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Abstract: Preliminary research on the composition and physical properties of synthetic materials is essential in the devel-
opment stage of ultraviolet (UV)-cured films with excellent performance and productivity. In this study, a bifunctional
urethane acrylate oligomer was synthesized by reacting polycarbonate diol with isophorone diisocyanate, and a pho-
toinitiator was mixed with bifunctional acrylate and methacrylate monomers of various molecular weights to prepare an
UV curable coating solution and UV-cured films. UV curing behavior of UV curable coating solution, thermo-mechanical
properties, tensile strength and elongation of UV-cured films were evaluated on types of bifunctional acrylate-based
monomers. It was confirmed that the curing rate and thermo-mechanical properties were improved as the bifunctional
methacrylate monomer and the smaller molecular weight of each monomer than the bifunctional acrylate monomer. And
the correlation was summarized through rubber elasticity theory.

Keywords: methacrylate monomer, ultraviolet curing, curing kinetics, tensile strength, crosslink density.
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(BHT, Aldrich, USA), ¥F-3-4] 3]A#| 2 isobornyl acrylate
(IBOA, TCI, Japan)E AH&-3te] 28] am] 70312 A6,
upx] 8O 2 2 -hydroxyethyl methacrylate(2-HEMA, Aldrich,
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ZA = tetramethylene glycol diacrylate(A4, TCI, Japan),
hexamethylene glycol diacrylate(A6, TCI, Japan), nonamethylene
glycol diacrylate(A9, TCI, Japan)Z, o35 HElol=2 |

Table 1. Acrylate and Methacrylate Monomers Used in This Study

# of carbon between

Structure MW acrylic/methacrylic groups
(abbreviation)
o
W 0 198.22 4 (A4)
CH,=CH=C=0(CH;),0-C~CH=CH,
Acrylate e 2 22627 6 (AG)
monomers CH,=CH-C~-0(CH,)¢0-C—CH=CH,
2 2 26835 9 (A9)
CH;=CH-C~-0(CHz)yO-C~CH=CH_
? f
CH;=C—C—0(CH,),0~C~C=CH, 226.27 4 (MA4)
CH;; CH3
Methacrylat 1 I
ethacrylate oo ol
monomers CH,=C—C~0(CHz)0~C—C=CH, 254.33 6 (MA6)
CH, CHs
9 q
CH2=(|3—C—O(CH2)90—C—CI:=CHz 296.41 9 (MA9)
CH3 CH;
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Figure 1. Synthetic process of polycarbonate based bifunctional urethane acrylate oligomer.
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Figure 2. FTIR spectra of PCD and synthesized polycarbonate based bifunctional urethane acrylate oligomer.
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Figure 3. UV curing behavior of UV curable resin according to
monomer structures; acrylate monomer (tetramethylene glycol dia-
crylate, A4) versus methacrylate monomer (tetramethylene glycol
dimethacrylate, MA4).
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Figure 4. UV curing behavior of UV curable resin according to
molecular weights of methacrylate monomer; tetramethylene glycol
dimethacrylate (MA4) versus nonamethylene glycol dimethacrylate
(MA9).
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Figure 5. FTIR spectra of synthesized urethane acrylate oligomer and cured films according to chemical structures and molecular weights
of photo-reactive acrylate (A4, A6, A9) and methacrylate (MA4, MA6, MA9) monomers.

Table 2. Calculated Degree of Cure of Cured Films

A4 A6

A9 MA4 MA6 MA9

Degree of cure (%) 91.3 90.1

88.7 96.9 94.5 932
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Table 3. Storage Modulus of Cured Films According to Chemical Structures and Molecular Weights of Photo-Reactive Acrylate

(A4, A6, A9) and Methacrylate (MA4, MA6, MA9) Monomers

Storage modulus of cured films (MPa)

A4 A6 MA4 MAG6 MA9
30°C 705.45 543.11 578.00 1001.76 756.61 550.20
60 °C 426.42 330.52 332.54 607.03 464.53 338.77
90 °C 134.39 115.45 108.82 202.37 160.07 137.41
120 °C 45.97 43.77 69.17 56.15 52.80
150 °C 21.63 16.99 28.03 21.67 17.46
L] AI71E omgitt. H52] Hske2 velelagyolE & oJEshs A o® vdkEnt
FA| Z1wo] oladYo|E A aFRY =& S B oM Zst 2Eol QAAE W ANME. IE5o A
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2 Ases BYS st ok 242(25°C) ¥ 322(170 °C)oll A 2] #Fe)d st HE9
Xeld dst Whel @R, w3 olagalel= o o
Elola o] E x| o] g Wl & 22 73t 70 25
2o oA EAL 3R] Yl RE XS A4S A = Tensile Strength at 25°C
6.5 | # Elongation at 25°C — 200
st om, 71 A3E Table 3 ¥ Figure 69 YERN AT : ' é o
30-160°C WSl Alole] Smolq YpHo oAl B ¢ O [ et ¢ 1™
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Qg ol VNS AEE A3 BES AIE BAG] | | o - i3
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Figure 6. Storage modulus of cured films according to chemical
structures and molecular weights of photo-reactive acrylate (A4,
A6, A9) and methacrylate (MA4, MA6, MA9) monomers.

Figure 7. Tensile strength and elongation of cured films at 25 °C
according to monomer types.
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Figure 8. Tensile strength and elongation of cured films at 170 °C
according to monomer types.
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v= Er / 3RT
M. =dRT/ Er

o714 ve 7= (mol/em’), M= 733H Atole] Wt
EA =3 (g/mol)o]™, Ere elastic modulus(Pa), RS 71A] 4=
(8.314 J/K-mol), 7= Kelvin €% (K), 183 d= 73std 2
9] Bx(gem’)E o|m|gi).

g719) regel el Sls) AXE AstuE(y) 2 Ak
Z Alole] Ha EAEH(M.)S Table 49 231t} Table 4
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Table 4. Calculated Molecular Weights between Crosslink Points
(M,) and Crosslink Density by Rubber Elasticity Theory

M, (g/mol) Crosslink density (mol/cm?)
A4 124.5 2.64 x 107
A6 139.5 2.34 x 103
A9 145.2 2.24 x 107
MA4 109.2 3.01 x 107
MAG6 118.5 2.77 x 107
MA9 121.2 2.69 x 103
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