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ıŀĸŇœŁħĶŀĔĞňĭŇĺĪňŏĶĨ-őė-œŁħĶŀĔĞňĺŅĶňŏĸĨ (PHBV) ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňŐĨƞ

ĴňĕƟŀěŜŅĔńħėŊŀĴň processing window ĪňŗŐėĭ, ėĺŅĴĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔĪňŗĨŗŜŅ ŒĬĚŅĬĺŇěńĵĬňŘěŉĚ
ĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĶŃľĺƞŅĚ process ĕŀĚ PHBV įƞŅĬĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚ free 
radical ŐĸŃ condensation ĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸőħĵŏĭĸĬħƢ ĔńĭıŀĸŇĭŇĺĪňĸňĬĞńėĞŇŏĬĨőėŀŃħŇŏĮĨ 
(PBSA) ŐĸŃĪŜŅėŀĴőıĽŇĨőħĵĔŅĶŏĨŇĴŏĽƟĬŒĵĽńĮĮŃĶħ (SPF) ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅ 
free radical őħĵŏĨŇĴ di(tert-butylperoxyisopropyl)benzene (DB) 0.3 phr ĶƞĺĴĔńĭ triallyl 
isocyanurate (TAIC) 0.1 phr ĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚ free radical ŐĸŃ condensation őħĵŏĨŇĴ 
DB 0.3 phr, TAIC 0.1 phr ŐĸŃ multifunctional epoxy chain extender (ECE) 0.5 phr 
ĽŅĴŅĶĩĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŐĸŃĽŅĴŅĶĩėĺĭėŋĴėĺŅĴľĬŊħĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŀĚ 
PHBV œħƟ ĔŅĶŏĭĸĬħƢ PHBV ĶƞĺĴĔńĭ PBSA ĪňŗŀńĨĶŅĽƞĺĬ 80:20 ĪŜŅŒľƟĽĴĭńĨŇŏĝŇĚĔĸĸħĸĚŏĬŊŗŀĚěŅĔ
ėĺŅĴŏĕƟŅĔńĬœħƟœĴƞħňĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚ ŏĴŊŗŀŏĨŇĴ DB 0.3 phr, TAIC 0.1 phr ŐĸŃ ECE 0.5 phr 
ĪŜŅŒľƟıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚŏĕƟŅĔńĬœħƟħňĕŉŘĬőħĵĕĬŅħŀĬŋĳŅėĕŀĚ dispersed phase ĸħĸĚěŅĔ 2-10 ŏĮƦĬ 
0.3-1 micron, tensile strength ŏıŇŗĴĕŉŘĬěŅĔ 35.3 ŏĮƦĬ 38.1 MPa, elongation at break ŏıŇŗĴĕŉŘĬ
ěŅĔ 7.9 ŏĮƦĬ 20.9% ŐĸŃ impact strength ŏıŇŗĴĕŉŘĬěŅĔ 2.1 ŏĮƦĬ 3.7 kJ/m2 ĔŅĶŏĨŇĴŏĽƟĬŒĵĽńĮĮŃ
ĶħĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚħƟĺĵ maleic anhydride (TSPF) 5 phr ĶƞĺĴĔńĭĔŅĶŏĨŇĴ DB 0.3 phr, TAIC 
0.1 phr ŐĸŃ ECE 0.5 phr ĪŜŅŒľƟ WmsleŲqȮkmbsjsqȮŏıŇŗĴĕŉŘĬěŅĔ 1268 ŏĮƦĬ 1354 MPa őħĵĪňŗ 
Tensile strength ŐĸŃ elongation at break œĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĭĭĴňĬńĵĽŜŅėńĠŏĴŊŗŀ
ŏĮĶňĵĭŏĪňĵĭĔńĭ PHBV80/PBSA20/TSPF5 ŐĸŃ impact strength ĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔ 2.4 ŏĮƦĬ 3.3 
kJ/m2 ĬŀĔěŅĔĬňŘĵńĚœħƟĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŒľƟĽĳŅĺŃŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭŒĬĽĳŅĺŃĮĔĨŇŐĸŃĔŅĶ
ŒľƟĽĳŅĺŃŐĭĭŏĶƞĚ ıĭĺƞŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚ PHBV, PHBV/PBSA blends ŐĸŃ PHBV/PBSA/SPF 
composite ĴňŐĬĺőĬƟĴĸħĸĚŏĸŖĔĬƟŀĵľĸńĚěŅĔěńħŏĔŖĭĪňŗŀŋĦľĳŌĴŇ 30 °C ėĺŅĴĝŊŘĬ 70%RH ŏĮƦĬŏĺĸŅ 4 
ĽńĮħŅľƢ ŒĬĕĦŃĪňŗĽĴĭńĨŇŏĝŇĚĔĸĴňĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚŒĬĔĶĦňĪŜŅĔŅĶĪħĽŀĭŒĬĽĳŅĺŃŏĶƞĚ ŏĮƦĬŏĺĸŅ
ĪńŘĚľĴħ 4 ĽńĮħŅľƢőħĵ PHBV ĴňėƞŅ WmsleŲqȮkmbsjsqȮĸħĸĚ 36.4% , tensile strength ĸħĸĚ 
55.9% , elongation at break ĸħĸĚ 51.1% ŐĸŃ impact strength ĸħĸĚ 41.3% PHBV, 
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PHBV/PBSA blends ŐĸŃ PHBV/PBSA/SPF composites ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵœħƟĪńŘĚ
ŒĬĮƙŅĝŅĵŏĸĬŐĸŃĬŘŜŅĪŃŏĸĞŉŗĚıĭĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔĨńĺŀĵƞŅĚĨƞŀŏĬŊŗŀĚĶŃľĺƞŅĚĔŅĶĪħĽŀĭŏĮƦĬ
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ĺƞŅŏĮƦĬŀŇĪīŇıĸĕŀĚėĺŅĴŐĨĔĨƞŅĚĔńĬĕŀĚĮĶŃĝŅĔĶěŋĸŇĬĪĶňĵƢ 

 
 

 

 



  Ĝ 

ĭĪėńħĵƞŀĳŅļŅŀńĚĔķļ 

4/2.00/4Ȯ8ȮMajor (POLYMER SCIENCE AND ENGINEERING) 
Keyword : PHBV PBSA reactive blend pineapple fiber accelerated weathering 
condition 

MR. PONGSAKORN NUCHANONG : IMPROVEMENT OF MECHANICAL 
PROPERTIES AND INVESTIGATION OF THERMAL STABILITY OF PHBV WITH BIO-POLYMER 
BLEND AND POLYMER COMPOSITE METHOD THESIS ADVISOR : ASSOCIATE PROFESSOR 
SUPAKIJ SUTTIRUENGWONG, Dr.-Ing. 

Poly(hydroxybutylate-co-hydroxyvalerate (PHBV) possesses good mechanical 
properties. However, this polymer has limitations such as narrow processing window 
and low impact resistance. Therefore, in this research thermal stability during 
processing of PHBV was improved via combined reaction between free radical and 
condensation. Mechanical properties of PHBV were also improved by blending with 
poly(butylene succinate-co-adipate) (PBSA) and prepared short pine apple fiber (SPF) 
composite. Thermal stability of PHBV was enhanced via free radical reaction by 
adding di(tert-butylperoxyisopropyl)benzene (DB) 0.3 phr with triallyl 
isocyanurate (TAIC) 0.1 phr and combined reaction between free radical and 
condensation reactions using DB 0.3 phr, TAIC 0.1 phr and multifunctional epoxy 
chain extender (ECE) 0.5 phr. The melt viscosity of PHBV was maintained instead of 
gradually decreased during processing which indicated an improved thermal stability 
after applied with these reactive agents. Blending PHBV with PBSA without reactive 
agents deteriorated mechanical properties due to poor compatibility between these 
polymers. When DB 0.3 phr, TAIC 0.1 phr and ECE 0.5 phr were added, decreased 
dispersed phase sizes from 2-10 to 0.3-1 micron, increased tensile strength from 35.3 
to 38.1 MPa, elongation at break from 7.9 to 20.9 MPa and impact strength from 2.1 
to 3.7 kJ/m2 were observed. An incorporation of maleic anhydride treated SPF (TSPF) 
5 phr increased tensile strength from 35.3 to 41.2 MPa and decreased elongation at 
break from 7.9 to 6.4%. When DB 0.3 phr, TAIC 0.1 phr and ECE 0.5 phr were applied, 
glapc_qcbȮWmsleŲqȮkmbsjsqȮdpmkȮ/046ȮrmȮ/132ȮKN_ȮugrfȮ_lȮglqgelgdga_lrjwȮaf_lecbȮ
tensile strength and elongation at break when compared with PHBV80/PBSA20/TSPF5 
without reactive agent could be observed. Furthermore, mechanical properties 
stability of PHBV, PHBV/PBSA blends and PHBV/PBSA/SPF composites was also 
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studied under storage and accelerated condition. Under storage conditions at 30 °C 
with humidity of 70%RH for 4 weeks, slightly decreased mechanical properties could 
be observed. Meanwhile, mechanical properties gradually decreased during testing 
slbcpȮ_aacjcp_rcbȮamlbgrgml,ȮWmsleŲqȮkmbsjsqȮmdȮNF@TȮbcapc_qcbȮ14,2#*ȮrclqgjcȮ
strength decreased 55.9% and elongation at break decreased 41.3%. PHBV, 
PHBV/PBSA blends and PHBV/PBSA/SPF composite possessed marine biodegradability 
in mangrove and open sea water condition as observed by gradually decreased 
sample weight with testing time. In mangrove condition, higher degradation rate was 
observed which may be related to a difference in microbial population.  
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ĭĪĪňŗ 1 

ĭĪĬŜŅ 

1.1 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽŜŅėńĠĮƤĠľŅ  

 ĔŅĶŒĝƟĚŅĬıĸŅĽĨŇĔěŅĔŐľĸƞĚĮƕőĨĶŏĸňĵĴĬŜŅĴŅĞŉŗĚĮƤĠľŅĽŇŗĚŐĺħĸƟŀĴěŅĔĕĵŃıĸŅĽĨŇĔĪňŗĽŃĽĴ

ŐĸŃœĴƞĩŌĔĔŜŅěńħŀĵƞŅĚĩŌĔĺŇīňȮȮœĴƞĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟȮȮĮĶŃĔŀĭĔńĭĔŅĶŒĝƟĪĶńıĵŅĔĶěŅĔŐľĸƞĚ

ĮƕőĨĶŏĸňĵĴĪňŗŏĮƦĬĪĶńıĵŅĔĶĪňŗŒĝƟŐĸƟĺľĴħœĮȮĪŜŅŒľƟŒĬĮƤěěŋĭńĬĴňĔŅĶŐĔƟœĕĮƤĠľŅŏľĸƞŅĬňŘőħĵĔŅĶĺŇīňėŇħ

ŐĭĭŏĻĶļģĔŇěľĴŋĬŏĺňĵĬŐĸŃĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬĴŅŒĝƟȮŏĝƞĬȮĬŜŅıĸŅĽĨŇĔĔĸńĭĴŅŒĝƟŒľĴƞ, ĔŅĶŏĸŇĔľĶŊŀĸħ

ŒĝƟıĸŅĽĨŇĔŐĭĭŒĝƟėĶńŘĚŏħňĵĺĪŇŘĚ ĶĺĴœĮĩŉĚĔŅĶŒĝƟıĸŅĽĨŇĔĝňĺĳŅıĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵĪŅĚĝňĺĳŅıŒĬ

ĳŅĺŃīĶĶĴĝŅĨŇȮĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗįĸŇĨœħƟěŅĔĪĶńıĵŅĔĶĪňŗĬŜŅĔĸńĭĴŅŒĝƟŒľĴƞœħƟŐĸŃĽŅĴŅĶĩĵƞŀĵĽĸŅĵ

œħƟĪŅĚĝňĺĳŅıŏĝƞĬȮŏĪŀĶƢőĴıĸŅĽĨŇĔĽĨŅĶƢĝ (Thermoplastic starch (TPS)), ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ

(Poly(lactic acid) (PLA)), ıŀĸŇĭŇĺĪňĸňĬĞńėĞŇŏĬĨ (Poly(butylene succinate)) ĶĺĴœĮĩŉĚıŀĸŇŏĴŀĶƢ

ŒĬĔĸŋƞĴıŀĸŇœŁħĶŀĔĞňŀńĸėŅőĬŏŀĨȮ(Polyhydroxyalkanoate (PHAs)) ĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗįĸŇĨœħƟěŅĔ

ěŋĸŇĬĪĶňĵƢ  

ıŀĸŇœŁħĶŀĔĞňĭŇĺĪňŏĶĨ-őė-œŁħĶŀĔĞňĺŅĶňŏĸĨȮ(Poly(hydroxybutylate-co-

hydroxyvalerate) (PHBV)) ŏĮƦĬľĬŉŗĚŒĬıŀĸŇŏĴŀĶƢŒĬĔĸŋƞĴȮPHAs  őħĵŏĮƦĬőėıŀĸŇŏĴŀĶƢĶŃľĺƞŅĚıŀ

ĸŇœŁħĶŀĔĞňĭŇĺĪňŏĶĨ (Polyhydroxybutyrate (PHB)) ŐĸŃıŀĸŇœŁħĶŀĔĞňĺŅĶňŏĸĨȮ

(PolyhydroxyvalerateȮ(PHV))ȮőħĵȮPHB ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴĪĬĨƞŀŐĶĚħŉĚŐĸŃĴŀħŌĸńĽĽŌĚȮŐĨƞĴň

ĕƟŀěŜŅĔńħŀĵŌƞĭŅĚĮĶŃĔŅĶĪňŗĽŜŅėńĠŒĬĔŅĶĬŜŅĴŅŒĝƟĚŅĬėŊŀĴňȮprocessing window ĪňŗŐėĭ, ėĺŅĴĪĬĪŅĬ

ĨƞŀŐĶĚĔĶŃŐĪĔ (Impact resistance) ĪňŗĨŗŜŅȮ[1, 2] ĔŅĶŏıŇŗĴĽƞĺĬĕŀĚȮHVȮŏĕƟŅœĮŒĬȮPHBV ěŃĪŜŅŒľƟȮ

PHBV ĴňėĺŅĴĪĬĪŅĬĨƞŀŐĶĚĔĶŃŐĪĔȮ(Impact resistance), ėĺŅĴŏľĬňĵĺ (Toughness), ėĺŅĴ

ĵŊħľĵŋƞĬ (Flexibility) ĪňŗĴŅĔĕŉŘĬŐĸŃĪŜŅŒľƟŀŋĦľĳŌĴŇĔŅĶľĸŀĴĸħĸĚȮPHBV ĪňŗĴňĮĶŇĴŅĦȮ

hydroxyvalerateȮ(HV) ĨŗŜŅ ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗħňĴňėĺŅĴĪĬĨƞŀŐĶĚħŉĚĮĶŃĴŅĦȮ39 

MPa, ĴŀħŌĸńĽĮĶŃĴŅĦ 1600-2100 MPa ĬŀĔěŅĔĬňŘıŀĸŇŏĴŀĶƢĝĬŇħĬňŘĵńĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĽŅĴŅĶĩ

ĽĸŅĵĨńĺœħƟĪŅĚĝňĺĳŅıȮ(Compostable plastic) ŐĸŃĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟŒĬĬŘŜŅĪŃŏĸ ŐĨƞȮPHBV 

ĵńĚėĚĴňĕƟŀŏĽňĵėŊŀŏĮƦĬıŀĸŇŏĴŀĶƢŏĮĶŅŃȮ(Brittle) ĴňȮelongation at break ĮĶŃĴŅĦȮ 5ů7%, ĴňėĺŅĴ

ŏĽĩňĵĶĪŅĚėĺŅĴĶƟŀĬĨŗŜŅ (Low thermal stability) ŐĸŃĴňĶŅėŅŐıĚȮY0, 1[ 



  0 

ŒĬĚŅĬĺŇěńĵĬňŘěŉĚĴňŐĬĺėŇħĪňŗěŃĮĶńĭĮĶŋĚŏĽĩňĵĶĪŅĚėĺŅĴĶƟŀĬŐĸŃėĺŅĴŏĮĶŅŃĕŀĚȮPHBV őħĵŒĝƟ

ĔĶŃĭĺĬĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮĔńĭıŀĸŇĭŇĺĪňĸňĬĞńėĞŇŏĬĨőėŀŃħŇŏĮĨȮ(Poly(butylene succinate-

co-adipate), PBSA) ŐĸŃŏĨŇĴ short pineapple fiber (SPF) ıĶƟŀĴĪńŘĚĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸ,ȮĽĴĭńĨŇ

ĔŅĶĔĶŃŐĪĔ,Ȯ ĽĴĭńĨŇŏĝŇĚėĺŅĴĶƟŀĬ,Ȯ ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸȮ(marineȮ

biodegradability) ĕŀĚȮPHBV/PBSA blends ŐĸŃȮPHBV/PBSA/SPF composites ŒĬĽĳŅĺŃĮƙŅ

ĝŅĵŏĸĬŐĸŃĬŘŜŅĪŃŏĸȮĶĺĴœĮĩŉĚĻŉĔļŅėĺŅĴŏĽĩňĵĶĕŀĚĽĴĭńĨŇŏĝŇĚĔĸľĸńĚěŅĔįƞŅĬĔŅĶŒľƟĽĳŅĺŃŏĶƞĚȮ

(accelerated weathering condition)  

1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 

1.2.1 ŏıŊŗŀĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŒĬĔĶŃĭĺĬĔŅĶȮprocess 

1.2.2 ŏıŊŗŀĻŉĔļŅ mechanical stability propertiesȮĕŀĚȮPHBV,ȮPHBV/PBSA blendsȮŐĸŃȮ

PHBV/PBSA/short pineapple fiber composite ĳŅĵŒĨƟȮaccelerated weathering condition 

1.2.3 ŏıŊŗŀĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĔŅĶĔĶŃŐĪĔĕŀĚȮPHBV ħƟĺĵĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮĔńĭȮ

bio-plastic ŐĸŃĪŜŅȮcomposite ħƟĺĵĔŅĶŏĨŇĴȮshort pine apple fiber 

1.2.4 ŏıŊŗŀĻŉĔļŅȮmarineȮbiodegradability ĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮ

PHBV/PBSA/short pineapple fiber composite  

1.3 ŐĬĺėŇħĕŀĚĚŅĬĺŇěńĵ 

ŒĬĚŅĬĺŇěńĵĬňŘœħƟĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV įƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical 

ĶƞĺĴĔńĭ condensation őħĵŏĨŇĴȮperoxide, coagent ŐĸŃȮchain extender,ȮĽĴĭńĨŇŏĝŇĚĔĸŐĸŃ

ĽĴĭńĨŇĔŅĶĔĶŃŐĪĔĕŀĚȮPHBV őħĵŏĭĸĬħƢĔńĭȮPBSA ŐĸŃŏĨĶňĵĴȮPHBV composite őħĵŒĝƟ short 

pineapple fiber įƞŅĬĔĶŃĭĺĬĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮıĶƟŀĴĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵ

ĽĸŅĵŒĬĪŃŏĸĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮPHBV/PBSA/SPF composite ĶĺĴœĮĩŉĚ

ĻŉĔļŅėĺŅĴŏĽĩňĵĶĕŀĚĽĴĭńĨŇŏĝŇĚĔĸȮ(mechanical stability properties) ĳŅĵŒĨƟĽĳŅĺŃŏĶƞĚȮ

&accelerated weathering condition) 

1.4 ĕŀĭŏĕĨŐĸŃĕƟŀěŜŅĔńħĕŀĚĚŅĬĺŇěńĵ 

1.4.1 ŒĝƟȮPHBV ĪňŗĴňȮHV ĮĶŃĴŅĦȮ1-/.% 

1.4.2 PHBV ŏĭĸĬħƢĔńĭȮPBSA  
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1.4.3 Short pineapple fiber ĪňŗŒĝƟĴňėĺŅĴĵŅĺœĴƞŏĔŇĬȮ6 mm,Ȯdiameter œĴƞŏĔŇĬȮ100 micrometer 

őħĵŏĨŇĴȮpineapple fiber œĴƞŏĔŇĬȮ30% 

1.4.4 ĔŅĶŏĭĸĬħƢŐĸŃĪŜŅȮcomposite ħŜŅŏĬŇĬĔŅĶŒĬŏėĶŊŗŀĚȮinternal mixer  

1.5 ĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵőħĵĽĶŋĮ 

1.5.1. ĻŉĔļŅŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

1.5.2. ŀŀĔŐĭĭĺŇīňĔŅĶĪħĸŀĚŐĸŃĺŅĚŐįĬĔŅĶĪħĸŀĚ 

1.5.3. ěńħľŅĺńĽħŋŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

1.5.4. ħŜŅŏĬŇĬĚŅĬĺŇěńĵőħĵŐĭƞĚŀŀĔŏĮƦĬȮ4ȮĽƞĺĬ 

/,3,3ȮĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮįĸĔŅĶĺŇěńĵ 

/,3,4ȮĬŜŅŏĽĬŀĽƞĺĬľĬŉŗĚĕŀĚįĸĚŅĬĺŇěńĵŒĬĚŅĬĽńĴĴĬŅĪŅĚĺŇĝŅĔŅĶ 

1.5.7 ĪŜŅĶŅĵĚŅĬįĸĔŅĶĺŇěńĵ 

1.5.8 ĔŅĶĽŀĭĚŅĬĺŇěńĵ 

1.6 ĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

1.6.1 ĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŒĬĶŃľĺƞŅĚĕŉŘĬĶŌĮĕŀĚȮPHBV 

  ĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ħŜŅŏĬŇĬĔŅĶĮĶńĭĮĶŋĚőħĵįƞŅĬ

ĮĢŇĔŇĶŇĵŅŒĬȮ3 ĸńĔļĦŃėŊŀȮ1.ĮĢŇĔŇĶŇĵŅȮfree radical őħĵŒĬĽƞĺĬĕŀĚĮĢŇĔŇĶŇĵŅȮfree radical ĬňŘěŃŐĭƞĚ

ŀŀĔŏĮƦĬȮ2 ĶŃĭĭėŊŀĶŃĭĭĪňŗĴňĔŅĶŏĨŇĴȮfree radical initiator őħĵŒĬĪňŗĬňŘėŊŀȮ

Di(tertbutylperoxyisopropyl)benzeneȮ(DB) ŏıňĵĚŀĵƞŅĚŏħňĵĺŒĬĮĶŇĴŅĦȮ0.1-0.3 phr ŐĸŃĶŃĭĭ

ĪňŗĴňĔŅĶŏĨŇĴ DB 0.1-0.3 phr ĶƞĺĴĔńĭȮcoagent ĞŉŗĚėŊŀȮTriallyl isocyanurate (TAIC) ŒĬĮĶŇĴŅĦȮ

0.1-0.3 phr 2.ĮĢŇĔŇĶŇĵŅȮcondensation ħŜŅŏĬŇĬĔŅĶőħĵŏĨŇĴȮMulti-functional epoxy chain 

extender (ECE) ŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬȮ0.5-2 phr ŐĸŃ 3.ĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical 

ŐĸŃȮcondensation őħĵŏĨŇĴȮDB ĶƞĺĴĔńĭȮTAIC ŐĸŃȮECE őħĵĪŜŅĔŅĶįĽĴħƟĺĵŏėĶŊŗŀĚįĽĴĳŅĵŒĬ

ŐĭĭĮƕħȮ(internal mixer) ĪňŗŀŋĦľĳŌĴŇȮ180 °CȮėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀĬŅĪňȮěŅĔĬńŘĬěŉĚĬŜŅ

ĨńĺŀĵƞŅĚĪňŗœħƟœĮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸ, ėĺŅĴľĬŊħĕŀĚıŀĸŇŏĴŀĶƢ, ĽĴĭńĨŇŏĝŇĚėĺŅĴĶƟŀĬȮĶĺĴœĮĩŉĚőėĶĚĽĶƟŅĚ

ĪŅĚŏėĴňĕŀĚıŀĸŇŏĴŀĶƢľĸńĚĪŜŅĔŅĶĮĶńĭĮĶŋĚ 
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 1.6.2 ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV őħĵĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮŐĸŃĪŜŅıŀĸŇŏĴŀĶƢ

ėŀĴőıĽŇĨ 

  1.6.2.1ȮĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV őħĵŏĭĸĬħƢĔńĭȮPBSA 

  ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV ħŜŅŏĬŇĬĔŅĶőħĵŏĭĸĬħƢȮPBSA ĞŉŗĚŏĮƦĬȮsoft 
polymer ĔńĭȮPHBV ĪňŗŀńĨĶŅĽƞĺĬȮPHBV:PBSA 80:20 őħĵĴňĔŅĶŏĨŇĴȮDB, TAIC ŐĸŃȮECE ŏıŊŗŀŒĝƟŒĬ
ĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŐĸŃŒĝƟŏĮƦĬĽŅĶŒĬĔŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĞŉŗĚħŜŅŏĬŇĬĔŅĶŏĭĸĬħƢ
ħƟĺĵŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮ(internal mixer) ĪňŗŀŋĦľĳŌĴŇȮ180 °C ħƟĺĵėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀĬŅĪňȮ
ŏĮƦĬŏĺĸŅȮ10 ĬŅĪň ěŅĔĬńŘĬěŉĚĬŜŅĨńĺŀĵƞŅĚĪňŗœħƟœĮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸ 

  1.6.2.2 ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV/PBSA blends őħĵĪŜŅıŀĸŇŏĴŀĶƢėŀĴ

őıĽŇĨħƟĺĵŏĽƟĬŒĵĽńĮĮŃĶħ 

  ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV/PBSA blend ħŜŅŏĬŇĬĔŅĶőħĵŏĨŇĴŏĽƟĬŒĵĽńĮĮŃ
ĶħȮ(short pineapple fiber, SPF) ĪňŗĮĶŇĴŅĦȮ5 phr őħĵŒĝƟŏĽƟĬŒĵȮ2 ŐĭĭėŊŀ 1.ŏĽƟĬŒĵĽńĮĮŃĶħĪňŗœĴƞ
įƞŅĬĔŅĶĮĶńĭĮĶŋĚįŇĺȮ(SPF) ŐĸŃ 2.ŏĽƟĬŒĵĽńĮĮŃĶħĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚįŇĺȮ(TSPF) ĪňŗĮĶńĭĮĶŋĚįŇĺĕŀĚȮ
SPF ħƟĺĵȮmaleic anhydride (MA) ĪňŗĮĶŇĴŅĦȮ2%wt ĕŀĚĬŘŜŅľĬńĔŏĽƟĬŒĵőħĵŐĝƞȮSPFȮŒĬĽŅĶĸŃĸŅĵȮ
MA ŐĸŃŀĭĪňŗŀŋĦľĳŌĴŇȮ80 °C ŏĮƦĬŏĺĸŅȮ24 ĝńŗĺőĴĚȮŒĬĔŅĶįĽĴħŜŅŏĬŇĬĔŅĶőħĵĔŅĶįĽĴħƟĺĵŏėĶŊŗŀĚįĽĴ
ŐĭĭĮƕħȮ(internal mixer) ĪňŗŀŋĦľĳŌĴŇȮ180 °C ħƟĺĵėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ10 
ĬŅĪň ěŅĔĬńŘĬěŉĚĬŜŅĨńĺŀĵƞŅĚĪňŗœħƟœĮĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸ 

 1.6.3 ĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮ

PHBV/PBSA/SPF composite ŒĬĔŅĶěńħŏĔŖĭŒĬĽĳŅĺŃĮĔĨŇŐĸŃĔŅĶŒľƟĽĳŅĺŃŏĶƞĚ 

 1.6.3.1 ĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮ

PHBV/PBSA/SPF composite ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭŒĬĽĳŅĺŃĮĔĨŇ 

ĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘħŜŅŏĬŇĬĔŅĶĬŜŅĝŇŘĬĚŅĬŒĽƞĨŌƟėĺĭėŋĴėĺŅĴĝŊŘĬȮ(Stability test chamber) Īňŗ
ŀŋĦľĳŌĴŇȮ30 °C ėĺŅĴĝŊŘĬȮ70%RH ŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢȮőħĵĪŜŅĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĽńĮħŅľƢĸŃȮ1 ėĶńŘĚŏıŊŗŀ
ĨŇħĨŅĴĽĴĭńĨŇŏĝŇĚĔĸŒĬŐĨƞĸŃĽńĮħŅľƢ 

1.6.3.2 ĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮ

PHBV/PBSA/SPF composite ŒĬĽĳŅĺŃŏĶƞĚ 

ĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘħŜŅŏĬŇĬĔŅĶĬŜŅĝŇŘĬĚŅĬŒĽƞŒĬŏėĶŊŗŀĚĪħĽŀĭėĺŅĴŏĽŊŗŀĴĳŅĵŒĨƟĽĳŅĺŃŏĶƞĚȮ
(Accelerated weathering tester) őħĵŒĝƟĽĳŅĺŃĨŅĴĴŅĨĶģŅĬȮASTM G154 őħĵĴňĔŅĶĜŅĵŐĽĚȮ
UVB ĪňŗŀŋĦľĳŌĴŇȮ60 °C ŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚȮěŅĔĬńŘĬěŉĚŒľƟĝŇŘĬĚŅĬŀĵŌƞĳŅĵŒĨƟĽĳŅĺŃŐĭĭȮcondensation 
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ĪňŗŀŋĦľĳŌĴŇȮ50 °C ŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚ ŏĮƦĬŏĺĸŅĪńŘĚľĴħȮ4 ĽńĮħŅľƢȮőħĵĪŜŅĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĽńĮħŅľƢĸŃȮ1 
ėĶńŘĚŏıŊŗŀĨŇħĨŅĴĽĴĭńĨŇŏĝŇĚĔĸŒĬŐĨƞĸŃĽńĮħŅľƢ 

1.6.4 ĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸĨŅĴīĶĶĴĝŅĨŇĕŀĚȮPHBV, 

PHBV/PBSA blends ŐĸŃȮPHBV/PBSA/SPF composites 

ĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘħŜŅŏĬŇĬĔŅĶőħĵĬŜŅĝŇŘĬĚŅĬĪňŗœħƟĭĶĶěŋĸĚŒĬĩŋĚĨŅĕƞŅĵŐĸŃĬŜŅœĮœĺƟŒĬĪŃŏĸĪňŗȮĻŌĬĵƢĺŇěńĵ

ĪĶńıĵŅĔĶĪŅĚĪŃŏĸŐĸŃĝŅĵİƤƧĚŀƞŅĺœĪĵİƤƧĚĨŃĺńĬŀŀĔȮŏĸĕĪňŗ1.7ȮĴ,/ȮĨ,ĮŅĔĬŘŜŅĔĶŃŐĽȮŀ,ŐĔĸĚȮě,

ĶŃĵŀĚȮ0//5.ȮőħĵĬŜŅĝŇŘĬĚŅĬœĮŒĽƞœĺƟŒĬıŊŘĬĪňŗȮ2 ĸńĔļĦŃėŊŀĮƙŅĝŅĵŏĸĬȮ(mangrove field) ĪňŗıŇĔńħ

/0,476006ȮN /./,5.2074ȮE ŐĸŃĸŀĵŒĬĬŘŜŅĪŃŏĸȮ(open sea water) ĪňŗıŇĔńħȮ/0,476135ȮN 

/./,5.10/1ȮEȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢȮőħĵĪŜŅĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĽńĮħŅľƢĸŃȮ1 ėĶńŘĚȮŒĬĔŅĶĨŇħĨŅĴ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵĕŀĚĨńĺŀĵƞŅĚħŜŅŏĬŇĬĔŅĶőħĵĨŇħĨŅĴĔŅĶŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚĬŘŜŅľĬńĔĕŀĚ

ĨńĺŀĵƞŅĚŒĬĝƞĺĚŏĺĸŅĨƞŅĚŕŒĬĔŅĶĪħĽŀĭ 

1.7 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

1.7.1ȮĽŅĴŅĶĩĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV œħƟ 

1.7.2ȮĽŅĴŅĶĩĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĔŅĶĔĶŃŐĪĔĕŀĚȮPHBV ěŅĔĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮ

ŐĸŃĶňŏŀŖĔĪňĮėŀĴőıĽŇĨĔńĭȮPBSA ŐĸŃȮshortȮpineapple fiber œħƟ 

1.7.3ȮĽŅĴŅĶĩĮĶŃŏĴŇĬėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮ

PHBV/PBSA/SPF composite ŒĬĬŘŜŅĪŃŏĸȮœħƟ 

1.7.4 ĽŅĴŅĶĩĮĶŃŏĴŇĬĔŅĶĪĬĪŅĬĨƞŀĽĳŅıŐĺħĸƟŀĴĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮ

PHBV/PBSA/SPF composite ěŅĔĔŅĶĪħĽŀĭŒĬĽĳŅĺŃȮaccelerated weathering 
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ĭĪĪňŗ 2 

ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚŐĸŃŏŀĔĽŅĶŀƟŅĚŀŇĚ 

2.1 ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

Yoshihiro AoyagiȮȮŐĸŃėĦŃȮY2[ȮœħƟĻŉĔļŅȮthermal degradation ĕŀĚȮPHB őħĵŒľƟ

ĽĳŅĺŃŐĭĭȮisothermal temperature ĪňŗŀŋĦľĳŌĴŇȮ170 °C ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮnumber 

average degree of polymerization (Pn) ĕŀĚȮPHB ĴňĔŅĶĸħĸĚŀĵƞŅĚĶĺħŏĶŖĺŒĬĸńĔļĦŃĪňŗŏĮƦĬȮ

non-linear relationship ĔńĭŏĺĸŅŒĬĶŃľĺƞŅĚĔŅĶŒľƟĽĳŅĺŃĕƟŅĚĨƟĬŒĬĝƞĺĚȮ10 ĬŅĪňŐĶĔĕŀĚĔŅĶ

ĪħĽŀĭőħĵĪňŗėƞŅȮ1/PnȮŐĮĶįńĬĨĶĚĔńĭŏĺĸŅħńĚĽĴĔŅĶĪňŗȮ1ȮŐĽħĚŒľƟŏľŖĬĺƞŅ PHB ŏĔŇħĔŅĶȮdegrade 

ŐĭĭȮrandom chain scission ŒĬĝƞĺĚŐĶĔĕŀĚĔŅĶŏĔŇħȮthermal degradation őħĵĪňŗĬŘŜŅľĬńĔĕŀĚȮ

PHB œĴƞŏĮĸňŗĵĬŐĮĸĚŐĽħĚŒľƟŏľŖĬĺƞŅœĴƞĴňĔŅĶŏĔŇħȮvolatile ĕŉŘĬĴŅŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭĔŅĶŏĮƦĬŏĺĸŅȮ

30 ĬŅĪň 

ȟ
Ὧὸ

ȟ
                   (1) 

őħĵĪňŗȮPn,t ŐĸŃȮPn,0 ėŊŀȮnumber average degree of polymerization ĪňŗŏĺĸŅȮt ŐĸŃȮ0 

ĨŅĴĸŜŅħńĭȮŐĸŃȮkd ėŊŀȮrate constant ĕŀĚĔŅĶŏĔŇħȮdegradation 

 Hengxue XiangȮŐĸŃėĦŃ [5] œħƟĻŉĔļŅȮthermal depolymerization mechanism ĕŀĚȮ

PHBV ıĭĺƞŅĬŘŜŅľĬńĔĕŀĚȮPHBVȮĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞĴňĬńĵĽŜŅėńĠĩŉĚŐĴƟěŃŒľƟŀŋĦľĳŌĴŇĪňŗȮ180 °C 

ŏĮƦĬŏĺĸŅȮ30 ĬŅĪňŒĬĕĦŃĪňŗȮMnȮĕŀĚȮPHBV ĴňĔŅĶĸħĸĚěŅĔȮ110,990 g/mol œĮŏĮƦĬȮ21,050 g/mol 

őħĵĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŀŋĦľĳŌĴŇĪħĽŀĭĴňįĸĪŜŅŒľƟ Mn ĕŀĚȮPHBV ĴňėƞŅĸħĸĚĴŅĔĕŉŘĬȮŒĬĕĦŃĪňŗȮPDI ĴňėƞŅ

ŏıŇŗĴĕŉŘĬľĸńĚěŅĔĪŜŅĔŅĶĪħĽŀĭħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.1ȮěŅĔįĸĔŅĶĪħĸŀĚŐĽħĚŒľƟŏľŖĬĩŉĚŀŇĪīŇıĸĕŀĚ

ŀŋĦľĳŌĴŇĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭȮŏĴŊŗŀŀŋĦľĳŌĴŇĴňėƞŅĽŌĚĔĺƞŅŀŋĦľĳŌĴŇľĸŀĴŏľĸĺĕŀĚȮPHBV ěŃĪŜŅŒľƟ

ŏĔŇħĮĢŇĔŇĶŇĵŅȮchain scission ĕŉŘĬĽƞĚįĸŒľƟĴňĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔőĴŏĸĔŋĸŀĵƞŅĚĨƞŀŏĬŊŗŀĚĶƞĺĴĔńĭĔŅĶ

ŏıŇŗĴĕŉŘĬĕŀĚȮPDIȮĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅȮactivation energy, ɲEtd ŒĬĔŅĶŏĔŇħȮthermal degradation 

ĕŀĚȮPHBV ŒĬĽĳŅĺŃȮnitrogen ŐĸŃȮair œĴƞŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠŏĴŊŗŀȮweight loss fraction 

ĴňėƞŅĨŗŜŅĔĺƞŅȮ50% ŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀȮweight loss fraction ĴňėƞŅĴŅĔĔĺƞŅȮ50% ěŃĪŜŅŒľƟ ɲEtdȮĳŅĵŒĨƟ

ĽĳŅĺŃȮnitrogen ĴňėƞŅĽŌĚĔĺƞŅŒĬĽĳŅĺŃȮair ŐĽħĚŒľƟŏľŖĬĺƞŅĔƠŅĞŀŀĔĞŇŏěĬœĴƞœħƟĴňŀŇĪīŇıĸŒĬĔŅĶĪŜŅŒľƟȮ

PHBV ŏĔŇħĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŒĬĝƞĺĚŐĶĔĕŀĚĔŅĶĽĸŅĵĨńĺ ŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀȮweight loss 



  5 

fraction ĴňėƞŅĽŌĚĔĺƞŅȮ50%Ȯintermediate product ĪňŗŏĔŇħĕŉŘĬĴňėĺŅĴȮsensitive ĨƞŀȮoxygen ĪŜŅŒľƟȮ

ɲEtdȮŒĬĽĳŅĺŃȮoxygen ĴňėƞŅĨŗŜŅĔĺƞŅĳŅĵŒĨƟĽĳŅĺŃĔƠŅĞœĬőĨĶŏěĬħńĚŐĽħĚĨŅĶŅĚĪňŗȮ2.2 

ĨŅĶŅĚĪňŗȮ0,/ŀŇĪīŇıĸĕŀĚȮisothermal temperature ĨƞŀĬŘŜŅľĬńĔőĴŏĸĔŋĸŐĸŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚ
ĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮPHBV ľĸńĚĪŜŅĔŅĶĪħĽŀĭŏĮƦĬŏĺĸŅȮ30 ĬŅĪňȮ[5] 

 

ĨŅĶŅĚĪňŗȮ0,0 activation energy ĕŀĚȮPHBV ĪňŗȮweight loss fraction ĨƞŅĚŕȮ[5] 

 

ŒĬľĸŅĵĚŅĬĺŇěńĵĪňŗįƞŅĬĴŅ[4-6]ȮœħƟĶŅĵĚŅĬŏĔňŗĵĺĔńĭĔŅĶŏĔŇħȮthermal degradation ĕŀĚȮ

PHBV őħĵįƞŅĬȮbeta elimination random chain scission őħĵŏĔŇħįƞŅĬȮsix-membered ring 

transition state ŏĬŊŗŀĚěŅĔȮC atom ĪňŗĨŜŅŐľĬƞĚȮalpha ĕŀĚȮester oxygen ĴňȮelectron donating 

effect ĪňŗħňŒĬĕĦŃĪňŗȮmethylene group ĪňŗĨŜŅŐľĬƞĚȮbeta ĕŀĚȮester oxygen ĴňȮnegative 

inductive effect ĪňŗħňĽƞĚįĸŒľƟŏĔŇħĔŅĶĕŅħĕŀĚĽŅĵőĞƞȮPHBV œħƟĚƞŅĵőħĵŏĔŇħįƞŅĬȮtransition state 

ħńĚĔĸƞŅĺĽƞĚįĸŒľƟĴňĔŅĶŏĔŇħĕŉŘĬĴŅĕŀĚȮcarboxylic ended group ŐĸŃȮvinyl ended group 

oligomer ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.1  
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ĶŌĮĪňŗȮ0,/ ĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV įƞŅĬĔŅĶŏĔŇħȮsix-membered ring transition 
state 

Ting Zhenga ŐĸŃėĦŃȮY5[ȮœħƟĪŜŅĔŅĶŏĨĶňĵĴȮPHBV/cellulose nanocrystal (CNCs) 

composite őħĵĴňĔŅĶŏĨĶňĵĴȮcoupling agent ėŊŀȮPHBV-g-Glycidyl methacrylate (GMA) őħĵ

ŒĝƟȮreactive extrusion process őħĵŒĝƟȮDCP ŏĮƦĬȮinitiator ıĭĺƞŅĽŅĴŅĶĩȮgraft GMA ĸĚĭĬȮ

PHBV œħƟěĶŇĚĞŉŗĚıĭȮpeak ĪňŗȮwavenumber 908 cm-1 ĭƞĚĭŀĔĩŉĚľĴŌƞȮepoxide őħĵȮ%grafting 

ĕŉŘĬŀĵŌƞĔńĭȮGMA content ĴŅĔĔĺƞŅȮinitiator concentration őħĵĪňŗȮgrafting reaction ĪŜŅŒľƟȮMn 

ŐĸŃȮMw ŏıŇŗĴĕŉŘĬȮħńĚĶŌĮĪňŗ 2.2 

 

ĶŌĮĪňŗȮ0,0 ĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚ PHBV ŐĸŃ PHBV-g-GMA: (a) FTIR spectrum ŐĸŃ (b) GPC 
chromatograms ĕŀĚĨńĺŀĵƞŅĚ P0 ĩŉĚ P3 [7] 

Clement Matthew Chana ŐĸŃėĦŃȮY6[ȮœħƟĻŉĔļŅĔŅĶŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮBoron 

nitride(BN) ŐĸŃȮtalc ŒĬȮradiate pine wood flour/PHBV composite őħĵĴňĔŅĶŏĨŇĴĮĶŇĴŅĦȮ

wood ėĸƟŅĵĔńĭȮcommercial wood plastic composite ŒĬĚŅĬĺŇěńĵĬňŘĪŜŅĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚőħĵ
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ŒĝƟȮsingle-step extrusion process ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅĪńŘĚȮBN ĪňŗȮ1%wt ŐĸŃȮtalc ĪňŗȮ5%wt 

ŐĽħĚȮnucleating effect ŒĬĔŅĶŏĔŇħįĸŉĔőħĵȮBN ĴňĮĶŃĽŇĪīŇĳŅıĪňŗħňĔĺƞŅȮĔŅĶŏĨŇĴȮtalc 5 ŐĸŃȮ

10%wt ĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮtensile strength ŐĸŃ tensile modulus ĕŀĚȮPHBV/wood 

flour composite (50/50 w/w) composite őħĵȮmicron-sized talc œħƟŏĕƟŅœĮŏĨŇĴŒĬĝƞŀĚĺƞŅĚĕŀĚȮ

composite 

Elisabeta Elena Tȑl_qcȮŐĸŃėĦŃȮY7[ȮœħƟĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHB őħĵĔŅĶŏĨŇĴȮ

natural fiber ŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬĨńŘĚŐĨƞȮ2% ĩŉĚȮ10% ěŅĔĚŅĬĺŇěńĵıĭĺƞŅĔŅĶŏĨŇĴȮCellulose 

fiber (CF) ĸĚŒĬȮpolymer matrix ĴňįĸĪŜŅŒľƟȮmelt viscosity ĸħĸĚĽƞĚįĸŒľƟȮprocess œħƟĚƞŅĵĴŅĔ

ĕŉŘĬȮěŅĔįĸĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮFTIR ıĭĺƞŅȮPHB composite ŐĽħĚȮband ėĸƟŅĵėĸŉĚĔńĭȮPHB 

őħĵĴňĔŅĶȮshift ĕŀĚȮpeak œĮĪňŗȮfrequency ĪňŗĨŗŜŅĸĚŏĸŖĔĬƟŀĵŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĔŇħȮinteraction ĕŉŘĬ 

ĔŅĶŏĨŇĴȮCF ĪŜŅŒľƟŀŋĦľĳŌĴŇľĸŀĴĸħĸĚĨŅĴĮĶŇĴŅĦĔŅĶŏĨŇĴȮCF ŐĸŃĪŜŅŒľƟȮdegree of crystallinity 

ĸħĸĚŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮneat PHB ĬŀĔěŅĔĬňŘȮPHB/CF composite ĵńĚŐĽħĚȮUV blocking 

effect ŐĸŃĪŜŅŒľƟȮ%transmittance ŒĬĝƞĺĚȮvisible region ĸħĸĚĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮCF content 

ŒĬȮcomposite őħĵĪňŗĪŋĔĨńĺŀĵƞŅĚĴňĔŅĶĸħĸĚĕŀĚȮtransmittance őħĵĪňŗĵńĚėĚĴňȮtransparency ĪňŗĽŌĚ 

Sanjeev Singh ŐĸŃėĦŃȮY/.[ȮœħƟĪŜŅĔŅĶŏĨĶňĵĴȮhybrid bio-composite őħĵĔŅĶŏĨŇĴȮtalc 

ŐĸŃȮwood fiber ĸĚŒĬȮPHBV őħĵĪŜŅĔŅĶĕŉŘĬĶŌĮĨńĺŀĵƞŅĚħƟĺĵĔĶŃĭĺĬĔŅĶĜňħ ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅ

ĔŅĶŏĨŇĴȮwood fiber ŐĸŃȮtalc 20% ěŃĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮWmsleŲqȮkmbsjsqȮŐĸŃȮflexural 

modulus ĮĶŃĴŅĦȮ200% őħĵĴňĔŅĶĸħĸĚĕŀĚȮimpact strength ŏĴŊŗŀĴňĔŅĶŏĨŇĴȮtalc ŐĸŃȮwood 

fiber  ĔŅĶŏĨŇĴȮtalc œĴƞĴňŀŇĪīŇıĸĨƞŀȮcrystallizationȮĕŀĚȮPHBV  

 Adriana da Silva Moura ŐĸŃėĦŃȮY//[ȮœħƟĮĶŃŏĴŇĬĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬ, ĽĴĭńĨŇŏĝŇĚĔĸ 

ŐĸŃĽńĦģŅĬĺŇĪĵŅ ĶĺĴœĮĩŉĚėĺŅĴĽŜŅėńĠĕŀĚĔŅĶĮĶńĭĮĶŋĚȮcoconut fiber (CF) őħĵĪŜŅĔŅĶŏĨĶňĵĴȮ

PHB/CF composite ħƟĺĵĔĶŃĭĺĬĔŅĶĜňħěŅĔįĸĔŅĶĪħĸŀĚıĭĺƞŅĔŅĶȮtreat coconut fiber (CF) 

őħĵŒĝƟĬŘŜŅĶƟŀĬĪŜŅŒľƟĽŅĴŅĶĩĔŜŅěńħȮlow molar mass compound œħƟĭŅĚĽƞĺĬőħĵĪňŗœĴƞĴňĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚĕŀĚȮfiber structure ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶȮtreat CF ħƟĺĵĬŘŜŅĶƟŀĬĽŅĴŅĶĩŒĝƟĪħŐĪĬĔŅĶ

ĮĶńĭĮĶŋĚħƟĺĵĽŅĶŏėĴňœħƟȮPHB/CF composite ĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŀŋĦľĳŌĴŇľĸŀĴőħĵĪňŗĵńĚėĚȮthermal 

stability œĺƟœħƟĪńŘĚŒĬĶŃĭĭĕŀĚȮCF ŐĸŃȮtreated CF ěŅĔįĸĔŅĶĪħĽŀĭħƟĺĵȮtensile testing ıĭĺƞŅȮ

composite ĪňŗŏĨĶňĵĴœħƟĪńŘĚľĴħĴňėĺŅĴȮrigid ĴŅĔĕŉŘĬ őħĵıĭĺƞŅȮPHB ŐĸŃȮCF ŏĔŇħȮinterfacial 

adhesion ĪňŗħňěŅĔĔŅĶĪħĽŀĭȮmorphological analysis ŐĸŃ crystallinity ŒĬĶŃĭĭĕŀĚȮtreated 

CF ĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭŒĬĶŃĭĭĕŀĚȮCF ĪňŗœĴƞœħƟȮtreatȮ 
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Eduardo Braga Costa Santos ŐĸŃėĦŃȮY/0[ȮœħƟȮtreat fiber ħƟĺĵĬŘŜŅŀŋƞĬȮ(50 ǓC) ĪŜŅŒľƟ

ŏĔŇħȮdefibrillation ĕŀĚȮfiber œħƟħňĕŉŘĬȮıĶƟŀĴĪńŘĚĪŜŅŒľƟœħƟȮfiber ĪňŗĴňȮcrystallinity index, surface 

area ĴŅĔĕŉŘĬ ŐĸŃœĴƞœħƟĴňįĸŒĬĔŅĶŏĮĸňŗĵĬŐĮĸĚ constitution ŐĸŃȮcrystalline structure ĕŀĚȮ

fiber Clement Matthew Chan ŐĸŃėĦŃȮY/1[ȮœħƟĮĶŃŏĴŇĬŀŇĪīŇıĸĕŀĚĽĳŅıŐĺħĸƟŀĴȮoutdoor 

(natural, non-soil)ȮĨƞŀĽĴĭńĨŇĕŀĚĺńĽħŋĞŉŗĚŏĮƦĬȮPHBV/wood flour (WF) composite őħĵĪŜŅĔŅĶ

ĪħĽŀĭŏĮƦĬŏĺĸŅȮ1 ĮƖěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮneat PHBV ŐĸŃȮPHBV/WF composite ĪňŗįƞŅĬȮ

natural weathering ĴňĔŅĶŏĔŇħȮbleaching effect ěŅĔĔŅĶőħĬŐĽĚȮUV, ĴňĔŅĶŏĨŇĭőĕŀĚŏĝŊŘŀĶŅŒĬȮ

wood composite ŐĨƞœĴƞıĭĔŅĶŏĨŇĭőĨŒĬȮneat PHBV ěŅĔĔŅĶĪħĽŀĭħƟĺĵȮtensile testing ıĭĺƞŅȮ

neat PHBV ŐĸŃȮPHBV/20%WF ĴňėĺŅĴŏĮĸňŗĵĬŐĮĸĚĕŀĚĽĴĭńĨŇŏĝŇĚĔĸŏĸŖĔĬƟŀĵľĸńĚěŅĔįƞŅĬ 

natural weathering ŏĮƦĬŏĺĸŅȮ1 ĮƖȮŒĬĕĦŃĪňŗȮPHBV/50%WF ĴňĔŅĶĸħĸĚĕŀĚȮtensile strength 

ŐĸŃȮmodulus ľĸńĚěŅĔĪŜŅĔŅĶĪħĽŀĭ 

 H. K. Lee ŐĸŃėĦŃȮ[14]ȮœħƟŏĭĸĬħƢȮpoly(3-hydroxybutyrate) (PHB) Ĕńĭ Epoxidized 
Natural Rubber (ENR-50) ħƟĺĵĺŇīňȮsolvent casting ěŅĔĬńŘĬěŉĚĪŜŅĔŅĶȮannealing ĪňŗȮ184, 187, 
190, 193, 196, ŐĸŃ 199 °C ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮmorphology ĕŀĚȮPHB/ENR-50 blend 
ŏĮĸňŗĵĬŐĮĸĚœĮĨŅĴŀĚėƢĮĶŃĔŀĭĕŀĚıŀĸŇĴŏŀĶƢĪňŗŒĝƟŒĬĔŅĶŏĭĸĬħƢőħĵĴňȮstratified PHB phase 
ŏĴŊŗŀŏĭĸĬħƢȮPHB:ENR-50ȮĪňŗŀńĨĶŅĽƞĺĬȮ40/60, spherical dispersion ENR-50 phase ĪňŗȮ60/40 
ŐĸŃŏĔŇħȮphase inversion ĪňŗȮ50/50 ěŅĔĔŅĶĬŜŅĨńĺŀĵƞŅĚœĮȮannealing ıĭĺƞŅĴňĔŅĶŏĔŇħȮmelt 
reaction ŒĬĕĦŃȮannealing ŒĬĝƞĺĚȮ/62ȮĩŉĚ /77°CȮħƟĺĵȮDSC technique ħńĚĨŅĶŅĚĪňŗȮ2.3Ȯőħĵ
ŏĔŇħĮĢŇĔŇĶŇĵŅħńĚĶŌĮĪňŗ 2.3 
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ĨŅĶŅĚĪňŗȮ0,1 Heats of Reactions, t0.5 ŐĸŃ 1/t0.5 ĕŀĚ Melt Reaction ŒĬ PHB/ENR-50 
Blends [14] 

 
 

 
ĶŌĮĪňŗȮ0,1 ĮĢŇĔŇĶŇĵŅĪňŗŏĔŇħĕŉŘĬĕŀĚ PHB/ENR-50 melt blends [14] 
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 Piming MaȮŐĸŃėĦŃȮY/3[ȮœħƟŏĨĶňĵĴȮPHB/PBS ŐĸŃȮPHBV/PBS blend ħƟĺĵĺŇīňȮin situ 
compatibilization őħĵŒĝƟȮDCP ŏĮƦĬȮinitiator ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮPHBV ľĶŊŀȮPHB ŐĸŃȮPBS ĴňȮ
compatibility ĪňŗœĴƞħňĨƞŀĔńĬĪŜŅŒľƟŏĔŇħȮdisperse phase ĪňŗĴňȮparticle size ŒľĠƞȮŐĸŃĴňȮinterfacial 
adhesion ĪňŗĬƟŀĵȮŏĴŊŗŀĴňĔŅĶŒĝƟȮDCP ĪŜŅŒľƟĕĬŅħŀĬŋĳŅėĕŀĚȮPHB ŏĸŖĔĸĚŐĸŃĴňȮinterfacial 
adhesion ĪňŗħňĕŉŘĬȮĽƞĚįĸŒľƟĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV/PBS ľĶŊŀȮPHB/PBS ħňĴŅĔĕŉŘĬ 
 Yashodhan Parulekar ŐĸŃ Amar K. MohantyȮY/4[ȮœħƟĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHB 

őħĵĔŅĶŏĨŇĴȮfunctionalized elastomeric component ěŅĔĚŅĬĺŇěńĵıĭĺƞŅĔŅĶŏĨŇĴȮENR50 ĸĚŒĬȮ

PHB matrix őħĵĪňŗœĴƞĴňȮcompatibilizer œĴƞĴňįĸĨƞŀĔŅĶŏıŇŗĴȮtoughness ĕŀĚȮPHB ŏĬŊŗŀĚěŅĔĕŅħȮ

interfacial adhesion ĶŃľĺƞŅĚŏĲĽĪńŘĚĽŀĚȮőħĵįŌƟĪŜŅĔŅĶĺŇěńĵœħƟŏĸŊŀĔŒĝƟȮmaleated rubber ŏĮƦĬȮ

compatibilizer őħĵŒĝƟȮcompatibilizer ĪňŗŐĨĔĨƞŅĚĔńĬėŊŀȮmaleated rubber ĪňŗĴňĮĶŇĴŅĦȮMA (6 

groups ĨƞŀȮ1 ĽŅĵőĞƞ) ĽŌĚŐĨƞĴňȮMW ĨŗŜŅȮ(3100)ȮŐĸŃȮmaleated rubber ĪňŗĴňĮĶŇĴŅĦȮMA ĨŗŜŅȮ(2 

groups ĨƞŀȮ1 ĽŅĵőĞƞ)ȮŐĨƞĴňȮMW ĽŌĚȮ(4700)ȮőħĵıĭĺƞŅȮcompatibilizer ĝĬŇħŐĶĔĽŅĴŅĶĩŏıŇŗĴȮ

impact strength ĕŀĚȮPHB œħƟħňħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.4 

ĨŅĶŅĚĪňŗȮ0,2 Notched Izod impact strength, modulus ŐĸŃĕĬŅħőħĵĮĶŃĴŅĦĕŀĚȮrubber 
particle [16] 

 

 Estefanía Lidón Sánchez-SafontȮŐĸŃėĦŃȮY/5[ȮœħƟĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV 

őħĵĔŅĶŏĨŇĴȮthermoplastic polyurethane (TPU) ŏĮƦĬȮimpact modifier ŐĸŃȮcellulose ŏĮƦĬȮ

ĽŅĶŏĽĶŇĴŐĶĚ ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮTPU ŐĸŃȮcellulose ĽŅĴŅĶĩĔĶŃěŅĵĨńĺœħƟħňŒĬȮPHBV őħĵĪňŗœĴƞ

ĨƟŀĚĴňȮcompatibilizer ŐĸŃıĭĺƞŅĔŅĶŏĨŇĴȮTPU ĪŜŅŒľƟŏĔŇħȮplastic deformation ŐĸŃĴňĔŅĶŏıŇŗĴĕŉŘĬ

ĕŀĚȮtoughness ŒĬĕĦŃŏħňĵĺĔńĬĔŅĶŏĨŇĴȮcellulose ŏĕƟŅœĮěŃĪŜŅľĬƟŅĪňŗŏĽĶŇĴŐĶĚĪŜŅŒľƟĪħŐĪĬĽĴĭńĨŇ

ŏĝŇĚĔĸĪňŗĸħĸĚŏĴŊŗŀĴňĔŅĶįĽĴȮTPU ŏĕƟŅĽŌƞȮPHBV matrixȮ 

 W.V. Srubar IIIȮŐĸŃėĦŃȮY/6[ȮȮœħƟĻŉĔļŅŀŇĪīŇıĸĕŀĚȮambient aging ĨƞŀĽĴĭńĨŇĪŅĚ

ĔŅĵĳŅıŐĸŃŏĝŇĚĔĸĕŀĚȮPHB ŐĸŃȮPHBV ĞŉŗĚŒľƟĽĳŅĺŃĔńĭĨńĺŀĵƞŅĚĪħĽŀĭĳŅĵŒĨƟĽĳŅĺŃœĶƟŐĽĚőħĵ

ėĺĭėŋĴĪńŘĚŀŋĦľĳŌĴŇȮ(15 °C) ŐĸŃėĺŅĴĝŊŘĬŏĮƦĬĶŃĵŃŏĺĸŅȮ168 ĺńĬȮěŅĔĔŅĶĪħĸŀĚıĭĺƞŅĪńŘĚȮPHB ŐĸŃȮ
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PHBV ĴňėĺŅĴȮstiff ĴŅĔĕŉŘĬľĸńĚěŅĔĔŅĶŒľƟĽĳŅĺŃŏĮƦĬŏĺĸŅȮ168 ĺńĬőħĵȮWmsleŲqȮkmbsjsqȮĴňėƞŅ

ŏıŇŗĴĕŉŘĬȮ134% ŒĬĔĶĦňĕŀĚȮPHB ŐĸŃȮ154% ŒĬĔĶĦňĕŀĚȮPHBV,Ȯelongation at break ĕŀĚıŀĸŇ

ŏĴŀĶƢĪńŘĚĽŀĚĴňėƞŅĸħĸĚŏĝƞĬŏħňĵĺĔńĬőħĵĸħĸĚȮ64% ŒĬĔĶĦňĕŀĚȮPHB ŐĸŃȮ72% ŒĬĔĶĦňĕŀĚȮPHBV 

ŏĝƞĬŏħňĵĺĔńĭȮtensile strength ĪňŗĴňėƞŅĸħĸĚȮ28% ŒĬĔĶĦňĕŀĚȮPHB ŐĸŃȮ8.9 % ŒĬĔĶĦňĕŀĚȮPHBV 

ĞŉŗĚėŅħĺƞŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕƟŅĚĨƟĬŏĮƦĬŀŇĪīŇıĸĕŀĚĔŅĶŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺŒľĴƞĕŀĚȮ

polymerȮsemicrystalline microstructure ŀĵƞŅĚœĶĔŖĨŅĴěŅĔĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮDSC ıĭ

ĔŅĶŏĮĸňŗĵĬŐĮĸĚŏıňĵĚŏĸŖĔĬƟŀĵĕŀĚĮĶŇĴŅĦįĸŉĔĪńŘĚȮPHB ŐĸŃȮPHBV ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.4 ĬŀĔěŅĔĬňŘ

ĵńĚıĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇľĸŀĴŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠĶƞĺĴĔńĭĔŅĶıĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮ

glass transition temperature ĕŀĚĪńŘĚȮPHB ŐĸŃȮPHBV ħńĚŐĽħĚĨŅĶŅĚĪňŗȮ2.5 őħĵıĭĺƞŅȮinitial 

glass transition ĕŀĚȮPHB ŏıŇŗĴĕŉŘĬěŅĔȮ-9.3 œĮŏĮƦĬȮ-0.17 °C ŒĬĕĦŃĪňŗȮPHBV ŏıŇŗĴĕŉŘĬěŅĔȮ-9.8 œĮ

ŏĮƦĬȮ6.8 °C ŏĴŊŗŀĪŜŅĔŅĶŒľƟĽĳŅĺŃŏĮƦĬŏĺĸŅȮ168 ĺńĬȮŒĬĕĦŃŏħňĵĺĔńĬȮsecond order transition ĕŀĚȮ

PHB ŏıŇŗĴĕŉŘĬěŅĔȮ35 œĮŏĮƦĬȮ36.2 °C ŐĸŃĕŀĚȮPHBV ŏıŇŗĴĕŉŘĬěŅĔȮ44.3 œĮŏĮƦĬȮ56 °C ŐĽħĚŒľƟŏľŖĬ

ĺƞŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĪńŘĚȮPHB ŐĸŃȮPHBV ŒĬĚŅĬĺŇěńĵĬňŘœĴƞœħƟŏĔŇħĕŉŘĬěŅĔĔŅĶŏĔŇħȮ

secondary crystallization ľĶŊŀȮlamella thickening őħĵėŅħĺƞŅŏĔŇħĕŉŘĬěŅĔĔŅĶěńħŏĶňĵĚĨńĺŒĬ

ĭĶŇŏĺĦȮinter-lamellar amorphous region ŀĵƞŅĚĨƞŀŏĬŊŗŀĚĶƞĺĴĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĸŖĔĬƟŀĵĕŀĚ

őėĶĚĽĶƟŅĚŐĸŃŏĽĩňĵĶĳŅıĕŀĚȮcrystalline stateȮ 

 

ĶŌĮĪňŗȮ0,2 ŀŇĪīŇıĸĕŀĚŏĺĸŅŒĬĔŅĶĪħĽŀĭĨƞŀȮcrystallinity ĕŀĚȮPHB ŐĸŃȮPHBV Y/6[ 
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ĨŅĶŅĚĪňŗȮ0,3 Glass transition temperatures, Tg (°C) ŐĸŃȮspecific heat capacities, Cp 
(J/g/°C) ĕŀĚ PHB ŐĸŃ PHBV ľĸńĚěŅĔĪŜŅĔŅĶĪħĽŀĭŏĮƦĬŏĺĸŅȮ1, 4 ŐĸŃȮ168 ĺńĬ ŐĸŃĕŀĚȮPHBV 

ĪňŗįƞŅĬĔŅĶȮquenched ħƟĺĵȮliquid nitrogen ĪńĬĪňľĸńĚěŅĔľĸŀĴŏľĸĺȮY/6[ 

 

2.2 Bio-plastic [19]ȮY0.[Ȯ 

 Bio-plastic ľĶŊŀıĸŅĽĨŇĔĝňĺĳŅıŏĮƦĬıĸŅĽĨŇĔĪňŗįĸŇĨœħƟěŅĔȮrenewable resource 

(bio-based plastic) ľĶŊŀŏĮƦĬıĸŅĽĨŇĔĪňŗĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĨŅĴīĶĶĴĝŅĨŇȮ(biodegradable 

plastic) ěŉĚĽŅĴŅĶĩěŜŅŐĬĔȮbio-plastic œħƟȮ3ȮĝĬŇħėŊŀ 

2.2.1 Bio-based biodegradable plastic  

 Bio-based biodegradable plasticȮľĶŊŀıĸŅĽĨŇĔĪňŗįĸŇĨœħƟěŅĔȮrenewable 

resource ŐĸŃĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĨŅĴīĶĶĴĝŅĨŇȮıĸŅĽĨŇĔĝĬŇħĬňŘĽŅĴŅĶĩįĸŇĨěŅĔȮbiomass ŏĝƞĬ

ĕƟŅĺ, ŀƟŀĵ, ĕƟŅĺőıħ, ĴńĬĽŜŅĮŃľĸńĚȮĨńĺŀĵƞŅĚĕŀĚıĸŅĽĨŇĔĝĬŇħĬňŘŏĝƞĬȮPoly(lactic acid) ľĶŊŀȮPLA, 

poly(butylene succinate) ľĶŊŀȮPBS, Polyhydroxyalkanoate ľĶŊŀȮPHAs 

2.2.2 Bio-based non-biodegradable plastic 

 Bio-based non-biodegradable plastic ľĶŊŀıĸŅĽĨŇĔĪňŗįĸŇĨœħƟěŅĔȮrenewable 

resource ŐĨƞœĴƞĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĨŅĴīĶĶĴĝŅĨŇȮĨńĺŀĵƞŅĚĕŀĚıĸŅĽĨŇĔĝĬŇħĬňŘŏĝƞĬȮBio-

polyethylene ľĶŊŀȮBio-PE, Bio-poly(ethylene terephthalate) ľĶŊŀȮBio-PET 

2.2.3 Non-biobased biodegradable plastic  

 Non-biobased biodegradable plastic ľĶŊŀıĸŅĽĨŇĔĪňŗœĴƞœħƟįĸŇĨěŅĔȮrenewable 

resource ŐĨƞĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĨŅĴīĶĶĴĝŅĨŇȮıĸŅĽĨŇĔĝĬŇħĬňŘįĸŇĨěŅĔȮpetroleum based 

material ŐĨƞĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĨŅĴīĶĶĴĝŅĨŇȮ ĨńĺŀĵƞŅĚĕŀĚıĸŅĽĨŇĔĝĬŇħĬňŘŏĝƞĬȮ

Poly(butyleneadipate-co-teraphthalate) ľĶŊŀȮPBAT, Polycaprolactone ľĶŊŀȮPCL 

 2.3 Polyhydroxyalkanoate (PHAs)  

 Polyhydroxyalkanoate (PHAs) ŏĮƦĬĔĸŋƞĴĕŀĚȮpolymer ĪňŗěńħŏĮƦĬȮpolyester ĪňŗŏĮƦĬ bio-

based biodegradable plastic ĞŉŗĚıĭŒĬĶŌĮĕŀĚȮcarbon source ĕŀĚěŋĸŇĬĪĶňĵƢŀĵŌƞŒĬĸńĔļĦŃĪňŗŏĮƦĬȮ

granule ěŅĔŀħňĨěĬĩŉĚĮƤěěŋĭńĬĴňěŋĸŇĬĪĶňĵƢĴŅĔĴŅĵľĸŅĵĝĬŇħĪňŗĽŅĴŅĶĩįĸŇĨȮPHAs ĕŉŘĬĴŅœħƟĞŉŗĚ
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ĽŅĴŅĶĩŐĭƞĚŏĮƦĬȮ2 ĔĸŋƞĴėŊŀȮ1.ĔĸŋƞĴĪňŗěŃįĸŇĨȮPHAs ŏĴŊŗŀœħƟĶńĭȮmetabolic stress őħĵěŜŅĔńħȮ

nutrients ĭŅĚĝĬŇħŏĝƞĬȮphosphorus, nitrogen, magnesium ŐĸŃěŋĸŇĬĪĶňĵƢĪňŗŒĝƟŀŀĔĞŇŏěĬĔĸŋƞĴĬňŘ

ěŃœĴƞĴňĔŅĶĽŃĽĴĕŀĚȮPHAs ŒĬĶŃľĺƞŅĚȮgrowth phase ŐĸŃȮ2.ĔĸŋƞĴĪňŗěŃĴňĔŅĶĽŃĽĴĕŀĚȮPHAs 

ŒĬĝƞĺĚȮgrowth phase ŐĨƞěŃœĴƞĴňĔŅĶįĸŇĨȮPHAs ŏĴŊŗŀœħƟĶńĭȮmetabolic stress őħĵőėĶĚĽĶƟŅĚĕŀĚȮ

PHAs őħĵĪńŗĺœĮŐĽħĚħńĚĶŌĮĪňŗ 2.5 [21, 22] 

 

ĶŌĮĪňŗȮ0,3 őėĶĚĽĶƟŅĚőħĵĪńŗĺœĮĕŀĚıŀĸŇŏĴŀĶƢŒĬĔĸŋƞĴȮPHAs [21] 

Polymer ŒĬĔĸŋƞĴȮPHAs ĴňŀĵŌƞħƟĺĵĔńĬľĸŅĔľĸŅĵĝĬŇħŐĨĔĨƞŅĚĔńĬœĮĨŅĴľĴŌƞȮůR ŐĸŃȮn ŏĝƞĬȮ

poly(3-hydroxybutyrate) (R=methyl, n=1), poly(3-hydroxypropionate) (R=hydrogen, 

n=1), poly (3-hydroxydodecanoate) (R=nonyl, n=1) ħƟĺĵőėĶĚĽĶƟŅĚĕŀĚȮpolymer ĪňŗĴňėĺŅĴ

ľĸŅĔľĸŅĵĬňŘĪŜŅŒľƟıŀĸŇŏĴŀĶƢŒĬĔĸŋƞĴĬňŘĴňĽĴĭńĨŇĪňŗľĸŅĔľĸŅĵ ŒĬĭĶĶħŅıŀĸŇŏĴŀĶƢŒĬĔĸŋƞĴȮPHAs ıŀ

ĸŇœŁħĶŀĔĞňĭŇĺĪňŏĶĨȮ(poly(3-hydroxybutyrate) (PHB)) ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗĴňĽĴĭńĨŇŒĔĸƟŏėňĵĚĔńĭıŀĸŇ

ıĶŀıŇĸňĬȮ(polypropylene (PP)) ŐĸŃıŀĸŇĽœĨĶňĬȮ(polystyrene (PS))Ȯ őħĵĴň Gas barrier 

properties ŐĸŃȮMoisture resistance ĪňŗħňȮőħĵĴňŀŋĦľĳŌĴŇŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺȮ(Tg) ĨńŘĚŐĨƞȮ-50 

ěĬĩŉĚȮ4 °C, ŀŋĦľĳŌĴŇľĸŀĴȮ(Tm) ĨńŘĚŐĨƞȮ40 ĩŉĚȮ180 °C őħĵĽĴĭńĨŇŏĝŇĚĔĸ ŏĝŇĚėĺŅĴĶƟŀĬŐĸŃĽĴĭńĨŇĔŅĶ

ŐıĶƞįƞŅĬȮ(Permeability properties) ĕŀĚȮPHB ĪňŗŏĮĶňĵĭŏĪňĵĭĔńĭȮconventional plastic ŐĽħĚħńĚ

ĨŅĶŅĚĪňŗ 2.6, 2.7ȮŐĸŃȮ2.8 
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ĨŅĶŅĚĪňŗȮ0,4 ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHAs ŐĸŃıŀĸŇŏĴŀĶƢĝĬŇħŀŊŗĬȮY00[ 

 

 

ĨŅĶŅĚĪňŗȮ2.7 ėŋĦĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHAs ŐĸŃıŀĸŇŏĴŀĶƢĝĬŇħŀŊŗĬȮY00[ 

 

 

ĨŅĶŅĚĪňŗȮ2.8 Permeability properties ĕŀĚȮPHAs ŐĸŃıŀĸŇŏĴŀĶƢĝĬŇħŀŊŗĬȮY00[ 

 

 Poly(1-hydroxybutyrate-co-1-hydroxyvalerate) ľĶŊŀȮPHBV ŏĮƦĬıŀĸŇŏĴŀĶƢľĬŉŗĚŒĬĔĸŋƞĴȮ

PHAs őħĵŏĮƦĬőėıŀĸŇŏĴŀĶƢĶŃľĺƞŅĚȮ3-hydroxybutyrate (HB) ŐĸŃȮ3-hydroxyvalerate ĞŉŗĚĽĴĭńĨŇ

ĕŀĚıŀĸŇŏĴŀĶƢĝĬŇħĬňŘěŃĕŉŘĬŀĵŌƞĔńĭŀĚėƢĮĶŃĔŀĭĕŀĚȮHB ŐĸŃȮHV őħĵȮPHBV ŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗŏĮĶŅŃȮ
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(brittle) őħĵĪňŗĴňėĺŅĴĪĬĨƞŀŐĶĚħŉĚŐĸŃėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĨƟŅĬĪŅĬĔŅĶŏĮĸňŗĵĬĶŌĮĪňŗĽŌĚȮŒĬ

ĕĦŃŏħňĵĺĔńĬĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦȮHV ŒĬȮPHBV ěŃĪŜŅŒľƟıŀĸŇŏĴŀĶƢĴňĽĴĭńĨŇŏĮĸňŗĵĬŐĮĸĚœĮėŊŀěŃ

ĪŜŅŒľƟĴňėĺŅĴĵŊħľĵŋƞĬȮflexible ĴŅĔĕŉŘĬŐĨƞĔŖěŃĪŜŅŒľƟėĺŅĴĪĬĨƞŀŐĶĚħŉĚŐĸŃĴŀħŌĸńĽĸħĸĚȮőėĶĚĽĶƟŅĚ

ĕŀĚȮPHB ŐĸŃȮPHBV ŐĽħĚħńĚĶŌĮĪňŗȮ2.6a ŐĸŃȮ2.6b ĨŅĴĸŜŅħńĭ 

        

     (a)                                          (b) 

ĶŌĮĪňŗȮ0,4 őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮPHB (a) ŐĸŃȮPHBV (b) 

2.4 Natural fiber [23] 

 Natural fiber ěńħŏĮƦĬȮlignocellulosic material ĞŉŗĚĮĶŃĔŀĭœĮħƟĺĵȮ3 ŀĚėƢĮĶŃĔŀĭľĸńĔ

ħƟĺĵĔńĬėŊŀ1.ŏĞĸĸŌőĸĽȮ(Cellulose) ĞŉŗĚŏĮƦĬıŀĸŇŐĞŖĔėŅœĶħƢȮ(Polysaccharide) ĪňŗŏĔŇħĕŉŘĬěŅĔȮ

glucose unit ŏĝŊŗŀĴĨƞŀĔńĬħƟĺĵȮ ̡ -glycosidic bond ŏĔŇħĕŉŘĬŏĮƦĬőŁőĴıŀĸŇŏĴŀĶƢĽŅĵőĞƞĨĶĚȮ(Linear 

homopolymer), 2.ŏŁĴŇŏĞĸĸŌőĸĽȮ(Hemicellulose) ĞŉŗĚŏĮƦĬıŀĸŇŏĴŀĶƢĪňŗŏĔŇħěŅĔĔŅĶĨƞŀıńĬīŃĔńĬĕŀĚȮ

őŁőĴŐĸŃŏŁŏĪŀőĶıŀĸŇŏĴŀĶƢĪňŗĴňĬŘŜŅľĬńĔőĴŏĸĔŋĸĨŗŜŅőħĵĴňĔŇŗĚĴŅĔĕŀĚ anhydro-̡ -(/-2'-D-

xylopyranose, glucopyranose, mannopyranose, ŐĸŃ galactopyranose unitsȮŐĸŃ 3.ĸŇĔĬŇĬ 

(Lignin) ĞŉŗĚŐĽħĚőėĶĚĽĶƟŅĚħńĚĶŌĮĪňŗ 2.7 [23] 

 

ĶŌĮĪňŗȮ0,5 őėĶĚĽĶƟŅĚĕŀĚȮ(A) cellulose, (B) hemicellulose ŐĸŃȮ(C) lignin [23] 
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Natural fiber ŐĨƞĸŃĝĬŇħĴňėĺŅĴŐĨĔĨƞŅĚĔńĬĕŀĚŀĚėƢĮĶŃĔŀĭĨƞŅĚŕĪŜŅŒľƟȮfiber ĪňŗœħƟĴŅěŅĔȮ

ŐĨƞĸŃŐľĸƞĚĴňĽĴĭńĨŇĪňŗŐĨĔĨƞŅĚĔńĬŏĝƞĬŒĬĔĶĦňĕŀĚȮfiber ĪňŗĴňĮĶŇĴŅĦŏŁĴŇŏĞĸĸŌőĸĽĽŌĚĞŉŗĚĴňŏĽĩňĵĶĳŅıĪŅĚ

ėĺŅĴĶƟŀĬȮ(Thermal stability) ĪňŗĨŗŜŅĪŜŅŒľƟȮfiber ĝĬŇħĬňŘŏĔŇħĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮ(Thermal 

degradation) ĪňŗŀŋĦľĳŌĴŇĨŗŜŅĔĺƞŅȮľĶŊŀŒĬĔĶĦňĕŀĚȮfiber ĪňŗĴňŏĞĸĸŌőĸĽĽŌĚĞŉŗĚĪŜŅŒľƟŏĔŇħȮinter- ŐĸŃȮ

intramolecular hydrogen bonding ĪňŗĽŌĚĪŜŅŒľƟȮmechanical strength ĕŀĚȮfiber ĴňėƞŅŏıŇŗĴĕŉŘĬ

ĨŅĴĮĶŇĴŅĦŏĞĸĸŌőĸĽĞŉŗĚŀŇĪīŇıĸĕŀĚŀĚėƢĮĶŃĔŀĭŒĬĺńĽħŋĸŇĔőĬŏĞĸĸŌőĸĽŇĔĨƞŀĽĴĭńĨŇĕŀĚȮfiber ŐĽħĚħńĚ

ĶŌĮĪňŗ 2.8 

 

ĶŌĮĪňŗȮ0,6 ŀŇĪīŇıĸĕŀĚȮlignocellulose component ĨƞŀĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĪŅĚĔŅĵĳŅıĕŀĚȮnatural 
fiber [23] 

2.4.1 Pineapple leaf fiber 

 Pineapple leaf fiber (PALF) ŏĮƦĬȮfiber ĪňŗœħƟĴŅěŅĔȮrenewable resource ěŅĔĔŅĶ

ŏıŅŃĮĸŌĔĽńĮĮŃĶħȮ ěŅĔĽƞĺĬŒĭĕŀĚĽńĮĮŃĶħĞŉŗĚěńħŏĮƦĬ waste ľĸńĚěŅĔĪŜŅĔŅĶŏıŅŃĮĸŌĔȮ őħĵĴň

ĮĶŇĴŅĦĽŌĚĩŉĚȮ40-60 tonnes/hectare ħƟĺĵŏľĨŋĬňŘěŉĚĴňĔŅĶĬŜŅȮPALF ĴŅŒĝƟĚŅĬŒĬħƟŅĬĨƞŅĚŕĴŅĔĕŉŘĬœĴƞ

ĺƞŅěŃŏĮƦĬĔŅĶįĸŇĨĽŇŗĚĪŀěŅĔȮpineapple leaf fiber ľĶŊŀįĸŇĨĳńĦĤƢŀŊŗĬŕȮĶĺĴœĮĩŉĚĴňĔŅĶĬŜŅŏŀŅȮPALF 

œĮĻŉĔļŅŒĬĚŅĬĺŇěńĵĨƞŅĚŕ ŏĴŊŗŀĪŜŅĔŅĶŏĮĶňĵĭŏĪňĵĭȮPALF ĔńĭȮnatural fiber ĪňŗœħƟěŅĔĽƞĺĬŒĭĕŀĚıŊĝ

ĝĬŇħŀŊŗĬŐĸƟĺȮPALF ĩŊŀŏĮƦĬȮfiber ĪňŗĴňȮcellulose content ĽŌĚĪňŗĽŋħőħĵĴňĮĶŇĴŅĦĽŌĚĩŉĚȮ80% ŐĸŃĴňȮ

microfibrillar angle ĪňŗĨŗŜŅĪŜŅŒľƟ fiber ĝĬŇħĬňŘĴňȮtensile properties ĪňŗħňŏĴŊŗŀŏĪňĵĭĔńĭȮfiber ĝĬŇħŀŊŗĬȮ

Y02[ȮħńĚĨŅĶŅĚĪňŗȮ2.9ȮőħĵŀĚėƢĮĶŃĔŀĭĕŀĚȮPALF ěŃŐĨĔĨƞŅĚĔńĬœĮĨŅĴŐľĸƞĚĪňŗĴŅľĶŊŀĔŅĶŏıŅŃĮĸŌĔ

ĽńĮĮŃĶħȮĶĺĴœĮĩŉĚĽŅĵıńĬīŋƢĕŀĚĽńĮĮŃĶħħńĚŐĽħĚĨŅĶŅĚĪňŗȮ2.10  
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ĨŅĶŅĚĪňŗȮ2.9 ĽĴĭńĨŇĕŀĚȮnatural fiber ŐĸŃȮconventional synthetic fiber [24] 

 

ĨŅĶŅĚĪňŗȮ2.10 ŀĚėƢĮĶŃĔŀĭĕŀĚȮpineapple leaf fiber [25] 

 

2.5 ŏĪŀĶƢőĴœħĬŅĴŇĔĽƢĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢ [19, 26, 27] 

 ıŊŘĬģŅĬŏĪŀĶƢőĴœħĬŅĴŇĔĽƢĕŀĚ polymer mixture ĩŌĔŏĕňĵĬœĺƟőħĵȮFlory ŐĸŃȮHuggins ĞŉŗĚ

ŏĮƦĬĪķļġňĪňŗĴŅěŅĔĪķļġňĕŀĚȮregular solution ĕŀĚȮsimple liquidȮőħĵĴňĽĴĴĨŇģŅĬŀĵŌƞȮ3 ĕƟŀėŊŀȮ

1.œĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĮĶŇĴŅĨĶŒĬĶŃľĺƞŅĚįĽĴȮ2.ĴňŏıňĵĚĔŅĶŏĔŇħȮtranslation entropy ĕŀĚĽŅĵőĞƞ

ıŀĸŇŏĴŀĶƢĪňŗĬŜŅĴŅıŇěŅĶĦŅȮŐĸŃ 3. Conformation ĕŀĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢŒĬȮmixture ĵńĚėĚ

ŏľĴŊŀĬĔńĭĨŀĬĪňŗŏĮƦĬȮpure polymer ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.9 

 

ĶŌĮĪňŗȮ0,7 ıŀĸŇŏĴŀĶƢŏĭĸĬħƢĨŅĴĪķļġňĕŀĚȮFlory-Huggins [27] 

ŒĬĔĶĦňĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢĽŀĚĝĬŇħĪňŗĴňȮdegree of polymerization NA ŐĸŃȮNB ĽŅĴŅĶĩŏĕňĵĬ

ĽĴĔŅĶȮfree energy of mixing per site œħƟŏĮƦĬ  



  0. 

     (2) 

őħĵĪňŗȮI ėŊŀȮvolume fraction ĕŀĚıŀĸŇŏĴŀĶƢŏĴŊŗŀȮi=A ľĶŊŀȮB 

ĨńĺŐĮĶȮ2 term ŐĶĔŒĬĽĴĔŅĶĪňŗȮ2 ŐĽħĚĩŉĚȮentropy of mixing, ɲS ŒĬĕĦŃĪňŗȮterm ĽŋħĪƟŅĵŐĽħĚ

ĩŉĚȮenthalpic contribution ĕŀĚȮmixture ĔŅĶěŃŏĭĸĬħƢıŀĸŇŏĴŀĶƢŏĕƟŅĔńĬœħƟěŃĨƟŀĚĴňȮɲGmȮŏĮƦĬĸĭ 

ɲGm = ɲHm ů TɲSm < 0ȮȮȮ(3) 

ŒĬĔĶĦňĕŀĚĕŀĚįĽĴĪňŗĴňőĴŏĸĔŋĸŒľĠƞĽƞĚįĸŒľƟȮterm ĕŀĚȮentropy ĴňėƞŅĬƟŀĵĴŅĔŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮ

term ĕŀĚȮenthalpy ěŉĚĮĶŃĴŅĦœħƟĺƞŅ 

      (4) 

ĞŉŗĚȮFlory parameter, ⱵAB ĕŀĚıŀĸŇŏĴŀĶƢȮA ŐĸŃȮB ĕŉŘĬĔńĭȮinteraction ĕŀĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĪňŗŏĔŇħ

ěŅĔĔŅĶȮcontact ĔńĬĕŀĚȮA-B, A-A ŐĸŃȮB-B  

… ‭ ȮȮȮȮȮȮȮȮȮ(5) 

őħĵĪňŗȮ‭AB, ‭AA ŐĸŃȮ‭BB ėŊŀȮinteraction energy ĪňŗŏĔŇħĕŉŘĬěŅĔĔŅĶȮcontact ĔńĬĕŀĚȮA-B, A-A 

ŐĸŃȮB-B ĨŅĴĸŜŅħńĭőħĵĪńŗĺœĮŐĸƟĺȮinteraction ŒĬıŀĸŇŏĴŀĶƢőħĵĽƞĺĬŒľĠƞěŃŏĮƦĬȮvan der Waals 

force ĪŜŅŒľƟȮinteraction energy ‭ABȮĕŉŘĬŀĵŌƞĔńĭȮpolarizability ĕŀĚőĴŏĸĔŋĸȮA ŐĸŃȮB ‭AB=-

kPAPB őħĵĪňŗȮkȮŏĮƦĬėƞŅėĚĪňŗĪňŗĴňėƞŅĭĺĔ ħńĚĬńŘĬȮ ȮĔĸƞŅĺėŊŀŒĬĔĶĦň

ĪňŗœĴƞĴňĮĢŇĔŇĶŇĵŅŏĔŇħĕŉŘĬĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢȮA ŐĸŃȮB ĞŉŗĚěŃĴňŏıňĵĚȮvan der Waals force ěŃĪŜŅŒľƟȮ

ɲGmȮĴňėƞŅŏĮƦĬĭĺĔľĶŊŀŏĕƟŅŒĔĸƟĻŌĬĵƢŏĪƞŅĬńŘĬȮħńĚĬńŘĬŒĬĔŅĶŏĭĸĬħƢıŀĸŇŏĴŀĶƢőħĵĽƞĺĬŒľĠƞěŃĨƟŀĚĴňĔŅĶ

ĪŜŅŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅĕŉŘĬŒĬĶŃĭĭŏıŊŗŀĪňŗěŃŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢĪňŗŒĝƟŒĬĔŅĶŏĭĸĬħƢ 

2.6 Drop break up mechanism [19, 27] 

 G.I. Taylor [19] œħƟĻŉĔļŅĔŅĶĔĶŃěŅĵĨńĺĕŀĚȮsingle dropletȮĕŀĚȮNewtonian liquid 

ŒĬȮNewtonian liquid ŀňĔĝĬŇħľĬŉŗĚőħĵėŜŅĬĺĦȮvelocity ŐĸŃȮpressure field ĪńŘĚħƟŅĬŒĬŐĸŃħƟŅĬ

ĬŀĔȮdroplet ĞŉŗĚıĭĺƞŅȮdroplet ĴňĔŅĶŏĽňĵĶŌĮœĮŏĮƦĬĺĚĶňħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.10 ĞŉŗĚĕŉŘĬŀĵŌƞĔńĭĨńĺŐĮĶœĶƟ

ľĬƞĺĵȮ2ȮĨńĺŐĮĶėŊŀȮcapillary number, k ħńĚĽĴĔŅĶĪňŗȮ6 őħĵĪňŗȮȮėŊŀȮlocal shear stress ĞŉŗĚĴňėƞŅ
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ŏĪƞŅĔńĭȮḿɾ ĞŉŗĚȮɾ ėŊŀȮshear rate, d ėŊŀȮdroplet diameter ŐĸŃȮ12ȮėŊŀȮinterfacial tension 

coefficient  

 

ĶŌĮĪňŗȮ0,/. ĔŅĶŏĽňĵĶŌĮĕŀĚȮdroplet ŒĬĽĳŅĺŃȮuniform shear [19] 

k = d/ 12                    (6) 

ŐĸŃȮviscosity ratio,Ȯ˂ ħńĚĽĴĔŅĶĪňŗȮ7 őħĵĪňŗȮḿ ŐĸŃȮd́ ėŊŀėĺŅĴľĬŊħĕŀĚȮmatrix ŐĸŃȮ

dispersed phase ĨŅĴĸŜŅħńĭ 

 ˂= ́ d/ ḿ                      (7) 

ĶŌĮĶƞŅĚĕŀĚȮdroplet ĪňŗĴňĔŅĶŏĽňĵĶŌĮŒĬĽĳŅĺŃȮsimple shear ĽŅĴŅĶĩŏĕňĵĬœħƟŒĬȮterm ĕŀĚȮtotal 

shear strain  g gὸ őħĵĪňŗȮB ŐĸŃȮL ėŊŀėĺŅĴĔĺƟŅĚŐĸŃėĺŅĴĵŅĺĕŀĚȮdroplet ĨŅĴĸŜŅħńĭ 

B/d= (1+g2)-1/4                     (8) 

L/d = (1+g2)1/2                     (9) 

ŒĬĔĶĦňĪňŗȮterm ĕŀĚȮinterfacial tension ĴňėƞŅĴŅĔŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮtermȮĕŀĚȮviscous 

(viscosity ratio ĴňėƞŅĨŗŜŅ) ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĽňĵĶŌĮȮ(deformability, D) ŐĸŃȮorientation angle 

( ) ĕŀĚȮdroplet ĽŅĴŅĶĩėŜŅĬĺĦœħƟěŅĔ 

D = (L-B)/(L+B) = (k/2)[(19Ȯ˂ + 16)/(16Ȯ˂ + 16)]  ŐĸŃȮ = Ⱬ/4           (10) 
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ŏĬŊŗŀĚěŅĔėƞŅĝŀĚȮviscosity ratio ĴňėƞŅœħƟĨńŘĚŐĨƞȮ0 ĩŉĚȮinfinite ěŉĚœħƟĺƞŅėƞŅŒĬĺĚŏĸŖĭĪŅĚħƟŅĬĕĺŅĕŀĚ

ĽĴĔŅĶȮ10 ĴňėƞŅĮĶŃĴŅĦȮ1 ĔĸƞŅĺėŊŀȮdeformability ĴňėƞŅĮĶŃĴŅĦȮk/2ȮŒĬĕĦŃŏħňĵĺĔńĬŏĴŊŗŀȮterm 

ĕŀĚȮinterfacial tension ĴňėƞŅĬƟŀĵŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮtermȮĕŀĚȮviscous (viscosity ratio ĴňėƞŅ

ĽŌĚ) ěŉĚœħƟĺƞŅ 

D= 5k/8ȮŐĸŃȮ = Ⱬ/2   (11) 

őħĵȮTaylor ĪŜŅĬŅĵĺƞŅȮdroplet ěŃ break œħƟŏĴŊŗŀȮD Dcrit = 0.5 ŀĵƞŅĚœĶĔŖĨŅĴĪķļġňĕŀĚȮTaylor 

ĽŅĴŅĶĩŒĝƟœħƟŏıňĵĚȮ2 ĔĶĦňėŊŀȮ1.ĔĶĦňŏĴŊŗŀ term ĕŀĚȮinterfacial tension ĴňėƞŅĴŅĔĔĺƞŅȮviscous 

ľĶŊŀȮ2.ĔĶĦňŏĴŊŗŀ term ĕŀĚȮinterfacial tension ĴňėƞŅĬƟŀĵĔĺƞŅȮviscous ĬŀĔěŅĔĬňŘȮCox œħƟıńĥĬŅ

ĪķļġňĕŀĚȮTaylor ĪŜŅŒľƟĽŅĴŅĶĩŒĝƟœħƟĔńĭĪŋĔȮviscosity ratioȮĞŉŗĚȮdeformability ŐĸŃȮorientation 

angle ĽŅĴŅĶĩėŜŅĬĺĦœħƟěŅĔ 

D = (L-B)/(L+B) = (k/2)[(19Ȯ˂ + 16)/(16Ȯ˂ + 16)]/[(19Ȯ˂k/40)2+1]1/2                 

ŐĸŃȮ = Ⱬ/4 + 0.5tan-1 (19Ȯ˂k/20)                                       (12) 

ěŅĔĽĴĔŅĶĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĽňĵĶŌĮĕŀĚȮdroplet ěŃĕŉŘĬŀĵŌƞĔńĭĪńŘĚȮcapillary number ĞŉŗĚ

ŏĮƦĬŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚȮhydrodynamic force ĞŉŗĚĽńĴıńĬīƢĔńĭėĺŅĴľĬŊħĕŀĚȮmatrix ŐĸŃȮinterfacial 

tension force ĶŃľĺƞŅĚȮphase ĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢĞŉŗĚŏĮƦĬŐĶĚĪňŗĪŜŅŒľƟȮdispersed phase ŏĮĸňŗĵĬ

ĶŌĮĶƞŅĚĔĸńĭĴŅĴňĸńĔļĦŃŏĮƦĬĪĶĚĔĸĴȮY06[ȮĶĺĴœĮĩŉĚȮviscosity ratio ĕŀĚȮmatrix ŐĸŃȮdispersed 

phase  

 ĬŀĔěŅĔĬňŘȮGrace [29]  œħƟĻŉĔļŅŀŇĪīŇıĸĕŀĚĪńŘĚŒĬĽĳŅĺŃȮsimple shear ŐĸŃȮplanar 

elongational flow ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.11 őħĵıĭĺƞŅĳŅĵŒĨƟȮsimple shear ĔŅĶěŃĪŜŅŒľƟŏĔŇħĔŅĶȮ

break ĕŀĚŏĲĽĶŀĚěŃŏĔŇħĕŉŘĬœħƟĚƞŅĵŏĴŊŗŀȮviscosity ratio ŀĵŌƞĶŃľĺƞŅĚȮ0.1-1 őħĵȮviscosity ratio=4 

ŏĮƦĬĸŇĴŇĨĕŀĚĔŅĶĪŜŅŒľƟȮdroplet ŏĔŇħĔŅĶȮbreak ĩƟŅľŅĔȮviscosity ratio ĴňėƞŅŏĔŇĬĔĺƞŅĸŇĴŇĨĬňŘȮ

droplet ěŃŏĔŇħĔŅĶľĴŋĬœĮĨŅĴŐĶĚŏĜŊŀĬĪňŗœħƟĶńĭŐĨƞœĴƞĴňĔŅĶŏĽňĵĶŌĮȮěŅĔȮcurve ĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅȮ

fluid droplet ŒĬȮviscous matrix ĽŅĴŅĶĩŏĔŇħĔŅĶĵŊħŀŀĔőħĵŐĶĚŏĜŊŀĬŐĸŃĕŅħŀŀĔŏĮƦĬȮdroplet 

ĕĬŅħŏĸŖĔœħƟȮŒĬĪŅĚĔĸńĭĔńĬȮfluid matrix ěŃœĴƞĽŅĴŅĶĩĪŜŅŒľƟȮviscous droplet ŏĔŇħĔŅĶȮbreakȮ

ĳŅĵŒĨƟĽĳŅĺŃȮsimple shearȮŒĬĔĶĦňĕŀĚĽĳŅĺŃȮextensional flow ıĭĺƞŅȮviscosity ratio Ĵň
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ŀŇĪīŇıĸĨƞŀȮcapillary number ŏıňĵĚŏĸŖĔĬƟŀĵŏĪƞŅĬńŘĬħńĚĬńŘĬȮdrop ĽŅĴŅĶĩŏĔŇħĔŅĶ break ĕŀĚȮ

droplet œħƟ 

 

ĶŌĮĪňŗȮ0,// ĔĶŅĲĔŅĶŏĮĸňŗĵĬŐĮĸĚȮcritical capillary number ĨŅĴĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮviscosity 

ratio ĳŅĵŒĨƟĽĳŅĺŃȮsimple shear ŐĸŃȮ2-D elongational flow [27] 

 2.6.1 ĔŅĶȮbreak ĕŀĚȮdroplet ěŅĔĔŅĶŏĜŊŀĬȮ 

ȮŒĬĝƞĺĚŏĶŇŗĴĨƟĬĕŀĚĔŅĶŏĭĸĬħƢȮdroplet ĕŀĚŏĲĽĬƟŀĵěŃĴňĕĬŅħŒĔĸƟŏėňĵĚĔńĭĕĬŅħĕŀĚȮpolymer 

pellet ĔƞŀĬĪňŗěŃŏĔŇħĔŅĶľĸŀĴŏľĸĺŒĬȮcontinuous matrix ĪňŗŏĔŇħĔŅĶľĸŀĴŏľĸĺĔƞŀĬȮŏĴŊŗŀıŇěŅĶĦŅ

ŒĬĶŃĭĭĕŀĚȮNewtonian fluid ĞŉŗĚȮkcritical ĴňėƞŅŒĔĸƟŏėňĵĚȮ1 őħĵĪňŗȮviscosity ratio ĴňėƞŅŒĔĸƟŏėňĵĚȮ1 

ĪŜŅŒľƟœħƟĽĳŅĺŃĪňŗȮ(k ḻkcriticalȮĞŉŗĚŏĮƦĬĽĳŅĺŃĪňŗȮshear stress ĴňėƞŅĴŅĔĔĺƞŅȮinterfacial stress ĪŜŅ

ŒľƟȮdrop ŏĔŇħĔŅĶȮdeform ıĶƟŀĴĔńĭȮmatrix ĞŉŗĚŒĬĝƞĺĚŐĶĔĕŀĚĔŅĶįĽĴȮdrop ěŃŏĔŇħĔŅĶĵŊħ

ŀŀĔŏĮƦĬȮellipsoid ěŅĔĬńŘĬěŉĚŏĔŇħĔŅĶĵŊħŀŀĔŏĮƦĬȮfilament ĞŉŗĚĶŌĮĶƞŅĚĕŀĚȮfilament ěŃĕŉŘĬŀĵŌƞĔńĭėƞŅ

ĕŀĚȮviscosity ratio ŒĬĔĶĦňĪňŗȮviscosity ratio ĴňėƞŅĴŅĔĔĺƞŅȮ1 filament ĪňŗœħƟěŃĴňĮĸŅĵŒĬĸńĔļĦŃ

ĔĸĴȮ(round end)ȮŒĬĕĦŃŏħňĵĺĔńĬĩƟŅȮviscosity ratio ĬƟŀĵĔĺƞŅȮ1 filament ĪňŗœħƟěŃĴňĮĸŅĵŐľĸĴȮ

(pointed end)  

 2.6.2 ĔŅĶȮbreak ĕŀĚȮdroplet įƞŅĬĔŅĶŏĔŇħŏĮƦĬȮfilament 

ŏĴŊŗŀȮdrop ĩŌĔĵŊħŀŀĔŏĮƦĬȮfilament ĪŜŅŒľƟĴňĔŅĶĸħĸĚĕŀĚĶńĻĴňĶƞĺĴĔńĭĔŅĶĪňŗȮinterfacial tension Ĵň

ŀŇĪīŇıĸĨƞŀȮcapillary number ĴŅĔĕŉŘĬȮŏĴŊŗŀĶńĻĴňĕŀĚȮfilament ĴňĕĬŅħŏĸŖĔĸĚĩŉĚȮ1 micron ěŃĪŜŅŒľƟȮ
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shear stress ĴňėƞŅŒĔĸƟŏėňĵĚĔńĭȮinterfacial tension  ěŃĪŜŅŒľƟŏĔŇħȮcapillary wave ĭĬȮinterface 

ĕŀĚȮfilament ěŅĔĬńŘĬěŉĚŏĔŇħĔŅĶĕŅħŀŀĔĕŀĚȮfilament ŏĮƦĬȮdroplet ĕĬŅħŏĸŖĔĞŉŗĚŏĶňĵĔĔŅĶĕŅħ

őħĵĔŅĶŏĔŇħȮcapillary wave instability ĬňŘĺƞŅȮRayleigh mechanism ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.12  

 

ĶŌĮĪňŗȮ0,/0 sinusoidal deformation ĕŀĚȮPolyamide6 filament ŒĬȮPS matrix ĪňŗŀŋĦľĳŌĴŇȮ230 

ǓC ĪňŗŏĺĸŅȮ0, 15, 30, 45 ŐĸŃȮ60 ĺŇĬŅĪňȮ[27] 

ĬŀĔěŅĔĬňŘĵńĚıĭĔŅĶȮbreak ĕŀĚȮdropletȮĸńĔļĦŃŀŊŗĬĪňŗœħƟĩŌĔĶŅĵĚŅĬŒĬĚŅĬĺŇěńĵŀŊŗĬŕŏĝƞĬȮend-

pinching mechanism, tip-streaming mechanism ĞŉŗĚĕŉŘĬŀĵŌƞĔńĭȮviscosity ratio ĕŀĚıŀĸŇŏĴŀĶƢ

ŏĭĸĬħƢħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2.11ȮĶĺĴœĮĩŉĚȮstepwise equilibrium mechanism ĞŉŗĚŏĮƦĬĔĸœĔĪňŗŏĔŇħ

ĔŅĶŐĭƞĚȮdroplet ŀŀĔŏĮƦĬĽŀĚȮdrop ĪňŗĴňĕĬŅħŏĪƞŅŕĔńĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚěĬĔĶŃĪńŗĚœĴƞĽŅĴŅĶĩŐĭƞĚœħƟŀňĔ

őħĵĪňŗœĴƞĴňĔŅĶŏĔŇħŏĮƦĬȮfilament ĔƞŀĬȮŀĵƞŅĚœĶĔŖĨŅĴȮmechanism ĬňŘĴňėĺŅĴŏĮƦĬœĮœħƟĪňŗěŃŏĔŇħœħƟĬƟŀĵ 

ĨŅĶŅĚĪňŗȮ2.11 ĔŅĶŏĔŇħȮdroplet breakup ĪňŗȮviscosity ratio ĨƞŅĚŕȮY06[ 
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ĭĪĪňŗ 3 

ĺŇīňĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵ 

3.1 ĺńĽħŋŐĸŃĽŅĶŏėĴňĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

 3.1.1 ıŀĸŇœŁħĶŀĔĞňĭŇĺĪňŏĶĨőėĺŅĶňŏĶĨȮ&Poly(hydroxybutyrate-co-valerate), PHBV'Ȯ

ENMAT Y1000PȮœħƟĞŊŘŀěŅĔȮĭĶŇļńĪȮTianan Biologic material ěŜŅĔńħȮĮĶŃŏĪĻěňĬȮőħĵĴňĮĶŇĴŅĦœŁ

ħĶŀĔĞňĺŅĶňŏĶĨȮ(hydroxyvalerate content) ĪňŗȮ3 mol%*ȮWmsleŲqȮkmbsjsqȮ06..-3500 MPa, 

Tensile strength 39 MPa, Elongation at break 2% ŐĸŃŀŋĦľĳŌĴŇľĸŀĴȮ170-176 °C 

 

ĶŌĮĪňŗȮ1,/ őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚıŀĸŇœŁħĶŀĔĞňĭŇĺĪňŏĶĨőėĺŅĶňŏĶĨȮőħĵĪňŗȮR ėŊŀľĴŌƞȮ-CH3 ľĶŊŀȮ-

CH2CH3 

 3.1.2 ıŀĸŇĭŇĺĪňĸňĬĞńėĞŇŏĬĨőėŀŃħŇŏĮĨȮ(Poly(butylene succinate-co-adipate), PBSA) 

BioPBSTM FD92PM œħƟĞŊŘŀěŅĔȮPTT MCC Biochem Company Limited őħĵȮtensile modulus 

280 MPa, yield stress 18 MPa, stress at break 32 MPa, strain at break 600% ŐĸŃŀŋĦľĳŌĴŇ

ľĸŀĴȮ84 °C 

 

ĶŌĮĪňŗȮ1,0 őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚıŀĸŇĭŇĺĪňĸňĬĞńėĞŇŏĬĨőėŀŃħŇŏĮĨ 
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 3.1.3 ŏĽƟĬŒĵĽńĭĮŃĶħȮ&Pineapple fiber, SPF'ȮĪňŗœħƟěŅĔĕŀĚŏľĸŊŀĪŇŘĚěŅĔĳŅėĔŅĶŏĔļĨĶ

ĭĶŇŏĺĦŀŜŅŏĳŀĬėĶœĪĵȮěńĚľĺńħıŇļĦŋőĸĔȮĮĶŃŏĪĻœĪĵȮĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĨńħȮĭħȮĮƤƧĬȮĔĶŃĪńŗĚœħƟŏĽƟĬŒĵ

ĽńĭĮŃĶħȮĸńĔļĦŃŏĮƦĬĮŋĵȮĽňĕŅĺŀĴĬŘŜŅĨŅĸŀƞŀĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ1,3 

 

ĶŌĮĪňŗȮ1,1 ŏĽƟĬŒĵĽńĮĮŃĶħ 
 
3.1.4 Di(tert-butylperoxyisopropyl) benzene (Perkadox® 14S) (DB) ĴňĸńĔļĦŃŏĮƦĬ

įĚĽňĕŅĺȮĴňĮĶŇĴŅĦŏĮŀĶƢŀŀĔœĞħƢȮ2.% őħĵĬŘŜŅľĬńĔȮĽƞĺĬŀĚėƢĮĶŃĔŀĭŀŊŗĬŏĮƦĬȮCaCO3 ŐĸŃȮSiO2 įĸŇĨ
ěŅĔĭĶŇļńĪȮAkzo Nobel ĮĶŃŏĪĻœĪĵȮŒĝƟŏĮƦĬȮfree radical initiator ŏıŊŗŀŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚ
ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŀĚȮPHBV ŐĸŃŒĝƟŏĮƦĬȮcompatibilizer ŒĬĔŅĶŏĭĸĬħƢȮ
PHBV ŐĸŃȮPBSA őħĵĴňĝƞĺĚŀŋĦľĳŌĴŇľĸŀĴȮ46-52 °C őħĵĴňȮT1/2 ĪňŗŀŋĦľĳŌĴŇȮ180 °C ĮĶŃĴŅĦȮ38 
ĺŇĬŅĪň 

 

 

ĶŌĮĪňŗȮ1,2 őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮDi(tert-butylperoxyisopropyl) benzene 

1,/,5,ȮMultifunctional epoxy chain extenderȮJoncryl® ADR 4468 (ECE) ŏĮƦĬ
ĽŅĶŏėĴňĮĶŃŏĳĪȮMultifunctional epoxide ĪŜŅľĬƟŅĪňŗŏĮƦĬĨńĺĕĵŅĵĽŅĵőĞƞȮ(Chain extender) ŐĸŃ
ĽŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟȮ(Compatibilizer) įĸŇĨěŅĔĭĶŇļńĪȮBASF Chemical Co., Ltd. ĴňĸńĔļĦŃ
ŏĮƦĬįĸŉĔŒĽȮĴňėƞŅȮEpoxy equivalent weight ŏĪƞŅĔńĭȮ310 ĔĶńĴĨƞŀőĴĸ, ŀŋĦľĳŌĴŇŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵ
ŐĔƟĺȮ(Tg) 59 °C, ĬŘŜŅľĬńĔőĴŏĸĔŋĸȮ7250 ŐĸŃŀŋĦľĳŌĴŇľĸŀĴŒĬĝƞĺĚȮ120-140 °C 
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ĶŌĮĪňŗȮ1,3 őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮJoncryl® ADR 4468ȮőħĵĪňŗȮR1ȮĩŉĚȮR5ȮŏĮƦĬȮH, CH2ȮľĶŊŀľĴŌƞȮalkyl 

1,/6,ȮĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢȮ(Maleic anhydride) ŏĔĶħȮAR ěŅĔĭĶŇļńĪȮSigma-Aldrich 
ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ ŒĝƟŏĮƦĬĽŅĶŏıŊŗŀŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚįŇĺĕŀĚŏĽƟĬŒĵĽńĮĮŃĶħŏıŊŗŀŒľƟĴňėĺŅĴŏĕƟŅĔńĬœħƟ
ĔńĭȮpolymer matrix ĴŅĔĕŉŘĬ őħĵĴňėĺŅĴľĬŅŐĬƞĬŏĪƞŅĔńĭȮ/,26ȮĔĶńĴĨƞŀĸŌĔĭŅĻĔƢŏĞĬĨŇŏĴĨĶȮĴňěŋħ
ľĸŀĴŏľĸĺŏĪƞŅĔńĭȮ30,6Ȯ°C 

 
ĶŌĮĪňŗȮ1,4 őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚĴŅŏĸŀŇĔŐŀĬœŁœħĶħƢ 

 
3.1.7. Triallyl isocyanurate (TAIC) ĞŊŘŀěŅĔĭĶŇļńĪȮInnomaxȮěŜŅĔńħȮĮĶŃŏĪĻœĪĵŏıŊŗŀ

ĮĶńĭĮĶŋĚėĺŅĴŏĽĩňĵĶĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶ ĴňĸńĔļĦŃŏĮƦĬĕŀĚŏľĸĺĽň

ŏľĸŊŀĚŒĽȮőħĵĴňŀŋĦľĳŌĴŇľĸŀĴȮ24.8 °C, ěŋħŏħŊŀħȮ149-152 °C Āæñ flash point Øöć 245 °C 

 

ĶŌĮĪňŗȮ1,5 őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚ Triallyl isocyanurate 
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ėĸŀőĶĲŀĶƢĴȮ(Chloroform) ŏĔĶħȮGPR įĸŇĨőħĵĭĶŇļńĪȮRCI Labscan Limited ĴňĸńĔļĦŃ

ŏĮƦĬĕŀĚŏľĸĺŒĽȮĴňĔĸŇŗĬŏŀĔĸńĔļĦƢȮĬŘŜŅľĬńĔőĴŏĸĔŋĸȮ//7,16Ȯg/mol ėĺŅĴľĬŅŐĬƞĬȮ/,26 g/cm3ȮŒĝƟ

ŏĮƦĬĨńĺĪŜŅĸŃĸŅĵĽŜŅľĶńĭȮPHBV 

 
ĶŌĮĪňŗȮ1,6 őėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚ Chloroform 

 

1,0,ȮŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟįĽĴŐĸŃĕŉŘĬĶŌĮ 

1,0,/ȮŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ(Internal mixer) ĶŋƞĬȮMX 105-D40L50 ěŅĔĭĶŇļńĪŏěĶŇĠ
ĪńĻĬƢȮĮĶŃŏĪĻœĪĵȮ  

3.2.2ŏėĶŊŗŀĚŀńħĶňħĽĔĶŌŏħňŗĵĺȮ&Single screw extruder' ĶŋƞĬȮSE-D28L540ȮĭĶŇļńĪȮŏěĶŇĠĪńĻĬƢȮ
ěŜŅĔńħȮĮĶŃŏĪĻœĪĵ 

1,1,1ȮŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮȮ(Compression molding) ĶŋƞĬȮPR/.-W1..L13.ȮěŅĔĭĶŇļńĪŏěĶŇĠ
ĪńĻĬƢȮĮĶŃŏĪĻœĪĵ 

3.3 ŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢŐĸŃĪħĽŀĭĽĴĭńĨŇĕŀĚıŀĸŇŏĴŀĶƢ 

1,1,/ȮŏėĶŊŗŀĚȮNuclear Magnetic Resonance (NMR) ĶŋƞĬȮADVANCE III HD ěŅĔĭĶŇļńĪȮ
Bruker Optic ĮĶŃŏĪĻŏĵŀĶĴńĬ 
 3.3.2 ŏėĶŊŗŀĚȮFourier Transform Infrared Spectroscopy (FTIR) Spectrum 100 ěŅĔ
ĭĶŇļńĪ Perkin Elmer ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 
 1,1,1ȮĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ(Field Emission Scanning Electron 
Microscope, FESEM) ĶŋƞĬȮMIRA3 ěŅĔĭĶŇļńĪȮTESCAN ĮĶŃŏĪĻĽŅīŅĶĦĶńģŏĝŖĔȮ 
 1,1,2ȮŏėĶŊŗŀĚĪħĽŀĭħńĝĬňĔŅĶœľĸȮ(Melt Flow Indexer) ĶŋƞĬȮPlastometer: MFR1 ěŅĔ
ĭĶŇļńĪŏěĶŇĠĪńĻĬƢȮĮĶŃŏĪĻœĪĵ 
 3.3.7 ŏė ĶŊŗŀ ĚȮDifferential Scanning Calorimeter (DSC)/Thermal gravimetric 
analyzer (TGA) ĶŋƞĬȮTGA/DSC 3+ ěŅĔĭĶŇļńĪȮMettler-Toledo ěŜŅĔńħ 
 1,1,6ȮŏėĶŊŗŀĚĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħȮ(Universal Testing Machine) ĶŋƞĬȮ3437ȮěŅĔĭĶŇļńĪȮ
Instron Engineering Corporation ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 
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 3.3.9. ŏėĶŊŗŀĚĪħĽŀĭĽĴĭńĨŇĔŅĶĔĶŃŐĪĔȮ&Impact tester) ĶŋƞĬȮCEAST 9050 ěŅĔĭĶŇļńĪȮ
Instron  
 3.3.10. ĨŌƟėĺĭėŋĴėĺŅĴĝŊŘĬȮ(Stability test chamber) model SH-242 ěŅĔĭĶŇļńĪȮespec 
ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ  

3.3.11. ŏėĶŊŗŀĚĪħĽŀĭėĺŅĴŏĽŊŗŀĴĳŅĵŒĨƟĽĳŅĺŃŏĶƞĚȮ(Accelerated weathering tester) ĶŋƞĬȮ
QUV-SPRAY ĭĶŇļńĪȮQ-Lab corporation ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

3.3.12. Optical microscope Ķŋƞ Ĭ ȮSeekscope i-Measure HD ĭ ĶŇ ļń Ī ȮVSK 
consummate CO.,LTD. 

3.3.13. ŏėĶŊŗŀĚĴŊŀĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸŐĭĭœħĬŅĴŇĔ (Dynamic mechanical analyzer, 
DMA) ĶŋƞĬȮMCR 302 ěŅĔĭĶŇļńĪȮAnton Paar ĮĶŃŏĪĻœĪĵ 

3.4 ĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

 3.4.1 ĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŒĬĶŃľĺƞŅĚĕŉŘĬĶŌĮĕŀĚȮPHBV 

 ěŅĔŒĬĽƞĺĬĕŀĚȮliterature review ĪŜŅŒľƟıĭĺƞŅȮPHBV ĴňŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗĨŗŜŅěŅĔ

ĔŅĶĪňŗĽŅĴŅĶĩŏĔŇħȮthermal degradation œħƟĪňŗŀŋĦľĳŌĴŇŒĔĸƟŏėňĵĚĔńĭŀŋĦľĳŌĴŇľĸŀĴįĸŉĔȮ(melting 

temperature)  ĪŜŅŒľƟĴňĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔőĴŏĸĔŋĸŐĸŃėĺŅĴľĬŊħĕŀĚıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺŀĵƞŅĚ

ĨƞŀŏĬŊŗŀĚŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĽƞĚįĸŒľƟĔŅĶħŜŅŏĬŇĬĔŅĶĕŉŘĬĶŌĮőħĵĺŇīňľĸŀĴŏľĸĺŏĮƦĬœĮœħƟĵŅĔȮŒĬĽƞĺĬ

ŐĶĔĕŀĚĚŅĬĺŇěńĵĬňŘěŉĚħŜŅŏĬŇĬĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV őħĵįƞŅĬĮĢŇĔŇĶŇĵŅŒĬȮ3 

ĸńĔļĦŃėŊŀĮĢŇĔŇĶŇĵŅȮfree radical őħĵŒĬĽƞĺĬĕŀĚĮĢŇĔŇĶŇĵŅȮfree radical ĬňŘěŃŐĭƞĚŀŀĔŏĮƦĬȮ2 ĶŃĭĭ

ėŊŀĶŃĭĭĪňŗĴňĔŅĶŏĨŇĴȮfree radical initiator őħĵŒĬĪňŗĬňŘėŊŀȮDB ŏıňĵĚŀĵƞŅĚŏħňĵĺŒĬĮĶŇĴŅĦȮ0.1-0.3 

phr ŐĸŃĶŃĭĭĪňŗĴňĔŅĶŏĨŇĴ DB 0.1-0.3 phr ĶƞĺĴĔńĭȮcoagent ĞŉŗĚėŊŀȮTAIC ŒĬĮĶŇĴŅĦȮ0.1-0.3 phr 

ĮĢŇĔŇĶŇĵŅĪňŗĽŀĚėŊŀĮĢŇĔŇĶŇĵŅȮcondensation ĞŉŗĚħŜŅŏĬŇĬĔŅĶőħĵŏĨŇĴȮECE ŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬȮ0.5-

2 phr ŐĸŃĮĢŇĔŇĶŇĵŅĸńĔļĦŃĽŋħĪƟŅĵėŊŀĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical ŐĸŃȮcondensation 

őħĵŏĨŇĴȮDB ĶƞĺĴĔńĭȮTAIC ŐĸŃȮECE őħĵĽńħĽƞĺĬĕŀĚĽŅĶŏėĴňĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚœħƟŐĽħĚœĺƟŒĬĨŅĶŅĚĪňŗȮ

3.1 ŒĬĔŅĶĪħĸŀĚħŜŅŏĬŇĬĔŅĶįĽĴȮPHBV ĶƞĺĴĔńĭĽŅĶŏėĴňĕƟŅĚĨƟĬħƟĺĵŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ

(internal mixer) ĪňŗŀŋĦľĳŌĴŇȮ180 °C ŏĮƦĬŏĺĸŅȮ10 ĬŅĪňȮőħĵŒĝƟėĺŅĴŏĶŖĺľĴŋĬĕŀĚŒĭĔĺĬȮ100 rpm 

őħĵĴňĔŅĶĨŇħĨŅĴėƞŅŐĶĚĭŇħĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶŏıŊŗŀĨŇħĨŅĴėĺŅĴľĬŊħŒĬĶŃľĺƞŅĚĔŅĶŃĭĺĬĔŅĶĕŀĚ

ıŀĸŇŏĴŀĶƢŒĬĶŃĭĭȮľĸńĚěŅĔĬńŘĬěŉĚĬŜŅıŀĸŇŏĴŀĶƢĪňŗœħƟœĮĭħħƟĺĵŏėĶŊŗŀĚĭħȮ(grinder)  

 

 



  1. 

ĨŅĶŅĚĪňŗȮ1,/ ĽńħĽƞĺĬĕŀĚĽŅĶŏėĴňĪňŗŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV 

ĶŃĭĭ Sample DB (phr) TAIC (phr) ECE (phr) 

Neat PHBV Neat PHBV - - - 

Free radical 

PHBV/DB0.1 .,/ - - 

PHBV/DB0.2 .,0 - - 

PHBV/DB0.3 .,1 - - 

PHBV/DB0.1/TAIC0.1 

.,/ 

.,/ - 

PHBV/DB0.1/TAIC0.2 .,0 - 

PHBV/DB0.1/TAIC0.3 .,1 - 

PHBV/DB0.2/TAIC0.1 

.,0 

.,/ - 

PHBV/DB0.2/TAIC0.2 .,0 - 

PHBV/DB0.2/TAIC0.3 .,1 - 

PHBV/DB0.3/TAIC0.1 

.,1 

.,/ - 

PHBV/DB0.3/TAIC0.2 .,0 - 

PHBV/DB0.3/TAIC0.3 .,1 - 

condensation 

PHBV/ECE0.5 - - .,3 

PHBV/ECE1 - - / 

PHBV/ECE2 - - 0 

Free radical + 

condensation 
PHBV/DB0.3/TAIC0.1/ECE0.5 .,1 .,/ .,3 

 



  1/ 

  3.4.1.1 ĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢȮPHBV ľĸńĚěŅĔĪŜŅĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴ

ĶƟŀĬŒĬĶŃľĺƞŅĚĕŉŘĬĶŌĮĕŀĚȮ 

 ĔŅĶĨŇħĨŅĴįĸĕŀĚĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĨƞŀőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮPHBV 

ħŜŅŏĬŇĬĔŅĶőħĵĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮ1H-NMR őħĵĬŜŅĨńĺŀĵƞŅĚȮPHBV, PHBV/DB0.3/TAIC0.1, 

PHBV/ECE0.5 ŐĸŃȮPHBV/DB0.3/TAIC0.1/ECE0.5 œĮĪħĽŀĭȮŒĬĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚħŜŅŏĬŇĬĔŅĶ

őħĵĪŜŅĸŃĸŅĵȮPHBV ŒĬȮchloroform ěŅĔĬńŘĬěŉĚĬŜŅȮPHBV solution ĪňŗœħƟœĮĔĶŀĚħƟĺĵȮsyringe 

filter ĔƞŀĬĪňŗěŃĬŜŅœĮĪħĽŀĭȮŐĸŃħŜŅŏĬŇĬĔŅĶħƟĺĵŏĪėĬŇėȮAttenuated total reflection-Fourier 

transform infrared spectroscopy (ATR-FTIR)  

ėƞŅħńĝĬňĔŅĶœľĸȮ(melt flow indexer) ħŜŅŏĬŇĬĔŅĶĪħĽŀĭĨŅĴĴŅĨĶģŅĬȮASTM D1238 Īňŗ
ŀŋĦľĳŌĴŇȮ/7.Ȯ°CȮĬŘŜŅľĬńĔĪňŗŒĝƟĔħȮ0,/4ȮĔŇőĸĔĶńĴ őħĵĬŜŅĨńĺŀĵƞŅĚĴŅŀĭœĸƞėĺŅĴĝŊŘĬĪňŗŀŋĦľĳŌĴŇȮ4.Ȯ°CȮ
ĔƞŀĬĪňŗěŃĪŜŅĔŅĶĪħĽŀĭ 

ıķĨŇĔĶĶĴĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬȮ(thermal degradation behaviors)ȮħŜŅŏĬŇĬĔŅĶőħĵ
ĪħĽŀĭ ĨńŘĚŐĨƞĝƞĺĚŀŋĦľĳŌĴŇȮ25-600 °C ħƟĺĵȮheating rate 10 °C/min ŒĬĕĦŃĪňŗĽĴĭńĨŇĪŅĚėĺŅĴ
ĶƟŀĬȮ(thermal properties) ħŜŅŏĬŇĬĔŅĶĪħĽŀĭĨńŘĚŐĨƞĝƞĺĚŀŋĦľĳŌĴŇȮ-20-200 °C ħƟĺĵȮheating rate 
10 °C/min ěŅĔĬńŘĬěŉĚėĚŀŋĦľĳŌĴŇœĺƟĪňŗȮ200 °C ŏĮƦĬŏĺĸŅȮ1 ĬŅĪňȮŐĸƟĺěŉĚĪŜŅĔŅĶŐĽĔĬŀŋĦľĳŌĴŇěŅĔȮ
200 œĮĪňŗȮ-20 °C ħƟĺĵȮheating rate -10 °C/min ěŅĔĬńŘĬěŉĚėĚŀŋĦľĳŌĴŇœĺƟĪňŗȮ-20 °CȮŏĮƦĬŏĺĸŅȮ1 
ĬŅĪňȮŐĸŃěŉĚĪŜŅĔŅĶĽŐĔĬĨńŘĚŐĨƞĝƞĺĚŀŋĦľĳŌĴŇȮ-20-200 °C ħƟĺĵȮheating rate 10 °C/minȮħƟĺĵȮ
TGA/DSC 3+, Mettler-Toledo ĞŉŗĚėŜŅĬĺĦĮĶŇĴŅĦįĸŉĔĕŀĚĨńĺŀĵƞŅĚőħĵŒĝƟĽĴĔŅĶ 

ὢ
ЎὌ

ЎὌ
 ρππϷ 

őħĵĪňŗȮ Xc ėŊŀĮĶŇĴŅĦįĸŉĔĪňŗŏĔŇħĕŉŘĬȮ&%) 
 ƇHm ėŊŀėƞŅȮEnthalpy of melting (J/g) 

 ƇFk
. ėŊŀėƞŅȮEnthalpy of melting ĕŀĚȮPHBV ĪňŗĴňĮĶŇĴŅĦįĸŉĔȮ/..% 146 J/g [30]. 

3.4.1.2 ĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV ľĸńĚěŅĔĪŜŅĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅı

ĪŅĚėĺŅĴĶƟŀĬ 

 ŒĬĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚĝŊŘĬĚŅĬŒĬĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħȮ(tensile properties) 
ĪŜŅĔŅĶŏĨĶňĵĴőħĵŒĝƟŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮȮ(Compression molding)ȮĪňŗŀŋĦľĳŌĴŇȮ190 °C ŏĮƦĬĶŌĮħńĴŏĭĸ
ĝĬŇħȮV (dumbbell shape type V) ĨŅĴĴŅĨĶģŅĬȮASTM D638 őħĵħŜŅŏĬŇĬĔŅĶĪħĽŀĭőħĵŒĝƟȮ
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Universal testing machine ĨŅĴĴŅĨĶģŅĬȮASTM D638 ħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ10 mm/min ħƟĺĵȮ
load cell 5 kN  

 3.4.2 ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV őħĵĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮŐĸŃĪŜŅıŀĸŇŏĴŀĶƢ

ėŀĴőıĽŇĨ 

  3.4.2.1 ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV őħĵĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮ 

 ŒĬĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV ħŜŅŏĬŇĬĔŅĶőħĵĔŅĶĬŜŅȮPBSA ĞŉŗĚŏĮƦĬȮsoft polymer 
ĴŅŏĭĸĬħƢĶƞĺĴĔńĭȮPHBV ĪňŗŀńĨĶŅĽƞĺĬȮPHBV:PBSA 80:20 őħĵĴňĔŅĶŏĨŇĴȮDB, TAIC ŐĸŃȮECE ŏıŊŗŀŒĝƟ
ŒĬĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŐĸŃŒĝƟŏĮƦĬĽŅĶŒĬĔŅĶŏıŇŗĴėĺŅĴŏĕƟŅĔńĬœħƟȮ(compatibilizer) 
ĞŉŗĚħŜŅŏĬŇĬĔŅĶįĽĴħƟĺĵŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮ(internal mixer) ĪňŗŀŋĦľĳŌĴŇȮ180 °C ħƟĺĵėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ
100 ĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ10 ĬŅĪňȮěŅĔĬńŘĬěŉĚĬŜŅıŀĸŇŏĴŀĶƢĪňŗœħƟœĮĭħħƟĺĵŏėĶŊŗŀĚĭħȮ(grinder) ŐĸŃ
ĬŜŅœĮŀĭœĸƞėĺŅĴĝŊŘĬĪňŗŀŋĦľĳŌĴŇȮ60 °C ĔƞŀĬĪňŗěŃĬŜŅœĮĪħĽŀĭĨƞŀœĮőħĵĽńħĽƞĺĬĕŀĚĽŅĶŏėĴňŐĸŃıŀĸŇ
ŏĴŀĶƢŐĽħĚœĺƟħńĚĨŅĶŅĚĪňŗȮ3.2 

  3.4.2.2 ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV/PBSA blend őħĵĪŜŅıŀĸŇŏĴŀĶƢėŀĴ

őıĽŇĨħƟĺĵŏĽƟĬŒĵĽńĮĮŃĶħ 

 ŒĬĔŅĶĮĶńĭĮĶŋĚıŊŘĬįŇĺĕŀĚŏĽƟĬŒĵĽńĮĮŃĶħȮ(SPF) ħŜŅŏĬŇĬĔŅĶőħĵĔŅĶŒĝƟȮmaleic anhydride 
ĪňŗĮĶŇĴŅĦȮ2%wt ĕŀĚĬŘŜŅľĬńĔŏĽƟĬŒĵȮħŜŅŏĬŇĬĔŅĶĪŜŅĸŃĸŅĵȮmaleic anhydride ŒĬȮacetone ěŅĔĬńŘĬ
ěŉĚĬŜŅĽŅĶĸŃĸŅĵĪňŗœħƟŒĽƞĸĚŒĬŏĽƟĬŒĵĔƞŀĬĪňŗěŃĬŜŅœĮŒĽƞŒĬŏĨŅŀĭĪňŗŀŋĦľĳŌĴŇȮ80 °C ŏĮƦĬŏĺĸŅȮ24 ĝńŗĺőĴĚȮ
Y1/[ȮěŉĚœħƟŀŀĔĴŅŏĮƦĬŏĽƟĬŒĵĽńĮĮŃĶħĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚȮ(TSPF) 
 ŒĬĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV/PBSA blend ħŜŅŏĬŇĬĔŅĶőħĵŏĨŇĴŏĽƟĬŒĵĽńĮĮŃĶħȮ
(pineapple fiber, SPF) ĪňŗĮĶŇĴŅĦȮ5 phr őħĵŒĝƟŏĽƟĬŒĵȮ2 ŐĭĭėŊŀŏĽƟĬŒĵĽńĮĮŃĶħĪňŗœĴƞįƞŅĬĔŅĶ
ĮĶńĭĮĶŋĚįŇĺȮ(SPF) ŐĸŃŏĽƟĬŒĵĽńĮĮŃĶħĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚįŇĺȮ(TSPF) ŒĬĔŅĶįĽĴħŜŅŏĬŇĬĔŅĶőħĵĔŅĶ
įĽĴħƟĺĵŏėĶŊŗŀĚįĽĴŐĭĭĮƕħȮ(internal mixer) ĪňŗŀŋĦľĳŌĴŇȮ180 °C ħƟĺĵėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀ
ĬŅĪňȮŏĮƦĬŏĺĸŅȮ10 ĬŅĪňȮěŅĔĬńŘĬěŉĚĬŜŅıŀĸŇŏĴŀĶƢĪňŗœħƟœĮĭħħƟĺĵŏėĶŊŗŀĚĭħȮ(grinder) ŐĸŃĬŜŅœĮŀĭœĸƞ
ėĺŅĴĝŊŘĬĪňŗŀŋĦľĳŌĴŇȮ60 °C ĔƞŀĬĪňŗěŃĬŜŅœĮĪħĽŀĭĨƞŀœĮőħĵĽńħĽƞĺĬĕŀĚĽŅĶŏėĴňŐĸŃıŀĸŇŏĴŀĶƢŐĽħĚœĺƟ
ħńĚĨŅĶŅĚĪňŗȮ3.2 
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ĨŅĶŅĚĪňŗȮ1,0 ĽńħĽƞĺĬĕŀĚĽŅĶŏėĴňŐĸŃĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV 

Sample 
PHBV 
(%) 

PBSA 
(%) 

SPF 
(phr) 

TSPF 
(phr) 

DB 
(phr) 

TAIC 
(phr) 

ECE 
(phr) 

PHBV /.. - - - - - - 

PHBV80/PBSA20 6. 0. - - - - - 

PHBV80/PBSA20/DB0.3/TAIC0.1 6. 0. - - .,1 .,/ - 

PHBV80/PBSA20/ECE0.5 6. 0. - - - - .,3 

PHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5 6. 0. - - .,1 .,/ .,3 

PHBV80/PBSA20/SPF5 80 20 5 - - - - 

PHBV80/PBSA20/SPF5/DB0.3/TAIC0.1 80 20 5 - 0.3 0.1 - 

PHBV80/PBSA20/SPF5/DB0.3/TAIC0.1/ECE0.5 80 20 5 - 0.3 0.1 0.5 

PHBV80/PBSA20/TSPF5 80 20 - 5 - - - 

PHBV80/PBSA20/TSPF5/DB0.3/TAIC0.1 80 20 - 5 0.3 0.1 - 

PHBV80/PBSA20/TSPF5/DB0.3/TAIC0.1/ECE0.5 80 20 - 5 0.3 0.1 0.5 

 

  3.4.2.3 ĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV/PBSA blends ŐĸŃȮPHBV/PBSA 

composites 

ĔŅĶĪħĽŀĭĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħŜŅŏĬŇĬĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĪńŘĚĽĴĭńĨŇĔŅĶħŉĚĵŊħȮ(tensile 
properties) ŐĸŃĽĴĭńĨŇĔŅĶĔĶŃŐĪĔȮ(impact properties ĪŜŅĔŅĶŏĨĶňĵĴőħĵŒĝƟŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮȮ
(Compression molding)ȮĪňŗŀŋĦľĳŌĴŇȮ190 °C ŏĮƦĬĶŌĮħńĴŏĭĸĝĬŇħȮV (dumbbell shape type V) 
ĨŅĴĴŅĨĶģŅĬȮASTM D638 ŐĸŃĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅ(rectangular shape) ĨŅĴŅĨĶģŅĬȮASTM D256 
ĨŅĴĸŜŅħńĭȮŒĬĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħħŜŅŏĬŇĬĔŅĶĪħĽŀĭőħĵŒĝƟȮUniversal testing machine 
ĨŅĴĴŅĨĶģŅĬȮASTM D638 ħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ10 mm/min ħƟĺĵȮload cell 5 kN ŒĬĔĶĦňĕŀĚ
ĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶĔĶŃŐĪĔħŜŅŏĬŇĬĔŅĶĪħĽŀĭŒĬĸńĔļĦŃĝŊŘĬĚŅĬŐĭĭĭŅĔȮ(Notched) ħƟĺĵ 
Pendulum Impact tester CEAST 9050 őħĵŒĝƟȮhammer capacity 1 J 
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3.4.2.4 ĔŅĶĻŉĔļŅĸńĔļĦŃĽńĦģŅĬĺŇĪĵŅĕŀĚȮPHBV/PBSA blends 

ĔŅĶĻŉĔļŅĽńĦģŅĬĺŇĪĵŅĕŀĚĨńĺŀĵƞŅĚħŜŅŏĬŇĬĔŅĶőħĵĬŜŅĶŀĵŐĨĔĕŀĚĝŇŘĬĚŅĬĪħĽŀĭĽĴĭńĨŇĔŅĶ

ħŉĚĵŊħŐĸŃĽĴĭńĨŇĔŅĶĔĶŃŐĪĔĴŅŏėĸŊŀĭħƟĺĵĪŀĚȮěŅĔĬńŘĬěŉĚĬŜŅœĮĪħĽŀĭħƟĺĵŏĪėĬŇėȮSEM 

 3.4.3. ĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮ

PHBV/PBSA composite ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭŒĬĽĳŅĺŃĮĔĨŇŐĸŃĔŅĶŒľƟĽĳŅĺŃŐĭĭŏĶƞĚ 

 ŒĬĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚĪħĽŀĭħŜŅŏĬŇĬĔŅĶħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌŏħňŗĵĺőħĵŏĨĶňĵĴĨńĺŀĵƞŅĚ

ŒĬŀńĨĶŅĽƞĺĬħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ3.3 ħƟĺĵŀŋĦľĳŌĴŇĨńŘĚŐĨƞĽƞĺĬĮƚŀĬŏĴŖħěĬĩŉĚĽƞĺĬľńĺħŅĵħńĚĬňŘȮ90, 160, 

180 ŐĸŃȮ180 °C ŒĝƟėĺŅĴŏĶŖĺĶŀĭĔŅĶľĴŋĬĽĔĶŌȮ50 ĶŀĭĨƞŀĬŅĪňȮŏĽƟĬŏŀĔĪĶŌŏħĨȮ(extrudate) Īňŗ

ŀŀĔĴŅěŅĔľńĺħŅĵěŃĩŌĔľĸƞŀŏĵŖĬħƟĺĵĬŘŜŅŐĸƟĺĬŜŅŏĕƟŅĽŌƞŏėĶŊŗŀĚĨńħěĬœħƟŏĮƦĬŏĴŖħȮ(pellet) ľĸńĚěŅĔĬńŘĬěŉĚ

ĬŜŅȮpellet ĪňŗœħƟœĮŀĭœĸƞėĺŅĴĝŊŘĬĪňŗŀŋĦľĳŌĴŇȮ60 °C ěŅĔĬńŘĬěŉĚĬŜŅœĮĕŉŘĬĶŌĮĝŇŘĬĚŅĬĶŌĮħńĴŏĭĸĝĬŇħȮV 

(dumbbell shape type V) ĨŅĴĴŅĨĶģŅĬȮASTM D638 ŐĸŃĝŇŘĬĚŅĬĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅ

(rectangular shape) ĨŅĴŅĨĶģŅĬȮASTM D256ȮőħĵŒĝƟŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮȮ(Compression molding)Ȯ

ĪňŗŀŋĦľĳŌĴŇȮ190 °C 

ĨŅĶŅĚĪňŗȮ1,1 ĽńħĽƞĺĬĕŀĚĽŅĶŏėĴňŐĸŃĺńĽħŋĪňŗŒĝƟŒĬĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚŒĬĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĨńĺŀĵƞŅĚŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭŐĸŃĔŅĶŒľƟĽĳŅĺŃŐĭĭŏĶƞĚ 

Sample 
PHBV 
(%) 

PBSA 
(%) 

SPF 
(phr) 

TSPF 
(phr) 

DB 
(phr) 

TAIC 
(phr) 

ECE 
(phr) 

PHBV /.. - - - - - - 

PHBV/DB0.3/TAIC0.1/ECE0.5 100 - - - 0.3 0.1 0.5 

PHBV80/PBSA20 6. 0. - - - - - 

PHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5 6. 0. - - .,1 .,/ .,3 

PHBV80/PBSA20/SPF5 80 20 5 - - - - 

PHBV80/PBSA20/SPF5/DB0.3/TAIC0.1/ECE0.5 80 20 5 - 0.3 0.1 0.5 

PHBV80/PBSA20/TSPF5 80 20 - 5 - - - 

PHBV80/PBSA20/TSPF5/DB0.3/TAIC0.1/ECE0.5 80 20 - 5 0.3 0.1 0.5 
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3.4.3.2 ĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV,ȮPHBV/PBSA blends 

ŐĸŃȮPHBV/PBSA composite ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭŒĬĽĳŅĺŃĮĔĨŇ 

ĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘħŜŅŏĬŇĬĔŅĶĬŜŅĝŇŘĬĚŅĬŒĽƞĨŌƟėĺĭėŋĴėĺŅĴĝŊŘĬȮ(Stability test chamber) Īňŗ
ŀŋĦľĳŌĴŇȮ30 °C ėĺŅĴĝŊŘĬȮ70%RH ŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢȮőħĵĪŜŅĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĽńĮħŅľƢĸŃȮ1 ėĶńŘĚŏıŊŗŀ
ĨŇħĨŅĴĽĴĭńĨŇŏĝŇĚĔĸŒĬŐĨƞĸŃĽńĮħŅľƢ 

3.4.3.3. ĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV,ȮPHBV/PBSA blends 

ŐĸŃȮPHBV/PBSA composite ŒĬĶŃľĺƞŅĚĔŅĶŒľƟĽĳŅĺŃŏĶƞĚ 

ĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘħŜŅŏĬŇĬĔŅĶĬŜŅĝŇŘĬĚŅĬŒĽƞŒĬŏėĶŊŗŀĚĪħĽŀĭėĺŅĴŏĽŊŗŀĴĳŅĵŒĨƟĽĳŅĺŃŏĶƞĚȮ
(Accelerated weathering tester) őħĵŒĝƟĽĳŅĺŃĨŅĴĴŅĨĶģŅĬȮASTM G154 őħĵĴňĔŅĶĜŅĵŐĽĚȮ
UVB ĪňŗŀŋĦľĳŌĴŇȮ60 °C ŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚȮěŅĔĬńŘĬěŉĚŒľƟĝŇŘĬĚŅĬŀĵŌƞĳŅĵŒĨƟĽĳŅĺŃŐĭĭȮcondensation 
ĪňŗŀŋĦľĳŌĴŇȮ50 °C ŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚ ŏĮƦĬŏĺĸŅĪńŘĚľĴħȮ4 ĽńĮħŅľƢȮőħĵĪŜŅĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĽńĮħŅľƢĸŃȮ1 
ėĶńŘĚŏıŊŗŀĨŇħĨŅĴĽĴĭńĨŇŏĝŇĚĔĸŒĬŐĨƞĸŃĽńĮħŅľƢ 

3.4.3.4. ĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸĕŀĚĨńĺŀĵƞŅĚŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭŒĬĽĳŅĺŃĮĔĨŇ

ŐĸŃŒĬĽĳŅĺŃŏĶƞĚ 

ŒĬĔŅĶĪħĽŀĭĽĴĭńĨŇŏĝŇĚĔĸħŜŅŏĬŇĬĔŅĶĪħĽŀĭĪńŘĚĽĴĭńĨŇĔŅĶħŉĚĵŊħŐĸŃĽĴĭńĨŇĔŅĶĔĶŃŐĪĔĕŀĚ
ĝŇŘĬĚŅĬŒĬŐĨƞĸŃĽńĮħŅľƢȮŒĬĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħħŜŅŏĬŇĬĔŅĶĪħĽŀĭőħĵŒĝƟȮUniversal testing 
machine ĨŅĴĴŅĨĶģŅĬȮASTM D638 ħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ10 mm/min ħƟĺĵȮload cell 5 kN ŒĬ
ĔĶĦňĕŀĚĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶĔĶŃŐĪĔħŜŅŏĬŇĬĔŅĶĪħĽŀĭŒĬĸńĔļĦŃĝŊŘĬĚŅĬŐĭĭĭŅĔȮ(Notched) 
ħƟĺĵ Pendulum Impact tester CEAST 9050 őħĵŒĝƟȮhammer capacity 1 J 
 

 3.4.4. ĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸĨŅĴīĶĶĴĝŅĨŇĕŀĚȮPHBV, 

PHBV/PBSA blends ŐĸŃȮPHBV/PBSA/SPF composites 

 ŒĬĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĬŘŜŅĪŃŏĸĕŀĚĨńĺŀĵƞŅĚħŜŅŏĬŇĬĔŅĶĬŜŅŏĴŖħėŀĴ

ıŅĺħƢĪňŗœħƟěŅĔĔŅĶĪħĸŀĚŒĬĨŀĬĪňŗȮ3.4.3.1 œĮĕŉŘĬĶŌĮŏĮƦĬĕŉŘĬĶŌĮŏĮƦĬĝŇŘĬĚŅĬĶŌĮĽňŗŏľĸňŗĵĴįŊĬįƟŅ 1 cm x 

4 cm x 1 mm ħƟĺĵŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮȮ(Compression molding)ȮĪňŗŀŋĦľĳŌĴŇȮ190 °C ěŅĔĬńŘĬěŉĚĬŜŅ

ĝŇŘĬĚŅĬĪňŗœħƟĭĶĶěŋĸĚŒĬĩŋĚĨŅĕƞŅĵŐĸŃĬŜŅœĮœĺƟŒĬĪŃŏĸĪňŗȮĻŌĬĵƢĺŇěńĵĪĶńıĵŅĔĶĪŅĚĪŃŏĸŐĸŃĝŅĵİƤƧĚŀƞŅĺ

œĪĵİƤƧĚĨŃĺńĬŀŀĔȮŏĸĕĪňŗ1.7ȮĴ,/ȮĨ,ĮŅĔĬŘŜŅĔĶŃŐĽȮŀ,ŐĔĸĚȮě,ĶŃĵŀĚȮ0//5.ȮőħĵĬŜŅĝŇŘĬĚŅĬœĮŒĽƞœĺƟŒĬ

ıŊŘĬĪňŗȮ2 ĸńĔļĦŃėŊŀĮƙŅĝŅĵŏĸĬȮ(mangrove field) ŐĸŃĽĳŅĺŃŒĬĬŘŜŅĪŃŏĸȮ(sea water)ȮŏĮƦĬŏĺĸŅȮ4 

ĽńĮħŅľƢȮőħĵĪŜŅĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĽńĮħŅľƢĸŃȮ1 ėĶńŘĚȮŒĬĔŅĶĨŇħĨŅĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵĕŀĚ

ĨńĺŀĵƞŅĚħŜŅŏĬŇĬĔŅĶőħĵĨŇħĨŅĴĔŅĶŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚĬŘŜŅľĬńĔĕŀĚĨńĺŀĵƞŅĚŒĬĝƞĺĚŏĺĸŅĨƞŅĚŕ 
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ĭĪĪňŗ 4 

įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

4.1 ĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŒĬĶŃľĺƞŅĚĕŉŘĬĶŌĮĕŀĚȮPHBV  

 ěŅĔĔŅĶĽŊĭėƟĬĚŅĬĺŇěńĵĪňŗįŌƟŀŊŗĬœħƟĪŜŅĴŅŐĸƟĺĬńŘĬıĭĺƞŅȮPHBV ĴňĕƟŀŏĽňĵľĸńĔŒĬŏĶŊŗŀĚĕŀĚ

ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĨŗŜŅȮĞŉŗĚıŀĸŇŏĴŀĶƢĝĬŇħĬňŘĽŅĴŅĶĩŏĔŇħĔŅĶĽĸŅĵĨńĺŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬĪňŗ

ŀŋĦľĳŌĴŇŒĔĸƟŏėňĵĚĔńĭŀŋĦľĳŌĴŇľĸŀĴ  ıŀĸŇŏĴŀĶƢĴňėĺŅĴŏĮĶŅŃȮĶĺĴœĮĩŉĚĮƤĠľŅŒĬĔŅĶŏĔŇħȮphysical 

aging ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭĪŜŅŒľƟĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢĝĬŇħĬňŘĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚœĮŒĬĶŃľĺƞŅĚ

ĔŅĶěńħŏĔŖĭȮ ěŅĔĮƤĠľŅĪňŗĔĸƞŅĺĕƟŅĚĨƟĬĪŜŅŒľƟŒĬĚŅĬĺŇěńĵĬňŘŏĶŇŗĴħŜŅŏĬŇĬĔŅĶőħĵĔŅĶħŜŅŏĬŇĬĔŅĶŐĔƟœĕĮƤĠľŅ

ŒĬĽƞĺĬĕŀĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗĨŗŜŅĕŀĚȮPHBV ĞŉŗĚŏĮƦĬĮƤĠľŅĪňŗĪňŗěŃŏĮƦĬŀŋĮĽĶĶėĨƞŀĔŅĶ

ħŜŅŏĬŇĬĔŅĶĕŉŘĬĶŌĮħƟĺĵĔĶŃĭĺĬĔŅĶĪŅĚėĺŅĴĶƟŀĬĕŀĚıŀĸŇŏĴŀĶƢőħĵĪńŗĺœĮŏĝƞĬĔĶŃĭĺĬĔŅĶŀńħĶňħ 

ĔĶŃĭĺĬĔŅĶŏĮƙŅĲƕĸƢĴȮŐĸŃȮĔĶŃĭĺĬĔŅĶĜňħȮ 

 ŏĬŊŗŀĚěŅĔŐĶĚĭŇħȮ(torque) ŒĬĶŃľĺƞŅĚįĽĴıŀĸŇŏĴŀĶƢľĸŀĴĽńĴıńĬīƢĔńĭėĺŅĴľĬŊħŐĸŃĬŘŜŅľĬńĔ

őĴŏĸĔŋĸĕŀĚıŀĸŇŏĴŀĶƢȮĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘěŉĚħŜŅŏĬŇĬĔŅĶőħĵıŇěŅĶĦŅėƞŅŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴȮPHBV

ŒĬŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ(internal mixer) ĪňŗŀŋĦľĳŌĴŇȮ180 °C ėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀĬŅĪňȮ

ŏĮƦĬŏĺĸŅȮ10ĬŅĪň ŏıŊŗŀŒĝƟŒĬĔŅĶĮĶŃŏĴŇĬŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚȮĔĶŃĭĺĬĔŅĶ 

 

ĶŌĮĪňŗȮ2,/ȮŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴĕŀĚȮPHBV ĪňŗŀŋĦľĳŌĴŇȮ180 °C ħƟĺĵėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 rpm 

ěŅĔĶŌĮĪňŗȮ4.1 ıĭĺƞŅŐĶĚĭŇħŒĬŏėĶŊŗŀĚįĽĴĕŀĚȮPHBV ĪňŗŀŋĦľĳŌĴŇȮ180 °C ĴňĔŅĶĸħĸĚŀĵƞŅĚ

ĨƞŀŏĬŊŗŀĚĨńŘĚŐĨƞȮ4 N.m. ĪňŗŏĺĸŅȮ300 ĺŇĬŅĪňȮœĮěĬĩŉĚȮ2 N.m. ĪňŗŏĺĸŅȮ600 ĺŇĬŅĪňȮĔŅĶĸħĸĚŀĵƞŅĚ
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ĨƞŀŏĬŊŗŀĚĕŀĚŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚĕŀĚėĺŅĴľĬŊħŐĸŃĬŘŜŅľĬńĔ

őĴŏĸĔŋĸĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶŐĸŃŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗĨŗŜŅĕŀĚȮPHBV ĞŉŗĚ

ĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮHengxue XiangȮŐĸŃėĦŃ [5] ĪňŗœħƟĪŜŅĻŉĔļŅȮthermal 

depolymerization mechanism ĕŀĚȮPHBV ıĭĺƞŅĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮPHBV ĸħĸĚěŅĔȮ110990 

g/mol ŏĮƦĬȮ21050 g/mol ľĸńĚěŅĔŒľƟŀŋĦľĳŌĴŇĪňŗȮ180 °C ŏĮƦĬŏĺĸŅȮ30 ĬŅĪň ŐĸŃ ȮYoshihiro 

AoyagiȮȮŐĸŃėĦŃȮY2[ȮĻŉĔļŅĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬ ĕŀĚȮPHB őħĵŒľƟŒľƟŀŋĦľĳŌĴŇȮ170 °C ŏĮƦĬ

ŏĺĸŅȮ10 ĬŅĪňȮıĭĺƞŅȮnumber average degree of polymerization ĕŀĚȮPHB ĸħĸĚěŅĔȮ1000 

ŏľĸŊŀĮĶŃĴŅĦȮ500ȮŐĽħĚŒľƟŏľŖĬĩŉĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗĨŗŜŅĕŀĚȮPHB 

 ŏĬŊŗŀĚěŅĔȮthermal degradation ĕŀĚȮPHBV ĪŜŅŒľƟŏĔŇħȮoligomer ĪňŗĴňľĴŌƞĮĸŅĵŏĮƦĬȮ

double bond ŐĸŃľĴŌƞȮcarboxylic ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.1 ŒĬĽƞĺĬĕŀĚĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚȮĶƞĺĴĔńĭĔŅĶ

ĪňŗȮB. IMMIRZIȮŐĸŃėĦŃȮY10[ȮœħƟĶŅĵĚŅĬĔŅĶĸħĸĚĕŀĚȮinherent viscosity ĕŀĚȮPHB ěŅĔȮ2.09 œĮ

ŏĮƦĬȮ0.69 ŐĸŃȮ0.76 dI/g ŏĴŊŗŀĴňĔŅĶȮtreat ĽŅĶĸŃĸŅĵȮPHB ħƟĺĵȮDCP ĪňŗĮĶŇĴŅĦȮ5 ŐĸŃȮ10% 

ĨŅĴĸŜŅħńĭŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮfree radical initiator ĸĚŒĬȮPHB ĪŜŅŒľƟĴňĔŅĶŏĔŇħȮPHB macro 

free radical ĕŉŘĬĴŅŐĸŃĪŜŅŒľƟŏĔŇħĔŅĶĽĸŅĵĨńĺįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical œħƟȮěŉĚĪŜŅŒľƟŒĬĚŅĬĺŇěńĵĬňŘĴň

ŐĬĺėŇħŒĬĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV őħĵħŜŅŏĬŇĬĔŅĶħƟĺĵĮĢŇĔŇĶŇĵŅŒĬȮ3 ĶŌĮŐĭĭ

ėŊŀ 1.ĮĢŇĔŇĶŇĵŅȮfree radical őħĵĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏĝŊŗŀĴĕĺŅĚĶŃľĺƞŅĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢěŅĔĔŅĶ

ŏĔŇħĮĢŇĔŇĶŇĵŅŏĝŊŗŀĴĕĺŅĚĕŀĚȮPHBV macro free radical ĞŉŗĚŏĔŇħĕŉŘĬĪňŗĨŜŅŐľĬƞĚȮtertiary carbon ěŅĔ

ĔŅĶŏĨŇĴȮfree radical initiator, 2.ĮĢŇĔŇĶŇĵŅ condensation őħĵĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚľĴŌƞȮ

carboxylic ĕŀĚ PHBV ŐĸŃľĴŌƞȮepoxide ŒĬȮmulti-functional epoxy chain extender, 

Joncryl, (ECE) ŐĸŃȮ3.ĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅȮfree radical ĶƞĺĴĔńĭȮcondensation ŏıŊŗŀĪňŗěŃėĺĭėŋĴľĶŊŀ

ŏıŇŗĴėĺŅĴľĬŊħĞŉŗĚŏĔňŗĵĺĕƟŀĚŀĵŌƞĔńĭĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĪňŗŀŋĦľĳŌĴŇ

ŒĔĸƟŏėňĵĚŀŋĦľĳŌĴŇľĸŀĴŏľĸĺȮȮ 

4.1.1 ŀŇĪīŇıĸĕŀĚĮĢŇĔŇĶŇĵŅ condensation ĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV 

ŏĬŊŗŀĚěŅĔŒĬőėĶĚĽĶƟŅĚĕŀĚȮPHBV ĴňľĴŌƞȮcarboxylic ŀĵŌƞĪňŗĮĸŅĵĽŅĵőĞƞ ŒĬĚŅĬĺŇěńĵĬňŘěŉĚ

ħŜŅŏĬŇĬĔŅĶőħĵŒĝƟȮmulti-functional epoxy chain extender, Joncryl (ECE) ĞŉŗĚĮĶŃĔŀĭœĮħƟĺĵȮ

epoxide group ĞŉŗĚĴňėĺŅĴĺƞŀĚœĺĨƞŀľĴŌƞȮcarboxylic ŏıŊŗŀĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮ

PHBV ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶŒĔĸƟŏėňĵĚĔńĭŀŋĦľĳŌĴŇľĸŀĴĕŀĚȮPHBV ŒĬĚŅĬĺŇěńĵĬňŘħŜŅŏĬŇĬĔŅĶĪħĸŀĚ

őħĵŏĨŇĴȮECE ŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬėŊŀȮ0.5, 1 ŐĸŃȮ2 phr ħƟĺĵŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ
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(internal mixer) ĪňŗŀŋĦľĳŌĴŇȮ180 °C ėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ10 ĬŅĪňȮőħĵ

ĨŇħĨŅĴėƞŅŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.2 ıĭĺƞŅŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴȮPHBV ĴňėƞŅŏıŇŗĴĕŉŘĬ

ŏĸŖĔĬƟŀĵŏĴŊŗŀĴňĔŅĶŏĨŇĴȮECE ĪňŗȮ1 ŐĸŃȮ2 phr ŀĵƞŅĚœĶĔŖĨŅĴĩŉĚŐĴƟěŃĴňĔŅĶŏĨŇĴȮECE ŒĬĮĶŇĴŅĦĪňŗĽŌĚ

ĪňŗĽŋħĪňŗȮ2 phr ŐĨƞĔŖĵńĚıĭĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚĕŀĚŐĶĚĭŇħŒĬĶŃľĺƞŅĚĔŅĶįĽĴĨĸŀħȮ600 ĺŇĬŅĪňȮěŅĔ

įĸĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮECE ĪňŗĮĶŇĴŅĦȮ0.5-2 phr ĵńĚœĴƞŏıňĵĚıŀĪňŗěŃĮĶńĭĮĶŋĚ

ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĪňŗŀŋĦľĳŌĴŇŒĔĸƟŏėňĵĚĔńĭŀŋĦľĳŌĴŇľĸŀĴŏľĸĺĕŀĚȮ

PHBV œħƟ 

 

ĶŌĮĪňŗȮ2,0 ŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴĕŀĚȮPHBV őħĵŏĨŇĴȮECE ŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬ ĪňŗŀŋĦľĳŌĴŇȮ180 °C 
ħƟĺĵėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 rpm 

4.1.2 ŀŇĪīŇıĸĕŀĚĮĢŇĔŇĶŇĵŅȮfree radical ĨƞŀŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV 

ĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘħŜŅŏĬŇĬĔŅĶőħĵĔŅĶŒĝƟȮDi(tertbutylperoxyisopropyl)benzene,Perk-

adox 14s, (DB) ŏĮƦĬȮfree radical initiator ŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬėŊŀȮ0.1, 0.2 ŐĸŃȮ0.3 phr ŏıŊŗŀ

ĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ħƟĺĵŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ(internal mixer) Īňŗ

ŀŋĦľĳŌĴŇȮ180 °C ėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ10ĬŅĪňȮőħĵĨŇħĨŅĴėƞŅŐĶĚĭŇħŒĬ

ĶŃľĺƞŅĚįĽĴħńĚŐĽħĚŒĬĶŌĮĪňŗ 4.3 ıĭĺƞŅĔŅĶŏĨŇĴȮfree radical initiator ŏıňĵĚŀĵƞŅĚŏħňĵĺĪňŗĮĶŇĴŅĦȮ

0.1-0.3 phr ĵńĚœĴƞĽŅĴŅĶĩŐĔƟĮƤĠľŅľĶŊŀĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV œħƟőħĵĵńĚėĚ

ıĭĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚĕŀĚŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴĕŀĚȮPHBV  
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ĶŌĮĪňŗȮ2,1 ŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴĕŀĚȮPHBV őħĵŏĨŇĴȮDB ŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬ ĪňŗŀŋĦľĳŌĴŇȮ180 °C 
ħƟĺĵėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 rpm 

ěŅĔįĸĔŅĶĪħĸŀĚŒĬĽƞĺĬĕŀĚĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬįƞŅĬĮĢŇĔŇĶŇĵŅȮfree 

radical ĶƞĺĴĔńĭįĸĔŅĶĪħĸŀĚĕŀĚĔŅĶĮĶńĭĮĶŋĚőħĵįƞŅĬĮĢŇĔŇĶŇĵŅȮcondensation ĪŜŅŒľƟĴňĕƟŀĽńĚŏĔĨĺƞŅȮ

PHBV ŀŅěĴňĔŅĶŏĔŇħĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĬŀĔŏľĬŊŀěŅĔĔŅĶŏĔŇħįƞŅĬȮsix-membered ring 

transition state ŒĬĽƞĺĬĕŀĚĮĢŇĔŇĶŇĵŅȮcondensation ıĭĺƞŅĩŉĚŐĴƟěŃŏĨŇĴȮECE ĞŉŗĚĮĶŃĔŀĭœĮħƟĺĵ

ľĴŌƞĲƤĚĔƢĝńĬĪňŗĺƞŀĚœĺĨƞŀľĴŌƞȮcarboxylic ĕŀĚȮPHBV ŐĸŃĕŀĚ oligomer ĪňŗėŅħĺƞŅěŃŏĔŇħĕŉŘĬĴŅľĸńĚěŅĔ

ŏĔŇħȮthermal degradation ŐĨƞŐĶĚĭŇħĕŀĚȮPHBV/ECE ĔĸńĭŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞĴňĬńĵĽŜŅėńĠŏĴŊŗŀŏĨŇĴȮ

ECE 0.5 phr ŐĸŃĴňėƞŅŏıŇŗĴĕŉŘĬŏıňĵĚŏĸŖĔĬƟŀĵŏĴŊŗŀŏĨŇĴȮECE 1 ŐĸŃȮ2 phr őħĵĵńĚėĚĴňŐĬĺőĬƟĴĪňŗĸħĸĚ

ŀĵƞŅĚĨƞŀŏĬŊŗŀĚŒĬĶŃľĺƞŅĚįĽĴ ĶĺĴœĮĩŉĚŏĴŊŗŀŏĨŇĴȮDB 0.1-0.3 phr ŐĸƟĺĵńĚėĚĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞ

ĴňĬńĵĽŜŅėńĠĕŀĚėƞŅŐĶĚĭŇħŒĬĶŃľĺƞŅĚĔŅĶįĽĴħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.2 ŐĸŃȮ4.3 ĨŅĴĸŜŅħńĭȮľĶŊŀĴňĔŅĶĸħĸĚ

ĕŀĚėĺŅĴľĬŊħħńĚĚŅĬĺŇěńĵĕŀĚȮF. BinȮŐĸŃėĦŃȮY11[ȮĞŉŗĚœħƟŒĝƟȮDCP ŏĮƦĬȮfree radical initiator ŒĬ

ĔŅĶȮcrosslink PHBV ŐĨƞĔĸńĭıĭĺƞŅĔŅĶŏĨŇĴȮDCP ĪňŗȮ0.17 ŐĸŃȮ0.5 phr ĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮ

melt flow index (MFI) ěŅĔȮ12.48 œĮŏĮƦĬȮ34.09 ŐĸŃȮ28.22 g/10min ĨŅĴĸŜŅħńĭȮ 

ěŅĔįĸĔŅĶĪħĸŀĚĶƞĺĴĔńĭĶŅĵĚŅĬěŅĔĚŅĬĺŇěńĵĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅȮPHB ľĶŊŀȮPHBV ĴňĔŅĶ

ŏĔŇħĔŅĶĽĸŅĵĨńĺįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical őħĵėŅħĺƞŅŏĔŇħȮchain scission įƞŅĬȮmacro free 

radical ĪňŗŏĔŇħĕŉŘĬŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.4 



  2. 

 

 
ĶŌĮĪňŗȮ2,2 ĔŅĶŏĔŇħĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV įƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical [34] 
ĔŅĶŏĔŇħĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬįƞŅĬȮfree radical ĕŀĚȮPHBV ĬňŘěŃĪŜŅŒľƟĴňĔŅĶŏĔŇħĕŉŘĬĕŀĚȮ

vinyl ended group ŐĸŃȮaldehyde ended group oligomer ĪŜŅŒľƟĩŉĚŐĴƟěŃĴňĔŅĶŏĨŇĴȮECE ĞŉŗĚ

ĮĶŃĔŀĭœĮħƟĺĵľĴŌƞĲƤĚĔƢĝńĬĪňŗĺƞŀĚœĺĨƞŀľĴŌƞȮcarboxylic ŐĨƞœĴƞĺƞŀĚœĺĨƞŀľĴŌƞȮaldehyde ĽƞĚįĸŒľƟĔŅĶŏĨŇĴȮ

compound ħńĚĔĸƞŅĺœĴƞĽŅĴŅĶĩŒĝƟŒĬĔŅĶėĺĭėŋĴľĶŊŀŏıŇŗĴėĺŅĴľĬŊħŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĪňŗ

ŀŋĦľĳŌĴŇŒĔĸƟŏėňĵĚĔńĭŀŋĦľĳŌĴŇľĸŀĴŏľĸĺĕŀĚȮPHBV œħƟȮĬŀĔěŅĔĬňŘĔŅĶŏĨŇĴȮfree radical initiator 

ŏĕƟŅœĮŒĬĶŃĭĭěŉĚŀŅěĪŜŅŒľƟĴňĔŅĶŏĔŇħȮmacro free radical ĭĬĽŅĵőĞƞıŀĸŇŏĴŀĶƢĴŅĔĕŉŘĬěŉĚĽƞĚįĸŒľƟ

ėĺŅĴľĬŊħĕŀĚȮPHBV ĸħĸĚĴŅĔĕŉŘĬěŅĔĔŅĶŏĔŇħĔŅĶĽĸŅĵĨńĺįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical  

ħƟĺĵŏľĨŋĬňŘŒĬĔŅĶĪħĸŀĚĕńŘĬĨƞŀœĮěŉĚĴňĔŅĶŒĝƟȮcoagent ĶƞĺĴĔńĭȮDB őħĵȮcoagentȮŏĮƦĬȮ

monomer ĪňŗĴňėĺŅĴĺƞŀĚœĺĨƞŀĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅȮfree radical ĞŉŗĚĮĶŃĔŀĭœĮħƟĺĵľĴŌƞȮdouble bond 

ŒĬőėĶĚĽĶƟŅĚĽƞĚįĸŒľƟĴňĔŅĶŏıŇŗĴȮsite groupȮŒĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĴŅĔĕŉŘĬŒĬĶŃĭĭĪŜŅŒľƟĴňŐĬĺőĬƟĴĪňŗěŃ

ŏĔŇħĮĢŇĔŇĶŇĵŅŏĝŊŗŀĴĕĺŅĚĶŃľĺƞŅĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢŐĪĬĪňŗěŃŏĔŇħĮĢŇĔŇĶŇĵŅȮdegradation įƞŅĬȮfree 

radicalȮőħĵŒĬĽƞĺĬĬňŘħŜŅŏĬŇĬĔŅĶĪħĸŀĚőħĵŒĝƟȮDB ĪňŗĮĶŇĴŅĦȮ0.1-0.3 phr ĶƞĺĴĔńĭȮtriallyl 

isocyanurate (TAIC) ĪňŗĮĶŇĴŅĦȮ0.1-0.3 phr ħƟĺĵŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ(internal mixer) Īňŗ

ŀŋĦľĳŌĴŇȮ180 °C ėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ10ȮĬŅĪňȮőħĵĨŇħĨŅĴėƞŅŐĶĚĭŇħŒĬ

ĶŃľĺƞŅĚįĽĴħńĚŐĽħĚŒĬĶŌĮĪňŗ 4.5a ıĭĺƞŅŒĬĶŃĭĭĪňŗŏĨŇĴȮDB 0.1 phr ĶƞĺĴĔńĭȮTAIC 0.1-0.3 phr 

ĵńĚėĚıĭĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚĕŀĚŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴĕŀĚȮPHBV ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴĽŅĶŏėĴň

ŒĬĮĶŇĴŅĦĕƟŅĚĨƟĬĵńĚėĚœĴƞŏıňĵĚıŀĨƞŀĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŏĴŊŗŀĴňĔŅĶŏıŇŗĴ

ĮĶŇĴŅĦĕŀĚȮDB œĮĪňŗ 0.2 phr ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.5b ıĭĺƞŅŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴĕŀĚȮPHBV ĴňĔŅĶ

ŏıŇŗĴĕŉŘĬĨŅĴĮĶŇĴŅĦĕŀĚȮTAIC őħĵŏĴŊŗŀŏĨŇĴȮDB 0.2 phr ĶƞĺĴĔńĭȮTAIC 0.1 phr ěŃĪŜŅŒľƟŐĶĚĭŇħŒĬ
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ĶŃľĺƞŅĚįĽĴĴňėƞŅėƞŀĬĕƟŅĚėĚĪňŗĨĸŀħĔŅĶįĽĴŏĮƦĬŏĺĸŅȮ600 ĺŇĬŅĪňĪňŗĮĶŃĴŅĦȮ3 N.m. ĞŉŗĚėŅħĺƞŅŏĮƦĬ

ěŅĔĔŅĶĪňŗĴňĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŐĕƞĚĕńĬĔńĬĶŃľĺƞŅĚĮĢŇĔŇĶŇĵŅŏĝŊŗŀĴĕĺŅĚŐĸŃĮĢŇĔŇĶŇĵŅĔŅĶĽĸŅĵĨńĺŀĵƞŅĚœĶĔŖ

ĨŅĴŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦȮTAIC œĮĪňŗȮ0.2 ŐĸŃȮ0.3 phr ěŃĪŜŅŒľƟėƞŅŐĶĚĭŇħŏıŇŗĴĕŉŘĬœĮěĬĩŉĚŏĺĸŅȮ300 s 

ŐĸŃĸħĸĚŒĬĶŃľĺƞŅĚįĽĴĪňŗŏĺĸŅȮ400 s ěŅĔĬńŘĬěŉĚĴňĔŅĶĸħĸĚĕŀĚŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴœĮĪňŗȮ4.2 

N.m. ľĸńĚěŅĔħŜŅŏĬŇĬĔŅĶįĽĴŏĮƦĬŏĺĸŅȮ600 ĺŇĬŅĪňȮĞŉŗĚŐĽħĚĩŉĚĔŅĶŏĔŇħȮtorque reversion ŒĬ

ĶŃľĺƞŅĚĔŅĶįĽĴŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏıŇŗĴĮĶŇĴŅĦȮTAIC ĴŅĔĕŉŘĬĪŜŅŒľƟĴňȮreactive site ŒĬĶŃĭĭŏıŇŗĴ

ĴŅĔĕŉŘĬĽƞĚįĸŒľƟĮĢŇĔŇĶŇĵŅĪňŗŏĔŇħŐĕƞĚĕńĬĔńĬĴňŐĬĺőĬƟĴĪňŗěŃŏĔŇħĮĢŇĔŇĶŇĵŅŏĝŊŗŀĴĕĺŅĚĴŅĔĕŉŘĬŒĬĝƞĺĚŐĶĔĕŀĚ

ĔŅĶįĽĴĪŜŅŒľƟıĭĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŐĶĚĭŇħŒĬĝƞĺĚŐĶĔĕŀĚĔŅĶĪħĸŀĚěŅĔĬńŘĬěŉĚĴňĔŅĶŏĔŇħȮtorque 

reversion ěŅĔĔŅĶĪňŗȮC-C linkage ĪňŗŏĔŇħĕŉŘĬĴŅěŅĔĮĢŇĔŇĶŇĵŅĕƟŅĚĨƟĬŀŅěœĴƞŐĕŖĚŐĶĚŏıňĵĚıŀȮőħĵĴňĔŅĶ

ıĭŏľĨŋĔŅĶĦƢŒĬĸńĔļĦŃĪňŗėĸƟŅĵėĸŉĚĔńĬŒĬĔĶĦňĕŀĚĔŅĶŏĨŇĴȮDB 0.3 phr ĶƞĺĴĔńĭȮTAIC 0.1-0.3 phrȮ

ŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦĕŀĚȮDB œĮĪňŗȮ0.3 phr ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.5c ıĭĺƞŅŐĶĚĭŇħŒĬĶŃľĺƞŅĚĔŅĶįĽĴĴňĔŅĶ

ŏıŇŗĴĕŉŘĬĨŅĴĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮTAIC ŏĝƞĬŏħňĵĺĔńĬőħĵıĭĺƞŅŏĴŊŗŀĴňĔŅĶŏĨŇĴȮDB ĪňŗȮ0.3 phr ĶƞĺĴĔńĭȮTAIC 

0.1 phr ĪŜŅŒľƟŐĶĚĭŇħŒĬĶŃľĺƞŅĚĔŅĶįĽĴĕŀĚȮPHBV ĴňėƞŅėƞŀĬĕƟŅĚėĚĪňŗĪňŗĮĶŃĴŅĦȮ4.2 N.m. Ĩĸŀħ

ĔŅĶįĽĴŏĮƦĬŏĺĸŅȮ600 ĺŇĬŅĪňȮŐĨƞŏĴŊŗŀĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦȮTAIC œĮĪňŗȮ0.2 ŐĸŃȮ0.3 phrȮěŃĴňĔŅĶ

ıĭĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŐĶĚĭŇħŒĬĶŃľĺƞŅĚĔŅĶįĽĴŀĵƞŅĚĨƞŀŏĬŊŗŀĚĞŉŗĚŐĽħĚĩŉĚĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĔŅĶŏĝŊŗŀĴĕĺŅĚ

ŐĸƟĺĴňĔŅĶĸħĸĚĕŀĚėƞŅŐĶĚĭŇħŐĽħĚĩŉĚĔŅĶŏĔŇħȮtorque reversion œĮĪňŗĮĶŃĴŅĦȮ4.2 N.m. ěŅĔįĸ

ĔŅĶĪħĸŀĚĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅȮfree radical őħĵĔŅĶŏĨŇĴȮfree radical initiator 

ĶƞĺĴĔńĭȮcoagent ěŃĨƟŀĚĴňĔŅĶŏĨŇĴĽŅĶŏėĴňĪńŘĚĽŀĚŒĬĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴŒĬĔĶĦňĪňŗĴňĔŅĶŏĨŇĴĽŅĶŏėĴň

ħńĚĔĸƞŅĺŒĬĮĶŇĴŅĦĪňŗĬƟŀĵěĬŏĔŇĬœĮěŃĪŜŅŒľƟĵńĚėĚĴňĔŅĶĸħĸĚĕŀĚėĺŅĴľĬŊħľĶŊŀĬŘŜŅľĬńĔőĴŏĸĔŋĸŀĵƞŅĚ

ĨƞŀŏĬŊŗŀĚŒĬĶŃľĺƞŅĚįĽĴȮŒĬĕĦŃŏħňĵĺĔńĬĔŅĶŏĨŇĴĽŅĶŏėĴňĕƟŅĚĨƟĬŒĬĮĶŇĴŅĦĪňŗĴŅĔěĬŏĔŇĬœĮěŃĪŜŅŒľƟŏĔŇħ

ĔŅĶŏĝŊŗŀĴĕĺŅĚěŅĔĬńŘĬěŉĚŏĔŇħȮtorque reversion ŒĬĶŃľĺƞŅĚįĽĴœħƟ 
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(a) 

 

(b) 

 

(c) 

ĶŌĮĪňŗȮ2,3 ŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴĕŀĚȮPHBV őħĵŏĨŇĴȮDB 0.1-0.3 phr ĶƞĺĴĔńĭȮTAIC 0.1-0.3 phr ŒĬ
ĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬ ĪňŗŀŋĦľĳŌĴŇȮ180 °C ħƟĺĵėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 rpm 
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4.1.3 ŀŇĪīŇıĸĕŀĚĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚĮĢŇĔŇĶŇĵŅȮfree radical ŐĸŃ condensation ĨƞŀȮ

ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV 

 

ĶŌĮĪňŗȮ2,4 ŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴĕŀĚȮPHBV őħĵŏĨŇĴȮDB 0.3 phr, TAIC 0.1 phr ŐĸŃȮECE 0.5 phr 
ĪňŗŀŋĦľĳŌĴŇȮ180 °C ħƟĺĵėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 rpm 

ěŅĔĶŌĮĪňŗȮ4.6 ıĭĺƞŅŏĴŊŗŀĴňĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅȮfree radical ĶƞĺĴĔńĭĮĢŇĔŇĶŇĵŅȮcondensation 

őħĵŏĨŇĴȮDB 0.3 phr, TAIC 0.1 phr ŐĸŃȮECE 0.5 phr ěŃĪŜŅŒľƟŐĶĚĭŇħŒĬĶŃľĺƞŅĚĔŅĶįĽĴĕŀĚȮ

PHBV ĴňėƞŅėƞŀĬĕƟŅĚėĚĪňŗĪňŗĮĶŃĴŅĦȮ3.5 N.m. ĨĸŀħĶŃĵŃŏĺĸŅĔŅĶįĽĴȮ600 ĺŇĬŅĪňŐĽħĚŒľƟŏľŖĬĺƞŅ

ĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚĮĢŇĔŇĶŇĵŅȮfree radical ĶƞĺĴĔńĭĮĢŇĔŇĶŇĵŅȮcondensation ĽŅĴŅĶĩŒĝƟŒĬ

ĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV œħƟ 

4.1.4 ĮĢŇĔŇĶŇĵŅĪňŗėŅħĺƞŅěŃŏĔŇħĕŉŘĬŒĬĶŃľĺƞŅĚĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV 

 ĮĢŇĔŇĶŇĵŅĪňŗėŅħĺƞŅŏĔŇħĕŉŘĬŒĬĶŃľĺƞŅĚĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV įƞŅĬ

ĮĢŇĔŇĶŇĵŅȮfree radical ŐĽħĚħńĚȮĶŌĮĪňŗȮ4.7 ŒĬĕńŘĬŐĶĔȮDB ŏĔŇħĔŅĶŐĨĔĨńĺŏĮƦĬȮfree radical ěŅĔĔŅĶĪňŗ

œħƟĶńĭėĺŅĴĶƟŀĬŒĬĶŃĭĭĪňŗŀŋĦľĳŌĴŇȮ180 °C ěŅĔĬńŘĬȮfree radical ĪňŗŏĔŇħĕŉŘĬěŃŏĕƟŅȮabstract H atom 

ĪňŗĨŜŅŐľĬƞĚȮtertiary carbon ĕŀĚȮPHBV ĪŜŅŒľƟŏĔŇħȮPHBV macro free radical ĞŉŗĚȮmacro free 

radical ĬňŘĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅħƟĺĵĔńĬĔńĭȮmacro free radical ħƟĺĵĔńĬŏŀĚĪŜŅŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅŏĝŊŗŀĴ

ĕĺŅĚľĶŊŀĔŅĶŏĔŇħőĞƞĔŇŗĚĶŃľĺƞŅĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢœħƟȮĬŀĔěŅĔĬňŘȮmacro free radical ĪňŗŏĔŇħĕŉŘĬĵńĚ

ĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭȮTAIC ĪŜŅŒľƟĴňĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅŏĝŊŗŀĴĕĺŅĚĶŃľĺƞŅĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢȮŒĬ

ĕĦŃŏħňĵĺĔńĬĔŅĶŏĨŇĴȮECE ĪŜŅŒľƟĴňĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚľĴŌƞȮepoxide ŐĸŃȮcarboxylic ended 

group ĕŀĚȮPHBV ĽƞĚįĸŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴľĬŊħľĶŊŀĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚȮPHBV œħƟħńĚŐĽħĚŒĬȮ
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ĶŌĮĪňŗȮ4.8 ŀĵƞŅĚœĶĔŖĨŅĴȮPHBV ĵńĚėĚĴňĔŅĶŏĔŇħȮthermal degradation ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĪňŗ

ŀŋĦľĳŌĴŇŒĔĸƟŏėňĵĚľĸŀĴŏľĸĺħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2.1 (ŒĬĽƞĺĬĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ) ŐĸŃȮ4.4 ĪŜŅŒľƟ

ĮĢŇĔŇĶŇĵŅĪňŗŏĔŇħĕŉŘĬŏĔŇħŒĬĸńĔļĦŃĪňŗŐĕƞĚĕńĬĔńĬĶŃľĺƞŅĚĮĢŇĔŇĶŇĵŅĽĸŅĵĨńĺŐĸŃĮĢŇĔŇĶŇĵŅĔŅĶŏĝŊŗŀĴĕĺŅĚȮ

Y12[ȮĽƞĚįĸŒľƟĴňĔŅĶıĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŐĶĚĭŇħŒĬĶŃľĺƞŅĚįĽĴħńĚįĸĔŅĶĪħĸŀĚĪňŗŐĽħĚŒĬĽƞĺĬ

ĔƞŀĬľĬƟŅĬňŘ 

 

 

 

ĶŌĮĪňŗȮ2,5 ĮĢŇĔŇĶŇĵŅĪňŗėŅħĺƞŅĬƞŅěŃŏĔŇħĕŉŘĬŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŀĚȮPHBVȮőħĵĴňĔŅĶŏĨŇĴȮDB ŐĸŃȮ
TAIC 
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ĶŌĮĪňŗȮ2,6 ĮĢŇĔŇĶŇĵŅĪňŗėŅħĺƞŅěŃŏĔŇħĕŉŘĬŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŀĚȮPHBVȮőħĵĴňĔŅĶŏĨŇĴȮECE 

4.1.5 ŀŇĪīŇıĸĕŀĚĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĨƞŀőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮPHBV 

 ŒĬĚŅĬĺŇěńĵĬňŘœħƟŒĝƟŏĪėĬŇėȮ1H NMR ŏıŊŗŀĻŉĔļŅőėĶĚĽĶƟŅĚĪŅĚŏėĴňĕŀĚȮPHBV ľĸńĚěŅĔĮĶńĭĮĶŋĚ

ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.9 ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮ

PHBV ŐĽħĚȮchemical shift ĪňŗĨŜŅŐľĬƞĚȮ5.27 ppm ĞŉŗĚŐĽħĚĩŉĚľĴŌƞȮAFȮ&`*Ȯ`Ų'ȮĕŀĚ HB ŐĸŃ HV 

sequence, 2.53 ppm ĞŉŗĚŐĽħĚĩŉĚľĴŌƞȮ-CH2- epmsnȮ&_*Ȯ_Ų'*Ȯ/,4/ȮnnkȮĞŉŗĚŐĽħĚĩŉĚľĴŌƞȮ-CH2- ĕŀĚ 

HV side group (d),Ȯ1.27 ppm ĞŉŗĚŐĽħĚĩŉĚľĴŌƞȮmethyl group ĕŀĚ HBȮ(c) ŐĸŃȮ0.91 ppm ĞŉŗĚ

ŐĽħĚĩŉĚľĴŌƞȮkcrfwjȮepmsnȮmdȮFTȮ&aŲ'Ȯ[35-37]ȮŒĬĔĶĦňĕŀĚȮPHBV/DB0.3/TAIC0.1 ıĭĺƞŅȮ

chemical shift ĕŀĚȮPHBV ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĪňŗĨŜŅŐľĬƞĚȮ4.1 ppm ĞŉŗĚėŅħĺƞŅŏĮƦĬȮchemical shift 

ĕŀĚ H-C-N ŒĬőėĶĚĽĶƟŅĚĕŀĚȮcoagent (e) ŐĸŃĪňŗĨŜŅŐľĬƞĚȮ1.71 ppm ĞŉŗĚŐĽħĚĩŉĚĔŅĶŏĔŇħȮlinkage 

ĶŃľĺƞŅĚȮPHBV ŐĸŃȮTAIC (f,g) ĬŀĔěŅĔĬňŘĵńĚœĴƞĴňĔŅĶıĭȮchemical shift ĕŀĚ double bond ŒĬ

őėĶĚĽĶƟŅĚĕŀĚ TAIC ĪňŗĨŜŅŐľĬƞĚ 5.1-5.3 ŐĸŃ 5.7-5.9 ppm [38]ȮŐĽħĚŒľƟŏľŖĬĺƞŅȮdouble bond 

ĕŀĚȮTAIC ĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical ĪŜŅŒľƟŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚĶŃľĺƞŅĚĽŅĵőĞƞ

ıŀĸŇŏĴŀĶƢœħƟľĴħŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĽƞĚįĸŒľƟĽŅĴŅĶĩėĺĭėŋĴľĶŊŀĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴľĬŊħĕŀĚȮ

PHBV 
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(a)  

 

(b) 

ĶŌĮĪňŗȮ2,7 1H NMR ĕŀĚȮPHBV (a) ŐĸŃȮPHBV/DB0.3/TAIC0.1 (b) 

a, aô 

b, bô 

c 

d cô 

e 

f, g 



  25 

4.1.6 ŀŇĪīŇıĸĕŀĚĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĨƞŀėƞŅħńĝĬňĔŅĶœľĸĕŀĚĕŀĚȮPHBV 

 ěŅĔĨŅĶŅĚĪňŗȮ4.1 ıĭĺƞŅȮPHBV ĴňėƞŅȮMFI ĽŌĚĩŉĚȮ51.6 g/10Ȯmin ŐĸŃŐĶĚĭŇħĪňŗȮ600 ĺŇĬŅĪňŒĬ

ĔŅĶįĽĴŒĬŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ1.8 N.m ŏĬŊŗŀĚěŅĔĔŅĶŏĔŇħȮthermal degradation ŒĬĶŃľĺƞŅĚȮ

ĔĶŃĭĺĬĔŅĶĪŜŅŒľƟĬŘŜŅľĬńĔőĴŏĸĔŋĸŐĸŃėĺŅĴľĬŊħĕŀĚȮPHBV ĸħĸĚȮĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴ

ĶƟŀĬĕŀĚȮPHBV įƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical ĪŜŅŒľƟȮMFI ĴňėƞŅĸħĸĚěŅĔȮ51.6 œĮŏĮƦĬȮ28.7 g/10 min 

ĞŉŗĚĽŀħėĸƟŀĚĔńĭėƞŅŐĶĚĭŇħĪňŗŏĺĸŅȮ600 ĺŇĬŅĪňĪňŗŏıŇŗĴĕŉŘĬěŅĔȮ1.8 œĮŏĮƦĬȮ4.2 N.m ŏĬŊŗŀĚěŅĔĔŅĶ

ŏĔŇħĮĢŇĔŇĶŇĵŅŏĝŊŗŀĴĕĺŅĚĶŃľĺƞŅĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢĽƞĚįĸŒľƟėĺŅĴľĬŊħĕŀĚȮPHBV ĴňėƞŅŏıŇŗĴĕŉŘĬȮĞŉŗĚ

ėĸƟŅĵėĸŉĚĔńĭŒĬĔĶĦňĕŀĚĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚĮĢŇĔŇĶŇĵŅȮfree radical ŐĸŃȮcondensation 

ĪňŗĴňĔŅĶĸħĸĚĕŀĚȮMFI ěŅĔȮ51.6 œĮŏĮƦĬȮ29.5 g/10 min ŐĸŃŐĶĚĭŇħĪňŗŏĺĸŅȮ600 ĺŇĬŅĪňŏıŇŗĴĕŉŘĬěŅĔȮ

1.8 œĮŏĮƦĬȮ3.5 N.m ŀĵƞŅĚœĶĔŖĨŅĴĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅȮcondensation ŏıňĵĚŀĵƞŅĚŏħňĵĺĵńĚėĚĴňėƞŅȮMFI 

ŐĸŃŐĶĚĭŇħĪňŗȮ600 ĺŇĬŅĪňŒĔĸƟŏėňĵĚĔńĭȮneat PHBV ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮECE 0.5 phr œĴƞŏıňĵĚ

ıŀĪňŗěŃĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶ 

ĨŅĶŅĚĪňŗȮ2,/ ŐĽħĚħńĝĬňĔŅĶœľĸȮ(melt flow index, MFI) ŐĸŃŐĶĚĭŇħĪňŗŏĺĸŅȮ600ȮĺŇĬŅĪňŒĬŏėĶŊŗŀĚ
įĽĴĳŅĵŒĬŐĭĭĮƕħĕŀĚȮneatȮPHBV ŐĸŃȮPHBV ľĸńĚĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬ 

Sample 

MFI (g/10min) 

(190 °C) 

ŐĶĚĭŇħĪňŗŏĺĸŅȮ
600 ĺŇĬŅĪňȮ

(N.m) 

Neat PHBV 51.6 1.8 

PHBV/ECE0.5 50.5 1.8 

PHBV/DB0.3/TAIC0.1 28.7 4.2 

PHBV/DB0.3/TAIC0.1/ECE0.5 29.5 3.5 
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4.1.7 ŀŇĪīŇıĸĕŀĚĮĢŇĔŇĶŇĵŅŏėĴňĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV 

ĨŅĶŅĚĪňŗȮ2,0 ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV ŐĸŃȮPHBV ĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬ 

Sample 

Young's 
modulus 
(MPa) 

Tensile strength 
(MPa) 

Elongation at 
break (%) 

PHBV 1,440 ± 100 40.4 ±1.0 12.4 ± 3.7 
PHBV/DB0.1/TAIC0.1 1,651 ± 74 47.7 ±1.6 7.4 ± 0.9 
PHBV/DB0.1/TAIC0.2 1,692 ± 23 50.0 ± 1.7 9.2 ± 1.7 
PHBV/DB0.1/TAIC0.3 1,715 ± 53 52.0 ± 1.5 9.7 ± 1.5 
PHBV/DB0.2/TAIC0.1 1,664 ± 106 50.9 ± 1.6 8.7 ± 0.7 
PHBV/DB0.2/TAIC0.2 1,676 ± 31 52.2 ± 1.5 9.6 ± 1.5 
PHBV/DB0.2/TAIC0.3 1,693 ± 81 52.0 ± 2.1 9.9 ± 0.9 
PHBV/DB0.3/TAIC0.1 1,643 ± 80 46.9 ± 1.5 7.4 ± 1.8 
PHBV/DB0.3/TAIC0.2 1,698 ± 49 51.4 ± 1.4 10.5 ± 1.7 
PHBV/DB0.3/TAIC0.3 1,770 ± 41 53.0 ± 1.7 9.7 ± 1.2 

PHBV/ECE0.5 1,875 ± 87 57.4 ± 4.7 6.1 ± 0.9 
PHBV/ECE1 1,889 ± 88 57.5 ± 4.2 5.3 ± 0.5 
PHBV/ECE2 1,855 ± 81 57.5 ± 0.7 6.8 ± 0.8 

PHBV/DB0.3/TAIC0.1/ECE0.5 1,803 ± 99 55.5 ± 1.7 6.5 ± 1.4 

 ĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV įƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical őħĵĔŅĶŏĨŇĴȮ

free radical initiator ĶƞĺĴĔńĭȮcoagent ĴňįĸĪŜŅŒľƟȮWmsleŲqȮkmbsjsqȮŐĸŃȮTensile strength 

ĕŀĚĨńĺŀĵƞŅĚĴňėƞŅŏıŇŗĴĕŉŘĬőħĵĴňĔŅĶĸħĸĚĕŀĚȮElongation at break ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮneat PHBV 

őħĵĮĶŇĴŅĦĕŀĚȮfree radical initiatorȮŐĸŃȮcoagent ĪňŗŏĨŇĴĴňŀŇĪīŇıĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚ PHBV 

ŏĴŊŗŀĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦȮfree radical initiator ŐĸŃȮTAIC ěŃĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮWmsleŲqȮ

modulus ŐĸŃȮTensile strength ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ4.2 őħĵĴňȮWmsleŲqȮkmbsjsqȮŐĸŃȮ

Tensile strength ĪňŗĽŌĚĪňŗĽŋħĪňŗȮ1770 MPa ŐĸŃȮ53.0 MPa ŏĴŊŗŀĴňĔŅĶŏĨŇĴȮDB 0.3 phr ŐĸŃȮTAIC 

0.3 phr  

 ĩŉĚŐĴƟĔŅĶĮĶńĭĮĶŋĚȮPHBV ħƟĺĵĮĢŇĔŇĶŇĵŅȮcondensation ěŃĪŜŅŒľƟėĺŅĴľĬŊħŒĬĶŃľĺƞŅĚȮ

ĔĶŃĭĺĬĔŅĶĕŀĚȮPHBV ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞĴňĬńĵĽŜŅėńĠŐĨƞĔŅĶĮĶńĭĮĶŋĚħƟĺĵĺŇīňħńĚĔĸƞŅĺĔĸńĭĴň



  27 

ŀŇĪīŇıĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV őħĵıĭĺƞŅ PHBV/ECE ĴňėƞŅȮWmsleŲqȮkmbsjsqȮŐĸŃȮTensile 

strength ĪňŗĽŌĚĕŉŘĬőħĵĴňĔŅĶĸħĸĚĕŀĚȮElongation at break ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮneat PHBV 

ĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĮĶŇĴŅĦĕŀĚȮECE ěŅĔȮ0.5 œĮŏĮƦĬȮ1 ŐĸŃȮ2 phr ĽƞĚįĸĨƞŀĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV ŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠ 

 ĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV őħĵįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical ĶƞĺĴĔńĭȮ

condensation ĴňįĸĪŜŅŒľƟȮWmsleŲqȮkmbsjsqȮŐĸŃȮTensile strength ĴňėƞŅŏıŇŗĴĕŉŘĬőħĵĴňĔŅĶĸħĸĚ

ĕŀĚȮElongation at break ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮneat PHBV őħĵĴňėƞŅȮWmsleŲqȮkmbsjsq*Ȯ

Tensile strength ŐĸŃȮElongation at break ĪňŗȮ1803 MPa, 55.5 MPa ŐĸŃȮ6.5% ŏĴŊŗŀĴňĔŅĶŏĨŇĴȮ

DB ĪňŗȮ0.3 phr, TAIC 0.1 phr ŐĸŃȮECE 0.5 phrȮěŅĔįĸĔŅĶĪħĸŀĚĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅĽŅĴŅĶĩ

ŒĝƟĮĢŇĔŇĶŇĵŅĮĢŇĔŇĶŇĵŅȮfree radical ŏıňĵĚŀĵƞŅĚŏħňĵĺőħĵŏĨŇĴȮfree radical initiator ĶƞĺĴĔńĭȮcoagentȮ

ĶĺĴœĮĩŉĚĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical ŐĸŃȮcondensation ŏıŊŗŀĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅı

ĪŅĚėĺŅĴĶƟŀĬŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŀĚȮPHBV őħĵĴňįĸĪŜŅŒľƟȮWmsleŲqȮkmbsjsqȮŐĸŃȮtensile 

strength ĴňėƞŅĽŌĚĕŉŘĬ 

4.1.8 ŀŇĪīŇıĸĕŀĚĮĢŇĔŇĶŇĵŅȮfree radical, condensation ŐĸŃĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree 

radical ŐĸŃȮcondensation ĨƞŀĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV 

ĨŅĶŅĚĪňŗȮ2,1 ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŐĸŃȮPHBV ĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴ
ĶƟŀĬ 

Sample 

Cooling 2nd heating 

Xc(%) Tc,onset 

(°C) 

Tc,peak 

(°C) 

Tc,endset 

(°C) 

Tm,onset 

(°C) 

Tm,peak 

(°C) 

Tm,endset 

(°C) 

PHBV 125 122 117 166 172 177 67 

PHBV/DB0.3/TA
IC0.1 

125 122 116 163 170 177 65 

PHBV/ECE0.5 123 119 114 165 172 177 66 

PHBV/DB0.3/TA
IC0.1/ECE0.5 

123 119 113 163 170 176 61 
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ěŅĔĨŅĶŅĚĪňŗȮ4.3 ıĭĺƞŅĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV őħĵįƞŅĬĮĢŇĔŇĶŇĵŅȮfree 

radical, condensation ŐĸŃĔŅĶŒĝƟĪńŘĚĽŀĚĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĽƞĚįĸŒľƟĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV 

ŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞĴňĬńĵĽŜŅėńĠȮĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅȮfree radical ĪŜŅŒľƟŀŋĦľĳŌĴŇľĸŀĴŏĮĸňŗĵĬěŅĔȮ172 

°C œĮŏĮƦĬȮ170 °C ŐĸŃȮdegree of crystallinity ŏĮĸňŗĵĬěŅĔȮ67% œĮŏĮƦĬȮ65% őħĵĴňĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚĕŀĚȮcrystallization temperature ŐĭĭœĴƞĴňĬńĵĽŜŅėńĠŒĬĕĦŃŏħňĵĺĔńĬĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅȮ

condensation ĪŜŅŒľƟȮcrystallization temperature ĴňėƞŅŏĮĸňŗĵĬěŅĔȮ122 °C œĮŏĮƦĬȮ119 °C ŐĸŃȮ

degree of crystallinity ĴňŏĮĸňŗĵĬěŅĔȮ67% œĮŏĮƦĬȮ66%ȮŐĸŃĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree 

radical ŐĸŃȮcondensation ĪŜŅŒľƟȮcrystallization temperature ŏĮĸňŗĵĬěŅĔȮ122Ȯ°C œĮŏĮƦĬȮ

119 °C , melting temperature ŏĮĸňŗĵĬěŅĔȮ172 °C œĮŏĮƦĬȮ170 °C ŐĸŃȮdegree of 

crystallinity ĕŀĚȮPHBV ŏĮĸňŗĵĬěŅĔȮ67% œĮŏĮƦĬȮ61%ȮĨŅĴĸŜŅħńĭȮ 

ĨŅĶŅĚĪňŗȮ2,2 ĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŐĸŃȮPHBV ĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚ

ėĺŅĴĶƟŀĬ 

Sample Tonset (°C) Inflection point (°C) Tendset (°C) 

PHBV 285 295 302 

PHBV/DB0.3/TAIC0.1 287 297 301 

PHBV/ECE0.5 287 297 303 

PHBV/DB0.3/TAIC0.1/ECE0.5 288 298 303 

  

 ıķĨŇĔĶĶĴĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŐĸŃȮPHBV ĪňŗĴňĔŅĶŏĨŇĴȮDB, TAIC ŐĸŃȮ

ECE ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ4.4 ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮPHBV ŐĽħĚĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŐĭĭȮ1 

ĕńŘĬĨŀĬőħĵŏĶŇŗĴĴňĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔĪňŗŀŋĦľĳŌĴŇȮ(Tonset) 285 °C ĽŇŘĬĽŋħĪňŗŀŋĦľĳŌĴŇȮ302 °C ŐĸŃȮ

inflection point ĪňŗȮ295 °C ĔŅĶĮĶńĭĮĶŋĚȮPHBV őħĵĔŅĶŏĨŇĴȮDB ĶƞĺĴĔńĭȮTAIC ĩŉĚŐĴƟěŃĽŅĴŅĶĩ

ĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶœħƟħńĚŐĽħĚŒĬĔŅĶĪħĸŀĚŒĬĽƞĺĬĔƞŀĬľĬƟŅĬňŘ

ŐĨƞĔŅĶŏĨŇĴĽŅĶŏėĴňĕƟŅĚĨƟĬĪŜŅŒľƟıķĨŇĔĶĶĴĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞĴňĴňĬńĵĽŜŅėńĠ

őħĵĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚȮTonset ŐĸŃȮinflection point ěŅĔȮ285 œĮŏĮƦĬȮ287 °C ŐĸŃȮ295 œĮŏĮƦĬȮ

297 °C ŏĝƞĬŏħňĵĺĔńĭĔŅĶŏĨŇĴȮECE ĪňŗıĭĺƞŅıķĨŇĔĶĶĴĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬœĴƞĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚ
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ŐĭĭĴňĬńĵĽŜŅėńĠȮőħĵĴňŏĮĸňŗĵĬŐĮĸĚĕŀĚȮTonset ěŅĔȮ285 œĮŏĮƦĬȮ287 °C ŐĸŃȮinflection point ěŅĔȮ

295 œĮŏĮƦĬȮ297 °C ĬŀĔěŅĔĬňŘĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅĶƞĺĴĶŃľĺƞŅĚĮĢŇĔŇĶŇĵŅȮfree radical ŐĸŃȮ

condensation ĔŖĪŜŅŒľƟıķĨŇĔĶĶĴĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞĴňĬńĵĽŜŅėńĠőħĵ

ĴňŏĮĸňŗĵĬŐĮĸĚĕŀĚȮTonset ěŅĔȮ285 œĮŏĮƦĬȮ288 °C ŐĸŃȮinflection point ěŅĔȮ295 œĮŏĮƦĬȮ298 °C 

ěŅĔįĸĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅĩŉĚŐĴƟĔŅĶŏĨŇĴȮDB, TAIC ĶƞĺĴĔńĭȮECE ěŃĽŅĴŅĶĩĮĶńĭĮĶŋĚ

ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŒĬĶŃľĺƞŅĚĔŅĶĕŉŘĬĶŌĮœħƟőħĵıŇěŅĶĦŅěŅĔȮmixing torque ĞŉŗĚĴňėĺŅĴĽńĴıńĬīƢ

ĔńĭėĺŅĴľĬŊħŐĸŃĬŘŜŅľĬńĔőĴŏĸĔŋĸĕŀĚıŀĸŇŏĴŀĶƢĪňŗĴňėƞŅėƞŀĬĕƟŅĚėĚĪňŗŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶŐĨƞĔŅĶŏĨŇĴȮ

reactive agent ħńĚĔĸƞŅĺĔĸńĭœĴƞĴňįĸŒĬĔŅĶĮĶńĭĮĶŋĚĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŀĵƞŅĚĴň

ĬńĵĽŜŅėńĠ 

4.2 ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV őħĵĔŅĶŏĭĸĬħƢĔńĭȮsoft polymer  

 ěŅĔĪňŗœħƟĔĸƞŅĺœĺƟĕƟŅĚĨƟĬĬŀĔěŅĔĮƤĠľŅŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĪňŗĨŗŜŅĕŀĚȮPHBV ŐĸƟĺıŀĸŇ

ŏĴŀĶƢĝĬŇħĬňŘĵńĚėĚĴňĕƟŀŏĽňĵŒĬħƟŅĬėĺŅĴŏĮĶŅŃĪŜŅŒľƟŒĬĚŅĬĺŇěńĵĬňŘħŜŅŏĬŇĬĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮ

PHBV őħĵĔŅĶŏĭĸĬħƢĔńĭȮPBSA ĞŉŗĚŏĮƦĬȮsoft polymer őħĵĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢĪňŗœħƟěŃ

ĕŉŘĬŀĵŌƞĔńĭȮphase structure ĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢĪňŗœħƟľĸńĚěŅĔĪŜŅĔŅĶŏĭĸĬħƢħńĚĬńŘĬěŉĚĨƟŀĚĴňĔŅĶ

ėĺĭėŋĴĮƤěěńĵĨƞŅĚŕĪňŗĴňŀŇĪīŇıĸĨƞŀĔŅĶŏĔŇħŐĸŃıńĥĬŅȮphase structure ĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢŒĬ

ĚŅĬĺŇěńĵĬňŘȮěŅĔĪķļġňĪŅĚŏĪŀĶƢőĴœħĬŅĴŇĔĽƢĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢĶĺĴœĮĩŉĚĕŀĚȮTaylor ıĭĺƞŅĴňľĸŅĵ

ĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀĔŅĶıńĥĬŅȮphase structure ĞŉŗĚĴňŀŇĪīŇıĸĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢ

ĪńŘĚŒĬĽƞĺĬĕŀĚĽńħĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢŒĬĔŅĶŏĭĸĬħƢ, ŀńĨĶŅĽƞĺĬėĺŅĴľĬŊħ ŐĸŃ ŐĶĚŏĜŊŀĬŒĬĶŃľĺƞŅĚĔŅĶ

įĽĴȮħńĚĬńŘĬĮƤĠľŅĕŀĚĔŅĶŏĔŇħȮthermal degradation ĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶěŉĚĴň

ėĺŅĴĽŜŅėńĠĪňŗěŃŐĔƟœĕĮƤĠľŅĕƟŅĚĨƟĬĔƞŀĬĪňŗěŃĪŜŅĔŅĶĪħĸŀĚĨƞŀœĮȮ őħĵŒĬĚŅĬĺŇěńĵĬňŘĪŜŅĔŅĶĪħĸŀĚ

őħĵŏĭĸĬħƢȮPHBV ĔńĭȮPBSA ĪňŗŀńĨĶŅĽƞĺĬȮPHBV:PBSA 80:20 ħƟĺĵŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ

(internal mixer) ĪňŗŀŋĦľĳŌĴŇȮ180 °C ėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ10 ĬŅĪňȮěŅĔĔŅĶ

ĪħĸŀĚıĭĺƞŅĔŅĶŐĨĔľńĔĕŀĚȮPHBV ľĸńĚěŅĔĪŜŅĔŅĶĪħĽŀĭȮimpact test ĴňĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃ

őħĵıĭįŇĺĶŀĵŐĨĔĪňŗŏĶňĵĭħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.10a őħĵıĭĔŅĶĔĶŃěŅĵĨńĺĕŀĚȮfiller ĪňŗĩŌĔŏĨŇĴŏĕƟŅĴŅŒĬȮ

PHBV resin ŒĬĸńĔļĦŃĪňŗŏĮƦĬŐįƞĬĴňėĺŅĴĵŅĺĪňŗĮĶŃĴŅĦȮ5 micron ľĬŅĮĶŃĴŅĦȮ1 micron 

ŒĬĕĦŃĪňŗĶŀĵŐĨĔĕŀĚȮPHBV/PBSA ŐĽħĚŒĬĶŌĮĪňŗȮ4.10b ıĭĺƞŅȮdispersed phase ĴňĔŅĶĔĶŃěŅĵĨńĺ

ŒĬĸńĔļĦŃĪňŗŏĮƦĬȮdroplet őħĵĴňĕĬŅħĕŀĚȮdroplet ĪňŗėƞŀĬĕƟŅĚľĸŅĔľĸŅĵĨńŘĚŐĨƞȮ2-10 micron ŐĸŃ

ıĭ cavityȮĞŉŗĚŏĔŇħěŅĔĔŅĶľĸŋħŀŀĔĕŀĚȮdisperse phase ěŅĔȮPHBV matrix ľĸńĚěŅĔĝŇŘĬĚŅĬœħƟĶńĭȮ
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impact load ŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŏĕƟŅĔńĬœħƟȮ(compatibility) ŐĸŃĔŅĶĵŉħĨŇħĶŃľĺƞŅĚŏĲĽȮ

(interfacial adhesion) ĪňŗœĴƞħňĕŀĚȮPHBV ŐĸŃȮPBSA ėŅħĺƞŅŏĮƦĬŀŇĪīŇıĸĕŀĚĔŅĶŏĔŇħȮthermal 

degradation ĕŀĚȮPHBV ĪŜŅŒľƟėĺŅĴľĬŊħĕŀĚıŀĸŇŏĴŀĶƢĝĬŇħĬňŘĴňĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚŒĬĶŃľĺƞŅĚ

įĽĴĽƞĚįĸŒľƟėĺŅĴľĬŊħĶŃľĺƞŅĚȮPHBV ŐĸŃȮPBSA ĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮ 

 ĔŅĶŏĭĸĬħƢȮPHBVȮŐĸŃȮPBSA őħĵĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮĪŜŅŒľƟȮdisperse phase Ĵň

ĕĬŅħŏĸŖĔĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠőħĵĴňĕĬŅħŀĵŌƞĪňŗĮĶŃĴŅĦ 0.5-1 ŏĴŊŗŀŏĨŇĴȮDB 0.3 phr ŐĸŃȮTAIC 0.1 

phr ŐĸŃĴňĕĬŅħȮ0.3-1 micron ŏĴŊŗŀŏĨŇĴȮDB 0.3 phr, TAIC 0.1 phr ŐĸŃȮECE 0.5 phr ħńĚŐĽħĚŒĬ

ĶŌĮĪňŗȮ4.10c ŐĸŃȮ4.10e-fȮŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŏĕƟŅĔńĬœħƟĪňŗıńĥĬŅĕŉŘĬȮ(improved compatibility)Ȯ

ľĸńĚěŅĔŏĨŇĴĽŅĶŏėĴňĕƟŅĚĨƟĬȮŏĬŊŗŀĚěŅĔĔŅĶŏĨŇĴȮDB ĶƞĺĴĔńĭȮTAIC ĪŜŅŒľƟĽŅĴŅĶĩėĺĭėŋĴľĶŊŀŏıŇŗĴėĺŅĴ

ľĬŊħĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶħńĚŐĽħĚŒĬĔŅĶĪħĸŀĚŒĬĽƞĺĬĔƞŀĬľĬƟŅĬňŘȮ ĶĺĴœĮĩŉĚĔŅĶ

ŏĔŇħĮĢŇĔŇĶŇĵŅĔńĬĪňŗȮinterface ĶŃľĺƞŅĚȮPHBV ŐĸŃȮPBSA ĪŜŅŒľƟŏĔŇħȮlinkage ĶŃľĺƞŅĚȮPHBV ŐĸŃȮ

PBSAȮĽƞĚįĸŒľƟĴňĔŅĶĸħĸĚĕŀĚȮinterfacial tension ĕŀĚȮPHBV-PBSAȮĔŅĶŏĽňĵĶŌĮĕŀĚȮPBSA 

droplet ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶŏĭĸĬħƢěŃĪŜŅŒľƟȮdroplet ŏĮĸňŗĵĬĶŌĮĶƞŅĚœĮŏĮƦĬȮfibrilȮŒĬĕĦŃĪňŗȮ

surface tension ŐĸŃėĺŅĴŏĮƦĬĺŇĽőėŀŇĸŅĽĨŇĔȮ(viscoelasticity) ĕŀĚȮPHBV ŐĸŃȮPBSA ěŃŏĮƦĬ

ĽƞĺĬĪňŗĨƟŅĬĔŅĶŏĽňĵĶŌĮľĶŊŀĪŜŅŒľƟȮdroplet ėŊĬĶŌĮŏĮƦĬĪĶĚĔĸĴ ħńĚĬńŘĬŏĴŊŗŀȮinterfacial tension 

ĶŃľĺƞŅĚĪńŘĚĽŀĚıŀĸŇŏĴŀĶƢĴňėƞŅĸħĸĚěŉĚĪŜŅŒľƟȮPBSA ĽŅĴŅĶĩŏĔŇħĔŅĶŏĽňĵĶŌĮœĮŏĮƦĬȮfibril ĪňŗĴňĕĬŅħŏĸŖĔ

ĸĚœħƟĴŅĔĕŉŘĬěĬĔĶŃĪńŗĚȮshear stress ĪňŗĔĶŃĪŜŅĔńĭȮfibril ŐĸŃȮinterfacial tension ĴňėƞŅŒĔĸƟŏėňĵĚĔńĬ

ěŉĚĪŜŅŒľƟŏĔŇħȮRayleigh disturbance ĕŉŘĬĭĶŇŏĺĦȮsurface ĕŀĚȮPBSA fibril ŐĸŃŏĔŇħĔŅĶĕŅħŀŀĔŏĮƦĬȮ

droplet ĪňŗĴňĕĬŅħŏĸŖĔĸĚȮY05[ȮĬŀĔěŅĔĬňŘ PHBV-PBSA linkage ĪňŗŏĔŇħĕŉŘĬĭĶŇŏĺĦȮinterface ĵńĚĴň

ĽƞĺĬŒĬĔŅĶĮƚŀĚĔńĬľĶŊŀĸħĔŅĶŏĔŇħĔŅĶĶĺĴĨńĺĕŀĚȮPBSA ĽƞĚįĸŒľƟȮPBSA droplet ĪňŗŏĔŇħĕŉŘĬĴňĕĬŅħ

ŏĸŖĔĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮȮŒĬĕĦŃŏħňĵĺĔńĬȮlinkage ĪňŗŏĔŇħĕŉŘĬĵńĚĽƞĚįĸŒľƟĴňȮinterfacial adhesion Īňŗħň

ĕŉŘĬĶŃľĺƞŅĚȮmatrix ŐĸŃ disperse phase ĽƞĚįĸŒľƟȮPHBV matrix ĽŅĴŅĶĩĩƞŅĵŏĪȮload œĮĪňŗȮ

dispersed phase ĞŉŗĚŏĮƦĬȮsoft polymer œħƟħňĴŅĔĕŉŘĬ [39] ŀĵƞŅĚœĶĔŖĨŅĴŒĬĔĶĦňĕŀĚĔŅĶŏĨŇĴȮECE 

0.5 phr ŏıňĵĚŀĵƞŅĚŏħňĵĺĔĸńĭıĭĺƞŅĵńĚėĚĴňȮPBSA droplet ĪňŗĴňĕĬŅħŒľĠƞŐĸŃĴňĕĬŅħĪňŗľĸŅĔľĸŅĵ

őħĵĴňĕĬŅħŀĵŌƞŒĬĝƞĺĚȮ2-10 micron ŏĝƞĬŏħňĵĺĔńĭĔĶĦňĕŀĚȮnon-reactive blend ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ

4.10d ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮECE 0.5 phr œĴƞŏıňĵĚıŀĨƞŀĔŅĶĮĶńĭĮĶŋĚėĺŅĴŏĕƟŅĔńĬœħƟŒĬĔŅĶŏĭĸĬħƢȮ

PHBV ŐĸŃȮPBSA ĪňŗŀńĨĶŅĽƞĺĬȮ80:20 
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(a)                                               (b)  

    

                            (c)                                               (d) 

    

     (e)                                              (f)                                

ĶŌĮĪňŗȮ2,/.ȮĽńĦģŅĬĺŇĪĵŅĕŀĚĶŀĵŐĨĔěŅĔĔŅĶĪħĽŀĭĔŅĶĔĶŃŐĪĔĕŀĚȮPHBV (a), 
PHBV80/PBSA20 (b), PHBV80/PBSA20/DB0.3/TAIC0.1 (c), PHBV80/PBSA20/ECE0.5 (d),Ȯ

PHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5 ĪňŗĔŜŅĸńĚĕĵŅĵȮ2500 ŏĪƞŅ (e) ŐĸŃȮ
PHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5 ĪňŗĔŜŅĸńĚĕĵŅĵȮ10000 ŏĪƞŅ (f) 
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 ĸńĔļĦŃĔŅĶŐĨĔľńĔĕŀĚȮPHBV ľĸńĚěŅĔĪŜŅĔŅĶĪħĽŀĭȮtensile test ĴňĸńĔļĦŃŏĮƦĬįŇĺ

ŏĶňĵĭĞŉŗĚŐĽħĚĩŉĚĔŅĶŐĨĔľńĔŐĭĭŏĮĶŅŃȮħńĚŐĽħĚŒĬĶŌĮĪňŗ 4.11aȮŒĬĔĶĦňĕŀĚȮPHBV/PBSA blend Īňŗ

ŀńĨĶŅĽƞĺĬȮ80:20 ıĭĺƞŅĴňĔŅĶĔĶŃěŅĵĨńĺĕŀĚȮPBSA ĪňŗľĸŅĔľĸŅĵĕĬŅħőħĵĴňĕĬŅħŀĵŌƞŒĬĝƞĺĚȮ2-10 

micron őħĵĴňĔŅĶıĭȮcavity ĞŉŗĚŏĔŇħĕŉŘĬľĸńĚěŅĔȮPBSA ľĸŋħŀŀĔěŅĔȮPHBV matrix ľĸńĚěŅĔœħƟĶńĭȮ

tension load ŐĸŃĵńĚĴňĔŅĶıĭĝƞŀĚĺƞŅĚĕĬŅħŏĸŖĔĶŃľĺƞŅĚȮPHBV ŐĸŃȮPBSA ĞŉŗĚŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴ

ŏĕƟŅĔńĬœħƟŐĸŃĔŅĶĵŉħĨŇħĶŃľĺƞŅĚįŇĺĪňŗĨŗŜŅĶŃľĺƞŅĚȮPHBV ŐĸŃȮPBSA ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.11b ŏĴŊŗŀĴňĔŅĶ

ŒĝƟĺŇīňĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical ıĭĺƞŅĶŀĵŐĨĔĕŀĚĝŇŘĬĚŅĬĴňĔŅĶŏĔŇħĕŉŘĬĕŀĚȮ

PBSA fibril ĶĺĴœĮĩŉĚĔŅĶĵŊħŀŀĔŏĸŖĔĬƟŀĵĕŀĚȮPHBV matrix ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.11c ĞŉŗĚŐĽħĚĩŉĚĔŅĶ

ŏıŇŗĴĕŉŘĬĕŀĚėĺŅĴŏĕƟŅĔńĬœħƟŐĸŃĔŅĶĵŉħĨŇħĶŃľĺƞŅĚįŇĺĶŃľĺƞŅĚĽŀĚıŀĸŇŏĴŀĶƢĬňŘȮŀĵƞŅĚœĶĔŖĨŅĴŒĬĔĶĦňĕŀĚ

ĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮįƞŅĬĮĢŇĔŇĶŇĵŅȮcondensation ıĭĺƞŅĩŉĚŐĴƟěŃĴňĔŅĶŏĨŇĴȮECE ĪňŗȮ0.5 phr ĔŖ

ĵńĚėĚıĭȮPBSA ľĸŅĔľĸŅĵĕĬŅħĔĶŃěŅĵĨńĺŀĵŌƞŒĬȮPHBV ĶĺĴœĮĩŉĚıĭĔŅĶľĸŋħŀŀĔĕŀĚȮPBSA ěŅĔȮ

PHBV matrix ľĸńĚěŅĔœħƟĶńĭȮtension load ŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴȮECE ĪňŗȮ0.5 phr ĵńĚœĴƞŏıňĵĚıŀ

ĨƞŀĔŅĶĮĶńĭĮĶŋĚȮcompatibility ĶŃľĺƞŅĚȮPHBV ŐĸŃȮPBSA ĪňŗŀńĨĶŅĽƞĺĬȮ80:20 ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ

4.11d ŏĴŊŗŀĪŜŅĔŅĶįĽĴőħĵįƞŅĬĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical ŐĸŃȮcondensation őħĵĔŅĶ

ŏĨŇĴȮDB 0.3 phr, TAIC 0.1 phr ŐĸŃȮECE 0.5 phr ıĭĺƞŅĶŀĵŐĨĔĕŀĚĨńĺŀĵƞŅĚĴňĔŅĶĵŊħŀŀĔĕŀĚȮ

matrix ľĸńĚěŅĔœħƟĶńĭŐĶĚħŉĚħńĚĶŌĮĪňŗȮ4.11e ŐĽħĚŒľƟŏľŖĬĩŉĚȮ ėĺŅĴŏĕƟŅĔńĬœħƟŐĸŃȮinterfacial 

adhesion ĶŃľĺƞŅĚȮPHBV ŐĸŃȮPBSA ĪňŗĩŌĔĮĶńĭĮĶŋĚĕŉŘĬĪŜŅŒľƟĴňĔŅĶĩƞŅĵŏĪŐĶĚěŅĔȮmatrix œĮĪňŗȮ

dispersed phase œħƟħňĴŅĔĕŉŘĬȮY17[ȮĽƞĚįĸŒľƟȮtensile strength ŐĸŃȮelongation at break ĴňėƞŅ

ŏıŇŗĴĕŉŘĬ 

 

 

 



  33 

        

                         (a)                                                     (b) 

     

    (c)                                                      (d) 

  

                         (e)    

ĶŌĮĪňŗȮ2,//ȮĽńĦģŅĬĺŇĪĵŅĕŀĚĶŀĵŐĨĔěŅĔĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħĕŀĚȮPHBV (a), PHBV80/PBSA20 
(b), PHBV80/PBSA20/DB0.3/TAIC0.1 (c), PHBV80/PBSA20/ECE0.5 (d) ŐĸŃȮ

PHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5 (e) 
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ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV/PBSA blends ŐĽħĚħńĚĶŌĮĪňŗȮ4.12-4.15ȮĔŅĶįĽĴȮPHBV ĶƞĺĴĔńĭȮ

PBSA 20% őħĵĬŘŜŅľĬńĔĴňįĸĪŜŅŒľƟȮimpact strength ĴňėƞŅĸħĸĚŏĸŖĔĬƟŀĵěŅĔȮ2.3 œĮŏĮƦĬȮ2.1 kJ/m2 

ŒĬĕĦŃŏħňĵĺĔńĬĔŅĶŏĭĸĬħƢȮPHBV80/PBSA20 őħĵĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮőħĵĔŅĶŏĨŇĴȮDB 0.3 phr 

ŐĸŃȮTAIC 0.1 phrȮĪŜŅŒľƟȮimpact strength ĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ2.1 ŏĮƦĬ 2.5 kJ/m2 ŒĬĕĦŃĪňŗĔŅĶŏĨŇĴȮ

DB 0.3 phr, TAIC 0.1 phr ŐĸŃȮECE 0.5 phr ĪŜŅŒľƟȮimpact strength ĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ2.1 ŏĮƦĬȮ

3.7 kJ/m2ȮĞŉŗĚŏĮƦĬįĸěŅĔĔŅĶĪňŗėĺŅĴŏĕƟŅĔńĬœħƟĕŀĚȮPHBV ŐĸŃȮPBSA ĩŌĔĮĶńĭĮĶŋĚĕŉŘĬĪŜŅŒľƟĴňĔŅĶ

ŏıŇŗĴĕŉŘĬĕŀĚȮinterfacial adhesion őħĵĪńŗĺœĮŐĸƟĺȮrubber-toughened polymeric material ĴňȮ2 

ŐĬĺĪŅĚľĸńĔħƟĺĵĔńĬėŊŀĔŅĶŏĔŇħȮinternal cavity ŒĬ dispersed phase ŏĴŊŗŀĔŅĶĵŉħĨŇħĶŃľĺƞŅĚįŇĺ

ĕŀĚȮmatrix-dispersed phase ĴňėƞŅĽŌĚŏıňĵĚıŀŐĸŃȮdebonding cavity ĭĶŇŏĺĦȮinterface 

ĶŃľĺƞŅĚȮmatrix ŐĸŃȮdispersed phase [40] ŏĴŊŗŀŏĭĸĬħƢȮPHBV ĶƞĺĴĔńĭȮPBSA ĪňŗŀńĨĶŅĽƞĺĬȮ80:20 

ěŃĪŜŅŒľƟȮPBSA ŏĮƦĬȮdispersed phase ĞŉŗĚěŃŏĮƦĬěŋħĻŌĬĵƢĶĺĴŐĶĚȮ(stress concentration) ŒĬȮ

PHBV matrix ŏĬŊŗŀĚěŅĔŐĶĚĵŉħĨŇħĶŃľĺƞŅĚįŇĺĕŀĚȮPHBV ŐĸŃȮPBSA ĪňŗœĴƞħňȮŏĴŊŗŀŒĝƟĔŅĶŏĭĸĬħƢŐĭĭ

ĶňŏŀŖĔĪňĮőħĵĔŅĶŏĨŇĴȮDB, TAIC ĶƞĺĴĔńĭȮECE ĪŜŅŒľƟȮPBSA droplet ĴňĕĬŅħŏĸŖĔĸĚŀĵƞŅĚĴňĬńĵĽŜŅėńĠ

ĶƞĺĴĔńĭĔŅĶŏıŇŗĴĕŉŘĬĕŀĚŐĶĚĵŉħĨŇħĶŃľĺƞŅĚįŇĺȮPHBV-PBSA ĽƞĚįĸŏĴŊŗŀĝŇŘĬĚŅĬœħƟĶńĭŐĶĚĔĶŃŐĪĔȮ

(impact load) ĨƟŀĚŒĝƟıĸńĚĚŅĬŒĬĔŅĶĪŜŅŒľƟĝŇŘĬĚŅĬŐĨĔĪňŗŏıŇŗĴĴŅĔĕŉŘĬŒĬĔŅĶŐĨĔįƞŅĬȮdebonding 

cavitationȮĞŉŗĚıĭĔŅĶľĸŋħŀŀĔĕŀĚȮPBSA ĪŜŅŒľƟŏĔŇħıŊŘĬįŇĺŒľĴƞĽƞĚįĸŒľƟĨƟŀĚŒĝƟıĸńĚĚŅĬŒĬĔŅĶĪŜŅŒľƟ

ĝŇŘĬĚŅĬŐĨĔĪňŗŏıŇŗĴĴŅĔĕŉŘĬ ĶĺĴœĮĩŉĚĔŅĶŏĽňĵĶŌĮĕŀĚȮPBSA ěŅĔĔŅĶœħƟĶńĭŐĶĚŐĭĭĔĶŃŐĪĔȮħńĚŐĽħĚŒĬ

ĶŌĮĪňŗȮ4.10f įĸĔŅĶĪħĸŀĚĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅȮimpact strength ĕŀĚȮ

PHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5 ĴňĔŅĶŏıŇŗĴĕŉŘĬįƞŅĬĔŅĶŏĔŇħȮinternal cavitation 

mechanism ěŅĔĔŅĶŏĽňĵĶŌĮĕŀĚȮPBSA ŐĸŃĔŅĶŏĔŇħ de-bonding cavitation mechanism ěŅĔ

ĔŅĶľĸŋħŀŀĔĕŀĚȮPBSA dropletȮěŅĔȮPHBV matrixȮĬŀĔěŅĔĬňŘĔŅĶŏĨŇĴȮECE 0.5 phr ŏıňĵĚŀĵƞŅĚ

ŏħňĵĺĴňįĸŒĬĔŅĶŏĮĸňŗĵĬŐĮĸĚȮimpact strength ŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠ 

ĔŅĶŏĭĸĬħƢȮPHBV ĶƞĺĴĔńĭȮPBSA 20%wt ĴňįĸĪŜŅŒľƟĴňĔŅĶĸħĸĚĕŀĚȮWmsleŲqȮkmbsjsqȮ

ěŅĔȮ1440 œĮŏĮƦĬȮ1256 MPa, Tensile strengthȮěŅĔ 40.4 œĮŏĮƦĬȮ35.3  MPa ŐĸŃȮelongation 

at breakȮěŅĔȮ12.5 œĮŏĮƦĬȮ7.9% ěŅĔĔŅĶĪňŗȮPHBV ŐĸŃȮPBSA ĴňėĺŅĴŏĕƟŅĔńĬœħƟĪňŗœĴƞħňȮ(poor 

compatibility) ěŉĚĽƞĚįĸŒľƟĴňĔŅĶĸħĸĚĕŀĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢ ȮŒĬĕĦŃŏħňĵĺĔńĬĔŅĶ

įĽĴȮPHBV80/PBSA20 őħĵĔŅĶŏĭĸĬŐĭĭĶňŏŀŖĔĪňĮįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical őħĵĔŅĶŏĨŇĴȮDB 0.3 

phr ŐĸŃ TAIC 0.1 phr ĪŜŅŒľƟĴňĔŅĶĸħĸĚĕŀĚ WmsleŲqȮkmbsjsqȮěŅĔȮ1256 ŏĮƦĬȮ1163 MPa őħĵ
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ĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮTensile strength ěŅĔȮ35.3ȮŏĮƦĬ 40.4 MPa ŐĸŃȮElongation at breakȮěŅĔȮ

7.9 œĮŏĮƦĬȮ13.1% ŒĬĕĦŃĪňŗĔŅĶįĽĴȮPHBV80/PBSA20 őħĵĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮįƞŅĬĮĢŇĔŇĶŇĵŅȮ

condensation ĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚ WmsleŲqȮkmbsjsqȮěŅĔȮ1256 œĮŏĮƦĬȮ1392 MPa ŐĸŃȮ

tensile strength ěŅĔȮ35.3 œĮŏĮƦĬȮ37.2 MPa őħĵĴňĔŅĶĸħĸĚĕŀĚȮElongation at break ěŅĔȮ7.9 

œĮŏĮƦĬȮ5.3% ŒĬĔĶĦňĕŀĚĔŅĶįĽĴȮPHBV80/PBSA20 őħĵĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮįƞŅĬĔŅĶĶƞĺĴĔńĬ

ĶŃľĺƞŅĚĮĢŇĔŇĶŇĵŅȮfree radical ŐĸŃȮcondensation őħĵĔŅĶŏĨŇĴȮDB 0.3 phr, TAIC 0.1 phr ŐĸŃȮ

ECE 0.5 phr ĴňįĸĪŜŅŒľƟȮWmsleŲqȮkmbsjsq*ȮRclqgjcȮqrpclerfȮŐĸŃȮElongation at break ĴňėƞŅ

ŏĮƦĬȮ1053.02 MPa, 38.06 MPa ŐĸŃȮ20.93% ĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮtensile strength ŐĸŃȮ

elongation at break ĕŀĚȮPHBV/PBSA blend ľĸńĚěŅĔĪŜŅĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮŏĔŇħĕŉŘĬěŅĔ

ĽńĦģŅĬĺŇĪĵŅĶĺĴœĮĩŉĚėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚıŀĸŇŏĴŀĶƢĪńŘĚĽŀĚĪňŗĩŌĔıńĥĬŅĕŉŘĬħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.11e 

ĞŉŗĚıĭĔŅĶĵŊħŀŀĔĕŀĚȮmatrix ŐĪĬĪňŗěŃŏĔŇħĔŅĶŐĨĔľńĔŐĭĭŏĶňĵĭŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶĩƞŅĵŏĪȮload 

ěŅĔȮPHBV matrix œĮĵńĚȮPBSA dispersed phase ĞŉŗĚŏĮƦĬ soft polymer œħƟħňĴŅĔĕŉŘĬľĸńĚěŅĔĴň

ĔŅĶŏĨŇĴȮDB, TAIC ŐĸŃȮECE ĪŜŅŒľƟĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŏĴŀĶƢŏĭĸĬħƢħňĕŉŘĬ ŏĝƞĬŏħňĵĺĔńĭĚŅĬĺŇěńĵĕŀĚȮ

Z.Peter ŐĸŃėĦŃȮY2/[ ĪňŗœħƟĮĶńĭĮĶŋĚėĺŅĴŏľĬňĵĺȮ(toughness) ĕŀĚȮPHBV őħĵĔŅĶŏĭĸĬħƢĔńĭȮPCL 

őħĵŒĝƟȮ2,5- bis(tert-butyl-peroxy)-2,5-dimethylhexane ŏĮƦĬȮfree radical initiator ĶƞĺĴĔńĭȮ

TAIC ŏĮƦĬȮcoagent ıĭĺƞŅėĺŅĴŏĕƟŅĔńĬœħƟĶŃľĺƞŅĚȮPHBV ŐĸŃȮPCL ěŃĩŌĔĮĶńĭĮĶŋĚĔŖĨƞŀŏĴŊŗŀŏĨŇĴȮfree 

radical initiator ĶƞĺĴĔńĭȮcoagent ĽƞĚŒľƟįĸėĺŅĴŏľĬňĵĺĩŌĔĮĶńĭĮĶŋĚĕŉŘĬőħĵĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮ

elongation at break 380% ŐĸŃȮimpact strength 22.0%  

 

ĶŌĮĪňŗȮ2,/0 WmsleŲqȮkmbsjsqȮĕŀĚȮPHBV ŐĸŃȮPHBV/PBSA blends 
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ĶŌĮĪňŗȮ2,/1 Tensile strength ĕŀĚȮPHBV ŐĸŃȮPHBV/PBSA blends 
 

 

ĶŌĮĪňŗȮ2,/2ȮElongation at break ĕŀĚȮPHBV ŐĸŃȮPHBV/PBSA blends 
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ĶŌĮĪňŗȮ2,/3 Impact strength ĕŀĚȮPHBV ŐĸŃȮPHBV/PBSA blends 

4.3 ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV őħĵŒĝƟĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮŐĸŃĪŜŅȮpolymer 

composite ħƟĺĵŏĽƟĬŒĵĽńĮĮŃĶħ 

 ěŅĔĔŅĶįĽĴȮPHBV ĶƞĺĴĔńĭȮPBSA ĞŉŗĚŏĮƦĬȮsoft polymer ĽƞĚįĸŒľƟĴňĔŅĶĸħĸĚĕŀĚȮ

WmsleŲqȮkmbsjsqȮŐĸŃȮtensile strength ŒĬĚŅĬĺŇěńĵŒĬĽƞĺĬĨƞŀœĮĬňŘěŉĚĪŜŅĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇ

ŏĝŇĚĔĸĕŀĚȮPHBV/PBSA blends őħĵĔŅĶŏĨŇĴŏĽƟĬŒĵĽńĮĮŃĶħȮ(SPF) ĪňŗĮĶŇĴŅĦȮ5 phr őħĵŐĭƞĚ

ŏĽƟĬŒĵĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚŏĮƦĬȮ2 ĝĬŇħėŊŀŏĽƟĬŒĵĽńĮĮŃĶħĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚ (TSPF) ŐĸŃŏĽƟĬŒĵ

ĽńĮĮŃĶħĪňŗœĴƞįƞŅĬĔŅĶĮĶńĭĮĶŋĚ (SPF) ŒĬĔŅĶĮĶńĭĮĶŋĚıŊŘĬįŇĺĕŀĚŏĽƟĬŒĵħŜŅŏĬŇĬĔŅĶőħĵŒĝƟȮmaleic 

anhydride ĞŉŗĚŏĮƦĬĽŅĶŏėĴňĪňŗĴňľĴŌƞȮanhydride ĪňŗĴňėĺŅĴĺƞŀĚœĺĨƞŀĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭľĴŌƞȮ

hydroxyl ĕŀĚȮcellulose ħƟĺĵĨŌƟŀĭĪňŗŀŋĦľĳŌĴŇȮ80 °C ŏĮƦĬŏĺĸŅȮ24 ĝńŗĺőĴĚȮěŅĔĔŅĶĪħĽŀĭħƟĺĵ

ŏĪėĬŇėȮFTIR ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.16 ĽŅĴŅĶĩıĭȮpeak ĕŀĚȮC=C stretching ĪňŗȮwave 

number 1595 cm-1 ŐĸŃœĴƞıĭȮpeak ŏŀĔĸńĔļĦƢĕŀĚȮC=O ĕŀĚľĴŌƞȮanhydride ĪňŗȮwave 

number 1706, 1783 ŐĸŃȮ1858 cm-1 ŐĽħĚŒľƟŏľŖĬĺƞŅľĴŌƞȮanhydride ĕŀĚȮmaleic 

anhydride ĽŅĴŅĶĩŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭľĴŌƞȮhydroxyl ĕŀĚȮcellulose Y1/[ ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.17 

ĪŜŅŒľƟĽŅĴŅĶĩŏıŇŗĴȮreactive siteȮŒĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radical œħƟȮ 



  4. 

 

ĶŌĮĪňŗȮ2,/4ȮFTIR spectra ĕŀĚȮSPF, TSPF ŐĸŃȮmaleic anhydride 
 

 

ĶŌĮĪňŗȮ2,/5 ĮĢŇĔŇĶŇĵŅĪňŗėŅħĺƞŅěŃŏĔŇħŒĬĔŅĶĮĶńĭĮĶŋĚıŊŘĬįŇĺĕŀĚȮSPF ħƟĺĵȮmaleic anhydride 

æ 
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 ŒĬĔŅĶĪħĸŀĚħŜŅŏĬŇĬĔŅĶŏĭĸĬħƢħƟĺĵŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ(internal mixer) Īňŗ

ŀŋĦľĳŌĴŇȮ180 °C ėĺŅĴŏĶŖĺőĶŏĨŀĶƢȮ100 ĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ10 ĬŅĪňȮőħĵĽĶŋĮįĸĔŅĶĪħĸŀĚ

œĺƟŒĬĶŌĮĪňŗȮ4.18-4.21 ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅĔŅĶŏĨŇĴȮSPF ĸĚŒĬȮPHBV80/PBSA20 ĪŜŅŒľƟĴňĔŅĶ

ĸħĸĚĕŀĚȮWmsleŲqȮkmbsjsqȮŐĸŃĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮtensile strength ŒĬĕĦŃŏħňĵĺĔńĬĔŅĶ

ŏĨŇĴȮTSPF ĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮTensile strength ŐĸŃĴňĔŅĶĸħĸĚĕŀĚȮelongation at 

break őħĵėƞŅȮimpact strength ĕŀĚȮcomposite ĪňŗœħƟėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ2.08 (PHBV/PBSA20) 

œĮŏĮƦĬȮ2.3 ŐĸŃȮ2.4 kJ/m2 ŏĴŊŗŀĴňĔŅĶŏĨŇĴȮSPF ŐĸŃȮTSPF 5 phr ĨŅĴĸŜŅħńĭ 

 ŒĬĔĶĦňĕŀĚĶŃĭĭĪňŗĴňĔŅĶŏĨŇĴȮSPF 5 phr ĔŅĶŒĝƟĺŇīňĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮįƞŅĬĮĢŇĔŇĶŇĵŅȮ

free radical ĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮWmsleŲqȮkmbsjsqȮěŅĔȮ1136 œĮŏĮƦĬȮ1304 MPa ŐĸŃȮ

Tensile strength ěŅĔȮ39.2 œĮŏĮƦĬȮ41.2 MPa őħĵĪňŗȮelongation at break ĴňĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞĴňĬńĵĽŜŅėńĠ ŒĬĕĦŃĪňŗĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅĶƞĺĴĶŃľĺƞŅĚȮfree radical ŐĸŃȮ

condensation ĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮWmsleŲqȮkmbsjsqȮěŅĔȮ1136 œĮŏĮƦĬȮ1229 MPa 

ŐĸŃȮTensile strength ěŅĔȮ39.2 œĮŏĮƦĬȮ43.05 MPa őħĵĪňŗȮelongation at break ŏıŇŗĴĕŉŘĬ

ěŅĔȮ2.3 œĮŏĮƦĬȮ3.4% őħĵȮimpact strength ĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ2.3 œĮŏĮƦĬȮ3.1 ŐĸŃȮ3.4 

kJ/m2 ŏĴŊŗŀĴňĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅȮfree radical ŐĸŃĔŅĶŒĝƟĮĢŇĔŇĶŇĵŅĶƞĺĴĶŃľĺƞŅĚĮĢŇĔŇĶŇĵŅȮfree 

radical ŐĸŃȮcondensation ĨŅĴĸŜŅħńĭ 

 ĔŅĶĮĶńĭĮĶŋĚıŊŘĬįŇĺĕŀĚȮSPF ħƟĺĵȮmaleic anhydride ĪŜŅŒľƟĴňĔŅĶĸħĸĚĕŀĚȮhydroxyl 

group ĭĬıŊŘĬįŇĺĕŀĚŏĽƟĬŒĵĽńĮĮŃĶħĶĺĴœĮĩŉĚŏĮƦĬĔŅĶŏıŇŗĴľĴŌƞȮC=C ĭĬıŊŘĬįŇĺĕŀĚŏĽƟĬŒĵěŅĔĔŅĶ

ĪŜŅĮĢŇĔŇĶŇĵŅĔńĬĶŃľĺƞŅĚ anhydride group ŐĸŃȮhydroxyl group ĞŉŗĚŏĮƦĬĔŅĶŏıŇŗĴȮreactive 

site ŐĸŃĸħėĺŅĴŏĮƦĬȮhydrophilic ĕŀĚŏĽƟĬŒĵĪŜŅŒľƟĽŅĴŅĶĩŏĕƟŅĔńĬœħƟĔńĭȮPHBV ľĶŊŀȮPBSA 

ĴŅĔĕŉŘĬȮŀĵƞŅĚœĶĔŖĨŅĴȮtensile properties ĕŀĚȮcomposite ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞĴň

ĬńĵĽŜŅėńĠĩŉĚŐĴƟěŃĴňĔŅĶįĽĴįƞŅĬĮĢŇĔŇĶŇĵŅȮfree radicalȮŒĬĕĦŃĪňŗȮcomposite ĪňŗĪŜŅĔŅĶįĽĴ

įƞŅĬĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical ŐĸŃȮcondensation ĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮ

WmsleŲqȮkmbsjsqȮěŅĔȮ1268 œĮŏĮƦĬȮ1354 MPa őħĵĪňŗ tensile strength ŐĸŃȮelongation 

at break ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŐĭĭœĴƞĴňĬńĵĽŜŅėńĠŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭȮPHBV80/PBSA20/TSPF5Ȯ

impact strength ĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ2.4 œĮŏĮƦĬȮ3.1 ŏĴŊŗŀŏĨŇĴȮDBȮ0.3 phr ĶƞĺĴĔńĭȮTAIC 0.1 phr 

ŐĸŃŏıŇŗĴĕŉŘĬŏĮƦĬȮ3.3 kJ/m2 ŏĴŊŗŀŏĨŇĴȮDB 0.3 phr, TAIC 0.1 phr ŐĸŃȮECE 0.5 phr őħĵėƞŅȮ
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tensile strength ĕŀĚȮcomposite ĴňėƞŅĽŌĚĔĺƞŅľĶŊŀŏĪňĵĭŏĪƞŅĕŀĚȮneat PHBV  ĶƞĺĴĔńĭĔŅĶ

ŏıŇŗĴĕŉŘĬĕŀĚȮimpact strength ŐĨƞĴňĔŅĶĸħĸĚĕŀĚȮelongation at break  

 

ĶŌĮĪňŗȮ2,/6ȮWmsleŲqȮkmbsjsqȮĕŀĚȮPHBV/PBSA/SPF composites 

 

ĶŌĮĪňŗȮ2,/7 Tensile strength ĕŀĚȮPHBV/PBSA/SPF composites 
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ĶŌĮĪňŗȮ2,0. Elongation at break ĕŀĚȮPHBV/PBSA/SPF composites 

 

ĶŌĮĪňŗȮ2,0/ȮImpact strength ĕŀĚȮPHBV/PBSA/SPF composites 
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4.4 ĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮPHBV/PBSA 

composite ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭ 

 ěŅĔĕƟŀĴŌĸŒĬĽƞĺĬĕŀĚȮliterature review ȮıĭĺƞŅĬŀĔŏľĬŊŀěŅĔĮƤĠľŅȮthermal stability 

ĪňŗĨŗŜŅŐĸŃėĺŅĴŏĮĶŅŃĕŀĚȮPHBV ŐĸƟĺĵńĚėĚĴňĮƤĠľŅĕŀĚĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV ŒĬ

ĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭĪňŗŀŋĦľĳŌĴŇľƟŀĚ ŐĨƞŏĬŊŗŀĚěŅĔĨƟŀĚŒĝƟĝŇŘĬĚŅĬŒĬĮĶŇĴŅĦĴŅĔĔŅĶĪħĸŀĚŒĬĔŅĶĪħĸŀĚ

ĽƞĺĬĬňŘěŉĚįĽĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭĽĔĶŌŏħňŗĵĺȮ(single screw extruder) ħƟĺĵŀŋĦľĳŌĴŇĨńŘĚŐĨƞĽƞĺĬĮƚŀĬ

ŏĴŖħěĬĩŉĚĽƞĺĬľńĺħŅĵħńĚĬňŘȮ90, 160, 180 ŐĸŃȮ180 °C ŒĝƟėĺŅĴŏĶŖĺĶŀĭĔŅĶľĴŋĬĽĔĶŌȮ50 ĶŀĭĨƞŀĬŅĪňȮ

ĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘœħƟĨŇħĨŅĴĔŅĶŏĮĸňŗĵĬŐĮĸĚĪńŘĚȮtensile properties ŐĸŃȮimpact properties 

ĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA composite ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭĳŅĵŒĨƟ

ŀŋĦľĳŌĴŇȮ30 °CȮėĺŅĴĝŊŘĬȮ70%RH ŐĸŃœħƟĽĶŋĮįĸĔŅĶĪħĸŀĚĸĚŒĬĨŅĶŅĚĪňŗȮ4.5, 4.6, 4.7 ŐĸŃȮ4.8 

ĨŅĴĸŜŅħńĭ ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮtensile properties ĕŀĚȮPHBV ĴňŐĬĺőĬƟĴĸħĸĚŒĬĶŃľĺƞŅĚĔŅĶ

ĪħĽŀĭ őħĵȮWmsleŲqȮkmbsjsqȮĕŀĚȮPHBV ĸħĸĚěŅĔȮ1029 ŏĮƦĬȮ887 MPa, tensile strength 

ĸħĸĚěŅĔ 49.3 ŏĮƦĬȮ48.6 MPa, Elongation at break ĸħĸĚěŅĔȮ9.8 ŏĮƦĬȮ8.9% ľĸńĚěŅĔŒľƟ

ĽĳŅĺŃŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢȮŏĝƞĬŏħňĵĺĔńĭȮPHBV ĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚėĺŅĴŏĽĩňĵĶĪŅĚėĺŅĴĶƟŀĬĞŉŗĚȮ

WmsleŲqȮkmbsjsqȮĴňŐĬĺőĬƟĴĸħĸĚěŅĔȮ1133ȮŏĮƦĬȮ1091 MPa, tensile strength ĸħĸĚěŅĔ 56.2 

ŏĮƦĬȮ54.9 MPa, Elongation at break ĸħĸĚěŅĔȮ8.3 ŏĮƦĬȮ7.7%  

 ŒĬĔĶĦňĕŀĚȮPHBV/PBSA blends ıĭĺƞŅĪńŘĚȮtensile ŐĸŃȮimpact properties ĕŀĚ

ĨńĺŀĵƞŅĚĪħĽŀĭĴňŐĬĺőĬƟĴĸħĸĚȮĞŉŗĚȮtensile strength ĕŀĚȮPHBV80/PBSA20ȮĸħĸĚěŅĔȮ49.5 ŏĮƦĬȮ

47.6 MPa, elongation at break ĸħĸĚěŅĔȮ8.2 ŏĮƦĬȮ7.7% ŐĸŃȮimpact strengthȮĸħĸĚěŅĔȮ2.4 

ŏĮƦĬȮ2.1 kJ/m2 őħĵĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮWmsleŲqȮkmbsjsqȮěŅĔȮ900 ŏĮƦĬȮ904 MPa ŒĬĔĶĦňĕŀĚ

ĔŅĶŏĭĸĬȮPHBV ŐĸŃȮPBSA ŐĭĭĶňŏŀŖĔĪňĮıĭĺƞŅȮtensile strength ĕŀĚĨńĺŀĵƞŅĚĸħĸĚěŅĔȮ47.9 ŏĮƦĬȮ

44 MPa, elongation at break ĸħĸĚěŅĔȮ8.3 ŏĮƦĬȮ7.3% ŐĸŃȮimpact strength ĸħĸĚěŅĔȮ2.5 

ŏĮƦĬȮ2.2 kJ/m2 őħĵĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮWmsleŲqȮkmbsjsqȮěŅĔȮ879 ŏĮƦĬȮ885 MPa ľĸńĚěŅĔŒľƟ

ĽĳŅĺŃŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

 ŒĬĔĶĦňĕŀĚȮPHBV/PBSA/SPF compositeȮĔŖıĭĔŅĶĸħĸĚĕŀĚĪńŘĚȮtensile ŐĸŃȮimpact 

properties ĕŀĚĨńĺŀĵƞŅĚĪħĽŀĭĪńŘĚŒĬĶŃĭĭĕŀĚȮSPF ŐĸŃȮTSPF ĞŉŗĚıĭĺƞŅȮWmsleŲqȮkmbsjsqȮĕŀĚȮ

PHBV80/PBSA20/SPF5 ĸħĸĚěŅĔȮ894 ŏĮƦĬȮ850 MPa, tensile strength ĸħĸĚěŅĔȮ31.2 ŏĮƦĬȮ

29.9 MPaȮŒĬĕĦŃĪňŗȮPHBV80/PBSA20/SPF5/DB0.3/TAIC0.1/ECE0.5 ĴňĔŅĶĸħĸĚĕŀĚ WmsleŲqȮ



  43 

modulus ěŅĔȮ836 ŏĮƦĬȮ804 MPa, tensile strength ĸħĸĚěŅĔȮ35.6 ŏĮƦĬȮ32.2 MPa, 

elongation at break ěŅĔȮ5.9 ŏĮƦĬȮ5.2% ŐĸŃȮimpact strength ĸħĸĚěŅĔȮ2.3 ŏĮƦĬȮ2.0 kJ/m2 

ŏĝƞĬŏħňĵĺĔńĭȮPHBV80/PBSA20/TSPF5/DB0.3/TAIC0.1/ECE0.5ȮĪňŗıĭĔŅĶĸħĸĚĕŀĚȮWmsleŲqȮ

modulus ěŅĔȮ876 ŏĮƦĬȮ803 MPa, tensile strength ěŅĔȮ38.1 ŏĮƦĬȮ32.5 MPa, elongation at 

break ěŅĔȮ6.6 ŏĮƦĬȮ5.3% ŐĸŃȮimpact strength ěŅĔȮ2.5 ŏĮƦĬȮ2.0 kJ/m2 ľĸńĚěŅĔŒľƟĽĳŅĺŃŏĮƦĬ

ŏĺĸŅȮ4 ĽńĮħŅľƢȮěŅĔįĸĔŅĶĪħĸŀĚŒĬĽƞĺĬĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶěńħŏĔŖĭŒĬĽĳŅĺŃĳŅĵŒĨƟŀŋĦľĳŌĴŇȮ30 °CȮ

ėĺŅĴĝŊŘĬȮ70%RH ĽƞĚįĸŒľƟĪńŘĚȮtensile ŐĸŃȮimpact properties ĕŀĚĪńŘĚȮPHBV, PHBV/PBSA 

blends ŐĸŃȮPHBV/PBSA/SPF composite ĴňŐĬĺőĬƟĴĸħĸĚľĸńĚěŅĔŒľƟĽĳŅĺŃŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ

ĞŉŗĚŐĨĔĨƞŅĚœĮěŅĔĚŅĬĺŇěńĵĕŀĚȮW.V. Srubar IIIȮŐĸŃėĦŃȮY/6[ȮȮĪňŗœħƟĻŉĔļŅŀŇĪīŇıĸĕŀĚȮambient 

aging ĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV ĞŉŗĚŒľƟĽĳŅĺŃĔńĭĨńĺŀĵƞŅĚĪħĽŀĭĳŅĵŒĨƟĽĳŅĺŃœĶƟŐĽĚőħĵėĺĭėŋĴĪńŘĚ

ŀŋĦľĳŌĴŇȮ(15 °C ) ŐĸŃėĺŅĴĝŊŘĬŏĮƦĬĶŃĵŃŏĺĸŅȮ168 ĺńĬȮěŅĔĔŅĶĪħĸŀĚıĭĺƞŅȮPHBV ĴňėĺŅĴȮstiff 

ĴŅĔĕŉŘĬľĸńĚěŅĔĔŅĶŒľƟĽĳŅĺŃŏĮƦĬŏĺĸŅȮ168 ĺńĬőħĵȮWmsleŲqȮkmbsjsqȮĴňėƞŅŏıŇŗĴĕŉŘĬȮ154%,Ȯ

elongation at break ĴňėƞŅĸħĸĚȮ72% ŐĸŃȮtensile strength ĴňėƞŅĸħĸĚȮ8.9 % ėŅħĺƞŅĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕƟŅĚĨƟĬŏĮƦĬŀŇĪīŇıĸĕŀĚĔŅĶŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺŒľĴƞĕŀĚȮpolymerȮ

semicrystalline microstructure ŒĬĭĶŇŏĺĦȮinter-lamellar amorphous region ŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ

ŒĬĕĦŃĪňŗȮJ.Mike ŐĸŃėĦŃȮY20[ȮœħƟĶŅĵĚŅĬĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴ

ĶƟŀĬĕŀĚȮPHBV ľĸńĚěŅĔĪŜŅĔŅĶěńħŏĔŖĭĪňŗŀŋĦľĳŌĴŇ 20 ŐĸŃȮ50 °C ŏĮƦĬŏĺĸŅȮ1 ĽńĮħŅľƢőħĵıĭĔŅĶ

ŏıŇŗĴĕŉŘĬĕŀĚȮdegree of crystallinity, ŀŋĦľĳŌĴŇľĸŀĴ, ŀŋĦľĳŌĴŇŏĮĸňŗĵĬĽĩŅĬŃėĸƟŅĵŐĔƟĺ*ȮWmsleŲqȮ

modulus ŐĸŃȮtensile strength ĞŉŗĚŐĽħĚĩŉĚĔŅĶŏĔŇħȮsecondary crystallization 
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ĨŅĶŅĚĪňŗȮ4.5 WmsleŲqȮkmbsjsqȮĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA /SPF 
composites ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭĪňŗŀŋĦľĳŌĴŇȮ30 °CȮėĺŅĴĝŊŘĬȮ70%RHȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

Sample 
Young's modulus (MPa) 

0 week 1 week 2 weeks 3 weeks 4 weeks 

PHBV 1029±44 1089±51 905±45 900±29 887±43 

PHBV/DB0.3/TAIC0.1/ECE0.
5 

1133±50 1181±60 1014±29 1028±17 1091±41 

PHBV80/PBSA20 900±35 1050±49 978±26 926±23 904±61 

PHBV80/PBSA20/DB0.3/TA
IC0.1/ECE0.5 

879±19 933±25 921±22 906±34 885±19 

PHBV80/PBSA20/SPF5 894±43 955±18 819±12 869±30 850±30 

PHBV80/PBSA20/SPF5/DB
0.3/TAIC0.1/ECE0.5 

836±26 931±43 807±11 796±30 804±46 

PHBV80/PBSA20/TSPF5 885±48 965±30 952±50 932±39 981±54 

PHBV80/PBSA20/TSPF5/D
B0.3/TAIC0.1/ECE0.5 

876±43 935±12 791±23 796±13 803±20 
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ĨŅĶŅĚĪňŗȮ2,4 Tensile strength ĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA /SPF 

composites ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭĪňŗŀŋĦľĳŌĴŇȮ30 °CȮėĺŅĴĝŊŘĬȮ70%RHȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

Sample 
Tensile strength (MPa) 

0 week 1 week 2 weeks 3 weeks 4 weeks 

PHBV 49.3±1.1 54.1±1.0 45.6±3.6 49.3±2.6 48.6±1.8 

PHBV/DB0.3/TAIC0.1/ECE0.
5 

56.2±2.4 58.6±1.9 51.9±1.3 51.5±1.7 54.9±1.8 

PHBV80/PBSA20 49.5±1.9 50.5±1.8 43.1±1.0 45.2±0.8 47.6±1.6 

PHBV80/PBSA20/DB0.3/TA
IC0.1/ECE0.5 

47.9±1.5 45.8±1.9 41.9±3.5 43.8±3.7 44.0±2.5 

PHBV80/PBSA20/SPF5 31.2±3.1 35.0±3.4 28.6±5.5 26.7±4.6 29.9±5.9 

PHBV80/PBSA20/SPF5/DB
0.3/TAIC0.1/ECE0.5 

35.6±3.2 37.0±4.1 28.0±4.1 32.1±3.9 32.2±2.7 

PHBV80/PBSA20/TSPF5 36.4±3.8 38.8±2.3 31.5±4.5 31.8±2.7 37.1±2.6 

PHBV80/PBSA20/TSPF5/D
B0.3/TAIC0.1/ECE0.5 

38.5±1.9 37.3±3.5 32.4±2.6 33.0±2.8 32.5±3.5 
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ĨŅĶŅĚĪňŗȮ2,5 Elongation at break ĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA /SPF 

composites ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭĪňŗŀŋĦľĳŌĴŇȮ30 °CȮėĺŅĴĝŊŘĬȮ70%RHȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

Sample 
Elongation at break (%) 

0 week 1 week 2 weeks 3 weeks 4 weeks 

PHBV 9.8±1.9 9.4±1.5 8.9±2.2 8.9±0.9 8.9±0.9 

PHBV/DB0.3/TAIC0.1/ECE0.
5 

8.3±1.1 8.7±1.3 8.6±0.5 8.6±1.0 7.7±1.1 

PHBV/PBSA20 8.2±0.7 7.8±0.7 7.4±0.6 7.6±0.5 7.7±0.4 

PHBV/PBSA20/DB0.3/TAIC
0.1/ECE0.5 

8.3±0.6 7.4±0.8 7.6±1.6 7.3±1.0 7.3±0.6 

PHBV/PBSA20/SPF5 4.5±0.5 4.6±0.6 4.6±0.8 4.2±1.0 4.5±1.0 

PHBV/PBSA20/SPF5/DB0.3
/TAIC0.1/ECE0.5 

5.9±1.0 5.3±0.6 4.7±0.7 5.5±0.8 5.2±0.4 

PHBV/PBSA20/TSPF5 5.4±0.5 5.3±0.4 4.4±0.7 4.5±0.4 4.9±0.6 

PHBV/PBSA20/TSPF5/DB0.
3/TAIC0.1/ECE0.5 

6.6±0.6 5.6±0.6 5.7±0.7 5.5±0.6 5.3±0.7 
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ĨŅĶŅĚĪňŗȮ2,6 Impact strength ĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA /SPF 

composites ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭĪňŗŀŋĦľĳŌĴŇȮ30 °CȮėĺŅĴĝŊŘĬȮ70%RHȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

Sample 
Impact strength (kJ/m2) 

0 week 1 week 2 weeks 3 weeks 4 weeks 

PHBV 2.4±0.4 2.5±0.2 2.4±0.1 2.6±0.1 2.5±0.3 

PHBV/DB0.3/TAIC0.1/ECE0.
5 

2.1±0.2 2.1±0.8 1.9±0.1 2.2±0.3 2.0±0.3 

PHBV/PBSA20 2.4±0.1 2.2±0.3 1.9±0.1 2.1±0.2 2.1±0.1 

PHBV/PBSA20/DB0.3/TAIC
0.1/ECE0.5 

2.5±0.3 2.2±0.2 2.3±0.3 2.3±0.2 2.2±0.2 

PHBV/PBSA20/SPF5 2.0±0.1 1.8±0.1 2.0±0.2 1.9±0.1 1.9±0.4 

PHBV/PBSA20/SPF5/DB0.3
/TAIC0.1/ECE0.5 

2.3±0.4 2.2±0.3 1.9±0.1 2.0±0.2 2.0±0.2 

PHBV/PBSA20/TSPF5 1.9±0.2 2.2±0.3 1.9±0.2 1.8±0.3 1.9±0.3 

PHBV/PBSA20/TSPF5/DB0.
3/TAIC0.1/ECE0.5 

2.5±0.2 2.1±0.2 2.1±0.3 2.4±0.4 2.0±0.4 
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4.5 ĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮPHBV/PBSA 

composite ŒĬĶŃľĺƞŅĚĔŅĶŒľƟĽĳŅĺŃħƟĺĵȮaccelerated weathering tester 

 ŒĬĔŅĶĨŇħĨŅĴĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV ĶŃľĺƞŅĚĔŅĶĬŜŅœĮŒĝƟĚŅĬŏĮƦĬĶŃĵŃ

ŏĺĸŅĬŅĬěŃĨƟŀĚŒĝƟĝŇŘĬĚŅĬŒĬĮĶŇĴŅĦĴŅĔĔŅĶĪħĸŀĚŒĬĔŅĶĪħĸŀĚĽƞĺĬĬňŘěŉĚįĽĴħƟĺĵŏėĶŊŗŀĚŀńħĶňħŐĭĭ

ĽĔĶŌŏħňŗĵĺȮ(single screw extruder) ħƟĺĵŀŋĦľĳŌĴŇĨńŘĚŐĨƞĽƞĺĬĮƚŀĬŏĴŖħěĬĩŉĚĽƞĺĬľńĺħŅĵħńĚĬňŘȮ90, 160, 

180 ŐĸŃȮ180 °C ŒĝƟėĺŅĴŏĶŖĺĶŀĭĔŅĶľĴŋĬĽĔĶŌȮ50 ĶŀĭĨƞŀĬŅĪňȮĝŇŘĬĨńĺŀĵƞŅĚěŃĩŌĔĬŜŅœĮŒľƟĽĳŅĺŃ

ŐĭĭȮaccelerated weathering condition ĨŅĴĴŅĨĶģŅĬȮASTM G154 őħĵĴňĔŅĶĜŅĵŐĽĚȮUVB Īňŗ

ŀŋĦľĳŌĴŇȮ60 °C ŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚȮŐĸŃŀĵŌƞĳŅĵŒĨƟĽĳŅĺŃȮcondensation ĪňŗŀŋĦľĳŌĴŇȮ50 °C ŏĮƦĬŏĺĸŅȮ

4 ĝńŗĺőĴĚȮěŅĔĔŅĶĪħĸŀĚıĭĺƞŅĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚĝŇŘĬĚŅĬĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚœĮĨĸŀħĶŃĵŃŏĺĸŅ

ĕŀĚĔŅĶŒľƟĽĳŅĺŃőħĵȮPHBV ĴňĔŅĶŏĮĸňŗĵĬĽňěŅĔĽňĬŘŜŅĨŅĸĴŅŏĮƦĬĽňĕŅĺĴŅĔĕŉŘĬĨĸŀħȮĶŃĵŃŏĺĸŅĔŅĶŒľƟ

ĽĳŅĺŃħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.22ȮĞŉŗĚœħƟĴňĶŅĵĚŅĬœĺƟŒĬĚŅĬĺŇěńĵŀŊŗĬŕőħĵŏĔŇħěŅĔĔŅĶŏĔŇħȮcrack ĕĬŅħŏĸŖĔ

ĭĬıŊŘĬįŇĺĕŀĚĝŇŘĬĚŅĬĪŜŅŒľƟĴňĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮsurface roughness ŐĸŃȮdiffuse reflectance ĽƞĚįĸ

ŒľƟȮvisible light ĪňŗĴŅĔĶŃĪĭĸĚĭĬıŊŘĬįŇĺĕŀĚȮPHBV ĩŌĔĽŃĪƟŀĬŀŀĔěŅĔıŊŘĬįŇĺěŉĚĪŜŅŒľƟŏľŖĬĝŇŘĬĚŅĬĴň

ĽňĕŅĺĴŅĔĕŉŘĬȮY21, 22[ ĞŉŗĚĴňĔŅĶıĭĔŅĶŏĮĸňŗĵĬĽňĬňŘĪńŘĚŒĬĝŇŘĬĚŅĬȮPHBV/PBSA blends ŐĸŃȮ

PHBV/PBSA/SPF composite  

                   

      (a)                                                   (b) 

ĶŌĮĪňŗȮ2,00 ĝŇŘĬĚŅĬȮPHBV ĔƞŀĬȮ(a) ŐĸŃľĸńĚȮ(b)ȮŒľƟĽĳŅĺŃŐĭĭŏĶƞĚőħĵĴňĔŅĶĜŅĵŐĽĚȮUVB ĪňŗŀŋĦľĳŌĴŇȮ

60 °C ŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚȮŐĸŃŀĵŌƞĳŅĵŒĨƟĽĳŅĺŃȮcondensation ĪňŗŀŋĦľĳŌĴŇȮ50 °C ŏĮƦĬŏĺĸŅȮ4 

ĝńŗĺőĴĚȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

 ŒĬĽƞĺĬĕŀĚĽĴĭńĨŇŏĝŇĚĔĸœħƟĽĶŋĮœĺƟħńĚĨŅĶŅĚĪňŗȮ4.9, 4.10, 4.11 ŐĸŃȮ4.12 ıĭĺƞŅĪńŘĚȮtensile 

ŐĸŃȮimpact properties ĕŀĚȮĨńĺŀĵƞŅĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA/SPF 
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composites ĴňŐĬĺőĬƟĴĸħĸĚĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĪħĽŀĭŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢĞŉŗĚėŅħĺƞŅŏĮƦĬįĸěŅĔ

ĔŅĶĪňŗĔŅĶĜŅĵȮUV ŒĬĶŃľĺƞŅĚĔŅĶŒľƟĽĳŅĺŃĪŜŅŒľƟŏĔŇħȮchain scission ĕŀĚȮPHBV ĽƞĚįĸŒľƟĬŘŜŅľĬńĔ

őĴŏĸĔŋĸĕŀĚȮPHBV ĸħĸĚȮőħĵȮWmsleŲqȮkmbsjsqȮĴňėƞŅĸħĸĚěŅĔȮ1029 œĮŏĮƦĬȮ654 MPa, tensile 

strength ĴňėƞŅĸħĸĚěŅĔȮ49.3 œĮŏĮƦĬȮ21.7 MPa ŐĸŃ elongation at break ĴňėƞŅĸħĸĚěŅĔȮ9.8 

ŏĮƦĬȮ4.8% ŏĝƞĬŏħňĵĺĔńĭȮimpact strength ĕŀĚȮPHBV ĪňŗĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚĨĸŀħĶŃĵŃŏĺĸŅŒĬĔŅĶ

ŒľƟĽĳŅĺŃőħĵĸħĸĚěŅĔȮ2.4 œĮŏĮƦĬȮ1.4 kJ/m2 ľĸńĚěŅĔŒľƟĽĳŅĺŃŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

PHBV/DB0.3/TAIC0.1/ECE0.5 ĴňĔŅĶĸħĸĚĕŀĚȮWmsleŲqȮkmbsjsqȮěŅĔȮ1133 œĮŏĮƦĬȮ1047 

MPa,Ȯtensile strength ĸħĸĚěŅĔ 56 œĮŏĮƦĬȮ41 MPa, elongation at break ĸħĸĚěŅĔȮ8.3 œĮ

ŏĮƦĬȮ5.6% ŐĸŃȮimpact strength ĸħĸĚěŅĔȮ2.1 œĮŏĮƦĬȮ1.6 kJ/m2Ȯ 

 ŒĬĔĶĦňĕŀĚȮPHBV/PBSA blends ıĭĺƞŅȮWmsleŲqȮkmbsjsqȮĕŀĚȮPHBV80/PBSA20 

ŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵěŅĔȮ900 œĮŏĮƦĬȮ928 MPa, tensile strength ĸħĸĚěŅĔȮ49.5 œĮŏĮƦĬȮ37.2 MPa, 

elongation at break ĸħĸĚěŅĔȮ8.2 œĮŏĮƦĬȮ5.3% ŐĸŃȮimpact strength ĸħĸĚěŅĔȮ2.4 œĮŏĮƦĬȮ

1.8 kJ/m2 ŒĬĕĦŃĪňŗȮPHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5 ĴňėƞŅȮWmsleŲqȮkmbsjsqȮĸħĸĚ

ěŅĔȮ879 œĮŏĮƦĬȮ869 MPa,Ȯtensile strength ĸħĸĚěŅĔȮ47.9 œĮŏĮƦĬȮ35.6 MPa, elongation at 

break ĸħĸĚěŅĔȮ8.3 œĮŏĮƦĬȮ5.4% ŐĸŃȮimpact strength ĸħĸĚěŅĔȮ2.5 œĮŏĮƦĬȮ1.8 kJ/m2 

ľĸńĚěŅĔĪŜŅĔŅĶĪħĽŀĭŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

 ŒĬĔĶĦňĕŀĚȮPHBV/PBSA/SPF composite ıĭĺƞŅȮWmsleŲqȮkmbsjsqȮĕŀĚȮ

PHBV80/PBSA20/SPF5 ĸħĸĚěŅĔȮ894 œĮŏĮƦĬȮ733 MPa,Ȯtensile strength ĸħĸĚěŅĔȮ31.2 ŏĮƦĬȮ

12.2 MPa, elongation at break ĸħĸĚěŅĔȮ4.5 œĮŏĮƦĬȮ2.2% ŐĸŃȮimpact strength ĸħĸĚěŅĔȮ

2.0 œĮŏĮƦĬȮ1.2 kJ/m2 ŏĝƞĬŏħňĵĺĔńĭ PHBV80/PBSA20/SPF/DB0.3/TAIC0.1/ECE0.5 ĪňŗĴňėƞŅȮ

WmsleŲqȮkmbsjsqȮĸħĸĚěŅĔȮ836 œĮŏĮƦĬȮ750 MPa,Ȯtensile strength ĸħĸĚěŅĔȮ35.6 œĮŏĮƦĬȮ

13.1 MPa, elongation at break 5.9 ŏĮƦĬȮ2.3% ŐĸŃȮimpact strength ěŅĔȮ2.3 ŏĮƦĬȮ1.6 kJ/m2 

PHBV80/PBSA20/TSPF ĴňėƞŅȮWmsleŲqȮkmbsjsqȮŏıŇŗĴĕŉŘĬěŅĔȮ885 œĮŏĮƦĬȮ993 MPa,Ȯtensile 

strength ĸħĸĚěŅĔȮ36.4 œĮŏĮƦĬȮ21.3 MPa, elongation at break 5.4 œĮŏĮƦĬȮ2.9% ŐĸŃȮ

impact strength ě Ņ Ĕ Ȯ1.9 œ Į ŏ ĮƦ Ĭ Ȯ1.7 kJ/m2 Œ Ĭ ĕ Ħ Ń ĪňŗȮ 

PHBV80/PBSA20/TSPF/DB0.3/TAIC0.1/ECE0.5 ĴňėƞŅȮWmsleŲqȮkmbsjsqȮĸħĸĚěŅĔȮ876 œĮ

ŏĮƦĬȮ754 MPa,Ȯtensile strength ĸħĸĚěŅĔȮ38.5 œĮŏĮƦĬȮ16.7 MPa, elongation at break 6.6 

ŏĮƦĬȮ3.1% ŐĸŃȮimpact strength ĸħĸĚěŅĔȮ2.5 œĮŏĮƦĬȮ1.8 kJ/m2ȮľĸńĚěŅĔĪŜŅĔŅĶĪħĽŀĭŏĮƦĬ
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ŏĺĸŅ 4 ĽńĮħŅľƢȮĞŉŗĚėƞŀĬĕƟŅĚŐĨĔĨƞŅĚœĮěŅĔĚŅĬĺŇěńĵĕŀĚȮRoberta K. SadiȮŐĸŃėĦŃȮY21[ȮĪňŗ

ĪŜŅĔŅĶĻŉĔļŅȮphoto degradation ĕŀĚȮPHB őħĵŒľƟĽĳŅĺŃŐĭĭȮaccelerated weathering 

condition őħĵĔŅĶĜŅĵȮUVA ĪňŗŀŋĦľĳŌĴŇȮ60 °CȮŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚŐĸŃŐĸŃŀĵŌƞĳŅĵŒĨƟĽĳŅĺŃȮ

condensation ĪňŗŀŋĦľĳŌĴŇȮ50 °C ŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚ ıĭĺƞŅȮWmsleŲqȮkmbsjsqȮĕŀĚȮPHB ĴňėƞŅ

ėƞŀĬĕƟŅĚėĚĪňŗĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĪħĽŀĭȮ12 ĽńĮħŅľƢȮŒĬĕĦŃĪňŗȮtensile strength,Ȯelongation at 

break ĴňėƞŅėƞŀĬĕƟŅĚėĚĪňŗěĬĔĶŃĪńŗĚĩŉĚĽńĮħŅľƢĪňŗȮ3 ŐĸŃĴňėƞŅĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚőħĵŒĬĽńĮħŅľƢĪňŗȮ12 Ĵň

ėƞŅĸħĸĚ 59% ŐĸŃ 65%ȮŏĝƞĬŏħňĵĺĔńĭȮimpact strength ĪňŗĴňėƞŅĸħĸĚȮ65%ȮľĸńĚěŅĔŒľƟĽĳŅĺŃŏĮƦĬ

ŏĺĸŅȮ12 ĽńĮħŅľƢ ěŅĔĔŅĶĪħĸŀĚĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŒľƟĽĳŅĺŃŐĭĭŏĶƞĚőħĵĜŅĵȮUVB Īňŗ

ŀŋĦľĳŌĴŇȮ60 °CȮŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚŐĸŃŐĸŃŀĵŌƞĳŅĵŒĨƟĽĳŅĺŃȮcondensation ĪňŗŀŋĦľĳŌĴŇȮ50 °C ŏĮƦĬ

ŏĺĸŅȮ4 ĝńŗĺőĴĚȮŏĮƦĬĶŃĵŃŏĺĸŅĪńŘĚľĴħȮ4 ĽńĮħŅľƢĴňįĸĪŜŅŒľƟĪńŘĚȮtensile ŐĸŃȮimpact properties ĕŀĚȮ

PHBV,ȮPHBV ĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬ ĶĺĴœĮĩŉĚȮPHBV ĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚ

ĽĴĭńĨŇŏĝŇĚĔĸőħĵŏĭĸĬħƢĔńĭ PBSA ŐĸŃŏĽĶŇĴŐĶĚħƟĺĵŏĽƟĬŒĵĽńĮĮŃĶħȮĴňĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚĨĸŀħ

ĶŃĵŃŏĺĸŅĔŅĶĪħĸŀĚĞŉŗĚŏĔŇħěŅĔĔŅĶŏĔŇħȮphoto degradation ĕŀĚȮPHBV ľĸńĚěŅĔœħƟĶńĭŐĽĚȮUVȮ

ĞŉŗĚĩŌĔĶŅĵĚŅĬœĺƟŒĬĚŅĬĺŇěńĵĕŀĚȮRenate Maria Ramos WellenȮŐĸŃėĦŃȮY22[ȮĪňŗĻŉĔļŅȮphoto 

degradation ĕŀĚȮPHB őħĵŒľƟĽĳŅĺŃŐĭĭȮaccelerated weathering condition őħĵĔŅĶĜŅĵȮ

UVA ĪňŗŀŋĦľĳŌĴŇȮ60 °CȮŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚŐĸŃŐĸŃŀĵŌƞĳŅĵŒĨƟĽĳŅĺŃȮcondensation ĪňŗŀŋĦľĳŌĴŇȮ50 

°C ŏĮƦĬŏĺĸŅȮ4 ĝńŗĺőĴĚ ŏĮƦĬŏĺĸŅȮ12 ĽńĮħŅľƢȮıĭĺƞŅĽňĕŀĚĝŇŘĬĚŅĬŏĮĸňŗĵĬŐĮĸĚěŅĔĽňĬŘŜŅĨŅĸŏĮƦĬĽňĕŅĺ

ĞňħŏĬŊŗŀĚěŅĔĔŅĶŏĔŇħȮcrack ĕĬŅħŏĸŖĔĭĬȮsurface ĪŜŅŒľƟŏĔŇħĔŅĶĽŃĪƟŀĬĔĸńĭĕŀĚȮvisible light 

ŒĬĕĦŃĪňŗȮtensile strength ŐĸŃȮelongation at break ėƞŀĬĕƟŅĚėĚĪňŗěĬĔĶŃĪńŗĚĩŉĚĽńĮħŅľƢĪňŗȮ3 ŐĸŃ

ĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚőħĵĸħĸĚȮ31.3% ŐĸŃȮ33.8% ĨŅĴĸŜŅħńĭľĸńĚěŅĔŒľƟĽĳŅĺŃŏĮƦĬŏĺĸŅȮ12 ĽńĮħŅľƢȮ

ĽŅŏľĨŋĪňŗįĸĔŅĶĪħĸŀĚŒĬĚŅĬĺŇěńĵĬňŘėƞŀĬĕƟŅĚŐĨĔĨƞŅĚœĮěŅĔĚŅĬĺŇěńĵĕƟŅĚĨƟĬėŅħĺƞŅŏĮƦĬŀŇĪīŇıĸĕŀĚȮUV 

source ĪňŗŐĨĔĨƞŅĚĔńĬőħĵŒĬĚŅĬĺŇěńĵĬňŘŒĝƟȮUVB ĞŉŗĚĴňıĸńĚĚŅĬĽŌĚĔĺƞŅȮUVA ŒĬĚŅĬĺŇěńĵĕƟŅĚĨƟĬěŉĚĪŜŅŒľƟ

ŏĔŇħȮdegradation ŒĬĚŅĬĺŇěńĵĬňŘŏĔŇħœħƟĴŅĔĔĺƞŅ 
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ĨŅĶŅĚĪňŗȮ2,7 WmsleŲqȮkmbsjsqȮĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA /SPF 
composites ŒĬĶŃľĺƞŅĚĔŅĶŒľƟĽĳŅĺŃŐĭĭȮaccelerated weathering testerȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

Sample 
Young's modulus (MPa) 

0 week 1 week 2 weeks 3 weeks 4 weeks 

PHBV 1029±44 915±132 994±51 917±84 654±94 

PHBV/DB0.3/TAIC0.1/ECE
0.5 

1133±50 1088±53 1114±36 1128±14 1047±54 

PHBV80/PBSA20 900±35 936±38 926±13 970±26 928±56 

PHBV80/PBSA20/DB0.3/T
AIC0.1/ECE0.5 

879±19 852±8 865±18 941±27 869±71 

PHBV80/PBSA20/SPF5 894±43 863±65 913±44 909±52 733±38 

PHBV80/PBSA20/SPF5/D
B0.3/TAIC0.1/ECE0.5 

836±26 847±46 899±61 771±92 750±14 

PHBV80/PBSA20/TSPF5 885±48 942±51 925±35 973±29 993±21 

PHBV80/PBSA20/TSPF5/
DB0.3/TAIC0.1/ECE0.5 

876±43 810±39 908±30 892±19 754±62 
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ĨŅĶŅĚĪňŗȮ2,/. Tensile strength ĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA /SPF 
composites ŒĬĶŃľĺƞŅĚĔŅĶŒľƟĽĳŅĺŃŐĭĭȮaccelerated weathering testerȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

Sample 
Tensile strength (MPa) 

0 week 1 week 2 weeks 3 weeks 4 weeks 

PHBV 49.3±1.1 41.0±4.3 43.7±3.2 29.1±4.0 21.7±3.6 

PHBV/DB0.3/TAIC0.1/ECE
0.5 

56.2±2.4 50.0±4.6 44.4±4.9 36.3±3.1 41.0±4.7 

PHBV80/PBSA20 49.5±1.9 45.2±1.4 37.6±2.6 34.2±2.6 37.2±2.4 

PHBV80/PBSA20/DB0.3/T
AIC0.1/ECE0.5 

47.9±1.5 43.0±1.9 36.0±2.8 32.5±3.8 35.6±3.6 

PHBV80/PBSA20/SPF5 31.2±3.1 27.4±3.2 31.1±5.5 27.1±1.7 12.2±3.2 

PHBV80/PBSA20/SPF5/D
B0.3/TAIC0.1/ECE0.5 

35.6±3.2 28.1±1.8 30.5±5.1 22.7±3.2 13.1±2.3 

PHBV80/PBSA20/TSPF5 36.4±3.8 38.7±3.7 26.6±4.7 24.9±2.3 21.3±1.3 

PHBV80/PBSA20/TSPF5/
DB0.3/TAIC0.1/ECE0.5 

38.5±1.9 31.2±4.8 28.5±4.2 25.1±2.3 16.7±1.9 
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ĨŅĶŅĚĪňŗȮ2,// Elongation at break ĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA /SPF 

composites ŒĬĶŃľĺƞŅĚĔŅĶŒľƟĽĳŅĺŃŐĭĭȮaccelerated weathering testerȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

Sample 
Elongation at break (%) 

0 week 1 week 2 weeks 3 weeks 4 weeks 

PHBV 9.8±1.9 7.9±2.1 6.7±0.2 4.7±1.1 4.8±0.7 

PHBV/DB0.3/TAIC0.1/ECE
0.5 

8.3±1.1 8.2±1.9 6.5±0.9 4.9±0.4 5.6±0.8 

PHBV80/PBSA20 8.2±0.7 8.0±0.5 6.1±0.7 5.1±0.6 5.3±0.5 

PHBV80/PBSA20/DB0.3/T
AIC0.1/ECE0.5 

8.3±0.6 8.1±0.9 6.7±1.0 4.9±0.9 5.4±1.1 

PHBV80/PBSA20/SPF5 4.5±0.5 4.3±0.9 4.7±1.0 3.8±0.1 2.2±0.5 

PHBV80/PBSA20/SPF5/D
B0.3/TAIC0.1/ECE0.5 

5.9±1.0 4.5±0.4 4.9±1.1 4.2±1.1 2.3±0.4 

PHBV80/PBSA20/TSPF5 5.4±0.5 6.1±0.8 4.0±0.7 3.4±0.2 2.9±0.3 

PHBV80/PBSA20/TSPF5/
DB0.3/TAIC0.1/ECE0.5 

6.6±0.6 5.7±0.8 4.3±0.7 3.9±0.5 3.1±0.4 
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ĨŅĶŅĚĪňŗȮ2,/0 Impact strength ĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA /SPF 
composites ŒĬĶŃľĺƞŅĚĔŅĶŒľƟĽĳŅĺŃŐĭĭȮaccelerated weathering testerȮŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

Sample 
Impact strength (kJ/m2) 

0 week 1 week 2 weeks 3 weeks 4 weeks 

PHBV 2.4±0.4 2.7±0.2 1.8±0.1 1.3±0.2 1.4±0.1 

PHBV/DB0.3/TAIC0.1/ECE
0.5 

2.1±0.2 2.1±0.2 2.0±0.1 1.9±0.2 1.6±0.2 

PHBV80/PBSA20 2.4±0.1 2.3±0.1 2.0±0.2 1.8±0.1 1.8±0.1 

PHBV80/PBSA20/DB0.3/T
AIC0.1/ECE0.5 

2.5±0.3 2.4±0.1 2.2±0.1 1.8±0.2 1.8±0.3 

PHBV80/PBSA20/SPF5 2.0±0.1 2.0±0.2 1.8±0.2 1.2±0.1 1.2±0.2 

PHBV80/PBSA20/SPF5/D
B0.3/TAIC0.1/ECE0.5 

2.3±0.4 3.0±0.2 1.9±0.3 1.6±0.3 1.6±0.3 

PHBV80/PBSA20/TSPF5 1.9±0.2 1.8±0.1 1.8±0.1 1.8±0.3 1.7±0.1 

PHBV80/PBSA20/TSPF5/
DB0.3/TAIC0.1/ECE0.5 

2.5±0.2 2.5±0.2 2.1±0.2 2.0±0.2 1.8±0.2 
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4.6 ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮ

PHBV/PBSA/SPF composites 

 ĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸħŜŅŏĬŇĬĔŅĶőħĵĬŜŅĨńĺŀĵƞŅĚœĮĪħĽŀĭŒĬ

ĽĳŅıŐĺħĸƟŀĴȮ2 ĸńĔļĦŃėŊŀĮƙŅĝŅĵŏĸĬȮ(mangrove field) ĪňŗıŇĔńħȮ/0,476006ȮN /./,5.2074ȮE 

ŐĸŃĽĳŅĺŃĬŘŜŅĪŃŏĸȮ(open sea water) ĪňŗıŇĔńħȮ12.698357 N 101.703213 E őħĵĨŇħĨŅĴĬŘŜŅľĬńĔĪňŗ

ŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚĨńĺŀĵƞŅĚĨĸŀħĶŃĵŃŏĺĸŅȮ4 ĽńĮħŅľƢ őħĵŏĨĶňĵĴĨńĺŀĵƞŅĚħƟĺĵĔŅĶįĽĴőħĵŒĝƟŏėĶŊŗŀĚ

ŀńħĶňħŐĭĭĽĔĶŌŏħňŗĵĺȮ(single screw extruder) ħƟĺĵŀŋĦľĳŌĴŇĨńŘĚŐĨƞĽƞĺĬĮƚŀĬŏĴŖħěĬĩŉĚĽƞĺĬľńĺħŅĵħńĚĬňŘȮ

90, 160, 180 ŐĸŃȮ180 °C ŒĝƟėĺŅĴŏĶŖĺĶŀĭĔŅĶľĴŋĬĽĔĶŌȮ50 ĶŀĭĨƞŀĬŅĪňȮěŅĔĔŅĶĪħĸŀĚıĭĺƞŅ

ıŊŘĬįŇĺĕŀĚĝŇŘĬĚŅĬĕĶŋĕĶŃĴŅĔĕŉŘĬľĸńĚěŅĔĬŜŅĝŇŘĬĚŅĬœĮĪħĽŀĭħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4.23 ĞŉŗĚŐĽħĚŒľƟŏľŖĬĩŉĚ

ĔŅĶŏĔŇħȮsurface erosion ŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭĞŉŗĚŏĔŇħěŅĔěŋĸŇĬĪĶňĵƢ ĮĸƞŀĵȮenzyme ĴŅĵƞŀĵĽĸŅĵ

ĭĬıŊŘĬįŇĺĕŀĚȮPHBV [45, 46] ĞŉŗĚėĸƟŅĵėĸŉĚĔńĭĚŅĬĺŇěńĵĕŀĚȮD.Morgan ŐĸŃėĦŃȮ[45]ȮĪňŗĻŉĔļŅ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĬŘŜŅĪŃŏĸĕŀĚȮPHBV ĞŉŗĚıĭĔŅĶŏĔŇħȮsurface erosion ĶƞĺĴĔńĭĔŅĶ

ĸħĸĚĕŀĚĬŘŜŅľĬńĔĨńĺŀĵƞŅĚŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭŀĵƞŅĚĨƞŀŏĬŊŗŀĚŐĸŃĵƞŀĵĽĸŅĵœĮľĴħŒĬĶŃĵŃŏĺĸŅȮ9 

ŏħŊŀĬ 

       

(a)                                                  (b) 

 

(c)  

ĶŌĮĪňŗȮ2,01 ıŊŘĬįŇĺĕŀĚȮPHBV ěŅĔȮopticalȮmicroscope ĔƞŀĬȮ(a) ,ľĸńĚĪħĽŀĭĔŅĶĵƞŀĵĽĸŅĵŒĬĮƙŅ
ĝŅĵŏĸĬȮ(b) ŐĸŃĬŘŜŅĪŃŏĸȮ(c) ŏĮƦĬŏĺĸŅȮ3 ĽńĮħŅľƢ 
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ĬŀĔěŅĔĬňŘıĭĺƞŅĽňĕŀĚĝŇŘĬĚŅĬŏĮĸňŗĵĬŐĮĸĚěŅĔĽňĬŘŜŅĨŅĸŏĮƦĬĽňĕŅĺĞňħľĸńĚěŅĔĪŜŅĔŅĶĪħĽŀĭĔŅĶĵƞŀĵ

ĽĸŅĵŒĬĪŃŏĸėŅħĺƞŅŏĮƦĬįĸěŅĔĔŅĶŏĮĸňŗĵĬŐĮĸĚıŊŘĬįŇĺĕŀĚĨńĺŀĵƞŅĚĞŉŗĚĴňėĺŅĴĕĶŋĕĶŃĴŅĔĕŉŘĬŐĸŃ

ĽŃĪƟŀĬȮvisible light œħƟħńĚŐĽħĚŒĬĶŌĮĪňŗ 4.24 

       

                  (a)                                                   (b) 

 

                     (c) 

ĶŌĮĪňŗȮ2,02 ĝŇŘĬĚŅĬȮPHBV ĔƞŀĬȮ(a) ,ľĸńĚĪħĽŀĭĔŅĶĵƞŀĵĽĸŅĵŒĬĮƙŅĝŅĵŏĸĬȮ(b) ŐĸŃĬŘŜŅĪŃŏĸȮ(c) 

ŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 

ěŅĔĔŅĶĨŇħĨŅĴĬŘŜŅľĬńĔĕŀĚĝŇŘĬĚŅĬŒĬĶŃľĺƞŅĚĪħĽŀĭŒĬĽĳŅıŐĺħĸƟŀĴĮƙŅĝŅĵŏĸĬŐĸŃĬŘŜŅ

ĪŃŏĸħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ4.13 ŐĸŃȮ4.14 ĨŅĴĸŜŅħńĭȮıĭĺƞŅĬŘŜŅľĬńĔĕŀĚȮPHBV ĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚŒĬ

ĶŃľĺƞŅĚĔŅĶĪħĽŀĭĪńŘĚĽŀĚĽĳŅıŐĺħĸƟŀĴĨĸŀħĶŃĵŃŏĺĸŅĔŅĶĪħĽŀĭőħĵĸħĸĚȮ19.12% ŐĸŃȮ

4.16% ľĸńĚěŅĔŀĵŌƞĳŅĵŒĨƟĽĳŅıŐĺħĸƟŀĴĮƙŅĝŅĵŏĸĬŐĸŃĬŘŜŅĪŃŏĸŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢĨŅĴĸŜŅħńĭȮŐĽħĚ

ŒľƟŏľŖĬĺƞŅȮPHBV ĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵœħƟŒĬĪŃŏĸȮŒĬĔŅĶĪħĸŀĚĪňŗĮƙŅĝŅĵŏĸĬĴňĔŅĶĸħĸĚ

ĕŀĚĬŘŜŅľĬńĔĨńĺŀĵƞŅĚĴŅĔĔĺƞŅŒĬĽĳŅĺŃĬŘŜŅĪŃŏĸėŅħĺƞŅŏĮƦĬŀŇĪīŇıĸĕŀĚėĺŅĴŐĨĔĨƞŅĚĔńĬĮĶŃĝŅĔĶ



  57 

ěŋĸŇĬĪĶňĵƢĞŉŗĚĽŅĴŅĶĩįĸŇĨȮenzyme ĽŜŅľĶńĭĵƞŀĵȮPHBV œħƟŒĬĽŀĚĽĳŅıŐĺħĸƟŀĴĬňŘȮŏĝƞĬŏħňĵĺĔńĭŒĬ

ĔĶĦňĕŀĚȮPHBV/DB0.3/TAIC0.1/ECE0.5 ĪňŗĬŘŜŅľĬńĔĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚĶŃľĺƞŅĚĔŅĶĪħĽŀĭőħĵĸħĸĚȮ

5.68% ŐĸŃȮ3.22% ľĸńĚěŅĔŀĵŌƞĳŅĵŒĨƟĽĳŅıŐĺħĸƟŀĴĮƙŅĝŅĵŏĸĬŐĸŃĬŘŜŅĪŃŏĸŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ

ĨŅĴĸŜŅħńĭȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPHBV ĵńĚėĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸĩŉĚŐĴƟěŃįƞŅĬĔŅĶ

ĮĶńĭĮĶŋĚįƞŅĬĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical ŐĸŃȮcondensation ŀĵƞŅĚœĶĔŖĨŅĴŒĬĽĳŅĺŃĮƙŅ

ĝŅĵŏĸĬȮPHBV/DB0.3/TAIC0.1/ECE0.5 ĴňĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔĬƟŀĵĔĺƞŅȮneat PHBV ėŅħĺƞŅŏĮƦĬ

ŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴĽŅĶĶňŏŀŖĔĪňĮĪŜŅŒľƟŏĔŇħĔŅĶŏĝŊŗŀĴĕĺŅĚĶŃľĺƞŅĚĽŅĵőĞƞıŀĸŇŏĴŀĶƢĪŜŅŒľƟŏĔŇħĔŅĶĵƞŀĵ

ĽĸŅĵœħƟĵŅĔĴŅĔĕŉŘĬ[46]  

 ŒĬĔĶĦňĕŀĚȮPHBV/PBSA blends ıĭĺƞŅȮPHBV80/PBSA20 ĴňĬŘŜŅľĬńĔĸħĸĚŀĵƞŅĚ

ĨƞŀŏĬŊŗŀĚŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭőħĵĸħĸĚȮ14.72% ŐĸŃȮ7.46% ŏĝƞĬŏħňĵĺĔńĭȮ

PHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5ȮĞŉŗĚĬŘŜŅľĬńĔĸħĸĚȮ14.47% ŐĸŃȮ3.42%ȮľĸńĚěŅĔŀĵŌƞ

ĳŅĵŒĨƟĽĳŅıŐĺħĸƟŀĴĮƙŅĝŅĵŏĸĬŐĸŃĬŘŜŅĪŃŏĸŏĮƦĬŏĺĸŅȮ4ȮĽńĮħŅľƢĨŅĴĸŜŅħńĭȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPHBV 

ĵńĚėĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸĩŉĚŐĴƟěŃįƞŅĬĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮĔńĭȮPBSA įƞŅĬ

ĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical ŐĸŃȮcondensation  

 ŏĝƞĬŏħňĵĺĔńĭŒĬĔĶĦňĕŀĚȮPHBV/PBSA/SPF composite ĪňŗıĭĔŅĶĸħĸĚŀĵƞŅĚ

ĨƞŀŏĬŊŗŀĚĕŀĚĬŘŜŅľĬńĔĨńĺŀĵƞŅĚŒĬĶŃľĺƞŅĚĔŅĶĪħĸŀĚőħĵȮPHBV80/PBSA20/SPF5 ĴňĬŘŜŅľĬńĔĸħĸĚȮ

14.54% ŐĸŃȮ4.54%, PHBV80/PBSA20/SPF5/DB0.3/TAIC0.1/ECE0.5 ĴňĬŘŜŅľĬńĔĸħĸĚȮ16.10% 

ŐĸŃȮ5.59%ȮľĸńĚěŅĔŀĵŌƞĳŅĵŒĨƟĽĳŅıŐĺħĸƟŀĴĮƙŅĝŅĵŏĸĬŐĸŃĬŘŜŅĪŃŏĸŏĮƦĬŏĺĸŅȮ4ȮĽńĮħŅľƢĨŅĴĸŜŅħńĭ 

ŒĬĕĦŃĪňŗȮPHBV80/PBSA20/TSPF5 ĬŘŜŅľĬńĔĸħĸĚȮ12.74% ŐĸŃȮ5.15%, 

PHBV80/PBSA20/TSPF5/DB0.3/TAIC0.1/ECE0.5 ĴňĬŘŜŅľĬńĔĸħĸĚȮ12.5% ŐĸŃȮ3.43%ȮľĸńĚěŅĔ

ŀĵŌƞĳŅĵŒĨƟĽĳŅıŐĺħĸƟŀĴĮƙŅĝŅĵŏĸĬŐĸŃĬŘŜŅĪŃŏĸŏĮƦĬŏĺĸŅȮ4ȮĽńĮħŅľƢĨŅĴĸŜŅħńĭȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPHBV 

ĵńĚėĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĬŘŜŅĪŃŏĸĩŉĚŐĴƟěŃĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵĔŅĶŏĭĸĬħƢŐĭĭ

ĶňŏŀŖĔĪňĮĶƞĺĴĔńĭĔŅĶĪŜŅȮcomposite ħƟĺĵŏĽƟĬŒĵĽńĮĮŃĶħȮ ŒĬĕĦŃĪňŗȮM.Kjeld ŐĸŃėĦŃȮY25[ȮœħƟ

ĻŉĔļŅŀŇĪīŇıĸĕŀĚĔŅĶŏĨŇĴȮnatural filler ĨƞŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵĨŅĴīĶĶĴĝŅĨŇŒĬĪŃŏĸ

ĕŀĚȮPHBV ıĭĺƞŅĔŅĶŏĨŇĴŏĽƟĬŒĵȮMiscanthus grass 15 ŐĸŃȮ20%w/w ěŃĪŜŅŒľƟėĺŅĴĽŅĴŅĶĩŒĬ

ĔŅĶĵƞŀĵĽĸŅĵĨŅĴīĶĶĴĝŅĨŇŒĬĪŃŏĸĽŌĚĔĺƞŅȮneat PHBV 15% ŐĸŃȮ20% ĨŅĴĸŜŅħńĭȮŏĝƞĬŏħňĵĺĔńĭȮ

S.Maurizia [48]ȮĪňŗıĭĺƞŅĔŅĶŏĨŇĴŏĽƟĬŒĵȮPosidonia oceanica 30%w/w ĸĚŒĬȮPHBV ěŃŏıŇŗĴ



  6. 

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸœħƟĪŜŅŒľƟĨńĺŀĵƞŅĚȮPHBV ĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟľĴħŒĬŏĺĸŅĨŗŜŅ

ĔĺƞŅȮ6 ŏħŊŀĬ 

ĨŅĶŅĚĪňŗȮ2,/1 ĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔ(%) PHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA/SPF 
composite ŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸĪňŗĽĳŅıŐĺħĸƟŀĴĮƙŅĝŅĵ
ŏĸĬ 

Sample 
Weight reduction (%) 

1 
week 

2 
weeks 

3 
weeks 

4 
weeks 

PHBV 1.00 5.47 13.86 19.12 

PHBV/DB0.3/TAIC0.1/ECE0.5 0.63 13.95 8.28 5.68 

PHBV80/PBSA20 1.65 2.12 12.05 14.72 

PHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5 0.81 2.08 8.76 14.47 

PHBV80/PBSA20/SPF5 1.61 10.25 7.99 14.54 

PHBV80/PBSA20/SPF5/DB0.3/TAIC0.1/ECE0.5 0.49 5.19 6.13 16.10 

PHBV80/PBSA20/TSPF5 2.00 13.29 15.3 12.74 

PHBV80/PBSA20/TSPF5/DB0.3/TAIC0.1/ECE0.5 1.30 6.84 7.07 12.50 

 

 

 

 



  6/ 

 

ĨŅĶŅĚĪňŗȮ2,/2 ĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔ(%) PHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA/SPF 
composite ŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸĪňŗĽĳŅıŐĺħĸƟŀĴĬŘŜŅĪŃŏĸ 

Sample 
Weight reduction (%) 

1 
week 

2 
weeks 

3 
weeks 

4 
weeks 

PHBV 0.39 2.84 1.65 4.16 

PHBV/DB0.3/TAIC0.1/ECE0.5 0.44 2.25 1.89 3.22 

PHBV80/PBSA20 0.73 2.96 2.17 7.46 

PHBV80/PBSA20/DB0.3/TAIC0.1/ECE0.5 0.34 2.38 8.76 3.42 

PHBV80/PBSA20/SPF5 0.8 4.23 2.87 4.46 

PHBV80/PBSA20/SPF5/DB0.3/TAIC0.1/ECE0.5 0.69 3.35 6.13 5.59 

PHBV80/PBSA20/TSPF5 0.95 2.19 2.74 5.15 

PHBV80/PBSA20/TSPF5/DB0.3/TAIC0.1/ECE0.5 0.78 3.17 2.73 3.43 
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ĭĪĪňŗ 5 

ĽĶŋĮįĸĔŅĶĺŇěńĵŐĸŃĕƟŀŏĽĬŀŐĬŃ 

5.1 ĽĶŋĮįĸĔŅĶĺŇěńĵ 

 ŒĬĚŅĬĺŇěńĵœħƟĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶįƞŅĬ

ĮĢŇĔŇĶŇĵŅȮfree radical ŐĸŃȮcondensation,ȮĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĔŅĶĔĶŃŐĪĔĕŀĚȮPHBV œħƟ

ĮĶńĭĮĶŋĚőħĵŐĭĭĶňŏŀŖĔĪňĮ ĔńĭȮPBSA ĶƞĺĴĔńĭĔŅĶŒĝƟŏĽƟĬŒĵĽńĮĮŃĶħĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚįŇĺħƟĺĵȮmaleic 

anhydride ŏıŊŗŀŒĝƟŒĬĔŅĶŏĽĶŇĴŐĶĚȮPHBV/PBSA blend ĬŀĔěŅĔĬňŘĵńĚœħƟĨŇħĨŅĴĔŅĶŏĮĸňŗĵĬŐĮĸĚ

ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV, PHBV/PBSA blends ŐĸŃȮPHBV/PBSA/SPF composites ĳŅĵŒĨƟĔŅĶŒľƟ

ĽĳŅĺŃŐĭĭŏĶƞĚŐĸŃĔŅĶŒľƟĽĳŅĺŃĪňŗŀŋĦľĳŌĴŇȮ30 °CȮŐĸŃėĺŅĴĝŊŘĬȮ70%RH ĶĺĴœĮĩŉĚĻŉĔļŅ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸőħĵŒĬĔŅĶĻŉĔļŅĽŅĴŅĶĩŐĭƞĚĔŅĶĪħĸŀĚŀŀĔŏĮƦĬȮ4 ĽƞĺĬ

ħƟĺĵĔńĬ 

 ĽƞĺĬĪňŗȮ1 ĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŒĬĶŃľĺƞŅĚĕŉŘĬĶŌĮĕŀĚȮPHBVȮěŅĔĔŅĶĪħĸŀĚ

ıĭĺƞŅĽŅĴŅĶĩĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĕŀĚ PHBV œħƟįƞŅĬĮĢŇĔŇĶŇĵŅȮ

free radical őħĵŏĨŇĴȮfree radical initiator ĶƞĺĴĔńĭȮcoagent ıĭĺƞŅĔŅĶŏĨŇĴȮDB 0.3 phr ŐĸŃȮ

TAIC 0.1 phr ĴňėĺŅĴŏľĴŅŃĽĴĪňŗĽŋħěŅĔĔŅĶĪňŗĽŅĴŅĶĩėĺĭėŋĴėĺŅĴľĬŊħĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚ

ĔĶŃĭĺĬĔŅĶœħƟŐĸŃĴňėĺŅĴľĬŊħĽŌĚĕŉŘĬőħĵĪňŗœĴƞĴňĔŅĶŏĔŇħȮtorque reversion ŏĝƞĬŏħňĵĺĔńĭĔĶĦňĔŅĶŒĝƟ

ĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical ŐĸŃȮcondensationȮŏĴŊŗŀŏĨŇĴȮDB 0.3 phr, TAIC 0.1 phr 

ŐĸŃȮECE 0.5 phr  

 ĽƞĺĬĪňŗȮ2 ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV őħĵĔŅĶŏĭĸĬħƢŐĭĭĶňŏŀŖĔĪňĮŐĸŃĔŅĶĪŜŅȮSPF 
composite ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅĔŅĶŏĭĸĬħƢȮPHBV ĶƞĺĴĔńĭȮPBSA ŐĭĭĶňŏŀŖĔĨňĮįƞŅĬĔŅĶĮĢŇĔŇĶŇĵŅ
ĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical ŐĸŃȮcondensation ĽŅĴŅĶĩĮĶńĭĮĶŋĚėĺŅĴŏĕƟŅĔńĬœħƟŐĸŃŐĶĚŒĬĔŅĶ
ĵŉħĨŇħĶŃľĺƞŅĚȮPHBV ŐĸŃȮPBSA őħĵȮWmsleŲqȮkmbsjsqȮĸħĸĚěŅĔȮ1256 œĮŏĮƦĬȮ1053 MPa, 
tensile strength ŏıŇŗĴĕŉŘĬěŅĔȮ35.3 œĮŏĮƦĬȮ38.1 MPa ŐĸŃȮelongation at break ŏıŇŗĴĕŉŘĬěŅĔȮ7.9 
œĮŏĮƦĬȮ20.9% ŒĬĕĦŃĪňŗȮimpact strength ĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ2.1 œĮŏĮƦĬȮ3.7 kJ/m2 ĔŅĶŏĨŇĴŏĽƟĬŒĵ
ĽńĮĮŃĶħĪňŗįƞŅĬĔŅĶĮĶńĭĮĶŋĚȮmaleic anhydride (TSPF) 5 phr ĶƞĺĴĔńĭĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚ
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ĮĢŇĔŇĶŇĵŅȮfree radical ŐĸŃȮcondensation ĪŜŅŒľƟȮWmsleŲqȮkmbsjsqȮĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ1053 œĮ
ŏĮƦĬȮ1349 MPa, tensile strength ŏıŇŗĴĕŉŘĬěŅĔȮ38.1 œĮŏĮƦĬȮ42.2 MPa őħĵĪňŗĵńĚėĚȮimpact 
strength œĺƟœħƟĪňŗȮ3.3 kJ/m2 
 ĽƞĺĬĪňŗȮ3 ĔŅĶĻŉĔļŅĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV,ȮPHBV/PBSA blends ŐĸŃȮ
PHBV/PBSA/SPF composite ŒĬĶŃľĺƞŅĚĔŅĶěńħŏĔŖĭŐĸŃĔŅĶŒľƟĽĳŅĺŃŐĭĭŏĶƞĚ ěŅĔĔŅĶĪħĸŀĚ
ıĭĺƞŅĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPHBV PHBV/PBSA blends ŐĸŃȮPHBV/PBSA/SPF composite ĴňŐĬĺőĬƟĴ
ĸħĸĚŏĸŖĔĬƟŀĵľĸńĚěŅĔŀĵŌƞŒĬĽĳŅĺŃěńħŏĔŖĭĪňŗŀŋĦľĳŌĴŇȮ30 °C ėĺŅĴĝŊŘĬȮ70%RH ŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢ 
ŒĬĔĶĦňĪŜŅĔŅĶĪħĽŀĭŒĬĽĳŅĺŃŐĭĭŏĶƞĚĨŅĴĴŅĨĶģŅĬȮASTM G154 ŏĮƦĬŏĺĸŅĪńŘĚľĴħȮ4 ĽńĮħŅľƢȮ
ıĭĺƞŅĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĔŅĶĔĶŃŐĪĔĕŀĚĨńĺŀĵƞŅĚĪħĽŀĭĴňĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚĨĸŀħ
ĶŃĵŃŏĺĸŅĔŅĶĪħĸŀĚ 

ĽƞĺĬĪňŗȮ4 ĔŅĶĻŉĔļŅėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬĪŃŏĸĕŀĚȮPHBV, PHBV/PBSA blends 

ŐĸŃȮPHBV/PBSA/SPF composites ĞŉŗĚħŜŅŏĬŇĬĔŅĶĪħĸŀĚŒĬĽĳŅıŐĺħĸƟŀĴŐĭĭĮƙŅĝŅĵŏĸĬŐĸŃĬŘŜŅ

ĪŃŏĸŏĮƦĬŏĺĸŅȮ4 ĽńĮħŅľƢőħĵĨŇħĨŅĴĔŅĶĸħĸĚĕŀĚĬŘŜŅľĬńĔŒĬĶŃľĺƞŅĚĔŅĶĪħĸŀĚȮıĭĺƞŅĨńĺŀĵƞŅĚĪŋĔ

ĝĬŇħĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵĪńŘĚŒĬĮƙŅĝŅĵŏĸĬŐĸŃŒĬĬŘŜŅĪŃŏĸĞŉŗĚıĭĔŅĶĸħĸĚŀĵƞŅĚĨƞŀŏĬŊŗŀĚ

ĕŀĚĨńĺŀĵƞŅĚŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭŐĽħĚŒľƟŏľŖĬĺƞŅȮPHBV ĵńĚėĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĵƞŀĵĽĸŅĵŒĬ

ĪŃŏĸĩŉĚŐĴƟěŃįƞŅĬĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬħƟĺĵĮĢŇĔŇĶŇĵŅĶƞĺĴĔńĬĶŃľĺƞŅĚȮfree radical 

ŐĸŃȮcondensation, ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇŏĝŇĚĔĸőħĵŏĭĸĬħƢĔńĭȮPBSA ŐĸŃŏĽĶŇĴŐĶĚħƟĺĵŏĽƟĬŒĵĽńĮĮŃ

ĶħȮ 

 

5.2 ĕƟŀŏĽĬŀŐĬŃ 

5.2.1 ĻŉĔļŅĔŅĶĮĶńĭĮĶŋĚŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV őħĵŒĝƟȮfree radical initiator ŐĸŃȮ

coagent ĝĬŇħŀŊŗĬ 

5.2.2 ėĺĶŏĨŇĴȮfree radical initiator ŐĸŃȮcoagent ŒĬĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴŒĬĔŅĶĮĶńĭĮĶŋĚ

ŏĽĩňĵĶĳŅıĪŅĚėĺŅĴĶƟŀĬĕŀĚȮPHBV ŒĬĚŅĬĺŇěńĵĬňŘıĭĺƞŅėĺĶŏĨŇĴȮDB ŐĸŃȮTAIC ĪňŗȮ0.3 ŐĸŃȮ0.1 phr 

ĨŅĴĸŜŅħńĭ  

 

 



 

ĶŅĵĔŅĶŀƟŅĚŀŇĚ 

 

ĶŅĵĔŅĶŀƟŅĚŀŇĚ 
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ĕƟŀĴŌĸŐĸŃįĸĔŅĶĪħĽŀĭĨƞŅĚȮŕ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  7/ 

 

 

ĳŅėįĬĺĔȮĔ.1 Complex viscosity ĕŀĚȮPHBV ŒĬĶŃľĺƞŅĚĔŅĶĪħĽŀĭŒĬȮrheometer ĪňŗŀŋĦľĳŌĴŇȮ

185 °C, 1% strain ŐĸŃȮfrequency 1 Hz 

 

ĳŅėįĬĺĔȮĔ.2 DSC thermogram ĕŀĚ neat PHBV 
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ĳŅėįĬĺĔȮĔ.3 DSC thermogram ĕŀĚ PHBV/ECE0.5 

 

ĳŅėįĬĺĔȮĔ.4 DSC thermogram ĕŀĚ PHBV/DB0.3 
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ĳŅėįĬĺĔȮĔ.5 DSC thermogram ĕŀĚ PHBV/DB0.3/TAIC0.1 

 

 

ĳŅėįĬĺĔȮĔ.6 DSC thermogram ĕŀĚ PHBV/DB0.3/TAIC0.1/ECE0.5 
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ĳŅėįĬĺĔȮĔ.7 TGA thermogram ĕŀĚȮPHBV 

 

ĳŅėįĬĺĔȮĔ.8 TGA thermogram ĕŀĚȮPHBV/DB0.3/TAIC0.1 
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ĳŅėįĬĺĔȮĔ.9 TGA thermogram ĕŀĚȮPHBV/ECE0.5 

 

ĳŅėįĬĺĔȮĔ.10ȮTGA thermogram ĕŀĚȮPHBV/DB0.3/TAIC0.1/ECE0.5 

 

 

 

 

 

 


