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Abstract

As investigating the influence of monomers and photoinitiator in the polymer-
ization rate of photopolymerization by using IR spectroscopy, photopolymerizations
initiated by ultraviolet radiation are characterized by the presence of an autoaccele-
ration in the polymerization rate as the reaction proceeds. The conversion for the
end of the autoacceleration varies considerably depending on the monomer and
reaction condition which determines coil size and viscosity. In UV curable systems,
the autoacceleration begins at only a few percent conversion and continues to 40%
in HEA solution and 60% conversion in EHA solution. The polymerization rate in
HEA solution increased as follows; DMHA > HCPK > DMPA and could be
explained by the interaction between the initiating radical and HEA monomer and
the size of the photodissociated radical of initiator. But the tendency of
autoacceleration in EHA solution is almost independent on initiators.
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1 : Reference Beam 2 . Sample Beam
3 NaCl Cell 4 : Detector

5 ¢ IR Source 6 : UV Source

7 : Sample 8 ¢ AD Converter
9 : Computer

Figure 1. Instrumentation for films sandwitched between NaCl plates.
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b FAAAY FEE 6 wt%E EF3IY, oY A E polyethylene filmE Al-&3}<
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Table 1. The Chemical Structures and Properties of Photoinitiators
and Monomers used in this work.

Photoinitiator Chemical Structure Molecular £*(MeOH) 1.
& Monomer Weight(g/mole) | (1/mole cm) | (ein. /1 sec)
0 OH
DMHA [
CeHs--C--C--CHs 164 65.2 3.04x10°
|
CH;
0 OH
HCPK | 204 81.2 3.06x107°
CeHs--C--CegHio
0 OCHs
(.
DMPA CeHs--C--C--Cells 256 324.9 9.24x10°°
|
OCHs
CHe==CH
|
HEA C-0-CH2CH20H 116 - -—--
I
0
CH2=CH
l
EHA C-0-CHzCH(CHz )3CHs 184 ———- -——-
I |
0 CH.CHs

a : Molar absorptivities were determined using a SHIMADZU 240 UV/VIS
Spectrophotometer(at 365nm)
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Figure 2. Autoacceleration in the polymerization rate of UV curable resins
;[ : HEA-—--HCPK, [J : HEA----DMHA, : HEA----DMPA,
+ EHA.---HCPK, x : EHA::--DMHA, * :EHA-:---DMPA.

o] 1A HEA9 EHA 25 #& A &AM FE radical 3 RFEAA dwt
Aoz YelUEs 3849 F3R£xe 2% F71, Z autoacceleration 4ol YE
3 9tk o]Z& autoacceleration & kp, ko WA ZVZ HriEw F2 AAFFH
A radical® translational AF7} segmental &4ke] A7)0 olsf] -9-"rh Fig. 29 A
HEAS} EHASl autoacceleration® glolA xtel:= ol Ry7F veElvbe A& 9lo]
EHA(p=06)7} HEA(p=04) Bt} ¢ E¥& A3t& (p 0.6)dlA veldtle Aol of
Zo] HEASt EHAZF Hdl RolA zpelE Hols Z3te] Xygol wel g ¥
S Az TEAY GFATY LA o] —&‘ﬂ"’] AP o] FEAY A Fo] F
7hsto] uwal FEE SFA A o sty 7Lz WslE faide] Wyl wiEolel A
Ztgith, o714 AL" epoxy acrylate 282 HE Y 7 hexylZ|E 7HW EHAS=
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<In the case of EHA>

|
[Oligomer]--OH 0--[0ligomer]
0
Acceptor
Diluent R--C-0--R
R R H

[ ] I
[Oligomer]--0-H--0==C  C==0---0--[0ligomer]

|
R-0 O-R

==z====> Viscosity Decrease

<In the case of HEA>

H
[0ligomer]--OH 0--[0ligomer]
Donor/Acceptor
Diluent R--0-H
R H

| |
[Oligomer]--0-H-~0--H--0--[0ligomer]

========) Viscosity Increase

Figure 3. Monomer that can accept but not donate hydrogen bonds may be more
effective for replacing oligomer-oligomer interactions than
monomers that can both donate and accept hydrogen bonds.
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23y HEAZR S 4 AdY 93# chaing o]%o] o]8$uz, AAEHA radical
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8 chain®] HA extend® o], coild] Z7|7} AX 31, wWetA segmental Eiko] o] 9]
A3, o]RAe] kE ZBAaAA L HM3&7MA autoaccelaration ©] X &HEE g}
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Figure 4. The free volume and Tgs calculated from viscosity data of HEA and
EHA solutions ; []: HEA, {4 : EHA, A : free volume of solution
(x10%), B : Tg, C : activation energy of viscous flow(x10),
D : solution viscosity, E : monomer viscosity(x10).

a8y g2 AsggdAde A g Hxe FTrto o uFAY Hv)
A7 YA ket dastA 53 RE uepAd gAagty, aev HEA 395 3%
o] 1P uet solubledtd F3FA 7} EAFe] F7HEAA insolubledtAl H o coil
a7y 243En, ojAe] segmental EF2HE A ko F71E 7FAL:, olA] R,
g ZAAA EHA 2o 2 & A3 Hdge 2A sk
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a) Photodecomposition of DMHA

0 OH 0 OH
ST > Gl + 0
(|ZH3 C|H3
OH
CHa--C|° ————— > CHiCHO + CHs-
i

b) Photodecomposition of HCPK

o ] I
C¢Hs--C--C-CH; --------- > CgHs--C- + +C-CHz
I\ |\
CH; CH; CH, CH;
N\ N\
CHz--CHz CHz--CHg

c) Photodecomposition of DMPA

ﬁ (I)_CHS OHH 0|CH3
CeHs--C"lc"CGHS --------- > GCgHs--C- + CgHs--C-
0-CHs OCH3

Figure 5. Photodecomposition schemes of three photoinitiators.

£35] 7/IAIAl DMPAY 7% HEAS Hd Ry7l Uehe 3t&o] & %o=
olg =] gl=d, o]AS DMPA A7} Fig. 544 Ad ##9 radicalE 44
(=1), o)A o] EA}&FEE ¥3Fo] translational E4HE HAS autoaccelerationd 7+
AN 713, FFA e &3del & Hate7tA] A&H RY Hdigte]l & #FHE
oS HoFErh Iy EHAY A$E AAE (CH0-):CeHse ize] e
2347 EHA 3 &9 HE AFAA wio S4ke] oy A A
F 7t 22 ol HEAB.t= & autoacceleration @-/¢o] velvta gt

a2 Figd4dlA EHACl ¥ & AFA4& 2E HEAT 3/AAGA RAE
radicale] #itEls AL HAE o]Ao] k& F7HAIA, ¥ A& A HEAZF EHA
Brt o & RS ZHA 3ok 283 FighsdlAd BEXo] UVl 9&# sial ¥ radical
% HO-CsHio radical®] 7 - radical®] # 37} 282 34te] ¢tH 3 Fig2dlA =
%o°] EHAY HEA EF ¥l RE HAE. ojzeo] sMAjAle] o3 L da3A|
o] 43 1HEF} AAHE radicald] 27 WE 4 FAE7t ofe F8F L v
Ak, HEA9Y AAE radicalzte] 383 ar7|a3= DMHAY A% k.8 718
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7HA% % =7 §248 Z718t3, EHAS % $E ANAY 9o dtdoz a2
%) %o}, HEAY SloidE BANAS o] ul$ Fasths A8 BeaF.

4. 2 ¥

E A7 Uehte HEAS EHASQ autoaccelerationell oA ztel: o) Ry7}
YehtE Astgd delA EHA(p=0.6)7} HEA(p=04) 2t} ©f &L AH5E (p=06)9
A dehdoe Aotk o714 EHAE 384 Fx2 g&o As&o] wol Fd ua
EHAE %9 chain®l A3 extend® ] segmental 4to] oj# Y A3, olAe] kE
ZaAA =& HA8E&7MA autoacceleration®] A& FHEE gth. a2y HEA A$:
F%ol 1Pl wat FFAY EAFo] F7HETA insolubledt A Hol coil 2717}t
HadhaL, o] 7o) segmental e HAE kS F7HE 7S Ao R, 7t dEluE
At ApolE HRIh :

a2l FARAAY EdE 9HHg 45 Q¥ MAE radicaly) Al e
g4 A7t us Fao3t B uAH, AFAHe] AL EHA £49 ZA$E MAA
o] Qo] At or Ax| ¢gou HEAY loiMe BA Al Ade] g Fa3%
24¢le] =o] DMHA > HCPK > DMPAS #22 ¥4 59 autoacceleration®] =
71el A& xolE vebdTE
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