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Abstract : A commercialized biobased and biodegradable poly (lactic acid) (PLA) containing the functional
monomer of glycidyl methacrylate (GMA) was chemically modified using reactive extrusion to enhance
its melt strength. Modified PLAs were prepared with various contents of GMA and initiator, and were
characterized by observing their gel fraction, thermal properties, melt viscoelasticity and biodegradability.
The complex viscosity and storage modulus of chemically modified PLA with the initiator alone was
increased by addition of initiator and were more increased in the presence of GMA. There was a optimum
content of GMA showing the maximum complex viscosity with the amount of initiator. The biodegrade—
bility of modified PLA was slightly decreased by addition of GMA.

Keywords : poly (lactic acid), functional monomer, reactive extrusion, thermal and rheological properties,
biodegradability.
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8 g/10 min(3F5 2.16 kg =% 190 TellX &7t 3b) = Cargill
Dow LLCEZYE] F-qlate] 50 CTelld 24417k 7izslo] AMEa1el
o 7157 @EAE GMA 2 HES7IAIA(2,5—bis ((tert—butyl
peroxy) —2, 5—dimethyl hexane: Luperox))+ AldrichA}2-
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Table 1. Gel Fraction and Thermal Properties of Modified PLA

Code Initiator ~GMA Gel fraction 7, Tn  AH

number  (phr) (phr) (%) () (o U
1 PLA® 0.2 61 166 1.4
2 0 0.1 0 62 169 27.1
3 0 0.3 0 61 168 27.7
4 0 0.5 0 61 169 27.0
5 0 1 0 58 167 34.1
6 0 3 0 54 165 32
7 0 5 0 55 165 30.3
8 0.1 0 0.9 59 164 33
9 0.1 0.1 0.6 62 167 279

10 0.1 0.3 0.6 62 167 314
11 0.1 0.5 0.2 61 168 21.3
12 0.1 1 0.3 61 168 229
13 0.1 3 0.5 58 167 23.8
14 0.1 5 1.2 56 166 36.7
15 0.3 0 0.9 58 167 33.9
16 0.3 0.1 2.5 62 165 29.5
17 0.3 0.3 0.4 62 168 27.3
18 0.3 0.5 0.1 62 169 28.0
19 0.3 1 0.1 56 164 32.1
20 0.3 3 0.5 57 165 28.3
21 0.3 5 0.3 53 164 27.2
22 0.5 0 3.1 58 166 30.4
23 0.5 0.1 5.6 57 165 31.7
24 0.5 0.3 8.4 58 165 283
25 0.5 0.5 16 61 166 29.9
26 0.5 1 3.6 60 167 21.3
27 0.5 3 3.1 61 169 27.0
28 0.5 5 0.1 57 166 20.4

“Plain PLA was commercial grade.
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Figure 1. Complex viscosity versus frequency for modified
PLA with various contents of initiator at 190 C.
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Figure 2. Storage modulus versus frequency for modified
PLA with various contents of initiator at 190 C.
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Figure 3. Plot of storage modulus against loss modulus for
modified PLA with various contents of initiator at 190 C.
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Mg} el A7) (epoxy group) & 7HALL Sl 1573 =0t
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Al GMAZF 7IAA] §lo] @502 PLACY H7kd 79 23}
0] Auje} o] H7hd GMAeN &3k PLA A=) 7143}, 71 st
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(#8~14)2] A¥}= Table 13 Figures 6~8° X}l oJ7]4
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Figure 4. Complex viscosity versus frequency for modified
PLA with various contents of GMA at 190 TC.
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Figure 5. Plot of storage modulus against loss modulus for
modified PLA with various contents of GMA at 190 C.
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7ol mEt BRI SR O E FUbsl L o] F GMA Y]
S7FeFA B AR Ashs e Beltk 5 GMA7F0.3
phr 32378 7I1F PLA#10) o H5FHEI} s Falg JoellA
7P =2 s B3la, o]319] Hu A= 55 PLASE ZAA|I =
MR PLAS] H3AER Z47F 3909} 1.58) 3 gtoldl
ok GMAS] 37k B3R ert T @ o= 37k GMAZ}
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Figure 6. Complex viscosity versus frequency for modified
PLA with 0.1 phr initiator and various contents of GMA at
190 TC.
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Figure 7. Storage modulus versus frequency for modified
PLA with 0.1 phr initiator and various contents of GMA at
190 T.
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Figure 8. Plot of storage modulus against loss modulus for
modified PLA with 0.1 phr initiator and various contents of
GMA at 190 C.
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Figure 9. Complex viscosity versus frequency for modified
PLA with 0.3 phr initiator and various content of GMA at
190 C.
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Figure 10. Storage modulus versus frequency for modified
PLA with 0.3 phr initiator and various content of GMA at
190 C.
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Figure 11. Plot of storage modulus against loss modulus for
modified PLA with 0.1 phr initiator and various content of
GMA at 190 TC.
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Figure 12. Complex viscosity versus frequency for modified
PLA with 0.5 phr initiator and various contents of GMA at
190 C.
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Figure 13. Storage modulus versus frequency for modified
PLA with 0.5 phr initiator and various contents of GMA at
190 C.
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Figure 14. Plot of storage modulus against loss modulus for
modified PLA with 0.5 phr initiator and various contents of
GMA at 190 C.
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