Fig. 12. Photographs of water repellent coating solutions prepared
with different molar ratios of MeOH/TEOS. a) 9.1, b) 13.6,
c) 18.2, d) 22.7
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Fig. 11. SEM microstructures of surfaces of coating films prepared with different molar ratios of H,O/TEOS. a) 0.9, b) 2.7, c¢) 4.6

Table 3. The composition of water-repellent coating solutions prepared with different molar ratios of MeOH/TEOS

Sample code MeOH/TEOS molar ratio CTMS (mole) TEOS (mole) H,0 (mole) MeOH (mole) HCI (mole)
Ml 9.1 0.016 0.022 0.08 0.2 0.0015
M2 13.6 0.016 0.022 0.08 0.3 0.0015
M3 18.2 0.016 0.022 0.08 0.4 0.0015
M4 22.7 0.016 0.022 0.08 0.5 0.0015
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Fig. 14. UV-visible spectra of water-repellent coating films with differ-
ent molar ratios of MeOH/TEOS. a) 9.1, b) 13.6, ¢) 18.2, (d) 22.7
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Fig. 15. SEM microstructures of surfaces of coating films prepared with different molar ratios of MeOH/TEOS. a) 9.1, b) 13.6, c¢) 22.7
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Table 4. Pencil hardness and adhesion of coating films prepared with
different coating solutions

Sample code Pencil hardness Adhesion
CT1 HB 5B
CT2 HB 5B
CT3 F 5B
CT4 6B 0B
CT5 6B 0B

H1 HB 5B
H2 F 5B
H3 F 5B
H4 F 5B
HS5 6B 0B
Mil 6B 0B
M2 F 5B
M3 B 5B
M4 B 5B

AzE 75 THe] SEM ARO[t MeOH/TEOSS] & H|7} 9.12
MeOH7} A 718 Aol WE 7|2 53] end-capping®
silicon resin®] AT A Fel= 2 578 THo| Etdsta Al A
golgl 4= 913 O 1}, MeOH/TEOS ] & H]7} 13.6, 22.7% MeOH
7} A 37He 9ol WI"7| & F23] end-capping® silicon
resin®] FAAE P E Al 71555 1 FARS YJERYRITE. o)Ak
A= Fig. 142 T2 Ave} & Ak 9l
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TEOSQ] & Y7} 18.2, 22.7%1 7-9-°li= MeOH9] &4 a7 = <l
3 255 9oj BY] W AdFA LS Yehfgl ot #2328 5B
2 93

TEOSE 7|2 AM-8kaL HhE- 41 CTMS, H,0, MeOH2}2]
& HE gdElsto] Alxd U I8 498 PMMA A E 9o &
W 39 4 At AA Y 2W B9 Azt o] 34
% TEOSS} CTMS, H,0, MeOHS}e] & 1] W7} =4 I8 =
gke] £/l m A= el tial] vk 2 2SS At
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