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ĚŅĬĺŇěńĵĬňŘĴňěŋħĮĶŃĽĚėƢŏıŊŗŀĻŉĔļŅŏĮĶňĵĭŏĪňĵĭĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĪŅĚĔĸŏĝŇĚ

œħĬŅĴŇĔĽƢĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĨƞŅĚĝĬŇħĔńĬĪňŗĴňĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŐĨĔĨƞŅĚĔńĬȮĶĺĴœĮĩŉĚįĸĕŀĚ
ĔŅĶŏĨŇĴĪńĸėńĸȮőħĵıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĻŉĔļŅĴň 2 ĝĬŇħȮėŊŀ bis&2-ethylhexyl'adipate ľĶŊŀ DOA ŐĸŃ 
Polysorb® ID46 ľĶŊŀ PID įĽĴĸĚŒĬıŀĸŇŐĸėĨŇĔŐŀĞŇħ &PLA'ȮĪňŗŐĨĔĨƞŅĚĔńĬ 3 ĝĬŇħȮĮĶŃĔŀĭħƟĺĵ 
PLA4043D  PLA2003D ŐĸŃ PLA3052D įĽĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮĽńħĽƞĺĬĕŀĚıĸŅĽĨŇœĞ
ŏĞŀĶƢĪňŗĻŉĔļŅėŊŀ 0 ĩŉĚ 14 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮŒĬĽƞĺĬŐĶĔĪŜŅĔŅĶĻŉĔļŅŏĮĶňĵĭŏĪňĵĭėĺŅĴĽŅĴŅĶĩ
ŒĬĔŅĶŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĶŃľĺƞŅĚ DOA ŐĸŃ PID ěŅĔįĸĔŅĶĪħĽŀĭıĭĺƞŅ PID plasticized PLA 
ŐĽħĚĔŅĶĸħĸĚĕŀĚėƞŅ Tg, YoungŲs modulus ŐĸŃ Tcc ĞŉŗĚŏĮƦĬėŋĦĽĴĭńĨŇĪňŗĽŜŅėńĠĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢ
œħƟĴŅĔĔĺƞŅĔŅĶŏĨŇĴ DOA ŏĴŊŗŀıŇěŅĶĦŅįĸĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸıĭĺƞŅĔŅĶŏĨŇĴ DOA ľĶŊŀ PID ŒĬ 
PLA ĬńŘĬıĭĔŅĶĸħĸĚĕŀĚ YoungŲs modulus ŐĸŃ Tensile strength ŐĨƞıĭĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėƞŅȮ
#Elongation at break ŒĬĔĶĦňĕŀĚĔŅĶĻŉĔļŅŏĮĶňĵĭŏĪňĵĭĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢŒĬ PLA ĨƞŅĚĝĬŇħ
ĔńĬȮıĭĺƞŅ PLA ĪńŘĚ 3 ĝĬŇħȮĴňėĺŅĴŐĨĔĨƞŅĚĔńĬĕŀĚĬŘŜŅľĬńĔőĴŏĸĔŋĸȮĞŉŗĚ PLA 4043D ŐĸŃ PLA 
2003D ĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸŒĔĸƟŏėňĵĚĔńĬŐĸŃĴňėƞŅĴŅĔĔĺƞŅĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚ PLA 3052D ěŉĚŐĽħĚįĸ
ĔŅĶĪħĽŀĭĪňŗŐĨĔĨƞŅĚĔńĬȮőħĵıĭĺƞŅ PLA 4043D ŐĸŃ PLA2003D ŐĽħĚĔŅĶĸħĸĚĕŀĚėƞŅ Tg Īňŗ
ŒĔĸƟŏėňĵĚĔńĬȮŐĸŃĸħĸĚĴŅĔĔĺƞŅĔŅĶįĽĴıĸŅĽĨŇœĞŏĞŀĶƢŒĬ PLA 3052D ĬŀĔěŅĔĬňŘŒĬĽƞĺĬĕŀĚĽĴĭńĨŇ
ŏĝŇĚĔĸĔŖĴňŐĬĺőĬƟĴŏĮƦĬœĮĨŅĴĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚŐĨƞĸŃŏĔĶħȮŐĸŃŒĬĽƞĺĬĽŋħĪƟŅĵĕŀĚĚŅĬĺŇěńĵȮ
ĪŜŅĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĪńĸėńĸŒĬ plasticized PLA ĪńŘĚ DOA ŐĸŃ PID ıĭĺƞŅĔŅĶŏĨŇĴĪńĸėńĸŏıŇŗĴ
ŏĕƟŅœĮŒĬĽŌĨĶĔŅĶįĽĴȮœĴƞĽƞĚįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚėƞŅ Tg ŒĬĪŋĔĽŌĨĶĔŅĶįĽĴȮŒĬĕĦŃĪňŗĔŅĶŏĨŇĴĪńĸ
ėńĸěŃĽƞĚįĸĨƞŀĔŅĶŏıŇŗĴĕŉŘĬĕŀĚ YoungŲs modulus ŏĮƦĬŀĵƞŅĚĴŅĔŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭ plasticized 
PLA ĪňŗœĴƞĴňĔŅĶŏĨŇĴĪńĸėńĸȮĴŅĔœĮĔĺƞŅĬńŘĬĔŅĶŏĨŇĴĪńĸėńĸĵńĚĽƞĚįĸŒľƟŏĔŇħĔŅĶĸħĸĚĕŀĚ Tcc ĞŉŗĚŏĮƦĬįĸ
ŏĬŊŗŀĚĴŅěŅĔĪńĸėńĸĮĶŃıķĨŇĨńĺŏĮƦĬĽŅĶĔƞŀįĸŉĔŒľƟĔńĭ PLA œħƟ  
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The aim of this research was to study and compare the effect of 
plasticizer type and content including the addition of talcum on mechanical and 
dynamic mechanical properties of poly&lactic acid',ȮTwo types of plasticizer were 
Polysorb®ID46 &PID'Ȯor Bis&2-Ethylhexyl'Ȯadipate &DOA',ȮIn the first part, the plasticizer 
&0 -Ȯ14 wt# 'Ȯwas added to PLA with different grade &PLA4043D, PLA2003D and 
PLA3052D'Ȯand then was melt-mixed using twin-screw extruder,ȮThe influence of 
plasticizer types and contents of plasticized PLA were then investigated,ȮIt was found 
that the glass transition temperature &Tg', cold crystallization temperature &Tcc'Ȯand 
YoungŲs modulus of plasticized PLA with PID was reduced more than the addition of 
DOA,ȮThis indicated that PID was more efficiently plasticized PLA than DOA,Ȯ
Considering the increase of both plasticizer contents when increasing, YoungŲs 
modulus and tensile strength of both plasticized PLA were decreased while the 
elongation at break was increased compared to that of neat PLA,ȮIn case of the 
different grades of PLA, the addition of plasticizer into PLA4043D was most effective,Ȯ
It might be because PLA4043D had the highest molecular weight,ȮIn the second part, 
5 -Ȯ15 phr of talcum was incorporated with 12 and 14 wt#Ȯof plasticizer and then 
was melt-mixed with PLA using twin-screw extruder,ȮThe influence of talcum on the 
mechanical and rheological properties of plasticized PLA was then investigated,ȮIt 
was found that the addition of talcum did not affect Tg values of plasticized PLA,ȮOn 
the other hand, YoungŲs modulus of plasticized PLA incorporated with talcum was 
significantly increased,ȮFurthermore, Tcc of plasticized PLA incorporated with talcum 
was shifted toward the lower temperature indicating talcum could act as nucleating 
agent for PLA,  
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ĺŇĪĵŅĬŇıĬīƢȮįŌƟŒľƟėŜŅĮĶŉĔļŅŐĸŃĝňŘŐĬŃĺŇīňĺŇŏėĶŅŃľƢįĸĪňŗœħƟěŅĔĔŅĶĪŜŅĺŇěńĵĴŅőħĵĨĸŀħȮĶĺĴĩŉĚȮĔŅĶ
ĨĶĺěĽŀĭėĺŅĴŏĶňĵĭĶƟŀĵĕŀĚĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘŀĵƞŅĚĸŃŏŀňĵħ 
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1 

ĭĪĪňŗȮ1 

ĭĪĬŜŅ 

1.1 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽŜŅėńĠĕŀĚĮƤĠľŅ 

ĮƤěěŋĭńĬĴňĔŅĶĬŜŅıĸŅĽĨŇĔĴŅŒĝƟĔńĬŀĵƞŅĚŐıĶƞľĸŅĵĪńŘĚŒĬĚŅĬħƟŅĬŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢȮ

ŀŋĨĽŅľĔĶĶĴŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮĶĺĴœĮĩŉĚŀŋĨĽŅľĔĶĶĴŀŅľŅĶŐĸŃŏėĶŊŗŀĚħŊŗĴȮŏĬŊŗŀĚěŅĔıĸŅĽĨŇĔĴňĬŘŜŅľĬńĔ

ŏĭŅȮŐĨƞěŃĔƞŀŒľƟŏĔŇħĮƤĠľŅěŅĔĔŅĶŏįŅœľĴƟŒĬĔĶŃĭĺĬĔŅĶįĸŇĨȮŐĸŃĔŅĶŏįŅĪŜŅĸŅĵȮĵŇŗĚĴňĔŅĶŒĝƟ

ıĸŅĽĨŇĔĴŅĔŏĪƞŅœľĶƞĮĶŇĴŅĦĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢĪňŗĩŌĔĮĸƞŀĵŀŀĔĽŌƞĝńŘĬĭĶĶĵŅĔŅĻĔŖěŃĵŇŗĚĽŌĚĴŅĔĕŉŘĬȮ

ĨŅĴĴŅħƟĺĵĮƤĠľŅĴŅĔĴŅĵěŅĔĴĸıŇļȮıĸŅĽĨŇĔĪňŗĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıěŉĚŏĮƦĬĪŅĚŏĸŊŀĔľĬŉŗĚŒĬĔŅĶ

įĸŇĨįĸŇĨĳńĦĤƢȮŏıŊŗŀŒĝƟĪħŐĪĬıĸŅĽĨŇĔĪňŗĵƞŀĵĽĸŅĵĵŅĔȮĵĔĨńĺŀĵƞŅĚŏĝƞĬȮıŀĸŇŏĴŀĶƢŒĬĔĸŋƞĴıŀĸŇŏŀĽ

ŏĪŀĶƢȮœħƟŐĔƞȮıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ&PLA'ȮȮıŀĸŇĭŇĺĪŇĸňĬĞńėĞŇĬŇėŏĬĨȮ&PBS'ȮıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨŏĪŀŏĶı

ĪŅŏĸĨȮ&PBAT'ȮȮŐĸŃıŀĸŇėŅĶƢőĮĶŐĸėőĪĬȮ&PCL'ȮŏĮƦĬĨƟĬ 

ıŀĸŇŐĸėĨŇĔŐŀĞŇħŏĮƦĬıĸŅĽĨŇĔĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıȮőħĵĽŅĴŅĶĩĵƞŀĵĽĸŅĵŏŀĚ

ŏĴŊŗŀĬŜŅœĮİƤĚĔĸĭŒĬħŇĬȮįĸŇĨěŅĔĔĶŃĭĺĬĔŅĶľĴńĔıŊĝěŜŅıĺĔŐĮƚĚȮŏĝƞĬŐĮƚĚĕƟŅĺőıħȮŐĮƚĚĴńĬĽŜŅĮŃľĸńĚȮ

ĞŉŗĚŏĮƦĬĪĶńıĵŅĔĶīĶĶĴĝŅĨŇĪňŗĽŅĴŅĶĩŏĔŇħĕŉŘĬŒľĴƞœħƟȮ&Renewable Resources'ȮY/[ȮĮƤěěŋĭńĬıŀĸŇ 

ŐĸėĨŇĔŐŀĞŇħĔŜŅĸńĚœħƟĶńĭėĺŅĴĬŇĵĴŏĮƦĬŀĵƞŅĚĴŅĔȮŏĬŊŗŀĚěŅĔĶŅėŅĩŌĔĔĺƞŅıĸŅĽĨŇĔĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵ

œħƟĪŅĚĝňĺĳŅıĝĬŇħŀŊŗĬȮŕȮĴňėŋĦĽĴĭńĨŇıŇŏĻļėŊŀėĺŅĴŒĽȮėĺŅĴŐĺĺĺŅĺĽŌĚȮĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňȮ&ĴŀħŋĸńĽ

ŐĸŃėĺŅĴŐĕŖĚŐĶĚħŉĚĴňėƞŅĽŌĚ'ȮŐĨƞĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶėĚĪĬĨƞŀĔŅĶĔĶŃŐĪĔȮ&impact strength'ȮĨŗŜŅȮ

ŐĸŃĵńĚĴňĕƟŀěŜŅĔńħŒĬĔŅĶŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢĨƞŅĚȮŕȮŏĬŊŗŀĚěŅĔĴňėĺŅĴŏĮĶŅŃĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŏıĶŅŃĴňȮTgȮ

ŀĵŌƞĪňŗȮ56-65 oC ěŉĚĨƟŀĚĴňĔŅĶĮĶńĭĮĶŋĚŐĸŃıńĥĬŅŏıŊŗŀŒľƟıŀĸŇŐĸėĨŇĔŐŀĞŇħĴňėĺŅĴĵŊħľĵŋƞĬĪňŗ

ŀŋĦľĳŌĴŇľƟŀĚȮőħĵĔŅĶĬŜŅıŀĸŇŐĸėĨŇĔŐŀĞŇħŏĭĸĬħƢĔńĭıŀĸŇŏĴŀĶƢĝĬŇħŀŊŗĬȮŏĝƞĬȮıŀĸŇėŅĶƢőĮĶŐĸėőĨĬ, 

ıŀĸŇĭŇĺĪŇĸňĬĞńėĬŇŏĬĨ, ŐĸŃȮıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨőėŏĪŀŏĶıĪŅŏĸĨȮľĶŊŀŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢȮŏĝƞĬȮpoly 

&ethylene glycol', polyȮ&propylene glycol', citrate esters, polyglycerol estersȮŐĸŃ 

oligomeric lactic acidȮŏĮƦĬĨƟĬȮĞŉŗĚŒĝƟŒĬĔŅĶıńĥĬŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħľĵŋƞĬŐĸŃėĺŅĴĨƟŅĬĪŅĬ

ĔŅĶĔĶŃŐĪĔĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮŐĨƞĔŅĶŏĨŇĴĽŅĶŒħȮŕȮŐĸŃĔŅĶĪŜŅıŀĸŇŏĴŀĶƢŏĭĸĬħƢĬńŘĬĸƟĺĬŐĨƞŏĮƦĬ

ĔŅĶŏıŇŗĴėƞŅŒĝƟěƞŅĵŒľƟĔńĭıŀĸŇŏĴŀĶƢĞŉŗĚěŅĔĔŅĶĽŊĭėƟĬĵńĚœĴƞĴňĔŅĶĻŉĔļŅĩŉĚĮƤěěńĵĕŀĚĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ

ŐĸŃıĸŅĽĨŇĔœĞŏĞŀĶƢĪňŗĴňįĸĨƞŀĽĴĭńĨŇĨƞŅĚȮŕȮ  
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ħńĚĬńŘĬĚŅĬĺŇěńĵĬňŘĴŋƞĚŏĬƟĬĻŉĔļŅŏĮĶňĵĭŏĪňĵĭıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĴňĕŅĵŒĬĨĸŅħȮŀŅĪŇŏĝƞĬȮPolysorb 

ID46ƃȮěŅĔĭĶŇļńĪȮRoquette ĮĶŃŏĪĻİĶńŗĚŏĻĽȮ&ĽĬńĭĽĬŋĬőħĵȮRoquette ĮĶŃŏĪĻĽŇĚėƢőĮĶƢŐĸŃ

ĮĶŃŏĪĻœĪĵ'ȮŐĸŃıĸŅĽĨŇĔœĞŏĞŀĶƢŀŊŗĬȮŕȮŏĝƞĬȮœħĪŌŏŀĪŇĸŏŁĞŇĸŀħŇŏıĪȮ&di-0-ethylhexyl adipate, 

DOA'ŐĸŃįĸĕŀĚĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ&filler'ȮŒĬıŀĸŇŐĸėĨŇĔŐŀĞŇħŏĔĶħĨƞŅĚȮŕȮŏĝƞĬȮŏĔĶħŏŀĔĞƢĪĶŌħȮ

ŏĔĶħŏĮƙŅȮŐĸŃŏĔĶħĜňħȮőħĵĽĬŒěĪňŗěŃĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮŏĝƞĬȮėĺŅĴŐĕŖĚŐĶĚĨƞŀĔŅĶħŉĚĵŊħȮ&Tensile 

strength'ȮĴŀħŋĸńĽȮ&Modulus'ȮĔŅĶĵŊħȮĦȮěŋħĕŅħȮ&Elongation at break'ȮėĺŅĴĪĬĪŅĬĨƞŀŐĶĚ

ĔĶŃŐĪĔȮ&Impact strength'ȮŐĸŃĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĶĺĴœĮĩŉĚĻŉĔļŅėĺŅĴŏĕƟŅĔńĬœħƟŐĸŃĔŅĶ

ŐıĶƞŀŀĔĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢŐĸŃĔĶħŐĸėĨŇĔĨƞŀıŀĸŇŐĸėĨŇĔŐŀĞŇħŏĔĶħĨƞŅĚȮŕ 

1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

1. ŏıŊŗŀĻŉĔļŅĝĬŇħŐĸŃĮĶŇĴŅĦĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŐĸėĨŇħŐŀĞŇħ 
2. ŏıŊŗŀĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚľĶŊŀĪńĸėńĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚ plasticized PLA  

1.3 ĕŀĭŏĕĨĕŀĚĔŅĶĺŇěńĵ 

1,3,1 ĺńĽħŋŐĸŃĽŅĶŏėĴňĪňŗŒĝƟ 

ĨŅĶŅĚĪňŗȮ1,1ȮŐĽħĚĽŅĶŏėĴňĪňŗŒĝƟ 

ĸŜŅħńĭ ĝŊŗŀĽŅĶŏėĴň ľĬƟŅĪňŗ ĮĶŇĴŅĦȮ&#weight' 

/ PLA ŏĔĶħȮ2003D ĺńĢĳŅėľĸńĔ - 
2 PLA ŏĔĶħȮ3052D ĺńĢĳŅėľĸńĔ - 

3 PLA ŏĔĶħȮ4043D ĺńĢĳŅėľĸńĔ - 

4 Polysorb® ID46Ȯ8ȮPID ıĸŅĽĨŇœĞŏĞŀĶƢ œĴƞŏĔŇĬȮ14 
5 Bis&2-Ethylhexyl'Ȯadipate 8DOA ıĸŅĽĨŇœĞŏĞŀĶƢ œĴƞŏĔŇĬȮ14 

6 Talcum ĽŅĶŏĨŇĴŐĨƞĚ œĴƞŏĔŇĬȮ30 

1.4 ĕńŘĬĨŀĬŒĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
1,4,1ȮĻŉĔļŅŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 
1,4,2ȮŀŀĔŐĭĭĺŇīňĔŅĶĪħĸŀĚŐĸŃĺŅĚŐįĬĔŅĶĪħĸŀĚ 
1,4,3ȮħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
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ĽƞĺĬĪňŗȮ1ȮĻŉĔļŅįĸĕŀĚĔŅĶįĽĴĶŃľĺƞŅĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĔńĭıĸŅĽĨŇœĞŏĞŀĶƢ 
-ȮıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅĴňĪńŘĚľĴħȮ3 ĝĬŇħȮĮĶŃĔŀĭħƟĺĵȮPLA 4043D,ȮPLA 

2003D ŐĸŃȮPLA 3052DȮĞŉŗĚěŃįĽĴĔńĭıĸŅĽĨŇœĞŏĞŀĶƢŒĬŀńĨĶŅĽƞĺĬ 0, 2, 4, 8, 10, 12 ŐĸŃȮ14 
ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮőħĵıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŒĝƟĻŉĔļŅĴňȮ2 ĝĬŇħȮėŊŀȮPolysorb® ID46 ľĶŊŀȮPIDȮŐĸŃȮ
Bis&2-Ethylhexyl'Ȯadipate ľĶŊŀȮDOAȮĔƞŀĬĔŅĶįĽĴĨƟŀĚŀĭıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗŀŋĦľĳŌĴŇȮ60 ŀĚĻŅ
ŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ6 ĝńŗĺőĴĚŒĬĨŌƟŀĭĽŋĠĠŅĔŅĻȮ 

-ȮĽƞĺĬįĽĴĪńŘĚľĴħěŃĩŌĔįĽĴŒĬŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮ&Twin screw extruder'ȮőħĵĝƞĺĚ
ŀŋĦľĳŌĴŇŒĬĔŅĶįĽĴĮĶŃĴŅĦȮ110ȮĩŉĚȮ190 ŀĚĻŅŏĞĸŏĞňĵĽȮŐĸŃĕŉŘĬĶŌĮŏĮƦĬĝŇŘĬĚŅĬĪħĽŀĭőħĵŒĝƟŏėĶŊŗŀĚ
ĕŉŘĬĶŌĮŐĭĭĜňħ 

-ȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮĮĶŃĔŀĭħƟĺĵȮĪħĽŀĭĔŅĶħŉĚĵŊħȮĪħĽŀĭĔŅĶĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ

ĽĴĭńĨŇĪŅĚĔĸŏĝŇĚœħĬŅĴŇĔĽƢȮŐĸŃĔŅĶŐıĶƞŀŀĔĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢĕŀĚȮPlasticized PLA  

ĽƞĺĬĪňŗȮ2ȮĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĸĚŒĬȮPlasticized PLA ħńĚĬňŘ 

-ȮŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚľĶŊŀĪńĸėńĸȮœĴƞŏĔŇĬȮ30 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔŒĬȮPlasticized PLA 

-ȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮĮĶŃĔŀĭħƟĺĵȮĪħĽŀĭĔŅĶħŉĚĵŊħȮĪħĽŀĭĔŅĶĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ
ĽĴĭńĨŇĪŅĚĪŅĚĔĸŏĝŇĚœħĬŅĴŇĔĽƢȮŐĸŃĽńĦģŅĬĺŇĪĵŅȮ 

1.5 ĮĶŃőĵĝĬƢĪňŗœħƟĶńĭ 
1. ŏıŊŗŀŒľƟĪĶŅĭĝĬŇħŐĸŃĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴĶŃľĺƞŅĚıĸŅĽĨŇœĞŏĞŀĶƢĔńĭıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ
ŏıŊŗŀŒľƟœħƟıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗĴňĽĴĭńĨŇŏĝŇĚĔĸŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĬŜŅœĮŒĝƟĚŅĬ 

2. ŏıŊŗŀĸħĮĶŇĴŅĦĔŅĶŒĝƟıŀĸŇŐĸėĨŇĔŐŀĞŇħŐĸŃıĸŅĽĨŇœĞŏĞŀĶƢȮŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮĪňŗ
ĽƞĚįĸŒľƟıĸŅĽĨŇĔĵńĚėĚĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĬŜŅœĮŒĝƟĚŅĬ 

3. ĽŅĴŅĶĩŏįĵŐįƞėĺŅĴĶŌƟĪňŗœħƟěŅĔĔŅĶĺŇěńĵœĮĽŅīŅĶĦŃĝĬȮŏıŊŗŀŒľƟŏĔŇħŐĬĺĪŅĚŒĬĔŅĶĺŇěńĵ
ıńĥĬŅŐĸŃĔŅĶįĸŇĨŒĬĳŅėŀŋĨĽŅľĔĶĶĴŏĮƦĬĸŜŅħńĭĨƞŀœĮ 



  
 

4 

ĭĪĪňŗȮ2 

ŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

ŏĪŀĶƢőĴıĸŅĽĨŇĔıŀĸŇŏĴŀĶƢĴňĽĴĭńĨŇȮľĸŅĵĮĶŃĔŅĶĪňŗŏľĴŅŃĽĴĔńĭĔŅĶĮĶŃĵŋĔĨƢŒĝƟȮŒĬħƟŅĬ 
ĨƞŅĚȮŕȮŏĝƞĬȮĬŘŜŅľĬńĔŏĭŅȮŐĮĶĶŌĮœħƟĪňŗȮŀŋĦľĳŌĴŇĨŗŜŅŏĴŊŗŀŏĪňĵĭĔńĭőĸľŃŐĸŃŐĔƟĺȮŐĸŃȮĪŜŅŒľƟĴňĶŌĮĶƞŅĚ
ľĸŅĔľĸŅĵœħƟȮĬŀĔěŅĔĬňŘĵńĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĮƚŀĚĔńĬĔŅĶĞŉĴįƞŅĬĕŀĚĬŘŜŅȮŐĸŃŀŅĔŅĻȮ&Barrier 
properties'ȮĽŅĴŅĶĩıŇĴıƢĸĺħĸŅĵĨƞŅĚȮŕȮĭĬıŊŘĬįŇĺĺńĽħŋœħƟȮŐĸŃĴňĽĴĭńĨŇŒĬĔŅĶĮƕħįĬŉĔħƟĺĵėĺŅĴĶƟŀĬ
œħƟŀňĔħƟĺĵȮŒĬĮƤěěŋĭńĬıĸŅĽĨŇĔĽƞĺĬŒľĠƞįĸŇĨĕŉŘĬěŅĔĺńĨĩŋħŇĭĪňŗŏĮƦĬįĸŇĨĳńĦĤƢěŅĔĬŘŜŅĴńĬħŇĭŐĸŃĔƠŅĞ
īĶĶĴĝŅĨŇȮĞŉŗĚĺńĨĩŋħŇĭŏľĸƞŅĬňŘĽĶƟŅĚĪħŐĪĬĕŉŘĬŒľĴƞœħƟĵŅĔȮĔŅĶĽĶƟŅĚĪħŐĪĬĪňŗŏĔŇħĕŉŘĬŏŀĚĨŅĴīĶĶĴĝŅĨŇ
ĨƟŀĚȮŀŅĻńĵĶŃĵŃŏĺĸŅĬŅĬȮěŉĚěńħŏĮƦĬŐľĸƞĚĺńĨĩŋħŇĭĪňŗœĴƞĽŅĴŅĶĩĽĶƟŅĚĪħŐĪĬŒľĴƞœħƟȮ&Non-renewable 
resources'ȮıĸŅĽĨŇĔĭŅĚĮĶŃŏĳĪĽŅĴŅĶĩĬŜŅĔĸńĭĴŅŒĝƟŒľĴƞȮ&Reuse'ȮľĶŊŀįƞŅĬĔŅĶŐĮĶĶŌĮŏıŊŗŀĬŜŅ
ĔĸńĭĴŅŒĝƟŒľĴƞȮ&Recycle'ȮŐĨƞĽƞĺĬŒľĠƞĩŌĔĬŜŅœĮĔŜŅěńħőħĵĔŅĶİƤĚĔĸĭȮ&Landfill'ȮŏıŊŗŀľĸňĔŏĸňŗĵĚĔŅĶĴň
ĽŅĶĮĬŏĮƘƨŀĬĔńĭįĸŇĨĳńĦĤƢĪňŗįĸŇĨĕŉŘĬŒľĴƞȮŒĬĝƞĺĚĪĻĺĶĶļĪňŗįƞŅĬĴŅĚŅĬĺŇěńĵŏıŊŗŀĔŅĶıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬœħƟ
ŒľƟėĺŅĴĽŜŅėńĠĔńĭĔŅĶıńĥĬŅıŀĸŇŏĴŀĶƢĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅıȮ&Compostable polymer'ȮĪňŗįĸŇĨĕŉŘĬ
ěŅĔŐľĸƞĚĺńĨĩŋħŇĭĪňŗĽĶƟŅĚĪħŐĪĬŒľĴƞœħƟȮ&Renewable resources'ȮŀĵƞŅĚĨƞŀŏĬŊŗŀĚĞŉŗĚŏĮƦĬĪŅĚľĬŉŗĚĪňŗ
ĽŅĴŅĶĩĝƞĺĵŐĔƟĮƤĠľŅĕĵŃŐĸŃĸħĔŅĶıŉŗĚıŅĪĶńıĵŅĔĶĮƕőĨĶŏĸňĵĴĸĚȮY2[ 

2.1 ıŀĸŇŐĸėĨŇĔŐŀĞŇħ 

ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ&Poly&lactic acid', PLA'ȮY2[ȮŏĮƦĬıŀĸŇŏĴŀĶƢĝňĺĳŅıĝĬŇħľĬŉŗĚěńħŀĵŌƞŒĬ
ĔĸŋƞĴıŀĸŇŏŀĽŏĪŀĶƢĪňŗĴňĽŅĵőĞƞĨĶĚȮ&Aliphatic polyester'ȮĽńĚŏėĶŅŃľƢœħƟěŅĔĔĶħŐĸĔĨŇĔȮ&Lactic acid'Ȯ
ĞŉŗĚĔĶħŐĸĔĨŇĔĽŅĴŅĶĩįĸŇĨœħƟěŅĔĔŅĶľĴńĔŐĮƚĚľĶŊŀĬŘŜŅĨŅĸħńĚĬńŘĬıŊĝĪňŗĴňŐĮƚĚľĶŊŀĬŘŜŅĨŅĸŏĮƦĬ
ŀĚėƢĮĶŃĔŀĭľĸńĔŏĝƞĬĕƟŅĺőıħĴńĬĽŜŅĮŃľĸńĚĕƟŅĺĽŅĸňľĶŊŀŀƟŀĵěŉĚĽŅĴŅĶĩĬŜŅĴŅŒĝƟŏĮƦĬĺńĨĩŋħŇĭŒĬĔŅĶ
įĸŇĨœħƟĞŉŗĚĪĶńıĵŅĔĶŏľĸƞŅĬňŘĽŅĴŅĶĩĽĶƟŅĚĕŉŘĬĪħŐĪĬŒľĴƞœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

ıŀĸŇŐĸėĨŇĔŐŀĞŇħěńħŏĮƦĬŏĪŀĶƢőĴıĸŅĽĨŇĔȮ&Thermoplastic'ȮĽŅĴŅĶĩĕŉŘĬĶŌĮœħƟħƟĺĵ
ĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗŒĝƟĔńĬĪńŗĺœĮŏĝƞĬĔŅĶĜňħĕŉŘĬĶŌĮȮ&Injection molding'ȮĔŅĶĕŉŘĬĶŌĮħƟĺĵėĺŅĴĶƟŀĬȮ
&Thermoforming'ȮĔŅĶŀńħĕŉŘĬĶŌĮȮ&Compression molding'ȮĔŅĶŀńħĶňħȮ&Extrusion'ȮŐĸŃĔŅĶŏĮƙŅĕŉŘĬ
ĶŌĮȮ&Blow molding'ȮŏĮƦĬĨƟĬȮĳŅĵľĸńĚĔŅĶŒĝƟĚŅĬįĸŇĨĳńĦĤƢěŅĔıŀĸŇŐĸėĨŇĔŐŀĞŇħĽŅĴŅĶĩĵƞŀĵĽĸŅĵ
œħƟĪŅĚĝňĺĳŅıŏĴŊŗŀĬŜŅœĮİƤĚĔĸĭŒĬħŇĬőħĵŒĝƟĶŃĵŃŏĺĸŅŀńĬĽńŘĬŏĴŊŗŀŏĪňĵĭĔńĭıĸŅĽĨŇĔĪňŗįĸŇĨěŅĔĺńĨĩŋħŇĭ
ěŅĔŀŋĨĽŅľĔĶĶĴĮƕőĨĶŏėĴňĺńĢěńĔĶĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħŐĽħĚħńĚĳŅıĪňŗȮ2,1 
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ĳŅıĪňŗȮ2,1ȮĺńĢěńĔĶĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮY0[ 

ŒĬŀħňĨĔŅĶŒĝƟĚŅĬĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħěŜŅĔńħŀĵŌƞŒĬĺĚĔŅĶŐıĪĵƢŏĝƞĬŀŋĮĔĶĦƢĔŅĶĮĸŌĔĩƞŅĵ
ŀĺńĵĺŃȮ&Implant devices'ȮĺńĽħŋėŘŜŅěŋĬĽŜŅľĶńĭĔŅĶŏıŅŃŏĸňŘĵĚŏĬŊŘŀŏĵŊŗŀȮ&Tissue scaffolds'ȮŐĸŃœľĴ
ĸŃĸŅĵȮ&Sutures'ȮŏĬŊŗŀĚěŅĔĴňĨƟĬĪŋĬĔŅĶįĸŇĨĽŌĚľŅœħƟĵŅĔŐĸŃıŀĸŇŏĴŀĶƢĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĨŗŜŅĪŜŅŒľƟĴň
ĽĴĭńĨŇĪŅĚĔĸĨŗŜŅŏĴŊŗŀœĴƞĬŅĬĴŅĬňŘœħƟĴňĔŅĶıńĥĬŅŏĪėĬŇėŒľĴƞŕĪňŗĝƞĺĵŒľƟĽŅĴŅĶĩįĸŇĨıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗ
ĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĽŌĚŒĬŏĝŇĚıŅĦŇĝĵƢĕŉŘĬœħƟĔŅĶŒĝƟĚŅĬĕŀĚıŀĸŇŏĴŀĶƢĝĬŇħĬňŘěŉĚŏĶŇŗĴĕĵŅĵŀŀĔœĮŏĬŊŗŀĚěŅĔ
ıŀĸŇŐĸėĨŇĔŐŀĞŇħŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĽĸŅĵĨńĺœħƟŐĸŃįĸŇĨœħƟěŅĔĺńĨĩŋħŇĭĪňŗĽĶƟŅĚĪħŐĪĬŒľĴƞœħƟěŉĚėŅħĔńĬ
ĺƞŅĔŅĶŒĝƟĺńĽħŋĝĬŇħĬňŘěŃĝƞĺĵĸħĮƤĠľŅĕĵŃĸĚœħƟŐĸŃĽĴĭńĨŇėĺŅĴœĴƞŏĮƦĬıŇļŐĸŃŏĮƦĬĴŇĨĶĔńĭĽŇŗĚŐĺħĸƟŀĴ
ĪŜŅŒľƟıŀĸŇŐĸėĨŇĔŐŀĞŇħŏĮƦĬĺńĽħŋŒĬŀŋħĴėĨŇĽŜŅľĶńĭĚŅĬħƟŅĬĭĶĶěŋĳńĦĤƢŐĸŃįĸŇĨĳńĦĤƢŏıŊŗŀĔŅĶŀŋĮőĳė
ħƟŅĬŀŊŗĬȮŕȮŐĸŃĽŅĴŅĶĩŒĝƟĪħŐĪĬıĸŅĽĨŇĔĪňŗįĸŇĨěŅĔįĸŇĨĳńĦĤƢĮƕőĨĶŏėĴň 

2,1,1 őėĶĚĽĶƟŅĚŀĚėƢĮĶŃĔŀĭŐĸŃĔŅĶĽńĚŏėĶŅŃľƢ 

 

ĳŅıĪňŗȮ2,2ȮőėĶĚĽĶƟŅĚĕŀĚĔĶħŐĸĔĨŇĔȮY0[ 
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ıŀĸŇŐĸėĨŇĔŐŀĞŇħĽńĚŏėĶŅŃľƢĕŉŘĬěŅĔĔĶħŀńĸĲŅœŁħĶŀĔĞňȮ&a-Hydroxy acids'ȮľĬƞĺĵĵƞŀĵ
ľĶŊŀĴŀĬŀŏĴŀĶƢĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħėŊŀĔĶħŐĸėĨŇĔľĶŊŀĴňĝŊŗŀĪŅĚŏėĴňėŊŀȮ0-œŁħĶŀĔĞňőıĶıŇőŀĬŇėŐŀ
ĞŇħȮ&0-Hydroxy propionic acid'ȮĔĶħŐĸėĨŇĔĴňœŀőĞŏĴŀĶƢĽŀĚĶŌĮŐĭĭėŊŀŐĭĭħňŐĸŃŐŀĸȮ&ĳŅıĪňŗȮ
2,2'ȮĞŉŗĚŏĮƦĬŀŇŐĬĬĝŇőŀŏĴŀĶƢȮ&Enantiomer'ȮĪňŗĴňėĺŅĴĺƞŀĚœĺĨƞŀŐĽĚȮ&Optical active'ȮĨƞŅĚĔńĬĔĸƞŅĺėŊŀ
ĴňĽŌĨĶŏėĴňŏľĴŊŀĬĔńĬŐĨƞěńħŏĶňĵĚĨńĺŒĬĽŅĴĴŇĨŇœĴƞŏľĴŊŀĬĔńĬŐĸŃĭŇħĶŃĬŅĭŐĽĚőıĸŅœĶĞƢŒĬĪŇĻĪŅĚĨƞŅĚĔńĬ
ŒĬīĶĶĴĝŅĨŇĽƞĺĬŒľĠƞıĭŒĬĶŌĮŐĭĭŐŀĸœŀőĞŏĴŀĶƢľĶŊŀıĭŒĬĶŌĮĕŀĚįĽĴĶŃľĺƞŅĚŐŀĸŐĸŃħňœŀőĞŏĴŀĶƢ
ŏĶňĵĔĺƞŅĕŀĚįĽĴĶŅĞŇĴŇĔȮ&Racemic mixture, ŀńĨĶŅĽƞĺĬȮ;Ȯ/8/ȮŏĕňĵĬŐĪĬħƟĺĵȮDL'ľĶŊŀĽŅĶĮĶŃĔŀĭ
ĴňőĞȮ&meso-compound'ȮĞŉŗĚœĴƞĴňĽĴĭńĨŇĭŇħĶŃĬŅĭŐĽĚőıĸŅœĶĞƢȮ&Optically inactive'ȮĮƤěěŋĭńĬĔŅĶ
įĸŇĨĔĶħŐĸėĨŇĔŀŅĻńĵĔŅĶľĴńĔŏĮƦĬľĸńĔĞŉŗĚĽŅĴŅĶĩŒľƟįĸŇĨĳńĦĤƢĪňŗĴňėĺŅĴĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚȮ&Optical 
purity'ȮĪňŗħň 

ĔŅĶįĸŇĨıŀĸŇŐĸėĨŇĔŐŀĞŇħŀŅěĔĶŃĪŜŅőħĵĽńĚŏėĶŅŃľƢįƞŅĬĮĢŇĔŇĶŇĵŅĔŅĶėĺĭŐĬƞĬŐĭĭŀŃĞŇőŀ
őĪĶĮƕėȮ&Azeotropicdehydrative condensation'ȮĮĢŇĔŇĶŇĵŅĔŅĶėĺĭŐĬƞĬőħĵĨĶĚȮ&Direct 
condensation polymerization'ȮŐĸŃ-ľĶŊŀĔŅĶĽńĚŏėĶŅŃľƢįƞŅĬĔŅĶŏĔŇħŐĸėœĪħƢȮ&Lactide for-
mation'Ȯ&ĳŅıĪňŗȮ2,3'ȮıŀĸŇŐĸėĨŇĔŐŀĞŇħĬŘŜŅľĬńĔőĴŏĸĔŋĸĽŌĚȮ&ĴŅĔĔĺƞŅȮ/..*...ȮħŅĸĨńĬ'ȮŒĬŏĝŇĚ
ıŅĦŇĝĵƢĽńĚŏėĶŅŃľƢœħƟőħĵįƞŅĬĔŅĶŏĮƕħĺĚȮ&Ring-opening polymerization'ȮĕŀĚŐĸėœĪħƢ 

 

ĳŅıĪňŗȮ2,3ȮĔŅĶĽńĚŏėĶŅŃľƢıŀĸŇŐĸėĨŇĔŐŀĞŇħěŅĔĔĶħŐĸĔĨŇĔĝĬŇħŐŀĸŐĸŃħňȮY0[ 
 

ŏĬŊŗŀĚěŅĔĔĶħŐĸėĨŇĔĴňĽŀĚœŀőĞŏĴŀĶƢĽŅĵőĞƞľĸńĔĕŀĚıŀĸŇŏĴŀĶƢĪňŗĽńĚŏėĶŅŃľƢœħƟĽƞĺĬŒľĠƞŀŅě
ĮĶŃĔŀĭĕŉŘĬěŅĔĴŀĬŀŏĴŀĶƢĝĬŇħŐŀĸœŀőĞŏĴŀĶƢŏĔŊŀĭĪńŘĚľĴħȮ&ıŀĸŇŐŀĸŐĸĔĨŇĔŐŀĞŇħȮ&PLLA''ȮľĶŊŀ
ĮĶŃĔŀĭĕŉŘĬěŅĔĴŀĬŀŏĴŀĶƢĪňŗŏĮƦĬĕŀĚįĽĴĶŅĞŇĴŇĔȮ&ıŀĸŇħňŐŀĸ-ŐĸėĨŇĔŐŀĞŇħȮ&PDLLA''ȮŒĬĮƤěěŋĭńĬ
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ĔŅĶįĸŇĨħňœŀőĞŏĴŀĶƢĕŀĚĔĶħŐĸėĨŇĔĪňŗĭĶŇĽŋĪīŇśĬńŘĬĪŜŅœħƟĵŅĔĔŅĶįĸŇĨıŀĸŇŏĴŀĶƢĪňŗĽŅĵőĞƞľĸńĔĮĶŃĔŀĭœĮ
ħƟĺĵĴŀĬŀŏĴŀĶƢĝĬŇħħňľĶŊŀıŀĸŇħňŐĸėĨŇĔŐŀĞŇħȮ&PDLA'ȮŒĬŏĝŇĚıŅĦŇĝĵƢěŉĚĵńĚœĴƞĴňıŀĸŇŐĸėĨŇĔŐŀĞŇħĴň
őėĶĚĽĶƟŅĚįĸŉĔĽŅĴĶŌĮŐĭĭœħƟŐĔƞŐŀĸĲŅȮ&a'ȮŏĭĨŅȮ&b'ȮŐĸŃŐĔĴĴŅȮ&g'ȮĕŉŘĬŀĵŌƞĔńĭŀĚėƢĮĶŃĔŀĭĕŀĚ
ŀŇŐĬĬĝŇőŀŏĴŀĶƢŐŀĸľĶŊŀħň,ŐŀĸőėĶĚĽĶƟŅĚŐĭĭŀńĸĲŅŏĮƦĬőėĶĚĽĶƟŅĚĪňŗŏĽĩňĵĶĪňŗĽŋħľĸŀĴŏľĸĺĪňŗŀŋĦľĳŌĴŇȮ
/63ȮŀĚĻŅŏĞĸŏĞňĵĽŒĬĕĦŃĪňŗőėĶĚĽĶƟŅĚŏĭĨƟŅľĸŀĴŏľĸĺĪňŗŀŋĦľĳŌĴŇȮ/53ȮŀĚĻŅŏĞĸŏĞňĵĽ 

2,1,2 ĽĴĭńĨŇĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħ 
ėĺŅĴĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚȮ&Optical purity'ȮĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĽƞĚįĸŀĵƞŅĚĴŅĔĨƞŀĽĴĭńĨŇĪŅĚ

ėĺŅĴĶƟŀĬĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĨƟŅĬĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŐĸŃĕŀĚŏľĸĺȮ&Barrier properties'ıŀĸŇ
ŐĸėĨŇĔŐŀĞŇħĪňŗĴňĽńħĽƞĺĬĕŀĚŐŀĸœŀőĞŏĴŀĶƢĽŌĚĔĺƞŅĶƟŀĵĸŃȮ7.ȮĴňŐĬĺőĬƟĴŏĮƦĬıŀĸŇŏĴŀĶƢĔŉŗĚįĸŉĔȮ
&Semicrystalline polymer'ȮŒĬĕĦŃĪňŗıŀĸŇŏĴŀĶƢĪňŗĴňħňœŀőĞŏĴŀĶƢŒĬŀĚėƢĮĶŃĔŀĭŏıŇŗĴĕŉŘĬĴňėĺŅĴ
ĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚĨŗŜŅĸĚŐĸŃĴňŐĬĺőĬƟĴŏĮƦĬıŀĸŇŏĴŀĶƢŀĽńĦģŅĬȮ&Amorphous'ȮĬŀĔěŅĔĬňŘŀŋĦľĳŌĴŇĔŅĶ
ľĸŀĴŏľĸĺŀŋĦľĳŌĴŇĔĸŅĽĪĶŅĬĽŇĝńĬŐĸŃĶŃħńĭėĺŅĴŏĮƦĬįĸŉĔĴňŐĬĺőĬƟĴĸħĸĚĨŅĴĽńħĽƞĺĬĕŀĚŐŀĸœŀ
őĞŏĴŀĶƢĪňŗĸħĸĚħƟĺĵȮĽńħĽƞĺĬĕŀĚœŀőĞŏĴŀĶƢĪňŗŐĨĔĨƞŅĚĔńĬŒĬĽŅĵőĞƞıŀĸŇŏĴŀĶƢĪŜŅŒľƟıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗ
ĽńĚŏėĶŅŃľƢĕŉŘĬĬńŘĬĴňĽĴĭńĨŇœħƟľĸŅĔľĸŅĵěŉĚĽŅĴŅĶĩĮĶńĭŒľƟĶŀĚĶńĭėĺŅĴĨƟŀĚĔŅĶĔŅĶŒĝƟĚŅĬœħƟĔĺƟŅĚĕŉŘĬ
ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭıŀĸŇŏĴŀĶƢĪňŗįĸŇĨěŅĔĺńĨĩŋħŇĭĪňŗĴŅěŅĔŀŋĨĽŅľĔĶĶĴĮƕőĨĶŏėĴňŏĝƞĬıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲ
ĪŅŏĸĨȮ&PET'ȮŐĸŃıŀĸŇĽœĨĶňĬȮ&PS'ȮıŀĸŇŐĸėĨŇĔŐŀĞŇħĴňėĺŅĴŒĽŐĸŃĴňĽĴĭńĨŇĪŅĚĔŅĵĳŅıĽĴĭńĨŇ
ŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĨƟŅĬĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŒĔĸƟŏėňĵĚĔńĬȮ 

2,1,2,1 ĽĴĭńĨŇĔŅĶĸŃĸŅĵ 
 ĔŅĶĸŃĸŅĵĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĕŉŘĬŀĵŌƞĔńĭĽńħĽƞĺĬĕŀĚľĬƞĺĵĪňŗŏĮƦĬŀĚėƢĮĶŃĔŀĭŒĬ

ĽŅĵőĞƞıŀĸŇŏĴŀĶƢŐĸŃĶŃħńĭėĺŅĴŏĮƦĬįĸŉĔȮıŀĸŇŐĸėĨŇĔŐŀĞŇħœĴƞĸŃĸŅĵĬŘŜŅŐŀĸĔŀŁŀĸƢŐĸŃ
ĽŅĶĮĶŃĔŀĭœŁőħĶėŅĶƢĭŀĬĪňŗœĴƞĴňľĴŌƞŐĪĬĪňŗŏĝƞĬŏŁĔŏĞĬȮ&Hexane'ȮŐĸŃŏŁĮŏĪĬȮ&Heptane'ȮĨńĺĪŜŅ
ĸŃĸŅĵĪňŗħňĽŜŅľĶńĭıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗĴňėĺŅĴĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚĽŌĚȮ&Poly&L-lactic acid', PLLA'ȮœħƟŐĔƞ
ĨńĺĪŜŅĸŃĸŅĵŀŇĬĪĶňĵƢĔĸŋƞĴėĸŀĶŇŏĬŏĨĪŐĸŃĲĸŌŀŀĶŇŏĬŏĨĪȮ&Chlorinatedor fluorinated organic 
solvents'ȮœħŀŀĔŏĞĬȮ&Dioxane'ȮœħŀŀĔőĞŏĸĬȮ&Dioxolane'ȮŐĸŃĲŌŏĶĬȮ&Furane'ȮĶŅĞŇĴŇėıŀĸŇŐĸ
ėĨŇĔŐŀĞŇħȮ&Poly&rac-lactic acid'ȮĬŀĔěŅĔĸŃĸŅĵœħƟŒĬĨńĺĪŜŅĸŃĸŅĵĽŜŅľĶńĭıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗĴň
ėĺŅĴĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚĽŌĚĪňŗœħƟĔĸƞŅĺŐĸƟĺĕƟŅĚĨƟĬĵńĚĸŃĸŅĵœħƟŒĬŀŃĞŇőĨĬȮ&Acetone'ȮœıĶŇħňĬ&Pyridine'Ȯ
ŏŀĪŇĸŐĸĔŏĨĪȮ&Ethyl lactate'ȮŏŀĪŇĸŀŃĞŇŏĨĪȮ&Ethyl acetate'ȮŏĨĨĶŃœŁőħĶĲŌŐĶĬȮ
&Tetrahydrofuran'ȮœĞĸňĬȮ&Xylene'ȮŐĸŃœħŏĴĪŇĸĞńĸĲŀĔœĞħƢȮ&Dimethylsul-foxide' 
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2,1,2,2 ĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃĪŅĚĔĸ 
 ıŀĸŇŐĸėĨŇĔŐŀĞŇħĴňėĺŅĴĩƞĺĚěŜŅŏıŅŃĮĶŃĴŅĦȮ/,03ȮıŀĸŇŏĴŀĶƢĪňŗœĴƞįƞŅĬĔŅĶħŉĚĵŊħȮ

&Unoriented PLA'ȮĴňėĺŅĴŏĮĶŅŃĴŅĔŐĨƞĴňėĺŅĴėĚĶŌĮȮ&Stiffness'ȮŐĸŃėĺŅĴŐĕŖĚŐĶĚȮ&Strength'ȮĽŌĚ
ŏĴŊŗŀĬŜŅœĮįƞŅĬĔŅĶħŉĚĵŊħȮ&Oriented'ȮěŃĴňĽĴĭńĨŇŒĔĸƟŏėňĵĚĔńĭıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĶĨȮ&Polyethylene 
terepthalate, PET'ȮŐĨƞħňĔĺƞŅıŀĸŇĽœĨĶňĬĪňŗįƞŅĬĔŅĶħŉĚĵŊħȮ&Oriented PS'ȮĴŀħŌĸńĽŐĶĚħŉĚŐĸŃŐĶĚħńħȮ
&Tensile and flexural moduli'ȮĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĴňėƞŅĽŌĚĔĺƞŅıŀĸŇŏŀĪŇĸňĬėĺŅĴľĬŅŐĬƞĬĽŌĚȮ
&HDPE'ȮıŀĸŇőıĶıŇĸňĬȮ&PP'ȮŐĸŃıŀĸŇĽœĨĶňĬȮ&PS'ȮŐĨƞėĺŅĴĪĬĨƞŀŐĶĚĔĶŃŐĪĔȮ&Izod impact 
strength'ȮŐĸŃĔŅĶĵŊħĪňŗěŋħŐĨĔľńĔȮ&Elongation at break'ȮĴňėƞŅĨŗŜŅĔĺƞŅıŀĸŇŏĴŀĶƢĝĬŇħŀŊŗĬȮŕȮĽĴĭńĨŇ
ĪŅĚĔŅĵĳŅıĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗįƞŅĬĔŅĶħŉĚĵŊħŐĸŃœĴƞįƞŅĬĔŅĶħŉĚĵŊħŐĽħĚħńĚĨŅĶŅĚĪňŗȮ/ȮőħĵĴň
įŌƟįĸŇĨŐĸŃĝŊŗŀŏĔĶħŏĝŇĚıŅĦŇĝĵƢȮY3[ȮœħƟŐĔƞ 

1. ĭĶŇļńĪȮFKuRȮĝŊŗŀŏĔĶħȮBio-flex®S953 
2. ĭĶŇļńĪ BIOTECHȮĝŊŗŀŏĔĶħȮBioplast®105 ŐĸŃȮBioplast®2149 
3. ĭĶŇļńĪȮNatureWorks ĝŊŗŀŏĔĶħȮIngeo2003D, Ingeo3001D, Ingeo3051D, Ingeo3251D, 

Ingeo3801x, Ingeo4032D, Ingeo4042D, Ingeo4060, Ingeo5051x, Ingeo6060D, 
Ingeo6201D, Ingeo6202D, Ingeo6204D, Ingeo6251D, Ingeo6302D, Ingeo6350D, 
Ingeo6400D, Ingeo6751D, Ingeo7000D, Ingeo7032D 

4. ĭĶŇļńĪȮNatureplast ĝŊŗŀĪŅĚĔŅĶėƟŅŐĸŃŏĔĶħNPC102, NPC201, NPC202 
5. ĭĶŇļńĪȮFuterro ĝŊŗŀŏĔĶħȮPLA extrusion grade, PLA fiber melt spinning grade, PLA 

injection grade 
6. ĭĶŇļńĪȮMinima ĝŊŗŀŏĔĶħȮFT1, GP1003, GP1025, GP3002 
7. Total Corbion PLA Co,ȮLts,ȮĝŊŗŀŏĔĶħȮL130 L175  LX175 ŐĸŃȮL105  
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ĨŅĶŅĚĪňŗȮ2,1ȮĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħŏĔĶħĨƞŅĚȮŕȮY1[ 

ĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢ ĴŅĨĶģŅĬ 
Extrusion Extrusion 

Biaxially 
oriented 

film 
2003D 3052D 4043D 

Tensile yield strength &MPa' 
D8821, 
D6382 601 622 

MD 8Ȯ1101 

TD 8Ȯ1441 

Tensile strength at break &MPa' 
D8821, 
D6382 

531 572 - 

Tensile modulus &GPa' 
D8821, 
D6382 

3,61 3,72 
MD 8Ȯ3,31 

TD 8Ȯ3,91 

Elongation &#' 
D8821, 
D6382 

61 3,52 
1601 

1001 

Notched izod impact &J-m' D256 16 16 2,5 

Heat distortion temperature&̄C' E2092 55 55 - 

 

2.2 ıĸŅĽĨŇœĞŏĞŀĶƢȮ&Plasticizer' 

ŏĮƦĬĽŅĶĪňŗŏĨŇĴĸĚœĮįĽĴĔńĭŏĶĞŇĬŏıŊŗŀĪŜŅŒľƟıĸŅĽĨŇĔĬŇŗĴŏĮƦĬĔŅĶŏıŇŗĴĽĴĭńĨŇŒĬĪŅĚŀƞŀĬĨńĺȮŏıŇŗĴ
ėĺŅĴŏľĬňĵĺȮŏıŇŗĴėĺŅĴĪĬĪŅĬĨƞŀėĺŅĴĶƟŀĬŏıŇŗĴėĺŅĴĨƟŅĬĪŅĬĔŅĶĽŉĔľĶŀȮŐĸŃĪŜŅŒľƟĽŅĴŅĶĩŏĨŇĴĲƕĸ
ŏĸŀĶƢœħƟŏĮƦĬĮĶŇĴŅĦĴŅĔĕŉŘĬŐĭƞĚŏĮƦĬȮšȮĮĶŃŏĳĪȮėŊŀ 

/,ıĸŅĽĨŇœĞŏĞŀĶƢĮģĴĳŌĴŇȮ&primary Plasticizers'ŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĴňėŋĦĳŅıȮĽŌĚȮŒĝƟœħƟ
őħĵĨĶĚȮŐĨƞĴńĔĴňĶŅėŅŐıĚ 

0,ȮıĸŅĽĨŇœĞŏĞŀĶƢĪŋĨŇĵĳŌĴŇȮ&secondary Plasticizers'ȮŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĴňėŋĦĳŅıȮ
ėƞŀĬĕƟŅĚĨŗŜŅĔĺƞŅĮĶŃŏĳĪŐĶĔȮĬŜŅœĮŒĝƟőħĵĨĶĚȮœĴƞœħƟěŃĨƟŀĚŒĝƟėĺĭėŌƞĔńĭıĸŅĽĨŇœĞŏĞŀĶƢĮģĴĳŌĴŇȮŐĨƞ 
ıĸŅĽĨŇœĞŏĞŀĶƢĪŋĨŇĵĳŌĴŇěŃŏıŇŗĴėŋĦĽĴĭńĨŇŏĜıŅŃŀĵƞŅĚœħƟħňĔĺƞŅȮY/3[ 
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2,2,1 ĔĸœĔĕŀĚȮplasticization Y4[ 
ıĸŅĽĨŇĔĮĶŃĔŀĭħƟĺĵőĴŏĸĔŋĸıŀĸŇŏĴŀĶƢȮ&polymer molecules'ȮŐĨƞĸŃőĴŏĸĔŋĸŏĝŊŗŀĴĨƞŀĔńĬ

ħƟĺĵŐĶĚȮvanderwaal őħĵĪňŗıĸŅĽĨŇœĞŏĞŀĶƢœĴƞœħƟŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭıŀĸŇŏĴŀĶƢŐĨƞěŃŐĪĶĔĨńĺŏŀĚŀĵŌƞ
ĶŃľĺƞŅĚőĴŏĸĔŋĸıŀĸŇŏĴŀĶƢőħĵœĮĪŜŅŒľƟŐĶĚȮvanderwaalȮĸħĸĚȮ 

 

ĳŅıĪňŗȮ2,4ȮıĸŅĽĨŇœĞŏĞŀĶƢŐĪĶĔĨńĺŀĵŌƞĳŅĵŒĬĽŅĵőĞƞőĴŏĸĔŋĸȮY2[ 

2,2,2 ĝĬŇħĕŀĚȮplasticizerȮ 
ıĸŅĽĨŇœĞŏĞŀĶƢȮY4[ȮĽŅĴŅĶĩŐĭƞĚŏĮƦĬ 
 /'ȮőĴőĬŏĴŀĶŇėıĸŅĽĨŇœĞŏĞŀĶƢ&monomeric plasticizers'ȮĴňŀĵŌƞľĸŅĵĔĸŋƞĴȮœħƟŐĔƞ 
 -ĔĸŋƞĴıĪŅŏĸĪŏŀĽŏĪŀĶƢȮŏĮƦĬĔĸŋƞĴĪňŗŒĝƟŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĴŅĔĪňŗĽŋħȮŏĮƦĬ

ĽŅĶĮĶŃĔŀĭŀŃőĶĴŅĨŇĔĪňŗĴňľĴŌƞėŅĶƢĭŀĔĞŇŏĸĪȮ0ȮľĴŌƞȮĴňĸńĔļĦŃŏĮƦĬĕŀĚŏľĸĺȮĴňěŋħŏħŊŀħĽŌĚŐĸŃėĺŅĴ
ħńĬœŀĨŗŜŅȮŏĮƦĬĽŅĶĪňŗŏĽĩňĵĶŐĸŃĸŃĸŅĵŒĬœĕĴńĬœħƟħňȮıĪŅŏĸĪŏŀĽŏĪŀĶƢĪňŗįĸŇĨŒĬŀŋĨĽŅľĔĶĶĴĴŅěŅĔĔŅĶ
ĪŜŅĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚıĪŅĸŇĔŐŀĬœŁœħĶƢȮ&phthalic anhydride'ȮĔńĭŐŀĸĔŀŁŀĸƢȮőħĵĴňĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅȮ
&catalyst'ȮŏĝƞĬȮĔĶħĞńĸĲŌĶŇėȮľĶŊŀĔĶħıŅĶŅőĪĸŌŀňĬĞńĸőĲĬŇėıĪŅŏĸĪŏŀĽŏĨŀĶƢĪňŗŒĝƟŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢȮ
ŏĝƞĬ 

ŹȮœħŏĴĪŇĸıĪŅŏĸĪȮ&dimethyl phthalate, DMP' 
ŹȮœħŏŀĪŇĸıĪŅŏĸĪȮ&diethyl phthalate, DEP' 
ŹȮœħĬŀĶƢĴńĺĸŇĺĪŇĸıĪŅŏĸĪȮ&di-n bytyl phthalate, DBP' 
ŹȮĭŇĺĪŇĸŏĭĬĞŇĸıĪŅŏĸĪȮ&butylbenzyl phthalate, BBP' 
ŹȮœħĪŌŏŀĪŇĸŏŁĞŇĸıĪŅŏĸĪȮ&di-&0-ethylhexyl'Ȯphthalate, DOP1' 
ŹȮœħĬŀĶƢĴńĸŀŀĔĪŇĸıĪŅŏĸĪȮ&di-n-octylphtghalate, DOP2' 
ŹȮœħœŀőĞőĬĬŇĸıĪŅŏĸĪȮ&diisononyl phthalate, DINP' 
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-ȮĔĸŋƞĴŀħŇŏıĪȮ&adipates'ȮŐĸŃŀĞňŏĸĪȮ&azelates'ȮįĸŇĨěŅĔĔĶħŀħŇıŇėȮ&adipic acid'ȮľĶŊŀ
ĔĶħŀĞňŏĸŀŇėĔńĭŐŀĸĔŀŁŀĸƢȮŏĝƞĬȮœħĪŌŏŀĪŇĸŏŁĞŇĸŀħŇŏıĪȮ&di-0-ethylhexyl adipate, DOA', œħœŀőĞ
ŏħĞŇĸŀħŇŏıĪȮ&diisodecyladipate, DIDA', ŐĸŃœħĬŀĶƢĴńĸŀŀĔĪŇĸŏħĞŇĸŀħŇŏıĪȮ&di-n-
octhldecyladipate, DNODA'ȮĨńĺĪňŗĽŜŅėńĠĪňŗĽŋħȮėŊŀȮDOA ĞŉŗĚŀĚėƢĔŅĶŀŅľŅĶŐĸŃĵŅĕŀĚ
ĽľĶńģŀŏĴĶŇĔŅŀĬŋĠŅĨŒľƟŒĝƟŒĬįĸŇĨĳńĦĤƢĪňŗĭĶĶěŋŀŅľŅĶ 

 ĽƞĺĬĔĸŋƞĴŀĞňŏĸĪĬńŘĬȮŏĝƞĬȮœħĪŌŏŀĪŇĸŏŁĞŇĸŀĞňŏĸĪȮ&di-0-ethylhexyl azelate, DOZ', 
œħœŀőĞŀŀĔĪŇĸŀĞňŏĸĪȮ&diisooctylazelate, DIOZ'ȮŐĸŃœħŏŁĔĞŇĸŀĞňŏĸĪȮ&dihexylazelate, DHZ'Ȯ
ĞŉŗĚŏĮƦĬĨńĺĪňŗŀĚėƢĔŅĶŀŅľŅĶŐĸŃĵŅĕŀĚĽľĶńģŀŏĴĶŇĔŅŀĬŋĠŅĨŒľƟŒĝƟŒĬįĸŇĨĳńĦĤƢĪňŗĭĶĶěŋŀŅľŅĶŏĝƞĬĔńĬȮ
&octyldiphenyl phosphate' 

-ȮĔĸŋƞĴĲŀĽŏĲĨȮĴňŀŀĔĪŇĸœħŏĲĬŇĸĲŀĽŏĲĨȮ&octyldiphenyl phosphate'ȮĨńĺŏħňĵĺŏĪƞŅĬńŘĬĪňŗ
ŀĚėƢĔŅĶŀŅľŅĶŐĸŃĵŅĕŀĚĽľĶńģŀŏĴĶŇĔŅȮŀĬŋĠŅĨŒľƟŒĝƟŒĬįĸŇĨĳńĦĤƢĪňŗĭĶĶěŋŀŅľŅĶ 

0'ȮıŀĸŇŏĴŀĶŇėıĸŅĽĨŇœĞŏĞŀĶƢ&polymeric plasticizers'ȮœħƟěŅĔĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚĔĶħœħ 
ŏĭĞŇė&dibasic acid'ȮŏĝƞĬȮĔĶħŀħŇıŇėȮľĶŊŀȮĔĶħŀĞňŏĸŀŇėĔńĭœĔėŀĸ&glycol'ȮŏĝƞĬȮőıĶœıĸňĬœĔėŀĸ
&propylene glycol'ȮěŃœħƟıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĽŌĚĩŉĚȮ0.ȮŏĪƞŅĕŀĚĝĬŇħőĴőĬŏĴŀĶƢĶŇėȮ
ŐĸŃěŃĴňőŀĔŅĽľĸŋħěŅĔıĸŅĽĨŇĔœħƟĬƟŀĵĔĺƞŅĪňŗŀŋĦľĳŌĴŇĽŌĚȮŕȮŐĸŃĵńĚĪĬĨƞŀĔŅĶĸŃĸŅĵĕŀĚĬŘŜŅĴńĬŐĸŃ
ĨńĺĪŜŅĸŃĸŅĵ 

2,2,3 ėĺŅĴŏĮƦĬıŇļȮ 
ıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĬŇĵĴŒĝƟĴŅĔĪňŗĽŋħȮėŊŀȮĔĸŋƞĴıĪŅŏĸĪŏŀĽŏĨŀĶƢȮȮĞŉŗĚěŅĔĔŅĶįŌƟĻŉĔļŅĺŇŏėĶŅŃľƢ

ĺŇěńĵŐĸŃĴňľĸńĔģŅĬĔŅĶĨĶĺěıĭėĺŅĴŏĮƦĬıŇļŒĬĽŇŗĚŐĺħĸƟŀĴĴŅĔĪňŗĽŋħȮȮĞŉŗĚıĸŅĽĨŇœĞŏĞŀĶƢŒĬĔĸŋƞĴ
ħńĚĔĸƞŅĺĕƟŅĚĨƟĬŀĵŌƞŒĬĶŅĵĔŅĶĽŅĶĴĸıŇļȮ&priority pollutants'ȮĕŀĚŀĚėƢĔŅĶıŇĪńĔļƢĽŇŗĚŐĺħĸƟŀĴ
ĽľĶńģŀŏĴĶŇĔŅȮ&US Environmental Protection Agency, USEPA'ȮĞŉŗĚĴňŀĵŌƞħƟĺĵĔńĬȮ4ȮĨńĺȮėŊŀȮDMP, 
DEP, DBP, BBP, DOP1ȮŐĸŃȮDOP2ȮőħĵŏĜıŅŃȮDOP1ȮĬŇĵĴŒĝƟĔńĬĴŅĔĪňŗĽŋħľĶŊŀĪňŗĶŌƟěńĔĔńĬŒĬĝŊŗŀȮœħĪŌ
ŏŀĪŇĸŏŁĔĞŇĸıĪŅŏĸĪĞŉŗĚŏĮƦĬėĬĸŃĨńĺĔńĭœħĬŀĶƢĴńĸŀŀĔĪŇĸıĪŅŏĸĪȮ&DOP2'ȮĽŅĶĴĸıŇļŏľĸƞŅĬňŘœĴƞėƞŀĵ
ŐĽħĚėĺŅĴŏĮƦĬıŇļŀĵƞŅĚŏĜňĵĭıĸńĬȮŐĨƞěŃŐĽħĚŒĬĸńĔļĦŃıŇļŏĶŊŘŀĶńĚŏĮƦĬįĸŒľƟŏĔŇħŀŅĔŅĶĨĔŏĸŊŀħŒĬ
ĮŀħȮ&lung hemorrhage', ĨńĭőĨȮ&hepatomegaly'ȮŏĮƦĬıŇļĨƞŀŏĞĸŒĬĶƞŅĚĔŅĵȮ&cytotoxicity'ȮĪŜŅŒľƟ
ŏĔŇħĴŃŏĶŖĚȮ&carcinogenicity'ȮŏĔŇħĔŅĶĔƞŀĔĸŅĵıńĬīŋƢȮ&mutagenicity'ȮŐĸŃĪŅĶĔŒĬėĶĶĳƢĴňĶŌĮĶƞŅĚ
įŇħĮĔĨŇȮ&teratogenicity'ȮıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŒĽƞŒĬįĸŇĨĳńĦĤƢıĸŅĽĨŇĔěŃœĴƞœħƟŏĔŇħıńĬīŃŏėĴňĔńĭıŀĸŇ
ŏĴŀĶƢŏıňĵĚŐĨƞěŃŐıĶƞŐĪĶĔŏĕƟŅœĮŀĵŌƞĶŃľĺƞŅĚőĴŏĸĔŋĸħńĚĔĸƞŅĺŐĸƟĺĕƟŅĚĨƟĬȮȮħńĚĬńŘĬěŉĚŏĔŇħĔŅĶĩƞŅĵŏĪĽŌƞ
ĽŇŗĚŐĺħĸƟŀĴœħƟĚƞŅĵȮȮħńĚĶŅĵĚŅĬĔŅĶĨĶĺěıĭĽŅĶŏľĸƞŅĬňŘŒĬĬŘŜŅȮŀŅĔŅĻȮħŇĬȮĮĸŅȮŀŅľŅĶȮŏĸŊŀħȮŐĸŃ 
ıĸŅĽĴƞŅ 
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Stalling, Mayer ŐĸŃėĦŃȮY3[ȮœħƟĻŉĔļŅėĺŅĴŏĮƦĬıŇļĕŀĚıĪŅŏĸĪŏŀĽŏĨŀĶƢŒĬĽŇŗĚĴňĝňĺŇĨŒĬĬŘŜŅȮ
ĨĶĺěıĭĺƞŅĴňȮDBP ŐĸŃȮDOP1ȮŒĬĮĸŅŐĸŃĬŘŜŅĭĶŇŏĺĦŀŏĴĶŇĔŅŏľĬŊŀȮȮĬŀĔěŅĔĬňŘĽŇŗĚĴňĝňĺŇĨŒĬĬŘŜŅĵńĚ
ĽŅĴŅĶĩĽŃĽĴıĪŅŏĸĪŏŀĽŏĨŀĶƢőħĵľĸńĚěŅĔȮ5ȮĺńĬȮėĺŅĴŏĕƟĴĕƟĬĕŀĚıĪŅŏĸĪŏŀĽŏĨŀĶƢŒĬĽŇŗĚĴňĝňĺŇĨěŃ
ŏĮĸňŗĵĬěŅĔȮ13.ȮŏĮƦĬȮ17..ȮŏĪƞŅĕŀĚĪňŗıĭŒĬĬŘŜŅȮȮĬńŗĬŐĽħĚĺƞŅȮDBP ŐĸŃȮDOP1ȮĽŅĴŅĶĩŏĕƟŅœĮŀĵŌƞŒĬ
ĸŌĔőĞƞŀŅľŅĶȮ&food chain'ȮœħƟħƟĺĵȮȮŐĸŃĵńĚıĭĺƞŅıĪŅŏĸĪŀŀĽŏĨŀĶƢěŃĶĭĔĺĬĶŃĭĭĬŇŏĺĻŐĸŃŏĮƦĬ
ŀńĬĨĶŅĵĨƞŀĽŇŗĚĴňĝňĺŇĨŒĬĬŘŜŅȮȮŏĝƞĬȮdaphnia ŒĬĶŃħńĭėĺŅĴŏĕƟĴĕƟĬŏĮƦĬœĴőėĶĔĶńĴĨƞŀĸŇĨĶȮ&ppb'Ȯ
ĬŀĔěŅĔĬňŘĬńĔĺŇĪĵŅĻŅĽĨĶƢĵńĚıĭĺƞŅĽŇŗĚĴňĝňĺŇĨŒĬĬŘŜŅěŃœĺĨƞŀėĺŅĴŏĮƦĬıŇļĴŅĔĔĺƞŅĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴȮȮ
ŐĸŃŏıŊŗŀėĺŅĴĮĸŀħĳńĵĕŀĚĴĬŋļĵƢȮUSEPA œħƟĔŜŅľĬħĮĶŇĴŅĦıĪŅŏĸĪŏŀĽŏĨŀĶƢĪňŗŀĬŋĠŅĨŒľƟĴňŒĬĬŘŜŅ
ħńĚĬňŘėŊŀȮDMP 1/1ȮĴŇĸĸŇĔĶńĴ-ĸŇĨĶȮ&ppm', DEP 13.ȮĴŇĸĸŇĔĶńĴ-ĸŇĨĶ, DBP 12ȮĴŇĸĸŇĔĶńĴ-ĸŇĨĶ 

ŏĬŊŗŀĚěŅĔıĸŅĽĨŇœĞŏĞŀĶƢŒĬĔĸŋƞĴıĪŅŏĸĪȮŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŏĮƦĬŀńĬĨĶŅĵȮěŉĚœħƟĴňĔŅĶ
ĽńĚŏėĶŅŃľƢıĸŅĽĨŇœĞŏĞŀĶƢĝĬŇħȮphthalate-free ĞŉŗĚĽŅĴŅĶĩįĸŇĨœħƟěŅĔĮƕőĨĶŏĸňĵĴŐĸŃįĸŇĨĳńĦĤƢ
ĪŅĚĔŅĶŏĔļĨĶȮĬŀĔěŅĔĬňŘĵńĚĴňıĸŅĽĨŇœĞŏĞŀĶƢĝĬŇħȮphthalate-free ĪňŗŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĪŅĚĔŅĶėƟŅȮ
Y4[ȮŀŅĪŇŏĝƞĬ 

- Dibenzoate plasticizers ŏĝƞĬ dipropylene glycol dibenzoate &DGD'ȮĳŅĵŒĨƟĝŊŗŀĪŅĚ
ĔŅĶėƟŅȮBenzoflexȮěŅĔĭĶŇļńĪȮEastman Chemical 

- Diisononyl cyclohexane-/*0-dicarboxylate &DINCH' 
- Di-&0-ethylhexyl'Ȯterephthalate &DEHT, a-k-a DOTP',ĳŅĵŒĨƟĝŊŗŀĪŅĚĔŅĶėƟŅȮEastman 

168ȮěŅĔĭĶŇļńĪȮEastman Chemical 
- Isosorbide diesters įĸŇĨěŅĔĔĶħœĕĴńĬĕŀĚįńĔȮŐĸŃȮisosorbide derived ěŅĔĔĸŌőėĽȮ
ĳŅĵŒĨƟĝŊŗŀĪŅĚĔŅĶėƟŅ Polysorb ID15ƃȮor Polysorb ID46ƃȮěŅĔĭĶŇļńĪȮRoquette 

- Acetylated monoglyceride of fully hydrogenated castor oil &COMGHA', ĳŅĵŒĨƟ
ĝŊŗŀĪŅĚĔŅĶėƟŅ, Grindsted Soft-n-SafeƃȮěŅĔĭĶŇļńĪȮDanisco-DuPont 
 

2.3 ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

Buong Woei ChiengȮŐĸŃėĦŃȮY5[ȮœħƟĻŉĔļŅĔŅĶıĸŅĽĨŇœĞıŀĸŇŐĸėĨŇĔŐŀĞŇħħƟĺĵıŀĸŇ 
ŏŀīňĸňĬœĔĸėŀĸȮ&PEG'ȮĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĨŗŜŅȮőħĵŏĸŊŀĔŒĝƟ PEG-200ȮőħĵĻŉĔļŅėŋĦĽĴĭńĨŇŏĝŇĚĔĸȮ
ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮŐĸŃĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗĴňĔŅĶŏĨŇĴȮPEG-200 ĮĶŇĴŅĦœĴƞŏĔŇĬȮ
10 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮıĭĺƞŅȮPlasticized PLA ĪňŗĴňĔŅĶŏĨŇĴȮPEG-200 ŒĬĮĶŇĴŅĦĪňŗĴŅĔĕŉŘĬĽƞĚįĸ
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ŒľƟȮtensile strength ŐĸŃȮmodulusȮĴňėƞŅĸħĸĚȮŒĬĕĦŃĪňŗȮelongation atȮbreakȮĴňėƞŅŏıŇŗĴĕŉŘĬŀĵƞŅĚ
ĴŅĔȮ&413,1#'ȮŐĽħĚŒľƟŏľŖĬĩŉĚĺƞŅĝŇŘĬĚŅĬĴňėƞŅȮelasticityȮĪňŗŏıŇŗĴĴŅĔĕŉŘĬȮĬńŗĬľĴŅĵĩŉĚĴňėĺŅĴŏĮĶŅŃĪňŗ
ĸħĸĚȮĽŅĴŅĶĩĵŊĬĵńĬįĸœħƟħƟĺĵĔŅĶĪħĽŀĭĪŅĚĽńĦģŅĬĺŇĪĵŅȮěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬ
ŐĽħĚŒľƟŏľŖĬĺƞŅŀŋĦľĳŌĴŇȮTgȮĴňėƞŅĸħĸĚŏĴŊŗŀĴňĔŅĶŏĨŇĴȮPEG-200 ŏĬŊŗŀĚěŅĔĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚıŀĸŇŐĸ
ėĨŇĔŐŀĞŇħŏėĸŊŗŀĬœľĺœħƟħňĕŉŘĬȮŐĸŃĵńĚœĴƞıĭĔŅĶŐĵĔĕŀĚŀŋĦľĳŌĴŇľĸŀĴŏľĸĺŐĸŃŀŋĦľĳŌĴŇŒĬĔŅĶŏĔŇħ
įĸŉĔȮŏĮƦĬĔŅĶĵŊĬĵńĬĔŅĶŏĕƟŅĔńĬœħƟĕŀĚȮPEG-200 ĔńĭıŀĸŇŐĸėĨŇĔŐŀĞŇħ 

ĨŅĶŅĚĪňŗȮ2,2ȮŐĽħĚėƞŅȮTensile strength, Elongation ŐĸŃȮTensile modulus ĕŀĚȮPlasticized 
PLAs Y7[ 

 
 

 
ĳŅıĪňŗȮ2,5ȮDSC thermograms ĕŀĚ PLA-PEG ĪňŗĴň PEG ĮĶŇĴŅĦĨƞŅĚȮŕȮY7[ 
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ĳŅıĪňŗȮ2,6ȮįĸĕŀĚȮPEG ĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚ PLA-PEG &a'ȮTGA ŐĸŃȮ&b'ȮDTG,ȮY7[ 

Ce´cile CourgneauȮŐĸŃėĦŃȮY8[ȮœħƟĻŉĔļŅŏĮĶňĵĭŏĪňĵĭĔŅĶŏĨŇĴ Acetyl tributyl citrate 
&ATBC'ȮŐĸŃ poly&ethylene glycol'Ȯ1..Ȯ&PEG'ȮĞŉŗĚŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢŒĬıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ
ĮĶŇĴŅĦȮ2,5, 5, 9, 13 ŐĸŃȮ17 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮěŅĔįĸĔŅĶľŅėƞŅȮInteraction parameter 
ıĭĺƞŅȮPLA ĪňŗĴňĔŅĶŏĨŇĴȮATBC ĽŅĴŅĶĩįĽĴŏĕƟŅĔńĬœħƟȮŒĬĕĦŃĪňŗĔŅĶŏĨŇĴȮPEG400 ĴňĕƟŀěŜŅĔńħŒĬĔŅĶ
ŏĕƟŅĔńĬœħƟĕŉŘĬĔńĭĮĶŇĴŅĦĽŅĶĪňŗŏĨŇĴĸĚœĮȮěŅĔĔŅĶĪħĽŀĭȮsize exclusion chromatography &SEC'Ȯ
ŏıŊŗŀĻŉĔļŅŏĮĶňĵĭŏĪňĵĭĬŘŜŅľĬńĔőĴŏĸĔŋĸȮıĭĺƞŅĔŅĶŏĨŇĴȮPEG ĽƞĚįĸŒľƟĬŘŜŅľĬńĔőĴŏĸĔŋĸĸħĨŗŜŅĸĚȮŏĬŊŗŀĚěŅĔ
ĔŅĶŐĨĔŀŀĔĕŀĚĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚȮPLA ŐĸŃĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅȮtransesterification ŐĸŃĔŅĶŏĨŇĴȮ
ATBC ĽƞĚįĸŒľƟŏĔŇħĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔőĴŏĸĔŋĸŏıňĵĚŏĸŖĔĬƟŀĵȮŒĬĕĦŃĪňŗĔŅĶŏĨŇĴȮATBC ŒĬĮĶŇĴŅĦȮ
ĴŅĔĔĺƞŅľĶŊŀŏĪƞŅĔńĭȮ13 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĽƞĚįĸĨƞŀĔŅĶĸħĸĚĕŀĚŀŋĦľĳŌĴŇȮTgȮŐĸŃĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮ
Elongation at break ŀĵƞŅĚĴŅĔȮ&ĴŅĔĔĺƞŅȮ300#'ȮěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶĨƟŅĬĪŅĬĔŅĶĞŉĴįƞŅĬ
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ĕŀĚŐĔƠĽőħĵŏĮĶňĵĭŏĪňĵĭȮHelium, an inert gas, oxygen ŐĸŃȮœŀĬŘŜŅȮıĭĺƞŅĽŅĴŅĶĩĨƟŅĬĪŅĬĔŅĶ
ĞŉĴįƞŅĬĕŀĚȮHelium œħƟħňĪňŗĽŋħŏĴŊŗŀŏĨŇĴȮATBC 17 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮŐĸŃĽƞĚįĸŒľƟĽńĴĮĶŃĽŇĪīŇśĔŅĶ
ŐıĶƞĕŀĚŀŀĔĞŇŏěĬŐĸŃŀńĨĶŅĔŅĶĽƞĚįƞŅĬœŀĬŘŜŅŏıŇŗĴĕŉŘĬŏĮƦĬȮ2 ŏĪƞŅȮŐĨƞŏıŇŗĴĕŉŘĬŏĮƦĬȮ4ȮŏĪƞŅŏĴŊŗŀŏĨŇĴȮ
PEG400   

ĨŅĶŅĚĪňŗȮ2,3ȮĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮ neat PLA ŐĸŃ formulated PLAȮY6[ 

 
 n,d,Ȯnot determined 

 

ĳŅıĪňŗȮ2,7ȮMDSC thermogram ĕŀĚȮneat PLA ŐĸŃ formulated PLA 
&a',ȮPEG 300-PLA; &b'ȮATBC-PLA,ȮY6[ 

Mohamed A,ȮAbdelwahab ŐĸŃėĦŃȮY9[ȮœħƟĪŜŅĔŅĶŏĭĸĬħƢȮPLA ĮĶŇĴŅĦȮ75 ŏĮŀĶƢŏĞŖĬĨƢ
őħĵĬŘŜŅľĬńĔȮĔńĭȮPHBȮĮĶŇĴŅĦ 25 ŏĮŀĶƢŏĞŖĬőħĵĬŘŜŅľĬńĔȮŐĸŃŒĝƟıŀĸŇŏŀĽŏĨŀĶƢŏĮƦĬĨńĺıĸŅĽĨŇœĞŏĞŀĶƢȮ
&Lapol 108'ȮőħĵŒĝƟėĺŅĴŏĕƟĴĕƟĬŐĨĔĨƞŅĚĔńĬȮ2 ėĺŅĴŏĕƟĴĕƟĬȮėŊŀȮ5 ŐĸŃȮ7 phr ěŅĔĬńŘĬĬŜŅœĮ
ĨĶĺěĽŀĭħƟĺĵȮTGA, DSC, XRD, SEM, ĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĻŉĔļŅĔŅĶĵƞŀĵĽĸŅĵȮıĭĺƞŅȮPLA-PHB  
ŏĭĸĬħƢĴňĔŅĶĔĶŃěŅĵĨńĺĪňŗħňŐĸŃœĴƞĮĶŅĔġĔŅĶŐĵĔŏĲĽȮįĸĔŅĶĪħĽŀĭȮXRD ŐĽħĚőėĶĚĽĶƟŅĚįĸŉĔĕŀĚȮ
PHB ŒĬȮPLA75-PHB25 ŏĭĸĬħƢ DSC curves ĕŀĚȮPLA ľĶŊŀȮPHB ĪňŗŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢŐĽħĚȮTg 1 
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ėƞŅȮŐĽħĚŒľƟŏľŖĬĔŅĶįĽĴŏĕƟŅĔńĬœħƟȮŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦıĸŅĽĨŇœĞŏĞŀĶƢėƞŅȮTgȮĴňėƞŅĸħĸĚőħĵŐĽħĚ
ėĺŅĴĽńĴıńĬīƢœħƟěŅĔȮFox EquationȮŀŋĦľĳŌĴŇŒĬĔŅĶľĸŀĴŏľĸĺĕŀĚȮPLA-PHBȮŏĭĸĬħƢœĴƞĴňĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀĪŜŅĔŅĶŏıŇŗĴĮĶŇĴŅĦıĸŅĽĨŇœĞŏĞŀĶƢȮŐĸŃœĴƞĽƞĚįĸĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮ
PLA ŐĸŃȮPHB ėƞŅȮElongation at break ĕŀĚȮPLA-PHB ŏĭĸĬħƢȮěŃŏıŇŗĴĕŉŘĬŏĴŊŗŀĴňĔŅĶŏĨŇĴıĸŅĽĨŇœĞ
ŏĞŀĶƢȮěŅĔĔŅĶĪħĽŀĭĔŅĶĵƞŀĵĽĸŅĵıĭĺƞŅȮneat PHB ŏĔŇħĔŅĶĵƞŀĵĽĸŅĵĭŅĚĽƞĺĬȮŐĨƞȮPLA, 
PLA-PHB-Lapol œĴƞŏĔŇħĔŅĶĵƞŀĵĽĸŅĵŒĬĽĳŅĺŃĔŅĶĪħĽŀĭ 

 

ĳŅıĪňŗȮ2,8ȮDSCȮĪňŗ 2nd heating scan ĕŀĚ PLA, PHB, Lapol ŐĸŃ PLA-PHB-LapolȮblends,Y7[ 

ĨŅĶŅĚĪňŗȮ2,4ȮTensile properties ĕŀĚȮPLA-PHB-LapolY9[ 
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P,ȮBoonfaung, ŐĸŃėĦŃȮY/.[ȮœħƟĪŜŅĔŅĶĻŉĔļŅĝĬŇħĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŏľĴŅŃĽĴĔńĭıŀĸŇ

ŐĸėĨŇĔŐŀĞŇħȮ&PLA'ȮŏıŊŗŀĬŜŅœĮĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬĲƕĸƢĴȮĞŉŗĚıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅėŊŀȮ

Polypropylene glycol &PPG', Poly&ethylene glycol-ran-propylene glycol'Ȯ&PEPG', 

Diocthyl Phthalate &DOP', Tributyl citrate &TBC'ȮŐĸŃȮAdipic acid ŀńĨĶŅĽƞĺĬŒĬĔŅĶįĽĴŏĮƦĬȮ

3, 5 ŐĸŃȮ7 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬőħĵŏėĶŊŗŀĚȮDSC ıĭĺƞŅŏĴŊŗŀ

ŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢȮŀŋĦľĳŌĴŇȮTgȮĴňėƞŅĸħĸĚŏĴŊŗŀŏĪňĵĭĔńĭȮneat PLA ŐĸŃĵńĚĽƞĚįĸĨƞŀĔŅĶĸħĸĚĕŀĚ

ŀŋĦľĳŌĴŇȮTccȮ&cold cystalline temperature'ȮĪńŘĚȮTgȮŐĸŃȮTcc ĴňėƞŅĸħĸĚŏıŇŗĴĴŅĔĕŉŘĬŏĴŊŗŀĴňĔŅĶŏıŇŗĴ

ĮĶŇĴŅĦıĸŅĽĨŇœĞŏĞŀĶƢȮŏĬŊŗŀĚěŅĔĽŅĵőĞƞőĴŏĸĔŋĸŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĴŅĔĕŉŘĬ 

 
ĳŅıĪňŗȮ2,9ȮDSC ŏĪŀĶƢőĴŐĔĶĴȮĴňŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ10 ̄C-ĬŅĪňȮĕŀĚȮneat PLA ŐĸŃȮ 

a'Ȯ3Ȯwt#Ȯb'Ȯ5 wt#ȮŐĸŃ c'Ȯ7 wt#Ȯplasticized PLA blownȮfilms,Y10[ 

 ěŅĔĳŅıĪňŗȮ2,9ȮĽńĚŏĔĨŏľŖĬĺƞŅĔŅĶŏĨŇĴȮ7 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢȮŐĽħĚȮ

melting temperature 2 ĨŜŅŐľĬƞĚȮŏĬŊŗŀĚěŅĔĔŅĶŐĵĔŏĲĽĕŀĚȮPLA ĔńĭȮıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŏĨŇĴŏĕƟŅœĮȮ

ĪŜŅŒľƟĽŅĴŅĶĩĽńĚŏĔĨŏľŖĬȮTcȮŐĸŃȮTmȮĪňŗĝńħŏěĬȮŏĬŊŗŀĚěŅĔıĸŅĽĨŇœĞŏĞŀĶƢĮĶŃıķĨŇĨńĺŏĮƦĬȮnucleating 

agent ĽƞĚįĸŒľƟȮcrystallizability ŐĸŃ enthalpy ĕŀĚĲƕĸƢĴȮPLA ĴňėƞŅŏıŇŗĴĕŉŘĬȮŒĬĽƞĺĬĕŀĚĔŅĶ

ĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸȮĪħĽŀĭėƞŅȮTensile strength ŐĸŃȮYoungŲs modulus ŒĬȮ2 ĪŇĻĪŅĚȮėŊŀȮ

machine direction &MD'ȮŐĸŃȮtransverse direction &TD'ȮıĭĺƞŅĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĽŅĴŅĶĩ

ĝƞĺĵĸħėĺŅĴŐĕŖĚŏĮĶŅŃŐĸŃŏıŇŗĴėĺŅĴŏľĬňĵĺŒľƟĔńĭĲƕĸƢĴȮPLA ĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĽƞĚįĸŒľƟȮTensile 

strength ŐĸŃȮYoungŲs modulus ĴňėƞŅĸħĸĚȮŏĬŊŗŀĚěŅĔıĸŅĽĨŇœĞŏĞŀĶƢŐıĶƞŏĕƟŅœĮĶŃľĺƞŅĚĽŅĵőĞƞ

őĴŏĸĔŋĸĕŀĚıŀĸŇŏĴŀĶƢŐĸŃœĮĸħŐĶĚĶŃľĺƞŅĚőĴŏĸĔŋĸĞŉŗĚœĮĸħĔŅĶŏĔŅŃĨŇħĔńĬĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢȮŏĴŊŗŀ

ŏĮĶňĵĭŏĪňĵĭėƞŅȮTensile strength ŐĸŃȮYoungŲs modulus ĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢĨƞŅĚĝĬŇħĔńĬȮıĭĺƞŅȮ

PPG ĴňįĸĴŅĔĨƞŀĔŅĶĸħĸĚĕŀĚėƞŅħńĚĔĸƞŅĺȮĨĶĚĕƟŅĴĔńĭĔŅĶŏĨŇĴȮ7 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĕŀĚȮadipic 

acid ĽƞĚįĸŒľƟėƞŅħńĚĔĸƞŅĺĴňėƞŅŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔȮadipic acid œĮŏıŇŗĴėĺŅĴŏĮƦĬįĸŉĔŒĬȮPLA ŒĬĽƞĺĬ

ĕŀĚȮElongation at break ĔŅĶŏĨŇĴȮPPG ĽƞĚįĸŒľƟĴňėƞŅŏıŇŗĴĕŉŘĬĽŌĚĽŋħŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭıĸŅĽĨŇœĞ
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ŏĞŀĶƢĨńĺŀŊŗĬȮŏĬŊŗŀĚěŅĔȮPPG ĮĶŃĔŀĭħƟĺĵȮPoly&alkylene ether'ȮŐĸŃĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĴŅĔĔĺƞŅıĸŅ

ĽĨŇœĞŏĞŀĶƢĨńĺŀŊŗĬȮŕȮŐĸŃĽŅĴŅĶĩŏĕƟŅĔńĭȮPLA œħƟħň 

 

ĳŅıĪňŗȮ2,10ȮTensile strength,ȮYoungŲs modulus ŐĸŃȮElongation at break ĕŀĚȮPLA ŐĸŃȮ
plasticized PLA a'ȮMD ŐĸŃ b'ȮTD Y10[ 

Zhongjie RenȮŐĸŃėĦŃȮY//[ȮœħƟĪŜŅĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸıĸĺńĨŇȮ&Dynamic Mechanical'Ȯ

ŐĸŃȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢȮőħĵĪŜŅĔŅĶįĽĴĶŃľĺƞŅĚȮ

PLA-TAC-PBGA őħĵȮTGC ėŊŀȮtriacetinȮŐĸŃȮPBGA ėŊŀȮpoly&/,1-butylene glycol adipate'ȮĞŉŗĚ

ĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢŐĸŃĽŅĶľĸƞŀĸŊŗĬĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮěŅĔįĸĔŅĶĪħĽŀĭĽĴĭńĨŇ

ŏĝŇĚĔĸıĸĺńĨŇȮıĭĺƞŅĳŅıĪňŗȮ2,11&A'ȮŐĽħĚėƞŅȮTan&delta'ȮĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮĞŉŗĚěŅĔĔĶŅĲěŃıĭ

ĔŅĶŏĔŇħȮa-relaxation ĞŉŗĚĽŀħėĸƟŀĚĔńĭŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&glass transition 

temperature, Tg'ȮĕŀĚĽƞĺĬĪňŗŏĮƦĬŀĽńĦģŅĬĕŀĚȮPLA &amorphous phase'ȮĞŉŗĚıĭĺƞŅėƞŅȮTgȮĴňėƞŅ

ĸħĸĚŏĴŊŗŀĮĶŇĴŅĦıĸŅĽĨŇœĞŏĞŀĶƢŏıŇŗĴĕŉŘĬȮĬŀĔěŅĔĬňŘĪŅĚįŌƟĺŇěńĵĵńĚıĭŀňĔĺƞŅŏĴŊŗŀŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĴň

ĮĶŇĴŅĦĬƟŀĵȮtan&delta'ȮpeaksȮěŃĴňĸńĔļĦŃĽŌĚŐĸŃŐľĸĴȮŒĬĪŅĚĨĶĚĔńĬĕƟŅĴŏĴŊŗŀıĸŅĽĨŇœĞŏĞŀĶƢĴň

ěŜŅĬĺĬĴŅĔ tan&delta'ȮpeaksȮěŃĴňĸńĔļĦŃĨŗŜŅŐĸŃĔĺƟŅĚȮĬńŘĬŀŅěĶŃĭŋœħƟĺƞŅĶŃĭĭĔŅĶįĽĴĪňŗĴňıĸŅĽĨŇ

œĞŏĞŀĶƢœĴƞĴŅĔěŃĴňėĺŅĴŏĕƟŅĔńĬœħƟŐĭĭŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬȮ&homogeneous'ȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅĝƞĺĚ

ŀŋĦľĳŌĴŇľĸńĚěŅĔȮTgȮŐĸƟĺěŃĮĶŅĔĢıňėŀňĔĨŜŅŐľĬƞĚľĬŉŗĚȮĞŉŗĚıňėĨŜŅŐľĬƞĚĬńŘĬŀŅěŏĮƦĬįĸĕŀĚĔŅĶŏĔŇħȮ

cold crystallization ŐĸŃěŅĔĔĶŅĲȮStorageȮmodulus &ĳŅıĪňŗȮ2,11&B''ȮĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮĴň

ĸńĔļĦŃĪňŗėĸƟŅĵĔńĬŏĴŊŗŀŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚĔńĬȮőħĵıĭĺƞŅėƞŅȮStorage modulus ĴňėƞŅĸħĸĚŏĴŊŗŀ 
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ĮĶŇĴŅĦıĸŅĽĨŇœĞŏĞŀĶƢŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔıĸŅĽĨŇœĞŏĞŀĶƢěŃœĮĝƞĺĵŒľƟĽƞĺĬĪňŗŏĮƦĬŀĽńĦģŅĬĕŀĚȮPLA 

ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮŐĸŃĵńĚıĭŀňĔĺƞŅŏľĬŊŀȮTgȮėƞŅȮStorage modulus ĴňėƞŅĽŌĚĕŉŘĬȮŏĮƦĬįĸĴŅěŅĔĔŅĶ

ŏĔŇħȮcold crystallization 

 

 

ĳŅıĪňŗȮ2,11ȮŐĽħĚȮTgȮ&Tan delta'ȮŐĸŃȮStorage modulus ĕŀĚȮPLA ŐĸŃȮPlasticized PLA 

Alexandre RUELLANȮŐĸŃėĦŃȮY/0[ȮĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĪŅĚ

ėĺŅĴĶƟŀĬĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗįƞŅĬĔŅĶȮPlasticizationȮħƟĺĵıĸŅĽĨŇœĞŏĞŀĶƢĨƞŅĚĝĬŇħĔńĬȮ5 ĝĬŇħȮ

őħĵĴňŀńĨĶŅĽƞĺĬŒĬĔŅĶįĽĴŀĵŌƞĶŃľĺƞŅĚȮ5-20 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮĞŉŗĚŐĭƞĚĔŅĶĻŉĔļŅŏĮƦĬȮ2 ĽƞĺĬȮĽƞĺĬ

ŐĶĔĻŉĔļŅőĴŏĸĔŋĸĪňŗĮĶŃĔŀĭħƟĺĵľĴŌƞĲƤĚĔƢĝńĬĪňŗĴňĕńŘĺĽŌĚŐĸŃĴňľĴŌƞŀńĸėŇĸĽńŘĬȮ&ŏĝƞĬȮATBC, PEG400 ŐĸŃȮ

PID37'ȮŐĸŃĽƞĺĬĪňŗȮ2 ŏĮƦĬĽŅĶĔĸŋƞĴĪňŗĴňĕńŘĺĬƟŀĵŐĸŃĴňľĴŌƞŀńĸėŇĸŏĮƦĬĽŅĵőĞƞĵŅĺȮ&ŏĝƞĬȮDOA'ȮěŅĔįĸĔŅĶ

ĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬıĭĺƞŅȮėƞŅȮTgȮĕŀĚȮPLA ĴňėƞŅĸħĸĚŏĴŊŗŀĴňĔŅĶŏĭĸĬħƢȮPLA ĔńĭȮATBC, 

PID37 ŐĸŃȮPEG400 őħĵĴňėƞŅĔŅĶĸħĸĚĪňŗŒĔĸƟŏėňĵĚĔńĬĪńŘĚėƞŅĪňŗœħƟěŅĔŅĶĪħĸŀĚȮŐĸŃėƞŅĪňŗœħƟěŅĔĔŅĶ

ėŜŅĬĺĦěŅĔȮFox equation ĽƞĺĬȮPLA ĪňŗĴňĔŅĶŏĨŇĴȮDOA ŐĸŃȮSqual ĴňėƞŅȮTgȮĪňŗėĚĪňŗœĴƞŏĔŇħĔŅĶ
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ŏĮĸňŗĵĬŐĮĸĚȮěŅĔĔŅĶĪħĽŀĭĽńĦģŅĬĺŇĪĵŅŏıŊŗŀĻŉĔļŅėĺŅĴŏĕƟŅĔńĬœħƟıĭĺƞŅȮĔŅĶŏĨŇĴȮATBC ŐĸŃȮ

PID37 ĽŅĴŅĶĩŏĕƟŅĔńĬĔńĭȮPLA œħƟħňĪňŗĽŋħŏĴŊŗŀŏĪňĵĭĔńĭıĸŅĽĨŇœĞŏĞŀĶƢĨńĺŀŊŗĬȮŕȮŒĬĕĦŃĪňŗȮPEG400, 

DOA ŐĸŃȮSqualeneȮĴňėĺŅĴěŜŅĔńħŒĬĔŅĶŏĕƟŅœħƟĔńĭȮPLA ĞŉŗĚœĴƞŏĔŇĬȮ15, 5ȮŐĸŃȮ3 ŏĮŀĶƢŏĞŖĬĨƢőħĵ

ĬŘŜŅľĬńĔĨŅĴĸŜŅħńĭ 

 

ĳŅıĪňŗȮ2,12ȮŐĽħĚėƞŅȮTgȮĕŀĚȮPLA ĪňŗĴňĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĨƞŅĚĝĬŇħĔńĬȮY12[ 

 Hayati Samsudin ŐĸŃėĦŃȮY13[ȮĪŜŅĔŅĶĻŉĔļŅĔŅĶŏėĸŊŗŀĬĵƟŅĵĕŀĚĽŅĶȮAntioxidant ŀŀĔ

ěŅĔĲƕĸƢĴȮPLAȮőħĵĪħĽŀĭĔŅĶȮmigration ĕŀĚȮastaxanthinȮœĮĽŌƞȮfood simulantȮŒĬȮ95#Ȯŏŀ

ĪŅĬŀĸȮ&ĮĶŇĴŅĨĶȮareaȮratio ŏĮƦĬȮ.,7153ȮmL-cm0'ȮĪňŗȮ30°2 ̄ C ŐĸŃȮ40°0,5 ̄ C ĨŅĴȮFickŲs 

second law ħńĚĳŅıĪňŗȮ2,138ĞŉŗĚŐĽħĚĔŅĶĮĸħĮĸƞŀĵȮAstaxanthin ŒĬȮ95#ȮŏŀĪŅĬŀĸĔƞŀĬŏĕƟŅěŋħ

ĽĴħŋĸĪňŗĶŃĵŃŏĺĸŅȮ8 ĺńĬĪňŗŀŋĦľĳŌĴŇȮ30 ̄CȮŐĸŃıĭĔŅĶĮĸħĮĸƞŀĵĪňŗŀŋĦľĳŌĴŇȮ40 ̄CȮěŃŏĕƟŅĽŌƞĽĴħŋĸĪňŗ

ĶŃĵŃŏĺĸŅȮ3 ĺńĬȮĽŅĴŅĶĩėŜŅĬĺĦėƞŅȮpartition coefficient, Kp,fȮœħƟŏĪƞŅĔńĭȮ4/,53ȮŐĸŃȮ/6,5ȮŐĸŃ

ĽńĴĮĶŃĽŇĪīŇśĔŅĶŐıĶƞĴňėƞŅȮ12,7°4,1 x 10-11Ȯcm2-s ŐĸŃȮ22,8°4,3 x 10-11 cm2-s ĪňŗȮ1.ȮŐĸŃȮ2.Ȯ

C̄ȮĨŅĴĸŜŅħńĭȮ 
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ĳŅıĪňŗȮ2,13ȮėĺŅĴŏĕƟĴĕƟĬĕŀĚȮastaxanthin ĪňŗŐıĶƞŀŀĔĴŅŒĬȮ95#ŏŀĪŅĬŀĸȮĪňŗȮ30 ŐĸŃȮ40 ̄C Y13[ 

 Fengmei Yu ŐĸŃėĦŃȮY14[ȮĻŉĔļŅȮPolylactide &PLA'Ȯcomposite ĔńĭȮtalc ĪňŗĮĶŇĴŅĦ

ĨƞŅĚȮŕȮ&0-24,3ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔ'ȮŐĸŃĪŜŅĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬ*Ȯdynamic 

mechanical, tensile*Ȯflexural ŐĸŃĽńĦģŅĬĺŇĪĵŅĕŀĚȮneat PLA ŏĮĶňĵĭŏĪňĵĭĔńĭȮPLA-talc ěŅĔ

įĸĔŅĶĪħĸŀĚıĭĺƞŅĔŅĶŏĨŇĴȮtalc ĴňįĸĨƞŀĔŅĶŏĔŇħįĸŉĔŐĸŃĽƞĚįĸŒľƟȮcold crystalline temperature 

ĕŀĚȮPLA ĸħĸĚȮŐĨƞĽƞĚįĸŒľƟĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŐĸŃȮHeat distortion temperature ĴňėƞŅ

ŏıŇŗĴĕŉŘĬȮtalc ĵńĚĮĶŃıķĨŇĨńĺŏĮƦĬĽŅĶŏĽĶŇĴŐĶĚŐĸŃĽƞĚįĸŒľƟȮPLA ĴňėĺŅĴŏľĬňĵĺŏıŇŗĴĴŅĔĕŉŘĬȮĪŜŅŒľƟȮ

tensile strength, flexural strength ŐĸŃȮModulus ĴňėƞŅŏıŇŗĴĴŅĔĕŉŘĬŏĴŊŗŀĴňĔŅĶŏĨŇĴȮtalc ĞŉŗĚĔŅĶ

ŏĨŇĴȮtalc 18,1ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĽƞĚįĸŒľƟĝŇŘĬĚŅĬĨńĺŀĵƞŅĚŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĔŅĶŐĨĔľńĔěŅĔ

ŐĭĭŏĮĶŅŃŏĮƦĬĔŅĶŐĨĔľńĔŐĭĭŏľĬňĵĺȮŐĨƞŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮtalc ŏĮƦĬȮ24,3 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮ

ĝŇŘĬĚŅĬĨńĺŀĵƞŅĚĔĸńĭĴňėƞŅȮelongation at brake ĪňŗĨŗŜŅȮěŅĔĔŅĶĪħĽŀĭĽńĦģŅĬĺŇĪĵŅıĭĺƞŅȮtalc ĴňĔŅĶ

ĔĶŃěŅĵĨńĺŐĭĭȮexfoliatedȮŏĴŊŗŀįĽĴĔńĭȮPLA ŐĸŃěŅĔĔŅĶĪħĽŀĭȮSEMȮŐĸŃȮFTIR ĵŊĬĵńĬįĸĔŅĶ

ŏĔŇħȮinterfacial adhesive ĶŃľĺƞŅĚȮtalc ŐĸŃȮPLAȮœħƟħňȮ 
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ĭĪĪňŗȮ3 

ĺŇīňĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

3.1 ĺńĽħŋŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

3,1,1ȮıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ&Poly&lactic acid', PLA'Ȯ 
ıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗŒĝƟŒĬĚŅĬĺŇěńĵĬňŘĮĶŃĔŀĭħƟĺĵȮ3ȮŏĔĶħȮėŊŀŏĔĶħȮ4043D*ȮŏĔĶħȮ2003D 

ŐĸŃŏĔĶħȮ3052D ĴňĸńĔļĦŃŏĮƦĬŏĴŖħȮĽňŏľĸŊŀĚŒĽȮįĸŇĨőħĵĭĶŇļńĪȮNatureWorks LLC ĮĶŃŏĪĻ
ĽľĶńģŀŏĴĶŇĔŅȮ 

 

ĳŅıĪňŗȮ3,1ȮőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ&Poly&lactic acid', PLA' 

3,1,2 ıĸŅĽĨŇœĞŏĞŀĶƢ 

3,2,2,1 Polysorb®ȮID46 ľĶŊŀȮPID ŏĮƦĬĽŅĶĮĶŃĔŀĭȮisosorbide diestersȮĞŉŗĚŏĮƦĬ
įĸŇĨĳńĦĤƢěŅĔĔĶħœĕĴńĬȮ&fatty acid'ȮĕŀĚįńĔȮĴňĸńĔļĦŃŏĮƦĬĕŀĚŏľĸĺĽňŏľĸŊŀĚȮœħƟĶńĭĔŅĶĽĬńĭĽĬŋĬ
ěŅĔĭĶŇļńĪȮRoquette®ȮĮĶŃŏĪĻĽŇĚėőĮĶƢ 

 

ĳŅıĪňŗȮ3,2ȮőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮPolysorb® ID46 
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3,2,2,2ȮBis&2-Ethyhexyl'adipate ľĶŊŀȮDOA ĽŌĨĶĪŅĚŏėĴňȮC22H42O4ȮĬŘŜŅľĬńĔ
őĴŏĸĔŋĸȮ370,57 ĔĶńĴĨƞŀőĴĸȮĴňĸńĔļŃŏĮƦĬĕŀĚŏľĸĺȮĽňŒĽȮœĴƞĴňĔĸŇŗĬȮěŜŅľĬƞŅĵőħĵĭĶŇļńĪȮŏĴŀĶƢėȮěŜŅĔńħȮ
ŏĮƦĬĽŅĶĮĶŃŏĳĪȮdiester őħĵĽƞĺĬŒľĠƞěŃĩŌĔŒĝƟŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢŒľƟĔńĭȮPVC &plastic wrap' 

 

ĳŅıĪňŗȮ3,3ȮőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮBis&0-Ethyhexyl'adipate 

3,2,3 ĽŅĶŏĨŇĴŐĨƞĚ 
3,2,3,1 ĪńĸėńĸȮ&Talcum'ȮĴňĸńĔļĦŃŏĮƦĬįĚȮĴňĕŅĺȮĸŃŏŀňĵħȮįĸŇĨěŅĔĭĶŇļńĪȮœĪĵıŀĸŇŏėĴŇėŀĸȮěŜŅĔńħȮ

ĴňĽŅĶĮĶŃĔŀĭĪŅĚŏėĴňȮŏĮƦĬȮ63,5#ȮSiO2, 31,7#ȮMgO ŐĸŃȮ4,8#H2O ŐĸŃěŅĔĽńĦģŅĬĺŇĪĵŅħńĚ

ĳŅıĪňŗȮ3,5ȮıĭĺƞŅĪńĸėńĸĴňĕĬŅħŀĬŋĳŅėœĴƞŏĔŇĬȮ50 œĴėĶŀĬ 

 

ĳŅıĪňŗȮ3,4ȮŐĽħĚĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚĪńĸėńĸ 

ȮȮ  

ĳŅıĪňŗȮ3,5ȮĽńĦģŅĬĺŇĪĵŅĕŀĚĽŅĶŏĨŇĴŐĨƞĚľĶŊŀĪńĸėńĸ 
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3.2 ŏėĶŊŗŀĚįĽĴŐĸŃŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮ 

3,2,1 ŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮ&Co-rotating twin screw extruder'ȮL-D ;Ȯ40ȮĶŋƞĬȮHRJ-25
ĭĶŇļńĪȮEnmach Co,,Ltd,ȮĮĶŃŏĪĻěňĬ 

3,2,2ȮŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮȮ&Compression molding'ȮĶŋƞĬPR10-W300L350ȮĭĶŇļńĪȮŏěĶŇĠĪńĻĬƢ
ĮĶŃŏĪĻœĪĵ 

3,2,3ȮŏėĶŊŗŀĚĜňħŏĕƟŅŏĭƟŅȮ&Injection molding'ȮĶŋƞĬȮHYF-350ȮĭĶŇļńĪȮNingbo JiangdongȮ
Xiazhou Plastic Industry Co,, Ltd,ȮĮĶŃŏĪĻěňĬ 

3.3 ŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢ 

3,3,1ȮĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ&Scanning Electron Microscope, SEM'Ȯ
ĶŋƞĬȮTescan Mira 1ȮŒĝƟĺŇŏėĶŅŃľƢĽńĦģŅĬĺŇĪĵŅĕŀĚ plasticized PLA  

3,3,2ȮŏėĶŊŗŀĚȮUniversal testing machine &UTM'ȮĶŋƞĬȮ5969 Load cellȮĽŌĚĽŋħȮ50 kNȮ
ĶŃĵŃĵŊħĽŌĚĽŋħȮ1212 mm ĭĶŇļńĪȮInstron Engineering Corporation ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮŒĝƟ
ĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħĕŀĚĝŇŘĬĚŅĬȮ&Tensile test'Ȯ 

3,3,3 ŏėĶŊŗŀĚĪħĽŀĭėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ&Impact tester'ȮĶŋƞĬȮZwick 
Pendulum impact tester B5102,202 ıĸńĚĚŅĬĽŌĚĽŋħŒĬĔŅĶĔĶŃŐĪĔȮ4 ěŌĸ 

3,3,2ȮŏėĶŊŗŀĚĪħĽŀĭħńĝĬňĔŅĶœľĸȮ&Melt flow indexer'ȮĶŋƞĬȮPlastometer8ȮMFR1ȮĭĶŇļńĪȮ
ŏěĶŇĠĪńĻĬƢȮĮĶŃŏĪĻœĪĵȮ 

3,3,3ȮŏėĶŊŗŀĚȮDynamic Mechanical Analyzer &DMA'ȮĶŋƞĬȮMCR 302 ĭĶŇļńĪȮAnton Paar 
GmbH ŒĝƟĽŜŅľĶńĭĺŇŏėĶŅŃľƢĽĴĭńĨŇĪŅĚĔĸŏĝŇĚœħĬŅĴŇĔĽƢ 

Ȯ1,1,4ȮŏėĶŊŗŀĚěŜŅĸŀĚĽĳŅĺŃ 
 3,3,7 ĬŜŅĕƟŀĴŌĸįĸĔŅĶĪħĽŀĭĨƞŅĚȮŕȮĪňŗœħƟĴŅĺŇŏėĶŅŃľƢėĺŅĴŐĨĔĨƞŅĚĕŀĚėƞŅŏĜĸňŗĵőħĵŒĝƟ 

ĽĩŇĨŇȮOne way ANOVA ĪňŗĶŃħńĭėĺŅĴŏĝŊŗŀĴńŗĬȮ95#ȮőħĵŒĝƟĔŅĶŏĮĶňĵĭŏĪňĵĭȮTukeyŲs pairwise 
ĔŅĶŐĽħĚįĸĪŅĚĽĩŇĨŇěŃĪŜŅĔŅĶŐĪĬħƟĺĵĽńĠĸńĔļĦƢĳŅļŅŀńĚĔķļȮĞŉŗĚĨńĺŀńĔļĶĪňŗŏľĴŊŀĬĔńĬŐĽħĚĺƞŅĴň 
ėƞŅŏĜĸňŗĵĪňŗŐĨĔĨƞŅĚĔńĬŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠ 
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3.4 ĕńŘĬĨŀĬŒĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

3,4,1 ĔĶŃĭĺĬĔŅĶŒĬĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮĝŇŘĬĚŅĬĽŜŅľĶńĭĔŅĶĪħĽŀĭ 

 1,2,/,/Ȯ ĨŀĬĪňŗȮ1 ĕńŘĬĨŀĬĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮȮPlasticized PLA ĪńŘĚȮPLA-PID ŐĸŃȮ

PLA-DOA ħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞ 

ŏĨĶňĵĴıŀĸŇŏĴŀĶƢĽŜŅľĶńĭĔŅĶįĽĴȮőħĵŀĭȮPLA ĪňŗŀŋĦľĳŌĴŇȮ60Ȯ°C ŏĮƦĬŏĺĸŅȮ6ȮĝńŗĺőĴĚȮěŅĔĬńŘĬ

įĽĴȮPLA ĔńĭıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚȮŕȮ&PIDȮľĶŊŀȮDOA'ȮħńĚĨŅĶŅĚĪňŗȮ3,1ȮŏĕĵƞŅŒľƟ

ĔĶŃěŅĵĪńŗĺĩŉĚĔńĬŀĵƞŅĚĽĴŗŜŅŏĽĴŀȮŐĸŃĪŇŘĚœĺƟŏĮƦĬŏĺĸŅȮ6 ĝńŗĺőĴĚȮĔƞŀĬĮƚŀĬŏĕƟŅĽŌƞŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮ

őħĵĨńŘĚŀŋĦľĳŌĴŇŒĬőĞĬĨƞŅĚȮŕȮŏĮƦĬȮ100-130-140-150-160 -170-180-190-180-175ȮŀĚĻŅ

ŏĞĸŏĞňĵĽȮėĺŅĴŏĶŖĺĴŀŏĨŀĶƢȮ300 ĶŀĭĨƞŀĬŅĪňȮěŅĔĬńŘĬŀńħĶňħĽŅĶįĽĴįƞŅĬľńĺħŅĵŒľƟŏĮƦĬŏĽƟĬȮľĸƞŀŏĵŖĬ

ħƟĺĵĬŘŜŅȮŐĸƟĺĨńħŒľƟŏĮƦĬĝŇŘĬŏĸŖĔȮŕȮħƟĺĵŏėĶŊŗŀĚĨńħŏĴŖħ 

3,2,/,2Ȯ ĨŀĬĪňŗȮ2 ĕńŘĬĨŀĬĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮȮPlasticized PLAȮĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴ

ŐĨƞĚľĶŊŀĪńĸėńĸȮĪńŘĚȮPLA-PID ŐĸŃȮPLA-DOA ħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞ 

ŏĨĶňĵĴıŀĸŇŏĴŀĶƢĽŜŅľĶńĭĔŅĶįĽĴȮőħĵŀĭȮPLA ĪňŗŀŋĦľĳŌĴŇȮ60Ȯ°C ŏĮƦĬŏĺĸŅȮ6ȮĝńŗĺőĴĚȮěŅĔĬńŘĬ

įĽĴȮPLA ĔńĭıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚȮŕȮ&PIDȮľĶŊŀȮDOA'ȮŏĕĵƞŅŒľƟĔĶŃěŅĵĪńŗĺĩŉĚĔńĬ

ŀĵƞŅĚĽĴŗŜŅŏĽĴŀȮŐĸŃĪŇŘĚœĺƟŏĮƦĬŏĺĸŅȮ6 ĝńŗĺőĴĚȮŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ&Talcum'Ȯ&ŀĭĪňŗŀŋĦľĳŌĴŇȮ80 ŀĚĻŅ

ŏĞĸŏĞňĵĽȮ4 ĝńŗĺőĴĚ'ȮĨŅĴŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚȮŕȮħńĚĨŅĶŅĚĪňŗȮ3,2ȮĔƞŀĬĮƚŀĬŏĕƟŅĽŌƞŏėĶŊŗŀĚŀńħĶňħĝĬŇħ 

ĽĔĶŌėŌƞȮőħĵĨńŘĚŀŋĦľĳŌĴŇŒĬőĞĬĨƞŅĚȮŕȮŏĮƦĬȮ100-130-140-150-160 -170-180-190-180-175Ȯ°C 

ėĺŅĴŏĶŖĺĴŀŏĨŀĶƢȮ300 ĶŀĭĨƞŀĬŅĪňȮěŅĔĬńŘĬŀńħĶňħĽŅĶįĽĴįƞŅĬľńĺħŅĵŒľƟŏĮƦĬŏĽƟĬȮľĸƞŀŏĵŖĬħƟĺĵĬŘŜŅȮ

ŐĸƟĺĨńħŒľƟŏĮƦĬĝŇŘĬŏĸŖĔȮŕȮħƟĺĵŏėĶŊŗŀĚĨńħŏĴŖħ 

ĕŉŘĬĶŌĮĝŇŘĬĚŅĬȮplasticized PLA  ŐĸŃȮplasticized PLA ĪňŗĴňĔŅĶŏĨŇĴĪńĸėńĸȮĽŜŅľĶńĭĔŅĶ

ĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚĵŊħȮ&Tensile'ȮĝŇŘĬĚŅĬĶŌĮĪĶĚȮdumbbellȮŐĸŃĝŇŘĬĚŅĬ

ĽŜŅľĶńĭĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ&Impact'ȮħƟĺĵĔŅĶĜňħŏĕƟŅŏĭƟŅȮ

&Injection molding'ȮĪňŗŀŋĦľĳŌĴŇȮ/80-190 °C ħƟĺĵėĺŅĴħńĬȮ2.ȮĭŅĶƢ 

1,2,0ȮĔĶŃĭĺĬĔŅĶŒĬĔŅĶĪħĽŀĭĽĴĭńĨŇħƟŅĬĨƞŅĚȮŕ 

ĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚplasticized PLAȮħƟĺĵŏĪėĬŇėȮSEMȮőħĵĪŜŅĔŅĶĪħĽŀĭ plasticized 

PLAĪňŗœħƟěŅĔĝŇŘĬĚŅĬĪňŗŐĨĔľńĔěŅĔĔŅĶĪħĽŀĭĔŅĶĨƟŅĬĪŅĬĨƞŀŐĶĚȮőħĵĪŜŅĔŅĶĪħĽŀĭĳŅĵŒĨƟőľĴħȮ

back scattering ĪňŗėĺŅĴĨƞŅĚĻńĔĵƢȮ3,.. kV ĪňŗĔŜŅĸńĚĕĵŅĵȮ/...ȮŏĪƞŅ 
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ĬŜŅĝŇŘĬĚŅĬĶŌĮĪĶĚȮdumbbell ĪňŗœħƟœĮĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚĵŊħȮ

&Tensile'ȮőħĵŒĝƟŏėĶŊŗŀĚȮUniversal testing machine ĨŅĴĴŅĨĶģŅĬȮASTM D-416 Type I őħĵŒĝƟ

ĬŘŜŅľĬńĔĔħȮ5 ĔŇőĸĬŇĺĨńĬȮ&Load cell 3 kN'ȮŐĸŃŀńĨĶŅŏĶŖĺŒĬĔŅĶħŉĚȮ3.ȮĴŇĸĸŇŏĴĨĶĨƞŀĬŅĪň 

ĬŜŅĝŇŘĬĚŅĬĽŜŅľĶńĭĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ&Impact'ȮœĮ

ĪħĽŀĭőħĵŒĝƟŏėĶŊŗŀĚȮImpact tester ĨŅĴĴŅĨĶģŅĬȮASTM D-034ȮőħĵĪħĽŀĭŐĭĭȮNotched-Izod 

impact testingȮıĸńĚĚŅĬĽŌĚĽŋħŒĬĔŅĶĔĶŃŐĪĔȮ4 ěŌĸ 

ĻŉĔļŅħńĝĬňĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮħƟĺĵŏėĶŊŗŀĚȮMelt flow indexer ĨŅĴĴŅĨĶģŅĬȮ

ASTM D/016ȮőħĵŒĝƟĬŘŜŅľĬńĔĔħȮ0,/4ȮĔŇőĸĔĶńĴȮĪňŗŀŋĦľĳŌĴŇȮ/7.ȮŀĚĻŅŏĞĸŏĞňĵĽ 

ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĶňőŀőĸĵňȮħƟĺĵŏėĶŊŗŀĚȮDynamic Mechanical Analyzer &DMA'ȮőħĵĬŜŅ

ĝŇŘĬĚŅĬĪňŗĴňėĺŅĴľĬŅĮĶŃĴŅĦȮ/ȮĴŇĸĸŇŏĴĨĶȮŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ03ȮĴŇĸĸŇŏĴĨĶȮĴŅĪŜŅĔŅĶĪħĽŀĭŐĭĭȮ

Plate-Plate ĞŉŗĚŏĮƦĬĔŅĶĪħĽŀĭŐĭĭŏĮĸňŗĵĬŐĮĸĚėĺŅĴĩňŗȮĞŉŗĚėĺŅĴĩňŗĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭȮėŊŀȮ.,/< ̟  

</..Ȯrad-s ĪňŗŀŋĦľĳŌĴŇȮ/7.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĸŃŒľƟȮshear strain ŏĪƞŅĔńĭȮ.,/#ȮŐĸŃĪŜŅĔŅĶĪħĽŀĭ

ŐĭĭȮtorsion ĞŉŗĚŏĮƦĬĔŅĶĪħĽŀĭŐĭĭŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇȮőħĵĝŇŘĬĚŅĬĴňĕĬŅħȮ2.Ȯx /.Ȯx /,/4Ȯ

ĸŌĔĭŅĻĔƢĴŇĸĸŇŏĴĨĶȮĝƞĺĚŀŋĦľĳŌĴŇĪňŗĪħĽŀĭȮ30-120 ŀĚĻŅŏĞĸŏĞňĵĽȮĪňŗėĺŅĴĩňŗȮ1 ŏŁŇĶƢĪȮŀńĨĶŅĔŅĶŒľƟ

ėĺŅĴĶƟŀĬȮ3 ŀĚĻŅŏĞĸŏĞňĵĽĨƞŀĬŅĪňȮ 

  



 27 
 

ĨŅĶŅĚĪňŗȮ3,1ȮŀńĨĶŅĽƞĺĬȮplasticized PLA ĪńŘĚȮPLA-PID ŐĸŃȮPLA-DOA  

ĽŌĨĶĔŅĶįĽĴ 

ĽŅĶŏėĴň 

PLAȮ&g' 
ıĸŅĽĨŇœĞŏĞŀĶƢȮ&ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔ' 

DOA PID 

neatȮPLA 100 0 - 
nDOA2 98 2 - 
nDOA4 96 4 - 
nDOA6 94 6 - 
nDOA8 92 8 - 
nDOA10 90 10 - 
nDOA12 88 12 - 
nDOA14 86 14 - 
nPID2 98 - 2 
nPID4 96 - 4 
nPID6 94 - 6 
nPID8 92 - 8 
nPID10 90 - 10 
nPID12 88 - 12 
nPID14 86 - 14 
*ľĴŅĵŏľĨŋȮ8Ȯn ľĴŅĵĩŉĚŏĔĶħĕŀĚȮPLA őħĵ n;4 ėŊŀȮPLA4043D  n;3  ėŊŀȮPLA3052 ŐĸŃȮn;2 

ėŊŀȮPLA2003D 
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ĨŅĶŅĚĪňŗȮ3,2ȮŀńĨĶŅĽƞĺĬĕŀĚȮplasticized PLA ĪńŘĚȮPLA-PID ŐĸŃȮPLA-DOAȮĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ
Īńĸėńĸ 

ĽŌĨĶĔŅĶįĽĴ 

ĽŅĶŏėĴň 

PLAȮ&g' 
ıĸŅĽĨŇœĞŏĞŀĶƢȮ&wt,#' ĽŅĶŏĨŇĴŐĨƞĚȮ&phr' 

DOA PID Talcum 

nDOA12T5 88 12 - 5 
nDOA12T10 88 12 - 10 
nDOA12T15 88 12 - 15 
nDOA14T5 86 14 - 5 
nDOA14T10 86 14 - 10 
nDOA14T15 86 14 - 15 
nPID12T5 88 - 12 5 
nPID12T10 88 - 12 10 
nPID12T15 88 - 12 15 
nPID14T5 86 - 14 5 
nPID14T10 86 - 14 10 
nPID14T15 86 - 14 15 
*ľĴŅĵŏľĨŋȮ8Ȯn ľĴŅĵĩŉĚŏĔĶħĕŀĚȮPLA őħĵ n;4 ėŊŀȮPLA4043D  n;3  ėŊŀȮPLA3052 ŐĸŃȮn;2 

ėŊŀȮPLA2003D 
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ĭĪĪňŗȮ4 

įĸĔŅĶĪħĸŀĚȮŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

ĚŅĬĺŇěńĵĬňŘŏĮƦĬĔŅĶĻŉĔļŅŐĸŃŏĮĶňĵĭŏĪňĵĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĨƞŅĚĝĬŇħĔńĬĪňŗ
ĴňĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢŐĸŃĪńĸėńĸȮőħĵĽƞĺĬŐĶĔĪŜŅĔŅĶĻŉĔļŅŏĮĶňĵĭŏĪňĵĭĝĬŇħŐĸŃĮĶŇĴŅĦĔŅĶŏĨŇĴ 
ıĸŅĽĨŇœĞŏĞŀĶƢȮőħĵıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĻŉĔļŅĴňȮ2 ĝĬŇħȮėŊŀȮbis&2-ethylhexyl'adipate ľĶŊŀȮDOA ŐĸŃȮ
Polysorb® ID46 ľĶŊŀȮPID įĽĴĸĚŒĬıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ&PLA'ȮĽƞĺĬĪňŗĽŀĚĻŉĔļŅŏĮĶňĵĭŏĪňĵĭĔŅĶ
ŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĸĚŒĬıŀĸŇŐĸėĨŇĔŐŀĞŇħĨƞŅĚĝĬŇħĔńĬȮĞŉŗĚĮĶŃĔŀĭħƟĺĵȮPLA4043DȮ PLA2003D 
ŐĸŃȮPLA3052D ĽƞĺĬĽŋħĪƟŅĵĻŉĔļŅįĸĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĪńĸėńĸĸĚŒĬ plasticized PLAȮĪňŗĴňĔŅĶ
ŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢ 

4,1 ĻŉĔļŅŐĸŃŏĮĶňĵĭŏĪňĵĭĝĬŇħŐĸŃĮĶŇĴŅĦĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĴňĨƞŀĽĴĭńĨŇĕŀĚıŀĸŇŐĸėĨŇĔ

ŐŀĞŇħŏĔĶħȮ4043D 

ŒĬĽƞĺĬŐĶĔĕŀĚĚŅĬĺŇěńĵȮěŃĪŜŅĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢȮ2 ĝĬŇħȮėŊŀȮbis&2-
ethylhexyl'Ȯadipate ľĶŊŀȮDOA ŐĸŃȮPolysorb® ID46 ľĶŊŀȮPID ŒĬıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ&PLA'Ȯ
ŏĔĶħ 4043D őħĵŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢŒĬĮĶŇĴŅĦȮ., 0, 2, 4, 6, /., /0ȮŐĸŃȮ/2ȮŏĮŀĶƢŏĞŖĬĨƢőħĵ
ĬŘŜŅľĬńĔȮįĽĴŒĬŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮ&twin screw extruder'ȮŀŋĦľĳŌĴŇĔŅĶįĽĴȮ
100-130-140-150-160 -170-180-190-180-175Ȯ°C ėĺŅĴŏĶŖĺĴŀŏĨŀĶƢȮ300 ĶŀĭĨƞŀĬŅĪňȮŏĽƟĬȮ
extrudates ĪňŗœħƟĪŜŅĔŅĶľĸƞŀŏĵŖĬħƟĺĵĬŘŜŅȮĔƞŀĬĬŜŅœĮĨńħŏĮƦĬŏĴŖħȮěŅĔĬńŘĬĬŜŅ Plasticized PLA œĮĕŉŘĬĶŌĮ
ŏĮƦĬĝŇŘĬĚŅĬĪħĽŀĭħƟĺĵĔĶŃĭĺĬĔŅĶĜňħŏĕƟŅŏĭƟŅȮľĶŊŀĔĶŃĭĺĬĔŅĶŀńħĕŉŘĬĶŌĮȮŏıŊŗŀĪŜŅĔŅĶĪħĽŀĭĽĴĭńĨŇ
ŒĬħƟŅĬĨƞŅĚȮŕȮĨƞŀœĮ 

ĳŅıĪňŗȮ4,1ȮŐĽħĚĬŘŜŅľĬńĔőĴŏĸĔŋĸŏĜĸňŗĵĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮŏĔĶħȮ4043DȮĪňŗœħƟěŅĔĔŅĶ
ĪħĽŀĭħƟĺĵŏĪėĬŇėȮGPC ĞŉŗĚŏĮƦĬŏĔĶħĪňŗŒĝƟŒĬĽƞĺĬŐĶĔĕŀĚĚŅĬĺŇěńĵȮıĭĺƞŅěŅĔĔŅĶĪħĽŀĭȮPLA 
4043D ĴňėƞŅŏĜĸňŗĵĕŀĚĬŘŜŅľĬńĔőĴŏĸĔŋĸőħĵĬŘŜŅľĬńĔȮ&Mw'ȮŏĪƞŅĔńĭȮ/47,3..ȮDaltons ėƞŅŏĜĸňŗĵĕŀĚ
ĬŘŜŅľĬńĔőĴŏĸĔŋĸőħĵěŜŅĬĺĬȮ&Mn'ȮŏĪƞŅĔńĭȮ//3572ȮDaltons ŐĸŃėƞŅħńĝĬňĔŅĶĔĶŃěŅĵĨńĺĕŀĚĬŘŜŅľĬńĔ
őĴŏĸĔŋĸȮ&PDI'ȮŏĪƞŅĔńĭȮ/,24Ȯ 
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ĳŅıĪňŗȮ4,1ȮĬŘŜŅľĬńĔőĴŏĸĔŋĸŏĜĸňŗĵȮŐĸŃėƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮPLA ŏĔĶħȮ2.21D
ěŅĔĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮGPC 

4,1,1ȮįĸĕŀĚĔŅĶŏĨŇĴȮbis&2-ethylhexyl'Ȯadipate ľĶŊŀȮDOA 
4,1,1,1 ĔŅĶĺŇŏėĶŅŃľƢĽĴĭńĨŇĪŅĚĔĸŏĝŇĚœħĬŅĴŇĔĽƢȮ &Dynamic Mechanical 

Analysis'ȮĕŀĚȮPLA-DOA 

ĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚĔĸŏĝŇĚœħĬŅĴŇĔĽƢȮ&DMA'ȮŐĭƞĚŏĮƦĬȮ2 őľĴħȮĮĶŃĔŀĭħƟĺĵĔŅĶ
őľĴħĪňŗľĬŉŗĚȮĪħĽŀĭŐĭĭŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇȮĪŜŅĔŅĶĪħĽŀĭĪňŗŀŋĦľĳŌĴŇȮ30 ŀĚĻŅŏĞĸŏĞňĵĽȮĩŉĚȮ120 
ŀĚĻŅŏĞĸŏĞňĵĽȮħƟĺĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŏĪƞŅĔńĭȮ3ȮŀĚĻŅŏĞĸŏĞňĵĽĨƞŀľĬŉŗĚĬŅĪňȮėĺŅĴĩňŗŏĝŇĚĴŋĴėĚĪňŗĪňŗȮ/Ȯ
ŏŁŇĶƢĪĨƞŀľĬŉŗĚĬŅĪňȮĝŇŘĬĚŅĬĪħĽŀĭŏĮƦĬŐĭĭȮtorsion ŐĸŃőľĴħĪňŗĽŀĚĪħĽŀĭŐĭĭŏĮĸňŗĵĬŐĮĸĚėĺŅĴĩňŗ
ŏĝŇĚĴŋĴĪňŗŒĝƟŒĬĔŅĶŒľƟŐĶĚȮĪňŗŀŋĦľĳŌĴŇėĚĪňŗȮ/7.ȮŀĚĻŅŏĞĸŏĞňĵĽȮőħĵĪŜŅĔŅĶĪħĽŀĭėĺŅĴĩňŗŏĝŇĚĴŋĴŏĶŇŗĴĨƟĬĪňŗȮ
/..ȮŏŁŇĶƢĪȮĩŉĚȮ/ȮŏŁŇĶƢĪȮőħĵĴňŀńĨĶŅĔŅĶĸħĸĚĕŀĚėĺŅĴĩňŗŏĝŇĚĴŋĴŏĪƞŅĔńĭȮ1 ŏŁŇĶƢĪĨƞŀĬŅĪňȮŒĬĸńĔļĦŃĔŅĶ
ĪħĽŀĭŐĭĭȮplate and plate 

őľĴħĪňŗľĬŉŗĚȮĔŅĶĪħĽŀĭŐĭĭŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇȮőħĵĪŜŅĔŅĶĪħĽŀĭĪňŗŀŋĦľĳŌĴŇȮ30 
ŀĚĻŅŏĞĸŏĞňĵĽȮĩŉĚȮ120 ŀĚĻŅŏĞĸŏĞňĵĽȮħƟĺĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŏĪƞŅĔńĭȮ3ȮŀĚĻŅŏĞĸŏĞňĵĽĨƞŀľĬŉŗĚ
ĬŅĪňȮěŃıŇěŅĶĦŅȮėƞŅȮDamping factor &tan&delta''ȮŐĸŃȮStorage modulus  
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ĳŅıĪňŗȮ4,2ȮŐĽħĚėƞŅȮDamping factor ľĶŊŀėƞŅȮTan&delta'ȮĭƞĚĭŀĔĩŉĚŀńĨĶŅĽƞĺĬĕŀĚȮ
Loss modulus ĨƞŀȮStorage modulus őħĵıňėĪňŗŏĔŇħĕŉŘĬěŃŏĔŇħŒĬĝƞĺĚĕŀĚĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵ
ŐĔƟĺĕŀĚıŀĸŇŏĴŀĶƢȮĞŉŗĚıŀĸŇŏĴŀĶƢěŃŏĮĸňŗĵĬěŅĔėĸƟŅĵŐĔƟĺŏĮƦĬėĸƟŅĵĵŅĚȮŏĬŊŗŀĚěŅĔĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵ
őĞƞŒĬőĴŏĸĔŋĸŒĬőėĶĚĽĶƟŅĚıŀĸŇŏĴŀĶƢȮĞŉŗĚĪňŗěŋħĽŌĚĽŋħĕŀĚĔĶŅĲȮtan&delta'ȮěŃĽŀħėĸƟŀĚĔńĭėƞŅȮGlass 
transition temperature, TgȮĕŀĚ plasticized PLAȮY15[ȮȮěŅĔĔŅĶĪħĽŀĭıĭĺƞŅȮ4Neat &ŏĽƟĬĽňħŜŅ'Ȯ
ŐĽħĚėƞŅȮTgȮŏĪƞŅĔńĭȮ44,4ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅėƞŅȮTgȮĕŀĚ plasticized PLAĪňŗĴňĔŅĶŏĨŇĴȮ
DOA ŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢȮıĭĺƞŅėƞŅȮTgȮĴňėƞŅĸħĸĚŏĴŊŗŀŏĪňĵĭĔńĭȮneat PLAȮŐĸŃĴňėƞŅĸħĸĚĴŅĔĪňŗĽŋħŏĴŊŗŀ
ĴňĔŅĶŏĨŇĴȮDOA ŒĬĮĶŇĴŅĦȮ6ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮőħĵĴňėƞŅĸħĸĚŏľĸŊŀȮ3/,5ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĨƞŏĴŊŗŀ
ŏĨŇĴȮDOA ŒĬĮĶŇĴŅĦĴŅĔĔĺƞŅȮ6ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮėƞŅȮTg

ȮȮĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŏıňĵĚŏĸŖĔĬƟŀĵȮ
ŏĝƞĬŏħňĵĺĔńĭĚŅĬĺŇěńĵĕŀĚȮA, RUELLAȮŐĸŃėĦŃȮY/0[ȮĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇ
ĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗįƞŅĬĔŅĶȮPlasticizationȮħƟĺĵıĸŅĽĨŇœĞŏĞŀĶƢĨƞŅĚĝĬŇħĔńĬȮ5 
ĝĬŇħȮĮĶŃĔŀĭœĮħƟĺĵȮATBC, PEG400, PID37, DOA ŐĸŃȮSqual ĞŉŗĚıĭĺƞŅȮTgȮĕŀĚıŀĸŇŐĸėĨŇħ
ŐŀĞŇħĪňŗĴňĔŅĶŏĨŇĴȮDOA ĴňĔŅĶĸħĸĚŏĶŊŗŀĵȮŕȮěĬĩŉĚĪňŗȮ10 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮŐĸŃŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦ
ĕŀĚȮDOA ĴŅĔĕŉŘĬȮėƞŅȮTgȮœĴƞŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚȮŐĸŃĔŅĶĸħĸĚĕŀĚȮTgȮĬńŘĬŏĮƦĬįĸŏĬŊŗŀĚĴŅěŅĔıĸŅ
ĽĨŇœĞŏĞŀĶƢŏĕƟŅœĮŐĪĶĔŒĬĽŅĵőĞƞĕŀĚȮPLA ĪŜŅŒľƟĽŅĵőĞƞĕŀĚȮPLA ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮ 

 
ĳŅıĪňŗȮ4,2 Damping factor &Tan &Delta''ȮĕŀĚȮ2Neat ŐĸŃ plasticized PLAȮ4DOAx 
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ıŇěŅĶĦŅĳŅıĪňŗȮ4,3ȮŐĽħĚėƞŅȮStorage modulus ĞŉŗĚĭƞĚĭŀĔĩŉĚėĺŅĴŐĕŖĚŐĶĚĕŀĚıŀ
ĸŇŏĴŀĶƢĪňŗŀŋĦľĳŌĴŇĨƞŅĚȮŕȮŏĴŊŗŀıŇěŅĶĦŅėƞŅȮStorage modulus ĕŀĚıŀĸŇŏĴŀĶƢĪňŗŀŋĦľĳŌĴŇȮ1.ȮŀĚĻŅ
ŏĞĸŏĞňĵĽȮ ĞŉŗĚŀĵŌƞŒĬĝƞĺĚŀŋĦľĳŌĴŇĨŗŜŅĔĺƞŅŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺĕŀĚıŀĸŇŏĴŀĶƢȮ ħńĚĬńŘĬȮ
4NeatȮŐĸŃ PLA4043D-DOA &4DOAx'ȮěŃŀĵŌƞŒĬĽĩŅĬŃĪňŗŏĮƦĬȮglassy state ěŅĔįĸĔŅĶĪħĸŀĚ
ıĭĺƞŅȮ4NeatȮĴňėƞŅȮStorage modulus ĮĶŃĴŅĦȮ2526,3 MPaȮĞŉŗĚĪňŗŀŋĦľĳŌĴŇĨŗŜŅĔĺƞŅŀŋĦľĳŌĴŇĔŅĶ
ŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺĬňŘȮěŃĴňĔŅĶŏėĸŊŗŀĬœľĺĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢŀĵƞŅĚěŜŅĔńħȮŏĬŊŗŀĚěŅĔĴňıĸńĚĚŅĬĨŗŜŅȮ
ĪŜŅŒľƟıŀĸŇŏĴŀĶƢĵńĚĴňėĺŅĴŐĕŖĚŏĔĶŖĚȮĽƞĺĬŒĬĔĶĦňĕŀĚ 4DOAx ĞŉŗĚĴňĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĸĚŒĬȮPLA 
ıĭĺƞŅĴňėƞŅȮStorage modulus ĬƟŀĵĔĺƞŅȮ4Neat ŏıňĵĚŏĸŖĔĬƟŀĵőħĵĴňėƞŅœĴƞŐĨĔĨƞŅĚĔńĬĴŅĔĪňŗŀńĨĶŅĽƞĺĬ
ĔŅĶįĽĴĪňŗŀŊŗĬȮŕȮŏĮƦĬįĸĴŅěŅĔĔŅĶŏĨŇĴȮDOA ŒĬĮĶŇĴŅĦĪňŗŏıŇŗĴĴŅĔĕŉŘĬĬńŘĬȮŏĔŇħĔŅĶĸħĸĚĕŀĚėƞŅȮTgȮěŉĚ
ĽƞĚįĸŒľƟȮĦȮŀŋĦľĳŌĴŇȮ30 ŀĚĻŅŏĞĸŏĞňĵĽȮ plasticized PLAěŉĚĴňėƞŅȮStorage modulus ĪňŗĨŗŜŅĔĺƞŅȮ
4Neat 

ıŇěŅĶĦŅěŋħĪňŗȮStorageȮmodulus ĴňĔŅĶĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺȮĞŉŗĚŏĮƦĬĨŜŅŐľĬƞĚĔŅĶŏĔŇħȮ

a-relaxation ĨŜŅŐľĬƞĚĔŅĶŏĔŇħħńĚĔĸƞŅĺěŃŏĔŇħĕŉŘĬȮĦȮŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮĞŉŗĚŏĮƦĬ
ĝƞĺĚĪňŗĽŅĵőĞƞıŀĸŇŏĴŀĶƢŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮY/4[ȮőħĵŐĨƞĸŃŀńĨĶŅĽƞĺĬĔŅĶįĽĴěŃĴňėƞŅĪňŗŐĨĔĨƞŅĚĔńĬȮ
ěŅĔĔĶŅĲěŃŏľŖĬœħƟĺƞŅŀŋĦľĳŌĴŇŒĬĝƞĺĚĪňŗŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĜńĭıĸńĬĕŀĚȮStorage modulus 
ĬńŘĬȮĴňėƞŅĸħĸĚŏĴŊŗŀĮĶŇĴŅĦĔŅĶŏĨŇĴȮDOA ŏıŇŗĴĴŅĔĕŉŘĬȮ&ĨńŘĚŐĨƞȮ2 ĩŉĚȮ6 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĕŀĚȮDOA'Ȯ
ŐĨƞıĭĺƞŅŏĴŊŗŀŏĨŇĴȮDOA ĨńŘĚŐĨƞȮ6ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĕŉŘĬœĮȮŀŋĦľĳŌĴŇĪňŗĪŜŅŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ŀĵƞŅĚĜńĭıĸńĬĕƟŅĚĨƟĬĬńŘĬȮ ŏĔŇħĕŉŘĬĪňŗŀŋĦľĳŌĴŇŒĔĸƟŏėňĵĚĔńĬȮ ŐĸŃĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴħńĚĔĸƞŅĺĵńĚĴňėƞŅȮ
Storage modulus ŒĔĸƟŏėňĵĚĔńĬŀňĔħƟĺĵȮ 
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ĳŅıĪňŗȮ4,3ȮStorage modulus ĕŀĚȮ2Neat ŐĸŃ plasticized PLAȮ4DOAx 

ěŅĔĬńŘĬıŇěŅĶĦŅȮĦȮĨŜŅŐľĬƞĚĪňŗȮStorage modulus ĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬȮĞŉŗĚŏĔŇħĕŉŘĬŒĬĝƞĺĚ
ŀŋĦľĳŌĴŇȮ70 ĩŉĚȮ110 ŀĚĻŅŏĞĸŏĞňĵĽȮĔŅĶĪňŗėƞŅȮStorage modulus ŏıŇŗĴĽŌĚĕŉŘĬŒĬĝƞĺĚŀŋĦľĳŌĴŇħńĚĔĸƞŅĺ
ĬńŘĬȮŀŅěŏĮƦĬįĸŏĬŊŗŀĚĴŅěŅĔĽŅĵőĞƞıŀĸŇŏĴŀĶƢĕŀĚȮPLA ĔŜŅĸńĚŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺĔńĬȮĞŉŗĚĽƞĚįĸŒľƟıŀĸŇ
ŏĴŀĶƢĴňėĺŅĴŐĕŖĚŐĶĚŏıŇŗĴĴŅĔĕŉŘĬȮŐĸŃěŅĔĔŅĶĪħĽŀĭıĭĺƞŅȮ4Neat &ŏĽƟĬĽňħŜŅ'ȮĴňĝƞĺĚŀŋĦľĳŌĴŇĪňŗŏĔŇħ
ĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵŌƞŒĬĝƞĺĚȮ73ȮŀĚĻŅŏĞĸŏĞňĵĽȮĩŉĚȮ/.3ȮŀĚĻŅŏĞĸŏĞňĵĽȮĞŉŗĚĽŀħėĸƟŀĚĔńĭŀŋĦľĳŌĴŇŒĬĔŅĶ
ŏĔŇħįĸŉĔĕŀĚȮneat PLA &Cold crystallization, Tc'ȮY17[ȮěŅĔĬńŘĬŏĴŊŗŀıŇěŅĶĦŅ plasticized PLAĪňŗĴň
ĔŅĶŏĨŇĴȮDOA ĸĚŒĬȮPLA ŒĬŀńĨĶŅĽƞĺĬĨƞŅĚȮŕȮıĭĺƞŅŏĴŊŗŀĮĶŇĴŅĦȮDOA ŏıŇŗĴĴŅĔĕŉŘĬȮĝƞĺĚŀŋĦľĳŌĴŇĪňŗĪŜŅ
ŒľƟŏĔŇħĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮStorage modulus ĴňėƞŅĸħĸĚȮŐĸŃĴňėƞŅĨŗŜŅĔĺƞŅȮ4Neat  

ĨŅĶŅĚĪňŗȮ4,1ȮŐĽħĚŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&glass transition temperatre, Tg'ȮĕŀĚȮ
4Neat ŐĸŃ plasticized PLAȮ4DOAxȮěŅĔĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮDMA 

Glass transition temperature YoC[ 

4Neat 4DOA2 4DOA4 4DOA6 4DOA8 4DOA10 4DOA12 4DOA14 

66,6 62,4 59,0 54,3 51,7 53,0 52,8 52,3 

ŏıŊŗŀĻŉĔļŅĽĴĭńĨŇĶňŀŀőĸĵňĕŀĚȮplasticized PLA ĪňŗĽĩŅĬŃľĸŀĴȮěŉĚĪŜŅĔŅĶĻŉĔļŅħƟĺĵ
ŏĪėĬŇėȮDMA ŒĬőľĴħĔŅĶĪħĽŀĭŐĭĭŏĮĸňŗĵĬŐĮĸĚėĺŅĴĩňŗŏĝŇĚĴŋĴĪňŗŒĝƟŒĬĔŅĶŒľƟŐĶĚȮĪňŗŀŋĦľĳŌĴŇȮ190 
ŀĚĻŅŏĞĸŏĞňĵĽȮőħĵıŇěŅĶĦŅėƞŅȮComplex viscosity, Storage modulus ŐĸŃȮLoss modulusȮįĸ
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ĔŅĶĪħĸŀĚŐĽħĚħńĚĳŅıĪňŗȮ4,4ȮŐĸŃȮĳŅıĪňŗȮ4,5ȮŏĴŊŗŀıŇěŅĶĦŅėƞŅȮComplex viscosityȮĕŀĚ 
plasticized PLAıĭĺƞŅĪňŗėĺŅĴĩňŗĨŗŜŅȮŕȮ plasticized PLAȮěŃŐĽħĚıķĨŇĔĶĶĴŏĮƦĬŐĭĭȮNewtonian 
ěŅĔĬńŘĬŏĴŊŗŀėĺŅĴĩňŗŏıŇŗĴĴŅĔĕŉŘĬěŃŐĽħĚıķĨŇĔĶĶĴŐĭĭȮShear thinningȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅ 
plasticized PLAıĭĺƞŅėƞŅȮComplex viscosity ĴňėƞŅĸħĸĚŏĴŊŗŀĮĶŇĴŅĦĔŅĶŏĨŇĴȮDOA ŏıŇŗĴĴŅĔĕŉŘĬȮĞŉŗĚ
ľĴŅĵĩŉĚėĺŅĴľĬŊħĕŀĚ plasticized PLAȮĴňėƞŅĸħĬƟŀĵĸĚȮŏĮƦĬįĸŏĬŊŗŀĚĴŅěŅĔĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢ
ĽƞĚįĸŒľƟ plasticized PLA ĴňȮFree volume ŏıŇŗĴĴŅĔĕŉŘĬȮ 

 
ĳŅıĪňŗȮ4,4ȮComplex viscosity ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4DOAx 

ěŅĔĳŅıĪňŗȮ4,5ȮĞŉŗĚŐĽħĚėƞŅȮStorage modulus ŐĸŃȮLoss modulusȮĕŀĚȮ4Neat 
ŐĸŃ plasticized PLA Ȯ4DOAx ıĭĺƞŅŒĬĪŋĔĽŌĨĶĔŅĶįĽĴėƞŅȮStorage modulus ŐĸŃȮLoss 
modulus ĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬŏĴŊŗŀėĺŅĴĩňŗŏıŇŗĴĴŅĔĕŉŘĬȮŐĸŃĪňŗĪŋĔȮŕȮėĺŅĴĩňŗŒĬĔŅĶĪħĽŀĭĕŀĚ plasticized 
PLA Ȯ4DOAx ěŃŐĽħĚėƞŅȮStorage modulus ŐĸŃȮLoss modulus ĪňŗĴňėƞŅĨŗŜŅĔĺƞŅȮ4Neat ŏĬŊŗŀĚěŅĔ
ĔŅĶŏĨŇĴȮDOA ĽƞĚįĸŒľƟĔŅĶŏĔňŗĵĺıńĬĔńĬĕŀĚȮPLA ĴňėƞŅĪňŗĸħĸĚȮ&molecular entanglement'ȮĞŉŗĚěŅĔ
įĸħńĚĔĸƞŅĺĵńĚĽŅĴŅĶĩĭƞĚĭŀĔĩŉĚĽĳŅĺŃŒĬĔŅĶĕŉŘĬĶŌĮĕŀĚ plasticized PLA ȮėŊŀŀŅěěŜŅŏĮƦĬĪňŗěŃĨƟŀĚ
ĸħŀŋĦľĳŌĴŇŒĬĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĸħěŅĔŏħŇĴĕŀĚȮ4Neat Y16[Ȯ 
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ĳŅıĪňŗȮ4,5ȮStorage modulus &ŏĽƟĬĪŉĭ'ȮŐĸŃȮLoss modulus &ŏĽƟĬĮĶŃ'Ȯ 

ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4DOAx 

2,/,1,2ȮėƞŅħńĝĬňĔŅĶœľĸĕŀĚ plasticized PLA Ȯ4DOAx 
ĔŅĶĻŉĔļŅėƞŅħńĝĬňĔŅĶœľĸĕŀĚȮ4Neat ȮŐĸŃ plasticized PLA ȮȮ4DOAx ĪħĽŀĭĪňŗ

ŀŋĦľĳŌĴŇȮ/7.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĽħĚįĸĔŅĶĪħĽŀĭħńĚĳŅıĪňŗȮ4,6ȮıĭĺƞŅȮ4Neat ĴňėƞŅħńĝĬňĔŅĶœľĸȮľĶŊŀȮ
MFI ŏĪƞŅĔńĭȮ4,4Ȯ±Ȯ.,.6ȮĔĶńĴĨƞŀĽŇĭĬŅĪňȮěŅĔĬńŘĬŏĴŊŗŀıŇěŅĶĦŅėƞŅħńĝĬňĔŅĶœľĸĕŀĚ plasticized PLA 
ĪňŗĴňĔŅĶŏĨŇĴȮDOA ŒĬĮĶŇĴŅĦĪňŗŏıŇŗĴĴŅĔĕŉŘĬȮŐĽħĚėƞŅħńĝĬňĔŅĶœľĸĪňŗĽŌĚĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴıĸŅ
ĽĨŇœĞŏĞŀĶƢĸĚŒĬıŀĸŇŐĸėĨŇĔŐŀĞŇħŒĬĮĶŇĴŅĦĪňŗŏıŇŗĴĴŅĔĕŉŘĬȮ ěŃĽƞĚįĸŒľƟėĺŅĴľĬŊħĕŀĚ plasticized 
PLA ĴňėƞŅĸħĸĚȮĽŀħėĸƟŀĚĔńĭįĸĔŅĶĪħĸŀĚŒĬĽƞĺĬĕŀĚȮComplex viscosity ŒĬĳŅıĪňŗȮ4,4 
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ĳŅıĪňŗȮ4,6ȮėƞŅħńĝĬňĔŅĶœľĸĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4DOAx 

4,1,1,3ȮĔŅĶĺŇŏėĶŅŃľƢĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA-DOA  
ĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĮĶŃĔŀĭœĮħƟĺĵĔŅĶĪħĽŀĭėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶħŉĚĵŊħȮ

&Tensile test'ȮŐĸŃĔŅĶĪħĽŀĭėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ&Impact test'ȮĞŉŗĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮ
PLA-DOA ŒĬŀńĨĶŅĽƞĺĬĨƞŅĚȮŕȮěŃĬŜŅœĮŏĮĶňĵĭŏĪňĵĭĔńĭȮneat PLA 

ĽĴĭńĨŇėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶħŉĚĵŊħĕŀĚȮPlasticized PLA ěŃıŇěŅĶĦŅěŅĔėƞŅĴŀħŌĸńĽ
ĕŀĚĵńĚȮ&YoungŲs modulus'ȮėĺŅĴĪĬĨƞŀŐĶĚħŉĚȮ&Tensile strength'ȮŐĸŃĔŅĶĵŊħȮĦȮěŋħĕŅħȮ
&Elongation at break'ȮĕŀĚĝŇŘĬĚŅĬȮ 

ŏĴŊŗŀıŇěŅĶĦŅĔĶŅĲȮstress-strain ĞŉŗĚĭƞĚĭŀĔĩŉĚıķĨŇĔĶĶĴĕŀĚıŀĸŇŏĴŀĶƢŏĴŊŗŀœħƟĶńĭŐĶĚ
ħŉĚĵŊħȮŐĽħĚħńĚĳŅıĪňŗȮ4,7ȮıĭĺƞŅȮ4Neat &ŏĽƟĬĽňħŜŅ'ȮŏĴŊŗŀœħƟĶńĭŐĶĚħŉĚĵŊħěŃŐĽħĚıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔ
ŐĭĭŏĮĶŅŃȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅ plasticized PLA ĪňŗĴňĔŅĶŏĨŇĴȮDOA ŒĬĮĶŇĴŅĦĨƞŅĚȮŕȮıĭĺƞŅȮĪňŗĮĶŇĴŅĦ
ĔŅĶŏĨŇĴȮDOA ŒĬĮĶŇĴŅĦĨńŘĚŐĨƞȮ2 ĩŉĚȮ6 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮ plasticized PLA ĔŖĵńĚėĚŐĽħĚ
ıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃŏĝƞĬŏħňĵĺĔńĭȮ4Neat ŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢȮDOA ŒĬ
ĮĶŇĴŅĦĨńŘĚŐĨƞȮ6ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĕŉŘĬœĮȮ plasticized PLA ěŃŐĽħĚıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔŏĮƦĬ
ŐĭĭŏľĬňĵĺȮĞŉŗĚěŃŐĽħĚĔŅĶŏĔŇħȮcold drawing ĪňŗĝŇŘĬĚŅĬĪħĽŀĭ 
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ĳŅıĪňŗȮ4,7ȮĔĶŅĲȮstress-strainȮĕŀĚȮ2Neat ŐĸŃ plasticized PLA Ȯ4DOAx 

ŏĴŊŗŀıŇěŅĶĦŅėƞŅȮYoungŲs modulus ȮŐĸŃėƞŅȮTensile strengthȮĞŉŗĚŐĽħĚħńĚĳŅıĪňŗȮ4,8Ȯ
ŐĸŃĳŅıĪňŗȮ4,9ȮĨŅĴĸŜŅħńĭȮıĭĺƞŅėƞŅȮYoungŲs modulusȮŐĸŃėƞŅȮTensile strengthȮĕŀĚȮneat PLA 
4043D ľĶŊŀȮ4Neat ĴňėƞŅŏĪƞŅĔńĭȮ1878 ± 90,94 MPa ŐĸŃȮ62,27 ± 4,09 MPa ĨŅĴĸŜŅħńĭȮŏĴŊŗŀŏĨŇĴȮ
DOA ŒĬĮĶŇĴŅĦĪňŗĴŅĔȮıĭĺƞŅėƞŅȮYoungŲs modulusȮŐĸŃėƞŅȮTensile strength ĴňėƞŅĸħĸĚȮ
ŏĬŊŗŀĚěŅĔĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĬńŘĬœĮĸħŐĶĚĵŉħŏľĬňŗĵĺĶŃľĺƞŅĚőĴŏĸĔŋĸȮĽƞĚįĸŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢ
ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮM,ȮBaiardo ŐĸŃėĦŃȮY/6[ 
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ĳŅıĪňŗȮ4,8ȮYoungŲs modulusȮĕŀĚȮ2Neat ŐĸŃ plasticized PLA Ȯ4DOAx  

 

ĳŅıĪňŗȮ4,9ȮTensile strengthȮĕŀĚȮ2Neat ŐĸŃ plasticized PLA Ȯ4DOAx 

ŏĴŊŗŀıŇěŅĶĦŅĪňŗėƞŅȮ#Elongation at break ĞŉŗĚŐĽħĚħńĚĳŅıĪňŗȮ4,10ȮıĭĺƞŅȮ4Neat Ĵň
ėƞŅȮElongation at break ŏĪƞŅĔńĭȮ7,22 ± 1,11 ŏĮŀĶƢŏĞŖĬĨƢȮěŅĔĬńŘĬėƞŅȮElongation at break Ĵň
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ŐĬĺőĬƟĴŏıŇŗĴĽŌĚĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦĔŅĶŏĨŇĴȮDOA ĴŅĔĕŉŘĬȮőħĵŏıŇŗĴĽŌĚĽŋħŏĴŊŗŀŏĨŇĴȮDOA ŒĬĮĶŇĴŅĦȮ10 
ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮĞŉŗĚıĭĺƞŅĴňėƞŅŏĪƞŅĔńĭȮ45,15 ± 8,39 ŏĮŀĶƢŏĞŖĬĨƢȮŏĮƦĬįĸŏĬŊŗŀĚĴŅěŅĔĔŅĶŏĨŇĴ 
ıĸŅĽĨŇœĞŏĞŀĶƢĽƞĚįĸŒľƟŐĶĚĵŉħŏľĬňŗĵĺĶŃľĺƞŅĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢĴňėƞŅĸħĸĚȮ ŏĴŊŗŀœħƟĶńĭŐĶĚħŉĚĵŊħĽŅĵőĞƞ
ĽŅĴŅĶĩŏĸŊŗŀĬįƞŅĬĔńĬœħƟĚƞŅĵĴŅĔĕŉŘĬȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔĔŅĶĸħĸĚĕŀĚėƞŅȮTgȮY19[Ȯ 

 

ĳŅıĪňŗȮ4,10Ȯ#Elongation at breakȮĕŀĚȮ2Neat ŐĸŃ plasticized PLA Ȯ4DOAx 

ĽĴĭńĨŇĔŅĶĪħĽŀĭėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔĕŀĚȮ2Neat ŐĸŃ plasticized PLA Ȯ
2DOAxȮĞŉŗĚŏĮƦĬĔŅĶĪħĽŀĭħƟĺĵŀńĨĶŅĔŅĶĔĶŃŐĪĔħƟĺĵėĺŅĴŏĶŖĺĽŌĚȮŐĽħĚįĸĔŅĶĪħĽŀĭħńĚĳŅıĪňŗȮ
4,11ȮőħĵıĭĺƞŅȮ4Neat ĴňėƞŅȮImpact strength ŏĪƞŅĔńĭȮ1,4.Ȯ±Ȯ.,26ȮĔŇőĸěŌĸĨƞŀĨŅĶŅĚŏĴĨĶȮŏĴŊŗŀŏĨŇĴȮ
DOA ŒĬĮĶŇĴŅĦĪňŗŏıŇŗĴĴŅĔĕŉŘĬėƞŅȮȮImpact strengthȮœĴƞŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮěŃŏĔŇħ
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĴŅĔĽŋħȮŏĴŊŗŀŏĨŇĴȮDOA ŒĬĮĶŇĴŅĦȮ/2ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮėƞŅȮImpact strength Ȯ
ĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭȮ4Neat őħĵĴňėƞŅŏĪƞŅĔńĭȮ4,23Ȯ±Ȯ.,60ȮĔŇőĸěŌĸĨƞŀĨŅĶŅĚŏĴĨĶȮ&ŏıŇŗĴĕŉŘĬȮ57Ȯ
ŏĮŀĶƢŏĞŖĬĨƢŏĴŊŗŀŏĪňĵĭĔńĭȮ4Neat'ȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮDOA ĞŉŗĚŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢœĴƞĴňįĸĨƞŀĔŅĶħŌħ
ĞńĭŐĶĚȮěŉĚĪŜŅŒľƟĴňėƞŅėĺŅĴĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔĴňėƞŅŒĔĸƟŏėňĵĚĔńĭȮ4Neat  
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ĳŅıĪňŗȮ4,11ȮėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ&Impact test'ȮĕŀĚȮ2Neat ŐĸŃ plasticized PLA Ȯ
4DOAx 

4,1,1,4 ĔŅĶĺŇŏėĶŅŃľƢĽńĦģŅĬĺŇĪĵŅĕŀĚȮPLA-DOA 
ĳŅıĪňŗȮ4,12ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚ plasticized PLA Ȯ4DOAx ĪňŗŀńĨĶŅĽƞĺĬĕŀĚȮ

DOAȮĨńŘĚŐĨƞȮ2 ĩŉĚȮ14ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮĕŀĚĝŇŘĬĚŅĬĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĪħĽŀĭėĺŅĴĪĬĪŅĬĨƞŀ
ŐĶĚĔĶŃŐĪĔŐĸƟĺȮěŅĔĳŅııĭĺƞŅŒĬĽŌĨĶĔŅĶįĽĴĪňŗĴňĮĶŇĴŅĦȮDOA ĨńŘĚŐĨƞȮ10 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔ
ĬńŘĬȮıĭĶŌĔĶŃěŅĵŀĵŌƞŒĬıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢȮőħĵĮĶŇĴŅĦĕŀĚĶŌĪňŗıĭěŃŏıŇŗĴĴŅĔĕŉŘĬŏĶŊŗŀĵȮŕȮŏĴŊŗŀĮĶŇĴŅĦ
ĕŀĚȮDOA ŏıŇŗĴĴŅĔĕŉŘĬȮőħĵĶŌĪňŗıĭĬńŘĬŏĔŇħĕŉŘĬŏĬŊŗŀĚěŅĔĔŅĶĶĺĴĨńĺĔńĬŏŀĚĕŀĚȮDOA ŏĮƦĬŀĬŋĳŅėĔĸĴȮ
ŐĪĶĔĨńĺŀĵŌƞĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢȮ őħĵœĴƞĽŅĴŅĶĩŏĕƟŅœĮŐĪĶĔŒĬĽŅĵőĞƞĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħœħƟŐĸƟĺȮ
ŏĬŊŗŀĚěŅĔĴňĮĶŇĴŅĦĪňŗĴŅĔŏĔŇĬıŀĪňŗěŃŐĪĶĔŏĕƟŅœĮȮĪŜŅŒľƟȮDOA ĪňŗĴŅĔŏĔŇĬıŀĬńŘĬŀŅěěŃĮĶŃıķĨŇĨńĺŏĮƦĬ
ĽŅĶĪňŗĝƞĺĵŒĬĔĶŃĭĺĬĔŅĶĔŅĶĕŉŘĬĶŌĮȮ&Processing aid'ȮŐĪĬĔŅĶĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢȮĞŉŗĚ
ĽŀħėĸƟŀĚĔńĭįĸĕŀĚĔŅĶĪħĽŀĭėƞŅȮTgȮĪňŗœħƟěŅĔŏĪėĬŇėȮDMA ĞŉŗĚıĭĺƞŅėƞŅȮTgȮěŃĴňėƞŅĸħĸĚŏĴŊŗŀĴňĔŅĶ
ŏĨŇĴȮDOA ěĬĩŉĚĪňŗȮ8 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮĩƟŅĴňĔŅĶŏĨŇĴȮDOA ĴŅĔĔĺƞŅȮ8 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮěŃ
œĴƞŐĽħĚĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮTgȮ 
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ĳŅıĪňŗȮ4,12ȮĽńĦģŅĬĺŇĪĵŅĕŀĚ plasticized PLA Ȯ4DOAx ĕŀĚĝŇŘĬĚŅĬĪňŗįƞŅĬĔŅĶĪħĽŀĭėĺŅĴ
ĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮĪňŗĔŜŅĸńĚĕĵŅĵȮ2000 ŏĪƞŅȮőħĵȮ&Ĕ',Ȯ4DOA2, &ĕ',Ȯ4DOA4,Ȯ 
&ė',Ȯ4DOA6, &Ě',Ȯ4DOA8, &ě',Ȯ4DOA10, &Ĝ',Ȯ4DOA12 ŐĸŃȮ&ĝ',Ȯ4DOA14 

4,1,1,5 įĸĔŅĶĪħĽŀĭŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĵĕŀĚȮDOA 
ěŅĔĔŅĶĪħĽŀĭŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮDOA ĪňŗœħƟěŅĔŏėĶŊŗŀĚȮTGA ĞŉŗĚŐĽħĚħńĚ

ĳŅıĪňŗȮ4,13ȮıĭĺƞŅȮDOA ěŃŏĶŇŗĴĽĸŅĵĨńĺŏĴŊŗŀŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇĴŅĔĔĺƞŅȮ200 ŀĚĻŅ
ŏĞĸŏĞňĵĽȮĬńŘĬŐĽħĚŒľƟŏľŖĬĺƞŅȮDOA œĴƞĴňĔŅĶĽĸŅĵĨńĺœĮŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶįĽĴŐĸŃĔĶŃĭĺĬĔŅĶ
ĕŉŘĬĶŌĮ 

&ĕ',Ȯ4DOA4 &Ĕ',Ȯ4DOA2 &ė',Ȯ4DOA6 

&ě',Ȯ4DOA10 &Ě',Ȯ4DOA8 &Ĝ',Ȯ4DOA12 

&ĝ',Ȯ4DOA14 
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ĳŅıĪňŗȮ4,13ȮŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮDOA ħƟĺĵŏĪėĬŇėȮTGA 

4,1,2ȮįĸĕŀĚĔŅĶŏĨŇĴȮPolysorb® ID24ȮľĶŊŀȮPID 

 2,/,2,1ȮĔŅĶĺŇŏėĶŅŃľƢĽĴĭńĨŇĪŅĚĔĸŏĝŇĚœħĬŅĴŇĔĽƢȮ&Dynamic Mechanical 
Analysis'ȮĕŀĚ PLA-PID 

ıŇěŅĶĦŅĔŅĶĪħĽŀĭŐĭĭŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇȮŒĬĝƞĺĚȮ1.ȮŀĚĻŅŏĞĸŏĞňĵĽȮĩŉĚȮ/0.Ȯ
ŀĚĻŅŏĞĸŏĞňĵĽȮěŅĔĳŅıĪňŗȮ4,14ȮŐĽħĚėƞŅȮTan&delta'ȮĕŀĚ plasticized PLA ȮĞŉŗĚĪňŗĨŜŅŐľĬƞĚĽŌĚĽŋħ
ĕŀĚĔĶŅĲĭƞĚĭŀĔĩŉĚŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&Glass transition temperature, Tg'ȮĕŀĚ 
plasticized PLA ȮıĭĺƞŅėƞŅȮTgȮĴňėƞŅĸħĸĚĨƞŀŀĵƞŅĚŏĬŊŗŀĚȮŏĴŊŗŀ plasticized PLA ĴňŀńĨĶŅĽƞĺĬĔŅĶŏĨŇĴȮ
PID ĪňŗŏıŇŗĴĴŅĔĕŉŘĬȮıĭĔŅĶĸĚĸħĕŀĚėƞŅȮTgȮĴŅĔĪňŗĽŋħŒĬĽŌĨĶĔŅĶįĽĴȮ4PID12 őħĵėƞŅȮTgȮĴňėƞŅĸħĸĚ
ŏľĸŊŀŏıňĵĚȮ26,/ȮŀĚĻŅŏĞĸŏĞňĵĽȮĞŉŗĚĸħĸĚěŅĔȮTgȮĕŀĚȮ4Neat ĩŉĚȮ/6,3ȮŀĚĻŅŏĞĸŏĞňĵĽȮ&TgȮĕŀĚȮ
4Neat ŏĪƞŅĔńĭȮ66,6 ŀĚĻŅŏĞĸŏĞňĵĽ'ȮĞŉŗĚĔŅĶĪňŗȮTgȮĕŀĚıŀĸŇŏĴŀĶƢĴňėƞŅĸħĬƟŀĵĸĚȮŏĮƦĬįĸĴŅěŅĔĽŅĵőĞƞ
őĴŏĸĔŋĸĕŀĚıŀĸŇŏĴŀĶƢŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗœħƟĚƞŅĵĕŉŘĬȮŐĸŃĴňȮfree volume ŏıŇŗĴĴŅĔĕŉŘĬȮĽŀħėĸƟŀĚĔńĭ
ĚŅĬĺŇěńĵĕŀĚȮA,Ruellan ŐĸŃėĦŃȮY/0[ȮĞŉŗĚĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĝĬŇħĨƞŅĚȮŕȮŒĬ 
PLA  
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ĳŅıĪňŗȮ4,14ȮDamping factor ľĶŊŀȮtan delta ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 

ĨŅĶŅĚĪňŗȮ4,2ȮŐĽħĚŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&glass transition temperatre, Tg'ȮĕŀĚȮ
4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 

Glass transition temperature YoC[ 

4Neat 4PID2 4PID4 4PID6 4PID8 4PID10 4PID12 4PID14 

66,6 64,8 61,9 60,0 55,7 53,7 48,1 51,0 

ıŇěŅĶĦŅŒĬĽƞĺĬĕŀĚȮStorage modulus ĕŀĚ plasticized PLA Ȯ4PIDx &ĳŅıĪňŗȮ
4,15'ȮȮĪňŗŀŋĦľĳŌĴŇȮ1.ȮŀĚĻŅŏĞĸŏĞňĵĽȮıĭĺƞŅėƞŅȮStorage modulus ĕŀĚ plasticized PLA ĪňŗĴňȮPID 
ŒĬŀńĨĶŅĽƞĺĬĨƞŅĚȮŕȮĴňėƞŅĪňŗŒĔĸƟŏėňĵĚĔńĬȮŐĸŃȮStorage modulus ĴňėƞŅĸħĸĚŏĴŊŗŀĮĶŇĴŅĦĔŅĶŏĨŇĴȮPIDȮ
ŏıŇŗĴĴŅĔĕŉŘĬŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅȮStorage modulus ĕŀĚȮ4NeatȮőħĵıĭĺƞŅ plasticized PLA Ȯ
2PID12ȮĴňėƞŅȮStorage modulus ĨŗŜŅĽŋħŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĽŌĨĶĔŅĶįĽĴŀŊŗĬȮŕȮĞŉŗĚŏĮƦĬįĸŏĬŊŗŀĚĴŅěŅĔ
ĔŅĶĸħĸĚĕŀĚėƞŅȮTgȮ 

ıŇěŅĶĦŅĝƞĺĚĪňŗȮStorage modulus ŏĔŇħĔŅĶĸħĸĚŀĵƞŅĚĔŃĪńĬľńĬȮľĶŊŀĝƞĺĚĕŀĚĔŅĶ
ŏĔŇħȮa-relaxation ěŅĔĳŅııĭĺƞŅĝƞĺĚŀŋĦľĳŌĴŇŒĬĔŅĶŏĔŇħȮa-relaxationȮĕŀĚ plasticized PLA 
ěŃŏĔŇħĕŉŘĬŒĬĝƞĺĚĕŀĚŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮĞŉŗĚŏĴŊŗŀıŇěŅĶĦŅĝƞĺĚĕŀĚĔŅĶŏĮĸňŗĵĬŐĮĸĚėƞŅȮ
Storage modulus ĕŀĚ plasticized PLA ȮěŃıĭĔŅĶŏĮĸňŗĵĬŐĮĸĚŒĬĝƞĺĚĕŀĚŀŋĦľĳŌĴŇĪňŗĨŗŜŅĸĚȮŏĴŊŗŀ
ŏĮĶňĵĭŏĪňĵĭĔńĭȮ4Neat ŐĸŃĴňĝƞĺĚŀŋĦľĳŌĴŇĪňŗŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĸħĸĚĴŅĔĕŉŘĬȮŏĴŊŗŀĴňŀńĨĶŅĽƞĺĬĕŀĚȮ
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PIDȮĪňŗŏıŇŗĴĕŉŘĬȮŐĸŃŒĬĽŌĨĶĔŅĶįĽĴȮ4PID/0ȮŐĽħĚĝƞĺĚĔŅĶĸħĸĚĕŀĚėƞŅȮStorage modulus ŒĬĝƞĺĚ
ŀŋĦľĳŌĴŇĨŗŜŅĪňŗĽŋħȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭ plasticized PLA ŒĬĽŌĨĶŀŊŗĬȮŕ 

ěŅĔĬńŘĬıŇěŅĶĦŅĔĶŅĲȮStorage modulus ŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ7.ȮŀĚĻŅŏĞĸŏĞňĵĽȮĩŉĚȮ
//.ȮŀĚĻŅŏĞĸŏĞňĵĽȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĝƞĺĚĔŅĶŏĔŇħȮCold crystallizationȮĕŀĚ plasticized PLA ȮY0.[Ȯ
ıĭĺƞŅĔŅĶŏĨŇĴȮPID ŒĬŀńĨĶŅĽƞĺĬĪňŗŏıŇŗĴĴŅĔĕŉŘĬȮ ĽƞĚįĸŒľƟŀŋĦľĳŌĴŇĔŅĶŏĔŇħįĸŉĔĴňėƞŅĸħĸĚȮŏĮƦĬįĸ
ŏĬŊŗŀĚĴŅěŅĔĔŅĶŏĨŇĴȮPID ĞŉŗĚĮĶŃıķĨŇĨńĺŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢŒľƟĔńĭȮPLA ĽƞĚįĸŒľƟĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚȮ
PLA ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮŐĸŃŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺœħƟĚƞŅĵĕŉŘĬȮ 

 
ĳŅıĪňŗȮ4,15ȮStorage modulus ĕŀĚȮ2NeatȮŐĸŃ plasticized PLA Ȯ4PIDx 

ĨƞŀœĮŏĮƦĬįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĕŀĚ plasticized PLA ľĸŀĴŏľĸĺŏĴŊŗŀœħƟĶńĭŐĶĚŏĜŊŀĬ
ěŉĚĪŜŅĔŅĶĻŉĔļŅħƟĺĵŏĪėĬŇėȮDMA ŒĬőľĴħĔŅĶĪħĽŀĭŐĭĭŏĮĸňŗĵĬŐĮĸĚėĺŅĴĩňŗŏĝŇĚĴĴŋĴĪňŗŒĝƟŒĬĔŅĶŒľƟ
ŐĶĚȮĪħĽŀĭĪňŗŀŋĦľĳŌĴŇȮ190 ŀĚĻŅŏĞĸŏĞňĵĽȮěŅĔĳŅıĪňŗȮ4,16ȮŐĽħĚȮComplex viscosity ĕŀĚȮ4Neat 
ŐĸŃ plasticized PLA Ȯ4PIDxȮıĭĺƞŅŏĴŊŗŀėĺŅĴĩňŗĴňėƞŅŏıŇŗĴĴŅĔĕŉŘĬȮ plasticized PLA ŐĽħĚıķĨŇĔĶĶĴ
ŐĭĭȮshear thinningȮŐĸŃŏĴŊŗŀĮĶŇĴŅĦȮPID ŏıŇŗĴĴŅĔĕŉŘĬȮėƞŅȮComplex viscosity ĴňėƞŅĸħĸĚȮľĶŊŀ
ŀŅěĔĸƞŅĺœħƟĺƞŅėĺŅĴľĬŊħĕŀĚıŀĸŇŏĴŀĶƢĴňėƞŅĸħĸĚŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮ4Neat ŐĸŃıĭĺƞŅĽŌĨĶĔŅĶįĽĴȮ
4PID12 ĴňėƞŅȮComplex viscosity ĨŗŜŅĪňŗĽŋħȮĔŅĶĸħĸĚĕŀĚėƞŅȮComplex viscosity ŏĔŇħĕŉŘĬŏĬŊŗŀĚěŅĔ
ĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĽƞĚįĸĪŜŅŒľƟŐĶĚĵŉħŏľĬňŗĵĺĶŃľĺƞŅĚőĴŏĸĔŋĸĴňėƞŅĸħĸĚȮĽŅĵőĞƞŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮ
ėĺŅĴľĬŊħĕŀĚ plasticized PLA ěŉĚĴňėƞŅĸħĸĚ 
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ĳŅıĪňŗȮ4,16ȮComplex viscosity ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 

ıŇěŅĶĦŅĳŅıĪňŗȮ4,17ȮěŅĔĳŅııĭĺƞŅȮĪńŘĚȮStorage modulus ŐĸŃȮLoss modulus 
ĴňŐĬĺőĬƟĴŏĝƞĬŏħňĵĺĔńĭ plasticized PLA Ȯ4DOAx ėŊŀĪňŗĪŋĔȮŕȮėĺŅĴĩňŗȮėƞŅȮLoss modulus ěŃĴňėƞŅ
ĴŅĔĔĺƞŅȮStorage modulus ŏĽĴŀȮŐĸŃŏĴŊŗŀėĺŅĴĩňŗĴňėƞŅŏıŇŗĴĴŅĔĕŉŘĬėƞŅȮStorage modulus ŐĸŃȮ
Loss modulus ěŃĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬȮȮŏĴŊŗŀıŇěŅĶĦŅįĸĕŀĚ plasticized PLA ıĭĺƞŅȮ plasticized PLA 
ŒĬĽŌĨĶĔŅĶįĽĴȮ4PID2, 4PID4 ŐĸŃȮ4PID6 ŐĽħĚėƞŅȮStorage modulus ŐĸŃȮLoss modulus Īňŗ
ŒĔĸƟŏėňĵĚĔńĭȮ4Neat ĞŉŗĚĽŅĴŅĶĩĶŃĭŋœħƟĺƞŅĽŌĨĶĔŅĶįĽĴħńĚĔĸƞŅĺĬńŘĬěŃĴňĽĳŅĺŃŒĬĔŅĶĕŉŘĬĶŌĮ
ŏĝƞĬŏħňĵĺĔńĬĔńĭȮ4Neat œħƟȮŒĬĕĦŃĪňŗ plasticized PLA Ȯ4PID8, 4PID10, 4PID12 ŐĸŃȮ4PID14 ĴňėƞŅ
ħńĚĔĸƞŅĺĪňŗĨŗŜŅĔĺƞŅȮ4Neat ľŅĔŒĝƟŀŋĦľĳŌĴŇŒĬĔŅĶįĽĴŏħňĵĺĔńĬȮŀŅěĪŜŅŒľƟœĴƞĽŅĴŅĶĩĕŉŘĬĶŌĮœħƟȮŒĬĔŅĶ
ĭĺĬĔŅĶĕŉŘĬĶŌĮěŉĚěŜŅŏĮƦĬĨƟŀĚĴňĔŅĶĸħŀŋĦľĳŌĴŇŒĬĔŅĶĕŉŘĬĶŌĮĸĚŏĸŖĔĬƟŀĵȮ 
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ĳŅıĪňŗȮ4,17ȮŐĽħĚȮStorage modulus &ŏĽƟĬĪŉĭ'ȮŐĸŃȮLoss modulus &ŏĽƟĬĮĶŃ'Ȯ 

ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 

2,/,2,2ȮėƞŅħńĝĬňĔŅĶœľĸĕŀĚ plasticized PLA Ȯ4PIDx 
ėƞŅħńĝĬňĔŅĶœľĸĕŀĚ plasticized PLA Ȯ4PIDx ŐĽħĚħńĚĳŅıĪňŗȮ4,18ȮıĭĺƞŅėƞŅħńĝĬň

ĔŅĶœľĸĕŀĚ plasticized PLA Ȯ4PIDx ĴňėƞŅĴŅĔĔĺƞŅėƞŅħńĝĬňĔŅĶœľĸĕŀĚȮ4Neat őħĵėƞŅȮMFI ěŃĴňėƞŅ
ŏıŇŗĴĽŌĚĕŉŘĬŏĶŊŗŀĵȮŕȮĨŅĴĮĶŇĴŅĦĔŅĶŏĨŇĴȮPID ĪňŗŏıŇŗĴĽŌĚĕŉŘĬȮŏĮƦĬįĸŏĬŊŗŀĚĴŅěŅĔĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢȮ
&PID'Ȯ ĽƞĚįĸŒľƟĽŅĵőĞƞőĴŏĸĔŋĸŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮ ĪŜŅŒľƟėĺŅĴľĬŊħĕŀĚ plasticized PLA ĸħĸĚȮ
&ĽŀħėĸƟŀĚĔńĭįĸĕŀĚȮComplex viscosity'ȮěŅĔĔŅĶĪħĸŀĚıĭĺƞŅėƞŅħńĝĬňĔŅĶœľĸěŃŏıŇŗĴĽŌĚĽŋħŏĴŊŗŀ
ŏĨŇĴȮPID ŒĬĮĶŇĴŅĦȮ/0ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮěŅĔĬńŘĬŏĴŊŗŀĮĶŇĴŅĦȮPID ŏĮƦĬȮ/2ȮŏĮŀĶƢŏĞŖĬĨƢőħĵ
ĬŘŜŅľĬńĔȮėƞŅħńĝĬňĔŅĶœľĸĕŀĚ plasticized PLA ĴňėƞŅĸħĸĚȮŏĮƦĬœĮĨŅĴįĸĕŀĚėƞŅȮTgȮ 
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ĳŅıĪňŗȮ4,18ȮėƞŅħńĝĬňĔŅĶœľĸĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 

  2,/,2,3ȮĽĴĭńĨŇŏĝŇĚĔĸĕŀĚ plasticized PLA  4PIDx 

ĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĮĶŃĔŀĭœĮħƟĺĵĔŅĶĪħĽŀĭėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶħŉĚĵŊħȮ
&Tensile test'ȮŐĸŃĔŅĶĪħĽŀĭėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ&Impact test'ȮĞŉŗĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚ 
plasticized PLA Ȯ4PIDx ŒĬŀńĨĶŅĽƞĺĬĨƞŅĚȮŕȮěŃĬŜŅœĮŏĮĶňĵĭŏĪňĵĭĔńĭȮneat PLAȮ 

ĳŅıĪňŗȮ4,19ȮŐĽħĚĔĶŅĲȮstress-strain ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 
ěŅĔĳŅııĭĺƞŅȮ4Neat ěŃĴňıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃȮėŊŀŏĴŊŗŀœħƟĶńĭėĺŅĴŏėƟĬȮ&stress'ȮıŀĸŇ
ŏĴŀĶƢěŃŐĨĔŐĭĭĪńĬĪňĪńĬŒħȮĞŉŗĚĔŅĶŏĽňĵĶŌĮĪňŗŏĔŇħĕŉŘĬœĴƞĴňĔŅĶŏĔŇħȮneck ŒĬĕĦŃŏħňĵĺĔńĬ plasticized 
PLA ĪňŗĴňĔŅĶŏĨŇĴȮPID ŒĬĮĶŇĴŅĦȮ2 ĩŉĚȮ10 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮĔŖŐĽħĚıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔ
ŏĝƞĬŏħňĵĺĔńĭȮ4Neat ėŊŀĴňıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃȮŐĨƞĔŅĶŐĨĔľńĔĕŀĚ plasticized PLA 
ħńĚĔĸƞŅĺěŃŐĽħĚĔŅĶŏĔŇħȮneck ĕŉŘĬȮŐĨƞȮneck ĪňŗŏĔŇħĕŉŘĬŏĮƦĬȮneck ĪňŗœĴƞŏĽĩňĵĶȮŐĨƞŏĴŊŗŀıŇěŅĶĦŅ 
plasticized PLA ĪňŗĴňĔŅĶŏĨŇĴȮPID ŒĬĮĶŇĴŅĦȮ/0ȮŐĸŃȮ/2ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮ&4PID12 ŐĸŃȮ
4PID14'ȮıĭĺƞŅıŀĸŇŏĴŀĶƢŐĽħĚıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔĪňŗŐĨĔĨƞŅĚœĮěŅĔĔŅĶŐĨĔľńĔĕŀĚȮ4Neat ŀĵƞŅĚ
ŏľŖĬœħƟĝńħȮėŊŀŏĮĸňŗĵĬıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔŏĮƦĬŐĭĭŏľĬňĵĺȮıĭĔŅĶŏĔŇħȮnecking ŐĸŃȮcold drawing 
ŏĔŇħĕŉŘĬȮĬŀĔěŅĔĬňŘĵńĚıĭĔŅĶŏĔŇħȮstress induce crystallizationȮY21[Ȯ 
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ĳŅıĪňŗȮ4,19ȮĔĶŅĲȮstress-strain ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 

ěŅĔįĸĔŅĶĪħĽŀĭȮtensile testing ıĭĺƞŅėƞŅȮYoungŲs modulus, Tensile 
strength ŐĸŃȮElongation at break ĕŀĚȮ4Neat ĴňėƞŅŏĪƞŅĔńĭȮ/656Ȯ±Ȯ7.,72ȮMPa, 62,27 ± 4,09 
MPa ŐĸŃȮ7,22 ± 1,11 ŏĮŀĶƢŏĞŖĬĨƢȮĨŅĴĸŜŅħńĭȮŒĬĽƞĺĬĕŀĚįĸĔŅĶĪħĽŀĭĕŀĚ plasticized PLA Ȯ
4PIDx ıĭĺƞŅėƞŅȮYoungŲs modulus ŐĸŃėƞŅȮTensile strength &ĳŅıĪňŗȮ4,18ȮŐĸŃȮĳŅıĪňŗȮ4,20'ȮĴň
ŐĬĺőĬƟĴœĮŒĬĪŇĻĪŅĚŏħňĵĺĔńĬėŊŀȮ ŏĴŊŗŀĮĶŇĴŅĦĔŅĶŏĨŇĴȮPID œĴƞŏĔŇĬȮ 6Ȯ ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮ ėƞŅ
ħńĚĔĸƞŅĺĴňėƞŅĸħĸĚŏıňĵĚŏĸŖĔĬƟŀĵŏĴŊŗŀŏĪňĵĭĔńĭȮ4NeatȮľĶŊŀŀŅěĔĸƞŅĺœħƟĺƞŅœĴƞĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴň
ĬńĵĽŜŅėńĠȮŐĨƞěŃıĭĔŅĶĸħĸĚĕŀĚėƞŅȮYoungŲs modulus ŐĸŃėƞŅȮTensile strength ŒĬ 
plasticized PLA ĪňŗĴňĔŅĶŏĨŇĴȮPID ĴŅĔĔĺƞŅȮ8ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮőħĵıĭĔŅĶĸħĸĚĴŅĔĪňŗĽŋħŒĬ 
plasticized PLA ĽŌĨĶȮ4PID12ȮőħĵĸħŏľĸŊŀŏıňĵĚȮ760Ȯ±Ȯ27,51ȮMPa ŐĸŃȮ11,/7Ȯ±Ȯ0,53ȮMPa 
ĨŅĴĸŜŅħńĭȮĞŉŗĚĔŅĶĸħĸĚĕŀĚėƞŅȮYoungŲs modulus ŐĸŃȮTensile strength ĪňŗŏĔŇħĕŉŘĬȮŀŅěŏĮƦĬįĸ
ŏĬŊŗŀĚĴŅěŅĔĔŅĶĸħĸĚĕŀĚėƞŅȮTgȮĽƞĚįĸŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢŏĴŊŗŀœħƟĶńĭŐĶĚħŉĚĵŊħȮŏĔŇħĔŅĶŏėĸŊŗŀĬœľĺœħƟ
ĚƞŅĵĕŉŘĬ 
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ĳŅıĪňŗȮ4,20ȮėƞŅȮYoungŲs modulus ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 

 

ĳŅıĪňŗȮ4,21ȮėƞŅȮTensile strength ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 

ıŇěŅĶĦŅėƞŅȮ#Elongation at break ĞŉŗĚŐĽħĚħńĚĳŅıĪňŗȮ4,22ȮıĭĺƞŅėƞŅȮ#Ȯ
Elongation at break ĕŀĚ plasticized PLA ĪňŗĴňĔŅĶŏĨŇĴȮPID ĬƟŀĵĔĺƞŅȮ/0ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĴň
ėƞŅŒĔĸƟŏėňĵĚĔńĭėƞŅȮ#Elongation at break ĕŀĚȮ4Neat ŐĨƞŏĴŊŗŀŏĨŇĴȮPID ,ŒĬĮĶŇĴŅĦȮ/0ȮŏĮŀĶƢŏĞŖĬĨƢ
őħĵĬŘŜŅľĬńĔȮĔĸńĭıĭĺƞŅėƞŅȮ#Elongation at break ŏıŇŗĴĽŌĚĕŉŘĬŀĵƞŅĚĴŅĔȮĽŌĚĩŉĚȮ257,6Ȯ±Ȯ/7,./Ȯ
ŏĮŀĶƢŏĞŖĬĨƢȮľĶŊŀėŇħŏĮƦĬȮ 44Ȯ ŏĪƞŅĪňŗŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭȮ4Neat ŒĬĕĦŃŏħňĵĺĔńĬŏĴŊŗŀıŇěŅĶĦŅėƞŅȮ
#Elongation at break ĕŀĚ plasticized PLA ĽŌĨĶȮ4PID/2ȮıĭĺƞŅĴňėƞŅŏĪƞŅĔńĭȮ07.,71Ȯ±Ȯ07,43Ȯ
ŏĮŀĶƢŏĞŖĬĨƢȮľĶŊŀėŇħŏĮƦĬȮ2.ȮŏĪƞŅĕŀĚȮ4Neat ĞŉŗĚĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėƞŅȮElongation at break ŀĵƞŅĚ
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ĶĺħŏĶŖĺĬńŘĬŏĮƦĬįĸĴŅěŅĔĮĶŇĴŅĦıĸŅĽĨŇœĞŏĞŀĶƢĪňŗŒĝƟȮľĶŊŀȮPID ĬńŘĬȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶıĸŅĽĨŇœĞħƢ
ĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚȮPLA ľĶŊŀĔŅĶįĽĴĶŃľĺƞŅĚȮPLA ĔńĭȮPID ĬńŘĬŏĕƟŅĔńĬœħƟħňȮ&įĸěŅĔĔŅĶĪħĽŀĭȮSEM'Ȯ 

 

ĳŅıĪňŗȮ4,22ȮėƞŅȮElongation at break ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 

ŒĬĽƞĺĬĕŀĚįĸĔŅĶĪħĽŀĭėĺŅĴĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ &Impact testing'ȮĕŀĚ 
plasticized PLA Ȯ4PIDxȮŐĽħĚħńĚĳŅıĪňŗȮ4,23ȮıĭĺƞŅėƞŅȮimpact strength ĕŀĚ plasticized PLA 
ŒĬŀńĨĶŅĽƞĺĬĔŅĶįĽĴĪňŗŐĨĔĨƞŅĚĔńĬȮĴňėƞŅŒĔĸƟŏėňĵĚĔńĬȮŐĸŃĴňėƞŅŒĔĸƟŏėňĵĚĔńĭėƞŅĔńĭȮ4Neat őħĵĽŌĨĶĔŅĶ
įĽĴĪňŗŐĽħĚėƞŅȮimpact strength ĽŌĚĽŋħėŊŀȮ4PID12 ĞŉŗĚĴňėƞŅŏĪƞŅĔńĭȮ2,0.Ȯ±Ȯ.,26ȮkJ-m2Ȯ 

 

ĳŅıĪňŗȮ4,23ȮėƞŅȮImpact strength ĕŀĚȮ4Neat ŐĸŃ plasticized PLA Ȯ4PIDx 
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4,1,2,4 ĔŅĶĺŇŏėĶŅŃľƢĽńĦģŅĬĺŇĪĵŅĕŀĚȮPLA-PID 
ĳŅıĪňŗȮ4,24ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚ plasticized PLA Ȯ4PIDx ĪňŗŀńĨĶŅĽƞĺĬĔŅĶŏĨŇĴȮ

PID ŏĪƞŅĔńĭȮ2, 4, 6, 8, 10, 12ȮŐĸŃȮ14ȮŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮěŅĔĳŅııĭĺƞŅĔŅĶŏĨŇĴȮPID ĬńŘĬŐĽħĚ
ĔŅĶįĽĴŐĭĭŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬȮ&homogenous'ȮĔńĭȮPLAȮőħĵœĴƞıĭĔŅĶĶĺĴĨńĺĔńĬĕŀĚŀĬŋĳŅėĕŀĚȮ
PIDȮĞŉŗĚŐĨĔĨƞŅĚěŅĔĔŅĶŏĨŇĴȮDOA  ŐĸŃěŅĔĳŅıħńĚĔĸƞŅĺĞŉŗĚŏĮƦĬĳŅıĕŀĚĝŇŘĬĚŅĬĪňŗįƞŅĬĔŅĶĪħĽŀĭ
ėĺŅĴĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ ĞŉŗĚıĭĔŅĶŏĨŇĴȮPID ŒĬȮPLA ĬńŘĬȮ œĴƞĽƞĚįĸĨƞŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔ 

   

   

 

  

ĳŅıĪňŗȮ4,24ȮĽńĦģŅĬĺŇĪĵŅĕŀĚ plasticized PLA Ȯ4PIDx ĕŀĚĝŇŘĬĚŅĬĪňŗįƞŅĬĔŅĶĪħĽŀĭėĺŅĴĪĬĪŅĬ
ĨƞŀŐĶĚĔĶŃŐĪĔȮĪňŗĔŜŅĸńĚĕĵŅĵȮ2000 ŏĪƞŅȮőħĵȮ&Ĕ',Ȯ4PID4, &ĕ',Ȯ4PID10,Ȯ&ė',Ȯ4PID12, &Ě',Ȯ4PID8, 

&ě',Ȯ4PID10, &Ĝ',Ȯ4PID12 ŐĸŃȮ&ĝ',Ȯ4PID14 

 

&ě',Ȯ4PID10 &Ě',Ȯ4PID8 &Ĝ',Ȯ4PID12 

&ĝ',Ȯ4PID14 

&ĕ',Ȯ4PID4 &Ĕ',Ȯ4PID2 &ė',Ȯ4PID6 
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ěŅĔĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĪňŗĴňĨƞŀĽĴĭńĨŇĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħŏĔĶħȮ
4043DȮŒĬľńĺĕƟŀĪňŗȮ2,/,1ȮįĸĕŀĚĔŅĶŏĨŇĴȮbis&2-ethylhexyl'adipate, DOA ŐĸŃȮ2,/,2ȮįĸĕŀĚĔŅĶ
ŏĨŇĴȮPolysorb®ID46, PID ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭįĸĕŀĚĔŅĶŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢŒľƟĔńĭȮPLA ĕŀĚĪńŘĚȮDOA 
ŐĸŃȮPID ŐĽħĚħńĚľńĺĕƟŀĪňŗȮ4,1,3Ȯ 

4,1,3 ŏĮĶňĵĭŏĪňĵĭĽĴĭńĨŇĔŅĶŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĕŀĚȮDOA ŐĸŃȮPID ĨƞŀıŀĸŇŐĸėĨŇħŐŀĞŇħ
ŏĔĶħȮ4043D 
ĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĸĚŒĬıŀĸŇŏĴŀĶƢĬńŘĬȮĽƞĚįĸĪŜŅŒľƟıŀĸŇŏĴŀĶƢĴňėĺŅĴŀƞŀĬĬŋƞĴĸĚȮĴňėĺŅĴ

ľĵŊħľĵŋƞĬŏıŇŗĴĴŅĔĕŉŘĬȮ&ĸħŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺĕŀĚıŀĸŇŏĴŀĶƢĸĚ'ȮŀňĔĪńŘĚĵńĚĽƞĚįĸŒľƟȮ
YoungŲs modulus ĕŀĚıŀĸŇŏĴŀĶƢĴňėƞŅĸħĸĚȮĶĺĴœĮĩŉĚŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇŒĬĔŅĶŏĔŇħ
įĸŉĔȮľĶŊŀȮcold crystallization temperature &Tcc'ȮĕŀĚıŀĸŇŏĴŀĶƢŀňĔħƟĺĵȮY22[ȮŐĸŃėĺŅĴĽŅĴŅĶĩ
ŒĬĔŅĶŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĵńĚĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚıŀĸŇŏĴŀĶƢĪňŗŒĝƟ 

ŏĴŊŗŀĪŜŅĔŅĶįĽĴȮPLA 4043D ĔńĭȮDOA ľĶŊŀȮPID ŒĬŀńĨĶŅĽƞĺĬĔŅĶįĽĴħńĚĨŅĶŅĚĪňŗȮ3,1Ȯįĸ
ĔŅĶĪħĽŀĭŐĸŃŏĮĶňĵĭŏĪňĵĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĶŃľĺƞŅĚȮDOA ŐĸŃȮPID ĬńŘĬěŃ
ĭƞĚĭŀĔœħƟěŅĔĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&Glass transition 
temperature, Tg'ȮȮėƞŅȮYoungŲs modulus ŐĸŃȮĝƞĺĚŀŋĦľĳŌĴŇŒĬĔŅĶŏĔŇħįĸŉĔȮ&cold 
crystallization temperature, Tcc'ȮĞŉŗĚŐĽħĚħńĚĳŅıĪňŗȮ4,25ȮĩŉĚȮĳŅıĪňŗȮ4,27ȮȮőħĵěŅĔįĸĔŅĶ
ĪħĽŀĭıĭĺƞŅŐĬĺőĬƟĴĕŀĚĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĪńŘĚȮTg  YoungŲs modulus  ŐĸŃȮTccȮĕŀĚȮ
plasticized PLA ĴňŐĬĺőĬƟĴœĮŒĬĪŇĻĪŅĚŏħňĵĺĔńĬėŊŀȮĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĨńŘĚŐĨƞȮ2 ĩŉĚȮ8 
ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮĪńŘĚȮDOA ŐĸŃȮPID ĴňĔŅĶĸħĸĚĕŀĚėƞŅĪńŘĚĽŅĴȮŐĨƞıĭĺƞŅĔŅĶŏĨŇĴȮDOA ŏĮƦĬıĸŅ
ĽĨŇœĞŏĞŀĶƢŒľƟĔńĭȮPLA ĬńŘĬȮŐĽħĚĔŅĶĸħĸĚĕŀĚėƞŅȮTg  YoungŲs modulus  ŐĸŃȮTccȮĪňŗĴŅĔĔĺƞŅĔŅĶ
ŏĨŇĴȮPID ŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢŒĬŀńĨĶŅĽƞĺĬĔŅĶįĽĴĪňŗŏĪƞŅĔńĬȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀıŇěŅĶĦŅĔŅĶŏĨŇĴıĸŅ
ĽĨŇœĞŏĞŀĶƢŒĬĮĶŇĴŅĦĪňŗĽŌĚĕŉŘĬŏĮƦĬȮ10 ŐĸŃȮ12 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔȮĔŅĶŏĨŇĴȮPID ŏĮƦĬıĸŅĽĨŇœĞ
ŏĞŀĶƢĵńĚėĚŐĽħĚĔŅĶĸħĸĚĕŀĚėƞŅȮTg  YoungŲs modulus  ŐĸŃȮTccȮĪňŗĸħĸĚŀĵƞŅĚĴŅĔŐĸŃĸħĸĚ
ĴŅĔĔĺƞŅŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶŏĨŇĴȮDOA ŒĬŀńĨĶŅĽƞĺĬĔŅĶįĽĴŏħňĵĺĔńĬȮőħĵŒĬĔĶĦňĕŀĚĔŅĶŏĨŇĴȮ
DOA ŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢěŃŐĽħĚĔŅĶĸħĸĚĕŀĚėƞŅȮTg  YoungŲs modulus  ŐĸŃȮTccȮěĬĩŉĚĪňŗ
ĮĶŇĴŅĦĔŅĶŏĨŇĴȮDOA ŏĪƞŅĔńĭȮ8 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔŏĪƞŅĬńŘĬȮľĸńĚěŅĔĬńŘĬŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦıĸŅ
ĽĨŇœĞŏĞŀĶƢȮDOA ěŃŐĽħĚĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚėƞŅħńĚĔĸƞŅĺŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠ 
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ĳŅıĪňŗȮ4,25ȮėƞŅȮTan&delta'ȮľĶŊŀȮTg
ȮĕŀĚȮPlasticized PLA ĪňŗĴňĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĨƞŅĚĝĬŇħĔńĬ 

 
ĳŅıĪňŗȮ4,26 YoungŲs modulus ĕŀĚȮplasticized PLA ĪňŗĴňĔŅĶŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĨƞŅĚĝĬŇħĔńĬ 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 


