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The kinetics of photopolymerization of urethane-acrylate oligomer which has many applications in photopolymerizable
adhesives was analysed to investigate the influence of polymerization temperature and functionality of oligomer using the
autocatalytic model. It was revealed that the maximum polymerization rate decreased as the polymerization temperature
increased. The reaction rate constant, k showed little change with the increase in polymerization temperature, while
exponents m and n exhibited an increase. These results could be related to the diffusion and mobility restriction of
reactive species during the cross-linking reaction. The decrease in photopolymerization rate with increase of temperature
was mainly controlled by the reaction order n.

Keywords: kinetics, photopolymerization, autocatalytic model, urethane-acrylate, oligomer

1. A =2 AYa Loz FA Qg AJE, B ¥eg T8, ke Mz
A, AR T2 FobollA] thekstA] Ago] Eofx|a UTH9. FHF
obad FEPANE T 7Y 7 FAl(pressure sensitive adh- & o] #hge] 2] /H*Tﬂoi/ﬂ Tsd Aol A7 Aglslo]
esive, PSA)T AF2 E, 13 ¥ Az 52 thekst abglelA ¥ 7R MR AYTERE 7HHE 3E Peket] nEAkl
g AMgEoIx| 2 | P ZAghol] QlolA gt ]74‘4’434 RS2 g olgiske A &
o] Fx Stk Aol o gk, =4 T& J"‘7}0}*‘ ] w9 Fast ek gt}
A=A Al : A — Al QB FFEE = dFAEL] SEAS A6l 2lolA
Holx= g /7 ]T(VOC)J /\}%—O— Aoz Qe #FAEA1 =z} 52 auto-acceleration) B} A ZrEi(auto-deceleration), E-HA
TAE AEAT1A o A8 H(ultraviolet, UV) ZAsh-A o] thekst st B 715 A3k YA G A4 A A, AZ TE &
*&‘ﬁ—ﬁroﬁ‘ﬂ] Agol = it wibA] UV ZAsPAE A48 £ Qe 7189 ¥ S 22 558 ATE Holr] wWiEe] ol
UV 73l =4 ES AHgo] 418 Bt Uoi1-8]. ol#)st xpel4d Aol gt ATl AgE djAshz Aol Hastrtn & A
R ﬁf% el A3t AsS AsEe ﬂTO] Al uie- Tt o] H10-14].
&L sk o] W AEHR] A2 el g AATE #HE B Ao s HhEA] flo]# 8] thold] FA el AREE= UV tlel
(photopolymerization) ¥ F3 I HHAZITE A5 WA Ho) =g HatAol thaf FANAAZA 1-hydroxy cyclohexyl phenyl ket-
& ARASAIZE SlolA] B Algte] Hast AUNA] ok S5 one (lrgacure-184)& AMESIIL Trado] oh2 2719] #E&E v E 4
(thermally initiated radical polymerization)oﬂ Hla) ofg] 71+ FE e goto] AAg HAA L s $EATES ATsileh
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Table 1. Composition of UV Curable Adhesive used in This Stu

Material Code Amount
Acrylic copolymer EA/BA/AA .
0.67 mmol oilgomer/g
UV curable oligomer ;B}i -12279% copolymer
Photoinitiator Irgacure-184 3.0 wt% of oligomer
crosslinker 2,4-TDI1 0.5 wt% of copolymer
2.4 &
21.8 =
AF AR UV tol & A Al AR S B5AY ) ok
TERAL UV 2ALE B3] AR PAS HIsks Foemn)
T JUBA, F ARQS AT B 7IRA, PANE B
A% PANAZ FHEARHIS) AHEER ol FFFAL-
el g9 FEHE AL8siol R AHgE IR o=
G2 n-butyl acrylate (BA, Aldrich), ethyl acrylate (EA, Ald-

_‘E__Q_

rich), acrylic acid (AA, Aldrich)®] 371+ WA &S JATHA] &L
TIoE ARSI AL AlekE<Ql ethyl acetate (Duksan Co.) -§7H& A&}
o AJAl A2l JIAAIR] @, atazobis (isobutyronitrate) (AIBN,
Junsei Chemical)E AHEFATH16]. UV A3} g 235k &8
313 SK UCBeIA Al&et olaks $-ast oladeolE &)
¢l EB-270 (My=1,500 g/mol)3} S¥54 S-ellgd ofAg ol E &g
T¢l EB-1290 (My=1,000 g/mol)& AME-sli o, o8 F5EkA
o} FgHy 7+ JluE 9%t 7l AR Junsei Chemical®] 2.4-
toluene diisocyanate (TDI)E AFE-5}Ic) L8t F/IA| A 2= Ciba-geigy
ALl Irgacure- 1845 AME3IIT) Agof ALEFHAY FH3 HAA
o] F4& Table 1°] FsIc)

2.2. DPC (Dynamic Photo-calorimeter)2| &5

=% 427152 photo-calorimetry JAA12]7} F-2t€ TA Instru-
mentAFS] A|REALA ZEA|(Differential Scanning Calorimeter 2910)%
ARgEte] AR shollA TR OE HAsomH, e &
Foliy DSC oM FEstick o W UV lampel A7l 20
mW/em®o] ek
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Figure 1. Isothermal DPC experiment of the UV curable adhesi
at 70 T.
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Table 2. The Maximum Polymerization Rate and the Conversic
Degree at Peak at Various Cure Temperatures and Different Fune
tionalities of Oligomer

Di-functional oligomer Hexa-functional oligomer

T ()
(%) i ><107 Cal peak (%) i ><107 Cal peak
30 11.73 9.83 9.52 9.08
40 14.50 8.82 10.00 8.30
50 13.39 8.62 10.43 9.35
60 12.87 12.48 11.17 8.91
70 9.48 13.00 7.41 17.80
90 8.45 15.35 8.70 17.37
0.16
0.14 <
0.12 4
0.10
T 0.08
w
= 0.6 -
k=]
o
= 0.04 5
0.02 4
0.00 <
-0.02 T T T T T T
0.0 0.2 0.4 0.6 0.8 10 1.2

Conversion
Figure 2. The polymerization rate versus degree of conversi
curves at different curing temperatures for a di-functional oligome
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Figure 3. The polymerization rate versus degree of conversi
curves at different curing temperatures for a hexa-functional olig
mer.
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Table 3. Kinetic Parameters of Polymerization of the UV Cu
able Adhesives

Di-functional Hexa-functional

T (C) 3 m
k(s) m n k(s) m n
30 0.18 0.19 1.35 0.15 0.20 1.42
40 0.16 0.10 1.11 0.11 0.06 1.23
50 0.19 0.19 1.35 0.16 0.19 1.48
60 0.25 0.30 1.45 0.17 0.18 1.53
70 022 0.35 1.59 0.19 0.40 1.54
90 0.23 0.41 1.68 0.25 0.44 1.67
0.10
L ]
0.08 .,
0.06
g
£ 0.04 o
3
g 0.02
.
0.00
-0.02 - r T r T r
0.0 0.2 0.4 0.6 0.8 1.0 12
Conversion

Figure 4. The comparison of experimental data and predicted dat
for polymerization rate versus degree of conversion curves of
di-functional oligomer at 70 T (@, DPC data ; solid lin
regression curve).
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Figure 5. Conversion degree versus polymerization rate curves
a hexa-functional oligomer at 70 C (@, DPC data; solid lin
regression curve).
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