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ıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢ ĽņľĶńĭĵŊħŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĔĸƟĺĵœĴƟĨńħħŀĔ ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢľĸńĔ : įŌƟĝƞĺĵ
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ĚŅĬĺŇěńĵĬňŘŏĮƦĬĔŅĶıńĥĬŅĲƕĸƢĴĭĶĶěŋĳńĦĤƢĽņľĶńĭĵŊħŀŅĵŋĔĸƟĺĵœĴƟĨńħħŀĔ őħĵĔŅĶĻŉĔļŅŐĭƞĚŏĮƦĬ 3 

ĨŀĬ œħƟŐĔƞ ĨŀĬŐĶĔŏĮƦĬĔŅĶĻŉĔļŅįĸĕŀĚıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢ (PEO) ĮĶŇĴŅĦ 5, 10 ŐĸŃ 15% őħĵ
ĬŘņľĬńĔ ŐĸŃĴňĬŘņľĬńĔőĴŏĸĔŋĸ 100,000-400,000 ĔĶńĴĨƞŀőĴĸ ĨƞŀĽĴĭńĨŇĕŀĚĲƕĸƢĴıŀĸŇŐĸė ĨŇĔŐŀĞŇħ (PLA) 
ĪňŗĕŉŘĬĶŌĮħƟĺĵĺŇīňĔŅĶĔħŀńħ ıĭĺƞŅ PEO ĽŅĴŅĶĩŏĮĸňŗĵĬıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔěŅĔŐĭĭŏĮĶŅŃœĮŏĮƦĬŐĭĭ
ĵŊħľĵŋƞĬŏĴŊŗŀŏĨŇĴ PEO 10% őħĵĬŘņľĬńĔ ŐĸŃĲƕĸƢĴ PLA įĽĴ PEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚĕŉŘĬ ĽƞĚįĸŒľƟ PEO 
ŏĔŇħĔŅĶŐĵĔŏĲĽŀŀĔěŅĔ PLA ĨŀĬĪňŗĽŀĚŏĮƦĬĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĞňőŀœĸĨƢ (Zeolite) ĮĶŇĴŅĦ 1, 3 
ŐĸŃ 5% őħĵĬŘņľĬńĔ őħĵĪņĔŅĶĮĶńĭĮĶŋĚįŇĺĞňőŀœĸĨƢħƟĺĵĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬĝĬŇħ (3-Aminopropyl) 
trimethoxysilane ĨƞŀĽĴĭńĨŇĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ PLA ŐĸŃ PEO 10 % őħĵĬŘņľĬńĔ ŐĸŃĴň
ĬŘņľĬńĔőĴŏĸĔŋĸ 100,000 ĔĶńĴĨƞŀőĴĸ ıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴĞňőŀœĸĨƢĵńĚėĚĴňĔŅĶŐĨĔľńĔŐĭĭĵŊħľĵŋƞĬ 
ŐĸŃĔŅĶŏĨŇĴĞňőŀœĸĨƢĸĚŒĬŏĴĪĶŇĔĞƢıŀĸŇŏĴŀĶƢěŃĝƞĺĵŏıŇŗĴėĺŅĴŐĕŖĚŐĶĚŒľƟĔńĭĲƕĸƢĴ PLA/PEO ŐĨƞŒĬ
ĕĦŃŏħňĵĺĔńĬĔŖěŃĪņŒľƟėĺŅĴĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴ PLA/PEO ĸħĸĚ ĬŀĔěŅĔĬňŘĞňőŀœĸĨƢĵńĚĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĔƞŀ
įĸŉĔŒľƟĔńĭ PLA ŐĸŃőėĶĚĽĶƟŅĚĶŌıĶŋĬĕŀĚĞňőŀœĸĨƢĪņŒľƟőĴŏĸĔŋĸĕŀĚĔƠŅĞĽŅĴŅĶĩŐıĶƞŏĕƟŅœĮŒĬĶŌıĶŋĬœħƟ ěŉĚŏĮƦĬ
ĔŅĶĸħŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞŀŀĔĞŇŏěĬ (O2) ėŅĶƢĭŀĬœħŀŀĔœĞħƢ (CO2) ŐĸŃœŀĬŘņ įƞŅĬĲƕĸƢĴ PLA/PEO 
ĽƞĚįĸŒľƟŀńĨĶŅĔŅĶľŅĵŒěŐĸŃĔŅĶĽŌĠŏĽňĵĬŘņĕŀĚĔĸƟĺĵœĴƟĨńħħŀĔĪňŗĭĶĶěŋŒĬĲƕĸƢĴ PLA/PEO ĸħĸĚ ěŉĚĽŅĴŅĶĩ
ĵŊħŀŅĵŋĕŀĚĔĸƟĺĵœĴƟĨńħħŀĔŒľƟĴňėĺŅĴĽħœħƟĬŅĬĕŉŘĬ ŐĸŃŒĬĽƞĺĬĪňŗĽŅĴŏĮƦĬĔŅĶĻŉĔļŅįĸĕŀĚĽŅĶĮĶńĭĮĶŋĚĞň
őŀœĸĨƢħƟĺĵœŀŀŀĬĝĬŇħ Li+ ŐĸŃ K+ ĪňŗĮĶŇĴŅĦ 1.25, 2.5 ŐĸŃ 3.75 % őħĵĬŘņľĬńĔĕŀĚĞňőŀœĸĨƢ ĪňŗŏĨŇĴĸĚŒĬ
ĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ PLA/PEO/Zeolite ıĭĺƞŅėƞŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞ O2, CO2 ŐĸŃœŀĬŘņįƞŅĬĲƕĸƢĴ 
PLA/PEO ĪňŗŏĨŇĴĞňőŀœĸĨƢįƞŅĬĔŅĶĮĶńĭĮĶŋĚ ĽŅĴŅĶĩŏĶňĵĚĸņħńĭĨŅĴœŀŀŀĬĪňŗĪņĔŅĶĮĶńĭĮĶŋĚœħƟħńĚĬňŘ K+ < Li+ 
< Na+ (Unmodified) ŐĸŃŏĴŊŗŀĮĶŇĴŅĦœŀŀŀĬŏıŇŗĴĕŉŘĬ ėƞŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞ O2, CO2 ŐĸŃœŀĬŘņįƞŅĬĲƕĸƢĴ 
PLA/PEO/Zeolite ěŃĸħĸĚ ŐĸŃěŅĔĔŅĶĻŉĔļŅĔŅĶĵŊħŀŅĵŋĔĸƟĺĵœĴƟĨńħħŀĔőħĵĔŅĶĭĶĶěŋŒĬĭĶĶěŋĳńĦĤƢěŅĔ
ĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ PLA/PEO/Zeolite ıĭĺƞŅĲƕĸƢĴ PLA/PEO/Zeolite-K+ ĽŅĴŅĶĩĵŊħŀŅĵŋĔĸƟĺĵœĴƟĨńħħŀĔ
œħƟĬŅĬĔĺƞŅĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ PLA/PEO/Zeolite-Li+  
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MISS ROMTEERA KHANTEESA : STUDY ON PROPERTIES OF PLA/PEO BLEND 
FILMS FOREXTENDED SHELF-LIFE OF ORCHIDS CUT FLOWERS THESIS ADVISOR : 
ASSISTANT PROFESSOR POONSUB THREEPOPNATKUL, Ph.D. 

This research aims to develop packaging film for extended shelf-life Dendrobium 
Orchids. This research was separated into 3 sections. The first part was to study the effect 
of poly(ethylene oxide) (PEO) content at 5, 10 and 15 wt% and molecular weight of 
100,000 to 400,000 g/mol on properties of poly(lactic acid) (PLA) films. Films were 
produced via the compression molding process. The addition of PEO 10 wt% into PLA 
changed failure behavior from brittle to ductile fracture. In addition, PLA blended with 
higher molecular weights of PEO led to phase separation of PEO from PLA matrix. The 
second part was to study the effect of zeolite at 1, 3 and 5 wt% on properties of PLA 
blended with PEO 10 wt% and molecular weight of 100,000 g/mol. Zeolite was treated by 
using (3-Aminopropyl) trimethoxysilane as coupling agent. The failure behavior of 
PLA/PEO/Zeolite films was still ductile fracture. Tensile strength of PLA/PEO blended with 
zeolite films was higher than the one with PLA/PEO film. However, flexibility of 
PLA/PEO/Zeolite films was lower than the one with PLA/PEO film. Moreover, zeolite acted 
as a nucleating agent of PLA. Gas molecules could be trapped into the pore of zeolite 
resulting in reduces the oxygen (O2), carbon dioxide (CO2) and water vapor transmission 
rate through PLA/PEO film. As a result, the orchid respiration rate and water loss from 
orchid were decreased. Therefore, the addition of zeolite into PLA/PEO films could extend 
orchid shelf life. The third part was to study the effect of modified zeolite by Li+ and K+ at 
1.25, 2.5 and 3.75 wt% of zeolite on properties of PLA/PEO/Zeolite films. The permeability 
of O2, CO2 and water vapor through PLA/PEO films with cation exchanged zeolite could be 
sorted in ascending order: K+ < Li+ < Na+ (Unmodified), respectively. In addition, O2, CO2 
and water vapor permeations were decreased with the increasing of ion concentration. 
Finally, PLA/PEO/Zeolite-K+ film packaging was able to extend shelf-life of orchid longer 
than PLA/PEO/Zeolite-Li+ film packaging.  
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ĶŌĮĪňŗȮĔ,34ȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞŀŀĔĞŇŏěĬĕŀĚĲƕĸƢĴȮPLA/1PEO 5% ............................................ /25 
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ĶŌĮĪňŗȮĔ,52ȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞŀŀĔĞŇŏěĬĕŀĚĲƕĸƢĴȮPLA/PEO/Z-K+ 1.25 ................................... /31 
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ĶŌĮĪňŗȮĔ,56ȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴȮPLA/1PEO 5% ............................ /32 
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ĶŌĮĪňŗȮĔ,63ȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴȮPLA/4PEO 10% .......................... /35 
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ĭĪĪňŗ 1 

ĭĪĬņȮ(Introduction) 

1.1 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽņėńĠĕŀĚĮƤĠľŅȮ(Statements and significance of the 

problem) 

ĮĶŃŏĪĻœĪĵŏĮƦĬįŌƟĽƞĚŀŀĔĔĸƟĺĵœĴƟĨńħħŀĔŏĕĨĶƟŀĬĶŅĵŒľĠƞĶŅĵľĬŉŗĚĕŀĚőĸĔȮĞŉŗĚĔĸƟĺĵœĴƟĪňŗ
ĽƞĚŀŀĔĴŅĔĪňŗĽŋħĔŖėŊŀĔĸƟĺĵœĴƟĽĔŋĸľĺŅĵȮ(Dendrobium orchids) ŏĬŊŗŀĚěŅĔĴňĽňȮĕĬŅħȮŐĸŃĶŌĮĶƞŅĚĪňŗ
ľĸŅĔľĸŅĵȮőħĵĔŅĶĭĶĶěŋĔĸƟĺĵœĴƟŏıŊŗŀĔŅĶĽƞĚŀŀĔĬńŘĬěŃėńħĝƞŀħŀĔĨŅĴĴŅĨĶģŅĬȮŏĽňĵĭľĸŀħ
ıĸŅĽĨŇĔĪňŗĴňĽņĸňĝŋĭĬŘņľŋƟĴĮĸŅĵĔƟŅĬŏıŊŗŀŒľƟĴňĬŘņĴŅľĸƞŀŏĸňŘĵĚĝƞŀħŀĔȮĴńħŏĮƦĬĔņȮŐĸŃľƞŀħƟĺĵĲƕĸƢĴĪňŗ
ĵńĚėĚŏĮƕħħƟŅĬĭĬœĺƟľĬŉŗĚħƟŅĬȮĔƞŀĬěŃĭĶĶěŋĸĚŒĬĔĸƞŀĚĔĶŃħŅļŐĸŃėĺĭėŋĴŀŋĦľĳŌĴŇĶŃľĺƞŅĚĔŅĶĕĬĽƞĚȮ
őħĵŀŅĵŋĕŀĚħŀĔĕŉŘĬŀĵŌƞĔńĭĽŅĵıńĬīŋƢŐĸŃĶŃĭĭħņŏĬŇĬĚŅĬľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺȮĬŀĔěŅĔĬńŘĬĔŅĶįĸŇĨ
ŁŀĶƢőĴĬŏŀĪŇĸňĬĕŀĚħŀĔěŃĪņŒľƟĔĸňĭħŀĔŏľňŗĵĺŐĸŃľĸŋħĶƞĺĚȮĽƞĚįĸŒľƟĶŃĵŃŏĺĸŅŒĬĔŅĶĕĬĽƞĚŐĸŃŀŅĵŋ
ĔŅĶĮƤĔŐěĔńĬĸħĸĚȮěŉĚĨƟŀĚĴňĔŅĶŒľƟŀŅľŅĶŐĸŃŒĝƟĽŅĶŏėĴňŒĬĔŅĶĵńĭĵńŘĚĔŅĶįĸŇĨŐĸŃĔŅĶĪņĚŅĬĕŀĚŏŀ
ĪŇĸňĬŏıŊŗŀĵŊħŀŅĵŋĔĸƟĺĵœĴƟĨńħħŀĔȮY/[ȮőħĵĭĶĶěŋĳńĦĤƢŐŀėĪňĲȮ(Active packaging) ŏĮƦĬľĬŉŗĚŒĬ
ĬĺńĨĔĶĶĴĪňŗĝƞĺĵĵŊħŀŅĵŋŐĸŃĶńĔļŅėŋĦĳŅıĕŀĚįĸŇĨĳńĦĤƢľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺȮŏĝƞĬȮįńĔȮįĸœĴƟȮŐĸŃœĴƟĨńħ
ħŀĔȮŒľƟĴňėĺŅĴĽħŒľĴƞŐĸŃŏĬƞŅŏĽňĵĝƟŅĸĚȮĞŉŗĚĽŅĴŅĶĩĪņœħƟőħĵŏĨŇĴĽŅĶĽĔńħěŅĔīĶĶĴĝŅĨŇľĶŊŀĽŅĶŀĬŇ
ĬĪĶňĵƢŏĕƟŅœĮĪņľĬƟŅĪňŗĝƞĺĵĵńĭĵńŘĚŏĝŊŘŀěŋĸŇĬĪĶňĵƢŐĸŃȮ/ ľĶŊŀėĺĭėŋĴĔŅĶįƞŅĬŏĕƟŅ-ŀŀĔĕŀĚĔƠŅĞĨƞŅĚŕȮŏĝƞĬȮ
ŀŀĔĞŇŏěĬȮėŅĶƢĭŀĬœħŀŀĔœĞħƢȮœŀĬŘņȮŐĸŃŏŀĪŇĸňĬȮŒľƟĴňėĺŅĴŏľĴŅŃĽĴĨŅĴėĺŅĴĨƟŀĚĔŅĶĕŀĚįĸŇĨįĸ
ĬńŘĬŕȮŐĨƞŒĬĮƤěěŋĭńĬĪńŗĺőĸĔœħƟĮĶŃĽĭĮƤĠľŅĔŅĶěńħĔŅĶĕĵŃȮĞŉŗĚȮ1.% ĕŀĚĕĵŃĪńŘĚľĴħŏĮƦĬĕĵŃĪňŗŏĔŇħ
ěŅĔĭĶĶěŋĳńĦĤƢıĸŅĽĨŇĔȮőħĵĮĔĨŇŐĸƟĺĭĶĶěŋĳńĦĤƢěŃįĸŇĨěŅĔıŀĸŇŏĴŀĶƢĪňŗœħƟěŅĔĮƕőĨĶŏĸňĵĴȮĞŉŗĚœĴƞ
ĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıŐĸŃŒĝƟŏĺĸŅĵƞŀĵĽĸŅĵĬŅĬĴŅĔȮěŉĚŏĮƦĬŏľĨŋįĸŒľƟĬņıŀĸŇŏĴŀĶƢĪňŗœħƟěŅĔ
ĪĶńıĵŅĔĶľĴŋĬŏĺňĵĬŐĸŃĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıĴŅŒĝƟĪħŐĪĬŏıŊŗŀĸħĮƤĠľŅĕĵŃĪňŗŏĔŇħĕŉŘĬ [2] 

őħĵıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(Polylactic acid (PLA)) ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚ
ĝňĺĳŅıȮŒĬĔĸŋƞĴŀŃĸŇĲŅĨŇĔıŀĸŇŏŀĽŏĪŀĶƢȮ(Biodegradable aliphatic polyester) ĪňŗįĸŇĨěŅĔ
ĪĶńıĵŅĔĶľĴŋĬŏĺňĵĬȮŏĝƞĬȮŀƟŀĵȮĕƟŅĺőıħȮŐĸŃĴńĬĽņĮŃľĸńĚȮĞŉŗĚœĴƞŏĮƦĬıŇļȮŀňĔĪńŘĚĴňėĺŅĴŐĕŖĚŐĶĚŏĝŇĚĔĸ
ĽŌĚȮĽŅĴŅĶĩŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅıȮĴňėĺŅĴőĮĶƞĚŒĽȮŐĸŃĕŉŘĬĶŌĮĚƞŅĵȮěŉĚĬŇĵĴĬņœĮŒĝƟĚŅĬĪŅĚħƟŅĬĭĶĶěŋ
ĳńĦĤƢŐĸŃĲƕĸƢĴĭĶĶěŋŀŅľŅĶȮY1[ȮŐĨƞȮPLA ĴňėĺŅĴŏĮĶŅŃȮěŉĚĬŇĵĴĬņĴŅįĽĴĔńĭıŀĸŇŏĴŀĶƢŀŊŗĬȮĵĔĨńĺŀĵƞŅĚ
ŏĝƞĬȮıŀĸŇĭŇĺĪŇĸňĬĞńėĞŇŏĬĨȮ(Poly(butylene succinate) (PBS)) ŏĬŊŗŀĚěŅĔȮPBS ĴňėĺŅĴĵŊħľĵŋƞĬŐĸŃĴň
ėĺŅĴŏľĬňĵĺĽŌĚȮĞŉŗĚěŃĝƞĺĵŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬŒľƟĔńĭıŀĸŇŏĴŀĶƢįĽĴŐĨƞĨƟŀĚŒĝƟȮPBS ĩŉĚȮ0.Ȯwt% ŐĸŃ
ŐĽħĚĔŅĶŐĵĔŏĲĽĔńĬȮ[4, 5] ŒĬĕĦŃĪňŗȮFeng-Jiao Li ŐĸŃėĦŃȮœħƟĪņĔŅĶĻŉĔļŅȮPLA įĽĴĔńĭıŀĸŇŏŀ
ĪŇĸňĬœĔĸėŀĸȮ(Poly(ethylene glycol) (PEG)) ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸŐĸŃĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬȮıĭĺƞŅŏĴŊŗŀ
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ĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEG ŏıŇŗĴĕŉŘĬȮĪņŒľƟėƞŅėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚĵŊħȮ(Tensile strength) ŏıŇŗĴĕŉŘĬȮ
ŐĨƞėƞŅĔŅĶĵŊħĨńĺĪňŗěŋħĕŅħȮ(Elongation at break) ŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĸħĸĚȮY4, 5[ ĬŀĔěŅĔĬňŘȮ
Yoojun Eom įĽĴȮPLA ĔńĭıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢȮ(Poly(ethylene oxide) (PEO))ȮĪňŗĴňĬŘņľĬńĔ
őĴŏĸĔŋĸȮ/..,...ȮŐĽħĚėĺŅĴŏĕƟŅĔńĬœħƟħňȮœĴƞŐĵĔŏĲĽȮŐĸŃĪňŗĮĶŇĴŅĦĕŀĚȮPEO 5 wt% ĴňėƞŅĔŅĶĵŊħĨńĺ
ĪňŗěŋħŐĨĔľńĔŏıŇŗĴĕŉŘĬĩŉĚȮ4 ŏĪƞŅȮŐĸŃėƞŅėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚĵŊħĸħĸĚŏıňĵĚȮ/5% [8] ĞŉŗĚőħĵĪńŗĺœĮĴńĔ
ŒĝƟȮPEO ŒĬĪŅĚĔŅĶŐıĪĵƢȮŏĬŊŗŀĚěŅĔĴňėĺŅĴŏĮƦĬıŇļĨŗņŐĸŃĴňėĺŅĴŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅıȮħńĚĬńŘĬŒĬ
ĚŅĬĺŇěńĵĬňŘěŉĚŏĸŊŀĔĔŅĶįĽĴȮPEO ĸĚŒĬŏĴĪĶŇĔĞƢȮPLA ŏıŊŗŀĝƞĺĵĮĶńĭĮĶŋĚĽĴĭńĨŇĔŅĶħŉĚĵŊħŐĸŃĝƞĺĵŏıŇŗĴ
ėĺŅĴĽŅĴŅĶĩŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅıĕŀĚȮPLA [9, 10] 

ĬŀĔěŅĔĬňŘħńĚĪňŗĔĸƞŅĺœĺƟĕƟŅĚĨƟĬĺƞŅŏŀĪŇĸňĬŏĮƦĬŁŀĶƢőĴĬıŊĝĪňŗįĸŇĨŏıŊŗŀėĺĭėŋĴĔĶŃĭĺĬĔŅĶ
ŏěĶŇĠŏĨŇĭőĨĕŀĚıŊĝȮĞŉŗĚŏŀĪŇĸňĬŏĮƦĬĽŅŏľĨŋľĸńĔĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĔŅĵĳŅıĕŀĚıŊĝįĸĪŅĚ
ĔŅĶŏĔļĨĶȮĨńĺŀĵƞŅĚŏĝƞĬȮĔŅĶĪņĸŅĵėĸŀőĶĲƕĸĸƢȮőħĵŏŀĪŇĸňĬĪņŒľƟįĸœĴƟŏĮĸňŗĵĬĽňŐĸŃĸņĨƟĬħŀĔœĴƟŏľňŗĵĺ
ŐľƟĚȮĔŅĶĽŃĽĴĕŀĚŏŀĪŇĸňĬŒĬĶŃľĺƞŅĚĔŅĶĕĬĽƞĚěŃĽŅĴŅĶĩĸħėŋĦĳŅıĕŀĚĽŇĬėƟŅŏĔļĨĶŀĵƞŅĚĴŅĔȮőħĵ
ĔŅĶĻŉĔļŅĔƞŀĬľĬƟŅĬňŘĴňėĺŅĴıĵŅĵŅĴĪňŗěŃėĺĭėŋĴĔŅĶĽŃĽĴĕŀĚŏŀĪŇĸňĬőħĵŒĝƟĨńĺħŌħĞńĭȮŏĝƞĬȮ
őıŐĪĽŏĞňĵĴŏĮŀĶƢŐĴĚĔŅŏĬĨȮ(KMnO4) ŐĸŃĩƞŅĬĔńĴĴńĬĨƢȮŀĵƞŅĚœĶĔŖĨŅĴȮKMnO4ȮĴňĕƟŀěņĔńħĕŀĚĔŅĶ
ŏĮƦĬĽŅĶĮĬŏĮƘƨŀĬŒĬŀŅľŅĶŐĸŃĩƞŅĬĔńĴĴńĬĨƢœĴƞŒĝƞĨńĺŏĸŊŀĔŏıŊŗŀĔŅĶħŌħĞńĭŏŀĪŇĸňĬ ĞŉŗĚĞňőŀœĸĨƢœħƟĶńĭėĺŅĴ
ĽĬŒěŀĵƞŅĚĴŅĔ ŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚĴňĶŌıĶŋĬĕĬŅħŒľĠƞŐĸŃĶŃĭĭĶŌıĶŋĬĬňŘěŃĝƞĺĵŒľƟĔŅĶŐĸĔŏĮĸňŗĵĬ
œŀŀŀĬĭĺĔĶŃľĺƞŅĚĽŅĶĸŃĸŅĵĪňŗŏĮƦĬĕŀĚŏľĸĺŐĸŃĨņŐľĬƞĚĳŅĵŒĬįĸŉĔĕŀĚĞňőŀœĸĨƢŏĔŇħœħƟĚƞŅĵĕŉŘĬȮĔŅĶ
ŐĸĔŏĮĸňŗĵĬœŀŀŀĬĕŀĚœŀŀŀĬĭĺĔŒĬĞňőŀœĸĨƢĬňŘĽƞĚįĸŒľƟŏĔŇħĞňőŀœĸĨƢĪňŗĴňĽĴĭńĨŇŏĜıŅŃȮŏĝƞĬȮĔŅĶħŌħĞńĭ
ŏĜıŅŃěŋħȮĞŉŗĚěŃĝƞĺĵħŌħĞńĭĔƠŅĞŏŀĪŇĸňĬŐĸŃĵńĚĽƞĚįĸĩŉĚĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬĔƠŅĞĕŀĚĲƕĸƢĴȮĬņœĮĽŌƞ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅŐĸŃĸħĮĶŇĴŅĦŏŀĪŇĸňĬŒĬĭĶĶěŋĳńĦĤƢœħƟȮY//[ȮőħĵȮNiramai 
Sue-aok ŐĸŃėĦŃȮĶŅĵĚŅĬĺƞŅĔŅĶħńħŐĮĸĚĞňőŀœĸĨƢĔńĭœŀŀŀĬľĴŌƞȮ/ȮĕŀĚőĸľŃĪņŒľƟėĺŅĴĽŅĴŅĶĩŒĬ
ĔŅĶħŌħĞńĭŏŀĪŇĸňĬŏıŇŗĴĕŉŘĬȮY/0[ 

ĞňőŀœĸĨƢŏĮƦĬĽŅĶŀĬŇĬĪĶňĵƢĴňőėĶĚĽĶƟŅĚŏĮƦĬĽŅĶĮĶŃĔŀĭŀŃĸŌĴŇőĬĞŇĸŇŏĔĨĽŅĴĴŇĨŇĕŀĚŏĨĨĶŃŁň
ħĶŀĸĪňŗŏĝŊŗŀĴĔńĬħƟĺĵŀŃĨŀĴĕŀĚŀŀĔĞŇŏěĬĞŉŗĚĴňĕńŘĺĽŌĚĴŅĔȮĪņŒľƟĴňŀŋĮĽĶĶėŒĬĔŅĶĬņĞňőŀœĸĨƢŒĽƞŒĬŏĴĪ
ĶŇĔĞƢıŀĸŇŏĴŀĶƢȮŏĬŊŗŀĚěŅĔėĺŅĴŏĕƟŅĔńĬœħƟœĴƞħňĶŃľĺƞŅĚŀĬŋĳŅėĕŀĚĽŅĶĨńĺŏĨŇĴŀĬŇĬĪĶňĵƢŐĸŃŏĴĪĶŇĔĞƢıŀĸŇ
ŏĴŀĶƢȮħńĚĬńŘĬěŉĚĴňĔŅĶħńħŐĮĸĚıŊŘĬįŇĺĞňőŀœĸĨƢĔńĭĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬȮ(Silane coupling agent)Ȯ
ŏĝƞ Ĭ Ȯ-(2,3-epoxypropoxy) propytrimethoxysilane, N-Propyl-trimethoxy-silane, (3-
aminopropyl) triethoxysilane [13-15] ŏıŊŗŀĮĶńĭŏĮĸňŗĵĬĽĴĭńĨŇıŊŘĬįŇĺĕŀĚĞňőŀœĸĨƢěŅĔĝŀĭĬŘņœĮ
ŏĮƦĬœĴƞĝŀĭĬŘņȮ(hydrophilic to hydrophobic) ŐĸŃŏıŇŗĴėĺŅĴĽńĴıńĬīƢĕŀĚĞňőŀœĸĨƢĔńĭľĴŌƞĲƤĚĔƢĝńĬ
ĕŀĚıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢȮY/4[ȮĞŉŗĚĔŅĶĻŉĔļŅĔƞŀĬľĬƟŅĬňŘĪņĔŅĶŏĨŇĴĞňőŀœĸĨƢĪňŗĮĶńĭĮĶŋĚįŇĺħƟĺĵȮ(3-
aminopropyl) trimethoxysilaneȮĸĚŒĬĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPBS/PLA ıĭĺƞŅĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗ
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ŒĝƟĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬĴňĽĴĭńĨŇŏĝŇĚĔĸĽŌĚĔĺƞŅĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗœĴƞœħƟŒĝƟĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬȮ
ŐĸŃěŅĔĳŅıȮSEM ıĭĺƞŅĞňőŀœĸĨƢĴňĔŅĶĔĶŃěŅĵĨńĺĭĬŏĴĪĶŇĔĞƢıŀĸŇŏĴŀĶƢįĽĴħňĕŉŘĬȮY/5[ 
 ħńĚĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘěŉĚěŃıńĥĬŅĲƕĸƢĴĭĶĶěŋĳńĦĤƢĪňŗĝƞĺĵĵŊħŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĔĸƟĺĵœĴƟĨńħħŀĔ
ľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺŐĸŃĪņĔŅĶĪħĽŀĭŒľƟĴňĽĳŅĺŃŒĔĸƟŏėňĵĚĔńĭĔŅĶĬņœĮŒĝƟĚŅĬěĶŇĚȮőħĵŒĝƟĲƕĸƢĴıŀĸŇ
ŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPLA ŐĸŃȮPEO ĪňŗĪņĔŅĶŏĨŇĴĞňőŀœĸĨƢĪňŗĴňĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇħƟĺĵĸŇŏīňĵĴœĬŏĨĶĨŐĸŃ
őıŐĪĽŏĞňĵĴœĬŏĨĶĨȮőħĵĪņĔŅĶĻŉĔļŅįĸĕŀĚĬŘņľĬńĔőĴŏĸĔŋĸŐĸŃĮĶŇĴŅĦĕŀĚȮPEO ĶĺĴĩŉĚįĸĕŀĚ
ĮĶŇĴŅĦŐĸŃĽŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĕŀĚĞňőŀœĸĨƢĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬ
ĕŀĚĔƠŅĞŀŀĔĞŇŏěĬȮĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮŐĸŃœŀĬŘņȮĶĺĴĩŉĚŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĔĸƟĺĵœĴƟĨńħħŀĔĕŀĚ
ĲƕĸƢĴĭĶĶěŋĳńĦĤƢĪňŗœħƟ 

1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵȮ(Objective of research) 

1. ĻŉĔļŅįĸĕŀĚıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢȮ(PEO) ĮĶŇĴŅĦȮ3, 10 ŐĸŃȮ/3% őħĵĬŘņľĬńĔȮŐĸŃĴň
ĬŘņľĬńĔőĴŏĸĔŋĸȮ/..,000-400,000 ĔĶńĴĨƞŀőĴĸ ĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĽĴĭńĨŇ
ĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞȮĶĺĴĩŉĚŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĔĸƟĺĵœĴƟĨńħħŀĔĕŀĚĲƕĸƢĴıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ
(PLA) 

2. ĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĞňőŀœĸĨƢĝĬŇħȮ3AȮĮĶŇĴŅĦȮ1, 3 ŐĸŃȮ3Ȯ% őħĵĬŘņľĬńĔ ĪňŗĪņĔŅĶĮĶńĭĮĶŋĚ
įŇĺħƟĺĵȮ(3-Aminopropyl) trimethoxysilane (APTMS) ĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴ
ĶƟŀĬȮĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞȮĶĺĴĩŉĚŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĔĸƟĺĵœĴƟĨńħħŀĔĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢ
įĽĴPLA/PEO 

3. ĻŉĔļŅįĸĕŀĚĽŅĶĮĶńĭĮĶŋĚĞňőŀœĸĨƢħƟĺĵœŀŀŀĬĝĬŇħȮLi+ ŐĸŃȮK+ ĪňŗĮĶŇĴŅĦȮ/,03, 2.5 ŐĸŃȮ
1,53 % őħĵĬŘņľĬńĔĕŀĚĞňőŀœĸĨƢȮĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬ
ĕŀĚĔƠŅĞȮĶĺĴĩŉĚŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĔĸƟĺĵœĴƟĨńħħŀĔĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ
PLA/PEO/Zeolite 

1.3 ĕŀĭŏĕĨĕŀĚĔŅĶĺŇěńĵȮ(Scope or delimitation of the study) 

1. ŒĝƟıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(PLA) ŏĔĶħȮ2.21D ĴňėƞŅȮMFR 6 g/10 min ěŅĔĭĶŇļńĪȮ
NatureWorks LLC ěņĔńħȮĮĶŃŏĪĻœĪĵ 

2. ŒĝƟıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢȮ(PEO) ěŅĔĭĶŇļńĪȮACS xenon (Sigma-Aldrich) ĮĶŃŏĪĻĽŇĚėőĮĶƢȮ
ĬŘņľĬńĔőĴŏĸĔŋĸȮ/..,000, 200,000, 300,000 ŐĸŃȮ400,000 g/mol ŒĬĮĶŇĴŅĦȮ3, 10 ŐĸŃȮ
/3Ȯwt% 

3. ŒĝƟĞňőŀœĸĨƢȮ(Zeolite) ĝĬŇħȮ3A ěŅĔĭĶŇļńĪȮACS xenon (Sigma-Aldrich) ĮĶŃŏĪĻĽŇĚėőĮĶƢ
ĕĬŅħŀĬŋĳŅėĬƟŀĵĔĺƞŅȮ/.ȮœĴőėĶŏĴĨĶŐĸŃĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚĶŌıĶŋĬȮ3ȮÅ ĩŌĔĮĶńĭŏĮĸňŗĵĬ
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œŀŀŀĬħƟĺĵĸŇŏīňĵĴœĬŏĨĶĨŐĸŃőıŐĪĽŏĞňĵĴœĬŏĨĶĨȮĮĶŇĴŅĦȮ/,03, 2.5 ŐĸŃȮ1,53% ĕŀĚ 
ĞňőŀœĸĨƢ 

4. įĽĴıŀĸŇŏĴŀĶƢįĽĴħƟĺĵŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮ(Brabender Internal mixer)  
5. ĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħ (Compression molding) ŏĬŊŗŀĚěŅĔŒĬĔŅĶįĽĴıŀĸŇ
ŏĴŀĶƢħƟĺĵŏėĶŊŗŀĚįĽĴŐĭĭĮƕħěŃœħƟıŀĸŇŏĴŀĶƢįĽĴĮĶŇĴŅĦĬƟŀĵȮĞŉŗĚœĴƞŏıňĵĚıŀĨƞŀĔŅĶĬņœĮĕŉŘĬ
ĶŌĮĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħĕŉŘĬĶŌĮȮ(Cast film extruder) 

6. ĻŉĔļŅĔŅĶĵŊħŀŅĵŋĔĸƟĺĵœĴƟĨńħħŀĔĪňŗĩŌĔĭĶĶěŋŀĵŌƞŒĬĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĪňŗĪņĔŅĶ 
ĞňĸĮƕħĽŅĴħƟŅĬŐĸŃľŋƟĴĮĸŅĵĔƟŅĬħŀĔħƟĺĵĽņĸňĝŋĭĬŘņȮŏıŊŗŀěņĸŀĚĔŅĶĪħĽŀĭŒľƟĽŀħėĸƟŀĚĔńĭ
ĔŅĶĬņœĮŒĝƟĚŅĬěĶŇĚ 

1.4 įĸĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

ŒĬĚŅĬĺŇěńĵĬňŘĴňėĺŅĴėŅħľĺńĚĺƞŅěŃĽŅĴŅĶĩĮĶńĭĮĶŋĚĽĴĭńĨŇėĺŅĴĵŊħľĵŋƞĬĕŀĚȮPLA ŐĸŃ
ĽŅĴŅĶĩıńĥĬŅĲƕĸƢĴĭĶĶěŋĳńĦĤƢĽņľĶńĭĵŊħŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĔĸƟĺĵœĴƟĨńħħŀĔĪňŗĽŅĴŅĶĩĸħĔŅĶįƞŅĬŏĕƟŅ-
ŀŀĔĕŀĚĔƠŅĞĨƞŅĚŕȮœħƟȮ 
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ĭĪĪňŗ 2 

ĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚȮ(Review of related literature) 

2.1 ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(Poly(lactic acid) : PLA) 

ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(Polylactic acid (PLA)) ŏĮƦĬıĸŅĽĨŇĔĝňĺĳŅıȮ&Bioplastic) ĽŅĴŅĶĩ
ĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıœħƟŏĮƦĬĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĬŘņħƟĺĵěŋĸŇĬĪĶňĵƢŒĬīĶĶĴĝŅĨŇĳŅĵľĸńĚěŅĔ
ĔŅĶŒĝƟĚŅĬȮĞŉŗĚȮPLA įĸŇĨĴŅěŅĔĺńĨĩŋħŇĭĪňŗĽŅĴŅĶĩįĸŇĨĪħŐĪĬĕŉŘĬŒľĴƞœħƟŒĬīĶĶĴĝŅĨŇȮ&Renewable 
resource) ŏĝƞĬȮĕƟŅĺőıħȮĴńĬĽņĮŃľĸńĚȮŐĸŃŀƟŀĵȮŏĮƦĬĨƟĬȮőħĵĔŅĶĭħľĶŊŀőĴƞıŊĝŒľƟĸŃŏŀňĵħŏĮƦĬŐĮƚĚ
ŐĸƟĺŒĝƟŏŀĬœĞĴƢĵƞŀĵŐĮƚĚŒľƟŏĮƦĬĬŘņĨŅĸĔĸŌőėĽįƞŅĬĔĶŃĭĺĬĔŅĶľĴńĔȮ&Fermentation) őħĵŒĝƟŐĭėĪňŏĶňĵȮ
Lactobacillus brevis œħƟįĸįĸŇĨŏĮƦĬĔĶħŐĸėĨŇĔȮ&Lactic acid) įƞŅĬĔĶŃĭĺĬĔŅĶĪŅĚŏėĴňœħƟȮ
Lactide ĴňőėĶĚĽĶƟŅĚĪŅĚŏėĴňŏĮƦĬĺĚŐľĺĬȮŐĸƟĺěŉĚĬņœĮįƞŅĬĔĶŃĭĺĬĔŅĶıŀĸŇŏĴŀĶƢœĶŏĞĝńŗĬȮ
&Polymerization) ĔĸńŗĬŒĬĶŃĭĭĽŋĠĠŅĔŅĻŏıŊŗŀŏĮĸňŗĵĬőėĶĚĽĶƟŅĚœħƟŏĮƦĬıŀĸŇŏĴŀĶƢȮŐĽħĚħńĚĶŌĮĪňŗȮ0,/ 

 
ĶŌĮĪňŗȮ0,/ ĺńĢěńĔĶĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮY/6[ 

ĝŊŗŀĪŅĚŏėĴňȮ&Chemical Name)  : Polylactic acid 
ĝŊŗŀıƟŀĚȮ(Synonyms)   : ıŀĸŇŐĸėĨŇĔ, Polylactide, PLA 
ĽŌĨĶŏėĴňŀĵƞŅĚĚƞŅĵȮ(Chemical Formula) : (C3H4O2)n 
ĬŘņľĬńĔőĴŏĸĔŋĸȮ(Molecular Weight) : ĮĶŃĴŅĦȮ60,000 (ĪńŘĚĬňŘěņĬĺĬȮn ĮĶŃĴŅĦȮ30,000) 
őėĶĚĽĶƟŅĚĪŅĚŏėĴňȮ&Chemical Structure) : ŐĽħĚħńĚĶŌĮĪňŗȮ0,0 
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ĶŌĮĪňŗȮ0,0 ĽŌĨĶőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮY/6[ 

ėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃĪŅĚŏėĴň Ȯ: Polylactic acid ĴňĝƞĺĚĔŅĶľĸŀĴŏľĸĺȮ&Melting 
range) 173-178 °C ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĽŅĴŅĶĩĪĬėĺŅĴĶƟŀĬœħƟœĴƞŏĔŇĬȮ110 °C ĴňĮĶŇĴŅĦėĺŅĴŏĮƦĬįĸŉĔȮ
&Crystallinity) ĮĶŃĴŅĦȮ37% ŐĸŃŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬěŅĔĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&Glass transition 
temperature) ŀĵŌƞĶŃľĺƞŅĚȮ60-65 °C ĴňĽĴĭńĨŇĕĺŅĚĔńŘĬȮ&Barrier properties) ħňȮŏĕƟŅĔńĭŏĬŊŘŀŏĵŊŗŀĕŀĚ
ĽŇŗĚĴňĝňĺŇĨȮ&Biocompatibility) ŐĸŃĴňėŋĦĽĴĭńĨŇıŇŏĻļėŊŀĴňėĺŅĴŒĽȮœĴƞĵƞŀĵĽĸŅĵŒĬĽĳŅıŐĺħĸƟŀĴ
ĪńŗĺœĮ.ȮŐĨƞĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟŏŀĚŏĴŊŗŀĬņœĮİƤĚĔĸĭŒĬħŇĬ ĔŅĶĕŉŘĬĶŌĮĽŅĴŅĶĩĪņœħƟħƟĺĵŏĪėĬŇėĔŅĶĕŉŘĬ
ĶŌĮŏĪŀĶƢőĴıĸŅĽĨŇĔĪńŗĺœĮ ŏĝƞĬ ĔĶŃĭĺĬĔŅĶĔŅĶŀńħĶňħȮ&Extrusion) ŐĸŃĔĶŃĭĺĬĔŅĶĜňħȮ&Injection 
molding)  

ĔŅĶŒĝƟĚŅĬŐĸŃįĸŇĨĳńĦĤƢ : ĲƕĸƢĴĽņľĶńĭľƞŀŀŅľŅĶ įĸŇĨĳńĦĤƢĭĶĶěŋŀŅľŅĶ ŏĝƞĬ ĔĸƞŀĚ ěŅĬ 

ĝƟŀĬ Ĵňħ ĽƟŀĴ ĨŃŏĔňĵĭȮŐĔƟĺĬŘņȮĪňŗŒĝƟėĶńŘĚŏħňĵĺĪŇŘĚȮĶĺĴĪńŘĚĩŋĚľŌľŇŘĺȮŏĮƦĬĨƟĬ ĶĺĴĪńŘĚŏĽƟĬŒĵŐĸŃĽŇŗĚĪŀ

ĬņĴŅŒĝƟŒĬĚŅĬħƟŅĬĔŅĶįĸŇĨŏĮƦĬŏĽŊŘŀįƟŅŐĸŃįƟŅŏĭŅŃĶĩĵĬĨƢ [18] 

2.2 ıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢȮ(Poly(ethylene oxide) : PEO) 

ıŀĸŇŏŀĪŇĸňĬœĔĸėŀĸȮ(Polyethylene glycol (PEG)) ľĶŊŀĪňŗŏĶňĵĔĺƞŅıŀĸŇŀŀĔĞňŏŀĪŇĸňĬ 
(Polyoxyethylene)ȮľĶŊŀıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢ (Poly(ethylene oxide) (PEO)) őħĵőėĶĚĽĶƟŅĚĪŅĚ
ŏėĴňŐĽħĚħńĚĶŌĮĪňŗȮ0,1ȮŏĮƦĬıŀĸŇŀňŏĪŀĶƢĽńĚŏėĶŅŃľƢĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸŒĬĝƞĺĚĔĺƟŅĚȮőħĵıŀĸŇŏĴŀĶƢĪňŗĴňȮMw 
< 100,000 ĴńĔŏĶňĵĔĺƞŅȮPEG ŒĬĕĦŃĪňŗıŀĸŇŏĴŀĶƢĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚěŃĩŌĔěńħĮĶŃŏĳĪŏĮƦĬȮPEO ĞŉŗĚ
ıŀĸŇŏĴŀĶƢŏľĸƞŅĬňŘŏĮƦĬȮAmphiphilicȮėŊŀŏĮƦĬĽŅĶĪňŗĴňőėĶĚĽĶƟŅĚőĴŏĸĔŋĸȮ2 ĽƞĺĬȮėŊŀȮœħƟŐĔƞȮĽƞĺĬĪňŗĝŀĭĬŘņ
ŐĸŃĽƞĺĬĪňŗĝŀĭœĕĴńĬȮŐĸŃĸŃĸŅĵœħƟŒĬĬŘņȮŏĝƞĬŏħňĵĺĔńĭŒĬĨńĺĪņĸŃĸŅĵŀŇĬĪĶňĵƢľĸŅĵĝĬŇħȮ&ŏĝƞĬȮŏĴĪŇĸňĬ
ėĸŀœĶħƢ ŏŀĪŅĬŀĸ őĪĸŌŀňĬ ŀŃĞňőĨĬȮŐĸŃėĸŀőĶĲŀĶƢĴ'ȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĨŗņȮ&Mw < 1,000)Ȯ
ěŃŏĮƦĬĕŀĚŏľĸĺĪňŗĴňėĺŅĴľĬŊħŐĸŃœĴƞĴňĽňȮŒĬĕĦŃĪňŗȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĪňŗĽŌĚĕŉŘĬěŃŏĮƦĬĕŀĚŐĕŖĚĽň
ĕŅĺĪňŗĴňěŋħľĸŀĴŏľĸĺĨŅĴĽńħĽƞĺĬĬŘņľĬńĔőĴŏĸĔŋĸěĬĩŉĚĕňħěņĔńħĽŌĚĽŋħĪňŗĮĶŃĴŅĦȮ67Ȯ°C ĞŉŗĚıĭĺƞŅȮ
PEG œĴƞŏĮƦĬıŇļŐĸŃœħƟĶńĭĔŅĶŀĬŋĴńĨŇěŅĔŀĚėƢĔŅĶŀŅľŅĶŐĸŃĵŅŏıŊŗŀŒĝƟŏĮƦĬĽŅĶŏıŇŗĴĮĶŇĴŅĦľĶŊŀŒĝƟŒĬ
ĽŌĨĶĵŅŀŅľŅĶŐĸŃŏėĶŊŗŀĚĽņŀŅĚȮőħĵ PEG ĽƞĺĬŒľĠƞĪňŗĴňȮMw <1,000 ěŃĽĸŅĵěŅĔĶƞŅĚĔŅĵŀĵƞŅĚ
ĶĺħŏĶŖĺȮėŋĦĽĴĭńĨŇĬňŘĶĺĴĔńĭėĺŅĴıĶƟŀĴŒĝƟĚŅĬĕŀĚȮPEG ĪňŗĴňĲƤĚĔƢĝńĬĔŅĶŒĝƟĚŅĬĪňŗľĸŅĔľĸŅĵĪņŒľƟĴňĔŅĶ

https://enchemcom1po.files.wordpress.com/2012/09/pla_kanong.jpg
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ŒĝƟȮPEG ŒĬĔŅĶĺŇěńĵĪŅĚĝňĺĔŅĶŐıĪĵƢĪňŗľĸŅĔľĸŅĵȮŏĝƞĬȮĔŅĶĽƞĚĵŅ ĺŇĻĺĔĶĶĴŏĬŊŘŀŏĵŊŗŀ ŐĸŃŀňĔĴŅĔĴŅĵȮ
[19] 

 
ĶŌĮĪňŗȮ0,1 ĽŌĨĶőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢ [19] 

2.3 ĞňőŀœĸĨƢȮ(Zeolite) 

ĞňőŀœĸĨƢȮ(Zeolite)ȮėŊŀȮĽŅĶĮĶŃĔŀĭŀŃĸŌĴŇőĬĞŇĸŇŏĔĨȮ(Crystalline aluminosilicates) 
ľĬƞĺĵĵƞŀĵĮĶŃĔŀĭħƟĺĵŀŃĨŀĴĞŇĸŇėŀĬľĶŊŀŀŃĸŌĴŇŏĬňĵĴľĬŉŗĚŀŃĨŀĴȮŐĸŃŀŃĨŀĴĕŀĚŀŀĔĞŇŏěĬĽňŗ
ŀŃĨŀĴȮ&SiO2ȮľĶŊŀȮAlO2'ȮĽĶƟŅĚıńĬīŃĔńĬŏĮƦĬĶŌĮŏľĸňŗĵĴĽňŗľĬƟŅȮ(Tetrahedron) őħĵŀŃĨŀĴĞŇĸŇėŀĬ
ľĶŊŀŀŃĸŌĴŇŏĬňĵĴŀĵŌƞĨĶĚĔĸŅĚȮĸƟŀĴĶŀĭħƟĺĵŀŃĨŀĴŀŀĔĞŇŏěĬĪňŗĴŋĴĪńŘĚĽňŗȮĞŉŗĚőėĶĚĽĶƟŅĚĽŅĴŏľĸňŗĵĴĽňŗľĬƟŅĬňŘ
ěŃŏĝŊŗŀĴĨƞŀĔńĬĪňŗĴŋĴȮ(ŒĝƟŀŀĔĞŇŏěĬĶƞĺĴĔńĬ)ȮŏĔŇħŏĮƦĬőėĶĚĽĶƟŅĚĪňŗŒľĠƞĕŉŘĬŐĸŃŏĔŇħĝƞŀĚĺƞŅĚĶŃľĺƞŅĚőĴŏĸĔŋĸȮ
ŐĽħĚħńĚĶŌĮĪňŗȮ0,2ȮĪņŒľƟĞňőŀœĸĨƢŏĮƦĬįĸŉĔŐĕŖĚŐĸŃĴňĶŌıĶŋĬĕĬŅħĨńŘĚŐĨƞȮ0-/.ȮŀńĚĽĨĶŀĴȮ&/ȮÅȮŏĪƞŅĔńĭȮ
/×/.-/.ȮŏĴĨĶ'ȮőħĵěŃĴňĕĬŅħĕŀĚĶŌıĶŋĬŐĨĔĨƞŅĚĔńĬĨŅĴĝĬŇħĕŀĚĞňőŀœĸĨƢȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ0,/Ȯ
ĬŀĔěŅĔĞŇĸŇėŀĬŐĸŃŀŀĔĞŇŏěĬŐĸƟĺŒĬőėĶĚĽĶƟŅĚőĴŏĸĔŋĸĕŀĚĞňőŀœĸĨƢĵńĚĴňĮĶŃěŋĭĺĔĕŀĚőĸľŃȮŏĝƞĬȮ
őĞŏħňĵĴȮőıŐĪĽŏĞňĵĴȮŐĸŃŐėĸŏĞňĵĴȮŏĔŅŃŀĵŌƞŀĵƞŅĚľĸĺĴŕȮŐĸŃĵńĚĴňőĴŏĸĔŋĸĕŀĚĬŘņŀĵŌƞŒĬĝƞŀĚĺƞŅĚŒĬ
őėĶĚįĸŉĔĽŅĴŅĶĩĨƟĴŒľƟŏħŊŀħĶŃŏľĵŀŀĔœĮœħƟ 

 
ĶŌĮĪňŗȮ0,2ȮȮőėĶĚĽĶƟŅĚĕŀĚĞňőŀœĸĨƢ [20] 

őħĵĞňőŀœĸĨƢœħƟŏĶŇŗĴěŅĔĔŅĶĽńĚŏėĶŅŃľƢĞňőŀœĸĨƢŏŀȮ&A) ŏŀĔĞƢȮ&X) ŐĸŃĺŅĵȮ&Y) ŐĸŃĬņœĮ
ĮĶŃĵŋĔĨƢŒĝƟŒĬĔĶŃĭĺĬĔŅĶĪňŗĽņėńĠĽņľĶńĭŀŋĨĽŅľĔĶĶĴȮœħƟŐĔƞȮĔŅĶħŌħĞńĭȮ&Adsorption) őħĵŏĶŇŗĴěŅĔ
ĔŅĶŒĝƟĞňőŀœĸĨƢȮA ŏĮƦĬĨńĺħŌħėĺŅĴĝŊŘĬŒĬŐĔƠĽĪņėĺŅĴŏĵŖĬľĶŊŀŐĔƠĽīĶĶĴĝŅĨŇȮ&ĮƖȮ/733'ȮĨƞŀĴŅŒĝƟŒĬ
ĔĶŃĭĺĬŐĵĔĽŅĶĮĶŃĔŀĭȮn-butane ŐĸŃȮiso-butane (ĮƖȮ/737'ȮĞŉŗĚĔŅĶĮĶŃĵŋĔĨƢŒĝƟĞňőŀœĸĨƢĔńĭ
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ĔĶŃĭĺĬĔŅĶħŌħĞńĭľĶŊŀĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅĨƟŀĚŀŅĻńĵľĸńĔĔŅĶŐıĶƞĕŀĚőĴŏĸĔŋĸĽŅĶįƞŅĬĶŌıĶŋĬĕŀĚĞňőŀœĸĨƢȮ
őħĵőėĶĚĽĶƟŅĚĞňőŀœĸĨƢĽŅĴŅĶĩěņŐĬĔĨŅĴĕĬŅħĶŌıĶŋĬȮœħƟŏĮƦĬȮ1ȮĝĬŇħ  
ĨŅĶŅĚĪňŗȮ0,/ ĕĬŅħĶŌıĶŋĬĕŀĚĞňőŀœĸĨƢŐĨƞĸŃĝĬŇħ [20] 

Small pore zeolites Middle pore zeolites Large pore zeolites 
8-membered ring 10-membered ring 12-membered ring 

3.0-4.5 Å 4.5-6.0 Å 6.0-8.0 Å 
Zeolite A Zeolite ZSM-5 Zeolite L 

Erionite ZSM-11 Faujasite (X, Y) 

Chabazite Ferriete Mordenite 
Gismonite Stibite ZSM-12 

Phillipsite ZSM-23 Zeolite Beta 

 
2.3.1 ĞňőŀœĸĨƢŏŀ (Zeolite A) 

ĞňőŀœĸĨƢŏŀȮ(Zeolite A) ľĶŊŀĪňŗŏĶňĵĔĺƞŅȮLTA (Linde Type A) ĴňĽŌĨĶőĴŏĸĔŋĸėŊŀ (Na+12 
(H2O)27|8[Al12Si12O48]8 őħĵőĞŏħňĵĴœŀŀŀĬŒĬĞňőŀœĸĨƢŏŀ ĽŅĴŅĶĩŐĸĔŏĮĸňŗĵĬĔńĭœŀŀŀĬĭĺĔŀŊŗĬŕȮŏĝƞĬȮ
ĸŇŏīňĵĴȮ&Li-LTA) őıŐĪĽŏĞňĵĴ &K-LTA) ľĶŊŀŐėĸŏĞňĵĴȮ&Ca-LTA) ľĬƞĺĵľĸńĔĕŀĚĞňőŀœĸĨƢŏŀ ėŊŀőĞħŅ
œĸĨƢȮĞŉŗĚŏĝŊŗŀĴĨƞŀĔńĬĽňŗĺĚĔƞŀĨńĺŏĮƦĬőėĶĚĕƞŅĵĽŅĴĴŇĨŇȮ&3D) ŐĸŃĮĶŃĔŀĭŏĮƦĬĝƞŀĚĔĸĺĚĕĬŅħ
ŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚȮ11.4 ÅȮ&Supercage)ȮŏĝŊŗŀĴĨƞŀĔńĬħƟĺĵĝƞŀĚŏĮƕħŐĮħĝƞŀĚĪňŗĴňĶŌĕĬŅħȮ4.1 ÅȮŏĔŇħŏĮƦĬ
ĝƞŀĚŏĮƕħĞňőŀœĸĨƢŏĲĶĴŏĺŇĶƢĔĪňŗĴňŀńĨĶŅĽƞĺĬĮĶŇĴŅĨĶĽŌĚȮ47% ŐĸŃĴňőėĶĚĽĶƟŅĚŏĮƦĬĸŌĔĭŅĻĔƢȮŏĴŊŗŀȮNa+ 
ŐĸĔŏĮĸňŗĵĬĔńĭȮK+ ĪňŗĴňĕĬŅħŒľĠƞĔĺƞŅȮĶŌŏĮƕħěŃĸħĸĚŏľĸŊŀĮĶŃĴŅĦȮ3 ÅȮ(K-LTA ľĶŊŀĞňőŀœĸĨƢȮ3A'ȮŒĬ
ĔĶĦňĪňŗȮCa2+ȮŐĪĬĪňŗȮ2Na+ ĶŌŏĮƕħěŃŏıŇŗĴĕŉŘĬŏĮƦĬĮĶŃĴŅĦȮ5 Å (Ca-LTA ľĶŊŀľĶŊŀĞňőŀœĸĨƢȮ5A) ħńĚĬńŘĬĞň
őŀœĸĨƢȮNa-LTA ĔŖĩŌĔŏĶňĵĔĺƞŅȮĞňőŀœĸĨƢȮ4AȮĨŅĴĕĬŅħĕŀĚĶŌŏĮƕħ [21] ŐĽħĚőėĶĚĽĶƟŅĚĞňőŀœĸĨƢŏŀħńĚĶŌĮĪňŗȮ
0,3 
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ĶŌĮĪňŗȮ0,3 őėĶĚĽĶƟŅĚĕŀĚĞňőŀœĸĨƢŏŀ [21] 
ĮĶŃőĵĝĬƢĕŀĚĞňőŀœĸĨƢȮėŊŀȮŒĝƟŏĮƦĬĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅŏĝƞĬȮHydrogenation, Alkylation, 

Aromatization ŐĸŃȮIsomerization ŏĮƦĬĨƟĬȮŒĝƟŏĮƦĬĽŅĶħŌħĞńĭȮ(Sorption agent) ŏĬŊŗŀĚěŅĔĞňőŀœĸĨƢ
ĴňőėĶĚĽĶƟŅĚĪňŗŏĮƦĬĶŌıĶŋĬĪŜŅŒľƟĽŅĴŅĶĩħŌħĞńĭĽŅĶĨƞŅĚŕȮœħƟȮŏĝƞĬȮŒĝƟŒĬĕĭĺĬĔŅĶȮDefying ĕŀĚĔƠŅĞ
īĶĶĴĝŅĨŇȮőħĵŒĝƟŐĵĔȮėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĽŅĶĮĶŃĔŀĭĞńĸŏĲŀĶƢěŅĔŐĔƠĽīĶĶĴĝŅĨŇȮŒĝƟŐĵĔĽŅĶĪňŗ
ĪŜŅŒľƟŏĔŇħĴĸĳŅĺŃȮŏĝƞĬȮSO0, NO0ȮŐĸŃȮO0ȮěŅĔŀŅĔŅĻȮŏĮƦĬĨƟĬȮŒĝƟŏĮƦĬȮWater softeners őħĵĞň
őŀœĸĨƢĽŅĴŅĶĩŐĸĔŏĮĸňŗĵĬœŀŀŀĬĭĺĔŒĬőėĶĚĶƞŅĚįĸŉĔĔńĭœŀŀĬĕŀĚŐėĸŏĞňĵĴľĶŊŀŐĴĔĬňŏĞňĵĴœħƟěŉĚĝƞĺĵ
ĸħėĺŅĴĔĶŃħƟŅĚĕŀĚĬŘņȮŐĸŃŒĝƟŏĮƦĬȮIon exchange resins ěŅĔėŋĦĽĴĭńĨŇĔŅĶŐĸĔŏĮĸňŗĵĬœŀŀŀĬ
ĭĺĔĕŀĚĞňőŀœĸĨƢĪŜŅŒľƟĽŅĴŅĶĩĬŜŅœĮŒĝƟŏĮƦĬŏĶĞŇĬȮŏıŊŗŀŐĸĔŏĮĸňŗĵĬĔńĭœŀŀŀĬĭĺĔȮőħĵȮUnivalent ľĶŊŀȮ
Divalent SelectivityȮĕŀĚĞňőŀœĸĨƢȮŐĽħĚħńĚĬňŘ 
ĽņľĶńĭœŀŀŀĬĭĺĔĪňŗŏĮƦĬȮUnivalent  
                                Ag+ > Ti+ > Na+ > K+ > NH4+ > Rb+ > Li+ > Cs+ 
ĽņľĶńĭœŀŀŀĬĭĺĔĪňŗŏĮƦĬȮDivalent ĴňħńĚĬňŘ 
                                Zn2+ > Sr2+ > Ba2+ > Ca2+ > Co2+ > Ni2+ > Hg2+ > Mg2+ 

őėĶĚĽĶƟŅĚĕŀĚĞňőŀœĸĨƢŏĮƦĬŐĭĭŏĮƕħĮĶŃĔŀĭœĮħƟĺĵȮChannel ľĶŊŀȮInterconected voidȮ
ěŜŅĬĺĬĴŅĔĞŉŗĚĴňœŀŀŀĬĭĺĔŐĸŃőĴŏĸĔŋĸĕŀĚĬŘņŏĔŅŃŏĝŊŗŀĴŀĵŌƞĳŅĵŒĬȮŏĴŊŗŀőĴŏĸĔŋĸĕŀĚĬŘņįƞŅĬŏĕƟŅĴŅŒĬ
ĝƞŀĚĺƞŅĚĪŜŅŒľƟœŀŀŀĬĪňŗŀĵŌƞŒĬĽŅĶĸŃĸŅĵĽŅĴŅĶĩŐĸĔŏĮĸňŗĵĬĔńĭœŀŀŀĬĪňŗŀĵŌƞŒĬőėĶĚĽĶƟŅĚœħƟȮŐĸŃĞň
őŀœĸĨƢœħƟĝŊŗŀĺƞŅŏĮƦĬȮMolecular sieve ŏĬŊŗŀĚěŅĔőĴŏĸĔŋĸĴňĝƞŀĚĺƞŅĚĪňŗĽĴŗņŏĽĴŀěŜŅĬĺĬĴŅĔȮĞŉŗĚĽŅĴŅĶĩ
ŐĽħĚėŋĦĽĴĭńĨŇėĸƟŅĵȮSieve ĭĬőĴŏĸĔŋĸĪňŗĴňĝƞŀĚĺƞŅĚĪňŗĽĴŗņŏĽĴŀ [22] 

2.4 ĽŅĶĮĶŃĔŀĭœĬŏĨĶĨ 

őĸľŃœĬŏĨĶĨĪńŘĚľĴħŏĮƦĬŏĔĸŊŀŀĬŇĬĪĶňĵƢĕŀĚœŀŀŀĬĭĺĔŐĸŃœŀŀŀĬœĬŏĨĶĨȮœĬŏĨĶĨœŀŀŀĬĴň
ĮĶŃěŋȮ-1ȮĪňŗĮĶŃĔŀĭħƟĺĵŀŃĨŀĴĕŀĚœĬőĨĶŏěĬŏıňĵĚŀŃĨŀĴŏħňĵĺĪňŗěńĭĔńĭŀŀĔĞŇŏěĬĽŅĴŀŃĨŀĴȮ&ĽŌĨĶȮ8Ȯ
NO3-) ĽŅĶĮĶŃĔŀĭœĬŏĨĶĨĴńĔĸŃĸŅĵŒĬĬŘņȮĺńĽħŋœĬŏĨĶĨĵńĚŏĮƦĬĽŅĶŀŀĔĞŇœħĞƢȮŏĴŊŗŀįĽĴĔńĭ
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œŁőħĶėŅĶƢĭŀĬȮĽŅĶĮĶŃĔŀĭœĬŏĨĶĨěŃĔĸŅĵŏĮƦĬĽƞĺĬįĽĴĪňŗĨŇħœĲœħƟȮœĬŏĨĶĨŏĮƦĬĽŅĶĨńŘĚĨƟĬĪňŗĵŀħ
ŏĵňŗĵĴĽņľĶńĭĔŅĶįĸŇĨĽŅĶĮĶŃĔŀĭĪňŗĴňėĺŅĴĭĶŇĽŋĪīŇśĽŌĚŏĮƦĬıŇŏĻļŐĸŃĺńĽħŋŏĶƞĚĮĢŇĔŇĶŇĵŅŐĸŃĬŅőĬĽŏĔĸȮ
Y01[Ȯ 

2.4.1 ĸŇŏīňĵĴœĬŏĨĶĨȮ(Lithium nitrate) 

ĸŇŏīňĵĴœĬŏĨĶĨȮ(Lithium nitrate) ĴňĽŌĨĶőĴŏĸĔŋĸėŊŀȮLiNO3 ŐĸŃĴňĬŘņľĬńĔőĴŏĸĔŋĸĮĶŃĴŅĦȮ
68.95 Da ĞŉŗĚĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚĸŇŏīňĵĴœĬŏĨĶĨŐĽħĚħńĚĶŌĮĪňŗȮ0,4 

 
ĶŌĮĪňŗȮ0,4ȮĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚĸŇŏīňĵĴœĬŏĨĶĨ [24] 

2.4.2 őıŐĪĽŏĞňĵĴœĬŏĨĶĨȮ(Potassium nitrate) 

őıŐĪĽŏĞňĵĴœĬŏĨĶĨ (Potassium nitrate) ĴňĽŌĨĶőĴŏĸĔŋĸėŊŀȮKNO3 ŐĸŃĴňĬŘņľĬńĔőĴŏĸĔŋĸ
ĮĶŃĴŅĦȮ101.11 Da ĞŉŗĚĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚőıŐĪĽŏĞňĵĴœĬŏĨĶĨŐĽħĚħńĚĶŌĮĪňŗȮ0,5 

 
ĶŌĮĪňŗȮ0,5ȮĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚőıŐĪĽŏĞňĵĴœĬŏĨĶĨ [23] 

2.5 ĶńĻĴňœŀŀŀĬ (Ionic radius) 

ĶńĻĴňœŀŀŀĬȮ(Ionic radius) ėŊŀĕĬŅħĕŀĚœŀŀŀĬȮőħĵœŀŀŀĬĕŀĚőĸľŃŒĬľĴŌƞŏħňĵĺĔńĬěŃĴň
ĕĬŅħŒľĠƞĕŉŘĬŏĴŊŗŀŏĸĕŀŃĨŀĴŏıŇŗĴĕŉŘĬ ŐĸŃœŀŀŀĬĕŀĚőĸľŃŒĬėŅĭŏħňĵĺĔńĬěŃĴňĕĬŅħŏĸŖĔĸĚŏĴŊŗŀŏĸĕ
ŀŃĨŀĴŏıŇŗĴĕŉŘĬȮŐĽħĚħńĚĶŌĮĪňŗȮ0,6 

https://www.google.com.sg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiK59CMpNriAhUIr48KHYHFCn8QjRx6BAgBEAU&url=http%3A%2F%2Fwww.chemspider.com%2FChemical-Structure.8305408.html&psig=AOvVaw1xn2G-N2xVuL9rmloC3Z-n&ust=1560096906401933
https://www.google.com.sg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjpr4vApNriAhUbSY8KHRe_BtQQjRx6BAgBEAU&url=%2Furl%3Fsa%3Di%26rct%3Dj%26q%3D%26esrc%3Ds%26source%3Dimages%26cd%3D%26ved%3D%26url%3Dhttp%253A%252F%252Fwww.chemspider.com%252FChemical-Structure.22843.html%26psig%3DAOvVaw3Gmn-iF5-vma4TL67S2j29%26ust%3D1560096975061643&psig=AOvVaw3Gmn-iF5-vma4TL67S2j29&ust=1560096975061643
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ĶŌĮĪňŗȮ0,6ȮĶńĻĴňœŀŀŀĬŐĸŃĕĬŅħŀŃĨŀĴȮ&Å) [25] 

2.6 ĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬȮ(Silane coupling agent) 

ĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽĶƟŅĚıńĬīŃĪňŗėĚĪĬĶŃľĺƞŅĚĺńĽħŋŀŇĬĪĶňĵƢ
ŐĸŃŀĬŇĬĪĶňĵƢȮĽŌĨĶĪńŗĺœĮĽņľĶńĭĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬěŃŐĭƞĚŏĮƦĬĽŀĚĽƞĺĬħńĚĶŌĮĪňŗȮ0,7ȮȮėŊŀȮX ŏĮƦĬ
ľĴŌƞœŁőħĶœĸĞƢőħĵĮĔĨŇėŊŀŀńĸėŀĔĞň, ŀŃĞŇĸŀĔĞň, ŁŅőĸŏěĬľĶŊŀŏŀĴňĬȮŏĴŊŗŀœŁőħĶœĸĞŇĽěŃŏĔŇħĔĸŋƞĴœĞŐĸ
ĬŀĸȮĞŉŗĚĽŅĴŅĶĩėĺĭŐĬƞĬĔńĭĔĸŋƞĴœĞĸŅĬŀĸŀŊŗĬŕȮŏĝƞĬȮĭĬıŊŘĬįŇĺĕŀĚĽŅĶĨńĺŏĨŇĴĞŇĸŇĔŀĬěŃĽĶƟŅĚıńĬīŃ
œĞĸŀĔŏĞĬȮįĸŇĨĳńĦĤƢėĺĭŐĬƞĬĪňŗŏĽĩňĵĶĵńĚĽŅĴŅĶĩĽĶƟŅĚıńĬīŃĔńĭŀŀĔœĞħƢŀŊŗĬŕȮŏĝƞĬȮŀŃĸŌĴŇŏĬňĵĴȮ
ŏĞŀĶƢőėŏĬňĵĴȮħňĭŋĔȮœĪĪŅŏĬňĵĴȮŐĸŃĬŇĔŏĔŇĸȮĽƞĺĬıńĬīŃĪňŗŏĽĩňĵĶĬƟŀĵĔĺƞŅěŃĽĶƟŅĚıńĬīŃĔńĭŀŀĔœĞħƢĕŀĚ
őĭĶŀĬȮŏľĸŖĔȮŐĸŃėŅĶƢĭŀĬȮőħĵŀŀĔœĞħƢĕŀĚőĸľŃŀńĸėŅœĸĬƢŐĸŃėŅĶƢĭŀŏĬĨěŃœĴƞĽĶƟŅĚıńĬīŃĪňŗŏĽĩňĵĶ
ĔńĭȮSi-O- ĬŀĔěŅĔĬňŘȮľĴŌƞȮR ėŊŀŀĬŋĴŌĸŀŇĬĪĶňĵƢĪňŗœĴƞĽŅĴŅĶĩœŁőħĶœĸĞƢœħƟȮĞŉŗĚŀŅěĴňĲƤĚĔƢĝńĬĪňŗĴňĸńĔļĦŃĪňŗ
ĨƟŀĚĔŅĶ ĞŉŗĚľĸńĚĔŅĶĪņĮĢŇĔŇĶŇĵŅĕŀĚŀŀĶƢŐĔőĬœĞŏĸĬĔńĭĞńĭĽŏĨĶĨŐĸƟĺěŃĴňĔŅĶĮĶńĭŏĮĸňŗĵĬĸńĔļĦŃ
ıŊŘĬįŇĺŀĵƞŅĚĴňĬńĵĽņėńĠȮĶĺĴĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽĶƟŅĚıńĬīŃőėĺŅŏĸĬĨƢĶŃľĺƞŅĚĺńĽħŋŀŇĬĪĶňĵƢŐĸŃ 
ŀĬŇĬĪĶňĵƢħƟĺĵħńĚĶŌĮĪňŗȮ0,/.Ȯ[26] 

 

ĶŌĮĪňŗȮ0,7 ĽŌĨĶĪńŗĺœĮĕŀĚĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬ [26] 
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ĶŌĮĪňŗȮ0,/.ȮĔŅĶĪņĮĢŇĔŇĶŇĵŅĕŀĚŀŀĶƢŐĔőĬœĞŏĸĬĔńĭĞńĭĽŏĨĶĨŐĸŃıŀĸŇŏĴŀĶƢ [26] 

2.6.1 ĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬĝĬŇħȮ&3-Aminopropyl) trimethoxysilane 

ĔŅĶĮĶńĭĮĶŋĚıŊŘĬįŇĺěŃħňĪňŗĽŋħŏĴŊŗŀœĞŏĸĬĪņĮĢŇĔŇĶŇĵŅĔńĭıŊŘĬįŇĺĕŀĚĞńĭĽŏĨĶĨŐĸŃŐĽħĚěņĬĺĬ
ĽŌĚĽŋħĕŀĚıŊŘĬĪňŗĪňŗĽŅĴŅĶĩŏĕƟŅĩŉĚœħƟħƟĺĵıĸńĚĚŅĬıŊŘĬįŇĺĪňŗŏľĴŅŃĽĴȮĕƟŀıŇěŅĶĦŅŏıŇŗĴŏĨŇĴėŊŀĽĴĭńĨŇĪŅĚ
ĔŅĵĳŅıŐĸŃĪŅĚŏėĴňĕŀĚĭĶŇŏĺĦĶŃľĺƞŅĚŏĲĽȮ 

őħĵŒĬĚŅĬĺŇěńĵĬňŘŏĸŊŀĔŒĝƟœĞŏĸĬĝĬŇħȮ&3-Aminopropyl) trimethoxysilane ĞŉŗĚŏĮƦĬĽŅĶŏĝŊŗŀĴ
ĮĶŃĽŅĬĪňŗĴňĮĸŅĵħƟŅĬľĬŉŗĚĕŀĚőėĶĚĽĶƟŅĚĴňĔĸŋƞĴĪňŗŒĝƟĚŅĬŀĵŌƞȮŏĝƞĬȮŀŃĴŇőĬŐĸŃœĺĬŇĸȮĞŉŗĚĽŅĴŅĶĩĪņ
ĮĢŇĔŇĶŇĵŅĔńĭőĴŏĸĔŋĸĕŀĚŏĶĞŇĬĽńĚŏėĶŅŃľƢȮĽƞĺĬĮĸŅĵŀňĔħƟŅĬľĬŉŗĚėŊŀȮalkoxy (ŏĴĪŀĔĞň'ȮĪňŗŏĝŊŗŀĴĨƞŀĔńĭ
ĞŇĸŇĔŀĬŐĸŃĔĸŋƞĴŏľĸƞŅĬňŘĽŅĴŅĶĩĪņĮĢŇĔŇĶŇĵŅĔńĭĔĸŋƞĴœŁħĶŀĔĞŇĸĭĬıŊŘĬįŇĺĕŀĚĲƕĸŏĸŀĶƢŀĬŇĬĪĶňĵƢœħƟȮY05[ Ȯ
ŐĽħĚőėĶĚĽĶƟŅĚĕŀĚȮ&3-Aminopropyl) trimethoxysilane ħńĚĶŌĮĪňŗȮ0,// 

 

ĶŌĮĪňŗȮ0,//ȮœĞŏĸĬĝĬŇħȮ&1-Aminopropyl) trimethoxysilaneȮY06[ 

2.7 ĕĬŅħőĴŏĸĔŋĸĕŀĚĔƠŅĞĨƞŅĚŕ 

ĕĬŅħőĴŏĸĔŋĸĕŀĚĔƠŅĞĨƞŅĚŕȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ0,0 
ĨŅĶŅĚĪňŗȮ0,0 ĕĬŅħőĴŏĸĔŋĸĕŀĚĔƠŅĞĨƞŅĚŕ [29] 

Molecule Diameter (Å) 

Oxygen 3.6 
Carbon dioxide 3.3 

Ethylene 4.2 
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2.8 ĔĸƟĺĵœĴƟ (Orchids) 

2.8.1 ĽĩŅĬĔŅĶĦƢĔĸƟĺĵœĴƟőĸĔȮ 

ĨĸŅħĔĸƟĺĵœĴƟőĸĔĴňĴŌĸėƞŅĮĶŃĴŅĦȮ5,000 ĸƟŅĬĭŅĪȮĽƞĺĬŒľĠƞŏĮƦĬĔĸƟĺĵœĴƟŏĕĨĶƟŀĬȮȮőħĵĴň
ĨĸŅħĶńĭĞŊŘŀĔĺƞŅȮ60 ĮĶŃŏĪĻȮįŌƟĬņŏĕƟŅĪňŗĽņėńĠȮœħƟŐĔƞȮĠňŗĮŋƙĬȮĽľĶńģŀŏĴĶŇĔŅȮŏĺňĵħĬŅĴȮŏĬŏīŀĶƢŐĸĬħƢȮ
ŐĸŃěňĬȮėŇħŏĮƦĬĶƟŀĵĸŃȮ69.83 ĕŀĚĔŅĶĽƞĚŀŀĔĶĺĴȮŐĸŃŐľĸƞĚįĸŇĨĔĸƟĺĵœĴƟőĸĔĪňŗĽņėńĠŀŊŗĬŕȮœħƟŐĔƞȮ
œĨƟľĺńĬȮĽŇĚėőĮĶƢȮĬŇĺĞňŐĸĬħƢȮŐĸŃěňĬ 

2.8.2 ĔŅĶįĸŇĨĔĸƟĺĵœĴƟĕŀĚĮĶŃŏĪĻœĪĵȮ 

ĔĸƟĺĵœĴƟĩŊŀŏĮƦĬľĬŉŗĚŒĬĽŇĬėƟŅĪňŗŏĮƦĬĽńĠĸńĔļĦƢĕŀĚœĪĵȮıńĬīŋƢĪňŗĽƞĚŀŀĔľĸńĔȮœħƟŐĔƞȮĽĔŋĸľĺŅĵȮȮ
ĽĔŋĸĴŀėėŅĶŅȮŐĸŃĽĔŋĸŀŀĬĞŇŏħňĵĴȮȮĴňĝƞĺĚįĸįĸŇĨĽŌĚȮ0ȮĝƞĺĚȮėŊŀȮŏħŊŀĬȮĴŇ,ĵ,ȮůȮĨ,ė,ȮȮŐĸŃŐľĸƞĚįĸŇĨȮ
&3ȮŀńĬħńĭŐĶĔ'ȮėŊŀĬėĶĮģĴȮĽĴŋĪĶĽŅėĶȮĔĶŋĚŏĪıłȮĶŅĝĭŋĶňȮŐĸŃĔŅĠěĬĭŋĶňȮőħĵįĸįĸŇĨĔĸƟĺĵœĴƟœĪĵ
ŏĮƦĬįĸįĸŇĨŏıŊŗŀĔŅĶĽƞĚŀŀĔĮĶŃĴŅĦȮ23#ȮĽƞĺĬŀňĔȮ33#ȮŏĮƦĬĔŅĶįĸŇĨŏıŊŗŀŒĝƟŒĬĮĶŃŏĪĻȮĮƤěěŋĭńĬĴňįŌƟ
ĽƞĚŀŀĔĔĸƟĺĵœĴƟœĪĵĮĶŃĴŅĦȮ0..ȮĶŅĵŐĸŃŏĔļĨĶĔĶįŌƟĮĸŌĔĔĸƟĺĵœĴƟĮĶŃĴŅĦȮ/,600ȮĶŅĵ ĞŉŗĚĔĸƟĺĵœĴƟ
ĽĔŋĸľĺŅĵŐĽħĚħńĚĶŌĮĪňŗȮ0,/0 

ėŌƞėƟŅĽņėńĠŒĬĔŅĶĽƞĚŀŀĔħŀĔĔĸƟĺĵœĴƟȮœħƟŐĔƞȮĠňŗĮŋƙĬȮȮĽľĶńģŀŏĴĶŇĔŅȮŏĺňĵħĬŅĴȮěňĬȮŐĸŃŀŇĨŅĸňȮ
&ĶƟŀĵĸŃȮ6/,6.'ȮŐĸŃĨƟĬĔĸƟĺĵœĴƟȮœħƟŐĔƞȮŏĬŏīŀĶƢŐĸĬħƢȮĭĶŅĞŇĸȮŀŇĬŏħňĵȮĽľĶńģŀŏĴĶŇĔŅȮŐĸŃĠňŗĮŋƙĬȮ&ĶƟŀĵ
ĸŃȮ43,54'Ȯ 

ėŌƞŐĕƞĚĪňŗĽņėńĠŒĬĔŅĶĽƞĚŀŀĔħŀĔĔĸƟĺĵœĴƟȮœħƟŐĔƞȮŏĬŏīŀĶƢŐĸĬħƢȮœĨƟľĺńĬȮŐĸŃĨƟĬĔĸƟĺĵœĴƟȮœħƟŐĔƞȮ
ŏĺňĵħĬŅĴȮœĨƟľĺńĬ 

 

ĶŌĮĪňŗȮ0,/0ȮĔĸƟĺĵœĴƟĽĔŋĸľĺŅĵȮ&Dendrobium orchids)ȮY1.[ 

2.8.3 ŐĬĺőĬƟĴĔŅĶĽƞĚŀŀĔȮ 

ĴŌĸėƞŅĔŅĶĽƞĚŀŀĔĽŇĬėƟŅĔĸƟĺĵœĴƟŏħŊŀĬȮĴ,ė,ȮůȮı,ė,Ȯ0342ȮŏıŇŗĴĕŉŘĬȮ/4,61#ȮŏĴŊŗŀŏĪňĵĭĔńĭĝƞĺĚ
ŏħňĵĺĔńĬĕŀĚĮƖĔƞŀĬȮŏĬŊŗŀĚěŅĔĪńŗĺőĸĔŏĔŇħĔŅĶŐıĶƞĶŃĭŅħȮCOVID-19 ĶĺĴĩŉĚĨĸŅħľĸńĔ ĪňŗĽƞĚŀŀĔȮœħƟŐĔƞȮ
ěňĬȮĠňŗĮŋƙĬȮĽľĶńģŀŏĴĶŇĔŅȮĵŋőĶĮ ĽƞĚįĸĔĶŃĪĭŒľƟĔŅĶĽƞĚŀŀĔĽŇĬėƟŅĔĸƟĺĵœĴƟœħƟĸħĸĚȮŐĸŃėƞŅĕĬĽƞĚĽŇĬėƟŅĴň
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ĶŅėŅĽŌĚĕŉŘĬȮĪņŒľƟ įŌƟĬņŏĕƟŅěŅĔĨƞŅĚĮĶŃŏĪĻĴňėĺŅĴĨƟŀĚĔŅĶĞŊŘŀĸħĸĚ ŐĸŃıķĨŇĔĶĶĴĔŅĶĭĶŇőĳėĕŀĚ
ĨĸŅħĨƞŅĚĮĶŃŏĪĻėƞŀĬĕƟŅĚľĸŅĔľĸŅĵȮįŌƟĭĶŇőĳėĴňėĺŅĴĨƟŀĚĔŅĶħŀĔĔĸƟĺĵœĴƟĪňŗĴňėŋĦĳŅı-ĔĸƟĺĵœĴƟĽŅĵ
ıńĬīŋƢŒľĴƞŕ ĪņŒľƟįŌƟĮĶŃĔŀĭĔŅĶĨƟŀĚĶńĔļŅĴŅĨĶģŅĬŒĬĔŅĶįĸŇĨ ĶĺĴĩŉĚĔŅĶıńĥĬŅĽŅĵıńĬīŋƢŒľĴƞŕȮ[31] 

2.9 ĔŅĶľŅĵŒěĕŀĚıŊĝľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺȮ 

įĸŇĨįĸĪŅĚĔŅĶŏĔļĨĶľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺŀŀĔěŅĔĨƟĬŐĸƟĺȮŏĞĸĸƢĵńĚĴňĝňĺŇĨŐĸŃĴňĔŅĶľŅĵŒěŀĵŌƞȮ
ĔŅĶľŅĵŒěŐĭĭŒĝƟŀŀĔĞŇŏěĬĕŀĚıŊĝěŃĶńĭŀŀĔĞŇŏěĬěŅĔĽŇŗĚŐĺħĸƟŀĴŏĕƟŅœĮŏıŊŗŀŏĮĸňŗĵĬėŅĶƢőĭœŁŏħĶĨĪňŗ
ĽŃĽĴœĺƟŒĬŏĞĸĸƢıŊĝŒĬĶŌĮĕŀĚŐĮƚĚŐĸŃĬŘņĨŅĸœħƟĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮĬŘņȮŐĸŃıĸńĚĚŅĬŒĬĶŌĮĕŀĚ
ıĸńĚĚŅĬėĺŅĴĶƟŀĬ 

ıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŏĔŇħĕŉŘĬěŅĔĔŅĶľŅĵŒěĕŀĚıŊĝȮŏĶňĵĔĺƞŅȮVital heat ľĶŊŀȮRespiration 
heat ĪņŒľƟŏĔŇħĔŅĶŏĬƞŅŏĽňĵœħƟĚƞŅĵȮįńĔŐĸŃįĸœĴƟĪňŗĴňŀńĨĶŅĔŅĶľŅĵŒěĽŌĚěŃįĸŇĨėĺŅĴĶƟŀĬŀŀĔĴŅ
ĴŅĔĔĺƞŅįńĔŐĸŃįĸœĴƟĪňŗĴňŀńĨĶŅĔŅĶľŅĵŒěĨŗņȮŏıĶŅŃěŃĴňŀńĨĶŅĔŅĶĽĸŅĵőĴŏĸĔŋĸĕŀĚĽŅĶŀŅľŅĶ
ĴŅĔĔĺƞŅŐĸŃŏĽŊŗŀĴėŋĦĳŅıŏĶŖĺĔĺƞŅ ĞŉŗĚŀńĨĶŅĔŅĶľŅĵŒěĕŀĚıŊĝŐĨƞĸŃĝĬŇħŐĽħĚħńĚĨŅĶŅĚĪňŗȮ0,1 
ĨŅĶŅĚĪňŗȮ0,1 ŀńĨĶŅĔŅĶľŅĵŒěĕŀĚıŊĝŐĨƞĸŃĝĬŇħ [32] 

ŀńĨĶŅĔŅĶ
ľŅĵŒě 

(mg CO2/Kg-hr) 

ĪňŗŀŋĦľĳŌĴŇȮ(̄ C) 

Vital heat 
(Btu/ton/24 hrs) 

ĨńĺŀĵƞŅĚįńĔŐĸŃįĸœĴƟ 

ĨŗņĴŅĔ < 5 < 1100 įĸŐľƟĚȮŏĝƞĬȮĩńŗĺŏĴĸŖħŐľƟĚȮĬńĪ 

Ĩŗņ 5-10 1100-2200 
ŐŀĮŏĮƕƨĸȮįĸœĴƟĨĶŃĔŌĸĽƟĴȮŀĚŋƞĬȮĔňĺňȮ
ĔĶŃŏĪňĵĴȮľŀĴľńĺŒľĠƞȮĴńĬİĶńŗĚȮĴńĬŏĪĻ 

ĮŅĬĔĸŅĚ 10-20 2200-4400 
ĔĸƟĺĵȮŏĝŀĶňŗȮĪƟŀȮŐĬėĪŅĶňĬȮĽŅĸňŗȮıĸńĴȮ
ĴŃŏħŊŗŀȮĔŃľĸŗņĮĸňȮŐėĶŀĪȮĴŃŏĕŊŀŏĪĻ 

ĽŌĚ 20-40 4400-8800 ĽĨĶŀŏĭŀĶňŗȮŐĭĸėŏĭŀĶňŗȮĶŅĽŏĭŀĶňŗ 

ĽŌĚĴŅĔ 40-60 8800-13200 
Artichoke, snap bean, ĨƟĬľŀĴ, 
Brussels sprouts, œĴƟĨńħħŀĔ 

ĽŌĚĴŅĔ
ĪňŗĽŋħ 

> 60 > 13200 
ľĬƞŀœĴƟİĶńŗĚȮĭĶŀĔőėĸňȮspinach 

ĕƟŅĺőıħľĺŅĬ 

Vital heatȮ(Btu/ton/24 hrs)Ȯ= mgCO2/Kg-hr x 220 

ŀńĨĶŅĔŅĶľŅĵŒěĵńĚĴňėĺŅĴĽņėńĠĨƞŀĔŅĶıŇěŅĶĦŅŏĸŊŀĔŒĝƟŏĪėőĬőĸĵňľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺĪňŗ
ŏľĴŅŃĽĴȮŏĝƞĬȮĔŅĶŀŀĔŐĭĭĶŃĭĭĔŅĶŐĝƞŏĵŖĬįńĔŐĸŃįĸœĴƟ įĸŇĨįĸĪŅĚĔŅĶŏĔļĨĶĪňŗĴňŀńĨĶŅĔŅĶľŅĵŒě
ĽŌĚĔĺƞŅĴňŐĬĺőĬƟĴĪňŗěŃĴňŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĪňŗĽńŘĬĔĺƞŅįĸŇĨįĸĪňŗĴňŀńĨĶŅĔŅĶľŅĵŒěĪňŗĨŗņĔĺƞŅȮ 

http://www.foodnetworksolution.com/wiki/word/2134/การแช่เย็นผักและผลไม้
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2.10 ĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚħŀĔœĴƟ 

ħŀĔœĴƟŒĬĕĦŃĪňŗĵńĚŀĵŌƞĭĬĨƟĬěŃœħƟĶńĭīŅĨŋŀŅľŅĶŐĸŃĬŜŘŅĞŉŗĚĽƞĚĕŉŘĬĴŅěŅĔĶŅĔȮŒĭĪňŗĨŇħŀĵŌƞĭĬĔŇŗĚ
ěŃĪņľĬƟŅĪňŗĽńĚŏėĶŅŃľƢŐĽĚŏıŊŗŀŏĸňŘĵĚĔŇŗĚĬńŘĬȮŏĴŊŗŀĴňĔŅĶĨńħħŀĔŀŀĔĴŅěŅĔĨƟĬěŃĪņŒľƟĶŃĭĭĔŅĶĽƞĚĬŘņ
ŐĸŃŀŅľŅĶĩŌĔĨńħĕŅħŀŀĔȮħŀĔœĴƟĬńŘĬěŃŏĕƟŅĽŌƞĶŃĵŃĝĶŅĳŅıŀĵƞŅĚĶĺħŏĶŖĺŐĸŃŐľƟĚŏľňŗĵĺœĮȮĔŅĶĬņĔƟŅĬ
ħŀĔŐĝƞŒĬĬŜŘŅŏĮƦĬŏıňĵĚĔŅĶĝƞĺĵĶńĔļŅėĺŅĴŏĨƞĚĕŀĚŏĞĸĸƢŏĪƞŅĬńŘĬȮőħĵœĴƞœħƟĪņŒľƟĔĶŃĭĺĬĔŅĶĨƞŅĚŕȮĪňŗ
ŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĝĶŅĳŅıŏĔŇħĝƟŅĸĚ 

ŁŀĶƢőĴĬĽņėńĠĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŏĽŊŗŀĴĽĳŅıħŀĔėŊŀŏŀĪŇĸňĬȮįĸěŅĔŏŀĪŇĸňĬĪňŗħŀĔĽĶƟŅĚĕŉŘĬěŃ
ĪņŒľƟĔĸňĭħŀĔĴňĽňĞňħĸĚȮĔĸňĭħŀĔŏľňŗĵĺȮŐĸŃľĴħĽĳŅıĔŅĶŒĝƟĚŅĬőħĵĮĔĨŇĔĸňĭħŀĔĪņľĬƟŅĪňŗĸƞŀŐĴĸĚ
ŏıŊŗŀŒľƟŏĕƟŅĴŅħŌħĬŜŘŅľĺŅĬȮĞŉŗĚěŃĔƞŀŒľƟŏĔŇħĔŅĶįĽĴŏĔĽĶȮŏĴŊŗŀĔŅĶįĽĴŏĔĽĶŏĔŇħĕŉŘĬȮŐĸƟĺĔĸňĭħŀĔĔŖěŃ
ľĴħľĬƟŅĪňŗœĮȮŐĸŃěŃŏĔŇħĔŅĶĕĵŅĵĕĬŅħĕŀĚĶńĚœĕƞĕŉŘĬĴŅŐĪĬŐĸŃŏěĶŇĠĨƞŀœĮĔĸŅĵŏĮƦĬįĸȮŒĬĕĦŃĪňŗ
ŏĔŇħĔŅĶįĽĴŏĔĽĶěŃıĭĺƞŅĴňĔŅĶĽĶƟŅĚŏŀĪŇĸňĬĕŉŘĬĴŅĴŅĔŒĬĭĶŇŏĺĦĶńĚœĕƞȮĞŉŗĚĔƠŅĞŏŀĪŇĸňĬĬňŘěŃŐıĶƞĔĶŃěŅĵ
ŀŀĔĴŅĪņŒľƟĔĸňĭħŀĔŏľňŗĵĺŐĸŃľĴħĽĳŅıȮħńĚĬńŘĬħŀĔĪňŗĨńħŀŀĔĴŅěŅĔĨƟĬȮĩƟŅįƞŅĬĔŅĶįĽĴŏĔĽĶŐĸƟĺ
ěŃĪņŒľƟŀŅĵŋĔŅĶĮƤĔŐěĔńĬĽńŘĬĸĚĔĺƞŅĮĔĨŇȮŒĬĭŅĚĔĶĦňĪňŗħŀĔœĴƞŏĔŇħĔŅĶįĽĴŏĔĽĶȮŐĨƞŏĔĽĶĨńĺįŌƟľĶŊŀĨńĺ
ŏĴňĵĩŌĔĪņĸŅĵȮĔŖěŃŏĔŇħĔŅĶŏľňŗĵĺĕŀĚĔĸňĭħŀĔœħƟŏĝƞĬĔńĬȮőħĵŏĮƦĬįĸĴŅěŅĔŏŀĪŇĸňĬŒĬĽĳŅĺŃŏėĶňĵħĪňŗ
ħŀĔĽĶƟŅĚĕŉŘĬŏĴŊŗŀŏĔŇħĭŅħŐįĸȮĬŀĔěŅĔĬńŘĬĔŅĶĨńħĔƟŅĬħŀĔŀŀĔĴŅěŅĔĨƟĬĔŖěŃŏĔŇħĔŅĶĽĶƟŅĚŏŀĪŇĸňĬŒĬ
ĽĳŅĺŃŏėĶňĵħĪňŗĭĶŇŏĺĦĶŀĵŐįĸĬńŘĬȮĞŉŗĚěŃĴňįĸŀĵƞŅĚĴŅĔŒĬĔŅĶĪņŒľƟĔƟŅĬħŀĔŀŋħĨńĬȮŐĸŃĔĸňĭħŀĔ
ŏľňŗĵĺ 

ĮƤěěńĵĽņėńĠŀňĔĕƟŀľĬŉŗĚĪňŗĴňįĸĨƞŀĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚħŀĔėŊŀȮĔŅĶŀŋħĨńĬĕŀĚĪƞŀĬŜŘŅĳŅĵŒĬĔƟŅĬ
ħŀĔŏĬŊŗŀĚěŅĔěŋĸŇĬĪĶňĵƢȮŏĞĸĸƢĕŀĚĔƟŅĬħŀĔĭŅĚĽƞĺĬĪňŗŐĝƞŀĵŌƞŒĬĬŜŘŅěŃĨŅĵœĮĨŅĴŀŅĵŋŐĸŃŏĮƦĬĪňŗŀŅĻńĵ
ĕŀĚěŋĸŇĬĪĶňĵƢĞŉŗĚěŃŐĭƞĚĨńĺŀĵƞŅĚĶĺħŏĶŖĺŐĸŃĔĶŃěŅĵœĮĪńŗĺŒĬĬŜŘŅĪňŗŒĝƟĮƤĔŐěĔńĬȮěŋĸŇĬĪĶňĵƢŏľĸƞŅĬňŘȮŀŅě
ĽĶƟŅĚĽŅĶĭŅĚŀĵƞŅĚĕŉŘĬĴŅŐĸŃŏĮƦĬĽŅŏľĨŋŒľƟĪƞŀĬŘņŀŋħĨńĬȮŐĸŃĨńĺěŋĸŇĬĪĶňĵƢŏľĸƞŅĬňŘȮĩƟŅĴňĮĶŇĴŅĦĴŅĔĔŖěŃ
ĕńħĕĺŅĚĪŅĚŏħŇĬĬŘņœħƟȮěŉĚĴňįĸŒľƟĔƟŅĬħŀĔħŌħĬŜŘŅœĴƞœħƟŐĸŃŏľňŗĵĺŀĵƞŅĚĶĺħŏĶŖĺŏĬŊŗŀĚěŅĔĔŅĶĕŅħĬŘņȮY11[ 

2.11 ŏŀĪŇĸňĬ &Ethylene) 

ŏŀĪŇĸňĬȮ&Ethylene) ŏĮƦĬŁŀĶƢőĴĬıŊĝĞŉŗĚėĺĭėŋĴĔŅĶŏěĶŇĠŏĨŇĭőĨŒĬľĸŅĵŐĚƞȮŏĝƞĬȮĔŅĶıńĥĬŅ
ŐĸŃĔŅĶŏĽŊŗŀĴĽĸŅĵȮĞŉŗĚĕŉŘĬŀĵŌƞĔńĭŏĺĸŅŐĸŃĽĩŅĬĪňŗȮįĸĕŀĚŏŀĪŇĸňĬĴňĪńŘĚŒĬŐĚƞĪňŗŏĮƦĬĮĶŃőĵĝĬƢŐĸŃŏĮƦĬ
őĪļĨƞŀıŊĝȮŏŀĪŇĸňĬŏĮƦĬŁŀĶƢőĴĬĪňŗĴňĽĳŅıŏĮƦĬĔƠŅĞĞŉŗĚĶŌƟěńĔĔńĬĴŅĬŅĬŐĸƟĺěŅĔĔŅĶĭƞĴįĸœĴƟȮȮŒĬĮƖȮė.Ļ.Ȯ
1934ȮœħƟĴňĔŅĶıŇĽŌěĬƢŒľƟŏľŖĬĺƞŅŏŀĪŇĸňĬŏĮƦĬĔƠŅĞĪňŗĽńĚŏėĶŅŃľƢĕŉŘĬőħĵıŊĝŐĸŃĽŅĴŅĶĩŏĶƞĚĔĶŃĭĺĬĔŅĶĽŋĔ
œħƟȮĨƞŀĴŅıĭĺƞŅĔŅĶĔƞŀĔŀĚœĲŒĔĸƟŕȮĽĺĬĴŃĴƞĺĚŐĸŃĽńĭĮŃĶħěŃĔĶŃĨŋƟĬŒľƟŀŀĔħŀĔȮĞŉŗĚĽŅĶĪňŗĪņŒľƟŏĔŇħ
ĔŅĶŀŀĔħŀĔȮėŊŀȮŏŀĪŇĸňĬȮĬńŗĬŏŀĚȮĬŀĔěŅĔĬňŘŏŀĪŇĸňĬŏĮƦĬŁŀĶƢőĴĬıŊĝĪňŗĽņėńĠŒĬħƟŅĬľĸńĚŏĔŖĭŏĔňŗĵĺħƟĺĵ 
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ĨƞŀĴŅıĭĺƞŅȮħŀĔȮŏĴĸŖħȮŒĭȮŐĸŃĶŅĔıŊĝĽŅĴŅĶĩĽńĚŏėĶŅŃľƢŏŀĪŇĸňĬœħƟȮŏĝƞĬȮŒĬŏĞŏĸŀĶňŗȮıĭĺƞŅ
ĽŅĴŅĶĩĽĶƟŅĚŏŀĪŇĸňĬĴŅĔņěńħĽňŏĕňĵĺĪňŗĔƟŅĬœħƟȮĬŀĔěŅĔĬńŘĬŒĬĮƖȮė.Ļ.Ȯ1935ȮĵńĚıĭĺƞŅĔŅĶŒľƟŀŀĔĞŇĬĔńĭ
ıŊĝŀŅěěŃĔĶŃĨŋƟĬŒľƟıŊĝĽĶƟŅĚŏŀĪŇĸňĬœħƟȮĞŉŗĚŏĮƦĬėņŀīŇĭŅĵœħƟĝńħŏěĬĽņľĶńĭĔĶĦňĪňŗŏĴŊŗŀŒľƟŀŀĔĞŇĬĔńĭıŊĝ
ŐĸƟĺıŊĝĨŀĭĽĬŀĚŏľĴŊŀĬĔńĭœħƟĶńĭŏŀĪŇĸňĬȮŀŀĔĞŇĬĔńĭŏŀĪŇĸňĬĬńŘĬŏĴŊŗŀŒľƟĔńĭıŊĝĴńĔěŃŒľƟįĸĽƞĚŏĽĶŇĴĔńĬȮ
ĽƞĺĬĕŀĚıŊĝĪňŗıĭŏŀĪŇĸňĬĴŅĔėŊŀȮŒĭŐĔƞȮįĸœĴƟĽŋĔȮŐĸŃŏĬŊŘŀŏĵŊŗŀĪňŗŀĵŌƞĳŅĵŒĨƟĽĳŅıėĺŅĴŏėĶňĵħȮ&Stress) 

2.12 ĔŅĶĽńĚŏėĶŅŃľƢŏŀĪŇĸňĬ 

ĽŅĶŏĶŇŗĴĨƟĬĪňŗıŊĝŒĝƟŒĬĔŅĶĽńĚŏėĶŅŃľƢŏŀĪŇĸňĬėŊŀȮŏĴĪœīőŀĬňĬȮ&Methionine) ĞŉŗĚŏĮƦĬĔĶħŀŃĴŇ

őĬĝĬŇħľĬŉŗĚȮőħĵěŃĩŌĔŏĮĸňŗĵĬĶŌĮĴŅŏĮƦĬ S-adenosyl-L-methionine (SAM ľĶŊŀŏĶňĵĔȮAdomet) 

ħƟĺĵŏŀĬœĞĴƢȮMet AdenosyltransferaseȮľĸńĚěŅĔĬńŘĬ SAM ěŃŏĮĸňŗĵĬŏĮƦĬȮ1-

aminocyclopropane-1-carboxylic-acid (ACC) ħƟĺĵŏŀĬœĞĴƢ ACC synthase (ACS)ȮőħĵĔŅĶ

ĪņĚŅĬĕŀĚŏŀĬœĞĴƢĬňŘŏĮƦĬĨńĺĔņľĬħŀńĨĶŅĔŅĶįĸŇĨŏŀĪŇĸňĬȮŐĸŃŒĬĕńŘĬĨŀĬĽŋħĪƟŅĵěŃŒĝƟȮO2 ŐĸŃĔŅĶ

ĪņĚŅĬĕŀĚŏŀĬœĞĴƢ ACC-oxidase (ACO) ĞŉŗĚŏħŇĴŏĶňĵĔĺƞŅȮEthylene Forming Enzyme (EFE) őħĵĪňŗ

ėŅĶƢĭŀĬŀŃĨŀĴĪňŗȮ3ȮŐĸŃȮ4ȮȮĕŀĚŏĴĪœīőŀĬňĬěŃĔĸŅĵŏĮƦĬėŅĶƢĭŀĬĕŀĚŏŀĪŇĸňĬȮĔŅĶįĸŇĨŏŀĪŇĸňĬĩŌĔĝńĔ

ĬņœħƟħƟĺĵŏŀĪŇĸňĬĳŅĵŒĬŐĸŃĳŅĵĬŀĔĸņĨƟĬȮĔŅĶĽńĚŏėĶŅŃľƢȮACC ěŃŏıŇŗĴĕŉŘĬŏĴŊŗŀĴňŀŀĔĞŇĬĶŃħńĭĽŌĚȮŒĬ

ĔŅĶĽńĚŏėĶŅŃľƢĬňŘěŃŒľƟĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢŀŀĔĴŅħƟĺĵȮőħĵĔŅĶĽńĚŏėĶŅŃľƢŏŀĪŇĸňĬěŃľĵŋħĝŃĚńĔŏĴŊŗŀ

ĭĶĶĵŅĔŅĻĕŅħ O2ȮY12[ȮŐĽħĚħńĚĶŌĮĪňŗȮ0,/1 

 
ĶŌĮĪňŗȮ0,/1 ĔŅĶĽńĚŏėĶŅŃľƢŏŀĪŇĸňĬŒĬıŊĝ [34] 

https://th.wikipedia.org/w/index.php?title=S-adenosyl_methionine&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=1-aminocyclopropane-1-carboxylate_synthase&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=Aminocyclopropanecarboxylate_oxidase&action=edit&redlink=1
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2.13 ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

Yoojun Eom ŐĸŃėĦŃȮY6[ȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚȮPLA ŐĸŃȮPEO őħĵŒĝƟȮPEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸȮ100,000 ŒĽƞŒĬȮPLA ĪňŗĮĶŇĴŅĦȮ1, 3, ŐĸŃȮ5 
wt%ȮħƟĺĵȮTwin-screw extruder ıĭĺƞŅėƞŅĔŅĶħŉĚĵŊħĪňŗěŋħŐĨĔľńĔȮ(Elongation at break), ėĺŅĴ
ĨƟŅĬĪŅĬŐĶĚĔĶŃŐĪĔȮ(Impact strength), ėĺŅĴĝŀĭĬŘņȮ(Hydrophilicity)ȮŐĸŃĶŃħńĭėĺŅĴŏĮƦĬįĸŉĔ 
(Degree of crystallinity)ȮĴňėƞŅŏıŇŗĴĕŉŘĬ ŒĬĕĦŃĪňŗŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ(Glass 
transition temperature (Tg)), ŀŋĦľĳŌĴŇľĸŀĴŏľĸĺȮ(Melting temperature (Tm)), ColdȮ
crystallization temperature (Tcc)) ŐĸŃėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔ (Tensile strength) ĕŀĚ 
PLAȮĴňėƞŅĸħĸĚȮőħĵĪňŗȮ5 wt% ĕŀĚ PEO ĪņŒľƟĔŅĶħŉĚĵŊħĪňŗěŋħŐĨĔľńĔŏıŇŗĴĕŉŘĬȮ4 ŏĪƞŅħńĚĶŌĮĪňŗȮ0,/2Ȯ
ŒĬĕĦŃĪňŗėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔ ĸħĸĚȮ17% ħńĚĶŌĮĪňŗȮ0,/3ȮŏıĶŅŃĜŃĬńŘĬĲƕĸƢĴȮPLA ĴňėĺŅĴ
ŏľĬňĵĺŏıŇŗĴĕŉŘĬŏĴŊŗŀŒĽƞȮPEO 

 
ĶŌĮĪňŗȮ0,/2ȮėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚĵŊħŐĸŃĔŅĶĵŊħĪňŗěŋħŐĨĔľńĔĕŀĚĲƕĸƢĴȮPLA/PEOȮY6[ 

ĬŀĔěŅĔĬňŘěŃŏľŖĬĺƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚĔĶŃŐĪĔĴňėƞŅŏıŇŗĴĕŉŘĬȮŐĽħĚħńĚĶŌĮĪňŗȮ0,/3 ĬŀĔěŅĔĬňŘ
ıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ŐĽħĚėĺŅĴŏĕƟŅĔńĬœħƟħňȮœĴƞĴňĔŅĶŐĵĔŏĲĽĔńĬȮŏĴŊŗŀĮĶŇĴŅĦȮPEO ŏıŇŗĴĕŉŘĬȮ
ŐĽħĚħńĚĶŌĮĪňŗȮ0,/4ȮŏĬŊŗŀĚěŅĔȮPEO ěŃœĮŏıŇŗĴĮĶŇĴŅĨĶŀŇĽĶŃȮ(Free volume) ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ŏėĸŊŗŀĬœľĺ ŐĸŃĔŅĶŏĸŊŗŀĬįƞŅĬĕŀĚĽŅĵőĞƞĕŀĚȮPLA ĪņŒľƟıŀĸŇŏĴŀĶƢįĽĴĽŅĴŅĶĩħŌħĞńĭıĸńĚĚŅĬĔŅĶ
ĔĶŃŐĪĔœĺƟœħƟȮ 
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ĶŌĮĪňŗȮ0,/3ȮėĺŅĴĨƟŅĬĪŅĬŐĶĚĔĶŃŐĪĔŐĭĭœĴƞĭŅĔĕŀĚȮPLA ĭĶŇĽŋĪīŇś [8] 

 
ĶŌĮĪňŗȮ0,/4ȮĳŅıȮSEM ĕŀĚıŊŘĬįŇĺŐĨĔľńĔěŅĔŐĶĚĔĶŃŐĪĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO :  

a.PEO-., b.PEO-/, c.PEO-1, d.PEO-3 [8] 

Debarghya Saha ŐĸŃėĦŃȮY7[ȮœħƟĻŉĔļŅĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPLA ŐĸŃȮPEO 
őħĵŒĝƟȮPEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸȮ5,000,000 ŒĽƞŒĬȮPLA ĪňŗĮĶŇĴŅĦȮ1-5 wt%ȮĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵĺŇīňȮ
Solvent casting ıĭĺƞŅ ĮĶŇĴŅĦȮPEO ĪňŗŏľĴŅŃĽĴĪňŗĽŋħėŊŀȮ4 wt% ŐĸŃėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚĵŊħ
ĸħĸĚŏĬŊŗŀĚěŅĔĔŅĶĔĶŃěŅĵĨńĺĪňŗœĴƞħňŐĸŃŏĔŇħĔŅĶŐĵĔŏĲĽŒĬŏĴĪĶŇĔĞƢĕŀĚȮPLAȮŏĴŊŗŀĮĶŇĴŅĦȮPEO 
ŏıŇŗĴĕŉŘĬ ŐĸŃėƞŅĔŅĶĵŊħĨńĺĪňŗěŋħŐĨĔľńĔŏıŇŗĴĕŉŘĬȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔȮPlasticizing effect ĕŀĚȮPEO ŐĽħĚ
ħńĚĶŌĮĪňŗȮ0,/5 ŐĸŃŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘņȮ(Water Vapor Transmission Rate : WVTR) ŏıŇŗĴĕŉŘĬ



  19 

ěŅĔȮ/53ȮĩŉĚȮ070Ȯg/m2day ŏĬŊŗŀĚěŅĔėĺŅĴĝŀĭĬŘņĕŀĚȮPEO ŐĸŃŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŀŀĔĞŇŏěĬȮ
(Oxygen Transmission Rate :ȮOTR) ŏıŇŗĴĕŉŘĬěŅĔȮ318ȮĩŉĚȮ525Ȯcc/m2dayȮŏĬŊŗŀĚěŅĔŏĴŊŗŀŏĨŇĴȮPEO 
ěŃĪņŒľƟĮĶŇĴŅĨĶŀŇĽĶŃŏıŇŗĴĕŉŘĬȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ0,2ȮŐĸŃȮ0,3 

 
ĶŌĮĪňŗȮ0,/5ȮėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔŐĸŃĔŅĶħŉĚĵŊħĪňŗěŋħŐĨĔľńĔĕŀĚĲƕĸƢĴȮPLA/PEOȮY7[ 

ĨŅĶŅĚĪňŗȮ0,2 ŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘņĕŀĚĲƕĸƢĴȮPLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO [9] 

Composition 
Water Vapor Transmission 

Rate (g/m2 day) 
Thickness (µm) 

PLA 175 ± 2 40 ± 3 

PLA/4 wt% PEO 292 ± 1 41 ± 2 
PLA/4 wt% PEO/1 wt% PEG 189 ± 2 38 ± 3 

ĨŅĶŅĚĪňŗȮ0,3ȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŀŀĔĞŇŏěĬĕŀĚĲƕĸƢĴȮPLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO [9] 

Composition 
Oxygen Transmission 

Rate (cc/m2 day) 
Thickness (µm) 

PLA 318 ± 2 43 ± 2 
PLA/4 wt% PEO 525 ± 2 39 ± 3 

PLA/4 wt% PEO/1 wt% PEG 201 ± 1 41 ± 2 

 
Tutuk Djoko Kusworo ŐĸŃėĦŃȮY13[ȮĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞĕŀĚıŀĸŇŏĴŀĶƢįĽĴ

ĶŃľĺƞŅĚıŀĸŇŀŇœĴħƢȮ(Polyimide (PI)) ŐĸŃıŀĸŇŀňŏĪŀĶƢĞńĸőĲĬȮ(Polyethersulfone (PES)) ĪňŗŏĨŇĴĞň
őŀœĸĨƢȮ3 ŏĔĶħȮėŊŀȮ2A, 5A ŐĸŃȮ13X ěŅĔĨŅĶŅĚĪňŗȮ0.6ȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĸŊŀĔȮ(Selectivity) ĕŀĚ
ŏĴĪĶŇĔĞƢĪňŗŏĨŇĴĞňőŀœĸĨƢȮ5A ĽŌĚĔĺƞŅŏĴĪĶŇĔĞƢĪňŗŏĨŇĴĞňőŀœĸĨƢȮ13XȮŀĵƞŅĚœĶĔŖĨŅĴĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞĕŉŘĬŀĵŌƞ
ĔńĭŀĚėƢĮĶŃĔŀĭȮĕĬŅħĶŌȮŐĸŃőėĶĚĽĶƟŅĚĕŀĚĶŌĕŀĚĞňőŀœĸĨƢ 
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ĬŀĔěŅĔĬňŘĨŅĶŅĚĪňŗȮ2,6ȮŐĽħĚȮPI / PES-zeolite 2A ĴňėŋĦĽĴĭńĨŇĔŅĶŐĵĔĪňŗħňĔĺƞŅȮPI / PES-
zeolite /1X ĞŉŗĚȮPI / PES-zeolite 2AȮŐĽħĚĔŅĶĞŉĴįƞŅĬĕŀĚȮCO2, CH4, O2 ŐĸŃȮN2 ĪňŗĨŗņĔĺƞŅŐĸŃ
ĔŅĶŏĸŊŀĔĽĶĶĽŌĚĔĺƞŅȮPI / PES ĭĶŇĽŋĪīŇśȮįĸĔŅĶĺŇěńĵıĭĺƞŅŏĮƦĬįĸěŅĔŀńĬĨĶĔŇĶŇĵŅĪňŗıŊŘĬįŇĺĕŀĚĶŌıĶŋĬ 
(InterfacialȮvoid) ĶŃľĺƞŅĚŀĬŋĳŅėĞňőŀœĸĨƢŐĸŃıŀĸŇŏĴŀĶƢȮĮĶŅĔĢĔŅĶĦƢĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞĪňŗĸħĸĚ
ĭƞĚĝňŘĺƞŅŏĮƦĬĭĪĭŅĪĕŀĚĕĬŅħĶŌıĶŋĬĕŀĚĞňőŀœĸĨƢĽƞĚįĸĨƞŀĽĴĭńĨŇĔŅĶĕĬĽƞĚĔƠŅĞĕŀĚŏĴĴŏĭĶĬŐĭĭįĽĴȮ
őħĵĞňőŀœĸĨƢȮ2A ĴňőėĶĚĽĶƟŅĚįĸŉĔŐĭĭŏĮƕħŐĸŃĕĬŅħĶŌıĶŋĬĪňŗėƞŀĬĕƟŅĚŏĸŖĔȮĽŅĴŅĶĩĪņŒľƟĨƟŅĬĪŅĬĔŅĶ
ŐıĶƞĕŀĚĔƠŅĞįƞŅĬĶŌıĶŋĬĕŀĚĞňőŀœĸĨƢȮĵŇŗĚĔĺƞŅĬńŘĬŏĬŊŗŀĚěŅĔĕĬŅħĶŌıĶŋĬĪňŗŏĸŖĔȮĞňőŀœĸĨƢĽŅĴŅĶĩŏĸŊŀĔĔŅĶ
įƞŅĬĕŀĚĔƠŅĞĭĬıŊŘĬģŅĬĕŀĚėĺŅĴŐĨĔĨƞŅĚĕŀĚĕĬŅħŐĸŃĶŌĮĶƞŅĚĕŀĚőĴŏĸĔŋĸȮŀĵƞŅĚœĶĔŖĨŅĴŒĬĔĶĦňĬňŘȮPI 
/ PES-zeoliteȮ/1X ŐĽħĚŒľƟŏľŖĬĺƞŅĴňĔŅĶĞŉĴįƞŅĬĽŌĚĕŉŘĬĽņľĶńĭĔƠŅĞĪŋĔĝĬŇħĪňŗĻŉĔļŅȮĨńĺŀĵƞŅĚŏĝƞĬĔŅĶ
ĞŉĴįƞŅĬȮCO0ȮĕŀĚȮPI / PES-zeolite /1XȮĽŌĚĔĺƞŅ PI / PES-zeolite 2A ĩŉĚȮ0,6ȮŏĪƞŅŐĸŃĽŌĚĔĺƞŅȮPI / 
PES ĭĶŇĽŋĪīŇśȮ0,1ȮŏĪƞŅȮĨŅĴĸņħńĭȮŀŅěŏĔŇħěŅĔĕĬŅħĶŌıĶŋĬĕŀĚĞňőŀœĸĨƢȮ/1XȮėŊŀȮ6 ÅȮŒĬĕĦŃĪňŗĕĬŅħ
őĴŏĸĔŋĸĕŀĚĔƠŅĞĪňŗĻŉĔļŅėŊŀȮ1,1ȮÅȮĽņľĶńĭȮCO0ȮŐĸŃȮ1,6 ÅȮĽņľĶńĭȮCH2ȮħńĚĬńŘĬĽŅĴŅĶĩĕĬĽƞĚőĴŏĸĔŋĸ
ĔƠŅĞįƞŅĬĞňőŀœĸĨƢœħƟĚƞŅĵĕŉŘĬȮŒĬĔĶĦňĕŀĚŏĴĴŏĭĶĬȮPI / PES-zeolite 2A ĴňĔŅĶĞŉĴįƞŅĬĸħĸĚŏĴŊŗŀŏĪňĵĭ
ĔńĭȮPI / PES ĭĶŇĽŋĪīŇśȮįĸĸńıīƢĬňŘĭƞĚĝňŘĺƞŅĶŌıĶŋĬĕŀĚĞňőŀœĸĨƢȮ2A ĬńŘĬŏĸŖĔĴŅĔěĬĽŅĴŅĶĩĕńħĕĺŅĚĔŅĶĕĬĽƞĚ
őĴŏĸĔŋĸĔƠŅĞ 
ĨŅĶŅĚĪňŗȮ0,4ȮŐĽħĚįĸĕŀĚĕĬŅħĶŌıĶŋĬĪňŗŐĨĔĨƞŅĚĔńĬĨƞŀĮĶŃĽŇĪīŇĳŅıĔŅĶŐĵĔĔƠŅĞ [35] 

Membrane 
Single gas permeance (barrer) Selectivity 
CO2 CH4 O2 N2 CO2/CH4 O2/N2 

PI/PES neat 6.54 0.195 1.12 0.185 33.59 6.05 

4A 5.02 0.109 0.834 0.112 46.05 7.45 
5A 5.97 0.147 1.023 0.151 40.67 6.75 

13X 15.04 0.398 3.12 0.507 38.69 6.15 
 

Dounia BendahouȮŐĸŃėĦŃȮY0[ œħƟĻŉĔļŅįĸĕŀĚĞňőŀœĸĨƢĪňŗĔĶŃěŅĵĨńĺŒĬȮPLA őħĵĞň
őŀœĸĨƢĮĶńĭĮĶŋĚħƟĺĵőĸľŃĪŀĚŐħĚŐĸŃĕŉŘĬĶŌĮőħĵ Brabender ŐĸŃ Compression moldingȮĳŅı
ěŅĔȮSEM ŐĽħĚħńĚĶŌĮĪňŗȮ0,/6 ŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚĞňőŀœĸĨƢŒĬŏĴĪĶŇĔĞƢȮPLA ĪňŗħňȮ
ĬŀĔěŅĔĬňŘĶŌĮĪňŗȮ0,/7ȮŐĸŃȮ0,0.ȮŐĽħĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘņŐĸŃŀŀĔĞŇŏěĬĸħĸĚŏĴŊŗŀ
ĮĶŇĴŅĦĞňőŀœĸĨƢŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔĔŅĶŒĽƞĞňőŀœĸĨƢěŃŏıŇŗĴėĺŅĴŏĮƦĬįĸŉĔĪņŒľƟőĴŏĸĔŋĸĔƠŅĞįƞŅĬœĴƞœħƟŐĸŃ
ŏıŇŗĴŏĽƟĬĪŅĚĔŅĶŐıĶƞĕŀĚőĴŏĸĔŋĸĔƠŅĞ 
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ĶŌĮĪňŗȮ0,/6 ĳŅıȮSEM ĕŀĚıŊŘĬįŇĺŐĨĔľńĔĕŀĚȮ&a) PLA ĪňŗœĴƞŏĨŇĴĞňőŀœĸĨƢ, (b) PLA ĪňŗŏĨŇĴĞňőŀœĸĨƢȮY0[ 

 
ĶŌĮĪňŗȮ0,/7ȮŐĽħĚįĸĕŀĚĞňőŀœĸĨƢĨƞŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘņȮ&WVP) [2] 

 
ĶŌĮĪňŗȮ0,0.ȮŐĽħĚįĸĕŀĚĞňőŀœĸĨƢĨƞŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĞŉĴįƞŅĬĕŀĚŀŀĔĞŇŏěĬȮ&OTR)  

ĕŀĚĲƕĸƢĴėŀĴıŀĽŇĨȮPLA-ĞňőŀœĸĨƢȮ(50%RH, 23º) [2] 
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ŒĬĮƖȮė.Ļ.Ȯ0..0ȮSaadet ȮBeyaz Kayiran ŐĸŃėĦŃȮY14[ȮœħƟĻŉĔļŅĔŅĶħŌħĞńĭœŁőħĶŏěĬŒĬĞň
őŀœĸĨƢőĞŏħňĵĴȮLTA (Na A) ĪňŗŐĸĔŏĮĸňŗĵĬœŀŀŀĬőıŐĪĽŏĞňĵĴŐĸŃĸŇŏīňĵĴȮőħĵĞňőŀœĸĨƢȮNa A 
ĽńĚŏėĶŅŃľƢĕŉŘĬőħĵŒĝƟĺŇīňœŁőħĶŏĪŀĶƢĴŀĸŐĸŃĔŅĶŐĸĔŏĮĸňŗĵĬœŀŀŀĬőħĵĔŅĶĽńĴįńĽĨƞŀŏĬŊŗŀĚĔńĬȮŐĸŃĺńħ
ĔŅĶŐĸĔŏĮĸňŗĵĬĪňŗŀŋĦľĳŌĴŇȮ293 K ėĺŅĴħńĬȮ1 MPaȮŐĽħĚħńĚĶŌĮĪňŗȮ0,0/ 

 
ĶŌĮĪňŗȮ0,0/ȮŐĽħĚȮX-ray diffractograms ĕŀĚȮNa A, Li A ŐĸŃȮKA zeolitesȮY14[ 

ŏĶŅĽŅĴŅĶĩĽńĚŏĔĨĔŅĶŏĮĸňŗĵĬŐĮĸĚĶŃľĺƞŅĚĽŅĴıňėĕŀĚĞňőŀœĸĨƢĪňŗĨĔįĸŉĔŀĵƞŅĚħňȮŏĬŊŗŀĚěŅĔ
ĔŅĶŐĸĔŏĮĸňŗĵĬœŀŀŀĬĔńĭœŀŀŀĬĭĺĔĪňŗŐĨĔĨƞŅĚĔńĬȮėƞŅėĚĪňŗŐĸĨĪŇĝĕŀĚĞňőŀœĸĨƢĪňŗŐĸĔŏĮĸňŗĵĬėņĬĺĦ
ěŅĔ diffractogramsȮŏľĸƞŅĬňŘŐĸŃŐĮĶįńĬħƟĺĵĶńĻĴňœŀŀŀĬŇĔĕŀĚœŀŀŀĬĭĺĔĪňŗŐĸĔŏĮĸňŗĵĬȮ&ĨŅĶŅĚĪňŗȮ
0,5) : K+ ĴňĶńĻĴňœŀŀŀĬŇĔĪňŗŒľĠƞĪňŗĽŋħŏĴŊŗŀŏĪňĵĭĔńĭȮNa+ ŐĸŃȮLi+ ħńĚĬńŘĬėƞŅėĚĪňŗŐĸĨĪŇĝĕŀĚĴńĬĔŖŒľĠƞ
ĪňŗĽŋħŏĝƞĬĔńĬ 

ŒĬĶŌĮĪňŗȮ0,00ȮŐĽħĚĳŅıȮSEM ŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚȮLTA zeolite ŐĭĭĸŌĔĭŅĻĔƢŀĵƞŅĚ
ĝńħŏěĬ ŐĸŃœĴƞĽŌĠŏĽňĵėĺŅĴŏĮƦĬįĸŉĔľĸńĚěŅĔĪņĔŅĶŐĸĔŏĮĸňŗĵĬœŀŀŀĬȮŐĸŃĶŌĮĪňŗȮ0,01ȮŐĽħĚĳŅıȮ
TEM ĕŀĚȮLi A zeolite ıĭĺƞŅ microdiffractogramȮĕŀĚįĸŉĔĕŀĚȮLi A zeolite œĴƞĴňĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚőėĶĚĽĶƟŅĚįĸŉĔĞňőŀœĸĨƢȮ 
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ĶŌĮĪňŗȮ0,00ȮĳŅıȮSEM ĕŀĚĞňőŀœĸĨƢȮ&a) K A, (b) Li A, ŐĸŃȮ&c) Na AȮY14[ 

 
ĶŌĮĪňŗȮ0,01ȮĳŅıȮTEM ĕŀĚȮLi A zeolitesȮY14[ 

ŒĬĶŃľĺƞŅĚĔŅĶŐĸĔŏĮĸňŗĵĬœŀŀŀĬĭĺĔȮœŀŀŀĬőĞŏħňĵĴěŃĩŌĔŐĪĬĪňŗőħĵœŀŀŀĬĸŇŏīňĵĴŐĸŃ
őıŐĪĽŏĞňĵĴŒĬőėĶĚĽĶƟŅĚĞňőŀœĸĨƢȮœŀŀŀĬĸŇŏīňĵĴĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŐĸŃĴĺĸŀŃĨŀĴĬƟŀĵĔĺƞŅœŀŀŀĬ
őĞŏħňĵĴŐĸŃőıŐĪĽŏĞňĵĴȮŐĸŃœŀŀŀĬőıŐĪĽŏĞňĵĴĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŐĸŃĴĺĸŀŃĨŀĴĴŅĔĔĺƞŅœŀŀŀĬ
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őĞŏħňĵĴȮĪņŒľƟėĺŅĴľĬŅŐĬƞĬĕŀĚŁňŏĸňĵĴŐĸŃėƞŅŐĸĨĪŇĞıŅĶŅĴŇŏĨŀĶƢĸħĸĚĽņľĶńĭĞňőŀœĸĨƢȮLTA Īňŗ
ŐĸĔŏĮĸňŗĵĬħƟĺĵœŀŀŀĬĸŇŏīňĵĴŐĸŃŏıŇŗĴĕŉŘĬŏĴŊŗŀŐĸĔŏĮĸňŗĵĬħƟĺĵœŀŀŀĬőıŐĪĽŏĞňĵĴ ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ
0,5 
ĨŅĶŅĚĪňŗȮ0,5 ĔŅĶħŌħĞńĭŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚŁňŏĸňĵĴŒĬĞňőŀœĸĨƢĪňŗŐĸĔŏĮĸňŗĵĬħƟĺĵœŀŀŀĬĸŇŏīňĵĴ [36] 

Adsorbents a0 (Å) H́e 

(g cm-3) 

Adsorption 
(mmol g-1) 

(10 bar, 293 K) 

Adsorption 
On compacted 

zeolite 
(mmol g-1) 

(60 bar, 293 K) 

Na A 24.553 2.29 0.550 2.21 
NaLi A 24.110 2.21 0.513 - 

Li A 24.044 2.12 0.500 2.07 
K A 24.602 2.32 0.574 2.44 

Niramai Sue-aokȮŐĸŃėĦŃȮ[37] œħƟĻŉĔļŅĔŅĶħŌħĞńĭĔƠŅĞŏŀĪŇĸňĬĕŀĚĞňőŀœĸĨƢȮNaY ĮĶńĭĮĶŋĚ
ħƟĺĵȮK+, Rb+ ŐĸŃ Cs+ȮőħĵıĭĺƞŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŐĸĔŏĮĸňŗĵĬœŀŀŀĬŏĮƦĬħńĚĬňŘȮK+< Rb+ < Cs+Ȯ 

ŐĨƞėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞńĭŏŀĪŇĸňĬĕŀĚĞňőŀœĸĨƢȮNaYȮĪňŗĮĶńĭĮĶŋĚħƟĺĵȮK+ȮĪňŗėĺŅĴŏĕƟĴĕƟĬȮ5.0 mM 
ĕŀĚ KNO3ȮĴňėƞŅĴŅĔĪňŗĽŋħȮĞŉŗĚŏĔňŗĵĺĕƟŀĚĔńĭıŊŘĬĪňŗįŇĺĕŀĚĶŌȮ(MicroporeȮsurface area) ŐĸŃŀńĬĨĶĔŇĶŇĵŅ

ĕŀĚıńĬīŃȮCation-̄ ȮŐĸŃȮCH---O ĽņľĶńĭĞňőŀœĸĨƢȮCs-NaY ĴňėƞŅĔŅĶħŌħĞńĭŏŀĪŇĸňĬĨŗņĪňŗĽŋħȮŏĬŊŗŀĚěŅĔ
œŀŀŀĬ Cs+ȮĴňĕĬŅħŒľĠƞŐĸŃĴňěņĬĺĬĴŅĔěŃœĮĕńħĕĺŅĚĔŅĶŏĔŇħŀńĬĨĶĔŇĶŇĵŅĕŀĚȮCH---O ŐĽħĚħńĚĶŌĮĪňŗȮ
0,02 

 
ĶŌĮĪňŗȮ0,02 ŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚŐėĪœŀŀŀĬĕŀĚőĸľŃľĴŌƞľĬŉŗĚĔńĭıńĬīŃœıĕŀĚŏŀĪŇĸňĬȮ&a)  
ŐĸŃŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚŀŀĔĞŇŏěĬĕŀĚĞňőŀœĸĨƢĔńĭľĴŌƞȮCH ĕŀĚŏŀĪŇĸňĬȮ&b)ȮY15[ 
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ĭĪĪňŗ 3 

ĺŇīňĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ 

3.1 ĺńĽħŋŀŋĮĔĶĦƢȮŏėĶŊŗŀĚĴŊŀȮŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

3.1.1 ĺńĽħŋŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

1. ŏėĶŊŗŀĚĝńŗĚĽŅĶ 
2. ĨŌƟŀĭĽŅĶ 
3. Hot plate 
4. ŀĸŌĴŇŏĬňĵĴĲŀĵĸƢ 
5. ĭňĔŏĔŀĶƢ 
6. ĔĶŃĭŀĔĨĺĚ 
7. ŐĪƞĚŐĔƟĺėĬĽŅĶ 
8. ľĸŀħľĵħĽŅĶ 
9. ĝƟŀĬĨńĔĽŅĶ 
10. ĔĶŃħŅļĔĶŀĚ 
11. ĝŋħĔĶŀĚȮBuchner 
12. ĲŀĶƢŏĞĮ 
13. ľĸŀħıĸŅĽĨŇĔŏĽňĵĭħŀĔĔĸƟĺĵœĴƟ 

3.1.2 ĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

1. ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(PLA) ŏĔĶħȮ2.21D ĴňėƞŅȮMFR 6 g/10 min ěŅĔĭĶŇļńĪȮ
NatureWorks LLC ěņĔńħȮĮĶŃŏĪĻœĪĵ 

2. ıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢȮ(PEO) ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸȮ/..,000, 200,000, 300,000 ŐĸŃȮ
400,000 g/mol ěŅĔĭĶŇļńĪȮACS xenon (Sigma-Aldrich) ĮĶŃŏĪĻĽŇĚėőĮĶƢ 

3. ĞňőŀœĸĨƢȮ(Zeolite) ĝĬŇħȮ3A ěŅĔĭĶŇļńĪȮACS xenon (Sigma-Aldrich) ĮĶŃŏĪĻ
ĽŇĚėőĮĶƢĕĬŅħŀĬŋĳŅėĬƟŀĵĔĺƞŅȮ/.ȮœĴőėĶŏĴĨĶŐĸŃĴňŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚĶŌıĶŋĬȮ3ȮÅ 

4. ĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬĝĬŇħȮ&3-Aminopropyl) trimethoxysilane ěŅĔĭĶŇļńĪȮACS 
xenon (Sigma-Aldrich) ĮĶŃŏĪĻĽŇĚėőĮĶƢ 

5. őıŐĪĽŏĞňĵĴœĬŏĨĶĨȮ&KNO3 ) ěŅĔĭĶŇļńĪȮAjax Finechem ĮĶŃŏĪĻœĪĵ 
6. ĸŇŏīňĵĴœĬŏĨĶĨȮ&LiNO3 ) ěŅĔĭĶŇļńĪȮLOBA CHEMIE PVT.LTD ĮĶŃŏĪĻŀŇĬŏħňĵ 
7. ĬŘņĔĸńŗĬȮ(Distilled water) ŐĸŃĬŘņĮĶŅĻěŅĔœŀŀŀĬȮ(Deionized water) 
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8. ĔĶħœŁőħĶėĸŀĶŇĔȮ&HCl) ěŅĔĭĶŇļńĪȮRCI Labscan ěņĔńħȮĮĶŃŏĪĻœĪĵȮĴňėĺŅĴŏĕƟĴĕƟĬ 
37 wt% ėĺŅĴľĬŅŐĬƞĬŀĵŌƞĪňŗȮ1.19 g/cm3 

9. ŏĴĪŅĬŀĸȮ&Methanol) ěŅĔĭĶŇļńĪȮMerck Ltd ĮĶŃŏĪĻŏĵŀĶĴńĬ 

3.1.3 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢįĸ 

1. ŏėĶŊŗŀĚĺńħėĺŅĴľĬŅĕŀĚĲƕĸƢĴȮ(Micrometer) 
2. ŏėĶŊŗŀĚĺŇŏėĶŅŃľƢĔŅĶŏĸňŘĵĺŏĭĬĕŀĚĶńĚĽňŏŀŖĔĞƢȮ(X-Ray Diffractometer, XRD) ĶŋƞĬȮLab-

X, XRD-6100 (CuK,h ˂  = 1.5418 Å)ȮěŅĔĭĶŇļńĪȮShimadzu ĮĶŃŏĪĻĠňŗĮŋƙĬ 
3. ŏėĶŊŗŀĚĺŇŏėĶŅŃľƢĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮ(Differential Scanning Calorimeter, DSC) 
ĶŋƞĬȮDSC1 ěŅĔĭĶŇļńĪȮMettler Toledo ĮĶŃŏĪĻĽĺŇĨŏĞŀĶƢŐĸĬħƢ 

4. ŏėĶŊŗŀĚĺŇŏėĶŅŃľƢŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬȮ(Thermal Gravimetric Analyzer, TGA) 
ĶŋƞĬTGA/DSC1 ěŅĔĭĶŇļńĪȮMettler Toledo ĮĶŃŏĪĻĽĺŇĨŏĞŀĶƢŐĸĬħƢ 

5. ŏėĶŊŗŀĚĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸȮ(Universal Testing Machine) ĝŊŗŀĪŅĚĔŅĶėƟŅȮInstron 
őĴŏħĸȮ3747ȮĭĶŇļńĪȮInstron Engineering Corporation ěŅĔĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

6. ĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ(Scanning Electron Microscope, SEM) 
ĵňŗľƟŀȮTESCAN ĶŋƞĬȮMira3 ěŅĔĭĶŇļńĪȮCzech Republic ĮĶŃŏĪĻĴŅŏĸŏĞňĵ 

7. ŏėĶŊŗŀĚıŇĽŌěĬƢŏŀĔĸńĔļĦƢȮ(Fourier Transform Infrared Spectroscope, FTIR) ĶŋƞĬ 
VERTEX70 ěŅĔĭĶŇļńĪȮBRUKER  

8. ŏėĶŊŗŀĚĪħĽŀĭĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬĕŀĚĔƠŅĞȮ(Gas Permeability Tester) ĶŋƞĬȮGDP-C-
Gas Permeability TesterȮěŅĔĭĶŇļńĪȮBrugger feinmechanik ěņĔńħȮĮĶŃŏĪĻ
ŏĵŀĶĴĬň 

3.1.4 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮĝŇŘĬĚŅĬ 

1. ŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮ(Brabender Internal mixer) ĶŋƞĬȮPLASTI-CORDER LAB-
STATION+W50EHT ěŅĔĭĶŇļńĪȮBrabender® GmbH & Co. KGȮĮĶŃŏĪĻŏĵŀĶĴĬňȮ
őħĵĴňĮĶŇĴŅĨĶĝƞŀĚįĽĴȮ33-6.Ȯcm3 ŐĸŃėƞŅȮTorque ĽŌĚĽŋħȮ0..ȮNm 

2. ŏėĶŊŗŀĚĕŉŘĬĶŌĮŐĭĭĔħŀńħȮ(Compression molding) ěŅĔĭĶŇļńĪȮLABTECH 
ENGINEERING COMPANY LTD 

3.2 ĺŇīňħņŏĬŇĬĚŅĬĺŇěńĵ 

3.2.1 ĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPLA ŐĸŃȮPEO (PLA/PEO blend films) 

1. ŀĭŏĴŖħıĸŅĽĨŇĔȮPLA ĪňŗŀŋĦľĳŌĴŇȮ4.ȮºC ŐĸŃŀĭįĚȮPEO ĪňŗŀŋĦľĳŌĴŇȮ2.ȮºC ŏĮƦĬŏĺĸŅȮ
6ȮĝńŗĺőĴĚȮŏıŊŗŀœĸƞėĺŅĴĝŊŘĬ 
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2. ĬņŏĴŖħıĸŅĽĨŇĔȮPLA įĽĴĔńĭȮPEO ŒĬŀńĨĶŅĽƞĺĬȮ3, 10 ŐĸŃȮ/3Ȯwt% ŐĸŃĬŘņľĬńĔ
őĴŏĸĔŋĸĕŀĚȮPEO ėŊŀȮ/..,000-400,000 g/mol őħĵŒĝƟŏėĶŊŗŀĚȮBrabender Internal 
mixer ĪňŗŀŋĦľĳŌĴŇȮ/6.ȮºC ėĺŅĴŏĶŖĺĶŀĭĽĔĶŌŏĪƞŅĔńĭȮ3.Ȯrpm ŏĮƦĬŏĺĸŅȮ15 ĬŅĪň 

3. ĬņıŀĸŇŏĴŀĶƢįĽĴœĮȮgrinder ŒľƟĴňĕĬŅħŏĮƦĬŏĴŖħĪňŗŏĸŖĔĸĚ 
4. ĬņŏĴŖħıŀĸŇŏĴŀĶƢįĽĴĪňŗȮgrinder ŐĸƟĺœĮĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚȮCompression Īňŗ
ŀŋĦľĳŌĴŇȮ/6.ȮºC ėĺŅĴħńĬȮ/..Ȯbar ŐĸŃŒĝƟŏĺĸŅȮpre heating, pressing & 
venting, full pressing ŐĸŃȮcooling ŏĪƞŅĔńĭȮ2, 2, 3 ŐĸŃȮ0ȮĬŅĪňȮĨŅĴĸņħńĭ őħĵ
ĲƕĸƢĴĪňŗœħƟĴňĕĬŅħȮ0.Ȯx 20 cm2 ŐĸŃĴňėĺŅĴľĬŅĮĶŃĴŅĦȮ.,1Ȯ±Ȯ.,.3Ȯmm 

3.2.2 ĔŅĶĪħĽŀĭĽĴĭńĨŇĕŀĚȮPLA/PEO blend films 

1. ĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮNeat PLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO  
őħĵĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħħƟĺĵŏėĶŊŗŀĚȮUniversal testing macine ŐĸŃŒĝƟ

ĴŅĨĶģŅĬȮASTM D882-02 ĕĬŅħĝŇŘĬĚŅĬȮĔĺƟŅĚȮx ĵŅĺȮŏĪƞŅĔńĭȮ/Ȯx 7 in0ȮĕĬŅħĕŀĚȮ
gauge length ŏĪƞŅĔńĭȮ3ȮinȮĕĬŅħȮLoad cell 5 kNȮŐĸŃŀńĨĶŅŏĶŖĺŒĬĔŅĶħŉĚĝŇŘĬĚŅĬȮ
/0,3Ȯmm/min 

2. ĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴȮNeat PLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO  
ĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬőħĵŒĝƟŏėĶŊŗŀĚȮDifferential Scanning 

Calorimeter (DSC) ĳŅĵŒĨƟĽĳŅĺŃĭĶĶĵŅĔŅĻœĬőĨĶŏěĬȮőħĵŒĝƟĨńĺŀĵƞŅĚĮĶŇĴŅĦľĬŉŗĚ
ŒĬĽŅĴĕŀĚȮaluminium crucible pan ŐĸŃĪħĽŀĭŒĬőľĴħȮtemperature scan 
ŐĭĭȮheat-cool-heat ŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ.-0..ȮºC ħƟĺĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ/.Ȯ
ºC/min ŏıŊŗŀĻŉĔļŅŀŋĦľĳŌĴŇėĸƟŅĵŐĔƟĺȮ&Tg), ŀŋĦľĳŌĴŇľĸŀĴŏľĸĺȮ&Tm) ŐĸŃėĺŅĴŏĮƦĬ
įĸŉĔȮ(Percent crystallinity : Xc (%))ȮĞŉŗĚĽŅĴŅĶĩėņĬĺĦœħƟőħĵŒĝƟĽĴĔŅĶĪňŗȮ3.1 

                                             Xc = Ў  Ў

Ў Ј  ɲ
 ρππ Ϸ                  (ĽĴĔŅĶĪňŗȮ1,/) 

őħĵ Xc ėŊŀȮĮĶŇĴŅĦįĸŉĔȮ(Degree of crystallinity) 
   ƇFm ėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟŒĬĔŅĶľĸŀĴįĸŉĔĨƞŀľĬŉŗĚľĬƞĺĵȮ(J/g) 

ƇHcc ėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗĪņŒľƟŏĔŇħįĸŉĔĨƞŀľĬŉŗĚľĬƞĺĵȮ(J/g) 
ƇHmº ėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟŒĬĔŅĶľĸŀĴįĸŉĔ 100%Ȯ(J/g)  

ŐĸŃ Ø ėŊŀȮĽńħĽƞĺĬőħĵĬŘņľĬńĔĕŀĚıŀĸŇŏĴŀĶƢ 
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3. ĪħĽŀĭŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴȮNeat PLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ
PLA/PEO  
ĪħĽŀĭŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬőħĵŒĝƟŏėĶŊŗŀĚȮŏėĶŊŗŀĚȮThermal Gravimetric 

Analyzer (TGA) ĳŅĵŒĨƟĽĳŅĺŃĭĶĶĵŅĔŅĻœĬőĨĶŏěĬȮőħĵŒĝƟĨńĺŀĵƞŅĚĮĶŇĴŅĦľĬŉŗĚŒĬ
ĽŅĴĕŀĚȮalumina crucible ŐĸŃĪħĽŀĭŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ3.-4..ȮºC ħƟĺĵŀńĨĶŅĔŅĶ
ŒľƟėĺŅĴĶƟŀĬȮ/.ȮºC/min ŏıŊŗŀĻŉĔļŅŀŋĦľĳŌĴŇĪňŗŏĶŇŗĴĽĸŅĵĨńĺȮ(Onset Temperature) 
ŀŋĦľĳŌĴŇĽĸŅĵĨńĺĽŌĚĽŋħȮ(Inflection point) ŐĸŃŀŋĦľĳŌĴŇĽŇŘĬĽŋħĔŅĶĽĸŅĵĨńĺȮ(Endset 
Temperature) 

4. ĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĝŇŘĬĚŅĬĲƕĸƢĴȮNeat PLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ
PLA/PEOȮ 
ĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮScanning Electron Microscope (SEM) őħĵŒĝƟĝŇŘĬĚŅĬ

ŐĨĔľńĔĕŀĚĲƕĸƢĴĪňŗįƞŅĬĔŅĶħŉĚĵŊħŐĸƟĺĬņĝŇŘĬĚŅĬĴŅŏėĸŊŀĭħƟĺĵĪŀĚȮŏıŊŗŀĻŉĔļŅĸńĔļĦŃ
ĔŅĶŐĨĔľńĔŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ 

5. ĪħĽŀĭŏŀĔĸńĔļĦƢĕŀĚĲƕĸƢĴȮNeat PLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮ 
ĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮFourier Transform Infrared Spectroscope (FTIR) őħĵ

ĕŌħĨńĺŀĵƞŅĚŒľƟŏĮƦĬįĚȮěŅĔĬńŘĬĬņĴŅįĽĴĔńĭȮKBr ŒĬŀńĨĶŅĽƞĺĬȮ/Ȯ: 7ȮŐĸŃĽŐĔĬŒĬĝƞĺĚ
ŏĸĕėĸŊŗĬȮ2...-2..Ȯcm-1 ŏıŊŗŀĺŇŏėĶŅŃľƢőėĶĚĽĶƟŅĚĕŀĚıŀĸŇŏĴŀĶƢįĽĴ 

6. ĪħĽŀĭŀńĨĶŅĔŅĶĞŉĴįƞŅĬœŀĬŘņȮ(Water vapor transmission rate : WVTR) ĕŀĚ
ĲƕĸƢĴȮNeat PLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮ 
ĪħĽŀĭőħĵŒĝƟĺŇīňȮCup method ŐĭĭȮDesiccant ĪņœħƟőħĵĔŅĶŏĨĶňĵĴ

ĽŅĶĸŃĸŅĵŀŇŗĴĨńĺȮNaCl ĮĶŇĴŅĨĶȮ3..ȮmlȮŒĽƞĸĚŒĬȮDesiccator ŒľƟĴňŏĮŀĶƢŏĞŖĬĨƢ
ėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ53% ěŅĔĬńŘĬĬņĞŇĸŇĔŅŏěĸĪňŗŀĭŐĸƟĺŒĽƞŒĬŐĔƟĺŒľƟĴňĮĶŇĴŅĦŏĪƞŅŕȮĔńĬȮ
ŐĸƟĺĮƕħĮŅĔŐĔƟĺħƟĺĵĝŇŘĬĚŅĬĲƕĸƢĴĨńĺŀĵƞŅĚőħĵŒĝƟıŅĶŅĲƕĬĲƕĸƢĴȮŐĸƟĺĬņœĮŒĽƞœĺƟŒĬȮŒĽƞĸĚ
ŒĬȮDesiccatorȮŐĸŃĭńĬĪŉĔĬŘņľĬńĔĕŀĚĩƟĺĵŐĔƟĺĪŋĔŕȮ02ȮĝńŗĺőĴĚȮěĬĬŘņľĬńĔėĚĪňŗȮőħĵ
ŀńĨĶŅĔŅĶĞŉĴįƞŅĬœŀĬŘņĽŅĴŅĶĩėņĬĺĦœħƟħńĚĽĴĔŅĶĪňŗȮ1,0 

          WVTR = 
ėĺŅĴĝńĬĕŀĚĔĶŅĲ ĬŘņľĬńĔĪňŗŏĮĸňŗĵĬŐĮĸĚœĮ

ıŊŘĬĪňŗľĬƟŅĨńħĕŀĚĲƕĸƢĴ
      (ĽĴĔŅĶĪňŗȮ1,0) 

őħĵĔņľĬħıŊŘĬĪňŗľĬƟŅĨńħĕŀĚĲƕĸƢĴȮŏĪƞŅĔńĭȮ0.000962Ȯm2 
7. ĪħĽŀĭŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŀŀĔĞŇŏěĬŐĸŃėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴȮNeat 

PLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮ 
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ĪħĽŀĭħƟĺĵŏėĶŊŗŀĚ Gas Permeability Tester őħĵŏĨĶňĵĴĝŇŘĬĚŅĬĨńĺŀĵƞŅĚŒľƟĴň
ĕĬŅħȮ3x5 cm2 ŐĸƟĺĬņĲƕĸƢĴĨŇħĸĚĭĬĲŀĵĸƢĪħĽŀĭȮěŅĔĬńŘĬĬņœĮŒĽƞŒĬŏėĶŊŗŀĚĪħĽŀĭȮ
őħĵŒĝƟŏĺĸŅŒĬĔŅĶœĸƞŀŅĔŅĻȮ(Evacuation Period) 3 ĝńŗĺőĴĚȮŐĸŃŒĝƟŏĺĸŅŒĬĔŅĶ
ĪħĽŀĭȮ(Test Period) 3 ĝńŗĺőĴĚȮőħĵŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŀŀĔĞŇŏěĬŐĸŃ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢĽŅĴŅĶĩėņĬĺĦœħƟħńĚĽĴĔŅĶĪňŗȮ1,1ȮŐĸŃȮ1,2ȮĨŅĴĸņħńĭ 

                                                       OP = GTR x L                             (ĽĴĔŅĶĪňŗȮ1,1) 
őħĵ OP   ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŀŀĔĞŇŏěĬȮ(mm cm3/m2 day bar) 

GTR ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŀŀĔĞŇŏěĬĪňŗœħƟěŅĔŏėĶŊŗŀĚĪħĽŀĭȮ
(cm3/m2 day bar) 

L     ėŊŀȮėĺŅĴľĬŅĕŀĚĲƕĸƢĴĨńĺŀĵƞŅĚȮ(mm) 
                                                       CP = GTR x L                             (ĽĴĔŅĶĪňŗȮ1,2) 

őħĵ CP   ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ(mm cm3/m2 
day bar) 

GTR ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢĪňŗœħƟěŅĔŏėĶŊŗŀĚ
ĪħĽŀĭȮ(cm3/m2 day bar) 

L     ėŊŀȮėĺŅĴľĬŅĕŀĚĲƕĸƢĴĨńĺŀĵƞŅĚȮ(mm) 
8. ĪħĽŀĭĔŅĶĵŊħŀŅĵŋȮ(Extended shelf life) ĕŀĚĔĸƟĺĵœĴƟȮ 

ĪņőħĵĔŅĶĬņĲƕĸƢĴȮNeat PLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮĴŅĪņŏĮƦĬ
ĭĶĶěŋĳńĦĤƢĕĬŅħĮĶŃĴŅĦȮ0.Ȯx 20 cm ěŅĔĬńŘĬĬņĔĸƟĺĵœĴƟĽĔŋĸľĺŅĵȮ
(Dendrobium) ŒĽƞĸĚŒĬĭĶĶěŋĳńĦĤƢŐĸŃľŋƟĴĮĸŅĵĔƟŅĬħƟĺĵĽņĸňĝŋĭĬŘņŒĽƞĸĚŒĬľĸŀħ
ıĸŅĽĨŇĔȮŏĔŖĭœĺƟŒĬĨŌƟŏĵŖĬĪňŗŀŋĦľĳŌĴŇȮ6ȮºC  ŐĸŃĽńĚŏĔĨĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĔŅĵĳŅı
ıĶƟŀĴĩƞŅĵĶŌĮĪŋĔĺńĬěĬĔĺƞŅħŀĔœĴƟěŃŏľňŗĵĺľĶŊŀŏĶŇŗĴħņ 
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ĶŌĮĪňŗȮ1,/ ŐĽħĚŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 
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ĨŅĶŅĚĪňŗȮ1,/ ŐĽħĚĽńħĽƞĺĬĔŅĶįĽĴŐĸŃĝŊŗŀĵƞŀĪňŗŒĝƟŒĬĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 

ĝŊŗŀĵƞŀ 
PLA 

(wt%) 

PEO (wt%) 
Mw 100,000 

g/mol 
Mw 200,000 

g/mol 
Mw 300,000 

g/mol 
Mw 400,000 

g/mol 
Neat PLA 100 - - - - 

PLA/1PEO 5% 95 5 - - - 

PLA/2PEO 5% 95 - 5 - - 
PLA/3PEO 5% 95 - - 5 - 

PLA/4PEO 5% 95 - - - 5 

PLA/1PEO 10% 90 10 - - - 
PLA/2PEO 10% 90 - 10 - - 

PLA/3PEO 10% 90 - - 10 - 
PLA/4PEO 10% 90 - - - 10 

PLA/1PEO 15% 85 15 - - - 

PLA/2PEO 15% 85 - 15 - - 
PLA/3PEO 15% 85 - - 15 - 

PLA/4PEO 15% 85 - - - 15 

 

3.2.3 ĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPLA ŐĸŃȮPEO ĪňŗĴňĔŅĶŏĨŇĴĞňőŀœĸĨƢ 

1. ĪņĔŅĶĮĶńĭĮĶŋĚĞňőŀœĸĨƢħƟĺĵĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬĝĬŇħ (3-Aminopropyl) 
trimethoxysilane őħĵĬņĞňőŀœĸĨƢĪňŗŀĭĪňŗŀŋĦľĳŌĴŇȮ6.ȮºC ŏĮƦĬŏĺĸŅȮ6ȮĝńŗĺőĴĚȮĴŅȮ76Ȯ
ĔĶńĴȮĸŃĸŅĵŒĬĽŅĶĸŃĸŅĵįĽĴĶŃľĺƞŅĚŏĴĪŅĬŀĸŐĸŃĬŘņĔĸńŗĬĪňŗŀńĨĶŅĽƞĺĬȮ0Ȯ: 1 őħĵ
ĮĶŇĴŅĨĶȮ(ŒĝƟŏĴĪŅĬŀĸȮ1.7,5Ȯcm3 ŐĸŃŒĝƟĬŘņĔĸńŗĬ 154.9 cm3 ěŅĔĬńŘĬľĵħĽŅĶ
ŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬȮĮĶŇĴŅĦȮ0Ȯwt% ĕŀĚĞňőŀœĸĨƢȮĸĚŒĬĽŅĶĸŃĸŅĵįĽĴĪňŗ
ŀŋĦľĳŌĴŇľƟŀĚȮŐĸƟĺĔĺĬȮ/3ȮĬŅĪňȮŏĴŊŗŀėĶĭŏĺĸŅěŃľĵħĔĶħœŁőħĶėĸŀĶŇĔĸĚœĮěĬ
ĔĶŃħŅļĸŇĨĴńĽŏĮĸňŗĵĬĽňěŅĔĬŘņŏĚŇĬŏĮƦĬŐħĚȮŐĸŃĔĺĬįĽĴħƟĺĵėĺŅĴŏĶŖĺĶŃħńĭȮ2ȮŏĮƦĬ
ŏĺĸŅȮ2ȮĝńŗĺőĴĚȮĪňŗŀŋĦľĳŌĴŇľƟŀĚȮŏĴŊŗŀėĶĭŏĺĸŅěŃĬņĽŅĶĸŃĸŅĵœĮĔĶŀĚŐĸŃŀĭŐľƟĚĪňŗ
ŀŋĦľĳŌĴŇȮ6.ȮºC ŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚ 
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2. ĬņĽŌĨĶĪňŗħňĪňŗĽŋħĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ěŅĔĨŀĬĪňŗȮ/Ȯ(ľńĺĕƟŀȮ3.2.1) œħƟŐĔƞȮ
PLA/1PEO 10% ĴŅįĽĴĔńĭĞňőŀœĸĨƢěŅĔĕƟŀȮ/ȮħƟĺĵŏėĶŊŗŀĚȮBrabender Internal 
mixer ĪňŗŀŋĦľĳŌĴŇȮ/6.ȮºC ėĺŅĴŏĶŖĺĶŀĭĽĔĶŌŏĪƞŅĔńĭȮ3.Ȯrpm ŏĮƦĬŏĺĸŅȮ15 ĬŅĪň 
ĨŅĴŀńĨĶŅĽƞĺĬĪňŗŐĽħĚœĺƟħńĚĨŅĶŅĚĪňŗȮ1,0 

3. ĬņıŀĸŇŏĴŀĶƢįĽĴœĮȮgrinder ŒľƟĴňĕĬŅħŏĮƦĬŏĴŖħĪňŗŏĸŖĔĸĚ 
4. ĬņŏĴŖħıŀĸŇŏĴŀĶƢįĽĴĪňŗȮgrinder ŐĸƟĺœĮĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚȮCompression Īňŗ
ŀŋĦľĳŌĴŇȮ/6.ȮºC ėĺŅĴħńĬȮ/..Ȯbar ŐĸŃŒĝƟŏĺĸŅȮpre heating, pressing & 
venting, full pressing ŐĸŃȮcooling ŏĪƞŅĔńĭȮ2, 2, 3 ŐĸŃȮ0ȮĬŅĪňȮĨŅĴĸņħńĭ őħĵ
ĲƕĸƢĴĪňŗœħƟĴňĕĬŅħȮ0.Ȯx 20 cm2 ŐĸŃĴňėĺŅĴľĬŅĮĶŃĴŅĦȮ.,1Ȯ±Ȯ.,.3Ȯmm 

5. ĬņĲƕĸƢĴĪňŗœħƟœĮĪħĽŀĭĽĴĭńĨŇħńĚľńĺĕƟŀȮ1,0,0ȮĞŉŗĚĔŅĶĪħĽŀĭȮFTIR ěŃŏĮƦĬĔŅĶ
ĪħĽŀĭŏıŊŗŀĺŇŏėĶŅŃľƢőėĶĚĽĶƟŅĚĕŀĚĞňőŀœĸĨƢľĸńĚěŅĔĪňŗœħƟĶńĭĔŅĶĮĶńĭĮĶŋĚįŇĺħƟĺĵĽŅĶ
ŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬ ŏıŊŗŀŏĮƦĬĔŅĶĵŊĬĵńĬįĸĕŀĚĔŅĶĮĶńĭĮĶŋĚħńĚĔĸƞŅĺ 

 

ĶŌĮĪňŗȮ1,0 ŐĽħĚŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĪňŗĴňĔŅĶŏĨŇĴĞňőŀœĸĨƢ 
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ĨŅĶŅĚĪňŗȮ1,0 ŐĽħĚĽńħĽƞĺĬĔŅĶįĽĴŐĸŃĝŊŗŀĵƞŀĪňŗŒĝƟŒĬĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĪňŗĴň
ĔŅĶŏĨŇĴĞňőŀœĸĨƢ 

ĝŊŗŀĵƞŀ PLA (wt%) PEO (wt%) zeolite (wt%) 

PLA/PEO/Z 1% 89.10 9.90 1 
PLA/PEO/Z 3% 87.30 9.70 3 

PLA/PEO/Z 5% 85.50 9.50 5 

 

3.2.4 ĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPLA ŐĸŃȮPEO ĪňŗĴňĔŅĶŏĨŇĴĞňőŀœĸĨƢĪňŗĪņĔŅĶ

ĮĶńĭĮĶŋĚħƟĺĵĸŇŏīňĵĴœĬŏĨĶĨŐĸŃőıŐĪĽŏĞňĵĴœĬŏĨĶĨ 

1. ĮĶńĭĮĶŋĚĞňőŀœĸĨƢħƟĺĵĸŇŏīňĵĴœĬŏĨĶĨŐĸŃőıŐĪĽŏĞňĵĴœĬŏĨĶĨ ŏĶŇŗĴěŅĔŏĨĶňĵĴ
ĽŅĶĸŃĸŅĵĶŃľĺƞŅĚĸŇŏīňĵĴœĬŏĨĶĨĔńĭĬŘņĮĶŅĻěŅĔœŀŀŀĬȮőħĵŒĝƟĸŇŏīňĵĴœĬŏĨĶĨȮ/,03, 
2.50 ŐĸŃȮ1,53Ȯwt% ĕŀĚĞňőŀœĸĨƢȮŐĸŃŒĝƟĬŘņĮĶŅĻěŅĔœŀŀŀĬȮ2..ȮmlȮĬņĴŅįĽĴĔńĬ
ŐĸŃĔĺĬȮ/3ȮĬŅĪňȮĪňŗŀŋĦľĳŌĴŇľƟŀĚȮěŅĔĬńŘĬĬņĞňőŀœĸĨƢĪňŗŀĭĪňŗŀŋĦľĳŌĴŇȮ6.ȮºC ŏĮƦĬŏĺĸŅȮ
6ȮĝńŗĺőĴĚȮįĽĴĸĚŒĬĽŅĶĸŃĸŅĵĪňŗœħƟŒĬŀńĨĶŅĽƞĺĬȮ76,53, 97.50 ŐĸŃȮ96.25Ȯg / 2..Ȯ
ml ŐĸƟĺĔĺĬĨƞŀĪňŗŀŋĦľĳŌĴŇ 6.ȮºC ŏĮƦĬŏĺĸŅȮ30 ĬŅĪňȮěŅĔĬńŘĬĬņĽŅĶĸŃĸŅĵĪňŗœħƟœĮ
ĔĶŀĚŐĸŃŀĭŐľƟĚĪňŗŀŋĦľĳŌĴŇȮ6.ȮºC ŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚ ŐĸƟĺĪņĞŘņőħĵŏĮĸňŗĵĬěŅĔĸŇ
ŏīňĵĴœĬŏĨĶĨŏĮƦĬőıŐĪĽŏĞňĵĴœĬŏĨĶĨ 

2. ĬņĞňőŀœĸĨƢĪňŗĮĶńĭĮĶŋĚħƟĺĵĸŇŏīňĵĴœĬŏĨĶĨŐĸŃőıŐĪĽŏĞňĵĴœĬŏĨĶĨěŅĔĕƟŀȮ/ȮĴŅ
ĮĶńĭĮĶŋĚįŇĺħƟĺĵĽŅĶŏĝŊŗŀĴĮĶŃĽŅĬœĞŏĸĬĝĬŇħ (3-Aminopropyl) 
trimethoxysilane ĨŅĴľńĺĕƟŀȮ1,0,1Ȯ(1) 

3. ĬņĞňőŀœĸĨƢĪňŗĮĶńĭĮĶŋĚŐĸƟĺěŅĔĕƟŀĪňŗȮ0ȮĴŅįĽĴĔńĭȮPLA ŐĸŃȮPEO ĪňŗŀńĨĶŅĽƞĺĬĞň
őŀœĸĨƢȮ1% (ŏĮƦĬĽńħĽƞĺĬĔŅĶįĽĴĪňŗħňĪňŗĽŋħĪňŗœħƟěŅĔĨŀĬĪňŗȮ0Ȯ(ľńĺĕƟŀȮ1,0,1) ħƟĺĵŏėĶŊŗŀĚȮ
Brabender Internal mixer ĪňŗŀŋĦľĳŌĴŇȮ/6.ȮºC ėĺŅĴŏĶŖĺĶŀĭĽĔĶŌŏĪƞŅĔńĭȮ3.Ȯrpm 
ŏĮƦĬŏĺĸŅȮ15 ĬŅĪň ĨŅĴŀńĨĶŅĽƞĺĬĪňŗŐĽħĚœĺƟħńĚĨŅĶŅĚĪňŗȮ1,1 

4. ĬņıŀĸŇŏĴŀĶƢįĽĴœĮŏĕƟŅŏėĶŊŗŀĚȮgrinder ŒľƟĴňĕĬŅħŏĮƦĬŏĴŖħĪňŗŏĸŖĔĸĚ 
5. ĬņŏĴŖħıŀĸŇŏĴŀĶƢįĽĴĪňŗȮgrind ŐĸƟĺœĮĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚȮCompression Īňŗ
ŀŋĦľĳŌĴŇȮ/6.ȮºC ėĺŅĴħńĬȮ/..Ȯbar ŐĸŃŒĝƟŏĺĸŅȮpre heating, pressing & 
venting, full pressing ŐĸŃȮcooling ŏĪƞŅĔńĭȮ2, 2, 3 ŐĸŃȮ0ȮĬŅĪňȮĨŅĴĸņħńĭ őħĵ
ĲƕĸƢĴĪňŗœħƟĴňĕĬŅħȮ0.Ȯx 20 cm2 ŐĸŃĴňėĺŅĴľĬŅĮĶŃĴŅĦȮ.,1Ȯ±Ȯ.,.3Ȯmm 
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6. ĬņĲƕĸƢĴĪňŗœħƟœĮĪħĽŀĭĽĴĭńĨŇħńĚľńĺĕƟŀȮ1,0,0Ȯ(ĵĔŏĺƟĬȮ1,0,0Ȯ(5)) ĬŀĔěŅĔĬňŘěŃĴňĔŅĶ
ĪħĽŀĭħƟĺĵŏėĶŊŗŀĚĺŇŏėĶŅŃľƢĔŅĶŏĸňŘĵĺŏĭĬĕŀĚĶńĚĽňŏŀŖĔĞƢȮ(X-Ray Diffractometer, 
XRD) ĕŀĚĞňőŀœĸĨƢĪňŗĮĶńĭĮĶŋĚħƟĺĵĸŇŏīňĵĴœĬŏĨĶĨŐĸŃőıŐĪĽŏĞňĵĴœĬŏĨĶĨ ĪņőħĵŒĽƞ

įĚĞňőŀœĸĨƢĭĬȮglass slide ŒĝƟĔŅĶĪħĽŀĭħƟĺĵȮCu-Kh radiation őħĵĪħĽŀĭŒĬĝƞĺĚȮ
3-2.ºȮŀńĨĶŅŏĶŖĺŒĬĔŅĶĪħĽŀĭȮ0Ȯº/minȮĮĶŇĴŅĦĔĶŃŐĽœĲĲƚŅŏĪƞŅĔńĭȮ0.ȮmAȮŐĸŃ
ėƞŅėĺŅĴĨƞŅĚĻńĔĵƢœĲĲƚŅȮ1.ȮkVȮŏıŊŗŀĬņœĮėņĬĺĦľŅėƞŅȮLattice parameter őħĵŒĝƟ
őĮĶŐĔĶĴȮUnit cell ŏıŊŗŀŏĮƦĬĔŅĶĵŊĬĵńĬįĸĕŀĚĔŅĶĮĶńĭĮĶŋĚħńĚĔĸƞŅĺ 

 

ĶŌĮĪňŗȮ1,1 ŐĽħĚŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĪňŗĴňĔŅĶŏĨŇĴĞňőŀœĸĨƢĪňŗĮĶńĭĮĶŋĚħƟĺĵ 
ĸŇŏīňĵĴœĬŏĨĶĨŐĸŃőıŐĪĽŏĞňĵĴœĬŏĨĶĨ 
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ĨŅĶŅĚĪňŗȮ1,1 ŐĽħĚĽńħĽƞĺĬĔŅĶįĽĴŐĸŃĝŊŗŀĵƞŀĪňŗŒĝƟŒĬĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĪňŗĴň
ĔŅĶŏĨŇĴĞňőŀœĸĨƢĪňŗĮĶńĭĮĶŋĚħƟĺĵĸŇŏīňĵĴœĬŏĨĶĨŐĸŃőıŐĪĽŏĞňĵĴœĬŏĨĶĨ 

ĝŊŗŀĵƞŀ 
PLA 

(wt%) 
PEO 

(wt%) 
zeolite 
(wt%) 

LiNO3 
(wt% Z) 

KNO3 
(wt% Z) 

PLA/PEO/Z-Li+ 1.25 89.10 9.90 1 1.25 - 

PLA/PEO/Z-Li+ 2.5 89.10 9.90 1 2.50 - 
PLA/PEO/Z-Li+ 3.75 89.10 9.90 1 3.75 - 

PLA/PEO/Z-K+ 1.25 89.10 9.90 1 - 1.25 

PLA/PEO/Z-K+ 2.5 89.10 9.90 1 - 2.50 
PLA/PEO/Z-K+ 3.75 89.10 9.90 1 - 3.75 
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ĭĪĪňŗ 4 

įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

ĚŅĬĺŇěńĵĬňŘŏĮƦĬĔŅĶıńĥĬŅĲƕĸƢĴĭĶĶěŋĳńĦĤƢıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(PLA) įĽĴıŀĸŇŏŀĪŇĸňĬŀŀĔœĞħƢȮ

(PEO) ŏıŊŗŀŒĝƟĽņľĶńĭĵŊħŀŅĵŋĔĸƟĺĵœĴƟĨńħħŀĔȮĞŉŗĚŒĬĽƞĺĬŐĶĔěŃĻŉĔļŅįĸĕŀĚĮĶŇĴŅĦŐĸŃĬŘņľĬńĔ

őĴŏĸĔŋĸĕŀĚȮPEO ĪňŗŏĨŇĴĨƞŀĽĴĭńĨŇĕŀĚĲƕĸƢĴȮPLA őħĵŏĨŇĴȮPEO ĮĶŇĴŅĦȮ3, 10 ŐĸŃȮ/3Ȯ%wt ŐĸŃ

ĮĶńĭŏĮĸňŗĵĬĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ėŊŀȮ/..,000 ů 400,000 g/mol ŏĴŊŗŀĪĶŅĭĮĶŇĴŅĦŐĸŃĬŘņľĬńĔ

őĴŏĸĔŋĸĕŀĚȮPEO ĪňŗŏľĴŅŃĽĴěŅĔĽƞĺĬŐĶĔŐĸƟĺěŃĬņĴŅĻŉĔļŅįĸĕŀĚĞňőŀœĸĨƢĝĬŇħȮ3AȮŒĬĮĶŇĴŅĦĔŅĶ

ŏĨŇĴȮ/, 3 ŐĸŃȮ3Ȯ%wt ĨƞŀĽĴĭńĨŇĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮěŅĔĬńŘĬěŃĻŉĔļŅįĸĕŀĚĔŅĶŐĸĔŏĮĸňŗĵĬ

œŀŀŀĬĭĺĔȮ&Cation exchange) ĕŀĚȮLi+ ŐĸŃȮK+ ŒĬĞňőŀœĸĨƢħƟĺĵĮĶŇĴŅĦĔŅĶŏĨŇĴœŀŀŀĬȮ/,03, 2.5 

ŐĸŃȮ1,53Ȯwt% ĕŀĚĞňőŀœĸĨƢȮĪňŗĴňĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞȮ

ŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħŀŅĵŋĔĸƟĺĵœĴƟĨńħħŀĔĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ ĞŉŗĚĴňĔŅĶĮĶńĭĮĶŋĚįŇĺĕŀĚĞň

őŀœĸĨƢħƟĺĵȮ(3-Aminopropyl) trimethoxysilane ĮĶŇĴŅĦȮ0Ȯwt% ĕŀĚĞňőŀœĸĨƢȮŏıŊŗŀŏıŇŗĴėĺŅĴŏĕƟŅ

ĔńĬœħƟĶŃľĺƞŅĚŏĴĪĶŇĔĞƢĕŀĚıŀĸŇŏĴŀĶƢŐĸŃĞňőŀœĸĨƢȮőħĵŒĬĔĶŃĭĺĬĔŅĶĪħĸŀĚĪńŘĚľĴħěŃŒĝƟŏėĶŊŗŀĚįĽĴ

ŐĭĭĮƕħȮ(Brabender Internal mixer) ŐĸŃĪņĔŅĶĕŉŘĬĶŌĮŐįƞĬĲƕĸƢĴőħĵŒĝƟŏėĶŊŗŀĚĕŉŘĬĶŌĮŐĭĭĔħŀńħȮ

(Compression molding) ĞŉŗĚĲƕĸƢĴĪňŗœħƟĴňĕĬŅħȮ0.Ȯx 20 cm2ȮŐĸŃĴňėĺŅĴľĬŅĮĶŃĴŅĦȮ.,1Ȯ±Ȯ.,.3Ȯ

mm ěŅĔĬńŘĬĬņĲƕĸƢĴĴŅıŇĽŌěĬƢŏŀĔĸńĔļĦƢȮĞŉŗĚŐĽħĚįĸĕŀĚȮPEO ĨƞŀĽĴĭńĨŇĲƕĸƢĴȮPLA ħńĚĬňŘ 

4.1 įĸĔŅĶĻŉĔļŅĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPLA ŐĸŃȮPEO (PLA/PEO blend films) 

4.1.1 ĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ħƟĺĵŏĪėĬŇėȮ

Fourier Transform Infrared Spectroscopy (FTIR) 

FT-IR Spectroscopy ŏĮƦĬŏĪėĬŇėĪňŗŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢőėĶĚĽĶƟŅĚĕŀĚıŀĸŇŏĴŀĶƢȮĞŉŗĚĽŅĴŅĶĩ

ŀƞŅĬĕƟŀĴŌĸœħƟěŅĔĽŏĮĔĨĶńĴĕŀĚĨńĺŀĵƞŅĚĶĺĴĪńŘĚĔņľĬħĶŌĮĶƞŅĚĕŀĚœŀőĞŏĴŀĶƢěŅĔėĺŅĴĩňŗŏĸĕėĸŊŗĬȮ

(wavenumber frequency) őħĵĚŅĬĺŇěńĵŒĬĽƞĺĬĬňŘœħƟĪņĔŅĶįĽĴȮPLA ŐĸŃȮPEO ŏĕƟŅħƟĺĵĔńĬ ĞŉŗĚȮ

PEO ĴňėĺŅĴŏľĴŅŃĽĴŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢȮŏĴŊŗŀŒĽƞŏĕƟŅœĮŒĬȮPLA ĪňŗĴňėĺŅĴŏĮĶŅŃȮěŃĪņŒľƟȮPLA ĴňėĺŅĴ

ĵŊħľĵŋƞĬŐĸŃŀƞŀĬĬŋƞĴĕŉŘĬȮ 
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ĶŌĮĪňŗȮ2,/ ŐĽħĚĔĸœĔıĸŅĽĨŇœĞŏĞĝńŗĬĕŀĚȮPEO ŒĬŏĴĪĶŇĔĞƢȮPLA 
őħĵĔĸœĔĔŅĶĪņĚŅĬĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢĬńŘĬěŃœĴƞœħƟŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭıŀĸŇŏĴŀĶƢŐĨƞěŃŐĪĶĔ

ĨńĺŏŀĚŀĵŌƞĶŃľĺƞŅĚőĴŏĸĔŋĸĕŀĚıŀĸŇŏĴŀĶƢŐĸŃŐĽħĚŀńĬĨĶĔŇĶŇĵŅĪŅĚĔŅĵĳŅıĔńĭıŀĸŇŏĴŀĶƢȮ(Physical 

interaction) ĞŉŗĚěŃĴŅŐĪĬĪňŗŀńĬĨĶĔŇĶŇĵŅĕŀĚıŀĸŇŏĴŀĶƢħƟĺĵĔńĬŏŀĚȮĪņŒľƟĶŃĵŃľƞŅĚĶŃľĺƞŅĚĽŅĵőĞƞĕŀĚ

ıŀĸŇŏĴŀĶƢĴŅĔĕŉŘĬŐĸŃĽŃħĺĔĨƞŀĔŅĶŏėĸŊŗŀĬœľĺĴŅĔĕŉŘĬȮY16[ȮŐĽħĚħńĚŐįĬĳŅıŒĬĶŌĮĪňŗȮ4.1Ȯ  

 

ĶŌĮĪňŗȮ2,0ȮĽŏĮĔĨĶńĴȮFTIR ĕŀĚȮNeat PLA, /PEO ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 
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ěŅĔĽŏĮĔĨĶńĴȮFTIR ĕŀĚȮNeat PLA ŒĬĶŌĮĪňŗȮ2,0ȮıĭĺƞŅĮĶŅĔĢıňėĪňŗĴňĸńĔļĦŃŏĜıŅŃĕŀĚľĴŌƞȮ

C=O ĪňŗȮ1759 cm-1ȮĬŀĔěŅĔĬňŘĵńĚŐĽħĚıňėĪňŗȮ1087 cm-1ȮŐĽħĚĩŉĚľĴŌƞȮCůO-CȮŐĸŃıňėĪňŗȮ2999 ŐĸŃ 

2949Ȯcm-1ȮŐĽħĚĩŉĚĔŅĶĵŊħŐĭĭœĴƞĽĴĴŅĨĶŐĸŃĽĴĴŅĨĶĕŀĚȮCH3ȮŒĬĕĦŃĪňŗıňėĪňŗȮ1460 ŐĸŃȮ1381Ȯ

cm-1ȮĽŀħėĸƟŀĚĔńĭĔŅĶĽńŗĬŐĭĭĚŀŐĭĭœĴƞĽĴĴŅĨĶŐĸŃĽĴĴŅĨĶĕŀĚȮCH3ȮĨŅĴĸņħńĭȮY17[ȮŒĬĔĶĦňĕŀĚȮ

PEO ĮĶŅĔĢıňėĮĶŃĴŅĦȮ14..-12.. ŐĸŃ 2889Ȯcm-1ȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĔŅĶĵŊħĕŀĚȮO-H ŐĸŃȮCH2Ȯ

ĬŀĔěŅĔĬňŘıňėĪňŗȮ//.0Ȯcm-1ȮŏĔŇħěŅĔĔŅĶĽńŗĬŐĭĭĵŊħĕŀĚȮC-O-C ether linkageȮY7[ 

ŀĵƞŅĚœĶĔŖĨŅĴŒĬıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ŐĽħĚŐĩĭĕŀĚĔŅĶħŌħĔĸŊĬȮFTIR ĪňŗőħħŏħƞĬĪńŘĚľĴħ

ĕŀĚȮPLA ŐĸŃȮPEO ŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚĕŀĚȮPLA ŐĸŃȮPEO ĴňĸńĔļĦŃėĸƟŅĵĔńĬėŊŀĮĶŃĔŀĭħƟĺĵ

ŀŃĨŀĴĕŀĚėŅĶƢĭŀĬŐĸŃŀŀĔĞŇŏěĬȮĞŉŗĚŒĬĚŅĬĺŇěńĵĬňŘıĭėĺŅĴŐĨĔĨƞŅĚŏĸŖĔĬƟŀĵĕŀĚėĺŅĴŏĕƟĴıňėȮ

ĔĸƞŅĺėŊŀȮŏĴŊŗŀĮĶŇĴŅĦȮPEO ŏıŇŗĴĕŉŘĬȮėĺŅĴŏĕƟĴĕŀĚıňėĪňŗȮ12..-14..ȮŐĸŃȮ0667Ȯcm-1ȮĔŖŏıŇŗĴĕŉŘĬħƟĺĵȮ

ŏĬŊŗŀĚěŅĔŏĮƦĬıňėĪňŗŐĽħĚĩŉĚľĴŌƞȮO-H ŐĸŃȮCH2ȮĪňŗŏĮƦĬľĴŌƞĲƤĚĔƢĝńĬŏŀĔĸńĔļĦƢĕŀĚȮPEO ħńĚĬńŘĬĪňŗėĺŅĴŏĕƟĴ

ĕŀĚıňėħńĚĔĸƞŅĺŏıŇŗĴĕŉŘĬěŉĚŐĽħĚĩŉĚĔŅĶĴňŀĵŌƞĕŀĚȮPEO ĪňŗĴŅĔĕŉŘĬħƟĺĵȮĬŀĔěŅĔĬňŘĵńĚœĴƞıĭıńĬīŃľĶŊŀŐĶĚ

ĪŅĚŏėĴňĪňŗŏĔŇħĕŉŘĬŒľĴƞĶŃľĺƞŅĚȮPLA ŐĸŃȮPEOȮY2.[ ħńĚĪňŗĔĸƞŅĺœĮĕƟŅĚĨƟĬĺƞŅȮPEO œĴƞœħƟŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭ

ıŀĸŇŏĴŀĶƢŐĨƞěŃŐĪĶĔĨńĺŏŀĚŀĵŌƞĶŃľĺƞŅĚőĴŏĸĔŋĸĕŀĚȮPLA ŐĸŃŐĽħĚŀńĬĨĶĔŇĶŇĵŅĪŅĚĔŅĵĳŅıĔńĭȮPLA  

 
ĶŌĮĪňŗȮ2,1ȮĽŏĮĔĨĶńĴȮFTIR ĕŀĚȮNeat PLA, PEO ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 
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ŏĴŊŗŀıŇěŅĶĦŅįĸĕŀĚĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŒĬĽŏĮĔĨĶńĴȮFTIR ħńĚĶŌĮĪňŗȮ2,1ȮıĭĺƞŅŒĬıŀĸŇ

ŏĴŀĶƢįĽĴĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŐĨĔĨƞŅĚĔńĬȮŐĽħĚıňėĕŀĚıŀĸŇŏĴŀĶƢįĽĴĴňĸńĔļĦŃŏľĴŊŀĬĔńĬȮ

ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮRuilong Li ŐĸŃėĦŃȮY2/[ ıĺĔŏĕŅĪņĔŅĶįĽĴȮPLA ĔńĭȮPEG ĪňŗĴň

ĬŘņľĬńĔőĴŏĸĔŋĸȮ2000-8000 g/molȮıĭĺƞŅĩŉĚŐĴƟĺƞŅĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEG ŒĬıŀĸŇŏĴŀĶƢįĽĴěŃ

ŐĨĔĨƞŅĚĔńĬȮŐĨƞĴňĸńĔļĦŃıňėıŊŘĬģŅĬŏľĴŊŀĬĔńĬȮĞŉŗĚĭƞĚĝňŘĺƞŅĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEG ĴňįĸŏıňĵĚŏĸŖĔĬƟŀĵ

ĨƞŀĽŏĮĔĨĶńĴȮFTIR ĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮĬŀĔěŅĔĬňŘȮPeng JiȮŐĸŃėĦŃȮY20[ ĪņĔŅĶįĽĴıŀĸŇŏŀĪŇĸňĬĲŌ

ŐĶĬœħėŅĶƢĭŀĔĞŇŏĸĪȮ(PEF) ĔńĭıŀĸŇŏŀĪŇĸňĬœĔĸėŀĸȮ(PEG) ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸȮ600-20,000 g/mol 

ıĭĺƞŅŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEG ėƞŀĵŕȮŏıŇŗĴĕŉŘĬȮėĺŅĴĔĺƟŅĚĕŀĚıňėěŃŏĮĸňŗĵĬœĮŏĸŖĔĬƟŀĵŐĨƞœĴƞœħƟ

ĽńĚŏĔĨŏľŖĬĝńħŏěĬ 

4.1.2 ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 

ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĺńĽħŋŏĮƦĬĽŇŗĚĪňŗěŃĭŀĔĺƞŅĺńĽħŋĬńŘĬŕȮĽŅĴŅĶĩĪňŗěŃĶńĭľĶŊŀĪĬĪŅĬŐĶĚŏĝŇĚĔĸ

ĳŅĵĬŀĔĪňŗĴŅĔĶŃĪņœħƟĴŅĔĬƟŀĵŏıňĵĚŒħȮħńĚĬńŘĬĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĺńĽħŋěŉĚĴňėĺŅĴĽņėńĠĴŅĔȮŒĬĚŅĬĺŇěńĵĬňŘ

ĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĩŌĔĬņĴŅĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸȮœħƟŐĔƞȮėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚĵŊħȮ

(Tensile strength), ĵńĚĴŀħŌĸńĽȮ&WmsleŲqȮKmbsjsq'ȮŐĸŃėƞŅĔŅĶĵŊħĨńĺȮĦȮěŋħĕŅħȮ(Elongation at 

break) őħĵŏĽƟĬőėƟĚėĺŅĴŏėƟĬ-ėĺŅĴŏėĶňĵħȮ(Stress-Strain Curve) ŐĽħĚĩŉĚĸńĔļĦŃıŊŘĬģŅĬĕŀĚ

ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĺńĽħŋȮħńĚĶŌĮĪňŗȮ2,2ȮŐĽħĚŏĽƟĬőėƟĚėĺŅĴŏėƟĬ-ėĺŅĴŏėĶňĵħĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢ

įĽĴȮPLA/PEO ĪňŗĴňĮĶŇĴŅĦŐĸŃĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŐĨĔĨƞŅĚĔńĬ 
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ĶŌĮĪňŗȮ2,2ȮŐĽħĚŏĽƟĬőėƟĚėĺŅĴŏėƟĬ-ėĺŅĴŏėĶňĵħĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO  
ĪňŗĴňĮĶŇĴŅĦŐĸŃĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŐĨĔĨƞŅĚĔńĬ 

ěŅĔŏĽƟĬőėƟĚėĺŅĴŏėƟĬ-ėĺŅĴŏėĶňĵħıĭĺƞŅȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴȮPEO 5 wt% 

œĴƞŐĽħĚĔŅĶŏĔŇħȮnecking ĞŉŗĚıŀĸŇŏĴŀĶƢįĽĴĵńĚėĚŐĽħĚıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃŏĝƞĬŏħňĵĺĔńĭȮ

Neat PLA ĬŀĔěŅĔĬňŘıĭĺƞŅȮtensile stress at yield ĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĸħĸĚŏĴŊŗŀ

ĮĶŇĴŅĦĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮŒĬĕĦŃĪňŗȮtensile strain at yieldȮĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮĴň

ŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦȮPEO ĴŅĔĔĺƞŅȮ3Ȯwt% ĞŉŗĚŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĮĸňŗĵĬıķĨŇĔĶĶĴĔŅĶ

ŐĨĔľńĔěŅĔŐĭĭŏĮĶŅŃœĮŏĮƦĬĔŅĶŐĨĔľńĔŐĭĭĵŊħľĵŋƞĬȮ(Brittle to ductile fracture) ŐĸŃĽńĚŏĔĨŏľŖĬ

ĔŅĶŏĔŇħȮnecking ĬŀĔěŅĔĬňŘıĭĺƞŅȮtensile strain at break ŐĸŃĔŅĶŏĔŇħȮnecking ĸħĸĚȮŏĴŊŗŀ

ĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬĞŉŗĚĝňŘŒľƟŏľŖĬĺƞŅȮPEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĨŗņĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶ

ĮĶńĭĮĶŋĚėĺŅĴŏľĬňĵĺȮ(Ductility) ĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮĴŅĔĔĺƞŅȮPEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚȮ

ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮFeng-jiao Li ŐĸŃėĦŃȮ[43] 
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ĶŌĮĪňŗȮ2,3ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĪňŗĴňĮĶŇĴŅĦŐĸŃ
ĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŐĨĔĨƞŅĚĔńĬȮ8Ȯ&_'ȮRclqgjcȮqrpclerf*Ȯ&`'ȮWmsleŲqȮKmbsjsq  

ŐĸŃȮ&c) Elongation at break 

(a) 

(b) 

(c) 
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ĨŅĶŅĚĪňŗȮ2,/ ŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĪňŗĴňĮĶŇĴŅĦŐĸŃ
ĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŐĨĔĨƞŅĚĔńĬ 

Samples 
Tensile properties 

Tensile strength 
(MPa) 

WmsleŲqȮkmbsjsq 
(MPa) 

Elongation at break 
(%) 

Neat PLA 35.90 ± 1.73a 3064.37 ± 27.21a 1.27 ± 0.13f 

PLA/1PEO 5% 23.73 ± 1.40e 2214.84 ± 44.70d 1.23 ± 0.14f 

PLA/2PEO 5% 26.92 ± 1.08d 2239.81 ± 46.08c,d 1.37 ± 0.10f 

PLA/3PEO 5% 29.82 ± 0.27c 2299.22 ± 35.39b,c 1.52 ± 0.03f 

PLA/4PEO 5% 32.40 ± 0.79b 2346.02 ± 38.04b 1.61 ± 0.08f 

PLA/1PEO 10% 17.98 ± 0.42f 1547.84 ± 21.67g 117.27 ± 24.98b 

PLA/2PEO 10% 12.60 ± 0.47h 1549.43 ± 39.71f,g 87.10 ± 4.07c 

PLA/3PEO 10% 14.69 ± 0.70g 1609.80 ± 21.83e,f 64.09 ± 2.69d,e 

PLA/4PEO 10% 16.96 ± 0.41f 1625.75 ± 20.11e 59.03 ± 7.66e 

PLA/1PEO 15% 10.28 ± 0.12i 759.26 ± 17.03h 160.42 ± 17.62a 

PLA/2PEO 15% 10.94 ± 0.54h,i 764.02 ± 23.62h 111.84 ± 19.85b 

PLA/3PEO 15% 11.40 ± 0.18h,i 767.99 ± 14.44h 84.26 ± 1.50c,d 

PLA/4PEO 15% 11.69 ± 0.52h,i 784 68 ± 32.21h 80.77 ± 1.26c,d,e 

ľĬƟŅĪňŗľĸńĔĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢėŊŀĔŅĶĮĶńĭĮĶŋĚĔŅĶĵŊħĨńĺȮĦȮěŋħĕŅħŐĸŃŏıŇŗĴėĺŅĴŏľĬňĵĺĕŀĚ
ĺńĽħŋıŀĸŇŏĴŀĶƢħńĚĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬȮŐĨƞĨƟŀĚŐĸĔĴŅĔńĭėƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚŐĸŃĴŀħŌĸńĽĪňŗĸħĸĚȮY22[ 
őħĵėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚȮĴŀħŌĸńĽȮŐĸŃĔŅĶĵŊħĨńĺĪňŗěŋħĕŅħĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮ
PLA/PEOȮŐĽħĚœĺƟŒĬĶŌĮĪňŗȮ2,3ȮŐĸŃĨŅĶŅĚĪňŗ 4.1 

ěŅĔĶŌĮĪňŗȮ2,3(a) ıĭĺƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĕŀĚȮNeat PLA ĴňėƞŅŒĔĸƟŏėňĵĚĔńĭĚŅĬĺŇěńĵĕŀĚȮ
Debarghya Saha ŐĸŃėĦŃȮY7[ȮŐĸŃŏĴŊŗŀŏĨŇĴȮPEO ĸĚŒĬȮPLA ıĭĺƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĕŀĚıŀĸŇ
ŏĴŀĶƢįĽĴĨŗņĔĺƞŅȮNeat PLA ŐĸŃŏĴŊŗŀĮĶŇĴŅĦĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮıĭĺƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĕŀĚıŀĸŇ
ŏĴŀĶƢįĽĴĴňŐĬĺőĬƟĴĸħĸĚȮŏĬŊŗŀĚěŅĔȮPEO ŏĕƟŅœĮŐĪĶĔĶŃľĺƞŅĚőĴŏĸĔŋĸȮPLA (ĶŌĮĪňŗȮ2,/) ĪņŒľƟŐĶĚ
ĶŃľĺƞŅĚőĴŏĸĔŋĸȮ(Intermolecular force) ĶŃľĺƞŅĚĽŅĵőĞƞȮPLA ŀƞŀĬĸĚěŉĚĪņŒľƟȮPLA ĴňėĺŅĴĵŊħľĵŋƞĬ
ŐĸŃĬŇŗĴĴŅĔĕŉŘĬ  
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ŏĴŊŗŀıŇěŅĶĦŅĴŀħŌĸńĽ (ĶŌĮĪňŗȮ2,3(b)) ıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĴňėƞŅĴŀħŌĸńĽĨŗņĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭȮ
Neat PLA ŐĸŃŏĴŊŗŀĮĶŇĴŅĦĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮėƞŅĴŀħŌĸńĽĕŀĚıŀĸŇŏĴŀĶƢįĽĴĔŖĴňŐĬĺőĬƟĴĸħĸĚȮ
ŏĬŊŗŀĚěŅĔŏĔŇħŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚȮPEO ŐĸŃȮPLA ĞŉŗĚěŃĪņŒľƟŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚőĴŏĸĔŋĸĕŀĚȮPLA 
ŐĸŃȮPLA ŀƞŀĬŐŀĸĚŐĸŃŏĮƦĬĔŅĶĮĶńĭĮĶŋĚĔŅĶěńħŏĶňĵĚĨńĺĶŃľĺƞŅĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢĳŅĵŒĨƟŐĶĚħŉĚĵŊħ
ŐĸŃŒľƟėĺŅĴĵŊħľĵŋƞĬŐĔƞȮPLA ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚ Byung-Sik Park ŐĸŃėĦŃ [44]ȮıĺĔŏĕŅ
įĽĴ PLA Ĕńĭ PEG (Mw 35,000 g/mol) ħƟĺĵŏėĶŊŗŀĚȮBrabender ŐĸŃ CompressionȮĕŉŘĬĶŌĮĲƕĸƢĴȮ
ıĭĺƞŅĔŅĶŏıŇŗĴȮPEG ěŃŏĮĸňŗĵĬıķĨŇĔĶĶĴŐĶĚħŉĚĕŀĚȮPLA ěŅĔĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃȮ(brittle 
fracture) œĮŏĮƦĬĔŅĶŐĨĔľńĔŐĭĭĵŊħľĵŋƞĬȮ(ductile fracture) ĕŀĚȮPLA/PEG ľĸńĚěŅĔĪňŗįƞŅĬĔŅĶ
ĪħĽŀĭŐĶĚħŉĚȮNeat PLA ĴňėĺŅĴŐĕŖĚŐĨƞŏĮĶŅŃĴŅĔȮĞŉŗĚŏĴŊŗŀŏĨŇĴȮPEG ĸĚœĮȮ3Ȯwt% ėĺŅĴĨƟŅĬĪŅĬ
ŐĶĚħŉĚŐĸŃĴŀħŌĸńĽĸħĸĚŏıňĵĚȮ5ȮŐĸŃȮ.,76Ȯ% ĨŅĴĸņħńĭȮŐĨƞŏĴŊŗŀŏĨŇĴȮPEG ĸĚœĮȮ10%ȮėĺŅĴĨƟŅĬĪŅĬ
ŐĶĚħŉĚŐĸŃĴŀħŌĸńĽĸħĸĚĩŉĚȮ01ȮŐĸŃȮ/7,4Ȯ% ĨŅĴĸņħńĭȮŐĸŃĚŅĬĺŇěńĵĕŀĚȮDebarghya SahaȮŐĸŃ
ėĦŃȮY7[ȮĻŉĔļŅıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ PLA ŐĸŃ PEO (Mw 5,000,000 g/mol) ŒĬĮĶŇĴŅĦĔŅĶŏĨŇĴȮ
PEO 1-5 %wtȮıĭĺƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĕŀĚȮPLA ĸħĸĚȮ&ěŅĔȮ36 ŏĮƦĬȮ29 MPa) ŏĴŊŗŀŒĽƞȮPEOȮ1-4 
wt%ȮŒĬĕĦŃĪňŗŏĴŊŗŀŒĽƞȮPEOȮ5 wt% ėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĸħĸĚŀĵƞŅĚĴňĬńĵĽņėńĠŏĔŊŀĭėĶŉŗĚľĬŉŗĚĕŀĚ
ĲƕĸƢĴȮPLA ĭĶŇĽŋĪīŇśȮĞŉŗĚŀŅěŏĔŇħěŅĔĔŅĶĔĶŃěŅĵĨńĺĪňŗœĴƞŏľĴŅŃĽĴŐĸŃĔŅĶŐĵĔŏĲĽĕŀĚȮPEO ĬŀĔěŅĔĬňŘȮ
M,ȮBijarimi ŐĸŃėĦŃȮY23[ ĔĸƞŅĺĺƞŅőħĵĪńŗĺœĮĔŅĶŒĽƞȮPEG ěŃĸħėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚŐĸŃĴŀħŌĸńĽ
ĕŀĚŏĴĪĶŇĔĞƢȮPLA ŏĬŊŗŀĚěŅĔėĺŅĴœĴƞŏĕƟŅĔńĬĕŀĚȮPEG ŐĸŃȮPLA  

ŏĴŊŗŀıŇěŅĶĦŅėƞŅĔŅĶĵŊħĨńĺĪňŗěŋħĕŅħĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮ(ĶŌĮĪňŗȮ2,3(c)) ıĭĺƞŅĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬ
ŏĴŊŗŀŏĪňĵĭĔńĭȮNeat PLA ŐĸŃŏľŖĬĔŅĶŏĮĸňŗĵĬŐĮĸĚĝńħŏěĬŏĴŊŗŀŒĽƞȮPEO ĴŅĔĔĺƞŅȮ3Ȯwt% ĞŉŗĚŐĽħĚĩŉĚ
ĔŅĶŏĮĸňŗĵĬıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔěŅĔȮbrittle œĮŏĮƦĬȮductile failure ĳŅĵŒĨƟŐĶĚħŉĚħńĚĪňŗĔĸƞŅĺĴŅ
ĕƟŅĚĨƟĬŐĸŃĽŀħėĸƟŀĚĔńĭĳŅııŊŘĬįŇĺĔŅĶŐĨĔľńĔěŅĔŐĶĚħŉĚȮħńĚĶŌĮĪňŗȮ2,5(a)-(e)ȮŐĽħĚŒľƟŏľŖĬıŊŘĬįŇĺĔŅĶ
ŐĨĔľńĔĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴȮPEO 5 wt% ıĭĺƞŅıŊŘĬįŇĺĴňĸńĔļĦŃŏĶňĵĭŐĸŃŐĽħĚ
ĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃȮŀŅěĔĸƞŅĺœħƟĺƞŅĔŅĶŏĨŇĴȮPEO 5 wt% ĵńĚœĴƞŏıňĵĚıŀĪňŗěŃĽŅĴŅĶĩĮĶńĭĮĶŋĚ
ėĺŅĴŏľĬňĵĺĕŀĚȮPLA œħƟȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘıĭĺƞŅĔŅĶŒĽƞȮPEG ĸĚŒĬȮPLA ĨŗņĔĺƞŅȮ5 
wt% ėƞŅĔŅĶĵŊħĨńĺĪňŗěŋħĕŅħĕŀĚıŀĸŇŏĴŀĶƢįĽĴěŃĸħĸĚŏĸŖĔĬƟŀĵȮŐĨƞŏĴŊŗŀŒĽƞȮPEG ĴŅĔĔĺƞŅȮ5 wt%ȮėƞŅ
ĔŅĶĵŊħĨńĺĪňŗěŋħĕŅħĕŀĚıŀĸŇŏĴŀĶƢįĽĴěŃėƞŀĵŕȮŏıŇŗĴĕŉŘĬȮŐĸŃŏĴŊŗŀŒĽƞȮPEG Ȯ3ů15 wt% ėƞŅĔŅĶĵŊħĨńĺĪňŗ
ěŋħĕŅħĕŀĚıŀĸŇŏĴŀĶƢįĽĴěŃŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĮĸňŗĵĬěŅĔĔŅĶŏĽňĵĶŌĮŐĭĭŏĮĶŅŃ
ŏĮƦĬĔŅĶŏĽňĵĶŌĮŐĭĭŏľĬňĵĺĳŅĵŒĨƟĔŅĶĶńĭŐĶĚħŉĚŏĴŊŗŀȮPEG ŏĕƟŅŒĔĸƟȮ5 wt% [43] 

ŏĴŊŗŀıŇěŅĶĦŅįĸĕŀĚĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ıĭĺƞŅŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮ
ėƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĕŀĚıŀĸŇŏĴŀĶƢįĽĴĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔŏĴŊŗŀŏĨŇĴȮPEO ĪňŗĴňĬŘņľĬńĔ
őĴŏĸĔŋĸĽŌĚŒĬŏĴĪĶŇĔĞƢȮPLA ěŃĝƞĺĵŏıŇŗĴŐĶĚĶŃľĺƞŅĚőĴŏĸĔŋĸ ıĸńĚĚŅĬıŊŘĬįŇĺȮŐĸŃĔŅĶŏĔňŗĵĺıńĬĕŀĚĽŅĵ
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őĞƞőĴŏĸĔŋĸȮĪņŒľƟĽŅĵőĞƞĕŀĚ PLA ŏĸŊŗŀĬįƞŅĬĔńĬœħƟĵŅĔĕŉŘĬȮŏĮƦĬįĸŒľƟėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĕŀĚıŀĸŇ
ŏĴŀĶƢįĽĴŏıŇŗĴĕŉŘĬȮY21[ȮŐĨƞĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴ PEO 10 wt% ıĭĺƞŅėƞŅėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĕŀĚıŀĸŇ
ŏĴŀĶƢįĽĴĸħĸĚŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮŀŅěŏĬŊŗŀĚěŅĔŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO 
ŏıŇŗĴĕŉŘĬȮĽŅĵőĞƞĴňėĺŅĴĵŅĺĴŅĔĕŉŘĬȮĪņŒľƟėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢŐĸŃıŀĸŇŏĴŀĶƢěŃĸħĸĚȮ
ŐĽħĚħńĚŐįĬĳŅıŒĬĶŌĮĪňŗȮ2,4ȮŐĸŃŏĔŇħĔŅĶĶĺĴĔĸŋƞĴŐĸŃŐĵĔŏĲĽ ħńĚĶŌĮĪňŗȮ2,5(g)-(i) ŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀ
ĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬěŅĔȮ0..,000 g/mol œĮŏĮƦĬȮ2..,000 g/mol ėƞŅėĺŅĴĨƟŅĬĪŅĬ
ŐĶĚħŉĚĕŀĚıŀĸŇŏĴŀĶƢįĽĴĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮŏıĶŅŃŐĶĚĶŃľĺƞŅĚőĴŏĸĔŋĸ ıĸńĚĚŅĬıŊŘĬįŇĺȮŐĸŃĔŅĶ
ŏĔňŗĵĺıńĬĕŀĚĽŅĵőĞƞőĴŏĸĔŋĸŏıŇŗĴĕŉŘĬħńĚĪňŗĔĸƞŅĺœĮĕƟŅĚĨƟĬȮŐĨƞĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮPEO 15 wt% ıĭĺƞŅŏĴŊŗŀ
ĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬěŅĔȮ0..,000 g/mol œĮŏĮƦĬȮ2..,000 g/mol ėƞŅėĺŅĴĨƟŅĬĪŅĬ
ŐĶĚħŉĚĕŀĚıŀĸŇŏĴŀĶƢįĽĴŐĨĔĨƞŅĚŀĵƞŅĚœĴƞĴňĬńĵĽņėńĠ 

ŏĴŊŗŀıŇěŅĶĦŅėƞŅĴŀħŌĸńĽĕŀĚıŀĸŇŏĴŀĶƢįĽĴıĭĺƞŅŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮėƞŅ
ĴŀħŌĸńĽĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮŀŅěŏĮƦĬŏıĶŅŃȮPEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĨŗņĔĺƞŅěŃĴňĕĬŅħőĴŏĸĔŋĸĪňŗŏĸŖĔĔĺƞŅȮ
ĞŉŗĚĪņŒľƟĚƞŅĵĨƞŀĔŅĶŐĪĶĔĨńĺŏĕƟŅœĮŒĬĽŅĵőĞƞĕŀĚȮPLA ħńĚŐįĬĳŅıŒĬĶŌĮĪňŗȮ2,4ȮĽƞĚįĸŒľƟŐĶĚĶŃľĺƞŅĚ
őĴŏĸĔŋĸĕŀĚȮPLA ĸħĸĚŐĸŃĚƞŅĵĨƞŀĔŅĶŏėĸŊŗŀĬœľĺŐĸŃĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĽŅĵőĞƞŏĴŊŗŀœħƟĶńĭŐĶĚ
ĳŅĵĬŀĔĴŅĔĶŃĪņȮĞŉŗĚŏĮƦĬŏľĨŋŒľƟĴňėƞŅĴŀħŌĸńĽĨŗņĔĺƞŅıŀĸŇŏĴŀĶƢįĽĴĪňŗŒĽƞ PEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚ 
ĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮByung-Sik Park ŐĸŃėĦŃ [44] PLA ĩŌĔįĽĴĔńĭȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸ
ĪňŗŐĨĔĨƞŅĚĔńĬŐĭĭĕĵŅĵĽŅĵőĞƞĪňŗĮĶŇĴŅĦėĚĪňŗȮıĭĺƞŅĴŀħŌĸńĽŐĸŃėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĕŀĚıŀĸŇŏĴŀĶƢ
įĽĴĕŀĚȮPLA/CE-PEG ŏıŇŗĴĕŉŘĬľĸńĚěŅĔŏıŇŗĴĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEGȮĞŉŗĚŀńĬĪňŗěĶŇĚŏĮƚŅľĴŅĵľĸńĔĕŀĚ
ĔŅĶŒĽƞȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚĸĚŒĬŏĴĪĶŇĔĞƢȮPLA ėŊŀĔŅĶĸħėĺŅĴŐĕŖĚȮ(stiffness) ŒĬĕĦŃĪňŗ
ĽĴĭńĨŇėĺŅĴŐĕŖĚŐĶĚĕŀĚıŀĸŇŏĴŀĶƢĵńĚėĚŀĵŌƞŒĬĶŃħńĭĪňŗŏľĴŅŃĽĴȮŀĵƞŅĚœĶĔŖĨŅĴĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮPEO 
15 wt% ıĭĺƞŅėƞŅĴŀħŌĸńĽĕŀĚıŀĸŇŏĴŀĶƢįĽĴœĴƞŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠ 

 

ĶŌĮĪňŗȮ2,4 ŐįĬĳŅıŐĽħĚĔĸœĔıĸŅĽĨŇœĞŏĞĝńŗĬĕŀĚȮPEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĨŗņ 
ŐĸŃȮPEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚŒĬŏĴĪĶŇĔĞƢȮPLA 
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ŏĴŊŗŀıŇěŅĶĦŅėƞŅĔŅĶĵŊħĨńĺĪňŗěŋħĕŅħĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ıĭĺƞŅŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸ
ĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮėƞŅĔŅĶĵŊħĨńĺĪňŗěŋħĕŅħĴňŐĬĺőĬƟĴĸħĸĚȮĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮPEO ĴŅĔĔĺƞŅȮ3Ȯwt% 
ŏĬŊŗŀĚěŅĔŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮěŃŏĔŇħĔŅĶĶĺĴĔĸŋƞĴĔńĬȮėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚıĸŅĽĨŇœĞ
ŏĞŀĶƢŐĸŃıŀĸŇŏĴŀĶƢěŃĸħĸĚȮŏĔŇħĔŅĶŐĵĔŏĲĽȮŐĸŃĪņŒľƟĽŅĵőĞƞŏĸŊŗŀĬįƞŅĬĔńĬœħƟĵŅĔĕŉŘĬȮħńĚĶŌĮĪňŗȮ
2,5(g)ů(m)  ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮFeng-Jiao Li ŐĸŃėĦŃ [43]ȮŏĕŅĪņĔŅĶįĽĴȮPLAȮŐĸŃȮ
PEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸȮ6000, 10,000 ŐĸŃ 20,000 g/mol ŒĬĮĶŇĴŅĦȮ10 wt%Ȯ ıĭĺƞŅĔŅĶĵŊħĨńĺ
ĪňŗěŋħĕŅħĸħĸĚŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEG ŏıŇŗĴĕŉŘĬȮĞŉŗĚŐĽħĚĺƞŅȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĨŗņĽŅĴŅĶĩ
ĮĶńĭĮĶŋĚėĺŅĴŏľĬňĵĺĕŀĚȮPLA œħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬ ĪńŘĚĬňŘŏĮƦĬŏıĶŅŃĺƞŅ PEG ĪňŗĴňĬŘņľĬńĔ
őĴŏĸĔŋĸĨŗņĽŅĴŅĶĩŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĔńĭȮPLA ŐĸŃĸħŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺĕŀĚȮ
PLA/PEG ĪņŒľƟĔŅĶŏĸŊŗŀĬįƞŅĬĕŀĚĽŅĵőĞƞȮPLA ŏĔŇħœħƟĚƞŅĵĕŉŘĬȮ 

4.1.3 ĔŅĶĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 

ŏıŊŗŀĨĶĺěĽŀĭĔĸœĔĔŅĶĵŊħĨńĺĪňŗŏıŇŗĴĕŉŘĬĪňŗŏĔŇħěŅĔĔŅĶŏĨŇĴȮPEOȮěŅĔĽńĦģŅĬĺŇĪĵŅĕŀĚıŊŘĬįŇĺ

ŐĨĔľńĔĕŀĚĝŇŘĬĚŅĬĪħĽŀĭŐĶĚħŉĚőħĵŒĝƟŏĪėĬŇėȮSEM ŐĸŃœĴőėĶĔĶŅĲŐĽħĚŒĬĶŌĮĪňŗȮ2,5 

 

(a) Neat PLA 

(b) PLA/1PEO 5% 

PEO 

(c) PLA/2PEO 5% 
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(d) PLA/3PEO 5% (e) PLA/4PEO 5% 

(f) PLA/1PEO 10% (g) PLA/2PEO 10% 

(h)PLA/3PEO 10% (i) PLA/4PEO 10% 
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ĶŌĮĪňŗȮ2,5ȮĽńĦģŅĬĺŇĪĵŅĕŀĚıŊŘĬįŇĺŐĨĔľńĔĕŀĚĝŇŘĬĚŅĬĪħĽŀĭŐĶĚħŉĚĕŀĚĲƕĸƢĴȮNeat PLA  
ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 

ěŅĔĶŌĮĪňŗȮ2,5(a)-(e)ȮŐĽħĚĳŅıȮSEM ĕŀĚıŊŘĬįŇĺŐĨĔľńĔěŅĔŐĶĚħŉĚĕŀĚĲƕĸƢĴȮNeat PLA ŐĸŃ
ĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮ3% ĽńĚŏĔĨœħƟĺƞŅıŊŘĬįŇĺŐĨĔľńĔĕŀĚĲƕĸƢĴȮNeat PLA ŐĸŃĲƕĸƢĴıŀĸŇŏĴŀĶƢ
įĽĴȮPLA/PEOȮ3% ĴňıŊŘĬįŇĺėƞŀĬĕƟŅĚŏĶňĵĭȮŐĽħĚĺƞŅĝŇŘĬĚŅĬĪħĽŀĭĴňĶŀĵŐĨĔŐĭĭŏĮĶŅŃĳŅĵŒĨƟŐĶĚħŉĚȮ
ħńĚĪňŗŐĽħĚŒľƟŏľŖĬĔƞŀĬľĬƟŅĬňŘĺƞŅėƞŅĔŅĶĵŊħĨńĺȮĦȮěŋħĕŅħĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴȮPEO 5 wt% ĬńŘĬ
œĴƞŐĨĔĨƞŅĚěŅĔĲƕĸƢĴȮNeat PLAȮĬŀĔěŅĔĬňŘěŃŏľŖĬœħƟěŅĔĶŌĮĪňŗȮ2,5(f)ů(m) ĺƞŅıŊŘĬįŇĺĔŅĶŐĨĔľńĔěŅĔ
ŐĶĚħŉĚĕŀĚĲƕĸƢĴȮPLA/PEO ĔĸŅĵŏĮƦĬľĵŅĭĔĺƞŅŏĴŊŗŀĮĶŇĴŅĦȮPEOȮŏıŇŗĴĕŉŘĬŏĮƦĬȮ10-15 wt%ȮŀŅěŏĮƦĬ
ŏıĶŅŃĔŅĶŏĨŇĴȮPEOȮĽŅĴŅĶĩĮĶńĭĮĶŋĚėĺŅĴėĸƞŀĚĨńĺĕŀĚĽŅĵőĞƞȮPLAȮŐĸŃĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦȮ
PEOȮĽŅĴŅĶĩĝƞĺĵŀņĬĺĵėĺŅĴĽŃħĺĔŒĬĔŅĶŏĸŊŗŀĬįƞŅĬĕŀĚĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚȮPLA ĞŉŗĚěŃĝƞĺĵŒľƟ
ĝŇŘĬĚŅĬĪħĽŀĭȮPLA/PEOȮĽŅĴŅĶĩĔĶŃěŅĵŐĶĚœħƟĴŅĔĕŉŘĬȮħńĚĬńŘĬıŊŘĬįŇĺŐĨĔľńĔĕŀĚȮPLA/PEOȮěŃ
ľĵŅĭĕŉŘĬȮĞŉŗĚŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĮĸňŗĵĬĽĩŅĬŃĔŅĶŏĽňĵĶŌĮěŅĔŐĭĭŏĮĶŅŃœĮŏĮƦĬŏľĬňĵĺȮ(brittle-
ductile transition) ĳŅĵŒĨƟŐĶĚħŉĚ ŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀĮĶŇĴŅĦȮPEO ŏıŇŗĴĕŉŘĬĵńĚŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŐĵĔ

(k) PLA/2PEO 15% 

PEO 

(l) PLA/3PEO 15% 

PEO 

(m) PLA/4PEO 15% 

(j) PLA/1PEO 15% 
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ŏĲĽĔńĬĕŀĚȮPLA ŐĸŃȮPEO ĝńħŏěĬĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦȮPEO ŏıŇŗĴĕŉŘĬĩŉĚ 15 wt% (ĶŌĮĪňŗȮ2,5(j)ů(m)) ŐĽħĚ
ŒľƟŏľŖĬĩŉĚĔŅĶįĽĴĔńĬœħƟĭŅĚĽƞĺĬȮ(Partial miscible blend) ĞŉŗĚĔŖĵńĚėĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĮĶńĭĮĶŋĚ
ėĺŅĴŏľĬňĵĺĕŀĚȮPLA œħƟȮ(ĶŌĮĪňŗȮ2,3(c)) ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘĔĸƞŅĺĺƞŅĽńĚŏĔĨŏľŖĬĔŅĶ
ŐĵĔŏĲĽĕŀĚȮPEG ĔńĭȮPLA ŏĴŊŗŀėĺŅĴŏĕƟĴĕƟĬĕŀĚȮPEG ĽŌĚĔĺƞŅȮ/.Ȯwt% [46] 

ŏĴŊŗŀıŇěŅĶĦŅĽńĦģŅĬĺŇĪĵŅĕŀĚıŊŘĬįŇĺŐĨĔľńĔěŅĔŐĶĚħŉĚĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮĪňŗ
ĴňĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŐĨĔĨƞŅĚĔńĬȮĽŅĴŅĶĩĽńĚŏĔĨœħƟěŅĔĶŌĮĪňŗȮ2,5(f)-(i) ŐĸŃȮ2,5(j)ů(m) ĺƞŅ
ıŊŘĬįŇĺĔŅĶŐĨĔľńĔĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮěŃŏĶňĵĭŏĬňĵĬĕŉŘĬŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO 
ŏıŇŗĴĕŉŘĬěŅĔȮ/..,000ȮŏĮƦĬȮ2..,000Ȯg/molȮĨŅĴĪňŗĶŅĵĚŅĬőħĵȮFeng-Jiao LiȮŐĸŃėĦŃȮ[6] ĺƞŅ
ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶ plasticizingȮĕŀĚȮPEO ěŃĸħĸĚŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬ ŏĬŊŗŀĚěŅĔ
ĔŅĶŒĽƞ PEO ĪňŗĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚěŃĸħėĺŅĴĵŊħľĵŋƞĬĕŀĚĽŅĵőĞƞȮPLA ĽŅĴŅĶĩĝŃĸŀĔŅĶŏĸŊŗŀĬįƞŅĬĔńĬ
ĕŀĚĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚȮPLA œħƟȮŐĸŃĸħėĺŅĴĽŅĴŅĶĩĕŀĚȮPLA/PEO ĨƞŀĔŅĶŏĽňĵĶŌĮıĸŅĽĨŇĔȮ(Plastic 
deformation)ȮĬŀĔěŅĔĬňŘŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬĵńĚıĭĔŅĶĶĺĴĔĸŋƞĴĔńĬĕŀĚȮPEO ŒĬ
ĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEOȮħńĚĶŌĮĪňŗȮ2,5(g)-(l) ŐĸŃıĭŀĬŋĳŅėĵŅĺĶňŏĮƦĬĪƞŀĬŕȮħńĚĶŌĮĪňŗȮ2,5(m) 
ĔŅĶĶĺĴĨńĺĔńĬĕŀĚŀĬŋĳŅėȮPEOȮĬňŘȮĪņŒľƟȮPEO ĔĶŃěŅĵĨńĺœĴƞĽĴŗņŏĽĴŀŒĬŏĴĪĶŇĔĞƢȮPLAȮħńĚĬńŘĬěŉĚĽƞĚįĸ
ŒľƟ ėƞŅĔŅĶĵŊħĨńĺĪňŗěŋħĕŅħĸħĸĚŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮ(ĶŌĮȮ2,3(c))  

4.1.4 ĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ħƟĺĵŏĪėĬŇė 

Differential Scanning Calorimetry (DSC) 

ŏĴŊŗŀĺńĽħŋŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĔŅĵĳŅıĴńĔěŃĴňėĺŅĴĶƟŀĬŏĕƟŅĴŅŏĔňŗĵĺĕƟŀĚŏĽĴŀȮĞŉŗĚŏĪėĬŇė 

Differential Scanning Calorimetry ľĶŊŀȮDSC ŏĮƦĬŏĪėĬŇėľĬŉŗĚĪňŗŒĝƟĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇ

ĪŅĚėĺŅĴĶƟŀĬĕŀĚĺńĽħŋȮőħĵĪņĔŅĶĺńħĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚĺńĽħŋŏĴŊŗŀĺńĽħŋĴňĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĨƞŅĚŕȮĪňŗĻŉĔļŅœħƟőħĵŒĝƟȮDSC ŏĝƞĬȮŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺȮ

ĔŅĶŏĔŇħįĸŉĔȮŐĸŃŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĳŅĺŃėĸƟŅĵŐĔƟĺȮŏĮƦĬĨƟĬȮĞŉŗĚŒĬĚŅĬĺŇěńĵĬňŘĻŉĔļŅıŀĸŇŏĴŀĶƢįĽĴ

ĶŃľĺƞŅĚȮPLA ŐĸŃȮPEO ŏĪėĬŇėĬňŘěŉĚĽŅĴŅĶĩĭŀĔıķĨŇĔĶĶĴĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴőħĵ

ŀŅĻńĵŀŋĦľĳŌĴŇĽĳŅĺŃėĸƟŅĵŐĔƟĺŐĸŃŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺĪňŗœĴƞŏĪƞŅĔńĬĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢŐĨƞĸŃĝĬŇħȮ

ĶĺĴĪńŘĚĽŅĴŅĶĩĭŀĔıķĨŇĔĶĶĴĔŅĶĨĔįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴœħƟŀňĔħƟĺĵȮ 
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ĶŌĮĪňŗȮ2,6ȮDSC thermogram ŒĬĕńŘĬȮcooling ĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO :  

(a) /PEO, (b) 0PEO, (c) 1PEO ŐĸŃȮ&d) 2PEO 

ŏĴŊŗŀıŇěŅĶĦŅįĸĕŀĚĮĶŇĴŅĦȮPEO ĨƞŀĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ħƟĺĵ

ŏĪėĬŇėȮDSC ěŅĔȮDSC thermogram ŒĬĶŌĮȮ2,6(a)-(d) ŐĸŃĕƟŀĴŌĸĪŅĚėĺŅĴĶƟŀĬĪňŗĽņėńĠŐĽħĚœĺƟŒĬ

ĨŅĶŅĚĪňŗȮ2,0 ıĭĺƞŅœĴƞıĭıňėĕŀĚĔŅĶĨĔįĸŉĔȮ(Tc) ŒĬȮNeat PLA ŏĬŊŗŀĚěŅĔȮPLA ĴňėĺŅĴŏĮƦĬŀĽńĦģŅĬȮ

Y4[ ŐĨƞŏĴŊŗŀŏĨŇĴȮPEO ŀĵƞŅĚĬƟŀĵȮ/.Ȯwt% ĸĚŒĬŏĴĪĶŇĔĞƢȮPLA ěŃĽńĚŏĔĨŏľŖĬȮTc (~ 79 ºC) ŐĸŃŏĴŊŗŀ

ŏĨŇĴȮPEO 15 wt% ıĭĺƞŅȮTc ŐĸŃȮƇHc ĴňėƞŅŏıŇŗĴĕŉŘĬȮőħĵȮTc ŐĸŃȮƇHc ĪňŗŏıŇŗĴĕŉŘĬĬňŘȮŐĽħĚŒľƟŏľŖĬĺƞŅ

ĔŅĶŏĨŇĴȮPEO ĽŅĴŅĶĩĝƞĺĵĮĶńĭĮĶŋĚĔŅĶĨĔįĸŉĔĕŀĚȮPLA œħƟȮŏĬŊŗŀĚěŅĔȮPEO ěŃŏĕƟŅœĮŐĪĶĔĶŃľĺƞŅĚ

ĽŅĵőĞƞȮPLA ĪņŒľƟĽŅĵőĞƞĕŀĚȮPLA ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬŐĸŃŏĶƞĚŀńĨĶŅĔŅĶĨĔįĸŉĔȮĞŉŗĚĪņŒľƟȮPLA 

ĽŅĴŅĶĩĨĔįĸŉĔŒĬĶŃħńĭĪňŗĴŅĔĕŉŘĬŏĴŊŗŀŏĵŖĬĨńĺĸĚŐĸŃĨĔįĸŉĔĪňŗŀŋĦľĳŌĴŇĽŌĚĕŉŘĬĞŉŗĚėĸƟŅĵĔńĭıķĨŇĔĶĶĴĔŅĶ

ĨĔįĸŉĔĕŀĚȮPLA įĽĴĔńĭȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸȮ10,000 g/mol ĪňŗĶŅĵĚŅĬőħĵȮFeng-Jiao LiȮŐĸŃ

ėĦŃȮY4[ȮĬŀĔěŅĔĬňŘĵńĚıĭıňėĔŅĶĨĔįĸŉĔĕĬŅħŏĸŖĔȮ(ħńĚŐĽħĚŒĬĺĚĔĸĴĕŀĚĶŌĮĪňŗȮ2,6(a)-(d)) ĽŅĴŅĶĩ

(a) (b) 

(c) (d) 
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ĽńĚŏĔĨœħƟŏĴŊŗŀŏĨŇĴȮPEO ĴŅĔĔĺƞŅȮ10 %wt ŀŅěŏĮƦĬŏıĶŅŃȮPEO ŏĶŇŗĴŏĔŇħĔŅĶŐĵĔŏĲĽŀŀĔěŅĔĶŃĭĭ

įĽĴ 

 
ĶŌĮĪňŗȮ2,7ȮDSC thermogram ŒĬĕńŘĬȮsecond heating ĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮ

PLA/PEO : (a) /PEO, (b) 0PEO, (c) 1PEO ŐĸŃȮ&d) 2PEO 

 ěŅĔȮDSC thermogram ŒĬĶŌĮĪňŗȮ2,7(a)-(d) ĽńĚŏĔĨŏľŖĬĺƞŅŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĳŅĺŃėĸƟŅĵ

ŐĔƟĺȮ(Tg) ĸħĸĚěŅĔȮ32,/3ȮºCȮĕŀĚȮNeat PLAȮœĮĪňŗȮ~ 35 ºC ŏĴŊŗŀŏĨŇĴȮPEO /. wt% ŐĨƞŏĴŊŗŀŏĨŇĴȮ

PEO 15 wt% ĬńŘĬŏľŖĬȮTg œĴƞĝńħŏěĬȮĔŅĶėƟĬıĭĬňŘėĸƟŅĵĔńĭĚŅĬĺŇěńĵŀŊŗĬŕȮıĭĺƞŅĔŅĶŒĽƞȮPEG ľĶŊŀȮPEOȮ

ŒĬȮPLA ĶŃľĺƞŅĚĔŅĶįĽĴěŃĪņŒľƟ TgȮĸħĸĚȮ[8, 45, 47, 48]ȮŏĴŊŗŀıŇěŅĶĦŅŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔŏĴŊŗŀŒľƟ

ėĺŅĴĶƟŀĬȮ(Tcc) ıĭĺƞŅĸħĸĚěŅĔȮ/.7,64ȮºCȮĕŀĚȮNeat PLAȮœĮĪňŗȮ~ 80 ºC ŏĴŊŗŀŏĨŇĴȮPEO /. wt%

ŐĨƞŏĴŊŗŀŏĨŇĴȮPEO 15 wt% ĬńŘĬœĴƞĽŅĴŅĶĩĽńĚŏĔĨŏľŖĬȮTcc ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘıĭĺƞŅ

ĔŅĶŏĨŇĴȮPEG ĸĚŒĬȮPLLA ěŃĝƞĺĵŀņĬĺĵėĺŅĴĽŃħĺĔŒĬĔĶŃĭĺĬĔŅĶĨĔįĸŉĔŏĴŊŗŀŒľƟėĺŅĴĶƟŀĬȮőħĵėƞŅȮ

Tcc ĕŀĚ PLLA ěŃĸħĸĚȮŏĮƦĬĕƟŀĭƞĚĝňŘŏĔňŗĵĺĔńĭėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚŏĲĽȮPEG ŐĸŃȮPLLA [49] 

ĬŀĔěŅĔĬňŘȮWang ėĦŃ œħƟĽńĚŏĔĨŏľŖĬįĸĸńıīƢĪňŗėĸƟŅĵėĸŉĚĔńĬĕŀĚĔŅĶĸħĸĚĕŀĚȮTcc ėĺĭėŌƞœĮĔńĭĔŅĶ

(a) (b) 

(c) (d) 

żh 

żh 

 h

żh 

żh 

 h

 h

 h
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ŏĮĸňŗĵĬŐĮĸĚĕŀĚȮTg [50]ȮĔŅĶĸħĸĚĕŀĚȮTg ŐĸŃȮTcc ĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅĶŃĭĭįĽĴĬňŘŏĮƦĬĔŅĶįĽĴŏĕƟŅĔńĬ

œħƟĭŅĚĽƞĺĬȮ&partially miscible system) [44] 

 ŒĬĕĦŃĪňŗŀŋĦľĳŌĴŇľĸŀĴįĸŉĔȮ(Tm) ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĸħĸĚŏĴŊŗŀŏĪňĵĭĔńĭȮNeat PLAȮŐĸŃ

ŐĽħĚȮ0Ȯıňė ĞŉŗĚŐĽħĚĩŉĚĔŅĶĴňįĸŉĔȮ2 ĶŌĮŐĭĭȮėŊŀȮhȮŐĸŃȮ%h őħĵįĸŉĔĶŌĮŐĭĭȮ%hȮŏĮƦĬįĸŉĔĪňŗĴň

őėĶĚĽĶƟŅĚœĴƞŏĮƦĬĶŃŏĭňĵĭȮ(disorderly structure) ŐĸŃľĸŀĴĪňŗŀŋĦľĳŌĴŇĨŗņĔĺƞŅȮ(Tm1) ľĸńĚěŅĔĬńŘĬěŃ

ŏĔŇħĔŅĶĨĔįĸŉĔŀňĔėĶńŘĚŒĬĶŌĮŐĭĭȮȮhěŃľĸŀĴĪňŗŀŋĦľĳŌĴŇĽŌĚĔĺƞŅȮ(Tm2) [51] ĬŀĔěŅĔĬňŘĵńĚĽńĚŏĔĨŏľŖĬ

ıňėȮTm ŏĸŖĔŕȮŒĬıŀĸŇŏĴŀĶƢįĽĴȮĞŉŗĚŒĔĸƟŏėňĵĚĔńĭ TmȮĕŀĚȮPEO (ŒĬĨŅĶŅĚĪňŗȮ2,0)ȮŏĴŊŗŀŒĽƞȮPEO ĴŅĔĔĺƞŅȮ

10 wt% (ĺĚĔĸĴŒĬĶŌĮĪňŗȮ2,7(a)-(d)) ŀŅěěŃŏĮƦĬŏıĶŅŃĺƞŅȮPEO ŏĔŇħĔŅĶŐĵĔŏĲĽŀŀĔěŅĔıŀĸŇŏĴŀĶƢ

įĽĴȮŏĬŊŗŀĚěŅĔȮPEO ŏĔŇħĔŅĶĶĺĴĔĸŋƞĴȮ(Agglomerate) ĔńĬħńĚĳŅıȮSEM ĶŌĮĪňŗȮ2,5(j)-(m) ŀňĔĪńŘĚ

ĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘ Y4[ȮıĭĺƞŅĔŅĶŐĵĔŏĲĽĕŀĚȮPEGȮŀŀĔěŅĔıŀĸŇŏĴŀĶƢįĽĴĴńĔŏĔŇħĕŉŘĬ

ŏĴŊŗŀĮĶŇĴŅĦȮPEG ŏĔŇĬȮ10 wt% ŏĝƞĬĔńĬȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅėĺŅĴŏĮƦĬįĸŉĔħńĚĶŌĮĪňŗȮ2,/.ȮıĭĺƞŅŏĴŊŗŀ

ĮĶŇĴŅĦȮPEO ŏıŇŗĴĕŉŘĬȮĮĶŇĴŅĦįĸŉĔĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮĞŉŗĚŏĮƦĬįĸěŅĔȮPEO ĽŅĴŅĶĩĪņľĬƟŅĪňŗŏĮƦĬĽŅĶ

ĔƞŀįĸŉĔȮ(Nucleating agent) ŒľƟĔńĭȮPLA ħńĚĬńŘĬȮPEO ĽŅĴŅĶĩĪņľĬƟŅĪňŗœħƟĪńŘĚıĸŅĽĨŇœĞŏĞŀĶƢȮĞŉŗĚěŃ

ĝƞĺĵĸħŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&Tg) ŐĸŃŏĮƦĬĽŅĶĔƞŀįĸŉĔȮĞŉŗĚĝƞĺĵŏıŇŗĴŀńĨĶŅĔŅĶĨĔįĸŉĔȮ

ŏĬŊŗŀĚħƟĺĵĽŅŏľĨŋěŅĔĔŅĶŏıŇŗĴĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĴŏĸĔŋĸȮPLA ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚ 

Debarghya Saha ŐĸŃėĦŃ ŐĸŃȮAnnauniv Santhoskumar ŐĸŃėĦŃ [9, 52] 

 
ĶŌĮĪňŗȮ2,/.ȮŐĽħĚėĺŅĴŏĮƦĬįĸŉĔĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 

ŏĴŊŗŀıŇěŅĶĦŅĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ěŅĔĨŅĶŅĚĪňŗȮ2,0 ěŃŏľŖĬœħƟĺƞŅȮTc*ȮƇFc ŐĸŃȮƇHm 
ĕŀĚȮpure PEO ĴňŐĬĺőĬƟĴĸħĸĚŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮĞŉŗĚĭƞĚĝňŘĺƞŅȮPEO ĪňŗĴňĬŘņľĬńĔ
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őĴŏĸĔŋĸĽŌĚěŃĸħėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨĔįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴŏĴŊŗŀĮĶŇĴŅĦȮPEO ėĚĪňŗȮĪńŘĚĬňŘŏĮƦĬŏıĶŅŃ 
PEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĨŗņĔĺƞŅěŃĴňĕĬŅħőĴŏĸĔŋĸĪňŗŏĸŖĔŐĸŃĽŅĵőĞƞőĴŏĸĔŋĸĽńŘĬȮěŉĚĽŅĴŅĶĩŐĪĶĔŏĕƟŅœĮ
ŒĬőĴŏĸĔŋĸĕŀĚȮPLA œħƟĚƞŅĵĔĺƞŅŐĸŃĽŅĴŅĶĩĪņľĬƟŅĪňŗŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĪňŗħňĭĬȮPLA ŀĵƞŅĚœĶĔŖĨŅĴȮ
Tm ĕŀĚȮpureȮPEO œĴƞŐĨĔĨƞŅĚĔńĬĨŅĴĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ĪňŗŏıŇŗĴĕŉŘĬ 

 
ĶŌĮĪňŗȮ2,//ȮDSC thermogram ŒĬĕńŘĬȮcooling ĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO :   

(a) 3Ȯwt%, (b) /.Ȯwt% ŐĸŃȮ&c) /3Ȯwt% 

ŏĴŊŗŀıŇěŅĶĦŅįĸĕŀĚĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ĨƞŀĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮ

PLA/PEO ěŅĔȮDSC thermogram ŒĬĶŌĮĪňŗȮ2,//(a)-(c) ıĭĺƞŅœĴƞĽńĚŏĔĨŏľŖĬȮTc ĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮ

PEO 5 wt% ŐĸŃ Tc ĴňėƞŅœĴƞŐĨĔĨƞŅĚĔńĬĴŅĔĬńĔȮŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮĪňŗĮĶŇĴŅĦĔŅĶ

ŏĨŇĴȮPEO 10 ŐĸŃȮ/3 wt% ŐĨƞȮƇHc ĴňŐĬĺőĬƟĴĸħĸĚŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮŐĽħĚĺƞŅ

ŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬěŃĸħėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨĔįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮŏĬŊŗŀĚěŅĔȮ

PEO ĬŘņľĬńĔőĴŏĸĔŋĸĨŗņěŃŐĪĶĔŏĕƟŅœĮŒĬőĴŏĸĔŋĸĕŀĚȮPLA ŐĸŃĽŅĴŅĶĩěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔœħƟĚƞŅĵĔĺƞŅȮ

PEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,0ȮŐĸŃŐįĬĳŅıĶŌĮĪňŗȮ2,4ȮȮ 

(a) (b) 

(c) 
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ĶŌĮĪňŗȮ2,/0ȮDSC thermogram ŒĬĕńŘĬȮsecond heating ĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮ

PLA/PEO : (a) 3Ȯwt%, (b) /.Ȯwt% ŐĸŃȮ&c) /3Ȯwt% 

ěŅĔȮDSC thermogram ŒĬĶŌĮĪňŗȮ2,/0(a) ŐĸŃȮ2,/0(b) ıĭĺƞŅŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO 
ŏıŇŗĴĕŉŘĬȮTgȮŐĸŃȮTm œĴƞŐĨĔĨƞŅĚĔńĬĴŅĔĬńĔȮŐĸŃŐĽħĚȮTm 2 ıňėȮĞŉŗĚŐĽħĚĩŉĚĔŅĶĴňįĸŉĔȮ2 ĶŌĮŐĭĭȮėŊŀȮ

ȮhŐĸŃȮŲhȮħńĚĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬȮŐĨƞȮTcc ĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮŐĸŃ
ŒĬĶŌĮĪňŗȮ2,/0(c)ȮĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮPEO 15 wt% ıĭĺƞŅȮTm2ȮėŊŀŀŋĦľĳŌĴŇŒĬĔŅĶľĸŀĴįĸŉĔȮPLA ĪňŗĴň
őėĶĚĽĶƟŅĚĽĴĭŌĶĦƢĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮŀŅěŏĬŊŗŀĚĴŅěŅĔȮPEO ĪňŗĴň
ĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚȮěŃĴňĕĬŅħőĴŏĸĔŋĸĪňŗŒľĠƞœĮĶĭĔĺĬĔŅĶŏĔŇħįĸŉĔĕŀĚȮPLA ěŉĚĪņŒľƟŏĔŇħįĸŉĔĪňŗĴň
őėĶĚĽĶƟŅĚĽĴĭŌĶĦƢĴŅĔĔĺƞŅȮħńĚĬńŘĬěŉĚĨƟŀĚŒĝƟŀŋĦľĳŌĴŇĽŌĚĕŉŘĬŒĬĔŅĶľĸŀĴįĸŉĔȮPLA 

ĬŀĔěŅĔĬňŘĮĶŇĴŅĦįĸŉĔĴňŐĬĺőĬƟĴĸħĸĚŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮőħĵĪńŗĺœĮŐĸƟĺ
ŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ĽŌĚĕŉŘĬ ėĺŅĴĵŅĺĽŅĵőĞƞěŃŏıŇŗĴĕŉŘĬȮŒĬĕĦŃĪňŗěņĬĺĬľĴŌƞœŁħĶŀĔĞŇĸȮ(-OH) 
ĸħĸĚŐĸŃŀŅěŏıŇŗĴėĺŅĴŏĔňŗĵĺıńĬĔńĬĕŀĚĽŅĵőĞƞȮPEO ŐĸŃȮPLA ĽƞĚįĸŒľƟėĺŅĴŏĽĩňĵĶŐĸŃėĺŅĴŏĕƟŅĔńĬ
œħƟĕŀĚȮPEO ŐĸŃȮPLA ĸħĸĚȮħńĚĶŌĮĪňŗȮ2,5(m) ĔŅĶŏĨŇĴȮPEO 400,000 g/mol ĮĶŇĴŅĦȮ/3Ȯwt% ĬńŘĬȮ
PEO ěŃŐĵĔŏĲĽŀŀĔěŅĔȮPLA ĴňĶŌĮĶƞŅĚĸńĔļĦŃĵŅĺĶňŏĮƦĬĪƞŀĬŕȮĮĶŇĴŅĦįĸŉĔěŉĚĸħĸĚȮ(ĨŅĶŅĚĪňŗȮ2,0)Ȯ

(a) (b) 

(c) 
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ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚ Byung-Sik ParkȮŐĸŃėĦŃȮY22[ ıĭĺƞŅĔŅĶŏĨŇĴȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸ
ĨŗņȮ(Mw = 35,000 g/mol) ĸĚŒĬŏĴĪĶŇĔĞƢȮPLA ĽƞĚįĸŒľƟıňėĔŅĶĨĔįĸŉĔĝńħŏěĬĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅȮ
PEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĨŗņĴňįĸĨƞŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨĔįĸŉĔĕŀĚȮPLA ŏľĴŊŀĬŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢ 
ŐĸŃĔŅĶŏĨŇĴȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚȮ(PEG ĪňŗĕĵŅĵĽŅĵőĞƞħƟĺĵȮMDI) ěŃıĭĪńŘĚȮTm ĕŀĚȮPLA 
ĭĶŇĽŋĪīŇśȮŐĸŃȮTm ĕŀĚȮPEG ĞŉŗĚĭƞĚĝňŘĺƞŅȮPLA ŐĸŃȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚĬńŘĬŏĕƟŅĔńĬœĴƞœħƟĪŅĚŀŋĦ
ľıĸĻŅĽĨĶƢȮŀĵƞŅĚœĶĔŖĨŅĴȮPEO ĪňŗĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚĵńĚėĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨĔįĸŉĔœħƟħňŒĬĶŃħńĭ
ľĬŉŗĚȮŀŅěŏĮƦĬœĮœħƟĺƞŅ PEO ĪňŗĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚȮĪņŒľƟŏĔŇħŏĲĽįĸŉĔĕŀĚȮPEOȮŏŀĚěŃœĮŏĝŊŗŀĴĨƞŀĔńĭ
ĽƞĺĬĪňŗŏėĸŊŗŀĬœľĺœħƟĬƟŀĵĕŀĚȮPEO ŐĸŃĽŃħĺĔĨƞŀĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔ [53] 
ĨŅĶŅĚĪňŗȮ2,0 ŐĽħĚĕƟŀĴŌĸĪňŗœħƟěŅĔȮDSC ĕŀĚȮNeat PLA, pure PEO ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 

Samples Tg 

(ºC) 
Tc 

(ºC) 
ƇHc 
(J/g) 

Tcc 

(ºC) 
Tm1 
(ºC) 

Tm2 
(ºC) 

ƇHm 
(J/g) 

Xc 

(%) 
Neat PLA 54.15 - - /.7,64 146.00 152.04 32.92 0.63 

PLA/1PEO 5% 43.51 - - 72,72 140.11 150.40 34.78 4.78 
PLA/2PEO 5% 43.15 - - 72,24 140.10 150.38 34.84 2.91 
PLA/3PEO 5% 43.86 - - 73,07 140.12 150.58 34.16 1.79 
PLA/4PEO 5% 43.66 - - 74,.6 140.88 150.70 25.44 1.54 
PLA/1PEO 10% 35.71 79.68 5.22 6.,3/ 136.54 149.38 34.26 12.61 
PLA/2PEO 10% 34.17 79.67 4.86 6.,47 136.87 149.54 33.94 11.18 
PLA/3PEO 10% 34.60 79.68 5.03 6.,5/ 136.54 149.54 33.91 10.65 
PLA/4PEO 10% 35.60 79.67 4.38 60,15 136.61 149.38 33.01 9.89 
PLA/1PEO 15% - 23.13, 82.65 2.45, 27.92 - 136.18 148.71 37.59 47.25 
PLA/2PEO 15% - 21.80, 84.19 2.88, 28.18 - 135.67 148.40 37.35 46.95 
PLA/3PEO 15% - 21.61, 82.27 2.50, 25.93 - 136.84 149.22 33.80 42.48 
PLA/4PEO 15% - 23.60, 80.38 1.92, 22.16 - 138.57 151.04 32.21 40.49 

1PEO - 45.26 134.07 - 63.22 - 137.46 - 
2PEO - 44.61 131.28 - 63.44 - 135.54 - 
3PEO - 42.02 123.25 - 63.40 - 127.38 - 
4PEO - 38.04 122.91 - 62.74 - 127.09 - 

 

4.1.5 ĔŅĶĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ħƟĺĵŏĪėĬŇė 

Thermal Gravimetric Analysis (TGA) 

ŒĬĔŅĶĺŇŏėĶŅŃľƢŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚĺńĽħŋőħĵŏĜıŅŃıŀĸŇŏĴŀĶƢŏĶŅěŃŒĝƟŏĪėĬŇė 

Thermal Gravimetric Analysis ľĶŊŀȮTGAȮőħĵĔŅĶĺńħĬŘņľĬńĔĕŀĚıŀĸŇŏĴŀĶƢĪňŗŏĮĸňŗĵĬŐĮĸĚŒĬŐĨƞĸŃ

ĝƞĺĚŀŋĦľĳŌĴŇŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮĞŉŗĚŒĬĚŅĬĺŇěńĵĬňŘěŃŒĝƟȮTGA ŏıŊŗŀĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚ
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ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPLA ŐĸŃȮPEO őħĵħŌěŅĔŀŋĦľĳŌĴŇŏĶŇŗĴĽĸŅĵĨńĺȮ(Onset temperature 

(Tonset)), ŀŋĦľĳŌĴŇĽĸŅĵĨńĺĽŌĚĽŋħȮ(Degradation temperature (Td)) ŐĸŃŀŋĦľĳŌĴŇĽĸŅĵĨńĺĽŋħĪƟŅĵȮ

(Endset temperature (Tendset))    

 

ĶŌĮĪňŗȮ2,/1 ŐĽħĚŏĪŀĶƢőĴŐĔĶĴĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO :  
(a) TGA ŐĸŃȮ&b) DTG 

 

 

 

(a) 

(b) 

Td2 

Td1 
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ĨŅĶŅĚĪňŗȮ2,1 ŐĽħĚĕƟŀĴŌĸĪňŗœħƟěŅĔȮTGA ĕŀĚȮNeat PLA, pure PEO ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 

Samples 
Tonset 

(ºC) 
Td1 

(ºC) 
Td2 

(ºC) 
Tendset 

(ºC) 

Neat PLA 347.84 365.29 - 377.28 
PLA/1PEO 5% 342.86 363.14 

~ 400  ~ 420-422 
PLA/2PEO 5% 343.77 364.13 

PLA/3PEO 5% 342.81 363.28 
PLA/4PEO 5% 340.85 361.82 

PLA/1PEO 10% 337.03 360.54 404.36 420.75 

PLA/2PEO 10% 338.37 360.97 406.17 421.16 
PLA/3PEO 10% 338.93 362.15 405.20 421.59 

PLA/4PEO 10% 333.38 358.94 406.11 419.76 
PLA/1PEO 15% 331.66 359.14 408.91 422.48 

PLA/2PEO 15% 329.65 357.90 408.66 421.82 

PLA/3PEO 15% 326.42 355.80 409.17 422.34 
PLA/4PEO 15% 326.78 355.92 409.31 422.03 

1PEO 164,6/ - 2.3,57 20/,2. 

2PEO 163,35 - 2.2,06 20.,50 
3PEO 162,43 - 2.3,07 20.,64 

4PEO 163,.6 - 2.2,55 20/,4. 

ŏĪŀĶƢőĴŐĔĶĴĕŀĚȮNeat PLA ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ŐĽħĚŒĬĶŌĮĪňŗȮ2,/1ȮŐĸŃĕƟŀĴŌĸĪňŗ

œħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮTGA ĕŀĚȮNeat PLA, pure PEO ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 

ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,1 

ŏĴŊŗŀıŇěŅĶĦŅįĸĕŀĚĮĶŇĴŅĦȮPEO ĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO 
ěŅĔŏĪŀĶƢőĴŐĔĶĴŐĸŃĨŅĶŅĚĪňŗȮ2,1ȮŐĽħĚŀŋĦľĳŌĴŇĽĸŅĵĨńĺĽŌĚĽŋħȮ(Degradation temperature (Td))Ȯ
ĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO ĮĶŅĔĢȮ0ȮĕńŘĬ őħĵĕńŘĬĪňŗȮ/ȮŏĮƦĬĔŅĶĽĸŅĵĨńĺĕŀĚȮPLA (Td1) ĪňŗŀŋĦľĳŌĴŇȮ
134-142 ºC ŐĸŃĕńŘĬĪňŗȮ0ȮŏĮƦĬĔŅĶĽĸŅĵĨńĺĕŀĚȮPEO (Td2) ĪňŗŀŋĦľĳŌĴŇȮ2.2-2.7 ºC ŐĸŃıĭĺƞŅ
ŀŋĦľĳŌĴŇŏĶŇŗĴĽĸŅĵĨńĺȮ(Onset temperature (Tonset)) ŐĸŃȮTd1 ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĨŗņĔĺƞŅŏĴŊŗŀŏĪňĵĭ
ĔńĭȮNeat PLA ŐĸŃŏĴŊŗŀĮĶŇĴŅĦĕŀĚȮPEO ŏıŇŗĴĕŉŘĬȮTonset ŐĸŃȮTd1 ŏĸŊŗŀĬœĮĪňŗŀŋĦľĳŌĴŇĨŗņĸĚȮŏĬŊŗŀĚěŅĔ
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ŏĴŊŗŀĮĶŇĴŅĦȮPEO ŏıŇŗĴĕŉŘĬȮěŃŐĽħĚįĸĕŀĚıĸŅĽĨŇœĞŏĞŀĶƢĴŅĔĕŉŘĬȮėŊŀĪņŒľƟőĴŏĸĔŋĸĕŀĚȮPLA ĽŅĴŅĶĩ
ŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮěŉĚĔĸŅĵŏĮƦĬĔĸœĔľĸńĔĪňŗĝƞĺĵŒĬĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮ
Y27[ ŐĸŃŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĕŀĚŏĲĽȮPEO ĬńŘĬĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮŏĴŊŗŀĮĶŇĴŅĦĕŀĚȮPEO ŏıŇŗĴĕŉŘĬ 
ŏĬŊŗŀĚĴŅěŅĔŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗĽŌĚĕŀĚȮPEO ĞŉŗĚĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘĔĸƞŅĺĺƞŅŏĽĩňĵĶĳŅıĪŅĚ
ėĺŅĴĶƟŀĬĕŀĚȮPEO ĭĶŇĽŋĪīŇśĬńŘĬĽŌĚĔĺƞŅȮPLA ĭĶŇĽŋĪīŇśȮĪņŒľƟŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴȮPLA 
ėƞŀĵŕȮŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦȮPEO ŏıŇŗĴĕŉŘĬȮY6[ȮŀĵƞŅĚœĶĔŖĨŅĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴȮPEO 5 wt% ĴňȮTd2 (~ 
400 ºC) ĨŗņĔĺƞŅȮTd ĕŀĚȮPEO (~ 404 ºC) ŀŅěŏĮƦĬŏıĶŅŃĺƞŅĮĶŇĴŅĦĔŅĶŒĽƞȮPEO ĬƟŀĵŏĔŇĬœĮ 
ĬŀĔěŅĔĬňŘıĭĺƞŅȮTendset ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĴňėƞŅĽŌĚĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭȮNeat PLA ŐĨƞĴňėƞŅœĴƞŐĨĔĨƞŅĚĔńĬ
ŏĴŊŗŀĮĶŇĴŅĦȮPEO ŏıŇŗĴĕŉŘĬŐĸŃĴňėƞŅŒĔĸƟŏėňĵĚĔńĭȮTendsetȮĕŀĚȮpureȮPEO ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮ
M,ȮBijarimi [45]ȮĪņĔŅĶįĽĴȮPLA ĔńĭȮPEG ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸȮ1,000 g/mol ıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴȮ
PLA/PEG-1,000 ŐĽħĚŀŋĦľĳŌĴŇŏĶŇŗĴĽĸŅĵĨńĺŐĸŃŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĽŌĚĽŋħĨŗņĔĺƞŅŐĨƞĴňŀŋĦľĳŌĴŇĔŅĶ
ĽĸŅĵĨńĺĽŋħĪƟŅĵĽŌĚĔĺƞŅŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮNeat PLA 

ŏĴŊŗŀıŇěŅĶĦŅįĸĕŀĚĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢ

įĽĴȮPLA/PEO ıĭĺƞŅȮPEO ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĨƞŅĚĔńĬȮTonset, Td2 ŐĸŃ Tendset ĴňėƞŅœĴƞŐĨĔĨƞŅĚĔńĬȮ

(ĨŅĶŅĚĪňŗȮ2,1)ȮŐĨƞȮTonset ŐĸŃȮTd/ ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĴňŐĬĺőĬƟĴĸħĸĚŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO 

ĽŌĚĕŉŘĬȮĞŉŗĚőħĵĪńŗĺœĮŐĸƟĺŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ĽŌĚĕŉŘĬ ėĺŅĴĵŅĺĽŅĵőĞƞěŃŏıŇŗĴĕŉŘĬȮŒĬĕĦŃĪňŗ

ěņĬĺĬľĴŌƞœŁħĶŀĔĞŇĸȮ(-OH) ĸħĸĚŐĸŃŀŅěŏıŇŗĴėĺŅĴŏĔňŗĵĺıńĬĔńĬĕŀĚĽŅĵőĞƞȮPEO ŐĸŃȮPLA ĽƞĚįĸŒľƟ

ėĺŅĴŏĽĩňĵĶŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚȮPEO ŐĸŃȮPLA ĸħĸĚȮ[6] ĞŉŗĚĽƞĚįĸœĮĵńĚėĺŅĴŏĮƦĬįĸŉĔĕŀĚıŀĸŇ

ŏĴŀĶƢįĽĴĪňŗĸħĸĚŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ĽŌĚĕŉŘĬħńĚĪňŗŐĽħĚŒĬĶŌĮĪňŗȮ2,/.ȮőħĵȮMohapatra ŐĸŃ

ėĦŃȮĔĸƞŅĺĺƞŅĔŅĶĪňŗėĺŅĴŏĮƦĬįĸŉĔĶĺĴĕŀĚıŀĸŇŏĴŀĶƢĸħĸĚĬňŘěŃĪņŒľƟıŀĸŇŏĴŀĶƢĽĸŅĵĨńĺœħƟĚƞŅĵĕŉŘĬȮ[54]Ȯ

ĽƞĺĬ Td2 ŐĸŃȮTendset ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĴňėƞŅœĴƞŐĨĔĨƞŅĚĔńĬŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPEO ĽŌĚĕŉŘĬ 

4.1.6 ĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĞŉĴįƞŅĬĔƠŅĞŀŀĔĞŇŏěĬȮĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮŐĸŃ

œŀĬŘņĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPLA/PEO  

ĮƤěěńĵľĸŅĵĮĶŃĔŅĶĽŅĴŅĶĩĴňŀŇĪīŇıĸĨƞŀĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬȮ(barrier properties) ĕŀĚĺńĽħŋ
ĭĶĶěŋĳńĦĤƢȮŏĝƞĬȮĔŅĶĽńĴįńĽŀŅľŅĶŐĸŃĽĳŅıŐĺħĸƟŀĴȮĞŉŗĚŐĬĺėĺŅĴėŇħĕŀĚĔŅĶĞŉĴįƞŅĬĔƠŅĞŐĸŃœŀĬŘņ
ĴńĔěŃŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĮĶŃŏĴŇĬĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬĕŀĚĺńĽħŋıĸŅĽĨŇĔȮŒĬĺńĽħŋĪňŗœĴƞĴňĕƟŀĭĔıĶƞŀĚȮŏĝƞĬȮĶŌ
ľĶŊŀĶŀĵŐĨĔȮĔĸœĔľĸńĔĽņľĶńĭĔŅĶœľĸĕŀĚĔƠŅĞŐĸŃœŀĬŘņįƞŅĬĲƕĸƢĴľĶŊŀĽŅĶŏėĸŊŀĭŏĮƦĬĔŅĶŐıĶƞŐĭĭ
ĔĶŃĨŋƟĬȮľĴŅĵėĺŅĴĺƞŅĨńĺĞŉĴįƞŅĬěŃĸŃĸŅĵŒĬŏĴĪĶŇĔĞƢĲƕĸƢĴħƟŅĬĪňŗĴňėĺŅĴŏĕƟĴĕƟĬĽŌĚĔĺƞŅȮŐıĶƞįƞŅĬĲƕĸƢĴ
œĮĵńĚħƟŅĬĪňŗĴňėĺŅĴŏĕƟĴĕƟĬĨŗņĔĺƞŅŐĸŃĶŃŏľĵŀŀĔěŅĔıŊŘĬįŇĺȮőħĵĔĸœĔĪńŗĺœĮĽņľĶńĭĔƠŅĞľĶŊŀœŀĬŘņĪňŗ
ŐıĶƞįƞŅĬĲƕĸƢĴıĸŅĽĨŇĔŐĽħĚŒĬĶŌĮĪňŗȮ2,14ȮĽņľĶńĭĲƕĸƢĴıŀĸŇŏĴŀĶƢĪňŗŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬĪňŗĴňėĺŅĴľĬŅȮl 
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ŐĸŃȮp ŏĮƦĬėĺŅĴħńĬėĚĪňŗȮ&őħĵȮp1 > p2) ŐĸŃȮc ėŊŀȮėĺŅĴŏĕƟĴĕƟĬėĚĪňŗȮ&őħĵȮc1 > c2) ĞŉŗĚėĺŅĴ
ŐĨĔĨƞŅĚŒĬĔŅĶĸŃĸŅĵěņŏıŅŃĕŀĚĔƠŅĞŀŅěĴňŀŇĪīŇıĸĨƞŀĔŅĶŐıĶƞĕŀĚĔƠŅĞĪńŗĺĪńŘĚŐįƞĬĲƕĸƢĴȮőħĵĕńŘĬĪňŗĽŀĚ
ĕŀĚĮĶŅĔĢĔŅĶĦƢĔŅĶĞŉĴįƞŅĬ ĔŅĶŐıĶƞěŃĕŉŘĬŀĵŌƞĔńĭĕĬŅħȮĶŌĮĶƞŅĚȮŐĸŃĕńŘĺĕŀĚőĴŏĸĔŋĸĕŀĚĔƠŅĞĪňŗ
ŏėĸŊŗŀĬĪňŗįƞŅĬĲƕĸƢĴŐĸŃėĺŅĴŏĮƦĬįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢȮĶŃħńĭĕŀĚĔŅĶŏĝŊŗŀĴĕĺŅĚŐĸŃĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵ
őĞƞıŀĸŇŏĴŀĶƢĕŀĚŏĴĪĶŇĔĞƢıŀĸŇŏĴŀĶƢĨŅĴĶŅĵĚŅĬěŅĔȮValentina Siracusa ŐĸŃėĦŃȮ[55] őĴŏĸĔŋĸĕŀĚ
ĔƠŅĞœĴƞĽŅĴŅĶĩĞŉĴįƞŅĬįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢœħƟŏıĶŅŃĺƞŅĴńĬœĴƞĸŃĸŅĵŒĬĺńĽħŋȮħńĚĬńŘĬĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŒĬ
ıŀĸŇŏĴŀĶƢĔŉŗĚįĸŉĔěŃŀĵŌƞŒĬĭĶŇŏĺĦŀĽńĦģŅĬȮĔŅĶĸħĸĚĕŀĚĔŅĶĞŉĴįƞŅĬŏĔŇħěŅĔŏĽƟĬĪŅĚėħŏėňŘĵĺĕĬŅħ
ŒľĠƞĶŃľĺƞŅĚįĸŉĔĸħĸĚŐĸŃėƞŅĔŅĶĞŉĴįƞŅĬĸħĸĚŏĮƦĬĽńħĽƞĺĬĔńĭĽńħĽƞĺĬĮĶŇĴŅĨĶĕŀĚŏĲĽįĸŉĔ [56]  

 
ĶŌĮĪňŗȮ2,/2 ŐĽħĚĔĸœĔĪńŗĺœĮĽņľĶńĭĔƠŅĞľĶŊŀœŀĬŘņĪňŗŐıĶƞįƞŅĬĲƕĸƢĴıĸŅĽĨŇĔ 

ĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮŀŀĔĞŇŏěĬȮŐĸŃœŀĬŘņȮŏĮƦĬĮƤěěńĵľĸńĔĪňŗĽƞĚįĸĨƞŀėĺŅĴĽħĕŀĚœĴƟħŀĔȮ
őħĵĔƠŅĞŏľĸƞŅĬňŘŀŅěĩƞŅĵőŀĬįƞŅĬįĬńĚĭĶĶěŋĳńĦĤƢĽƞĚįĸĨƞŀŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅįĸŇĨĳńĦĤƢŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ
ħńĚĬńŘĬĔŅĶĻŉĔļŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞěŉĚŏĮƦĬıŊŘĬģŅĬŒĬĔŅĶĪņėĺŅĴŏĕƟŅŒěŐĸŃėƟĬľŅĭĶĶěŋĳńĦĤƢĪňŗħňĪňŗĽŋħ
ŏıŊŗŀľĸňĔŏĸňŗĵĚėĺŅĴŏĽňĵľŅĵŒĬĶŃľĺƞŅĚĔŅĶĕĬĽƞĚȮ[57] 

ĽĴĭńĨŇĔŅĶĔńŘĬĔƠŅĞŀŀĔĞŇŏěĬĕŀĚĭĶĶěŋĳńĦĤƢĴňĭĪĭŅĪĽņėńĠŒĬĔŅĶŏĔŖĭĶńĔļŅįĸŇĨĳńĦĤƢȮőħĵėƞŅ
ĽńĴĮĶŃĽŇĪīŇśĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŀŀĔĞŇŏěĬȮ&Oxygen permeability coefficients (OP)) ŏĮƦĬĨńĺĭƞĚĝňŘ
ĮĶŇĴŅĦŀŀĔĞŇŏěĬĨƞŀľĬƞĺĵıŊŘĬĪňŗŐĸŃŏĺĸŅĪňŗĞŉĴįƞŅĬĺńĽħŋĭĶĶěŋĳńĦĤƢȮ&mm cm3-m2 d bar'ȮħńĚĬńŘĬŏĴŊŗŀ
ĭĶĶěŋĳńĦĤƢĲƕĸƢĴıŀĸŇŏĴŀĶƢĴňėƞŅȮOP ĨŗņȮėĺŅĴħńĬŀŀĔĞŇŏěĬĳŅĵŒĬĭĶĶěŋĳńĦĤƢĸħĸĚěĬĩŉĚěŋħĪňŗŏĔŇħĔŅĶ
ĝŃĸŀĔŅĶŏĔŇħŀŀĔĞŇŏħĝńŗĬȮěŃĝƞĺĵĵŊħŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅįĸŇĨĳńĦĤƢœħƟȮőħĵĪńŗĺœĮŐĸƟĺıŀĸŇŏĴŀĶƢĪňŗĵƞŀĵ
ĽĸŅĵœħƟĪŅĚĝňĺĳŅıȮŏĝƞĬȮıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ&PLA) ŏĮƦĬıŀĸŇŏĴŀĶƢĝĬŇħľĬŉŗĚĪňŗœħƟĶńĭėĺŅĴĬŇĵĴŒĬħƟŅĬ
ĭĶĶěŋĳńĦĤƢȮĞŉŗĚŐĽħĚėƞŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞŀŀĔĞŇŏěĬȮ(OTR)ȮĨŗņĔĺƞŅıŀĸŇŏĴŀĶƢĽńĚŏėĶŅŃľƢĪňŗŒĝƟŒĬĚŅĬ


