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ABSTRACT: Transparent, abrasion resistant coatings with 4~13 pm thickness were prepared
by spin-coating on polycarbonates with organic/inorganic hybrid solutions, followed by UV
curing and heat treatment at 120 'C for 12 hours. The coating solutions were composed of in-
organic phase and organic phase in 0:100. 20:80, 30:70, 50:50, 80:20 wt% ratios,
respectively, mixed with photoinitiator. sensitizer and surfactant. The inorganic phase was
formed by sol-gel reaction of TEOS and silane coupling agent MPTMS in 1:2 or 2:1 molar
ratios, the organic phase consisted of difunctional urethane acrylate oligomeric resin,
multifunctional acrylate TMPTA and HDDA in 4:3:3 wt% ratio. The coating systems were
investigated by FT-IR, **Si-NMR spectra. In addition, TGA/DSC for thermal analysis and
SEM. AFM observation for coated surface were examined. Gererally, the homogeneity of
phases, the surface smoothness of coating and abrasion resistance were improved with the
higher content of inorganic component. Namely, coating system with below 10 A surface
roughness and 7, of 150 C showed only 16% decrease in light transmittance after abrasion
test, whereas uncoated polycarbonate substrate exhibited 46% decrease.
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Figure 1. Flow chart for overall coating procedure.
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Table 1. Compositions of Coating Solutions

(unit: g)
inorganic .
sample code component organi¢ component
TEOS MPTMS EB4883 TMPTA HDDA
INORGO 0 0 40 306 30

INORG20 125 075 32 24 24
M INORG30 188 112 28 21 2.1
INORGS0 313 187 20 15 15
INORG80 501 299 038 0.6 0.6
INORG20 0.59 141 32 24 24
TIM? INORG30 089 211 28 21 21
INORG50 148 352 20 15 15

INORG80 236 564 0.8 0.6 0.6

oA A3 Fo {71/F71 B A A
Tzws= FT-IR (Genesis 11 2 Mattson) 3} 2%i-
NMR (Bruker, AM-300)2 ®A&4d. #7188
Tr18e] B =AY 189 B €3 84
& Qolrz] st AL £917] dolA 10 C/min
9] $& £52 TGA (thermogravimetric analysis,
TA2050) £4& Jaidct. £ =48 {edole
% (glass transition temperature, T,)& 33}/
st AxB97] sellA -25~200 T7HA 10 T/
ming] £2 &% 2 DSC (differential scanning cal-
orimetry, TA2010)2A1& s#a}¥ct

240 we 29 gUYdn 29 $AE B2
71 918ted SEM (scanning electron microscopy,
TOPCON, SM-500)8A-& MAsiden, 28§ #
He| wAlxe} HW AAE FFI] 9sid
AFM (atomic force microscopy, Park Science
Instrument ) £A41-& A Al &} o}

7t 2AE2 Y g Welndg FAs)
9lsle] Wuly Al EHAE (abrasion resistance test,
Taber abrader, TOYOSEIKI) & 33l on, vl
& (standardized abrasion test wheels, CS-10,
TELEDYNE TABER)ol Zt74 250g9] 35& F
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Figure 2. FT-IR spectra of T2M1-INORg80. (a) Par-
tially hydrolyzed TEOS-MPTMS and (b) UV cured
and heated at 120 C for 12 hr.
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Figure 3. 2°Si-NMR spectra of T2MI1-INORGS80. (a)

Partially hydrolyzed TEOS-MPTMS and (b) UV cured

and heated at 120 C for 12 hr.
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Table 2. TGA & DSC Results of T2M1

silica content,  glass transition
sample code wit% ('C)° temperature, 'C
INORG 0 0(420) 25.8
INORG20 8.3(431) 25.8, 45.4
INORG30 12.0(427) 283, 53.1
INORGS50 26.7(460) T 1256
INORG80 38.9(470) 1487

% Means temperature at 60 wt% residue.

INORG209| M= 25.8 C2} 45.4 C, INORG304) A
£ 283 °C9 531 °CH 47 $49. feEldolex
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oMol Egtoz Qidte TEAle] f{F/de] AgH
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e Aoz B ¥¥, MPTMSe| #rise 3
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A 288 5 Qi
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BEY Aoz IYFAE U 6~7m FJ=Joh
Table 3¢ TIM29] =¥ ZHFA disld Yet
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Polycarbonate

Figure 4. SEM micrograph for the cross section of
coated polycarbonate (T2M1-INORG50).
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Table 3. Coating Thickness of Hybrid Materials
Measured by SEM

sample code coating thickness (xm)
INORG20 12~13
INORG30 9~10
TIM2 INORG50 6~7
INORGS80 4~5
T2M1 INORG50 6~7

=

olg{g /57 EFAB YoM F
ArEel EREE AWl HsiA DSC, DMA
(dynamic mechanical analysis), TEM (transmis-
sion electron microscopy ) #41-& gasjg oy, 3e
ZEAY BYEE ol gAY ARAZ) olie &
A7t A= g a2d, 2 AFM EWEA
48 B3l Z23ge mviet 39 AV E AR
BPoeH §71/77) BEgde E54e £44

i=1 b=}
AER B
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Figure 5. SEM micrograph for surface morphology of coated polycarbonates-T2ML1. (a) INORG20, (b) INORG30, {(c)
INORG50, and (d) INORG80.
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Figure 6. SEM micrograph for surface morphology of coated polycarbonates-T1M2. (a) INORG20, (b) INORG30, (c)

INORGS50, and (d) INORG80.

Table 4. Average Roughness of Hybrid Coatings
Measured by AFM

sample code average roughness (A)
INORG20 316.5
INORG30 163.7
T2M1 INORG50 12.2
INORG80 5.6
INORG20 6.01
TiM2 INORG80 4.07

£ Fo8¢ Jeided, 53 T2MldAM =
INORG202 INORG302} 600 nmAHdA Fa&
o] 247t 81.3, 86.3% & BYogn T2y Zsiu
dlojEe] £3-89 89% Bt AsH= ZAE %
it 28y, I 9o RE ANBREL IHe|dy
YT F348S vehlo] rlwe 27 FYEE 7
a2 ge DM Weled g F4E + 2

#2lof A24¥ A33 2000d 5¢Y
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Figure 7. Optical transparency of coated polycarbon-
ate substrate-T2M1.
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Figure 8. Optical transparency of coated polycarbon-
ate substrate-T1M2.
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Figure 9. Transmittance of .abraded polycarbonate

substrate-T2M1 (600 nm).
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Figure 10. Transmittance of abraded polycarbonate
substrate-T1M2 (600 nm).
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Figure 11. SEM micrographs of wear track of coated polycarbonate substrate. (a) Uncoated PC, (b) INORGO,

(c) T2M1-INORG80, and (d) T1M2-INORGS80.
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