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ĔĶŃĭĺĬĔŅĶĶňœĞŏėŇĸĬňŘĪŜŅœħƟĵŅĔŏıĶŅŃĨƟŀĚĴňĔĶŃĭĺĬĔŅĶĪŜŅėĺŅĴĽŃŀŅħŏĻļŀŅľŅĶĪňŗĨŇħŀĵŌƞĔńĭĭĶĶěŋĳńĦĤƢĔƞŀĬĔŅĶ
ĬŜŅĴŅľĸŀĴŐĸŃĬŜŅĴŅŒĝƟŒľĴƞ ħńĚĬńŘĬěŉĚŏĮƦĬĪňŗĴŅĕŀĚĚŅĬĺŇěńĵĬňŘĪňŗěŃĪŜŅĔŅĶıńĥĬŅĭĶĶěŋĳńĦĤƢıĸŅĽĨŇĔĪňŗĸħĔŅĶĵŉħĨŇħ
ĕŀĚŏĻļŀŅľŅĶőħĵěŃĪŜŅĔŅĶĮĶńĭįŇĺĕŀĚıŀĸŇŏĴŀĶƢőħĵĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĸĚœĮŒĬıŀĸŇŏĴŀĶƢ 2 ĝĬŇħėŊŀ LDPE ŐĸŃ 
PBAT ĞŉŗĚĔŅĶĮĶńĭįŇĺħƟĺĵĔĶŃĭĺĬĔŅĶĬňŘŏĮƦĬĺŇīňĪňŗĚƞŅĵŐĸŃœĴƞĨƟŀĚŏıŇŗĴėƞŅŒĝƟěƞŅĵĴŅĔŒĬĔĶŃĭĺĬįĸŇĨ őħĵŒĬĚŅĬĺŇěńĵĬňŘ
œħƟŐĭƞĚĔŅĶĪħĸŀĚŀŀĔŏĮƦĬ 2 ĽƞĺĬ ĽƞĺĬŐĶĔĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚ 7 ĝĬŇħĪňŗĴňįĸĨƞŀĔŅĶŏĮƖĵĔįŇĺŏĭŊŘŀĚĨƟĬőħĵĔŅĶ
įĽĴŒĬŏėĶŊŗŀĚįĽĴŐĭĭĮƕħ ĮĶŇĴŅĦœĴƞŏĔŇĬ 5 wt% ıĭĺƞŅĽŅĴŅĶĩįĽĴŏĕƟŅĔńĬœħƟŐĸŃœĴƞĴňĮƤĠľŅŒĬĔĶŃĭĺĬĔŅĶįĽĴŒĬ
ŏėĶŊŗŀĚ internal mixer ŐĸŃĴňĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸŏĭŊŘŀĚĨƟĬĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢėŀĴıŅĺħƢěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅ 
tensile strength ŐĸŃ modulus ĕŀĚ LDPE ŐĸŃ PBAT ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĸŖĔĬƟŀĵ ĽƞĺĬėƞŅ elongation at 
break ıĭĺƞŅĴňĔŅĶĸħĸĚĴŅĔĕŉŘĬŏĴŊŗŀĝŇŘĬĚŅĬĴň defect ĭĬĲƕĸƢĴĪňŗŏĔŇħěŅĔĔŅĶĔĶŃěŅĵĨńĺœĴƞħňĕŀĚĽŅĶĸħĔŅĶŏĔŅŃįŇĺ 
ěŅĔĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺıĭĺƞŅŒĬ LDPE ĽŅĶĸħĔŅĶŏĔŅŃįŇĺĪňŗĽŅĴŅĶĩŏıŇŗĴėƞŅ contact angle œħƟĽŌĚĪňŗĽŋħėŊŀ 
silicone ĶŀĚĸĚĴŅėŊŀ carnauba wax ĽƞĺĬŒĬ PBAT ĽŅĶĸħĔŅĶŏĔŅŃįŇĺĪňŗĽŅĴŅĶĩŏıŇŗĴėƞŅ contact angle œħƟĽŌĚ
ĪňŗĽŋħėŊŀ carnauba wax ĶŀĚĸĚĴŅėŊŀ Shellac ĬŀĔěŅĔĬňŘěŅĔĔŅĶĪħĽŀĭĪŅĚħƟŅĬĽńĦģŅĬĺŇĪĵŅıĭĺƞŅĽŅĶŏĨŇĴŐĨƞĚ
ĴňĔŅĶĕŉŘĬĴŅĪňŗįŇĺĕŀĚĲƕĸƢĴ ĽƞĺĬĪňŗĽŀĚœħƟĴňĔŅĶĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗĴňįĸĨƞŀĔŅĶŏĮƖĵĔįŇĺ ŒĬĔĶŃĭĺĬĔŅĶŏĮƙŅĩŋĚ 
ıĭĺƞŅœĴƞĽŅĴŅĶĩįĽĴĽŅĶŏĨŇĴŐĨƞĚ carnauba wax œħƟĩŉĚ 3 wt% ŒĬıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĝĬŇħ ŏĬŊŗŀĚěŅĔěŃœĴƞĽŅĴŅĶĩ
įĽĴŒĬŏėĶŊŗŀĚ extruder œħƟěŉĚœħƟĴňĔŅĶĸħĮĶŇĴŅĦĕŀĚ carnauba wax ĸĚĴŅœĴƞŏĔŇĬ 2 wt% ľĸńĚěŅĔĬńŘĬœħƟĴňĔŅĶ
ĪħĽŀĭĽĴĭńĨŇĔŅĶœľĸĔƞŀĬĬŜŅœĮĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶŏĮƙŅĩŋĚıĭĺƞŅĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĪŜŅŒľƟĔŅĶœľĸŏıŇŗĴĴŅĔĕŉŘĬŐĨƞ
ĵńĚėĚœĴƞĽƞĚįĸĨƞŀĔĶŃĭĺĬĔŅĶŏĮƙŅĩŋĚ ĽŜŅľĶńĭ LDPE ĔŅĶŏĨŇĴ Silicone ĽŅĴŅĶĩĪŜŅŒľƟ LDPE ĴňėƞŅ contact angle 
ĽŌĚĪňŗĽŋħ ĽƞĺĬŒĬ PBAT ıĭĺƞŅ carnauba wax ĪŜŅŒľƟĴňėƞŅ contact angle ĽŌĚĪňŗĽŋħ ĽĴĭńĨŇŏĝŇĚĔĸıĭĺƞŅĴňĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚŏıňĵĚŏĸŖĔĬƟŀĵŒĬĪŋĔĽŌĨĶĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺ  ŐĸŃĬŀĔěŅĔĬňŘĔŅĶĪħĽŀĭ migration test ıĭĺƞŅ
ĭĶĶěŋĳńĦĤƢĬňŘĽŅĴŅĶĩĬŜŅĴŅŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢĭĶĶěŋŀŅľŅĶœħƟŏĬŊŗŀĚěŅĔĽŅĶĪňŗĨĔėƟŅĚœĴƞŏĔŇĬĪňŗĴŅĨĶģŅĬĔŜŅľĬħ 
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The demand for packaging has increased dramatically due to the increased population, but 
most of these plastic food containers are single-use plastics and turned into a large amount of wastes 
because food contact plastic packaging is normally contaminated with food or organic residues. The 
contamination leaves the plastics waste management with a few choices such as landfill, incineration, 
and recycling which is important for the circular economy. However, the recycling process is difficult 
because of food residue on the surface. Therefore, the goal and motivation of the work were to modify 
the water-repellent property of LDPE and PBAT by adding various types of additives which is a simple 
and cost-saving method. The study was divided into two parts. The first part studied the effect of 
additives in an internal mixer quantity below 5 wt%, where the polymer and additives could be 
processed in the internal mixer. The mechanical properties of polymer compound film such as the 
tensile strength and modulus of LDPE and PBAT were slightly changed, whereas the elongation at break 
showed a greater reduction. This deterioration occurred when the specimen had defects caused by poor 
dispersion of the additives. The wettability study showed that for LDPE, the additive that can provide the 
highest contact angle was silicone, followed by carnauba wax. For PBAT, the increase in the contact 
angle was found when adding carnauba wax and shellac respectively. The morphological observations 
have confirmed the additive bloomed on the film surface. In the second part of the study, the effect of 
additive wettability in the blown film extrusion process was performed. It was found that carnauba wax 
with 3 wt% cannot be incorporated into both polymers because it cannot be compounded in a twin-
screw extruder. Thus the amount of carnauba wax was reduced to 2 wt%. The melt flow testing was 
performed before the blown film extrusion. It was showed that the addition of additives increased the 
melt flow values, but this did not affect the blown-flim processing. For LDPE the addition of silicone was 
able to provide LDPE with the highest contact angle, while for PBAT, the addition of carnauba wax 
showed the highest contact angle. The mechanical properties showed a slight change for all compounds 
with low retention additives. In addition, the migration test found that this packaging can be used as 
food packaging because the residue does not exceed the standard. 
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ĭĪĪňŗȮ/ 

ĭĪĬŜŅ 

 

/,/ȮŏľĨŋįĸŐĸŃėĺŅĴĽŜŅėńĠĕŀĚĮƤĠľŅ 

ŒĬĮƤěěŋĭńĬĴňěŜŅĬĺĬĮĶŃĝŅĔĶĪňŗŏıŇŗĴĴŅĔĞŉŗĚĽƞĚįĸŒľƟĴňĔŅĶŒĝƟĚŅĬĭĶĶěŋĳńĦĤƢıĸŅĽĨŇĔĪňŗŒĝƟ

ĽŜŅľĶńĭĭĶĶěŋŀŅľŅĶŏıŇŗĴĕŉŘĬħƟĺĵȮěŉĚĽƞĚįĸŒľƟĴňĕĵŃıĸŅĽĨŇĔĪňŗĴŅĔĕŉŘĬħƟĺĵȮĬŀĔěŅĔĬňŘıĸŅĽĨŇĔľĶŊŀ

ĭĶĶěŋĳńĦĤƢĪňŗĽńĴįńĽĔńĭŀŅľŅĶĽƞĺĬĴŅĔěŃŏĮƦĬıĸŅĽĨŇĔĪňŗŒĝƟėĶńŘĚŏħňĵĺŐĸƟĺĪŇŘĚȮĔŅĶěŃĬŜŅĕĵŃŏľĸƞŅĬňŘĴŅ

įƞŅĬĔĶŃĭĺĬĔŅĶĶňœĞŏėŇĸĔŖĴňėƞŅŒĝƟěƞŅĵĪňŗĽŌĚĪŜŅŒľƟœĴƞŏĮƦĬĪňŗĬŇĵĴȮĽƞĚįĸŒľƟŏĔŇħĮƤĠľŅĕĵŃıĸŅĽĨŇĔěŜŅĬĺĬ

ĴŅĔŏıĶŅŃĴňĔŅĶįĸŇĨıĸŅĽĨŇĔŏıŇŗĴĴŅĔĕŉŘĬŏıŊŗŀŒľƟŏıňĵĚıŀĨƞŀėĺŅĴĨƟŀĚĔŅĶȮěŉĚĽƞĚįĸŒľƟĴňĪńŘĚĕĵŃŏĔƞŅ

ŐĸŃĕĵŃŒľĴƞĪňŗŏıŇŗĴĕŉŘĬĴŅȮħńĚĬńŘĬěŉĚėĺĶĴňĔĶŃĭĺĬĔŅĶĶňœĞŏėŇĸĞŉŗĚĽŅĴŅĶĩĪŜŅŒľƟıĸŅĽĨŇĔŏĔŇħĔŅĶ

ľĴŋĬŏĺňĵĬŐĸŃœĴƞŏıŇŗĴĮĶŇĴŅĦĕĵŃıĸŅĽĨŇĔȮ 

ıĸŅĽĨŇĔĪňŗŒĝƟĔńĬŀĵƞŅĚĴŅĔŐĸŃŏĮƦĬĪňŗĶŌƟěńĔĔńĬŐıĶƞľĸŅĵėŊŀȮlow density polyethylene 

(LDPE) ĞŉŗĚŒĝƟĴŅĔŒĬĔŅĶįĸŇĨŏĮƦĬįĸŇĨĳńĦĤƢĮĶŃŏĳĪĲƕĸƢĴŐĸŃĩŋĚȮŀŅĪŇŏĝƞĬȮĩŋĚĞŇĮȮĩŋĚĸŅĴŇŏĬĨȮ

ĩŋĚıĸŅĽĨŇĔľŌľŇŘĺȮŏĮƦĬĨƟĬȮŐĨƞıĸŅĽĨŇĔĝĬŇħĬňŘĴňŐľĸƞĚĪňŗĴŅěŅĔŐľĸƞĚĮƕőĨĶŏĸňĵĴĨƟŀĚŒĝƟŏĺĸŅĵŅĺĬŅĬ

ĴŅĔĔĺƞŅěŃŏĔŇħĔŅĶĵƞŀĵĽĸŅĵȮħńĚĬńŘĬĔŅĶěńħĔŅĶľĸńĚĔŅĶŒĝƟőħĵĔŅĶĶňœĞŏėŇĸěŉĚŏĮƦĬĪŅĚŏĸŊŀĔĪňŗěŃĪŜŅŒľƟ

ĺńĽħŋŏĔŇħĔŅĶľĴŋĬŏĺňĵĬŒĬĶŃĭĭŏĻĶļģĔŇěŀĵƞŅĚĵńŗĚĵŊĬĴŅĔĕŉŘĬȮȮőħĵĔŅĶľĴŋĬŏĺňĵĬıĸŅĽĨŇĔĪňŗŒĝƟŐĸƟĺĴŅŒĝƟ

ŒľĴƞőħĵĔĶŃĭĺĬĔŅĶĶňœĞŏėŇĸĬńŘĬěŃĨƟŀĚĴňĔŅĶĬŜŅıĸŅĽĨŇĔĪňŗįƞŅĬĔŅĶŒĝƟŐĸƟĺĴŅŐĵĔĮĶŃŏĳĪȮȮĪŜŅėĺŅĴ

ĽŃŀŅħŐĸŃĭħĔƞŀĬĬŜŅĔĸńĭœĮľĸŀĴľĶŊŀėŀĴıŅĺħƢŒľĴƞȮĞŉŗĚŒĬĔŅĶěńħĔŅĶěŃĴňĨƟĬĪŋĬĪňŗĽŌĚŏĬŊŗŀĚěŅĔ

ıĸŅĽĨŇĔĪňŗĽńĴįńĽĔńĭŀŅľŅĶȮŏĝƞĬȮĩŋĚıĸŅĽĨŇĔŒĽƞŀŅľŅĶěŃĴňĔŅĶĮĬŏĮƘƨŀĬĽŅĶŀŇĬĪĶňĵƢĨƞŅĚȮŕȮŏĔŅŃŀĵŌƞĭĬ

ıŊŘĬįŇĺĕŀĚıĸŅĽĨŇĔŀĵŌƞĴŅĔĪŜŅŒľƟĔĶŃĭĺĬĔŅĶĪŜŅėĺŅĴĽŃŀŅħĪŜŅœħƟĵŅĔȮħńĚĬńŘĬĪŅĚŏĸŊŀĔľĬŉŗĚŒĬĔŅĶ

ŐĔƟĮƤĠľŅėŊŀĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢĪňŗĸħĔŅĶĮĬŏĮƘƨŀĬŏĴŊŗŀŒĝƟĚŅĬŐĸƟĺȮőħĵĪňŗįŌƟĭĶŇőĳėĽŅĴŅĶĩĭĶĶěŋŀŅľŅĶ

ŐĸŃŏĪŀŅľŅĶŀŀĔĴŅőħĵœĴƞĴňĔŅĶĨŇħŒĬĭĶĶěŋĳńĦĤƢľĶŊŀĴňŀŅľŅĶĪňŗĨŇħĔńĭĭĶĶěŋĳńĦĤƢĬƟŀĵĪňŗĽŋħȮŐĸŃĵńĚ

ĽŅĴŅĶĩĸƟŅĚĪŜŅėĺŅĴĽŃŀŅħŏĭŊŘŀĚĨƟĬœħƟĚƞŅĵĪŜŅŒľƟœĴƞėƞŀĵĴňŏĻļŀŅľŅĶľĶŊŀĽŅĶŀŇĬĪĶňĵƢĨŇħŀĵŌƞĪňŗįŇĺĕŀĚ

ĭĶĶěŋĳńĦĤƢȮȮħńĚĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘěŉĚĽĬŒěĪňŗěŃĻŉĔļŅĔŅĶĕŉŘĬĶŌĮȮLDPE ŐĸŃȮPBAT ĞŉŗĚŏĮƦĬœĭőŀıŀĸŇŏĴŀĶƢ

ĪňŗĴňĽĴĭńĨŇĨƞŅĚŕŒĔĸƟŏėňĵĚĔńĭȮLDPE ŏıŊŗŀĪŜŅĔŅĶŏĮĶňĵĭŏĪňĵĭĔŅĶŏĮĸňŗĵĬŐĮĸĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĮƖĵĔ

įŇĺŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĮĶŃŏĳĪĸħĔŅĶŏĔŅŃĕŀĚĽŅĶŀŇĬĪĶňĵƢĭĬįŇĺĲƕĸƢĴȮ ĻŉĔļŅĔŅĶĕŉŘĬĶŌĮŏĮƦĬ

ĲƕĸƢĴıĸŅĽĨŇĔőħĵĔŅĶĭĺĬĔŅĶȮblown film extrusion ŐĸŃĽĴĭńĨŇĔŅĶœľĸĭĬįŇĺĲƕĸƢĴŏıŊŗŀŏĮƦĬ

ĨƟĬŐĭĭŒĬĔŅĶĬŜŅœĮįĸŇĨŏĮƦĬįĸŇĨĳńĦĤƢ 



  2 

/,0ȮĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 

1.2.1  ŏıŊŗŀĻŉĔļŅĔĶŃĭĺĬĔŅĶėŀĴıŅĺħƢȮLDPE ŐĸŃȮPBAT őħĵĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶ

ŏĔŅŃįŇĺĕŀĚĬŘŜŅ 

1.2.2 ŏıŊŗŀĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĪňŗĮĶŇĴŅĦĨƞŅĚŕ ĪňŗĴňĨƞŀĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚ

ĲƕĸƢĴ 

/,1ȮĽĴĴĨŇģŅĬĕŀĚĔŅĶĺŇěńĵ  

 ĔŅĶĕŉŘĬĶŌĮȮPolyethylene ŐĸŃȮPolybutylene adipate-co-terephthalate (PBAT) ħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮblown film extrusion ŏıŊŗŀŒľƟœħƟĩŋĚıĸŅĽĨŇĔŏĮƦĬĔĶŃĭĺĬĔŅĶĪńŗĺœĮŒĬŀŋĨĽŅľĔĶĶĴȮ

ŐĨƞŒĬĚŅĬĺŇěńĵĬňŘěŃĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĭŅĚĨńĺŏıŇŗĴŏĕƟŅœĮŏıŊŗŀĪŜŅŒľƟįŇĺĴňėĺŅĴœĴƞĝŀĭĬŘŜŅľĶŊŀŏĶňĵĔĺƞŅȮ

hydrophobic őħĵĽŅĶĪňŗŏĨŇĴŏĕƟŅœĮěŃŏĕƟŅœĮĔĶŃěŅĵĨńĺĪňŗįŇĺĕŀĚıŀĸŇŏĴŀĶƢľĶŊŀŀŅěěŃŏĕƟŅœĮŏĮĸňŗĵĬ

őėĶĚĽĶƟŅĚľĸńĚěŅĔįĽĴŏıŊŗŀŒľƟĴňėĺŅĴœĴƞĝŀĭĬŘŜŅŏıŇŗĴĴŅĔĕŉŘĬŏĴŊŗŀĬŜŅœĮĭĶĶěŋĕŀĚŏľĸĺľĶŊŀŀŅľŅĶĪňŗĴňĕńŘĺȮ

ŏĝƞĬȮĬŘŜŅŏĨƟŅľŌƟȮĬĴȮĬŀĔěŅĔĬňŘěŃĪŜŅŒľƟĕŀĚŏľĸĺľĶŊŀŀŅľŅĶŏľĸƞŅĬňŘœĴƞĵŉħĨŇħĔńĭįŇĺĽƞĚįĸŒľƟŒľƟĭĶĶěŋĳńĦĤƢ

ĪňŗŒĝƟĭĶĶěŋĬńŘĬĴňėĺŅĴĽĔĮĶĔěŅĔĽŇŗĚĮĬŏĮƘƨŀĬľĸńĚěŅĔŒĝƟĚŅĬŐĸƟĺĬƟŀĵĴŅĔŏĴŊŗŀįƞŅĬĔŅĶŒĝƟĚŅĬŐĸŃ

ĽŅĴŅĶĩĬŜŅœĮĶňœĞŏėŇĸœħƟĚƞŅĵĴŅĔĕŉŘĬȮŏĬŊŗŀĚěŅĔěŃœĮĸħĕńŘĬĨŀĬŒĬĔŅĶĔŜŅěńħĽŇŗĚĮĬŏĮƘƨŀĬĔƞŀĬĔŅĶ 

ĶňœĞŏėŇĸœħƟěŉĚĪŜŅŒľƟĔŅĶĶňœĞŏėŇĸŏĔŇħœħƟĚƞŅĵĴŅĔĕŉŘĬŐĸŃŏĴŊŗŀŏĔŇħĔŅĶĶňœĞŏėŇĸœħƟĚƞŅĵĴŅĔĕŉŘĬĔŖěŃĪŜŅŒľƟŏĔŇħ

ĔĶŃĭĺĬĔŅĶľĴŋĬŏĺňĵĬıĸŅĽĨŇĔŒĬĶŃĭĭŏĻĶļģĔŇěĪňŗĵńŗĚĵŊĬ 

/,2ȮĕŀĭŏĕĨĕŀĚĔŅĶĻŉĔļŅŐĸŃĕƟŀěŜŅĔńħĕŀĚĚŅĬĺŇěńĵ  

/,2,/ȮĚŅĬĺŇěńĵĬňŘěŃŏĬƟĬœĮĪňŗĔŅĶĪŜŅĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚĺńĽħŋ 

/,2,0ȮıŀĸŇŏĴŀĶƢĪňŗěŃĬŜŅĴŅĕŉŘĬĶŌĮŏıŊŗŀĪŜŅĔŅĶĮĶńĭįŇĺėŊŀȮLow-density polyethylene 

(LDPE) ŐĸŃȮPolybutylene adipate-co-terephthalate (PBAT) 

 1.4.3 ĪŜŅĔŅĶĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴıĸŅĽĨŇĔħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion 

1.5 ĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

ȮȮȮȮȮ/,3,/ȮĻŉĔļŅĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

/,3,0ȮŀŀĔŐĭĭĺŇīňĔŅĶŐĸŃĺŅĚŐįĬĚŅĬĺŇěńĵ 

/,3,1ȮħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
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ĨŀĬĪňŗȮ/ȮĻŉĔļŅĔŅĶįĽĴıŀĸŇŏĴŀĶƢĔńĭĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶĵŉħŏĔŅŃįŇĺȮ5ȮĝĬŇħȮőħĵĔŅĶ
įĽĴŒĬŏėĶŊŗŀĚįĽĴŐĭĭĮƕħ 

ĻŉĔļŅĔĶŃĭĺĬĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚĔńĭŏĴŖħıĸŅĽĨŇĔȮLDPE ľĶŊŀȮPBAT Ĕńĭ

ĽŅĶŏĨŇĴŐĨƞĚĪńŘĚȮ5ȮĝĬŇħŒĬĮĶŇĴŅĦĪňŗĔŜŅľĬħŐĸƟĺĪŜŅĔŅĶįĽĴŒĬŏėĶŊŗŀĚȮinternal 

mixer ŐĸŃĴňĔŅĶĻŉĔļŅĽĴĭńĨŇĨƞŅĚŕ ĕŀĚȮLDPE ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ

ĸħĔŅĶĵŉħŏĔŅŃįŇĺȮ(low retention additive) ŐĸŃĻŉĔļŅĽĴĭńĨŇĨƞŅĚŕȮŏĭŊŘŀĚĨƟĬĕŀĚ

ıŀĸŇŏĴŀĶƢĪňŗįĽĴĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶĵŉħŏĔŅŃįŇĺ 

ĨŀĬĪňŗȮ0ȮĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗĴňįĸĨƞŀĔŅĶŏĮƖĵĔįŇĺŒĬĔĶŃĭĺĬĔŅĶŏĮƙŅĩŋĚőħĵ

įĽĴŒĬȮtwin screw extrusion ŐĸŃĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film 

extrusion 

 ĕŉŘĬĶŌĮĲƕĸƢĴőħĵěŃĬŜŅŏĴŖħıĸŅĽĨŇĔȮLDPE ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴ

ŐĨƞĚŐĸƟĺŒľƟėƞŅĪňŗħňĴŅįĽĴħƟĺĵŏėĶŊŗŀĚȮtwin screw extrusion ŐĸŃĕŉŘĬĶŌĮħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮblown film extrusion ľĸńĚěŅĔĬńŘĬěŃĬŜŅĲƕĸƢĴĪňŗœħƟĴŅĪħĽŀĭĽĴĭńĨŇ

ŏĝŇĚĔĸħƟĺĵŏėĶŊŗŀĚȮuniversal testing machine, ĪħĽŀĭĔŅĶŏĮƖĵĔįŇĺħƟĺĵŏĪėĬŇėȮ

contact angle, ĪħĽŀĭȮmigration testȮ 

 /,3,2ȮĺŇŏėĶŅŃľƢįĸĔŅĶĺŇěńĵ 

 /,3,3ȮĽĶŋĮįĸĔŅĶĺŇěńĵ 

 /,3,4ȮĶŅĵĚŅĬįĸĔŅĶĺŇěńĵ 

/,4ȮįĸĪňŗėŅħĺƞŅěŃœħƟĶńĭ  

1.6.1 ĔŅĶįĽĴȮLDPE ŐĸŃȮPBAT ĔńĭĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶĵŉħŏĔŅŃįŇĺĽŅĴŅĶĩįĽĴĔńĬœħƟŒĬ
ŏėĶŊŗŀĚȮtwin screw extrusion  
1.6.2 ĽŅĴŅĶĩŏĮƙŅĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴœħƟ 
1.6.3 ĪĶŅĭĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴŒĬĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ 
/,4,2ȮœħƟĲƕĸƢĴıŀĸŇŏĴŀĶƢĪňŗĴňȮcontact angle ĪňŗĽŌĚĔĺƞŅȮ/.3ȮŀĚĻŅȮ 
/,4,3ȮœħƟĲƕĸƢĴıŀĸŇŏĴŀĶƢĪňŗĵńĚėĚĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňŏľĴŊŀĬŏħŇĴ 
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ĭĪĪňŗȮ0Ȯ 

ĪķļġňŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 

2.1 ıŀĸŇŏŀĪŇĸňĬ 

 ıŀĸŇŏŀĪŇĸňĬȮŏĮƦĬįĸŇĨĳńĦĤƢĪňŗĴŅěŅĔŏŀĪŇĸňĬĞŉŗĚŏĮƦĬįĸŇĨįĸěŅĔĮƕőĨĶŏĸňĵĴĽƞĺĬĴŅĔŏĶŅěŃ

ĬŜŅĴŅŒĝƟįĸŇĨŏĮƦĬıĺĔĩŋĚıĸŅĽĨŇĔĨƞŅĚŕıŀĸŇŏŀĪŇĸňĬĪňŗıĭĴŅĔŒĬĪƟŀĚĨĸŅħěŃĴňŀĵŌƞȮ0ȮĮĶŃŏĳĪėŊŀıŀĸŇ 

ŏŀĪŇĸňĬĪňŗĴňėĺŅĴľĬŅŐĬƞĬĽŌĚȮ(high density polyethylene, HDPE) ŐĸŃıŀĸŇŏŀĪŇĸňĬĪňŗĴňėĺŅĴ

ľĬŅŐĬƞĬĬƟŀĵȮ(low density polyethylene, LDPE) őħĵőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚıŀĸŇŏŀĪŇĸňĬěŃŐĽħĚ

ħńĚĶŌĮĪňŗȮ2,/ȮĬŀĔěŅĔĬňŘėĺŅĴŐĨĔĨƞŅĚĕŀĚıŀĸŇŏŀĪŇĸňĬĪńŘĚĽŀĚĮĶŃŏĳĪĬňŘėŊŀőėĶĚĽĶƟŅĚĪŅĚŏėĴňėŊŀıŀĸŇ 

ŏŀĪŇĸňĬĪňŗĴňėĺŅĴľĬŅŐĬƞĬĽŌĚȮĽŅĵőĞƞěŃĴňėĺŅĴŏĮƦĬŏĽƟĬĨĶĚĴŅĔĪŜŅŒľƟŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺĝŇħĨŇħĔńĬœħƟ

ĴŅĔěŉĚĴňėĺŅĴľĬŅŐĬƞĬĪňŗĽŌĚȮĽƞĺĬıŀĸŇŏŀĪŇĸňĬĪňŗĴňėĺŅĴľĬŅŐĬƞĬĨŗŜŅĬńŘĬŏĔŇħěŅĔĔŅĶĴňĔŇŗĚĪňŗĴŅĔĕŀĚ

őėĶĚĽĶƟŅĚĪŜŅŒľƟŏĴŊŗŀěńħŏĶňĵĚĨńĺĔńĬŐĸƟĺěŃĴňĽƞĺĬĪňŗŏĮƦĬĔŇŗĚĕńħĕĺŅĚœĴƞŒľƟěńħŏĶňĵĚĨńĺĝŇħĨŇħĔńĬěŉĚĴňĝƞŀĚĺƞŅĚ

ŀĵŌƞĴŅĔėĺŅĴľĬŅŐĬƞĬěŉĚĨŗŜŅŐĸŃħƟĺĵėĺŅĴľĬŅŐĬƞĬĪňŗĨƞŅĚĔńĬĪŜŅŒľƟĽĴĭńĨŇĭŅĚŀĵƞŅĚĕŀĚıŀĸŇŏŀĪŇĸňĬĴň

ėĺŅĴŐĨĔĨƞŅĚĔńĬ [1] 

 

ĶŌĮĪňŗȮ2,/ őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚıŀĸŇŏŀĪŇĸňĬ [2] 
 

 ıŀĸŇŏŀĪŇĸňĬĝĬŇħėĺŅĴľĬŅŐĬƞĬĽŌĚȮ(high density polyethylene, HDPE) [3] ěŅĔ

őėĶĚĽĶƟŅĚĪŅĚŏėĴňĪňŗĴňĔŇŗĚĬƟŀĵěŉĚĪŜŅŒľƟĴňŐĶĚħŉĚħŌħĶŃľĺƞŅĚőĴŏĸĔŋĸĪňŗĽŌĚĽƞĚįĸŒľƟĴňėĺŅĴŐĕŖĚŐĶĚĪňŗĽŌĚ Ĵň

ėĺŅĴĪĬĪŅĬĨƞŀĽŅĶŏėĴňĪňŗĴňĕńŘĺŐĸŃĽŅĴŅĶĩľĸŀĴŏıŊŗŀĬŜŅĔĸńĭĴŅŒĝƟŒľĴƞœħƟȮŏľĴŅŃĪňŗěŃĬŜŅœĮįĸŇĨŏĮƦĬȮ
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ĭĶĶěŋĳńĦĤƢĨƞŅĚŕȮŏĝƞĬȮĩŋĚľŌľŇŘĺ,ȮĩŋĚĕĵŃ,ȮĕĺħĬŘŜŅȮŏĮƦĬĨƟĬŐĸŃĬŀĔěŅĔĬňŘĵńĚœĮĪŜŅŏĮƦĬįĸŇĨĳńĦĤƢŀŊŗĬŕœħƟȮ

ŏĝƞĬȮĪƞŀ,ȮĝŇŘĬĽƞĺĬĶĩĵĬĨƢ,ȮĝŇŘĬĽƞĺĬŀŋĮĔĶĦƢœĲĲƚŅȮŏĮƦĬĨƟĬ 

 ıŀĸŇŏŀĪŇĸňĬĪňŗĴňėĺŅĴľĬŅŐĬƞĬĬƟŀĵȮ(Low density polyethylene, LDPE)ȮěŅĔőėĶĚĽĶƟŅĚ

ĪŅĚŏėĴňĪňŗĴňĔŇŗĚĴŅĔĪŜŅŒľƟŐĶĚħŉĚħŌħĶŃľĺƞŅĚőĴŏĸĔŋĸĨŗŜŅĔĺƞŅȮHDPE ĽĴĭńĨŇŏħƞĬĕŀĚȮLDPE ėŊŀĴňėĺŅĴ

ŏľĬňĵĺŐĸŃĵŊħľĵŋƞĬĴŅĔȮŐĸŃĽŅĴŅĶĩľĸŀĴŐĸŃĬŜŅĔĸńĭĴŅŒĝƟŒľĴƞœħƟȮŏľĴŅŃĔńĭĔŅĶįĸŇĨıĺĔȮĩŋĚŏĵŖĬȮ

ĩŋĚıĸŅĽĨŇĔľŌľŇŘĺĪńŗĺœĮȮĕĺħıĸŅĽĨŇĔȮŐĸŃŀŊŗĬŕ 

0,0ȮPolybutylene adipate-co-terephthalate (PBAT) 

Poly(butylene adipate-co-terephthalate, PBAT) ŏĮƦĬıĸŅĽĨŇĔĝňĺĳŅıĪňŗœħƟěŅĔ
įĸŇĨĳńĦĤƢěŅĔŐľĸƞĚĮƕőĨĶŏėĴň ŐĨƞĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĨŅĴīĶĶĴĝŅĨŇ ŏĬŊŗŀĚěŅĔ PBAT ŏĮƦĬıŀĸŇŏĴŀĶƢ
ĽńĚŏėĶŅŃľƢĪňŗĴňľĴŌƞĲƤĚĔƢĝńĬŏŀĽŏĪŀĶƢŐĸŃĺĚŀŃőĶĴŅĨŇĔŏĮƦĬŀĚėƢĮĶŃĔŀĭĭĬĽŅĵĽŅĵőĞƞľĸńĔ (Synthetic 
aliphatic-aromatic polyester)ȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,0 ĞŉŗĚĪŜŅŒľƟĴňėĺŅĴŐĕŖĚŐĶĚ ŏľĬňĵĺ ĕŉŘĬĶŌĮœħƟĚƞŅĵ 
ŐĸŃĴňėĺŅĴĵŊħľĵŋƞĬĽŌĚ ĞŉŗĚĴňĽĴĭńĨŇėĸƟŅĵėĸŉĚĔńĭıŀĸŇŏŀĪŇĸňĬĝĬŇħėĺŅĴľĬŅŐĬƞĬĨŗŜŅ (Low density 
polyethylene: LDPE) [4] ħńĚĬńŘĬŒĬĮƤěěŋĭńĬěŉĚĬŇĵĴĬŜŅ PBAT ĴŅĮĶŃĵŋĔĨƢŒĝƟĚŅĬŒĬħƟŅĬĔŅĶįĸŇĨĲƕĸƢĴ
ĮĶŃŏĳĪĨƞŅĚŕ ĪńŘĚĲƕĸƢĴľƞŀŀŅľŅĶ ĲƕĸƢĴĭĶĶěŋĳńĦĤƢ ĲƕĸƢĴĪŅĚĔŅĶŏĔļĨĶ ŏĮƦĬĨƟĬ [5, 6] 

PBAT ĩŌĔěŜŅŐĬĔŏĮƦĬőėıŀĸŇŏĴŀĶƢŐĭĭĽŋƞĴ ĴňĸńĔļĦŃőėĶĚĽĶƟŅĚĪňŗœĴƞŏĮƦĬįĸŉĔĪňŗŐĬƞĬŀĬ 
ŏĬŊŗŀĚěŅĔĕŅħėĺŅĴŏĮƦĬĶŃŏĭňĵĭĕŀĚőėĶĚĽĶƟŅĚ ěŉĚĬŜŅœĮĽŌƞėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıĪňŗľĸŅĔľĸŅĵ ŏĝƞĬ ěŋħ
ľĸŀĴŏľĸĺĴňĝƞĺĚĔĺƟŅĚ ėƞŅ  Modulus ŐĸŃėƞŅėĺŅĴŐĕŖĚĨŗŜŅ ŐĨƞĴňėĺŅĴŏľĬňĵĺŐĸŃėĺŅĴĵŊħľĵŋƞĬĽŌĚ ĞŉŗĚ
ĪŜŅŒľƟıŀĸŇŏĴŀĶƢĝĬŇħĬňŘĩŌĔĬŜŅĴŅįĽĴĔńĭıŀĸŇŏĴŀĶƢŀňĔĝĬŇħľĬŉŗĚĪňŗĽŅĴŅĶĩĩŌĔĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıĪňŗĴň
ėĺŅĴŐĕŖĚŏĔĶŖĚŐĸŃœĴƞĵŊħľĵŋƞĬŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĕĺħ ĕƟŀŏĽňĵĕŀĚıŀĸŇŏĴŀĶƢĝĬŇħĬňŘěŃŏľĴŊŀĬĔńĭıŀĸŇ
ŏĴŀĶƢŀŊŗĬŕ ėŊŀŏĴŊŗŀĴňėĺŅĴŏľĬňĵĺ ŐĸŃėĺŅĴĵŊħľĵŋƞĬĽŌĚĪŜŅŒľƟœĴƞĴňėĺŅĴŐĕŖĚŐĶĚ ěŉĚœĴƞŏľĴŅŃĪňŗěŃŒĝƟĔńĭ
ĳŅĝĬŃĪňŗĨƟŀĚĔŅĶėĺŅĴŐĕŖĚŐĶĚ  
  

 

ĶŌĮĪňŗȮ2,0 őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮPolybutylene adipate-co-terephthalate (PBAT) [4] 
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2.3 ĔŅĶŏĮƖĵĔįŇĺ 

 ĔŅĶŏĮƖĵĔįŇĺėŊŀĸńĔļĦŃĪňŗĭƞĚĭŀĔĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵŉħŏĔŅŃĕŀĚĕŀĚŏľĸĺĭĬĕŀĚŐĕŖĚĞŉŗĚ

ĔŅĶŏĮƖĵĔįŇĺěŃĴňėĺŅĴŏĔňŗĵĺĕƟŀĚĔńĭŐĶĚȮ0ȮĝĬŇħėŊŀ [7] 

1. ŐĶĚŏĝŊŗŀĴŐĬƞĬȮ(cohesive force)ȮėŊŀŐĶĚĵŉħŏľĬňŗĵĺőĴŏĸĔŋĸŒĬĽŅĶŏħňĵĺĔńĬĪŜŅŒľƟĽŅĶĬńŘĬ

ĶĺĴĨńĺĔńĬŏĮƦĬĔĸŋƞĴ 

2. ŐĶĚĵŉħĨŇħȮ(adhesive force) ėŊŀŐĶĚĵŉħŏľĬňŗĵĺĶŃľĺƞŅĚĽŅĶĨƞŅĚĝĬŇħĔńĬȮŏĝƞĬŐĶĚĵŉħĨŇħ

ĶŃľĺƞŅĚĕŀĚĚŐĕŖĚĔńĭĕŀĚŏľĸĺĩƟŅĴňĴŅĔĔŅĶĵŉħŏĔŅŃĭĬįŇĺĔŖěŃĴŅĔ 

ħńĚĬńŘĬěŃıĭĺƞŅĔŅĶĪňŗĴňŐĶĚȮcohesive force ĽŌĚĔĺƞŅȮadhesive force ěŃĪŜŅŒľƟőĴŏĸĔŋĸĕŀĚĽŅĶĬńŘĬ

ĝŀĭěńĭĨńĺĔńĬŏŀĚĴŅĔĔĺƞŅœĴƞĝŀĭŏĔŅŃĔńĭĽŅĶĨƞŅĚĝĬŇħȮŐĨƞŒĬĪňŗĬňŘěŃĔĸƞŅĺĩŉĚŀĬŋĳŅėĕŀĚŐĕŖĚĔńĭ

ĕŀĚŏľĸĺĔŖėŊŀĕŀĚŏľĸĺěŃœĴƞŏĔŅŃĭĬıŊŘĬįŇĺĕŀĚĕŀĚŐĕŖĚŐĸŃĕŀĚŏľĸĺěŃœĮĶĺĴĨńĺĔńĬŏĮƦĬĔĸŋƞĴȮħńĚĬńŘĬ

ħƟĺĵŏľĨŋĬňŘěŉĚĬŜŅœĮĽŌƞŏĪėĬŇėĪňŗŒĝƟĺńħĔŅĶŏĮƖĵĔįŇĺőħĵŒĝƟŏĪėĬŇėĴŋĴĽńĴįńĽĕŀĚĕŀĚŏľĸĺĔńĭıŊŘĬįŇĺĕŀĚŐĕŖĚȮ

(contact angle) ėŊŀĔŅĶĺńħĴŋĴĪňŗĽńĴįńĽĔńĬĶŃľĺƞŅĚĕŀĚŏľĸĺŏĪňĵĭĔńĭįŇĺĪňŗŏĮƦĬĕŀĚŐĕŖĚħńĚĶŌĮĪňŗȮ2,1Ȯ

ŐĸŃĴňŏĔĦĤƢŒĬĔŅĶŐĭƞĚħńĚĬňŘ 

1. ĴŋĴĽńĴįńĽŏĪƞŅĔńĭȮ.ȮŀĚĻŅȮėŊŀĴňĔŅĶŏĮƖĵĔįŇĺŀĵƞŅĚĽĴĭŌĶĦƢŀĬŋĳŅėĕŀĚĕŀĚŏľĸĺĝŀĭĵŉħŏĔŅŃĔńĭ

ıŊŘĬįŇĺĪňŗŏĮƦĬĕŀĚŐĕŖĚŏĮƦĬŀĵƞŅĚĴŅĔĪŜŅŒľƟŏĔŇħŏľĴŊŀĬŏĮƦĬĝńŘĬĕŀĚŏľĸĺŏėĸŊŀĭĭĬįŇĺĕŀĚıŊŘĬįŇĺ

ĕŀĚŐĕŖĚĪńŘĚľĴħȮ(ŐĶĚȮadhesive force ĽŌĚĔĺƞŅȮcohesive force ĴŅĔ) 

2. ĴŋĴĽńĴįńĽŀĵŌƞŒĬĝƞĺĚȮ.ȮůȮ7.ȮŀĚĻŅȮėŊŀĔŅĶŏĮƖĵĔįŇĺħňŀĬŋĳŅėĕŀĚŏľĸĺěŃĵŉħŏĔŅŃĭĬıŊŘĬįŇĺ

ĕŀĚŐĕŖĚœħƟħňŐĸŃĴňĔŅĶĔĶŃěŅĵĨńĺħňȮŐĨƞĵńĚŏľŖĬŏĮƦĬľĵħœĴƞœħƟŏėĸŊŀĭœĮĭĬįŇĺĕŀĚŐĕŖĚ 

3. ĴŋĴĽńĴįńĽŀĵŌƞŒĬĝƞĺĚȮ7.ȮůȮ/6.ȮŀĚĻŅȮėŊŀĔŅĶŏĮƖĵĔįŇĺėƞŀĬĕƟŅĚĵŅĔŀĬŋĳŅėĕŀĚŏľĸĺĪňŗľĵħĸĚ

ĭĬıŊŘĬįŇĺĕŀĚŐĕŖĚěŃėƞŀĬĕƟŅĚĔĸĴ 

4. ĴŋĴĽńĴįńĽŏĪƞŅĔńĭȮ/6.ȮŀĚĻŅȮėŊŀȮœĴƞĴňĔŅĶŏĮƖĵĔįŇĺĸńĔļŃŐĭĭĬňŘěŃŏĔŇħĕŉŘĬŏĴŊŗŀȮcohesive force 

ĴňėƞŅĴŅĔĔĺƞŅȮadhesive force ĴŅĔŕȮĽƞĚįĸŒľƟĕŀĚŏľĸĺĴŅĶĺĴĨńĺĔńĬŏĮƦĬĪĶĚĔĸĴŐĸŃ

ĽŅĴŅĶĩĔĸŇŘĚĭĬıŊŘĬįŇĺĕŀĚŐĕŖĚœħƟ 
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ĶŌĮĪňŗȮ2,1 ŐĽħĚĸńĔļĦŃĔŅĶŏĮƖĵĔįŇĺĕŀĚĕŀĚŏľĸĺĪňŗĽńĴįńĽĭĬıŊŘĬįŇĺĕŀĚŐĕŖĚ [8] 
 

ĽŜŅľĶńĭŒĬĔĶĦňĪňŗĕŀĚŏľĸĺŏĮƦĬĬŘŜŅŏĴŊŗŀėƞŅĴŋĴĽńĴįńĽĪňŗĴňėƞŅĴŅĔĔĺƞŅȮ7.ȮŀĚĻŅěŃŏĶňĵĔĺƞŅȮ

hydrophobic ŐĸŃĩƟŅĴňĴŋĴĽńĴįńĽĪňŗĽŌĚĔĺƞŅȮ150 ŀĚĻŅěŃŏĶňĵĔĺƞŅȮsuperhydrophobic ľĶŊŀŏĶňĵĔ

ĮĶŅĔĢĔŅĶĦƢĬňŘĺƞŅȮlotus effect [9] 
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0,4ȮĮĶŅĔĢĔŅĶĦƢĬŘŜŅĔĸŇŘĚĭĬŒĭĭńĺȮ(lotus effect)  

 ĮĶŅĔĢĔŅĶĦƢȮlotus effect [10]ȮĬňŘŏĔŇħĕŉŘĬŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚĕĬŅħŏĸŖĔ (nanostructure) 

ĭĬıŊŘĬįŇĺĕŀĚŒĭĭńĺĪňŗĴňĸńĔļĦŃŏĮƦĬĝńŘĬŕȮĭĬįŇĺěŃĴňėĺŅĴĕĶŋĕĶŃŐĸŃĴňĕĬěŜŅĬĺĬĴŅĔħńĚĶŌĮĪňŗȮ2,2ȮŐĸŃ

ĬŀĔěŅĔĬňŘĭĬıŊŘĬįŇĺĬňŘĵńĚĩŌĔŏėĸŊŀĭħƟĺĵĽŅĶĪňŗĴňėĺŅĴĴńĬȮĪŜŅŒľƟŒĭĭńĺŐĽħĚĽĴĭńĨŇėĺŅĴœĴƞĝŀĭĬŘŜŅŏĴŊŗŀ

ľĵħĬŘŜŅĸĚĭĬįŇĺŒĭĭńĺěŃĪŜŅŒľƟŏĶŅŏľŖĬŏĮƦĬľĵħĬŘŜŅĔĸŇŘĚœĮĴŅĭĬŒĭĭńĺħƟĺĵȮĬŀĔěŅĔĬńŘĬŐĸƟĺőėĶĚĽĶƟŅĚĬňŘ

ĵńĚĪŜŅŒľƟİŋƙĬĸŃŀŀĚȮŐĭėĪňŏĶňĵľĶŊŀĽŇŗĚĽĔĮĶĔŀŊŗĬŕœĴƞĽŅĴŅĶĩĵŉħĨŇħĔńĭŒĭĭńĺœħƟȮŏĬŊŗŀĚěŅĔĴňıŊŘĬĪňŗĪňŗĽńĴįńĽ

ĔńĭŒĭĭńĺĬƟŀĵĴŅĔŏĴŊŗŀŏěŀĔńĭľĵħĬŘŜŅĽŇŗĚĽĔĮĶĔŏľĸƞŅĬňŘĔŖěŃľĸŋħŀŀĔœĮľĴħȮħńĚĬńŘĬħƟĺĵĽĴĭńĨŇĬňŘŏŀĚĪŜŅ

ŒľƟĴňĔŅĶıńĥĬŅĺńĽħŋĪňŗĴňĔŅĶŏĸňĵĬŐĭĭĽĴĭńĨŇĬňŘŏıŊŗŀĪŜŅŏĮƦĬĺńĽħŋĪňŗĮƚŀĚĔńĬĔŅĶŏĮƖĵĔįŇĺľĶŊŀĺńĽħŋĪňŗĽŅĴŅĶĩ

ĪŜŅėĺŅĴĽŃŀŅħĨńĺŏŀĚœħƟŐĸŃŀŊŗĬŕȮ 

 

ĶŌĮĪňŗȮ2,2 ŐĽħĚĸńĔļĦŃĨƞŅĚŕȮĕŀĚŒĭĭńĺőħĵȮ(Ĕ) ŒĭĭńĺȮ(ĕ) ĳŅıěŅĔȮSEM ŐĽħĚıŊŘĬįŇĺĕŀĚŒĭĭńĺĪňŗĴň
ėĺŅĴĕĶŋĕĶŃȮ(ė) ŐĽħĚĕĬĪňŗŏĔŇħĕŉŘĬĭĬıŊŘĬįŇĺĪňŗĕĶŋĕĶŃĕŀĚŒĭĭńĺȮ(Ě) ĳŅıěŅĔȮSEM ĪňŗŐĽħĚĕĬĭĬ

ıŊŘĬįŇĺĕĶŋĕĶŃ [11] 
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2.3 ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

ěŅĔĚŅĬĺŇěńĵĕŀĚȮSamuel MartinȮŐĸŃėĦŃȮȮŒĬľńĺĕƟŀȮFabrication techniques for 

bioinspired, mechanically-durable, superliquiphobic surfaces for water, oil, and 

surfactant repellency [12] œħƟŀīŇĭŅĵŏĔňŗĵĺĔńĭĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĕŀĚŏľĸĺĪňŗœĴƞŏĔŅŃıŊŘĬįŇĺŏľĴŊŀĬĔńĭ

ĬŘŜŅĪňŗŀĵŌƞĭĬŒĭĭńĺĞŉŗĚŏĮƦĬįĸĴŅěŅĔĔŅĶĴňıĸńĚĚŅĬĭĬıŊŘĬįŇĺľĶŊŀȮsurface energy ĪňŗĨŗŜŅŐĸŃŀīŇĭŅĵĩŉĚ

ĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺħƟĺĵőħĵıŌħĩŉĚįŇĺĪňŗĴňėĺŅĴŏĮƦĬȮsuperhydrophobic ěŃĺńħėƞŅĕŀĚȮcontact angle 

œħƟĴŅĔĔĺƞŅȮ/3.°ȮĞŉŗĚıŊŘĬįŇĺĪňŗŏĮƦĬȮsuperhydrophobic ěŃĴňĸńĔļĦŃĪňŗėĸƟŅĵĔńĭĬŘŜŅĪňŗœľĸĭĬŒĭĭńĺ őħĵ

ĔŅĶĴňĺńĽħŋȮFluorinatedȮŏĮƦĬĨńĺŏĸŊŀĔĪňŗħňĪňŗěŃĬŜŅĴŅĪŜŅŏĮƦĬĺńĽħŋĪňŗĴňėƞŅȮsurface energy ĪňŗĨŗŜŅȮ

ĬŀĔěŅĔĬňŘĵńĚœħƟŀīŇĭŅĵŏĔňŗĵĺĔńĭŏĪėĬŇėĔŅĶĪŜŅŒľƟĕŀĚŏľĸĺœĴƞŏĔŅŃĭĬıŊŘĬįŇĺĺƞŅĴňȮ2ȮŏĪėĬŇėėŊŀȮ/,ȮĔŅĶ

įĽĴŀĬŋĳŅėĕĬŅħŏĸŖĔĔńĭıŀĸŇŏĴŀĶƢŐĸŃĪŜŅĔŅĶŏėĸŊŀĭįŇĺĕŀĚıŀĸŇŏĴŀĶƢĽƞĺĬĽŜŅėńĠĕŀĚŏĪėĬŇėĬňŘėŊŀ

ŀńĨĶŅĽƞĺĬĕŀĚŀĬŋĳŅėĬŅőĬĔńĭıŀĸŇŏĴŀĶƢĨƟŀĚŏľĴŅŃĽĴĩŉĚěŃĪŜŅŒľƟėƞŅĪňŗœħƟěŅĔȮcontact angle ĴňėƞŅĽŌĚȮ

ĩƟŅŀńĨĶŅĽƞĺĬĬƟŀĵœĮěŃĪŜŅŒľƟıŊŘĬįŇĺĕĶŋĕĶŃœĴƞıŀȮŏĴŊŗŀĪħĽŀĭȮcontact angle ěŃœħƟėƞŅĬƟŀĵȮ0,Ȯlayer 

by layer ŏĮƦĬĔŅĶŏėĸŊŀĭľĸŅĵŕĝńŘĬőħĵŒĬŐĨƞĸŃĝńŘĬŀŅěěŃŏĮƦĬĽŅĶėĬĸŃĝĬŇħĔńĬĪŜŅŒľƟĔŅĶŏėĸŊŀĭĴň

ėĺŅĴľĸŅĔľĸŅĵœĴƞĺƞŅěŃŏėĸŊŀĭŏıŊŗŀěŋħĮĶŃĽĚėƢŒħȮ1,ȮŏĪėĬŇėȮnanoparticle encapsulation ŏĮƦĬ

ĔŅĶŒĽƞŀĬŋĳŅėĕĬŅħŏĸŖĔĭĬıŊŘĬįŇĺŏıŊŗŀěŋħĮĶŃĽĚėƢĭŅĚŀĵƞŅĚŏĝƞĬȮĔńĬŐĭėĪňŏĶňĵ, ŏıŇŗĴėĺŅĴŐĕŖĚŐĶĚ, ĮĶńĭ

ıŊŘĬįŇĺŏıŊŗŀœĴƞŒľƟĬŘŜŅŏĔŅŃȮ2,ȮŏĮƦĬĔŅĶŒĽƞĕŀĚŏľĸĺĪňŗœĴƞĶŃŏľĵŒĬĶŌıĶŋĬŏıŊŗŀĪňŗěŃœĮĸħȮsurface energy 

őħĵĕŀĚŏľĸĺĪňŗŏĨŇĴŏĕƟŅœĮĨƟŀĚŏĮƦĬĕŀĚŏľĸĺĪňŗĴňŐĶĚĨŉĚįŇĺĨŗŜŅŕ 

 ěŅĔĚŅĬĺŇěńĵĕŀĚȮRomain Rioboo ŐĸŃėĦŃȮY/1[ ŒĬľńĺĕƟŀȮ

Superhydrophobicity of composite surfaces created from polymer blends  ŏĮƦĬĚŅĬĺŇěńĵ

ĪňŗŏĔňŗĵĺĔńĭĔŅĶĬŜŅıŀĸŇŏĴŀĶƢįĽĴŐĸŃœĴƞœħƟįĽĴŏıŊŗŀŒĝƟŏėĸŊŀĭĭĬįŇĺĺńĽħŋŒľƟĴňėŋĦĽĴĭńĨŇŏĮƦĬȮ

superhydrophobic őħĵŒĬĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĬňŘŏĕŅıĭĺƞŅŏĴŊŗŀįĽĴŀĬŋĳŅėȮsilica ĸĚœĮŒĬıŀĸŇŏĴŀĶƢ

ŏĴĪĶŇĔĞƢŐĸƟĺĴńĬĪŜŅŒľƟįŇĺĴňėĺŅĴŏĮƦĬȮsuperhydrophobic ŐĨƞĺƞŅĴńĬĵńĚĴňĕƟŀħƟŀĵŀĵŌƞėŊŀĴńĬěŃŏĔŇħĔŅĶȮ

cure ŏĴŊŗŀŏěŀŐĽĚȮUV ŐĸŃĬŀĔěŅĔĬňŘĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀĬŋĳŅėȮsilica ŏĔŇħœħƟœĴƞħňȮŒĬĚŅĬĺŇěńĵĬňŘěŉĚėŇħ

ĺŇīňĪňŗĚƞŅĵĔĺƞŅőħĵěŃĪŜŅĔŅĶŏėĸŊŀĭőħĵŒĝƟıŀĸŇŏĴŀĶƢįĽĴĞŉŗĚŒĬĚŅĬĺŇěńĵĬňŘŒĝƟıŀĸŇŏĴŀĶƢħńĚĬňŘȮ

polypropylene (PP), polystyrene (PS), polyvinyl acetate (PVA), polychloroprene (PCP), 

polycarbonated (PC), low density polyethylene (LDPE) őħĵĬŜŅıŀĸŇŏĴŀĶƢĴŅĸŃĸŅĵŒĬĨńĺĪŜŅ

ĸŃĸŅĵŐĸŃįĽĴĔńĭıŀĸŇŏĴŀĶƢŀŊŗĬȮŕȮĽƞĺĬĨńĺĪňŗœĴƞœħƟįĽĴĔŖŒĽƞĨńĺŏħňĵĺŒĬĽŅĶĸŃĸŅĵŐĸƟĺĪŜŅĔŅĶŏėĸŊŀĭ

ħƟĺĵĺŇīňȮcasting ŐĸŃȮspin-coating ıĭĺƞŅıŀĸŇŏĴŀĶƢĭŅĚĝĬŇħĽŅĴŅĶĩĪŜŅŒľƟŏĔŇħıŊŘĬįŇĺĪňŗŏĮƦĬȮ
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superhydrophobic œħƟőħĵœĴƞĨƟŀĚįĽĴĔńĭıŀĸŇŏĴŀĶƢĝĬŇħŀŊŗĬȮŏĝƞĬȮPP ŐĸŃȮPC ĽƞĺĬȮPS, PVA, PCP 

ĨƟŀĚĴňĔŅĶįĽĴĔńĭıŀĸŇŏĴŀĶƢĪňŗĪŜŅŒľƟŏĔŇħıŊŘĬįŇĺŐĭĭȮsuperhydrophobic ħƟĺĵĩŉĚěŃĪŜŅŒľƟıŊŘĬįŇĺŏĮƦĬ

ŐĭĭȮsuperhydrophobicȮœħƟŐĸŃěŅĔĶŌĮĪňŗȮ2,3ȮěŃŏľŖĬœħƟĺƞŅıŊŘĬįŇĺĕŀĚȮsuperhydrophobicȮěŃĴň

ėĺŅĴĕĶŋĕĶŃĪňŗĴŅĔĔĺƞŅıŊŘĬįŇĺŐĭĭ non-superhydrophobic 

 

ĶŌĮĪňŗȮ2,3 ĳŅıȮSEM ŐĽħĚıŊŘĬįŇĺėŀĴőıĽŇĨĪňŗĴŅěŅĔĔŅĶįĽĴĕŀĚȮPP ŐĸŃȮPCP, PVA ŐĸŃȮPS 
ĨŅĴĸŜŅħńĭěŅĔĭĬĸĚĸƞŅĚȮħƟŅĬĞƟŅĵŐĽħĚıŊŘĬįŇĺŐĭĭȮsuperhydrophobic ĽƞĺĬħƟŅĬĕĺŅŐĽħĚıŊŘĬįŇĺ

ŐĭĭȮnon-superhydrophobicȮ&ĔŜŅĸńĚĕĵŅĵ8Ȯ5..ȮŏĪƞŅ) [13] 
 

 ěŅĔĚŅĬĺŇěńĵĕŀĚȮYanlong ShaoȮŐĸŃėĦŃȮ[14] œħƟĺŇěńĵŒĬľńĺĕƟŀȮShape Memory 

Qsncpfwbpmnfm`gaȮQspd_acȮugrfȮQugraf_`jcȮRp_lqgrgmlȮ`crucclŴJmrsqȮCddcarŵȮrmȮ

ŴPmqcȮNcr_jȮCddcarŵȮ ĞŉŗĚěŅĔĚŅĬĺŇěńĵŏĮƦĬĔŅĶĬŜŅȮshape memory polymer polyurethane ĴŅ

ĕŉŘĬĶŌĮŒĬŐĴƞıŇĴıƢŐĭĭıŇŏĻļĪňŗŀŀĔŐĭĭĕŉŘĬĴŅľĸńĚěŅĔĬńŘĬĔŖěŃĪŜŅĔŅĶŏėĸŊŀĭħƟĺĵĽŅĶĸŃĸŅĵĪňŗĴňŀĬŋĳŅė
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ĕĬŅħĬŅőĬĝŊŗŀȮH-260 ĭĬįŇĺȮěŅĔĬńŘĬěŃœħƟįŇĺĪňŗŏĮƦĬȮsuperhydrophobic ĪňŗĬŘŜŅĽŅĴŅĶĩĔĸŇŘĚŐĸŃœľĸ

įƞŅĬŀŀĔœĮœħƟŀĵƞŅĚĚƞŅĵŏĬŊŗŀĚěŅĔĴňȮadhesion ĪňŗĬƟŀĵŏĶňĵĔĮĶŅĔĢĔŅĶĦƢĬňŘĺƞŅȮLotus EffectȮľĸńĚěŅĔ

ĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘœħƟĴňėĺŅĴĽĬŒěĪňŗěŃĮĶńĭıŊŘĬįŇĺŒľƟĴňėĺŅĴĽŅĴŅĶĩŏĮƦĬȮsuperhydrophobic 

ŏľĴŊŀĬŏħŇĴŐĨƞĬŘŜŅœĴƞĽŅĴŅĶĩĔĸŇŘĚœĮĴŅœħƟŏĬŊŗŀĚěŅĔĴňŐĶĚȮadhesion ĪňŗĽŌĚőħĵĔŅĶĪŜŅĔŅĶĔħŀńħħƟĺĵ

ėĺŅĴħńĬĪŜŅŒľƟőėĶĚĽĶƟŅĚĽńĦģŅĬĺŇĪĵŅŏĮĸňŗĵĬŐĮĸĚœĮŏĶňĵĔĮĶŅĔĢĔŅĶĦƢĪňŗĬŘŜŅœĴƞĔĸŇŘĚĭĬįŇĺĪňŗŏĮƦĬȮ

superhydrophobic ĬňŘĺƞŅȮRose Petal EffectȮŐĸŃŏĶŅĽŅĴŅĶĩŏĮĸňŗĵĬıŊŘĬįŇĺŒľƟĴňĮĶŅĔĢĔŅĶĦƢĪńŘĚ

ĽŀĚŐĭĭœħƟőħĵĔŅĶĮĸƞŀĵŒľƟȮshape memory polymer (SMP) ŏĔŇħĔŅĶėŊĬĨńĺěŃĔĸńĭĴŅĴňėĺŅĴ 

ĽŅĶĴŅĶĩŏľĴŊŀĬĨŀĬŐĶĔŀňĔėĶńŘĚœħƟ 

 

ĶŌĮĪňŗȮ2,4 ŐĽħĚĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚıŊŘĬįŇĺŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĭňĭŀńħŐĸŃĔŅĶ
ėŊĬĨńĺĔĸńĭőħĵȮ&a) SMP superhydrophobic ħńŘĚŏħŇĴȮ&b) SMP ĪňŗĵŋĭĨńĺȮŐĸŃȮ&c)ȮSMP ĪňŗėŊĬĨńĺĔĸńĭȮ

ĽƞĺĬȮa1, b1, c1 ŏĮƦĬĳŅıĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀĬŋĳŅėĬŅőĬĭĬįŇĺĕŀĚȮSMP [14] 
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ĶŌĮĪňŗȮ2,5 ŐĽħĚıķĨŇĔĶĶĴĕŀĚľĵħĬŘŜŅĪňŗĔĶŃĪĭĨƞŀıŊŘĬįŇĺŐĬĺĬŀĬĪňŗŏĺĸŅĨƞŅĚŕȮĕŀĚȮ&a) SMP 
superhydrophobic ħńŘĚŏħŇĴȮ&b) SMP ĪňŗĵŋĭĸĚȮŐĸŃȮ&c)ȮSMP superhydrophobicȮĪňŗėŊĬĨńĺĔĸńĭ 

[14] 
 

 ěŅĔĶŌĮĪňŗȮ2,5ȮěŃŏľŖĬĺƞŅıŊŘĬįŇĺȮaȮŐĸŃȮc ŏĴŊŗŀľĵħĬŘŜŅĸĚĭĬıŊŘĬįŇĺŐĸƟĺěŃŏľŖĬĺƞŅœĴƞĴňĔŅĶĵŉħ

ŏĔŅŃĔńĭĪňŗįŇĺŏĬŊŗŀĚěŅĔĴňȮadhesion ĪňŗĨŗŜŅĬŘŜŅěŉĚĔĶŃŏħŖĬŀŀĔěŅĔıŊŘĬįŇĺĪńŘĚľĴħĽƞĺĬĬŘŜŅĪňŗľĵħĸĚĭĬ

ıŊŘĬįŇĺȮb ěŃŏľŖĬĺƞŅŏĴŊŗŀĴŅĔĶŃĪĭĔńĭıŊŘĬįŇĺŐĸƟĺěŃŏĔŇħŐĶĚȮadhesion ĕŉŘĬĶŃľĺƞŅĚįŇĺĕŀĚıŀĸŇŏĴŀĶƢĔńĭ

ĬŘŜŅĕŉŘĬĪńŘĚĬňŘŏĮƦĬįĸĴŅěŅĔĶŌĮĪňŗȮ2,4ȮĪňŗěŃŏľŖĬĺƞŅıŊŘĬįŇĺĴňėĺŅĴĨƞŅĚĔńĬ 

 ěŅĔĚŅĬĺŇěńĵĕŀĚȮTang Zhu ŐĸŃėĦŃȮ[15] œħƟĺŇěńĵŒĬľńĺĕƟŀȮUltra Water Repellent 

Polypropylene Surfaces with Tunable Water AdhesionȮĞŉŗĚěŅĔĚŅĬĺŇěńĵŏĮƦĬĔŅĶĻŉĔļŅĔŅĶ

ŏėĸŊŀĭȮPP ĪňŗĴňȮtacticity ĨƞŅĚĔńĬėŊŀȮPP isotactic ŐĸŃȮPP atactic ĭĬĔĶŃěĔȮıĭĺƞŅŏĴŊŗŀĬŜŅȮPP ĴŅ

ĸŃĸŅĵĔńĭĽŅĶĸŃĸŅĵŐĸŃŏėĸŊŀĭĭĬĔĶŃěĔěŃĪŜŅŒľƟįŇĺĕŀĚĔĶŃěĔĴňėĺŅĴŏĮƦĬȮsuperhydrophobic 

őħĵėĺŅĴŏĮƦĬȮsuperhydrophobic ěŃĴňĴŅĔŏĴŊŗŀŏėĸŊŀĭħƟĺĵȮPP isotactic ŐĨƞĩƟŅŏėĸŊŀĭħƟĺĵȮPP 

atactic įŇĺĕŀĚĽŅĶĪňŗŏėĸŊŀĭěŃœĴƞŏĮƦĬȮsuperhydrobic ľĸńĚěŅĔĬńŘĬěŉĚĴňĔŅĶĪŜŅĔŅĶįĽĴĶŃľĺƞŅĚȮPP 

ĪňŗŏĮƦĬȮatactic Ĕńĭ isotactic ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕėŊŀȮ0-/, 4/1, 6/1 ŐĸƟĺĬŜŅĴŅĪħĽŀĭħŌėĺŅĴŏĮƦĬȮ

superhydrophobic ĕŀĚıŊŘĬįŇĺħńĚĶŌĮĪňŗȮ2,6ȮěŃŏľŖĬĺƞŅŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦĕŀĚȮPP ĪňŗŏĮƦĬȮatactic 

ěŃĪŜŅŒľƟėƞŅȮcontact angle ĨŗŜŅĸĚėĺŅĴŏĮƦĬȮsuperhydrophobic ĔŖěŃĸħĨŗŜŅĸĚħƟĺĵħńĚĬńŘĬőėĶĚĽĶƟŅĚ

ĕŀĚȮPP ěŉĚŏĮƦĬĽƞĺĬĽŜŅėńĠ 
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ĶŌĮĪňŗȮ2,6 ŐĽħĚȮContact angle (CA) ŐĸŃȮsliding angle (SA) ĕŀĚľĵħĬŘŜŅĭĬıŊŘĬįŇĺĔĶŃěĔĪňŗ
ŏėĸŊŀĭħƟĺĵȮPP ĪňŗŀńĨĶŅĽƞĺĬȮtactic ĨƞŅĚŕ [15] 

 

 

ĶŌĮĪňŗȮ2,7 ŐĽħĚĳŅıȮSEM ĕŀĚĔĶŃěĔĪňŗŏėĸŊŀĭħƟĺĵȮi-PP (a), a-PP (b), A0//Ȯ&c), A2//Ȯ&d), A4//Ȯ
&e) ĳŅıĶŃľĺƞŅĚȮa ŐĸŃȮb ŏĮƦĬĳŅıĪňŗĽĶƟŅĚĕŉŘĬĴŅŏıŊŗŀŀīŇĭŅĵĔŅĶĶĺĴĨńĺĕŀĚȮPPȮĪňŗŏėĸŊŀĭĭĬıŊŘĬįŇĺȮ&f)  

[15] 
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ěŅĔĶŌĮĪňŗȮ2,7ȮŐĽħĚĳŅıěŅĔȮSEM ĕŀĚıŊŘĬįŇĺȮPP ĪňŗĴňȮtactic ŐĭĭĨƞŅĚŕȮěŅĔĶŌĮȮa ěŃŏľŖĬĺƞŅ

ŀĬŋĳŅėĪĶĚĔĸĴĕŀĚȮPP ĪňŗŏĮƦĬȮisotactic ěŃĴňėĺŅĴĕĶŋĕĶŃĴŅĔĔĺƞŅŀĬŋĳŅėĪĶĚĔĸĴĕŀĚȮPP ĪňŗŏĮƦĬ 

atactic ŐĸŃŏĴŊŗŀįĽĴĔńĬěŃıĭĺƞŅŏĴŊŗŀĮĶŇĴŅĦĕŀĚȮPP ĪňŗŏĮƦĬȮatactic ĽŌĚĕŉŘĬěŃĪŜŅŒľƟŀĬŋĳŅėĬňŘŏĶňĵĭ

ĴŅĔĕŉŘĬŏĶŊŗŀĵŕŏĕŅěŉĚėŇħĺƞŅĴŅěŅĔĶŌĮĶƞŅĚĪňŗŐĨĔĨƞŅĚĔńĬĕŀĚįĸŉĔěŉĚœħƟĪŜŅĔŅĶĪħĽŀĭȮXRD ıĭĺƞŅįĸŉĔĪňŗ

ŏĔŇħŒĔĸƟŏėňĵĚĔńĬŏĕŅěŉĚėŇħĺƞŅĬƞŅěŃŏĮƦĬįĸěŅĔĮĶŇĴŅĦįĸŉĔĴŅĔĔĺƞŅŐĸŃŏĴŊŗŀĨĶĺěĽŀĭħƟĺĵŏĪėĬŇėȮDSC 

ıĭĺƞŅĮĶŇĴŅĦįĸŉĔĨƞŅĚĔńĬŐĸŃŏĴŊŗŀĮĶŇĴŅĦĕŀĚȮPP atactic ĴŅĔĕŉŘĬěŃĪŜŅŒľƟįĸŉĔĴňĮĶŇĴŅĦĸħĸĚŐĸŃ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĮƖĵĔįŇĺĔŖěŃĴŅĔĕŉŘĬȮ(contact angle ĸħĸĚ) ĬŀĔěŅĔĬňŘĔŅĶĪňŗĽŅĶĪňŗŏėĸŊŀĭĴň

ĮĶŇĴŅĦ PP isotactic ĴŅĔěŃĪŜŅŒľƟįŇĺĪňŗŏėĸŊŀĭĴňėĺŅĴĕĶŋĕĶŃĴŅĔȮĬŀĔěŅĔĬňŘŒĬĔŅĶĪħĸŀĚĬňŘıĭĺƞŅ

ĔŅĶįĽĴȮPP ĪňŗŏĮƦĬȮatactic ĔńĭȮisotactic ĪňŗĵńĚĪŜŅŒľƟįŇĺĴňėĺŅĴĽŅĴŅĶĩŏĮƦĬȮsuperhydrophobic ŀĵŌƞ

ėŊŀŀńĨĶŅĽƞĺĬȮ0-/ 

 ěŅĔĚŅĬĺŇěńĵĕŀĚȮJie FengȮŐĸŃėĦŃȮY/4[ȮŒĬľńĺĕƟŀȮFabrication of Polyethylene 

Surface with Stable Superhydrophobicity by Nanoparticle Assisted Thermal Micro-

molding ProcessȮ ĞŉŗĚŒĬĚŅĬĺŇěńĵĬňŘœħƟĪŜŅĔŅĶĪħĸŀĚőħĵěŃĬŜŅȮPE ĴŅŒĝƟĚŅĬĶƞĺĴĔńĭȮTiO2 ŐĸŃ

ŀĬŋĳŅėĕĬŅħĬŅőĬħƟĺĵĔĶŃĭĺĬĔŅĶȮmicro molding ĞŉŗĚœħƟĴŅĔěŅĔĔŅĶŏĪĽŅĶĸŃĸŅĵȮ

poly(dimethylsiloxane) (PDMS)ȮĸĚŒĭįŇĺĕŀĚŒĭĭńĺȮŐĸƟĺĶŀŒľƟĽŅĶĸŃĸŅĵĶŃŏľĵŐĸŃȮPDMS ŏĞŖĨ

ĨńĺěŅĔĬńŘĬĔŖěŃĬŜŅȮPDMS ĪňŗŏĞŖĨĨńĺŐĸƟĺĴŅŏĮƦĬŐĴƞıŇĴıƢ (micro mold)ȮőħĵĔĶŃĭĺĬĔŅĶĪħĸŀĚěŃ

ŐĭƞĚĔŅĶŏĨĶňĵĴŏĮƦĬȮ0ȮĺŇīňħńĚĶŌĮĪňŗ 2,/.ȮĺŇīňĪňŗȮ/ȮĬŜŅȮmicro-molding ĪňŗĪŜŅĴŅěŅĔȮ

poly(dimethylsiloxane) (PDMS)ȮĴŅŐĸŃĬŜŅȮPE ĪňŗįĽĴĔńĭȮTiO2 ŐĸŃŀĬŋĳŅėĕĬŅħĬŅőĬĪňŗŏĨĶňĵĴ

ŏĮƦĬĽŅĶĸŃĸŅĵŒĽƞĸĚœĮŒĬőĴĸŐĸƟĺĔħŀńħħƟĺĵėĺŅĴĶƟŀĬȮŀňĔĺŇīňľĬŉŗĚėŊŀĔŅĶŏėĸŊŀĭįŇĺȮmicro-mold 

ĔƞŀĬħƟĺĵĽŅĶĸŃĸŅĵĪňŗĴňȮTiO2 ŐĸŃŀĬŋĳŅėĕĬŅħĬŅőĬŒľƟŏĔŇħŏĮƦĬĝńŘĬĔƞŀĬŐĸƟĺėƞŀĵŏĪĽŅĶĸŃĸŅĵȮPE ĸĚ

œĮŐĸƟĺĔħŀńħȮĞŉŗĚĪńŘĚĽŀĚĔĶŃĭĺĬĔŅĶěŃĪŜŅŒľƟœħƟıŊŘĬįŇĺĕŀĚȮPE ĪňŗĴňĽĴĭńĨŇĨƞŅĚĔńĬȮŐĸŃĶŌĮĪňŗȮ2,//ȮėŊŀ

ĳŅıȮSEM ĕŀĚȮmicro-mold ĪňŗĴŅěŅĔ poly(dimethylsiloxane) (PDMS)ȮıĭĺƞŅĴňĸńĔļĦŃıŊŘĬįŇĺĪňŗ

ėĸƟŅĵĔńĭŒĭĭńĺ 
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ĶŌĮĪňŗ 2,/. ŐĽħĚĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮȮPE ĶŌĮŐĭĭĨƞŅĚŕȮ[16] 
 

 

ĶŌĮĪňŗȮ2,// ŐĽħĚĳŅıȮSEM ĕŀĚȮmicro-mold ĪňŗĪŜŅěŅĔȮPDMS ĪňŗĪŜŅĴŅěŅĔŒĭĭńĺȮ&a) ėŊŀĴŋĴĴŀĚ
ħƟŅĬĭĬŐĸŃȮ&b) ėŊŀĴŋĴĴŀĚħƟŅĬĕƟŅĚ [16] 
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ĶŌĮĪňŗȮ2,/0 ŐĽħĚĳŅıȮSEM ĕŀĚȮLDPE ĪňŗĕŉŘĬĶŌĮħƟĺĵȮmicro-mold (a), LDPE/TiO0ȮĪňŗĕŉŘĬĶŌĮŒĬȮ
micro-mold &b), LDPE ĪňŗĴňŀĬŋĳŅėĬŅőĬŏėĸŊŀĭĪňŗȮmicro-mold ŀĵŌƞŐĸƟĺĔƞŀĬŒĽƞȮLDPEȮ&c) ŐĸŃ
ıŊŘĬįŇĺȮLDPE ĪňŗĴňŀĬŋĳŅėĬŅőĬĪňŗĕŉŘĬĶŌĮħƟĺĵĔŅĶĔħŀńħīĶĶĴħŅœĴƞœħƟŒĝƟȮmicro-moldȮ&d)ȮŐĸŃĳŅı

ŐĪĶĔĴŋĴĕĺŅĭĬėŊŀȮcontact angle ĕŀĚŐĨƞĸŃĨńĺ [16] 
 

 ěŅĔĶŌĮĪňŗȮ2,/0ȮěŃŏľŖĬĺƞŅĶŌĮȮ(a), (b), (c) ĪňŗĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮmicro-molding ıŊŘĬįŇĺ

ěŃĴňŏĽƟĬĕĬĕŉŘĬĴŅėĸƟŅĵĔńĭŒĬŒĭĭńĺŐĸŃŏĴŊŗŀĪħĽŀĭȮcontact angle ıĭĺƞŅĴňėƞŅĪňŗĽŌĚŐĽħĚĩŉĚıŊŘĬįŇĺĪňŗĴň

ėĺŅĴŏĮƦĬȮhydrophobic ŐĨƞĶŌĮȮ(d) ıŊŘĬįŇĺŏĶňĵĭŏĴŊŗŀĪħĽŀĭȮcontact angle ıĭĺƞŅĴňėĺŅĴĝŀĭĬŘŜŅ

ĴŅĔĔĺƞŅĶŌĮȮ(a), (b), (c)ȮŐĸŃŏĴŊŗŀŏĪňĵĭĶŌĮȮ(a), (b), (c) ěŃıĭĺƞŅĶŌĮȮ(c) ĴňėƞŅȮcontact angle ĪňŗĽŌĚ

ĪňŗĽŋħĞŉŗĚĶŌĮȮ(c) ŏĮƦĬĔŅĶĕŉŘĬĶŌĮőħĵĔŅĶĬŜŅȮTiO2ȮœĮŏėĸŊŀĭĭĬįŇĺȮmold ĔƞŀĬŐĸƟĺėƞŀĵĬŜŅȮPE ĴŅŏĪĕŉŘĬ

ĶŌĮĪŜŅŒľƟŀĬŋĳŅėĬŅőĬŏĔŅŃŀĵŌƞĪňŗĭĶŇŏĺĦįŇĺĴŅĔĕŉŘĬĽƞĚįĸŒľƟıŊŘĬįŇĺĴňĽĴĭńĨŇŏĮƦĬȮsuperhydrophobic 

 ěŅĔĚŅĬĺŇěńĵĕŀĚȮFrancisco Klebson Gomes dos Santos ŐĸŃėĦŃȮY/5[ ŒĬľńĺȮEffect 

of the Addition of Carnauba Wax on Physicochemical Properties of Chitosan FilmsȮœħƟ

ĪŜŅĔŅĶĪħĸŀĚőħĵįĽĴȮchitosan ĔńĭȮcarnauba wax ŐĸƟĺĪŜŅĔŅĶĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴħƟĺĵĺŇīňȮsolution 

cast ľĸńĚěŅĔĬńŘĬĔŖĬŜŅĴŅĪħĽŀĭėĺŅĴőĮĶƞĚŒĽıĭĺƞŅĲƕĸƢĴĪňŗœħƟĴňėĺŅĴĪŉĭĴŅĔĕŉŘĬŏĴŊŗŀĴňĔŅĶŏĨŇĴȮ

carnauba wax ħńĚĨŅĶŅĚĪňŗȮ0,/ ŐĸŃŒĬĚŅĬĺŇěńĵĬňŘĵńĚĴňĔŅĶĪħĽŀĭėĺŅĴľĬŅŐĸŃĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅ

œħƟįĸħńĚĨŅĶŅĚĪňŗȮ2,0ȮıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴȮcarnauba wax ŏıŇŗĴĴŅĔĕŉŘĬėĺŅĴľĬŅĔŖěŃŏıŇŗĴĴŅĔĕŉŘĬ
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ŏĬŊŗŀĚěŅĔŏĴŊŗŀĮĶŇĴŅĦĕňŘįŉŘĚŏıŇŗĴĪŜŅŒľƟĔŅĶőĴŏĸĔŋĸĕŀĚȮchitosan ĪňŗĽńĴįńĽĔńĭőĴŏĸĔŋĸĕŀĚŀĚėƢĮĶŃĔŀĭŒĬȮ

wax ŀŅěĪŜŅŒľƟŐĶĚĶĺĴĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢŀƞŀĬĸĚȮĽƞĚįĸŒľƟŏĴĪĶŇĔĞƢŏĮƕħĔĺƟŅĚĕŉŘĬĪŜŅŒľƟėĺŅĴľĬŅ

ŏıŇŗĴĕŉŘĬȮĽƞĺĬŏĶŊŗŀĚĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴȮcarnauba wax ěŃĪŜŅŒľƟœħƟėƞŅȮWVP 

ŏıŇŗĴĕŉŘĬěĬĩŉĚȮ2.% carnauba wax ĩƟŅĴŅĔĔĺƞŅĬňŘėƞŅȮWVP ĔŖěŃŏĶŇŗĴĸħĸĚ 

ĨŅĶŅĚĪňŗȮ0,/ ėƞŅŏĜĸňŗĵĕŀĚıŇĔńħĽňȮ&a*, b*, c*, L*), Op ŐĸŃȮƇE ȮĕŀĚĲƕĸƢĴĪňŗĴňĮĶŇĴŅĦȮcarnauba Īňŗ
ŐĨĔĨƞŅĚĔńĬȮ[17] 

 

 

ĨŅĶŅĚĪňŗȮ2,0ȮėƞŅŏĜĸňŗĵĕŀĚĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮ&WVP) ŐĸŃėĺŅĴľĬŅȮĕŀĚĲƕĸƢĴĪňŗĴňĮĶŇĴŅĦȮ
carnauba waxȮŐĨĔĨƞŅĚĔńĬȮ[17] 

 

 

ěŅĔĶŌĮĪňŗȮ2,/1ȮěŃıĭĺƞŅŏĴŊŗŀŏĨŇĴȮcarnauba wax ĮĶŇĴŅĦĴŅĔĕŉŘĬŒĬıŀĸŇŏĴŀĶƢěŃĪŜŅŒľƟœħƟėƞŅȮ

contact angle ĪňŗĽŌĚĴŅĔĕŉŘĬŏĬŊŗŀĚěŅĔĴńĬěŃœĮĸħėĺŅĴŏĮƦĬȮhydrophilic ĕŀĚĲƕĸƢĴȮchitosan [17] 
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ĶŌĮĪňŗȮ2,/1 ŐĽħĚėƞŅŏĜĸňŗĵĽŜŅľĶńĭĴŋĴĽńĴįńĽĪňŗŏĮƦĬĲƤĚĔƢĝńĬĕŀĚĮĶŇĴŅĦȮcarnauba wax ŒĬıŀĸŇŏĴŀĶƢ 
[17] 
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ĭĪĪňŗȮ1 

ĺŇīňħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

 

3.1 ĺńĽħŋŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

3.1.1 Polyethylene (PE) ŏĔĶħȮLD0.04KȮInnoPlus, film grade ěŅĔĭĶŇļńĪȮPTT 

global chemical ĮĶŃŏĪĻœĪĵ  

3.1.2 Polybutylene adipate terephthalate (PBAT) ŏĔĶħȮEcoflex F Blend C1200, 

film grade ěŅĔĭĶŇļńĪȮBASF chemical ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ Ȯ 

3.1.3 Triethoxy(propyl)silane ěŅĔĭĶŇļńĪ Tokyo chemical ěŜŅĔńħȮĮĶŃŏĪĻĠňŗĮŋƙĬȮĴň

ĸńĔļĦŃŏĮƦĬŏľĸĺŒĽȮœĴƞĴňĽňȮĬŘŜŅľĬńĔőĴŏĸĔŋĸȮ0.4,14Ȯg/mol ŐĸŃĴňěŋħŏħŊŀħĪňŗȮ/6.ȮŀĚĻŅ

ŏĞĸŏĞňĵĽȮĽŌĨĶőėĶĚĽĶƟŅĚěŃŐĽħĚħńĚĶŌĮĪňŗȮ3,/ 

 

ĶŌĮĪňŗȮ3,/ȮŐĽħĚĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮTriethoxy(propyl)silane [18] 
 

1,/,2ȮDecyltriethoxysilaneȮěŅĔĭĶŇļńĪ Tokyo chemical ěŜŅĔńħȮĮĶŃŏĪĻĠňŗĮŋƙĬȮĴňĸńĔļĦŃ

ŏĮƦĬŏľĸĺŒĽȮœĴƞĴňĽň ĬŘŜŅľĬńĔőĴŏĸĔŋĸȮ1.2,33Ȯg/mol ŐĸŃĴňěŋħŏħŊŀħĪňŗȮ/3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮ

ĽŌĨĶőėĶĚĽĶƟŅĚěŃŐĽħĚħńĚĶŌĮĪňŗȮ3,0 

 

 
ĶŌĮĪňŗȮ3,0ȮŐĽħĚĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮDecyltriethoxysilane [19] 

https://en.wikipedia.org/wiki/Polybutylene_adipate_terephthalate
https://en.wikipedia.org/wiki/Polybutylene_adipate_terephthalate
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3.1.5 Carnauba wax flake ŏĔĶħȮT1 ěŅĔĭĶŇļńĪȮħňĞňŏŀŖĴĞňȮėŀĶƢĮŀŏĶĝńŗĬȮěŜŅĔńħȮ 

ĮĶŃŏĪĻœĪĵȮĴňĸńĔļĦŃŏĔĸŖħĽňŏľĸŊŀĚŀƞŀĬȮěŋħľĸŀĴŏľĸĺȮ60Ȯ-Ȯ7.ȮŀĚĻŅŏĞĸŏĞňĵĽȮĽŌĨĶ

őėĶĚĽĶƟŅĚěŃŐĽħĚħńĚĶŌĮĪňŗȮ3,1  

 

ĶŌĮĪňŗȮ3,1ȮŐĽħĚĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮCarnauba wax [20] 
 

1,/,4ȮŏĝĸŐĸŖĔŏĔĶŖħȮěŅĔĭĶŇļńĪȮĬŀĶƢĪŏĪŀĶƢĬȮĽĵŅĴĞňħŐĸėȮěŜŅĔńħȮĮĶŃŏĪĻœĪĵȮĴňĸńĔļĦŃ

ŏĮƦĬŏĔĸŖħŐĕŖĚȮĽňŏľĸŊŀĚŏĕƟĴȮĽŌĨĶőėĶĚĽĶƟŅĚěŃŐĽħĚħńĚĶŌĮĪňŗȮ3,2 

 

 

ĶŌĮĪňŗȮ3,2ȮŐĽħĚĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮShellac [21] 
 

1,/,5ȮıŀĸŇŏŀĪŇĪňĸňĬŐĺĔĞƢȮ(food grade) ěŅĔĭĶŇļńĪȮħňĞňŏŀŖĴĞňȮėŀĶƢĮŀŏĶĝńŗĬȮěŜŅĔńħȮ 

ĮĶŃŏĪĻœĪĵȮĴňĸńĔļĦŃŏĮƦĬįĚĽňĕŅĺȮěŋħľĸŀĴŏľĸĺȮ7.Ȯ-Ȯ//.ȮŀĚĻŅŏĞĸŏĞňĵĽȮĽŌĨĶőėĶĚĽĶƟŅĚ

ěŃŐĽħĚħńĚĶŌĮĪňŗȮ3,3  
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ĶŌĮĪňŗȮ3,3ȮŐĽħĚĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮPE wax [22] 
 

3.1.8 Oxidized polyethylene homopolymer ěŅĔĭĶŇļńĪȮHoneywell ĮĶŃŏĪĻ

ĽľĶńģŀŏĴĶŇĔŅȮĴňĸńĔļĦŃŏĮƦĬįĚĽňĕŅĺ ĽŌĨĶőėĶĚĽĶƟŅĚěŃŐĽħĚħńĚĶŌĮĪňŗȮ3,4 

 

 

ĶŌĮĪňŗȮ3,4ȮŐĽħĚĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮOxidized polyethylene homopolymer [23] 
 

1,/,7ȮGenioplast silicone gum ŏĔĶħȮPA 445200 ěŅĔĭĶŇļńĪȮwacker ĮĶŃŏĪĻŏĵŀĶĴńĬ

ĴňĸńĔļĦŃŏĮƦĬŏĴŖħėĸƟŅĵıŀĸŇŏĴŀĶƢŐĨƞĴňėĺŅĴĬŇŗĴĴŅĔĔĺƞŅ ŐĸŃĴňŀĚėƢĮĶŃĔŀĭľĸńĔŏĮƦĬȮ

Siloxane polymer ŐĸŃȮfumed silica ĽŌĨĶőėĶĚĽĶƟŅĚěŃŐĽħĚħńĚĶŌĮĪňŗȮ3,5 

 

 

ĶŌĮĪňŗȮ3,5ȮŐĽħĚĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮsilicone [24] 
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3.2 ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

3.2.1 ŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ(Internal mixer) ĶŋƞĬȮMX 105-D40L50 ěŅĔĭĶŇļńĪŏěĶŇĠ

ĪńĻĬƢȮĮĶŃŏĪĻœĪĵȮȮ 

1,0,0ȮŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮȮ(Compression molding) ĶŋƞĬȮPR10-W300L350 ěŅĔĭĶŇļńĪŏěĶŇĠ
ĪńĻĬƢȮĮĶŃŏĪĻœĪĵ 
3.2.3 ŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮ(twin-screw extrusion) ĶŋƞĬȮHRJ-25 ĴňėƞŅȮL/D ŏĪƞŅĔńĭȮ2.Ȯ

ěŅĔĭĶŇļńĪȮEnmach Co., Ltd. ĮĶŃŏĪĻěňĬ 

3.2.4 ŏėĶŊŗŀĚŏĮƙŅĕŉŘĬĶŌĮĲƕĸƢĴ (blown film extrusion) ĶŋƞĬȮTB El 20/Bi ěŅĔĭĶŇļńĪȮThai 

plastic bag industries Co.,LTD ĮĶŃŏĪĻœĪĵ 

3.2.5 ŏėĶŊŗŀĚĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħȮ(Universal Testing Machine) ĶŋƞĬȮ5659 ěŅĔĭĶŇļńĪȮ

Instron Engineering Corporation ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

 3.2.6. Contact angle measurement 

3.2.7 ĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ(Field Emission Scanning Electron 

Microscope, FESEM) ĶŋƞĬȮMIRA3 ěŅĔĭĶŇļńĪȮTESCAN ĮĶŃŏĪĻĽŅīŅĶĦĶńģŏĝŖĔ 

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

ĭĶŇļńĪŏěĶŇĠĪńĻĬƢȮĮĶŃŏĪĻœĪĵ 

3.3 ĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

 ĔŅĶħŜŅŏĬŇĬĚŅĬěŃŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĽƞĺĬȮħńĚĬňŘ 

1,1,/ȮĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚȮ5ȮĝĬŇħĪňŗĴňįĸĨƞŀĔŅĶŏĮƖĵĔįŇĺŏĭŊŘŀĚĨƟĬőħĵĔŅĶįĽĴŒĬ

ŏėĶŊŗŀĚįĽĴŐĭĭĮƕħ 

3.3./,/ȮĻŉĔļŅĔŅĶįĽĴȮLDPE ŐĸŃȮPBAT ĔńĭĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶŏĔŅŃįŇĺ 

ŒĬĕńŘĬĨŀĬĬňŘŏĮƦĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĔŅĶįĽĴıŀĸŇŏĴŀĶƢĔńĭĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶĵŉħŏĔŅŃ

įŇĺȮőħĵěŃĪŜŅĔŅĶŀĭŏĴŖħıĸŅĽĨŇĔȮlow-density polyethylene (LDPE) ŐĸŃȮ

Polybutylene adipate-co-terephthalate (PBAT) ĪňŗŀŋĦľĳŌĴŇȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽŏĮƦĬ

ŏĺĸŅȮ24ȮĝńŗĺőĴĚŏıŊŗŀœĸƞėĺŅĴĝŊŘĬľĸńĚěŅĔĬńŘĬĪŜŅĔŅĶįĽĴȮLDPE ľĶŊŀȮPBAT ĔńĭĽŅĶŏĨŇĴŐĨƞĚ

ĝĬŇħĨƞŅĚŕȮĪńŘĚȮ5ȮĝĬŇħħńĚĬňŘėŊŀȮpolyethylene wax (PE wax), Oxidized polyethylene 

homopolymer (OPE), Carnauba wax (CB wax), Shellac, Triethoxy(propyl)silane 

(silane1), Decyltriethoxysilane (silane2), Silicone ŒĬŀńĨĶŅĽƞĺĬȮ1ȮŐĸŃȮ5 %wt (őħĵ
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ŏĸŊŀĔěŅĔėĺŅĴŏĮƦĬıŇļĨƞŀĶƞŅĚĔŅĵőħĵœĴƞŒľƟĴňėĺŅĴŏĮƦĬıŇļȮľĸńĚěŅĔĬńŘĬěŃıŇěŅĶĦŅĩŉĚėĺŅĴĴň

ĕńŘĺőħĵěŃŏĸŊŀĔĽŅĶĪňŗœĴƞĴňĕńŘĺľĶŊŀĴňĕńŘĺĪňŗĨŗŜŅĔƞŀĬŏıŊŗŀŒľƟĽŅĴŅĶĩĬŜŅĴŅĮĶńĭĽĴĭńĨŇėĺŅĴĝŀĭĬŘŜŅ)

ŒĬĕńŘĬĨŀĬĬňŘěŃŒĝƟŏėĶŊŗŀĚȮinternal mixer ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3,6ȮŒĬĔŅĶįĽĴěŃŒĝƟŀŋĦľĳŌĴŇĔŅĶ

įĽĴŀĵŌƞĪňŗȮ/2.ȮůȮ/3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮėĺŅĴŏĶŖĺĶŀĭĕŀĚŏĭĸħȮ4.ȮĶŀĭĨƞŀĬŅĪň ĪŜŅĔŅĶįĽĴ

ŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪňȮőħĵĽŌĨĶĪňŗįĽĴŐĸŃĮĶŇĴŅĦĽŅĶĨƞŅĚȮŕȮĪňŗŒĝƟĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĝĬŇħěŃ

ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ3,/ȮŐĸŃȮĨŅĶŅĚĪňŗȮ3,1 

 
ĶŌĮĪňŗȮ3,6 ŏėĶŊŗŀĚȮinternal mixer ĶŋƞĬȮMX 105-D40L50 ěŅĔĭĶŇļńĪŏěĶŇĠĪńĻĬƢ 

 

ĨŅĶŅĚĪňŗȮ3,/ȮŐĽħĚŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮLDPE ĔńĭĽŅĶŏĨŇĴŐĨƞĚĝĬŇħĨƞŅĚŕȮŒĬŀńĨĶŅĽƞĺĬȮ3 ŐĸŃȮ3Ȯ%wt 

Compounding LDPE (wt%) 

AdditivesȮ(wt%) 

CB 

wax 
Shellac 

PE 

wax 
OPE Silicone Silane1 silane2 

LDPE(2026K) /.. - - - - - - - 

3CB 75 1 - - - - - - 

5CB 73 3 - - - - - - 

3Shellac 75 - 1 - - - - - 



  24 

ĨŅĶŅĚĪňŗȮ3,0ȮŐĽħĚŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮLDPE ĔńĭĽŅĶŏĨŇĴŐĨƞĚĝĬŇħĨƞŅĚŕȮŒĬŀńĨĶŅĽƞĺĬȮ3 ŐĸŃȮ3Ȯ%wtȮ
(Ĩƞŀ) 

Compounding LDPE (wt%) 

AdditivesȮ(wt%) 

CB 

wax 
Shellac 

PE 

wax 
OPE Silicone Silane1 silane2 

5Shellac 73 - 3 - - - - - 

3PE wax 75 - - 1 - - - - 

5PE wax 73 - - 3 - - - - 

3OPE 75 - - - 1 - - - 

5OPE 73 - - - 3 - - - 

3Silicone 75 - - - - 1 - - 

5Silicone 73 - - - - 3 - - 

3Silane1 75 - - - - - 1 - 

5Silane1 73 - - - - - 3 - 

3Silane2 75 - - - - - - 1 

5Silane2 73 - - - - - - 3 
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ĨŅĶŅĚĪňŗȮ3,1ȮŐĽħĚŀńĨĶŅĽƞĺĬĔŅĶįĽĴȮPBAT ĔńĭĽŅĶŏĨŇĴŐĨƞĚĝĬŇħĨƞŅĚŕȮŒĬŀńĨĶŅĽƞĺĬȮ3 ŐĸŃȮ3Ȯ%wt 

Compounding PBAT (wt%) 

Additives (wt%) 

CB 

wax 
Shellac 

PE 

wax 
OPE Silicone Silane1 silane2 

PBAT(c1200) /.. - - - - - - - 

3CB 75 1 - - - - - - 

5CB 73 3 - - - - - - 

3Shellac 75 - 1 - - - - - 

5Shellac 73 - 3 - - - - - 

3PE wax 75 - - 1 - - - - 

5PE wax 73 - - 3 - - - - 

3OPE 75 - - - 1 - - - 

5OPE 73 - - - 3 - - - 

3Silicone 75 - - - - 1 - - 

5Silicone 73 - - - - 3 - - 

3Silane1 75 - - - - - 1 - 

5Silane1 73 - - - - - 3 - 

3Silane2 75 - - - - - - 1 

5Silane2 73 - - - - - - 3 
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3.3./,0ȮĻŉĔļŅĽĴĭńĨŇĨƞŅĚŕȮĕŀĚĲƕĸƢĴȮLDPE ŐĸŃȮPBAT ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺ 

¶ ŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴ 

ĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬŒľƟŏĮƦĬĲƕĸƢĴěŃĪŜŅőħĵĔŅĶĬŜŅŏĴŖħıĸŅĽĨŇĔĪňŗįĽĴĔńĭ

ĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶŏĔŅŃįŇĺĴŅĪŜŅĔŅĶĭħħƟĺĵŏėĶŊŗŀĚĭħŒľƟŏĮƦĬĝŇŘĬŏĸŖĔŕȮĔƞŀĬŐĸƟĺ

ĬŜŅœĮĕŉŘĬĶŌĮĔĶŃĭĺĬĔŅĶĔħŀńħŏıŊŗŀĕŉŘĬĶŌĮŏĮƦĬŐįƞĬĲƕĸƢĴľĬŅȮ0..Ȯ±Ȯ3.Ȯµm őħĵŒĝƟ

ŏėĶŊŗŀĚ Compression molding) ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3,7ȮħƟĺĵŀŋĦľĳŌĴŇȮ/2.-/3.Ȯ

ŀĚĻŅŏĞĸŏĞňĵĽȮőħĵŒĝƟŏĺĸŅȮpreheat 4-5 ĬŅĪňȮŐĸŃĔħŀńħȮ/ȮĬŅĪňľĸńĚěŅĔĬńŘĬĔŖěŃ

ŏĨĶňĵĴĝŇŘĬĚŅĬŏıŊŗŀĪŜŅĔŅĶĪħĽŀĭĔŅĶŏĮƖĵĔįŇĺőħĵĔŅĶĨńħĲƕĸƢĴŒľƟĴňĕĬŅħĝŇŘĬĚŅĬĔĺƟŅĚ 

x ĵŅĺȮŏĪƞŅĔńĭȮ/Ȯx 5 cm őħĵľƟŅĴŒľƟĲƕĸƢĴĪňŗŒĝƟĪħĽŀĭĽńĴįńĽĔńĭĴŊŀľĶŊŀįŇĺľĬńĚȮ

ľĸńĚěŅĔĬńŘĬĔŖěŃĪŜŅĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĪňŗěŃŒĝƟĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵŏėĶŊŗŀĚȮtensile 

testing őħĵĴňĕĬŅħĝŇŘĬĚŅĬĕĬŅħȮ/ x 4 ĬŇŘĺ ŐĸŃŏĔŖĭĝŇŘĬĚŅĬĪńŘĚľĴħŒĬĔĸƞŀĚĸŖŀėĪňŗĴň

ĞŇĸŇĔŅŏěĸŏıŊŗŀĮƚŀĚĔńĬėĺŅĴĝŊŘĬ 

 
ĶŌĮĪňŗȮ3,7 ŏėĶŊŗŀĚ Compression molding) ĶŋƞĬȮPR10-W300L350 ěŅĔĭĶŇļńĪŏěĶŇĠĪńĻĬƢ 
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¶ ĻŉĔļŅĔŅĶŏĮƖĵĔįŇĺĕŀĚıĸŅĽĨŇĔħƟĺĵŏĪėĬŇėĔŅĶĺńħȮcontact angle 

ŒĬĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶĮƖĵĔįŇĺěŃĪŜŅĔŅĶĪħĽŀĭőħĵĔŅĶĬŜŅĝŇŘĬĚŅĬĪňŗŏĨĶňĵĴ

ĴŅĕĬŅħĔĺƟŅĚȮx ĵŅĺȮŏĪƞŅĔńĭȮ/ x 5 cm ĴŅĪħĽŀĭĔŅĶŏĮƖĵĔįŇĺħƟĺĵŏĪėĬŇėȮ

contact angle őħĵěŃĴňĔŅĶľĵħĬŘŜŅȮDI ĸĚĭĬĝŇŘĬĲƕĸƢĴőħĵŒĝƟȮmicropipette ŐĸŃ

ŒĝƟĔĸƟŀĚĩƞŅĵĶŌĮĴŋĴĪňŗĽńĴįńĽĔńĬĶŃľĺƞŅĚĬŘŜŅĔńĭĲƕĸƢĴěŜŅĬĺĬȮ2ȮěŋħĨƞŀĨńĺŀĵƞŅĚŐĸƟĺĬŜŅœĮ

ĺńħĴŋĴőħĵŒĝƟőĮĶŐĔĶĴȮimage j ŐĸƟĺĬŜŅĴŅľŅėƞŅŏĜĸňŗĵŐĸŃėƞŅŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬ 

¶ ĻŉĔļŅĽĴĭńĨŇĔŅĶħŉĚĵŊħħƟĺĵŏėĶŊŗŀĚȮ(tensile testing) 

ŒĬĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶħŉĚĵŊħĽŅĴŅĶĩĪŜŅœħƟőħĵŒĝƟŏėĶŊŗŀĚȮUniversal 

Testing Machine ĶŋƞĬȮ5659 ěŅĔĭĶŇļńĪȮInstron Engineering Corporation ħńĚ

ŐĽħĚŒĬĶŌĮĪňŗȮ3,/.ȮőħĵŒĬĔŅĶĪħĽŀĭěŃĬŜŅĝŇŘĬĚŅĬĲƕĸƢĴĪňŗŏĨĶňĵĴŏĮƦĬŐįƞĬ

ĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħȮ/ x 4 ĬŇŘĺ œĮĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħȮ(tensile) ħƟĺĵŏėĶŊŗŀĚȮ

universal testing machine ĪħĽŀĭĨŅĴĴŅĨĶģŅĬȮASTM D 882 őħĵŒĝƟȮload 

cell ĕĬŅħ 3ȮĔŇőĸĬŇĺĨńĬ ŐĸŃŒĝƟėĺŅĴŏĶŖĺŒĬĔŅĶħŉĚĝŇŘĬĚŅĬŏĪƞŅĔńĭ 3..ȮĴŇĸĸŇŏĴĨĶĨƞŀ

ĺŇĬŅĪň 

 

ĶŌĮĪňŗȮ3,/. ŏėĶŊŗŀĚȮUniversal Testing Machine ĶŋƞĬȮ5659 ěŅĔĭĶŇļńĪȮInstron Engineering 
Corporation 
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¶ ĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅħƟĺĵŏĪėĬŇėȮScanning electron 

microscope (SEM) 

ŒĬĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢĽŅĴŅĶĩĪŜŅœħƟőħĵ

ĔŅĶŒĝƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭĽƞŀĚĔĶŅħȮ(Scanning electron microscope : SEM)Ȯ

ĪňŗĔŜŅĸńĚĕĵŅĵĨƞŅĚŕĪŜŅŒľƟĽŅĴŅĶĩĻŉĔļŅıŊŘĬįŇĺĕŀĚĺńĽħŋȮĕĬŅħȮŐĸŃĶŌĮĶƞŅĚĨƞŅĚŕȮőħĵ

ŒĬĔŅĶĪħĽŀĭĬňŘŏĶŅěŃŏĨĶňĵĴĨńĺŀĵƞŅĚĪħĽŀĭőħĵĔŅĶĬŜŅĲƕĸƢĴĪňŗœħƟĻŉĔļŅĽĴĭńĨŇĔŅĶ

ŏĮƖĵĔįŇĺĴŅŐĸƟĺȮıĭĺƞŅœħƟėƞŅȮcontact angle ĪňŗĽŌĚĪňŗĽŋħĴŅĻŉĔļŅőħĵěŃĬŜŅĲƕĸƢĴĨńħ

ŏĮƦĬĝŇŘĬŏĸŖĔŕȮőħĵľƟŅĴŒľƟĽńĴįńĽĔńĭĴŊŀľĶŊŀįŇĺľĬńĚĴŅĨŇħĸĚĭĬȮcarbon conductive 

tape ŐĸƟĺĬŜŅœĮĨŇħĭĬȮstub ěŅĔĬńŘĬĬŜŅĝŇŘĬĚŅĬœĮĪŜŅĔŅĶŏėĸŊŀĭħƟĺĵĪŀĚȮįƞŅĬ

ĔĶŃĭĺĬĔŅĶȮsputtering ŏıŊŗŀĮƚŀĚĔńĬĔŅĶĽŃĽĴĮĶŃěŋĕĦŃĪŜŅĔŅĶĪħĽŀĭŐĸŃĬŜŅ

ĝŇŘĬĚŅĬĪňŗŏĨĶňĵĴœħƟœĮĺŇŏėĶŅŃľƢıŊŘĬįŇĺĕŀĚŐįƞĬĲƕĸƢĴȮLDPE, LDPE ĪňŗŏĨŇĴĽŅĶĸħĔŅĶ

ĵŉħŏĔŅŃįŇĺ, PBAT ŐĸŃȮPBAT ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺħƟĺĵŏėĶŊŗŀĚȮField Emission 

Scanning Electron Microscope, FESEM ĶŋƞĬȮMIRA3 ěŅĔĭĶŇļńĪȮTESCANȮħńĚ

ŐĽħĚŒĬĶŌĮĪňŗȮ3,// 

 

ĶŌĮĪňŗȮ3,// ŏėĶŊŗŀĚȮField Emission Scanning Electron Microscope, FESEM ĶŋƞĬȮMIRA3 ěŅĔ
ĭĶŇļńĪȮTESCAN 
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1,1,0ȮĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗĴňįĸĨƞŀĔŅĶŏĮƖĵĔįŇĺŒĬĔĶŃĭĺĬĔŅĶŏĮƙŅĩŋĚőħĵįĽĴŒĬȮ

twin screw extrusion ŐĸŃĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion 

1,1,0,/ȮĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢȮLDPE ŐĸŃȮPBAT ĪňŗŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶĵŉħ

ŏĔŅŃįŇħŐĸŃĕŉŘĬĶŌĮŏĮƦĬĩŋĚħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion 

¶ ĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢėŀĴıŅĺħƢ 

ŒĬĔŅĶŏĨĶňĵĴıŀĸŇŏĴŀĶƢĪňŗįĽĴĽŅĶĸħĔŅĶĵŉħŏĔŅŃĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮŏıŊŗŀ

ĬŜŅœĮŒĝƟĕŉŘĬĶŌĮŒĬĔĶŃĭĺĬĔŅĶȮblown film extrusion ěŃĪŜŅőħĵĔŅĶŀĭŏĴŖħ

ıĸŅĽĨŇĔȮLDPE ŐĸŃȮPBAT ŐĸŃĽŅĶŏĨŇĴŐĨƞĚĪňŗŀŋĦľĳŌĴŇȮ60 ŀĚĻŅŏĞĸŏĞňĵĽŏĮƦĬŏĺĸŅȮ

02ȮĝńŗĺőĴĚȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĕƟŅĚŏėňĵĚŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶįĽĴȮĔƞŀĬ

ĪŜŅĔŅĶįĽĴħƟĺĵŏėĶŊŗŀĚŀńħĶňĭŐĭĭĽĔĶŌėŌƞȮtwin-screw extrusion ĶŋƞĬȮHRJ-25 ěŅĔ

ĭĶŇļńĪȮEnmach Co., Ltd ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3,/0ȮŐĸŃĽĳŅĺŃĪňŗŒĝƟŒĬĔŅĶįĽĴěŃ

ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ3,2ȮŐĸŃĨŅĶŅĚĪňŗȮ3,3ȮėĺŅĴŏĶŖĺĶŀĭĽĔĶŌĪňŗŒĝƟŒĬĔŅĶįĽĴŏĪƞŅĔńĭȮ

03.ȮĶŀĭĨƞŀĬŅĪňŐĸŃľĸƞŀŏĵŖĬħƟĺĵĬŘŜŅŀŋĦľĳŌĴŇȮ03ȮŀĚĻŅŏĞĸŏĞňĵĽȮěŅĔĬńŘĬĬŜŅ 

ıŀĸŇŏĴŀĶƢĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶŀńħĶňĭĴŅĨńħħƟĺĵŏėĶŊŗŀĚĨńħ

ŏĴŖħ 

 
ĶŌĮĪňŗȮ3,/0 ŏėĶŊŗŀĚŀńħĶňĭŐĭĭĽĔĶŌėŌƞȮtwin-screw extrusion ĶŋƞĬȮHRJ-25 ěŅĔĭĶŇļńĪȮEnmach Co., 

Ltd 
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ĨŅĶŅĚĪňŗȮ3,2ȮŀńĨĶŅĽƞĺĬĔŅĶįĽĴŐĸŃŀŋĦľĳŌĴŇĔŅĶįĽĴȮLDPEȮĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺ 

Sample 
Component (wt%) 

Temp profile (° C) 
LDPE CB Silicone 

LDPE2026 100.0 - - 

85, 100, 110, 130, 135, 
140, 145, 150, 155, 145 

LDPE/1%CB wax 99.0 1.0 - 
LDPE/2%CB wax 98.0 2.0 - 
LDPE/3%Silicone 97.0 - 3.0 
LDPE/5%Silicone 95.0 - 5.0 

 

ĨŅĶŅĚĪňŗȮ3,3ȮŀńĨĶŅĽƞĺĬĔŅĶįĽĴŐĸŃŀŋĦľĳŌĴŇĔŅĶįĽĴȮPBATȮĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺ 

Sample 
Component (wt%) 

Temp profile (° C) 
PBAT CB Shellac 

PBAT 100.0 - - 

85, 100, 110, 130, 135, 
140, 145, 150, 155, 145 

PBAT/1%CB wax 99.0 1.0 - 
PBAT/2%CB wax 98.0 2.0 - 
PBAT/3%Shellac 97.0 - 3.0 
PBAT/5%Shellac 95.0 - 5.0 

 

¶ ĪħĽŀĭȮmelt viscosity ĕŀĚıŀĸŇŏĴŀĶƢėŀĴıŅĺħƢħƟĺĵĔŅĶĺńħėƞŅȮmelt 

flow index 

ŒĬĔŅĶĻŉĔļŅȮmelt viscosityȮĕŀĚıŀĸŇŏĴŀĶƢěŃĪŜŅőħĵĔŅĶĬŜŅŏĴŖħıĸŅĽĨŇĔ

ĪňŗįĽĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶŀńħĶňĭŐĭĭĽĔĶŌėŌƞĴŅĪŜŅĔŅĶŀĭĪňŗ

ŀŋĦľĳŌĴŇȮ4.ȮŀĚĻŅŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚŏıŊŗŀĔŜŅěńħėĺŅĴĝŊŘĬĔƞŀĬĬŜŅœĮĪħĽŀĭħƟĺĵ

ŏėĶŊŗŀĚȮMelt Flow Indexer ĶŋƞĬȮPlastometer: MFR1 ěŅĔĭĶŇļńĪŏěĶŇĠĪńĻĬƢȮħńĚ

ŐĽħĚŒĬĶŌĮĪňŗȮ3,/1ȮőħĵĽĳŅĺŃĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭėŊŀŀŋĦľĳŌĴŇȮ/7.ȮŀĚĻŅŏĞĸŏĞňĵĽȮ

ŐĸŃĴňĬŘŜŅľĬńĔĔħȮ0,/4ȮĔŇőĸĔĶńĴȮĨŅĴĴŅĨĶģŅĬȮASTM D1238  



  31 

 
ĶŌĮĪňŗȮ3,/1 ŏėĶŊŗŀĚȮMelt Flow Indexer ĶŋƞĬȮPlastometer: MFR1 ěŅĔĭĶŇļńĪŏěĶŇĠĪńĻĬƢ 

 

¶ ĪħĽŀĭĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚıŀĸŇŏĴŀĶƢħƟĺĵŏĪėĬŇėȮGPCȮ(Gel 

permeation chromatography) 

ŒĬĔŅĶĪħĽŀĭĬŘŜŅľĬńĔőĴŏĸĔŋĸĪŜŅŏıŊŗŀľŅĬŘŜŅľĬńĔőĴŏĸĔŋĸĪňŗŏĮĸňŗĵĬŐĮĸĚœĮ

ĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮShellac ŏĮƦĬĽŅĶŏĨŇĴŐĨƞĚŏĬŊŗŀĚěŅĔěŅĔĔŅĶ

ĪħĽŀĭľŅėƞŅȮMFI ıĭĺƞŅĴňĔŅĶŏıŇŗĴĕŉŘĬĴŅĔěŉĚœħƟĪħĽŀĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚ

ĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮPBAT ĪňŗŏĨŇĴȮShellac ĺƞŅĬŘŜŅľĬńĔőĴŏĸĔŋĸĸħĸĚěĶŇĚŏıŊŗŀŏĮƦĬĔŅĶ

ĵŊĬĵńĬįĸĕŀĚėƞŅȮMFI ĪňŗŏĮĸňŗĵĬŐĮĸĚĴŅĔ 

¶ ĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusionȮ 

ŒĬĔŅĶĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴěŃĪŜŅőħĵĔŅĶĬŜŅŏĴŖħıŀĸŇŏĴŀĶƢĪňŗįĽĴĽŅĶŏĨŇĴŐĨƞĚĸħ

ĔŅĶŏĔŅŃįŇĺœĮŀĭœĸƞėĺŅĴĝŊŘĬŒĬĨŌƟŀĭĪňŗŀŋĦľĳŌĴŇȮ4.ȮŀĚĻŅŏĞĸŏĞňĵĽŏĮƦĬŏĺĸŅȮ02Ȯ

ĝńŗĺőĴĚȮĔƞŀĬĬŜŅœĮĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion ħƟĺĵŏėĶŊŗŀĚȮ

blown film extrusion ĶŋƞĬȮTB El 20/Bi ěŅĔĭĶŇļńĪȮThai plastic bag 

industries Co., LTD ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ3,/2ȮŏıŊŗŀŒľƟœħƟŏĮƦĬŐįƞĬĲƕĸƢĴĭŅĚȮőħĵŒĝƟ

ėĺŅĴŏĶŖĺĶŀĭȮscrew ĮĶŃĴŅĦȮ1.-2.ȮĶŀĭĨƞŀĬŅĪňȮőħĵėƞŅĕŀĚĨńĺŐĮĶĨƞŅĚŕ ĪńŘĚ

ŀŋĦľĳŌĴŇĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮȮėĺŅĴľĬŅĕŀĚĲƕĸƢĴȮŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚĲƕĸƢĴȮėƞŅȮBlow 
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up ratio (BUR) ŐĸŃėƞŅȮDrawdown ratio (DDR) ĕŀĚĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮěŃŐĽħĚ

ħńĚĨŅĶŅĚĪňŗȮ3,4 

 
ĶŌĮĪňŗȮ3,/2 ŏėĶŊŗŀĚȮblown film extrusion ĶŋƞĬȮTB El 20/Bi ěŅĔĭĶŇļńĪȮThai plastic bag 

industries Co., LTD 
 

ĨŅĶŅĚĪňŗȮ3,4ȮėƞŅıŅĶŅĴŇŏĨŀĶƢĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮıŀĸŇŏĴŀĶƢħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion 

Sample 

Parameter 

Temp profile (° C) 
thickness 
of film 
(µm) 

Diameter 
of film 
(mm) 

BUR DDR 

LDPE, LDPE 
compounded 

100 ± 50 145 3.45 2.90 
90, 120, 135, 165, 

170 PBAT, PBAT 
compounded 

100 ± 50 135 3.21 3.11 
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1,1,0,0ȮĪħĽŀĭĽĴĭńĨŇĨƞŅĚŕĕŀĚĲƕĸƢĴıĸŅĽĨŇĔ 

¶ ĻŉĔļŅĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺħƟĺĵŏĪėĬŇėȮcontact angle 

ŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴıĸŅĽĨŇĔĪňŗĕŉŘĬĶŌĮěŅĔĔĶŃĭĺĬĔŅĶȮblown film 

extrusion őħĵŒľƟĴňĕĬŅħĔĺƟŅĚȮx ĵŅĺȮŏĪƞŅĔńĭȮ/ x 5 cm ĴŅĪħĽŀĭĔŅĶŏĮƖĵĔįŇĺ

ħƟĺĵŏĪėĬŇėȮcontact angle őħĵěŃĴňĔŅĶľĵħĬŘŜŅȮDI ĸĚĭĬĝŇŘĬĲƕĸƢĴőħĵŒĝƟȮ

micropipette ŐĸŃŒĝƟĔĸƟŀĚĩƞŅĵĶŌĮĴŋĴĪňŗĽńĴįńĽĔńĬĶŃľĺƞŅĚĬŘŜŅĔńĭĲƕĸƢĴěŜŅĬĺĬȮ2Ȯěŋħ

ĨƞŀĨńĺŀĵƞŅĚŐĸƟĺĬŜŅœĮĺńħĴŋĴőħĵŒĝƟőĮĶŐĔĶĴȮimage j ŐĸƟĺĬŜŅĴŅľŅėƞŅŏĜĸňŗĵŐĸŃėƞŅ

ŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬ 

¶ ĻŉĔļŅĽĴĭńĨŇĔŅĶħŉĚĵŊħĕŀĚĲƕĸƢĴȮ(tensile testing) 

ŏĨĶňĵĴĝŇŘĬĚŅĬĲƕĸƢĴıĸŅĽĨŇĔĪňŗĕŉŘĬĶŌĮěŅĔĔĶŃĭĺĬĔŅĶȮblown film 

extrusion őħĵŒľƟĴňĕĬŅħĔĺƟŅĚȮx ĵŅĺȮŏĪƞŅĔńĭȮ/ x 4 ĬŇŘĺȮĴŅĪŜŅĔŅĶĪħĽŀĭĽĴĭńĨŇ

ĔŅĶħŉĚĵŊħȮ(tensile) ħƟĺĵŏėĶŊŗŀĚȮuniversal testing machine ĨŅĴĴŅĨĶģŅĬȮ

ASTM D 882 őħĵŒĝƟȮload cell ĕĬŅħ 3ȮĔŇőĸĬŇĺĨńĬ ŐĸŃŒĝƟėĺŅĴŏĶŖĺŒĬĔŅĶħŉĚ

ĝŇŘĬĚŅĬŏĪƞŅĔńĭ 3..ȮĴŇĸĸŇŏĴĨĶĨƞŀĺŇĬŅĪň 

¶ ĻŉĔļŅĔŅĶŐıĶƞĕŀĚĽŅĶŒĬĭĶĶěŋĳńĦĤƢĽŌƞŀŅľŅĶȮ(migration test)Ȯ 

ĔŅĶĻŉĔļŅĔŅĶŐıĶƞĕŀĚĽŅĶŒĬĭĶĶěŋĳńĦĤƢĪħĽŀĭŏĬŊŗŀĚěŅĔĴňĶŃŏĭňĵĭ

ŏĔňŗĵĺĔńĭĺńĽħŋŐĸŃĭĶĶěŋĳńĦĤƢıĸŅĽĨŇĔĪňŗĽńĴįńĽŀŅľŅĶőħĵĔŜŅľĬħŒľƟĺńĽħŋĭĶĶěŋĳńĦĤƢ

ŐĸŃĽŅĶĪňŗĽńĴįńĽĔńĭŀŅľŅĶĨƟŀĚœĴƞĴňĔŅĶĩƞŅĵŏĪĽŅĶŒĬĭĶĶěŋĳńĦĤƢŏĕƟŅĽŌƞŀŅľŅĶŒĬĶŃħńĭ

ĪňŗĔƞŀŒľƟŏĔŇħŀńĬĨĶŅĵĨƞŀįŌƟĭĶŇőĳėȮľĶŊŀĔƞŀŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĴŅĔŒĬ

ŀĚėƢĮĶŃĔŀĭĕŀĚŀŅľŅĶȮľĶŊŀœĴƞĪŜŅŒľƟĸńĔļĦŃĪŅĚĔŅĵĳŅıȮŏĝƞĬȮĶŌĮȮĶĽȮĔĸŇŗĬȮĽňȮŏĔŇħ

ĔŅĶŏĮĸňŗĵĬŐĮĸĚȮıĸŅĽĨŇĔĪňŗĽńĴįńĽŀŅľŅĶȮŒĬĪňŗĬňŘėĶŀĭėĸŋĴĩŉĚȮıĸŅĽĨŇĔĝńŘĬŏħňĵĺ, 

ıĸŅĽĨŇĔĝĬŇħľĸŅĵĝńŘĬȮ&plastic multi-layer material and articles) ŐĸŃ

ıĸŅĽĨŇĔĪňŗĴňĸńĔļĦŃŏĮƦĬĝńŘĬľĶŊŀıĸŅĽĨŇĔĪňŗŏėĸŊŀĭȮ&coating) ĞŉŗĚŒĬĔĶŃĭĺĬĔŅĶ

įĸŇĨıĸŅĽĨŇĔĴňĔŅĶŒĝƟĽŅĶĨńŘĚĨƟĬȮ&starting substance, monomer) ŐĸŃĴňĔŅĶŏĨŇĴ

ĽŅĶŏĨŇĴŐĨƞĚŏıŊŗŀŒľƟıĸŅĽĨŇĔĴňėŋĦĽĴĭńĨŇĨŅĴĨƟŀĚĔŅĶȮŏĝƞĬȮĽŅĶȮphthalate, 

plasticizer ĽŅĶŏľĸƞŅĬňŘĴňĴĺĸőĴŏĸĔŋĸĬƟŀĵĞŉŗĚĽŅĶŏľĸƞŅĬňŘĽŅĴŅĶĩŏėĸŊŗŀĬĵƟŅĵěŅĔ
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ĭĶĶěŋĳńĦĤƢıĸŅĽĨŇĔœĮĽŌƞŀŅľŅĶœħƟŐĸŃŀŅěĔƞŀŒľƟŏĔŇħŀńĬĨĶŅĵĨƞŀĽŋĕĳŅıĕŀĚįŌƟĭĶŇőĳėȮ

Y03[ȮȮěŉĚœħƟĪŜŅĔŅĶĪħĽŀĭĔŅĶŐıĶƞĔĶŃěŅĵĕŀĚĽŅĶĽŌƞŀŅľŅĶĨŅĴȮĴŀĔ,/.02ȮľĶŊŀȮ

ĴŀĔ,434ȮőħĵĔŅĶĲƕĸƢĴœĮŐĝƞĸĚŒĬĽŅĶĸŃĸŅĵȮ2ȮĝĬŇħĪňŗŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶŐĨƞĸŃ

ĮĶŃŏĳĪėŊŀȮĬŘŜŅĔĸńŗĬŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶĪňŗĴňėƞŅȮpH ŏĔŇĬȮ3, ĔĶħŐŀĞňĨŇĔėĺŅĴ

ŏĕƟĴĕƟĬĶƟŀĵĸŃȮ2ȮŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶĪňŗĴňėƞŅȮpH œĴƞŏĔŇĬȮ3, ŏŀĪŇĸŐŀĸĔŀŁŀĸƢ

ėĺŅĴŏĕƟĴĕƟĬĶƟŀĵĸŃȮ0.ȮŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶĪňŗĴňŐŀĸĔŀŁŀĸƢȮŐĸŃĬŀĶƢĴńĸŏŁĮŏĪĬ

ŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶĮĶŃŏĳĪœĕĴńĬŐĸŃĬŘŜŅĴńĬȮľĸńĚěŅĔĬńŘĬĪŜŅĔŅĶĶŃŏľĵ

ĽŅĶĸŃĸŅĵŏıŊŗŀħŌĽŅĶĪňŗĨĔėƟŅĚěŅĔĭĶĶěŋĳńĦĤƢıĸŅĽĨŇĔȮőħĵěŅĔĴŅĨĶģŅĬĔŅĶ

ĪħĽŀĭœħƟĔŜŅľĬħĮĶŇĴŅĦĔŅĶŐıĶƞĔĶŃěŅĵőħĵĶĺĴȮľĶŊŀėƞŅ Overall Migration 

Limited (OML) ħńĚĨŅĶŅĚĪňŗȮ1,5 

ĨŅĶŅĚĪňŗȮ1,5ȮŏĔĦĤƢĪňŗĔŜŅľĬħĽŌĚĽŋħĕŀĚĽŅĶĪňŗĽŅĴŅĶĩĸŃĸŅĵŀŀĔĴŅœħƟȮY04[ 

ĶŅĵĔŅĶ ĶŅĵĔŅĶĪħĽŀĭ ĨńĺĪŜŅĸŃĸŅĵĪňŗŒĝƟĽĔńħ 
ŏĔĦĤƢĪňŗĔŜŅľĬħĽŌĚĽŋħĴŇĸĸŇĔĶńĴ
ĨƞŀĸŌĔĭŅĻĔƢŏħĞŇŏĴĨĶ 

1 
őıŐĪĽŏĞňĵĴŏıŀĶƢŐĴĚ
ĔŅŏĬĨĪňŗŒĝƟĪŜŅĮĢŇĔŇĶŇĵŅ 

ĬŘŜŅĔĸńŗĬ 10 

2 
ĽŇŗĚĪňŗŏľĸŊŀěŅĔĔŅĶ
ĶŃŏľĵ 

ĽŅĶĸŃĸŅĵĔĶħŐŀĞňĨŇĔ 
ĶƟŀĵĸŃȮ4 őħĵĮĶŇĴŅĨĶ 

30 

ĬŘŜŅĔĸńŗĬ 30 

ŏŀĪŅĬŀĸȮĶƟŀĵĸŃȮ20 
őħĵĮĶŇĴŅĨĶ 

30 

ĬŀĶƢĴŀĸŏŁĮŏĪĬ 
150 

30* 

3 
őĸľŃľĬńĔ (ŏĪňĵĭŏĮƦĬ
ĨŃĔńŗĺ' 

ĽŅĶĸŃĸŅĵĔĶħŐŀĞňĨŇĔ 
ĶƟŀĵĸŃȮ4 őħĵĮĶŇĴŅĨĶ 

1 

ľĴŅĵŏľĨŋȮ(ȮĔĶĦňĪňŗŒĝƟĭĶĶěŋĳńĦĤƢĪňŗŀŋĦľĳŌĴŇĽŌĚĔĺƞŅȮ/..ȮŀĚĻŅŏĞĸŏĞňĵĽ 
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ĭĪĪňŗȮ2Ȯ 

įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

 

 ĚŅĬĺŇěńĵĬňŘĴňėĺŅĴĴŋƞĚŏĬƟĬĪňŗěŃĪŜŅĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚĕŀĚŏľĸĺĪňŗĴňĕńŘĺȮĽŜŅľĶńĭ

ıŀĸŇŏŀĪŇĸňĬŐĸŃıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏıĪőėĪŅŏĶĲĪŅŏĸĪȮŏıŊŗŀĸħĔŅĶĵŉħŏĔŅŃĕŀĚŏĻļŀŅľŅĶĪňŗĴňĕńŘĺĭĬ

ıĸŅĽĨŇĔŐĸŃĪŜŅŒľƟĽŅĴŅĶĩĬŜŅĴŅįƞŅĬĔĶŃĭĺĬĔŅĶĶňœĞŏėŇĸœħƟĽŃħĺĔĴŅĔĕŉŘĬȮŏıŊŗŀœĮĝƞĺĵĸħĨƟĬĪŋĬŒĬ

ĔĶŃĭĺĬĔŅĶĸƟŅĚĪŜŅėĺŅĴĽŃŀŅħĔƞŀĬĔŅĶĶňœĞŏėŇĸȮĬŀĔěŅĔĬňŘĺŇīňĔŅĶĮĶńĭįŇĺĔŖŒĝƟĺŇīňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ

ŏĕƟŅœĮŏıŊŗŀĝƞĺĵŒĬĔŅĶĮĶńĭĽĴĭńĨŇĔŅĶĵŉħŏĔŅŃįŇĺȮĬŀĔěŅĔĬňŘĔŖĴňĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĔŅĶĵŉħ

ŏĔŅŃįŇĺĕŀĚĕŀĚŏľĸĺȮĽĴĭńĨŇĔŅĶœľĸȮŐĸŃĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅȮőħĵŒĬĚŅĬĺŇěńĵĬňŘěŃŐĭƞĚŀŀĔŏĮƦĬȮ

0ȮĽƞĺĬħńĚĬňŘ 

ĽƞĺĬĪňŗȮ/ȮĻŉĔļŅĔŅĶįĽĴıŀĸŇŏĴŀĶƢĔńĭĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶĵŉħŏĔŅŃįŇĺȮ5ȮĝĬŇħȮőħĵĔŅĶ
įĽĴŒĬŏėĶŊŗŀĚįĽĴŐĭĭĮƕħ 
ĽƞĺĬĪňŗȮ0ȮĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗĴňįĸĨƞŀĔŅĶŏĮƖĵĔįŇĺŒĬĔĶŃĭĺĬĔŅĶŏĮƙŅĩŋĚőħĵ

įĽĴŒĬȮtwin screw extrusion ŐĸŃĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film 

extrusion 

4.1ȮĻŉĔļŅĔŅĶįĽĴıŀĸŇŏĴŀĶƢĔńĭĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶĵŉħŏĔŅŃįŇĺȮ5ȮĝĬŇħȮőħĵĔŅĶįĽĴŒĬŏėĶŊŗŀĚįĽĴ

ŐĭĭĮƕħ 

4.1.1 ĻŉĔļŅĔĶŃĭĺĬĔŅĶįĽĴıĸŅĽĨŇĔĔńĭŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶŏĔŅŃįŇĺĝĬŇħĨƞŅĚŕ ŐĸŃ

ĮĶŇĴŅĦĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗŏĨŇĴ 

ĔŅĶĻŉĔļŅĔĶŃĭĺĬĔŅĶįĽĴŏĴŖħıĸŅĽĨŇĔȮLDPE ŐĸŃȮPBAT ĔńĭȮlow retention 

additive ĪńŘĚȮ5ȮĝĬŇħħńĚĬňŘ ėŊŀȮpolyethylene wax (PE wax), Oxidized polyethylene 

homopolymer (OPE), Carnauba wax (CB wax), Shellac, Triethoxy(propyl)silane 

(silane1), Decyltriethoxysilane (silane2), Silicone ŒĬŀńĨĶŅĽƞĺĬȮ1ȮŐĸŃȮ5 wt% őħĵŒĬ

ĕńŘĬĨŀĬĬňŘěŃŒĝƟŏėĶŊŗŀĚȮinternal mixer ĪňŗŀŋĦľĳŌĴŇĔŅĶįĽĴȮ/2.Ȯ-Ȯ/3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮőħĵėƞŅ

ŐĶĚĭŇħŒĬĔŅĶįĽĴĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĝĬŇħėŊŀȮLDPE ŐĸŃȮPBAT ěŃŐĽħĚħńĚĶŌĮĪňŗȮ4,/ ŐĸŃ

ĶŌĮĪňŗȮ4,0 ŏıŊŗŀŒĝƟŒĬĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĭŊŘŀĚĨƟĬĺƞŅĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮLDPE ŐĸŃȮ

PBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŐĸŃœĴƞŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŀĵƞŅĚœĶ 
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ěŅĔĔŅĶįĽĴȮLDPE ĔńĭĽŅĶŏĨŇĴŐĨƞĚĪńŘĚȮ5ȮĝĬŇħħƟĺĵŏėĶŊŗŀĚȮinternal mixer Īňŗ

ŀŋĦľĳŌĴŇȮ/2.-/3.Ȯ°CȮėĺŅĴŏĶŖĺĶŀĭĕŀĚŏĭĸħȮ4.ȮĶŀĭĨƞŀĬŅĪň ŐĸŃĬŜŅėƞŅŐĶĚĭŇħĪňŗœħƟĴŅ

ŏĮĶňĵĭŏĪňĵĭĔńĬħńĚŐĽħĚħńĚĶŌĮĪňŗȮ4,/ȮıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĸĚŒĬȮLDPE ěŃĪŜŅŒľƟėƞŅ

ŐĶĚĭŇħĸħĸĚŏĬŊŗŀĚĴŅěŅĔĽŅĶŏĨŇĴŐĨƞĚĪňŗŏĨŇĴĸĚœĮĽƞĺĬĴŅĔŏĮƦĬĽŅĶĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĬƟŀĵĔĺƞŅ

ıŀĸŇŏĴŀĶƢȮħńĚĬńŘĬĽŅĶőĴŏĸĔŋĸŏĸŖĔŏľĸƞŅĬňŘěŃĪŜŅľĬƟŅĪňŗŏĮƦĬĽŅĶľĸƞŀĸŊŗĬŒľƟĔńĭıŀĸŇŏĴŀĶƢěŉĚĽƞĚįĸ

ŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢĽŅĴŅĶĩŏėĸŊŗŀĬĪňŗœħƟĚƞŅĵĪŜŅŒľƟıŀĸŇŏĴŀĶƢĽŅĴŅĶĩœľĸœħƟĚƞŅĵĴŅĔĕŉŘĬȮėƞŅ

ŐĶĚĭŇħěŉĚĴňėƞŅĪňŗĸħĸĚŐĸŃĨńĺĪňŗĪŜŅŒľƟėƞŅŐĶĚĭŇħŐĨƞĚĨƞŅĚěŅĔĨńĺŀŊŗĬĴŅĔėŊŀȮLDPE ĪňŗĴňĔŅĶŏĨŇĴȮ

carnauba wax ŏĬŊŗŀĚěŅĔȮcarnauba wax ŏĴŊŗŀľĸŀĴěŃĴňĸńĔļĦŃėĸƟŅĵĬŘŜŅĴńĬĴňėĺŅĴľĬŊħ

ĨŗŜŅĪŜŅŒľƟœĴƞŏĕƟŅœĮįĽĴĔńĭıŀĸŇŏĴŀĶƢěŉĚœĮŏėĸŊŀĭĪňŗȮchamber ŐĸŃıŀĸŇŏĴŀĶƢĪŜŅŒľƟĴňėĺŅĴĴńĬ

ŐĸŃĸŊŗĬĽƞĚįĸŒľƟŒĬĝƞĺĚŐĶĔĪňŗĵńĚŒĽƞıŀĸŇŏĴŀĶƢœĴƞŏĨŖĴȮchamber œĴƞėƞŀĵĴňıŀĸŇŏĴŀĶƢŏĔŅŃĪňŗįŇĺ

ĕŀĚŏĭĸħįĽĴľĶŊŀĪňŗįŇĺĕŀĚȮchamber ěŉĚĺńħėƞŅŐĶĚĭŇħœĴƞœħƟȮľĸńĚěŅĔĔŅĶįĽĴŏĴŊŗŀĬŜŅıŀĸŇ

ŏĴŀĶƢȮLDPE ĪňŗįĽĴĔńĭȮcarnauba wax ŀŀĔěŅĔȮchamber ıĭĺƞŅĽŅĴŅĶĩľĸŋħŀŀĔĴŅœħƟ

ĚƞŅĵŐĪĭěŃœĴƞĴňĔŅĶĨŇħĪňŗŏĭĸħĞŉŗĚŐĨĔĨƞŅĚěŅĔȮLDPE ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚľĶŊŀĴňĔŅĶŏĨŇĴ

ĽŅĶŏĨŇĴŐĨƞĚĝĬŇħŀŊŗĬȮŕȮĪňŗěŃĴňĔŅĶĨŇħĕŀĚıŀĸŇŏĴŀĶƢėŀĴıŅĺħƢĪňŗŏĭĸħŀĵŌƞȮ 

 

ĶŌĮĪňŗȮ4,/ȮŐĽħĚėƞŅŐĶĚĭŇħĕŀĚȮLDPE ŐĸŃȮLDPE ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ5 wt% 
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ěŅĔĔŅĶįĽĴȮPBAT ĔńĭĽŅĶŏĨŇĴŐĨƞĚĪńŘĚȮ5ȮĝĬŇħħƟĺĵŏėĶŊŗŀĚȮinternal mixer Īňŗ

ŀŋĦľĳŌĴŇȮ/2.-/3.Ȯ°CȮėĺŅĴŏĶŖĺŏĭĸħȮ4.ȮĶŀĭĨƞŀĬŅĪň ŐĸŃĬŜŅėƞŅŐĶĚĭŇħĪňŗœħƟĴŅŏĮĶňĵĭŏĪňĵĭ

ĔńĬħńĚŐĽħĚħńĚĶŌĮĪňŗȮ4,0ȮıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĸĚŒĬȮPBAT ěŃĪŜŅŒľƟėƞŅŐĶĚĭŇħĸħĸĚ

ěŅĔŏħŇĴŏĸŖĔĬƟŀĵŏĬŊŗŀĚĴŅěŅĔĽŅĶŏĨŇĴŐĨƞĚĪňŗŏĨŇĴĸĚœĮĽƞĺĬĴŅĔŏĮƦĬĽŅĶĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĬƟŀĵ

ĔĺƞŅıŀĸŇŏĴŀĶƢȮħńĚĬńŘĬĽŅĶőĴŏĸĔŋĸŏĸŖĔŏľĸƞŅĬňŘěŃĪŜŅľĬƟŅĪňŗŏĮƦĬĽŅĶľĸƞŀĸŊŗĬŒľƟĔńĭıŀĸŇŏĴŀĶƢěŉĚ

ĽƞĚįĸŒľƟĽŅĵőĞƞıŀĸŇŏĴŀĶƢĽŅĴŅĶĩŏėĸŊŗŀĬĪňŗœħƟĚƞŅĵĪŜŅŒľƟıŀĸŇŏĴŀĶƢĽŅĴŅĶĩœľĸœħƟĚƞŅĵĴŅĔĕŉŘĬȮ

ėƞŅŐĶĚĭŇħěŉĚĴňėƞŅĪňŗĸħĸĚŐĸŃĨńĺĪňŗĪŜŅŒľƟėƞŅŐĶĚĭŇħĸħĸĚŀĵƞŅĚĴŅĔėŊŀȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮ

carnauba wax ŏĬŊŗŀĚěŅĔȮcarnauba wax ŏĴŊŗŀľĸŀĴěŃĴňĸńĔļĦŃėĸƟŅĵĬŘŜŅĴńĬĴňėĺŅĴľĬŊħ

ĨŗŜŅĪŜŅŒľƟœĴƞŏĕƟŅœĮįĽĴĔńĭıŀĸŇŏĴŀĶƢěŉĚœĮŏėĸŊŀĭĪňŗȮchamber ŐĸŃıŀĸŇŏĴŀĶƢȮĽƞĚįĸŒľƟŒĬ

ĝƞĺĚŐĶĔĪňŗĵńĚŒĽƞıŀĸŇŏĴŀĶƢœĴƞŏĨŖĴȮchamber œĴƞėƞŀĵĴňıŀĸŇŏĴŀĶƢŏĔŅŃĪňŗįŇĺŏĭĸħįĽĴľĶŊŀȮĪňŗįŇĺ

ĕŀĚȮchamber ŏĸĵěŉĚĺńħėƞŅŐĶĚĭŇħœĴƞœħƟȮľĸńĚěŅĔĔŅĶįĽĴŏĴŊŗŀĬŜŅıŀĸŇŏĴŀĶƢėŀĴıŅĺħƢȮPBAT 

ĪňŗįĽĴĔńĭȮcarnauba wax ŀŀĔěŅĔȮchamber ĽŅĴŅĶĩľĸŋħŀŀĔĴŅœħƟĚƞŅĵŐĪĭěŃœĴƞĴňĔŅĶ

ĨŇħĪňŗŏĭĸħĞŉŗĚŐĨĔĨƞŅĚěŅĔȮPBAT ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚľĶŊŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĝĬŇħŀŊŗĬȮ

ŕȮĪňŗěŃĴňĔŅĶĨŇħĕŀĚıŀĸŇŏĴŀĶƢėŀĴıŅĺħƢĪňŗŏĭĸħŀĵŌƞȮĞŉŗĚŏľĴŊŀĬĔńĭŒĬȮLDPE 

 

ĶŌĮĪňŗȮ4,0ȮŐĽħĚėƞŅŐĶĚĭŇħĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ5 wt% 
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2,1.2 ĻŉĔļŅĽĴĭńĨŇĨƞŅĚŕȮĕŀĚıĸŅĽĨŇĔĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĔŅĶįĽĴĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺ 

ŒĬĕńŘĬĨŀĬĔŅĶĻŉĔļŅĽĴĭńĨŇĨƞŅĚŕȮĕŀĚıĸŅĽĨŇĔĪňŗįƞŅĬĔŅĶįĽĴĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺ

ěŃĪŜŅőħĵĔŅĶĬŜŅıŀĸŇŏĴŀĶƢĪňŗįƞŅĬĔŅĶįĽĴĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺěŅĔĨŀĬĪňŗȮ2,/,/ȮĴŅĪŜŅĔŅĶ

ĭħħƟĺĵŏėĶŊŗŀĚĭħŏıŊŗŀŒľƟĴňĕĬŅħĪňŗŏĸŖĔĸĚŏıŊŗŀŒľƟĽŅĴŅĶĩĬŜŅœĮŒĝƟĚŅĬĨƞŀœħƟĽŃħĺĔĴŅĔĕŉŘĬȮ

ľĸńĚěŅĔĬńŘĬĬŜŅĴŅıŀĸŇŏĴŀĶƢĪňŗįƞŅĬĔŅĶĭħŐĸƟĺĴŅĕŉŘĬĶŌĮŏĮƦĬŐįƞĬĲƕĸƢĴőħĵĔĶŃĭĺĬĔŅĶȮ

compression molding ĪňŗŀŋĦľĳŌĴŇȮ/2.ȮůȮ/3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮěŅĔĬńŘĬěŃœħƟĲƕĸƢĴĪňŗŏĮƦĬŏįƞĬ

ŒľĠƞľĸńĚěŅĔĬńŘĬĬŜŅĝŇŘĬĚŅĬĴŅĨńħŏĮƦĬĕĬŅħĝŇŘĬĚŅĬĨŅĴĔŅĶĪħĽŀĭĨƞŅĚŕ 

4./.2,/ ĪħĽŀĭĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚıĸŅĽĨŇĔĪňŗįƞŅĬĔŅĶįĽĴĔńĭĽŅĶĸħĔŅĶ

ŏĔŅŃįŇĺ 

 ĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚȮLDPE, LDPE ĪňŗįĽĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺ, PBAT 

ŐĸŃȮPBAT ĪňŗįĽĴĽŅĶĸħĔŅĶĵŉħŏĔŅŃȮŏĮƦĬĽƞĺĬĽŜŅėńĠĪňŗĽŋħĕŀĚĚŅĬĺŇěńĵĬňŘŏĬŊŗŀĚěŅĔŏĶŅĽŅĴŅĶĩ

ħŌėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĮƖĵĔįŇĺĕŀĚĽŅĶĪňŗĴňĕńŘĺ ĭĬįŇĺĲƕĸƢĴĺƞŅĽŅĴŅĶĩŏĮƖĵĔįŇĺĔńĭĲƕĸƢĴœħƟĴŅĔ

ľĶŊŀĬƟŀĵŀĵƞŅĚœĶȮőħĵŒĬĕńŘĬĨŀĬĬňŘŏĶŅěŃĪŜŅĔŅĶĺńħĴŋĴĽńĴįńĽĕŀĚĲƕĸƢĴĔńĭĬŘŜŅȮ(water contact 

angle) ŏıŊŗŀŒĝƟŒĬĔŅĶĭƞĚĭŀĔĺƞŅĲƕĸƢĴıŀĸŇŏĴŀĶƢĔńĭĬŘŜŅĴňŐĶĚħŉĚħŌħ (adhesion) ĴŅĔľĶŊŀĬƟŀĵ

ŏıŊŗŀŐĽħĚėĺŅĴŏĮƦĬĕńŘĺĕŀĚĲƕĸƢĴĪňŗœħƟŐĸŃěŃĬŜŅėƞŅĪňŗœħƟĨƞŅĚŕȮĴŅŏĮĶňĵĭŏĪňĵĭĔńĬŏıŊŗŀħŌĺƞŅ

ĽŅĶŏĨŇĴŐĨƞĚĨńĺœľĬĽŅĴŅĶĩĪŜŅŒľƟȮcontact angle ĽŅĴŅĶĩŏıŇŗĴœħƟĴŅĔĪňŗĽŋħŐĽħĚĺƞŅĲƕĸƢĴĬńŘĬĴň

ėĺŅĴŏĮƦĬȮhydrophobic ĪňŗĽŌĚĴŅĔĪňŗĽŋħȮŐĸŃĔŅĶŏĮƖĵĔįŇĺĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢĔńĭĬŘŜŅŏĔŇħĕŉŘĬœħƟ

ĬƟŀĵĪňŗĽŋħȮĞŉŗĚŒĬĕńŘĬĨŀĬĬňŘěŃĪŜŅĔŅĶĺńħėƞŅȮcontact angle ĕŀĚĨńĺŀĵƞŅĚȮ2ȮěŋħĨƞŀĨńĺŀĵƞŅĚŐĸƟĺ

ĬŜŅĴŅŏĜĸňŗĵŐĸŃĪŜŅĔŅĶŏĮĶňĵĭŏĪňĵĭĔńĬ 

ĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚȮPBAT őħĵĔŅĶĺńħėƞŅȮwater contact angle 

ŏĭŊŘŀĚĨƟĬĕŀĚĲƕĸƢĴĪňŗįƞŅĬĔŅĶįĽĴŒĬŏėĶŊŗŀĚȮinternal mixer ŐĸŃĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮ

compression molding ıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺŒĬȮPBAT ėƞŅȮcontact 

angle ĴňŐĬĺőĬƟĴĪňŗŏıŇŗĴĕŉŘĬŏĬŊŗŀĚěŅĔĽŅĶĪňŗŏĨŇĴœĮĽƞĺĬŒľĠƞŏĮƦĬıĺĔĪňŗœĴƞĴňĕńŘĺȮ(hydrophobic) 

ŏĴŊŗŀŏĨŇĴĸĚœĮŐĸƟĺěŃŏĕƟŅœĮĸħėĺŅĴŏĮƦĬĕńŘĺĕŀĚıŀĸŇŏĴŀĶƢĸĚȮľĶŊŀŏĔŇħĴŅěŅĔŏĔŇħĔŅĶȮbloom 

ĕŀĚĽŅĶŏĨŇĴŐĨƞĚŀŀĔĴŅĪňŗıŊŘĬįŇĺĕŀĚĲƕĸƢĴĪŜŅŒľƟĪňŗįŇĺĲƕĸƢĴĴňėĺŅĴŏĮƦĬĕńŘĺĨŗŜŅěŉĚĪŜŅŒľƟĴňĔŅĶŏĔŅŃ

ĕŀĚĽŅĶĪňŗĴňĕńŘĺĭĬįŇĺĬƟŀĵĸĚȮħńĚĬńŘĬĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏľĸƞŅĬňŘěŉĚĪŜŅŒľƟȮPBAT ĴňėƞŅȮcontact 

angle ĪňŗĽŌĚĴŅĔĕŉŘĬŐĸŃěŅĔĶŌĮĪňŗȮ4,1ȮıĭĺƞŅĽŅĶŏĨŇĴŐĨƞĚĪňŗĽŅĴŅĶĩĮĶńĭėƞŅȮcontact angle 

ĕŀĚȮPBAT ĪňŗĴňėƞŅȮcontact angle 75 ± 4 ŀĚĻŅȮœħƟĽŌĚĪňŗĽŋħėŊŀȮcarnauba wax (CB wax) 
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ĪňŗĴňėƞŅȮcontact angle //4 ± 3ȮŀĚĻŅŏĴŊŗŀŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ3 wt% ŐĸŃŏĴŊŗŀŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ

3Ȯwt% ĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle œħƟĩŉĚȮ/00 ± 2ȮŀĚĻŅȮĽƞĺĬĨńĺĶŀĚĸĚĴŅĪňŗĽŅĴŅĶĩ

ŏıŇŗĴėƞŅȮcontact angle œħƟĽŌĚėŊŀȮShellac œħƟėƞŅȮcontact angle 7. ± 1ȮŀĚĻŅŏĴŊŗŀŏĨŇĴȮ1Ȯ

wt% ŐĸŃŏĴŊŗŀŏĨŇĴȮ3Ȯwt% ĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle œħƟĩŉĚȮ//1 ± 3ȮŀĚĻŅ  

 

ĶŌĮĪňŗȮ4,1ȮŐĽħĚėƞŅȮContact angle ĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĝĬŇħĨƞŅĚŕȮŒĬ
ŀńĨĶŅĽƞĺĬȮ1ȮŐĸŃȮ3Ȯwt% 

 

ĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚȮLDPE őħĵĔŅĶĺńħėƞŅȮwater contact angle 

ŏĭŊŘŀĚĨƟĬĕŀĚĲƕĸƢĴĪňŗįƞŅĬĔŅĶįĽĴŒĬŏėĶŊŗŀĚȮinternal mixer ŐĸŃĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮ

compression molding ıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŒĬȮLDPE ėƞŅȮcontact angle Ĵň

ŐĬĺőĬƟĴĪňŗŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵŏĬŊŗŀĚěŅĔĽŅĶĪňŗŏĨŇĴœĮĽƞĺĬŒľĠƞŏĮƦĬıĺĔĪňŗœĴƞĴňĕńŘĺŐĸŃȮLDPE ĔŖŏĮƦĬ

ĨńĺĪňŗœĴƞĴňĕńŘĺŀĵŌƞŐĸƟĺěŉĚĪŜŅŒľƟĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮcontact angle œĴƞĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭȮ

PBAT ĪňŗĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮcontact angle œħƟĽŌĚĴŅĔĔĺƞŅŐĸŃěŅĔĶŌĮĪňŗȮ4,2 ıĭĺƞŅ

ĽŅĶŏĨŇĴŐĨƞĚĪňŗĽŅĴŅĶĩĮĶńĭėƞŅȮcontact angle ĕŀĚȮLDPE ĪňŗĴňėƞŅȮcontact angle 92 ± 1 

ŀĚĻŅȮœħƟĽŌĚĪňŗĽŋħėŊŀ Silicone ĪňŗĴňėƞŅȮcontact angle /./ ± 1ȮŀĚĻŅŏĴŊŗŀŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ3- 

wt% ŐĸŃŏĴŊŗŀŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮ3Ȯwt% ėƞŅȮcontact angle ĴňėƞŅȮ/.5 ± 1ȮŀĚĻŅȮŐĨƞĲƕĸƢĴĪňŗ
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œħƟěŃĴňėĺŅĴĕŋƞĬĪňŗĴŅĔĕŉŘĬŏĬŊŗŀĚěŅĔĔŅĶŏĨŇĴȮsilicone ŒĬĮĶŇĴŅĦĪňŗĴŅĔĕŉŘĬěŃĪŜŅŒľƟĽŅĶŏĨŇĴŐĨƞĚ

ŏĔŇħĔŅĶȮbloom ŀŀĔĴŅĪňŗįŇĺĴŅĔĕŉŘĬŐĸŃĪŜŅŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĪňŗįŇĺőħĵĪŜŅŒľƟŏľŖĬĺƞŅĴň

ėĺŅĴĕŋƞĬĪňŗĴŅĔĕŉŘĬȮĽƞĺĬĽŅĶŏĨŇĴŐĨƞĚĶŀĚĸĚĴŅĪňŗĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle œħƟĽŌĚėŊŀȮ

carnauba wax (CB wax) œħƟėƞŅȮcontact angle 74 ± 1ȮŀĚĻŅŏĴŊŗŀŏĨŇĴȮ1Ȯwt% ŐĸŃŏĴŊŗŀ

ŏĨŇĴȮ3Ȯwt% ĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle œħƟȮ/.1 ± 2ȮŀĚĻŅ  

 

ĶŌĮĪňŗȮ4,2ȮŐĽħĚėƞŅȮContact angle ĕŀĚȮLDPE ŐĸŃȮLDPE ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĝĬŇħĨƞŅĚŕȮŒĬ
ŀńĨĶŅĽƞĺĬȮ1ȮŐĸŃȮ3Ȯwt% 

 

ŏĴŊŗŀıŇěŅĶĦŅŏĮĶňĵĭŏĪňĵĭėƞŅȮcontact angle ĕŀĚȮPBAT ŐĸŃȮLDPE ħńĚĶŌĮĪňŗȮ4,1Ȯ

ŐĸŃĶŌĮĪňŗȮ4,2 ıĭĺƞŅĽŅĶĸħĔŅĶŏĔŅŃįŇĺĪňŗĪŜŅŒľƟȮPBAT ĴňėƞŅȮcontact angle ĪňŗĽŌĚĪňŗĽŋħėŊŀȮ

carnauba wax ŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚĕŀĚȮcarnauba wax ŏĮƦĬőĞƞĨĶĚŐĸŃœĴƞĴňĕńŘĺŏĴŊŗŀŏĨŇĴĸĚ

ŒĬȮPBAT ŐĸƟĺŀŅěěŃœĴƞŏĕƟŅĔńĬŐĸŃħƟĺĵĔŅĶĪňŗȮcarnauba wax ĽŅĴŅĶĩĨĔįĸŉĔœħƟěŉĚĪŜŅŒľƟ

ŏĔŇħĔŅĶĨĔįĸŉĔĴŅŀŀĵŌƞĪňŗįŇĺĕŀĚȮPBAT ĽƞĚįĸŒľƟįŇĺĕŀĚĲƕĸƢĴȮPBAT ĴňėĺŅĴŏĮƦĬĕńŘĺĪňŗĨŗŜŅŏĴŊŗŀ

ľĵħĬŘŜŅĸĚĭĬįŇĺěŉĚĪŜŅŒľƟœħƟėƞŅȮcontact angle ĪňŗĽŌĚĨƞŅĚěŅĔĔŅĶŏĨŇĴȮcarnauba wax ŒĬȮ

LDPE ŏıĶŅŃȮLDPE œĴƞĴňĕńŘĺĪŜŅŒľƟŏĴŊŗŀŏĨŇĴĨńĺȮcarnauba wax ĪňŗĴňĕńŘĺĨŗŜŅŏľĴŊŀĬĔńĬŀŅěěŃŏĔŇħ

ĔŅĶĔĶŃěŅĵĨńĺŒĬȮmatrix ĕŀĚȮLDPE œħƟħňěŉĚŏĔŇħĔŅĶĨĔįĸŉĔŐĸŃȮbloom ŀŀĔĴŅĪňŗįŇĺœħƟ
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ĬƟŀĵȮŐĸŃĽŅĶĸħĔŅĶŏĔŅŃįŇĺĪňŗĪŜŅŒľƟėƞŅȮcontact angle ĕŀĚȮLDPE ĽŌĚĪňŗĽŋħėŊŀȮsilicone 

ŏĬŊŗŀĚěŅĔȮsilicone œĴƞľĸŀĴŐĸŃŏĕƟŅĔńĭȮLDPE ŐĨƞĽŅĴŅĶĩĔĶŃěŅĵĨńĺœħƟĪńŗĺŏıĶŅŃěŃŏľŖĬ

ĲƕĸƢĴĪňŗœħƟĴňėĺŅĴĕŋƞĬĪňŗĴŅĔĕŉŘĬŐĸŃěŃŏľŖĬĝńŘĬĕŀĚȮsilicone ĮĔėĸŋĴĭĬįŇĺĕŀĚĲƕĸƢĴȮLDPE ĪňŗĴň

ĔŅĶŏĨŇĴȮsilicone  

4./.2,0 ĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıĸŅĽĨŇĔĪňŗįƞŅĬĔŅĶįĽĴĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺ 

ĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĝĬŇħėŊŀȮLDPE ŐĸŃȮPBAT ĪńŘĚĨńĺĪňŗįĽĴ

ĽŅĶŏĨŇĴŐĨƞĚŐĸŃœĴƞįĽĴĽŅĶŏĨŇĴŐĨƞĚőħĵĔŅĶĪħĽŀĭěŃĪħĽŀĭĨŅĴȮASTM D 882 ŒĝƟŀńĨĶŅ

ĔŅĶħŉĚĪňŗȮ3..ȮĴŇĸĸŇŏĴĨĶĨƞŀĺŇĬŅĪňȮŒĝƟőľĸħĕĬŅħȮ3ȮĔŇőĸĬŇĺĨńĬ ŏıĶŅŃŏĮƦĬĔŅĶĪħĽŀĭ

ĴŅĨĶģŅĬŏħňĵĺĔńĬĔńĭŒĬŀŋĨĽŅľĔĶĶĴĪňŗĪŜŅĩŋĚıĸŅĽĨŇĔĭĶĶěŋŀŅľŅĶȮőħĵĝŇŘĬĚŅĬĪňŗĬŜŅĴŅ

ĪħĽŀĭěŃœħƟĴŅěŅĔĔŅĶĬŜŅėŀĴıŅĺħƢĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶȮinternal mixer œĮĪŜŅĔŅĶĕŉŘĬĶŌĮ

ŏĮƦĬŐįƞĬĲƕĸƢĴħƟĺĵĔĶŃĭĺĬĔŅĶȮcompression molding ŐĸƟĺĬŜŅĲƕĸƢĴĪňŗœħƟœĮĨńħŒľƟĴňĕĬŅħ

ĝŇŘĬĚŅĬĨŅĴĴŅĨĶģŅĬȮASTM D 880ȮŏıŊŗŀħŌėƞŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĽĴĭńĨŇŏĝŇĚĔĸŏĭŊŘŀĚĨƟĬĺƞŅĴň

ĔŅĶŏĮĸňŗĵĬŐĮĸĚĴŅĔĬƟŀĵŏıňĵĚŒħŏıŊŗŀĻŉĔļŅĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŐĨƞĸŃĝĬŇħœĮŐĸƟĺěŃ

ĽƞĚįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢŀĵƞŅĚœĶ 
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ĶŌĮĪňŗȮ4,3ȮŐĽħĚėƞŅȮmodulus ĕŀĚȮLDPE ŐĸŃȮPBAT ĪňŗŏĨŇĴŐĸŃœĴƞŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺĝĬŇħĨƞŅĚŕ 
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ěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮLDPE ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺ

ŐĸŃœĴƞŏĨŇĴħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,3ȮıĭĺƞŅĽŜŅľĶńĭȮLDPE ŐĸŃȮLDPE ĪňŗĴňĔŅĶŏĨŇĴȮcarnauba wax 

(CB), Shellac, OPE ėƞŅȮmodulus œĴƞŏĮĸňŗĵĬŐĮĸĚŐĨƞȮLDPE ĪňŗĴňĔŅĶŏĨŇĴȮPE wax, 

Silicone, silane1, silane2 ıĭĺƞŅĴňĔŅĶĸħĸĚĕŀĚȮmodulus ŏĬŊŗŀĚěŅĔȮPE wax ŏĮƦĬȮ

polyethylene ĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĨŗŜŅĔĺƞŅȮLDPE ěŉĚĪŜŅŒľƟŏĕƟŅœĮĪŜŅĔŅĶŐĪĶĔŒĬĽŅĵőĞƞĕŀĚȮ

LDPE œħƟŐĸŃĪŜŅľĬƟŅĪňŗŏĮƦĬĽŅĶľĸƞŀĸŊŗĬĽƞĚįĸŒľƟĽŅĵőĞƞŏėĸŊŗŀĬœľĺœħƟĚƞŅĵėƞŅȮmodulus ěŉĚ

ĸħĸĚ [27] ĔŅĶŏĨŇĴȮsilicone ěŃŏĕƟŅœĮĪŜŅŒľƟĽŅĶľĶŊŀĺńĽħŋĴňėĺŅĴŏĮƦĬĵŅĚĪňŗĴŅĔĕŉŘĬŏĬŊŗŀĚěŅĔȮ

silicone gum ĪňŗŏĨŇĴĴňėĺŅĴĬŇŗĴĔĺƞŅŏĴŖħȮLDPE ěŉĚĪŜŅŒľƟŏĴŊŗŀŏĨŇĴœĮŐĸƟĺėƞŅȮmodulus ěŉĚĴň

ėƞŅĪňŗĸħĸĚȮĽƞĺĬĔŅĶŏĨŇĴȮsilane ĪńŘĚȮ0ȮĝĬŇħěŃĪŜŅŒľƟėƞŅȮmodulus ĸħĸĚŏĬŊŗŀĚěŅĔȮsilane 

ĽŅĴŅĶĩŏĕƟŅœĮŐĪĶĔĨŅĴĽŅĵőĞƞĕŀĚȮLDPE œħƟŐĸŃĪŜŅľĬƟŅĪňŗėĸƟŅĵŕĔńĭŏĮƦĬȮplasticizer [28] 

ĽƞĚįĸŒľƟĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢŏėĸŊŗŀĬœľĺœħƟĚƞŅĵėƞŅȮmodulus ěŉĚĸħĸĚȮŐĨƞěŅĔĔŅĶĪħĽŀĭȮ

tensile testing ĽƞĺĬŒĬȮPBAT ıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺŐĸƟĺėƞŅȮmodulus Ĵň

ŐĬĺőĬƟĴĪňŗěŃŏıŇŗĴĴŅĔĕŉŘĬŏĸŖĔĬƟŀĵȮŏĬŊŗŀĚěŅĔĽŅĶŏĨŇĴŐĨƞĚĪňŗŏĨŇĴœĮĽƞĺĬĴŅĔěŃŏĮƦĬȮwax ĪňŗŏĮƦĬ

ĕŀĚŐĕŖĚȮŏĴŊŗŀŏĨŇĴŐĸƟĺěŃĽƞĚįĸŒľƟėƞŅȮmodulus ŏıŇŗĴĴŅĔĕŉŘĬȮ 
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ĶŌĮĪňŗȮ4,4ȮŐĽħĚėƞŅȮtensile strength ĕŀĚȮLDPE ŐĸŃȮPBAT ĪňŗŏĨŇĴŐĸŃœĴƞŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺ

ĝĬŇħĨƞŅĚŕ 
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ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅȮtensile strength ĕŀĚȮLDPEȮŐĸŃȮPBAT ěŃĸħĸĚ

ŏĸŖĔĬƟŀĵľĶŊŀŐĪĭœĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,4 ĔŅĶ

ĸħĸĚŏıňĵĚŏĸŖĔĬƟŀĵŀŅěěŃŏĔŇħŏĬŊŗŀĚěŅĔĽŅĶŏĨŇĴŐĨƞĚěŃŏĕƟŅœĮĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞ

ĔŅĶĔĶŃěŅĵŐĶĚěŉĚŏĔŇħœħƟĵŅĔĴŅĔĕŉŘĬŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĴŊŗŀœħƟĶńĭŐĶĚħŉĚŏĕƟŅœĮěŃĪŜŅŒľƟ

ŏĔŇħĔŅĶĕŅħœħƟĚƞŅĵĴŅĔĕŉŘĬȮĞŉŗĚŐĬĺőĬƟĴĕŀĚėƞŅȮtensile strength ĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĝĬŇħ

ėĸƟŅĵėĸŉĚĔńĬľĶŊŀĭŀĔœħƟĺƞŅĔŅĶŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺŐĪĭœĴƞĽƞĚįĸĨƞŀėĺŅĴŐĕŖĚŐĶĚĕŀĚ 

ıŀĸŇŏĴŀĶƢŏĴŊŗŀĩŌĔŐĶĚħŉĚ 
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ĶŌĮĪňŗȮ4,5ȮŐĽħĚėƞŅȮElongation at break ĕŀĚȮLDPEȮŐĸŃȮPBAT ĪňŗŏĨŇĴŐĸŃœĴƞŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃ
įŇĺĝĬŇħĨƞŅĚŕ 

 

ěŅĔĔŅĶĪħĽŀĭȮtensile testing ıĭĺƞŅėƞŅȮelongation at break ěŃĴňėƞŅĸħĸĚ

ŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŐĨƞĚĪńŘĚŒĬȮLDPE ŐĸŃȮPBAT ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,5 ŏĬŊŗŀĚěŅĔĔŅĶŏĨŇĴĽŅĶŏĨŇĴ

ŐĨƞĚĽƞĺĬĴŅĔŏĕƟŅœĮĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞȮLDPE ŐĨƞĽŜŅľĶńĭıĺĔȮwax ŏĴŊŗŀŏĨŇĴ

ĮĶŇĴŅĦĪňŗĴŅĔěŃĪŜŅŒľƟŏĔŇħĔŅĶĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞĪňŗĴŅĔĕŉŘĬĽƞĚįĸŒľƟŏĔŇħĔŅĶĸħĸĚ

ĕŀĚėƞŅȮelongation at break ĪňŗĴŅĔĔĺƞŅȮĽƞĺĬĽŅĶŏĨŇĴŐĨƞĚȮshellac ŏĴŊŗŀŏĨŇĴĸĚœĮŒĬȮLDPE 
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ŐĸƟĺĴňĔŅĶĔĶŃěŅĵĨńĺĵńĚœĴƞėƞŀĵħňȮĬŀĔěŅĔĬňŘĪňŗįŇĺĲƕĸƢĴĪňŗįĽĴȮshellac ěŃŏľŖĬŏĮƦĬŏľĴŊŀĬŏĔĸŖħ

ĕŀĚȮshellac ĔĶŃěŅĵŀĵŌƞĪňŗįŇĺĲƕĸƢĴȮħńĚĶŌĮĪňŗȮ4,6 ěŉĚĪŜŅŒľƟĭĬįŇĺĲƕĸƢĴŏĔŇħŏľŖĬȮdefect ŐĸŃŏĴŊŗŀ

ĪħĽŀĭĭĶŇŏĺĦŏľĸƞŅĬňŘěŃŏĮƦĬěŋħĶĺĴŐĶĚŏėƟĬĪŜŅŒľƟŏĔŇħĔŅĶĕŅħœħƟĚƞŅĵŐĸŃĬŀĔěŅĔȮshellac 

ĽƞĺĬĽŅĶŏĨŇĴŐĨƞĚȮsilicone ŏĴŊŗŀŏĨŇĴŏĕƟŅœĮŒĬȮLDPE ŐĸƟĺıĭĺƞŅėƞŅȮelongation at break Ĵň

ėƞŅĪňŗĨŗŜŅĸĚĴŅĔŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚŐĸŃėĺŅĴŏĮƦĬĕńŘĺĪňŗĨƞŅĚĔńĬěŉĚĪŜŅŒľƟĽŅĶŏĨŇĴŐĨƞĚŏĕƟŅĔńĭȮLDPE 

ĵńĚœĴƞħňĵńĚŏľŖĬŏĮƦĬŏĻļĕŀĚȮsilicone ĔĶŃěŅĵŀĵŌƞĪňŗįŇĺĲƕĸƢĴȮħńĚĶŌĮĪňŗ 4,7ȮŐĸŃœĮĕńħĕĺŅĚĔŅĶ

ŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞěŉĚĪŜŅŒľƟėƞŅȮelongation at break ĸħĸĚ ĽŜŅľĶńĭȮPBAT ŏĴŊŗŀĴňĔŅĶŏĨŇĴ

ĽŅĶĸħĔŅĶŏĔŅŃįŇĺıĺĔȮsilane ěŃĪŜŅŒľƟėƞŅȮelongation at break ŏĮĸňŗĵĬŐĮĸĚŏĸŖĔĬƟŀĵȮ

ĽƞĺĬĔŅĶŏĨŇĴȮwax ěŃĪŜŅŒľƟėƞŅȮelongation at break ĪňŐĬĺőĬƟĴĸħĸĚŏľĴŊŀĬĔńĭȮLDPE 

ŏĬŊŗŀĚěŅĔŏĔŇħĔŅĶĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞĪňŗĴŅĔĕŉŘĬĽƞĚįĸŒľƟŏĔŇħĔŅĶĸħĸĚĕŀĚėƞŅȮ

elongation at break ĪňŗĴŅĔĔĺƞŅȮŐĨƞĽŅĶĸħĔŅĶŏĔŅŃįŇĺĪňŗĪŜŅŒľƟėƞŅȮelongation at break 

ĕŀĚȮPBAT ĸħĸĚŀĵƞŅĚĴŅĔėŊŀĽŅĶŏĨŇĴŐĨƞĚ OPE ŐĸŃȮsilicone ŏĴŊŗŀŏĨŇĴĸĚœĮŒĬȮPBAT ŐĸƟĺ

ĴňĔŅĶĔĶŃěŅĵĨńĺĵńĚœĴƞėƞŀĵħňŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚĪŅĚŏėĴňĪňŗŐĨĔĨƞŅĚĔńĬĪŜŅŒľƟįĽĴĔńĬœĴƞėƞŀĵħňȮ

ĬŀĔěŅĔĬňŘĪňŗįŇĺĲƕĸƢĴ PBAT ĪňŗįĽĴȮsilicone ěŃŏľŖĬŏĮƦĬŏľĴŊŀĬĔĸŋƞĴĕŀĚȮsilicone ĔĶŃěŅĵ

ŀĵŌƞĪňŗįŇĺĲƕĸƢĴěŉĚĪŜŅŒľƟĭĬįŇĺĲƕĸƢĴŏĔŇħŏľŖĬȮdefect ħńĚĶŌĮĪňŗȮ4,/.ȮŐĸŃŏĴŊŗŀĪħĽŀĭěŃĪŜŅŒľƟ

ĭĶŇŏĺĦŏľĸƞŅĬňŘěŃŏĮƦĬěŋħĶĺĴŐĶĚŏėƟĬĪŜŅŒľƟŏĔŇħĔŅĶĕŅħœħƟĚƞŅĵĪŜŅŒľƟėƞŅȮelongation at break 

ĨŗŜŅĸĚŀĵƞŅĚĴŅĔ 

 

ĶŌĮĪňŗȮ4,6ȮĲƕĸƢĴȮLDPE ĪňŗįĽĴȮShellac 
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ĶŌĮĪňŗ 4,7ȮĲƕĸƢĴȮLDPE ĪňŗįĽĴȮSilicone 
 

 

ĶŌĮĪňŗȮ4,/.ȮĲƕĸƢĴȮPBAT ĪňŗįĽĴȮSilicone 
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4./.2,1 ĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĭĬįŇĺĲƕĸƢĴħƟĺĵŏĪėĬŇėȮSEM 

(Scanning electron microscopy) 

ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴȮLDPE, LDPE ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ, 

PBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚőħĵĨńĺĪňŗŏĸŊŀĔĴŅĪħĽŀĭėŊŀĲƕĸƢĴȮLDPE ŐĸŃȮ

PBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŐĸŃĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle œħƟĽŌĚĪňŗĽŋħŏıŊŗŀěŃœħƟĺƞŅįŇĺ

ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚœĶȮőħĵěŃĪŜŅĔŅĶĻŉĔļŅħƟĺĵŏėĶŊŗŀĚȮScanning 

electron microscope ĪňŗĔŜŅĸńĚĕĵŅĵȮ1000 ŏĪƞŅŐĸŃȮ/....ȮŏĪƞŅ 

ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĪňŗįŇĺĕŀĚȮLDPE ŐĸŃȮLDPEȮĪňŗŏĨŇĴĽŅĶĸħĔŅĶ

ŏĔŅŃįŇĺ ŐĽħĚħńĚĶŌĮĪňŗȮ4,// ĳŅıȮSEM ĭĬįŇĺĕŀĚĲƕĸƢĴȮLDPE,ȮLDPE ĪňŗįĽĴȮcarnauba wax 

ŐĸŃȮsilicone ıĭĺƞŅįŇĺĲƕĸƢĴȮLPDE ĴňėĺŅĴŏĶňĵĭŐĸŃŏĴŊŗŀŏıŇŗĴĔŜŅĸńĚĕĵŅĵěŃıĭĺƞŅįŇĺĴňĔŅĶ

ľĸŋħŏĸŖĔĬƟŀĵŏĬŊŗŀĚĴŅěŅĔĔŅĶĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶĔħŀńħĪňŗŀŅěŒĝƟŐįƞĬȮTeflon ĪňŗĴňĶŀĵȮ

ŐĸŃŏĴŊŗŀĴňĔŅĶŏĨŇĴȮcarnauba wax ěŃıĭĺƞŅįŇĺĕŀĚĲƕĸƢĴĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚėŊŀĴňŏĔĸŖħŕ ĴŅ

ŏĔŅŃĪňŗįŇĺĞŉŗĚŐĽħĚĺƞŅȮCarnauba wax ĴňĔŅĶȮbloom ĴŅĪňŗįŇĺĕŀĚĲƕĸƢĴȮLDPEȮŏĬŊŗŀĚěŅĔȮ

carnauba wax ŏĴŊŗŀľĸŀĴŏľĸĺŐĸƟĺěŃĽŅĴŅĶĩįĽĴŏĕƟŅĔńĭ LDPE œħƟĭŅĚĽƞĺĬŏıĶŅŃėĺŅĴ

ŏĮƦĬĕńŘĺĪňŗŒĔĸƟĔńĬěŉĚĪŜŅŒľƟĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĪňŗŏĔŇħěŅĔĔŅĶȮbloom ĕŀĚȮcarnauba wax œĴƞ

ĴŅĔȮŏĴŊŗŀĴňĔŅĶŏĨŇĴȮSilicone ěŃıĭĺƞŅĪňŗįŇĺĕŀĚȮLDPE ŏľĴŊŀĬĴňĝńŘĬŏėĸŊŀĭĭĬįŇĺŏĬŊŗŀĚĴŅěŅĔȮ

silicone ĪňŗŏĨŇĴĸĚœĮĴňĽƞĺĬĮĶŃĔŀĭĕŀĚȮSiloxane polymer ĔńĭȮFume silica ĪŜŅŒľƟŏĴŊŗŀ

ŏĨŇĴŏĕƟŅœĮĽƞĺĬĪňŗŏĮƦĬȮSiloxane polymer œĴƞŏĕƟŅĔńĭȮLDPE ěŉĚŏĔŇħĔŅĶŐĵĔĝńŘĬĕŉŘĬ ŐĸŃŏĴŊŗŀ

ŏıŇŗĴĔŜŅĸńĚĕĵŅĵħŌĪňŗįŇĺĕŀĚȮLDPE ĪňŗįĽĴȮSilicone ěŃıĭĺƞŅįŇĺĴňėĺŅĴŏĶňĵĭĪňŗŏĔŇħěŅĔȮ

siloxane polymer ĴŅŏėĸŊŀĭĪňŗįŇĺȮĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅĝńŘĬĪňŗŏėĸŊŀĭĪňŗįŇĺĬňŘėŊŀĽŅĶŏĨŇĴŐĨƞĚȮ

Silicone ĞŉŗĚŏĮƦĬįĸĴŅěŅĔĔŅĶȮbloom ĴŅĪňŗįŇĺ  

ĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚȮPBAT ŐĸŃėŀĴıŅĺħƢĕŀĚȮPBAT ŐĽħĚħńĚ

ĶŌĮĪňŗȮ4,/0 ŐĽħĚĳŅıȮSEM ĭĬįŇĺĕŀĚĲƕĸƢĴȮPBAT,ȮPBAT ĪňŗįĽĴȮcarnauba wax ŐĸŃȮ

shellac ıĭĺƞŅįŇĺĲƕĸƢĴȮPBAT ĴňėĺŅĴŏĶňĵĭȮŐĸŃŏĴŊŗŀĴňĔŅĶŏĨŇĴȮCarnauba wax ěŃıĭĺƞŅįŇĺ

ĕŀĚĲƕĸƢĴĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚėŊŀĴňŏĔĸŖħĴŅŏĔŅŃĪňŗįŇĺěŜŅĬĺĬĴŅĔĪńŗĺĪńŘĚįŇĺĲƕĸƢĴŐĸŃĴňĔŅĶ

ĔĶŃěŅĵĨńĺĪńŗĺĪńŘĚįŇĺĲƕĸƢĴȮĞŉŗĚŐĽħĚĺƞŅȮcarnauba wax ĴňĔŅĶȮbloom ĴŅĪňŗįŇĺĕŀĚĲƕĸƢĴȮPBAT 

ŏĬŊŗŀĚěŅĔȮcarnauba wax ĴňĕńŘĺĪňŗĬƟŀĵĔĺƞŅȮPBAT ěŉĚĪŜŅŒľƟŏĔŇħœĴƞŏĕƟŅĔńĬŏĴŊŗŀȮcarnauba wax 

ŏĵŖĬĨńĺĸĚĔŖěŃŏĔŇħĔŅĶĨĔįĸŉĔŐĸŃȮbloom ŀŀĔĴŅĪňŗįŇĺĴŅĔĔĺƞŅŒĬȮLDPEȮŏĴŊŗŀĴňĔŅĶŏĨŇĴȮ
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Shellac ěŃıĭĺƞŅĪňŗįŇĺĕŀĚȮPBAT ŏľĴŊŀĬĴňĝńŘĬŏėĸŊŀĭŐĸŃŏĴŊŗŀŏıŇŗĴĔŜŅĸńĚĕĵŅĵħŌĪňŗįŇĺĕŀĚȮ

PBAT ĪňŗįĽĴȮShellac ěŃıĭĺƞŅįŇĺĴňėĺŅĴĕĶŋĕĶŃĴŅĔĕŉŘĬŏľĴŊŀĬĴňĝńŘĬĴŅŏėĸŊŀĭĪňŗįŇĺĞŉŗĚŏĴŊŗŀ

ŏıŇŗĴĔŜŅĸńĚĕĵŅĵŏĮƦĬȮ/....ȮŏĪƞŅěŃŐĽħĚŒľƟŏľŖĬĺƞŅĴňŏľĴŊŀĬ grain ŏėĸŊŀĭĪňŗįŇĺĞŉŗĚŏĮƦĬįĸĴŅ

ěŅĔĔŅĶĪňŗȮShellac ĪňŗįĽĴŏĕƟŅœĮŀƞŀĬĨńĺŐĸŃĴňőėĶĚĽĶƟŅĚėĺŅĴĴňĕńŘĺŒĔĸƟŏėňĵĚĔńĭȮPBAT ĪŜŅŒľƟ

ĽŅĴŅĶĩĔĶŃěŅĵĨńĺœħƟħňŐĨƞŏĴŊŗŀŏĵŖĬĨńĺŐĸƟĺŏĔŇħĔŅĶȮbloom ĴŅĪňŗįŇĺĕŀĚĲƕĸƢĴĪŜŅŒľƟįŇĺŏĔŇħĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚ 

 

ĶŌĮĪňŗȮ4,//ȮŐĽħĚĳŅııŊŘĬįŇĺĕŀĚȮa) LDPE, b) LDPE/CB, c) LDPE/Silicone ĪňŗĔŜŅĸńĚĕĵŅĵȮ/...Ȯ
ŏĪƞŅŐĸŃȮa1) LDPE, b1) LDPE/CB, c1) LDPE/SiliconeȮĪňŗĔŜŅĸńĚĕĵŅĵȮ/....ȮŏĪƞŅ 
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ĶŌĮĪňŗȮ4,/0ȮŐĽħĚĳŅııŊŘĬįŇĺĕŀĚȮa) PBAT, b) PBAT /CB, c) PBAT-Shellac ĪňŗĔŜŅĸńĚĕĵŅĵȮ/...Ȯ
ŏĪƞŅŐĸŃȮa1) PBAT, b1) PBAT /CB, c1) PBAT-ShellacȮĪňŗĔŜŅĸńĚĕĵŅĵȮ/....ȮŏĪƞŅ 

 

 



  49 

4.0 ĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗĴňįĸĨƞŀĔŅĶŏĮƖĵĔįŇĺŒĬĔĶŃĭĺĬĔŅĶŏĮƙŅĩŋĚőħĵįĽĴŒĬȮtwin screw 

extrusion ŐĸŃĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion 

4.0.1 ĪŜŅĔŅĶįĽĴıĸŅĽĨŇĔĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺ 

ŒĬĕńŘĬĨŀĬĬňŘěŃĪŜŅĔŅĶŏĸŊŀĔĽŌĨĶĪňŗħňĪňŗĽŋħľĶŊŀĽŅĶŏĨŇĴŐĨƞĚĪňŗħňĪňŗĽŋħĪňŗĽŅĴŅĶĩĸħĔŅĶ

ŏĔŅŃįŇĺĕŀĚĕŀĚŏľĸĺĴňĕńŘĺĔńĭıĸŅĽĨŇĔȮŐĸƟĺĬŜŅıŀĸŇŏĴŀĶƢĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺĴŅĪŜŅĔŅĶįĽĴ

ĔńĬőħĵŒĝƟŏėĶŊŗŀĚȮtwin screw extrusion őħĵŀŋĦľĳŌĴŇĪňŗŒĝƟěŃŀƟŅĚŀŇĚĴŅĔěŅĔĔĶŃĭĺĬĔŅĶ

įĽĴőħĵŒĝƟŏėĶŊŗŀĚȮinternal mixer őħĵŒĝƟŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ/3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŒĬĔŅĶ

ĔĶŃĭĺĬĔŅĶįĽĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺĪňŗěŃĬŜŅĴŅįĽĴĔńĭȮPBAT ėŊŀȮcarnauba wax ŐĸŃȮ

shellac ĽƞĺĬĽŅĶĸħĔŅĶŏĔŅŃįŇĺĪňŗěŃĬŜŅĴŅįĽĴĔńĭȮLDPE ėŊŀȮsilicone ŐĸŃȮcarnauba 

wax őħĵĮĶŇĴŅĦĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗŒĝƟěŃŏĸŊŀĔŒĝƟĨŅĴĮĶŇĴŅĦĪňŗœħƟŒĝƟĨŀĬėŀĴıŅĺħƢŒĬŏėĶŊŗŀĚȮ

internal mixer ŐĨƞıĭĺƞŅĔŅĶŏĨŇĴȮcarnauba wax ŏĕƟŅœĮŒĬĮĶŇĴŅĦȮ1 wt% ěŃĪŜŅŒľƟȮ

carnauba wax œĮŏėĸŊŀĭŀĵŌƞĭĶŇŏĺĦĶŀĭŕȮbarrel ĪŜŅŒľƟœĮĸħŐĶĚŏĽňĵħĪŅĬĪňŗěŃĪŜŅŒľƟıŀĸŇ

ŏĴŀĶƢħƟŅĬŒĬœľĸœĮĕƟŅĚľĬƟŅĽƞĚįĸŒľƟœĴƞĴňŏĽƟĬȮextrudate œľĸŀŀĔĴŅěŅĔľńĺȮdie ħńĚĬńŘĬěŉĚ

ĨƟŀĚĪŜŅĔŅĶĸħĮĶŇĴŅĦĔŅĶŏĨŇĴȮcarnauba wax ŏıŊŗŀŒľƟĽŅĴŅĶĩĪŜŅĔŅĶėŀĴıŅĺħƢœħƟŐĨƞĔŅĶ

ĮĶńĭĮĶŇĴŅĦĽŅĶŏĨŇĴŐĨƞĚĪňŗěŃŏĨŇĴĔŖĨƟŀĚĪŜŅĔŅĶĻŉĔļŅėĺŅĴŏĮĸňŗĵĬŐĮĸĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ

ŏĮƖĵĔįŇĺĕŀĚıŀĸŇŏĴŀĶƢŏıŇŗĴŏĨŇĴħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,/1 ŐĸŃĶŌĮĪňŗȮ4,/2Ȯ 

ěŅĔĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺħƟĺĵėƞŅȮcontact angle ĕŀĚȮPBAT ĪňŗŏĨŇĴȮ

carnauba wax ĮĶŇĴŅĦĨƞŅĚŕȮıĭĺƞŅėƞŅȮcontact angleȮěŃĸħĸĚŏĴŊŗŀĮĶŇĴŅĦĔŅĶŏĨŇĴȮ

carnauba wax ĸħĸĚŐĨƞĪňŗĔŅĶŏĨŇĴȮcarnauba wax ŒĬĮĶŇĴŅĦȮ1 wt%, 2 wt% ŒĬ PBAT 

ěŃıĭĺƞŅėƞŅȮcontact angle œĴƞŐĨĔĨƞŅĚĔńĬħńĚŒĬĶŌĮĪňŗȮ4,/1ȮěŉĚĪŜŅĔŅĶĸħĮĶŇĴŅĦĔŅĶŏĨŇĴȮ

carnauba wax ĸĚĴŅŏľĸŊŀȮ/ wt% ŐĸŃȮ2 wt% ŏıŊŗŀĪŜŅŒľƟĽŅĴŅĶĩĪŜŅĔŅĶįĽĴőħĵŒĝƟŏėĶŊŗŀĚȮ

extrude œħƟœĴƞŏĔŇħĮƤĠľŅ  
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ĶŌĮĪňŗȮ4,/1ȮŐĽħĚėƞŅȮContact angle ĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴȮcarnauba wax ŒĬ
ŀńĨĶŅĽƞĺĬȮ1, 2, 1ȮŐĸŃȮ3Ȯwt% 

 

ĶŌĮĪňŗȮ4,/2 ŐĽħĚėƞŅȮContact angle ĕŀĚȮLDPE ŐĸŃȮLDPE ĪňŗĴňĔŅĶŏĨŇĴȮcarnauba wax ŒĬ
ŀńĨĶŅĽƞĺĬȮ1, 2, 1ȮŐĸŃȮ3Ȯwt% 
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ěŅĔĮƤĠľŅħƟŅĬĔŅĶįĽĴıŀĸŇŏĴŀĶƢĔńĭĽŅĶŏĨŇĴŐĨƞĚȮcarnauba wax ĪňŗĔĸƞŅĺœĮĔƞŀĬ

ľĬƟŅĪŜŅŒľƟĨƟŀĚĪŜŅĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĮĶŇĴŅĦĔŅĶŏĨŇĴȮcarnauba wax ĪňŗĽƞĚįĸĨƞŀĔŅĶ

ŏĮƖĵĔįŇĺĕŀĚȮLDPE ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,/2ȮĽńĚŏĔĨœħƟĺƞŅȮLDPE ĪňŗŏĨŇĴ carnauba wax ıĭĺƞŅ

ŏĴŊŗŀĴňĔŅĶĸħĮĶŇĴŅĦĔŅĶŏĨŇĴȮcarnauba wax ĸĚěŃĪŜŅŒľƟėƞŅȮcontact angle ĸħĸĚŐĨƞĔŅĶ

ŏĨŇĴȮcarnauba wax ĪňŗĮĶŇĴŅĦȮ1 wt% ĕŉŘĬœĮěŃĽƞĚįĸĨƞŀĔŅĶįĽĴħƟĺĵŏėĶŊŗŀĚȮextrudeħńĚĬńŘĬ

ěŉĚĪŜŅĔŅĶįĽĴȮLDPE ĔńĭȮcarnauba wax ĪňŗĮĶŇĴŅĦȮ1 wt% ŐĸŃȮ0 wt% ŏĪƞŅĬńŘĬŐĨƞĪńŘĚȮ0Ȯ

ŀńĨĶŅĽƞĺĬœĴƞĴňėĺŅĴŐĨĔĨƞŅĚĔńĬħƟŅĬĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺ ŏĬŊŗŀĚěŅĔėƞŅȮcontact angle œĴƞ

ĨƞŅĚĔńĬȮ 

4.0./,/ ĪħĽŀĭĽĴĭńĨŇĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺĔƞŀĬĬŜŅœĮ

ĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion 

ľĸńĚěŅĔĔŅĶįĽĴıŀĸŇŏĴŀĶƢĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺħƟĺĵŏėĶŊŗŀĚȮtwin screw 

extrusion ŐĸƟĺěŃĴňĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢŐĸŃıŀĸŇŏĴŀĶƢĪňŗįĽĴĽŅĶĸħĔŅĶ

ŏĔŅŃįŇĺȮŏıŊŗŀħŌĺƞŅĽĴĭńĨŇĔŅĶœľĸĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚœĶĭƟŅĚĔƞŀĬěŃĬŜŅœĮĕŉŘĬĶŌĮħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮblown film extrusion ŐĸŃěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶœľĸħƟĺĵŏėĶŊŗŀĚȮmelt 

flow indexer ĪňŗŀŋĦľĳŌĴŇȮ/7.ȮŀĚĻŅěŃœħƟėƞŅȮmelt flow index (MFI) ĨŅĴĨŅĶŅĚĪňŗȮ4,/ ĞŉŗĚ

ŐĽħĚŒľƟŏľŖĬĺƞŅȮPBAT ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚěŃĴňėƞŅȮMFI ŏĪƞŅĔńĭȮ7.33 ± .,43ȮĔĶńĴĨƞŀȮ

/.ȮĬŅĪňȮŐĸŃŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮcarnauba wax ŒĬȮPBAT ěŃıĭĺƞŅėƞŅȮMFI ĴňėƞŅ

ĽŌĚĕŉŘĬŏĮƦĬȮ/.,56 ± .,5ȮŐĸŃȮ/.,60 ± .,/1ȮĔĶńĴĨƞŀȮ/.ȮĬŅĪňȮŏĴŊŗŀŏĨŇĴȮcarnauba wax 

ĮĶŇĴŅĦȮ1 wt% ŐĸŃȮ0Ȯwt% ĨŅĴĸŜŅħńĭȮĞŉŗĚĔŅĶĪňŗėƞŅȮMFI ŏıŇŗĴĕŉŘĬŏĮƦĬįĸĴŅěŅĔȮCarnauba 

wax ĪňŗŏĨŇĴŏĕƟŅœĮěŃĪŜŅľĬƟŅĪňŗėĸƟŅĵȮlubricant ĪŜŅŒľƟȮPBAT ĽŅĴŅĶĩœľĸœħƟĚƞŅĵĕŉŘĬĪŜŅŒľƟȮMFI 

ŏıŇŗĴȮĔŅĶŏĨŇĴȮshellac ıĭĺƞŅȮėƞŅȮMFI ĴňėƞŅȮ30.32 ± 1.89 ŐĸŃȮ20,58 ± .,4/ȮĔĶńĴĨƞŀȮ/.Ȯ

ĬŅĪňȮŏĴŊŗŀŏĨŇĴȮshellac ĮĶŇĴŅĦ 3 wt% ŐĸŃȮ3Ȯwt% ĨŅĴĸŜŅħńĭȮĞŉŗĚĔŅĶĪňŗėƞŅȮMFI ŏıŇŗĴĕŉŘĬ

ŏĮƦĬįĸĴŅěŅĔĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔőĴŏĸĔŋĸľĶŊŀĔŅĶĪňŗĽŅĶŏĨŇĴŐĨƞĚĪŜŅľĬƟŅĪňŗŏĮƦĬĽŅĶľĸƞŀĸŊŗĬ

ŏėĸŊŀĭįŇĺœĺƟĪŜŅŒľƟœľĸŀŀĔĴŅœħƟĴŅĔĕŉŘĬȮĽƞĺĬȮLDPE ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚıĭĺƞŅĴňėƞŅȮ

MFI 5.74 ± 0.11 ĔĶńĴȮĨƞŀȮ/.ȮĬŅĪň ŐĸŃŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ carnauba wax ŒĬȮ

LDPE ěŃıĭĺƞŅėƞŅȮMFI ĴňėƞŅĽŌĚĕŉŘĬŏĮƦĬȮ5.99 ± .,37ȮŐĸŃȮ5,02 ± .,20ȮĔĶńĴĨƞŀȮ/.ȮĬŅĪňȮ

ŏĴŊŗŀŏĨŇĴȮcarnauba wax ĮĶŇĴŅĦȮ1 wt% ŐĸŃȮ0Ȯwt% ĨŅĴĸŜŅħńĭȮĞŉŗĚĔŅĶĪňŗėƞŅȮMFI ŏıŇŗĴĕŉŘĬ

ŏĮƦĬįĸĴŅěŅĔ carnauba wax ĪňŗŏĨŇĴŏĕƟŅœĮěŃĪŜŅľĬƟŅĪňŗėĸƟŅĵĽŅĶľĸƞŀĸŊŗĬŏľĴŊŀĬĔŅĶŏĨŇĴŒĬȮ
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PBAT ĽƞĺĬĔŅĶŏĨŇĴȮsilicone ıĭĺƞŅėƞŅȮMFI ĴňėƞŅȮ5.88 ± 0.14 ŐĸŃȮ5.90 ± .,/0ȮĔĶńĴȮĨƞŀȮ

/.ȮĬŅĪňȮŏĴŊŗŀŏĨŇĴȮsilicone ĮĶŇĴŅĦ 3 wt% ŐĸŃȮ3Ȯwt% ĨŅĴĸŜŅħńĭ 

ĨŅĶŅĚĪňŗȮ4,/ȮŐĽħĚėƞŅȮmelt flow index ĕŀĚıŀĸŇŏĴŀĶƢŐĸŃıŀĸŇŏĴŀĶƢĪňŗĴňĔŅĶįĽĴĽŅĶŏĨŇĴŐĨƞĚ 

Sample 
ėƞŅŏĜĸňŗĵħńĝĬňĔŅĶ
œľĸȮ(g/10 ĬŅĪň) 

PBAT 7.33 ± 0.43 

PBAT/1%CB 10.76 ± 0.70 

PBAT/2%CB 10.83 ± 0.13 

PBAT/3%Shellac 30.32 ± 1.89 

PBAT/5%Shellac 42.58 ± 0.61 

LDPE 5.74 ± 0.11 

LDPE/1%CB 5.99 ± 0.59 

LDPE/2%CB 7.22 ± 0.42 

LDPE/3%Silicone 5.88 ± 0.14 

LDPE/5%Silicone 5.90 ± 0.12 

 

4.0./,0 ĪħĽŀĭĬŘŜŅľĬńĔőĴŏĸĔŋĸ 

ŏĬŊŗŀĚĴŅěŅĔěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶœľĸĕŀĚıŀĸŇŏĴŀĶƢĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺ

ĔƞŀĬĬŜŅœĮĕŉŘĬĶŌĮıĭĺƞŅĴňıŀĸŇŏĴŀĶƢĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮPBAT/Shellac ĴňėƞŅȮMFI Īňŗ

ŏıŇŗĴĕŉŘĬĴŅĔěŉĚĽĚĽńĵĺƞŅŏĔŇħěŅĔŀŃœĶŐĸŃėŅħĺƞŅŀŅěěŃŏĔŇħĮĢŇĔŇĶŇĵŅĔŅĶĨńħĽŅĵőĞƞĕŀĚȮPBAT 

ŀńĬŏĬŊŗŀĚĴŅěŅĔȮShellac ĴňľĴŌƞȮhydroxyl group ĞŉŗĚŀŅěěŃŏĕƟŅœĮĨńħĽŅĵőĞƞĪňŗŏĮƦĬľĴŌƞȮester 

ĕŀĚȮPBAT ĪŜŅŒľƟĬŘŜŅľĬńĔőĴŏĸĔŋĸĸħĸĚěŉĚĽƞĚįĸŒľƟėƞŅȮMFI ŏıŇŗĴĕŉŘĬ 

ěŅĔĔŅĶĪħĽŀĭȮGel permeability chromatography ıĭĺƞŅ ĴňĔŅĶĸħĸĚĕŀĚ

ĬŘŜŅľĬńĔőĴŏĸĔŋĸěĶŇĚŏĴŊŗŀĴňĔŅĶŏĨŇĴȮShellac ĬŘŜŅľĬńĔőĴŏĸĔŋĸĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚěŅĔěŅĔȮ

77261ȮŏĮƦĬȮ52131Ȯdallon ħńĚĨŅĶŅĚĪňŗȮ4,0ȮĞŉŗĚŐĽħĚĺƞŅĽŅĵőĞƞĩŌĔĨńħŏĬŊŗŀĚěŅĔŏĔŇħĮĢŇĔŇĶŇĵŅȮ

hydrolysis őħĵĴňĔĶħŏĮƦĬĨńĺŏĶƞĚħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2,/3ȮŐĸŃĽƞĚįĸŒľƟĴňėƞŅħńĝĬňĔŅĶœľĸĪňŗŏıŇŗĴ

ĴŅĔĕŉŘĬȮ 
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ĨŅĶŅĚĪňŗȮ4,0 ŐĽħĚĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮPBAT ŐĸŃȮPBAT įĽĴ shellac 

Sample 
molecular weight 

polydispersity 
Mn Mw MP  Mz 

PBAT 35148 77261 54951 146627 2.20 
Shellac 0.0/ 1002 /715 3000 /,4. 
PBAT/Shellac 24049 52131 39621 90187 2.17 

 

 

ĶŌĮĪňŗȮ2,/3ȮŐĽħĚĮĢŇĔŇĶŇĵŅȮhydrolysis ĪňŗĴňĔĶħŏĮƦĬĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅ 
 

4.0.0 ĪŜŅĔŅĶĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion 

őħĵŒĬĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion ěŃĴňĔŅĶĪħĽŀĭ

ħńĝĬňĔŅĶœľĸĔƞŀĬıĭĺƞŅėƞŅħńĝĬňĔŅĶœľĸĕŀĚȮLDPE ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚěŃŏĮĸňŗĵĬŐĮĸĚ

ŏıňĵĚŏĸŖĔĬƟŀĵŏĪƞŅĬńŘĬ ĽƞĺĬȮPBAT ĴňėƞŅħńĝĬňĔŅĶœľĸŏıŇŗĴĕŉŘĬŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŐĨƞœĴƞ

ĽƞĚįĸĨƞŀĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮľĸńĚěŅĔĬńŘĬěŃĬŜŅœĮŏĮƙŅĕŉŘĬĶŌĮőħĵŒĝƟŀŋĦľĳŌĴŇȮ7., 140, 165, 

175, 170 ĔŅĶĪňŗŒĝƟŀŋĦľĳŌĴŇĪňŗĽŌĚĔĺƞŅĨŀĬĪňŗĪŜŅĔŅĶįĽĴŏĬŊŗŀĚĴŅěŅĔĔŅĶŒĝƟŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ

/3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮěŃĪŜŅŒľƟŏĔŇħŏěĸĪňŗŏĔŇħěŅĔĔŅĶœĴƞľĸŀĴĕŀĚıŀĸŇŏĴŀĶƢěŜŅĬĺĬĴŅĔŒĬȮ

LDPEȮŐĸŃȮPBATȮŏĬŊŗŀĚěŅĔıŀĸŇŏĴŀĶƢĪňŗįƞŅĬŏĕƟŅœĮŒĬȮbarrel ĕŀĚŏėĶŊŗŀĚȮblown film 

extrusion ĪňŗĽńŘĬĴňĶŃĵŃŏĺĸŅŒĬĔŅĶľĸŀĴĵńĚœĴƞŏıňĵĚıŀĪňŗěŃĪŜŅŒľƟıŀĸŇŏĴŀĶƢľĸŀĴĪńŘĚľĴħȮěŉĚ

ĨƟŀĚĪŜŅĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇŒľƟĽŌĚĕŉŘĬĔĺƞŅĨŀĬĪňŗĪŜŅĔŅĶįĽĴŏıŊŗŀĪŜŅŒľƟıŀĸŇŏĴŀĶƢľĸŀĴĪńŘĚľĴħĔƞŀĬ 

ŐĸŃŒĝƟȮscrew speed 2.3Ȯrpm őħĵĴňȮblow up ratio ŏĮƦĬȮ1,23ȮŐĸŃȮdrawdown ratio 
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ŏĮƦĬȮ0,7ȮĽŜŅľĶńĭȮLDPE ĽƞĺĬŒĬȮPBAT ĴňȮblow up ratio ŏĮƦĬȮ1,21ȮŐĸŃȮdrawdown ratio 

ŏĮƦĬȮ3.11ȮŏıŊŗŀĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴ 

4.0,1 ĪħĽŀĭĽĴĭńĨŇĨƞŅĚŕĕŀĚĲƕĸƢĴıĸŅĽĨŇĔ 

4.0.1,/ ĸńĔļĦŃĪŅĚĔŅĵĳŅı 

ěŅĔĔŅĶĽńĚŏĔĨĸńĔļĦŃĕŀĚĲƕĸƢĴȮLDPE ŐĸŃȮPBAT ĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶ blown 

film extrusion ıĭĺƞŅĲƕĸƢĴȮLDPE ŏĴŊŗŀĴňĔŅĶŏĨŇĴȮcarnauba wax œĴƞėƞŀĵĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚ

ĸńĔļĦŃĳŅĵĬŀĔŐĨƞŏĴŊŗŀŏĨŇĴȮsilicone ıĭĺƞŅĴňėĺŅĴĕŋƞĬĴŅĔĕŉŘĬŐĸŃįŇĺĲƕĸƢĴĴňėĺŅĴħƟŅĬĴŅĔ

ĕŉŘĬȮĽŜŅľĶńĭĲƕĸƢĴȮPBAT ĔŅĶŏĨŇĴȮcarnauba wax œĴƞĪŜŅŒľƟĸńĔļĦŃĳŅĵĬŀĔŏĮĸňŗĵĬŐĮĸĚŐĨƞ

ŏĴŊŗŀŏĨŇĴȮshellac ěŃıĭĺƞŅĴňĔŅĶŏĮĸňŗĵĬĽňŏĮƦĬĽňŏľĸŊŀĚŀƞŀĬŐĸŃĸńĔļĦŃŀŊŗĬěŃŐĽħĚħńĚĨŅĶŅĚĪňŗȮ

4,1 

ĨŅĶŅĚĪňŗȮ4,1ȮŐĽħĚĸńĔļĦŃĕŀĚĲƕĸƢĴĪňŗĕŉŘĬĶŌĮěŅĔĔĶŃĭĺĬĔŅĶȮblown film extrusion 

Sample 
ĸńĔļĦŃĕŀĚĲƕĸƢĴ 
ĳŅıĲƕĸƢĴ Ľň 

LDPE 

 

ŒĽ, œĴƞĴňĽň 

LDPE/CB 

 

ŒĽ, œĴƞĴňĽň 

LDPE/Silicone 

 

ĽňĕŅĺĕŋƞĬ 
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ĨŅĶŅĚĪňŗȮ4,2ȮŐĽħĚĸńĔļĦŃĕŀĚĲƕĸƢĴĪňŗĕŉŘĬĶŌĮěŅĔĔĶŃĭĺĬĔŅĶȮblown film extrusionȮ(Ĩƞŀ) 

Sample 
ĸńĔļĦŃĕŀĚĲƕĸƢĴ 
ĳŅıĲƕĸƢĴ Ľň 

PBAT 

 

ĕŅĺĕŋƞĬ 

PBAT/CB 

 

ĕŅĺĕŋƞĬ 

PBAT/Shellac 

 

ĽňŏľĸŊŀĚ
ŀƞŀĬ 

 

4.0.1,0 ĪħĽŀĭĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚĲƕĸƢĴıĸŅĽĨŇĔ 

ĪħĽŀĭȮcontact angle ĕŀĚĲƕĸƢĴıĸŅĽĨŇĔĪňŗœħƟĴŅěŅĔĔĶŃĭĺĬĔŅĶȮblown film 

extrusion ŏıŊŗŀĵŊħĵńĬĺƞŅĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮĽŅĴŅĶĩĸħĔŅĶŏĮƖĵĔįŇĺŒľƟĔńĭĲƕĸƢĴıŀĸŇŏĴŀĶƢœħƟ

ŐĸŃħŌĺƞŅĩƟŅĪŜŅĔŅĶĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film ěĶŇĚŏľĴŊŀĬĔńĭĪňŗőĶĚĚŅĬįĸŇĨ

ĩŋĚıĸŅĽĨŇĔěŃĪŜŅŒľƟėƞŅȮcontact angle ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĴŅĔĬƟŀĵŐėƞœľĬőħĵŒĬĕńŘĬĨŀĬĬňŘ

ěŃĪŜŅĔŅĶĺńħėƞŅȮcontact angle ĕŀĚĨńĺŀĵƞŅĚȮ2ȮěŋħĨƞŀĨńĺŀĵƞŅĚŐĸƟĺĬŜŅĴŅŏĜĸňŗĵŐĸŃĪŜŅĔŅĶ

ŏĮĶňĵĭŏĪňĵĭĔńĬ 
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ĶŌĮĪňŗȮ4,/4 ŐĽħĚėƞŅȮContact angle ĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮCarnauba 
wax 1,Ȯ0Ȯwt%ȮŐĸŃȮShellac 3, 5 wt% 

 

ěŅĔĔŅĶĪħĽŀĭȮwater contact angle ıĭĺƞŅĲƕĸƢĴȮPBAT ĴňėƞŅȮcontact angle  

ŀĵŌƞĪňŗȮ73Ȯ± 1 ŀĚĻŅȮŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴȮcarnaubaȮwax ĮĶŇĴŅĦȮ/ȮŐĸŃȮ0Ȯwt% ĽŅĴŅĶĩŏıŇŗĴ

ėƞŅȮcontact angle ŏĮƦĬȮ/.1Ȯ± 0ȮŐĸŃȮ/.3Ȯ±Ȯ1 ŀĚĻŅȮĨŅĴĸŜŅħńĭȮĽƞĺĬĔŅĶŏĨŇĴȮshellacȮ

ĮĶŇĴŅĦ 1ȮŐĸŃȮ3Ȯwt% ĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle ŏĮƦĬȮ77 ± 1ȮŐĸŃȮ/.3 ± /ȮŀĚĻŅȮ

ĨŅĴĸŜŅħńĭȮħńĚĬńŘĬĨńĺĪňŗĽŅĴŅĶĩĸħĔŅĶŏĮƖĵĔįŇĺȮŐĸŃŏıŇŗĴėĺŅĴŏĮƦĬȮhydrophobic œħƟĴŅĔĪňŗĽŋħ

ĽŜŅľĶńĭȮPBAT ėŊŀȮcarnauba wax ĪňŗĴňĔŅĶŏĨŇĴȮĮĶŇĴŅĦȮ0Ȯwt% ŏĬŊŗŀĚěŅĔĴňĮĶŇĴŅĦĔŅĶŏĨŇĴ

ĪňŗĬƟŀĵĔĺƞŅ shellac ŐĸŃĬŀĔěŅĔĬňŘȮPBAT ĔńĭȮcarnauba įĽĴŏĕƟŅĔńĬœħƟœĴƞėƞŀĵħňŏĬŊŗŀĚěŅĔ

őėĶĚĽĶƟŅĚĪňŗĴňėĺŅĴŐĨĔĨƞŅĚĔńĬĴŅĔŐĸŃėĺŅĴŏĮƦĬĕńŘĺĪňŗŐĨĔĨƞŅĚĔńĬŏıĶŅŃȮPBAT ĴňėĺŅĴŏĮƦĬ

ĕńŘĺŏĸŖĔĬƟŀĵĪňŗĭĶŇŏĺĦľĴŌƞĕŀĚȮester group ŐĸŃȮcarboxyl group ŐĨƞőėĶĚĽĶƟŅĚĕŀĚȮ

carnauba ŏĮƦĬ ester ĪňŗŏĮƦĬőĞƞĨĶĚĽŅĵĵŅĺŕȮĪŜŅŒľƟŏĮƦĬőėĶĚĽĶƟŅĚĪňŗĴňĕńŘĺĬƟŀĵĴŅĔěŉĚĽƞĚįĸŒľƟȮ

carnauba ŏĔŇħĔŅĶȮbloom ĴŅĪňŗįŇĺĞŉŗĚĵŊĬĵńĬħƟĺĵĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĪňŗŏľŖĬŏľĴŊŀĬ
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ŏĔĸŖħŕȮĭĬįŇĺĲƕĸƢĴěŜŅĬĺĬĴŅĔȮĽƞĚįĸŒľƟėƞŅȮcontact angle ĕŀĚȮPBAT ŏıŇŗĴĽŌĚĕŉŘĬ ħńĚŐĽħĚ

ŒĬĶŌĮĪňŗȮ4,/4 

 

ĶŌĮĪňŗȮ4,/5 ŐĽħĚėƞŅȮContact angle ĕŀĚȮLDPE ŐĸŃȮLDPE ĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮcarnauba 
wax 1,Ȯ0Ȯwt%ȮŐĸŃȮSilicone 3, 5 wt% 

 

ěŅĔĔŅĶĪħĽŀĭȮwater contact angle ěŃŐĽħĚħńĚĶŌĮĪňŗȮ4,/5 ĞŉŗĚıĭĺƞŅĲƕĸƢĴȮLDPE 

ĴňėƞŅȮcontact angle  91 ± 0ȮŀĚĻŅȮŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴȮcarnauba wax ĮĶŇĴŅĦȮ/ȮŐĸŃȮ0Ȯ

wt% ĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle ŏĮƦĬȮ71Ȯ± 2 ŐĸŃȮ72 ±Ȯ/ȮŀĚĻŅȮĨŅĴĸŜŅħńĭȮĽƞĺĬĔŅĶ

ŏĨŇĴȮsiliconeȮĮĶŇĴŅĦ 1ȮŐĸŃȮ3Ȯwt% ĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle ŏĮƦĬȮ76 ± 1ȮŐĸŃȮ

/.2 ± 1ȮŀĚĻŅȮħńĚĬńŘĬĨńĺĪňŗĽŅĴŅĶĩĸħĔŅĶŏĮƖĵĔįŇĺȮŐĸŃŏıŇŗĴėĺŅĴŏĮƦĬȮhydrophobic œħƟĴŅĔ

ĪňŗĽŋħĽŜŅľĶńĭȮLDPE ėŊŀȮSilicone ŏĬŊŗŀĚěŅĔȮsilicone ŏĔŇħĔŅĶȮbloom ĴŅĪňŗįŇĺĞŉŗĚĵŊĬĵńĬħƟĺĵ

ĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĪňŗŏľŖĬŏľĴŊŀĬĴňĝńŘĬĴŅŏėĸŊŀĭĭĬįŇĺȮĽƞĚįĸŒľƟĲƕĸƢĴĪňŗœħƟĴňėĺŅĴĕŋƞĬŐĸŃ

ĴňėĺŅĴŏĮƦĬȮhydrophobic ĪňŗĴŅĔĕŉŘĬėƞŅȮcontact angle ěŉĚŏıŇŗĴĽŌĚĕŉŘĬ  
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4.0.1,1 ĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸ 

ľĸńĚěŅĔœħƟĪŜŅĔŅĶĕŉŘĬĶŌĮȮLDPE, LDPE ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺ, PBAT ŐĸŃȮPBAT 

ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusion ŐĸƟĺĔŖěŃĬŜŅĲƕĸƢĴĪňŗœħƟĴŅ

ŏĨĶňĵĴŒľƟĴňĕĬŅħȮ1 x 4 ĬŇŘĺŐĸŃĬŜŅĴŅĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵŏėĶŊŗŀĚȮtensile testing őħĵŒĝƟȮ

load cell ĕĬŅħȮ3ȮĔŇőĸĬŇĺĨńĬ ŐĸŃŀńĨĶŅĔŅĶħŉĚĪňŗȮ3..ȮĴŇĸĸŇŏĴĨĶĨƞŀĺŇĬŅĪň 
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ĶŌĮĪňŗȮ4,/6ȮŐĽħĚėƞŅȮmodulus ĕŀĚȮLDPE ŐĸŃȮLDPE ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮĪńŘĚŒĬŐĬĺȮ
machine direction (MD)ȮŐĸŃŐĬĺȮtransverse direction (TD) 

 

ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅȮmodulus ĕŀĚȮLDPE ŒĬŐĬĺȮmachine direction (MD) 

ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĴňėƞŅŏĪƞŅĔńĭȮ/4. ± 4ȮMPa ŐĸŃėƞŅȮmodulus œĴƞĴňĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮcarnauba wax ŏĬŊŗŀĚěŅĔĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ

ŒĬĮĶŇĴŅĦœĴƞŏĔŇĬȮ2 wt% ŏľĴŊŀĬĔńĭŒĬĚŅĬĺŇěńĵĕŀĚȮHojun LeeȮŐĸŃėĦŃł [29] ĞŉŗĚĔŅĶŏĨŇĴ

ĽŅĶŏĨŇĴŐĨƞĚĬƟŀĵĔĺƞŅȮ0Ȯwt% ěŃœĴƞĽƞĚįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮ

silicone ěŃıĭĺƞŅĴňĔŅĶĸħĸĚĕŀĚȮmodulus ŏĮƦĬȮ/3/ ± 3ȮŐĸŃȮ/14 ± 1ȮMPa ŏĴŊŗŀĴňĔŅĶ

ŏĨŇĴȮsilicone ĮĶŇĴŅĦȮ1 wt% ŐĸŃȮ3Ȯwt% ĨŅĴĸŜŅħńĭȮŏĬŊŗŀĚĴŅěŅĔĔŅĶĪňŗȮsilicone ĴňėĺŅĴ

ĬŇŗĴĽŅĴŅĶĩĔħľĶŊŀĭňĭŐĸŃŏĽňĵĶŌĮœħƟĚƞŅĵĪŜŅŒľƟŏĴŊŗŀĴňĔŅĶŏĨŇĴȮsilicone ĸĚœĮŒĬȮLDPE ŐĸƟĺ
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ĽƞĚįĸŒľƟėƞŅȮmodulus ĸħĸĚŏĸŖĔĬƟŀĵ [30] ĞŉŗĚŐĬĺőĬƟĴĕŀĚĔŅĶŏĮĸňŗĵĬŐĮĸĚȮmodulus 

ŏľĴŊŀĬĔńĬĪńŘĚŒĬŐĬĺȮmachine direction (MD) ŐĸŃŐĬĺȮtransverse direction (TD) ħńĚ

ŐĽħĚŒĬĶŌĮĪňŗȮ4,/6 

10.2 10.3
10

9.5

8.48.3 8.1
8.3 8.5

7.4

LD
P
E

LD
/1

%
C
B

LD
/2

%
C
B

LD
/3

%
S
ili
co

ne

LD
/5

%
S
ili
co

ne

0

2

4

6

8

10

12

T
e
n
s
ile

 s
tr

e
n
g
th

 a
t 
y
ie

ld
 (

M
P

a
)

 MD

 TD

 

ĶŌĮĪňŗȮ4,/7ȮŐĽħĚėƞŅȮtensile strength ĕŀĚȮLDPE ŐĸŃȮLDPE ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮĪńŘĚŒĬŐĬĺȮ
machine direction (MD)ȮŐĸŃŐĬĺȮtransverse direction (TD) 

 

ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅȮtensile strength ĕŀĚȮLDPE ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŒĬŐĬĺȮ
MD ĴňėƞŅȮ10.2 ± .,2 MPa ŐĸŃėƞŅȮtensile strength œĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ
ŏĮƦĬȮcarnauba wax ŏĬŊŗŀĚěŅĔĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŒĬĮĶŇĴŅĦœĴƞŏĔŇĬȮ2 wt% ŏľĴŊŀĬĔńĭŒĬĚŅĬĺŇěńĵ
ĕŀĚȮHojun LeeȮŐĸŃėĦŃł [29] ĞŉŗĚĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĬƟŀĵĔĺƞŅȮ0Ȯwt% ěŃœĴƞĽƞĚįĸĨƞŀĽĴĭńĨŇ
ŏĝŇĚĔĸȮŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮsilicone ěŃıĭĺƞŅĴňĔŅĶĸħĸĚĕŀĚȮtensile strength 
ŏĸŖĔĬƟŀĵŏĴŊŗŀĴňĔŅĶŏĨŇĴȮsilicone ĮĶŇĴŅĦȮ3Ȯwt% ŀŅěěŃŏĔŇħěŅĔĽŅĶŏĨŇĴŐĨƞĚěŃŏĕƟŅœĮĕńħĕĺŅĚĔŅĶ
ŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞĔŅĶĔĶŃěŅĵŐĶĚěŉĚŏĔŇħœħƟĵŅĔĴŅĔĕŉŘĬŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĴŊŗŀœħƟĶńĭŐĶĚħŉĚŏĕƟŅ
œĮěŃĪŜŅŒľƟŏĔŇħĔŅĶĕŅħœħƟĚƞŅĵĴŅĔĕŉŘĬĞŉŗĚŐĬĺőĬƟĴŏľĴŊŀĬĔńĬĪńŘĚŒĬŐĬĺȮmachine direction (MD) 
ŐĸŃŐĬĺȮtransverse direction (TD) ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,/7 
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ĶŌĮĪňŗȮ4,0. ŐĽħĚėƞŅȮElongation at break ĕŀĚȮLDPE ŐĸŃȮLDPE ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮĪńŘĚŒĬ
ŐĬĺȮmachine direction (MD)ȮŐĸŃŐĬĺȮtransverse direction (TD) 

 
ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅȮelongation at breakȮĕŀĚȮLDPE ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŒĬ

ŐĬĺȮMD ĴňėƞŅȮ439 ± 56 % ŐĸŃŐĪĭœĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮcarnauba 
wax ŏĬŊŗŀĚěŅĔĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŒĬĮĶŇĴŅĦœĴƞȮŏĔŇĬȮ2 wt% ŏľĴŊŀĬĔńĭŒĬĚŅĬĺŇěńĵĕŀĚȮHojun LeeȮ
ŐĸŃėĦŃł [29]  ĞŉŗĚĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĬƟŀĵĔĺƞŅȮ0Ȯwt% ěŃœĴƞĽƞĚįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮŐĨƞŏĴŊŗŀĴňĔŅĶ
ŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮsilicone ěŃıĭĺƞŅĴňĔŅĶĸħĸĚĕŀĚȮelongation at breakŏĸŖĔĬƟŀĵŏĴŊŗŀĴňĔŅĶŏĨŇĴȮ
silicone ĮĶŇĴŅĦȮ3Ȯwt% ŀŅěěŃŏĔŇħěŅĔŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚŐĸŃėĺŅĴŏĮƦĬĕńŘĺĪňŗĨƞŅĚĔńĬěŉĚĪŜŅŒľƟ
ĽŅĶŏĨŇĴŐĨƞĚŏĕƟŅĔńĭȮLDPE œĴƞħňŐĸŃœĮĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞŏĮƦĬŀĵƞŅĚĴŅĔěŉĚĪŜŅŒľƟėƞŅȮ
elongationȮat break ĸħĸĚĴŅĔĞŉŗĚŐĬĺőĬƟĴŏľĴŊŀĬĔńĬĪńŘĚŒĬŐĬĺȮmachine direction (MD) ŐĸŃ
ŐĬĺȮtransverse direction (TD) ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,0. 
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ĶŌĮĪňŗ 4,0/ ŐĽħĚėƞŅȮmodulus ĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮĪńŘĚŒĬŐĬĺȮ

machine direction (MD)ȮŐĸŃŐĬĺȮtransverse direction (TD) 
 

ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅȮmodulus ĕŀĚȮPBAT ŒĬŐĬĺȮmachine direction 

(MD) ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĴňėƞŅŏĪƞŅĔńĭȮ50.5 ± 4.4ȮMPa ŐĸŃėƞŅȮmodulus œĴƞĴňĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮcarnauba wax ŏĬŊŗŀĚěŅĔĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ

ŒĬĮĶŇĴŅĦœĴƞŏĔŇĬȮ2 wt% ŏľĴŊŀĬĔńĭŒĬĚŅĬĺŇěńĵĕŀĚȮHojun LeeȮŐĸŃėĦŃł [29] ĞŉŗĚĔŅĶŏĨŇĴ

ĽŅĶŏĨŇĴŐĨƞĚĬƟŀĵĔĺƞŅȮ0Ȯwt% ěŃœĴƞĽƞĚįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢȮŐĸŃŏĴŊŗŀĴňĔŅĶŏĨŇĴ

ĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮShellac ĮĶŇĴŅĦȮ1Ȯwt% ŐĸŃȮ3Ȯwt% ěŃıĭĺƞŅĴňĔŅĶŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵľĶŊŀ

ŐĪĭěŃœĴƞŐĨĔĨƞŅĚěŅĔŏħŇĴĞŉŗĚŐĬĺőĬƟĴŏľĴŊŀĬĔńĬĪńŘĚŒĬŐĬĺȮmachine direction (MD) ŐĸŃ

ŐĬĺȮtransverse direction (TD) ħńĚŐĽħĚŒĬĶŌĮĪňŗ 4,0/ 
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ĶŌĮĪňŗȮ4,00ȮŐĽħĚėƞŅȮtensile strength ĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮĪńŘĚŒĬŐĬĺȮ

machine direction (MD)ȮŐĸŃŐĬĺȮtransverse direction (TD) 
 

ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅȮtensile strength ĕŀĚȮPBAT ŒĬŐĬĺȮmachine 

direction (MD) ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĴňėƞŅŏĪƞŅĔńĭȮ6.9 ± 0.5ȮMPa ŐĸŃėƞŅȮtensile 

strength œĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮcarnauba wax ŏĬŊŗŀĚěŅĔĴň

ĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŒĬĮĶŇĴŅĦœĴƞŏĔŇĬȮ2 wt% ŏľĴŊŀĬĔńĭŒĬĚŅĬĺŇěńĵĕŀĚȮHojun LeeȮŐĸŃ

ėĦŃł [29] ĞŉŗĚĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĬƟŀĵĔĺƞŅȮ0Ȯwt% ěŃœĴƞĽƞĚįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇ

ŏĴŀĶƢȮŐĸŃŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮShellac ĮĶŇĴŅĦȮ1Ȯwt% ŐĸŃȮ3Ȯwt% ěŃıĭĺƞŅĴň

ĔŅĶŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵľĶŊŀŐĪĭěŃœĴƞŐĨĔĨƞŅĚěŅĔŏħŇĴ ĞŉŗĚŐĬĺőĬƟĴėĸƟŅĵėĸŉĚĔńĬĪńŘĚŒĬŐĬĺȮ

machine direction (MD) ŐĸŃŐĬĺȮtransverse direction (TD) ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,00 
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ĶŌĮĪňŗȮ4,01 ŐĽħĚėƞŅȮelongation at break ĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗŏĨŇĴĽŅĶĸħĔŅĶŏĔŅŃįŇĺȮĪńŘĚŒĬ

ŐĬĺȮmachine direction (MD)ȮŐĸŃŐĬĺȮtransverse direction (TD) 
 

ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅȮelongation at breakȮĕŀĚȮPBAT aĪňŗœĴƞĴňĔŅĶŏĨŇĴ

ĽŅĶŏĨŇĴŐĨƞĚŒĬŐĬĺȮMD ĴňėƞŅȮ439 ± 56 % ŐĸŃŐĪĭœĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀĴňĔŅĶŏĨŇĴ

ĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮcarnauba wax ŏĬŊŗŀĚěŅĔĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŒĬĮĶŇĴŅĦœĴƞȮŏĔŇĬȮ2 wt% 

ŏľĴŊŀĬĔńĭŒĬĚŅĬĺŇěńĵĕŀĚȮHojun LeeȮŐĸŃėĦŃł [29] ĞŉŗĚĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĬƟŀĵĔĺƞŅȮ0Ȯ

wt% ěŃœĴƞĽƞĚįĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŏĮƦĬȮShellac ěŃıĭĺƞŅĴňĔŅĶ

ĸħĸĚĕŀĚȮelongation at break ĬƟŀĵŏĬŊŗŀĚěŅĔŀŅěŏĔŇħĔŅĶĨńħĽŅĵőĞƞĕŀĚȮPBAT  ĞŉŗĚ

ŐĬĺőĬƟĴŏľĴŊŀĬĔńĬĪńŘĚŒĬŐĬĺȮmachine direction (MD) ŐĸŃŐĬĺȮtransverse direction 

(TD) ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4,01 

ěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮLDPE ŐĸȮPBAT ĪńŘĚľĴħıĭĺƞŅėƞŅȮmodulus 

ŐĸŃȮtensile strength ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĬƟŀĵĴŅĔľĶŊŀŐĪĭœĴƞŏĮĸňŗĵĬŐĮĸĚ ŐĨƞėƞŅȮ

elongation ĕŀĚȮLDPE ěŃĸħĸĚŏĸŖĔĬƟŀĵŏĴŊŗŀĴňĔŅĶŏĨŇĴȮsilicone ĽƞĺĬŒĬȮPBAT ėƞŅȮ

elongation ěŃĸħĸĚŏĸŖĔĬƟŀĵŏĴŊŗŀŏĨŇĴȮshellacȮĽƞĺĬĔŅĶŏĨŇĴȮcarnauba wax œĴƞĽƞĚįĸĨƞŀ

ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮLDPE ŐĸŃȮPBAT  
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4.0.1,2 ĪħĽŀĭĔŅĶŐıĶƞĕŀĚĽŅĶŒĬĭĶĶěŋĳńĦĤƢĽŌƞŀŅľŅĶȮ(migration test) 

ĪŜŅĔŅĶĪħĽŀĭĔŅĶŐıĶƞĔĶŃěŅĵĕŀĚĽŅĶĽŌƞŀŅľŅĶĨŅĴȮĴŀĔ,/.02ȮľĶŊŀȮĴŀĔ,434Ȯ

őħĵĔŅĶĲƕĸƢĴĪňŗĕŉŘĬĶŌĮœħƟěŅĔĔĶŃĭĺĬĔŅĶȮblown film extrusion ŐĸƟĺĪŜŅĔŅĶĪħĽŀĭĺńħėƞŅȮ

contact angle œħƟĴŅĔĪňŗĽŋħĴŅĪħĽŀĭĔŅĶŐıĶƞĕŀĚĽŅĶĽŌƞŀŅľŅĶőħĵĔŅĶĬŜŅœĮŐĝƞĸĚŒĬ

ĽŅĶĸŃĸŅĵȮ2ȮĝĬŇħĪňŗŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶŐĨƞĸŃĮĶŃŏĳĪėŊŀȮĬŘŜŅĔĸńŗĬŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶ

ĪňŗĴňėƞŅȮpH ŏĔŇĬȮ3, ĔĶħŐŀĞňĨŇĔėĺŅĴŏĕƟĴĕƟĬĶƟŀĵĸŃȮ2ȮŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶĪňŗĴňėƞŅȮpH œĴƞ

ŏĔŇĬȮ3, ŏŀĪŇĸŐŀĸĔŀŁŀĸƢėĺŅĴŏĕƟĴĕƟĬĶƟŀĵĸŃȮ0.ȮŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶĪňŗĴňŐŀĸĔŀŁŀĸƢȮŐĸŃ

ĬŀĶƢĴńĸŏŁĮŏĪĬŏĮƦĬĨńĺŐĪĬĕŀĚŀŅľŅĶĮĶŃŏĳĪœĕĴńĬŐĸŃĬŘŜŅĴńĬ ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅ

ĮĶŇĴŅĦĽŇŗĚĪňŗĨĔėƟŅĚĕŀĚȮLDPE ŐĸŃȮLDPE ĪňŗįĽĴȮSilicone ěŅĔĨŅĶŅĚĪňŗȮ4,3ȮŐĸŃĨŅĶŅĚĪňŗȮ

4,4ȮĴňėƞŅĪňŗœĴƞŐĨĔĨƞŅĚĔńĬŐĸŃĬƟŀĵĔĺƞŅĮĶŇĴŅĦĽŅĶĨĔėƟŅĚĪňŗĶńĭœħƟĨŅĴĴŅĨĶģŅĬŐĽħĚĺƞŅ

ĽŅĴŅĶĩĬŜŅĴŅįĽĴĔńĭȮLDPE ŐĸŃĽŅĴŅĶĩĬŜŅĴŅŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢĪňŗŒĝƟĽŜŅľĶńĭĭĶĶěŋŀŅľŅĶœħƟ 

ĨŅĶŅĚĪňŗȮ4,3ȮŐĽħĚėƞŅĮĶŇĴŅĦĽŅĶĪňŗĨĔėƟŅĚĕŀĚȮLDPEȮľĸńĚěŅĔĽĔńħħƟĺĵĽŅĶŃĸŅĵŏĪňĵĭĔńĭŏĔĦĤƢĽŅĶ
ĨĔėƟŅĚĪňŗĶńĭœħƟĨŅĴŅĨĶģŅĬ 

ĽŅĶĸŃĸŅĵĪňŗŒĝƟĽĔńħ &LDPE) 
ĮĶŇĴŅĦĽŇŗĚĨĔėƟŅĚ (ĴŇĸĸŇĔĶńĴĨƞŀ
ĸŌĔĭŅĻĔƢŏħĞŇŏĴĨĶ' 

ŏĔĦĤƢĪňŗĔŜŅľĬħĽŅĶĨĔėƟŅĚĽŌĚĽŋħ 
(ĴŇĸĸŇĔĶńĴĨƞŀĸŌĔĭŅĻĔƢŏħĞŇŏĴĨĶ' 

ĬŘŜŅĔĸńŗĬ œĴƞıĭ 30 
ĽŅĶĸŃĸŅĵĔĶħŀŃĞňĨŇĔ ĶƟŀĵĸŃȮ4 œĴƞıĭ 30 
ĽŅĶĸŃĸŅĵŏŀĪŅĬŀĸ ĶƟŀĵĸŃȮ20 œĴƞıĭ 30 
ĬŀĶƢĴŀĸŏŁĮŏĪĬ 10.4 150 

 

ĨŅĶŅĚĪňŗȮ4,4ȮŐĽħĚėƞŅĮĶŇĴŅĦĽŅĶĪňŗĨĔėƟŅĚĕŀĚȮLDPEȮĪňŗįĽĴĔńĭȮSiliconeľĸńĚěŅĔĽĔńħħƟĺĵĽŅĶŃĸŅĵ
ŏĪňĵĭĔńĭŏĔĦĤƢĽŅĶĨĔėƟŅĚĪňŗĶńĭœħƟĨŅĴŅĨĶģŅĬ 

ĽŅĶĸŃĸŅĵĪňŗŒĝƟĽĔńħ
&LDPE/Silicone) 

ĮĶŇĴŅĦĽŇŗĚĨĔėƟŅĚ (ĴŇĸĸŇĔĶńĴĨƞŀ
ĸŌĔĭŅĻĔƢŏħĞŇŏĴĨĶ' 

ŏĔĦĤƢĪňŗĔŜŅľĬħĽŅĶĨĔėƟŅĚĽŌĚĽŋħ 
(ĴŇĸĸŇĔĶńĴĨƞŀĸŌĔĭŅĻĔƢŏħĞŇŏĴĨĶ' 

ĬŘŜŅĔĸńŗĬ œĴƞıĭ 30 
ĽŅĶĸŃĸŅĵĔĶħŀŃĞňĨŇĔ ĶƟŀĵĸŃȮ4 œĴƞıĭ 30 
ĽŅĶĸŃĸŅĵŏŀĪŅĬŀĸ ĶƟŀĵĸŃȮ20 œĴƞıĭ 30 
ĬŀĶƢĴŀĸŏŁĮŏĪĬ 10.4 150 
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ĨŅĶŅĚĪňŗȮ4,5ȮŐĽħĚėƞŅĮĶŇĴŅĦĽŅĶĪňŗĨĔėƟŅĚĕŀĚȮPBATȮľĸńĚěŅĔĽĔńħħƟĺĵĽŅĶŃĸŅĵŏĪňĵĭĔńĭŏĔĦĤƢĽŅĶ
ĨĔėƟŅĚĪňŗĶńĭœħƟĨŅĴŅĨĶģŅĬ 

ĽŅĶĸŃĸŅĵĪňŗŒĝƟĽĔńħ &PBAT) 
ĮĶŇĴŅĦĽŇŗĚĨĔėƟŅĚ (ĴŇĸĸŇĔĶńĴĨƞŀ
ĸŌĔĭŅĻĔƢŏħĞŇŏĴĨĶ' 

ŏĔĦĤƢĪňŗĔŜŅľĬħĽŅĶĨĔėƟŅĚĽŌĚĽŋħ 
(ĴŇĸĸŇĔĶńĴĨƞŀĸŌĔĭŅĻĔƢŏħĞŇŏĴĨĶ' 

ĬŘŜŅĔĸńŗĬ ĬƟŀĵĔĺƞŅȮ5 30 
ĽŅĶĸŃĸŅĵĔĶħŀŃĞňĨŇĔ ĶƟŀĵĸŃȮ4 5.7 30 
ĽŅĶĸŃĸŅĵŏŀĪŅĬŀĸ ĶƟŀĵĸŃȮ20 8.2 30 
ĬŀĶƢĴŀĸŏŁĮŏĪĬ 7.4 150 

 

ĨŅĶŅĚĪňŗȮ4,6ȮŐĽħĚėƞŅĮĶŇĴŅĦĽŅĶĪňŗĨĔėƟŅĚĕŀĚȮPBAT ĪňŗįĽĴĔńĭȮCarnauba waxȮľĸńĚěŅĔĽĔńħħƟĺĵ
ĽŅĶŃĸŅĵŏĪňĵĭĔńĭŏĔĦĤƢĽŅĶĨĔėƟŅĚĪňŗĶńĭœħƟĨŅĴŅĨĶģŅĬ 

ĽŅĶĸŃĸŅĵĪňŗŒĝƟĽĔńħ &PBAT/CB) 
ĮĶŇĴŅĦĽŇŗĚĨĔėƟŅĚ (ĴŇĸĸŇĔĶńĴĨƞŀ
ĸŌĔĭŅĻĔƢŏħĞŇŏĴĨĶ' 

ŏĔĦĤƢĪňŗĔŜŅľĬħĽŅĶĨĔėƟŅĚĽŌĚĽŋħ 
(ĴŇĸĸŇĔĶńĴĨƞŀĸŌĔĭŅĻĔƢŏħĞŇŏĴĨĶ' 

ĬŘŜŅĔĸńŗĬ œĴƞıĭ 30 
ĽŅĶĸŃĸŅĵĔĶħŀŃĞňĨŇĔ ĶƟŀĵĸŃȮ4 œĴƞıĭ 30 
ĽŅĶĸŃĸŅĵŏŀĪŅĬŀĸ ĶƟŀĵĸŃȮ20 ĬƟŀĵĔĺƞŅȮ5 30 
ĬŀĶƢĴŀĸŏŁĮŏĪĬ 8.4 150 

  

 ěŅĔĔŅĶĪħĽŀĭıĭĺƞŅėƞŅĮĶŇĴŅĦĽŇŗĚĪňŗĨĔėƟŅĚĕŀĚȮPBAT ŐĸŃȮPBAT ĪňŗįĽĴȮcarnauba wax 

ěŅĔĨŅĶŅĚĪňŗȮ4,5 ŐĸŃȮĨŅĶŅĚĪňŗȮ4,6 ıĭĺƞŅĮĶŇĴŅĦĽŅĶĪňŗĨĔėƟŅĚĴňėƞŅĪňŗœĴƞŐĨĔĨƞŅĚĔńĬŐĸŃĬƟŀĵĔĺƞŅ

ĮĶŇĴŅĦĽŅĶĨĔėƟŅĚĪňŗĶńĭœħƟĨŅĴĴŅĨĶģŅĬŐĽħĚĺƞŅĽŅĴŅĶĩĬŜŅĴŅįĽĴĔńĭȮPBAT ŐĸŃĽŅĴŅĶĩĬŜŅĴŅŒĝƟ

ŏĮƦĬĭĶĶěŋĳńĦĤƢĪňŗŒĝƟĽŜŅľĶńĭĭĶĶěŋŀŅľŅĶœħƟ 
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ĭĪĪňŗȮ3 

ĽĶŋĮįĸĚŅĬĺŇěńĵŐĸŃĕƟŀŏĽĬŀŐĬŃ 

 

5.1 ĽĶŋĮįĸĚŅĬĺŇěńĵ 

ĚŅĬĺŇěńĵĬňŘœħƟĪŜŅĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚĲƕĸƢĴıŀĸŇŏŀĪŇĸňĬȮ(LDPE) ŐĸŃıŀĸŇ 

ĭŇĺĪŇĸňĬŀŃħŇŏıĪőėĪŅŏĶĲĪŅŏĸĪ (PBAT) őħĵĔŅĶĬŜŅıŀĸŇŏĴŀĶƢĪńŘĚȮ0ȮĝĬŇħĴŅŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶ

ŏĔŅŃįŇĺȮőħĵĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĻŉĔļŅĔĶŃĭĺĬĔŅĶįĽĴȮŐĸŃĻŉĔļŅĝĬŇħŐĸŃĮĶŇĴŅĦĔŅĶŏĨŇĴĽŅĶŏĨŇĴ

ŐĨƞĚĨƞŅĚŕĪňŗěŃĽƞĚįĸĨƞŀĽĴĭńĨŇĔŅĶŏĮƖĵĔįŇĺĕŀĚĲƕĸƢĴĪňŗœħƟȮĬŀĔěŅĔĬňŘĵńĚœħƟĴňĔŅĶĨŇħĨŅĴĔŅĶŏĮĸňŗĵĬŐĮĸĚ

ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮLDPE ŐĸŃȮPBAT ŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮĶĺĴœĮĩŉĚœħƟĴňĔŅĶĻŉĔļŅĔŅĶȮmigrate 

ĕŀĚĽŅĶĪňŗŀŀĔĴŅĨŅĴĴŅĨĶģŅĬĕŀĚĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭĭĶĶěŋŀŅľŅĶȮőħĵŒĬĔŅĶĻŉĔļŅĽŅĴŅĶĩŐĭƞĚĔŅĶ

ĪħĸŀĚŀŀĔŏĮƦĬȮ0 ĽƞĺĬŒľĠƞŕȮħńĚĬňŘ 

ĚŅĬĺŇěńĵĽƞĺĬĪňŗȮ/ȮĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚȮ5ȮĝĬŇħȮœħƟŐĔƞȮCarnauba wax, Shellac, PE 
wax, OPE, Silane1, Silane2, SiliconeȮĪňŗĴňįĸĨƞŀĔŅĶŏĮƖĵĔįŇĺŏĭŊŘŀĚĨƟĬőħĵĔŅĶįĽĴŒĬŏėĶŊŗŀĚįĽĴ
ŐĭĭĮƕħȮěŅĔĔŅĶĪħĸŀĚıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĸħĔŅĶŏĔŅŃįŇĺŏĕƟŅœĮěŃĪŜŅŒľƟėƞŅŐĶĚĭŇħĴňĔŅĶ
ĸħĸĚŏĸŖĔĬƟŀĵŐĨƞœĴƞĴňĮƤĠľŅŒĬĔŅĶįĽĴŒħŏĔŇħĕŉŘĬĪńŘĚŒĬȮLDPE ŐĸŃȮPBAT ĴňŐĬĺőĬƟĴĕŀĚėƞŅŐĶĚĭŇħĪňŗ
ėĸƟŅĵėĸŉĚĔńĬȮ 

ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮŐĸŃĔŅĶĵŉħŏĔŅŃįŇĺĕŀĚıĸŅĽĨŇĔĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶįĽĴ ěŅĔĔŅĶĪħĸŀĚ

ıĭĺƞŅĽŜŅľĶńĭȮLDPE ŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮsiliconeȮĮĶŇĴŅĦȮ3 wt% ěŃĪŜŅŒľƟĴňėƞŅȮcontact 

angle ŏĪƞŅĔńĭȮ/.5 ± 1ȮŀĚĻŅȮěŅĔȮ70 ± 1ȮŀĚĻŅȮĞŉŗĚŏıŇŗĴĕŉŘĬĴŅĔĪňŗĽŋħȮŐĸŃĽŜŅľĶńĭȮPBAT ıĭĺƞŅ

ĽŅĶŏĨŇĴŐĨƞĚĪňŗĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle œħƟĴŅĔĪňŗĽŋħėŊŀĔŅĶŏĨŇĴȮcarnauba wax ĮĶŇĴŅĦȮ3Ȯ

wt% ĽŅĴŅĶĩŏıŇŗĴȮcontact angle ěŅĔȮ75 ± 4ȮŀĚĻŅ ŏĮƦĬȮ/04 ± 4ȮŀĚĻŅ ŐĸŃŐĬĺőĬƟĴŏĴŊŗŀŏĨŇĴ

ĽŅĶŏĨŇĴŐĨƞĚĴŅĔĕŉŘĬěŃĪŜŅŒľƟėƞŅȮcontact angle ĴŅĔĕŉŘĬȮěŅĔĔŅĶĪħĸŀĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮLDPE 

ıĭĺƞŅŏĴŊŗŀŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŐĸƟĺėƞŅȮmodulus œĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĺƟĬŐĨƞŏĨŇĴȮPE wax, silicone, 

silane1 ŐĸŃȮsilane2 ĪňŗěŃĪŜŅŒľƟėƞŅȮmodulus ĸħĸĚȮėƞŅȮtensile strength œĴƞŏĮĸňŗĵĬŐĮĸĚȮėƞŅȮ

elongation at break ŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚěŃĪŜŅŒľƟėƞŅȮelongation at break ĸħĸĚȮĽŜŅľĶńĭȮ

PBAT ıĭĺƞŅėƞŅȮmodulus ĴňŐĬĺőĬƟĴŏıŇŗĴĴŅĔĕŉŘĬŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮėƞŅȮtensileȮstrength 

ĸħĸĚŏĸŖĔĬƟŀĵŏĴŊŗŀŏĨŇĴȮsilicone ėƞŅȮelongation at break ŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚěŃĪŜŅŒľƟėƞŅȮ

elongation at break ĴňŐĬĺőĬƟĴĸħĸĚ ĬŀĔěŅĔĬňŘĵńĚœħƟĴňĔŅĶĪħĽŀĭĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅŏıŊŗŀ
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ŏĮƦĬĔŅĶĵŊĬĵńĬŏĶŊŗŀĚĔŅĶȮbloom ĕŀĚĽŅĶŏĨŇĴŐĨƞĚŀŀĔĴŅĪňŗįŇĺĕŀĚĲƕĸƢĴȮLDPE ŐĸŃȮPBAT ıĭĺƞŅŏĔŇħ

ĔŅĶȮbloom ĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗįŇĺĕŀĚĲƕĸƢĴȮ 

ĚŅĬĺŇěńĵĽƞĺĬĪňŗȮ0ȮĻŉĔļŅįĸĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗĴňįĸĨƞŀĔŅĶŏĮƖĵĔįŇĺŒĬĔĶŃĭĺĬĔŅĶŏĮƙŅĩŋĚőħĵ

įĽĴŒĬȮtwin screw extrusion ŐĸŃĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶȮblown film extrusionȮěŅĔĔŅĶ

ĪħĸŀĚıĭĺƞŅĔŅĶŒĝƟĽŅĶŏĨŇĴŐĨƞĚȮCB ŒĬĮĶŇĴŅĦĪňŗĴŅĔŏĔŇĬȮ1Ȯwt% ěŃĪŜŅŒľƟĴňĮƤĠľŅŒĬĔĶŃĭĺĬĔŅĶ

įĽĴħƟĺĵŏėĶŊŗŀĚȮextruder ĪŜŅŒľƟĨƟŀĚĸħĮĶŇĴŅĦĔŅĶŏĨŇĴȮCB ĸĚŏľĸŊŀœĴƞŏĔŇĬȮ0Ȯwt% ŐĸŃœħƟĴňĔŅĶ

ĪħĽŀĭĽĴĭńĨŇĔŅĶœľĸıĭĺƞŅȮLDPE ŏĴŊŗŀŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮCB ŐĸƟĺěŃĪŜŅŒľƟĴňėƞŅħńĝĬňĔŅĶœľĸĪňŗŏıŇŗĴĴŅĔ

ĕŉŘĬĽƞĺĬĔŅĶŏĨŇĴȮsilicone œĴƞĽƞĚįĸĨƞŀėƞŅħńĝĬňĔŅĶœľĸȮĽŜŅľĶńĭȮPBAT ıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚ

ěŃĪŜŅŒľƟėƞŅħńĝĬňĔŅĶœľĸŏıŇŗĴĕŉŘĬȮŐĸŃĬŀĔěŅĔĬňŘĵńĚœħƟĴňĔŅĶĪħĽŀĭȮGPC ŏıŊŗŀħŌĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮ

PBAT ĪňŗŏĨŇĴȮshellac ıĭĺƞŅĬŘŜŅľĬńĔőĴŏĸĔŋĸĴňĔŅĶĸħĸĚ 

 ĪħĽŀĭĽĴĭńĨŇĨƞŅĚŕȮĕŀĚĲƕĸƢĴıĸŅĽĨŇĔȮěŅĔĔŅĶĪħĸŀĚıĭĺƞŅĽŜŅľĶńĭȮLDPE ĽŅĶŏĨŇĴŐĨƞĚȮ

siliconeȮĮĶŇĴŅĦȮ3 wt% ěŃĪŜŅŒľƟĴňėƞŅȮcontact angle ŏĪƞŅĔńĭȮ/.2 ± 1ȮŀĚĻŅȮěŅĔȮ71 ± 2ȮŀĚĻŅȮ

ĞŉŗĚŏıŇŗĴĕŉŘĬĴŅĔĪňŗĽŋħȮŐĸŃĽŜŅľĶńĭȮPBAT ıĭĺƞŅĽŅĶŏĨŇĴŐĨƞĚĪńŘĚȮCB ĮĶŇĴŅĦȮ0Ȯwt% ŐĸŃȮShellac 5 

wt%  ĪňŗĽŅĴŅĶĩŏıŇŗĴėƞŅȮcontact angle ěŅĔȮ71 ± /ȮŀĚĻŅ ŏĮƦĬȮ/.5 ± /ȮŀĚĻŅȮŐĸŃȮ/.5 ± 1Ȯ

ŀĚĻŅ ĨŅĴĸŜŅħńĭȮŐĸŃŐĬĺőĬƟĴŏĴŊŗŀŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĴŅĔĕŉŘĬěŃĪŜŅŒľƟėƞŅȮcontact angle ĴŅĔĕŉŘĬȮěŅĔ

ĔŅĶĪħĸŀĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮLDPE ıĭĺƞŅŏĴŊŗŀŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŐĸƟĺėƞŅȮmodulus œĴƞĴňĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚŏĺƟĬŐĨƞŏĨŇĴȮsilicone ĪňŗěŃĪŜŅŒľƟėƞŅȮmodulus ĸħĸĚȮėƞŅȮtensile strength ĴňĔŅĶĸħĸĚ

ŏĸŖĔĬƟŀĵŏĴŊŗŀŏĨŇĴȮsiliconeȮėƞŅȮelongation œĴƞŏĮĸňŗĵĬŐĮĸĚȮĽŜŅľĶńĭȮPBAT ıĭĺƞŅėƞŅȮmodulus ŐĸŃ

ėƞŅȮtensileȮstrength œĴƞŏĮĸňŗĵĬŐĮĸĚȮėƞŅȮelongation at break ŏĴŊŗŀĴňĔŅĶŏĨŇĴȮShellac ěŃĪŜŅŒľƟėƞŅȮ

elongation at break ĸħĸĚŏĸŖĔĬƟŀĵȮŐĸŃěŅĔĔŅĶĪħĸŀĚĔŅĶŐıĶƞĕŀĚĽŅĶŏĨŇĴŐĨƞĚŒĬĭĶĶěŋĳńĦĤƢĽŌƞ

ŀŅľŅĶıĭĺƞŅĽŅĶĪňŗĨĔėƟŅĚœĴƞŏĔŇĬĪňŗȮĴŀĔ,/.02ȮŐĸŃȮĴŀĔ,434ȮĔŜŅľĬħĽŅĴŅĶĩŒĝƟŏĮƦĬĭĶĶěŋĳńĦĤƢĭĶĶěŋ

ŀŅľŅĶœħƟ 

 

3,0ȮĕƟŀŏĽĬŀŐĬŃ 

 3,0,/ȮŏĬŊŗŀĚěŅĔŒĬĚŅĬĺŇěńĵĬňŘĴňĔŅĶĬŜŅȮcarnauba wax ĴŅŏĮƦĬĽŅĶŏĨŇĴŐĨƞĚŐĸŃĪŜŅĔŅĶįĽĴĔńĭ

ıŀĸŇŏĴŀĶƢȮħńĚĬńŘĬėĺĶŏĨŇĴŒĬĮĶŇĴŅĦœĴƞŏĔŇĬȮ0Ȯwt% ŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħĮƤĠľŅŒĬĔŅĶįĽĴıŀĸŇŏĴŀĶƢĔńĭȮ

carnauba waxȮħƟĺĵŏėĶŊŗŀĚȮextruder 
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 5.2.2 ĩƟŅĨƟŀĚĔŅĶĸħĔŅĶŏĔŅŃŏĮƖĵĔįŇĺĴŅĔĕŉŘĬȮŀŅěěŃĪŜŅħƟĺĵĺŇīňŀŊŗĬŕŏıŇŗĴŏĨŇĴŏĝƞĬȮĔŅĶĪŜŅ

ĸĺħĸŅĵĕĬŅħœĴőėĶŏĴĨĶĭĬıŊŘĬįŇĺĕŀĚĲƕĸƢĴŒľƟĴňĸńĔļĦŃĨƞŅĚŕȮĞŉŗĚŀŅěěŃĪŜŅħƟĺĵĺŇīňĔŅĶĪŜŅĸĺħĸŅĵĭĬ

ĸŌĔĔĸŇŘĚĕŀĚŏėĶŊŗŀĚĕŉŘĬĶŌĮŏĴŊŗŀĲƕĸƢĴŀŀĔĴŅįƞŅĬĸŌĔĔĸŇŘĚěŃŏĔŇħŏĮƦĬĸŅĵĭĬįŇĺĲƕĸƢĴŐĸƟĺĬŜŅœĮĻŉĔļŅĽĴĭńĨŇ

ĔŅĶĵŉħŏĔŅŃįŇĺĨƞŀœĮ 

 3,0,1ȮěŅĔĚŅĬĺŇěńĵĬňŘĽŅĴŅĶĩĬŜŅœĮĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶįĸŇĨŏĮƦĬĩŋĚıĸŅĽĨŇĔĽŜŅľĶńĭĭĶĶěŋŀŅľŅĶ

ľĶŊŀĕŀĚŏľĸĺĪňŗĴňĕńŘĺȮŐĪĬĔŅĶŒĝƟȮLDPE ŐĭĭŏħŇĴŏĬŊŗŀĚěŅĔıŀĸŇŏĴŀĶƢĪňŗŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŐĸƟĺĕŉŘĬĶŌĮŏĮƦĬ

ĩŋĚıĸŅĽĨŇĔĴňĽĴĭńĨŇŏĝŇĚĔĸœĴƞėƞŀĵŏĮĸňŗĵĬŐĮĸĚěŉĚĽŅĴŅĶĩŒĝƟŐĪĬœħƟŐĸŃĵńĚĸħĔŅĶĵŉħĨŇħĕŀĚŏĻļŀŅľŅĶ

ĪňŗĲƕĸƢĴĪŜŅŒľƟĽŅĴŅĶĩĬŜŅĴŅĸƟŅĚŐĸŃŏĕƟŅĔĶŃĭĺĬĔŅĶĶňœĞŏėŇĸœħƟĚƞŅĵĴŅĔĕŉŘĬ 

 3,0,2ȮŏĬŊŗŀĚěŅĔŒĬĚŅĬĺŇěńĵĬňŘœħƟĻŉĔļŅĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŐĭĭįĽĴĔńĭĽŅĶĸħĔŅĶŏĔŅŃįŇĺŐĨƞ

ŒĬŀŋĨĽŅľĔĶĶĴȮĔŅĶĪŜŅĔŅĶįĽĴĪŋĔėĶńŘĚĴńĔĴňėƞŅŒĝƟěƞŅĵĪňŗŏıŇŗĴĕŉŘĬȮěŉĚėĺĶĴňĔŅĶĻŉĔļŅĔŅĶĪŜŅĔŅĶįĽĴĬňŘ

ŏĮƦĬȮmaster batch ŏıŊŗŀĬŜŅœĮŏĪįĽĴĔńĭıŀĸŇŏĴŀĶƢĪňŗěŃŒĝƟĕŉŘĬĶŌĮȮŐĸŃĪŜŅĔŅĶĻŉĔļŅĽĴĭńĨŇĨƞŅĚŕȮĨƞŀœĮ 

 3,0,3ȮėĺĶĪŜŅĔŅĶĻŉĔļŅĔŅĶĸħĔŅĶŏĮƖĵĔįŇĺĕŀĚĲƕĸƢĴőħĵŒĝƟĽŅĶŏĨŇĴŐĨƞĚŀŊŗĬŕȮŏıŇŗĴŏĨŇĴŐĸŃ

ĬŜŅĴŅŏĮĶňĵĭŏĪňĵĭĔńĭĚŅĬĺŇěńĵĬňŘŏıŊŗŀŏĮƦĬŐĬĺĪŅĚľĶŊŀĪŅĚŏĸŊŀĔĕŀĚĚŅĬĺŇěńĵĨƞŀœĮ 
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ĳŅėįĬĺĔ 
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ĳŅėįĬĺĔȮĔ 

ĕƟŀĴŌĸŐĸŃįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĨƞŅĚŕ 
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Ĕ-/ȮįĸĔŅĶĪħĽŀĭĔŅĶŏĮƖĵĔįŇĺħƟĺĵŏĪėĬŇėȮcontact angle 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,/ȮĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮcontact angle ĕŀĚȮPBAT ĪňŗĕŉŘĬĶŌĮěŅĔ

ĔĶŃĭĺĬĔŅĶȮcompression molding 

sample 
Contact angle 

1 2 3 4 Ave SD 

PBAT 70.00 77.40 78.30 76.10 75.45 3.74 

PBAT/1%CB wax  112.95 110.81 112.07 112.20 112.01 0.89 

PBAT/2%CB wax  110.32 113.50 112.70 112.50 112.26 1.36 

PBAT/3%CB wax  108.72 115.87 111.08 117.25 113.23 4.00 

PBAT/5%CB wax  118.76 124.72 123.54 127.32 123.59 3.58 

PBAT/3%PE wax 74.80 75.53 78.30 80.10 77.18 2.46 

PBAT/5%PE wax 82.90 82.10 82.40 83.00 82.60 0.42 

PBAT/3%silane1 94.72 96.70 98.40 100.50 97.58 2.46 

PBAT/5%silane1 106.70 99.20 104.05 107.92 104.47 3.87 

PBAT/3%silane2 93.00 91.60 92.50 92.70 92.45 0.60 

PBAT/5%silane2 92.10 92.70 93.25 92.31 92.59 0.51 

PBAT/3%shellac 89.40 89.50 90.90 90.70 90.13 0.78 

PBAT/5%shellac 108.10 114.30 113.70 108.90 111.25 3.20 

PBAT/3%OPE 83.64 86.55 85.14 88.38 85.93 2.02 

PBAT/5%OPE 96.24 97.55 96.19 99.43 97.35 1.52 

PBAT/3%silicone 85.57 90.17 90.66 92.18 89.65 2.85 

PBAT/5%silicone 93.31 92.98 90.47 92.67 92.36 1.29 
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ĨŅĶŅĚĳŅėįĬĺĔȮĔ,0ȮĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮcontact angle ĕŀĚȮLDPE ĪňŗĕŉŘĬĶŌĮěŅĔ

ĔĶŃĭĺĬĔŅĶȮcompression molding 

sample 
Contact angle 

1 2 3 4 Ave SD 

LDPE 92.83 91.58 92.50 93.03 92.49 0.64 

LDPE/1%CB wax 92.37 93.78 94.74 94.59 93.87 1.09 

LDPE/2%CB wax 93.80 93.47 95.25 94.85 94.34 0.84 

LDPE/3%CB wax 97.84 95.32 95.27 96.69 96.28 1.23 

LDPE/5%CB wax 102.69 99.30 104.20 99.50 101.42 2.42 

LDPE/3%PE wax 92.28 92.33 90.10 93.20 91.98 1.32 

LDPE/5%PE wax 97.53 93.24 92.48 94.40 94.41 2.22 

LDPE/3%silane1 95.58 94.60 96.20 94.04 95.11 0.97 

LDPE/5%silane1 96.03 96.90 95.90 96.60 96.36 0.47 

LDPE/3%silane2 91.54 92.40 93.50 92.40 92.46 0.80 

LDPE/5%silane2 94.10 93.59 96.97 93.28 94.49 1.69 

LDPE/3%shellac 98.59 96.82 97.77 92.47 96.41 2.73 

LDPE/5%shellac 97.80 94.52 99.08 98.13 97.38 1.98 

LDPE/3%OPE 92.21 96.85 92.90 92.79 93.69 2.13 

LDPE/5%OPE 94.30 93.48 95.08 91.22 93.52 1.67 

LDPE/3%Silicone 100.50 101.20 101.29 101.15 101.04 0.36 

LDPE/5%Silicone 105.02 105.20 105.41 102.77 104.60 1.23 
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ĨŅĶŅĚĳŅėįĬĺĔȮĔ,3ȮĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮcontact angle ĕŀĚȮPBAT ŐĸŃȮLDPE ĪňŗĕŉŘĬĶŌĮ

ěŅĔĔĶŃĭĺĬĔŅĶȮblown film extrusion 

sample 
Contact angle 

1 2 3 4 Ave SD 

PBAT 75.37 72.84 72.10 73.02 73.33 1.42 

PBAT/1%CB wax 103.88 105.20 101.50 102.07 103.16 1.70 

PBAT/2%CB wax 105.27 103.88 106.84 104.82 105.20 1.24 

PBAT/3%Shellac 99.43 97.51 99.90 97.99 98.71 1.14 

PBAT/5%Shellac 104.35 104.96 103.75 105.27 104.58 0.67 

  
      LDPE2026 91.17 92.63 88.84 91.38 91.01 1.58 

LDPE/1%CB wax 91.74 96.43 92.32 93.31 93.45 2.09 

LDPE/2%CB wax 94.89 94.45 94.51 93.38 94.31 0.65 

LDPE/3%Silicone 99.18 98.72 96.90 97.84 98.16 1.01 

LDPE/5%Silicone 104.20 105.60 104.16 103.25 104.30 0.97 

 

Ĕ-0ȮįĸĔŅĶĪħĽŀĭȮmelt viscosity ħƟĺĵĔŅĶĺńħėƞŅȮmelt flow 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,2ȮĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮMelt flow index ĕŀĚȮPBAT ĪňŗŀŋĦľĳŌĴŇȮ/7.Ȯ

ŀĚĻŅŏĞĸŏĞňĵĽȮŒĝƟĬŘŜŅľĬńĔĔħȮ0,/4Ȯkg 

Sample 
ĬŘŜŅľĬńĔȮ
&ĔĶńĴ' 

ŏĺĸŅȮ
&ĺŇĬŅĪň' 

MFI  (g/10 
min) 

AVMFI (g/10 
min) 

SD 

PBAT 
  
  

0.38 30.56 7.46 

7.33 0.43 0.39 30.48 7.68 

0.35 30.65 6.85 
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ĨŅĶŅĚĳŅėįĬĺĔȮĔ,2ȮĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮMelt flow index ĕŀĚȮPBAT ĪňŗŀŋĦľĳŌĴŇȮ/7.Ȯ

ŀĚĻŅŏĞĸŏĞňĵĽȮŒĝƟĬŘŜŅľĬńĔĔħȮ0,/4ȮkgȮ(Ĩƞŀ) 

Sample 
ĬŘŜŅľĬńĔȮ
&ĔĶńĴ' 

ŏĺĸŅȮ
&ĺŇĬŅĪň' 

MFI  (g/10 
min) 

AVMFI (g/10 
min) 

SD 

PBAT/1%CB 
  
  

0.53 30.43 10.45 

10.76 0.74 0.59 30.51 11.60 

0.52 30.49 10.23 

PBAT/2%CB 
  
  

0.81 45.47 10.69 

10.83 0.14 0.82 45.41 10.83 

0.83 45.42 10.96 

PBAT/3%Shellac 
  
  

1.44 30.47 28.36 

30.32 1.88 1.55 30.5 30.49 

1.63 30.46 32.11 

PBAT/5%Shellac 
  
  

1.44 20.48 42.19 

42.58 0.69 1.44 20.48 42.19 

2.2 30.43 43.38 

 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,5 ĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮMelt flow index ĕŀĚȮLDPE ĪňŗŀŋĦľĳŌĴŇȮ/7.Ȯ

ŀĚĻŅŏĞĸŏĞňĵĽȮŒĝƟĬŘŜŅľĬńĔĔħȮ0,/4Ȯkg 

Sample ĬŘŜŅľĬńĔ ŏĺĸŅ MFI AVMFI SD 
LDPE 
 

 
 
 

0.42 45.5 5.54 

5.74 0.15 

0.44 45.63 5.79 

0.43 45.26 5.70 

0.43 45.33 5.69 

0.45 45.29 5.96 
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ĨŅĶŅĚĳŅėįĬĺĔȮĔ,5 ĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮMelt flow index ĕŀĚȮLDPE ĪňŗŀŋĦľĳŌĴŇȮ/7.Ȯ

ŀĚĻŅŏĞĸŏĞňĵĽȮŒĝƟĬŘŜŅľĬńĔĔħȮ0,/4ȮkgȮ(Ĩƞŀ) 

Sample ĬŘŜŅľĬńĔ ŏĺĸŅ MFI AVMFI SD 
LDPE/1%CB 
 
 
 
 

0.39 45.42 5.15 

5.99 0.61 

0.43 45.51 5.67 

0.46 45.45 6.07 

0.48 45.32 6.35 

0.51 45.5 6.73 
LDPE/2%CB 
 
 
 
 

0.5 45.39 6.61 

7.22 0.43 

0.53 45.43 7.00 

0.55 45.38 7.27 

0.57 45.35 7.54 

0.58 45.38 7.67 
LDPE/3%Silicone 
 
 
 
 

0.44 45.44 5.81 

5.88 0.18 

0.46 45.65 6.05 

0.46 45.38 6.08 

0.43 45.5 5.67 

0.44 45.53 5.80 
LDPE/5%Silicone 
 
 
 
 

0.43 45.57 5.66 

5.90 0.20 

0.44 45.5 5.80 

0.45 45.54 5.93 

0.45 45.59 5.92 

0.47 45.54 6.19 
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Ĕ-3ȮįĸĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħȮ(tensile testing) 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,6 ĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮtensile testing ĕŀĚȮPBAT ĪňŗĕŉŘĬĶŌĮħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮcompression molding 

Sample 
Young's Modulus 

(MPa) 
%Elongation 

Tensile stress at 
Yield (MPa) 

PBAT 67.0 ± 3.2 1191 ± 65 7.5 ± 0.5 

PBAT/5CB 71.7 ±4.7 818 ± 47 7.3 ± 0.3 

PBAT/5Shellac 70.94 ± 1.4 1086 ± 54 7.7 ± 0.3  

PBAT/5PE wax 74.7 ± 2.0 880 ± 95 7.7 ± 0.3 

PBAT/5OPE 79.5 ±2.8 21 ± 3 7.9 ± 0.5 

PBAT/5Silicone 72.8 ±2.5 19 ± 2 6.6 ± 0.2 

PBAT/5Silane1 68.6 ± 1.1 1102 ± 42 7.5 ± 0.2 

PBAT/5Silane2 68.2 ± 2.9 1251 ± 128 7.2 ± 0.3 

 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,7 ĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮtensile testing ĕŀĚȮLDPE ĪňŗĕŉŘĬĶŌĮħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮcompression molding 

Sample 
Young's Modulus 

(MPa) 
%Elongation 

Tensile stress at 
Yield (MPa) 

LDPE 185 ± 18 907 ± 84 9.0 ± 0.4 

LDPE/5CB 185 ± 2 401 ± 63 9.1 ± 0.4 

LDPE/5Shellac 184 ± 3 32 ± 4 8.7 ± 0.2 

LDPE/5PE wax 160 ± 7 433 ± 84 8.9 ± 0.5 

LDPE/5OPE 185 ± 3 252 ± 88 9.0 ± 0.5 

LDPE/5Silicone 138 ± 6 50 ± 17 8.0 ± 0.1 

LDPE/5Silane1 148 ± 4 856 ± 80 8.7 ± 0.2 

LDPE/5Silane2 146 ±4 839 ± 86 8.6 ± 0.2 
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ĨŅĶŅĚĳŅėįĬĺĔȮĔ,8 ȮĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮtensile testing ĕŀĚȮPBAT ĪňŗĕŉŘĬĶŌĮħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮblown film extrusion 

sample Direction 
Young's Modulus 

(MPa) 
%Elongation 

Tensile stress at 
Yield (MPa) 

PBAT 
  

MD 50.5 ± 4.4 904 ± 55 6.9 ± 0.5 

TD 50.0 ± 2.7 948 ± 59 6.3 ± 0.2 

PBAT/1%CB wax 
  

MD 50.1 ± 1.0 929 ± 18 6.9 ± 0.4 

TD 49.3 ± 2.2 958 ± 35 6.5 ± 0.3  

PBAT/2%CB wax 
  

MD 52.1 ± 2.3 936 ± 13 6.8 ± 0.4 

TD 51.4 ± 3.4 967 ± 26 6.6 ± 0.4 

PBAT/3%Shellac 
  

MD 55.4 ± 4.8 766 ± 111 7.3 ± 0.6 

TD 53.2 ± 3.9 804 ± 123 6.5 ± 0.2 

PBAT/5%Shellac 
  

MD 56.7 ± 4.1 840 ± 115 7.6 ± 0.5 

TD 55.0 ± 2.8 903 ± 90 6.4 ± 0.8 
 

ĨŅĶŅĚĳŅėįĬĺĔȮĔ,9 ȮĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮtensile testing ĕŀĚȮLDPE ĪňŗĕŉŘĬĶŌĮħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮblown film extrusion 

sample Direction 
Young's Modulus 

(MPa) 
%Elongation 

Tensile stress at 
Yield (MPa) 

LDPE2026 
  

MD 160 ± 6 439 ± 56 10.2 ± 0.4 

TD 206 ± 3 638 ± 28 8.3 ± 0.3 

LDPE/1%CB wax 
  

MD 162 ± 8 438 ± 70 10.3 ± 0.4 

TD 207 ± 7 650 ± 29 8.1 ± 0.3 

LDPE/2%CB wax 
  

MD 162 ± 6 386 ± 95 10.0 ± 0.4 

TD 205 ± 5 638 ± 30 8.3 ± 0.6 
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ĨŅĶŅĚĳŅėįĬĺĔȮĔ,9 ȮĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĽŀĭȮtensile testing ĕŀĚȮLDPE ĪňŗĕŉŘĬĶŌĮħƟĺĵ

ĔĶŃĭĺĬĔŅĶȮblown film extrusionȮ(Ĩƞŀ) 

sample Direction 
Young's Modulus 

(MPa) 
%Elongation 

Tensile stress at 
Yield (MPa) 

LDPE/3%Silicone 
  

MD 151 ± 5 432 ± 52 9.5 ± 0.4 

TD 202 ± 10 575 ± 132 8.5 ± 0.5 

LDPE/5%Silicone 
  

MD 136 ± 3 453 ± 57 8.4 ± 0.2 

TD 177 ± 7 586 ± 21 7.4 ± 0.3 

 

 

Ĕ-4ȮįĸĔŅĶĪħĽŀĭĬŘŜŅľĬńĔőĴŏĸĔŋĸħƟĺĵĔŅĶĪħĽŀĭȮGel permeation chromatography 

 

ĶŌĮĳŅėįĬĺĔȮĔ,/ ĔĶŅĲŐĽħĚĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮPBAT  
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ĶŌĮĳŅėįĬĺĔȮĔ,0 ĔĶŅĲŐĽħĚĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮshellac  

 

 

ĶŌĮĳŅėįĬĺĔȮĔ,1 ĔĶŅĲŐĽħĚĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮPBAT ĪňŗŏĨŇĴȮshellac  
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Ĕ-5ȮĔŅĶĺńħĴŋĴȮcontact angle ħƟĺĵőĮĶŐĔĶĴȮImage J 

 

ĶŌĮĳŅėįĬĺĔȮĔ,4 ŐĽħĚĨńĺŀĵƞŅĚĔŅĶĺńħĴŋĴȮcontact angle ĕŀĚȮLDPE ħƟĺĵőĮĶŐĔĶĴȮImage J  

 

 

ĶŌĮĳŅėįĬĺĔȮĔ,5 ŐĽħĚĨńĺŀĵƞŅĚĔŅĶĺńħĴŋĴȮcontact angle ĕŀĚȮPBATȮħƟĺĵőĮĶŐĔĶĴȮImage J  
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ĳŅėįĬĺĔȮĕ 

ĔŅĶėŜŅĬĺĦ 
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ĕ-/ȮĔŅĶėŜŅĬĺĦľŅėƞŅȮblow up ratio (BUR) 

 

ěŅĔ    @jmuȮsnȮp_rgmȮ&@SP'Ȯ;
@s``jcȮbg_kcrcp

BgcȮbg_kcrcp
 

  

ŏĴŊŗŀȮ Bubble diameter (ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚȮbubble ĪňŗŏĮƙŅœħƟěŅĔŏėĶŊŗŀĚȮblown 

film) (mm) 

Die diameter (ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚȮdie) = 42 mm 

ĨńĺŀĵƞŅĚȮĔŅĶėŜŅĬĺĦľŅėƞŅȮBUR ĕŀĚȮLDPE 

 ĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶėŜŅĬĺĦȮœħƟŐĔƞȮbubble diameter = 14.5 cm 

 ŐĪĬėƞŅ 

   `jmuȮsnȮp_rgmȮ&@SP'Ȯ;
/23

20
  

   `jmuȮsnȮp_rgmȮ&@SP'Ȯ;Ȯ1,23 

 

ĕ-0ȮĔŅĶėŜŅĬĺĦľŅėƞŅȮdraw down ratio (DDR) 

 

ěŅĔ  Bp_uȮbmulȮp_rgmȮ&BBP'Ȯ;
UgbrfȮmdȮbgcȮe_n

dgjkȮrfgailcqqȮ×Ȯ@SP
 

 

ŏĴŊŗŀȮ Width of die gap (ĝƞŀĚĺƞŅĚĶŃľĺƞŅĚĕŀĭĕŀĚȮdie ħƟŅĬŒĬŐĸŃħƟŅĬĬŀĔ)Ȯ= 1000 

µm 

Film thickness (ėĺŅĴľĬŅĕŀĚĲƕĸƢĴĪňŗœħƟ) (µm) 

BUR (blow up ratio) 
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ĨńĺŀĵƞŅĚȮĔŅĶėŜŅĬĺĦľŅėƞŅȮDDR ĕŀĚȮLDPE 

 ĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶėŜŅĬĺĦȮœħƟŐĔƞȮWidth of die gap = 1000 µm, Film thickness = 100 

µm, BUR = 3.45 

 ěŅĔ  Bp_uȮbmulȮp_rgmȮ&BBP'Ȯ;
/...

/..Ȯ×Ȯ1,23
 

   Bp_uȮbmulȮp_rgmȮ&BBP'Ȯ;Ȯ0,67 
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ĳŅėįĬĺĔȮė 

ĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵ 
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