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ABSTRACT : The kinetics of photoinitiated polymerization of reactive oligomer methacrylates and oligomer
methacrylate/SBS blends have been studied to characterize the diffusion-controlled reaction using Fourier
Transform Infrared Spectroscopy-Attenuated Total Reflectance (ATR-FTIR). The polymerization rates of
reactive oligomer methacrylates and oligomer methacrylate/SBS blends were autocatalytic in nature at the initial
stage and then a retardation of the reaction conversion occurred gradually as the polymer matrix became vitrified,
and finally the reaction became diffusion controlled. Photopolymerization behavior of methacrylate/SBS blends
was well predicted using the diffusion-controlled reaction model. N-Vinyl-2-pyrrolidinone (NVP) as a reactive
solvent was used to incorporate SBS into methacrylate to form semi-IPN via photopolymerization. Due to the
high reactivity of NVP, polymerization rate increased with the increase of NVP content. As the content of NVP-
SBS in the blends increased up to 10 phr, the reaction conversion maintained almost constant. But above 20 phr
of NVP-SBS in the blends, the reaction conversion gradually decreased since the increase of viscosity affected on
the photopolymerization rate. The semi-IPN films of methacrylate/SBS blends were transparent at room
temperature as well as at increased temperature and were able to be applied to surface coating.

Keywords : photopolymerization, methacrylate, semi-IPN, diffusion-controlled reaction, NVP.
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(a) Poly(ethylene glycol) dimethacrylate (n=4,9,16,35)
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CH,—0— C—CH=CH,

(b) Trimethylolpropane triacrylate (TMPTA)

a'e

(c) t-hydorxycyclohexyl phenyl ketone (lrgacure 184C)

CH=CH,
N O

Cl//
(d) 1-vinyl-2-pyrrolidinone (NVP)
[cH— CH']-n—[- CH;— CH==CH— CH, 1 CH,~— CH]|
m n
CeHs CsHs
(e) SBS (Styrene-Butadiene-Styrene copolymer, SM/BD=32:68)

Figure 1. Chemical structures of (a) poly(ethylene glycol)
dimethacrylate (n=4,9,16,35), (b) trimethylol propane tria-
crylate (TMPTA), (c) 1-hydroxy cyclohexy! phenyl ketone
(HCPK), (d) 1-vinyl-2-pyrrolidinone (NVP), and (e) styrene-
butadiene-styrene copolymer (SBS, SM/BD = 32:68).
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Figure 5. Model predictions using mechanistic model with
diffusion control factor.

Table 1. Kinetic Parameters of the Mechanistic Model

molecular weight

M, 330 M, 550 M, 875 M, 1700
mechanistic model
k 0.62 0.34 0.186 0.15
mechanistic model with diffusion control factor
k 0.52 0.3 0.17 0.145
C 35.485 33.761 20.361 19.094
a, 0.8808 0.8173 0.7127 0.6919

k = Reaction constant. C = Diffusion control constant.
a. = Critical conversion.

426 HIA, 757

Polymer (Korea), Vol. 27, No. 5, 2003

T S Al e =7 2ok L Lecampol)
oJ#l o] FojHr}!

AP e s A} Fuf mule A Aol niet
= T AFA 59 A3} dhge AgEe] gon 4
A2 et Z2e] 3Tk

da,
— =ka™(1-a)" 10
7 (I-a) (10)

da -
A7IoNA 2 iR EE, ot AR, ke Uk S5

A%, me A7Vl A4, nd e AE 22t Yepd
o ihgAle] Wsg Pelo] fiste] Al Wgela ofy
Hog Fojun
da. m/
logzzlogk+nlog[a n(l—a)] (11)

AR digiskel T Rke AW A9 @
et ol o 7 7 W A AYsiE A
3 & deeladao| B RAjeke) webA
Table 2, Figure 69 YePITh vheg- 7] =ellA] (
Figure 40|12} 7o) whg- 27)ojl= A8 279} &
Fovt vhg-o] Aol w2t AR o= AE
ek b, A} Fe) 2l A3 AxE AN F
b a2l 2o F5o] gixl2 AA AgE F7A
13 Ao} & YA 2o Fot

SBS 5% FFIH APt 5 =0 e
3%, vielojade o) E/SBS = BS3; whgo) ¢
3 EIPNS @43t IPN°] 7R gle 544 UV &
FACAE 71T 5 = E A== gch £IPNS 5
8] 7| 2EA 7129 AlEke) B FUHE s
wol A=slo} gt} SBS] H7le) AREE wheA] £l
A NP7} RES Sxof X 32 HA zAsigick
Figure 72 Bk A1t oh& A3E-S vlelligich Nvp
2] Hrtell 23iA HF Ao o2 AR AY

o

22

T

N

N
~—

H Lrfr 2 oo A
g (W&

N

>

Table 2. Kinetic Parameters of the Phenomenological
Model

molecular weight

M, 330 M, 550 M, 875 M, 1700
n 1.84 1.88 2.52 2.6
m 0.4048 0.4136 0.5544 0.572
k 1.284 0.8187 0.6188 0.5434

n = Reaction order, m = Autocatalytic reaction order.
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Figure 7. Polymerization rate versus reaction time with
various contents of 1-vinyl-2-pyrrolidinone.

0.18

—&— NVP-SBS Ophr
—&— NVP-SBS 10phr
—a— NVP-S8S 20phr

0.16

0.14

0.12

0.10

dx/dt

0.08

0.06

0.04

0.02

0.00

Time (sec)
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