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MISS JANPET PHUENGPRAI : PREPARATION OF FOAMS FROM POLYMER BLEND 
BETWEEN GELATIN AND POLY(BUTYLENE ADIPATE-CO-TEREPHTHALATE) FOR MEDICAL 
APPLICATION THESIS ADVISOR : ASSISTANT PROFESSOR SUDSIRI HEMSRI, Ph.D. 

This research was to investigate the preparation of gelatin and PBAT polymer foam 
blends for medical applications. The objective of this study was to study the effect of 
blowing agents and essential oil content on properties of polymer foam blends. The study 
was divided into 3 parts: Part 1 studied the preparation of Plasticized gelatin and PBAT-g-MA 
and studied the effect of PBAT-g-MA on the compatibility of the polymer composites. 
Polymer blend was mixing by Internal mixer and prepared into sheet by Compression 
molding. Part 2 was performed to study effect of blowing agent content on the properties 
of the foam polymer blend, and part 3, study the effect of clove oil content on the 
properties of the foam polymer. The foam polymer blend was mixed by two roll mill and 
then molded by compression molding. From results of the NMR study, confirmed reaction 
of MA grafted on the PBAT chain. Polymer blends with PBAT-g-MA showed can be increase 
compatibility between gelatin and PBAT resulting in better mechanical properties and lower 
water absorption. Furthermore, mechanical properties of polymer blends increase when 
PBAT content in polymer blends increases. The study of the effect of blowing agents on the 
properties of foam polymer blends, found that when the blowing agent content was 
increased, the foam had increased foam cell/area, density, mechanical strength and water 
absorption decreased. While PBAT content increased, foam has more foam cells/area. 
Resulting, mechanical strength increased and water absorption decreased. From the result, 
showed the ratio of 50/50 with the addition of Blowing agent 15 phr (50/50_15) was an 
appropriate ratio to bring study on the addition of clove oil, found that when clove oil was 
added, more foam cells were formed. But when the clove oil content increased, large foam 
cells are formed, characterized by hole connections. This results in foam density, mechanical 
strength and water absorption decreased. In addition, clove oil makes the foam antibacterial 
against both S. aureus and E. coli, and the foam prepared is non-toxic to cells 
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ĳŅıĪňŗȮ2,12ȮŐĽħĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĮĸħĮĸƞŀĵĬŘņĴńĬľŀĴĶŃŏľĵĽŃĽĴȮ&Cumulative released)ȮĕŀĚ
őĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌŒĬŀńĨĶŅĽƞĺĬĨƞŅĚŕ /.1

 



 

ĭĪĪňŗ 1 

ĭĪĬņȮ&Introduction' 

 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽŜŅėńĠĕŀĚĮƤĠľŅȮ&Statements and significance of the 

problems'ȮȮ 

ŒĬĮƤěěŋĭńĬıĸŅĽĨŇĔĩŌĔĬņĴŅŒĝƟŀĵƞŅĚŐıĶƞľĸŅĵŏıŊŗŀĪħŐĪĬĺńĽħŋĭŅĚĮĶŃŏĳĪŐĸŃŏıŊŗŀĮĶńĭĮĶŋĚ

ĽĴĭńĨŇĭŅĚŀĵƞŅĚĕŀĚĺńĽħŋŏħŇĴĪňŗŒĝƟŀĵŌƞȮŏĬŊŗŀĚěŅĔĴňĶŅėŅĩŌĔȮĬŘņľĬńĔŏĭŅȮŐĸŃĴňėŋĦĽĴĭńĨŇĪňŗľĸŅĔľĸŅĵȮ 

ŐĨƞĔŅĶŒĝƟıĸŅĽĨŇĔĪňŗĴŅĔĕŉŘĬĔƞŀŒľƟŏĔŇħĮƤĠľŅĨƞŀĽŇŗĚŐĺħĸƟŀĴĪňŗĽņėńĠȮėŊŀȮĮƤĠľŅħƟŅĬĔŅĶěńħĔŅĶĕĵŃ

ıĸŅĽĨŇĔȮőħĵĮĶŃŏĳĪĕŀĚįĸŇĨĳńĦĤƢĪňŗĬŇĵĴĪņĴŅěŅĔıĸŅĽĨŇĔěŃŏĮƦĬįĸŇĨĳńĦĤƢěņıĺĔĪňŗĴňŀŅĵŋ 

ĔŅĶŒĝƟĚŅĬėƞŀĬĕƟŅĚĽńŘĬŒĝƟėĶńŘĚŏħňĵĺĪŇŘĚȮŏĝƞĬȮĭĶĶěŋĳńĦĤƢĨƞŅĚŕȮĶĺĴĪńŘĚĺńĽħŋĪŅĚĔŅĶŐıĪĵƢĭŅĚĝĬŇħȮŏĝƞĬȮ

ĺńĽħŋĮƕħŐįĸȮĞŉŗĚįĸŇĨĳńĦĤƢħńĚĔĸƞŅĺŏĴŊŗŀŒĝƟĚŅĬŐĸƟĺĔŖĴńĔěŃĩŌĔĪŇŘĚŐĸŃĔƞŀŒľƟŏĔŇħĮƤĠľŅħƟŅĬĔŅĶěńħĔŅĶ

ĕĵŃĨŅĴĴŅ 

ĺńĽħŋĮƕħŐįĸȮ&Wound dressing'ȮĩŊŀŏĮƦĬįĸŇĨĳńĦĤƢŀňĔĮĶŃŏĳĪľĬŉŗĚĪňŗĴňŀŅĵŋĔŅĶŒĝƟĚŅĬ 

ĪňŗėƞŀĬĕƟŅĚĽńŘĬȮŏĬŊŗŀĚěŅĔŏĮƦĬĺńĽħŋĪňŗĨƟŀĚĽńĴįńĽĔńĭŐįĸőħĵĨĶĚľŅĔĴňĔŅĶŒĝƟĞŘņŕȮŀŅěěŃĪņŒľƟŏĔŇħĔŅĶĨŇħ

ŏĝŊŘŀĕŀĚŐįĸœħƟȮőħĵĺńĽħŋĮƕħŐįĸěņŏĮƦĬĨƟŀĚĴňėŋĦĽĴĭńĨŇĪňŗĽņėńĠėŊŀȮĽŅĴŅĶĩĶŃĭŅĵŀŅĔŅĻŐĸŃėĺŅĴĝŊŘĬ 

œħƟħňȮœĴƞĴňėĺŅĴŏĮƦĬıŇļĨƞŀŏĬŊŘŀŏĵŊŗŀȮĴňėĺŅĴĵŊħľĵŋƞĬȮĶĺĴĩŉĚĽŅĴŅĶĩħŌħĞńĭĕŀĚŏľĸĺœħƟȮY/[ȮŒĬĮƤěěŋĭńĬ 

ĴňĔŅĶĬņŏŀŅĺńĽħŋěŅĔīĶĶĴĝŅĨŇľĶŊŀıŀĸŇŏĴŀĶƢĪňŗœħƟěŅĔīĶĶĴĝŅĨŇĴŅŒĝƟŐĪĬıĸŅĽĨŇĔŏħŇĴĪňŗœħƟĴŅěŅĔ

ŐľĸƞĚĺńĨĩŋħŇĭĮĶŃŏĳĪĮƕőĨĶŏĸňĵĴȮőħĵĪňŗĺńĽħŋĨƞŅĚŕȮŏľĸƞŅĬňŘĬŀĔěŅĔěŃĴňĕƟŀħňĪňŗĴŅěŅĔŐľĸƞĚīĶĶĴĝŅĨŇ

ŐĸƟĺȮĭŅĚĝĬŇħĵńĚĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıŀňĔħƟĺĵȮĞŉŗĚĕƟŀħňĬňŘĽŅĴŅĶĩĝƞĺĵŐĔƟœĕĮƤĠľŅŒĬħƟŅĬ 

ĔŅĶěńħĔŅĶĔńĭĕĵŃıĸŅĽĨŇĔœħƟ 

ŏěĸŅĨŇĬȮ&Gelatin'ȮĩŊŀŏĮƦĬıŀĸŇŏĴŀĶƢěŅĔīĶĶĴĝŅĨŇŀňĔĝĬŇħľĬŉŗĚĪňŗĬŇĵĴĬņĴŅŒĝƟĔńĬŀĵƞŅĚ

ŐıĶƞľĸŅĵŒĬĮƤěěŋĭńĬȮĪńŘĚĪŅĚħƟŅĬŀŅľŅĶȮŏėĶŊŗŀĚĽņŀŅĚȮĭĶĶěŋĳńĦĤƢȮĶĺĴĩŉĚĺńĽħŋĪŅĚĔŅĶŐıĪĵƢȮY0[Ȯ 

ĞŉŗĚŏěĸŅĨŇĬĬňŘĴňėŋĦĽĴĭńĨŇĪňŗĬƞŅĽĬŒěėŊŀȮŏĮƦĬőĮĶĨňĬĮĶŃŏĳĪľĬŉŗĚĪňŗĽŅĴŅĶĩœŁőħĶœĸĽƢœħƟěŅĔėŀĸĸŅŏěĬ

ěŉĚĴňėĺŅĴŏĕƟŅĔńĬœħƟħňĔńĭŏĬŊŘŀŏĵŊŗŀĕŀĚĴĬŋļĵƢȮY1[ȮŏĮƦĬĺńĨĩŋħŇĭěŅĔīĶĶĴĝŅĨŇȮŐĸŃĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟ

ĪŅĚĝňĺĳŅıȮħńĚĬńŘĬŏěĸŅĨŇĬĽŅĴŅĶĩĬņĴŅĮĶŃĵŋĨƢŒĝƟŏĮƦĬĺńĽħŋĮƕħŐįĸĪŅĚĔŅĶŐıĪĵƢȮŐĨƞŏěĸŅĨŇĬĵńĚĴň

ĕƟŀŏĽňĵĭŅĚĮĶŃĔŅĶȮėŊŀĴňĔŅĶĨƟŅĬĪŅĬĔŅĶĞŉĴįƞŅĬĕŀĚĬŘņĪňŗĨŗņȮĪņŒľƟŏĴŊŗŀĬņĴŅĪņŏĮƦĬĺńĽħŋĮƕħŐįĸ

ŀŅěěŃĪņŒľƟœĴƞĽŅĴŅĶĩĶńĔļŅėĺŅĴĝŋƞĴĝŊŘĬĕŀĚĭĶŇŏĺĦĪňŗŏĔŇħŐįĸœħƟȮĞŉŗĚěŃĽƞĚįĸŒľƟŐįĸĭĶŇŏĺĦħńĚĔĸƞŅĺ

ľŅĵœħƟĝƟŅĸĚȮĶĺĴĩŉĚŏěĸŅĨŇĬĴňĽĴĭńĨŇĪňŗĽŅĴŅĶĩĸŃĸŅĵĬŘņœħƟȮŏĴŊŗŀŏěĸŅĨŇĬĩŌĔĬņœĮŒĝƟĪņĺńĽħŋĮƕħŐįĸŐĸŃ
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ĬņœĮŒĝƟĚŅĬŒĬĭĶŇŏĺĦĪňŗĴňĔŅĶĽńĴįńĽĔńĭĬŘņŀŅěĪņŒľƟĺńĽħŋħńĚĔĸƞŅĺŏĔŇħĔŅĶĸŃĸŅĵœĮĔńĭĬŘņœħƟȮŐĸŃ 

ŏěĸŅĨŇĬĵńĚĴňėĺŅĴĵŊħľĵŋƞĬĪňŗėƞŀĬĕƟŅĚĨŗņȮĴňįŌƟĺŇěńĵľĸŅĵĔĸŋƞĴĪňŗĬņŏŀŅŏěĸŅĨŇĬĴŅįĽĴĔńĭıŀĸŇŏĴŀĶƢĝňĺĳŅı

ĝĬŇħŀŊŗĬŕȮŏıŊŗŀĮĶńĭĮĶŋĚĽĴĭńĨŇħńĚĔĸƞŅĺȮĶĺĴĩŉĚĵńĚėĚĽĴĭńĨŇĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıĕŀĚĺńĽħŋ

ĪŅĚĔŅĶŐıĪĵƢȮĨńĺŀĵƞŅĚŏĝƞĬȮDawei LiȮŐĸŃėĦŃȮY2[ȮœħƟĪņĔŅĶĻŉĔļŅıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮ

Poly&caprolactone'-GelatinȮĽņľĶńĭĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬőėĶĚŏĸňŘĵĚŏĞĸĸƢȮ&Scaffold'ȮěŅĔįĸĔŅĶĻŉĔļŅ

ıĭĺƞŅȮıŀĸŇŏĴŀĶƢįĽĴħńĚĔĸƞŅĺĴňėĺŅĴŏĕƟŅĔńĬœħƟĔńĭŏĬŊŘŀŏĵŊŗŀȮĶĺĴĩŉĚŏĬŊŘŀŏĵŊŗŀĪňŗĬņĴŅĪħĽŀĭ 

ŏĔŇħĔĶŃĭĺĬĔŅĶĽĶƟŅĚŏĬŊŘŀŏĵŊŗŀœħƟħňȮŐĸŃěŅĔĚŅĬĺŇěńĵĕŀĚģŇĨŅĳŅȮŐĸŃėĦŃȮY3[ȮœħƟĪņĔŅĶĻŉĔļŅ 

ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨȮ&Polybutylene adipate+

co+terephthalate, PBAT'ȮȮŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢĽņľĶńĭŀŅľŅĶıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴȮPBATȮ

ĸĚŒĬŏěĸŅĨŇĬĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢěŃĝƞĺĵĮĶńĭĮĶŋĚĽĴĭńĨŇĭŅĚĮĶŃĔŅĶĕŀĚŏěĸŅĨŇĬȮŏĝƞĬȮĪņŒľƟŏě

ĸŅĨŇĬĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĨƞŀŐĶĚħŉĚĴŅĔĕŉŘĬȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵĬŘņĸħĸĚȮĶĺĴĩŉĚĴň

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬœħƟĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭŏěĸŅĨŇĬĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT ŒĬ

ĚŅĬĺŇěńĵĬňŘěŉĚœħƟĴňĔŅĶŏĨŇĴȮPBAT ĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĽĸŅĵĨńĺĪŅĚĝňĺĳŅıœħƟĸĚœĮŏıŊŗŀŏĮƦĬĽƞĺĬ 

ĪňŗĝƞĺĵŏıŇŗĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŉĚĵŊħŐĸŃĸħėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵĬŘņĕŀĚĺńĽħŋĮƕħŐįĸěŅĔ 

ŏěĸŅĨŇĬœħƟȮĬŀĔěŅĔĬňŘȮPBAT ĵńĚĴňĽĴĭńĨŇĪňŗĵŊħľĵŋƞĬĽŅĴŅĶĩĝƞĺĵĸħėĺŅĴŏĮĶŅŃĕŀĚŏěĸŅĨŇĬœħƟȮĶĺĴĩŉĚȮ

PBAT ĵńĚĴňĽĴĭńĨŇėĺŅĴŏĕƟŅĔńĬœħƟĔńĭŏĬŊŘŀŏĵŊŗŀĕŀĚĴĬŋļĵƢȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮKikku 

Fukushima ŐĸŃėĦŃȮY4[ȮĪňŗœħƟĪņĔŅĶĻŉĔļŅıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨĕŀĚȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮClay  

ŏĴŊŗŀĪņĔŅĶĻŉĔļŅħƟĺĵȮMTT assayȮľĶŊŀĪħĽŀĭėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢĕŀĚĨńĺŀĵƞŅĚȮıĭĺƞŅĶŃĭĭĕŀĚȮ

PBATȮŐĸŃĶŃĭĭĕŀĚȮPBATȮĪňŗĴňĔŅĶŏĨŇĴȮClay /.#ȮőħĵĬŘņľĬńĔœĴƞĴňėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮ 

ŐĸŃĚŅĬĺŇěńĵĕŀĚȮGirija BheemaneniȮŐĸŃėĦŃȮY5[ȮĪňŗĪņĔŅĶĻŉĔļŅıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨĶŃľĺƞŅĚȮ

PBAT ĔńĭȮWollastonite ĔŖıĭĺƞŅĺńĽħŋėŀĴıŀĽŇĨħńĚĔĸƞŅĺĴňėĺŅĴŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅıŐĸŃ 

œĴƞĴňėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢŏĝƞĬŏħňĵĺĔńĬȮ 

ŒĬĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀŏĨĶňĵĴőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT  

ĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıŐĸŃŏĕƟŅĔńĬœħƟĔńĭŏĬŊŘŀŏĵŊŗŀĽņľĶńĭĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬĺńĽħŋĮƕħŐįĸȮ 

ŐĨƞŏĬŊŗŀĚěŅĔŏěĸŅĨŇĬŐĸŃȮPBAT ĴňėĺŅĴŏĮƦĬĕńŘĺĪňŗŐĨĔĨƞŅĚĔńĬĴŅĔȮŀŅěĪņŒľƟŏĔŇħĔŅĶįĽĴŏĕƟŅĔńĬœħƟœĴƞħňȮ

ěŉĚœħƟĴňĔŅĶŏĨŇĴȮPBAT ĪňŗĴňĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚȮőħĵěŃĬņȮPBAT ĴŅĔĶŅĲĨƢħƟĺĵĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ

&MA'Ȯ&PBAT+g+MA'ȮŏıŊŗŀĝƞĺĵĮĶńĭĮĶŋĚėĺŅĴŏĮƦĬĕńŘĺĕŀĚȮPBAT ŐĸŃĝƞĺĵŏıŇŗĴėĺŅĴŏĕƟŅĔńĬĶŃľĺƞŅĚ 

ŏěĸŅĨŇĬĔńĭȮPBAT  
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ĽņľĶńĭĺńĽħŋĮƕħŐįĸĬňŘĵńĚĴňėŋĦĽĴĭńĨŇľĸńĔĪňŗĨƟŀĚėņĬŉĚĩŉĚėŊŀȮĨƟŀĚĽŅĴŅĶĩħŌħĞńĭĕŀĚŏľĸĺľĶŊŀ

ĽŅĶėńħľĸńŗĚĪňŗŀŀĔěŅĔŐįĸœħƟħňŐĸŃĽŅĴŅĶĩĶŃĭŅĵŀŅĔŅĻŐĸŃėĺŅĴĝŊŘĬœħƟħňħƟĺĵȮŒĬĚŅĬĺŇěńĵĬňŘ 

ěŉĚœħƟĴňĔŅĶŏĨŇĴĽŅĶĔƞŀőĲĴȮ&Blowing agent'ȮĸĚœĮŏıŊŗŀĪņŒľƟįĸŇĨĳńĦĤƢĪňŗœħƟĴňĸńĔļĦŃĪňŗŏĮƦĬĶŌıĶŋĬȮ 

őħĵěŃĴňĔŅĶŏĸŊŀĔŒĝƟȮBlowing agent ĝĬŇħȮ4,4'+Oxydibenzenesulfonyl HydrazideȮľĶŊŀ OBSHȮ

ĞŉŗĚĴňėĺŅĴŏĮƦĬıŇļĪňŗĨŗņĴŅŒĝƟȮŐĸŃĽĴĭńĨŇŀňĔĮĶŃĔŅĶĪňŗĽņėńĠĕŀĚĺńĽħŋĮƕħŐįĸėŊŀĨƟŀĚĽŅĴŅĶĩĮƚŀĚĔńĬ 

ľĶŊŀĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŏĝŊŘŀěŋĸŇĬĪĶňĵƢĪňŗěŃĬņœĮĽŌƞĔŅĶŀńĔŏĽĭĕŀĚŐįĸœħƟȮħńĚĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘ 

ěŃĴňĔŅĶįĽĴĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌĞŉŗĚĴňĽĴĭńĨŇĨƟŅĬĪŅĬŏĝŊŘŀěŋĸŇĬĪĶňĵƢĭŅĚĝĬŇħœħƟȮY6[Ȯ 

őħĵěŅĔĔŅĶĻŉĔļŅĕŀĚȮBruna Fernanda Murbach Teles AndradeȮŐĸŃėĦŃȮY7[ȮıĭĺƞŅĬŘņĴńĬ

ĔŅĬıĸŌȮ&Clove'ȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬŏĝŊŘŀȮStaphylococcus aureusȮ&S,Ȯaureus'ȮŐĸŃŏĝŊŘŀȮ

Escherichia coliȮ&E,Ȯcoli'ȮœħƟėƞŀĬĕƟŅĚħňȮĞŉŗĚŏĝŊŘŀĪńŘĚȮ0ȮĝĬŇħĬňŘŏĮƦĬŏĝŊŘŀĪňŗĴńĔıĭŒĬĭĶŇŏĺĦĪňŗŏĔŇħŐįĸ 

ĞŉŗĚĽŅĴŅĶĩĬņœĮĽŌƞĔŅĶŀńĔŏĽĭľĶŊŀĔŅĶĨŇħŏĝŊŘŀĕŀĚŐįĸœħƟȮȮŐĸŃěŅĔĚŅĬĺŇěńĵĕŀĚŏŀĔıĽŇŇļģƢȮ[10] 

ĵńĚıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĬŘņĴńĬĔŅĬıĸŌĸĚŒĬıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŐĮƚĚŐĸŃœėőĨĞŅĬěŃĽƞĚįĸŒľƟ 

ĨńĺŀĵƞŅĚĪňŗœħƟĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĪńŘĚŐĔĶĴĭĺĔŐĸŃŐĔĶĴĸĭœħƟȮĶĺĴĩŉĚěŃŏıŇŗĴ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶĞŉĴįƞŅĬĕŀĚĬŘņŒĬĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴœħƟŀňĔħƟĺĵȮ 

ĽņľĶńĭŒĬĚŅĬĺŇěńĵĬňŘěŉĚŏĮƦĬĔŅĶĻŉĔļŅőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮ

PBAT ĽņľĶńĭĬņœĮŒĝƟĪŅĚĔŅĶŐıĪĵƢőħĵŏĨĶňĵĴŏĮƦĬĺńĽħŋĮƕħŐįĸȮőħĵĴňĔŅĶŏĨŇĴ PBAT+g+MA ŏıŊŗŀĝƞĺĵ

ŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮĶĺĴĩŉĚěŃĴňĔŅĶŏĨŇĴĬŘņĴńĬĔŅĬıĸŌŏıŊŗŀĝƞĺĵĪņľĬƟŅĪňŗ 

ŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚěŋĸŇĬĪĶňĵƢ 

 

 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵȮ&Objective of research' 

1,2,1ȮŏıŊŗŀĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮBlowing agent ĨƞŀĕĬŅħŏĞĸĸƢőĲĴȮėĺŅĴľĬŅŐĬƞĬȮ

ĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴŐĕŖĚȮĽĴĭńĨŇĔŅĶħŌħĞŉĴĬŘņȮŐĸŃėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ

ŏěĸŅĨŇĬŐĸŃȮPBAT 

1,2,2ȮŏıŊŗŀĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĬŘņĴńĬľŀĴĶŃŏľĵĨƞŀŏĞĸĸƢőĲĴȮėĺŅĴľĬŅŐĬƞĬȮ 

ĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴŐĕŖĚȮĽĴĭńĨŇĔŅĶħŌħĞŉĴĬŘņȮėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮŐĸŃĔŅĶĨƟŅĬŏĝŊŘŀěŋĸĝňı 

ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 
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 ĕŀĭŏĕĨĕŀĚĔŅĶĺŇěńĵȮ&Scope or delimitation of the study' 

1,3,1 ıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨȮ&PBAT'ȮĪňŗŒĝƟěŃŏĮƦĬŏĔĶħȮF Blend C1200  

ĝŊŗŀĪŅĚĔŅĶėƟŅėŊŀȮEcoflex®ȮėƞŅħńĝĬňĔŅĶœľĸȮ&Melt flow index'Ȯ0,5ȮůȮ2,7Ȯg-Ȯ10 min ŏĴŊŗŀĪħĽŀĭ

őħĵŒĝƟĬŘņľĬńĔĔħȮ0,/4ȮĔŇőĸĔĶńĴȮĪňŗŀŋĦľĳŌĴŇȮ/7.Ȯ°CȮŐĸŃĴňěŋħľĸŀĴŏľĸĺȮ//.Ȯ+Ȯ/0.Ȯ°CȮ 

1,3,2 ŏěĸŅĨŇĬŏĔĶħȮ03.Ȯbloom &Pork+skin collagen'ȮěŅĔĭĶŇļńĪȮŏėĴňĳńĦĤƢȮėŀĶƢĮŀŏĶĝńŗĬȮ

ěņĔńħ 

1,3,3 PBAT+g+MA ŏĮƦĬȮCompatibilizerȮěŃĪņĔŅĶħńħŐĮĶőėĶĚĽĶƟŅĚĕŀĚȮPBAT ħƟĺĵȮ

Maleic anhydride &MA'Ȯ 

1,3,4 Epoxidized soybean oil ĪňŗŒĝƟŒĬĚŅĬĺŇěńĵĴňĮĶŇĴŅĦȮOxirane 6,3 +Ȯ7,0#ȮěŅĔĭĶŇļńĪȮ

ŀŇĬőĬŏĺĝńŗĬȮŏĪėőĬőĸĵňȮěņĔńħȮŏıŊŗŀŒĝƟŏĮƦĬȮPlasticizer ĽņľĶńĭȮPBATȮőħĵěŃŏĨŇĴŒĬĮĶŇĴŅĦȮ0.Ȯphr 

1,3,5 Supercell EW &2*2'+Oxydibenzenesulfonyl Hydrazide, OBSH'ȮěŅĔĭĶŇļńĪȮ

A,F,SupercellȮŏıŊŗŀŒĝƟŏĮƦĬȮBlowing agentȮőħĵěŃŏĨŇĴŒĬĮĶŇĴŅĦȮ5 10 ŐĸŃȮ/3Ȯphr 

1,3,6 ĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌŏĮƦĬĽŅĶĨƟŅĬĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚěŋĸŇĬĪĶňĵƢȮěŅĔĭĶŇļńĪȮ

ŏėĴňĳńĦĤƢȮėŀĶƢĮŀŏĶĝńŗĬȮőħĵŏĨŇĴŒĬĮĶŇĴŅĦȮ/Ȯ1ȮŐĸŃȮ3Ȯphr 

 

 ĕńŘĬĨŀĬŒĬĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ 

/,2,/ȮĻŉĔļŅėƟĬėĺƟŅĕƟŀĴŌĸŏĭŊŘŀĚĨƟĬŒĬĔŅĶĪņĚŅĬĺŇěńĵ 

/,2,0ȮŀŀĔŐĭĭȮůȮĺŅĚŐįĬĔŅĶĪħĸŀĚȮŐĸŃěńħĞŊŘŀĽŅĶŏėĴň 

/,2,1ȮħņŏĬŇĬĚŅĬĨŅĴŐįĬĚŅĬĺŇěńĵȮőħĵŐĭƞĚŀŀĔŏĮƦĬȮ1ȮĨŀĬħńĚĬňŘ 

ĨŀĬĪňŗȮ/ȮĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪņĔŅĶŏĨĶňĵĴ

ŐįƞĬıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮĪňŗĽńħĽƞĺĬĔŅĶįĽĴȮ/..-.Ȯ5.-1.Ȯ4.-2.Ȯ3.-3.Ȯ

ŐĸŃȮ.-/..ȮĨŅĴĸņħńĭȮĽņľĶńĭŒĬĕńŘĬĨŀĬĬňŘěŃĪņĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴȮPBAT-g-MA ĞŉŗĚĪņľĬƟŅĪňŗ

ŏĮƦĬĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟȮ&compatibilizer) ĶŃľĺƞŅĚĺńĢĳŅėĕŀĚŏěĸŅĨŇĬŐĸŃȮPBATȮőħĵĴňĔŅĶŏĨŇĴȮ

PBAT-g-MAȮŒĬĮĶŇĴŅĦȮ0.Ȯ#ȮĕŀĚȮPBAT  
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ĨŀĬĪňŗȮ0ȮĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮBlowing agent ĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮĕŀĚőĲĴ

ĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪņĔŅĶŏĨĶňĵĴőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴȮĪňŗ

ĽńħĽƞĺĬĔŅĶįĽĴȮ/..-.Ȯ5.-1.Ȯ4.-2.Ȯ3.-3.ȮŐĸŃȮ.-/..ȮĨŅĴĸņħńĭȮŐĸŃĴňĔŅĶŏĨŇĴȮSupercell EW 

(2*2'-Oxydibenzenesulfonyl Hydrazide, OBSH)ȮŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬȮBlowing agentȮŒĬĽńħĽƞĺĬȮ3Ȯ

/.ȮŐĸŃȮ/3Ȯphr 

ĨŀĬĪňŗȮ1ȮĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮ

ĕŀĚőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪņĔŅĶŏĨĶňĵĴőĲĴĝňĺĳŅıěŅĔ 

ıŀĸŇŏĴŀĶƢįĽĴĪňŗĽńħĽƞĺĬĔŅĶįĽĴȮ3.-3.ȮĪňŗĴňĔŅĶŏĨŇĴȮOBSH /3Ȯphr ŐĸŃĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵ

ěŅĔĔŅĬıĸŌȮŒĬĽńħĽƞĺĬȮ/Ȯ1ȮŐĸŃȮ3Ȯphr 

 

 įĸĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

1,3,1 ĽŅĴŅĶĩŏĨĶňĵĴőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬĔńĭıŀĸŇĭŇĺĪŇĸňĬȮ 

ŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĶĨȮŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟĪŅĚĔŅĶŐıĪĵƢȮŏĝƞĬȮĺńĽħŋĮƕħŐįĸ 

1,3,2 ĪĶŅĭĩŉĚŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮBlowing agent ĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮĕŀĚőĲĴĝňĺĳŅı 

1,3,3 ĪĶŅĭĩŉĚŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮ 

ĕŀĚőĲĴĝňĺĳŅı 
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ĭĪĪňŗ 2 

ŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 ėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭŏěĸŅĨŇĬ 

ŏěĸŅĨŇĬŏĮƦĬőĮĶĨňĬĮĶŃŏĳĪľĬŉŗĚĪňŗœħƟĴŅěŅĔĔŅĶœŁőħĶœĸĞƢȮ&Hydrolysis'ȮĕŀĚėŀĸĸŅŏěĬȮ 

ĞŉŗĚıĭœħƟŒĬĽƞĺĬĕŀĚĔĶŃħŌĔȮŏĬŊŘŀŏĵŊŗŀŏĔňŗĵĺıńĬȮŐĸŃľĬńĚĕŀĚĽńĨĺƢĨƞŅĚŕȮĪńŘĚȮėĺŅĵȮľĴŌȮĺńĺȮŐĸŃĮĸŅȮ 

ĔŅĶŏĔŇħœŁőħĶœĸĞƢėŀĸĸŅŏěĬŒľƟĔĸŅĵŏĮƦĬŏěĸŅĨŇĬěŃĴňĔŅĶŒĝƟėĺŅĴĶƟŀĬȮĔĶħȮľĶŊŀħƞŅĚŒĬĔŅĶĵƞŀĵľĶŊŀ

ĽĸŅĵőĴŏĸĔŋĸŒľƟŏĸŖĔĸĚȮŏěĸŅĨŇĬĩŌĔĬņœĮŒĝƟŀĵƞŅĚŐıĶƞľĸŅĵŒĬľĸŅĔľĸŅĵŀŋĨĽŅľĔĶĶĴȮœħƟŐĔƞȮ

ŀŋĨĽŅľĔĶĶĴĵŅȮŏĝƞĬȮĽŅĶŏėĸŊŀĭŏĴŖħĵŅȮĽŅĶĨńŘĚĨƟĬŒĬĔŅĶįĸŇĨŐėĮĞŌĸĵŅȮŀŋĨĽŅľĔĶĶĴŏėĶŊŗŀĚĽņŀŅĚȮ

ŏĝƞĬȮŒĝƟŏĮƦĬĽŅĶĔƞŀŏěĸȮľĶŊŀŒĝƟŏĮƦĬĽŅĶĪņŒľƟŏĔŇħėĺŅĴėĚĨńĺŒĬĔŅĶįĸŇĨėĶňĴȮŐĸŃŀŋĨĽŅľĔĶĶĴŀŅľŅĶȮ

ŏĝƞĬȮŏĮƦĬĽŅĶŏėĸŊŀĭŒĬŀŅľŅĶŐĮĶĶŌĮȮĺńĨĩŋħŇĭŒĬĔŅĶįĸŇĨŐĵĴŐĸŃŏĵĸĸňŗȮŏĮƦĬĨƟĬ 

 ĔŅĶœŁőħĶœĸĞƢėŀĸĸŅŏěĬěŃĪņŒľƟŏĔŇħĔŅĶĽĸŅĵĕŀĚıńĬīŃĔĸŅĵŏĮƦĬőėĶĚĽĶƟŅĚĕŀĚŏěĸŅĨŇĬȮ

őħĵĽƞĺĬĮĶŃĔŀĭľĸńĔĕŀĚŏěĸŅĨŇĬĪňŗıĭėŊŀěŃĴňĸńĔļĦŃŏĮƦĬŏĔĸňĵĺȮȮh̡ȮŐĸŃȮȮɹChainȮŐĨƞŏěĸŅĨŇĬ 

ĪňŗœħƟěŃĴňőėĶĚĽĶƟŅĚĪŅĚŏėĴňėĸƟŅĵĔńĭėŀĸĸŅŏěĬȮŏĴŊŗŀĔĸŅĵŏĮƦĬŏěĸŅĨŇĬŐĸƟĺőėĶĚĽĶƟŅĚěŃĽŅĴŅĶĩ

ěńħŏĶňĵĚĨńĺœħƟĚƞŅĵĕŉŘĬȮĪņŒľƟŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬŏěĸŅĨŇĬěŃĴňĸńĔļĦŃėĸƟŅĵĔńĭŏěĸȮŐĸŃĔĸńĭĽŌƞĽĳŅı

ĕŀĚŐĕŖĚŏĴŊŗŀœħƟĶńĭėĺŅĴŏĵŖĬȮŒĬĕĦŃĪňŗŏĴŊŗŀĬņŏěĸŅĨŇĬœĮĸŃĸŅĵĬŘņěŃœħƟŏĮƦĬĽŅĶĸŃĸŅĵĪňŗĴňėĺŅĴľĬŊħĽŌĚ

Y//, /0[ 

2.1.1 őėĶĚĽĶƟŅĚĕŀĚŏěĸŅĨŇĬ 

 ŏěĸŅĨŇĬŏĮƦĬıŀĸŇŏĴŀĶƢĮĶŃŏĳĪőĮĶĨňĬȮĞŉŗĚěŃĮĶŃĔŀĭœĮħƟĺĵĔĶħŀŃĴŇőĬĝĬŇħĨƞŅĚŕȮĴŅĨƞŀĔńĬ

ħƟĺĵıńĬīŃŏıĮœĪħƢȮ&Peptide bond'ȮœħƟŐĔƞȮŀŃĸŅĬňĬȮŀŅĶƢěňĬňĬȮŐŀĽĮŅĨŇĔŐŀĞŇħȮĞňĽŏĨŀňĬȮĔĸŌĨŅĴŇĔȮ

ŐŀĞŇħȮœĔĸĞňĬȮŁňĽĨŇħňĬȮœŁħĶŀĔĞňœĸĞňĬȮœŁħĶŀĔĞňőıĶĸňĬȮœŀőĞĸŇĺĞňĬȮĸŇĺĞňĬȮœĸĞňĬȮŏĴœĪőŀĬňĬĲƖȮ 

ĬŇĸŀŃĸŅĬňĬȮőıĶĸňĬȮĞňĶňĬȮĪĶňőŀĬňĬȮĪĶŇĮőĨŐĲĬȮœĪőĶĞňĬȮŐĸŃĺŅĸňĬȮőħĵĽƞĺĬŒľĠƞĔĶħŀŃĴŇőĬĪňŗıĭ

ĴŅĔĪňŗĽŋħŒĬŏěĸŅĨŇĬėŊŀœĔĸĞňĬĴŅĔĪňŗĽŋħȮĶŀĚĸĚĴŅŏĮƦĬőıĶĸňĬȮŐĸŃœŁħĶŀĔĞňőıĶĸňĬĨŅĴĸņħńĭȮ 

ĞŉŗĚĔĶħŀŃĴŇőĬĪňŗıĭŒĬŏěĸŅĨŇĬĴňĸńĔļĦŃėĸƟŅĵĔńĭĪňŗıĭŒĬėŀĸĸŅŏěĬȮŐĽħĚőėĶĚĽĶƟŅĚħńĚĳŅıĪňŗȮ0,/Ȯ
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őħĵĔĶħŀŃĴŇőĬŐĨƞĸŃĨńĺěŃĩŌĔŏĝŊŗŀĴĨƞŀĔńĬħƟĺĵıńĬīŃŏıĮœĪħƢőħĵěŃĴňĸńĔļĦŃĭŇħŏĮƦĬŏĔĸňĵĺŏıŊŗŀŒľƟ

œŁőħĶŏěĬŏĝŊŗŀĴŀĵŌƞĶŃľĺƞŅĚĔĶĴŀŃĴŇőĬȮĪņŒľƟŏĔŇħőėĶĚĽĶƟŅĚŐĭĭŏĔĸňĵĺȮ 

 

ĳŅıĪňŗȮ0,/ȮőėĶĚĽĶƟŅĚĕŀĚŏěĸŅĨŇĬȮY/1[ 
 

 ŏěĸŅĨŇĬĪňŗĴňŐľĸƞĚĔņŏĬŇħŐĨĔĨƞŅĚĔńĬĔŖěŃĴňĽĴĭńĨŇĪňŗŐĨĔĨƞŅĚĔńĬħƟĺĵȮĞŉŗĚĽĴĭńĨŇħńĚĔĸƞŅĺ 

ěŃŏĮƦĬĽĴĭńĨŇėĺŅĴŐĕŖĚĕŀĚŏěĸȮőħĵėĺŅĴŐĕŖĚĕŀĚŏěĸěŃĕŉŘĬŀĵŌƞĔńĭĮĶŇĴŅĦĕŀĚőıĶĸňĬŐĸŃœŁħĶŀĔĞň+

œıĶĸňĬȮőıĶĸňĬěŃĴňľĬƟŅĪňŗĪņŒľƟőėĶĚĽĶƟŅĚȮTriple helix ĴňėĺŅĴŏĽĩňĵĶȮĽƞĺĬœŁħĶŀĔĞňőıĶĸňĬ 

ěŃĴňľĬƟŅĪňŗĪņŒľƟŏĽĩňĵĶ 

 ŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭĝĬŇħŐĸŃĮĶŇĴŅĦĕŀĚĔĶħŀŃĴŇőĬĕŀĚŏěĸŅĨŇĬěŅĔĮĸŅŏĪňĵĭĔńĭ 

ĔĶħŀŃĴŇőĬĕŀĚŏěĸŅĨŇĬěŅĔĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴȮıĭĺƞŅȮŏěĸŅĨŇĬěŅĔĮĸŅěŃĴňĮĶŇĴŅĦĔĶħŀŃĴŇőĬ 

ĝĬŇħĞňĶňĬŐĸŃĪĶňőŀĬŇĬĽŌĚĔĺƞŅȮŐĨƞěŃıĭĔĶħŀŃĴŇőĬĝĬŇħőıĶĸňĬŐĸŃœŁħĶŀĔĞňőıĶĸňĬĨŗņĔĺƞŅ 

ŏĴŊŗŀŏĪňĵĭĔńĭŏěĸŅĨŇĬěŅĔĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴȮĪņŒľƟŏěĸŅĨŇĬĪňŗœħƟěŅĔĮĸŅěŃĴňėĺŅĴėĚĨńĺŐĸŃ 

ĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĨŗņĔĺƞŅŏěĸŅĨŇĬĪňŗœħƟěŅĔĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴȮŐĸŃŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭ 

ŏěĸŅĨŇĬěŅĔĮĸŅĬŘņŏĵŖĬŐĸŃĮĸŅĬŘņŀŋƞĬěŃıĭĺƞŅȮŏěĸŅĨŇĬěŅĔĮĸŅĬŘņŏĵŖĬěŃĴňėĺŅĴėĚĨńĺĬƟŀĵĔĺƞŅ 

ŏĴŊŗŀŏĪňĵĭĔńĭŏěĸŅĨŇĬěŅĔĮĸŅĬŘņŀŋƞĬȮŏĬŊŗŀĚěŅĔĴňĮĶŇĴŅĦĔĶħŀŃĴŇőĬőıĶĸňĬŐĸŃœŁħĶŀĔĞňőıĶĸňĬ 

ĪňŗĨŗņĔĺƞŅȮħńĚĬńŘĬĽŅĴŅĶĩĔĸƞŅĺœħƟĺƞŅėŋĦĳŅıŐĸŃĽĴĭńĨŇĕŀĚŏěĸŅĨŇĬĪňŗœħƟěŃĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚŐľĸƞĚĪňŗĴŅȮ

ĶĺĴĩŉĚĽĳŅıŐĺħĸƟŀĴŐĸŃŀŋĦľĳŌĴŇĪňŗĽńĨĺƢŏľĸƞŅĬńŘĬŀŅĻńĵŀĵŌƞȮY/1[ 

2.1.2 ĮĶŃŏĳĪĕŀĚŏěĸŅĨŇĬ 

 ŏěĸŅĨŇĬĽŅĴŅĶĩŐĭƞĚĨŅĴĔĶŃĭĺĬĔŅĶľĶŊŀŐľĸƞĚĪňŗĴŅŒĬĔŅĶįĸŇĨŏěĸŅĨŇĬœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪȮ

œħƟŐĔƞŏěĸŅĨŇĬĝĬŇħŏŀȮŐĸŃŏěĸŅĨŇĬĝĬŇħĭňȮŏěĸŅĨŇĬĝĬŇħŏŀěŃŏĮƦĬŏěĸŅĨŇĬĪňŗĽĔńħĴŅěŅĔ 
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ĽƞĺĬĕŀĚĔĶŃħŌĔľĴŌȮŐĸŃľĬńĚĮĸŅȮŏĶŇŗĴěŅĔĔŅĶĬņėŀĸĸŅŏěĬěŅĔĔĶŃħŌĔľĴŌľĶŊŀľĬńĚĮĸŅĴŅĮĶńĭ 

ŒľƟĴňĽĳŅıŏĮƦĬĔĶħĪňŗĴňȮpH ĮĶŃĴŅĦȮ2ȮŐĸŃĴňĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗĮĶŃĴŅĦȮ3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮěĬŏħŊŀħȮ

ŒĬĕńŘĬĨŀĬĬňŘěŃŏĮƦĬĔŅĶĪņŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵĽĳŅıĕŀĚőĮĶĨňĬȮěŅĔĬńŘĬĽŅĶĸŃĸŅĵěŅĔėŀĸĸŅŏěĬĬňŘ 

ěŃĩŌĔĬņœĮĽĔńħŏıŊŗŀĬņĽƞĺĬĪňŗŏĮƦĬœĕĴńĬŀŀĔĴŅŐĸŃĪņĔŅĶĔĶŀĚȮŐĸƟĺěŃœĮĶŃŏľĵħƟĺĵŏėĶŊŗŀĚĶŃŏľĵ

ĽŌĠĠŅĔŅĻŏıŊŗŀŒľƟŏěĸŅĨŇĬĪňŗœħƟĴňėĺŅĴŏĕƟĴĕƟĬĴŅĔıŀŐĸŃĕńŘĬĨŀĬĽŋħĪƟŅĵěŃĬņœĮŀĭŒĬĨŌƟŀĭĸĴĶƟŀĬ

ŏıŊŗŀŒľƟŏěĸŅĨŇĬŐľƟĚȮŏěĸŅĨŇĬĝĬŇħĬňŘěŃĴňėƞŅėĺŅĴŐĕŖĚĕŀĚŏěĸȮ&Bloom strength'ȮĮĶŃĴŅĦȮ3.Ȯ+1..Ȯ

ĔĶńĴȮĽņľĶńĭŏěĸŅĨŇĬĝĬŇħĭňȮěŃĴňŐľĸƞĚĪňŗĴŅěŅĔľĬńĚŐĸŃĔĶŃħŌĔĕŀĚĺńĺȮŏĶŇŗĴĨƟĬěŅĔĔŅĶĬņėŀĸĸŅŏěĬ

ěŅĔľĬńĚľĶŊŀĔĶŃħŌĔĕŀĚĺńĺĴŅĪņŒľƟĴňĽĳŅıŏĮƦĬħƞŅĚȮőħĵħƞŅĚěŃĪņĔŅĶĵƞŀĵľĴŌƞŐĪĬĪňŗĳŅĵŒĬőėĶĚĽĶƟŅĚ

ĕŀĚĔĶħŀŃĴŇőĬĝĬŇħŐŀĽıŅĶŅěňĬŐĸŃĔĸŌĨŅĴňĬŒľƟĔĸŅĵŏĮƦĬĔĶħŐŀĽıŅĨŇĔŐĸŃĔĶħĔĸŌĨŅĴŇĔĨŅĴĸņħńĭȮ

ěŅĔĬńŘĬěŃĪņĔŅĶĸƟŅĚħƞŅĚŐĸŃŏĔĸŊŀĪňŗŏĔŇħĕŉŘĬŀŀĔħƟĺĵĺŇīňĔŅĶŐĸĔŏĮĸňŗĵĬĮĶŃěŋȮŐĸƟĺěŃĬņœĮĵƞŀĵĨƞŀ 

ħƟĺĵĔĶħŐĸŃĪņŒľƟĴňėƞŅȮpH ĨŅĴĪňŗĨƟŀĚĔŅĶȮĞŉŗĚėƞŅȮpH ĬňŘěŃĽƞĚįĸĨƞŀėĺŅĴľĬŊħŐĸŃėĺŅĴŐĕŖĚ 

ĕŀĚŏěĸĕŀĚŏěĸŅĨŇĬĪňŗĽĔńħœħƟȮěŅĔĬńŘĬėŀĸĸŅŏěĬěŃĩŌĔĬņœĮĨƟĴŏıŊŗŀŒľƟĔĸŅĵŏĮƦĬŏěĸŅĨŇĬŐĸŃĩŌĔĬņ 

ŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶįĸŇĨŏĝƞĬŏħňĵĺĔńĭĔŅĶįĸŇĨŏěĸŅĨŇĬĝĬŇħŏŀĨƞŀœĮȮőħĵĪňŗŏěĸŅĨŇĬĝĬŇħĬňŘěŃĴň 

ėƞŅėĺŅĴŐĕŖĚĕŀĚŏěĸĮĶŃĴŅĦȮ3.Ȯ+0..ȮĔĶńĴȮY/0, /1[ 

2.1.3 ĽĴĭńĨŇĕŀĚŏěĸŅĨŇĬ 

ŏěĸŅĨŇĬŏĮƦĬĕŀĚŐĕŖĚőĮĶƞĚŐĽĚȮœĴƞĴňĽňěĬĩŉĚĽňŏľĸŊŀĚŀƞŀĬȮĽĴĭńĨŇĕŀĚŏěĸŅĨŇĬĴňħńĚĨƞŀœĮĬňŘ 

1. ĔŅĶĸŃĸŅĵȮ8ȮŏěĸŅĨŇĬĽŅĴŅĶĩĸŃĸŅĵœħƟŒĬĬŘņĶƟŀĬŐĨƞěŃĨƟŀĚĴňŀŋĦľĳŌĴŇœĴƞŏĔŇĬȮ 

4.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĬŊŗŀĚěŅĔĪňŗŀŋĦľĳŌĴŇĽŌĚŀŅěĪņŒľƟŏěĸŅĨŇĬŏĔŇħĔŅĶŏĽňĵĽĳŅıœħƟȮ 

ĞŉŗĚěŃĽƞĚĪņŒľƟĽĴĭńĨŇĕŀĚŏěĸŅĨŇĬŏĮĸňŗĵĬŐĮĸĚœĮȮőħĵŏěĸŅĨŇĬĽŅĴŅĶĩĸŃĸŅĵŒĬĬŘņŏĵŖĬ 

œħƟŏıňĵĚĭŅĚĽƞĺĬŏĪƞŅĬńŘĬȮĬŀĔěŅĔĬňŘŏěĸŅĨŇĬĵńĚĽŅĴŅĶĩĸŃĸŅĵœħƟŒĬĔĶħŐŀĞňĨŇĔȮ&Acetic acid'ȮŐĨƞěŃ

œĴƞĽĴŅĶĩĸŃĸŅĵŒĬŀňŏĪŀĶƢȮ&Ether'ȮėĸŀőĶĲŀĶƢĴȮ&Chloroform'ȮŐĸŃŏŀĪŅĬŀĸȮ76ȮŏĮŀĶƢŏĞŖĬĨƢȮ

&Ethanol 76#'ȮY/1[ 

2. ĽĴĭńĨŇĪŅĚŏėĴňĔŅĵĳŅıĕŀĚŏěĸŅĨŇĬȮ8ȮĽņľĶńĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĔŇħŏěĸŐĸŃĽĴĭńĨŇ 

ŒĬĔŅĶľĸŀĴŏľĸĺĕŀĚŏěĸŅĨŇĬĕŉŘĬŀĵŌƞĔńĭėĺŅĴĵŅĺĕŀĚĽŅĵőĞƞȮĝĬŇħŐĸŃĮĶŇĴŅĦĕŀĚĔĶħŀŃĴŇőĬȮĶĺĴĩŉĚ

ĽńħĽƞĺĬĶŃľĺƞŅĚȮ+hChain ĨƞŀȮ+̡ChainȮĳŅĵŒĬőėĶĚĽĶƟŅĚĕŀĚŏěĸŅĨŇĬȮŏěĸŅĨŇĬĵńĚĽŅĴŅĶĩŏĔŇħŏĮƦĬ
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ĲŀĚľĶŊŀŀŇĴńĸĝńŗĬœħƟȮĬŀĔěŅĔĬňŘĵńĚĴňĽĴĭńĨŇŏĮƦĬĽŅĶĸħĶĚĨŉĚįŇĺȮŐĸŃĪņľĬƟŅĪňŗŏĮƦĬŀŇĴńĸĞŇœĲŏŀŀĶƢȮŒĬĶŃĭĭȮ

Oil+In+WaterȮœħƟŀňĔħƟĺĵȮY/2[ 

+ȮĽĴĭńĨŇĪŅĚħƟŅĬĔŅĶœľĸȮ&Rheological properties'Ȯ8ȮŏěĸĪňŗŏĔŇħěŅĔŏěĸŅĨŇĬ 

ěńħŏĮƦĬŏěĸĮĶŃŏĳĪĪŅĚĔŅĵĳŅıȮ&Physical gel'ȮŏĬŊŗŀĚěŅĔŐĶĚħŉĚħŌħĶŃľĺƞŅĚĽŅĵőĞƞĕŀĚŏěĸ 

ŏěĸŅĨŇĬĬňŘěŃŏĮƦĬŐĶĚŐĺĬŏħŀĶƢĺŅĸľĶŊŀıńĬīŃœŁőħĶŏěĬȮĪņŒľƟľĸńĚěŅĔĔŅĶŏĔŇħĔŅĶľĸŀĴĸŃĸŅĵĕŀĚ

ŏěĸŏěĸŅĨŇĬħƟĺĵėĺŅĴĶƟŀĬŏěĸŏěĸŅĨŇĬĽŅĴŅĶĩėŊĬĽŌƞĽĳŅıŏħŇĴœħƟ 

+ȮĽĴĭńĨŇĔŅĶŏĔŇħĲƕĸƢĴȮ&Film+forming properties'Ȯ8ȮŏěĸŅĨŇĬĩŌĔĬņĴŅŒĝƟĚŅĬ 

ŒĬĶŌĮŐĭĭĕŀĚĲƕĸƢĴŀĵƞŅĚĔĺƟŅĚĕĺŅĚŏıŊŗŀĝƞĺĵĵŊħŀŅĵŋĕŀĚŀŅľŅĶȮŐĨƞŏĬŊŗŀĚěŅĔŏěĸŅĨŇĬ 

ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħėĺŅĴĝŊŘĬœħƟħňȮĪņŒľƟŏĴŊŗŀĬņœĮŒĝƟĚŅĬĴňőŀĔŅĽĪňŗěŃŏĔŇħĔŅĶĭĺĴĨńĺ 

ĕŀĚĲƕĸƢĴœħƟȮěŉĚĴňĔŅĶŏĨŇĴȮCrosslinkȮagentȮŏıŊŗŀĪņŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħėĺŅĴĝŊŘĬĕŀĚ 

ŏěĸŅĨŇĬĸħĸĚȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶŏĨŇĴĽŅĶȮAntimicrobial ľĶŊŀȮAntioxidant ĸĚœĮŏıŊŗŀĝƞĺĵŏıŇŗĴĽĴĭńĨŇ

ŒĬĔŅĶįĸŇĨŏĮƦĬĲƕĸƢĴěŅĔŏěĸŅĨŇĬȮY/3, /4[ Ȯ 

2.1.4 ĮĶŃőĵĝĬƢĕŀĚŏěĸŅĨŇĬ 

 ěŅĔĪňŗœħƟĔĸƞŅĺœĮĕƟŅĚĨƟĬĩŉĚĽĴĭńĨŇĕŀĚŏěĸŅĨŇĬȮěŃŏľŖĬœħƟĺƞŅŏěĸŅĨŇĬĽŅĴŅĶĩĬņœĮŒĝƟĮĶŃőĵĝĬƢ

œħƟŒĬľĸŅĔľĸŅĵŀŋĨĽŅľĔĶĶĴȮŏĬŊŗŀĚěŅĔŏěĸŅĨŇĬĽŅĴŅĶĩĝƞĺĵŏıŇŗĴėĺŅĴĵŊħľĵŋƞĬȮȮėĺŅĴĕƟĬľĬŊħȮ 

ŐĸŃėĺŅĴėĚĨńĺŒĬįĸŇĨĳńĦĤƢĭŅĚĮĶŃŏĳĪœħƟȮĨńĺŀĵƞŅĚŏĝƞĬȮŏĮƦĬĽƞĺĬĮĶŃĔŀĭŒĬĕĬĴȮőĵŏĔŇĶƢĨȮŐĸŃ

œŀĻĔĶňĴȮŏĮƦĬĨƟĬȮĬŀĔěŅĔŀŋĨĽŅľĔĶĶĴŏĔňŗĵĺĔńĭŀŅľŅĶŐĸƟĺŏěĸŅĨŇĬĵńĚĩŌĔŒĬœĮŒĝƟŒĬŀŋĨĽŅľĔĶĶĴĵŅȮ

ŏĝƞĬȮĔŅĶĬņœĮŏėĸŊŀĭŏĴŖħĵŅȮľĶŊŀĔŅĶĬņœĮįĸŇĨŏĮƦĬŐėĮĞŌĸĽņľĶńĭĭĶĶěŋĵŅȮY/1[ 

 

 ėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭıŀĸŇĭŇĺĪňĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨȮ&Polybutylene adipate+

co+terephthalate, PBAT'Ȯ 

Polybutylene adipate+co+terephthalateȮľĶŊŀȮPBATȮŏĮƦĬőėıŀĸŇŏĴŀĶƢŐĭĭĽŋƞĴĪňŗĴňĽĴĭńĨŇ

ĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıȮPBAT ŏĮƦĬőėıŀĸŇŏŀĽŏĪŀĶƢĝĬŇħľĬŉŗĚĪňŗŏĨĶňĵĴěŅĔĔĶħŀŃħŇıŇĔȮ

&adipic acid', /,2+ĭŇĺŏĪĬœħŀŀĸȮ&/,2+butanediol'ȮŐĸŃȮdimethyl terephthalate Ȯ 

PBAT įĸŇĨœħƟěŅĔľĸŅĵĭĶŇļńĪȮőħĵȮPBAT ŏĮƦĬĪňŗĶŌƟěńĔŒĬĝŊŗŀĪŅĚĔŅĶėƟŅȮŏĝƞĬȮEcoflex®,ȮWango, 
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Ecoworld, Easter Bio ŐĸŃȮOrigo+Bi ŏĮƦĬĨƟĬȮPBAT ĴňĽĴĭńĨŇĪńŗĺœĮėĸƟŅĵĔńĭıŀĸŇŏŀĪŇĸňĬĝĬŇħėĺŅĴ

ľĬŅŐĬƞĬĨŗņȮ&Low density polyethylene* LDPE'ȮėŊŀĴňĸńĔļĦŃĪňŗĵŊħľĵŋƞĬȮěŉĚĬņœĮŒĝƟ 

ŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗėĸƟŅĵĔńĭĔŅĶįĸŇĨȮLDPEȮŏĝƞĬȮĩŋĚıĸŅĽĨŇĔŐĸŃıĸŅĽĨŇĔĪňŗŒĝƟŒĬĔŅĶľƞŀľŋƟĴȮŏĮƦĬ

ĨƟĬȮőėĶĚĽĶƟŅĚĕŀĚıŀĸŇŏĴŀĶƢȮPBAT ŐĽħĚħńĚĳŅıĪňŗȮ2,2ȮěŅĔĳŅıěŃŏľŖĬĺƞŅȮPBAT ĴňĸńĔļĦŃ 

ŏĮƦĬĭĸŖŀĔőėıŀĸŇŏĴŀĶƢĪňŗœħƟĴŅěŅĔĔŅĶĽĶƟŅĚıńĬīŃŏĝŊŗŀĴĔńĬĶŃľĺƞŅĚĭĸŖŀĔőėıŀĸŇŏĴŀĶƢȮ0ȮĭĸŖŀĔ 

ŏĕƟŅħƟĺĵĔńĬȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴőėĶĚĽĶƟŅĚĪňŗŐĪƟěĶŇĚĵńĚėĚŏĮƦĬőėıŀĸŇŏĴŀĶƢŐĭĭĽŋƞĴȮY/5[ 

 

 
ĳŅıĪňŗȮ0,0ȮőėĶĚĽĶƟŅĚĕŀĚıŀĸŇŏĴŀĶƢȮPBATȮY/5[ 

 

PBAT ŏĮƦĬőėıŀĸŇŏĴŀĶƢŐĭĭĽŋƞĴȮĴňěŋħľĸŀĴŏľĸĺĪňŗĔĺƟŅĚȮėƞŅőĴħŌĸńĽŐĸŃėĺŅĴŐĕŖĚĨŗņȮ 

ŐĨƞĴňėĺŅĴĵŊħľĵŋƞĬŐĸŃėĺŅĴŏľĬňĵĺĽŌĚȮőħĵĽĴĭńĨŇĪńŗĺœĮĕŀĚȮPBAT ěŃŐĽħĚŒĬĨŅĶŅĚĪňŗȮ0,/ȮY/6[ 

ĨŅĶŅĚĪňŗȮ0,/ȮĽĴĭńĨŇĪńŗĺœĮĕŀĚıŀĸŇĭŇĺĪňĸňĬŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨȮY/6[ 

ĽĴĭńĨŇ ėƞŅ 

ėĺŅĴľĬŅŐĬƞĬȮ&g-ml' 1,25+1,27 

ěŋħľĸŀĴŏľĸĺȮ&ďA' 110+120 

Tensile strength &MPa' 35+44 

#ȮElongation 560+700 

ĔŅĶĞŉĴįƞŅĬĕŀĚŀŀĔĞŇŏěĬȮ&cc-m2-day' 1600 

ĔŅĶĞŉĴįƞŅĬĕŀĚėĺŅĴĝŊŘĬȮ&cc·mm-m2·24hr·atm' 140 

Melt flow &g-10min' 2,7+4,9 
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 ėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭĺńĽħŋĮƕħŐįĸȮ(Wound dressing)ȮY/, /7[ 

 ŒĬĮƤěěŋĭńĬĔŅĶŏĔŇħĭŅħŐįĸŏĮƦĬŏĶŊŗŀĚĪňŗœĴƞĽŅĴŅĶĩľĸňĔŏĸňŗĵĚœħƟȮĪńŘĚĭŅħŐįĸěŅĔŀŋĭńĨŇŏľĨŋľĶŊŀ

ĭŅħŐįĸěŅĔĔŅĶĶńĔļŅȮŏĝƞĬȮĭŅħŐįĸįƞŅĨńħȮŐĸŃĭŅħŐįĸěŅĔőĶėŏĶŊŘŀĶńĚȮŏĮƦĬĨƟĬȮ 

ĔŅĶħŌŐĸĶńĔļŅĭŅħŐįĸĪňŗŏĔŇħĕŉŘĬěŉĚŏĮƦĬŏĶŊŗŀĚĽņėńĠȮĮƤěěńĵŒĬĔŅĶħŌŐĸĶńĔļŅĭŅħŐįĸĪňŗĽņėńĠ 

ĮĶŃĔŅĶľĬŉŗĚȮėŊŀȮĔŅĶŏĸŊŀĔŒĝƟĺńĽħŋĮƕħŐįĸŒľƟŏľĴŅŃĽĴĔńĭĸńĔļĦŃĕŀĚĭŅħŐįĸĪňŗŏĔŇħĕŉŘĬȮŏıŊŗŀĮƚŀĚĔńĬ

ŏĝŊŘŀőĶėěŅĔĳŅĵĬŀĔŏĕƟŅĽŌƞŐįĸȮĶĺĴĩŉĚĺńĽħŋĮƕħŐįĸĪňŗŏľĴŅŃĽĴěŃĝƞĺĵĶńĔļŅĭŅħŐįĸŒľƟľŅĵœħƟŏĶŖĺĕŉŘĬȮ

ĽņľĶńĭĺńĽħŋĪňŗĬņĴŅĮƕħŐįĸěņŏĮƦĬĨƟŀĚĴňĽĴĭńĨŇĪňŗĽņėńĠħńĚĬňŘ 

1. ĽŅĴŅĶĩħŌħĞńĭĽŅĶėńħľĸńŗĚȮŏĝƞĬȮŏĸŊŀħȮľĶŊŀĬŘņŏľĸŊŀĚĪňŗŀŀĔĴŅěŅĔŐįĸœħƟħň 

2. ĬŘņĽŅĴŅĶĩĞŉĴįƞŅĬœħƟȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĬƞŅŏĮƘƧŀĵĕŀĚŐįĸŏĬŊŗŀĚěŅĔĔŅĶĴňėĺŅĴĝŊŘĬĽŌĚ 

3. ĽŅĴŅĶĩėĺĭėŋĴĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽœħƟȮĞŉŗĚŐĔƠĽŀŀĔĞŇŏěĬŏĮƦĬŐĔƠĽĪňŗĽņėńĠĪňŗěŃĝƞĺĵ 

ŒľƟŐįĸĽŅĴŅĶĩľŅĵœħƟœĺĕŉŘĬ 

4. ĽŅĴŅĶĩĮƚŀĚĔńĬŏĝŊŘŀőĶėŏĕƟŅĽŌƞŐįĸœħƟ 

5. ĽŅĴŅĶĩĶńĔļŅĽĳŅĺŃĪńŘĚŀŋĦľĳŌĴŇȮŐĸŃėĺŅĴŏĮƦĬĔĶħ+ħƞŅĚĕŀĚŐįĸœħƟ 

6. ĴňėĺŅĴŏĕƟŅĔńĬœħƟĔńĭįŇĺľĬńĚȮőħĵœĴƞĔƞŀŒľƟŏĔŇħĔŅĶŐıƟĶŃėŅĵŏėŊŀĚȮŐĸŃœĴƞŏĮƦĬıŇļĨƞŀŏĞĸĸƢ 

7. œĴƞĨŇħĔńĭŐįĸȮĞŉŗĚěŃĽƞĚįĸĪņŒľƟŏĴŊŗŀĬņĺńĽħŋĮƕħŐįĸŀŀĔŀŅěŏĔŇħĔŅĶĭŅħŏěŖĭŒĬĕĦŃ 

ĔŅĶŏĮĸňŗĵĬĺńĽħŋĮƕħŐįĸ 

8. ĽŅĴŅĶĩŒĝƟœħƟĬŅĬȮœĴƞěņŏĮƦĬĨƟŀĚŏĮĸňŗĵĬĭƞŀĵȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħĔŅĶĭŅħŏěŖĭȮĶĺĴĩŉĚ 

ĽŇŗĚĽĔĮĶĔŐĸŃŏĝŊŘŀőĶėŏĕƟŅĽŌƞĭŅħŐįĸŒĬĶŃľĺƞŅĚĔŅĶŏĮĸňŗĵĬĺńĽħŋĮƕħŐįĸȮ 

9. ĴňėĺŅĴĵŊħľĵŋƞĬȮĽŅĴŅĶĩĮĶńĭŏĕƟŅĔńĭĶŌĮĪĶĚĕŀĚĶƞŅĚĔŅĵĭĶŇŏĺĦĪňŗŏĔŇħŐįĸœħƟ 

10. ĴňĶŅėŅœĴƞĽŌĚĴŅĔĬńĔȮŏĬŊŗŀĚěŅĔĺńĽħŋĮƕħŐįĸŏĮƦĬĺńĽħŋĪňŗŒĝƟŐĸƟĺĪŇŘĚŐĸŃŀŅěěņŏĮƦĬĨƟŀĚŏĮĸňŗĵĬ

ľĸŅĵėĶńŘĚĔĺƞŅĪňŗŐįĸěŃľŅĵ 

ĽņľĶńĭĺńĽħŋĮƕħŐįĸĪňŗŒĝƟŒĬĮƤěěŋĭńĬĽŅĴŅĶĩŐĭƞĚŏĮƦĬĮĶŃŏĳĪĨƞŅĚŕȮœħƟħńĚĬňŘ 

1. įƟŅĔƠŀĞȮ&Gauze'ȮŏĮƦĬĺńĽħŋĮƕħŐįĸĪňŗĪņĴŅěŅĔįƟŅİƚŅĵȮŏĮƦĬŀŋĮĔĶĦƢıŊŘĬģŅĬĪňŗŒĝƟŒĬĔŅĶ

ĮƕħŐįĸȮĪňŗĴňĶŅėŅĩŌĔȮĽŅĴŅĶĩľŅĞŊŘŀœħƟĚƞŅĵȮŐĸŃŒĝƟĚŅĬĚƞŅĵȮŐĨƞĴňĕƟŀŏĽňĵėŊŀȮŏĬŊŗŀĚěŅĔĺńĽħŋĮƕħŐįĸ

ĮĶŃŏĳĪĬňŘĴňėĺŅĴĽŅĴŅĶĩħŌħĞńĭĽŅĶėńħľĸńŗĚœħƟĮŅĬĔĸŅĚȮĶĺĴĩŉĚĔŅĶĶŃĭŅĵėĺŅĴĝŊŘĬœħƟœĴƞėƞŀĵħňȮĪņŒľƟ

ěņŏĮƦĬĨƟŀĚŏĮĸňŗĵĬĺńĽħŋĮƕħŐįĸĭƞŀĵȮħńĚĬńŘĬőŀĔŅĽĪňŗŏĝŊŘŀőĶėěŅĔĳŅĵĬŀĔěŃŏĕƟŅĽŌƞŐįĸȮľĶŊŀ 
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ĔŅĶĭŅħŏěŖĭĶŃľĺƞŅĚĔŅĶŏĮĸňŗĵĬĺńĽħŋĮƕħŐįĸěŉĚŏĔŇħœħƟĽŌĚȮĬŀĔěŅĔĬňŘįƟŅĔƠŀĞĴňĸńĔļĦŃĪňŗŏĮƦĬ 

ĨŅĕƞŅĵŏĽƟĬŒĵĪņŒľƟĨŇħĔńĭŐįĸœħƟħňȮŒĬĶŃľĺƞŅĚĔŅĶĪņŐįĸĪňŗěŃĨƟŀĚĴňĔŅĶĔŅĶħŉĚįƟŅĔƠŀĞ 

ŀŀĔŀŅěĪņŒľƟŏĔŇħėĺŅĴĭŅħŏěŖĭŐĔƞįŌƟĮƙĺĵœħƟĽŌĚ 

2. ŐįƞĬĲƕĸƢĴȮ&Film'ȮŏĮƦĬĺńĽħŋĮƕħŐįĸĪňŗĴňĸńĔļĦŃŏĶňĵĭĭŅĚȮĴňėĺŅĴŒĽȮĽŅĴŅĶĩĴŀĚĪŃĸŋ 

įƞŅĬœħƟȮĔńĬĬŘņȮŐĸŃĵŀĴŒľƟėĺŅĴĝŊŘĬĶŃŏľĵœħƟŏĸŖĔĬƟŀĵȮĺńĽħŋĮƕħŐįĸĮĶŃŏĳĪĬňŘěŉĚĽŅĴŅĶĩĝƞĺĵĶńĔļŅ

ėĺŅĴĝŊŘĬĕŀĚŐįĸœħƟħňȮĬŇĵĴŒĝƟĔńĭŐįĸįƞŅĨńħȮľĶŊŀŐįĸĪňŗĴňĔŅĶŏĵŖĭȮŏĬŊŗŀĚěŅĔĴňĸńĔļĦŃŏĮƦĬĲƕĸƢĴĭŅĚ 

ěŉĚœĴƞĽŅĴŅĶĩħŌħĞńĭĽŅĶėńħľĸńŗĚĪňŗŀŀĔĴŅěŅĔŐįĸœħƟħňĬńĔȮŐĨƞľŅĔĨƟŀĚĔŅĶŒĝƟĔńĭŐįĸĪňŗĴňĽŅĶėńħľĸńŗĚœľĸ

ŀŀĔĴŅĽŅĴŅĶĩĬņœĮŒĝƟĶƞĺĴĔńĭįƟŅĔƠŀĞőħĵěŃĮƕħĪńĭħƟŅĬĭĬȮŏıŊŗŀŒľƟįƟŅĔƠŀĞĪņľĬƟŅĪňŗŏĮƦĬĨńĺħŌħĞŉĴĽŅĶ 

ėńħľĸńŗĚœħƟȮĕƟŀŏĽňĵĕŀĚĺńĽħŋĮƕħŐįĸĝĬŇħĬňŘėŊŀěŃĨŇħĔńĭŐįĸœħƟȮŏĴŊŗŀĴňĔŅĶħŉĚĺńĽħŋĮƕħŐįĸŀŀĔŒĬĶŃľĺƞŅĚĪňŗĴň 

ĔŅĶĸƟŅĚŐįĸŀŅěĪņŒľƟŏĔŇħĔŅĶĭŅħŏěŖĭœħƟȮ 

3. įƟŅĨŅĕƞŅĵȮ&Tulles'ȮŏĮƦĬĺńĽħŋĮƕħŐįĸĪňŗĴňĔŅĶıńĥĬŅĴŅěŅĔįƟŅĔƠŀĞȮėŊŀěŃœĴƞĴňĽƞĺĬĕŀĚ 

ŏĽƟĬŒĵĪňŗĽŅĴŅĶĩĨŇħŐįĸœħƟȮĪņŒľƟĽŅĴŅĶĩĝƞĺĵĸħĔŅĶĭŅħŏěŖĭěŅĔĔŅĶŒĝƟĚŅĬœħƟľĸńĚěŅĔĪňŗħŉĚ 

ĺńĽħŋĮƕħŐįĸĬňŘŀŀĔȮĬŀĔěŅĔĬňŘįƟŅĨŅĕƞŅĵĵńĚĽŅĴŅĶĩħŌħĞńĭĽŅĶėńħľĸńŗĚœħƟȮőħĵĺńĽħŋĮƕħŐįĸĮĶŃŏĳĪĬňŘěŃ

ŏľĴŅŃĔńĭŐįĸĪňŗĨŊŘĬŐĸŃĴňĮĶŇĴŅĦĽŅĶėńħľĸńŗĚœĴƞĴŅĔĬńĔ 

4. œŁőħĶŏěĸȮ&Hydrogel'ȮĺńĽħŋĮƕħŐįĸĮĶŃŏĳĪĬňŘěŃĴňĔŅĶŏėĸŊŀĭœŁőħĶŏěĸľĶŊŀĽŅĶ

ĮĶŃĔŀĭıŀĸŇŏĴŀĶƢĪňŗĮĶŃĔŀĭœĮħƟĺĵĔĸňŏĞŀĶňĬľĶŊŀȮWater+based gelsȮĪňŗĴňĪńŘĚĸńĔļĦŃĪňŗŏĮƦĬŐįƞĬ

ŐĸŃŏĮƦĬŏěĸȮőħĵĽƞĺĬŒľĠƞěŃŏĨĶňĵĴěŅĔĽŅĶĮĶŃĔŀĭėŅĶƢőĭœŁŏħĶĨőĴŏĸĔŋĸŒľĠƞȮĪņŒľƟĽŅĴŅĶĩ 

ĝƞĺĵŏıŇŗĴėĺŅĴĝŋƞĴĝŊŘĬŐĔƞŐįĸœħƟŐĸŃœĴƞĨŇħĔńĭĭŅħŐįĸȮĪņŒľƟœĴƞĔƞŀŒľƟŏĔŇħĔŅĶĭŅħŏěŖĭŒĬĶŃľĺƞŅĚ 

ĔŅĶŒĝƟĚŅĬȮĺńĽħŋĮƕħŐįĸœŁőħĶŏěĸŏľĴŅŃĔńĭŐįĸĪňŗœĴƞĸŉĔĴŅĔȮŐįĸĪňŗŐľƟĚȮŐĸŃŐįĸĴňĽŅĶėńħľĸńŗĚŏĸŖĔĬƟŀĵ 

5. ŐįƞĬőĲĴȮ&Foam'ȮĺńĽħŋĮƕħŐįĸĮĶŃŏĳĪŐįƞĬőĲĴĬňŘĽƞĺĬŒľĠƞĪņĴŅěŅĔıŀĸŇĵŌĶňŏĪĬȮ 

ěŃĴňĸńĔļĦŃŏĮƦĬŐįƞĬȮĴňĽĴĭńĨŇŏħƞĬėŊŀĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞńĭĽŅĶėńħľĸńŗĚœħƟħňŏĬŊŗŀĚěŅĔĴňėĺŅĴŏĮƦĬ

ĶŌıĶŋĬĽŌĚȮĽŅĴŅĶĩŒĝƟœħƟĔńĭĪńŘĚŐįĸĪňŗĨŊŘĬŐĸŃŐįĸĪňŗĸŉĔȮŐĨƞěŃœĴƞŏľĴŅŃĔńĭŐįĸĪňŗĴňėĺŅĴŐľƟĚ  

6. œŁőħĶėŀĸĸŀĵħƢȮ&Hydrocolloid'ȮŏĮƦĬĺńĽħŋĮƕħŐįĸĪňŗĴňĪńŘĚĸńĔļĦŃŏĮƦĬĵŅĮƚŅĵȮįĚȮ

ľĶŊŀŐįƞĬȮĽƞĺĬŒľĠƞěŃĮĶŃĔŀĭħƟĺĵȮGelatin, Pectin ŐĸŃȮCarboxymethycelluloseȮĴňĽĴĭńĨŇ 

ħŌħĞńĭĕŀĚŏľĸĺœħƟŏĸŖĔĬƟŀĵȮœĴƞĵŀĴŒľƟŀŅĔŅĻŐĸŃėĺŅĴĝŊŘĬįƞŅĬœħƟȮŐĸŃĝƞĺĵĔńĔŏĔŖĭėĺŅĴĝŋƞĴĝŊŗĬĕŀĚŐįĸ

œħƟȮőħĵĽŅĴŅĶĩĪņŒľƟĴňĸńĔļĦŃĶŌĮĶƞŅĚĨƞŅĚŕȮœħƟĨŅĴĸńĔļĦŃĕŀĚĭŅħŐįĸȮŏľĴŅŃĽņľĶńĭŐįĸĩĸŀĔȮ
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ľĶŊŀŐįĸĨŊŘĬŕȮŐĨƞŏĬŊŗŀĚěŅĔĺńĽħŋĮƕħŐįĸĮĶŃŏĳĪĬňŘĴňĽĴĭńĨŇħŌħĞńĭĕŀĚŏľĸĺœħƟĬƟŀĵěŉĚœĴƞŏľĴŅŃĔńĭŐįĸ 

ĪňŗĴňĽŅĶėńħľĸńŗĚĮĶŇĴŅĦĴŅĔȮ 

7. AlginatesȮŏĮƦĬĺńĽħŋĮƕħŐįĸĪňŗįĸŇĨĴŅěŅĔĽŅĶĽĔńħĕŀĚĽŅľĶƞŅĵŐĸŃĽŅľĶƞŅĵĽňĬŘņĨŅĸȮ 

ĴňĽĴĭńĨŇŏħƞĬėŊŀĽŅĴŅĶĩħŌħĞńĭĕŀĚŏľĸĺœħƟĽŌĚĴŅĔȮěŉĚŏľĴŅŃĽņľĶńĭĭŅħŐįĸĪňŗĴňĮĶŇĴŅĦĽŅĶėńħľĸńŗĚ

ŏĵŀŃŕȮŐĨƞěŃœĴƞŏľĴŅŃĔńĭŐįĸŐľƟĚȮŏĬŊŗŀĚěŅĔĺńĽħŋĮƕħŐįĸĮĶŃŏĳĪĬňŘěŃĨŇħĔńĭŐįĸĪņŒľƟŀŅěŏĔŇħ 

ĔŅĶĭŅħŏěŖĭŒĬĶŃľĺƞŅĚĔŅĶŒĝƟĚŅĬœħƟ 

 

 ėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭőĲĴȮY0.[ 

 őĲĴŏĮƦĬĺńĽħŋĪňŗĴňĸńĔļĦŃŏĮƦĬĶŌıĶŋĬȮĸńĔļĦŃħńĚĔĸƞŅĺŏĔŇħěŅĔĔŅĶĪņŒľƟŏĔŇħŐĔƠĽĳŅĵŒĬ

őėĶĚĽĶƟŅĚŏıŊŗŀĪņŒľƟŏĔŇħĔŅĶĕĵŅĵĨńĺĕŀĚőėĶĚĽĶƟŅĚĳŅĵŒĬȮĽƞĚįĸŒľƟėĺŅĴľĬŅŐĬƞĬĕŀĚĺńĽħŋĸħĸĚȮ 

őĲĴěŉĚĴňĬŘņľĬńĔŏĭŅȮőĲĴĽŅĴŅĶĩŐĭƞĚŏĮƦĬĮĶŃŏĳĪĨƞŅĚŕȮœħƟĨŅĴĸńĔļĦŃĪňŗıŇěŅĶĦŅȮœħƟŐĔƞ 

2.4.1 ĔŅĶŐĭƞĚĮĶŃŏĳĪĕŀĚőĲĴ 

  0,2,/,/ȮĔŅĶŐĭƞĚĮĶŃŏĳĪĕŀĚőĲĴĨŅĴĸńĔļĦŃĕŀĚŏĞĸĸƢőĲĴȮĔŅĶŐĭƞĚĮĶŃŏĳĪ

ĕŀĚőĲĴĨŅĴĸńĔļĦŃĕŀĚŏĞĸĸƢőĲĴěŃĪņŒľƟőĲĴĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪȮœħƟŐĔƞ 

  +ȮőĲĴŏĞĸĸƢŏĮƕħȮ&Open+Cell Foam'ȮŏĮƦĬőĲĴĪňŗĴňĸńĔļĦŃőėĶĚĽĶƟŅĚŏĝŊŗŀĴĨƞŀĔńĬ

ĶŃľĺƞŅĚŏĞĸĸƢȮĪņŒľƟŐĔƠĽĪňŗŀĵŌƞĳŅĵŒĬĽŅĴŅĶĩŏėĸŊŗŀĬĪňŗĶŃľĺƞŅĚŏĞĸĸƢœħƟȮŏĞĸĸƢőĲĴĝĬŇħĬňŘěŃŏĨĶňĵĴœħƟěŅĔ

ĶŃĭĭĪňŗĴňėĺŅĴħńĬĨŗņĳŅĵŒĨƟĽĳŅĺŃĭĶĶĵŅĔŅĻȮĸńĔļĦŃőĲĴĪňŗœħƟěŃĴňėĺŅĴĵŊħľĵŋƞĬȮŏľĴŅŃĔńĭĔŅĶĬņœĮ

ĪņŏĮƦĬŀŋĮĔĶĦƢĔńĬĔĶŃŐĪĔȮŐĸŃŏĭŅŃĬńŗĚȮŏĮƦĬĨƟĬ 

  +ȮőĲĴŏĞĸĸƢĮƕħȮ&Closed+Cell Foam'ȮŏĮƦĬőĲĴĪňŗĴňĸńĔļĦŃőėĶĚĽĶƟŅĚĪňŗŐĨƞĸŃŏĞĸĸƢ

ěŃĴňŏĵŊŗŀĭŅĚŕȮĔńŘĬŀĵŌƞĶŃľĺƞŅĚŏĞĸĸƢȮĪņŒľƟŐĔƠĽĪňŗŀĵŌƞĳŅĵŒĬőėĶĚĽĶƟŅĚĕŀĚŐĨƞĸŃŏĞĸĸƢœĴƞĽŅĴŅĶĩ 

ŏėĸŊŗŀĬįƞŅĬœħƟŏľĴŊŀĬŒĬőĲĴŏĞĸĸƢŏĮƕħȮŏĞĸĸƢőĲĴĝĬŇħĬňŘěŃŏĨĶňĵĴœħƟěŅĔĶŃĭĭĪňŗĴňėĺŅĴħńĬĽŌĚ 

ĳŅĵŒĨƟĽĳŅĺŃĭĶĶĵŅĔŅĻȮĸńĔļĦŃőĲĴĪňŗœħƟěŃĴňėĺŅĴŐĕŖĚȮŏľĴŅŃĔńĭĔŅĶĬņœĮĪņŏĮƦĬĜĬĺĬȮŏĮƦĬĨƟĬ 

  ŐĨƞŒĬĪŅĚĮĢŇĭńĨŇĬńŘĬőĲĴĪňŗŏĔŇħĕŉŘĬěŃĴňĸńĔļĦŃŏĮƦĬĪńŘĚŐĭĭőĲĴŏĞĸĸƢŏĮƕħŐĸŃ 

őĲĴŏĞĸĸƢĮƕħĮŃĮĬĔńĬȮĪņŒľƟĽĴĭńĨŇĕŀĚőĲĴĪňŗŏĨĶňĵĴœħƟěŃĕŉŘĬŀĵŌƞĔńĭĽńħĽƞĺĬĕŀĚŏĞĸĸƢŏĮƕħŐĸŃ 

ŏĞĸĸƢĮƕħĪňŗŏĔŇħĕŉŘĬȮőħĵĸńĔļĦŃĕŀĚőĲĴŏĞĸĸƢŏĮƕħŐĸŃĸńĔļĦŃĕŀĚőĲĴŏĞĸĸƢĮƕħěŃŐĽħĚŒĬĳŅıȮ0,1 
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  2,4,/,2 ĔŅĶŐĭƞĚĮĶŃŏĳĪĕŀĚőĲĴĨŅĴĸńĔļĦŃĪŅĚĔŅĵĳŅıȮĔŅĶŐĭƞĚĮĶŃŏĳĪ 

ĕŀĚőĲĴĨŅĴĸńĔļĦŃĪŅĚĔŅĵĳŅıĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬȮ1ȮĝĬŇħȮœħƟŐĔƞ 

  +ȮőĲĴĵŊħľĵŋƞĬȮ&Flexible Foam'ȮőĲĴĮĶŃŏĳĪĬňŘěŃĴňĸńĔļĦŃŀƞŀĬĬŋƞĴȮĵŊħľĵŋƞĬȮ

ĽŅĴŅĶĩėŊĬĨńĺœħƟĚƞŅĵŏĴŊŗŀœħƟĶńĭŐĶĚĔħȮŏĬŊŗŀĚěŅĔŏĮƦĬőĲĴĪňŗĴňŀŋĦľĳŌĴŇėĸƟŅĵŐĔƟĺȮ&Glass transition 

temperature 8ȮTg'ȮĪňŗĨŗņȮĨńĺŀĵƞŅĚőĲĴĮĶŃŏĳĪœħƟŐĔƞȮőĲĴĵŅĚȮőĲĴıŀĸŇĵŌĶňŏĪĬĵŊħľĵŋƞĬȮŏĮƦĬĨƟĬ 

  +ȮőĲĴĝĬŇħŐĕŖĚȮ&Rigid Foam'ȮőĲĴĮĶŃŏĳĪĬňŘěŃĴňĸńĔļĦŃĪňŗŐĕŖĚȮœĴƞĽŅĴŅĶĩėŊĬĨńĺœħƟ

ŏĴŊŗŀœħƟĶńĭŐĶĚĔħȮŏĬŊŗŀĚěŅĔĽĳŅĺŃĪňŗĬņœĮŒĝƟĚŅĬıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĕŀĚőĲĴĮĶŃŏĳĪĬňŘěŃŀĵŌƞŒĬĽĩŅĬŃ 

ĪňŗŏĮƦĬįĸŉĔȮĨńĺŀĵƞŅĚŏĝƞĬȮőĲĴıŀĸŇőŀĸŇĲƕĬȮőĲĴıŀĸŇĽœĨĶňĬȮőĲĴıŀĸŇĵŌĶňŏĪĬȮŏĮƦĬĨƟĬ 

  +ȮőĲĴĝĬŇħĔŉŗĚŐĕŖĚȮ&Semi+Rigid Foam'ȮőĲĴĮĶŃŏĳĪĬňŘěŃĴňĸńĔļĦŃĕŀĚ 

őĲĴĵŊħľĵŋƞĬŐĸŃőĲĴŐĕŖĚĶƞĺĴĔńĬȮőħĵĪňŗěŃĴňėĺŅĴĵŊħľĵŋƞĬĴŅĔĔĺƞŅőĲĴŐĕŖĚĪńŗĺœĮȮŐĨƞĔŖěŃĴňėĺŅĴŐĕŖĚ

ĴŅĔĔĺƞŅőĲĴĵŊħľĵŋƞĬĪńŗĺœĮŏĝƞĬĔńĬ 

 

ĳŅıĪňŗȮ0,1ȮĸńĔļĦŃĕŀĚőĲĴȮ8Ȯ&Ĕ'ȮőĲĴŏĞĸĸƢŏĮƕħ*Ȯ&ĕ'ȮőĲĴŏĞĸĸƢĮƕħȮY0.[ 
 

  0,2,/,1ȮĔŅĶŐĭƞĚĮĶŃŏĳĪĕŀĚőĲĴĨŅĴĮĶŃŏĳĪĕŀĚıĸŅĽĨŇĔȮĔŅĶŐĭƞĚĮĶŃŏĳĪ 

ĕŀĚőĲĴĨŅĴĮĶŃŏĳĪĕŀĚıĸŅĽĨŇĔȮĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪȮœħƟŐĔƞ 

  +ȮőĲĴŏĪŀĶƢőĴŏĞĨȮ&Thermoset Foam'ȮőĲĴĮĶŃŏĳĪĬňŘŏĮƦĬőĲĴĪňŗŏĨĶňĵĴœħƟěŅĔ

ıĸŅĽĨŇĔĮĶŃŏĳĪŏĪŀĶƢőĴŏĞĨȮőĲĴĝĬŇħĬňŘĴňĕƟŀŏĽňĵėŊŀȮĔŅĶĬņĔĸńĭĴŅĶňœĞŏėŇĸĪņœħƟĵŅĔȮĨńĺŀĵƞŅĚ 

őĲĴŏĪŀĶƢőĴŏĞĨȮŏĝƞĬȮőĲĴıŀĸŇĵŌĶňŏĪĬȮŐĸŃőĲĴŀňıŀĔĞňȮŏĮƦĬĨƟĬ 
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  +ȮőĲĴŏĪŀĶƢőĴıĸŅĽĨŇĔȮ&Thermoplastic Foam'ȮőĲĴĮĶŃŏĳĪĬňŘŏĮƦĬőĲĴĪňŗŏĨĶňĵĴœħƟ

ěŅĔıĸŅĽĨŇĔĮĶŃŏĳĪŏĪŀĶƢőĴıĸŅĽĨŇĔȮĽŅĴŅĶĩĬņĔĸńĭĴŅĶňœĞŏėŇĸŒľĴƞœħƟȮĨńĺŀĵƞŅĚőĲĴĮĶŃŏĳĪĬňŘȮŏĝƞĬȮ

őĲĴıŀĸŇĽœĨĶňĬȮŐĸŃőĲĴıŀĸŇŏŀĪŇĸňĬȮŏĮƦĬĨƟĬ 

2.4.2 ĕńŘĬĨŀĬĔŅĶŏĔŇħőĲĴȮ&Foam Formation'Ȯ 

 ĔĶŃĭĺĬĔŅĶĪňŗĬņĴŅŒĝƟŒĬįĸŇĨőĲĴĴŅĔĪňŗĽŋħȮėŊŀȮĔĶŃĭĺĬĔŅĶĔŅĶĕĵŅĵĨńĺȮ&Expansion 

process'ȮőħĵĔĶŃĭĺĬĔŅĶĬňŘĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬȮ1ȮĕńŘĬĨŀĬȮœħƟŐĔƞ 

 ĕńŘĬĨŀĬĪňŗȮ/ȮĔŅĶŏĔŇħĲŀĚȮ&Bubble Formation or Initiation'ȮĕńŘĬĨŀĬĬňŘěŃŏĮƦĬĔŅĶĪņŒľƟ

ŏĔŇħĲŀĚŐĔƠĽȮőħĵěŃŏĶňĵĔĺƞŅȮĔŅĶŏĔŇħĬŇĺŏėĸňĵĽȮ&Nucleation'ȮĲŀĚŐĔƠĽĪňŗŏĔŇħĕŉŘĬěŃĴňĔŅĶĕĵŅĵĨńĺ

ĨƞŀœĮŒĬıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺȮĔŅĶŏĔŇħĬŇĺŏėĸňĵĽĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ0ȮĮĶŃŐĭĭȮėŊŀȮĔŅĶŏĔŇħĬŇĺŏėĸňĵĽ

ŒĬĨńĺŏŀĚȮ&Self Nucleation'ȮĔŅĶŏĔŇħĬŇĺŏėĸňĵĽĮĶŃŏĳĪĬňŘěŃŏĮƦĬĔŅĶŏĔŇħĲŀĚŐĔƠĽŒĬĕĦŃĪňŗıŀĸŇŏĴŀĶƢ

ľĶŊŀĕŀĚŏľĸĺŏĶŇŗĴŏĔŇħĔŅĶįĽĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬȮŐĸŃŐĭĭĪňŗȮ0ȮėŊŀĔĶŃĭĺĬĔŅĶŏĔŇħĬŇĺŏėĸňĵĽȮ

&Nucleation Process'ȮĔŅĶŏĔŇħĬŇĺŏėĸňĵĽŐĭĭĬňŘĲŀĚŐĔƠĽĪňŗŏĔŇħĕŉŘĬěŃŏĔŇħĕŉŘĬĪňŗįŇĺĶŃľĺƞŅĚĕŀĚŐĕŖĚ 

ĔńĭĕŀĚŏľĸĺȮőħĵĕŀĚŐĕŖĚěŃĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĪňŗĪņŒľƟŏĔŇħĬŇĺŏėĸňĵĽȮ&Nucleating agent' 

 ĔŅĶĪņŒľƟŏĔŇħĲŀĚŐĔƠĽĴňħƟĺĵĔńĬľĸŅĵĺŇīňȮœħƟŐĔƞ 

1. ĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚĽŅĶĲŌĪŅĚŏėĴňȮŐĔƠĽŏĔŇħĕŉŘĬŒĬĕĦŃĪňŗĴňĔŅĶ

įĽĴĽŅĶĲŌĔńĭıŀĸŇŏĴŀĶƢŐĸƟĺĴňĔŅĶŒľƟėĺŅĴĶƟŀĬȮĽŅĶĲŌěŃŏĔŇħĔŅĶĽĸŅĵĨńĺĔĸŅĵŏĮƦĬŐĔƠĽȮŏĝƞĬȮŐĔƠĽ

œĬőĨĶŏěĬȮŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮŏĮƦĬĨƟĬ 

2. ĔŅĶŏĔŇħĲŀĚŐĔƠĽŏĬŊŗŀĚěŅĔĮĢŇĔŇĶŇĵŅĪŅĚŏėĴňȮőħĵŐĔƠĽĪňŗŏĔŇħĕŉŘĬĬňŘěŃŏĔŇħĕŉŘĬ 

ŒĬĕĦŃĪňŗĴňĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĕŀĚĽŅĶŏėĴňȮ0ȮĨńĺȮĞŉŗĚŐĔƠĽĪňŗŏĔŇħĕŉŘĬěŃĩŌĔĮĸħĮĸƞŀĵŀŀĔĴŅıĶƟŀĴĔńĭĔŅĶ

ĽńĚŏėĶŅŃľƢıŀĸŇŏĴŀĶƢȮŏĝƞĬȮĔŅĶŏĔŇħŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢŒĬĕĦŃĪňŗœŀőĞœĞĵŅŏĬĨĪņĮĢŇĔŇĶŇĵŅĔńĭĬŘņ 

ȮŒĬĶŃľĺƞŅĚĔŅĶĽńĚŏėĶŅŃľƢőĲĴıŀĸŇĵŌĶňŏĪĬȮŏĮƦĬĨƟĬ 

3. ĔŅĶĸħėĺŅĴħńĬȮŐĔƠĽĪňŗŏĔŇħĕŉŘĬĬňŘěŃŏĔŇħĕŉŘĬŒĬĶŃľĺƞŅĚĪňŗĴňĔŅĶĸħėĺŅĴħńĬŒĬ

ĶŃĭĭıŀĸŇŏĴŀĶƢȮŏĝƞĬȮĔŅĶĕŉŘĬĶŌĮıŀĸŇŏĴŀĶƢħƟĺĵĔŅĶŀńħĶňħȮŏĮƦĬĨƟĬ 
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4. ĔŅĶĔĸŅĵŏĮƦĬœŀĕŀĚĕŀĚŏľĸĺĪňŗĴňěŋħŏħŊŀħĨŗņŒĬŏĬŊŘŀıĸŅĽĨŇĔȮŐĔƠĽŏĔŇħĕŉŘĬ 

ŒĬĕĦŃĪňŗĴňĔŅĶįĽĴĽŅĶĲŌĪňŗŏĮƦĬĕŀĚŏľĸĺĔńĭıŀĸŇŏĴŀĶƢŐĸƟĺĴňĔŅĶŒľƟėĺŅĴĶƟŀĬȮĪņŒľƟĽŅĶĲŌŏĮƦĬĕŀĚŏľĸĺ

ĪňŗĴňěŋħŏħŊŀħĨŗņŏĔŇħĔŅĶĶŃŏľĵĔĸŅĵŏĮƦĬœŀ 

5. ĔŅĶŒĝƟĨńĺŏĨŇĴĝńŗĺėĶŅĺȮŏĮƦĬĺŇīňĪňŗœĴƞĴňŐĔƠĽŏĔŇħĕŉŘĬȮŐĨƞěŃĴňĔŅĶŒĝƟĕŀĚŐĕŖĚįĽĴ

ĸĚŒĬıŀĸŇŏĴŀĶƢȮěŅĔĬńŘĬěŃĴňĔŅĶĝŃŀĬŋĳŅėĕŀĚŐĕŖĚŀŀĔȮĪņŒľƟıŀĸŇŏĴŀĶƢĪňŗœħƟĴňĸńĔļĦŃŏĮƦĬĶŌıĶŋĬȮ 

ĺŇīňĬňŘŏľĴŅŃĔńĭĔŅĶŏĨĶňĵĴőĲĴıŀĸŇŏĴŀĶƢĪňŗŏĔŇħĔŅĶĕĵŅĵĨńĺœħƟĵŅĔȮŏĝƞĬȮıŀĸŇŏĨĨĶŃĲĸŌŀŀőĶŏŀĪŇĸňĬ 

6. ĔŅĶŏĔŖĭŐĔƠĽŏĝŇĚĔĸȮĺŇīňŏĮƦĬĔŅĶĪņŒľƟŏĔŇħŐĔƠĽŏĬŊŗŀĚěŅĔĔŅĶĔĺĬŒĬĶŃĭĭ

ŏĝŇĚĔĸȮŐĸƟĺĪņŒľƟĶŃĭĭŏĔŇħĔŅĶŐĕŖĚĨńĺħƟĺĵėĺŅĴĶƟŀĬľĶŊŀĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅȮěŃĪņŒľƟŏĔŇħĔŅĶĔńĔŏĔŖĭ 

ĲŀĚŐĔƠĽŀĵŌƞĳŅĵŒĬŏĬŊŘŀıŀĸŇŏĴŀĶƢȮŐĨƞĺŇīňĬňŘĴňĕƟŀŏĽňĵėŊŀěŃĪņŒľƟœħƟŏĞĸĸƢőĲĴĪňŗœĴƞĽĴŗņŏĽĴŀ 

7. ĔŅĶŏĨŇĴœĴőėĶĽŏĲƖĵĶƢȮŏĮƦĬĔŅĶŏĨŇĴĕŀĚŐĕŖĚȮŏĝƞĬȮŏĴŖħŐĔƟĺȮľĶŊŀŏĴŖħıĸŅĽĨŇĔ

ĸĚŒĬıŀĸŇŏĴŀĶƢŒĬĕĦŃĪňŗŏĔŇħĔŅĶĭƞĴ 

ĕńŘĬĨŀĬĪňŗȮ0ȮĔŅĶŏıŇŗĴĕĬŅħĕŀĚĲŀĚŐĔƠĽȮ&Bubble Growth'ȮĔŅĶŏıŇŗĴĕĬŅħĕŀĚĲŀĚŐĔƠĽ

ĽŅĴŅĶĩĪņœħƟőħĵĔŅĶŐıĶƞĕŀĚĲŀĚŐĔƠĽĶŃľĺƞŅĚŏĲĽȮőħĵĔŅĶĕĵŅĵĨńĺĕŀĚĲŀĚŐĔƠĽĽŅĴŅĶĩėĺĭėŋĴœħƟ

őħĵėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚėĺŅĴħńĬĳŅĵĬŀĔŐĸŃėĺŅĴħńĬĳŅĵŒĬĕŀĚĲŀĚŐĔƠĽȮ&ƇP'ȮŐĶĚĨŉĚįŇĺĪňŗĽńĴįńĽȮ

&ɹ'ȮŐĸŃĶńĻĴňĕŀĚĲŀĚŐĔƠĽȮ&r'ȮĨŅĴėĺŅĴĽńĴıńĬīƢȮħńĚĽĴĔŅĶĪňŗȮ/ 

    Ўὖ     ȮȮ ȮȮ&/' 

ĩƟŅėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚėĺŅĴħńĬĴňėƞŅĴŅĔȮĲŀĚŐĔƠĽĪňŗŏĔŇħĕŉŘĬĔŖěŃĴňĕĬŅħŏĸŖĔȮ 

őħĵĲŀĚŐĔƠĽĕĬŅħŏĸŖĔĽŅĴŅĶĩĪņŒľƟĲŀĚŐĔƠĽĴňĕĬŅħŒľĠƞĕŉŘĬœħƟȮőħĵĔŅĶŐĨĔĕŀĚįĬńĚŏĞĸĸƢȮ 

ľĶŊŀĔŅĶŐıĶƞĕŀĚĽŅĶĲŌěŅĔĲŀĚŐĔƠĽĪňŗĴňĕĬŅħŏĸŖĔœĮĵńĚĲŀĚŐĔƠĽĪňŗĴňĕĬŅħŒľĠƞ 

ĕńŘĬĨŀĬĪňŗȮ1ȮĔŅĶŏĽĩňĵĶľĶŊŀĔŅĶėĚĶŌĮĕŀĚĲŀĚȮ&Bubble Stability'ȮĕńŘĬĨŀĬĬňŘĩŊŀŏĮƦĬĕńŘĬĨŀĬ

ĪňŗĽņėńĠĪňŗĽŋħŒĬĔŅĶŏĔŇħőĲĴȮőħĵĲŀĚőĲĴĪňŗŏĔŇħĕŉŘĬŒĬıŀĸŇŏĴŀĶƢŀŅěěŃĵńĚœĴƞŏĽĩňĵĶŐĸŃĽŅĴŅĶĩŏĔŇħĔŅĶ

ĵŋĭĨńĺœħƟĳŅĵŒĨƟŐĶĚőĬƟĴĩƞĺĚȮĞŉŗĚėĺŅĴŏĽĩňĵĶĕŀĚĲŀĚőĲĴĕŉŘĬŀĵŌƞĔńĭľĸŅĵĮƤěěńĵȮĮƤěěńĵľĬŉŗĚ 

ĪňŗĴňėĺŅĴĽņėńĠĔŖėŊŀĔŅĶĩƞŅĵŏĪĕŀĚŏľĸĺěŅĔįĬńĚĕŀĚŏĞĸĸƢœĮĵńĚĶŀĵĨƞŀĕŀĚŏĞĸĸƢȮĕĦŃĪňŗĲŀĚŐĔƠĽĔņĸńĚ

ŏĔŇħĔŅĶĕĵŅĵĨńĺĬňŘěŃŏĔŇħĔŅĶĽńĴįńĽĔńĬĕŀĚįĬńĚŏĞĸĸƢĪņŒľƟŏĔŇħŏĮƦĬįĬńĚŏĞĸĸƢŐĸŃĽńĬĕŀĚŏĞĸĸƢŏĔŇħĕŉŘĬȮ

ŏĴŊŗŀŏĔŇħĔŅĶĕĵŅĵĨńĺŀĵƞŅĚĨƞŀŏĬŊŗŀĚĕŀĚŏľĸĺĔŖěŃŏĔŇħĔŅĶĩƞŅĵŏĪœĮĵńĚĭĶŇŏĺĦĶŀĵĨƞŀĕŀĚŏĞĸĸƢȮ 
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ŏĴŊŗŀŏĔŇħĔŅĶĩƞŅĵŏĪŀĵƞŅĚĨƞŀŏĬŊŗŀĚěŃĪņŒľƟŏĔŇħĶŀĵŐĨĔĪňŗįĬńĚŏĞĸĸƢľŅĔĪņŒľƟĶŃĭĭŏĔŇħĔŅĶŏĽĩňĵĶŒĬĝƞĺĚ

ĬňŘȮőĲĴĪňŗœħƟěŃĴňĸńĔļĦŃŏĮƦĬŏĞĸĸƢŏĮƕħȮĩƟŅľŅĔœĴƞĨƟŀĚĔŅĶŒľƟŏĔŇħŏĮƦĬőĲĴŐĭĭŏĞĸĸƢŏĮƕħĽŅĴŅĶĩŐĔƟœĕ

ĮƤĠľŅœħƟőħĵĔŅĶĪņŒľƟĶŃĭĭŏĔŇħĔŅĶŏĽĩňĵĶĔƞŀĬĪňŗěŃŏĔŇħĶŀĵŐĨĔĪňŗįĬńĚŏĞĸĸƢȮĔŅĶĪņŒľƟĶŃĭĭ 

ŏĔŇħĔŅĶŏĽĩňĵĶĽŅĴŅĶĩĪņœħƟľĸŅĵĺŇīňȮĨńĺŀĵƞŅĚŏĝƞĬȮĔŅĶŏĔŇħĔŅĶŏĽĩňĵĶĕŀĚĶŃĭĭőĲĴ 

ŏĪŀĶƢőĴıĸŅĽĨŇĔȮĪņœħƟőħĵĔŅĶĪņŒľƟıŀĸŇŏĴŀĶƢĪňŗŏĔŇħĔŅĶĕĵŅĵĨńĺŏĵŖĬĨńĺĸĚĪňŗŀŋĦľĳŌĴŇĨŗņĔĺƞŅŀŋĦľĳŌĴŇ

ŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&Tg'ȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏėĸŊŗŀĬœľĺĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢ 

ĽņľĶńĭĕńŘĬĨŀĬŒĬĔŅĶŏĔŇħőĲĴěŃŐĽħĚŒĬĳŅıȮ0,2ȮőħĵĪňŗȮĔ'ȮĞŉŗĚŏĮƦĬĸńĔļĦŃ 

ĔŅĶŏĔŇħĲŀĚŒĬıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺȮĲŀĚĪňŗŏĔŇħĕŉŘĬěŃĴňĸńĔļĦŃŏĮƦĬĪĶĚĔĸĴȮĕ'ȮĲŀĚŐĔƠĽ 

ĪňŗŏĔŇħĕŉŘĬěŃĴňĔŅĶĕĵŅĵĨńĺȮĽƞĚįĸĪņŒľƟėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴĸħĸĚȮė'ȮĲŀĚŐĔƠĽĪňŗŏĔŇħ 

ĔŅĶĕĵŅĵĨńĺěŃŏĔŇħĔŅĶĽńĴįńĽĔńĬĪņŒľƟĸńĔļĦŃĕŀĚĲŀĚŐĔƠĽŏĮĸňŗĵĬěŅĔĪĶĚĔĸĴœĮŏĮƦĬĸńĔļĦŃėĸƟŅĵ

ĶńĚįŉŘĚȮĚ'ȮŏĮƦĬĸńĔļĦŃĕŀĚőĲĴŐĭĭŏĞĸĸƢĮƕħȮĞŉŗĚĩƟŅĴňĔŅĶŏĔŇħĔŅĶŐĨĔĕŀĚįĬńĚŏĞĸĸƢȮěŃĪņŒľƟőĲĴĪňŗœħƟ 

ĴňĸńĔļĦŃŏĮƦĬŏĞĸĸƢŏĮƕħȮħńĚŐĽħĚŒĬȮě' 

 

ĳŅıĪňŗȮ0,2ȮŐįĬĳŅıŐĽħĚĔĶŃĭĺĬĔŅĶĔŅĶŏĔŇħőĲĴȮY0.[ 
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 ėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭĽŅĶĲŌȮ&Blowing agents' 

ĽŅĶĲŌȮ&Blowing agent'ȮėŊŀȮĽŅĶĪňŗĝƞĺĵĪņŒľƟŏĔŇħĲŀĚŐĔƠĽŒĬĔĶŃĭĺĬĔŅĶŏĔŇħőĲĴȮĽŅĴŅĶĩ

ŐĭƞĚĨŅĴĔĸœĔĔŅĶŏĔŇħĲŀĚŐĔƠĽœħƟŏĮƦĬȮ2 ĮĶŃŏĳĪȮėŊŀ 

2.5.1 ȮĽŅĶĲŌĪŅĚĔŅĵĳŅıȮ&Physical blowing agents 8ȮPBAs'Ȯ 

 ĽŅĶĲŌĪŅĚĔŅĵĳŅıȮ&Physical blowing agents : PBAs) ŏĮƦĬĽŅĶĪňŗŏĨŇĴĸĚŒĬıŀĸŇŏĴŀĶƢĕĦŃ

ĕŉŘĬĶŌĮȮőħĵěŃĪņŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĔŅĵĳŅıȮĽƞĺĬŒľĠƞěŃĴňĸńĔļĦŃŏĮƦĬĕŀĚŏľĸĺĪňŗĴňěŋħŏħŊŀħ

ĨŗņȮĽŅĴŅĶĩĶŃŏľĵœħƟŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮŐĸŃĔĶŃěŅĵĨńĺœħƟħňŒĬȮıŀĸŇŏĴŀĶƢȮĨńĺŀĵƞŅĚŏĝƞĬȮpentane, 

hexane, chloroform, ŐĔƠĽœĬőĨĶŏěĬȮŐĸŃȮŀŅĔŅĻȮY0/[ 

2.5.2 ĽŅĶĲŌĪŅĚŏėĴňȮ&Chemical blowing agentȮ8ȮCBAs'Ȯ 

 ĽŅĶĲŌĪŅĚŏėĴňȮ&Chemical blowing agent : CBAs) ŏĮƦĬĽŅĶĪňŗŏĨŇĴĸĚœĮĬıŀĸŇŏĴŀĶƢĕĦŃĕŉŘĬ

ĶŌĮŐĸƟĺěŃĪņŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅĪŅĚŏėĴňȮőħĵĮĢŇĔŇĶŇĵŅħńĚĔĸƞŅĺěŃĪņŒľƟĴňĲŀĚŐĔƠĽŏĔŇħĕŉŘĬȮĽŅĶĲŌĮĶŃŏĳĪĬňŘ

ěŃĩŌĔįĽĴĔńĭıŀĸŇŏĴŀĶƢĔƞŀĬȮěŅĔĬńŘĬěŉĚĴňĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇŒĔĸƟŏėňĵĚĔńĭŀŋĦĳŌĴŇĪňŗĪņŒľƟŏĔŇħ

ĲŀĚŐĔƠĽĕŀĚĽŅĶĲŌĝĬŇħĬńŘĬŕȮCBAs ĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪȮėŊŀ 

0,3,0,/ Inorganic Blowing AgentsȮĽŅĶĲŌĪŅĚŏėĴňĝĬŇħĬňŘěŃĴňĮĢŇĔŇĶŇĵŅ 

ĔŅĶĽĸŅĵĨńĺĪňŗĽŅĴŅĶĩįńĬĔĸńĭœħƟȮőħĵěŃŏĔŇħĔŅĶįńĬĔĸńĭŒĬĕĦŃĪňŗĴňĔŅĶĸħĸĚĕŀĚŐĔƠĽ 

ŒĬĶŃĭĭȮĞŉŗĚěŃĽńĚŏĔĨœħƟěŅĔėĺŅĴħńĬĪňŗĸħĸĚĕŀĚĶŃĭĭȮĨńĺŀĵƞŅĚĽŅĶĲŌĮĶŃŏĳĪĬňŘœħƟŐĔƞȮSodium 

Hydrogen CarbonateȮŐĸŃȮAmmonium Hydrogen CarbonateȮŏĮƦĬĨƟĬ 

0,3,0,0ȮOrganic Blowing AgentsȮĽŅĶĲŌĪŅĚŏėĴňĝĬŇħĬňŘěŃŏĔŇħĮĢŇĔŇĶŇĵŅ 

ĔŅĶĽĸŅĵĨńĺĪňŗœĴƞĽŅĴŅĶĩįńĬĔĸńĭœħƟȮĨńĺŀĵƞŅĚŏĝƞĬȮ 

+ȮAzodicarbonamide &ACD'ȮĴňĸńĔļĦŃŏĮƦĬįĚĽňŏľĸŊŀĚȮĴňŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺ

ŒĬĝƞĺĚȮ/73Ȯ+Ȯ0/4°C őħĵĸńĔļĦŃĕŀĚȮAzodicarbonamide ŐĽħĚħńĚĳŅıĪňŗȮ0,3ȮŐĸŃĮĢŇĔŇĶŇĵŅĔŅĶ

ĽĸŅĵĨńĺĕŀĚȮAzodicarbonamide &ACD'ȮŐĽħĚħńĚĳŅıĪňŗȮ0,4Ȯ 

+Ȯ4,4Ų+Oxybis &benzenesulfonyl hydrazide'Ȯ&OBSH'ȮĴňĸńĔļĦŃŏĮƦĬįĸŉĔ

ĕŀĚŐĕŖĚĽňĕŅĺȮĴňŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĮĶŃĴŅĦȮ160°C ŏĴŊŗŀŏĔŇħĮĢŇĔŇĶŇĵŅěŃœħƟįĸŇĨĳńĦĤƢŏĮƦĬĬŘņŐĸŃ

ŐĔƠĽȮN2ȮőħĵĸńĔļĦŃĕŀĚȮ4,4Ų+Oxybis &benzenesulfonyl hydrazide'ȮŐĽħĚħńĚĳŅıĪňŗȮ2,5ȮŐĸŃ
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ĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺĕŀĚȮ4,4Ų+Oxybis &benzenesulfonyl hydrazide'Ȯ&OBSH'ȮŐĽħĚħńĚĳŅıĪňŗȮ

2,6ȮY00[ 

 

ĳŅıĪňŗȮ0,3ȮĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚȮAzodicarbonamide &ACD'ȮY00[ 

 
ĳŅıĪňŗȮ0,4ȮĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺĕŀĚȮACD [22] 

 

 

ĳŅıĪňŗȮ0,5ȮĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚȮ4,4Ų+Oxybis &benzenesulfonyl hydrazide'Ȯ&OBSH'ȮȮY00[ 
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Ȯ 

ĳŅıĪňŗȮ0,6ȮĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺĕŀĚȮ2*2Ų+Oxybis &benzenesulfonyl hydrazide'Ȯ&OBSH'ȮY00[ 
 

 ėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭĬŘņĴńĬľŀĴĶŃŏľĵȮ&Essential oil' 

 ĬŘņĴńĬľŀĴĶŃŏľĵȮ&Essential oil'ȮŏĮƦĬĽŅĶŀĬŇĬĪĶňĵƢĪňŗıŊĝĽĶƟŅĚĕŉŘĬȮĴńĔĴňĔĸŇŗĬľŀĴ 

ŐĸŃĶŃŏľĵœħƟĚƞŅĵĪňŗŀŋĦľĳŌĴŇľƟŀĚȮĬŘņĴńĬľŀĴĶŃŏľĵĽŅĴŅĶĩıĭœħƟĨŅĴĽƞĺĬĨƞŅĚŕȮĕŀĚıŊĝȮŏĝƞĬȮĶŅĔȮ 

ĸņĨƟĬȮŒĭȮħŀĔȮŐĸŃŏĴĸŖħȮőħĵıŊĝŐĨƞĸŃĝĬŇħěŃĴňĔŅĶĽĶƟŅĚŐĸŃŏĔŖĭĬŘņĴńĬľŀĴĶŃŏľĵœĺƟȮĪņŒľƟĬŘņĴńĬ

ľŀĴĶŃŏľĵĪňŗœħƟěŅĔıŊĝŐĨƞĸŃĝĬŇħěŃĴňĽĴĭńĨŇŐĸŃĔĸŇŗĬĪňŗŏĜıŅŃȮŏĝƞĬȮĭŅĚĝĬŇħĴňĔĸŇŗĬľŀĴŏĴŊŗŀĽŌħħĴŐĸƟĺ

ěŃĝƞĺĵŒľƟŏĔŇħĔŅĶįƞŀĬėĸŅĵœħƟȮŐĨƞĭŅĚĝĬŇħŀŅěĴňıŇļĔƞŀŒľƟŏĔŇħĔŅĶĶŃėŅĵŏėŊŀĚœħƟȮY01[ 

2.6.1 ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵȮY02[ 

 ĬŘņĴńĬľŀĴĶŃŏľĵŏĮƦĬĽŅĶŀĬŇĬĪĶňĵƢĪňŗĴňőėĶĚĽĶƟŅĚĪňŗĞńĭĞƟŀĬȮőħĵěŃĮĶŃĔŀĭħƟĺĵŀĚėƢĮĶŃĔŀĭ

ĪŅĚŏėĴňĨńŘĚŐĨƞȮ0.ȮůȮ4.ȮĝĬŇħȮĔĸŇŗĬŐĸŃĽĴĭńĨŇĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵŐĨƞĸŃĝĬŇħěŃĕŉŘĬŀĵŌƞĔńĭ

ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵȮőħĵŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĪňŗŏĮƦĬŏŀĔĸńĔļĦƢĕŀĚĬŘņĴńĬ 

ľŀĴĶŃŏľĵŐĨƞĸŃĝĬŇħĽƞĺĬŒľĠƞěŃĴňĮĶŃĴŅĦȮ0ȮůȮ1ȮĝĬŇħȮŐĸŃĴńĔıĭŒĬĮĶŇĴŅĦĪňŗĽŌĚŏĴŊŗŀŏĪňĵĭĔńĭ

ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňŀŊŗĬŕȮĪňŗıĭȮ 

  0,4,/,/ȮŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵĪňŗŐĭƞĚĨŅĴĺňĩňĝňĺĽńĚŏėĶŅŃľƢ

ĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪȮœħƟŐĔƞ 

   /,ȮŏĪŀĶƢĲƖĬȮ&Terpenes and derivatives'ȮŏĮƦĬĽŅĶĪňŗĴňŀĚėƢĮĶŃĔŀĭľĸńĔ

ĮĶŃĔŀĭœĮħƟĺĵĽŅĶĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸėƞŀĬĕƟŅĚĨŗņȮœħƟŐĔƞȮĔĸŋƞĴĕŀĚőĴőĬŏĪŀĶƢĲƖĬȮŒĬĔĸŋƞĴĬňŘ 
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ěŃĮĶŃĔŀĭħƟĺĵĽŅĶĪňŗĴňėŅĶƢĭŀĬȮ/.ȮŀŃĨŀĴȮŐĸŃĔĸŋƞĴĕŀĚŏĞĽėĺŇŏĪŀĶƢıňĬȮĽŅĶĔĸŋƞĴĬňŘěŃĮĶŃĔŀĭħƟĺĵ 

ĽŅĶĪňŗĴňėŅĶƢĭŀĬȮ/3ȮŀŃĨŀĴȮĨńĺŀĵƞŅĚĬŘņĴńĬľŀĴĶŃŏľĵĪňŗĴňĽŅĶĔĸŋƞĴĬňŘěŃŏĮƦĬĽŅĶŀĚėƢĮĶŃĔŀĭľĸńĔȮŏĝƞĬȮ

ĨŃœėĶƟľŀĴȮĸŅŏĺĬŏħŀĶƢȮŐĸŃĵŌėŅĸŇĮĨńĽȮŏĮƦĬĨƟĬ 

   0,ȮĽŅĶĔĸŋƞĴŀŃőĶĴŅĨŇĔȮ&Aromatic compounds and derivatives'Ȯ 

ŏĮƦĬĽŅĶŒĬĔĸŋƞĴĪňŗĴňőėĶĚĽĶƟŅĚŏĮƦĬĺĚŀŃőĶĴŅĨŇĔĪňŗĨƞŀĔńĭĽŅĵőĞƞėŅĶƢĭŀĬȮŏĝƞĬȮEugenol ĪňŗıĭŒĬĬŘņĴńĬ

ĔŅĬıĸŌȮŐĸŃȮEstragole ĪňŗıĭŒĬĬŘņĴńĬőľĶŃıŅȮĽŅĶŒĬĔĸŋƞĴĬňŘıĭĴŅŒĬĬŘņĴńĬľŀĴĶŃŏľĵĪňŗœħƟěŅĔ 

ıŊĝĺĚĻƢȮApiaceae ŏĝƞĬȮŏĪňĵĬĕƟŅĺŏĮĸŊŀĔȮįńĔĝňİĶńŗĚȮŀĭŏĝĵȮŐĸŃĔŅĬıĸŌȮŏĮƦĬĨƟĬ 

  0,4,/,0ȮŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵĪňŗŐĭƞĚĨŅĴľĴŌƞĲƤĚĔƢĝńĬĽŅĴŅĶĩ

ŐĭƞĚœħƟŏĮƦĬȮ6ȮĔĸŋƞĴȮœħƟŐĔƞ 

   /,ȮĽŅĶĔĸŋƞĴŏĪŀĶƢĲƖĬœŁőħĶėŅĶƢĭŀĬȮ&Terpene hydrocarbon'Ȯ 

ŏĮƦĬĽŅĶŒĬĔĸŋƞĴĪňŗĴňŀĚėƢĮĶŃĔŀĭľĸńĔŏĮƦĬœŁőħĶŏěĬŐĸŃėŅĶƢĭŀĬȮŏĝƞĬȮĽŅĶȮLimonene ŒĬĬŘņĴńĬ

ĔĶŃĺŅĬȮĪňŗĴňķĪīŇśĨƟŅĬœĺĶńĽȮŐĸŃĽŅĶȮPinene ŒĬĬŘņĴńĬĽĬȮĪňŗĴňķĪīŇśęƞŅŏĝŊŘŀ 

   0,ȮĽŅĶĔĸŋƞĴŐŀĸĔŀŁŀĸƢȮŏĮƦĬĽŅĶĪňŗŒĬőėĶĚĽĶƟŅĚěŃĮĶŃĔŀĭħƟĺĵ 

ľĴŌƞœŁħĶŀĔĞŇĸȮ&+OH'ȮŏĝƞĬȮĽŅĶȮGeraniol ŒĬĬŘņĴńĬħŀĔĔŋľĸŅĭȮŐĸŃĽŅĶȮMenthol ŒĬĬŘņĴńĬ 

ŏĮŏĮŀĶƢĴŇĬĨƢȮŏĮƦĬĨƟĬȮĽŅĶŒĬĔĸŋƞĴĬňŘĽƞĺĬŒľĠƞěŃĴňķĪīŇśęƞŅŏĝŊŘŀŐĭėĪňŏĶňĵŐĸŃĨƟŅĬœĺĶńĽ 

   1,ȮĽŅĶĔĸŋƞĴŐŀĸħňœŁħƢȮŏĮƦĬĽŅĶĪňŗŒĬőėĶĚĽĶƟŅĚěŃĮĶŃĔŀĭħƟĺĵ 

ľĴŌƞėŅĶƢĭŀĔĞŅĸħňœŁħƢȮ&+CHO'ȮŏĝƞĬȮĽŅĶȮCitronellal ŒĬĬŘņĴńĬĨŃœėĶƟľŀĴȮŐĸŃ 

ĽŅĶȮCinnamaldehyde ŒĬĬŘņĴńĬŀĭŏĝĵȮŏĮƦĬĨƟĬȮĽŅĶŒĬĔĸŋƞĴĬňŘĽƞĺĬŒľĠƞĴňķĪīŇśĶŃĚńĭĮĶŃĽŅĪȮ 

ĸħĔŅĶŀńĔŏĽĭȮĕĵŅĵľĸŀħŏĸŊŀħȮŐĸŃęƞŅŏĝŊŘŀŐĭėĪňŏĶňĵ 

   2,ȮĽŅĶĔĸŋƞĴėňőĨĬȮŏĮƦĬĽŅĶĪňŗŒĬőėĶĚĽĶƟŅĚěŃĮĶŃĔŀĭħƟĺĵľĴŌƞėŅĶƢĭŀĬŇĸȮ 

&+CO+'ȮŏĔŅŃŀĵŌƞĔńĭėŅĶƢĭŀĬȮŏĝƞĬȮĽŅĶȮCarvone ŒĬĬŘņĴńĬŏĪňĵĬĨŅĔĭȮŏĮƦĬĨƟĬȮĽŅĶŒĬĔĸŋƞĴĬňŘĽƞĺĬŒľĠƞ

ěŃĴňķĪīŇśĝƞĺĵĕĵŅĵľĸŀħĸĴȮĸŃĸŅĵŏĽĴľŃȮŏĽĶŇĴĽĶƟŅĚŏĬŊŘŀŏĵŊŗŀȮŐĸŃĸħĔŅĶŀńĔŏĽĭ 

   3,ȮĽŅĶĔĸŋƞĴĲƖĬŀĸȮŏĮƦĬĽŅĶĪňŗŒĬőėĶĚĽĶƟŅĚľĸńĔĮĶŃĔŀĭħƟĺĵľĴŌƞœŁħĶŀĔĞŇĸȮ

/ȮľĴŌƞŐĸƟĺĨƞŀĔńĭĺĚŐľĺĬŏĭĬĞňĬȮ/ȮĺĚȮŏĝƞĬȮĽŅĶȮEugenol ŒĬĬŘņĴńĬĔŅĬıĸŌȮŐĸŃĽŅĶȮThymol  

ŒĬĬŘņĴńĬœīĴƢȮŏĮƦĬĨƟĬȮĽŅĶŒĬĔĸŋƞĴĬňŘĽƞĺĬŒľĠƞĴňķĪīŇśĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵȮĔĶŃĨŋƟĬĶŃĭĭĮĶŃĽŅĪŐĸŃ

ĳŌĴŇėŋƟĴĔńĬĕŀĚĶƞŅĚĔŅĵ 
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   4,ȮĽŅĶĔĸŋƞĴĲƖĬŀĸŇĔŀňŏĪŀĶƢȮŏĮƦĬĽŅĶĪňŗŒĬőėĶĚĽĶƟŅĚĴňŀŃĨŀĴĕŀĚŀŀĔĞŇŏěĬ

ŏĔŅŃŀĵŌƞĔńĭľĴŌƞĲƖĬŇĸȮ&+C6H5'ȮŀĵƞŅĚĬƟŀĵȮ/ȮľĴŌƞȮŏĝƞĬȮĽŅĶȮAnethole ŒĬĬŘņĴńĬőĮƛĔĔńřĔȮŐĸŃĽŅĶȮ

EstragoleȮŒĬĬŘņĴńĬőľĶŃıŅȮŏĮƦĬĨƟĬȮĽŅĶŒĬĔĸŋƞĴĬňŘĽƞĺĬŒľĠƞĴňķĪīŇśĨƟŅĬĔŅĶŀńĔŏĽĭ 

   5,ȮĽŅĶĔĸŋƞĴŏŀĽŏĪŀĶƢȮŏĮƦĬĽŅĶŀĬŋıńĬīƢĕŀĚĔĶħėŅĶƢĭŀĔĞŇĸŇĔĪňŗĩŌĔŐĪĬĪňŗ 

ħƟĺĵľĴŌƞŀńĸėŀĔĞňȮľĶŊŀľĴŌƞŐŀĶŇĸŀŀĔĞňŀĵƞŅĚĬƟŀĵȮ/ȮľĴŌƞȮŏĝƞĬȮĽŅĶȮMethyl salicylate ŒĬĬŘņĴńĬĶŃĔņȮ

ŏĮƦĬĨƟĬȮĽŅĶŒĬĔĸŋƞĴĬňŘĽƞĺĬŒľĠƞĴňķĪīŇśĶŃĚńĭĮĶŃĽŅĪȮĸħŀŅĔŅĶŏĔĶŖĚĕŀĚĔĸƟŅĴŏĬŊŘŀȮĸħĔŅĶŀńĔŏĽĭȮ 

ŐĸŃĨƟŅĬŏĝŊŘŀĶŅ 

   6,ȮĽŅĶĔĸŋƞĴŏĮŀĶƢŀŀĔœĞħƢȮŏĮƦĬĽŅĶĪňŗŒĬőėĶĚĽĶƟŅĚěŃĮĶŃĔŀĭħƟĺĵ 

ľĴŌƞŏĮŀĶƢŀŀĔĞňȮ&ROORŲ'ȮŏĝƞĬȮĽŅĶȮAscaridole ŒĬĬŘņĴńĬĞňőĬőıŏħňĵĴȮĪňŗĴňķĪīŇśĕńĭıĵŅīŇ 

2.6.2 ķĪīŇśĪŅĚŏĳĽńĝĺŇĵŅŒĬĔŅĶĨƟŅĬěŋĸĝňıĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵȮY02[ 

 ĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔĬŘņĴńĬľŀĴĶŃŏľĵĴňĴŅĨńŘĚŐĨƞŀħňĨȮĪńŘĚŒĝƟŏĮƦĬŏėĶŊŗŀĚŏĪĻȮŐĨƞĚĔĸŇŗĬȮ

ĬŀĔěŅĔĬňŘĬŘņĴńĬľŀĴĶŃŏľĵĵńĚĴňĽĶĶıėŋĦĪŅĚĵŅȮŐĸŃĽŅĴŅĶĩŏĕƟŅĽŌƞĶƞŅĚĔŅĵœħƟőħĵĨĶĚįƞŅĬĪŅĚįŇĺľĬńĚȮ

ĶŃĭĭĪŅĚŏħŇĬľŅĵŒěįƞŅĬĔŅĶĽŌħħĴȮľĶŊŀįƞŅĬĪŅĚŏħŇĬŀŅľŅĶįƞŅĬĔŅĶĶńĭĮĶŃĪŅĬȮőħĵĬŘņĴńĬ 

ľŀĴĶŃŏľĵĴňķĪīŇśĪŅĚŏĳĽńĝĺŇĪĵŅĴŅĔĴŅĵľĸŅĵħƟŅĬȮĨńĺŀĵƞŅĚŏĝƞĬ 

   /,ȮķĪīŇśĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵȮ&Antibacterial'ȮŏĬŊŗŀĚěŅĔĬŘņĴńĬľŀĴĶŃŏľĵ 

ĴňĽĴĭńĨŇĽŅĴŅĶĩĸŃĸŅĵŒĬœĕĴńĬœħƟħňȮěŉĚĪņŒľƟĽŅĴŅĶĩįƞŅĬŏĵŊŗŀľŋƟĴŏĞĸĸƢĕŀĚŐĭėĪňŏĶňĵŏĕƟŅœĮœħƟȮ 

őħĵĬŘņĴńĬľŀĴĶŃŏľĵěŃŏĕƟŅœĮĪņĸŅĵőėĶĚĽĶƟŅĚĕŀĚŏĵŊŗŀľŋƟĴŏĞĸĸƢĪņŒľƟŏĔŇħĔŅĶįƞŅĬŏĕƟŅŀŀĔ 

ĕŀĚĽŅĶĳŅĵŒĬŐĸŃĳŅĵĬŀĔĕŀĚŏĞĸĸƢĴŅĔĕŉŘĬȮĽƞĚįĸĪņŒľƟĶŃĭĭĔŅĶĪņĚŅĬĕŀĚŐĭėĪňŏĶňĵįŇħĮĔĨŇȮ 

ŐĸŃŐĭėĪňŏĶňĵěŃĨŅĵŒĬĪňŗĽŋħȮőħĵķĪīŇśĔŅĶĨƟŅĬĪŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĽƞĺĬŒľĠƞěŃĴŅěŅĔĽŅĶĮĶŃĔŀĭ 

ŒĬĔĸŋƞĴĲƖĬŀĸŇĔȮŏĝƞĬȮCarvacrol, Thymol, Eugenol ŐĸŃȮCinnamic acid ŏĮƦĬĨƟĬ 

   0,ȮķĪīŇśĨƟŅĬŏĝŊŘŀĶŅȮ&Antifungal'ȮŏĝŊŘŀĶŅĪňŗĬŘņĴńĬľŀĴĶŃŏľĵĴňķĪīŇśĨƟŅĬ 

ĴńĔŏĮƦĬŏĝŊŘŀĶŅĪňŗıĭĭĶŇŏĺĦįŇĺľĬńĚȮŏĝƞĬȮĽŅĶȮTerpinen+4+ol ěŅĔĬŘņĴńĬĪňĪĶňȮĴňķĪīŇśŒĬĔŅĶĨƟŅĬŏĝŊŘŀĶŅȮ

Candida albicans ĽŅĶěŅĔĬŘņĴńĬŀĭŏĝĵȮĔŅĬıĸŌȮŐĸŃœīĴƢȮĽŅĴŅĶĩĨƟŅĬĪŅĬŏĝŊŘŀĶŅȮSporotrichon 

spp,ȮŐĸŃȮTrichophyton spp,ȮŏĮƦĬĨƟĬ 
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2.6.3 ĔŅĬıĸŌȮY03, 04[ 

ĝŊŗŀȮ8ȮĔŅĬıĸŌȮ&Clove' 

ĝŊŗŀĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮ8ȮSyzygium aromaticum &L,'ȮMerr,Ȯ& L,M,Perry' 

ĝŊŗŀĺĚĻƢȮ8ȮMYRTACEAE 

ĝŊŗŀıƟŀĚȮ8ȮEugenia caryophyllata Thunb, Eugenia caryophyllusȮ&Spreng,'ȮBullock 

& Harrison, Eugenia aromatica Kuntze 

 ĔŅĬıĸŌŏĮƦĬœĴƟĵŊĬĨƟĬĕĬŅħĔĸŅĚĽŌĚĮĮĶŃĴŅĦȮ3Ȯ+Ȯ/.ȮŏĴĨĶȮĴňĸńĔļĦŃŏĮƦĬŒĭŏħňŗĵĺŐľĸĴȮ 

ŒĭĴňėĺŅĴĴńĬŏĚŅȮħŀĔĔŅĬıĸŌŀŀĔŏĮƦĬĝƞŀħŀĔĽńŘĬŕȮŐĪĚŀŀĔĭĶŇŏĺĦĮĸŅĵĵŀħľĶŊŀĚƞŅĴŒĭȮĭĶŇŏĺĦĵŀħȮ

įĸĔŅĬıĸŌȮŏĮƦĬįĸŏħňŗĵĺĴňȮ/ȮŏĴĸŖħȮĸńĔļĦŃŏĮƦĬįĸĪĶĚĶňȮŏĴŊŗŀŐĔƞěŃĴňĽňŐħĚŏĕƟĴŀŀĔėĸŘņ 

ĮĶŃőĵĝĬƢĔŅĬıĸŌȮĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌěŃĴňĽŅĶĵŌěňĬŀĸȮ&Eugenol'Ȯ 

ŏĮƦĬŀĚėƢĮĶŃĔŀĭľĸńĔȮĞŉŗĚŏĮƦĬĨńĺĪňŗŀŀĔķĪīŇśĽņėńĠŒĬĔŅĶĕńħĕĺŅĚĔŅĶĪņĚŅĬĕŀĚŏŀĬœĞĴƢĪņŒľƟőĮĶĨňĬ

ŀŊŗĬŕȮĪņĚŅĬįŇħĮĔĨŇȮŐĸŃĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵľĸŅĵĝĬŇħȮħŀĔĽŅĴŅĶĩĬņĴŅŒĝƟĶńĔļŅŀŅĔŅĶŐĬƞĬěŋĔŏĽňĵħȮ

ŀŅĔŅĶĮĺħĲƤĬȮŐĔƟĪƟŀĚŀŊħĪƟŀĚŏĲƚŀȮĪƟŀĚŏĽňĵȮĝƞĺĵĭĶĶŏĪŅŀŅĔŅĶĕŀĚőĶėŒĬĶŃĭĭĪŅĚŏħŇĬľŅĵŒěȮ 

ĶńĔļŅľŌȮĝƞĺĵĭĶĶŏĪŅŀŅĔŅĶœŀȮŒĭĝƞĺĵĶńĔļŅŀŅĔŅĶĮĺħĪƟŀĚȮħŀĔĝƞĺĵĕńĭĸĴȮŐĔƟĪƟŀĚŀŊħȮĪƟŀĚŏĲƚŀȮ 

ěŋĔŏĽňĵħŐĬƞĬĪƟŀĚȮőėĶĚĽĶƟŅĚĕŀĚȮEugenolȮŐĽħĚŒĬĳŅıĪňŗȮ0,7 

 

ĳŅıĪňŗȮ0,7ȮőėĶĚĽĶƟŅĚĕŀĚĽŅĶĵŌěňĬŀĸȮ&Eugenol'ȮY05[ 
 

 ėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭ Maleic anhydrideȮY06[ 

 Maleic anhydride &MA'ȮŏĮƦĬĽŅĶĮĶŃĔŀĭŀŇĬĪĶňĵƢĪňŗĴňĽŌĨĶőĴŏĸĔŋĸėŊŀȮC4H2O3ȮĴňĸńĔļĦŃ

ĪŅĚĔŅĵĳŅıŏĮƦĬįĸŉĔœĴƞĴňĽňľĶŊŀĽňĕŅĺȮĴňĔĸŇŗĬĜŋĬȮĬŇĵĴĬņŒĝƟŀŋĨĽľĔĶĶĴĔŅĶŏėĸŊŀĭįŇĺĕŀĚıŀĸŇŏĴŀĶƢȮ

ĽĴĭńĨŇĪńŗĺœĮĕŀĚȮMaleic anhydrideȮŐĽħĚŒĬĨŅĶŅĚĪňŗȮ0,0Ȯ 
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ĳŅıĪňŗȮ0,/.ȮĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮMaleic anhydride [28] 

 

ĨŅĶŅĚĪňŗȮ0,0ȮĽĴĭńĨŇĪńŗĺœĮĕŀĚ Maleic anhydride [28] 

ĽĴĭńĨŇ ėƞŅ 

ĬŘņľĬńĔőĴŏĸĔŋĸȮ&g-mol' 98,06 

ěŋħľĸŀĴŏľĸĺȮ&ďA' 52,8 

ěŋħŏħŊŀħȮ&ďA' 202 

ėĺŅĴľĬŅŐĬƞĬȮ&g-cm3' 1,48 

ėĺŅĴħńĬœŀĪňŗȮ0.ďAȮ&mmHg' 0,2 

 

 ȮėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭȮLuperox®101ȮY07[ 

 Luperox ŏĮƦĬĽŅĶŏėĴňĪňŗĴňĝŊŗŀĨŅĴ SI units ėŊŀȮ2,5+Bis&tert+butylperoxy'+2,5+

dimethylhexane ĬŇĵĴŒĝƟŏĮƦĬĨńĺŏĶŇŗĴĮĢŇĔŇĶŇĵŅȮ&Initiator'ȮŏĔŇħŏĮƦĬȮFree radicals ŒĬĔŅĶĽńĚŏėĶŅŃľƢ

ıŀĸŇŏĴŀĶƢȮőħĵĳŅıĪňŗȮ0,//ȮŐĽħĚőėĶĚĽĶƟŅĚĕŀĚȮLuperox ŐĸŃĨŅĶŅĚĪňŗȮ0,1ȮŐĽħĚĽĴĭńĨŇĪńŗĺœĮ 

ĕŀĚȮLuperox 

 

 
ĳŅıĪňŗȮ0,//ȮȮĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮLuperox [29] 

https://en.wikipedia.org/wiki/Density
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ĨŅĶŅĚĪňŗȮ0,1ȮĽĴĭńĨŇĪńŗĺœĮĕŀĚȮLuperox [29, 30] 

ĽĴĭńĨŇ ėƞŅ 

t1-2ȮĪňŗȮ//3ďAȮ&hr' 

ȮȮȮȮȮĪňŗȮ/12ďAȮ&hr' 

ȮȮȮȮȮĪňŗȮ/34ďAȮ&hr' 

10 

1 

0,1 

Refractive index 1,423 

ěŋħŏħŊŀħȮ&ďA' 55+57 

ėĺŅĴľĬŅŐĬƞĬȮ&g-cm3' 0,877 

 

 ĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚȮ&Review of related literature' 

Ren KeȮŐĸŃėĦŃȮY1/[œħƟĪņĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ 

poly&caprolactone'-gelatin &PCL-Gelatin'ȮħƟĺĵŏĪėĬŇėĔŅĶĮƤƧĬŏĽƟĬŒĵħƟĺĵœĲĲƚŅĽĩŇĨ

&Electrospinning'ȮĽņľĶńĭĮĶŃĵŋĔĨƢŒĝƟĪŅĚĔŅĶŐıĪĵƢȮŏĶŇŗĴěŅĔĔŅĶĸŃĸŅĵȮPCL ŒĬĨńĺĪņĸŃĸŅĵȮ0*0*0+

Trifluoroethanol &TFE'ȮőħĵŒľƟĽŅĶĸŃĸŅĵĴňėĺŅĴŏĕƟĴĕƟĬȮ/.#ȮőħĵĬŘņľĬńĔĨƞŀĮĶŇĴŅĨĶŐĸŃĸŃĸŅĵ

ŏěĸŅĨŇĬŒĬĨńĺĪņĸŃĸŅĵȮTFE őħĵŒľƟĽŅĶĸŃĸŅĵĴňėĺŅĴŏĕƟĴĕƟĬŏĪƞŅĔńĭĽŅĶĸŃĸŅĵȮPCLȮěŅĔĬńŘĬ 

ĬņĽŅĶĸŃĸŅĵĪńŘĚȮ0ȮĴŅįĽĴŏĕƟŅħƟĺĵĔńĬŒĬĽńħĽƞĺĬĨƞŅĚŕȮœħƟŐĔƞȮPCL8Gelatin ĽńħĽƞĺĬȮ/.80 583 585 187 

ŐĸŃ 0810 ĨŅĴĸņħńĭȮĬņĽŅĶĸŃĸŅĵĪňŗŏĨĶňĵĴœħƟœĮĪņĔŅĶĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮElectrospinningȮ

ěŅĔĔŅĶĻŉĔļŅıĭĺƞŅŏĽƟĬŒĵıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟȮĴňėĺŅĴŏĕƟŅĔńĬœħƟėƞŀĬĕƟŅĚħňȮŏĽƟĬŒĵĪňŗœħƟėƞŀĬĕƟŅĚ

ŏĶňĵĭȮěŅĔĳŅıĪňŗȮ0,/0ȮŏĴŊŗŀĪņĔŅĶĪħĽŀĭĴŋĴĽńĴįńĽĕŀĚĬŘņȮ&Water contact angle'ȮěŃŏľŖĬĺƞŅ

ĨńĺŀĵƞŅĚȮPCL ĪňŗœĴƞĴňĔŅĶŏĨŇĴȮGelatin ěŃĴňĴŋĴĽńĴįńĽĬŘņĪňŗĔĺƟŅĚȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔĔŅĶĪňŗȮPCL ĴňĽĴĭńĨŇ 

ĪňŗœĴƞĝŀĭĬŘņȮ&Hydrophobicity'ȮŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴȮGelatinȮěŃĪņŒľƟıŀĸŇŏĴŀĶƢįĽĴĴňėƞŅĴŋĴĽńĴįńĽ 

ĪňŗĸħĸĚĞŉŗĚŐĽħĚĩŉĚȮGelatinȮĪňŗĴňĽĴĭńĨŇėĺŅĴĝŀĭĬŘņȮ&Hydrophilicity'ȮŏĕƟŅœĮĝƞĺĵŏıŇŗĴėĺŅĴŏĮƦĬȮ

HydrophilicȮŒľƟŐĔƞıŀĸŇŏĴŀĶƢįĽĴȮŐĸŃŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦĔŅĶŏĨŇĴȮGelatinȮŒĬıŀĸŇŏĴŀĶƢįĽĴ 

ěŃĪņŒľƟėĺŅĴŏĮƦĬȮHydrophilicȮĕŀĚıŀĸŇŏĴŀĶƢŏıŇŗĴĴŅĔĕŉŘĬħƟĺĵ 

https://en.wikipedia.org/wiki/Density
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ĳŅıĪňŗȮ0,/0ȮŐĽħĚĴŋĴĽńĴįńĽĕŀĚĬŘņȮ&Water contact angle'ȮĕŀĚŏĽƟĬŒĵıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬ
ĔŅĶįĽĴĨƞŅĚŕȮY1/[ 

 

ěŅĔĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚŏĽƟĬŒĵıŀĸŇŏĴŀĶƢįĽĴħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/1ȮıĭĺƞŅ 

ŏĴŊŗŀĴňĔŅĶŏĨŇĴȮGelatinȮĸĚŒĬŏĽƟĬŒĬıŀĸŇŏĴŀĶƢįĽĴěŃĪņŒľƟŏĽƟĬŒĵĴňėƞŅȮYoungŲs modulus  

ĴňėƞŅŏıŇŗĴĕŉŘĬŐĸŃŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦĔŅĶŏĨŇĴȮGelatinȮěŃœĴƞĪņŒľƟėƞŅȮYoungŲs modulus 

ĴňėƞŅŐĨĔĨƞŅĚĔńĬĴŅĔĬńĔȮŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴŐĸŃŏıŇŗĴĮĶŇĴŅĦȮGelatinȮŒĬıŀĸŇŏĴŀĶƢįĽĴěŃĽƞĚįĸŒľƟŏĽƟĬŒĵ

ĴňėƞŅȮTensile strength ŐĸŃėƞŅȮStrain at break ĸħĸĚŀĵƞŅĚŏľŖĬœħƟĝńħŏěĬȮĪňŗŏĮƦĬŏĝƞĬĬńŘĬŏĬŊŗŀĚěŅĔȮ

GelatinȮĴňĸńĔļĦŃĪňŗėƞŀĬĕƟŅĚŏĮĶŅŃŐĸŃĴňėĺŅĴŐĕŖĚŐĶĚĨŗņȮŏĴŊŗŀĴňĔŅĶŏĨŇĴĸĚŒĬıŀĸŇŏĴŀĶƢįĽĴ 

ěŉĚĪņŒľƟĴňĽĴĭńĨŇĔŅĶħŉĚĵŊħĸħĸĚȮĬŀĔěŅĔĬňŘŏĴŊŗŀĪņĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮ&Cytotoxicity'Ȯ 

ŒĬĳŅıĪňŗȮ0,/2ȮıĭĺƞŅŏĞĸĸƢĪňŗĬņĴŅĪħĽŀĭĴňėĺŅĴĴňĝňĺŇĨĕŀĚŏĞĸĸƢĴŅĔĔĺƞŅȮ6.#ȮĞŉŗĚŐĽħĚĩŉĚ 

ėĺŅĴœĴƞŏĮƦĬıŇļĨƞŀŏĞĸĸƢŐĸŃėĺŅĴĽŅĴŅĶĩŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅıĕŀĚıŀĸŇŏĴŀĶƢįĽĴ 
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ĳŅıĪňŗȮ0,/1ȮŐĽĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚŏĽƟĬŒĵıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚŕȮ8ȮTensile stress+
strain curve &A', Young's modulus &B', Peak strength &C'ȮŐĸŃȮStrain at break &D'ȮY1/[ 

 

 

ĳŅıĪňŗȮ0,/2ȮŐĽħĚėĺŅĴĴňĝňĺŇĨŀĵŌƞĕŀĚŏĞĸĸƢĕŀĚŏĽƟĬŒĵıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚŕȮ 
ȮŒĬĺńĬĪňŗȮ1ȮŐĸŃĺńĬĪňŗȮ5ȮY1/[ 

 

ěŅĔĚŅĬĺŇěńĵĕŀĚȮKikku Fukushima ŐĸŃėĦŃȮY10[ȮœħƟĪņĔŅĶĻŉĔļŅıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨ

ĶŃľĺƞŅĚȮPBAT-ClayȮŏıŊŗŀŒĝƟĪŅĚĔŅĶŐıĪĵƢŐĸŃŒĬŀŋĨĽŅľĔĶĶĴȮőħĵŏĨĶňĵĴĲƕĸƢĴěŅĔıŀĸŇŏĴŀĶƢ 

ėŀĴıŀĽŇĨħƟĺĵĔŅĶĕŉŘĬĶŌĮħƟĺĵȮCompression molding ıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨěŃĴňĔŅĶŏĨŇĴȮClay  

ĝĬŇħĨƞŅĚŕȮŒĬĮĶŇĴŅĦȮ3ȮŐĸŃȮ/.Ȯ#ȮěŅĔĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮ&Cytotoxicity'ȮħƟĺĵĺŇīňȮ
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MTT ıĭĺƞŅȮPBAT ŐĸŃıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨȮPBAT-ClayȮĪňŗŏĺĸŅȮ/Ȯ1ȮŐĸŃȮ3ȮĺńĬȮœĴƞĴňĔŅĶĸħĸĚ 

ĕŀĚėĺŅĴĴňĝňĺŇĨĕŀĚŏĞĸĸƢȮĞŉŗĚŐĽħĚĩŉĚȮPBAT ŐĸŃıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨĕŀĚȮPBAT ĴňėĺŅĴŏĕƟŅĔńĬœħƟ

ĪŅĚĝňĺĳŅıŐĸŃœĴƞĴňėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮ 

ěŅĔĚŅĬĺŇěńĵĕŀĚģŇĨŅĳŅȮŐĸŃėĦŃȮY3[ȮœħƟĪņĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ 

ŏěĸŅĨŇĬŐĸŃȮPBAT ŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢŀŅľŅĶȮŒĬĚŅĬĺŇěńĵĬňŘěŃĴňĔŅĶŏĨŇĴȮPBAT ĸĚŒĬ 

ŏěĸŅĨŇĬĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢŏıŊŗŀĮĶŋĭĮĶŋĚĽĴĭńĨŇĭŅĚĮĶŃĔŅĶĕŀĚŏěĸŅĨŇĬȮőħĵěŃŏĶŇŗĴĔŅĶŏĨĶňĵĴ

ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ŐĨƞŏĬŊŗŀĚěŅĔŏěĸŅĨŇĬŐĸŃȮPBAT ĴňĽĳŅıĕńŘĺĪňŗŐĨĔĨƞŅĚĔńĬ

ĪņŒľƟŏĕƟŅĔńĬœħƟœĴƞħňȮěŉĚœħƟĴňĔŅĶĮĶńĭĮĶŋĚőėĶĚĽĶƟŅĚĕŀĚȮPBAT ŒľƟŏĮƦĬȮPBAT+g+MA ěŅĔĬńŘĬ 

ěŉĚĬņŏěĸŅĨŇĬŐĸŃȮPBAT+g+MAȮĴŅįĽĴĔńĬŒĬĽńħĽƞĺĬŏěĸŅĨŇĬ-PBATȮŏĮƦĬȮ6.-20 70-30 ŐĸŃȮ4.-40 

őħĵĬŘņľĬńĔȮŐĸƟĺĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴħƟĺĵȮCompression moldingȮěŅĔĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬ

ĺŇĪĵŅħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/3ȮıĭĺƞŅȮĶŃĭĭŏěĸŅĨŇĬ-PBAT ěŃĴňĸńĔļĦŃıŊŘĬįŇĺĪňŗĕĶŋĕĶŃȮĴňĔŅĶľĸŋħŀŀĔ

ěŅĔĔńĬĕŀĚĪńŘĚȮ0ȮĺńġĳŅėȮĞŉŗĚŐĽħĚĩŉĚėĺŅĴœĴƞŏĕƟŅĔńĬĕŀĚĪńŘĚȮ0ȮĺńĢĳŅėȮŒĬĕĦŃĪňŗĶŃĭĭŏěĸŅĨŇĬ-PBAT+

g+MA ěŃĴňėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚĪńŘĚȮ0ȮĺńĢĳŅėĪňŗħňĔĺƞŅȮĶĺĴĩŉĚĴňĔŅĶĔĶŃěŅĵĨńĺĕŀĚĺńĢĳŅėȮPBAT+g+MAȮ

ŒĬĺńĢĳŅėŏěĸŅĨŇĬœħƟħňĔĺƞŅŀňĔħƟĺĵȮěŅĔėĺŅĴŏĕƟŅœħƟħňĕŀĚĪńŘĚȮ0ȮĺńĢĳŅėĬňŘĵńĚĽƞĚįĸŒľƟĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ

ĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭĲƕĸƢĴěŅĔŏěĸĸŅĨŇĬŏıňĵĚŀĵƞŅĚħƟĺĵȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/4Ȯ

ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅȮPBAT ĪňŗŏĨŇĴĸĚœĮŒĬŏěĸŅĨŇĬěŃĝƞĺĵŒľƟĲƕĸƢĴıŀĸŇŏĴŀĶƢĪňŗŏĨĶňĵĴœħƟěŃĴňĽĴĭńĨŇ 

ĔŅĶħŌħĞŉĴĬŘņĪňŗĸħĸĚ 
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Ȯ  

Ȯ  
ĳŅıĪňŗȮ0,/3ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬőħĵĬŘņľĬńĔĨƞŅĚŕȮ8Ȯ&a'ȮŏěĸŅĨŇĬ-PBAT 

&70830'Ȯ&x500', &b'ȮŏěĸŅĨŇĬ-PBAT &70830'Ȯ&x1000',Ȯ&c'ȮŏěĸŅĨŇĬ-PBAT+g+MA 
&70830'Ȯ&x500'ȮŐĸŃȮ&d'ȮŏěĸŅĨŇĬ-PBAT+g+MA &70830'Ȯ&x1000'ȮY3[ 

 

ĳŅıĪňŗȮ0,/4ȮŐĽħĚȮStress+Strain ĕŀĚŏěĸŅĨŇĬȮPBAT ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮŏěĸŅĨŇĬ-PBAT ŐĸŃȮ 
ȮŏěĸŅĨŇĬ-PBAT+g+MA ĪňŗŀńĨĶŅĽƞĺĬȮ5.830ȮY3[ 

 

a b 

c d 
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ěŅĔĚŅĬĺŇěńĵĕŀĚȮShane D,ȮFrazierȮŐĸŃėĦŃȮY11[ȮœħƟĪņĔŅĶŏĨĶňĵĴőĲĴŏěĸŅĨŇĬħƟĺĵĺŇīňȮ

Evaporation+based methodȮŏĶŇŗĴěŅĔĔŅĶĬņŏěĸŅĨŇĬĴŅĸŃĸŅĵŒĬĬŘņŒľƟĴňėĺŅĴŏĕƟĴĕƟĬ 

ĕŀĚŏěĸŅĨŇĬŏĮƦĬȮ5Ȯ/.Ȯ0.ȮŐĸŃȮ1.#ȮőħĵĬŘņľĬńĔĨƞŀĮĶŇĴŅĨĶĨŅĴĸņħńĭȮěŅĔĬńŘĬĬņĽŅĶĸŃĸŅĵĪňŗœħƟ 

ŏĪĸĚŒĬĩŅħŏıŊŗŀĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵĔĶŃĭĺĬĔŅĶȮSolution casting ěŅĔĬńŘĬĬņĲƕĸƢĴĪňŗŏĨĶňĵĴœħƟœĮŀĭ 

ĪňŗŀŋĦľĳŌĴŇȮ/3.Ȯ°CȮěŃœħƟŏěĸŅĨŇĬĪňŗĴňĸńĔļĦŃŏĮƦĬĶŌıĶŋĬȮěŅĔĔŅĶĻŉĔļŅıĭĺƞŅĽńĦģŅĬĺŇĪĵŅĕŀĚŏěĸŅĨŇĬ

ĪňŗœħƟěŃĴňįŇĺħƟŅĬĬŀĔĪňŗėƞŀĬĕƟŅĚŏĶňĵĭȮŐĸŃĴňĸńĔļĦŃħƟŅĬŒĬĪƞŀŏĮƦĬĶŌıĶŋĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/5ȮőħĵĪňŗ

ŏĴŊŗŀĴňĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚŏěĸŅĨŇĬŒĬĕńŘĬĨŀĬĔŅĶĪņȮSolution castingȮěŃĪņŒľƟőĲĴĪňŗœħƟ 

ĴňėĺŅĴŏĮƦĬĶŌıĶŋĬĸħĸĚȮŐĸŃĴňėĺŅĴľĬŅŐĬƞĬŏıŇŗĴĕŉŘĬħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ0,2 

 

ĳŅıĪňŗȮ0,/5ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴŏěĸŅĨŇĬĪňŗėĺŅĴŏĕƟĴĕƟĬĨƞŅĚŕȮ8Ȯ&A'ȮG5, &B'ȮG10, &C'ȮG20 
ŐĸŃȮ&D'ȮG30ȮY11[ 

 
ĨŅĶŅĚĪňŗȮ0,2ȮėĺŅĴľĬŅŐĬƞĬȮėĺŅĴŏĮƦĬĶŌıĶŋĬŐĸŃĕĬŅħĶŌıĶŋĬĕŀĚőĲĴŏěĸŅĨŇĬĪňŗėĺŅĴŏĕƟĴĕƟĬĨƞŅĚŕȮY11[ 
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ěŅĔĚŅĬĺŇěńĵĕŀĚȮYuan KangȮŐĸŃėĦŃȮY12[ȮœħƟĪņĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴȮOpen+porousȮ

ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPolylactideȮ&PLA'-PBAT ħƟĺĵĺŇīňȮDoubleȮemulsion method  

ŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬȮScaffoldsȮőħĵĪņĔŅĶĸŃĸŅĵȮSodium dodecylbenzenesulfonateȮ&SDBS'Ȯ

ĸĚŒĬĬŘņŏıŊŗŀŏĮƦĬĽƞĺĬĕŀĚĺńĢĳŅėĬŘņȮŐĸŃĸŃĸŅĵȮPLA ŐĸŃȮPBATȮĪňŗĽńħĽƞĺĬĨƞŅĚŕȮ 

ŒĬȮDichloromethaneȮŏıŊŗŀŏĮƦĬĽƞĺĬĕŀĚĺńġĳŅėĬŘņĴńĬȮěŅĔĬńŘĬĬņĪńŘĚȮ0ȮĽƞĺĬĴŅįĽĴŒľƟŏĮƦĬ 

ŏĬŊŘŀŏħňĵĺĔńĬĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮŐĸƟĺĪņĔŅĶĶŃŏľĵȮDichloromethaneȮŐĸŃĬŘņŀŀĔȮěŃœħƟŏĮƦĬĺńĽħŋįĽĴ

ĪňŗĴňėĺŅĴŏĮƦĬĶŌıĶŋĬȮěŅĔĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚįĽĴĪňŗŏĨĶňĵĴœħƟıĭĺƞŅȮĴňĸńĔļĦŃĶŌıĶŋĬŒľƟŏľŖĬŀĵƞŅĚ

ĝńħŏěĬħńĚŐĽħĚŒĬĳŅıĪňŗȮ0,/6ȮėĺŅĴŏĮƦĬĶŌıĶŋĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴěŃĕŉŘĬŀĵŌƞĔńĭĽńħĽƞĺĬĔŅĶįĽĴĶŃľĺƞŅĚȮ

PLA-PBAT ŐĸŃĽńħĽƞĺĬĔŅĶįĽĴĕŀĚĺńĢĳŅėĬŘņ-ĺńĢĳŅėœĕĴńĬȮőħĵŒĬĶŃĭĭĪňŗĴňĽńħĽƞĺĬĔŅĶįĽĴ

ĶŃľĺƞŅĚȮPLA-PBAT ŏĮƦĬ 70-30 ėĺŅĴŏĮƦĬĶŌıĶŋĬŐĸŃĕĬŅħĶŌıĶŋĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴěŃŏıŇŗĴĕŉŘĬ 

ŏĴŊŗŀĴňĔŅĶŏıŇŗĴĽńħĽƞĺĬĔŅĶįĽĴĕŀĚĺńġĳŅėĬŘņȮěŅĔĨŅĶŅĚĪňŗȮ0,3ȮěŃŏľŖĬĺƞŅŏĴŊŗŀĴňĔŅĶŏıŇŗĴĽńħĽƞĺĬĔŅĶįĽĴȮ

PBAT ěŃĪņŒľƟėĺŅĴŏĮƦĬĶŌıĶŋĬŐĸŃĕĬŅħĶŌıĶŋĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴĸħĸĚȮĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅıŀĸŇŏĴŀĶƢ

įĽĴĪňŗŏĨĶňĵĴœħƟěŃĴňĽĴĭńĨŇŏĝŇĚĔĸħňĕŉŘĬŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦĔŅĶŏĨŇĴȮPBAT ĶĺĴĩŉĚıŀĸŇŏĴŀĶƢįĽĴ 

ĪňŗŏĨĶňĵĴœħƟĴňėĺŅĴŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅıŐĸŃœĴƞĴňėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢ 

 

ĳŅıĪňŗȮ0,/6ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮsc+PLA-PBAT &5.-1.'ȮĪňŗĴňĽńħĽƞĺĬĺńġĳŅėĬŘņ- 
ĺńĢĳŅėœĕĴńĬĨƞŅĚĔńĬȮ8Ȯ&a'Ȯ.,2-/; &b'Ȯ.,3-/; &c'Ȯ.,4-/; &d'Ȯ.,5-/; &e'Ȯ.,6-/ȮŐĸŃȮ&f'Ȯ.,7-/ȮY12[ 
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ĨŅĶŅĚĪňŗȮ0,3ȮŐĽħĚėĺŅĴŏĮƦĬĶŌıĶŋĬȮıŊŘĬĪňŗįŇĺȮŐĸŃĕĬŅħĶŌıĶŋĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮsc+PLA-PBAT ĪňŗȮȮ
ĽńħĽƞĺĬĔŅĶįĽĴĨƞŅĚŕȮY12[ 

 

ĚŅĬĺŇěńĵĕŀĚȮShan WuȮŐĸŃėĦŃȮY13[ȮœħƟĪņĔŅĶĻŉĔļŅĔŅĶŏĨŇĭőĨĕŀĚŏĞĸĸƢőĲĴĕŀĚőĲĴ 

ěŅĔıŀĸŇŏŀĪŇĸňĬėĺŅĴľĬŅŐĬƞĬĨŗņȮ&LDPE'ȮőħĵĴňȮp,p+oxybis&benzenesulfonyl hydrazide'Ȯ

&OBSH'ȮŏĮƦĬȮBlowing agent őħĵŏĶŇŗĴěŅĔĔŅĶįĽĴȮLDPE ŐĸŃȮOBSH ŒĬȮInternal mixer ŏĮƦĬŏĺĸŅȮ

4ȮĬŅĪňȮěŅĔĬńŘĬĬņœĮĕŉŘĬĶŌĮħƟĺĵȮCompression moldingȮěŅĔĳŅıĪňŗȮ0,/7ȮŐĽħĚĸńĔļĦŃ 

ĕŀĚŏĞĸĸƢőĲĴĪňŗŏĺĸŅĨƞŅĚŕȮıĭĺƞŅȮŒĬĝƞĺĚȮ3ȮůȮ3.ȮĺŇĬŅĪňěŃĴňĮĶŇĴŅĦŏĞĸĸƢőĲĴĪňŗĬƟŀĵȮĶĺĴĩŉĚŏĞĸĸƢőĲĴ 

ĪňŗŏĔŇħĕŉŘĬěŃĴňĕĬŅħŏĸŖĔȮĮĶŇĴŅĦŐĸŃĕĬŅħĕŀĚŏĞĸĸƢőĲĴěŃŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĺĸŅįƞŅĬœĮĬŅĬĕŉŘĬȮŒĬĝƞĺĚŏĺĸŅȮ

3.ȮůȮ5.ȮĺŇĬŅĪňȮŏĞĸĸƢőĲĴĪňŗŏĔŇħĕŉŘĬěŃĴňĕĬŅħĪňŗıŀŏľĴŅŃȮŐĨƞŏĴŊŗŀŏĺĸŅįƞŅĬœĮĴŅĔĔĺƞŅȮ5.ȮĺŇĬŅĪňȮ 

ěŃĽńĚŏĔĨœħƟĩŉĚĸńĔļĦŃĕŀĚŏĞĸĸƢőĲĴĪňŗįŇħĶŌĮœĮȮŐĸŃěŅĔĳŅıĪňŗȮ0,0.ȮěŃŏľŖĬĺƞŅŏĴŊŗŀŏĺĸŅŏıŇŗĴĕŉŘĬ 

ėĺŅĴľĬŅŐĬƞĬĕŀĚŏĞĸĸƢŏıŇŗĴěŃŏıŇŗĴĕŉŘĬȮőħĵěŃĴňĔŅĶŏıŇŗĴĕŉŘĬŀĵƞŅĚĝƟŅŕȮŒĬĝƞĺĚŐĶĔȮěŅĔĬńŘĬěŃŏıŇŗĴĕŉŘĬ

ŀĵƞŅĚĶĺħŏĶŖĺŐĸŃėĚĪňŗȮĞŉŗĚĔŅĶĪňŗėĺŅĴľĬŅŐĬƞĬĕŀĚŏĞĸĸƢőĲĴėƞŀĬĕƟŅĚėĚĪňŗŐĽħĚŒľƟŏľŖĬĩŉĚŏĽĩňĵĶĳŅı

ĕŀĚĔŅĶŏĔŇħŏĞĸĸƢőĲĴȮŒĬĕĦŃŏħňĵĺĔńĬŏĴŊŗŀıŇěŅĶĦŅěŅĔĕĬŅħĕŀĚŏĞĸĸƢőĲĴěŃıĭĺƞŅȮĕĬŅħŏĽƟĬįƞŅĬ

ĻŌĬĵƢĕŀĚŏĞĸĸƢőĲĴěŃĴňĕĬŅħŏıŇŗĴĕŉŘĬĨŅĴŏĺĸŅŏĝƞĬĔńĬ 

 

ĳŅıĪňŗȮ0,/7ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴȮLDPE ĪňŗŏĺĸŅĨƞŅĚŕȮY13[ 
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ĳŅıĪňŗȮ0,0.ȮŐĽħĚėĺŅĴľĬŅŐĬƞĬĕŀĚŏĞĸĸƢőĲĴȮĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚŏĞĸĸƢőĲĴȮ 

ŐĸŃĔŅĶĔĶŃěŅĵĕŀĚĕĬŅħŏĞĸĸƢőĲĴȮĕŀĚőĲĴ LDPE ĪňŗŏĺĸŅĨƞŅĚŕȮY13[ 
 

ĚŅĬĺŇěńĵĕŀĚȮAidilla MubarakȮŐĸŃėĦŃȮY14[ȮœħƟĪņĔŅĶŏĨĶňĵĴĲƕĸƢĴŏěĸŅĨŇĬ-œėőĨĞŅĬȮ 

ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌȮ&Clove oil'ȮŏıŊŗŀĶńĔļŅėŋĦĳŅıĕŀĚĮĸŅěŃĸŃŏĴŖħĕŅĺħƟĺĵĺŇīňȮ

Solution castingȮĔŅĶŏĨĶňĵĴĲƕĸƢĴĪņœħƟħƟĺĵĔŅĶĸŃĸŅĵŏěĸŅĨŇĬȮŐĸŃœėőĨĞŅĬȮŒĬĬŘņȮěŅĔĬńŘĬŏĨŇĴĞŀĶƢ

ĭŇĪŀĸŐĸŃĔĸňŏĞŀĶŀĸŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢȮĪņĔŅĶĔĺĬįĽĴȮěŅĔĬńŘĬŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵ

ěŅĔĔŅĬıĸŌĮĶŇĴŅĦȮ.,53Ȯml-gȮĕŀĚıŀĸŇŏĴŀĶƢȮŐĸƟĺĬņœĮĪņŒľƟŐľƟĚěŃœħƟŏĮƦĬĲƕĸƢĴıŀĸŇŏĴŀĶƢȮ 

ěŅĔĔŅĶĻŉĔļŅıĭĺƞŅĲƕĸƢĴŏěĸŅĨŇĬ-œėőĨĞŅĬĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵěŃĽŅĴŅĶĩĨƟŅĬŏĝŊŘŀȮ

EscherichiaȮcoliȮ&E,Ȯcoli'ȮŐĸŃŏĝŊŘŀȮSalmonella enterica blueȮ&S,Ȯenterica,'ȮœħƟȮŒĬĕĦŃĪňŗĲƕĸƢĴ

ĪňŗœĴƞĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌœĴƞĽŅĴŅĶĩĨƟŅĬŏĝŊŘŀħńĚĔĸƞŅĺœħƟ 

ĚŅĬĺŇěńĵĕŀĚȮHaiying CuiȮŐĸŃėĦŃȮY15[ȮœħƟĪņĔŅĶŏĨĶňĵĴŏĽƟĬŒĵŏěĸŅĨŇĬĪňŗĴňĔŅĶŏĨŇĴȮClove 

oil-ŀĬŋĳŅėœėőĨĞŅĬȮ&CO@CNPs'ȮŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬĲƕĸƢĴĨƟŅĬŏĝŊŘŀȮEscherichia coli  

&E,Ȯcoli'ȮĝĬŇħȮO/358H5ȮŒĬŐĨĚĔĺŅȮőħĵŏĶŇŗĴĨƟĬěŅĔĔŅĶŏĨĶňĵĴȮCO@CNPsȮħƟĺĵĺŇīňȮEmulsion ŐĸŃȮ 

Ionic+gelation ĕŀĚœėőĨĞŅĬħƟĺĵȮSodium tripolyphosphate &STPP'ȮěŅĔĬńŘĬŏĨĶňĵĴŏĽƟĬŒĵ 

ŏěĸŅĨŇĬ-CO@CNPsȮħƟĺĵŏĪėĬŇėȮElectrospinning ěŅĔĔŅĶĻŉĔļŅıĭĺƞŅŏĽƟĬŒĵĪňŗŏĨĶňĵĴœħƟĴňķĪīŇś 

ŒĬĨƟŅĬŏĝŊŘŀȮE, coliȮO/358H5ȮĶĺĴĩŉĚĽŅĴŅĶĩĝƞĺĚėĚėĺŅĴĽħŐĸŃĽňĕŀĚŐĨĚĔĺŅœĺƟœħƟŏĴŊŗŀŏĺĸŅįƞŅĬœĮȮ 

2ȮĺńĬ 

ĚŅĬĺŇěńĵĕŀĚŏŀĔıĽŇŇļģƢȮY16[ȮœħƟĪņĔŅĶĻŉĔļŅĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌĸĚŒĬ 

ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŐĮƚĚŐĸŃœėőĨĞŅĬĪňŗŏĽĶŇĴŐĶĚħƟĺĵŏĽƟĬŒĵŏĞĸĸŌőĸĽħƟĺĵŏĪėĬŇėȮSolution 

castingȮŏĴŊŗŀıŇěŅĶĦŅĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĬĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵŐĔĶĴĭĺĔȮS,ȮaureusȮŐĸŃŐĭėĪňŏĶňĵ

ŐĔĶĴĸĭȮE,ȮcoliȮıĭĺƞŅıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨĪňŗŏĨĶňĵĴœħƟĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĪńŘĚȮ0Ȯ
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ĝĬŇħȮŐĨƞĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĕŀĚıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨĪňŗœĴƞĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴ

ĶŃŏľĵěŅĔĔŅĬıĸŌěŃĨŗņĔĺƞŅıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌȮŏĬŊŗŀĚěŅĔ

œėőĨĞŅĬŒĬıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨěŃĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬŏĝŊŘŀŏĴŊŗŀŀĵŌƞĽĩŅĬŃĪňŗŏĮƦĬĽŅĶĸŃĸŅĵ

ĴŅĔĔĺƞŅȮŏĴŊŗŀĴňĔŅĶĕŉŘĬĶŌĮĪňŗŐįƞĬěŉĚĪņŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĕŀĚœėőĨĞŅĬĸħĸĚȮ 

ŐĨƞŒĬĔĶĦňĕŀĚıŀĸŇŏĴŀĶƢėŀĴĽŇĨĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌěŃĴňĮĶŃĽŇĪīŇĳŅı 

ŒĬĔŅĶĨƟŅĬŏĝŊŘŀĽŌĚĔĺƞŅŏĬŊŗŀĚěŅĔĽŅĶȮEugenolȮĪňŗŏĮƦĬŀĚėƢĮĶŃĔŀĭľĸńĔŒĬĬŘņĴńĬěŅĔĔŅĬıĸŌĽŅĴŅĶĩ

ĪņĸŅĵįĬńĚŏĞĸĸƢĕŀĚŐĭėĪňŏĶňĵœħƟȮĞŉŗĚĽŅĶȮEugenolȮĴňķĪīŇśŒĬĔŅĶĨƟŅĬŏĝŊŘŀŐĭėĪňŏĶňĵĪńŘĚŏĝŊŘŀȮS,ȮaureusȮ

ŐĸŃŏĝŊŘŀȮE,Ȯcoli 
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ĭĪĪňŗ 3 

ĺŇīňĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ 

 ĺńĽħŋŀŋĮĔĶĦƢȮŏėĶŊŗŀĚĴŊŀȮŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

3.1.1 ĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

3.1.1.1 ıŀĸŇĭŇĺĪŇĸňĬȮŀŃħŇŏĮĨ+őė+ŏĪŏĶĲĪŅŏĸĨȮPoly&butylene adipate+co+

terephthalate'Ȯ&PBAT'ȮŏĔĶħȮEcoflex® F Blend C/0.., MFI ;Ȯ/0,66 

g-/.minȮěŅĔĭĶŇļńĪȮPTT MCC BioChem Company Limited 

3.1.1.2 ŏěĸŅĨŇĬȮ&Gelatin 03. bloom'ȮěŅĔĭĶŇļńĪȮŏėĴňĳńĦĤƢȮėŀĶƢĮŀŏĶĝńŗĬȮěņĔńħ 

3.1.1.3 ĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ&Maleic anhydride, MA'ȮŒĝƟŏĮƦĬĽŅĶĽņľĶńĭħńħŐĮĶ

őėĶĚĽĶƟŅĚȮħƟĺĵĺňīňĔŅĶĔĶŅĲĨƢĸĚĭĬőėĶĚĽĶƟŅĚĕŀĚȮPBATȮěŅĔĭĶŇļńĪȮ 

Sigma+Aldrich 

3.1.1.4 Luperox® /./ȮĝŊŗŀĪŅĚŏėĴňėŊŀȮ0*3+Bis&tert+butylperoxy'+0*3+

dimethylhexaneȮěŅĔĭĶŇļńĪȮSigma+Aldrich 

3.1.1.5 Supercell EW &4,4'+Oxydibenzenesulfonyl Hydrazide, OBSH'ȮěŅĔĭĶŇļńĪȮ

A,F,Supercell 

3.1.1.6 Glycerol ĭĶŇļńĪȮAjax Finechem PTY Ltd,ȮĮĶŃŏĪĻŀŀĽŏĨĶŏĸňĵȮ 

3.1.1.7 Reverse Osmosis water &RO' 

3.1.1.8 ŀŃĞŇőĨĬȮ&Acetone'Ȯ 

3.1.1.9 ĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌȮěŅĔĭĶŇļńĪȮŏėĴňĳńĦĤƢȮėŀĶƢĮŀŏĶĝńŗĬȮěņĔńħ 

3.1.2 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

3.1.2.1 ĨŌƟŀĭȮ&Hot air oven'ȮĕŀĚĭĶŇļńĪȮBINDERȮĮĶŃŏĪĻŏĵŀĶĴńĬ 

3.1.2.2 ŏėĶŊŗŀĚĭħįĽĴĶŃĭĭĮƕħȮ&Internal mixer'ȮĶŋƞĬȮMX105+D40L50 ĭĶŇļńĪȮŏěĶŇĠ

ĪńĻĬƢȮěņĔńħȮĮĶŃŏĪĻœĪĵȮ 

3.1.2.3 ŏėĶŊŗŀĚŀńħĶňħŐĭĭĽŀĚĽĔĶŌȮ&Co-rotating twin screw extruder) ĶŋƞĬȮSHJ-03Ȯ

ĕŀĚĭĶŇļńĪȮYongteng ěŅĔĮĶŃŏĪĻěňĬ 



  36 

3.1.2.4 ŏėĶŊŗŀĚĕŉŘĬĶŌĮŐĭĭĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮ&Compression Molding'ȮĕŀĚĭĶŇļńĪ 

Labtech  Engineering ĮĶŃŏĪĻœĪĵ 

3.1.2.5 ŏėĶŊŗŀĚĕŉŘĬĶŌĮŐĭĭĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮ&Compression Molding' ĶŋƞĬȮPR1D-

W300L350 ĭĶŇļńĪȮŏěĶŇĠĪńĻĬƢȮěņĔńħȮĮĶŃŏĪĻœĪĵ 

3.1.2.6 ŏėĶŊŗŀĚĭħįĽĴŐĭĭĽŀĚĸŌĔĔĸŇŘĚȮ&Two roll mill) ĭĶŇļńĪȮLabTech ĶŋƞĬȮLRM-

S110/T3E ĮĶŃŏĪĻœĪĵ 

3.1.2.7 ŏėĶŊŗŀĚȮNuclear magnetic resonance spectroscope (NMR) ĭĶŇļńĪȮBruker 

ĶŋƞĬ NMR Bruker 300 MHz ĮĶŃŏĪĻŏĵŀĶĴńĬ 

3.1.2.8 ŏėĶŊŗŀĚȮScanning electron microscope &SEM'ȮĶŋƞĬȮTM1.1.ȮĕŀĚĭĶŇļńĪ

HITACHI, ĮĶŃŏĪĻĠňŗĮŋƙĬ 

3.1.2.9 ŏėĶŊŗŀĚȮScanning Electron Microscope (SEM) ĶŋƞĬȮMIRA3ȮĕŀĚĭĶŇļńĪȮ

TESCAN, ĮĶŃŏĪĻŀŀĽŏĨĶŏĸňĵ 

3.1.2.10 ŏėĶŊŗŀĚȮUniversal testing machine &UTM'ȮĶŋƞĬȮInstron+5969ȮĕŀĚĭĶŇļńĪȮ

Instron, ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

3.1.2.11 ŏėĶŊŗŀĚĴŊŀ Differential Scanning Calorimeter (DSC) ĶŋƞĬ DSC1 ĕŀĚ

ĭĶŇļńĪȮMettler Toledo, ĮĶŃŏĪĻĽĺŇĨŏĞŀĶƢŐĸĬħƢ 

3.1.2.12 ŏėĶŊŗŀĚĴŊŀĪħĽŀĭėĺŅĴŐĕŖĚȮœħƟŐĔƞȮHardness Testing Machine ěŅĔ

ĭĶŇļńĪȮPTC Instruments ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

3.1.2.13 ŏėĶŊŗŀĚĴŊŀĻŉĔļŅėĺŅĴľĬŅŐĬƞĬȮœħƟŐĔƞȮŏėĶŊŗŀĚȮDensity kit ĶŋƞĬȮME-DNY-4 

ěŅĔĭĶŇļńĪ Mettler Toledo ĮĶŃŏĪĻĽĺŇĨŏĞŀĶƢŐĸĬħƢ 

3.1.2.14 ŏėĶŊŗŀĚĴŊŀȮUV vis spectrophotometer ĶŋƞĬȮShimadzu UV-1800ȮĭĶŇļńĪȮ

Bara Scientific Co.,Ltd. ĮĶŃŏĪĻœĪĵ 
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 ĺŇīňħņŏĬŇĬĚŅĬĺŇěńĵȮ 

ĚŅĬĺŇěńĵĬňŘěŃŐĭƞĚĔŅĶħņŏĬŇĬĚŅĬŀŀĔŏĮƦĬȮ1ȮĨŀĬȮœħƟŐĔƞ 

ĨŀĬĪňŗȮ/ȮĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT  

ĨŀĬĪňŗȮ0ȮĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮBlowing agent ĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮĕŀĚőĲĴ

ĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

ĨŀĬĪňŗȮ1ȮĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮ

ĕŀĚőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

 

ĨŀĬĪňŗȮ/ȮĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT  

1. ĔŅĶŏĨĶňĵĴıĸŅĽĨŇœĞĨƢŏěĸŅĨŇĬȮ&Plasticized gelatin'ȮĬņŏěĸŅĨŇĬĴŅŐĭƞĚŒĽƞĩŅħŐĔƟĺ

ŐĸƟĺĪņĔŅĶįĽĴĔńĭĔĸňŏĞŀĶŀĸȮ&Glycerol'ȮŐĸŃĬŘņȮŒĬŀńĨĶŅĽƞĺĬȮ/Ȯ8Ȯ0,33 8Ȯ0,47 őħĵĬŘņľĬńĔȮ 

ěŅĔĬńŘĬėĸŋĔĽƞĺĬįĽĴŒľƟŏĕƟŅĔńĬŐĸƟĺĭƞĴĪŇŘĚœĺƟȮ/0ȮůȮ/6ȮĝńŗĺőĴĚȮŏĴŊŗŀėĶĭŏĺĸŅĪňŗĔņľĬħ 

ĬņŏěĸŅĨŇĬĪňŗœħƟĴŅĨńħŏĮƦĬĝŇŘĬŏĸŖĔŕȮŐĸƟĺĬņœĮĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚȮTwin Screw Extruder ĪňŗŀŋĦľĳŌĴŇěŅĔȮ

Hopper ĩŉĚľńĺȮDie ėŊŀȮ6.-7.-/..-/..-//.-//.-/03-/03ºC ĨŅĴĸņħńĭȮħƟĺĵėĺŅĴŏĶŖĺĶŀĭĽĔĶŌȮ

4. rpmȮĔƞŀĬĬņœĮŒĝƟĚŅĬěŃĨƟŀĚĬņȮExtrudateȮıĸŅĽĨŇœĞĨƢŏěĸŅĨŇĬȮĴŅĨńħŐĸŃĬņœĮŀĭĪňŗŀŋĦľĳŌĴŇȮ

4. °CȮŏĮƦĬŏĺĸŅȮ6ȮĝńŗĺőĴĚȮĬņȮPlasticized gelatinȮĪňŗŏĨĶňĵĴœħƟĴŅĪħĽŀĭ 

- ĔŅĶĺŇŏėĶŅŃľƢĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPlasticized gelatinȮħƟĺĵ Differential 

Scanning CalorimeterȮ&DSC'ȮőħĵěŃŒľƟėĺŅĴĶƟŀĬěŅĔĪňŗŀŋĦľĳŌĴŇȮ+6.ȮºCȮĩŉĚȮ/6. ºCȮĪňŗŀńĨĶŅĔŅĶ

ŒľƟėĺŅĴĶƟŀĬȮ/. ºC-min ĳŅĵŒĨƟĽĳŅĺŃŀŅĔŅĻœĬőĨĶŏěĬȮ 

2. ĔŅĶŏĨĶňĵĴȮPBATȮĪňŗįƞŅĬĔŅĶŏĝŊŗŀĴĕĺŅĚȮ&cured PBAT'ȮĬņȮPBAT ĪňŗįƞŅĬĔŅĶŀĭŐĸƟĺ 

ĴŅįĽĴĔńĭȮLuperox®/./ȮħƟĺĵĽńħĽƞĺĬȮ/Ȯphr ŐĸƟĺœĮĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚȮTwin Screw Extruder  

ĪňŗŀŋĦľĳŌĴŇěŅĔȮHopper ĩŉĚľńĺȮDie ėŊŀȮ130/140/150/155/160/160/160/155ºC ĨŅĴĸņħńĭȮ 

ħƟĺĵėĺŅĴŏĶŖĺĶŀĭĽĔĶŌȮ6. rpm ĔƞŀĬĬņœĮŒĝƟĚŅĬěŃĨƟŀĚĬņ cured extrudateȮPBAT ĴŅĨńħŐĸŃĬņœĮ

ŀĭĪňŗŀŋĦľĳŌĴŇȮ4. °CȮŏĮƦĬŏĺĸŅȮ6ȮĝńŗĺőĴĚ  
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3. ĔŅĶŏĨĶňĵĴȮPBAT+g+MAȮŏĶŇŗĴěŅĔĔŅĶĬņȮMA ĮĶŇĴŅĦ 5 phr ŐĸŃȮLuperox®101 

ĮĶŇĴŅĦȮ0,5 phr ĕŀĚȮPBAT ĴŅĸŃĸŅĵħƟĺĵȮAcetoneȮŒĬĮĶŇĴŅĦȮ15ȮŐĸŃȮ5Ȯml,ȮĨŅĴĸņħńĭȮŐĸƟĺ

ĬņœĮįĽĴĔńĭȮPBAT ĪňŗįƞŅĬĔŅĶŀĭŐĸƟĺȮěŅĔĬńŘĬĬņĽƞĺĬįĽĴĪńŘĚľĴħœĮŀĭŏıŊŗŀœĸƞȮAcetoneȮŀŋĦľĳŌĴŇȮ

50ȮoCȮŏĮƦĬŏĺĸŅȮ30ȮĬŅĪňȮŐĸƟĺěŉĚĬņĴŅħƟĺĵŏėĶŊŗŀĚȮTwin+screw Extruder ĪňŗŀŋĦľĳŌĴŇěŅĔȮHopper  

ĩŉĚľńĺȮDie ėŊŀȮ130/140/150/160/170/170/170/160ºC ĨŅĴĸņħńĭȮħƟĺĵėĺŅĴŏĶŖĺĶŀĭĽĔĶŌȮ60 

rpm ĔƞŀĬĬņœĮŒĝƟĚŅĬěŃĨƟŀĚĬņ ExtrudateȮıĸŅĽĨŇœĞĨƢȮPBATȮĴŅĨńħŐĸŃĬņœĮŀĭĪňŗŀŋĦľĳŌĴŇȮ4. °CȮ 

ŏĮƦĬŏĺĸŅȮ6ȮĝńŗĺőĴĚȮY17[ȮĬņȮPBAT+g+MA ĪňŗŏĨĶňĵĴœħƟĴŅĪħĽŀĭ 

- ĔŅĶĺŇŏėĶŅŃľƢľŅŏĮŀĶƢŏĞŖĬĨƢĔŅĶĔĶŅĲħƟĺĵŏĪėĬŇėȮNuclear Magnetic Resonance 

Spectroscopy &NMR'ȮĕŀĚȮPBAT+g+MA őħĵŒĝƟėĺŅĴĩňŗȮ300ȮMHzȮĪņĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚőħĵĬņȮ

PBAT+g+MAȮĮĶŇĴŅĦȮ3 ĴŇĸĸŇĔĶńĴȮĸŃĸŅĵŒĬȮDeuteratedȮchloroformȮ1ȮĴŇĸĸŇĸŇĨĶȮŐĸƟĺĭĶĶěŋŒĬȮ

NMRȮtubeȮěŅĔĬńŘĬĬņœĮĪħĽŀĭŐĸŃĺŇŏėĶŅŃľƢįĸŏĪňĵĭĔńĭȮPBATȮ 

4. ĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮĬņıŀĸŇŏĴŀĶƢĪňŗįƞŅĬĔŅĶŀĭŐĸƟĺ 

ĴŅįĽĴħƟĺĵŏėĶŊŗŀĚȮŏėĶŊŗŀĚȮInternal mixer ĪňŗŀŋĦľĳŌĴŇȮ/4.ȮºC ėĺŅĴŏĶŖĺĶŀĭĔŅĶľĴŋĬ 4.Ȯrpm őħĵ

ěŃĴňŀńĨĶŅĽƞĺĬȮPlasticizedȮŏěĸŅĨŇĬ-Plasticized PBAT ŏĮƦĬȮ100-0, 5.-1., 4.-2., 3.-3.ȮŐĸŃȮ

0-100 ıĶƟŀĴĪńŘĚŏĨŇĴȮPBAT+g+MA ŒĬĽńħĽƞĺĬȮ.ȮŐĸŃȮ0.Ȯ#ȮĕŀĚȮPBATȮőħĵĨŅĶŅĚĪňŗȮ1,/ȮŐĽħĚ

ŀńĨĶŅĽƞĺĬĔŅĶįĽĴŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT+g+MA 

5. ĬņıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟŒĬĪŋĔŀńĨĶŅĽƞĺĬœĮĕŉŘĬĶŌĮħƟĺĵĺŇīňĔŅĶĔħŀńħħƟĺĵėĺŅĴĶƟŀĬ 

őħĵŒĝƟŏėĶŊŗŀĚȮCompression Molding ĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°C ėĺŅĴħńĬȮ/5.. psi ŏĮƦĬŏĺĸŅȮ3ȮĬŅĪňȮ 

ĴňĔŅĶŒľƟėĺŅĴĶƟŀĬĔƞŀĬŏĮƦĬŏĺĸŅȮ1.ȮĺŇĬŅĪňȮŐĸŃĪņŒľƟŏĵŖĬĸĚŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮĨńĺŀĵƞŅĚĪňŗœħƟěŃĴň 

ėĺŅĴľĬŅĮĶŃĴŅĦȮ.,3ȮĴŇĸĸŇŏĴĨĶȮŐĸƟĺĬņĨńĺŀĵƞŅĚœĮĪħĽŀĭėŋĦĽĴĭńĨŇĨƞŅĚŕ 

6. ĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

- ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮ

ĬņĝŇŘĬĚŅĬĪňŗįƞŅĬĔŅĶľńĔŒĬȮLiquid nitrogen ĴŅĪņĔŅĶĨĶĺěĽŀĭĭĶŇŏĺĦıŊŘĬįŇĺĶŀĵŐĨĔľńĔȮěŅĔĬńŘĬ

ĬņĴŅĪņĔŅĶŏėĸŊŀĭħƟĺĵĪŀĚȮŐĸƟĺĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬ 

ŐĭĭĽƞŀĚĔĶŅħȮ&SEM'Ȯ 

- ĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮ 

ħƟĺĵȮDifferential Scanning CalorimeterȮ&DSC'ȮőħĵěŃŒľƟėĺŅĴĶƟŀĬěŅĔĪňŗŀŋĦľĳŌĴŇȮ+6.ȮºCȮĩŉĚȮ
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/6. ºCȮĪňŗŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ/. ºC-min ĳŅĵŒĨƟĽĳŅĺŃŀŅĔŅĻœĬőĨĶŏěĬ ĪņĔŅĶėņĬĺĦĮĶŇĴŅĦ

įĸŉĔěŅĔĽĴĔŅĶȮ&0' 

   ὢ Ϸ  
Ў 

 Ў Ј    ȮȮ&0' 

ŏĴŊŗŀȮ ὢ    ėŊŀȮĮĶŇĴŅĦįĸŉĔȮ&#' 

  Ў Ὄ  ėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟľĸŀĴįĸŉĔȮ&J/g)  

  ЎὌЈȮėŊŀȮıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟľĸŀĴįĸŉĔŏĴŊŗŀŏĔŇħįĸŉĔȮ/..% &J/g) 

ĽņľĶńĭȮЎὌЈȮĕŀĚȮPBAT = 114 J/g  

  Ὢ ėŊŀȮĽńħĽƞĺĬĕŀĚȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴ 

 

- ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮ 

ħƟĺĵȮUniversal Testing MachineȮĨŅĴĴŅĨĶģŅĬȮASTM D660ȮStandard Test Method for 

Tensile Properties of Thin Plastic SheetingȮőħĵŏĨĶňĵĴĝŇŘĬĚŅĬĨńĺŀĵŅĚŏĮƦĬŐįƞĬĲƕĸƢĴȮŐĸŃ 

ŒĝƟėĺŅĴŏĶŖĺŒĬĔŅĶħŉĚĝŇŘĬĚŅĬȮ3.Ȯmm-min őħĵŒĝƟȮload cell ĕĬŅħȮ3 kN 

- ĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶħŌħĞŉĴĬŘņȮ(#Water absorption)ȮĬņőĲĴĝňĺĳŅıĴŅŀĭĪňŗ

ŀŋĦľĳŌĴŇȮ5.ǓC ŏĮƦĬŏĺĸŅȮ24ȮĝńŗĺőĴĚȮľĸńĚěŅĔĬńŘĬĝńŗĚĬŘņľĬńĔĝŇŘĬĚŅĬĔƞŀĬŐĝƞŒĬĬŘņĔĸńŗĬȮ&W/'ȮŐĸŃěŃĝńŗĚ

ĬŘņľĬńĔŀňĔėĶńŘĚľĸńĚŐĝƞŒĬĬŘņĔĸńŗĬȮ&W0'ȮŏĴŊŗŀŏĺĸŅįƞŅĬœĮȮ1, 2, 3, 4, 5, 6, 9, 12, 15, 24, 30, 36 

ĝńŗĺőĴĚ ŐĸŃĪŋĔŕȮĺńĬěĬėĶĭȮ/2ȮĺńĬȮY3[ȮěŅĔĬńŘĬľŅȮ#water absorption ħńĚĽĴĔŅĶĪňŗȮ&1' 

#U_rcpȮ_`qmpnrgmlȮ;Ȯ
U0Ȯ+ȮU/

U/Ȯ
×/..Ȯ   ȮȮ&3' 

őħĵŐįĬĳŅıĪňŗȮ1,/ȮŐĽħĚĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 
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ĨŅĶŅĚĪňŗȮ1,/ȮŀńĨĶŅĽƞĺĬĔŅĶįĽĴŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT+g+MA 

ŀńĨĶŅĽƞĺĬŏěĸŅĨŇĬ-PBAT &#wt' ĮĶŇĴŅĦŏěĸŅĨŇĬȮ&g' 
ĮĶŇĴŅĦȮPBAT 
&g' 

ĮĶŇĴŅĦ PBAT+g+MA 
&g' 

100-0 100 0 

0 
5.-1. 5. 1. 

4.-2. 4. 2. 

3.-3. 3. 50 

5.-1.-0. 5. 24 6 

4.-2.-0. 4. 32 8 

3.-3.-0. 3. 40 10 

0-100 0 100 0 

 

 

ĳŅıĪňŗȮ1,/ȮŐĽħĚŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 
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ĨŀĬĪňŗȮ0ȮĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮBlowing agent ĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮĕŀĚőĲĴĝňĺĳŅıěŅĔȮȮȮ

ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

1. ĬņȮPlasticizedȮŏěĸŅĨŇĬ-cured PBATȮĴŅįĽĴŒĬŏėĶŊŗŀĚȮInternal mixer őħĵĴň

ŀńĨĶŅĽƞĺĬȮPlasticized ŏěĸŅĨŇĬ-cured PBAT ŏĮƦĬȮ/..-., 5.-1., 4.-2., 50/50 ŐĸŃȮ.-/..Ȯ

ıĶƟŀĴĪńŘĚŏĨŇĴȮPBAT+g+MA ŒĬĽńħĽƞĺĬȮ2.Ȯ#ȮĕŀĚȮPBATȮĪņĔŅĶįĽĴħƟĺĵȮTwo roll mill ĪňŗŀŋĦľĳŌĴŇȮ

/1.Ȯ°CȮĪņĔŅĶįĽĴěĬĔĺƞŅıŀĸŇŏĴŀĶƢįĽĴěŃľĸŀĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬ 

2. ŏĴŊŗŀıŀĸŇŏĴŀĶƢľĸŀĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬěŃĪņĔŅĶĸħŀŋĦľĳŌĴŇĕŀĚŏėĶŊŗŀĚȮTwo roll mill 

ŒľƟĴňŀŋĦľĳŌĴŇȮ//.Ȯ°CȮěŅĔĬńŘĬŏĨŇĴȮSupercell EW &OBSH'ȮŀńĨĶŅĽƞĺĬȮ3Ȯ/.ȮŐĸŃȮ/3Ȯphr  

ĕŀĚıŀĸŇŏĴŀĶƢįĽĴ PBATȮőħĵĨŅĶŅĚĪňŗȮ1,0ȮŐĽħĚŀńĨĶŅĽƞĺĬĔŅĶįĽĴőĲĴıŀĸŇŏĴŀĶƢįĽĴŏěĸŅĨŇĬŐĸŃȮ

PBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

3. ĬņįĽĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟĴŅĪņĔŅĶĕŉŘĬĶŌĮŏĮƦĬőĲĴħƟĺĵȮCompression 

moldingȮĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°CȮŏĮƦĬŏĺĸŅȮ0ȮĬŅĪňȮěŅĔĬńŘĬĪņŒľƟŏĵŖĬĨńĺĸĚħƟĺĵŀŅĔŅĻŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮ

ŐĸƟĺĬņœĮĪħĽŀĭėŋĦĽĴĭńĨŇĨƞŅĚŕ 

4. ĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

- ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅŐĸŃĕĬŅħŏĞĸĸƢőĲĴĕŀĚőĲĴĝňĺĳŅı

ěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĬņĝŇŘĬĚŅĬĪňŗįƞŅĬĔŅĶľńĔŒĬȮLiquid nitrogen 

ĴŅĪņĔŅĶĨĶĺěĽŀĭĭĶŇŏĺĦıŊŘĬįŇĺĶŀĵŐĨĔľńĔȮěŅĔĬńŘĬĬņĴŅĪņĔŅĶŏėĸŊŀĭħƟĺĵĪŀĚȮŐĸƟĺĻŉĔļŅĸńĔļĦŃ

ĪŅĚĽńĦģŅĬĺŇĪĵŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ&SEM'Ȯ 

- ĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴĝňĺĳŅıħƟĺĵŏėĶŊŗŀĚȮ&Density kits and 

accessories) őħĵŒĝƟĬŘņŏĮƦĬĽĳŅĺŃŒĬĔŅĶŏĮĶňĵĭŏĪňĵĭȮĨŅĴĴŅĨĶģŅĬȮASTM D792 Standard Test 

Methods for Density and Specific Gravity (Relative Density) of Plastics by Displacement 

- ĔŅĶĻŉĔļŅėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶĔħŀńħĕŀĚőĲĴĝňĺĳŅıħƟĺĵȮUniversal 

Testing MachineȮŒĬőľĴħĔŅĶĪħĽŀĭȮCompression test ĨŅĴĴŅĨĶģŅĬȮASTM D1621Ȯ

Standard Test Method for Compressive Properties Of Rigid Cellular Plastics ȮőħĵŒĝƟȮload 

cell ĕĬŅħȮ3. kN őħĵĪņĔŅĶĪħĽŀĭœĮěĬĩŉĚȮ3.# ĕŀĚėĺŅĴĽŌĚŏĶŇŗĴĨƟĬĕŀĚĝŇŘĬĚŅĬ 
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- ĔŅĶĻŉĔļŅėĺŅĴŐĕŖĚĪňŗįŇĺȮ&Hardness testing'ȮĪņĔŅĶĪħĽŀĭĨŅĴ

ĴŅĨĶģŅĬȮASTM D2240 Standard Test Method for Rubber PropertyȮDurometer Hardness 

őħĵŒĝƟȮDurometer ĝĬŇħȮShore A 

- ĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶħŌħĞŉĴĬŘņȮĬņőĲĴĝňĺĳŅıĴŅŀĭĪňŗŀŋĦľĳŌĴŇȮ5.ǓC ŏĮƦĬ

ŏĺĸŅȮ24ȮĝńŗĺőĴĚȮľĸńĚěŅĔĬńŘĬĝńŗĚĬŘņľĬńĔĝŇŘĬĚŅĬĔƞŀĬŐĝƞŒĬĬŘņĔĸńŗĬȮ&W/'ȮŐĸŃěŃĝńŗĚĬŘņľĬńĔŀňĔėĶńŘĚľĸńĚ

ŐĝƞŒĬĬŘņĔĸńŗĬȮ&W0'ȮŏĴŊŗŀŏĺĸŅįƞŅĬœĮȮ1, 2, 3, 4, 5, 6, 9, 12, 15, 24, 30, 36 ĝńŗĺőĴĚ ŐĸŃĪŋĔŕȮĺńĬěĬ

ėĶĭȮ0/ȮĺńĬȮY3[ȮěŅĔĬńŘĬľŅȮ#water absorption ħńĚĽĴĔŅĶĪňŗȮ3 

#U_rcpȮ_`qmpnrgmlȮ;Ȯ
U0Ȯ+ȮU/

U/Ȯ
×/..Ȯ   ȮȮ&3' 

- ĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮ&Cytotoxicity'ȮħƟĺĵĺŇīňȮMTT assayȮ&1+

&2,3+Dimethylthiazol+0+yl'+0,3+Diphenyltetrazolium Bromide'ȮŏĶŇŗĴĨƟĬěŅĔĔŅĶĝńŗĚĽŅĶĨńĺŀĵƞŅĚ

ŐĸƟĺĪņĔŅĶŏĨŇĴŀŅľŅĶȮ(DMEM+ 5%FBS) ĪņĔŅĶĭƞĴĪňŗŀŋĦľĳŌĴŇȮ15°C ŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮěŅĔĬńŘĬĬņ

ĨńĺŀĵƞŅĚĪňŗœħƟĴŅĔĶŀĚŏıŊŗŀŏĔŖĭŏĮƦĬȮstock ĽņľĶńĭŒĝƟŒĬĔŅĶĪħĽŀĭȮŒĬĽƞĺĬĕŀĚŏĞĸĸƢœĸĬƢěŃŏĶŇŗĴěŅĔĔŅĶ

ŏĸňŘĵĚŏĞĸĸƢŒĬŏıĸĪĝĬŇħȮ74ȮľĸŋĴȮŐĸƟĺĭƞĴŏĞĸĸƢ ŏĴŊŗŀėĶĭĔņľĬħěŃŏĨŇĴȮMTT ĸĚœĮŐĸƟĺĪņĔŅĶĭƞĴĨƞŀ

ŀňĔȮ2ȮĝńŗĚőĴĚȮŏĴŊŗŀėĶĭŏĺĸŅěŃħŌħĽŅĶĸŃĸŅĵȮMTT ĪŇŘĚŐĸƟĺŏĨŇĴĽŅĶĪňŗĸŃĸŅĵįĸŉĔȮFormazan 

(100%DMSO : 10%SDS ŀńĨĶŅĽƞĺĬȮ7:1) ȮŐĸƟĺĺńħėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĪňŗȮ37.ȮnmȮħƟĺĵŏėĶŊŗŀĚŀƞŅĬėƞŅ

ĔŅĶħŌħĔĸŊĬŐĽĚŒĬœĴőėĶŏıĸĪȮY2.[ȮŏıŊŗŀėņĬĺĦľŅėƞŅȮ#CytotoxicityȮĨŅĴĽĴĔŅĶȮ2ȮŐĸŃȮ%Cell 

viabilityȮĨŅĴĽĴĔŅĶȮ3 

  #AwrmrmvgagrwȮȮ;Ȯ
  Ȯ

 
×/..     ȮȮȮȮȮȮȮȮȮȮȮȮ&2' 

A = ėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĕŀĚľĸŋĴėĺĭėŋĴȮ&ľĸŋĴĪňŗĴňŏĞĸĸƢŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚ' 

B = ėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĕŀĚľĸŋĴĪňŗĴňŏĞĸĸƢŒĬĽŅĶĨńĺŀĵƞŅĚėĺŅĴŏĕƟĴĕƟĬȮ/*...Ȯµg/ml 

 

  %Cell viabilityȮ= 100 - #Cytotoxicity    ȮȮȮȮȮȮȮȮȮȮȮȮ&5' 

   ĽņľĶńĭĔŅĶŏĨĶňĵĴĽŅĶĸŃĸŅĵȮPBS ĪňŗėĺŅĴŏĕƟĴĕƟĬȮ.,..3ȮM ŏĨĶňĵĴœħƟěŅĔ
ĔŅĶįĽĴȮSodium phosphate dibasic (Na2HPO4)Ȯ.,0.3Ȯmol (0.7098 g) ŐĸŃȮSodium chloride 
(NaCl) .,0.3Ȯmol (0.2925 g) ěŅĔĬńŘĬŏĨŇĴĬŘņĔĸńŗĬŏıŊŗŀĮĶńĭĮĶŇĴŅĨĶŏĮƦĬȮ3..Ȯml ŐĸŃĮĶńĭėĺŅĴŏĮƦĬ
ĔĶħ+ħƞŅĚħƟĺĵȮHCl ėĺŅĴŏĕƟĴĕƟĬȮ/ȮM ŒľƟĴňȮpH ĮĶŃĴŅĦȮ5,2Ȯ 
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ĨŅĶŅĚĪňŗȮ1,0ȮŀńĨĶŅĽƞĺĬĔŅĶįĽĴĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴŏěĸŅĨŇĬŐĸŃȮPBAT  

ĝŊŗŀĵƞŀ ŏěĸŅĨŇĬȮ&%wt' PBAT &%wt' OBSH &phr' 

Gelatin_5 

100 0 

5 

Gelatin_10 10 

Gelatin_15 15 

5.-1._5 

5. 1. 

5 

5.-1._10 10 

5.-1._15 15 

4.-2._5 

60 40 

5 

4.-2._10 10 

4.-2._15 15 

50/50_5 

50 50 

5 

50/50_10 10 

50/50_15 15 

PBAT_5 

0 100 

5 

PBAT_10 10 

PBAT_15 15 

 

ěŅĔĨŀĬĪňŗȮ0ȮĬňŘěŃŏĸŊŀĔĮĶŇĴŅĦȮBlowing agentȮĪňŗŏľĴŅŃĽĴĪňŗĪņŒľƟőĲĴĴňėĺŅĴľĬŅŐĬƞĬĨŗņȮ

ĕĬŅħŏĞĸĸƢőĲĴĽĴŗņŏĽĴŀȮŐĸŃĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňȮŏıŊŗŀĬņœĮĻŉĔļŅĨƞŀŒĬĨŀĬĪňŗȮ1ȮőħĵŐįĬĳŅıĪňŗȮ1,0Ȯ

ŐĽħĚĔŅĶŏĨĶňĵĴőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮĪňŗĴňĔŅĶŏĨŇĴȮBlowing 

agentȮŒĬĮĶŇĴŅĦĨƞŅĚŕ 
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ĳŅıĪňŗȮ1,0ȮŐĽħĚŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮ 
ĪňŗĴňĔŅĶŏĨŇĴȮBlowing agent ŒĬĮĶŇĴŅĦĨƞŅĚŕ 

 

ľĴŅĵŏľĨŋȮ8ȮěŅĔĨŀĬĪňŗȮ0ȮĬňŘěŃŏĸŊŀĔĮĶŇĴŅĦȮBlowing agentȮĪňŗŏľĴŅŃĽĴĪňŗĪņŒľƟőĲĴĴňėĺŅĴľĬŅŐĬƞĬ

ĨŗņȮŐĸŃĕĬŅħŏĞĸĸƢőĲĴĽĴŗņŏĽĴŀȮŏıŊŗŀĬņœĮĻŉĔļŅĨƞŀŒĬĨŀĬĪňŗȮ1 
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ĨŀĬĪňŗȮ1ȮĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮĕŀĚőĲĴ

ĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

1. ĬņȮPlasticized ŏěĸŅĨŇĬ-cured PBAT őħĵŏĸŊŀĔĽńħĽƞĺĬĔŅĶįĽĴĪňŗŏľĴŅŃĽĴĪňŗœħƟ

ěŅĔĔŅĶĻŉĔļŅŒĬĨŀĬĪňŗȮ0ȮĴŅįĽĴĔńĭȮPBAT+g+MA ŐĸŃĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌȮ 

ĮĶŇĴŅĦȮ0 /Ȯ1 ŐĸŃȮ3Ȯphr ħƟĺĵŏėĶŊŗŀĚȮTwo roll mill ŒľƟĴňŀŋĦľĳŌĴŇȮ/1. °C ĪņĔŅĶįĽĴěĬĔĺƞŅ 

ıŀĸŇŏĴŀĶƢįĽĴěŃľĸŀĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬ 

2. ŏĴŊŗŀıŀĸŇŏĴŀĶƢľĸŀĴŏĮƦĬŏĬŊŘŀŏħňĵĺĔńĬěŃĪņĔŅĶĸħŀŋĦľĳŌĴŇĕŀĚŏėĶŊŗŀĚȮTwo roll mill 

ŒľƟĴňŀŋĦľĳŌĴŇȮ//. °C ěŅĔĬńŘĬŏĨŇĴȮSupercell EW (OBSH) ŀńĨĶŅĽƞĺĬȮ/3 phr ĞŉŗĚŏĮƦĬĽńħĽƞĺĬĔŅĶįĽĴ

ĪňŗŏľĴŅŃĽĴĪňŗœħƟěŅĔĔŅĶĻŉĔļŅŒĬĨŀĬĪňŗȮ0 őħĵĨŅĶŅĚĪňŗȮ1,1ȮŐĽħĚŀńĨĶŅĽƞĺĬĔŅĶįĽĴőĲĴıŀĸŇŏĴŀĶƢ

įĽĴŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

3. ĬņįĽĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟĴŅĪņĔŅĶĕŉŘĬĶŌĮŏĮƦĬőĲĴħƟĺĵȮCompression 

molding ĪňŗŀŋĦľĳŌĴŇȮ/4.Ȯ°C ŏĮƦĬŏĺĸŅȮ0ȮĬŅĪňȮěŅĔĬńŘĬĪņŒľƟŏĵŖĬĨńĺĸĚħƟĺĵŀŅĔŅĻŏĮƦĬŏĺĸŅȮ1ȮĬŅĪň 

ŐĸƟĺĬņœĮĪħĽŀĭėŋĦĽĴĭńĨŇĨƞŅĚŕ 

4. ĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮĪňŗĴň

ĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵ 

- ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅŐĸŃĕĬŅħŏĞĸĸƢőĲĴĕŀĚőĲĴĝňĺĳŅı

ěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĬņĝŇŘĬĚŅĬĪňŗįƞŅĬĔŅĶľńĔŒĬȮLiquid nitrogen  

ĴŅĪņĔŅĶĨĶĺěĽŀĭĭĶŇŏĺĦıŊŘĬįŇĺĶŀĵŐĨĔľńĔȮěŅĔĬńŘĬĬņĴŅĪņĔŅĶŏėĸŊŀĭħƟĺĵĪŀĚȮŐĸƟĺĻŉĔļŅĸńĔļĦŃ

ĪŅĚĽńĦģŅĬĺŇĪĵŅħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ&SEM'Ȯ 

- ĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴĝňĺĳŅıħƟĺĵŏėĶŊŗŀĚȮ&Density kits and 

accessories) őħĵŒĝƟĬŘņŏĮƦĬĽĳŅĺŃŒĬĔŅĶŏĮĶňĵĭŏĪňĵĭȮĨŅĴĴŅĨĶģŅĬȮASTM D792 Standard Test 

Methods for Density and Specific Gravity (Relative Density) of Plastics by Displacement 

- ĔŅĶĻŉĔļŅėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶĔħŀńħĕŀĚőĲĴĝňĺĳŅıħƟĺĵȮUniversal 

Testing MachineȮŒĬőľĴħĔŅĶĪħĽŀĭȮCompression test ĨŅĴĴŅĨĶģŅĬȮASTM D1621Ȯ

Standard Test Method for Compressive Properties Of Rigid Cellular Plastics ȮőħĵŒĝƟȮload 

cell ĕĬŅħȮ3. kN őħĵĪņĔŅĶĪħĽŀĭœĮěĬĩŉĚȮ3.# ĕŀĚėĺŅĴĽŌĚŏĶŇŗĴĨƟĬĕŀĚĝŇŘĬĚŅĬ 



  46 

- ĔŅĶĻŉĔļŅėĺŅĴŐĕŖĚĪňŗįŇĺȮ&Hardness testing'ȮĪņĔŅĶĪħĽŀĭĨŅĴ

ĴŅĨĶģŅĬȮASTM D2240 Standard Test Method for Rubber PropertyȮDurometer Hardness 

őħĵŒĝƟȮDurometer ĝĬŇħȮShore A 

- ĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶħŌħĞŉĴĬŘņȮĬņőĲĴĝňĺĳŅıĴŅŀĭĪňŗŀŋĦľĳŌĴŇȮ5.ƍC ŏĮƦĬ

ŏĺĸŅȮ24ȮĝńŗĺőĴĚȮľĸńĚěŅĔĬńŘĬĝńŗĚĬŘņľĬńĔĝŇŘĬĚŅĬĔƞŀĬŐĝƞŒĬĬŘņĔĸńŗĬȮ&W/'ȮŐĸŃěŃĝńŗĚĬŘņľĬńĔŀňĔėĶńŘĚľĸńĚ

ŐĝƞŒĬĬŘņĔĸńŗĬȮ&W0'ȮŏĴŊŗŀŏĺĸŅįƞŅĬœĮȮ1, 2, 3, 4, 5, 6, 9, 12, 15, 24, 30, 36 ĝńŗĺőĴĚ ŐĸŃĪŋĔŕȮĺńĬěĬ

ėĶĭȮ0/ȮĺńĬȮY3[ȮěŅĔĬńŘĬľŅȮ#water absorption ħńĚĽĴĔŅĶĪňŗȮ3 

#U_rcpȮ_`qmpnrgmlȮ;ȮU0 +ȮU/
U/Ȯ
×/..Ȯ   ȮȮ&3' 

 

- ĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮ&Cytotoxicity'ȮħƟĺĵĺŇīňȮMTT assayȮ&1+

&2,3+Dimethylthiazol+0+yl'+0,3+Diphenyltetrazolium Bromide'ȮŏĶŇŗĴĨƟĬěŅĔĔŅĶĝńŗĚĽŅĶĨńĺŀĵƞŅĚ

ŐĸƟĺĪņĔŅĶŏĨŇĴŀŅľŅĶȮ(DMEM+ 5%FBS) ĪņĔŅĶĭƞĴĪňŗŀŋĦľĳŌĴŇȮ15°C ŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮěŅĔĬńŘĬĬņ

ĨńĺŀĵƞŅĚĪňŗœħƟĴŅĔĶŀĚŏıŊŗŀŏĔŖĭŏĮƦĬȮstock ĽņľĶńĭŒĝƟŒĬĔŅĶĪħĽŀĭȮŒĬĽƞĺĬĕŀĚŏĞĸĸƢœĸĬƢěŃŏĶŇŗĴěŅĔĔŅĶ

ŏĸňŘĵĚŏĞĸĸƢŒĬŏıĸĪĝĬŇħȮ74ȮľĸŋĴȮŐĸƟĺĭƞĴŏĞĸĸƢ ŏĴŊŗŀėĶĭĔņľĬħěŃŏĨŇĴȮMTT ĸĚœĮŐĸƟĺĪņĔŅĶĭƞĴĨƞŀ

ŀňĔȮ2ȮĝńŗĚőĴĚȮŏĴŊŗŀėĶĭŏĺĸŅěŃħŌħĽŅĶĸŃĸŅĵȮMTT ĪŇŘĚŐĸƟĺŏĨŇĴĽŅĶĪňŗĸŃĸŅĵįĸŉĔȮFormazan 

(100%DMSO : 10%SDS ŀńĨĶŅĽƞĺĬȮ7:1) ȮŐĸƟĺĺńħėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĪňŗȮ37.ȮnmȮħƟĺĵŏėĶŊŗŀĚŀƞŅĬėƞŅ

ĔŅĶħŌħĔĸŊĬŐĽĚŒĬœĴőėĶŏıĸĪȮY2.[ȮŏıŊŗŀėņĬĺĦľŅėƞŅȮ#CytotoxicityȮĨŅĴĽĴĔŅĶȮ2ȮŐĸŃȮ%Cell 

viabilityȮĨŅĴĽĴĔŅĶȮ3 

  #AwrmrmvgagrwȮȮ;Ȯὃ  ὄȮ
ὃ 
×/..     ȮȮȮȮȮȮȮȮȮȮȮȮ&2' 

A = ėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĕŀĚľĸŋĴėĺĭėŋĴȮ&ľĸŋĴĪňŗĴňŏĞĸĸƢŒĬŀŅľŅĶŏıŅŃŏĸňŘĵĚ' 

B = ėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĕŀĚľĸŋĴĪňŗĴňŏĞĸĸƢŒĬĽŅĶĨńĺŀĵƞŅĚėĺŅĴŏĕƟĴĕƟĬȮ/*...Ȯµg/ml 

 

  %Cell viabilityȮ= 100 - #Cytotoxicity    ȮȮȮȮȮȮȮȮȮȮȮȮ&5' 

- ĔŅĶĻŉĔļŅĔŅĶĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŐĭėĪňŏĶňĵȮőħĵŒĝƟŐĭėĪňŏĶňĵȮ0ȮĝĬŇħ

ėŊŀȮStaphylococcus aureusȮ&S,Ȯaureus, Gram+positive'ȮŐĸŃȮEscherichia coliȮ&E,Ȯcoli,ȮGram+

negative'ȮħƟĺĵŏĪėĬŇėȮAgar DiffusionȮőħĵŏĶŇŗĴěŅĔĔŅĶŏĨĶňĵĴŏĞĸĸƢŏĝŊŘŀĭĬŀŅľŅĶȮMueller Hintor 

agar (MHA; Difco) ĪňŗŀŋĦľĳŌĴŇȮ15Ȯ°C ŏĺĸŅȮ02ȮĕńŗĺőĴĚȮŏĨĶňĵĴĽŅĶĸŃĸŅĵȮ.,63% NaCl ŒľƟœħƟėĺŅĴ
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ĕŋƞĬŏĪňĵĭŏĪƞŅĔńĭȮMcFarland No. 0.5 &ĮĶŇĴŅĦŏĞĸĸƢĮĶŃĴŅĦȮ1x108 CFU/ml) ěŅĔĬńŘĬŒĝƟœĴƟıńĬĽņĸň

ĮƚŅĵŏĝŊŘŀȮ(swab) ĸĚĭĬįŇĺŀŅľŅĶȮMuller Hinton agar ŐĸƟĺĬņĨńĺŀĵƞŅĚĺŅĚĸĚĭĬįŇĺŀŅľŅĶȮŐĸŃĭƞĴ

ěŅĬŀŅľŅĶĪňŗŀŋĦľĳŌĴŇȮ15Ȯ°CȮŏĮƦĬŏĺĸŅȮ/6+02ȮĝńŗĺőĴĚ ŏĴŊŗŀėĶĭĔņľĬħěŃĪņĔŅĶĺńħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚ

ĭĶŇŏĺĦĵńĭĵńŘĚȮ(Inhibition zone) ĪňŗŏĔŇħĕŉŘĬĶŀĭŕȮĨńĺŀĵƞŅĚ 

Antimicrobial index ; 
ÚÏÎÅ ÄÉÁÍÅÔÅÒ  ĕĬŅħĝŇŘĬĚŅĬ 

ĕĬŅħĝŇŘĬĚŅĬ
   ȮȮ&6' 

 

- ĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĮĸħĮĸƞŀĵĽŅĶĨƟŅĬŏĝŊŘŀĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵȮ

ĪņĔŅĶŏĨĶňĵĴĔĶŅĲėĺŅĴŏĕƟĴĕƟĬĴŅĨĶģŅĬȮ&Calibration curve) ħƟĺĵĔŅĶĬņĽŅĶĸŃĸŅĵĴŅĨĶģŅĬĪňŗœħƟ

ěŅĔĔŅĶĸŃĸŅĵĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌėĺŅĴŏĕƟĴĕƟĬȮ200, 400, 600, 800ȮŐĸŃȮ/... ppm ŒĬ

ĽŅĶĸŃĸŅĵ PBS ĴŅĺńħėƞŅħŌħĔĸŊĬŐĽĚħƟĺĵŏĪėĬŇėȮUV-Vis Spectrophotometer ĪňŗėĺŅĴĵŅĺėĸŊŗĬȮ

320ȮĬŅőĬŏĴĨĶȮĞŉŗĚŏĮƦĬėĺŅĴĵŅĺėĸŊŗĬěņŏıŅŃĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌȮŐĸƟĺĬņėĺŅĴĽńĴıńĬīƢ

ĶŃľĺƞŅĚėĺŅĴŏĕƟĴĕƟĬĪňŗĪĶŅĭėƞŅŐĬƞĬŀĬĔńĭėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĕŀĚŐĨƞĸŃėĺŅĴŏĕƟĴĕƟĬĴŅıĸŀĨĔĶŅĲȮ

ěŃœħƟĔĶŅĲėĺŅĴŏĕƟĴĕƟĬĴŅĨĶģŅĬĪňŗŏĮƦĬĔĶŅĲŏĽƟĬĨĶĚȮĬņĨńĺŀĵƞŅĚȮ.,0ȮĔĶńĴ ĴŅŐĝƞŒĬĽŅĶĸŃĸŅĵȮPBS 

ĪņĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĽŅĶĸŃĸŅĵȮPBS ĪňŗŏĺĸŅȮ/*Ȯ0*Ȯ1*Ȯ4*Ȯ02*Ȯ26ȮŐĸŃȮ50ȮĝńŗĺőĴĚȮőħĵŒĬĔŅĶŏĔŖĭĨńĺŀĵƞŅĚ

ŐĨƞĸŃėĶńŘĚěŃĪņĔŅĶħŌħĽŅĶĸŃĸŅĵȮPBS ŀŀĔĴŅȮěŅĔĬńŘĬĬņĽŅĶĸŃĸŅĵȮPBS ĪňŗœħƟĴŅĺńħėƞŅħŌħĔĸŊĬŐĽĚ

ħƟĺĵŏĪėĬŇėȮUV-Vis Spectrophotometer ĪňŗėĺŅĴĵŅĺėĸŊŗĬȮ10.ȮĬŅőĬŏĴĨĶȮ[39] ŐĸƟĺĬņėƞŅħŌħĔĸŊĬ

ŐĽĚĪňŗœħƟœĮėņĬĺĦěŅĔĽĴĔŅĶŏĝŇĚŏĽƟĬĕŀĚĔĶŅĲėĺŅĴŏĕƟĴĕƟĬĴŅĨĶģŅĬĪňŗŏĨĶňĵĴœĺƟȮěŃœħƟėĺŅĴŏĕƟĴĕƟĬ

ĕŀĚĽŅĶĸŃĸŅĵĨńĺŀĵƞŅĚ 

 

ĨŅĶŅĚĪňŗȮ1,1ȮŀńĨĶŅĽƞĺĬĔŅĶįĽĴĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴ
ĶŃŏľĵĔŅĬıĸŌ 

ĝŊŗŀĵƞŀ ŏěĸŅĨŇĬȮ&%wt' PBAT &%wt' OBSH &phr' Clove oil (phr) 

.Ȯphr 

3. 3. 15 

0 

1 phr 1 

3 phr 3 

3Ȯphr 5 
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őħĵŐįĬĳŅıĪňŗȮ1,1ȮŐĽħĚĔŅĶŏĨĶňĵĴőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵ 

 

 

ĳŅıĪňŗȮ1,1ȮŐĽħĚŐįĬĳŌĴŇĔŅĶŏĨĶňĵĴőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮ 
ȮĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵ 

 

 

 

 

 

 

 

 

 



  49 

ĭĪĪňŗ 4 

įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

 

 ĚŅĬĺŇěńĵĬňŘŏĮƦĬĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT őħĵĴňĔŅĶ

ŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌŏıŊŗŀĬņœĮĮĶŃĵŋĔĨƢŒĝƟĪŅĚĔŅĶŐıĪĵƢȮŐĨƞŏĬŊŗŀĚěŅĔŏěĸŅĨŇĬŐĸŃȮPBATȮĴň

ėĺŅĴŏĕƟŅĔńĬœħƟœĴƞħňěŉĚœħƟĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬȮCompatibilizer ĶŃľĺƞŅĚĺńĢĳŅė

ĪńŘĚȮ0ȮĽņľĶńĭĚŅĬĺŇěńĵĬňŘěŃĴňŏěĸŅĨŇĬŏĮƦĬĺńĢĳŅėľĸńĔŐĸŃĴňȮPBAT ŏĮƦĬĺńĢĳŅėĶŀĚȮőħĵěŃŐĭƞĚ

ĔŅĶĻŉĔļŅŀŀĔŏĮƦĬȮ1ȮĽƞĺĬȮœħƟŐĔƞ 

 ĨŀĬĪňŗȮ/ȮĻŉĔļŅĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT  

 ĨŀĬĪňŗȮ0ȮĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮBlowing agent ĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮĕŀĚőĲĴĝňĺĳŅıěŅĔ 

ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

 ĨŀĬĪňŗȮ1ȮĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮĕŀĚ

őĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

 

2,/ȮĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴŐĸŃĽĴĭńĨŇıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

2,/,/ȮĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴŏěĸŅĨŇĬĪňŗĩŌĔıĸŅĽĨŇœĞĽƢȮ&Plasticized gelatin) ħƟĺĵ

ĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮDifferential Scanning Calorimeter (DSC) 

ŒĬĚŅĬĺŇěńĵĬňŘĴňĔŅĶŒĝƟŏěĸŅĨŇĬŏĮƦĬıŀĸŇŏĴŀĶƢľĸńĔŒĬĔŅĶŏĨĶňĵĴőĲĴıŀĸŇŏĴŀĶƢįĽĴȮŏěĸŅĨŇĬŏĮƦĬ

őĮĶĨňĬĮĶŃŏĳĪľĬŉŗĚĪňŗĮĶŃĔŀĭœĮħƟĺĵĔĶħŀŃĴŇőĬľĸŅĔľĸŅĵĝĬŇħȮŐĨƞŏĬŊŗŀĚěŅĔŏěĸŅĨŇĬěŃĮĶŃĔŀĭœĮ

ħƟĺĵıńĬīŃœŁőħĶŏěĬěņĬĺĬĴŅĔĽƞĚįĸĪņŒľƟĔĶŃĭĺĬĕŉŘĬĶŌĮŏěĸŅĨŇĬĪņœħƟĵŅĔȮħńĚĬńŘĬĔƞŀĬĪňŗěŃĬņ 

ŏěĸŅĨŇĬœĮįƞŅĬĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮěŉĚěņŏĮƦĬĨƟŀĚĬņŏěĸŅĨŇĬĴŅįƞŅĬĔĶŃĭĺĬĔŅĶıĸŅĽĨŇœĞĽƢŏıŊŗŀĸħŐĶĚ

ĵŉħŏľĬňŗĵĺĶŃľĺƞŅĚıńĬīŃœŁőħĶŏěĬĳŅĵŒĬĽŅĵőĞƞĕŀĚŏěĸŅĨŇĬĔƞŀĬȮĽņľĶńĭĔŅĶĪņıĸŅĽĨŇœĞĽƢěŃŒĝƟĬŘņ

ŐĸŃĔĸňŏĞŀĶŀĸĪņľĬƟŅĪňŗŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢȮ&Plasticizer) őħĵěŃĪņĔŅĶįĽĴŏěĸŅĨŇĬȮĬŘņȮŐĸŃ 

ĔĸňŏĞŀĶŀĸȮŒĬĽńħĽƞĺĬȮ/Ȯ: 0.31 : .,25ȮőħĵĬŘņľĬńĔȮŐĸƟĺĪņĔŅĶĭƞĴŏĮƦĬŏĺĸŅȮ/0+/6ȮĝńŗĺőĴĚȮěŅĔĬńŘĬěŃ

ĬņĕŀĚįĽĴĪňŗŏĨĶňĵĴœħƟĴŅįƞŅĬėĺŅĴĶƟŀĬŐĸŃŐĶĚŏĜŊŀĬħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder œħƟŏĮƦĬȮ

Plasticized gelatin  
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ĳŅıĪňŗȮ2,/ȮŐĽħĚ DSC thermogram ŒĬĕńŘĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/ȮĕŀĚȮ: (a) Gelatin pallet 
ŐĸŃȮ(b) Plasticized gelatin 

ĨŅĶŅĚĪňŗȮ2,/ȮŐĽħĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŏěĸŅĨŇĬĪňŗĵńĚœĴƞįƞŅĬĔŅĶıĸŅĽĨŇœĞĽƢȮŐĸŃŏěĸŅĨŇĬĪňŗįƞŅĬ 
ĔŅĶıĸŅĽĨŇœĞĽƢȮ(Plasticized gelatin)ȮěŅĔĔŅĶĪħĽŀĭȮDSC 

ĨńĺŀĵƞŅĚ 
Tg (ºC)  
(1 heat) 

Tm (ºC)  
(1 heat) 

Tg (ºC)  
(2 heat) 

Tm (ºC)  
(2 heat) 

Gelatin pallet 79.43 105.75 - - 

Plasticized gelatin 56.07 - 59.05 - 

  

 ĽņľĶńĭȮPlasticized gelatinȮĪňŗŏĨĶňĵĴœħƟěŃĩŌĔĬņĴŅıŇĽŌěĬƢŏŀĔĸńĔļĦƢħƟĺĵĔŅĶĻŉĔļŅĽĴĭńĨŇ

ĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮDifferential Scanning Calorimeter (DSC)ȮěŅĔįĸĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴ

ĶƟŀĬħƟĺĵȮDSC ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,/ȮıĭĺƞŅŏěĸŅĨŇĬĪňŗœĴƞįƞŅĬĔŅĶıĸŅĽĨŇœĞĽƢěŃĴňėƞŅŀŋĦľĳŌĴŇėĸƟŅĵ

ŐĔƟĺ (Tg) ŏĮƦĬ 79.43ȮºCȮőħĵěŃıĭȮTgȮŏĜıŅŃĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬėĶńŘĚĪňŗȮ/ȮŏĪƞŅĬńŘĬȮŏĬŊŗŀĚěŅĔŏěĸŅĨŇĬĪňŗ

œĴƞįƞŅĬĔŅĶıĸŅĽĨŇœĞĽƢěŃĮĶŃĔŀĭœĮħƟĺĵıńĬīŃœŁőħĶŏěĬěņĬĺĬĴŅĔȮŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬĽŅĵőĞƞ 

ŏěĸŅĨŇĬĪňŗĩŌĔĵŉħŏľĬňŗĵĺħƟĺĵıńĬīŃœŁőħĶŏěĬěŃŏėĸŊŗŀĬœľĺĽŅĵőĞƞœħƟĵŅĔȮŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬĪňŗĴŅĔĕŉŘĬ
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ĽŅĵőĞƞěŃŏĔŇħĔŅĶŏĽňĵĽĳŅıĪņŒľƟŏĴŊŗŀĪņĔŅĶĪħĽŀĭĨƞŀőħĵĔŅĶĸħŀŋĦľĳŌĴŇŐĸŃŒľƟėĺŅĴĶƟŀĬŀňĔėĶńŘĚěŉĚ

œĴƞĽŅĴŅĶĩĶŅĵĚŅĬėƞŅœħƟȮĬŀĔěŅĔĬňŘěŃıĭėƞŅŀŋĦľĳŌĴŇľĸŀĴįĸŉĔȮ(Tm) ȮŏĪƞŅĔńĭȮ/.3,53ȮºCȮŒĬĕĦŃĪňŗ 

Plasticized gelatinȮŏĴŊŗŀĪņĔŅĶĪħĽŀĭěŃıĭȮTgȮĪńŘĚŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬĪńŘĚėĶńŘĚĪňŗȮ/ȮŐĸŃėĶńŘĚĪňŗȮ0Ȯőħĵ

ěŃĴňėƞŅŏĪƞŅĔńĭȮ34,.5ȮŐĸŃȮ37,.3ȮºCȮĨŅĴĸņħńĭȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭėƞŅȮTgȮĕŀĚŏěĸŅĨŇĬĪňŗœĴƞįƞŅĬĔŅĶ 

ıĸŅĽĨŇœĞĽƢŐĸŃȮPlasticized gelatinȮěŃŏľŖĬĺƞŅȮPlasticized gelatinȮěŃĴňȮTgȮĪňŗĨŗņĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭ

ŏěĸŅĨŇĬĪňŗœĴƞįƞŅĬĔŅĶıĸŅĽĨŇœĞĽƢȮŏĬŊŗŀĚěŅĔŒĬĔĶŃĭĺĬĔŅĶĔŅĶıĸŅĽĨŇœĞĽƢŏěĸŅĨŇĬȮĬŘņŐĸŃĔĸňŏĞŀĶŀĸ

ĪňŗĪņľĬƟŅĪňŗŏĮƦĬıĸŅĽĨŇœĞŏĞŀĶƢěŃŏĕƟŅœĮŐĪĶĔŐĸŃĪņĸŅĵıńĬīŃœŁőħĶŏěĬĽŅĵőĞƞĕŀĚŏěĸŅĨŇĬȮĪņŒľƟ

ĮĶŇĴŅĦıńĬīŃœŁőħĶŏěĬĕŀĚĽŅĵőĞƞŏěĸŅĨŇĬĸħĸĚȮĽŅĵőĞƞěŉĚĽŅĴŅĶĩŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮėƞŅȮTgȮȮěŉĚĴň

ėƞŅĪňŗĨŗņĸĚȮĞŉŗĚįĸħńĚĔĸƞŅĺĽŀħėĸƟŀĚĔńĭĔŅĶĻŉĔļŅĕŀĚȮS. Rivero ŐĸŃėĦŃȮY2/[ȮĪňŗĪņĔŅĶĻŉĔļŅĔŅĶ

ıĸŅĽĨŇœĞĽƢŏěĸŅĨŇĬħƟĺĵĔĸňŏĞŀĶŀĸĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮőħĵěŃıĭĺƞŅŏěĸŅĨŇĬĪňŗįƞŅĬĔŅĶıĸŅĽĨŇœĞĽƢŐĸƟĺ

ěŃĴňȮTgȮĪňŗĸħĸĚŏĴŊŗŀŏĪňĵĭĔńĭįĚŏěĸŅĨŇĬĪňŗœĴƞįƞŅĬĔŅĶıĸŅĽĨŇœĞĽƢȮŐĸŃěŃĴňėƞŅȮTgȮĸħĸĚĨŅĴĽńħĽƞĺĬĔŅĶ

ŏĨŇĴĔĸňŏĞŀĶŀĸĪňŗŏıŇŗĴĕŉŘĬȮ 

 2,/,0ȮĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚȮPBAT-g-MA ħƟĺĵŏĪėĬŇėȮNuclear Magnetic 

Resonance Spectroscopy (NMR) 

ŒĬĚŅĬĺŇěńĵĬňŘœħƟĴňĔŅĶŏĸŊŀĔŒĝƟȮPBAT-g-MA ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟȮ

&Compatibilizer) ĶŃľĺƞŅĚȮPlasticized gelatin ŐĸŃȮPBAT ŏĬŊŗŀĚěŅĔıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĴňėĺŅĴŏĮƦĬĕńŘĺ

ĪňŗŐĨĔĨƞŅĚĔńĬĽƞĚįĸĪņŒľƟŏĴŊŗŀĪņĔŅĶįĽĴıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚȮěŃĪņŒľƟıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚŏĕƟŅĔńĬœħƟœĴƞħňȮőħĵȮ 

PBAT-g-MAȮĽŅĴŅĶĩŏĨĶňĵĴœħƟěŅĔĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚȮPBAT ĔńĭȮMA őħĵĴňȮLuperox®101 ĪņľĬƟŅĪňŗ

ŏĮƦĬȮInitiator ĽņľĶńĭĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĔĶŅĲĨŇħĕŀĚȮMA ĭĬĽŅĵőĞƞĕŀĚ PBAT įƞŅĬĔŅĶĕŉŘĬĶŌĮħƟĺĵ

ŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮ&Twin screw extruder) ĞŉŗĚĮĢŇĔŇĶŇĵŅĔŅĶĔĶŅĲĨŇħĕŀĚȮMA ĭĬĽŅĵőĞƞĕŀĚȮ

PBAT ĽŅĴŅĶĩĵŊĬĵńĬœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮNMR 

ĳŅıĪňŗȮ2,1ȮŐĽħĚȮ/H NMR spectraȮĕŀĚȮ(a) PBAT ŐĸŃȮ(b) PBAT-g-MAȮěŅĔĳŅıěŃĽńĚŏĔĨ

œħƟĺƞŅĪńŘĚĨńĺŀĵƞŅĚȮPBAT ŐĸŃȮPBAT-g-MA ěŃıĭıňėŏŀĔĸńĔļĦƢĪňŗŏľĴŊŀĬĔńĬȮœħƟŐĔƞȮĪňŗĨņŐľĬƞĚȮ/,4Ȯ

ppm ŏĮƦĬıňėĕŀĚőĮĶĨŀĬĪňŗĨņŐľĬƞĚȮa (ŐĽħĚőėĶĚĽĶƟŅĚŒĬĳŅıĪňŗȮ2,0'ȮŐĸŃĪňŗĨņŐľĬƞĚȮ/,6+/,7Ȯppm 

ŏĮƦĬıňėĕŀĚőĮĶĨŀĬĪňŗĨņŐľĬƞĚȮb ŐĸŃȮ`ŲȮĞŉŗĚŐĽħĚĩŉĚĨņŐľĬƞĚĕŀĚ Methylene protons  

(-C-(CH2 )2 -C-)ȮĬŀĔěŅĔĬňŘĵńĚıĭıňėĪňŗĨņŐľĬƞĚȮ0,1ȮppmȮŏĮƦĬıňėĕŀĚőĮĶĨŀĬĪňŗĨņŐľĬƞĚȮc ĞŉŗĚŐĽħĚ

ĩŉĚĨņŐľĬƞĚĕŀĚőĮĶĨŀĬĪňŗŀĵŌƞĪňŗĔńĭľĴŌƞėŅĶƢĭŀĬŇĸȮĪňŗĨņŐľĬƞĚȮ2,.+2,/ȮŐĸŃȮ2,1+2,2Ȯppm ěŃŐĽħĚıňė

ĕŀĚőĮĶĨŀĬĪňŗĨņŐľĬƞĚȮd ŐĸŃȮbŲȮĨŅĴĸņħńĭȮŒĬĨņŐľĬƞĚĬňŘěŃŐĽħĚĩŉĚőĮĶĨŀĬĪňŗĴňĨņŐľĬƞĚŀĵŌƞĨŇħĔńĭ
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ľĴŌƞŏŀĽŏĪŀĶƢȮŐĸŃěŃıĭıňėĪňŗĨņŐľĬƞĚȮ6,.Ȯppm ĞŉŗĚŏĮƦĬıňėĕŀĚőĮĶĨŀĬĪňŗĨņŐľĬƞĚȮe ĽņľĶńĭıňė

ħńĚĔĸƞŅĺěŃŏĮƦĬıňėŏŀĔĸńĔļĦƢĕŀĚȮAromatic protons ĕŀĚȮTerephthalic group ĪňŗŀĵŌƞŒĬĽŅĵőĞƞĕŀĚȮ

PBAT 

 

 
ĳŅıĪňŗȮ2,0ȮŐĽħĚőėĶĚĽĶƟŅĚĕŀĚ (a) PBAT ŐĸŃȮ(b) PBAT-g-MA [42] 

  

 ŏĴŊŗŀıŇěŅĶĦŅȮ/H NMR spectraȮĕŀĚȮPBAT-g-MAȮěŃıĭıňėŏŀĔĸńĔļĦƢĪňŗŐĨĔĨƞŅĚěŅĔıňė

ŏŀĔĸńĔļĦƢĕŀĚȮPBAT ŏĸŖĔĬƟŀĵȮėŊŀěŃıĭıňėĪňŗĨņŐľĬƞĚȮ1,5+1,6Ȯppm őħĵıňėĬňŘŏĮƦĬıňėŏŀĔĸńĔļĦƢĪňŗ

ŐĽħĚĩŉĚőĮĶĨŀĬĨņŐľĬƞĚȮF ĪňŗŀĵŌƞĳŅĵŒĬőėĶĚĽĶƟŅĚĕŀĚȮMA ĞŉŗĚőĮĶĨŀĬŒĬĨņŐľĬƞĚħńĚĔĸƞŅĺěŃŏĮƦĬ

őĮĶĨŀĬĪňŗŀĵŌƞĨŇħĔńĭȮCarbon atom ĪňŗŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭĽŅĵőĞƞĕŀĚȮPBAT ŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶĔĶŅĲĨŇħ

ĕŀĚȮMA ĭĬĽŅĵőĞƞĕŀĚȮPBAT ĞŉŗĚįĸħńĚĔĸƞŅĺĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮShahab Kashani RahimiȮ

ŐĸŃėĦŃȮY20[ȮĪňŗœħƟĪņĔŅĶĻŉĔļŅıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨĶŃľĺƞŅĚȮPBAT-g-MA ŐĸŃȮCellulose 

nanocrystal œħƟĪņĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚȮPBAT-g-MA ĪňŗŏĨĶňĵĴœħƟħƟĺĵŏĪėĬŇėȮNMR őħĵěŃıĭ

ıňėŏŀĔĸńĔļĦƢĪňŗĽņėńĠĪňŗĨņŐľĬƞĚȮ1,5+1,6Ȯppm ĞŉŗĚŐĽħĚĩŉĚĔŅĶĔĶŅĲĕŀĚȮMA ĭĬĽŅĵőĞƞȮPBAT 

ŏĝƞĬĔńĬ 
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ĳŅıĪňŗȮ2,1ȮŐĽħĚȮ/H NMR spectraȮĕŀĚȮ(a) PBAT ŐĸŃȮ(b) PBAT-g-MA 
  

2,/,1ȮĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

ŒĬĚŅĬĺŇěńĵĬňŘěŃĪņĔŅĶĻŉĔļŅıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮĪňŗĽńħĽƞĺĬĔŅĶįĽĴ

ĨƞŅĚŕȮœħƟŐĔƞȮ5.-1.*Ȯ4.-2.ȮŐĸŃȮ3.-3.ȮőħĵěŃĴňŏěĸŅĨŇĬĪņľĬƟŅĪňŗŏĮƦĬĺńĢĳŅėľĸńĔŒĬıŀĸŇŏĴŀĶƢįĽĴȮ

ĬŀĔěŅĔĬňŘěŃĪņĔŅĶŏĨŇĴȮPBAT-g-MA ĸĚŒĬıŀĸŇŏĴŀĶƢįĽĴŏıŊŗŀŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚĺńĢĳŅėĕŀĚ

ŏěĸŅĨŇĬŐĸŃȮPBAT őħĵěŃĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮŒĬĽńħĽƞĺĬȮ0.%ȮŏĴŊŗŀŏĪňĵĭĔńĭĮĶŇĴŅĦȮPBAT ŒĬ 

ıŀĸŇŏĴŀĶƢįĽĴ ĨńĺŀĵƞŅĚŐįƞĬıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟěŃŐĽħĚŒĬĳŅıĪňŗȮ2,2ȮĞŉŗĚŒĬĽƞĺĬĬňŘěŃ
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ĪņĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮPBAT-g-MAȮĪňŗĴňįĸĨƞŀĽńĦģŅĬĺŇĪĵŅȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĽĴĭńĨŇ

ŏĝŇĚĔĸȮŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚıŀĸŇŏĴŀĶƢįĽĴ 

 

 

ĳŅıĪňŗȮ2,2ȮŐĽħĚĨńĺŀĵƞŅĚŐįƞĬıŀĸŇŏĴŀĶƢŏěĸŅĨŇĬȮPBAT ŐĸŃıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮ
PBAT ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT+g+MA : (a) 100/0, (b) 70/30, (c) 60/40, (d) 50/50, (e) 0/100,  

(f) 70/30/20, (g) 60/40/20 ŐĸŃ (h) 50/50/20 
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  2,/,1,/ȮĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬ

ŐĸŃȮPBAT ħƟĺĵŏĪėĬŇėȮScanning electron microscopy (SEM)  

 ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ħƟĺĵ

ŏĪėĬŇėȮScanning electron microscopy (SEM)ȮĪňŗĔņĸńĚĕĵŅĵȮ/...ȮŏĪƞŅ ĽņľĶńĭŏěĸŅĨŇĬŐĸŃȮ

PBATȮŐĸŃĪňŗĔņĸńĚĕĵŅĵȮ/3..ȮŏĪƞŅȮĽņľĶńĭıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

 

ĳŅıĪňŗȮ2,3ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚȮ: (a) ŏěĸŅĨŇĬȮŐĸŃȮ(b)ȮPBAT ĪňŗĔņĸńĚĕĵŅĵȮ/...ȮŏĪƞŅ 
 

 ĳŅıĪňŗȮ2,3ȮŐĽħĚĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚŏěĸŅĨŇĬŐĸŃȮPBAT ħƟĺĵŏĪėĬŇėȮScanning 

electron microscopy (SEM) ĪňŗĔņĸńĚĕĵŅĵȮ/...ȮŏĪƞŅȮőħĵȮa ěŃŐĽħĚĨńĺŀĵƞŅĚŏěĸŅĨŇĬȮŐĸŃȮb 

ŐĽħĚĨńĺŀĵƞŅĚȮPBAT ěŅĔĳŅııĭĺƞŅĨńĺŀĵƞŅĚĪńŘĚȮ0ȮĴňĸńĔļĦŃŏĮƦĬĺńĢĳŅėĪňŗŏĶňĵĭȮŐĨƞŒĬĨńĺŀĵƞŅĚŏěĸŅĨŇĬ

ěŃŏľŖĬœħƟĺƞŅĴňĶŀĵŐĨĔŏĔŇħĕŉŘĬŏĬŊŗŀĚěŅĔŒĬĶŃľĺƞŅĚĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚĽņľĶńĭĔŅĶĪħĽŀĭ

ĨńĺŀĵƞŅĚěŃĩŌĔĪņŒľƟŏĔŇħĔŅĶŏĵŖĬĨńĺŀĵƞŅĚĵŇŗĚĵĺħĪņŒľƟĺńġĳŅėĕŀĚŏěĸŅĨŇĬĪňŗĴňėĺŅĴŏĮĶŅŃŏĔŇħĔŅĶľħĨńĺ

ĶĺĴĩŉĚŏĴŊŗŀĝŇŘĬĚŅĬĩŌĔĬņŏĕƟŅĽŌƞĶŃĭĭĽŋĠĠŅĔŅĻĪņŒľƟėĺŅĴĝŊŘĬĪňŗŀĵŌƞĳŅĵŒĬĺńĢĳŅėĕŀĚŏěĸŅĨŇĬĩŌĔħŉĚ

ŀŀĔœĮħƟĺĵȮĺńĢĳŅėĕŀĚŏěĸŅĨŇĬěŉĚŏĔŇħĔŅĶľħĨńĺŐĸƟĺěŉĚŏĔŇħŏĮƦĬĸńĔļĦŃĶŀĵŐĨĔħńĚĔĸƞŅĺ 

 ĳŅıĪňŗȮ2,4ȮŐĽħĚĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT Īňŗ

ĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g+MA ħƟĺĵŏĪėĬŇėȮScanning electron microscopy (SEM) ĪňŗĔņĸńĚĕĵŅĵȮ

/3..ȮŏĪƞŅȮőħĵŒĬĳŅıȮa-c ěŃŐĽħĚĨńĺŀĵƞŅĚĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŐĸŃĳŅıȮ

d-f ŐĽħĚĨńĺŀĵƞŅĚĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬȮCompatibilizer 

 ěŅĔĳŅıĨńĺŀĵƞŅĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗœĴƞĴňĔŅĶŏĨŇĴȮCompatibilizerȮ

ěŃıĭĺƞŅıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĴňĔŅĶŐĵĔŒĬĺńĢĳŅėĔńĬėƞŀĬĕƟŅĚĝńħŏěĬȮőħĵĪňŗŏěĸŅĨŇĬěŃĴňĸńĔļĦŃĶĺĴĨńĺ

ĔńĬŏĮƦĬĔƟŀĬĪňŗĴňĶŌĮĶƞŅĚœĴƞŐĬƞĬŀĬĔĶŃěŅĵŀĵŌƞȮĶĺĴĩŉĚĺńĢĳŅėĕŀĚŏěĸŅĨŇĬěŃĴňĸńĔļĦŃŏĮƦĬĶŀĵŐĨĔŀĵŌƞ

ĪńŘĚŒĬĺńĢĳŅėĕŀĚŏěĸŅĨŇĬŐĸŃĶŀĭŕȮĕŀĚŒĬĺńĢĳŅėŏěĸŅĨŇĬĞŉŗĚŏĮƦĬįĸĴŅěŅĔĔŅĶľħĨńĺĕŀĚĺńġĳŅė 
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ŏěĸŅĨŇĬŒĬĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚȮŒĬĕĦŃĪňŗĺńĢĳŅėĕŀĚ PBAT ĮĶŅĔġĸńĔļĦŃĕŀĚĺńĢĳŅėȮ0Ȯ

ŐĭĭȮœħƟŐĔƞȮĽƞĺĬĪňŗĴňĸńĔļĦŃŏĮƦĬĺńĢĳŅėĪĶĚĔĸĴĔĶŃěŅĵĨńĺŀĵŌƞĳŅĵŒĬıŀĸŇŏĴŀĶƢįĽĴȮŐĸŃĽƞĺĬĪňŗĽŀĚ

ěŃĴňĸńĔļĦŃŏĮƦĬıŊŘĬįŇĺĪňŗŏĶňĵĭĳŅĵŒĬıŀĸŇŏĴŀĶƢįĽĴȮĸńĔļĦŃĕŀĚĺńĢĳŅėĪńŘĚȮ0ȮĽŅĴŅĶĩĵŊĬĵńĬœħƟěŅĔ

ĔŅĶĺŇŏėĶŅŃľƢīŅĨŋŀĚėƢĮĶŃĔŀĭħƟĺĵŏĪėĬŇėȮEDS őħĵŒĬıŊŘĬįŇĺĪňŗŏĮƦĬĶŀĵŐĨĔěŃıĭīŅĨŋŀĚėƢĮĶŃĔŀĭȮ1Ȯ

ĝĬŇħȮœħƟŐĔƞȮC N ŐĸŃȮH ĞŉŗĚīŅĨŋĪńŘĚȮ1ȮĬňŘŏĮƦĬīŅĨŋŀĚėƢĮĶŃĔŀĭĕŀĚŏěĸŅĨŇĬȮŒĬĕĦŃĪňŗıŊŘĬįŇĺĪňŗŏĮƦĬĺńĢ

ĳŅėĨƞŀŏĬŊŗŀĚŐĸŃĭĶŇŏĺĦĪňŗŏĮƦĬŀĬŋĳŅėĔĸĴŕȮěŃıĭŏıňĵĚıňėĪňŗŐĽħĚĩŉĚīŅĨŋȮC ŐĸŃȮH ŏĪƞŅĬńŘĬȮĞŉŗĚ

ĸńĔļĦŃħńĚĔĸƞŅĺŐĽħĚŒľƟŏľŖĬĺƞŅĭĶŇŏĺĦħńĚĔĸƞŅĺėŊŀĽƞĺĬĕŀĚĺńĢĳŅėȮPBATȮħńĚŐĽħĚŒĬĳŅıȮ2,5 

ĽņľĶńĭĸńĔļĦŃĔŅĶŐĵĔĺńĢĳŅėĔńĬĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ŏĔŇħěŅĔĔŅĶĪňŗıŀĸŇŏĴŀĶƢĪńŘĚ

ĽŀĚėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚĕńŘĺ őħĵŏěĸŅĨŇĬŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĽŌĚȮĽƞĺĬȮPBAT ŏĮƦĬıŀĸŇŏĴŀĶƢ

ĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĨŗņȮĪņŒľƟıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĴňėĺŅĴŏĕƟŅĔńĬœħƟœĴƞħňěŉĚŏĔŇħĔŅĶŐĵĔĺńĢĳŅėĔńĬħńĚĔĸƞŅĺȮŐĸŃ

ŏĴŊŗŀĪņĔŅĶıŇěŅĶĦŅıŀĸŇŏĴŀĶƢįĽĴĪňŗĽńħĽƞĺĬĔŅĶįĽĴĨƞŅĚŕȮěŃıĭĺƞŅĪňŗŀńĨĶŅĽƞĺĬȮ5.-1.ȮĔƟŀĬĕŀĚ 

ŏěĸŅĨŇĬěŃĴňĕĬŅħĪňŗėƞŀĬĕƟŅĚŒľĠƞŏĴŊŗŀŏĪňĵĭĔńĭŀńĨĶŅĽƞĺĬŀŊŗĬŕȮŏĬŊŗŀĚěŅĔĪňŗŀńĨĶŅĽƞĺĬĬňŘěŃŏĮƦĬŀńĨĶŅĽƞĺĬ

ĪňŗĴňĮĶŇĴŅĦŏěĸŅĨŇĬĴŅĔĪňŗĽŋħȮĪņŒľƟŏěĸŅĨŇĬŀŅěŏĔŇħĔŅĶĶĺĴĨńĺĔńĬŏĮƦĬĔƟŀĬŒľĠƞȮŒĬĕĦŃĪňŗŀńĨĶŅĽƞĺĬȮ

4.-2.ȮŐĸŃȮ3.-3.ȮĞŉŗĚĴňĮĶŇĴŅĦŏěĸŅĨŇĬĸħĸĚĨŅĴĸņħńĭȮőħĵĕĬŅħĕŀĚĔƟŀĬŏěĸŅĨŇĬěŃĴňĕĬŅħĸħĸĚ

ĨŅĴĸņħńĭŏĝƞĬĔńĬȮĕĦŃŏħňĵĺĔńĬĪňŗŀńĨĶŅĽƞĺĬĪňŗȮ4.-2.ȮŐĸŃȮ3.-3.ȮěŃĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĽńħĽƞĺĬȮPBAT 

ěŃĽńĚŏĔĨŏľŖĬĺƞŅĺńĢĳŅėĕŀĚȮPBAT ĴňĔŅĶĔĶŃěŅĵĨńĺŏıŇŗĴĴŅĔĕŉŘĬĨŅĴĽńħĽƞĺĬĔŅĶįĽĴĕŀĚȮPBAT ĪňŗĴŅĔ

ĕŉŘĬħƟĺĵ 



  57 

 
ĳŅıĪňŗȮ2,4ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮ

PBAT-g-MAȮĪňŗĔņĸńĚĕĵŅĵȮ/3..ȮŏĪƞŅȮ: (a) 70/30, (b) 60/40, (c) 50/50, (d) 70/30/20,  
(e) 60/40/20 ŐĸŃ (f) 50/50/20 

 
 

ĳŅıĪňŗȮ2,5ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ŀńĨĶŅĽƞĺĬȮ3.-3.ȮŐĸŃ
įĸĔŅĶĺŇŏėĶŅŃľƢīŅĨŋŀĚėƢĮĶŃĔŀĭħƟĺĵŏĪėĬŇėȮEDAX 

 

 ŏĴŊŗŀıŇěŅĶĦŅıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮCompatibilizerȮħńĚŐĽħĚ
ŒĬĳŅıĪňŗȮ2,4Ȯ(d-f) ěŃıĭĺƞŅıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĴňĸńĔļĦŃĔŅĶŐĵĔĔńĬĕŀĚĺńĢĳŅėĪňŗĸħĸĚŏĴŊŗŀŏĪňĵĭĔńĭ 
ıŀĸŇŏĴŀĶƢįĽĴĪňŗœĴƞĴňĔŅĶŏĨŇĴȮCompatibilizer ĽŅĴŅĶĩĽńĚŏĔĨœħƟěŅĔĶŀĵŐĨĔĪňŗœĴƞĝńħŏěĬĭĶŇŏĺĦĶŀĭŕȮ
ĺńĢĳŅėĕŀĚŏěĸŅĨŇĬȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPBAT ĭŅĚĽƞĺĬĪňŗĴňėĺŅĴŏĕƟŅĔńĬœħƟĔńĭŏěĸŅĨŇĬěŃŏĕƟŅœĮŐĪĬĪňŗ
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ĭĶŇŏĺĦĪňŗŏĔŇħĔŅĶĵŋĭĨńĺĕŀĚŏěĸŅĨŇĬŏĬŊŗŀĚěŅĔĔŅĶĽŌĠŏĽňĵĬŘņĪņŒľƟŏĶŅĽńĚŏĔĨĶŀĵŐĨĔœħƟœĴƞĝńħŏěĬȮ
ĬŀĔěŅĔĬňŘĵńĚĽŅĴŅĶĩĵŊĬĵńĬœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢīŅĨŋħƟĺĵŏĪėĬŇėȮEDS ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,6ȮőħĵıĭĺƞŅ
ĭĶŇŏĺĦĪňŗŏĮƦĬıŊŘĬĪňŗįŇĺĪňŗŏĶňĵĭŒĬıŀĸŇŏĴŀĶƢįĽĴěŃĴňŀĚėƢĮĶŃĔŀĭĕŀĚīŅĨŋȮC N ŐĸŃȮHȮĪņŒľƟĽŅĴŅĶĩ
ĵŊĬĵńĬœħƟĺƞŅĭĶŇŏĺĦħńĚĔĸƞŅĺĴňĔŅĶįĽĴĔńĬŀĵŌƞĶŃľĺƞŅĚĺńĢĳŅėĕŀĚŏěĸŅĨŇĬŐĸŃĺńĢĳŅėĕŀĚȮPBATȮŐĸŃ
ŏĴŊŗŀĪņĔŅĶıŇěŅĶĦŅĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚŕȮěŃŏľŖĬœħƟĺƞŅĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮ5.-1.-0.ȮěŃĵńĚėĚ
ŏľŖĬĶŀĵŐĨĔĕŀĚĺńĢĳŅėŏěĸŅĨŇĬŀĵŌƞȮŏĮƦĬįĸĴŅěŅĔĔŅĶĪňŗŒĬĨńĺŀĵƞŅĚĬňŘĵńĚĴňĽńħĽƞĺĬĕŀĚŏěĸŅĨŇĬĪňŗĴŅĔŀĵŌƞȮ
ĪņŒľƟĽŅĴŅĶĩĴŀĚŏľŖĬĺńĢĳŅėĕŀĚŏěĸŅĨŇĬœħƟĝńħĔĺƞŅĨńĺŀĵƞŅĚŀŊŗĬŕȮŐĸŃŏĴŊŗŀŏĪňĵĭĔńĭıŀĸŇŏĴŀĶƢįĽĴĪňŗ
ĽńħĽƞĺĬĔŅĶįĽĴŏħňĵĺĔńĬŐĨƞœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ěŃŏľŖĬĺƞŅıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĴňėĺŅĴŏĕƟŅĔńĬœħƟ
ĴŅĔĔĺƞŅȮĪņŒľƟœĴƞĽŅĴŅĶĩĴŀĚŏľŖĬĕŀĭŏĕĨĕŀĚĶŀĵŐĨĔĕŀĚĺńĢĳŅėŏěĸŅĨŇĬĪňŗĝńħŏěĬȮŐĸŃŏĴŊŗŀĴňĔŅĶ
ŏıŇŗĴĽńħĽƞĺĬĕŀĚȮPBAT ĸĚŒĬıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ěŃŏľŖĬĺƞŅěŃıĭĶŀĵŐĨĔĕŀĚ 
ĺńĢĳŅėĕŀĚŏěĸŅĨŇĬĪňŗĬƟŀĵĸĚŀĵƞŅĚŏľŖĬœħƟĝńħĶĺĴĩŉĚĺńĢĳŅėĪńŘĚȮ0ȮĴňėĺŅĴŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬħƟĺĵŏĝƞĬĔńĬ 
 

 
 

ĳŅıĪňŗȮ2,6ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ŀńĨĶŅĽƞĺĬȮ3.-3.-0.Ȯ
ŐĸŃįĸĔŅĶĺŇŏėĶŅŃľƢīŅĨŋŀĚėƢĮĶŃĔŀĭħƟĺĵŏĪėĬŇėȮEDAX 

 

  2,/,1,0ȮĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŐįƞĬıŀĸŇŏĴŀĶƢįĽĴħƟĺĵ 

Differential Scanning Calorimeter (DSC)  

ĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮħƟĺĵȮ

Differential Scanning CalorimeterȮ&DSC'ȮőħĵěŃĪņĔŅĶĻŉĔļŅŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ+6.ȮºCȮĩŉĚȮ/6. ºCȮ

ħƟĺĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ/. ºC-min ĳŅĵŒĨƟĽĳŅĺŃŀŅĔŅĻœĬőĨĶŏěĬ 
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ĳŅıĪňŗȮ2,7ȮŐĽħĚ DSC thermograms ĕŀĚŏěĸŅĨŇĬȮPBAT ŐĸŃıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ 

ŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚŕȮŒĬĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/ȮěŅĔĔŅĶĻŉĔļŅ

ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚŏěĸŅĨŇĬȮPBAT ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮĽņľĶńĭŏěĸŅĨŇĬıĭŏıňĵĚȮTgȮŏĪƞŅĬńŘĬȮĞŉŗĚěŃ

ĴňėƞŅŏĪƞŅĔńĭȮ34,.5Ȯ°CȮŒĬĕĦŃĪňŗȮPBAT ěŃıĭȮTg ŐĸŃ Tm ĴňėƞŅŏĪƞŅĔńĭ -32.26 °C ŐĸŃȮ//7,36Ȯ°CȮ

ĨŅĴĸņħńĭȮĽņľĶńĭȮƇHm ŐĸŃĮĶŇĴŅĦįĸŉĔĴňėƞŅŏĪƞŅĔńĭȮ+03,.5ȮJ/gȮŐĸŃȮ00,./%ȮĨŅĴĸņħńĭȮħńĚŐĽħĚ

ŒĬĨŅĶŅĚĪňŗȮ2,0 

ŏĴŊŗŀıŇěŅĶĦŅıŀĸŇŏĴŀĶƢįĽĴıĭĺƞŅȮıŀĸŇŏĴŀĶƢįĽĴĪŋĔŀńĨĶŅĽƞĺĬěŃŐĽħĚėƞŅȮTgȮ0ȮĨņŐľĬƞĚȮ

ėŊŀȮTg /ȮŏĮƦĬĽƞĺĬĕŀĚȮPBAT ŐĸŃȮTg 2ȮŏĮƦĬĽƞĺĬĕŀĚŏěĸŅĨŇĬȮőħĵĪňŗȮTgȮĪńŘĚȮ0ȮėƞŅĬńŘĬěŃĴňėƞŅŀŋĦľĳŌĴŇŀĵŌƞ

ĶŃľĺƞŅĚȮTgȮĕŀĚȮPure PBAT ŐĸŃȮPure plasticized gelatin ĸńĔļĦŃħńĚĔĸƞŅĺŐĽħĚŒľƟŏľŖĬĺƞŅ 

ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ŏĮƦĬĶŃĭĭĔŅĶįĽĴŐĭĭŏĕƟŅĔńĬœħƟĭŅĚĽƞĺĬȮĪņŒľƟıĭėƞŅȮTg 

2 ĨņŐľĬƞĚĪňŗĴňėƞŅŀĵŌƞĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚȮŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĔŅĶ

įĽĴĨƞŅĚŕȮıĭĺƞŅȮĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮ5.-1.ȮıŀĸŇŏĴŀĶƢįĽĴěŃĴňėƞŅȮTg /ȮŏĪƞŅĔńĭȮ+05,10Ȯ°CȮŐĸŃŏĴŊŗŀ

ĴňĔŅĶŏıŇŗĴŀńĨĶŅĽƞĺĬĕŀĚȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴėŊŀĪňŗŀńĨĶŅĽƞĺĬȮ4.-2.ȮŐĸŃȮ3.-3.ȮěŃĴňėƞŅȮTg /Ȯ

ŏĪƞŅĔńĭȮ+06,/6ȮŐĸŃȮ+1.,67Ȯ°CȮĨŅĴĸņħńĭȮěŃŏľŖĬœħƟĺƞŅŏĴŊŗŀĴňĔŅĶŏıŇŗĴŀńĨĶŅĽƞĺĬĕŀĚȮPBAT ŒĬ 

ıŀĸŇŏĴŀĶƢįĽĴěŃĪņŒľƟėƞŅȮTg /ȮĴňėƞŅĸħĸĚľĶŊŀĴňėƞŅŏĸŊŗŀĬŏĕƟŅŒĔĸƟėƞŅȮTg ĕŀĚȮPBAT ŒĬĕĦŃĪňŗėƞŅȮTg 2 ěŃ

ĴňėƞŅĸħĸĚĨŅĴŀńĨŅĶŅĽƞĺĬĪňŗŏıŇŗĴĕŉŘĬĕŀĚȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴŏĝƞĬĔńĬȮėŊŀĪňŗŀńĨĶŅĽƞĺĬȮ5.-1.ȮěŃĴňėƞŅȮ

Tg 2ȮŏĪƞŅĔńĭȮ23,25Ȯ°CȮĪňŗŀńĨĶŅĽƞĺĬȮ4.-2.ȮěŃĴňėƞŅȮ21,31Ȯ°CȮŐĸŃĪňŗŀńĨĶŅĽƞĺĬȮ3.-3.ȮěŃĴňėƞŅŏĪƞŅĔńĭȮ

15,72Ȯ°CȮőħĵĸńĔļĦŃħńĚĔĸƞŅĺŏĮƦĬįĸĴŅěŅĔĽńħĽƞĺĬĔŅĶįĽĴĕŀĚȮPBAT ĪňŗŏıŇŗĴĕŉŘĬěŃĪņŒľƟĽŅĵőĞƞ

ĳŅĵŒĬıŀĸŇŏĴŀĶƢįĽĴŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĴŅĔĕŉŘĬȮħńĚĬńŘĬıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒľƟŏĕƟŅœĮŏıŊŗŀěŃĬņœĮŒĝƟĪņ

ŒľƟĽŅĵőĞƞŏĔŇħĔŅĶŏėĸŊŗŀĬœľĺěŉĚŒĝƟĬƟŀĵĸĚĨŅĴœĮħƟĺĵȮŏĴŊŗŀıŇěŅĶĦŅŀŋĦľĳŌĴŇĔŅĶľĸŀĴįĸŉĔȮ&Tm)ȮŐĸŃ

ĮĶŇĴŅĦįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚŕȮıĭĺƞŅĴňėƞŅŒĔĸƟŏėňĵĚĔńĬ 

ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĪňŗŀńĨĶŅĽƞĺĬĔŅĶ

įĽĴŏħňĵĺĔńĬĪňŗĽńħĽƞĺĬĔŅĶįĽĴȮ5.-1.ȮıĭĺƞŅěŃĴňĸńĔļĦŃĪňŗėĸƟŅĵĔńĬėŊŀıĭȮTg 2 ĨņŐľĬƞĚȮőħĵĪňŗ 

ıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮěŃĴňėƞŅȮTg 1ȮŏĪƞŅĔńĭȮ+04,.4Ȯ°CȮĞŉŗĚěŃĴňėƞŅĽŌĚĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭ

ıŀĸŇŏĴŀĶƢįĽĴœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮĪňŗĴňėƞŅȮTg 1ȮŏĪƞŅĔńĭȮ+05,10Ȯ°CȮŒĬĕĦŃĪňŗȮTg 2ȮĕŀĚıŀĸŇŏĴŀĶƢ

įĽĴĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮěŃĴňėƞŅȮTg 2ȮŏĪƞŅĔńĭȮ43.08Ȯ°CȮőħĵěŃĴňėƞŅĨŗņĸĚŏĴŊŗŀŏĪňĵĭĔńĭıŀĸŇŏĴŀĶƢ

įĽĴĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮĪňŗĴňėƞŅȮTg 2ȮŏĪƞŅĔńĭȮ23,25Ȯ°CȮĪňŗŏĮƦĬŏĝƞĬĬńŘĬŏĬŊŗŀĚĴŅěŅĔȮPBAT-g-MAȮ

ĪňŗŏĨŇĴĸĚœĮěŃĝƞĺĵŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚĺńĢĳŅėĪńŘĚȮ0ȮőħĵěŃĪņŒľƟĽƞĺĬĕŀĚĽŅĵőĞƞȮPBAT 
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ŏėĸŊŗŀĬœľĺœħƟĵŅĔĕŉŘĬȮTg 1ȮěŉĚĴňėƞŅŏıŇŗĴĕŉŘĬȮŐĨƞěŃĪņŒľƟĽƞĺĬĕŀĚĽŅĵőĞƞŏěĸŅĨŇĬŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĴŅĔĕŉŘĬȮ

Tg 2ȮěŉĚĴňėƞŅĸħĸĚȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅŏĮĶňĵĭŏĪňĵĭĪňŗĽńħĽƞĺĬĔŅĶįĽĴŀŊŗĬŕȮĔŖěŃĴňĸńĔļĦŃĪňŗėĸƟŅĵĔńĬ 

 

ĳŅıĪňŗȮ2,7ȮŐĽħĚ DSC thermogram ŒĬĕńŘĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/ȮĕŀĚȮPlasticized gelatin 
PBAT ŐĸŃıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA 

 

ĨŅĶŅĚĪňŗȮ2,0ȮŐĽħĚėƞŅȮTg, Tm*ȮƇFm ŐĸŃĮĶŇĴŅĦįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 
ĪňŗœħƟěŅĔĔŅĶĻŉĔļŅħƟĺĵŏĪėĬŇėȮDSC (ĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/) 

ĨńĺŀĵƞŅĚ 
Tg (°C) 

Tm (°C) ƇHm (J/g) 
% 

Crystallinity Tg 1(°C) Tg 2(°C) 

Plasticized gelatin - 56.07 - - - 

70/30 -27.32 45.47 106.02 19.82 57.95 
60/40 -28.18 43.53 106.77 25.42 55.75 

50/50 -30.89 37.94 105.56 29.4 51.58 
70/30/20 -26.06 43.08 111.1 19.15 55.99 

60/40/20 -27.78 35.46 112.36 24.15 52.96 

50/50/20 -29.71 30.33 112.37 29.38 51.54 
PBAT -32.26 - 119.58 25.09 22.01 
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ĬŀĔěŅĔĬňŘȮŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭĪňŗĽńħĽƞĺĬĔŅĶįĽĴȮ5.-1.ȮıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶ

ŏĨŇĴȮPBAT-g-MAȮěŃĴňȮTmȮŏĪƞŅĔńĭȮ///,/Ȯ°CȮŐĸŃĴňĮĶŇĴŅĦįĸŉĔŏĪƞŅĔńĭȮ35,73% ĞŉŗĚĽŌĚĔĺƞŅŏĴŊŗŀŏĪňĵĭȮ

TmȮŐĸŃĮĶŇĴŅĦįĸŉĔĕŀĚȮ5.-1.ȮĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮĪňŗĴňėƞŅŏĪƞŅĔńĭȮ/.4,.0Ȯ°CȮŐĸŃȮ33,77% 

ĨŅĴĸņħńĭȮĸńĔļĦŃħńĚĔĸƞŅĺŏĮƦĬįĸĴŅěŅĔŏĴŊŗŀĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮěŃĪņŒľƟėĺŅĴŏĕƟŅĔńĬœħƟ

ĶŃľĺƞŅĚĺńĢĳŅėĪńŘĚȮ0ȮŏıŇŗĴĕŉŘĬȮĽƞĚįĸŒľƟıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗŒĝƟŏıŊŗŀĪņŒľƟŏĔŇħĔŅĶľĸŀĴįĸŉĔěŃĨƟŀĚŒĝƟ

ŏıŇŗĴĴŅĔĕŉŘĬŏĝƞĬĔńĬȮĽņľĶńĭĨńĺŀĵƞŅĚıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮĪňŗĽńħĽƞĺĬĔŅĶįĽĴȮ4.-2.Ȯ

ŐĸŃȮ3.-3.ȮěŃĴňȮTmȮŐĸŃĮĶŇĴŅĦįĸŉĔĽŌĚĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭıŀĸŇŏĴŀĶƢįĽĴĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮ

ŏĝƞĬĔńĬ 

 

ĳŅıĪňŗȮ2,/.ȮŐĽħĚ DSC thermogram ŒĬĕńŘĬĔŅĶľĸƞŀŏĵŖĬȮĕŀĚȮPlasticized gelatin PBAT ŐĸŃ 
ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴ PBAT-g-MA 

 

ěŅĔĳŅıĪňŗȮ2,/.ȮŐĽħĚ DSC thermogram ŒĬĕńŘĬĔŅĶľĸƞŀŏĵŖĬȮŐĸŃĨŅĶŅĚĪňŗȮ2,1ȮŐĽħĚėƞŅȮTcȮ

ŐĸŃȮƇHc ĕŀĚȮPlasticized gelatin PBAT ŐĸŃıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňŐĸŃœĴƞ

ĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴěŃĴňėƞŅȮTcȮĞŉŗĚŏĮƦĬȮTcȮŒĬĽƞĺĬĕŀĚȮPBAT ĪňŗĽŌĚĕŉŘĬŏĴŊŗŀŏĪňĵĭ

ĔńĭȮTcȮĕŀĚȮPBAT ĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅŏěĸŅĨŇĬĪňŗŏĨŇĴĸĚœĮĴňĽƞĺĬĪņŒľƟĽŅĵőĞƞĕŀĚȮPBAT ŏĔŇħĔŅĶĨĔįĸŉĔ

œħƟĚƞŅĵĴŅĔĕŉŘĬȮŀŋĦľĳŌĴŇĪňŗĪņŒľƟȮPBAT ŏĔŇħĔŅĶĨĔįĸŉĔěŉĚĽŌĚĕŉŘĬȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅŏĮĶňĵĭŏĪňĵĭ 

ıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ıĭĺƞŅȮĨńĺŀĵƞŅĚĪňŗœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ěŃĴňȮTcȮĪňŗ
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ĨŗņĔĺƞŅĨńĺŀĵƞŅĚĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĪňŗĴŅĔĕŉŘĬȮ

ĪņŒľƟőŀĔŅĽĪňŗĽŅĵőĞƞȮPBAT ěŃŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺŏĮƦĬįĸŉĔěŉĚŏĔŇħœħƟĚƞŅĵĔĺƞŅŐĸŃŏĶŖĺĔĺƞŅ 

 

ĨŅĶŅĚĪňŗȮ2,1ȮŐĽħĚėƞŅȮTc ŐĸŃ ƇHc ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗœħƟěŅĔĔŅĶĻŉĔļŅ
ħƟĺĵŏĪėĬŇėȮDSC (ĕńŘĬĨŀĬĔŅĶŏĵŖĬĨńĺ) 

ĨńĺŀĵƞŅĚ Tc (°C) ƇHc (J/g) 

Plasticized gelatin - - 
70/30 97.50 6.72 

60/40 96.75 8.47 
50/50 94.42 8.78 

70/30/20 102.42 6.98 

60/40/20 101.75 8.92 
50/50/20 100.99 10.76 

PBAT 95.58 18.12 

 

ŐĸŃŏĴŊŗŀıŇěŅĶĦŅĪňŗĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬėĶńŘĚĪňŗȮ0ȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,//ȮŐĸŃĨŅĶŅĚĪňŗȮ2,2Ȯ

ıĭĺƞŅěŃĴňŐĬĺőĬƟĴŏĝƞĬŏħňĵĺĔńĭĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬėĶńŘĚĪňŗȮ/ȮėŊŀŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦĽńħĽƞĺĬĕŀĚȮ

PBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴěŃĪņŒľƟėƞŅȮTg 1 ŐĸŃ Tg 2 ĴňėƞŅĸħĸĚȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔĽńħĽƞĺĬĔŅĶįĽĴĕŀĚȮ

PBAT ĪňŗŏıŇŗĴĕŉŘĬěŃĪņŒľƟĽŅĵőĞƞĳŅĵŒĬıŀĸŇŏĴŀĶƢįĽĴŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĴŅĔĕŉŘĬȮĽƞĚįĸŒľƟȮTg ĪńŘĚȮ0ȮĴňėƞŅ

ĸħĸĚȮŐĨƞœĴƞĽƞĚįĸŒľƟėƞŅȮTmȮŐĸŃĮĶŇĴŅĦįĸŉĔĴňėƞŅŐĨĔĨƞŅĚĔńĬĴŅĔĬńĔȮŒĬĕĦŃĪňŗŏĴŊŗŀĴňĔŅĶŏĨŇĴȮ 

PBAT-g-MA ěŃĪņŒľƟıŀĸŇŏĴŀĶƢįĽĴĴňėƞŅȮTg 1 ŐĸŃ Tg 2Ȯshift ŏĕƟŅľŅĔńĬĴŅĔĵŇŗĚĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅ 

ıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĺńĢĳŅėĴňėĺŅĴŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬȮŐĨƞĔŅĶŏĨŇĴȮPBAT-g-MAȮœĴƞĽƞĚįĸŒľƟȮTmȮŐĸŃĮĶŇĴŅĦ

įĸŉĔĴňėƞŅŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĝńħŏěĬ  
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ĳŅıĪňŗȮ2,//ȮŐĽħĚ DSC thermogram ŒĬĕńŘĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ0ȮĕŀĚȮPlasticized gelatin 
PBAT ŐĸŃıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴ PBAT-g-MA 

 

 

ĨŅĶŅĚĪňŗȮ2,2ȮŐĽħĚėƞŅȮTg, Tm*ȮƇFm ŐĸŃĮĶŇĴŅĦįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 
ĪňŗœħƟěŅĔĔŅĶĻŉĔļŅħƟĺĵŏĪėĬŇėȮDSC (ĕńŘĬĨŀĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ0) 

ĨńĺŀĵƞŅĚ 
Tg (°C) 

Tm (°C) ƇHm (J/g) 
% 

Crystallinity Tg 1(°C) Tg 2(°C) 

Plasticized 
gelatin 

+ 59.05 + + + 

70/30 -26.8 41.29 113.53 4.26 12.46 

60/40 -28.24 39.41 113.53 5.31 11.64 
50/50 -30.31 38.83 113.17 5.19 9.11 

70/30/20 -25.33 40.86 113.81 5.01 14.65 
60/40/20 -26.45 34.61 113.35 5.03 11.03 

50/50/20 -29.48 32.55 113.88 5.6 9.82 

PBAT -30.86 - 123.92 13.39 11.75 
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  2,/,1,1ȮĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚŐįƞĬıŀĸŇŏĴŀĶƢįĽĴħƟĺĵĔŅĶĪħĽŀĭĽĴĭńĨŇ

ĔŅĶħŉĚĵŊħȮ&Tensile testing)  

ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮ

PBAT-g-MA őħĵĪņĔŅĶĪħĽŀĭŒĬőľĴħĔŅĶħŉĚĵŊħȮ&Tension test) ħƟĺĵŏėĶŊŗŀĚȮUniversal testing 

machine (UTM) ĨŅĴĴŅĨĶģŅĬȮASTM D882 Standard Test Method for Tensile Properties 

of Thin Plastic Sheeting ĪňŗėĺŅĴŏĶŖĺŒĬĔŅĶħŉĚĝŇŘĬĚŅĬȮ50 mm/min ĽņľĶńĭĔŅĶĪħĽŀĭĽĴĭńĨŇ

ŏĝŇĚĔĸĽŅĴŅĶĩĭƞĚĭŀĔĩŉĚĸńĔļĦŃıķĨŇĔĶĶĴĕŀĚıŀĸŇŏĴŀĶƢįĽĴŏĴŊŗŀœħƟĶńĭŐĶĚħŉĚĵŊħȮőħĵěŃĶŅĵĚŅĬėƞŅ

ŏĮƦĬĔĶŅĲėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴŏėƟĬŐĸŃėĺŅĴŏėĶňĵħȮ&Stress-strain curve) ėĺŅĴĽŅĴŅĶĩŒĬ

ĔŅĶĨƟŅĬĪŅĬĔŅĶŏĮĸňŗĵĬŐĮĸĚĶŌĮĶƞŅĚȮ&Modulus) ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬŐĶĚħŉĚȮ&Tensile 

strength) ŐĸŃĶŃĵŃĵŊħĽŌĚĽŋħĕŀĚĝŇŘĬĚŅĬȮĦȮěŋħĕŅħȮ&Elongation at break) ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,/0Ȯ

ŐĸŃȮ2,/1Ȯ 

 

ĳŅıĪňŗȮ2,/0ȮŐĽħĚ Stress strain curve ĕŀĚŏěĸŅĨŇĬȮPBAT ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮ
PBAT ĪňŗœĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴȮPBAT-g-MA 
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ĳŅıĪňŗȮ2,/0ȮŐĸŃȮ2,/1ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚŏěĸŅĨŇĬȮPBAT ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬ

ŐĸŃȮPBAT ĪňŗœĴƞĴňŐĸŃĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮěŅĔĳŅııĭĺƞŅȮPBAT ěŃĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňĪňŗĽŋħĪńŘĚŒĬ

ħƟŅĬĕŀĚȮModulus Tensile strength ŐĸŃȮElongation at break ŒĬĕĦŃĪňŗŏěĸŅĨŇĬěŃĴňĽĴĭńĨŇ

ŏĝŇĚĔĸħƟŀĵĪňŗĽŋħȮőħĵŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭıŀĸŇŏĴŀĶƢįĽĴěŃŏľŖĬœħƟĺƞŅıŀĸŇŏĴŀĶƢįĽĴěŃĴňĽĴĭńĨŇ

ŏĝŇĚĔĸĪňŗħňĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭŏěĸŅĨŇĬȮĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅȮPBAT ĽŅĴŅĶĩĝƞĺĵĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚ 

ŏěĸŅĨŇĬŒľƟħňĕŉŘĬœħƟȮŒĬĕĦŃĪňŗŏĴŊŗŀĽńĚŏĔĨĸńĔļĦŃĕŀĚŐįƞĬıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĽńħĽƞĺĬĔŅĶįĽĴĪňŗŐĨĔĨƞŅĚ

ĔńĬěŃĽńĚŏĔĨœħƟĺƞŅŏĴŊŗŀĴňĔŅĶŏıŇŗĴĽńħĽƞĺĬĕŀĚȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴĔŖ

ěŃĴňŐĬĺőĬƟĴĪňŗŏıŇŗĴĕŉŘĬŏĝƞĬĔńĬȮőħĵŒĬĽŌĨĶȮ3.-3.ȮěŃĴňĽĴĭńĨŇŏĝŇĚĔĸħňĪňŗĽŋħȮ 

 

 

 

 

ĳŅıĪňŗȮ2,/1ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚ 
ŏěĸŅĨŇĬȮPBAT ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ
ŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗœĴƞĴňŐĸŃĴňĔŅĶ
ŏĨŇĴȮPBAT-g-MA : &a) modulus (b) 
tensile strength Ő ĸ Ń (c) 
elongation at break 
 

ŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ěŃıĭĺƞŅĨńĺŀĵƞŅĚĪňŗœĴƞĴň

ĔŅĶŏĨŇĴȮPBAT-g-MA ěŃĴňȮTensile strength ŐĸŃȮElongation at break ĪňŗĨŗņĔĺƞŅĨńĺŀĵƞŅĚĪňŗĴňĔŅĶ



  66 

ŏĨŇĴȮPBAT-g-MAȮĞŉŗĚĽŀħėĸƟŀĚĔńĭįĸĕŀĚĽńĦģŅĬĺŇĪĵŅĪňŗŐĽħĚŒľƟŏľŖĬĺƞŅĨńĺŀĵƞŅĚĪňŗœĴƞĴňĔŅĶŏĨŇĴȮ 

PBAT-g-MA ěŃĴňėĺŅĴŏĕƟŅĔńĬĶŃľĺƞŅĚĺńĢĳŅėœĴƞħňȮĞŉŗĚĽƞĚįĸĪņŒľƟĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴ

ħńĚĔĸƞŅĺħƟŀĵĔĺƞŅȮŒĬĕĦŃĪňŗĨńĺŀĵƞŅĚĪňŗĴňĔŅĶŏĨŇĴȮPBAT-g-MA ěŃŏľŖĬĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚĪńŘĚȮ0Ȯ

ĺńĢĳŅėĴňėĺŅĴŏĕƟŅĔńĬœħƟħňĔĺƞŅȮĞŉŗĚĽƞĚįĸĪņŒľƟĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňĕŉŘĬħƟĺĵ 

  2,/,1,2ȮĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚŐįƞĬıŀĸŇŏĴŀĶƢįĽĴȮ(Water 

absorption) 

ĽņľĶńĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚŐįƞĬıŀĸŇŏĴŀĶƢįĽĴěŃĕŉŘĬŀĵŌƞĔńĭĽĴĭńĨŇėĺŅĴŏĮƦĬĕńŘĺ

ĕŀĚıŀĸŇŏĴŀĶƢȮőħĵıŀĸŇŏĴŀĶƢĪňŗœĴƞĴňĕńŘĺľĶŊŀĴňėĺŅĴŏĮƦĬœŁőħĶőĲĭŇĔȮ&Hydrophobic)ȮěŃĴňėĺŅĴĽŅĴŅĶĩ

ŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĨŗņȮĨńĺŀĵƞŅĚıŀĸŇŏĴŀĶƢĮĶŃŏĳĪȮHydrophobicȮŏĝƞĬȮıŀĸŇŏĴŀĶƢŒĬĔĸŋƞĴıŀĸŇőŀĸŇĲƕĬȮ

&Polyolefin) ŒĬĕĦŃĪňŗıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺľĶŊŀĴňėĺŅĴŏĮƦĬœŁőħĶĲƕĸŇĔȮ&Hydrophilic) ěŃĴň

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĽŌĚĔĺƞŅȮĨńĺŀĵƞŅĚıŀĸŇŏĴŀĶƢĮĶŃŏĳĪıĬňŘȮŏĝƞĬȮıŀĸŇŏĴŀĶƢĪňŗĮĶŃĔŀĭħƟĺĵ

ľĴŌƞėŅĶƢĭŀĬŇĸȮ&Carbonyl) ľĴŌƞŏŀĴňĬȮ&Amine)ȮŐĸŃľĴŌƞœŁħĶŀĔĞŇĸȮ&Hydroxyl) 

 

ĳŅıĪňŗȮ2,/2ȮŐĽħĚįĸĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚȮPBAT ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ 
ŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴĨƞŅĚŕ 
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ĳŅıĪňŗȮ2,/2ȮŐĽħĚįĸĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚŐįƞĬıŀĸŇŏĴŀĶƢŐĸŃŐįƞĬ

ıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĺĸŅĨƞŅĚŕȮĽņľĶńĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚıŀĸŇŏĴŀĶƢěŃŐĮĶįńĬĨĶĚĔńĭ

ĬŘņľĬńĔĕŀĚĨńĺŀĵƞŅĚĪňŗŏıŇŗĴĕŉŘĬȮőħĵĨńĺŀĵƞŅĚȮPlasticized gelatin ěŃœĴƞĽŅĴŅĶĩĶŅĵĚŅĬœħƟŏĬŊŗŀĚěŅĔȮ

Plasticized gelatin ĴňėĺŅĴŏĮƦĬȮHydrophilicȮĪňŗĽŌĚȮĪņŒľƟĴňėĺŅĴĽŅĴŅĶĩħŌħĞŉĴĬŘņĶĺĴĩŉĚĸŃĸŅĵĬŘņ

œħƟħňȮőħĵŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭŏĴŊŗŀŏĺĸŅįƞŅĬœĮȮ/ȮĝńŗĺőĴĚŐįƞĬȮPlasticized gelatin ŏĔŇħĔŅĶĸŃĸŅĵœĮ

ěĬľĴħȮěŉĚœĴƞĽŅĴŅĶĩĶŅĵĚŅĬėƞŅĔŅĶħŌħĞŉĴĬŘņĕŀĚıŀĸŇŏĴŀĶƢħńĚĔĸƞŅĺœħƟȮŒĬĕĦŃĪňŗĨńĺŀĵƞŅĚȮPBAT 

ıĭĺƞŅěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĬƟŀĵĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭıŀĸŇŏĴŀĶƢįĽĴĝĬŇħŀŊŗĬŕȮŏĬŊŗŀĚěŅĔȮ

PBAT ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňĽĴĭńĨŇėĺŅĴŏĮƦĬĕńŘĺĪňŗĨŗņȮĪņŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĨŗņħƟĺĵŏĝƞĬĔńĬ 

ŏĴŊŗŀıŇěŅĶĦŅĨńĺŀĵƞŅĚĕŀĚŐįƞĬıŀĸŇŏĴŀĶƢįĽĴȮıĭĺƞŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚŐįƞĬ 

ıŀĸŇŏĴŀĶƢįĽĴŐĨƞĸŃŀńĨĶŅĽƞĺĬěŃĴňĸńĔļĦŃĔŅĶħŌħĞŉĴĬŘņĪňŗėĸƟŅĵĔńĬȮőħĵěŃĴňĬŘņľĬńĔĕŀĚĨńĺŀĵƞŅĚĪňŗ

ŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭĨńĺŀĵƞŅĚŏĶŇŗĴĨƟĬĔƞŀĬĪņĔŅĶĪħĽŀĭȮŏĬŊŗŀĚěŅĔıŀĸŇŏĴŀĶƢįĽĴĴňĽƞĺĬĕŀĚȮ

Plasticized gelatin ĪňŗĴňľĴŌƞŏŀĴňĬĞŉŗĚĴňėĺŅĴŏĮƦĬĕńŘĺĽŌĚȮĪņŒľƟıŀĸŇŏĴŀĶƢįĽĴĴňĸńĔļĦŃŏĮƦĬȮ

HydrophilicȮěŉĚĽŅĴŅĶĩħŌħĞŉĴĬŘņœħƟħňȮĬŘņľĬńĔĕŀĚĨńĺŀĵƞŅĚěŉĚĴňėƞŅŏıŇŗĴĕŉŘĬȮőħĵŒĬĝƞĺĚŐĶĔĬŘņľĬńĔĕŀĚ

ŐįƞĬıŀĸŇŏĴŀĶƢĨńĺŀĵƞŅĚěŃŏıŇŗĴĕŉŘĬŀĵƞŅĚĶĺħŏĶŖĺȮĞŉŗĚŐĽħĚĩŉĚŀńĨĶŅĔŅĶħŌħĞŉĴĬŘņĕŀĚĨńĺŀĵƞŅĚĪňŗĽŅĴŅĶĩ 

ħŌħĞŉĴœħƟŀĵƞŅĚĶĺħŏĶŖĺŒĬĝƞĺĚŐĶĔȮŒĬĕĦŃĪňŗŏĴŊŗŀŏĺĸŅįƞŅĬœĮěŃŏľŖĬœħƟĺƞŅŀńĨĶŅĔŅĶĔŅĶħŌħĞŉĴĬŘņěŃėƞŀĵŕȮ

ŏıŇŗĴĕŉŘĬŀĵƞŅĚĝƟŅŕȮŐĸŃŏĴŊŗŀŏĺĸŅįƞŅĬœĮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņěŃĸħĸĚŐĸŃėƞŀĵŕȮėĚĪňŗȮőħĵĔŅĶ

ĸħĸĚŀńĨĶŅĔŅĶħŌħĞŉĴĕŀĚıŀĸŇŏĴŀĶƢįĽĴĞŉŗĚĽŀħėĸƟŀĚĔńĭĬŘņľĬńĔĕŀĚĨńĺŀĵƞŅĚĪňŗĸħĸĚŏĮƦĬįĸĴŅěŅĔ

ėĺŅĴŏĮƦĬĕńŘĺ Plasticized gelatinȮĞŉŗĚėĺŅĴŏĮƦĬȮHydrophilicȮĕŀĚıŀĸŇŏĴŀĶƢĬŀĔěŅĔěŃĴňįĸĪņŒľƟ

ıŀĸŇŏĴŀĶƢĽŅĴŅĶĩħŌħĞŉĴĬŘņœħƟħňŐĸƟĺȮĵńĚĴňįĸĪņŒľƟıŀĸŇŏĴŀĶƢĽŅĴŅĶĩĸŃĸŅĵĬŘņœħƟħňŏĝƞĬĔńĬȮħńĚĬńŘĬŏĴŊŗŀ

ŏĺĸŅįƞŅĬœĮĽƞĺĬĕŀĚȮPlasticized gelatinȮĔŖěŃĸŃĸŅĵĬŘņœĮħƟĺĵŏĝƞĬĔńĬȮĪņŒľƟĬŘņľĬńĔĕŀĚĨńĺŀĵƞŅĚĴň

ėƞŅėƞŀĵŕȮĸħĸĚ 

ŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭĨńĺŀĵƞŅĚıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮıĭĺƞŅĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮ

5.-1.ȮěŃĴňŀńĨĶŅĔŅĶħŌħĞŉĴĬŘņĪňŗĽŌĚĪňŗĽŋħŏĴŊŗŀŏĪňĵĭĔńĭŀńĨĶŅĽƞĺĬĔŅĶįĽĴŀŊŗĬŕȮőħĵĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮ

4.-2.ȮŐĸŃȮ3.-3.ȮěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĸħĸĚĨŅĴĸņħńĭȮŏĬŊŗŀĚěŅĔĪňŗŀńĨĶŅĽƞĺĬȮ5.-1.Ȯ

ěŃĴňĽńħĽƞĺĬĕŀĚȮPlasticized gelatinȮĪňŗĴŅĔĪņŒľƟıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴŏĮƦĬȮHydrophilicȮĪňŗĴŅĔħƟĺĵ

ŏĝƞĬĔńĬȮŒĬĕĦŃĪňŗŀńĨĶŅĽƞĺĬȮ4.-2.ȮŐĸŃȮ3.-3.ȮěŃĴňĽńħĽƞĺĬĕŀĚȮPlasticized gelatinȮĸħĸĚ

ĨŅĴĸņħńĭȮěŉĚĽƞĚįĸŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĸħĸĚĨŅĴĸņħńĭŏĝƞĬĔńĬȮĞŉŗĚĸńĔļĦŃħńĚĔĸƞŅĺĬňŘ

ĽŅĴŅĶĩıĭœħƟĪńŘĚŒĬĨńĺŀĵƞŅĚıŀĸŇŏĴŀĶƢĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŐĸŃŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭ
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ĨńĺŀĵƞŅĚĪňŗĴňŐĸŃœĴƞĴňĔŅĶŏĨŇĴȮPBAT-g-MAȮĪňŗĽńħĽƞĺĬĔŅĶįĽĴŏħňĵĺĔńĬȮěŃıĭĺƞŅĨńĺŀĵƞŅĚĪňŗœĴƞĴňĔŅĶŏĨŇĴȮ

PBAT-g-MAȮěŃĴňėĺŅĴĽŅĴŅĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗħňĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭĨńĺŀĵƞŅĚĪňŗœĴƞĴňĔŅĶŏĨŇĴȮ

CompatibilizerȮŏĬŊŗŀĚěŅĔȮPBAT-g-MAȮĪňŗŏĨŇĴĸĚœĮěŃĪņŒľƟĽƞĺĬĕŀĚȮPlasticized gelatinȮŐĸŃȮ

PBAT ĴňėĺŅĴŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬȮĞŉŗĚėĺŅĴŏĕƟŅĔńĬĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚŐĽħĚŒĬĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅ

ĕŀĚıŀĸŇŏĴŀĶƢįĽĴĪňŗĻŉĔļŅěŅĔȮSEM ŀňĔĪńŘĚȮMA ěŅĔĽƞĺĬĕŀĚȮPBAT-g-MA ěŃŏĕƟŅĪņĮĢŇĔŇĶŇĵŅĔńĭĽƞĺĬ

ĪňŗĴňĕńŘĺĳŅĵŒĬőėĶĚĽĶƟŅĚĕŀĚŏěĸŅĨŇĬȮĪņŒľƟĽƞĺĬĪňŗŏĮƦĬĕńŘĺĕŀĚŏěĸŅĨŇĬĪňŗěŃŏĔŇħıńĬīŃœŁőħĬŏěĬȮ 

(H-bonding) ĔńĭĬŘņĴňěņĬĺĬĪňŗĸħĸĚȮěŅĔĮƤěěńĵħńĚĔĸƞŅĺĽƞĚįĸĪņŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚ

ıŀĸŇŏĴŀĶƢįĽĴĸħĸĚħƟĺĵ ĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮKu Marsilla Ku Ishak Y21[ȮĪňŗĪņĔŅĶĻŉĔļŅ

ĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚȮPBS ĔńĭőĮĶĨňĬŏĪŀĶƢőĴıĸŅĽĨŇĔȮőħĵěŃĴňĔŅĶŏĨŇĴȮCompatibilizer 

ŏıŊŗŀŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮőħĵěŅĔĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņȮıĭĺƞŅ

ĔŅĶŏĨŇĴȮCompatibilizerȮěŃĪņŒľƟıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĨŗņĸĚ 

ěŅĔĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴŐįƞĬıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ıĭĺƞŅĔŅĶŏĨŇĴȮ

PBAT-g-MA ĸĚŒĬıŀĸŇŏĴŀĶƢįĽĴěŃĝƞĺĵŒľƟĺńĢĳŅėĪńŘĚȮ0ȮĴňėĺŅĴŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬȮőħĵĽŅĴŅĶĩĵŊĬĵńĬ

œħƟěŅĔĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅħƟĺĵȮSEM ŐĸŃĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮDSC őħĵ

ėĺŅĴŏĕƟŅĔńĬœħƟĪňŗŏıŇŗĴĕŉŘĬĬňŘĽƞĚįĸĪņŒľƟıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňĕŉŘĬȮŐĸŃĴň

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĸħĸĚȮħńĚĬńŘĬŒĬĽƞĺĬĩńħœĮěŉĚŏĸŊŀĔĬņŏŀŅıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴȮ

PBAT-g-MAȮœĮŒĝƟŒĬĔŅĶŏĨĶňĵĴőĲĴıŀĸŇŏĴŀĶƢįĽĴĨƞŀœĮ 

 

2,0ȮĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦȮBlowing agent ĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮĕŀĚőĲĴĝňĺĳŅıěŅĔ 

ıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

 ĽņľĶńĭĨŀĬĪňŗȮ0ȮěŃŏĮƦĬĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦ Blowing agent ĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮ

ĕŀĚőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBATȮőħĵěŃĴňĔŅĶŏĨŇĴȮOBSH ŏıŊŗŀĪņľĬƟŅĪňŗ

ŏĮƦĬ Blowing agent ŒĬĽńħĽƞĺĬȮ3*Ȯ/.ȮŐĸŃȮ/3Ȯphr ĸĚŒĬıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

ĪňŗŀńĨĶŅĽƞĺĬȮ5.-1.*Ȯ4.-2.*Ȯ3.-3.ȮŐĸŃȮ.-/..ȮŐĸŃěŃĴňĔŅĶŏĨŇĴȮPBAT-g-MA ŏıŊŗŀĪņľĬƟŅĪňŗŏĮƦĬȮ

Compatibilizer 0.% ŏĴŊŗŀŏĪňĵĭĔńĭĽńħĽƞĺĬĕŀĚȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴȮĪņĔŅĶįĽĴħƟĺĵŏėĶŊŗŀĚĭħ

įĽĴ 2 ĸŌĔĔĸŇŘĚȮ(Two roll mill) ŐĸŃĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚȮCompression MoldingȮĪňŗŀŋĦľĳŌĴŇȮ/4.°CȮ

ŏĮƦĬŏĺĸŅȮ0ȮĬŅĪňȮěŃœħƟĝŇŘĬĚŅĬıŀĸŇŏĴŀĶƢįĽĴħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,/3 
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ĳŅıĪňŗȮ2,/3ȮŐĽħĚĝŇŘĬĚŅĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 
 

 4.2.1 ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴħƟĺĵŏĪėĬŇėȮScanning 

electron microscopy (SEM) 

 ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT  

ěŃĪņĔŅĶĻŉĔļŅħƟĺĵŏĪėĬŇėȮScanning electron microscopy (SEM)ȮĪňŗĔņĸńĚĕĵŅĵȮ3.ȮŏĪƞŅ ŐĸŃ

ĪņĔŅĶĻŉĔļŅĕĬŅħĕŀĚŏĞĸĸƢőĲĴŏĜĸňŗĵħƟĺĵőĮĶŐĔĶĴȮImage J őħĵĪņĔŅĶıŇěŅĶĦŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚ

ŏĞĸĸƢőĲĴĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 
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ĳŅıĪňŗȮ2,/4ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 
  

 ĽņľĶńĭĔŅĶĕŉŘĬĶŌĮĝŇŘĬĚŅĬőĲĴıŀĸŇŏĴŀĶƢŐĸŃőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĽŅĴŅĶĩĕŉŘĬĶŌĮĝŇŘĬĚŅĬœħƟ

ŏĜıŅŃȮPBAT ŐĸŃıŀĸŇŏĴŀĶƢįĽĴĽŌĨĶĨƞŅĚŕȮŏĪƞŅĬńŘĬȮěŃœĴƞĽŅĴŅĶĩĕŉŘĬĶŌĮĝŇŘĬĚŅĬőĲĴŏěĸŅĨŇĬœħƟȮ

ŏĬŊŗŀĚěŅĔŒĬĕńŘĬĨŀĬĔŅĶįĽĴıŀĸŇŏĴŀĶƢĔńĭȮBlowing agentȮěŃĪņĔŅĶįĽĴĳŅĵŒĨƟĽĳŅĺŃĔŅĶŒľƟėĺŅĴ

ĶƟŀĬȮŏĴŊŗŀȮBlowing agentȮœħƟĶńĭėĺŅĴĶƟŀĬěŃŏĔŇħĮĢŇĔŇĶŇĵŅŐĸŃŐĨĔĨńĺĪņŒľƟĴňĲŀĚŐĔƠĽŏĔŇħĕŉŘĬŒĬĶŃĭĭȮ

ĽņľĶńĭĶŃĭĭőĲĴŏěĸŅĨŇĬȮŏĴŊŗŀĴňĲŀĚŐĔƠĽŏĔŇħĕŉŘĬŒĬĶŃĭĭŏěĸŅĨŇĬœĴƞĽŅĴŅĶĩėĚĶŌĮĲŀĚŐĔƠĽœħƟȮĪņŒľƟ

ĲŀĚŐĔƠĽĪňŗŏĔŇħĕŉŘĬěŃœĴƞĽŅĴŅĶĩėĚĶŌĮŐĸŃŐĨĔŀŀĔěĬœĴƞĽŅĴŅĶĩĕŉŘĬĶŌĮŏĮƦĬĝŇŘĬĚŅĬœħƟȮŒĬĕĦŃĪňŗĶŃĭĭ

ĕŀĚȮPBAT ŐĸŃıŀĸŇŏĴŀĶƢįĽĴȮěŃĴňĽƞĺĬĕŀĚȮPBAT ĪňŗĴňĸńĔļĦŃőėĶĚĽĶƟŅĚĪňŗįƞŅĬĔŅĶŏĝŊŗŀĴĕĺŅĚȮěŉĚĴň
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ĶƞŅĚŐľŏıŊŗŀĝƞĺĵėĚĶŌĮĲŀĚŐĔƠĽĪňŗŏĔŇħĕŉŘĬœħƟȮħńĚĬńŘĬěŉĚĽŅĴŅĶĩŏĨĶňĵĴőĲĴȮPBATȮŐĸŃőĲĴıŀĸŇŏĴŀĶƢįĽĴ

œħƟ 

 ĳŅıĪňŗȮ2,/4ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮŏĴŊŗŀĪņĔŅĶıŇěŅĶĦŅ

ĪňŗĨńĺŀĵƞŅĚőĲĴȮPBAT ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,/4ȮıĭĺƞŅȮĸńĔļĦŃĕŀĚŏĞĸĸƢőĲĴĪňŗŏĔŇħĕŉŘĬěŃĴňĸńĔļĦŃ

ĶŌĮĶƞŅĚĪńŘĚĪňŗŏĮƦĬĪĶĚĔĸĴŐĸŃĪĶĚĶňȮőħĵěŃĴňĕĬŅħĕŀĚŏĞĸĸƢőĲĴĪńŘĚŏĸŖĔŐĸŃŒľĠƞĮŃĮĬĔńĬœĮȮŏĴŊŗŀ

ŏĮĶňĵĭŏĪňĵĭįĸĕŀĚĔŅĶŏĨŇĴȮBlowing agent ıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮBlowing agentȮěŃĪņŒľƟ

ŏĞĸĸƢőĲĴĪňŗœħƟĴňĕĬŅħĪňŗėƞŀĬĕƟŅĚŒľĠƞĕŉŘĬĶĺĴĩŉĚěŃĴňĮĶŇĴŅĦŏĞĸĸƢőĲĴĨƞŀȮ/ȮľĬƞĺĵıŊŘĬĪňŗȮ&ĮĶŇĴŅĦŏĞĸĸƢ

őĲĴ-ıŊŘĬĪňŗ'ȮĪňŗŏıŇŗĴĕŉŘĬŏĝƞĬĔńĬȮ 

 ŏĴŊŗŀıŇěŅĶĦŅĽńĦģŅĬĺŇĪĵŅĨńĺŀĵƞŅĚőĲĴıŀĸŇŏĴŀĶƢįĽĴŒĬĳŅıȮ2,/4ȮŐĸŃĔŅĶĔĶŃěŅĵĨńĺ

ĕŀĚĕĬŅŏĞĸĸƢőĲĴĕŀĚıŀĸŇŏĴŀĶƢįĽĴŒĬĳŅıĪňŗȮ2,/5ȮěŃıĭĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟěŃĴň

ĸńĔļĦŃŏĮƦĬőĲĴŐĭĭŏĞĸĸƢŏĮƕħŐĸŃŏĞĸĸƢőĲĴĪňŗŏĔŇħĕŉŘĬěŃĴňĸńĔļĦŃĶŌĮĶƞŅĚŐĸŃĕĬŅħĪňŗœĴƞŐĬƞĬŀĬȮĞŉŗĚ

ĸńĔļĦŃħńĚĔĸƞŅĺŏĮƦĬįĸĴŅěŅĔőėĶĚĽĶƟŅĚĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮőħĵĪňŗĽƞĺĬĕŀĚŏěĸŅĨŇĬěŃœĴƞĽŅĴŅĶĩėĚĶŌĮ

ĲŀĚŐĔƠĽĪňŗŏĔŇħĕŉŘĬœħƟȮĪņŒľƟŏĞĸĸƢőĲĴĕŀĚőĲĴıŀĸŇŏĴŀĶƢĪňŗœħƟĴňĸńĔļĦŃĶŌĮĶƞŅĚĪňŗœĴƞŐĬƞĬŀĬȮŏĴŊŗŀıŇěŅĶĦŅ

őĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňŀńĨĶŅĽƞĺĬĔŅĶŏĨŇĴȮBlowing agent ĪňŗŏĪƞŅĔńĬȮıĭĺƞŅȮőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗ

ŀńĨĶŅĽƞĺĬȮ5.-1.ȮěŃĴňŏĞĸĸƢőĲĴŏĔŇħĕŉŘĬŒĬĮĶŇĴŅĦĪňŗĬƟŀĵŐĸŃĴňĕĬŅħŏĞĸĸƢőĲĴĪňŗėƞŀĬĕƟŅĚŏĸŖĔŏĴŊŗŀŏĪňĵĭ

ĔńĭŀńĨĶŅĽƞĺĬĕŀĚįĽĴŀŊŗĬŕȮĸńĔļĦŃħńĚĔĸƞŅĺĞŉŗĚŏĮƦĬįĸĴŅĔěŅĔĮĶŇĴŅĦĕŀĚŏěĸŅĨŇĬŒĬıŀĸŇŏĴŀĶƢįĽĴȮ

őħĵĪňŗŀńĨĶŅĽƞĺĬĬňŘěŃĴňĮĶŇĴŅĦŏěĸŅĨŇĬĴŅĔĪňŗĽŋħȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮShane D,ȮFrazierȮŐĸŃ

ėĦŃȮY11[ȮĪňŗœħƟĪņĔŅĶŏĨĶňĵĴőĲĴŏěĸŅĨŇĬħƟĺĵĔĶŃĭĺĬĔŅĶȮEvaporation+based methodȮıĭĺƞŅ

ŏĴŊŗŀĴňĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚŏěĸŅĨŇĬěŃĪņŒľƟőĲĴĪňŗœħƟĴňĕĬŅħŏĞĸĸƢőĲĴŏĸŖĔĸĚȮŀĵƞŅĚœĶĔŖĨŅĴŒĬĔĶĦň

ĬňŘŏĴŊŗŀıŀĸŇŏĴŀĶƢįĽĴœħƟĶńĭėĺŅĴĶƟŀĬŒĬĕńŘĬĨŀĬĔŅĶĕŉŘĬĶŌĮĪņŒľƟŏĴŊŗŀĴňĲŀĚŐĔƠĽŏĔŇħĕŉŘĬŒĬĶŃĭĭıŀĸŇŏĴŀĶƢ

ěŃĽŅĴŅĶĩĔńĔŏĔŖĭŐĸŃėĚĶŌĮĲŀĚŐĔƠĽœħƟĬƟŀĵȮĪņŒľƟĴňĮĶŇĴŅĦŏĞĸĸƢőĲĴ-ıŊŘĬĪňŗĨŗņŐĸŃĴňŏĞĸĸƢőĲĴĕĬŅħ

ŏĸŖĔȮŐĸŃŏĴŊŗŀĴňĔŅĶŏıŇŗĴĽńħĽƞĺĬĕŀĚȮPBAT ŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴŏĮƦĬȮ4.-2.ȮŐĸŃȮ3.-3.ȮěŃıĭĺƞŅȮ 

őĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĴňĮĶŇĴŅĦŏĞĸĸƢőĲĴ-ıŊŘĬĪňŗŐĸŃĕĬŅħĕŀĚŏĞĸĸƢőĲĴĪňŗŏıŇŗĴĕŉŘĬĨŅĴŀńĨĶŅĽƞĺĬĔŅĶ

ŏĨŇĴ PBAT ĪňŗŏıŇŗĴĕŉŘĬ  
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ĳŅıĪňŗȮ2,/5ȮŐĽħĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚĕĬŅħŏĞĸĸƢőĲĴĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮ
PBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

  

 ĽņľĶńĭŏĮĶňĵĭŏĪňĵĭįĸĕŀĚĮĶŇĴŅĦȮBlowing agent ŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴȮěŃıĭĺƞŅĪňŗ

ŀńĨĶŅĽƞĺĬĔŅĶįĽĴŏħňĵĺĔńĬȮŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮBlowing agentȮěŃĪņŒľƟĴňĮĶŇĴŅĦŏĞĸĸƢőĲĴ-ıŊŘĬĪňŗ

ĴŅĔĕŉŘĬȮĪňŗŏĮƦĬŏĝƞĬĬńŘĬŏĬŊŗŀĚĴŅĔěŅĔĮĶŇĴŅĦȮBlowing agentȮĪňŗŏıŇŗĴĕŉŘĬĪņŒľƟŏĴŊŗŀŏĔŇħĮĢŇĔŇĶŇĵŅĔŅĶŐĨĔ

ĨńĺěŃĪņŒľƟĴňĲŀĚŐĔƠĽŏĔŇħĕŉŘĬŒĬĶŃĭĭĴŅĔĕŉŘĬŏĝƞĬĔńĬȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮ 

Weawboon YamsaengsungȮŐĸŃėĦŃ Y22[ȮĪňŗœħƟĪņĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴȮOBSH ŒĬőĲĴȮ
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EPDM ıĭĺƞŅŏĴŊŗŀĴňŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮOBSHȮěŃĪņŒľƟőĲĴĪňŗœħƟĴňėĺŅĴŏĮƦĬĶŌıĶŋĬĪňŗĴŅĔĕŉŘĬȮŐĨƞ

ĽņľĶńĭŒĬĔĶĦňĕŀĚĔŅĶŏĨŇĴȮBlowing agentȮ/3Ȯphr ěŃıĭĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňŀńĨĶŅĽƞĺĬĽƞĺĬ

ĕŀĚŏěĸŅĨŇĬ-PBAT ŏĮƦĬȮ3.-3.ȮěŃĴňĸńĔļĦŃĕŀĚŏĞĸĸƢőĲĴĶĺĴĩŉĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŏĞĸĸƢőĲĴėƞŀĬ

ĕƟŅĚĽĴŗņŏĽĴŀŏĴŊŗŀŏĪňĵĭĔńĭőĲĴıŀĸŇŏĴŀĶƢįĽĴŒĬŀńĨĶŅĽƞĺĬŀŊŗĬŕȮĪňŗĴňĔŅĶŏĨŇĴȮBlowing agentȮ/3ȮphrȮ 

 ĸńĔļĦŃħńĚĔĸƞŅĺĬňŘěŃĽŀħėĸƟŀĚĔńĭĸńĔļĦŃĝŇŘĬĚŅĬĪňŗŏĨĶňĵĴœħƟĪňŗŐĽħĚŒĬĳŅıȮ2,/3ȮěŅĔĳŅı

ěŃŏľŖĬœħƟĺƞŅőĲĴȮPBAT ěŃĴňĸńĔļĦŃĔŅĶĲŌĕŉŘĬŀĵƞŅĚĝńħŏěĬȮŐĸŃĴňŏĞĸĸƢőĲĴĪňŗįŇĺĪňŗėƞŀĬĕƟŅĚĽĴŗņŏĽĴŀȮ

ŒĬĕĦŃĪňŗĝŇŘĬĚŅĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňŀńĨĶŅĽƞĺĬĕŀĚŏěĸŅĨŇĬŒĬıŀĸŇŏĴŀĶƢįĽĴĪňŗĴŅĔěŃĴňĔŅĶĲŌĪňŗ

ėƞŀĬĕƟŅĚĬƟŀĵĔĺƞŅȮĶĺĴĩŉĚėĺŅĴĽĴŗņŏĽĴŀĕŀĚŏĞĸĸƢőĲĴĪňŗŏĔŇħĕŉŘĬěŃĬƟŀĵĔĺƞŅŀńĨĶŅĽƞĺĬŀŊŗĬŕȮŏĝƞĬĔńĬȮőħĵ

ěŃĽńĚŏĔĨœħƟŀĵƞŅĚĝńħŏěĬĪňŗŀńĨĶŅĽƞĺĬĔŅĶĽƞĺĬĕŀĚŏěĸŅĨŇĬ-PBAT ŏĮƦĬȮ5.-1.ȮĪňŗĴňĔŅĶȮBlowing agent 

3Ȯphr (70/30_5) ěŃŏľŖĬœħƟĺƞŅĝŇŘĬĚŅĬĪňŗŏĨĶňĵĴœħƟěŃĴňŏĞĸĸƢőĲĴŏĔŇħĕŉŘĬĪňŗįŇĺĬƟŀĵĴŅĔȮĶĺĴĩŉĚĝŇŘĬĚŅĬĪňŗ

œħƟěŃėƞŀĬĕƟŅĚœĴƞĽĴŗņŏĽĴŀȮŐĨƞŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴŏĮƦĬȮ4.-2.ȮŐĸŃȮ3.-3.Ȯ

ěŃŏľŖĬœħƟĺƞŅĝŇŘĬĚŅĬěŃĴňėĺŅĴĽĴŗņŏĽĴŀŐĸŃĴňŏĞĸĸƢőĲĴĪňŗįŇĺŏıŇŗĴĴŅĔĕŉŘĬŏĝƞĬĔńĬȮŒĬĪņĬŀĚŏħňĵĺĔńĬŏĴŊŗŀ

ĴňŏıŇŗĴ Blowing agentȮěŅĔȮ3Ȯphr ŏĮƦĬȮ/.ȮŐĸŃȮ/3Ȯphr ĨŅĴĸņħńĭȮěŃŏľŖĬœħƟĺƞŅĝŇŘĬĚŅĬěŃĴňėĺŅĴ

ĽĴŗņŏĽĴŀŐĸŃĴňŏĞĸĸƢőĲĴĪňŗįŇĺŏıŇŗĴĴŅĔĕŉŘĬŏĝƞĬĔńĬȮ 

 4.2.2 ĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

 ĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢŐĸŃőĲĴıŀĸŇŏĴŀĶƢįĽĴĽŅĴŅĶĩĻŉĔļŅœħƟěŅĔĔŅĶ

ĺńħħƟĺĵŏėĶŊŗŀĚȮDensity kit őħĵįĸĔŅĶĻŉĔļŅĪňŗœħƟěŃŐĽħĚŒĬĶŌĮĪňŗȮ4.18 ŐĸŃĨŅĶŅĚĪňŗȮ4.5 ěŅĔ

ĔŅĶĻŉĔļŅıĭĺƞŅȮőĲĴȮPBAT ěŃĴňėĺŅĴľĬŅŐĬƞĬĨŗņĪňŗĽŋħȮőħĵŐĬĺőĬƟĴĕŀĚėĺŅĴľĬŅŐĬƞĬěŃĴňėƞŅĸħĸĚ

ŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮBlowing agent ĞŉŗĚĽŀħėĸƟŀĚĔńĭĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴȮPBAT ĪňŗŐĽħĚŒĬĳŅıĪňŗȮ

4.16 őħĵĮĶŇĴŅĦȮBlowing agent ĪňŗŏıŇŗĴĕŉŘĬĬňŘěŃĽƞĚįĸĪņŒľƟŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬěŃŏĔŇħĔŅĶŐĨĔĨńĺ

ŐĸŃŏĔŇħĲŀĚŐĔƠĽĕŉŘĬŒĬĮĶŇĴŅĦĪňŗŏıŇŗĴĕŉŘĬȮĽƞĚįĸŒľƟőĲĴĪňŗŏĨĶňĵĴœħƟĴňĮĶŇĴŅĦŏĞĸĸƢőĲĴĪňŗŏıŇŗĴĕŉŘĬħƟĺĵȮ

ĮĶŇĴŅĦŏĞĸĸƢőĲĴĪňŗŏıŇŗĴĕŉŘĬĬňŘěŃĪņŒľƟĽƞĺĬĕŀĚįĬńĚŏĞĸĸƢľĶŊŀıŀĸŇŏĴŀĶƢĽƞĺĬĪňŗœĴƞŏĔŇħĶŌıĶŋĬĴňĮĶŇĴŅĦĪňŗ

ĸħĸĚȮħńĚĬńŘĬĬŘņľĬńĔľĶŊŀėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴĪňŗĺńħœħƟěŉĚĸħĸĚĨŅĴœĮħƟĺĵ 
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ĳŅıĪňŗȮ2,/6ȮŐĽħĚėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬ
ĨƞŅĚŕ 

 

ĨŅĶŅĚĪňŗȮ2,3ȮŐĽħĚėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬ
ĨƞŅĚŕ 

       Sample  
(Gelatin/PBAT) 

Density (g/cm3) 

5 phr 10 phr 15 phr 
PBAT (0/100) .,16±.,.0e .,16±.,.4e .,09±.,./e 

50/50 ȮȮ.,50±.,.7b,c Ȯ.,4.±.,.1c,d Ȯ.,42±.,.2c,d 

60/40 Ȯ.,61±.,.2a,b Ȯ.,57±.,.9a,b .,31±.,.6d 
70/30 .,7/±.,./a Ȯ.,5.±.,./b,c .,32±.,.3d 

ľĴŅĵŏľĨŋȮ8ȮĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴň

ĬńĵĽņėńĠȮ&p<.,.3' 
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 ŏĴŊŗŀıŇěŅĶĦŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĔŅĶŏĨŇĴȮBlowing agentȮĪňŗŏĪƞŅĔńĬıĭĺƞŅȮőĲĴĪňŗĴň

ĽńħĽƞĺĬĕŀĚŏěĸŅĨŇĬĴŅĔȮėŊŀȮ5.-1.ȮěŃĴňėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴĪňŗĽŌĚĪňŗĽŋħȮŐĸŃėƞŅėĺŅĴľĬŅŐĬƞĬěŃ

ĸħĸĚŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦĽńħĽƞĺĬĕŀĚȮPBAT ŒĬıŀĸŇŏĴŀĶƢįĽĴȮĪňŗŏĮƦĬŏĝƞĬĬńŘĬŏĬŊŗŀĚĴŅĔěŅĔ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔńĔŏĔŖĭŐĸŃėĚĶŌĮĲŀĚŐĔƠĽĕŀĚȮPBAT ħńĚĪňŗœħƟĔĸƞŅĺœĺƟĕƟŅĚĨƟĬȮĽƞĚįĸĪņŒľƟőĲĴĪňŗĴň

ĽńħĽƞĺĬĕŀĚȮPBAT ĴŅĔěŃĴňŏĬŊŘŀĕŀĚıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĪňŗœĴƞŏĔŇħĶŌıĶŋĬĬƟŀĵȮĬŘņľĬńĔľĶŊŀėĺŅĴľĬŅŐĬƞĬ

ĕŀĚőĲĴěŉĚĸħĸĚĨŅĴœĮħƟĺĵȮŐĸŃŒĬĽƞĺĬĕŀĚĔŅĶŏıŇŗĴĮĶŇĴŅĦȮBlowing agentȮŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĔŖ

ěŃĴňŐĬĺőĬƟĴŏĝƞĬŏħňĵĺĔńĭőĲĴȮPBAT ėŊŀȮŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮBlowing agentȮěŃĪņŒľƟėĺŅĴ

ľĬŅŐĬƞĬĕŀĚőĲĴĸħĸĚ 

 ŐĨƞěŃĽńĚŏĔĨŏľŖĬĺƞŅĨńĺŀĵƞŅĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĔŅĶįĺĴŏěĸŅĨŇĬ-PBAT ŏĮƦĬȮ

3.-3.ȮĪňŗĴňĔŅĶȮBlowing agent /3ȮphrȮ&3.-3._15) ěŃĴňėƞŅŒĔĸƟŏėňĵĚĔńĭőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗ

ŀńĨĶŅĽƞĺĬĔŅĶĽƞĺĬŏěĸŅĨŇĬ-PBAT ŏĮƦĬȮ3.-3.ȮĪňŗĴňĔŅĶȮBlowing agent /.ȮphrȮ(50/50_10) 

ĩŉĚŐĴƟĺƞŅěŃĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮBlowing agent ŏĬŊŗŀĚěŅĔĪňŗŀńĨĶŅĽƞĺĬȮ3.-3._15 ěŃĴňĔŅĶĔĶŃěŅĵĨńĺ

ĕŀĚĕĬŅħŏĞĸĸƢőĲĴĪňŗėƞŀĬĕƟŅĚĽĴŗņŏĽĴŀȮĶĺĴĩŉĚŏĞĸĸƢőĲĴĪňŗŏĔŇħĕŉŘĬěŃĴňĶŌĮĶƞŅĚĪňŗėƞŀĬĕƟŅĚŐĬƞĬŀĬŏĴŊŗŀ

ŏĪňĵĭĔńĭőĲĴıŀĸŇŏĴŀĶƢįĽĴŀńĨĶŅĽƞĺĬŀŊŗĬŕȮĽƞĚįĸĪņŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟĴňėĺŅĴľĬŅŐĬƞĬ

ĪňŗœĴƞŏĮĸňŗĵĬŐĮĸĚœĮĴŅĔĬńĔŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŏĨŇĴȮBlowing agentȮ/.Ȯphr ĬŀĔěŅĔĬňŘĵńĚĽńĚŏĔĨœħƟĺƞŅȮĪňŗ

ĽńħĽƞĺĬȮ50/50_15 ěŃĴňėĺŅĴľĬŅŐĬƞĬĪňŗĽŌĚĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭȮ60/40_15 ŐĸŃȮ5.-1._/3ȮĞŉŗĚŒĬėĺŅĴ

ŏĮƦĬěĶŇĚŐĸƟĺėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴėĺĶěŃĴňėƞŅĸħĸĚŏĴŊŗŀĽńħĽƞĺĬĕŀĚȮPBAT ŏıŇŗĴĴŅĔĕŉŘĬȮŐĨƞŏĬŊŗŀĚěŅĔ

ĪňŗĔŅĶŏĨŇĴȮBlowing agentȮ/3ȮphrȮĬňŘěŃĪņŒľƟőĲĴȮ60/40_15 ŐĸŃȮ5.-1._/3ȮĞŉŗĚŏĮƦĬőĲĴĪňŗĴň

ŀńĨĶŅĽƞĺĬĕŀĚŏěĸŅĨŇĬĴŅĔȮőħĵŏěĸŅĨŇĬěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔńĔŏĔŖĭĲŀĚŐĔƠĽĪňŗĨŗņȮĪņŒľƟŏĴŊŗŀĴň

ĽńħĽƞĺĬĕŀĚŏěĸŅĨŇĬŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĴŅĔĵŇŗĚĕŉŘĬȮőŀĔŅĽĪňŗőĲĴěŃĽŅĴŅĶĩėĚĶŌĮĲŀĚŐĔƠĽĪňŗŏĔŇħĕŉŘĬœĺƟ

œħƟěŃĴňĬƟŀĵĸĚȮĽƞĚįĸĪņŒľƟŏĞĸĸƢőĲĴĪňŗŏĔŇħĕŉŘĬěŃĴňĔŅĶŐĨĔŀŀĔĕŀĚŏĞĸĸƢőĲĴŒĬĭŅĚŏĞĸĸƢȮőħĵěŃŏľŖĬ

ŏĮƦĬĸńĔļĦŃĕŀĚőıĶĚĶŌıĶŋĬĪňŗŏĝŊŗŀĴĔńĬȮőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŉĚĴňıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĴňĮĶŇĴŅĦĪňŗĸħĸĚȮ

ėĺŅĴĕŀĚľĬŅŐĬƞĬĕŀĚőĲĴěŉĚĸħĸĚĨŅĴœĮħƟĺĵ 

 2,0,1ȮĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴȮ 

  2,0,1,/ȮĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴħƟĺĵĔŅĶĪħĽŀĭėĺŅĴ

ĨƟŅĬĪŅĬĨƞŀĔŅĶĔħŀńħȮ&Compressive testing)  

 ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĪņĔŅĶĻŉĔļŅħƟĺĵĔŅĶŒľƟŐĶĚĔħŀńħȮ

(Compressive testing) ħƟĺĵŏėĶŊŗŀĚȮUniversal testing machine (UTM) ĨŅĴĴŅĨĶģŅĬȮASTM 
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D1621ȮStandard Test Method for Compressive Properties Of Rigid Cellular Plastics1 ħƟĺĵȮ

Load cell ĕĬŅħȮ3.ȮkN ĪňŗėĺŅĴŏĶŖĺŒĬĔŅĶĔħŀńħȮ/,1Ȯmm/minȮőħĵěŃĔŅĶĔħŀńħĝŇŘĬĚŅĬĪňŗȮ3.% 

strain ěŃĪņĔŅĶıŇěŅĶĦŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĮĸňŗĵĬŐĮĸĚĶŌĮĶƞŅĚŏĴŊŗŀœħƟĶńĭŐĶĚĔħŀńħȮ

&Compressive modulus) ŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬŐĶĚħŉĚȮ&Compressive strength)Ȯ

ĽņľĶńĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĶńĭŐĶĚĔħŀńħěŃĕŉŘĬŀĵŌƞĔńĭĔŅĶĨŀĭĽĬŀĚĕŀĚıŀĸŇŏĴŀĶƢŏĴŊŗŀœħƟĶńĭŐĶĚĔħŀńħ

ěŅĔĳŅĵĬŀĔŏĕƟŅĴŅĔĶŃĪņȮőħĵőĲĴıŀĸŇŏĴŀĶƢĪňŗŏĨĶňĵĴœħƟěŃĮĶŃĔŀĭħƟĺĵȮ0ȮĽƞĺĬȮĽƞĺĬŐĶĔėŊŀĽƞĺĬĕŀĚ

ıŀĸŇŏĴŀĶƢĪňŗĴňĶŌıĶŋĬľĶŊŀŏĮƦĬŏĔŇħŏĞĸĸƢőĲĴȮŐĸŃĽƞĺĬĪňŗȮ0ȮėŊŀĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢľĶŊŀĽƞĺĬĪňŗœĴƞ

ŏĔŇħŏĞĸĸƢőĲĴ ĞŉŗĚĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĬňŘŏŀĚěŃŏĮƦĬĽƞĺĬĪňŗĽŅĴŅĶĩĶŀĚĶńĭŐĶĚĔĶŃĪņěŅĔĳŅĵĬŀĔ

œħƟ 

 

ĳŅıĪňŗȮ2,/7ȮŐĽħĚėƞŅĴŀħŌĸńĽĔŅĶĔħŀńħȮ(Compressive modulus) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ
ŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

  

 ŏĴŊŗŀıŇěŅĶĦŅȮCompressiveȮmodulusȮěŅĔĳŅıĪňŗȮ2,/7ȮŐĸŃĨŅĶŅĚĪňŗȮ2,4ȮıĭĺƞŅőĲĴȮPBAT 

ěŃĴňėƞŅȮCompressiveȮmodulusȮĨŗņĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭőĲĴıŀĸŇŏĴŀĶƢįĽĴȮŐĸŃěŃĴňėƞŅĸħĸĚŏĴŊŗŀĴňĔŅĶ
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ŏıŇŗĴĮĶŇĴŅĦȮBlowing agent ŏĬŊŗŀĚěŅĔĩƟŅıŇěŅĶĦŅěŅĔĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴȮPBAT ěŃŏľŖĬœħƟĺƞŅĴň

ĔŅĶŏĔŇħŏĞĸĸƢőĲĴŒĬĮĶŇĴŅĦĪňŗėƞŀĬĕƟŅĚĴŅĔȮĽƞĚįĸĪņŒľƟőĲĴȮPBAT ĴňıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĪňŗĽŅĴŅĶĩĶńĭ

ŐĶĚĔħŀńħœħƟĬƟŀĵȮėƞŅȮCompressiveȮmodulusȮěŉĚĴňėƞŅĨŗņȮŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭőĲĴıŀĸŇŏĴŀĶƢįĽĴ

ĪňŗĴňŀńĨĶŅĔŅĶŏĨŇĴȮBlowing agent 5 phr ĔŖıĭĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴȮ5.-1._5ȮěŃĴňėƞŅȮCompressiveȮ

modulusȮŏĪƞŅĔńĭȮ3/,52ȮMPa ŐĸŃĪňŗŀńĨĶŅĽƞĺĬȮ4.-2._5ȮŐĸŃȮ3.-3._5ȮěŃĴňėƞŅŏĪƞŅĔńĭȮ13,/7ȮŐĸŃȮ

02,03ȮMPa ĨŅĴĸņħńĭȮőħĵěŃŏľŖĬĺƞŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĽňĵĶŌĮěŃĸħĸĚŏĴŊŗŀĴňĮĶŇĴŅĦȮ

PBAT ĪňŗŏıŇŗĴĴŅĔĕŉŘĬȮŏĮƦĬįĸĴŅěŅĔĮĶŇĴŅĦıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĪňŗĸħĸĚĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦȮ

PBAT ĞŉŗĚįĸħńĚĔĸƞŅĺĽŀħėĸƟŀĚĔńĭĽńĦģŅĬĺŇĪĵŅŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴħńĚĪňŗœħƟ

ĔĸƞŅĺœĺƟĕƟŅĚĨƟĬȮĬŀĔěŅĔĬňŘŏĴŊŗŀıŇěŅĶĦŅĪňŗĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦȮBlowing agentȮĔŖěŃıĭĺƞŅėƞŅȮ

CompressiveȮmodulusȮĴňŐĬĺőĬƟĴĪňŗĸħĸĚŏĝƞĬĔńĬȮ 

ĨŅĶŅĚĪňŗȮ2,4ȮŐĽħĚėƞŅĴŀħŌĸńĽĔŅĶĔħŀńħȮ(Compressive modulus) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ
ŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

Sample 
(Gelatin/PBAT) 

Compressive modulus (MPa) 

5 phr 10 phr 15 phr 
PBAT (0/100) 0,70±.,0/e,f .,21±.,/5f .,64±.,/2f 

50/50 02,03±/,48c 1,54±.,43e Ȯ0,40±.,19e,f 
60/40 13,/7±/,71b 5,60±/,61d .,67±.,/3f 

70/30 3/,52±1,27a 5,69±.,65e .,69±.,11f 

ľĴŅĵŏľĨŋȮ8ȮĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴň

ĬńĵĽņėńĠȮ&p<.,.3' 

 

 ŐĨƞŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴȮ50/50_15 ěŃŏľŖĬœħƟĺƞŅĴňėƞŅȮCompressiveȮmodulusȮĪňŗŏıŇŗĴĕŉŘĬ

ŏĴŊŗŀŏĪňĵĭĔńĭőĲĴȮ60/40_15 ŐĸŃȮ5.-1._/3ȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔėĺŅĴľĬŅŐĬƞĬĪňŗĽŌĚĔĺƞŅĕŀĚȮ

50/50_15ȮěŉĚĪņŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴŒĬŀńĨĶŅĽƞĺĬĬňŘĴňėĺŅĴŐĕŖĚŐĶĚĴŅĔĔĺƞŅ 
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ĳŅıĪňŗȮ2,0.ȮŐĽħĚėƞŅėĺŅĴŐĕŖĚŐĶĚĕŀĚĔŅĶĔħŀńħȮ(Compressive strength) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

 

ĨŅĶŅĚĪňŗȮ2,5ȮŐĽħĚėƞŅėĺŅĴŐĕŖĚŐĶĚĕŀĚĔŅĶĔħŀńħȮ(Compressive strength) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ
ĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

Sample 
(Gelatin/PBAT) 

Compressive strength (MPa) 

5 phr 10 phr 15 phr 
PBAT (0/100)   0.80±.,15d,e,f .,/2±.,.6f .,07±.,.6e,f 

50/50/20 3,17±0.85c   0.94±.,/3d,e .,34±.,.9e,f 

60/40/20 4,56±.,60b /,49±.,21d Ȯ.,/4±.,.0e,f 
70/30/20 Ȯ//,//±/,.4a ȮȮȮ/,29±.,/5d,e,f .,/6±.,.4f 

ľĴŅĵŏľĨŋȮ8ȮĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴň

ĬńĵĽņėńĠȮ&p<.,.3' 
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 ŐĸŃĽņľĶńĭėƞŅȮCompressive strengthȮěŃĪņĔŅĶĺńħŐĶĚĔħŀńħĪňŗĔĶŃĪņĨƞŀĝŇŘĬĚŅĬĪňŗěŋħĪňŗ

ĝŇŘĬĚŅĬœħƟĶńĭŐĶĚĔħŀńħěĬĝŇŘĬĚŅĬĴňėĺŅĴľĬŅŏĪƞŅĔńĭȮ3.% ĕŀĚėĺŅĴľĬŅŏĶŇŗĴĨƟĬȮěŅĔįĸĔŅĶĻŉĔļŅ

ıĭĺƞŅėƞŅȮCompressive strengthȮěŃĴňŐĬĺőĬƟĴŏĝƞĬŏħňĵĺĔńĭėƞŅȮCompressive modulus ėŊŀȮ

Compressive strengthȮěŃĴňėƞŅĸħĸĚŏĴŊŗŀĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĽńħĽƞĺĬȮPBAT ŐĸŃĮĶŇĴŅĦȮBlowing 

agent ŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

  2,0,1,0ȮĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴħƟĺĵĔŅĶĪħĽŀĭėĺŅĴŐĕŖĚ

ĪňŗįŇĺȮ(Hardness testing) 

 ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĪņĔŅĶĻŉĔļŅėĺŅĴŐĕŖĚŐĶĚĪňŗįŇĺȮ&Hardness 

testing) ħƟĺĵŏėĶŊŗŀĚȮDurometer ĝĬŇħȮShore AȮĽņľĶńĭėĺŅĴŐĕŖĚŐĶĚĪňŗįŇĺěŃĕŉŘĬŀĵŌƞĔńĭėĺŅĴ

ľĬŅŐĬƞĬĭĶŇŏĺĦįŇĺĕŀĚĝŇŘĬĚŅĬȮőħĵěŅĔŅĔĶĻŉĔļŅħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,0/ȮŐĸŃĨŅĶŅĚĪňŗȮ2,6ȮıĭĺƞŅȮ

őĲĴȮPBAT ěŃĴňȮHardnessȮĨŗņĪňŗĽŋħŐĸŃěŃĴňėƞŅĸħĸĚŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮBlowing agent ŒĬĕĦŃ

ĪňŗŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃŏľŖĬœħƟĺƞŅěŃĴňėƞŅȮHardnessȮĪňŗĽŌĚĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭőĲĴȮPBAT 

ŐĸŃőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĴňŐĬĺőĬƟĴĕŀĚėƞŅȮHardness ĸħĸĚŏĸŖĔĬƟŀĵŏĴŊŗŀĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮPBAT 

ĽņľĶńĭĔŅĶŏıŇŗĴĮĶŇĴŅĦȮBlowing agentȮěŃĽƞĚįĸĪņŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňŐĬĺőĬƟĴĕŀĚėƞŅȮ

HardnessȮĸħĸĚŏĸŖĔĬƟŀĵŏĝƞĬĔńĬȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔėĺŅĴľĬŅŐĬƞĬĪňŗįŇĺĕŀĚĝŇŘĬĚŅĬőħĵĽŀħėĸƟŀĚĔńĭ

ėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,/6ȮŐĸŃĨŅĶŅĚĪňŗȮ2,3ȮŐĨƞěŃĽńĚŏĔĨŏľŖĬœħƟĺƞŅĪňŗŀńĨĶŅĽƞĺĬȮ

50/50_15ȮěŃĴňėƞŅȮHardnessȮĽŌĚĔĺƞŅĪňŗŀńĨĶŅĽƞĺĬȮ50/50_10ȮŏĸŖĔĬƟŀĵȮĞŉŗĚŏĴŊŗŀıŇěŅĶĦŅěŅĔĳŅıĪňŗȮ

2,/3ȮěŃŏľŖĬœħƟĺƞŅĝŇŘĬĚŅĬȮ50/50_15ȮěŃĴňėĺŅĴĽĴŗņŏĽĴŀĕŀĚŏĞĸĸƢőĲĴĪňŗĭĶŇŏĺĦįŇĺĕŀĚĝŇŘĬĚŅĬ

ĴŅĔĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭĝŇŘĬĚŅĬȮ50/50_10ȮĪņŒľƟėĺŅĴŐĕŖĚŐĶĚĪňŗįŇĺŏĜĸňŗĵĪňŗĺńħœħƟĴňėƞŅĽŌĚĔĺƞŅŏĸŖĔĬƟŀĵȮ

ŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀĪņĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĽĩŇĨŇŐĸƟĺěŃıĭĺƞŅėƞŅȮHardnessȮĕŀĚŀńĨĶŅĽƞĺĬĪńŘĚȮ0ȮœĴƞĴňėĺŅĴ

ŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠ 
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ĳŅıĪňŗȮ2,0/ȮŐĽħĚėƞŅėĺŅĴŐĕŖĚĪňŗįŇĺȮ(Hardness) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 
ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

 

ĨŅĶŅĚĪňŗȮ2,6ȮŐĽħĚėƞŅėĺŅĴŐĕŖĚĪňŗįŇĺȮ(Hardness) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 
ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

Sample 
(Gelatin/PBAT) 

Hardness [Shore A] 

5 phr 10 phr 15 phr 
PBAT (0/100) ȮȮ32,45±3,/2d ȮȮȮ24,71±/0,71d,e 20,.5±4,52e 

50/50/20    84.40±4.26a,b 73.53±7.18c  78.07±0,10b,c 

60/40/20 Ȯ66,45±5,5/a 65,25±5,.5a   83.87±7.31a,b 
70/30/20 Ȯ70,.5±0,65a 7/,65±0,.0a ȮȮ64,31±4,31a,b 

ľĴŅĵŏľĨŋȮ8ȮĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴň

ĬńĵĽņėńĠȮ&p<.,.3' 
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 4.2.4 ĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

 ĽņľĶńĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚőĲĴıŀĸŇŏĴŀĶƢěŃĕŉŘĬŀĵŌƞĔńĭȮ0ȮĮƤěěńĵȮėŊŀȮ/'ȮėĺŅĴ

ŏĮƦĬĕńŘĺĕŀĚıŀĸŇŏĴŀĶƢŐĨƞĸŃĝĬŇħŒĬőĲĴȮŐĸŃȮ0)ȮėĺŅĴŏĮƦĬĶŌıĶŋĬľĶŊŀėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢȮ

Y23[ȮĽņľĶńĭőĲĴıŀĸŇŏĴŀĶƢįĽĴĬňŘěŃĮĶŃĔŀĭħƟĺĵŏěĸŅĨŇĬĪňŗŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĽŌĚľĶŊŀŏĮƦĬȮ

HydrophilicȮpolymer ŐĸŃȮPBAT ĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗœĴƞĴňĕńŘĺľĶŊŀȮHydrophobicȮpolymerȮħńĚĬńŘĬ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚőĲĴıŀĸŇŏĴŀĶƢěŃĕŉŘĬŀĵŌƞĔńĭĽńħĽƞĺĬĕŀĚŏěĸŅĨŇĬŐĸŃȮPBAT ŒĬ 

ıŀĸŇŏĴŀĶƢįĽĴ ŐĸŃĽņľĶńĭėĺŅĴŏĮƦĬĶŌıĶŋĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĽŀħėĸƟŀĚĔńĭėĺŅĴľĬŅŐĬƞĬĕŀĚ

őĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĻŉĔļŅœħƟȮĔĸƞŅĺėŊŀĩƟŅĸńĔļĦŃĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴŏĮƦĬĶŌıĶŋĬĴŅĔȮěŃĪņ

ŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňĽƞĺĬĕŀĚįĬńĚŏĞĸĸƢľĶŊŀĺƞŅĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢěŃĴňĮĶŇĴŅĦĪňŗĬƟŀĵĸĚħƟĺĵȮ

ħńĚĬńŘĬėƞŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĺńħœħƟĔŖěŃĴňėƞŅĸħĸĚħƟĺĵŏĝƞĬĔńĬȮĞŉŗĚĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢ

ŏĴĪŇĶĔĞƢĬňŗěŃŏĮƦĬĽƞĺĬĪňŗĽŅĴŅĶĩħŌħĞŉĴĬŘņœħƟȮĩƟŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňĽƞĺĬĪňŗŏĮƦĬıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĴŅĔĔŖ

ĴňőŀĔŅĽĪňŗěŃŏĔŇħĔŅĶħŌħĞŉĴĬŘņœħƟĴŅĔĕŉŘĬŏĝƞĬĔńĬȮőħĵėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĬňŘěŃĽńĴıńĬīƢĔńĭ

ĬŘņľĬńĔĕŀĚĨńĺŀĵƞŅĚĪňŗŏıŇŗĴĕŉŘĬŏĴŊŗŀĬņœĮŐĝƞŒĬĬŘņȮĔĸƞŅĺėŊŀĩƟŅĨńĺŀĵƞŅĚĵŇŗĚĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĬŘņľĬńĔĪňŗĴŅĔȮ

ŐĽħĚĺƞŅĨńĺŀĵƞŅĚĬńŘĬĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗħňĬńŗĬŏŀĚ 

 ĳŅıĪňŗȮ2,00ȮŐĽħĚįĸĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚőĲĴȮPBAT ŐĸŃőĲĴ 

ıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮŏĴŊŗŀĪņĔŅĶıŇěŅĶĦŅĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮBlowing agent ĪňŗŏĪƞŅĔńĬ

ıĭĺƞŅȮőĲĴȮPBAT ěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĨŗņĪňŗĽŋħȮĽņľĶńĭőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬȮ

5.-1.ȮěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĴŅĔĔĺƞŅȮ4.-2.ȮŐĸŃȮ3.-3.ȮĨŅĴĸņħńĭȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔ

ĽńħĽƞĺĬĕŀĚŏěĸŅĨŇĬŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴȮőħĵĩƟŅĴňĽńħĽƞĺĬĕŀĚŏěĸŅĨŇĬĴŅĔĔŖěŃĪņŒľƟĴňėĺŅĴĽŅĴŅĶĩ

ŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĽŌĚȮĬŀĔěŅĔĽĳŅıĕńŘĺĕŀĚŏěĸŅĨŇĬŐĸƟĺėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĔŖĴňįĸ

ĨƞŀĔŅĶħŌħĞŉĴĬŘņħƟĺĵŏĝƞĬĔńĬȮŏĴŊŗŀıŇěŅĶĦŅěŅĔėĺŅĴľĬŅŐĬƞĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴħńĚŐĽħĚŒĬĳŅıĪňŗȮ

2,/6ȮıĭĺƞŅėĺŅĴľĬŅŐĬƞĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴěŃĴňėƞŅŏıŇŗĴĕŉŘĬĨŅĴĮĶŇĴŅĦŏěĸŅĨŇĬȮőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗ

ŀńĨĶŅĽƞĺĬȮ5.-1.ȮěŉĚĴňėĺŅĴľĬŅŐĬƞĬĴŅĔĪňŗĽŋħȮőħĵőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňėĺŅĴľĬŅŐĬƞĬĴŅĔŐĽħĚĺƞŅ

ĴňĽńħĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĴŅĔĔĺƞŅĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢĪňŗŏĔŇħŏĞĸĸƢőĲĴȮĞŉŗĚĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢ 

ŏĴĪĶŇĔĞƢĬňŘěŃŏĮƦĬĽƞĺĬĪňŗĪņľĬƟŅĪňŗŒĬĔŅĶħŌħĞŉĴĬŘņȮěŉĚŏĮƦĬįĸĪņŒľƟőĲĴıŀĸŇŏĴŀĶƢĪňŗĴňĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢ

ŏĴĪĶŇĔĞƢĴŅĔľĶŊŀĴňėĺŅĴľĬŅŐĬƞĬĽŌĚȮěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗħňĔĺƞŅıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴ

ľĬŅŐĬƞĬĨŗņȮěŅĔŏľĨŋįĸĪńŘĚȮ0ȮĮƤěěńĵĬňŘěŉĚĪņŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬȮ5.-1.ȮěŃĴň

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĴŅĔĔĺƞŅĪňŗŀńĨĶŅĽƞĺĬȮ4.-2.ȮŐĸŃȮ3.-3.ȮĨŅĴĸņħńĭȮŐĨƞěŃĽńĚŏĔĨœħƟĺƞŅ
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őĲĴıŀĸŇŏĴŀĶƢįĽĴȮ5.-1.ȮĪňŗĴňĔŅĶŏĨŇĴȮBlowing agent 3*Ȯ/.ȮŐĸŃȮ/3Ȯphr ĬńŘĬěŃĽŅĴŅĶĩĶŅĵĚŅĬėƞŅ

œħƟŏıňĵĚĝƞĺĚŏĺĸŅľĬŉŗĚŏĪƞŅĬńŘĬȮŏĬŊŗŀĚěŅĔėĺŅĴŏĮƦĬȮHydrophilicȮĕŀĚŏěĸŅĨŇĬĬŀĔěŅĔěŃĪņŒľƟ 

ŏěĸŅĨŇĬĽŅĴŅĶĩħŌħĞŉĴĬŘņœħƟħňŐĸƟĺĵńĚĽƞĚįĸĪņŒľƟŏěĸŅĨŇĬĽŅĴŅĶĩĸŃĸŅĵĬŘņœħƟħňħƟĺĵȮőħĵőĲĴıŀĸŇŏĴŀĶƢ

įĽĴĪňŗŀńĨĶŅĽƞĺĬħńĚĔĸƞŅĺěŉĚŏĔŇħĔŅĶĸŃĸŅĵěĬœĴƞĽŅĴŅĶĩĺńħĬŘņľĬńĔŐĸŃĶŅĵĚŅĬėƞŅœħƟȮ 

 

ĳŅıĪňŗȮ2,00ȮŐĽħĚįĸĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ 
ŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

 

 ŏĴŊŗŀıŇěŅĶĦŅŏĮĶňĵĭŏĪňĵĭıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĮĶŇĴŅĦĔŅĶŏĨŇĴȮBlowing agent ĪňŗŐĨĔĨƞŅĚĔńĬ

ıĭĺƞŅȮŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦȮBlowing agentȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚőĲĴıŀĸŇŏĴŀĶƢěŃ

ĸħĸĚȮĞŉŗĚįĸĔŅĶĪħĽŀĭĬňŘěŃĽŀħėĸƟŀĚĔńĭėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢėŊŀȮŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮ

Blowing agentȮěŃĪņŒľƟőĲĴıŀĸŇŏĴŀĶƢĴňėĺŅĴŏĮƦĬĶŌıĶŋĬĴŅĔĕŉŘĬȮŐĸŃĽƞĚįĸŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴĴň

ėĺŅĴľĬŅŐĬƞĬĸħĸĚȮħńĚĬńŘĬĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢĪňŗĪņľĬƟŅĪňŗŒĬĔŅĶħŌħĞŉĴĬŘņĔŖěŃĸħĸĚħƟĺĵȮėĺŅĴĽŅĴŅĶĩ

ŒĬĔŅĶħŌħĞŉĴĬŘņĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴěŉĚĸħĸĚħƟĺĵŏĝƞĬĔńĬȮ 
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 ĵĔŏĺƟĬĨńĺŀĵƞŅĚőĲĴıŀĸŇŏĴŀĶƢȮ50/50_15ȮěŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĽŌĚĔĺƞŅȮ

4.-2._15 ĞŉŗĚĩƟŅıŇěŅĶĦŅěŅĔĽńħĽƞĺĬĔŅĶįĽĴŐĸƟĺőĲĴıŀĸŇŏĴŀĶƢȮ4.-2._15 ėĺĶěŃĨƟŀĚĴň

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĴŅĔĔĺƞŅŏĬŊŗŀĚěŅĔĴňĽńħĽƞĺĬĕŀĚŏěĸŅĨŇĬĪňŗĴŅĔĔĺƞŅȮŐĨƞĩƟŅıŇěŅĶĦŅěŅĔ

ĔŅĶĔĶŃěŅĵĨńĺĕŀĚĕĬŅħŏĞĸĸƢőĲĴěŃŏľŖĬĺƞŅȮőĲĴıŀĸŇŏĴŀĶƢȮ3.-3._15 ĴňĔŅĶĔĶŃěŅĵĨńĺĕŀĚĕĬŅħĪňŗ

ėƞŀĬĕƟŅĚŐėĭŏĴŊŗŀŏĪňĵĭĔńĭőĲĴıŀĸŇŏĴŀĶƢȮ4.-2._15 ĶĺĴĩŉĚőĲĴıŀĸŇŏĴŀĶƢȮ3.-3._15 ėĺŅĴľĬŅŐĬƞĬ

ĽŌĚĔĺƞŅěŉĚĽƞĚįĸĪņŒľƟĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĴŅĔĔĺƞŅ  

 4.2.5 ĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮ&Cytotoxicity' ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

 ĔŅĶĪħĽŀĭėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮ&Cytotoxicity) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴȮěŃŏĮƦĬĔŅĶĻŉĔļŅ

ėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢħƟĺĵȮħƟĺĵĺŇīňȮMTT assay őħĵěŃĪņĔŅĶĪħĽŀĭħƟĺĵŏĞĸĸƢȮHaCatȮ(Human 

Keratinocyte cell line) ĞŉŗĚŏĮƦĬŏĞĸĸƢįŇĺľĬńĚĕŀĚĴĬŋļĵƢȮĽņľĶńĭŒĬĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢěŃ

ŏĸŊŀĔĨńĺŀĵƞŅĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴȮBlowing agent ŒĬĮĶŇĴŅĦȮ/3Ȯphr ĴŅŒĝƟŒĬĔŅĶĻŉĔļŅȮ

őħĵŏĮƦĬŀńĨĶŅĽƞĺĬĪňŗĴňĮĶŇĴŅĦȮBlowing agent ȮĴŅĔĪňŗĽŋħȮĞŉŗĚĽƞĺĬĕŀĚȮBlowing agentȮĬňŘŏŀĚĪňŗĬƞŅěŃ

ĽƞĚįĸĨƞŀėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮŏĬŊŗŀĚěŅĔĽƞĺĬĕŀĚŏěĸŅĨŇĬŐĸŃȮPBAT ĴňėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢĪňŗ

ėƞŀĬĕƟŅĚĨŗņȮĔĸƞŅĺėŊŀĴňėĺŅĴŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅıȮ(Biocompatibility) ĔńĭŏĞĸĸƢœħƟħňȮĞŉŗĚĽŀħėĸƟŀĚĔńĭ

ĚŅĬĺŇěńĵĕŀĚȮS Ali PoursamarȮŐĸŃėĦŃ Y24[ȮœħƟĻŉĔļŅįĸĔŅĶŒĝƟĽŅĶŏĝŊŗŀĴĕĺŅĚĝĬŇħĨƞŅĚŕȮĪňŗĴňĨƞŀĔŅĶ

ŏĨĶňĵĴŏĬŊŘŀŏĵŊŗŀőėĶĚŏĸňŘĵĚŏĞĸĸƢěŅĔŏěĸŅĨŇĬȮěŅĔĔŅĶĻŉĔļŅıĭĺƞŅőėĶĚŏĸňŘĵĚŏĞĸĸƢĪňŗŏĨĶňĵĴěŅĔŏěĸŅĨŇĬĪňŗ

ĴňŐĸŃœĴƞĴňĔŅĶĽŅĶŏĝŊŗŀĴĕĺŅĚĴňėĺŅĴŏĕƟŅĔńĬœħƟĔńĭŏĬŊŘŀŏĵŊŗŀŏĞĸĸƢȮőħĵĴňĶŃħńĭėĺŅĴĴňĝňĺŇĨŀĵŌƞĕŀĚŏĞĸĸƢ

ĴŅĔĔĺƞŅȮ70% ŐĸŃěŅĔĚŅĬĺŇěńĵĕŀĚȮNuruzzaman KhanȮŐĸŃėĦŃ Y25[ȮœħƟĪņĔŅĶŏĨĶňĵĴėŀĴıŀĽŇĨ

ĪňŗĴňėĺŅĴŏĮƦĬĶŌıĶŋĬĪňŗŏĨĶňĵĴěŅĔŏěĸŅĨŇĬȮőħĵěŃĴňĔŅĶŏĨŇĴȮpolyethylene oxide (PEO), tricalcium 

phosphate (TCP)ȮŐĸŃœėőĨĞŅĬȮıĭĺƞŅıŀĸŇŏĴŀĶƢėŀĴıŀĽŇĨĪňŗŏĨĶňĵĴœħƟĴňėĺŅĴŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅı

ĪňŗĽŌĚȮĽņľĶńĭėĺŅĴŏĕƟŅĔńĬœħƟĔńĭŏĬŊŘŀŏĵŊŗŀĕŀĚȮPBAT ĽŅĴŅĶĩĵŊĬĵńĬœħƟěŅĔĚŅĬĺŇěńĵĕŀĚȮKikku 

Fukushima ŐĸŃėĦŃ Y4[ȮœħƟŏĨĶňĵĴĲƕĸƢĴȮPBAT ŐĸŃĲƕĸƢĴėŀĴıŀĽŇĨĶŃľĺƞŅĚȮPBAT/clay ıĭĺƞŅĲƕĸƢĴȮ

PBAT ŐĸŃĲƕĸƢĴėŀĴıŀĽŇĨĪňŗŏĨĶňĵĴœħƟĴňĶƟŀĵĸŃĔŅĶĴňĝňĺŇĨŀĵŌƞĕŀĚŏĞĸĸƢĴŅĔĔĺƞŅȮ70% ĞŉŗĚŐĽħĚėĺŅĴŏĕƟŅ

ĔńĬœħƟĪŅĚĝňĺĳŅıȮ(Biocompatibility) ŏĝƞĬŏħňĵĺĔńĬĔńĭĚŅĬĺŇěńĵĕŀĚȮGirija Bheemaneni ŐĸŃėĦŃ 

Y5[ȮĪňŗœħƟĪņĔŅĶĻŉĔļŅĲƕĸƢĴȮPBAT ŐĸŃĲƕĸƢĴȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮWollastoniteȮ(CaSiO3) ıĭĺƞŅĲƕĸƢĴȮ

PBAT ŐĸŃĲƕĸƢĴėŀĴıŀĽŇĨĪňŗŏĨĶňĵĴœħƟĴňėĺŅĴŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅıȮ(Biocompatibility)  

 ĨŅĶŅĚĪňŗȮ2,7ȮŐĽħĚĶƟŀĵĸŃĕŀĚėĺŅĴŏĮƦĬıŇļȮ(Cytotoxicity) ŐĸŃĶƟŀĵĸŃĔŅĶĴňĝňĺŇĨȮ&Cell 

viability) ĕŀĚŏĞĸĸƢȮHaCat ěŅĔĔŅĶĪħĽŀĭħƟĺĵĔĶŃĭĺĬĔŅĶȮMTT assay ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴȮ
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ıĭĺƞŅŏěĸŅĨŇĬĴňȮ%Cell viability ĴŅĔĪňŗĽŋħėŊŀȮ84.626% ŐĸŃőĲĴȮPBAT ěŃĴňȮ%Cell viability 

ŏĪƞŅĔńĭȮ5.,67/% ŒĬĕĦŃĪňŗőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬȮ70/30_15, 60/40_15 ŐĸŃȮ50/50_15 

ěŃĴň %Cell viabilityȮŏĪƞŅĔńĭȮ70.297%, 70.697% ŐĸŃȮ70.392%ȮĨŅĴĸņħńĭȮĞŉŗĚȮ%Cell viabilityȮ

ěŃŐĽħĚĩŉĚėƞŅĔŅĶĴňĝňĺŇĨŀĵŌƞĕŀĚŏĞĸĸƢ ĔĸƞŅĺėŊŀĩƟŅĴňėƞŅȮ%Cell viabilityȮĴŅĔȮŐĽħĚĺƞŅĪňŗĽĳŅĺŃħńĚĔĸƞŅĺ

ŏĞĸĸƢĵńĚĽŅĴŅĶĩŏĨŇĭőĨŐĸŃĴňĝňĺŇĨŀĵŌƞœħƟȮŐĨƞĩƟŅĴňėƞŅȮ%Cell viabilityȮĬƟŀĵȮŐĽħĚĺƞŅĽĳŅĺŃĬńŘĬĴňįĸĨƞŀ

ĔŅĶŏĨŇĭőĨĕŀĚŏĞĸĸƢľĶŊŀĴňėĺŅĴŏĮƦĬıŇļĽŌĚěĬŏĞĸĸƢœĴƞĽŅĴŅĶĩŏĨŇĭőĨŐĸŃĴňĝňĺŇĨŀĵŌƞœħƟĬńŗĬŏŀĚȮĞŉŗĚěŅĔ

ĴŅĨĶģŅĬŀŋĨĽŅľĔĶĶĴĽņľĶńĭĔŅĶĮĶŃŏĴŇĬĪŅĚĝňĺĳŅıĕŀĚŏėĶŊŗŀĚĴŊŀŐıĪĵƢȮ(ISO 10993-5:1999) 

Y26[ȮœħƟĶŃĭŋĺƞŅĨŅĴĴŅĨĶģŅĬĔŅĶĪħĽŀĭėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢħƟĺĵĺŇīňȮMTT assay ĽņľĶńĭŀŋĮĔĶĦƢ

ĪŅĚĔŅĶŐıĪĵƢĪňŗĴňȮ%Cell viabilityȮĬƟŀĵĔĺƞŅȮ70% ěŃĩŊŀĺƞŅĺńĽħŋħńĚĔĸƞŅĺŀŅěĴňėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢ 

ěŅĔįĸĔŅĶĪħĸŀĚŐĽħĚŒľƟŏľŖĬĺƞŅőĲĴŏěĸŅĨŇĬȮőĲĴȮPBAT ŐĸŃőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟĬńŘĬĴňėƞŅȮ

%Cell viabilityȮĴŅĔĔĺƞŅȮ70% ĕŉŘĬœĮȮŐĽħĚĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴŏĕƟŅĔńĬœħƟĪŅĚĝňĺĳŅıĔńĭ

ŏĞĸĸƢįŇĺľĬńĚĪňŗĬņĴŅĪħĽŀĭȮħńĚĬńŘĬěŉĚĔĸƞŅĺœħƟĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟœĴƞĴňėĺŅĴŏĮƦĬıŇļĨƞŀ

ŏĞĸĸƢŐĸŃĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬŀŋĮĔĶĦƢĪŅĚĔŅĶŐıĪĵƢœħƟ 

ĨŅĶŅĚĪňŗȮ2,7ȮŐĽħĚĶƟŀĵĸŃĕŀĚėĺŅĴŏĮƦĬıŇļȮ(Cytotoxicity) ŐĸŃĶƟŀĵĸŃĔŅĶĴňĝňĺŇĨȮ&Cell viability) 
ĕŀĚŏĞĸĸƢȮHaCat ěŅĔĔŅĶĪħĽŀĭħƟĺĵĔĶŃĭĺĬĔŅĶȮMTT assay ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴ 

Sample Cytotoxicity (%) Cell viability (%) 

Gealatin_15 /3,152 62,404 

70/30_15 29.703 5.,075 
60/40_15 29.303 5.,475 

50/50_15 29.608 5.,170 

PBAT_15 29.109 70,67/ 

 

 ěŅĔĔŅĶĻŉĔļŅĔŅĶŏĨĶňĵĴőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮıĭĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴŏĴŊŗŀĴň

ĔŅĶŏıŇŗĴĮĶŇĴŅĦȮPBAT ŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĪņŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴľĬŅŐĬƞĬĸħĸĚȮĴň

ŏĞĸĸƢőĲĴŏıŇŗĴĕŉŘĬȮĞŉŗĚĸńĔļĦŃħńĚĔĸƞŅĺŐĽħĚĩŉĚėĺŅĴŏĮƦĬőĲĴĪňŗŏıŇŗĴĕŉŘĬȮĶĺĴĩŉĚĽƞĚįĸŒľƟőĲĴĴňėĺŅĴ

ŐĕŖĚŐĶĚĸħĸĚȮŐĸŃŏĴŊŗŀĴňĔŅĶŏĨŇĴȮBlowing agent ŏıŇŗĴĕŉŘĬěŅĔŀńĨĶŅĽƞĺĬȮ3ȮŏĮƦĬȮ/.ȮŐĸŃȮ/3ȮphrȮ

ĨŅĴĸņħńĭȮıĭĺƞŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴŏĮƦĬőĲĴĴŅĔĕŉŘĬȮőħĵŒĬĽƞĺĬĩńħœĮěŃŏĸŊŀĔőĲĴıŀĸŇŏĴŀĶƢ

įĽĴŒĬŀńĨĶŅĽƞĺĬȮ50/50_15 ĪņĔŅĶĻŉĔļŅĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌȮŏĬŊŗŀĚěŅĔĪňŗŀńĨĶŅĽƞĺĬĬňŘ
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ěŃœħƟőĲĴĪňŗĴňĕĬŅħŏĞĸĸƢőĲĴĪňŗėƞŀĬĕƟŅĚĽĴŗņŏĽĴŀȮĴňėĺŅĴľĬŅŐĬƞĬĪňŗĨŗņȮĴňėĺŅĴŐĕŖĚŐĶĚŏĝŇĚĔĸĪňŗħňȮĴň

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĨŗņȮĶĺĴĩŉĚœĴƞĴňėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢ 

 

2,1ȮĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĬŘņĴńĬľŀĴĶŃŏľĵěŅĔĔŅĬıĸŌĪňŗĴňĨƞŀĽĴĭńĨŇĨƞŅĚŕȮĕŀĚőĲĴ

ĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 

 ĽņľĶńĭĨŀĬĪňŗȮ1ȮěŃŏĮƦĬĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĮĶŇĴŅĦĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌĪňŗĴňįĸĨƞŀ

ĽĴĭńĨŇĨƞŅĚŕȮĕŀĚőĲĴĝňĺĳŅıěŅĔıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ŒĬŀńĨĶŅĽƞĺĬȮ3.-3.ȮĪňŗĴň

ĔŅĶŏĨŇĴȮOBSH /3Ȯphr ĞŉŗĚŏĮƦĬŀńĨĶŅĽƞĺĬĔŅĶįĽĴőħĵěŃĪņĔŅĶįĽĴĪňŗĴňĕĬŅħŏĞĸĸƢőĲĴĪňŗėƞŀĬĕƟŅĚ

ĽĴŗņŏĽĴŀȮĴňėĺŅĴľĬŅŐĬƞĬĪňŗĨŗņȮĴňėĺŅĴŐĕŖĚŐĶĚŏĝŇĚĔĸĪňŗħňȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞŉĴĬŘņĪňŗĨŗņȮĶĺĴĩŉĚ

œĴƞĴňėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢȮőħĵĪņĔŅĶįĽĴħƟĺĵŏėĶŊŗŀĚĭħįĽĴ 2 ĸŌĔĔĸŇŘĚȮ(Two roll mill) ŐĸŃĕŉŘĬĶŌĮ

ħƟĺĵŏėĶŊŗŀĚȮCompression MoldingȮĪňŗŀŋĦľĳŌĴŇȮ/4.°CȮŏĮƦĬŏĺĸŅȮ0ȮĬŅĪňȮěŃœħƟĝŇŘĬĚŅĬıŀĸŇŏĴŀĶƢįĽĴ

ħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,01ȮěŅĔĳŅıěŃŏľŖĬœħƟĺƞŅĝŇŘĬĚŅĬĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵěŃĴŀĚŏľŖĬŏĞĸĸƢőĲĴ

ĭĶŇŏĺĦĪňŗįŇĺĝŇŘĬĚŅĬœħƟŀĵƞŅĚĝńħŏěĬȮĶĺĴĩŉĚĪňŗĕŀĭĕŀĚĝŇŘĬĚŅĬěŃĴňĔŅĶĵŋĭĨńĺŏĸŖĔĬƟŀĵŏĬŊŗŀĚěŅĔĶŀĵĨńħ

ĕŀĚĝŇŘĬĚŅĬĪňŗŏĔŇħĕŉŘĬŒĬĶŃľĺƞŅĚĔŅĶĨńħĝŇŘĬĚŅĬŀŀĔěŅĔŐĴƞıŇĴıƢȮĬŀĔěŅĔĬňŘěŅĔĔŅĶĽńĚŏĔĨĸńĔļĦŃĪŅĚ

ĔŅĵĳŅııĭĺƞŅȮĝŇŘĬĚŅĬĪňŗŏĨĶňĵĴœħƟĴňĔĸŇŗĬĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌŀĵŌƞȮĽņľĶńĭĬŘņĴńĬľŀĴĶŃŏľĵ

ĔŅĬıĸŌěŃĴňŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĪňŗĽņėńĠȮĬńŗĬĔŖėŊŀĽŅĶȮEugenol őħĵĽŅĶħńĚĔĸƞŅĺěŃĴňěŋħŏħŊŀħĪňŗȮ

003°CȮĞŉŗĚěŃŏľŖĬœħƟĺƞŅŀŋĦľĳŌĴŇĪňŗŒĝƟŒĬĔŅĶįĽĴĶĺĴĩŉĚŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮěŃĴňŀŋĦľĳŌĴŇĨŗņĔĺƞŅěŋħŏħŊŀħĕŀĚ

ĽŅĶȮEugenolȮȮěŉĚĽŅĴŅĶĩĵŊĬĵńĬœħƟĺƞŅĵńĚĴňĽƞĺĬĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵŀĵŌƞŐĴƟěŃįƞŅĬĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮ

ħƟĺĵėĺŅĴĶƟŀĬĴŅŐĸƟĺ 
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ĳŅıĪňŗȮ2,01ȮŐĽħĚĝŇŘĬĚŅĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴ
ĶŃŏľĵĔŅĬıĸŌŒĬŀńĨĶŅĽƞĺĬĨƞŅĚŕ : (a) 0 phr, (b) 1 phr, (c) 3 phrȮŐĸŃȮ(d) 5 phr 

 

 4.1.1 ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴ

ĶŃŏľĵĔŅĬıĸŌħƟĺĵŏĪėĬŇėȮScanning electron microscopy (SEM) 

 ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴň

ĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌěŃĪņĔŅĶĻŉĔļŅħƟĺĵŏĪėĬŇėȮScanning electron microscopy 

(SEM)ȮĪňŗĔņĸńĚĕĵŅĵȮ3.ȮŏĪƞŅ ŐĸŃĪņĔŅĶĻŉĔļŅĕĬŅħĕŀĚŏĞĸĸƢőĲĴŏĜĸňŗĵħƟĺĵőĮĶŐĔĶĴȮImage J őħĵ

ĪņĔŅĶıŇěŅĶĦŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚŏĞĸĸƢőĲĴĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕ 
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ĳŅıĪňŗȮ2,02ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬ
ľŀĴĶŃŏľĵĔŅĬıĸŌŒĬŀńĨĶŅĽƞĺĬĨƞŅĚŕ : (a) 0 phr, (b) 1 phr, (c) 3 phrȮŐĸŃȮ(d) 5 phr 

 

 ĳŅıĪňŗȮ2,02ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĪňŗ

ŀńĨĶŅĽƞĺĬĨƞŅĚŕȮıĭĺƞŅȮőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨĶňĵĴœħƟěŃĴňĸńĔļĦŃŏĞĸĸƢőĲĴŏĮƦĬĶŌĮĪĶĚĔĸĴŐĸŃĪĶĚĶňȮ

őħĵĴňĪńŘĚĕĬŅħŏĸŖĔŐĸŃĕĬŅħŒľĠƞĮŃĮĬĔńĬœĮȮŏĴŊŗŀĪņĔŅĶıŇěŅĶĦŅőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴ

ĬŘņĴńĬľŀĴĶŃŏľĵěŃŏľŖĬœħƟĺƞŅŏĞĸĸƢőĲĴĪňŗŏĔŇħĕŉŘĬěŃĴňĕĬŅħĪňŗŏĸŖĔĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗ

œĴƞĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵȮĽŀħėĸƟŀĚĔńĭĕĬŅħĕŀĚŏĞĸĸƢőĲĴĪňŗĺńħœħƟħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,03Ȯőħĵ

ěŅĔĚŅĬĺŇěńĵĕŀĚȮSandra Acosta ŐĸŃėĦŃȮY27[ȮĪňŗœħƟĪņĔŅĶŏĨĶňĵĴĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŐĮƚĚ

ŐĸŃŏěĸŅĨŇĬőħĵĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵȮ1ȮĝĬŇħœħƟŐĔƞȮĬŘņĴńĬľŀĴĶŃŏľĵŀĭŏĝĵ*ȮĬŘņĴńĬľŀĴĶŃŏľĵ

ĔŅĬıĸŌȮŐĸŃĬŘņĴńĬľŀĴĶŃŏľĵŀŀĶŇĔŅőĬȮőħĵěŅĔĔŅĶĻŉĔļŅıĭĺƞŅĬŘņĴńĬľŀĴĶŃŏľĵĪňŗŏĨŇĴĸĚœĮĬńŘĬěŃ

ĪņŒľƟĲƕĸƢĴıŀĸŇŏĴŀĶƢĪňŗŏĨĶňĵĴœħƟĴňĸńĔļĦŃŏĮƦĬĶŌıĶŋĬȮĞŉŗĚŏĔŇħěŅĔėĺŅĴŏĮƦĬĕńŘĺĪňŗŐĨĔĨƞŅĚĔńĬĶŃľĺƞŅĚ 

ıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĔńĭĬŘņĴńĬľŀĴĶŃŏľĵĪňŗĴňŏĮƦĬĽƞĺĬœĕĴńĬȮěŉĚĪņŒľƟıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢŐĸŃĬŘņĴńĬľŀĴ
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ĶŃŏľĵŏĕƟŅĔńĬœħƟœĴƞħňŏĔŇħĔŅĶĶĺĴĨńĺŏĮƦĬľĵħĕŀĚĬŘņĴńĬľŀĴĶŃŏľĵȮŏĴŊŗŀįƞŅĬĔŅĶĕŉŘĬĶŌĮľĵħĬŘņĴńĬ

ħńĚĔĸƞŅĺěŃŏĔŇħĔŅĶĶŃŏľĵŀŀĔěĬĔĸŅĵŏĮƦĬĶŌıĶŋĬŏĔŇħĕŉŘĬŒĬıŊŘĬįŇĺĕŀĚĲƕĸƢĴȮŏĝƞĬŏħňĵĺĔńĭĚŅĬĺŇěńĵĕŀĚȮ

Zhu ShenȮŐĸŃėĦŃȮY3.[ȮĪňŗœħƟĪņĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĸĚŒĬĲƕĸƢĴœėőĨĞŅĬȮěŃıĭĺƞŅĬŘņĴńĬľŀĴ

ĶŃŏľĵĪňŗŏĨŇĴĸĚœĮĬńŘĬěŃŏĔŇħĔŅĶĶĺĴĨńĺŐĸŃĩŌĔĔńĔŏĔŖĭŀĵŌƞĳŅĵŒĬıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢȮŏĴŊŗŀįƞŅĬ

ĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĬŘņĴńĬľŀĴĶŃŏľĵĭŅĚĽƞĺĬĪňŗĩŌĔĔńĔŏĔŖĭœĺƟěŃŏĔŇħĔŅĶĶŃŏľĵŀŀĔĪņŒľƟŏĔŇħŏĮƦĬ

ĸńĔļĦŃĶŌıĶŋĬĳŅĵŒĬĲƕĸƢĴıŀĸŇŏĴŀĶƢ ěŅĔŏľĨŋįĸħńĚĔĸƞŅĺěŉĚĪņŒľƟŏĴŊŗŀŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĸĚŒĬ 

őĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĪņŒľƟőĲĴĪňŗŏĨĶňĵĴœħƟĴňėĺŅĴŏĮƦĬĶŌıĶŋĬĪňŗĴŅĔĕŉŘĬȮŐĨƞŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦĔŅĶŏĨŇĴ

ĬŘņĴńĬľŀĴĶŃŏľĵěŅĔȮ/Ȯphr ŏĮƦĬȮ1ȮŐĸŃȮ3Ȯphr ěŃŏľŖĬĺƞŅĕĬŅħĕŀĚŏĞĸĸƢőĲĴĴňĕĬŅħĪňŗŒľĠƞĕŉŘĬŏĴŊŗŀ

ŏĪňĵĭĔńĭĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĪňŗȮ/Ȯphr őħĵŏĞĸĸƢőĲĴĪňŗŏĔŇħĕŉŘĬěŃĴňĸńĔļĦŃŏĮƦĬőıĶĚŏĝŊŗŀĴĨƞŀĔńĬȮ

ĪňŗŏĮƦĬŏĝƞĬĬńŘĬŏĬŊŗŀĚĴŅĔěŅĔĬŘņĴńĬľŀĴĶŃŏľĵĪňŗŏĨŇĴĸĚœĮěŃĪņľĬƟŅĪňŗėĸƟŅĵıĸŅĽĨŇĔœĞŏĞŀĶƢȮY3/[ȮĪņŒľƟ

ıŀĸŇŏĴŀĶƢįĽĴĪňŗľĸŀĴŏľĸĺŏĔŇħĔŅĶœľĸœħƟĚƞŅĵĴŅĔĵŇŗĚĕŉŘĬŒĬĶŃľĺƞŅĚĕńŘĬĨŀĬĔŅĶĕŉŘĬĶŌĮȮŏĴŊŗŀĴňŏĞĸĸƢőĲĴ

ŏĔŇħĕŉŘĬŒĬĶŃĭĭıŀĸŇŏĴŀĶƢįĽĴěŉĚœĴƞĽŅĴŅĶĩėĚĶŌĮĶƞŅĚĕŀĚŏĞĸĸƢőĲĴœĺƟœħƟěŉĚŏĔŇħŏĮƦĬĸńĔļĦŃħńĚĔĸƞŅĺȮ

őħĵŏĞĸĸƢőĲĴĪňŗŏĔŇħĕŉŘĬĴňĕĬŅħĪňŗŒľĠƞŐĸŃĴňįĬńĚĕŀĚŏĞĸĸƢőĲĴŒĬĽƞĺĬĪňŗŏĮƦĬıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢĸħĸĚ 

 

ĳŅıĪňŗȮ2,03ȮŐĽħĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚĕĬŅħŏĞĸĸƢőĲĴĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT 
ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌŒĬŀńĨĶŅĽƞĺĬĨƞŅĚŕ : (a) 0 phr, (b) 1 phr, (c) 3 phr ŐĸŃȮ(d) 5 phr 
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 4.3.2 ĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴň

ĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌ 

 ĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĽŅĴŅĶĩĻŉĔļŅœħƟěŅĔĔŅĶĺńħħƟĺĵŏėĶŊŗŀĚȮ

Density kit őħĵįĸĔŅĶĻŉĔļŅĪňŗœħƟěŃŐĽħĚŒĬĶŌĮĪňŗȮ2,04ȮŐĸŃĨŅĶŅĚĪňŗȮ2,/.ȮěŅĔĔŅĶĻŉĔļŅıĭĺƞŅ ŏĴŊŗŀ

ĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĸĚŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĪņŒľƟőĲĴĪňŗŏĨĶňĵĴœħƟĴňėĺŅĴľĬŅŐĬƞĬĸħĸĚȮ

ŏĬŊŗŀĚěŅĔĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĸĚœĮěŃĪņŒľƟĴňŏĞĸĸƢőĲĴĕĬŅħŏĸŖĔĪňŗŏĔŇħĕŉŘĬěņĬĺĬĴŅĔőħĵĽŅĴŅĶĩ

ĵŊĬĵńĬœħƟěŅĔĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅŐĸŃĕĬŅħŏĞĸĸƢőĲĴŏĜĸňŗĵȮ&ĳŅıĪňŗȮ2,02ȮŐĸŃȮ2,03'Ȯ

ěŉĚĽƞĚįĸĪņŒľƟĮĶŇĴŅĦŏĞĸĸƢőĲĴ-ıŊŘĬĪňŗĴňĴŅĔĕŉŘĬȮėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴěŉĚĸħĸĚȮŐĸŃŏĴŊŗŀĴňĔŅĶŏıŇŗĴ

ĮĶŇĴŅĦĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴĔŖěŃĪņŒľƟėĺŅĴľĬŅŐĬƞĬĸħĸĚŏĝƞĬĔńĬȮŐĨƞ

ĽņľĶńĭĔĶĦňĬňŘŏĔŇħěŅĔĔŅĶĪňŗŏĴŊŗŀĴňĔŅĶŏıŇŗĴĽńħĽƞĺĬĬŘņĴńĬľŀĴĶŃŏľĵěŃĪņŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴĴň

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔńĔŏĔŖĭŐĸŃėĚĶŌĮŏĞĸĸƢőĲĴĪňŗĸħĸĚȮőħĵĸńĔļĦŃŏĞĸĸƢőĲĴĪňŗœħƟěŃĴňĸńĔļĦŃŏĮƦĬ

őıĶĚĕĬŅħŒľĠƞȮěŉĚĽƞĚįĸĪņŒľƟėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴĸħĸĚ 

 

 

ĳŅıĪňŗȮ2,04ȮŐĽħĚėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴ
ĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌŒĬŀńĨĶŅĽƞĺĬĨƞŅĚŕ 



  90 

ĨŅĶŅĚĪňŗȮ2,/.ȮŐĽħĚėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴ
ĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌŒĬŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

Sample Density (g/cm3) 

.Ȯphr 0.62±0.04a 
1 phr 0.51±0.01b 

3 phr 0.44±0.01c 

5 phr 0.41±0.02c 

ľĴŅĵŏľĨŋȮ8ȮĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴň

ĬńĵĽņėńĠȮ&p<.,.3' 

 

 4.3.3ȮĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌȮ 

  4.3.3.1ȮĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴ

ĶŃŏľĵĔŅĬıĸŌħƟĺĵĔŅĶĪħĽŀĭėĺŅĴĨƟŅĬĪŅĬĨƞŀĔŅĶĔħŀńħȮ&Compressive testing) 

 ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĪņĔŅĶĻŉĔļŅħƟĺĵĔŅĶŒľƟŐĶĚĔħŀńħȮ

(Compressive testing) ħƟĺĵŏėĶŊŗŀĚȮUniversal testing machine (UTM) ĨŅĴĴŅĨĶģŅĬȮASTM 

D1621ȮStandard Test Method for Compressive Properties Of Rigid Cellular Plastics1 

ħƟĺĵȮLoad cell ĕĬŅħȮ3.ȮkN ĪňŗėĺŅĴŏĶŖĺŒĬĔŅĶĔħŀńħȮ/,1Ȯmm/minȮőħĵěŃĔŅĶĔħŀńħĝŇŘĬĚŅĬĪňŗȮ

3.% strain ěŃĪņĔŅĶıŇěŅĶĦŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĮĸňŗĵĬŐĮĸĚĶŌĮĶƞŅĚŏĴŊŗŀœħƟĶńĭŐĶĚ

ĔħŀńħȮ&Compressive modulus) ŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬŐĶĚħŉĚȮ&Compressive 

strength)Ȯ 

 ěŅĔĳŅıĪňŗȮ2,05ȮŐĸŃĨŅĶŅĚĪňŗȮ2,//ȮŐĽħĚėƞŅȮCompressive modulus ĕŀĚőĲĴıŀĸŇŏĴŀĶƢ

įĽĴĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĸĚŒĬőĲĴıŀĸŇŏĴŀĶƢįĽĴěŃĪņŒľƟőĲĴ 

ıŀĸŇŏĴŀĶƢįĽĴĴňŐĬĺőĬƟĴĕŀĚėƞŅȮCompressive modulusȮĪňŗĸħĸĚȮĞŉŗĚŏĮƦĬįĸĴŅěŅĔŏĴŊŗŀĴňĔŅĶŏĨŇĴ

ĬŘņĴńĬľŀĴĶŃŏľĵěŃĪņŒľƟőĲĴıŀĸŇŏĴŀĶƢįĽĴĴňĔŅĶŏĔŇħŏĞĸĸƢőĲĴŒĬĮĶŇĴŅĦĪňŗŏıŇŗĴĕŉŘĬȮħńĚĬńŘĬĽƞĺĬĕŀĚ 

ıŀĸŇŏĴŀĶƢŏĴĪĶŇĔĞƢľĶŊŀįĬńĚĕŀĚŏĞĸĸƢőĲĴĪňŗŒĝƟŒĬĔŅĶĶńĭŐĶĚěŃĸħĸĚȮőħĵĽŅĴŅĶĩĵŊĬĵńĬœħƟěŅĔįĸ

ĔŅĶĻŉĔļŅėĺŅĴľĬŅŐĬƞĬĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĴŊŗŀĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵěŃĪņŒľƟőĲĴ 

ıŀĸŇŏĴŀĶƢįĽĴĴňėĺŅĴľĬŅŐĬƞĬĪňŗĸħĸĚħńĚŐĽħĚŒĬĳŅıĪňŗȮ2,04ȮĶĺĴĩŉĚĬŘņĴńĬľŀĴĶŃŏľĵĪňŗŏĨŇĴĸĚœĮĬňŘ
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ěŃĪņŒľƟĝŇŘĬĚŅĬőĲĴıŀĸŇŏĴŀĶƢĪňŗŏĨĶňĵĴœħƟĴňėĺŅĴĬŇŗĴĴŅĔĕŉŘĬȮŏĴŊŗŀĴňŐĶĚĔħŀńħĴŅĔĶŃĪņĔńĬĝŇŘĬĚŅĬȮ

ĝŇŘĬĚŅĬěŉĚŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĶŌĮĶƞŅĚœħƟĚƞŅĵėƞŅȮCompressive modulusȮěŉĚĴňėƞŅĸħĸĚ 

 

ĳŅıĪňŗȮ2,05ȮŐĽħĚėƞŅĴŀħŌĸńĽĔŅĶĔħŀńħȮ(Compressive modulus) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ
ŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌŒĬŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

 

ĨŅĶŅĚĪňŗȮ2,//ȮŐĽħĚėƞŅĴŀħŌĸńĽĔŅĶĔħŀńħȮ(Compressive modulus) ĕŀĚőĲĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚ
ŏěĸŅĨŇĬŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĬŘņĴńĬľŀĴĶŃŏľĵĔŅĬıĸŌŒĬŀńĨĶŅĽƞĺĬĨƞŅĚŕ 

Sample Compressive modulus (MPa) 

.Ȯphr 0,2.±0.39a 
1 phr 2.1/±0.44a 

3 phr 1.26±0.15b 

5 phr 1.32±0.41b 

ľĴŅĵŏľĨŋȮ8ȮĨńĺŀńĔļĶĳŅļŅŀńĚĔķļľĸńĚĨńĺŏĸĕĪňŗŐĨĔĨƞŅĚĔńĬŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴň

ĬńĵĽņėńĠȮ&p<.,.3' 


