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Z5: Poly(lactic acid)(PLAY= o8] 7HA] o= B-Falal dnbd oz vhe fAgo] e 7 od &
S Bes17] 23l n-butyl acrylate(BA)2} methyl methacrylate(MMA)S =82 poly(BA-co-MMAYE &
Z Azsiact. shl wEt Al poly(BA-co-MMA)Q] %, A &=, Exl, 44 448 B4
PLA/poly(BA-co-MMA) 50 wt%/50 wt% A =2 52 Hekid
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Abstract: Despite the several advantages, low flexibility and high brittleness in poly(actic acid) (PLA) are generally rec-
ognized as disadvantages. In order to improve these properties, poly(BA-co-MMA) with different monomer ratio was
prepared by suspension polymerization. The effect of the monomer ratio on the structure, gel content, molecular weight,
and thermal property of poly(BA-co-MMA) was investigated. And thermal, mechanical, melt flow, and morphology of
PLA/poly(BA-co-MMA) 50 wt%/50 wt% blend were investigated by dynamic mechanical anaysis (DMA), melt flow
index (MFI), tensile tests, and scanning electron microscopy (SEM). In this study, the introduction of poly(BA-co-MMA)
with BA content of 40~60% increased the flexibility of PLA.

Keywords: »-butyl acrylate, methyl methacrylate, poly(lactic acid), suspension, copolymerization.
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Figure 1. Experimental set up for suspension polymerization.

Table 1. Conversion for Copolymerization of co-BA-MMA

MMA/BA Conversion
Compositon (%)
90/10 97.39
80/20 97.93
70/30 97.88
60/40 99.25
50/50 98.15
40/60 97.94
30/70 95.32
20/80 92.03
10/90 94.93
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Figure 2. Schematic of the formation of radical propagation/backbiting and termination by combination/disproportionation.
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Figure 3. Chemical structure of acrylic copolymers.
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Table 2. MMA and BA Contents(Mole Fraction) in the
Prepared Copolymers Calculated According to Copolymer
Equation and NMR Experiment

MMA/BA by Copolymer equation by NMR*
Composition MMA BA MMA BA

90/10 0.9634 0.0366 0.9091 0.0909
(0.887)

80/20 0.9216 0.0784 0.8571 0.1429
(0.824)

70/30 0.8733 0.1267 0.7692 0.2308
(0.723)

60/40 0.8168 0.1832 0.6557 0.3443
(0.598)

50/50 0.7496 0.2504 0.5714 0.4286
(0.510)

40/60 0.6681 0.3319 0.4444 0.5556
(0.385)

30/70 0.5668 0.4332 0.3750 0.6250
(0.319)

20/80 0.4363 0.5637 0.2703 0.7297
(0.224)

10/90 0.2596 0.7404 0.1290 0.8710
(0.104)

“Copolymer compositions were calculated by using the following
equation. *Weight fraction of MMA in copolymer.

Intensity of peak H1
Intensity of peak H1 + 1.5xIntensity of peak H2

Cyma(mole fraction)=

C le fracti 1.5xIntensity of peak H2
sa(mole fraction)= Intensity of peak H1 + 1.5xIntensity of peak H2
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Figure S. Copolymer composition for MMA/BA vs monomer com-
position.
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Table 3. Gel Contents of the Prepared Acrylic Copolymers

MMA/BA Gel content
Composition (Wt%)
100/0 0.34
80/20 1.55
60/40 54.35
40/60 65.94
20/80 80.63

*Gel content was calculated by using the following equation.

_Insoluble weight(g)

Gel content(wt%) %100

Initial weight(g)

Modhs 218 ER1E  Qdoh. BAS] §Hego] F71eHA| =
TEHA FAREC] 7R 0] Bl thiE A g4
2 A o]o] wpe} vpmR] EAte] BApge Aol
Ao Azbert,

OI3% SEEHAel 85 MEMY 24, BAS FHFol 80%
odollME =& A Ao Ao ) 59 Az
2 A AeA B4 ojEge] ATk A} T o] 7o
AE ot=2d FFHAS FE T,E 1Y) 98 54 A
9] tand/(tand),.. S Figure 69l UYERASATY. ZH2te] o
9 ol=md 35 T8 BF she] T7F vehkes 2e A
I AL P B2 FTHAE shte] Fo g EAlshs
Aoz Az ditdo s ayY I3 2 Bd=o) 7t
AR 4AS 43 od T,E =T = dth 2 Tl
7V rasiA AREEISL 3 Fox equation 4] (7) EAH
sl w2 7, 2= 2 (free volume)’t 5715HA =
A 2ol we 77F SolAIA "k wy, wis MMA 2 BAS)
A &3 Uehi L, T, T.o= MMA 3 BA ZF 3B}
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Table 4. Molecular Weights and Molecular Weight Distributions of the Prepared Acrylic Copolymers

My M,*

M, M}

MMA/BA (@/mol) (g/mol) PDI (@/mol) (@/mol) PDI
100/0 399930 1072859 2.68 275177 813838 2.96
90/10 223379 842687 377 310966 963262 3.10
80/20 308749 1123643 3.64 390078 1102157 2.83
70/30 291116 1023513 352 249399 858193 344
60/40 170466 796038 467 253727 795476 3.14
50/50 174763 676132 3.87 191964 588836 3.07
40/60 142950 532542 373 138720 392343 2.83
3070 99467 374187 376 114271 262648 230
20/80 75456 27142 301 74432 128340 172
10/90 61574 223641 3.63 ) ; ;

“Solvent: THF. *Solvent: CHCl;.
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Table 5. Glass Transition Temperatures of Prepared Acrylic

R Ay

Copolymers
. T, Calculated by equation
MMA/BA T, obtained -
Composition by tand (°C) Foff €q. G'UT €q. KWOeI €q.
O O @)
100/0 125.70 125.70 125.70 125.70
90/10 110.6 93.11 102.71 102.81
80/20 90.3 77.16 90.29 90.38
70/30 69.2 54.29 70.94 70.96
60/40 50.2 29.81 47.92 47.79
50/50 35.5 14.66 32.28 32.04
40/60 14.2 -4.42 10.85 10.47
30/70 -1.9 -13.51 -0.12 -0.53
20/80 -30 -25.57 -15.51 -15.91
10/90 - -39.29 - -
0/100 -50 -50 -50 -50
120 4 .
= = Fox equation o /
1004 Gordon-Taylor equation  k=1.1817 7/
Kwei equation - —_ 5 .
[ ] Experiglental data #=1.0008 , =-30.1 68> . /
80 4 .
o /7
60 - Lot
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Qvun 40 o
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Figure 7. Result for the MMA/BA copolymers as a function of

composition.
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Figure 8. Dissipation factor log(tand) curves of PLA and PLA/
acrylic copolymer blends (PLA: acrylic copoylmer 50 wt%:50 wt%).
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Figure 9. Shifted dissipation factor log(tand) curves of PLA and
PLA/acrylic copolymer blends (PLA: acrylic copoylmer 50 wt%:
50 wt%).
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Table 6. T, of PLA, Acrylic copolymer and Acrylic Copoylmer/
PLA Blend

MMA/BA

T,obtained PLA-MMA/BA T, T,, obtained

Composition by tand (°C)  Composition by tand (°C)
- - PLA 58.9
90/10 110.6 P90/10 90.8
80/20 90.3 P80/20 61.4, 85.2
70/30 69.2 P70/30 65.7
60/40 50.2 P60/40 40.9, 62.3
50/50 355 P50/50 21.2, 58.9
40/60 14.2 P40/60 42,589
30/70 -1.9 P30/70 -13.8, 58.9
20/80 -30 P20/80 -29.0, 58.9
10/90 - P10/90 -44.2, 58.9
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Figure 10. MFI of PLA and PLA/acrylic copolymer blends (PLA:
acrylic copoylmer 50 wt%:50 wt%).
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Figure 11. Tensile strength/modulus of PLA and PLA/acrylic copo-
lymer blends (PLA: acrylic copoylmer 50 wt%:50 wt%).
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Figure 12. Elongation at break/toughness of PLA and PLA/acrylic
copolymer blends (PLA: acrylic copoylmer 50 wt%:50 wt%).

Table 7. Gel Content of PLA/Acrylic Copolymer Blend (PLA:
Acrylic Copoylmer 50 wt%:50 wt%)

MMA/BA Gel content of PIA/Acrylic copolymer
Composition blend (wt%)
80/20 0.78
60/40 37.32
40/60 49.19
20/80 67.55

Gel content was calculated by using the following equation.
Gel content(%)=

Gel of acrylic copolymer (g)
PLA(g)*+(Acrylic copolymer — Gel of acrylic copolymer)(g) <100
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Figure 13. SEM micrographs of fractured surfaces (left, middle) and tensile fractured surfaces (right) of acrylic copolymer and PLA/acrylic

copolymer blends (PLA: acrylic copoylmer 50 wt%:50 wt%).
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