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ĭŇĺĪŇĸňĬ ŀŃħŇŏĮĨ-őė-ŏĪŏĶĲĪŅŏĸĨ 

ĬŅĵ ĔĶĺŇĝĠƢ ŏĔƟŅŀŋħĴ: ĔŅĶıńĥĬŅĲƕĸƢĴėĸŇĚĔƢěŅĔıĸŅĽĨŇĔĪňŗĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅı ŀŅěŅĶĵƢĪňŗ
ĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢľĸńĔ : ĶŀĚĻŅĽĨĶŅěŅĶĵƢ ħĶ. ĻŋĳĔŇě ĽŋĪīŇŏĶŊŀĚĺĚĻƢ 

 
ĲƕĸƢĴėĸŇĚĔƢľĶŊŀĲƕĸƢĴĵŊħľŋƟĴĪňŗŒĝƟŒĬĔŅĶıńĬıŅŏĸĪŒĬĔŅĶĕĬĽƞĚĽŇĬėƟŅĽƞĺĬŒľĠƞįĸŇĨĴŅěŅĔ linear 

low- density polyethylene (LLDPE) ľĶŊŀıŀĸŇŏŀīŇĸňĬĪňŗŏĮƦĬĝńŘĬ ĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗœĴƞĽŅĴŅĶĩŐĨĔĽĸŅĵ
œħƟĪŅĚĝňĺĳŅı őħĵŒĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴėĸŇĚĔƢĬńŘĬěŃĴňĔŅĶįƞŅĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħĲƕĸƢĴ ŏıŊŗŀŒľƟĲƕĸƢĴėĸŇĚĔƢĴň 
tensile strength ĪňŗĽŌĚĕŉŘĬ ŒĬĚŅĬĺŇěńĵĬňŘěŉĚĽĬŒěĪňŗěŃĬņŏŀŅıĸŅĽĨŇĔĪňŗĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅıĪňŗĴňĽĴĭńĨŇ
ŒĔĸƟŏėňĵĚĔńĭ LLDPE ĴŅŒĝƟĪħŐĪĬ ĬńŗĬėŊŀ Poly(butylene adipate-co-terephthalate), PBAT őħĵĴň
ĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĪņĔŅĶĻŉĔļŅŀŇĪīŇıĸĔŅĶŏĨŇĴ Biomax® strong ĪňŗĪņľĬƟŅĪňŗŏĮƦĬ cohesion additive ŐĸŃ
ĻŉĔļŅŀŇĪīŇıĸĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴėĸŇĚĔƢ PBAT ħƟĺĵĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭ batch ŐĸŃ 
continuous process ĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ PBAT őħĵŒĬ
ĚŅĬĺŇěńĵĬňŘěŃŒĝƟ Biomax® strong ŒĬĮĶŇĴŅĦ 3 ŐĸŃ 5 phr őħĵĪņĔŅĶįĽĴŒĬŏėĶŊŗŀĚ internal mixer ŐĸŃ
ĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵ compression molding ıĭĺƞŅ ĔŅĶŏĨŇĴ Biomax® strong ĸĚœĮŒĬ PBAT ĽƞĚįĸŒľƟ 
tensile strength ŐĸŃ elongation at break ĴňėƞŅĸħĸĚŏĸŖĔĬƟŀĵ ěŉĚĨƟŀĚĬņĲƕĸƢĴœĮĻŉĔļŅĨƞŀŒĬĕńŘĬĨŀĬ
ĩńħœĮŏıŊŗŀĮĶńĭĮĶŋĚėƞŅ tensile strength ħƟĺĵĔĶŃĭĺĬĔŅĶħŉĚĵŊħĲƕĸƢĴ őħĵĬņĲƕĸƢĴĪňŗĕŉŘĬĶŌĮŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚ
ħƟĺĵŏėĶŊŗŀĚ cast film extruder œĮįƞŅĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭ batch stretching process ħƟĺĵĔŅĶ
ħŉĚĵŊħ 1.5, 2 ŐĸŃ 2.5 ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬ ıĭĺƞŅėƞŅ tensile strength ĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬ ŐĨƞ 
elongation at break ĴňėƞŅĸħĸĚ ŏĴŊŗŀħŉĚĵŊħěņĬĺĬŏĪƞŅŏıŇŗĴĕŉŘĬ őħĵěņĬĺĬŏĪƞŅĪňŗŏľĴŅŃĽĴĬńŘĬěŃŀĵŌƞĪňŗĔŅĶħŉĚ
ĵŊħ 1.5 ŐĸŃ 2 ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬ őħĵėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ PBAT ĪňŗĴňĔŅĶŏĨŇĴ 
Biomax® strong ěŃĴňŏıŇŗĴĕŉŘĬěŅĔ 0.58 ŏĮƦĬ 2.75 ŐĸŃŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĲƕĸƢĴ PBAT, PBAT/B3 Őĸ 
PBAT/B5 ėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴĴňėƞŅŏıŇŗĴĕŉŘĬ ŐĸŃėĺŅĴĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴ PBAT, PBAT/B3 
ŐĸŃ PBAT/B5 ŏıŇŗĴĕŉŘĬŏĴŊŗŀħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅĔŅĶħŉĚĵŊħŏıŇŗĴĕŉŘĬ ŒĬĕńŘĬĨŀĬĽŋħĪƟŅĵěŉĚĬņŏŀŅĔŅĶħŉĚĵŊħ 1.5 
ŐĸŃ 2 ěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬ ĴŅĻŉĔļŅĨƞŀŒĬĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŐĸŃĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚŒĬ
ĶŃħńĭŀŋĨĽŅľĔĶĶĴ ıĭĺƞŅĲƕĸƢĴ PBAT/B3 ŐĸŃ PBAT/B5 ĴňėƞŅ tensile strength, elongation at break 
ŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬ ĪňŗŏľĴŅŃĽĴŏĴŊŗŀĪņĔŅĶħŉĚĵŊħŒĬĶŃĭĭ continuous stretching process 
Īňŗ 1.5 ŐĸŃ 2 ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬ ħńĚĬńŘĬĲƕĸƢĴ PBAT/B3 ŐĸŃ PBAT/B5 ĪňŗįƞŅĬĔŅĶħŉĚĵŊħĪňŗ 1.5 ŐĸŃ 2 
ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬŏľĴŅŃĽĴĔńĭĔŅĶĬņœĮŒĝƟĚŅĬŒĬĲƕĸƢĴėĸŇĚĔƢœħƟ 
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620920002 : Major (POLYMER SCIENCE AND ENGINEERING) 
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co-terephthalate 

MR. KORAWIT KAO-UDOM : DEVELOPMENT OF CLING FILM BASED ON 
COMPOSTABLE PLASTICS THESIS ADVISOR : ASSOCIATE PROFESSOR SUPAKIJ 
SUTTIRUENGWONG, Dr.-Ing. 

Most of cling films for wrapping pallets used in the transportation are made from non-
biodegradable plastic linear low-density polyethylene (LLDPE) or multilayered PE, which are non-
biodegradable. The cling film is processed via the stretching process to increase the tensile 
strength of cling film. This work focuses on the alternative compostable plastic poly(butylene 
adipate-co-terephthalate), PBAT to replace LLDPE cling film. Therefore, the objective of this 
research is to study the effect of Biomax® strong as cohesion adhesive on the film properties and 
the influence of the batch and continuous stretching process on mechanical properties of PBAT 
films and coefficient of friction between films surface. PBAT was mixed with Biomax® strong at 3 
and 5 phr via internal mixer and compressed into films by compression molding. Tensile strength 
and elongation at break of PBAT/B3 and PBAT/B5 were slightly decreased after addition of 
Biomax® strong. After that, to improve the tensile strength, the stretching process was performed. 
In this step, films were prepared via cast film extruder and stretched in the batch stretching 
process with 1.5, 2 and 2.5 times. When stretching ratios increased, tensile strength of PBAT, 
PBAT/B3 and PBAT/B5 increased but the elongation at break decreased. The optimal tensile 
strength and elongation at break of stretched PBAT, PBAT/B3 and PBAT/B5 films were obtained at 
stretching with 1.5 and 2 times. The coefficient of friction of unstretched PBAT was increased 
from 0.58 to 2.75 when adding Biomax® strong and the coefficient of friction of stretched PBAT, 
PBAT/B3 and PBAT/B5 increased with higher stretching ratios. The elasticity of films was increased 
with higher stretching ratios. Finally, the stretching ratios of 1.5 and 2 times were choose to study 
in the continuous stretching process in the industrial scale. The results showed that after 
continuous stretching process, tensile strength, elongation at break and coefficient of friction of 
PBAT/B3 and PBAT/B5 were in the requirement ranges at stretching with 1.5 and 2 times. From all 
the results, we can summarize that PBAT/B3 and PBAT/B5 stretched at 1.5 and 2 times can 
potentially be used as cling films. 
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ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
  

ĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘĽņŏĶŖěĸŋĸƞĺĚœĮœħƟħƟĺĵħňħƟĺĵėĺŅĴĝƞĺĵŏľĸŊŀěŅĔ ĶŀĚĻŅĽĨĶŅěŅĶĵƢ ħĶ.Ļŋĳ
ĔŇě ĽŋĪīŇŏĶŊŀĚĺĚĻƢ ŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢľĸńĔ ŐĸŃĶŀĚĻŅĽĨĶŅěŅĶĵƢ ħĶ.ĴĬńĽ ŐĞƞħƞŅĬ ŀŅěŅĶĵƢĪňŗ
ĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢĶƞĺĴ ĪńŘĚĔŅĶĽĬńĭĽĬŋĬĪŅĚħƟŅĬĺńĽħŋŀŋĮĔĶĦƢŒĬĔŅĶĪņĚŅĬĺŇěńĵ ėņĝňŘŐĬŃĽņľĶńĭĔŅĶ
ŐĔƟœĕĮƤĠľŅŐĸŃĔŅĶĺŇŏėĶŅŃľƢįĸĔŅĶĪħĽŀĭŒĬĚŅĬĺŇěńĵ ĨĸŀħěĬŐĔƟœĕĕƟŀĭĔıĶƞŀĚŐĸŃŐĬŃŐĬĺĪŅĚĔŅĶ
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ĭĪĪňŗȮ/ 

ĭĪĬņ 

1.1 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽņėńĠĕŀĚĮƤĠľŅ 

ĲƕĸƢĴėĸŇĚĔƢľĶŊŀĲƕĸƢĴĵŊħľŋƟĴĪňŗŒĝƟŒĬĔŅĶľƞŀĔĸƞŀĚıńĽħŋľĶŊŀĺńĨĩŋĪňŗŀĵŌƞĭĬıŅŏĸĪŒĬĔĶŃĭĺĬĔŅĶ

ĕĬĽƞĚĽŇĬėƟŅĽƞĺĬĴŅĔįĸŇĨĴŅěŅĔıŀĸŇŏŀĪŇĸňĬėĺŅĴľĬŅŐĬƞĬĨŗņŏĝŇĚŏĽƟĬȮľĶŊŀȮlinear low-density 

polyethylene (LLDPE) ĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗœĴƞĽŅĴŅĶĩŐĨĔĽĸŅĵĪŅĚĝňĺĳŅıœħƟȮőħĵĲƕĸƢĴėĸŇĚĔƢȮ

LLDPE ŒĬĪƟŀĚĨĸŅħıĭĺƞŅĴňėƞŅȮtensile strength ŀĵŌƞŒĬĝƞĺĚĮĶŃĴŅĦȮ13-2.ȮMPa ŐĸŃȮelongation 

at break ĴňėƞŅœĴƞĨŗņĔĺƞŅȮ03.% Y/-1[ȮőħĵŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĽĴĭńĨŇŏĝŇĚĔĸĪńŗĺœĮĕŀĚ LLDPE ıĭĺƞŅĴň

ėƞŅȮtensile strength ŐĸŃȮelongation at break ŏĪƞŅĔńĭȮ0.ȮMPa ŐĸŃȮ500% ĨŅĴĸņħńĭȮ[4]ȮĞŉŗĚ

ěŃŏľŖĬœħƟĺƞŅĲƕĸƢĴėĸŇĚĔƢȮLLDPE ĴňėƞŅȮtensile strength ĽŌĚĔĺƞŅ ŐĸŃȮelongation at break ĪňŗĨŗņĔĺƞŅȮ

ŐĽħĚĺƞŅĲƕĸƢĴėĸŇĚĔƢĬńŘĬœħƟĴňĔŅĶįƞŅĬĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĬńŗĬėŊŀȮĔĶŃĭĺĬĔŅĶħŉĚĵŊħĲƕĸƢĴȮ&stretching 

process) ĪņŒľƟĴňȮtensile strength ĕŀĚĲƕĸƢĴėĸŇĚĔƢȮLLDPE ħňĵŇŗĚĕŉŘĬȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶĕŅħĕŀĚĲƕĸƢĴĞŉŗĚ

ĪņŒľƟŏĔŇħĔŅĶĨĔľĸƞĬĕŀĚĔĸƞŀĚıńĽħŋľĶŊŀĺńĨĩŋĭĬıŅŏĸĪŐĸŃĪņŒľƟŏĔŇħėĺŅĴŏĽňĵľŅĵĕŀĚĽŇĬėƟŅŒĬĕĦŃ

ĕĬĽƞĚœħƟȮőħĵıĸŅĽĨŇĔĪňŗĽŅĴŅĶĩĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅıĪňŗĴňĽĴĭńĨŇŒĔĸƟŏėňĵĚĔńĭȮLLDPE ĔŖėŊŀȮ

poly(butylene adipate-co-terephthalate), PBAT ĞŉŗĚĴňėƞŅȮtensile strength ŐĸŃȮelongation 

at break ŏĪƞŅĔńĭȮ13ȮMPa ŐĸŃȮ34.% ĨŅĴĸņħńĭȮ[5] ŐĸŃĽĴĭńĨŇĪňŗĽņėńĠŀňĔŀĵƞŅĚľĬŉŗĚĕŀĚĲƕĸƢĴėĸŇĚĔƢ

ĔŖėŊŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŉħĨŇħįŇĺĶŃľĺƞŅĚįŇĺĲƕĸƢĴĔńĭįŇĺĲƕĸƢĴĪňŗħňȮŏĬŊŗŀĚěŅĔľĸńĚĪņĔŅĶľƞŀľŋƟĴľĶŊŀĶńħ

ĔĸƞŀĚıńĽħŋľĶŊŀĺńĨĩŋĪňŗěŃĪņĔŅĶĕĬĵƟŅĵŏĽĶŖěŏĶňĵĭĶƟŀĵěŃĨƟŀĚĴńŗĬŒěĺƞŅĲƕĸƢĴĪňŗĪņĔŅĶľƞŀľŋƟĴœĴƞŏĔŇħĔŅĶĸŊŗĬ

œĩĸľĶŊŀľĸŋħŀŀĔĕŀĚĲƕĸƢĴȮőħĵĔŅĶĵŉħĨŇħįŇĺĕŀĚĲƕĸƢĴŏĔŇħœħƟěŅĔȮ0ȮĽŅŏľĨŋľĸńĔȮėŊŀȮĔŅĶŏĨŇĴĽŅĶŏĨŇĴ

ŐĨƞĚĝĬŇħŏıŇŗĴĔŅĶĵŉħĨŇħȮ&cohesion additive) ŐĸŃĔŅĶŏĔŇħœĲĲƚŅĽĩŇĨȮőħĵŒĬĚŅĬĺŇěńĵĬňŘŒĝƟĺŇīňĔŅĶŏĸŊŀĔ

ĬņĽŅĶŏĨŇĴŐĨƞĚĝĬŇħŏıŇŗĴĔŅĶĵŉħĨŇħĴŅŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĔŅĶĵŉħĨŇħįŇĺĕŀĚĲƕĸƢĴĪňŗœħƟěŅĔıĸŅĽĨŇĔĪňŗ

ĽŅĴŅĶĩĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅıȮĞŉŗĚĨŇħĨŅĴœħƟěŅĔėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮŐĸŃĻŉĔļŅ

ŀŇĪīŇıĸĕŀĚĽŅĶŏıŇŗĴĔŅĶĵŉħĨŇħĪňŗĽƞĚįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮěŅĔĬńŘĬĪņĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĔĶŃĭĺĬĔŅĶ

ħŉĚĵŊħĲƕĸƢĴĪňŗĽƞĚįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴĪňŗœħƟěŅĔıĸŅĽĨŇĔĪňŗ

ĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅıȮŏıŊŗŀŒľƟœħƟŀńĨĶŅĮĶŇĴŅĦĔŅĶŏĨŇĴĽŅĶŏıŇŗĴĔŅĶĵŉħĨŇħŐĸŃŀńĨĶŅĽƞĺĬĔŅĶħŉĚĵŊħĪňŗ

ŏľĴŅŃĽĴĔńĭĔŅĶĬņœĮŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴėĸŇĚĔƢ 



  2 

1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 

1.2.1 ŏıŊŗŀĻŉĔļŅŀŇĪīŇıĸĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĝĬŇħŏıŇŗĴĔŅĶĵŉħĨŇħĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴ

ėĸŇĚĔƢĝĬŇħȮPoly(butylene adipate-co-terephthalate), PBAT 

1.2.2 ŏıŊŗŀĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚĝĬŇħŏıŇŗĴĔŅĶĵŉħĨŇħĪňŗĽƞĚįĸĨƞŀėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬ

ĕŀĚĲƕĸƢĴėĸŇĚĔƢĕŀĚ Poly(butylene adipate-co-terephthalate), PBAT 

1.2.3 ŏıŊŗŀĻŉĔļŅĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴėĸŇĚĔƢĕŀĚ Poly(butylene adipate-co-

terephthalate), PBAT ħƟĺĵĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch ŐĸŃȮcontinuous 

process 

1.3 ĕŀĭŏĕĨŐĸŃĕƟŀěņĔńħĕŀĚĚŅĬĺŇěńĵ 

1.3.1 ıńĥĬŅĽĴĭńĨŇŏĝŇĚĔĸŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴėĸŇĚĔƢ 

1.3.2 ĔŅĶŏĨĶňĵĴŏĴŖħıŀĸŇŏĴŀĶƢįĽĴŏıŊŗŀĬņœĮŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴėĸŇĚĔƢěŃŒĝƟŏėĶŊŗŀĚŀńħĶňħŐĭĭ

ĽĔĶŌėŌƞȮ&Co-rotating twin screw extruder) 

1.3.3 ĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴėĸŇĚĔƢĕŉŘĬĶŌĮħƟĺĵĺŇīňĔŅĶľĸƞŀŀńħĶňħȮ&Cast film extrusion) 

1.3.4 ĔĶŃĭĺĬĔŅĶħŉĚĵŊħĲƕĸƢĴȮ&Stretching process) 

1.3.5 Poly(butylene adipate-co-terephthalate) ĕŀĚȮecoflex® F blend C1200 

1.4 ŐįĬĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ 

/,2,/Ȯ ĶĺĭĶĺĴĕƟŀĴŌĸĪňŗĽņėńĠŐĸŃĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵ 

/,2,0Ȯ ŀŀĔŐĭĭŐĸŃĺŅĚŐįĬĔŅĶĽņľĶńĭĚŅĬĺŇěńĵ 

/,2,1Ȯ ŏĨĶňĵĴĽŅĶŏėĴňŐĸŃŀŋĮĔĶĦƢĪňŗŏĔňŗĵĺĔńĭĚŅĬĺŇěńĵ 

/,2,2Ȯ ħņŏĬŇĬĚŅĬĺŇěńĵŐĭƞĚŀŀĔŏĮƦĬȮ1ȮĨŀĬħńĚĬňŘ 

ĨŀĬĪňŗ /ȮȮĻŉĔļŅĔŅĶįĽĴŒĬĶŃĭĭȮbatch mixing processȮŐĸŃŀŇĪīŇıĸĕŀĚȮBiomax® 

strong ĨƞŀĽĴĭńĨŇŏĝŇĚĔĸ 

- ĻŉĔļŅėƞŅŐĶĚĭŇħŒĬŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮ(Torque) 

- ĻŉĔļŅľŅėƞŅħńĝĬňĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮ(MFI) 

- ĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢĲƕĸƢĴħƟĺĵŏĪėĬŇėȮScanning Electron 

Microscope (SEM) 
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- ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢĲƕĸƢĴħƟĺĵȮTensile test 

ĨŀĬĪňŗȮ0ȮĻŉĔļŅĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚȮŐĸŃŀŇĪīŇıĸĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬ

ĶŃĭĭȮbatch stretching process ĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬ

ĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

ĨŀĬĪňŗȮ1 ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT Īňŗ

ĴňĔŅĶŏĨŇĴȮBiomax® strongȮħƟĺĵĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŐĸŃħŉĚĵŊħĲƕĸƢĴħƟĺĵĶŃĭĭĨƞŀŏĬŊŗŀĚŒĬ

ĶŃħńĭŀŋĨĽŅľĔĶĶĴ 

/,2,3Ȯ ĺŇŏėĶŅŃľƢįĸĔŅĺŇěńĵ 

/,2,4Ȯ ĽĶŋĮįĸĔŅĶĺŇěńĵ 

1.4.7 ĶŅĵĚŅĬįĸĔŅĶĺŇěńĵ 

1.5 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

1.5.1 ĽŅĴŅĶĩŏĨĶňĵĴȮPBATȮĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮĪňŗŏľĴŅŃĽĴŒĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴėĸŇĚĔƢ 

1.5.2 ĲƕĸƢĴėĸŇĚĔƢĕŀĚȮPBAT ĪňŗĴňėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬŏľĴŅŃĽĴĽņľĶńĭĔŅĶĬņœĮŒĝƟŏĮƦĬ

ĲƕĸƢĴėĸŇĚĔƢľƞŀĕŀĚĪńŗĺœĮ 

1.5.3 ĽŅĴŅĶĩįĸŇĨĲƕĸƢĴėĸŇĚĔƢěŅĔıĸŅĽĨŇĔĪňŗĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅı 
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ĭĪĪňŗȮ0 

ĪķļġňŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

0,/ȮPoly(butylene adipate-co-terephthalate), PBAT 

 

ĶŌĮĪňŗȮ2.1ȮĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮPoly(butylene adipate-co-terephthalate), PBAT [6] 
 PBAT ĶŌƟěńĔĔńĬŏĮƦĬŀĵƞŅĚħňĺƞŅŏĮƦĬıĸŅĽĨŇĔĪňŗĽŅĴŅĶĩĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅıȮĞŉŗĚŏĮƦĬȮaliphatic-

aromatic co-polyester ĪňŗĽńĚŏėĶŅŃľƢœħƟěŅĔĮƕőĨĶŏĸňŗĵĴįƞŅĬĔĶŃĭĺĬĔŅĶıŀĸŇŏĴŀĶƢœĶŏĞĝńŗĬŐĭĭ

ėĺĭŐĬƞĬ őħĵȮPBAT ĮĶŃĔŀĭħƟĺĵȮ0ȮĽƞĺĬȮĬńŗĬėŊŀȮĽƞĺĬĕŀĚȮBTȮ&butylene terephthalate) ĪňŗĴň

ėĺŅĴŐĕŖĚȮŐĸŃĽƞĺĬĕŀĚȮBA (butylene adipate) ĪňŗĴňėĺŅĴĵŊħľĵŋƞĬ Y5[ȮőħĵȮPBAT ĽŅĴŅĶĩ

ĮĶńĭŏĮĸňŗĵĬĽĴĭńĨŇŏĝŇĚĔĸœħƟŀńĬŏĬŊŗŀĚĴŅěŅĔĮĶŃĔŀĭœĮħƟĺĵĽƞĺĬĪňŗŐĕŖĚŐĸŃĽƞĺĬĪňŗĵŊħľĵŋƞĬȮŏĝƞĬĩƟŅĽƞĺĬ

ĕŀĚȮBT ĴňĴŅĔĕŉŘĬĔŖěŃĪņŒľƟőėĶĚĽĶƟŅĚĕŀĚȮPBAT ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĽňĵĶŌĮŏıŇŗĴĕŉŘĬŐĨƞ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħěĬĕŅħĸħĸĚȮŒĬĪŅĚĔĸńĭĔńĬĩƟŅĽƞĺĬȮBA ĴŅĔěŃĪņŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħ

ěĬĕŅħĽŌĚĕŉŘĬŐĨƞėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĽňĵĶŌĮĸħĸĚȮőħĵĪńŗĺœĮĽĴĭńĨŇĕŀĚȮPBAT ĴňėĺŅĴ

ėĸƟŅĵėĸŉĚĔńĭȮLDPE ŏĝƞĬȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħěĬĝŇŘĬĚŅĬĕŅħĽŌĚȮėĺŅĴĨƟŅĬĪŅĬĔŅĶŏĽňĵĶŌĮĨŗņȮĴň

ėĺŅĴĵŊħľĵŋƞĬĽŌĚȮŐĸŃŀŊŗĬȮŕȮŏĮƦĬĨƟĬȮĪņŒľƟȮPBAT ěŉĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĬņĴŅŒĝƟĪħŐĪĬȮLDPE ŒĬĮƤěěŋĭńĬ

ĴŅĔĕŉŘĬ [8] 

 PBAT ĭĶŇļńĪȮBASF őħĵŒĝƟĝŊŗŀĪŅĚĔŅĶėƟŅĺƞŅȮŴCamdjcvŵȮĪŅĚĭĶŇļńĪœħƟĪħĽŀĭœĺƟĺƞŅȮPBAT 

ĽŅĴŅĶĩĽĸŅĵĨńĺœħƟȮ7.% ľĸńĚĪņĔŅĶĽĸŅĵĨńĺĪŅĚĝňĺĳŅıŏĮƦĬŏĺĸŅȮ6.ȮĺńĬȮĞŉŗĚĩŌĔĬŇĵĴĬņĴŅŒĝƟŒĬĲƕĸƢĴ

ĵŊħľŋƟĴŀŅľŅĶȮĩŋĚıĸŅĽĨŇĔĪňŗĽŅĴŅĶĩĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅıȮŐĸŃŒĝƟŏĮƦĬĽŅĶŏėĸŊŀĭįŇĺŒľƟĔńĭŐĔƟĺ

ĔĶŃħŅļŏıŊŗŀĮƚŀĚĔńĬĔŅĶħŌħĞńĭĬŘņĕŀĚĔĶŃħŅļȮŐĸŃĵńĚĬņŏŀŅȮPBAT ŏĮƦĬŀĚėƢĮĶŃĔŀĭŒĬĲƕĸƢĴĨƟŅĬ

ěŋĸŇĬĪĶňĵƢőħĵĲƕĸƢĴĨƟŅĬěŋĸŇĬĪĶňĵƢĬňŘœħƟıńĥĬŅĬņœĮŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢŀŅľŅĶȮŏıŊŗŀĵńĭĵńŘĚĔŅĶŏĨŇĭőĨĕŀĚ

ěŋĸŇĬĪĶňĵƢĝƞĺĵĵŊħŀŅĵŋŐĸŃŏĔŖĭĶńĔļŅŀŅľŅĶŒľƟœħƟĬŅĬĵŇŗĚĕŉŘĬ [9] ĽĴĭńĨŇĪńŗĺœĮĕŀĚȮEcoflex ŐĽħĚħńĚ

ĨŅĶŅĚĪňŗȮ2.1ȮŐĸŃȮĨŅĶŅĚĪňŗȮ2.2 
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ĨŅĶŅĚĪňŗȮ2.1 ĽĴĭńĨŇĪńŗĺœĮĕŀĚȮecoflex® F Blend C1200 [5] 

Property 
Unit 

 
Test Method 

ecoflex® 
F Blend C1200 

Mass density g / cm1 ISO 1183 1.25 - 1.27 
Melt flow rate 

MFR 190 °C, 2.16 kg 
g / 10 min ISO 1133 2.7 - 4.9 

Melt volume rate 
MVR 190 °C, 2.16 kg 

ml / 10 min ISO 1133 2.5 - 4.5 

Glass transition 
temperature 

°C DSC -30 

Melting point °C DSC 110 - 120 
Shore D hardness ů ISO 868 32 
Vicat VST A/50 °C ISO 306 91 

 
ĨŅĶŅĚĪňŗȮ2.2ȮĽĴĭńĨŇĪńŗĺœĮĕŀĚĲƕĸƢĴ ecoflex® F Blend C1200ȮėĺŅĴľĬŅȮ3.ȮœĴėĶŀĬȮĪňŗœħƟěŅĔĔŅĶ
ŏĮƙŅĕŉŘĬĶŌĮ [5] 

Property Unit Test Method 
ecoflex® 

F Blend C1200 
Transparency % ASTM D 1003 82 

TensileȮstrength N/mm² ISO 527 35/44 
UltimateȮstrength N/mm² ISO 527 36/45 

UltimateȮElongation % ISO 527 560/710 
Failure Energy 
(Dyna Test) 

J/mm ISO 53373 24 

ľĴŅĵŏľĨŋȮȮa/b ėŊŀȮĪŇĻĪŅĚĨŅĴŐĬĺĕĬŅĬĔńĭŏėĶŊŗŀĚȮ&machine direction, MD) -ȮĪŇĻĪŅĚŐĬĺĕĺŅĚ
ĔńĭŏėĶŊŗŀĚȮ&tranverse direction,TD) 
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0,0ȮĽŅĶŏĨŇĴŐĨƞĚıŀĸŇŏĴŀĶƢȮ&Polymer aditives) Y/., //[ 

 ĽŅĶŏĨŇĴŐĨƞĚıŀĸŇŏĴŀĶƢȮėŊŀȮĺńĽħŋľĶŊŀĽŅĶĪňŗŏĨŇĴĸĚœĮŏıŊŗŀŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢȮ

őħĵĽŅĶŏĨŇĴŐĨƞĚěŃœĴƞŏĕƟŅœĮŏĮĸňŗĵĬŐĮĸĚőėĶĚĽĶƟŅĚĽņėńĠȮŕȮĕŀĚıŀĸŇŏĴŀĶƢȮőħĵĪńŗĺœĮĽŅĶŏĨŇĴŐĨƞĚėĺĶ

ĴňĽĴĭńĨŇħńĚĬňŘȮ 

- ĪņľĬƟŅĪňŗœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 

- ĨƟŀĚŏĽĩňĵĶĳŅĵŒĨƟĽĳŅĺŃĕŀĚĔĶŃĭĺĬĔŅĶįĸŇĨĨƞŅĚȮŕ 

- ĨƟŀĚŏĽĩňĵĶĳŅĵŒĨƟĽĳŅĺŃĔŅĶŒĝƟĚŅĬ 

- ĨƟŀĚœĴƞŏĔŇħĔŅĶĨĔĽňȮ(bleeding) ŐĸŃȮblooming 

- ĨƟŀĚœĴƞŏĮƦĬıŇļŐĸŃœĴƞĪņŒľƟŏĔŇħĶĽľĶŊŀĔĸŇŗĬ, ĨƟŀĚĴňĶŅėŅĩŌĔȮ 

- ĨƟŀĚœĴƞĪņŒľƟĽĴĭńĨŇıŀĸŇŏĴŀĶƢŏĽňĵœĮȮ 

ĽŅĶŏĨŇĴŐĨƞĚĪňŗĴńĔĩŌĔŏĸŊŀĔŒĝƟŒĬıŀĸŇŏĴŀĶƢȮŏĝƞĬȮıĸŅĽĨŇœĞŏĞŀĶƢȮ&plasticizer), ĽŅĶĨńĺŏĨŇĴȮ

&filler), ĽŅĶŏĨŇĴŐĨƞĚŏıŊŗŀŏĽĶŇĴŐĶĚȮ&reinforcement additives), ĽŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĪňŗıŊŘĬįŇĺȮ

&surface properties modifiers) ŐĸŃĽŅĶėĚĽĳŅıĪŅĚėĺŅĴĶƟŀĬȮ(heat stabilizers) ŏĮƦĬĨƟĬȮŒĬ

ĚŅĬĺŇěńĵĬňŘěŃŏĬƟĬœĮĪŅĚĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĪňŗıŊŘĬįŇĺĕŀĚıŀĸŇŏĴŀĶƢȮĞŉŗĚĽŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĪňŗıŊŘĬįŇĺĬńŘĬĴň

ľĸŅĵĺńĨĩŋĮĶŃĽĚėƢĪńŘĚĔŅĶŏıŇŗĴŐĶĚŏĽňĵħĪŅĬȮĔŅĶĸħŐĶĚŏĽňĵħĪŅĬȮľĶŊŀěŃŏĮƦĬĔŅĶŏıŇŗĴĮĶŃěŋœĲĲƚŅ

ŒľƟĔńĭıŀĸŇŏĴŀĶƢȮŏĮƦĬĨƟĬ 

2.3 ȮŐĶĚŏĽňĵħĪŅĬȮ&Friction)ȮŐĸŃĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬȮ&Coefficient of friction, COF) 

ŐĶĚŏĽňĵħĪŅĬȮėŊŀȮŐĶĚĨƟŅĬĔŅĶŏėĸŊŗŀĬĪňŗĭĬįŇĺĽńĴįńĽĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚĺńĨĩŋȮľĶŊŀŐĶĚĪňŗĨƟŅĬĪŅĬ

ĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĺńĨĩŋœĮĭĬıŊŘĬįŇĺĽńĴįńĽȮőħĵŐĶĚŏĽňĵħĪŅĬĽŅĴŅĶĩŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĮĶŃŏĳĪȮėŊŀ 1. 

Dynamic or sliding friction force ėŊŀȮŐĶĚŏĽňĵħĪŅĬĪňŗŏĔŇħŏĴŊŗŀĺńĨĩŋĴňĔŅĶŏėĸŊŗŀĬĪňŗȮĞŉŗĚŐĶĚŏĽňĵħĪŅĬ

ĮĶŃŏĳĪĬňŘěŃĪņŒľƟĺńĨĩŋŏėĸŊŗŀĬĪňŗĝƟŅĸĚȮěĬŀŅěĪņŒľƟĺńĨĩŋľĵŋħĬŇŗĚ ŐĸŃȮ0,ȮStatic friction ėŊŀȮŐĶĚŏĽňĵħ

ĪŅĬĪňŗĨƟŅĬĪŅĬĺńĨĩŋĔƞŀĬŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗȮ[12] 

őħĵĨńĺŐĮĶĪňŗĴňįĸĨƞŀĕĬŅħŐĸŃĪŇĻĪŅĚĕŀĚŐĶĚŏĽňĵħĪŅĬȮĴňŀĵŌƞȮ1ȮĨńĺŐĮĶȮħńĚĬňŘ 

1. ĕĬŅħĕŀĚŐĶĚŏĽňĵħĪŅĬĕŉŘĬŀĵŌƞĔńĭĮĶŃŏĳĪĕŀĚıŊŘĬįŇĺĪňŗĽńĴįńĽȮ&ŏĝƞĬȮœĴƟĽńĴįńĽĔńĭŏľĸŖĔ

ĕńħŏĚŅěŃŏėĸŊŗŀĬĪňŗœħƟĚƞŅĵĔĺƞŅįŇĺĕŀĚėŀĬĔĶňĨĪňŗĕĶŋĕĶŃ' 
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2. ĕĬŅħĕŀĚŐĶĚŏĽňĵħĪŅĬĕŉŘĬŀĵŌƞĔńĭĕĬŅħĕŀĚŐĶĚĪňŗĪņĨńŘĚĜŅĔĔńĭıŊŘĬįŇĺĽńĴįńĽȮĞŉŗĚŐĶĚĬňŘ

ŏĶňĵĔĺƞŅȮnormal force ħńĚĬńŘĬĩƟŅĬŘņľĬńĔĕŀĚĺńĨĩŋŏıŇŗĴĕŉŘĬȮ0ȮŏĪƞŅȮĪņŒľƟŐĶĚŏĽňĵħĪŅĬĴňėƞŅŏıŇŗĴĕŉŘĬȮ0Ȯ

ŏĪƞŅŏĴŊŗŀŏėĸŊŗŀĬĪňŗĭĬıŊŘĬįŇĺŏħňĵĺĔńĬ 

3. ĪŇĻĪŅĚĕŀĚŐĶĚŏĽňĵħĪŅĬěŃĴňĪŇĻĨĶĚĕƟŅĴĔńĭĔŅĶŏėĸŊŗŀĬĪňŗŏĽĴŀ 

 

ĶŌĮĪňŗȮ2.0ȮŐĶĚŏĽňĵħĪŅĬĪňŗŏĔŇħĕŉŘĬŏĴŊŗŀĺńĨĩŋŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗ [12] 
 

 ėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬȮ(Coefficient of friction, COF) ėŊŀȮĔŅĶĺńħĮĶŇĴŅĦĕŀĚŐĶĚ

ŏĽňĵħĪŅĬĪňŗĴňŀĵŌƞĶŃľĺƞŅĚıŊŘĬįŇĺĽŀĚıŊŘĬįŇĺȮĞŉŗĚĕŉŘĬĔńĭĸńĔļĦŃĕŀĚıŊŘĬįŇĺĪňŗĪņĔŅĶĽńĴįńĽ ŏĬŊŗŀĚěŅĔĺńĽħŋŐĨƞ

ĸŃĝĬŇħĴňĸńĔļĦŃıŊŘĬįŇĺĪňŗŐĨĔĨƞŅĚĔńĬĪņŒľƟėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬŒĬŐĨƞĸŃėŌƞŐĨĔĨƞŅĚĔńĬȮŏĝƞĬȮėƞŅ

ĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĶŃľĺƞŅĚĵŅĚĶŀĚĕŅŏĔƟŅŀňŘĔńĭıŊŘĬėŀĬĔĶňĨĴňėƞŅŏĪƞŅĔńĭȮ/,.ȮŒĬĕĦŃĪňŗėƞŅ

ĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĶŃľĺƞŅĚĵŅĚĶŀĚĕŅŏĔƟŅŀňŘĔńĭıŊŘĬĔĶŃŏĭŊŘŀĚĴňėƞŅŏĪƞŅĔńĭȮ/,4ȮőħĵėƞŅĽńĴĮĶŃĽŇĪīŇś

ŐĶĚŏĽňĵħĪŅĬėņĬĺĦœħƟěŅĔĽĴĔŅĶĪňŗȮ0,/ 

Ȯ˃;Ȯ
dpgargml_jȮdmpac*Ȯ&d'
lmpk_jȮdmpac*Ȯ&L'   ĽĴĔŅĶĪňŗȮ2.1 

  

 

 

 

 

 

 



  8 

ĨŅĶŅĚĪňŗȮ2.3 ĨńĺŀĵƞŅĚėƞŅ Coefficient of static friction ŐĸŃ Coefficient of kinetic friction 
Y/1[ 

Material (dry 
surfaces) 

Coefficient of 
Static Friction 

Coefficient of 
Kinetic Friction 

Steel on Steel 0.74 0.57 

Rubber on 
Concrete 

1.0 ů 4.0 0.6 - 0.85 

Rubber on Asphalt 1.0 ů 3.5 0.5 - 0.8 

Aluminium on 
Steel 

0.61 0.47 

Copper on Steel 0.53 0.36 

Wood on Wood 0.25 ů 0.5 0.2 

Glass on Glass 0.94 0.4 

Teflon on Teflon 0.04 0.04 

Cast Iron on Cast 
Iron 

1.1 0.15 

 

őħĵŒĬĚŅĬĺŇěńĵĬňŘľŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴħƟĺĵĺŇīňȮSliding angle ħńĚŐĽħĚŒĬ

ĶŌĮĪňŗȮ2.3ȮőħĵĬņĺńĨĩŋĺŅĚĪňŗģŅĬĮĶńĭĴŋĴŐĸƟĺĪņĔŅĶĕĵńĭŐįƞĬȮplate ĕŉŘĬĪņĴŋĴĔńĭŐĬĺĶŃĬŅĭěĬĔĶŃĪńŗĚ

ĺńĨĩŋŏĔŇħĔŅĶœĩĸȮŐĸƟĺĬņĴŋĴĪňŗœħƟœĮėņĬĺĦľŅėƞŅȮCoefficient of friction ħńĚĽĴĔŅĶĪňŗȮ0,0ȮY/2, /3[Ȯ 

               ˃Ȯ;Ȯ
qglʻ

amq;̒Ȯr_l ̒             ĽĴĔŅĶĪňŗȮ2.2 

 

µ ėŊŀȮėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬȮ&Coefficient of friction) 
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ĶŌĮĪňŗȮ2.3 ĔŅĶĪħĽŀĭȮSliding angle [14] 
 

0,2ȮĲƕĸƢĴĵŊħȮ&Stretch film or stretch cling film) 

Stretch film ľĶŊŀȮĲƕĸƢĴĵŊħȮŏĮƦĬĲƕĸƢĴıĸŅĽĨŇĔĝĬŇħľĬŉŗĚŒĬĔĸŋƞĴȮThermo plastic ĴňĽĴĭńĨŇ

ŏĜıŅŃĪňŗĽņėńĠȮėŊŀȮŏľĬňĵĺȮŒĽȮĵŊħľĵŋƞĬĽŌĚȮŐĸŃĽŅĴŅĶĩŏĔŅŃĨŇħĔńĬœħƟŏŀĚőħĵœĴƞĨƟŀĚŒĝƟėĺŅĴĶƟŀĬȮ

ıĸŅĽĨŇĔĪňŗĬņĴŅįĸŇĨĲƕĸƢĴĵŊħĴňľĸŅĵĝĬŇħŐĵĔœĮĨŅĴĔŅĶŒĝƟĚŅĬȮŏĝƞĬȮPVC, PP, LLDPE ŐĸŃȮLDPE ŒĬ

ĔŅĶįĸŇĨĨƟŀĚĴňĔŅĶŏĨŇĴĽŅĶŀŊŗĬȮŕȮŏĬŊŗŀĚěŅĔŏĬŊŘŀĲƕĸƢĴĵŊħĽŅĴŅĶĩŏĔŅŃĨŇħĔńĬœħƟŏŀĚěŅĔĔŅĶŏıŇŗĴĽŅĶ

ŏĔŅŃĨŇħŏĕƟŅœĮĪņŒľƟĔŅĶŒĝƟĚŅĬœħƟĚƞŅĵŒĬĔŅĶŒĝƟľƞŀĶńħĽŇĬėƟŅȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶŏĨŇĴĽŅĶĨƟŅĬĶńĚĽňĵŌĺňŒĬ

ŐĽĚŐħħŏıŊŗŀŒľƟĲƕĸƢĴĪĬĪŅĬĨƞŀĔŅĶŒĝƟŒĬĪňŗőĸƞĚŐěƟĚŏıŊŗŀŒľƟĲƕĸƢĴŏĽŊŗŀĴĽĳŅıĝƟŅĸĚŏĴŊŗŀőħĬŐĽĚŐħħȮĽƞĺĬ

ŒľĠƞŒĬŀŋĨĽŅľĔĶĶĴĕĬĽƞĚĴńĔĶŌƟěŃĶŌƟěńĔĔńĬŒĬĝŊŗŀȮŴĲƕĸƢĴĵŊħıńĬıŅŏĸĪŵĭŅĚėĶńŘĚĔŖŏĶňĵĔĺƞŅȮŴQrpcrafȮ

ajgleȮdgjkŵȮĴńĔĬŇĵĴŒĝƟŒĬĚŅĬĭĶĶěŋľňĭľƞŀĽŇĬėƟŅŏĮƦĬŀĵƞŅĚĴŅĔȮŏĴŊŗŀħŉĚĲƕĸƢĴŀŀĔŒľƟĨŉĚěŃĴŀĚŏľŖĬĴň

ĸńĔļĦŃėĸƟŅĵĴňĔŅĺĭŅĚŀĵŌƞħƟŅĬŒĬȮĪņŒľƟĵŉħĨŇħœħƟħňȮőħĵŏĜıŅŃĚŅĬĶńħıńĬıŅŏĸĪĽŇĬėƟŅȮŏıŊŗŀĔńĬĽŇĬėƟŅ

ĨĔŏĬŊŗŀĚěŅĔŏĬŊŘŀĲƕĸƢĴĴňėĺŅĴŏľĬňĵĺȮěŉĚĔńĬĽŇĬėƟŅĨĔœħƟħňȮŏĴŖħıĸŅĽĨŇĔĴŅŒĝƟįĸŇĨȮstretch film 

ĽƞĺĬĴŅĔįĸŇĨĴŅěŅĔȮLLDPE ŏĮƦĬıĸŅĽĨŇĔĔĸŋƞĴľĬŉŗĚĕŀĚȮPE ĪĬĨƞŀŐĶĚħŉĚȮĽŅĴŅĶĩĵŊħœħƟĴŅĔĩŉĚȮ250 

%  ĲƕĸƢĴĵŊħŒĬĨĸŅħĴňŀĵŌƞĴŅĔĴŅĵľĸŅĵŐĭĭŐĸƟĺŐĨƞŀŋĨĽŅľĔĶĶĴĪňŗŏĸŊŀĔŒĝƟ ŏĴŊŗŀĪņĔŅĶŐĭƞĚĮĶŃŏĳĪ

ĕŀĚĲƕĸƢĴĵŊħĨŅĴŀŋĨĽŅľĔĶĶĴĽŅĴŅĶĩŐĭƞĚœħƟȮ0ȮŐĭĭȮėŊŀȮY/4[ 

/,ȮĲƕĸƢĴĵŊħľŋƟĴĽņľĶńĭŀŅľŅĶȮĽƞĺĬŒľĠƞŏĮƦĬĲƕĸƢĴĵŊħĪňŗįĸŇĨĴŅěŅĔȮPVC ŐĸŃȮLDPE ŏĬŊŗŀĚěŅĔ

ĨƟŀĚĽńĴįńĽĔńĭŀŅľŅĶŏıŊŗŀĔŅĶĭĶŇőĳėŏĬŊŘŀĲƕĸƢĴěŃŒĽœĴƞŏľĬňĵĺĴŅĔĬńĔȮ 

0,ȮĲƕĸƢĴĵŊħľŋƟĴĽņľĶńĭĔŅĶĕĬĽƞĚȮĽƞĺĬŒľĠƞĴńĔŏĮƦĬĲƕĸƢĴĵŊħĪňŗįĸŇĨĴŅěŅĔȮLLDPE ĴńĔŏĶňĵĔĔńĬĺƞŅȮ

ĲƕĸƢĴĵŊħıńĬıŅŏĸĪȮŏĬŊŗŀĚěŅĔŒĝƟĚŅĬĚƞŅĵȮŐĕŖĚŐĶĚȮőħĵĔŅĶįĸŇĨĴňľĸŅĵŐĭĭħƟĺĵĔńĬȮŏĝƞĬȮŐĭĭĴƟĺĬĕĬŅħ

ŏĸŖĔľĶŊŀȮHybrid film ĴňľĬƟŅĔĺƟŅĚŏĸŖĔȮ/-3ȮĬŇŘĺȮŐĭĭŒĝƟĴŊŀħŉĚľĶŊŀȮHand roll ŐĭĭĬňŘŏĮƦĬĪňŗĬŇĵĴŒĝƟĔńĬ
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ŀĵƞŅĚŐıĶƞľĸŅĵȮĴňėĺŅĴľĬŅĨńŘĚŐĨƞȮ/0-1.ȮœĴėĶŀĬȮľĬƟŅĔĺƟŅĚĮĶŃĴŅĦȮ3.ȮŏĞĬĨŇŏĴĨĶȮŐĸŃŀňĔŐĭĭ

ŏĮƦĬĝĬŇħŒĝƟŏėĶŊŗŀĚěńĔĶŒĬĔŅĶıńĬĲƕĸƢĴ 

ĔŅĶŏĸŊŀĔŒĝƟĲƕĸƢĴĵŊħĕŉŘĬŀĵŌƞĔńĭĸńĔļĦŃĔŅĶŒĝƟĚŅĬĺƞŅĨƟŀĚĔŅĶŒĝƟŒĬĶŌĮŐĭĭœľĬȮőħĵėņĬŉĚĩŉĚ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŊħĨńĺȮėĺŅĴĪĬĪŅĬĨƞŀŐĶĚħŉĚȮėĺŅĴĵŊħľĵŋƞĬȮĽƞĺĬĕĬŅħĴňŒľƟŏĸŊŀĔĴŅĔĴŅĵĕŉŘĬŀĵŌƞ

ĔńĭėĺŅĴĨƟŀĚĔŅĶŒĬĔŅĶŒĝƟĚŅĬȮĞŉŗĚŒĬĚŅĬĺŇěńĵĬňŘěŃĴŋƞĚŏĬƟĬœĮĪňŗĲƕĸƢĴĵŊħıńĬıŅŏĸĪŐĭĭŒĝƟĴŊŀħŉĚŏĬŊŗŀĚěŅĔ

ŏĮƦĬĪňŗĬŇĵĴŒĝƟĔńĬŀĵƞŅĚŐıĶƞľĸŅĵ 

0,3ȮĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴĵŊħ [17-19] 

ĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴĵŊħŐĭƞĚŀŀĔœħƟŏĮƦĬȮ0ȮĺŇīňȮėŊŀ 

2.5.1 Blown stretch film ľĶŊŀȮvertical process ěŃĪņĔŅĶĕŉŘĬĲƕĸƢĴħƟĺĵĔĶŃĭĺĬĔŅĶȮ

Blown film extrusion őħĵŏĮƙŅıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺįƞŅĬľńĺħŅĵĺĚĔĸĴȮ&circular die)ȮĪňŗĴňĪƞŀĸĴŀĵŌƞ

ĨĶĚĔĸŅĚȮŏıŊŗŀŏĮƙŅŒľƟıŀĸŇŏĴŀĶƢľĸŀĴŏĮƦĬȮbubble őħĵėĺŅĴĔĺƟŅĚŐĸŃėĺŅĴľĬŅĕŀĚȮbubble ěŃ

ĕŉŘĬŀĵŌƞĔńĭĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚľńĺħŅĵĺĚĔĸĴȮŐĸŃĮĶŇĴŅĨĶĕŀĚĸĴĳŅĵŒĬȮbubble ĪňŗŏĮƙŅŏĕƟŅœĮȮ

őħĵȮbubble ěŃėƞŀĵȮŕȮŏĵŖĬĨńĺŒĬĕĦŃĪňŗĩŌĔĸņŏĸňĵĚĕŉŘĬœĮħƟŅĬĭĬĽŋħĕŀĚŏėĶŊŗŀĚȮěĬĩŉĚĸŌĔĔĸŇŘĚħŉĚȮ&nip 

roll) ŐĸŃȮbubble ěŃĩŌĔĶňħĸĴŐĸŃĩŌĔħŉĚĸĚĴŅĪňŗȮwinding stations ŏıŊŗŀĪņĔŅĶĔĶňħĲƕĸƢĴŒľƟœħƟŏĮƦĬ

ŐįƞĬĲƕĸƢĴȮ&flat film) ŐĸƟĺĪņĔŅĶĴƟĺĬŏĔŖĭȮőħĵīĶĶĴĝŅĨŇįĸŇĨĳńĦĤƢĪňŗœħƟěŃĩŌĔȮpre-stretched ěŅĔ

ĔŅĶőħĬȮnip roll ħŉĚĕŉŘĬœĮĪŅĚħƟŅĬĭĬĕŀĚĨńĺŏėĶŊŗŀĚŐĸŃĩŌĔħŉĚĸĚĴŅĪňŗȮwinding stations ĪņŒľƟĲƕĸƢĴĴň

ĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňĕŉŘĬ őħĵŒĬĮƤěěŋĭńĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴĵŊħħƟĺĵĺŇīňȮblown stretch film ŀĵŌƞĮĶŃĴŅĦȮ0.-

1.%  

2.5.2 Cast stretch film ľĶŊŀȮHorizontal process ĪņĔŅĶĕŉŘĬĲƕĸƢĴħƟĺĵȮcast film 

extrusion őħĵĪņĔŅĶľĸŀĴıŀĸŇŏĴŀĶƢœľĸŀŀĔĴŅįƞŅĬȮflat die ŏĴŊŗŀıŀĸŇŏĴŀĶƢľĸŀĴœľĸįƞŅĬŀŀĔĴŅ

ěŅĔȮflat die ěŃœľĸŀŀĔĴŅĵńĚĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬĪņŒľƟıŀĸŇŏĴŀĶƢľĸŀĴŏĵŖĬĨńĺĸĚŀĵƞŅĚĶĺħŏĶŖĺŐĸŃ

ŐĕŖĚĨńĺŀŀĔĴŅŏĮƦĬĲƕĸƢĴ őħĵĔŅĶħŉĚĵŊħŐĸŃėĺŅĴľĬŅĲƕĸƢĴĽŅĴŅĶĩėĺĭėŋĴœħƟħƟĺĵėĺŅĴŏĶŖĺĕŀĚĸŌĔĔĸŇŘĚ

ĴƟĺĬŏĔŖĭŒľƟŏĶŖĺėĺŅĴŏĶŖĺŒĬĔŅĶȮextruded ıŀĸŇŏĴŀĶƢľĸŀĴŀŀĔĴŅȮőħĵŒĬĮƤěěŋĭńĬĬŇĵĴĕŉŘĬĶŌĮĲƕĸƢĴĵŊħ

ħƟĺĵĺŇīňȮcast stretch film ĩŉĚȮ5.-6.%  

őħĵĕƟŀħňŐĸŃĕƟŀŏĽňĵĕŀĚĲƕĸƢĴĵŊħěŅĔĔĶŃĭĺĬĔŅĶȮblown stretch film ŐĸŃȮcast stretch 

filmȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2.2 
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ĨŅĶŅĚĪňŗȮ2.2ȮĕƟŀħňŐĸŃĕƟŀŏĽňĵĕŀĚĲƕĸƢĴĵŊħěŅĔ blown stretch film ŐĸŃȮcast stretch filmȮY/5-
/7[ 
ĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮ ĕƟŀħň ĕƟŀŏĽňĵ 

Blown stretch film ĨƟŅĬĔŅĶŏěŅŃĽŌĚ ĲƕĸƢĴĪňŗœħƟĴňėĺŅĴĕŋƞĬ 
ĪĬĨƞŀŐĶĚĕńħĩŌœħƟħň ĴňŏĽňĵĚħńĚŏĴŊŗŀėĸňŗĲƕĸƢĴŀŀĔěŅĔ

ĴƟĺĬ 
ĶńĭŐĶĚœħƟĽŌĚ ĲƕĸƢĴĕŅħĚƞŅĵŏĴŊŗŀħŉĚħƟĺĵ

ėĺŅĴŏĶŖĺĽŌĚ 
Cast stretch film ĲƕĸƢĴĪňŗœħƟĴňėĺŅĴŒĽ ĪĬĨƞŀĔŅĶŏěŅŃĨŗņ 

ėĺĭėŋĴėĺŅĴľĬŅœħƟĽĴŗņŏĽĴŀ  
ĪĬĨƞŀĔŅĶĜňĔĕŅħœħƟħň  
ŏĽňĵĚŏĭŅŏĴŊŗŀėĸňŗĲƕĸƢĴŀŀĔěŅĔ
ĴƟĺĬ 

 

 

0,4ȮĴŅĨĶģŅĬĲƕĸƢĴĵŊħľŋƟĴĽņľĶńĭľƞŀŀŅľŅĶŐĸŃĲƕĸƢĴĵŊħıńĬıŅŏĸĪ 

0,4,/ ĴŅĨĶģŅĬĲƕĸƢĴĵŊħľŋƟĴĽņľĶńĭľƞŀŀŅľŅĶ Y0.[ 

ĴŀĔȮ//14-0337ȮėŊŀȮĴŅĨĶŅģŅĬŀŋĨĽŅľĔĶĶĴĲƕĸƢĴĵŊħľŋƟĴľƞŀŀŅľŅĶȮőħĵĴňĕŀĭĕƞŅĵŐĸŃ

ĶŅĵĸŃŏŀňĵħĽņėńĠȮŕȮħńĚĬňŘ 

 ĕŀĭĕƞŅĵĕŀĚȮĴŀĔȮ//14-0314ȮĔņľĬħȮĝĬŇħȮĕĬŅħŐĸŃŏĔĦĤƢėĺŅĴėĸŅħŏėĸŊŗŀĬȮĺńĽħŋȮ

ĸńĔļĦŃĪňŗĨƟŀĚĔŅĶȮĔŅĶĭĶĶěŋȮŏėĶŊŗŀĚľĴŅĵŐĸŃĜĸŅĔȮĔŅĶĝńĔĨńĺŀĵƞŅĚŐĸŃŏĔĦĤƢĨńħĽŇĬȮŐĸŃĔŅĶ

ĪħĽŀĭĲƕĸƢĴĵŊħľŋƟĴľƞŀŀŅľŅĶȮĞŉŗĚĴŅĨĶģŅĬĬňŘėĶŀĭėĸŋĴŏĜıŅŃĲƕĸƢĴĵŊħľŋƟĴľƞŀŀŅľŅĶĪňŗĪņħƟĺĵıŀĸŇœĺĬŇĸ

ėĸŀœĶħƢȮıŀĸŇœĺĬŇĸŇħňĬėĸŀœĶħƢŐĸŃıŀĸŇŏŀĪŇĸňĬȮŐĭĭŒĝƟĴŊŀħŉĚŐĨƞœĴƞĶĺĴĩŉĚĲƕĸƢĴĵŊħľŋƟĴľƞŀŀŅľŅĶĪňŗŒĝƟ

ĔńĭŏėĶŊŗŀĚěńĔĶŀńĨőĬĴńĨŇȮŏĬŊŗŀĚěŅĔĔŅĶĻŉĔļŅŒĬĚŅĬĺŇěńĵŏĮƦĬĔŅĶįĸŇĨĲƕĸƢĴĵŊħľŋƟĴĴňģŅĬěŅĔȮPBAT ĞŉŗĚĴň

ĽĴĭńĨŇėĸƟŅĵĔńĭıŀĸŇŏŀĪŇĸňĬėĺŅĴľĬŅŐĬƞĬĨŗņěŉĚŀŅěŒĝƟĴŅĨĶģŅĬĬňŘŒĬĔŅĶŏĪňĵĭŏėňĵĚœħƟ 

 ĬŇĵŅĴĕŀĚĲƕĸƢĴĵŊħľƞŀŀŅľŅĶȮľĴŅĵĩŉĚȮŐįƞĬıĸŅĽĨŇĔľĬŅœĴƞŏĔŇĬȮ03ȮœĴőėĶŏĴĨĶȮĪňŗĽŅĴŅĶĩĵŊħ

ŐĸŃĶńħĽŇŗĚĪňŗĨƟŀĚĔŅĶľŋƟĴľƞŀȮŐĸŃŏĔŅŃĨŇħĔńĬŏŀĚœħƟȮŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĮĶŃŏĳĪȮėŊŀȮŒĝƟĽņľĶńĭľŋƟĴľƞŀ

ŀŅľŅĶĪńŗĺœĮȮŐĸŃĽņľĶńĭŀŋƞĬŀŅľŅĶŒĬœĴőėĶŏĺĲȮėĺŅĴĔĺƟŅĚĕŀĚĲƕĸƢĴĨƟŀĚĶŃĭŋœĺƟĪňŗĜĸŅĔőħĵŐĭƞĚŏĮƦĬȮ
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ėĺŅĴĔĺƟŅĚœĴƞŏĔŇĬȮ1..ȮĴŇĸĸŇŏĴĨĶȮŏĔĦĤƢėĺŅĴėĸŅħŏėĸŊŗŀĬȮ±ȮĶƟŀĵĸŃȮ2ȮŐĸŃėĺŅĴĔĺƟŅĚŏĔŇĬȮ1..Ȯ

ĴŇĸĸŇŏĴĨĶȮŏĔĦĤƢėĺŅĴėĸŅħŏėĸŊŗŀĬĶƟŀĵĸŃȮ3ȮėĺŅĴĵŅĺŐĸŃėĺŅĴľĬŅĕŀĚĲƕĸƢĴĵŊħĨƟŀĚœĴƞĬƟŀĵĔĺƞŅėƞŅĪňŗ

ĶŃĭŋœĺƟĪňŗĜĸŅĔȮőħĵėĺŅĴľĬŅĕŀĚĲƕĸƢĴĨƟŀĚĴňŏĔĦĤƢėĺŅĴŏėĸŊŗŀĬœħƟœĴƞŏĔŇĬȮ±Ȯ/ȮœĴőėĶŏĴĨĶȮőħĵĝĬŇħ

ıĸŅĽĨŇĔĪňŗŒĝƟĪņĲƕĸƢĴĵŊħĨƟŀĚŏĮƦĬœĮĨŅĴĪňŗĶŃĭŋœĺƟĪňŗĜĸŅĔŐĸŃĨƟŀĚįƞŅĬĔŅĶĺŇŏėĶŅŃľƢįĸŇĨĳńĦĤƢıĸŅĽĨŇĔ

ĪňŗŒĝƟĔńĭŀŅľŅĶĨŅĴĴŅĨĶģŅĬŏĸĕĪňŗȮĴŀĔ,Ȯ434ȮĩƟŅĴňĔŅĶŏĨŇĴĽňľĶŊŀĽŅĶŏĨŇĴŐĨƞĚĨƞŅĚȮŕȮěŃĨƟŀĚŏĮƦĬĽŇĬėƟŅ

ĪňŗĽŅĴŅĶĩĽńĴįńĽŀŅľŅĶœħƟȮĸńĔļĦŃĪńŗĺœĮĕŀĚĲƕĸƢĴĵŊħěŃĨƟŀĚĵŊħľĵŋƞĬŏĸŖĔĬƟŀĵȮĽŅĴŅĶĩŏĔŅŃĨŇħĔńĬŏŀĚœħƟȮ

ľƟŅĴĴňĔĸŇŗĬŐĶĚěŅĔıĸŅĽĨŇĔȮĨƟŀĚĮĶŅĻěŅĔĕƟŀĭĔıĶƞŀĚȮŏĝƞĬȮĜňĔĕŅħȮĶŀĵĨƞŀȮĶŀĵĕňħĕƞĺĬȮĽŇŗĚŐĮĔ

ĮĸŀĴȮŏĮƦĬĨƟĬȮėŋĦĸńĔļĦŃĪŅĚĲƕĽŇĔĽƢőħĵĪħĽŀĭėĺŅĴĨƟŅĬŐĶĚħŉĚȮėĺŅĴĵŊħŏĴŊŗŀĕŅħȮėĺŅĴĨƟŅĬŐĶĚĜňĔ

ĕŅħȮŐĸŃėĺŅĴŒĽȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2.5ȮħƟŅĬėĺŅĴĮĸŀħĳńĵĨƟŀĚĨĶĺěĽŀĭŏĔňŗĵĺĔńĭĔŅĶĸŃĸŅĵĕŀĚ

ĽŅĶŏėĴňȮŐĸŃėĺŅĴĮĸŀħĳńĵĕŀĚŏĬŊŘŀıĸŅĽĨŇĔȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2.6 ŐĸŃĨŅĶŅĚĪňŗȮ2.5ȮĨŅĴĸņħńĭȮĔŅĶ

ĭĶĶěŋĨƟŀĚĭĶĶěŋħƟĺĵĺńĽħŋĪňŗŏľĴŅŃĽĴŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħĶŀĵĕňħĕƞĺĬȮľĶŊŀĨņľĬŇŀŊŗĬŒħĪňŗŀŅěŏĮƦĬįĸŏĽňĵ

ĨƞŀĔŅĶŒĝƟĚŅĬȮŏėĶŊŗŀĚľĴŅĵŐĸŃĜĸŅĔĪňŗĔĸƞŀĚĭĶĶěŋŀĵƞŅĚĬƟŀĵĨƟŀĚŐĽħĚŏĸĕȮŀńĔļĶȮľĶŊŀŏėĶŊŗŀĚľĴŅĵ

ŐěƟĚĶŅĵĸŃŏŀňĵħĨƞŀœĮĬňŘŒľƟŏľŖĬœħƟĚƞŅĵŐĸŃĝńħŏěĬȮĝŊŗŀįĸŇĨĳńĦĤƢȮĝĬŇħȮėĺŅĴĔĺƟŅĚ×ĵŅĺ×ľĬŅȮŏħŊŀĬĮƖĪňŗ

ĪņȮėņŏĨŊŀĬŏĔňŗĵĺĔńĭĔŅĶŒĝƟȮŐĸŃĝŊŗŀįŌƟĪņľĶŊŀőĶĚĚŅĬĪňŗĪņľĶŊŀŏėĶŊŗŀĚľĴŅĵĔŅĶėƟŅĪňŗěħĪŃŏĭňĵĬȮŐĸŃŒĬ

ĔĶĦňĪňŗŏĮƦĬĳŅļŅĨƞŅĚĮĶŃŏĪĻȮĨƟŀĚĴňėĺŅĴľĴŅĵĨĶĚĔńĭĳŅļŅœĪĵĪňŗĔņľĬħœĺƟĕƟŅĚĨƟĬȮįŌƟĪņ

įĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴĨƟŀĚœħƟĶńĭŒĭŀĬŋĠŅĨěŅĔėĦŃĔĶĶĴĔŅĶĴŅĨĶģŅĬįĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴŐĸƟĺ

ŏĪƞŅĬńŘĬ 

 ĔŅĶĪħĽŀĭĲƕĸƢĴĵŊħľŋƟĴěŃĨƟŀĚŏĔŖĭĨńĺŀĵƞŅĚœĺƟĪňŗŀŋĦľĳŌĴŇȮ05Ȯ±Ȯ0ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĸŃėĺŅĴĝŊŘĬ

ĽńĴıńĬīƢĶƟŀĵĸŃȮ43Ȯ±Ȯ0ȮŏĮƦĬŏĺĸŅœĴƞĨŗņĔĺƞŅȮ2.ȮĝńŗĺőĴĚȮőħĵĪņĔŅĶĪħĽŀĭĪňŗĽĳŅĺŃŏħňĵĺĔńĬȮĩƟŅĪħĽŀĭ

ŒĬĽĳŅĺŃĬňŘœĴƞœħƟŒľƟĪħĽŀĭĪńĬĪňĪňŗĬņĨńĺŀĵƞŅĚŀŀĔěŅĔĳŅĺŃħńĚĔĸƞŅĺȮĽƞĺĬĔŅĶĪħĽŀĭĕĬŅħŐĸŃ

ĸńĔļĦŃĪńŗĺœĮȮŒľƟĪħĽŀĭĪňŗŀŋĦľĳŌĴŇľƟŀĚȮőħĵĔŅĶĪħĽŀĭĴňħńĚĬňŘȮĔŅĶĪħĽŀĭĕĬŅħȮĔŅĶĪħĽŀĭĔĸŇŗĬȮ

ĔŅĶĺŇŏėĶŅŃľƢȮœħ-0-ŏŀĪŇĸŏĪĔĞŇĸĪŅŏĸĨ 
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ĨŅĶŅĚĪňŗȮ2.5 ėĺŅĴĨƟŅĬŐĶĚħŉĚȮėĺŅĴĵŊħŏĴŊŗŀĕŅħȮėĺŅĴĨƟŅĬŐĶĚĜňĔĕŅħȮŐĸŃėĺŅĴŒĽȮY0.[ 

ĶŅĵĔŅĶĪňŗ ėŋĦĸńĔļĦŃ 
ŏĔĦĤƢĪňŗĔņľĬħ œĴƞĬƟŀĵĔĺƞŅ 

ĺŇīňĪħĽŀĭĨŅĴ 
PE PVC PVDC 

1 
ėĺŅĴĨƟŅĬŐĶĚħŉĚȮMPa  

ASTM D 882 ŒĬŐĬĺĕĬŅĬŏėĶŊŗŀĚ 30 20 60 
ŒĬŐĬĺĕĺŅĚŏėĶŊŗŀĚ 15 10 60 

2 
ėĺŅĴĵŊħŏĴŊŗŀĕŅħȮ%  

ASTM D 882 ŒĬŐĬĺĕĬŅĬŏėĶŊŗŀĚ 120 100 50 
ŒĬŐĬĺĕĺŅĚŏėĶŊŗŀĚ 250 150 50 

3 
ėĺŅĴĨƟŅĬŐĶĚĜňĔĕŅħȮmN  

ASTM D 1992 ŒĬŐĬĺĕĬŅĬŏėĶŊŗŀĚ 200 100 40 
ŒĬŐĬĺĕĺŅĚŏėĶŊŗŀĚ 500 100 40 

4 ėĺŅĴŒĽȮœĴƞĬƟŀĵĔĺƞŅȮ% 89 91 90 
ASTM D 1003 
Procedure A 

 
ĨŅĶŅĚĪňŗȮ2.6 ĮĶŇĴŅĦĽŅĶĪňŗĸŃĸŅĵŀŀĔĴŅĕŀĚĲƕĸƢĴĵŊħľŋƟĴľƞŀŀŅľŅĶȮ[20] 

ĶŅĵĔŅĶĪňŗ ĔŅĶĪħĽŀĭ ĽŅĶĸŃĸŅĵĪňŗŒĝƟĽĔńħ 
ŏĔĦĤƢĪňŗĔņľĬħ
œĴƞŏĔŇĬ 

1 
őıŐĪĽŏĞňĵĴŏıŀĶƢŐĴĚĔŅ
ŏĬĨĪňŗŒĝƟĪņĮĢŇĔŇĶŇĵŅ 

ĬŘņĔĸńŗĬ 10Ȯmg/dm3 

2 ĽŇŗĚĪňŗŏľĸŊŀěŅĔĔŅĶĶŃŏľĵ  

ĽŅĶĸŃĸŅĵŏŀĪŅĬŀĸȮ/.% ŏĻļĽƞĺĬőħĵ
ĮĶŇĴŅĨĶ&/' 10 mg/dm3 

ĽŅĶĸŃĸŅĵĔĶħŐŀĞňĨŇĔȮ1% ŏĻļĽƞĺĬőħĵ
ĴĺĸĨƞŀĮĶŇĴŅĨĶ&0' 

10 mg/dm3 

ĽŅĶĸŃĸŅĵŏŀĪŅĬŀĸȮ0.% ŏĻļĽƞĺĬőħĵ
ĮĶŇĴŅĨĶ&1' 10 mg/dm3 

ĽŅĶĸŃĸŅĵŏŀĪŅĬŀĸȮ5.% ŏĻļĽƞĺĬőħĵ
ĮĶŇĴŅĨĶ&2' 10 mg/dm3 

3 ĽŇŗĚĪňŗĽĔńħœħƟőħĵŒĝƟĬŘņĴńĬ ĬŘņĴńĬıŊĝ&3' 
(Ȯ3.Ȯmg/dm3 

((Ȯ3.Ȯmg/dm3 
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ĨŅĶŅĚĪňŗȮ0,4ȮĮĶŇĴŅĦĽŅĶĪňŗĸŃĸŅĵŀŀĔĴŅĕŀĚĲƕĸƢĴĵŊħľŋƟĴľƞŀŀŅľŅĶ (Ĩƞŀ' 

ĶŅĵĔŅĶĪňŗ ĔŅĶĪħĽŀĭ ĽŅĶĸŃĸŅĵĪňŗŒĝƟĽĔńħ 
ŏĔĦĤƢĪňŗĔņľĬħ
œĴƞŏĔŇĬ 

2 
őĸľŃľĬńĔȮ&ŏĪňĵĭŏĮƦĬ
ĨŃĔńŗĺ'  

ĽŅĶĸŃĸŅĵĔĶħŐŀĞňĨŇĔȮ2% ŏĻļĽƞĺĬőħĵ
ĮĶŇĴŅĨĶ 

/Ȯmg/dm3 

ľĴŅĵŏľĨŋȮĽŅĶĸŃĸŅĵĪňŗŒĝƟĽĔńħŐĨƞĸŃĝĬŇħȮŒĝƟŏĮƦĬĨńĺŐĪĬŒĬĔŅĶĪħĽŀĭĽŇŗĚĪňŗŏľĸŊŀěŅĔĔŅĶĶŃŏľĵŐĸŃ

ĳŅĺŃĪħĽŀĭħńĚĬňŘ 

(1) ľĴŅĵĩŉĚȮĨńĺŐĪĬŀŅľŅĶĪňŗĴňĬŘņ 

(2) ľĴŅĵĩŉĚȮĨńĺŐĪĬŀŅľŅĶĪňŗĴňĔĶħ 

(3) ľĴŅĵĩŉĚĨńĺŐĪĬŀŅľŅĶĪňŗĴňŐŀĸĔŀŁŀĸƢ 

(4) ľĴŅĵĩŉĚȮĨńĺŐĪĬŀŅľŅĶĪňŗĴňœĕĴńĬĮĶŃŏĳĪŀŇĴńĸĝńĬȮŏĝƞĬȮĬŘņĽĸńħȮĴŅĵŀĚŏĬĽ 

(5) ľĴŅĵĩŉĚȮĨńĺŐĪĬŀŅľŅĶĪňŗĴňœĕĴńĬŏĮƦĬĝńŘĬĸŀĵįŇĺȮŏĝƞĬȮĬŘņıĶŇĔŏįŅ 

(ȮȮȮȮľĴŅĵĩŉĚȮŏĜıŅŃĮĶŃŏĳĪĽņľĶńĭŒĝƟľŋƟĴŀŅľŅĶĪńŗĺœĮ 

((ȮȮȮľĴŅĵĩŉĚȮŏĜıŅŃĮĶŃŏĳĪĽņľĶńĭŒĝƟŀŋƞĬŀŅľŅĶŒĬŏĨŅœĴőėĶŏĺĲ 

 

ĨŅĶŅĚĪňŗȮ2.5ȮėŋĦĸńĔļĦŃħƟŅĬėĺŅĴĮĸŀħĳńĵĕŀĚŏĬŊŘŀıĸŅĽĨŇĔȮY0.[ 

ĶŅĵĔŅĶĪňŗ ėŋĦĸńĔļĦŃ 
ŏĔĦĤƢĔņľĬħœĴƞŏĔŇĬ 

PE PVC PVDC 

1 ĨŃĔńŗĺ /.. 100 100 

2 ŐėħŏĴňĵĴ /.. 100 100 

3 ŐĭŏĶňĵĴ - - /.. 

2 œħĭŇĺĪŇĸĪŇĬ - 5. - 

3 œĪĶėĸňĞŇĸĲŀĽŏĲĨ - 1000 - 

4 œĺĬŇĸėĸŀœĶħƢĴŀĬŀŏĴŀĶƢ - 1 - 

5 œĺĬŇĸŇħňĬėĸŀœĶħƢ - - 4 

6 ŐĪŏĸĨĶĺĴ 3..&/' /...&0' - 
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ľĴŅĵŏľĨŋȮĽńĠĸńĔļĦƢŐĸŃĽŅĶĪňŗĬņĴŅėŇħŏĮƦĬėƞŅŐĪŏĸĨĶĺĴħńĚĬňŘ 

- ľĴŅĵĩŉĚȮœĴƞĨƟŀĚĪħĽŀĭ 

(1) ľĴŅĵĩŉĚȮėƞŅŐĪŏĸĨĶĺĴŏĜıŅŃœħĭŇĺĪŇĸŐĪŏĸĨ 

(2) ľĴŅĵĩŉĚȮėƞŅŐĪŏĸĨĶĺĴĕŀĚŐĪŏĸĨȮ3ȮĝĬŇħȮħńĚĬňŘȮœħ-&0-ŏŀĪŇĸŏŁĔĞŇĸ'ȮŐĪŏĸĨȮœħœŀőĞőĬĬŇĸŐĪ

ŏĸĨȮœħœŀőĞŏħĞŇĸŐĪŏĸĨȮœħĭŇĺĪŇĸŐĪŏĸĨŐĸŃŏĭĬĞŇĸĭŇĺĪŇĸŐĪŏĸĨ 

0,4,0ȮĴŅĨĶģŅĬĲƕĸƢĴĵŊħıńĬıŅŏĸĪ 

 ŏĬŊŗŀĚěŅĔœĴƞĴňĴŅĨĶģŅĬĪňŗŐĽħĚŒľƟŏľŖĬŀĵƞŅĚĝńħŏěĬěŉĚĪņĔŅĶıŇěŅĶĦŅėƞŅėĺŅĴľĬŅȮTensile 

strength ŐĸŃ elongation at break ĨŅĴȮtechnical data sheet ĕŀĚįĸŇĨĳńĦĤƢĲƕĸƢĴĵŊħıńĬıŅ

ŏĸĪȮLLDPE ĕŀĚľĸŅĵȮŕȮĭĶŇļńĪȮŏıŊŗŀĬņĴŅŒĝƟŏĮƦĬĴŅĨĶģŅĬŒĬĔŅĶŀƟŅĚŀŇĚ 

 2.6.2.1 Technical data sheet ĲƕĸƢĴĵŊħıńĬıŅŏĸĪ LLDPE ěŅĔĭĶŇļńĪȮQingdao super 

packaging Co., Ltd įĸŇĨěŅĔȮLLDPE /..% ĲƕĸƢĴĵŊħıńĬıŅŏĸĪĴňėĺŅĴľĬŅĨńŘĚŐĨƞȮ/3-13ȮµmȮĴňėƞŅȮ

tensile strength ŀĵŌƞŒĬĝƞĺĚœĴƞĨŗņĔĺƞŅȮ15ȮMPa ĴňȮelongation at break œĴƞĨŗņĔĺƞŅȮ03.% ħńĚŐĽħĚ

ŒĬĨŅĶŅĚĪňŗȮ2.8ȮY/[ 

ĨŅĶŅĚĪňŗȮ2.8ȮėƞŅėĺŅĴľĬŅȮėƞŅȮtensile strength ŐĸŃȮelongation at break ĕŀĚĲƕĸƢĴȮLLDPE ěŅĔ
ĭĶŇļńĪ Qingdao super packaging Co., Ltd [1] 

Thickness Range Tensile Strength Elongation at Break 

µm KN_ȮƑ #ȮƑ 

15 - 17 37 250 

18 - 20 38 300 

21 - 25 39 300 

26 - 30 40 400 

31 - 35 41 450 
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 0,4,0,0ȮTechnical data sheet ĲƕĸƢĴĵŊħıńĬıŅŏĸĪȮLLDPE ěŅĔĭĶŇļńĪȮFUJIAN YOU YI 

GROUP ŏĮƦĬįĸŇĨĳńĦĤƢȮTransparent stretch film įĸŇĨħƟĺĵȮLLDPE ĴňȮelongationȮėĺŅĴŒĽȮŐĸŃ

ĴňėƞŅȮtensile strength ĽŌĚ őħĵįĸŇĨĳńĦĤƢĴňėĺŅĴľĬŅȮ0.Ȯ±Ȯ0ȮµmȮĴňėƞŅȮtensile strength œĴƞĬƟŀĵ

ĔĺƞŅȮ03ȮMPa ĴňȮelongation at break œĴƞĨŗņĔĺƞŅȮ35.% ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.9 [3] 

ĨŅĶŅĚĪňŗȮ2.9ȮėƞŅėĺŅĴľĬŅȮėƞŅȮtensile strength ŐĸŃȮelongation at break ĕŀĚĲƕĸƢĴȮLLDPE ěŅĔ
ĭĶŇļńĪ FUJIAN YOU YI GROUP [3] 

Thickness Tensile Strength Elongation at Break 
µm KN_ȮƑ #ȮƑ 

0.Ȯ±Ȯ0 25 350 
 

 2.6.2.3ȮTechnical data sheet ĲƕĸƢĴĵŊħıńĬıŅŏĸĪ LLDPE stretch wrap film ěŅĔĭĶŇļńĪȮ

Luban packing LLC őħĵĴňėĺŅĴľĬŅĲƕĸƢĴĨńŘĚŐĨƞȮ17 - 30ȮµmȮĴňėƞŅȮtensile strength 34 ů 45 

MPa ŐĸŃȮelongation at break œĴƞĨŗņĔĺƞŅȮ2/. - 4.. % ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.10ȮY0[ 

ĨŅĶŅĚĪňŗȮ2.10ȮėƞŅėĺŅĴľĬŅȮėƞŅȮtensile strength ŐĸŃȮelongation at break ĕŀĚĲƕĸƢĴȮLLDPE 
ěŅĔĭĶŇļńĪ Luban packing LLC [2] 

Thickness Range Tensile Strength Elongation at Break 

µm MPa % 

/5 12 2/. 

0. 37 23. 

01 22 3.. 

03 22,3 33. 

1. 23 4.. 
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2.7 ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 ěŅĔĚŅĬĺŇěńĵĕŀĚȮJ. A. de Groot ŐĸŃėĦŃȮY0/[ȮĪņĔŅĶĻŉĔļŅĨńĺŐĮĶĪňŗĽƞĚįĸĨƞŀ

ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĕŉŘĬĶŌĮĕŀĚĲƕĸƢĴĵŊħ LLDPE ĪňŗĕŉŘĬĶŌĮįƞŅĬĔĶŃĭĺĬĔŅĶȮcast stretch film ħƟĺĵĔŅĶ

ĪħĸŀĚŐĭĭȮBox-Behnken őħĵĪņĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŏıŊŗŀĻŉĔļŅįĸĕŀĚĨńĺŐĮĶĪńŘĚȮ1ȮĨńĺȮėŊŀȮair 

gap, melt temperature ŐĸŃȮline speed ĪňŗĽƞĚįĸĨƞŀĮĶŃĽŇĪīŇĳŅıĔŅĶĵŊħĨńĺĕŀĚĲƕĸƢĴȮLLDPE őħĵ

ŒĬŐĨƞĸŃĨńĺŐĮĶěŃĪņĔŅĶĮĶńĭėƞŅĪńŘĚľĴħȮ1ȮėƞŅȮěŅĔĝƞĺĚĕŀĚĨńĺŐĮĶŐĨƞĸŃĨńĺĪňŗŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.11 

ĞŉŗĚĽŅĴŅĶĩŀŀĔŐĭĭŀŀĔĴŅœħƟĪńŘĚľĴħȮ/4ȮŐĭĭȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.12 

ĨŅĶŅĚĪňŗȮ2.11 ĝƞĺĚĪňŗĽĬŒěĕŀĚĨńĺŐĮĶŀŇĽĶŃȮY0/[ 
 SI Units English Units 
Air gap 63.5 - 190.5 mm 0,3Ȯ-Ȯ5,3Ȯin 
Melt temperature 260 - 288 °C 500 - 550 °F 
Line speed 183 - 305 rpm 600 - 1000 fpm 
 
ĨŅĶŅĚĪňŗȮ2.12 Processing, structure ŐĸŃĕƟŀĴŌĸĽĴĭńĨŇĨƞŅĚȮŕȮĕŀĚȮcast film ĪňŗœħƟěŅĔĔŅĶ
ŀŀĔŐĭĭĔŅĶĪħĸŀĚȮY0/[ 

 

 ŏĴŊŗŀĬņĕƟŀĴŌĸĕŀĚĪńŘĚȮ/4ȮĔŅĶĪħĸŀĚĴŅĺŇŏėĶŅŃľƢħƟĺĵőĮĶŐĔĶĴĪŅĚĽĩŇĨŇȮőħĵŒĝƟȮANOVA ěŃœħƟ

ėƞŅėĺŅĴŐĮĶĮĶĺĬȮ&variance) ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.13 ıĭĺƞŅĨńĺŐĮĶĪňŗĴňįĸĨƞŀȮultimate stretch 

ĴŅĔĪňŗĽŋħėŊŀȮair gap ĨŅĴħƟĺĵȮmelt temperature ŐĸŃ Line speed ĨŅĴĸņħńĭȮőħĵĔŅĶĪħĽŀĭȮ
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ultimate stretch ěŃĪħĽŀĭħƟĺĵȮstrain rate ĽŌĚĪňŗ 1600 1/minȮįĸĕŀĚȮair gap, melt 

temperature ŐĸŃȮline speed ĪňŗĴňįĸĨƞŀȮultimate stretch ŐĽħĚħńĚĶŌĮĪňŗȮ2.4ȮŐĸŃĶŌĮĪňŗȮ2.3Ȯ

ıĭĺƞŅĪňŗȮair gap 41,3Ȯmm (2.5 in), ŀŋĦľĳŌĴŇĔŅĶľĸŀĴȮ044Ȯ°CȮ&3..Ȯ°F) ŐĸŃ line speed 022Ȯ

rpm (800 fpm) ĴňėƞŅȮultimate stretch ŏĪƞŅĔńĭȮ/73 %ȮŐĸŃŏıŇŗĴĕŉŘĬŏĮƦĬȮ1.3Ȯ% ĪňŗȮair gap 191Ȯ

mm (7.5 in), ŀŋĦľĳŌĴŇĔŅĶľĸŀĴȮ288Ȯ°CȮ&33.Ȯ°F) ŐĸŃ line speed 022Ȯrpm (800 fpm) ŏľŖĬœħƟ

ĝńħĺƞŅŏĴŊŗŀȮair gap ŐĸŃȮmelt temperature ŏıŇŗĴĕŉŘĬĽƞĚįĸŒľƟĲƕĸƢĴĽŅĴŅĶĩħŉĚĕĵŅĵŀŀĔœħƟĴŅĔĵŇŗĚĕŉŘĬ

ĞŉŗĚĽƞĚįĸĨƞŀĮĶŃĽŇĪīŇĳŅıĕŀĚĲƕĸƢĴĪňŗľƞŀĭĬıŅŏĸĪȮŏĬŊŗŀĚěŅĔȮultimate stretch ĽŅĴŅĶĩħŉĚľƞŀıŅŏĸĪ

œħƟŒĬŏĮŀĶƢŏĞĬĨƢĪňŗĴŅĔĵŇŗĚĕŉŘĬőħĵœĴƞŏĔŇħĔŅĶŐĨĔľńĔĕŀĚĲƕĸƢĴȮŐĨƞŏĴŊŗŀĽńĚŏĔĨėƞŅȮline speed ħńĚŐĽħĚŒĬ

ĶŌĮĪňŗȮ2.3ȮŏĴŊŗŀȮline speed ĴňėƞŅŏıŇŗĴĕŉŘĬěŃĽƞĚįĸĪņŒľƟĲƕĸƢĴĵŊħŀŀĔœħƟĬƟŀĵĸĚ 

ĨŅĶŅĚĪňŗȮ2.13 Analysis ofȮvariance (ANOVA)  regression [21] 
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ĶŌĮĪňŗȮ2.4 3-D surface plot ĕŀĚȮultimate stretch ĪňŗĲƤĚĔƢĝńŗĬĔńĭȮmelt temperature ŐĸŃȮair 
gap [21] 

 

ĶŌĮĪňŗȮ2.3Ȯ3-D surface plot ĕŀĚȮultimate stretch ĪňŗĲƤĚĔƢĝńŗĬĔńĭȮmelt temperature ŐĸŃȮline 
speed [21] 

 ŀĵƞŅĚĪňŗėŅħœĺƟĔŅĶĪňŗĲƕĸƢĴĽŅĴŅĶĩĕĵŅĵĨńĺľĶŊŀĵŊħœħƟĴŅĔĕŉŘĬȮĔŖĨƟŀĚŐĸĔĴŅħƟĺĵĔŅĶĶńĭȮload 

holding force œħƟĬƟŀĵĸĚŒĬĔŅĶĬņœĮľƞŀıŅŏĸĪȮĞŉŗĚėƞŅĕƟŀĴŌĸȮANOVA &ĨŅĶŅĚĪňŗȮ2.13'ȮŐĽħĚŒľƟŏľŖĬ

ĺƞŅŀŇĪīŇıĸĪňŗĽƞĚįĸĨƞŀȮload force ĔŖĵńĚėĚŏĮƦĬȮair gap ĨŅĴħƟĺĵȮtemperature ŐĸŃȮline speed 

őħĵįĸĕŀĚȮair gap, temperature ŐĸŃȮline speed ěŃĽƞĚįĸĨƞŀȮload force ŒĬĪŇĻĪŅĚĨĶĚĔńĬ
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ĕƟŅĴĔńĭȮultimate stretch ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.4 ŐĸŃĶŌĮĪňŗȮ2.5 ŏĴŊŗŀȮair gap ŐĸŃȮtemperature 

ŏıŇŗĴĕŉŘĬȮload force ěŃĴňėƞŅĸħĸĚȮŐĨƞȮline speed ŏıŇŗĴěŃĪņŒľƟȮload force ŏıŇŗĴ 

 

ĶŌĮĪňŗȮ2.4 3-D surface plot ĕŀĚȮload retention ĪňŗĲƤĚĔƢĝńŗĬĕŀĚȮmelt temperature ŐĸŃȮline 
speed [21] 

 

ĶŌĮĪňŗȮ2.5Ȯ3-D surface plot ĕŀĚȮload retention ĪňŗĲƤĚĔƢĝńŗĬĕŀĚȮair gap ŐĸŃȮline speed [21] 
 őħĵĽĴĭńĨŇŀŊŗĬĪňŗĽņėńĠĨƞŀĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶľƞŀıŅŏĸĪĕŀĚȮcast stretch films ėŊŀȮ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŉħĨŇħįŇĺȮ&film surface cling) ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŉħĨŇħĽŅĴŅĶĩĪņœħƟőħĵŏĨŇĴ

ĽŅĶȮtackifying agent ŏĝƞĬȮpolybutene (PIB) ľĶŊŀŀŅěĴňŀĵŌƞőħĵīĶĶĴĝŅĨŇȮ&inherent) ĕŀĚŏĴŖħȮ

resin ĪňŗĬņĴŅĪņĲƕĸƢĴȮőħĵȮinherent cling ĕŀĚĲƕĸƢĴĵŊħěŃĴňėƞŅŐĨĔĨƞŅĚĔńĬĴŅĔĕŉŘĬŀĵŌƞĔńĭȮintrinsic 

properties ĕŀĚŏĴŖħȮresin ĞŉŗĚěŅĔĕƟŀĴŌĸĔŅĶĺŇŏėĶŅŃľƢȮANOVA ŒĬĨŅĶŅĚĪňŗȮ2.3ȮĨńĺŐĮĶĪňŗĴňįĸĨƞŀ



  21 

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŉħĨŇħĴŅĔĪňŗĽŋħėŊŀȮair gap ĨŅĴħƟĺĵȮmelt temperature ŏĴŊŗŀėƞŅĪńŘĚȮ0ȮĴňėƞŅ

ŏıŇŗĴĕŉŘĬȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŉħĨŇħĕŀĚĲƕĸƢĴĪňŗœĴƞįƞŅĬĔŅĶĵŊħĔŖěŃĴňėƞŅŏıŇŗĴĕŉŘĬħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.6Ȯőħĵ

ĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮair gap ŐĸŃȮmelt temperature ŀŅěĽƞĚįĸŒľƟȮinherent cling ĕŀĚĺńĽħŋŏĔŇħȮ

migration œĮĪňŗįŇĺĲƕĸƢĴœħƟŏıŇŗĴĕŉŘĬ 

 

ĶŌĮĪňŗȮ2.6Ȯ1-D surface plot ĕŀĚȮunstretched cling ĪňŗĲƤĚĔƢĝńŗĬĔńĭȮmelt temperature ŐĸŃȮair 
gap [21] 

ěŅĔĚŅĬĺŇěńĵ G. M. McnallyȮŐĸŃėĦŃȮY00[ȮĪņĔŅĶĻŉĔļŅįĸĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮ

polyisobutylene (PIB) ĪňŗĽƞĚįĸĨƞŀĽĴĭńĨŇĔŅĶĵŉħĨŇħĕŀĚĲƕĸƢĴĵŊħĝĬŇħȮPolyethylene ıĭĺƞŅėƞŅȮcling 

strength ĴňėƞŅĴŅĔĕŉŘĬŏĴŊŗŀĬŘņľĬńĔőĴŏĸĔŋĸĕŀĚȮPIB ŏıŇŗĴĕŉŘĬȮ/..Ȯ&PW 1775), 300 (PW 1776)ȮŐĸŃȮ

/0..Ȯ&PW 1777)Ȯg/mol ĨŅĴĸņħńĭȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮPIB ĪňŗįĽĴĬŘņľĬńĔőĴŏĸĔŋĸȮ1..ȮĔńĭȮ0/..Ȯ

g/mol (PW 1778; Mw 300+2100) ĴňėƞŅȮcling strength ĨŗņĔĺƞŅȮPIB ĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸȮ/0..ȮŐĨƞ

ěŃŏľŖĬœħƟĺƞŅȮPIB ĬŘņľĬńĔőĴŏĸĔŋĸȮ1..)0/..ȮŏĴŊŗŀĪņĔŅĶĭƞĴĪňŗŀŋĦľĳŌĴŇȮ23ȮC ľĸńĚȮ1ȮĺńĬȮĴňėƞŅȮcling 

strength .,1ȮN ŏĴŊŗŀŏĪňĵĭĔńĭȮPIB ĬŘņľĬńĔőĴŏĸĔŋĸȮ/0..ȮĴňėƞŅŏĪƞŅĔńĭȮ.,07ȮN ŏĬŊŗŀĚěŅĔŒĬŏĝŇĚ

ıŅĦŇĝĵƢĔŅĶŒĝƟŏĺĸŅĬŅĬĕŉŘĬȮ1-2ȮĺńĬȮŐĸŃŒĬŀŋĦľĳŌĴŇĽŌĚĪņŒľƟœĴƞŏĔŇħėĺŅĴėŋƟĴėƞŅȮħńĚĬńŘĬĲƕĸƢĴĪňŗħňĨƟŀĚĴňėƞŅȮ

cling strength ĪňŗħňıĶƟŀĴĪńŘĚŒĝƟĶŃĵŃŏĺĸŅĽńŘĬŒĬĔŅĶŏıŇŗĴĽĴĭńĨŇĔŅĶĵŉħĨŇħŏıŊŗŀŒľƟŏĔŇħĮĶŃőĵĝĬƢĴŅĔĪňŗĽŋħȮ

ŐĸŃŏĴŊŗŀħŌŀŇĪīŇıĸĕŀĚŀŋĦľĳŌĴŇŒĬĔŅĶĭƞĴıĭĺƞŅȮŏĴŊŗŀŀŋĦľĳŌĴŇŒĬĔŅĶĭƞĴĽŌĚĕŉŘĬĪņŒľƟĔŅĶĵƟŅĵĪňŗĕŀĚȮPIB 

ĴŅĪňŗįŇĺĴňőŀĔŅĽĴŅĔĕŉŘĬĽƞĚįĸŒľƟėƞŅȮcling strength ĪňŗįŇĺŏıŇŗĴĕŉŘĬȮ 
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ĶŌĮĪňŗȮ2.7ȮįĸĕŀĚĽĳŅĺŃŐĸŃŏĺĸŅŒĬĔŅĶĭƞĴĪňŗĴňįĸĨƞŀȮcling strength ĕŀĚȮĲƕĸƢĴȮML2518FC ĪňŗįĽĴ
ĔńĭȮPW 1775 (Mw 100) [22] 

 

ĶŌĮĪňŗȮ2./.ȮįĸĕŀĚĽĳŅĺŃŐĸŃŏĺĸŅŒĬĔŅĶĭƞĴĪňŗĴňįĸĨƞŀȮcling strength ĕŀĚȮĲƕĸƢĴȮML2518FC ĪňŗįĽĴ
ĔńĭȮPW 1776 (Mw 300) [22] 
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ĶŌĮĪňŗȮ2.11 įĸĕŀĚĽĳŅĺŃŐĸŃŏĺĸŅŒĬĔŅĶĭƞĴĪňŗĴňįĸĨƞŀȮcling strength ĕŀĚȮĲƕĸƢĴȮML2518FC ĪňŗįĽĴ
ĔńĭȮPW 1777 (Mw 1200) [22] 

 

 

ĶŌĮĪňŗȮ2./0ȮįĸĕŀĚĽĳŅĺŃŐĸŃŏĺĸŅŒĬĔŅĶĭƞĴĪňŗĴňįĸĨƞŀȮcling strength ĕŀĚȮĲƕĸƢĴȮML2518FC ĪňŗįĽĴ
ĔńĭȮPW 1778 (Mw 300+2100) [22] 

ěŅĔĚŅĬĺŇěńĵĕŀĚȮYunjing Chen ŐĸŃėĦŃȮY01[ȮĪņĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚŀńĨĶŅĽƞĺĬĔŅĶħŉĚ

ĵŊħĪňŗĴňįĸĨƞŀȮmicrostructure, ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬŐĸŃĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA/SiO2 

nanocomposites ĪňŗįƞŅĬĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮuniaxial pre-stretching őħĵĪņĔŅĶŏĨĶňĵĴ

ŐįƞĬĝňĪȮPLA/SiO2 nanocomposites őħĵŏĨŇĴȮSiO2 nanoparticlesȮ3Ȯwt% įĽĴĸĚŒĬȮPLAȮ

ěŅĔĬńŘĬĬņœĮĕŉŘĬĶŌĮŏĮƦĬŐįƞĬĝňĪħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħĕŉŘĬĶŌĮőħĵĔņľĬħėĺŅĴľĬŅŀĵŌƞĪňŗȮ/Ȯmm 
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ěŅĔĬńŘĬĬņŐįƞĬĝňĪȮPLA/SiO2 nanocomposites œĮĪņĔŅĶħŉĚĵŊħĪňŗŀńĨĶŅĽƞĺĬĔŅĶħŉĚĵŊħȮ&PSR) ŏĪƞŅĔńĭ 

.,3, 1.0, 1.5 ŐĸŃȮ0,.ȮőħĵėņĬĺĦħńĚĽĴĔŅĶĪňŗȮ0,1ȮħƟĺĵĔĶŃĭĺĬĔŅĶȮuniaxial pre-stretching ŒĬ

ŀŋĮĔĶĦƢȮhigh-low temperature environmental chamber ĳŅĵŒĨƟŀŋĦľĳŌĴŇȮ4.ȮºC ěŅĔĬńŘĬĬņ

ŐįƞĬĝňĪȮPLA/SiO2 nanocompositesȮœĮĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸěŅĔĶŌĮĪňŗȮ2.13ȮıĭĺƞŅȮPLA/SiO2 

nanocomposites ĔƞŀĬĪņĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮuniaxial pre-stretching ĴňıķĨŇĔĶĶĴĔŅĶ

ŐĨĔľńĔŐĭĭȮbrittleȮŐĸŃľĸńĚěŅĔĪņĔŅĶħŉĚĵŊħıĭĺƞŅĴňıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔŏĮĸňŗĵĬœĮěŅĔȮbrittle 

ŏĮƦĬȮductile őħĵħŌœħƟěŅĔĔŅĶĴňěŋħȮyield ĪňŗĝńħŏěĬȮĴňĔŅĶŏĔŇħȮnecking growth ŐĸŃĴňŏĔŇħȮstrain-

hardening ŒľƟŏľŖĬȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗŀńĨĶŅĽƞĺĬĔŅĶħŉĚĵŊħĪňŗŏıŇŗĴĕŉŘĬěŃıĭĺƞŅŏĔŇħȮstrain-hardening Īňŗ

ŏıŇŗĴĴŅĔĕŉŘĬȮĽƞĚįĸĪņŒľƟĴňėƞŅȮstress ĪňŗĽŌĚĕŉŘĬȮŐĨƞĪņŒľƟȮelongation at break ėƞŀĵȮŕȮĸħĸĚȮ

ŏĬŊŗŀĚĴŅěŅĔŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺĨŅĴŐĬĺŐĶĚĕŀĚőĴŏĸĔŋĸȮPLA  

PSR = (L/L0) - 1    ĽĴĔŅĶĪňŗȮ2.3 
őħĵȮL0 ŐĸŃȮL ėŊŀȮgauge lengthȮĕŀĚĨńĺŀĵƞŅĚĔƞŀĬŐĸŃľĸńĚħŉĚĵŊħ 

 ŒĬĕĦŃĪņĔŅĶĪħĽŀĭħƟĺĵȮtensile test ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA/SiO2 nanocomposites 

ŐĽħĚħńĚĶŌĮĪňŗȮ2.14ȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗŀńĨĶŅĽƞĺĬĔŅĶħŉĚĵŊħȮ&PSR) .,3ȮıĭĺƞŅėƞŅȮelongation at 

break ĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬĩŉĚȮ/46% ŒĬĕĦŃŏħňĵĺĔńĬėƞŅȮTensile strengthĔŖĴňėƞŅŏıŇŗĴĕŉŘĬŏĝƞĬŏħňĵĺĔńĬȮŐĨƞ

ėƞŅȮmodulus ĴňėƞŅĸħĸĚŏĸŖĔĬƟŀĵŐĪĭœĴƞŏľŖĬĔŅĶŏĮĸňŗĵĬŐĮĸĚȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗŀńĨĶŅĽƞĺĬĔŅĶħŉĚĵŊħ

ĪňŗŏıŇŗĴĕŉŘĬŏĮƦĬıĭĺƞŅėƞŅȮelongation at break ĔĸńĭĴňėƞŅėƞŀĵȮŕȮĸħĸĚȮŒĬĕĦŃĪňŗȮtensile strength 

ŐĸŃ modulus ĴňėƞŅŏıŇŗĴĕŉŘĬŀĵƞŅĚŏľŖĬœħƟĝńħȮőħĵŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗŀńĨĶŅĽƞĺĬĔŅĶħŉĚĵŊħĽŌĚĽŋħȮ&PSR = 

2.0) ıĭĺƞŅėƞŅȮtensile strengthȮŐĸŃȮmodulus ĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ36,/ȮMPa ŐĸŃȮ/,725ȮMPa ŏĮƦĬȮ

/./,4ȮŐĸŃȮ0,725ȮMPa ĨŅĴĸņħńĭ 
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ĶŌĮĪňŗȮ2.13Ȯ&a) ĔĶŅĲȮstress-strain ĕŀĚȮPLA/SiO2 nanocompositesȮĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħħƟĺĵ
ĔĶŃĭĺĬĔŅĶȮpre-stretching ĪňŗŀŋĦľĳŌĴŇȮ4.ȮºCȮ&b) ĳŅıĕĵŅĵȮstress-strain ĕŀĚȮ(a) ĪňŗėƞŅȮstrain 

Ĩŗņ [23] 
ĩŉĚŐĴƟĺƞŅȮelongation at break ěŃĴňėƞŅĸħĸĚŐĨƞĔŖĵńĚĴňėƞŅĽŌĚĩŉĚȮ34% ĞŉŗĚĴňėƞŅĽŌĚĔĺƞŅĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭȮ

PLA/SiO2 nanocomposites ĪňŗœĴƞįƞŅĬĔŅĶħŉĚĵŊħȮ&elongation at break ĬƟŀĵĔĺƞŅȮ6%) ŐĽħĚŒľƟ

ŏľŖĬĺƞŅ PLA/SiO2 nanocompositesȮĪňŗįƞŅĬĔŅĶħŉĚĵŊħĴňȮtoughness ĪňŗĽŌĚ 



  26 

 

 

 

ĶŌĮĪňŗȮ2.14ȮĔĶŅĲŐĽħĚėƞŅȮ&a) elongation at break (b) modulusȮŐĸŃ (c) tensile strength ĕŀĚȮ
PLA ŐĸŃȮPLA/SiO2 nanocompositesȮĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮpre-stretching Īňŗ

ŀŋĦľĳŌĴŇȮ4.ȮºC [23] 
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 ěŅĔĺŇĪĵŅĬŇıĬīƢĬŅĵĬıėŋĦȮĸŇĕŇĨīĬĮĶŃĽĚėƢȮY02[ȮěŅĔĔŅĶĻŉĔļŅĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĔŅĶĶńĭ

ŐĶĚĔĶŃŐĪĔĕŀĚȮPLAȮőħĵĪņĔŅĶįĽĴȮBiomax ĸĚŒĬȮPLA 15 phr őħĵĴňĔŅĶŏĨŇĴŐĸŃœĴƞŏĨŇĴȮ

reactive agent őħĵȮreactive agent ĪňŗŒĝƟėŊŀȮperkadox 14-40B-PD ĮĶŇĴŅĦȮ.,0Ȯphr ŒĬĶŃĭĭ

ĔŅĶįĽĴŐĭĭĮƕħ ěŅĔĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢȮPLA/Biomax ŐĽħĚŒľƟŏľŖĬĺƞŅŏĴŊŗŀĪņĔŅĶŏĨŇĴȮ

perkadox 0.2 phr ĸĚœĮĽƞĚįĸĪņŒľƟėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚȮPLA ŐĸŃȮBiomax ŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬȮ

ĔŅĶĵŉħĨŇħĶŃľĺƞŅĚįŇĺħňĕŉŘĬȮŐĨƞœĴƞĽƞĚįĸĨƞŀĕĬŅħŀĬŋĳŅėĕŀĚȮBiomax ĴŅĔĬńĔȮ 

 

ĶŌĮĪňŗȮ2./3ȮĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢĶŃľĺƞŅĚȮPLA/Biomax ĪňŗœħƟěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇ
ėĺŅĴĨƟŅĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔĪńŘĚœĴƞŏĨŇĴŐĸŃŏĨŇĴȮperkadox [24] 

ěŅĔĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸıĭĺƞŅėƞŅȮmodulus ĴňėƞŅĸħĸĚŏĸŖĔĬƟŀĵŏĴŊŗŀĪņĔŅĶŏĨŇĴȮperkadox 

ĸĚŒĬĔŅĶįĽĴȮŐĨƞĽƞĚįĸŒľƟėƞŅȮtensile strength ŐĸŃȮelongation at break ĴňėƞŅŏıŇŗĴĴŅĔĕŉŘĬȮŏĴŊŗŀ

ŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶįĽĴĪňŗœĴƞĴňĔŅĶŏĨŇĴȮperkadox ŐĽħĚĺƞŅȮperkadox 0.2 phr ĝƞĺĵŒľƟĽĴĭńĨŇŏĝŇĚĔĸ

ĕŀĚĔŅĶįĽĴħňĵŇŗĚĕŉŘĬ 

 

 

 



  28 

 

 

ĶŌĮĪňŗȮ2.16 ŐįĬĳŌĴŇŐĽħĚėƞŅȮModulus, Tensile strength ŐĸŃȮElongation at break ĕŀĚȮNeat 
PLA, PLA/Biomax ŐĸŃȮPLA/Biomax ŏĨŇĴȮperkadoxȮY02[  
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ĭĪĪňŗȮ1 

ĺŇīňħņŏĬŇĬĚŅĬĺŇěńĵ 

1,/ȮĺńĽħŋĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

1,/,/ȮPoly(butylene adipate-co-terephthalate), PBAT ŏĔĶħȮEcoflex F Blend C12..Ȯ

ěŅĔĭĶŇļńĪȮBASF chemical ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮĴňĸńĔļĦŃŏĮƦĬŏĴŖħĔĸĴĽňĕŅĺėĶňĴȮĴňŀŋĦľĳŌĴŇŒĬ

ĔŅĶľĸŀĴįĸŉĔŀĵŌƞĪňŗȮ//.-/0.ȮŀĚĻŅŏĞĸŏĞňĵĽ őħĵĴňȮtensile strength 35ȮMPa ŐĸŃ elongation at 

break 560#ȮȮőėĶĚĽĶƟŅĚŐĽħĚħńĚĶŌĮĪňŗȮ2.1Ȯ 

1,/,0ȮBiomax® Strong 120 (Ethylene Copolymer) ěŅĔĭĶŇļńĪȮDuPontTM ŏĮƦĬȮPLA 

toughening modifier œħƟĶńĭėĺŅĴŀĬŋŏėĶŅŃľƢěŅĔȮChemical Innovation Company Limited, 

ĮĶŃŏĪĻœĪĵȮĴňĸńĔļĦŃŏĮƦĬŏĴŖħ elastomer őĮĶƞĚŒĽȮŐĸŃĴňŀĚėƢĮĶŃĔŀĭŏĮƦĬȮPoly(ethylene-co-

acrylic acid) [25] 

 

ĶŌĮĪňŗȮ3. / őėĶĚĽĶƟŅĚȮBiomax® strong 120 (Poly(ethylene-co-acrylic acid) [26] 
1,0ȮŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

1,0,/ȮŏėĶŊŗŀĚȮinternal mixer ĶŋƞĬȮMX 105-D40L50ȮěŅĔĭĶŇļńĪȮŏěĶŇĠĪńĻĬƢȮěņĔńħȮĮĶŃŏĪĻœĪĵ 

3.2.2 ŏėĶŊŗŀĚȮCompression Molding Machine ĶŋƞĬȮPR10-W300L350 ěŅĔĭĶŇļńĪȮŏěĶŇĠĪńĻĬƢȮ

ěņĔńħȮĮĶŃŏĪĻœĪĵ 

3.2.3 ŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮ&Co-rotating twin screw extruder) L/D = 40ȮĶŋƞĬȮHRJ-25 

ĭĶŇļńĪȮENMACH Co., LTD ĮĶŃŏĪĻěňĬ 

1,0,2ȮŏėĶŊŗŀĚŀńħĶňħŐįƞĬĲƕĸƢĴȮ&Cast film extruder) ĶŋƞĬȮLBE20-30/P ěŅĔĭĶŇļńĪȮLabtech 

Engineering ĮĶŃŏĪĻœĪĵ 

3.2.5 ŏėĶŊŗŀĚȮUniaxial machine 
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3.2.6 ŏėĶŊŗŀĚĪħĽŀĭĔŅĶħŉĚĵŊħȮUniversal Testing Machine ĶŋƞĬȮ3747ȮěŅĔĭĶŇļńĪȮInstron 

Engineering Corporation ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

3.2.7 ŏėĶŊŗŀĚĪħĽŀĭĔŅĶħŉĚĵŊħȮUniversal Testing Machine ĶŋƞĬȮNRI-TS3..-3B ěŅĔĭĶŇļńĪȮ

ĬĶŇĬĪĶƢŀŇĬĽĪĶŌŏĴƟĬĪƢȮěņĔńħ 

1,0,6ȮŏėĶŊŗŀĚĪħĽŀĭħńĝĬňĔŅĶœľĸȮ(Melt Flow Indexer) ĶŋƞĬȮPlastometer: MFR1 ěŅĔĭĶŇļńĪ

ŏěĶŇĠĪńĻĬƢȮĮĶŃŏĪĻœĪĵ 

3.2.9 ĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ(Field Emission Scanning Electron 

Microscope, FESEM) ĶŋƞĬȮMIRA3 ěŅĔĭĶŇļńĪȮTESCAN ĮĶŃŏĪĻĽŅīŅĶĦĶńģŏĝŖĔ 

1,0,/.ȮŀŋĮĔĶĦƢĪħĽŀĭľŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬ 

3.2.11 ŏėĶŊŗŀĚŀńħĶňħŐįƞĬĲƕĸƢĴȮ&Cast film extruder) ěŅĔĭĶŇļńĪȮModern Machinery Co., 

Inc.Ȯ 

1,0,/0ȮŏėĶŊŗŀĚĶňħ-ĵŊħĲƕĸƢĴȮHeat Film [B3F-YM-A07] 

3.2.13 ĝŋħĸŌĔĔĸŇŘĚħŉĚŏĽƟĬŒĵȮroll cutting [B3F-YM-A08] 

3.3 ĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ 

ĔŅĶħņŏĬŇĬĚŅĬěŃŐĭƞĚŀŀĔŏĮƦĬȮ1ȮĽƞĺĬȮħńĚĬňŘ 

1,1,/ȮĻŉĔļŅĔŅĶįĽĴŒĬĶŃĭĭȮbatch mixing process ŐĸŃŀŇĪīŇıĸĕŀĚȮBiomax® 

strong ĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮPBAT 

1,1,/,/ȮĔŅĶŏĨĶňĵĴȮPBATȮŐĸŃ PBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

1,1,/,/,/ȮĪņĔŅĶŀĭŏĴŖħȮPBAT ĪňŗŀŋĦľĳŌĴŇȮ4.ȮŀĚĽŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮŏıŊŗŀ

ĪņĔŅĶœĸƞėĺŅĴĝŊŘĬȮěŅĔĬńŘĬĪņĔŅĶįĽĴȮPBAT ŏĕƟŅĔńĭȮBiomax® Strong 120 ĪňŗĪņľĬƟŅĪňŗŏĮƦĬ

ĽŅĶŏĨŇĴŐĨƞĚĝĬŇħȮcohesion additiveȮħƟĺĵĮĶŇĴŅĦȮ1Ȯphr ŐĸŃȮ3Ȯphr ȮŒĬŏėĶŊŗŀĚȮinternal 

mixer ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3.2 ĪňŗŀŋĦľĳŌĴŇĔŅĶįĽĴȮ/3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĸŃĴňėĺŅĴŏĶŖĺĶŀĭĕŀĚŒĭ

ĔĺĬįĽĴȮ100ȮĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪňȮőħĵĽńħĽƞĺĬĔŅĶįĽĴĶŃľĺƞŅĚȮPBAT ĔńĭȮ
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Biomax® strongȮŐĽħĚŒĬĨŅĶŅĚĪňŗȮ3.1 ěŅĔĬńŘĬĬņŏŀŅıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟŏĕƟŅŏėĶŊŗŀĚĭħŏıŊŗŀŒľƟœħƟ

ŏĴŖħıŀĸŇŏĴŀĶƢįĽĴ 

 

ĶŌĮĪňŗȮ3.2ȮŏėĶŊŗŀĚȮinternal mixer ĶŋƞĬȮMX 105-D40L50 ěŅĔĭĶŇļńĪŏěĶŇĠĪńĻĬƢ 
 

ĨŅĶŅĚĪňŗȮ3.1ȮŐĽħĚĽńħĽƞĺĬĔŅĶįĽĴĕŀĚȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

Samples 
PBAT 
(wt%) 

Biomax® Strong 
120 (phr) 

PBAT 100 - 
PBAT/B3 100 3 
PBAT/B5 100 5 

 

1,1,/,/,0ȮĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĪħĽŀĭŒľƟŀĵŌƞŒĬĸńĔļĦŃĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢħƟĺĵŏĴŖħıŀĸŇ

ŏĴŀĶƢĪňŗœħƟěŅĔȮ1,1,/,/ȮőħĵĬņŏĴŖħıŀĸŇŏĴŀĶƢěŅĔĕƟŀȮ1,1,/,/Ȯ(PBAT, PBAT/B3 ŐĸŃȮPBAT/B5) 

ĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħĪňŗŀŋĦľĳŌĴŇȮ/60ȮŀĚĻŅŏĞĸŏĞňĵĽȮőħĵŒĝƟŏĺĸŅȮpre-heatȮ4 ĬŅĪňȮĔƞŀĬ

ĪņĔŅĶĔħŀńħŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮŒľƟœħƟĸńĔļĦŃŏĮƦĬĲƕĸƢĴĴňėĺŅĴľĬŅŀĵŌƞŒĬĝƞĺĚȮ1..ȮµmȮ

őħĵĮĶŃĴŅĦȮŐĸƟĺěŃĬņœĮĨńħŒľƟŀĵŌƞŒĬĶŌĮĪĶĚĨŅĴĪňŗĔņľĬħœĺƟŒĬĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃ

ĔŅĶĪħĽŀĭėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬȮŐĸŃĕŉŘĬĶŌĮĸńĔļĦŃŐĪƞĚĽňŗŏľĸňŗĵĴįŊĬįƟŅȮ(rectangular 
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shape)ȮŏıŊŗŀĬņœĮĪħĽŀĭĽńĦģŅĬĺŇĪĵŅȮőħĵŒĝƟŏĺĸŅȮpre-heatȮ5ȮĬŅĪň ĔƞŀĬĪņĔŅĶĔħŀńħŏĮƦĬ

ŏĺĸŅȮ0ȮĬŅĪňȮħƟĺĵŏėĶŊŗŀĚȮcompression molding ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3.3Ȯ 

 

ĶŌĮĪňŗȮ3.3 ŏėĶŊŗŀĚ Compression molding ĶŋƞĬȮPR10-W300L350 ěŅĔĭĶŇļńĪŏěĶŇĠĪńĻĬƢ 
1,1,/,0ȮĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT 

ŐĸŃ PBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

1,1,/,0,1ȮĔŅĶĻŉĔļŅėƞŅħńĝĬňĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮĬņŏĴŖħıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔ

ĔĶŃĭĺĬĔŅĶįĽĴŒĬŏėĶŊŗŀĚȮInternal mixerȮĴŅĪņĔŅĶŀĭĪňŗŀŋĦľĳŌĴŇȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽŏĮƦĬŏĺĸŅȮ

02ȮĝńŗĺőĴĚŏıŊŗŀĔņěńħėĺŅĴĝŊŘĬĔƞŀĬĬņœĮĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮMelt Flow Indexer ĶŋƞĬȮ

Plastometer: MFR1 ěŅĔĭĶŇļńĪŏěĶŇĠĪńĻĬƢȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3.4ȮőħĵĽĳŅĺŃĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭ

ėŊŀŀŋĦľĳŌĴŇȮ/7.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĸŃĴňĬŘņľĬńĔĔħȮ0,/4ȮĔŇőĸĔĶńĴȮĨŅĴĴŅĨĶģŅĬȮASTM D1238  
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ĶŌĮĪňŗȮ3.4ȮŏėĶŊŗŀĚȮMelt Flow Indexer ĶŋƞĬȮPlastometer: MFR1 ěŅĔĭĶŇļńĪŏěĶŇĠĪńĻĬƢ 
1,1,/,0,0ȮĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢįĽĴħƟĺĵŏĪėĬŇėȮ

Scanning Electron Microscope (SEM) őħĵĬņĝŇŘĬĚŅĬĪňŗĕŉŘĬĶŌĮĸńĔļĦŃŐĪƞĚĽňŗŏľĸňŗĵĴįŊĬįƟŅȮ

(rectangular shape) ĴŅŐĝƞŒĬœĬőĨĶŏěĬŏľĸĺȮŐĸƟĺŏėŅŃŒľƟĝŇŘĬĚŅĬľńĔŏıŊŗŀĻŉĔļŅėĺŅĴŏĕƟŅĔńĬœħƟ

ĕŀĚĔŅĶįĽĴȮħƟĺĵŏėĶŊŗŀĚŏėĶŊŗŀĚȮField Emission Scanning Electron Microscope, FESEM 

ĶŋƞĬȮMIRA3 ěŅĔĭĶŇļńĪȮTESCANȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3.5 

 

ĶŌĮĪňŗȮ3.5 ŏėĶŊŗŀĚȮField Emission Scanning Electron Microscope, FESEM ĶŋƞĬȮMIRA3 ěŅĔ
ĭĶŇļńĪȮTESCAN 

1,1,/,0,1ȮĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴħƟĺĵȮTensile test ħƟĺĵŏėĶŊŗŀĚȮUniversal 

Testing Machine ĶŋƞĬȮ3437ȮěŅĔĭĶŇļńĪȮInstron Engineering Corporation ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ



  34 

3.6 ĪņĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴŒľƟĴňĸńĔļĦŃŏĮƦĬĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħȮ/Ȯ×Ȯ4ȮĬŇŘĺȮŐĸŃĪņĔŅĶ

ĪħĽŀĭĨŅĴĴŅĨĶģŅĬȮASTM-D882 őħĵŒĝƟőľĸħȮ3ȮkN ħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/min 

 

ĶŌĮĪňŗȮ3.6ȮŏėĶŊŗŀĚȮUniversal Testing Machine ĶŋƞĬȮ5659 ěŅĔĭĶŇļńĪȮInstron Engineering 
Corporation 

 

1,1,0ȮĻŉĔļŅĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚȮŐĸŃŀŇĪīŇıĸĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮ

batch stretching process ĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚ

ĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

3.3.2.1 ĔŅĶŏĨĶňĵĴŏĴŖħıŀĸŇŏĴŀĶƢȮPBAT ŐĸŃ PBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

ĔŅĶŏĨĶňĵĴŏĴŖħıŀĸŇŏĴŀĶƢįĽĴŏıŊŗŀĬņœĮŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮ cast film extrusion őħĵĪņ

ĔŅĶŀĭŏĴŖħȮPBAT ĪňŗŀŋĦľĳŌĴŇȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮŏıŊŗŀœĸƞėĺŅĴĝŊŘĬĪňŗŀŅě

ĔƞŀŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅĕƟŅĚŏėňĵĚŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶįĽĴȮěŅĔĬńŘĬĪņĔŅĶįĽĴŏĴŖħȮPBAT ĪňŗĴňĔŅĶ

ŏĨŇĴȮBiomax® strong ĔƞŀĬĨŅĴŀńĨĶŅĽƞĺĬĪňŗŐĽħĚŒĬĨŅĶŅĚĪňŗȮ3.1ȮŐĸƟĺĬņœĮŀńħĶňħħƟĺĵŏėĶŊŗŀĚŀńħ

ĶňħŐĭĭĽĔĶŌėŌƞȮ(twin-screw extrusier) ĶŋƞĬȮHRJ-25 ěŅĔĭĶŇļńĪȮEnmach Co., Ltd ħńĚŐĽħĚŒĬ

ĶŌĮĪňŗȮ3.7ȮŒĬĽĳŅĺŃŀŋĦľĳŌĴŇĔŅĶįĽĴȮ63ȮůȮ/23ȮŀĚĻŅŏĞĸŏĞňĵĽȮőħĵĶŅĵĸŃŏŀňĵħĝƞĺĚŀŋĦľĳŌĴŇĔŅĶ

įĽĴŐĽħĚŒĬĨŅĶŅĚĪňŗȮ3.2ȮħƟĺĵėĺŅĴŏĶŖĺĶŀĭĽĔĶŌĪňŗŒĝƟŒĬĔŅĶįĽĴŏĪƞŅĔńĭȮ0..ȮůȮ1..ȮĶŀĭĨƞŀĬŅĪň 
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ŐĸŃľĸƞŀŏĵŖĬħƟĺĵĬŘņŀŋĦľĳŌĴŇȮ03ȮŀĚĻŅŏĞĸŏĞňĵĽȮěŅĔĬńŘĬĬņŏĽƟĬıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔ

ĔĶŃĭĺĬĔŅĶŀńħĶňħĴŅĴƟĺĬĕħŒľƟŏĮƦĬĔƟŀĬŏıŊŗŀĬņœĮĭħŒĬŏėĶŊŗŀĚȮgrinder ŏĬŊŗŀĚěŅĔȮPBAT ĴňėĺŅĴ

ŏľĬňĵĺĪňŗėƞŀĬĕƟŅĚĽŌĚĪņŒľƟœĴƞĽŅĴŅĶĩĨńħŏĽƟĬȮextrudate ŀŀĔĴŅŏĮƦĬœħƟŀĵƞŅĚĽĴĭŌĶĦƢ 

 
ĶŌĮĪňŗȮ3.7 ŏėĶŊŗŀĚŀńħĶňĭŐĭĭĽĔĶŌėŌƞȮtwin-screw extrusion ĶŋƞĬȮHRJ-25 ěŅĔĭĶŇļńĪȮEnmach Co., 

Ltd 
ĨŅĶŅĚĪňŗȮ3.2ȮŀńĨĶŅĽƞĺĬŐĸŃŀŋĦľĳŌĴŇĔŅĶįĽĴĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

Samples 
PBAT 
(wt%) 

Biomax® 
Strong 120 

(phr) 

Temp profile  
(° C) 

PBAT 100 - 85, 100, 110, 130, 
135, 140, 145, 150, 

155, 145 

PBAT/B3 100 3 

PBAT/B5 100 5 
 

3.3.2.2 ĕŉŘĬĶŌĮĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strongȮħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮcast film extrusion 

ĬņŏĴŖħıŀĸŇŏĴŀĶƢįĽĴœĮŀĭœĸƞėĺŅĴĝŊŘĬĪňŗŀŋĦľĳŌĴŇȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ02Ȯ

ĝńŗĺőĴĚȮĔƞŀĬĪņĔŅĶľĸŀĴŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐįƞĬıĸŅĽĨŇĔȮ&Cast film extruder)Ȯ

ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3.8ȮőħĵŒĝƟŀŋĦľĳŌĴŇĔĶŃĭŀĔľĸŀĴŒĬĝƞĺĚȮ/.3, 130, 140, 150 ŀĚĻŅŏĞĸŏĞňĵĽȮ
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ŀŋĦľĳŌĴŇĭĶŇŏĺĦľńĺħŅĵȮ/4., 160 ŀĚĻŅŏĞĸŏĞňĵĽ ħƟĺĵėĺŅĴŏĶŖĺĶŀĭĽĔĶŌĮĶŃĴŅĦȮ13ȮĶŀĭĨƞŀ

ĬŅĪň,ȮŀŋĦľĳŌĴŇĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮ&Chill roll temperature) ĪňŗȮ03ȮŀĚĻŅŏĞĸŏĞňĵĽ, ėĺŅĴŏĶŖĺ

ĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮ&Chill roll speed) 1-1.5 m/min ŐĸŃėĺŅĴŏĶŖĺĕŀĚĸŌĔĔĸŇŘĚŒĬĔŅĶħŉĚĲƕĸƢĴȮ

&Nip roll speed) 1.5-2.5 m/min őħĵėĺĭėŋĴėĺŅĴľĬŅĲƕĸƢĴŒľƟĴňėĺŅĴľĬŅȮ/..Ȯ±Ȯ0.Ȯ

œĴőėĶŏĴĨĶȮőħĵĪņĔŅĶĺńħėĺŅĴľĬŅĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚœĴőėĶĴŇŏĨŀĶƢȮőħĵĪņĔŅĶĺńħėĺŅĴľĬŅĕŀĚ

ĲƕĸƢĴěņĬĺĬȮ7ȮěŋħȮŐĸƟĺĬņĴŅľŅėƞŅŏĜĸňŗĵȮěŅĔĬńŘĬĬņĲƕĸƢĴœĮĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮbatch 

stretching process ħƟĺĵŏėĶŊŗŀĚȮUniaxial machine 

 

ĶŌĮĪňŗȮ3.8ȮŏėĶŊŗŀĚŀńħĶňħŐįƞĬĲƕĸƢĴȮ&Cast film extruder) ĶŋƞĬȮLBE20-30/P ěŅĔĭĶŇļńĪȮLabtech 
Engineering ĮĶŃŏĪĻœĪĵ 

3.3.2.3 ĔŅĶħŉĚĵŊħĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strongħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮbatch stretching process 

ĬņĲƕĸƢĴĪňŗœħƟěŅĔȮ1,1,0,0ȮĴŅĪņĔŅĶĨńħŒľƟŏĮƦĬĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħȮ0Ȯ×Ȯ3ȮĬŇŘĺȮěŅĔĬńŘĬ

ĬņœĮħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮbatch stretching process ħƟĺĵŏėĶŊŗŀĚȮUniaxial machine ħńĚ

ŐĽħĚŒĬĶŌĮĪňŗȮ3.9ȮħƟĺĵĔŅĶħŉĚĵŊħȮ/,3, 2 ŐĸŃȮ0,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/,3x, 2x, 2.5x) őħĵ

ĪņĔŅĶĵŊħŒĬĽĳŅĺŃĪňŗĴňĔŅĶŒľƟėĺŅĴĶƟŀĬħƟĺĵĸĴĶƟŀĬěŅĔȮheat gun 
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ĶŌĮĪňŗȮ3.9 ŏėĶŊŗŀĚȮUniaxial machine 
3.3.2.4 ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ 

PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ħƟĺĵĔĶŃĭĺĬĔŅĶȮbatch stretching 

process 

3.3.2.4.1 ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴħƟĺĵȮTensile test ħƟĺĵŏėĶŊŗŀĚȮUniversal 

Testing Machine ĶŋƞĬȮNRI-TS500-5BȮěŅĔĭĶŇļńĪȮĬĶŇĬĪĶƢŀŇĬĽĪĶŌŏĴƟĬĪƢȮěņĔńħȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ

3.10 ĪņĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴŒľƟĴňĸńĔļĦŃŏĮƦĬĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħȮ/Ȯ×Ȯ4ȮĬŇŘĺȮŐĸŃĪņĔŅĶ

ĪħĽŀĭĨŅĴĴŅĨĶģŅĬȮASTM-D882 őħĵŒĝƟőľĸħȮ3ȮkN ħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/min 
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ĶŌĮĪňŗȮ3.10 ŏėĶŊŗŀĚȮUniversal Testing Machine ĶŋƞĬȮNRI-TS500-5BȮěŅĔĭĶŇļńĪȮĬĶŇĬĪĶƢŀŇĬĽĪĶŌ
ŏĴƟĬĪƢȮěņĔńħ 

1,1,0,2,0ȮĔŅĶĻŉĔļŅėĺŅĴĵŊħľĵŋƞĬȮ&elasticity) ĕŀĚĲƕĸƢĴħƟĺĵȮCyclic test ħƟĺĵŏėĶŊŗŀĚ 

Universal Testing Machine ĶŋƞĬȮNRI-TS500-5BȮěŅĔĭĶŇļńĪȮĬĶŇĬĪĶƢŀŇĬĽĪĶŌŏĴƟĬĪƢȮěņĔńħȮĪņ

ĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴŒľƟĴňĸńĔļĦŃŏĮƦĬĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħȮ/Ȯ×Ȯ4ȮĬŇŘĺȮŐĸŃĪņĔŅĶĪħĽŀĭőħĵ

ĨńŘĚėƞŅȮMax stress = 30 MPa ŐĸƟĺĪņĔŅĶħŉĚĵŊħĲƕĸƢĴħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/minȮěĬĴňėƞŅȮ

Stress ĕŀĚĲƕĸƢĴĩŉĚėƞŅĪňŗĔņľĬħȮěŅĔĬńŘĬŒľƟŏėĶŊŗŀĚŏĸŊŗŀĬȮcross head ħƟŅĬĭĬĔĸńĭĴŅĪňŗěŋħŏĶŇŗĴĨƟĬȮ

ľĶŊŀȮMin stress = 0 MPaȮħƟĺĵŀńĨĶŅŏĶŖĺŏħňĵĺĔńĭŀńĨĶŅĔŅĶħŉĚĵŊħȮŏıŊŗŀĨŇħĨŅĴėƞŅȮstrain ĪňŗȮMax 

stress ŐĸŃȮMin stress ŏıŊŗŀĬņĴŅėņĬĺĦľŅėƞŅĔŅĶėŊĬĨńĺĔĸńĭĕŀĚĲƕĸƢĴěŅĔĽĴĔŅĶĪňŗȮ1,0ȮŐĸŃħŌ

ėĺŅĴĵŊħľĵŋƞĬȮ&elasticity) ěŅĔıĸńĚĚŅĬėŊĬĨńĺĔĸńĭŐĸŃıĸńĚĚŅĬĪňŗĽŌĠŏĽňĵœĮěŅĔıŊŘĬĪňŗŒĨƟőėƟĚĕŀĚ

ĔĶŅĲȮstress-strain curve 

#ȮPcamtcpwȮ;Ȯ
Qrp_glk_vqrpcqqȮ-ȮQrp_glKglȮqrpcqq

Qrp_glk_vqrpcqq
Ȯ×Ȯ/..                ĽĴĔŅĶĪňŗȮ3.1 
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1,1,0,2,1ȮĔŅĶĻŉĔļŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮħƟĺĵŀŋĮĔĶĦƢĔŅĶĺńħ

ĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬŀĵƞŅĚĚƞŅĵħńĚŐĽħĚŒĬĶŌĮĪňŗȮ1,5ȮőħĵĶŌĮĪňŗȮ1,5Ȯa) ŏĮƦĬģŅĬĮĶńĭĴŋĴȮŐĸŃȮ

b) ŏĮƦĬĸŌĔĨŋƟĴŏıŇŗĴĬŘņľĬńĔĲƕĸƢĴȮĔŅĶĪħĽŀĭŏĶŅĪņĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴŒľƟĴňĸńĔļĦŃŏĮƦĬ

ĽňŗŏľĸňŗĵĴįŊĬįƟŅȮ0Ȯ× 2ȮĬŇŘĺȮŐĸŃĽňŗŏľĸňŗĵĴěńĨŋĶńĽȮ/,3Ȯ× /,3ȮĬŇŘĺȮőħĵĔŅĶĪħĽŀĭėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚ

ŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴĶŃľĺƞŅĚȮ0ȮıŊŘĬįŇĺȮėŊŀȮįŇĺĲƕĸƢĴĔńĭįŇĺĲƕĸƢĴȮőħĵĪņĔŅĶŏıŇŗĴĴŋĴĕŀĚŐįƞĬĮĶńĭĴŋĴ

ĪŋĔȮŕȮ3ȮŀĚĻŅȮĞŉŗĚĔŅĶĺńħĴŋĴěŃŒĝƟľĸńĔıŇĪŅőĔĶńĽőħĵĺńħĽńħĽƞĺĬėĺŅĴĵŅĺĕŀĚħƟŅĬĨĶĚĕƟŅĴĴŋĴŐĸŃ

ħƟŅĬĝŇħĔńĭĴŋĴŒľƟœħƟėƞŅŏĪƞŅĔńĭȮtan ɗ ĪňŗĴŋĴĨƞŅĚȮŕȮĞŉŗĚĔŅĶĪħĽŀĭŏĶŅěŃĬņĲƕĸƢĴȮ/,3Ȯ× /,3ȮĬŇŘĺȮĨŇħ

ŏĕƟŅĔńĭĸŌĔĨŋƟĴŏıŇŗĴĬŘņľĬńĔȮŐĸŃĬņĲƕĸƢĴȮ0Ȯ× 2ȮĬŇŘĺȮĨŇħŏĕƟŅĔńĭģŅĬĮĶńĭĴŋĴȮěŅĔĬńŘĬĬņĸŌĔĨŋƟĴŏıŇŗĴ

ĬŘņľĬńĔĪňŗĨŇħĲƕĸƢĴŏĶňĵĭĶƟŀĵĴŅĺŅĚĸĚĭĬŐįƞĬĲƕĸƢĴĪňŗĨŇħŀĵŌƞĔńĭģŅĬĮĶńĭĴŋĴŐĸƟĺĪņĔŅĶĮĶńĭĴŋĴ

ěĬĔĺƞŅĸŌĔĨŋƟĴŏıŇŗĴĬŘņľĬńĔĪňŗĨŇħĲƕĸƢĴěŃŏĔŇħĔŅĶœľĸŐĸŃěħėƞŅĴŋĴŏıŊŗŀėņĬĺĦľŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚ

ŏĽňĵħĪŅĬěŅĔĽĴĔŅĶĪňŗȮ1,2 

AmcddgagclrȮmdȮdpgargmlȮ;Ȯr_lȮ ̒  ȮĽĴĔŅĶĪňŗȮ3.2 
 

 

ĶŌĮĪňŗȮ3.11 ŀŋĮĔĶĦƢĺńħėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬŀĵƞŅĚĚƞŅĵȮa) ģŅĬĮĶńĭĴŋĴȮb) ĸŌĔĨŋƟĴŏıŇŗĴĬŘņľĬńĔ
ĲƕĸƢĴ 

3.3.3 ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴň

ĔŅĶŏĨŇĴȮBiomax® strongȮħƟĺĵĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŐĸŃħŉĚĵŊħĲƕĸƢĴħƟĺĵĶŃĭĭĨƞŀŏĬŊŗŀĚŒĬ

ĶŃħńĭŀŋĨĽŅľĔĶĶĴ 

1,1,1,/ȮĕŉŘĬĶŌĮĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮcast film extrusion ŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴ 

ĬņŏĴŖħıŀĸŇŏĴŀĶƢȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 3 ŐĸŃȮ3Ȯphr ĪňŗœħƟ

ěŅĔĔŅĶĕŉŘĬĶŌĮħƟĺĵȮtwin screw extruder œĮŀĭœĸƞėĺŅĴĝŊŘĬĪňŗŀŋĦľĳŌĴŇȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬ
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ŏĺĸŅȮ02ȮĝńŗĺőĴĚȮĔƞŀĬĪņĔŅĶľĸŀĴŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐįƞĬıĸŅĽĨŇĔȮ&Cast film 

extruder)ȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3.12ȮĪňŗœħƟĶńĭėĺŅĴŀĬŋŏėĶŅŃľƢěŅĔĭĶŇļńĪȮħň,ŏŀĝ,ŏŀȮĽĵŅĴĺŅĸŅȮěņĔńħȮ

őħĵŒĝƟŀŋĦľĳŌĴŇĔĶŃĭŀĔľĸŀĴŒĬĝƞĺĚȮ/15, 135, 145, 155, 165 ŀĚĻŅŏĞĸŏĞňĵĽȮŀŋĦľĳŌĴŇ

ĭĶŇŏĺĦľńĺħŅĵȮ/65, 165 ŀĚĻŅŏĞĸŏĞňĵĽ ėĺŅĴŏĶŖĺĶŀĭĽĔĶŌĮĶŃĴŅĦȮ40ȮĶŀĭĨƞŀĬŅĪň,ȮŀŋĦľĳŌĴŇ

ĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮ&Chill roll temperature) ĪňŗȮ/3ȮŀĚĻŅŏĞĸŏĞňĵĽ, ėĺŅĴŏĶŖĺĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮ

&Chill roll speed) ŐĸŃėĺŅĴŏĶŖĺĕŀĚĸŌĔĔĸŇŘĚŒĬĔŅĶħŉĚĲƕĸƢĴȮ&Nip roll speed) ĴňėĺŅĴŏĝŊŗŀĴőĵĚ

ĔńĬőħĵŒĝƟėĺŅĴŏĶŖĺŀĵŌƞĪňŗȮ10 m/min őħĵėĺĭėŋĴėĺŅĴľĬŅĲƕĸƢĴŒľƟĴňėĺŅĴľĬŅȮ/..Ȯ±Ȯ2.Ȯ

œĴőėĶŏĴĨĶȮĔƞŀĬĬņĵŊħħƟĺĵŏėĶŊŗŀĚĶňħ-ĵŊħĲƕĸƢĴȮHeat film ŐĸŃĝŋħĸŌĔĔĸŇŘĚħŉĚŏĽƟĬŒĵȮroll cutting 

 

ĶŌĮĪňŗȮ3.12ȮŏėĶŊŗŀĚŀńħĶňħŐįƞĬĲƕĸƢĴȮ&Cast film extruder) ěŅĔĭĶŇļńĪȮModern Machinery Co., Inc. 
(œħƟĶńĭėĺŅĴŀĬŋŏėĶŅŃľƢěŅĔĭĶŇļńĪȮħň,ŏŀĝ,ŏŀ,ȮĽĵŅĴĺŅĸŅȮěņĔńħ'Ȯ 

 

1,1,1,0ȮĔŅĶħŉĚĵŊħĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮcontinuous stretching process 

ĬņĲƕĸƢĴĪňŗĕŉŘĬœħƟěŅĔȮ1,1,1,/ȮĪňŗœħƟĴŅĵŊħħƟĺĵŏėĶŊŗŀĚĶňħ-ĵŊħĲƕĸƢĴȮHeat film &ĕĺŅ' ŐĸŃĝŋħ

ĸŌĔĔĸŇŘĚħŉĚŏĽƟĬŒĵȮroll cutting (ĞƟŅĵ'ȮĪňŗœħƟĶńĭėĺŅĴŀĬŋŏėĶŅŃľƢěŅĔĭĶŇļńĪȮŐŀŖııĸŅĵȮħňĭňȮěņĔńħ

őħĵĔņľĬħĔŅĶħŉĚĵŊħȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮĳŅĵŒĨƟĽĳŅĺŃĔŅĶŒľƟėĺŅĴĶƟŀĬŐįƞĬ

ŒľƟėĺŅĴĶƟŀĬěŅĔȮHeat film ĪňŗȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽȮőħĵŏĪňĵĭěŅĔėĺŅĴŏĶŖĺĶŀĭĕŀĚĸŌĔĔĸŇŘĚĪňŗ

ĭĶŇŏĺĦľĬƟŅŏėĶŊŗŀĚĶňħ-ĵŊħĲƕĸƢĴŐĸŃĸŌĔĔĸŇŘĚĕŀĚĝŋħĸŌĔĔĸŇŘĚħŉĚŏĽƟĬŒĵȮőħĵĔņľĬħŒľƟėĺŅĴŏĶŖĺĶŀĭ

ĸŌĔĔĸŇŘĚĴňėĺŅĴŏĶŖĺĪňŗŐĨĔĨƞŅĚĔńĬĕŀĚĸŌĔĔĸŇŘĚľĬƟŅŏėĶŊŗŀĚĶňħ-ĵŊħĲƕĸƢĴȮŐĸŃĸŌĔĔĸŇŘĚĕŀĚĝŋħĸŌĔĔĸŇŘĚħŉĚ
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ŏĽƟĬŒĵĪňŗȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅȮŐĸŃĬņĲƕĸƢĴĪňŗįƞŅĬĔŅĶħŉĚĵŊħœĮĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĵŊħľĵŋƞĬȮŐĸŃ

ėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

 

Ȯ  

ĶŌĮĪňŗȮ3.13 ŏėĶŊŗŀĚĶňħ-ĵŊħĲƕĸƢĴȮHeat film [B3F-YM-A07] &ĕĺŅ' ŐĸŃĝŋħĸŌĔĔĸŇŘĚħŉĚŏĽƟĬŒĵȮroll 
cutting [B3F-YM-A08] (ĞƟŅĵ'Ȯ&œħƟĶńĭėĺŅĴŀĬŋŏėĶŅŃľƢěŅĔĭĶŇļńĪȮŐŀŖııĸŅĵȮħňĭňȮěņĔńħ' 

3.3.3.3 ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ 

PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ħƟĺĵĔĶŃĭĺĬĔŅĶȮcontinuous 

stretching process 

3.3.3.3.1 ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴħƟĺĵȮTensile test ħƟĺĵŏėĶŊŗŀĚȮUniversal 

Testing Machine ĶŋƞĬȮNRI-TS500-5BȮěŅĔĭĶŇļńĪȮĬĶŇĬĪĶƢŀŇĬĽĪĶŌŏĴƟĬĪƢȮěņĔńħȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ

3.10 ĪņĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴŒľƟĴňĸńĔļĦŃŏĮƦĬĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħȮ/Ȯ×Ȯ4ȮĬŇŘĺȮŐĸŃĪņĔŅĶ

ĪħĽŀĭĨŅĴĴŅĨĶģŅĬȮASTM-D882 őħĵŒĝƟőľĸħȮ3ȮkN ħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/min 

1,1,1,1,0ȮĔŅĶĻŉĔļŅėĺŅĴĵŊħľĵŋƞĬȮ&elasticity) ĕŀĚĲƕĸƢĴħƟĺĵȮCyclic test ħƟĺĵŏėĶŊŗŀĚ 

Universal Testing Machine ĶŋƞĬȮNRI-TS500-5BȮěŅĔĭĶŇļńĪȮĬĶŇĬĪĶƢŀŇĬĽĪĶŌŏĴƟĬĪƢȮěņĔńħȮĪņ

ĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴŒľƟĴňĸńĔļĦŃŏĮƦĬĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħȮ/Ȯ×Ȯ4ȮĬŇŘĺȮŐĸŃĪņĔŅĶĪħĽŀĭőħĵ

ĨńŘĚėƞŅȮMax stress = 30 MPa ŐĸƟĺĪņĔŅĶħŉĚĵŊħĲƕĸƢĴħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/minȮěĬĴňėƞŅȮ

Stress ĕŀĚĲƕĸƢĴĩŉĚėƞŅĪňŗĔņľĬħȮěŅĔĬńŘĬŒľƟŏėĶŊŗŀĚŏĸŊŗŀĬĔĸńĭĴŅĪňŗěŋħŏĶŇŗĴĨƟĬȮľĶŊŀȮMin stress = 0 

MPaȮħƟĺĵŀńĨĶŅŏĶŖĺŏħňĵĺĔńĭŀńĨĶŅĔŅĶħŉĚĵŊħȮŏıŊŗŀĨŇħĨŅĴėƞŅȮstrain ĪňŗȮMax stress ŐĸŃȮMin 

stress ŏıŊŗŀĬņĴŅėņĬĺĦľŅėƞŅĔŅĶėŊĬĨńĺĔĸńĭĕŀĚĲƕĸƢĴěŅĔĽĴĔŅĶĪňŗȮ1,0ȮŐĸŃħŌėĺŅĴĵŊħľĵŋƞĬȮ
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&elasticity) ěŅĔıĸńĚĚŅĬėŊĬĨńĺĔĸńĭŐĸŃıĸńĚĚŅĬĪňŗĽŌĠŏĽňĵœĮěŅĔıŊŘĬĪňŗŒĨƟőėƟĚĕŀĚĔĶŅĲȮstress-

strain curve 

1,1,1,1,1ȮĔŅĶĻŉĔļŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮħƟĺĵŀŋĮĔĶĦƢĔŅĶĺńħ

ĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬŀĵƞŅĚĚƞŅĵħńĚŐĽħĚŒĬĶŌĮĪňŗȮ1,5ȮőħĵĶŌĮĪňŗȮ1,5Ȯa) ŏĮƦĬģŅĬĮĶńĭĴŋĴȮŐĸŃȮ

b) ŏĮƦĬĸŌĔĨŋƟĴŏıŇŗĴĬŘņľĬńĔĲƕĸƢĴȮĔŅĶĪħĽŀĭŏĶŅĪņĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴŒľƟĴňĸńĔļĦŃŏĮƦĬ

ĽňŗŏľĸňŗĵĴįŊĬįƟŅȮ0Ȯ× 2ȮĬŇŘĺȮŐĸŃĽňŗŏľĸňŗĵĴěńĨŋĶńĽȮ/,3Ȯ× /,3ȮĬŇŘĺȮőħĵĔŅĶĪħĽŀĭėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚ

ŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴĶŃľĺƞŅĚȮ0ȮıŊŘĬįŇĺȮėŊŀȮįŇĺĲƕĸƢĴĔńĭįŇĺĲƕĸƢĴȮőħĵĪņĔŅĶŏıŇŗĴĴŋĴĕŀĚŐįƞĬĮĶńĭ

ėĺŅĴĝńĬĪňŗĔņľĬħĴŋĴŀĵŌƞĪňŗȮ/3Ȯ-Ȯ23ȮŀĚĻŅȮħƟĺĵĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĴŋĴĪŋĔȮŕȮ3ȮŀĚĻŅȮĞŉŗĚĔŅĶĪħĽŀĭ

ŏĶŅěŃĬņĲƕĸƢĴȮ/,3Ȯ× /,3ȮĬŇŘĺȮĨŇħŏĕƟŅĔńĭĸŌĔĨŋƟĴŏıŇŗĴĬŘņľĬńĔȮŐĸŃĬņĲƕĸƢĴȮ0Ȯ× 2ȮĬŇŘĺȮĨŇħŏĕƟŅĔńĭģŅĬ

ĮĶńĭĴŋĴȮěŅĔĬńŘĬĬņĸŌĔĨŋƟĴŏıŇŗĴĬŘņľĬńĔĪňŗĨŇħĲƕĸƢĴŏĶňĵĭĶƟŀĵĴŅĺŅĚĸĚĭĬŐįƞĬĲƕĸƢĴĪňŗĨŇħŀĵŌƞĔńĭģŅĬ

ĮĶńĭĴŋĴŐĸƟĺĪņĔŅĶĮĶńĭĴŋĴěĬĔĺƞŅĸŌĔĨŋƟĴŏıŇŗĴĬŘņľĬńĔĪňŗĨŇħĲƕĸƢĴěŃŏĔŇħĔŅĶœľĸŐĸŃěħėƞŅĴŋĴŏıŊŗŀ

ėņĬĺĦľŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬěŅĔĽĴĔŅĶĪňŗȮ1,/  
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ĭĪĪňŗȮ2Ȯ 

įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

 ĚŅĬĺŇěńĵĬňŘœħƟĪņĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴ Biomax® strong ĪňŗĪņľĬƟŅĪňŗŏĮƦĬĽŅĶŏĨŇĴŐĨƞĚ

ĝĬŇħŏıŇŗĴĔŅĶĵŉħĨŇħȮ&cohesion additive) ıĶƟŀĴĪńŘĚĻŉĔļŅŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch ŐĸŃȮ

continuous stretching process ĕŀĚĲƕĸƢĴ PBAT ĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚ

ŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŏıŊŗŀŒľƟĴňĽĴĭńĨŇĪňŗŏľĴŅŃĽĴĔńĭĔŅĶŒĝƟĚŅĬŏĮƦĬĲƕĸƢĴėĸŇĚĔƢȮőħĵįĸĔŅĶĪħĸŀĚ

ĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬȮ1ȮĽƞĺĬȮħńĚĬňŘ 

 ĽƞĺĬĪňŗȮ/ ĻŉĔļŅĔŅĶįĽĴŒĬĶŃĭĭȮbatch mixing processȮŐĸŃŀŇĪīŇıĸĕŀĚȮBiomax® 

strong ĨƞŀĽĴĭńĨŇŏĝŇĚĔĸ 

 ĽƞĺĬĪňŗȮ0 ĻŉĔļŅĔŅĶįĽĴŐĸŃĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚȮŐĸŃŀŇĪīŇıĸĔĶŃĭĺĬĔŅĶħŉĚĵŊħ

ŒĬĶŃĭĭȮbatch stretching process ĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚ

ŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴ Biomax® strong 

 ĽƞĺĬĪňŗȮ1ȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ PBAT 

ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strongȮħƟĺĵĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŐĸŃħŉĚĵŊħŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴ 

2,/ȮĻŉĔļŅĔŅĶįĽĴŒĬĶŃĭĭȮbatch mixing process ŐĸŃŀŇĪīŇıĸĕŀĚȮBiomax® strong Ĩƞŀ

ĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT 

 ŒĬĽƞĺĬĪňŗȮ/ȮĕŀĚĚŅĬĺŇěńĵĬňŘȮŏĮƦĬĔŅĶĻŉĔļŅĔŅĶįĽĴȮĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħ

ĪŅĬĕŀĚȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 120 ĪňŗĪņľĬƟŅĪňŗŏĮƦĬȮcohesion additive ŒĬĮĶŇĴŅĦȮ

1Ȯphr ŐĸŃȮ3ȮphrȮőħĵĪņĔŅĶįĽĴŒĬĶŃĭĭĮƕħȮ(internal mixer) ŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵĔŅĶŀńħĕŉŘĬĶŌĮ

ħƟĺĵėĺŅĴĶƟŀĬȮ&compression molding) 

 2,/,/ȮĻŉĔļŅėƞŅŐĶĚĭŇħŒĬĶŃľĺƞŅĚĔŅĶįĽĴŐĸŃħńĝĬňĔŅĶœľĸĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗĴň

ĔŅĶŏĨŇĴ Biomax® strong 

 ěŅĔĔŅĶįĽĴȮPBAT ŏĕƟŅĔńĭȮBiomax® strong ĞŉŗĚĪņľĬƟŅĪňŗŏĮƦĬȮcohesion additive Īňŗ

ŀŋĦľĳŌĴŇȮ/1.ȮºC ėĺŅĴŏĶŖĺĶŀĭŒĬĔŅĶįĽĴȮ/..ȮĶŀĭ-ĬŅĪňȮŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪňȮħƟĺĵŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮ

(internal mixer)ȮėƞŅŐĶĚĭŇħĪňŗĨŇħĨŅĴœħƟěŅĔĔŅĶįĽĴĕŀĚȮPBAT ĪňŗŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŐĽħĚħńĚĶŌĮĪňŗȮ4.1Ȯ

ıĭĺƞŅŏĴŊŗŀĪņĔŅĶįĽĴȮBiomax® strong 120 ŒĬĮĶŇĴŅĦȮ1ȮŐĸŃȮ3Ȯphr (PBAT/B3 ŐĸŃȮPBAT/B5) 
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ĽƞĚįĸĪņŒľƟėƞŅŐĶĚĭŇħŒĬĝƞĺĚŏĺĸŅȮ/.ȮĬŅĪňȮĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬȮŏĬŊŗŀĚěŅĔȮBiomax® strong Ĵň

ŀĚėƢĮĶŃĔŀĭŏĮƦĬȮethylene acrylic copolymer ĪňŗĴňĸńĔļĦŃŏĮƦĬȮelastomer ĞŉŗĚĴňĬŘņľĬńĔőĴŏĸĔŋĸ

ĪňŗėƞŀĬĕƟŅĚĽŌĚȮY05[ȮĪņŒľƟėĺŅĴľĬŊħĕŀĚıŀĸŇŏĴŀĶƢľĸŀĴŒĬȮchamber ĕŀĚŏėĶŊŗŀĚȮinternal mixer Ĵň

ėĺŅĴľĬŊħŏıŇŗĴĽŌĚĕŉŘĬȮĞŉŗĚĽŀħėĸƟŀĚĔńĭėƞŅħńĝĬňĔŅĶœľĸħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.2 

 

ĶŌĮĪňŗȮ4.1 ėƞŅŐĶĚĭŇħĶŃľĺƞŅĚĔŅĶįĽĴĕŀĚȮPBAT, PBAT/B3 ŐĸŃȮPBAT/B5 ĪňŗŀŋĦľĳŌĴŇĔŅĶįĽĴȮ
/1.°C 

 ěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶœľĸĪňŗŀŋĦľĳŌĴŇȮ/7.Ȯ°CȮĕŀĚıŀĸŇŏĴŀĶƢľĸńĚįƞŅĬĔŅĶįĽĴŒĬŏėĶŊŗŀĚ

įĽĴĶŃĭĭĮƕħ (internal mixer) ŏıŊŗŀħŌĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĽĴĭńĨŇĔŅĶœľĸįƞŅĬėƞŅȮmelt flow index 

(MFI) ěŅĔĶŌĮĪňŗȮ4.2ȮıĭĺƞŅȮPBAT ĴňėƞŅȮMFI ŏĪƞŅĔńĭȮ4,0Ȯ±Ȯ.,1ȮĔĶńĴ/10 ĬŅĪňȮŏĴŊŗŀĪņĔŅĶŏĨŇĴĽŅĶŏĨŇĴ

ŐĨƞĚȮBiomax® strong ĸĚœĮŒĬĮĶŇĴŅĦȮ1Ȯphr ŐĸŃȮ3Ȯphr ėƞŅȮMFI ĴňėƞŅĸħĸĚŏĮƦĬȮ3,3Ȯ±Ȯ.,4Ȯ

ĔĶńĴ/10ĬŅĪňȮŐĸŃȮ2,2Ȯ±Ȯ.,5ȮĔĶńĴ-/.ĬŅĪňȮĨŅĴĸņħńĭȮŐĽħĚŒľƟŏľŖĬĺƞŅŏĴŊŗŀŏĨŇĴȮBiomax® strong Īņ

ŒľƟėƞŅėĺŅĴľĬŊħĕŀĚıŀĸŇŏĴŀĶƢįĽĴĴňėƞŅŏıŇŗĴĕŉŘĬȮĞŉŗĚĽŀħėĸƟŀĚĔńĭįĸĕŀĚėƞŅŐĶĚĭŇħŒĬĶŌĮĪňŗȮ4.1 
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ĶŌĮĪňŗȮ4.2ȮėƞŅħńĝĬňĔŅĶœľĸȮ(Melt flow index) ĕŀĚȮPBAT, PBAT/B3 ŐĸŃ PBAT/B5 ĪňŗŀŋĦľĳŌĴŇĔŅĶ
ĪħĽŀĭȮ/7.ȮŀĚĻŅŏĞĸŏĞňĵĽȮħƟĺĵĬŘņľĬńĔĔħȮ0,/4ȮĔŇőĸĔĶńĴ 

 

4.1.2 ĻŉĔļŅįĸĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅľĸńĚĔŅĶįĽĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮ

Biomax® strong 

 ĔŅĶĪħĽŀĭĽńĦģŅĬĺŇĪĵŅĭĶŇŏĺĦįŇĺĔŅĶŐĨĔľńĔĕŀĚĝŇŘĬĚŅĬŒĬœĬőĨĶŏěĬŏľĸĺĕŀĚ PBAT ŐĸŃ 

PBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong (PBAT/B3 ŐĸŃȮPBAT/B5) ĪňŗĪņľĬƟŅĪňŗŏĮƦĬȮcohesion 

additive ħƟĺĵĔņĸńĚĕĵŅĵȮ/.,000 ŏĪƞŅȮŏĴŊŗŀıŇěŅĶĦŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚȮPBAT, PBAT/B3 

ŐĸŃȮPBAT/B5 ŐĽħĚħńĚĶŌĮĪňŗȮ4.3ȮıĭĺƞŅȮPBAT/B3 ŐĸŃȮPBAT/B5 ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ

Biomax® strong 1ȮŐĸŃȮ3Ȯphr ěŃĽńĚŏĔĨŏľŖĬŀĬŋĳŅėĕŀĚȮBiomax® strong ĔĶŃěŅĵĨńĺŀĵƞŅĚ

ĽĴŗņŏĽĴŀŀĵŌƞŒĬŏĴĪĶŇĔĞƢĕŀĚȮPBAT őħĵŀĬŋĳŅėȮBiomax® strong ĪňŗŐĪĶĔĨńĺŀĵŌƞŒĬŏĴĪĶŇĔĞƢĕŀĚȮ

PBAT œĴƞŏĔŇħȮinterfacial adhesion ĔńĭŏĴĪĶŇĔĞƢȮPBAT ĞŉŗĚĽńĚŏĔĨœħƟěŅĔĕŀĭĕŀĚŀĬŋĳŅėȮBiomax® 

stong ĴňĔŅĶŐĭƞĚŐĵĔĔńĬĝńħŏěĬĶŃľĺƞŅĚŀĬŋĳŅėȮBiomax® stong ŐĸŃŏĴĪĶŇĔĞƢȮPBAT ĞŉŗĚĕĬŅħ

ŀĬŋĳŅėĕŀĚŏĲĽĔĶŃěŅĵŏĴŊŗŀŏĨŇĴȮBiomax® strong 3 phr ěŃĴňĕĬŅħĨńŘĚŐĨƞȮ.,03Ȯ-Ȯ/,03Ȯµm ŐĸŃ

ŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦŏĮƦĬȮ3Ȯphr ěŃĴňĕĬŅħŀĬŋĳŅėĪňŗŒľĠƞĕŉŘĬŏĮƦĬȮ.,3ȮůȮ/,53Ȯµm ĕĬŅħĕŀĚȮBiomax® 

stong ĪňŗĴňĕĬŅħŏĸŖĔĶŃħńĭœĴőėĶŏĴĨĶŐĽħĚŒľƟŏľŖĬȮBiomax® stong ŏĕƟŅĔńĬœħƟĭŅĚĽƞĺĬĔńĭŏĴĪĶŇĔĞƢȮ

PBAT 
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ĶŌĮĪňŗȮ4.3ȮĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚĝŇŘĬĚŅĬĪňŗįƞŅĬĔŅĶĔħŀńħĕŉŘĬĶŌĮĕŀĚȮa) PBAT, b) PBAT/B3 ŐĸŃȮ

c) PBAT/B5 ĪňŗľńĔŒĬœĬőĨĶŏěĬŏľĸĺȮĨŅĴĸņħńĭ 

 4.1.3 ĻŉĔļŅįĸĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴ Biomax® strong 

 ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĝŇŘĬĚŅĬĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

ľĸńĚĔŅĶįĽĴŒĬŏėĶŊŗŀĚįĽĴŐĭĭĮƕħŐĸŃĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħŒľƟœħƟŏĮƦĬŐįƞĬĲƕĸƢĴȮŐĸƟĺĬņĴŅ

ŐįƞĬĲƕĸƢĴĪňŗœħƟĴŅĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/min ŏĴŊŗŀıŇěŅĶĦŅĲƕĸƢĴȮPBAT 

ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏıŊŗŀŏıŇŗĴĔŅĶĵŉħĨŇħȮıĭĺƞŅĸńĔļĦŃĔĶŅĲȮstress-strain ŐĽħĚħńĚĶŌĮ

ĪňŗȮ4.4ȮŐĽħĚĸńĔļĦŃĝŇŘĬĚŅĬŐĭĭŏľĬňĵĺȮ&ductile)ȮőħĵĽńĚŏĔĨěŅĔĔŅĶĴňĔŅĶŏĔŇħěŋħȮyield ĪňŗĝńħŏěĬȮĴň

ĔŅĶŏĔŇħȮnecking ŏĔŇħĕŉŘĬȮY01[ȮěŅĔĔĶŅĲȮstress-strain curve ĕŀĚĲƕĸƢĴȮPBAT ĲƕĸƢĴœĴƞŏĔŇħĔŅĶĕŅħȮ

őħĵėƞŅȮWmsleŲqȮkmbsjsq*ȮrclqgjcȮqrpclerfȮŐĸŃȮWmsleŲqȮkmbsjsqȮŐĽħĚŒĬĨŅĶŅĚĪňŗȮ4.1ȮĞŉŗĚĴň

ėƞŅȮelongation at breakȮĴŅĔĔĺƞŅȮ650% ŏĮƦĬėƞŅĽŌĚĽŋħĕŀĚȮlimit ĔŅĶħŉĚĵŊħĕŀĚŏėĶŊŗŀĚȮuniversal 

testing machine ĴňėƞŅ tensile strength ŏĪƞŅĔńĭȮ0/,5ȮKN_ȮŐĸŃĴňėƞŅȮWmsleŲqȮkmbsjsqȮŏĪƞŅĔńĭȮ
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63,1ȮKN_ȮŐĨƞŏĴŊŗŀĪņĔŅĶŏĨŇĴȮ@gmk_v®ȮqrpmleȮŒĬĮĶŇĴŅĦȮ1ȮŐĸŃȮ3ȮnfpȮĞŉŗĚŏĮƦĬĽŅĶŏıŇŗĴĔŅĶĵŉħĨŇħȮ

&amfcqgmlȮ_bbgrgtc'ȮŏĕƟŅĔńĭȮN@?RȮ&N@?R-@1ȮŐĸŃȮN@?R-@3'ȮĽƞĚįĸĪņŒľƟėƞŅȮcjmle_rgmlȮ_rȮ

`pc_iȮŐĸŃȮrclqgjcȮqrpclerfȮĸħĸĚŏĸŖĔĬƟŀĵȮŏĬŊŗŀĚěŅĔįĸĽńĦģŅĬĺŇĪĵŅĕŀĚȮN@?R-@1ȮŐĸŃȮ

N@?R-@3ȮŒĬĶŌĮĪňŗȮ4.3ȮŐĽħĚŒľƟŏľŖĬĺƞŅŀĬŋĳŅėĕŀĚȮ@gmk_v®ȮqrpmleȮœĴƞŏĔŇħȮglrcpd_ag_jȮ_bfcqgmlȮ

ĔńĭŏĴĪĶŇĔĞƢȮN@?RȮŐĨƞĴňĕĬŅħŀĬŋĳŅėĪňŗŏĸŖĔĶŃħńĭœĴėĶŀĬŐĽħĚĩŉĚėĺŅĴŏĕƟŅĔńĬœħƟĭŅĚĽƞĺĬĶŃľĺƞŅĚ

ŀĬŋĳŅėȮ@gmk_v®ȮqrpmleȮĔńĭŏĴĪĶŇĔĞƢȮN@?RȮĪņŒľƟŏĔŇħŏĮƦĬěŋħĻŌĬĵƢĶĺĴŐĶĚŒľƟĔńĭĝŇŘĬĚŅĬȮěŉĚĪņŒľƟ

ĝŇŘĬĚŅĬŏĔŇħĔŅĶĕŅħĚƞŅĵĕŉŘĬȮőħĵŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĮĶŇĴŅĦĔŅĶŏĨŇĴȮBiomax® strong ĪňŗȮ1ȮphrȮŐĸŃȮ3Ȯ

phr ěŃĴňėƞŅȮelongation at break, tensile strength ŐĸŃȮWmsleŲqȮkmbsjsqȮŐĪĭěŃœĴƞĴňėĺŅĴ

ŐĨĔĨƞŅĚĔńĬȮŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮ@gmk_v®ȮqrpmleȮĽƞĚįĸŒľƟĽĴĭńĨŇŏĝŇĚĔĸĸħĸĚŏıňĵĚŏĸŖĔĬƟŀĵ

ŏĪƞŅĬńŘĬȮőħĵėƞŅȮrclqgjcȮqrpclerfȮŐĸŃȮcjmle_rgmlȮ_rȮ`pc_iȮĕŀĚĲƕĸƢĴėĸŇĚĔƢȮJJBNCȮY/-1[Ȯ&ŐĩĭĽň

ŐħĚŒĬĶŌĮĪňŗȮ4.4'ȮĞŉŗĚĴňėƞŅȮrclqgjcȮqrpclerfȮŒĬĝƞĺĚȮ13-2.ȮKN_ȮŐĸŃĴňȮCjmle_rgmlȮ_rȮ`pc_iȮœĴƞĨŗņ

ĔĺƞŅȮ03.#ȮŏĴŊŗŀĪņĔŅĶŏĮĶňĵĭŏĪňĵĭėƞŅȮrclqgjcȮqrpclerfȮĕŀĚȮN@?R*ȮN@?R-@1ȮŐĸŃȮN@?R-@3ȮœĴƞĴň

ĽŌĨĶŒħŏĸĵĪňŗĴňėƞŅŀĵŌƞŒĬĝƞĺĚĕŀĚĲƕĸƢĴėĸŇĚĔƢȮJJBNCȮěŉĚĨƟŀĚĬņĲƕĸƢĴȮN@?RȮœĮįƞŅĬĔĶŃĭĺĬĔŅĶŒĬĔŅĶħŉĚ

ĵŊħȮ&qrpcrafgleȮnpmacqq'ȮŏıŊŗŀŏıŇŗĴėƞŅȮrclqgjcȮqrpclerfȮĕŀĚĲƕĸƢĴ 

 

ĶŌĮĪňŗȮ4.4ȮStress-strain curve ĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 
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ĨŅĶŅĚĪňŗȮ4.1ȮėƞŅȮWmsleŲqȮkmbsjsq*ȮrclqgjcȮqrpclerfȮŐĸŃȮelongation at breakȮĕŀĚ PBAT 
ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

Q_knjcq 
WmsleŲqȮ

kmbsjsqȮ&KN_' 
RclqgjcȮ

qrpclerfȮ&KN_' 
Cjmle_rgmlȮ_rȮ
`pc_iȮ&#' 

N@?R 63,1Ȯ±Ȯ.,3 0/,5Ȯ±Ȯ.,/ <Ȯ650 

N@?R-@1 46,.Ȯ±Ȯ.,5 /6,2Ȯ±Ȯ.,7 6.0Ȯ±Ȯ07 

N@?R-@3 55,3Ȯ±Ȯ0,. /7,0Ȯ±Ȯ.,7 6/4Ȯ±Ȯ04 
 

ħńĚĬńŘĬěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® 

strong ěŅĔĔŅĶĪħĽŀĭŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮ@gmk_v®ȮqrpmleȮĽƞĚįĸŒľƟĽĴĭńĨŇŏĝŇĚĔĸĸħĸĚŏıňĵĚ

ŏĸŖĔĬƟŀĵŏĪƞŅĬńŘĬȮěŉĚœĴƞŏĮƦĬĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮN@?RȮĕńŘĬĨƞŀœĮěŉĚĬņœĮĻŉĔļŅĨƞŀħƟĺĵĔŅĶ

įĽĴŐĸŃĕŉŘĬĶŌĮħƟĺĵĶŃĭĭĨƞŀŏĬŊŗŀĚŐĸŃĬņœĮįƞŅĬĔĶŃĭĺĬĔŅĶȮ`_rafȮqrpcrafgleȮnpmacqq 

4.2 ĻŉĔļŅĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚȮŐĸŃŀŇĪīŇıĸĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮ

batch stretching process ĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮ

PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴ Biomax® strong 

 ěŅĔĻŉĔļŅĔŅĶįĽĴŒĬĶŃĭĭȮbatch mixing processȮħƟĺĵŏėĶŊŗŀĚȮinternal mixer ŐĸŃĕŉŘĬĶŌĮ

ĲƕĸƢĴħƟĺĵȮcompression molding ĽĴĭńĨŇŏĝŇĚĔĸŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT 

ŐĸŃ PBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ŒĬĽƞĺĬĪňŗȮ/ȮĔŅĶŏĨŇĴ Biomax® strong ĪňŗĪņľĬƟŅĪňŗŏĮƦĬ

ĽŅĶŏĨŇĴŐĨƞĚĝĬŇħŏıŇŗĴĔŅĶĵŉħĨŇħȮœĴƞĽŅĴŅĶĩĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPBAT ŒľƟħňĕŉŘĬœħƟȮŐĨƞıĭĺƞŅĔŅĶ

ŏĨŇĴȮBiomax® strong ěŃœĮĮĶńĭĮĶŋĚėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŒľƟĴňėƞŅŏıŇŗĴĕŉŘĬȮ

őħĵŒĬĽƞĺĬĪňŗȮ0ȮěŃĪņĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮŏĴŖħıĸŅĽĨŇĔŒĬĶŃĭĭȮcontinuous mixing processȮħƟĺĵ

ŏėĶŊŗŀĚŀńħĶňħĽĔĶŌėŌƞȮ&twin-screw extruder)ȮŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴıĸŅĽĨŇĔȮ&cast film 

extruder) őħĵĪņĔŅĶėĺĭėŋĴėĺŅĴľĬŅĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢŒľƟœħƟĮĶŃĴŅĦȮ/..Ȯ±Ȯ0.Ȯµm ěŅĔĬńŘĬĬņ

ĲƕĸƢĴĪňŗœħƟœĮįƞŅĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process ħƟĺĵŏėĶŊŗŀĚȮuniaxial 

machine ŏıŊŗŀĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT 
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 2,0,/ ĻŉĔļŅĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚŐĸŃĸńĔļĦŃĲƕĸƢĴĔƞŀĬŐĸŃľĸńĚįƞŅĬ

ĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process ĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮ

Biomax® strong  

 ĔŅĶįĽĴȮPBAT ĔńĭȮBiomax® strong ŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚȮ&continuous mixing process) 

ħƟĺĵŏėĶŊŗŀĚȮtwin-screw extruder ĪňŗŀŋĦľĳŌĴŇĔŅĶįĽĴȮ63-/23ȮŀĚĻŅŏĞĸŏĞňĵĽ ħƟĺĵėĺŅĴŏĶŖĺĶŀĭŒĬ

ĔŅĶįĽĴȮ0..-1..ȮĶŀĭ-ĬŅĪňȮŒĬĕĦŃĔŅĶĕŉŘĬĶŌĮĽŅĴŅĶĩĕŉŘĬĶŌĮŀŀĔĴŅŏĮƦĬŏĽƟĬȮextrudate œħƟĪńŘĚ

ĮĶŇĴŅĦĔŅĶŏĨŇĴȮBiomax® strong ĪňŗȮ1Ȯphr ŐĸŃȮ3ȮphrȮŐĨƞŏĴŊŗŀĬņœĮŏĕƟŅŏėĶŊŗŀĚĨńħŏĴŖħıĭĺƞŅœĴƞ

ĽŅĴŅĶĩĨńħŏĽƟĬȮextrudate ŒľƟĕŅħŀŀĔœħƟȮěŉĚĨƟŀĚĬņŏĽƟĬȮextrudate ĴŅĕħŒľƟŏĮƦĬĔƟŀĬŏıŊŗŀĬņœĮŏĕƟŅ

ŏėĶŊŗŀĚȮgrider ŏıŊŗŀĭħŀŀĔĴŅŏĮƦĬŏĴŖħıŀĸŇŏĴŀĶƢħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.5ȮőħĵĶŌĮȮa) ŏĮƦĬŏĴŖħȮvirgin PBAT 

ĽƞĺĬȮb)ȮŐĸŃȮc) ŏĮƦĬŏĴŖħȮPBAT/B3 ŐĸŃȮPBAT/B5 ĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶįĽĴŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚȮ

ĨŅĴĸņħńĭȮěŃŏľŖĬĺƞŅŏĴŖħĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶįĽĴŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚŏĴŊŗŀĪņĔŅĶĭħħƟĺĵŏėĶŊŗŀĚȮgrider 

ŏĴŖħěŃĴňįŇĺĪňŗĕĶŋĕĶŃŐĸŃĴňŏĸŖĔŒľĠƞœĴƞŏĪƞŅĔńĬ 

 ŏĴŊŗŀĬņŏĴŖħȮPBAT ŐĸŃȮPBAT/B3 ŐĸŃȮPBAT/B5 ĴŅĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴħƟĺĵĔĶŃĭĺĬĔŅĶȮcast 

film extrusion őħĵŒĝƟŀŋĦľĳŌĴŇĔĶŃĭŀĔľĸŀĴŒĬĝƞĺĚȮ105-150 ŀĚĻŅŏĞĸŏĞňĵĽȮŀŋĦľĳŌĴŇĭĶŇŏĺĦľńĺ

ħŅĵȮ/4. ŀĚĻŅŏĞĸŏĞňĵĽ ħƟĺĵėĺŅĴŏĶŖĺĶŀĭĽĔĶŌĮĶŃĴŅĦȮ13-23ȮĶŀĭĨƞŀĬŅĪň,ȮŀŋĦľĳŌĴŇĸŌĔĔĸŇŘĚľĸƞŀ

ŏĵŖĬȮ&Chill roll temperature) ĪňŗȮ03ȮŀĚĻŅŏĞĸŏĞňĵĽ, ėĺŅĴŏĶŖĺĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮ&Chill roll speed) 

1-1.5 m/min ŐĸŃėĺŅĴŏĶŖĺĕŀĚĸŌĔĔĸŇŘĚŒĬĔŅĶħŉĚĲƕĸƢĴȮ&Nip roll speed) 1.5-2.5 m/min őħĵ

ėĺĭėŋĴėĺŅĴľĬŅĲƕĸƢĴŒľƟĴňėĺŅĴľĬŅȮ/..Ȯ±Ȯ0.ȮœĴőėĶŏĴĨĶȮŒĬĕĦŃĕŉŘĬĶŌĮĲƕĸƢĴıĭĮƤĠľŅŒĬĔŅĶĕŉŘĬ

ĶŌĮȮŏĴŊŗŀıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺœľĸŀŀĔěŅĔľĬƟŅȮdie ĴŅĪňŗĭĶŇŏĺĦĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮěĬıŀĸŇŏĴŀĶƢľĸŀĴ

ŏľĸĺŏĵŖĬĨńĺœħƟŀŀĔĴŅŏĮƦĬŐįƞĬĲƕĸƢĴ 
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        ĶŌĮĪňŗȮ4.5 ŐĽħĚĸńĔļĦŃŏĴŖħıŀĸŇŏĴŀĶƢįĽĴŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚěŅĔ twin-screw extruder a) 

virgin PBAT, b) PBAT/B3 ŐĸŃȮc) PBAT/B5 

ĞŉŗĚıĭĺƞŅĲƕĸƢĴȮPBAT, PBAT/B3 ŐĸŃȮPBAT/B5 ĴňĔŅĶŏĔŅŃĨŇħĪňŗĭĶŇŏĺĦĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬŏĴŊŗŀĪņĔŅĶĕŉŘĬ

ĶŌĮĲƕĸƢĴœĮœħƟĶŃĵŃľĬŉŗĚĲƕĸƢĴěŃŏĔŅŃĨŇħĔńĭĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬĕŉŘĬĴŅŏĶŊŗŀĵȮŕȮěĬĪņŒľƟĲƕĸƢĴŏĔŇħĔŅĶĕŅħȮ

ŐĸŃŒĬĽŌĨĶȮPBAT/B3 ŐĸŃȮPBAT/B5 ěŃĴňĔŅĶŏĔŅŃĨŇħĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬĴŅĔĵŇŗĚĕŉŘĬȮŒĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴ

ěŉĚĨƟŀĚŒĝƟėĺŅĴŏĶŖĺĶŀĭĽĔĶŌȮėĺŅĴŏĶŖĺĶŀĭĕŀĚĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮŐĸŃėĺŅĴŏĶŖĺĕŀĚĸŌĔĔĸŇŘĚŒĬĔŅĶħŉĚĲƕĸƢĴ

ĨŗņȮŏıŊŗŀŒľƟŏĔŇħĔŅĶĵŉħĨŇħĕŀĚĲƕĸƢĴĪňŗĭĶŇŏĺĦĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬĪňŗĝƟŅĵŇŗĚĕŉŘĬȮőħĵėĺŅĴľĬŅŏĜĸňŗĵĕŀĚĲƕĸƢĴȮ

PBAT, PBAT/B3 ŐĸŃȮPBAT/B5 ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ4.2ȮőħĵĪņĔŅĶĺńħėĺŅĴľĬŅȮ7ȮěŋħŐĸƟĺĬņĴŅľŅ

ėƞŅŏĜĸňŗĵȮěŃıĭĺƞŅėĺŅĴľĬŅĕŀĚĲƕĸƢĴȮPBAT/B3 ŐĸŃȮPBAT/B5 ĴňėĺŅĴĭŅĚĴŅĔĔĺƞŅĲƕĸƢĴȮPBAT 

ŏĬŊŗŀĚěŅĔĨƟŀĚŒĝƟėĺŅĴŏĶŖĺŒĬĔŅĶĕŉŘĬĶŌĮĪňŗĨŗņĔĺƞŅŏıŊŗŀĸħĔŅĶŏĔŇħĔŅĶĨŇħĕŀĚĲƕĸƢĴĪňŗĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮŐĸŃ

ĸńĔļĦŃįŇĺĲƕĸƢĴŐĽħĚħńĚĶŌĮĪňŗȮ4.6ȮıĭĺƞŅĲƕĸƢĴȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong (PBAT/B3 ŐĸŃȮ
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PBAT/B5) ĲƕĸƢĴěŃĴňėĺŅĴĵńĭȮŐĸŃĴňĔŅĶĵŉħĨŇħĶŃľĺƞŅĚįŇĺĲƕĸƢĴĔńĭįŇĺĲƕĸƢĴĴŅĔĔĺƞŅĲƕĸƢĴȮPBATȮ

ŏĬŊŗŀĚěŅĔŀĬŋĳŅėĕŀĚȮBiomax® strong ĔĶŃěŅĵĨńĺŀĵŌƞŒĬŏĬŊŘŀĲƕĸƢĴȮPBAT 

ĨŅĶŅĚĪňŗȮ4.2 ėĺŅĴľĬŅŏĜĸňŗĵĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĪňŗĕŉŘĬĶŌĮħƟĺĵ
ĔĶŃĭĺĬĔŅĶȮcast film extrusion 

Samples ėĺŅĴľĬŅŏĜĸňŗĵȮ(µm) 
PBAT 97.00 ± 4.35 
PBAT/B3 83.08 ± 10.33 
PBAT/B5 78.00 ± 6.50 

 

 

      

ĶŌĮĪňŗȮ4.6 ĸńĔļĦŃįŇĺĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ěŅĔŏėĶŊŗŀĚȮcast film 
extruder a) PBAT, b) PBAT/B3 ŐĸŃȮc) PBAT/B5 
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ĔŅĶħŉĚĵŊħĲƕĸƢĴŒĬĔĶŃĭĺĬĔŅĶȮbatch stretching process ħƟĺĵŏėĶŊŗŀĚȮuniaxial machine 

ŒĬĽĳŅĺŃĔŅĶŒľƟėĺŅĴĶƟŀĬħƟĺĵĸĴĶƟŀĬěŅĔȮheat gun ħƟĺĵŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽȮőħĵ

ĪņĔŅĶħŉĚĵŊħħƟĺĵĔŅĶħŉĚĵŊħȮ/,3, 2 ŐĸŃȮ2.5 ŏĪƞŅěŅĔėĺŅĴĵŅĺŏħŇĴȮ&/,3x, 2x ŐĸŃȮ0,3x) őħĵĸńĔļĦŃ

ĪŅĚĔŅĵĳŅıĕŀĚĲƕĸƢĴĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħŐĽħĚŒĬĶŌĮĪňŗȮ4.7ȮıĭĺƞŅŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅĪňŗ

ŏıŇŗĴĴŅĔĕŉŘĬėĺŅĴĔĺƟŅĚĲƕĸƢĴěŃŏĔŇħĔŅĶėŀħŏĸŖĔĸĚȮėĺŅĴĵŅĺĲƕĸƢĴŏıŇŗĴĴŅĔĕŉŘĬȮŐĸŃėĺŅĴľĬŅĕŀĚĲƕĸƢĴ

ěŃĴňėƞŅĪňŗĸħĸĚȮ 

 

    

ĶŌĮĪňŗȮ4.7 ĸńĔļĦŃĪŅĚĔŅĵĳŅıĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĔƞŀĬŐĸŃľĸńĚ
ĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮbatch stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ/,3, 2 ŐĸŃȮ2.5 ŏĪƞŅěŅĔ
ėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x, /,3x, 2x ŐĸŃȮ0,3x) a) PBAT, b) PBAT/B3 ŐĸŃȮc) PBAT/B5 

 2,0,/ ĻŉĔļŅŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process ĪňŗĴňįĸĽĴĭńĨŇŏĝŇĚĔĸ

ĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴ Biomax® strong 

 ĔŅĶĻŉĔļŅŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process ĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮ

PBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strongȮőħĵĬņĲƕĸƢĴĪňŗĕŉŘĬĶŌĮěŅĔŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴıĸŅĽĨŇĔȮ&cast film 

extruder) ĴŅĪņĔŅĶħŉĚĵŊħħƟĺĵŏėĶŊŗŀĚȮuniaxial machine ħƟĺĵĔŅĶħŉĚĵŊħȮ/,3, 2 ŐĸŃȮ0,3ȮŏĪƞŅěŅĔ

ėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/,3x, 2x ŐĸŃ 2.5x) őħĵĪņĔŅĶĵŊħŒĬĽĳŅĺŃĪňŗĴňĔŅĶŒľƟėĺŅĴĶƟŀĬħƟĺĵĸĴĶƟŀĬěŅĔȮ
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heat gun ħƟĺĵŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĸƟĺĬņĲƕĸƢĴĪňŗįƞŅĬĔŅĶħŉĚĵŊħĴŅĪħĽŀĭĽĴĭńĨŇ

ŏĝŇĚĔĸħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/min őħĵĔĶŅĲȮstress-strain curve ĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮ

PBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strongȮĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħȮěŅĔŅĶĪħĽŀĭȮtensile test ŐĽħĚħńĚ

ĶŌĮĪňŗȮ4.8ȮŏĴŊŗŀĪņĔŅĶıŇěŅĶĦŅėĺŅĴĝńĬĕŀĚĔĶŅĲȮstress-strain curve ĞŉŗĚĭƞĚĭŀĔĩŉĚėƞŅȮmodulus 

ĕŀĚĝŇŘĬĚŅĬȮıĭĺƞŅėĺŅĴĝńĬĪňŗĨņŐľĬƞĚȮStrain = 100% ŏĴŊŗŀĪņĔŅĶħŉĚĵŊħħƟĺĵĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅ

ŏıŇŗĴĽŌĚĕŉŘĬėĺŅĴĝńĬĕŀĚĔĶŅĲěŃĴňėĺŅĴĝńĬĪňŗŏıŇŗĴĽŌĚĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĔŇħȮstrain hardening 

effect ĞŉŗĚĽƞĚįĸĪņŒľƟėƞŅȮtensile stress ĕŀĚĝŇŘĬĚŅĬĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬȮY01[ȮŏĬŊŗŀĚěŅĔĔŅĶŏĔŇħĔŅĶěńħŏĶňĵĚ

ĨńĺĔńĬĨŅĴŐĬĺŐĶĚĔŅĶħŉĚĕŀĚŏėĶŊŗŀĚȮuniaxial machine ĕŀĚĽŅĵőĞƞȮPBAT ĪņŒľƟĽŅĵőĞƞŏėĸŊŗŀĬĪňŗįƞŅĬ

ĔńĬœħƟĵŅĔĕŉŘĬěŉĚĽƞĚįĸŒľƟĝŇŘĬĚŅĬĴňėĺŅĴŐĕŖĚŐĶĚŏıŇŗĴĕŉŘĬȮY06[ȮŐĨƞŒĬĕĦŃŏħňĵĺĔńĬěŃĽƞĚįĸĪņŒľƟȮ

elongation at break ĕŀĚĝŇŘĬĚŅĬĸħĸĚŏĴŊŗŀħŉĚĵŊħħƟĺĵěņĬĺĬŏĪƞŅĪňŗŏıŇŗĴĕŉŘĬ 

 

    

ĶŌĮĪňŗȮ4.8 Stress-strain curve ĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĔƞŀĬŐĸŃ
ľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮbatch stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ/,3, 0ȮŐĸŃȮ0,3ȮŏĪƞŅěŅĔ
ėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x, /,3x, 0x ŐĸŃȮ0,3x) a) PBAT, b) PBAT/B3 ŐĸŃȮc) PBAT/B5 ěŅĔĔŅĶ

ĪħĽŀĭȮtensile test 
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 őħĵĽĴĭńĨŇŏĝŇĚĔĸĪňŗĽĬŒěŒĬĔŅĶĬņĴŅŒĝƟĨńħĽŇĬėĺŅĴŏľĴŅŃĽĴŒĬĔŅĶŒĝƟĚŅĬŏĮƦĬĲƕĸƢĴėĸŇĚĔƢȮěŃ

ıŇěŅĶĦŅĽĴĭńĨŇŏĝŇĚĔĸĽņėńĠŀĵŌƞȮ0ȮŀĵƞŅĚ ėŊŀȮtensile strength ŐĸŃȮelongation at break ĕŀĚĲƕĸƢĴȮ

ŏĬŊŗŀĚěŅĔĔŅĶŒĝƟĚŅĬĕŀĚĲƕĸƢĴėĸŇĚĔƢĨƟŀĚĪĬĨƞŀĔŅĶĕŅħŒĬĕĦŃľƞŀľŋƟĴĺńĽħŋŐĸŃĽŅĴŅĶĩĵŊħĨńĺœħƟŒĬĶŃħńĭ

ľĬŉŗĚŏıŊŗŀœĴƞŒľƟŏĔŇħĔŅĶŐĨĔľńĔĕŀĚĲƕĸƢĴĪňŗĚƞŅĵŏĔŇĬœĮŏĴŊŗŀĩŌĔħŉĚĵŊħȮőħĵĝƞĺĚȮtensile strength ĕŀĚĲƕĸƢĴ

ėĸŇĚĔƢȮLLDPE ŒĬĪƟŀĚĨĸŅħĴňėƞŅŀĵŌƞŒĬĝƞĺĚȮ13ȮůȮ2.ȮMPa ŐĸŃȮelongation at breakȮœĴƞĬƟŀĵĔĺƞŅȮ

03.% Y/-1[ȮĞŉŗĚŐĽħĚŒľƟőĞĬĔĶŀĭĽňŐħĚŒĬĶŌĮĪňŗȮ4.8ȮŏĴŊŗŀıŇěŅĶĦŅėƞŅȮtensile strength ŐĸŃȮ

elongation at break ĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĪňŗįƞŅĬĔŅĶħŉĚĵŊħ

ŒĬĔĶŃĭĺĬĔŅĶȮbatch stretching process ıĭĺƞŅŏĴŊŗŀıŇěŅĶĦŅėƞŅȮtensile strength ĕŀĚ PBAT, 

PBAT/B3 ŐĸŃȮPBAT/B5ȮěŃĴňėƞŅŏıňĵĚıŀĨƞŀĔŅĶĬņœĮŒĝƟĚŅĬŏĮƦĬĲƕĸƢĴėĸŇĚĔƢŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗȮ0Ȯ

ŐĸŃȮ0,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅȮelongation at break ěŃıĭĺƞŅĲƕĸƢĴȮPBAT, 

PBAT/B3 ŐĸŃȮPBAT/B5 ŏĴŊŗŀįƞŅĬĔŅĶħŉĚĵŊħĪňŗȮ/,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬěŃĴňėƞŅĪňŗŏľĴŅŃĽĴĔńĭ

ĔŅĶĬņœĮŒĝƟĚŅĬȮŐĨƞŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗȮ0ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬěŃıĭĺƞŅĴňŏıňĵĚĲƕĸƢĴȮPBAT/B5ȮĪňŗĴň

ėŅȮelongation at break ŏĜĸňŗĵŏĪƞŅĔńĭȮ034Ȯ±Ȯ/0% ĞŉŗĚŀĵŌƞŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴĔńĭĔŅĶĬņœĮŒĝƟĚŅĬıŀħňȮ

ŐĨƞĲƕĸƢĴȮPBAT/B3 ĴňėƞŅȮelongation at break ŏĜĸňŗĵŏĪƞŅĔńĭȮ01.Ȯ±Ȯ/4% ĞŉŗĚĴňėƞŅĨŗņĔĺƞŅĝƞĺĚĪňŗ

ŏľĴŅŃĽĴŏıňĵĚŏĸŖĔĬƟŀĵȮĽƞĺĬĔŅĶħŉĚĵŊħĪňŗȮ0,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬĴňėƞŅȮelongation at break Īňŗ

ĨŗņŏĔŇĬœĮȮħńĚĬńŘĬěņĬĺĬŏĪƞŅĪňŗěŃĬņœĮĻŉĔļŅŒĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮcontinuous process ŒĬ

ĶŃħńĭŀŋĨĽŅľĔĶĶĴėŊŀĔŅĶħŉĚĵŊħĪňŗȮ/,3 ŐĸŃȮ0ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ 

 4.2.2 ĻŉĔļŅėĺŅĴĵŊħľĵŋƞĬȮŐĸŃŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process 

ĪňŗĴňįĸėĺŅĴĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

ĔŅĶĻŉĔļŅėƞŅĔŅĶėŊĬĨńĺĔĸńĭŐĸŃıŊŘĬĪňŗŒĨƟĔĶŅĲĕŀĚȮstress-strain curve ĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮ

cyclic test ŏıŊŗŀĭƞĚĭŀĔėĺŅĴĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴŏıŊŗŀŒľƟĲƕĸƢĴŏĴŊŗŀĪņĔŅĶĵŊħľŋƟĴĺńĨĩŋŐĸƟĺĽŅĴŅĶĩėŊĬĨńĺ

ĔĸńĭŏıŊŗŀľƞŀŐĸŃĵŉħĨŇħĔńĭĺńĨĩŋœħƟħňȮőħĵĪņĔŅĶĪħĽŀĭȮcyclic test ħƟĺĵŏėĶŊŗŀĚ Universal Testing 

Machine ĪņĔŅĶĪħĽŀĭőħĵĨńŘĚėƞŅȮMax stress = 30 MPa ŏĬŊŗŀĚěŅĔėƞŅȮtensile strength ĕŀĚ

ĲƕĸƢĴȮLLDPE ŒĬĪƟŀĚĨĸŅħĴňėƞŅĪňŗŏľĴŅŃĽĴŒĬĝƞĺĚȮ13 - 23ȮMPa ěŉĚĔņľĬħŒľƟėƞŅĔŅĶĪħĽŀĭĨŗņĔĺƞŅ

ŏĸŖĔĬƟŀĵȮŐĸƟĺĪņĔŅĶħŉĚĵŊħĲƕĸƢĴħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/minȮěĬĴňėƞŅȮStress ĕŀĚĲƕĸƢĴĩŉĚėƞŅĪňŗ

ĔņľĬħěŅĔĬńŘĬŒľƟŏėĶŊŗŀĚŏĸŊŗŀĬȮcross head ħƟŅĬĭĬĔĸńĭĴŅĪňŗěŋħŏĶŇŗĴĨƟĬȮľĶŊŀȮMin stress = 0 MPaȮ

ħƟĺĵŀńĨĶŅŏĶŖĺŏħňĵĺĔńĭŀńĨĶŅĔŅĶħŉĚĵŊħȮŏıŊŗŀĨŇħĨŅĴėƞŅȮstrain ĪňŗȮMax stress ŐĸŃȮMin stress ŏıŊŗŀ

ĬņĴŅėņĬĺĦľŅėƞŅĔŅĶėŊĬĨńĺĔĸńĭĕŀĚĲƕĸƢĴěŅĔĽĴĔŅĶĪňŗȮ1,0ȮőħĵŒĬĔŅĶĪħĽŀĭıĭĺƞŅĲƕĸƢĴĔƞŀĬįƞŅĬ
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ĔŅĶħŉĚĵŊħŐĸŃľĸńĚįƞŅĬĔŅĶħŉĚĵŊħĪňŗȮ/,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬĨƟŀĚĪņĔŅĶĪħĽŀĭĪňŗėƞŅȮMax stress 

ŒĬĝƞĺĚȮ/3-03ȮMPa ŏĬŊŗŀĚěŅĔėƞŅȮTensile strength ĕŀĚĲƕĸƢĴĴňėƞŅœĴƞĩŉĚȮ1.ȮMPa ŏĴŊŗŀıŇěŅĶĦŅıŊŘĬĪňŗ

ŒĨƟĔĶŅĲȮstress-strain curve ŒĬĔŅĶĪħĽŀĭȮcyclic test ĭƞĚĭŀĔĩŉĚıĸńĚĚŅĬĪňŗĽŌĠŏĽňĵȮ&Loss 

energy) œĮŒĬĽƞĺĬĪňŗĝŇŘĬĚŅĬŏĔŇħĔŅĶŏĽňĵĶŌĮȮ&deform) ŒĬȮ/ȮcycleȮ&ŐĽħĚĨńĺŀĵƞŅĚŒĬıŊŘĬĪňŗĽňŐħĚŒĬĶŌĮ

ĪňŗȮ4.9Ȯa.) ĞŉŗĚŏĮĶňĵĭŏĪňĵĭœħƟĔńĭȮLoss modulus ĕŀĚĲƕĸƢĴ ŐĸŃĽŅĴŅĶĩĽńĚŏĔĨıĸńĚĚŅĬėĚŏľĸŊŀŒĬĔŅĶ

ėŊĬĨńĺĔĸńĭȮ&recovery energy) ĕŀĚĝŇŘĬĚŅĬœħƟěŅĔĽƞĺĬőėƟĚĕŀĚĔĶŅĲŒĬĝƞĺĚėƞŅȮstrain ĪňŗȮMax stressȮȮ

ŐĸŃȮMin stress (ŐĽħĚĨńĺŀĵƞŅĚŒĬıŊŘĬĪňŗĽňĲƚŅŒĬĶŌĮĪňŗȮ4.9Ȯa.)ȮĞŉŗĚŏĮĶňĵĭŏĪňĵĭœħƟĔńĭȮStorage 

modulus ĕŀĚĲƕĸƢĴȮěŅĔĔĶŅĲȮstress-strain curve ĕŀĚĲƕĸƢĴȮPBAT, PBAT/B3 ŐĸŃȮPBAT/B5 ĪńŘĚ

ĔƞŀĬŐĸŃľĸńĚįƞŅĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process ŒĬĶŌĮĪňŗȮ4.9ȮıĭĺƞŅŏĴŊŗŀĪņĔŅĶ

ĪħĽŀĭěĬėĶĭȮ/Ȯcycle ěŃıĭĺƞŅĲƕĸƢĴĔƞŀĬįƞŅĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħěŃĴňıŊŘĬĪňŗŒĨƟĔĶŅĲĪňŗĴŅĔĪňŗĽŋħĬńŘĬėŊŀ

ĴňĔŅĶĽŌĠŏĽňĵıĸńĚĚŅĬŒĬĽƞĺĬĪňŗĝŇŘĬĚŅĬŏĔŇħĔŅĶŏĽňĵĶŌĮĴŅĔĪňŗĽŋħȮŐĸŃěŃĴňėƞŅĸħĸĚŏĴŊŗŀĲƕĸƢĴįƞŅĬ

ĔĶŃĭĺĬĔŅĶħŉĚĵŊħĲƕĸƢĴĪňŗĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅŏıŇŗĴĕŉŘĬȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅıŊŘĬĪňŗŒĨƟĔĶŅĲľĶŊŀıĸńĚĚŅĬŒĬ

ĔŅĶėŊĬĨńĺĔĸńĭĕŀĚĝŇŘĬĚŅĬœĴƞĺƞŅěŃŏĮƦĬĲƕĸƢĴĔƞŀĬľĶŊŀľĸńĚįƞŅĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħȮıĭĺƞŅěŃĴňıĸńĚĚŅĬ

ėĚŏľĸŊŀŒĬĔŅĶėŊĬĨńĺĔĸńĭĪňŗŒĔĸƟŏėňĵĚĔńĬŐĽħĚŒľƟŏľŖĬŒĬĭĶŇŏĺĦıŊŘĬĪňŗĽňĲƚŅŒĬĶŌĮĪňŗȮ4.9Ȯb.) ŏĴŊŗŀĬņ

ıĸńĚĚŅĬėĚŏľĸŊŀŒĬĔŅĶėŊĬĨńĺĔĸńĭĴŅŏĪňĵĭĔńĭıĸńĚĚŅĬĪňŗĽŌĠŏĽňĵœĮȮĞŉŗĚŏĮƦĬĨńĺŐĪĬĶŃľĺƞŅĚȮstorage 

modulus ĔńĭȮloss modulus ıĭĺƞŅŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅŏıŇŗĴĕŉŘĬĽńħĽƞĺĬıĸńĚĚŅĬėĚŏľĸŊŀŒĬ

ĔŅĶėŊĬĨńĺĔĸńĭěŃĴňŀŇĪīŇıĸŏıŇŗĴĴŅĔĕŉŘĬȮŏĬŊŗŀĚěŅĔĽƞĺĬĕŀĚıĸńĚĚŅĬėĚŏľĸŊŀŒĬĔŅĶėŊĬĨńĺĔĸńĭĴňėƞŅıŀȮŕȮ

ŏħŇĴȮŐĨƞĽƞĺĬĕŀĚıĸńĚĚŅĬĪňŗĽŌĠŏĽňĵœĮĕŀĚĝŇŘĬĚŅĬĴňėƞŅĪňŗĸħĬƟŀĵĸĚȮĞŉŗĚȮstorage modulus ŐĽħĚĩŉĚ

ıķĨŇĔĶĶĴėĺŅĴŏĮƦĬȮelastic ĕŀĚĝŇŘĬĚŅĬȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅĪňŗŏıŇŗĴĴŅĔĕŉŘĬėĺŅĴŏĮƦĬȮ

elastic ĕŀĚĲƕĸƢĴĔŖěŃĴňėĺŅĴŏĮƦĬȮelastic ĪňŗŏıŇŗĴĽŌĚĕŉŘĬ 
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ĶŌĮĪňŗȮ4.9 Stress-strain curve ĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĔƞŀĬŐĸŃ
ľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮbatch stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ/,3, 0ȮŐĸŃȮ0,3ȮŏĪƞŅěŅĔ
ėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x, /,3x, 0x ŐĸŃȮ0,3x) a) PBAT, b) PBAT/B3 ŐĸŃȮc) PBAT/B5 ěŅĔĔŅĶ

ĪħĽŀĭȮcycle test 
 ŏĴŊŗŀıŇěŅĶĦŅėƞŅĔŅĶėŊĬĨńĺĔĸńĭȮ&recovery) ĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮ

Biomax® strong ĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮbatch stretching process ĪňŗĔŅĶħŉĚĵŊħȮ

1.5, 2ȮŐĸŃȮ0,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x,/,3x, 2xȮŐĸŃ 2.5x) ėņĬĺĦœħƟěŅĔėƞŅȮstrain ĪňŗȮmax 

stress ŐĸŃȮmin strain ŐĽħĚŒĬĶŌĮĪňŗȮ4.10ȮıĭĺƞŅĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® 

strong ľĸńĚįƞŅĬĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅĪňŗĽŌĚĕŉŘĬȮěŃĴňėƞŅĔŅĶėŊĬĨńĺĔĸńĭĪňŗĽŌĚĕŉŘĬȮŐĸŃĴňėƞŅĽŌĚĪňŗĽŋħŏĴŊŗŀĪņ

ĔŅĶħŉĚĵŊħĪňŗȮ0,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏħŇĴȮĞŉŗĚĽŀħėĸƟŀĚĔńĭıĸńĚĚŅĬĪňŗĽŌĠŏĽňĵœĮŐĸŃıĸńĚĚŅĬĪňŗėĚŏľĸŊŀŒĬ

ĔŅĶėŊĬĨńĺĔĸńĭĪňŗıŇěŅĶĦŅœħƟěŅĔıŊŘĬĪňŗŒĨƟĔĶŅĲĕŀĚĔĶŅĲȮstress-strain curve ŒĬĶŌĮĪňŗȮ4.9ȮĞŉŗĚŐĽħĚĩŉĚ
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ėĺŅĴŏĮƦĬȮelastic ĕŀĚĲƕĸƢĴȮŏĴŊŗŀįƞŅĬĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅĪňŗĽŌĚĕŉŘĬĔŖěŃĴňėĺŅĴŏĮƦĬȮelastic ĪňŗŏıŇŗĴĕŉŘĬ

ŐĸŃĴňėƞŅĔŅĶėŊĬĨńĺĔĸńĭĪňŗĴŅĔĕŉŘĬ 

 

 

ĶŌĮĪňŗȮ4.10ȮėƞŅĔŅĶėŊĬĨńĺĔĸńĭĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĔƞŀĬŐĸŃ
ľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮbatch stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ/,3, 2 ŐĸŃȮ2.5 ŏĪƞŅěŅĔ

ėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x, /,3x, 2x ŐĸŃȮ0,3x) 
 

4.2.3 ĻŉĔļŅŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process ĪňŗĴňįĸėƞŅ

ĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

 ěŅĔĔŅĶĪħĽŀĭėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĝŇŘĬĚŅĬĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮ

Biomax® strong ĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħŒĬĶŃĭĭ batch stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ1.5, 

2ȮŐĸŃȮ0,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x,/,3x, 2xȮŐĸŃ 2.5x)ȮĞŉŗĚĪņĔŅĶĪħĽŀĭőħĵĔŅĶŏıŇŗĴĴŋĴĕŀĚ

ŐįƞĬĮĶńĭėĺŅĴĝńĬĪŋĔȮŕȮ3ȮŀĚĻŅȮŐĸƟĺĬņĴŋĴĔƞŀĬĪňŗĸŌĔĨŋƟĴŏıŇŗĴĬŘņľĬńĔĪňŗĨŇħŐįƞĬĲƕĸƢĴŏĔŇħĔŅĶœĩĸĴŅ

ėņĬĺĦľŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮıĭĺƞŅěŅĔĶŌĮĪňŗȮ4.11ȮėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬ

ĕŀĚĲƕĸƢĴȮPBAT ĪňŗĕŉŘĬĶŌĮŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚħƟĺĵŏėĶŊŗŀĚȮcast film extruder ĔƞŀĬĪņĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮ

batch stretching process ħƟĺĵŏėĶŊŗŀĚȮuniaxial machine ĴňėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĶŃľĺƞŅĚ
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įŇĺĲƕĸƢĴĔńĭĲƕĸƢĴŏĪƞŅĔńĭȮ.,36ȮŏĴŊŗŀĪņĔŅĶĔŅĶŏĨŇĴȮBiomax® strong 3 phr ŐĸŃȮ3Ȯphr ĸĚœĮȮ

(PBAT/B3 ŐĸŃȮPBAT/B5) ıĭĺƞŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĴňėƞŅŏıŇŗĴĕŉŘĬŏĮƦĬȮ0,53ȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħ

ĲƕĸƢĴȮıĭĺƞŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚȮPBAT ĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬȮŏĮƦĬȮ/,51ȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĲƕĸƢĴȮ

/,3ȮŐĸŃȮ0ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮŐĸŃȮ1,51ȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĲƕĸƢĴȮ0,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ

ŐĸŃ PBAT-B3 ŐĸŃȮPBAT/B5ȮĴňėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬŏıŇŗĴĕŉŘĬŏĮƦĬȮ1,51ȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĲƕĸƢĴȮ

/,3, 0ȮŐĸŃȮ0,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮħńĚĬńŘĬĔŅĶĵŊħĲƕĸƢĴĽŅĴŅĶĩĪņŒľƟėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħ

ĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬœħƟ 

 

ĶŌĮĪňŗȮ4.11 ėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 
ĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮbatch stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ/,3, 2 ŐĸŃȮ2.5 

ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x, /,3x, 2x ŐĸŃȮ0,3x) 
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2,1ȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴ 

Biomax® strong ħƟĺĵĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŐĸŃħŉĚĵŊħĲƕĸƢĴħƟĺĵĶŃĭĭĨƞŀŏĬŊŗŀĚŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴ 

 ěŅĔĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process ĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮ

ėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® 

strong ıĭĺƞŅĴňėƞŅȮtensile strength ŐĸŃȮelongation at break ĪňŗŒĔĸƟŏėňĵĚŐĸŃŏľĴŅŃĽĴĔńĭĔŅĶ

ĬņœĮŒĝƟĚŅĬŏĮƦĬĲƕĸƢĴėĸŇĚĔƢĪňŗĔŅĶħŉĚĵŊħȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮěŉĚŏĸŊŀĔȮ0ȮěņĬĺĬŏĪƞŅĬňŘ

ĴŅĪņĔŅĶĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŐĸŃħŉĚĵŊħĲƕĸƢĴħƟĺĵĶŃĭĭĨƞŀŏĬŊŗŀĚŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴȮőħĵ

ĬņœĮĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵŏėĶŊŗŀĚȮcast film extruder ĪňŗœħƟĶńĭėĺŅĴŀĬŋŏėĶŅŃľƢěŅĔĭĶŇļńĪȮħň,ŏŀĝ,ŏŀȮĽĵŅĴ

ĺŅĸŅȮěņĔńħȮŐĸŃĬņĲƕĸƢĴĪňŗœħƟœĮĵŊħŒĬĶŃĭĭȮcontinuous stretching process ħƟĺĵŏėĶŊŗŀĚȮŏėĶŊŗŀĚĶňħ-

ĵŊħĲƕĸƢĴȮHeat filmȮŐĸŃĝŋħĸŌĔĔĸŇŘĚħŉĚŏĽƟĬŒĵȮroll cutting ĪňŗœħƟĶńĭėĺŅĴŀĬŋŏėĶŅŃľƢěŅĔĭĶŇļńĪȮŐŀŖ

ııĸŅĵȮħňĭňȮěņĔńħȮőħĵĔņľĬħĔŅĶħŉĚĵŊħȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮĳŅĵŒĨƟĽĳŅĺŃĔŅĶŒľƟ

ėĺŅĴĶƟŀĬħƟĺĵŐįƞĬĶƟŀĬěŅĔŏėĶŊŗŀĚȮHeat film ĪňŗȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽȮőħĵŏĪňĵĭěŅĔėĺŅĴŏĶŖĺĶŀĭĕŀĚ

ĸŌĔĔĸŇŘĚĪňŗĭĶŇŏĺĶľĬƟŅŏėĶŊŗŀĚĶňħ-ĵŊħĲƕĸƢĴŐĸŃĸŌĔĔĸŇŘĚĕŀĚĝŋħĸŌĔĔĸŇŘĚħŉĚŏĽƟĬŒĵȮőħĵĔņľĬħŒľƟėĺŅĴŏĶŖĺĶŀĭ

ĸŌĔĔĸŇŘĚĴňėĺŅĴŏĶŖĺĪňŗŐĨĔĨƞŅĚĔńĬĕŀĚĸŌĔĔĸŇŘĚľĬƟŅŏėĶŊŗŀĚĶňħ-ĵŊħĲƕĸƢĴȮŐĸŃĸŌĔĔĸŇŘĚĕŀĚĝŋħĸŌĔĔĸŇŘĚħŉĚŏĽƟĬŒĵ

ĪňŗȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅ ŐĸŃĬņĲƕĸƢĴĪňŗœħƟœĮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħ

ĪŅĬ 

2,1,/ȮĻŉĔļŅŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮcontinuous stretching process ĪňŗĴňįĸĽĴĭńĨŇ

ŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

 ĔŅĶĻŉĔļŅŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮcontinuous stretching process ĕŀĚĲƕĸƢĴ PBAT 

ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strongȮőħĵĬņĲƕĸƢĴĪňŗĕŉŘĬĶŌĮěŅĔŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴıĸŅĽĨŇĔȮ&cast 

film extruder) ěŅĔĭĶŇļńĪȮħň,ŏŀĝ,ŏŀȮĽĵŅĴĺŅĸŅȮěņĔńħȮőħĵŒĝƟŀŋĦľĳŌĴŇĔĶŃĭŀĔľĸŀĴŒĬĝƞĺĚȮ/15-

165 ŀĚĻŅŏĞĸŏĞňĵĽȮŀŋĦľĳŌĴŇĭĶŇŏĺĦľńĺħŅĵȮ/65ȮŀĚĻŅŏĞĸŏĞňĵĽ ėĺŅĴŏĶŖĺĶŀĭĽĔĶŌĮĶŃĴŅĦȮ40ȮĶŀĭ

ĨƞŀĬŅĪň,ȮŀŋĦľĳŌĴŇĸŌĔĔĸŇŘĚľĸƞŀŏĵŖĬȮ&Chill roll temperature) ĪňŗȮ/3ȮŀĚĻŅŏĞĸŏĞňĵĽ, ėĺŅĴŏĶŖĺĸŌĔĔĸŇŘĚ

ľĸƞŀŏĵŖĬȮ&Chill roll speed) ŐĸŃėĺŅĴŏĶŖĺĕŀĚĸŌĔĔĸŇŘĚŒĬĔŅĶħŉĚĲƕĸƢĴȮ&Nip roll speed) ĴňėĺŅĴ

ŏĝŊŗŀĴőĵĚĔńĬőħĵŒĝƟėĺŅĴŏĶŖĺŀĵŌƞĪňŗȮ10 m/min őħĵėĺĭėŋĴėĺŅĴľĬŅȮ/..Ȯµm ŐĸŃĴňėĺŅĴĔĺƟŅĚȮ3.Ȯ

cmȮĴŅĪņĔŅĶħŉĚĵŊħħƟĺĵŏėĶŊŗŀĚĶňħ-ĵŊħĲƕĸƢĴȮHeat filmȮŐĸŃĝŋħĸŌĔĔĸŇŘĚħŉĚŏĽƟĬŒĵȮroll cuttingȮĪňŗĭĶŇļńĪȮ

ŐŀŖııĸŅĵȮħňĭňȮěņĔńħȮħƟĺĵĔŅĶħŉĚĵŊħȮ/,3ȮŐĸŃ 2 ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/,3x ŐĸŃ 2x) őħĵĪņĔŅĶ
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ĵŊħŒĬĽĳŅĺŃĪňŗĴňĔŅĶŒľƟėĺŅĴĶƟŀĬħƟĺĵŐįƞĬĶƟŀĬěŅĔȮheat film ħƟĺĵŀŋĦľĳŌĴŇȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŐĸƟĺ

ĬņĲƕĸƢĴĪňŗįƞŅĬĔŅĶħŉĚĵŊħĴŅĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/minȮŏĴŊŗŀıŇěŅĶĦŅĔĶŅĲȮ

stress-strain curve ĕŀĚĲƕĸƢĴȮPBAT ŐĸŃ PBAT ĪňŗĴňĔŅĶŏĨŇĴȮcohesion additive ĔƞŀĬŐĸŃľĸńĚ

įƞŅĬĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮcontinuous stretching process ŐĽħĚŒĬĶŌĮĪňŗȮ4.12ȮıĭĺƞŅėĺŅĴ

ĝńĬĕŀĚĔĶŅĲȮstress-strain ĕŀĚĲƕĸƢĴĪňŗįƞŅĬĔŅĶĕŉŘĬĶŌĮŐĸŃĔŅĶħŉĚĵŊħŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚŒĬĶŃħńĭ

ŀŋĨĽŅľĔĶĶĴĴňėĺŅĴĝńĬĪňŗŏıŇŗĴĽŌĚĕŉŘĬ ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĪňŗȮstrain = 100%ȮĞŉŗĚŐĽħĚĩŉĚĔŅĶŏĔŇħȮstrain 

hardening effect ĪņŒľƟĴňėƞŅȮtensile strength ĪňŗŏıŇŗĴĽŌĚĕŉŘĬȮŏĬŊŗŀĚěŅĔĔŅĶŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺĔńĬĨŅĴ

ŐĬĺŐĶĚĔŅĶħŉĚĕŀĚŏėĶŊŗŀĚĶňħĵŊħĲƕĸƢĴĕŀĚĽŅĵőĞƞȮPBAT ĪņŒľƟĽŅĵőĞƞŏėĸŊŗŀĬĪňŗįƞŅĬĔńĬœħƟĵŅĔĕŉŘĬěŉĚĽƞĚįĸ

ŒľƟĝŇŘĬĚŅĬĴňėĺŅĴŐĕŖĚŐĶĚŏıŇŗĴĕŉŘĬȮőħĵėƞŅȮtensile strength ŐĸŃȮelongation at break ĕŀĚĲƕĸƢĴ

ėĸŇĚĔƢȮLLDPE ŒĬĪƟŀĚĨĸŅħĞŉŗĚĴňėƞŅȮtensile strength ŒĬĝƞĺĚȮ13-2.ȮMPa ŐĸŃĴňėƞŅȮelongation at 

break œĴƞĬƟŀĵĔĺƞŅȮ03.% ĪňŗŐĽħĚŒĬőĞĬĽňŐħĚŒĬĶŌĮĪňŗȮ4.12ȮŏĴŊŗŀıŇěŅĶĦŅėƞŅȮtensile strength ŐĸŃȮ

elongation at break ĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮcohesion additive ĪňŗįƞŅĬĔŅĶħŉĚ

ĵŊħŒĬĔĶŃĭĺĬĔŅĶȮcontinuous stretching process ıĭĺƞŅŏĴŊŗŀıŇěŅĶĦŅėƞŅȮtensile strength ĕŀĚ 

PBAT/B3 ěŃĴňėƞŅŏıňĵĚıŀĨƞŀĔŅĶĬņœĮŒĝƟĚŅĬŏĮƦĬĲƕĸƢĴėĸŇĚĔƢŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗĔŅĶħŉĚĵŊħȮ/,3ȮŐĸŃȮ0Ȯ

ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬ ĽƞĺĬĲƕĸƢĴȮPBAT ŐĸŃȮPBAT/B5ȮěŃĴňėƞŅĪňŗŏľĴŅŃĽĴŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗȮ0Ȯ

ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮőħĵŒĬĔŅĶħŉĚĵŊħĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT/B5 ĪňŗĔŅĶħŉĚĵŊħȮ/,3ȮŏĪƞŅěŅĔ

ėĺŅĴĵŅĺŏħŇĴĴňėƞŅ tensile strength ĬƟŀĵĔĺƞŅŏıňĵĚŏĸŖĔĬƟŀĵŏĪƞŅĬńŘĬȮœĴƞĬƞŅĴňĮƤĠľŅĨƞŀĔŅĶĬņœĮŒĝƟĚŅĬ

ŏĮƦĬĲƕĸƢĴėĸŇĚĔƢȮĞŉŗĚĴňėƞŅŏĪƞŅĔńĭȮ11,3±0,/ȮŐĸŃȮ12,5±0,0ȮMPa ĨŅĴĸņħńĭȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅėƞŅȮ

elongation at break ıĭĺƞŅĲƕĸƢĴȮPBAT, PBAT/B3 ŐĸŃȮPBAT/B5 ŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗȮ/,3ȮŐĸŃȮ0Ȯ

ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮĴňėƞŅȮelongation at break œĴƞĨŗņĔĺƞŅȮ03.% ĞŉŗĚĴňėƞŅŏıňĵĚıŀĨƞŀĔŅĶ

ĬņœĮŒĝƟĚŅĬŏĮƦĬĲƕĸƢĴėĸŇĚĔƢ 
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ĶŌĮĪňŗȮ4.12 Stress-strain curve ĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĔƞŀĬ
ŐĸŃľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮcontinuous stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ/,3ȮŐĸŃ 0Ȯ
ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x, /,3x ŐĸŃ 0x) a) PBAT, b) PBAT/B3 ŐĸŃȮc) PBAT/B5 ěŅĔĔŅĶ

ĪħĽŀĭȮtensile test 
4.3.2 ĻŉĔļŅėĺŅĴĵŊħľĵŋƞĬȮŐĸŃŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮcontinuous stretching 

process ĪňŗĴňįĸėĺŅĴĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

ĔŅĶĻŉĔļŅėƞŅĔŅĶėŊĬĨńĺĔĸńĭŐĸŃıŊŘĬĪňŗŒĨƟĔĶŅĲĕŀĚȮstress-strain curve ĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮ

cyclic test ŏıŊŗŀĭƞĚĭŀĔėĺŅĴĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴŏıŊŗŀŒľƟĲƕĸƢĴŏĴŊŗŀĪņĔŅĶĵŊħľŋƟĴĺńĨĩŋŐĸƟĺĽŅĴŅĶĩėŊĬĨńĺ

ĔĸńĭŏıŊŗŀľƞŀŐĸŃĵŉħĨŇħĔńĭĺńĨĩŋœħƟħňȮőħĵĪņĔŅĶĪħĽŀĭȮcyclic test ħƟĺĵŏėĶŊŗŀĚ Universal Testing 

Machine ĪņĔŅĶĪħĽŀĭőħĵĨńŘĚėƞŅȮMax stress = 30 MPa ŏĬŊŗŀĚěŅĔėƞŅȮtensile strength ĕŀĚ

ĲƕĸƢĴȮLLDPE ŒĬĪƟŀĚĨĸŅħĴňėƞŅĪňŗŏľĴŅŃĽĴŒĬĝƞĺĚȮ13-23ȮMPa ěŉĚĔņľĬħŒľƟėƞŅĔŅĶĪħĽŀĭĨŗņĔĺƞŅ
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ŏĸŖĔĬƟŀĵȮŐĸƟĺĪņĔŅĶħŉĚĵŊħĲƕĸƢĴħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ3.Ȯmm/minȮěĬĴňėƞŅȮStress ĕŀĚĲƕĸƢĴĩŉĚėƞŅĪňŗ

ĔņľĬħěŅĔĬńŘĬŒľƟŏėĶŊŗŀĚŏĸŊŗŀĬȮcross head ħƟŅĬĭĬĔĸńĭĴŅĪňŗěŋħŏĶŇŗĴĨƟĬȮľĶŊŀȮMin stress = 0 MPaȮ

ħƟĺĵŀńĨĶŅŏĶŖĺŏħňĵĺĔńĭŀńĨĶŅĔŅĶħŉĚĵŊħȮŏıŊŗŀĨŇħĨŅĴėƞŅȮstrain ĪňŗȮMax stress ŐĸŃȮMin stress ŏıŊŗŀ

ĬņĴŅėņĬĺĦľŅėƞŅĔŅĶėŊĬĨńĺĔĸńĭĕŀĚĲƕĸƢĴěŅĔĽĴĔŅĶĪňŗȮ1,0ȮőħĵŒĬĔŅĶĪħĽŀĭıĭĺƞŅĲƕĸƢĴĔƞŀĬįƞŅĬ

ĔŅĶħŉĚĵŊħĨƟŀĚĪņĔŅĶĪħĽŀĭĪňŗėƞŅȮMax stress ŒĬĝƞĺĚȮ/3-03ȮMPa ŏĬŊŗŀĚěŅĔėƞŅȮTensile strength 

ĕŀĚĲƕĸƢĴĴňėƞŅœĴƞĩŉĚȮ1.ȮMPa ŏĴŊŗŀıŇěŅĶĦŅıŊŘĬĪňŗŒĨƟĔĶŅĲȮstress-strain curve ŒĬĔŅĶĪħĽŀĭȮcyclic 

test ĭƞĚĭŀĔĩŉĚıĸńĚĚŅĬĪňŗĽŌĠŏĽňĵȮ&Loss energy) œĮŒĬĽƞĺĬĪňŗĝŇŘĬĚŅĬŏĔŇħĔŅĶŏĽňĵĶŌĮȮ&deform) ŒĬȮ/Ȯ

cycleȮĞŉŗĚŏĮĶňĵĭŏĪňĵĭœħƟĔńĭȮLoss modulus ĕŀĚĲƕĸƢĴ ŐĸŃĽŅĴŅĶĩĽńĚŏĔĨıĸńĚĚŅĬėĚŏľĸŊŀŒĬĔŅĶėŊĬ

ĨńĺĔĸńĭȮ&recovery energy) ĕŀĚĝŇŘĬĚŅĬœħƟěŅĔĽƞĺĬőėƟĚĕŀĚĔĶŅĲŒĬĝƞĺĚėƞŅȮstrain ĪňŗȮMax stressȮȮ

ŐĸŃȮMin stress ĞŉŗĚŏĮĶňĵĭŏĪňĵĭœħƟĔńĭȮStorage modulus ĕŀĚĲƕĸƢĴȮěŅĔĔĶŅĲȮstress-strain 

curve ĕŀĚĲƕĸƢĴȮPBAT, PBAT/B3 ŐĸŃȮPBAT/B5 ĪňŗĕŉŘĬĶŌĮŐĸŃįƞŅĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮcontinuous 

ŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴŐĽħĚŒĬĶŌĮĪňŗȮ4.13ȮıĭĺƞŅŏĴŊŗŀĬņıĸńĚĚŅĬėĚŏľĸŊŀŒĬĔŅĶėŊĬĨńĺĔĸńĭĴŅŏĪňĵĭĔńĭ

ıĸńĚĚŅĬĪňŗĽŌĠŏĽňĵœĮȮĞŉŗĚŏĮƦĬĨńĺŐĪĬĶŃľĺƞŅĚȮstorage modulus ĔńĭȮloss modulus ıĭĺƞŅŏĴŊŗŀĪņ

ĔŅĶħŉĚĵŊħħƟĺĵěņĬĺĬŏĪƞŅĪňŗŏıŇŗĴĕŉŘĬĽńħĽƞĺĬıĸńĚĚŅĬėĚŏľĸŊŀŒĬĔŅĶėŊĬĨńĺĔĸńĭĪňŗĴňėƞŅěŃĴňŀŇĪīŇıĸŏıŇŗĴ

ĴŅĔĕŉŘĬȮŏĬŊŗŀĚěŅĔĽƞĺĬĕŀĚıĸńĚĚŅĬėĚŏľĸŊŀŒĬĔŅĶėŊĬĨńĺĔĸńĭĴňėƞŅıŀȮŕȮŏħŇĴȮŐĨƞĽƞĺĬĕŀĚıĸńĚĚŅĬĪňŗ

ĽŌĠŏĽňĵœĮĕŀĚĝŇŘĬĚŅĬĴňėƞŅĪňŗĸħĬƟŀĵĸĚȮĞŉŗĚȮstorage modulus ŐĽħĚĩŉĚıķĨŇĔĶĶĴėĺŅĴŏĮƦĬȮelastic 

ĕŀĚĝŇŘĬĚŅĬȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħħƟĺĵěņĬĺĬĪňŗŏıŇŗĴĴŅĔĕŉŘĬėĺŅĴŏĮƦĬȮelastic ĕŀĚĲƕĸƢĴĔŖěŃĴňėĺŅĴŏĮƦĬȮ

elastic ĪňŗŏıŇŗĴĽŌĚĕŉŘĬ 
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ĶŌĮĪňŗȮ4.13 Stress-strain curve ĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĔƞŀĬ
ŐĸŃľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶ continuous stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ/,3ȮŐĸŃ 0Ȯ
ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x, /,3x ŐĸŃ 0x) a) PBAT, b) PBAT/B3 ŐĸŃȮc) PBAT/B5 ěŅĔĔŅĶ

ĪħĽŀĭȮcycle test 
ŏĴŊŗŀıŇěŅĶĦŅėƞŅĔŅĶėŊĬĨńĺĔĸńĭȮ&recovery) ĕŀĚĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® 

strong ĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶ continuous stretching process ĪňŗȮ1.5 ŐĸŃ 2Ȯ

ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x,/,3x ŐĸŃ 2x) ėņĬĺĦœħƟěŅĔėƞŅȮstrain ĪňŗȮmax stress ŐĸŃȮmin 

strain ŐĽħĚŒĬĶŌĮĪňŗȮ4.14ȮıĭĺƞŅĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮcohesion additive ľĸńĚįƞŅĬ

ĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅĪňŗĽŌĚĕŉŘĬȮěŃĴňėƞŅĔŅĶėŊĬĨńĺĔĸńĭĪňŗĽŌĚĕŉŘĬȮŐĸŃĴňėƞŅĽŌĚĪňŗĽŋħŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗȮ0Ȯ

ŏĪƞŅěŅĔėĺŅĴĵŅĺŏħŇĴȮĞŉŗĚĽŀħėĸƟŀĚĔńĭıĸńĚĚŅĬĪňŗĽŌĠŏĽňĵœĮŐĸŃıĸńĚĚŅĬĪňŗėĚŏľĸŊŀŒĬĔŅĶėŊĬĨńĺĔĸńĭĪňŗ

ıŇěŅĶĦŅœħƟěŅĔıŊŘĬĪňŗŒĨƟĔĶŅĲĕŀĚĔĶŅĲȮstress-strain curve ŒĬĶŌĮĪňŗȮ4.13ȮĞŉŗĚŐĽħĚĩŉĚėĺŅĴŏĮƦĬȮ
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elastic ĕŀĚĲƕĸƢĴȮŏĴŊŗŀįƞŅĬĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅĪňŗĽŌĚĕŉŘĬĔŖěŃĴňėĺŅĴŏĮƦĬȮelastic ĪňŗŏıŇŗĴĕŉŘĬŐĸŃĴňėƞŅ

ĔŅĶėŊĬĨńĺĔĸńĭĪňŗĴŅĔĕŉŘĬ 

 

ĶŌĮĪňŗȮ4.14ȮėƞŅĔŅĶėŊĬĨńĺĔĸńĭĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĔƞŀĬŐĸŃ
ľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮcontinuous stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ/,3ȮŐĸŃ 0ȮŏĪƞŅ

ěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x, /,3x ŐĸŃ 0x) 
 

4.3.3 ĻŉĔļŅŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮcontinuous stretching process ĪňŗĴňįĸėƞŅ

ĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 

 ěŅĔĔŅĶĪħĽŀĭėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĝŇŘĬĚŅĬĲƕĸƢĴ PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮ

cohesion additiveȮĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮcontinuous stretching process ĪňŗȮ1.5 ŐĸŃ 

2ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&/x,/,3x ŐĸŃ 2x)ȮĞŉŗĚĪņĔŅĶĪħĽŀĭőħĵĔŅĶŏıŇŗĴĴŋĴĕŀĚŐįƞĬĮĶńĭėĺŅĴĝńĬ

ĪňŗĔņľĬħĴŋĴŀĵŌƞĪňŗȮ/3Ȯ-Ȯ23ȮŀĚĻŅȮħƟĺĵĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĴŋĴĪŋĔȮŕȮ3ȮŀĚĻŅȮŏĝƞĬŏħňĵĺĔńĭĔŅĶĪħĽŀĭŒĬ

ĽƞĺĬĪňŗȮ/ȮŐĸŃȮ0ȮŐĸƟĺĬņĴŋĴĪňŗœħƟĴŅėņĬĺĦľŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮıĭĺƞŅěŅĔĶŌĮĪňŗȮ

4.15ȮėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ĪňŗĕŉŘĬĶŌĮŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚħƟĺĵŏėĶŊŗŀĚȮcast film 

extruder ĔƞŀĬĪņĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮcontinuous stretching process ħƟĺĵŏėĶŊŗŀĚȮuniaxial 

machine ĴňėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĶŃľĺƞŅĚįŇĺĲƕĸƢĴĔńĭĲƕĸƢĴŏĪƞŅĔńĭȮ.,36ȮŏĴŊŗŀĪņĔŅĶĔŅĶŏĨŇĴȮ
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Biomax® strong 3 phr ŐĸŃȮ3Ȯphr ĸĚœĮȮ(PBAT/B3 ŐĸŃȮPBAT/B5) ıĭĺƞŅėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚ

ŏĽňĵħĪŅĬĴňėƞŅŏıŇŗĴĕŉŘĬȮĞŉŗĚĴňėƞŅŏĪƞŅĔńĭȮ/,/7ȮŐĸŃȮ/,21ȮĨŅĴĸņħńĭȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĲƕĸƢĴȮıĭĺƞŅėƞŅ

ĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚȮPBAT/B3 ĴňėƞŅŏıŇŗĴĕŉŘĬŏĮƦĬȮ/,21ȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅ

ěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮŐĸŃȮPBAT/B5 ĴňėƞŅŏıŇŗĴĕŉŘĬŏĮƦĬȮ/,51ȮŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĪňŗȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅěŅĔ

ėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮĵĔŏĺƟĬėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚȮPBAT œĴƞŏĮĸňŗĵĬŐĮĸĚľĸńĚįƞŅĬĔŅĶħŉĚĵŊħŒĬ

ĶŃĭĭȮcontinuous processȮħńĚĬńŘĬĔŅĶĵŊħĲƕĸƢĴĽŅĴŅĶĩĪņŒľƟėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮ

PBAT/B3 ŐĸŃȮPBAT/B5 ĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬœħƟ 

 

ĶŌĮĪňŗȮ4.15ȮėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong 
ĔƞŀĬŐĸŃľĸńĚĔŅĶħŉĚĵŊħħƟĺĵĔĶŃĭĺĬĔŅĶȮcontinuous stretching process ħƟĺĵĔŅĶħŉĚĵŊħȮ1.5 ŐĸŃ 

2 ŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮ&1x, 1.5x ŐĸŃ 2x) 
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ĭĪĪňŗȮ3 

ĽĶŋĮįĸĔŅĶĺŇěńĵ 

ĚŅĬĺŇěńĵĬňŘĪņĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚ Biomax® strong ĪňŗĪņľĬƟŅĪňŗŏĮƦĬ cohesion additiveȮ

ĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃĪņĔŅĶĻŉĔļŅĔĶŃĭĺĬĔŅĶ

ĕŉŘĬĶŌĮĲƕĸƢĴėĸŇĚĔƢĕŀĚ PBAT ıĶƟŀĴĪńŘĚĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶħŉĚĵŊħŒĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħĪńŘĚĔĶĦňȮbatch 

ŐĸŃȮcontinuous  stretching process ĪňŗĽƞĚįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇś

ŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT őħĵįĸĔŅĶĻŉĔļŅĽŅĴŅĶĩĽĶŋĮœħƟŏĮƦĬȮ1ȮĽƞĺĬȮħńĚĬňŘ 

ŒĬĽƞĺĬĪňŗȮ/ȮĻŉĔļŅĔŅĶįĽĴŒĬĶŃĭĭȮbatch mixing processȮŐĸŃĻŉĔļŅŀŇĪīŇıĸĕŀĚ 

Biomax® strong ĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴ PBATȮıĭĺƞŅŏĴŊŗŀĪņĔŅĶŏĨŇĴȮBiomax® strong ĪňŗĪņ

ľĬƟŅĪňŗŏĮƦĬȮcohesion additive ŒĬĮĶŇĴŅĦȮ1 phr ŐĸŃȮ3Ȯphr ĸĚŒĬȮPBAT ĪņŒľƟėƞŅȮtensile 

strength ŐĸŃȮelongation at break ĸħĸĚŏıňĵĚŏĸŖĔĬƟŀĵŏĪƞŅĬńŘĬȮĞŉŗĚėƞŅȮtensile strength ĪńŘĚĔĶĦňȮ

PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĴňėƞŅȮtensile strength ĨŗņĔĺƞŅĝƞĺĚĪňŗŏľĴŅŃĽĴŒĬ

ĔŅĶĬņœĮŒĝƟĚŅĬĕŀĚĲƕĸƢĴėĸŇĚĔƢıńĬıŅŏĸĪĪňŗĪņěŅĔȮLLDPE ŒĬĪƟŀĚĨĸŅħ 

 ĽƞĺĬĪňŗȮ0 ĻŉĔļŅĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮĲƕĸƢĴŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚȮŐĸŃŀŇĪīŇıĸĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬ

ĶŃĭĭȮbatch stretching process ĪňŗĴňįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚ

ŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴ Biomax® strong ıĭĺƞŅĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚ

ĲƕĸƢĴȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strong ĪňŗĕŉŘĬĶŌĮěŅĔŏėĶŊŗŀĚȮcast film extruder ĲƕĸƢĴěŃĴňėĺŅĴ

ľĵńĭȮŐĸŃĴňĔŅĶĵŉħĨŇħĶŃľĺƞŅĚįŇĺĲƕĸƢĴĔńĭįŇĺĲƕĸƢĴĴŅĔĔĺƞŅĲƕĸƢĴȮPBAT ĞŉŗĚŐĽħĚŒľƟŏľŖĬěŅĔėƞŅ

ĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħŅĬĕŀĚĲƕĸƢĴȮPBAT ĪňŗĴňĔŅĶŏĨŇĴ Biomax® strong (3 ŐĸŃȮ3Ȯphr) ĴňėƞŅŏĪƞŅĔńĭȮ

0,53ȮŐĸŃıĭĺƞŅĔŅĶŏĨŇĴȮBiomax® strong ĽƞĚįĸŒľƟėƞŅȮelongation at break ĕŀĚĲƕĸƢĴȮPBAT ĴňėƞŅ

ŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵȮŏĴŊŗŀĻŉĔļŅŀŇĪīŇıĸĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process ıĭĺƞŅŏĴŊŗŀĪņĔŅĶ

ħŉĚĵŊħĪňŗĔŅĶħŉĚĵŊħŏıŇŗĴĕŉŘĬȮėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT, PBAT/B3 ŐĸŃȮPBAT/B5 Ĵň

ėƞŅŏıŇŗĴĽŌĚĕŉŘĬȮŐĸŃėĺŅĴĝńĬĕŀĚĔĶŅĲȮstress-strain curve ĴňėĺŅĴĝńĬĪňŗŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĪňŗȮ

strain = /..%ȮŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĔŇħȮstrain hardening effect ĽƞĚįĸĪņŒľƟĝŇŘĬĚŅĬĴňėƞŅȮtensile 

strength ĪňŗŏıŇŗĴĽŌĚĕŉŘĬȮŏĴŊŗŀĬņœĮŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅȮtensile strength ŐĸŃȮelongation at break 

ĕŀĚĲƕĸƢĴȮLLDPE ĪňŗĕŅĵŒĬĪƟŀĚĨĸŅħȮıĭĺƞŅŏĴŊŗŀĪņĔŅĶħŉĚĵŊħĲƕĸƢĴȮPBAT, PBAT/B3 ŐĸŃȮPBAT/B5 Īňŗ

ĔŅĶħŉĚĵŊħȮ0ȮŐĸŃȮ0,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮěŃĴňėƞŅȮtensile strength ŀĵŌƞŒĬĝƞĺĚĪňŗŒĔĸƟŏėňĵĚŐĸŃ

ŏľĴŅŃĽĴĔńĭĔŅĶŒĝƟĚŅĬȮĽƞĺĬėƞŅȮelongation at break ěŃĴňėƞŅĪňŗŒĔĸƟŏėňĵĚŐĸŃŏľĴŅŃĽĴŒĬĔŅĶ
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ĬņœĮŒĝƟĚŅĬĪňŗĔŅĶħŉĚĵŊħȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮőħĵėĺŅĴĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴȮPBAT, 

PBAT/B3 ŐĸŃȮPBAT/B5 ěŃĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀŀńĨĶŅĔŅĶħŉĚĵŊħŏıŇŗĴĕŉŘĬ 

 ĽƞĺĬĪňŗȮ1ȮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮėĺŅĴĵŊħľĵŋƞĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ PBAT 

ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮBiomax® strongȮħƟĺĵĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮŐĸŃħŉĚĵŊħħƟĺĵĶŃĭĭĨƞŀŏĬŊŗŀĚŒĬ

ĶŃħńĭŀŋĨĽŅľĔĶĶĴ ıĭĺƞŅěŅĔĔŅĶĻŉĔļŅŒĬĽƞĺĬĪňŗȮ0ȮěŉĚĬņŏŀŅĔŅĶħŉĚĵŊħĪňŗȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅěŅĔėĺŅĴ

ĵŅĺŏĶŇŗĴĨƟĬȮŒĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħȮbatch stretching process ĴŅĻŉĔļŅŒĬĶŃĭĭȮcontinuous 

stretching process ŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴȮıĭĺƞŅĲƕĸƢĴĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮ

continuous stretching process ŐĽħĚȮstrain hardening effect ŏĝƞĬŏħňĵĺĔńĭĔĶŃĭĺĬĔŅĶȮ

batch stretching process ĽƞĚįĸĪņŒľƟėƞŅȮtensile strength ĴňėƞŅĽŌĚĕŉŘĬȮŏĴŊŗŀıŇěŅĶĦŅėƞŅȮtensile 

strength ŐĸŃȮelongation at break ıĭĺƞŅĲƕĸƢĴȮPBAT/B3 ĪňŗįƞŅĬĔŅĶħŉĚĵŊħĪňŗȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅěŅĔ

ėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮĴňėƞŅȮtensile strength ŐĸŃȮelongation at break ŀĵŌƞŒĬĝƞĺĚĪňŗŏľĴŅŃĽĴĔńĭĔŅĶŒĝƟ

ĚŅĬŏĮƦĬĲƕĸƢĴėĸŇĚĔƢȮŐĨƞĲƕĸƢĴȮPBAT ŐĸŃȮPBAT/B5 ěŃŏľĴŅŃĽĴŏĴŊŗŀĲƕĸƢĴįƞŅĬĔŅĶħŉĚĵŊħĪňŗȮ0ȮŏĪƞŅěŅĔ

ėĺŅĴĵŅĺŏĶŇŗĴĨƟĬȮŐĨƞŒĬĔŅĶħŉĚĵŊħȮ/,3ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT/B5 ĴňėƞŅ 

tensile strength ĬƟŀĵĔĺƞŅŏıňĵĚŏĸŖĔĬƟŀĵŏĪƞŅĬńŘĬȮěŉĚœĴƞĬƞŅĴňĮƤĠľŅĨƞŀĔŅĶĬņœĮŒĝƟĚŅĬŏĮƦĬĲƕĸƢĴėĸŇĚĔƢȮȮ

őħĵėƞŅėĺŅĴĵŊħľĵŋƞĬŐĸŃĔŅĶėŊĬĨńĺĔĸńĭĕŀĚĲƕĸƢĴěŃĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀĲƕĸƢĴįƞŅĬĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅ

ŏıŇŗĴĕŉŘĬȮŐĸŃėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ĔƞŀĬįƞŅĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħěŃĴňėƞŅŏıŇŗĴĕŉŘĬȮ

ŏĴŊŗŀĪņĔŅĶŏĨŇĴȮBiomax® strong 1Ȯphr ŐĸŃȮ3Ȯphr ŐĸŃĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀĲƕĸƢĴȮPBAT/B3 ŐĸŃȮ

PBAT/B5 įƞŅĬĔĶŃĭĺĬĔŅĶħŉĚĵŊħĪňŗěņĬĺĬŏĪƞŅĪňŗŏıŇŗĴĕŉŘĬȮŐĨƞĲƕĸƢĴȮPBAT œĴƞŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚ 

ħńĚĬńŘĬĲƕĸƢĴȮPBAT/B3 ŐĸŃȮPBAT/B5 ĪňŗįƞŅĬĔŅĶħŉĚĵŊħĪňŗȮ/,3ȮŐĸŃȮ0ȮŏĪƞŅěŅĔėĺŅĴĵŅĺŏĶŇŗĴĨƟĬ

ŏľĴŅŃĽĴĔńĭĔŅĶĬņœĮŒĝƟĚŅĬŒĬĲƕĸƢĴėĸŇĚĔƢ 

 

ĕƟŀŏĽĬŀŐĬŃ 

 ŒĬĔŅĶĔŅĶħŉĚĵŊħĲƕĸƢĴȮPBATȮŒĬĶŃĭĭĨƞŀŏĬŊŗŀĚŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴŀĵŅĔŒľƟĬņœĮħŉĚĵŊħħƟĺĵ

ŏėĶŊŗŀĚȮVertical Machine Direction Stretching Units (MDO) ŏįŊŗŀŒľƟœħƟĲƕĸƢĴħŉĚĵŊħœħƟĽĴŗņŏĽĴŀœĴƞ

ŏĔŇħĶŀĵĵńĭĭĬĴƟĺĬĲƕĸƢĴ  
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ĳŅėįĬĺĔ 



  69 

 

 

  

ĳŅėįĬĺĔȮĔ 

ĕƟŀĴŌĸŐĸŃįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĨƞŅĚȮŕ 
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Ĕ-/ȮįĸĔŅĶĪħĽŀĭėƞŅħńĝĬňĔŅĶœľĸȮ(melt flow index) 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,/ȮĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮmelt flow index ĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶ

ŏĨŇĴȮBiomax® strong ĪňŗŀŋĦľĳŌĴŇȮ/7.ȮŀĚĻŅȮħƟĺĵĬŘņľĬńĔĔħȮ0,/4Ȯkg 

Sample 
Melt flow index (g/10 min) 

Avg.MFI SD 
ėĶńŘĚĪňŗȮ/ ėĶńŘĚĪňŗȮ0 ėĶńŘĚĪňŗȮ1 

PBAT 6.5844 5.9801 6.0812 6.22 0.32 
PBAT/B3 5.048 5.5519 5.749 5.45 0.36 
PBAT/B5 4.0763 4.2749 4.9812 4.44 0.48 

 

Ĕ-0ȮįĸĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵȮtensile test 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,0ȮėƞŅȮWmsleŲqȮkmbsjsq*ȮrclqgjcȮqrpclerfȮŐĸŃȮelongation at break 

ŏĜĸňŗĵĕŀĚĲƕĸƢĴĔƞŀĬŐĸŃľĸńĚįƞŅĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch stretching process 

Sample Stretching ratio 
Modulus (MPa) Tensile strength (MPa) Elongation at break (%) 

mean SD mean SD mean SD 

PBAT 

1 78.1 3.7 23.0 1.5 556.0 7.8 

1.5 39.9 4.3 26.9 2.1 298.7 17.7 

2 57.7 3.1 42.9 2.9 208.4 24.3 

2.5 74.3 3.7 55.5 2.0 153.5 17.2 

PBAT/B3 

1 70.8 9.3 19.9 1.6 538.9 36.0 

1.5 39.5 2.0 28.9 5.2 311.4 20.2 

2 49.6 5.5 37.2 6.3 229.6 15.7 

2.5 56.6 3.5 45.3 6.2 188.6 33.2 

PBAT/B5 

1 64.3 3.2 21.4 1.4 594.8 35.7 

1.5 36.8 1.7 27.7 2.0 321.4 21.3 

2 45.3 3.6 37.0 2.5 256.2 12.6 

2.5 55.8 5.1 46.2 4.9 199.2 6.5 
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ĨŅĶŅĚĳŅėįĬĺĔȮĔ,1ȮėƞŅȮWmsleŲqȮkmbsjsq*ȮrclqgjcȮqrpclerfȮŐĸŃȮelongation at break 

ŏĜĸňŗĵĕŀĚĲƕĸƢĴĔƞŀĬŐĸŃľĸńĚįƞŅĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮcontinuous stretching process ŒĬĶŃħńĭ

ŀŋĨĽŅľĔĶĶĴ 

Sample Stretching ratio 
Modulus (MPa) Tensile strength (MPa) Elongation at break (%) 
mean SD mean SD mean SD 

PBAT 
1 71.6 1.7 26.5 1.3 494 38 
1.5 67.6 2.6 33.5 2.1 463 0 
2 73.6 1.0 43.8 3.2 410 26 

PBAT/B3 
1 65.2 1.3 30.5 1.5 680 34 
1.5 52.9 2.0 34.7 2.2 615 25 
2 60.0 3.2 48.0 2.4 412 30 

PBAT/B5 
1 62.7 2.3 28.2 1.5 671 30 
1.5 57.4 0.7 34.7 2.2 575 16 
2 66.9 1.7 50.2 7.2 354 32 

 

Ĕ-1ȮįĸĔŅĶĪħĽŀĭȮcyclic test 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,2ȮėƞŅĔŅĶėŊĬĨńĺĔĸńĭŏĜĸňŗĵĕŀĚĲƕĸƢĴĔƞŀĬŐĸŃľĸńĚįƞŅĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch 

stretching process  

Sample Stretching ratio ĔŅĶėŊĬĨńĺĔĸńĭ S.D. 

PBAT 

1 15.47 1.05 

1.5 20.53 3.79 

2 35.50 3.27 

2.5 64.17 9.25 

PBATB3 

1 16.46 1.37 

1.5 23.28 2.46 

2 47.69 7.32 

2.5 72.05 2.15 
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ĨŅĶŅĚĳŅėįĬĺĔȮĔ,2ȮėƞŅĔŅĶėŊĬĨńĺĔĸńĭŏĜĸňŗĵĕŀĚĲƕĸƢĴĔƞŀĬŐĸŃľĸńĚįƞŅĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮbatch 

stretching process (Ĩƞŀ' 

Sample Stretching ratio ĔŅĶėŊĬĨńĺĔĸńĭ S.D. 

PBAT/B5 

1 20.46 0.64 

1.5 24.20 5.76 

2 30.10 6.69 

2.5 67.18 5.05 
 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,3ȮėƞŅĔŅĶėŊĬĨńĺĔĸńĭŏĜĸňŗĵĕŀĚĲƕĸƢĴĔƞŀĬŐĸŃľĸńĚįƞŅĬĔŅĶħŉĚĵŊħŒĬĶŃĭĭȮ

continuous stretching process ŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴ 

Sample Stretching ratio ĔŅĶėŊĬĨńĺĔĸńĭ S.D. 

PBAT 

1 16.19 0.24 

1.5 17.04 0.58 

2 19.67 0.99 

PBAT/B3 

1 15.25 0.23 

1.5 18.45 2.59 

2 19.17 2.25 

PBAT/B5 

1 15.82 0.99 

1.5 15.44 0.59 

2 22.81 2.71 
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ĳŅėįĬĺĔ ĕ 

ĨńĺŀĵƞŅĚĔŅĶėņĬĺĦ 
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ĕ-/ȮĔŅĶėņĬĺĦėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴ 

ěŅĔĽĴĔŅĶĪňŗȮ1,/ 

AmcddgagclrȮmdȮdpgargmlȮ;Ȯr_lȮȮ̒Ȯ 

ĨńĺŀĵƞŅĚȮĔŅĶėņĬĺĦľŅėƞŅȮcoefficient of friction 

 ěŅĔĔŅĶĺńħĴŋĴĕŀĚģŅĬĮĶńĭĴŋĴȮ= 30 

ŐĪĬėƞŅȮȮȮȮȮȮ  ȮȮȮȮȮȮȮȮȮAmcddgagclrȮmdȮdpgargmlȮ;Ȯr_lȮ1. 

Coefficient of friction = 0.58 

ĕ-0ȮĔŅĶėņĬĺĦėƞŅĔŅĶėŊĬĨńĺĔĸńĭĕŀĚĲƕĸƢĴ 

ěŅĔĽĴĔŅĶĪňŗȮ1,0 

#ȮPcamtcpwȮ;Ȯ
Qrp_glk_vqrpcqqȮ+ȮQrp_glKglȮqrpcqq

Qrp_glk_vqrpcqq
Ȯ×Ȯ/.. 

ĨńĺŀĵƞŅĚȮĔŅĶėņĬĺĦȮ% Recovery 

 ěŅĔ Strainmax stress = 429.76 % 

  Strainmix stress = 358.1 % 

ŐĪĬėƞŅȮ 

#ȮPcamtcpwȮ;Ȯ
207,54Ȯ+Ȯ136,/

207,54
Ȯ×Ȯ/.. 

% Recovery = 16.67 %  
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ĳŅėįĬĺĔ ė 

įĸĔŅĶĪħĸŀĚŏıŇŗĴŏĨŇĴ 
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ė-/ȮĻŉĔļŅįĸĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮPBAT,ȮPBAT ĪňŗŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮŐĸŃȮPBAT įĽĴȮPLAȮĪňŗ

ŏĨŇĴŐĸŃœĴƞŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ 

ŏĴŊŗŀıŇěŅĶĦŅĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮN@?-NJ?ȮŒĬŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮ7.-/.ȮŐĸŃȮ6.-0.ȮıĭĺƞŅ 

elongation at breakȮŐĸŃ tensile strengthȮĴňėƞŅĸħĸĚŀĵƞŅĚŏľŖĬœħƟĝńħěŅĔȮ650% ĸħĸĚŏľĸŊŀȮ

322Ȯ±Ȯ17#ȮŐĸŃȮ067Ȯ±Ȯ01#ȮŐĸŃěŅĔȮ0/,5ȮKN_ȮĸħĸĚŏľĸŊŀȮ/1,4Ȯ±Ȯ.,6ȮKN_ȮŐĸŃ//,1Ȯ±Ȯ.,3Ȯ

KN_ȮĨŅĴĸņħńĭȮŏĬŊŗŀĚěŅĔŀĬŋĳŅėĕŀĚȮNJ?ȮĪňŗĔĶŃěŅĵĨńĺŒĬŏĲĽĕŀĚȮN@?RȮœĴƞĽĴŗņŏĽĴŀȮĕĬŅħ

ŀĬŋĳŅėĪňŗŒľĠƞȮŐĸŃȮglrcpd_ag_jȮ_bfcqgmlȮĪňŗœĴƞħňȮĪņŒľƟŏĔŇħĔŅĶľĸŋħŀŀĔĕŀĚŀĬŋĳŅėȮNJ?ȮĪňŗĚƞŅĵĕŉŘĬ

ŐĸŃŏĔŇħŏĮƦĬěŋħĻŌĬĵƢĶĺĴŐĶĚŏĔŇħĕŉŘĬȮĽƞĚįĸĪņŒľƟėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŉĚĵŊħĝŇŘĬĚŅĬĸħĸĚěŉĚĪņŒľƟėƞŅȮ

rclqgjcȮqrpclerfȮĸħĸĚȮŏĴŊŗŀĽńĚŏĔĨěŃŏľŖĬĺƞŅŏĴŊŗŀĮĶŇĴŅĦȮNJ?ȮŏıŇŗĴĕŉŘĬŏĮƦĬȮ0.Ȯ#urȮěŃĪņŒľƟ 

elongation at breakȮŐĸŃ tensile strengthȮĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮN@?R-NJ?ȮĵŇŗĚĴňėƞŅĸħĸĚȮŐĨƞ

ėƞŅȮWmsleŲqȮkmbsjsqȮĪňŗŀńĨĶŅĽƞĺĬȮ7.-/.ȮĴňėƞŅĸħĸĚěŅĔȮ63,1ȮKN_ȮŏĮƦĬȮ55,0Ȯ±Ȯ0,3ȮKN_ȮŐĨƞěŃ

ĴňėƞŅŏıŇŗĴĕŉŘĬŏĮƦĬȮ/0.,.Ȯ±Ȯ3,5ȮKN_ȮŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮNJ?ȮŏĮƦĬȮ0.Ȯ#urȮŏĴŊŗŀĪņĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ

pc_argtcȮ_eclrȮ0ȮĝĬŇħȮėŊŀȮNcpi_bmvȮ.,0ȮnfpȮŐĸŃȮHmlapwjȮ.,/ȮnfpȮıĭĺƞŅėƞŅȮelongation at 

break, tensile strength ŐĸŃȮWmsleŲqȮkmbsjsqȮŒĬĪńŘĚȮ0ȮŀńĨĶŅĽƞĺĬĔŅĶįĽĴĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀ

ŏĪňĵĭĔńĭĔĶĦňĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶ reactive agent ŏĬŊŗŀĚěŅĔȮreactive agent ĽƞĚįĸĪņŒľƟȮPBAT ŐĸŃȮ

PLA ŏĕƟŅĔńĬœħƟŏıŇŗĴĴŅĔĕŉŘĬȮŐĸŃĪņŒľƟŀĬŋĳŅėĕŀĚȮPLA ĪňŗŏĸŖĔĸĚĞŉŗĚĨĶĺěĽŀĭœħƟěŅĔĸńĔļĦŃĽńĦģŅĬ

ĺŇĪĵŅĪňŗœħƟĪņĔŅĶĻŉĔļŅȮĪņŒľƟĔŅĶŏĔŇħěŋħĻŌĬĵƢĶĺĴŐĶĚŐĸŃĔŅĶĕńħĕĺŅĚĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĽŅĵőĞƞ

őĴŏĸĔŋĸĕŀĚȮPBAT ĸħĸĚȮŐĸŃŏĴŊŗŀĪņĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮBiomax® strong 3Ȯphr ĸĚŒĬıŀĸŇŏĴŀĶƢ

įĽĴȮPBAT/PLA ĪňŗĴňĔŅĶŏĨŇĴĽŅĶȮreactive agent ıĭĺƞŅĪņŒľƟėƞŅȮelongation at break, tensile 

strength ŒĬĪńŘĚȮ0ȮŀńĨĶŅĽƞĺĬĔŅĶįĽĴĴňėƞŅŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵȮŐĨƞĪņŒľƟȮWmsleŲqȮkmbsjsqȮĸħĸĚ

ŏĸŖĔĬƟŀĵȮŏĬŊŗŀĚěŅĔ Biomax® strong ŏĕƟŅœĮĶĺĴĔńĭŀĬŋĳŅėĕŀĚȮPLA ŐĸŃħƟĺĵȮBiomax® strong 

ŏĮƦĬȮimpact modifier ŒľƟĔńĭȮPLA ĪņŒľƟȮPLAȮĴňėĺŅĴȮtoughness ĪňŗĴŅĔĕŉŘĬ 
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ĨŅĶŅĚĳŅėįĬĺĔȮė,/ȮėƞŅȮWmsleŲqȮkmbsjsq*ȮrclqgjcȮqrpclerfȮŐĸŃȮelongation at break ĕŀĚ

ĲƕĸƢĴȮPBAT/PLA 

Q_knjcq 
WmsleŲqȮ

KmbsjsqȮ&KN_' 
RclqgjcȮ

qrpclerfȮ&KN_' 
Cjmle_rgmlȮ_rȮ
`pc_iȮ&#' 

N7.-J/. 55,0Ȯ±Ȯ0,3 /1,4Ȯ±Ȯ.,6 322Ȯ±Ȯ17 

N7.-J/.-Ncp.,0-H.,/ /.2,1Ȯ±Ȯ0,4 /6,.Ȯ±Ȯ/,4 434Ȯ±Ȯ30 

N7.-J/.-@3-Ncp.,0-H.,/ 73,7Ȯ±Ȯ0,/ 0.,2Ȯ±Ȯ.,7 542Ȯ±Ȯ05 

N6.-J0. /0.,.Ȯ±Ȯ3,5 //,1Ȯ±Ȯ.,3 067Ȯ±Ȯ01 

N6.-J0.-Ncp.,0-H.,/ /36,/Ȯ±Ȯ/1,7 /5,.Ȯ±Ȯ/,/ 244Ȯ±Ȯ23 

N6.-J0.-@3-Ncp.,0-H.,/ /2/,7Ȯ±Ȯ6,3 /5,/Ȯ±Ȯ/,. 30/Ȯ±Ȯ10 
 

ė-0ȮĻŉĔļŅįĸėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ

ŏıŊŗŀŏıŇŗĴĔŅĶĵŉħĨŇħ 

ŒĬĔĶĦňĲƕĸƢĴıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮPBAT/PLA ĪńŘĚȮ0ȮŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮ7.-/.ȮŐĸŃȮ6.-0.ȮĪńŘĚĪňŗŏĨŇĴŐĸŃ

œĴƞŏĨŇĴȮReactive agent ıĭĺƞŅĴňėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢŏĭĸħĬƢȮPBAT/PLA 

œĴƞŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀŏĪňĵĭĔńĭĲƕĸƢĴȮPBAT ŐĴƟĺƞŅěŃĴňĔŅĶŏĨŇĴȮBiomax® strong ŏĕƟŅœĮĝƞĺĵŏıŇŗĴ

ėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĔŖĨŅĴȮŏĬŊŗŀĚěŅĔĳŅıĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅıĭĺƞŅŏĴŊŗŀĪņĔŅĶŏĨŇĴȮ

Biomax® strong ĸĚŒĬıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮBiomax® strong ěŃįĽĴĶĺĴĔńĭŀĬŋĳŅėĕŀĚȮPLA ŐĸƟĺěŉĚ

ĔĶŃěŅĵĨńĺŀĵŌƞŒĬŏĴĪĶŇĔĞƢĕŀĚȮPBAT ĪņŒľƟȮBiomax® strong œĴƞĽƞĚįĸĨƞŀĔŅĶĮĶńĭĮĶŋĚėƞŅĽńĴĮĶŃĽŇĪīŇś

ŐĶĚŏĽňĵħĪŅĬĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢ 
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ĨŅĶŅĚĳŅėįĬĺĔȮė,0ȮėƞŅĽńĴĮĶŃĽŇĪīŇśŐĶĚŏĽňĵħĪŅĬĕŀĚĲƕĸƢĴȮPBAT/PLA 

  

Samples 
Coefficient of friction (Film-Film) 

Angle (°) COF 
PBAT 20 0.36 
N7.-J/. 20 0.36 
N7.-J/.-Ncp.,0-H.,/ 20 0.36 
N7.-J/.-@3-Ncp.,0-H.,/ 20 0.36 
N6.-J0. 20 0.36 
N6.-J0.-Ncp.,0-H.,/ 20 0.36 
N6.-J0.-@3-Ncp.,0-H.,/ 20 0.36 
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ĳŅėįĬĺĔ Ě 

ĬņŏĽĬŀįĸĚŅĬĺŇěńĵ 
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 ĴňĔŅĶĬņŏĽĬŀįĸĚŅĬĺŇĝŅĔŅĶŒĬĚŅĬȮThe Joint International Conference on Applied 

Physics and Materials Applications & Applied Magnetism and Ferroelectrics (ICAPMA-

JMAC-2021) ŒĬľńĺĕƟŀŏĶŊŗŀĚȮStretchability and Deformation Behavior of Polybutylene 

adipate-co-terephthalate blend films ŒĬĺńĬĪňŗȮ1-4 īńĬĺŅėĴȮ2564 
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