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ĬŅĚĽŅĺ ĺĶŅıĶ ĽŋħĨŅ: ĔŅĶŏĨĶňĵĴŐįƞĬőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬ ŀŃħŇ
ŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨ ŐĸŃŐĮƚĚĴńĬĽņĮŃľĸńĚ ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢľĸńĔ : įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ 
ħĶ. ĽŋħĻŇĶŇ ŏľĴĻĶň 

 
ĚŅĬĺŇěńĵĬňŘěńħĪņĕŉŘĬŏıŊŗŀĻŉĔļŅĔŅĶŏĨĶňĵĴŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬ ŀŃħŇ

ŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨ (PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔ
ŐŀĬœŁœħĶƢħ (MTPS) őħĵŐĭƞĚĚŅĬĺŇěńĵŀŀĔŏĮƦĬ 3 ĨŀĬ ĨŀĬĪňŗ 1 ŏĨĶňĵĴŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴ
ŀńĨĶŅĽƞĺĬŀńĨĶŅĽƞĺĬ 90/10, 80/20 ŐĸŃ 70/30 őħĵĬŘņľĬńĔĪńŘĚĪňŗœĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴıŀĸŇĭŇĺĪŇĸňĬŀŃħŇ
ŏħĪ-őė-ŏĶĲĪŅŏĸĪĪňŗĩŌĔħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħ (PBAT-g-MA) ıĭĺƞŅĔŅĶŏıŇŗĴ
ĮĶŇĴŅĦ MTPS ŐĸŃĔŅĶŏĨŇĴ PBAT-g-MA ĽƞĚįĸŒľƟŐįƞĬĝňĪĴňėĺŅĴŏĕƟŅĔńĬœħƟħňĴŅĔĕŉŘĬ ĪņŒľƟŐįƞĬĝňĪıŀ
ĸŇŏĴŀĶƢįĽĴĴňĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĪňŗħňĕŉŘĬ ĨŀĬĪňŗ 2 ŏĨĶňĵĴŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴ
ŀńĨĶŅĽƞĺĬ 90/10, 80/20 ŐĸŃ 70/30 őħĵĬŘņľĬńĔ ĪňŗĴňĔŅĶŏĨŇĴ PBAT-g-MA ŐĸŃĴňĔŅĶŏĨŇĴ 4,4'-
Oxydibenzenesulfonyl Hydrazide (OBSH) ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĲŌĮĶŇĴŅĦ 10, 15 ŐĸŃ 20 phr 
ıĭĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦ MTPS ĽƞĚįĸőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴľĬŅŐĬƞĬ ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħ 
ŐĸŃėĺŅĴŐĕŖĚŏıŇŗĴĕŉŘĬ ŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚ OBSH ıĭĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦ OBSH ĽƞĚįĸŒľƟŏĞĸĸƢ
őĲĴĴňĕĬŅħŒľĠƞĕŉŘĬ ĪņŒľƟŐįƞĬőĲĴĴňėĺŅĴľĬŅŐĬƞĬĸħĸĚ ěŉĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħ ŐĸŃėĺŅĴ
ŐĕŖĚĸħĸĚ ěŅĔĚŅĬĺŇěńĵĨŀĬĪňŗ 2 įŌƟĺŇěńĵœħƟĪņĔŅĶŏĸŊŀĔőĲĴıŀĸŇŏĴŀĶƢįĽĴŀńĨĶŅĽƞĺĬ 80/20/10 ĪňŗĴňĔŅĶ
ŏĨŇĴ OBSH 15 phr ŏıŊŗŀħņŏĬŇĬĚŅĬĺŇěńĵĨƞŀŒĬĨŀĬĪňŗ 3 ĞŉŗĚœħƟĪņĔŅĶĻŉĔļŅŀŇĪīŇıĸĔŅĶŏĨŇĴ Sepiolite 
ĪňŗĴňįĸĨƞŀĽĴĭńĨŇĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ őħĵŏĨŇĴ Sepiolite ĮĶŇĴŅĦ 1, 3 ŐĸŃ 5 phr ıĭĺƞŅĔŅĶŏıŇŗĴ
ĮĶŇĴŅĦ Sepiolite ĽƞĚįĸŒľƟŏĞĸĸƢőĲĴĴňĕĬŅħŏĸŖĔĸĚ őĲĴěŉĚĴňėĺŅĴľĬŅŐĬƞĬŏıŇŗĴĕŉŘĬ ĶĺĴĩŉĚĴň
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħ ŐĸŃėĺŅĴŐĕŖĚĕŀĚŐįƞĬőĲĴŏıŇŗĴĕŉŘĬħƟĺĵ ŐĨƞŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦ Sepiolite 
ŏĮƦĬ 5 phr ėƞŅ Compressive strength ŐĸŃėƞŅ Compressive modulus ĴňėƞŅĸħĸĚ ĞŉŗĚŀŅěŏĮƦĬįĸ
ĴŅěŅĔ Sepiolite ŏĔŇħĔŅĶĶĺĴĨńĺĔńĬŏĮƦĬěŋħĶĺĴėĺŅĴŏėƟĬ ěŅĔĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵ
ŏĪėĬŇė DSC ıĭĺƞŅėƞŅ Tc ŐĮĶįńĬĨŅĴĮĶŇĴŅĦ Sepiolite ŏĬŊŗŀĚěŅĔ Sepiolite ĮĶŃıķĨŇĨńĺŏĮƦĬ 
Nucleating agent 
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MISS WARABHORN SUDTA : PREPARATION OF FOAM SHEET FROM POLYMER 
BLEND BETWEEN POLY(BUTYLENE ADIPATE-CO-TEREPHTHALATE) AND CASSAVA 
STARCH  THESIS ADVISOR : ASSISTANT PROFESSOR SUDSIRI HEMSRI, Ph.D. 

This research was aimed to study the preparation of poly(butylene adipate-co-
terephthalate) (PBAT) and maleated thermoplastic starch (MTPS) foam. The study was 
divided into three parts. The first part prepared the PBAT/MTPS sheet in various ratios of 
90/10, 80/20 and 70/30 by weight with and without maleic anhydride grafted PBAT (PBAT-g-
MA). The effect of MTPS content and PBAT-g-MA on various sheet properties is discussed. 
An increased amount of MTPS and the additions of PBAT-g-MA resulted in better 
compatibility. This allows the polymer sheet have better mechanical and thermal properties. 
In the second part prepared the PBAT/MTPS foam in ratios of 90/10, 80/20 and 70/30 by 
weight with additions PBAT-g-MA 10wt% and 4,4'-Oxydibenzenesulfonyl Hydrazide 
(OBSH) 10, 15 and 20 phr. The effect of MTPS content and OBSH content on various foam 
properties is discussed. Increasing MTPS content resulted in smaller cell size, and 
consequently the density, compressive strength, compressive modulus and hardness were 
increased. Considering the influence of OBSH content, it was found that an increased amount 
of OBSH resulted in larger cell size, and consequently the density, compressive strength, 
compressive modulus and hardness were decreased. The researcher selected  80/20/10 
foam with OBSH 15 phr to continue the research in the third part, the effect of sepiolite 
content on the properties of polymer foam was studied by adding 1, 3 and 5 phr of sepiolite. 
When the amount of sepiolite increased, cell size of foam is smaller, and consequently the 
density, compressive strength, compressive modulus and hardness of polymer foam were 
increased. On the contrary, when adding the sepiolite 5 phr, the compressive strength and 
the compressive modulus were decreased due to the sepiolite agglomeration as a stress 
concentration. DSC technique revealed that increasing sepiolite content resulted in Tc was 
increased because sepiolite acts as a nucleating agent. 
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ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
  

ĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵŐĸŃĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘĽņŏĶŖěĸŋĸƞĺĚœħƟħƟĺĵėĺŅĴĝƞĺĵŏľĸŊŀěŅĔįŌƟĝƞĺĵ
ĻŅĽĨĶŅěŅĶĵƢħĶ. ĽŋħĻŇĶŇ ŏľĴĻĶňŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢ įŌƟėŀĵŒľƟėņĮĶŉĔļŅ ĝňŘŐĬŃŐĬĺĪŅĚĔŅĶ 
ħņŏĬŇĬĚŅĬĺŇěńĵ ĨĸŀħěĬĝƞĺĵŐĔƟœĕĮƤĠľŅĨƞŅĚŕ įŌƟĺŇěńĵĕŀĕŀĭıĶŃėŋĦŀŅěŅĶĵƢŏĮƦĬŀĵƞŅĚĽŌĚ 

ĕŀĕŀĭėŋĦįŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ. ĦńģĺŋĥŇ ĝńĵĵŋĨĨƢ ŐĸŃĶŀĚĻŅĽĨĶŅěŅĶĵƢ ħĶ. ĽĴŏěĨĬƢ ıńĝĶ
ıńĬīƢ ĪňŗĽĸŃŏĺĸŅĴŅŏĮƦĬĮĶŃīŅĬŐĸŃėĦŃĔĶĶĴĔŅĶŒĬĔŅĶĽŀĭĺŇĪĵŅĬŇıĬīƢĬňŘĨĸŀħěĬŒľƟ ėņŐĬŃĬņŒĬ
ĔŅĶŐĔƟœĕĕƟŀĭĔıĶƞŀĚĨƞŅĚŕ ŒĬĔŅĶĽŀĭĺŇĪĵŅĬŇıĬīƢŐĸŃĕŀĕŀĭıĶŃėŋĦŀŅěŅĶĵƢĪŋĔĪƞŅĬ ĕŀĚĳŅėĺŇĝŅ
ĺŇĪĵŅĔŅĶŐĸŃĺŇĻĺĔĶĶĴĺńĽħŋ ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴ ĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ Īňŗ
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ĭĪĪňŗ 1  
ĭĪĬņ 

1.1 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽņėńĠĕŀĚĮƤĠľŅ 

 ĮƤěěŋĭńĬĴňĔŅĶŒĝƟőĲĴıĸŅĽĨŇĔŏĮƦĬĺńĽħŋĭĶĶěŋĳńĦĤƢŏıŊŗŀĮĔĮƚŀĚįŇĺĽŇĬėƟŅěŅĔĔŅĶĔĶŃŐĪĔȮ
ĔŅĶŏĽňĵħĽňĶĺĴĩŉĚĶŀĵĕňħĕƞĺĬĪňŗŀŅěŏĔŇħĕŉŘĬĶŃľĺƞŅĚĔŅĶĕĬĽƞĚŀĵƞŅĚŐıĶƞľĸŅĵȮőħĵĪńŗĺœĮőĲĴħńĚĔĸƞŅĺĴńĔ
įĸŇĨĴŅěŅĔıŀĸŇŏŀĪŇĸňĬĞŉŗĚĴňėĺŅĴĵŊħľĵŋƞĬĽŌĚŏľĴŅŃĽņľĶńĭŒĝƟŏĮƦĬĺńĽħŋĭĶĶěŋĳńĦĤƢŏıŊŗŀĮƚŀĚĔńĬėĺŅĴ
ŏĽňĵľŅĵĕŀĚĽŇĬėƟŅȮĬŀĔěŅĔĬňŘĵńĚĴňėĺŅĴĽŃħĺĔŐĸŃĮĶŃľĵńħėƞŅŒĝƟěƞŅĵĪňŗŒĝƟŒĬĔŅĶĕĬĽƞĚȮŏĬŊŗŀĚěŅĔőĲĴ
ĪňŗœħƟěŅĔıŀĸŇŏŀĪŇĸňĬĴňĬŘņľĬńĔŏĭŅ [1] ŀĵƞŅĚœĶĔŖĨŅĴőĲĴħńĚĔĸƞŅĺœĴƞĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅı
ĔƞŀŒľƟŏĔŇħĮƤĠľŅĕĵŃıĸŅĽĨŇĔŒĬĮƤěěŋĭńĬȮĽƞĚįĸŒľƟėĦŃĶńģĴĬĨĶňœħƟĮĶŃĔŅĻĶńĭĪĶŅĭŐįĬĮĢŇĭńĨŇĔŅĶ
ħƟŅĬĔŅĶěńħĔŅĶĕĵŃıĸŅĽĨŇĔĞŉŗĚěŃĴňĔŅĶĵĔŏĸŇĔĔŅĶŒĝƟĩŋĚȮőĲĴȮŐĔƟĺȮŐĸŃľĸŀħĪňŗĪņĴŅěŅĔıĸŅĽĨŇĔ
ěņıĺĔıŀĸŇőıĶıŇĸňĬȮ(PP) ıŀĸŇŏŀĪŇĸňĬėĺŅĴľĬŅŐĬƞĬĽŌĚȮ(HDPE) ŐĸŃıŀĸŇŏŀĪŇĸňĬėĺŅĴľĬŅŐĬƞĬĨŗņȮ
(LDPE) ĳŅĵŒĬĮƖı,Ļ,Ȯ0343Ȯ[2] ěŉĚĴňĬńĔĺŇěńĵĻŉĔļŅĔŅĶŏĨĶňĵĴőĲĴěŅĔıĸŅĽĨŇĔĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟ
ĪŅĚĝňĺĳŅıȮŏĝƞĬȮıŀĸŇŐĸėĨŇėŐŀĞŇħȮ(PLA) Y1[ȮıŀĸŇĭŇĺĪŇĸňĬĞńėĞŇŏĬĨȮ(PBS) Y2[ȮŐĸŃıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨ-
őė-ŏĪŏĶĲĪŅŏĸĨȮ(PBAT) Y3[ȮőħĵȮPBAT ŏĮƦĬıĸŅĽĨŇĔĪňŗĴňĽĴĭńĨŇĪňŗħňľĸŅĵĮĶŃĔŅĶȮėŊŀĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňȮ
ĴňėĺŅĴĵŊħľĵŋƞĬĽŌĚĽŅĴŅĶĩŒĝƟĪħŐĪĬıŀĸŇŏŀĪŇĸňĬĝĬŇħėĺŅĴľĬŅŐĬƞĬĨŗņȮ(LDPE) œħƟȮY4[ȮŀĵƞŅĚœĶĔŖĨŅĴȮ
PBAT ĵńĚĴňĶŅėŅėƞŀĬĕƟŅĚĽŌĚ ĬńĔĺŇěńĵľĸŅĵėĦŃěŉĚŐĔƟœĕĮƤĠľŅħńĚĔĸƞŅĺħƟĺĵĔŅĶįĽĴȮPBAT ŏĕƟŅĔńĭ
ŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ&MTPS) Y5+7[ȮĽņľĶńĭ
ĔŅĶŏĨĶňĵĴőĲĴıĸŅĽĨŇĔőħĵĪńŗĺœĮĴňĔŅĶŏĨŇĴĽŅĶĲŌȮ(Blowing agent)ȮĸĚœĮŒĬıŀĸŇŏĴŀĶƢȮŐĸŃĴňĔŅĶŒľƟ
ŀŋĦľĳŌĴŇĪňŗŏľĴŅŃĽĴĪňŗĪņŒľƟĽŅĶĲŌŏĔŇħĔŅĶĽĸŅĵĨńĺŏĮƦĬŐĔƠĽȮŐĸŃĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėĕŀĚıŀĸŇŏĴŀĶƢȮ
Y/.[ȮĬŀĔěŅĔĬňŘŒĬĔŅĶŏĨĶňĵĴőĲĴıĸŅĽĨŇĔȮŏĝƞĬȮőĲĴıĸŅĽĨŇĔěŅĔıŀĸŇĽœĨĶňĬȮ(PS) ŀŅěĴňĔŅĶŏĨŇĴĨńĺŏĨŇĴ 
ŀĬŇĬĪĶňĵƢȮ(Inorganic filler) ěņıĺĔĬŅőĬĞŇĸŇĔŅȮ(Nano silica) Y//[ȮĴŀĬĨƢĴŀĶŇĸőĸœĬĨƢ 
(Montmorillonite) Y/0[ȮŐĸŃĞňıŇőŀœĸĨƢȮ(Sepiolite) Y/1[ȮŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĝƞĺĵĔƞŀĲŀĚŀŅĔŅĻȮ
(Foaming nucleating agent) ĽƞĚįĸŒľƟĕĬŅħĕŀĚŏĞĸĸƢőĲĴĴňĔŅĶĔĶŃěŅĵĨńĺĽĴŗņŏĽĴŀĵŇŗĚĕŉŘĬȮĪņŒľƟ
őĲĴĪňŗœħƟĴňĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃĴňĽĴĭńĨŇĔŅĶŏĮƦĬĜĬĺĬėĺŅĴĶƟŀĬĪňŗħňĕŉŘĬŀňĔħƟĺĵȮ[13] 
 ĚŅĬĺŇěńĵĬňŘĴňŐĬĺėŇħŒĬĔŅĶŏĨĶňĵĴőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ PBATȮŐĸŃ MTPS ĪňŗœħƟěŅĔ
ŐĮƚĚĴńĬĽņĮŃľĸńĚŏıŊŗŀŒĝƟŏĮƦĬĺńĽħŋĭĶĶěŋĳńĦĤƢĔńĬĔĶŃŐĪĔȮőħĵĔŅĶįĽĴȮPBAT ŐĸŃȮMTPSȮŏĕƟŅħƟĺĵĔńĬȮ
őħĵŒĝƟȮ2*Ȯ2ŲMvwbg`clxclcqsjdmlwjȮFwbp_xgbcȮ&M@QF'ȮŏĮƦĬĽŅĶĲŌȮ(Blowing agent) ıĶƟŀĴĪńŘĚ
ŏĨŇĴĞňıŇőŀœĸĨƢȮ(Sepiolite) ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĝƞĺĵĔƞŀĲŀĚŀŅĔŅĻȮ(Foam nucleating agent)  
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1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 

 1.2.1 ĻŉĔļŅŀŇĪīŇıĸĕŀĚ 4,4'-Oxydibenzenesulfonyl Hydrazide (OBSH)ȮĪňŗĴňįĸĨƞŀ
ĕĬŅħĕŀĚŏĞĸĸƢőĲĴȮĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBATȮ
ŐĸŃȮMTPS  
 1.2.2 ĻŉĔļŅŀŇĪīŇıĸĕŀĚĞňıŇőŀœĸĨƢ (Sepiolite)ȮĪňŗĴňįĸĨƞŀĕĬŅħĕŀĚŏĞĸĸƢőĲĴȮĽĴĭńĨŇŏĝŇĚĔĸȮ
ŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBATȮŐĸŃȮMTPS  
 

1.3 ĕŀĭŏĕĨĕŀĚĚŅĬĺŇěńĵ 

1.3.1. ıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨȮ(PBAT) ĪňŗĴňĝŊŗŀĪŅĚĔŅĶėƟŅĺƞŅȮEcoflex® ȮȮ
ŏĔĶħȮF Blend C1200 ėĺŅĴľĬŅŐĬƞĬȮ/,03Ȯ+Ȯ/,05ȮĔĶńĴĨƞŀĸŌĔĭŅĻĔƢŏĞĬĨŇŏĴĨĶȮėƞŅħńĝĬňĔŅĶœľĸȮ
&Melt flow index'ȮŀĵŌƞŒĬĝƞĺĚȮ0,5ȮůȮ2,7Ȯg/ 10 min ŏĴŊŗŀĪħĽŀĭőħĵŒĝƟĬŘņľĬńĔĔħȮ0,/4ȮĔŇőĸĔĶńĴȮȮȮ
ĪňŗŀŋĦľĳŌĴŇȮ/7.Ȯ°CȮŐĸŃĴňěŋħľĸŀĴŏľĸĺŀĵŌƞŒĬĝƞĺĚȮ//.Ȯ+Ȯ/0.Ȯ°C 

1.3.2 ŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ&MTPS)  
1.3.3 4,4'-Oxydibenzenesulfonyl Hydrazide (OBSH)ȮĪňŗĴňĝŊŗŀĪŅĚĔŅĶėƟŅĺƞŅȮSupercell-

EW ěŅĔĭĶŇļńĪȮA.F. SupercellȮěŅĔĭĶŇļńĪȮŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĲŌȮ(Blowing agent) 
1.3.4 ĞňıŇőŀœĸĨƢ (Sepiolite)ȮěŅĔĭĶŇļńĪȮSIGMA-ALDRICH ĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĝƞĺĵĔƞŀ

ĲŀĚŀŅĔŅĻȮ(Foam nucleating agent) 
 

1.4 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

 1.4.1 ĪĶŅĭĩŉĚŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴ 4,4'-Oxydibenzenesulfonyl Hydrazide (OBSH)ȮĪňŗĴň
įĸĨƞŀĕĬŅħĕŀĚŏĞĸĸƢőĲĴȮĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮ
PBATȮŐĸŃȮMTPS  
 1.4.2 ĪĶŅĭĩŉĚįĸĕŀĚĔŅĶŏĨŇĴĞňıŇőŀœĸĨƢ (Sepiolite)ȮĪňŗĴňĨƞŀĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅȮĕĬŅħ
ĕŀĚŏĞĸĸƢőĲĴȮėĺŅĴľĬŅŐĬƞĬȮĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚȮPBATȮŐĸŃȮMTPS 
 1.4.3 ĽŅĴŅĶĩĬņőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ PBAT ŐĸŃ MTPS ĪňŗŏĨĶňĵĴœħƟĴŅŒĝƟŏĮƦĬ
ĺńĽħŋĭĶĶěŋĳńĦĤƢĔńĬĔĶŃŐĪĔ 
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ĭĪĪňŗ 2  
ŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

0,/ȮıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏıĪ-őė-ŏĪŏĶĲĪŅŏĸĨȮ(Polybutylene adipate-co-terephthalate, 

     PBAT) [6] 

ıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏıĪ+őė+ŏĪŏĶĲĪŅŏĸĨȮ&Polybutylene Adipate-co-Terephthalate : 
PBAT) ěńħŏĮƦĬıĸŅĽĨŇĔĝňĺĳŅıĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅı (Biodegradable plastic)ȮĞŉŗĚœħƟ
ěŅĔŐľĸƞĚĮƕőĨĶŏėĴň (Petroleum-based Plastics) ĪňŗĽŅĴŅĶĩĽńĚŏėĶŅŃľƢœħƟěŅĔĮĢŇĔŇĶŇĵŅĔŅĶėĺĭŐĬƞĬ 
(Condensation polymerization) ĕŀĚ monomer 3 ĝĬŇħ ėŊŀ Terephthalic acid,  Adipic acid 
ŐĸŃ 1,4-Butanediol ĞŉŗĚĴňĔĶŃĭĺĬĔŅĶĽńĚŏėĶŅŃľƢȮ3 ĕńŘĬĨŀĬȮħńĚĬňŘ 

ĕńŘĬĪňŗ 1 ĽńĚŏėĶŅŃľƢıŀĸŇŏŀĽŏĪŀĶƢěŅĔ Adipic acid ŐĸŃ 1,4-Butanediol őħĵěŃŏĨŇĴ 1,4-
Butanediol ĪňŗĴŅĔŏĔŇĬıŀŏıŊŗŀėĺĭėŋĴŒľƟėĺŅĴĵŅĺĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢĪňŗœħƟĽńŘĬħńĚĳŅıĪňŗȮ2,1Ȯ

 
ĳŅıĪňŗȮ2,1ȮĔŅĶĽńĚŏėĶŅŃľƢıŀĸŇŏŀĽŏĪŀĶƢĕŀĚȮAdipic acid [6] 

 

 ĕńŘĬĪňŗ 2 ĽńĚŏėĶŅŃľƢıŀĸŇŏŀĽŏĪŀĶƢĕŀĚ Dimethyl terephthalate (DMT)ȮőħĵŒĝƟȮ1,4-
ButanediolȮŐĸŃȮDimethyl terephthalate (DMT) ħńĚĳŅıĪňŗȮ2,2 

 

ĳŅıĪňŗȮ2,2ȮĔŅĶĽńĚŏėĶŅŃľƢıŀĸŇŏŀĽŏĪŀĶƢĕŀĚȮDimethyl terephthalate (DMT) [6] 
 

 ĕńŘĬĪňŗȮ3 ĬņŏŀŅıŀĸŇŏŀĽŏĪŀĶƢĕŀĚȮAdipic acid ŐĸŃ Dimethyl terephthalate (DMT)ȮĪňŗœħƟ
ěŅĔĕńŘĬĨŀĬĔŅĶĽńĚŏėĶŅŃľƢĕńŘĬĪňŗȮ1 ŐĸŃȮ2 ĴŅĪņĮĢŇĔŇĶŇĵŅȮTransesterification őħĵŒĝƟȮ
TetrabutoxytitaniumȮ(TBOT) ŏĮƦĬĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅħńĚĳŅıĪňŗȮ2,3 
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ĳŅıĪňŗȮ2,3ȮĮĢŇĔŇĶŇĵŅȮTransesterification ĶŃľĺƞŅĚȮıŀĸŇŏŀĽŏĪŀĶƢĕŀĚȮAdipic acid ŐĸŃıŀĸŇŏŀĽŏĪŀĶƢȮ
ĕŀĚ Dimethyl terephthalate (DMT) [6] 

 

ěŅĔőėĶĚĽĶƟŅĚĕŀĚȮPBAT ĪňŗĽńĚŏėĶŅŃľƢœħƟħńĚĳŅıĪňŗȮ2,3 ěŃŏľŖĬĺƞŅȮPBAT ŏĮƦĬőėıŀĸŇŏĴŀĶƢ
ŐĭĭĽŋƞĴĪňŗĴňľĴŌƞĲƤĚĔƢĝńĬŏŀĽŏĪŀĶƢŐĸŃĴňĺĚŀŃőĶĴŅĨŇĔŏĮƦĬŀĚėƢĮĶŃĔŀĭĭĬĽŅĵőĞƞľĸńĔȮ&Synthetic 
aliphatic-aromatic polyester)ȮěŉĚĴňĸńĔļĦŃőėĶĚĽĶƟŅĚŐĭĭĔŉŗĚįĸŉĔȮ(Semi-crystalline) ĴňėĺŅĴ
ŐĕŖĚŐĶĚȮŏľĬňĵĺȮĽŅĴŅĶĩĕŉŘĬĶŌĮœħƟĚƞŅĵȮŐĸŃĴňėĺŅĴĵŊħľĵŋƞĬĽŌĚėĸƟŅĵĔńĭıŀĸŇŏŀĪŇĸňĬĝĬŇħėĺŅĴľĬŅŐĬƞĬ
ĨŗņȮ(Low density polyethylene : LDPE) ěŅĔĽĴĭńĨŇħńĚĔĸƞŅĺĪņŒľƟĬŇĵĴĬņŏŀŅȮPBAT ĴŅįĸŇĨŏĮƦĬ
ĲƕĸƢĴĮĶŃŏĳĪĨƞŅĚŕȮœħƟŐĔƞȮĲƕĸƢĴĭĶĶěŋĳńĦĤƢȮŐĸŃĲƕĸƢĴĪŅĚĔŅĶŏĔļĨĶȮĶĺĴĩŉĚĬņĴŅŒĝƟŏĮƦĬĽŅĶŏėĸŊŀĭĔńĬ
ĬŘņĽņľĶńĭĺńĽħŋŀŊŗĬŕȮŀňĔħƟĺĵ 

ŀĵƞŅĚœĶĔŖĨŅĴȮPBAT ĵńĚĴňĶŅėŅėƞŀĬĕƟŅĚĽŌĚěŉĚĬŇĵĴįĽĴȮPBAT ŏĕƟŅĔńĭıŀĸŇŏĴŀĶƢĪňŗĴňĶŅėŅĩŌĔ
ĔĺƞŅȮŏĝƞĬȮŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝȮ&Thermoplastic starch : TPS), ıŀĸŇŐĸėĨŇĔŐŀĞŇħ 
(Polylactic acid : PLA), ıŀĸŇĭŇĺĪŇĸňĬĞńėĞŇŏĬĨȮ&Poly(butylene succinate) : PBS) ĞŉŗĚĬŀĔěŅĔ
ěŃĝƞĺĵĸħĨƟĬĪŋĬĔŅĶįĸŇĨŐĸƟĺĵńĚĝƞĺĵĮĶńĭĮĶŋĚĽĴĭńĨŇĕŀĚıĸŅĽĨŇĔŏĝŇĚĮĶŃĔŀĭŒľƟħňĵŇŗĚĕŉŘĬȮ[14] 

 

 

 

 

 



  5 

2.2 ŐĮƚĚȮ(Starch) Y/3[ 

 ŐĮƚĚŏĮƦĬėŅĶƢőĭœŁŏħĶĨĪňŗĽŃĽĴŀĵŌƞŒĬıŊĝĝńŘĬĽŌĚĪňŗıĭŒĬėĸŀőĶıĸŅĽĨƢȮŐĸŃŒĬĽƞĺĬĪňŗıŊĝŒĝƟŏĮƦĬ
ŐľĸƞĚŏĔŖĭŀŅľŅĶȮŏĝƞĬȮŏĴĸŖħŐĸŃľńĺĞŉŗĚıĭŒĬıŊĝĨƞŅĚŕȮœħƟŐĔƞȮĕƟŅĺőıħȮĕƟŅĺĽŅĸňȮĴńĬİĶńŗĚȮŐĸŃĴńĬ
ĽņĮŃľĸńĚȮĬŇĵĴĬņĴŅŒĝƟŏĮƦĬŀĚėƢĮĶŃĔŀĭĕŀĚŀŅľŅĶĽņľĶńĭĪŋĔĝĬĝŅĨŇȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶĬņŐĮƚĚĴŅ
ŒĝƟĮĶŃőĵĝĬƢŒĬŀŋĨĽŅľĔĶĶĴŀŊŗĬŕȮŏĝƞĬȮŀŋĨĽŅľĔĶĶĴĔĶŃħŅļȮŀŋĨĽŅľĔĶĶĴĽŇŗĚĪŀȮŀŋĨĽŅľĔĶĶĴĵŅȮ
ŀŋĨĽŅľĔĶĶĴĔŅĺȮŐĸŃŀŋĨĽŅľĔĶĶĴŐĮƚĚħńħŐĮĶȮŏĮƦĬĨƟĬ 

2.2.1 ŀĚėƢĮĶŃĔŀĭĳŅĵŒĬŐĮƚĚ 

 ŐĮƚĚȮėŊŀȮėŅĶƢőĭœŁŏħĶĨĪňŗĴňŀĚėƢĮĶŃĔŀĭĕŀĚėŅĶƢĭŀĬȮ(C)ȮœŁőħĶŏěĬȮ(H) ŐĸŃŀŀĔĞŇŏěĬȮ(O) 
ŒĬŀńĨĶŅĽƞĺĬȮ6 : 10 : 5 ĴňĽŌĨĶŏėĴňőħĵĪńŗĺœĮȮėŊŀȮ(C6H5O5)n ŐĸŃĴňĽŇŗĚŀŊŗĬŕȮœħƟŐĔƞȮőĮĶĨňĬȮœĕĴńĬȮŏĔĸŊŀ
ŐĶƞȮŏěŊŀĮĬŀĵŌƞŒĬĮĶŇĴŅĦĬƟŀĵĴŅĔȮőħĵĪńŗĺœĮěŃŏĶňĵĔŐĮƚĚĪňŗĴňĽƞĺĬĮĶŃĔŀĭŀŊŗĬŕȮŀĵŌƞĺƞŅĲĸŅĺĶƢȮ(Flour) 
ŐĨƞŏĴŊŗŀĴňĔŅĶĽĔńħŏŀŅĽŇŗĚŏěŊŀĮĬŀŀĔœĮȮěĬŏľĸŊŀŏĮƦĬŐĮƚĚĭĶŇĽŋĪīŇśŏĮƦĬĽƞĺĬŒľĠƞěŃŏĶňĵĔĺƞŅŐĮƚĚĽĨŅĶƢĝȮ
(Starch) ĞŉŗĚĬŇĵĴŏĶňĵĔŐĮƚĚĽĨŅĶƢĝĪňŗĵńĚœĴƞħńħŐĮĶĺƞŅŐĮƚĚħŇĭȮ(Raw starch) ĽƞĺĬŐĮƚĚĪňŗĬņĴŅħńħŐĮĶŐĸƟĺ
ěŃĩŌĔŏĶňĵĔĺƞŅőĴħŇœĲħƢĽĨŅĶƢĝȮ(Modified starch) ľĶŊŀŐĮƚĚħńħŐĮĶ  
 ŐĮƚĚŏĮƦĬıŀĸŇŏĴŀĶƢĕŀĚĔĸŌőėĽĪňŗĮĶŃĔŀĭħƟĺĵľĬƞĺĵĵƞŀĵĕŀĚĬŘņĨŅĸĔĸŌőėĽĪňŗŏĝŊŗŀĴĨƞŀĔńĬħƟĺĵ
ıńĬīŃĔĸŌőėĞŇħŇĔȮ(Glucosidic linkage) ĪňŗėŅĶƢĭŀĬĨņŐľĬƞĚĪňŗȮ1ȮĪňŗĮĸŅĵĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢĪňŗĴňľĬƞĺĵ
ĕŀĚĔĸŌőėĽȮ(Glucose unit) ĪňŗĴňľĴŌƞŐŀĸħňœŁħƢȮ(Aldehyde group) ŏĶňĵĔĺƞŅȮReducing end group 
őħĵŐĮƚĚĮĶŃĔŀĭħƟĺĵıŀĸŇŏĴŀĶƢĕŀĚĔĸŌőėĽȮ2 ĝĬŇħœħƟŐĔƞȮ 

1. ŀŃœĴőĸĽȮ(Amylose) ŏĮƦĬıŀĸŇŏĴŀĶƢŏĝŇĚŏĽƟĬĪňŗĮĶŃĔŀĭħƟĺĵĔĸŌőėĽĮĶŃĴŅĦȮ2,000 ľĬƞĺĵȮ

ŏĝŊŗŀĴĨƞŀĔńĬħƟĺĵıńĬīŃĔĸŌőėĞŇħŇĔȮ(Glucosidic linkage) ĝĬŇħȮ-h1,4ȮħńĚĳŅıĪňŗȮ2,4 
 

 
ĳŅıĪňŗȮ2,4ȮőėĶĚĽĶƟŅĚĕŀĚŀŃœĴőĸĽȮ[16] 

  

őħĵĪńŗĺœĮŀŃœĴőĸĽěŃĴňĬŘņľĬńĔőĴŏĸĔŋĸĮĶŃĴŅĦ 100,000 ĩŉĚȮ1,000,000ȮħŅĸĨńĬȮĕŉŘĬŀĵŌƞĔńĭ
ĝĬŇħĕŀĚĽĨŅĶƢĝȮĞŉŗĚŒĬŐĮƚĚĴńĬİĶńŗĚŐĸŃŐĮƚĚĴńĬĽņĮŃľĸńĚěŃĴňŀŃœĴőĸĽĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸĮĶŃĴŅĦȮ
1,000 ů 6,000 ħŅĸĨńĬȮĽŌĚĔĺƞŅŐĮƚĚĕƟŅĺőıħŐĸŃŐĮƚĚĽŅĸňĪňŗĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚŀŃœĴőĸĽĮĶŃĴŅĦȮ
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200 ů 1,200 ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅŐĮƚĚĪňŗĴňőĴŏĸĔŋĸĕŀĚŀŃœĴőĸĽĪňŗĵŅĺĔĺƞŅěŃĴňŐĬĺőĬƟĴŒĬĔŅĶėŊĬĨńĺ
ĕŀĚŐĮƚĚĽŋĔȮ(Retrogradation) ĸħĸĚ 

2. ŀŃœĴőĸŏıėĨŇĬȮ(Amylopectin) ŏĮƦĬıŀĸŇŏĴŀĶƢŏĝŇĚĔŇŗĚĕŀĚĔĸŌőėĽȮĪňŗĮĶŃĔŀĭœĮħƟĺĵĔĸŌőėĽ

ĽƞĺĬĪňŗŏĮƦĬŏĽƟĬĨĶĚĞŉŗĚŏĮƦĬĽƞĺĬĪňŗĔĸŌőėĽěŃŏĝŊŗŀĴĨƞŀĔńĬħƟĺĵıńĬīŃĔĸŌőėĞŇħŇėĝĬŇħȮ-h1,4ȮŐĸŃĽƞĺĬĪňŗŏĮƦĬ

ĔŇŗĚĔƟŅĬĽŅĵĽńŘĬĞŉŗĚĽƞĺĬĬňŘĔĸŌőėĽěŃŏĝŊŗŀĴĨƞŀĔńĬħƟĺĵıńĬīŃĔĸŌőėĞŇħŇėĝĬŇħȮ-h1,6ȮħńĚĳŅıĪňŗȮ2,5 
 

 
ĳŅıĪňŗȮ2,5ȮőėĶĚĽĶƟŅĚĕŀĚŀŃœĴőĸŏıėĨŇĬȮ[16] 

 

őħĵĪńŗĺœĮěŃĴňľĬƞĺĵĔĸŌőėĽĪňŗĴňıńĬīŃĔĸŌőėĞŇħŇĔĝĬŇħȮ-h1,6ȮĮĶŃĴŅĦȮ5% ĕŀĚľĬƞĺĵĔĸŌőėĽ
ŒĬŀŃœĴőĸŏıėĨŇĬĪńŘĚľĴħȮŀŃœĴőĸŏıėĨŇĬěŃĴňĬŘņľĬńĔőĴŏĸĔŋĸĮĶŃĴŅĦȮ1,000 ŏĪƞŅĕŀĚŀŃœĴőĸĽȮŐĸŃ
ĴňŀńĨĶŅĔŅĶėŊĬĨńĺĨŗņŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚĴňĸńĔļĦŃŏĮƦĬĔŇŗĚȮ 

ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚŀŃœĴőĸĽŐĸŃŀŃœĴőĸŏıėĨŇĬıĭĺƞŅŀŃœĴőĸŏıėĨŇĬĴňėĺŅĴĽņėńĠ
ĴŅĔĔĺƞŅŀŃœĴőĸĽĪńŘĚŒĬħƟŅĬőėĶĚĽĶƟŅĚȮŐĸŃĔŅĶĬņœĮŒĝƟȮőħĵŐĮƚĚĪňŗĴňěŅĔŐľĸƞĚĪňŗŐĨĔĨƞŅĚĔńĬěŃĴň
ŀńĨĶŅĽƞĺĬĕŀĚŀŃœĴőĸĽŐĸŃŀŃœĴőĸŏıėĨŇĬŐĨĔĨƞŅĚĔńĬħńĚĨŅĶŅĚĪňŗȮ2.1 ĽƞĚįĸŒľƟŐĮƚĚěŅĔŐľĸƞĚĨƞŅĚŕȮĴň
ĽĴĭńĨŇȮŐĸŃĔŅĶĬņœĮŒĝƟĚŅĬĪňŗŐĨĔĨƞŅĚĔńĬ 
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ĨŅĶŅĚĪňŗȮ2.1ȮŀńĨĶŅĽƞĺĬĕŀĚŀŃœĴőĸĽŐĸŃŀŃœĴőĸŏıėĨŇĬŒĬŐĮƚĚŐĨƞĸŃĝĬŇħȮY/3[ 
 

ŐľĸƞĚĪňŗĴŅĕŀĚŐĮƚĚ 
ŀŃœĴőĸĽ ŀŃœĴőĸŏıėĨŇĬ 

(%ĬŘņľĬńĔŐľƟĚ' (%ĬŘņľĬńĔŐľƟĚ' 

ŐĮƚĚĽŅĸň 28 72 

ŐĮƚĚĕƟŅĺőıħ 28 72 

ŐĮƚĚĕƟŅĺŏěƟŅ 17 83 

ŐĮƚĚĴńĬĽņĮŃľĸńĚ 17 79 

ŐĮƚĚĴńĬİĶńŗĚ 21 83 

  

ĬŀĔěŅĔŀŃœĴőĸĽŐĸŃŀŃœĴőĸŏıėĨŇĬŐĸƟĺĳŅĵŒĬŏĴŖħŐĮƚĚĵńĚĽƞĺĬĮĶŃĔŀĭħƟĺĵĽƞĺĬŀŊŗĬŕȮ
œħƟŐĔƞ 

1. œĕĴńĬȮĴńĔıĭĪńŘĚĭĶŇŏĺĦıŊŘĬįŇĺĕŀĚŏĴŖħŐĮƚĚȮŐĸŃĔĶŃěŅĵŀĵŌƞĪńŗĺœĮĳŅĵŒĬŏĴŖħŐĮƚĚŒĬĮĶŇĴŅĦ
ĪňŗĬƟŀĵĔĺƞŅȮ1% ĕŀĚŐĮƚĚȮőħĵŐĮƚĚŐĨƞĸŃĝĬŇħěŃĴňĮĶŇĴŅĦœĕĴńĬĪňŗŐĨĔĨƞŅĚĔńĬȮĽņľĶńĭŐĮƚĚěŅĔıŊĝľńĺ
ŐĸŃěŅĔĩńŗĺěŃœĴƞĴňœĕĴńĬĳŅĵŒĬŏĴŖħŐĮƚĚȮĽƞĺĬŐĮƚĚěŅĔīńĠıŊĝěŃĴňœĕĴńĬĳŅĵŒĬŏĴŖħŐĮƚĚȮĞŉŗĚĔŅĶĴňŀĵŌƞĕŀĚ
œĕĴńĬĳŅĵŒĬŐĮƚĚĬňŘěŃĽƞĚįĸŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶıŀĚĨńĺȮĔŅĶĸŃĸŅĵȮŐĸŃĔŅĶěńĭĨńĺĔńĭĬŘņĕŀĚŐĮƚĚ
ĸħĸĚȮĬŀĔěŅĔĬňŘĔĶħœĕĴńĬœĴƞŀŇŗĴĨńĺĞŉŗĚŀĵŌƞĭĶŇŏĺĦıŊŘĬįŇĺŏĴŖħŐĮƚĚěŃŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬœħƟȮĽƞĚįĸŒľƟ
ŐĮƚĚěŅĔīńĠıŊĝȮŏĝƞĬȮŐĮƚĚĕƟŅĺőıħȮŐĮƚĚĕƟŅĺĽŅĸňȮěŃĴňĔĸŇŗĬŐĶĚĔĺƞŅŐĮƚĚĕƟŅĺőıħȮŐĮƚĚĕƟŅĺŏľĬňĵĺȮŐĮƚĚĴńĬ
ĽņĮŃľĸńĚȮŐĸŃŐĮƚĚĴńĬİĶńŗĚȮŏĬŊŗŀĚěŅĔŐĮƚĚěŅĔīńĠıŊĝĴňœĕĴńĬŏĮƦĬŀĚėƢĮĶŃĔŀĭĴŅĔĔĺƞŅ 

2. œĬőĨĶŏěĬȮ(őĮĶĨňĬ) ĴńĔěŃŏĔŅŃŀĵŌƞĭĶŇŏĺĦıŊŘĬįŇĺĕŀĚŏĴŖħŐĮƚĚŒĬĮĶŇĴŅĦĪňŗĨŗņĔĺƞŅȮ1%ȮĽƞĚįĸ
ŒľƟŏĔŇħĮĶŃěŋĸĭĭĬıŊŘĬįŇĺĕŀĚŏĴŖħŐĮƚĚȮĞŉŗĚĽƞĚįĸĨƞŀĔŅĶĔĶŃěŅĵĨńĺĕŀĚŏĴŖħŐĮƚĚȮĪņŒľƟŀńĨĶŅĔŅĶħŌħĞńĭ
ĬŘņȮŀńĨĶŅĔŅĶıŀĚĨńĺȮŐĸŃŀńĨĶŅĔŅĶŏĔŇħŏěĸŅĪŇœĬĞƢĕŀĚŐĮƚĚŏĮĸňŗĵĬŐĮĸĚœĮȮĽƞĚįĸŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅ
ŏĴĸĸŅĶƢħĶŃľĺƞŅĚĔŅĶĪņĮĢŇĔŇĶŇĵŅĕŀĚĔĶħŀŃĴŇőĬĔńĭĬŘņĨŅĸĶňħŇĺĞŇĚȮĽƞĚįĸŒľƟĽňŐĸŃĔĸŇŗĬĕŀĚįĸŇĨĳńĦĤƢ
ŏĮĸňŗĵĬŐĮĸĚœĮ 

3. ĲŀĽĲŀĶńĽȮĴńĔıĭŀĵŌƞŒĬŐĮƚĚħƟĺĵĮĶŇĴŅĦĪňŗĬƟŀĵĔĺƞŅȮ0.1% őħĵĔŅĶĴňŀĵŌƞĕŀĚĲŀĽĲŀĶńĽěŃ
ĽƞĚįĸŒľƟıŊŘĬįŇĺĕŀĚŐĮƚĚĴňĮĶŃěŋŏĮƦĬĸĭȮěŉĚŏĔŇħŐĶĚįĸńĔĶŃľĺƞŅĚĮĶŃěŋĸĭĽƞĚįĸŒľƟŐĮƚĚĪňŗĴňĲŀĽĲŀĶńĽŏĮƦĬ
ŀĚėƢĮĶŃĔŀĭȮŏĝƞĬȮŐĮƚĚĴńĬİĶńŗĚěŃŏĔŇħĔŅĶıŀĚĨńĺĚƞŅĵȮŐĸŃĴňėĺŅĴľĬŊħĽŌĚĔĺƞŅŐĮƚĚĝĬŇħŀŊŗĬŕ 
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2.2.2 őėĶĚĽĶƟŅĚĕŀĚŏĴŖħŐĮƚĚ 

 ŏĴŖħŐĮƚĚĴňĸńĔļĦŃőėĶĚĽĶƟŅĚŏĮƦĬŐĭĭȮSemi-crystalline őħĵĽŅĵőĞƞĽńŘĬĕŀĚŀŃœĴőĸŏıėĨŇĬ
ěŃěńħŏĶňĵĚĨńĺŏĮƦĬŏĔĸňĵĺĴƟĺĬėŌƞȮ(Double helices) ĞŉŗĚĭŅĚĽƞĺĬěŃŏĔŇħŏĮƦĬőėĶĚĽĶƟŅĚĪňŗŏĮƦĬįĸŉĔȮĽƞĺĬȮ
ŀĽńĦģŅĬĕŀĚŏĴŖħŐĮƚĚěŃĮĶŃĔŀĭœĮħƟĺĵőĴŏĸĔŋĸĕŀĚŀŃœĴőĸĽȮŐĸŃĽŅĵőĞƞĵŅĺĕŀĚŀŃœĴőĸŏıėĨŇĬȮĞŉŗĚ
ĸńĔļĦŃőėĶĚĽĶƟŅĚįĸŉĔĕŀĚŏĴŖħŐĮƚĚěŃĴňŀĵŌƞȮ3 ŐĭĭĕŉŘĬŀĵŌƞĔńĭėĺŅĴľĬŅŐĬƞĬŒĬĔŅĶěńħŏĶňĵĚĨńĺĕŀĚ
ŏĔĸňĵĺėŌƞȮœħƟŐĔƞ 

1. įĸŉĔŐĭĭȮA ŏĔŇħěŅĔĔŅĶěńħŏĶňĵĚĨńĺĕŀĚŏĔĸňĵĺėŌƞŀĵƞŅĚľĬŅŐĬƞĬĴŅĔȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,6 
ĞŉŗĚĴńĔıĭŒĬŐĮƚĚěŅĔīńĠıŊĝĨƞŅĚŕ 

2. įĸŉĔŐĭĭȮB ŏĔŇħěŅĔĔŅĶěńħŏĶňĵĚĨńĺĕŀĚŏĔĸňĵĺėŌƞŀĵƞŅĚľĸĺĴŕȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,6 ĞŉŗĚĴńĔ
ıĭŒĬŐĮƚĚěŅĔıŊĝľńĺ 

3. įĸŉĔŐĭĭȮC ŏĔŇħěŅĔĔŅĶěńħŏĶňĵĚĨńĺĕŀĚŏĔĸňĵĺėŌƞĪńŘĚŐĭĭȮA ŐĸŃŐĭĭȮB ĶĺĴĔńĬȮĴńĔıĭŒĬ
ŐĮƚĚěŅĔıŊĝĨĶŃĔŌĸĩńŗĺ 

 

 

ĳŅıĪňŗȮ2,6ȮőėĶĚĽĶƟŅĚįĸŉĔŐĭĭȮA ŐĸŃŐĭĭȮBȮY/5[ 
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őėĶĚĽĶƟŅĚįĸŉĔĪňŗĨƞŅĚĔńĬěŃŒľƟĸńĔļĦŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚŐĽĚĨƞŅĚĔńĬȮĞŉŗĚĽŅĴŅĶĩĨĶĺěĽŀĭ
ĝĬŇħőėĶĚĽĶƟŅĚĕŀĚŐĮƚĚœħƟħƟĺĵŏĪėĬŇėĶńĚĽňŏŀŖĔĞƢŏĶĵƢȮőħĵěŃıĭĺƞŅŐĮƚĚĪňŗœħƟěŅĔīńĠıŊĝȮŏĝƞĬȮĕƟŅĺőıħȮ
ŐĸŃĕƟŅĺŏěƟŅȮĞŉŗĚĴňőėĶĚĽĶƟŅĚįĸŉĔŐĭĭȮA ěŃıĭıňėĪňŗȮ17 ŐĸŃȮ17.9° ŐĨƞœĴƞĴňıňėĪňŗ 5.6°ȮĽƞĺĬŐĮƚĚĪňŗœħƟ
ěŅĔıŊĝľńĺȮŏĝƞĬȮŐĮƚĚĴńĬİĶńŗĚȮŐĸŃŐĮƚĚĴńĬĽņĮŃľĸńĚȮĞŉŗĚĴňőėĶĚĽĶƟŅĚįĸŉĔŐĭĭȮB ěŃŒľƟıňė
Īňŗ 5.6 ŐĸŃ 17.2° ŐĨƞœĴƞĴňıňėĪňŗ 17.9°ȮĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅŐĮƚĚĪňŗœħƟěŅĔıŊĝĨĶŃĔŌĸĩńŗĺĞŉŗĚĴňőėĶĚĽĶƟŅĚ
įĸŉĔŐĭĭȮA ŐĸŃŐĭĭȮB ŀĵŌƞĶƞĺĴĔńĬȮŏĶňĵĔĺƞŅőėĶĚĽĶƟŅĚįĸŉĔŐĭĭȮC ěŃĴňıňėĪňŗ 5.6 ŐĸŃ 17.9°ȮĞŉŗĚ      
X-ray diffraction ĕŀĚŐĮƚĚĪňŗĴňőėĶĚĽĶƟŅĚįĸŉĔĨƞŅĚĔńĬŐĽħĚħńĚĳŅıĪňŗȮ2.7 

 

ĳŅıĪňŗȮ2,7 X-ray diffraction ĕŀĚŐĮƚĚĪňŗĴňőėĶĚĽĶƟŅĚįĸŉĔĨƞŅĚĔńĬ [17] 
 
ŐĮƚĚĭŅĚĝĬŇħŀŅěĴňĸńĔļĦŃĕŀĚįĸŉĔœħƟĴŅĔĔĺƞŅ 1 ĝĬŇħȮŏĝƞĬȮŐĮƚĚĴńĬĽņĮŃľĸńĚĞŉŗĚĴňĸńĔļĦŃ

įĸŉĔĪńŘĚŐĭĭ A ŐĸŃ C ĬŀĔěŅĔĬňŘőėĶĚĽĶƟŅĚįĸŉĔĕŀĚŏĴŖħŐĮƚĚħŇĭŒĬīĶĶĴĝŅĨŇŀŅěŏĮĸňŗĵĬŐĮĸĚœħƟĕŉŘĬŀĵŌƞ
ĔńĭĔŅĶĪņȮTreatment ĨƞŀŏĴŖħŐĮƚĚȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.2 
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ĨŅĶŅĚĪňŗȮ2.2 ĸńĔļĦŃőėĶĚĽĶƟŅĚŐĸŃĮĶŇĴŅĦįĸŉĔĕŀĚŐĮƚĚŐĨƞĸŃĝĬŇħ [17] 
 

ĝĬŇħŐĮƚĚ ėĺŅĴŏĮƦĬįĸŉĔ 
(%) 

ŀŋĦľĳŌĴŇĔŅĶŏĔŇħŏěĸŅĨŇœĬŏĞĝńĬ  
(°C) 

ĮĶŇĴŅĦŀŃœĴőĸĽ 
(%) 

őėĶĚĽĶƟŅĚ A 
ĕƟŅĺőŀƠĨ 
ĕƟŅĺĽŅĸň 
ĕƟŅĺŏľĬňĵĺ 
ĕƟŅĺĲƙŅĚ 
ĕƟŅĺŏěƟŅ 
ĕƟŅĺőıħ 
őėĶĚĽĶƟŅĚ B 
Amylomaize 
ĽŅėŌ 
ĴńĬİĶńŗĚ 
őėĶĚĽĶƟŅĚ C 
ĴńĬŏĪĻ 
ĴńĬĽņĮŃľĸńĚ 

  
33 
36 
37 
37 
38 
40 
  

15 ů 22 
26 
28 
  
38 
38 

  
60.7 
63.5 
64.5 
72.2 
70.0 
71.3 
  

86.0 
70.5 
67.3 
  

70.0 
66.0 

  
23 
23 
- 
25 
17 
27 
  

55 ů 75 
28 
22 
  
20 
18 

 

2.2.3 ėŋĦĽĴĭńĨŇĕŀĚŐĮƚĚȮ 

2.2.3.1 ĔŅĶıŀĚĨńĺŐĸŃĔŅĶĸŃĸŅĵ [17] 
  őħĵĪńŗĺœĮŐĮƚĚěŃœĴƞĸŃĸŅĵŒĬĬŘņŏĵŖĬŐĨƞěŃħŌħĞŉĴĬŘņœĺƟœħƟĮĶŃĴŅĦ 25-30% ŐĸŃıŀĚĨńĺĬƟŀĵ

ĴŅĔěĬœĴƞĽńĚŏĔĨŏľŖĬœħƟȮŏĬŊŗŀĚěŅĔőĴŏĸĔŋĸĕŀĚŀŃœĴőĸĽŐĸŃŀŃœĴőĸŏıėĨŇĬĴňĔŅĶěńħŏĶňĵĚĨńĺĶŃľĺƞŅĚ

őĴŏĸĔŋĸĳŅĵŒĬŏĴŖħŐĮƚĚȮĽƞĚįĸŒľƟĽƞĺĬĪňŗőĴŏĸĔŋĸĴňĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬĶŃŏĭňĵĭŐĸŃľĬŅŐĬƞĬȮ

(Crystalline) ĪņľĬƟŅĪňŗŒĬĔŅĶĮƚŀĚĔńĬĔŅĶĔĶŃěŅĵĨńĺŐĸŃĪņŒľƟŐĮƚĚœĴƞĸŃĸŅĵŒĬĬŘņŏĵŖĬȮĽƞĺĬĪňŗĴňĔŅĶ

ŏĔŅŃŏĔňŗĵĺĔńĬŀĵƞŅĚľĸĺĴŕȮœĴƞŏĮƦĬĶŃŏĭňĵĭȮŐĸŃĴňľĴŌƞœŁħĶŀĔĞŇĸŀŇĽĶŃĴŅĔȮ(Amorphous) ěŃĽŅĴŅĶĩ

ŏĔŇħĮĢŇĔŇĶŇĵŅȮHydration œħƟĭƟŅĚŒĬĬŘņŏĵŖĬȮŐĸŃŏĴŊŗŀŒľƟėĺŅĴĶƟŀĬĔńĭĬŘņŐĮƚĚěĬĴňŀŋĦľĳŌĴŇĴŅĔĔĺƞŅȮȮȮȮȮ

60 °CȮıĭĺƞŅĽƞĺĬȮCrystallineȮěŃŏĶŇŗĴėĸŅĵĨńĺŀŀĔěŅĔĔńĬȮŐĸŃĽƞĺĬȮAmorphousȮěŃěńĭĔńĭĬŘņœħƟĴŅĔ

ĕŉŘĬȮĽƞĚįĸŒľƟŏĴŖħŐĮƚĚŏĔŇħĔŅĶıŀĚĨńĺĴŅĔĔĺƞŅĪňŗŀŋĦľĳŌĴŇĨŗņȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,8 
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ĳŅıĪňŗȮ2,8ȮĔŅĶıŀĚĨńĺĕŀĚŏĴŖħŐĮƚĚŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮY/5[ 

 

2.2.3.2 ĔŅĶŏĔŇħŏěĸŅĨŇœĬŏĞĝńĬ (Gelatinization) [15] 
ŒĬőĴŏĸĔŋĸĕŀĚŐĮƚĚĮĶŃĔŀĭħƟĺĵľĴŌƞœŁħĶŀĔĞŇĸȮ(Hydroxyl) ěņĬĺĬĴŅĔĵŉħŏĔŅŃĔńĬħƟĺĵ

ıńĬīŃœŁőħĶŏěĬȮĴňėŋĦĽĴĭńĨŇŏĮƦĬȮHydrophilic ŐĨƞŏĬŊŗŀĚěŅĔŏĴŖħŐĮƚĚŀĵŌƞŒĬĶƞŅĚŐľȮ(Micelles) ŏĴŖħŐĮƚĚ
ěŉĚĸŃĸŅĵœħƟĵŅĔŒĬĬŘņŏĵŖĬȮŐĮƚĚĪňŗŀĵŌƞŒĬĬŘņŏĵŖĬěŉĚħŌħĞŉĴĬŘņŐĸŃıŀĚĨńĺœħƟŏĸŖĔĬƟŀĵȮŐĨƞŏĴŊŗŀŒľƟėĺŅĴĶƟŀĬ
ŐĔƞĽŅĶĸŃĸŅĵĬŘņŐĮƚĚȮıńĬīŃœŁőħĶŏěĬěŃėƞŀĵŕȮėĸŅĵĨńĺĸĚȮŏĴŖħŐĮƚĚěŉĚĽŅĴŅĶĩħŌħĬŘņŐĸŃıŀĚĨńĺȮħńĚ
ĳŅıĪňŗȮ2,9 ĽƞĺĬįĽĴĕŀĚĬŘņŐĮƚĚěŃĴňėĺŅĴľĬŊħĴŅĔĕŉŘĬȮŐĸŃŒĽĕŉŘĬȮŏĬŊŗŀĚěŅĔőĴŏĸĔŋĸĬŘņŀŇĽĶŃĪňŗŏľĸŊŀŀĵŌƞ
ĶŀĭŕȮŏĴŖħŐĮƚĚĬƟŀĵĸĚȮŏĴŖħŐĮƚĚěŉĚŏėĸŊŗŀĬœľĺœħƟĵŅĔĕŉŘĬĽƞĚįĸŒľƟŏĔŇħėĺŅĴľĬŊħȮĞŉŗĚěŃŏĶňĵĔ
ĮĶŅĔĢĔŅĶĦƢĬňŘĺƞŅȮŴĔŅĶŏĔŇħŏěĸŅĨŇœĬŏĞĝńĬŵȮŀŋĦľĳŌĴŇĪňŗĽŅĶĸŃĸŅĵŏĶŇŗĴŏĔŇħėĺŅĴľĬŊħŏĶňĵĔĺƞŅȮ
ŴŀŋĦľĳŌĴŇŏĶŇŗĴŏěĸŅĨŇœĬĞƢŵȮŏĴŊŗŀĨĶĺěĺńħőħĵŏėĶŊŗŀĚĴŊŀĺńħėĺŅĴľĬŊħȮĴńĔěŃŏĶňĵĔěŋħĬňŘĺƞŅȮŴŀŋĦľĳŌĴŇĪňŗŏĶŇŗĴ
ŏĮĸňŗĵĬŐĮĸĚėĺŅĴľĬŊħŵȮ&Pasting temperature) ľĶŊŀŏĺĸŅĪňŗŏĶŇŗĴŏĮĸňŗĵĬŐĮĸĚėĺŅĴľĬŊħȮ&Pasting 
time) ĞŉŗĚěŃŐĨĔĨƞŅĚĔńĬŒĬŐĮƚĚŐĨƞĸŃĝĬŇħȮŐĮƚĚěŅĔľńĺȮŏĝƞĬȮŐĮƚĚĴńĬĽņĮŃľĸńĚȮŐĸŃŐĮƚĚĴńĬİĶńŗĚěŃĴň
ŀŋĦľĳŌĴŇŏĶŇŗĴŏěĸŅĨŇœĬĞƢĨŗņĔĺƞŅŀŋĦľĳŌĴŇěŅĔŐĮƚĚīńĠıŊĝȮ 

 

 
ĳŅıĪňŗȮ2,9ȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŏĴŖħŐĮƚĚŒĬĶŃľĺƞŅĚĔŅĶľŋĚĨƟĴ [15] 
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ĔŅĶŏĔŇħŏěĸŅĨŇœĬŏĞĝńĬĕŀĚŏĴŖħŐĮƚĚŐĭƞĚœħƟȮ3 ħńĚĳŅıĪňŗȮ2,10 ĶŃĵŃȮėŊŀȮĶŃĵŃŐĶĔŏĴŖħŐĮƚĚěŃ
ħŌħĞŉĴĬŘņŏĵŖĬœħƟŀĵƞŅĚěņĔńħȮŐĸŃŏĔŇħĔŅĶıŀĚĨńĺŐĭĭįńĬĔĸńĭœħƟȮĶŃľĺƞŅĚĶƞŅĚŐľȮŐĸŃĶŃľĺƞŅĚȮMicelles 
ĵŊħľĵŋƞĬœħƟěņĔńħȮėĺŅĴľĬŊħĕŀĚĽŅĶŐĕĺĬĸŀĵěŃœĴƞŏıŇŗĴĕŉŘĬŀĵƞŅĚŏľŖĬœħƟĝńħȮŏĴŖħŐĮƚĚĵńĚėĚĶńĔļŅĶŌĮĶƞŅĚȮ
ŐĸŃőėĶĚĽĶƟŅĚœħƟȮŏĴŊŗŀŏıŇŗĴŀŋĦľĳŌĴŇŒľƟĽŅĶŐĕĺĬĸŀĵěŃœĴƞŏıŇŗĴĕŉŘĬŀĵƞŅĚŏľŖĬœħƟĝńħȮŏĴŖħŐĮƚĚĵńĚėĚĶńĔļŅ
ĶŌĮĶƞŅĚȮŐĸŃőėĶĚĽĶƟŅĚœħƟȮŏĴŊŗŀŒľƟėĺŅĴĶƟŀĬŐĔƞĽŅĶĸŃĸŅĵĬŘņŐĮƚĚĮĶŃĴŅĦȮ65 °CȮ&ŀŋĦľĳŌĴŇĪňŗŐĪƟěĶŇĚ
ĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚŐĮƚĚ'Ȯ 

ŏĴŊŗŀŏĶŇŗĴŏĕƟŅĽŌƞĶŃĵŃĪňŗȮ2 ŏĴŖħŐĮƚĚěŃıŀĚĨńĺŀĵƞŅĚĶĺħŏĶŖĺȮĽƞĚįĸŒľƟĶƞŅĚŐľĶŃľĺƞŅĚ Micelles 
ĳŅĵŒĬŏĴŖħŐĮƚĚěŃŀƞŀĬŐŀĸĚ ŏĬŊŗŀĚěŅĔıńĬīŃœŁőħĶŏěĬĩŌĔĪņĸŅĵȮŏĴŖħŐĮƚĚěŃħŌħĞŉĴĬŘņŏĕƟŅĴŅĴŅĔȮŐĸŃ
ŏĔŇħĔŅĶıŀĚĨńĺŐĭĭįńĬĔĸńĭœĴƞœħƟŏĶňĵĔĺƞŅȮŴĔŅĶŏĔŇħŏěĸŅĨŇœĬŏĞĝńĬŵȮŏĴŖħŐĮƚĚĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĶŌĮĶƞŅĚȮ
ėĺŅĴľĬŊħĕŀĚĽŅĶĸŃĸŅĵĬŘņŐĮƚĚěŃŏıŇŗĴĕŉŘĬŀĵƞŅĚĶĺħŏĶŖĺȮŐĮƚĚĪňŗĸŃĸŅĵœħƟěŃŏĶŇŗĴĸŃĸŅĵŀŀĔĴŅȮ 

ŏĴŊŗŀĴňĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇĨƞŀœĮŀňĔěĬŏĕƟŅĽŌƞĶŃĵŃĪňŗȮ3 ĶŌĮĶƞŅĚĕŀĚŏĴŖħŐĮƚĚěŃœĴƞŐĬƞĬŀĬȮĔŅĶ
ĸŃĸŅĵĕŀĚŐĮƚĚěŃĴŅĔĕŉŘĬȮŏĴŊŗŀĬņœĮĪņŒľƟŏĵŖĬěŃŏĔŇħŏěĸȮĔŅĶŏĔŇħŏěĸŅĨŇœĬŏĞĝńĬĕŀĚŐĮƚĚěŃĪņŒľƟ
ľĴŌƞœŁħĶŀĔĞŇĸĕŀĚŐĮƚĚĽŅĴŅĶĩĪņĮĢŇĔŇĶŇĵŅĔńĭĽŅĶŀŊŗĬŕȮœħƟħňĕŉŘĬȮĶĺĴĪńŘĚıĶƟŀĴĪňŗěŃĩŌĔĵƞŀĵħƟĺĵĬŘņĵƞŀĵ
ĨƞŅĚŕȮœħƟħňĕŉŘĬŀňĔħƟĺĵ 

 

ĳŅıĪňŗȮ2,10ȮĶŃĵŃŒĬĔŅĶŏĔŇħŏěĸŅĨŇœĬŏĞĝńĬĕŀĚŏĴŖħŐĮƚĚȮ[15] 
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2.2.3.3 ĔŅĶėŊĬĨńĺĕŀĚŐĮƚĚĽŋĔ (Retrogradation) [15] 
ŏĴŊŗŀŒľƟėĺŅĴĶƟŀĬŐĔƞĬŘņŐĮƚĚħŇĭěĬŏĔŇħŏěĸŅĨŇœĬŏĞĝńĬěŅĔĬńŘĬŒľƟėĺŅĴĶƟŀĬĨƞŀœĮŏĶŊŗŀĵŕ ěŃĪņ

ŒľƟŏĴŖħŐĮƚĚıŀĚĨńĺŏıŇŗĴĕŉŘĬěĬĔĶŃĪńŘĚĩŉĚěŋħĪňŗıŀĚĨńĺŏĨŖĴĪňŗŐĸƟĺŏĴŖħŐĮƚĚěŃŐĨĔŀŀĔȮĽƞĚįĸŒľƟőĴŏĸĔŋĸ
ĕŀĚŀŃœĴőĸĽȮĕĬŅħŏĸŖĔĔĶŃěŅĵĨńĺŀŀĔĴŅȮĪņŒľƟėĺŅĴľĬŊħĸħĸĚȮŏĴŊŗŀĮĸƞŀĵŒľƟŏĵŖĬĨńĺőĴŏĸĔŋĸĕŀĚ 
ŀŃœĴőĸĽȮĪňŗĔĶŃěŅĵĨńĺŀĵŌƞŀĵŌƞĬńŘĬěŃŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺĔńĬŒľĴƞħƟĺĵıńĬīŃœŁőħĶŏěĬ ŏĔŇħŏĮƦĬĶƞŅĚŐľ
ĽŅĴĴŇĨŇĪňŗĽŅĴŅĶĩŀŋƟĴĬŘņŐĸŃœĴƞĴňĔŅĶħŌħĬŘņŏĕƟŅĴŅŀňĔȮėĺŅĴľĬŊħěŉĚĴňėĺŅĴėĚĨńĺĴŅĔĕŉŘĬȮŏĔŇħĸńĔļĦŃ
ŏěĸŏľĬňĵĺėĸƟŅĵĲƕĸƢĴľĶŊŀįĸŉĔȮŏĶňĵĔĮĶŅĔĢĔŅĶĦƢĬňŘĺƞŅȮŴĔŅĶŏĔŇħĶňőĪĶœĔĸŏħĝńĬŵȮľĶŊŀȮŴĔŅĶėŊĬĨńĺŵȮ
ŏĴŊŗŀĸħŀŋĦľĳŌĴŇŒľƟĨŗņĸĚœĮŀňĔĸńĔļĦŃĔŅĶěńħŏĶňĵĚĨńĺ ĕŀĚőėĶĚĽĶƟŅĚěŃŐĬƞĬĕŉŘĬȮőĴŏĸĔŋĸŀŇĽĶŃĕŀĚĬŘņĪňŗ
ŀĵŌƞĳŅĵŒĬěŃĩŌĔĭňĭŀŀĔĴŅĬŀĔŏěĸȮŏĶňĵĔĺƞŅ ŴQwlcpcqgqŵȮȮĮĶŅĔĢĔŅĶĦƢĪńŘĚĽŀĚĬňŘěŃĪņŒľƟŏěĸĴň
ĸńĔļĦŃĕŅĺĕŋƞĬŐĸŃĴňėĺŅĴľĬŊħŏıŇŗĴĕŉŘĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,11 

ĔŅĶėŊĬĨńĺĕŀĚŐĮƚĚĕŉŘĬŀĵŌƞĔńĭĮƤěěńĵľĸŅĵĮĶŃĔŅĶȮœħƟŐĔƞȮĝĬŇħĕŀĚŐĮƚĚȮėĺŅĴŏĕƟĴĕƟĬĕŀĚŐĮƚĚ 
ĔĶŃĭĺĬĔŅĶŒľƟėĺŅĴĶƟŀĬȮĔĶŃĭĺĬĔŅĶŒľƟėĺŅĴŏĵŖĬȮŀŋĦľĳŌĴŇȮĶŃĵŃŏĺĸŅȮėĺŅĴŏĮƦĬĔĶħůŏĭĽĕŀĚ 
ĽŅĶĸŃĸŅĵȮĮĶŇĴŅĦŐĸŃĕĬŅħĕŀĚŀŃœĴőĸĽȮŀŃœĴőĸŏıėĨŇĬȮŐĸŃŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňŀŊŗĬŕȮŒĬŐĮƚĚ 
őħĵĽĳŅĺŃĪňŗŀŋĦľĳŌĴŇĨŗņŐĸŃėĺŅĴŏĕƟĴĕƟĬĕŀĚŐĮƚĚĽŌĚȮŐĮƚĚĽŅĴŅĶĩėŊĬĨńĺħňŒĬĝƞĺĚȮpH 5ů7 ŐĮƚĚ
ĽŅĴŅĶĩėŊĬĨńĺœħƟŏĶŖĺĽŋħȮĽņľĶńĭĝƞĺĚȮpH ĪňŗĽŌĚľĶŊŀĨŗņĔĺƞŅĬňŘŐĮƚĚěŃėŊĬĨńĺœħƟĝƟŅĸĚȮŒĬĔŅĶĝŃĸŀĔŅĶėŊĬ
ŐĮƚĚěŃŒĝƟŏĔĸŊŀĪňŗĴňĮĶŃěŋĸĭŐĸŃĭĺĔȮŏĝƞĬȮŐėĸŏĞňĵĴœĬŏĨĶĪȮŐĸŃĵŌŏĶňĵ 

ĮĶŇĴŅĦŐĸŃĕĬŅħĕŀĚŀŃœĴőĸĽĴňŀŇĪīŇıĸĨƞŀĔŅĶėŊĬĨńĺĕŀĚŐĮƚĚȮőħĵŐĮƚĚĪňŗĴňĮĶŇĴŅĦŀŃœĴőĸĽȮ
ĽŌĚěŃŏĔŇħĔŅĶėŊĬĨńĺœħƟĴŅĔŐĸŃŏĶŖĺĔĺƞŅŐĮƚĚĪňŗĴňĮĶŇĴŅĦŀŃœĴőĸŏıėĨŇĬĽŌĚȮĞŉŗĚŀńĨĶŅŒĬĔŅĶėŊĬĨńĺěŃĽŌĚĽŋħȮ
&ĔŅĶĸŃĸŅĵĨŗņĽŋħ'ȮŏĴŊŗŀĕĬŅħĕŀĚőĴŏĸĔŋĸ (Fegree of polymerization) ĕŀĚŀŃœĴőĸĽŏĪƞŅĔńĭȮ  
100ů200 ŀńĨĶŅĔŅĶėŊĬĨńĺěŃĸħĸĚŏĴŊŗŀőĴŏĸĔŋĸĕŀĚŀŃœĴőĸĽĵŅĺľĶŊŀĽńŘĬĔĺƞŅĬňŘȮŒĬĔŅĶĪņŒľƟŀŃœĴőĸĽĪňŗ
ėŊĬĨńĺŐĸƟĺĔĸńĭĴŅĸŃĸŅĵœħƟŀňĔėĶńŘĚľĬŉŗĚĨƟŀĚŒĝƟŀŋĦľĳŌĴŇĽŌĚĩŉĚ 100ů160 °CȮőħĵŀŃœĴőĸŏıėĨŇĬěŃĪņŒľƟ
ŏĔŇħĔŅĶėŊĬĨńĺĬƟŀĵĴŅĔȮħńĚĬńŘĬŐĮƚĚŐĨƞĸŃĝĬŇħěŃĴňŀńĨĶŅĔŅĶėŊĬĨńĺĪňŗŐĨĔĨƞŅĚĔńĬȮőħĵŐĮƚĚĽŅĸňŐĸŃŐĮƚĚ
ĕƟŅĺőıħěŃĴňŀńĨĶŅĔŅĶėŊĬĨńĺĽŌĚĔĺƞŅŐĮƚĚĴńĬİĶńŗĚŐĸŃŐĮƚĚĴńĬĽņĮŃľĸńĚȮŏĬŊŗŀĚěŅĔŒĬŐĮƚĚīńĠıŊĝĴň
ĮĶŇĴŅĦŀŃœĴőĸĽĽŌĚȮ&ĮĶŃĴŅĦȮ28%) ŒĬŐĮƚĚĕƟŅĺőıħŏľĬňĵĺěŃĴňŀńĨĶŅĔŅĶėŊĬĨńĺĕŀĚŐĮƚĚĨŗņĪňŗĽŋħ 
ŏĬŊŗŀĚěŅĔœĴƞĴňŀŃœĴőĸĽŒĬŐĮƚĚĕƟŅĺőıħŏľĬňĵĺȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.3 
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ĳŅıĪňŗȮ2,11ȮĔŅĶŏĔŇħĶňőĪĶŏĔĶŏħĝńĬȮ[15] 

 

ĨŅĶŅĚĪňŗȮ2.3 ŀńĨĶŅĔŅĶėŊĬĨńĺĕŀĚŐĮƚĚŐĨƞĸŃĝĬŇħȮY/3[ 
 

ĝĬŇħĕŀĚŐĮƚĚ 
% ĔŅĶĨĔĨŃĔŀĬĕŀĚĽƞĺĬĪňŗœĴƞĸŃĸŅĵ 

5 ĺńĬ 10 ĺńĬ 30 ĺńĬ 

ŐĮƚĚĴńĬİĶńŗĚ 10 15 20 

ŐĮƚĚĕƟŅĺőıħ 37 48 62 

ŐĮƚĚĽŅĸň 45 48 52 

ŐĮƚĚĴńĬĽņĮŃľĸńĚ 11 12 13 

ŐĮƚĚĕƟŅĺőıħŏľĬňĵĺ 0.2 0.5 1 

 

 

 

 

 

 



  15 

2.2.4 ŐĮƚĚĴńĬĽņĮŃľĸńĚ [18] 

 ŏĮƦĬŐĮƚĚĪňŗœħƟěŅĔĴńĬĽņĮŃľĸńĚ ĸńĔļĦŃĕŀĚŐĮƚĚĴňĽňĕŅĺȮŏĬŊŘŀŏĬňĵĬȮĸŊŗĬŏĮƦĬĴńĬ ŏĴŊŗŀĪņŒľƟĽŋĔ
ħƟĺĵĔŅĶĔĺĬĔńĭĬŘņœĲŀƞŀĬĮŅĬĔĸŅĚȮŐĮƚĚěŃĸŃĸŅĵĚƞŅĵȮĽŋĔĚƞŅĵȮŐĮƚĚŏľĬňĵĺĨŇħĳŅĝĬŃȮľĬŊħĕƟĬĕŉŘĬ
ŏĶŊŗŀĵŕȮœĴƞĴňĔŅĶĶĺĴĨńĺŏĮƦĬĔƟŀĬȮŏľĬňĵĺŏĮƦĬŒĵȮĨŇħĔńĬľĴħȮŏĬŊŘŀŐĮƚĚŒĽŏĮƦĬŏĚŅȮıŀŏĵŖĬŐĸƟĺěŃĨŇħĔńĬŏĮƦĬ
ĔƟŀĬŏľĬňĵĺȮĨŇħĳŅĝĬŃ ŒĝƟĪņĸŀħĝƞŀĚĽŇĚėőĮĶƢ ėĶŀĚŐėĶĚŐĔƟĺ ŏĮƦĬĨƟĬȮŐĸŃĵńĚĩŌĔŒĝƟŒĬŀŋĨĽŅľĔĶĶĴ
ŀŊŗĬŕŏĝƞĬȮŀŋĨĽŅľĔĶĶĴĔĶŃħŅļȮŀŋĨĽŅľĔĶĶĴĔŅĺȮŏĮƦĬĨƟĬ 

2.2.4.1 ėŋĦĳŅıĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚȮ[15] 
 ėŋĦĸńĔļĦŃŏħƞĬĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚėŊŀĴňėĺŅĴĭĶŇĽŋĪīŇśĽŌĚȮĴňĽŇŗĚĮĬŏĮƘƨŀĬĨŗņȮěńħŏĮƦĬŐĮƚĚĪňŗĴň
ĮĶŇĴŅĦŀŃœĴőĸĽėƞŀĬĕƟŅĚĨŗņȮ(18-23%) ěŉĚŏĔŇħĔŅĶıŀĚĨńĺœħƟħňȮŐĸŃĴňėƞŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵ
ėƞŀĬĕƟŅĚĽŌĚȮ 
 ŏĴŊŗŀŏĴŖħŐĮƚĚĪňŗıŀĚĨńĺœħƟĶńĭėĺŅĴĶƟŀĬŏĴŖħŐĮƚĚěŃŏĮĸňŗĵĬœĮŀĵŌƞŒĬĽĳŅıĕŀĚŐĮƚĚŏĮƖĵĔĪňŗĴňėĺŅĴ
ľĬŊħŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔȮŐĸŃŏĴŊŗŀŐĮƚĚŏĮƖĵĔŏĵŖĬĨńĺĸĚěŃŏĔŇħŏĮƦĬŏěĸĕŉŘĬȮŀĵƞŅĚœĶĔŖĨŅĴĸńĔļĦŃėĺŅĴľĬŊħ
ĕŀĚŐĮƚĚŏĮƖĵĔŐĸŃĔŅĶŏĔŇħŏěĸŒĬŐĮƚĚŐĨƞĸŃĝĬŇħŐĨĔĨƞŅĚĔńĬȮŏĴŊŗŀŐĮƚĚĴńĬĽņĮŃľĸńĚœħƟĶńĭŀŋĦľĳŌĴŇĽŌĚěŃ
ĴňėƞŅĔņĸńĚĔŅĶıŀĚĨńĺĽŌĚĕŉŘĬȮĽƞĚįĸŒľƟėĺŅĴľĬŊħŏıŇŗĴĕŉŘĬħƟĺĵȮŐĨƞŐĮƚĚŏĮƖĵĔĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚěŃœĴƞ
ėĚĨńĺĴŅĔĬńĔȮěŉĚŏĮƦĬĕƟŀěņĔńħŒĬĔŅĶŒĝƟŐĮƚĚĴńĬĽņĮŃľĸńĚŒĬĔŅĶŒĝƟŏĮƦĬĽŅĶŒľƟėĺŅĴľĬŊħŒĬįĸŇĨĳńĦĤƢ
ĭŅĚĝĬŇħȮħńĚĬńŘĬěŉĚĴňĔŅĶħńħŐĮĶŐĮƚĚŏıŊŗŀĝƞĺĵŏıŇŗĴėĺŅĴėĚĨńĺĕŀĚŐĮƚĚŏĮƖĵĔȮŏĴŊŗŀŐĮƚĚŏĮƖĵĔĕŀĚŐĮƚĚĴńĬ
ĽņĮŃľĸńĚŏĵŖĬĨńĺĸĚȮėĺŅĴľĬŊħěŃŏıŇŗĴĕŉŘĬŏıňĵĚŏĸŖĔĬƟŀĵŏĪƞŅĬńŘĬȮŐĸŃŏĬŊŗŀĚěŅĔŐĮƚĚĴńĬĽņĮŃľĸńĚĴňȮȮȮ
ŀŃœĴőĸĽėƞŀĬĕƟŅĚĨŗņȮĪņŒľƟŏĔŇħĔŅĶěńĭĔńĬĕŀĚľĴŌƞœŁħĶŀĔĞŇĸĕŀĚŀŃœĴőĸĽĶŃľĺƞŅĚŏĵŖĬĨńĺĨŗņȮŐĮƚĚĴńĬ
ĽņĮŃľĸńĚěŉĚŏĮƦĬŐĮƚĚĪňŗŏĔŇħĔŅĶėŊĬĨńĺĨŗņȮŐĸŃĪņŒľƟĸńĔļĦŃĕŀĚŐĮƚĚŏĮƖĵĔĪňŗŒĽȮœĴƞĪŉĭŐĽĚŏĴŊŗŀ
ŏĮĶňĵĭŏĪňĵĭĔńĭŐĮƚĚĝĬŇħŀŊŗĬ 
 

 

 

 

 

 

 

https://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%B1%E0%B8%99%E0%B8%AA%E0%B8%B3%E0%B8%9B%E0%B8%B0%E0%B8%AB%E0%B8%A5%E0%B8%B1%E0%B8%87
https://th.wikipedia.org/wiki/%E0%B8%A5%E0%B8%AD%E0%B8%94%E0%B8%8A%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B8%AA%E0%B8%B4%E0%B8%87%E0%B8%84%E0%B9%82%E0%B8%9B%E0%B8%A3%E0%B9%8C
https://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A3%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%84%E0%B8%A3%E0%B8%87%E0%B9%81%E0%B8%81%E0%B9%89%E0%B8%A7&action=edit&redlink=1
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2.3 őĲĴıĸŅĽĨŇĔ [10] 

 őĲĴıĸŅĽĨŇĔȮėŊŀıĸŅĽĨŇĔĪňŗĔŅĶŏĨŇĴĽŅĶĲŌȮ(Blowing agent) ĸĚœĮŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶ
ĕŉŘĬĶŌĮȮĽƞĚįĸŒľƟĴňĺńĢĳŅėĕŀĚŐĔƠĽĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėĕŀĚıĸŅĽĨŇĔȮıĸŅĽĨŇĔħńĚĔĸƞŅĺěŉĚŏĔŇħĔŅĶ
ĕĵŅĵĨńĺŐĸŃœħƟįĸŇĨĳńĦĤƢőĲĴĪňŗĴňėĺŅĴľĬŅŐĬƞĬőħĵĶĺĴȮŐĸŃĬŘņľĬńĔĸħĸĚȮĬŀĔěŅĔĬňŘŒĬĭŅĚĔĶĦňŀŅě
ĴňĔŅĶŏĨŇĴĽŅĶŀŊŗĬĸĚœĮŏıŊŗŀĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĕŀĚőĲĴȮŏĝƞĬȮĽŅĶŏĽĶŇĴŐĶĚȮŐĸŃĽŅĶĨńĺŏĨŇĴ 

2.2.1 ĮĶŃŏĳĪĕŀĚőĲĴĪňŗěņŐĬĔĨŅĴĸńĔļĦŃĕŀĚŏĞĸĸƢ 

1) őĲĴŏĞĸĸƢŏĮƕħȮ(Open-cell foam) 
ŏĮƦĬőĲĴĪňŗŏĨĶňĵĴőħĵŒĝƟŏĪėĬŇėėĺŅĴħńĬĨŗņȮ(Low-pressure technique) ĳŅĵŒĨƟĽĳŅĺŃ

ĭĶĶĵŅĔŅĻȮŏĞĸĸƢőĲĴĪňŗœħƟěŉĚŏĝŊŗŀĴĨƞŀĔńĬĪńŘĚľĴħȮĽƞĚįĸŒľƟĔƠŅĞĪňŗŀĵŌƞĳŅĵŒĬŏĬŊŘŀőĲĴĽŅĴŅĶĩŏėĸŊŗŀĬĪňŗœĮ
ĴŅĶŃľĺƞŅĚŏĞĸĸƢœħƟȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,12 (Ĕ)ȮőĲĴŐĭĭĬňŘěŉĚĴňėĺŅĴĵŊħľĵŋƞĬŏľĴŅŃĽņľĶńĭŒĝƟįĸŇĨŏĮƦĬ
ŏĭŅŃĬńŗĚȮĪňŗĬŀĬȮĭĶĶěŋĳńĦĤƢȮŐĸŃĺńĽħŋĔńĬĔĶŃŐĪĔ 
 

2) őĲĴŏĞĸĸƢĮƕħȮ(Close-cell foam) 
ŏĮƦĬőĲĴĪňŗŏĨĶňĵĴőħĵŒĝƟŏĪėĬŇėėĺŅĴħńĬĽŌĚȮ(High-pressure technique) ĳŅĵŒĨƟĽĳŅĺŃ

ĭĶĶĵŅĔŅĻȮĽƞĚįĸŒľƟŏĞĸĸƢőĲĴĪňŗœħƟĴňįĬńĚŏĞĸĸƢȮĔńŘĬœĴƞŒľƟĔƠŅĞĪňŗŀĵŌƞŒĬŏĬŊŘŀőĲĴĽŅĴŅĶĩįƞŅĬœĮĴŅĶŃľĺƞŅĚ
ŏĞĸĸƢœħƟȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,12 (ĕ) őĲĴŐĭĭĬňŘěŃĴňėĺŅĴŐĕŖĚŏľĴŅŃĽņľĶńĭŒĝƟĚŅĬŏĮƦĬĜĬĺĬĔńĬėĺŅĴ-
ĶƟŀĬȮŐĸŃĪŋƞĬĸŀĵ 

 
ĳŅıĪňŗȮ2,12ȮĽńĦģŅĬőėĶĚĽĶƟŅĚĕŀĚőĲĴ&Ĕ'ȮŏĞĸĸƢŏĮƕħȮȮ&ĕ'ȮŏĞĸĸƢĮƕħ [4] 

 

ŒĬĪŅĚĮĢŇĭńĨŇĔŅĶĕŉŘĬĶŌĮőĲĴěŃœħƟőĲĴĪňŗĴňĸńĔļĦŃŏĮƦĬŏĞĸĸƢŏĮƕħȮŐĸŃŏĞĸĸƢĮƕħŀĵŌƞĶƞĺĴĔńĬȮħńĚĬńŘĬ
ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴěŉĚĕŉŘĬŀĵŌƞĔńĭŀńĨĶŅĽƞĺĬĕŀĚőĲĴŏĞĸĸƢŏĮƕħĨƞŀőĲĴŏĞĸĸƢĮƕħȮĩƟŅőĲĴĴňĽńħĽƞĺĬĕŀĚ
ŏĞĸĸƢĮƕħĽŌĚěŃĪņŒľƟőĲĴĪňŗœħƟĴňėƞŅėĺŅĴŐĕŖĚĨŉĚȮ(Stiffness) ŐĸŃėĺŅĴŐĕŖĚŐĶĚȮ(Strength) ĪňŗĽŌĚ 
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2.2.2 ĮĶŃŏĳĪĕŀĚőĲĴĪňŗěņŐĬĔĨŅĴĸńĔļĦŃĪŅĚĔŅĵĳŅı 

1)  őĲĴĵŊħľĵŋƞĬȮ&Flexible foam) 
ŏĮƦĬőĲĴĪňŗĴňĸńĔļĦŃŀƞŀĬĬŋƞĴȮĵŊħľĵŋƞĬȮĽŅĴŅĶĩėŊĬĨńĺœħƟĚƞŅĵŏĴŊŗŀĩŌĔĔħȮŏĬŊŗŀĚěŅĔıŀĸŇŏĴŀĶƢŏĴĪ

ĶŇĔĞƢĴňŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃŐĔƟĺȮ&Glass transition temperature : Tg) Ĩŗņ 
2) őĲĴĝĬŇħŐĕŖĚȮ(Rigid Foam)  
ŏĮƦĬőĲĴĪňŗĴňĸńĔļĦŃŏĮƦĬĕŀĚŐĕŖĚȮœĴƞĽŅĴŅĶĩėŊĬĨńĺœħƟŏĴŊŗŀĩŌĔĔħȮıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢěŃŀĵŌƞŒĬ

ĽĩŅĬŃįĸŉĔȮ(Crystalline state) ľĶŊŀĩƟŅŀĵŌƞŒĬĽĩŅĬŃŀĽńĦģŅĬȮ(Amorphous state) ěŃĴňŀŋĦľĳŌĴŇ
ĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺėƞŀĬĕƟŅĚĽŌĚ 

3) őĲĴĝĬŇħĔŉŗĚŐĕŖĚȮ&Semi-Rigid Foam)  
ŏĮƦĬőĲĴěŃĴňıķĨŇĔĶĶĴĪŅĚėĺŅĴŏėƟĬ-ėĺŅĴŏėĶňĵħȮ&Stress-strain behavior) ėĸƟŅĵőĲĴĝĬŇħ

ĵŊħľĵŋƞĬȮŐĨƞěŃĴňėƞŅĴŀħŌĸńĽėĺŅĴľĵŊħľĵŋƞĬĴŅĔĔĺƞŅőĲĴĝĬŇħĵŊħľĵŋƞĬ 

2.2.3 ĮĶŃŏĳĪĕŀĚőĲĴĪňŗěņŐĬĔĨŅĴĮĶŃŏĳĪĕŀĚıĸŅĽĨŇĔ 

1) őĲĴŏĪŀĶƢőĴŏĞĨȮ&Thermoset foam) ŏĮƦĬőĲĴĪňŗŏĨĶňĵĴěŅĔıĸŅĽĨŇĔĮĶŃŏĳĪŏĪŀĶƢőĴŏĞĨȮ
ĨƟŀĚŒĝƟĔĶŃĭĺĬĔŅĶĪŅĚŏėĴňĪňŗĞńĭĞƟŀĬŒĬĔŅĶĬņĴŅĶňœĞŏėŇĸ 

2) őĲĴŏĪŀĶƢőĴıĸŅĽĨŇĔȮ&Thermoplastic foam) ŏĮƦĬőĲĴĪňŗŏĨĶňĵĴěŅĔıĸŅĽĨŇĔĮĶŃŏĳĪŏĪŀĶƢ
őĴıĸŅĽĨŇĔȮĽŅĴŅĶĩĬņĔĸńĭĴŅĶňœĞŏėŇĸœħƟĚƞŅĵ 

2.3.4 ĔĶŃĭĺĬĔŅĶŏĔŇħőĲĴȮ&Foam formation)  

 ĔĶŃĭĺĬĔŅĶŏĔŇħőĲĴĪňŗĬŇĵĴŒĝƟȮėŊŀȮĺŇīňĔŅĶĕĵŅĵĨńĺȮ(Expansion process) ĮĶŃĔŀĭħƟĺĵ 3Ȯ
ĕńŘĬĨŀĬħńĚĬňŘ 

2.3.4.1 ĕńŘĬĨŀĬĔŅĶŏĔŇħĲŀĚȮ&Bubble formation or Initiation)   
 ĕńŘĬĨŀĬĔŅĶŏĔŇħĲŀĚȮľĶŊŀĔŅĶŏĔŇħĬŇĺŏėĸňĵĽȮ(Nucleation) ŏĮƦĬĕńŘĬĨŀĬŐĶĔĕŀĚĔĶŃĭĺĬĔŅĶ
ŏĔŇħőĲĴȮĞŉŗĚĴňŀĵŌƞȮ2 ŐĭĭȮœħƟŐĔƞ 

1) ĔŅĶŏĔŇħĬŇĺŏėĸňĵĽŒĬĨĬŏŀĚȮ(Self-nucleation) ŏĮƦĬĔŅĶŏĔŇħĲŀĚŐĔƠĽŒĬĕĦŃĪňŗıŀĸŇŏĴŀĶƢȮ
ľĸŀĴŏľĸĺŏĶŇŗĴįĽĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬȮ 

2) ĔĶŃĭĺĬĔŅĶŏĔŇħĬŇĺŏėĸňĵĽȮ(Nucleation process) ŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗŏĔŇħĲŀĚŐĔƠĽĪňŗ
įŇĺĽńĴįńĽĶŃľĺƞŅĚĕŀĚŐĕŖĚĔńĭĕŀĚŏľĸĺȮ(Liquid-solid interphase) ĞŉŗĚŒĬĔĶŃĭĺĬĔŅĶĬňŘ
ěņŏĮƦĬĨƟŀĚĴňĕŀĚŐĕŖĚĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĪňŗĪņŒľƟŏĔŇħĬŇĺŏėĸňĵĽȮ(Nucleating agent) 
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ŀĵƞŅĚœĶĔŖĨŅĴĔŅĶĪņŒľƟŏĔŇħĲŀĚŐĔƠĽŒĬőėĶĚĽĶƟŅĚőĲĴĴňľĸŅĵĺŇīňȮħńĚĬňŘ 
1) ĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚĽŅĶĲŌĪŅĚŏėĴňȮ(Chemical blowing agents)ȮĔŅĶŏĔŇħ
ĲŀĚŐĔƠĽħƟĺĵĺŇīňĬňŘŏĮƦĬĔŅĶŒľƟėĺŅĴĶƟŀĬĔńĭĕŀĚįĽĴĶŃľĺƞŅĚĽŅĶĲŌĪŅĚŏėĴňȮ(Chemical 
blowing agents) ŐĸŃıŀĸŇŏĴŀĶƢȮěŅĔĬńŘĬĽŅĶĲŌěŃŏĔŇħĔŅĶĽĸŅĵĨńĺŏĮƦĬŐĔƠĽȮŏĝƞĬȮŐĔƠĽ
œĬőĨĶŏěĬȮ(N2) ŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&CO2) ŏĮƦĬĨƟĬ  

2) ĔŅĶŏĔŇħĲŀĚŐĔƠĽŏĬŊŗŀĚěŅĔĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏėĴňȮŏĮƦĬĔŅĶŏĔŇħĲŀĚŐĔƠĽŏĴŊŗŀĬņĽŅĶŏėĴň
ĨńŘĚŐĨƞȮ2 ĝĬŇħĕŉŘĬœĮĴŅĪņĮĢŇĔŇĶŇĵŅĔńĬȮĞŉŗĚĔŅĶŏĔŇħĲŀĚĺŇīňĬňŘěŃŏĔŇħĕŉŘĬıĶƟŀĴĔńĭĔŅĶŏĔŇħıŀ
ĸŇŏĴŀĶƢȮ(Polymerization) ŐĸŃĔŅĶŏĝŊŗŀĴĕĺŅĚ 

3) ĔŅĶĸħėĺŅĴħńĬȮŏĮƦĬĔŅĶĸħėĺŅĴħńĬŒĬĶŃĭĭıŀĸŇŏĴŀĶƢȮŏıŊŗŀŒľƟŐĔƠĽŒĬŏĬŊŘŀıŀĸŇŏĴŀĶƢŏĔŇħ
ĔŅĶĕĵŅĵĨńĺ 

4) ĔŅĶĔĸŅĵŏĮƦĬœŀĕŀĚĕŀĚŏľĸĺĪňŗĴňěŋħŏħŊŀħĨŗņŒĬŏĬŊŘŀıĸŅĽĨŇĔȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔĮĢŇĔŇĶŇĵŅ
ėŅĵėĺŅĴĶƟŀĬȮľĶŊŀĔŅĶŒľƟėĺŅĴĶƟŀĬĔńĭĽŅĶĲŌĪňŗŏĮƦĬĕŀĚŏľĸĺĪňŗĴňěŋħŏħŊŀħĨŗņȮŏĝƞĬȮĲĸŌŀŀ
őĶėŅĶƢĭŀĬȮ(Fluorocarbon) ŐĸŃŏĴĪŇĸňĬėĸŀœĶħƢȮ(Methylene chloride) 

5) ĔŅĶŒĝƟĨńĺŏĨŇĴĝńŗĺėĶŅĺȮŏĮƦĬĔŅĶŒĝƟŀĬŋĳŅėĕŀĚŐĕŖĚįĽĴĔńĭıŀĸŇŏĴŀĶƢȮŐĸƟĺĕŉŘĬĶŌĮŏĮƦĬ
ıĸŅĽĨŇĔŐĕŖĚȮěŅĔĬńŘĬěŉĚŒĝƟĨńĺĪņĸŃĸŅĵĪňŗŏľĴŅŃĽĴĝŃȮ(Leach) ĽŅĶĨńĺŏĨŇĴĪňŗŏĮƦĬŀĬŋĳŅė
ĕŀĚŐĕŖĚŀŀĔȮěŅĔĕńŘĬĨŀĬħńĚĔĸƞŅĺěŃŏľŖĬĺƞŅĺŇīňĔŅĶĬňŘěŃœĴƞĴňĔŅĶįĸŇĨŐĔƠĽĕŉŘĬ 

6) ĔŅĶĔńĔŏĔŖĭĔƠŅĞŏĝŇĚĔĸȮŏĮƦĬĔŅĶĪņŒľƟŏĔŇħĲŀĚŐĔƠĽŒĬıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺħƟĺĵĔŅĶĔĺĬ
ŏĝŇĚĔĸȮěŅĔĬńŘĬěŃŒĝƟĽŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅŐĸŃ/ľĶŊŀėĺŅĴĶƟŀĬȮŏıŊŗŀĪņŒľƟıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺ
ŐĕŖĚĨńĺȮĽƞĚįĸŒľƟŏĬŊŘŀıŀĸŇŏĴŀĶƢĽŅĴŅĶĩĔńĔŏĔŖĭŐĔƠĽœĺƟŒĬŏĬŊŘŀıŀĸŇŏĴŀĶƢœħƟ 

7) ĔŅĶŏĨŇĴœĴőėĶĽŏĲƖĵĶƢȮŏĮƦĬĔŅĶŏĨŇĴȮHollow microsphere ĞŉŗĚŀŅěŏĮƦĬŏĴŖħŐĔƟĺȮľĶŊŀŏĴŖħ
ıĸŅĽĨŇĔĸĚŒĬıŀĸŇŏĴŀĶƢȮőħĵĽƞĺĬĴŅĔĬŇĵĴįĽĴŏĴŖħĲƖĬŀĸŇĔȮ(Phenolic spheres) ĸĚŒĬ
ıŀĸŇŏŀĽŏĨŀĶƢĪňŗœĴƞŀŇŗĴĨńĺȮ(Unsaturated polyester resin) ŒĬĕĦŃĪňŗŏĔŇħĔŅĶĭƞĴȮ
(Curing) 

2.3.4.2 ĕńŘĬĨŀĬĔŅĶŏıŇŗĴĕĬŅħĕŀĚĲŀĚȮ&Bubble growth) 
 ĔŅĶŏıŇŗĴĕĬŅħĕŀĚĲŀĚŐĔƠĽŒĬĕńŘĬĨŀĬĔŅĶŏĔŇħőĲĴěŃŀŅĻńĵĔŅĶŐıĶƞĕŀĚŐĔƠĽěŅĔŏĲĽ
ĕŀĚŏľĸĺȮľĶŊŀıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺœĮĵńĚĲŀĚŐĔƠĽĪňŗĴňĸńĔļĦŃŏĮƦĬĪĶĚĔĸĴĪňŗŏĔŇħĕŉŘĬŒĬĕńŘĬĨŀĬŐĶĔȮȮ
ĪņŒľƟĲŀĚŐĔƠĽŏĔŇħĔŅĶĕĵŅĵĨńĺŀŀĔœĮĳŅĵŒĨƟĽĳŅĺŃĪňŗĔņľĬħȮĔŅĶĕĵŅĵĨńĺĕŀĚĲŀĚŐĔƠĽĽŅĴŅĶĩ
ėĺĭėŋĴœħƟőħĵŀŅĻńĵėĺŅĴŐĨĔĨƞŅĚĕŀĚėƞŅėĺŅĴħńĬĶŃľĺƞŅĚĳŅĵŒĬŐĸŃĳŅĵĬŀĔĲŀĚŐĔƠĽȮľĶŊŀŏĞĸĸƢ

őĲĴȮ&ƇP) ŐĶĚĨŉĚįŇĺĪňŗĽńĴįńĽȮ(ɾ) ŐĸŃĶńĻĴňĕŀĚĲŀĚȮ(r) ĨŅĴėĺŅĴĽńĴıńĬīƢħńĚĽĴĔŅĶĪňŗȮ1  

                                                ƇN;
0ɹ

p
                                       (1) 
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 ĲŀĚĪňŗĴňĕĬŅħŏĸŖĔěŃĴňėƞŅėĺŅĴŐĨĔĨƞŅĚĕŀĚėĺŅĴħńĬĴŅĔȮŐĸŃĴňŐĬĺőĬƟĴĪňŗěŃĪņŒľƟėƞŅėĺŅĴ
ŐĨĔĨƞŅĚĕŀĚėĺŅĴħńĬŏĪƞŅĔńĬœħƟőħĵĕĵŅĵĨńĺȮĔŅĶŐĨĔĕŀĚįĬńĚŏĞĸĸƢȮľĶŊŀĔŅĶŐıĶƞĕŀĚĽŅĶĲŌěŅĔĲŀĚĪňŗ
ĴňĕĬŅħŏĸŖĔœĮĵńĚĲŀĚĪňŗĴňĕĬŅħŒľĠƞȮĞŉŗĚĴňėĺŅĴĽńĴıńĬīƢħńĚŐĽħĚŒĬĽĴĔŅĶĪňŗȮ2 

                             ƇN/*0;0ɹ&
/

p/
+
/

p0
'                                                                                                         

ŏĴŊŗŀ ƇP1,2 ėŊŀȮėƞŅėĺŅĴŐĨĔĨƞŅĚĕŀĚėĺŅĴħńĬĶŃľĺƞŅĚĲŀĚȮ2 ĲŀĚȮőħĵĪňŗĕĬŅħĶńĻĴňĕŀĚ
  ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĲŀĚŏĪƞŅĔńĭȮr1 ŐĸŃȮr2 ĨŅĴĸņħńĭ 

2.3.4.3 ĕńŘĬĨŀĬĔŅĶĔŅĶŏĽĩňĵĶľĶŊŀĔŅĶėĚĶŌĮĕŀĚĲŀĚȮ&Bubble stability) 
 ĕńŘĬĨŀĬĬňŘĩŊŀŏĮƦĬĕńŘĬĨŀĬĪňŗĽņėńĠĪňŗĽŋħŒĬĔĶŃĭĺĬĔŅĶŏĔŇħőĲĴȮŏĬŊŗŀĚěŅĔĲŀĚĪňŗŏĔŇħĕŉŘĬŒĬŏĲĽ
ĕŀĚŏľĸĺľĶŊŀıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺŀŅěěŃœĴƞŏĽĩňĵĶŐĸŃŏĔŇħĔŅĶĵŋĭĨńĺĳŅĵŒĨƟŐĶĚőĬƟĴĩƞĺĚœħƟľŅĔœĴƞ
įƞŅĬĕńŘĬĨŀĬĬňŘȮľĬŉŗĚŒĬĮƤěěńĵĪňŗĽņėńĠĪňŗĽƞĚįĸĨƞŀėĺŅĴŏĽĩňĵĶĕŀĚőėĶĚĽĶƟŅĚőĲĴȮėŊŀĔŅĶĩƞŅĵŏĪȮ
(Drainage) ĕŀĚĕŀĚŏľĸĺěŅĔįĬńĚŏĞĸĸƢœĮĵńĚĶŀĵĨƞŀĶŃľĺƞŅĚŏĞĸĸƢȮ(Cell junction)ȮŒĬĕĦŃĪňŗĲŀĚŏĔŇħ
ĔŅĶĕĵŅĵĨńĺěŃŏĔŇħĔŅĶĽńĴįńĽĔńĬĕŀĚŏĞĸĸƢőĲĴĪņŒľƟŏĔŇħįĬńĚŏĞĸĸƢŐĸŃĽńĬȮ&Ribs) ĕŀĚŏĞĸĸƢőĲĴĕŉŘĬȮ
ŐĸŃŏĴŊŗŀĕŀĚŏľĸĺŏĔŇħĔŅĶĕĵŅĵĨńĺĨƞŀœĮěŃĪņŒľƟŏĔŇħĶŀĵŐĨĔĕŉŘĬĪňŗįĬńĚŏĞĸĸƢ ľŅĔĪņŒľƟĶŃĭĭőĲĴŒĬ
ĕĦŃĬňŘŏĽĩňĵĶěŃĪņŒľƟœħƟőĲĴıĸŅĽĨŇĔŐĭĭŏĞĸĸƢĮƕħ 
 ĔŅĶĮƚŀĚĔńĬœĴƞŒľƟŏĔŇħĶŀĵŐĨĔĕŀĚįĬńĚŏĞĸĸƢĽŅĴŅĶĩĪņœħƟőħĵĪņŒľƟĶŃĭĭőĲĴŏĔŇħĔŅĶŏĽĩňĵĶ
ĔƞŀĬĪňŗěŃŏĔŇħĶŀĵŐĨĔĕŉŘĬĪňŗįĬńĚŏĞĸĸƢȮĞŉŗĚĔŅĶĪņŒľƟĶŃĭĭőĲĴŏĽĩňĵĶŒĬĶŃĭĭőĲĴıŀĸŇŏĴŀĶƢĽŅĴŅĶĩĪņ
œħƟőħĵĔŅĶŏıŇŗĴėĺŅĴľĬŊħĕŀĚŏĲĽıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺȮĬŀĔěŅĔĬňŘĵńĚĽŅĴŅĶĩĪņŒľƟőĲĴŏĽĩňĵĶœħƟħƟĺĵ
ĺŇīňĪŅĚŏėĴňȮŏĝƞĬȮĔŅĶĪņŒľƟŏĪŀĶƢőĴıĸŅĽĨŇĔĪňŗĕĵŅĵĨńĺŏĵŖĬĨńĺĸĚĪňŗŀŋĦľĳŌĴŇĨŗņĔĺƞŅŀŋĦľĳŌĴŇŏĮĸňŗĵĬ
ĽĩŅĬŃėĸƟŅĵŐĔƟĺŏıŊŗŀĮƚŀĚĔńĬœĴƞŒľƟŏĔŇħĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢ 

ěŅĔĕńŘĬĨŀĬĨƞŅĚŕȮŒĬĔĶŃĭĺĬĔŅĶŏĔŇħőĲĴħńĚĪňŗœħƟĔĸƞŅĺœĮŒĬĕƟŅĚĨƟĬĽŅĴŅĶĩŐĽħĚœħƟħńĚĳŅıĪňŗȮ
2,13 
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ĳŅıĪňŗȮ2,13ȮŐįĬĳŅıĕńŘĬĨŀĬĨƞŅĚŕȮŒĬĔĶŃĭĺĬĔŅĶŏĔŇħőĲĴ [10] 
 

Ĕ) ĔŅĶŏĔŇħĲŀĚĶŌĮĶƞŅĚĪĶĚĔĸĴŒĬĶŃĭĭıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺ 
ĕ) ĲŀĚŐĔƠĽŏĔŇħĔŅĶĕĵŅĵĨńĺȮĪņŒľƟœħƟőĲĴĪňŗĴňėĺŅĴľĬŅŐĬƞĬĸħĸĚ 
ė'ȮĲŀĚŐĔƠĽŏĔŇħĔŅĶĕĵŅĵĨńĺěĬœĮĽńĴįńĽĔńĬĶŃľĺƞŅĚĲŀĚŐĔƠĽĪņŒľƟĶŌĮĶƞŅĚĕŀĚĲŀĚŏĮĸňŗĵĬŏĮƦĬ

ĪĶĚĽŇĭĽŀĚľĬƟŅȮĞŉŗĚŐĨƞĸŃľĬƟŅŏĮƦĬȮ5 ŏľĸňŗĵĴȮ(Pentagonal dodecahedron) ŐĨƞľŅĔĴŀĚŏĮƦĬȮ2 ĴŇĨŇ
ěŃŏĮƦĬȮ6 ŏľĸňŗĵĴĸńĔļĦŃėĸƟŅĵĶńĚįŉŘĚ (Hexagonal honey comb) 

Ě'ȮőĲĴıĸŅĽĨŇĔĪňŗœħƟĴňĸńĔļĦŃŏĮƦĬŐĭĭŏĞĸĸƢĮƕħ 
ě'ȮőĲĴıĸŅĽĨŇĔĪňŗįĬńĚŏĞĸĸƢĕŀĚĲŀĚŏĔŇħĔŅĶŐĨĔȮĽƞĚįĸŒľƟőėĶĚĽĶƟŅĚĕŀĚőĲĴŏĮƦĬŐĭĭŏĞĸĸƢ

ŏĮƕħ 
 

2.4 ĽŅĶĲŌȮ(Blowing agents) [19] 

ĽŅĶĲŌȮėŊŀȮĽŅĶĪňŗĪņŒľƟŏĔŇħĲŀĚŐĔƠĽĔĶŃěŅĵĨńĺŀĵŌƞŒĬŏĬŊŘŀıŀĸŇŏĴŀĶƢȮĪņŒľƟœħƟįĸŇĨĳńĦĤƢĪňŗĴň
ĸńĔļĦŃŏĮƦĬőĲĴȮĽŅĴŅĶĩŐĭƞĚĮĶŃŏĳĪĨŅĴĔĸœĔĔŅĶŏĔŇħĲŀĚŐĔƠĽœħƟȮ2 ĮĶŃŏĳĪȮœħƟŐĔƞȮĽŅĶĲŌĪŅĚ
ĔŅĵĳŅıȮ&Physical Blowing Agents : PBAs)ȮŐĸŃĽŅĶĲŌĪŅĚŏėĴňȮ&Chemical Blowing Agent : 
CBAs) 

2.4.1 ĽŅĶĲŌĪŅĚĔŅĵĳŅıȮ(Physical Blowing Agents : PBAs) 

ĽŅĶĲŌĪŅĚĔŅĵĳŅı ėŊŀȮĽŅĶĪňŗŏĨŇĴĸĚœĮŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮıŀĸŇŏĴŀĶƢŐĸƟĺĪņŒľƟŏĔŇħ
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĔŅĵĳŅıȮŐĸŃĔƞŀŒľƟŏĔŇħĲŀĚŐĔŖĽ ĽƞĺĬŒľĠƞĴńĔŏĮƦĬĕŀĚŏľĸĺĪňŗĴňěŋħŏħŊŀħĨŗņȮŐĸŃ
ĽŅĴŅĶĩĔĶŃěŅĵĨńĺœħƟħňŒĬŏĬŊŘŀıŀĸŇŏĴŀĶƢ ĴńĔŏĮƦĬĕŀĚŏľĸĺĪňŗĴňĶŅėŅĩŌĔȮŏĴŊŗŀŏĮƦĬŐĔƠĽěŃœĴƞľĸĚŏľĸŊŀ



  21 

ĽƞĺĬĪňŗŏĮƦĬĕŀĚŐĕŖĚĞŉŗĚŀŅěĽƞĚįĸĨƞŀĽňŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢȮŐĨƞŏĬŊŗŀĚěŅĔĽŅĶĲŌĪŅĚĔŅĵĳŅıĨƟŀĚ
ŀŅĻńĵŀŋĮĔĶĦƢıŇŏĻļŒĬĔŅĶĔńĔŏĔŖĭěŉĚĨƟŀĚĴňŀŋĮĔĶĦƢĪňŗŏĜıŅŃŏěŅŃěĚȮľĶŊŀĨƟŀĚĴňĔŅĶĮĶńĭĮĶŋĚ
ĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĽņľĶńĭĔŅĶįĸŇĨőĲĴȮőħĵĽŅĶĲŌĪŅĚĔŅĵĳŅıĴňȮ2 ĮĶŃŏĳĪȮœħƟŐĔƞ  

1) ĔŅĶĜňħŐĔƠĽŏĜŊŗŀĵȮŏĝƞĬȮŐĔƠĽœĬőĨĶŏěĬȮ&N2) ŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&CO2) ŏĕƟŅœĮŒĬ 
ıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴħńĬĽŌĚȮěŅĔĬńŘĬĲŀĚĕĵŅĵĨńĺŀŀĔŏĴŊŗŀıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺœľĸŀŀĔěŅĔľńĺħŅĵȮ
ŏĬŊŗŀĚěŅĔėĺŅĴħńĬĕŀĚĶŃĭĭĸħĸĚ 

2) ĔŅĶŏĨŇĴĕŀĚŏľĸĺĪňŗĴňěŋħŏħŊŀħĨŗņȮŏĝƞĬ œŁőħĶėŅĶƢĭŀĬȮŁŅőĸěŇŏĬĨœŁőħĶėŅĶƢĭŀĬȮ
&ĮĶŃĔŀĭħƟĺĵȮFreons ŐĸŃȮCFC) ŐĸŃŀŃĸŇĲŅĨŇĔœŁőħĶėŅĶƢĭŀĬŀŊŗĬŕȮĸĚœĮŒĬıŀĸŇŏĴŀĶƢ 

2.4.2 ĽŅĶĲŌĪŅĚŏėĴňȮ&Chemical Blowing Agent : CBAs) 

ĽŅĶĲŌĪŅĚŏėĴňȮėŊŀȮĽŅĶĪňŗŏĨŇĴĸĚœĮŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮıŀĸŇŏĴŀĶƢŐĸƟĺĪņŒľƟ
ŏĔŇħĮĢŇĔŇĶŇĵŅŏėĴňĪňŗĪņŒľƟœħƟĲŀĚŐĔƠĽŀŀĔĴŅŏĮƦĬįĸŇĨĳńĦĤƢȮőħĵěŃĨƟŀĚŏĸŊŀĔĽŅĶĲŌĪŅĚŏėĴňĪňŗĴňŀŋĦľĳŌĴŇ
ĔŅĶĽĸŅĵĨńĺŒĔĸƟŏėňĵĚĔńĭŀŋĦľĳŌĴŇĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮĝŇŘĬĚŅĬȮŏıŊŗŀŒľƟĽŅĶĲŌĪŅĚŏėĴňŏĔŇħĔŅĶĽĸŅĵĨńĺ
ŀŀĔĴŅŏĮƦĬŐĔƠĽĪňŗŀŋĦľĳŌĴŇħńĚĔĸƞŅĺȮĽŅĶĲŌĪŅĚŏėĴňŐĭƞĚŀŀĔŏĮƦĬȮ2 ĮĶŃŏĳĪȮħńĚĬňŘ 

2.4.2.1 Inorganic blowing agents 
Inorganic Blowing AgentsȮŏĮƦĬĽŅĶĲŌĪŅĚŏėĴňĪňŗĴňĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺĪňŗĽŅĴŅĶĩįńĬĔĸńĭœħƟȮ

ĞŉŗĚĔŅĶįńĬĔĸńĭěŃŏĔŇħŒĬĕĦŃĪňŗĴňĔŅĶĸħĸĚĕŀĚŐĔƠĽŒĬĶŃĭĭȮŏĝƞĬȮ Sodium hydrogen carbonateȮ
(NaHCO3) 

2.4.2.2 Organic blowing agents 
Organic Blowing Agents ŏĮƦĬĽŅĶĲŌĪŅĚŏėĴňĪňŗĴňĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺĪňŗœĴƞĽŅĴŅĶĩįńĬĔĸńĭ

œħƟȮŏĝƞĬȮAzodicarbonamide (ACD)ȮŐĸŃȮ2*2Ų+Oxybis (benzenesulfonyl hydrazide) (OBSH) 
 

0,3Ȯ2*2Ų-Oxybis (benzenesulfonyl hydrazide) (OBSH) [19] 

2,2Ų+Oxybis (benzenesulfonyl hydrazide) (OBSH)ȮŏĮƦĬįĸŉĔĕŀĚŐĕŖĚĽňĕŅĺȮĪňŗĪņľĬƟŅĪňŗ
ŏĮƦĬĽŅĶĲŌĪňŗěŃėŅĵėĺŅĴĶƟŀĬŀŀĔĴŅĶŃľĺƞŅĚĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏėĴňȮ(Exothermic chemical foaming 
agents) ŏĴŊŗŀŀĵŌƞĪňŗŀŋĦľĳŌĴŇŒĬĝƞĺĚȮ150-160 °CȮěŃŏĔŇħĔŅĶĽĸŅĵĨńĺŀŀĔĴŅŏĮƦĬŐĔƠĽœĬőĨĶŏěĬȮ(N2) 
ŐĸŃĬŘņȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,14 

https://en.wikipedia.org/wiki/Sodium
https://en.wikipedia.org/wiki/Bicarbonate
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ĳŅıĪňŗȮ2,14ȮĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺĕŀĚȮ2*2Ų+Oxybis (benzenesulfonyl hydrazide)(OBSH) [19] 

 

2.6 ĞňıŇőŀœĸĨƢȮ(Sepiolite) [20] 

ĞňıŇőŀœĸĨƢȮľĶŊŀĪňŗĶŌƟěńĔĔńĬŒĬĝŊŗŀȮMeerschaum ŏĮƦĬŐĶƞħŇĬŏľĬňĵĺȮ&Clay mineral) ĪňŗŏĮƦĬ
ĽŅĶĮĶŃĔŀĭœŁħĶńĽȮŀĸŌĴŇŏĬňĵĴĞŇĸŇŏĔĨȮ&Hydrous aluminium silicate) ĪňŗĴňĽŌĨĶŏėĴňėŊŀȮ 
Si12Mg8O30(OH2)4(OH)4ȮěńħŀĵŌƞŒĬĔĸŋƞĴœŀőŀőĬĞŇĸŇŏĔĨȮ&Inosilicate) ĞŉŗĚĴňőėĶĚĽĶƟŅĚĨƞŀŏĬŊŗŀĚŏĮƦĬĸŌĔőĞƞȮ
&Chain structure) ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,15ȮŀĬŋĳŅėěŉĚĴňĸńĔļĦŃėĸƟŅĵŏĕŖĴȮ&Needle-like particles) 
ŐĨĔĨƞŅĚěŅĔŐĶƞħŇĬŏľĬňĵĺĝĬŇħŀŊŗĬĪňŗĴňőėĶĚĽĶƟŅĚėĸƟŅĵěŅĬȮ&Dish-like particles) ĞňıŇőŀœĸĨƢĴňėŋĦĽĴĭńĨŇ
ŏħƞĬħńĚĬňŘ 
 1) ĴňıŊŘĬĪňŗįŇĺěņŏıŅŃȮ(BET, N2)ȮĮĶŃĴŅĦȮ300 m2/gȮŐĸŃĴňľĴŌƞœĞĸŅĬŀĸȮ(Si-OH) ŏĮƦĬ
ěņĬĺĬĴŅĔěŉĚĴňĽĴĭńĨŇėĺŅĴŏĮƦĬȮHydrophilic  

2) ŀĬŋĳŅėĴňĕĬŅħŏĸŖĔėŊŀĴňėĺŅĴĵŅĺŏĜĸňŗĵȮ1-2 µm ĴňėĺŅĴĔĺƟŅĚȮ0.01 µm ŐĸŃĴňĝƞŀĚŏĮƕħȮ
(Open channels) ĪňŗĴňĕĬŅħȮ3.6Å x 10.6 Å ŀĵŌƞĨŅĴŐĬĺŐĔĬȮX ĕŀĚŀĬŋĳŅėȮőħĵŀĬŋĳŅėĕŀĚĞňıŇ
őŀœĸĨƢěŃĴňĔŅĶěńħŏĶňĵĚĨńĺĔńĬŀĵƞŅĚľĸĺĴŕȮĽƞĚįĸŒľƟĞňıŇőŀœĸĨƢĴňĽĴĭńĨŇėĺŅĴŏĮƦĬĶŌıĶŋĬĽŌĚěŉĚĽŅĴŅĶĩ
ĬņĴŅŒĝƟŒĬĔŅĶħŌħĞńĭȮľĶŊŀħŌħĞŉĴœŀĶŃŏľĵȮĔĸŇŗĬȮĶĺĴĩŉĚĬŘņȮľĶŊŀĕŀĚŏľĸĺŀŊŗĬŕȮœħƟŀňĔħƟĺĵ 

3) œĴƞŏĔŇħĔŅĶĭĺĴĨńĺȮľĶŊŀĸŃĸŅĵŐĴƟĺƞŅěŃŀŇŗĴĨńĺœĮħƟĺĵĕŀĚŏľĸĺȮĞňıŇőŀœĸĨƢĔĶŃěŅĵĨńĺœħƟħňŒĬ
ĬŘņȮľĶŊŀĕŀĚŏľĸĺŀŊŗĬŕȮŏĴŊŗŀĞŇıŇőŀœĸĨƢĔĶŃěŅĵĨńĺŀĵŌƞŒĬĕŀĚŏľĸĺĴńĔěŃĔƞŀĨńĺŏĮƦĬŀĬŋĳŅėĪňŗĴňőėĶĚĽĶƟŅĚ
ŏĮƦĬĶƞŅĚŐľŐĭĭĽŋƞĴȮŏĬŊŗŀĚěŅĔŏĔŇħıńĬīŃœŁőħĶŏěĬĶŃľĺƞŅĚĬŘņŐĸŃŀĬŋĳŅėĕŀĚĞňıŇőŀœĸĨƢȮħńĚĬńŘĬĔŅĶŏĨŇĴ
ĞňıŇőŀœĸĨƢĸĚŒĬĕŀĚŏľĸĺěŃĽƞĚįĸŒľƟĕŀĚŏľĸĺĴňėĺŅĴľĬŊħĴŅĔĕŉŘĬȮěŉĚĽŅĴŅĶĩĬņĞňıŇőŀœĸĨƢĴŅŒĝƟŏĮƦĬ
ĽŅĶŏıŇŗĴėĺŅĴľĬŊħȮ(Suspending agent) œħƟ 
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ĳŅıĪňŗȮ2,15ȮőėĶĚĽĶƟŅĚĕŀĚĞňıŇőŀœĸĨƢȮ[21] 

 

2.7 ĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ 

 ĚŅĬĺŇěńĵĕŀĚȮJacqueline StagnerȮŐĸŃėĦŃȮY7[ œħƟĻŉĔļŅĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚȮPBAT ŐĸŃȮMTPS ěŅĔŐĮƚĚĕƟŅĺőıħĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮőħĵŏĶŇŗĴěŅĔĔŅĶŏĨĶňĵĴŏĪŀĶƢőĴ
ıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ&MTPS) ħƟĺĵĔŅĶįĽĴŐĮƚĚ
ĕƟŅĺőıħŏĕƟŅĔńĭĔĸňŏĞŀĶŀĸĪňŗŀńĨĶŅĽƞĺĬȮ80/20 őħĵĬŘņľĬńĔȮěŅĔĬńŘĬěŉĚŏĨŇĴĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮŐĸŃȮ
Luperox 101 ĪňŗĮĶŇĴŅĦȮ2% ŐĸŃȮ0.1% őħĵĬŘņľĬńĔȮħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder ĪňŗŀŋĦľĳŌĴŇ 
03-73-/03-/23-/4.-/43-/43-/43-/3.-/23Ȯ°CȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ125 rpm ěŅĔĬńŘĬěŃįĽĴȮ
PBAT ŏĕƟŅĔńĭȮMTPS ĪňŗŀńĨĶŅĽƞĺĬȮ90/10, 80/20, 70/30, 60/40 ŐĸŃȮ50/50 ħƟĺĵŏėĶŊŗŀĚȮTwin 
screw extruder ĪňŗŀŋĦľĳŌĴŇȮ25/125/135/140/145/150/150/150/145/135 °C őħĵŒĝƟėĺŅĴŏĶŖĺ
ĶŀĭȮ100 rpm ěŅĔĬńŘĬěŃĬņĲƕĸƢĴĪňŗœħƟĴŅĻŉĔļŅĽńĦģŅĬĺŇĪĵŅıĭĺƞŅȮMTPS ĴňĸńĔļĦŃŏĮƦĬĪĶĚĔĸĴ
ĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėĨƞŀŏĬŊŗŀĚĕŀĚȮPBAT őħĵĕĬŅħĪĶĚĔĸĴĕŀĚȮMTPS ěŃĴňĕĬŅħŏĸŖĔĸĚŏĴŊŗŀĴňĔŅĶ
ŏıŇŗĴĮĶŇĴŅĦȮMTPS ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,16 ĬŀĔěŅĔĬňŘĵńĚœħƟĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ
ħńĚĔĸƞŅĺıĭĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ěŃĽƞĚįĸŒľƟȮTensile strength ŐĸŃȮElongation at break Ĵň
ėƞŅŏıŇŗĴĕŉŘĬħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,17 
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ĳŅıĪňŗȮ2,16 ĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPBAT/MTPS ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

 

 
ĳŅıĪňŗȮ2,17 ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPBAT/MTPS ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

 

PBAT PBAT/MTPS : 90/10 

PBAT/MTPS : 80/20 PBAT/MTPS : 70/30 

PBAT/MTPS : 60/40 PBAT/MTPS : 50/50 
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ĚŅĬĺŇěńĵĕŀĚȮDafu Wei ŐĸŃėĦŃȮ[22] œħƟĻŉĔļŅĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮ
PBAT ŐĸŃȮTPS ěŅĔŐĮƚĚĴńĬİĶńŗĚĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮőħĵŏĶŇŗĴěŅĔĔŅĶŏĨĶňĵĴŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝěŅĔ
ŐĮƚĚĴńĬİĶńŗĚħƟĺĵĔŅĶįĽĴŐĮƚĚĴńĬİĶńŗĚĮĶŇĴŅĦȮ100 ĔĶńĴ ŏĕƟŅĔńĭĬŘņȮŐĸŃĔĸňŏĞŀĶŀĸĮĶŇĴŅĦȮ30 ŐĸŃȮ20 
ĔĶńĴĨŅĴĸņħńĭȮħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder ĪňŗŀŋĦľĳŌĴŇȮ80/100/120/135/155/175/165 °C 
őħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ150 rpm ěŅĔĬńŘĬěŃįĽĴȮPBAT ŏĕƟŅĔńĭȮTPS ĪňŗœħƟěŅĔŐĮƚĚĴńĬİĶńŗĚĪňŗŀńĨĶŅĽƞĺĬ 
100/0, 90/10, 80/20, 70/30, 60/40, 50/50 ŐĸŃ 40/60 őħĵĬŘņľĬńĔȮħƟĺĵŏėĶŊŗŀĚȮBlown film 
extruder ĪňŗŀŋĦľĳŌĴŇ 90/110/130/155/170/180/170°C ěŅĔĬńŘĬĬņĲƕĸƢĴĪňŗœħƟĴŅĻŉĔļŅĽĴĭńĨŇĽĴĭńĨŇ
ŏĝŇĚĔĸȮŐĸŃĽńĦģŅĬĺŇĪĵŅȮıĭĺƞŅŏĴŊŗŀĮĶŇĴŅĦȮTPS ŏıŇŗĴĕŉŘĬěŃĽƞĚįĸŒľƟȮElongation at break ĴňėƞŅ
ĸħĸĚȮŐĨƞĔŅĶŏĨŇĴȮTPS ĪňŗĮĶŇĴŅĦȮ10-30 wt% ěŃĽƞĚįĸŒľƟȮTensile strength ĴňėƞŅŏıŇŗĴĕŉŘĬȮŀĵƞŅĚœĶĔŖ
ĨŅĴľŅĔŏĨŇĴȮTPS ĴŅĔĔĺƞŅȮ30wt% ėƞŅȮTensile strengthȮĔŖěŃĴňŐĬĺőĬƟĴĸħĸĚ ħńĚŐĽħĚŒĬĳŅıĪňŗȮ
2,18 ĞŉŗĚįĸħńĚĔĸƞŅĺěŃĽŀħėĸƟŀĚĔńĭĽńĦģŅĬĺŇĪĵŅȮĪňŗıĭĺƞŅŀĬŋĳŅėĕŀĚȮTPS ěŃĴňĕĬŅħŏĸŖĔȮŐĸŃĴňĔŅĶ
ĔĶŃěŅĵĨńĺœħƟħňŒĬĺńĢĳŅėĕŀĚȮPBAT ŏĴŊŗŀŏĨŇĴȮTPS ĪňŗĮĶŇĴŅĦȮ10-30wt% ħńĚĳŅıĪňŗȮ2,19 

 

 
ĳŅıĪňŗȮ2,18ȮĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPBAT/TPS ĪňŗĮĶŇĴŅĦĨƞŅĚŕȮY00[ 
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ĳŅıĪňŗȮ2,19ȮĽńĦģŅĬĺŇĪĵŅĕŀĚȮPBAT/TPS ĪňŗĮĶŇĴŅĦĨƞŅĚŕȮ[22] 

 
 ěŅĔĚŅĬĺŇěńĵĕŀĚȮYesmine Fourati ŐĸŃėĦŃȮ[23] œħƟĻŉĔļŅĔŅĶŏĨĶňĵĴŐĸŃĮĶńĭĮĶŋĚ
ėŋĦĽĴĭńĨŇĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT ŐĸŃȮTPS ěŅĔŐĮƚĚĴńĬİĶńŗĚħƟĺĵĔŅĶŏĨŇĴȮMaleic 
anhydride (MA), Citric acid (CA) ŐĸŃ PBAT-g-MA ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬ Compatibilizer őħĵŏĶŇŗĴ
ěŅĔĔŅĶŏĨĶňĵĴŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝěŅĔŐĮƚĚĴńĬİĶńŗĚħƟĺĵĔŅĶįĽĴŐĮƚĚĴńĬİĶńŗĚŏĕƟŅĔńĭĔĸňŏĞŀĶŀĸȮ
20wt%ȮħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder ĪňŗŀŋĦľĳŌĴŇ 110/110/120/120/130/130/120 °C őħĵŒĝƟ
ėĺŅĴŏĶŖĺĶŀĭȮ200 rpmȮěŅĔĬńŘĬěŉĚŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮTPS ŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬȮ60/40 
őħĵĬŘņľĬńĔȮıĶƟŀĴĪńŘĚŏĨŇĴȮCompatibilizer ĝĬŇħĨƞŅĚŕȮħƟĺĵŏėĶŊŗŀĚ Twin screw extruder ĪňŗŀŋĦľĳŌĴŇȮ
/0.-/1.-/23-/3.-/3.-/2.-/1.-/0.Ȯ°CȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ120 rpmȮěŅĔĬńŘĬĬņıŀĸŇŏĴŀĶƢįĽĴ
ħńĚĔĸƞŅĺœĮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮıĭĺƞŅĔŅĶŏĨŇĴȮPBAT-g-MAȮĮĶŇĴŅĦȮ2wt% ĸĚŒĬıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚȮTPS ŐĸŃȮPBAT ĽƞĚįĸŒľƟȮTensile strength ŏıŇŗĴĕŉŘĬěŅĔȮ10 MPa œĮŏĮƦĬȮ12 MPa, ĽƞĺĬ
ėƞŅȮStrain at break ŏıŇŗĴĕŉŘĬěŅĔȮ185% ŏĮƦĬȮ380% ŐĸŃėƞŅȮModulus ŏıŇŗĴĕŉŘĬěŅĔȮ14 MPa ŏĮƦĬȮ
58 MPa ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,20 
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ĳŅıĪňŗȮ2,20ȮĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPBAT/TPS ĪňŗĴňĔŅĶŏĨŇĴȮCompatibilizer ĝĬŇħĨƞŅĚŕȮ[23] 

  
ěŅĔĚŅĬĺŇěńĵĕŀĚȮJuliana Olivato ŐĸŃėĦŃȮY02[ȮœħƟĪņĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ

ĶŃľĺƞŅĚȮTPS ĪňŗœħƟěŅĔŐĮƚĚĴńĬĽņĮŃľĸńĚȮŐĸŃȮPBAT ıĶƟŀĴĪńŘĚĴňĔŅĶŏĽĶŇĴŐĶĚħƟĺĵĞňıŇőŀœĸĨƢȮ(Sepiolite) 
ěŅĔĬńŘĬĬņĺńĽħŋėŀĴıŀĽŇĨħńĚĔĸƞŅĺĴŅĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮıĭĺƞŅȮĔŅĶŏĨŇĴ 
ĞňıŇőŀœĸĨƢĽƞĚįĸŒľƟėƞŅȮTensile strength ŐĸŃȮElongation at break ĸħĸĚȮŐĨƞěŃĽƞĚįĸŒľƟėƞŅȮ
Modulus ŏıŇŗĴĕŉŘĬħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.4ȮŐĸŃœĴƞĽƞĚįĸĨƞŀĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĺńĽħŋėŀĴıŀĽŇĨ 

 
ĨŅĶŅĚĪňŗȮ2.4 ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮTPS/PBAT ŐĸŃĺńĽħŋėŀĴıŀĽŇĨȮY02[ 
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ěŅĔĚŅĬĺŇěńĵĕŀĚȮĺňĶŃĻńĔħŇśȮŏĸŇĻĽŇĶŇőĵīŇĬȮ[25] œħƟĪņĔŅĶŏĨĶňĵĴĺńĽħŋĔńĬĔĶŃŐĪĔěŅĔıŀĸŇŏĴŀĶƢ
įĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬĞńėĞŇŏĬĨȮ&PBS) ŐĸŃȮTPS ěŅĔŐĮƚĚĴńĬĽņĮŃľĸńĚȮőħĵįĽĴȮPBS ŏĕƟŅĔńĭȮTPS 
ěŅĔŐĮƚĚĴńĬĽņĮŃľĸńĚĪňŗŀńĨĶŅĽƞĺĬȮ100/0, 80/20, 70/30 ŐĸŃȮ60/40 őħĵĬŘņľĬńĔȮıĶƟŀĴĪńŘĚĴňĔŅĶ
ŏĨŇĴȮBlowing agent ŐĸŃȮTalc ĮĶŇĴŅĦȮ5 ŐĸŃȮ0.5 phr ěŅĔĔŅĶĻŉĔļŅıŀĸŇŏĴŀĶƢįĽĴĪňŗĵńĚœĴƞœħƟĕŉŘĬ
ĶŌĮŏĮƦĬőĲĴıĭĺƞŅȮėƞŅȮTensile strength ŐĸŃ WmsleŲqȮKmbsjsqȮĴňŐĬĺőĬƟĴĸħĸĚŏĴŊŗŀĮĶŇĴŅĦȮTPS 
ŏıŇŗĴĕŉŘĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,21 

 
ĳŅıĪňŗȮ2,21 Tensile strength ŐĸŃȮWmsleŲqȮKmbsjsqȮĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPBS ŐĸŃȮTPS [25] 
ŏĴŊŗŀĪņĔŅĶľŅėƞŅȮMelt flow index ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBS ŐĸŃȮTPSȮıĭĺƞŅŏĴŊŗŀ

ĮĶŇĴŅĦȮTPS ŏıŇŗĴĕŉŘĬěŃĽƞĚįĸŒľƟėƞŅȮMelt flow index ĴňŐĬĺőĬƟĴĸħĸĚȮĬńŗĬŐĽħĚĺƞŅĔŅĶŏĨŇĴȮTPS 
ĽƞĚįĸŒľƟıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟĴňėĺŅĴľĬŊħĸħĸĚȮħńĚĳŅıĪňŗȮ2,22 ĞŉŗĚĔŅĶĸħĸĚĕŀĚėĺŅĴľĬŊħŀŅěĽƞĚįĸĨƞŀ
ĔĶŃĭĺĬĔŅĶįĸŇĨőĲĴȮĞŉŗĚěņŏĮƦĬĨƟŀĚŀŅĻńĵėĺŅĴľĬŊħĕŀĚıŀĸŇŏĴŀĶƢŏıŊŗŀŒľƟıŀĸŇŏĴŀĶƢĴňĔŅĶĨƟŅĬŐĶĚĵĔ
ĕŀĚŐĔƠĽĨƞŀįĬńĚŏĞĸĸƢőĲĴȮœĴƞĪņŒľƟŐĔƠĽĸŃĸŅĵįƞŅĬıŀĸŇŏĴŀĶƢĔƞŀĬěŃŏĔŇħŏĮƦĬőĲĴȮ 

 
ĳŅıĪňŗȮ2,22ȮMelt flow index ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBS ŐĸŃȮTPS [25] 
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 ŏĴŊŗŀĕŉŘĬĶŌĮŒľƟŏĮƦĬőĲĴŐĸƟĺěŃĬņőĲĴĪňŗœħƟĴŅĻŉĔļŅėĺŅĴľĬŅŐĬƞĬȮŐĸŃȮExpansion ratio 
ıĭĺƞŅŏĴŊŗŀȮTPS ĴňĮĶŇĴŅĦĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟœħƟőĲĴĪňŗĴňėĺŅĴľĬŅŐĬƞĬĴŅĔĕŉŘĬħńĚĳŅıĪňŗȮ2,23ȮĬńŗĬŐĽħĚ
ĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦȮTPS ĪņŒľƟŀńĨĶŅĔŅĶĕĵŅĵĨńĺĕŀĚőĲĴȮ(Expansion ratio) ĸħĸĚȮħńĚĳŅıĪňŗȮ2,24 
 

 
ĳŅıĪňŗȮ2,23ȮėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBS ŐĸŃȮTPS [25] 

 

 
ĳŅıĪňŗȮ2,24 Expansion ratio ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBS ŐĸŃȮTPS [25] 
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ěŅĔĚŅĬĺŇěńĵĕŀĚȮWorawan Pechurai ŐĸŃėĦŃȮ[26] œħƟĪņĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴőĲĴěŅĔ
ĵŅĚīĶĶĴīĶĶĴĝŅĨŇȮŏıŊŗŀĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴĽŅĶĲŌĪňŗĴňįĸĨƞŀėĺŅĴŐĕŖĚĪňŗįŇĺĕŀĚőĲĴĵŅĚīĶĶĴĝŅĨŇ 
ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅȮŏĴŊŗŀĮĶŇĴŅĦȮOBSH ŏıŇŗĴĕŉŘĬėĺŅĴŐĕŖĚĪňŗįŇĺȮ(Hardness) ĕŀĚőĲĴĴňŐĬĺőĬƟĴ
ĸħĸĚȮŏĬŊŗŀĚěŅĔĔŅĶŏĨŇĴȮOBSH ěŃĽƞĚįĸŒľƟŏĔŇħĲŀĚŐĔƠĽĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėĕŀĚĵŅĚīĶĶĴĝŅĨŇ
ĴŅĔĕŉŘĬȮőĲĴĵŅĚīĶĶĴĝŅĨŇěŉĚĴňĶŌıĶŋĬĴŅĔĕŉŘĬȮėĺŅĴŐĕŖĚĪňŗįŇĺěŉĚĴňŐĬĺőĬƟĴĸħĸĚĨŅĴĮĶŇĴŅĦĔŅĶŏĨŇĴȮ
OBSH ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅőĲĴĵŅĚīĶĶĴĝŅĨŇĪňŗĕŉŘĬĶŌĮĪňŗŀŋĦľĳŌĴŇȮ160 °CȮěŃĴňėĺŅĴŐĕŖĚĪňŗįŇĺȮ
(Hardness)ȮĬƟŀĵĔĺƞŅőĲĴĪňŗĕŉŘĬĶŌĮĪňŗŀŋĦľĳŌĴŇȮ150 °CȮŏĬŊŗŀĚěŅĔĪňŗŀŋĦľĳŌĴŇ 160 °CȮěŃĴňőŀĔŅĽŏĔŇħĲŀĚ
ŐĔƠĽĴŅĔĔĺƞŅȮőĲĴĪňŗœħƟěŉĚĴňĔŅĶĕĵŅĵŀŀĔĴŅĔĔĺƞŅȮŐĸŃĴňėĺŅĴŐĕŖĚĪňŗįŇĺĬƟŀĵĔĺƞŅőĲĴĪňŗŀŋĦľĳŌĴŇȮ150 °C 
ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,25 

 

 
ĳŅıĪňŗȮ2,25 ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴĵŅĚīĶĶĴĝŅĨŇĪňŗĴňĔŅĶŏĨŇĴȮOBSH ĪňŗĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬȮY04[ 

  
 ěŅĔĚŅĬĺŇěńĵĕŀĚȮVictoria BernardoȮŐĸŃėĦŃȮ[27] œħƟĻŉĔļŅĔŅĶŏĨĶňĵĴőĲĴěŅĔıŀĸŇŏĴĪŇĸ-
ŏĴĪŅėĶŇŏĸĨȮ(PMMA) ĪňŗĴňĔŅĶŏĨŇĴĞňıŇőŀœĸĨƢĪňŗĵńĚœĴƞįƞŅĬĔŅĶħńħŐĮĶıŊŘĬįŇĺȮ(S-N), ĞňıŇőŀœĸĨƢĪňŗĴňĔŅĶħńħ
ŐĮĶıŊŘĬįŇĺħƟĺĵȮQuaternary ammonium salt (S-QAS)ȮŐĸŃĞňıŇőŀœĸĨƢĪňŗĴňĔŅĶħńħŐĮĶıŊŘĬįŇĺħƟĺĵȮ
silane (S-S) ıĭĺƞŅĔŅĶŏĨŇĴĞňıŇőŀœĸĨƢĪńŘĚȮ3 ĝĬŇħěŃĽƞĚįĸŒľƟŏĞĸĸƢőĲĴĴňĕĬŅħŏĸŖĔĸĚħńĚĳŅıĪňŗȮ2,26 
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ĳŅıĪňŗȮ2,26 őėĶĚĽĶƟŅĚĕŀĚŏĞĸĸƢőĲĴĪňŗĴňĔŅĶŏĨŇĴĞňıŇőŀœĸĨƢĝĬŇħĨƞŅĚŕ 
a) S-N, b) S-QAS ŐĸŃȮc) S-S [27] 

 

ěŅĔĚŅĬĺŇěńĵĕŀĚȮAntonio Esteban-Cubillo ŐĸŃėĦŃȮY/1[ȮœħƟĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴĞňıŇőŀœĸĨƢȮ
(Sepiolite) ŒĬĔĶŃĭĺĬĔŅĶŏĨĶňĵĴőĲĴěŅĔıŀĸŇĽœĨĶňĬȮ(PS) ħƟĺĵĔĶŃĭĺĬĔŅĶŏĔŇħőĲĴŐĭĭĔŃȮ(Batch 
foaming process) ıĭĺƞŅȮŏĴŊŗŀĮĶŇĴŅĦĞňıŇőŀœĸĨƢŏıŇŗĴĕŉŘĬěŃĽƞĚįĸŒľƟŏĞĸĸƢőĲĴĴňĕĬŅħŏĸŖĔĸĚȮŐĸŃĴň
ŏĞĸĸƢőĲĴěņĬĺĬĴŅĔĕŉŘĬȮħńĚ 
 

ĳŅıĪňŗȮ2,27 
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ĳŅıĪňŗȮ2,27 őėĶĚĽĶƟŅĚĕŀĚŏĞĸĸƢőĲĴȮPS ĪňŗĴňĔŅĶŏĨŇĴĞňıŇőŀœĸĨƢĪňŗĮĶŇĴŅĦĨƞŅĚŕa) PS, b) PS+0.25%, 

c) PS+0.5%, d) PS+1%, e) PS+3%, f) PS+5% [13] 

 
 ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅŏĴŊŗŀĮĶŇĴŅĦĞňıŇőŀœĸĨƢĴŅĔĕŉŘĬȮĽƞĚįĸŒľƟėƞŅĽńĴĮĶŃĽńĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬĴň
ŐĬĺőĬƟĴĸħĸĚȮŏĬŊŗŀĚěŅĔŏĴŊŗŀĮĶŇĴŅĦĞňőŀœĸĨƢĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟĲŀĚŀŅĔŅĻĞŉŗĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĬņ
ėĺŅĴĶƟŀĬœħƟĨŗņĳŅĵŒĬŏĬŊŘŀőĲĴŏıŇŗĴĕŉŘĬȮħńĚĳŅıĪňŗȮ2,28 

 
ĳŅıĪňŗȮ2,28 ŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĞňıŇőŀœĸĨƢĨƞŀėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĬņėĺŅĴĶƟŀĬȮ[13] 
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ĭĪĪňŗ 3  
ĺŇīňħņŏĬŇĬĚŅĬĺŇěńĵ 

3.1 ĺńĽħŋŀŋĮĔĶĦƢȮŏėĶŊŗŀĚĴŊŀȮŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

3.1.1 ĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

 1. ıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨ (PBAT)  
įŌƟįĸŇĨ   : ĭĶŇļńĪȮBASFȮ 
ŏĔĶħȮ   : Ecoflex® F Blend C1200 
Melt flow index : 2.7Ȯ-Ȯ4.9 g/ 10 min 
Melting point  : 110 - 120 °C 

 2. ŐĮƚĚĴńĬĽņĮŃľĸńĚ ĨĶŅĮĸŅĴńĚĔĶ 
 3. 2,5-Bis(tert-butylperoxy)-2,5-dimethylhexane (Luperox® 101) ěŅĔĭĶŇļńĪȮŀŇĬ
őĬŏĺĝńŗĬȮŏĪėőĬőĸĵňȮěņĔńħȮŒĝƟĽņľĶńĭŏĮƦĬĽŅĶŏĝŊŗŀĴĕĺŅĚŒĬȮPBAT 
 4. 4,4'-Oxydibenzenesulfonyl Hydrazide (OBSH) ĪňŗĴňĝŊŗŀĪŅĚĔŅĶėƟŅĺƞŅȮSupercell-EW 
ěŅĔĭĶŇļńĪȮŀŇĬőĬŏĺĝńŗĬȮŏĪėőĬőĸĵňȮěņĔńħȮĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĲŌ (Blowing agent) 
 5. ĞňıŇőŀœĸĨƢȮ(Sepiolite) ěŅĔĭĶŇļńĪȮSIGMA-ALDRICH ĪņľĬƟŅĪňŗŏĮƦĬȮFoam nucleating 
agent 
 6. ĔĸňŏĞŀĶŀĸȮěŅĔĭĶŇļńĪȮAjax Finechem PTY LtdȮĪņľĬƟŅĪňŗŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĽņľĶńĭ
ĔŅĶŏĨĶňĵĴŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ&MTPS) 
 7. ĬŘņĶňŏĺŀĶƢĽŀŀĽőĴĽŇĽȮ(RO) ĪņľĬƟŅĪňŗŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢĽņľĶńĭĔŅĶŏĨĶňĵĴŏĪŀĶƢőĴıĸŅĽĨŇĔ
ĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ&MTPS) 
 8. ŀŃĞŇőĨĬȮŒĝƟŏĮƦĬĨńĺĪņĸŃĸŅĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮŐĸŃȮLuperox® 101 

9. ŏĴĪŅĬŀĸȮ(Methanol,ȮCH3OH)ȮŒĝƟŏĮƦĬ non-solventȮĽņľĶńĭĔŅĶĨĔĨŃĔŀĬĕŀĚ 
ıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏıĪ+őė+ŏĪŏĶĲĪŅŏĸĪĪňŗĩŌĔħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(PBAT-g-MA) 

10. œħėĸŀőĶĴňŏĪĬȮ(Dichloromethane, CH2Cl2) ŒĝƟŏĮƦĬĨńĺĪņĸŃĸŅĵĽņľĶńĭıŀĸŇĭŇĺ 
ĪŇĸňĬŀŃħŇŏħĪ+őė+ŏĶĲĪŅŏĸĪĪňŗĩŌĔħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(PBAT-g-MA) ŏıŊŗŀĬņœĮ
ĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮNuclear Magnetic Resonance Spectroscopy (NMR) 

11. ĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(Maleic anhydride, MA) ěŅĔĭĶŇļńĪȮSIGMA-ALDRICH ŒĝƟŒĬĔŅĶ
ħńħŐĮĶőėĶĚĽĶƟŅĚĕŀĚȮPBAT ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝ 
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3.1.2 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

 1. ĨŌƟŀĭȮ&Hot air oven) ĕŀĚĭĶŇļńĪȮBINDER 
 2. ŏėĶŊŗŀĚȮTwin screw extrusion ĶŋƞĬȮSHJ-03ȮĕŀĚĭĶŇļńĪȮYongteng ĮĶŃŏĪĻěňĬȮĞŉŗĚĴňĕĬŅħ
ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĽĔĶŌȮ03ȮĴŇĸĸŇŏĴĨĶȮĵŅĺȮ14.ȮŏĞĬĨŇŏĴĨĶȮŐĸŃĴňėƞŅȮL/D ŏĮƦĬȮ/2,2 
 3. ŏėĶŊŗŀĚȮCompression molding machine ĕŀĚĭĶŇļńĪȮLabtech Engineering Co., Ltd. 
(Scientific) 
 4. ŏėĶŊŗŀĚȮScanning electron microscope (SEM) ĶŋƞĬȮTM3030 ĕŀĚȮHITACHI, Japan 
 5. ŏėĶŊŗŀĚȮTwo-roll mill machine ĕŀĚĭĶŇļńĪȮLabtech Engineering Co., Ltd. 
(Scientific) 
 6. ŏėĶŊŗŀĚȮDifferential scanning calorimeter (DSC) ĵňŗľƟŀȮMettle-Toledo ĶŋƞĬȮDSC1 
 7. ŏėĶŊŗŀĚȮThermal gravimetric analyser (TGA) ĵňŗľƟŀȮMettle-Toledo ĶŋƞĬȮTGA1 
 8. ŏėĶŊŗŀĚ Universal testing machine ĵňŗľƟŀ INSTRON ĶŋƞĬȮ37..Ȯseries 
 9. ŏėĶŊŗŀĚȮHardness tester ěŅĔĭĶŇļńĪ Pacific Transducer Corp. 

10. ŏėĶŊŗŀĚȮNuclearȮMagneticȮResonanceȮSpectrometerȮ(NMR)ȮĕŀĚĭĶŇļńĪȮBrukerȮ
CorporationȮ 

11. ŏėĶŊŗŀĚȮX-ray diffractometer (XRD) ĵňŗľƟŀȮSHIMADZU ĶŋƞĬȮXRD-6100 
 

3.2 ĺŇīňħņŏĬŇĬĚŅĬĺŇěńĵ 

 ĔŅĶħņŏĬŇĬĚŅĬĕŀĚĚŅĬĺŇěńĵĬňŘŐĭƞĚŀŀĔŏĮƦĬȮ3 ĨŀĬȮħńĚĬňŘ 
ĨŀĬĪňŗȮ1 ĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨȮ

(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS) Īňŗ
œĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟȮ(Compatibilizer) 

ĨŀĬĪňŗȮ2 ĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-
ŏĪŏĶĲĪŅŏĸĨȮ(PBAT)ȮŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁ
œħĶƢħȮ(MTPS) 

ĨŀĬĪňŗȮ3 ĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮSepiolite ĪňŗĴňįĸĨƞŀĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨȮ(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħ
ŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS)  
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ĨŀĬĪňŗȮ/Ȯ: ĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨ

 ȮȮȮ(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁ

 ȮȮȮœħĶƢħȮ(MTPS) ĪňŗœĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟ  

3.2.1 ĔŅĶŏĨĶňĵĴŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁ

œħĶƢħȮ(MTPS) ěŅĔŐĮƚĚĴńĬĽņĮŃľĸńĚ 

ŏĨĶňĵĴŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ&MTPS) 
őħĵŏĶŇŗĴěŅĔĔŅĶŐĭƞĚŐĮƚĚĴńĬĽņĮŃľĸńĚĮĶŇĴŅĦȮ1,000 ĔĶńĴœĺƟŒĬĔŃĸŃĴńĚŀŃĸŌĴŇŏĬňĵĴȮěŅĔĬńŘĬĭħ 
ĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ(MA) ĮĶŇĴŅĦȮ10 ĔĶńĴȮ(1 phr ĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚ)ȮŒľƟŏĮƦĬįĚħƟĺĵőĔĶƞĚĭħĽŅĶȮ
įĽĴĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢŏĕƟŅĔńĭıĸŅĽĨŇœĞŏĞŀĶƢȮ2 ĝĬŇħœħƟŐĔƞȮĬŘņȮŐĸŃĔĸňŏĞŀĶŀĸŀĵƞŅĚĸŃȮ300 ĔĶńĴȮ
(30 phr ĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚ'ȮěŅĔĬńŘĬįĽĴŒľƟŏĕƟŅĔńĬŒĬĭňĔŏĔŀĶƢȮŐĸƟĺěŉĚŏĨŇĴıĸŅĽĨŇœĞŏĞŀĶƢĪňŗįĽĴŏĕƟŅ
ĔńĬħňĔńĭĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢŐĸƟĺĸĚŒĬŐĮƚĚĴńĬĽņĮŃľĸńĚĪňĸŃĬƟŀĵȮıĶƟŀĴĪńŘĚėĸŋĔŏėĸƟŅŒľƟĽƞĺĬįĽĴŏĕƟŅ
ĔńĬħƟĺĵĴŊŀȮŐĸŃĭƞĴĕŀĚįĽĴħńĚĔĸƞŅĺœĺƟŒĬĩŋĚĞŇĮĸŖŀėŏĮƦĬŏĺĸŅȮ24 ĝńŗĺőĴĚȮŏĴŊŗŀėĶĭĨŅĴŏĺĸŅĪňŗĔņľĬħ
ŐĸƟĺěŃĬņœĮĕŉŘĬĶŌĮŒľƟŏĮƦĬŏĽƟĬȮExtrudate ħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder ĪňŗŀŋĦľĳŌĴŇȮ90, 100, 
110, 120, 120, 120, 120 ŐĸŃȮ110 °C ĨŅĴĸņħńĭȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ60 rpm ěŅĔĬńŘĬĬņŏĽƟĬȮ
Extrudate ĪňŗœħƟœĮĨńħŒľƟŏĮƦĬŏĴŖħȮ(Pellet)ȮŐĸƟĺĬņŏĴŖħȮMTPS ĪňŗœħƟœĮŀĭħƟĺĵĨŌƟŀĭĽŋĠĠŅĔŅĻĪňŗ
ŀŋĦľĳŌĴŇȮ40 °C ŏĮƦĬŏĺĸŅȮ1 ĝńŗĺőĴĚĔƞŀĬĬņœĮŒĝƟĚŅĬȮ 

 

3.2.2 ĔŅĶĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮX-ray diffractometer (XRD)Ȯ 

ĪħĽŀĭŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ&MTPS) 
ħƟĺĵŏėĶŊŗŀĚȮX-ray diffractometer (XRD)ȮŏıŊŗŀĻŉĔļŅŏĮŀĶƢŏĞŖĬĨƢėĺŅĴŏĮƦĬįĸŉĔŒĬȮMTPS ŏĮĶňĵĭŏĪňĵĭ
ĔńĭŐĮƚĚĴńĬĽņĮŃľĸńĚȮőħĵŏĶŇŗĴěŅĔĔŅĶŏĨĶňĵĴŐįƞĬĝňĪěŅĔȮMTPSȮħƟĺĵĔĶŃĭĺĬĔŅĶȮCompression 
molding ĪňŗŀŋĦľĳŌĴŇȮ160 °C ŐĸŃėĺŅĴħńĬȮ1,500 psi ŏĮƦĬŏĺĸŅȮ3ȮĬŅĪň őħĵěŃĴňĔŅĶŒľƟėĺŅĴĶƟŀĬ
ĔƞŀĬȮ(Preheat) ŏĮƦĬŏĺĸŅȮ30 ĺŇĬŅĪňȮĴňĔŅĶĶŃĭŅĵŐĔƠĽŀŀĔȮ(Venting) ŏĮƦĬŏĺĸŅȮ1 ĬŅĪňȮŐĸŃĪņŒľƟ
ŐįƞĬĝňĪĪňŗœħƟŏĵŖĬĸĚȮ(Cooling)ȮŏĮƦĬŏĺĸŅȮ1 ĬŅĪňȮěŅĔĬńŘĬĬņŐįƞĬĝňĪĪňŗœħƟœĮĨŇħĔńĭĔĶŃěĔĽœĸħƢŏıŊŗŀĬņœĮ
ıŇĽŌěĬƢŏŀĔĸńĔļĦƢħƟĺĵŏėĶŊŗŀĚȮX-ray diffraction (XRD)ȮőħĵŒĝƟėĺŅĴĨƞŅĚĻńĔĵƢœĲĲƚŅȮ1. kV ŐĸŃŒĝƟ
ĔĶŃŐĽœĲĲƚŅȮ0. mA ĞŉŗĚěŃŏĸŊŀĔőľĴħĔŅĶĽŐĔĬŒľƟĪńŘĚĨńĺŀĵƞŅĚŐĸŃŏėĶŊŗŀĚĨĶĺěěńĭľĴŋĬȮ
(2Theta/Theta) ħƟĺĵėĺŅĴŏĶŖĺȮ3°/min ŐĸŃĴňĝƞĺĚĴŋĴĔŅĶĽŐĔĬȮ1° - 13° ěŅĔĬńŘĬěŃĬņĕƟŀĴŌĸħŇĭĪňŗœħƟ
ěŅĔŏėĶŊŗŀĚȮX-ray diffractometer (XRD) ĴŅĽĶƟŅĚĔĶŅĲħƟĺĵőĮĶŐĔĶĴȮOriginPro 8.5 ŐĸŃėņĬĺĦ
ĶƟŀĵĸŃėĺŅĴŏĮƦĬįĸŉĔĕŀĚȮMTPS ŐĸŃŐĮƚĚĴńĬĽņĮŃľĸńĚħńĚĽĴĔŅĶ 
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Apwqr_jjglgrw &#' ;Ȯ
?pc_ȮmdȮapwqr_jjglcȮnc_iq

?pc_ȮmdȮ_jjȮnc_iq
ȮvȮ/.. 

 őħĵĪňŗ Crystallinity   ėŊŀȮĶƟŀĵĸŃėĺŅĴŏĮƦĬįĸŉĔ 

  Area of crystalline peaks ėŊŀ ıŊŘĬĪňŗŒĨƟıňėĽƞĺĬĪňŗŏĮƦĬįĸŉĔ 

  Area of all peaks  ėŊŀȮıŊŘĬĪňŗŒĨƟıňėĪńŘĚľĴħ 

 

 

 

 

 

 

 

 
 

ĳŅıĪňŗȮ3,1ȮŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁ
œħĶƢħȮ(MTPS) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ĬŘņ ŐĮƚĚĴńĬĽņĮŃľĸńĚ  ĔĸňŏĞŀĶŀĸ 

ĕŉŘĬĶŌĮŏĮƦĬŏĽƟĬȮCvrpsb_rcȮħƟĺĵŏėĶŊŗŀĚȮRuglȮqapcuȮcvrpsbcpȮĪňŗŀŋĦľĳŌĴŇȮ//.*Ȯ/0.*Ȯ/0.*Ȯ/0.Ȯ

ŐĸŃȮ/0.Ȯ°AȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ4.Ȯpnk 

ĨńħŏĽƟĬȮCvrpsb_rcȮŒľƟŏĮƦĬŏĴŖħȮ&Ncjjcr'Ȯ 

ŏĴŖħȮKRNQȮ 

VPBȮrcqrgle 

ŀĭŏĴŖħȮKRNQȮĪňŗŀŋĦľĳŌĴŇȮ4.Ȯ°AȮŏĮƦĬŏĺĸŅȮ4ȮĝńŗĺőĴĚ 

ĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢ 
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3.2.3 ĔŅĶŏĨĶňĵĴıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵ

ĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢ (PBAT-g-MA) [28, 29] 

ŒĬĚŅĬĺŇěńĵĬňŘĪņĔŅĶŏĨĶňĵĴıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚ
ħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ&PBAT-g-MA)ȮŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬȮCompatibilizer ŒĬıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚȮPBAT ŐĸŃȮMTPS őħĵĬņĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢĮĶŇĴŅĦȮ5 phr ŐĸŃ Luperox®101ȮĮĶŇĴŅĦ 
0.5 phr ĴŅĸŃĸŅĵŒĬŀŃĞŇőĨĬĪňŗĮĶŇĴŅĦȮ15 ŐĸŃȮ5 ĴŇĸĸŇĸŇĨĶĨŅĴĸņħńĭȮěŅĔĬńŘĬěŉĚĬņĕŀĚįĽĴħńĚĔĸƞŅĺ
ĴŅįĽĴŏĕƟŅĔńĭȮPBAT ĮĶŇĴŅĦȮ1,000 ĔĶńĴȮŐĸƟĺěŉĚĬņĕŀĚįĽĴĪňŗœħƟœĮŀĭŏıŊŗŀœĸƞŀŃĞŇőĨĬŀŀĔĪňŗŀŋĦľĳŌĴŇȮ
50 oC ŏĮƦĬŏĺĸŅȮ30ȮĬŅĪňȮěŅĔĬńŘĬěŉĚĬņĕŀĚįĽĴĪňŗŀĭŐĸƟĺœĮĕŉŘĬĶŌĮŏĮƦĬŏĽƟĬȮExtrudate ħƟĺĵŏėĶŊŗŀĚȮ
Twin screw extruder ĪňŗŀŋĦľĳŌĴŇĨńŘĚŐĨƞȮHopper ĩŉĚľńĺȮDie ėŊŀȮ130, 140, 150, 160, 170, 170, 
170 ŐĸŃȮ160oC ĨŅĴĸņħńĭȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ60ȮrpmȮľĸńĚěŅĔĬńŘĬěŃĬņŏĽƟĬȮExtrudate ĪňŗœħƟœĮ
ĨńħŒľƟŏĮƦĬŏĴŖħ ŐĸƟĺĬņŏĴŖħȮPBAT-g-MA ĪňŗœħƟœĮŀĭħƟĺĵĨŌƟŀĭĽŋĠĠŅĔŅĻĪňŗŀŋĦľĳŌĴŇȮ40 °C ŏĮƦĬŏĺĸŅȮ1 
ĝńŗĺőĴĚĔƞŀĬĬņœĮŒĝƟĚŅĬ 

 

3.2.4ȮĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢȮPBAT-g-MA ħƟĺĵŏĪėĬŇėȮNuclearȮMagneticȮResonanceȮ

SpectroscopyȮ(NMR) [28, 29] 

ıŇĽŌěĬƢŏŀĔĸńĔļĦƢőħĵĬņ PBAT-g-MA ĪňŗŏĨĶňĵĴœħƟȮĴŅĸŃĸŅĵŒĬ Dichloromethane ľĸńĚěŅĔ
ĬńŘĬĬņœĮĔĶŀĚȮŏıŊŗŀŐĵĔ PBATȮĪňŗŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚŐĸŃȮMAȮĪňŗœĴƞŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔœĮȮěŅĔĬńŘĬĬņ
ĽŅĶĸŃĸŅĵĪňŗœħƟĴŅĨĔĨŃĔŀĬŒĬȮMethanolȮŏıŊŗŀŒľƟœħƟĨŃĔŀĬĕŀĚȮPBAT-g-MAȮŐĸƟĺĪņĔŅĶĔĶŀĚ
ĨŃĔŀĬħƟĺĵĔĶĺĵĔĶŀĚĽŋĠĠŅĔŅĻȮ(BuchnerȮfunnel)ȮľĸńĚěŅĔĬńŘĬěŉĚĬņĨŃĔŀĬĪňŗœħƟœĮŀĭĪňŗŀŋĦľĳŌĴŇȮ
80ȮoCȮŏĮƦĬŏĺĸŅ 1ȮĝńŗĺőĴĚȮŏıŊŗŀĶŃŏľĵȮDichloromethaneȮŐĸŃȮMethanolȮĪňŗĨĔėƟŅĚŀĵŌƞŀŀĔœĮȮ 
ěŃœħƟ PBAT-g-MA ĪňŗĭĶŇĽŋĪīŇśŀŀĔĴŅ ŏıŊŗŀĬņœĮŒĝƟŒĬĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢħƟĺĵŏĪėĬŇėȮNuclearȮ
MagneticȮResonanceȮSpectroscopyȮ(NMR)ȮőħĵŒĝƟėĺŅĴĩňŗȮ300ȮMHzȮěŅĔĬńŘĬěŃĪņĔŅĶŏĨĶňĵĴ
ĨńĺŀĵƞŅĚőħĵĬņȮPBAT-g-MAȮĭĶŇĽŋĪīŇśĮĶŇĴŅĦȮ3 ĴŇĸĸŇĔĶńĴȮĸŃĸŅĵŒĬȮDeuteratedȮchloroformȮ 
1ȮĴŇĸĸŇĸŇĨĶȮŐĸƟĺĭĶĶěŋŒĬȮNMRȮtubeȮěŅĔĬńŘĬĬņœĮĪħĽŀĭŐĸŃĺŇŏėĶŅŃľƢįĸŏĪňĵĭĔńĭȮPBATȮ 
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ĳŅıĪňŗȮ3,2ȮŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴ PBAT-g-MA 
 

3.2.5 ŏĨĶňĵĴıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĶĨȮ&PBAT) ĪňŗĩŌĔŏĝŊŗŀĴĕĺŅĚħƟĺĵȮ

Luperox101 (Cured PBAT) 

ŏĨĶňĵĴ Cure PBAT őħĵŏĶŇŗĴěŅĔĔŅĶįĽĴȮPBAT ŏĕƟŅĔńĭȮLuperox101 ĮĶŇĴŅĦȮ1 phr ħƟĺĵ
ŏėĶŊŗŀĚȮTwin screw extruder ĪňŗŀŋĦľĳŌĴŇȮ130, 140, 150, 155, 160, 160, 160 ŐĸŃȮ155 °CȮőħĵ
ŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ60 rpm ľĸńĚěŅĔĬńŘĬěŃĬņŏĽƟĬȮExtrudate ĪňŗœħƟœĮĨńħŒľƟŏĮƦĬŏĴŖħȮ(Pellet) ŐĸƟĺĬņ
ŏĴŖħȮCure PBAT ĪňŗœħƟœĮŀĭħƟĺĵĨŌƟŀĭĽŋĠĠŅĔŅĻĪňŗŀŋĦľĳŌĴŇȮ40 °C ŏĮƦĬŏĺĸŅȮ1 ĝńŗĺőĴĚĔƞŀĬĬņœĮŒĝƟĚŅĬ 

 

 

 

 

ĳŅıĪňŗȮ3,3 ŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴ AspcbȮN@?R 

RuglȮqapcuȮcvrpsbcpȮĪňŗŀŋĦľĳŌĴŇȮ130, 140, 150, 155, 

160, 160, 160 Āæñ /33Ȯ°A ėĺŅĴŏĶŖĺĶŀĭȮ4.Ȯpnk 

N@?R Jsncpmv/./Ȯ&/Ȯnfp' 

AspcbȮN@?R 



  39 

3.2.6 ĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅ

ŏĸĨȮ(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ

(MTPS) ĪňŗœĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚ

ħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢ (PBAT-g-MA) 

ĚŅĬĺŇěńĵĬňŘĻŉĔļŅĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+
ŏĪŏĶĲĪŅŏĸĨȮ&PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁ
œħĶħƢȮ&MTPS) ĪňŗœĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚ
ħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ&PBAT-g-MA) őħĵŏĶŇŗĴįĽĴȮCured PBAT ŏĕƟŅĔńĭȮMTPS ĪňŗŀńĨĶŅĽƞĺĬȮ
/..-., 7.-/., 6.-0., 5.-1.ȮŐĸŃȮ.-/..ȮőħĵĬŘņľĬńĔȮıĶƟŀĴĪńŘĚŏĨŇĴȮPBAT-g-MA ĪňŗĮĶŇĴŅĦȮ.ȮŐĸŃȮ
/.#ȮőħĵĬŘņľĬńĔĕŀĚȮCured PBAT ħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder ĪňŗŀŋĦľĳŌĴŇȮ/0., /2., /3., 
/3., /33, /33, /4.ȮŐĸŃȮ/3.Ȯ°C őħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ4.Ȯrpm ěŅĔĬńŘĬĬņŏĽƟĬȮExtrudate ĪňŗœħƟœĮ
ĨńħŒľƟŏĮƦĬŏĴŖħȮ&Pellet) ĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT ŐĸŃȮMTPS ěŃŒĝƟŀńĨĶŅĽƞĺĬħńĚŐĽħĚ
ŒĬĨŅĶŅĚĪňŗȮ3.1 

 

3.2.7 ĕŉŘĬĶŌĮŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴħƟĺĵĔĶŃĭĺĬĭĺĬĔŅĶĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮ

(Compression molding) 

ĬņıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟœĮĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮ&Compression 
molding) ĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°C ŐĸŃėĺŅĴħńĬȮ/,3..Ȯpsi ŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮőħĵěŃĴňĔŅĶŒľƟėĺŅĴĶƟŀĬ
ĔƞŀĬȮ&Preheat) ŏĮƦĬŏĺĸŅȮ1.ȮĺŇĬŅĪňȮĴňĔŅĶĶŃĭŅĵŐĔƠĽŀŀĔȮ&Venting) ŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮŐĸŃĪņŒľƟ
ŐįƞĬĝňĪĪňŗœħƟŏĵŖĬĸĚȮ&Cooling) ŏĮƦĬŏĺĸŅȮ/ȮĬŅĪň  
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ĨŅĶŅĚĪňŗȮ3.1ȮŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮPBAT ŐĸŃȮMTPS ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA 
 

ŀńĨĶŅĽƞĺĬ 
PBAT/MTPS/PBAT-g-MA 

(%wt) 

ĮĶŇĴŅĦȮPBAT 
(g) 

ĮĶŇĴŅĦȮMTPS 
(g) 

ĮĶŇĴŅĦ PBAT-g-MA 
(g) 

100/0 100 0 

0 
90/10 90 10 

80/20 80 20 

70/30 70 30 

90/10/10 81 10 9 

80/20/10 72 20 8 

70/30/10 63 30 7 

0/100 0 100 0 

 

3.2.8 ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅȮ(Morphology) 

 ŏĨĶňĵĴĝŇŘĬĚŅĬĽņľĶńĭĻŉĔļŅĽńĦģŅĬĺŇĪĵŅőħĵĬņıŀĸŇŏĴŀĶƢįĽĴĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŒľƟ
ŏĮƦĬŐįƞĬĝňĪħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħħƟĺĵėĺŅĴĶƟŀĬĴŅŐĝƞŒĬœĬőĨĶŏěĬŏľĸĺŏıŊŗŀŒľƟŐįƞĬĝňĪŐĕŖĚĨńĺŏĮƦĬ
ŏĺĸŅȮ1 ĬŅĪňȮŐĸƟĺěŉĚľńĔĝŇŘĬĚŅĬŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴȮěŅĔĬńŘĬŏėĸŊŀĭıŊŘĬįŇĺĭĶŇŏĺĦĪňŗŐĨĔľńĔĕŀĚ
ĝŇŘĬĚŅĬőħĵŒĝƟŏĪėĬŇėȮSputtering ħƟĺĵĪŀĚėņŏıŊŗŀŒľƟıŊŘĬįŇĺĕŀĚĝŇŘĬĚŅĬĬņœĲĲƚŅœħƟȮŐĸƟĺěŉĚĬņœĮĻŉĔļŅ
ĽńĦģŅĬĺŇĪĵŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ&SEM) 
 

3.2.9 ĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħƟŅĬĔŅĶħŉĚĵŊħĕŀĚĺńĽħŋȮ&Tensile testing) 

 ŏĨĶňĵĴĝŇŘĬĚŅĬĽņľĶńĭĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħőħĵĨńħĝŇŘĬĚŅĬŏĮƦĬĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅĪňŗĴňėĺŅĴ
ĔĺƟŅĚȮ1 ĬŇŘĺȮĵŅĺȮ4 ĬŇŘĺȮőħĵŐĭƞĚŀŀĔŏĮƦĬėĺŅĴĵŅĺŏĔěȮ(Gauge length) 2 ĬŇŘĺ ŐĸŃıŊŘĬĪňŗĽņľĶńĭľĬňĭ
ĝŇŘĬĚŅĬĕƟŅĚĸŃȮ/ȮĬŇŘĺ ĨŅĴĴŅĨĶģŅĬĔŅĶĪħĽŀĭȮASTM D882 ěŅĔĬńŘĬĬņĝŇŘĬĚŅĬŏĔŖĭœĺƟŒĬĳŅĝĬŃĮƕħĪňŗ
ĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ50%RH ŏĮƦĬŏĺĸŅȮ48 ĝńŗĺőĴĚĔƞŀĬĬņœĮĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮUniversal Testing 
Machine (UTM)ȮħƟĺĵŀńĨĶŅŏĶŖĺŒĬĔŅĶħŉĚŏĪƞŅĔńĭȮ3Ȯmm/min ŐĸŃŒĝƟȮload cell ĕĬŅħȮ3.ȮkN ŐĸŃ
ĪņĔŅĶĺŇŏėĶŅŃľƢėƞŅȮWmsleŲqȮkmbsjsq*ȮK_vgkskȮrclqgjcȮqrpclerfȮŐĸŃȮElongation at break 



  41 

3.2.10 ĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮDifferential Scanning 

Calorimetry 

 ŏĨĶňĵĴĝŇŘĬĚŅĬĽņľĶńĭĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬőħĵĔŅĶĨńħŐįƞĬĝňĪŒľƟĴňĬŘņľĬńĔĮĶŃĴŅĦȮȮ
5-10 ĴŇĸĸŇĔĶńĴȮěŅĔĬńŘĬĬņĝŇŘĬĚŅĬĭĶĶěŋŒĬȮAluminium sample pan ŐĸƟĺĬņœĮĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮ
Differential Scanning CalorimeterȮĪňŗŀŋĦľĳŌĴŇŒĬĝƞĺĚȮ-60 °C ĩŉĚ 180 °CȮħƟĺĵőľĴħĔŅĶĪħĽŀĭ
ŐĭĭȮHeat-Cool-Heat ĳŅĵŒĨƟĭĶĶĵŅĔŅĻŐĔƠĽœĬőĨĶŏěĬȮĞŉŗĚĔŅĶĪħĽŀĭĴňȮ7 ĕńŘĬĨŀĬħńĚĬňŘ 

ĕńŘĬĨŀĬĪňŗȮ1 : Hold ĪňŗŀŋĦľĳŌĴŇȮ-60 °C ŏĮƦĬŏĺĸŅȮ1 ĬŅĪň 

ĕńŘĬĨŀĬĪňŗȮ2 : ŒľƟėĺŅĴĶƟŀĬȮ(Heat) ěŅĔŀŋĦľĳŌĴŇȮ-60 °C ěĬĩŉĚȮ180 °C ħƟĺĵŀńĨĶŅȮ 

   ȮȮ5 °C/min 

ĕńŘĬĨŀĬĪňŗȮ3 : Hold ĪňŗŀŋĦľĳŌĴŇȮ180 °C ŏĮƦĬŏĺĸŅȮ1 ĬŅĪň 

ĕńŘĬĨŀĬĪňŗȮ4 : ĸħŀŋĦľĳŌĴŇȮ(Cool) ěŅĔŀŋĦľĳŌĴŇȮ180 °CȮěĬĩŉĚȮ-60 °C ħƟĺĵŀńĨĶŅ 

   ȮȮ5 °C/min 

ĕńŘĬĨŀĬĪňŗȮ5 : Hold ĪňŗŀŋĦľĳŌĴŇȮ-60 °C ŏĮƦĬŏĺĸŅȮ1 ĬŅĪň 

ĕńŘĬĨŀĬĪňŗȮ6 : ŒľƟėĺŅĴĶƟŀĬȮ(Heat) ěŅĔŀŋĦľĳŌĴŇȮ-60 °C ěĬĩŉĚȮ180 °C ħƟĺĵŀńĨĶŅȮ 

   ȮȮ5 °C/min 

ĕńŘĬĨŀĬĪňŗȮ7 : Hold ĪňŗŀŋĦľĳŌĴŇȮ180 °C ŏĮƦĬŏĺĸŅȮ1 ĬŅĪň 

ěŅĔĬńŘĬĺŇŏėĶŅŃľƢėŋĦĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴěŅĔĸńĔļĦŃĕŀĚĔĶŅĲĪňŗ

œħƟŏıŊŗŀľŅŀŋĦľĳŌĴŇŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ(Glass transition temperature, Tg), ŀŋĦľĳŌĴŇĔŅĶ

ľĸŀĴįĸŉĔȮ(Melt crystallization temperature, Tm), ŀŋĦľĳŌĴŇĔŅĶŏĔŇħįĸŉĔȮ(Crystallization 

temperature, Tc) ŐĸŃĮĶŇĴŅĦįĸŉĔĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴħńĚĽĴĔŅĶ 

 

%Xc = 
ƇFk
ƇFd
°ȮvȮ
/..

U
     

 őħĵ %Xc ȮȮėŊŀȮĮĶŇĴŅĦįĸŉĔȮ(%) 

  ƇFk  ėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟŒĬĔŅĶľĸŀĴŏľĸĺįĸŉĔȮ(J/g) 

  ƇFd
°   ėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟŒĬĔŅĶľĸŀĴŏľĸĺįĸŉĔȮ(J/g) ĽņľĶńĭıŀĸŇŏĴŀĶƢĪňŗĴň

   ȮȮȮėĺŅĴŏĮƦĬįĸŉĔȮ/..%ȮĞŉŗĚĴňėƞŅŏĪƞŅĔńĭȮ//2ȮJ/g ĽņľĶńĭȮPBAT 

  W      ėŊŀȮĽńħĽƞĺĬĕŀĚȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴĪńŘĚľĴħ 
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ĳŅıĪňŗȮ3,4ȮŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ PBAT ŐĸŃȮMTPS 
 

 

 

 

 

 

AspcȮN@?R KRNQȮ N@?R+e+K?Ȯ 

įĽĴŏĕƟŅĔńĬħƟĺĵŏėĶŊŗŀĚȮRuglȮqapcuȮcvrpsbcpȮĪňŗŀŋĦľĳŌĴŇȮ/0., /2., /3., /3., /33, /33, 

/4.ȮŐĸŃȮ/3.Ȯ°AȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ4.ȮpnkȮ 

KmpnfmjmewȮ

&QCK' 

Kcaf_lga_jȮnpmncprgcqȮȮȮȮȮ 

BQAȮrcqrgle 

ĕŉŘĬĶŌĮĝŇŘĬĚŅĬŏĮƦĬŐįƞĬĝňĪȮ&ėĺŅĴľĬŅĮĶŃĴŅĦȮ.,3Ȯkk'ȮħƟĺĵĔĶŃĭĺĬĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮȮȮȮȮ

ĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°A 

ĨńħŏĽƟĬȮCvrpsb_rcȮŒľƟŏĮƦĬŏĴŖħ 

RclqgjcȮrcqrgleȮ

&?QRKȮB660+.0' 

Rfcpk_jȮnpmncprgcqȮȮȮȮȮ 
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ĨŀĬĪňŗȮ0Ȯ: ĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė-
 ȮȮȮŏĪŏĶĲĪŅŏĸĨȮ(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵ
 ȮȮȮĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS) ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟ (Compatibilizer) 
 

3.2.11 ĔŅĶŏĨĶňĵĴőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė-ŏĪŏĶĲĪŅŏĸĨȮ

&PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ

&MTPS) ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟȮ(Compatibilizer) 
 

ŏĨĶňĵĴőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ PBAT ŐĸŃȮMTPS ĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŏıŊŗŀĪņ
ľĬƟŅĪňŗŏĮƦĬĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟȮ(Compatibilizer) őħĵŏĶŇŗĴěŅĔĔŅĶįĽĴȮCured PBAT ŏĕƟŅ
ĔńĭȮMTPS ŒĬŀńĨĶŅĽƞĺĬȮ100/0, 90/10, 80/20 ŐĸŃȮ70/30őħĵĬŘņľĬńĔȮıĶƟŀĴĪńŘĚŏĨŇĴȮPBAT-g-MA 
ĮĶŇĴŅĦȮ/.% őħĵĬŘņľĬńĔĕŀĚȮCured PBAT ħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder ĪňŗŀŋĦľĳŌĴŇȮ/0., 
140, 150, 150, 155, 155, 160 ŐĸŃȮ/3.°CȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ4.Ȯrpm 

ěŅĔĬńŘĬĬņıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟĴŅįĽĴŏĕƟŅĔńĭ 2,2Ų-Oxydibenzenesulfonyl Hydrazide 
(OBSH) ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĲŌȮ(Blowing agent)ȮŒĬĮĶŇĴŅĦȮ10, 15 ŐĸŃȮ0.Ȯphr ĕŀĚĮĶŇĴŅĦ 
ıŀĸŇŏĴŀĶƢįĽĴħƟĺĵŏėĶŊŗŀĚįĽĴĵŅĚŐĭĭȮ0ȮĸŌĔĔĸŇŘĚȮ(Two roll mill mixer) őħĵŏĶŇŗĴěŅĔĔŅĶľĸŀĴ 
ıŀĸŇŏĴŀĶƢįĽĴĪňŗŀŋĦľĳŌĴŇȮ/2. °CȮŏĮƦĬŏĺĸŅȮ5ȮĬŅĪňȮěŅĔĬńŘĬĸħŀŋĦľĳŌĴŇĕŀĚĸŌĔĔĸŇŘĚĪńŘĚĽŀĚĸĚĴŅĪňŗȮ 
/0.Ȯ°CȮŏıŊŗŀįĽĴȮOBSH ŏĕƟŅĔńĭıŀĸŇŏĴŀĶƢįĽĴĪňŗľĸŀĴŏľĸĺŐĸƟĺŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮŏıŊŗŀŏĮƦĬĔŅĶĮƚŀĚĔńĬ
œĴƞŒľƟȮOBSH ŏĔŇħĔŅĶĽĸŅĵĨńĺŏĮƦĬŐĔƠĽœĬőĨĶŏěĬŐĸŃĬŘņŒĬĶŃľĺƞŅĚĔŅĶľĸŀĴįĽĴ 

ŒĬĕńŘĬĨŀĬĽŋħĪƟŅĵěŃĬņıŀĸŇŏĴŀĶƢįĽĴĪňŗįƞŅĬĔŅĶŏĨŇĴȮOBSH ĪňŗĮĶŇĴŅĦĨƞŅĚŕȮœĮĕŉŘĬĶŌĮŒľƟŏĮƦĬ
ŐįƞĬőĲĴȮħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮ(Compression molding) ĪňŗŀŋĦľĳŌĴŇȮ160 °CȮŐĸŃ
ėĺŅĴħńĬȮ/,3..ȮpsiȮŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮŏıŊŗŀŒľƟȮOBSH ŏĔŇħĔŅĶĽĸŅĵĨńĺŏĮƦĬŐĔƠĽœĬőĨĶŏěĬŐĸŃĬŘņŒĬ
ĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŐįƞĬőĲĴȮěŅĔĬńŘĬěŃĪņŒľƟŐįƞĬőĲĴĪňŗœħƟŏĵŖĬĨńĺĸĚȮ(Cooling) őħĵĮĶŅĻěŅĔ
ĔŅĶĔħŀńħŏĮƦĬŏĺĸŅȮ1ȮĬŅĪň 

ĻŉĔļŅĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨȮ
&PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS) 
ħńĚĬňŘ 

- ĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĪŅĚĺŇĪĵŅȮŐĸŃĕĬŅħĕŀĚŏĞĸĸƢőĲĴħƟĺĵŏėĶŊŗŀĚȮScanning electron 
microscope (SEM) ĶŋƞĬȮTM3030 ĕŀĚȮHITACHI, Japan 

- ľŅėƞŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴȮ(Density) ħƟĺĵĝŋħĨĶĺěĺńħėĺŅĴľĬŅŐĬƞĬȮ&Density 
measurement kit) 



  44 

 -ȮĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħĕŀĚőĲĴħƟĺĵŏėĶŊŗŀĚȮUniversal testing machine ĵňŗľƟŀ 
INSTRON ĨŅĴĴŅĨĶģŅĬȮASTM D1621 
 -ȮľŅėƞŅėĺŅĴŐĕŖĚĪňŗįŇĺĕŀĚőĲĴħƟĺĵŏėĶŊŗŀĚȮHardness tester ĨŅĴĴŅĨĶģŅĬȮASTM D2240 
 - ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴĪňŗħƟĺĵŏėĶŊŗŀĚ Differential scanning calorimeter 
(DSC) ĵňŗľƟŀȮMettle-Toledo ĶŋƞĬȮDSC1 

- ĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴħƟĺĵŏėĶŊŗŀĚȮThermal gravimetric analyser 
(TGA) ĵňŗľƟŀȮMettle-Toledo ĶŋƞĬȮTGA1 

ěŅĔĔŅĶĻŉĔļŅŒĬĨŀĬĪňŗȮ2 ěŃŏĸŊŀĔőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĽĴĭńĨŇĪňŗħňȮőħĵıŇěŅĶĦŅěŅĔ
ėĺŅĴĽĴŗņŏĽĴŀĕŀĚĕĬŅħŏĞĸĸƢőĲĴȮėĺŅĴľĬŅŐĬƞĬȮŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħőĲĴŏıŊŗŀĬņœĮŒĝƟŒĬ
ĔŅĶŏĨĶňĵĴőĲĴŒĬĨŀĬĪňŗȮ3 ĨƞŀœĮ 

 
 

 

 

 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ1,3 ŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴŐĸŃĻŉĔļŅĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ PBAT ŐĸŃȮMTPS 
 

įĽĴŏĕƟŅĔńĬħƟĺĵŏėĶŊŗŀĚȮRuglȮqapcuȮcvrpsbcpȮĪňŗŀŋĦľĳŌĴŇȮ/0.*Ȯ/2.*Ȯ/3.*Ȯ/3.*Ȯ/33*Ȯ

/33*Ȯ/4.ȮŐĸŃȮ/3.Ȯ°AȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ4.Ȯpnk 

ŏĨŇĴȮM@QFȮĮĶŇĴŅĦȮ/.*Ȯ/3ȮŐĸŃȮ0.ȮnfpȮįĽĴŒľƟŏĕƟŅĔńĬħƟĺĵŏėĶŊŗŀĚįĽĴĵŅĚŐĭĭĽŀĚ
ĸŌĔĔĸŇŘĚĪňŗŀŋĦľĳŌĴŇȮ/..Ȯ°AȮėĺŅĴŏĶŖĺĶŀĭȮ3.ȮpnkȮěĬĔĶŃĪńŗĚıŀĸŇŏĴŀĶƢįĽĴľĸŀĴŏĮƦĬŏĬŊŘŀ

ŏħňĵĺĔńĬ 
ĕŉŘĬĶŌĮőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴħƟĺĵĔĶŃĭĺĬĔħŀńħħƟĺĵėĺŅĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°A ŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮ 

KmpnfmjmewȮ_lbȮ

acjjȮqgxcȮmdȮdm_kȮ

&QCK' 

Kcaf_lga_jȮnpmncprgcqȮȮȮȮȮ 

BQAȮrcqrgle 

RE?Ȯrcqrgle 

AmknpcqqgmlȮrcqrgleȮ

&?QRKȮB/40/' 

Rfcpk_jȮnpmncprgcqȮȮȮȮȮ 

F_pblcqqȮrcqrgle 

&?QRKȮB002.' 

AspcbȮN@?R KRNQȮ N@?R+e+K?Ȯ 

Bclqgrw 
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ĨŀĬĪňŗȮ1Ȯ: ĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮSepiolite ĪňŗĴňįĸĨƞŀĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴ
 ȮȮȮĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨȮ(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗ
 ȮȮȮįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS) 
 

3.2.12 ĔŅĶŏĨĶňĵĴőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė-ŏĪŏĶĲĪŅŏĸĨȮ

&PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ

&MTPS) ĪňŗĴňĔŅĶŏĨŇĴ Sepiolite ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬȮFoam nucleating agent 

ŏĨĶňĵĴőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ PBAT ŐĸŃȮMTPS ĪňŗĴňĔŅĶŏĨŇĴ Sepiolite ŏıŊŗŀĪņľĬƟŅĪňŗ
ŏĮƦĬȮFoam nucleating agent őħĵŏĶŇŗĴěŅĔĔŅĶįĽĴȮCured PBAT ŏĕƟŅĔńĭȮMTPS ŒĬŀńĨĶŅĽƞĺĬ 
80/20ȮőħĵĬŘņľĬńĔȮıĶƟŀĴĪńŘĚŏĨŇĴȮPBAT-g-MA ĮĶŇĴŅĦȮ/.% őħĵĬŘņľĬńĔĕŀĚȮPBAT ħƟĺĵŏėĶŊŗŀĚȮ
Twin screw extruder ĪňŗŀŋĦľĳŌĴŇȮ/0., 140, 150, 150, 155, 155, 160 ŐĸŃȮ/3.°CȮőħĵŒĝƟ
ėĺŅĴŏĶŖĺĶŀĭȮ4.Ȯrpm 

ěŅĔĬńŘĬĬņıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟĴŅįĽĴŏĕƟŅĔńĭ 2,2Ų-Oxydibenzenesulfonyl Hydrazide 
(OBSH) ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĲŌȮ(Blowing agent)ȮŒĬĮĶŇĴŅĦȮ15Ȯphr ĕŀĚĮĶŇĴŅĦıŀĸŇŏĴŀĶƢįĽĴ
ħƟĺĵŏėĶŊŗŀĚįĽĴĵŅĚŐĭĭȮ0ȮĸŌĔĔĸŇŘĚȮ(Two roll mill mixer) őħĵŏĶŇŗĴěŅĔĔŅĶľĸŀĴıŀĸŇŏĴŀĶƢįĽĴĪňŗ
ŀŋĦľĳŌĴŇȮ/2. °CȮŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮěŅĔĬńŘĬŏĨŇĴȮSepiolite ĮĶŇĴŅĦȮ/, 3 ŐĸŃȮ3Ȯphr ŐĸŃįĽĴĨƞŀŀňĔȮ2Ȯ
ĬŅĪňȮěŅĔĬńŘĬĸħŀŋĦľĳŌĴŇĕŀĚĸŌĔĔĸŇŘĚĪńŘĚĽŀĚĸĚĴŅĪňŗȮ/0.Ȯ°CȮŏıŊŗŀįĽĴȮOBSH ŏĕƟŅĔńĭıŀĸŇŏĴŀĶƢįĽĴĪňŗĴň
ĔŅĶŏĨŇĴȮSepiolite ŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮŏıŊŗŀŏĮƦĬĔŅĶĮƚŀĚĔńĬœĴƞŒľƟȮOBSH ŏĔŇħĔŅĶĽĸŅĵĨńĺŏĮƦĬŐĔƠĽ
œĬőĨĶŏěĬŐĸŃĬŘņŒĬĶŃľĺƞŅĚĔŅĶľĸŀĴįĽĴ 

ŒĬĕńŘĬĨŀĬĽŋħĪƟŅĵěŃĬņıŀĸŇŏĴŀĶƢįĽĴĪňŗįƞŅĬĔŅĶŏĨŇĴȮOBSH ĪňŗĮĶŇĴŅĦĨƞŅĚŕȮœĮĕŉŘĬĶŌĮŒľƟŏĮƦĬ
ŐįƞĬőĲĴȮħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮ(Compression molding) ĪňŗŀŋĦľĳŌĴŇȮ160 °CȮŐĸŃ
ėĺŅĴħńĬȮ/,3..ȮpsiŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮŏıŊŗŀŒľƟȮOBSH ŏĔŇħĔŅĶĽĸŅĵĨńĺŏĮƦĬŐĔƠĽœĬőĨĶŏěĬŐĸŃĬŘņŒĬ
ĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŐįƞĬőĲĴȮěŅĔĬńŘĬěŃĪņŒľƟŐįƞĬőĲĴĪňŗœħƟŏĵŖĬĨńĺĸĚȮ(Cooling) őħĵĮĶŅĻěŅĔ
ĔŅĶĔħŀńħŏĮƦĬŏĺĸŅȮ1ȮĬŅĪň 

ĻŉĔļŅĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨȮ
&PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝȮ(TPS) ĪňŗœħƟěŅĔŐĮƚĚĴńĬĽņĮŃľĸńĚ ĪňŗĴňĔŅĶŏĨŇĴȮSepiolite ħńĚĬňŘ 

- ĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĪŅĚĺŇĪĵŅȮŐĸŃĕĬŅħĕŀĚŏĞĸĸƢőĲĴħƟĺĵŏėĶŊŗŀĚȮScanning electron 
microscope (SEM) ĶŋƞĬȮTM3030 ĕŀĚȮHITACHI, Japan 

- ľŅėƞŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴȮ(Density) ħƟĺĵĝŋħĨĶĺěĺńħėĺŅĴľĬŅŐĬƞĬȮ&Density 
measurement kit) 
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-ȮĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħĕŀĚőĲĴħƟĺĵŏėĶŊŗŀĚȮUniversal testing machine ĵňŗľƟŀ 
INSTRON ĨŅĴĴŅĨĶģŅĬȮASTM D1621 
 -ȮľŅėƞŅėĺŅĴŐĕŖĚĪňŗįŇĺĕŀĚőĲĴħƟĺĵŏėĶŊŗŀĚȮHardness testerȮĨŅĴĴŅĨĶģŅĬȮASTM D2240 
 - ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴĪňŗħƟĺĵŏėĶŊŗŀĚ Differential scanning calorimeter 
(DSC) ĵňŗľƟŀȮMettle-Toledo ĶŋƞĬȮDSC1 

- ĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴħƟĺĵŏėĶŊŗŀĚȮThermal gravimetric analyser 
(TGA) ĵňŗľƟŀȮMettle-Toledo ĶŋƞĬȮTGA1 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ3,6ȮŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴŐĸŃĻŉĔļŅĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ PBAT ŐĸŃȮMTPSȮ
ěŅĔŐĮƚĚĴńĬĽņĮŃľĸńĚĪňŗĴňĔŅĶŏĨŇĴȮSepiolite 

įĽĴĔńĬħƟĺĵŏėĶŊŗŀĚįĽĴŐĭĭĮƕħĪňŗŀŋĦľĳŌĴŇȮ/..Ȯ°AȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ3.ȮpnkȮ

ěĬĔĶŃĪńŗĚıŀĸŇŏĴŀĶƢįĽĴľĸŀĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬȮ 

ŏĨŇĴȮM@QFȮħƟĺĵĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴěŅĔĨŀĬĪňŗȮ0ȮŐĸŃŏĨŇĴĞňıŇőŀœĸĨƢĮĶŇĴŅĦȮ.+/.Ȯnfp
įĽĴŒľƟŏĕƟŅĔńĬħƟĺĵŏėĶŊŗŀĚįĽĴŐĭĭĮƕħĪňŗŀŋĦľĳŌĴŇȮ/..Ȯ°AȮėĺŅĴŏĶŖĺĶŀĭȮ3.Ȯpnk 

  

@sjiȮBclqgrw 

ĕŉŘĬĶŌĮőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴħƟĺĵĔĶŃĭĺĬĔħŀńħħƟĺĵėĺŅĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°A 

KmpnfmjmewȮ_lbȮ

acjjȮqgxcȮmdȮdm_kȮ

&QCK' 

Kcaf_lga_jȮnpmncprgcqȮȮȮȮȮ 

BQAȮrcqrgle 

RE?Ȯrcqrgle 

AmknpcqqgmlȮrcqrȮ

&ASTM D1621' 

Rfcpk_jȮnpmncprgcqȮȮȮȮȮ 

F_pblcqqȮrcqrgle 

&?QRKȮB002.' 

AspcbȮN@?R KRNQȮ N@?R+e+K?Ȯ 
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1,1ȮĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
3.3.1 ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅȮ(Morphology) 

 ŏĨĶňĵĴĝŇŘĬĚŅĬĽņľĶńĭĻŉĔļŅĽńĦģŅĬĺŇĪĵŅőħĵĨńħŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴħƟĺĵĴňħĮŅĔĔŅŒľƟĴň
ıŊŘĬįŇĺĳŅĵŒĬŏĮƦĬĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħȮ/ cm x .,3Ȯcm ěŅĔĬńŘĬŏėĸŊŀĭıŊŘĬįŇĺĳŅĵŒĬĕŀĚĝŇŘĬĚŅĬ
őħĵŒĝƟŏĪėĬŇėȮSputtering ħƟĺĵĪŀĚėņŏıŊŗŀŒľƟıŊŘĬįŇĺĕŀĚĝŇŘĬĚŅĬĬņœĲĲƚŅœħƟȮŐĸƟĺěŉĚĬņœĮĻŉĔļŅĽńĦģŅĬ
ĺŇĪĵŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ(SEM) ħƟĺĵĔņĸńĚĕĵŅĵȮ3.ȮŏĪƞŅȮŐĸŃĬņĳŅıĩƞŅĵ
ĪňŗœħƟĴŅĺŇŏėĶŅŃľƢľŅĕĬŅħŏĞĸĸƢőĲĴħƟĺĵőĮĶŐĔĶĴȮImage JȮ 
 

 1,1,0ȮĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

 ŏĨĶňĵĴĝŇŘĬĚŅĬĽņľĶńĭĔŅĶľŅėĺŅĴľĬŅŐĬƞĬőħĵĔŅĶĨńħőĲĴıŀĸŇŏĴŀĶƢįĽĴŒľƟŏĮƦĬĶŌĮĽňŗŏľĸňŗĵĴ
ěńĨŋĶńĽĕĬŅħȮ/Ȯcm x 1 cm x 1 cm ěņĬĺĬĽŌĨĶĸŃȮ1ȮĝŇŘĬěŅĔĬńŘĬŏĔŖĭĝŇŘĬĚŅĬœĺƟŒĬĳŅĝĬŃĮƕħĪňŗĴň
ėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ3.%RH ŏĮƦĬŏĺĸŅȮ26ȮĝńŗĺőĴĚĔƞŀĬĬņœĮľŅėĺŅĴľĬŅŐĬƞĬħƟĺĵĺŇīňĔŅĶŐĪĬĪňŗħƟĺĵĬŘņ
ħƟĺĵĝŋħĨĶĺěĺńħėĺŅĴľĬŅŐĬƞĬȮ&Density measurement kit)ȮŐĸŃľŅėƞŅŏĜĸňŗĵĕŀĚėĺŅĴľĬŅŐĬƞĬ 
 

 1,1,1ȮĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

 ŏĨĶňĵĴĝŇŘĬĚŅĬĽņľĶńĭĪħĽŀĭőħĵĔŅĶĨńħőĲĴıŀĸŇŏĴŀĶƢįĽĴŒľƟŏĮƦĬĶŌĮĽňŗŏľĸňŗĵĴěńĨĶńĽĕĬŅħȮ0Ȯ
cm x 2 cm x 1 cm ěŅĔĬńŘĬŏĔŖĭĝŇŘĬĚŅĬœĺƟŒĬĳŅĝĬŃĮƕħĪňŗĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ3.%RH ŏĮƦĬŏĺĸŅȮ26Ȯ
ĝńŗĺőĴĚĔƞŀĬĬņœĮĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮUniversal Testing Machine (UTM) ŒĬőľĴħĔŅĶĔħŀńħȮ
(Compression test) őħĵŒĝƟȮLoad cell ĕĬŅħȮ30ȮkN ŐĸŃĪņĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħ
ŀńħőĲĴıŀĸŇŏĴŀĶƢįĽĴĨŅĴĴŅĨĶģŅĬȮASTM D1621 ħƟĺĵŀńĨĶŅŏĶŖĺŒĬĔŅĶĔħŀńħŏĪƞŅĔńĭȮ/.3Ȯmm/min 
ŐĸŃľĵŋħĪħĽŀĭŏĴŊŗŀĴňĔŅĶĔħĝŇŘĬĚŅĬĸĚœĮȮ3.% ĕŀĚėĺŅĴĽŌĚŏĶŇŗĴĨƟĬĕŀĚĝŇŘĬĚŅĬȮŐĸŃĪņĔŅĶĺŇŏėĶŅŃľƢ
ėƞŅėĺŅĴĨƟŅĬĪŅĬĕŀĚĔŅĶĔħŀńħȮ(Compressive strength) ŐĸŃĴŀħŌĸńĽĔħŀńħȮ(Compressive 
modulus) 

1,1,2ȮĔŅĶĻŉĔļŅėĺŅĴŐĕŖĚĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

ŏĨĶňĵĴĝŇŘĬĚŅĬĽņľĶńĭĻŉĔļŅėĺŅĴŐĕŖĚȮ(Hardness) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴőħĵŏĔŖĭĝŇŘĬĚŅĬĪňŗ
ěŃĪħĽŀĭœĺƟŒĬĳŅĝĬŃĮƕħĪňŗĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ3.%RH ŏĮƦĬŏĺĸŅȮ26ȮĝńŗĺőĴĚĔƞŀĬĬņœĮĪħĽŀĭħƟĺĵ
ŏėĶŊŗŀĚȮDurometer (Shore A)ȮĨŅĴĴŅĨĶģŅĬȮASTM D2240 őħĵěŃĺńħėĺŅĴŐĕŖĚĕŀĚőĲĴıŀĸŇŏĴŀĶƢ
įĽĴĪňŗĨņŐľĬƞĚĨƞŅĚŕȮĔńĬȮ3ȮěŋħŐĸŃľŅėƞŅŏĜĸňŗĵ 
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1,1,3ȮĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

 ŏĨĶňĵĴĝŇŘĬĚŅĬĽņľĶńĭĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬőħĵĔŅĶĨńħŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴŒľƟĴň
ĬŘņľĬńĔĮĶŃĴŅĦȮ5-10 ĴŇĸĸŇĔĶńĴȮěŅĔĬńŘĬĬņĝŇŘĬĚŅĬĭĶĶěŋŒĬȮAluminium sample pan ŐĸƟĺĬņœĮ
ĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮDifferential Scanning CalorimeterȮĪňŗŀŋĦľĳŌĴŇŒĬĝƞĺĚȮ-60 °C ĩŉĚ 180 °CȮħƟĺĵ
őľĴħĔŅĶĪħĽŀĭŐĭĭȮHeat-Cool-Heat ĳŅĵŒĨƟĭĶĶĵŅĔŅĻŐĔƠĽœĬőĨĶŏěĬœĬőĨĶŏěĬȮĞŉŗĚĔŅĶĪħĽŀĭ
ĴňȮ7 ĕńŘĬĨŀĬħńĚĬňŘ 

ĕńŘĬĨŀĬĪňŗȮ1 : Hold ĪňŗŀŋĦľĳŌĴŇȮ-60 °C ŏĮƦĬŏĺĸŅȮ1 ĬŅĪň 
ĕńŘĬĨŀĬĪňŗȮ2 : ŒľƟėĺŅĴĶƟŀĬȮ(Heat) ěŅĔŀŋĦľĳŌĴŇȮ-60 °C ěĬĩŉĚȮ180 °C ħƟĺĵŀńĨĶŅȮ5 °C/min 
ĕńŘĬĨŀĬĪňŗȮ3 : Hold ĪňŗŀŋĦľĳŌĴŇȮ180 °C ŏĮƦĬŏĺĸŅȮ1 ĬŅĪň 
ĕńŘĬĨŀĬĪňŗȮ4 : ĸħŀŋĦľĳŌĴŇȮ(Cool) ěŅĔŀŋĦľĳŌĴŇȮ180 °CȮěĬĩŉĚȮ-60 °C ħƟĺĵŀńĨĶŅȮ5 °C/min 
ĕńŘĬĨŀĬĪňŗȮ5 : Hold ĪňŗŀŋĦľĳŌĴŇȮ-60 °C ŏĮƦĬŏĺĸŅȮ1 ĬŅĪň 
ĕńŘĬĨŀĬĪňŗȮ6 : ŒľƟėĺŅĴĶƟŀĬȮ(Heat) ěŅĔŀŋĦľĳŌĴŇȮ-60 °C ěĬĩŉĚȮ180 °C ħƟĺĵŀńĨĶŅȮ5 °C/min 
ĕńŘĬĨŀĬĪňŗȮ7 : Hold ĪňŗŀŋĦľĳŌĴŇȮ180 °C ŏĮƦĬŏĺĸŅȮ1 ĬŅĪň 
ěŅĔĬńŘĬĺŇŏėĶŅŃľƢėŋĦĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴěŅĔĸńĔļĦŃĕŀĚĔĶŅĲĪňŗ

œħƟŏıŊŗŀľŅŀŋĦľĳŌĴŇŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ(Glass transition temperature, Tg), ŀŋĦľĳŌĴŇĔŅĶ
ľĸŀĴįĸŉĔȮ(Melt crystallization temperature, Tm), ŀŋĦľĳŌĴŇĔŅĶŏĔŇħįĸŉĔȮ(Crystallization 
temperature, Tc) ŐĸŃĮĶŇĴŅĦįĸŉĔĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴħńĚĽĴĔŅĶ 

%Xc = 
ƇFk
ƇFd
°ȮvȮ
/..

U
     

 őħĵ %Xc ȮȮėŊŀȮĮĶŇĴŅĦįĸŉĔȮ(%) 

  ƇFk  ėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟŒĬĔŅĶľĸŀĴŏľĸĺįĸŉĔȮ(J/g) 

  ƇFd
°   ėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟŒĬĔŅĶľĸŀĴŏľĸĺįĸŉĔȮ(J/g) ĽņľĶńĭıŀĸŇŏĴŀĶƢĪňŗĴň

   ȮȮȮėĺŅĴŏĮƦĬįĸŉĔȮ/..%ȮĞŉŗĚĴňėƞŅŏĪƞŅĔńĭȮ//2ȮJ/g ĽņľĶńĭȮPBAT 

  W      ėŊŀȮĽńħĽƞĺĬĕŀĚȮPBAT ŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĪńŘĚľĴħ 
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1,1,4ȮĔŅĶĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

 ŏĨĶňĵĴĝŇŘĬĚŅĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĽņľĶńĭĔŅĶĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬőħĵĔŅĶĨńħ
ĝŇŘĬĚŅĬŒľƟĴňĬŘņľĬńĔĮĶŃĴŅĦȮ3ȮůȮ/.ȮĴŇĸĸŇĔĶńĴȮŐĸŃĴňĕĬŅħŏĸŖĔıŀĪňŗěŃĭĶĶěŋĸĚŒĬĩƟĺĵŏĞĶŅĴŇĔȮ
(Crucible)ȮœħƟőħĵĪňŗėĺŅĴĽŌĚĕŀĚĨńĺŀĵƞŅĚœĴƞŏĔŇĬėĶŉŗĚľĬŉŗĚĕŀĚėĺŅĴĽŌĚĕŀĚĩƟĺĵŏĞĶŅĴŇĔȮěŅĔĬńŘĬĬņœĮœĮ
ĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮThermogravimetric Analysis (TGA)ȮĪňŗŀŋĦľĳŌĴŇŒĬĝƞĺĚȮ1.Ȯ°CȮĩŉĚȮ6..Ȯ°CȮĳŅĵŒĨƟ
ĭĶĶĵŅĔŅĻŐĔƠĽœĬőĨĶŏěĬȮĞŉŗĚĔŅĶĪħĽŀĭĴňȮ1ȮĕńŘĬĨŀĬħńĚĬňŘ 

ĕńŘĬĨŀĬĪňŗȮ/Ȯ: Hold ĪňŗŀŋĦľĳŌĴŇȮ1.Ȯ°CȮŏĮƦĬŏĺĸŅȮ/ȮĬŅĪň 
ĕńŘĬĨŀĬĪňŗȮ0Ȯ: ŒľƟėĺŅĴĶƟŀĬȮ&Heat) ěŅĔŀŋĦľĳŌĴŇȮ1.Ȯ°C ěĬĩŉĚȮ6..Ȯ°C ħƟĺĵŀńĨĶŅȮ/.Ȯ°C/min 
ĕńŘĬĨŀĬĪňŗȮ1Ȯ: Hold ĪňŗŀŋĦľĳŌĴŇȮ6..Ȯ°CȮŏĮƦĬŏĺĸŅȮ/ȮĬŅĪň 
ěŅĔĬńŘĬĺŇŏėĶŅŃľƢĸńĔļĦŃĕŀĚĔĶŅĲĪňŗœħƟěŅĔĔŅĶĪħĽŀĭŏıŊŗŀľŅŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺ 
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ĭĪĪňŗ 4  
įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

 ĚŅĬĺŇěńĵĬňŘěńħĪņĕŉŘĬŏıŊŗŀĻŉĔļŅĔŅĶŏĨĶňĵĴőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨ-
őė-ŏĪŏĶĲĪŅŏĸĨȮ(PBAT)ȮŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁ
œħĶƢħȮ(MTPS) ĪňŗŀńĨĶŅĽƞĺĬȮ90/10, 80/20 ŐĸŃȮ70/30 őħĵĬŘņľĬńĔȮĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŏıŊŗŀĪņ
ľĬƟŅĪňŗŏĮƦĬĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟȮőħĵŒĬĕńŘĬĨŀĬĔŅĶĕŉŘĬĶŌĮŏĮƦĬŐįƞĬőĲĴěŃĴňĔŅĶŏĨŇĴ  
2*Ȯ2ŲMvwbg`clxclcqsjdmlwjȮFwbp_xgbcȮ&M@QF'ȮŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĲŌȮ(Blowing agent) 
ĮĶŇĴŅĦȮ10, 15 ŐĸŃȮ0.Ȯphr ěŅĔĬńŘĬěŃŏĸŊŀĔŐįƞĬőĲĴĽŌĨĶĪňŗĴňĕĬŅħĕŀĚŏĞĸĸƢőĲĴĽĴŗņŏĽĴŀȮĴňĽĴĭńĨŇ
ŏĝŇĚĔĸŐĸŃĽĴĭńĨŇŏĝŇĚĶƟŀĬĪňŗħňĴŅŏĨŇĴĞňıŇőŀœĸĨƢȮ(Sepiolite) ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĝƞĺĵĔƞŀĲŀĚŀŅĔŅĻȮ
(Nucleating agent) ĪňŗĮĶŇĴŅĦȮ1, 3  ŐĸŃȮ3Ȯphr 
őħĵĔŅĶħņŏĬŇĬĚŅĬĕŀĚĚŅĬĺŇěńĵĬňŘŐĭƞĚŀŀĔŏĮƦĬȮ3 ĨŀĬȮħńĚĬňŘ 

ĨŀĬĪňŗȮ1 ĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨȮ
(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS) Īňŗ
œĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟȮ(Compatibilizer) 

ĨŀĬĪňŗȮ2 ĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-
ŏĪŏĶĲĪŅŏĸĨȮ(PBAT)ȮŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁ
œħĶƢħȮ(MTPS) 

ĨŀĬĪňŗȮ3 ĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮSepiolite ĪňŗĴňįĸĨƞŀĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨȮ(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħ
ŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS)  
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4.1 ĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨ (PBAT) 

ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS) ĪňŗœĴƞĴň

ŐĸŃĴňĔŅĶŏĨŇĴĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟ 
 

 őħĵĪńŗĺœĮŐĮƚĚœĴƞĽŅĴŅĶĩĕŉŘĬĶŌĮœħƟħƟĺĵĔĶŃĭĺĬĔŅĶĪŅĚėĺŅĴĶƟŀĬŏľĴŊŀĬıĸŅĽĨŇĔĪńŗĺœĮȮ
ŏĬŊŗŀĚěŅĔŐĮƚĚěŃŏĔŇħĔŅĶœľĴƟŐĸŃŏĽŊŗŀĴĽĳŅıĔƞŀĬľĸŀĴŏľĸĺȮěŉĚěņŏĮƦĬĨƟŀĚĬņŐĮƚĚĴŅŏĨĶňĵĴŏĮƦĬŏĪŀĶƢ
őĴıĸŅĽĨŇĔĽĨŅĶƢĝȮ(TPS) őħĵŒĝƟĽŅĶőĴŏĸĔŋĸŏĸŖĔȮŏĝƞĬȮĬŘņȮŐĸŃĔĸňŏĞŀĶŀĸȮŏıŊŗŀŒľƟĽŅĶőĴŏĸĔŋĸŏĸŖĔ

ŏľĸƞŅĬňŘŏĕƟŅœĮĪņĸŅĵıńĬīŃœŁőħĶŏěĬĶŃľĺƞŅĚőĴŏĸĔŋĸŐĮƚĚĔƞŀĬěŃĬņœĮĕŉŘĬĶŌĮȮŀĵƞŅĚœĶĔŖĨŅĴȮTPS ěŃĵńĚ

ĴňŐĮƚĚĪňŗĴňĽŅĵőĞƞőĴŏĸĔŋĸĵŅĺȮŐĸŃĴňėĺŅĴĝŀĭĬŘņȮ(Hydrophilic) ĪņŒľƟŏĕƟŅĔńĬœħƟœĴƞħňĔńĭıŀĸŇŏĴŀĶƢĪňŗĴň

ėĺŅĴœĴƞĝŀĭĬŘņȮ(Hydrophobic polymer) ĬńĔĺŇěńĵľĸŅĵĪƞŅĬěŉĚœħƟıĵŅĵŅĴŐĔƟœĕĮƤĠľŅħńĚĔĸƞŅĺħƟĺĵ

ĔŅĶĔĶŅĲĨƢľĴŌƞĲƤĚĔƢĝńĬĪňŗĴňėĺŅĴĺƞŀĚœĺŒĬĔŅĶĪņĮĢŇĔŇĶŇĵŅȮŏĝƞĬȮĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MA) ĸĚĭĬĽŅĵőĞƞ

ĕŀĚŐĮƚĚħńĚĮĢŇĔŇĶŇĵŅŒĬĳŅıĪňŗȮ4,1Ȯ 
 

 

ĳŅıĪňŗȮ4,1ȮĮĢŇĔŇĶŇĵŅĔŅĶŏĔŇħȮMTPS įƞŅĬĔĶŃĭĺĬĔŅĶȮReactive extrusion [30] 
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ěŅĔĚŅĬĺŇěńĵĕŀĚȮJean-Marie Raquez ŐĸŃėĦŃȮY1/[ȮœħƟĪņĔŅĶĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĕŀĚŐĮƚĚ
ĕƟŅĺőıħħƟĺĵĔŅĶŏĨĶňĵĴŏĮƦĬŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝȮ(TPS) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħ
ŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS) ĪňŗĴňĔŅĶŏĨŇĴĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħĮĶŇĴŅĦŐĨĔĨƞŅĚĔńĬ
įƞŅĬĔĶŃĭĺĬĔŅĶȮReactive extrusion ěŅĔįĸĔŅĶĺńħėĺŅĴľĬŊħħƟĺĵȮUbbelohde viscometer 
ıĭĺƞŅȮMTPS ĴňėĺŅĴľĬŊħĸħĸĚĴŅĔĔĺƞŅȮTPS ŏĮƦĬĔŅĶĵŊĬĵńĬĺƞŅĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħĽƞĚįĸŒľƟĬŘņľĬńĔ
őĴŏĸĔŋĸĕŀĚŐĮƚĚȮMTPS ĸħĸĚȮĬŀĔěŅĔĬňŘěŅĔįĸĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮFTIR ĵńĚĽŅĴŅĶĩĵŊĬĵńĬœħƟĺƞŅ
ĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħŏĔŇħıńĬīŃőėĺŅŏĸĬĨƢŏĝŊŗŀĴĨŇħĔńĭĽŅĵőĞƞŐĮƚĚħƟĺĵĮĢŇĔŇĶŇĵŅĔŅĶŏĮƕħĺĚĕŀĚĴŅŏĸŀŇĔ
ŐŀĬœŁœħĶƢħħńĚĳŅıĪňŗȮ4,1ȮőħĵĽĴĭŌĶĦƢȮ 

ħńĚĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘįŌƟĺŇěńĵěŉĚœħƟĪņĔŅĶŏĨĶňĵĴŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶ
őėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS) ŏıŊŗŀŏĮƦĬĔŅĶĨńħĽŅĵőĞƞŐĮƚĚȮŐĸŃŏĮƦĬĔŅĶŏıŇŗĴľĴŌƞĲƤĚĔƢĝńĬ
ĭĬĽŅĵőĞƞŏıŊŗŀŒľƟŐĮƚĚĽŅĴŅĶĩŏĕƟŅĔńĬœħƟħňĔńĭȮPBAT  
 

4.1.1 ĔŅĶĪħĽŀĭŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁ

œħĶƢħȮ(MTPS) ħƟĺĵŏėĶŊŗŀĚȮX-ray diffractometer (XRD) 
  

ŏĴŖħŐĮƚĚĴňĸńĔļĦŃőėĶĚĽĶƟŅĚŐĭĭȮSemi-crystallineȮĪňŗĮĶŃĔŀĭħƟĺĵĭĶŇŏĺĦĪňŗŏĮƦĬįĸŉĔȮ
(Crystalline) ŐĸŃĭĶŇŏĺĦĪňŗŏĮƦĬŀĽńĦģŅĬȮ(Amorphous) őħĵĽƞĺĬȮCrystallineȮŏĮƦĬĭĶŇŏĺĦĪňŗľĴŌƞ 
œŁħĶŀĔĞŇĸĶŃľĺƞŅĚĽŅĵőĞƞőĴŏĸĔŋĸŀŃœĴőĸĽŐĸŃŀŃœĴőĸŏıėĨŇĬŏĔŇħıńĬīŃœŁőħĶŏěĬĶŃľĺƞŅĚĔńĬȮĪņŒľƟ
ĽŅĵőĞƞőĴŏĸĔŋĸŏĶňĵĚĝŇħĔńĬŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬĶŃŏĭňĵĭȮĶĺĴĩŉĚĴňĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĽŅĵőĞƞĽńŘĬĕŀĚ 
ŀŃœĴőĸŏıėĨŇĬŏĮƦĬŏĔĸňĵĺĴƟĺĬėŌƞȮ&Double helices)ȮĽƞĺĬĭĶŇŏĺĦĪňŗŏĮƦĬĽƞĺĬȮAmorphous ŏĮƦĬĭĶŇŏĺĦ
ĪňŗľĴŌƞœŁħĶŀĔĞŇĸĶŃľĺƞŅĚĽŅĵőĞƞőĴŏĸĔŋĸŀŃœĴőĸĽŐĸŃŀŃœĴőĸŏıėĨŇĬœĴƞŏĔŇħıńĬīŃœŁőħĶŏěĬĶŃľĺƞŅĚĔńĬȮ
(Free hydroxyl group) ĪņŒľƟĽŅĵőĞƞőĴŏĸĔŋĸŀĵŌƞľƞŅĚěŅĔĔńĬȮŐĸŃŀĵŌƞĶĺĴĔńĬŀĵƞŅĚœĴƞŏĮƦĬĶŃŏĭňĵĭȮ
ŏıŊŗŀŒľƟŏĕƟŅŒěĩŉĚėĺŅĴŏĮƦĬįĸŉĔĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚȮTPS ŐĸŃȮMTPS ħńĚĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘěŃıŇĽŌěĬƢ
ŏŀĔĸńĔļĦƢŐĮƚĚĴńĬĽņĮŃľĸńĚȮŐįƞĬĝňĪȮTPS ŐĸŃȮMTPS ħƟĺĵŏėĶŊŗŀĚȮX-ray diffractionȮőħĵŒĝƟėĺŅĴ
ĨƞŅĚĻńĔĵƢœĲĲƚŅȮ1. kV ĔĶŃŐĽœĲĲƚŅȮ0. mA ėĺŅĴŏĶŖĺĕŀĚĔŅĶĽŐĔĬȮ3°/min ŐĸŃĝƞĺĚĴŋĴĔŅĶĽŐĔĬ
ĨńĺŀĵƞŅĚȮ1°-13° ıĭĺƞŅĶŌĮŐĭĭıňėĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚȮŐįƞĬĝňĪ ŐĸŃŐįƞĬĝňĪȮMTPS ĪňŗœħƟĴňĸńĔļĦŃ
ħńĚĳŅıĪňŗȮ4,2  
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ĳŅıĪňŗȮ4,2 ŐĽħĚĶŌĮŐĭĭıňėȮ(XRD pattern) ĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚȮŐĸŃŐįƞĬĝňĪȮMTPS 

  
 ěŅĔĶŌĮŐĭĭıňėĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚıĭĺƞŅĮĶŅĔĢıňėĪňŗĴŋĴȮ0 ̒œħƟŐĔƞȮ/3,.0°, /5,.2°, 
/5,74°, 0/,/2, 00,77°Ȯ04,3.°ȮŐĸŃȮ1.,42°ȮŐĽħĚŒľƟŏľŖĬĺƞŅőėĶĚĽĶƟŅĚįĸŉĔĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚŏĮƦĬ
įĸŉĔŐĭĭȮA ĞŉŗĚŏĔŇħěŅĔĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĽŅĵőĞƞŀŃœĴőĸŏıėĨŇĬŏĮƦĬŏĔĸňĵĺĴƟĺĬėŌƞȮ&Double helices)Ȯ
ŀĵƞŅĚľĬŅŐĬƞĬĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮPeilei WangȮŐĸŃėĦŃȮY10[ ĪňŗœħƟĻŉĔļŅĔŅĶŏĨĶňĵĴĺńĽħŋėŀĴ
ıŀĽŇĨěŅĔŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝȮ(TPS) ĪňŗœħƟěŅĔŐĮƚĚĴńĬĽņĮŃľĸńĚȮĪňŗĴňĔŅĶŏĽĶŇĴŐĶĚħƟĺĵŏĽƟĬŒĵĮŀȮ
ıĭĺƞŅĶŌĮŐĭĭıňėĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚěŃĮĶŅĔĢĪňŗĴŋĴȮ/3,0°, /5,/°, /6,/°, 0.,/°ȮŐĸŃȮ01,/°ȮĞŉŗĚĴň
ĨņŐľĬƞĚĔŅĶŏĔŇħıňėŒĔĸƟŏėňĵĚĔńĭĪňŗœħƟěŅĔĔŅĶĻŉĔļŅŒĬĚŅĬĺŇěńĵĬňŘ 
 ŏĴŊŗŀıŇěŅĶĦŅĶŌĮŐĭĭıňėĕŀĚȮTPS ıĭĺƞŅĴňĶŌĮŐĭĭıňėŐĨĔĨƞŅĚěŅĔĶŌĮŐĭĭıňėĕŀĚĴńĬ
ĽņĮŃľĸńĚĔĸƞŅĺėŊŀıňėĪňŗĴŋĴȮ/3,.0°, /5,.2°ȮŐĸŃȮ/5,74°ȮĪňŗıĭŒĬŐĮƚĚĴńĬĽņĮŃľĸńĚěŃľŅĵœĮȮĽƞĺĬıňė
ĪňŗĴŋĴȮ/6,5/°ȮŐĸŃȮ/7,57°ȮěŃĴňėĺŅĴŏĕƟĴĸħĸĚȮĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅőėĶĚĽĶƟŅĚĪňŗĴňĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬ
ĶŃŏĭňĵĭĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚĸħĸĚȮŏĬŊŗŀĚěŅĔĔĸňŏĞŀĶŀĸĪňŗŏĨŇĴĸĚœĮŒĬĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴȮTPS ŐĪĶĔ
ŀĵŌƞĶŃľĺƞŅĚĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚŀŃœĴőĸĽŐĸŃŀŃœĴőĸŏıėĨŇĬȮĽƞĚįĸŒľƟĽŅĵőĞƞŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔ
œħƟĸħĸĚȮĽƞĚįĸŒľƟıňėĪňŗĴŋĴħńĚĔĸƞŅĺĴňėĺŅĴŏĕƟĴĸħĸĚȮĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅȮTPS ěŃĮĶŅĔĢıňėŒľĴƞĪňŗĴŋĴȮ
/1,25°ȮŐĸŃȮ00,05°ȮŐĽħĚĩŉĚĔŅĶŏĔŇħįĸŉĔŐĭĭȮVA ĞŉŗĚŏĮƦĬĔŅĶŏĔŇħŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚĽŅĵőĞƞĕŀĚ 
ŀŃœĴőĸĽŐĸŃĔĸňŏĞŀĶŀĸĬņœĮĽŌƞĔŅĶŏĔŇħěńħŏĶňĵĚĨńĺŏĮƦĬŏĔĸňĵĺĴƟĺĬŏħňŗĵĺȮ(Single-helical structures)Ȯ
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ĽƞĚįĸŒľƟıńĬīŃœŁőħĶŏěĬĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚĽŅĵőĞƞőĴŏĸĔŋĸŀŃœĴőĸĽĴňėĺŅĴŐĕŖĚŐĶĚĸħĸĚȮĽŀħėĸƟŀĚĔńĭ
ĚŅĬĺŇěńĵĕŀĚȮYingfeng Zuo ŐĸŃėĦŃȮY1.[ ĪňŗıĭĺƞŅĶŌĮŐĭĭıňėĕŀĚȮTPS ĪňŗœħƟěŅĔŐĮƚĚĕƟŅĺőıħěŃ
ĮĶŅĔĢıňėĕŉŘĬĪňŗĴŋĴȮ/1,3°ȮŐĸŃȮ0.,6°ȮĞŉŗĚŐĽħĚĩŉĚĔŅĶŏĔŇħŀńĬĨĶĔŇĶŇĵŅĶŃľĺƞŅĚŀŃœĴőĸĽŐĸŃ 
ĔĸňŏĞŀĶŀĸȮŒĬĪņĬŀĚŏħňĵĺĔńĬȮMTPS ĔŖıĭıňėĨņŐľĬƞĚŏħňĵĺĔńĭȮTPS ŐĽħĚŒľƟŏľŖĬĺƞŅĮĢŇĔŇĶŇĵŅŏŀĽ 
ŏĪŀĶŇĲƕŏėĝńĬœĴƞĽƞĚįĸŒľƟĝĬŇħĕŀĚįĸŉĔŏĮĸňŗĵĬŐĮĸĚȮĬńŗĬŐĽħĚĺƞŅĮĢŇĔŇĶŇĵŅŏŀĽŏĪŀĶŇĲƕŏėĝńĬŏĔŇħĭĶŇŏĺĦĪňŗ
ŏĮƦĬŀĽńĦģŅĬȮŀĵƞŅĚœĶĔŖĨŅĴėĺŅĴŏĕƟĴıňėȮŐĸŃĶƟŀĵĸŃėĺŅĴŏĮƦĬįĸŉĔĕŀĚȮMTPS ħńĚĨŅĶŅĚĪňŗȮ4.1ȮĬƟŀĵ
ĔĺƞŅȮTPS ŐĽħĚŒľƟŏľŖĬĺƞŅĮĢŇĔŇĶŇĵŅŏŀĽŏĪŀĶŇĲƕŏėĝńĬĽƞĚįĸŒľƟĮĶŇĴŅĦįĸŉĔĸħĸĚȮY1.[ 
 
ĨŅĶŅĚĪňŗȮ4.1ȮĶƟŀĵĸŃėĺŅĴŏĮƦĬįĸŉĔĕŀĚŐĮƚĚĴńĬĽņĮŃľĸńĚȮŐĸŃȮMTPS 
 

Samples ĶƟŀĵĸŃėĺŅĴŏĮƦĬįĸŉĔȮ&#' 

ŐĮƚĚĴńĬĽņĮŃľĸńĚ 35.81 

TPS 17.50 

MTPS 12.56 

Ȯ 

4.1.2 ĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚȮPBAT-g-MA ħƟĺĵŏĪėĬŇėȮNuclear Magnetic 

Resonance Spectroscopy (NMR) 

ĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚȮPBAT-g-MA ĽŅĴŅĶĩĪņœħƟħƟĺĵŏĪėĬŇėȮNuclearȮMagneticȮ
ResonanceȮSpectroscopyȮ(NMR)ȮŏıŊŗŀıŇĽŌěĬƢĺƞŅĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħŏĔŇħĔŅĶĔĶŅĲĨƢĨŇħĭĬĽŅĵőĞƞ
ĕŀĚȮPBAT őħĵĔĸœĔĔŅĶĔĶŅĲĨƢĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħĸĚĭĬĽŅĵőĞƞȮPBAT ěŃŏĔŇħįƞŅĬĔĸœĔŐĭĭŀĬŋĴŌĸ
ŀŇĽĶŃȮ(Free radical) ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4,3  
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ĳŅıĪňŗȮ4,3ȮĔĸœĔĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĔŅĶĔĶŅĲĨƢĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħĸĚĭĬȮPBAT (ħńħŐĮĸĚěŅĔĚŅĬĺŇěńĵ

ĕŀĚȮShahab Kashani Rahimi ŐĸŃėĦŃ)ȮY11[ 
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ĳŅıĪňŗȮ4,4 1H-NMR spectra ĕŀĚȮPBAT 

 

 

 
ĳŅıĪňŗȮ4,5 1H-NMR spectra ĕŀĚȮPBAT ĪňŗħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(PBAT-g-

MA) 
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ĳŅıĪňŗȮ4,6 1H-NMR spectra ĝƞĺĚȮ1,5+3,.Ȯppm ȮĕŀĚȮ(a) PBAT ŐĸŃȮ(b) PBAT ĪňŗĩŌĔħńħŐĮĶ

őėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(PBAT-g-MA) 

 
ĨŅĶŅĚĪňŗȮ4.2ȮėƞŅȮChemical shift ĪňŗĽńĴıńĬīƢĔńĭőėĶĚĽĶƟŅĚĕŀĚȮPBAT ŐĸŃȮPBAT-g-MA 

Chemical shift (ppm) Symbol Structure unit 

1.67, 1.86, 1.97 f, d', d  

 

2.33 c 

 

4.17, 4.40 b, b' 

 

8.09 a 

 

3.69-3.76 K 
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ŏĴŊŗŀıŇěŅĶĦŅȮ/H-NMR spectra ĕŀĚȮPBAT ħńĚĳŅıĪňŗȮ4,4ȮěŃıĭĽńĠĠŅĦȮ1H-NMR ĪňŗĽņėńĠȮ4 
ĝƞĺĚėĺŅĴĩňŗȮœħƟŐĔƞȮĝƞĺĚėĺŅĴĩňŗȮ1.6-/,75ȮnnkȮ&d*ȮbŲ*Ȯb'ȮĞŉŗĚŐĽħĚĩŉĚȮMethylene protons  
(-C-(CH2)2-C-)ȮĪňŗĨņŐľĬƞĚėĺŅĴĩňŗȮ2.33Ȯppm (c) ŐĽħĚĩŉĚőĮĶĨŀĬĪňŗĨŇħŀĵŌƞĔńĭľĴŌƞėŅĶƢĭŀĬŇĸ ĪňŗĝƞĺĚ
ėĺŅĴĩňŗȮ4.17-4.40ȮnnkȮ&`*Ȯ`Ų'ȮĞŉŗĚŐĽħĚĩŉĚőĮĶĨŀĬĪňŗĨŇħŀĵŌƞĔńĭľĴŌƞŏŀĽŏĪŀĶƢ ŐĸŃıňėĽŋħĪƟŅĵėŊŀĪňŗ
ĨņŐľĬƞĚėĺŅĴĩňŗȮ8.09 ppm (a) ĞŉŗĚŐĽħĚĩŉĚȮPhenyl group ĭĬĽŅĵőĞƞȮPBAT 
ŏĴŊŗŀıŇěŅĶĦŅȮ/H-NMR spectra ĕŀĚȮPBAT-g-MA ħńĚĳŅıĪňŗȮ4,5ȮěŃıĭĽńĠĠŅĦȮ1H-NMR Īňŗ

ĽņėńĠȮ5 ĝƞĺĚėĺŅĴĩňŗȮœħƟŐĔƞȮĝƞĺĚėĺŅĴĩňŗȮ1.6-/,75ȮnnkȮ&d*ȮbŲ*Ȯb'ȮĞŉŗĚŐĽħĚĩŉĚȮMethylene protons                  
(-C-(CH2)2-C-) ĪňŗĨņŐľĬƞĚėĺŅĴĩňŗȮ2.33Ȯppm (c) ŐĽħĚĩŉĚőĮĶĨŀĬĪňŗĨŇħŀĵŌƞĔńĭľĴŌƞėŅĶƢĭŀĬŇĸ ĪňŗĝƞĺĚ
ėĺŅĴĩňŗȮ4.17-4.40ȮnnkȮ&`*Ȯ`Ų'ȮĞŉŗĚŐĽħĚĩŉĚőĮĶĨŀĬĪňŗĨŇħŀĵŌƞĔńĭľĴŌƞŏŀĽŏĪŀĶƢ ĪňŗĨņŐľĬƞĚėĺŅĴĩňŗȮ8.09 
ppm (a) ĞŉŗĚŐĽħĚĩŉĚȮPhenyl groupȮěŃŏľŖĬĺƞŅĽńĠĠŅĦĪńŘĚȮ2ȮŏĮƦĬĽńĠĠŅĦŏħňĵĺĔńĬĔńĭĪňŗıĭŒĬȮPBAT 
ĬŀĔěŅĔĬňŘŒĬȮPBAT-g-MA ěŃıĭıňėĪňŗĽņėńĠĪňŗŐĽħĚĩŉĚőĮĶĨŀĬĕŀĚĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħĪňŗĨŇħĔńĭȮŬ-

carbon ĕŀĚĽŅĵőĞƞȮPBAT ĪňŗĝƞĺĚėĺŅĴĩňŗȮ3.69-3.76Ȯppm ħńĚĳŅıĪňŗȮ4,6ȮěŅĔįĸĔŅĶĪħĸŀĚħńĚĔĸƞŅĺ
ĽŅĴŅĶĩĵŊĬĵńĬœħƟĺƞŅĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħŏĔŇħĔŅĶĔĶŅĲĨƢĨŇħĭĬĽŅĵőĞƞȮPBAT 
 

4.1,3ȮĔŅĶĻŉĔļŅĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴ 

 ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚȮPBAT ŐĸŃȮMTPS œħƟĬņŏŀŅŐįƞĬĝňĪȮPBAT ŐĸŃŐįƞĬĝňĪȮMTPS 
ĪňŗœħƟěŅĔĔŅĶľńĔĝŇŘĬĚŅĬĳŅĵŒĨƟĽĳŅĺŃėĺŅĴŏĵŖĬĵŇŗĚĵĺħȮ(Cryogenic fracture surface) ħƟĺĵĔĸƟŀĚ
ěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ&Scanning Electron Microscope, SEM) ĪňŗĔņĸńĚĕĵŅĵȮ/,...Ȯ
ŏĪƞŅȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ4,7  
 

PBAT MTPS 

  

 
ĳŅıĪňŗȮ4,7 ĳŅıĩƞŅĵȮSEM ĕŀĚŐįƞĬĝňĪȮPBAT ŐĸŃŐįƞĬĝňĪȮMTPS ĪňŗĔņĸńĚĕĵŅĵȮ1,000 ŏĪƞŅȮ 

Ĕ'ȮPBAT ĕ'ȮMTPS 
 

(Ĕ) (ĕ) 
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 ěŅĔĳŅıȮSEM ĕŀĚıŊŘĬįŇĺĪňŗŏĔŇħěŅĔĔŅĶľńĔĝŇŘĬĚŅĬħƟĺĵœĬőĨĶŏěĬŏľĸĺħńĚĳŅıĪňŗȮ4,7ȮıĭĺƞŅ
ıŊŘĬįŇĺĕŀĚȮMTPS ĴňĸńĔļĦŃŏĮƦĬįŇĺŏĶňĵĭȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃȮ(Brittle behavior) 
ŒĬĕĦŃĪňŗıŊŘĬįŇĺĕŀĚȮPBAT ĴňĸńĔļĦŃŏĮƦĬįŇĺĕĶŋĕĶŃœĴƞŏĶňĵĭȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŐĨĔľńĔŐĭĭŏľĬňĵĺȮ
(Ductile behavior) 
 ĚŅĬĺŇěńĵĬňŘĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴĪńŘĚĽŌĨĶĪňŗœĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴȮ 
PBAT-g-MA ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟȮħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭ
ĽƞŀĚĔĶŅħȮ(Scanning Electron Microscope, SEM) ĪňŗĔņĸńĚĕĵŅĵȮ10,000 ŏĪƞŅȮŏıŊŗŀŒľƟŏĕƟŅŒěĩŉĚ
ĸńĔļĦŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚŐĨƞĸŃĺńĢĳŅėȮŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴȮŐĸŃĬņœĮĽŌƞ
ėĺŅĴŏĕƟŅŒěĩŉĚėŋĦĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėŋĦĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴĨƞŀœĮȮőħĵĳŅı
ıŊŘĬįŇĺĶŀĵŐĨĔĕŀĚĝŇŘĬĚŅĬĪňŗœħƟěŅĔĔŅĶľńĔŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴĳŅĵŒĨƟĽĳŅĺŃėĺŅĴŏĵŖĬĵŇŗĚĵĺħȮ
&Cryogenic fracture surface) ŒĬœĬőĨĶŏěĬŏľĸĺŐĽħĚħńĚĳŅıĪňŗȮ4,8  
 ěŅĔĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĽńħĽƞĺĬĕŀĚȮMTPS 10wt%, 20wt ŐĸŃȮ30wt% ĪńŘĚ
ĽŌĨĶĪňŗœĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴȮPBAT-g-MA ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4,8 (Ĕ) ů (Ĝ) ěŃŏľŖĬĺƞŅĸńĔļĦŃıŊŘĬįŇĺĶŀĵ
ŐĨĔĕŀĚŐįƞĬĝňĪȮıŀĸŇŏĴŀĶƢįĽĴŒĬĪŋĔŕȮĽŌĨĶĴňȮPBAT ŏĮƦĬĺńĢĳŅėľĸńĔȮŐĸŃĴňȮMTPS ŏĮƦĬĺńĢĳŅėĶŀĚȮ
ŐĸŃĽńĚŏĔĨŏľŖĬĔŅĶŐĵĔĔńĬĕŀĚĺńĢĳŅėȮPBAT ŐĸŃĺńĢĳŅėȮMTPS ŀĵƞŅĚĝńħŏěĬȮőħĵȮMTPS ěŃĴň
ĸńĔļĦŃŏĮƦĬŀĬŋĳŅėĪĶĚĔĸĴĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėľĸńĔĕŀĚȮPBAT 
ŏĴŊŗŀıŇěŅĶĦŅŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴĪňŗĪňŗĴňĽńħĽƞĺĬĕŀĚȮMTPS /.wt#, 0.wt#ȮŐĸŃȮ1.wt#ȮĪňŗœĴƞĴň
ĔŅĶŏĨŇĴȮPBAT-g-MA ħńĚĳŅıĪňŗȮ4,8 &Ĕ'Ȯů &ė'ȮıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦĕŀĚȮMTPS ěŃĽƞĚįĸŒľƟ
ŀĬŋĳŅėĪĶĚĔĸĴĕŀĚȮMTPSȮĪňŗĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėľĸńĔĕŀĚȮPBAT ĴňĕĬŅħŏĸŖĔĸĚȮĪņŒľƟŀĬŋĳŅė
ĕŀĚȮMTPS ĴňĔŅĶĔĶŃěŅĵĨńĺŒĬĺńĢĳŅėĕŀĚȮPBAT œħƟħňĕŉŘĬȮŐĽħĚĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ĽƞĚįĸŒľƟ
ıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴŏĕƟŅĔńĬœħƟħňĴŅĔĕŉŘĬȮĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚ Ray Anne GȮŐĸŃėĦŃȮY12[ ĪňŗœħƟ
ĪņĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴŀńĨĶŅĽƞĺĬȮ80/20, 60/40 ŐĸŃȮ40/60 őħĵĬŘņľĬńĔħƟĺĵŏėĶŊŗŀĚȮ
Blown film extruder ıĭĺƞŅŀĬŋĳŅėĕŀĚȮTPS ĪňŗĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėĕŀĚȮPBAT ěŃĴňĕĬŅħŏĸŖĔ
ĸĚěŅĔȮ0.3ů4.5 ˃m ŏĮƦĬȮ0.2ů1.3 ˃m ŏĴŊŗŀĮĶŇĴŅĦȮTPS ŏıŇŗĴĕŉŘĬěŅĔȮ20wt% ŏĮƦĬȮ40wt% ĞŉŗĚŐĽħĚ
ŒľƟŏľŖĬĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦȮTPS ěŃĽƞĚįĸŒľƟŀĬŋĳŅėĕŀĚȮTPS ŒĬĺńĢĳŅėĕŀĚȮPBAT ĴňĔŅĶĔĶŃěŅĵĨńĺĪňŗ
ħňĕŉŘĬ 
 ĬŀĔěŅĔĬňŘŒĬĚŅĬĺŇěńĵĬňŘĵńĚœħƟĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴ
ŏĕƟŅĔńĬœħƟŒĬıŀĸŇŏĴŀĶƢįĽĴ ěŅĔĔŅĶŏĨŇĴȮPBAT-g-MA ıĭĺƞŅŀĬŋĳŅėĕŀĚȮMTPS ĔĶŃěŅĵĨńĺŀĵŌƞŒĬ 
ĺńĢĳŅėľĸńĔĕŀĚȮPBAT œħƟħňĴŅĔĕŉŘĬħńĚŐĽħĚŒĬĳŅıĪňŗȮ4,8 ŏĬŊŗŀĚěŅĔĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħĪňŗŀĵŌƞŒĬȮ
PBAT-g-MA ĽŅĴŅĶĩĪņĮĢŇĔŇĶŇĵŅĔńĭľĴŌƞėŅĶƢĭŀĔĞŇĸĕŀĚȮPBATȮŐĸŃľĴŌƞœŁħĶŀĔĞŇĸĕŀĚȮMTPS œħƟȮ
ĽƞĚįĸŒľƟ PBAT ŐĸŃȮMTPS ĴňĔŅĶĵŉħĨŇħĔńĬœħƟħňĔĺƞŅĨŀĬĪňŗĵńĚœĴƞŏĨŇĴȮPBAT-g-MA ĽŀħėĸƟŀĚĔńĭ
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ĚŅĬĺŇěńĵĕŀĚȮMohamed D ŐĸŃėĦŃ [35] ĪňŗœħƟĪņĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT ŐĸŃȮ
TPS ĪňŗŀńĨĶŅĽƞĺĬȮ80/20, 60/40 ŐĸŃȮ40/60 őħĵĬŘņľĬńĔȮħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder Īňŗ
ŀŋĦľĳŌĴŇȮ120-150 °C ěŅĔĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚĚŅĬĺŇěńĵħńĚĔĸƞŅĺıĭĺƞŅŀĬŋĳŅėȮTPS ŒĬ
ŐįƞĬĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT ŐĸŃȮTPS ĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĸĚœĮŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬ
ĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟȮěŃĴňĔŅĶĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėĕŀĚȮPBAT œħƟħňĵŇŗĚĕŉŘĬ 
 

PBAT/MTPS 

90/10 80/20 70/30 

   
PBAT/MTPS/PBAT-g-MA 

90/10/10 80/20/10 70/30/10 

   
 

ĳŅıĪňŗȮ4,8ȮĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT ŐĸŃȮMTPS ĪňŗĔņĸńĚĕĵŅĵȮ10,000 ŏĪƞŅ 

Ĕ'ȮPBAT/MTPS10% ĕ'ȮPBAT/MTPS20%Ȯė'ȮPBAT/MTPS30%Ȯ    

Ě'ȮPBAT/MTPS10%PBAT-g-MA ě'ȮPBAT/MTPS20%PBAT-g-MAȮ    

Ĝ'ȮPBAT/MTPS30%PBAT-g-MA 
 

  
 

(Ĕ) 

Starch 

(ĕ) (ė) 

(Ě) (ě) (Ĝ) 
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4.1.4 ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴ  

 ĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶħŉĚĵŊħĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴĪńŘĚĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮ 
PBAT-g-MA ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟȮĨŅĴĴŅĨĶģŅĬĔŅĶĪħĽŀĭȮASTM 
D882 ħƟĺĵŏėĶŊŗŀĚ Universal Testing Machine (UTM)ȮőħĵŒĝƟŀńĨĶŅŏĶŖĺŒĬĔŅĶħŉĚŏĪƞŅĔńĭȮ 
3Ȯmm/min ŐĸŃŒĝƟȮload cell ĕĬŅħȮ3.ȮkN ěŅĔĬńŘĬĪņĔŅĶĺŇŏėĶŅŃľƢėƞŅ Tensile strength, 
Elongation at breakȮŐĸŃȮWmsleŲqȮkmbsjsq ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4,9ȮĩŉĚȮĳŅıĪňŗȮ4,11ŐĸŃĨŅĶŅĚĪňŗȮ
4.3 
 ŏĴŊŗŀıŇěŅĶĦŅėƞŅȮTensile strength ĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴȮPBAT ŐĸŃȮMTPS Īňŗ
ŀńĨĶŅĽƞĺĬȮ90/10, 80/20 ŐĸŃȮ5.-1.ȮőħĵĬŘņľĬńĔȮħńĚĕƟŀĴŌĸŒĬĳŅıĪňŗȮ4,9 ŐĸŃĨŅĶŅĚĪňŗȮ4.3 ıĭĺƞŅ
ŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ěŅĔȮ/.wt% ŏĮƦĬȮ0.wt% ěŃĽƞĚįĸŒľƟėƞŅȮTensile strength ĴňėƞŅ
ŏıŇŗĴĕŉŘĬŀĵƞŅĚĴňĬńĵĽņėńĠȮŏĬŊŗŀĚěŅĔĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ĽƞĚįĸŒľƟıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴŏĕƟŅĔńĬœħƟħň
ĴŅĔĕŉŘĬħńĚŐĽħĚŒĬĳŅıĪňŗȮ4,8Ȯ(Ĕ)-(ė)ȮĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮJacqueline StagnerȮŐĸŃėĦŃȮY7[ Īňŗ
ıĭĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ěŃĽƞĚįĸŒľƟȮTensile strength ŐĸŃȮElongation at break ĴňėƞŅŏıŇŗĴĕŉŘĬ  
 ŏĴŊŗŀıŇěŅĶĦŅėƞŅȮElongation at break ĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴȮPBAT ŐĸŃȮMTPS Īňŗ
ŀńĨĶŅĽƞĺĬȮ90/10, 80/20 ŐĸŃȮ5.-1.ȮőħĵĬŘņľĬńĔȮħńĚĕƟŀĴŌĸŒĬĳŅıĪňŗȮ4,10 ŐĸŃĨŅĶŅĚĪňŗȮ4.3 ıĭĺƞŅ
ŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ěŃĽƞĚįĸŒľƟėƞŅȮElongation at break ĴňėƞŅŏıŇŗĴĕŉŘĬŀĵƞŅĚĴňĬńĵĽņėńĠȮ
ŏĬŊŗŀĚěŅĔĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ĽƞĚįĸŒľƟıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴŏĕƟŅĔńĬœħƟħňĴŅĔĕŉŘĬħńĚŐĽħĚŒĬĳŅıĪňŗȮ
4,8Ȯ(Ĕ)-(ė)  
 ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĴňėƞŅȮTensile strength ŐĸŃȮ
Elongation at break ĴŅĔĔĺƞŅĽŌĨĶĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŀĵƞŅĚĴňĬńĵĽņėńĠȮŏĬŊŗŀĚěŅĔĴŅŏĸŀŇĔŐŀĬœŁ
œħĶƢħĪňŗŀĵŌƞŒĬȮPBAT-g-MA ĽŅĴŅĶĩĪņĮĢŇĔŇĶŇĵŅĔńĭľĴŌƞėŅĶƢĭŀĔĞŇĸĕŀĚȮPBATȮŐĸŃľĴŌƞœŁħĶŀĔĞŇĸĕŀĚȮ
MTPS œħƟȮĽƞĚįĸŒľƟ PBAT ŐĸŃȮMTPS ĴňĔŅĶĵŉħĨŇħĔńĬœħƟħňĔĺƞŅĨŀĬĪňŗĵńĚœĴƞŏĨŇĴȮPBAT-g-MA ĽŀħėĸƟŀĚ
ĔńĭĽńĦģŅĬĪŅĚĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗıĭĺƞŅŀĬŋĳŅėĕŀĚȮMTPS ŒĬĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA Ĵň
ĔŅĶĔĶŃěŅĵĨńĺŀĵŌƞŒĬĺńĢĳŅėľĸńĔĕŀĚȮPBAT œħƟħňĴŅĔĕŉŘĬħńĚĳŅıĪňŗȮ4,8  
 ŏĴŊŗŀıŇěŅĶĦŅėƞŅȮWmsleŲqȮkmbsjsqȮĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴȮPBAT ŐĸŃȮMTPS Īňŗ
ŀńĨĶŅĽƞĺĬȮ90/10, 80/20 ŐĸŃȮ5.-1.ȮőħĵĬŘņľĬńĔȮħńĚĕƟŀĴŌĸŒĬĳŅıĪňŗȮ4,11 ŐĸŃĨŅĶŅĚĪňŗȮ4.3 ıĭĺƞŅ
ŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ěŃĽƞĚįĸŒľƟėƞŅȮWmsleŲqȮkmbsjsqȮĴňėƞŅĸħĸĚŀĵƞŅĚĴňĬńĵĽņėńĠȮ
ŏĬŊŗŀĚěŅĔȮMTPS ŏĮƦĬĺńĽħŋĪňŗĴňėĺŅĴŏĮĶŅŃȮŐĨĔľńĔœħƟĚƞŅĵĔĺƞŅȮPBAT ĽƞĚįĸŒľƟıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňȮ
MTPS ĴŅĔĕŉŘĬĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĽňĵĶŌĮœħƟĸħĸĚȮėƞŅȮWmsleŲqȮkmbsjsqȮěŉĚĴňėƞŅ
ĸħĸĚȮĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮĺňĶŃĻńĔħŇśȮŏĸŇĻĽŇĶŇőĵīŇĬȮY03[ ĪňŗœħƟĻŉĔļŅĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚȮPBS ŐĸŃȮTPS ĪňŗŀńĨĶŅĽƞĺĬȮ6.-0., 70/30 ŐĸŃȮ60/40 ıĭĺƞŅŏĴŊŗŀĮĶŇĴŅĦȮTPS ŏıŇŗĴĕŉŘĬěŃ



  62 

ĽƞĚįĸŒľƟėƞŅȮWmsleŲqȮkmbsjsqȮĕŀĚıŀĸŇŏĴŀĶƢįĽĴĴňėƞŅĸħĸĚȮĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶ
ĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĴňėƞŅȮWmsleŲqȮkmbsjsqȮĬƟŀĵĔĺƞŅĽŌĨĶĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŀĵƞŅĚĴň
ĬńĵĽņėńĠ 
 

 

ĳŅıĪňŗȮ4,9 Tensile strength ĕŀĚıŀĸŇŏĴŀĶƢįĽĴ 
 

 

ĳŅıĪňŗȮ4,10 Elongation at break ĕŀĚıŀĸŇŏĴŀĶƢįĽĴ 
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ĳŅıĪňŗȮ4,11 WmsleŲqȮkmbsjsqȮĕŀĚıŀĸŇŏĴŀĶƢįĽĴ 
 

ĨŅĶŅĚĪňŗȮ4.3 ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴ 
 

Samples 

Tensile 
Strength 

Elongation at 
Break 

Young's Modulus 

(MPa) (%) (MPa) 

PBAT 17.50±1.54a 875.44±69.75b 47.32±2.72cd 

PBAT/MTPS (90/10) 7.30±0.82e 273.07±127.37d 62.61±3.68a 

PBAT/MTPS (80/20) 8.60±0.85cd 555.07±115.87c 50.11±2.68bc 

PBAT/MTPS (70/30) 7.99±0.68de 602.52±93.51c 45.46±2.46d 

PBAT/MTPS/PBAT-g-MA (90/10/10) 10.97±0.63b 895.51±86.10ab 51.25±2.10b 

PBAT/MTPS/PBAT-g-MA (80/20/10) 11.01±0.53b 955.66±64.89ab 46.70±2.99cd 

PBAT/MTPS/PBAT-g-MA (70/30/10) 9.66±0.64c 990.83±82.08a 40.10±0.98e 

MTPS 0.52±0.06f 85.98±8.67e 13.62±2.35f 
 

ľĴŅĵŏľĨŋȮ: ĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŒĬėŀĸńĴĬƢŏħňĵĺĔńĬŐĽħĚŒľƟŏľŖĬėĺŅĴ 

ŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠȮ(p<0.05) 
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4.1.5 ĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴ 

 ĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴőħĵŏėĶŊŗŀĚȮDifferential Scanning 
CalorimeterȮ(DSC) ĪňŗŀŋĦľĳŌĴŇŒĬĝƞĺĚȮ-60 °C ĩŉĚ 180 °CȮħƟĺĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ5 °C/minȮħƟĺĵ
őľĴħĔŅĶĪħĽŀĭŐĭĭȮHeat-Cool-Heat ĳŅĵŒĨƟĭĶĶĵŅĔŅĻŐĔƠĽœĬőĨĶŏěĬȮĞŉŗĚĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚ
ŐĶĔěŃŏĮƦĬĔŅĶĸĭĮĶŃĺńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬĝňĪıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĔŇħĕŉŘĬŒĬĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮȮŒĬ
ĚŅĬĺŇěńĵĬňŘěŃĺŇŏėĶŅŃľƢŀŋĦľĳŌĴŇŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ(Glass transition temperature, Tg), 
ŀŋĦľĳŌĴŇĔŅĶľĸŀĴįĸŉĔȮ(Melt crystallization temperature, Tm) ŐĸŃĮĶŇĴŅĦįĸŉĔěŅĔȮDSC 
thermogram ŒĬĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ŐĸŃȮ2 ıĶƟŀĴĪńŘĚĺŇŏėĶŅŃľƢŀŋĦľĳŌĴŇĔŅĶŏĔŇħįĸŉĔȮ
(Crystallization temperature, Tc) ěŅĔȮDSC thermogram ŒĬĕńŘĬĨŀĬĔŅĶĔŅĶŏĵŖĬĨńĺȮ(Cooling 
scan)  

őħĵĪńŗĺœĮĽŅĵőĞƞőĴŏĸĔŋĸȮPBAT ĮĶŃĔŀĭħƟĺĵľĬƞĺĵĞŘņȮ2 ľĬƞĺĵȮœħƟŐĔƞȮĭŇĺĪŇĸňĬȮŏĪŏĶĲĪŅŏĸĨȮ

(Butylene Terephthalate, BT Segment) ŐĸŃĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨȮ(Butylene Adipate, BA 

Segment) ħńĚĳŅıĪňŗȮ2,12 ĽƞĚįĸŒľƟȮPBAT ĴňėƞŅŀŋĦľĳŌĴŇĔŅĶľĸŀĴįĸŉĔȮ(Tm) 2 ėƞŅȮœħƟŐĔƞȮŀŋĦľĳŌĴŇ

ĔŅĶľĸŀĴįĸŉĔĕŀĚĽŅĵőĞƞĽƞĺĬȮBA (Tm1) ŐĸŃŀŋĦľĳŌĴŇĔŅĶľĸŀĴįĸŉĔĕŀĚĽŅĵőĞƞĽƞĺĬȮBT (Tm2) 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 

ĳŅıĪňŗȮ2,/0 őėĶĚĽĶƟŅĚĕŀĚȮPBAT ĪňŗĮĶŃĔŀĭħƟĺĵȮBT Segment ŐĸŃȮBA Segment [36] 
 

 ěŅĔĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢȮDSCȮthermogram ŒĬ

ĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.13ȮŐĸŃĨŅĶŅĚĪňŗȮ4.4ȮıĭĺƞŅėƞŅȮPBAT ŐĸŃ 

ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT ŐĸŃȮMTPS ĪňŗŀńĨĶŅĽƞĺĬȮ7.-/.,Ȯ6.-0.ȮŐĸŃȮ5.-1.ȮőħĵĬŘņľĬńĔȮĪńŘĚ

ĽŌĨĶĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĴňėƞŅŀŋĦľĳŌĴŇĔŅĶľĸŀĴįĸŉĔĕŀĚĽŅĵőĞƞĽƞĺĬȮBAȮ(Tm1) ŀĵŌƞŒĬĝƞĺĚȮ

46.22 °CȮĩŉĚȮ48.18Ȯ°C őħĵĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ŐĸŃĔŅĶŏĨŇĴȮPBAT-g-MA ěŃœĴƞĽƞĚįĸĨƞŀĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚėƞŅħńĚĔĸƞŅĺŀĵƞŅĚĴňĬńĵĽņėńĠȮ 
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ŀĵƞŅĚœĶĔŖĨŅĴĔŅĶŏĨŇĴȮMTPS ĮĶŇĴŅĦȮ10wt%, 20wt% ŐĸŃȮ30wt% ĽƞĚįĸŒľƟėƞŅŀŋĦľĳŌĴŇ

ĔŅĶľĸŀĴįĸŉĔĕŀĚĽŅĵőĞƞĽƞĺĬȮ(Tm2) ĸħĸĚěŅĔȮ119.58 °CȮŏĮƦĬȮ110.92-112.25 °CȮŏĴŊŗŀŏĪňĵĭĔńĭȮ

PBAT ŏĬŊŗŀĚěŅĔȮMTPS ĕńħĕĺŅĚĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔĕŀĚĽŅĵőĞƞĽƞĺĬȮBT ĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮ

Paula Gonzalez Seligra ŐĸŃėĦŃȮ[37] ĪňŗĻŉĔļŅĔŅĶŏĨĶňĵĴŐįƞĬĲƕĸƢĴěŅĔȮPBAT ŐĸŃŀĬŋĳŅėĕŀĚȮ

TPS ŒĬĶŃħńĭĬŅőĬȮ(TPS nanoparticles) ıĭĺƞŅĔŅĶŏĨŇĴ TPS nanoparticlesȮĽƞĚįĸŒľƟėƞŅȮTm2 ĴňėƞŅ

ĸħĸĚěŅĔȮ143 °CȮŏĮƦĬȮ117 °C ŏĴŊŗŀŏĪňĵĭĔńĭȮPBAT ŏĬŊŗŀĚěŅĔ TPS nanoparticlesȮĕńħĕĺŅĚĔŅĶ

ěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔĕŀĚĽŅĵőĞƞĽƞĺĬȮBT ěŉĚĪņŒľƟėƞŅȮTm2 ĸħĸĚŏĴŊŗŀĴňĔŅĶŏĨŇĴȮNanoparticles ĕŀĚȮTPS 

 ŏĴŊŗŀıŇěŅĶĦŅėƞŅȮTg ŐĸŃĮĶŇĴŅĦįĸŉĔȮıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT ŐĸŃȮMTPS Īňŗ
ŀńĨĶŅĽƞĺĬȮ7.-/.,Ȯ6.-0.ȮŐĸŃȮ5.-1.ȮőħĵĬŘņľĬńĔȮĪńŘĚĽŌĨĶĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĴňėƞŅ Tg 
ĕŀĚĺńĢĳŅėĕŀĚȮPBAT ŀĵŌƞŒĬĝƞĺĚȮ+30.58Ȯ°CȮĩŉĚȮ+08,49Ȯ°CȮĽƞĺĬĮĶŇĴŅĦįĸŉĔĕŀĚĽŅĵőĞƞĽƞĺĬȮBA ŀĵŌƞ
ŒĬĝƞĺĚȮ0.75-2.06% ĽƞĺĬĮĶŇĴŅĦįĸŉĔĕŀĚĽŅĵőĞƞĽƞĺĬȮBT ŀĵŌƞŒĬĝƞĺĚȮ4.85-16.60% őħĵĔŅĶŏıŇŗĴ
ĮĶŇĴŅĦȮMTPS ŐĸŃĔŅĶŏĨŇĴȮPBAT-g-MA œĴƞĽƞĚįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚėƞŅȮTg ŐĸŃĮĶŇĴŅĦįĸŉĔŀĵƞŅĚĴň
ĬńĵĽņėńĠ 
 

 
ĳŅıĪňŗȮ4.13 DSC thermogram ĕŀĚıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮFirst heating 

 

 



  66 

ĨŅĶŅĚĪňŗȮ4.4 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮFirst heat 
 

Samples 
Tg Tm1 Tm2 Crystallinity  

(°C) (°C) (°C) (%) 

PBAT -29.56 48.18 119.58 10.01 

PBAT/MTPS (90/10) -30.58 47.85 112.25 16.60 

PBAT/MTPS (80/20) -31.12 46.22 110.92 7.63 

PBAT/MTPS (70/30) -29.76 46.22 110.92 14.09 

PBAT/MTPS/PBAT-g-MA (90/10/10) -31.74 46.23 119.25 6.91 

PBAT/MTPS/PBAT-g-MA (80/20/10) -30.92 46.23 121.55 8.08 

PBAT/MTPS/PBAT-g-MA (70/20/10) -34.03 46.23 120.55 4.85 

 
ěŅĔĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢȮDSCȮthermogram ŒĬ

ĕńŘĬĨŀĬĔŅĶľĸƞŀŏĵŖĬ ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.14ȮŐĸŃĨŅĶŅĚĪňŗȮ4.5ȮıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT 
ŐĸŃȮMTPS ĪňŗŀńĨĶŅĽƞĺĬȮ7.-/.,Ȯ6.-0.ȮŐĸŃȮ5.-1.ȮőħĵĬŘņľĬńĔȮĪńŘĚĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA 
ŐĸŃĽŌĨĶĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĴňėƞŅŀŋĦľĳŌĴŇĔŅĶŏĔŇħįĸŉĔȮ(Tc) ŀĵŌƞŒĬĝƞĺĚȮ94.29Ȯ°CȮĩŉĚȮ94.75Ȯ°CȮ
ŐĽħĚŒľƟŏľŖĬĺƞŅȮMTPS ŐĸŃȮPBAT-g-MA œĴƞĽƞĚįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚėƞŅȮTc  

ěŅĔĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢȮDSCȮthermogram ŒĬ
ĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.15ȮŐĸŃĨŅĶŅĚĪňŗȮ4.6ȮıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚȮPBAT ŐĸŃȮMTPS ĪňŗŀńĨĶŅĽƞĺĬȮ7.-/.,Ȯ6.-0.ȮŐĸŃȮ5.-1.ȮőħĵĬŘņľĬńĔȮĴňėƞŅŀŋĦľĳŌĴŇŏĮĸňŗĵĬ
ĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ(Tg) ŀĵŌƞŒĬĝƞĺĚȮ+07,03Ȯ°CȮĩŉĚȮ+08,49Ȯ°CȮĞŉŗĚŐĽħĚĩŉĚĔŅĶĽńŗĬŐĸŃŏėĸŊŗŀĬœľĺĕŀĚĽŅĵ
őĞƞȮPBAT ŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮMTPS ĪňŗĽƞĚįĸĨƞŀėƞŅȮTg ĕŀĚȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴ
ıĭĺƞŅŏĴŊŗŀĮĶŇĴŅĦȮMTPS ŏıŇŗĴĕŉŘĬĽƞĚįĸŒľƟėƞŅȮTg ŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔ MTPS ĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚ
ĽŅĵőĞƞȮPBAT ĪņŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢĨƟŀĚŒĝƟıĸńĚĚŅĬŒĬĔŅĶĽńŗĬŐĸŃŏėĸŊŗŀĬœľĺĴŅĔĕŉŘĬȮėƞŅȮTg ěŉĚĴňėƞŅ
ŏıŇŗĴĕŉŘĬĨŅĴĮĶŇĴŅĦȮMTPSȮĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮRay Anne G ŐĸŃėĦŃȮY12[ȮĪňŗœħƟĪņĔŅĶŏĨĶňĵĴ
ĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPBAT ŐĸŃȮTPS ŀńĨĶŅĽƞĺĬȮ6.-0., 4.-2.ȮŐĸŃȮ2.-4.ȮőħĵĬŘņľĬńĔħƟĺĵŏėĶŊŗŀĚȮ
Blown film extruder ıĭĺƞŅėƞŅȮTg ŐĮĶįńĬĨŅĴĮĶŇĴŅĦȮTPSȮŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮ
PBAT-g-MA ıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ěŃĴňėƞŅȮTg ŀĵŌƞŒĬĝƞĺĚȮ-28.98 ĩŉĚȮ 
-28.49 °C ĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅĽŌĨĶĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŏĬŊŗŀĚěŅĔĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħĪňŗŀĵŌƞŒĬȮ
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PBAT-g-MA ĽŅĴŅĶĩĪņĮĢŇĶŇĵŅĔńĭľĴŌƞėŅĶƢĭŀĔĞŇĸȮĕŀĚȮPBAT ŐĸŃľĴŌƞœŁħĶŀĔĞŇĸĕŀĚȮMTPS œħƟȮ
ĽƞĚįĸŒľƟıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĴňĔŅĶĵŉħĨŇħĔńĬœħƟħňĔĺƞŅĽŌĨĶĪňŗœĴƞœħƟŏĨŇĴȮ 
PBAT-g-MA ĪņŒľƟĽŅĵőĞƞőĴŏĸĔŋĸıŀĸŇŏĴŀĶƢŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔœħƟĚƞŅĵĕŉŘĬȮĮĶŇĴŅĦįĸŉĔěŉĚĴŅĔ
ĕŉŘĬȮőħĵįĸŉĔĪňŗŏĔŇħĕŉŘĬěŃĪņľĬƟŅĪňŗĵŉħĽŅĵőĞƞıŀĸŇŏĴŀĶƢȮ(Physical crosslink) ĪņŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢ
ŏĔŇħĔŅĶĽńŗĬŐĸŃŏėĸŊŗŀĬœľĺœħƟĵŅĔĕŉŘĬȮĽŅĵőĞƞıŀĸŇŏĴŀĶƢěŉĚĨƟŀĚŒĝƟıĸńĚĚŅĬŒĬĔŅĶĽńŗĬŐĸŃŏėĸŊŗŀĬœľĺĴŅĔ
ĕŉŘĬȮħńĚĬńŘĬėƞŅȮTg ĕŀĚȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮěŉĚĴňėƞŅĴŅĔĔĺƞŅıŀĸŇŏĴŀĶƢ
įĽĴĽŌĨĶĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮSmita Mohanty ŐĸŃȮSanjay K. 
Nayak [37] ĪňŗıĭĺƞŅĔŅĶŏĨŇĴȮPBAT-g-MA ĽƞĚįĸŒľƟėƞŅȮTg ĕŀĚıŀĸŇŏĴŀĶƢįĽĴŏıŇŗĴĕŉŘĬěŅĔȮ+17,./Ȯ°CȮ
ŏĮƦĬȮ+15,.3Ȯ°CȮŏĴŊŗŀŏĪňĵĭĔńĭıŀĸŇŏĴŀĶƢįĽĴĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA 

ŏĴŊŗŀıŇěŅĶĦŅĮĶŇĴŅĦįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT ŐĸŃȮMTPS 
ĪňŗŀńĨĶŅĽƞĺĬȮ7.-/.,Ȯ6.-0.ȮŐĸŃȮ5.-1.ȮőħĵĬŘņľĬńĔȮĴňĮĶŇĴŅĦįĸŉĔŀĵŌƞŒĬĝƞĺĚȮ13.06% ĩŉĚȮ15.98% 
őħĵĮĶŇĴŅĦįĸŉĔŐĮĶįńĬĨŅĴĮĶŇĴŅĦȮMTPSȮŏĬŊŗŀĚěŅĔȮMTPS ĮĶŃıķĨŇĨńĺŏĮƦĬȮNucleating agent 
ŏľĬňŗĵĺĬņŒľƟĽŅĵőĞƞȮPBAT ĪňŗŀĵŌƞőħĵĶŀĭŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔœħƟĚƞŅĵĕŉŘĬȮħńĚĬńŘĬĔŅĶŏıŇŗĴĮĶŇĴŅĦȮ
MTPS ěŉĚĽƞĚįĸŒľƟĴňĮĶŇĴŅĦįĸŉĔŏıŇŗĴĕŉŘĬȮĬŀĔěŅĔĬňŘŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮPBAT-g-MA Ĩƞŀ
ĮĶŇĴŅĦįĸŉĔ ıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĴňĮĶŇĴŅĦįĸŉĔŀĵŌƞŒĬĝƞĺĚȮ13.38%ȮĩŉĚȮ
15.03% ĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅĮĶŇĴŅĦįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮŏĬŊŗŀĚěŅĔ
ĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħĪňŗŀĵŌƞŒĬȮPBAT-g-MA ĽŅĴŅĶĩĪņĮĢŇĔŇĶŇĵŅĔńĭľĴŌƞėŅĶƢĭŀĔĞŇĸĕŀĚȮPBAT ŐĸŃ
ľĴŌƞœŁħĶŀĔĞŇĸĕŀĚȮMTPS œħƟȮĽƞĚįĸŒľƟıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĴňĔŅĶĵŉħĨŇħĔńĬœħƟ
ħňĔĺƞŅĽŌĨĶĪňŗœĴƞœħƟŏĨŇĴȮPBAT-g-MA ĪņŒľƟĽŅĵőĞƞőĴŏĸĔŋĸĕŀĚ PBAT ĽŅĴŅĶĩěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔœħƟĚƞŅĵ
ĕŉŘĬȮĮĶŇĴŅĦįĸŉĔěŉĚĴŅĔĕŉŘĬŏĴŊŗŀĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮSmita Mohanty 
ŐĸŃȮSanjay K. Nayak [37] ĪňŗıĭĺƞŅĔŅĶŏĨŇĴȮTPS ĮĶŇĴŅĦȮ30wt% ĽƞĚįĸŒľƟĮĶŇĴŅĦįĸŉĔŏıŇŗĴĕŉŘĬěŅĔȮ
/.,4% ŏĮƦĬȮ//,12% ŏĴŊŗŀŏĪňĵĭĔńĭȮPBAT ŒĬĪņĬŀĚŏħňĵĺĔńĬĔŅĶŏĨŇĴȮPBAT-g-MA ĽƞĚįĸŒľƟĮĶŇĴŅĦ
įĸŉĔŏıŇŗĴĕŉŘĬěŅĔȮ//,12% ŏĮƦĬȮ12.89% ŏĴŊŗŀŏĪňĵĭĔńĭıŀĸŇŏĴŀĶƢįĽĴĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA 
 ěŅĔĔŅĶıŇěŅĶĦŅėƞŅȮTm ŒĬĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 œĴƞıĭėƞŅŀŋĦľĳŌĴŇĔŅĶľĸŀĴĕŀĚ
ĽŅĵőĞƞĽƞĺĬȮBAȮ(Tm1) ŐĽħĚŒľƟŏľŖĬĺƞŅĽŅĵőĞƞĽƞĺĬȮBA ŏĔŇħįĸŉĔœħƟĵŅĔȮŏĬŊŗŀĚěŅĔŏĔŇħĔŅĶĽĸŅĵĨńĺĪňŗ
ĭĶŇŏĺĦȮBA unit [38] ŀĵƞŅĚœĶĔŖĨŅĴŒĬĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 ěŃĵńĚıĭėƞŅŀŋĦľĳŌĴŇĔŅĶ
ľĸŀĴįĸŉĔĕŀĚĽŅĵőĞƞĽƞĺĬȮBT (Tm2)ȮőħĵıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBAT ŐĸŃȮMTPS ĪňŗŀńĨĶŅĽƞĺĬȮ
7.-/.,Ȯ6.-0.ȮŐĸŃȮ5.-1.ȮőħĵĬŘņľĬńĔȮĴňėƞŅȮTm2 ŏĪƞŅĔńĭȮ111.20Ȯ°CȮŏĪƞŅĔńĬĪŋĔŀńĨĶŅĽƞĺĬȮĬŀĔěŅĔĬňŘ
ŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮPBAT-g-MA ĨƞŀėƞŅȮTm2 ıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮ
PBAT-g-MA ĴňėƞŅȮTm2 ŀĵŌƞŒĬĝƞĺĚȮ124 °CȮĩŉĚȮ125.20Ȯ°C ĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗœĴƞĴňĔŅĶ
ŏĨŇĴȮPBAT-g-MA ŏĬŊŗŀĚěŅĔıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĴňĔŅĶĵŉħĨŇħĔńĬœħƟħňĔĺƞŅĽŌĨĶĪňŗ
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œĴƞœħƟŏĨŇĴȮPBAT-g-MA ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4,8ȮĪņŒľƟĽŅĵőĞƞőĴŏĸĔŋĸıŀĸŇŏĴŀĶƢŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬ
įĸŉĔœħƟĚƞŅĵĕŉŘĬȮĮĶŇĴŅĦįĸŉĔěŉĚĴŅĔĕŉŘĬȮħńĚĬńŘĬŀŋĦľĳŌĴŇĪňŗŒĝƟŒĬĔŅĶľĸŀĴįĸŉĔȮ(Tm) ĕŀĚĺńĢĳŅėȮPBATŒĬ
ıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ěŉĚĴňėƞŅĴŅĔĔĺƞŅıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA 
ĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮSmita Mohanty ŐĸŃȮSanjay K. Nayak [37] ĪňŗıĭĺƞŅĔŅĶŏĨŇĴȮPBAT-g-
MA ĽƞĚįĸŒľƟėƞŅȮTm2 ĕŀĚıŀĸŇŏĴŀĶƢįĽĴŏıŇŗĴĕŉŘĬěŅĔȮ///,1.Ȯ°CȮŏĮƦĬȮ/0.,31Ȯ°CȮŏĴŊŗŀŏĪňĵĭĔńĭıŀĸŇ
ŏĴŀĶƢįĽĴĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA 
 

 

ĳŅıĪňŗȮ4,14 DSC thermogram ĕŀĚıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮCooling 
 
 
 
 
 
 
 
 
 
 
 



  69 

ĨŅĶŅĚĪňŗȮ4.5 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮCooling 
 

Samples 
Tc 

(°C) 

PBAT 96.08 

PBAT/MTPS (90/10) 94.29 

PBAT/MTPS (80/20) 94.40 

PBAT/MTPS (70/30) 94.40 

PBAT/MTPS/PBAT-g-MA (90/10/10) 94.42 

PBAT/MTPS/PBAT-g-MA (80/20/10) 94.50 

PBAT/MTPS/PBAT-g-MA (70/30/10) 94.75 

 
 

 

ĳŅıĪňŗȮ4,15 DSC thermogram ĕŀĚıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮSecond heating 
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 ĨŅĶŅĚĪňŗȮ4.6 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮSecond heating 
Ȯ 

Samples 
Tg Tm2 Crystallinity  

(°C) (°C) (%) 

PBAT -28.22 123.92 11.75 

PBAT/MTPS (90/10) -29.03 111.20 13.06 

PBAT/MTPS (80/20) -28.91 111.20 13.41 

PBAT/MTPS (70/30) -28.58 111.20 15.98 

PBAT/MTPS/PBAT-g-MA (90/10/10) -28.98 124.00 13.38 

PBAT/MTPS/PBAT-g-MA (80/20/10) -28.66 124.67 14.05 

PBAT/MTPS/PBAT-g-MA (70/30/10) -28.49 125.20 15.03 

 

4.2 ĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅ

ŏĸĨȮ(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ

(MTPS) ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟ 
 

ĚŅĬĺŇěńĵĬňŘĻŉĔļŅĔŅĶŏĨĶňĵĴőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬ
ĽŅĶŏĽĶŇĴĽĳŅıėĺŅĴŏĕƟŅĔńĬœħƟȮőħĵŏĶŇŗĴěŅĔĔŅĶįĽĴȮPBAT ŏĕƟŅĔńĭȮMTPS ŒĬŀńĨĶŅĽƞĺĬȮ100/0, 
90/10, 80/20 ŐĸŃȮ70/30 őħĵĬŘņľĬńĔȮıĶƟŀĴĪńŘĚŏĨŇĴȮPBAT-g-MA ĮĶŇĴŅĦȮ/.% őħĵĬŘņľĬńĔĕŀĚȮ
PBAT ħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder ĪňŗŀŋĦľĳŌĴŇȮ120, 140, 150, 150, 155, 155, 160 ŐĸŃȮ
150 °CȮőħĵŒĝƟėĺŅĴŏĶŖĺĶŀĭȮ4.Ȯrpm ěŅĔĬńŘĬĬņıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟĴŅįĽĴŏĕƟŅĔńĭȮ 
2,2Ų-Oxydibenzenesulfonyl Hydrazide (OBSH) ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĲŌȮ(Blowing agent)ȮŒĬ
ĮĶŇĴŅĦȮ10, 15 ŐĸŃȮ0.Ȯphr ĕŀĚĮĶŇĴŅĦıŀĸŇŏĴŀĶƢįĽĴħƟĺĵŏėĶŊŗŀĚįĽĴĵŅĚŐĭĭȮ0ȮĸŌĔĔĸŇŘĚȮ(Two 
roll mill mixer) őħĵěŃŏĶŇŗĴľĸŀĴıŀĸŇŏĴŀĶƢįĽĴŀńĨĶŅĽƞĺĬĨƞŅĚŕȮĪňŗŀŋĦľĳŌĴŇȮ/2.Ȯ°CȮěŅĔĬńŘĬĸħ
ŀŋĦľĳŌĴŇĸŌĔĔĸŇŘĚŏĮƦĬȮ/0.Ȯ°C ŏĨŇĴȮOBSH ĸĚŒĬıŀĸŇŏĴŀĶƢįĽĴĪňŗľĸŀĴŏľĸĺŐĸƟĺŏıŊŗŀĮƚŀĚĔńĬœĴƞŒľƟȮOBSH 
ŏĔŇħĔŅĶŐĨĔĨńĺŏĮƦĬĲŀĚŐĔƠĽŒĬĕńŘĬĨŀĬĬňŘȮěŅĔĬńŘĬĕŉŘĬĶŌĮıŀĸŇŏĴŀĶƢįĽĴŒľƟŏĮƦĬŐįƞĬőĲĴħƟĺĵ
ĔĶŃĭĺĬĔŅĶĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮ(Compression molding) ĪňŗŀŋĦľĳŌĴŇȮ160 °C ŐĸŃėĺŅĴħńĬȮ/,3..Ȯ
psiȮŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮŏıŊŗŀŒľƟȮOBSH ŏĔŇħĔŅĶŐĨĔĨńĺŏĮƦĬĲŀĚŐĔƠĽĔĶŃěŅĵĨńĺŀĵŌƞŒĬıŀĸŇŏĴŀĶƢįĽĴȮŒĬ
ĕńŘĬĨŀĬĩńħœĮěŃĪņŒľƟıŀĸŇŏĴŀĶƢįĽĴħńĚĔĸƞŅĺŏĵŖĬĨńĺĸĚȮ(Cooling) őħĵĮĶŅĻěŅĔĔŅĶŒľƟŐĶĚħńĬŏĮƦĬ
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ŏĺĸŅȮ1ȮĬŅĪňȮŏıŊŗŀŒľƟĲŀĚŐĔƠĽŏĔŇħĔŅĶĕĵŅĵĨńĺŐĸŃħńĬŏĬŊŘŀıŀĸŇŏĴŀĶƢŀŀĔěĬĔĸŅĵŏĮƦĬŏĞĸĸƢőĲĴ 
ĔĶŃěŅĵĨńĺŀĵŌƞŒĬŐįƞĬőĲĴȮĕńŘĬĨŀĬĽŋħĪƟŅĵĬņŐįƞĬőĲĴĪňŗœħƟœĮĻŉĔļŅĽńĦģŅĬĺŇĪĵŅŏıŊŗŀĺŇŏėĶŅŃľƢĕĬŅħ
ĕŀĚŏĞĸĸƢőĲĴȮŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚŏĞĸĸƢőĲĴȮĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ĔħŀńħȮėĺŅĴŐĕŖĚĪňŗįŇĺȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮŐĸŃŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬőĲĴ 

 

4.2.1 ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

ĔŅĶĻŉĔļŅĽńĦģŅĬĪŅĚĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪņœħƟőħĵĔŅĶĨńħŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴħƟĺĵ
ĴňħĮŅĔĔŅ ěŅĔĬńŘĬŏėĸŊŀĭıŊŘĬįŇĺĳŅĵŒĬĕŀĚĝŇŘĬĚŅĬħƟĺĵĪŀĚėņőħĵŒĝƟŏĪėĬŇėȮSputtering ŐĸŃĻŉĔļŅ
ĽńĦģŅĬĺŇĪĵŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ(Scanning Electron Microscope, 
SEM) ĪňŗĔņĸńĚĕĵŅĵȮ50 ŏĪƞŅȮŏıŊŗŀĺŇŏėĶŅŃľƢĸńĔļĦŃĕŀĚŏĞĸĸƢőĲĴħƟĺĵőĮĶŐĔĶĴȮimageJ 
ěŅĔĽńĦģŅĬĪŅĚĺŇĪĵŅĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴȮPBAT ŐĸŃȮMTPS ĪňŗŀńĨĶŅĽƞĺĬȮ100/0, 

90/10, 80/20 ŐĸŃȮ70/30 őħĵĬŘņľĬńĔȮĪňŗĴňĔŅĶŏĨŇĴȮOBSH ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĲŌȮ(Blowing agent) 
ĮĶŇĴŅĦȮ10, 15 ŐĸŃȮ20 phr ħńĚĳŅıĪňŗȮ4.16 ıĭĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĪŋĔĽŌĨĶĴňŏĞĸĸƢőĲĴŏĮƦĬĶŌĮĪĶĚ
ĔĸĴȮŐĸŃĪĶĚĶňĪňŗĴňĕĬŅħŏĞĸĸƢőĲĴȮ(Cell size) ŐĨĔĨƞŅĚĔńĬĨŅĴĮĶŇĴŅĦȮMTPS ŐĸŃĮĶŇĴŅĦȮOBSH  
ŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮMTPS ĪňŗĽƞĚįĸĨƞŀĕĬŅħĕŀĚŏĞĸĸƢőĲĴőħĵŏĮĶňĵĭŏĪňĵĭĕĬŅħ

ĕŀĚŏĞĸĸƢőĲĴĪňŗĴňĔŅĶŏĨŇĴȮOBSH ŒĬĮĶŇĴŅĦŏĪƞŅĔńĬħńĚĳŅıĪňŗȮ4.17ȮŐĸŃĨŅĶŅĚĪňŗȮ4.7ȮıĭĺƞŅĔŅĶŏıŇŗĴ
ĮĶŇĴŅĦȮMTPS ĽƞĚįĸŒľƟĕĬŅħĕŀĚŏĞĸĸƢőĲĴĴňŐĬĺőĬƟĴĸħĸĚȮŏĬŊŗŀĚěŅĔȮMTPS œĴƞĴňėĺŅĴĽŅĴŅĶĩŒĬ
ĔŅĶĔńĔŏĔŖĭĲŀĚŐĔƠĽĪňŗŏĔŇħĕŉŘĬěŅĔĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮOBSH ħńĚĬńŘĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶ
ĪňŗĴňĮĶŇĴŅĦȮMTPS ŏıŇŗĴĕŉŘĬěŉĚĔńĔŏĔŖĭŐĔƠĽĪňŗŏĔŇħĕŉŘĬŒĬĕńŘĬĨŀĬĔŅĶĕŉŘĬĶŌĮœħƟĬƟŀĵĸĚȮĽƞĚįĸŒľƟŀńĨĶŅĔŅĶ
ĕĵŅĵĨńĺĕŀĚőĲĴıŀĸŇŏĴŀĶƢĸħĸĚ 
ŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮOBSH ĪňŗĽƞĚįĸĨƞŀĕĬŅħĕŀĚŏĞĸĸƢőĲĴőħĵŏĮĶňĵĭŏĪňĵĭĕĬŅħ

ĕŀĚŏĞĸĸƢőĲĴĪňŗĴňŀńĨĶŅĽƞĺĬȮPBAT/MTPS ŏĪƞŅĔńĬħńĚĳŅıĪňŗȮ4.17ȮŐĸŃĨŅĶŅĚĪňŗȮ4.7ȮȮıĭĺƞŅĕĬŅħĕŀĚ
ŏĞĸĸƢőĲĴĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮOBSH ĮĶŇĴŅĦŏıŇŗĴĕŉŘĬĴňŐĬĺőĬƟĴŒľĠƞĕŉŘĬȮŏĬŊŗŀĚěŅĔĴňĮĶŇĴŅĦȮOBSH Īňŗ
ĽŅĴŅĶĩŐĨĔĨńĺŏĮƦĬĲŀĚŐĔƠĽœħƟĴŅĔĔĺƞŅ 
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ĳŅıĪňŗȮ4,16 ĽńĦģŅĬĪŅĚĺŇĪĵŅĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĔņĸńĚĕĵŅĵȮ50 ŏĪƞŅ 

Ĕ) PBAT/OBSH10phr ĕ) PBAT/OBSH15phr ė) PBAT/OBSH20phr                                                

Ě) PBAT/MTPS10%/PBAT-g-MA/OBSH10phr ě) PBAT/MTPS10%/PBAT-g-MA/OBSH15phr  

Ĝ) PBAT/MTPS10%/PBAT-g-MA/OBSH20phr ĝ) PBAT/MTPS20%/PBAT-g-MA/OBSH10phr           

Ğ) PBAT/MTPS20%/PBAT-g-MA/OBSH15phr ğ) PBAT/MTPS20%/PBAT-g-MA/OBSH20phr             

Ġ) PBAT/MTPS30%/PBAT-g-MA/OBSH10phr ġ) PBAT/MTPS30%/PBAT-g-MA/OBSH15phr             

Ģ) PBAT/MTPS30%/PBAT-g-MA/OBSH20phr 

(ė) 

(Ě) (ě) (Ĝ) 

(Ĕ) (ĕ) 

(ĝ) (Ğ) (ğ) 

(Ġ) (ġ) (Ģ) 
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ĳŅıĪňŗȮ4,17ȮĕĬŅħĕŀĚŏĞĸĸƢőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
 

ĨŅĶŅĚĪňŗȮ4.7ȮĕĬŅħĕŀĚŏĞĸĸƢőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
 

Samples 
OBSH (phr) Cell size 

(mm) 

PBAT 10 0.28±0.06g 

PBAT 15 0.43±0.14ef 

PBAT 20 0.39±0.11f 

PBAT/MTPS/PBAT-g-MA (90/10/10) 10 0.83±0.27b 

PBAT/MTPS/PBAT-g-MA (90/10/10) 15 0.94±0.18d 

PBAT/MTPS/PBAT-g-MA (90/10/10) 20 0.55±0.13ef 

PBAT/MTPS/PBAT-g-MA (80/20/10) 10 0.44±0.10ef 

PBAT/MTPS/PBAT-g-MA (80/20/10) 15 0.45±0.08ef 

PBAT/MTPS/PBAT-g-MA (80/20/10) 20 0.47±0.12de 

PBAT/MTPS/PBAT-g-MA (70/30/10) 10 0.50±0.13de 

PBAT/MTPS/PBAT-g-MA (70/30/10) 15 0.53±0.13d 

PBAT/MTPS/PBAT-g-MA (70/30/10) 20 0.7363±0.3289c 

ľĴŅĵŏľĨŋȮ: ĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŒĬėŀĸńĴĬƢŏħňĵĺĔńĬŐĽħĚŒľƟŏľŖĬėĺŅĴ 

ŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠȮ(p<0.05) 
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2,0,0ȮĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

ĚŅĬĺŇěńĵĬňŘĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴħƟĺĵĺŇīňĔŅĶŐĪĬĪňŗħƟĺĵĬŘņȮĞŉŗĚįĸĪňŗœħƟ
ěŅĔĔŅĶĪħĸŀĚŐĽħĚŒĬĳŅıĪňŗȮ4,18ȮŐĸŃĨŅĶŅĚĪňŗȮ4.8ȮıĭĺƞŅėĺŅĴľĬŅŐĬƞĬĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢ
įĽĴĪňŗĴňĔŅĶŏĨŇĴȮMTPS ĮĶŇĴŅĦȮ/.wt% ŀĵŌƞŒĬĝƞĺĚȮ.,0065+.,1305Ȯg/cm3 ĞŉŗĚĴňėƞŅĬƟŀĵĔĺƞŅőĲĴȮ
PBAT ĪňŗĴňėƞŅėĺŅĴľĬŅŐĬƞĬŀĵŌƞŒĬĝƞĺĚȮ.,066.+.,162.Ȯg/cm3 ŏĬŊŗŀĚěŅĔőĲĴıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴň
ĔŅĶŏĨŇĴȮMTPS ĮĶŇĴŅĦȮ10wt% ĴňĕĬŅħŏĞĸĸƢőĲĴŒľĠƞĔĺƞŅőĲĴȮPBAT ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.16Ȯ&Ĕ'+
&Ĝ'ȮŐĸŃĨŅĶŅĚĪňŗȮ4.7ȮőĲĴĽŌĨĶħńĚĔĸƞŅĺěŉĚĴňŏĬŊŘŀıŀĸŇŏĴŀĶƢĬƟŀĵĸĚȮĽƞĚįĸŒľƟėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇ
ŏĴŀĶƢĽŌĨĶĬňŘĴňėƞŅĬƟŀĵĔĺƞŅőĲĴȮPBAT 
ŏĴŊŗŀıŇěŅĶĦŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴĪňŗĴňĔŅĶŏĨŇĴȮOBSH 10 phr ŏĪƞŅĔńĬȮıĭĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦȮ

MTPS ěŅĔȮ/.wt% ŏĮƦĬȮ0.wt% ĽƞĚįĸŒľƟőĲĴĴňėĺŅĴľĬŅŐĬƞĬŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔŏĞĸĸƢőĲĴĴňĕĬŅħ
ĸħĸĚħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.16Ȯ&Ě'ȮŐĸŃȮ&ĝ'ȮŒĬĪņĬŀĚŏħňĵĺĔńĬŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ěŅĔȮ
0.wt% ŏĮƦĬȮ1.wt% ĽƞĚįĸŒľƟőĲĴĴňėĺŅĴľĬŅŐĬƞĬŏıŇŗĴĕŉŘĬĽŅĴŅĶĩŀīŇĭŅĵœħƟħƟĺĵĕĬŅħĕŀĚŏĞĸĸƢőĲĴ
ŐĸŃĕĬŅħĕŀĚįĬńĚŏĞĸĸƢħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.16Ȯ&ĝ'ȮŐĸŃȮ&Ġ'ȮěŅĔĶŌĮħńĚĔĸƞŅĺěŃŏľŖĬĺƞŅŐĴƟĔŅĶŏıŇŗĴ
ĮĶŇĴŅĦ MTPS ěŅĔȮ0.wt% ŏĮƦĬȮ1.wt%ȮĽƞĚįĸŒľƟŏĞĸĸƢőĲĴĴňĕĬŅħŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵȮŐĨƞőĲĴĴňįĬńĚ
ŏĞĸĸƢľĬŅĔĺƞŅěŉĚĴňĮĶŇĴŅĦŏĬŊŘŀıŀĸŇŏĴŀĶƢĴŅĔĔĺƞŅȮŐĸŃĴňėĺŅĴľĬŅŐĬƞĬĴŅĔĔĺƞŅȮŒĬĪņĬŀĚŏħňĵĺĔńĬŏĴŊŗŀ
ıŇěŅĶĦŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴĪňŗĴňĔŅĶŏĨŇĴȮOBSH 15 ŐĸŃȮ20 phr ĔŖıĭĺƞŅĴňįĸœĮŒĬĪŅĚŏħňĵĺĔńĬȮ
ĬŀĔěŅĔĬňŘĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴľĬŅŐĬƞĬŏĬŊŗŀĚěŅĔĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦȮMTPS ŀŅěŏĮƦĬįĸĴŅěŅĔ
ĔŅĶĪňŗĽŅĵőĞƞȮMTPS œĴƞĽŅĴŅĶĩĔńĔŏĔŖĭĲŀĚŐĔƠĽĪňŗŏĔŇħěŅĔĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮOBSH œħƟȮ
ħńĚĬńŘĬőĲĴȮıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĪňŗĴňĮĶŇĴŅĦȮMTPS ŏıŇŗĴĕŉŘĬěŉĚĔńĔŏĔŖĭŐĔƠĽĪňŗŏĔŇħĕŉŘĬŒĬĕńŘĬĨŀĬĔŅĶĕŉŘĬĶŌĮ
œħƟĬƟŀĵĸĚȮĽƞĚįĸŒľƟŀńĨĶŅĔŅĶĕĵŅĵĨńĺĕŀĚőĲĴıŀĸŇŏĴŀĶƢĸħĸĚȮĞŉŗĚįĸĔŅĶĪħĸŀĚŒĬĚŅĬĺŇěńĵĬňŘĽŀħėĸƟŀĚ
ĔńĭĚŅĬĺŇěńĵĕŀĚĺňĶŃĻńĔħŇśȮŏĸŇĻĽŇĶŇőĵīŇĬȮY03[ ĪňŗœħƟĪņĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮ
PBS ŐĸŃȮTPS ĪňŗŀńĨĶŅĽƞĺĬȮ100/0, 80/20, 70/30 ŐĸŃȮ4.-2.ȮőħĵĬŘņľĬńĔħƟĺĵŏėĶŊŗŀĚȮSingle 
screw extruder ĪňŗŀŋĦľĳŌĴŇȮ7.+/2.Ȯ°CȮŐĸŃĪňŗėĺŅĴŏĶŖĺĶŀĭȮ13Ȯrpm ıĭĺƞŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴ
ĴňėƞŅŐĮĶįńĬĨŅĴĮĶŇĴŅĦĕŀĚŐĮƚĚĪňŗįĽĴŒĬĽŌĨĶėŀĴĮŅĺħƢȮĔĸƞŅĺėŊŀŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦŐĮƚĚŒĬĽŌĨĶėŀĴ
ĮŅĺħƢŒľƟĴňėƞŅŏıŇŗĴĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟőĲĴĴňėĺŅĴľĬŅŐĬƞĬŏıŇŗĴĴŅĔĕŉŘĬĨŅĴœĮħƟĺĵȮĞŉŗĚėĺŅĴĽńĴıńĬīƢ
ħńĚĔĸƞŅĺĽŅĴŅĶĩĭƞĚĝňŘœħƟĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦŐĮƚĚŒĬĽŌĨĶėŀĴĮŅĺħƢěŃĽƞĚįĸŒľƟŀńĨĶŅĔŅĶĕĵŅĵĨńĺĕŀĚőĲĴȮ
(Expansion ratio) ĴňėƞŅĸħĸĚ 
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ĳŅıĪňŗȮ4,18 ėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
 

ĨŅĶŅĚĪňŗȮ4.8ȮėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
 

Samples OBSH (phr) Density (g/cm3) 

PBAT 10 0.38±0.06bc 

PBAT 15 0.29±0.01cde 

PBAT 20 0.33±0.04cde 

PBAT/MTPS/PBAT-g-MA (90/10/10) 10 0.30±0.04cde 

PBAT/MTPS/PBAT-g-MA (90/10/10) 15 0.23±0.04e 

PBAT/MTPS/PBAT-g-MA (90/10/10) 20 0.35±0.06bcd 

PBAT/MTPS/PBAT-g-MA (80/20/10) 10 0.41±0.00ab 

PBAT/MTPS/PBAT-g-MA (80/20/10) 15 0.25±0.00de 

PBAT/MTPS/PBAT-g-MA (80/20/10) 20 0.35±0.02bcd 

PBAT/MTPS/PBAT-g-MA (70/30/10) 10 0.49±0.03a 

PBAT/MTPS/PBAT-g-MA (70/30/10) 15 0.36±0.00bc 

PBAT/MTPS/PBAT-g-MA (70/30/10) 20 0.41±0.04ab 

ľĴŅĵŏľĨŋȮ: ĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŒĬėŀĸńĴĬƢŏħňĵĺĔńĬŐĽħĚŒľƟŏľŖĬėĺŅĴ 

ŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠȮ(p<0.05) 
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ŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮOBSH ĨƞŀėĺŅĴľĬŅŐĬƞĬĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴȮ
ıĭĺƞŅŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮOBSH ěŅĔȮ/.Ȯphr ŏĮƦĬȮ/3Ȯphr ěŃĽƞĚįĸŒľƟėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢ
įĽĴĴňėƞŅĸħĸĚěŅĔȮ.,0771+.,271.Ȯg/cm3 ŏĮƦĬȮ0.2289-0.3633Ȯg/cm3ȮŏĬŊŗŀĚěŅĔŏĴŊŗŀĴňĔŅĶŏıŇŗĴ
ĮĶŇĴŅĦȮOBSH ěŅĔȮ/.Ȯphr ŏĮƦĬȮ/3Ȯphr ěŃĽƞĚįĸŒľƟŏĞĸĸƢőĲĴĴňĕĬŅħŒľĠƞĕŉŘĬ 

ŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦĔŅĶŏĨŇĴȮOBSH ěŅĔȮ/3 phr ŏĮƦĬȮ0.Ȯphr ıĭĺƞŅėĺŅĴľĬŅŐĬƞĬ
ěŃĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ.,0065+.,1411Ȯg/cm3ȮŏĮƦĬȮ.,1305+.,2/..Ȯg/cm3ȮŏĬŊŗŀĚěŅĔĔŅĶŏĨŇĴȮOBSH Īňŗ
ĮĶŇĴŅĦȮ0.Ȯphr ĽƞĚįĸŒľƟįĬńĚŏĞĸĸƢĕŀĚőĲĴľĬŅĔĺƞŅĽŌĨĶĪňŗĴňĔŅĶŏĨŇĴȮOBSH 15 phr ŐĸŃŀŅěŏĮƦĬįĸ
ĴŅěŅĔŒĬĕńŘĬĨŀĬĔŅĶĪņŒľƟŐįƞĬőĲĴŏĔŇħĔŅĶŏĵŖĬĨńĺŒĬĚŅĬĺŇěńĵĬňŘŏĮƦĬĔŅĶĮĸƞŀĵŒľƟŐįƞĬőĲĴŏĵŖĬĨńĺĪňŗ
ŀŋĦľĳŌĴŇľƟŀĚĞŉŗĚœĴƞĽŅĴŅĶĩėĺĭėŋĴŒľƟőĲĴıŀĸŇŏĴŀĶƢŏĔŇħĔŅĶŏĵŖĬĨńĺŒĬĽĳŅĺŃĪňŗŏĪƞŅĔńĬœħƟȮěŉĚĪņŒľƟőĲĴĪňŗ
œħƟŒĬŐĨƞĸŃĶŀĭĔŅĶĕŉŘĬĶŌĮĴňŏĬŊŘŀıŀĸŇŏĴŀĶƢŒĬŐįƞĬőĲĴœĴƞŏĪƞŅĔńĬ 

 

2,0,1ȮĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

ĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴħņŏĬŇĬĔŅĶħƟĺĵŏėĶŊŗŀĚȮUniversal 
Testing Machine (UTM) ĨŅĴĴŅĨĶģŅĬȮASTM D1621 őħĵěŃĪņĔŅĶĔħĝŇŘĬĚŅĬĸĚœĮȮ3.% ĕŀĚ
ėĺŅĴĽŌĚŏĶŇŗĴĨƟĬĕŀĚĝŇŘĬĚŅĬȮŐĸŃĪņĔŅĶĺŇŏėĶŅŃľƢėƞŅėĺŅĴĨƟŅĬĪŅĬĕŀĚĔŅĶĔħŀńħȮ(Compressive 
strength) ŐĸŃĴŀħŌĸńĽĔħŀńħȮ(Compressive modulus) ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.19 - ĳŅıĪňŗȮ4.20 ŐĸŃ
ĨŅĶŅĚĪňŗȮ4.9 
 ŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮMTPS ĨƞŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħȮıĭĺƞŅėƞŅȮ
Compressive strength ŐĸŃėƞŅȮCompressive modulus ŐĮĶįńĬĨŅĴĮĶŇĴŅĦȮMTPS ŏĬŊŗŀĚěŅĔ
ĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ĽƞĚįĸŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴľĬŅŐĬƞĬŏıŇŗĴĕŉŘĬħńĚĳŅıĪňŗȮ4.18ȮŐĸŃĨŅĶŅĚ
ĪňŗȮ4.8ȮőĲĴěŉĚĴňĽƞĺĬĪňŗŏĮƦĬŏĬŊŘŀıŀĸŇŏĴŀĶƢĪňŗĪņľĬƟŅĪňŗŒĬĔŅĶĨƟŅĬĪŅĬŐĶĚĔħĪňŗĔĶŃĪņĨƞŀŐįƞĬőĲĴĴŅĔĕŉŘĬȮ
őħĵĪńŗĺœĮőĲĴĪňŗĴňėĺŅĴľĬŅŐĬƞĬĽŌĚȮŐĸŃĴňįĬńĚŏĞĸĸƢőĲĴľĬŅěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĽňĵ
ĶŌĮœħƟħňĔĺƞŅőĲĴĪňŗĴňėĺŅĴľĬŅŐĬƞĬĬƟŀĵȮŐĸŃĴňįĬńĚŏĞĸĸƢőĲĴĭŅĚȮħńĚĬńŘĬėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħĕŀĚ
őĲĴěŃŐĮĶįńĬĨŅĴėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴȮY17[ȮĞŉŗĚįĸĔŅĶĪħĸŀĚŒĬĚŅĬĺŇěńĵĬňŘĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵ
ĕŀĚĺňĶŃĻńĔħŇśȮŏĸŇĻĽŇĶŇőĵīŇĬȮ[25] ĪňŗœħƟĪņĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBS ŐĸŃȮTPS 
ĪňŗŀńĨĶŅĽƞĺĬȮ100/0, 80/20, 70/30 ŐĸŃȮ4.-2.ȮőħĵĬŘņľĬńĔħƟĺĵŏėĶŊŗŀĚȮSingle screw extruder ıĭ
ĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĮĶŇĴŅĦȮTPS ŏıŇŗĴĕŉŘĬěŃĴňėƞŅȮCompressive strength ŏıŇŗĴĕŉŘĬȮőħĵĪňŗĮĶŇĴŅĦȮ
TPS 40% ĴňėƞŅȮCompressive strength ĽŌĚĪňŗĽŋħȮŐĸŃĮĶŇĴŅĦȮTPS 0% ĴňėƞŅȮCompressive 
strength ĨŗņĽŋħĪňŗȮ16.24 ŐĸŃȮ10.60 MPa ĨŅĴĸņħńĭ 
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ĬŀĔěŅĔĬňŘŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮOBSH ĨƞŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħȮıĭĺƞŅėƞŅȮ
Compressive strength ŐĸŃėƞŅȮCompressive modulus ŐĮĶįĔįńĬĔńĭĮĶŇĴŅĦȮOBSH ŏĬŊŗŀĚěŅĔ
ĔŅĶŏıŇŗĴĮĶŇĴŅĦȮOBSH ĽƞĚįĸŒľƟĕĬŅħĕŀĚŏĞĸĸƢőĲĴĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬħńĚĳŅıĪňŗȮ4.16 ŐĸŃĨŅĶŅĚĪňŗȮ4.7 
ŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴěŉĚĴňĽƞĺĬĪňŗŏĮƦĬŏĬŊŘŀıŀĸŇŏĴŀĶƢĪňŗĪņľĬƟŅĪňŗŒĬĔŅĶĨƟŅĬĪŅĬŐĶĚĔħĪňŗĔĶŃĪņĨƞŀŐįƞĬ
őĲĴĬƟŀĵĸĚȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬŐĶĚĔħĪňŗĔĶŃĪņĨƞŀőĲĴěŉĚĸħĸĚŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮOBSH 

 

ĳŅıĪňŗȮ4,19ȮėĺŅĴĨƟŅĬĪŅĬĕŀĚĔŅĶĔħŀńħȮ(Compressive strength) ĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
 

 

ĳŅıĪňŗȮ4,20ȮĴŀħŌĸńĽĔħŀńħȮ(Compressive modulus) ĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
ĨŅĶŅĚĪňŗȮ4.9ȮĽĴĭńĨŇĔŅĶĔħŀńħĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
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Samples 

 
OBSH 

Compressive 
strength 

Compressive 
modulus 

 (phr) &MPa' &MPa' 

PBAT 10 0,2629±0,1253bc 0,86±0,32bc 

PBAT 15 0,1003±0,0539c 0,34±0,17c 

PBAT 20 0,1133±0,0073bc 0,42±0,05c 

PBAT/MTPS/PBAT-g-MA (90/10/10) 10 0,3592±0,1325bc 1,29±0,48bc 

PBAT/MTPS/PBAT-g-MA (90/10/10) 15 0,2531±0,0874bc 0,97±0,40bc 

PBAT/MTPS/PBAT-g-MA (90/10/10) 20 0,2277±0,0955bc 0,86±0,26bc 

PBAT/MTPS/PBAT-g-MA (80/20/10) 10 0,6992±0,1503a 2,67±0,48a 

PBAT/MTPS/PBAT-g-MA (80/20/10) 15 0,2416±0,1503bc 1,34±0,38bc 

PBAT/MTPS/PBAT-g-MA (80/20/10) 20 0,2368±0,0206bc 1,16±0,28bc 

PBAT/MTPS/PBAT-g-MA (70/30/10) 10 0,7269±0,1399a 2,78±0,75a 

PBAT/MTPS/PBAT-g-MA (70/30/10) 15 0,6763±0,1399a 2,64±0,64a 

PBAT/MTPS/PBAT-g-MA (70/30/10) 20 0,3842±0,1371b 1,53±0,25b 

ľĴŅĵŏľĨŋȮ: ĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŒĬėŀĸńĴĬƢŏħňĵĺĔńĬŐĽħĚŒľƟŏľŖĬėĺŅĴ 

ŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠȮ(p<0.05) 
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4.2.4 ĔŅĶĻŉĔļŅėĺŅĴŐĕŖĚĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

 ĔŅĶĻŉĔļŅėĺŅĴŐĕŖĚĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĪņħƟĺĵŏėĶŊŗŀĚ Durometer (Shore A) ĨŅĴ
ĴŅĨĶģŅĬȮASTM D2240ȮŐĸŃĺŇŏėĶŅŃľƢėƞŅėĺŅĴŐĕŖĚĕŀĚŐįƞĬőĲĴœħƟħńĚĳŅıĪňŗȮ4.21 ŐĸŃĨŅĶŅĚĪňŗȮ4.10 
ıĭĺƞŅėƞŅėĺŅĴŐĕŖĚĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴŐĮĶįńĬĨŅĴĮĶŇĴŅĦȮMTPS ŏĬŊŗŀĚěŅĔĔŅĶŏıŇŗĴĮĶŇĴŅĦȮ
MTPS ĪņŒľƟŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴľĬŅŐĬƞĬĴŅĔĕŉŘĬħńĚĳŅıĪňŗȮ4.18ȮŐĸŃĨŅĶŅĚĪňŗȮ4.8ȮŐįƞĬőĲ
ĴıŀĸŇŏĴŀĶƢįĽĴěŉĚĴňŏĬŊŘŀıŀĸŇŏĴŀĶƢĪňŗĪņľĬƟŅĪňŗŒĬĔŅĶĨƟŅĬĪŅĬŐĶĚĔħĪňŗĔĶŃĪņĨƞŀŐįƞĬőĲĴĴŅĔĕŉŘĬȮ
ħńĚĬńŘĬŐįƞĬőĲĴěŉĚĴňėĺŅĴŐĕŖĚĴŅĔĕŉŘĬȮ 
 ŏĴŊŗŀıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮOBSH ĨƞŀėƞŅėĺŅĴŐĕŖĚĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴıĭĺƞŅėƞŅ
ėĺŅĴŐĕŖĚĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴŐĮĶįĔįńĬĔńĭĮĶŇĴŅĦȮOBSH ŏĬŊŗŀĚěŅĔĔŅĶŏıŇŗĴĮĶŇĴŅĦȮOBSH 
ĽƞĚįĸŒľƟĕĬŅħŏĞĸĸƢőĲĴĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬħńĚĳŅıĪňŗȮ4.16 ŐĸŃĨŅĶŅĚĪňŗȮ4.7ȮŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴěŉĚ
ĴňĽƞĺĬĪňŗŏĮƦĬŏĬŊŘŀıŀĸŇŏĴŀĶƢĪňŗĪņľĬƟŅĪňŗŒĬĔŅĶĨƟŅĬĪŅĬŐĶĚĔħĪňŗĔĶŃĪņĨƞŀŐįƞĬőĲĴĬƟŀĵĸĚȮħńĚĬńŘĬŐįƞĬ 
őĲĴıŀĸŇŏĴŀĶƢįĽĴěŉĚĴňėĺŅĴŐĕŖĚĸħĸĚ 
 

 

ĳŅıĪňŗȮ4,21ȮėƞŅėĺŅĴŐĕŖĚĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
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ĨŅĶŅĚĪňŗȮ4.10ȮėƞŅėĺŅĴŐĕŖĚĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
 

Samples OBSH (phr) Hardness 

PBAT 10 27,67±1,72f 

PBAT 15 21,67±1,10g 

PBAT 20 19,13±1,42g 

PBAT/MTPS/PBAT-g-MA (90/10/10) 10 37,20±1,11e 

PBAT/MTPS/PBAT-g-MA (90/10/10) 15 31,33±1,11f 

PBAT/MTPS/PBAT-g-MA (90/10/10) 20 28,40±2,08f 

PBAT/MTPS/PBAT-g-MA (80/20/10) 10 43,47±2,32cd 

PBAT/MTPS/PBAT-g-MA (80/20/10) 15 38,40±2,32de 

PBAT/MTPS/PBAT-g-MA (80/20/10) 20 37,20±1,44e 

PBAT/MTPS/PBAT-g-MA (70/30/10) 10 59,80±3,89a 

PBAT/MTPS/PBAT-g-MA (70/30/10) 15 50,00±3,89b 

PBAT/MTPS/PBAT-g-MA (70/30/10) 20 48,80±3,47bc 

ľĴŅĵŏľĨŋȮ: ĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŒĬėŀĸńĴĬƢŏħňĵĺĔńĬŐĽħĚŒľƟŏľŖĬėĺŅĴ 

ŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠȮ(p<0.05) 
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2,0,3ȮĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬőĲĴıŀĸŇŏĴŀĶƢįĽĴħƟĺĵŏėĶŊŗŀĚȮDifferential Scanning 
CalorimeterȮ(DSC) őħĵŒĝƟĽĳŅĺŃŒĬĔŅĶĪħĽŀĭŏĝƞĬŏħňĵĺĔńĭĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬ
ĝňĪıŀĸŇŏĴŀĶƢįĽĴŒĬĨŀĬĪňŗȮ1 ěŅĔĬńŘĬĺŇŏėĶŅŃľƢŀŋĦľĳŌĴŇŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ(Glass transition 
temperature, Tg), ŀŋĦľĳŌĴŇĔŅĶľĸŀĴįĸŉĔȮ(Melt crystallization temperature, Tm) ŐĸŃĮĶŇĴŅĦ
įĸŉĔěŅĔȮDSC thermogram ŒĬĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗ 1 ŐĸŃȮ2ȮıĶƟŀĴĪńŘĚĺŇŏėĶŅŃľƢŀŋĦľĳŌĴŇ
ĔŅĶŏĔŇħįĸŉĔȮ(Crystallization temperature, Tc) ěŅĔȮDSC thermogram ŒĬĕńŘĬĨŀĬĔŅĶĔŅĶŏĵŖĬ
ĨńĺȮ(Cooling scan)  
ěŅĔĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢȮDSCȮthermogram ŒĬ

ĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.22ȮŐĸŃĨŅĶŅĚĪňŗȮ4.11ȮıĭĺƞŅėƞŅȮTg ŀĵŌƞŒĬĝƞĺĚ 

-28.94 ĩŉĚȮ-25.10 °C ĽƞĺĬėƞŅȮTm1 ŀĵŌƞŒĬĝƞĺĚȮ44.50 ĩŉĚȮ45.80 °C ŐĸŃėƞŅȮTm2 ŀĵŌƞŒĬĝƞĺĚȮ109.95 ĩŉĚȮ

116.80 °C ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅĮĶŇĴŅĦįĸŉĔĴňėƞŅŀĵŌƞŒĬĝƞĺĚȮ10.48 ĩŉĚȮ13.83% ĨŅĴĸņħńĭȮőħĵĔŅĶŏıŇŗĴ

ĮĶŇĴŅĦȮMTPS ŐĸŃĔŅĶŏĨŇĴȮPBAT-g-MA œĴƞĽƞĚįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚėƞŅħńĚĔĸƞŅĺŀĵƞŅĚĴňĬńĵĽņėńĠ 

ěŅĔĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢȮDSCȮthermogram ŒĬ

ĕńŘĬĨŀĬĔŅĶľĸƞŀŏĵŖĬ ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.23ȮŐĸŃĨŅĶŅĚĪňŗȮ4.12ȮıĭĺƞŅėƞŅȮTc ŀĵŌƞŒĬĝƞĺĚȮ74,15ȮĩŉĚȮ

75,0.Ȯ°CȮőħĵĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ŐĸŃȮOBSH œĴƞĽƞĚįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚėƞŅȮTc 

ěŅĔĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢȮDSCȮthermogram 

ŒĬĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 ħńĚŐĽħĚŒĬĳŅıĪňŗȮ4.24 ŐĸŃĨŅĶŅĚĪňŗȮ4.13 ıĭĺƞŅėƞŅȮTgȮĕŀĚȮ

PBAT ŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴŀĵŌƞŒĬĝƞĺĚȮ-26.15 ĩŉĚȮ+03,12Ȯ°C ĽƞĺĬėƞŅȮTm2ȮŀĵŌƞŒĬĝƞĺĚȮ/00,53 ĩŉĚȮ

/02,2.Ȯ°C ŐĸŃĶƟŀĵĸŃėĺŅĴŏĮƦĬįĸŉĔŀĵŌƞŒĬĝƞĺĚȮ7,56ȮĩŉĚȮ/2,05% őħĵĔŅĶŏıŇŗĴĮĶŇĴŅĦȮMTPS ŐĸŃȮ

OBSH œĴƞĽƞĚįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚėƞŅħńĚĔĸƞŅĺȮĬŀĔěŅĔĬňŘŒĬĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 œĴƞıĭ

ėƞŅŀŋĦľĳŌĴŇĔŅĶľĸŀĴĕŀĚĽŅĵőĞƞĽƞĺĬȮBAȮ(Tm1) ŐĽħĚŒľƟŏľŖĬĺƞŅĽŅĵőĞƞĽƞĺĬȮBA ŏĔŇħįĸŉĔœħƟĵŅĔȮ

ŏĬŊŗŀĚěŅĔŏĔŇħĔŅĶĽĸŅĵĨńĺĪňŗĭĶŇŏĺĦȮBA unit [38] 
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ĳŅıĪňŗȮ4,22ȮDSC thermogram ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮFirst heating 

 

ĨŅĶŅĚĪňŗȮ4.11 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮFirst heating 

Sample 
OBSH Tg Tm1 Tm2 Crystallinity  

(phr) (°C) (°C) (°C) (%) 

PBAT 10 -24.17 43.42 116.12 6.45 

PBAT 15 -25.78 44.92 115.70 6.47 

PBAT 20 -25.53 45.83 115.15 6.52 

PBAT/MTPS/PBAT-g-MA (90/10/10) 10 -28.94 44.50 114.83 10.72 

PBAT/MTPS/PBAT-g-MA (90/10/10) 15 -25.56 45.42 116.76 11.56 

PBAT/MTPS/PBAT-g-MA (90/10/10) 20 -25.10 45.00 109.95 10.54 

PBAT/MTPS/PBAT-g-MA (80/20/10) 10 -25.21 44.92 114.75 12.43 

PBAT/MTPS/PBAT-g-MA (80/20/10) 15 -25.46 44.39 114.36 11.72 

PBAT/MTPS/PBAT-g-MA (80/20/10) 20 -25.85 45.80 116.80 13.83 

PBAT/MTPS/PBAT-g-MA (70/30/10) 10 -25.79 45.47 116.40 11.88 

PBAT/MTPS/PBAT-g-MA (70/30/10) 15 -25.65 45.60 115.53 11.67 

PBAT/MTPS/PBAT-g-MA (70/30/10) 20 -25.49 45.92 115.57 10.48 
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ĳŅıĪňŗȮ4,23 DSC thermogram ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮCooling 
 

ĨŅĶŅĚĪňŗȮ4.12 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮCooling 

Sample 
OBSH Tc 

(phr) (°C) 

PBAT 10 81.75 

PBAT 15 81.20 

PBAT 20 83.42 

PBAT/MTPS/PBAT-g-MA (90/10/10) 10 97.17 

PBAT/MTPS/PBAT-g-MA (90/10/10) 15 91.75 

PBAT/MTPS/PBAT-g-MA (90/10/10) 20 96.80 

PBAT/MTPS/PBAT-g-MA (80/20/10) 10 94.42 

PBAT/MTPS/PBAT-g-MA (80/20/10) 15 93.60 

PBAT/MTPS/PBAT-g-MA (80/20/10) 20 97.20 

PBAT/MTPS/PBAT-g-MA (70/30/10) 10 94.40 

PBAT/MTPS/PBAT-g-MA (70/30/10) 15 94.17 

PBAT/MTPS/PBAT-g-MA (70/30/10) 20 94.50 
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ĳŅıĪňŗȮ4,24 DSC thermogram ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮSecond heating 
 

ĨŅĶŅĚĪňŗȮ4.13 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬȮSecond heating 
 

Sample 
OBSH Tg Tm2 Crystallinity 

(phr) (°C) (°C) (%) 

PBAT 10 -26.45 120.40 6.76 

PBAT 15 -27.50 119.58 6.52 

PBAT 20 -25.57 119.58 4.78 

PBAT/MTPS/PBAT-g-MA (90/10/10) 10 -25.92 123.00 11.88 

PBAT/MTPS/PBAT-g-MA (90/10/10) 15 -26.15 122.75 9.78 

PBAT/MTPS/PBAT-g-MA (90/10/10) 20 -25.42 123.17 10.77 

PBAT/MTPS/PBAT-g-MA (80/20/10) 10 -25.32 123.86 12.74 

PBAT/MTPS/PBAT-g-MA (80/20/10) 15 -25.68 123.20 10.59 

PBAT/MTPS/PBAT-g-MA (80/20/10) 20 -25.36 123.58 13.37 

PBAT/MTPS/PBAT-g-MA (70/30/10) 10 -25.61 124.00 13.88 

PBAT/MTPS/PBAT-g-MA (70/30/10) 15 -25.54 123.67 12.32 

PBAT/MTPS/PBAT-g-MA (70/30/10) 20 -25.44 124.40 14.27 
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2,0,4ȮĔŅĶĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

 ĻŉĔļŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴħƟĺĵŏĪėĬŇėȮThermogravimetric 
Analysis (TGA)ȮĪňŗŀŋĦľĳŌĴŇĝƞĺĚȮ1.Ȯ°CȮĩŉĚȮ6..Ȯ°CȮħƟĺĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ/.Ȯ°C/minȮĳŅĵŒĨƟ
ĭĶĶĵŅĔŅĻŐĔƠĽœĬőĨĶŏěĬȮěŅĔĬńŘĬĺŇŏėĶŅŃľƢȮTGA thermogram ŐĸŃȮDTG thermogram ĕŀĚ 
őĲĴıŀĸŇŏĴŀĶƢįĽĴœħƟħńĚĳŅıĪňŗȮ4.25ȮůȮ4.26ȮŐĸŃĨŅĶŅĚĪňŗȮ4.14Ȯ 

ěŅĔȮTGA thermogram ŐĸŃȮDTG thermogram ĕŀĚőĲĴȮPBAT ħńĚĳŅıĪňŗȮ4.25ȮŐĸŃȮ
4.26ȮıĭĺƞŅőĲĴ PBAT ĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮ0ȮĕńŘĬĨŀĬȮĕńŘĬĪňŗȮ/ȮĮĶŅĔĢĪňŗŀŋĦľĳŌĴŇĝƞĺĚȮ/16ȮĩŉĚȮ
/32Ȯ°CȮĞŉŗĚŏĮƦĬŀŋĦľĳŌĴŇĪňŗĪņŒľƟȮOBSH ŏĔŇħĔŅĶŐĨĔĨńĺŏĮƦĬĲŀĚŐĔƠĽȮŐĸŃĕńŘĬĪňŗȮ0ȮŏĮƦĬĔŅĶĽĸŅĵĨńĺĪŅĚ
ėĺŅĴĶƟŀĬĕŀĚȮPBAT ĪňŗŀŋĦľĳŌĴŇĝƞĺĚȮ065ȮĩŉĚȮ263Ȯ°CȮ 

ŏĴŊŗŀıŇěŅĶĦŅȮTGA thermogram ŐĸŃȮDTG thermogram ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴħńĚĳŅıĪňŗȮ
4.25ȮŐĸŃȮ4.26ȮıĭĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮ1ȮĕńŘĬĨŀĬȮőħĵĕńŘĬĪňŗȮ/ȮĮĶŅĔĢ
ĪňŗŀŋĦľĳŌĴŇĝƞĺĚȮ/.5ȮĩŉĚȮ/63Ȯ°CȮĞŉŗĚŏĮƦĬŀŋĦľĳŌĴŇĪňŗĪņŒľƟȮOBSH ŏĔŇħĔŅĶŐĨĔĨńĺŏĮƦĬĲŀĚŐĔƠĽȮĕńŘĬĪňŗȮ0Ȯ
ŏĮƦĬĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚĔĸňŏĞŀĶŀĸŐĸŃŐĮƚĚĪňŗŀŋĦľĳŌĴŇĝƞĺĚȮ0/1ȮĩŉĚȮ027Ȯ°CȮŐĸŃĕńŘĬĪňŗȮ3Ȯ
ŏĮƦĬĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPBAT ĪňŗŀŋĦľĳŌĴŇĝƞĺĚȮ053ȮĩŉĚȮ331Ȯ°CȮ 

ıŇěŅĶĦŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮMTPS ŐĸŃȮOBSH ĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬıĭĺƞŅĔŅĶŏıŇŗĴ
ĮĶŇĴŅĦȮMTPS ŐĸŃȮOBSH œĴƞĽƞĚįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĕŀĚĺńĢĳŅėȮMTPS 
ŐĸŃĺńĢĳŅėȮPBAT ĬńŗĬėŊŀĮĶŇĴŅĦȮMTPS ŐĸŃȮOBSH œĴƞĽƞĚįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴ
ĶƟŀĬ  

 
 

   

   

  

  

 
ĳŅıĪňŗȮ4,25 TGA thermogram ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ
ĪňŗĴňĮĶŇĴŅĦȮOBSH ŐĨĔĨƞŅĚĔńĬȮȮĔ'ȮOBSH 10 phr ĕ'Ȯ

OBSH 15 phrȮė'ȮOBSH 20 phr 
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ĳŅıĪňŗȮ4,26 DTG thermogram ĕŀĚıŀĸŇŏĴŀĶƢ
įĽĴĪňŗĴňĮĶŇĴŅĦȮOBSH ŐĨĔĨƞŅĚĔńĬȮ 

Ĕ'ȮOBSH 10 phr ĕ'ȮOBSH 15 phr  

ė'ȮOBSH 20 phr 

 

ĨŅĶŅĚĪňŗȮ4.14ȮŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 
 

Samples 
OBSH Degradation temperature (°C) 

(phr) MTPS PBAT 

PBAT 10 - 406.89 

PBAT 15 - 404.11 

PBAT 20 - 403.75 

PBAT/MTPS/PBAT-g-MA (90/10/10) 10 238.05 404.98 

PBAT/MTPS/PBAT-g-MA (90/10/10) 15 222.92 404.21 

PBAT/MTPS/PBAT-g-MA (90/10/10) 20 231.65 404.04 

PBAT/MTPS/PBAT-g-MA (80/20/10) 10 229.80 403.97 

PBAT/MTPS/PBAT-g-MA (80/20/10) 15 223.67 403.81 

PBAT/MTPS/PBAT-g-MA (80/20/10) 20 227.30 403.48 

PBAT/MTPS/PBAT-g-MA (70/30/10) 10 232.78 403.34 

PBAT/MTPS/PBAT-g-MA (70/30/10) 15 228.60 402.61 

PBAT/MTPS/PBAT-g-MA (70/30/10) 20 225.56 401.71 



  87 

4.3 ĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮSepiolite ĪňŗĴňįĸĨƞŀĽĴĭńĨŇĕŀĚőĲĴěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀ

ĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨȮ(PBAT) ŐĸŃŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝĪňŗįƞŅĬĔŅĶħńħŐĮĶ

őėĶĚĽĶƟŅĚħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶƢħȮ(MTPS) 

ĚŅĬĺŇěńĵĬňŘĽƞĺĬĬňŘŏĮƦĬĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮSepiolite ĪňŗĴňĨƞŀĽĴĭńĨŇĕŀĚőĲĴıŀĸŇŏĴŀĶƢ
įĽĴȮőħĵįŌƟĺŇěńĵŏĸŊŀĔőĲĴıŀĸŇŏĴŀĶƢįĽĴȮPBAT/MTPS/PBAT-g-MA ŀńĨĶŅĽƞĺĬȮ80/20/10 ĪňŗĴňĔŅĶŏĨŇĴȮ
OBSH ĮĶŇĴŅĦȮ/3Ȯphr ĞŉŗĚĴňĕĬŅħĕŀĚŏĞĸĸƢőĲĴĽĴŗņŏĽĴŀȮŐĸŃĴňėĺŅĴľĬŅŐĬƞĬĨŗņȮĴŅĻŉĔļŅŀŇĪīŇıĸ
ĕŀĚĔŅĶŏĨŇĴȮSepiolite őħĵŏĶŇŗĴěŅĔĔŅĶľĸŀĴıŀĸŇŏĴŀĶƢįĽĴħńĚĔĸƞŅĺħƟĺĵŏėĶŊŗŀĚĭħįĽĴĵŅĚŐĭĭĽŀĚ
ĸŌĔĔĸŇŘĚĪňŗŀŋĦľĳŌĴŇȮ/2.Ȯ°CȮŏĴŊŗŀıŀĸŇŏĴŀĶƢįĽĴľĸŀĴŀĵƞŅĚĽĴĭŌĶĦƢŐĸƟĺěŉĚŏĨŇĴȮSepiolite ĪňŗĮĶŇĴŅĦȮ1, 3 
ŐĸŃȮ5 phr ěŅĔĬńŘĬŏĴŊŗŀıŀĸŇŏĴŀĶƢįĽĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĭȮSepiolite ŐĸƟĺěŉĚĸħŀŋĦľĳŌĴŇĸŌĔĔĸŇŘĚŏĮƦĬȮ 
/0.Ȯ°C ŐĸƟĺŏĨŇĴȮOBSH ŏıŊŗŀĮƚŀĚĔńĬœĴƞŒľƟȮOBSH ŏĔŇħĔŅĶĽĸŅĵĨńĺŒĬĕńŘĬĨŀĬĬňŘȮěŅĔĬńŘĬĕŉŘĬĶŌĮ 
ıŀĸŇŏĴŀĶƢįĽĴŒľƟŏĮƦĬŐįƞĬőĲĴħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮ(Compression molding) Īňŗ
ŀŋĦľĳŌĴŇȮ160 °C ŐĸŃėĺŅĴħńĬȮ/,3..ȮpsiȮŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮŏıŊŗŀŒľƟȮOBSH ŏĔŇħĔŅĶĽĸŅĵĨńĺŏĮƦĬĲŀĚ
ŐĔƠĽĔĶŃěŅĵĨńĺŀĵŌƞŒĬıŀĸŇŏĴŀĶƢįĽĴȮŒĬĕńŘĬĨŀĬĩńħœĮěŃĪņŒľƟıŀĸŇŏĴŀĶƢįĽĴħńĚĔĸƞŅĺŏĵŖĬĨńĺĸĚȮ
(Cooling) őħĵĮĶŅĻěŅĔĔŅĶŒľƟŐĶĚħńĬŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮŏıŊŗŀŒľƟĲŀĚŐĔƠĽŏĔŇħĔŅĶĕĵŅĵĨńĺŐĸŃħńĬŏĬŊŘŀ
ıŀĸŇŏĴŀĶƢŀŀĔěĬĔĸŅĵŏĮƦĬŏĞĸĸƢőĲĴĔĶŃěŅĵĨńĺŀĵŌƞŒĬŐįƞĬőĲĴȮĕńŘĬĨŀĬĽŋħĪƟŅĵĬņŐįƞĬőĲĴĪňŗœħƟœĮ
ĻŉĔļŅĽńĦģŅĬĺŇĪĵŅŏıŊŗŀĺŇŏėĶŅŃľƢĕĬŅħĕŀĚŏĞĸĸƢőĲĴȮŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚŏĞĸĸƢőĲĴȮĻŉĔļŅėĺŅĴ
ľĬŅŐĬƞĬĕŀĚőĲĴȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔħŀńħȮėĺŅĴŐĕŖĚĪňŗįŇĺȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮŐĸŃŏĽĩňĵĶĳŅı
ĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬőĲĴ 
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4.3.1 ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴȮSepiolite 

őħĵĪńŗĺœĮĔŅĶŏĔŇħĲŀĚŐĔƠĽŒĬĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮőĲĴŐĭƞĚŀŀĔŏĮƦĬȮ2 ŐĭĭœħƟŐĔƞ 
1) ĔŅĶŏĔŇħĬŇĺŏėĸňĵĽŐĭĭŏŀĔıńĬīƢȮ(Homogeneous nucleation) ŏĮƦĬĔĶŃĭĺĬĔŅĶŏĔŇħĲŀĚ
ŐĔƠĽŒĬĕĦŃĪňŗıŀĸŇŏĴŀĶƢįĽĴľĸŀĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬħńĚĳŅıĪňŗȮ4.27Ȯ&Ĕ' 

2) ĔŅĶŏĔŇħĬŇĺŏėĸňĵĽŐĭĭĺŇĺŇīıńĬīƢȮ(Heterogeneous nucleation) ŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗĲŀĚ
ŐĔƠĽěŃŏĔŇħĕŉŘĬĭĬįŇĺĽńĴįńĽĶŃľĺƞŅĚĕŀĚŏľĸĺŐĸŃĕŀĚŐĕŖĚȮ(Liquid-solid interphase) ĞŉŗĚ
ĔĶŃĭĺĬĔŅĶŏĔŇħĲŀĚŐĔƠĽŐĭĭĬňŘěŃŏĔŇħĕŉŘĬœħƟŏĴŊŗŀĴňĔŅĶŏĨŇĴĕŀĚŐĕŖĚĪňŗĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĪňŗĪņ
ŒľƟŏĔŇħĬŇĺŏėĸňĵĽȮ(Nucleating agent) ħńĚĳŅıĪňŗȮ4.27Ȯ&ĕ' 

 

 

ĳŅıĪňŗȮ4,27ȮŐĭĭěņĸŀĚĔŅĶŏĔŇħĲŀĚŐĔƠĽŒĬĔĶŃĭĺĬĔŅĶŏĔŇħőĲĴ (ħńħŐĮĸĚěŅĔĚŅĬĺŇěńĵĕŀĚȮ

Chenguang YangȮŐĸŃėĦŃ'ȮY2.[ 

 

 

 

 

 

 


