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ABSTRACT

Synthesis and Curing properties of Self-Photoinitiating

Silicone Acrylate

Lee Dong Hoon

Advisor: Prof. Kim Hyun Kyoung, Ph.D.
Department of advanced parts and
materials & Engineering,

Graduate School of Chosun University

Self-Photoinitiating Silicone Acrylate(SPI SA) which can undergo self-initiation
under UV irradiation was synthesized by Michael addition of ethyl acetoacetate
(Michael donor) with silicone diacrylate (Michael acceptor) in the presence of a
base catalyst.

Photoinitiating behaviors of SPI SA have been investigated by photo-differential
scanning calorimeter(Photo-DSC). The results showed that SPI SA can be
photopolymerized regardless of solely irradiated under UV irradiation. SPI SA
photopolymerized more slowly than the traditional system of silicone acrylate
containing Darocur 1173 due to the oxygen inhibition. However, the polymerization
reactivity and the ultimate conversion were enhanced by the addition of monomer,
photoinitiator and sensitizer

Surface properties such as pencil hardness, pendulum hardness, gloss, weathering
test, and surface energy of the cured film containing SPI SA was investigated.
When used as a reactive photoinitiator in the UV curable coating formulation, SPI
SA imparted the excellent flexibility and dispersion to the final coated films due to
silicone characteristic with low glass transition and surface energy. Especially, UV
cured film containing SPI SA showed the enhanced weathering property than the

UV cured system with the conventional photoinitiator.

Vil
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o+, Zeng 1w °lAT Michael addition WEEE o]&3slo] FIAIAe] H7F §lo]=
B3t wkgo] 7hedk AfreprZ Al2dd ATFRINAE otAd Yol EE d/dste] B
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Table 1. Typical UV curable formulation

and its functions.

Typical
Ingredient Amount Function
(Wt%)
) Backbone properties, cross linked
Oligomer 30~80
polymer
Monomer 10~50 Diluent and plasticizer
Photoinitiator 05~5 Generation of radical and cataionic
Additive
(deformer, dispersion . .
0.1~10 Improvement of coating properties

stabilizer, pigment,

etc)




Michael donor \ a
C
P
H
R\“>®\“/R + H H
(0] (o] Michael acceptor
:B HQBJr i /
o o)
3 ¢
R H R H

Figure 1. Scheme of Michael reaction mechanism



2.1 A A=

2-Hydroxy ethylacrylate(2-HEA), 1,5-Dichloro-1,1,3,3,5,5-hexamethylsiloxane<
Tokyo Chemical Industry AFe] 19 A2 AAl $lo] Al&sdc. vj=2&
4-(dimethylamine)pyridine, Triethylamine + Tokyo Chemical Industry AFe] 15 Al
°okS- A=A ¢lo] A3t Michael acceptor:= $HA4¥E Silicone DiacrylateE AF-&3}
%At} Michael donor#A4] B-dicarbonyl #Ab 3}&E<L Tokyo Chemical A}€]
Ethylacetoacetate(EAA)E  AHA  glol  AF&st¥rt. vl Aldrich  ARe
1,8-Diazabicycloundecene(DBU) & AR&stH T AAfatuizd 33844 S2aiv 9 Hie
M= Sk Cytec AF2] Polyester acrylate(EB 830), Trimethyol propane triacrylate(TMP
TA), Tripropylene Glycol Diacrylate(TPGDA), 1,6-Hexanediol Diacrylate(HDDA)Z
AH&3A e Norrish I type(a-cleavage)®] #ulZ3d  F7)AIAl= Ciba Speciality
Chemical AFe] 2-Hydroxy-2-methyl-phenyl-propan-1-one(DAROCUR 1173)& AR&-

SFth.

2.2 Silicone Diacrylate® A 2 FxHA

100ml®] 37 < Edta=o] #Hry AdE dAsta vfadE eks ¥ H
0.001mol 4-(dimethylamine)pyridine 0.112g, 0.050mol Triethylamine 5.095g, 0.025mol
2-Hydroxyethylacrylate 2.903g¢} THF 30ml ¥ % < 15%3F wHbA A=
1,5-Dichloro-1,1,3,3,5,5-hexamethylsiloxane® THF 20mlE #7} #dd] Y 1A%

oF Aopr Itk e 2w A7F A7l 1ARF ek 0CTE FAAAFH A7 &

W Do ARoA 24AZFsol HESAlFH o HEgo]  AIFEH  triethylamine
hydrochloride”} A/ =™ HEH oz Fwyst dxedy AL 0= Jgo PSS AL
F 9lon o]y 'H-NMRS =43te] EAT7xE 9841 F552 oF 64%3 %



o] ATH.

349 Silicone diacrylate®] F+& #21€ 'H-NMR(FT-NMR Spectrometer, JEOL
AFINM-LA300) 2 &43¥ e, F37 300MEz, &+ AldrichAte] chloroform-d
(CDCl)E AH&stth
['H-NMR Spectrum 8 @ 643 and 5.80(CH:=CHCO;-), 4.07 and 4.34(-OCH:CHz-),
2.25 and 2.16(-0:CHzCHz-), 1.04(-SiCH:Si-), 0.08(-Si(CHs)2—)

Figure 2¢] Silicone diacrylate ¥4 w7y &2 Vel

2.3 Self-Photoinitiating Silicone Acrylate? 34 2 /1354

100mle] 37 SFZEgse AHrE #Ady LEAE AHAA 3 FH O 0.0023mol
SDA(Silicone Diacrylate) 1.034g3 0.000478mol 1,8-Diazabicycloundecene(DBU) 0.07g
S w9k 1587 wEk 3 F 0.00lmol Ethylacetoacetate 0.154g2 %7} Hdlo] ¥l
1533 Aetgiet Bhg2 % 50TCE 3AEet FAAAFUN. vhgo] &4 =HH F
HEk G oo PHES AL F glglen o 'H-NMRE Z4de EA7x%
& stk F5EES 91% oAt
4% Self-Photoinitiating Silicone acrylate®] 7z &¢1& 'H-NMR(FT-NMR
Spectrometer, JEOLAF JNM-LA300)E ®A38tF o, 354 3000z, &7+ Aldrich
A+e] chloroform-d (CDCly)& AF&3FA T
['H-NMR Spectrum 8 @ 643 and 5.80(CH:=CHCO:-), 4.34 and 4.07(-OCH:CH:-),
412(-0-CHz-) 2.23 and 2.15(-C(=O)CH2CHz-), 2.09(-C(=0)-CHas), 1.30(-CHzCHs),
0.14(CH3-Si—CHs), 0.08(-Si(CHs)2-)

Figure 39| Michael addition W32 53| 4] Silicone Self-Photoinitiating AcrylateE
A wWAYESE E=A8tE. Michael acceptor®t Michael donor2A4 A H
Silicone diacrylate ¢ EthylacetoacetateE AF&3dlR o 77 20|E H713 A9

4] Self-Photoinitiating Silicone acrylateZ 4 a3t}

E‘L"

=



(IT (|3H3 <|:H3 <|3H3

CH c OH + —Si—0—Si—0—Si—
ZQCH/ \o/\/ Cl Sll (o) Sll (0] Sll Cl
CH; CH,; CHj3
ihr dropping, 0C triethylamine hydrochloride

« o oo g oy
A 0—Si—0—Si—0—Si—0
H)\Hko/\/ (!:H (|:H | \/\0 G H
H 3 3 CHs H

Figure 2. Synthesis of silicone diacrylate



CH; CH; CHs;

w9 I I I
(o} O0—S8i—0—Si—0—Si—0
\”/\H/ v + H)\(u\o/\/ | | | \/\O)H/'\H
CH; CH3 CH;

o o H H

1,8-Diazabicyclo[5,4,0]undec-7-ene

oo CH; CHy CH; o CH; CH;  CHs

| | | I
H)\(II\O/\/O sl,. o sl,. o II o o siu o slu o sln O\AO)%H
CH;  CHy  CHy [ c.k o CH; CH;  CHy

H

Figure 3. Synthesis of self-photoinitiating silicone acrylate



o Aol AbgdE ARl AsbeAe] wige Table 2.98 Zo] SPI SAE 0~

Photo-DSC A& TA Instrument AF2] Photo DSC SYSTEM(TAS000)7]1 7] & o] &
e $UFe dZE AMEsE o a3 034 225~320nm &
AF Al #FL 93mW/emel At Al E F 15~20 mgAER dFulyF o =74 ¢l
|

ZZA A A A Ho] »E2HEE 5Pl Ae A= TA Instruments Software®

off
2
&
it
%,
off
2
¢
£y
o

*

2.6 UV-Visible Spectroscopy

4¥"  Sell-Photoinitiating  Silicone  Acrylate®] UV &35+ UV-Visible
spectrophotometer(OPTIZEN 2120UV) = A-&-3)e A sk A T 2 gt
Self-Photoinitiating Silicone AcrylateS A28 9] HAG A Ao kA =x 3 5 0

~40sec 2 AL =EAAFEA double beam HA S

tt
Ay
o
off
2
38
£y

2.7 FT-IR/ATR 4

off
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&
sy
7
S
~.
>
&
wn
ko]
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e
=
o
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3} t}. Self-Photoinitiating Silicone Acrylate”?} 715 w&ES )4 A3} 718
A7 9k e ZnSe cell®] AE T3} ol 2um(Ges 0.5um)e] th

28 AAA % =A(Pendulum hardness test)

2ol Al e A

= |+ KOnig9t Persoz YHH
T4 KOnigWgel v ZFuA ol&¥a k. & Agolr o] &g KOnigxlat
7d = (Pendulum hardness rocker 707KP, Sheen InstrumentAh)+= 2h2 A& TH 2] o] A
SA7s e, JATE 674 32 AwTF F4aE wrkA] sske XA SFEA
g0l AlXb(sec) o2 @A A= 3 ¥l GstEd 1427 Aedr AELS
st 5 2441%F B 3E 2le SASAT(ASTM D4366)

o
e dm
o,
o
=
r%’ﬂ
o,
o
il
2
ofl
ot
-,
o
oo 24
o
H1
O
e
o,
01:‘,
~

o, A b

29 dA A% =4 (Pencil of hardness test)

9H-H, F, HB % B-6B 59 ZAEE AW AF& dAS sts slelA Axd =9t
FdEo 2 gete] Fa, oF A4 ER AFGS BFT 9F 1.0£05kg] L Fo| FE2W
A AR Srr d Agstart. d¥  AXAlE Yoshimittsurbe]l  Model
C221D(ASTM D3363)2 R8skl =uhe frelded a8 d o= Adge 103

=4 F Hdgte 71 Ask

_11_



78 Luke] P A= Sheenrhe] Minigloss Ref 161TE o|&38te] At zbat F37to)
Zh7p 2009 W o] Ak S SAsl e, V] FHEE 10022 s we W
&g gAetE shios A HASTM D 523).

2.11 J$A A3 (QUV test)

W=dA s flste frel Z1Aflel 30m FAR 2YE AEAEE Q-panel AR

Accelerated Weathering Tester(QUV/se)®t 313nm 3] AejAe W&l
UVB-313 #ZZ o]&35le] Algslgrt. &3 QUV o3 s AAgSe Az wuke]
LIAEE A Wl ERE YolHE ST SAHL XY, Z e SHI &, dojd

e Aol st AYI(Yellowness index) @2 7shA At A% =4 CIE
(Commission Internationale del’Eclairage, 1976) A x| Ao o]gF A Ho| o]t

Ao 2 Minoltarte] Choroma Meter CR-3002 o]-&35}o] =743}t

AYT = {(1.28%=1.06XZ)/Y X100+ ++werssernrarnsnsnsansarnnisansinnen, (1)

X=Red , Y=Green , Z=Blue

2.12 A37} =A (Contact Angle)

SPI SA¢] shgel W %

=
Ay
A
lo

Hal s

= 2 AAEEd, 20T /‘E‘Loﬂ/ﬂ Contact angle

meter(SEO model SEO-300)5 Ab&3dto] A8ttt &2 "ol T7/F 6uE

Sessile drop FElZ FH < ®do| 14 st ¥l E9& Ade] s o] velhd
2 Bt e ® YeEb AT

Sessile drop WH2 o8 IA R Hojmmy o2 Q3] A7|= 48 FAH3E Aol

Eule Alolo] HAEHE HEzZFo

RN
TUHE £6 4542 S463, o2 53 A%
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o=z A AolAel AV WIS VHA v HHE AW AU E dERT ol gh
AAE 29 Young's equatione AR-&3Fe] VERCH

Yev = Vst + ’Y}VCOSG .................................. (2)

© : contact angle

~ij © interfacial energy

(S : Solid, V : Vapor, L : Liquid)
Liﬂi’% FAATA (rev)= A 2] FHAUA o) LA ] FHAEA (re), AL A
£71(0)9] Aoz vepich oju] AH ol B oYX (rg)= HFEA] A WA

o

) Bt 7ok 3tk 5 AMNE ro?b ny B 2 Aol AL AAe vl skefof
ok #9 o= Algte]l E4a o)A Bo] ol8d WHoem UM FFY
L8 o] 83t Owens, Wendt, and Kaelbletr 49 FHoVx &= EAHS =
qgow peEty nuAe o LuAe YU FFANAG,

YSL = Ys T Vv — 2(’ydsfydlv)1/2 - 2(,YDS + ,YDIV)V2 ........................ (3)

°|& Young A& digiste] e

’Ylv(l + cosO) = 2(7d37dlv)1/2 + 2(*)/ <Y 1V)1/2 ........................ (4)
934 de nA% AAsele AIA- AT, AIA-FEATA, F2AT 5 4F

fYS e ’YdS + fyps ........................ (5)
A (22 A ®dUAE A s WS Aede 5 B4 @3 54 3e o
Qe FooAE e WET SERE o8 AQF 4 e Anez %
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H] ul 3 1 gk},
XP = ’YDS/’YS ........................ (6)

Owens, Wendt, and Kaelble Bl¥ ol 93] &A3 EH WA (mN/m)oll A&
By FALdo 2= wateret US4 £d0 2= dilodomethane(Aldrichiit)-&

of Skt

o r_&(l
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(a) > (b) NC\>7N/
/N —/

° A
() /W ~"ou (d) Cl—Si—O—Sli—O—Sli—CI

CH; CH; CHj

° N
(e) ~ (1 /j
o N

° N

(o]
|
(g) o (h) HO/\/\/\/"W)
(o]

EO R
qu A"W -~

Figure 4. Chemical structure of (a)Triethylamine (b)4-(dimethylamine)pyridine
(¢)2-Hydroxyethylacrylate (d) 5-Dichloro-1,1,3,3,5,5-hexamethyltrisiloxnae (e)Ethyl
acetoacetate (f)1,8-Diazabicycloundecene (g)2-Hydroxy-2-methyl-phenyl-propan-
1-one (h)Trimethyolpropanetriacrylate (i)1,6-Hexandioldiacrylate (j)Tripropanegly

coldiacrylate
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Table 2. Formulation of the free radical systems with varying amounts of SPI SA.

data values are weight percentage

SUV1 SUV2 SUV3 SUVA4 SUV5
EB 830" 40 40 40 40 40
TMPTA? 25 25 25 25 25
TPGDAY 20 20 20 20 20
HDDAY 5 5 5 5 5
DC 1173% 4 - - - -
SPI SA - 3 5 7 10

1) Polyester Oligomer (Sk Cytec)

2) Trimethylol propane triacrylate (Sk Cytec)

3) Tripropylene Glycol Diacrylate (Sk Cytec)

4) 1,6-Hexanediol Diacrylate (Sk Cytec)

5) 2-Hydroxy-2-methyl —1-phenyl-propan-1-one(Ciba Speciality Chemical)
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320nmel A #EE Qo E3] 230nmet 290nmel M= 2 Feu At FEe A A vel
Wttt SPI SA¥ Figure 63 £ #33] WAYUSE BAFErh o9 22 -3 oA
2 &4 7 Aol Hw G-diketone unitv €RFH 2ZE 230nmeolA S5 AE
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o I HAE A% A9 FAHdE SPI SAE 200~366nmoll A &L A S vEESHE
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Ag nfgos ued=rt F2HE Photo-DSCE ol 43519 F438 Ass &
gste] K otrh[14-16]
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Figure 5. UV absorption spectrum of self-photoinitiating silicone acrylate in

tetrahydrofuran
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Bond cléavage (alpha carbon)
: Radical formation upon UV exposure

H UV light

A0

Initiation radical species
Figure 6. Proposed norrish type I(a-cleavage) of michael acrylic oligomer(SPI SA)
after absorption of UV photon
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3.2 SPI SA9 #As As A4

SPI SA®] #73} EA2 dolr 7] 9438te] Photo-DSCE ©] &3} t}h Photo-DSCi
A g FPHEoR Q8 HAYE HAdFEe] Wsle A3lEE % Ao g AR
E d4& F Uk ATFEAA el oF A3l Ase Bt FAAAE HIVskA %
SPI SA®t dRbAQl 29578 7Hxl AelZoladdolE E1=n(EB 350 sk cytec
it E vl HTE EgE SPL SAS #F 3 E&8 FNAAI HMHA &L AY =
7422 SPI SA® Norrish I type(a-cleavage)®] FH/MAAE 1wt H7bek 2354 4
glZolAd e olE Eixw 9 vl A 3¢

Figure 7, 82 SPI SA® 2#57]|E 71K AglFoladgeolE Ex=m(EB 350 sk
cytec Jit), FMAIA 1wto%7F H7HE o|#TA HeFoladdo]|E(EB 350 sk cytec
fit)e] AlZhel wE Hddd dEE 48 vEbd Zlolth Table 3¢+ a4
AgE FAAgA dE& F de B4 A dAHvHES A2s3Arh. Induction
timee A gEo] 1%7} ¥ &=d AElE ABoEZHN 27 WEEHEd g HRE AL

o

[
=
212w Peak maximum- ‘ﬂ“’é%’m] Hghe 7h= AlRFe =R ARbE Rl vk

rir

X

2

S A
T Figure 9]
Uehd whsh o] A@gol FHel whel 27WgSEs FASA SR 94
F ABRANE WEEEI} A LA AVE0E $FE ABL wolFolol @
oH[17-241,

f(C):Cm(l_C)”,()nganl .................................. (7)

FANANAS A7 elA &= FA9¢ Figure 7, 82 FaA A EoladgolE B
(EB 350 sk cytec mit)= #7437 dojubA] &2 Wb SPI SA= #7437F dejv=
& ¢ F Ark ey SPI SAS 343t a8 FAAE HISE oldsd A
FoladyolE Ewr(EB 350 sk cytec fit)el W8] tha FHoFshe- 2 4= 9it}. Table
3w vehvEE IT9 PMS Hslls o] s oz FA A7 H7d ol
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A Ay FoladdolE 2= (EB 350 sk cytec it)e] whe& w7l SPI SA9 HH&-&
LR WES 4§ AT olF SPI SAQ BAFF9] bulkyd 54 whiEd Ao=
A ZFE o] Xtk Michael addition HF2-o <]3] ¥4 H SPI SAS] Fx& dHldow
Michael donor ¢! diketo-ester® =23} Michael acceptor <1 #HWH-3-A Alo]E9]
acrylate] =40l 1 : 29 ZH[Z Rk&ole] FApgko] 28] o4 F7bskAl At whehA
Aet dAGo e EAEE TR e SPI SAE FFeFoeR Qd A A
radical diffusion®] eI Aoz Al&o <3 mzA dojdrl uiebA
free radical?} F5EF W EHFY FESFE] HhhA Hol A3 whgo] FHoFst

Al A== Aol vH[25-27].
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30

—aA— EB 350
—&— EB 350 with Photoinitiator
25 —a— SPI-SA

)

Heat Flow(W/g
o

N
o
1

0 T T
0.0 0.2 04 0.6 0.8 1.0

Time(min)
Figure 7. Photo-DSC extherms for the photopolymerization of SPI SA and EB350.

isothermal curing temperature @ 25C ; sample weight @ 1.bmg ; sample thickness :

~500um ; light intensity : 93mW/cm® ; in nitrogen
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100

—— EB 350
—O— EB 350 with Photoinitiator

60| —° SPISA

Conversion(%)

Time(min)

Figure 8. Percentage conversion profiles for the photopolymerization of SPI SA and

EB 350 under the conditions described in the legend of Figure 7
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—— Model
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dC/dT
N

0 T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Conversion

Figure 9. Plots of conversion rate, dC/dt, versus degree of conversion, C, for
experimental data and the autocatalytic model for SPI SA at a isothermal

temperature of 25C
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Table 3. Kinetic analysis result for the photopolymerization of SPI SA. under

condition described in the legend of Figure 7

Induction Peak

) ) Conversion k
time maximum .1 m n
. (%) (min )
(s) (min)
EB 330" - - - - - -
EB 350 with PI” 0.72 0.04 71.3% 258 0493 165
SPI SA 1.37 0.08 56.2% 16.9 0.507 1.3

1) Silicone Diacrylate (Sk Cytec)
2) 2-Hydroxy-2-methyl -1-phenyl-propan-1-one(Ciba Speciality Chemical)

_25_



3.3 SPI SA9| 3743 54 4+
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—4a— High pressure mercury
—e— LED 365nm
10 - —— LED 405nm

oo
1

Heat Flow(W/g)

0.0 0.2 04 0.6 0.8 1.0

Time(min)

Figure 10. Photo-DSC exotherms for the photopolymerization of SPI SA according
to the lamp. isothermal curing temperature : 25C ; sample weight © 1.5 mg ;

sample thickness @ "500mm ; light intensity : 93mW/cm” ; in nitrogen
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100

—2&— High pressure mercury
—O— LED 365nm
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80 -
X 60 A
c
i)
&
()
>
S 40 -
o
20
0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Time(min)

Figure 11. Percentage conversion profiles for the photopolymerization according to

the lamp under the conditions described in the legend of Figure 10

Table 4. Kinetic analysis result for the photopolymerization of SPI SA. under

condition described in the legend of Figure 10

Induction Peak )
) ) Conversion k
time maximum .1 m n
. (%) (min )
(s) (min)
Mercury Lamp 1.37 0.08 56.2 169 0.507 1.30

LED 365nm - - - - - -
LED 405nm - - -
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Figure 12. Photo-DSC exotherms and percentage conversion profiles for the

photopolymerization of SPI SA. isothermal curing temperature
weight :© 1.5 mg ; sample thickness : “500um ; light intensity

atmorsphere laminating polypropylene, atmorsphere nitrogen and air
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Table 5. Kinetic analysis result for the photopolymerization of SPI SA. under

condition described in the legend of Figure 12

Induction Peak

) ) Conversion k
time maximum .1 m n
. (%) (min )
(s) (min)
Air - - - - - -
Nitrogen 1.37 0.08 56.2 169 0.507 1.30
Laminating
pp 4.32 0.15 60.2 18.3 0.618 1.47
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Table 6. Formulation of the free-radical systems with varying amounts of HDDA.

data values are weight percentage

A B C D E
SPI SA 100 95 90 85 80
HDDAV 0 5 10 15 20

1) 1,6-Hexanediol Diacrylate (Sk Cytec jit)

20
—A— HDDA 0%
—e— HDDA 10%
—a— HDDA 15%
15 - —&— HDDA 20%
&)
=3
3 101
L
©
[0}
T
5 -
0
0.0 0.2 0.4 0.6 0.8 1.0
Time(min)

Figure 13. Photo-DSC exotherms for the photopolymerization of SPI SA varying
amounts of HDDA. isothermal curing temperature : 25C ; sample weight : 1.5 mg

; sample thickness @ “500um ; light intensity : 87mW/cm” ; in nitrogen
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Figure 14. Plot of enthalpy and the induction time for formulation of the
free-radical systems with varying amount of HDDA. under the conditions described

in the legend of Figure 13
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Table 7. Formulation of the free-radical systems with varying amounts of

sensitizer. data values are weight percentage

A B C D E
SPI SA 100 100 100 100 100
ITX" 0 0.25 0.5 0.75 1

1) Isopropylthioxanthone (First Chemical Corporation)

Heat Flow(W/qg)

Time(min)

Figure 15. Photo-DSC exotherms for the photopolymerization of formulations A-E
listed in Table 7. isothermal curing temperature @ 25C; sample weight @ 1.5mg;

sample thickness: “500um; light intensity: 93mW/cm” ; in nitrogen

_36_



100

80

Conversion(%)

0.0 0.2 0.4 0.6 0.8 1.0

Time(min)

Figure 16. Percentage conversion profiles for the photopolymerization of

formulations A-E under the conditions described in the legend of Figure 15
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Table 8. Kinetic analysis results for the photopolymerization of free-radical

formulation in Table 7 under the conditions described in the legend of Figure 15

Induction Peak

) ) Conversion k
time maximum .1 m n
. (%) (min )

(s) (min)
A 1.37 0.08 56.2 16.9 0.507 1.30
B 1.32 0.07 60.5 21.4 0.412 1.29
C 1.26 0.06 62.4 22.8 0.377 1.31
D 1.14 0.05 58.0 24.1 0.332 1.27
E 1.13 0.05 57.3 24.3 0.312 1.25
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Table 9. Formulation of the free-radical systems with varying amounts of norrish I

type photoinitiator. data values are weight percentage

A B C D E
SPI SA 100 100 100 100 100
DC1173Y 0 05 1 15 2

1) 2-Hydroxy-2-methyl —-1-phenyl-propan—-1-one(Ciba Speciality Chemical jil)

30

Heat Flow(W/qg)

O : T T T T
0.0 0.1 0.2 0.3 0.4 0.5

Time(min)

Figure 17. Photo-DSC exotherms for the photopolymerization of formulations A-E
listed in Table 9. isothermal curing temperature @ 25C; sample weight @ 1.5mg;

sample thickness: “500um; light intensity: 93mW/cm®
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profiles for the photopolymerization of

formulations A-E under the conditions described in the legend of Figure 17.
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Figure 19. Linear squares of the analysis of the photopolymerization of SPI SA
using the result obtained from Photo-DSC to generate the LogldC/dt] versus

Log[(1-C)C™(m/n)
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Table 10. Kinetic analysis results for the photopolymerization of free-radical

formulation in Table 9 under the conditions described in the legend of Figure 12.

Induction Peak

) ) Conversion k
time maximum .1 m n
. (%) (min )

(s) (min)
A 1.92 0.09 56.2 16.9 0.507 1.30
B 1.82 0.06 64.7 24.4 0.425 1.31
C 1.88 0.06 69.7 24.8 0.392 1.29
D 1.64 0.05 736 25.4 0.310 1.25
E 0.87 0.04 71.3 25.6 0.298 1.30
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Figure 20. FTIR-ATR spectra at the film air-interface of UV-cured films
formulation SUV1~SUV5

_46_



1.8

1.6 1

_1]

1.4

-

Intensity Ratio[810cm /1460cm

1.2

1.0 1

0.8 A

0.6 -

04 T T T T T
SUV 1 SUV 2 SUV 3 SUV 4 SUV 5

Formulation

Figure 21. Intensity ratio of film air-interface for UV-cured film :@ formulation

SUV1~S5UV5H

_47_



25

—a— A(3%)
—eo— B(5%)
—a— C(7%)
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0.0 0.2 04 0.6 0.8 1.0
Time(min)
Figure 22. Photo-DSC exotherms for the photopolymerization of formulations A-E
listed in Table 5. isothermal curing temperature @ 25C; sample weight @ 3.5mg;

sample thickness: “500um; light intensity: 93mW/cm®
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Table 11. Surface properties of UV-cured coating

Properties SUV 1 SUV 2 SUV 3 SUV 4 SUV 5
Pencil hardness
F 5B 5B 5B 4B
(on glass)
Pendulum Hardness
140 22 25 27 30

(on glass)

Gloss(207) 146.1 138.9 137.4 136.8 1432
Haze Meter(%) 0.6 2.8 5.3 7.1 0.3
Surface energy

51.5650 33.0770 32.8820 32.8360 33.3890

(mN/m)
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Figure 23. Pendulum hardness of UV-cured formulation SUV1~SUV5 coating films
of 30um thickness
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Figure 24. Superimposition of the contact angle of water and the polarity onto the

surface of the SPI SA film by the systems as a function of the SPI SA

concentration. UV radiation intensity : 93mW/cm®
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Figure 25. Gloss and Haze of UV-cured formulation SUV1~SUV5 coating films of
30um thickness
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Figure 26. Discoloration of UV-cured formulation SUV1~SUV5 coating films of 30um
thickness upon exposed in a QUV aging.
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