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Application of UV-curable Materials:
2. Photopolymerization Kinetics

Hyun-Sung Do, Sung-Eun Kim, and Hyun-Joong Kim'

1. M

Z 3 (polymerization)2 @9 Ex™(mono-
mer)7} WHEEe] B AHpolymenZ FHe RS
o7 dutdRl AFAFHHE IAA AETH
(chain  polymerization)®} ©AIZT(step  poly-
merization 22 UE 4 ok o] s1eq)
ANETHE A M EA7E AU AY B
UAE FF3tAY ey ez &3 | #
& gt osA ukgol APHA o) u)
122%<s 71 e 7718dE2 dF&E A
o] 7hedtA T BA-EA o]FEEE Tt
A€ vinylAl B=w7t 282 S8l 7 #ol
o]&5 i Ut AETHS gutdez grZol
AAE = fAH(nitiation), Ex=W7F A&
7 A AbEo] AAshe AddNES-(propaga-
tion), 4% F< FdZe] ¢g& LS v
AgstAY B8 vgS T3l #oZdo] &Y
HE AA¥kS-(termination)®] AdAl wWAYE
oA ola)A ko] AHAT” TS Y447
= W2 JRAIAIY Edl ost A, Aks) - gk
bl ogk A, Zefzutel] ok Al H 7o
MA Fol d=dl, o] 7hHl A9 doly 7h
A TS ol &M uZS AHAAXN T
s= AP WS FFH(photopoly-

merization)®] 2} 3+c}.

=

[

)%

> lo ¢
o od o oo

(L

Bzl AFEEE W 7k AR A (ultra vio-
let, UV)S ©]&3 T3 195090 $HHEE &
ANA 5, A7) - Az, 43, HJ2ZA Tl o]
4531 Yo Fe o]8d TEA AxoE B
Aol e L) av(oligomer)?t ExHE o
L3 DEAR B B WHI 1824 A}

o

_

& WFel #F¥go] 753 NN-dialkymalei-
mide, cinnamic group ¢ FE7E 7R

AAX 7tul IEARE e Frtaol 9l
O B2 AgEE Ry 2urE F
2712 o= Y(acrylate) AVt W EFE (metha-
crylate) A7} WHSAdo]l =31 ¥ ¥Hurethane),
N Z Al (epoxy), OI=HZ(ester) T TFT F=
Z Wo] 7}5stnE wol Abg T
B AAg g gl six A8E
gzl s MAEo] Hhgo] P E=d Hix
Mo 2, w71 JhE, 2%, FH AL, B
AL, B A7), AANAY FR/, RAIAIY &

O

o HE B A E AQ), 41 (2003)9 EEE UV B3E aAY 87 Al 122

« 20043 72 209 A (received), 20043 89 3Y | (accepted)

cAgHgn QFE woleBgAE B

H&aet A4 (Lab.

I8 FA 5o giAM g J=rt g2A e
U=, olefgh 21l osiA HE =S40 & B
g mABEE Jg 2 mE Hs £5E o}
e 70| Faa
ueba B oM e Ad 7]ae] oo FFH
o QIS WA= oA 7HA] WMo} old wE
Wg &5 taA 71estast gk
of Adhesion & Bio-Composites, Dept. of

Forest Products, Seoul National University, Seoul 151-921, Korea)

' F A AHCorresponding author): e-mail: hjokim@snu.ac kr

23



2 =44
A
2. UV HISEEA

B3lel A 1HF o] w2 B Wo] FALE
Hode B3 B dkil 23 9 F5EH e
Edo| FaE Wyte] Fsle whgS dozith
Wb JAREY Fx(light  intensity)7F Ll
o] E4& FHst yoes WY A7E I
SIH  Beer-Lambert ] 93] I+ 4 ()3
o] Fojzig

I= 1T exp(—ecl) (1
o714 & EA}

coefficient, molar

tinction  coefficient,

&3} A4 (molar absorption
absorptivity,  molar

mol'em ), &
mol dm?), /& E3 Az
UEH 2L o]& T §3 =
o} 72 2lo] dojzint

ex—
l-; =

(molar concentration,
(path length in cm)Z&
AZ Y™ (2)

A=c¢cl

r A3 El
IR

o

FEFIN W e
sH, ol #EFeIN #
) o],

T NS wold) ARE Foigel ey
gol Ads] qE L vy Sm
A B 94 9 o SEide A

9\/\ J/]'7H}\]Xﬂ7]' ug wow th-g3 2ol
7-9,11,12]

Fog 227 A43)

st3t 285 yehi]

=] 3

fus

HE

o] Uﬂ Z7]

24

A2 5l Al 5(3) 2004

d[M-]

R,= 20,0, =— -

4

p

11__

BANATL BGzE BEolAE
(quantum yield of formation of the initiation
species)= YERATE o] W F4E W AV
(light intensity absorbed)ES L&} k4 L= 2 5)
o) o] viERd % Sith

o
FrE

I,=1I,(1—exp(—2.303e/[M-])) 5)

=

B A W 52
4 @) 2o v}

stel A W S

At

1

W

3
<
= T

R, =20,1[1—exp(—2.3034)] 6)

lrl

AN wgol Qe AAE erie] BakAls
o] ¥7hslo] S Prge on w7kl o

£ 4% SUBe t) A% weolu 2iEd

wrgol o8 eize] a@uE A wgol o

oA Atk oo BA WS Mo ey
W A ()3} 2

dLM-]

—2la 1%k, =~ @

AN A 25 AR Wgol} BREH W

o} BHZe] @ HH 2uHE AL UehlE

Aoz dwaoz gt BHS B Aol

o ridel Ags) Ldsl S v

A olHAY FriBe Fxot A AFEA 44

Y= A3 3l (steady-state)’t HEEZ R;= R4
A7 AHEEZ A Qe (Dol o3l o9 &
A7F A H g

I,=k[M-]? @®)
o2 vl [ M- 1ol disid W vt 2ol
e},
(M- 1=y 2ha o
AAkeS AE ey Exmrt A%
olx o] Hug thEt o] Yehdi.



UV A58 249
R,= M _ im0
7ol 4 @F Ble e BAE 9e
T Stk
o
R,= kM) -2
t
' (11
=&, 05 tMI =
Wepq 4 (Do) w2 44 wg SEs P
AAAL F%, BExme 238719 A9,
wel g, Wel AE, W] Aol vl e
& ok olel tiE AT olF Be £33

Bato] geiA

3. Photo Differential
Scanning Calorimetry

HTd= A8 As 9 kS 59 AT Q)
oA PDC (photo differential scanning calo—
rimetry, photo-DSOE  AMgsla 9ok

255 HIAAA dofAe AE9
g DSCeol= 2] w(UV)9
= AEY A7t

Q

2

0 e o oo
T

| WS- (heat flow)=
mal condition)e| A UVE ZFA}
o REgo] dojur 2=7F W
BAs] 8] 29 dto] W3l
a3tt7h wkgo]l B Hee o
line)oll =&3tA @t ez
2 Fukgol oA LS F
et PDCE #37HAIA19 5
1Mo T, purge gas® FFH, UV FA
UV 2%, UV 3%, 2% 59 o8 714 WsE
HSIA|71HA B3 As 28 & gl
dulA o Z Fof ¢ S
oAU Fora o

i
(o]

—
_=,

IS

oo
o

25

o
n
T
i

200

o
=3
L

Heat Flow (W/g)
g

o
=3
L

12

Time (Sec)

Figure 1. Typical photo-DSC thermogram of photo-

initiated reaction.””
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Figure 2. Typical shapes of kinetic curves for a
dimethacrylate polymerization.™”
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Figure 3. The dependence of the termination and
propagation rate coefficients a) and their

ratio b) on double bond conversion.
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