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ŒĬĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĻŉĔļŅĽĴĭńĨŇĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇŏŀĪŇĸňĬ

ŏĪŏĶĲĪŅŏĸĨ (PET) ŐĸŃıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨőėŏĪŏĶĲĪŅŏĸĨ (PBAT) ĽŜŅľĶńĭĭĶĶěŋĳńĦĤƢŀŅľŅĶ œħƟ
ŐĭƞĚĔŅĶĻŉĔļŅŀŀĔŏĮƦĬ 2 ĽƞĺĬ őħĵĽƞĺĬĪňŗ 1 ŏĮƦĬĔŅĶĻŉĔļŅĽĴĭńĨŇĕŀĚĲƕĸƢĴ PET/PBAT ŒĬĽńħĽƞĺĬ
ĨƞŅĚŕ œħƟŐĔƞ 100:0, 90:10, 80:20, 70:30, 60:40, ŐĸŃ 0:100 őħĵĬŘŜŅľĬńĔ ıĭĺƞŅŏĴŊŗŀĮĶŇĴŅĦ PBAT 
ŏıŇŗĴĴŅĔĕŉŘĬĽƞĚįĸŒľƟŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺ (Tg) ŐĸŃŀŋĦľĳŌĴŇľĸŀĴŏľĸĺ (Tm) ĸħĸĚ 
ŒĬĕĦŃĪňŗĶƟŀĵĸŃĮĶŇĴŅĦĔŅĶŏĔŇħįĸŉĔĕŀĚ PET ŏıŇŗĴĕŉŘĬ ĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦ PBAT ĵńĚĽƞĚįĸŒľƟĔŅĶ
ĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬ ŐĸŃĔŅĶĔńŘĬįƞŅĬĕŀĚĔƠŅĞŐĸŃœŀĬŘŜŅĕŀĚĲƕĸƢĴŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭĲƕĸƢĴ PET ŐĸŃ
ŏĴŊŗŀĪŜŅĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴ PET/PBAT ıĭĺƞŅ ĮĶŇĴŅĦ PBAT ĪňŗŏıŇŗĴĕŉŘĬ ĽƞĚįĸŒľƟėƞŅ 
WmsleŲqȮkmbsjsqȮŐĸŃėƞŅ tensile strength ĸħĸĚ ŒĬĕĦŃĪňŗ % elongation at break ŏıŇŗĴĕŉŘĬ
ŐĸŃŏıŇŗĴĕŉŘĬĴŅĔŏĴŊŗŀŏĨŇĴ PBAT ŒĬĽńħĽƞĺĬ 40 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔ 

ŒĬĽƞĺĬĪňŗ 2 ŏĮƦĬĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢ (TiO2) ŐĸŃĞŇĚĔƢ
ŀŀĔœĞħƢ (ZnO) ĨƞŀėŋĦĽĴĭńĨŇĕŀĚĲƕĸƢĴ PET/PBAT ŒĬĽńħĽƞĺĬ 90:10 ıĭĺƞŅĲƕĸƢĴ PET/PBAT ĪňŗĴňĔŅĶ
ŏĨŇĴ ZnO ĮĶŇĴŅĦ 1 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĴňĔŅĶĞŉĴįƞŅĬĔƠŅĞŐĸŃœŀĬŘŜŅĨŗŜŅĪňŗĽŋħŐĸŃĪňŗĴňĔŅĶŏĨŇĴ 
TiO2 ĮĶŇĴŅĦ 1-2 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔ ĽƞĚįĸŒľƟĔŅĶĞŉĴįƞŅĬĔƠŅĞŐĸŃœŀĬŘŜŅĸħĸĚ ĞŉŗĚŏĴŊŗŀŏĨŇĴ ZnO 
1-2 ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔ ěŃĸħŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŏĸŖĔĬƟŀĵ ŐĸŃĴňėƞŅ WmsleŲqȮ
modulus ŐĸŃ tensile strength ŏıŇŗĴĕŉŘĬŒĬĕĦŃĪňŗœĴƞĪŜŅŒľƟ % elongation at break ĕŀĚĲƕĸƢĴ
ĨŗŜŅĸĚ ŐĸŃĔŅĶŏĨŇĴ TiO2 ŐĸŃ ZnO ŒĬĲƕĸƢĴĬńŘĬĽƞĚįĸŒľƟŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺ (Tg) 
ŏıŇŗĴĕŉŘĬ ŒĬĕĦŃĪňŗŀŋĦľĳŌĴŇľĸŀĴŏľĸĺ (Tm) ĸħĸĚŏĸŖĔĬƟŀĵ ŒĬĔŅĶĻŉĔļŅĔŅĶĨƟŅĬŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴ 
PET/PBAT ĪňŗŏĨŇĴ TiO2 ŐĸŃ ZnO ıĭĺƞŅĲƕĸƢĴĪňŗŏĨŇĴ ZnO ěŃĵńĭĵńŘĚ
ŐĭėĪňŏĶňĵ E.coli ŐĸŃ S.aureus œħƟħňĔĺƞŅĲƕĸƢĴĪňŗŏĨŇĴ TiO2 
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The aim of this research is to study the effect of PBAT on properties of 

PET films for food packaging. The study was divided into two parts. The first part is to 
study properties of PBAT blended with PET films at PBAT content of 10-40 %. 
Regarding to the PBAT content effect, the Tg and Tm are lower, whereas percentages 
of crystallinity (%Xc) of PET are higher with the addition of higher PBAT content. As 
the PBAT content is increased, the lower the thermal stability of PBAT/PET film and 
the higher gas and water vapor permeability of the PET/PBAT film when compared 
with PET film. With the increment of PBAT, it would result in lower the value of both 
WmsleŲqȮkmbsjsqȮ_lbȮrclqgjcȮqrpclerfȮufcpc_qȮrfcȮcjmle_rgmlȮ_rȮ`pc_iȮumsjbȮ
drastically increase especially when the PBAT content of 40 wt%. 

In the second part, study the effect of TiO2 and ZnO on properties of 
PET/PBAT (90:10) film. From the results, the addition of 1-2 wt% TiO2 has slightly 
decreased gas and water vapor permeability of the PET/PBAT film and the addition 
of 1 wt.% of ZnO has the lowest value of gas and water vapor permeability. 
However, adding of 1-2 wt% ZnO into the PET/PBAT blend tends to slightly decrease 
the Td,ȮRfcȮ_bbgrgmlȮmdȮXlMȮamsjbȮglapc_qcȮWmsleŲqȮkmbsjsqȮ_lbȮrclqgle strength 
while maintaining the elongation at break of PET/PBAT film. The Tg of PET/PBAT film 
was higher. Whereas Tm and %Xc of PET/PBAT are lower with the addition of higher 
TiO2 and ZnO content. The result of antibacterial testing of a film with ZnO exhibited 
better performance of inhibiting E.coli and S.aureus bacteria than the one with TiO2. 
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ĺŇĪĵŅĬŇıĬīƢȮŏĶŊŗŀĚȮĻŉĔļŅĽĴĭńĨŇĕŀĚĲƕĸƢĴıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨįĽĴıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨőė
ŏĪŏĶĲĪŅŏĸĨĽŅľĶńĭĭĶĶěŋĳńĦĤƢŀŅľŅĶȮ&Study Properties of PET/PBAT Blend film for Food 
Packaging Applications) ĽŅĴŅĶĩĽŜŅŏĶŖěĸŋĸƞĺĚœħƟěŅĔĭŋėėĸĨƞŀœĮĬňŘ 

įŌƟĺŇěńĵĕŀĔĶŅĭĕŀĭıĶŃėŋĦȮįŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ıŌĬĪĶńıĵƢȮĨĶňĳıĬŅĩĔŌĸȮŀŅěŅĶĵƢĪňŗĮĶŉĔļŅ
ĺŇĪĵŅĬŇıĬīƢȮĪňŗœħƟŒľƟėĺŅĴĝƞĺĵŏľĸŊŀȮŒľƟėŜŅĮĶŉĔļŅȮŐĬŃŐĬĺĪŅĚĔŅĶĻŉĔļŅȮŐĬĺĪŅĚĔŅĶŐĔƟœĕĮƤĠľŅȮŐĸŃ
ĝƞĺĵĮĶŃĽŇĪīŇśĮĶŃĽŅĪėĺŅĴĶŌƟĪŅĚħƟŅĬĺŇĝŅĔŅĶŐĔƞįŌƟĺŇěńĵȮĪŜŅŒľƟįŌƟĺŇěńĵĽŅĴŅĶĩĬŜŅėĺŅĴĶŌƟėĺŅĴĽŅĴŅĶĩĪňŗĴňȮ
ěĬħŜŅŏĬŇĬĚŅĬĺŇěńĵĝŇŘĬĬňŘěĬĮĶŃĽĭėĺŅĴĽŜŅŏĶŖěȮĶĺĴĩŉĚŀŅěŅĶĵƢȮħĶ,ŀŜŅĬŅěȮĽŇĪīńĨĨĶŃĔŌĸȮŐĸŃȮħĶ,ĝĬŇĬĪĶƢȮ
ĔŋĸŏĻĶļģńĠĝĸňȮĪňŗœħƟĽĸŃŏĺĸŅĴŅŒľƟėŜŅĮĶŉĔļŅȮėŜŅŐĬŃĬŜŅȮŏıŊŗŀŒĝƟŒĬĔŅĶĮĶńĚĮĶŋĚŐĸŃıńĥĬŅŐĔƞįŌƟĺŇěńĵĨƞŀœĮ 
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ĭĪĪňŗȮ1  
ĭĪĬŜŅ 

1.1 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽŜŅėńĠĕŀĚĚŅĬĺŇěńĵ 
ŒĬĮƤěěŋĭńĬĴňĔŅĶĬŜŅıĸŅĽĨŇĔĴŅįĸŇĨŏĮƦĬĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭĭĶĶěŋŀŅľŅĶěŜŅĬĺĬĴŅĔȮĺńĽħŋĪňŗ

ĬŜŅĴŅŒĝƟĬńŘĬĨƟŀĚėŜŅĬŉĚĩŉĚėŋĦĽĴĭńĨŇĪňŗĨƟŀĚĔŅĶŏıŊŗŀĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶĕŀĚįĸŇĨĳńĦĤƢĪňŗěŃĬŜŅœĮŒĝƟ
ĚŅĬĪŅĚħƟŅĬŒħȮőħĵĽŜŅľĶńĭĭĶĶěŋĳńĦĤƢĪňŗĬŜŅĴŅŒĝƟĔńĭŀŅľŅĶĬńŘĬěŃėŜŅĬŉĚĩŉĚėŋĦĽĴĭńĨŇĨƞŅĚȮŕȮœħƟŐĔƞȮ
ĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬŐĔƠĽȮĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĔŅĶĔńĔŏĔŖĭĔĸŇŗĬŏĮƦĬĴŇĨĶĔńĭĽŇŗĚŐĺħĸƟŀĴȮ
ŐĸŃĔŅĶĨƟŅĬŐĭėĪňŏĶňĵȮŏĮƦĬĨƟĬȮY1[ȮĴňĔŅĶŒĝƟĚŅĬıĸŅĽĨŇĔĴŅĔĔĺƞŅȮ2.#ȮŒĬĔŅĶĬŜŅĴŅįĸŇĨĭĶĶěŋĳńĦĤƢȮ
ĞŉŗĚŒĬěŜŅĬĺĬĬńŘĬĴňĴŅĔĔĺƞŅėĶŉŗĚĪňŗŒĝƟįĸŇĨŏĮƦĬĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭŀŅľŅĶĪńŘĚĪňŗŏĮƦĬȮĲƕĸƢĴȮĕĺħȮŐĔƟĺĬŘŜŅȮŏĮƦĬ
ĨƟĬȮĞŉŗĚıŀĸŇŏĴŀĶƢĪňŗĬŜŅĴŅŒĝƟŏĮƦĬĲƕĸƢĴĽŜŅľĶńĭĭĶĶěŋŀŅľŅĶĬńŘĬȮŏĝƞĬȮıŀĸŇŏŀĪŇĸňĬĝĬŇħėĺŅĴľĬŅŐĬƞĬĨŗŜŅ
ŏĝŇĚŏĽƟĬȮ&Linear Low Density Polyethylene,ȮLLDPE'ȮıŀĸŇėŅĶƢĭŀŏĬĨȮ&Polycarbonate, PC'Ȯ
œĬĸŀĬȮ&Nylon'ȮıŀĸŇœĺĬŇĸėĸŀœĶħƢȮ&Polyvinyl chloride, PVC'ȮıŀĸŇőıĶıŇĸňĬȮ&Polypropylene, 
PP'ȮŐĸŃȮıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮ&Polyethylene terephthalate, PET'ȮŏĮƦĬĨƟĬȮY0[ 

LLDPE ŏĮƦĬĲƕĸƢĴĪňŗĵŊħľĵŋƞĬœħƟħňȮŒĝƟľƞŀĶńħĽŇŗĚĕŀĚȮĮƚŀĚĔńĬėĺŅĴĝŊŘĬŐĸŃİŋƙĬĸŃŀŀĚȮY3[ȮPVC 
ŏĮƦĬĲƕĸƢĴĪňŗĴňėĺŅĴŒĽȮĪŜŅŒľƟŏĴŊŗŀľƞŀĶńħįĸŇĨĳńĦĤƢěŃĽŅĴŅĶĩŐĽħĚŒľƟŏľŖĬįĸŇĨĳńĦĤƢĳŅĵŒĬœħƟȮY2[ȮPP 
ŏĮƦĬĲƕĸƢĴĪňŗĬŇĵĴĪŜŅĸŅĴŇŏĬĨĲƕĸƢĴȮ&Laminated film'ȮĲƕĸƢĴėŅĽĪƢőıĸŇőıĶıŇĸňĬȮ&Cast Polypropylene 
Film, CPP'ȮŐĸŃȮĲƕĸƢĴıŀĸŇőıĶıŇĸňĬĪňŗĕŉŘĬĶŌĮőħĵĔŅĶħŉĚĲƕĸƢĴŒĬĽŀĚĪŇĻĪŅĚȮ&Biaxially Oriented 
Polypropylene Film, BOPP'ȮĞŉŗĚŏħƞĬħƟŅĬėĺŅĴŒĽȮėĺŅĴĴńĬĺŅĺȮŏľĬňĵĺȮŐĸŃĪĬĨƞŀŐĶĚħŉĚȮY3[ 

PET ŏĮƦĬĲƕĸƢĴȮBiaxially Oriented Polyethylene terephthalate &BOPET'ȮĴňįŇĺŏĶňĵĭȮ
ĴňėĺŅĴŒĽȮĪĬĨƞŀĔŅĶĜňĔĕŅħŐĸŃĔŅĶĔĶŃŐĪĔȮĶńĔļŅĶŌĮĶƞŅĚœħƟħňŒĬŀŋĦľĳŌĴŇĽŌĚȮŐĸŃĪĬĨƞŀĽŅĶŏėĴňȮY4[Ȯ
ĲƕĸƢĴȮPET ĬńŘĬĴňĔŅĶŒĝƟĚŅĬŀĵƞŅĚŐıĶƞľĸŅĵȮŏĬŊŗŀĚěŅĔȮPET ĴňėŋĦĽĴĭńĨŇĪňŗĽŅĴŅĶĩĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴœħƟŐĸŃ
ĲƕĸƢĴĴňėŋĦĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĪňŗħňȮĶĺĴœĮĩŉĚĔŅĶĪĬĨƞŀĽŅĶŏėĴňĨƟŅĬĔŅĶĞŉĴįƞŅĬĕŀĚȮO0Ȯ
ŐĸŃȮCO0ȮœħƟħňȮĞŉŗĚŏĮƦĬėŋĦĽĴĭńĨŇĪňŗĽŜŅėńĠĴŅĔĽŜŅľĶńĭĔŅĶĩĬŀĴŀŅľŅĶȮY5[ȮŐĨƞŏĬŊŗŀĚěŅĔȮPET ĬńŘĬȮĵńĚĴň
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬīĶĶĴĝŅĨŇȮĪňŗŒĝƟŏĺĸŅĬŅĬŐĸŃĴňėŋĦĽĴĭńĨŇĔŅĶĵŊħľĵŋƞĬĕŀĚĲƕĸƢĴĪňŗĨŗŜŅȮ
ħńĚĬńŘĬȮėĦŃįŌƟĺŇěńĵȮěŉĚĴňėĺŅĴĽĬŒěĪňŗěŃĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĪńŘĚĽŀĚĬňŘĕŀĚȮPET őħĵĔŅĶįĽĴıŀĸŇŏĴŀĶƢ
ĝňĺĳŅıȮ&Biopolymer'ȮĝĬŇħıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨőėŏĪŏĶĲĪŅŏĸĨȮ&PBAT'ȮĞŉŗĚěŅĔĔŅĶĻŉĔļŅĕŀĚĔĸŋƞĴ
įŌƟĺŇěńĵȮY6, 7[ȮœħƟĪŜŅĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĕŀĚĶňœĞŏėŇĸıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮ&R-PET'ȮőħĵĔŅĶįĽĴĔńĭȮ
PBAT ŐĸŃĽŅĶĨƞŀĕĵŅĵĽŅĵőĞƞȮ&Chain extender'ȮıĭĺƞŅȮėŋĦĽĴĭńĨŇĕŀĚȮR-PET ĴňėĺŅĴĽŅĴŅĶĩŒĬ
ĔŅĶħŉĚĵŊħŏıŇŗĴĴŅĔĕŉŘĬȮŐĨƞĚŅĬĺŇěńĵĬňŘœħƟĴňĔŅĶĕŉŘĬĶŌĮħƟĺĵĺŇīňĔŅĶŀńħĜňħȮ&Injection molding'ȮőħĵœĴƞœħƟ
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ŏĬƟĬĺŇěńĵĪŅĚįĸŇĨĳńĦĤƢħƟŅĬĲƕĸƢĴȮĪŅĚįŌƟĺŇěńĵěŉĚĴňėĺŅĴĽĬŒěĪňŗěŃıńĥĬŅĲƕĸƢĴȮPET őħĵįĽĴıŀĸŇŏĴŀĶƢ
ĝňĺĳŅıĝĬŇħȮPBAT  

ĬŀĔěŅĔĬňŘĲƕĸƢĴĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭŀŅľŅĶĬńŘĬėĺĶĴňĻńĔĵĳŅıĪňŗħňŒĬĔŅĶėĺĭėŋĴĔŅĶ
ŏěĶŇĠŏĨŇĭőĨĕŀĚŐĭėĪňŏĶňĵĪňŗŏĮƦĬıŅľŃĬŜŅŏĝŊŘŀőĶėĞŉŗĚĴňĔŅĶŒĝƟĬŘŜŅĴńĬľŀĴĶŃŏľĵȮŏŀĬœĞĴƢȮĽŅĶĽĔńħěŅĔ
įĸœĴƟȮŏĮƦĬĨƟĬȮĪŜŅŒľƟĴňįĸĪňŗħňĴňĻńĔĵĳŅıŒĬĔŅĶĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚěŋĸŇĬĪĶňĵƢŒĬŀŅľŅĶȮŀĵƞŅĚœĶĔŖ
ĨŅĴĔŅĶıńĥĬŅĽŅĵıńĬīŋƢŒľĴƞĕŀĚŏĝŊŘŀŐĭėĪňŏĶňĵŒĬĮƤěěŋĭńĬĬńŘĬĪĬĨƞŀĵŅĮĢŇĝňĺĬŃȮY/.[ȮěŉĚœħƟĬŜŅœĮĽŌƞĔŅĶ
ĬŜŅĬŅőĬŏĪėőĬőĸĵňĴŅŒĝƟŏıŊŗŀėĺĭėŋĴĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŐĭėĪňŏĶňĵĪňŗĴňĮĶŃĽŇĪīŇĳŅıőħĵőėĶĚĽĶƟŅĚĬŅ
őĬĕŀĚőĸľŃŏĝƞĬŏĚŇĬĪŀĚŐħĚȮœĪĪŅŏĬňĵĴȮĽńĚĔŃĽňŐĸŃĪŀĚėŜŅY//[ȮŐĨƞőĸľŃŏĚŇĬŐĸŃĪŀĚœĴƞĽŅĴŅĶĩ
ĬŜŅĴŅŒĝƟŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴœħƟŏĬŊŗŀĚěŅĔĴňėƞŅŒĝƟěƞŅĵĽŌĚħńĚĬńŘĬĚŅĬĺŇěńĵŒĬĮƤěěŋĭńĬĴŋƞĚŏĬƟĬœĮĪňŗŀŀĔœĞħƢ
ĕŀĚőĸľŃŏĝƞĬœĪĪŅŏĬňĵĴȮ&Titanium dioxide8TiO2'ȮŐĸŃĞŇĚĔƢŀŀĔœĞħƢȮ&Zinc oxide8ZnO' 

ěŅĔĚŅĬĺŇěńĵĕŀĚ Poonsub Threepopnatkul ŐĸŃėĦŃȮ[12]ȮœħƟıńĥĬŅĲƕĸƢĴȮPET őħĵ
ĔŅĶįĽĴĔńĭȮPBS ĪňŗŀńĨĶŅĽƞĺĬőħĵĬŘŜŅľĬńĔȮ7.-/.ȮŐĸŃœħƟįĽĴ TiO0ȮľĶŊŀȮZnOȮĸĚœĮĪňŗȮ1#ȮŐĸŃ 2#Ȯ
ĞŉŗĚįĸĕŀĚȮTiO0ȮŐĸŃȮZnOȮĬńŘĬĽŅĴŅĶĩĪňŗěŃĮƚŀĚĔńĬŐĭėĪňŏĶňĵœħƟŏıŇŗĴĴŅĔĕŉŘĬȮŐĸŃĵńĚĽŅĴŅĶĩĮĶńĭĮĶŋĚ
ĽĴĭńĨŇŏĝŇĚĔĸŒľƟħňĕŉŘĬȮŐĸŃȮĚŅĬĺŇěńĵĕŀĚ Byunghoon KimȮŐĸŃėĦŃȮ[13]ȮĪňŗŒĝƟȮTiO0ȮŒĬĔŅĶĨƟŅĬĪŅĬ
ŏĝŊŘŀŐĭėĪňŏĶňĵĬńŘĬıĭĺƞŅĔŅĶŏėĸŊŀĭĭĬįŇĺĬńŘĬĽŅĴŅĶĩĮƚŀĚĔńĬěŋĸŇĬĪĶňĵƢ almonella choleraesuis 
subsp,, Vibrio parahaemolyticus, ŐĸŃ Listeria monocytogenesȮœħƟȮĚŅĬĺŇěńĵĕŀĚȮChamorn 
ChawengkijwanichȮŐĸŃėĦŃȮ[14]ȮįĸĕŀĚĔŅĶŏėĸŊŀĭȮTiO0ȮĬńŘĬȮěŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬ
ŐĭėĪňŏĶňĵȮEscherchia coil ŀĵƞŅĚŏľŖĬœħƟĝńħȮŐĸŃĚŅĬĺŇěńĵĕŀĚȮRasikaTankhiwaleȮŐĸŃėĦŃȮY/.[ȮĪňŗ
œħƟŒĝƟȮZnO ŒĬıńĥĬŅĲƕĸƢĴȮĽŅĴŅĶĩĵŊħŀŅĵŋŀŅľŅĶœħƟȮŐĸŃĵńĚŏĮƦĬĔŅĶĨƟŅĬŐĭėĪňŏĶňĵœħƟŀňĔħƟĺĵȮ 

ŒĬĚŅĬĺŇěńĵĬňŘěŉĚĻŉĔļŅĽĴĭńĨŇĕŀĚĲƕĸƢĴȮPET ĪňŗĴňĔŅĶįĽĴħƟĺĵȮPBAT ĪňŗĽńħĽƞĺĬĨƞŅĚŕȮ
ĬŀĔěŅĔĬňŘĵńĚĪŜŅĔŅĶĻŉĔļŅįĸĕŀĚȮTiO0ȮŐĸŃȮZnOȮĨƞŀĽĴĭńĨŇPET-PBAT ĲƕĸƢĴőħĵĔŅĶĕŉŘĬĶŌĮħƟĺĵ
ĺŇīňĔŅĶȮFilm Casting ħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴĭŅĚȮ&Cast Film Extruder' 
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1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 
 1'ȮĻŉĔļŅĽĴĭńĨŇĕŀĚ PET-PBAT ĲƕĸƢĴŒĬĽńħĽƞĺĬĨƞŅĚŕȮ 

2'ȮĻŉĔļŅįĸĕŀĚȮTiO2ȮŐĸŃȮZnOȮĪňŗĴňįĸĨƞŀėŋĦĽĴĭńĨŇĕŀĚPET-PBAT ĲƕĸƢĴ 

1.3 ĕŀĭŏĕĨĕŀĚĚŅĬĺŇěńĵ 
/'ȮĚŅĬĺŇěńĵĬňŘŒĝƟ Polyethylene terephthalate ŏĸŊŀĔŒĝƟŏĔĶħĔŅĶėƟŅ PET-ȮN1  
2'ȮŒĝƟıŀĸŇŏĴŀĶƢĪňŗĵƞŀĵĽĸŅĵœħƟŏŀĚŒĬīĶĶĴĝŅĨŇŏĮƦĬȮPolybutyleneadipate-co-Ȯ

terephthalate; PBAT'ȮŏĔĶħȮEcoflex F Mulch C1201ȮŒĬĽńħĽƞĺĬőħĵĬŘŜŅľĬńĔȮPETȮĨƞŀ PBATŏĮƦĬȮ
10080,  90810, 80820, 70830, 60840 ,ȮŐĸŃȮ08100  

3'ȮĔŅĶĻŉĔļŅįĸĕŀĚȮTiO2ŐĸŃȮZnOȮőħĵěŃŏĨŇĴ TiO2ȮľĶŊŀȮZnOȮŒĬ PET įĽĴȮPBAT őħĵ
ĔŅĶŏĸŊŀĔĽŌĨĶěŅĔĽĴĭńĨŇŏĝŇĚĔĸȮĪňŗŏľĴŅŃĽĴĪňŗĽŋħĽŜŅľĶńĭĭĶĶěŋĳńĦĤƢȮĞŉŗĚěŃįĽĴŒĬĮĶŇĴŅĦŏĸŖĔĬƟŀĵŏıŊŗŀ
ŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬŐĭėĪňŏĶňĵȮ 

4'ȮĪŜŅĔŅĶįĽĴħƟĺĵȮtwin screw extruderŐĸŃĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴĭŅĚȮ&Cast Film 
Extruder'ȮŏĮƦĬĲƕĸƢĴĪňŗĴňėĺŅĴľĬŅȮ100 ± 10 œĴőėĶŏĴĨĶ 

1.4 ĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
1) ĻŉĔļŅŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 
2) ŀŀĔŐĭĭĺŇīňĔŅĶĪħĸŀĚŐĸŃĺŅĚŐįĬĔŅĶĪħĸŀĚ 
3) ŏĨĶňĵĴěńħĞŊŘŀıŀĸŇŏĴŀĶƢĽŅĶŏėĴňŐĸŃŀŋĮĔĶĦƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵ 
4) ħŜŅŏĬŇĬĚŅĬĺŇěńĵŐĭƞĚŀŀĔŏĮƦĬȮ2 ĨŀĬħńĚĬňŘ 

4.1 ĨŀĬĪňŗȮ1ȮŏıŊŗŀĻŉĔļŅĽĴĭńĨŇĕŀĚȮPET-PBAT ĲƕĸƢĴŒĬĽńħĽƞĺĬĨƞŅĚŕŏĨĶňĵĴĽŅĶįĽĴ
ĶŃľĺƞŅĚ PETȮŐĸŃȮPBATȮȮŒĬŀńĨĶŅĽƞĺĬőħĵĬŘŜŅľĬńĔȮ10080, 90810, 80820, 70830,60840 ŐĸŃȮ08100 

4.1.1) įĽĴĽŅĶħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder őħĵĴňŀŋĦľĳŌĴŇĩŉĚȮdieȮ
ŏĮƦĬ 200-265oC ĨńŘĚėĺŅĴŏĶŖĺĶŀĭĕŀĚĽĔĶŌŏĮƦĬȮ300ĶŀĭĨƞŀĬŅĪňŐĸŃ
ĬŜŅȮExtrudateĪňŗœħƟĴŅĨńħħƟĺĵŏėĶŊŗŀĚĨńħŏĴŖħ 

4.1.2) ĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴĭŅĚħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴĭŅĚ&Cast Film Extruder'Ȯ
őħĵĴňŀŋĦľĳŌĴŇĩŉĚħŅĵŏĮƦĬ 270-280oCĨńŘĚėĺŅĴŏĶŖĺĶŀĭĕŀĚĽĔĶŌŏĮƦĬȮ35 
ĶŀĭĨƞŀĬŅĪň 

4.1.3) ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸěŅĔĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħħƟĺĵŏėĶŊŗŀĚȮUniversal 
testing machine ĨŅĴĴŅĨĶģŅĬĔŅĶĪħĽŀĭȮASTM-D882 

4.1.4) ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮThermo gravimetric analysis 
&TGA'ȮŏıŊŗŀĨĶĺěĽŀĭėĺŅĴĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬőħĵŒĝƟŀńĨĶŅŏĶŖĺ
ŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬȮ10oC-minȮőħĵŒĝƟŀŋĦľĳŌĴŇȮ50-600 oC 

4.1.5) ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮDifferential Scanning Calorimetry 
&DSC'ȮŏıŊŗŀĨĶĺěĽŀĭĽĩŅĬĳŅıĪŅĚėĺŅĴĶƟŀĬŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚ
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ıŀĸŇŏĴŀĶƢįĽĴőħĵŒĝƟŀńĨĶŅŏĶŖĺŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬȮ10 oC-min őħĵŒĝƟ
ŀŋĦľĳŌĴŇȮ(-50)-280 oC 

4.1.6) ĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚ PET ŐĸŃȮPBATȮ
ħƟĺĵŏĪėĬŇėȮScanning electron microscopy &SEM'ȮőħĵĬŜŅĲƕĸƢĴ
ľńĔŒĬȮLiquid nitrogen  

4.1.7) ĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŀŀĔĞŇŏěĬŒĬĲƕĸƢĴȮĨŅĴĴŅĨĶģŅĬȮASTM 
D3985-05 ĪňŗŀŋĦľĳŌĴŇȮ23 oCȮŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ0# 

4.1.8) ĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĬŘŜŅŒĬĲƕĸƢĴĴŅĨĶģŅĬȮASTM F1249-06 Īňŗ
ŀŋĦľĳŌĴŇȮ25 oCŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ75 ±5#Ȯ 

 
4.2 ĨŀĬĪňŗ 2ȮĻŉĔļŅįĸĕŀĚȮTiO2 ŐĸŃȮZnOȮĨƞŀĽĴĭńĨŇĕŀĚĲƕĸƢĴįĽĴȮPET-PBAT 

4.2.1) ŏĨĶňĵĴĽŅĶįĽĴĶŃľĺƞŅĚ PET ŐĸŃȮPBAT ŒĬŀńĨĶŅĽƞĺĬĪňŗŏľĴŅŃĽĴőħĵ
ıŇěŅĶĦŅěŅĔįĸĨŀĬĪňŗȮ1,ŒĬħƟŅĬĕŀĚėĺŅĴŒĽŐĸŃĽĴĭńĨŇŏĝŇĚĔĸŐĸŃȮ
TiO2 ľĶŊŀZnOȮĪňŗĮĶŇĴŅĦȮ1#ȮŐĸŃ 2#őħĵĬŘŜŅľĬńĔ 

4.2.2) įĽĴĽŅĶěŅĔ 5,3,2,1 ħƟĺĵŏėĶŊŗŀĚȮTwin screw extruderőħĵĴň
ŀŋĦľĳŌĴŇĩŉĚȮDie ŏĮƦĬȮ230-265oC ĨńŘĚėĺŅĴŏĶŖĺĶŀĭĕŀĚĽĔĶŌŏĮƦĬȮ100 
ĶŀĭĨƞŀĬŅĪňŐĸŃĬŜŅȮExtrudateĪňŗœħƟĴŅĨńħħƟĺĵŏėĶŊŗŀĚĨńħŏĴŖħ 

4.2.3) ĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴĭŅĚħƟĺĵŏėĶŊŗŀĚŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴĭŅĚ&Cast Film 
Extruder'ȮőħĵĴňŀŋĦľĳŌĴŇĩŉĚȮdie 270-280oCĨńŘĚėĺŅĴŏĶŖĺĶŀĭĕŀĚĽĔĶŌ
ŏĮƦĬȮ35 ĶŀĭĨƞŀĬŅĪň 

4.2.4) ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸěŅĔĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħħƟĺĵŏėĶŊŗŀĚȮUniversal 
testing machine ĨŅĴĴŅĨĶģŅĬĔŅĶĪħĽŀĭȮASTM-D882ȮőħĵĬŜŅ
ĲƕĸƢĴĪňŗĕŉŘĬĶŌĮœħƟĴŅĨńħŒľƟĴňĕĬŅħȮ15 cm x 18 mm ŐĸŃŏĔŖĭœĺƟŒĬ
ŀŋĦľĳŌĴŇȮ25 oCėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ50  ŏĮŀĶƢŏĞŖĬĨƢŏĮƦĬŏĺĸŅȮ2 ĺńĬȮěŉĚ
ĬŜŅĴŅĪħĽŀĭȮőħĵŒĝƟȮLoad cell 5 kNŐĸŃŒĝƟėĺŅĴŏĶŖĺŒĬĔŅĶħŉĚȮ50 
mm-min ŐĸŃŒĝƟľńĺěńĭĝŇŘĬĚŅĬŐĭĭŏĶňĵĭȮ 

4.2.5) ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮThermo gravimetric analysis 
&TGA'ȮŏıŊŗŀĨĶĺěĽŀĭėĺŅĴĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬőħĵŒĝƟŀńĨĶŅŏĶŖĺ
ŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬȮ10oC-minȮőħĵŒĝƟŀŋĦľĳŌĴŇȮ50-600 oC 

4.2.6) ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮDifferential Scanning Calorimetry 
&DSC'ȮŏıŊŗŀĨĶĺěĽŀĭĽĩŅĬĳŅıĪŅĚėĺŅĴĶƟŀĬŐĸŃĮĶŇĴŅĦįĸŉĔĕŀĚ
ĲƕĸƢĴįĽĴȮPET-PBAT ĪňŗįĽĴ TiO2 ľĶŊŀȮZnOȮőħĵŒĝƟŀńĨĶŅŏĶŖĺŒĬĔŅĶ
ŒľƟėĺŅĴĶƟŀĬȮ10 oC-min őħĵŒĝƟŀŋĦľĳŌĴŇȮ50-280 oC 

4.2.7) ĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅŐĸŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚ TiO2 ŐĸŃȮZnOȮ
ŒĬĲƕĸƢĴįĽĴ PET-PBATȮħƟĺĵŏĪėĬŇėȮScanning electron 
microscopy &SEM'ȮőħĵĬŜŅĲƕĸƢĴľńĔŒĬliquid nitrogen 
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4.2.8) ĻŉĔļŅĽĴĭńĨŇĔŅĶĨƟŅĬŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴȮŏıŊŗŀĻŉĔļŅĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶ
ĨƟŅĬŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴȮ 

5) ĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮįĸĚŅĬĺŇěńĵ 
6) ěńħĪŜŅĶŅĵĚŅĬįĸĚŅĬĺŇěńĵ 
7) ĔŅĶĽŀĭőėĶĚĔŅĶĺŇěńĵŐĸŃŏĽĬŀįĸĚŅĬĺŇěńĵ 
 

1.5 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭěŅĔĚŅĬĺŇěńĵ 
1) ĽŅĴŅĶĩĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĕŀĚĲƕĸƢĴĭĶĶěŋĳńĦĤƢŒľƟĴňėĺŅĴĽŅĴŅĶĩĨƟŅĬĪŅĬŐĭėĪňŏĶňĵœħƟħň

ĵŇŗĚĕŉŘĬ 
2) ŏıŊŗŀĴňŏĮƦĬĪŅĚŏĸŊŀĔŒĬĔŅĶıńĥĬŅĽƞĚŏĽĶŇĴŒľƟĴňįĸŇĨĳńĦĤƢĪňŗŒĝƟŐĸƟĺĪŇŘĚœħƟŏĮƦĬĴŇĨĶĔńĭĽŇŗĚŐĺħĸƟŀĴ

ĴŅĔĕŉŘĬȮ 
3) ĽŅĴŅĶĩŏįĵŐįƞėĺŅĴĶŌƟĪňŗœħƟěŅĔĚŅĬĺŇěńĵĽŌƞĽŅīŅĶĦŃĝĬȮŏıŊŗŀŒľƟŏĔŇħŐĬĺĪŅĚŒĬĔŅĶıńĥĬŅ

ĚŅĬĺŇěńĵŀŊŗĬŕȮŐĸŃŏĔŇħĔŅĶıńĥĬŅŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴĨƞŀœĮ 
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ĭĪĪňŗȮ2 
ŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

2.1 ėĺŅĴĶŌƟĪńŗĺœĮĕŀĚıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮ&Polyethylene terephthalate; PET' 
2.1.1 őėĶĚĽĶƟŅĚőĴŏĸĔŋĸŐĸŃĔŅĶĽńĚŏėĶŅŃľƢĕŀĚıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨ 
ıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨĬńŘĬŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗŀĵŌƞŒĬĔĸŋƞĴĕŀĚıŀĸŇŏŀĽŏĪŀĶƢĪňŗŏĮƦĬȮ

ĔĶŃĭĺĬĔŅĶėĺĭŐĬƞĬĕŀĚıŀĸŇŏŀĽŏĨŀĶƢŐĭĭŏĬŊŘŀŏħňĵĺȮ&Condensation homopolyester'ȮĪňŗœħƟěŅĔ
ĔŅĶĽńĚŏėĶŅŃľƢěŅĔĴŀőĬŏĴŀĶƢ 2ȮĝĬŇħȮœħƟŐĔƞœħŏĴĪŇĸŏĪŏĶĲĪŅŏĸĨȮ&Dimethyl terephthalate, DMT'Ȯ
ŐĸŃȮŏŀĪŇĸňĬœĔĸėŀĸȮ&Ethylene glycol,ȮEG'ȮĞŉŗĚĴňĸńĔļĦŃőėĶĚĽĶƟŅĚőħĵĪńŗĺœĮŐĽħĚħńĚ 
ĶŌĮĪňŗȮ2,1 Y7[ 

 

ĶŌĮĪňŗȮ2,/ȮŐĽħĚőėĶĚĽĶƟŅĚĕŀĚȮPET Y7[ 

PET ĬńŘĬĽŅĴŅĶĩĪŜŅĔŅĶĽńĚŏėĶŅŃľƢőħĵĨĶĚěŅĔȮEG ĔńĭȮĔĶħŏĪŏĶĲĪŅĸĸŇĔȮ&Terephtalic 
acid, TPA'ȮĪňŗœħƟĴŅěŅĔȮDMT ŏĬŊŗŀĚěŅĔĔĶŃĭĺĬĬňŘěŃĪŜŅŒľƟĚƞŅĵĨƞŀĔŅĶĪŜŅŒľƟœħƟȮPET ĪňŗĭĶŇĽŋĪīŇśȮĽŜŅľĶńĭ
ĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏŀĽŏĪŀĶŇĲƕŏėĝńĬĕŀĚĪńŘĚĽŀĚĬńŘĬěŃŏĔŇħœħƟŏĶŖĺȮŐĸŃĴňĕńŘĬĨŀĬŒĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĪňŗœĴƞ
ĵŋƞĚĵŅĔȮĞŉŗĚŒĬĔŅĶįĸŇĨȮPET ĪňŗĴňĔŅĶėƟŅőħĵĽƞĺĬŒľĠƞĴňħƟĺĵĔńĬĽŀĚĕńŘĬĨŀĬȮėŊŀȮĪŜŅĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚȮ
DMT ĔńĭȮEG œħƟŏĮƦĬőŀĸŇőĔŏĴŀĶƢħńĚĶŌĮȮ2,2 

 

 

ĶŌĮĪňŗȮ2,2ȮŐĽħĚĕńŘĬĨŀĬĔŅĶĽńĚŏėĶŅŃľƢ PETȮ[15] 



  7 

ěŅĔĬńŘĬĔŅĶĪŜŅȮPolycondensationȮőħĵĬŜŅœĮľĸŀĴĪňŗȮ180 ůȮ210 oCȮŏıŊŗŀěŃŒľƟœħƟ 
őŀĸŇőĔŏĴŀĶƢĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĴŅĔĕŉŘĬȮŐĸŃŒĬĕńŘĬĪňŗȮ2ȮĪŜŅȮPolycondensation ĪňŗŀŋĦľĳŌĴŇȮ270-285 
oC ŏıŊŗŀŏĮƦĬĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅŏıŊŗŀŒľƟœħƟȮPET ŐĸŃ EGȮŏĮƦĬįĸıĸŀĵœħƟȮ&by product'Ȯ 

ĞŉŗĚįĸĕŀĚĔŅĶĽńĚŏėĶŅŃľƢȮPET ĬńŘĬěŃĪŜŅŒľƟœħƟĬŘŜŅľĬńĔőĴŏĸĔŋĸŏĜĸňŗĵĪňŗŐĨĔĨƞŅĚĔńĬŀŀĔœĮĞŉŗĚ
ŐĨƞĸƞŃĬŘŜŅľĬńĔĔŖěŃĴňĔŅĶĬŜŅœĮŒĝƟĚŅĬĪňŗĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀŀĔœĮȮŏĝƞĬ PET ĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸŏĜĸňŗĵȮ
&Mw'ȮĮĶŃĴŅĦȮ35000-40000 ĩŌĔĬŜŅœĮŒĝƟŒĬĚŅĬįĸŇĨŏĽƟĬŒĵĽŇŗĚĪŀȮĲƕĸƢĴĵŊħȮľĶŊŀȮĬŜŅœĮŏĽĶŇĴŐĶĚħƟĺĵ
ŏĽƟĬŒĵŐĔƟĺȮĽŜŅľĶńĭȮPET ĪňŗĬŜŅĴŅįĸŇĨĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶŀńħĜňħȮ&Injection molding'ȮĨƟŀĚŒĝƟȮPET 
ĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸŏĜĸňŗĵĪňŗĴŅĔĔĺƞŅȮĞŉŗĚľŅĔĨƟŀĚĔŅĶȮPET ĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸŏĜĸňŗĵŏıŇŗĴĕŉŘĬĔŖĨƟŀĚėĺĭėŋĴ
ŀŋĦľĳŌĴŇĪňŗŏĮƦĬĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅŒĬĨŀĬĽŋħĪƟŅĵĕŀĚĔŅĶĽńĚŏėĶŅŃľƢȮPET ŒľƟŏĕƟŅŒĔĸƟŀŋĦľĳŌĴŇľĸŀĴŏľĸĺ
ĕŀĚȮPET [15] 

ěŅĔĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚ PET ěŅĔĔŅĶěńħĨńĺĕŀĚĽƞĺĬĪňŗŏĮƦĬįĸŉĔȮ&Crystalline'ȮŐĸŃ 
ŀĽńĦģŅĬȮ&Amorphous'ȮŀĵŌƞĶƞĺĴĔńĬȮěŅĔĔŅĶĪħĽŀĭħƟĺĵȮIR spectroscopy ıĭĺƞŅȮĪňŗȮ896 ŐĸŃȮ
973 cm-1 ŏĮƦĬĔŅĶěńħŏĶňĵĚĨńĺŐĭĭȮGauche ŐĸŃ TransȮĨŅĴĸŜŅħńĭȮĕŀĚȮOCH2-CH2O ŐĸŃĪňŗȮ988 
cm-1ŐĽħĚŒľƟŏľŖĬĺƞŅĽŅĵőĞƞĴňĔŅĶıńĭĔńĬŀĵŌƞȮ[15] 

2.1.2 ėŋĦĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮ[7, 14, 15] 

ĨŅĶŅĚĪňŗȮ2,Ȯ1ȮŐĽħĚŀŋĦľĳŌĴŇȮTgŐĸŃȮTmĕŀĚȮPET ŐĸŃıŀĸŇŏŀĽŏĪŀĶƢȮY7[ 
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ĽŜŅľĶńĭŀŋĦľĳŌĴŇĔŅĶľĸŀĴĕŀĚȮPET origin ŐĸŃĴňĔŅĶŀĭŀƞŀĬŀĵƞŅĚĽĴĭŌĶĦƢĬńŘĬěŃĴňŀŋĦľĳŌĴŇ
ĪňŗȮ280oC ŐĨƞőħĵĪńŗĺŕȮœĮ PET ěŃĴňŀŋĦľĳŌĴŇĔŅĶľĸŀĴŀĵŌƞĪňŗȮ250-Ȯ267 oCȮĞŉŗĚĪńŘĚĬňŘĔŖŏĮƦĬįĸĕŀĚ
ĮĶŇĴŅĦœħŏŀĪŇĸňĬȮœĔĸėŀĸ&DEG'ȮĪňŗŀĵŌƞŒĬőėĶĚĽĶƟŅĚŐĸŃĽŜŅľĶńĭȮPET ĪňŗĴňĔŅĶĪŜŅŒľƟŏĔŇħįĸŉĔĪňŗŏĔŊŀĭ
ĽĴĭŌĶĦƢĬńŘĬěŃĪŜŅŒľƟŀŋĦľĳŌĴŇĔŅĶľĸŀĴĴňėƞŅĴŅĔĩŉĚȮ290-310 oC [14-16] 

ĽƞĺĬŀŋĦľĳŌĴŇėĸƟŅĵŐĔƟĺȮ&Glass transition temperature'Ȯ&Tg'ȮĕŀĚȮPET ĪňŗĴňőħĵĪńŗĺœĮěŃ
ĴňŀŋĦľĳŌĴŇĪňŗĔĺƟŅĚĨńŘĚŐĨƞȮ67 oC ĪňŗĽĩŅĬŃŏĮƦĬŀĽńĦģŅĬœĮěĬĩŉĚ 81oC ĪňŗŀĵŌƞŒĬĽĩŅĬŃ Semi-
crystalline ŐĸŃĽŅĴŅĶĩĽŌĚĩŉĚ 125 oCȮŏĴŊŗŀĴňĽĩŅĬŃŏĮƦĬ Crystalline ŐĸŃȮOriented stateȮĞŉŗĚĪńŘĚĬňŘ
ĔŖŏĮƦĬįĸěŅĔľĸŅĵŕĮƤěěńĵŏĝƞĬȮėĺŅĴĭĶŇĽŋĪīŇśĕŀĚıŀĸŇŏĴŀĶƢȮĮĶŇĴŅĦįĸŉĔĪňŗŏĔŇħĕŉŘĬȮĔĶŃĭĺĬĔŅĶĪħĽŀĭȮ
ĞŉŗĚŀŋĦľĳŌĴŇėĸƟŅĵŐĔƟĺĬńŘĬěŃĽŌĚĕŉŘĬŏĴŊŗŀĴňįĸŉĔĴŅĔĕŉŘĬȮ[7, 14] 

2.1.3 ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮY/3, /4[ 
ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPET ĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏľĬňĵĺȮőħĵěŅĔĔŅĶĪħĽŀĭĔŅĶĶńĭŐĶĚ

ĔĶŃŐĪĔőħĵœĴƞĴňĔŅĶĭŅĔȮ&Unnotched impact strength'ȮPET ěŃĶńĭŐĶĚœħƟőħĵœĴƞĕŅħȮĪňŗŀŋĦľĳŌĴŇȮ
23 °CȮŐĸŃěŃĴňėƞŅĽŌĚĕŉŘĬŏĴŊŗŀĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸŏĜĸňŗĵŏıŇŗĴĕŉŘĬȮěŅĔĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶĪĬŐĶĚħŉĚĵŊħȮ
ŐĸŃȮĽĴĭńĨŇĔŅĶĔħŀńħȮıĭĺƞŅėĺŅĴĪĬĨƞŀŐĶĚħŉĚȮ&Tensile strength'ȮY/3[ȮŐĸŃȮėĺŅĴĪĶĚĶŌĮŒĬŐĬĺ
ŐĶĚĔħȮ&Flexural modulus'ȮĸħĸĚȮŏĴŊŗŀŏıŇŗĴŀŋĦľĳŌĴŇȮPET ĴňėŋĦĽĴĭńĨŇĪňŗħňŒĬĔŅĶŒĝƟĚŅĬĪňŗŏĮƦĬŐĭĭœħ
ĬŅĴŇĔőľĸħȮįŇĺĕŀĚ PET ĴňėĺŅĴŐĕŖĚȮŒĽȮĪĬĨƞŀĔŅĶŏĽňĵħĽňȮPET ĵńĚŏĮƦĬĨńĺĪňŗĪĬĨƞŀėĺŅĴĝŊŘĬœħƟĴŅĔȮ
ħńĚĬńŘĬȮPET ěŉĚĽŅĴŅĶĩĬŜŅœĮŒĝƟĚŅĬœħƟŒĬĝƞĺĚŀŋĦľĳŌĴŇĪňŗĔĺƟŅĚȮ&-40 ůȮ100 °C'ȮŐĸŃėĺŅĴĝŊŘĬĽŌĚœħƟȮŀňĔ
ĪńŘĚĵńĚĴňĽĴĭńĨŇĪĬĽŅĶŏėĴňŀňĔħƟĺĵȮPET ĪňŗĴňįĸŉĔěŃĽŅĴŅĶĩĪĬĨƞŀĬŘŜŅȮĔĶħŀƞŀĬȮŏĭĽŀƞŀĬȮėňőĨĬȮ
ŐŀĸĔŀŁŀĸƢȮGlycol etherȮŐĸŃ Aliphatic Hydrocarbon œħƟĪňŗŀŋĦľĳŌĴŇľƟŀĚȮĞŉŗĚŐĴƟőėĶĚĽĶƟŅĚĕŀĚȮ
PBT ěŃŒĔĸƟŏėňĵĚĔńĭȮPET ŐĨƞĔŖĴňėŋĦĽĴĭńĨŇŐĨĔĨƞŅĚĔńĬħńĚĨŅĶŅĚĪňŗȮ2,2Ȯ 

ĨŅĶŅĚĪňŗȮ2,0ȮŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĽĴĭńĨŇĕŀĚȮPETȮĔńĭ PBT [15] 
Properties PET PBT 
Tensile Strength ,MPa 53 50 
Tensile Elongation ,# 300 20 
Faxural Modulus ,MPa 2830 2700 
Impact Strength ,kJ-m2ȮȮȮȮȮ   
ȮȮȮȮNotched 43 2,5 
ȮȮȮȮUnnotched No break 20 

2.1.4 ėŋĦĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬȮ&Permeability'ȮĕŀĚŐĔƠĽȮY/4[ 
ĲƕĸƢĴȮPET ĴňĔŅĶŒĝƟĚŅĬŀĵƞŅĚĴŅĔŒĬĔŅĶĬŜŅœĮŏĮƦĬĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭŀŅľŅĶȮħƟŅĬ

ŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮŐĸŃĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭĵŅȮŏıĶŅŃĴňėŋĦĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňŐĸŃĴňĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĪňŗ
ĬƟŀĵȮŐĨƞĔŖĵńĚĴňľĸŅĵĚŅĬĺŇěńĵĪňŗĪŜŅĔŅĶĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬĕŀĚ PET ĪńŘĚĔŅĶĪŜŅŒľƟĴňįĸŉĔĴŅĔ
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ĕŉŘĬȮĔŅĶŏėĸŊŀĭȮĔŅĶĪŜŅőėıŀĸŇŏĴŀĶƢȮĔŅĶŏĨŇĴĺńĽħŋĕĬŅħĬŅőĬȮŏĮƦĬĨƟĬȮĞŉŗĚėƞŅĔŅĶĞŉĴįƞŅĬĕŀĚĲƕĸƢĴȮPET 
ěŃŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,3 

ĨŅĶŅĚĪňŗȮ2,1ȮŐĽħĚėƞŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽœŁőħĶŏěĬȮœĬőĨĶŏěĬȮŐĸŃȮŀŀĔĞŇŏěĬįƞŅĬĲƕĸƢĴȮPET 
PermeabilityȮ@ 03°C    cm1Ȯcm cm-0s-/Pa-/ 

Hydrogen .,200 x 10-/1 
Nitrogen .,..2 x 10-/1 
Oxygen .,.10 x 10-/1 

ĞŉŗĚįĸĕŀĚĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞĬńŘĬěŃĕŉŘĬĔńĭĮĶŇĴŅĦėĺŅĴŏĮƦĬįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢȮľŅĔĴňįĸŉĔ
ŏıŇŗĴĴŅĔĕŉŘĬĔŖěŃĽƞĚįĸŒľƟĴňĔŅĶĞŉĴįƞŅĬĕŀĚŀŀĔĞŇŏěĬĬńŘĬĸħĸĚ 

2.1.5 ĔŅĶĬŜŅıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮ&PET'ȮœĮıńĥĬŅőħĵĺŇīňĨƞŅĚȮŕȮȮȮ 
1) ıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮőėıŀĸŇŏĴŀĶƢȮ&PET Copolymer'Ȯ 
ŏĮƦĬĔŅĶĮĶńĭĮĶŋĚȮPET ħƟĺĵĔĶŃĭĺĬĔŅĶĪŅĚŏėĴňȮŏĝƞĬȮĔŅĶĪŜŅőėıŀĸŇŏŀĽŏĪŀĶƢȮ

&Copolyester'ȮĶŃľĺƞŅĚȮPET ĔńĭȮ40-90#ȮĕŀĚȮŀŀĔĞňŏĭĬőĞŀŇĸȮ&Oxybenzoyl'ȮŏıŊŗŀŏıŇŗĴĽĴĭńĨŇ
ėĺŅĴŏĮƦĬȮViscoelastic ĞŉŗĚıĭĺƞŅĪňŗĮĶŇĴŅĦȮ60-80#ȮĕŀĚȮOxybenzoylȮěŃĪŜŅŒľƟėƞŅȮTensile 
strength ŐĸŃTensile Modulus ŏıŇŗĴĽŌĚĕŉŘĬŀĵƞŅĚĴŅĔȮŀĵƞŅĚœĶĔŖĨŅĴȮĔŅĶĪŜŅ Copolyester ěŃĪŜŅŒľƟ
ĴňėĺŅĴŏĽĩňĵĶĪŅĚėĺŅĴĶƟŀĬĨŗŜŅĸĚY/2[ȮĬŀĔěŅĔĬňŘȮĵńĚĴňĔŅĶĬŜŅȮPET œĮĪŜŅıŀĸŇŏŀĽŏĪŀĶŇĲƕŏėĝńĬĔńĭ
ĴŀĬŀŏĴŀĶƢĪňŗĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵœħƟŏŀĚĨŅĴīĶĶĴĝŅĨŇŀĵŌƞěŜŅĬĺĬœĴƞĬƟŀĵőħĵŏĜıŅŃĔńĭıŀĸŇ
ŏĴŀĶƢĵƞŀĵĽĸŅĵœħƟŏŀĚĨŅĴīĶĶĴĝŅĨŇȮıŀĸŇŐĸėĨŇĔŐŀĞŇėȮ&PLA'ȮıŀĸŇĭŇĺĪŇĸňĬĞńėĞŇŏĬĨȮ&PBS'ȮȮıŀĸŇœŁħ
ĶŀĔĞňĭŇĺĪŇŏĶĨȮ&PHB'ȮŐĸŃĨńĺŀŊŗĬŕȮY7[ 

DarwinȮP,R,ȮKintȮŐĸŃȮėĦŃȮ[17]ȮĪŜŅĔŅĶőėıŀĸŇŏĴŀĶƢħƟĺĵĔŅĶįĽĴŐĭĭȮReactive 
blendingȮőħĵľĸŀĴȮPET ĪňŗŀŋĦľĳŌĴŇȮ290 oCȮĔńĭȮPBS ĪňŗœħƟěŅĔŏĔŇħĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚ Succinic acid 
ĔńĭȮ/,2-butanediolȮŏĴŊŗŀĪħĽŀĭőėıŀŏĴŀĶƢĪňŗœħƟȮıĭĺƞŅįĸŉĔĕŀĚȮPET-PBS ěŃĸħĸĚŏĴŊŗŀĴňĮĶŇĴŅĦȮ
PBS ŏıŇŗĴĴŅĔĕŉŘĬȮŀňĔĪńŘĚ Elastic modulus ŐĸŃ Tensile strength ĕŀĚ Copolymers ĸħĸĚŏĴŊŗŀ
ŏıŇŗĴĮĶŇĴŅĦȮPBS ŐĸŃĔŅĶĵƞŀĵĽĸŅĵěŃŏıŇŗĴĕŉŘĬŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮPBS ĞŉŗĚĔŅĶĽĸŅĵĨńĺŏĔŇħĕŉŘĬĪňŗľĴŌƞŏŀĽ
ŏĪŀĶƢ 

2) ıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨįĽĴȮ&PET Blend' 
ėŋĦĽĴĭńĨŇĕŀĚĺńĽħŋĪŅĚıĸŅĽĨŇĔĺŇĻĺĔĶĶĴěŃĨƟŀĚĔŅĶĔŅĶĨƟŅĬĪŅĬĪŅĚėĺŅĴĶƟŀĬĪňŗĽŌĚȮĴň

ėĺŅĴŏľĬňĵĺȮĪĬĨƞŀĽŅĶŏėĴňȮĶŅėŅĩŌĔȮŐĸŃĽŃħĺĔĨƞŀĔŅĶĕŉŘĬĶŌĮȮŒĬĕĦŃĪňŗĪĬŐĶĚŏĜŊŀĬŒĬĔŅĶľĸŀĴœħƟ
ħňȮœĴƞĴňĺńĽħŋŒħȮľĶŊŀȮıŀĸŇŏĴŀĶƢĝĬŇħŒħĪňŗěŃĴňėĶĭĪŋĔŀĵƞŅĚȮħńĚĬńŘĬĔŅĶįĽĴȮěŉĚŏĮƦĬŀňĔĪŅĚŏĸŊŀĔĪňŗěŃĪŜŅŒľƟ
ĺńĽħŋĬńŘĬĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬĪńŘĚĪňŗŏĮƦĬıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĕƟŅĔńĬœħƟħňĴňĺńĢĳŅėŏħňĵĺȮ&Miscible blend'Ȯ



  10 

ŐĸŃȮıŀĸŇŏĴŀĶƢįĽĴŐĭĭŐĵĔĺńĢĳŅėȮ&Immiscible blend'ȮőħĵĽƞĺĬŒľĠƞěŃŏĮƦĬ Immiscible blend 
ĞŉŗĚěŃĕŉŘĬŀĵŌƞĔńĭėĺŅĴĨƟŀĚĔŅĶĪňŗěŃĮĶńĭĮĶŋĚėŋĦĳŅıȮ 

XIA Xue-lianȮŐĸŃėĦŃȮY/6[ȮœħƟĪŜŅĔŅĶĻŉĔļŅıķĨŇĔĶĶĴĔŅĶĵƞŀĵĽĸŅĵȮĔŅĶĪĬĨƞŀĶƟŀĬŐĸŃ
ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨįĽĴıŀĸŇŐĸėĨŇĔŐŀĞŇėȮ&PLA'ȮőħĵĔŅĶįĽĴőħĵŒĝƟŏėĶŊŗŀĚŀńħ
ĶňħŐĭĭŏĔĸňĵĺľĬŀĬėŌƞȮ&Twin screw extruder'ȮĞŉŗĚěŃŏĮƦĬŏĶŊŗŀĚĵŅĔĪňŗěŃĪŜŅŒľƟȮPET ĵƞŀĵĽĸŅĵȮŏıŊŗŀ
ěŃĸħĴĸıŇļŒĬĽŇŗĚŐĺħĸƟŀĴȮěŉĚĮĶńĭĮĶŋĚĔŅĶĵƞŀĵĽĸŅĵĬňŘőħĵĔŅĶįĽĴĔńĭ PLA ıĭĺƞŅȮĪňŗĮĶŇĴŅĦȮPLA 
ŏıŇŗĴĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟŏĮƦĬĨńĺŏĶƞĚŒĬĔŅĶĵƞŀĵĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮĞŉŗĚěŃŏĔŇħĔŅĶĽĸŅĵĨńĺŒĬĽƞĺĬ
ĕŀĚȮPLA ĔƞŀĬȮěŅĔĬńŘĬěŃĪŜŅŒľƟŏĔŇħĝƞŀĚĺƞŅĚĴŅĔĕŉŘĬĽƞĚįĸŒľƟŀŀĔĞŇŏěĬŐĸŃŐĭėĪňŏĶňĵĨƞŅĚȮŕȮĚƞŅĵĨƞŀĔŅĶ
ĪňŗěŃĵƞŀĵŒĬĽƞĺĬĕŀĚȮPET ĨƞŀœĮȮĞŉŗĚĽŜŅľĶńĭŀńĨĶŅĽƞĺĬŒĬĔŅĶĵƞŀĵĽĸŅĵĕŀĚıŀĸŇŏĴŀĶƢįĽĴĬńŘĬȮıĭĺƞŅȮ
ĔŅĶĪňŗĵƞŀĵŒĬĽĳŅĺŃŐĺħĸƟŀĴĪňŗŏĮƦĬħƞŅĚěŃĵƞŀĵœħƟŏĶŖĺĪňŗĽŋħȮŐĸŃŒĬĽĳŅĺŃĪňŗŏĮƦĬĔĶħěŃŏĶŖĺĔĺƞŅŒĬħŇĬ
ĪńŗĺœĮȮĽŜŅľĶńĭĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮıĭĺƞŅȮPET ěŃĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĪŅĚ
ėĺŅĴĶƟŀĬĕŀĚȮPLA ŒľƟħňĕŉŘĬŐĸŃěŃħňĴŅĔĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦȮPET ŏıŇŗĴĴŅĔĕŉŘĬȮĪňŗĮĶŇĴŅĦȮPLA ĬƟŀĵěŃ
ĽƞĚįĸŒľƟ PET ŏĔŇħįĸŉĔŏıŇŗĴĴŅĔĕŉŘĬȮŐĸŃĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴěŃėƞŀĵŕĸħĸĚŏĴŊŗŀĮĶŇĴŅĦȮ
PLA ŏıŇŗĴĴŅĔĕŉŘĬŏĮƦĬįĸěŅĔĔŅĶĪňŗȮPLA ĪňŗŏıŇŗĴŏĔŇħĔŅĶěńĭĔĸŋƞĴĔńĬĽƞĚįĸŒľƟŏĔŇħĔŅĶĕńħĕĺŅĚĔŅĶŏĔŇħįĸŉĔ
ĕŀĚȮPET ĽƞĚįĸŒľƟĽĴĭńĨŇŏĝŇĚĔĸĸħĸĚ 

3) ıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨėŀĴıŀĽŇĨȮ&PET Composite'Ȯ 
ŒĬĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĪŅĚĔŅĵĳŅıĕŀĚȮPET őħĵĔŅĶĴňĔŅĶŏĽĶŇĴŐĶĚħƟĺĵŏĽƟĬŒĵĨƞŅĚŕȮŏĝƞĬȮ

ĪŜŅĔŅĶŏĽĶŇĴŐĶĚħƟĺĵŏĽƟĬŒĵŐĔƟĺĪňŗĴňĮĶŇĴŅĦȮ30 #ȮőħĵĬŘŜŅľĬńĔȮěŃĽƞĚįĸŒľƟŏıŇŗĴĪńŘĚȮėĺŅĴĪĬĨƞŀŐĶĚħŉĚȮ
&Tensile Strength'ȮėĺŅĴĨƟŅĬĪŅĬĔŅĶŏĮĸňŗĵĬĶŌĮĨƞŀŐĶĚħŉĚȮ&Tensile Modulus'ȮĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮ&Heat deflection Temperature'ȮŐĸŃȮėĺŅĴĨƟŅĬĪŅĬėĺŅĴĸƟŅȮ&Fatigue 
resistance'ȮĔŅĶŏıŇŗĴŏĽƟĬŒĵŐĔƟĺĪŜŅŒľƟėŋĦĽĴĭńĨŇŏĝŇĚĔĸŏıŇŗĴĕŉŘĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠĬńŘĬŏĮƦĬįĸěŅĔĔŅĶĪňŗŏĔŇħ
ĔŅĶĵŉħĨŇħĔńĬœħƟĶŃľĺƞŅĚıŀĸŇŏŀĽŏĪŀĶƢĔńĭįŇĺŏĽƟĬŒĵŐĔƟĺȮŀňĔĪńŘĚĵńĚĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚįĸŉĔȮPET ŏĴŊŗŀĴňĔŅĶ
ŏıŇŗĴĽŅĶŏĽĶŇĴŐĶĚŏĕƟŅœĮȮY/7[Ȯ 

ĔŅĶĻŉĔļŅŀŇĪīŇıĸĕŀĚŏĞĸĸŌőĸĽȮ&cellulose'ȮŐĸŃĸŇĔĬŇĬ lignin ĨƞŀėŋĦĽĴĭńĨŇĕŀĚȮPET Īňŗ
įƞŅĬĔŅĶŒĝƟĚŅĬŐĸƟĺőħĵĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮħƟĺĵĺŇīňĔĶŃĭĺĬĔŅĶĮƤƧĬŏĽƟĬŒĵħƟĺĵœĲĲƚŅĽĩŇĨȮ
&electrospinning'ȮıĭĺƞŅĔŅĶĴňŀĵŌƞĕŀĚŏĞĸĸŌőĸĽľĶŊŀĸŇĔĬŇĬĬńŘĬĽƞĚįĸŒľƟĴňėƞŅȮTgȮĽŌĚĔĺƞŅȮPET 
&Ȯ70,3 °C 'ȮŐĸŃėĺŅĴĪĬĨƞŀŐĶĚħŉĚŏıŇŗĴĕŉŘĬŀňĔħƟĺĵȮĪńŘĚĬňŘŏĽŊŗŀĪňŗĪŜŅěŅĔ PET įĽĴĸŇĔĬŇĬĴňėƞŅĔŅĶĵŊħĨńĺĪňŗ
ĩŉĚȮ/27Ȯ#ȮŏĪňĵĭĔńĭȮPET ĪňŗĵŊħœħƟȮ/2Ȯ#Ȯ[20] 

ĴňĔŅĶĻŉĔļŅĔŅĶĶňœĞŏėŇĸĕĺħĬŘŜŅőĮĶƞĚŒĽĪŜŅěŅĔȮPET ŏıŊŗŀŏĨĶňĵĴĺńĽħŋĪňŗĴňėŋĦĽĴĭńĨŇŏľĴŅŃĽĴ
ĽŜŅľĶńĭŒĝƟŒĬĚŅĬĔƞŀĽĶƟŅĚȮőħĵĻŉĔļŅĪňŗĴňŀŋĦľĳŌĴŇľĸŀĴĸŃĸŅĵŐĨĔĨƞŅĚĔńĬȮ&180 ° C, 200 ° C, 220 ° 
C, 240 ° C'ȮŐĸŃȮŀńĨĶŅĶƟŀĵĸŃȮ30 ĕŀĚœĴƟĕňŘŏĸŊŗŀĵĪňŗŀŋĦľĳŌĴŇȮ180 ° C ıĭĺƞŅĴňėƞŅėĺŅĴŏėƟĬĽŌĚĽŋħ&Ȯ
maximum stress 'ĨƞŀĔŅĶĔħŀńħȮ31,26 N-mm2ȮŐĸŃœħƟĽĶŋĮĺƞŅĪňŗŀŋĦľĳŌĴŇȮ180 ° C ŒľƟėŋĦĽĴĭńĨŇĪňŗħň
ĽŋħĨƞŀŐĶĚĔħŀńħȮ[21] 



  11 

2.1.6 ĔŅĶĮĶńĭĮĶŋĚĔŅĶĵƞŀĵĽĸŅĵĕŀĚıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮY7[ 
Darwin KintȮŐĸŃȮėĦŃȮœħƟĪŜŅĔŅĶĶĺĭĶĺĴįĸĕŀĚĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶĵƞŀĵĽĸŅĵĪŅĚ

ĝňĺĳŅıĕŀĚıŀĸŇŏŀĪĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮ&PET'ȮĞŉŗĚœħƟĶŃĭŋĺƞŅĚŅĬĺŇěńĵĽƞĺĬŒľĠƞěŃœĴƞėƞŀĵŏĬƟĬĔŅĶĵƞŀĵĪŅĚ
ĝňĺĳŅıȮőħĵĽƞĺĬŒľĠƞĬńŘĬěŃĻŉĔļŅĪňŗŀŋĦľĳŌĴŇĽŌĚȮŕȮĴŅĔĔĺƞŅȮŐĴƟĔĶŃĪńŗĚĚŅĬĺŇěńĵĪňŗĴŋƞĚŏĬƟĬœĮŒĬĪŅĚĔŅĶ
ĮĶńĭĮĶŋĚėŋĦĽĭńĨŇĔŅĶĵƞŀĵĽĸŅĵĪŅĚĝňĺĳŅıőħĵĔŅĶĪŜŅĔŅĶőėıŀĸŇŏĴŀœĶĞƢŏĞĝńŗĬȮĔŖœĴƞĴňĔŅĶĽĶŋĮŀĵƞŅĚ
ĝńħŏěĬȮŏĝƞĬȮĔŅĶĪŜŅ Poly&ethylene terephthalate-co-lactic acid', Poly&ethylene 
terephthalate-co-ethylene glycol'ȮŐĸŃ Poly&ethylene terephthalate-co-e-
caprolactone'ȮĪńŘĚĪňŗŏĮƦĬĭĸƠŀĔŐĸŃ random copolymersȮőħĵĚŅĬĺŇěńĵĽƞĺĬŒľĠƞěŃĻŉĔļŅĔŅĶĵƞŀĵ
ĽĸŅĵőħĵĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶȮHydrodegradabilityȮŐĸŃȮBiodegradability ĕŀĚȮPET, PET 
copolymersȮľĶŊŀȮPETȮBlend 

ŒĬĔŅĶıĵŅĵŅĴĪňŗěŃĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇħƟŅĬĔŅĶĵƞŀĵĽĸŅĵĕŀĚȮPET ĬńŘĬŏĝŊŗŀĔńĬĺƞŅěŃŏĮƦĬįĸ
ĪňŗĬƞŅěŃĽŜŅėńĠŒĬŀĬŅėĨȮĞŉŗĚĔŅĶĵƞŀĵĕŀĚȮPET ĬńŘĬěŃŏĔŇħœĮĨŅĴĽŅĵőĞƞľĸńĔěŃĕŉŘĬĔńĭėĺŅĴĽŅĴŅĶĩŒĬ
ĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅœŁőħĶœĸĞŇĽȮ&Hydrolytic'ȮħƟĺĵȮŐĸŃĵńĚĕŉŘĬĔńĭįĸĕŀĚĽńħĽƞĺĬĶŃľĺƞŅĚĽƞĺĬĪňŗŏĮƦĬįĸŉĔ
ĔńĭŀĽńĠģŅĬħƟĺĵȮŐĸŃĨńĺŐĮĶĽŋħĪƟŅĵĔŖėŊŀŀŋĦľĳŌĴŇėĸƟŅĵŐĔƟĺȮ&Tg'ȮĪňŗĨŗŜŅĸĚĬńŘĬěŃĽƞĚįĸŒľƟŏıŇŗĴĔŅĶĪňŗŏĔŇħ
ĔŅĶȮHydrolytic biodegradation ŀňĔħƟĺĵȮŐĸŃěŅĔĚŅĬĺŇěńĵĪňŗįƞŅĬĴŅĬńŘĬŏĮƦĬĪňŗĬƞŅŏĽňĵħŅĵĪňŗĴňĚŅĬĺŇěńĵ
ĬƟŀĵĴŅĔĪňŗŐĽħĚįĸĕŀĚėĺŅĴŏľĴŅŃĽĴŒĬĔŅĶŐĭƞĚĽƞĺĬĶŃľĺƞŅĚĽƞĺĬĪňŗœĴƞĝŀĭĬŘŜŅȮ&Hydrolysable'ȮŐĸŃ
ĽƞĺĬĪňŗĝŀĭĬŘŜŅȮ&Hydrophilic'ȮŒĬĽŅĵőĞƞľĸńĔȮŐĸŃıĭĺƞŅĔŅĶĪŜŅĮĢŇĔŇĶŇĵŅȮTransesterificationȮĪňŗŏĮƦĬȮ
Reactive BlendingȮěŃœħƟįĸĪňŗħňĪňŗĽŋħȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴȮPET ĴňŀŋĦľĳŌĴŇĔŅĶľĸŀĴĪňŗĽŌĚŒĬĔŅĶěŃ
ŏĔŇħĮĢŇĔŇĶŇĵŅȮ&Reaction'ȮĪŜŅŒľƟŒĬĔŅĶĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĔŅĶĵƞŀĵĽĸŅĵĕŀĚȮPET ĬńŘĬĔŖěŃĵńĚĽƞĚįĸĨƞŀ
ėŋĦĽĴĭńĨŇħƟŅĬŀŊŗĬĕŀĚȮPET őħĵŏĜıŅŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĽĴĭńĨŇŏĝŇĚĔĸĪňŗĵńĚĵŅĔŒĬĔŅĶėĺĭėŋĴœĺƟŒľƟ
ėŋĦĽĴĭńĨŇĕŀĚȮPET ėĚŏħŇĴȮȮ 

2.2 ėĺŅĴĶŌƟĪńŗĺœĮĕŀĚıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĪőėŏĪŏĶĲĪŅŏĸĨȮ&Poly&butylene adipate-co-
terephthalate; PBAT' 

PBATȮŏĮƦĬıĸŅĽĨŇĔĝňĺĳŅıĝĬŇħľĬŉŗĚȮĞŉŗĚıĸŅĽĨŇĔĝňĺĳŅıȮȮ[22]ȮėŊŀȮıĸŅĽĨŇĔĪňŗœħƟĴŅěŅĔĝňĺ
ĴĺĸȮ&Biomass'ȮľĶŊŀıĸŅĽĨŇĔĪňŗŐĨĔĽĸŅĵľĶŊŀĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅıȮ&Bio-degradable'ȮľĶŊŀĪńŘĚ
ĽŀĚŀĵƞŅĚȮıĸŅĽĨŇĔĝňĺĳŅıěŜŅŐĬĔœħƟĨŅĴŐľĸƞĚĪňŗĴŅȮ&ĶŌĮĪňŗȮ2,3'ȮėŊŀȮěŅĔĮƕőĨĶŏĸňĵĴȮ&Petro-based'Ȯ
ŐĸŃěŅĔĝňĺĴĺĸȮ&Bio-based'ȮŐĸŃĨŅĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵľĶŊŀĽĸŅĵĨńĺœħƟȮėŊŀȮœĴƞĽŅĴŅĶĩ
ĵƞŀĵĽĸŅĵȮ&Non-degradable'ȮŐĸŃĵƞŀĵĽĸŅĵœħƟȮ&Degradable'ȮĞŉŗĚıĸŅĽĨŇĔĪňŗœħƟĴŅěŅĔĝňĺĴĺĸŐĸŃ
ĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟȮœħƟŐĔƞȮıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ&Polylactic acid, PLA'ȮȮıŀĸŇŏĴŀĶƢŏĭĸĬħƢěŅĔŐĮƚĚȮȮ
&Starch blends'ȮıŀĸŇĭŇĺĪŇĸňĬĞńėĞŇŏĬĪȮ&Polybutylene succinate, PBS'ȮȮȮıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĪ
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őėŏĪŏĶĲĪŅŏĸĨȮ&Poly&butylene adipate-co-terephthalate', PBAT'ȮŏĞĸĸŌőĸĽȮ&Cellulose'ȮŐĸŃȮ
ıŀĸŇœŁħĶŀĔĞňŀńĸėŅőĬŏŀĪȮ&Polyhydroxyalkanoate, PHA' 

 
ĶŌĮĪňŗȮ0,1ȮŐĽħĚĬŇĵŅĴĕŀĚıĸŅĽĨŇĔĝňĺĳŅıȮ 

&Bioplastics'ŐĸŃıĸŅĽĨŇĔħńŘĚŏħŇĴȮ&Traditional plastics'Ȯ[22] 

 

ĶŌĮĪňŗȮ0,2ȮŐĽħĚőėĶĚĽĶƟŅĚĕŀĚȮPoly&butylelneadipate-co-terephthalate'Ȯ&PBAT'ȮY00[ 
 

PBAT ĽƞĺĬŒľĠƞěŃœħƟěŅĔĔŅĶĽńĚŏėĶŅŃľƢěŅĔȮ/,2-ĭŇĺŏĪĬœħŀŀĸȮ&1,4-Butanediol'ȮĔĶħŀŃ
ħŇıŇĔȮ&Adipic acid'ȮŐĸŃȮĔĶħŏĪŏĶĲĪŅĸŇĔȮ&Terephthalic acid'ȮőħĵŀŋĦľĳŌĴŇĔŅĶľĸŀĴŀĵŌƞĪňŗ
ĮĶŃĴŅĦȮ110-130 ŀĚĻŅŏĞĸŏĞňĵĽȮŀŋĦľĳŌĴŇĔŅĶŐĕŖĚĨńĺėĸƟŅĵŐĔƟĺŀĵŌƞĪňŗȮ-30 ŀĚĻŅŏĞĸŏĞňĵĽȮĴň
ėŋĦĽĴĭńĨŇĔŅĶĵƞŀĵĽĸŅĵȮėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıŏĮƦĬĪňŗĬƞŅıŀŒěŒĬĚŅĬŀŋĨĽŅľĔĶĶĴȮŐĸŃœħƟĴňĔŅĶŏĨŇĴ
ĨńĺŏĽĶŇĴŐĶĚŏıŊŗŀĬŜŅĴŅŒĝƟĚŅĬĪŅĚħƟŅĬĔŅĶŐıĪĵƢėŋĦĽĴĭńĨŇĕŀĚ PBAT ĬńŘĬěŃĮĶŃĔŀĭœĮħƟĺĵėĺŅĴŐĕŖĚ
ěŅĔĽƞĺĬĪňŗŏĮƦĬĭŇĺĪŇĸňĬĪŅŏĶĲĪŅŏĸĪȮ&BT'ȮĞŉŗĚŏĔŇħěŅĔȮ1,4-butanediol, terephthalic acid 
monomer ŐĸŃėĺŅĴľĵŊħľĵŋƞĬěŅĔĽƞĺĬĕŀĚĭŇĺĪŇĸňĬŀŃħŇŏĮĽȮ&BA'ȮĞŉŗĚŏĔŇħěŅĔȮ/,2-butanediol, 
adipic acid monomerȮĞŉŗĚěŃĽƞĚįĸŒľƟőėıŀĸŇŏĴŀĶƢĬńŘĬĴňŏĮŀĶƢŏĞĬĨƢĔŅĶĵŊħȮ&#ȮElongation at 
break'ȮĪňŗĽŌĚȮĴňĴŀħŌĸńĽĕŀĚĵńĚȮYoungŲs modulus ĪňŗėƞŀĬĕƟŅĚĨŗŜŅĴňėŋĦĽĴĭńĨŇŏĝŇĚĔĸėĸƟŅĵĔńĭıĺĔĪňŗ
ŏĮƦĬŏĪŀĶƢőĴıĸŅĽĨŇĔŀŇĸŅĽőĨŏĴŀĶƢȮ&Thermoplastic elastomer'ȮY01[ȮŐĨƞĴňėŋĦĽĴĭńĨŇŒĬĔŅĶĵƞŀĵ
ĽĸŅĵœħƟĨŅĴīĶĶĴĝŅĨŇȮěŅĔĔŅĶĚŅĬĺŇěńĵĕŀĚȮThitisilpȮŐĸŃėĦŃȮ[22]ȮœħƟĪŜŅĔŅĶĪħĽŀĭĔŅĶĵƞŀĵĽĸŅĵ
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ĕŀĚȮPolyester őħĵŒĝƟĨńĺŀĵƞŅĚŏĮƦĬĨńĺȮPBAT őħĵĔŅĶĪħĽŀĭěŃŒĝƟĲƕĸƢĴĪňŗĕŉŘĬĶŌĮħƟĺĵĔŅĶŏĮƙŅĕŉŘĬĶŌĮȮ
&Blown films'ȮŒĬĔŅĶĪħĽŀĭĬńŘĬěŃĪŜŅĔŅĶĪħĽŀĭĔŅĶİƤĚœĮŒĬħŇĬĪňŗĨƞŅĚĔńĬėŊŀĪňŗŏĮƦĬȮĮŋƜĵľĴńĔȮĮŋƜĵėŀĔ
ŐĸŃħŇĬĭĶŇŏĺĦĭƟŅĬıĭĺƞŅĔŅĶĵƞŀĵĽĸŅĵěŃŏĔŇħĕŉŘĬŒĬĽƞĺĬĪňŗŏĮƦĬȮBA ěŃĴňĔŅĶĵƞŀĵĽĸŅĵœħƟŏĶŖĺĔĺƞŅĽƞĺĬĪňŗ
ŏĮƦĬȮBT ŐĸŃěŃĵƞŀĵĽĸŅĵœħƟŏĶŖĺĴŅĔŒĬĮŋƜĵľĴńĔŐĸŃĮŋƜĵėŀĔȮŐĸŃıĺĔŏĕŅĵńĚœħƟĽĶŋĮŀňĔĺƞŅĔŅĶĵƞŀĵĽĸŅĵ
ŒĬĽƞĺĬĪňŗŏĮƦĬŀĽńĠģŅĬŏĶŖĺĔĺƞŅĽƞĺĬĪňŗŏĮƦĬįĸŉĔħƟĺĵėŋĦĽĴĭńĨŇĪňŗĴňőėĶĚĽĶƟŅĚĪňŗėƞŀĬĕƟŅĚĵŅĺȮĴňėŋĦĽĴĭńĨŇ
ĪŅĚĔĸĪňŗħňŐĸŃŏĮƦĬıŀĸŇŏĴŀĶƢĝňĺĳŅıěŉĚœħƟĴňľĸŅĵĚŅĬĺŇěńĵœħƟĬŜŅȮPBAT ȮœĮĪŜŅĔŅĶįĽĴȮ&Blend'ȮœħƟŐĔƞȮ 

GaipingȮGuoȮŐĸŃėĦŃȮY02[ȮœħƟĪŜŅĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚŐĸŃėŋĦĽĴĭńĨŇĨƞŅĚŕĕŀĚȮőĮĶĨňĬ
ěŅĔĩńŗĺŏľĸŊŀĚȮ&Soy protein isolate; SPI'ȮįĽĴĔńĭȮPBATȮĞŉŗĚŒĝƟĔĶŃĭĺĬĔŅĶĕŉŘĬĶŌĮħƟĺĵĔŅĶĔħŀńħȮ
&compression'ȮıĭĺƞŅȮěŅĔĔŅĶĪňŗŏĨŇĴȮSPIȮĸĚŒĬȮPBAT ěŃĪŜŅ Tensile strength ŐĸŃȮElongation 
ĸħĸĚȮŐĸŃœħƟıĭĺƞŅȮĔŅĶįĽĴȮSPI ĪňŗȮ26 #őħĵĬŘŜŅľĬńĔȮěŃĴňėĺŅĴŏľĬňĵĺȮ&Ductility'ȮĪňŗħňȮĬŀĔěŅĔĬňŘ
ĵńĚĽĶŋĮŀňĔĺƞŅėĺŅĴŏĕƟŅĔńĬĕŀĚȮPBAT ĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĬƟŀĵœĴƞŏĕƟŅĔńĭȮSPI ĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĪňŗĴŅĔȮŐĸŃ
SPI ĪňŗŏĨŇĴœĮĬńŘĬŏĨŇĴŏıŊŗŀĽŅĴŅĶĩĪňŗěŃŏĮƦĬĽŅĶŏıŇŗĴŏĬŊŘŀĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟŏŀĚĨŅĴīĶĶĴĝŅĨŇȮ 

AlirezaJavadiȮŐĸŃȮėĦŃȮY03[ȮœħƟĻŉĔļŅĔŅĶįĽĴĶŃľĺƞŅĚıŀĸŇœŁħĶŀĔĞňŗȮĭŇĺĪŇŏĶĨĺŅŏĶŀŏĶĨ,Ȯ
&Polyhydroxybutyrate-valerate ; PHBV'ȮŐĸŃȮPBAT ĪňŗŀńĨĶŅĽƞĺĬŏĮƦĬȮ76,38/,3, 23833, ŐĸŃȮ
1.85.ȮĞŉŗĚŐĨƞĸŃŀńĨĶŅĽƞĺĬĔŖěŃĴňĽĳŅĺŃĕŀĚĔŅĶĕŉŘĬĶŌĮĪňŗŐĨĔĨƞŅĚĔńĬȮ&Conventional injection 
molding Ĕńĭ Microcellular injection moldingȮ'ȮĞŉŗĚĪŅĚĔĸŋƞĴįŌƟĺŇěńĵœħƟĽĶŋĮŒĬĨŀĬĪƟŅĵĺƞŅĪńŘĚĽŀĚ

ĽĳŅĺŃĬńŘĬěŃŏıŇŗĴėĺŅĴŏľĬňĵĺȮ&Toughness'ȮěŅĔıŊŘĬĪňŗŒĨƟĔĶŅĲȮTan dȮŐĸŃŏıŇŗĴ Strain-at-break  
ŏĴŊŗŀĴňĔŅĶŏıŇŗĴĮĶŇĴŅĦ PBAT ŒĬĕĦŃĪňŗ Specific modulus ŐĸŃȮSpecific strength ěŃĴňėƞŅĸħĸĚ
ŐĸŃĵńĚıĭŀňĔĺƞŅėĺŅĴŏĮƦĬįĸŉĔĕŀĚȮPHBV ĬńŘĬĸħĸĚħƟĺĵ 

2.3 ėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢȮ&Titanium dioxide8TiO2'ȮŐĸŃȮĞŇĚĔƢŀŀĔœĞħƢȮ
&Zinc Oxide' 

2.3.1 œĪĪŅŏĬňĵĴœħŀŀĔœĞħƢ&Titanium dioxide8TiO2' 
œĪŏĪŏĬňĵĴœħŀŀĔœĞħƢ&Titanium dioxide8TiO2'ȮŏĮƦĬĽŅĶĮĶŃĔŀĭŀŀĔœĞħƢĕŀĚőĸľŃœĪĪŅ

ŏĬňĵĴȮĴňĽĴĭńĨŇŏĮƦĬĽŅĶĔŉŗĚĨńĺĬŜŅŒĬĶŌĮįĸŉĔŐĸŃŏĮƦĬĽŅĶőĲőĨėŃĨŃĸŇĽėƢ&Photocatalyst'ȮĪňŗĽŅĴŅĶĩŒĝƟ
ŏĶƞĚĮĢŇĔŇĶŇĵŅœħƟħƟĺĵŐĽĚȮUV ĪŜŅŒľƟŏĔŇħŀĬŋĴŌĸŀŇĽĶŃ&ȮOHŹȮŐĸŃȮO2'ȮĞŉŗĚŀĬŋĴŌĸŀŇĽĶŃŏľĸƞŅĬňŘĽŅĴŅĶĩĽĸŅĵ
ĽŅĶŀŇĬĪĶňĵƢŐĸŃĽŅĶŀĬŇĬĪĶňĵƢȮĶĺĴĪńŘĚŏĝŊŘŀőĶėĭŅĚĝĬŇħœħƟȮħńĚĬńŘĬĔĶŃĭĺĬĔŅĶĬňŘĬŇĵĴĬŜŅœĮĮĶŃĵŋĔĨƢŒĝƟŒĬ
ĚŅĬħƟŅĬĔŅĶĭŜŅĭńħĕŀĚŏĽňĵŒĬĨńĺĔĸŅĚĪňŗŏĮƦĬœħƟĪńŘĚȮĬŘŜŅȮŀŅĔŅĻȮľĶŊŀŒĬħŇĬȮĶĺĴĪńŘĚŒĝƟŒĬĔŅĶĔŜŅěńħŏĝŊŘŀőĶė
ĭŅĚĽŅĵıńĬīŋƢœħƟħƟĺĵȮŐĸŃŏĬŊŗŀĚěŅĔœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢȮĴňėĺŅĴŏĽĩňĵĶĽŌĚȮœĴƞŏĮƦĬıŇļȮŐĸŃĶŅėŅĩŌĔȮĴň
ĽĴĭńĨŇŐĕŖĚŐĶĚȮĪĬĨƞŀĽĳŅıĔńħĔĶƞŀĬĕŀĚėĸŀĶňĬȮĬŘŜŅĪŃŏĸȮŐĸŃĔĶħ-ħƞŅĚȮœħƟħňȮěŉĚĩŌĔĬŜŅĴŅŒĝƟĴŅĔŒĬ
ŀŋĨĽŅľĔĶĶĴħƟŅĬĨƞŅĚŕȮ[26] 
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2.3.1.1 ĸńĔļĦŃŐĸŃėŋĦĽĴĭńĨŇĕŀĚĽŅĶœĪŏĪŏĬňĵĴœħŀŀĔœĞħƢ 
œĪŏĪŏĬňĵĴœħŀŀĔœĞħƢŏĮƦĬĽŅĶŏĔƞŅŐĔƞĝĬŇħľĬŉŗĚŏĪƞŅȮŕȮĔńĭőĸĔŐĸŃŏĮƦĬ 1 ŒĬȮ50 ĝĬŇħĕŀĚĽŅĶ

ĪňŗįĸŇĨĴŅĔĪňŗĽŋħĪńŗĺőĸĔȮĸńĔļĦŃĪńŗĺœĮĴňĽňĕŅĺȮĪŉĭŐĽĚȮŏĔŇħŏŀĚĨŅĴīĶĶĴĝŅĨŇȮĴňȮ2ȮĶŌĮŐĭĭŒľĠƞȮŕȮȮėŊŀȮĶŌ
œĪĸƢŐĸŃŀŅĬŅŏĪĽȮĪńŘĚȮ2 ĶŌĮŐĭĭĴňœĪŏĪŏĬňĵĴœħŀŀĔœĞħƢĭĶŇĽŋĪīŇśŀĵŌƞĔńĭĽŅĶĮĬŏĮƘƨŀĬȮĨƟŀĚįƞŅĬ
ĔĶŃĭĺĬĔŅĶĪŅĚŏėĴňěŉĚěŃĬŜŅĽŅĶĮĬŏĮƘƨŀĬŀŀĔœħƟȮŏľĸŊŀœĺƟŐĨƞœĪŏĪŏĬňĵĴœħŀŀĔœĞħƢĭĶŇĽŋĪīŇśȮ 

œĪŏĪŏĬňĵĴœħŀŀĔœĞħƢŏĮƦĬĽŅĶĪňŗĴňĽňĕŅĺȮĴňĮĶŃőĵĝĬƢĽŜŅľĶńĭĔŅĶŒĝƟĚŅĬœħƟľĸŅĔľĸŅĵȮ
ŏĬŊŗŀĚěŅĔœĴƞĴňĔĸŇŗĬŐĸŃĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞńĭȮŐĶƞĝĬŇħĬňŘıĭœħƟŒĬľĸŅĵįĸŇĨĳńĦĤƢĨńŘĚŐĨƞĽňĪŅĭƟŅĬ
œĮĩŉĚŀŅľŅĶŐĸŃŏėĶŊŗŀĚĽŜŅŀŅĚȮŒĬĔĸŋƞĴŏėĶŊŗŀĚĽŜŅŀŅĚŒĝƟŏıŊŗŀľĸŅĵĺńĨĩŋĮĶŃĽĚėƢȮœĪŏĪŏĬňĵĴŀŀĔœĞħƢŏĮƦĬ
ĨńĺĪňŗĪŜŅŒľƟŏĔŇħĔŅĶĪŉĭŐĽĚŐĸŃŏĮƦĬĨńĺĮƚŀĚĔńĬŐĽĚŐħħ 

œĪŏĪŏĬňĵĴŀŀĔœĞħƢĩŌĔěńħŀĵŌƞŒĬĔĸŋƞĴĕŀĚĽŅĶĽňĪňŗĮĸŀħĳńĵȮœĴƞŒĝƞĽŅĶĪňŗŀĵŌƞŒĬĔĸŋƞĴĕŀĚĽŅĶĔƞŀ
ĴŃŏĶŖĚȮĽŅĶĪňŗĔƞŀŒľƟŏĔŇħĔŅĶĔĸŅĵıńĬīŋƢȮĽŅĶĪňŗĪŜŅŒľƟĨńĺŀƞŀĬŒĬėĶĶĳƢŏĔŇħėĺŅĴįŇħĮĔĨŇȮľĶŊŀĽŅĶĪňŗĴňıŇļ
ĮƤěěŋĭńĬœħƟĴňĔŅĶĬŜŅœĪŏĪŏĬňĵĴœħŀŀĔœĞħƢĴŅĮĶŃĵŋĔĨƢĽŜŅľĶńĭĔŅĶŒĝƟĚŅĬħƟŅĬĨƞŅĚȮŕȮŏĬŊŗŀĚěŅĔĴňėĺŅĴ
ŏĽĩňĵĶĨƞŀĽŅĶŏėĴňȮœĴƞĴňėĺŅĴŏĮƦĬıŇļȮĶŅėŅœĴƞŐıĚĴŅĔȮŐĸŃĽĴĭńĨŇıŇŏĻļĪňŏĮƦĬĮĶŃőĵĝĬƢĪňŗħňŀňĔľĸŅĵ
ŀĵƞŅĚȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚœĪŏĪŏĬňĵĴœħŀŀĔœĞħƢĴňĔŅĶĻŉĔļŅĮĶŃĽŇĪīŇĳŅıőĲőĨŐėĨŃĸŇĽĨƢĕŀĚ
œĪŏĪŏĬňĵĴœħŀŀĔœĞħƢŀĵƞŅĚĔĺƟŅĚĕĺŅĚȮĞŉŗĚěŅĔĔŅĶĻŉĔļŅįĸĕŀĚœĪŏĪŏĬňĵĴœħŀŀĔœĞħƢŒĬĔŅĶęƞŅ
ŐĭėĪňŏĶňĵȮE,coli, Penicilliumexpensum, Enterobacter cloacae, 
Pseudomonosaeruginasa, Staphylococcus aureusȮŐĸŃȮĔŅĶĵńĭĵńŘĚŏĞĸĸƢĴŃŏĶŖĚ 

2.3.1.2 ĔĸœĔĔŅĶĵńĭĵńŘĚŐĭėĪňŏĶňĵĕŀĚœĪŏĪŏĬňĵĴœħŀŀĔœĞħƢ 
ĨńĺŏĶƞĚŏĝŇĚŐĽĚȮ&Photocatalyst' ĔńĭœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢȮ&Titanium Dioxide8ȮTiO2'Ȯ

ŏĴŊŗŀœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢœħƟĶńĭĔŅĶĔĶŃĨŋƟĬħƟĺĵŐĽĚěŃŏĔŇħĮĢŇĔŇĶŇĵŅŏĝŇĚŐĽĚőħĵĮĸħĮĸƞŀĵĮĶŃěŋĸĭ
ľĶŊŀŀŇŏĸŖĔĨĶŀĬŀŀĔĴŅȮĞŉŗĚĮĶŃěŋĸĭěŃœĮěńĭĔńĭŀŀĔĞŇŏěĬȮ&O2'ȮŒĬŀŅĔŅĻĔĸŅĵŏĮƦĬȮSuper Oxide 
radical anionȮ&O2

Ź'-ȮĽƞĺĬĮĶŃěŋĭĺĔȮ&)'ȮĪňŗŏľĸŊŀŀĵŌƞĔŖěŃœĮħŉĚŏŀŅĮĶŃěŋĸĭĕŀĚĬŘŜŅ&H2O'ȮŒĬŀŅĔŅĻȮ
ŏıŊŗŀŒľƟĨńĺŏŀĚĔĸńĭĴŅĽĴħŋĸȮħńĚĬńŘĬœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢěŉĚœĴƞĽĸŅĵľĶŊŀľŅĵœĮŏĴŊŗŀĮĢŇĔŇĶŇĵŅĬńŘĬŏĽĶŖě
ĽŇŘĬĸĚŐĸŃĬŘŜŅĪňŗĽŌĠŏĽňĵĮĶŃěŋĸĭœĮȮěŃĔĸŅĵŏĮƦĬȮHydroxyl RadicalȮ&OHŹ'ȮĞŉŗĚĪńŘĚȮSuper Oxide 
radical anionȮ&O2

Ź'-ȮȮŐĸŃ Hydroxyl Radical&OHŹ'ȮĪňŗŏĔŇħĕŉŘĬȮĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĵƞŀĵĽĸŅĵ
ĽŅĶŀŇĬĪĶňĵƢȮıńĬīŃŒĬĽŅĶœŁőħĶėŅĶƢĭŀĬȮŐĸƟĺĔĸŅĵŏĮƦĬėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĬŘŜŅȮėŊĬĽŌƞŀŅĔŅĻȮ[27] 

ĴňĔŅĶėƟĬıĭĺƞŅœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢőħĵŒĝƟŏıňĵĚŐĽĚěŅĔľĸŀħĲĸŌŀŀŏĶĽŏĞĬĨƢȮľĸŀħȮLED 
ĔŖĽŅĴŅĶĩĔĶŃĨŋƟĬŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅħńĚĔĸƞŅĺȮŐĸŃĽŅĴŅĶĩĔŜŅěńħŐĭėĪňŏĶňĵœħƟȮĞŉŗĚĔŅĶėƟĬıĭŒľĴƞĬňŘȮĽŅĴŅĶĩ
ĬŜŅœĮŒĝƟœħƟŒĬĽĩŅĬĪňŗľĸŅĔľĸŅĵĴŅĔĵŇŗĚĕŉŘĬȮŏĝƞĬȮŒĬőĶĚıĵŅĭŅĸȮŐĸŃĽĩŅĬĮĶŃĔŀĭĔŅĶŀŊŗĬŕȮĪňŗėĺŅĴ
ĽŃŀŅħĕŀĚĽŇŗĚŐĺħĸƟŀĴŏĮƦĬŏĶŊŗŀĚĽŜŅėńĠŐĸŃĴňĬńĔĺŇěńĵœħƟĪŜŅĔŅĶĪħĸŀĚĔŅĶĔŜŅěńħŐĭėĪňŏĶňĵĪňŗĝŊŗŀĺƞŅȮ
Escherichia coli ĞŉŗĚĨƟĬŏľĨŋĕŀĚŀŅľŅĶŏĮƦĬıŇļȮįĸĔŅĶĪħĸŀĚœħƟŐĽħĚŒľƟŏľŖĬĺƞŅȮEscherichia coli 
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ĽŅĴŅĶĩĩŌĔĔŜŅěńħœħƟŏĴŊŗŀĔĶŃĨŋƟĬŀĬŋĳŅėœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢħƟĺĵŐĽĚĲĸŌŀŀŏĶĽŏĞĬĨƢĪňŗŏĔŇħěŅĔ
ľĸŀħœĲīĶĶĴħŅ 

2.3.2 ĞŇĚĔƢŀŀĔœĞħƢȮ&Zinc Oxide'  
ĞŇĚĔƢŀŀĔœĞħƢȮ&Zinc Oxide'ȮŏĮƦĬįĸŇĨĳńĦĤƢĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶŏĮĸňŗĵĬĕĬŅħŀĬŋĳŅėĞŇĚĔƢ

ŀŀĔœĞħƢŒľƟĴňĕĬŅħŏĸŖĔĸĚŀĵŌƞŒĬĶŃħńĭŀĬŋĳŅėĬŅőĬŏĴĨĶȮĴňĸńĔļĦŃŏĮƦĬįĚŀĬŋĳŅėĸŃŏŀňĵħĴňĕĬŅħ
ŀĬŋĳŅėŏĸŖĔĶŃħńĭĬŅőĬŏĴĨĶȮ&10-9ŏĴĨĶ'ȮĴňėĺŅĴĭĶŇĽŋĪīŇśĽŌĚȮĴňĽňĕŅĺŐĸŃœĴƞŏĮĸňŗĵĬĽňȮĽŅĴŅĶĩĮƚŀĚĔńĬ
ĶńĚĽňȮUV-A ŐĸŃȮUV-B ĵńĭĵńŘĚĔŅĶŏěĶŇĠĕŀĚŐĭėĪňŏĶňĵȮ&Anti-Bacteria'ȮĶŃĚńĭĔĸŇŗĬœĴƞıŉĚĮĶŃĽĚėƢȮ
ĬŜŅœĮŒĝƟŒĬŀŋĨĽŅľĔĶĶĴĨƞŅĚŕœħƟȮY05[ 

2.3.2.1 ĸńĔļĦŃŐĸŃėŋĦĽĴĭńĨŇĕŀĚĽŅĶĞŇĚĔƢŀŀĔœĞħƢ 
ĽŅĶĞŇĚĔƢŀŀĔœĞħƢȮĴňĸńĔļĦŃŏĮƦĬįĚȮŀĬŋĳŅėĸŃŏŀňĵħĽňĕŅĺȮŏĮƦĬĽŅĶĪňŗŒĝƟĵńĭĵńŘĚŐĭėĪňŏĶňĵȮ

&Anti-Bacteria'ȮœĴƞĴňėĺŅĴŏĮƦĬıŇļĨƞŀĶƞŅĚĔŅĵȮĬŀĔěŅĔĪŜŅĸŅĵŐĭėĪňŏĶňĵŐĸƟĺĵńĚĝƞĺĵĮƚŀĚĔńĬŐĸŃĵńĭĵńŘĚ
ĔŅĶŐĭƞĚŏĞĸĸƢĕŀĚŐĭėĪňŏĶňĵȮŐĸŃĵńĚĽŅĴŅĶĩĮƚŀĚĔńĬĶńĚĽňȮUV-A ŐĸŃ UV-B ĶńĭĔĸŇŗĬŀńĬœĴƞıŉĚĮĶŃĽĚėƢ 

ĞŇĚĔƢŀŀĔœĞħƢȮŏĮƦĬĺńĽħŋŒĬĔĸŋƞĴőĸľŃŀŀĔœĞħƢĪňŗĴňĔŅĶĬŜŅĴŅŒĝƟĚŅĬŒĬĶŌĮŐĭĭĕŀĚĺńĽħŋĬŅőĬȮȮ
ĨńĺŀĵƞŅĚĔŅĶŒĝƟĬŅőĬĞŇĚĔƢŀŀĔœĞħƢȮœħƟŐĔƞȮĔŅĶŒĝƟĚŅĬŒĬĔĸŋƞĴĕŀĚŀŇŏĸŖĔĪĶŀĬŇĔĽƢľĶŊŀŀŋĮĔĶĦƢĨĶĺěěńĭĔƠŅĞȮȮ
ŒĝƟĽŜŅľĶńĭĔŅĶĵńĭĵńŘĚŏĝŊŘŀŐĭėĪňŏĶňĵŒĬĪŅĚĪńĬĨĔĶĶĴȮŒĝƟŒĬĔŅĶĭŜŅĭńħĽŇŗĚŐĺħĸƟŀĴȮŏĬŊŗŀĚěŅĔĴňĽĴĭńĨŇĪňŗħň
ŒĬħƟŅĬĔŅĶħŌħĞńĭŐĽĚȮŐĸŃĽĴĭńĨŇħƟŅĬĔŅĶŏĶƞĚĮĢŇĔŇĶŇĵŅħƟĺĵŐĽĚȮĬŀĔěŅĔĬňŘĵńĚŒĝƟŒĬįĸŇĨĳńĦĤƢĪňŗŒĝƟĔńĭėĬ
őħĵĨĶĚȮėŊŀȮŏėĶŊŗŀĚĽŜŅŀŅĚȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚőĸĝńŗĬĔńĬŐħħĪňŗŏĶŇŗĴĬŇĵĴĬŜŅĞŇĚĔƢŀŀĔœĞħƢĕĬŅħĬŅőĬĴŅŒĝƟ
ŏĮƦĬŀĚėƢĮĶŃĔŀĭȮŏĬŊŗŀĚěŅĔĴňĶŃħńĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĮƚŀĚĔńĬĶńĚĽňȮUV œħƟŒĬĶŃħńĭŏħňĵĺĔńĭŀĬŋĳŅė
ĞŇĚĔƢŀŀĔœĞħƢĪňŗĴňĕĬŅħŒľĠƞĔĺƞŅĬŅőĬȮŐĨƞĕƟŀœħƟŏĮĶňĵĭĪňŗŏľŖĬœħƟĝńħŏěĬĕŀĚőĸĝńŗĬĔńĬŐħħĪňŗĴňŀĬŋĳŅėĬŅőĬ
ŏĮƦĬŀĚėƢĮĶŃĔŀĭȮėŊŀȮĔŅĶĽƞĚįƞŅĬŐĽĚœħƟħňĔĺƞŅȮĪŜŅŒľƟœĴƞĪŇŘĚĶƞŀĚĶŀĵŒľƟŏľŖĬŏĮƦĬĽňĕŅĺŀĵƞŅĚĝńħŏěĬĭĬįŇĺȮ
ŏĴŊŗŀŏĪňĵĭĔńĭőĸĝńŗĬĔńĬŐħħ 

ŒĝƟŀĬŋĳŅėĕĬŅħŒľĠƞȮěŅĔŏľĨŋĪňŗĞŇĚĔƢŀŀĔœĞħƢœħƟĶńĭėĺŅĴĽĬŒěŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢĴŅĔĕŉŘĬȮĪŜŅ
ŒľƟŏĔŇħĔŅĶįĸŇĨŒĬĳŅėŀŋĨĽŅľĔĶĶĴĴŅĔĕŉŘĬħƟĺĵȮĞŉŗĚįĸĪňŗĨŅĴĴŅȮėŊŀȮĔŅĶĻŉĔļŅħƟŅĬėĺŅĴŏĮƦĬıŇļĕŀĚĬŅ
őĬĞŇĚĔƢŀŀĔœĞħƢŒĬŐĚƞĴŋĴĨƞŅĚȮŕȮœĴƞĺƞŅěŃŏĮƦĬħƟŅĬĽŇŗĚŐĺħĸƟŀĴľĶŊŀħƟŅĬėĺŅĴŏĮƦĬıŇļĨƞŀŏĞĸĸƢĕŀĚ
ĽŇŗĚĴňĝňĺŇĨȮĨńĺŀĵƞŅĚĔŅĶĻŉĔļŅėĺŅĴŏĮƦĬıŇļĕŀĚĞŇĚĔƢŀŀĔœĞħƢĨƞŀŐĭėĪňŏĶňĵŐĔĶĴĸĭȮőħĵŒĝƟȮE,coliŏĮƦĬ
ĨńĺŐĪĬȮĽƞĺĬŐĭėĪňŏĶňĵŐĔĶĴĭĺĔŒĝƟȮS,aureusŏĮƦĬĨńĺŐĪĬȮŐĸŃĨƞŀŏĞĸĸƢĪňŗĪŜŅľĬƟŅĪňŗŏĮƦĬĳŌĴŇėŋƟĴĔńĬĕŀĚ
ĴĬŋļĵƢŒĬĶŃħńĭŏĭŊŘŀĚĨƟĬȮ&T cell'ȮěŅĔįĸĔŅĶĻŉĔļŅĪňŗŒĝƟĬŅőĬĞŇĚĔƢŀŀĔœĞħƢĕĬŅħĮĶŃĴŅĦȮ13 ĬŅőĬ
ŏĴĨĶȮŐĽħĚŒľƟŏľŖĬĺƞŅȮĬŅőĬĞŇĚĔƢŀŀĔœĞħƢȮĽŅĴŅĶĩĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚȮE,coliœħƟĪňŗĶŃħńĭėĺŅĴ
ŏĕƟĴĕƟĬȮȮƑȮ3,4 ĴŇĸĸŇőĴĸȮŒĬĕĦŃĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚȮS,aureusȮĩŌĔĵńĭĵńŘĚœħƟŀĵƞŅĚĽĴĭŌĶĦƢĪňŗĶŃħńĭ
ėĺŅĴŏĕƟĴĕƟĬȮȮƑȮ1ĴŇĸĸŇőĴĸ 
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2.3.2.2 ĔĸœĔĔŅĶĵńĭĵńŘĚŐĭėĪňŏĶňĵĕŀĚĬŅőĬĞŇĚĔƢŀŀĔœĞħƢ 
ĔĸœĔĔŅĶĵńĭĵńŘĚŐĭėĪňŏĶňĵĕŀĚĬŅőĬĞŇĚĔƢŀŀĔœĞħƢŒĝƟľĸńĔĔŅĶőĲőĨėŃĨŃĸŇĽĨƢȮ

&Photocatalyst'ȮőħĵĴňĔĸœĔȮėŊŀȮŏĴŊŗŀŐĽĚĨĔĔĶŃĪĭĔńĭĬŅőĬĞŇĚĔƢŀŀĔœĞħƢěŉĚĪŜŅŒľƟŀŇŏĸŖĔĨĶŀĬŒĬĬŅőĬ
ĞŇĚĔƢŀŀĔœĞħƢĕŉŘĬœĮĵńĚĽĳŅĺŃĔĶŃĨŋƟĬ &excited state 8Ȯe-'ȮŐĸŃŏĔŇħĝƞŀĚĺƞŅĚĕŀĚŀŇŏĸŖĔĨĶŀĬȮ&hole 8Ȯh)Ȯ
'ĭĶŇŏĺĦĕŀĚĽĳŅĺŃıŇŘĬ&Ground state' 

ŏĴŊŗŀ h) ĪŜŅĮĢŇĔŇĶŇĵŅĬŘŜŅȮ&ȮH2O'ȮœħƟ Hydroxyl radicals &ŹOH'ȮĔńĭœŁőħĶŏěĬœŀŀŀĬȮ&H)'Ȯ
ĽƞĺĬŀŇŏĸŖĔĨĶŀĬȮ&e-'ȮěŃĪŜŅĮĢŇĔŇĶŇĵŅĔńĭĔƠŅĞŀŀĔĞŇŏěĬœħƟȮSuperoxide radical anion &ŹO2'

-ȮŐĸŃĪŜŅ
ĮĢŇĔŇĶŇĵŅĨƞŀœĮĔńĭœŁőħĶŏěĬœŀŀŀĬœħƟȮHydrogen superoxide &HO2

Ź'ȮŐĸŃŏĔŇħĮĢŇĔŇĶŇĵŅĨƞŀŏĬŊŗŀĚ
ĶŃľĺƞŅĚȮHydrogen superoxideȮĔńĭœŁőħĶŏěĬœŀŀŀĬŐĸŃŀŇŏĸŖĔĨĶŀĬœħƟȮHydrogen 
peroxide&H2O2'ȮőħĵıĭĺƞŅȮHydrogen peroxideȮěŃįƞŅĬŏĕƟŅœĮŒĬįĬńĚŏĞĸĸƢĕŀĚŐĭėĪňŏĶňĵŏĔŇħŀńĬĨĶ
ĔĶŇĵŅĔńĭȮorganic materials ěĬŏĔŇħĔŅĶŏĽŊŗŀĴĽĸŅĵŐĸŃęƞŅŐĭėĪňŏĶňĵȮŐĸŃŒľƟĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ
&CO2'ȮŐĸŃĬŘŜŅȮ&H2O' ŀŀĔĴŅ 

2.4 ıŀĸŇŏĴŀĶƢŏĭĸĬħƢ 
2.4.1 ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵŏĕƟŅĔńĬœħƟŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĽĴŏĕƟŅĔńĬœħƟ 

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵŏĕƟŅĔńĬœħƟȮ&Miscibility'ȮŒĬĶŃħńĭőĴŏĸĔŋĸěńħŏĮƦĬĴőĬĪńĻĬƢĪŅĚ
ĪķļġňŏĪŀĶƢőĴœħĬŅĴŇĔĽƢȮĔĸƞŅĺėŊŀȮŏĴŊŗŀŏĔŇħĕŉŘĬěŃĪŜŅŒľƟĶŃĭĭĺńĢĳŅėŏħňŗĵĺŏĬŊŘŀŏħňĵĺĴňĽĴĭńĨŇĶŃľĺƞŅĚıŀ
ĸŇŏĴŀĶƢȮ0ȮĝĬŇħȮȮŐĸŃőħĵĪńŗĺœĮěŃŏĮƦĬĽńħĽƞĺĬĔńĭėĺŅĴŏĕƟĴĕƟĬĕŀĚıŀĸŇŏĴŀĶƢĝĬŇħĬńŘĬŕȮȮıŀĸŇŏĴŀĶƢ
ŏĭĸĬħƢěńħŏĮƦĬĽŇŗĚĪňŗĴňĮĶŃőĵĝĬƢŒĬĪŅĚĔŅĶėƟŅȮőħĵŏĜıŅŃŏĴŊŗŀŀĚėƢĮĶŃĔŀĭĴňĽƞĺĬŏĔňŗĵĺĕƟŀĚĔńĭ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵŏĕƟŅĔńĬœħƟĕŀĚőĴŏĸĔŋĸȮ&molecular miscibility'ȮœħƟŐĔƞȮĬŘŜŅľĬńĔőĴŏĸĔŋĸȮ
ėĺŅĴŏĮƦĬįĸŉĔĴňėƞŅŏĪƞŅĔńĭĻŌĬĵƢȮĴňĽĳŅıĕńŘĺĪňŗėĸƟŅĵĔńĬȮĽŅĴŅĶĩŏĔŇħıńĬīŃœŁőħĶŏěĬħƟĺĵĔńĬœħƟȮ 

ėĺŅĴĽŅĴŅĶŒĬĔŅĶįĽĴŏĕƟŅĔńĬœħƟȮ&Compatibility'ȮĩŊŀĺƞŅŏĮƦĬĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢįĽĴĭŅĚ
ĝĬŇħŒĬŏĝŇĚĮĢŇĭńĨŇȮĞŉŗĚěŃŏĔŇħĕŉŘĬœħƟŒĬĶŃħńĭőĴŏĸĔŋĸŐĸŃĩŊŀĺƞŅĴňĮĶŃőĵĝĬƢŒĬĪŅĚĔŅĶėƟŅŀĵƞŅĚĴŅĔȮ
ŀĵƞŅĚœĶĔŖĨŅĴĶŃĭĭıŀĸŇŏĴŀĶƢįĽĴĽƞĺĬŒľĠƞĪňŗŒĝƟŒĬŏĝŇĚĔŅĶėƟŅěŃŏĮƦĬĶŃĭĭĪňŗœħƟœħƟŏĔŇħĔŅĶœĴƞĸŃĸŅĵŒĬ
ĶŃħńĭőĴŏĸĔŋĸȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅěŃıĭĺƞŅŏĔŇħĔŅĶŐĵĔŀŀĔŏĮƦĬľĸŅĵĺńĢĳŅėȮȮŒĬĕĦŃĪňŗĶŃĭĭľĸŅĵĺńĢ
ĳŅėĬňŘĬŅĬĕŉŘĬěŃĴňŐĶĚĵŉħŏĔŅŃĶŃľĺƞŅĚįŇĺĴŅĔĕŉŘĬȮȮĪŜŅŒľƟĽŅĴŅĶĩĶĺĴĽĴĭńĨŇĪňŗħňĪňŗĽŋħĕŀĚŐĨƞĸŃĺńĢĳŅė
ŐĸŃŏĔŇħŏĮƦĬėĺŅĴĽĴħŋĸĕŀĚĽĴĭńĨŇĪńŘĚľĴħĪňŗœĴƞĽŅĴŅĶĩœħƟěŅĔĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢĭĶŇĽŋĪīŇśőħĵĸŜŅıńĚȮȮ
ĵŇŗĚœĮĔĺƞŅĬńŘĬĶŃĭĭĝńŘĬĬŜŅľĸŅĵŕĶŃĭĭĴňĔŅĶĮĶńĭĮĶŋĚĶŃĭĭįĽĴĶƞĺĴĪňŗĽŜŅėńĠĴŅĔĔĺƞŅȮ/ȮĽĴĭńĨŇ 
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2.5 ŏėĴňĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢ 
 ĶŃĭĭıŀĸŇŏĴŀĶƢŐĭĭľĸŅĵĺńĢĳŅėŀŅěŏĔŇħĕŉŘĬœħƟľĸŅĵĺŇīňħńĚĬňŘ 

- ıŀĸŇŏĴŀĶƢįĸŉĔȮŒĬĪŅĚĮĢŇĭńĨŇœĴƞĴňįĸŉĔȮ/..ȮŏĮŀĶƢŏĞŖĬĨƢȮȮŐĨƞěŃŏĮƦĬĶŃĭĭȮ0ȮĺńĢĳŅėȮ
ėŊŀȮįĸŉĔŐĸŃŀĽńĦģŅĬȮȮőħĵŒĬŐĨƞĸŃĺńĢĳŅėĴňĽƞĺĬĪŜŅŒľƟŏĔŇħĔŅĶĔĶŃěŅĵĨńĺĕŀĚĽĴĭńĨŇĪńŘĚľĴħȮȮŒĬĭŅĚ
ĺŇīňĽĴĭńĨŇĪňŗœħƟŏľĴŅŃĔńĭĴőĬĪńĻĬƢĪńŗĺœĮĕŀĚĶŃĭĭıŀĸŇŏĴŀĶƢŐĭĭľĸŅĵĺńĢĳŅė 

- ıŀĸŇŏĴŀĶƢŏĭĸĬħƢȮȮŏĔŇħěŅĔĔŅĶįĽĴıŀĸŇŏĴŀĶƢĪňŗŐĨĔĨƞŅĚĔńĬȮ0ȮĝĬŇħȮȮŒĬĕĦŃĪňŗĶŃĭĭ
ĭŅĚĝĬŇħŀŅěŏľĴŅŃĔńĭėĺŅĴĨƟŀĚĔŅĶĪŅĚŏĪŀĶƢőĴœħĬŅĴŇĔĽƢȮŏıŊŗŀŒľƟŏĔŇħėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵŏĕƟŅ
ĔńĬœħƟĕŀĚőĴŏĸĔŋĸĪňŗĽĴĭŌĶĦƢȮȮŐĨƞőħĵĽƞĺĬĴŅĔěńħŏĮƦĬĔŅĶĸŃĸŅĵœħƟĭŅĚĽƞĺĬľĶŊŀœĴƞĸŃĸŅĵŏĸĵȮŐĸŃ
ŐĵĔĺńĢĳŅėŀŀĔŏĮƦĬȮ0ȮĽƞĺĬľĶŊŀĴŅĔĔĺƞŅȮ0ȮĺńĢĳŅėȮȮħƟĺĵŏľĨŋĬňŘėŜŅĺƞŅȮıŀĸŇŏĴŀĶƢŏĭĸĬħƢŐĸŃĶŃĭĭ
ľĸŅĵĺńĢĳŅėěŉĚĬŇĵĴŒĝƟŐĪĬĶŃĭĭŏĝƞĬĬňŘ 

- ıŀĸŇŏĴŀĶƢĶƞĺĴŐĭĭĭĸŖŀĔŐĸŃĨƞŀĔŇŗĚȮĮĶŃĔŀĭħƟĺĵőėĶĚĽĶƟŅĚıŀĸŇŏĴŀĶƢĪňœĴƞŏľĴŊŀĬĔńĬ
ĨńŘĚŐĨƞȮ0ȮĝĬŇħĕŉŘĬœĮȮĞŉŗĚœĴƞĽŅĴŅĶĩĸŃĸŅĵŏĕƟŅĔńĬœħƟȮȮĩƟŅıŀĸŇŏĴŀĶƢĩŌĔĪŜŅŒľƟŐĵĔŀŀĔěŅĔĔńĬľĶŊŀŐĴƟŐĨƞ
ĔŅĶŏĔŇħıńĬīŃőėŏĺŏĸĬĨƢŏĮƦĬőĴŏĸĔŋĸŏħňĵĺĔŖĨŅĴěŃĴňŐĬĺőĬƟĴŐĵĔŀŀĔěŅĔĔńĬŏĮƦĬŐĨƞĸŃĺńĢĳŅėȮĪŜŅŒľƟ
ŏĔŇħőėĶĚĽĶƟŅĚŏĮƦĬŐĭĭľĸŅĵĺńĢĳŅėœħƟȮȮĵŇŗĚœĮĔĺƞŅĬńŘĬŏĪėĬŇėĽƞĺĬĴŅĔĪňŗŒĝƟŒĬĔŅĶĽńĚŏėĶŅŃľƢıŀĸŇŏĴŀĶƢ
ĶƞĺĴŐĭĭĭĸŖŀėŐĸŃĨƞŀĔŇŗĚĶĺĴĪńŘĚıŀĸŇŏĴŀĶƢŏħňŗĵĺŐĨƞĸŃĨńĺœĴƞĮĶŃĽĭįĸĽŜŅŏĶŖěȮȮħƟĺĵŏľĨŋĬňŘěŉĚĪŜŅŒľƟŏĔŇħ
ıŀĸŇŏĴŀĶƢŏĭĸĬħƢŐĭĭľĸŅĵĺńĢĳŅėŒĬĨŀĬŏĶŇŗĴĨƟĬĬńĔŏėĴňıŀĸŇŏĴŀĶƢėŇħĺƞŅĽŇŗĚĬňŘœĴƞŏĮƦĬĪňŗĨƟŀĚĔŅĶȮěŉĚ
ıĵŅĵŅĴĪŜŅŒľƟŏĔŇħıŀĸŇŏĴŀĶƢĶƞĺĴŐĭĭĭĸŖŀėľĶŊŀĨƞŀĔŇŗĚȮ/..ȮŏĮŀĶƢŏĞŖĬĨƢȮȮĨƞŀĴŅěŉĚĪĶŅĭĺƞŅĔŅĶıńĥĬŅ
ĪŅĚĔŅĶėƟŅĪňŗěŃĽŜŅŏĶŖěœħƟħňĪňŗĽŋħȮėŊŀȮĔŅĶıńĥĬŅįĸŇĨĳńĦĤƢĪňŗŏĔŇħěŅĔĔŅĶįĽĴĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢŏħňŗĵĺȮ0Ȯ
ĝĬŇħȮĪŜŅŒľƟŏĔŇħŏĮƦĬıŀĸŇŏĴŀĶƢĶƞĺĴŐĭĭĭĸŖŀėľĶŊŀĨƞŀĔŇŗĚĪňŗĴňŐĶĚĵŉħŏľĬňŗĵĺĪňŗŐĕŖĚŐĶĚĶŃľĺƞŅĚĺńĢĳŅėĪňŗ
ŐĵĔŀŀĔěŅĔĔńĬ 

- œŀőŀőĬŏĴŀĶƢȮ&Ionomers'ȮőħĵĪńŗĺœĮěŃĮĶŃĔŀĭħƟĺĵĽńħĽƞĺĬĕŀĚĔĸŋƞĴœŀŀŀĬŇĔĪňŗĴň
ĮĶŃěŋŀĵŌƞŏĸŖĔĬƟŀĵŒĬıŀĸŇŏĴŀĶƢŀŇĬĪĶňĵƢĪňŗĴňĽńħĽƞĺĬŀĵŌƞĴŅĔȮőħĵĴňıńĬīŃŏĮƦĬŐĭĭőėŏĺŏĸĬĞƢŐĸŃĴňėĺŅĴ
ŏĮƦĬĕńŘĺĨŗŜŅĴŅĔȮȮŒĬĪňŗĬňŘĮĶŃĔŀĭħƟĺĵőėĶĚĽĶƟŅĚȮ0ȮőėĶĚĽĶƟŅĚĪňŗœĴƞŏľĴŊŀĬĔńĬŐĸŃıĵŅĵŅĴŐĵĔŀŀĔŏĮƦĬ
ŐĨƞĸŃĺńĢĳŅėĪňŗħňĪňŗĽŋħȮȮĪńŘĚĬňŘŏĬŊŗŀĚěŅĔĔĸŋƞĴœŀŀŀĬŇĔĴňŀĵŌƞĬƟŀĵȮȮőħĵĪńŗĺœĮěŃŏĔŇħĺńĢĳŅėŏĸŖĔŕĪňŗœĴƞ
ĨƞŀŏĬŊŗŀĚȮȮŒĬĕĦŃĪňŗıŀĸŇŏĴŀĶƢőėŏĺŏĸĬĪƢĪňŗĴňŀĵŌƞĴŅĔŏĔŇħŏĮƦĬĺńĢĳŅėŏĴĨĶŇĔĞƢĨƞŀŏĬŊŗŀĚȮȮĶŃĭĭĬňŘěŉĚŏĮƦĬ
ĶŃĭĭľĸŅĵĺńĢĳŅėŏĝƞĬĔńĬ 

- őėĶĚĶƞŅĚŐľıŀĸŇŏĴŀĶƢŐĭĭĽŅĴĴŇĨŇȮ&Interpenetrating Polymer Networks, &IPN''Ȯ
ŏĔŇħĕŉŘĬŀĵƞŅĚŏľĴŅŃĽĴȮ&/'ȮŏĶŇŗĴěŅĔĔŅĶıŀĸŇŏĴŀĶƢœĶĞƢĴŀĬŀŏĴŀĶƢAȮœĮŏĮƦĬıŀĸŇŏĴŀĶƢA &0'ȮěŅĔĬńŘĬĪŜŅ
ŒľƟŏĔŇħĔŅĶŏĝŊŗŀĴőĵĚŏĸŖĔĬƟŀĵȮ&1'ȮĪŜŅŒľƟĭĺĴħƟĺĵĕŀĚŏľĸĺĴŀĬŀŏĴŀĶƢBȮľĶŊŀőŀĸŇőĔŏĴŀĶƢB &2'ȮıŀĸŇ
ŏĴŀĶƢœĶĞƢĴŀĬŀŏĴŀĶƢB œĮŏĮƦĬıŀĸŇŏĴŀĶƢBȮŐĸŃȮ&3'ȮĽŋħĪƟŅĵŏĝŊŗŀĴőĵĚıŀĸŇŏĴŀĶƢB ĔŅĶĪŜŅŏĝƞĬĬňŘĪŜŅŒľƟŏĔŇħ
ıŀĸŇŏĴŀĶƢŏĭĸĬħƢĪňŗĩńĔĔńĬŀĵŌƞŀĵƞŅĚľĬŅŐĬƞĬĭĬőėĶĚĽĶƟŅĚĪňŗĴňĕĬŅħŏĸŖĔĴŅĔȮŐĸŃĪŜŅŒľƟŏĔŇħőėĶĚĽĶƟŅĚĪňŗĴň
ŏĽĩňĵĶĳŅıŀĵƞŅĚĩŅĺĶȮħƟĺĵŏľĨŋĬňŘěŉĚĪŜŅŒľƟŏĔŇħĺŇīƠĔŅĶĪňŗĞńĭĞƟŀĬŒĬĔŅĶėĺĭėŋĴĔŅĶįĸŇĨőėĶĚĽĶƟŅĚŐĭĭ
ľĸŅĵĺńĢĳŅė 
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2.6 ĭĪĪĭĪĺĬĺĶĶĦĔĶĶĴ-ĽŅĶĽĬŏĪĻ&Information'ȮĪňŗŏĔňŗĵĺĕƟŀĚ 
XIA Xue-lianȮŐĸŃėĦŃȮY/6[ȮœħƟĪŜŅĔŅĶĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇĔŅĶĵƞŀĵĽĸŅĵĕŀĚ PET őħĵ

įĽĴĔńĭȮPLA ĞŉŗĚœħƟĪŜŅĔŅĶįĽĴȮPLA ŒĬŀńĨĶŅĽƞĺĬȮ0 10 20 30 40 ŐĸŃȮ50 wt,#ȮįĽĴőħĵŏėĶŊŗŀĚȮ
Twin screw extruder ĞŉŗĚěŅĔĔŅĶĪħĽŀĭĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬıĭĺƞŅĪňŗĮĶŇĴŅĦĔŅĶįĽĴȮPLA 
ŏıŇŗĴĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴĬńŘĬĸħĸĚŐĸŃĪňŗĮĶŇĴŅĦĔŅĶįĽĴȮ
PLAȮĪňŗȮ50 wt,#ȮĬńŘĬĸħěŅĔȮ412,1oC ŏĮƦĬȮ330,4oC  

 

ĶŌĮĪňŗȮ2,5ȮŐĽħĚ TG curves ĕŀĚ PET-PLA blends Īňŗ PLAȮĮĶŇĴŅĦĨƞŅĚŕ 
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ĶŌĮĪňŗȮ2,6ȮŐĽħĚĳŅıSEM ĕŀĚ PET-PLA &50-50'ȮĪňŗŏĺĸŅįƞŅĬœĮ 80 ĺńĬŒĬĽĳŅĺŃ8Ȯ&a'ȮŀŅĔŅĻ;  
&b'ȮİƤĚħŇĬ; &c'ȮpH;4,2; &d'ȮpH;10,1 

ěŅĔĔŅĶĻŉĔļŅĔŅĶĽĸŅĵĨńĺľĸńĚěŅĔŏĔŖĭȮPET-PLA ŏĮƦĬŏĺĸŅȮ80 ĺńĬȮĳŅĵŒĨƟȮ4 ĽĳŅĺŃȮ
œħƟŐĔƞȮ1'ȮĽĳŅĺŃĪňŗŏĮƦĬŀŅĔŅĻȮ2'ȮİƤĚĔĸĭŒĬħŇĬĸŉĔȮ20 ŏĞĬĨŇŏĴĨĶȮ3'ȮĽĳŅĺŃĪňŗŏĮƦĬĔĶħȮ&acetic acid'Ȯ
ŐĸŃȮ4'ȮŒĬĽĳŅĺŃĪňŗŏĮƦĬħƞŅĚȮ&phosphate'ȮıĭĺƞŅȮŒĬĔŅĶŏĔŖĭĝŇŘĬĚŅĬŒĬŀŅĔŅĻįŇĺĕŀĚĝŇŘĬĚŅĬĵńĚėĚ
ŏĶňĵĭŐĸŃĴňėĺŅĴĨƞŀŏĬŊŗŀĚĴŅĔĪňŗĽŋħŐĸŃĪňŗŏľŖĬŏĮƦĬĺĚĔĸĴŏĔŇħĕŉŘĬŏĬŊŗŀĚěŅĔĔŅĶĶŃŏľĵĕŀĚĨńĺĪŜŅĸŃĸŅĵȮ
&Solvent'ȮĽŜŅľĶńĭĝŇŘĬĚŅĬĪňŗŏĔŖĭŒĬĽĳŅĺŃħƞŅĚěŃĴňėĺŅĴĕĶŋĕĶŃĴŅĔĪňŗĽŋħ 

YotthaȮSrithepȮŐĸŃėĦŃȮY6[ȮœħƟĬŜŅıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨĪňŗįƞŅĬĔŅĶŒĝƟĚŅĬȮ&Recycled 
PET; RPET'ȮĪňŗĴňĽĴĭńĨŇĪŅĚĔĸĨŗŜŅĴŅĮĶńĭĮĶŋĚőħĵŒĝƟĨńĺĕĵŅĵĽŅĵőĞƞȮ&Chain extenders; CE'ȮŐĸŃȮ
ŏĪŀĶƢőĴıĸŅĽĨŇĔŀŇĸŅĽőĪŏĴŀĶƢȮ&Thermoplastic Elastomer; TPE'ȮŏıŊŗŀĻŉĔļŅįĸĕŀĚĔŅĶĮĶńĭĮĶŋĚ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĕŉŘĬĶŌĮȮĞŉŗĚĴňĔŅĶĪħĽŀĭįĸĕŀĚȮPBAT ĪňŗŏĨŇĴŒĬȮRPETȮħƟĺĵȮőħĵĪŜŅĔŅĶľĸŀĴįĽĴ
ĔńĬħƟĺĵŏėĶŊŗŀĚįĽĴȮ&Thermal kinetic mixer'ȮĔƞŀĬěŃœĮĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚĕŉŘĬĶŌĮŐĭĭŀńħĜňħȮ
&Injection molding'ȮőħĵıĺĔŏĕŅœħƟŐĽħĚĨŅĶŅĚĪňŗȮ2,4 ŐĸŃȮ2,5 
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ĨŅĶŅĚĪňŗȮ2,4ȮŐĽħĚŀŋĦľĳŌĴŇěŅĔĔŅĶĪħĽŀĭȮDSCȮĕŀĚĽŅĶįĽĴȮRPET  

Sample 
Glass Transition 
Temperature &oC' 

Glass Transition Temperature &oC'Ȯ
&heat treated sample' 

RPET )Ȯ1,3#CE 82,9 98,7 

RPET )Ȯ25#PBAT )Ȯ1,3#CE 73,6 93,6 

70#RPET )Ȯ30#TPE 81,6 99,7 

50#RPET )50#TPE 79,6 101,5 

ěŅĔĨŅĶŅĚĪňŗȮ2,4 ěŃŏľŖĬĺƞŅŏıŊŗŀŏıŇŗĴȮ25#ȮĕŀĚȮPBAT ĸĚœĮěŃĽƞĚįĸŒľƟȮGlass Transition 
TemperatureȮĸħĸĚěŅĔȮ82,9oCȮŏĮƦĬȮ73,6 oCȮěŅĔĔŅĶĪħĽŀĭȮDSC įĸĕŀĚĔŅĶŏĨŇĴȮPBAT ĸĚœĮ
ĬńŘĬěŃĪŜŅŒľƟıňėĕŀĚŀŋĦľĳŌĴŇĔŅĶŏĔŇħįĸŉĔŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮȮ&Cold crystallization'ȮĕŀĚȮRPETȮ
ĸħĸĚȮŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚŐĶĔȮ&First Heating Cycle'ȮĞŉŗĚěŅĔĔŅĶĪħĽŀĭĬňŘĵńĚıĭŀňĔĺƞŅĔŅĶŏĨŇĴȮ
PBAT œĮĬńŘĬěŃĪŜŅŒľƟŏĔŇħįĸŉĔŏıŇŗĴĴŅĔĕŉŘĬ 

ěŅĔĽĴĭńĨŇĪŅĚĔĸȮħƟŅĬĔŅĶĪħĽŀĭĔŅĶĨƟŅĬĪŅĬĨƞŀĔŅĶħŉĚĵŊħĬńŘĬȮıĭĺƞŅȮRPET ĪňŗŏĨŇĴ CE Ĵň
ėƞŅėĺŅĴĪĬĨƞŀŐĶĚħŉĚĽŌĚĽŋħȮ&Ultimate tensile strength'ȮĽŌĚĪňŗĽŋħ 53,2 MPa ŐĸŃȮĴňėƞŅĸħĸĚŏĴŊŗŀĴň
ĔŅĶŏĨŇĴȮPBAT ĽƞĚįĸŒľƟėƞŅȮUltimate tensile strength ĴňėƞŅĸħĸĚŀňĔŏľĸŊŀȮ39,4 MPa ŐĸŃěŃĵńĚėĚ
ħŉĚœĴƞĕŅħŏĝƞĬŏħŇĴȮŐĨƞŏĴŊŗŀŒľƟėĺŅĴĶƟŀĬěŅĔŀŋĦľĳŌĴŇľƟŀĚŏıŇŗĴěĬĩŉĚȮ185 oCȮŏıŊŗŀĮĶńĭĮĶŋĚőėĶĚĽĶƟŅĚŒľƟ
ŏĔŇħĔŅĶįĸŉĔĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟėƞŅėĺŅĴŏėĶňĵħȮĦȮĕŅħȮ&Stain at break'ȮĕŀĚĪŋĔŕȮĽŌĨĶĸħĸĚ 

 

ĶŌĮĪňŗȮ2,7ȮŐĽħĚȮTensile stress ŐĸŃ strain curves ĕŀĚȮTPE ŐĸŃȮRPET įĽĴ 
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ĨŅĶŅĚĪňŗȮ2,3ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮRPET BLENDS 

Sample  
Ultimate 
Tensile 

Strength &MPa' 

Tensie Modulus 
&MPa' 

Strain at Break 
Impact 
Strength 
&kJ-m2' 

RPET )Ȯ1,3#CE 53,2±3,08 1450,3±105,05 NBa 3,89±0,028 
RPET )Ȯ25#PBAT )Ȯ1,3#CE 39,4±0,78 1181,1±124,40 NB 5,17±0,025 
70#RPET )Ȯ30#TPE 18,9±0,43 773,3±62,33 0,1±0,02 3,33±0,005 
50#RPET )50#TPE 5,9±0,39 264,7±35,60 0,115±0,07 1,83±0,005 
TPE 1,26±0,02 2,83±0,26 NB NB 

Heat treated sample 
    

RPET )Ȯ1,3#CE 62,6±9,3 1746,7±1,57 0,05±0,01 - 
RPET )Ȯ25#PBAT )Ȯ1,3#CE 47,8±0,01 1281,8±11,22 0,23±0,02 - 
70#RPET )Ȯ30#TPE 21,63±0,3 884,8±24,6 0,054±0,002 - 
50#RPET )50#TPE 1,44±0,1 309,7±0,1 0,02±0,1 - 
aNBȮ;ȮȮNot broken, 

    
ěŅĔĔŅĶĪħĽŀĭľŅėƞŅ Impact strengths ıĭĺƞŅŒĬĪŋĔĔŅĶįĽĴěŃĴňėƞŅĽŌĚĔĺƞŅȮRPET  ŐĸŃ

įĸĔŅĶŏĨŇĴȮCE ěŃĪŜŅŒľƟĴňėƞŅ impact strength ĬńŘĬĽŌĚĕŉŘĬŏĮƦĬĽŀĚŏĪƞŅŐĸŃěŃĴňėƞŅŏıŇŗĴĽŌĚĕŉŘĬŀňĔŏĴŊŗŀ
ŏĨŇĴĨńĺȮPBAT ĸĚœĮ 

ěŅĔĺŇěńĵĕŀĚĔĸŋƞĴĔƞŀĬľĬƟŅĬňŘȮ[12]ȮœħƟĴňĔŅĶĪŜŅĔŅĶĬŜŅȮPET įĽĴ  PBS ŏıŊŗŀŏıŇŗĴėŋĦĽĴĭńĨŇŒĬ
ĔŅĶĵƞŀĵĽĸŅĵœħƟŏŀĚĨŅĴīĶĶĴĝŅĨŇőħĵœħƟĪŜŅĔŅĶĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴĭŅĚŐĸŃœħƟĬŜŅȮPET-PBS ĪňŗĴňŀńĨĶŅĽƞĺĬ
ĪňŗȮ90810 ĴŅĪŜŅĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴȮTiO2ŐĸŃȮZnOŒĬĮĶŇĴŅĦĪňŗŏĮƦĬȮ1#ȮŐĸŃȮ2#ȮőħĵĪŜŅĔŅĶ
įĽĴħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder ěŅĔĬńŘĬĪŜŅĔŅĶĕŉŘĬĶŌĮőħĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴĴƟĺĬĪňŗĴňėĺŅĴŏĵŖĬȮ
ĞŉŗĚœħƟŐĽħĚįĸěŅĔĔŅĶĪħĽŀĭŒľƟŏľŖĬĺƞŅŏĴŊŗŀĴňĔŅĶŏıŇŗĴȮPBS œĮŒĬŏĴĪĶŇĔĞƢĕŀĚȮPET ĬńŘĬěŃĽƞĚįĸŒľƟ
ėĺŅĴŒĽĕŀĚĲƕĸƢĴĬńŘĬěŃĸħĸĚŏĸŖĔĬƟŀĵĪňŗĮĶŇĴŅĦȮ10wt,#ȮŐĨƞŏĴŊŗŀŏıŇŗĴŏĮƦĬȮ30wt,#ěŃĪŜŅŒľƟėĺŅĴŒĽ
ĕŀĚĲƕĸƢĴĸħĸĚŀĵƞŅĚĴŅĔ 

 

ĶŌĮĪňŗȮ2,6ȮŐĽħĚėĺŅĴŒĽĕŀĚĲƕĸƢĴįĽĴĶŃľĺƞŅĚPET ŐĸŃȮPBS ĪňŗȮa'Ȯ10080 b'Ȯ90810 c'Ȯ80820 d'Ȯ
70830ȮŐĸŃȮe'Ȯ08100 
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ĨŅĶŅĚĪňŗȮ2,6ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴįĽĴȮPET ŐĸŃ PBS 

 

ŏĴŊŗŀĻŉĔļŅĽĴĭńĨŇĪŅĚĔĸĕŀĚĲƕĸƢĴȮıĭĺƞŅěŃŏľŖĬĺƞŅŏĴŊŗŀŏıŇŗĴȮPBS ěŃĽƞĚįĸŒľƟėƞŅ Tensile 
Modulus ŐĸŃȮTensile Strength ĕŀĚȮPET-PBS ĲƕĸƢĴĴňėƞŅĸħĸĚŐĨƞěŃĴňŏĮŀĶƢŏĞŖĬĨƢȮElongation at 
Break ĪňŗŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵŐĸŃŏĴŊŗŀĴŅĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴȮTiO2 ŐĸŃZnOȮŒĬȮPET-PBS ěŃĽƞĚįĸŒľƟ
ĲƕĸƢĴĬńŘĬȮĴňėĺŅĴŒĽĸħĸĚȮŐĨƞěŃĽƞĚįĸŒľƟĴňėĺŅĴŏĽĩňĵĶĪŅĚėĺŅĴĶƟŀĬĪňŗŏıŇŗĴĴŅĔĕŉŘĬȮĵńĚŏıŇŗĴėŋĦĽĴĭńĨŇ
ĪŅĚĔĸėŊŀȮŏıŇŗĴȮTensile strength, Tensile Modulus ŐĸŃElongation at break  

ĨŅĶŅĚĪňŗȮ2,5ȮŐĽħĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴįĽĴȮPET ŐĸŃȮPBS ĪňŗĴňĔŅĶŏĨŇĴȮTiO2ľĶŊŀ ZnO ĪňŗȮ1#ŐĸŃȮ
2# 

 

ĪńŘĚĬňŘ TiO2ŐĸŃZnOŒĬĪŅĚĕŀĚĔŅĶĨƟŅĬĪŅĬŐĭėĪňŏĶňĵĪňŗŒĝƟĨńĺȮE,coliŐĸŃS,aureusĬńŘĬȮ
ıĭĺƞŅĪńŘĚĽŀĚĴňėĺŅĴĽŅĴŅĶĩĨƟŅĬĪŅĬŐĭėĪňŏĶňĵœħƟŐĸŃěŃĨƟŅĬœħƟĴŅĔĕŉŘĬŏĴŊŗŀĴňĮĶŇĴŅĦĪňŗĴŅĔĕŉŘĬȮŐĸŃȮ
TiO2ĬńŘĬĽŅĴŅĶĩĨƟŅĬĪŅĬœħƟħňĔĺƞŅĨńĺȮZnO 

ĨŅĶŅĚĪňŗȮ2,8ȮŐĽħĚĔŅĶĨƟŅĬŐĭėĪňŏĶňĵE,coliŐĸŃȮS,aureus 
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Liliane Cardoso ArrudaȮŐĸŃėĦŃȮ[28]ȮœħƟĪŜŅĔŅĶĻŉĔļŅįĸĕŀĚȮPLA-PBAT ĪňŗőħĵĴňĔŅĶ
ŒĝƟȮChain extender ĝƞĺĵŒĬĔŅĶįĽĴĔńĬȮőħĵěŃĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬŐĸŃĸńĔļĦŃ
ĪŅĚĽńĠģŅĬĺŇĪĵŅěŅĔĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶŏĮƙŅ&Blown films'ȮȮőħĵŒĝƟĮĶŇĴŅĦȮPBATȮŏĮƦĬȮ0,40,60 
ŐĸŃȮ100ȮįĸĪňŗœħƟėŊŀěŅĔĔŅĶŏĨŇĴȮChanin extender ĽƞĚįĸŒľƟĔŅĶĵŉħĨŇħĔńĬĶŃľĺƞŅĚ PLA-PBAT œħƟ
ŀĵƞŅĚĴňĬńĵĽŜŅėńĠĽƞĚįĸŒľƟĴňĽĴĭńĨŇĪŅĚĔĸĪňŗħňĕŉŘĬȮŐĸŃŏĴŊŗŀĴŅıŇěŅĶĦŅĽƞĺĬĪňŗĴňĔŅĶįĽĴĶŃľĺƞŅĚȮ
PLA-PBAT ȮőħĵœĴƞĴňĨńĺ Chain extenderȮěŅĔĶŌĮěŃŏľŖĬœħƟĺƞŅ Tensile strength ěŃĴňėƞŅĽŌĚĕŉŘĬŏĴŊŗŀĴň
ĮĶŇĴŅĦȮPLA ŏıŇŗĴĴŅĔĕŉŘĬȮĞŉŗĚŏĴŊŗŀıŇěŅĶĦŅȮElongation ěŃıĭĺƞŅįĸĕŀĚȮPBAT ĪňŗĸħĸĚěŃĪŜŅėƞŅ 
Elongation at break ĸħĸĚħƟĺĵŐĽħĚŒľƟŏľŖĬĺƞŅȮPBATȮĬńŘĬĝƞĺĵŒĬĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴŏĮƦĬȮ
Elastomer  

 

ĶŌĮĪňŗȮ2,9ȮŐĽħĚėƞŅȮElongation at break ĕŀĚȮPLA ,PBATȮŐĸŃȮPLA-PBAT įĽĴĔńĭȮChain 
extender ĪňŗĨƞŅĚėĺŅĴŏĕƟĴĕƟĬĔńĬ 

WerapornȮPivsa-Art ŐĸŃėĦŃȮ[29]ȮœħƟŏĨĶňĵĴıŀĸŇŏĴŀĶƢŏĭĸĬħƢıŀĸŇŐĸėĨŇėŐŀĞŇė&PLA'Ȯ
ĔńĭȮıŀĸŇĭŇĺĪŇĸňĬĞńėĞŇŏĬĨőėŀŃħŇŏĮĨȮ&PBSA'ȮŐĸŃıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨőėŏĪŏĶĲĪŅŏĸĨȮ&PBAT'Ȯőħĵ
ĔŅĶĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚȮTwin screw extruder őħĵĔŅĶįĽĴĔńĬĬńŘĬěŃŒĝƟŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚȮPLAȮĔńĭȮ
PBSA įĽĴĔńĬĔƞŀĬĪňŗȮ80-20 ĔƞŀĬěŃĬŜŅœĮįĽĴĔńĭȮPBAT ĪňŗĮĶŇĴŅĦŏĮƦĬȮ0,10,20,30,40ȮŐĸŃȮ50 
wt#,ȮőħĵĔŅĶįĽĴĬńŘĬěŃĴňŀŋĦľĳŌĴŇĪňŗľńĺħŅĵ&dei'ŏĮƦĬȮ220 ,200 ŐĸŃ 180 oC įĸěŅĔĔŅĶĺŇŏėĶŅŃľƢ
ħƟĺĵŏėĶŊŗŀĚȮDSC ěŃŏľŖĬĺƞŅĔŅĶįĽĴĔńĬĶŃľĺƞŅĚȮPLA-PBSA-PBAT ěŃŐĭƞĚŐĵĔěŅĔĔńĬŏĬŊŗŀĚěŅĔŏĔŇħ
ĔŅĶŐĵĔĔńĬŀĵƞŅĚŏľŖĬœħƟĝńħĕŀĚŀŋĦľĳŌĴŇĔŅĶľĸŀĴȮ 
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ĶŌĮĪňŗȮ2,10ȮŐĽħĚĽńĦģŅĬĺŇĪĵŅĕŀĚ PLA-PBSA-PBAT blends8Ȯ&a'ȮPLA, &b'ȮPBAT, &c'ȮPBSA, &d'Ȯ
ĪňŗœĴƞĴňĔŅĶŏĨŇĴ PBAT &PLA-PBSA;80-20 wt#', &e'ȮŏĨŇĴ PBATȮĪňŗ 10#ȮőħĵĬŘŜŅľĬńĔ, &f'ȮŏĨŇĴ PBATȮ
Īňŗ 20#ȮőħĵĬŘŜŅľĬńĔ&g'ȮŏĨŇĴ PBATȮĪňŗ 30#ȮőħĵĬŘŜŅľĬńĔ, &h'ȮŏĨŇĴȮPBAT ĪňŗȮ40#ȮőħĵĬŘŜŅľĬńĔȮŐĸŃȮ&i'Ȯ

ŏĨŇĴȮPBAT ĪňŗȮ50#ȮőħĵĬŘŜŅľĬńĔȮ&ĔŜŅĸńĚĕĵŅĵ x1500', 
 
 

ěŅĔĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅıĭĺƞŅĴňėĺŅĴŏĕƟŅĔńĬŏıňĵĚŏĸŖĔĬƟŀĵĕŀĚĶŃľĺƞŅĚȮPLAȮ
ŐĸŃ PBSA ŐĸŃĵńĚŏľŖĬĺƞŅĔŅĶŏıŇŗĴȮPBAT ŏĕƟŅœĮĬńŘĬěŃĴňĔŅĶĔĶŃěŅĵĨńĺĪňŗħňŒĬŏĬŊŘŀŏĴĪĶŇĔĞƢĕŀĚ
PLA-PBSA ŐĸŃħňĪňŗĽŋħĪňŗĮĶŇĴŅĦĪňŗȮ20 wt#ȮĞŉŗĚĵńĚŏĮƦĬįĸœĮŒĬĪŇĻĪŅĚŏħňĵĺĔńĬĔńĭĽĴĭńĨŇŏĝŇĚĔĸȮ
ŏĬŊŗŀĚěŅĔŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮPBAT œĮěŃĬńŘĬěŃĽƞĚįĸŒľƟĴňėƞŅȮTensile strength&40,71 MPa'ȮŐĸŃėƞŅĪĬ
ĨƞŀŐĶĚĔĶŃŐĪĔ&26,97 J-m'ĴňėƞŅŏıŇŗĴĕŉŘĬŐĸŃěŃĴňėƞŅĽŌĚĪňŗĽŋħĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴĪňŗȮ20 wt#ȮĪńŘĚĬňŘ
ĚŅĬĺŇěńĵĬňŘœħƟĽĶŋĮĺƞŅĔŅĶŏıŇŗĴPBATȮœĮěŃĽƞĚįĸŒľƟŒľƟŏıŇŗĴėĺŅĴŏĕƟŅĔńĬ&PLA-PBSA'ĽƞĚįĸŒľƟĽĴĭńĨŇŏĝŇĚĔĸ
ħňĕŉŘĬŀňĔħƟĺĵ 
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ĨŅĶŅĚĪňŗȮ2,7ȮĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA-PBSA-PBAT blends 
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ĭĪĪňŗȮ3 
ĺŇīňĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

3.1 ĺńĨĩŋħŇĭŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 
1) ıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨ&Polyethylene terephthalate; PET'ȮŏĔĶħȮPET-ȮN1-

F11459ȮĭĶŇļńĪĵŌĬŇĨňŘěŜŅĔńħȮ&Unity Commercial,Co,,Ltd,'ȮĮĶŃŏĪĻœĪĵ 
2) ıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨőėŏĪŏĶĲĪŅŏĸĨ&Polybutyleneadipate-co-Ȯterephthalate; 

PBAT'ȮŏĔĶħȮEcoflex F Mulch C1201 ěŅĔĭĶŇļńĪȮıŀĸŇŐĴĪĽƢȮěŜŅĔńħȮ&POLYMATS 
CO,, LTD,'ȮĮĶŃŏĪĻœĪĵ 

3) œĪĪŅŏĬňĵĴœħŀŀĔœĞħƢȮ&Titanium dioxide 8ȮTiO2'ȮŐĸŃĞŇĚĔƢŀŀĔœĞħƢȮ&Zinc oxide 8Ȯ
ZnO'ȮěŅĔȮľěĔ,ŏŀŖĬ,ıň,œĞŏŀŖĬĞƢȮĮĶŃŏĪĻœĪĵ 

4) œħėĸŀőĶĴňŏĪĬȮ&Dichloromethane' 
5) ĬŘŜŅĔĸńŗĬȮ&Distilled water' 
6) ŏŀĪŅĬŀĸȮ&Ethanol' 
7) Nutrient Agar &NA'ȮŐĸŃȮNutrient broth&NB'ȮŏĮƦĬŀŅľŅĶĪňŗŏľĴŅŃĽĴĽŜŅľĶńĭŏĸňŘĵĚ
ŏĝŊŘŀ 

3.2 ŏėĶŊŗŀĚĴŊŀŐĸŃŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 
1) ŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮ&twin screw extruder'ĕŀĚĭĶŇļńĪŏŀĬŐĴĪěŜŅĔńħȮ&En Mach 

Co,, Ltd,'ȮĮĶŃŏĪĻœĪĵŏıŊŗŀŒĝƟŒĬĔŅĶįĽĴȮıŀĸŇŏĴŀĶƢPET ŐĸŃȮPBAT ŒľƟœħƟŏĮƦĬŏĴŖħıŀĸŇ
ŏĴŀĶƢįĽĴŏıŊŗŀĬŜŅœĮĕŉŘĬĶŌĮĲƕĸƢĴĨƞŀœĮ 

2) ŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴĭŅĚ&Cast Film Extruder'ȮȮĭĶŇļńĪȮŐĸŖĭŏĪėŏŀĬěŇŏĬňĵĶŇŗĚȮěŜŅĔńħ
&labtechengineeringCo,,Ltd,'ȮĮĶŃŏĪĻœĪĵŏıŊŗŀĬŜŅŏĴŖħĪňŗœħƟěŅĔĔŅĶįĽĴĴŅĕŉŘĬĶŌĮŏĮƦĬ
ĲƕĸƢĴ 

3.3 ŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢ 
1) ŏėĶŊŗŀĚȮDifferential scanning calorimeter &DSC'ȮĶŋƞĬȮDSC/ȮĭĶŇļńĪȮMettler 

Toledo ĮĶŃŏĪĻĽĺŇĨŏĞŀĶƢŐĸĬħƢȮĽŜŅľĶńĭĺŇŏėĶŅŃľƢĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴıŀĸŇ
ŏĴŀĶƢįĽĴ 

2) ŏėĶŊŗŀĚȮThermogravimetric analyzer &TGA'ȮĶŋƞĬȮTGA-DSC/ȮĭĶŇļńĪȮMettler 
Toledo ĮĶŃŏĪĻĽĺŇĨŏĞŀĶƢŐĸĬħƢȮĽŜŅľĶńĭĺŇŏėĶŅŃľƢŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĕŀĚĲƕĸƢĴıŀĸŇ
ŏĴŀĶƢįĽĴ 



  27 

3) ŏėĶŊŗŀĚȮUniversal testing machine &UTM'ȮĶŋƞĬȮ3747ȮĭĶŇļńĪȮInstron Engineering 
Corporation ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮŏıŊŗŀĪħĽŀĭĔŅĶħŉĚĵŊħĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ 

4) ĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮScanning electron microscope &SEM'Ȯ
ĶŋƞĬȮS-3400N ĭĶŇļńĪȮHitachi ĮĶŃŏĪĻĠňŗĮŋƙĬȮŒĝƟĽŜŅľĶńĭĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŏĴŀĶƢ
įĽĴ 

5) ŏėĶŊŗŀĚĺńħŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞĭĬŐįƞĬĲƕĸƢĴȮ&Gas Permeability Tester, Brugger 
GDP-C'ȮŒĝƟŏıŊŗŀĻŉĔļŅĔŅĶĔńŘĬįƞŅĬŐĔƠĽĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ 

3.4 ĺŇīňħŜŅŏĬŇĬĚŅĬĺŇěńĵ 
3.4.1 ŏĨĶňĵĴįĽĴıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅŏĸĨȮ&Polyethylene terephthalate; PET'ȮŏĔĶħȮ

PET-F11459 N1 ĔńĭıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨőėŏĪŏĶĲĪŅŏĸĨȮ &Polybutyleneadipate-co-Ȯ
terephthalate; PBAT'ȮŏĔĶħȮEcoflex F Mulch C1201 őħĵĬŜŅȮPET œĮŀĭœĸƞėĺŅĴĝŊŘĬĔƞŀĬĪňŗ
ŀŋĦľĳŌĴŇȮ170oCȮŏĮƦĬŏĺĸŅȮ4ȮĝĴ,ŏĬŊŗŀĚěŅĔŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňĕńŘĺȮĽŅĴŅĶĩħŌħĞńĭėĺŅĴĝŊŘĬœĺƟœħƟĴŅĔȮěŉĚ
ŀĭœĸƞėĺŅĴĝŊŘĬĪňŗŀŋĦľĳŌĴŇĽŌĚȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅœŁőħĶœĸĞŇĽȮ&hydrolysis'ȮĕĦŃĕŉŘĬĶŌĮȮŐĸŃȮ
PBAT ĪňŗȮ70oCŏĮƦĬŏĺĸŅȮ6 ĝĴ,ěŅĔĬńŘĬĬŜŅœĮįĽĴŒĬĽńħĽƞĺĬőħĵĬŘŜŅľĬńĔĶŃľĺƞŅĚȮPET ĨƞŀȮPBAT ŏĮƦĬȮ
10080, 90810, 80820, 70830, ŐĸŃȮ60840 ŒĬŏėĶŊŗŀĚȮTwin screw extruder ŐĽħĚħńĚĶŌĮĪňŗȮ3,1 
ŀŋĦľĳŌĴŇĪňŗŒĝƟĨńŘĚŐĨƞĔĶĺĵĮƚŀĬȮ &hopper'ȮĩŉĚľńĺħŅĵȮ &die'ȮėŊŀȮ200-200-205-210-215- 
220-225-230-240-250 oC ėĺŅĴŏĶŖĺĶŀĭŒĬĔŅĶľĴŋĬĽĔĶŌȮ300 ĶŀĭĨƞŀĬŅĪňȮĽƞĺĬĽŌĨĶĪňŗĴňŀńĨĶŅĽƞĺĬȮ
PET ĨƞŀȮPBAT ŏĮƦĬ 08100 ěŃŒĝƟŀŋĦľĳŌĴŇŏĮƦĬȮ110-115-120-125-130-135-140-140-145-145 
oC ıŀĸŇŏĴŀĶƢľĸŀĴȮ&Extrudate'ȮĪňŗŀŀĔěŅĔľńĺħŅĵĩŌĔľĸƞŀŏĵŖĬőħĵįƞŅĬĬŘŜŅŐĸŃŏĕƟŅŏėĶŊŗŀĚĨńħŏĴŖħȮŏıŊŗŀ
ĬŜŅœĮĪŜŅĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴ 

 

 

ĶŌĮĪňŗȮ3,Ȯ1ȮŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌėŌƞȮ&Twin screw extruder' 
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3.4.2 ĔŅĶĕŉŘĬĶŌĮĲƕĸƢĴȮĬŜŅŏĴŖħıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔĕƟŀȮ3,4,1 œĮŀĭĪňŗŀŋĦľĳŌĴŇȮ110oCȮ
ŏĮƦĬŏĺĸŅȮ4 ĝĴ,ȮľĸńĚĬńŘĬĬŜŅœĮĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴĭŅĚȮ&Cast Film Extruder'ȮŐĽħĚħńĚĶŌĮĪňŗȮ
3,2 ŀŋĦľĳŌĴŇĪňŗŒĝƟĨńŘĚŐĨƞȮHopper ĩŉĚȮdieȮėŊŀ 240-250-270-280-270 oC ĪňŗėĺŅĴŏĶŖĺĶŀĭŒĬĔŅĶľĴŋĬ
ĽĔĶŌȮ30 ĶŀĭĨƞŀĬŅĪňĕŉŘĬĶŌĮŏĮƦĬĲƕĸƢĴĴňėĺŅĴľĬŅŀĵŌƞŒĬĝƞĺĚȮ100 ± 10 µm  
 

 

ĶŌĮĪňŗȮ3,Ȯ2ȮŏėĶŊŗŀĚŀńħĶňħĲƕĸƢĴĭŅĚȮ&Cast Film Extruder' 

3.4.3 ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸěŅĔĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħħƟĺĵŏėĶŊŗŀĚȮUniversal testing 
machine ŐĽħĚħńĚĶŌĮĪňŗȮ3,3 ĨŅĴĴŅĨĶģŅĬĔŅĶĪħĽŀĭȮASTM-D882ȮőħĵĬŜŅĲƕĸƢĴĪňŗĕŉŘĬĶŌĮœħƟĴŅĨńħŒľƟ
ĴňĕĬŅħȮ15 cm x 25,4 mm ŐĸŃŏĔŖĭœĺƟŒĬŀŋĦľĳŌĴŇȮ25 oCėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ50 ŏĮŀĶƢŏĞŖĬĨƢȮŏĮƦĬŏĺĸŅȮ
2 ĺńĬȮěŉĚĬŜŅĴŅĪħĽŀĭȮőħĵŒĝƟȮLoad cell 5 kNŐĸŃŒĝƟėĺŅĴŏĶŖĺŒĬĔŅĶħŉĚȮ12,5 mm-min ŐĸŃŒĝƟľńĺ
ěńĭĝŇŘĬĚŅĬŐĭĭŏĶňĵĭȮěŅĔĬńŘĬĭńĬĪŉĔėƞŅ YoungŲs modulus, tensile strength ŐĸŃȮElongation at 
break ĕŀĚĲƕĸƢĴěŅĔĝŇŘĬĚŅĬŀĵƞŅĚĬƟŀĵȮ5 ĝŇŘĬĪňŗĴňėƞŅŒĔĸƟŏėňĵĚĔńĬȮŐĸƟĺĬŜŅĕƟŀĴŌĸĴŅľŅėƞŅŏĜĸňŗĵŐĸŃėƞŅ
ŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮŏıŊŗŀĬŜŅĕƟŀĴŌĸĴŅĺŇŏėĶŅŃľƢŏĮĶňĵĭŏĪňĵĭŒĬŐĨƞĸŃĽŌĨĶĔŅĶįĽĴȮ 
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ĶŌĮĪňŗȮ3,Ȯ3ȮŏėĶŊŗŀĚȮUniversal testing machine &UTM' 

3.4.4 ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮThermogravimetric analysis &TGA'ȮŐĽħĚħńĚĶŌĮ
ĪňŗȮ3,4 ŏıŊŗŀĨĶĺěĽŀĭŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬȮĪŜŅĔŅĶŏĨĶňĵĴĝŇŘĬĲƕĸƢĴĪňŗĴňĬŘŜŅľĬńĔŀĵŌƞŒĬĝƞĺĚȮ3,0 ůȮ10,0 
mg ŒĽƞĸĚŒĬœĮŒĬȮalumina pan őħĵŒĝƟŀńĨĶŅŏĶŖĺŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬȮ10oC-minȮőħĵŒĝƟŀŋĦľĳŌĴŇȮ50-
600 oCȮĳŅĵŒĨƟĽĳŅĺŃĔƠŅĞœĬőĨĶŏěĬ 

 

ĶŌĮĪňŗȮ3,Ȯ4ȮŏėĶŊŗŀĚȮThermogravimetric analyzer &TGA' 

3.4.5 ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮDifferential Scanning Calorimetry &DSC'ȮŐĽħĚ
ħńĚĶŌĮĪňŗȮ3,5 ŏıŊŗŀĨĶĺěĽŀĭĽĩŅĬĳŅıĪŅĚėĺŅĴĶƟŀĬŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚıŀĸŇŏĴŀĶƢįĽĴőħĵĪŜŅĔŅĶ
ŏĨĶňĵĴĝŇŘĬĪňŗĴňĬŘŜŅľĬńĔŀĵŌƞŒĬĝƞĺĚȮ3,0 ůȮ10,0 mg ĪŜŅĔŅĶĻŉĔļŅŒĬőľĴħȮŒľƟėĺŅĴĶƟŀĬ-ĪŜŅŒľƟŏĵŖĬĨńĺ-ŒľƟ
ėĺŅĴĶƟŀĬ&Temperature scan'ȮŒĝƟŀńĨĶŅŏĶŖĺŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬȮ10 oC-min őħĵŒĝƟŀŋĦľĳŌĴŇŀĵŌƞ
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ŒĬĝƞĺĚȮ&-50'Ȯ-Ȯ280 oCĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚŐĶĔŏıŊŗŀĔŜŅěńħȮheat historyȮŏıŊŗŀĻŉĔļŅŀŋĦľĳŌĴŇĔŅĶ
ŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&Glass transition temperature; Tg'ȮŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺȮ&Melting 
temperature; Tm'ȮıķĨŇĔĶĶĴĔŅĶŏĔŇħįĸŉĔŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮ&cold crystallization'ȮŐĸŃĮĶŇĴŅĦ

ėĺŅĴŏĮƦĬįĸŉĔȮ&Crystallinity'&cc'ȮőħĵĔŅĶľŅĮĶŇĴŅĦįĸŉĔĽŅĴŅĶĩėŜŅĬĺĦľŅœħƟħńĚĽĴĔŅĶĪňŗȮ3,1 

wH

HH ccm
c

100
³

D

D-D
=

A
c      &3,1' 

őħĵĪňŗȮDHmŐĸŃDHcc  ŏĮƦĬŏŀĬĪŅĸĮƖȮ &enthalpy'Ȯ ĕŀĚĨńĺŀĵƞŅĚĲƕĸƢĴĪňŗŀŋĦľĳŌĴŇľĸŀĴŏľĸĺ
ŐĸŃĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔĞŘŜŅĕĦŃŒľƟėĺŅĴĶƟŀĬĨŅĴĸŜŅħńĭȮ 

DH̄  ŏĮƦĬŏŀĬĪŅĸĮƖȮ&enthalpy'ȮĕŀĚįĸŉĔȮPET ŐĸŃ PBAT ĭĶŇĽŋĪīŇśĴňėƞŅ
ŏĮƦĬ 140,1 J-gȮŐĸŃ 114,1 J-g ĨŅĴĸŜŅħńĭ 

wȮ ŏĮƦĬĽńħĽƞĺĬőħĵĬŘŜŅľĬńĔȮ&weight fraction'ĕŀĚ PET ŐĸŃ PBAT, 
 

 
ĶŌĮĪňŗȮ3,Ȯ5ȮŏėĶŊŗŀĚȮDifferential Scanning Calorimetry &DSC' 

3.4.6 ĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚ PET ŐĸŃȮPBAT ħƟĺĵŏĪėĬŇėȮ
Scanning electron microscopy &SEM'ȮőħĵĬŜŅĲƕĸƢĴľńĔŒĬœĬőĨĶŏěĬŏľĸĺȮ&Liquid nitrogen'ȮȮ
ŏıŊŗŀĻŉĔļŅĔŅĶĵŉħĨŇħĶŃľĺƞŅĚŏĲĽĕŀĚıŀĸŇŏĴŀĶƢȮŐĸŃŒĬĽƞĺĬĕŀĚĔŅĶĻŉĔļŅĔŅĶŐĵĔŏĲĽĔńĬĕŀĚıŀĸŇ
ŏĴŀĶƢěŉĚœħƟĬŜŅĝŇŘĬœĮŐĝƞŒĬœħėĸŀőĶĴňŏĪĬȮ&Dichloromethane'ȮŏĮƦĬŏĺĸŅ15 ĬŅĪňŏıŊŗŀĸŃĸŅĵĽƞĺĬĕŀĚ 
PBAT ĪňŗĭĶŇŏĺĦįŇĺŀŀĔĔƞŀĬěŃĬŜŅœĮŏėĸŊŀĭįŇĺĲƕĸƢĴħƟĺĵŐıĸĪŇĬńĴȮŏıŊŗŀĮƚŀĚĔńĬĔŅĶĽŃĽĴĕŀĚœĲĲƚŅ
ĽĩŇĨĵƢĭĬĲƕĸƢĴĕĦŃĪŜŅĔŅĶĜŅĵŀŇŏĸŖĔĨĶŀĬŒĬĶŃľĺƞŅĚĩƞŅĵĳŅıȮěŅĔĬńŘĬĬŜŅĝŇŘĬĚŅĬĨńĺŀĵƞŅĚœĮĪħĽŀĭ
ĺŇŏėĶŅŃľƢħƟĺĵȮSEM  
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3.4.7 ĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŀŀĔĞŇŏěĬŒĬĲƕĸƢĴȮĨŅĴĴŅĨĶģŅĬȮASTM D3985-05 ħƟĺĵ
ŏėĶŊŗŀĚĺńħŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞĭĬŐįƞĬĲƕĸƢĴ&Gas Permeability Tester, Brugger GDP-C'ȮŐĽħĚ
ħńĚĶŌĮĪňŗȮ3,6 ĪňŗŀŋĦľĳŌĴŇȮ23 oC ŐĸŃėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ0#ȮŒĬĔŅĶĪħĽŀĭœħƟĮĶńĭŏĮƦĬĽĳŅĺŃĽŋĠĠŅĔŅĻ
ŏĮƦĬŏĺĸŅȮ15 ĝńŗĺőĴĚȮĔƞŀĬŏĶŇŗĴĪŜŅĔŅĶĪħĽŀĭĮĸƞŀĵŏėĶŊŗŀĚĪŜŅĚŅĬěĬĔĺƞŅěŃŏĕƟŅĽŌƞĽĳŅĺŃėĚĪňŗȮȮőħĵ
ĝŇŘĬĚŅĬĪňŗĬŜŅĴŅĪħĽŀĭěŃĨŇħĸĚĭĬŐįƞĬİŀĵŀĸŌĴŇŏĬňĵĴĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĮƦĬȮ25,4 ĴŇĸĸŇŏĴĨĶ
ŏĴŊŗŀœħƟįĸĔŅĶĪħĽŀĭěŅĔŏėĶŊŗŀĚĪħĽŀĭŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŏĮƦĬėƞŅȮGTR ŏıŊŗŀĸħĮƤěěńĵŒĬŏĶŊŗŀĚ
ĕŀĚėĺŅĴľĬŅĕŀĚĲƕĸƢĴěŉĚȮĬŜŅėƞŅȮGTR ĪňŗœħƟœĮėŌĦħƟĺĵėĺŅĴľĬŅĕŀĚĝŇŘĬĚŅĬȮħńĚĽĴĔŅĶȮ3,2 ŏıŊŗŀ
ėŜŅĬĺĦľŅėƞŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞŀŀĔĞŇŏěĬ 

 L  OPGTR =³      &3,2' 

ĪňŗȮ GTR ŏĮƦĬėƞŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞĪňŗœħƟěŅĔŏėĶŊŗŀĚ Gas Permeability Tester 
LȮȮȮȮȮŏĮƦĬėĺŅĴľĬŅĕŀĚĲƕĸƢĴŒĬľĬƞĺĵĴŇĸĸŇŏĴĨĶ 
OP ȮŏĮƦĬŀńĨĶŅĔŅĶĞŉĴįƞŅĬĔƠŅĞŀŀĔĞŇŏěĬȮ&Oxygen Permability'ȮŒĬľĬƞĺĵ&ĴŇĸĸŇŏĴĨĶȮ
ĸŌĔĭŅĻĔƢŏĞĬĨŇŏĴĨĶ'-&ĨŅĶŅĚŏĴĨĶȮĺńĬȮĭŅĶƢ'Ȯ 

 

ĶŌĮĪňŗȮ3,6ȮŏėĶŊŗŀĚĺńħŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞĭĬŐįƞĬĲƕĸƢĴȮ&Gas Permeability Tester, Brugger 
GDP-C' 

3.4.8 ĻŉĔļŅĽĴĭńĨŇĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅĕŀĚĲƕĸƢĴȮĬŜŅŏĴŖħĞŇĸŇĔŅŏěĸœĮŀĭœĸƞėĺŅĴĝŊŘĬĪňŗ
ŀŋĦľĳŌĴŇȮ60 oCȮŏĮƦĬŏĺĸŅȮ6 ĝńŗĺőĴĚȮĪŇŘĚœĺƟŒĬĶŃĭĭĮƕħěĬŀŋĦľĳŌĴŇĩŉĚŀŋĦľĳŌĴŇľƟŀĚȮŐĸƟĺĬŜŅœĮŒĽƞŒĬĕĺħ
ŐĔƟĺĮƕħĮŅĔĕĺħħƟĺĵĲŀĵĸƢȮěŅĔĬńŘĬĬŜŅĲƕĸƢĴĪňŗěŃĪħĽŀĭœĮŀĭœĸƞėĺŅĴĝŊŘĬĪňŗŀŋĦľĳŌĴŇȮ60 oC ŏĮƦĬŏĺĸŅȮ
4 ĝńŗĺőĴĚȮŐĸƟĺĬŜŅĲƕĸƢĴĮƕħĸĚĭĬİŅĕĺħŐĔƟĺĪňŗŏĨĶňĵĴœĺƟȮıńĬħƟĺĵĔŅĺıŅĶŅĲƕĬŒľƟŐĬƞĬȮŐĸƟĺĬŜŅĕĺħŒĽƞŒĬ
ĨŌƟėĺĭėŋĴėĺŅĴĝŊŘĬĪňŗĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ75#Ȯ± 5#ȮĪňŗœħƟěŅĔĔŅĶŏĨĶňĵĴĽŅĶĸŃĸŅĵŀŇŗĴĨńĺĕŀĚŏĔĸŊŀȮ
NaCl ĪňŗŀŇŗĴĨńĺĴŅŐĸƟĺŀĵƞŅĚĬƟŀĵȮ2 ĺńĬȮěŅĔĬńŘĬĺńħĬŘŜŅľĬńĔĪňŗŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚŏĴŖħĞŇĸŇĔŅŏěĸőħĵĝńŗĚ
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ĬŘŜŅľĬńĔŏĴŖħĞŇĸŇĔŅŏěĸĪňŗŏĺĸŅȮ1, 2, 3, 5, 10, 30, 60, 180, 360, 720, 1,440, 2,880, 4,320, 5,760, 
7,200, ŐĸŃȮ8,640 ĬŅĪňĨŅĴĸŜŅħńĭ 

őħĵȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬœŀĬŘŜŅĽŅĴŅĶĩėŜŅĬĺĦœħƟħńĚĽĴĔŅĶȮ3,3ȮŐĸŃȮ3,4 

ὡὠὝὙ
  

 
       &3,3' 

ὡὠὖ ὡὠὝὙ ὒ ȮȮ   &3,4' 

őħĵĪňŗȮWVTR ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬœŀĬŘŜŅľĬƞĺĵȮĔĶńĴ-&ĨŅĶŅĚĴŇĸŇŏĴĨĶȮĬŅĪň' 

wt  ėŊŀȮĬŘŜŅľĬńĔĞŇĸŇĔŅŏěĸĪňŗŏĺĸŅŒħŕȮľĬƞĺĵĔĶńĴ 

woȮ ėŊŀȮĬŘŜŅľĬńĔĞŇĸŇĔŅŏěĸŏĶŇŗĴĨƟĬľĬƞĺĵĔĶńĴ 

AȮȮȮ ėŊŀȮıŊŘĬĪňŗľĬƟŅĨńħĕŀĚĲƕĸƢĴŒĬľĬƞĺĵĨŅĶŅĚĴŇĸŇŏĴĨĶ 

LȮȮ ėŊŀȮėĺŅĴľĬŅĕŀĚĲƕĸƢĴŒĬľĬƞĺĵœĴőėĶŏĴĨĶ 

WVP  ėŊŀȮŀńĨĶŅĔŅĶĞŉĴįƞŅĬœŀĬŘŜŅŒĬľĬƞĺĵȮ&œĴőėĶŏĴĨĶȮĔĶńĴ'-&ĨŅĶŅĚĴŇĸŇŏĴĨĶȮĺńĬ' 

 

ĶŌĮĪňŗȮ3,7ĔŅĶĺńħŀńĨĶŅĔŅĶĞŉĴĕŀĚœŀĬŘŜŅĕŀĚĲƕĸƢĴȮ&WTVR' 

3.4.9 ŒĬĔŅĶĻŉĔļŅįĸĕŀĚȮTiO2ȮŐĸŃȮZnOȮĨƞŀĽĴĭńĨŇĕŀĚĲƕĸƢĴįĽĴȮPET-PBAT įĽĴ
ŏĨĶňĵĴĽŅĶįĽĴĶŃľĺƞŅĚȮPET ŐĸŃȮPBAT ŒĬŀńĨĶŅĽƞĺĬĪňŗŏľĴŅŃĽĴőħĵıŇěŅĶĦŅěŅĔįĸĨŀĬĪňŗȮ1 ŒĬ
ħƟŅĬĕŀĚėĺŅĴŒĽŐĸŃĽĴĭńĨŇŏĝŇĚĔĸȮĞŉŗĚœħƟȮPETĔńĭȮPBAT ĪňŗĽńħĽƞĺĬĬŘŜŅľĬńĔȮ90 8Ȯ10 ĔńĭĽŅĶŏĨŇĴŐĨƞĚ
ĽŀĚĝĬŇħœħƟŐĔƞȮœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢȮ&Titanium dioxide 8ȮTiO2'ȮŐĸŃĞŇĚĔƢŀŀĔœĞħƢȮ&Zinc oxide 8Ȯ
ZnO'ȮĪňŗĽńħĽƞĺĬĮĶŇĴŅĦȮ1 ŐĸŃȮ2 wt#ȮőħĵŏėĶŊŗŀĚȮTwin screw extruder ŐĸƟĺĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚŀńħ
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ĶňħĲƕĸƢĴȮőħĵĽĳŅĺŃĔŅĶįĽĴŐĸŃĔŅĶĕŉŘĬĶŌĮŏĮƦĬĽĳŅĺŃŏħňĵĺĔńĭȮPET-PBAT 90-10 ěŅĔĬńŘĬĬŜŅœĮ
ĪħĽŀĭĽĴĭńĨŇĨƞŅĚȮŕȮħńĚĬňŘ 

3.4.9.1 ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸěŅĔĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħħƟĺĵŏėĶŊŗŀĚȮUniversal 
testing machine ħƟĺĵĽĳŅĺŃŏľĴŊŀĬĕƟŀȮ3.4.3 

3.4.9.2 ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮThermogravimetric analysis &TGA'Ȯ
ŏıŊŗŀĨĶĺěĽŀĭėĺŅĴĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬħƟĺĵĽĳŅĺŃŏľĴŊŀĬĕƟŀȮ3.4.4 

3.4.9.3 ĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵȮDifferential Scanning Calorimetry 
&DSC'ȮŏıŊŗŀĨĶĺěĽŀĭĽĩŅĬĳŅıĪŅĚėĺŅĴĶƟŀĬŐĸŃĮĶŇĴŅĦįĸŉĔĕŀĚĲƕĸƢĴįĽĴȮPET-PBAT ĪňŗįĽĴ TiO2 

ľĶŊŀ ZnO ħƟĺĵĽĳŅĺŃŏľĴŊŀĬĕƟŀȮ3.4.5 

3.4.9.4 ĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅŐĸŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚ TiO2 ŐĸŃȮZnO ŒĬ
ĲƕĸƢĴįĽĴ PET-PBATħƟĺĵŏĪėĬŇėȮScanning electron microscopy &SEM'ȮőħĵĬŜŅĲƕĸƢĴľńĔŒĬȮ
liquid nitrogen 

3.4.9.5 ĻŉĔļŅĽĴĭńĨŇĔŅĶĞŉĴĕŀĚœŀĬŘŜŅĕŀĚĲƕĸƢĴħƟĺĵĽĳŅĺŃŏľĴŊŀĬĕƟŀȮ3.4.8 

3.4.9.6 ĻŉĔļŅĽĴĭńĨŇĔŅĶĨƟŅĬŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴȮŏıŊŗŀĻŉĔļŅĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĨƟŅĬ
ŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴȮĨŅĴĴŅĨĶģŅĬȮASTM E2149-10 őħĵĬŜŅŏĝŊŘŀœĮĭƞĴŒĬľĸŀħĪħĸŀĚĪňŗĴňŀŅľŅĶ NB 
ŀĵŌƞȮ5 ĴŇĸĸŇĸŇĨĶȮĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 oCȮĬŅĬȮ24 ĝĴ,ȮěŅĔĬńŘĬĮƕŏĮĨȮ/ȮĴŇĸĸŇĸŇĨĶȮĸĚŒĬĕĺħĶŌĮĝĴıŌƞĪňŗĴň
ŀŅľŅĶȮNB 3.ȮĴŇĸĸŇĸŇĨĶȮŐĸŃĲƕĸƢĴȮ3,0ȮĔĶńĴĪňŗįƞŅĬĔŅĶĜŅĵħƟĺĵŐĽĚŀńĸĨĶŅœĺőŀŏĸĨĪňŗŀŋĦľĳŌĴŇľƟŀĚȮ0Ȯ
ĝńŗĺőĴĚĭƞĴĪňŗŀŋĦľĳŌĴŇȮ37 oCȮĬŅĬȮ24 ĝĴ,ȮěŅĔĬńŘĬĪŜŅȮ10 fold serial dilutions őħĵĬŜŅľĸŀħĪħĸŀĚ
ĪňŗĴňĬŘŜŅŏĔĸŊŀȮ9 ĴŇĸĸŇĸŇĨĶĨƞŀľĸŀħȮŐĸŃŀňĔȮ1 ĴŇĸĸŇĸŇĨĶěŅĔŐĨƞĸŃĕĺħĸĚœĮŀňĔĕĺħŏıŊŗŀŏěŊŀěŅĚĨƞŀœĮ
ŏĶŊŗŀĵŕȮěĬėĶĭȮ9ȮĕĺħȮěŅĔĬńŘĬĪŜŅĔŅĶĮƕŏĮĨȮ0,1ȮĴŇĸĸŇĸŇĨĶȮĕŀĚĕĺħĪňŗĴňĽńħĽƞĺĬ 105-Ȯ108ľĵħĸĚĭĬ
ěŅĬŏıŅŃŏĝŊŘŀĪňŗĴňĺŋƟĬŀŅľŅĶȮNA ěŅĔĬńŘĬĬŜŅœĮŏĔŖĭĪňŗŀŋĦľĳŌĴŇȮ37 oC ĬŅĬȮ24 ĝĴ,ȮőħĵĔŅĶėŜŅĬĺĦľŅȮ
Colony forming units&CFU'ȮĕŀĚŐĭėĪňŏĶňĵěŃĬńĭŐĸŃėŜŅĬĺĦĨŅĴĽĴĔŅĶȮ3,5 

CFU-ml ; 
ěŜŅĬĺĦ    

ĮĶŇĴŅĨĶĕŀĚ Ȣ 
   &3,5' 

 őħĵȮDilution factor ėŊŀȮėĺŅĴŏĕƟĴĕƟĬĕŀĚĽŅĶĨńĺŀĵƞŅĚŒĬľĸŀħĪħĸŀĚĪňŗĬŜŅĴŅĪħĽŀĭȮ
ĔŅĶėŜŅĬĺĦľŅŏĮŀĶƢŏĞŖĬĨƢľŅěŅĔěŜŅĬĺĬȮCFUȮĕŀĚĲƕĸƢĴĪňŗĴňĔŅĶįĽĴȮTiO2ȮľĶŊŀȮZnOȮŏĪňĵĭĔńĭĪňŗœĴƞĴň
ĔŅĶįĽĴȮTiO2ȮľĶŊŀȮZnO 



 
 

 

34 
 

ĭĪĪňŗȮ4 
įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

ĚŅĬĺŇěńĵĬňŘĴňŏĮƚŅľĴŅĵŏıŊŗŀĻŉĔļŅĽĴĭńĨŇĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĶŃľĺƞŅĚıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅ
ŏĸĨȮ&PET'ȮŐĸŃıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨőėŏĪŏĶĲĪŅŏĸĨȮ&PBAT'ȮĽŜŅľĶńĭĭĶĶěŋĳńĦĤƢŀŅľŅĶȮőħĵŐĭƞĚĔŅĶ
ĺŇěńĵŏĮƦĬȮ2 ĨŀĬȮħńĚĬňŘ 

ĨŀĬĪňŗ 1 ĻŉĔļŅĽĴĭńĨŇĕŀĚĲƕĸƢĴ PET-PBAT ŒĬĽńħĽƞĺĬĨƞŅĚŕȮœħƟŐĔƞȮ/..8., 7.8/., 6.80., 
5.81., 4.82.,ȮŐĸŃȮ.8/..ȮőħĵĬŘŜŅľĬńĔȮ 

ĨŀĬĪňŗȮ2 ĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶœĪĪŅŏĬňĵĴœħŀŀĔœĞħƢ& Titanium dioxide8TiO0'Ȯ
ŐĸŃĞŇĚĔƢŀŀĔœĞħƢȮ&Zinc oxide8ZnO'ȮĨƞŀėŋĦĽĴĭńĨŇĕŀĚĲƕĸƢĴįĽĴȮPET-PBAT  

4.1 ĻŉĔļŅĽĴĭńĨŇĕŀĚĲƕĸƢĴ PET-PBAT ŒĬĽńħĽƞĺĬĨƞŅĚŕ 
ŒĬĔŅĶĻŉĔļŅėŋĦĽĴĭńĨŇĨƞŅĚŕȮŒĬĚŅĬĺŇěńĵĬňŘěŃĬŜŅĲƕĸƢĴĪňŗįƞŅĬĔŅĶĕŉŘĬĶŌĮħƟĺĵĔŅĶŀńħĶňħĲƕĸƢĴĭŅĚȮ

ĞŉŗĚĲƕĸƢĴĪňŗœħƟŒĬŐĨƞĸŃĽńħĽƞĺĬěŃŐĽħĚŒĬĶŌĮĪňŗ 4,1 ŏĮƦĬĪňŗĪĶŅĭĔńĬħňĺƞŅȮPET ĬńŘĬŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňįĸŉĔŐĨƞ
ĵńĚėĚėĺŅĴŒĽȮŏĬŊŗŀĚěŅĔįĸŉĔĬńŘĬĴňĕĬŅħŏĸŖĔȮŒĬĚŅĬĺŇěńĵĬňŘıŇěŅĶĦŅėĺŅĴŒĽĕŀĚĲƕĸƢĴőħĵĔŅĶĪħĽŀĭĬŜŅ
ĲƕĸƢĴĴŅĽƞŀĚįƞŅĬŏıŊŗŀŀƞŅĬėŜŅĺƞŅȮSAMPLE ıĭĺƞŅĲƕĸƢĴĪňŗĴňĔŅĶĴŀĚŏľŖĬĝńħĪňŗĽŋħėŊŀĲƕĸƢĴȮneat PET ŐĸŃ
ŏĴŊŗŀįĽĴ PBAT ěŃĪŜŅŒľƟėĺŅĴŒĽĕŀĚĲƕĸƢĴįĽĴĬńŘĬĕŋƞĬĴŅĔĕŉŘĬȮŐĸŃěŃĕŋƞĬĴŅĔĕŉŘĬŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮPBAT 
ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴĪňŗĽńħĽƞĺĬőħĵĬŘŜŅľĬńĔȮ90810 ĲƕĸƢĴĵńĚėĚėĺŅĴŒĽŒĔĸƟŏėňĵĚĔńĭĲƕĸƢĴ neat PETȮ
ŏĬŊŗŀĚěŅĔĮĶŇĴŅĦĕŀĚȮPBAT ĪňŗįĽĴŀĵŌƞŒĬĲƕĸƢĴįĽĴĬńŘĬĴňĮĶŇĴŅĦĬƟŀĵ 

   

   

ĶŌĮĪňŗȮ4,/ȮŐĽħĚėĺŅĴŒĽĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT ĪňŗĮĶŇĴŅĦ a'Ȯ/..8. b'Ȯ7.8/. c'Ȯ6.80. 
d'Ȯ5.81. e'Ȯ60840 ŏĮĶňĵĭŏĪňĵĭĔńĭȮf'ȮĪňŗœĴƞĴňĲƕĸƢĴ 

 

 

 

a. b. c. 

d. e. f. 
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4.1.1 ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT 

ĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħȮ&Tensile testing'ȮőħĵıŇěŅĶĦŅěŅĔėƞŅ
ĨƞŅĚȮŕȮœħƟŐĔƞȮYoungŲs modulus, Tensile strength, ŐĸŃȮElongation at break őħĵĬŜŅĲƕĸƢĴœĮ
ĪŜŅĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħȮħƟĺĵŏėĶŊŗŀĚȮUniversal testing machine őħĵŒĝƟŀńĨĶŅŒĬĔŅĶħŉĚȮ/0,3Ȯ
ĴŇĸĸŇŏĴĨĶĨƞŀĬŅĪňȮĨŅĴĴŅĨĶģŅĬȮASTMȮD660Ȯ 

ĶŌĮĪňŗ 4,2ȮŐĸŃȮ4,3 ŐĽħĚėƞŅȮYoungŲs modulusȮŐĸŃȮtensile strength ĕŀĚĲƕĸƢĴ 
PET-PBAT ĪňŗĽńħĽƞĺĬĨƞŅĚŕȮıĭĺƞŅĲƕĸƢĴȮneat PET ĴňėƞŅ YoungŲs modulusȮŐĸŃȮtensile strengthȮ
ŏĮƦĬȮ/*54/,3 MPaȮŐĸŃȮ2.,0 MPa ĨŅĴĸŜŅħńĭ neat PBAT ĴňėƞŅ YoungŲs modulusȮŐĸŃȮtensile 
strengthȮŏĮƦĬ 86,9 MPaȮŐĸŃȮ/2,/ȮMPa ĨŅĴĸŜŅħńĭȮŏĴŊŗŀıŇěŅĶĦŅĲƕĸƢĴĪňŗĴňĮĶŇĴŅĦȮPBAT ŏıŇŗĴĴŅĔ
ĕŉŘĬĽƞĚįĸŒľƟėƞŅȮYoungŲs modulusȮĕŀĚĲƕĸƢĴĪňŗĴňĮĶŇĴŅĦȮPBAT ŏĮƦĬȮ10, 20, 30, ŐĸŃ 40 
ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔĴňėƞŅĸħĸĚŏĮƦĬȮ/*4.5,7,Ȯ/*255,2, /*111,7, ŐĸŃȮ76/,3ȮMPa ĨŅĴĸŜŅħńĭȮŐĸŃ
ėƞŅ tensile strengthȮĸħĸĚŏĮƦĬȮ2/,1, 12,7,Ȯ13,., ŐĸŃȮ04,6ȮMPa ĨŅĴĸŜŅħńĭȮŐĽħĚŒľƟŏľŖĬėĺŅĴ
ŐĕŖĚŐĶĚĕŀĚĲƕĸƢĴŏĴŊŗŀĴňĮĶŇĴŅĦȮPBATȮŏıŇŗĴĕŉŘĬȮĴňŐĬĺőĬƟĴĸħĸĚȮŏĬŊŗŀĚěŅĔ PETȮŐĸŃȮPBAT ĴňėĺŅĴ
ŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴŅĔŒĬŏĶŊŗŀĚĕŀĚėŋĦĽĴĭńĨŇŏĝŇĚĔĸőħĵĲƕĸƢĴȮPETȮŏĮƦĬĲƕĸƢĴĪňŗĴňĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃȮ
ĞŉŗĚĴňėƞŅ YoungŲs modulus ĪňŗĽŌĚĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭȮPBAT ĪňŗĴňĔŅĶŐĨĔľńĔŐĭĭŏľĬňĵĺŐĸŃĴňėƞŅ 

YoungŲs modulus ĪňŗĨŗŜŅĴŅĔȮĔŅĶĴňĽŅĵőĞƞĕŀĚȮPBAT ĪňŗĽŅĴŅĶĩŏĔŇħěŋħȮyieldȮľĶŊŀŏĔŇħĔŅĶŏĮĸňŗĵĬ
ěŅĔŀŇĸŅĽĨŇĔȮ&Elastic'ȮŏĮƦĬŐĭĭıĸŅĽĨŇĔȮ&Plastic deformation'ȮĭƞĚĭŀĔĩŉĚĔŅĶħŌħĞńĭıĸńĚĚŅĬ
ĶŃľĺƞŅĚĔŅĶħŉĚĵŊħœħƟĴŅĔĕŉŘĬŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭȮħńĚĬńŘĬŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮPBAT ĔŅĶĶńĭŐĶĚĪňŗŏĔŇħŏĴŊŗŀ
ŏĔŇħĔŅĶħŉĚĵŊħĕŀĚıŀĸŇŏĴŀĶƢįĽĴĔŖěŃŐĽħĚėƞŅȮYoungŲs modulus ŐĸŃȮtensile strengthȮĸħĸĚȮĞŉŗĚ
įĸĪňŗœħƟĴňŐĬĺőĬƟĴŏħňĵĺĔńĭĚŅĬĺŇěńĵĕŀĚ Yottha Srithep ŐĸŃėĦŃȮY8[ȮœħƟĬŜŅ PETȮĪňŗįƞŅĬĔŅĶŒĝƟĚŅĬ
ĴŅŐĸƟĺĴŅĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇŏĝŇĚĔĸőħĵĔŅĶĬŜŅœĮįĽĴĔńĭıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏľĬňĵĺȮıĭĺƞŅ PETȮĪňŗįĽĴ
ĔńĭȮPBAT ĮĶŇĴŅĦȮ25#ȮőħĵĬŘŜŅľĬńĔĬńŘĬȮĴňėƞŅ YoungŲs modulusȮĸħĸĚěŅĔȮ/23.,1ȮMPa ŏĮƦĬ 
1181,1 MPa ŐĸŃĴňȮtensile strengthȮĸħĸĚěŅĔ 31,0ȮMPa ŏĮƦĬ 17,2ȮMPa  

ŒĬĚŅĬĺŇěńĵĬňŘĵńĚıĭĺƞŅėƞŅȮTensile strength ĕŀĚĲƕĸƢĴ PET-PBAT ĪňŗŀńĨĶŅĽƞĺĬȮ90-10 ĴňėƞŅ
ĽŌĚĔĺƞŅĲƕĸƢĴȮneatȮPETȮŏĸŖĔĬƟŀĵȮĪńŘĚĬňŘŏĴŊŗŀıŇěŅĶĦŅěŅĔĔĶŅĲȮstress-strain ŒĬĶŌĮĪňŗȮ4,5 ěŃŏľŖĬœħƟĺƞŅ
ĔŅĶĪňŗ tensileȮstrength ŏıŇŗĴĕŉŘĬȮŀŅěŏĬŊŗŀĚĴŅěŅĔĔŅĶĪňŗĴňȮPBATȮ10#őħĵĬŘŜŅľĬńĔȮĴňŐĶĚĵŉħŏľĬňŗĵĺĔńĬ
œħƟħňĔńĭ PET ŀňĔĪńŘĚĲƕĸƢĴĪňŗĴňȮPBAT įĽĴŀĵŌƞĬńŘĬĴňĮĶŇĴŅĦįĸŉĔĕŀĚȮPET ŏıŇŗĴĴŅĔĕŉŘĬěŅĔĲƕĸƢĴȮNeat 
PETȮ&ĨŅĶŅĚĪňŗȮ2,/'ȮĞŉŗĚįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢĬńŘĬěŃĽƞĚįĸŏıŇŗĴĔŅĶĨƟŅĬĪŅĬĔŅĶŏĮĸňŗĵĬĶŌĮħŉĚŏĴŊŗŀœħƟĶńĭŐĶĚ
ħŉĚȮĪŜŅŒľƟĴňėƞŅȮtensile strength ŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵȮŐĨƞĪńŘĚĬňŘĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮPBAT ĪňŗĴŅĔĔĺƞŅȮ20 
ŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘŜŅľĬńĔěŃĴňĮĶŇĴŅĦįĸŉĔŏıŇŗĴĕŉŘĬĔŖĨŅĴŐĨƞœĴƞĽƞĚįĸŒľƟĪńŘĚȮtensile strength ŐĸŃȮ
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WmsleŲqȮkmbsjsqȮĴňėƞŅŏıŇŗĴĴŅĔĕŉŘĬȮŏĬŊŗŀĚĴŅěŅĔĮƤěěńĵĕŀĚőėĶĚĽĶƟŅĚőĴŏĸĔŋĸĕŀĚıŀĸŇŏĴŀĶƢįĽĴĬńŘĬ
ĽƞĚįĸŏħƞĬĔĺƞŅĮƤěěńĵĕŀĚĮĶŇĴŅĦĕŀĚĮĶŇĴŅĦįĸŉĔ[[30]] 

Ȯ  

ĶŌĮĪňŗȮ4,2ȮŐĽħĚȮYoungŲs Modulus ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT 

 

ĶŌĮĪňŗȮ4,3ȮŐĽħĚȮTensile strength ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT 
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ĶŌĮĪňŗȮ4,4ȮŐĽħĚȮElongation at break ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT 

ěŅĔĶŌĮĪňŗȮ4,4ȮŐĽħĚȮ#ElongationȮat break ĕŀĚĲƕĸƢĴȮPET-PBAT ıĭĺƞŅȮ#Elongation at break 
ĕŀĚȮneat PET ĴňėƞŅĮĶŃĴŅĦȮ3,0 #ȮŐĸŃĴňėƞŅŏıŇŗĴĕŉŘĬŏıňĵĚŏĸŖĔĬƟŀĵȮŏĴŊŗŀĴňĮĶŇĴŅĦĕŀĚȮPBAT ŏıŇŗĴĕŉŘĬȮ
ŏĬŊŗŀĚěŅĔĲƕĸƢĴȮPET ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏĮĶŅŃȮ&britle'ȮħńĚĬńŘĬěŉĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŉĚĵŊħĪňŗĨŗŜŅȮ
ŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴȮPBAT ĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏľĬňĵĺĽŌĚĪŜŅŒľƟĲƕĸƢĴȮPET-PBAT ĬńŘĬĽŅĴŅĶĩħŉĚĵŊħ
œħƟĴŅĔĕŉŘĬȮőħĵıĭĺƞŅĪňŗĮĶŇĴŅĦȮPBAT 40#őħĵĬŘŜŅľĬńĔȮĬńŘĬĲƕĸƢĴȮPET-PBAT ĴňȮ#Elongation at 
break ŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔȮĞŉŗĚěŅĔĶŌĮĪňŗ 4,5 ŐĽħĚȮstress-strain curves ĕŀĚĲƕĸƢĴȮPET-PBAT ıĭĺƞŅ
ėŋĦĽĴĭńĨŇĕŀĚĲƕĸƢĴȮPET-PBATȮĬńŘĬĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔȮőħĵŏĮĸňŗĵĬěŅĔĔŅĶ
ŐĨĔľńĔŐĭĭŏĮĶŅŃŏĮƦĬĔŅĶŐĨĔľńĔŐĭĭŏľĬňĵĺȮŏĴŊŗŀĴňĔŅĶŏĨŇĴȮPBAT ĴŅĔĔĺƞŅȮ1.#őħĵĬŘŜŅľĬńĔȮŐĸŃ
ěŃŏľŖĬĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĝńħŏěĬŏĴŊŗŀĴňĔŅĶŏĨŇĴȮPBAT ŒĬĮĶŇĴŅĦȮ2.#őħĵĬŘŜŅľĬńĔȮĞŉŗĚŐĽħĚ
ĸńĔļĦŃĔŅĶŐĨĔľńĔĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗĴňĔŅĶŐĨĔľńĔŐĭĭŏľĬňĵĺȮŐĸŃěŅĔĶŌĮĪňŗȮ4,6ȮŏĮƦĬĔŅĶ
ŐĽħĚįĸȮSEMȮĪňŗŐĽħĚŒľƟŏľŖĬĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗįĽĴĔńĬŒĬĮĶŇĴŅĦ
ĨƞŅĚŕȮőħĵĬŜŅœĮľńĔŒĬœĬőĨĶŏěĬŏľĸĺȮěŃŏľŖĬœħƟĺƞŅœĴƞıĭĔŅĶŐĭƞĚŏĲĽĔńĬĶŃľĺƞŅĚŏĬŊŘŀȮPETȮŐĸŃŏĬŊŘŀȮ
PBAT ŐĽħĚŒľƟŏľŖĬĺƞŅıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚŏĕƟŅĔńĬœħƟħňȮ&a,90810, b,80820, c,70830 ŐĸŃȮd,60840'ȮŐĨƞ
ŏĴŊŗŀĬŜŅĲƕĸƢĴȮPET-PBAT œĮŐĝƞŒĬȮdichloromethane ŏıŊŗŀĸŃĸŅĵȮPBAT ŐĸƟĺĬŜŅœĮĻŉĔļŅĸńĔļĦŃ
ĪŅĚĽńĦģŅĬĺŇĪĵŅȮ&e,90810, f,80820, g,70830 ŐĸŃȮh,60840,'ȮıĭĺƞŅĲƕĸƢĴȮPET-PBAT ĪňŗĴňĔŅĶŏĨŇĴȮ
PBAT ŒĬĮĶŇĴŅĦȮ40#őħĵĬŘŜŅľĬńĔȮěŅĔĔŅĶŐĝƞŒĬȮdichloromethane ěŃĪŜŅŒľƟĽƞĺĬĕŀĚŏĬŊŘŀĪňŗŏĮƦĬȮ
PBAT ĸŃĸŅĵŀŀĔěŅĔĲƕĸƢĴŏĔŇħĔŅĶŐĭƞĚŏĲĽĶŃľĺƞŅĚŏĬŊŘŀȮPET ŐĸŃŏĬŊŘŀȮPBATȮĽńĚŏĔĨŏľŖĬĺƞŅĴňȮPET 
ŏĮƦĬŏĽƟĬŕȮŏĬŊŗŀĚĴŅěŅĔŏĬŊŘŀŏĴĪĶŇĔĞƢĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗȮ40#őħĵĬŘŜŅľĬńĔȮŐĵĔŀŀĔŏĮƦĬ 2 ŏĴĪĶŇĔĞƢ 
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ŏĔŇħĔŅĶěńĭĔĸŋƞĴĔńĬŏŀĚĕŀĚŏĬŊŘŀȮPET ŐĸŃȮPBATȮŏĔŇħŏĮƦĬĸńĔļĦŃŏĲĽĨƞŀŏĬŊŗŀĚĶƞĺĴ (co-continuous 
phase) ěŅĔĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĬňŘĪŜŅŒľƟŀīŇĭŅĵĩŉĚĔŅĶŏĮĸňŗĵĬŐĮĸĚıķĨŇĔĶĶĴĔŅĶ
ŐĨĔľńĔĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗĴňĔŅĶŏĨŇĴȮPBAT ŒĬĮĶŇĴŅĦȮ40#őħĵĬŘŜŅľĬńĔȮħńĚĬńŘĬŏĴŊŗŀĲƕĸƢĴœħƟĶńĭŐĶĚ
ěŅĔĔŅĶħŉĚȮŐĶĚěŃĽƞĚįƞŅĬœĮĵńĚĽƞĺĬĪňŗŏĮƦĬŏĬŊŘŀĕŀĚȮPET ĽƞĚįĸŒľƟĲƕĸƢĴ PET-PBAT ĬńŘĬĴňėƞŅȮYoungŲs 
modulusȮŐĸŃėƞŅ tensile strengthȮŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭĲƕĸƢĴĕŀĚȮneatȮPBATȮŏĬŊŗŀĚěŅĔĽƞĺĬĪňŗŏĮƦĬ
ŏĬŊŘŀȮPET ŐĸŃŏĴŊŗŀĽŅĵőĞƞĕŀĚȮPET ĕŅħœĮȮĔŖĵńĚĴňĽƞĺĬĕŀĚŏĬŊŘŀȮPBAT ĵńĚœĴƞĕŅħĪŜŅŒľƟĽŅĵőĞƞĕŀĚȮPBAT 
ŏėĸŊŗŀĬĪňŗĨƞŀĪŜŅŒľƟıķĨŇĔĶĶĴĔŅĶŐĨĔľńĔĕŀĚĲƕĸƢĴŏĮĸňŗĵĬŏĮƦĬŐĭĭŏľĬňĵĺ 

 

 

ĶŌĮĪňŗȮ4,5ȮŐĽħĚȮTensile stress-strain curves ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT 
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ĶŌĮĪňŗȮ4,4ȮŐĽħĚ SEM images ĕŀĚįŇĺĲƕĸƢĴĪňŗľńĔŒĬœĬőĨĶŏěĬŏľĸĺĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT

ĪňŗȮ&a,90810, b,80820, c,70830 ŐĸŃ d,60840'ȮŐĸŃįŇĺĕŀĚĲƕĸƢĴĪňŗŐĝƞŒĬĽŅĶĸŃĸŅĵ 
dichloromethane &e,90810, f,80820, g,70830 ŐĸŃ h,60840'ȮĪňŗĔŜŅĸńĚĕĵŅĵ 2000ȮŏĪƞŅ, 

4.1.2 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT 
4.1.2.1 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬěŅĔĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮDifferential Scanning Calorimetry 
&DSC'ȮĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ 

 

ĶŌĮĪňŗȮ4,7ȮŐĽħĚȮDSC thermograms ěŅĔĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ
PET-PBAT 

a. b. d. c. 

e. f. g. h. 
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ĨŅĶŅĚĪňŗȮ4,1 ŐĸŃĶŌĮĪňŗȮ4,7ȮŐĽħĚŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&Glass transition 
temperature; Tg'ȮŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺȮ&Melting temperature; Tm'ȮıķĨŇĔĶĶĴĔŅĶŏĔŇħįĸŉĔ

ŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮ&Cold crystallization'ȮŐĸŃĮĶŇĴŅĦėĺŅĴŏĮƦĬįĸŉĔȮ&Crystallinity, cc'ȮĕŀĚ 
ıŀĸŇŏĴŀĶƢįĽĴĪňŗĽńħĽƞĺĬĨƞŅĚŕȮěŅĔĔŅĶĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮDSC ĞŉŗĚıĭĺƞŅŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 

ĬńŘĬŐĽħĚėƞŅ Tg ĸħĸĚŏĴŊŗŀŏĨŇĴȮPBAT őħĵěŃĸħĸĚĴŅŀĵŌƞĪňŗĮĶŃĴŅĦȮ56 ̄C ěŅĔȮ74 ̄C ĕŀĚȮneat 
PET ĞŉŗĚŏĴŊŗŀŏĨŇĴȮPBAT ĪňŗĮĶŇĴŅĦĨńŘĚŐĨƞȮ10 -Ȯ30#őħĵĬŘŜŅľĬńĔȮěŃŐĽħĚȮTgȮŏıňĵĚėƞŅŏħňĵĺȮĞŉŗĚŐĽħĚŒľƟ
ŏľŖĬėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĕƟŅĔńĬœħƟĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĝĬŇħȮŐĨƞĪňŗĮĶŇĴŅĦȮ40#őħĵĬŘŜŅľĬńĔȮıĭĺƞŅěŃ

ŐĽħĚȮTg ĕŉŘĬȮ2 ĪňŗĬńŘĬėŊŀĪňŗȮ-27,3ȮŐĸŃȮ34,1ȰC ĞŉŗĚŏĮƦĬŀŋĦľĳŌĴŇȮTgȮĕŀĚȮPBAT ŐĸŃȮPET-PBAT ĪńŘĚĬňŘ
ŀŅěŏĬŊŗŀĚĴŅěŅĔĪňŗĮĶŇĴŅĦȮPBAT 40#őħĵĬŘŜŅľĬńĔȮĬńŘĬĴňĮĶŇĴŅĦĴŅĔěŉĚŏĔŇħĔŅĶĶĺĴĔĸŋƞĴĔńĬȮĪŜŅŒľƟȮ
PBAT ĴňĴŅĔıŀĪňŗěŃŐĵĔŏĲĽŀŀĔěŅĔŏĬŊŘŀȮPET ĞŉŗĚįĸĬňŘĽŀħėĸƟŀĚĔńĭĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĪňŗŐĽħĚ
ŒĬĶŌĮĪňŗȮ4,6&h'ȮŐĽħĚĔŅĶŐĵĔŏĲĽĔńĬŀĵƞŅĚĝńħŏěĬĕŀĚŏĬŊŘŀıŀĸŇŏĴŀĶƢȮPET ŐĸŃȮPBAT ŏĴŊŗŀĬŜŅœĮŐĝƞŒĬȮ
dichloromethane  

ŏĴŊŗŀıŇěŅĶĦŅŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺȮ&Melting temperature; Tm'ȮĕŀĚıŀĸŇŏĴŀĶƢįĽĴ
ıĭĺƞŅĲƕĸƢĴĪňŗĴňĮĶŇĴŅĦȮPBAT ŏıŇŗĴĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟĴňŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺĨŗŜŅĸĚȮ&1-6 oC'ȮŐĸŃ
ıĭĺƞŅȮ#Degree of crystallinity ĕŀĚȮPET ŏıŇŗĴĴŅĔĕŉŘĬŏĴŊŗŀįĽĴĔńĭ PBATȮŒĬĮĶŇĴŅĦĪňŗŏıŇŗĴĴŅĔĕŉŘĬȮ
ĪńŘĚĬňŘŀŅěěŃŏĬŊŗŀĚĴŅěŅĔĔŅĶĪňŗȮPBAT ŐĸŃȮPET ŏĮƦĬıŀĸŇŏŀĽŏĪŀĶƢĪňŗĽŅĴŅĶĩŏĔŇħȮtranesterification 
œħƟȮŐĸŃĔŅĶĕŅħŀŀĔĕŀĚĽŅĵőĞƞěŅĔĔŅĶŒľƟėĺŅĴĶƟŀĬľĸŅĵŕȮĶŀĭĽƞĚįĸŒľƟĔŅĶŏĔŇħįĸŉĔŏĔŇħĕŉŘĬœħƟĚƞŅĵ
ĕŉŘĬȮŀňĔĪńŘĚȮPBAT ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇĨŗŜŅĔĺƞŅȮPET ĪŜŅŒľƟŏĔŇħĔŅĶ
ĕŅħĕŀĚĽŅĵőĞƞĕŀĚȮPBAT ĚƞŅĵĔĺƞŅȮPET ħńĚĬńŘĬȮPBAT ĪňŗįĽĴŒĬŏĬŊŘŀ PET ěŃŏĮƦĬĨńĺĪňŗĝƞĺĵŒĬĔŅĶĔƞŀ
įĸŉĔȮ&Nucleating agent'ȮĪŜŅŒľƟĴňĮĶŇĴŅĦįĸŉĔŏıŇŗĴĴŅĔĕŉŘĬŐĸŃĽŅĵőĞƞĕŀĚȮPET ĪňŗĽńŘĬĸĚĔŖĽŅĴŅĶĩŏĔŇħ
įĸŉĔěŅĔĔŅĶŐıėĨńĺĕŀĚĽŅĵőĞƞ( chain packing) œħƟĚƞŅĵĴŅĔĕŉŘĬĽƞĚįĸŒľƟȮ#Degree of crystallinity 
ĕŀĚȮPET ŏıŇŗĴĴŅĔĕŉŘĬȮėĸƟŅĵĚŅĬĺŇěńĵĕŀĚ S,TankhiwaleȮȮŐĸŃėĦŃȮY10[ȮœħƟıĭĺƞŅ PET ĪňŗįĽĴĔńĭȮPS 
ĪňŗĮĶŇĴŅĦŏıŇŗĴĴŅĔĕŉŘĬěŃĪŜŅŒľƟ Percentage of crystallinity ŏıŇŗĴĴŅĔĕŉŘĬŐĸŃĪńŘĚĬňŘĚŅĬĺŇěńĵĬňŘĵńĚœħƟ
ıĵŅĵŅĴŏıŇŗĴĮĶŇĴŅĦįĸŉĔŐĸŃėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚȮPET ŐĸŃȮPS ěŉĚœħƟŏĨŇĴ Triphenyl PhosphateȮŒĬ
ıŀĸŇŏĴŀĶƢįĽĴȮĞŉŗĚĮĶŇĴŅĦĕŀĚįĸŉĔŏıŇŗĴĕŉŘĬŏĴŊŗŀĮĶŇĴŅĦ Triphenyl PhosphateȮŏıŇŗĴĕŉŘĬȮŐĽħĚŒľƟŏľŖĬ
ĺƞŅĮĶŇĴŅĦıŀĸŇŏĴŀĶƢĪňŗįĽĴĔńĭȮPET ĽƞĚįĸĨƞŀĮĶŇĴŅĦĔŅĶĔƞŀįĸŉĔĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ 
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ĶŌĮĪňŗȮ4,6ȮŐĽħĚȮDSC thermograms ěŅĔĔŅĶĪŜŅŒľƟŏĵŖĬĨńĺĸĚĕŀĚĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT 

ŏĴŊŗŀıŇěŅĶĦŅŀŋĦľĳŌĴŇĔŅĶįĸŉĔĕŀĚȮPBAT ĬńŘĬıĭĺƞŅœĴƞĮĶŅĔĢĪńŘĚŒĬĔĶŃĭĺĬĔŅĶŒľƟėĺŅĴ
ĶƟŀĬėĶńŘĚĪňŗȮ1 ŐĸŃėĶńŘĚĪňŗȮ2 ĪńŘĚĬňŘŏĴŊŗŀıŇěŅĶĦŅěŅĔĔĶŃĭĺĬĔŅĶĪŜŅŒľƟŏĵŖĬĨńĺŒĬĶŌĮĪňŗȮ4.8 ıĭĺƞŅĔŅĶĨĔ
įĸŉĔĕŀĚȮPET ŏĔŇħĕŉŘĬĪňŗŀŋĦľĳŌĴŇ 194.85 oC ŐĸŃĔŅĶĨĔįĸŉĔĕŀĚȮPBAT ŏĔŇħĕŉŘĬĪňŀŋĦľĳŌĴŇȮ63,1. oCȮ
ĞŉŗĚŐĽħĚŒľƟŏľŖĬœħƟĝńħŏěĬĺƞŅĔŅĶĨĔįĸŉĔĕŀĚȮPBAT ŏĔŇħĕŉŘĬœħƟĵŅĔĔĺƞŅȮPET ĴŅĔħńĚĬńŘĬěŉĚœĴƞĮĶŅĔĢ
ŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺĕŀĚȮPBAT ĪńŘĚŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ŐĸŃĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 

ŏĴŊŗŀıŇěŅĶĦŅŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 ŒĬĶŌĮĪňŗȮ4,10 ŐĸŃĨŅĶŅĚĪňŗȮ4,1 ıĭĺƞŅĲƕĸƢĴȮ
PET/PBAT ĴňȮTgȮĸħĸĚěŅĔĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ŐĸŃĴňŀŋĦľĳŌĴŇĸħĸĚŏĴŊŗŀĮĶŇĴŅĦȮPBAT ŏıŇŗĴĴŅĔ
ĕŉŘĬȮěŅĔĔŅĶĪňŗŀŋĦľĳŌĴŇȮTgȮĕŀĚıŀĸŇŏĴŀĶƢįĽĴĸħĸĚŏĕƟŅĽŌƞŀŋĦľĳŌĴŇĶŃľĺƞŅĚĽŀĚıŀĸŇŏĴŀĶƢȮĬńŘĬŐĽħĚŒľƟ
ŏľŖĬėĺŅĴŏĕƟŅĔńĬœħƟħňĕŉŘĬĕŀĚıŀĸŇŏĴŀĶƢįĽĴŒĬĕńŘĬĨŀĬĕŀĚĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 ĪńŘĚĬňŘŀŅěŏĮƦĬœĮœħƟ
ĺƞŅĔŅĶįƞŅĬėĺŅĴĶƟŀĬĴŅľĸŅĵŕȮėĶńŘĚĽƞĚįĸŒľƟĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢĽńŘĬĸĚĪŜŅŒľƟŏĴŊŗŀŒľƟėĺŅĴĶƟŀĬŒĬėĶńŘĚĪňŗȮ
2 ĬňŘĪŜŅŒľƟĽŅĵőĞƞĽŅĴŅĶĩŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬȮŀňĔĪńŘĚĵńĚĽŅĴŅĶĩŏĔŇħȮtranesterification ĔńĬĕŀĚȮPET 
ŐĸŃȮPBATĪňŗŏĮƦĬıŀĸŇŏŀĽŏĪŀĶƢœħƟĴŅĔĕŉŘĬħńĚĶŌĮĪňŗȮ4.9 [31]ȮĽƞĚįĸŒľƟŏĔŇħėĺŅĴŏĕƟŅĔńĬœħƟĴŅĔĕŉŘĬȮĞŉŗĚ
ĚŅĬĺŇěńĵĕŀĚ Chean Cheng Su ŐĸŃėĦŃȮ[32]ȮœħƟįĽĴıŀĸŇŏĴŀĶƢȮ3 ĝĬŇħėŊŀȮpoly&ethylene 
naphthalate',Ȯpoly&pentamethylene terephthalate'ȮŐĸŃȮpoly&ether imide'ȮŏĕƟŅħƟĺĵĔńĬ
őħĵĻŉĔļŅėĺŅĴŏĕƟŅĔńĬœħƟŐĸŃĔŅĶŏĔŇħȮtransesterificationȮıĭĺƞŅıŀĸŇŏĴŀĶƢįĽĴěŃĽŅĴŅĶĩŏĔŇħȮ
CopolyesterȮœħƟěŅĔĔŅĶŏĔŇħȮtransesterification ĽƞĚįĸĨƞŀȮTg ĕŀĚıŀĸŇŏĴŀĶƢįĽĴœħƟȮŏĴŊŗŀŒľƟ 
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ėĺŅĴĶƟŀĬŏľĬŊŀŀŋĦľĳŌĴŇĔŅľĸŀĴŏľĸĺľĶŊŀĪňŗȮ300 ̄C ŏĮƦĬŏĺĸŅȮ60ȮĬŅĪňȮŏĮƦĬĔŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟ
ĕŀĚıŀĸŇŏĴŀĶƢȮŐĸŃěŃĴňįĸĨƞŀĔŅĶŏĔŇħįĸŉĔȮĞŉŗĚěŃĪŜŅŒľƟĶŌĮŐĭĭĕŀĚįĸŉĔĬńŘĬŏĔŇħėĺŅĴŐĨĔĨƞŅĚŀŀĔŏĮƦĬ
ľĸŅĵŐĭĭŏĬŊŗŀĚěŅĔĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚőėĶĚĽĶƟŅĚŐĸŃĶŌĮŐĭĭĔŅĶĨĔįĸŉĔȮĪńŘĚĬňŘěŉĚŏĮƦĬœĮœħƟĺƞŅĔŅĶĪňŗ
ŒľƟėĺŅĴĶƟŀĬĽŌĚľĸŅĵŕȮĶŀĭŒĬĔŅĶįĽĴŐĸŃĕŉŘĬĶŌĮŀŅěěŃŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚőėĶĚĽĶƟŅĚĕŀĚıŀ
ĸŇŏĴŀĶƢįĽĴŒĬĚŅĬĺŇěńĵĬňŘŏĝƞĬĔńĬȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺȮ&Tm'ȮĪňŗŐĽħĚŒĬĕńŘĬĬňŘĬńŘĬ
ĸħĸĚŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚȮ1 ŐĸŃĴňȮDegree of crystallinityȮ&#'ȮĕŀĚȮPET ĬńŘĬ
ěŃĴňėƞŅŏıŇŗĴĴŅĔĕŉŘĬĞŉŗĚŀŅěěŃŏĮƦĬŏľĨŋįĸŏħňĵĺĔńĭĪňŗœħƟŀīŇĭŅĵœĺƟŐĸƟĺŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ĞŉŗĚŒĬ
ĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬėĶńŘĚĪňŗĽŀĚĬńŘĬœĴƞŐĽħĚ Cold crystalline ĕŉŘĬŒĬĕĦŃŒľƟėĺŅĴĶƟŀĬŏıŇŗĴĕŉŘĬȮŏĔŇħěŅĔ
ĔŅĶĪňŗĪńŘĚĽŀĚıŀĸŇŏĴŀĶƢĴňĶŃĵŃŏĺĸŅĴŅĔıŀĪňŗěŃŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺŏıŊŗŀĔƞŀįĸŉĔŒĬĕńŘĬĕŀĚĔŅĶŏĵŖĬĨńĺĸĚȮ
&Cooling'ȮĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴħńĚŐĽħĚŒĬĶŌĮĪňŗ 4,8 

ĶŌĮĪňŗȮ4.9 ĔŅĶŏĔŇħȮTransesterificationȮĶŃľĺƞŅĚȮPET ŐĸŃȮPBAT 
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ĶŌĮĪňŗȮ4,10ȮŐĽħĚȮDSC thermograms ěŅĔĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ
PET-PBAT 

ĨŅĶŅĚĪňŗȮ4,Ȯ/ȮŐĽħĚĽĩŅĬŃĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT 

  
GlassȮtransition 

 
Cold crystallization 

 
Melting 

 

Degree of 
crystallinity 

  Sample Temp&̄CȮ'   Temp&̄CȮ' 
Enthalpy 
&J-g' 

  Temp&̄CȮ' 
Enthalp
y &J-g' 

  c(%) 

First heating 
         

 
Neat PET 74,0 

 
128,2 29,0 

 
249,1 47,2 

 
13,0 

 
10 PBAT 56,1 

 
115,2 29,8 

 
247,2 55,2 

 
20,2 

 
20 PBAT 56,3 

 
117,6 22,1 

 
246,5 46,8 

 
22,0 

 
30 PBAT 56,3 

 
115,9 15,5 

 
245,9 41,3 

 
26,3 

 
40 PBAT -29,5, 56,3 

 
117,4 13,6 

 
245,9 33,8 

 
24,0 

 
Neat PBAT -30,4 

 
- - 

 
50,1, 
116,5 

22,0 
 

19,3 

Second heating 
        

 
Neat PET 77,7 

 
- - 

 
246,8 51,9 

 
37,0 

 
10 PBAT 56,8 

 
- - 

 
245,0 55,1 

 
43,7 

 
20 PBAT 56,3 

 
- - 

 
242,8 46,9 

 
41,8 

 
30 PBAT 10,9 

 
- - 

 
239,6 43,3 

 
44,1 

 
40 PBAT -4,7 

 
- - 

 
240,4 39,6 

 
47,1 

  Neat PBAT -31,9   - -   123,6 11,0   7,8 
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4.1.2.2 ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬȮ&Thermal Stabilization'ȮĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ 

PET-PBAT 

ěŅĔȮTGA thermogram ĕŀĚıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT ĪňŗŀńĨĶŅĽƞĺĬĨƞŅĚŕȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ
2,11ȮŐĸŃŐĽħĚŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺŒĬĨŅĶŅĚĪňŗȮ4.2ȮőħĵĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮTGA ŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ50-
600̄CȮŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬŏĮƦĬȮ10̄C-min ĳŅĵŒĨƟĽĳŅĺŃŐĔƠĽȮN2ȮőħĵŒĝƟľĸńĔĔŅĶėŊŀĔŅĶĺńħ
ĬŘŜŅľĬńĔĪňŗŏĮĸňŗĵĬŐĮĸĚœĮŏĴŊŗŀŀŋĦľĳŌĴŇŏıŇŗĴĽŌĚĕŉŘĬȮŏıŊŗŀĬŜŅĴŅŀīŇĭŅĵŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚ 
ıŀĸŇŏĴŀĶƢįĽĴȮŐĽħĚŀŋĦľĳŌĴŇŏĶŇŗĴĨƟĬĔŅĶĽĸŅĵĨńĺĕŀĚȮ&Tonset'ȮPETȮŐĸŃ PBAT ėŊŀ 412,45 ̄CȮŐĸŃ 
382,14 C̄ ĨŅĴĸŜŅħńĭȮĕĦŃĪňŗŀŋĦľĳŌĴŇĪňŗŏĔŇħĔŅĶĽĸŅĵĨńĺĽŌĚĪňŗĽŋħȮ&Td'ȮėŊŀȮ426,11 C̄ ŐĸŃ 
405,57 ̄ C ĨŅĴĸŜŅħńĭȮŐĸŃŏĴŊŗŀĪħĽŀĭĔŅĶĽĸŅĵĨńĺĕŀĚĲƕĸƢĴȮPET-PBATȮıĭĺƞŅĮĶŇĴŅĦȮPBAT Īňŗ
ŏıŇŗĴĴŅĔĕŉŘĬĬńŘĬȮĽńĚŏĔĨŏľŖĬŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺȮ&Tonset) ĸħĨŗŜŅĸĚȮŏĬŊŗŀĚěŅĔĽĸŅĵĨńĺŏĶŇŗĴĨƟĬěŅĔĔŅĶ
ŏĔŇħȮChain scission ĕŀĚȮPBAT ĪňŗŀŋĦľĳŌĴŇĨŗŜŅĔĺƞŅŐĸŃĔŅĶĽĸŅĵĨńĺĨƞŀĪňŗȮPET ŒĬıŀĸŇŏĴŀĶƢįĽĴ
ĨŅĴĸŜŅħńĭȮĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPBAT ĬńŘĬŏĔŇħĪňŗŀŋĦľĳŌĴŇĨŗŜŅĔĺƞŅȮPET ěŉĚŏľĬňŗĵĺĬŜŅŒľƟ 
ıŀĸŇŏĴŀĶƢįĽĴĬńŘĬŏĔŇħĔŅĶĽĸŅĵĨńĺœħƟŏĶŖĺĕŉŘĬŐĸŃĸħĸĚŏĕƟŅŒĔĸƟĔŅĶĽĸŅĵĨńĺĕŀĚȮPBAT ŏĬŊŗŀĚĴŅěŅĔĔŅĶ
ĪňŗőėĶĚĽĶƟŅĚĕŀĚȮPBAT ĴňőėĶĚĽĶƟŅĚĪňŗĴňĽƞĺĬŏĮƦĬȮAliphatic ŏĮƦĬĽƞĺĬĴŅĔY11[ȮĞŉŗĚěŃĴňŏĽĩňĵĶĳŅıĪŅĚ
ėĺŅĴĶƟŀĬĨŗŜŅĔĺƞŅĽƞĺĬĪňŗŏĮƦĬȮAromatic ĕŀĚőėĶĚĽĶƟŅĚħńĚĬńŘĬĲƕĸƢĴĪňŗĴňĮĶŇĴŅĦȮPBAT ŏıŇŗĴĴŅĔĕŉŘĬĔŖěŃĴň
ŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĨŗŜŅĸĚ 

 

ĶŌĮĪňŗȮ4,11ȮŐĽħĚȮTGA curves ĕŀĚȮPET įĽĴȮPBAT ĮĶŇĴŅĦĨƞŅĚŕ 
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ĨŅĶŅĚĪňŗȮ4. 2 ŐĽħĚŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĕŀĚȮPET įĽĴȮPBAT ĮĶŇĴŅĦĨƞŅĚŕ 

sample 
Temperature(C̄) Residue 

(%) Tonset Tmax Tend 
PET 412.45 426.11 452.20 17.21 
10%PBAT 404.94 434.69 452.42 14.25 
20%PBAT 399.21 432.27 450.97 10.38 
30%PBAT 391.76 422.63 448.19 13.40 
40%PBAT 387.81 414.08 443.20 11.21 
PBAT 382.14 405.57 421.83 5.84 

 
4.1.3 ĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬĕŀĚŐĔƠĽŐĸŃœŀĬŘŜŅĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT 

4.1.3.1 ĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ 
őħĵĪńŗĺœĮŀńĨĶŅĔŅĶĞŉĴįƞŅĬŐĔƠĽŐĸŃœŀĬŘŜŅĬńŘĬěŃĕŉŘĬŀĵŌƞĔńĭĮƤěěńĵľĸŅĵŕȮħƟŅĬĶĺĴœĮĩŉĚ

ėŋĦĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢŏŀĚŏĝƞĬĽĳŅıėĺŅĴŏĮƦĬĕńŘĺŐĸŃĸńĔļĦŃĕŀĚőėĶĚĽĶƟŅĚĕŀĚıŀĸŇŏĴŀĶƢȮĔŅĶĴň
ıńĬīŃœŁőħĶŏěĬȮĬŘŜŅľĬńĔőĴŏĸĔŋĸŐĸŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚĬŘŜŅľĬńĔőĴŏĸĔŋĸȮĮĶŇĴŅĦĔŅĶŏĝŊŗŀĴĕĺŅĚȮ
(cross-linking) ĔĶŃĭĺĦĔŅĶĕŉŘĬĶŌĮȮĔĶŃĭĺĦĔŅĶĽńĚŏėĶŅŃľƢȮŐĸŃĮĶŇĴŅĦįĸŉĔȮĞŉŗĚĔŅĶĞŉĴįƞŅĬĕŀĚ
ŐĔƠĽěŃŏėĸŊŗŀĬœĮĵńĚĝƞŀĚĺƞŅĚľĶŊŀıŊŘĬĪňŗĺƞŅĚŐĭĭĽŋƞĴħńĚĬńŘĬėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĞŉĴįƞŅĬĲƕĸƢĴıŀĸŇŏĴŀĶƢĬńŘĬ
ěŃĕŉŘĬĔńĭĕĬŅħĝƞŀĚĺƞŅĚȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏėĸŊŗŀĬœľĺĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢȮĔŅĶŏĮƖĵĔįŇĺĔńĬĶŃľĺƞŅĚ
ıŀĸŇŏĴŀĶƢĔńĭıŀĸŇŏĴŀĶƢȮŐĸŃĔŅĶŏĮƖĵĔįŇĺĶŃľĺƞŅĚŐĔƠĽĔńĭıŀĸŇŏĴŀĶƢȮĶĺĴœĮĩŉĚėĺŅĴľĬŅĕŀĚĲƕĸƢĴħƟĺĵ 
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ĶŌĮĪňŗȮ4,12ȮŐĽħĚŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬȮ&oxygen permeability 8ȮOP'ȮŐĸŃŐĔƠĽ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&carbon dioxide permeability 8CP'ȮĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBATȮőħĵ

œħƟěŅĔėƞŅȮGTR x ėĺŅĴľĬŅĕŀĚĲƕĸƢĴ 
 
ěŅĔĶŌĮĪňŗȮ4,12 ŐĽħĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĞŉĴįƞŅĬŐĔƠĽĕŀĚĲƕĸƢĴȮőħĵĪŜŅĔŅĶĪħĽŀĭĔńĭŐĔƠĽȮ

2 ĝĬŇħėŊŀŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮőħĵěŅĔŏėĶŊŗŀĚĪħĽŀĭěŃœħƟėƞŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬ
ĕŀĚŐĔƠĽŀŀĔĞŇŏěĬȮ&Oxygen Transmission Rate'ȮŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&Carbon dioxide 
Transmission Rate'ȮŐĨƞĵńĚœĴƞĴňįĸĕŀĚėĺŅĴľĬŅĕŀĚĲƕĸƢĴȮŏĬŊŗŀĚěŅĔĚŅĬĺŇěńĵĕŀĚ MoritokiȮ[34]ȮȮœħƟ
ĶŅĵĚŅĬĺƞŅėĺŅĴľĬŅĕŀĚĲƕĸƢĴĴňįĸĨƞŀŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽȮŒĬĚŅĬĺŇěńĵĬňŘěŉĚœħƟĬŜŅėƞŅĪňŗœħƟěŅĔŏėĶŊŗŀĚ
ĪħĽŀĭĔŅĶĞŉĴįƞŅĬœĮėŜŅĬĺĦĶƞĺĴĔńĭėĺŅĴľĬŅȮőħĵėƞŅĪňŗœħƟěŃŐĽħĚŒĬĶŌĮĪňŗȮ4,11 

ŐĽħĚĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬȮ&Oxygen permeability'ȮŐĸŃŐĔƠĽ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&Carbon dioxide permeability'ȮıĭĺƞŅĲƕĸƢĴȮneatȮPET ĴňŀńĨĶŅĔŅĶĞŉĴįƞŅĬ
ŐĔƠĽŀŀĔĞŇŏěĬȮŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢĪňŗȮ4,253 mm cm1m-0Ȯd-1 bar-1ȮŐĸŃȮ0,32/Ȯmm 
cm1m-0Ȯd-1 bar-1ȮĨŅĴĸŜŅħńĭȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅĲƕĸƢĴĪňŗĴňĮĶŇĴŅĦȮPBAT ŏıŇŗĴĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟĴňĔŅĶ
ĞŉĴįƞŅĬŐĔƠĽœħƟĴŅĔĕŉŘĬȮŐĨƞĪňŗĮĶŇĴŅĦȮ10#PBATȮěŃĴňėƞŅŒĔĸƟŏėňĵĚĔńĭȮneat PETȮĪŜŅŒľƟŏľŖĬĺƞŅŏĴŊŗŀŏĨŇĴȮ
PBATȮĪňŗĮĶŇĴŅĦȮ10#őħĵĬŘŜŅľĬńĔĬńŘĬȮœĴƞĽƞĚįĸŒľƟėŋĦĽĴĭńĨŇŏħƞĬĕŀĚȮPET ĸħĸĚȮĪńŘĚĬňŘŀŅěŏĬŊŗŀĚĴŅěŅĔȮ
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ĔŅĶŏĨŇĴȮPBAT ĪňŗĮĶŇĴŅĦȮ10#őħĵĬŘŜŅľĬńĔĬńŘĬȮĲƕĸƢĴȮPET-PBAT ěŃĴňĮĶŇĴŅĦįĸŉĔĴŅĔĕŉŘĬěŅĔȮPET 
ĞŉŗĚěŅĔĚŅĬĺŇěńĵĕŀĚ Shahab Zekriardehani ŐĸŃėĦŃȮ[35]ȮĪŜŅĔŅĶĻŉĔļŅĔŅĶŏĨŇĴȮDimethyl 
Terephthalate &DMT'ȮŒĬĲƕĸƢĴȮPET ĨƞŀėŋĦĽĴĭńĨŇĕŀĚĲƕĸƢĴıĭĺƞŅĲƕĸƢĴĪňŗĴňĮĶŇĴŅĦįĸŉĔŏıŇŗĴĕŉŘĬěŃĪŜŅ
ŒľƟĔŅĶĔńŘĬįƞŅĬŐĔƠĽœħƟĴŅĔĕŉŘĬȮŐĨƞĪńŘĚĬňŘŒĬĔŅĶŏĨŇĴȮPBAT ĴŅĔĕŉŘĬœĮŀňĔěŃĽƞĚįĸŒľƟĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽ
ěŃįƞŅĬŒĬĽƞĺĬŏĬŊŘŀȮPBAT œħƟĴŅĔĕŉŘĬŏĬŊŗŀĚěŅĔėŋĦĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬĕŀĚĲƕĸƢĴȮPBAT ĬńŘĬĨŗŜŅĔĺƞŅȮPET 
ĴŅĔȮĽƞĚįĸŒľƟĸħĮƤěěńĵĕŀĚįĸŉĔĕŀĚĲƕĸƢĴ PET-PBATȮĪňŗŀŅěĴňĴŅĔĕŉŘĬŒĬĲƕĸƢĴĪňŗĴňĮĶŇĴŅĦȮPBATȮ20 -Ȯ
40#őħĵĬŘŜŅľĬńĔȮŐĨƞĴňĔŅĶĔńŘĬįƞŅĬŐĔƠĽĪňŗĨŗŜŅĸĚŏĴŊŗŀĮĶŇĴŅĦȮPBAT ŏıŇŗĴĴŅĔĕŉŘĬ ĪńŘĚĬňŘĔŖŏıĶŅŃȮPET ŏĮƦĬ
ıŀĸŇŏĴŀĶƢĔŉŗĚįĸŉĔȮ(semi-crystalline) ĽƞĺĬȮPBAT ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňĽƞĺĬĪňŗŏĮƦĬŀĽńĬģŅĬ 
(amorphous)ȮĞŉŗĚŐĔƠĽěŃœĴƞĽŅĴŅĶĩĞŉĴįƞŅĬĽƞĺĬĪňŗŏĮƦĬįĸŉĔœħƟȮħńĚĬńŘĬĲƕĸƢĴȮPET ěŉĚĴňĔŅĶĞŉĴįƞŅĬŐĔƠĽĪňŗ
ĨŗŜŅĴŅĔŒĬĕĦŃĪňŗȮPBAT ĴňĔŅĶĞŉĴįƞŅĬŐĔƠĽĪňŗĽŌĚĴŅĔȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬŐĔƠĽĶŃľĺƞŅĚ
ŐĔƠĽŀŀĔĞŇŏěĬŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢıĭĺƞŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬŐĔƠĽĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪŋĔ
ĽńħĽƞĺĬĴňŀńĨĶŅĔŅĶĞŉĴįƞŅĬŐĔƠĽŀŀĔĞŇŏěĬĽŌĚĔĺƞŅŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢĪńŘĚĬňŘŏĬŊŗŀĚěŅĔŐĔƠĽ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢĬńŘĬĴňĕĬŅħőĴŏĸĔŋĸĪňŗŒľĠƞĔĺƞŅŐĔƠĽŀŀĔĞŇŏěĬĪŜŅŒľƟĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏėĸŊŗŀĬĪňŗȮ
(mobility)ȮĨŗŜŅĔĺƞŅŐĔƠĽŀŀĔĞŇŏěĬȮŀňĔĪńŘĚĽĳŅıĕńŘĺĕŀĚőĴŏĸĔŋĸ (polarity) ĕŀĚŐĔƠĽŀŀĔĞŇŏěĬĴňėĺŅĴ
ŏĮƦĬĕńŘĺĴŅĔĔĺƞŅŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮĞŉŗĚŏĴŊŗŀĬŜŅĴŅĪħĽŀĭĔńĭĲƕĸƢĴȮPET/PBAT ĪňŗĩŊŀĺƞŅŏĮƦĬıŀĸŇ
ŏĴŀĶƢĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺěŉĚĽƞĚįĸŒľƟĔŅĶĞŉĴįƞŅĬŐĔƠĽĕŀĚŐĔƠĽŀŀĔĞŇŏěĬĴňėƞŅĽŌĚĔĺƞŅŐĔƠĽ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢ 

4.1.3.2 ĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬœŀĬŘŜŅĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴ 
ěŅĔĶŌĮĪňŗȮ4,13 ŏĮƦĬĔŅĶĪħĽŀĭŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮıĭĺƞŅŒĬĔŅĶĪħĽŀĭĔŅĶĞŉĴįƞŅĬ

ĕŀĚœŀĬŘŜŅĕŀĚĲƕĸƢĴȮPET-PBAT ĬńŘĬȮĴňįĸœĮŒĬĪŇĻĪŅĚŏħňĵĺĔńĭĔŅĶĪħĽŀĭĔŅĶĞŉĴįƞŅĬŐĔƠĽŀŀĔĞŇŏěĬ
ŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮőħĵĲƕĸƢĴȮneat PET ĴňėƞŅȮ6,17 x 10-4Ȯmm g mm-2day-1ȮŐĸŃȮneat 
PBAT ŏĮƦĬ5,51 x 10-3Ȯmm g mm-2day-1ȮŐĸŃŏĴŊŗŀĮĶŇĴŅĦȮPBAT ŏıŇŗĴĴŅĔĕŉŘĬĪŜŅŒľƟĔŅĶĞŉĴįƞŅĬœŀ
ĬŘŜŅĕŀĚĲƕĸƢĴĔŖěŃĴňėƞŅĪňŗŏıŇŗĴĴŅĔĕŉŘĬŏĬŊŗŀĚěŅĔȮPBAT ĬńŘĬĴňĔŅĶĔńŘĬįƞŅĬĕŀĚœŀĬŘŜŅĪňŗĬƟŀĵĔĺƞŅȮPET 
ėƞŀĬĕƟŅĚĴŅĔħńĚŏľĨŋįĸĪňŗœħƟŀīŇĭŅĵĩŉĚįĸěŅĔőėĶĚĽĶƟŅĚĕŀĚȮPET ŐĸŃPBAT ŒĬĔŅĶĪħĽŀĭĔŅĶĔńŘĬįƞŅĬ
ŐĔƠĽĔƞŀĬľĬƟŅĬňŘŐĸƟĺȮŐĸŃěŃŏľŖĬĝńħĴŅĔŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦ PBATŏĮƦĬȮ40#őħĵĬŘŜŅľĬńĔȮěŅĔĔŅĶĪňŗȮPBATȮ
ŐĸŃȮPET ĬńŘĬŐĵĔŏĲĽĔńĬŀĵƞŅĚĝńħŏěĬŒĬĮĶŇĴŅĦĔŅĶŏĨŇĴĪňŗȮ40% őħĵĬŘŜŅľĬńĔ  
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ĶŌĮĪňŗȮ4,13ȮŐĽħĚŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮ&Water vapor permeability 8ȮWVP'ȮĕŀĚĲƕĸƢĴıŀĸŇ

ŏĴŀĶƢįĽĴȮPET-PBAT őħĵœħƟěŅĔėƞŅȮWVTR x ėĺŅĴľĬŅĕŀĚĲƕĸƢĴ 
 

4.2 ĻŉĔļŅįĸĕŀĚȮTiO0ȮŐĸŃȮZnO ĨƞŀėŋĦĽĴĭńĨŇĕŀĚĲƕĸƢĴįĽĴȮPET-PBAT  

ŏĬŊŗŀĚěŅĔŒĬĨŀĬĪňŗȮ1 ĬńŘĬěŅĔĔŅĶıŇěŅĶĦŅėŋĦĽĴĭńĨŇĨƞŅĚȮŕȮĕŀĚıŀĸŇŏĴŀĶƢįĽĴıĭĺƞŅȮĪňŗ
ĮĶŇĴŅĦĔŅĶŏĨŇĴȮPBAT ĪňŗȮ10#őħĵĬŘŜŅľĬńĔȮĬńŘĬĴňėĺŅĴĬƞŅĽĬŒěŏĬŊŗŀĚěŅĔĴňėƞŅȮTensile strength ŐĸŃ
Elongation at break ŏıŇŗĴĕŉŘĬȮĴňĮĶŇĴŅĦįĸŉĔŏıŇŗĴĴŅĔĕŉŘĬȮŐĸŃĴňĔŅĶĔńŘĬįƞŅĬĪňŗŒĔĸƟŏėňĵĚĔńĭĲƕĸƢĴȮneat 
PET ĞŉŗĚŏĮƦĬėŋĦĽĴĭńĨŇŏħƞĬĕŀĚȮPET ħńĚĬńŘĬŒĬĨŀĬĪňŗȮ2 ĬňŘœħƟĬŜŅĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗĴňĮĶŇĴŅĦȮPETȮĨƞŀȮ
PBAT ŏĮƦĬȮ90810ȮőħĵĬŘŜŅľĬńĔȮĴŅŏĨŇĴ TiO2 ľĶŊŀȮZnO ĪňŗĮĶŇĴŅĦȮ1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮľĸńĚĔŅĶ
įĽĴĬŜŅĴŅĕŉŘĬĶŌĮĲƕĸƢĴȮĞŉŗĚŐĽħĚħńĚŒĬĶŌĮĪňŗȮ4,14 ĞŉŗĚœħƟŏĮĶňĵĭŏĪňĵĭėĺŅĴŒĽĕŀĚĲƕĸƢĴőħĵĴŅĽƞŀĚįƞŅĬŏıŊŗŀ
ħŌĽńĠĸńĔļĦƢėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴıĭĺƞŅȮŏĴŊŗŀŏıŇŗĴȮTiO2ȮŐĸŃZnO ĽƞĚįĸŒľƟ
ĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĬńŘĬĴňĕŋƞĬĴŅĔĕŉŘĬ 
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ĶŌĮĪňŗȮ4,/2ȮŐĽħĚėĺŅĴŒĽĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBAT ĪňŗĽńħĽƞĺĬ 90-10 ĪňŗŏĨŇĴȮTiO2 ŐĸŃȮZnO 
ĪňŗĮĶŇĴŅĦĨƞŅĚŕ 

4.2.1 ĽĴĭńĨŇĔŅĶĵńĭĵńŘĚŐĭėĪňŏĶňĵĕŀĚœĪŏĪŏĬňĵĴœħŀŀĔœĞħƢŐĸŃĞŇĚėƢŀŀĔœĞħƢŒĬĲƕĸƢĴįĽĴȮ
PET-PBAT 

ĽŜŅľĶńĭĭĶĶěŋĳńĦĤƢĽŜŅľĶńĭŀŅľŅĶĬńŘĬŏĶŊŗŀĚĕŀĚŐĭėĪňŏĶňĵŏĮƦĬŏĶŊŗŀĚĪňŗĴňėĺŅĴĽŜŅėńĠĴŅĔőħĵ
ĚŅĬĺŇěńĵĬňŘœħƟĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔŅĶĵńĭĵńŘĚŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴȮőħĵŒĝƟȮE,coliȮŏĮƦĬĨńĺŐĪĬŐĭėĪňŏĶňĵ
ŐĔĶĴĸĭŐĸŃŒĝƟȮS,aureusȮŏĮƦĬĨńĺŐĪĬŐĭėĪňŏĶňĵŐĔĶĴĭĺĔȮĞŉŗĚĔŅĶĪňŗĲƕĸƢĴĴňĔŅĶįĽĴȮTiO2ȮĞŉŗĚĽŅĴŅĶĩ
ŏĔŇħĔĸœĔĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĪňŗĴňŐĽĚŏĮƦĬĨńĺŏĶƞĚȮŏĝƞĬȮŏĴŊŗŀĜŅĵŐĽĚœĮœĪŏĪŏĬňĵĴœħŀŀĔœĞħƢȮľĶŊŀȮĞŇĚėƢŀŀĔ
œĞħƢȮěŃĪŜŅŒľƟŏĔŇħœŁħĶŀĔĞŇĸŏĶħŇėŀĸȮ&Hydroxyl radical'ȮœŁőħĶŏěĬŏĮŀĶƢŀŀĔœĞħƢȮ&Hydrogen 
peroxide'ȮĮĶŃěŋĸĭĕŀĚĞŋĮŏĮŀĶƢŀŀĔœĞħƢŐŀĬœŀŀŀĬȮ&Superoxide anion'ȮĞŉŗĚĽŅĶĨĶŃĔŌĸĬňŘŏĮƦĬĨńĺ
ŀŀĔĞŇœħĞƢĪňŗŐĶĚȮĽŅĴŅĶĩĪŜŅĸŅĵőėĶĚĽĶƟŅĚŐĸŃĵńĭĵńŘĚĝňĺŏėĴňĕŀĚŐĭėĪňŏĶňĵŐĸŃŏĞĸĸƢȮěŃĪŜŅŒľƟ
ĽŅĶĮĶŃĔŀĭŀŇĬĪĶňĵƢĩŌĔŀŀĔĞŇœħĞƢĔĸŅĵŏĮƦĬȮėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĬŘŜŅȮĪńŘĚĬňŘŏĔŇħœħƟěŅĔĔŅĶĪňŗŏĶŇŗĴěŅĔ
ŏĴŊŗŀĽŅĶĔŉŗĚĨńĺĬŜŅœħƟĶńĭıĸńĚĚŅĬŏĪƞŅĔńĭľĶŊŀĽŌĚĔĺƞŅĝƞŀĚĺƞŅĚıĸńĚĚŅĬŀŇŏĸŖĔĨĶŀĬĪňŗĽĩŅĬŃıŊŘĬȮ&Ground 
state'ȮěŃĩŌĔĔĶŃĨŋƟĬŒľƟŏėĸŊŗŀĬĪňŗœĮĵńĚŐĩĭĔĶŃĨŋƟĬȮĪŇŘĚĝƞŀĚĺƞŅĚŀŇŏĸŖĔĨĶŀĬĪňŗŐĩĭŏĺŏĸĬĞƢœĺƟŏĶňĵĔĺƞŅȮőŁĸ
&Hole'ȮĞŉŗĚĴňĮĶŃěŋĭĺĔȮĞŉŗĚıĸńĚĚŅĬĪňŗĨŗŜŅĪňŗĽŋħĕŀĚŐĩĭĔŅĶĬŜŅœĲĲƚŅěŃŏĮƦĬĶŃħńĭĕŀĚĻńĔĵƢıĸńĚĚŅĬȮĪŜŅŒľƟ
ĪńŘĚŀŇŏĸŖĔĨĶŀĬĪňŗĩŌĔĔĶŃĨŋƟĬŐĸŃőŁĸȮŏėĸŊŗŀĬĪňŗįƞŅĬœĮĵńĚıŊŘĬĪňŗįŇĺĕŀĚĨńĺŏĶƞĚĮĢŇĔŇĶŇĵŅŐĸŃŏĔŇħĮĢŇĔŇĶŇĵŅŒĬ
ĪňŗĽŋħȮĮĢŇĔŇĶŇĵŅĪňŗŏĔŇħĕŉŘĬŏĴŊŗŀĜŅĵŐĽĚĵŌĺňœĮĵńĚȮTiO2ȮħńĚĶŌĮĪňŗȮ4,15 

TiO2Ȯ)Ȯhv  Ÿ h)Ȯ)Ȯe- 

e-Ȯ)ȮO2Ȯ Ÿ O-
2 

h)Ȯ)ȮOH-Ȯ Ÿ OHŹ 

h)Ȯ)ȮH2O  Ÿ OHŹȮ)ȮH) 
ĶŌĮĪňŗȮ4,15ȮŐĽħĚĔĸœĔĔŅĶĵńĭĵńŘĚŐĭėĪňŏĶňĵĕŀĚȮTiO2 ĪňŗĴňŐĽĚŏĮƦĬĨńĺŏĶƞĚ 

   
 

 

 

 

 

 

No sample 
1 wt#ȮTiO2 2 wt#ȮTiO2 

1 wt#ȮZnO 2 wt#ȮZnO PET-PBAT 
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ěŅĔĶŌĮĪňŗȮ4,16ȮŐĽħĚŒľƟŏľŖĬœħƟĺƞŅȮĔŅĶĴňŀĵŌƞĕŀĚŀĬŋĳŅėȮTiO2ȮŐĸŃȮZnO ěŃĽŅĴŅĶĩĨƟŅĬĔŅĶ
ŏıŇŗĴĮĶŇĴŅĦĕŀĚŐĭėĪňŏĶňĵœħƟȮěŅĔĪňŗėĺŅĴŏĕƟĴĕƟĬȮ&Serial dilution'ȮŏħňĵĺĔńĬ (ĔŅĶĪħĽŀĭŐĭėĪňŏĶňĵ 
S,aureusȮĭŅĚĨńĺŀĵƞŅĚŒĝƟĪňŗ 107 ŏĬŊŗŀĚěŅĔĪňŗȮ106 ĬńŘĬĴňěŜŅĬĺĬȮcolony ĪňŗœĴƞĽŅĴŅĶĩĬńĭœħƟľĶŊŀĴň
ĴŅĔĔĺƞŅȮ300ȮěŃœĴƞĬŜŅĴŅıŇěŅĶĦŅěŃŒĝƟĪňŗėĺŅĴŏĕƟĴĕƟĬĩńħœĮŐĪĬ) ĕŀĚĽŅĶěŃĴňěŜŅĬĺĬȮcolony Īňŗ
ĬƟŀĵĸĚȮĪńŘĚĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅĲƕĸƢĴĪňŗœħƟĬŜŅœĮĪħĽŀĭĬńŘĬĽŅĴŅĶĩĨƟŅĬĪŅĬŐĭėĪňŏĶňĵȮőħĵěŃŏĔŇħĔŅĶ
ĔĶŃĨŋƟĬěŅĔŀĬŋĳŅėĕŀĚȮTiO2ȮľĶŊŀȮZnO ŐĸŃěŅĔĔŅĶĪňŗĴňŀĬŋĳŅėĕŀĚĽŅĶĔĶŃĨŋƟĬŏľĸƞŅĬňŘĔĶŃěŅĵĨńĺŀĵŌƞ
ŒĬŏĬŊŘŀĲƕĸƢĴĞŉŗĚŀīŇĭŅĵœħƟěŅĔĶŌĮĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅŒĬĶŌĮĪňŗ 4,21ȮŐĸŃěŅĔĶŌĮĪňŗȮ4,17ȮĬńŘĬěŃŏľŖĬ
œħƟĺƞŅŏĴŊŗŀĴňĔŅĶįĽĴȮTiO2ȮŐĸŃȮZnO ĔńĭĲƕĸƢĴȮPET-PBATȮěŃĽŅĴŅĶĩĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚ
ŐĭėĪňŏĶňĵœħƟȮőħĵĪňŗĔŅĶįĽĴ TiO2ȮľĶŊŀȮZnO ŒĬĮĶŇĴŅĦĪňŗĴŅĔĕŉŘĬĔŖěŃĽƞĚįĸŒľƟĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ĵńĭĵńŘĚŐĭėĪňŏĶňĵĪňŗŏıŇŗĴĴŅĔĕŉŘĬȮőħĵ TiO2 ĽŅĴŅĶĩĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚȮE,coliȮœħƟȮ46,2 ŐĸŃȮ61,1 
#ȮŏĴŊŗŀĴňĔŅĶŏĨŇĴ TiO2ȮŒĬĮĶŇĴŅĦȮ1 ŐĸŃȮ2#ȮĨŅĴĸŜŅħńĭȮŐĸŃĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚȮS,aureusȮ
œħƟȮ78,9ŐĸŃȮ80,9 #ȮŏĴŊŗŀĴňĔŅĶŏĨŇĴ TiO2ȮŒĬĮĶŇĴŅĦȮ1 ŐĸŃȮ2#ȮĨŅĴĸŜŅħńĭȮĽƞĺĬȮZnO ĽŅĴŅĶĩ
ĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚȮE,coliȮœħƟȮ71,3 ŐĸŃȮ75,4 #ȮŏĴŊŗŀĴňĔŅĶŏĨŇĴȮZnO ŒĬĮĶŇĴŅĦȮ1 ŐĸŃȮ2#Ȯ
ĨŅĴĸŜŅħńĭȮŐĸŃȮĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚȮS,aureusȮœħƟȮ87,5 ŐĸŃȮ88,8#ȮŏĴŊŗŀĴňĔŅĶŏĨŇĴ ZnO ŒĬ
ĮĶŇĴŅĦȮ1 ŐĸŃȮ2#ȮĨŅĴĸŜŅħńĭȮŏĴŊŗŀıŇěŅĶĦŅŏĮĶňĵĭŏĪňĵĭĔŅĶŏĨŇĴȮZnO ŐĸŃȮTiO0ȮŒĬĲƕĸƢĴȮ
PET/PBAT ĨƞŀĔŅĶĵńĭĵńŘĚŐĭėĪňŏĶňĵȮE. coli ŐĸŃȮS. aureus ıĭĺƞŅȮZnO ĽŅĴŅĶĩĪŜŅľĬƟŅĪňŗĵńĭĵńŘĚ
ŐĭėĪňŏĶňĵœħƟħňĔĺƞŅȮTiO0ȮěŅĔĔŅĶįĽĴŒĬĮĶŇĴŅĦŏħňĵĺĔńĬŀŅěŏĔŇħěŅĔĔŅĶĪňŗȮZnO ĬńŘĬĴňėĺŅĴŏĮƦĬıŇļĨƞŀ
ŐĭėĪňŏĶňĵĴŅĔĔĺƞŅȮĔĸƞŅĺėŊŀȮZnO ŏĮƦĬĨńĺŏĶƞĚĕŀĚĔŅĶŏĔŇħĽŅĶıĺĔĪňŗŏĮƦĬĨńĺŀŀĔĞŇœħĞƢœħƟħňĔĺƞŅȮTiO0
ŏĬŊŗŀĚěŅĔĔŅĶĪňŗȮZnO ĬńŘĬĴňĝƞŀĚĺƞŅĚĶŃľĺƞŅĚŐĩĭıĸńĚĚŅĬȮ&Band gap) ~1,0ȮeV ĞŉŗĚĬƟŀĵĔĺƞŅȮBand 
gap ĕŀĚȮTiO0Ȯ(~3.4 eV)Ȯ[36]ȮĽƞĚįĸŒľƟĔŅĶĔĶŃĨŋƟĬŒľƟŏĔŇħĨńĺĨńĺŀŀĔĞŇœħĞƢœħƟĚƞŅĵĔĺƞŅȮŀňĔĪńŘĚĮƤěěńĵ
ĕŀĚĕĬŅħĕŀĚŀĬŋĳŅėĕŀĚĽŅĶŏĨŇĴŐĨƞĚĽƞĚįĸĨƞŀĽĴĭńĨŇĔŅĶĨƟŅĬŐĭėĪňŏĶňĵŏĬŊŗŀĚěŅĔŀĬŋĳŅėĕĬŅħŏĸŖĔĔŖ
ěŃĴňıŊŘĬĪňŗįŇĺĕŀĚŀĬŋĳŅėĴŅĔȮŀĵƞŅĚœĶĔŖĨŅĴĕĬŅħĕŀĚŀĬŋĳŅėĪńŘĚȮ0ȮĴňĕĬŅħŒĔĸƟŏėňĵĚĔńĬȮĮĶŃĴŅĦȮ15 
œĴėĶŀĬȮŐĽħĚħńĚĶŌĮȮĔ.47 ŐĸŃȮĔ.48 (ĳŅėįĬĺĔ)ȮĬŀĔěŅĔĬňŘĮƤěěńĵĕŀĚĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀĬŋĳŅėŒĬ
ŏĬŊŘŀĲƕĸƢĴěŃĴňįĸĨƞŀĔŅĶĨƟŅĬŐĭėĪňŏĶňĵȮĞŉŗĚįĸĺƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀĬŋĳŅėŒĬŏĬŊŘŀĲƕĸƢĴħńĚŐĽħĚŒĬ
ĶŌĮĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗįĽĴ ZnO ĴňĔŅĶĔĶŃěŅĵĨńĺĴŅĔĔĺƞŅŏĴŊŗŀŏĪňĵĭ
ĔńĭĲƕĸƢĴĪňŗįĽĴȮTiO2ȮħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.21 ĞŉŗĚěŅĔĚŅĬĺŇěńĵĕŀĚ Heinlaan ŐĸŃėĦŃȮ[37]ȮœħƟ
ĪŜŅĔŅĶĻŉĔļŅŏĮĶňĵĭŏĪňĵĭįĸĕŀĚȮZnO, CuO ŐĸŃȮTiO0ȮĨƞŀėĺŅĴŏĮƦĬıŇļĨƞŀŐĭėĪňŏĶňĵŐĸŃĽŇŗĚĴňĝňĺŇĨ
ĕĬŅħŏĸŖĔŒĬĶŃĭĭĬŇŏĺĻȮıĭĺƞŅėĺŅĴŏĮƦĬıŇļĕŀĚőĸľŃŀŀĔœĞħƢĬńŘĬŏĶňĵĚĸŜŅħńĭěŅĔėĺŅĴŏĮƦĬıŇļĴŅĔ
ĪňŗĽŋħœĮĬƟŀĵĪňŗĽŋħœħƟħńĚĬňŘȮZnOȮ> CuO > TiO0ȮĪńŘĚĬňŘŒĬĚŅĬĺŇěńĵĬňŘĵńĚıĭĺƞŅŀĬŋĳŅėőĸľŃŀŀĔœĞħƢœĴƞ
ěŜŅŏĮƦĬĨƟŀĚŏĕƟŅœĮŒĬŏĞĸĕŀĚŐĭėĪňŏĶňĵȮŏıňĵĚŐėƞĽńĴįńĽĔńĬĶŃľĺƞŅĚŀĬŋĳŅėĬŅőĬĔńĭŏĞĸĔŖĪŜŅŒľƟŏĵŊŗŀľŋƟĴ
ŏĞĸŏĔŇħėĺŅĴŏĽňĵľŅĵœħƟȮ 
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samples E,Coli S,Aureus 

&6' 
10#PBAT 

  

&7' 
10#PBAT 
)1#TiO2 

  

&8' 
10#PBAT 
)2#TiO2 

  

&9' 
10#PBAT 
)1#ZnO 

  

&10' 
10#PBAT 
)2#ZnO 

  
ĶŌĮĪňŗȮ4,/4ȮŐĽħĚ bacterial colonyȮĕŀĚŐĭėĪňŏĶňĵȮE,coliȮŐĸŃȮS,aureusȮĕŀĚĲƕĸƢĴĪňŗįĽĴȮTiO2Ȯ

ŐĸŃȮZnO 

X106 X107 

X106
 

X107 

X106
 

X106
 

X106
 

X106 

X106 

X106
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ĶŌĮĪňŗȮ4,17ȮŐĽħĚŏĮŀĶƢŏĞŖĬĨƢĵńĭĵńŘĚŐĭėĪňŏĶňĵĕŀĚĲƕĸƢĴĪňŗįĽĴȮTiO2ȮŐĸŃȮZnO 

4.2.2 ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĲƕĸƢĴȮPET-PBATȮĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 

 

ĶŌĮĪňŗȮ4,18ȮŐĽħĚȮYoungŲs Modulus ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBATȮĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 
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ĶŌĮĪňŗȮ4,19ȮŐĽħĚȮTensile strength ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBATĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 

 

ĶŌĮĪňŗȮ4,20ȮŐĽħĚȮElongation at breakȮĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮPET-PBATȮĪňŗŏĨŇĴȮTiO2 ŐĸŃȮZnO 

ĔŅĶĪħĽŀĭŐĶĚħŉĚĕŀĚĝŇŘĬĚŅĬĩŌĔĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮUniversal testing machine ĴňŀńĨĶŅ
ĔŅĶħŉĚȮ12,5 ĴŇĸĸŇŏĴĨĶĨƞŀĬŅĪňȮŐĸŃȮload cell ĕĬŅħȮ5 kN őħĵĕƟŀĴŌĸĪňŗœħƟėƞŅĴŀħŌĸńĽĕŀĚĵńĚȮ
&YoungŲs modulus'ȮėĺŅĴĪĬĨƞŀŐĶĚħŉĚȮĦȮěŋħĕŅħȮ&Tensile strength'ȮŐĸŃŏĮŀĶƢŏĞŖĬĨƢĔŅĶĵŊħĨńĺȮ
ĦȮěŋħĕŅħ&#Elongation at break'ȮĶŌĮĪňŗȮ4,18ȮŐĸŃĶŌĮĪňŗȮ4,19ȮŐĽħĚįĸ YoungŲs modulus ŐĸŃ 
Tensile strength ĕŀĚĲƕĸƢĴ PET-PBAT įĽĴȮTiO2ȮŐĸŃȮZnO ıĭĺƞŅĽŅĶŏĨŇĴŐĨƞĚĪńŘĚĽŀĚĝĬŇħĽƞĚįĸ
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ŒľƟȮYoungŲs modulusȮĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ/,4.5,7ȮMPaȮŏĮƦĬȮ/,467,7ȮŐĸŃȮ/,50/,3ȮMPaȮĪňŗŏĨŇĴȮ
TiO2ȮĮĶŇĴŅĦȮ1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮĨŅĴĸŜŅħńĭȮŐĸŃŏıŇŗĴĕŉŘĬŏĮƦĬȮ/,7./,4ȮŐĸŃȮ/,644,/ȮMPa ĪňŗŏĨŇĴȮ
ZnOȮĮĶŇĴŅĦȮ/ȮŐĸŃȮ0#őħĵĬŘŜŅľĬńĔȮĨŅĴĸŜŅħńĭȮŐĽħĚŒľƟŏľŖĬœħƟĺƞŅŏĴŊŗŀŏĨŇĴŀĬŋĳŅėĕĬŅħœĴőėĶŏĴĨĶȮ
ĪňŗĴňėĺŅĴŐĕŖĚȮ&Stiffness'ȮĴŅĔĔĺƞŅıŀĸŇŏĴŀĶƢȮŐĸŃĔĶŃěŅĵĨńĺŒĬŏĬŊŘŀıŀĸŇŏĴŀĶƢĬńŘĬœħƟŏĕƟŅœĮŏĽĶŇĴŐĶĚĪńŘĚȮ
TiO2 ŐĸŃȮZnO ěŉĚĪŜŅŒľƟıŀĸŇŏĴŀĶƢĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĮĸňŗĵĬĶŌĮȮ&YoungŲs 
modulus'ȮĴŅĔĕŉŘĬŐĸŃŒĬĕĦŃŏħňĵĺĔńĬėŊŀœħƟœĮĸħŒĬĽƞĺĬĕŀĚȮ#Elongation at break ĕńħĕĺŅĚĔŅĶ
ŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞőĴŏĸĔŋĸŒĬĕĦŃĪňŗœħƟĶńĭŐĶĚħŉĚȮĔŅĶĪňŗĮĶŇĴŅĦ TiO2 ĪňŗŏıŇŗĴĴŅĔĕŉŘĬĪŜŅŒľƟȮYoungŲs 
modulusȮŏıŇŗĴĴŅĔĕŉŘĬŏĸŖĔĬƟŀĵȮŐĨƞŒĬĔŅĶįĽĴȮZnOȮĪňŗĮĶŇĴŅĦĴŅĔĕŉŘĬĬńŘĬœĴƞĽƞĚįĸŒľƟĲƕĸƢĴĴň YoungŲs 
modulus ŏıŇŗĴĴŅĔĕŉŘĬȮĞŉŗĚŏĴŊŗŀıŇěŅĶĦŅįĸĕŀĚ Tensile strength įĸĕŀĚĔŅĶŏĨŇĴȮTiO2ȮœĴƞŏıŇŗĴėĺŅĴ
ĪĬĨƞŀŐĶĚħŉĚȮĦȮěŋħĕŅħȮ&Tensile strength'ȮĪńŘĚĽŀĚĮĶŇĴŅĦȮŀŅěŏĬŊŗŀĚĴŅěŅĔĔŅĶĪňŗȮTiO2ȮĬńŘĬĴňĔŅĶ
ĔĶŃěŅĵĨńĺĪňŗœĴƞħňŒĬŏĬŊŘŀıŀĸŇŏĴŀĶƢȮěŅĔĔŅĶĻŉĔļŅĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅıĭĺƞŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚȮ
ZnO ŏĔŇħœħƟħňĔĺƞŅȮTiO2ȮĞŉŗĚȮTensile strengthȮĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗŏĨŇĴ ZnOȮĪńŘĚ 2 ĮĶŇĴŅĦȮěŃĴň
ėƞŅĽŌĚĔĺƞŅĲƕĸƢĴ PET-PBAT ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŀĵƞŅĚŏľŖĬœħƟĝńħȮŐĸŃŏĮƦĬœĮœħƟĺƞŅȮZnO ĴňėĺŅĴ
ŏĮƖĵĔįŇĺĔńĭıŀĸŇŏĴŀĶƢįĽĴœħƟħňȮ 

ŏĴŊŗŀıŇěŅĶĦŅĶŌĮĪňŗȮ4,20ȮŐĽħĚŏĮŀĶƢŏĞŖĬĨƢĔŅĶĵŊħĨńĺȮĦȮěŋħĕŅħ&#ȮElongation at break'Ȯ
ĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗŏĨŇĴȮTiO2ȮĮĶŇĴŅĦȮ1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮĸħĸĚŏĸŖĔĬƟŀĵěŅĔȮ1,27Ȯ#ȮŏĮƦĬȮ
1,11ȮŐĸŃȮ1,/0Ȯ#ȮĨŅĴĸŜŅħńĭȮŐĸŃĲƕĸƢĴȮPET-PBAT ĪňŗŏĨŇĴȮZnO ĮĶŇĴŅĦȮ1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮ
ĸħĸĚŏĮƦĬȮ1,1.ȮŐĸŃȮ1,11Ȯ#ȮĪňŗŏĨŇĴȮZnOȮĮĶŇĴŅĦȮ/ȮŐĸŃȮ0#őħĵĬŘŜŅľĬńĔȮĨŅĴĸŜŅħńĭȮěŅĔįĸıĭĺƞŅ
ŏĮŀĶƢŏĞŖĬĨƢĔŅĶĵŊħĨńĺȮĦȮěŋħĕŅħȮ&#ȮElongation at break'ȮŏĮĸňŗĵĬŐĮĸĚŏıňĵĚŏĸŖĔĬƟŀĵȮőħĵĔŅĶĪňŗŏĨŇĴ
ŀĬŋĳŅėĕŀĚȮTiO2ȮĬńŘĬĽƞĚįĸŒľƟŏĮŀĶƢŏĞŖĬĨƢĔŅĶĵŊħĨńĺȮĦȮěŋħĕŅħȮ&# Elongation at break'ȮĸħĸĚȮěŅĔ
ĔŅĶĪňŗĴňŀĬŋĳŅėĕŀĚĽŅĶŏĨŇĴŐĨƞĚœĮĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞĕĦŃœħƟĶńĭŐĶĚħŉĚĪŜŅŒľƟȮ
#Elongation at break ĸħĸĚȮĞŉŗĚŒĬĚŅĬĺŇěńĵĕŀĚȮEvangelos manias ŐĸŃėĦŃȮY16[ȮœħƟĻŉĔļŅȮ
PET ĪňŗįĽĴĔńĭ Nanoclay ıĭĺƞŅ YoungŲs modulus ŐĸŃȮTensile strengthȮŏıŇŗĴĕŉŘĬŐĨƞěŃĸħŒĬ
ĽƞĺĬĕŀĚȮ#Elongation at breakȮŏĴŊŗŀŏĨŇĴȮNanoclayȮĞŉŗĚœħƟŀīŇĭŅĵĺƞŅĔŅĶĴňŀĵŌƞĕŀĚȮNanoclay ĬńŘĬ
ŏĮƖĵĔįŇĺĔńĬħňĔńĭıŀĸŇŏĴŀĶƢŐĸŃŏĴŊŗŀœħƟĶńĭŐĶĚěŃŏĮƦĬĨńĺĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞĕŀĚıŀĸŇŏĴŀĶƢȮ
ŐĸŃĚŅĬĺŇěńĵĕŀĚȮKeqing HanȮY17[ȮœħƟŀīŇĭŅĵĺƞŅȮPET ĪňŗĴňȮTiO2ȮěŃĪŜŅŒľƟŏĔŇħĔŅĶĸħȮInteraction 
ĶŃľĺƞŅĚĴŅőėĶőĴŏĸĔŋĸĕŀĚȮPET ŐĸŃěŅĔĽńĦģŅĬĺŇĪĵŅĕŀĚĲƕĸƢĴĪňŗŏĨŇĴȮTiO0ȮŐĸŃȮZnO ĪňŗĮĶŇĴŅĦȮ/Ȯ
ŐĸŃȮ0#őħĵĬŘŜŅľĬńĔȮħńĚĶŌĮĪňŗȮ4,21 ĬńŘĬěŃŏľŖĬœħƟĝńħĺƞŅĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮ/#őħĵĬŘŜŅľĬńĔŏĪƞŅĔńĬěŃŏľŖĬ
ĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀĬŋĳŅėȮZnO ĴŅĔĔĺƞŅŀĬŋĳŅėĕŀĚȮTiO0Ȯ 
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ĶŌĮĪňŗȮ4,0/ȮŐĽħĚȮSEM images ĕŀĚįŇĺĲƕĸƢĴĪňŗľńĔŒĬœĬőĨĶŏěĬŏľĸĺĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ
PET-PBATĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO  

 

4.2.3 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴȮPET-PBATȮĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 
4.2.3.1 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬěŅĔĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮDifferential Scanning Calorimetry 
&DSC'ȮĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 
ěŅĔĔŅĶĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮDSCȮőħĵĪŜŅĔŅĶĻŉĔļŅŒĬőľĴħȮŒľƟėĺŅĴĶƟŀĬ-ĪŜŅŒľƟŏĵŖĬĨńĺ-ŒľƟ

ėĺŅĴĶƟŀĬȮ&Temperature scan'ȮŒĝƟŀńĨĶŅŏĶŖĺŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬȮ10 oC-min őħĵŒĝƟŀŋĦľĳŌĴŇŀĵŌƞ
ŒĬĝƞĺĚȮ&-50'-280oC 

1wt#ȮTiO2 2wt#ȮTiO2 

1wt# ZnO 2wt# ZnO 
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ĶŌĮĪňŗȮ4,22ȮŐĽħĚȮDSC thermograms ěŅĔĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ
PET-PBATȮĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 

 

ĶŌĮĪňŗȮ4,01ȮŐĽħĚȮDSC thermograms ěŅĔĔŅĶĪŜŅŒľƟŏĵŖĬĨńĺĸĚĕŀĚĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ
PET-PBATȮĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 
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ĶŌĮĪňŗȮ4,02ȮŐĽħĚȮDSC thermograms ěŅĔĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ

PET-PBATȮĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 

ĨŅĶŅĚĪňŗȮ4,Ȯ3ȮŐĽħĚĽĩŅĬŃĪŅĚėĺŅĴĶƟŀĬĕŀĚ PET-PBAT ĽńħĽƞĺĬȮ90-10 ĪňŗįĽĴȮTiO2ȮŐĸŃȮZnO 
  

Sample 
Glass transition   Cold crystallization   Melting   

Degree of 
crystallinity 

  Temp&°C '   
Temp 
&°C ' 

Enthalpy 
&J-g'  

Temp 
&°C ' 

Enthalpy 
&J-g' 

  cc&#'Ȯ 

First heating 
 

    
 

    
 

  
 

 10 PBAT 56,1  115,2 29,8  247,2 55,2  20,2 

 
10#PBAT)1#TiO2 58,7 

 
119,8 25,8 

 
247,7 47,0 

 
16,8 

 
10#PBAT)2#TiO2 63,3 

 
121,1 23,2 

 
245,7 44,0 

 
16,4 

 
10#PBAT)1#ZnO 71,1 

 
115,0 30,1 

 247,5 52,6 
 

17,9 

 
10#PBAT)2#ZnO 69,6 

 
116,9 26,0 

 248,2 44,3 
 

14,6 

Second heating 
        

 10 PBAT 56,8  - -  245,0 55,1  43,7 

 
10#PBAT)1#TiO2 61,8 

 
- - 

 
244,9 51,3 

 
40,7 

 
10#PBAT)2#TiO2 63,6 

 
- - 

 
244,8 53,9 

 
42,8 

 
10#PBAT)1#ZnO 54,8 

 
- - 

 
243,5 46,5 

 
36,8 

 
10#PBAT)2#ZnO 56,6 

 
- - 

 
243,8 48,8 

 
38,7 

ĶŌĮĪňŗȮ4,22ȮŐĸŃĨŅĶŅĚĪňŗȮ4,3 ŐĽħĚŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ&Glass transition 
temperature; Tg'ȮŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺȮ&Melting temperature; Tm'ȮıķĨŇĔĶĶĴĔŅĶŏĔŇħįĸŉĔ
ŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮ&Cold crystallization'ȮŐĸŃĮĶŇĴŅĦėĺŅĴŏĮƦĬįĸŉĔȮ&Degree of  
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Crystallinity, cc'ȮĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗĴňĔŅĶŏĨŇĴȮTiO0ȮŐĸŃȮZnOȮĞŉŗĚıĭĺƞŅŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬ
ėĶńŘĚĪňŗȮ/ȮŀŋĦľĳŌĴŇȮTgȮĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗĽńħĽƞĺĬȮ90-10 ěŃĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ34,/ȮoCȮŏĮƦĬȮ36,5Ȯ
ŐĸŃȮ41,1ȮoCȮĪňŗŏĨŇĴȮTiO2 1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮĨŅĴĸŜŅħńĭȮŐĸŃȮTgȮĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗĽńħĽƞĺĬȮ
90-10ȮĪňŗŏĨŇĴ ZnO 1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮŏıŇŗĴĕŉŘĬŏĮƦĬȮ5/,/ȮŐĸŃȮ47,4ȮoCȮĨŅĴĸŜŅħńĭȮŏĬŊŗŀĚěŅĔĔŅĶ
ĪňŗĴňŀĬŋĳŅėĕŀĚ TiO0ȮŐĸŃȮZnOȮŀĵŌƞĪŜŅŒľƟĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢįĽĴȮŏĴŊŗŀŒľƟėĺŅĴĶƟŀĬ
ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏėĸŊŗŀĬœľĺĽŅĵőĞƞĵŅĔĕŉŘĬȮĪŜŅŒľƟŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺĕŀĚıŀĸŇ
ŏĴŀĶƢĴňėƞŅĽŌĚĕŉŘĬȮŐĸŃĵńĚŏĮĸňŗĵĬŐĮĸĚĔŅĶŏĔŇħįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴŀňĔħƟĺĵȮěŉĚĽƞĚįĸĪŜŅŒľƟ Degree of 
crystallinityȮĴňŏĮŀĶƢŏĞŖĬĨƢĨŗŜŅĸĚȮŐĨƞŀĵƞŅĚœĶĔŖĨŅĴŒĬĚŅĬĺŇěńĵĕŀĚȮKeqing HanȮŐĸŃ Muhuo YuȮY17[Ȯ
œħƟĪŜŅĔŅĶĻŉĔļŅįĸĕŀĚ PET ĽńĚŏėĶŅŃľƢȮĪňŗįĽĴĔńĭȮTiO2ȮőħĵĴňĮĶŇĴŅĦȮ1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮıĭĺƞŅĪňŗ
ĮĶŇĴŅĦȮTiO2 1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮěŃĪŜŅŒľƟįĸŉĔĕŀĚȮPET ĬńŘĬĸħĸĚěŅĔ 43,/0#ȮŏĮƦĬȮ4/,52#Ȯ
ŐĸŃȮ41,..#ȮŐĨƞŏĴŊŗŀıŇěŅĶĦŅĕĬŅħĕŀĚ spheruliteȮĕŀĚ PET ĪňŗŏĨŇĴȮTiO2ȮěŃĴňĕĬŅħŏĸŖĔĔĺƞŅĪňŗœĴƞ
ŏĨŇĴŐĸŃĔĶŃěŅĵĨńĺŀĵŌƞĪńŗĺŏĬŊŘŀıŀĸŇŏĴŀĶƢȮŐĽħĚŒľƟŏľŖĬĺƞŅȮTiO2ȮĪŜŅľĬƟŅĪňŗŏĮƦĬĨńĺĔƞŀŏĶŇŗĴįĸŉĔȮ
&Nucleating agent'ȮĕŀĚĔŅĶŏĔŇħįĸŉĔȮPET ŒĬĕĦŃĪňŗįĸĬńŘĬĪŜŅŒľƟĮĶŇĴŅĦįĸŉĔĸħĸĚŐĸŃŏĴŊŗŀıŇěŅĶĦŅ
ěŅĔĶŌĮĪňŗȮ4.23 ŐĽħĚȮDSC thermograms ěŅĔĔŅĶĪŜŅŒľƟŏĵŖĬĨńĺĸĚĕŀĚĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴȮ
PET/PBAT ĪňŗŏĨŇĴȮTiO0ȮŐĸŃȮZnO ıĭĺƞŅįĸĕŀĚȮTiO2 ŐĸŃȮZnO ĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴĪňŗȮ1 ŏĮŀĶƢŏĞŖĬĨƢ
őħĵĬŘŜŅľĬńĔȮĽƞĚįĸŒľƟŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔĕŀĚȮPET ŏıŇŗĴĕŉŘĬěŅĔȮ/72,60ȮoCȮŏĮƦĬȮ/74,7/ oCȮŐĸŃȮ
/73,52 oCȮĕŀĚĲƕĸƢĴĪňŗŏĨŇĴȮTiO2 ŐĸŃȮZnOȮĨŅĴĸŜŅħńĭȮŐĽħĚŒľƟŏľŖĬĩŉĚŀĬŋĳŅėĕŀĚȮTiO2 ŐĸŃȮZnO 
ĬńŘĬĽƞĚįĸŒľƟ PETȮĨĔįĸŉĔĚƞŅĵĕŉŘĬȮŐĨƞŒĬĕĦŃĪňŗŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦĕŀĚĪńŘĚĽŀĚŀĬŋĳŅėĔĸńĭĽƞĚįĸŒľƟŀŋĦľĳŌĴŇ
ĨŗŜŅĸĚĔĺƞŅĲƕĸƢĴĪňŗœĴƞĴňĔŅĶŏĨŇĴĪńŘĚĽŀĚŀĬŋĳŅėŐĽħĚŒľƟŏľŖĬĺƞŅŀĬŋĳŅėĕŀĚȮTiO2 ŐĸŃȮZnO ĬńŘĬĽŅĴŅĶĩ
ŏĮƦĬĨńĺĔƞŀįĸŉĔœħƟŐĨƞŒĬĮĶŇĴŅĦĔŅĶŏĨŇĴĪňŗĴŅĔŏĔŇĬěŃĽƞĚįĸŒľƟŀĬŋĳŅėœĮĕńħĕĺŅĚĔŅĶŏĔŇħįĸŉĔĕŀĚȮPET 
ĽƞĚįĸŒľƟĴňĮĶŇĴŅĦįĸŉĔĸħĸĚ  

ĶŌĮĪňŗȮ4,24ȮŐĸŃĨŅĶŅĚĪňŗȮ4,3ȮŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 ıĭĺƞŅȮTgȮĕŀĚĲƕĸƢĴĪňŗŏĨŇĴȮTiO2ȮěŃ
ĴŅĔĔĺƞŅĲƕĸƢĴĪňŗœĴƞœħƟŏĨŇĴȮŐĨƞŏĴŊŗŀıŇěŅĶĦŅĲƕĸƢĴĪňŗŏĨŇĴȮZnO ŀŋĦľĳŌĴŇȮTgȮĕŀĚĲƕĸƢĴěŃĸĚĸħěŅĔĔŅĶŒľƟ
ėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ŐĸŃĸħĸĚĨŗŜŅĔĺƞŅĲƕĸƢĴĪňŗœĴƞœħƟŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮĪńŘĚĬňŘŀŅěŏĬŊŗŀĚĴŅěŅĔĲƕĸƢĴįƞŅĬėĺŅĴ
ĶƟŀĬĴŅľĸŅĵėĶńŘĚŐĸŃĵńĚĴňȮZnOȮŏĮƦĬĨńĺĔĶŃĨŋƟĬŒľƟŏĔŇħĔŅĶĕŅħĕŀĚĽŅĵőĞƞĞŉŗĚŒĬĚŅĬĺŇěńĵĕŀĚ Sheng-
Cong Liufu ŐĸŃėĦŃȮY2.[ȮœħƟĻŉĔļŅȮPolyacrylate film ĪňŗŏĨŇĴȮZnO ıĭĺƞŅĔŅĶĽĸŅĵĨńĺŏıŇŗĴŏĮƦĬȮ2 
ĕńŘĬěŅĔȮ1 ĕńŘĬŒĬĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŐĸŃŏĔŇħĨńŘĚŐĨƞŏĶŇŗĴŒľƟėĺŅĴĶƟŀĬȮĞŉŗĚěŅĔĔŅĶĪňŗĽŅĵőĞƞĽńŘĬĸĚ
ĽƞĚįĸŒľƟĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĬńŘĬĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏėĸŊŗŀĬœľĺœħƟĚƞŅĵĕŉŘĬŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬŒĬėĶńŘĚĪňŗȮ
2 ĪŜŅŒľƟŀŋĦľĳŌĴŇȮTgȮĨŗŜŅĸĚȮŐĸŃŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ2 ĬńŘĬıĭĺƞŅȮDegree of crystallinityȮĽŌĚĕŉŘĬ
ŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ1 ŐĸŃěŃĽŌĚĕŉŘĬŀňĔĪňŗĮĶŇĴŅĦ TiO0ȮŐĸŃȮZnOȮŏıŇŗĴĕŉŘĬȮŐĨƞŀĵƞŅĚœĶĔŖ
ĨŅĴĲƕĸƢĴĪňŗĴňĔŅĶįĽĴȮTiO2 ŐĸŃȮZnO ěŃĴňȮDegree of crystallinity ĪňŗĬƟŀĵĔĺƞŅĲƕĸƢĴĪňŗœĴƞĴňĔŅĶŏĨŇĴ
ĽŅĶŏĨŇĴŐĨƞĚȮŐĸŃŀŋĦľĳŌĴŇĔŅĶľĸŀĴŏľĸĺĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴȮTiO2 ŐĸŃȮZnO ĬńŘĬĔŖěŃĸħĸĚ
ŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬėĶńŘĚĪňŗȮ1ȮŏĝƞĬĔńĬȮȮ 
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4.2.3.2 ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬȮ &Thermal Stabilization'Ȯ ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴȮ
TiO2 ŐĸŃȮZnO 

 
ĶŌĮĪňŗȮ4,25 TGA curves ĕŀĚȮPET-PBAT ĪňŗĽńħĽƞĺĬȮ90810ȮĪňŗįĽĴȮTiO2ȮŐĸŃȮZnO 

ĨŅĶŅĚĪňŗȮ4. 4 ŐĽħĚŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĕŀĚȮPET-PBAT ĪňŗĽńħĽƞĺĬȮ90810ȮĪňŗįĽĴȮTiO2ȮŐĸŃȮZnO 

sample 
Temperature (̄ C) Residue  

(%) Tonset Tmax Tend 

10%PBAT 404.94 434.69 452.42 14.25 

10%PBAT + 1%TiO2 404.54 434.13 450.87 15.49 

10%PBAT + 2%TiO2 405.31 431.82 450.70 20.03 

10%PBAT + 1%ZnO 401.40 431.80 449.99 14.11 

10%PBAT + 2%ZnO 401.49 431.84 450.97 17.60 
 

ěŅĔĶŌĮĪňŗȮ4,25ȮŐĽħĚįĸĔŅĶĪħĽŀĭŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴȮPET-PBAT ŏĴŊŗŀĪŜŅ
ĔŅĶįĽĴȮTiO2ȮŐĸŃȮZnO ĪňŗĮĶŇĴŅĦȮ1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮĞŉŗĚıĭĺƞŅŏĴŊŗŀıŇěŅĶĦŅĲƕĸƢĴȮPET-PBAT Īňŗ
ŏĨŇĴȮTiO2ȮıĭĺƞŅĴňĔŅĶĽĸŅĵĕńŘĬŏħňĵĺȮőħĵěŃĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇĔŅĶŏĶŇŗĴĽĸŅĵĨńĺȮ&Tonset'ȮěŅĔȮ

PET-PBAT &404,94 oC'ȮŏıňĵĚŏĸŖĔĬƟŀĵȮŏĮƦĬȮ2.2,32ȮC̄ȮŐĸŃȮ2.3,1/ȮC̄ȮĪňŗȮTiO2ȮĮĶŇĴŅĦȮ1 ŐĸŃȮ
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2#őħĵĬŘŜŅľĬńĔȮĨŅĴĸŜŅħńĭȮŐĸŃěŃĴňŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺȮ&Td'ȮěŅĔȮ207,.1ȰCȮŏĮƦĬȮ427,77 ̄ C 

ŐĸŃ 427,25 ̄ CȮŏĴŊŗŀıŇěŅĶĦŅŒĬĽƞĺĬĕŀĚĔŅĶįĽĴȮZnOȮıĭĺƞŅĴňĔŅĶĽĸŅĵĕńŘĬŏħňĵĺȮőħĵěŃĴňĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇĔŅĶŏĶŇŗĴĽĸŅĵĨńĺȮ&Tonset'ȮŏıňĵĚŏĸŖĔĬƟŀĵěŅĔ 2.2,72ȮC̄ ŏĮƦĬȮ2./,2ȮC̄ȮŐĸŃȮ

2./,27ȮC̄ȮĪňŗĮĶŇĴŅĦȮ1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮĨŅĴĸŜŅħńĭȮŐĸŃěŃĴňŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺȮ&Td'ȮěŅĔȮ

207,.1ȰC ŏĮƦĬȮ425,62 ̄C ŐĸŃ 426,07 ̄CȮĞŉŗĚĪňŗıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴȮZnO ĪńŘĚȮ1 ŐĸŃȮ2#őħĵ
ĬŘŜŅľĬńĔȮĽƞĚįĸŒľƟŀŋĦľĳŌĴŇĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĸħĸĚŏĬŊŗŀĚěŅĔŀĬŋĳŅėĕŀĚȮZnO ĽŅĴŅĶĩŐĨĔĨńĺ
ŏĮƦĬœŀŀŀĬŀŀĔœĞħƢœħƟĚƞŅĵŏĴŊŗŀœħƟĶńĭıĸńĚĚŅĬėĺŅĴĶƟŀĬĞŉŗĚěŃŒľƟŏĮƦĬĨńĺĔĶŃĨŋƟĬŒľƟŏĔŇħĔŅĶĽĸŅĵĨńĺœħƟĪňŗ
ŀŋĦľĳŌĴŇĨŗŜŅĸĚȮY/0[ 

4.2.4 ĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬĕŀĚŐĔƠĽŐĸŃœŀĬŘŜŅĕŀĚĲƕĸƢĴȮPET-PBATȮĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 

4.2.4.1 ĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬĕŀĚŐĔƠĽŀŀĞŇŏěĬŐĸŃŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗ
ŏĨŇĴȮTiO2ȮŐĸŃȮZnO 

 
ĶŌĮĪňŗȮ4,26ȮŐĽħĚȮGas transmission Rate ĕŀĚĲƕĸƢĴȮPET įĽĴȮPBAT ĮĶŇĴŅĦĨƞŅĚŕȮŐĸŃĪňŗįĽĴȮ

TiO2ȮŐĸŃȮZnO 
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ĶŌĮĪňŗȮ4,26ȮŐĽħĚĔŅĶĞŉĴįƞŅĬĕŀĚĲƕĸƢĴȮPET-PBAT ĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO ıĭĺƞŅĲƕĸƢĴĪňŗĴň
ĔŅĶŏĨŇĴȮTiO2ȮŐĸŃȮZnO ĬńŘĬěŃĴňĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽŀŀĔĞŇŏěĬȮ&Oxygen permeability'ȮŐĸŃŐĔƠĽ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&Carbon dioxide permeability'ȮĨŗŜŅĸĚȮŏĬŊŗŀĚěŅĔĔŅĶĪňŗŀĬŋĳŅėĕŀĚĽŅĶŏĨŇĴŐĨƞĚ
ĪňŗŏĨŇĴŒĬĲƕĸƢĴĬńŘĬĕńħĕĺŅĚĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĪńŘĚĽŀĚȮĪŜŅŒľƟĶŃĵŃĪŅĚŒĬĔŅĶŏėĸŊŗŀĬĪňŗįƞŅĬĕŀĚŐĔƠĽĪňŗěŃ
įƞŅĬĲƕĸƢĴĬńŘĬŏıŇŗĴĴŅĔĕŉŘĬĪŜŅŒľƟŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĸħĸĚȮŏĴŊŗŀıŇěŅĶĦŅĶŃľĺƞŅĚĔŅĶĞŉĴįƞŅĬĕŀĚ
ĲƕĸƢĴĪňŗįĽĴȮTiO2ȮĪňŗĮĶŇĴŅĦŏıŇŗĴĴŅĔĕŉŘĬěŃĽŅĴŅĶĩĔńŘĬįƞŅĬŐĔƠĽœħƟĴŅĔĕŉŘĬȮŐĨƞĽŜŅľĶńĭĲƕĸƢĴĪňŗŏĨŇĴȮZnO 
ĪňŗĮĶŇĴŅĦŏıŇŗĴĴŅĔĕŉŘĬěŅĔȮ1 ŏĮƦĬȮ2#őħĵĬŘŜŅľĬńĔȮœĴƞĽƞĚįĸŒľƟĔŅĶĔńŘĬįƞŅĬŐĔƠĽŀŀĔĞŇŏěĬĴŅĔĕŉŘĬȮŐĨƞ
ŀĵƞŅĚœĶĔŖĨŅĴŀńĨĶŅĔŅĶĞŉĴįƞŅĬŐĔƠĽĕŀĚĲƕĸƢĴĪňŗŏĨŇĴȮZnO ĪňŗȮ2#őħĵĬŘŜŅľĬńĔȮĔŖĴňėƞŅĨŗŜŅĔĺƞŅĲƕĸƢĴĪňŗœĴƞĴň
ĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚȮĞŉŗĚěŅĔĔŅĶıŇěŅĶĦŅĲƕĸƢĴĪňŗŏĨŇĴȮZnO 1#őħĵĬŘŜŅľĬńĔȮĴňŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽ
ĪňŗĨŗŜŅĪňŗĽŋħŀŅěěŃŏĬŊŗŀĚĴŅěŅĔȮ2 ŏľĨŋįĸĶƞĺĴĔńĬėŊŀ 1'ȮĔŅĶĪňŗĴňŀĬŋĳŅėĕŀĚ ZnO ĔńŘĬĪŅĚįƞŅĬĕŀĚŐĔƠĽ
ŐĸŃȮ2'ȮĲƕĸƢĴȮPET-PBAT ĪňŗŏĨŇĴȮZnO 1#őħĵĬŘŜŅľĬńĔȮĴňįĸŉĔĴŅĔĪňŗĽŋħĽŜŅľĶńĭĲƕĸƢĴĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴ
ŐĨƞĚȮĞŉŗĚĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽœĴƞĽŅĴŅĶĩĞŉĴįƞŅĬĭĶŇŏĺĦĕŀĚĲƕĸƢĴĪňŗĴňįĸŉĔœħƟȮ 

4.2.4.2 ĽĴĭńĨŇĔŅĶĔńŘĬįƞŅĬĕŀĚœŀĬŘŜŅĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 

 
ĶŌĮĪňŗȮ4.05ȮŐĽħĚŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅȮ&Water vapor permeability 8ȮWVP'ȮĕŀĚĲƕĸƢĴıŀĸŇ

ŏĴŀĶƢįĽĴȮPET-PBAT ĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO 
 

ĶŌĮĪňŗȮ4,27 ŐĽħĚŀńĨĶŅĔŅĶĞŉĴįƞŅĬĕŀĚœŀĬŘŜŅĕŀĚĲƕĸƢĴȮPET-PBAT 90-10 ĪňŗŏĨŇĴȮTiO2ȮľĶŊŀȮ
ZnOȮĪňŗĮĶŇĴŅĦȮ1ȮŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮıĭĺƞŅĲƕĸƢĴȮPET-PBAT ĪňŗŏĨŇĴȮTiO2ȮŐĸŃȮZnO ĴňŀńĨĶŅĔŅĶĞŉĴ
įƞŅĬœŀĬŘŜŅĸħĸĚŏıňĵĚŏĸŖĔĬƟŀĵȮĞŉŗĚěŃŏľŖĬĺƞŅĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮZnO ĪňŗĮĶŇĴŅĦȮ1#őħĵĬŘŜŅľĬńĔȮěŃĴňĔŅĶ
ĔńŘĬįƞŅĬœŀĬŘŜŅœħƟĴŅĔĪňŗĽŋħĞŉŗĚĽŀħėĸƟŀĚĔńĭĔŅĶĪħĽŀĭȮOxygen permeabilityȮĔƞŀĬľĬƟŅĬňŘȮĪńŘĚĬňŘĬƞŅěŃ
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ĴňŏľĨŋįĸŏĝƞĬŏħňĵĺĔńĭĔŅĶĞŉĴįƞŅĬŀŀĔĞŇŏěĬŐĸŃėŅĶƢĭŀĬœħŀŀĔœĞħƢȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĲƕĸƢĴȮPET-PBAT 
ĪňŗŏĨŇĴĶŃľĺƞŅĚ TiO2ȮŐĸŃȮZnO ıĭĺƞŅŒĬĮĶŇĴŅĦĔŅĶŏĨŇĴȮĪňŗȮ1#őħĵĬŘŜŅľĬńĔȮĕŀĚȮZnO ĬńŘĬěŃĴňĔŅĶĔńŘĬ
įƞŅĬœŀĬŘŜŅœħƟħňĔĺƞŅȮTiO2ȮŀĵƞŅĚœĶĔŖĨŅĴȮTiO2ȮĪňŗĴňĮĶŇĴŅĦŏıŇŗĴĴŅĔĕŉŘĬĔŖěŃĽŅĴŅĶĩĔńŘĬįƞŅĬĔƠŅĞœħƟĴŅĔĕŉŘĬȮ
ŐĨƞ ZnOȮĪňŗĮĶŇĴŅĦĴŅĔĕŉŘĬœĴƞĝƞĺĵŒľƟĔńŘĬįƞŅĬœŀĬŘŜŅœħƟĴŅĔĕŉŘĬ 
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ĭĪĪňŗȮ5 

ĽĶŋĮįĸĔŅĶĪħĸŀĚ 

5.1 ĽĶŋĮįĸĔŅĶĺŇěńĵ 

5.1.1 ĻŉĔļŅĻŉĔļŅĽĴĭńĨŇĕŀĚĲƕĸƢĴȮPET-PBAT ŒĬĽńħĽƞĺĬĨƞŅĚŕ 
ŒĬĚŅĬĺŇěńĵĬňŘœħƟĻŉĔļŅėŋĦĽĴĭńĨŇĕŀĚĲƕĸƢĴıŀĸŇŏŀĪňĸňĬŏĪŏĶĲĪŅŏĸĨȮ&Polyethylene 

Terephthalate'ȮĪňŗįĽĴıŀĸŇĭŇĺĪŇĸňĬŀŃħŇŏĮĨőėŏĪŏĶĲĪŅŏĸĨ&PET'ȮőħĵěŅĔĔŅĶĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸ
ĕŀĚĲƕĸƢĴȮPET-PBAT ıĭĺƞŅĪňŗĮĶŇĴŅĦȮPBAT ŏıŇŗĴĴŅĔĕŉŘĬȮěŃĪŜŅŒľƟĲƕĸƢĴĴňȮYoungŲs modulus ŐĸŃ 
Tensile strength ĸħĸĚŐĸŃĴňȮ#ȮElongation at break ŏıŇŗĴĴŅĔĕŉŘĬȮĞŉŗĚŏĮƦĬįĸěŅĔėŋĦĽĴĭńĨŇĕŀĚȮ
PBAT ĪňŗįĽĴŀĵŌƞŒĬĲƕĸƢĴĬńŘĬŏĮƦĬŀŇĸŅĽĨŇĔȮ&elastic'ȮıŀĸŇŏĴŀĶƢȮŐĨƞĪňŗĮĶŇĴŅĦĔŅĶŏĨŇĴȮ10#ȮĬńŘĬěŃĴňȮ
Tensile strength ĪňŗĽŌĚĔĺƞŅȮNeat PET ŀŅěŏĔŇħěŅĔĔŅĶĵŉħĨŇħĔńĬœħƟħňĕŀĚȮPET ŐĸŃȮPBATĪňŗĵŊĬĵńĬ
ħƟĺĵĽńĦģŅĬĺŇĪĵŅĪňŗœĴƞŏľŖĬĔŅĶŐĭƞĚŏĲĽĔńĬĕŀĚĲƕĸƢĴĪňŗĴňȮPBAT įĽĴŀĵŌƞĬƟŀĵĔĺƞŅȮ30 #őħĵĬŘŜŅľĬńĔȮŐĸŃ
ŐĽħĚŀŋĦľĳŌĴŇ Tg ŏıňĵĚėƞŅŏħňĵĺŒĬĔŅĶĪħĽŀĭħƟĺĵȮDSCȮŒĬĕĦŃĪňŗĮĶŇĴŅĦȮ40#ȮĬńŘĬĴňȮTgȮĽŀĚ
ĨŜŅŐľĬƞĚȮŐĸŃĔŅĶįĽĴȮPBAT ĬńŘĬěŃĪŜŅŒľƟĮĶŇĴŅĦįĸŉĔĕŀĚȮPET ŏıŇŗĴĕŉŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPBAT ĬńŘĬěŃ
ŏĮƦĬĨńĺĪňŗĝƞĺĵŒĬĔŅĶĔƞŀįĸŉĔȮ&nucleating agent'ȮŐĸŃěŅĔĪħĽŀĭħƟĺĵȮTGA ıĭĺƞŅĔŅĶĪňŗĴňĮĶŇĴŅĦȮ
PBAT ŏıŇŗĴĕŉŘĬȮĬńŘĬĵńĚĸħėŋĦĽĴĭńĨŇĕŀĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚĲƕĸƢĴŀňĔħƟĺĵȮŏĬŊŗŀĚěŅĔĔŅĶ
ĽĸŅĵĨńĺĕŀĚȮPBAT ŏĔŇħĪňŗŀŋĦľĳŌĴŇĨŗŜŅĔĺƞŅȮŐĸƟĺŏľĬňŗĵĺĬŜŅŒľƟĔŅĶĽĸŅĵĨńĺĕŀĚıŀĸŇŏĴŀĶƢįĽĴĽĸŅĵĨńĺ
ŏĶŖĺĕŉŘĬȮŐĸŃŒĬĔŅĶĻŉĔļŅŀńĨĶŅĔŅĶĞŉĴįƞŅĬŐĔƠĽŐĸŃœŀĬŘŜŅıĭĺƞŅĮĶŇĴŅĦ PBAT ŏıŇŗĴĴŅĔĕŉŘĬěŃĽƞĚįĸŒľƟ
ĲƕĸƢĴȮĴňĔŅĶĔńŘĬįƞŅĬŐĔƠĽŐĸŃœŀĬŘŜŅĪňŗĬƟŀĵĸĚ 

5.1.2 ĻŉĔļŅįĸĕŀĚȮTiO2 ŐĸŃ ZnO ĪňŗŏĨŇĴŒĬĲƕĸƢĴȮPET-PBATȮĨƞŀėŋĦĽĴĭńĨŇĕŀĚĲƕĸƢĴ 
ĔŅĶŏĨŇĴ TiO2ȮľĶŊŀ ZnO ĪňŗĮĶŇĴŅĦȮ1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚ

ĲƕĸƢĴŒĬĔŅĶĨƟŅĬĪŅĬŐĭėĪňŏĶňĵŐĸŃĮĶńĭĮĶŋĚėŋĦĽĴĭńĨŇŏĝŇĚĔĸȮőħĵŏĸŊŀĔĲƕĸƢĴĽŌĨĶĪňŗĴňĮĶŇĴŅĦȮ
PET-PBAT ŏĮƦĬ 90-10 ŏĬŊŗŀĚěŅĔėŋĦĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňŐĸŃĴňėĺŅĴŒĽȮıĭĺƞŅĔŅĶŏĨŇĴȮTiO2ȮŐĸŃ ZnO 
ĽŅĴŅĶĩĵńĭĵńŘĚĔŅĶŏěĶŇĠŏĨŇĭőĨĕŀĚŐĭėĪňŏĶňĵœħƟŐĸŃŏĴŊŗŀĮĶŇĴŅĦȮTiO2ȮľĶŊŀȮZnO ŏıŇŗĴĴŅĔĕŉŘĬĔŖěŃ
ĽŅĴŅĶĩĨƟŅĬĪŅĬŐĭėĪňŏĶňĵœħƟĴŅĔĕŉŘĬȮĞŉŗĚĔŅĶĵńĭĵńŘĚŐĭėĪňŏĶňĵĕŀĚȮZnO ěŃĽŅĴŅĶĩȮĵńĭĵńŘĚŐĭėĪňŏĶňĵœħƟ
ĴŅĔĔĺƞŅȮTiO2ȮŏĬŊŗŀĚěŅĔĴňĔŅĶĔĶŃěŅĵĨńĺĕŀĚŀĬŋĳŅėĕŀĚȮZnO ŒĬŏĬŊŘŀĲƕĸƢĴıŀĸŇŏĴŀĶƢįĽĴĪňŗħňĔĺƞŅĲƕĸƢĴ
ĪňŗĴňĔŅĶįĽĴȮTiO2ȮĞŉŗĚĔŅĶĔĶŃěŅĵĨńĺĪňŗœĴƞħňĬňŘĵńĚĽƞĚįĸĨƞŀȮTensile strength ĕŀĚĔŅĶŏĨŇĴȮTiO2ȮœĴƞŏıŇŗĴ
ėĺŅĴĪĬĨƞŀŐĶĚħŉĚȮĦȮěŋħĕŅħȮ&Tensile strength'ȮĪńŘĚĽŀĚĮĶŇĴŅĦȮĞŉŗĚȮTensile strengthȮĪńŘĚ 2 
ĮĶŇĴŅĦĕŀĚȮZnO ěŃĴňėƞŅĽŌĚĔĺƞŅĲƕĸƢĴ PET-PBAT ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚŀĵƞŅĚŏľŖĬœħƟĝńħȮŐĸŃĔŅĶ
ĪňŗŏĨŇĴŀĬŋĳŅėĕĬŅħœĴőėĶŏĴĨĶȮĪňŗĴňėĺŅĴŐĕŖĚȮ&Stiffness'ȮĴŅĔĔĺƞŅıŀĸŇŏĴŀĶƢȮŐĸŃĔĶŃěŅĵĨńĺŒĬŏĬŊŘŀ 
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ıŀĸŇŏĴŀĶƢĬńŘĬœħƟŏĕƟŅœĮĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞőĴŏĸĔŋĸŒĬĕĦŃĪňŗœħƟĶńĭŐĶĚħŉĚȮěŉĚĪŜŅŒľƟıŀĸŇŏĴŀĶƢ
ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĮĸňŗĵĬĶŌĮȮ&YoungŲs modulus'ȮĴŅĔĕŉŘĬĪńŘĚȮTiO2ȮŐĸŃȮZnO ěŅĔ
ĔŅĶĪħĽŀĭȮDSC ıĭĺƞŅŀŋĦľĳŌĴŇȮTg ĕŀĚĲƕĸƢĴȮPET-PBAT ěŃĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĨŇĴȮTiO2 1 ŐĸŃȮ2#
őħĵĬŘŜŅľĬńĔȮŐĸŃŏĨŇĴ ZnO 1 ŐĸŃȮ2#őħĵĬŘŜŅľĬńĔȮŏĬŊŗŀĚěŅĔĔŅĶĪňŗĴňŀĬŋĳŅėĕŀĚ TiO0ȮŐĸŃȮZnOȮ
ĕńħĕĺŅĚĔŅĶŏėĸŊŗŀĬĪňŗĕŀĚĽŅĵőĞƞŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬȮĪŜŅŒľƟŀŋĦľĳŌĴŇĔŅĶŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺĕŀĚ
ıŀĸŇŏĴŀĶƢĴňėƞŅĽŌĚĕŉŘĬȮŐĸŃĵńĚŏĮĸňŗĵĬŐĮĸĚĔŅĶŏĔŇħįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢįĽĴĽƞĚįĸĪŜŅŒľƟȮDegree of 
crystallinityȮĴňŏĮŀĶƢŏĞŖĬĨƢĨŗŜŅĸĚȮŐĸŃįĸěŅĔĔŅĶĪħĽŀĭȮTGA ıĭĺƞŅĔŅĶĽĸŅĵĨńĺĕŀĚĲƕĸƢĴĪňŗįĽĴȮ
TiO2ȮŐĸŃȮZnO ŏĔŇħĕŉŘĬĪňŗŀŋĦľĳŌĴŇĪňŗœĴƞŐĨĔĨƞŅĚĔńĬȮŐĨƞĪňŗĴňĔŅĶŏĨŇĴȮZnO ěŃĴňŐĬĺőĬƟĴŒĬĔŅĶŏĶŇŗĴ
ĽĸŅĵĨńĺĔƞŀĬŏĸŖĔĬƟŀĵȮěŅĔĔŅĶĪňŗȮZnO ĽŅĴŅĶĩŐĨĔĨńĺŏĮƦĬœŀŀŀĬŀŀĔœĞħƢœħƟĚƞŅĵŏĴŊŗŀœħƟĶńĭıĸńĚĚŅĬ
ėĺŅĴĶƟŀĬȮĞŉŗĚěŃŒľƟŏĮƦĬĨńĺĔĶŃĨŋƟĬŒľƟŏĔŇħĔŅĶĽĸŅĵĨńĺĪňŗŀŋĦľĳŌĴŇĨŗŜŅĸĚȮŐĸŃĽŜŅľĶńĭĔŅĶĻŉĔļŅŀńĨĶŅĔŅĶ
ĞŉĴįƞŅĬŐĔƠĽŐĸŃœŀĬŘŜŅıĭĺƞŅěŃĴňŀńĨĶŅĔŅĶĞŉĴįƞŅĬĸħĸĚŏĴŊŗŀŏĨŇĴȮTiO2ȮŐĸŃȮZnO ŏĬŊŗŀĚěŅĔĔŅĶĪňŗ
ŀĬŋĳŅėĕŀĚĽŅĶŏĨŇĴŐĨƞĚĪňŗŏĨŇĴŒĬĲƕĸƢĴĬńŘĬĕĺŅĚĪŅĚĔŅĶĞŉĴįƞŅĬĕŀĚŐĔƠĽĪŜŅŒľƟĶŃĵŃĪŅĚŒĬĔŅĶŏėĸŊŗŀĬĪňŗ
įƞŅĬĕŀĚŐĔƠĽĪňŗěŃįƞŅĬĲƕĸƢĴĬńŘĬŏıŇŗĴĴŅĔĕŉŘĬ 

5.2 ĕƟŀŏĽĬŀŐĬŃ 
5.2.1 ėĺĶĴňĔŅĶĻŉĔļŅėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚȮPET ŐĸŃȮPBAT ŏıŇŗĴŏĨŇĴĶĺĴœĮĩŉĚĔŅĶįĽĴĽŅĶ
ĝƞĺĵŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĝĬŇħĬňŘ 

5.2.2 ėĺĶĴňĔŅĶĪħĽŀĭŀńĨĶŅĔŅĶĞŉĴįƞŅĬŐĔƠĽŏŀĪŇĸňĬ (Ethylene gas) ŏĬŊŗŀĚěŅĔĽŅĴŅĶĩ
ĬŜŅœĮĮĶŃĵŋĔĨƢŒĝƟĽŜŅľĶńĭĲƕĸƢĴĵŊħŀŅĵŋįĸŇĨĳńĦĤƢĮĶŃŏĳĪįĸœĴƟȮŏĝƞĬȮĔĸƟĺĵ  
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