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Abstract
Transparent plastic substrates require an improvement in properties such as surface hardness and thermal stability for optical

applications. In this study, UV-curable organic/inorganic hybrids were synthesized to improve those properties. In order to
make the optimum dispersion of inorganic component into the organic matrix, an in situ synthetic method was applied based
on sol-gel reaction. Dispersion of the inorganic component in the organic urethane acrylate matrix was improved by using
a proper combination of sol-gel reaction and fast UV-curing resulting in the formation of the transparent coating layer. Various
alkoxy silanes were employed to vary both the degree of curing and coating properties of UV-curable organic/inorganic
hybrids. UV-cured organic/inorganic hybrid coatings showed an improved surface hardness and thermal resistance depending
on the content of inorganic component.
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Improvement of Hard Coating Characteristics by UV-curable Organic/Inorganic Hybrids
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Figure 1. Chemical structures of various alkoxysilanes and urethane acrylate resin : (a) TMSPM, (b) TMOS, (¢) VIMS, and (d) urethane acrylate

o
(a) TMSPM
\ (|)CH3
\—Si—OCHs
OCH;
(c) VIMS
resin.
T 771 5 dFARIEE ARSehd keEalel F3el <JaiA A
ollX 7] el 3k TS sl Han, i 7] AR
& AaA TRoR Qlete] 3akel FETEE YT ¢ eEE &
71777) sfeln o] Az oR {83 Wjolet & 4= Jlth7)
T A IR g Ao vk dEE 2HT 5 Sl
7129 7I6/d& EA7IA oo 571 Fxel i o 9l
o] 715573 Wdo] golsfod 1 HHA|, HHA, vwhrd 5189, F-4
WA T8, QWA 39, HdA, B8, A4 Ak A7 S
G 380l FA S o] FoIA| L UTHs-15]
webA 2 AellMs H717] stolBe| =g sl glo] 77
AT ATAR 7] Rl stehibgol Solsil WAE = Yl
Hd #5715 2 Tk e gAbe| = AT AIE ARgate] &
- Wkt AReld A shikg-S o185 f7)/4) stolHe| e

4% 2RI £e 7] AR ATAR 1d 5718 e
el E SFAI=E AR RM A9l Aol 23] AT
o a7k 7Fssto] A1A Hgg0] AR f7147 Solnel =g
A3 skl olAl AZE 715 stelnel=ay e
A=Y Fzol mE A g3} el e Wt
FVR) Sleluels ShEaR e B viAE 9T BUEAY, B

i)
i
S
d
=)

o,

2.1. M=

F717) stelBEE I st FUEHE 3-(trimethoxysilyl)
propyl methacrylate (TMSPM, H,C=C(CH3)CO,(CH,);Si(OCHs);, Acros
Organics), vinyltrimethoxysilane (VTMS, H,C=CHSi(OCHs;);, Aldrich),
tetramethylorthosilicate (TMOS, Si(OCHs),, Aldrich)E AME-3FAt) 71
e 2 F3HES FE FAKHCI, Samchun Chem.)S ARE-SFSI L,
SR F< o[ §h2(CHs0H, Aldrichy2 ARSIt +71/5%7] 3f
ol =9 fr|Ed R F-EEk ol o] E(Miramer PU-240, Miwon
Specialty Chemical)E AH8-3ITE 2He)d B3l 913 FAAZ=
1-hydroxy cyclohexyl phenyl ketone (Irgacure 184, Ciba Specialty
Chemicals)S ARSIt 18|11 sl=ad o] 1 ZElAE 72+
1 mm 7712 polymethyl methacrylate (PMMA) A|EE ARE-5131 0.1,
719l T A&E S 18+ trimethylpropane triacrylate

(TMPTA, Miwon Specialty Chemical)E 71/57] sfo|B 2| =2] A&
% shtw AMgsllnt T2 8RSl FE2E Figure 19] YR

2.2. |71/87| slolHE|E &Y
F7F7] stolrglEe] EuEdE ARES TMSPM, TMOS,
VIMS Al E79] &57] Ads 22 43} 9h-go] 7hsst vuid 3%
719 e U HgAe ®dE & ¢ %S TMSPM/TMOS,
VTIMS/TMOS, TMSPM/VTMS Y] Al &7 goz A8t 247
o] zgoflA zF AE-o] A8 100/0, 75/25, 50/50, 25/75, 0/1002] TF
A FFHE HSAA Tt 71577 stolBel=g TSIt ol
S S ol A ARESE LEA] AREe] FRellnt Zfol7k 9o YA
AS B FAsItE WA 250 mL B Bl Zetaa
o f7] ¥l 2 A2 Miramer PU-2402 §7] E£&E2] o|&4
TE5% U £91%F 3 TMSPM I TMOSE 3Hpd & £918a
S UFA] ARk UFA] Bt FHOE Bt 919
E3tEe] GOl LA AR dFA Be) FHEoR T35
R, FAE HetAlA pHE 1E W30 & $, 25 TellA 3 h 5
El AL o]ojA] 65 CellA] 15 h Bk FWHES A7l
AST7E ol g3to] W& Ul 8 dlehES AlAsSI 1, o
Eoll st=md Al EFEka" TlAleke] gaE s 9
TMPTAS AAE ty] 15 phr F7}ska, AA A3E 9435 3
Q1 IrgacureE 3 phr H7}8FSIch

2o o

2.3. SIETEIS Y

H {7)157] stelHE =8 ulFEE o] 438l PMMA AE $
t}. BlFEE= RD.SAFY No.26 (59.4 pm)S AHE-1SIT)
7)) slelBE =t TEE PMMA A ES o|FA| 2 g8 Aol
21 60 CollA 2 mink HEAIZ & 319F 7232 Fdg o] §3to]
FEZ0] 1000 ml/em?e] 2}9)AS ARSI o238t xpe) M A3k
< 9 30 = 1.5 um 771 7157 stolBBlE IRSS 7H
PMMA-#71/%7] slo]Bg|E StETH JEINEE Alxsqlrh

=2,
kU
o
o [t
L ¥2 Jo

24. {71/%7| slo|EEZ|= SIETEES =4 2N

S=A] AR FWE, AN, W72 W3 5= AR
$18k] Thermo ScientificAF$] Model Nicolet iS5 FT-IR spectrometer
= ARSIl FAE f7147] StolrE| =g A9 w3EAS

Appl. Chem. Eng., Vol. 28, No. 6, 2017



628

—— TMOS$100

—— VTMS25/TMOS75

M

Absorbance
Absorbance

—— TMSPM100 —— VIMS100

—— VTMS50/TMOS50
—— VIMS75/TMOS25

—— VTMS100
— TMSPM30/VTMS50 \\)VW

Absorbance

T T T T T
3500 3000 2500 2000 1500 1000 35‘00 30‘00

‘Wavenumber (cm'l)

(@

4000 4000

Wavenumber (cm")

(b)

T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm'l)

(©)

T T T
2000 1500 1000

Figure 2. FT-IR spectra of various organic/inorganic hybrids : (a) TMSPM/TMOS organic/inorganic hybrid, (b)) VIMS/TMOS organic/inorganic

hybrid, and (c) TMSPM/VTMS organic/inorganic hybrid.
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Figure 3. FT-IR spectra of C=C double bond of TMSPM 50/VIMS 50
organic/inorganic hybrid before and after UV-curing.
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Table 1. Surface Hardness of Various Organic/Inorganic Hybrid Hard Coatings

Sample Pencil hardness (H) Nanoindentation hardness (MPa)
TMSPM 100 5 211
TMOS 100 - 280
VIMS 100 3 165

TMSPM 75/TMOS 25 6 223
TMSPM 50/TMOS 50 7 245
TMSPM 25/TMOS 75 6 266
VIMS 75/TMOS 25 5 189
VIMS 50/TMOS 50 5 252
VIMS 25/TMOS 75 3 269
TMSPM 75/VIMS 25 6 227
TMSPM 50/VIMS 50 5 226
TMSPM 25/VIMS 75 5 234
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Table 2. Tape Adhesion Test Results of Various Organic/Inorganic
Hybrid Hard Coatings

Sample Adhesion (remained/pristine)
TMSPM 100 100/100
TMOS 100 0/100
VIMS 100 50/100
TMSPM 75/TMOS 25 100/100
TMSPM 50/TMOS 50 50/100
TMSPM 25/TMOS 75 10/100
VIMS 75/TMOS 25 50/100
VIMS 50/TMOS 50 30/100
VIMS 25/TMOS 75 10/100
TMSPM 75/VTMS 25 100/100
TMSPM 50/VTMS 50 100/100
TMSPM 25/VTMS 75 80/100
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Figure 4. TGA thermograms of (a) TMSPM/TMOS organic/inorganic hybrid, (b) VIMS/TMOS organic/inorganic hybrid, and (c) TMSPM/VIMS

organic/inorganic hybrid.
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