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ABSTRACT

The UV hard coating materials are attracting more and more attention to modern industry, in
terms of the development of low or non-solvent coating materials which will contribute to
ecomomizing both materials and energy and to reducing pollution. This study was performed
in order to invent UV curable eoating materials containing colloidal silica which have actual
industrial applications. As results of experiments, the oligomers type and the concentration
of colloidal silica acrylate oligomer (SAOC) have an influence on various especially, The
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properties of UV hardening coating, such as chemical, abrasion resistance and weatherability,

were greatly enhanced,

the impact properties of coated polyvearbonate substrate were

improved compared with the noncoated that. The UV cured films containing 30 wt% SAOC

obtained showed the best properties.
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2.1.7. Al oF

oAl Al8xl Al2Fal methyl hydro-
quinones Aldrich Co. #E2, a2 AT
Zxeo)e=ide]#l= Nalko Chem. Co2l Nalko
10344, methacryloxypropyltrimethoxysilane
£ ShinEtsu Co. (KBM-503) #E& ooz
A&t

vivke 3EA 2AE SlEM £ dd7E §)
gle] A% AlySelzdde]® 2] (SAQC)
& ARgetgla, = obE 229 24 polyester
acrylate oligomer UCB ChemicalAb]
Ebecryl-830(M. W : 1,5000& Ah&sleich ALa
¥ ZxmE F trimethyolpropane triacrylate
(TMPTA)R= Plabale] A3S- 1.6-hexanediol
diacrylate(HDDA) = BASFARS] AlEL- tri-
propylene glyveol diacrylate(TPGDA)&
AldrichAke] #FE-& AAgle] ola Algslg]
o} el FEFANAAEE Ciba-Geigy AH
2-hvdroxy Z-methyl I1-phenvlpropane 1-
onelDarocurl173)¥ 1-hvdroxveyelohexyl-
phenvlketone (I-RGACURE 18408 Al-2-a}ed
o FEIFFS] 248 347 S8 Tego
Ab E-2 BYKAR] adhesion promotor, level-
ing agent, surfactants, UV stabilizer 58
Ag-slddc)

2.1.1.721 21

FHE Ae|Foladyelr fLejnme] F=
ghale- glgle] [R(Perkin-Elmer1330 IR Spec-
trometer)®} "H-NMR{Varian-500 MHz NMR

Spectrometer) 2 o8&ty A AMLEE=
ofbE-go] Halgk R xE Qolrr]| ¢sled Water
Model S(JIJL System Controllers o]-&3fod
Shodex KF802, 803, 805 Column=-2 &4 sg]
gt A8l #37(UV Curing Machine) s
EYE Graphics A2 ECS-151U% o] &slgie
o] Algy WEE MO15-L312 2 fgagc)
gk, TR A EE #lsly] $15ted Real-
Time IR Spectrag AFE-styled], ASI Ap
plied System#Fe] React-IR 1000% o] &3}
Azt & Ed2 AHAFE FAHs6Lh =
kel # I?-”ﬁ..‘i sleted FT-IR/ATR{Bruker
Aspect 1000)8 o] &slgon], 2% upd 7]
A= Mo 4 7§~L Polymer LaboratoriesAt
2] DMTA Mark [1Z eo]-&sl9dc)

2.2. Collidal silica acrylate(SAQC)=

3

47 FEelmad 7)AA ambr), Yzr], AHs
A7) o 2uAE daste vkl isopro-
pvlaleohol 77.6 a(1.29 mole)3} Nalco 1034A
12.7 g(4.32 g 8i0z, 838 g Q)& ¥ 5%
& 281§t 32 methylhydroguinone 0.01 g
(200 ppm)2 Y2 F712 305 mHbelsch o
719 methacryloxypropyltrimethoxysilane
3.15 g(0.01 mole)& A&llH 1212 Eat =
813t ohg MR REE TOCE 4889 347} vt
SAA uhe-& Fasgcl o HFPEL ALo
2 3ol hexandioldiacrylate 6.5 g2 24
Az P& ohg oil bath 70 CellA A3 255
of el AAE 12,1 g& ¥4l 4AHES IR
2 'H-NMR spectrum= Figure 13} 2¢] e}
e},

MAd=2| IR Spectrum : 8i-OH 3200~ 3600
em’, C=C 1610 ecm’, C=0 1720 cm".
S8i-0-8i 1000~1100 em !, 'H-NMR Spec-
trum : 8 5.80~6.13 (m, 4dH, CHz=), 4,15~
4.78(m, 8H., OCH:)} 1.67~1.72(m. 16H,
CHz), 1.40~1.44(m, 12H, C-CHi), 0.65~
0.75(m, 8H, SiCH2).
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Figure 1. IR spectrum of the silicone acrylate

oligomer(KBr).
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'"H-NMR spectrum of the
acrylate oligomer (CDCly).

Figure 2, silicone

Table 1. Formulation Data of UV Curing Resins

Components Part of weight
Polycstfor acr_ylato 40
oligomer
TMPTA 30
TPGDA 15
HDDA 5
Silicone acrylate -
oligomer 1040
Photoinitiator 4
Additives |

i zre] AAEHGG o]E pARAEL &4 &
Hhrlol] 2)abe] 108 =ob mubyl & 40 ce &

w3k A&7 el A 3043 A =)
+ 0.25 mm, 0.45 ym PTFE fT.ngoM]- U"-J\
nlo]zR Wel2 oy F s EZAAE S8 A
2ol 17 A% f2 =99

=2 Ax=E $% 71324 polycarbonate
(PC) plate (lexane 9034)& Al&siyien =
HA 24y g3 =92 97] g8 7 &
Aol gl A 715 52 ol E 5% 4%
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Hale] #al H9E methyl ethyl ketone
(MEK)el &2 ¥ 28y 292 AT 3}1'““4
Exg g8 A zefe] £4E7] Azsie
L SAlslel o}

1

AdalFeladde] =, SAOCE A7 e
3gHEe] ofy 2-elaniile] olmglde|Eelng
AApA 2AEYAH SAOC =ki]E Table
1o el Z1&E 10 wtZelA 40 w7z 3
7bsle] ZEAE Alzsla old diFF =uEAE
=2 sk},

Table 2= &%2] 7|REAH 224, 2pe4 5=
A T4 E SAOCE 30 wi% oA HrbE =9
& 4H AHAxe FHEE uvelyen, MEK rub
testell 20031712 E452) 98-S Ealsd
o}, =, Abe]dl 3 2A S SAOCHE 30 wt%
olab Arhey, oo BHAE B W3EHAe)

Table 2. Properties of Coating Films

it Aksl 4

733 mElgEe] B4 i3

FAHL B Fx gl oeke 2, Fdx
2 AFAHe dsfM= SAOC F3o] & FeE

Fx 9 e 7oz vepgoh
3.2. T BOEY

3.2.1, H&E2 =Ho| ot THEA

Table 32 Lewis acid/base =l 2]s] A
b Zydael Atz o viels de,
Bl 5 UVC 49 293383ke] 713 48 sl
EhdA R SAOC Seke] mebdl 2 ajolg
wAsk 2 gl

3.2.2. FT-IR/ATRo]| /3t EHEA?

Figure 3= SAQC. UVC 1 & UVC 49 A
stEl7) A paAzAE digk IR 29 ER e
Ae]ZetzdHo|E SAOCE 719 we} Si-
O-Sidl 2l ebis SA# =9 1000~1095
em ‘g F5 H=37} A Jepde 2o o
Tt

Figure 4= UVC 13t UVC 4] i3k ATR
sHlegowa  O=Cd 2=] ‘epi= 1635
em '8 F5 Had C=09 AddAnE A4
s #43 UVC 1¢] UVC 49 nls] vinkgxl
C=C Z¥e]l o E4%s AT + st ¢
2k ks LFo.2 Qs UVC 19] UVC 4

Beating SAOC‘_ _Chpmit:al PcncilI scratch Golss Adhesion
films contents resistance haldnegs (60°) (PO
{wt%} (MELI) (glass)
UvC 1 0 £ 200 3H 162 100/100
Uve 2 10 {200 aH 164 100/100
UvVC 3 20 £ 200 3H 163 100/100
UVC 4 30 J200 4H 165 100100
UVC 5 50 3200 4H 163 100,100
a’ Silicone acrylate olizomer, b’ Polycarbonate as substrate
Table 3. Contact Angle and Surface Tension of Coating Films
4 Contact angle
(mN/m} IVC 1 INVC 2 INC 3 VO 4 UVC 5
Water T28 T8 T34 T24 7440 FilN)
Formearick: 58 529 576 594 603 5.8
Dniodomethane S8 32T M2 330 324 32T
Surface tension by Lewis acid-hase theory 422 424 420 4.1 41.4
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Figure 3. IR spectra of the non-cured coating resins.
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Figure 4. ATR spectra of the coating films.
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Figure 5. Real-Time IR spectra of the UVC 4.
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Fejav A8 9 vk gl ARE Y&
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g & Ajeld Relx: st el DPC
photogram® FH3 & Jehlis 4HS Z3s
My & Ae]E e 4 glgich &, SAOCHH
30 wt% H7F A4 A FRdE] 2
dzte] 71 2A vielyla, 10 wi% % 40 wi%
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Figure 7. Photo-DSC curves for cure profile.

Table 4. Kinetic Parameters of Coating Films

Coating 4H Peak  R.100 Induction
films  (J/g) maximum (1/s) time

UvC 1 360.6 33.6 21.1 91.0
UVC 2 3194 M 23.2 91.2
Uvc 3 351.6 33.6 22.6 91.0
UVC 4  363.4 334 224 90.9
UVC 5 2953 34.4 24 91.2

— T
———- CZ
— uwca

Heat Flow,W/g

|
1.4 1.5 1.6 1.7

1.8 1.9
Time,min
Figure 8. DPC curing behaviors as SAOC contents
of coating resin.
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Figure 9. Gloss of coating films as the aging time.
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Table 5. Measured Values of Impact Test for

Non-coated and Coated PC’s.
Break . Break
Samples load Gii&?e?t energy
(N) n (1
NCPC! 9695 1923 41
e 1 10348 1992 39
VO 4 11616 2127 43
a : Non-coated polvcarbonate
4. 8 E
BoAPE AkglellA] ALE 2 5 gl Q2E

29743t A stemgAs Aeer] §

A2 ohgat R 2-1%—3 2L 5 gk

1. Alxg =ohee] AF42 SAOC Hadel w
e & Aol "M ﬁ‘ T stk
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