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Abstract — In order to improve the surface hardness of transparent plastic films, organic-inorganic hybrid coating solu-
tions were synthesized by the sol-gel method. The coating solutions were prepared by adding GPTMS (glycidoxypropyl
trimethoxysilane) to a colloidal silica (12 nm) suspension. PC(polycarbonate) substrates were dipped into the coating solu-
tions and dried at room temperature for 10 min before being cured at 80 °C for 30 min. The effect of the solution pH and
GPTMS content was investigated on the properties of coating films. The pencil hardness and adhesion to substrates of the
coating films, prepared at acidic condition (pH 4), showed better properties than those at neutral or basic conditions. Also,
the pencil hardness and adhesion to substrates of the coating films increased with increasing GPTMS content.
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Fig. 1. Flow chart for preparation of hybrid coating films.
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Fig. 2. Chemical structure of GPTMS monomer.
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Table 1. Properties of coating films prepared from colloidal silica
suspensions with GPTMS added (R=0.07) at different pH

conditions
Solution pH  State of coating solution  Pencil hardness ~ Adhesion
2 Gelling - -
3 Transparent solution 6H 0B
4 Transparent solution 8H 5B
5 Transparent solution TH 4B
6 Transparent solution TH 4B
7 Transparent solution 6H 3B
8 Transparent solution 6H 3B
9 Gelling - -
10 Gelling - -

3l5kast w458 H|5S 20074 108

A - oA

A& e 2ot} kA= ARl EDA(ethylene diamine) 37}
, AV (pH 2) B 71 2 (pH 9, 10)0014] Alxd &
SA| Azt dofuy FHo] w7 s8It vl o (pH
% J(pH 7) = okoﬂﬂﬁ(pH 8) z7-]i ;q]z‘_ %o_li% =
wah, A @rﬂxl Qa1 FATHEAIRN I’ 7hs e MY E AEE
8 9] AFAH T pH 4~69] 2= TH &=
= 8HE %’—’F?‘& A= ‘JrEM‘iiOU% 3] pH 4 27004 #Axd
9 ] AT SHE 7P 98 8492 HolFelth v pH

2 |
”
n =

i

k

E

301ut pH 7, 89] ZzleA] fojxl 8 o] B == 6HE| T
2 ofet AEE VERITE BESE 8-919] pH ®islel whE I8 7t
o] 7|Ajebe] F-2Ee AAA TS} vld A JERsith =
pH 4~68] 710 % Alxg 78 uo] §-22L 4B = SBE §-
53t 2295 vERIolen, 53] pH 4] 7% 5B 7PY F2 &

Gl

228 Yehfiodch whd pH 3014 pH 7, 89 Z 0= AlxH
s UeRdlth

Fig. 3 pH 3014 82] W92 tlekslr pH7} 4= o] g9
Folof] A2k GPTMS(R=0.07)E 7lsto] Alzd §4&
BE flell argste] doj v o] wAlTEE 3,000419] HHF—_F
7 #E3 SEM Aot} 519 vf 90 wlAlgE7} g pH
o AA SEeHE & 7 Atk 8942 pH7F 4, 5, 69] AV x1de]
A Az B2 o] gl RS mATERE Bl Wi, §-9)9]
pH7} 3 E= % (pH 7), ©¥37149 (pH 8) 7107 A x9 uho] 1]

g 9k 0B Ei= 3B FA4| X3t A

MTF-Z= TA #Fo] Y= AL & 5= QJt} o] RS g9 pH7}
/3ot ?§71 ’d 2300 flollA] APt ukel o] sl |
GPTMS7} AP15712]9] S5 wheo] Aase dgow dae

oHo, 10]. & 7k GPTMS7} silica YAF §]e S2o] 01011/}%]
FRteE 319 wke 7|Agke] A IATE Ego] A
SR, IgE A5 1x 9 Ag) A Bk Eﬂlt@!fﬂl <]
&l vho] mre] o] WAYsHA Fck. vhde] §-oo] pHrt A
Z9-(pH 4, 5, 6) silica YA} T Y] Fzto] AFHEZ, 7]A)
]l PC A5 gleta] Aol Aslelo] Azt At Al ddsh=

A 283) Ar)EE fdo] ¢l Wl nATERE Kol
A #ck. o] T8 wke] pH Msle) wkE u|A| T30 2o Table 1
e 9 uhe) AMHE W Rl JFS FA Hrk. =

46 279] 70| gi% o5k vl Alte] 578 vk pH 3, pH 7~8
7d°ﬂ/‘1«] o] 3
S5k B4 wolA Pt
Fig. 4= §9°] pHEZ thoFsiA Wl A7
GPTMS(R=0.07)2 3713t ZAclM Qojx 518 2o J‘T:"‘—'L}% il
312 A E 7o)}, TRl UeR = ‘ﬂ}@r 7EL°]
73l 7P\l%ﬁ )
TEIH8(90%) KT} =2 929%90] &
2707 Az IF

ZHao7 AFRH
7142

pH 6°|t} pH 82

KojF=ar St

T ‘)rE‘rW
2 71A ) HlSERt

3-2. GPTMS 9| #sPyt 3E LF2| Mo nlxl= I
2 Hof| A= o] pH W3l AdeM 7 2 EAS
pH 4 27104 GPTMS H7F2] ®ispt I8 whe] B njX|=
S A R SITE Table 2 pH 4 7104 GPTMS 2] 1 3}o]
HF FY FE0] BAS veRd xolrt. FFo® GPTMSZH 37}
7390l (R=0.20, 0.25) 33H41Ql EDAS] A7} 2135 Az} o



Sol-Gelell 218l Colloidal Silica?l Glycidoxypropyl Trimethoxysilane® @ HE] =55 fMo] A% 445

(d)

Fig. 3. SEM photomicrographs of the surfaces of coating films prepared from colloidal silica suspensions with GPTMS (R=0.07) added at different pH:

() pH 3, (b) pH 4, () pH 5, (d) pH 6, (¢) pH 7 and (f) pH 8.
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Fig. 4. Light transmittance of the surfaces of coating films with GPTMS
(R=0.07) added at different pH.

Table 2. Properties of coating films obtained from colloidal silica suspensions
prepared with different amounts of GPTMS at pH 4

R (GPTMS/coating State of coating solution Pencil

Adhesion

solution weight ratio) hardness
0.01 Transparent solution 2H 0B
0.03 Transparent solution 4H 3B
0.05 Transparent solution 6H 3B
0.07 Transparent solution 8H 5B
0.10 Transparent solution 8H 5B
0.15 Transparent solution 8H 5B
0.20 Gelling - -
0.25 Gelling - -
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Fig. 5. SEM photomicrographs of the surfaces of coating films prepared from colloidal silica suspensions with different amounts of GPTMS at a
constant pH condition (pH 4): (a) R=0.03, (b) R=0.05, (c) R=0.07, (d) R=0.10 and (e) R=0.15.

(d) V)
Fig. 6. SEM photomicrographs of the cross sections of coating films prepared from colloidal silica suspensions with different amounts of GPTMS at a
constant pH condition (pH 4): (a) R=0.01, (b) R=0.03, (c) R=0.05, (d) R=0.07, (¢) R=0.10 and (f) R=0.15.

MTMS$Fe] YES T vke Ay} Aoz :8 S77F SA9A 9] ofo) Z7IEFE silica YAF] EHoll GPTMS #419] &3] &

thar et o] dofu} ko] A7} AR Aoz e 4= Q). o] AvE
Fig. 7% pH 4 %7104 GPTMS %5 W3IAlA Alxd g4 &= 5-E| Fig. 62 GPTMS 30| oS 39 o] 747 A

9] silica 4AFS] AHE JEEA7|2 S5 Aot} 1A A= s 4 5 ok

E 7 0] GPTMSS] ¥o] S71ekrs Aol S7ksh= A Fig. 8 pH 4 7102 AXE ¥, GPTMSS] %2 WA A

< & 5 Stk o]g} 22 A= Sl At 217 o] GPTMS % FH whe] Fukg wslE AuiE golrh. el vEht

sletEst Ml4sH HMsE 20074 103



Sol-GelHel| 2J3ll Colloidal Silica?} Glycidoxypropyl Trimethoxysilane® 2 HE] k=58 22| Az 447

350

300 - /
/

N /
250 7

Mean Diameter(nm)

0.00 0.05 0.10 0.15 0.20 0.25
R
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