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NE Sol-Gel e o]gsto] Alzaqlry. ZEE-Ne 715 EJeloke] A7A”] TTIP(titanium tetraisopropoxide)°]
7152 g3t 315HE<91 GPTMS|(3-glycidoxypropyl) trimethoxysilane]5 3471810 A3k}, 1§ 714191 PC Al
Eof 23 IGPAIFA, 4 A3 AlA 1=2EES Hol= sty 5 Alx sigith. I8 84 52 GPTMS 3
e WstAFel Q8 1.53-1.619] 2HES Zhe 319 w1 Alx7} 7FssiSivh. GPTMSS] 7ol S71eks 1
whe] FEES Ao, JdEAEE STk

Abstract — In order to overcome the problem of poor hardness of transparent polycarbonate (PC) sheets, organic-inor-
ganic hybrid hard coating solutions, which show a high refractive index above 1.58, were made by the sol-gel method.
These hybrid coating solutions were obtained from mixture of titanium tetraisopropoxide (TTIP), and (3-glycidoxypro-
pyDtrimethoxysilane (GPTMS). The PC sheets were spin-coated, and cured at 120°C for 2 hr. Change of refractive index
in the range of 1.53-1.61 was obtained by varying the GPTMS content. The refractive index of the coated film decreased
with increasing the GPTMS content, while the pencil hardness of the coated film was found to increase with increasing
the GPTMS content.
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Fig. 1. Flow chart for preparation of hybrid coating solutions.
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Table 1. The effect of GPTMS molar ratios in the coating solutions on the property of coating films

Sample No. GPTMS (mol) State of coating solutions Refractive index Pencil hardness Adhesion
Gl 0 White, turbid solution - - -
G2 0.1 White, turbid solution - - -
G3 0.5 Dark brown, transparent solution 1.605 3H 5B
G4 1 Brown, transparent solution 1.583 4H 0B
G5 2 Orange, transparent solution 1.550 SH 0B
G6 4 Yellow, transparent solution 1.530 SH 0B
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Fig. 2. SEM photomicrographs of the cross section of polycarbonate
sheets spin-coated with solutions with different GPTMS con-
tent in Table 1; a) G3, b) G4 and ¢) GS.
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Fig. 3. SEM photomicrographs of the coating surface of polycarbon-
ate sheets spin-coated with solutions with different GPTMS
content in Table 1; a) G3 and b) G4.
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Fig. 4. Transmittance of coating films prepared from solutions with
different molar ratios of GPTMS in Table 1.
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Fig. 5. Transmittance of coating films prepared from solutions with
different molar ratios of AA in Table 2.
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Fig. 6. SEM photomicrographs of the coating surface of polycarbon-
ate sheets spin-coated with solutions with different AA con-
tent in Table 2; a) A3 and b) A4.

Table 2. The effect of AA molar ratios in the coating solutions on the property of coating films

Sample No. AA (mol) State of coating solutions Refractive index Pencil hardness Adhesion
Al 0 White, turbid solution - - -
A2 2 Brown, transparent solution 1.581 4H 0B
A3 4 Brown, transparent solution 1.583 4H 0B
A4 6 Orange, transparent solution 1.586 SH 0B
A5 8 Orange, transparent solution 1.590 SH 0B

3l5rast H453 M4S 2007 8



Sol-Gel Hol] 2J3+ Polycarbonate A|Eo]| 28 71538t T=HES Hol= sl=7y 89| A% 339

Fig. 62 Table 29] 4 5 AAS E H|E&S 217} 49} 6% A
FHYLAE PC AE Yol IRt & Asst 9] i+
SEMO.E st T9o|tt. AAS &= H]&e] *WP%iOl il

W2 cracke] FAJEA| b2 wiEskal FAsh TS ER

3@ ot N RN
B rQL'

=

4.8 E

TEFAE YW 52 AAALEE Hol= st FHENS Sol-Gel
< o] g3l A|ZsIT) EHE2R] TTIP(titanium isopropoxide) 2}

o]o] Zo]EA] AA(acetylacetone) 2 ATHAZH A1 GPTMS
[(3-glycidoxypropyl) trimethoxysilane]E WF5-A17] FH-E-NS A
Z33t) FEHEAS 71AQ! PCAE Qo 2~ 'A7|a, A A
s} AIA st=s" vk Alx sigick o] 3 F GPTMSSF AAS)
A7Fol =/ whe] 24 vA= TS AT

) Axd 78 2 GPTMSS] 7ol wel 1.53~1.619] &
AES RJTE GPTMS 7ol TTIPel 8]l 0.5, 1.02] E1]o]
M= PC AEY #dE B 158 o] X5 Bl 3k
GPTMS/] x47]_F)¢o‘| __7]_61—01] :715] Ul—l] g;av— 8 71—/\0}03 1;1]
o] GPTMS F7FF S7tell wet 2% 2he] 727} Z7hst A
2 FEct el 79 uke] A8 EE GPTMS 7l we
Z7kste] TTIPY tigh GPTMSS] E1]7} 2 o9l Z$-oll= 5H
9] E2 AEE HI

(2) AAS] & 1]E HIgle% 7] o] @A ES 1.58~1.59% &
A7 GISlTh 3 AAS] &= HE ¥isle] e FY vk A
745 4H~5HE WIS AEE R, AAS] & HlE WSyt
7:]1: ]1: = 01161:—- u]x]x] 5'461—2. ol— _/_": %1\%1;]. Rz AA-OJ ;g
7hgol] 7Yl wet 7hA3d 491 400~500 nmollA 2] T8
whe] Fapgo] IR ¢k PC AEC] HlEl v wo] 7Hash=d],
ol AAZ} FEE Fof titanium acetylacetate complexS &4
st o]Fo] TS Fate] FagE A7) WEo R
k),

#Z Al

B AT NYAARS) ST AT AR QEery
A1) A7ATE A,

M

e

0

[

. Lee, M. S. and Jo, N. J., “Abrasion-Resistance and Optical Prop-
erties of Sol-Gel Derived Organic-Inorganic Hybrid Coatings)’
J. Korean Ind. Eng. Chem., 12(6), 643-648(2001).

2.He, Y., Yuan, J.-P., Cao, H., Zhang, R., Jean, Y. C. and Sandrec-
zki, T. C., “Characterization of Photo-Degradation of a Polyure-
thane Coating System by Electron Spin Resonance) Prog. Org.
Coat., 42(1), 75-81(2001).

3. Kwak, S., Shim, J., Yoon, H. G. and Lee, K. H., “Inorganic Thin
Film Coating on the Display Plastic Substrate} Polymer Sci.
Tech., 14(2), 181-191(2003).

4. Mackenzie, J. D. and Bescher, E. P., “Physical Properties of Sol-

Gel Coatings; J. Sol-Gel Sci. Tech., 19, 23-29(2000).

. Schottner, G., Rose, K. and Posset, U., “Scratch and Abrasion
Resistant Coatings on Plastic Lenses-State of the Art, Current
Developments and Perspectives, ibid., 27, 71-79(2003).

6. Park, J. K., Song, K. C., Kang, H. U. and Kim, S. H., “Preparation
of Hydrophilic Coating Film Using GPS(Glycidoxypropyl Tri-
methoxysilane), HWAHAK KONGHAK, 40(6), 735-740(2002).

7. Hwang, K. S. and Kim, B. H., “A Study of the Characteristics of
TiO, Thin Films by the Sol-Gel Process; J. Korean Ceram. Soc.,
32(3), 281-288(1995).

8. ASTM D 3359, “Standard Test Methods for Measuring Adhesion
by Tape Test;” ASTM International.

9. Que, W,, Sun, Z., Zhou, Y., Lam, Y. L., Chan, Y. C. and Kam, C.
H., “Optical and Mechanical Properties of TiO,/SiO,/Organi-
cally Modified Silane Composite Films Prepared by Sol-Gel
Processing]’ Thin Solid Films, 359, 177-183(2000).

10. Kang, D. P, Park, H. Y., Ahn, M. S., Myung, 1. H,, Lee, T. J.,
Choi, J. H. and Kim, H. J., “Properties of Sol-Gel Materials Syn-
thesized from Colloidal Silica and Alkoxy Silanes; Polymer(Korea),
29(3), 242-247(2005).

11. Que, W., Zhou, Y., Lam, Y. L., Chan, Y. C. and Kam, C. H.,
“Optical and Microstructural Properties of Sol-Gel Derived Titania/
Organically Modified Silane Thin Films] Thin Solid Films, 358,
16-21(2000).

12. Yoshida, M. and Prasad, P. N., “Sol-Gel Processed SiO,/TiO,/

Poly(vinylpyrrolidone) Composite Materials for Optical Waveguides,
Chem. Mater., 8, 235-241(1996).

W

Korean Chem. Eng. Res., Vol. 45, No. 4 August, 2007



