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Abstract: Ultraviolet (UV) curable resins based on an epoxy acrylate, bisphenol A glycerolate (1 glycerol/phenol) dia-
crylate, and a monomer, tetrahydrofurfuryl acrylate, were prepared, and the physical properties of UV-cured specimens
were investigated. By the addition of a crosslinker, di(trimethylolpropane) tetraacrylate, to the resins, relative pho-
tosensitivity was improved by 2-4 times. UV-cured samples with calcium carbonates as a reinforcement showed higher
surface hardness than those without them. UV-cured protective layers with calcium carbonates were easily removed from
glass substrates by the treatment of an aqueous alkaline solution with the aid of ultrasonification. As a result of swelling
test using various organic solvents, the cured films were not swelled in n-hexane, ethyl ether, ethyl acetate and toluene.
We also quantified the solubility parameter, cross-linking density and the average molecular weight between cross-linking
points of the cured specimens.
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AAAE UVE Fdte] B w3 dorH, old &
U 22 gol2o] o] T B 7kmkeS AR,

7382 (tempered glassy= J=7F 251 7iXH 2k 9
o] IHZ vAA sHA] 7] whEell AFsARE ol vt
EZ} ke mukd 7)1719] AnRElR gl AREL
olH g AsHrele] Az W felEHe] uv 45ty
TAE =X, B3AMNA BT IS F/d8kal, water jet
cutters ©]-8-5t] Hsk= A2 Ak B AHIY (TR
AT Anfste] REHA vi=s vt 7)s K9
T 2o Igukg veAInk " ojd UV 73t H R water
jet cutters ©]-&-3te] fre] Aepgolr BAHE sHos
HE fElE Beske g o, B3 714 dvke &
gk WA f2lE Heslof sk E 2T (scratch
resistance)°| -7<roliof 51, AFAE 3H o) de] FHFET}
L7 A3 g8 Folle ferldestE uv 43t
Guks WA Aok ah, oju) &z gljol] =F =9
w golsiAl 2] 7} o] Fo] Aof gt} AiHo® 3-8
60°Co] de] -8 (3-5 wtvo)ell H&]sted, 259} A2

735 5-100u "elE = o] uigrA st ¢, Ak
HH72E FE 2 Askesd 77k 670-710 °CE 7}
, 4F T WA E FYNA AF skt Alxd
88 ek Agae felE AAEE S A
AlA, 400-500 °CE 5-23PA 2] e YEFo|3 &
N o] ZhFol 7he] weho] A, o] o] & 7
Fol2d o8 feirwe] Yrrt HolxE Yot}

A AR TrFet A FollA] oFA] oAy olE
= 73wt w2, A, Ax, HEA, Weuidel ¢
Fote] Bou 52 HAA| 9 72 Zofel] thdeA o] -8
I dorz AshhiE] AXRE HewoR 8o 71ed A
o7 FETE P 2 AFoA = of|FA] ol o|E &
IHE 7IHke g gk UV A3ty FAE AT 5, A
AEE Aslelar, st Waas x4 e &
Aol oJgt Aslute] vlg|EAS Hrigto 2 skl A=
§029] $8§ 7FeES AR B, 7t =Tt A2
o Astets Alxste] f718mol th % -E X (swelling
ratio), 23 = “J5>(solubility parameter), 7t EE 2 71w
7re] W EAES A slsisi.
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Alek. UV 78k 7] AxE $18t 22]3IMEE bisphenol
A glycerolate(1 glycerol/phenol) diacrylate(contains MEHQ
as inhibitor, 2000-4000 cP, 65 °C)YBPAGD), Tk k-S4
g A (o]t 7tmAlgt HE)ZE  di(trimethylolpropane)
tetraacrylate(DTMPTA)E- Sigma-Aldrich(USA) AFZ2 58 +
Aste] A3ttt @A = tetrahydrofurfuryl acrylate

%] olmalel= 7wk A Asky 0] B 2 sk 705

Figure 1. Chemical structures of (a) BPAGD; (b) THFA; (c) Irga-
cure 819; (d) DTMPTA.

(stabilized with MEHQ)(THFA, Tyokyo Chemical Industry,
Co., LTD, Japan)E AF&3} 0™, sZ7) Al A = phenyl-
bis(2,4,6-trimethylbenzoyl)phosphine oxide(Irgacure 819, CIBA
Specialty Chemicals, Switzerland)E ©]-23}5t}. ol de] 24
e, SRR, SATAAIA B 7HA o] -2 Figure 100 AA
SHATE HA3A) (reinforcement)2 AMS-E BHAFZT(CaCOs)2
2 (taleye A 3EE(Korea)2] A2 Fuliste] ARSI
o AT ZHL A% 471870 SHGR grade) Ao}
2 AHgahc,

UV Zste X9 Mz, 24 Wol] ©=kA|Ql THFAS 7
gt $ FANAIAR] Irgacure 8195 E3AIAATE o] £ &
2]32# <l BPAGD®} 7tAIl DTMPTAS 37t & 90%-7F
ksl UV AsE $AE Az ) 3 9
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Table 1. Compositions of UV-Curable Resins with Different
Content of Cross-Linker

Content of ©Oligomer  Monomer irf)i?i(;i(())r Cross-linker
cross-linker
(phr*) BPAGD THFA  Irgacure 819 DTMPTA
(2 (2 (2 (2
0 8.0 2.0 0.1 0.0
1 8.0 2.0 0.1 0.1
3 8.0 2.0 0.1 0.3
5 8.0 2.0 0.1 0.5
7 8.0 2.0 0.1 0.7

ac

phr’=parts per hundred of reactive oligomer and monomer.
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Table 2. Compositions of UV-Curable Resins Containing CaCO; and Talc as a Reinforcement

Content of Oligomer Monomer Photo initiator Cross-linker Reinforcement
reinforcement BPAGD THFA Irgacure 819 DTMPTA CaCoO; or Talc
(phr) (2) () (@) (2) (2)

0 8.0 2.0 0.1 0.5 0
10 8.0 2.0 0.1 0.5 1.0
15 8.0 2.0 0.1 0.5 1.5
20 8.0 2.0 0.1 0.5 2.0
30 8.0 2.0 0.1 0.5 3.0

= 91814 Table 13} ZFo] 7huA] ko] M= ot
2719 FAE Az sk g, BAA] FRE,
7= WEkE vlelsly] #18le] Table 291 7o) B
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=4 9 EH Axd FA9 UV A 3k= UV(365nm)
LED(FireJet" FJ100, Phoseon® Technology, USA)7} “2H&
=337](LED Lab Dryer, G192 =7, Korea)s ARE-3HS
o, UV A7] =AL& UNICURE® PLUS II(Electronic
Instrumentation and Technology, LLC., USA)E ©]-&3}%ith
UV =& A7t mE J49H-E24d 2 Bruker(Germany) A}
FTIR Spectrometer(Alpha-INE  ©]-83}>] ATR(attenuated
total reflectance) HLo 2 H715ITh UV ZA3A|He] A7
=+ Durometer Shore A(Model LD0550, TQC B.V,
Netherlands)E ©]-8-35}0] S0, ASA|HL] AFAIH-2
HsAl ¥ 7] (universal test machine, TO-100-IC, Testone Co.,
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Figure 2. Peak intensity variations of FTIR spectra for UV curable
resins with UV exposure.
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Figure 3. Relative sensitivity of UV curable resins with content of
crosslinker.
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BAA, 50%20x5 mm’e] 7|2 AJAL Azsgen, 7+ A

Hg T 49 tigt & 7§E(Durometer Shore A)E =
A3t3lth. Figure 4(a)y= 7FA| el wh& 7Zdstate] 3w
A% Wsl T ZEA, 7haA] gkl BAlglo] ALY Y
Z4(87.6£2.9 Hs)S Rt UV 7Zstute] U 2=a xS &

ZFAN7171 Qske] ehabd(CaCo;) B B (tale) S HAAI=
A7ksted UV 743k 4 (Table 2)5 A|x830H, ©]5 7
sl gepuislel me EHAES st o,k
A2] e AJdz=rT 715A15(0 phr) the] <F 28] (Figure
3215 phr= FA AT

g gae HF LEAAEE TS UL =
214 AL FYAT)7] 93 AR AME T o) g
AEe IR A FA 75 (impact strength)E TFIA] 71,

g3 73 (strength)2} 73 (stiffness)S A& Zo=z

HAEATESY B Aol o] BAR7F H7H uv A
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Figure 4. Surface hardness variations of UV-cured resins with con-
tent of crosslinker (a); reinforcement (b).
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golof] dGAIZF AT i
2=, AT @A fES H4stelr] flst
o 251 XE)E Wasre sit). oly st Asiute] ulel=
U] gdo] Asprto g Tl f2)7|vt st AF
ole] Hze 7HAA7)7] wiio] Yehds didolth 2 A
T2] o|ZA] olmde|o|E 7|k UV Z3tete] gZE] 8-
o =E2HUS W] EYHsE XAM Aok 2A 2 7k
Ag A oFe UV 481 54 (Table 1] 714 %
°] 0phn)E ©]&3te] 70x5x3 mm@ A7|12 AsA1HS Al
%3190, o] 2 2 wt% NaOH &40l 3417 H A A7
o} gl =EH 3}t AlHS é’r%&é}%& Az, Zsheto.
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Figure 5. Tensile strength of non-exposed and NaOH-exposed spec-
imens.
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7 259 Foll = Zdstete] fa]7|sel ZHRskaL e,
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HT} F=o] o] Bl EAlste] ¥ZE] -gHo] bt iyt
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FHPXA) P tlEo] SRS E el AeEs
& 5 AT
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E(p)E S ofdl Soiol i WHwE AN 5 9l

0-1+(21) 3)

Table 19 AA|E A =, 71wA 9
738ty FAE A3 F Astere] 2 g uFek afdl
et BEAS FAE SN CH, o] F o]&st] BEE
£ Attt ol AL8-¥ &vi(Table 3)= solubility
parameter(14.9-29.7 MPa'?y7} A2 thZ 1052 AHE-3519S
™, o]5 &ujo] At 597 AFRolM HAAIA 2]
BEAZ & FAE ST 2 &uol sl 7k g
P Ashato] &= WSS Figure 60l AAISIAT. Figure
6o ZHE & 5 Rl & A7 7452 dimethyl
acetamideo A 7F8 =2 S = (7kaA o] 0 phrdl -
0=320)% X %3, dichloromethane, chloroform, dimethyl
formamidecl| A= Bt W2 SWHE(7FA| gHFo] 0phrll 73
$ Q=241-278)% ehilch, Zel, Tkl ghel 271
S 2, JfUEs 271E4s Bane et L
7} methyl alcohol?] 73-%- mIAI g 2 -&o] dojkom, n-
hexane, ethyl ether, ethyl acetate, toluene 2 ethyl alcohol®
E=EHAS Agolle BHol Ao dojubA] fgtorn= o
£ &7t AR EE oM = Ae] Astete] e Rt
omA Agd F UFS Y F ASdHh

Uv Zslate| Salizads, 7tni: % 7ty 2ol ¥x
2 X2 $HA, Flory-Rehner 2] (4)ol] <] 3tH 3 & =(Q)<
polymer-solvent interaction parameter(y)Z %5 72 d Z(d)
S 7k o] B AR (MyE ARV ¢ An 2 A (49)
o v(1/Q)e & Zdshatolr iEAke] F-3)E-E(volume
fraction of polymer in swollen gel), V,& &1 &4 3| (&

Table 3. Physical Properties of Solvents Used for Measuring
Swelling Ratio of UV-Cured Specimens

Solubility parameter

Solvents (MPa'?)
n-Hexane 14.9
Ethyl ether 15.4
Ethyl acetate 18.2
Toluene 18.3
Chloroform 18.7
Dichloromethane 20.2
Dimethyl acetamide 22.1
Dimethyl formamide 24.7
Ethyl alcohol 26.2
Methyl alcohol 29.7
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Figure 6. Swelling ratios of cured specimens in various solvents, as
a function of cross-linker content.
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Figure 7. Relationship between the swelling ratios of the cured
specimens and the solubility parameters of the organic solvents.

A12] 739 dimethyl acetamide; 92.98 cm’/mol)S 2|w|&hH |
21 (5 g ARPETFETPH SR AAE = gol T2
0345 2-&), RS 71A1°44(8.314 Jmol K ™"), T+ A%
o= ALEARe] gl g4 B g 8l el e A

2] 7% dimethyl acetamide; 22.1 MPa'")E ]|t}
2
g 1 =71n(1—v1)+v1+;(v1 @)
2M, ) V( 13 Vl)
Pp 3
= +VO 5-8) 5
1= 5 ﬁ( >~ 05) ©)
A, Asr Ao Gl A6,y ZF Srle] Sl
o BHreke] 7R-AIRE A (Figure 7)Q2HE] 78

A}\%}slj[— , 7HA] shRE Sl EEA ] HAHE Y] W&

== Eo]b AN x Fhol AEARe] 83l% Adreltt. o]
gt A3Ae] §3lE S ©]83t polymer-solvent
interaction parameter(y), 7F U= (d) ¥ 71w A7re] HaEA}
F(MYS el e, 2 A3 Table 401 AAIBIATH =
gk, 7haA| gl mE 7had =S} 7hay] 7He] WA
H3E Figure 8(a) 2 8(b)oll ZHz A|AISHA T, «4dE ulke}
o] ZhA| o] SRR Ve Sk, 7t

A9 B= B sk 709

Table 4. Important Values Determined from the Swelling Test
of the Cured Specimens

Content of
cross-linker % d M.
(phr) (Maximum) (MPa'?) (10° mol/g) (10° g/mol)
0 3.198 22.06 0.253 1.975
1 2.934 22.07 0.315 1.590
3 2.654 22.08 0.408 1.225
5 2.457 22.08 0.502 0.995
7 2.034 21.54 0.839 0.597

Figure 8. (a) Cross-linking density of the UV-cured films; (b) aver-
age molecular weight between the crosslinking points with cross-
linker content.
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DTMPTAS X381 g UV @g}aﬂ 2] o4, 5 phr 2
7 phr 712 oT *M%%‘E—t— F2nf 5 o4ul] =L
t}. DTMPTAS] 32 5 phrz 78/\] 7)3 BAA0) ehakzk
9] st w}% FHAEE SAT 43, Sldgol
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