Polymer(Korea), Vol. 43, No. 1, pp. 99-105 (2019)
https://doi.org/10.7317/pk.2019.43.1.99

FTIRES o|&8t &ttE otz &0
84 - ol

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

2gE9 d4s HEs o+
ErERPSIEY
14 2 A7) 4 A

4, 20189 109 22¢ A=)

FTIR Spectroscopic Studies of Thermal Curing Behaviors of
Photo-Curable Acrylate Mixtures

Hyuck Sik Wang, Seung Hyuk Lee, Seok Hyeong Bu, and Kigook Song'
Department of Advanced Materials Engineering for Information and Electronics, Materials Research Center for Information Display,
Kyung Hee University, Yongin, Gyeonggi-do 17104, Korea
(Received August 7, 2018; Revised October 1, 2018; Accepted October 22, 2018)

Z8: @43 S T F Y= ol FEH0E DAES /tisS T F UE diacrylate 28|22 E3HEC|
gt stz wslel w2 €43 AsS AR 73k o e w3} ol g o|EL] 3738} Wk
< time-resolved FTIR Ao 2 7} dk-g-2] A4 IR HaE #Fste] EE9] 73} &9 Azl HslsE 243}
Sk EgE st fde 48 1as AFS ol olE FAs ¢ e @435 ey 53yt
739-9} ) W3IA T Diacrylate 2|2 9] Ex}5F3) ola | o|E dA|e] 7o w2 e €73 &5 W)
E AR

Abstract: Thermal curing behaviors of acrylate mixtures, which consist of photo-curable monomers and cross-linkable
diacrylate oligomers, were studied under various curing conditions. The curing kinetics and curing degree of the mixtures
were investigated using time-resolved FTIR spectroscopy by monitoring IR characteristic peaks of urethane thermal and
acrylate photo-curing reactions. The thermal curing process of the mixture was compared with the dual curing process
that is composed of urethane thermal-curing after acrylate photo-curing process. The effects of molecular weight of the
diacrylate oligomer and of the acrylate monomer structures on the thermal curing kinetics were investigated.

Keywords: acrylate mixture, thermal urethane reaction, photo-curing, dual-curing, curing kinetics.
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A1 2-hydroxyethyl methacrylate(HEMA), 2-hydro-
xypropyl acrylate(HPA), n-butyl acrylate(BA)<= Sigma-Aldrich
of A F-J 3 2L, 2-isocyanatoethyl acrylate(ICEA)= Tokyo
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phenyl ketone(Irgacure 184)¥} benzophenone2- Sigma-Aldrich
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Figure 1. Chemical structures of acrylate monomers.
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Figure 2. FTIR spectra of acrylate mixtures of PN3280:HEMA:
ICEA (80:10:10): (a) before curing; (b) after thermal curing at
100 °C; (c) after photo-curing with UV; (d) thermal curing after
photo-curing; (e¢) FTIR spectrum of HEMA:ICEA (50:50) after
thermal curing; (f) FTIR spectrum of H,O:ICEA (50:50) after ther-
mal curing.

&3t AlFe] 73t A FTIR 2 EHS Figure 2(a)0l FA|
sttt SHEES Bs B 943 3HS & w A
AEE 7HAoF 340l folslal BE TFEES 29
Ao mE 712 £l &l 3733t d5e] 4o -
Ao} w2 e €43HE sl= HEMAS} ICEAE 1:1
HI &2 AR oA 20%= H7ste] 3743 D59 245 &
H3ta sAlol 5375 AsS #EE 7 A= 80:10:10
Av = E5tsle] Agsiin). St 97330 T (HEMA,
ICEAYE Aol A 20%Ktt 27 H7Fehd FTIROIA 32
Sk isocyanate = WSE AP o= AFs] HA] &F
G738} Al e Hhgel Foshe WA ICEAS] isocyanate
252270 em™), 3B73E Al BRG] Fofslie BE TS &
ool EZtE o] & olm Y olE (1635 cm™), 2]
T 2P Fxo e S 2EF(1512em?) 52 54
YAES HA3 & ok G438 wkgo] =Y gloiA|=
2270 em™¢] isocyanate 5S4 S AFsle] Alg W I3}
8 AeE FFH o= 24T 4 AT Figure 2(b)ol|A]
5 F7sh gk Al2He] A5, 2270 em”! F=27F b
Al AlbA $ElE 78t Whgo] 100% dE = RS B &
ATk Figure 2(c)lM = F A4S 31 1635 cm'ollA LYo
= olaHYo|E 54 C=C A7} 74sl=t], o1& 3t
ol o|E 259 kS AEE ST & ASlTh B4
E943} Al2=Ee] IR 2~HEH Figure 2(d)E W 1635 cm’!
93 M719] AE Bl oladdelE 159 Fukee] 3
yE 78 FRIFAA|TE, isocyanate 52| 2270 cm™ ¥ =7}
G7stel] ofste] €s] ARIAIA] &= S B Utk 9]

= BAskE At AS, A AREEC] WA 37 o
ol HEMAS$}F ICEA 7Hz} 20 Q1+ hydroxy L3
isocyanate ZF 59| 22 ¢o] AlgtE] o] S IRke-S
sl7] olf7] wizelrh. 8743t $- Z43F Figure 2(b)2t 2(d)
o] FTIR 2 EA 2270 em™ 925 B A3 213
gk 9o A3t 3 dAskE Jas 34 H57aske] 4
7 e AE & T Stk

ICEAS] isocyanate®} HEMA®] hydroxy & Aloleol &yt
5ol ¢Jsl -dlet vhg-o] XLt ICEAS] isocyanate”|=
R T Hd Hukgo g2 S-golurea) B3] A A

g UTE RSl S-glof W o Fhef w3l -
g HESRE dojik=A] ER1sl] f18te] ICEA THEgA|ell 242}
HEMAS} H,O0& 1:112 £33 2714 A& 100°CollA &
73}3k & B w3k FTIR 222 EHS Figure 2(e)9} 2(H)oll
ERARITE. ICEAS HEMAS &8st Al5e] 43t & 935
Figure 2(e)°ll A Hlas] & A, & 54 1529 cm” 7
At A2 Uehd 2e & 5 vk sHAIRE, ICEAY] HEMA
Al 05 3t Al5e] w2 E1%t A3} Figure 2(f)
ore} o] $-Eek B4 3 EL glo] fdof ¥ H3E
o] o= AL & 4 9tk 1633, 1619 em™ ¥ F= -0}
9] carbonyl I3, 1575 cm™ ¥ 3= $-@|°}2] amide 1T band
ojt} ¥ 1B olgg $of v AFE oA g |o|E
S8 -GEA E9rEe] IS FTIR 23 Ef 3 v]ws)
HOLS o, & 9] d73s}t A&H X Selof Fukgol
dojupA] 2oL gHEk vhgRlo] Mg s= AL o o+ AUAUTH

A73sket Xyt 7-0f B35t & A4S o ldg &
g B33} 799 FTIR 2~HEH S (Figure 2(b)2} 2(d))°]
a3 e S AelA B F=T), olHg 2eolE o &
AlsHAl #zst7] flsted Al d& ZALsHH SAl9l time-
resolved FTIR A 8-S gt A3-& Figure 39 YR
PN3280 22|37l HEMAS} ICEA TS 80:10:109] F
AW 2 33 H 2% 100 °CollA 73t RYsiAL =
= BASE A = EAEA E7EskE JAgsisit
7Z33}ol] w2 9kg- =l kineticsE 21517 $lste] G738} Al
Zhol| w2 T ICEAY] isocyanate 155 ¥]=,(2270 cm™) W
3}= Figure 39 AL ICEAS] isocyanate”]9F HEMA
9] hydroxy”] Alelel] == IHh-g- A T=+= isocyanate &
AEAaE AEsle] 73t s FFHoE AT 5 AU
o). 273kt 7188 Figure 3(b)S B wkgo] AlzE F 4
o] st Folli= 60%2] E7st o FofA AL, vk
o] A A3l 8F Foll= 88%7HA| WEg-o| XY= iyt
15 Foll= SAF7E A9 AlAE S & Aot o]
Agoll= @73} vkgol 7o mE £ FgE= AS
o = St} olof] Wheto] B-d Bt AJAE 7o) 29
EH Figure 3(a)5 HH W AJZF 43 Fof] 29% 733} vk
o] o] FAR| 1, 8 Foli= 43%, 1530 At T WHE-

o, ME

p

Polymer(Korea), Vol. 43, No. 1, 2019



102 S} A) .o]é—&ﬂ .

—_—
o
e

| — ) mrin {0%)
v - = 2 min (18%)
= 4 min (28%)
— - — & min {35%)
==--= 8 min (43%)
===~ 15 min {56%)

Absorbance (a.u.)

2250
Wavenumber (cm™)

2310 2280 2220

PAY - 715
(b) | o
v = O min (0%}
= = 2 min{37%)
i - 4 min (60%)
5 === B min{75%)
. ==== B min {B8%)
= -~ 15 min (98%)
J4b]
Q
c
@
£
Q
w
o
<< F e O e
_'._‘,_.-_-:F- LT
2310 2280 2250 2220

Wavenumber (cm™)

Figure 3. Time-resolved FTIR spectra of acrylate mixtures of PN3280:HEMA:ICEA (80:10:10): (a) thermal curing after photo-curing; (b)

thermal curing only.
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Figure 4. Temperature and time effects on isocyanate conversion
rates (obtained from FTIR 2270 cm™ band) of acrylate mixtures of
PN3280:HEMA:ICEA (80:10:10) with only thermal curing and
with thermal curing after photo-curing.
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Figure 5. Schematic description of urethane reactions in (a) thermal

curing only; (b) thermal curing after UV curing process.
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Figure 6. Effects of thermal (a) reaction time; (b) reaction temperature on isocyanate conversion rate of acrylate mixtures with HEMA or HPA.
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Figure 7. Effects of molecular weight of acrylate oligomer on ther-
mal curing rates of the acrylate mixture in dual curing process (ther-
mal curing after photo-curing).
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