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Abstract — In the study, acrylate copolymer as MMA-co-GMA-co-AA with a high hardness and flexibility was syn-
thesized for applying to the clear protection film, where GMA was used as a mediator to enhance polymerization-effi-
ciency between MMA and AA. With an increase of GMA content, molecular weight and hardness of acrylate copolymer
increased, however, flexibility decreased. With an increase of AA content, its molecular weight and hardness decreased,
however, flexibility increased. Molar ratio of GMA/MMA and AA/GMA were optimized as 1.6 and 1.8, respectively, at
30 g of MMA to enhance hardness and flexibility of acrylate copolymer film. Molecular weight and Tg of the acrylate
copoylmer were 13,300 g/mol and 136.5 °C, respectively. Hardness of the coated film at 1.4 g/m? of spread was 1 H and
no crack was observed at expansion ratio of 5% and 15%, respectively. Hardness of film was improved to 3 H by
increasing spread of 4.1~4.6 g/m?.
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Fig. 1. Chemical structures of (a) MMA, (b) GMA and (c) AA.
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Fig. 2. Schematic diagram of the equipment for polymerization of
acrylate copolymer as MMA-co-GMA-co-AA.

Japan)g AHESISITE T ol E T A X0 EEF
& B7187] §5ke] ROl 92%<] o]F<IAE PETEE
(SM30, 23 um, SKC, ti3H1=)S 7142 ARE-SISITT.

2-2. AI%-I I:CIJ-I:H

ol HHO|E FE A /32 Fig. 28} o] =AE AR & o]
4319.0H Fig. 39} 22 W o2 Mdsisict.

olad ol E F5A] $S GMASE MMAE 5 3sto]
(GMA-co-MMA)Y ot 3 FFFAE 4+ 1,2 dA9 v3-4
(GMA-co-MMA)E FR]of] AAS F718 02 ATAI7 (MMA-co-
GMA-co-AA)E 9] olaH0|E FS5AE sHdsh= 3 WA= L}
o] x}ﬂj 2B GMASE MMA2] 53H57d ol MMAS)
= ARgERS 30 g1 GA: 7.5¢, 2 A 225 )0 7 A& GMAL)
T A 3093 g B9 el GMA/MMA & 8] 2710 wle}
/\%Eﬂ;ﬁi Z S o}-oﬂl:}— Flg 24 H]—«—7](J.]—0]E’_ﬂi, 1?_‘1,] 500 mL)Oﬂ
GMA 7.5~23.35 g, MMA 7.5 g, DM 0.13 g%} BA 100 g& ¥ 7}

AAZA] AIBNS 0.75 g H718t The, 90 °C 253270014 2 Alzk
B A7) SlellA] wHAZITE 1 WAlA A& Wkg-Eel] T}
Al GMA 22.5~69.75 g, MMA 22.5 g, DM 0.37 g, AIBN 225 g&
91 1 A WA BASE A0 5 AR B9 wHkA I
o719 AIBN 1 g& 713t th2 90 °CollA 1 A)ZHs<t WA 53T},

O] HE§-E-5 120 °CE 5-2310] 2 ARF F<F WEEAIZ] 5 60 °CE Y
ZIAZ 0 2 M (GMA- co-MMA)‘B‘é olmE FEEAE YUk 12
kS A2 H-5-Eof AA 42.6~85.2 g, MPh 0.2 g, PPh,
0.54 g& 27} Z*ﬂoh 110 °CollA Aba 71E2 F291818 M 8 A7t
Zok BES AT HFA 02 MPh 0.14 g& g0l WS FAAH

Korean Chem. Eng. Res., Vol. 49, No. 1, February, 2011



64 A -

Placing 7.5~23.25 g of GMA, 7.5 g of MMA, 0.13 g of DM,
0.75 g of AIBN, and 100 g of BA

ﬂStirring at 90°C for 2 h under nitrogen condition

Adding 22.5~69.75 g of GMA, 22.5 g of MMA, 0.37 g of DM,
and 2.25 g of AIBN

uStirring at 90°C for 5 h under nitrogen condition

Adding 1 g of AIBN

Stirring at 90°C for 1 h, 120°C for 2 h
under nitrogen condition, and cooling at 60°C

Adding 42.6~85.2 g of AA, 0.2 g of MPh, and 0.54 g of PPh;

ﬂ Stirring at 110°C for 8 h with air-bubbling

Adding 0.14 g of MPh

g

Acrylate copolymer

Fig. 3. Synthesis method for acrylate copolymer.
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Fig. 4. Effect of molar ratio of GMA/MMA on molecular weight (M,,)
of acrylate copolymer.
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Table 1. Composition of samples with a varying molar ratio of GMA/MMA

Molar ratio of GMA/MMA MMA(g) GMA(g) AA(g) DM(g) AIBN(g) BA(g) MPh(g)  pphs(g) HCPK(g) HDIC(g)
1.0 30.0 42.7 243 0.5 4.0 100 0.2 0.54 0.5 1.0
1.6 30.0 70.0 399 0.5 4.0 100 0.2 0.54 0.5 1.0
2.0 30.0 84.0 414 0.5 4.0 100 0.2 0.54 0.5 1.0
22 30.0 93.1 53.1 0.5 4.0 100 0.2 0.54 0.5 1.0
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Fig. 7. Effect of molar ratio of AA/GMA on T, of acrylate copolymer.
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Fig. 8. FT-IR spectra of the copolymers synthesized by 2nd- (MMA-
c0-GMA) and 3rd-step (MMA-co-GMA-co-AA).

Molar ratio of AA/GMA  MMA(g) GMA(g) AA(g) DM(g)  AIBN(g) BA(g) MPh(g)  pphs(g) HCPK(g) HDIC(g)
1.0 30.0 70.0 22.1 0.5 4.0 100 0.2 0.54 0.5 1.0
1.4 30.0 70.0 31.0 0.5 4.0 100 0.2 0.54 0.5 1.0
1.8 30.0 70.0 39.9 0.5 4.0 100 0.2 0.54 0.5 1.0
2.0 30.0 70.0 44.3 0.5 4.0 100 0.2 0.54 0.5 1.0
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Fig. 10. Effect of spread on transparency of the coated film.
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Fig. 11. Effect of molar ratio of GMA/MMA on hardness of the coated
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Table 3. Effect of molar ratio of GMA/MMA on flexibility of the film
coated by acrylate copolymer as MMA-co-GMA-co-AA

Molar ratio of Flexibility

GMA/MMA 5% 15%
1.0 O O
1.6 O O
2.0 X X
22 X X

(O: no crack, x: crack)
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g. 12. SEM images of (a) acrylate copolymer surface with no-crack
and (b) with crack (magnification: x 100).
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Fig. 13. Effect of molar ratio of AA/GMA on hardness of the coated
film.
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Table 4. Effect of molar ratio of AA/GMA on flexibility of the film
coated by acrylate copolymer as MMA-co-GMA-co-AA

Molar ratio of Flexibility
AA/GMA 5% 15%
1.0 X X
1.4 O X
1.8 O O
2.0 O O
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AA/GMAS) & H] %710] 1.0, 14, 1.8, 2002 S7FPd o512
Zo)E F5EA 2] EAREM, )y 23,200, 21,500, 13,300, 12,900 g/
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72 1.8°194 ¢t}

GMA/MMAS] £ 1] 1,62} AA/GMAS] = 4] 1.8°4 F24 o}
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om 43, 46 gm’E EXFE ST AF] WEIEL 899,
89.1%% Goj gt} LEo] 0.6, 1.4, gm™Q BF BE YAl
1 Holom 2.1, 3.8 gm’Z E=EHS S7Ishd U+A4L 2 HR 5
7ValQiTh. I 4.1,43, 4.6 g/m*E EXFS ZTA7E YTAE
HZ 7HA =3
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