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ĬŅĚĽŅĺ ĔĶŀĚĔŅĠĬƢ ĭŜŅĶŋĚĬŀĔ: ĔŅĶĻŉĔļŅŐĸŃĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĕŀĚıŀĸŇŐĸ
ėĨŇĔŐŀĞŇħŐĸŃıŀĸŇŏŀĪŇĸňĬœĔĸėŀĸĪňŗĴňĔŅĶŏĨŇĴĽŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵĽŜŅľĶńĭĔŅĶĵŊħŀŅĵŋŏľŖħ ŀŅěŅĶĵƢ
ĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢľĸńĔ : įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ. ıŌĬĪĶńıĵƢ ĨĶňĳıĬŅĩĔŌĸ 

 
ĚŅĬĺŇěńĵĬňŘĴŋƞĚŏĬƟĬıńĥĬŅıŀĸŇŏĴŀĶƢĪňŗĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıĝĬŇħıŀĸŇŐĸėĨŇĔŐŀĞŇħ (PLA) 

ŏıŊŗŀŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭĵŊħŀŅĵŋŏľŖħ őħĵŐĭƞĚŀŀĔŏĮƦĬ 4 ĨŀĬ ĨŀĬĪňŗ 1 ĻŉĔļŅĔŅĶŏĨŇĴĽŅĶ
ıĸŅĽĨŇœĞŏĞŀĶƢĝĬŇħıŀĸŇŏŀĪŇĸňĬœĔĸėŀĸ (PEG) Īňŗ 5, 10, 20 ŐĸŃ 30% őħĵĬŘŜŅľĬńĔ ŐĸŃĨŀĬĪňŗ 2 
ĻŉĔļŅĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħ Joncryl ADR Īňŗ 1.00, 1.25 ŐĸŃ 1.50 phr ŒĬ PLA/PEG10 
ŏıŊŗŀŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚ PLA ŐĸŃ PEG  őħĵıŀĸŇŏĴŀĶƢįĽĴěŃĩŌĔŏĨĶňĵĴįƞŅĬĔĶŃĭĺĬŀńħĶňħ
ŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵĺŇīňĔŅĶŀńħĶňħĲƕĸƢĴ ıĭĺƞŅ PEG ĽƞĚįĸŒľƟĲƕĸƢĴįĽĴĽŅĴŅĶĩĮĶŃıķĨŇĨńĺŐĭĭĵŊħľĵŋƞĬ
œħƟĪňŗĔŅĶŏĨŇĴ PEG 20% őħĵĬŘŜŅľĬńĔ ŐĨƞėĺŅĴŐĕŖĚŐĶĚĕŀĚĲƕĸƢĴįĽĴŐĸŃėĺŅĴŐĕŖĚŐĶĚĕŀĚıŀĸŇŏĴŀĶƢľ
ĸŀĴŏľĸĺĸħĸĚŀĵƞŅĚĴŅĔ ĨŀĬĪňŗ 2 ĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚ ADR ıĭĺƞŅ ADR ĽƞĚįĸŒľƟėĺŅĴĽŅĴŅĶĩŒĬ
ĔŅĶĕŉŘĬĶŌĮħňĕŉŘĬ ŐĸŃĲƕĸƢĴįĽĴ PLA/PEG ĽŅĴŅĶĩĮĶŃıķĨŇĨńĺŐĭĭĵŊħľĵŋƞĬœħƟĪňŗĔŅĶŏĨŇĴ PEG 10% 
őħĵĬŘŜŅľĬńĔ ŏĴŊŗŀŏĨŇĴ ADR Īňŗ 1.25 ŐĸŃ 1.50 phr ŐĽħĚŒľƟŏľŖĬĺƞŅ PLA/PEG ĴňėĺŅĴŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬ
ŐĸŃŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸ ĽĴĭńĨŇħƟŅĬĔŅĶœľĸ ŐĸŃĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĪňŗħňĪňŗĽŋħŏĴŊŗŀŏĨŇĴ ADR 1.25 
phr  ĔŅĶĮĶńĭĮĶŋĚĲƕĸƢĴįĽĴĕŀĚ PLA/PEG/ADR ŒľƟŏĮƦĬ Active packaging ħƟĺĵĔŅĶŏĨŇĴĽŅĶĵńĚĵńŘĚ
ŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĨƟŅĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬĝĬŇħĬŘŜŅĴńĬĽĔńħŏĴĸŖħŀĚŋƞĬ (GSE) őħĵĴň PLA-g-MA 
ĪŜŅľĬƟŅĪňŗŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚ GSE ŐĸŃıŀĸŇŏĴŀĶƢįĽĴ őħĵŒĬĨŀĬĪňŗ 3 ŐĸŃ 4 ėŊŀĔŅĶĻŉĔļŅ
ŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴ PLA-g-MA ĪňŗĮĶŇĴŅĦ 0, 3, 6, 9 ŐĸŃ 12% őħĵĬŘŜŅľĬńĔ ŐĸŃŀŇĪīŇıĸĕŀĚ GSE Īňŗ 
1, 2, 3 ŐĸŃ 4 phr ĨŅĴĸŜŅħńĭ ĨƞŀĲƕĸƢĴįĽĴ PLA/PEG10/ADR1.25 ıĭĺƞŅĔŅĶŏĨŇĴ PLA-g-MA 3% 
őħĵĬŘŜŅľĬńĔ ŐĸŃ GSE 4 phr ŒĬıŀĸŇŏĴŀĶƢįĽĴ PLA/PEG10/ADR1.25 ĽƞĚįĸŒľƟĲƕĸƢĴĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗ
ħň ŐĸŃĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĨƟŅĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅı ěŅĔĪňŗĔĸƞŅĺĴŅĬňŘĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅĲƕĸƢĴ PLA/PEG10/ADR1.25 ŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸ 
ĽĴĭńĨŇĔŅĶœľĸ ŐĸŃĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĪňŗħňĪňŗĽŋħ ŐĸŃŏĴŊŗŀŏĨŇĴ GSE 4 phr Ĕńĭ PLA-g-MA 3% őħĵ
ĬŘŜŅľĬńĔ ĲƕĸƢĴįĽĴĽŅĴŅĶĩĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĨƟŅĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅı ŐĸŃĶńĔļŅėŋĦĳŅıĕŀĚŏľŖħĲŅĚœħƟĬŅĬ 5 ĺńĬ 
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ĭĪėńħĵƞŀĳŅļŅŀńĚĔķļ 

61402223 : Major (POLYMER SCIENCE AND ENGINEERING) 
Keyword : poly(lactic acid), Poly(ethylene glycol), ADR, Grape seed extract 

MISS KRONGKARN BUMRUNGNOK : STUDY AND PREPARATION OF PLA/PEG 
BLENDED FILMS INCORPORATED WITH ANTIMICROBIAL AGENT FOR PROLONGING 
SHELF-LIFE OF MUSHROOM THESIS ADVISOR : ASSISTANT PROFESSOR POONSUB 
THREEPOPNATKUL, D.Eng. 

The aim of this research is to develop biodegradable polymer as poly(lactic 
acid),PLA for mushroom shelf life extension packaging. There are 4 parts : the first 
part is the determination on plasticizer as poly(ethylene glycol),PEG addition at 5, 10, 
20 and 30%wt. Then is to study on PLA/PEG10 incorporated with chain extender 
(Joncryl ADR) at 1.00, 1.25 and 1.50 phr to act as compatibilizer of PLA and PEG. 
Polymer blends were processed via twin screw extruder and blended films were 
molded with cast film extrusion. PEG addition at 20%wt improved the flexibility of 
PLA. In contrast, the strength of blended films and melt strength of PLA were 
dramatically decreased. The incorporation of ADR increased the process ability and 
flexibility of PLA/PEG10 blended film. An active packaging was made with added 
antimicrobial and antioxidation agent as grape seed extract (GSE) together with PLA-g-
MA to act as compatibilizer of GSE and polymer blend. Therefore, the third  and 
last part were to study the impact of PLA-g-MA content at 0, 3, 6, 9 and 12% by 
weight and GSE content at 1, 2, 3 and 4 phr on to PLA/PEG10/ADR1.25 blended film 
respectively. The incorporation of PLA-g-MA 3% by weight and GSE 4 phr on 
PLA/PEG10/ADR1.25 blended film had shown good mechanical properties and 
effective antimicrobial and anti-oxidation activity. In conclusion, PLA/PEG10/ADR1.25 
blended film illustrated good mechanical, rheological and gas transmission 
properties. The addition of GSE 4 phr and PLA-g-MA 3% by weight revealed effective 
antimicrobial and anti-oxidation activity which extend shelf life of straw 
mushroom(Volvariella volvacea) for 5 days. 
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ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
  

ĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵŏıŊŗŀĭĶĶĸŋŏĮƚŅľĴŅĵĕŀĚĺŇĪĵŅıĬīƢĜĭńĭĬňŘ ĽŅĴŅĶĩĽŜŅŏĶŖěĸŋĸƞĺĚœħƟĳŅĵŒĨƟ
ėĺŅĴĝƞĺĵŏľĸŊŀĕŀĚ įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ.ıŌĬĪĶńıĵƢ ĨĶňĳıĬŅĩĔŌĸ ĞŉŗĚŏĮƦĬŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢľĸńĔ ŐĸŃ ħĶ.ŀŜŅĬŅě ĽŇĪīńĨĨĶŃĔŌĸ ĞŉŗĚŏĮƦĬŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢĶƞĺĴ ĪňŗœħƟĝƞĺĵŒľƟ
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ĭĪĬŜŅ 

1.1 ĪňŗĴŅŐĸŃėĺŅĴĽŜŅėńĠ 
 ŒĬĶŃĵŃŏĺĸŅœĴƞĔňŗĮƖĴŅĬňŘėĺŅĴĬŇĵĴŒĬĔŅĶĭĶŇőĳėŏľŖħĕŀĚėĬœĪĵŏıŇŗĴĽŌĚĕŉŘĬŀĵƞŅĚĴŅĔȮőħĵ

ĽŜŅĬńĔĚŅĬĴŅĨĶģŅĬĽŇĬėƟŅŏĔļĨĶŐĸŃŀŅľŅĶŐľƞĚĝŅĨŇȮ&ĴĔŀĝ,'ȮıĭĺƞŅĮƤěěŋĭńĬėĬœĪĵĬŇĵĴĭĶŇőĳėŏľŖħ

ŏıŇŗĴĴŅĔĕŉŘĬŐĸŃŏľŖħĵńĚŏĮƦĬĽŇĬėƟŅŏĔļĨĶĝĬŇħľĬŉŗĚĪňŗĮĶŃŏĪĻœĪĵĴňĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĪňŗĽŌĚȮĽƞĚįĸŒľƟ

ĨĸŅħŐĸŃīŋĶĔŇěŏľŖħĕĵŅĵĨńĺŏĨŇĭőĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĞŉŗĚŒĬĮƖȮ2558 ĴňĮĶŇĴŅĦįĸįĸŇĨŏľŖħĽŌĚĩŉĚȮ15,000 

ĨńĬ [1]ȮőħĵŒĬŀŋĨĽŅľĔĶĶĴĔŅĶėƟŅŏľŖħĵńĚėĚıĭĮƤĠľŅŒĬĔŅĶŏĔŖĭĶńĔļŅŏľŖħŒľƟŀĵŌƞŒĬĽĳŅıĪňŗŏľĴŅŃĽĴ

ŀĵƞŅĚŏĮƦĬŏĺĸŅĬŅĬœħƟĵŅĔȮŏĬŊŗŀĚěŅĔŏľŖħĴňŀńĨĶŅĔŅĶľŅĵŒěŐĸŃĔĶŃĭĺĬĔŅĶŏįŅįĸŅĠıĸńĚĚŅĬĪňŗĽŌĚ [2] Ȯ

ŐĸŃŏľŖħœĴƞĴňŏĮĸŊŀĔľƞŀľŋƟĴěŉĚœĴƞĽŅĴŅĶĩĮƚŀĚĔńĬĔŅĶĪŜŅĸŅĵŏĞĸĸƢĪňŗįŇĺĕŀĚŏľŖħȮŏĬŊŗŀĚěŅĔĔĶŃĭĺĬĔŅĶ

ŀŀĔĞŇŏħĝńĬȮěŋĸŇĬĪĶňĵƢȮŐĸŃėĺŅĴĝŊŘĬȮĪŜŅŒľƟŏľŖħŏĔŇħĔŅĶŏĽňĵĽĳŅıŏĬŊŗŀĚěŅĔĔŅĶŏĮĸňŗĵĬĽňȮŏĮĸňŗĵĬĔĸŇŗĬȮ

ľĶŊŀŏĮĸňŗĵĬĶĽĝŅĨŇȮľĸńĚěŅĔŏĔŖĭŏĔňŗĵĺœħƟŀĵƞŅĚĶĺħŏĶŖĺȮĪŜŅŒľƟŏľŖħĴňŀŅĵŋŒĬĔŅĶŏĔŖĭĶńĔļŅĪňŗĽńŘĬ [3] őħĵĪňŗ

įƞŅĬĴŅĔŅĶŏĔŖĭĶńĔļŅŏľŖħȮěŃŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢěŜŅıĺĔĲƕĸƢĴıŀĸŇŏĴŀĶƢĪŅĚĔŅĶėƟŅĨƞŅĚŕȮŏĝƞĬȮıŀĸŇŏŀ

ĪŇĸňĬėĺŅĴľĬŅŐĬƞĬĨŗŜŅȮ(LDPE)ȮȮıŀĸŇőıĶıŇĸňĬȮ(PP) ľĶŊŀıŀĸŇœĺĬŇĸėĸŀœĶħƢȮ(PVC) ĞŉŗĚěŅĔ

ĽĩŅĬĔŅĶĦƢĕĵŃıĸŅĽĨŇĔŒĬĮƤěěŋĭńĬȮěŅĔĔŅĶĶŅĵĚŅĬĕŀĚĔĶĴėĺĭėŋĴĴĸıŇļıĭĺƞŅĕĵŃıĸŅĽĨŇĔŒĬœĪĵ

ĴňĴŅĔĔĺƞŅȮ0ȮĸƟŅĬĨńĬȮŐĸŃĽƞĚįĸŒľƟĮĶŇĴŅĦĕĵŃıĸŅĽĨŇĔĪňŗĸĚĽŌƞĪŃŏĸĕŀĚĮĶŃŏĪĻœĪĵĴňĮĶŇĴŅĦĪňŗĽŌĚŏĮƦĬ

ŀńĬħńĭȮ4ȮĕŀĚőĸĔȮĪŅĚĶńģĭŅĸœĪĵěŉĚĴňĔŅĶĔŜŅľĬħŏĮƚŅľĴŅĵĔŅĶŏĸŇĔŒĝƟıĸŅĽĨŇĔŐĭĭŒĝƟŐĸƟĺĪŇŘĚȮ5ȮĝĬŇħȮ

ĳŅĵŒĬĮƖȮ0.03ȮĬňŘȮĬŀĔěŅĔĴŅĨĶĔŅĶĔŅĶĵĔŏĸŇĔĔŅĶŒĝƟŐĸƟĺȮĪŅĚĳŅėŏŀĔĝĬœħƟĴňĔŅĶŐĔƟœĕƟĮƤĠľŅ

ħńĚĔĸƞŅĺħƟĺĵĔŅĶĪħŐĪĬįĸŇĨĳńĦĤƢıĸŅĽĨŇĔħƟĺĵıĸŅĽĨŇĔĪňŗĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅı [4]ȮħńĚĬńŘĬįŌƟĺŇěńĵ

ěŉĚĴňėĺŅĴĽĬŒěŒĬĔŅĶĬŜŅıŀĸŇŏĴŀĶƢĪňŗĵƞŀĵĽĸŅĵœħƟĪŅĚīĶĶĴĝŅĨŇĴŅĪħŐĪĬıŀĸŇŏĴŀĶƢěŅĔįĸŇĨĳńĦĤƢ

ĮƕőĨĶŏĸňĵĴȮőħĵĔŅĶĬŜŅıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(PLA) ĴŅŒĝƟŏĮƦĬĲƕĸƢĴĭĶĶěŋŏľŖħŐĪĬıŀĸŇŏĴŀĶƢĪŅĚĔŅĶėƟŅȮ

ŏĬŊŗŀĚěŅĔȮPLA ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟŏŀĚĪŅĚĝňĺĳŅıŏĴŊŗŀŀĵŌƞŒĬĽĳŅĺŃĪňŗŏľĴŅŃĽĴȮ

ĽŅĴŅĶĩĽńĚŏėĶŅŃľƢœħƟěŅĔįĸŇĨĳńĦĤƢĪŅĚīĶĶĴĝŅĨŇȮŏĝƞĬȮŀƟŀĵȮĕƟŅĺőıħȮŐĸŃĵńĚĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňȮ

ĽŅĴŅĶĩĕŉŘĬĶŌĮœħƟĚƞŅĵħƟĺĵĺŇīňĔŅĶŀńħĶňħȮŏĪňĵĭŏĪƞŅœħƟĔńĭıŀĸŇŏĴŀĶƢĪŅĚĔŅĶėƟŅŀŊŗĬŕȮĽƞĚįĸŒľƟȮPLA œħƟĶńĭ

ėĺŅĴĬŇĵĴŒĬĔŅĶĬŜŅĴŅŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢŀŅľŅĶľĶŊŀıŊĝįńĔŏĮƦĬŀĵƞŅĚĴŅĔŒĬĮƤěěŋĭńĬȮħƟĺĵŏľĨŋĬňŘĪŜŅŒľƟ

ŀŋĨĽŅľĔĶĶĴĔŅĶįĸŇĨȮPLA ŒĬœĪĵŏıŇŗĴĴŅĔĕŉŘĬȮŐĸŃĴňĶŅėŅĪňŗĨŗŜŅĸĚȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭıŀĸŇŏĴŀĶƢĪňŗĵƞŀĵ

ĽĸŅĵœħƟĪŅĚĝňĺĳŅıĝĬŇħŀŊŗĬŕȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴȮPLA ĵńĚĴňĕƟŀŏĽňĵĪňŗŏħƞĬĝńħėŊŀėĺŅĴŏĮĶŅŃȮĞŉŗĚœĴƞ
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ŏľĴŅŃĽĴĨƞŀĔŅĶŒĝƟĚŅĬŏĮƦĬĲƕĸƢĴĭĶĶěŋĳńĦĤƢ [5]ȮħńĚĬńŘĬŒĬĔŅĶĬŜŅȮPLA ĴŅŒĝƟĚŅĬŒĬĪňŗĬňŘȮěŉĚĴňĔŅĶ

ĮĶńĭĮĶŋĚėĺŅĴĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴȮPLA ħƟĺĵĔŅĶįĽĴĔńĭıŀĸŇŏŀĪŇĸňĬœĔĸėŀĸȮ(PEG) ĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗ

ĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıȮŐĸŃĵńĚĽŅĴŅĶĩĽńĴįńĽĔńĭŀŅľŅĶœħƟȮ[6]ȮőħĵȮPEG ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴň

ĬŘŜŅľĬńĔőĴŏĸĔŋĸľĸŅĔľĸŅĵĝƞĺĚȮěŉĚĪŜŅŒľƟȮPEG ĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĨŗŜŅŕȮĩŌĔĬŇĵĴĬŜŅĴŅŒĝƟŏĮƦĬĽŅĶ

ıĸŅĽĨŇœĞŏĞŀĶƢŀĵƞŅĚŐıĶƞľĸŅĵȮĞŉŗĚŒĬĚŅĬĺŇěńĵĪňŗĴňĔŅĶĻŉĔļŅĔŅĶŒĝƟȮPEG ŏĮƦĬĽŅĶıĸŅĽĨŇœĞŏĞŀĶƢĽŜŅľĶńĭ

ŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬŒľƟŐĔƞȮPLA ıĭĺƞŅĔŅĶěŃĪŜŅŒľƟĲƕĸƢĴĴňėĺŅĴĵŊħľĵŋƞĬĽŌĚŕȮěŃĨƟŀĚŏĨŇĴȮPEG ŒĬĮĶŇĴŅĦ

ĴŅĔȮ(ĴŅĔĔĺƞŅȮ0.% őħĵĬŘŜŅľĬńĔĕŀĚȮPLA) [7] ĞŉŗĚĪňŗĔŅĶŏĨŇĴȮPEG ĪňŗĮĶŇĴŅĦĴŅĔĬňŘȮěŃĽƞĚįĸŒľƟȮPLA 

ŐĸŃȮPEG ŏĕƟŅĔńĬœħƟĬƟŀĵĸĚȮŏĬŊŗŀĚěŅĔĪňŗȮPEG ĮĶŇĴŅĦĴŅĔȮěŃŏĔŇħĔŅĶĶĺĴĔĸŋƞĴĔńĬŏŀĚĴŅĔĔĺƞŅĪňŗěŃ

ĔĶŃěŅĵĨńĺœħƟħňŒĬȮPLA ħńĚĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘěŉĚŒľƟėĺŅĴĽŜŅėńĠĔńĭĔŅĶŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬĕŀĚȮPLA ħƟĺĵ

ĔŅĶŏĨŇĴȮPEG ŒĬĮĶŇĴŅĦĨŗŜŅȮŐĸŃŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚȮPLA ŐĸŃȮPEG ħƟĺĵĔŅĶŏĨŇĴĽŅĶĕĵŅĵ

ĽŅĵőĞƞĝĬŇħȮMultifunctional chain extender (Joncryl ADR) ŏıŊŗŀĪŜŅľĬƟŅĪňŗŒĬĔŅĶŏıŇŗĴľĴŌƞĲƤĚĔƢĝńĬ

ĪňŗĮĸŅĵĽŅĵőĞƞĕŀĚȮPLA ŐĸŃȮPEG ŐĸƟĺĽƞĚįĸŒľƟŏĔŇħŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚĽŅĵőĞƞĕŀĚȮPLA ŐĸŃȮPEG ĪŜŅ

ŒľƟȮPEG ĽŅĴŅĶĩĔĶŃěŅĵĨńĺŒĬȮPLA œħƟħňŐĸŃĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢœħƟħňĪňŗĮĶŇĴŅĦĨŗŜŅȮ

ĬŀĔěŅĔĬňŘĔŅĶĬŜŅĴŅŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢĲƕĸƢĴĽŜŅľĶńĭŏľŖħĵńĚĨƟŀĚėŜŅĬŉĚĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĶńĔļŅ

ėŋĦĳŅıĕŀĚŏľŖħŀňĔħƟĺĵȮĞŉŗĚěŅĔĪňŗĔĸƞŅĺĕƟŅĚĨƟĬŏľŖħĴňŀńĨĶŅĔŅĶľŅĵŒěŐĸŃĔŅĶŏįŅįĸŅĠıĸńĚĚŅĬĪňŗĽŌĚ

őħĵĔŅĶŒĝƟŐĔƠĽŀŀĔĞŇŏěĬȮŐĸŃœħƟįĸŇĨĳńĦĤƢŏĮƦĬŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĬŘŜŅȮħńĚĬńŘĬěŉĚĴňėĺŅĴĽŜŅėńĠ

ŀĵƞŅĚĵŇŗĚȮŒĬĔŅĶėĺĭėŋĴĮĶŇĴŅĦŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŒĬĭĶĶěŋĳńĦĤƢȮőħĵ

ĔŅĶĻŉĔļŅŒľƟĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG ĴňŀńĨĶŅĔŅĶŐıĶƞįƞŅĬĕŀĚŐĔƠĽĪńŘĚȮ0ȮĝĬŇħŒĬĮĶŇĴŅĦĪňŗ

ŏľĴŅŃĽĴȮŏıŊŗŀŒľƟŏľŖħĴňŀńĨĶŅĔŅĶľŅĵŒěĪňŗĨŗŜŅĸĚȮŐĨƞĵńĚıŀŏıňĵĚĨƞŀĔŅĶľŅĵŒěȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħ

ĔĶŃĭĺĬĔŅĶľŅĵŒěŐĭĭœĴƞŒĝƟŐĔƠĽŀŀĔĞŇŏěĬȮĞŉŗĚěŃĪŜŅŒľƟœħƟįĸįĸŇĨŏĮƦĬŐĔƠĽŏŀĪŇĸňĬĪňŗěŃĪŜŅŒľƟŏľŖħĴňĔĸŇŗĬ

ŐĸŃĶĽĝŅĨŇĪňŗŏĮĸňŗĵĬŐĮĸĚœĮȮĬŀĔěŅĔĮƤěěńĵħńĚĔĸƞŅĺŐĸƟĺŏľŖħĵńĚĽŅĴŅĶĩŏĽňĵĽĳŅıőħĵĔŅĶŏĔŇħĽň

ĬŘŜŅĨŅĸĭĬįŇĺĞŉŗĚĽƞĚįĸŒľƟœĴƞŏĮƦĬĪňŗĨƟŀĚĔŅĶĕŀĚįŌƟĭĶŇőĳė Y6[ȮŐĸŃėĺŅĴĝŊŘĬĪňŗŏĔŇħěŅĔĔĶŃĭĺĬĔŅĶľŅĵŒě

ŐĸŃŐĭėĪňŏĶňĵěŅĔĮƤěěńĵĳŅĵĬŀĔȮĵńĚĽƞĚįĸŒľƟŏľŖħĴňĔŅĶŏĬƞŅŏĽňĵĪňŗŏĶŖĺĕŉŘĬȮħńĚĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘěŉĚĴň

ĔŅĶĻŉĔļŅĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĪňŗĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƞŀĨƟŅĬĨƞŀĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬŐĸŃŏĝŊŘŀ

ŐĭėĪňŏĶňĵĪňŗŏĮƦĬĽŅĶĽĔńħěŅĔīĶĶĴĝŅĨŇěŜŅıĺĔıŀĸŇĲƖĬŀĸȮŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚĲƕĸƢĴ ĞŉŗĚĽŅĶ

ħńĚĔĸƞŅĺĬňŘĴňŀĵŌƞľĸŅĔľĸŅĵĝĬŇħœĴƞĺƞŅěŃŏĮƦĬĬŘŜŅĴńĬľŀĴĶŃŏľĵȮœėőĨĞŅĬȮľĶŊŀĽŅĶěŜŅıĺĔŐŀĬőĪœĞ

ĵŅĬŇĬĪňŗœħƟěŅĔıŊĝȮĞŉŗĚĬŀĔěŅĔėĺŅĴĨƟŀĚĔŅĶĕŀĚĮĶŃĽŇĪīŇĳŅıħńĚĔĸƞŅĺŐĸƟĺȮĔŅĶĬŜŅĴŅŒĝƟĔńĭįĸŇĨĳńĦĤƢ
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ĭĶĶěŋŀŅľŅĶĵńĚĨƟŀĚĔŅĶėĺŅĴœĶƟĔĸŇŗĬĕŀĚĽŅĶŏĨŇĴŐĨƞĚȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĮĸňŗĵĬŐĮĸĚĔĸŇŗĬĕŀĚŀŅľŅĶŀňĔ

ħƟĺĵȮħńĚĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘěŉĚŒľƟėĺŅĴĽĬŒěŒĬĔŅĶŒĝƟĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬĞŉŗĚŏĮƦĬĽŅĶĽĔńħĪňŗœĴƞĴňĔĸŇŗĬȮ

œħƟěŅĔīĶĶĴĝŅĨŇȮœĴƞĴňėĺŅĴŏĮƦĬıŇļȮŐĸŃĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĮĢŇĔŇĶŇĵŅ

ŀŀĔĞŇŏħĝńĬœħƟħň őħĵěŅĔĚŅĬĺŇěńĵĕŀĚȮSogut E. ŐĸŃėĦŃıĭĺƞŅĔŅĶŏĨŇĴĽŅĶĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬĸĚŒĬ

ĲƕĸƢĴœėőĨĞŅĬĝƞĺĵŒľƟĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴŏıŇŗĴĕŉŘĬȮŐĸŃĽŅĴŅĶĩŏĔŖĭĶńĔļŅ

ŀĔœĔƞœħƟĬŅĬĵŇŗĚĕŉŘĬȮ[9] 

ěŅĔĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬĪńŘĚľĴħȮŒĬĚŅĬĺŇěńĵĬňŘĴňėĺŅĴĽĬŒěĪňŗěŃĻŉĔļŅıŀĸŇŏĴŀĶƢįĽĴĕŀĚȮPLAȮ

ŐĸŃȮPEG ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħȮADR ĽŜŅľĶńĭŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭŏľŖħȮőħĵŏıŇŗĴ

ĮĶŃĽŇĪīŇĳŅıĨƞŀĔŅĶĮƚŀĚĔńĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬĭĬįŇĺŏľŖħŐĸŃĽƞĚįĸĨƞŀĔŅĶŏĽňĵĽĳŅıĕŀĚŏľŖħ

ŏĬŊŗŀĚěŅĔŏĝŊŘŀŐĭėĪňŏĶňĵȮőħĵĔŅĶŏĨŇĴĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬȮŐĸŃŏıŇŗĴĔŅĶĵŉħĨŇħĕŀĚĽŅĶīĶĶĴĝŅĨŇĬňŘ

ĔńĭıŀĸŇŏĴŀĶƢħƟĺĵĔŅĶŒĝƟĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĝĬŇħȮPLA-g-MA 

 
1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 
 /,ȮŏıŊŗŀĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħȮADRȮĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮ

ėĺŅĴŏĮƦĬįĸŉĔȮŐĸŃĔŅĶŐıĶƞįƞŅĬĕŀĚŐĔƠĽĕŀĚĲƕĸƢĴįĽĴĕŀĚȮPLA/PEG ĪňŗĴňįĸĨƞŀĔŅĶŏĔŖĭĶńĔļŅŏľŖħ 

 0,ȮŏıŊŗŀĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĨƟŅĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬėŊŀ

ĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬĨƞŀĽĴĭńĨŇĕŀĚĲƕĸƢĴȮPLA/PEG/ADR ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏıŇŗĴŏĕƟŅĔńĬœħƟĝĬŇħȮPLA-g-

MA ĪňŗĽƞĚįĸĨƞŀĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĔŖĭĶńĔļŅŏľŖħ 

 

1.3 ĽĴĴĨŇģŅĬĕŀĚĚŅĬĺŇěńĵ 
 /,ȮĲƕĸƢĴįĽĴĕŀĚȮPLA/PEG/ADR ĴňėĺŅĴĵŊħľĵŋƞĬŐĸŃėĺŅĴŐĕŖĚŐĶĚĪňŗĽŌĚȮŏľĴŅŃĽĴĨƞŀĔŅĶŒĝƟ

ŏĮƦĬĭĶĶěŋĳńĦĤƢŀŅľŅĶŐĸŃĴňĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĪňŗŏľĴŅŃĽĴĨƞŀĽĳŅĺŃĔŅĶŏĔŖĭĶńĔļŅŏľŖħ 

 2. ĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞȮADR ĝƞĺĵŒľƟȮPLA ŐĸŃȮPEG ĴňėĺŅĴŏĕƟŅĔńĬœħƟŐĸŃĴňĽĴĭńĨŇŏĝŇĚĔĸ

ĪňŗħňĕŉŘĬ 

 3. ĔŅĶŏĨŇĴĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬŒĬĲƕĸƢĴįĽĴȮPLA/PEG/ADR ĝƞĺĵĵńĭĵńŘĚĔŅĶŏĨŇĭőĨĕŀĚ

ŐĭėĪňŏĶňĵŐĸŃĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬŒĬŏľŖħ ŐĸŃĽŅĴŅĶĩĵŊħŀŅĵŋĕŀĚŏľŖħœħƟŏĮƦĬĶŃĵŃŏĺĸŅĬŅĬ 
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 4. ĔŅĶŏĨŇĴĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĝĬŇħȮPLA-g-MA ĝƞĺĵŒľƟĽŅĶĽĔńħěŅĔīĶĶĴĝŅĨŇėŊŀĽŅĶĽĔńħ

ěŅĔŏĴĸŖħŀĚŋƞĬĩŌĔĔńĔŏĔŖĭŒĬĲƕĸƢĴįĽĴœħƟħňĵŇŗĚĕŉŘĬ 

1.4 ĕŀĭŏĕĨĕŀĚĚŅĬĺŇěńĵ 
 /,ȮĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG/ADR ŏĨĶňĵĴœħƟěŅĔŏĴŖħıĸŅĽĨŇĔȮPLA ŏĔĶħȮ0..1D ĪňŗĴňȮ

MFI 6 ĔĶńĴ-/.ĬŅĪňȮŐĸŃ PEG ĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸȮ8,000 Da ŐĸŃŒĝƟĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħȮJoncryl 

ADR 4468 ħƟĺĵĽńħĽƞĺĬĕŀĚȮPLA/PEG/ADR ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ/,/Ȯ 

 0,ȮıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG/ADR ĩŌĔįĽĴŏĕƟŅħƟĺĵĔńĬħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭŏĔĸňĵĺľĬŀĬėŌƞȮ

(Twin-screw extrusion) ŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴȮ(Cast film extruder) 

 3. ĻŉĔļŅĔŅĶŏĨŇĴĽŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĨƟŅĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬőħĵŒĝƟĬŘŜŅĴńĬ

ĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬĪňŗĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬŏĮƦĬȮ1, 2, 3 ŐĸŃȮ2 phrȮŒĬĲƕĸƢĴȮPLA/PEG/ADR ĪňŗĽńħĽƞĺĬĪňŗ

ħňĪňŗĽŋħĪňŗœħƟěŅĔĕƟŀĪňŗȮ/ 

 2,ȮŒĝƟĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĝĬŇħȮPLA-g-MA ŏıŊŗŀĔńĔŏĔŖĭĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬŒĬĲƕĸƢĴ

įĽĴȮĪňŗĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬŏĮƦĬȮ3, 6, 9 ŐĸŃȮ/0%ȮőħĵĬŘŜŅľĬńĔĕŀĚȮPLA 

 5. ıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG/ADR ěŃĩŌĔįĽĴŏĕƟŅĔńĭĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬŐĸŃȮPLA-g-MA

ŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴȮ&Cast film extruder' 

 

ĨŅĶŅĚĪňŗȮ/,/ȮŐĽħĚĽńħĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG/ADR 
ĨńĺŀĵƞŅĚ PLA (%wt) PEG (%wt) ADR (phr) 

PLA 100 0 0 

PLA/PEG5 95 5 0 

PLA/PEG10 90 10 0 

PLA/PEG20 80 20 0 

PLA/PEG30 70 30 0 

PLA/PEG10/ADR1.00 90 10 1.00 

PLA/PEG10/ADR1.25 90 10 1.25 

PLA/PEG10/ADR1.50 90 10 1.50 
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1.5 ĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
 /,ȮĻŉĔļŅĕƟŀĴŌĸěŅĔŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 0,ȮĭńĬĪŉĔŐĸŃĽĶŋĮĕƟŀĴŌĸĪňŗĽĬŒěĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵ 

 1,ȮĺŅĚŐįĬŐĸŃŀŀĔŐĭĭĔŅĶĪħĸŀĚ 

 2,ȮěńħŏĨĶňĵĴŀŋĮĔĶĦƢŐĸŃĽŅĶŏėĴňĪňŗŒĝƟ 

 3,ȮħŜŅŏĬŇĬĚŅĬĺŇěńĵőħĵŐĭƞĚŏĮƦĬȮ4ȮĨŀĬȮœħƟŐĔƞ 

 ĨŀĬĪňŗȮ/ȮĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴĲƕĸƢĴŐĸŃıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚıŀĸŇŏĴŀĶƢįĽĴ PLA/PEGȮőħĵ

ĮĶńĭŏĮĸňŗĵĬĮĶŇĴŅĦĕŀĚȮPEG 5, 10, 20 ŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔȮįĽĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭŏĔĸňĵĺ

ľĬŀĬėŌƞȮ&Twin-screw extruder' ŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴȮ&Cast film extruder' ŐĸŃ

ıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴĨƞŅĚŕȮħńĚĬňŘȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮ

Differential scanning calorimetryȮŐĸŃȮThermal gravimetric analysisȮĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚ

ŏėĴňħƟĺĵŏĪėĬŇėȮFourier transform infrared spectroscopy ĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽħƟĺĵȮGas 

transmission rate ĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴįĽĴȮŐĸŃ

ĻŉĔļŅıķĨŇĔĶĶĴĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴħƟĺĵȮRotation rheometer 

 ĨŀĬĪňŗȮ0ȮĔŅĶĻŉĔļŅĔŅĶŏĨŇĴĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚȮPLA ŐĸŃȮPEG ħƟĺĵĽŅĶĕĵŅĵ

ĽŅĵőĞƞĝĬŇħȮJoncryl ADR ĮĶŇĴŅĦȮ/,.., 1.25 ŐĸŃȮ/,3.Ȯphr ĨƞŀĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢįĽĴ 

PLA/PEG/.ȮőħĵĔŅĶįĽĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭŏĔĸňĵĺľĬŀĬėŌƞȮ&Twin-screw extruder' ŐĸŃĕŉŘĬĶŌĮ

ĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴȮ&Cast film extruder' ŐĸŃıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴĨƞŅĚŕȮħńĚĬňŘȮĻŉĔļŅ

ĽĴĭńĨŇŏĝŇĚĔĸȮĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮDifferential scanning calorimetryȮŐĸŃȮ

Thermal gravimetric analysisȮĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňħƟĺĵŏĪėĬŇėȮFourier transform infrared 

spectroscopy ĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽħƟĺĵȮGas transmission rate ĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚ

œŀĬŘŜŅȮĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴįĽĴȮŐĸŃĻŉĔļŅıķĨŇĔĶĶĴĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴħƟĺĵȮ

Rotation rheometer 

 ĨŀĬĪňŗȮ3,/ȮĻŉĔļŅĔŅĶŏĨĶňĵĴȮPLA-g-MA ħƟĺĵĺŇīňĔŅĶȮReactive blending ħƟĺĵȮTwin-screw 

extrusion ŐĸŃĻŉĔļŅĮĶŇĴŅĦĔŅĶĔĶŅĲĨƢħƟĺĵĺŇīňȮNuclear Magnetic Resonance Spectroscopy 

(NMR) ŐĸŃŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮThermal gravimetric analysis  
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 ĨŀĬĪňŗȮ3,0ȮĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶȮPLA-g-MA ĪňŗĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬ œħƟŐĔƞȮ0, 3, 6, 9 

ŐĸŃȮ/0% őħĵĬŘŜŅľĬńĔȮĽŜŅľĶńĭĪŜŅľĬƟŅĪňŗŒĬĔŅĶĔńĔŏĔŖĭĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬȮ(GSE) ŒĬĲƕĸƢĴȮ

PLA/PEG10/ADR1.25 ĪňŗœħƟěŅĔĨŀĬĪňŗȮ0ȮŐĸƟĺıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴħńĚĬňŘȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮ

ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮDifferential scanning calorimetryȮŐĸŃȮThermal 

gravimetric analysisȮĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňħƟĺĵŏĪėĬŇėȮFourier transform infrared 

spectroscopy ĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢħƟĺĵȮGas 

transmission rate ĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĨƞŀĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵħƟĺĵ

ĴŅĨĶģŅĬȮJIS Z 2801 ĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĔŅĶĨƟŅĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬŐĸŃĻŉĔļŅĸńĔļĦŃ

ĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŏľŖħŒĬĲƕĸƢĴĭĶĶěŋĳńĦĤƢěŅĔĳŅıĩƞŅĵ 

 ĨŀĬĪňŗȮ4ȮĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĨƟŅĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬ

ĝĬŇħȮGSE ĪňŗȮ/, 2, 3 ŐĸŃȮ2ȮphrȮŒĬĲƕĸƢĴȮPLA/PEG/./ADR/,03 őħĵĴňȮPLA-g-MA 3% őħĵĬŘŜŅľĬńĔ

ĪňŗœħƟěŅĔĨŀĬĪňŗȮ1ȮŐĸƟĺıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴħńĚĬňŘȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬ

ħƟĺĵŏĪėĬŇėȮDifferential scanning calorimetryȮŐĸŃȮThermal gravimetric analysisȮĻŉĔļŅ

őėĶĚĽĶƟŅĚĪŅĚŏėĴňħƟĺĵŏĪėĬŇėȮFourier transform infrared spectroscopy ĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚ

ŐĔƠĽħƟĺĵȮGas transmission rate ĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĨƞŀĔŅĶĨƟŅĬŏĝŊŘŀ

ŐĭėĪňŏĶňĵħƟĺĵĴŅĨĶģŅĬȮJIS Z 2801 ĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĔŅĶĨƟŅĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬŐĸŃ

ĻŉĔļŅĸńĔļĦŃĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŏľŖħěŅĔĳŅıĩƞŅĵ 

 4,ȮĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮįĸĚŅĬĺŇěńĵ 

 7. ĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵ 

 

1.6 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 
 /,ȮĽŅĴŅĶĩŏĨĶňĵĴĲƕĸƢĴįĽĴȮPLA/PEG/ADR ĪňŗĴňėĺŅĴĵŊħľĵŋƞĬŐĸŃėĺŅĴŐĕŖĚŐĶĚĪňŗħňȮŐĸŃĴň

ĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĪňŗŏľĴŅŃĽĴĨƞŀĔŅĶŏĔŖĭĶńĔļŅŏľŖħ 

 0,ȮĲƕĸƢĴįĽĴȮPLA/PEG/ADR ĪňŗĴňĔŅĶŏĨŇĴĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬĽŅĴŅĶĩŒĝƟŒĬĔŅĶŏĔŖĭĶńĔļŅ

ŐĸŃĵŊħŀŅĵŋĕŀĚŏľŖħȮœħƟőħĵœĴƞĴňĔŅĶŏĮĸňŗĵĬĽňȮĔĸŇŗĬȮĶĽȮœħƟŏĮƦĬĶŃĵŃŏĺĸŅĬŅĬĕŉŘĬŐĸŃĽŅĴŅĶĩŒĝƟŒĬĪŅĚ

ĔŅĶėƟŅœħƟ  
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ŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

2.1 ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(PLA) 
Poly&lactic acid', (PLA) ŏĮƦĬıĸŅĽĨŇĔĝňĺĳŅıȮ&Bioplastic) ĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟŏŀĚĨŅĴ

īĶĶĴĝŅĨŇȮőħĵœħƟįĸŇĨĳńĦĤƢŏĮƦĬŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĬŘŜŅȮĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟħƟĺĵěŋĸŇĬĪĶňĵƢŒĬ

īĶĶĴĝŅĨŇĳŅĵľĸńĚěŅĔĔŅĶŒĝƟĚŅĬȮőħĵȮPLA ĽŅĴŅĶĩįĸŇĨœħƟěŅĔĺńĨĩŋħŇĭĪňŗĽŅĴŅĶĩįĸŇĨĪħŐĪĬĕŉŘĬŒľĴƞ

œħƟŒĬīĶĶĴĝŅĨŇȮ&Renewable resource) ŏĝƞĬȮįĸŇĨĴŅěŅĔıŊĝȮŏĝƞĬȮĕƟŅĺőıħȮĴńĬĽŜŅĮŃľĸńĚȮŐĸŃŀƟŀĵȮ

ŏĮƦĬĨƟĬȮőħĵĔŅĶĭħľĶŊŀőĴƞıŊĝĬńŘĬŒľƟĸŃŏŀňĵħŏĮƦĬŐĮƚĚŐĸƟĺŒĝƟŏŀĬœĞĴƢĵƞŀĵŐĮƚĚŒľƟĔĸŅĵŏĮƦĬĬŘŜŅĨŅĸ

ĔĸŌőėĽȮįƞŅĬĔĶŃĭĺĬĔŅĶľĴńĔȮ&Fermentation) őħĵŒĝƟŐĭėĪňŏĶňĵȮLactobacillus brevis œħƟįĸįĸŇĨ

ŏĮƦĬĔĶħŐĸėĨŇĔȮ&Lactic acid) ěŅĔĬńŘĬįƞŅĬĔĶŃĭĺĬĔŅĶĪŅĚŏėĴňħńĚĶŌĮĪňŗȮ0,/ȮœħƟȮLactide ĴňőėĶĚĽĶƟŅĚ

ĪŅĚŏėĴňŏĮƦĬĺĚŐľĺĬȮŐĸƟĺěŉĚĬŜŅœĮįƞŅĬĔĶŃĭĺĬĔŅĶıŀĸŇŏĴŀĶƢœĶŏĞĝńŗĬȮ&Polymerization) ĔĸńŗĬŒĬ

ĶŃĭĭĽŋĠĠŅĔŅĻŏıŊŗŀŏĮĸňŗĵĬőėĶĚĽĶƟŅĚœħƟŏĮƦĬıŀĸŇŏĴŀĶƢ [10] 

 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ0,/ȮŐĽħĚĔĶŃĭĺĬĔŅĶĽńĚŏėĶŅŃľƢıŀĸŇŐĸėĨŇĔŐŀĞŇħ [11] 
 

ĝŊŗŀĪŅĚŏėĴňȮ&Chemical Name) : Poly(lactic acid) 

ĝŊŗŀıƟŀĚȮ&Synonyms) : ıŀĸŇŐĸĔĨŇĔ, Polylactide, PLA 

ľĴŅĵŏĸĕ CAS (CAS Number) : /02-16-7 
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ĽŌĨĶŏėĴňŀĵƞŅĚĚƞŅĵȮ&Chemical Formula) : (C1H2O0'n 

ĬŘŜŅľĬńĔőĴŏĸĔŋĸȮ&Molecular Weight) : ĮĶŃĴŅĦȮ4.*...Ȯ&ĪńŘĚĬňŘěŜŅĬĺĬȮn ĮĶŃĴŅĦȮ1.*...' 

ĽŌĨĶőėĶĚĽĶƟŅĚĪŅĚŏėĴňȮ&Chemical Structure) ŐĽħĚħńĚĶŌĮĪňŗȮ0,0 

 

 

 

 

ĶŌĮĪňŗȮ0,0ȮŐĽħĚőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮY/.[ 
 

0,/,/ȮėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃĪŅĚŏėĴň 

 Poly(lactic acid) ĴňĝƞĺĚŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺȮ&MeltingȮtemperature range) 173-

178 °C ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĪĬėĺŅĴĶƟŀĬœħƟœĴƞŏĔŇĬȮ110 °C ĴňĮĶŇĴŅĦėĺŅĴŏĮƦĬįĸŉĔȮ&Crystallinity) 

ĮĶŃĴŅĦȮ37% ŐĸŃŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬěŅĔĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&Glass transition temperature) ŀĵŌƞ

ĶŃľĺƞŅĚȮ60-65 °C ĴňĽĴĭńĨŇĨƟŅĬĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŐĸŃĕŀĚŏľĸĺȮ&Barrier properties) ħňȮŏĕƟŅĔńĭ

ŏĬŊŘŀŏĵŊŗŀĕŀĚĽŇŗĚĴňĝňĺŇĨȮ&Biocompatibility) ėŋĦĽĴĭńĨŇıŇŏĻļėŊŀĴňėĺŅĴŒĽȮœĴƞĵƞŀĵĽĸŅĵŒĬ

ĽĳŅıŐĺħĸƟŀĴĪńŗĺœĮȮŐĨƞĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟŏŀĚȮŏĴŊŗŀĬŜŅœĮİƤĚĔĸĭŒĬħŇĬȮĔŅĶĕŉŘĬĶŌĮĽŅĴŅĶĩĪŜŅœħƟħƟĺĵ

ŏĪėĬŇėĔŅĶĕŉŘĬĶŌĮŏĪŀĶƢőĴıĸŅĽĨŇĔĪńŗĺœĮȮŏĝƞĬȮĔĶŃĭĺĬĔŅĶĔŅĶŀńħĶňħȮ&Extrusion) ŐĸŃĔĶŃĭĺĬĔŅĶ

ĜňħȮ&Injection molding) ŏĮƦĬĨƟĬȮY/.[ 

0,/,0ȮĽĴĭńĨŇĪŅĚĔĸ 

 PLA ĴňėĺŅĴĩƞĺĚěŜŅŏıŅŃĮĶŃĴŅĦȮ1.25 ľŅĔœĴƞįƞŅĬĔŅĶħŉĚĵŊħȮ&Unoriented PLA) ĴňėĺŅĴ

ŏĮĶŅŃĴŅĔŐĨƞĴňėĺŅĴėĚĶŌĮȮ&Stiffness) ŐĸŃėĺŅĴŐĕŖĚŐĶĚȮ&Strength) ĽŌĚ ĴňėƞŅĮĶŃĴŅĦŐĽħĚŒĬ

ĨŅĶŅĚĪňŗȮ0,/ȮŏĴŊŗŀĬŜŅœĮįƞŅĬĔŅĶħŉĚĵŊħȮ&Oriented) ěŃĴňĽĴĭńĨŇŒĔĸƟŏėňĵĚĔńĭȮPolyethylene 

terephthalate (PET) ŐĨƞħňĔĺƞŅȮPolystyrene ĪňŗįƞŅĬĔŅĶħŉĚĵŊħȮ&Oriented PS) ĴŀħŌĸńĽŐĶĚħŉĚŐĸŃ

ŐĶĚħńħȮ&Tensile and flexural moduli) ĕŀĚȮPLA ĴňėƞŅĽŌĚĔĺƞŅȮPolyethylene ėĺŅĴľĬŅŐĬƞĬĽŌĚȮ
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(HDPE), Polypropylene (PP) ŐĸŃȮPolystyrene (PS) ŐĨƞėĺŅĴĪĬĨƞŀŐĶĚĔĶŃŐĪĔȮ&Izod impact 

strength) ŐĸŃĔŅĶĵŊħĪňŗěŋħŐĨĔľńĔȮ&Elongation at break) ĴňėƞŅĨŗŜŅĔĺƞŅıŀĸŇŏĴŀĶƢĝĬŇħŀŊŗĬŕȮY//[ 

 

ĨŅĶŅĚĪňŗȮ0,/ ŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŐĸĔĨŇėȮY/0[ 

ĽĴĭńĨŇ ėƞŅ ľĬƞĺĵ 

Tensile strength at break 33 MPa 

Tensile yield strength 60 MPa 

Tensile modulus 3.5 GPa 

Tensile elongation 6.0 % 

Notched izod impact 16 J/m 

 

0,/,1ȮĽĴĭńĨŇĨƟŅĬĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŐĸŃĕŀĚŏľĸĺȮ(Barrier properties)  

 ĽĴĭńĨŇĨƟŅĬĔŅĶĞŉĴįƞŅĬĕŀĚĔƠĽŐĸŃĕŀĚŏľĸĺĕŀĚȮPLA ĴňėƞŅŒĔĸƟŏėňĵĚĔńĭıŀĸŇŏĴŀĶƢĪńŗĺœĮĪňŗŒĝƟŒĬ

ĚŅĬĭĶĶěŋĳńĦĤƢȮŏĝƞĬȮPS ľĶŊŀȮPET ėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĵŀĴŒľƟȮCO2 , O2 ŐĸŃȮN2 įƞŅĬœħƟĕŀĚȮPLA Ĵň

ėƞŅĬƟŀĵĔĺƞŅȮPS ŐĨƞĽŌĚĔĺƞŅ PET ĽƞĺĬĔŅĶĵŀĴŒľƟœŀĬŘŜŅĞŉĴįƞŅĬĴňėƞŅŒĔĸƟŏėňĵĚĔńĬȮĬŀĔěŅĔĬňŘȮPLA ĵńĚĴň

ĽĴĭńĨŇĮƚŀĚĔńĬĔŅĶŐıĶƞįƞŅĬĕŀĚĔĸŇŗĬœħƟħň őħĵıŇěŅĶĦŅěŅĔĽńĴĮĶŃĽŇĪīŇśĔŅĶŐıĶƞįƞŅĬĕŀĚĽŅĶĮĶŃĔŀĭ

ŀŇĬĪĶňĵƢȮŏĝƞĬȮŏŀĪŇĸŀŃĞŇŏĨĪŐĸŃħňœĸőĴĬňĬ (D-linonene) ıĭĺƞŅĴňėƞŅŒĔĸƟŏėňĵĚĔńĭȮPETȮY//[ 

0,/,2ȮĔŅĶŒĝƟĚŅĬŐĸŃįĸŇĨĳńĦĤƢ 

 Poly(lactic acid) ĽŅĴŅĶĩŒĝƟŏĮƦĬıĸŅĽĨŇĔŒĽȮĬŜŅĴŅŒĝƟĭĶĶěŋŀŅľŅĶĪňŗœĴƞĴňėĺŅĴĶƟŀĬĽŌĚĴŅĔȮ

œĴƞĽŅĴŅĶĩŒĝƟĔńĭœĴőėĶŏĺĲœħƟ 

0,/,3ȮĨńĺŀĵƞŅĚįĸŇĨĳńĦĤƢ 

ů ĲƕĸƢĴĽŜŅľĶńĭľŋƟĴŀŅľŅĶ 

ů įĸŇĨĳńĦĤƢĭĶĶěŋŀŅľŅĶȮŏĝƞĬȮĔĸƞŀĚȮěŅĬȮĝƟŀĬȮĴňħȮĽƟŀĴȮĨŃŏĔňĵĭȮŐĔƟĺĬŘŜŅȮĪňŗŒĝƟėĶńŘĚŏħňĵĺĪŇŘĚȮĶĺĴĪńŘĚȮĩŋĚ

ľŌľŇŘĺȮĩŋĚŒĽƞĔĸƞŀĚȮŏĮƦĬĨƟĬ 

ů ŏĽƟĬŒĵŐĸŃĽŇŗĚĪŀĬŜŅĴŅŒĝƟŒĬĚŅĬħƟŅĬĔŅĶįĸŇĨŏĮƦĬŏĽŊŘŀįƟŅŐĸŃįƟŅŏĭŅŃĶĩĵĬĨƢȮY/.[ 
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2.2 ıŀĸŇŏŀĪŇĸňĬœĔĸėŀĸȮ(PEG) 
 Poly(ethylene glycol) ľĶŊŀȮPEG ŏĮƦĬĽŅĶŏėĴňĽńĚŏėĶŅŃľƢŐĸŃœħƟĶńĭėĺŅĴĬŇĵĴĽŌĚȮŏĬŊŗŀĚěŅĔ

ĴňĽĴĭńĨŇĪňŗħňȮŏĝƞĬȮĴňėĺŅĴĝŀĭĬŘŜŅĽŌĚȮĪŜŅŒľƟĽŅĴŅĶĩĬŜŅœĮįĽĴĔńĭĽŅĶŀŊŗĬŕȮŒľƟĴňėĺŅĴĝŀĭĬŘŜŅŏıŇŗĴĕŉŘĬœħƟȮ

ĪŜŅŒľƟŏĔŇħįĸŇĨĳńĦĤƢĨƞŅĚŕȮħƟĺĵĽŅĶĮĶŃĔŀĭħńĚĔĸƞŅĺœħƟȮŏĝƞĬȮŏėĶŊŗŀĚĽŜŅŀŅĚȮėĶňĴȮőĸĝńĬȮőħĵȮPEG ŏŀĚĴň

ľĸŅĵĝĬŇħŐĨĔĨƞŅĚĔńĬĨŅĴĬŘŜŅľĬńĔőĴŏĸĔŋĸȮŏĝƞĬȮPEG200, PEG300, PEG400 ŐĸŃȮPEG600 Īňŗ

ĬŘŜŅľĬńĔőĴŏĸĔŋĸĨŗŜŅŕȮěŃĴňĽĩŅĬŃŏĮƦĬĕŀĚŏľĸĺŒĽȮY/1[ 

0,0,/ȮĕƟŀĴŌĸĽŅĶŏėĴňŏĭŊŘŀĚĨƟĬ 

ĝŊŗŀŏėĴň IUPAC 1,2-Ethanediol 

ĝŊŗŀŏėĴňĪńŗĺœĮ Ethylene glycol 

ĝŊŗŀıƟŀĚŀŊŗĬŕ EG; Glycol; 1,2-Dihydroxyethane; Glycol Alcohol; Fridex; Ethane-1,2-

diol; Dowtherm 4000; Dowtherm SR 1; Ethylene alcohol; Ethylene dihydrate; Lutrol-9; 

Macrogol 400 bpc; M.E.G.; Monoethylene glycol; Tescol; Norkool; Ucar 17; DuPont 

Zonyl FSE Fluorinated Surfactants; DuPont Zonyl FSO Fluorinated Surfactants; 

Ethylene Glycol 

ĽŌĨĶőĴŏĸĔŋĸ C2H6O2 

ĽŌĨĶőėĶĚĽĶƟŅĚĪŅĚŏėĴňŐĽħĚħńĚĶŌĮĪňŗȮ2.3 

 

 

 

ĶŌĮĪňŗȮ0,1ȮŐĽħĚőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚŏŀĪŇĸňĬœĔĸėŀĸȮY/2[ 
 

2.3 ĽŅĶĕĵŅĵĽŅĵőĞƞȮ(Chain extender) 
 ĽŅĶĕĵŅĵĽŅĵőĞƞŏĮƦĬĽŅĶĪňŗĮĶŃĔŀĭœĮħƟĺĵľĴŌƞĲƤĚĔƢĝńĬĴŅĔĔĺƞŅȮ/ȮľĴŌƞȮĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭ

ĮĸŅĵĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢœħƟȮĪŜŅŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĪňŗĽŌĚĕŉŘĬȮŐĸŃŀŅěĽŅĴŅĶĩĪŜŅ

ľĬƟŅĪňŗŏĮƦĬĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢȮ0ȮĝĬŇħȮĔŖœħƟȮőħĵŒĬĚŅĬĺŇěńĵĬňŘŏĸŊŀĔŒĝƟĽŅĶĕĵŅĵ

ĽŅĵőĞƞĝĬŇħȮMultifunctional chain extender (Joncryl ADR 4468) ĞŉŗĚŏĮƦĬĽŅĶĪňŗľĴŌƞĲƤĚĔƢĝńĬľĸŅĵ



  
 

11 

ĝĬŇħȮŐĸŃĴňľĴŌƞĲƤĚĔƢĝĬŇħŀňıŀĔœĞħƢĪňŗĴňėĺŅĴĺƞŀĚœĺĨƞŀĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅȮĞŉŗĚĴňĸńĔļĦŃőėĶĚĽĶƟŅĚĪŅĚŏėĴň

ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.2 [15] 

 

 

 

  

 

 

ĶŌĮĪňŗȮ0,2ȮŐĽħĚőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮJoncryl ADR 4468 [15] 
 

2.4 ĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬȮ&Grape seed oil) 
Grape seed extract (GSE) ėŊŀĽŅĶĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬĮĔĨŇȮœħƟěŅĔŏĴĸŖħĕŀĚŀĚŋƞĬŐħĚȮ&Vitis 

vinifera) ĞŉŗĚŏĮƦĬįĸıĸŀĵœħƟȮ&By product) ěŅĔĔŅĶįĸŇĨĬŘŜŅŀĚŋƞĬȮ&Grape juice)ȮĽŅĶĽŜŅėńĠĪňŗĴň

ĮĶŃőĵĝĬƢŒĬŏĴĸŖħŀĚŋƞĬŏĮƦĬȮĽŅĶĔĸŋƞĴȮPhenolic compounds ŏĝƞĬȮĲĸŅőĺĬŀĵħƢȮ&Flavonoids) ľĶŊŀ

ıŀĸŇĲƖĬŀĸȮ&Polyphenol) ėŊŀȮOligomeric proanthocyanidin complexes (OPCs) [16] 

 

 

 

 

 

 

ĶŌĮĪňŗȮ0,3ȮŐĽħĚőėĶĚĽĶƟŅĚĕŀĚȮOligomeric proanthocyanidin complexes (OPCs) [16] 
 

OPC ŏĮƦĬĝŊŗŀĵƞŀĕŀĚȮOligoneric Proanthocuanidin ěńħŏĮƦĬĽŅĶĝĬŇħľĬŉŗĚĪňŗŀĵŌƞŒĬĔĸŋƞĴœĭőŀĲĸŅőĺ

ĬŀĵħƢȮ&Bioflavonoid) ŏĴŊŗŀĶńĭĮĶŃĪŅĬŏĕƟŅœĮŒĬĶƞŅĚĔŅĵěŃŏĮĸňŗĵĬŏĮƦĬĽŅĶĽňŐħĚĝŊŗŀŐŀĬőĪœĞĵŅĬŇħŇĬ
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OPC ŏĮƦĬĽŅĶĨƟŅĬŀĬŋĴŌĸŀŇĽĶŃĪňŗœħƟěŅĔīĶĶĴĝŅĨŇȮĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬŀĬŋĴŌĸŀŇĽĶŃŏľĬŊŀĔĺƞŅȮ

&Antioxidant) ŀŊŗĬŕȮěŉĚœħƟĶńĭĔŅĶĕĬŅĬĬŅĴĺƞŅŏĮƦĬȮSuperantioxidant őħĵıĭĺƞŅĴňĮĶŃĽŇĪīŇĳŅıŐĶĚ

ĔĺƞŅĺŇĨŅĴŇĬĞňȮ20ȮŏĪƞŅȮŐĸŃŐĶĚĔĺƞŅĺŇĨŅĴŇĬŀňȮ50ȮŏĪƞŅȮĬŀĔěŅĔĬňŘȮOPC ŏĴŊŗŀĶńĭĮĶŃĪŅĬĶƞĺĴĔńĭĺŇĨŅĴŇĬĞňȮ

ěŃĝƞĺĵŏĽĶŇĴķĪīŇśŒľƟĺŇĨŅĴŇĬėĚĨńĺȮŐĸŃŀŀĔķĪīŇśœħƟħňĕŉŘĬĭŅĚėĬěŉĚŏĶňĵĔȮOPC ĺƞŅŏĮƦĬĺŇĨŅĴŇĬĞňőėŐĲĔ

ŏĨŀĶƢȮ&Vitamin C cofactor) 

OPC ıĭŒĬĽƞĺĬįĽĴĕŀĚįŇĺŐĸŃŏĴĸŖħĕŀĚįĸœĴƟľĸŅĵĝĬŇħȮėŊŀȮŀĚŋƞĬȮĭĸŌŏĭŀĶňŗȮŏĝŀĶňŗȮıĸńĴȮ

ĶĺĴĪńŘĚŏĮĸŊŀĔĽĬȮŐĨƞŐľĸƞĚĪňŗĽŜŅėńĠĕŀĚȮOPCȮėŊŀŏĴĸŖħŀĚŋƞĬȮ&Grape seed) ėĺŅĴěĶŇĚŒĬŏĬŊŘŀŀĚŋƞĬĪńŘĚ

ŀĚŋƞĬŏĕňĵĺȮŐĸŃŀĚŋƞĬĴƞĺĚĔŖĴňŀĵŌƞĭƟŅĚȮŐĨƞœĴƞĴŅĔŏĪƞŅŒĬŏĴĸŖħȮħńĚĬńŘĬŒĬœĺĬƢŐħĚȮĞŉŗĚœħƟěŅĔĔŅĶľĴńĔįĸŀĚŋƞĬ

ıĶƟŀĴŏĴĸŖħěŉĚĴňȮOPC ŀĵŌƞœĴƞĬƟŀĵȮěŉĚĴňįŌƟŐĬŃĬŜŅŒľƟħŊŗĴœĺĬƢŐħĚŏĮƦĬĮĶŃěŜŅȮŏıŊŗŀĮƚŀĚĔńĬőĶėľńĺŒěȮŀĵƞŅĚœĶ

ĔŖĨŅĴįŌƟĪňŗėŅħľĺńĚěŃœħƟȮOPC ĴŅĔȮěŅĔĔŅĶħŊŗĴœĺĬƢŐħĚėĚěŃœĴƞėŋƟĴĔńĬȮŏıĶŅŃěŃœħƟĶńĭŐŀĸĔŀŁŀĸƢŏĕƟŅ

œĮœĴƞĬƟŀĵȮŀŅěĪŜŅŒľƟŏĮƦĬőĶėĨńĭŐĕŖĚĔƞŀĬĔŖŏĮƦĬœħƟ 

ȮȮȮȮȮȮȮȮŒĬŏĴĸŖħŀĚŋƞĬŐĴƟěŃŏĮƦĬŐľĸƞĚĪňŗħňĕŀĚȮOPC ŐĨƞĔŖœĴƞŐĬŃĬŜŅŒľƟĶńĭĮĶŃĪŅĬŏĴĸŖħŀĚŋƞĬȮőħĵĨĶĚ

ŏıĶŅŃĴňĽŅĶĝĬŇħŀŊŗĬŕȮĞŉŗĚŀŅěŏĮƦĬŀńĬĨĶŅĵœħƟȮěŉĚĴňĔŅĶĬŜŅŏĴĸŖħŀĚŋƞĬĴŅĽĔńħœħƟŏĮƦĬĽŅĶĽĔńħěŅĔŏĴĸŖħ

ŀĚŋƞĬȮ&Grape seed Extract) ĞŉŗĚŀŋħĴħƟĺĵĽŅĶȮOPC ıĭĺƞŅŒĬĽŅĶĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬěŃĴňĮĶŇĴŅĦĕŀĚȮ

OPC ĽŌĚĽŋħĶƟŀĵĸŃȮ95 ĶŀĚĸĚĴŅėŊŀŏĮĸŊŀĔĽĬĴňȮOPC ĶƟŀĵĸŃȮ80-85 ĬŀĔěŅĔĬňŘȮOPC ěŅĔŏĴĸŖħŀĚŋƞĬȮ

ĵńĚĴňĮĶŃĽŇĪīŇĳŅıŐĸŃėĺŅĴŏĕƟĴĕƟĬĽŌĚĔĺƞŅĪňŗıĭŒĬŏĮĸŊŀĔĽĬħƟĺĵ [17] 

2.4.1 ĔĸœĔĔŅĶĨƞŀĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃŀĬŋĴŌĸŀŇĽĶŃĕŀĚĽŅĶıŀĸŇĲƖĬŀĸ 

 ĔĸœĔĽŜŅėńĠĪňŗĽƞĚįĸĨƞŀĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵėŊŀėĺŅĴœĴƞĝŀĭĬŘŜŅȮ

(Hydrophobicity) ĪňŗěŃĝƞĺĵŒľƟĽŅĶŏľĸƞŅĬňŘĽŅĴŅĶĩŐĨĔĨńĺŏĕƟŅĽŌƞœĕĴńĬĕŀĚįĬńĚŏĞĸĸƢŐĭėĪňŏĶňĵœħƟȮĞŉŗĚ

ĔŅĶŐĪĶĔĞŉĴŏĕƟŅœĮĕŀĚĽŅĶŏľĸƞŅĬňŘěŃĪŜŅŒľƟőėĶĚĽĶƟŅĚĕŀĚŏĞĸĸƢŐĭėĪňŏĶňĵĩŌĔĪŜŅĸŅĵȮŐĸŃĪŜŅŒľƟĽŅĶ

ěŜŅıĺĔĬňŘŐıĶƞįƞŅĬŏĕƟŅœĮœħƟĴŅĔĕŉŘĬȮħƟĺĵŏľĨŋĬňŘěŉĚĪŜŅŒľƟœŀŀŀĬŐĸŃŏĞĸĸƢőĴŏĸĔŋĸĕŀĚŐĭėĪňŏĶňĵľĸŋħŀŀĔȮ

ŐĴƟĺƞŅŏĝŊŘŀŐĭėĪňŏĶňĵěŃĽŅĴŅĶĩĪĬĪŅĬĨƞŀĔŅĶĽŌĠŏĽňĵŏľĸƞŅĬňŘœħƟȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĔŅĶĽŌĠŏĽňĵœŀŀŀĬ

ŐĸŃőĴŏĸĔŋĸŏľĸƞŅĬňŘĪňŗĮĶŇĴŅĦľĬŉŗĚĔŖěŃĽŅĴŅĶĩĪŜŅŒľƟŏĝŊŘŀŐĭėĪňŏĶňĵĨŅĵĸĚœħƟ 

 ĽŅĶĽĔńħĨƞŅĚŕȮŏľĸƞŅĬňŘŀŅěěŃĴňŏĮƚŅľĴŅĵŏıňĵĚŀĵƞŅĚŏħňĵĺľĶŊŀĴŅĔĔĺƞŅĔŖœħƟȮĕŉŘĬŀĵŌƞŀĚėƢĮĶŃĔŀĭ

ŒĬőėĶĚĽĶƟŅĚĕŀĚĽŅĶĝĬŇħĬńŘĬŕȮőħĵĔĸœĔĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĬňŘĽŅĴŅĶĩŏĔŇħĕŉŘĬœħƟħňȮŏĬŊŗŀĚěŅĔ

ĽŅĶĮĶŃĔŀĭĲƖĬŀĸȮĽŜŅľĶńĭĽŅĶĮĶŃĔŀĭěŜŅıĺĔėňőĨĬěŃĴňĮĶŃĽŇĪīŇĳŅıħńĚĔĸƞŅĺĬňŘĨŗŜŅĔĺƞŅıĺĔĲƖĬŀĸȮ

ħńĚĬńŘĬĮĶŃĽŇĪīŇĳŅıĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĕŀĚĽŅĶŐĨƞĸŃĝĬŇħĔŖěŃĕŉŘĬŀĵŌƞĔńĭĽńħĽƞĺĬĮĶŇĴŅĦĲƖĬŀĸ

ŏľĸƞŅĬňŘĬńŗĬŏŀĚ 
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 ŒĬĽƞĺĬĕŀĚĽĴĭńĨŇĔŅĶĨƞŀĨƟŅĬŀĬŋĴŌĸŀŇĽĶŃĕŀĚĽŅĶĨƞŅĚŕȮěŃĕŉŘĬŀĵŌƞĔńĭŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚ

ĽŅĶĽĔńħĨƞŅĚŕȮŏĝƞĬŏħňĵĺĔńĬȮĞŉŗĚŏĔŇħěŅĔĔŅĶĪňŗĽŅĶĮĶŃĔŀĭěŜŅıĺĔĲƖőĬĸŇĔĪŜŅĮĢŇĔŇĶŇĵŅĪňŗıńĬīŃėŌƞȮĞŉŗĚŏĮƦĬ

ŏľĨŋįĸĺƞŅŏľĨŋŒħŒĬıŊĝĴńĔěŃĴňĽĴĭńĨŇĔŅĶĨƞŀĨƟŅĬŀĬŋĴŌĸŀŇĽĶŃȮŐĸŃŏĝƞĬŏħňĵĺĔńĭĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵȮ

ĔŅĶĨƞŀĨƟŅĬŀĬŌĴŌĸŀŇĽĶŃŏĮƦĬįĸĴŅěŅĔľĴŌƞĲƖĬŀĸěŜŅıĺĔȮĞŉŗĚĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅĶňħŀĔĞƢŐĸŃĔŅĶŐĨĔ

ĨńĺĕŀĚŏĮŀĶƢŀŀĔœĞħƢȮěŉĚĪŜŅŒľƟĔŅĶĪŜŅĚŅĬĕŀĚŀĬŋĴŌĸŀŇĽĶŃĕŀĚŀŀĔĞŇŏěĬľĵŋħĸĚœħƟħńĚŐĽħĚŒĬĶŌĮĪňŗȮ0,4 

[18] 

 

 

 

 

 

 

ĶŌĮĪňŗȮ0,4ȮĳŅıěŜŅĸŀĚĔĸœĔĔŅĶĨƞŀĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĕŀĚĽŅĶıŀĸŇĲƖĬŀĸ [19] 
 

2.5 ĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĝĬŇħȮPoly(lactic acid)-graft-Maleic anhydride 
 Poly(lactic acid)-graft-Maleic anhydride ľĶŊŀȮPLA-g-MA ŐĽħĚőėĶĚĽĶƟŅĚŒĬĶŌĮĪňŗȮ2.5Ȯ

ŏĮƦĬőėıŀĸŇŏĴŀĶƢĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħŐĸŃĴŅŏĸŀŇĔŐŀĬœŁœħħƢȮĩŌĔįĸŇĨĕŉŘĬĴŅŏıŊŗŀŒĝƟŏĮƦĬĽŅĶŏıŇŗĴėĺŅĴ

ŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢŐĸŃĽŅĶĨƞŅĚŕȮĪňŗĴňėĺŅĴĝŀĭĬŘŜŅĪňŗŐĨĔĨƞŅĚĔńĬȮőħĵıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴœĴƞ

ĝŀĭĔŖěŃŏĕƟŅĔńĬœħƟĔńĭİƤƧĚĪňŗŏĮƦĬȮHydrophobic (PLA) ĽƞĺĬĽŅĶĪňŗĴňėĺŅĴĝŀĭĬŘŜŅĴŅĔĔĺƞŅĔŖěŃŏĕƟŅĔńĬœħƟ

ĔńĭİƤƧĚȮHydrophilic (MA)ȮěŃŏľŖĬĺƞŅĽŅĶĝĬŇħĬňŘěŃĪŜŅľĬƟŅĪňŗŏĝŊŗŀĴıŀĸŇŏĴŀĶƢŐĸŃĽŅĶŏŀŅœĺƟħƟĺĵĔńĬȮ

ĽƞĚįĸŒľƟıŀĸŇŏĴŀĶƢįĽĴľĶŊŀıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨĴňėĺŅĴŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬ 

 
ĶŌĮĪňŗȮ0,5ȮŐĽħĚőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮPLA-g-MA [20]Ȯ 
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2.6 ĔĶŃĭĺĬŏĬƞŅŏĽňĵĕŀĚŏľŖħ 
 őħĵĮĔĨŇŐĸƟĺŏľŖħŏĮƦĬĽŇŗĚĴňĝňĺŇĨŀĵŌƞŒĬŀŅĦŅěńĔĶĕŀĚŏľŖħĶŅľĶŊŀĲƤĚœěȮĴňĔĸœĸĕŀĚĔŅĶľŅĵŒě

ŐĸŃĔŅĶŏįŅįĸŅĠıĸńĚĚŅĬőħĵŒĝƟŐĔƠĽŀŀĔĞŇŏěĬȮěŅĔĬńŘĬŐĔƠĽŀŀĔĞŇŏěĬěŃĩŌĔĬŜŅœĮŒĝƟŒĬĔĶŃĭĺĬĔŅĶ

ħńĚĔĸƞŅĺȮŐĸŃœħƟįĸįĸŇĨŏĮƦĬŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĬŘŜŅȮőħĵĪńŗĺœĮŐĸƟĺľĸńĚěŅĔĔŅĶŏĔŖĭŏĔňŗĵĺľŅĔ

ŏĔŖĭĶńĔļŅŏľŖħĪňŗŀŋĦľĳŌĴŇľƟŀĚŏľŖħěŃŀĵŌƞœħƟĮĶŃĴŅĦȮ3 ĺńĬȮĔƞŀĬŏĬƞŅŏĽňĵȮŐĸŃŀĵŌƞœħƟȮ6ȮĺńĬŒĬĽĳŅĺŃ

ŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬĨŗŜŅȮěŃŏľŖĬĺƞŅŏľŖħĴňŀŅĵŋľĸńĚŏĔŖĭŏĔňŗĵĺĪňŗĨŗŜŅĴŅĔȮŏĬŊŗŀĚěŅĔŀńĨĶŅĔŅĶľŅĵŒěĪňŗĽŌĚ

ĴŅĔěŉĚĪŜŅŒľƟŏľŖħŏĬƞŅŏĽňĵŏĶŖĺȮĬŀĔěŅĔĬňŘŏľŖħœĴƞĴňŏĮĸŊŀĔľĶŊŀįĬńĚŒĬĔŅĶĮƚŀĚĔńĬıŊŘĬįŇĺěŅĔĔŅĶĽńĴįńĽĔńĭ

ėĺŅĴĝŊŘĬľĶŊŀŐĔƠĽĨƞŅĚŕȮĶĺĴĪńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵȮĽƞĚįĸŒľƟĽŇŗĚŐĺħĸƟŀĴŏľĸƞŅĬňŘĽŅĴŅĶĩŏĕƟŅĪŜŅĸŅĵŏľŖħœħƟĚƞŅĵȮ

ŏĝƞĬȮŐĔƠĽŀŀĔĞŇŏěĬĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬĭĬıŊŘĬįŇĺŏľŖħœħƟȮĪŜŅŒľƟŏľŖħŏĔŇħĔŅĶŏĮĸňŗĵĬĽňŏĮƦĬĽň

ĬŘŜŅĨŅĸȮĞŉŗĚŏĮƦĬĽĳŅıĪňŗįŌƟĭĶŇőĳėœĴƞĨƟŀĚĔŅĶȮħńĚĬńŘĬŒĬĔŅĶŏĔŖĭĶńĔļŅŏľŖħŒľƟĴňŀŅĵŋĵŅĺĬŅĬȮŏľŖħėĺĶŀĵŌƞŒĬ

ĽĳŅĺŃĪňŗĴňĮĶŇĴŅĦĶŃľĺƞŅĚŐĔƠĽŀŀĔĞŇŏěĬŐĸŃėŅĶƢĭŀĬœħŀŀĔœĞħƢĪňŗŏľĴŅŃĽĴȮőħĵŒľƟĴňĮĶŇĴŅĦĕŀĚ

ŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢĪňŗĽŌĚĔĺƞŅȮŏıŊŗŀĵńĭĵńŘĚĔŅĶľŅĵŒěĕŀĚŏľŖħŒľƟĝƟŅĸĚȮŐĨƞĔŖĵńĚėĚĨƟŀĚĴňŐĔƠĽŀŀĔĞŇŏěĬ

ŒľƟŏľŖħĵńĚĽŅĴŅĶĩŒĝƟľŅĵŒěœħƟŀĵƞŅĚŏıňĵĚıŀȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶľŅĵŒěŐĭĭœĴƞŒĝƟŀŀĔĞŇŏěĬĞŉŗĚěŃĽƞĚįĸŒľƟ

ŏĔŇħŐĔƠĽŏŀĪŇĸňĬȮĪŜŅŒľƟŏľŖħĴňĔĸŇŗĬŐĸŃĶĽĪňŗŏĮĸňŗĵĬŐĮĸĚœĮ [8] 

2.7 őĶėŏĬƞŅĽňĬŘŜŅĨŅĸĕŀĚŏľŖħȮ(Brown blotch) 
 ŀňĔľĬŉŗĚĮƤĠľŅľĸńĔĪňŗŏĔňŗĵĺĔńĭĔŅĶŏĬƞŅŏĽňĵĕŀĚŏľŖħėŊŀĔŅĶŏĔŇħőĶėȮBacterial Blotch ĞŉŗĚŏĮƦĬ

őĶėĪňŗĽƞĚįĸŏĽňĵŏĮƦĬŀĵƞŅĚĴŅĔĨƞŀĮĶŃĽŇĪīŇĳŅıĪŅĚŏĻĶļģĔŇěĕŀĚŏľŖħĪňŗĴňĽňĕŅĺȮőħĵőĶėħńĚĔĸƞŅĺĬňŘĴň

ĽŅŏľĨŋĴŅěŅĔŏĝŊŘŀŐĭėĪňŏĶňĵȮPseudomonas tolaasii ĞŉŗĚěŃĪŜŅŒľƟŏľŖħŏĮĸňŗĵĬĽňĔĸŅĵŏĮƦĬĽňĬŘŜŅĨŅĸȮ

ĽŜŅľĶńĭŏľŖħŏĻĶļģĔŇěĕŀĚœĪĵȮŏĝƞĬȮŏľŖħĬŅĚĶĴĬńŘĬĔŖœħƟĶńĭĮƤĠľŅěŅĔőĶėĝĬŇħĬňŘŀĵƞŅĚĴŅĔŏĝƞĬĔńĬȮħńĚĬńŘĬ

ŐĬĺĪŅĚŒĬĔŅĶĵŊħŀŅĵŋėŋĦĳŅıĕŀĚŏľŖħȮĮƤěěńĵŒĬĔŅĶĮƚŀĚĔńĬŏĝŊŘŀŐĭėĪňŏĶňĵĝĬŇħȮPseudomonas 

tolaasiiȮěŉĚŏĮƦĬĽŇŗĚĽŜŅėńĠĴŅĔŏĝƞĬŏħňĵĺĔńĬȮ[21]Ȯ 

 Pseudomonas tolaasiiȮŏĮƦĬŏĝŊŘŀŐĭėĪňŏĶňĵŒĬĨĶŃĔŌĸȮPseudomonas ĞŉŗĚĵƟŀĴĽňĨŇħŐĔĶĴ

ĸĭȮĴňĶŌĮĶƞŅĚŏĮƦĬĪƞŀĬħńĚŐĽħĚŒĬĶŌĮĪňŗȮ0,6ȮŏĨŇĭőĨœħƟħňŒĬĽĳŅĺŃĪňŗĴňŀŀĔĞŇŏěĬŐĸŃŀŋĦľĳŌĴŇĨŗŜŅȮŏĝŊŘŀ

ŐĭėĪňŏĶňĵĨĶŃĔŌĸĬňŘŏĮƦĬĽŅŏľĨŋľĸńĔĕŀĚĔŅĶŏĬƞŅŏĽňĵĕŀĚŀŅľŅĶȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚĽŜŅľĶńĭŀŅľŅĶĪňŗĨƟŀĚ

ŏĔŖĭĶńĔļŅĪňŗŀŋĦľĳŌĴŇĨŗŜŅȮőħĵŐĭėĪňŏĶňĵĝĬŇħĬňŘĽŅĴŅĶĩĽĶƟŅĚĶĚėĺńĨĩŋœħƟȮěŉĚĽƞĚįĸŒľƟĽňĕŀĚŀŅľŅĶľĶŊŀıŊĝĴň

ĽňĪňŗŏĮĸňŗĵĬŐĮĸĚœĮȮŏĮƦĬĽŅŏľĨŋľĸńĔĕŀĚĔŅĶŏĔŇħěŋħĬŘŜŅĨŅĸĭĬıŊĝįńĔįĸœĴƟȮŐĸŃŏĬŊŗŀĚěŅĔŐĭėĪňŏĶňĵĝĬŇħ

ĬňŘĽŅĴŅĶĩĵƞŀĵőĮĶĨňĬœħƟȮĽƞĚįĸŒľƟįńĔįĸœĴƟŏĔŇħĔŅĶŏĬƞŅŏĸŃŏĴŊŗŀĽńĴįńĽĔńĭŏĝŊŘŀŐĭėĪňŏĶňĵȮ[22]Ȯ 
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ĶŌĮĪňŗȮ0,6ȮŐĽħĚĸńĔļĦŃĕŀĚŐĭėĪňŏĶňĵĝĬŇħȮPseudomonas [23] 

 
2.8 ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 
 Qin Y. ŐĸŃėĦŃȮY6[ ĔĸƞŅĺĺƞŅŏľŖħŏĮƦĬĽŇŗĚĴňĝňĺŇĨĪňŗĴňŀńĨĶŅĔŅĶľŅĵŒěŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬĪňŗĽŌĚȮ

ĪňŗěŃĽƞĚįĸŒľƟŏľŖħĴňĔŅĶĽŌĠŏĽňĵĬŘŜŅȮĩŌĔĪŜŅĸŅĵěŅĔŏĝŊŘŀěŋĸŇĬĪĶňĵƢȮŐĸŃĔŅĶŏĮĸňŗĵĬĽňŏĮƦĬĽňĬŘŜŅĨŅĸȮĽƞĚįĸŒľƟ

ŏľŖħŏľĸƞŅĬňŘĴňŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĪňŗĽńŘĬȮőħĵľŅĔŏĔŖĭĪňŗŀŋĦľĳŌĴŇľƟŀĚěŃŀĵŌƞœħƟŏıňĵĚȮ3 ĺńĬȮŐĸŃĽŅĴŅĶĩŏĔŖĭ

œħƟĮĶŃĴŅĦȮ6ȮĺńĬȮŒĬĽĳŅĺŃĪňŗĴňĔŅĶĪŜŅėĺŅĴŏĵŖĬȮőħĵĴňľĸŅĔľĸŅĵĚŅĬĺŇěńĵĪňŗĴňĔŅĶĻŉĔļŅĔŅĶĵŊħŀŅĵŋ

ĕŀĚŏľŖħȮŐĸŃıĭĺƞŅĽĳŅĺŃŀŅĔŅĻĳŅĵŒĬĭĶĶěŋĳńĦĤƢĪňŗĮĶŃĔŀĭœĮħƟĺĵŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽ

ėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĬŘŜŅĪňŗœħƟěŅĔĔŅĶľŅĵŒěȮĽƞĚįĸőħĵĨĶĚĨƞŀŏľŖħȮőħĵıĺĔŏĕŅĔĸƞŅĺĺƞŅĭĶĶěŋĳńĦĤƢ

ĽŜŅľĶńĭŏľŖħĬńŘĬȮėĺĶĴňĔŅĶŐıĶƞįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŏıŊŗŀŒľƟŏľŖħŒĝƟŒĬĔŅĶľŅĵŒěȮŐĨƞŒĬĕĦŃŏħňĵĺĔńĬĔŖ

ĽŅĴŅĶĩĔŜŅěńħŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŀŀĔěŅĔĭĶĶěŋĳńĦĤƢœħƟȮ 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ0,7ȮŐĽħĚįĸĕŀĚĭĶĶěŋĳńĦĤƢĝĬŇħĨƞŅĚŕȮĪňŗĽƞĚĨƞŀĽĳŅıĪňŗĵŀĴĶńĭœħƟĕŀĚŏľŖħĔĶŃħŋĴĪňŗĩŌĔŏĔŖĭŒĬ
ŀŋĦľĳŌĴŇȮ2±/°C ŏĮƦĬŏĺĸŅȮ/4ȮĺńĬ [8] 
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 ŀňĔĪńŘĚŒĬĚŅĬĺŇěńĵĕŀĚıĺĔŏĕŅĵńĚœħƟĻŉĔļŅĔŅĶŏĨŇĴȮCinnamaldehyde ŒĬĲƕĸƢĴıŀĸŇŐĸėĨŇĔ

ŐŀĞŇħŏıŊŗŀŒĝƟŏĔŖĭĶńĔļŅŏľŖħȮőħĵĴňĔŅĶįĽĴȮPLA ĔńĭıŀĸŇėŅőĮŐĸėőĨĬȮ(PCL) ŏıŊŗŀŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬĨƞŀ

ĲƕĸƢĴȮPLA ĞŉŗĚěŅĔĚŅĬĺŇěńĵĕŀĚıĺĔŏĕŅıĭĺƞŅȮĔŅĶŏĨŇĴĽŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵĝƞĺĵĶńĔļŅĽĳŅıŏľŖħŒľƟ

įŌƟĭĶŇőĳėĽŅĴŅĶĩĵŀĴĶńĭœħƟĴŅĔĕŉŘĬȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĲƕĸƢĴĪňŗœĴƞĴňĔŅĶŏĨŇĴȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.7ȮŐĨƞ

ŀĵƞŅĚœĶĔŖĨŅĴėŋĦĳŅıĕŀĚŏľŖħĔŖĵńĚĸħĸĚĨŅĴŏĺĸŅȮ 

 ĬŀĔěŅĔĬňŘȮěŅĔįĸĔŅĶĪħĸŀĚŒĬĶŌĮĪňŗȮ2./.ȮĲƕĸƢĴįĽĴĕŀĚȮPLA/PCL/Cinnamaldehyde ĵńĚ

ĝƞĺĵĔńĔŏĔŖĭŐĔƠĽŀŀĔĞŇŏěĬŒĬĭĶĶěŋĳńĦĤƢœħƟħňĕŉŘĬȮŐĸŃĽŅĴŅĶĩĔŜŅěńħŐĔƠĽėŅĶƢĭŀĬœħƟŀŀĔœĞħƢœħƟħňĕŉŘĬŏĴŊŗŀ

ŏĮĶňĵĭŏĪňĵĭĔńĭıŀĸŇŏŀĪŇĸňĬėĺŅĴľĬŅŐĬƞĬĨŗŜŅ 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ0,/.ȮŐĽħĚįĸĕŀĚĭĶĶěŋĳńĦĤƢĪňŗŐĨĔĨƞŅĚĔńĬĨƞŀėĺŅĴŏĕƟĴĕƟĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŒĬĔŅĶŏĔŖĭĶńĔļŅ
ŏľŖħĔĶŃħŋĴĪňŗŀŋĦľĳŌĴŇȮ2±/°C ŏĮƦĬŏĺĸŅȮ/4ȮĺńĬ [8] 

 

  

 

 

 

 

 

 

 
ĶŌĮĪňŗȮ0,//ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮNeat PLA ŐĸŃȮPLA-co-PEG őėıŀĸŇŏĴŀĶƢȮĪňŗĮĶŇĴŅĦĽŅĶĕĵŅĵ

ĽŅĵőĞƞĪňŗŐĨĔĨƞŅĚĔńĬȮ[24] 
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 Dahman Y. ŐĸŃėĦŃȮ[24]ȮœħƟĪŜŅĔŅĶĻŉĔļŅĔŅĶĽńĚŏėĶŅŃľƢőėıŀĸŇŏĴŀĶƢĕŀĚȮPLA ŐĸŃȮPEG 

(PLA-co-PEG) ħƟĺĵĺŇīňĔŅĶȮDirect melt polycondensation ĪňŗĮĶŅĻěŅĔĨńĺĪŜŅĸŃĸŅĵȮőħĵĪňŗĴň

ĔŅĶĻŉĔļŅĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħȮADR-4380 ĞŉŗĚĪŜŅĔŅĶĻŉĔļŅĪňŗĽńħĽƞĺĬĕŀĚȮPEG ŏĮƦĬȮ0.% 

őħĵĬŘŜŅľĬńĔȮŐĸŃĻŉĔļŅĔŅĶŏĨŇĴȮADR ĪňŗĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬĪňŗȮ.,5, 0.75, 1.0, 1.25 ŐĸŃȮ/,3% őħĵ

ĬŘŜŅľĬńĔȮĞŉŗĚįŌƟĺŇěńĵıĭĺƞŅĔŅĶŏĨŇĴȮADR ĪňŗȮ/,03% ĽƞĚįĸŒľƟėƞŅȮTensile strength ĕŀĚőėıŀĸŇŏĴŀĶƢ

ŏıŇŗĴĕŉŘĬŏĮƦĬȮ5.ȮMPa ŒĬĕĦŃĪňŗȮPLA ĴňȮTensile strengthȮŀĵŌƞĪňŗȮ4.ȮMPa ĵŇŗĚœĮĔĺƞŅĬńŘĬėƞŅȮ

Elongation at break ĵńĚŏıŇŗĴĕŉŘĬȮ/5% ŏĴŊŗŀŏĨŇĴȮADR /,03% ŀňĔħƟĺĵȮĞŉŗĚŐĽħĚŒĬĶŌĮĪňŗȮ0,//ȮěŅĔįĸ

ħńĚĔĸƞŅĺȮŐĸŃįĸĔŅĶĪħĽŀĭŀŊŗĬŕȮŒĬĚŅĬĺŇěńĵĬňŘȮįŌƟĺŇěńĵĽĶŋĮœħƟĺƞŅĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħȮADR ĽŅĴŅĶĩ

ĮĶŃıķĨŇĨńĺŏĮƦĬĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĽŜŅľĶńĭȮPLA ŐĸŃȮPEG œħƟȮőħĵĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴĪňŗĽŋħėŊŀȮ

/,03% 

 Marco A. ŐĸŃėĦŃ [3]ȮĪŜŅĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶĨƟŅĬĪŅĬĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĕŀĚȮPLA 

ŏĬŊŗŀĚěŅĔįĸĕŀĚėĺŅĴŏĮƦĬįĸŉĔȮıĭĺƞŅėĺŅĴŏĮƦĬįĸŉĔĕŀĚȮPLA ĬńŘĬĽƞĚįĸĨƞŀĽĴĭńĨŇĔŅĶĨƟŅĬĪŅĬĔŅĶĞŉĴ

įƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬĴŅĔĔĺƞŅŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮŐĽħĚĩŉĚĔŅĶŏĸŊŀĔįƞŅĬĕŀĚŐĔƠĽŒĬȮPLA Ĩƞŀ

ŐĔƠĽĪńŘĚĽŀĚĝĬŇħĪňŗŐĨĔĨƞŅĚĔńĬȮĞŉŗĚŀŅěŏĔŇħěŅĔĕĬŅħőĴŏĸĔŋĸĪňŗŐĨĔĨƞŅĚĔńĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽ

ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮĞŉŗĚįĸĔŅĶĪħĸŀĚŐĽħĚħńĚĨŅĶŅĚĪňŗȮ0,0ȮĞŉŗĚŀīŇĭŅĵĩŉĚĔŅĶŏĨŇĴŀĬŋĳŅėĞŇĸŇĔŅŒĬĶŃħńĭ

ĬŅőĬŒĬȮPLAȮ(PLA1, PLA4, PLA7) ŐĸŃĔŅĶŏĨŇĴŏėĸĵƢŒĬȮPLA (PLA8, PLA11, PLA14) ĬŀĔěŅĔĬňŘ

įŌƟĺŇěńĵĵńĚĪŜŅĔŅĶŏĮĶňĵĭŏĪňĵĭȮPLA ĪňŗœħƟěŅĔĔŅĶĽńĚŏėĶŅŃľƢŏŀĚŐĸŃȮPLA ĪňŗŏĮƦĬŏĔĶħĪŅĚĔŅĶėƟŅĺƞŅĴňįĸ

ĨƞŀĔŅĶŏĸŊŀĔįƞŅĬĕŀĚŐĔƠĽŀĵƞŅĚœĶȮŏĕŅıĭĺƞŅŀĬŋĳŅėĕŀĚĞŇĸŇĔŅĽƞĚįĸŒľƟŏĽƟĬĪŅĚĔŅĶŐıĶƞįƞŅĬĕŀĚŐĔƠĽȮ

CO2 ŏĔŇħĕŉŘĬœħƟĴŅĔĔĺƞŅŐĔƠĽȮO2 ĽƞĚįĸŒľƟĲƕĸƢĴȮPLA ĪňŗŏĨŇĴŀĬŋĳŅėĞŇĸŇĔŅĴňĔŅĶŏĸŊŀĔįƞŅĬĕŀĚŐĔƠĽȮCO2 

ĽŌĚĕŉŘĬŀĵƞŅĚĴŅĔ 

 Park B. ŐĸŃėĦŃȮY03[ ĻŉĔļŅıŀĸŇŏĴŀĶƢįĽĴĕŀĚȮPLA ĔńĭıŀĸŇŏŀĪŇĸňĬœĔĸėŀĸȮ(PEG) őħĵĴň

ĔŅĶĮĶńĭĮĶŋĚȮPEG ħƟĺĵĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħȮ2*2ŲȮkcrfylenebis(phenylisocyanate) 

(MDI)ȮŏĬŊŗŀĚěŅĔȮPEG ĽŅĴŅĶĩŐĵĔŏĲĽŀŀĔěŅĔıŀĸŇŏĴŀĶƢľĸńĔœħƟŏĴŊŗŀŏĺĸŅįƞŅĬœĮȮőħĵıĭĺƞŅĔŅĶŏĨŇĴȮ

PEG ŒĬȮPLA ĝƞĺĵŒľƟȮ%Elongation at break ŏıŇŗĴĕŉŘĬĩŉĚȮ2.5% ŐĸŃĵńĚıĭĺƞŅėƞŅȮTensile strength 

ĸħĸĚŀĵƞŅĚĴŅĔȮěŅĔįĸħńĚĔĸƞŅĺĬňŘıĺĔŏĕŅĔĸƞŅĺĺƞŅȮPEG ĽŅĴŅĶĩĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢ

ĽŜŅľĶńĭȮPLA œħƟȮŐĨƞŒĬėĺŅĴŏĮƦĬěĶŇĚŐĸƟĺĔŅĶŏĨŇĴȮPEG ĪňŗĬŘŜŅľĬńĔőĴŏĸĔŋĸĽŌĚĕŉŘĬěŃĝƞĺĵŏıŇŗĴĽƞĺĬĪňŗĴň

ėĺŅĴŏľĬňĵĺœħƟĴŅĔĕŉŘĬȮŒĬĕĦŃŏħňĵĺĔńĬĔŖœĴƞĪŜŅŒľƟėĺŅĴŐĕŖĚŐĶĚĕŀĚĲƕĸƢĴȮPLA ĸħĸĚȮıĺĔŏĕŅěŉĚ
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ĪŜŅĔŅĶĻŉĔļŅĔŅĶŏĨŇĴȮPEG ĪňŗĴňĔŅĶĮĶńĭĮĶŋĚĬŘŜŅľĬńĔőĴŏĸĔŋĸŒľƟĽŌĚĕŉŘĬħƟĺĵĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞŒĬ

ĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬ 

 

ĨŅĶŅĚĪňŗȮ0,0ȮĽńĴĮĶŃĽŇĪīŇśĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŐĸŃėĺŅĴŏĸŊŀĔįƞŅĬĕŀĚŐĔƠĽŒĬĲƕĸƢĴėŀĴıŀĽŇĨ [3] 

Sample 
KPO2 

(cm3ÖmmÖm-2Ö24h-1Öbar-1) 

KPCO2 

(cm3ÖmmÖm-2Ö24h-1Öbar-1) 

Selectivity 
CO2/O2 

4032D 18.53 ± 0.34 93.35 ± 0.55 5.0 
PLA0 10.52 ± 0.67 82.10 ± 0.28 7.8 

PLA1 6.32 ± 0.45 73.78 ± 0.36 11.7 

PLA4 4.72 ± 0.26 59.57 ± 0.30 12.6 
PLA7 2.03 ± 0.19 43.35 ± 0.22 21.0 

PLA8 9.12 ± 0.24 41.35 ± 0.24 4.5 

PLA11 8.81 ± 0.36 53.59 ± 0.46 6.1 
PLA14 8.63 ± 0.37 52.98 ± 0.37 6.1 

 

 ěŅĔĔŅĶĪħĽŀĭıĺĔŏĕŅıĭĺƞŅĲƕĸƢĴȮPLA/CE-PEG-3 ĴňėƞŅőĴħŌĸńĽŐĸŃ Tensile strengthȮ

ŏĮƦĬȮ66.ȮMPa ŐĸŃȮ38 MPa ĨŅĴĸŜŅħńĭȮŒĬĕĦŃĪňŗĲƕĸƢĴȮPLA ĭĶŇĽŋĪīŇśĴňȮTensile strengthȮŏĮƦĬȮ30Ȯ

MPa ěŃŏľŖĬĺƞŅĴňėƞŅĨƞŅĚĔńĬœĴƞĽŌĚĴŅĔĕŉŘĬȮŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŏĨŇĴȮPEG ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞȮ

ŐĸŃıĭĺƞŅĔŅĶĕŅħŐĭĭŏľĬňĵĺȮ(Ductile) ľĵŋƞĬĪňŗĴňėƞŅȮ%Elongation at breakȮĽŌĚĩŉĚȮ340% ŒĬȮ

PLA/CE-PEG-3ȮĴňĔŅĶĸħĸĚĕŀĚėƞŅőĴħŌĸńĽŐĸŃ Tensile strengthȮŏıňĵĚŏĸŖĔĬƟŀĵŏĪƞŅĬńŘĬȮħńĚŐĽħĚŒĬ

ĨŅĶŅĚĪňŗȮ0,1 ıĺĔŏĕŅěŉĚĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅĔŅĶŏĨŇĴȮCE-PEG ŒĬȮPLA ĽƞĚįĸŒľƟĲƕĸƢĴįĽĴĪňŗœħƟĴňėĺŅĴ

ĵŊħľĵŋƞĬĪňŗĽŌĚĴŅĔŏĮƦĬȮ2.ȮŏĪƞŅȮŐĸŃȮ0.ȮŏĪƞŅȮĕŀĚȮPLA ĭĶŇĽŋĪīŇśŐĸŃȮPLA-PEG ŀňĔĪńŘĚĵńĚĝƞĺĵĶńĔļŅėĺŅĴ

ŐĕŖĚŐĶĚĕŀĚĲƕĸƢĴŏŀŅœĺƟœħƟŀňĔħƟĺĵ 

 Heydari-Majd M. ŐĸŃėĦŃ [26]ȮĻŉĔļŅĔŅĶŏĨŇĴĽŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĮĢŇĔŇĶŇĵŅ

ŀŀĔĞŇŏħĝńĬĸĚŒĬĲƕĸƢĴȮPLA ŏıŊŗŀŒĝƟĽŜŅľĶńĭĔŅĶŏĔŖĭĶńĔļŅĮĸŅĽħȮőħĵŒĝƟȮZnO ŐĸŃĬŘŜŅĴńĬľŀĴĶŃŏľĵ

ĝĬŇħȮZEO ŐĸŃȮMEOȮěŅĔĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĝŊŘŀŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴėŀĴıŀĽŇĨœħƟįĸ

ĔŅĶĪħĽŀĭħńĚĨŅĶŅĚĪňŗ 0,2ȮĞŉŗĚĪŜŅĔŅĶĪħĽŀĭĔńĭŐĭėĪňŏĶňĵȮ3ȮĝĬŇħȮœħƟŐĔƞȮEscherichia coli, 
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Salmonella enterica, Pseudo-monas aeruginosa, Bacillus cereus ŐĸŃ Staphylococcus 

aureusȮőħĵŒĝƟĺŇīňĔŅĶĞŉĴįƞŅĬ 

 

ĨŅĶŅĚĪňŗȮ0,1ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴįĽĴȮPLA/CE-PEG (80/20) [25] 
 Modulus (MPa) Tensile strength (MPa) Elongation at break (%) 

PLA 1020 52 2 
PLA/PEG 420 16 390 

PLA/CE-PEG-1 520 18 470 

PLA/CE-PEG-3 830 31 505 
PLA/CE-PEG-5 880 38 540 

 

 ěŅĔĔŅĶĪħĽŀĭıĺĔŏĕŅıĭĺƞŅȮPLA ĪňŗŏĨŇĴȮZnO ŏıňĵĚŀĵƞŅĚŏħňĵĺœĴƞŐĽħĚĔŅĶĨƟŅĬŏĝŊŘŀ

ŐĭėĪňŏĶňĵȮŐĸŃŏĴŊŗŀĪŜŅĔŅĶįĽĴĬŘŜŅĴńĬľŀĴĶŃŏľĵŒĬĲƕĸƢĴȮPLA ıĺĔŏĕŅıĭĺƞŅȮĔŅĶŏĨŇĴĬŘŜŅĴńĬľŀĴ

ĶŃŏľĵĝĬŇħȮMEO ĪňŗȮ.,3% őħĵĬŘŜŅľĬńĔȮœĴƞœħƟŐĽħĚŒľƟŏľŖĬĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵŀĵƞŅĚ

ĝńħŏěĬĬńĔȮŐĨƞŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦŏĮƦĬȮ/,3% őħĵĬŘŜŅľĬńĔȮŐĽħĚŒľƟŏľŖĬĩŉĚĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬŏĝŊŘŀ

ŐĭėĪňŏĶňĵŐĔĶĴĸĭœħƟħňȮŒĬĕĦŃĪňŗŐĭėĪňŏĶňĵěŜŅıĺĔŐĔĶĴĭĺĔĽŅĴŅĶĩĨƞŀĨƟŅĬĨƞŀĬŘŜŅĴńĬľŀĴĶŃŏľĵĝĬŇħȮ

MEO œħƟŀĵŌƞȮĞŉŗĚŏĔŇħĔŅĶĪňŗŐĭėĪňŏĶňĵŐĔĶĴĭĺĔĮĶŃĔŀĭœĮħƟĺĵįĬńĚŏĞĸĸƢĳŅĵĬŀĔĪňŗĮƚŀĚĔńĬĔŅĶŐıĶƞĕŀĚ

ĬŘŜŅĴńĬľŀĴĶŃŏľĵŏĕƟŅĽŌƞŏĞĸĸƢĕŀĚĨńĺĴńĬŏŀĚȮŐĸŃıĭĺƞŅĔŅĶŏĨŇĴĬŘŜŅĴńĬľŀĴĶŃŏľĵĝĬŇħȮZEO ĝƞĺĵĵńĭĵńŘĚ

ŏĝŊŘŀŐĭėĪňŏĶňĵĝĬŇħBacillus cereus ŐĸŃ Staphylococcus aureusȮœħƟħňĔĺƞŅŐĭėĪňŏĶňĵĝĬŇħȮ

Escherichia coliȮĞŉŗĚįĸĔŅĶĪħĽŀĭĪňŗŐĨĔĨƞŅĚĔńĬĬňŘȮŏĮƦĬįĸĴŅěŅĔŀĚėƢĮĶŃĔŀĭěŜŅıĺĔĔĶħĲƖőĬĸŇėĪňŗ

ŐĨĔĨƞŅĚĔńĬȮěŉĚĪŜŅŒľƟĴňĔĸœĔŐĸŃĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬŏĝŊŘŀĪňŗŐĨĔĨƞŅĚĔńĬȮŐĸŃıĺĔŏĕŅĵńĚœħƟĪħĽŀĭ

ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĮƚŀĚĔńĬĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬőħĵĔŅĶĺńħĮĶŇĴŅĦĔĶħĲƖőĬĸŇėȮŏıŊŗŀĭƞĚĭŀĔĩŉĚ

ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĮƚŀĚĔńĬĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬȮŐĽħĚŒĬĶŌĮĪňŗ 0,/0ȮĞŉŗĚıĭĺƞŅĔŅĶŏĨŇĴȮMEO ŐĸŃȮ

ZEO ĽƞĚįĸŒľƟĮĶŇĴŅĦĔĶħĲƖőĬĸŇėŏıŇŗĴĽŌĚĕŉŘĬȮŐĸŃĽŌĚĪňŗĽŋħĪňŗĮĶŇĴŅĦȮZEO /,3% őħĵĬŘŜŅľĬńĔȮĞŉŗĚĽŌĚĔĺƞŅ

ĔŅĶŒĝƟȮMEO ŏĬŊŗŀĚěŅĔŒĬĬŘŜŅĴńĬľŀĴĶŃŏľĵĝĬŇħȮZEO ĴňŀĚėƢĮĶŃĔŀĭěŜŅıĺĔĲƖőĬĸŇėŐĸŃŏĪŀıňĬŀĸĪňŗ

ĽŌĚĔĺƞŅȮMEO ŒĬĕĦŃĪňŗŀĚėƢĮĶŃĔŀĭĕŀĚȮMEO ĴňĮĶŇĴŅĦŏĮƦĬěŜŅıĺĔėňőĨĬŏĮƦĬĽƞĺĬŒľĠƞȮ 
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ĨŅĶŅĚĪňŗȮ0,2ȮŐĽħĚĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴȮPLA/ZnO/ZEO ŐĸŃȮ
PLA/ZnO/MEO ĪňŗĮĶŇĴŅĦĕŀĚĬŘŜŅĴńĬľŀĴĶŃŏľĵĪňŗŐĨĔĨƞŅĚĔńĬ [26] 

 Inhibition area (mm2) 

Film E. coli P. aeruginosa B. cereus S. aureus 
PLA NDe NDd NDg NDg 

PLA/ZnO NDe NDd NDg NDg 

PLA/ZnO/ZEO-0.5 28.45 ± 3.95d NDd 50.46 ± 4.58e 94.93 ± 4.70e 

PLA/ZnO/ZEO-1 176.54±11.56b 28.25 ± 3.35e 283.73 ± 5.66e 593.33± 21.79b 

PLA/ZnO/ZEO-1.5 200.67±18.01a 78.33± 13.57a 515.33± 17.62a 691.00 ± 13.0a 

PLA/ZnO/MEO-0.5 NDe NDd 23 ± 2.00f 50.41 ± 4.50f 

PLA/ZnO/MEO-1 31.08 ± 4.50d 27.73 ± 2.61e 78.47 ± 1.45d 386.41 ± 5.64d 

PLA/ZnO/MEO-1.5 113.28± 5.10d 63.56 ± 3.65b 314.33 ± 10.7b 513.33 ± 2.23c 

 
Note: ND = not detected; Values for zone of inhibition are presented as mean ± 
standard deviation of three independent measurement; Different letters in the same 
column indicate significant differences (p < 0.05). 
 
 
 

 

 

 

ĶŌĮĪňŗȮ0,/0ȮŐĽħĚĮĶŇĴŅĦĲƖĬŀĸĪńŘĚľĴħȮ(a) ŐĸŃĮĶŃĽŇĪīŇĳŅıŒĬĽĔńħĔńŘĬȮDPPH (b) ĕŀĚĲƕĸƢĴȮ
PLA/ZnO ĪňŗĴňĮĶŇĴŅĦĕŀĚȮMEO ŐĸŃȮZEO ĪňŗŐĨĔĨƞŅĚĔńĬ [26] 

 

Sogut E. ŐĸŃėĦŃ [9]ȮĻŉĔļŅĔŅĶįĽĴĽŅĶĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬĸĚŒĬœėőĨĞŅĬȮŏıŊŗŀĻŉĔļŅĲƕĸƢĴ

įĽĴĕŀĚœėőĨĞŅĬĔńĭĽŅĶĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬȮĪňŗĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬĪňŗȮ3, 10 ŐĸŃȮ/3% őħĵĬŘŜŅľĬńĔȮ
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ŏıŊŗŀĻŉĔļŅĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵŒĬŀĔœĔƞȮŏıŊŗŀĵŊħŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅŀĔœĔƞȮŐĸƟĺıĭĺƞŅ

ĔŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵĨƞŀŏĝŊŘŀŐĭėĪňŏĶňĵĪňŗŐĨĔĨƞŅĚĔńĬȮ2ȮĝĬŇħȮħńĚĬňŘȮEscherichia coli, Listeria 

monocytogenes, Staphylococcus aureus ŐĸŃ Pseudomonas aeruginosaȮıĭĺƞŅįĸ

ĔŅĶĻŉĔļŅŏĮƦĬœĮħńĚĶŌĮĪňŗȮ0,/1ȮőħĵěŃŏľŖĬĺƞŅĔŅĶĸħĸĚĕŀĚŏĝŊŘŀŐĭėĪňŏĶňĵȮĴňĔŅĶĸħĸĚĪňŗĽŌĚĕŉŘĬĪňŗĮĶŇĴŅĦ

ĕŀĚĽŅĶĽĔńħŏĴĸŖħŀĚŋƞĬĪňŗȮ/.% őħĵĬŘŜŅľĬńĔȮőħĵĪňŗĪŋĔŕȮĽńħĽƞĺĬĕŀĚĔŅĶŏĨŇĴĽŅĶĽĔńħŏĴĸŖħŀĚŋƞĬĽƞĚįĸŒľƟ

ĔŅĶĸħĸĚĕŀĚŏĝŊŘŀŐĭėĪňŏĶňĵŏıŇŗĴĕŉŘĬĪńŘĚĽŇŘĬȮŏĴŊŗŀŏĪňĵĭĔńĭĲƕĸƢĴœėőĨĞŅĬĪňŗœĴƞŏĨŇĴĽŅĶĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬȮ

ĞŉŗĚŏĮƦĬŏľĨŋįĸěŅĔĽŅĶĮĶŃĔŀĭěŜŅıĺĔĲƖőĬĸŇĔȮĪňŗĴňįĸĨƞŀĪńŘĚĔŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĨƞŀĨƟŅĬ

ĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬȮőħĵěŅĔįĸĔŅĶĪħĸŀĚŒĬĶŌĮĪňŗȮ0,/1ȮěŃŏľŖĬĺƞŅĲƕĸƢĴįĽĴĕŀĚœėőĨĞŅĬĔńĭŏĴĸŖħ

ŀĚŋƞĬĽŅĴŅĶĩĨƞŀĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵŐĔĶĴĭĺĔȮ&Listeria monocytogenes, Staphylococcus 

aureus 'ȮœħƟħňĔĺƞŅŐĔĶĴĸĭȮ&Escherichia coli, Pseudomonas aeruginosa) 

 

 
 
 
 
 
 
 
ĶŌĮĪňŗȮ0,/1ȮŐĽħĚĔĶŅĲĸŀĔĔŅĶŇĪŉĴĕŀĚĔŅĶĸħĸĚĕŀĚŏĝŊŘŀŐĭėĪňŏĶňĵĝĬŇħĨƞŅĚŕȮŒĬĲƕĸƢĴįĽĴĕŀĚœėőĨ

ĞŅĬŐĸŃĽŅĶĽĔńħŏĴĸŖħŀĚŋƞĬ [9]  
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ĺŇīňĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

3.1 ĺńĽħŋŀŋĮĔĶĦƢȮŏėĶŊŗŀĚĴŊŀȮŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

3.1.1. ĺńĽħŋŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

- Hot plate 

- ŏėĶŊŗŀĚĝńŗĚĽŅĶ 

- ĭňĔŏĔŀĶƢ 

- ĔĶŃĭŀĔĨĺĚ 

- ľĸŀħľĵħȮ(Droplet) 

- ŐĪƞĚŐĔƟĺėĬĽŅĶȮ(Stirring rod) 

- Glass plate 

- ĝƟŀĬĨńĔĽŅĶ (Spatula) 

- Magnetic stirrer 

- ĪňŗėňĭȮ(Forcep) 

- ĔĸƞŀĚŏĔŖĭĽŅĶȮSuper lock 

- Micrometer 

- ĨŌƟŀĭȮ(Hot air oven) 

- ĨŌƟŀĭĽŋĠĠŅĔŅĻ 

- őĴĸőĸľŃĶŌĮĺĚĔĸĴ 

- őĩħŌħėĺŅĴĝŊŘĬȮ(Desiccator) 

- ŐĔƟĺŏĸŖĔ  

- ŏėĶŊŗŀĚĞňĸĮŅĔĩŋĚ 

- ĔĸƞŀĚĽŜŅľĶńĭįĽĴĽŅĶȮ 

- ĔĶĶœĔĶȮėńĨŏĨŀĶƢȮĴňħȮŐįƞĬĶŀĚĨńħ 

- ŏĪĮŒĽȮıŅĶŅĲƕĬĲƕĸƢĴ 

- ŀĸŌĴŇŏĬňĵĴĲŀĵĸƢȮĲƕĸƢĴĽŜŅľĶńĭȮwrap ŀŅľŅĶ 
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- ĩŋĚĴŊŀįƟŅȮŏĔňĵĚȮ 

3.1.2. ĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

- ŏĴŖħıĸŅĽĨŇĔıŀĸŇŐĸėĨŇĔŐŀĞŇħȮPoly(lactic) acid (PLA) 

 įŌƟįĸŇĨ NatureWorks 

 ŏĔĶħ Ingeo 0..1D 

 ŀńĨĶŅĔŅĶœľĸĪňŗȮ0/.°C  6 ĔĶńĴ-/.ȮĬŅĪň 

 ŀŋĦľĳŌĴŇŒĬĔŅĶľĸŀĴŏľĸĺ /23-/4.°C 

- ıŀĸŇŏŀĪŇĸňĬœĔĸėŀĸȮ(PEG) ĬŘŜŅľĬńĔőĴŏĸĔŋĸȮ8,000 Da 

 įŌƟįĸŇĨ  SIGMA ALDRICH 

 ĬŘŜŅľĬńĔőĴŏĸĔŋĸ 6,000 Da 

 ĸńĔļĦŃ  įĚ 

 ŀŋĦľĳŌĴŇŒĬĔŅĶľĸŀĴŏľĸĺ 3.-4.°C  

- ĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħȮMultifunctional chain extender (Joncryl ADR) 

 įŌƟįĸŇĨ BASF 

 ŏĔĶħ Joncryl ADR-4468 

 ĸńĔļĦŃ ŏĔĸŖħ 

 Epoxy equivalent weight 310 ĔĶńĴ-őĴĸ 

 ĬŘŜŅľĬńĔőĴŏĸĔŋĸ   503. 

- ĬŘŜŅĴńĬĽĔńħěŅĔŏĴĸŖħŀĚŋƞĬ (Grape seed extract, GSE) 

 įŌƟįĸŇĨ   Kingvish Kompany 

 ĝŊŗŀĪŅĚıķļĻŅĽĨĶƢ Vitis Vinifera 

 ĸńĔļĦŃ   ĕŀĚŏľĸĺĽňĬŘŜŅĨŅĸŏĕƟĴ 

 ĔŅĶĸŃĸŅĵĬŘŜŅ  ĽŅĴŅĶĩĸŃĸŅĵĬŘŜŅœħƟ 

- ȮMaleic anhydride 

 įŌƟįĸŇĨ  MERCK 

 ĽŌĨĶőĴŏĸĔŋĸ C4H2O3 

 ĬŘŜŅľĬńĔőĴŏĸĔŋĸ 76,.4 
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 ĸńĔļĦŃ  įĚ 

- Dicumyl peroxide (DCP) 

 įŌƟįĸŇĨ  SIGMA ALDRICH 

 ĽŌĨĶőĴŏĸĔŋĸ C18H22O2 

 ĬŘŜŅľĬńĔőĴŏĸĔŋĸ 05.,16 

- Dichloromethane (DCM) 

 įŌƟįĸŇĨ  RCI Labscan 

 ĽŌĨĶőĴŏĸĔŋĸ CH2Cl2   

- ŐŀĸĔŀŁŀĸƢŏěŊŀěŅĚȮ 

3.2 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
3.2.1. ŏėĶŊŗŀĚŀńħĶňħıĸŅĽĨŇĔŐĭĭŏĔĸňĵĺľĬŀĬėŌƞȮ&Twin-screw extruder'ȮĶŋƞĬȮSHJ-25ȮěŅĔ

ĭĶŇļńĪȮYongteng ĮĶŃŏĪĻěňĬȮőħĬĽĔĶŌĴňėĺŅĴĵŅĺŀĵŌƞĪňŗȮ14.ȮŏĞĬĨŇŏĴĨĶȮŏĽƟĬįƞŅĬ

ĻŌĬĵƢĔĸŅĚȮ03ȮĴŇĸĸŇŏĴĨĶȮŐĸŃĴňėƞŅȮL/D ŏĪƞŅĔńĭȮ/22 

3.2.2. ŏėĶŊŗŀĚŀńħĶňħŐįƞĬĲƕĸƢĴȮ&Cast film extruder'ȮĶŋƞĬȮHAAKE PolyLab OSȮěŅĔĭĶŇļńĪ 

Thermo scientificȮőħĵĽĔĶŌĴňėĺŅĴĵŅĺŀĵŌƞĪňŗȮ40,3ȮŏĞĬĨŇŏĴĨĶȮŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ03Ȯ

ĴŇĸĸŇŏĴĨĶȮŐĸŃĴňėƞŅȮL/D ŏĪƞŅĔńĭȮ03 

3.2.3. ŏėĶŊŗŀĚĺŇŏėĶŅŃľƢĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮ&Differential Scanning Calorimeter, DSC) ěŅĔ

ĭĶŇļńĪȮMettle-ToledoȮĮĶŃŏĪĻĽĺŇĨŏĞŀĶƢŐĸĬħƢ ĶŋƞĬȮDSC/ 

3.2.4. ŏėĶŊŗŀĚĺŇŏėĶŅŃľƢŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬȮ&Thermal Gravimetric Analyzer, TGA) 

ĵňŗľƟŀȮPerkin-Elmer  

3.2.5. ŏėĶŊŗŀĚĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸȮ&Universal Testing Machine'ȮĝŊŗŀĪŅĚĔŅĶėƟŅȮInstron 

őĴŏħĸȮ3747ȮĭĶŇļńĪȮInstron Engineering Corporation ěŅĔĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

3.2.6. ŏėĶŊŗŀĚıŇĽŌěĬƢŏŀĔĸńĔļĦƢȮ&Fourier Transform Spectrophotometer'ȮĶŋƞĬȮVERTEX70 

ěŅĔĭĶŇļńĪȮBruker 

3.2.7. ĔĸƟŀĚěŋĸĪĶĶĻŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ&Scanning electron microscope, SEM)Ȯ

ĵňŗľƟŀȮTescanȮĶŋƞĬȮMira 3 ěŅĔĭĶŇļńĪȮCzech Republic ĮĶŃŏĪĻĴŅŏĸŏĞňĵ 
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3.2.8. ŏėĶŊŗŀĚĪħĽŀĭĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽȮ(Gas Permeability Tester) ĶŋƞĬȮGDP-C-Gas 

Permeability Tester ěŅĔĭĶŇļńĪȮBruggerȮfeinmechanik ěŜŅĔńħȮĮĶŃŏĪĻŏĵŀĶĴńĬ 

3.2.9. ŏėĶŊŗŀĚĪħĽŀĭĽĴĭńĨŇĔŅĶœľĸȮ(Rotational rheometer) ĶŋƞĬȮARES-G2 ĵňŗľƟŀȮTA 

Instruments 

 

3.3 ĺŇīňħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

3.3.1. ĔŅĶŏĨĶňĵĴĲƕĸƢĴįĽĴĕŀĚȮPLA/PEG 

3.1.1.1. ŏĨĶňĵĴȮMasterbatch ĲƕĸƢĴħƟĺĵĺŇīňĔŅĶȮSolution casting 

1.ȮŀĭȮPLA ŐĸŃȮPEG ŒĬĨŌƟŀĭĸĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇȮ3.°C ŐĸŃȮ23°CȮĨŅĴĸŜŅħńĭ 

2.ȮĸŃĸŅĵȮPLA ŐĸŃ PEGȮŏĕƟŅħƟĺĵĔńĬȮőħĵĴňȮDichloromethane ŏĮƦĬĨńĺĪŜŅ

ĸŃĸŅĵ őħĵŒĝƟĮĶŇĴŅĦĕŀĚȮPLA:PEG ŏĮƦĬȮ/:1 ħƟĺĵĮĶŇĴŅĦȮPEG ĪńŘĚľĴħĪňŗĨƟŀĚ

ŒĝƟĽŜŅľĶńĭŐĨƞĸŃĽńħĽƞĺĬĨŅĴĨŅĶŅĚĪňŗȮ/,/ȮőħĵĸŃĸŅĵȮPLA ŒĬĨńĺĪŜŅĸŃĸŅĵŒĬ

ŀńĨĶŅĽƞĺĬőħĵĴĺĸĨƞŀĮĶŇĴŅĨĶĕŀĚȮPLA:DCM ŏĮƦĬȮ/:10 ĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŐĸƟĺŏĨŇĴȮ

PEG ŒĬĽŅĶĸŃĸŅĵȮPLA őħĵœĴƞĨƟŀĚŏıŇŗĴĨńĺĪŜŅĸŃĸŅĵȮĮĸƞŀĵŒľƟĸŃĸŅĵŏĕƟŅĔńĬħňĪňŗ

ŀŋĦľĳŌĴŇľƟŀĚȮŏĮƦĬŏĺĸŅȮ3ȮĝńŗĺőĴĚ 

3.ȮŏĪĽŅĶĸŃĸŅĵĪňŗĸŃĸŅĵŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬŏĶňĵĭĶƟŀĵŐĸƟĺĸĚŒĬŏıĸĪŐĔƟĺȮŐĸƟĺĪŇŘĚœĺƟ

ĪňŗŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮŏıŊŗŀŒľƟĨńĺĪŜŅĸŃĸŅĵĶŃŏľĵŀŀĔȮŐĸŃœħƟŏĮƦĬ

ĲƕĸƢĴȮMasterbatchȮ 

4.ȮĨńħĲƕĸƢĴȮMasterbatchȮŏĮƦĬĝŇŘĬŏĸŖĔŕȮĕĬŅħŒĔĸƟŏėňĵĚĔńĭŏĴŖħıĸŅĽĨŇĔȮPLA 

ŐĸƟĺĬŜŅœĮŀĭœĸƞĨńĺĪŜŅĸŃĸŅĵŐĸŃėĺŅĴĝŊŘĬŀňĔėĶńŘĚŒĬĨŌƟŀĭĽŋĠĠŅĔŅĻĪňŗȮ2.°CȮŏĮƦĬ

ŏĺĸŅȮ7ȮĝńŗĺőĴĚ 

3.1.1.2. įĽĴŏĴŖħıĸŅĽĨŇĔȮPLA ĔńĭĲƕĸƢĴȮMasterbatch ŏıŊŗŀŒľƟœħƟŀńĨĶŅĽƞĺĬĨŅĴĨŅĶŅĚĪňŗȮ

/,/ȮŐĸƟĺįĽĴŏĕƟŅħƟĺĵĔńĬħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭŏĔĸňĵĺľĬŀĬėŌƞȮ(Twin screw extruder) Īňŗ

ŀŋĦľĳŌĴŇĪńŘĚȮ6ȮőĞĬěŅĔĔĶĺĵĮƚŀĬĩŉĚľńĺħŅĵĬňŘŏĮƦĬȮ/00,Ȯ130,Ȯ140,Ȯ150,Ȯ160,Ȯ165,Ȯ165,Ȯ

150°CȮĨŅĴĸŜŅħńĭȮħńĺĵėĺŅĴŏĶŖĺĶŀĭĕŀĚĽĔĶŌȮ7.Ȯrpm őħĵľĸƞŀŏĵŖĬħƟĺĵĬŘŜŅ 

3.1.1.3. ĨńħŏĽƟĬ Extrudate ĪňŗœħƟħƟĺĵŏėĶŊŗŀĚĨńħŏĴŖħȮŐĸƟĺĬŜŅœĮŀĭŒĬĨŌƟŀĭĽŋĠĠŅĔŅĻĪňŗȮ

2.°CȮŏĮƦĬŏĺĸŅȮ7ȮĝńŗĺőĴĚ 
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3.1.1.4. ĕŉŘĬĶŌĮĲƕĸƢĴįĽĴȮPLA/PEGȮĪńŘĚľĴħȮħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴȮ&Cast film 

extruder' ĪňŗŀŋĦľĳŌĴŇȮ/3., 155, 165, 150°C ħƟĺĵėĺŅĴŏĶŖĺĶŀĭĽĔĶŌȮ3.Ȯrpm, ŀńĨĶŅŏĶŖĺ

ĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮ(Chill roll) 220 rpm ŐĸŃŀŋĦľĳŌĴŇľĸƞŀŏĵŖĬŏĮƦĬȮ1.°C ěŃœħƟĲƕĸƢĴĪňŗ

ėĺŅĴľĬŅĮĶŃĴŅĦȮ5.ȮœĴőėĶŏĴĨĶ 

3.3.2. ĬŜŅĲƕĸƢĴĪňŗœħƟœĮıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴįĽĴœħƟŐĔƞ 

1,1,0,/.ȮĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮPLA/PEGȮ 

1,1,0,/,/.ȮĔŅĶĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮDifferential Scanning Calorimeter (DSC)Ȯ

ŏıŊŗŀĻŉĔļŅĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĪňŗŀŋĦľĳŌĴŇȮ(Glass transition temperature (Tg) 

ŐĸŃŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺȮ(Melting temperature (Tm) ŏıŊŗŀĺŇŏėĶŅŃľƢėĺŅĴ

ŏĮƦĬįĸŉĔȮőħĵĪŜŅĔŅĶĪħĽŀĭĪňŗŀŋĦľĳŌĴŇȮ-3.°CȮ-Ȯ0..°CȮŒĬȮ5ȮĕńŘĬĨŀĬȮħƟĺĵŀńĨĶŅ

ĔŅĶŒľƟėĺŅĴĶƟŀĬŐĸŃŀŋĦľĳŌĴŇȮ/.°C-min ĳŅĵŒĨƟĭĶĶĵŅĔŅĻœĬőĨĶŏěĬȮŐĸŃ

ėŜŅĬĺĬĮĶŇĴŅĦįĸŉĔĪňŗĔŅĶľĸŀĴŏľĸĺŒĬėĶńŘĚĪňŗȮ0Ȯ(Second heating) ĨŅĴĽĴĔŅĶ

ĪňŗȮ1,/ 

                                         Xc    ;
ƇFk- ƇFaa

fȮvȮƇFk°
                           (ĽĴĔŅĶĪňŗȮ1,/' 

őħĵ ƇFk
° ėŊŀŏŀĬĪńĸĮƖĕŀĚĔŅĶľĸŀĴįĸŉĔ PLAȮ/..% ĴňėƞŅŏĮƦĬȮ71,5ȮJ/g ŐĸŃȮ

fȮėŊŀĽńħĽƞĺĬőħĵĴĺĸĕŀĚȮPLA ŒĬıŀĸŇŏĴŀĶƢįĽĴ 

1,1,0,/,0.ȮĔŅĶĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮThermal Gravimetric Analyzer (TGA)Ȯ

ŏıŊŗŀĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗŀŋĦľĳŌĴŇȮ3.-4..°CȮħƟĺĵ

ŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ /.°C-minȮĳŅĵŒĨƟĭĶĶĵŅĔŅĻœĬőĨĶŏěĬŐĸŃıŇěŅĶĦŅ

ŀŋĦľĳŌĴŇŒĬĔŅĶĽĸŅĵĨńĺȮ(Td) ŐĸŃŀŋĦľĳŌĴŇŏĶŇŗĴĨƟĬŒĬĔŅĶĽĸŅĵĨńĺȮ(Tonset) ĕŀĚıŀ

ĸŇŏĴŀĶƢįĽĴ 

1,1,0,0.ȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG ħƟĺĵŏėĶŊŗŀĚȮUniversal Testing 

MachineȮĳŅĵŒĨƟĴŅĨĶģŅĬȮASTM D-882 őħĵĨńħĝŇŘĬĚŅĬŏĮƦĬĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħȮ

/x7 ĬŇŘĺ0ȮĪňŗĴňĕĬŅħĕŀĚȮGauge length ŏĮƦĬȮ3ȮĬŇŘĺȮŐĸƟĺĪŜŅĔŅĶĪħĽŀĭħƟĺĵŀńĨĶŅĔŅĶħŉĚ

ĵŊħȮ/0,3ȮĴŇĸĸŇŏĴĨĶ-ĬŅĪňȮħƟĺĵĕĬŅħĕŀĚȮLoad cell ŏĮƦĬȮ3ȮĔŇőĸĬŇĺĨńĬ 
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1,1,0,1.ȮĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴħƟĺĵŏėĶŊŗŀĚȮFourier Transform 

SpectrophotometerȮħƟĺĵőľĴħȮATR-FTIR ŒĬĝƞĺĚėĺŅĴĵŅĺėĸŊŗĬȮ4..-2...Ȯcm-1 

ěŜŅĬĺĬŐĽĔĬȮ10ȮėĶńŘĚȮĪňŗȮResolution 4 cm-1 

1,1,0,2.ȮĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴ

įĽĴȮPLA/PEG ħƟĺĵȮGas transmission rate (GTR)ȮőħĵħŌħŀŅĔŅĻŀŀĔŒĬĔĶŃĭĺĬĔŅĶȮ

Evacuation ŏĮƦĬŏĺĸŅȮ/ȮĝńŗĺőĴĚȮŐĸŃĪŜŅĔŅĶĪħĽŀĭŏĮƦĬȮ0ȮĝńŗĺőĴĚ  

    OP =  GTRxl            (ĽĴĔŅĶĪňŗȮ1,0' 

őħĵ  OP ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬȮ(mm.cm3/m2.day.bar) 

  GTR ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬĪňŗœħƟěŅĔŏėĶŊŗŀĚĺńħŀńĨĶŅ

ĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽȮ(Gas Permeability Tester) (cm3/m2.day.bar) 

  l ėŊŀȮėĺŅĴľĬŅĕŀĚĲƕĸƢĴĨńĺŀĵƞŅĚȮ(mm) 

    CP = GTRxl   ȮȮȮȮȮȮȮ&ĽĴĔŅĶĪňŗȮ1,1' 

őħĵ  CP ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ

(mm.cm3/m2.day.bar) 

  GTR ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬĪňŗœħƟěŅĔŏėĶŊŗŀĚĺńħŀńĨĶŅ

ĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽȮ(Gas Permeability Tester) (cm3/m2.day.bar) 

  l ėŊŀȮėĺŅĴľĬŅĕŀĚĲƕĸƢĴĨńĺŀĵƞŅĚȮ(mm)   

1,1,0,3.ȮĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚȮScanning electron 

microscope (SEM)ȮőħĵŐĝƞĝŇŘĬĚŅĬĲƕĸƢĴŒĬœĬőĨĶŏěĬŏľĸĺŏĮƦĬŏĺĸŅȮ/3ȮĬŅĪňȮŐĸƟĺĪŜŅĔŅĶ

ľńĔĝŇŘĬĚŅĬȮŐĸƟĺŏėĸŊŀĭĶŀĭŐĨĔĕŀĚĝŇŘĬĚŅĬħƟĺĵĪŀĚȮĬŜŅœĮĪŜŅĔŅĶĪħĽŀĭĪňŗĻńĔĵƢœĲĲƚŅȮ/3Ȯ

ĔŇőĸĺńĨĨƢ 

1,1,0,4.ȮĻŉĔļŅıķĨŇĔĶĶĴĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴħƟĺĵŏėĶŊŗŀĚȮRotational rheometer 

őħĵĬŜŅıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG œĮĕŉŘĬĶŌĮŏĮƦĬĝŇŘĬĚŅĬĶŌĮĺĚĔĸĴĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ

03Ȯmm ľĬŅĮĶŃĴŅĦȮ/,3-0Ȯmm ŐĸƟĺĬŜŅœĮĪŜŅĔŅĶĪħĽŀĭĪňŗŀŋĦľĳŌĴŇȮ/6.°CȮŏĶŇŗĴĨƟĬ

ĔŅĶĪħĽŀĭĪňŗőľĴħȮStrain sweep ĪňŗėƞŅȮStrain ėĚĪňŗĪňŗȮ/% ŏıŊŗŀŒľƟœħƟĝƞĺĚĪňŗıŀĸŇŏĴŀĶƢȮ

ĮĶŃıķĨŇĨńĺŐĭĭȮViscoelastic ŐĸƟĺĬŜŅĝƞĺĚĪňŗœħƟœĮĪħĽŀĭŒĬőľĴħȮFrequency sweep 

ĪňŗĝƞĺĚėĺŅĴĩňŗȮ/-/...Ȯrad/s ŏıŊŗŀŒľƟœħƟėƞŅėĺŅĴľĬŊħŏĝŇĚĞƟŀĬȮ(Complex viscosity), 

ĴŀħŌĸńĽĽŃĽĴ (Storage modulus) ŐĸŃĴŀħŌĸńĽĽŌĠŏĽňĵȮ(Loss modulus) 
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1,1,0,5.ȮĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮ(Water vapor transmission rate, WVTR) 

ħƟĺĵĴŅĨĶģŅĬȮASTM F1249-90 ĳŅĵŒĨƟėĺŅĴĝŊŘĬȮ/..% ħƟĺĵŏĪėĬŇėȮCup method 

Őĭĭ DesiccantȮőħĵŒĝƟĽŅĶĸŃĸŅĵŀŇŗĴĨńĺĕŀĚȮNaCl ĮĶŇĴŅĦȮ3..ȮĴŇĸĸŇĸŇĨĶȮŏıŊŗŀŒľƟœħƟ

ėĺŅĴĝŊŘĬĽńĴıńĪīƢŒĬŏħĞŇĔŏėŏĨŀĶƢȮ53% ŐĸŃŏĨĶňĵĴĝŇŘĬĚŅĬőħĵĮƕħĮŅĔŐĔƟĺħƟĺĵĲƕĸƢĴĪňŗ

ŏĨĶňĵĴœħƟȮőħĵĪňŗħƟŅĬŒĬŐĔƟĺĭĶĶěŋħƟĺĵĞŇĸŇŏěĸȮŐĸŃĭńĬĪŉĔĬŘŜŅľĬńĔĕŀĚĨńĺŀĵƞŅĚĪňŗ

ŏĮĸňŗĵĬŐĮĸĚœĮĪŋĔŕȮ/ȮĝńŗĺőĴĚȮŒĬȮ02ȮĝńŗĺőĴĚŐĶĔȮŐĸŃĪŋĔŕȮ02ȮĝńŗĺőĴĚȮľĸńĚěŅĔĪħĽŀĭ

œĮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮőħĵėƞŅȮWVTR œħƟěŅĔĔŅĶėŜŅĬĺĬħńĚĽĴĔŅĶĪňŗȮ1,2 

   WVTR = 
qjmnc

?
     ȮȮȮȮȮȮȮȮȮ&ĽĴĔŅĶĪňŗȮ1,2' 

őħĵ  WVTR ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅ 

  slope ėŊŀȮėĺŅĴĝńĬĕŀĚĔĶŅĲŏĽƟĬĨĶĚĕŀĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĬŘŜŅľĬńĔĪňŗ

ŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚŐĔƟĺĪňŗĭĶĶěŋĞŇĸŇĔŅŏěĸŐĸŃĮƕħĮŅĔħƟĺĵĲƕĸƢĴĔńĭŏĺĸŅ 

  A ėŊŀıŊŘĬĪňŗľĬƟŅĨńħĕŀĚĮŅĔŐĔƟĺĪňŗŒĝƟĪħĸŀĚ 

3.3.3. ĔŅĶŏĨĶňĵĴĲƕĸƢĴįĽĴĕŀĚȮPLA/PEG/.-ADR 

3.1.3.1. ŏĨĶňĵĴȮMasterbatch ĲƕĸƢĴħƟĺĵĺŇīňĔŅĶȮSolution casting 

1.ȮŀĭȮPLA ŐĸŃȮPEG ŒĬĨŌƟŀĭĸĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇȮ3.°C ŐĸŃȮ23°CȮĨŅĴĸŜŅħńĭ 

2.ȮĸŃĸŅĵȮPLA, PEG ŐĸŃȮADRȮŏĕƟŅħƟĺĵĔńĬȮőħĵĴňȮDichloromethane ŏĮƦĬĨńĺ

ĪŜŅĸŃĸŅĵ őħĵĸŃĸŅĵȮPLA ŒĬĨńĺĪŜŅĸŃĸŅĵħƟĺĵŀńĨĶŅĽƞĺĬőħĵĴĺĸĨƞŀĮĶŇĴŅĨĶ

ĕŀĚȮPLA:DCM ŏĮƦĬȮ/:10 ĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŐĸƟĺŏĨŇĴȮPEG ŐĸŃȮADR ħƟĺĵĮĶŇĴŅĦ

ĪńŘĚľĴħĪňŗĨƟŀĚŒĝƟĽŜŅľĶńĭŐĨƞĸŃĽńħĽƞĺĬĨŅĴĨŅĶŅĚĪňŗȮ/,/ȮŒĬĽŅĶĸŃĸŅĵȮPLA őħĵœĴƞ

ĨƟŀĚŏıŇŗĴĨńĺĪŜŅĸŃĸŅĵȮĮĸƞŀĵŒľƟĽŅĶĪńŘĚľĴħĸŃĸŅĵŏĕƟŅĔńĬħňĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŏĮƦĬ

ŏĺĸŅȮ3ȮĝńŗĺőĴĚ 

3.ȮŏĪĽŅĶĸŃĸŅĵĪňŗĸŃĸŅĵŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬŏĶňĵĭĶƟŀĵŐĸƟĺĸĚŒĬŏıĸĪŐĔƟĺȮŐĸƟĺĪŇŘĚœĺƟ

ĪňŗŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮŏıŊŗŀŒľƟĨńĺĪŜŅĸŃĸŅĵĶŃŏľĵŀŀĔȮŐĸŃœħƟŏĮƦĬ

ĲƕĸƢĴȮMasterbatchȮ 

4.ȮĨńħĲƕĸƢĴȮMasterbatchȮŏĮƦĬĝŇŘĬŏĸŖĔŕȮĕĬŅħŒĔĸƟŏėňĵĚĔńĭŏĴŖħıĸŅĽĨŇĔȮPLA 

ŐĸƟĺĬŜŅœĮŀĭœĸƞĨńĺĪŜŅĸŃĸŅĵŐĸŃėĺŅĴĝŊŘĬŀňĔėĶńŘĚŒĬĨŌƟŀĭĽŋĠĠŅĔŅĻĪňŗȮ2.°CȮŏĮƦĬ

ŏĺĸŅȮ7ȮĝńŗĺőĴĚ 
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3.1.3.2. įĽĴŏĴŖħıĸŅĽĨŇĔȮPLA ĔńĭĲƕĸƢĴȮMasterbatch ŏıŊŗŀŒľƟœħƟŀńĨĶŅĽƞĺĬĨŅĴĨŅĶŅĚĪňŗȮ

/,/ȮŐĸƟĺįĽĴŏĕƟŅħƟĺĵĔńĬħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭŏĔĸňĵĺľĬŀĬėŌƞȮ(Twin screw extruder) Īňŗ

ŀŋĦľĳŌĴŇĪńŘĚȮ6ȮőĞĬěŅĔĔĶĺĵĮƚŀĬĩŉĚľńĺħŅĵĬňŘŏĮƦĬȮ/00,Ȯ130,Ȯ140,Ȯ150,Ȯ160,Ȯ165,Ȯ165,Ȯ

150°CȮĨŅĴĸŜŅħńĭȮħńĺĵėĺŅĴŏĶŖĺĶŀĭĕŀĚĽĔĶŌȮ7.Ȯrpm őħĵľĸƞŀŏĵŖĬħƟĺĵĬŘŜŅ 

3.2.3.3. ĨńħŏĽƟĬ Extrudate ĪňŗœħƟħƟĺĵŏėĶŊŗŀĚĨńħŏĴŖħȮŐĸƟĺĬŜŅœĮŀĭŒĬĨŌƟŀĭĽŋĠĠŅĔŅĻĪňŗȮ

2.°CȮŏĮƦĬŏĺĸŅȮ7ȮĝńŗĺőĴĚ 

3.1.3.2,ȮĕŉŘĬĶŌĮĲƕĸƢĴįĽĴȮPLA/PEG10/ADRȮĪńŘĚľĴħȮħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴȮ&Cast film 

extruder' ĪňŗŀŋĦľĳŌĴŇȮ/3., 155, 165, 150°C ħƟĺĵėĺŅĴŏĶŖĺĶŀĭĽĔĶŌȮ3.Ȯrpm, ŀńĨĶŅŏĶŖĺ

ĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮ(Chill roll) 220 rpm ŐĸŃŀŋĦľĳŌĴŇľĸƞŀŏĵŖĬŏĮƦĬȮ1.°C ěŃœħƟĲƕĸƢĴĪňŗ

ėĺŅĴľĬŅĮĶŃĴŅĦȮ5.ȮœĴőėĶŏĴĨĶ 

3.3.4. ĬŜŅĲƕĸƢĴĪňŗœħƟœĮıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴįĽĴœħƟŐĔƞȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮ

PLA/PEG10/ADRȮħńĚľńĺĕƟŀȮ1,1,0,/, ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG10/ADR ħńĚ

ľńĺĕƟŀȮ1,1,0,0, ĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴħńĚľńĺĕƟŀȮ1,1,0,1, ĻŉĔļŅŀńĨĶŅĔŅĶ

ĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG/ADR ħńĚ

ľńĺĕƟŀ 1,1,0,2, ĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴȮPLA/PEG10/ADR ħńĚľńĺĕƟŀȮ

1,1,0,3, ĻŉĔļŅıķĨŇĔĶĶĴĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴ PLA/PEG10/ADR ħńĚľńĺĕƟŀȮ

1,1,0,4 ŐĸŃĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮ(Water vapor transmission rate, 

WVTR) ĕŀĚĲƕĸƢĴȮPLA/PEG10/ADRȮħńĚľńĺĕƟŀȮ1,1,0,5 

3.3.5. ĔŅĶŏĨĶňĵĴĲƕĸƢĴįĽĴȮPLA/PEG/./ADR/,03 ŐĸŃȮPLA-g-MA ĪňŗĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬ 

1,1,3,/ ĔŅĶŏĨĶňĵĴȮPLA-g-MA ěŜŅĬĺĬȮ0..ȮĔĶńĴ 

1.ȮŏĨĶňĵĴȮMasterbatch ĕŀĚȮPLA/MA/DCP őħĵĸŃĸŅĵ PLAȮ/6ȮĔĶńĴȮ

&ĮĶŇĴŅĦŏĪƞŅĔńĭĮĶŇĴŅĦȮMA ĪňŗŒĝƟ' ŒĬȮDichloromethaneȮ0..ȮĴŇĸĸŇĸŇĨĶȮŐĸŃ

ŏĨŇĴȮMA 7% őħĵĬŘŜŅľĬńĔĕŀĚȮPLA (MA 18 ĔĶńĴ) ŐĸŃŏĨŇĴȮDCP ĮĶŇĴŅĦȮ1% 

őħĵĬŘŜŅľĬńĔĕŀĚȮMA (DCPȮ.,32ȮĔĶńĴ'ȮŐĸƟĺĔĺĬŒľƟŏĔŇħĔŅĶĸŃĸŅĵĪňŗ

ŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ3ȮĝńŗĺőĴĚȮěŅĔĬńŘĬŏĪĽŅĶĸŃĸŅĵĸĚŏıĸĪŐĔƟĺȮĮĸƞŀĵŒľƟĨńĺ

ĪŜŅĸŃĸŅĵĶŃŏľĵŀŀĔŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮěŉĚĬŜŅȮMasterbatchȮĲƕĸƢĴĴŅĨńħŏĮƦĬ

ĝŇŘĬĕĬŅħŒĔĸƟŏėňĵĚĔńĭŏĴŖħıĸŅĽĨŇĔȮPLA 
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ŏĨĶňĵĴıŀĸŇŏĴŀĶƢľĸńĔȮNJ?ȮŐĸŃȮNCEȮőħĵĬŜŅœĮŀĭĪňŗȮ3.°AȮŐĸŃȮ23°AȮĨŅĴĸŜŅħńĭȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮ 

ŏĨĶňĵĴȮK_qrcp`_rafȮħƟĺĵĺŇīňȮQmjsrgmlȮa_qrgleȮĕŀĚȮNJ?-NCEȮ 

įĽĴȮK_qrcp`_rafȮĔńĭȮNJ?ȮħƟĺĵȮRugl-qapcuȮcvrpsbcpȮ

ĕŉŘĬĶŌĮŏĮƦĬĝŇŘĬĚŅĬĲƕĸƢĴħƟĺĵȮA_qrȮdgjkȮcvrpsbcpȮŒľƟœħƟėĺŅĴľĬŅĮĶŃĴŅĦȮ5.ȮœĴőėĶŏĴĨĶ 

ĪħĽŀĭŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴ 

DRGP BQA RE? RclqgjcȮrcqrgle Pfcmkcrcp QCK UTRP ERP 

0,ȮįĽĴȮMasterbatchȮĪňŗœħƟĪńŘĚľĴħȮĔńĭȮPLA /42ȮĔĶńĴȮ(ŏıŊŗŀŒľƟœħƟŀńĨĶŅĽƞĺĬ

ĕŀĚȮPLA:MA ŏĮƦĬȮ7/:9)ȮŐĸƟĺĔĶŅĲĨƢȮMA ĸĚĭĬȮPLA őħĵŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅ

ĶŃľĺƞŅĚĔŅĶįĽĴŒĬŏėĶŊŗŀĚŀńħĶňħŐĭĭŏĔĸňĵĺľĬŀĬėŌƞȮ(Twin screw extruder) Īňŗ

ŀŋĦľĳŌĴŇȮ/00,Ȯ130,Ȯ140,Ȯ150,Ȯ160,Ȯ165,Ȯ165,Ȯ150°CȮħńĺĵėĺŅĴŏĶŖĺĶŀĭĕŀĚ

ĽĔĶŌȮ3.Ȯrpm őħĵľĸƞŀŏĵŖĬħƟĺĵĬŘŜŅ 

3.1.3.1.1,ȮĬŜŅȮExtrudate ĪňŗœħƟĴŅĭħŏĮƦĬįĚŐĸŃŏĔŖĭœĺƟŒĬĽĳŅĺŃȮDesiccated 

3.1.3.1.4. ĻŉĔļŅĮĶŇĴŅĦĔŅĶĔĶŅĲĨƢĪňŗœħƟħƟĺĵŏĪėĬŇėȮNuclear Magnetic 

Resonance Spectroscopy (NMR) őħĵıŇěŅĶĦŅĮĶŇĴŅĦĔŅĶĔĶŅĲĨƢœħƟěŅĔ

ıŊŘĬĪňŗŒĨƟĔĶŅĲȮŐĸŃĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA-g-MA ħƟĺĵȮ

Thermal Gravimetric Analyzer (TGA)ȮĪňŗŀŋĦľĳŌĴŇȮ3.-4..°CȮħƟĺĵŀńĨĶŅĔŅĶ

ŒľƟėĺŅĴĶƟŀĬȮ/.°C-minȮĳŅĵŒĨƟĭĶĶĵŅĔŅĻœĬőĨĶŏěĬ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ1,/ȮŐįĬĳŌĴŇŐĽħĚĔŅĶŏĨĶňĵĴŐĸŃıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG 
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ĶŌĮĪňŗȮ1,0ȮŐįĬĳŌĴŇŐĽħĚĔŅĶŏĨĶňĵĴŐĸŃıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG-ADR 
 

1,1,3,0ȮĔŅĶŏĨĶňĵĴĲƕĸƢĴįĽĴȮPLA/PEG/./ADR/,03ȮŐĸŃȮPLA-g-MA ĪňŗĮĶŇĴŅĦ

ŐĨĔĨƞŅĚĔńĬĪňŗĴňĬŘŜŅĴńĬĽĔńħŏĴĸŖħŀĚŋƞĬȮ(GSE)Ȯ2Ȯphr 

1. ŏĨĶňĵĴȮMasterbatch ĲƕĸƢĴħƟĺĵĺŇīňȮSolution casting 

1.1 ĬŜŅıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG10/ADR1.25ȮĪňŗŏĨĶňĵĴœħƟěŅĔľńĺĕƟŀȮ1,1,1 ŐĸŃȮ

PLA-g-MA ĴŅŀĭœĸƞėĺŅĴĝŊŘĬĪňŗȮ23°C ŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮĸŃĸŅĵȮ

PLA/PEG10/ADR1.25ȮŒĬȮDichloromethane(DCM)ȮŒĬŀńĨĶŅĽƞĺĬȮPPA:DCM 

ŏĮƦĬȮ/:10 őħĵŒĝƟ PLA/PEG10/ADR1.25ȮĮĶŇĴŅĦŏĪƞŅĔńĭĮĶŇĴŅĦĕŀĚȮPLA-g-

MA ĪňŗŒĝƟĨŅĴĽńħĽƞĺĬħńĚĨŅĶŅĚĪňŗȮ1,/Ȯ 

ŏĨĶňĵĴıŀĸŇŏĴŀĶƢľĸńĔȮNJ?ȮŐĸŃȮNCEȮőħĵĬŜŅœĮŀĭĪňŗȮ3.°AȮŐĸŃȮ23°AȮĨŅĴĸŜŅħńĭȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮ 

ŏĨĶňĵĴȮK_qrcp`_rafȮħƟĺĵĺŇīňȮQmjsrgmlȮa_qrgleȮĕŀĚȮNJ?-NCE-?BPȮ 

įĽĴȮK_qrcp`_rafȮĔńĭȮNJ?ȮħƟĺĵȮRugl-qapcuȮcvrpsbcpȮ

ĕŉŘĬĶŌĮŏĮƦĬĝŇŘĬĚŅĬĲƕĸƢĴħƟĺĵȮA_qrȮdgjkȮcvrpsbcpȮŒľƟœħƟėĺŅĴľĬŅĮĶŃĴŅĦȮ5.ȮœĴőėĶŏĴĨĶ 

ĪħĽŀĭŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴ 

DRGP BQA RE? RclqgjcȮrcqrgle Pfcmkcrcp QCK UTRP ERP 
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1.0ȮŏĨĶňĵĴĽŅĶĸŃĸŅĵȮPLA-g-MA ŐĸŃȮGSE őħĵĸŃĸŅĵȮPLA-g-MA ĪňŗĨƟŀĚĔŅĶ

ŒĝƟĪńŘĚľĴħŒĬȮDichloromethane(DCM)ȮŒĬŀńĨĶŅĽƞĺĬȮPLA-g-MA:DCM ŏĮƦĬȮ

1:5 ŐĸƟĺľĵħȮGSE ĪńŘĚľĴħĪňŗŒĝƟŒĬĽŅĶĸŃĸŅĵȮPLA-g-MA 

1.1ȮįĽĴĽŅĶĸŃĸŅĵĕŀĚȮPLA-g-MA ŐĸŃȮGSE ŒĬĽŅĶĸŃĸŅĵȮPLA/PEG10/ADR 

ĪňŗŀŋĦľĳŌĴŇľƟŀĚȮőħĵĔĺĬįĽĴŏĮƦĬŏĺĸŅȮ3ȮĝńŗĺőĴĚȮŐĸƟĺŏĪĽŅĶĸŃĸŅĵĪňŗœħƟŒĬŏıĸĪ

ŐĔƟĺȮěŅĔĬńŘĬĮĸƞŀĵŒľƟĨńĺĪŜŅĸŃĸŅĵĶŃŏľĵŀŀĔŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮěŉĚĬŜŅĴŅĨńħ

ŏĮƦĬĝŇŘĬĪňŗĴňĕĬŅħŏĸŖĔĔĺƞŅŏĴŖħıĸŅĽĨŇĔȮPLA 

2. ŀĭȮMasterbatchȮĕŀĚȮPLA/PEG10/ADR1.25/PLA-g-MA/GSE ĪňŗœħƟŒĬĨŌƟŀĭ

ĸĴĶƟŀĬĪňŗȮ2.°C ŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮŐĸƟĺĬŜŅœĮįĽĴĔńĭŏĴŖħıĸŅĽĨŇĔȮPLA ŏıŊŗŀŒľƟ

œħƟĽńħĽƞĺĬŏĮƦĬœĮĨŅĴĨŅĶŅĚĪňŗȮ1,/ȮĕŉŘĬĶŌĮŏĮƦĬĝŇŘĬĚŅĬĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴȮ

&Cast film extrusion' ĪňŗŀŋĦľĳŌĴŇȮ/3., 155, 165, 150°C ħƟĺĵėĺŅĴŏĶŖĺĶŀĭ

ĽĔĶŌȮ3.Ȯrpm, ŀńĨĶŅŏĶŖĺĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮ(Chill roll) 220 rpm ŐĸŃŀŋĦľĳŌĴŇ

ľĸƞŀŏĵŖĬŏĮƦĬȮ1.°C ěŃœħƟĲƕĸƢĴįĽĴŀŀĔĴŅĪňŗėĺŅĴľĬŅĮĶŃĴŅĦȮ7.ȮœĴőėĶŏĴĨĶ 

 
ĶŌĮĪňŗȮ1,1 ŐįĬĳŌĴŇŐĽħĚĔŅĶŏĨĶňĵĴŐĸŃıŇĽŌěĬƢŏŀĔĸńĔļĦƢȮPLA-g-MA 

ŀĭȮNJ?ȮĪňŗȮ3.°AȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮ 

ŏĨĶňĵĴȮK_qrcp`_rafȮħƟĺĵĺŇīňȮQmjsrgmlȮa_qrgleȮĕŀĚȮNJ?-K?-BANȮ 

įĽĴȮK_qrcp`_rafȮĔńĭȮNJ?ȮŐĸŃħŜŅŏĬŇĬĮĢŇĔŇĶŇĵŅĔŅĶĔĶŅĲĨƢħƟĺĵȮRugl-qapcuȮcvrpsbcp 

ĪħĽŀĭŏŀĔĸńĔļĦƢ 

RE? LKP 
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ĨŅĶŅĚĪňŗȮ1,/ȮŐĽħĚĽńħĽƞĺĬĕŀĚĔŅĶŏĨŇĴȮGSE ŐĸŃȮPLA ĪňŗĮĶŇĴŅĦĨƞŅĚŕȮŒĬȮPLA/PEG/ADR 

Sample 
PLA/PEG/ADR 

(%wt) 
PLA-g-MA  

(%wt of PLA) 
GSE (phr) 

PLA/PEG/ADR (Control) 100 - - 
PPA/GSE1/M3 100 (97 %PLA) 3 1 

PPA/GSE2/M3 100 (97 %PLA) 3 2 

PPA/GSE3/M3 100 (97 %PLA) 3 3 
PPA/GSE4/M3 100 (97 %PLA) 3 4 

PPA/GSE0/M3 100 (100 %PLA) 0 4 

PPA/GSE4/M3 100 (97 %PLA) 3 4 
PPA/GSE4/M6 100 (94 %PLA) 6 4 

PPA/GSE4/M9 100 (91 %PLA) 9 4 
PPA/GSE4/M12 100 (88 %PLA) 12 4 

ľĴŅĵŏľĨŋȮĨńĺĵƞŀȮPPA ŐĽħĚĩŉĚȮPLA/PEG/./ADR/,03 ŐĸŃĨńĺĵƞŀȮM ŐĽħĚĩŉĚȮPLA-g-MA 

 

3.3.6. ĬŜŅĲƕĸƢĴįĽĴĪňŗœħƟœĮıŇĽŌěĬƢŏŀĔĸńĔļĦƢœħƟŐĔƞȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮ

PPA/GSE4 ĪňŗĴňȮPLA-g-MA ĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚľńĺĕƟŀȮ1,1,0,/, ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴįĽĴȮ

PPA/GSE4 ĪňŗĴňȮPLA-g-MAȮĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚľńĺĕƟŀȮ1,1,0,0, ĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚ

ĲƕĸƢĴįĽĴ PPA/GSE4 ĪňŗĴňȮPLA-g-MA ĪňŗŐĨĔĨƞŅĚĔńĬ ħńĚľńĺĕƟŀȮ1,1,0,1, ĻŉĔļŅŀńĨĶŅĔŅĶ

ĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴįĽĴȮPPA/GSE4 ĪňŗĴňȮ

PLA-g-MA ĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚľńĺĕƟŀȮ1,1,0,4, ĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮ(Water 

vapor transmission rate, WVTR) ĕŀĚĲƕĸƢĴįĽĴȮPPA/GSE4 ĪňŗĴňȮPLA-g-MA Īňŗ

ŐĨĔĨƞŅĚĔńĬȮħńĚľńĺĕƟŀȮ1,1,0,5ȮŐĸŃĻŉĔļŅĽĴĭńĨŇŀŊŗĬŕȮŏıŇŗĴŏĨŇĴȮœħƟŐĔƞ 

1,1,4,/ȮĻŉĔļŅĔŅĶĨƟŅĬĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬĕŀĚĲƕĸƢĴįĽĴȮPPA/GSE4 ĪňŗĴňȮPLA-g-MA Īňŗ

ŐĨĔĨƞŅĚĔńĬȮħƟĺĵĺŇīňȮDPPHȮradical scavenging assay ĲƕĸƢĴĨńĺŀĵƞŅĚĪńŘĚľĴħěŃĩŌĔ

ŏĨĶňĵĴŒľƟŀĵŌƞŒĬĶŌĮŐĭĭĕŀĚĽŅĶĸŃĸŅĵȮőħĵĸŃĸŅĵĲƕĸƢĴįĽĴěŜŅĬĺĬȮ3.ȮĴŇĸĸŇĔĶńĴȮŒĬĨńĺĪŜŅ

ĸŃĸŅĵȮDimethyl sulfoxide (DMSO) 1.ȮĴŇĸĸŇĸŇĨĶȮĪňŗŀŋĦľĳŌĴŇȮ2.°C ŏĮƦĬŏĺĸŅȮ/Ȯ

ĝńŗĺőĴĚȮŐĸƟĺħŜŅŏĬŇĬĔŅĶĪħĽŀĭőħĵĻŌĬĵƢėĺŅĴŏĮƦĬŏĸŇĻħƟŅĬĬĺńĨĔĶĶĴįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇȮ
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ĴľŅĺŇĪĵŅĸńĵŐĴƞĲƚŅľĸĺĚ ĞŉŗĚĽŅĶĸŃĸŅĵĕŀĚĲƕĸƢĴįĽĴěŃĩŌĔĬŜŅœĮĪŜŅĮĢŇĔŇĶŇĵŅĔńĭĽŅĶĶňŏŀ

ŏěĬĪƢėŊŀȮDPPHÖ ŒĬĽŅĶĸŃĸŅĵĕŀĚȮDPPHÖ ŒĬŏĴĪŅĬŀĸȮĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŐĸƟĺĺńħĮĶŇĴŅĦ

ĕŀĚȮDPPHȮĪňŗŏĔŇħĕŉŘĬħƟĺĵŏėĶŊŗŀĚȮUV-Vis Spectrophotometer ĪňŗĨŜŅŐľĬƞĚĔŅĶħŌħĔĸŊĬ

ŐĽĚȮ3/3ȮnmȮĞŉŗĚěŃĶŅĵĚŅĬŏĮƦĬėĺŅĴŏĕƟĴĕƟĬĕŀĚȮDPPH ĪňŗŏĔŇħĕŉŘĬŒĬľĬƞĺĵȮ

mgTEAC/mlȮ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ĶŌĮĪňŗȮ1,2ȮŐįĬĳŌĴŇŐĽħĚĔŅĶŏĨĶňĵĴŐĸŃıŇĽŌěĬƢŏŀĔĸńĔļĦƢĲƕĸƢĴįĽĴȮPLA/PEG10/ADR1.25 ĪňŗĴňȮGSEȮ2Ȯ
phr  ŐĸŃȮPLA-g-MA ŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬ 

 

1,1,4,0ȮĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĨƞŀĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵȮPseudomonas aeruginosaȮ

ħƟĺĵĴŅĨĶģŅĬȮJIS-Z 2801ȮħŜŅŏĬŇĬĔŅĶĪħĽŀĭőħĵĻŌĬĵƢĬŅőĬŏĪėőĬőĸĵňŐľƞĚĝŅĨŇ őħĵ

ĲƕĸƢĴįĽĴěŃĩŌĔĺŅĚěŅĬŏıŅŃŏĝŊŘŀȮŐĸŃĩŌĔĮŅħŏĝŊŘŀŐĭėĪňŏĶňĵĸĚĭĬįŇĺĲƕĸƢĴȮěŅĔĬńŘĬĭƞĴŏĝŊŘŀĪňŗȮ

ŀĭȮNJ?-NCE-?BPȮŐĸŃȮNJ?-e-K?ȮĪňŗȮ23°AȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮ 

ŏĨĶňĵĴȮK_qrcp`_rafȮħƟĺĵĺŇīňȮQmjsrgmlȮa_qrgleȮĕŀĚȮNJ?-NCE-?BP*ȮNJ?-e-K?ȮŐĸŃȮEQC 

įĽĴȮK_qrcp`_rafȮĔńĭȮNJ?-NCE-?BPȮŐĸŃĕŉŘĬĶŌĮĝŇŘĬĚŅĬĲƕĸƢĴħƟĺĵȮA_qrȮdgjkȮcvrpsbcp 

ĪħĽŀĭŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴ 

DRGP BQA RE? RclqgjcȮrcqrgle 

?lrg`_arcpg_jȮrcqrgle 

UTRP ERP KsqfpmmkȮqrmp_ec 

?lrgmvgb_lrȮ_argtgrwȮrcqrgle 
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15°CȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮěŉĚĸƟŅĚŏĝŊŘŀŐĭėĪňŏĶňĵĪňŗįŇĺĲƕĸƢĴŀŀĔȮĬŜŅĽŅĶĸŃĸŅĵĪňŗœħƟěŅĔĔŅĶ

ĸƟŅĚŏĝŊŘŀľĵħĸĚĭĬŀŅľŅĶŐĕŖĚȮŐĸƟĺĭƞĴŏĝŊŘŀĪňŗȮ15°CȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮěŅĔĬńŘĬĬńĭěŜŅĬĺĬ

őėőĶĬňĪňŗŏĔŇħĕŉŘĬȮŐĸƟĺĶŅĵĚŅĬŏĮƦĬĮĶŇĴŅĦĔŅĶĸħĸĚĕŀĚŏĝŊŘŀŐĭėĪňŏĶňĵȮ(%Reduction) ĞŉŗĚ

ľŅœħƟěŅĔ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ%Reduction = 
ADSėĺĭėŋĴ-ADSĪħĽŀĭ

ADSėĺĭėŋĴ
 x 100ȮȮȮȮȮȮȮȮ&ĽĴĔŅĶĪňŗȮ1,3' 

 

őħĵ CFUėĺĭėŋĴ ėŊŀȮĮĶŇĴŅĦőėőĶĬňĪňŗŏĔŇħĕŉŘĬĕŀĚĔŅĶĪħĽŀĭĨńĺŀĵƞŅĚėĺĭėŋĴ 

 CFUĪħĽŀĭ ėŊŀȮĮĶŇĴŅĦőėőĶĬňĪňŗŏĔŇħĕŉŘĬĕŀĚĔŅĶĪħĽŀĭĨńĺŀĵƞŅĚĪħĽŀĭ 

 

1,1,4,1ȮĻŉĔļŅėŋĦĳŅıĕŀĚĲƕĸƢĴŒĬĔŅĶŏĔŖĭĶńĔļŅŏľŖħȮőħĵŏľŖħĲŅĚěŃĩŌĔįƞŅŀŀĔŏĮƦĬ

ėĶŉŗĚľĬŉŗĚŐĸŃĬŜŅœĮĭĶĶěŋŒĬĩŅħıĸŅĽĨŇĔıŀĸŇőııŇĸňĬȮőħĵľĚŅĵįŇĺħƟŅĬŒĬĕŀĚŏľŖħĕŉŘĬȮŐĸŃ

ĮƕħĮŅĔĩŅħħƟĺĵĲƕĸƢĴįĽĴĪňŗŏĨĶňĵĴœħƟȮĭńĬĪŉĔĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŏľŖħħƟĺĵĔŅĶĭńĬĪŉĔĳŅı

ĪŋĔŕȮ02ȮĝńŗĺőĴĚȮőħĵŏĔŖĭĶńĔļŅŏľŖħŒĬĨŌƟŏĵŖĬĪňŗŀŋĦľĳŌĴŇȮ0.°C 

 

3.3.7. ĔŅĶŏĨĶňĵĴĲƕĸƢĴįĽĴȮPLA/PEG/./ADR/,03 ĔńĭȮGSE ĪňŗĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬȮĪňŗĴňȮ

PLA-g-MA 3% őħĵĬŘŜŅľĬńĔ 

1,1,5,/,ȮĔŅĶŏĨĶňĵĴĲƕĸƢĴįĽĴȮPPA/M3 ĪňŗĴňĮĶŇĴŅĦȮGSE ĪňŗŐĨĔĨƞŅĚĔńĬȮěŃĩŌĔŏĨĶňĵĴħƟĺĵ

ĕńŘĬĨŀĬħńĚľńĺĕƟŀȮ1,1,3,0ȮőħĵĮĶŇĴŅĦĕŀĚȮPLA-g-MA ěŃėĚĪňŗĪňŗȮ1% őħĵĬŘŜŅľĬńĔȮŐĸŃ

ĮĶńĭŏĮĸňŗĵĬĮĶŇĴŅĦĕŀĚȮGSE ŏĮƦĬȮ/, 2, 3 ŐĸŃȮ2Ȯphr ħńĚĨŅĶŅĚĪňŗȮ1,/ 

 

3.3.8. ĬŜŅĲƕĸƢĴĪňŗœħƟœĮıŇĽŌěĬƢŏŀĔĸńĔļĦƢœħƟŐĔƞȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮPPA/M3 ĪňŗĴňȮ

GSE ĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚľńĺĕƟŀȮ1,1,0,/, ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴįĽĴȮPPA/M3 ĪňŗĴňȮGSE Īňŗ

ŐĨĔĨƞŅĚĔńĬȮħńĚľńĺĕƟŀȮ1,1,0,0, ĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴ PPA/M3 ĪňŗĴňȮGSE 

ĪňŗŐĨĔĨƞŅĚĔńĬ ħńĚľńĺĕƟŀȮ1,1,0,1, ĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽ

ėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴįĽĴȮPPA/M3 ĪňŗĴňȮGSE ĪňŗŐĨĔĨƞŅĚĔńĬ ħńĚľńĺĕƟŀȮ1,1,0,4, 

ĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮ(Water vapor transmission rate, WVTR) ĕŀĚĲƕĸƢĴ

įĽĴȮPPA/M3 ĪňŗĴňȮGSE ĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚľńĺĕƟŀȮ1,1,0,5, ĻŉĔļŅĔŅĶĨƟŅĬĮĢŇĔŇĶŇĵŅ
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ŀŀĔĞŇŏħĝńĬĕŀĚĲƕĸƢĴįĽĴȮPPA/M3 ĪňŗĴňȮGSE ĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚľńĺĕƟŀȮ1,1,4,/, ĻŉĔļŅ

ĮĶŃĽŇĪīŇĳŅıĨƞŀĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵȮPseudomonas aeruginosaȮĕŀĚĲƕĸƢĴįĽĴȮ

PPA/M3 ĪňŗĴňȮGSE ĪňŗŐĨĔĨƞŅĚĔńĬȮħńĚľńĺĕƟŀȮ1,1,4,0, ĻŉĔļŅėŋĦĳŅıĕŀĚĲƕĸƢĴįĽĴ 

PPA/M3 ĪňŗĴňȮGSE ĪňŗŐĨĔĨƞŅĚĔńĬȮŒĬĔŅĶŏĔŖĭĶńĔļŅŏľŖħȮħńĚľńĺĕƟŀȮ1,1,4,1 

  

 

 

 

 

 

 

 

 

 

 

 

 
 
 

ĶŌĮĪňŗȮ1,3ȮŐįĬĳŌĴŇŐĽħĚĔŅĶŏĨĶňĵĴŐĸŃıŇĽŌěĬƢŏŀĔĸńĔļĦƢĲƕĸƢĴįĽĴĕŀĚȮPLA/PEG/ADR ĪňŗĴňȮPLA-g-
MA 3%  őħĵĬŘŜŅľĬńĔ  ŐĸŃȮGSE ŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬ 

 

3.3.9. ĻŉĔļŅȮĺŇŏėĶŅŃľƢȮŐĸŃĽĶŋĮĕƟŀĴŌĸěŅĔĔŅĶĪħĸŀĚ 

3.3.10. ŏĶňĵĭŏĶňĵĚĶŅĵĚŅĬĔŅĶĺŇěńĵ 

3.3.11. ĬŜŅŏĽĬŀĚŅĬĺŇěńĵ 

1,0,//,/ȮħŜŅŏĬŇĬĔŅĶĽŀĭőėĶĚĚŅĬĺŇěńĵ 

1,0,//,0ȮįĸĔŅĶĬŜŅŏĽĬŀľĶŊŀĭĪėĺŅĴőėĶĚĚŅĬĺŇěńĵŒĬĚŅĬĮĶŃĝŋĴĺŇĝŅĔŅĶ 

Ȯ 

ŀĭȮNJ?-NCE-?BPȮŐĸŃȮNJ?-e-K?ȮĪňŗȮ23°AȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮ 

ŏĨĶňĵĴȮK_qrcp`_rafȮħƟĺĵĺŇīňȮQmjsrgmlȮa_qrgleȮĕŀĚȮNJ?-NCE-?BP*ȮNJ?-e-K?ȮŐĸŃȮEQC 

įĽĴȮK_qrcp`_rafȮĔńĭȮNJ?-NCE-?BPȮŐĸŃĕŉŘĬĶŌĮĝŇŘĬĚŅĬĲƕĸƢĴħƟĺĵȮA_qrȮdgjkȮcvrpsbcp 

ĪħĽŀĭŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴ 

DRGP BQA RE? RclqgjcȮrcqrgle 

?lrg`_arcpg_jȮrcqrgle 

UTRP ERP KsqfpmmkȮqrmp_ec 

?lrgmvgb_lrȮ_argtgrwȮrcqrgle 
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ĭĪĪňŗ 4  
įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

  

 ŒĬĚŅĬĺŇěńĵĬňŘŏĮƦĬĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴĲƕĸƢĴĕŀĚıŀĸŇŏĴŀĶƢĪňŗĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıȮ
Poly(lactic acid), PLA ŏıŊŗŀŒľƟœħƟĲƕĸƢĴĭĶĶěŋĳńĦĤƢĪňŗĴňĸńĔļĦŃĵŊħľĵŋƞĬȮŐĸŃĔŅĶŏĨĶňĵĴĲƕĸƢĴĕŀĚȮPLA 
ŒľƟœħƟŏĮƦĬĲƕĸƢĴĭĶĶěŋĳńĦĤƢĝĬŇħȮActive packaging ħƟĺĵĔŅĶŏĨŇĴĽŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĨƟŅĬĔŅĶ
ŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬėŊŀĬŘŜŅĴńĬĽĔńħŏĴĸŖħŀĚŋƞĬȮ(GSE) őħĵŀŅĻńĵĽŅĶȮPLA-g-MA ŒĬĔŅĶĪŜŅľĬƟŅĪňŗŏĮƦĬ
ĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚ GSE ŐĸŃĲƕĸƢĴįĽĴ ĞŉŗĚŒĬĔŅĶĻŉĔļŅĨŀĬĪňŗȮ/ȮŏĮƦĬĔŅĶŏĨĶňĵĴĲƕĸƢĴĵŊħľĵŋƞĬ
ĕŀĚȮPLA ħƟĺĵĔŅĶŏĨŇĴĽŅĶıĸŅĽĨŇœĞŏĞŀĶƢĝĬŇħȮPoly(ethylene glycol) PEG Īňŗ 5, 10, 20 ŐĸŃȮ
1.% őħĵĬŘŜŅľĬńĔȮŐĸŃĨŀĬĪňŗȮ0ȮĻŉĔļŅĔŅĶŏĨŇĴĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚȮPLA ŐĸŃȮPEG ħƟĺĵ
ĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħȮJoncryl ADR ĞŉŗĚŏĮƦĬĽŅĶĪňŗĴňľĴŌƞĲƤĚĔƢĝńĬĪňŗľĸŅĔľĸŅĵȮŐĸŃĴňľĴŌƞŀňıŀĔœĞħƢĪňŗĴň
ėĺŅĴĺƞŀĚœĺĨƞŀĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅȮŏıŊŗŀĪŜŅľĬƟŅĪňŗŏĮƦĬĨńĺŏĝŊŗŀĴĨƞŀĶŃľĺƞŅĚȮPLA ŐĸŃȮPEG ŒľƟĴňėĺŅĴŏĕƟŅ
ĔńĬœħƟŏıŇŗĴĴŅĔĕŉŘĬȮħńĚĬńŘĬŒĬĨŀĬĪňŗȮ0ȮěŉĚŏĮƦĬĔŅĶĻŉĔļŅıŀĸŇŏĴŀĶƢįĽĴĕŀĚȮPLA ŐĸŃȮPEG 10% őħĵ
ĬŘŜŅľĬńĔȮĪňŗŏĨŇĴȮADR ĪňŗŐĨĔĨƞŅĚĔńĬŏĮƦĬȮ/,.., 1.25 ŐĸŃȮ/,3.Ȯphr ŏıŊŗŀŒľƟœħƟĽńħĽƞĺĬĕŀĚĲƕĸƢĴįĽĴȮ
PLA/PEG/ADR ĪňŗħňĪňŗĽŋħȮŐĸƟĺĬŜŅœĮĻŉĔļŅĨƞŀŒĬĨŀĬĪňŗȮ1ȮėŊŀĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚȮPLA-g-MA ĪňŗȮ., 3, 
9 ŐĸŃȮ/0% őħĵĬŘŜŅľĬńĔȮŒĬĲƕĸƢĴȮPLA/PEG/ADR ĪňŗĴňĮĶŇĴŅĦȮGSE ėĚĪňŗĪňŗȮ2Ȯphr ŏıŇŗŀŒľƟœħƟĮĶŇĴŅĦ
ĕŀĚȮPLA-g-MA ĪňŗħňĪňŗĽŋħŒĬĔŅĶĔńĔŏĔŖĭȮGSE ŐĸƟĺĬŜŅœĮĻŉĔļŅĨƞŀŒĬĨŀĬĪňŗȮ2ȮőħĵĔŅĶŏĨŇĴȮGSE ĪňŗȮ/, 2, 
3 ŐĸŃȮ2Ȯphr őħĵŒĝƟȮPLA-g-MA ŒĬĮĶŇĴŅĦėĚĪňŗěŅĔĨŀĬĪňŗȮ1Ȯ 
4.1 įĸĕŀĚĔŅĶĻŉĔļŅĲƕĸƢĴįĽĴĕŀĚȮPLA/PEG  

4.1.1. ĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴħƟĺĵŏĪėĬŇėȮFourier Transform Infrared 

Spectrometer (FTIR) 

 ĔŅĶĻŉĔļŅĔŅĶŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(Poly(lactic acid),ȮPLA) ħƟĺĵ

ĔŅĶŏĨŇĴĽŅĶıĸŅĽĨŇœĞŏĞŀĶƢĝĬŇħıŀĸŇŏŀĪŇĸňĬœĔĸėŀĸȮ(Poly(ethylene glycol),ȮPEG) ıĭĺƞŅĸńĔļĦŃ

őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴŐĽħĚħńĚĶŌĮĪňŗȮ2,/ȮıĭĺƞŅȮPLA ŐĽħĚľĴŌƞĲƤĚĔƢĝńĬĪňŗĴňĔŅĶĽńŗĬŐĭĭĵŊħ 

(Stretching) ĪňŗŏĮƦĬŏŀĔĸńĔļĦƢ œħƟŐĔƞȮľĴŌƞ C-O, ľĴŌƞȮC=O, ľĴŌƞȮůCH3 symmetric ŐĸŃ ľĴŌƞ -CH3 

asymmetricȮĪňŗȮ1110, 1764, 2949 ŐĸŃȮ3001Ȯcm-1 ĨŅĴĸŜŅħńĭȮŐĸŃŐĽħĚľĴŌƞĲƤĚĔƢĝńĬĪňŗĴňĔŅĶĽńŗĬ

ŐĭĭĚŀȮ(Bending) œħƟŐĔƞȮľĴŌƞȮůCH3 symmetric ŐĸŃ ľĴŌƞ -CH3 asymmetricȮĪňŗȮ/373ȮŐĸŃȮ/462Ȯ

cm-1 ĨŅĴĸŜŅħńĭȮŒĬĽƞĺĬĕŀĚȮPEG ıĭľĴŌƞĲƤĚĔƢĝńĬĪňŗŏĮƦĬŏŀĔĸńĔļĦƢœħƟŐĔƞȮľĴŌƞȮC-O,ȮľĴŌƞȮ-CH2ȮŐĸŃľĴŌƞȮů

OH ĪňŗȮ1110, 2875ȮŐĸŃȮ3450Ȯcm-1 ĨŅĴĸŜŅħńĭ [27]  
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ĶŌĮĪňŗȮ2,/ ŐĽħĚȮFourier Transform Infrared Spectra ĕŀĚȮPLA/PEGȮĪňŗȮPEG 5, 10, 20 ŐĸŃȮ
1.%ȮőħĵĬŘŜŅľĬńĔȮ 

 

ěŅĔĶŌĮĪňŗȮ2,/ȮıĭĺƞŅĔŅĶŏĨŇĴȮPEG ĪňŗĮĶŇĴŅĦĴŅĔĕŉŘĬȮĽƞĚįĸŒľƟėĺŅĴŏĕƟĴĕŀĚıňėĪňŗȮ0655Ȯcm-1 ŏıŇŗĴĕŉŘĬ

ħƟĺĵȮĞŉŗĚŏĮƦĬıňėŒľĴƞĪňŗœĴƞıĭŒĬȮPLA ĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPEG ĞŉŗĚěŃıĭıňėĪňŗĨŜŅŐľĬƞĚħńĚĔĸƞŅĺœħƟŀĵƞŅĚĝńħŏěĬȮ

ĪňŗĮĶŇĴŅĦȮPEG 20 ŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔȮĞŉŗĚŐĽħĚĩŉĚĔŅĶĴňŀĵŌƞĕŀĚȮPEG ŏĬŊŗŀĚěŅĔıňėĪňŗȮ0655Ȯcm-1Ȯ

ŐĽħĚĩŉĚĔŅĶĽńŗĬĕŀĚľĴŌƞȮůCH2 ĕŀĚȮPEG ħńĚĬńŘĬĪňŗĮĶŇĴŅĦĕŀĚȮPEG ĽŌĚŕȮěŉĚıĭľĴŌƞħńĚĔĸƞŅĺĕŀĚȮPEG 

œħƟŀĵƞŅĚĝńħŏěĬȮěŅĔįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺĽŅĴŅĶĩĶŃĭŋœħƟĺƞŅĴňȮPEG ĔĶŃěŅĵĨńĺŀĵŌƞŒĬȮPLA ŐĸŃĵńĚ

ıĭĺƞŅŒĬĶŌĮĪňŗȮ2,/ȮœĴƞŐĽħĚŒľƟŏľŖĬĩŉĚıńĬīŃľĶŊŀŐĶĚĪŅĚŏėĴňĪňŗŏĔŇħĕŉŘĬŒľĴƞĶŃľĺƞŅĚȮPLA ŐĸŃ PEG 

ŏĔŇħĕŉŘĬ 

4.1.2. įĸĕŀĚĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG ħƟĺĵŏĪėĬŇėȮDifferential 

scanning calorimetry (DSC) 

 ĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG ħƟĺĵŏĪėĬŇėȮDSC őħĵ

ıķĨŇĔĶĶĴĕĦŃœħƟĶńĭėĺŅĴĶƟŀĬėĶńŘĚȮ0ȮŐĽħĚŒĬĶŌĮĪňŗȮ2,0ȮŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺ (Glass 

transition temperature, Tg), ŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔĕĦŃŒľƟėĺŅĴĶƟŀĬȮ(Cold crystallization, Tcc), 

ŀŋĦľĳŌĴŇĔŅĶľĸŀĴįĸŉĔȮ(Melting temperature, Tm) ŐĸŃĮĶŇĴŅĦįĸŉĔȮ(Xc) ŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,/Ȯ
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őħĵıĭĺƞŅȮPLA ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴœĴƞŏĮƦĬĶŃŏĭňĵĭĽŌĚȮĴňĮĶŇĴŅĦįĸŉĔĪňŗĬƟŀĵŏĮƦĬȮ0,1.% ŐĸŃĴňȮTgȮ

ŐĸŃȮTm ŀĵŌƞĪňŗȮ37,40°C ŐĸŃȮ/3/,43°CȮĨŅĴĸŜŅħńĭȮŒĬĽƞĺĬĕŀĚȮPEG ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňĸńĔļĦŃŏĮƦĬőĞƞ

ĨĶĚěŉĚĽŅĴŅĶĩěńħŏĶňĵĚĨńĺŀĵƞŅĚŏĮƦĬĶŃŏĭňĵĭœħƟħňȮěŉĚıĭĺƞŅȮPEG ĴňĮĶŇĴŅĦįĸŉĔĪňŗĽŌĚŏĮƦĬȮ70,27% őħĵĴň

ŀŋĦľĳŌĴŇȮTm ŏĮƦĬȮ40,10°CȮŏĴŊŗŀıŇěŅĶĦŅĔŅĶŏĨŇĴȮPEG ĪňŗȮ3, 10, 20 ŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔȮŒĬȮPLAȮ

ıĭĺƞŅĔŅĶŏĨŇĴȮPEG ŒĬĮĶŇĴŅĦĴŅĔĕŉŘĬĽƞĚįĸŒľƟȮTg ĕŀĚȮPLA ĸħĸĚ ŏĬŊŗŀĚěŅĔĔŅĶĮĶŃıķĨŇĨńĺŏĮƦĬ 

ıĸŅĽĨŇœĞŏĞŀĶƢĕŀĚȮPEG ĽƞĚįĸŒľƟĽŅĵőĞƞĕŀĚȮPLA ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵȮěŉĚŒĝƟıĸńĚĚŅĬĬƟŀĵĸĚŒĬĔŅĶĪŜŅŒľƟ

ĽŅĵőĞƞıŀĸŇŏĴŀĶƢŏĔŇħĔŅĶŏėĸŊŗŀĬœľĺŏĴŊŗŀŏıŇŗĴŀŋĦľĳŌĴŇĽŌĚȮ 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

ĶŌĮĪňŗȮ2,0 ŐĽħĚȮDSC Thermogram ĕŀĚȮPLA/PEG ĪňŗĮĶŇĴŅĦȮPEG 5, 10, 20 ŐĸŃȮ1.% őħĵ
ĬŘŜŅľĬńĔ  
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ĨŅĶŅĚĪňŗȮ2,/ ŐĽħĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA/PEG ĪňŗĮĶŇĴŅĦȮPEG ŐĨĔĨƞŅĚĔńĬ 

 

 őħĵ PLA ĪňŗŏĨŇĴȮPEG 30% őħĵĬŘŜŅľĬńĔȮœĴƞĽŅĴŅĶĩĽńĚŏĔĨıĭĝƞĺĚȮTg ĕŀĚȮPLA œħƟȮŏĬŊŗŀĚěŅĔ

ĮĶŅĔĢıňėĕŀĚĔŅĶľĸŀĴįĸŉĔĕŀĚȮPEG ĪňŗĴňŀŋĦľĳŌĴŇŒĔĸƟŏėňĵĚĔńĭȮTg ĕŀĚȮPLAȮěŉĚœĴƞĽŅĴŅĶĩĽńĚŏĔĨ

ıķĨŇĔĶĶĴĝƞĺĚĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĕŀĚȮPLA œħƟȮŐĸŃĵńĚıĭĺƞŅĔŅĶŏĨŇĴȮPEG ĽƞĚįĸŒľƟĔŅĶŏĔŇħįĸŉĔĕĦŃ

ľĸŀĴŏľĸĺŏĔŇħĪňŗŀŋĦľĳŌĴŇĨŗŜŅĸĚȮħƟĺĵŏľĨŋįĸŏĝƞĬŏħňĵĺĔńĬĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮTg ĬńŗĬėŊŀȮPEG ĝƞĺĵ

ŒľƟĽŅĵőĞƞĕŀĚȮPLA ŏėĸŊŗŀĬĪňŗœħƟħňȮĽƞĚįĸŒľƟıĸńĚĚŅĬĪňŗŒĝƟŒĬĔŅĶŏĔŇħįĸŉĔĕĦŃľĸŀĴŏľĸĺŒĝƟıĸńĚĚŅĬĪňŗ

ĨŗŜŅĸĚȮŀňĔĪńŘĚĵńĚıĭĺƞŅĔŅĶŏĨŇĴȮPEG ĽƞĚįĸŒľƟĮĶŇĴŅĦĔŅĶŏĔŇħįĸŉĔĕĦŃľĸŀĴŏľĸĺĴňĮĶŇĴŅĦĴŅĔĕŉŘĬŏĴŊŗŀ

ŏĪňĵĭĔńĭœĴƞŏĨŇĴȮĞŉŗĚŏĮƦĬįĸěŅĔĔŅĶĪňŗĽŅĵőĞƞȮPLA ŏėĸŊŗŀĬĪňŗœħƟĚƞŅĵȮ[28] ěŅĔĔŅĶĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇ

œĞŏĞŀĶƢĕŀĚȮPEG ĽƞĚįĸŒľƟȮPLA ĽŅĴŅĶĩěńħŏĶňĵĚĨńĺŏıŊŗŀŏĔŇħįĸŉĔĕĦŃľĸŀĴŏľĸĺœħƟĴŅĔĕŉŘĬȮŐĸŃĝƞĺĚ

ĔŅĶŏĔŇħįĸŉĔĕĦŃľĸŀĴŏľĸĺĬňŘľŅĵœĮŏĴŊŗŀŏĨŇĴȮPEG ĪňŗȮ1.% őħĵĬŘŜŅľĬńĔȮĞŉŗĚŏĔŇħěŅĔĔŅĶĪńĭĞƟŀĬĕŀĚ

ĝƞĺĚĔŅĶľĸŀĴŏľĸĺĕŀĚȮPEG ŏĝƞĬŏħňĵĺĔńĭĔĶĦňĕŀĚȮTg ĪňŗœĴƞĽŅĴŅĶĩĽńĚŏĔĨŏľŖĬœħƟȮĞŉŗĚıķĨŇĔĶĶĴĕŀĚȮ

PEG ĪňŗĝƞĺĵŒľƟĽŅĵőĞƞĕŀĚȮPLA ŏėĸŊŗŀĬĪňŗœħƟĚƞŅĵȮŐĸŃĽƞĚįĸŒľƟȮPLA ĽŅĴŅĶĩěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔœħƟħňĕŉŘĬ

ĬńŘĬȮŐĽħĚŒľƟŏľŖĬĝńħŏěĬĪňŗĮĶŇĴŅĦįĸŉĔȮ&Xc' őħĵıĭĺƞŅŏĴŊŗŀŏĨŇĴȮPEG ĪňŗĮĶŇĴŅĦĴŅĔĕŉŘĬȮĽƞĚįĸŒľƟĮĶŇĴŅĦ

įĸŉĔĕŀĚȮPLA ŏıŇŗĴĕŉŘĬħƟĺĵȮěŉĚĔĸƞŅĺœħƟĺƞŅȮPEG ĝƞĺĵĮĶńĭĮĶŋĚĔŅĶŏĔŇħįĸŉĔĕŀĚȮPLA œħƟȮőħĵĔŅĶĝƞĺĵŒľƟ

ĽŅĵőĞƞĕŀĚȮPLA ŏėĸŊŗŀĬĪňŗœħƟĴŅĔĕŉŘĬŐĸŃĽŅĴŅĶĩěńħŏĶňĵĚĨńĺŏıŊŗŀĽĶƟŅĚįĸŉĔœħƟħňȮĪńŘĚĬňŘĪňŗĔŅĶŏĨŇĴȮPEG 

30% őħĵĬŘŜŅľĬńĔȮĽŅĴŅĶĩĽńĚŏĔĨœħƟĩŉĚıķĨŇĔĶĶĴĔŅĶľĸŀĴįĸŉĔĕŀĚȮPEG ĪňŗŏĔŇħŐĵĔĕŉŘĬĴŅŀĵƞŅĚ

Sample Tg 

(̄ C) 

Tm,a 

(̄ C) 

Tm,aŲ 

(̄ C) 

Tcc 

(̄ C) 
DHm (J/g) DHcc (J/g) Xc (%) 

NEAT PLA 59.62 151.65 - 126.92 8.79 6.63 2.30 

NEAT PEG - 62.32 - - 182.02 - 92.49 

PLA/PEG5 49.43 /3/,30 147.50 107.34 05,21 01,01 4.72 

PLA/PEG10 20,40 152.13 144.22 96.57 06,01 0/,53 7.69 

PLA/PEG20 22.90 152.24 140.47 82.06 04,64 /5,/7 12.91 

PLA/PEG30 - 151.55 - - 28.28 - 43.16 
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ĝńħŏěĬȮŐĽħĚŒľƟŏľŖĬĺƞŅĪňŗĮĶŇĴŅĦȮPEG ĽŌĚȮĽƞĚįĸŒľƟȮPEG ŐĵĔŏĲĽŀŀĔěŅĔȮPLA ŐĸŃŐĵĔœĮŏĔŇħįĸŉĔ

ĬŀĔȮSpheruliteȮĕŀĚȮPLA ěŉĚŏľŖĬĔŅĶľĸŀĴįĸŉĔĕŀĚȮPEG ŀĵƞŅĚĝńħŏěĬȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴŏĬŊŗŀĚěŅĔȮ

PEG ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĔŇħįĸŉĔĪňŗħňŏĵňŗĵĴȮĔŅĶŏĔŇħįĸŉĔĕŀĚȮPEG ěŉĚĮĶŃıķĨŇĨńĺėĸƟŅĵĔńĭĽŅĶĔƞŀ

įĸŉĔŐĸŃĝƞĺĵŏľĬňŗĵĺĬŜŅŒľƟȮPLA ŏĔŇħįĸŉĔœħƟĴŅĔĕŉŘĬȮěŉĚıĭĺƞŅįĸŉĔĕŀĚȮPLA ŏıŇŗĴĽŌĚĕŉŘĬŏĮƦĬȮ21,/4% ĞŉŗĚ

ŒĬĔŅĶŏĨŇĴȮPEG ĪňŗĨŗŜŅĔĺƞŅȮ1.% őħĵĬŘŜŅľĬńĔȮœĴƞŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶľĸŀĴįĸŉĔĕŀĚȮPEG ĪňŗŐĵĔŀŀĔĴŅȮ

ŐĽħĚŒľƟŏľŖĬĺƞŅȮPEG ĽŅĴŅĶĩĔĶŃěŅĵĨńĺŒĬȮSpheruliteȮĕŀĚȮPLA œħƟȮŐĸŃĝƞĺĵŒľƟȮPLA ěńħŏĶňĵĚĨńĺ

ŏıŊŗŀĽĶƟŅĚĝńŘĬĸŅŏĴĸĸŅœħƟħňȮěŉĚĽƞĚįĸŒľƟĮĶŇĴŅĦįĸŉĔĕŀĚȮPLA ĽŌĚĕŉŘĬ [29]  

 ŏĴŊŗŀıŇěŅĶĦŅıķĨŇĔĶĶĴĪňŗĭĶŇŏĺĦĔŅĶľĸŀĴįĸŉĔĕŀĚȮPLA ĪňŗȮTmȮŐĽħĚŒľƟŏľŖĬĺƞŅŀŇĪīŇıĸĕŀĚȮ

PEG œĴƞĴňįĸŀĵƞŅĚŏĮƦĬĬńĵĽŜŅėńĠĨƞŀȮTm ĕŀĚȮPLAȮŐĨƞıĭĺƞŅĔŅĶŏĨŇĴȮPEG ĽƞĚįĸŒľƟıňėĔŅĶľĸŀĴįĸŉĔ

ĕŀĚȮPLA ĬńŘĬŏĔŇħĕŉŘĬȮ0ȮıňėȮŏĬŊŗŀĚěŅĔȮPLA ĬńŘĬĴňĶŌĮŐĭĭĔŅĶŏĔŇħįĸŉĔľĸŅĵĶŌĮŐĭĭȮĞŉŗĚĶŌĮŐĭĭĪňŗŏĽĩňĵĶ

ĪňŗĽŋħėŊŀĶŌĮŐĭĭŀńĸĲƙŅȮ(a-form)ȮĪňŗĴňĔŅĶěńħŏĶňĵĚĨńĺŐĭĭŏĔĸňĵĺŒĬĶŌĮŐĭĭȮOrthorhombicȮ őħĵ

ŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴĽŅĶıĸŅĽĨŇœĞŏĞŀĶƢȮĞŉŗĚĽƞĚįĸĨƞŀĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĽŅĵőĞƞȮPLA ĕĦŃŏĔŇħįĸŉĔȮŀŅě

ĽƞĚįĸŒľƟŏĔŇħįĸŉĔŒĬĶŌĮŐĭĭĪňŗŏĽĩňĵĶĬƟŀĵĸĚėŊŀĶŌĮŐĭĭȮaŲȮőħĵįĸŉĔĶŌĮŐĭĭĬňŘěŃĴňĔŅĶěńħŏĶňĵĚĨńĺĪňŗ

ėĸƟŅĵĔńĭĶŌĮŐĭĭȮaȮŐĨƞĴňėĺŅĴœĴƞŏĮƦĬĶŃŏĭňĵĭĽŌĚĔĺƞŅȮ[30]ȮľĶŊŀŒĬŀňĔĔĸœĔľĬŉŗĚėŊŀȮPEG ĽƞĚįĸŒľƟȮPLA 

ŏĔŇħįĸŉĔĝńŘĬĭŅĚŕȮĪňŗĽŅĴŅĶĩľĸŀĴŏľĸĺœħƟĚƞŅĵĔĺƞŅȮěŉĚŏĔŇħĔŅĶľĸŀĴŏľĸĺĪňŗŀŋĦľĳŌĴŇĨŗŜŅŒĬĝƞĺĚŏĶŇŗĴĨƟĬ

ĔŅĶľĸŀĴŏľĸĺȮěŉĚĔĸƞŅĺœħƟĺƞŅıňėĕŀĚĔŅĶľĸŀĴįĸŉĔĪňŗŀŋĦľĳŌĴŇĨŗŜŅĕŀĚȮPLA ŐĽħĚĩŉĚĝƞĺĚĔŅĶľĸŀĴĕŀĚ

įĸŉĔĪňŗĴňĶŌĮŐĭĭœĴƞĽĴĭŌĶĦƢȮ[28]ȮŐĽħĚŒľƟŏľŖĬĺƞŅŀŇĪīŇıĸĕŀĚȮPEG ĨƞŀĔŅĶŏĔŇħįĸŉĔĕŀĚȮPLA ĽƞĚįĸŒľƟĴň

įĸŉĔĪňŗœĴƞĽĴĭŌĶĦƢŏĔŇħĕŉŘĬȮőħĵėĺŅĴŏĕƟĴĕŀĚıňėħńĚĔĸƞŅĺĬńŘĬĸħĸĚŏĴŊŗŀĮĶŇĴŅĦȮPEG ĴŅĔĕŉŘĬȮŏĬŊŗŀĚěŅĔ

ŏĴŊŗŀȮPEG ĽŌĚĕŉŘĬȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶŏĔŇħįĸŉĔĕŀĚȮPLA ĔŖěŃħňĕŉŘĬħƟĺĵȮĞŉŗĚ

ĽŀħėĸƟŀĚĔńĭĮĶŇĴŅĦįĸŉĔĪňŗŏıŇŗĴĽŌĚĕŉŘĬŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮPEG ěŅĔįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺĕƟŅĚĨƟĬĬňŘȮěŉĚ

ĔĸƞŅĺœħƟĺƞŅȮPEG ĽŅĴŅĶĩŏĕƟŅĔńĬœħƟĔńĭȮPLA ěŉĚĽƞĚįĸŒľƟŀŋĦľĳŌĴŇȮTg ŏĮĸňŗĵĬŐĮĸĚŐĸŃĮĶńĭĮĶŋĚĔŅĶŏĔŇħ

įĸŉĔĕŀĚȮPLA œħƟ 

4.1.3. įĸĕŀĚĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG  

 ĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG ĩŌĔĪħĽŀĭħƟĺĵĺŇīňĔŅĶħŉĚĵŊħŒĬĪŇĻĪŅĚ

ŏħňĵĺĔńĭĪŇĻĪŅĚĔŅĶħŉĚĕŀĚŏėĶŊŗŀĚĕŉŘĬĶŌĮȮĞŉŗĚįĸĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħĕŀĚĲƕĸƢĴȮPLA ŐĸŃĲƕĸƢĴįĽĴȮ

PLA/PEG ŐĽħĚėƞŅȮCvrclqgmlȮ_rȮ`pc_i*ȮWmsleŲqȮKmbsjsqȮŐĸŃ Tensile stress at yield ħńĚ

ĶŌĮĪňŗȮ2,1ȮĞŉŗĚėƞŅĪňŗœħƟěŅĔĔŅĶĪħĽŀĭĪńŘĚľĴħįƞŅĬĔŅĶĪħĽŀĭĺŇīňĔŅĶĪŅĚĽĩŇĨŇħƟĺĵĺŇīňȮANOVA ıĭĺƞŅĔŅĶ
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ŏĨŇĴȮPLA ŐĽħĚĔŅĶĕŅħŐĭĭŏĮĶŅŃĪňŗėƞŅőĴħŌĸńĽĽŌĚȮŐĽħĚĩŉĚĔŅĶŏĮƦĬĺńĽħŋŐĕŖĚŏĮĶŅŃŐĸŃėĺŅĴŐĕŖĚŐĶĚ

ĕŀĚĲƕĸƢĴȮPLA ŒĬĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮPEG ŒĬȮPLA ıĭĺƞŅĪňŗĮĶŇĴŅĦȮPEG 5 ŐĸŃȮ/.% őħĵ

ĬŘŜŅľĬńĔȮœĴƞĽƞĚįĸĨƞŀėƞŅėĺŅĴĵŊħľĵŋƞĬĪňŗȮExtension at break ŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮŐĨƞıĭĺƞŅŏĴŊŗŀȮPEG 

ŏıŇŗĴĕŉŘĬŏĮƦĬȮ0.ȮŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔȮĽƞĚįĸŒľƟėƞŅȮExtension at break ŏıŇŗĴĕŉŘĬĮĶŃĴŅĦȮ/.ȮŏĪƞŅȮ

ŏĴŊŗŀŏĪňĵĭĔńĭȮPLA ĭĶŇĽŋĪīŇśȮěŅĔįĸħńĚĔĸƞŅĺŐĽħĚŒľƟŏľŖĬĺƞŅȮPEG ĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢŐĸŃ

ŏĮƦĬĽƞĺĬĪňŗĵŊħľĵŋƞĬŒĬĲƕĸƢĴȮPLA/PEG ĽƞĚįĸŒľƟŏĴŊŗŀĲƕĸƢĴįĽĴŏĔŇħĔŅĶĵŊħŀŀĔȮPEG ěŃĝƞĺĵŒľƟĽŅĵőĞƞȮ

PLA ĽŅĴŅĶĩěńħŏĶňĵĚĨńĺœĮĨŅĴŐĬĺŐĶĚŐĸŃĮĶŃıķĨŇĨńĺŏĮƦĬĲƕĸƢĴĵŊħľĵŋƞĬœħƟ ĞŉŗĚĽŅĴŅĶĩıŇěŅĶĦŅœħƟ

ěŅĔıķĨŇĔĶĶĴĔŅĶŏĽňĵĶŌĮŒĬŐįĬĳŅıȮStress-Strain ŒĬĶŌĮĪňŗȮ2,2ȮĞŉŗĚıĭĺƞŅĪňŗȮPEG 20 ŐĸŃȮ1.% őħĵ

ĬŘŜŅľĬńĔȮĽƞĚįĸŒľƟŏĔŇħıķĨŇĔĶĶĴȮStain hardening ŏĔŇħĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPEG ĝƞĺĵŒľƟĽŅĵőĞƞȮPLAȮ

ĽŅĴŅĶĩěńħŏĶňĵĚĨńĺœĮĨŅĴŐĶĚœħƟȮŐĸŃŐĽħĚıķĨŇĔĶĶĴŐĭĭĺńĽħŋĪňŗĵŊħľĵŋƞĬȮŒĬĕĦŃĪňŗȮPEG 5 ŐĸŃȮ/.% 

ŐĽħĚıķĨŇĔĶĶĴĔŅĶĕŅħŐĭĭŏĮĶŅŃȮŏĴŊŗŀıŇěŅĶĦŅĪňŗėƞŅőĴħŌĸńĽıĭĺƞŅŏĴŊŗŀŏĨŇĴȮPEG ĪňŗȮ3ȮŐĸŃȮ/.% őħĵ

ĬŘŜŅľĬńĔȮĽƞĚįĸŒľƟėƞŅőĴħŌĸńĽĸħĸĚŐĸŃĸħĸĚŀĵƞŅĚĴŅĔŏĴŊŗŀȮPEG ŏıŇŗĴĕŉŘĬĩŉĚȮ0.ȮŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔȮ

ŐĽħĚŒľƟŏľŖĬĺƞŅȮPEG ĪňŗĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĽƞĚįĸŒľƟĽŅĵőĞƞȮPLA ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮěŉĚŒĝƟ

ŐĶĚĬƟŀĵĸĚŒĬĔŅĶĪŜŅŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢŏėĸŊŗŀĬĪňŗȮĞŉŗĚįĸħńĚĔĸƞŅĺĬńŘĬĽŀħėĸƟŀĚĔńĭĔŅĶĪħĽŀĭĽĴĭńĨŇ

ĪŅĚėĺŅĴĶƟŀĬĪňŗıĭĺƞŅŀŋĦľĳŌĴŇȮTg ĸħĸĚȮŏĴŊŗŀŏĨŇĴȮPEG ŒĬĽƞĺĬĕŀĚȮTensile stress at yield ıĭĺƞŅ

œĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠŏĴŊŗŀŏĨŇĴȮPEG ĪňŗȮ3ȮŐĸŃȮ/.% őħĵĬŘŜŅľĬńĔȮŐĨƞŏĴŊŗŀŏıŇŗĴȮPEG ŏĮƦĬȮ

0.ȮŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔȮıĭĺƞŅȮTensile stress ĸħĸĚŀĵƞŅĚĴŅĔȮĞŉŗĚŏĮƦĬŐĬĺőĬƟĴŏħňĵĺĔńĬĔńĭėƞŅ

őĴħŌĸńĽȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔȮPEG ĪňŗĪŜŅŒľƟĽŅĵőĞƞȮPLA ŏėĸŊŗŀĬĪňŗœħƟĚƞŅĵĕŉŘĬȮěŅĔįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺĬňŘěŃ

ŏľŖĬĺƞŅĔŅĶŏĨŇĴȮPEG 5 ŐĸŃȮ/.% őħĵĬŘŜŅľĬńĔȮœĴƞĴňįĸŀĵƞŅĚĴňĬńĵĽŜŅėńĠĨƞŀıķĨŇĔĶĶĴŒĬĝƞĺĚĕŀĚ 

Plastic deformation ŐĸŃěŋħĪňŗĪŜŅŒľƟĲƕĸƢĴıĸŅĽĨŇĔŏĽňĵĶŌĮĩŅĺĶȮŐĨƞĴňįĸŒĬĝƞĺĚĕŀĚŀŇĸŅĽĨŇĔĞŉŗĚĽŅĵőĞƞȮ

PLA ĵńĚœĴƞĴňĔŅĶŏĽňĵĶŌĮĩŅĺĶŐĸŃĵńĚĴňĔŅĶŏĔňŗĵĺıńĬĔńĬĕŀĚĽŅĵőĞƞŀĵŌƞŏĪƞŅĬńŘĬ ŐĽħĚŒľƟŏľŖĬĺƞŅĪňŗȮPEG 

ĮĶŇĴŅĦĨŗŜŅȮœĴƞĴňŀŇĪīŇıĸĴŅĔŏıňĵĚıŀĪňŗěŃŏĮĸňŗĵĬŐĮĸĚėĺŅĴŐĕŖĚŐĶĚŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĽňĵĶŌĮŐĸŃ

ŏĮƦĬĽƞĺĬĵŊħľĵŋƞĬŒľƟŐĔƞȮPLA œħƟȮĨƟŀĚŒĝƟȮPEG ĴŅĔĩŉĚȮ0.% őħĵĬŘŜŅľĬńĔȮěŉĚěŃĽŅĴŅĶĩĽƞĚŀŇĪīŇıĸĨƞŀ

ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA œħƟ 
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ĶŌĮĪňŗȮ2,1 ŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA ŐĸŃȮPLA/PEG ĪňŗĮĶŇĴŅĦȮPEG 5, 10, 20ȮŐĸŃȮ1.% őħĵ
ĬŘŜŅľĬńĔ 
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ĶŌĮĪňŗȮ2,2 ŐĽħĚŐįĬĳŅıȮStress-StrainȮĕŀĚȮPLA ŐĸŃȮPLA/PEG ĪňŗĮĶŇĴŅĦȮPEG 5, 10, 20ȮŐĸŃȮ
1.% őħĵĬŘŜŅľĬńĔ 

 

4.1.4. įĸĕŀĚĔŅĶĻŉĔļŅĽĴĭńĨŇĶňŀŀĸŀĵňĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG 

 ĽĴĭńĨŇĶňŀŀĸŀĵňĩŌĔĪħĽŀĭŏıŊŗŀĻŉĔļŅĽĴĭńĨŇĪŅĚĔŅĶœľĸŏıŊŗŀıŇěŅĶĦŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĕŉŘĬ

ĶŌĮŐĸŃĻŉĔļŅőėĶĚĽĶƟŅĚŏĝŇĚěŋĸĳŅėŏıŊŗŀıŇěŅĶĦŅėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮħƟĺĵĺŇīňĔŅĶŒľƟŐĶĚ

ŏĜŊŀĬĕĦŃľĸŀĴŏľĸĺĪňŗȮ/6.°C őħĵĽĴĭńĨŇĪŅĚĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴœħƟŐĔƞȮComplex viscosityȮ

(h*'*ȮQrmp_ecȮkmbsjsqȮ&EŲ'ȮŐĸŃȮJmqqȮkmbsjsqȮ&Eŵ'ȮŐĽħĚŒĬĶŌĮĪňŗȮ2,3ȮıĭĺƞŅȮComplex 

viscosityȮ(h*)ȮĞŉŗĚŐĽħĚėĺŅĴľĬŊħĕĦŃœħƟĶńĭŐĶĚŏĜŊŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮıĭĺƞŅȮPLA ŐĽħĚ

ıķĨŇĔĶĶĴŒĬĔŅĶœľĸőħĵĴňıķĨŇĔĶĶĴŐĭĭȮNewtonian plateau ĪňŗĝƞĺĚėĺŅĴĩňŗĨŗŜŅŕȮŐĸŃŏĔŇħȮShear 

thinning ĪňŗėĺŅĴĩňŗĽŌĚŕȮőħĵĔŅĶŏĨŇĴȮPEG ĽƞĚįĸŒľƟėĺŅĴľĬŊħĸħĸĚȮőħĵĪňŗȮPEG 5 ŐĸŃȮ/.% őħĵ

ĬŘŜŅľĬńĔĴňėĺŅĴľĬŊħĪňŗŒĔĸƟŏėňĵĚĔńĬȮŐĸŃĸħĸĚŀĵƞŅĚĴŅĔŏĴŊŗŀȮPEG ŏıŇŗĴĕŉŘĬŏĮƦĬȮ0.ȮŐĸŃȮ1.% őħĵ

ĬŘŜŅľĬńĔȮĞŉŗĚŀīŇĭŅĵœħƟĩŉĚĔŅĶĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĕŀĚȮPEG ĞŉŗĚĽƞĚįĸŒľƟĽŅĵőĞƞĕŀĚȮPLA 

ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵȮŐĸŃŏĔŇħĔŅĶėĸŅĵĨńĺěŅĔĔŅĶŏĔňŗĵĺıńĬĔńĬŒĬĽŅĵőĞƞœħƟĚƞŅĵĕŉŘĬȮěŉĚĪŜŅŒľƟŏľŖĬĺƞŅėĺŅĴ

ľĬŊħĸħĨŗŜŅĸĚŏĴŊŗŀŏĨŇĴȮPEG ĴŅĔĵŇŗĚĕŉŘĬȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅȮQrmp_ecȮkmbsjsqȮ&EŲ'ȮĞŉŗĚŐĽħĚĩŉĚ

ıķĨŇĔĶĶĴėĺŅĴŏĮƦĬŀŇĸŅĽĨŇĔľĶŊŀĔŅĶĮĶŃıķĨŇĨńĺėĸƟŅĵĕŀĚŐĕŖĚĕŀĚıŀĸŇŏĴŀĶƢ [31]ȮĪňŗĞŉŗĚŏĴŊŗŀœħƟĶńĭŐĶĚ

ĽŅĵőĞƞıŀĸŇŏĴŀĶƢěŃħŌħĞńĭŐĶĚŏŀŅœĺƟőħĵĽŅĵőĞƞıŀĸŇŏĴŀĶƢœĴƞŏĔŇħĔŅĶŏĽňĵĶŌĮȮ 
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ĶŌĮĪňŗȮ2,3 ŐĽħĚĽĴĭńĨŇĶňŀŀĸŀĵňĪňŗȮ/6.°C ĕŀĚȮPLAȮŐĸŃ PLA/PEG ĪňŗȮPEG 5, 10, 20 ŐĸŃȮ1.% őħĵ
ĬŘŜŅľĬńĔȮ  
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 ěŅĔįĸĔŅĶĪħĽŀĭıĭĺƞŅȮEŲȮĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG ĴňėƞŅĸħĨŗŜŅĸĚȮŏĴŊŗŀŏĨŇĴȮPEG ŒĬ

ĮĶŇĴŅĦĪňŗĽŌĚĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅėĺŅĴŏĮƦĬŀŇĸŅĽĨŇĔĕŀĚıŀĸŇŏĴŀĶƢĸħĸĚȮŐĽħĚŒľƟŏľŖĬĺƞŅıŀĸŇŏĴŀĶƢįĽĴĴň

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĶńĭŐĶĚŏĜŊŀĬőħĵœĴƞŏĔŇħĔŅĶŏĽňĵĶŌĮœħƟĬƟŀĵĸĚȮľĶŊŀĔĸƞŅĺœħƟĺƞŅıŀĸŇŏĴŀĶƢįĽĴŏĔŇħ

ĔŅĶŏĽňĵĶŌĮĕĦŃľĸŀĴŏľĸĺœħƟĚƞŅĵĕŉŘĬĬńŗĬŏŀĚȮĞŉŗĚŏĮƦĬŏľĨŋįĸŏħňĵĺĔńĬĔńĭĔŅĶĸħĸĚĕŀĚėĺŅĴľĬŊħȮ

ŏĬŊŗŀĚěŅĔȮPEG ĽƞĚįĸŒľƟĽŅĵőĞƞŏėĸŊŗŀĬœľĺŐĸŃėĸŅĵĨńĺœħƟĚƞŅĵȮőħĵŐĬĺőĬƟĴŏħňĵĺĔńĬĬňŘĵńĚŐĽħĚŒĬȮLoss 

kmbsjsqȮ&Eŵ'ȮĞŉŗĚȮEŵ ĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEGȮĸħĸĚŏĴŊŗŀĮĶŇĴŅĦ PEG ĽŌĚĕŉŘĬȮĞŉŗĚȮEŵȮŐĽħĚ

ėŋĦĽĴĭńĨŇĺŇĽėŀĽľĶŊŀĔŅĶĮĶŃıķĨŇĨńĺėĸƟŅĵĕŀĚŏľĸĺĕŀĚıŀĸŇŏĴŀĶƢȮĪňŗĞŉŗĚŏĴŊŗŀıŀĸŇŏĴŀĶƢœħƟĶńĭŐĶĚĽŅĵ

őĞƞıŀĸŇŏĴŀĶƢěŃĴňĔŅĶėŅĵıĸńĚĚŅĬŀŀĔĴŅȮŏıŊŗŀėŊĬĨńĺĔĸńĭȮħńĚĬńŘĬěŉĚıĭĺƞŅŏĴŊŗŀėĺŅĴĩňŗŏıŇŗĴĴŅĔĕŉŘĬȮ

ěŃĨƟŀĚėŅĵıĸńĚĚŅĬĴŅĔĕŉŘĬŏıŊŗŀŒľƟŏĔŇħĔŅĶėŊĬĨńĺĕŀĚĽŅĵőĞƞȮŐĸŃŏĴŊŗŀŏĨŇĴȮPEG ĞŉŗĚĽŅĵőĞƞȮPLA ěŃėĸŅĵ

ĨńĺĚƞŅĵȮěŉĚĽƞĚįĸŒľƟĽŅĵőĞƞȮPLA ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵŐĸŃŒĝƟŐĶĚĬƟŀĵĸĚŒĬĔŅĶĪŜŅŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢ

ŏėĸŊŗŀĬĪňŗȮěŅĔįĸĔŅĶĪħĽŀĭěŉĚĽĶŋĮœħƟĺƞŅĔŅĶŏĨŇĴȮPEG ĴňŀŇĪīŇıĸĨƞŀĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢȮ

ėŊŀĽƞĚįĸŒľƟĽŅĵőĞƞȮPLA ŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗŐĸŃėĸŅĵĨńĺœħƟĚƞŅĵ [31]ȮěŅĔĔŅĶĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞ

ŏĞŀĶƢĕŀĚȮPEG ĞŉŗĚŏĮƦĬŐĬĺőĬƟĴŏħňĵĺĔńĬĔńĭįĸĔŅĶĪħĽŀĭĪŅĚėĺŅĴĶƟŀĬŐĸŃĽĴĭńĨŇŏĝŇĚĔĸĔƞŀĬľĬƟŅĬňŘ 

  

4.1.5. įĸĕŀĚĔŅĶĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĲƕĸƢĴįĽĴȮPLA/PEGȮħƟĺĵŏĪėĬŇėȮThermal 

Gravimetric Analysis (TGA) 

 ĶŌĮĪňŗȮ2,4ȮŐĽħĚįĸěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢ PLA, PEG ŐĸŃȮPLA 

ĪňŗŏĨŇĴȮPEG 5, 10, 20 ŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔȮħƟĺĵŏĪėĬŇėȮTGAȮŀŋĦľĳŌĴŇŒĬĔŅĶĽĸŅĵĨńĺŐĽħĚŒĬ

ĨŅĶŅĚĪňŗȮ2,0ȮĞŉŗĚıĭĺƞŅȮPLAȮŐĸŃȮPEG ĴňŀŋĦľĳŌĴŇŒĬĔŅĶĽĸŅĵĨńĺŀĵŌƞĪňŗȮ135,/3°C ŐĸŃȮ409.49°C 

ĨŅĴĸŜŅħńĭȮŐĽħĚĺƞŅȮPEG ĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗĽŌĚĔĺƞŅȮPLA ŏĬŊŗŀĚěŅĔĽŅĵőĞƞľĸńĔĕŀĚȮPEG 

ĮĶŃĔŀĭœĮħƟĺĵıńĬīŃȮC-C ŐĭĭőĞƞĨĶĚȮĞŉŗĚĴňıĸńĚĚŅĬıńĬīŃĪňŗĽŌĚȮŐĸŃĽŅĴŅĶĩěńħŏĶňĵĚĨńĺŀĵƞŅĚŏĮƦĬ

ĶŃŏĭňĵĭœħƟħňȮĽƞĚįĸŒľƟėĺŅĴĶƟŀĬŐıĶƞŏĕƟŅĶŃľĺƞŅĚĽŅĵőĞƞœħƟĵŅĔĕŉŘĬȮěŉĚĽƞĚįĸŒľƟȮPEG ĴňŏĽĩňĵĶĳŅıĪŅĚ

ėĺŅĴĶƟŀĬĽŌĚĔĺƞŅȮPLA ŐĸŃŒĬĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚȮPEG ĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA 

ıĭĺƞŅȮĔŅĶŏĨŇĴȮPEG 5 ŐĸŃȮ/.% őħĵĬŘŜŅľĬńĔȮœĴƞĽƞĚįĸĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLAȮĞŉŗĚĔŅĶ

ŏĨŇĴȮPEG ĪňŗĮĶŇĴŅĦħńĚĔĸƞŅĺȮıĭĔŅĶĽĸŅĵĨńĺŏıňĵĚĕńŘĬĨŀĬŏħňĵĺȮŐĸŃŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĕŀĚȮPLA 

œĴƞŏĮĸňŗĵĬŐĮĸĚĴŅĔĬńĔȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPEG ĪňŗĮĶŇĴŅĦĨŗŜŅĽŅĴŅĶĩĔĶŃěŅĵĨńĺŒĬȮPLA œħƟħňȮěŉĚœĴƞıĭ

ĔŅĶĽĸŅĵĨńĺĕŀĚȮPEG ŐĵĔŀŀĔĴŅȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴȮPEG ĪňŗĮĶŇĴŅĦĨŗŜŅȮ&ĬƟŀĵĔĺƞŅȮ/.% őħĵĬŘŜŅľĬńĔ'

ĬńŘĬœĴƞĴňŀŇĪīŇıĸĪŅĚŏėĴňĨƞŀĽŅĵőĞƞĕŀĚȮPLA ěŉĚœĴƞĽƞĚįĸĨƞŀŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĕŀĚȮPLA ĞŉŗĚŏĮƦĬ



  
 

47 

ŀŇĪīŇıĸĕŀĚıĸńĚĚŅĬıńĬīŃĪŅĚŏėĴňŒĬőėĶĚĽĶƟŅĚĕŀĚıŀĸŇŏĴŀĶƢȮŐĸŃıĭĺƞŅŏĴŊŗŀŏıŇŗĴȮPEG ŏĮƦĬȮ0.ȮŐĸŃȮ

1.% őħĵĬŘŜŅľĬńĔȮŀŇĪīŇıĸĕŀĚȮPEG ĽƞĚįĸŒľƟȮPLA ŏĔŇħĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇĨŗŜŅĸĚȮ

ŏĬŊŗŀĚěŅĔĽŅĵőĞƞȮPLA ĽŅĴŅĶĩŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮėĺŅĴĶƟŀĬěŉĚĽŅĴŅĶĩŐıĶƞŏĕƟŅĽŌƞĶŃľĺƞŅĚĽŅĵőĞƞœħƟħňȮ

ŐĸŃŏĶŇŗĴĽĸŅĵĨńĺœħƟŏĶŖĺĕŉŘĬȮŐĸŃıĭĔŅĶĽĸŅĵĨńĺĕŀĚȮPEG ŏĔŇħĕŉŘĬĪňŗĨŜŅŐľĬƞĚĔŅĶĽĸŅĵĨńĺĕŀĚȮPEG ŏŀĚȮ

ŐĽħĚŒľƟŏľŖĬĺƞŅȮPEG œĴƞĴňėĺŅĴŏĕƟŅĔńĬœħƟĪňŗŏĔŇħěŅĔŐĶĚĪŅĚŏėĴňĔńĭĽŅĵőĞƞȮPLA ěŉĚĽƞĚįĸŒľƟȮPEG œĴƞ

ĽŅĴŅĶĩŏľĬňŗĵĺĬŜŅŒľƟȮPLA ĽĸŅĵĨńĺœħƟŒĬŀŋĦľĳŌĴŇĪňŗĽŌĚĕŉŘĬȮĞŉŗĚŀŇĪīŇıĸħńĚĔĸƞŅĺŏĔŇħĕŉŘĬŏĝƞĬŏħňĵĺĔńĬŒĬ

ĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĪňŗĔĸƞŅĺœĮĕƟŅĚĨƟĬ 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ2,4 ŐĽħĚĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA, PEG ŐĸŃȮPLA/PEG ĪňŗȮPEG 5, 10, 20 ŐĸŃȮ
1.% őħĵĬŘŜŅľĬńĔ 

 

4.1.6. ŐĽħĚįĸĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG  

 ěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵĺŇīňĔŅĶħŉĚĵŊħȮĝŇŘĬĚŅĬĪňŗįƞŅĬĔŅĶĪħĽŀĭœħƟĩŌĔĬŜŅĴŅĻŉĔļŅ

ĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĔŅĶĕŅħĕŀĚĲƕĸƢĴįĽĴȮőħĵĶŌĮĪňŗȮ2,5ȮŐĽħĚĳŅıȮSEM ĕŀĚıŊŘĬįŇĺĔŅĶ

ĕŅħĕŀĚĲƕĸƢĴȮPLA ŐĸŃȮPLA/PEG ĞŉŗĚıĭĺƞŅȮPLA ŐĽħĚıŊŘĬįŇĺĪňŗŏĶňĵĭȮŐĽħĚĩŉĚĸńĔļĦŃĔŅĶĕŅħŐĭĭ

ŏĮĶŅŃȮőħĵŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚȮPEG ıĭĺƞŅ PLA ĪňŗŏĨŇĴȮPEG 5% őħĵĬŘŜŅľĬńĔȮĵńĚėĚŐĽħĚ

ĸńĔļĦŃıŊŘĬįŇĺĪňŗŏĶňĵĭĪňŗŐĽħĚĩŉĚĸńĔļĦŃĕŀĚĔŅĶĕŅħŐĭĭŏĮĶŅŃȮőħĵŐĽħĚŒľƟŏľŖĬĩŉĚĶŇŘĺĕŀĚĔŅĶĵŊħ

ŏĔŇħĕŉŘĬŏĸŖĔĬƟŀĵȮĞŉŗĚŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮPEG ŏĮƦĬȮ/.% őħĵĬŘŜŅľĬńĔȮıĭŏĽƟĬœĲĭĶŇĸĸńĔļĦŃŏĮƦĬŏĽƟĬĵŅĺ

ĺŅĚĨńĺŒĬŐĬĺĨńŘĚĜŅĔĔńĭĪŇĻĪŅĚĕŀĚŐĶĚħŉĚ  
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ĨŅĶŅĚĪňŗȮ2,0 ŐĽħĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG 

 

ĞŉŗĚŏĽƟĬœĲĭĶŇĸħńĚĔĸƞŅĺŐĽħĚĩŉĚĽƞĺĬĪňŗĵŊħĕŀĚȮPEG őħĵěŃŏľŖĬĺƞŅȮPEG œĴƞœħƟěńħŏĶňĵĚĨńĺŒĬĪŇĻĪŅĚŐĶĚħŉĚȮ

ěŉĚœĴƞıĭĺƞŅȮPLA/PEG10 ĴňĔŅĶĕŅħŐĭĭŏľĬňĵĺȮ(Ductile) ȮŏĝƞĬŏħňĵĺĔńĬĔńĭįĸĔŅĶĪħĽŀĭĽĴĭńĨŇ

ŏĝŇĚĔĸȮŐĸŃĵŇŗĚœĮĔĺƞŅĬńŘĬĵńĚıĭĔŅĶĜňĔĕŅħĪňŗįŇĺŒĬŐĬĺĨńŘĚĜŅĔĔńĭĪŇĻŐĶĚħŉĚȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶĺŅĚĨńĺ

ĕŀĚœĲĭĶŇĸŒĬĸńĔļĦŃħńĚĔĸƞŅĺĽƞĚįĸŏĴŊŗŀœħƟĶńĭŐĶĚħŉĚȮěŃŏĔŇħĔŅĶĔĶŃěŅĵŐĶĚœĮĨŅĴŐĬĺœĲĭĶŇĸȮŐĸŃ

ĽƞĚįƞŅĬŐĶĚœĮĵńĚĽŅĵőĞƞĕŀĚȮPLA œħƟœĴƞħňȮěŉĚĪŜŅŒľƟŏĔŇħĔŅĶĕŅħŒĬŐĬĺĨńŘĚĜŅĔĔńĭŐĶĚħŉĚȮĔƞŀĬĪňŗĽŅĵőĞƞ

ĕŀĚıŀĸŇŏĴŀĶƢěŃĽŅĴŅĶĩěńħŏĶňĵĚĨńĺœĮĨŅĴŐĬĺŐĶĚŐĸŃŏĔŇħĔŅĶĵŊħŀŀĔȮĪŜŅŒľƟŏľŖĬĺƞŅĲƕĸƢĴȮ

PLA/PEG10 ŏĔŇħĔŅĶĕŅħŐĭĭŏĮĶŅŃȮŏĴŊŗŀŏıŇŗĴȮPEG ŏĮƦĬȮ0.% őħĵĬŘŜŅľĬńĔȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶĕŅħ

ŐĭĭŏľĬňĵĺȮ(Ductile) őħĵěŃĽńĚŏĔĨŏľŖĬŏĮƦĬĶŇŘĺĪňŗŐĽħĚĩŉĚĔŅĶĕŅħŐĭĭŏľĬňĵĺȮ(Ductile) ŏĔŇħĕŉŘĬȮőħĵȮ

PLA ĪňŗŏĨŇĴȮPEG 30% őħĵĬŘŜŅľĬńĔȮŐĽħĚŒľƟŏľŖĬĔŅĶĕŅħŐĭĭŏľĬňĵĺȮ(Ductile) ĪňŗĝńħŏěĬĵŇŗĚĕŉŘĬȮőħĵ

ŐĽħĚŒľƟŏľŖĬħƟĺĵıŊŘĬįŇĺĪňŗĴňĸńĔļĦŃĕĶŋĕĶŃȮŐĸŃıĭĺƞŅĴňıŊŘĬįŇĺĪňŗĕĶŋĕĶŃĪňŗĽŋħŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŏĨŇĴȮPEG 

ĪňŗĮĶŇĴŅĦĨŗŜŅȮĞŉŗĚįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺȮŏĮƦĬœĮĨŅĴįĸĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĪňŗŐĽħĚœĺƟĔƞŀĬľĬƟŅĬňŘ 

 

 

 

Sample TonsetȮ(°C) Td (°C) 

PLA 333.02 357.15 

PEG 381.96 409.49 

PLA/PEG5 330.54 352.20 

PLA/PEG10 334.98 359.11 

PLA/PEG20 314.26 335.20 

PLA/PEG30 304.05 331.39 
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ĶŌĮĪňŗȮ2,5 ŐĽħĚĳŅıȮScanning electron microscope (SEM) ĕŀĚȮPLA ŐĸŃȮPLA/PEG ĪňŗȮPEG 5, 
10, 20 ŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔ 

 

4.1.7. įĸĔŅĶĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG 

 ŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅ (WVTR) ĕŀĚĲƕĸƢĴŏıŊŗŀŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢŀŅľŅĶĴňėĺŅĴĽŜŅėńĠĴŅĔȮ

ŒĬĔŅĶĝƞĺĵĵŊħŀŅĵŋŒľƟŀŅľŅĶĴňėŋĦĳŅıĪňŗħňŒĬĝƞĺĚŏĺĸŅĪňŗĴŅĔĵŇŗĚĕŉŘĬȮħńĚĬńŘĬěŉĚœħƟħŜŅŏĬŇĬĔŅĶĪħĽŀĭĔŅĶĞŉĴ

įƞŅĬĕŀĚœŀĬŘŜŅȮ(WVTR) ĕŀĚĲƕĸƢĴįĽĴȮőħĵĻŉĔļŅŀŇĪīŇıĸĕŀĚȮPEG ĨƞŀĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅĭĬĲƕĸƢĴȮ

ıĭĺƞŅįĸĔŅĶĪħĽŀĭħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,6ȮŐĽħĚŒľƟŏľŖĬĺƞŅŏĴŊŗŀŏĨŇĴȮPEG ĽƞĚįĸŒľƟŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚ

œŀĬŘŜŅįƞŅĬĲƕĸƢĴĴňėƞŅŏıŇŗĴĕŉŘĬȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔĪňŗȮPEG ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňľĴŌƞĮĸŅĵĽŅĵőĞƞėŊŀľĴŌƞœŁħĶŀĔ

ĞŇĸȮ(-OH) ĽƞĚįĸŒľƟȮPEG ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňĕńŘĺŐĸŃĽŅĴŅĶĩĸŃĸŅĵĬŘŜŅœħƟȮŐĽħĚĺƞŅȮPEG ĴňėĺŅĴĝŀĭĬŘŜŅ

ĪňŗĽŌĚȮħńĚĬńŘĬĔŅĶŏĨŇĴȮPEG ŒĬĲƕĸƢĴěŉĚįĸŒľƟĲƕĸƢĴĴňėĺŅĴĝŀĭĬŘŜŅĴŅĔĕŉŘĬȮ[32]ȮěŉĚĽƞĚįĸŒľƟȮWVTR ĴňėƞŅ

ĽŌĚĕŉŘĬŏĴŊŗŀŏĨŇĴȮPEG ŒĬĮĶŇĴŅĦĪňŗĴŅĔĕŉŘĬĬńŗĬŏŀĚ 

 

  

PEG 

fibril 
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ĶŌĮĪňŗȮ2,6 ŐĽħĚŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮ(WVTR) ĕŀĚĲƕĸƢĴȮPLA ŐĸŃȮPLA/PEG ĪňŗȮPEG 5, 10, 20 
ŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔȮ 

 

4.1.8. įĸĔŅĶĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG 

 ĔŅĶŒĝƟĚŅĬĲƕĸƢĴıĸŅĽĨŇĔŏıŊŗŀŏĮƦĬĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭŀŅľŅĶȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŏĮƦĬŀňĔ

ľĬŉŗĚĮƤěěńĵĪňŗĽŜŅėńĠĨƞŀĔŅĶŒĝƟĚŅĬħńĚĔĸƞŅĺȮőħĵĔŅĶĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽ

ėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴȮPLA ŐĸŃȮPLA/PEG ŐĽħĚŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŒĬĶŌĮĪňŗȮ2,7ȮĞŉŗĚ

ıĭĺƞŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬȮ(OTR) įƞŅĬĲƕĸƢĴĸħĸĚȮŏĴŊŗŀĮĶŇĴŅĦĕŀĚȮPEG ŏıŇŗĴĕŉŘĬȮĞŉŗĚ

ŏĮƦĬįĸĴŅěŅĔŏĽƟĬĪŅĚĔŅĶŏħŇĬĪŅĚĕŀĚŐĔƠĽĪňŗĞńĭĞƟŀĬĴŅĔĕŉŘĬěŅĔįĸŉĔŒĬőėĶĚĽĶƟŅĚĕŀĚıŀĸŇŏĴŀĶƢȮőħĵ

ěŅĔįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮDSC &ľńĺĕƟŀȮ2,/,0'ȮĕŀĚĔŅĶŏĨŇĴȮPEG ıĭĺƞŅ

ĽƞĚįĸŒľƟĮĶŇĴŅĦėĺŅĴŏĮƦĬįĸŉĔĕŀĚȮPLA ĴňŐĬĺőĬƟĴĪňŗŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦȮPEG ĴŅĔĕŉŘĬȮěŉĚĪŜŅŒľƟ

ŏĽƟĬĪŅĚŒĬĔŅĶŏėĸŊŗŀĬĪňŗįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬĞńĭĞƟŀĬŐĸŃŏėĸŊŗŀĬĪňŗįƞŅĬœħƟĵŅĔĕŉŘĬħńĚŐĽħĚŒĬ

ŐĭĭěŜŅĸŀĚĶŌĮĪňŗȮ2,/.ȮěŉĚıĭĺƞŅŐĔƠĽŀŀĔĞŇŏěĬŏėĸŊŗŀĬĪňŗįƞŅĬĲƕĸƢĴįĽĴ PLA/PEG œħƟĬƟŀĵĸĚȮĪňŗĮĶŇĴŅĦȮ

PEG ŏıŇŗĴĕŉŘĬȮĞŉŗĚĮƤěěńĵĪňŗĽƞĚįĸĨƞŀĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŒĬĲƕĸƢĴȮPLA/PEG ŏĮƦĬŀŇĪīŇıĸĴŅ

ěŅĔėĺŅĴŏĮƦĬįĸŉĔĴŅĔĪňŗĽŋħȮŏĬŊŗŀĚěŅĔȮPLA/PEG ĴňėĺŅĴĝŀĭĬŘŜŅĪňŗĴŅĔĕŉŘĬěŅĔĔŅĶŏĨŇĴȮPEG ħńĚŐĽħĚ

ŒĬįĸĔŅĶĪħĽŀĭȮWVTR ěŉĚœĴƞĴňįĸĪŅĚŏėĴňĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢĨƞŀŐĔƠĽŀŀĔĞŇŏěĬĞŉŗĚœĴƞĴňĕńŘĺ 

 ŒĬĽƞĺĬĕŀĚŀŇĪīŇıĸĕŀĚȮPEG ĨƞŀĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮıĭĺƞŅŀńĨĶŅĔŅĶĞŉĴ

įƞŅĬĕŀĚŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ(CO2TR) ĴňŐĬĺőĬƟĴŏıŇŗĴĽŌĚĕŉŘĬȮŏĴŊŗŀĮĶŇĴŅĦȮPEG ĴŅĔĕŉŘĬȮĞŉŗĚŏĮƦĬįĸ

ĴŅěŅĔŀŇĪīŇıĸĪŅĚŏėĴňĕŀĚľĴŌƞŀňŏĪŀĶƢȮ(-O-) ŒĬȮPEG ĽƞĚįĸŒľƟėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚŐĔƠĽ

ėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĲƕĸƢĴįĽĴȮPLA/PEG ŏıŇŗĴĕŉŘĬ ħńĚĬńŘĬȮPEG ěŉĚĽŅĴŅĶĩĮĶŃıķĨŇĨńĺŏĮƦĬĽƞĺĬ
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ĵŊħľĵŋƞĬĵŀĴŒľƟőĴŏĸĔŋĸĕŀĚŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĪĶĔįƞŅĬœħƟħńĚŐĽħĚŒĬŐĭĭěŜŅĸŀĚĶŌĮĪňŗȮ2,/.ȮěŉĚ

ĔĸƞŅĺœħƟĺƞŅȮPEG ĽŅĴŅĶĩŏľĬňŗĵĺĬŜŅŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŒľƟŏėĸŊŗŀĬĪňŗįƞŅĬĲƕĸƢĴįĽĴȮPLA/PEG œħƟħňȮ

[33]ȮĽƞĚįĸŒľƟŏĴŊŗŀŏĨŇĴȮPEG ĴŅĔĕŉŘĬȮěŃĽƞĚįĸŒľƟŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŏėĸŊŗŀĬĪňŗįƞŅĬœħƟĴŅĔĕŉŘĬȮŐĨƞ

ŀĵƞŅĚœĶĔŖĨŅĴĪňŗĮĶŇĴŅĦȮPEG 30% őħĵĬŘŜŅľĬńĔȮĞŉŗĚĽƞĚįĸŒľƟĮĶŇĴŅĦįĸŉĔĕŀĚȮPLA ŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔȮ

&ěŅĔȮ0,1%ȮŏĮƦĬȮ21,4%' ħńĚĨŅĶŅĚȮ2,/ȮĮĶŇĴŅĦįĸŉĔěŉĚĴňŀŇĪīŇıĸĴŅĔĔĺƞŅŐĶĚĪŅĚŏėĴňĕŀĚŐĔƠĽ

ėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃľĴŌƞŀňŏĪŀĶƢĕŀĚȮPEGȮěŉĚıĭĺƞŅŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŏėĸŊŗŀĬĪňŗįƞŅĬœħƟĬƟŀĵĸĚ 

  

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ2,7 ŐĽħĚŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĕŀĚĲƕĸƢĴȮPLA ŐĸŃȮPLA/PEG ĪňŗȮPEG 5, 10, 20 ŐĸŃȮ1.% 
őħĵĬŘŜŅľĬńĔ 

 

ěŅĔŀŇĪīŇıĸħńĚĔĸƞŅĺŐĽħĚŒľƟŏľŖĬĺƞŅĲƕĸƢĴįĽĴȮPLA/PEG ĽŅĴŅĶĩĮĶŃıķĨŇĨńĺŏĮƦĬĲƕĸƢĴŏĸŊŀĔįƞŅĬĪňŗĵŀĴ

ŒľƟŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢįƞŅĬœħƟȮŐĸŃĮƚŀĚĔńĬĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬȮħńĚŐĽħĚŒĬŐĭĭěŜŅĸŀĚ

ĶŌĮĪňŗȮ2,/. 

 ěŅĔįĸĔŅĶĪħĽŀĭĪňŗĔĸƞŅĺĬňŘȮěŃıĭĺƞŅȮPEG ĴňŀŇĪīŇıĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇħƟŅĬĔŅĶœľĸ

ŐĸŃĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀĵƞŅĚĴŅĔĪňŗĔŅĶŏĨŇĴȮPEG 20% őħĵĬŘŜŅľĬńĔȮĕŉŘĬœĮȮŒĬĲƕĸƢĴįĽĴȮ

PLA/PEG ĞŉŗĚĪňŗĔŅĶŏĨŇĴȮPEG ĪňŗĮĶŇĴŅĦħńĚĔĸƞŅĺĽƞĚįĸŒľƟėĺŅĴŐĕŖĚŐĶĚĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG ĸħĸĚ 

ŐĸŃėĺŅĴŐĕŖĚŐĶĚĕŀĚıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺĸħĸĚŀĵƞŅĚĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭȮPLA ĞŉŗĚĽƞĚįĸŒľƟ

ĮĶŃĽŇĪīŇĳŅıŒĬĕŉŘĬĶŌĮĸħĸĚȮħńĚĬńŘĬŒĬĔŅĶĻŉĔļŅĕńŘĬĨƞŀœĮěŉĚěŃŏĮƦĬĔŅĶĻŉĔļŅĔŅĶŏĨŇĴȮPEG ĪňŗĮĶŇĴŅĦ



  
 

52 

ĬƟŀĵŏıňĵĚȮ/.% őħĵĬŘŜŅľĬńĔȮŐĸŃŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚȮPLA ŐĸŃȮPEG ħƟĺĵĔŅĶŏĨŇĴȮADR 

ŏıŊŗŀŒľƟŀŇĪīŇıĸĕŀĚȮPEG ĪňŗĮĶŇĴŅĦȮPEG 10% őħĵĬŘŜŅľĬńĔȮĽƞĚįĸŏĪňĵĭŏĪƞŅĔńĭĔŅĶŏĨŇĴȮPEG ĮĶŇĴŅĦ

ĽŌĚȮőħĵĪňŗĔŅĶĸħĸĚĕŀĚėĺŅĴŐĕŖĚŐĶĚĕŀĚĲƕĸƢĴįĽĴŏĔŇħĕŉŘĬĬƟŀĵĸĚ 

 

 

 

 

 

 

 
 
 
 
 

ĶŌĮĪňŗȮ2,/.ȮŐĽħĚĳŅıěŜŅĸŀĚĔŅĶŏĸŊŀĔįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬȮ(O2) ŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ
(CO2)ȮŒĬĲƕĸƢĴįĽĴĕŀĚȮPLA/PEG 

 

 

4.2 įĸĕŀĚĔŅĶĻŉĔļŅĲƕĸƢĴįĽĴĕŀĚȮPLA/PEG10 ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞȮADR 

4.2.1. ĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴħƟĺĵŏĪėĬŇėȮFourier Transform Infrared 

Spectrometer (FTIR) 

  őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG10/ADR ħńĚĶŌĮĪňŗȮ2,//ȮŐĽħĚįĸĕŀĚĔŅĶŏĨŇĴĽŅĶ

ĕĵŅĵĽŅĵőĞƞȮADR ŒĬȮPLA/PEG ĞŉŗĚĴňȮPEG 10% őħĵĬŘŜŅľĬńĔȮ(PLA/PEG10)ȮěŅĔĪňŗĔĸƞŅĺĩŉĚıňė

ŏŀĔĸńĔļĦƢĕŀĚȮPLA ŐĸŃȮPEG ŒĬľńĺĕƟŀĪňŗȮ2,/,1ȮıĭĺƞŅŏĴŊŗŀŏĨŇĴȮADR ĪňŗĮĶŇĴŅĦȮ/,.., 1.25 ŐĸŃȮ

/,3.Ȯphr ĽƞĚįĸŒľƟĴňıňėŒľĴƞĮĶŅĔĢĕŉŘĬĪňŗȮ0655Ȯcm-1 ĞŉŗĚŏĮƦĬıňėŏŀĔĸńĔļĦƢĕŀĚȮADR ŐĽħĚĩŉĚįĸĕŀĚ

ĔŅĶŏĮĸňŗĵĬŐĮĸĚĭĬőėĶĚĽĶƟŅĚĪŅĚŏėĴňĭĬĽŅĵőĞƞȮPLAȮŏĬŊŗŀĚěŅĔĮĢŇĔŇĶŇĵŅĕŀĚȮADR ĪňŗŏĔŇħĕŉŘĬĪňŗĮĸŅĵ
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ĽŅĵőĞƞĕŀĚȮPLA ŐĸŃȮPEG [24] ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,/0ȮĞŉŗĚĽƞĚįĸŒľƟĔŅĶĽńŗĬĕŀĚľĴŌƞȮůCH2 ŏĮĸňŗĵĬŐĮĸĚ

œĮŐĸŃĮĶŅĔĢŏĮƦĬıňėŒľĴƞȮĦȮĨŜŅŐľĬƞĚħńĚĔĸƞŅĺ [34] ŐĽħĚŒľƟŏľŖĬĺƞŅȮADR ĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅĪňŗ

ĮĸŅĵĽŅĵőĞƞĔńĭľĴŌƞœŁħĶŀĔĞŇĸĕŀĚȮPLA ŐĸŃȮPEG œħƟ 

 

 

 

 

 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ2,//ȮŐĽħĚȮFourier Transform Infrared Spectra ĕŀĚȮPLA/PEG/.ȮĪňŗȮADR 1.0., 1.25 
ŐĸŃȮ/,3.Ȯphr 
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ĶŌĮĪňŗȮ2,/0ȮŐĽħĚŐįĬĳŅıĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĕŀĚȮPLA, PEG ŐĸŃȮADR 
 

4.2.2. įĸĕŀĚĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA/PEG/. ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞȮADR

ħƟĺĵŏĪėĬŇėȮDifferential scanning calorimetry (DSC) 

 ȮŒĬĶŌĮĪňŗȮ2,/1ȮŐĸŃĨŅĶŅĚĪňŗȮ2,1ȮŐĽħĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEGȮĪňŗ

ŏĨŇĴȮPEG 10% őħĵĬŘŜŅľĬńĔȮŐĸŃĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞĝĬŇħȮADR ĪňŗȮ/,.., 1.25 ŐĸŃȮ/,3.Ȯphr 

ěŅĔŀŇĪīŇıĸĕŀĚȮADR ĨƞŀȮPLA/PEG10 ıĭĺƞŅȮTg œĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠŏĴŊŗŀŏĨŇĴȮADR 

1.00 ŐĸŃȮ/,3.ȮphrȮŏĴŊŗŀŏĪňĵĭĔńĭȮPLA/PEG10ȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĪňŗȮADR 1.25 phr ıĭĺƞŅȮTg ĕŀĚȮ

PLA ĸħĸĚĮĶŃĴŅĦȮ2°CȮŏĴŊŗŀŏĪňĵĭĔńĭȮPLA/PEG10 ŐĽħĚŒľƟŏľŖĬĺƞŅȮADR ĪňŗȮ/,03Ȯphr ĽŅĴŅĶĩ

ŏĔŇħĮĢŇĔŇĶŇĵŅĪňŗĮĸŅĵĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĝĬŇħœħƟȮŐĸŃĽƞĚįĸŒľƟŏĔŇħŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚĽŅĵőĞƞ

ĕŀĚȮPLA ŐĸŃȮPEG ěŉĚĽƞĚįĸŒľƟȮPLA ŐĸŃȮPEG ŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬȮěŉĚŏľŖĬĺƞŅȮTg ĕŀĚıŀĸŇŏĴŀĶƢįĽĴ

ĕĵńĭŏĕƟŅŒĔĸƟȮTg ĕŀĚȮPEG ŐĸŃĵńĚıĭĺƞŅŀŋĦľĳŌĴŇĔŅĶŏĔŇħįĸŉĔĕĦŃľĸŀĴŏľĸĺȮ(Tcc) ĬńŘĬĽŌĚĕŉŘĬŏĸŖĔĬƟŀĵ

ŏĴŊŗŀŏĨŇĴȮADRȮŏĴŊŗŀŏĪňĵĭĔńĭȮPLA/PEG10 ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĪňŗĮĸŅĵĽŅĵőĞƞĕŀĚȮADR 

ĽƞĚįĸŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢĴňėĺŅĴŏĔŃĔŃŐĸŃŏĔŇħĔŅĶıńĬŏĔňŗĵĺĔńĬĴŅĔĕŉŘĬȮħńĚĬńŘĬŒĬĔŅĶěńħŏĶňĵĚĨńĺŏıŊŗŀ

ŏĔŇħįĸŉĔěŉĚŏĔŇħœħƟĵŅĔĕŉŘĬ 
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ĶŌĮĪňŗȮ2,/1ȮŐĽħĚȮDSC Thermogram ĕŀĚȮPLA/PEG/. ĪňŗŏĨŇĴȮADR 1.00, 1.25 ŐĸŃȮ/,3.Ȯphr 
 

ĨŅĶŅĚĪňŗȮ2,1ȮŐĽħĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA/PEG ĪňŗĮĶŇĴŅĦȮPEG /.% őħĵĬŘŜŅľĬńĔȮŐĸŃȮ
PLA/PEG10 ĪňŗŏĨŇĴȮADR ĪňŗĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬ 

 

 ĞŉŗĚĽŀħėĸƟŀĚĔńĭĮĶŇĴŅĦįĸŉĔȮ(Xc) ĪňŗĸħĸĚŏĴŊŗŀŏĨŇĴȮADR ŐĸŃŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĔŅĶ

ŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦȮADR ıĭĺƞŅȮADR ĪňŗŏıŇŗĴĕŉŘĬœĴƞĽƞĚįĸĨƞŀȮTcc őħĵŏĴŊŗŀıŇěŅĶĦŅĪňŗĔŅĶľĸŀĴįĸŉĔĕŀĚȮ

PLA ıĭĺƞŅȮTm ĸħĸĚĮĶŃĴŅĦȮ0°CȮŏĴŊŗŀŏĪňĵĭĔńĭȮPLA/PEG10 ŐĸŃěŅĔĔĶĦňĕŀĚıňėĔŅĶľĸŀĴįĸŉĔȮ0Ȯ

ĨŜŅŐľĬƞĚĪňŗıĭŒĬȮPLA/PEG10 ĪňŗĔĸƞŅĺĩŉĚĔƞŀĬľĬƟŅĬňŘȮıĭĺƞŅŏĴŊŗŀŏĨŇĴȮADR ĽƞĚįĸŒľƟıňėĔŅĶľĸŀĴįĸŉĔĪňŗ

Sample 
Tg 

(̄ C) 

Tm,a 

(̄ C) 

Tm,aŲȮȮȮ

(̄ C) 

Tcc 

(̄ C) 
DHm 
(J/g) 

DHcc 
(J/g) 

Xc (%) 

NEAT PLA 59.62 151.65 - 126.92 8.79 6.63 2.30 
NEAT PEG - 62.32 - - 182.02 - 92.49 

PLA/PEG10/ADR1.0 41.67 149.52 145.19 100.68 24.31 20.36 4.69 

PLA/PEG10/ADR1.03 16,65 149.52 145.37 99.19 23.46 22.21 1.48 
PLA/PEG10/ADR1.3 41.00 148.52 145.19 101.34 23.69 22.02 1.98 
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ŀŋĦľĳŌĴŇĨŗŜŅľĶŊŀıňėĕŀĚĔŅĶľĸŀĴįĸŉĔĪňŗĴňĶŌĮŐĭĭœĴƞĽĴĭŌĶĦƢĬńŘĬĴňėĺŅĴŏĕƟĴıňėĽŌĚĕŉŘĬŏĪňĵĭŏĪƞŅĔńĭıňė

ĕŀĚĔŅĶľĸŀĴįĸŉĔȮaȮőħĵĪňŗȮADR 1.00 ŐĸŃȮ/,3.Ȯphr ıĭĸńĔļĦŃĕŀĚıňėĔŅĶľĸŀĴįĸŉĔĪňŗ

ŏľĴŊŀĬĔńĬȮŐĨƞŒĬĔŅĶŏĨŇĴȮADR 1.25 phr ıĭĺƞŅıňėĕŀĚįĸŉĔĪňŗĴňĶŌĮŐĭĭœĴƞĽĴĭŌĶĦƢȮ(aŲ'ȮĴňėĺŅĴŏĕƟĴıň

ėĸħĸĚĨŗŜŅĔĺƞŅıňėĕŀĚĔŅĶľĸŀĴįĸŉĔŐĭĭĽĴĭŌĶĦƢȮ(a)ȮěŅĔįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺȮŐĽħĚŒľƟŏľŖĬĺƞŅ

ĔŅĶĕĵŅĵĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢĽƞĚįĸŒľƟĴňėĺŅĴŏĔŃĔŃĴŅĔĕŉŘĬȮŐĸŃěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔĪňŗĽĴĭŌĶĦƢœħƟ

ĬƟŀĵĸĚȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĮĶŇĴŅĦįĸŉĔĪňŗĸħĸĚŏĴŊŗŀŏĨŇĴȮADRȮěŅĔįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺĽŅĴŅĶĩĽĶŋĮœħƟ

ĺƞŅĔŅĶŏĨŇĴȮADR ĽƞĚįĸŒľƟĽŅĵőĞƞĴňėĺŅĴŏĔŃĔŃŐĸŃŏĔŇħĔŅĶŏĔňŗĵĺıńĬĔńĬĴŅĔĕŉŘĬȮěŉĚĽƞĚįĸŒľƟȮTg ŏıŇŗĴĕŉŘĬ

ŐĸŃĮĶŇĴŅĦįĸŉĔĸħĸĚŏĴŊŗŀŏĪňĵĭĔńĭȮPLA/PEG10ȮŏĬŊŗŀĚěŅĔĽŅĵőĞƞŏėĸŊŗŀĬœľĺœħƟĵŅĔĕŉŘĬȮőħĵĪňŗȮADR 

1.25 phr ĽŅĴŅĶĩĪŜŅŒľƟŏĔŇħŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĝĬŇħœħƟĴŅĔĪňŗĽŋħȮŏĬŊŗŀĚěŅĔĪŜŅŒľƟȮTg 

ĸħĸĚĴŅĔĪňŗĽŋħŏĴŊŗŀŏĪňĵĭĔńĭȮADR ĮĶŇĴŅĦŀŊŗĬŕȮĞŉŗĚįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺĽŀħėĸƟŀĚĔńĭįĸĔŅĶĪħĽŀĭȮ

FTIR ĪňŗŐĽħĚŒľƟŏľŖĬĺƞŅȮADR ĽŅĴŅĶĩĽĶƟŅĚŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚȮPLA ŐĸŃȮPEG œħƟ 

 

4.2.3. įĸĕŀĚĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA/PEG ŐĸŃȮPLA/PEG ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞȮ

ADR 

 ŒĬĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮADR ŒĬȮPLA/PEG10 ıĭĺƞŅĲƕĸƢĴįĽĴĪňŗœħƟĴňĽĴĭńĨŇŏĝŇĚĔĸħńĚ

ŐĽħĚŒĬĶŌĮĪňŗȮ2,/4ȮŐĸŃĴňıķĨŇĔĶĶĴĔŅĶŏĽňĵĶŌĮŐĽħĚŒĬŐįĬĳŌĴŇȮStress-StrainȮŒĬĶŌĮĪňŗȮ2,/5ȮĞŉŗĚıĭĺƞŅ

ŒĬĔŅĶŏĨŇĴȮADR 1.00 phr œĴƞĽƞĚįĸŀĵƞŅĚĴňĬńĵĽŜŅėńĠĨƞŀėƞŅȮExtension at break ŏĴŊŗŀŏĪňĵĭĔńĭȮ

PLA/PEG10ȮľĶŊŀĔĸƞŅĺœħƟĺƞŅĪňŗȮADR 1.00 ŐĽħĚıķĨŇĔĶĶĴĔŅĶĕŅħŐĭĭŏĮĶŅŃŏĝƞĬŏħňĵĺĔńĭȮ

PLA/PEG10 ŒĬĪŅĚĨĶĚĔńĬĕƟŅĴĔŅĶŏĨŇĴȮADR ĪňŗĮĶŇĴŅĦĴŅĔĕŉŘĬŏĮƦĬȮ/,03ȮŐĸŃȮ/,3.Ȯphr ĽƞĚįĸŒľƟėƞŅȮ

Extension at break ŏıŇŗĴĕŉŘĬĮĶŃĴŅĦȮ/.ȮŏĪƞŅĕŀĚȮPLA/PEG10 őħĵŐĽħĚıķĨŇĔĶĶĴŐĭĭĺńĽħŋĪňŗĴň

ėĺŅĴĵŊħľĵŋƞĬȮŐĸŃŏĔŇħıķĨŇĔĶĶĴȮStrain hardening ĕĦŃŏĽňĵĶŌĮȮŐĽħĚŒľƟŏľŖĬĺƞŅĪňŗȮPEG 10% őħĵ

ĬŘŜŅľĬńĔȮěŃĽŅĴŅĶĩĽƞĚŀŇĪīŇıĸĨƞŀȮPLA œħƟħňȮŏĴŊŗŀĴňėĺŅĴŏĕƟŅĔńĬœħƟĔńĭȮPLA ĴŅĔĕŉŘĬȮ 
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ĶŌĮĪňŗȮ2,/2ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA ŐĸŃȮPLA/PEG/. ĪňŗŏĨŇĴȮADR 1.00, 1.25 ŐĸŃȮ/,3.Ȯphr 
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ĶŌĮĪňŗȮ2,/3ȮŐĽħĚŐįĬĳŅıȮStress-StrainȮĕŀĚȮPLA ŐĸŃȮPLA/PEG/. ĪňŗŏĨŇĴȮADR 1.00, 1.25 ŐĸŃȮ
/,3.Ȯphr 

  

 ĞŉŗĚĔŅĶŏĨŇĴȮADR ĪňŗŏĮƦĬĽŅĶĕĵŅĵĽŅĵőĞƞȮĪňŗĞŉŗĚěŃĪŜŅĮĢŇĔŇĶŇĵŅĔńĭĮĸŅĵĽŅĵőĞƞıŀĸŇŏĴŀĶƢȮŐĸŃ

ŏĝŊŗŀĴĨƞŀĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĝĬŇħŏĕƟŅħƟĺĵĔńĬȮľĶŊŀĔĸƞŅĺœħƟĺƞŅȮADR ěŃĮĶŃıķĨŇĨńĺŏĽĴŊŀĬĽŅĶ

ŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĽŜŅľĶńĭıŀĸŇŏĴŀĶƢįĽĴȮĽƞĚįĸŒľƟŏĴŊŗŀŏĨŇĴȮADR ŒĬĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴȮADR ěŃ

ĽŅĴŅĶĩŏıŇŗĴŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĝĬŇħœħƟȮĪŜŅŒľƟȮPLA/PEG ĴňėĺŅĴŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬȮ

ŐĸŃŏĴŊŗŀȮPEG ĴňėĺŅĴŏĕƟŅĔńĬœħƟħňŐĸŃĴňŀńĬĨĶĔŇĶŇĵŅĔńĭȮPLA ěŉĚĽƞĚįĸŒľƟȮPEG ĴňŀŇĪīŇıĸĨƞŀȮPLA ĴŅĔ

ĕŉŘĬŐĸŃĔĶŃěŅĵĨńĺŒĬȮPLA œħƟħňȮěŉĚıĭĺƞŅĔŅĶŏĨŇĴȮPEG ĪňŗȮ/.% őħĵĬŘŜŅľĬńĔȮĪňŗĴň ADR 1.25 ŐĸŃȮ/,3.Ȯ

phr ĬńŘĬĽƞĚŀŇĪīŇıĸĨƞŀȮExtension at break ĕŀĚȮPLA ŏĪňĵĭŏĪƞŅĔńĭĔŅĶŏĨŇĴȮPEG ĪňŗȮ0.ȮŐĸŃȮ1.% 

őħĵĬŘŜŅľĬńĔȮŒĬĽƞĺĬĕŀĚĔŅĶıŇěŅĶĦŅėƞŅőĴħŌĸńĽıĭĺƞŅĔŅĶŏĨŇĴȮADR ĪŜŅŒľƟȮPEG ŏĕƟŅĔńĭȮPLA œħƟĴŅĔĕŉŘĬȮ

ěŉĚĪŜŅŒľƟȮPEG ĽƞĚįĸŒľƟĲƕĸƢĴįĽĴĴňėĺŅĴĵŊħľĵŋƞĬĴŅĔĕŉŘĬȮĞŉŗĚĽƞĚįĸŒľƟėƞŅőĴħŌĸńĽĕŀĚĲƕĸƢĴįĽĴĸħĸĚŏĴŊŗŀ

ŏĪňĵĭĔńĭȮPLA ŐĸŃȮPLA/PEG10 ŏĬŊŗŀĚěŅĔȮPEG ĪňŗĮĶŃıķĨŇĨńĺŏĮƦĬ ıĸŅĽĨŇœĞŏĞŀĶƢěŉĚĽƞĚįĸŒľƟĽŅĵőĞƞ

ĕŀĚȮPLA ŏĔŇħĔŅĶŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮőħĵŏĴŊŗŀıŇěŅĶĦŅėƞŅȮTensile stress at yield ıĭĺƞŅĔŅĶŏĨŇĴȮ

ADR 1.00 ŐĸŃȮ/,03Ȯphr ĽƞĚįĸŒľƟĲƕĸƢĴĴňėƞŅȮTensile stress ŒĔĸƟŏėňĵĚĔńĭȮPLA ŐĸŃȮPLA/PEG10 

ĞŉŗĚŒĬĔĶĦňĕŀĚȮADR 1.00 phr ŏĮƦĬŏľĨŋĴŅěŅĔĪňŗĮĶŇĴŅĦȮADR ħńĚĔĸƞŅĺȮœĴƞœħƟĽƞĚįĸŀĵƞŅĚĴňĬńĵĽŜŅėńĠĨƞŀ

ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA ŐĸŃȮPLA/PEG10 ŏĝƞĬŏħňĵĺĔńĭįĸĕŀĚȮExtension at break ěŉĚŐĽħĚ
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ıķĨŇĔĶĶĴĪňŗėĸƟŅĵĔńĬĔńĭȮPLA/PEG10 őħĵŒĬĽƞĺĬĕŀĚĔŅĶŏĨŇĴȮADR 1.25 phr ĪňŗĞŉŗĚŐĽħĚĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠőħĵĴňėĺŅĴĵŊħľĵŋƞĬŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔȮŐĨƞĔĸńĭŐĽħĚėƞŅȮTensile stress Īňŗ

ĽŌĚȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĔŇħŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚȮPLA ŐĸŃȮPEG ĪňŗěŃĝƞĺĵĵŉħĽŅĵőĞƞŒľƟŏėĸŊŗŀĬĪňŗįƞŅĬĔńĬ

œħƟĵŅĔĕŉŘĬȮħńĚĬńŘĬěŉĚĨƟŀĚŒĝƟŐĶĚĴŅĔĕŉŘĬŒĬĔŅĶĪŜŅŒľƟĽŅĵőĞƞŏėĸŊŗŀĬĪňŗįƞŅĬĔńĬŐĸŃŏĽňĵĶŌĮĩŅĺĶȮĞŉŗĚĪňŗĔŅĶŏĨŇĴȮ

ADR 1.50 phr ŐĽħĚėƞŅȮTensile stress ĪňŗĨŗŜŅĸĚȮŐĽħĚŒľƟŏľŖĬĺƞŅŀńĬĨĶĔŇĶŇĵŅĪňŗŏĔŇħĕŉŘĬŏĬŊŗŀĚěŅĔȮADR 

ŀŅěŏĔŇħĕŉŘĬĬƟŀĵĔĺƞŅĪňŗĔŅĶŏĨŇĴȮADR 1.25 phr ŏĬŊŗŀĚěŅĔĔŅĶŏĨŇĴȮADR ĪňŗĮĶŇĴŅĦĽŌĚŏĔŇĬœĮȮŀŅěĽƞĚŒľƟȮ

ADR ŏĔŅŃĔĸŋƞĴĪŜŅĮĢŇĔŇĶŇĵŅĔńĬŏŀĚȮŐĸŃŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭıŀĸŇŏĴŀĶƢĬƟŀĵĸĚȮŒĬŀňĔħƟŅĬľĬŉŗĚŏĬŊŗŀĚěŅĔ

ŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚĽŅĵőĞƞĪňŗŏĔŇħĕŉŘĬĬňŘȮĽƞĚįĸŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢěńħŏĶňĵĚĨńĺœĮĨŅĴŐĬĺŐĶĚœħƟĵŅĔĕŉŘĬȮěŉĚ

ěŃŏľŖĬŒĬĶŌĮĪňŗȮ2,/5ȮĺƞŅıķĨŇĔĶĶĴȮStrain hardening ŏĔŇħĕŉŘĬœħƟĝƟŅĔĺƞŅȮŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŏĨŇĴȮPEG 20 

ŐĸŃȮ1.% őħĵĬŘŜŅľĬńĔȮħƟĺĵıķĨŇĔĶĶĴŏľĸƞŅĬňŘěŉĚĽŅĴŅĶĩĵŊĬĵńĬœħƟĩŉĚĔŅĶĴňŀĵŌƞĕŀĚŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚȮ

PLA ŐĸŃȮPEG ĞŉŗĚįĸĔŅĶĪħĸŀĚħńĚĔĸƞŅĺĬńŘĬŏĮƦĬœĮŒĬŐĬĺőĬƟĴŏħňĵĺĔńĬĔńĭĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚ

ėĺŅĴĶƟŀĬĪňŗıĭĺƞŅĔŅĶŏĨŇĴȮADR 1.25 phr ŒĬȮPLA/PEG10 ĽƞĚįĸŒľƟŏĔŇħŀńĬĨĶĔŇĶŇĵŅĪňŗħňĪňŗĽŋħȮ 

 

4.2.4. įĸĕŀĚĔŅĶĻŉĔļŅĽĴĭńĨŇĶňŀŀĸŀĵňĕŀĚȮPLA/PEG/. ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞȮADR   

 ŒĬĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮADR ŒĬȮPLA/PEG10 ĞŉŗĚŐĽħĚŒĬĶŌĮĪňŗȮ2,/4ȮıĭĺƞŅĔŅĶŏĨŇĴȮ

ADR ĽƞĚįĸŒľƟȮh(ȮĕŀĚıŀĸŇŏĴŀĶƢįĽĴŏıŇŗĴĽŌĚĕŉŘĬȮőħĵĽŌĚĔĺƞŅȮPLA ĭĶŇĽŋĪīŇśȮĪňŗȮADR ĪŋĔĽńħĽƞĺĬȮŐĽħĚŒľƟ

ŏľŖĬĺƞŅĔŅĶŏıŇŗĴĕĬŅħĽŅĵőĞƞŏĬŊŗŀĚěŅĔȮADR ĨƞŀȮPLA ĽƞĚįĸŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢĴňėĺŅĴŏĔŃĔŃĴŅĔĕŉŘĬȮ

ěŉĚĪŜŅŒľƟŏĔŇħĔŅĶŏĔňŗĵĺıńĬĔńĬĕŀĚĽŅĵőĞƞœħƟĴŅĔĕŉŘĬȮőħĵŏĴŊŗŀĽŅĵőĞƞıŀĸŇŏĴŀĶƢœħƟĶńĭŐĶĚŏĜŊŀĬĽŅĵőĞƞěŃŏĔŇħ

ĔŅĶėĸŅĵĨńĺœħƟĵŅĔĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅȮh(ȮĴňėƞŅĽŌĚĕŉŘĬŏĴŊŗŀŏĨŇĴȮADR ŐĸŃĵńĚıĭĺƞŅĝƞĺĚȮNewtonian 

plateau ĕŀĚıŀĸŇŏĴŀĶƢĕĵńĭœĮŀĵŌƞĪňŗėĺŅĴĩňŗĨŗŜŅĸĚ [35]ȮĞŉŗĚœĴƞĽŅĴŅĶĩĽńĚŏĔĨŏľŖĬœħƟŒĬĝƞĺĚėĺŅĴĩňŗĪňŗ

ĪħĽŀĭȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĔŇħȮShear thinning ĪňŗėĺŅĴĩňŗĨŗŜŅĸĚȮŏĴŊŗŀŏĪňĵĭĔńĭȮPLA ĭĶŇĽŋĪīŇśȮ

ĮĶŅĔĢĔŅĶĦƢŏĝƞĬĬňŘŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĮĸňŗĵĬŐĮĸĚĭĬĽŅĵőĞƞȮPLA ŏĬŊŗŀĚěŅĔȮADR ěŉĚĝƞĺĵĵŊĬĵńĬœħƟĺƞŅȮ

ADR ĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅĪňŗĮĸŅĵĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢœħƟȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮADR 

ĪňŗȮ/,.., 1.25 ŐĸŃȮ/,3.Ȯphr ıĭĺƞŅȮPLA/PEG10 ĪňŗŏĨŇĴȮADR 1.00 ŐĸŃȮ/,3.Ȯphr ĴňėƞŅȮh(ȮĪňŗ

ŒĔĸƟŏėňĵĚĔńĬŐĸŃĨŗŜŅĔĺƞŅĔŅĶŏĨŇĴȮADRȮĪňŗȮ/,03Ȯphr ěŉĚĔĸƞŅĺœħƟĺƞŅȮPLA/PEG10/ADR1.25 ĴňȮh(ȮĪňŗĽŌĚ

ĪňŗĽŋħ 

 ŐĽħĚŒľƟŏľŖĬĺƞŅĪňŗȮADR 1.25 phr ĬŀĔěŅĔěŃĝƞĺĵĕĵŅĵĽŅĵőĞƞŐĔƞȮPLA œħƟŐĸƟĺȮADR ĵńĚĝƞĺĵ

ŏĝŊŗŀĴĨƞŀĽŅĵőĞƞĕŀĚȮPLA ŐĸŃȮPEG ŏĕƟŅħƟĺĵĔńĬœħƟȮĞŉŗĚĔŅĶŏĝŊŗŀĴĨƞŀĶŃľĺƞŅĚĽŅĵőĞƞĬňŘȮŏĮĶňĵĭŏĽĴŊŀĬĔŅĶ
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ŏĝŊŗŀĴĕĺŅĚȮĬńŘĬĽƞĚįĸŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢĴňĔŅĶŏĔňŗĵĺıńĬĔńĬĪňŗĴŅĔŐĸŃŏėĸŊŗŀĬĪňŗįƞŅĬĔńĬœħƟĵŅĔĕŉŘĬŀňĔħƟĺĵȮ

ěŉĚĪŜŅŒľƟıĭĺƞŅȮPLA/PEG10/ADR1.25 ĴňȮh(ȮĽŌĚĪňŗĽŋħȮĞŉŗĚėƞŅȮQrmp_ecȮkmbsjsqȮ&EŲ'ȮŐĸŃȮLoss 

kmbsjsqȮ&Eŵ'ȮŐĽħĚįĸĔŅĶĪħĽŀĭĪňŗŏĮƦĬŐĬĺőĬƟĴŏħňĵĺĔńĬĔńĭȮh(ȮėŊŀŒĬĔŅĶŏĨŇĴȮADR ěŃĽƞĚįĸŒľƟ

őĴħŌĸńĽĴňėƞŅĽŌĚĕŉŘĬŐĸŃĽŌĚĔĺƞŅȮPLA ĭĶŇĽŋĪīŇśȮŒĬĝƞĺĚėĺŅĴĩňŗĨŗŜŅȮŐĸŃȮPLA/PEG10/ADR1.25 ŐĽħĚėƞŅ

őĴħŌĸńĽĪňŗĽŌĚĪňŗĽŋħ ŀĵƞŅĚœĶĔŖĨŅĴĪňŗȮADR 1.50 phr œĴƞŐĽħĚŐĬĺőĬƟĴĪňŗħňĕŉŘĬȮŐĴƟĮĶŇĴŅĦȮADR ěŃĴŅĔĕŉŘĬ

ĔŖĨŅĴȮŏĮƦĬŏľĨŋěŅĔĔŅĶĪňŗȮADR ĪňŗĮĶŇĴŅĦĴŅĔȮőŀĔŅĽĪňŗȮADR ěŃıĭĔńĭĨŜŅŐľĬƞĚĪňŗĺƞŀĚœĺĨƞŀĮĢŇĔŇĶŇĵŅ

ŏĮƦĬĨńĺȮADR ħƟĺĵĔńĬŏŀĚĬńŘĬĴňĽŌĚĕŉŘĬȮěŉĚĽƞĚįĸŒľƟĪňŗĔŅĶŏĨŇĴȮADR ĴŅĔŏĔŇĬıŀħňȮADR ěŃŏĔŇħĮĢŇĔŇĶŇĵŅĨƞŀ

ĔńĬŏŀĚȮŐĸŃŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭıŀĸŇŏĴŀĶƢĬƟŀĵĸĚȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮADR ěŃĝƞĺĵŒľƟıŀĸŇŏĴŀĶƢįĽĴĴň

ėĺŅĴŐĕŖĚŐĶĚĕĦŃľĸŀĴŏľĸĺĴŅĔĕŉŘĬȮőħĵĽŌĚĪňŗĽŋħĪňŗȮADR 1.25 phr ĞŉŗĚŏĮƦĬĮĶŃőĵĝĬƢŀĵƞŅĚĴŅĔ

ĽŜŅľĶńĭĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮȮĪňŗěŃĽŅĴŅĶĩħŜŅŏĬŇĬĔŅĶœħƟĽŃħĺĔĵŇŗĚĕŉŘĬȮĞŉŗĚĕƟŀĽĶŋĮħńĚĔĸƞŅĺĬňŘŏĮƦĬŐĬĺőĬƟĴ

ŏĝƞĬŏħňĵĺĔńĬĔńĭįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬŐĸŃĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĚŅĬĺŇěńĵĕŀĚȮDahman Y. 

ŐĸŃėĦŃ[24]ȮĞŉŗĚıĭĺƞŅĔŅĶŏĨŇĴȮADR 1.25% őħĵĬŘŜŅľĬńĔȮŒĬőėıŀĸŇŏĴŀĶƢĕŀĚȮPLA-co-PEG ŐĽħĚ

įĸĸńıīƢŏĝŇĚĔĸĪňŗħňĪňŗĽŋħȮ 

 

4.2.5. įĸĕŀĚĔŅĶĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA/PEG/. ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞȮ

ADR ħƟĺĵŏĪėĬŇėȮThermal Gravimetric Analysis (TGA) 

 ŒĬĔŅĶıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮADR ĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA/PEG10 ĞŉŗĚ

ŐĽħĚŒĬĶŌĮĪňŗȮ2,/5ȮŐĸŃĨŅĶŅĚĪňŗȮ2,2ȮıĭĺƞŅŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺŐĸŃŀŋĦľĳŌĴŇĪňŗŏĶŇŗĴĽĸŅĵĨńĺĕŀĚȮPLA 

ŏıŇŗĴĽŌĚĕŉŘĬŏĸŖĔĬƟŀĵŏĴŊŗŀŏĨŇĴȮADR /,03ȮŐĸŃȮ/,3.ȮphrȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮADR ĪňŗĝƞĺĵĕĵŅĵĽŅĵőĞƞ

ŐĔƞȮPLA/PEG10 ĽƞĚįĸŒľƟĽŅĵőĞƞŏėĸŊŗŀĬĪňŗĵŅĔĕŉŘĬŐĸŃĨƟŀĚŒĝƟŀŋĦľĳŌĴŇĽŌĚĕŉŘĬŏıŊŗŀĪŜŅŒľƟĽŅĵőĞƞŏĶŇŗĴ

ĽĸŅĵĨńĺȮŐĸŃėĺŅĴĵŅĺĕŀĚĽŅĵőĞƞĪňŗŏıŇŗĴĕŉŘĬĬňŘȮĽƞĚįĸŒľƟŀŋĦľĳŌĴŇŒĬĔŅĶĽĸŅĵĨńĺŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵŀňĔħƟĺĵȮ

ĞŉŗĚįĸĔŅĶĪħĸŀĚħńĚĔĸƞŅĺĬňŘŏĮƦĬœĮĨŅĴĽĴĭńĨŇŏĝŇĚĔĸĪňŗıĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĽĴĭńĨŇŏĝŇĚĔĸĪňŗĔŅĶŏĨŇĴȮ

ADR 1.25 ŐĸŃȮ/,3.Ȯphr ŏĝƞĬŏħňĵĺĔńĬȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴŀńĬĨĶĔŇĶŇĵŅĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚĽŅĵőĞƞĕŀĚȮPLA 

ŐĸŃȮPEG ŏĬŊŗŀĚěŅĔȮADR ĪňŗĔĸƞŅĺĩŉĚĔƞŀĬľĬƟŅĬňŘĬńŘĬȮŀŅěěŃœĴƞŐĕŖĚŐĶĚĴŅĔıŀĪňŗěŃĽƞĚįĸŒľƟŏĔŇħĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚĪŅĚŏėĴňĭĬĽŅĵőĞƞĕŀĚȮPLA œħƟŀĵƞŅĚĝńħŏěĬ ĬŀĔěŅĔĬňŘŒĬĔĶŅĲŀĬŋıńĬīƢĕŀĚĔŅĶĽĸŅĵĨńĺ

ĕŀĚȮPLA/PEG10 ĪňŗŏĨŇĴȮADR ĬńŘĬıĭĔŅĶĽĸŅĵĨńĺŏĸŖĔŕȮŀňĔľĬŉŗĚĕńŘĬȮĪňŗŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ2..°C ĞŉŗĚ

ŀĬŋĴŅĬĺƞŅĝƞĺĚĔŅĶĽĸŅĵĨńĺħńĚĔĸƞŅĺŏĮƦĬĔŅĶĽĸŅĵĨńĺĕŀĚȮADR őħĵȮADRȮŏĮƦĬĽŅĶĕĵŅĵĽŅĵőĞƞĪňŗĴň

ŀŋĦľĳŌĴŇĔŅĶĽĸŅĵŏĮƦĬĝƞĺĚĔĺƟŅĚŒĬĝƞĺĚȮ02.-21.° 
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ĶŌĮĪňŗȮ2,/4ȮŐĽħĚĽĴĭńĨŇĶňŀŀĸŀĵňĪňŗȮ/6.°C ĕŀĚȮPLAȮŐĸŃȮPLA/PEG10 ĪňŗŏĨŇĴȮADR 1.00, 1.25 ŐĸŃȮ
/,3.Ȯphr 
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ŏĬŊŗŀĚěŅĔȮADR ĮĶŃĔŀĭœĮħƟĺĵľĴŌƞĲƤĚĔƢĝńĬĪňŗľĸŅĔľĸŅĵĮĶŃĔŀĭœĮħƟĺĵľĴŌƞȮStyrene, Acrylic ŐĸŃȮ

Epoxide [36] ĽƞĚįĸŒľƟıĭĔŅĶĽĸŅĵĨńĺĭŅĚĽƞĺĬĕŀĚȮADR ĪňŗŀŋĦľĳŌĴŇĽŌĚȮőħĵĔŅĶĽĸŅĵĨńĺĪňŗĕńŘĬĨŀĬ

ħńĚĔĸƞŅĺŏĔŇħŒĬĸńĔļĦŃŏħňĵĺĔńĬĪňŗȮADR 1.00, 1.25 ŐĸŃȮ/,3.Ȯphr 

 

ĨŅĶŅĚĪňŗȮ2,2ȮŐĽħĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEG10/ADR 

 

 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ2,/5ȮŐĽħĚĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA, PEG ŐĸŃȮPLA/PEG10 ĪňŗŏĨŇĴȮADR 1.00, 
1.25 ŐĸŃȮ/,3.Ȯphr 

 

Sample TonsetȮ(°C) Td (°C) 

PLA 333.02 357.15 
PEG 381.96 409.49 

PLA/PEG10 334.98 359.11 

PLA/PEG10/ADR1.00 333.87 358.79 
PLA/PEG10/ADR1.25 336.52 360.59 

PLA/PEG10/ADR1.50 338.33 360.82 
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4.2.6. įĸĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴȮPLA/PEG10 ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵ

őĞƞȮADR 

 ŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮADR ŒĬĲƕĸƢĴȮPLA/PEG10 ĨƞŀĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴĪňŗĩŌĔ

ħŉĚĵŊħȮŐĽħĚŒĬĶŌĮĪňŗȮ2,/6 ıĭĺƞŅĔŅĶŏĨŇĴȮADR 1.00  phr ŐĽħĚŒľƟŏľŖĬĩŉĚĸńĔļĦŃĕŀĚıŊŘĬįŇĺĪňŗĕĶŋĕĶŃ

ĴŅĔĕŉŘĬȮŏĴŊŗŀŏĪňĵĭĔńĭȮPLA/PEG10ȮőħĵĴňĸńĔļĦŃĕŀĚıŊŘĬįŇĺŏĮƦĬĝńŘĬȮ(Layer) ĞƟŀĬĔńĬȮĞŉŗĚœĴƞŏĝŊŗŀĴĨƞŀ

ĔńĬŏĮƦĬȮCo-continueous phase ŏĬŊŗŀĚěŅĔŐĶĚĵŉħĨŇħĪňŗıŊŘĬįŇĺĪňŗœĴƞħňȮŐĸŃĵńĚĽƞĚįĸŒľƟŏĔŇħĶŀĵĝƞŀĚĺƞŅĚȮ

(Void) ĪňŗŏĮƦĬěŋħĭĔıĶƞŀĚĨƞŀĔŅĶĽƞĚįƞŅĬŐĶĚŏĴŊŗŀıŀĸŇŏĴŀĶƢœħƟĶńĭŐĶĚȮħńĚĬńŘĬěŉĚıĭĺƞŅĲƕĸƢĴȮ

PLA/PEG10/ADR1.00 ĴňėĺŅĴŐĕŖĚŐĶĚĪňŗĸħĸĚȮŐĸŃœĴƞĮĶŃıķĨŇĨńĺŏĮƦĬĲƕĸƢĴĵŊħľĵŋƞĬŏĴŊŗŀŏĨŇĴȮPEG őħĵ

ŏĴŊŗŀŏıŇŗĴȮADR ŏĮƦĬȮ/,03Ȯphr ıĭĺƞŅıŊŘĬįŇĺĴňėĺŅĴĕĶŋĕĶŃĴŅĔĕŉŘĬŐĽħĚĩŉĚĔŅĶĕŅħŐĭĭŏľĬňĵĺȮ

(Ductile) ĪňŗĴŅĔ [37]ȮŐĸŃĽńĚŏĔĨŏľŖĬœĲĭĶŇĸĪňŗŏĔŇħěŅĔĽƞĺĬĪňŗĵŊħľĵŋƞĬŏĔŇħĕŉŘĬȮőħĵıĭĺƞŅıŊŘĬįŇĺĴňĔŅĶ

ŏĝŊŗŀĴĨƞŀŏĕƟŅľŅĔńĬȮŐĸŃŐĽħĚıŊŘĬįŇĺŏĮƦĬŐĭĭȮCo-continueous phaseȮŐĽħĚĩŉĚĔŅĶĵŉħĨŇħĪňŗįŇĺĪňŗħňȮ

ŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĪňŗħňĕŀĚȮPLA ŐĸŃ PEG ŏĬŊŗŀĚěŅĔȮADR ĪňŗŏĝŊŗŀĴĨƞŀĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĝĬŇħ

ŏĕƟŅħƟĺĵĔńĬȮěŉĚĽƞĚįĸŒľƟĪňŗĮĶŇĴŅĦȮPEG ŏĪƞŅĔńĬĪňŗȮ/.% őħĵĬŘŜŅľĬńĔȮŐĨƞĪňŗĔŅĶŏĨŇĴȮADR 1.25 phr ĽƞĚįĸ

ŒľƟĲƕĸƢĴĽŅĴŅĶĩĵŊħľĵŋƞĬœħƟĽŌĚĕŉŘĬŏĮƦĬŀĵƞŅĚĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭœĴƞŏĨŇĴŐĸŃŏĨŇĴȮADR 1.00 phr ŐĽħĚŒľƟ

ŏľŖĬĩŉĚĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴĪňŗĝƞĺĵŒľƟȮPEG ĴňŀŇĪīŇıĸĨƞŀȮPLA œħƟħňȮŐĸŃŐĽħĚıķĨŇĔĶĶĴŐĭĭĵŊħľĵŋƞĬœħƟȮ 

 ěŅĔįĸĔŅĶĪħĽŀĭĬňŘĝƞĺĵĵŊĬĵńĬœħƟħƟĺĵėƞŅȮExtension at break ĪňŗŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔȮĪňŗŐĽħĚ

ŒĬįĸĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃŏĴŊŗŀŏıŇŗĴȮADR ŏĮƦĬȮ/,3.Ȯphr ıĭĺƞŅĸńĔļĦŃĕŀĚıŊŘĬįŇĺĴňėĺŅĴ

ĕĶŋĕĶŃĬƟŀĵĸĚŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŏĨŇĴȮADR ĪňŗȮ/,03Ȯphr ŐĨƞĵńĚŐĽħĚœħƟĩŉĚĸńĔļĦŃĔŅĶĕŅħŐĭĭŏľĬňĵĺȮ

(Ductile) ĞŉŗĚœĴƞœħƟŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶĵŉħĨŇħĕŀĚıŊŘĬįŇĺĪňŗĝńħŏěĬŏĝƞĬŏħňĵĺĔńĭȮPLA/PEG/./ADR1.25 

ěŅĔĔŅĶĪħĽŀĭȮSEM ěŉĚĝƞĺĵĵŊĬĵńĬĨƞŀįĸĔŅĶĪħĽŀĭĶňŀŀĸŀĵňŐĸŃĽĴĭńĨŇŏĝŇĚĔĸœħƟĺƞŅȮ

PLA/PEG10/ADR1.25 ĝƞĺĵŒľƟȮPEG ĴňŀŇĪīŇıĸĨƞŀȮPLA ĴŅĔĪňŗĽŋħ 

4.2.7. įĸĔŅĶĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅĕŀĚĲƕĸƢĴȮPLA/PEG/.ȮĪňŗĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞȮ

ADR 

 ĽŜŅľĶńĭŀŇĪīŇıĸĕŀĚȮADR ĨƞŀŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅĕŀĚȮPLA/PEG10ȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ

2,/7ȮıĭĺƞŅĔŅĶŏĨŇĴȮADR œĴƞœħƟĽƞĚįĸĨƞŀėƞŅȮWVTR ŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮŏĬŊŗŀĚěŅĔőĴŏĸĔŋĸĕŀĚœŀĬŘŜŅĴň

ĕĬŅħĪňŗėƞŀĬĕƟŅĚŒľĠƞĔĺƞŅĝƞŀĚĺƞŅĚĶŃľĺƞŅĚįĸŉĔŒĬĶŃħńĭőĴĔŋĸĕŀĚıŀĸŇŏĴŀĶƢȮħńĚĬńŘĬŀŇĪīŇıĸĕŀĚėĺŅĴ

ŏĮƦĬįĸŉĔěŉĚœĴƞŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚĕŀĚĔŅĶŏėĸŊŗŀĬĪňŗįƞŅĬĕŀĚœŀĬŘŜŅȮěŉĚıĭĺƞŅėƞŅȮWVTR Ĵň
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ŀŇĪīŇıĸľĸńĔĴŅěŅĔėĺŅĴĝŀĭĬŘŜŅĕŀĚıŊŘĬįŇĺĕŀĚĲƕĸƢĴŏĮƦĬľĸńĔȮŐĸŃȮADR ĪňŗĞŉŗĚĴňĮĶŇĴŅĦĬƟŀĵŏĴŊŗŀŏĪňĵĭ

ĮĶŇĴŅĦĕŀĚȮPEG ħńĚĬńŘĬĔŅĶŏĨŇĴȮADR ěŉĚœĴƞĴňŀŇĪīŇıĸĨƞŀėĺŅĴĝŀĭĬŘŜŅĪňŗįŇĺĲƕĸƢĴĪňŗĴňĔŅĶŏĨŇĴȮPEG 

 

 

 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ2,/6ȮŐĽħĚĳŅıȮScanning electron microscope (SEM) ĕŀĚȮPLA ŐĸŃȮPLA/PEG/. ĪňŗȮ
ADR 1.00, 1.25 ŐĸŃȮ/,3.Ȯphr 

 

 

 

 

 

 

 
ĶŌĮĪňŗȮ2,/7ȮŐĽħĚŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮ(WVTR) ĕŀĚĲƕĸƢĴȮPLA ŐĸŃȮPLA/PEG/. ĪňŗŏĨŇĴȮADR 

1.00, 1.25 ŐĸŃȮ/,3.Ȯphr 
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4.2.8. įĸĔŅĶĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĕŀĚĲƕĸƢĴȮPLA/PEG/. ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĕĵŅĵĽŅĵőĞƞȮ

ADR 

 ĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽįƞŅĬĲƕĸƢĴȮPLA/PEG10 ĞŉŗĚœħƟĶńĭŀŇĪīŇıĸŏĬŊŗŀĚěŅĔȮADR ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ

2,0.ȮıĭĺƞŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬȮ(OTR) ĴňŐĬĺőĬƟĴĪňŗĸħĸĚŏĴŊŗŀŏĨŇĴȮADR 1.00 ŐĸŃȮ/,03Ȯ

phr ŏĴŊŗŀŏĪňĵĭĔńĭȮPLA ŐĸŃȮPLA/PEG10 őħĵȮPLA/PEG10/ADR1.00 œĴƞŐĽħĚŒľƟŏľŖĬĩŉĚȮOTR Īňŗ

ĸħĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮŏĬŊŗŀĚěŅĔĔŅĶŏĨŇĴȮADR ĪňŗĮĶŇĴŅĦȮ/,.Ȯphr ĵńĚœĴƞĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚȮ

PLA ŐĸŃȮPEG œħƟħňȮĽƞĚįĸŒľƟȮPEG ĵńĚŐĽħĚŀŇĪīŇıĸœħƟœĴƞĴŅĔȮħńĚŐĽħĚŒĬĽĴĭńĨŇŏĝŇĚĔĸȮħńĚĬńŘĬĔŅĶŏĨŇĴȮ

ADR ěŉĚœĴƞœħƟĽƞĚįĸĨƞŀĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽœħƟŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮěŉĚŏľŖĬĺƞŅėƞŅȮOTR ĬńŘĬŒĔĸƟŏėňĵĚĔńĭȮ

PLA/PEG10 ĪňŗœĴƞĴňĔŅĶŏĨŇĴȮADR ŐĸŃĵńĚıĭėƞŅȮOTR ŒĬŐĬĺőĬƟĴŏħňĵĺĔńĬŒĬĔŅĶŏĨŇĴȮADR ĪňŗȮ/,3.Ȯ

phr ĪňŗĩŉĚŐĴƟĺƞŅěŃĝƞĺĵŒľƟȮPEG ĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢœħƟħňȮŐĸŃĽƞĚįĸŒľƟĲƕĸƢĴĵŊħľĵŋƞĬĕŉŘĬħńĚ

ŐĽħĚŒĬĽĴĭńĨŇŏĝŇĚĔĸĔŖĨŅĴȮŐĨƞĮĶŇĴŅĦĕŀĚȮADR ĪňŗĴŅĔŏĔŇĬıŀȮěŃĪŜŅŒľƟȮADR ĭŅĚĽƞĺĬĶĺĴĨńĺĔńĬŏŀĚȮ

ŐĸŃĕńħĕĺŅĚĔŅĶŐıėĨńĺĕŀĚĽŅĵőĞƞȮħńĚŐĽħĚŒĬįĸȮDSC ĪňŗıĭĺƞŅĮĶŇĴŅĦįĸŉĔĸħĸĚȮěŉĚĪŜŅŒľƟȮOTR ĴňėƞŅ

ĽŌĚŏĪňĵĭŏĪƞŅĔńĭ PLA/PEG10 ŐĸŃŒĬĪŅĚĔĸńĭĔńĬĔŅĶŏĨŇĴȮADR ĪňŗĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴĪňŗȮ/,03Ȯphr ĞŉŗĚ

ŐĽħĚįĸŒĬĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĶňŀŀĸŀĵňȮĽƞĚįĸŒľƟĴňŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚĽŅĵőĞƞȮPLA ŐĸŃȮPEG ĴŅĔĕŉŘĬȮ

ĪŜŅŒľƟŏĽƟĬĪŅĚŒĬĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚŐĔƠĽŀŀĔĞŇŏěĬĞńĭĞƟŀĬŐĸŃŐĽħĚŒľƟŏľŖĬĺƞŅ OTR ĸħĸĚŀĵƞŅĚĴň

ĬńĵĽŜŅėńĠȮŐĴƟĮĶŇĴŅĦįĸŉĔħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,1ȮěŃĨŗŜŅĸĚŏĴŊŗŀŏĪňĵĭĔńĭȮPLA/PEG10 ĔŖĨŅĴ 

 

 

 

 

 

 

 

 
ĶŌĮĪňŗȮ2,0.ȮŐĽħĚŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĕŀĚĲƕĸƢĴȮPLA ŐĸŃȮPLA/PEG/. ĪňŗŏĨŇĴȮADR 1.00, 1.25 

ŐĸŃȮ/,3.Ȯphr 
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 ĽŜŅľĶńĭŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮADR ĨƞŀŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ(CO2TR) 

ıĭĺƞŅįĸĔŅĶĪħĸŀĚĪňŗœħƟŏĮƦĬŐĬĺőĬƟĴŏħňĵĺĔńĬĔńĭȮOTR ĪňŗĔĸƞŅĺĩŉĚĔƞŀĬľĬƟŅĬňŘȮěŉĚĔĸƞŅĺœħƟĺƞŅŐĬĺőĬƟĴ

ĕŀĚȮCO2TRȮĴňĽŅŏľĨŋĴŅěŅĔŏľĨŋįĸŏħňĵĺĔńĬĪňŗœħƟĔĸƞŅĺĩŉĚŒĬįĸĔŅĶĪħĽŀĭȮOTR 

 ěŅĔįĸĔŅĶĪħĽŀĭĪňŗĔĸƞŅĺĴŅĬňŘěŃıĭĺƞŅĔŅĶĻŉĔļŅĲƕĸƢĴįĽĴĵŊħľĵŋƞĬȮıĭĺƞŅĲƕĸƢĴįĽĴĪňŗĴň

ėŋĦĽĴĭńĨŇĪňŗħňĪňŗĽŋħėŊŀĲƕĸƢĴȮPLA/PEG10/ADR1.25 ĞŉŗĚŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚȮPLA ŐĸŃȮ

PEG ěŅĔŏľĨŋįĸħńĚĨƞŀœĮĬňŘȮŒĬįĸĔŅĶĪħĽŀĭȮFTIRȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶĴňŀĵŌƞĕŀĚŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚȮ

PLA ŐĸŃȮPEG ħƟĺĵıňėĕŀĚľĴŌƞĲƤĚĔƢĝńĬĪňŗŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚľĴŌƞȮůCH2 ŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮTg Īňŗ

ĴŅĔĪňŗĽŋħȮŒĬĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĝƞĺĵĵŊĬĵńĬĕƟŀŀĬŋĴŅĬħńĚĔĸƞŅĺĬňŘœħƟħƟĺĵįĸĔŅĶĪħĽŀĭĶň

ŀŀĸŀĵňĪňŗȮADR ĽƞĚįĸŒľƟıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺĴňėĺŅĴŐĕŖĚŐĶĚĴŅĔĕŉŘĬĔĺƞŅȮPLA ŐĸŃĴňėƞŅĪňŗĽŌĚĪňŗĽŋħȮŐĸŃ

ŒĬįĸĔŅĶĪħĽŀĭŏĝŇĚĔĸŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮPEG 10% őħĵĬŘŜŅľĬńĔȮĽŅĴŅĶĩĽƞĚįĸŒľƟĲƕĸƢĴįĽĴĴň

ėĺŅĴĵŊħľĵŋƞĬĪňŗĽŌĚœħƟħƟĺĵĔŅĶŏĨŇĴȮADR 1.25 phr ěŅĔĪňŗĔĸƞŅĺĴŅĬňŘěŉĚĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅĲƕĸƢĴȮ

PLA/PEG10/ADR1.25 ĽŅĴŅĶĩĮĶŃıķĨŇĨńĺŏĮƦĬĲƕĸƢĴĵŊħľĵŋƞĬœħƟħňĪňŗĽŋħȮŀňĔĪńŘĚĵńĚĴňėĺŅĴĽŅĴŅĶĩŒĬ

ĮƚŀĚĔńĬĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽœħƟħňŀňĔħƟĺĵȮħńĚĬńŘĬĲƕĸƢĴįĽĴĪňŗĽńħĽƞĺĬħńĚĔĸƞŅĺěŉĚŏĮƦĬĽńħĽƞĺĬĪňŗĩŌĔŏĸŊŀĔŒĝƟ

ŒĬĔŅĶĬŜŅœĮĻŉĔļŅĨŀĬĨƞŀœĮ őħĵľĸńĚěŅĔĬňŘěŃŒĝƟĝŊŗŀ PPAȮŏıŊŗŀŏĮƦĬĨńĺŐĪĬĕŀĚȮ

PLA/PEG10/ADR1.25 ŒĬĨŀĬĨƞŀœĮ  

4.3 įĸĕŀĚĔŅĶĻŉĔļŅŏĨŇĴȮPLA-g-MA ĽŜŅľĶńĭĔńĔŏĔŖĭȮGSE ŒĬĲƕĸƢĴįĽĴȮPLA/PEG/ADR  

4.3.1. įĸĕŀĚĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟȮPoly(lactic acid)-grafted-maleic 

anhydride (PLA-g-MA) 

4.3.1.1 ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA-g-MA 

 ĔŅĶŏĨĶňĵĴȮPLA-g-MA őħĵĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĕĦŃľĸŀĴŏľĸĺĬńŘĬȮĽŅĶĶŇŏĶŇŗĴĮĢŇĔŇĶŇĵŅ DCP ěŃ

ĽƞĚįĸŒľƟĽŅĵőĞƞȮPLA ĩŌĔĨńħĭŅĚĽƞĺĬȮŏıŊŗŀŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭȮMaleic anhydride ħńĚĬńŘĬŒĬĔŅĶĪħĽŀĭ

ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA-g-MA ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,0/ȮěŉĚıĭĺƞŅŀŋĦľĳŌĴŇŒĬĔŅĶĽĸŅĵĨńĺĕŀĚȮ

PLA ĸħĨŗŜŅĸĚȮŏĴŊŗŀŏĪňĵĭĔńĭȮPLA ĭĶŇĽŋĪīŇśȮőħĵŐĽħĚĔŅĶĽĸŅĵȮ1ȮĕńŘĬĨŀĬȮĞŉŗĚŏĮƦĬĕńŘĬŐĶĔŒĬĝƞĺĚȮ/3.-

0..°C ŏĮƦĬĔŅĶĽĸŅĵĨńĺĕŀĚȮMaleic anhydide [/[ȮŐĸŃĝƞĺĚĩńħĴŅŏĮƦĬĔŅĶĽĸŅĵĨńĺĕńŘĬĨŀĬľĸńĔĕŀĚȮ

PLA ŐĽħĚŒľƟŏľŖĬĺƞŅȮĕĦŃŏĔŇħĮĢŇĔŇĶŇĵŅĪŜŅŒľƟŏĔŇħĔŅĶĨńħĽŅĵőĞƞȮPLA ŏĔŇħĕŉŘĬȮĔŅĶĽĸŅĵĨńĺŒĬĝƞĺĚ

ĽŋħĪƟŅĵŀŅěěŃŏĮƦĬĔŅĶĽĸŅĵĨńĺĕŀĚȮPLA ĪňŗĪŜŅĮĢŇĔŇĶŇĵŅĔńĭȮMA ŐĸƟĺŏĔŇħĔŅĶĽĸŅĵĨńĺĪňŗŀŋĦľĳŌĴŇĽŌĚĕŉŘĬȮ

ĪňŗĮĶŃĴŅĦȮ242°C 
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ĶŌĮĪňŗȮ2,0/ȮŐĽħĚıķĨŇĔĶĶĴĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚ PLA ŐĸŃȮPLA-g-MA 
 

4.3.1.2. įĸĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮPLA-g-MA ħƟĺĵŏĪėĬŇėȮNuclear Magnetic 

Resonance Spectroscopy (NMR) 

 ŒĬĔŅĶŏĨĶňĵĴȮPLA-g-MA ħƟĺĵĺŇīňĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĕĦŃľĸŀĴŏľĸĺȮŐĸŃŒĝƟȮDicumyl 

peroxide (DCP) ŏĮƦĬĽŅĶĶŇŏĶŇŗĴĮĢŇĔŇĶŇĵŅȮıĭĺƞŅįĸĔŅĶĔĶŅĲĨƢŏĮƦĬħńĚĶŌĮĪňŗȮ2,02&ĕ'ȮŐĽħĚŒľƟŏľŖĬĩŉĚıňė

ŒľĴƞĪňŗĕŉŘĬŒĬĝƞĺĚȮ0-1 ppm ŏĴŊŗŀŏĪňĵĭĔńĭȮPLA ĭĶŇĽŋĪīŇśȮĞŉŗĚĨŜŅŐľĬƞĚıňėħńĚĔĸƞŅĺĬńŘĬŐĽħĚĩŉĚľĴŌƞȮ

Succinyl anhydride [0[ȮĞŉŗĚŏĔŇħěŅĔĔŅĶŏĝŊŗŀĴĨƞŀĔńĬĕŀĚĽŅĵőĞƞȮPLA ŐĸŃȮMaleic anhydride ěŅĔ

įĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺĬňŘȮěŉĚĝƞĺĵĵŊĬĵńĬœħƟĺƞŅŒĬĔŅĶŏĨĶňĵĴȮPLA-g-MA ĽŅĴŅĶĩĔĶŅĲĨƢȮMaleic 

anhydride ĸĚĭĬȮPLA œħƟěĶŇĚ 

ĨŅĶŅĚĪňŗȮ2,3 ŐĽħĚȮ1H NMR spectrum ĕŀĚȮPLA ŐĸŃȮPLA-g-MA 
ĨńĺŀĵƞŅĚ ĨŜŅŐľĬƞĚ Chemical shift (ppm) 

PLA a 
b 
c 

1.58 
5.16 
7.32 

PLA-g-MA a 
b 
c 
d 

1.58 
5.16 
7.32 
2.21 
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ĶŌĮĪňŗȮ2,00ȮŐĽħĚĽŏĮĔĨĶńĴĕŀĚȮH/ȮNMR ĕŀĚȮPLA (Ĕ'ȮŐĸŃȮPLA-g-MA (ĕ' 
 

4.3.2. įĸĕŀĚȮPLA-g-MA ĨƞŀĽĴĭńĨŇĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG10/ADR1.25Ȯ(PPA) ĪňŗĴň GSEȮ2Ȯ

phr 

4.3.2.1 ĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴħƟĺĵŏĪėĬŇėȮFourier Transform Infrared 

Spectrometer (FTIR) 

 ĔŅĶĻŉĔļŅĔŅĶŏĨŇĴȮPLA-g-MA ŏıŊŗŀĪŜŅľĬƟŅĪňŗŏĮƦĬĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚȮGSE ŐĸŃıŀĸŇ

ŏĴŀĶƢŏĴĪĶŇĔĞƢȮőħĵȮPLA-g-MA ěŃĪŜŅľĬƟŅĪňŗĔńĔŏĔŖĭȮGSE ŒĬĲƕĸƢĴœħƟĴňėĺŅĴŏĽĩňĵĶĴŅĔĕŉŘĬȮĞŉŗĚěŅĔĔŅĶ

ĪħĽŀĭıĭĺƞŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴŏĮƦĬœĮĨŅĴĶŌĮĪňŗȮ2,23ȮőħĵŒĬĶŌĮĪňŗȮ2,23&ĕ'ȮıĭĺƞŅĪňŗĔŅĶ
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ŏĨŇĴȮPLA-g-MA ĪňŗȮ1% őħĵĬŘŜŅľĬńĔȮĽƞĚįĸŒľƟŏĔŇħıňėĪňŗȮ/67.Ȯcm-1 ĞŉŗĚŏĮƦĬıňėĪňŗŏĔŇħěŅĔĔŅĶĽńŗĬĕŀĚľĴŌƞ

ėŅĶƢĭŀĬŇĸȮ(C=O) ŒĬľĴŌƞȮCyclic anhydride [20]ȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPLA-g-MA ĽŅĴŅĶĩŏĔŇħŀńĬĨĶ

ĔŇĶŇĵŅĔńĭĽŅĵőĞƞĕŀĚȮPLA œħƟȮĪŜŅŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĔŅĶħŌħĔĸŊĬėĸŊŗĬȮŐĸŃŐĽħĚıňėŒľĴƞŏĔŇħĕŉŘĬȮ

ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĪňŗĔŅĶŏĨŇĴȮPLA-g-MA ĪňŗȮ4, 9 ŐĸŃȮ/0% őħĵĬŘŜŅľĬńĔȮœĴƞıĭıňėħńĚĔĸƞŅĺŏĔŇħĕŉŘĬ 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ĶŌĮĪňŗȮ2,01 ŐĽħĚőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴįĽĴȮPPA ĪňŗŏĨŇĴȮPLA-g-MA 0, 3, 6, 9 ŐĸŃȮ/0%Ȯőħĵ
ĬŘŜŅľĬńĔȮĪňŗĴňȮGSE 4 phr 

 

 

 

 

&Ĕ' &ĕ
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ĶŌĮĪňŗȮ2,02 ŐĽħĚĮĢŇĔŇĶŇĵŅĪňŗĴŋƞĚľĴŅĵŒľƟŏĔŇħĕŉŘĬĶŃľĺƞŅĚȮPLA/PEG10/ADR1.23, PLA-g-MA ŐĸŃȮGSE 
 

 ěŅĔįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺŐĽħĚŒľƟŏľŖĬĺƞŅĪňŗĔŅĶŏĨŇĴȮPLA-g-MA ĪňŗȮ1% őħĵĬŘŜŅľĬńĔȮĽƞĚįĸŒľƟ

PLA-g-MA ĴňėĺŅĴŏĕƟŅĔńĬœħƟĔńĭȮPPA ĴŅĔĪňŗĽŋħȮŐĸŃĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅħńĚŀĬŋĴŅĬŒĬĶŌĮĪňŗȮ2,02ȮĞŉŗĚĪňŗ

ĨŜŅŐľĬƞĚıňėȮ0653Ȯcm-1 ŐĽħĚĩŉĚľĴŌƞȮ-CH2 ĕŀĚȮADR ĪňŗŏĔŇħĮĢŇĔŇĶŇĵŅĪňŗĮĸŅĵĽŅĵőĞƞĔńĭȮPLA ěŅĔĶŌĮĪňŗȮ

2,01ȮıĭĺƞŅĪňŗĔŅĶŏĨŇĴȮPLA-g-MA ĪňŗȮ1% őħĵĬŘŜŅľĬńĔȮœĴƞĽƞĚįĸŒľƟıňėĪňŗĨŜŅŐľĬƞĚħńĚĔĸƞŅĺŏĔŇħĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚȮŐĨƞŏĴŊŗŀĮĶŇĴŅĦȮPLA-g-MA ŏĮƦĬȮ0, 4, 9 ŐĸŃȮ/0% őħĵĬŘŜŅľĬńĔȮıĭĺƞŅıňėȮůCH2 Ĵň

ėĺŅĴŏĕƟĴıňėĸħĸĚȮŐĽħĚĩŉĚĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĕŀĚȮADR ĪňŗĮĸŅĵĽŅĵőĞƞĕŀĚȮPLA ĬńŘĬŏĔŇħĕŉŘĬĬƟŀĵĸĚȮ

ŏĬŊŗŀĚěŅĔĮĢŇĔŇĶŇĵŅĕƟŅĚŏėňĵĚĪňŗŏĔŇħŐĕƞĚĕńĬĶŃľĺƞŅĚȮADR ŐĸŃĨŜŅŐľĬƞĚĪňŗĺƞŀĚœĺĨƞŀĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĕŀĚȮ

GSE ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,03&Ĕ'ȮŐĸŃŏĴŊŗŀŏĨŇĴȮPLA-g-MA ŒĬĮĶŇĴŅĦĪňŗŏĔŇĬıŀȮPLA-g-MA ŒĬħƟŅĬĕŀĚȮ

PLA-g-MA 

GSE 

PLA 

ADR 

PEG 
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PLA ěŃĽŅĴŅĶĩěŃŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭȮADR ŐĕƞĚĕńĬĔńĭŏĴĪĶŇĔĞƢȮPLA œħƟȮŏĬŊŗŀĚěŅĔȮPLA ŒĬȮPLA-g-MA 

ĴňĽŅĵőĞƞĪňŗĽńŘĬĔĺƞŅȮěŉĚĴňĨŜŅŐľĬƞĚĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĪňŗĮĸŅĵĽŅĵőĞƞĴŅĔĔĺƞŅŏĴĪĶŇĔĞƢľĸńĔȮěŉĚĪŜŅŒľƟ

ŏĔŇħĮĢŇĔŇĶŇĵŅŐĕƞĚĕńĬħńĚĶŌĮĪňŗȮ2,03&ĕ'ȮħƟĺĵŏľĨŋĬňŘěŉĚĽƞĚįĸŒľƟȮPLA ŐĸŃȮPEG ĴňėĺŅĴŏĕƟŅĔńĬœħƟĬƟŀĵĸĚȮ

ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĮĶŅĔĢĔŅĶĦƢħńĚĶŌĮĪňŗȮ2,03ȮĞŉŗĚŐĽħĚĩŉĚĔŅĶŐĵƞĚŏĔŇħĮĢŇĔŇĶŇĵŅĬńŘĬœĴƞĮĶŅĔĢŒľƟŏľŖĬŒĬ

ĔŅĶŏĨŇĴȮPLA-g-MA 1% őħĵĬŘŜŅľĬńĔȮěŉĚĔĸƞŅĺœħƟĺƞŅĔŅĶŏĨŇĴȮPLA-g-MA ĪňŗĮĶŇĴŅĦħńĚĔĸƞŅĺœĴƞĽƞĚįĸŒľƟ

ėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚȮPLA ŐĸŃȮPEG ĸħĸĚ 

 

 

 

 

 

 

 

 

ĶŌĮĪňŗȮ2,03 ŐĽħĚĳŅıěŜŅĸŀĚĕŀĚĮĢŇĔŇĶŇĵŅĕƟŅĚŏėňĵĚĪňŗŏĔŇħĕŉŘĬĔĶĦňĪňŗœĴƞĴňȮPLA-g-MAȮ&Ĕ'ȮŐĸŃĴňȮPLA-g-
MA ĴŅĔŏĔŇĬœĮȮ&ĕ'  

&Ĕ' &ĕ' 
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4.3.2.2. įĸĕŀĚȮPLA-g-MA ĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮPLA/PEG/.-ADR/,03Ȯ

&PPA) ĪňŗĴň GSEȮ2Ȯphr 

 ŒĬĔŅĶĪħĽŀĭŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢȮĬŀĔěŅĔěŃĽŅĴŅĶĩĻŉĔļŅœħƟĩŉĚ
ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢŐĸƟĺȮĵńĚĽŅĴŅĶĩĻŉĔļŅœħƟĩŉĚŀĚėƢĮĶŃĔŀĭŒĬıŀĸŇŏĴŀĶƢįĽĴěŅĔ
ıķĨŇĔĶĶĴĕŀĚĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮħńĚĬńŘĬŒĬĔŅĶıŇěŅĶĦŅĔŅĶŏĨŇĴȮPLA-g-MA ŏıŊŗŀĔńĔŏĔŖĭȮGSE 
ŒĬĲƕĸƢĴįĽĴěŉĚĽŅĴŅĶĩŒĝƟĺŇŏėĶŅŃľƢœħƟĩŉĚĔŅĶĴňŀĵŌƞĕŀĚȮGSE ŒĬĲƕĸƢĴľĸńĚěŅĔįƞŅĬĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮœħƟȮ
ĞŉŗĚěŅĔĔŅĶĪħĽŀĭŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĞŉŗĚœħƟįĸĔŅĶĪħĽŀĭħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,04ȮŐĸŃĨŅĶŅĚĪňŗȮ
2,6ȮıĭĺƞŅĲƕĸƢĴįĽĴȮPPA/GSE4ȮĪńŘĚĪňŗĴňĔŅĶŏĨŇĴȮPLA-g-MA 4, 9 ŐĸŃȮ/0% őħĵĬŘŜŅľĬńĔȮŐĸŃœĴƞŏĨŇĴȮ
PLA-g-MA ŐĽħĚŒľƟŏľŖĬĺƞŅŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĸħĸĚĮĶŃĴŅĦȮ2-6°CȮŏĴŊŗŀŏĪňĵĭĔńĭȮPPA őħĵŏĴŊŗŀ
ŏĮĶňĵĭŏĪňĵĭĲƕĸƢĴįĽĴȮPPA/GSE4 ĪňŗŏĨŇĴȮPLA-g-MA ĪňŗȮ6, 9 ŐĸŃȮ/0% őħĵĬŘŜŅľĬńĔ ĔńĭȮPPA/GSE4 
ĪňŗœĴƞŏĨŇĴȮPLA-g-MA ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮPLA-g-MA ĪňŗĮĶŇĴŅĦĴŅĔĕŉŘĬœĴƞœħƟĽƞĚįĸĨƞŀŏĽĩňĵĶĳŅı
ĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA ėŊŀŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĕŀĚȮPLA ĪňŗĔŅĶŏĨŇĴȮPLA-g-MA 6, 9 ŐĸŃȮ/0% őħĵ
ĬŘŜŅľĬńĔȮĴňėƞŅŒĔĸƟŏėňĵĚĔńĭĪňŗœĴƞŏĨŇĴȮPLA-g-MA ŐĽħĚŒľƟŏľŖĬĺƞŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗĸħĸĚŏĴŊŗŀ
ŏĪňĵĭĔńĭȮPPA ĬńŘĬŀŅěěŃŏĮƦĬįĸĴŅěŅĔĔŅĶŏĨŇĴȮGSE ĪňŗĽƞĚįĸŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢŏėĸŊŗŀĬœľĺœħƟĚƞŅĵ
ŏıňĵĚŀĵƞŅĚŏħňĵĺȮĬŀĔěŅĔĬňŘĵńĚıĭĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕńŘĬĪňŗȮ0ȮŏĔŇħĕŉŘĬĽŜŅľĶńĭȮPLA-g-MA 0, 6, 
9 ŐĸŃȮ/0% őħĵĬŘŜŅľĬńĔȮĪňŗĝƞĺĚȮ227,76-270,3.°CȮĞŉŗĚŐĽħĚĩŉĚĔŅĶĽĸŅĵĨńĺĕŀĚȮGSE ŒĬĲƕĸƢĴįĽĴȮ
ŏĬŊŗŀĚěŅĔĬŘŜŅľĬńĔĪňŗľŅĵœĮŒĬĝƞĺĚĬňŘĴňėƞŅĮĶŃĴŅĦȮ2% ĞŉŗĚŏĪƞŅĔńĭĮĶŇĴŅĦĕŀĚȮGSE ĪňŗŏĨŇĴĸĚŒĬĲƕĸƢĴįĽĴȮ
ŐĸŃŒĬĚŅĬĺŇěńĵĕŀĚȮLocilentoȮD.A. ŐĸŃėĦŃ [32]ȮıĭĺƞŅȮGSE ĴňĔŅĶĽĸŅĵĨńĺŒĬĝƞĺĚĔĺƟŅĚĞŉŗĚ
ŐĭƞĚŏĮƦĬȮ1ȮĝƞĺĚȮœħƟŐĔƞȮ/0.-07.°C, 430°C ŐĸŃȮ3.3°CȮŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚĪňŗĞńĭĞƟŀĬĕŀĚȮGSE ěŉĚ
ĵŊĬĵńĬœħƟĺƞŅĪňŗĔŅĶĽĸŅĵĨńĺĪňŗȮ227°CȮŏĮƦĬĕŀĚ GSEȮĞŉŗĚĔŅĶĽĸŅĵĨńĺŒĬĸńĔļĦŃŏħňĵĺĔńĬĬňŘĵńĚıĭŒĬ
ĔŅĶĻŉĔļŅȮPCL/GSE ĕŀĚȮLiu J.S. ŐĸŃėĦŃ [38]ȮŀňĔħƟĺĵ őħĵıĭĺƞŅĔŅĶĽĸŅĵĨńĺĕŀĚȮGSE ĬňŘŏĔŇħĪňŗ
ŀŋĦľĳŌĴŇĽŌĚĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦĕŀĚȮPLA-g-MA ŏıŇŗĴĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPLA-g-MA ĬńŘĬĽŅĴŅĶĩŏĔŇħŀńĬĨĶ
ĔŇĶŇĵŅĔńĭȮGSE œħƟȮŐĸƟĺĽƞĚįĸŒľƟȮGSE ĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗĽŌĚĕŉŘĬȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴȮPLA-g-MA 
ĬňŘœĴƞĽƞĚįĸŒľƟȮGSE ĴňėĺŅĴŏĕƟŅĔńĬœħƟĔńĭıŀĸŇŏĴŀĶƢįĽĴȮěŉĚıĭĺƞŅȮGSE ŏĔŇħĔŅĶĽĸŅĵĨńĺŐĵĔŀŀĔĴŅŐĸŃ
œĴƞĽƞĚįĸĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPLA 
 ĞŉŗĚŒĬĔŅĶŏĨŇĴȮPLA-g-MA ĪňŗȮ1% őħĵĬŘŜŅľĬńĔȮĬńŘĬŐĽħĚıķĨŇĔĶĶĴĪňŗĨƞŅĚěŅĔĔŅĶŏĨŇĴȮPLA-g-
MA ĪňŗĽńħĽƞĺĬŀŊŗĬŕȮőħĵŐĽħĚĔŅĶĽĸŅĵĨńĺȮĪńŘĚľĴħȮ1ȮĕńŘĬȮőħĵĔŅĶĽĸŅĵĨńĺŒĬĕńŘĬĪňŗȮ/ȮŏĮƦĬĔŅĶĽĸŅĵĨńĺ
ĕŀĚȮPLA őħĵıĭĺƞŅŏĔŇħĕŉŘĬĪňŗŀŋĦľĳŌĴŇĨŗŜŅĸĚĮĶŃĴŅĦ 23°CȮŏĴŊŗŀŏĪňĵĭĔńĭŒĬȮPPA ŐĸŃŒĬĕńŘĬĪňŗȮ0ȮŏĔŇħ
ĔŅĶĽĸŅĵĨńĺĪňŗȮ5% őħĵĬŘŜŅľĬńĔ ŏĮƦĬĨƟĬœĮȮěĬĩŉĚĮĶŃĴŅĦȮ0%ȮőħĵĬŘŜŅľĬńĔȮĞŉŗĚŐĽħĚĩŉĚĔŅĶĽĸŅĵĨńĺ



  
 

73 

ĕŀĚȮGSEȮŐĸŃŒĬĕńŘĬĽŋħĪƟŅĵŏĮƦĬĔŅĶĽĸŅĵĨńĺĕŀĚĽŅĶĕĵŅĵĽŅĵőĞƞȮADR ĞŉŗĚŏĔŇħĕŉŘĬĪňŗĨŜŅŐľĬƞĚŏħňĵĺĔńĬ
ĔńĭȮADR ŒĬȮPPA 
 
ĨŅĶŅĚĪňŗȮ2,4 ŐĽħĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮPPA/GSE4ȮĪňŗȮPLA-g-MA ĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬ 

Sample Tonset (°C) Td1 (°C) Td2 (°C) 

PPA 336.52 360.59 - 
PPA/GSE4/M0 328.10 354.54 449.98 

PPA/GSE4/M3 316.79 337.98 - 

PPA/GSE4/M6 325.30 354.08 454.03 
PPA/GSE4/M9 329.07 356.23 462.35 

PPA/GSE4/M12 326.96 352.00 492.50 
  

 ěŅĔįĸĔŅĶĪħĽŀĭĪňŗœħƟěŃŏľŖĬĺƞŅĔŅĶĽĸŅĵĨńĺĕŀĚȮGSE ĕĵńĭœĮŏĔŇħŒĔĸƟŏėňĵĚĔńĭıŀĸŇŏĴŀĶƢ
įĽĴĴŅĔĕŉŘĬȮŀňĔĪńŘĚĵńĚĽƞĚįĸŒľƟȮPLA ĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĸħĸĚħƟĺĵȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮ
PLA-g-MA ĪňŗȮ1% őħĵĬŘŜŅľĬńĔȮĽƞĚįĸŒľƟȮGSE ĽŅĴŅĶĩŏĕƟŅĔńĬœħƟħňĔńĭȮPLA ěŉĚŏĮƦĬįĸŒľƟȮPLA ĽĸŅĵĨńĺ
ĪňŗŀŋĦľĳŌĴŇĨŗŜŅĸĚŏĬŊŗŀĚěŅĔĔŅĶĔĶŃěŅĵĨńĺĕŀĚȮGSE ĪňŗĽŅĴŅĶĩĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢœħƟȮŐĸƟĺ
ĪŜŅŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢŏėĸŊŗŀĬĪňŗœħƟĚƞŅĵȮěŉĚŏĔŇħĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬœħƟĪňŗŀŋĦľĳŌĴŇĨŗŜŅĸĚȮ 

 
 
 
 
 
 
 
 
 

 
ĶŌĮĪňŗȮ2,04 ŐĽħĚıķĨŇĔĶĶĴĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮPPA ĪňŗŏĨŇĴȮPLA-g-MA 0, 3, 6, 

9 ŐĸŃȮ/0% ĪňŗĴňȮGSE 4 phr 
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 ěŅĔįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺĬňŘěŉĚĔĸƞŅĺœħƟĺƞŅĔŅĶĻŉĔļŅĔŅĶŏĨŇĴȮPLA-g-MA ŒĬĲƕĸƢĴįĽĴȮPPA 

ĔŅĶĮĶŃıķĨŇĨńĺŏĮƦĬĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚȮPLA-g-MA ĽŅĴŅĶĩĪŜŅŒľƟȮGSE ŏĕƟŅĔńĬœħƟħňĔńĭȮPLA Īňŗ

ĮĶŇĴŅĦȮPLA-g-MA 1% őħĵĬŘŜŅľĬńĔȮĞŉŗĚĽŀħėĸƟŀĚĔńĭįĸĔŅĶĪħĽŀĭȮFTIR ĪňŗĞŉŗĚȮPLA-g-MA ŐĸŃȮ

GSE ĬńŘĬĽƞĚįĸĨƞŀĔŅĶĽńŗĬĕŀĚľĴŌƞĲƤĚĔƢĝńĬŒĬıŀĸŇŏĴŀĶƢľĸńĔȮŐĨƞĪňŗĮĶŇĴŅĦȮPLA-g-MA ĪňŗĽŌĚŀŅěěŃĽƞĚįĸ

ŒľƟȮPLA-g-MA ěńĭĨńĺȮGSE ŐĸƟĺĴŅŏĔŅŃĔĸŋƞĴĔńĬȮœĴƞĔĶŃěŅĵĨńĺŒĬŏĴĪĶŇĔĞƢĕŀĚȮPLA ěŉĚĽƞĚįĸŒľƟĔŅĶ

ĽĸŅĵĨńĺĕŀĚȮGSE ŏĔŇħĕŉŘĬŐĵĔŀŀĔěŅĔȮPLA ŀĵƞŅĚĝńħŏěĬ 

 2,1,0,1ȮįĸĕŀĚȮPLA-g-MA ĨƞŀĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮ

PLA/PEG/.-ADR/,03Ȯ&PPA) ĪňŗĴň GSEȮ2ȮphrȮĪňŗĪħĽŀĭħƟĺĵŏĪėĬŇėȮDifferential scanning 

calorimetry (DSC) 

 ĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮPPA ŐĸŃȮGSE 4 phr ĪňŗĴňĔŅĶŏĨŇĴȮPLA-g-MA 
ĪňŗȮ., 3, 6, 9 ŐĸŃȮ/0% őħĵĬŘŜŅľĬńĔȮĞŉŗĚŐĽħĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴŏĮƦĬœĮĨŅĴĶŌĮĪňŗȮ2,05Ȯ
ŐĸŃĨŅĶŅĚĪňŗȮ2,7ȮıĭĺƞŅĪňŗĔŅĶŏĨŇĴȮPLA-g-MA ĮĶŇĴŅĦȮ., 6, 9 ŐĸŃȮ/0% őħĵĬŘŜŅľĬńĔȮŀŋĦľĳŌĴŇĔŅĶ
ŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ(Tg) ŐĨĔĨƞŅĚěŅĔȮTg ĕŀĚȮPPA ŏıňĵĚȮ/-0°CȮŏĪƞŅĬńŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮ
PLA-g-MA ŐĸŃȮGSE œĴƞĽƞĚįĸĨƞŀŀŋĦľĳŌĴŇȮTg ĕŀĚȮPPA ŐĨƞĪňŗȮPLA-g-MA 3% ĽƞĚįĸŒľƟȮTg ĴňĸħĸĚ
ĴŅĔĪňŗĽŋħĪňŗȮ1°CȮŐĽħĚŒľƟŏľŖĬĺƞŅĪňŗĮĶŇĴŅĦħńĚĔĸƞŅĺĽƞĚįĸŒľƟȮGSE ŏĕƟŅĔńĬœħƟĔńĭȮPPA ĴŅĔĕŉŘĬȮőħĵȮGSE 
ĽƞĚįĸŒľƟĽŅĵőĞƞŏėĸŊŗŀĬĪňŗœħƟĚƞŅĵȮTg ěŉĚĸħĨŗŜŅĸĚȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅĪňŗŀŋĦľĳŌĴŇĔŅĶŏĔŇħįĸŉĔĕĦŃ
ľĸŀĴŏľĸĺȮ(Tcc) ıĭĺƞŅȮTcc ĕŀĚĲƕĸƢĴįĽĴȮPPA ĪňŗŏĨŇĴȮPLA-g-MA ĪňŗĪŋĔĽńħĽƞĺĬȮĴňėƞŅŒĔĸƟŏėňĵĚȮPPA 
ĞŉŗĚœĴƞıĭĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮŒĬŀňĔħƟŅĬľĬŉŗĚĪňŗȮPPA/GSE4 ĪňŗœĴƞŏĨŇĴȮPLA-g-MA ĮĶŅĔĢ
ŀŋĦľĳŌĴŇȮTcc ĪňŗěŋħŏĶŇŗĴĨƟĬĕŀĚĔŅĶľĸŀĴŏľĸĺĕŀĚȮPLAȮŐĽħĚĩŉĚĔĶŃĭĺĬĔŅĶȮRecrystallization ĞŉŗĚ

ŏĮƦĬĔŅĶŏĮĸňŗĵĬŐĮĸĚįĸŉĔěŅĔĶŌĮŐĭĭĪňŗœĴƞŏĽĩňĵĶȮ(aŲ-form) œĮŏĮƦĬĶŌĮŐĭĭĪňŗŏĽĩňĵĶȮ(a-form)ȮěŉĚ
ıĭĺƞŅĪňŗŀŋĦľĳŌĴŇĔŅĶľĸŀĴįĸŉĔȮ&Tm)ȮĴňıňėĔŅĶľĸŀĴįĸŉĔĮĶŅĔĢŏıňĵĚıňėŏħňĵĺȮĞŉŗĚŐĨĔĨƞŅĚěŅĔ
ĨńĺŀĵƞŅĚŀŊŗĬŕȮŐĸŃěŃŏľŖĬœħƟŀĵƞŅĚĝńħŏěĬĪňŗĮĶŇĴŅĦįĸŉĔȮ(Xc) ĞŉŗĚĮĶŇĴŅĦįĸŉĔŏıŇŗĴĕŉŘĬŏĮƦĬȮ/0,.0% 
ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮGSE 4 phr őħĵœĴƞĴňȮPLA-g-MA ĽƞĚįĸŒľƟȮGSE œĴƞĽŅĴŅĶĩĔĶŃěŅĵĨńĺŐĸŃĪŜŅ
ľĬƟŅĪňŗŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢȮŐĨƞĔĸńĭŏĔŅŃĔĸŋƞĴĔńĬŐĸŃĮĶŃıķĨŇĨńĺŏĽĴŊŀĬĽŅĶĔƞŀįĸŉĔȮŏľĬňŗĵĺĬŜŅŒľƟĽŅĵőĞƞ
ĕŀĚȮPLA ĔƞŀįĸŉĔœħƟħňĴŅĔĵŇŗĚĕŉŘĬȮŏĴŊŗŀıŇěŅĶĦŅĪňŗĔŅĶŏĨŇĴȮPLA-g-MA ŒĬĲƕĸƢĴįĽĴȮPPA/GSE ıĭĺƞŅĪňŗ
ŀŋĦľĳŌĴŇĔŅĶľĸŀĴįĸŉĔŐĽħĚıňėĕŀĚĔŅĶľĸŀĴįĸŉĔȮ0ȮıňėȮőħĵıňėĪňŗŀŋĦľĳŌĴŇĨŗŜŅŐĽħĚĔŅĶľĸŀĴĕŀĚ

įĸŉĔĶŌĮŐĭĭĪňŗœĴƞĽĴĭŌĶĦƢŐĭĭȮ(aŲ-form)ȮŐĸŃĪňŗŀŋĦľĳŌĴŇĽŌĚŐĽħĚĔŅĶľĸŀĴĕŀĚįĸŉĔĶŌĮŐĭĭĪňŗ

ĽĴĭŌĶĦƢŐĭĭȮ(a-form)ȮŐĽħĚŒľƟŏľŖĬĺƞŅȮĔŅĶŏĨŇĴȮPLA-g-MA ĽƞĚįĸŒľƟȮPLA ŏĔŇħįĸŉĔŒĬĶŌĮŐĭĭĪňŗœĴƞ
ĽĴĭŌĶĦƢĴŅĔĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭœĴƞŏĨŇĴȮ 
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ĨŅĶŅĚĪňŗȮ2,5 ŐĽħĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴįĽĴȮPPA/GSE4ȮĪňŗȮPLA-g-MA ĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬ 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ĶŌĮĪňŗȮ2,05 ŐĽħĚȮDSC Thermogram ĕŀĚĲƕĸƢĴįĽĴȮPPA ĪňŗŏĨŇĴȮPLA-g-MA 0, 3, 6, 9 ŐĸŃȮ/0% Īňŗ

ĴňȮGSE 4 phr 

Sample 
Tg 

(̄ C) 

Tm,a 

(̄ C) 

Tm,aŲ 

(̄ C) 

Tcc 

(̄ C) 
DHm 
(J/g) 

DHcc 
(J/g) 

Xc 
(%) 

PPA 45.12 149.52 145.87 99.19 23.46 22.21 1.48 
PPA/GSE4/M0 47.76 148.45 - 117.11 19.64 9.5 12.02 

PPA/GSE4/M3 42.20 154.38 144.31 100.53 26.31 23.14 3.76 

PPA/GSE4/M6 44.32 151.92 143.47 99.53 27.86 24.25 4.28 
PPA/GSE4/M9 46.01 152.12 144.81 101.53 28.82 24.05 5.65 

PPA/GSE4/M12 45.38 151.93 143.16 96.53 30.28 26.74 4.28 


