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Abstract: In order to improve the low impact resistance of polystyrene without harming its transparency the styrene
monomer was copolymerized with transparent butyl acrylate (BA), and methylmethacrylate (MMA) to obtained a
poly(styrene-co-butylacrylate) P(SM-co-BA) and a terpolymer copolymer P(SM-co-BA-co-MMA). The polymers were
then cross-linked with the aid of a cross-linking agent dicumylperoxide (DCP), and their mechanical and optical prop-
erties were tested. It was found that the contents of monomers and DCP affect the mechanical, thermal, and optical prop-
erties of the polymers. An increase in BA contents in P(SM-co-BA) and P(SM-BA-MMA) improved the mechanical
strength, but the optical properties remained the same with some exception for P(SM-co-BA). An increase in the DCP
contents improved the mechanical but found losses in the optical properties.
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Figure 1. Effect of different refractive index and size of domain.
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Table 1. Physical Properties of Monomers

Pol 7 Refractive Reactivity
Monomer 03{?&? & index ratio
(600 nm) e i
Styrene monomer
[SM] +100 1.592 - -
n-Butyl acrylate .54 1474 079 025
[BA] ) ’ ’
Ethyl acrylate
[EA] -22 1.469 0.8 0.2
2-Ethylhexyl acrylate
[2-EHA] -85 1.433 0.94 0.26
Methyl
methacrylate +105 1.488 0.5 0.5
[MMA]
“ry: Styrene. *T,: Acrylate.
Al =1
[=]

Al 2 =, B Ao AFEE styrene monomer(SM)
+ SAMCHUN Alol|A A4k RS ARg-siaict, 353l At
Loz ola | e]E TEA|= JUNSEI Chemical Co.,Ltd
Atell A A 23 butyl acrylate(BA), methyl methacrylate
(MMA)E A&ttt 283 SH/AAAZE SIGMA-
ALDRICH AR A] A Z3F peroxideA] € Q1 benzoyl peroxide
(BPO)E 218313t dE¥Al= SIGMA-ALDRICH Aol A|
23} poly(vinyl alcohol)(PVA) & EAFaF0] 85000~124000
Atol¢] AL AHEIATE 71Al 25 SIGMA-ALDRICH A}
9] dicumyl peroxide(DCP)E ARE-3t3ATE. 12} 4FsbR] A 2f
22} 2FPA A= Irganox® 101032 Irgafos® 168= BASF Af
o] A& AFESF T Table 20 AMEE A1z} A 552 A
R =
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?l 85°CE #-X|3It}. Table 3, 4o YERH Az} 72 24
2 A9 MAAE 42 T2 dropping funnelol] ¥l
&717l AXgeE AR Q] SRS 2 1S
&5 gojig]y wHFEEE 300 ipmo 2 dto] §A7F %
oF =3ls1).

SM/BA/MMA 3¥ SSgH|et DCP 7tmts. ol A3
oAl Lofzl FFFA T 71712 =740] 7P FHold S6B3MI
24 EHAN FHRAE 915 DCPE 22} 005, 0.,
0.15, 0.2 phr= H|&& @23t 4> F BrabenderA}o]
Plasticorder PLE 3315 ©]&3}¢] 170 °CollA] 50 rppme 2 &
A7+ s w7kA] 527F 7FeRkE sheith. DCP= alkyl
peroxide-% UF0Z 170°C AFL] 25oA W7 E 714]

3 ESfEnh wEtd FEEAL s 913 A7 2%

y Z T m OIN



2ElA A

Table 2. Materials Used in This Study
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Materials

[Designation] Characteristics Supplier
Styrene Molar mass : 104.15 g/mol ~ SAMCHUN
[SM] Melting point : -31 °C
Boiling point : 145°C
purity : 99.5%+
Butyl acrylate Molar mass : 100.12 g/mol JUNSEI
[BA] Melting point : -48 °C Chemical
Boiling point : 101 °C Co., Ltd
purity : 99.5%+
Methyl methacrylate Molar mass : 100.12 g/mol JUNSEI
[MMA] Melting point : -71 °C Chemical
Boiling point : 99.4°C Co., Ltd
purity : 99.5%+
Benzoyl peroxide Molar mass : 242.23 g/mol SIGMA-
[BPO] Melting point : 105 °C ALDRICH
75% remainder water
Dicumyl peroxide Molar mass : 270.37 g/mol SIGMA-
[DCP] Melting point : 40 °C ALDRICH
Assay : 98%
Poly(vinyl alcohol) M, : 85000~124000 SIGMA-
[PVA] 99+% hydrolyzed ALDRICH
Irganox 1010 Melting range : 110~125°C BASF CO.
Flash point : 297 °C
Specific gravity : 1.15 g/em®
Irgafos 168 Meling point : 183~186 °C BASF CO.
Specific gravity : 1.03 g/em’
Table 3. Feed Ratio of SM and BA
(unit:phr)
Description SM  BA BPO* PVA’
S9B1 90 10 0.2,03,05, 1 0.2
S8B2 80 20 0.2,03,05,1 0.2
S7B3 70 30 0.2,03,05, 1 0.2
S6B4 60 40 0.2,03,05,1 0.2
S5BS 50 50 0.2,03,05, 1 0.2
“Monomer base. *Aqua base.
Table 4. Feed Ratio of SM, BA and MMA
(unit:phr)
Description SM  BA MMA BPO* PVA?
S8BIMI 80 10 10 0.3 0.2
S7B2M1 70 20 10 0.3 0.2
S6B3MI 60 30 10 0.3 0.2
S5B4M1 50 40 10 0.3 0.2
“Monomer base. *Aqua base.
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Table 5. Effect of BPO Amount of M,, M, and PDI

ulalg - MHE

BPO

M, (g/mol)

My (¢/mol)

PDI

1 phr
0.5 phr
0.3 phr
0.2 phr

50000
84000
103000
140000

93000
164000
203000
338000

1.88
1.94
1.97
2.41

| B A A L
8 6 4 2 0

3 (ppm)
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Figure 3. (a) '"H NMR of SM, BA copolymer; (b) '"H NMR of SM,
MMA copolymer.
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Figure 4. T, of SM/BA copolymers.
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Figure 5. 7, of SM/BA/MMA terpolymers.
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Table 6. Differential 7, of Fox Equation and Experiment
about SM/BA Copolymers

Description Fox equation (°C) Experiment (°C)
S9BI 86.8 80.0
S8B2 56.2 65.0
S7B3 38.0 50.0
S6B4 22.0 32.0
S5BS 7.0 21.5

Table 7. Differential 7, of Fox Equation and Experiment
about SM/BA/MMA Terpolymers

Description Fox equation (°C) Experiment (°C)
S8B1IM1 77.2 78.5
S7B2M1 56.6 60.4
S6B3M1 383 34.0
S5B4M1 21.9 274
0.4

S6B3M1
............ S6B3M1 + DCP0.05
0.2 - — — — - $6B3M1 +DCPO0.1
—_———— S6B3M1 + DCP0.15
- 00d |- S6B3M1 + DCPO.2
5 °
=
= 0.2 4
3
K
& 044
©
1}
T .06
0.8 -
1.0 . . . :
0 20 40 60 80 100

Temperature(TC)

Figure 6. 7, of SM6:BA3:MMAI terpolymer with DCP.
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Table 8. Transmittance on SM/BA Copolymers

Description Transmission (%)

S9B1 83.6
S8B2 83.9
S7B3 82.6
S6B4 81.9
S5B5 87.0

Table 9. Transmittance on SM/BA/MMA Terpolymers

Description Transmission (%)

S8B1IM1 83.2
S7B2M1 84.3
S6B3M1 84.2
S5B4M1 84.6

Table 10. Transmittance on SSB4M1 Terpolymers with DCP

Description Transmission (%)

S6B3M1 84.2
S6B3M1D005 83.2
S6B3M1D010 83.1
S6B3M1DO015 83.9
S6B3M1D020 82.8

Zan, #3948 A23, 20153
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Figure 7. Tensile strength of SM/BA copolymers (gray line: GPPS).
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