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Sodium dimethyl 5-sulfoisophthalate ľĶŊŀ SSIPA ĞŉŗĚĽńĚŏėĶŅŃľƢĨŅĴĺŇīňĔŅĶĕŀĚ Timothy 
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őėĶĚĽĶƟŅĚĕŀĚįĸŉĔħƟĺĵŏĪėĬŇė XRD ıĭĺƞŅĔŅĶįĽĴ SSIPA œĴƞĴňįĸĨƞŀőėĶĚĽĶƟŅĚĕŀĚįĸŉĔ ŐĸŃŏĴŊŗŀ
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modulus ĽŌĚĕŉŘĬ ŐĨƞĴňėƞŅ elongation at break, tensile strength ŐĸŃ impact strength ĸħĸĚ 

ěŅĔįĸĔŅĶĪħĽŀĭŐĽħĚŒľƟŏľŖĬĺƞŅ SSIPA ĽŅĴŅĶĩĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĔƞŀįĸŉĔĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽņľĶńĭ 

PLA œħƟ 
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DERIVATIVES COMPOUNDS FOR POLYLACTIC ACID THESIS ADVISOR : ASSOCIATE 
PROFESSOR SUPAKIJ SUTTIRUENGWONG, Dr.-Ing. 

          The objective of this research is to study and improve the 

crystallization rate of PLA using sulfonate salt nucleating agents. In this work, the 

sulfonate derivatives which is sodium dimethyl 5-sulfoisophthalate (SSIPA), 

synthesized followed the method of Timothy Oster, have been used as nucleating 

agent compared to the commercial sulfonate nucleating agent for PLA, potassium 

dimethyl 5-sulfoisophthalate (LAK-301), and commercial sodium salt nucleating agent 

for PP, Bicyclic[2.2.1]heptane-2,3-dicarboxylic acid disodium salt (HPN-68L). with the 

nucleating agent content of 0.5wt% and 1.0wt%. The DSC results showed the 

increase of crystallinity after mixed 0.5wt% of SSIPA with PLA from 16.68 to 55.94% 

for PLA L105 and from 20.78 to 48.87% for PLA 3251D. The isothermal DSC results 

indicated the significant improvement of rate of crystallization of PLA after 

introducing SSIPA. The half-time crystallization (t1/2) of PLA reduced from 60.7 to 

2.3 min for PLA L105 at 140°C and from 65.2 to 2.3 min for PLA 3251D at 130°C. The 

nucleating efficiency of SSIPA on PLA was as good as LAK-301 with the %NE of 32.83 

and 25.51% for PLA L105 and PLA 3251D, respectively. The XRD patterns revealed no 

difference between neat PLA and PLA with SSIPA indicated that SSIPA have no effect 

on crystal structure of PLA. Tensile modulus of PLA increase with the addition of 

SSIPA into PLA while elongation at break, tensile strength and impact strength of PLA 

drop. From the discussed results, it can be concluded that SSIPA was the effective 

nucleating agent for PLA. 
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ŏĪėĬŇėĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀ ĨĸŀħĪńŘĚŀņĬĺĵėĺŅĴĽŃħĺĔŒĬĔŅĶěńħľŅŀŋĮĔĶĦƢĽņľĶńĭħņŏĬŇĬĔŅĶĺŇěńĵŏĮƦĬ
ŀĵƞŅĚħň 

ĪƟŅĵĪňŗĽŋħĬňŘ ĕŀĕŀĭėŋĦıňŗŕ ŏıŊŗŀĬŕ ŐĸŃĬƟŀĚŕ ĪŋĔĪƞŅĬĪňŗėŀĵŒľƟĔņĸńĚŒě ŐĸŃĝƞĺĵŏľĸŊŀŒĬĔŅĶ
ħņŏĬŇĬĚŅĬĺŇěńĵĕŀĚĕƟŅıŏěƟŅŒľƟĽņŏĶŖěĸŋĸƞĺĚœĮœħƟħƟĺĵħňĨĸŀħĴŅ 
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ĽŅĶĭńĠĳŅı 

 ľĬƟŅ 

ĳŅıĪňŗȮ2./ ĺńĢěńĔĶĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶĽĸŅĵĨńĺĕŀĚȮPL?źźźźźźźźźźźźźźźźźź,3 

ĳŅıĪňŗȮ2.2Ȯ őėĶĚĽĶƟŅĚĕŀĚȮD-lactic acid ŐĸŃȮL-lactic acid,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,4 

ĳŅıĪňŗȮ2.1 ĔŅĶĽńĚŏėĶŅŃľƢıŀĸŇŐĸėĨŇĔŐŀĞŇħěŅĔȮL-lactic acid ŐĸŃȮD-Lactic acid,,,,,,,,,,,,,,,5 

ĳŅıĪňŗȮ2.2Ȯ ŐĽħĚőėĶĚĽĶƟŅĚįĸŉĔŐĭĭŐŀĸĲŅĕŀĚıŀĸŇŐĸĔĨŇėŐŀĞŇħ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,6 

ĳŅıĪňŗȮ2.3 ĳŅıěŅĔŏĪėĬŇėȮPOM ĕŀĚıŀĸŇŐĸėœĪħƢĪňŗŀŋĦľĳŌĴŇȮ/0.°CȮŏĺĸŅȮ4.ȮĬŅĪň,,,,,,,,,,,,// 

ĳŅıĪňŗȮ2.4 ĔĶŅĲȮDSC ĔŅĶŏĔŇħįĸŉĔŐĭĭŀŋĦľĳŌĴŇėĚĪňŗĕŀĚıŀĸŇŐĸėœĪħƢŒĬĝƞĺĚŀŋĦľĳŌĴŇĨĔįĸŉĔȮ
/.6-/01°Cźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,,/0 

ĳŅıĪňŗȮ2.5 ĔĶŅĲėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮXt ĔńĭŏĺĸŅȮ(a) ŐĸŃȮlog[-ln(1-Xt)] ĔńĭŏĺĸŅȮ(b) ŒĬĔŅĶ
ŏĔŇħįĸŉĔŐĭĭŀŋĦľĳŌĴŇėĚĪňŗĕŀĚıŀĸŇŐĸėœĪħƢ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,/0 

ĳŅıĪňŗȮ2.6 ĔŅĶěńħŏĶňĵĚőĴŏĸĔŋĸŒĬĔŅĶŏĔŇħįĸŉĔĨŅĴȮ&ĞƟŅĵ) ĪķļġňȮfringed micelle ŐĸŃȮ&ĕĺŅ)Ȯ
ĪķļġňȮlamellae,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,/2 

ĳŅıĪňŗȮ2.7 ŐĽħĚőėĶĚĽĶƟŅĚĕŀĚȮsodium dimethyl 5-sulfoisophthalate (SSIPA)źźźź,/5 

ĳŅıĪňŗȮ2./. ĔĶŅĲŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀńĨĶŅĔŅĶĨĔįĸŉĔŐĸŃŀĦľĳŌĴŇĔŅĶĨĔįĸŉĔĕŀĚȮPLA 
ĪňŗĴňĔŅĶŏĨŇĴȮLAKźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,/5 

ĳŅıĪňŗȮ2.// ĔĶŅĲĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗĽŀĚěŅĔĔŅĶĪħĽŀĭȮDSC ĕŀĚȮPLA ŐĸŃȮPLAȮĪňŗŏĨŇĴȮ
LAK,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,/6 

ĳŅıĪňŗȮ2./0 ĔĶŅĲȮDSC ĕŀĚȮPLA molded compositeźźźźźźźźźźźźźźźźźźź,/7 

ĳŅıĪňŗȮ2./1 ŐĽħĚĔŅĶĽńĚŏėĶŅŃľƢȮmethyl 3,5-Disulfobenzoate Dipotassium salrźźź,,0. 

ĳŅıĪňŗȮ3./ ĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮpotassium dimethyl 5-sulfoisophthalate (LAK-301)źź0/ 

ĳŅıĪňŗȮ3.0 ĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮ5-sulfoisophthalic acid (HSIPA)źźźźźźźźźźźźźź00 

ĳŅıĪňŗȮ3.1 ĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮBicyclic[0,0,/[heptane-0,1-dicarboxylic acid disodium 
salt (HPN-68L)źźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,00 



  ġ 

ĳŅıĪňŗȮ4./ ŐĽħĚĮĢŇĔŇĶŇĵŅĔŅĶĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔȮSSIPA ĨŅĴĺŇīňĔŅĶĕŀĚȮTimothy 

Oster,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1. 

ĳŅıĪňŗȮ4.0 ŐĽħĚįĸĔŅĶĪħĽŀĭȮFTIR ĕŀĚĽŅĶĽńĚŏėĶŅŃľƢȮSSIPA,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1/ 

ĳŅıĪňŗȮ4.1 ŐĽħĚįĸĔŅĶĪħĽŀĭȮ1H-NMR ĕŀĚȮSSIPA,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,10 

ĳŅıĪňŗȮ4.2 ŐĽħĚįĸĔŅĶĪħĽŀĭȮ1H-NMR ĕŀĚȮHSIPAźźźźźźźźźźźźźźźźźźźź,10 

ĳŅıĪňŗȮ4.3 ŐĽħĚȮDSC thermograms ŒĬĕńŘĬĔŅĶŏĵŖĬĨńĺĕŀĚȮa) PLA L105 ŐĸŃȮb) PLA 
3251D įĽĴĽŅĶĔƞŀįĸŉĔ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,13 

ĳŅıĪňŗȮ4.4 ŐĽħĚȮDSC thermograms ŒĬĕńŘĬĔŅĶŒľƟŀŋĦľĳŌĴŇėĶńŘĚĪňŗȮ0Ȯa) PLA L105 ŐĸŃȮb) 
PLA 3251D įĽĴĽŅĶĔƞŀįĸŉĔ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,13 

ĳŅıĪňŗȮ4.5 ĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚȮneat PLAźźźźźźź,15 

ĳŅıĪňŗȮ4.6Ȯ ĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚȮneat PLA ĪňŗĮĶŇĴŅĦįĸŉĔ
ĽńĴıńĪīƢȮ0%............................................................................................................16 

ĳŅıĪňŗȮ4.7 ĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħ
ĨƞŅĚŕ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,17 

ĳŅıĪňŗȮ4./. ĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħ
ĨƞŅĚŕ ĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢȮ0%............................................................................17 

ĳŅıĪňŗȮ4.// ĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA L105 įĽĴĽŅĶĔƞŀ
įĸŉĔĪňŗĮĶŇĴŅĦĨƞŅĚĔńĬ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,2. 

ĳŅıĪňŗȮ4./0 ĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA 3251D įĽĴĽŅĶĔƞŀ
įĸŉĔĪňŗĮĶŇĴŅĦĨƞŅĚĔńĬ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,2. 

ĳŅıĪňŗȮ4./1 ĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA L105 įĽĴĽŅĶĔƞŀ
įĸŉĔĪňŗĮĶŇĴŅĦĨƞŅĚĔńĬ ĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢȮ0%...................................................2/ 

ĳŅıĪňŗȮ4./2 ĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA 103/D įĽĴĽŅĶĔƞŀ
įĸŉĔĪňŗĮĶŇĴŅĦĨƞŅĚĔńĬ ĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢȮ0%...................................................2/ 

ĳŅıĪňŗȮ4./3 ŐĽħĚŏĺĸŅėĶŉŗĚľĬŉŗĚĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚȮneat PLAźźźźźźźźźź,,20 



  Ģ 

ĳŅıĪňŗȮ4./4 ŐĽħĚŏĺĸŅėĶŉŗĚľĬŉŗĚĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚ PLA 3251D įĽĴĽŅĶĔƞŀįĸŉĔȮȮȮȮ
LAK-301 ŐĸŃȮSSIPAźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,21 

ĳŅıĪňŗȮ4./5 ŐĽħĚŏĺĸŅėĶŉŗĚľĬŉŗĚĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚ PLA 3251D įĽĴĽŅĶĔƞŀįĸŉĔȮȮȮȮ
LAK-301 ŐĸŃȮSSIPAźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,21 

ĳŅıĪňŗȮ4./6 ŐĽħĚŏĺĸŅėĶŉŗĚľĬŉŗĚĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚ PLA įĽĴĽŅĶĔƞŀįĸŉĔȮHPN-
68Lźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź22 

ĳŅıĪňŗȮ4./7 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105 ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔ
įĸŉĔȮ/2.°C,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,23 

ĳŅıĪňŗȮ4.0. ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251D ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔ
įĸŉĔȮ/1.°Cźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź,,23 

ĳŅıĪňŗȮ4.0/ ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮLAK-301 
0.5wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°Cźźźźźźźźźźźźźźźźźźźźźź,24 

ĳŅıĪňŗȮ4.00 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮLAK-301 
1.0wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°Cźźźźźźźźźźźźźźźźźźźźźź,24 

ĳŅıĪňŗȮ4.01 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮLAK-301 
0.5wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°Cźźźźźźźźźźźźźźźźźźźźźź,24 

ĳŅıĪňŗȮ4.02 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮLAK-301 
1.0wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°Aźźźźźźźźźźźźźźźźźźźźźź,24 

ĳŅıĪňŗȮ4.03 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮSSIPA 
0.5wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°Cźźźźźźźźźźźźźźźźźźźźźź,25 

ĳŅıĪňŗȮ4.26 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮSSIPA 
1.0wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°Cźźźźźźźźźźźźźźźźźźźźźź,25 

ĳŅıĪňŗȮ4.05 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮSSIPA 
0.5wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°Cźźźźźźźźźźźźźźźźźźźźźź,25 

ĳŅıĪňŗȮ4.28 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮSSIPA 
1.0wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°Cźźźźźźźźźźźźźźźźźźźźźź,25 



  ģ 

ĳŅıĪňŗȮ4.07 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮHPN-68L 
.,3wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°Cźźźźźźźźźźźźźźźźźźźźźź,26 

ĳŅıĪňŗȮ4.1. ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105 įĽĴȮHPN-68L  
1.0wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°Cźźźźźźźźźźźźźźźźźźźźźź,26 

ĳŅıĪňŗȮ4.1/ ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮHPN-68L  
0.5wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°Cźźźźźźźźźźźźźźźźźźźźźź,26 

ĳŅıĪňŗȮ4.10 ŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮHPN-68L  
1.0wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°Cźźźźźźźźźźźźźźźźźźźźźź,26 

ĳŅıĪňŗȮ4.11 ŐĽħĚĨńĺŀĵƞŅĚĝŇŘĬĚŅĬĔŅĶĪħĽŀĭȮXRD őħĵĨńĺŀĵƞŅĚėŊŀ neat PLA L105, 
crystallized PLA L105, L105/LAK0.5, L105/LAK1.0, L105/SSIPA0.5 ŐĸŃȮ
L105/SSIPA1.0 őħĵŏĶňĵĚěŅĔĞƟŅĵœĮĕĺŅĨŅĴĸņħńĭ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,30 

ĳŅıĪňŗȮ4.12 ŐĽħĚĨńĺŀĵƞŅĚĝŇŘĬĚŅĬĔŅĶĪħĽŀĭȮXRD őħĵĨńĺŀĵƞŅĚėŊŀ neat PLA 103/D, 
crystallized PLA 103/D, 103/D /LAK0.5, 103/D /LAK1.0, 103/D 
/SSIPA0.5 ŐĸŃȮ103/D /SSIPA1.0 őħĵŏĶňĵĚěŅĔĞƟŅĵœĮĕĺŅĨŅĴĸņħńĭ,,,,,,,,,,,,,,,,30 

ĳŅıĪňŗȮ4.13 ŐĽħĚįĸĔŅĶĪħĽŀĭȮXRD ĕŀĚȮneat PLAźźźźźźźźźźźźźźźźźźźź,31 

ĳŅıĪňŗȮ4.36 ŐĽħĚįĸĔŅĶĪħĽŀĭ XRD ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕźźźźźźźźź,32 

ĳŅıĪňŗȮ4.15 ĔĶŅĲėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮstress ŐĸŃȮstrain ĕŀĚ PLA įĽĴĽŅĶĔƞŀįĸŉĔ,,,,,,,,,,,33 

ĳŅıĪňŗȮ4.16 ŐĽħĚėƞŅȮwmsleŲqȮkmbsjsqȮĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,33 

ĳŅıĪňŗȮ4.17 ŐĽħĚėƞŅȮelongation at break ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,34 

ĳŅıĪňŗȮ4.2. ŐĽħĚėƞŅȮtensile strength ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔźźźźźźźźźźźźźź34 

ĳŅıĪňŗȮ4.2/ ŐĽħĚėƞŅȮimpact strength ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,35 

ĳŅıĪňŗȮĔ,1 DSC thermogram ĕŀĚȮPLA L105źźźźźźźźźźźźźźźźźźźźźźź,,40 

ĳŅıĪňŗȮĔ,2 DSC thermogram ĕŀĚȮPLA L105/LAK0.5źźźźźźźźźźźźźźźźźź,,40 

ĳŅıĪňŗȮĔ,3 DSC thermogram ĕŀĚȮPLA L105/LAK1.0źźźźźźźźźźźźźźźźźź,,41 

ĳŅıĪňŗȮĔ,4 DSC thermogram ĕŀĚȮPLA L105/SSIPA0.5,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,41 

ĳŅıĪňŗȮĔ,5 DSC thermogram ĕŀĚȮPLA L105/SSIPA1.0źźźźźźźźźźźźźźźźź,,42 



  Ĥ 

ĳŅıĪňŗȮĔ,6 DSC thermogram ĕŀĚȮPLA L105/HPN0.5źźźźźźźźźźźźźźźźźź,,42 

ĳŅıĪňŗȮĔ,7 DSC thermogram ĕŀĚȮPLA L105/HPN1.0źźźźźźźźźźźźźźźźźź,,43 

ĳŅıĪňŗȮĔ,8 DSC thermogram ĕŀĚȮPLA 3251Dźźźźźźźźźźźźźźźźźźźźźź,,43 

ĳŅıĪňŗȮĔ,9 DSC thermogram ĕŀĚȮPLA 3251D/LAK0.5źźźźźźźźźźźźźźźźźź44 

ĳŅıĪňŗȮĔ,10 DSC thermogram ĕŀĚȮPLA 3251D/LAK1.0źźźźźźźźźźźźźźźźźź44 

ĳŅıĪňŗȮĔ,11 DSC thermogram ĕŀĚȮPLA 3251D/SSIPA0.5źźźźźźźźźźźźźźźź,,45 

ĳŅıĪňŗȮĔ,12 DSC thermogram ĕŀĚȮPLA 3251D/SSIPA1.0źźźźźźźźźźźźźźźź,,45 

ĳŅıĪňŗȮĔ,13 DSC thermogram ĕŀĚȮPLA 3251D/HPN0.5źźźźźźźźźźźźźźźźź,,46 

ĳŅıĪňŗȮĔ,14 DSC thermogram ĕŀĚȮPLA 3251D/HPN1.0źźźźźźźźźźźźźźźźź,,46 
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ĽŅĶĭńĠĨŅĶŅĚ 

 ľĬƟŅ 

ĨŅĶŅĚĪňŗȮ2./ ĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,/. 

ĨŅĶŅĚĪňŗȮ2.0 ŏĮĶňĵĭŏĪňĵĭĨńĺŐĮĶĨƞŅĚŕȮěŅĔĔŅĶĨĔįĸŉĔĪňŗŀŋĦľĳŌĴŇėĚĪňŗőħĵĔŅĶįĽĴĽŅĶĔƞŀįĸŉĔ
ĝĬŇħĨƞŅĚŕ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,/7 

ĨŅĶŅĚĪňŗȮ3.1 ŐĽħĚĽńħĽƞĺĬĔŅĶįĽĴĕŀĚȮPLA L105 ŐĸŃĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕźźźźźźźź,,03 

ĨŅĶŅĚĪňŗȮ3.0 ŐĽħĚĽńħĽƞĺĬĔŅĶįĽĴĕŀĚȮPLA 103/D ŐĸŃĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕ,,,,,,,,,,,,,,,,,,,,,,,03 

ĨŅĶŅĚĪňŗȮ4./ ŐĽħĚīŅĨŋŒĬŀĚėƢĮĶŃĔŀĭĕŀĚȮSSIPA,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,11 

ĨŅĶŅĚĪňŗȮ4.0 ŐĽħĚįĸĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇė DSCȮŐĭĭȮnon-isothermal ĕŀĚȮPLA įĽĴĽŅĶ
ĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,14 

ĨŅĶŅĚĪňŗȮ4.3 ŐĽħĚŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔŐĭĭȮself-nucleation ĕŀĚȮPLA L105źźźźźźźź3. 

ĨŅĶŅĚĪňŗȮ4.2 ŐĽħĚŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔŐĭĭȮself-nucleation ĕŀĚȮPLA 3251Dźźźźźźź,3. 

ĨŅĶŅĚĪňŗȮ4.3 ŐĽħĚŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔŐĸŃĮĶŃĽŇĪīŇĳŅıĔŅĶĨĔįĸŉĔĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,3/ 

ĨŅĶŅĚĪňŗȮ4.4 ŐĽħĚĮĶŇĴŅĦįĸŉĔĕŀĚĝŇŘĬĚŅĬȮtensile ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ őħĵėņĬĺĦěŅĔ
ĔŅĶĪħĽŀĭȮDSC ŒĬĕńŘĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,34 

ĨŅĶŅĚĪňŗȮ4.5 ŐĽħĚĮĶŇĴŅĦįĸŉĔĕŀĚĝŇŘĬĚŅĬȮimpact ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔȮőħĵėņĬĺĦěŅĔ
ĔŅĶĪħĽŀĭȮDSC ŒĬĕńŘĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,36 

ĨŅĶŅĚĪňŗȮĔ,/ ŐĽħĚėƞŅıŅĶŅĴŇŏĨŀĶƢĪŅĚěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔĕŀĚȮPLAȮL105 įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħ

  źźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź47 

ĨŅĶŅĚĪňŗȮĔ,0 ŐĽħĚėƞŅıŅĶŅĴŇŏĨŀĶƢĪŅĚěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔĕŀĚȮPLAȮ3251D įĽĴĽŅĶĔƞŀįĸŉĔ
  źźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź5. 

 



  
 

ĭĪĪňŗȮ/ 

ĭĪĬņ 

1.1 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽņėńĠĕŀĚĮƤĠľŅ 

ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(PLA) ŏĮƦĬıŀĸŇŏŀĽŏĪŀĶƢĪňŗįĸŇĨœħƟěŅĔĺńĨĩŋħŇĭĝňĺĳŅıĪňŗįĸŇĨĪħŐĪĬĕŉŘĬ

ŒľĴƞœħƟŐĸŃĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟĪŅĚĝňĺĳŅıȮĞŉŗĚŏĮƦĬěŋħĽņėńĠĪňŗĪņŒľƟıŀĸŇŐĸėĨŇĔŐŀĞŇħœħƟĶńĭėĺŅĴ

ĽĬŒěŒĬĔŅĶĬņĴŅŒĝƟĚŅĬŐĸŃĴňŏĮƚŅľĴŅĵĪňŗěŃŐĪĬĪňŗıŀĸŇŏĴŀĶƢŒĬĮƤěěŋĭńĬĪňŗįĸŇĨěŅĔĮƕőĨĶŏėĴňŐĸŃœĴƞ

ĽŅĴŅĶĩĵƞŀĵĽĸŅĵœħƟȮıŀĸŇŐĸėĨŇĔŐŀĞŇħĴňĽĴĭńĨŇŏĝŇĚĔĸĪňŗŐĕŖĚŐĶĚŐĸŃĴňėĺŅĴŒĽȮŐĨƞĴňĕƟŀħƟŀĵĪňŗŏĮƦĬ

ĮƤĠľŅėŊŀŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗĝƟŅȮĪņŒľƟľĸńĚĔĶŃĭĺĬĔŅĶįĸŇĨıŀĸŇŐĸėĨŇĔŐŀĞŇħĴňĸńĔļĦŃŏĮƦĬıŀĸŇ

ŏĴŀĶƢŀĽńĦģŅĬľĶŊŀĴňĮĶŇĴŅĦįĸŉĔĪňŗĨŗņȮěŉĚŏĮƦĬĕƟŀěņĔńħĔŅĶŒĝƟĚŅĬŒľƟœĴƞĽŅĴŅĶĩŒĝƟĚŅĬŒĬįĸŇĨĳńĦĤƢĪňŗ

ĨƟŀĚĔŅĶĔŅĶĨƟŅĬĪŅĬėĺŅĴĶƟŀĬœħƟȮĞŉŗĚĔŅĶŐĔƟœĕĮƤĠľŅŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗĝƟŅĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĴň

ľĸŅĵĺŇīňȮĪňŗĬŇĵĴŒĝƟĔńĬŀĵƞŅĚĴŅĔėŊŀĔŅĶŒĝƟĽŅĶĔƞŀįĸŉĔȮĞŉŗĚĝƞĺĵĪņŒľƟŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚıŀĸŇŐĸėĨŇĔ

ŐŀĞŇħŏĶŖĺĕŉŘĬŐĸŃĪņŒľƟĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħňĕŉŘĬȮĞŉŗĚœħƟĴňĔŅĶĻŉĔļŅŐĸŃĴňĔŅĶŒĝƟĚŅĬ

ĽŅĶĔƞŀįĸŉĔľĸŅĔľĸŅĵĝĬŇħȮY/-/2[ ľĬŉŗĚŒĬĬńŘĬėŊŀȮLAK-301 [3, 7, 14] ĽŅĶĔƞŀįĸŉĔĞŉŗĚŏĮƦĬĽŅĶ

ŀĬŋıńĬīƢĕŀĚŀŃőĶĴŅĨŇĔĞńĸőĲŏĬĨȮœħƟĴňĔŅĶĻŉĔļŅŐĸŃĶŅĵĚŅĬįĸĕŀĚĔŅĶŒĝƟĽŅĶĨńĺĬňŘĔńĭıŀĸŇŐĸėĨŇĔ

ŐŀĞŇħŏĔĶħĨƞŅĚŕȮĞŉŗĚĴňįĸŐĨĔĨƞŅĚĔńĬĨŅĴĝĬŇħĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮLAK-301 ĬńŘĬŏĮƦĬĽŅĶŀŇĬĪĶňĵƢĪňŗĴň

ěŋħľĸŀĴŏľĸĺĽŌĚĔĺƞŅıŀĸŇŐĸėĨŇĔŐŀĞŇħȮħńĚĬńŘĬŒĬĕńŘĬĕŀĚĔŅĶŏĵŖĬĨńĺěŅĔĽĳŅĺŃľĸŀĴŏľĸĺĕŀĚıŀĸŇŐĸ

ėĨŇĔŐŀĞŇħȮLAK-301 ěŃĴňĸńĔļĦŃŏĮƦĬěŋħľĵŋħĬŇŗĚŒĬıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺŐĸŃĪņľĬƟŅĪňŗŏĮƦĬĬŇĺŏėĸňĵĽ

ŒľƟıŀĸŇŐĸėĨŇĔŐŀĞŇħŏĔŇħĔŅĶĨĔįĸŉĔŐĸŃŏĔŇħĔŅĶŏĨŇĭőĨȮspherulites ěŉĚĪņŒľƟĔŅĶĨĔįĸŉĔĕŀĚıŀĸŇŐĸ

ėĨŇĔŐŀĞŇħŏĶŖĺĕŉŘĬ 

ĚŅĬĺŇěńĵĬňŘěŉĚĪņĔŅĶĻŉĔļŅĔŅĶŒĝƟĽŅĶĔƞŀįĸŉĔĮĶŃŏĳĪŀĬŋıńĬīƢĕŀĚŀŃőĶĴŅĨŇĔĞńĸőĲŏĬĨĪňŗ

ĽńĚŏėĶŅŃľƢĕŉŘĬŐĸŃŒĬŏĝŇĚıŅĦŇĝĵƢȮŏĮƦĬĽŅĶĔƞŀįĸŉĔĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮŐĸŃĻŉĔļŅįĸĕŀĚĽŅĶĔƞŀįĸŉĔ

ĪňŗĴňĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮĽĴĭńĨŇĔŅĶĨĔįĸŉĔĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮŐĸŃĽńĦģŅĬĕŀĚ

őėĶĚĽĶƟŅĚįĸŉĔĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħ 

 

1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

1.2.1 ŏıŊŗŀĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔĮĶŃŏĳĪŏĔĸŊŀőĞŏħňĵĴĕŀĚĞńĸőĲŏĬĨĨŅĴĺŇīňĔŅĶĕŀĚ Timothy 

Oster [15]ȮŏıŊŗŀŒĝƟŏĮƦĬĽŅĶĔƞŀįĸŉĔŒĬĚŅĬĺŇěńĵ 

1.2.2 ŏıŊŗŀĻŉĔļŅįĸĕŀĚĽŅĶĔƞŀįĸŉĔĨƞŀĽĴĭńĨŇŏĝŇĚĔĸȮĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬŐĸŃěĸĻŅĽĨĶƢĔŅĶĨĔ

įĸŉĔĕŀĚȮPLA 
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1.3 ŐĬĺėŇħĚŅĬĺŇěńĵ 

1.3.1 ĔŅĶŏĨŇĴĽŅĶĮĶŃĔŀĭŏĔĸŊŀőĞŏħňĵĴĕŀĚĞńĸŏĲĨěŃĝƞĺĵĪņŒľƟȮPLA ĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗŏĶŖĺ

ĕŉŘĬȮŐĸŃĽŅĴŅĶĩĮĶńĭĮĶŋĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬŐĸŃŀŋĦľĳŌĴŇŏĽňĵĶŌĮĪŅĚėĺŅĴĶƟŀĬœħƟ 

1.3.2 ĽŅĶĮĶŃĔŀĭŏĔĸŊŀőĞŏħňĵĴĕŀĚĞńĸŏĲĨĪňŗĽńĚŏėĶŅŃľƢœħƟĽŅĴŅĶĩĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĔƞŀįĸŉĔœħƟ

ŏĪňĵĭŏĪƞŅĔńĭĽŅĶĔƞŀįĸŉĔŒĬŏĝŇĚıŅĦŇĝĵƢĪńŗĺœĮ 

 

1.4 ĕŀĭŏĕĨŐĸŃĕƟŀěņĔńħĕŀĚĚŅĬĺŇěńĵ 

1.4.1 PLA ŏĔĶħȮL105 ĪņľĬƟŅĪňŗŏĮƦĬĺńĢĳŅėľĸńĔ 

1.4.2 PLA ŏĔĶħȮ103/D ĪņľĬƟŅĪňŗŏĮƦĬĺńĢĳŅėľĸńĔ 

1.4.3 Potassium dimethyl 5-sulfoisophathalate (LAK-301) ĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĔƞŀįĸŉĔȮ

ĮĶŇĴŅĦĪňŗŒĝƟœĴƞŏĔŇĬȮ/%  

1.4.4 ĽŅĶĽńĚŏėĶŅŃľƢȮSodium dimethyl 5-sulfoisophathalate (SSIPA) ĪņľĬƟŅĪňŗŏĮƦĬĽŅĶ

ĔƞŀįĸŉĔȮĮĶŇĴŅĦĪňŗŒĝƟœĴƞŏĔŇĬȮ/%  

1.4.5 Bicyclic[0,0,/[heptane-0,1-dicarboxylic acid disodium salt (HPN-68L) Īņ

ľĬƟŅĪňŗŏĮƦĬĽŅĶĔƞŀįĸŉĔȮĮĶŇĴŅĦĪňŗŒĝƟœĴƞŏĔŇĬȮ/% 

 

1.5 ĕńŘĬĨŀĬĔŅĶħņŏĬŇĬĚŅĬőħĵĽĶŋĮ 

/,3,/ȮĻŉĔļŅŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 -ȮĻŉĔļŅŏŀĔĽŅĶŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚȮŏıŊŗŀĬņĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭĚŅĬĺŇěńĵ 

/,3,0ȮŀŀĔŐĭĭŐĸŃĺŅĚŐįĬĔŅĶĪħĸŀĚ 

 -ȮŀŀĔŐĭĭŐĸŃĺŅĚŐįĬıĶƟŀĴĪńŘĚěńħĞŊŘŀĽŅĶŏėĴňŐĸŃŀŋĮĔĶĦƢĨƞŅĚŕȮŒĬĔŅĶĪħĸŀĚ 

/,3,1ȮħņŏĬŇĬĚŅĬĺŇěńĵ 

 ĽƞĺĬĪňŗȮ/ȮĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔȮSodium dimethyl 5-sulfoisophthalate (SSIPA) 

1.1 ŏĨĶňĵĴĽŅĶȮ5-sulfoisophthalic acid (HSIPA) 05,4 g ŐĸŃȮMethanol 3. g ŒĬĕĺħ

ĔƟĬĔĸĴĽŅĴėŀĕĺħĪňŗȮ/ȮėĬĽŅĶįĽĴħƟĺĵȮmagnetic stirrer bar ŒľƟŀŋĦľĳŌĴŇĪňŗȮ43°CȮ

ŐĸŃĨƞŀĔńĭȮreflux condenser ŏĮƦĬŏĺĸŅȮ/ȮĝńŗĺőĴĚȮěŅĔĬńŘĬĸħŀŋĦľĳŌĴŇĸĚĴŅĪňŗȮ0.-1.°C 

1.2 ŏĨĶňĵĴĽŅĶȮSodium hydroxide (50% aqueous) 6,2 g, Glacial acetic acid 4,4 g 

ŐĸŃȮDI water 4. g ŒĬĕĺħĔƟĬĔĸĴĕĺħĪňŗȮ0ȮėĬĽŅĶįĽĴħƟĺĵȮmagnetic stirrer barȮ

ŐĸŃŒľƟŀŋĦľĳŌĴŇĪňŗȮ4.-5.°CȮŏĮƦĬŏĺĸŅȮ/ȮĝńŗĺőĴĚ 
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1.3 ĪņĔŅĶľĵħĽŅĶĸŃĸŅĵŒĬĕĺħĪňŗȮ/ȮĸĚŒĬĕĺħĪňŗȮ0ȮŒĬĝƞĺĚĶŃĵŃŏĺĸŅȮ/.ȮĬŅĪňȮŐĸŃŒľƟ

ŀŋĦľĳŌĴŇĽŅĶįĽĴĪňŗȮ53°CȮŏĮƦĬŏĺĸŅȮ1.ȮĬŅĪňȮěŅĔĬńŘĬĸħŀŋĦľĳŌĴŇĽŅĶįĽĴĸĚĴŅĪňŗ

ĮĶŃĴŅĦȮ03°CȮěŃœħƟĽŅĶįĸŇĨĳńĦĤƢĸńĔļĦŃŏľĴŊŀĬėĶňĴ 

1.4 ĔĶŀĚĽŅĶįĽĴħƟĺĵ DI water ŏĵŖĬȮ(ŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ.-3°C'ȮěŅĔĬńŘĬĪņĔŅĶŀĭŒĬĨŌƟŀĭ

ŐľƟĚĽŋĠĠŅĔŅĻĪňŗŀŋĦľĳŌĴŇȮ/..°CȮŏĮƦĬŏĺĸŅȮ/0ȮĝńŗĺőĴĚȮěŃœħƟįĸŇĨĳńĦĤƢŏĮƦĬȮSSIPA ŒĬ

ĸńĔļĦŃŏĮƦĬįĚĸŃŏŀňĵħĽňĕŅĺ 

1.5 ĪņĔŅĶĪħĽŀĭŏŀĔĸńĔļĦƢĕŀĚȮSSIPA ĪňŗœħƟħƟĺĵŏĪėĬŇėȮFTIR ŐĸŃȮNMR  

ĽƞĺĬĪňŗȮ0ȮŏĨĶňĵĴ PLA ĪňŗĮĶńĭĮĶŋĚħƟĺĵĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮ 

0,/ȮĬņŏĴŖħȮPLA, LAK-301, SSIPA ŐĸŃȮHPN-68L ĴŅŀĭĪňŗŀŋĦľĳŌĴŇȮ4.°CȮŏĮƦĬŏĺĸŅȮ/0Ȯ

ĝńŗĺőĴĚȮ 

0,0ȮĪņĔŅĶįĽĴȮPLA ŐĸŃĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮŒĬĮĶŇĴŅĦĽŅĶĔƞŀįĸŉĔȮ.,3ȮŐĸŃȮ/,.% őħĵ

ĬŘņľĬńĔȮőħĵŏėĶŊŗŀĚįĽĴȮinternal mixer ĪňŗŀŋĦľĳŌĴŇȮ/7.°CȮŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪňȮěŅĔĬńŘĬĭħ

ħƟĺĵŏėĶŊŗŀĚĭħŐĸŃĬņıŀĸŇŏĴŀĶƢĪňŗœħƟœĮŀĭŏıŊŗŀĪņĔŅĶĪħĽŀĭĽĴĭńĨŇĨƞŀœĮ 

ĽƞĺĬĪňŗȮ1ȮĻŉĔļŅĽĴĭńĨŇĕŀĚȮPLA ĪňŗįƞŅĬĔŅĶįĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮŐĸŃĪņĔŅĶ

ŏĮĶňĵĭŏĪňĵĭįĸĪňŗœħƟ 

 -ȮĻŉĔļŅıķĨŇĔĶĶĴĪŅĚėĺŅĴĶƟŀĬŐĸŃěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔħƟĺĵŏĪėĬŇėȮDSC 

 -ȮĻŉĔļŅıķĨŇĔĶĶĴĔŅĶĨĔįĸŉĔħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭőıĸŅœĶĞƢȮ(POM) 

 - ĻŉĔļŅőėĶĚĽĶƟŅĚįĸŉĔħƟĺĵŏĪėĬŇėȮX-ray diffraction (XRD) 

- ĻŉĔļŅĽĴĭńĨŇŏĝŇĚĔĸħƟĺĵĔŅĶĪħĽŀĭĔŅĶħŉĚĵŊħȮ(tensile test) ŐĸŃĽĴĭńĨŇĔŅĶĨƟŅĬĪŅĬŐĶĚ

ĔĶŃŐĪĔȮ(impact test) 

1.5.4 ĺŇŏėĶŅŃľƢŐĸŃĽĶŋĮįĸĔŅĶĺŇěńĵ 

/,3,3ȮĬņŏĽĬŀĽƞĺĬľĬŉŗĚĕŀĚĚŅĬĺŇěńĵŒĬĚŅĬĮĶŃĝŋĴĺŇĝŅĔŅĶ 

/,3,4ȮěńħĪņĶŅĵĚŅĬįĸĔŅĶĺŇěńĵ 

/,3,5ȮĔŅĶĽŀĭőėĶĚĔŅĶĺŇěńĵ 

 

1.6 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

1.6.1 ĽŅĴŅĶĩĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔ sodium dimethyl 5-sulfoisophthalate ŏıŊŗŀĬņœĮŒĝƟ

ŏĮƦĬĽŅĶĔƞŀįĸŉĔĕŀĚȮPLA œħƟ 
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1.6.2 ŏıŊŗŀĪĶŅĭĮĶŃĽŇĪīŇĳŅıĔŅĶĔƞŀįĸŉĔĕŀĚĽŅĶĔƞŀįĸŉĔĪňŗĽńĚŏėĶŅŃľƢœħƟŐĸŃŒĬŏĝŇĚıŅĦŇĝĵƢĨƞŀ

ıķĨŇĔĶĶĴĔŅĶĨĔįĸŉĔĕŀĚȮPLA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

ĭĪĪňŗȮ0 

ĺĶĶĦĔĶĶĴĪňŗŏĔňŗĵĺĕƟŀĚ 

0,/ȮPoly(lactic acid), PLA  

 2.1.1 ĕƟŀĴŌĸĪńŗĺœĮĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮY/4[ 

 Polylactic acid (PLA) ŏĮƦĬıĸŅĽĨŇĔĝňĺĳŅıȮ&Bioplastic) ĽŅĴŅĶĩĵƞŀĵĽĸŅĵŏĮƦĬĔƠŅĞ

ėŅĶƢĭŀĬœħŀŀĔœĞħƢŐĸŃĬŘņœħƟħƟĺĵěŋĸŇĬĪĶňĵƢŒĬīĶĶĴĝŅĨŇĳŅĵľĸńĚěŅĔĔŅĶŒĝƟĚŅĬȮįĸŇĨĴŅěŅĔĺńĨĩŋħŇĭĪňŗ

ĽŅĴŅĶĩĪħŐĪĬĕŉŘĬŒľĴƞœħƟŒĬīĶĶĴĝŅĨŇȮ&renewable resource) ŏĝƞĬȮįĸŇĨĴŅěŅĔıŊĝȮŏĝƞĬȮĕƟŅĺőıħȮ

ĴńĬĽņĮŃľĸńĚȮŐĸŃŀƟŀĵȮŏĮƦĬĨƟĬȮőħĵĔŅĶĭħľĶŊŀőĴƞıŊĝĬńŘĬŒľƟĸŃŏŀňĵħŏĮƦĬŐĮƚĚŐĸƟĺŒĝƟŏŀĬœĞĴƢĵƞŀĵŐĮƚĚ

ŒľƟȮŏĮƦĬĬŘņĨŅĸĔĸŌőėĽȮįƞŅĬĔĶŃĭĺĬĔŅĶľĴńĔȮ&fermentation) őħĵŒĝƟŐĭėĪňŏĶňĵȮLactobacillus 

brevis œħƟįĸįĸŇĨŏĮƦĬȮĔĶħŐĸėĨŇĔȮ&Lactic acid) įƞŅĬĔĶŃĭĺĬĔŅĶĪŅĚŏėĴňœħƟȮlactide ĴňőėĶĚĽĶƟŅĚ

ĪŅĚŏėĴňŏĮƦĬĺĚŐľĺĬȮŐĸƟĺěŉĚĬņœĮįƞŅĬȮĔĶŃĭĺĬĔŅĶıŀĸňŏĴŀĶƢœĶŏĞĝńĬȮ&Polymerization) ĔĸńŗĬŒĬ

ĶŃĭĭĽŋĠĠŅĔŅĻŏıŊŗŀŏĮĸňŗĵĬőėĶĚĽĶƟŅĚœħƟŏĮƦĬıŀĸŇŏĴŀĶƢ 

 

ĳŅıĪňŗȮ2./ȮĺńĢěńĔĶĔŅĶĽńĚŏėĶŅŃľƢŐĸŃĔŅĶĽĸŅĵĨńĺĕŀĚȮPLA [16] 
- ĝŊŗŀĪŅĚŏėĴňȮ&Chemical Name) : Polylactic acid 

- ĝŊŗŀıƟŀĚ (Synonyms) : ıŀĸŇŐĸėĨŇĔ, Polylactide, PLA 

- ľĴŅĵŏĸĕ CAS (CAS Number) : 124-38-9 

- ĽŌĨĶŏėĴňŀĵƞŅĚĚƞŅĵ (Chemical Formula) : (C3H4O2)n 

https://enchemcom1po.files.wordpress.com/2012/09/pla-cycle.png
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2.1.0ȮőėĶĚĽĶƟŅĚȮŀĚėƢĮĶŃĔŀĭŐĸŃĔŅĶĽńĚŏėĶŅŃľƢȮ[16] 

ıŀĸŇŐĸėĨŇĔŐŀĞŇħĽńĚŏėĶŅŃľƢĕŉŘĬěŅĔȮĔĶħŀńĸĲŅœŁħĶŀĔĞňȮ&-hHydroxy acids) ľĬƞĺĵĵƞŀĵ

ľĶŊŀĴŀĬŀŏĴŀĶƢĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮėŊŀȮĔĶħŐĸėĨŇĔȮľĶŊŀĴňĝŊŗŀĪŅĚŏėĴňėŊŀȮ2-œŁħĶŀĔĞňȮőıĶıŇőŀĬŇė

ŐŀĞŇħȮ&2-Hydroxy propionic acid) ĔĶħŐĸėĨŇĔĴňœŀőĞŏĴŀĶƢĽŀĚĶŌĮŐĭĭȮėŊŀȮŐĭĭħňȮŐĸŃŐŀĸȮĞŉŗĚ

ŏĮƦĬŀŇŐĬĬĝŇőŀŏĴŀĶƢȮ&Enantiomer) ĪňŗĴňėĺŅĴĺƞŀĚœĺĨƞŀŐĽĚ (Optical active) ĨƞŅĚĔńĬȮĔĸƞŅĺėŊŀȮĴňĽŌĨĶ

ŏėĴňȮŏľĴŊŀĬĔńĬŐĨƞěńħŏĶňĵĚĨńĺŒĬĽŅĴĴŇĨŇœĴƞŏľĴŊŀĬĔńĬȮŐĸŃĭŇħĶŃĬŅĭŐĽĚőıĸŅœĶĞƢŒĬĪŇĻĪŅĚĨƞŅĚĔńĬȮŒĬ

īĶĶĴĝŅĨŇĽƞĺĬŒľĠƞıĭŒĬĶŌĮŐĭĭŐŀĸ-œŀőĞŏĴŀĶƢȮľĶŊŀıĭŒĬĶŌĮĕŀĚįĽĴĶŃľĺƞŅĚŐŀĸ-ŐĸŃħň-ȮœŀőĞ

ŏĴŀĶƢȮŏĶňĵĔĺƞŅĕŀĚįĽĴĶŅĞŇĴŇĔȮ&Racemic mixture, ŀńĨĶŅĽƞĺĬȮ;Ȯ1:1 ŏĕňĵĬŐĪĬħƟĺĵȮDL) ľĶŊŀȮ

ĽŅĶĮĶŃĔŀĭĴňőĞȮ&meso-compound) ĞŉŗĚœĴƞĴňĽĴĭńĨŇĭŇħĶŃĬŅĭŐĽĚőıĸŅœĶĞƢȮ&Optically inactive) 

ĮƤěěŋĭńĬĔŅĶįĸŇĨĔĶħŐĸėĨŇĔŀŅĻńĵĔŅĶľĴńĔŏĮƦĬľĸńĔȮĞŉŗĚĽŅĴŅĶĩŒľƟįĸŇĨĳńĦĤƢĪňŗĴňėĺŅĴĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚȮ

&Optical purity) ĪňŗħňȮ 

 

 
ĳŅıĪňŗȮ2.2ȮőėĶĚĽĶƟŅĚĕŀĚȮD-lactic acid ŐĸŃȮL-lactic acid 

 

ĔŅĶįĸŇĨıŀĸŇŐĸėĨŇĔŐŀĞŇħŀŅěĔĶŃĪņőħĵĽńĚŏėĶŅŃľƢįƞŅĬĮĢŇĔŇĶŇĵŅĔŅĶėĺĭŐĬƞĬŐĭĭŀŃĞŇőŀ

őĪĶĮƕėȮ&Azeotropic dehydrative condensation) ĮĢŇĔŇĶŇĵŅĔŅĶėĺĭŐĬƞĬőħĵĨĶĚȮ&Direct 

condensation polymerization) ŐĸŃ-ľĶŊŀĔŅĶĽńĚŏėĶŅŃľƢįƞŅĬĔŅĶŏĔŇħŐĸėœĪħƢȮ&Lactide 

formation) ıŀĸŇŐĸėĨŇĔŐŀĞŇħĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚȮ&ĴŅĔĔĺƞŅȮ100,000 ħŅĸĨńĬ'ȮŒĬŏĝŇĚıŅĦŇĝĵƢ

ĽńĚŏėĶŅŃľƢœħƟőħĵįƞŅĬĔŅĶŏĮƕħĺĚȮ&RingȮopening polymerization) ĕŀĚŐĸėœĪħƢȮ 
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ĳŅıĪňŗȮ2.1ȮĔŅĶĽńĚŏėĶŅŃľƢıŀĸŇŐĸėĨŇĔŐŀĞŇħěŅĔȮL-lactic acid ŐĸŃȮD-Lactic acid [17] 
 

ŏĬŊŗŀĚěŅĔĔĶħŐĸėĨŇĔĴňĽŀĚœŀőĞŏĴŀĶƢȮĽŅĵőĞƞľĸńĔĕŀĚıŀĸŇŏĴŀĶƢĪňŗĽńĚŏėĶŅŃľƢœħƟĽƞĺĬŒľĠƞŀŅě

ĮĶŃĔŀĭĕŉŘĬěŅĔĴŀĬŀŏĴŀĶƢĝĬŇħŐŀĸœŀőĞŏĴŀĶƢŏĔŊŀĭĪńŘĚľĴħȮ&ıŀĸŇŐŀĸ-ŐĸėĨŇĔŐŀĞŇħ (PLLA)) ľĶŊŀ

ĮĶŃĔŀĭĕŉŘĬěŅĔĴŀĬŀŏĴŀĶƢĪňŗŏĮƦĬȮĕŀĚįĽĴĶŅĞŇĴŇĔȮ&ıŀĸŇħňŐŀĸ-ŐĸėĨŇĔŐŀĞŇħ (PDLLA)) ŒĬĮƤěěŋĭńĬ

ĔŅĶįĸŇĨħň-œŀőĞŏĴŀĶƢĕŀĚĔĶħŐĸėĨŇĔĪňŗĭĶŇĽŋĪīŇśĬńŘĬĪņœħƟĵŅĔȮĔŅĶįĸŇĨıŀĸŇŏĴŀĶƢĪňŗĽŅĵőĞƞľĸńĔĮĶŃĔŀĭ

œĮħƟĺĵĴŀĬŀŏĴŀĶƢȮĝĬŇħȮħňȮľĶŊŀıŀĸŇħň-ŐĸėĨŇĔŐŀĞŇħȮ&PDLA) ŒĬŏĝŇĚıŅĦŇĝĵƢěŉĚĵńĚœĴƞĴňȮ 

ıŀĸŇŐĸėĨŇĔŐŀĞŇħĴňőėĶĚĽĶƟŅĚįĸŉĔĽŅĴĶŌĮŐĭĭȮœħƟŐĔƞȮŐŀĸĲŅȮ&)h ŏĭĨŅȮ&)̡ ŐĸŃŐĔĴĴŅȮ&)ɹ 

ĕŉŘĬŀĵŌƞĔńĭŀĚėƢĮĶŃĔŀĭĕŀĚŀŇŐĬĬĝŇőŀŏĴŀĶƢŐŀĸȮľĶŊŀħň,ŐŀĸȮőėĶĚĽĶƟŅĚŐĭĭŀńĸĲŅŏĮƦĬőėĶĚĽĶƟŅĚĪňŗ

ŏĽĩňĵĶĪňŗĽŋħ ľĸŀĴŏľĸĺĪňŗŀŋĦľĳŌĴŇ 185 ŀĚĻŅŏĞĸŏĞňĵĽȮĴňĸńĔļĦŃĔŅĶěńħĨńĺŐĭĭŏĮƦĬŏĔĸňĵĺěńħŏĶňĵĚĨńĺ

ĔńĬŀĵŌƞŒĬȮunit cell ŐĭĭȮorthorhombic őħĵĴňėƞŅȮunit cell a = 10.683 Å, b = 6.170 Å ŐĸŃȮc 

= 28.860 Å ĶŌĮőėĶĚĽĶƟŅĚįĸŉĔŐĭĭŐŀĸĲŅŐĽħĚŒĬĳŅıĪňŗȮ2.2ȮıŀĸŇŐĸėĨŇĔŐŀĞŇħĵńĚĴňőėĶĚĽĶƟŅĚįĸŉĔĪňŗ

ŏĶňĵĔĺƞŅĶŌĮŐĭĭȮŐŀĸĲŅıĸŅĴȮ(h Ų) ĞŉŗĚěŃŏĔŇħĪňŗŀŋĦľĳŌĴŇĨŗņŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ

/0.ȮŀĚĻŅŏĞĸŏĞňĵĽȮĸńĔļĦŃįĸŉĔĴňĔŅĶěńħĨńĺŏĮƦĬŏĔĸňĵĺŏĝƞĬŏħňĵĺĔńĭĶŌĮŐĭĭŐŀĸĲŅŐĨƞĴňĸńĔļĦŃĪňŗŏĮƦĬ

ĶŃŏĭňĵĭĬƟŀĵĔĺƞŅŐĸŃěńħŏĶňĵĚĨńĺľĸĺĴĔĺƞŅĶŌĮŐĭĭŐŀĸĲŅȮěŉĚĪņŒľƟĴňĕĬŅħȮlattice ŒľĠƞĔĺƞŅŐŀĸĲŅ

ŏĸŖĔĬƟŀĵȮőħĵĴňŀĵŌƞėƞŅȮunit cell a = 10.80 Å, b = 6.20 Å ŐĸŃȮc = 28.80 Å [18] 
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ĳŅıĪňŗȮ2.2ȮŐĽħĚőėĶĚĽĶƟŅĚįĸŉĔŐĭĭŐŀĸĲŅĕŀĚıŀĸŇŐĸĔĨŇėŐŀĞŇħȮY/7[ 
 

őėĶĚĽĶƟŅĚįĸŉĔŐĭĭŏĭĨƟŅěŃŏĔŇħěŅĔĔŅĶħŉĚĵŊħįĸŉĔĶŌĮŐĭĭŐŀĸĲŅĪňŗŀŋĦľĳŌĴŇŐĸŃȮdraw ratio 

ĽŌĚȮĴňĸńĔļĦŃĔŅĶěńħĽŅĵőĞƞŐĭĭŏĮƦĬŏĔĸňĵĺěńħŏĶňĵĚĨńĺŒĬȮunit cell ŐĭĭȮtrigonalȮőħĵěŃĴň

ŏĽĩňĵĶĳŅıĨŗņĔĺƞŅĶŌĮŐĭĭŐŀĸĲŅŐĸŃĴňŀŋĦľĳŌĴŇľĸŀĴŏľĸĺŀĵŌƞĪňŗȮ/53ȮŀĚĻŅŏĞĸŏĞňĵĽ 

őėĶĚĽĶƟŅĚįĸŉĔŐĭĭŐĔĴĴŅěŃŏĔŇħěŅĔĔŅĶĨĔįĸŉĔŐĭĭȮepitaxial őħĵĴňȮhexamethyl 

benzene ŏĮƦĬȮsubstrate őħĵĴňĔŅĶěńħŏĶňĵĚĨńĺĕŀĚĽŅĵőĞƞŏĔĸňĵĺĽŀĚĽŅĵŐĭĭȮantiparallel ěńħŏĶňĵĚ

ŒĬȮorthorhombic unit cell őħĵĴňėƞŅȮunit cell a = 0.995 nm, b = 0.625 nm ŐĸŃȮc = 0.880 

nm 

 2.1.3 ĽĴĭńĨŇĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ 

ėĺŅĴĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚȮ&Optical purity) ĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĽƞĚįĸŀĵƞŅĚĴŅĔĨƞŀĽĴĭńĨŇĪŅĚ

ėĺŅĴĶƟŀĬȮĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĨƟŅĬĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŐĸŃĕŀĚŏľĸĺȮ&Barrier properties) ıŀĸŇ

ŐĸėĨŇĔŐŀĞŇħĪňŗĴňĽńħĽƞĺĬĕŀĚŐŀĸ-œŀőĞŏĴŀĶƢĽŌĚĔĺƞŅĶƟŀĵĸŃȮ90 ĴňŐĬĺőĬƟĴŏĮƦĬıŀĸŇŏĴŀĶƢĔŉŗĚįĸŉĔȮ

&Semicrystalline polymer) ŒĬĕĦŃĪňŗıŀĸŇŏĴŀĶƢĪňŗĴňħň-œŀőĞŏĴŀĶƢŒĬŀĚėƢĮĶŃĔŀĭŏıŇŗĴĕŉŘĬĴňėĺŅĴ

ĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚĨŗņĸĚŐĸŃĴňŐĬĺőĬƟĴŏĮƦĬıŀĸŇŏĴŀĶƢŀĽńĦģŅĬȮ&Amorphous) ĬŀĔěŅĔĬňŘŀŋĦľĳŌĴŇĔŅĶ
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ľĸŀĴŏľĸĺȮŀŋĦľĳŌĴŇĔĸŅĽĪĶŅĬĽŇĝńĬŐĸŃĶŃħńĭėĺŅĴŏĮƦĬįĸŉĔĴňŐĬĺőĬƟĴĸħĸĚĨŅĴĽńħĽƞĺĬĕŀĚŐŀĸ-œŀ

őĞŏĴŀĶƢĪňŗĸħĸĚħƟĺĵȮ 

ĽńħĽƞĺĬĕŀĚœŀőĞŏĴŀĶƢĪňŗŐĨĔĨƞŅĚĔńĬŒĬĽŅĵőĞƞıŀĸŇŏĴŀĶƢĪņŒľƟıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗĽńĚŏėĶŅŃľƢ

ĕŉŘĬĬńŘĬĴňĽĴĭńĨŇœħƟľĸŅĔľĸŅĵȮěŉĚĽŅĴŅĶĩĮĶńĭŒľƟĶŀĚĶńĭėĺŅĴĨƟŀĚĔŅĶĔŅĶŒĝƟĚŅĬœħƟĔĺƟŅĚĕŉŘĬȮŏĴŊŗŀ

ŏĮĶňĵĭŏĪňĵĭĔńĭıŀĸŇŏĴŀĶƢĪňŗįĸŇĨěŅĔĺńĨĩŋħŇĭĪňŗĴŅěŅĔŀŋĨĽŅľĔĶĶĴĮƕőĨĶŏėĴňȮŏĝƞĬȮıŀĸŇŏŀĪŇĸňĬŏĪŏĶĲĪŅ

ŏĸĨȮ&PET) ŐĸŃȮıŀĸŇĽœĨĶňĬȮ&PS) ıŀĸŇŐĸėĨŇĔŐŀĞŇħĴňėĺŅĴŒĽŐĸŃĴňĽĴĭńĨŇĪŅĚĔŅĵĳŅıȮĽĴĭńĨŇŏĝŇĚĔĸȮ

ŐĸŃĽĴĭńĨŇĨƟŅĬĔŅĶĞŉĴįƞŅĬĕŀĚĔƠŅĞŒĔĸƟŏėňĵĚĔńĬȮ 

0,/,3.1 ĽĴĭńĨŇĔŅĶĸŃĸŅĵȮ 

ĔŅĶĸŃĸŅĵĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĕŉŘĬŀĵŌƞĔńĭĽńħĽƞĺĬĕŀĚľĬƞĺĵĪňŗŏĮƦĬŀĚėƢĮĶŃĔŀĭŒĬ

ĽŅĵőĞƞıŀĸŇŏĴŀĶƢŐĸŃĶŃħńĭėĺŅĴŏĮƦĬįĸŉĔȮ&Degree of crystallinity) ıŀĸŇŐĸėĨŇĔŐŀĞŇħœĴƞ

ĸŃĸŅĵĬŘņȮŐŀĸĔŀŁŀĸƢȮŐĸŃĽŅĶĮĶŃĔŀĭœŁőħĶėŅĶƢĭŀĬĪňŗœĴƞĴňľĴŌƞŐĪĬĪňŗȮŏĝƞĬȮŏŁĔŏĞĬȮ

&Hexane) ŐĸŃŏŁĮŏĪĬ (Heptane) ĨńĺĪņĸŃĸŅĵĪňŗħňĽņľĶńĭıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗĴňėĺŅĴ

ĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚĽŌĚȮ&Poly(L-lactic acid), PLLA) œħƟŐĔƞĨńĺĪņĸŃĸŅĵŀŇĬĪĶňĵƢĔĸŋƞĴėĸŀĶŇŏĬŏĨĪ

ŐĸŃĲĸŌŀŀĶŇŏĬŏĨĪȮ&Chlorinated or fluorinated organic solvents) œħŀŀĔŏĞĬ 

(Dioxane)ȮœħŀŀĔőĞŏĸĬȮ&Dioxolane) ŐĸŃĲŌŏĶĬ (Furane) ĶŅĞŇĴŇėıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ

&Poly(raclactic acid) ĬŀĔěŅĔĸŃĸŅĵœħƟŒĬĨńĺĪņĸŃĸŅĵĽņľĶńĭıŀĸŇŐĸėĨŇĔŐŀĞŇħĪňŗĴňėĺŅĴ

ĭĶŇĽŋĪīŇśŏĝŇĚŐĽĚĽŌĚĪňŗœħƟĔĸƞŅĺŐĸƟĺĕƟŅĚĨƟĬȮĵńĚĸŃĸŅĵœħƟŒĬŀŃĞŇőĨĬȮ&Acetone) œıĶŇħňĬȮ

&Pyridine) ŏŀĪŇĸŐĸĔŏĨĪȮ&Ethyl lactate) ŏŀĪŇĸŀŃĞŇŏĨĪȮ&Ethyl acetate) ŏĨĨĶŃœŁőħĶĲŌ

ŐĶĬȮ&Tetrahydrofuran) œĞĸňĬ (Xylene) œħŏĴĪŇĸĞńĸĲŀĔœĞħƢȮ&Dimethylsulfoxide) ŏŀŖĬ

,ŏŀŖĬ-œħŏĴĪŇĸĲŀĶƢĴŅœĴħƢȮ&N,Ndimethylformamide) ŐĸŃŏĴĪŇĸŏŀĪŇĸėňőĨĬ (Methyl 

ethyl ketone)  

0,/,3.2 ĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃĪŅĚĔĸȮ 

ıŀĸŇŐĸėĨŇĔŐŀĞŇħĴňėĺŅĴĩƞĺĚěņŏıŅŃĮĶŃĴŅĦȮ1.25 ıŀĸŇŏĴŀĶƢĪňŗœĴƞįƞŅĬĔŅĶħŉĚĵŊħ 

(Unoriented PLA) ĴňėĺŅĴŏĮĶŅŃĴŅĔŐĨƞĴňėĺŅĴėĚĶŌĮȮ&Stiffness) ŐĸŃėĺŅĴŐĕŖĚŐĶĚȮ

&Strength) ĽŌĚȮŏĴŊŗŀĬņœĮįƞŅĬĔŅĶħŉĚĵŊħȮ&Oriented) ěŃĴňĽĴĭńĨŇŒĔĸƟŏėňĵĚĔńĭıŀĸŇŏŀĪŇĸňĬȮ

ŏĪŏĶĲĪŅŏĶĨ (Polyethylene terepthalate, PET) ŐĨƞħňĔĺƞŅıŀĸŇĽœĨĶňĬĪňŗįƞŅĬĔŅĶħŉĚĵŊħȮ

&Oriented PS) ĴŀħŌĸńĽŐĶĚħŉĚŐĸŃŐĶĚħńħȮ&Tensile and flexural moduli) ĕŀĚıŀĸŇŐĸ
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ėĨŇĔŐŀĞŇħĴňėƞŅĽŌĚĔĺƞŅıŀĸŇŏŀĪŇĸňĬėĺŅĴľĬŅŐĬƞĬĽŌĚȮ&HDPE) ıŀĸŇőıĶıŇĸňĬȮ&PP) ŐĸŃıŀ

ĸŇĽœĨĶňĬȮ&PS) ŐĨƞėĺŅĴĪĬĨƞŀŐĶĚĔĶŃŐĪĔȮ&Izod impact strength) ŐĸŃĔŅĶĵŊħĪňŗěŋħ

ŐĨĔľńĔȮ&Elongation at break) ĴňėƞŅĨŗņĔĺƞŅȮıŀĸŇŏĴŀĶƢĝĬŇħŀŊŗĬŕȮĽĴĭńĨŇĪŅĚĔŅĵĳŅıĕŀĚıŀ

ĸŇŐĸėĨŇĔȮŐŀĞŇħĪňŗįƞŅĬĔŅĶħŉĚĵŊħŐĸŃœĴƞįƞŅĬĔŅĶħŉĚĵŊħȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2./ 

 

ĨŅĶŅĚĪňŗȮ2./ȮĽĴĭńĨŇŏĝŇĚĔĸĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚȮY0.[ 

ĽĴĭńĨŇ œĴƞįƞŅĬĔŅĶħŉĚĵŊħ 

(Unoriented) 

įƞŅĬĔŅĶħŉĚĵŊħ 

(Oriented)* 

ėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĽŌĚĪňŗĽŋħ 

(Ultimate tensile strength, psi) 

6,900-7,700 6,900-24,000 

ėĺŅĴĨƟŅĬĪŅĬŐĶĚħŉĚĪňŗěŋħėĶŅĔ 

(Tensile yield strength, psi) 

6,600-8,900 N/A 

ĴŀħŋĸńĽŐĶĚħŉĚȮ(Tensile modulus, psi) 500,000-580,000 564,0000-600,000 

ėĺŅĴĨƟŅĬĪŅĬŐĶĚĔĶŃŐĪĔ 

(Notched Izod impact, ft lb in-1) 

0.3-0.4 N/A 

ĶƟŀĵĸŃĔŅĶĵŊħĨńĺĪňŗěŋħŐĨĔľńĔȮElongation at break 

(%) 

3.1-5.8 15-160 

ėĺŅĴŐĕŖĚȮ(Rockwell hardness) 82-88 82-88 

* įĸĔŅĶĪħĽŀĭĕŉŘĬŀĵŌƞĔńĭĶŃħńĭĔŅĶěńħŏĶňĵĚĨńĺȮ&Degree of orientation) ŐĸŃĽńħĽƞĺĬĕŀĚ

œŀőĞŏĴŀĶƢ 

 

0,0ȮŐĭĭěņĸŀĚěĸĻŅĽĨĶƢĕŀĚĔĶŃĭĺĬĔŅĶĨĔįĸŉĔȮY0/[ 

 ŒĬĪŅĚĮĢŇĭńĨŇĬŇĵĴŒĝƟĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭŒĝƟŐĽĚőıĸŅœĶĞƢȮ&Polarized optical 

microscope; POM) ĨŇħĨŅĴėĺŅĴľĬŅŐĬƞĬĕŀĚĔŅĶĔƞŀįĸŉĔ (nucleation density) ŐĸŃŀńĨĶŅĔŅĶ

ŏĨŇĭőĨĕŀĚįĸŉĔ (spherulite growth rate) ĕŀĚĲƕĸƢĴıŀĸŇŏĴŀĶƢŐĭĭĭŅĚȮőħĵĲƕĸƢĴıŀĸŇŏĴŀĶƢěŃĩŌĔĪŜŅ

ŒľƟľĸŀĴħƟĺĵėĺŅĴĶƟŀĬŐĸŃŒľƟŏĔŇħĔŅĶŏĵŖĬĨńĺŀĵƞŅĚĶĺħŏĶŖĺœĮĵńĚŀŋĦľĳŌĴŇĪňŗĨƟŀĚĔŅĶěŃĻŉĔļŅŐĸŃĶńĔļŅ

œĺƟȮĦȮŀŋĦľĳŌĴŇėĚĪňŗ (isothermal condition) ŏıŊŗŀĨŇħĨŅĴĔŅĶŏĮĸňŗĵĬŐĮĸĚŏĴŊŗŀŏĺĸŅįƞŅĬœĮ 
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ĳŅıĪňŗȮ2.3ȮĳŅıěŅĔŏĪėĬŇėȮPOM ĕŀĚıŀĸŇŐĸėœĪħƢĪňŗŀŋĦľĳŌĴŇȮ/0.°CȮŏĺĸŅȮ4.ȮĬŅĪňȮY00[ 
 

ĬŀĔěŅĔĬňŘĵńĚŀŅěĻŉĔļŅĸńĔļĦŃŐĸŃĕĬŅħĕŀĚįĸŉĔĪňŗŏĔŇħĕŉŘĬőħĵŒľƟŏĺĸŅŒĬĔŅĶŏĔŇħįĸŉĔŏĪƞŅĔńĬ

ŏĮĶňĵĭŏĪňĵĭĔńĭŀŋĦľĳŌĴŇŒĬĔŅĶŏĔŇħįĸŉĔĪňŗėĚĪňŗľĸŅĵȮŕȮŀŋĦľĳŌĴŇȮįĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĪńŘĚĽŀĚ

ŐĬĺĪŅĚėŊŀȮĕĬŅħŐĸŃěŜŅĬĺĬĕŀĚįĸŉĔĪňŗŏĮĸňŗĵĬŐĮĸĚŏĮĶňĵĭŏĪňĵĭĔńĭŏĺĸŅőħĵĮĶŃŏĴŇĬœħƟěŅĔėĺŅĴ

ľĬŅŐĬƞĬĕŀĚįĸŉĔĪňŗŏĔŇħĕŉŘĬȮĶĺĴĪńŘĚĶńĻĴňĕŀĚįĸŉĔĪňŗŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĪňĵĭĔńĭŏĺĸŅĪŜŅŒľƟœħƟĕƟŀĴŌĸŏĔňŗĵĺĔńĭ

ıķĨŇĔĶĶĴĔŅĶĔƞŀįĸŉĔŐĸŃŀńĨĶŅŏĶŖĺŒĬĔŅĶŏĔŇħįĸŉĔĕŀĚĺńĽħŋ 

 ĬŀĔěŅĔĬňŘěĸĬƢĻŅĽĨĶƢĔŅĶŏĔŇħįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢĵńĚĽŅĴŅĶĩĨŇħĨŅĴœħƟěŅĔĔŅĶŒĝƟŏĪėĬŇė

ŐėĸŀĶŇŏĴĪĪĶňȮ&calorimetry) ĞŉŗĚŏĮƦĬŏĪėĬŇėĪŅĚėĺŅĴĶƟŀĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇ

ıĸńĚĚŅĬŐĸŃŏŀĬĪńĸĮƖĕŀĚĽŅĶĨńĺŀĵƞŅĚĪńŘĚŐĭĭŀŋĦľĳŌĴŇėĚĪňŗ (isothermal mode) ŐĸŃŀŋĦľĳŌĴŇœĴƞ

ėĚĪňŗȮ&non-isothermal mode) ŒĬĪňŗĬňŘěŃĕŀĔĸƞŅĺĩŉĚŏĜıŅŃěĸĬƢĻŅĽĨĶƢĔŅĶŏĔŇħįĸŉĔĕŀĚıŀĸŇŐĸĔœĪħƢ

ŐĭĭŀŋĦľĳŌĴŇėĚĪňŗĞŉŗĚĪŜŅėĺŅĴŏĕƟŅŒěœħƟĚƞŅĵŐĸŃŏĮƦĬıŊŘĬģŅĬŏĭŊŘŀĚĨƟĬȮĔŅĶĻŉĔļŅěĸĬƢĻŅĽĨĶƢĔŅĶŏĔŇħįĸŉĔ

ŐĭĭŀŋĦľĳŌĴŇėĚĪňŗȮŏĮƦĬĔŅĶŒľƟėĺŅĴĶƟŀĬĔńĭĽŅĶĨńĺŀĵƞŅĚěĬœħƟŏĮƦĬıŀĸŇŏĴŀĶƢľĸŀĴŏľĸĺȮľĸńĚěŅĔĬńŘĬĸħ

ŀŋĦľĳŌĴŇŀĵƞŅĚĶĺħŏĶŖĺ (quenching) œĮĵńĚŀŋĦľĳŌĴŇĔŅĶŏĔŇħįĸŉĔ (crystallization temperature; Tc) 

ĪňŗĨƟŀĚĔŅĶȮėƞŅĔŅĶœľĸĪŅĚėĺŅĴĶƟŀĬȮ&Heat flow) ěŃĩŌĔĭńĬĪŉĔĕƟŀĴŌĸŏĪňĵĭĔńĭŏĺĸŅěĬĔĶŃĪńŗĚĔŅĶŏĔŇħ

įĸŉĔŏĔŇħœħƟĽĴĭŌĶĦƢȮľĸńĚěŅĔĬńŘĬĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚĩŌĔŏĮĸňŗĵĬœĮŏĮƦĬėƞŅĮĶŇĴŅĦįĸŉĔĪňŗĽńĴıńĬīƢ

ĔńĭŏĺĸŅȮ&timeȮdependent relative crystallization; Xt) ĨńĺŀĵƞŅĚȮĔĶŅĲĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦ

įĸŉĔŏĮĶňĵĭŏĪňĵĭĔńĭŏĺĸŅȮŐĽħĚŒĬĳŅıĪňŗȮ2.7a ĳŅıĪňŗȮ2.7b ŏĮƦĬĔŅĶĻŉĔļŅıķĨŇĔĶĶĴĔŅĶįĸŉĔŐĭĭ

ŀŋĦľĳŌĴŇėĚĪňŗĕŀĚıŀĸŇŐĸĔœĪħƢĪňŗŀŋĦľĳŌĴŇĔŅĶŏĔŇħȮįĸŉĔŐĨĔĨƞŅĚĔńĬĨńŘĚŐĨƞȮ108-123 ŀĚĻŅŏĞĸŏĞňĵĽőħĵ

ŏĮƦĬȮĔĶŅĲŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮXt ŏĪňĵĭĔńĭŏĺĸŅ (a) ŐĸŃĔĶŅĲȮlog[-ln(1-Xt)] ŏĪňĵĭĔńĭŏĺĸŅȮ

&b) ĕƟŀĴŌĸĪňŗœħƟěŅĔĔĶŅĲĬňŘĩŌĔĬŜŅœĮŒĝƟĔńĭĽĴĔŅĶĕŀĚŀŅĲĶŅĴňȮ&?tp_kgŲqȮcos_rgml'ȮŒĬĔŅĶĮĶŃŏĴŇĬ

ěĸĬƢĻŅĽĨĶƢĔŅĶŏĔŇħįĸŉĔĕŀĚıŀĸŇŐĸĔœĪħƢħńĚŐĽħĚŒĬĽĴĔŅĶĪňŗȮ2.1  

 



  12 

 /Ȯ-ȮVrȮ;Ȯcvn&ir
l'  ĽĴĔŅĶĪňŗȮ2.1 

 

ĪňŗĞŉŗĚȮk ėŊŀȮėƞŅėĚĪňŗŀńĨĶŅĔŅĶŏĔŇħįĸŉĔȮt ėŊŀȮŏĺĸŅĪňŗŒĝƟŒĬȮĔŅĶŏĔŇħįĸŉĔȮn ėŊŀȮėƞŅėĚĪňŗĕŀĚŀŅĲĶŅĴňȮ

&Avrami exponent) ŐĸŃȮXt ėŊŀȮŀńĨĶŅĽƞĺĬĮĶŇĴŅĦįĸŉĔĪňŗŏĔŇħĕŉŘĬŏĪňĵĭĔńĭŏĺĸŅȮ 

 

 
ĳŅıĪňŗȮ2.4ȮĔĶŅĲȮDSC ĔŅĶŏĔŇħįĸŉĔŐĭĭŀŋĦľĳŌĴŇėĚĪňŗĕŀĚıŀĸŇŐĸėœĪħƢŒĬĝƞĺĚŀŋĦľĳŌĴŇĨĔįĸŉĔȮ/.6-

/01°CȮY01[ 

 
ĳŅıĪňŗȮ2.5ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮXt ĔńĭŏĺĸŅȮ(a) ŐĸŃȮlog[-ln(1-Xt)] ĔńĭŏĺĸŅȮ(b) ŒĬĔŅĶŏĔŇħ

įĸŉĔŐĭĭŀŋĦľĳŌĴŇėĚĪňŗĕŀĚıŀĸŇŐĸėœĪħƢȮY01[ 
 

ěŅĔĕƟŀĴŌĸŒĬĳŅıĪňŗȮ2.6ȮŐĸŃ 2.7ȮĪŜŅŒľƟĪĶŅĭėƞŅȮXt ŐĸŃȮt œħƟŏĴŊŗŀěńħĶŌĮĽĴĔŅĶĪňŗȮ1 ŒľĴƞȮŏĮĸňŗĵĬŏĮƦĬ

ĽĴĔŅĶĪňŗȮ2.2 ħńĚŐĽħĚȮ 

 

 jlY-jl&/ - Vr'[;ljlr)jli  ĽĴĔŅĶĪňŗȮ0,0 

 

ĬŜŅĕƟŀĴŌĸĪňŗœħƟěŅĔĽĴĔŅĶĪňŗȮ2 œĮĽĶƟŅĚĔĶŅĲĽĴĔŅĶŏĽƟĬĨĶĚőħĵĔŜŅľĬħŒľƟŐĔĬȮY ėŊŀȮlog[-ln(1-Xt)] 

ŐĸŃŐĔĬȮX ėŊŀȮlog t ĪņŒľƟĽŅĴŅĶĩĪĶŅĭėƞŅȮn ŐĸŃėƞŅ k œħƟěŅĔėĺŅĴĝńĬĕŀĚĔĶŅĲŐĸŃěŋħĨńħŐĔĬȮY 
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ĕŀĚĽĴĔŅĶŏĽƟĬĨĶĚȮ&ĳŅıĪňŗȮ2.7b) ĕƟŀĴŌĸĪŅĚěĸĬƢĻŅĽĨĶƢĔŅĶŏĔŇħįĸŉĔĪņŒľƟĪĶŅĭĺƞŅėƞŅȮk ĵŇŗĚĴŅĔȮ

ŐĽħĚĩŉĚŀńĨĶŅĔŅĶŏĔŇħįĸŉĔĪňŗŏĶŖĺĕŉŘĬȮĽƞĺĬėƞŅȮn ĬńŘĬĽńĴıńĬīƢĔńĭĔĸœĔĔŅĶŏĶŇŗĴĔŅĶĔƞŀįĸŉĔȮ&nucleation 

mechanism) ĺƞŅŏĮƦĬĔĶŃĭĺĬĔŅĶĔƞŀįĸŉĔŐĭĭŏĬŊŘŀŏħňĵĺȮ&Homogeneous nucleation) ľĶŊŀŐĭĭ

ŏĬŊŘŀįĽĴȮ&Heterogeneous nucleation) ĞŉŗĚőħĵĪńŗĺœĮėƞŅȮn ĴňėƞŅĶŃľĺƞŅĚȮ2 ĩŉĚȮ4 ĽŅĴŅĶĩŒĝƟėƞŅĬňŘŒĬ

ĔŅĶĭŀĔĸńĔļĦŃĪŅĚĽńĦģŅĬĺŇĪĵŅľĶŊŀĶŌĮĶƞŅĚĕŀĚįĸŉĔœħƟĺƞŅįĸŉĔĴňĸńĔļĦŃĔŅĶŏĨŇĭőĨŏĮƦĬŐĭĭŐĪƞĚȮ

&rod) ŐĭĭŐįƞĬȮ&disc) ľĶŊŀŐĭĭĪĶĚĔĸĴ (sphere) ĞŉŗĚŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŏĨŇĭőĨŐĭĭȮ1 ĴŇĨŇȮ2 ĴŇĨŇ

ŐĸŃȮ3 ĴŇĨŇĨŅĴĸņħńĭȮ 

 ŒĬĭŅĚėĶńŘĚŏıŊŗŀŒľƟŏĕƟŅŒěŀńĨĶŅĔŅĶŏĔŇħįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢœħƟĝńħŏěĬĕŉŘĬȮěŉĚĴňĔŅĶĶŅĵĚŅĬĕƟŀĴŌĸ

ŏĮƦĬėĶŉŗĚŏĺĸŅŒĬĔŅĶŏĔŇħįĸŉĔȮ&crystallization half-time; t1/2) ĞŉŗĚľĴŅĵĩŉĚŏĺĸŅĪňŗŏĔŇħįĸŉĔœĮŐĸƟĺĶƟŀĵ

ĸŃȮ50 ĕŀĚȮĮĶŇĴŅĦįĸŉĔĪńŘĚľĴħĪňŗŏĔŇħĕŉŘĬȮ&Xt = 0.5) őħĵĪńŗĺœĮŐĸƟĺȮėƞŅȮt1/2 ĬňŘĴńĔĶŅĵĚŅĬıĶƟŀĴĔńĭėƞŅ

ŀŋĦľĳŌĴŇĪňŗŒĝƟŒĬĔŅĶŏĔŇħįĸŉĔȮ&Tc) ĔĸƞŅĺŒĬŀňĔĪŅĚľĬŉŗĚėŊŀȮėƞŅȮt1/2 ŐĮĶįĔįńĬĔńĭŀńĨĶŅĔŅĶŏĔŇħįĸŉĔȮĬńŗĬ

ėŊŀȮĩƟŅŀńĨĶŅĔŅĶŏĔŇħįĸŉĔŏĔŇħœħƟŏĶŖĺȮ&ĴňėƞŅĴŅĔ'ȮėƞŅȮt1/2 ěŃĴňėƞŅĬƟŀĵȮŒĬĪŅĚĔĸńĭĔńĬȮĩƟŅŀńĨĶŅĔŅĶŏĔŇħ

įĸŉĔŏĔŇħœħƟĝƟŅȮ&ĴňėƞŅĬƟŀĵ'ȮėƞŅ t1/2 ěŃĴňėƞŅĴŅĔȮħńĚĬńŘĬĔŅĶŏĨŇĴĽŅĶŏĨŇĴŐĨƞĚĮĶŃŏĳĪĨƞŅĚŕȮĪňŗŀŅěĽƞĚįĸŒľƟ

ĝƞĺĵŒĬĔŅĶĔƞŀįĸŉĔȮŏıŇŗĴľĶŊŀĸħĔŅĶŏėĸŊŗŀĬœľĺĕŀĚĽŅĵőĞƞőĴŏĸĔŋĸŐĸŃĽŇŗĚŒħĪňŗĴňįĸĔĶŃĪĭĨƞŀĔŅĶŏĔŇħ

įĸŉĔěŉĚĽŅĴŅĶĩĨŇħĨŅĴœħƟěŅĔĔŅĶĻŉĔļŅěĸĬƢĻŅĽĨĶƢĔŅĶŏĔŇħįĸŉĔįƞŅĬĔŅĶŒĝƟŏĪėĬŇėĔĸƟŀĚěŋĸĪĶĶĻĬƢȮ

ŐĭĭŒĝƟŐĽĚŐĸŃŏĪėĬŇėŐėĸŀĶŇŏĴĪĪĶňŏıŊŗŀĨĶĺěĽŀĭŀńĨĶŅĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔȮėĺŅĴľĬŅŐĬƞĬĕŀĚĔŅĶ

ĔƞŀįĸŉĔȮėƞŅėĚĪňŗŀńĨĶŅŏĶŖĺŒĬĔŅĶŏĔŇħįĸŉĔȮĶŌĮĶƞŅĚĸńĔļĦŃȮĽńĦģŅĬĺŇĪĵŅĕŀĚįĸŉĔȮĶĺĴĪńŘĚėĶŉŗĚŏĺĸŅĪňŗŒĝƟŒĬ

ĔŅĶŏĔŇħįĸŉĔœħƟ 

 

0,1ȮĔŅĶĨĔįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢȮY02[ 

 őĴŏĸĔŋĸĕŀĚŏĪŀĶƢőĴıĸŅĽĨŇĔĭŅĚĝĬŇħĽŅĴŅĶĩěńħŏĶňĵĚŒľĴƞŒľƟĝŇħĔńĬŀĵƞŅĚŏĮƦĬĶŃŏĭňĵĭľĶŊŀŏĔŇħ

ŏĮƦĬįĸŉĔœħƟŏĴŊŗŀĩŌĔĪņŒľƟŀŋĦľĳŌĴŇĨŗņĔĺƞŅŀŋĦľĳŌĴŇľĸŀĴŏľĸĺȮĨńĺŀĵƞŅĚĕŀĚıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏĮƦĬįĸŉĔ

ĽŌĚȮŏĝƞĬȮıŀĸŇŏŀīŇĸňĬȮŐĸŃȮPTFE ěŅĔĔŅĶĻŉĔļŅħƟĺĵŏĪėĬŇėȮXRD ıĭĺƞŅıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏĮƦĬįĸŉĔĽŌĚ

ĴňĪńŘĚĽƞĺĬĪňŗŏĮƦĬŀĽńĦģŅĬȮ&amorphous) ŐĸŃȮĽƞĺĬĪňŗŏĮƦĬįĸŉĔȮ&crystalline) ĮĬŀĵŌƞħƟĺĵĔńĬȮőħĵĽƞĺĬĪňŗ

ŏĮƦĬįĸŉĔĴňĕĬŅħŏĸŖĔĴŅĔŒĬĶŃħńĭĬŅőĬŏĴĨĶ 

ĪķļġňȮfringed micelle œħƟŀīŇĭŅĵĔĶŃĭĺĬĔŅĶŏĔŇħįĸŉĔȮ&crystallization) œĺƟĺƞŅŏĔŇħěŅĔ

ĽƞĺĬĕŀĚőĴŏĸĔŋĸľĸŅĵȮŕȮőĴŏĸĔŋĸĴŅěńħŏĶňĵĚĨńĺĝŇħĔńĬŀĵƞŅĚŏĮƦĬĶŃŏĭňĵĭȮħńĚĳŅıĪňŗȮ0,6Ȯ(ĞƟŅĵ) ŐĨƞŒĬ

ĳŅĵľĸńĚĴňĪķļġňȮlamella ĞŉŗĚŏĔŇħěŅĔĚŅĬĺŇěńĵŏĔňŗĵĺĔńĭįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢŀīŇĭŅĵĺƞŅȮįĸŉĔŒĬıŀĸŇŏĴŀĶƢ

ŏĔŇħěŅĔĔŅĶıńĭĨńĺĕŀĚľĬŉŗĚĽŅĵőĞƞőĴŏĸĔŋĸȮħƟĺĵĶŃĵŃĮĶŃĴŅĦȮ10 nm ŏĔŇħŏĮƦĬȮlamellae ĞŉŗĚŏĮƦĬ
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őėĶĚĽĶƟŅĚıŊŘĬģŅĬĕŀĚıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏĮƦĬįĸŉĔȮħńĚĳŅıĪňŗȮ0,6Ȯ(ĕĺŅ) ŐĸŃıĭĺƞŅĶŃľĺƞŅĚȮlamellae 

ĕŀĚıŀĸŇŏĴŀĶƢĵńĚėĚĴňĽƞĺĬĕŀĚőĴŏĸĔŋĸĪňŗĴňĔŅĶěńħŏĶňĵĚĨńĺŐĭĭœĴƞŏĮƦĬĶŃŏĭňĵĭȮľĶŊŀŀĽńĦģŅĬĮĬŀĵŌƞħƟĺĵȮ

ĞŉŗĚŏĮŀĶƢŏĞŖĬĨƢőħĵĬŘņľĬńĔĕŀĚĽƞĺĬĪňŗŏĮƦĬįĸŉĔȮĽŅĴŅĶĩėņĬĺĦœħƟěŅĔėĺŅĴľĬŅŐĬƞĬĕŀĚıŀĸŇŏĴŀĶƢ 

ĨŅĴĽĴĔŅĶĪňŗȮ1,1 

 

 #Apwqr_jjglc; á
&́- ́_'

Ȯ́&́a- ́_'
Ȯ×/..ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĽĴĔŅĶĪňŗȮ1,1Ȯ 

 

ŏĴŊŗŀȮȮ́ėŊŀȮėĺŅĴľĬŅŐĬƞĬĕŀĚıŀĸŇŏĴŀĶƢĪňŗĺńħœħƟ, ́ _ ėŊŀȮėĺŅĴľĬŅŐĬƞĬĕŀĚıŀĸŇŏĴŀĶƢŒĬĸńĔļĦŃŀ

ĽńĦģŅĬȮŐĸŃȮá ėŊŀȮėĺŅĴľĬŅŐĬƞĬĕŀĚıŀĸŇŏĴŀĶƢĪňŗĴňĸńĔļĦŃŏĮƦĬįĸŉĔŀĵƞŅĚĽĴĭŌĶĦƢ 

 

 
ĳŅıĪňŗȮ2.6ȮĔŅĶěńħŏĶňĵĚőĴŏĸĔŋĸŒĬĔŅĶŏĔŇħįĸŉĔĨŅĴȮ&ĞƟŅĵ) ĪķļġňȮfringed micelle ŐĸŃȮ&ĕĺŅ)Ȯ

ĪķļġňȮlamellae 
 

ĔŅĶıŇĽŌěĬƢŏıŊŗŀŀīŇĭŅĵĺƞŅĔŅĶŏĔŇħįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢŒĬĪķļġňŒħĩŌĔĨƟŀĚĬńŘĬĪņœħƟĵŅĔȮŏĬŊŗŀĚěŅĔ

įĸĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢĽŀħėĸƟŀĚĔńĭĪńŘĚĽŀĚĪķļġňȮŏĝƞĬȮĔŅĶŏĔŇħįĸŉĔŒĬıŀĸŇŏĴŀĶƢĪņ

ŒľƟėƞŅėĺŅĴľĬŅŐĬƞĬŐĸŃėĺŅĴŐĕŖĚĽŌĚĕŉŘĬȮĪĬĨƞŀėĺŅĴĶƟŀĬœħƟħňĕŉŘĬȮŀĵƞŅĚœĶĔŖĨŅĴėĺŅĴŏľŖĬĪňŗĽĬńĭĽĬŋĬ

ĪķļġňȮlamellae ĬńŘĬĴňĴŅĔĔĺƞŅ 

ĽŅĶŀŇĬĪĶňĵƢĪńŗĺœĮőĴŏĸĔŋĸĴňĕĬŅħŏĸŖĔȮĬŘņľĬńĔőĴŏĸĔŋĸĨŗņȮĽŅĴŅĶĩĨĔįĸŉĔľĶŊŀŀĵŌƞŒĬĶŌĮĕŀĚ

įĸŉĔœħƟȮŐĨƞĽņľĶńĭıŀĸŇŏĴŀĶƢĕĬŅħĕŀĚőĴŏĸĔŋĸĵŅĺȮĬŘņľĬńĔőĴŏĸĔŋĸĽŌĚȮěŉĚĴňőŀĔŅĽĪňŗěŃŀĵŌƞŒĬĶŌĮįĸŉĔ

ĬƟŀĵĔĺƞŅȮĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢĞŉŗĚőĴŏĸĔŋĸěńħŏĶňĵĚĨńĺŀĵƞŅĚœĴƞŏĮƦĬĶŃŏĭňĵĭȮ&unordered polymer) 
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ľĶŊŀœĴƞŏĮƦĬįĸŉĔŏĶňĵĔĺƞŅȮŴıŀĸŇŏĴŀĶƢŀĽńĦģŅĬŵȮ&amorphous polymer) ŐĸŃȮĽƞĺĬĕŀĚıŀĸŇŏĴŀĶƢĞŉŗĚ

őĴŏĸĔŋĸěńħŏĶňĵĚĨńĺŀĵƞŅĚĝŇħĔńĬŀĵƞŅĚŏĮƦĬĶŃŏĭňĵĭȮ&ordered polymer) ŏĶňĵĔĺƞŅȮŴıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴ

ŏĮƦĬįĸŉĔŵȮ&crystalline polymer) 

 

ĮƤěěńĵĪňŗĴňŀŇĪīŇıĸĨƞŀĔŅĶŏĔŇħįĸŉĔĕŀĚıŀĸŇŏĴŀĶƢȮĴňħńĚĨƞŀœĮĬňŘ 

- ėĺŅĴĞńĭĞƟŀĬĕŀĚőėĶĚĽĶƟŅĚőĴŏĸĔŋĸȮ&Complexity) 

ėĺŅĴŏĮƦĬįĸŉĔěŃŏĔŇħĕŉŘĬœħƟĚƞŅĵĽņľĶńĭıŀĸŇŏĴŀĶƢĪňŗĴňőėĶĚĽĶƟŅĚœĴƞĞńĭĞƟŀĬȮŏĝƞĬȮ

ıŀĸŇŏŀīŇĸňĬȮĞŉŗĚœĴƞĴňľĴŌƞŐĪĬĪňŗĪňŗŏĔŃĔŃľĶŊŀĔĸŋƞĴĕŀĚŀŃĨŀĴȮĞŉŗĚŀŅěěŃĔňħĕĺŅĚĔŅĶ

ěńħŏĶňĵĚĨńĺŀĵƞŅĚŏĮƦĬĶŃŏĭňĵĭĕŀĚĽŅĵőĞƞ 

- ŀńĨĶŅĔŅĶŏĵŖĬĨńĺȮ&Cooling rate) 

ŏĴŊŗŀĩŌĔĪņŒľƟŏĵŖĬĨńĺŀĵƞŅĚĝƟŅŕěŃĪņŒľƟőĴŏĸĔŋĸĕŀĚıŀĸŇŏĴŀĶƢĴňŏĺĸŅŒĬĔŅĶ

ěńħŏĶňĵĚĨńĺĴŅĔĕŉŘĬȮőŀĔŅĽĪňŗěŃŏĔŇħŏĮƦĬįĸŉĔȮěŉĚĴňĴŅĔĔĺƞŅ 

- ĔŅĶŒľƟėĺŅĴĶƟŀĬȮ&Annealing) 

ĔŅĶŒľƟėĺŅĴĶƟŀĬĔńĭıŀĸŇŏĴŀĶƢőėĶĚĽĶƟŅĚŀĽńĦģŅĬĪňŗŀŋĦľĳŌĴŇĨŗņĔĺƞŅŀŋĦľĳŌĴŇ

ľĸŀĴŏľĸĺŏıňĵĚŏĸŖĔĬƟŀĵȮȮĽŅĴŅĶĩĔĶŃĨŋƟĬŒľƟőĴŏĸĔŋĸěńħŏĶňĵĚĨńĺŒľĴƞȮŀĵƞŅĚŏĮƦĬ

ĶŃŏĭňĵĭŐĸŃŏĔŇħŏĮƦĬįĸŉĔœħƟĚƞŅĵĕŉŘĬ 

- ŀĚĻŅĕŀĚıŀĸŇŏĴŀœĶŏĞĝńĬȮ&Degree of Polymerization) 

ıŀĸŇŏĴŀĶƢĪňŗĴňĽŅĵőĞƞőĴŏĸĔŋĸĵŅĺĴŅĔěŃĴňőŀĔŅĽŏĔŇħŏĮƦĬįĸŉĔœħƟĵŅĔĔĺƞŅ 

- ĔŅĶŏĽňĵĶŌĮȮ&Deformation) 

ĔŅĶĪņŒľƟıŀĸŇŏĴŀĶƢĪňŗĴňŀŋĦľĳŌĴŇŀĵŌƞĶŃľĺƞŅĚĔĸŅĽĪĶŅĬĽŇĝńĬŐĸŃŀŋĦľĳŌĴŇ

ľĸŀĴŏľĸĺȮŏĔŇħĔŅĶŏĽňĵĶŌĮŀĵƞŅĚĝƟŅȮŕȮŏĝƞĬȮĔŅĶħŉĚȮěŃĪņŒľƟőĴŏĸĔŋĸĕŀĚıŀĸŇŏĴŀĶƢĵŊħ

ŀŀĔȮŐĸŃěńħŏĶňĵĚœħƟĝŇħĔńĬĴŅĔĕŉŘĬȮŏĔŇħėĺŅĴŏĮƦĬįĸŉĔœħƟħňĕŉŘĬ 

 

0,2ȮĽŅĶĔƞŀįĸŉĔ 

           ėŊŀĽŅĶĪňŗĴňėŋĦĽĴĭńĨŇıŇŏĻļŒĬĔŅĶŏľĬňŗĵĺĬņŒľƟıŀĸŇŏĴŀĶƢĨĔįĸŉĔœħƟŏĶŖĺĕŉŘĬȮĞŉŗĚįĸŉĔĪňŗœħƟĔŖěŃĴň
ĕĬŅħŏĸŖĔĔĺƞŅĮĔĨŇŐĸŃěńħŏĶňĵĚĨńĺŀĵƞŅĚŏĮƦĬĶŃŏĭňĵĭȮĪņŒľƟıŀĸŇŏĴŀĶƢĪňŗœħƟĴňėĺŅĴĪĶĚĶŌĮŐĸŃĪĬėĺŅĴ
ĶƟŀĬħňĕŉŘĬħƟĺĵ 
           ĽŅĶĔƞŀįĸŉĔȮőħĵĪńŗĺœĮĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟŏĮƦĬȮ2 ĔĸŋƞĴŒľĠƞŕȮœħƟŐĔƞ 
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          1. ĽŅĶĔƞŀįĸŉĔĪŅĚŏėĴňȮ&Chemical Nucleating Agents) ŒĝƟĔĶŃĭĺĬĔŅĶĔƞŀįĸŉĔįƞŅĬ
ĔĶŃĭĺĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĪŅĚŏėĴňȮŏĝƞĬĔŅĶŒĝƟŏĔĸŊŀőĞŏħňĵĴŒĬĔŅĶĝƞĺĵŏĶƞĚĔŅĶŏĔŇħįĸŉĔĕŀĚȮPolyesters 
ĨƞŅĚŕ 
          2. ĽŅĶĔƞŀįĸŉĔĪŅĚĔŅĵĳŅıȮ&Physical Nucleating Agents) őħĵĽŅĴŅĶĩŐĭƞĚĵƞŀĵœħƟŀňĔħńĚĬňŘ 
                  2.1 ĽŅĶĔƞŀįĸŉĔŀĬŇĬĪĶňĵƢȮĬŇĵĴŒĝƟĴŅĔĪňŗĽŋħȮėŊŀȮĪńĸėƢȮ&Talc) ĞŉŗĚĬŇĵĴĬņĴŅŒĝƟŏıŊŗŀŏĮƦĬ
ĨńĺŀƟŅĚŀŇĚȮľĶŊŀŏĮĶňĵĭŏĪňĵĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĔƞŀįĸŉĔĔńĭĽŅĶŏĨŇĴŐĨƞĚĝĬŇħŀŊŗĬȮŕ 
                  2.2 ĽŅĶĔƞŀįĸŉĔŀŇĬĪĶňĵƢȮĽŅĶĮĶŃŏĳĪĬňŘėĺĶŏĮƦĬıĺĔĪňŗĴňőĴŏĸĔŋĸĨŗņȮŏıĶŅŃĪņŒľƟĔƞŀįĸŉĔ
œħƟħňȮŐĸŃĔƞŀįĸŉĔœħƟĪňŗŀŋĦľĳŌĴŇĽŌĚȮŏĝƞĬȮCalcium Lactate 
  

ĔĸœĔĔŅĶĪņĚŅĬĕŀĚĽŅĶĔƞŀįĸŉĔ 
            ĽŅĶĔƞŀįĸŉĔŏĮƦĬĽŅĶŀĬŋĳŅėĪňŗŏĮƦĬĕŀĚŐĕŖĚĪňŗĴňėŋĦĸńĔļĦŃŏĮƦĬĨńĺȮ ĸƞŀ ȮľĶŊŀȮ ħŉĚħŌħ ȮŒľƟ
ıĸŅĽĨŇĔĨĶŃĔŌĸȮSemi-Crystalline Polymer ŏĔŇħĔŅĶŏĶŇŗĴĨƟĬĨĔįĸŉĔ őħĵŒĝƟŀĬŋĳŅėĬńŘĬŕȮŏĮƦĬȮ
 ĻŌĬĵƢĔĸŅĚ ȮŒĬĔŅĶŏĶŇŗĴĔƞŀįĸŉĔ ěŉĚĽƞĚįĸĩŉĚĕĬŅħŐĸŃĶŌĮĶƞŅĚĕŀĚįĸŉĔ 
            ŏĴŊŗŀŏĪňĵĭȮSemi-Crystalline Polymer ĪňŗĨĔįĸŉĔŏŀĚőħĵīĶĶĴĝŅĨŇĔńĭĪňŗĨĔįĸŉĔőħĵĴňĽŅĶĪňŗ
ĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĔƞŀįĸŉĔŀĵƞŅĚŏľĴŅŃĽĴȮěŃıĭĺƞŅĔŅĶĨĔįĸŉĔőħĵĴňĽŅĶĔƞŀįĸŉĔĬńŘĬŏĔŇħœħƟŏĶŖĺĔĺƞŅŐĸŃ
ĕĬŅħĕŀĚįĸŉĔĔŖěŃĴňĕĬŅħĪňŗŏĸŖĔĔĺƞŅ ĴňěņĬĺĬįĸŉĔĪňŗĴŅĔĔĺƞŅŀňĔħƟĺĵ 
  
ĕƟŀħňĕŀĚĽŅĶĔƞŀįĸŉĔ 

1. ěŃĪņŒľƟŏĔŇħįĸŉĔĪňŗĴňĕĬŅħŏĸŖĔŐĸŃĴňĕĬŅħŒĔĸƟŏėňĵĚĔńĬȮĪńŘĚĵńĚĴňĮĶŇĴŅĦľĬŅŐĬƞĬĴŅĔĕŉŘĬ 
2. ĪņŒľƟıĸŅĽĨŇĔĔŉŗĚįĸŉĔĴňėĺŅĴėĚĕĬŅħĕŀĚĶŌĮĶƞŅĚȮ&Dimension Stability) ĪňŗħňĕŉŘĬ 
3. ĝŇŘĬĚŅĬıĸŅĽĨŇĔĴňĔŅĶľħĨńĺŒĬŐĨƞĸŃěŋħĪňŗŒĔĸƟŏėňĵĚĔńĬȮĪņŒľƟĮƤĠľŅħƟŅĬĔŅĶĭŇħĚŀĕŀĚ
ĝŇŘĬĚŅĬıĸŅĽĨŇĔȮľĸńĚěŅĔĮĸħŀŀĔěŅĔŐĴƞıŇĴıƢĸħĸĚ 

4. ĸħĶŀĭŏĺĸŅŒĬĔŅĶįĸŇĨ 
5. ŏıŇŗĴėŋĦĽĴĭńĨŇŏĝŇĚĔĸŐĸŃėĺŅĴĪĬĪŅĬĨƞŀĨńĺĪņĸŃĸŅĵŒľƟĔńĭıĸŅĽĨŇĔ 

 

0,3ȮĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

ěŅĔĽŇĪīŇĭńĨĶĕŀĚȮTimothy Oster [15] œħƟŏĕňĵĬĩŉĚĔŅĶĽńĚŏėĶŅŃľƢĽŅĶĮĶŃŏĳĪȮmetal salt 

ĕŀĚȮdialkyl ester ĕŀĚȮ3-sulfoisophthalic acid ľĬŉŗĚŒĬĬńŘĬėŊŀȮsodium dimethyl 5-

sulfoisophthalate (SSIPA) őħĵŒĝƟĽŅĶĨńŘĚĨƟĬŏĮƦĬȮ3-sulfoisophthalic acid ĮĶŇĴŅĦȮ/01Ȯg Īņ

ĮĢŇĔŇĶŇĵŅĔńĭȮmethanol ěŅĔĬńŘĬĬņœĮľĵħŒĬĽŅĶĸŃĸŅĵįĽĴĕŀĚ sodium hydroxide ŐĸŃȮglacial 
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acetic acid ŒĬȮDI water ĬņįĸŇĨĳńĦĤƢĪňŗœħƟœĮĪņŒľƟŏĵŖĬĸĚěŃœħƟĽŅĶĸńĔļĦŃėĸƟŅĵėĶňĴȮĪņĔŅĶĔĶŀĚ

ħƟĺĵ Di water ŏĵŖĬȮěŃœħƟįĸŇĨĳńĦĤƢŏĮƦĬȮSSIPA ĞŉŗĚıĭĺƞŅœħƟįĸŇĨĳńĦĤƢŀŀĔĴŅȮ/1.,1Ȯg ľĶŊŀėŇħŏĮƦĬȮ

64,4% ŐĸŃĴňőėĶĚĽĶƟŅĚħńĚĳŅıĪňŗȮ0,7 

 

 
ĳŅıĪňŗȮ2.7ȮŐĽħĚőėĶĚĽĶƟŅĚĕŀĚȮsodium dimethyl 5-sulfoisophthalate (SSIPA) 

 

ĚŅĬĺŇěńĵĕŀĚȮVidhya Nagarajan ŐĸŃėĦŃȮY5[ȮœħƟĪņĔŅĶĻŉĔļŅıķĨŇĔĶĶĴĔŅĶĨĔįĸŉĔŐĸŃ

ĽńĦģŅĬĺŇĪĵŅĕŀĚıŀĸŇŐĸėĨŇĔŐŀĞŇħőħĵŒĝƟĽŅĶĮĶŃĔŀĭŀŃőĶĴŅĨŇĔĞńĸőĲŏĬĨŏĮƦĬĽŅĶĔƞŀįĸŉĔȮĞŉŗĚĽŅĶĪňŗ

ŒĝƟėŊŀ potassium dimethyl 3-sulfoisophalateȮ(LAK-301) őħĵĪņĔŅĶŏĨŇĴȮLak ĪňŗĽńħĽƞĺĬȮ0.25-1 

wt%ȮĪņĔŅĶĻŉĔļŅĔŅĶĨĔįĸŉĔŐĭĭȮisothermal ŒĬĝƞĺĚȮ/2.-/3.°CȮıĭĺƞŅŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚȮ

PLA ĪňŗĴňĔŅĶŏĨŇĴȮLak ĽŌĚĕŉŘĬĬńŘĬŏĶŖĺĕŉŘĬŏĝƞĬĔńĬȮŐĨƞŒĬŀŋĦľĳŌĴŇŒĬĔŅĶĨĔįĸŉĔĵŇŗĚĨŗņĵŇŗĚĴňĔŅĶĨĔįĸŉĔŏĶŖĺ

ĔĺƞŅŀŋĦľĳŌĴŇĽŌĚ 

 

 
ĳŅıĪňŗȮ2./.ȮĔĶŅĲŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚŀńĨĶŅĔŅĶĨĔįĸŉĔŐĸŃŀĦľĳŌĴŇĔŅĶĨĔįĸŉĔĕŀĚȮPLA ĪňŗĴň

ĔŅĶŏĨŇĴȮLAK 
 

ŐĸŃŏĴŊŗŀĬņįĸĴŅĪņĔŅĶıĸŖŀĨĨŅĴĺŇīňĕŀĚȮAvrami ŏıŊŗŀħŌėƞŅĨńĺŐĮĶĨƞŅĚŕȮıĭĺƞŅėƞŅȮk ĕŀĚĽĴĔŅĶȮ

avrami ĞŉŗĚĽńĴıńĬīƢĔńĭŀńĨĶŅĔŅĶĨĔįĸŉĔȮĬńŘĬĴňėƞŅŏıŇŗĴĕŉŘĬŏĴŊŗŀŏĨŇĴȮLAK ĸĚœĮŒĬȮPLA ŐĸŃŏıŇŗĴĕŉŘĬŏĴŊŗŀ

ĮĶŇĴŅĦȮLAK ŏıŇŗĴĕŉŘĬȮŐĸŃėƞŅȮn ĞŉŗĚĽŅĴŅĶĩĭŀĔĸńĔļĦŃĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔœħƟȮıĭĺƞŅȮneat PLA ĴňėƞŅ
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ŒĬĝƞĺĚȮ0ȮĞŉŗĚĭƞĚĭŀĔĺƞŅŏĮƦĬĔŅĶŏĨŇĭőĨŐĭĭĽŀĚĴŇĨŇȮŐĨƞŏĴŊŗŀĴňĔŅĶŏĨŇĴȮLAK ėƞŅȮn ŏıŇŗĴĕŉŘĬĴŅŀĵŌƞŒĬĝƞĺĚȮ3 

ĞŉŗĚŏĮƦĬĔŅĶŏĨŇĭőĨŐĭĭĽŅĴĴŇĨŇȮŐĨƞŏĴŊŗŀŏĨŇĴȮLAK ĩŉĚȮ1% ėƞŅȮn ĔĸńĭĴŅŀĵŌƞŒĬĝƞĺĚȮ2 ŀňĔėĶńŘĚȮŐĸŃįĸĔŅĶ

ĪħĽŀĭȮDSC ıĭĺƞŅȮneat PLA ĴňĮĶŇĴŅĦįĸŉĔŀĵŌƞĪňŗĮĶŃĴŅĦȮ/.,4%ȮŐĨƞŏĴŊŗŀȮLAK ŏĕƟŅœĮȮĮĶŇĴŅĦįĸŉĔ

ŏıŇŗĴĕŉŘĬŏĮƦĬȮ44.8-3.,6% 

 

 
ĳŅıĪňŗȮ2.//ȮĔĶŅĲĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗĽŀĚěŅĔĔŅĶĪħĽŀĭȮDSC ĕŀĚȮPLA ŐĸŃȮPLAȮĪňŗŏĨŇĴȮLak 

 
 ěŅĔĚŅĬĺŇěńĵĕŀĚȮYongqi Feng ŐĸŃėĦŃȮY1[ȮĪņĔŅĶĪħĸŀĚĔŅĶĨĔįĸŉĔĕŀĚȮPLA őħĵŒĝƟ

ĽŅĶĔƞŀįĸŉĔȮ6ȮĝĬŇħȮıĭĺƞŅȮLŲ1*LŲ6-dibenzoyladipohydrazide (TMC-306) ŐĸŃȮN1,N/Ų-(ethane-

1,2-diyl)bis(N2-phenyloxalamide) (OXA) ĴňȮnucleation efficiency (NE) ĽŌĚĪňŗĽŌħĮĶŃĴŅĦȮ

3.% ĞŉŗĚĽŌĚĔĺƞŅȮTalc ĩŉĚŏĔŊŀĭȮ0ȮŏĪƞŅȮŐĸŃŒĬĔĶĦňĪňŗħňĪňŗĽŋħȮĨńĺŀĵƞŅĚȮPLA/TMC-0.5% ĴňėĶŉŗĚŏĺĸŅŒĬ

ĔŅĶĨĔįĸŉĔĸħĸĚěŅĔȮ6,/ȮĬŅĪňŏľĸŊŀȮ.,3ȮĬŅĪňȮŐĸŃĸħŀŋĦľĳŌĴŇŒĬĔŅĶĨĔįĸŉĔěŅĔȮ/0.°CȮŏľĸŊŀȮ

100°CȮĞŉŗĚħƟĺĵĔŅĶĪňŗĴňȮNE ĪňŗĽŌĚĪņŒľƟĽŅĴŅĶĩŏĶƞĚŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚȮPLA ŐĴƟěŃŏĶƞĚĔŅĶŀńĨĶŅĔŅĶ

ŏĵŖĬĨńĺŒľƟŏĶŖĺĩŉĚȮ3.°C/ĬŅĪňȮőħĵœĴƞĪņŒľƟĶŌĮŐĭĭįĸŉĔĕŀĚȮPLA ŏĮĸňŗĵĬœĮȮĞŉŗĚıŇĽŌěĬƢœħƟěŅĔĔŅĶĪħĽŀĭȮ

WAXD  

 ĚŅĬĺŇěńĵĕŀĚȮXuetao Shi ŐĸŃėĦŃȮY/.[ȮœħƟĪņĔŅĶĻŉĔļŅįĸĔŅĶĪņĚŅĬĶƞĺĴĔńĬĕŀĚĽŅĶĔƞŀ

įĸŉĔŐĸŃıĸŅĽĨŇĔœĞŏĞŀĶƢĨƞŀıķĨŇĔĶĶĴĔŅĶĨĔįĸŉĔĕŀĚȮPLAȮĞŉŗĚĪņĔŅĶĻŉĔļŅįĸĕŀĚĽŅĶĔƞŀįĸŉĔľĸŅĵ

ĝĬŇħȮĞŉŗĚĴňįĸĪňŗŒĔĸƟŏėňĵĚĔńĬŒĬŏĶŊŗŀĚĕŀĚĮĶŇĴŅĦįĸŉĔȮŒĬĔŅĶĮĸƞŀĵŒľƟĨĔįĸŉĔŏŀĚŒĬŀŋĦľĳŌĴŇėĚĪňŗȮ/0.°CȮ

ĮĶŇĴŅĦįĸŉĔĕŀĚȮPLA ĪňŗĴňĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔĪńŘĚĽňŗĝĬŇħŀĵŌƞĪňŗĮĶŃĴŅĦȮ1.,5-1/,5% ŐĨƞĴňȮLAK ĪňŗĴň

ŏĮŀĶƢŏĞŖĬĨƢįĸŉĔĪňŗȮ05,1% ŐĨƞĴňėƞŅėĶŉŗĚŏĺĸŅĔŅĶĨĔįĸŉĔĪňŗŏĶŖĺĔĺƞŅĽŅĶĔƞŀįĸŉĔĨńĺŀŊŗĬ 
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ĨŅĶŅĚĪňŗȮ2.0ȮŏĮĶňĵĭŏĪňĵĭĨńĺŐĮĶĨƞŅĚŕȮěŅĔĔŅĶĨĔįĸŉĔĪňŗŀŋĦľĳŌĴŇėĚĪňŗőħĵĔŅĶįĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħ
ĨƞŅĚŕ 

 
 

ĞŉŗĚěŅĔĬńŘĬœħƟĪņĔŅĶĻŉĔļŅȮDSC ĕŀĚėŀĴıŀĽŇĨĔńĭĽŅĶĔƞŀįĸŉĔĪňŗįĸĔŅĶĪħĽŀĭĔƞŀĬľĬƟŅħňĪňŗĽŋħĽŀĚĨńĺ

ėŊŀȮLAK ŐĸŃȮtalc ıĭıňėȮTg, Tcc ŐĸŃıňėȮTm ĽŀĚıňėĪňŗĪńĭĔńĬŀĵŌƞȮĞŉŗĚŏĔŇħěŅĔŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗĝƟŅ

ĕŀĚȮPLA ŐĸŃĔŅĶěńħŏĶňĵĚįĸŉĔŒľĴƞĕŀĚȮPLA ŐĨƞıĭĺƞŅŏĴŊŗŀĪņĔŅĶŏĨŇĴıĸŅĽĨŇħœĞŏĞŀĶƢĸĚœĮŒĬėŀĴıŀ

ĽŇĨȮĪņŒľƟıňėȮTcc ĬńŗĬŏĸŖĔĸĚľĶŊŀŏĔŊŀĭěŃľŅĵœĮŒĬĔĶĦňĕŀĚėŀĴıŀĽŇĨĪňŗŒĝƟȮtalc ĞŉŗĚĭƞĚĭŀĔœħƟĺƞŅȮPLA 

ĬńŗĬŏĔŇħĔŅĶĨĔįĸŉĔœħƟŒĬĶŃħńĭľĬŉŗĚŐĸƟĺŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶŏĵŖĬĨńĺŐĭĭĜńĭıĸńĬěŅĔĽĩŅĬŃ

ľĸŀĴŏľĸĺŒĬŐĴƞıŇĴıƢȮ(4.°C ŏĮƦĬŏĺĸŅȮ0ȮĬŅĪň)Ȯ 

 

 
ĳŅıĪňŗȮ2./0ȮĔĶŅĲȮDSC ĕŀĚȮPLA molded composite 

 
 ĚŅĬĺŇěńĵĕŀĚȮSun Zhiqiang ŐĸŃėĦŃȮY03[ȮœħƟĪņĔŅĶĽńĚŏėĶŅŃľƢĽŅĶĮĶŃĔŀĭŀŃőĶĴŅĨŇĔ

ĞńĸőĲŏĬĨȮėŊŀȮmethyl 3,5-Disulfobenzoate Dipotassium saltȮŏıŊŗŀŒĝƟŏĮƦĬĽŅĶĔƞŀįĸŉĔĕŀĚȮPLA 
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ĞŉŗĚĪņŒľƟŏĺĸŅȮhalf-time ŒĬĔŅĶĨĔįĸŉĔĕŀĚȮPLA ĸħĸĚȮŐĸŃŏĮĶňĵĭŏĪňĵĭįĸĔŅĶĪħĸŀĚĔńĭĽŅĶĔƞŀ

įĸŉĔŀňĔĝĬŇħėŊŀȮtalc ĞŉŗĚįĸĔŅĶŒĽƞȮtalcȮĪņŒľƟŏĺĸŅȮhalf-time ŒĬĔŅĶĨĔįĸŉĔĕŀĚȮPLA ĸħĸĚŏľĸŊŀȮ

6,25ȮĬŅĪňȮŒĬĕĦŃĪňŗŏĨŇĴȮmethyl 3,5-Disulfobenzoate Dipotassium salt ĪņŒľƟŏĺĸŅȮhalf-time 

ŒĬĔŅĶĨĔįĸŉĔĸħĸĚŏľĸŊŀȮ1,74ȮĬŅĪňȮŒĬĕĦŃĪňŗĮĶŇĴŅĦįĸŉĔŏĴŊŗŀĪņĔŅĶŏĨŇĴȮtalc ŀĵŌƞĪňŗȮ10,1%ȮĽƞĺĬ

ĔŅĶŏĨŇĴȮmethyl 3,5-Disulfobenzoate Dipotassium saltȮĴňĮĶŇĴŅĦįĸŉĔŀĵŌƞĪňŗȮ10,5% 

 

 
ĳŅıĪňŗȮ2./1ȮŐĽħĚĔŅĶĽńĚŏėĶŅŃľƢȮmethyl 3,5-Disulfobenzoate Dipotassium salt 

 

 

 

 

 

 

 

 

 

 



  
 

ĭĪĪňŗȮ1 

ĺŇīňħņŏĬŇĬĚŅĬĺŇěńĵ 

1,/ȮĺńĽħŋĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 

 3.1.1 ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(PLA) ŏĔĶħȮLuminy L105ȮĽņľĶńĭĔŅĶĕŉŘĬĶŌĮħƟĺĵĔŅĶĜňħȮįĸŇĨőħĵ

ĭĶŇļńĪȮTotal Corbion Thailand ĴňĮĶŇĴŅĦȮL-isomer ĽŌĚĔĺƞŅȮ77%ȮħńĝĬňĔŅĶœľĸĕĦŃľĸŀĴŏľĸĺȮ

22 g/10 min ĪňŗŀŋĦľĳŌĴŇȮ/7.°CȮĬŘņľĬńĔȮ0,/4Ȯkg  

3.1.2 ıŀĸŇŐĸėĨŇĔŐŀĞŇħȮ(PLA) ŏĔĶħȮIngeo 103/DȮĽņľĶńĭĔŅĶĕŉŘĬĶŌĮħƟĺĵĔŅĶĜňħȮįĸŇĨőħĵ

ĭĶŇļńĪȮNatureWorks LLCȮĽľĶńģŀŏĴĶŇĔŅȮĴňĮĶŇĴŅĦȮL-isomer ĽŌĚĔĺƞŅȮ78.6%ȮħńĝĬňĔŅĶœľĸĕĦŃ

ľĸŀĴŏľĸĺȮ35 g/10 min ĪňŗŀŋĦľĳŌĴŇȮ/7.°CȮĬŘņľĬńĔȮ0,/4Ȯkg 

3.1.3 ĽŅĶĮĶŃĔŀĭȮpotassium dimethyl 5-sulfoisophthalate (LAK-301) įĸŇĨőħĵ

ĭĶŇļńĪ Takemoto Oil & Fat Co.ȮĮĶŃŏĪĻĠňŗĮŋƙĬȮĴňĸńĔļĦŃŏĮƦĬįĚĸŃŏŀňĵħĽňĕŅĺ 

 

 
ĳŅıĪňŗȮ3./ȮĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮpotassium dimethyl 5-sulfoisophthalate (LAK-301) 

  

 3.1.4 ĽŅĶĮĶŃĔŀĭȮ5-sulfoisophthalic acid (HSIPA) ŏĮƦĬĽŅĶĨńŘĚĨƟĬŒĬĔŅĶĽńĚŏėĶŅŃľƢȮ

ėĺŅĴĭĶŇĽŋĪīŇśȮ67% ěŅĔĭĶŇļńĪȮWako Pure Chemical Industries Ltd.ȮĴňĸńĔļĦŃŏĮƦĬŏĔĸŖħĽňĕŅĺ 
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ĳŅıĪňŗȮ3.0ȮĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮ5-sulfoisophthalic acid (HSIPA) 

 

 3.1.5 ĽŅĶȮmethanolȮŏĮƦĬĽŅĶĨńŘĚĨƟĬŒĬĔŅĶĽńĚŏėĶŅŃľƢ ŏĔĶħȮanalyticalȮėĺŅĴĭĶŇĽŋĪīŇś 

99.7%ȮěŅĔĭĶŇļńĪȮRCI labscan ĮĶŃŏĪĻœĪĵȮĴňĸńĔļĦŃŏĮƦĬĕŀĚŏľĸĺŒĽ 

 1,/,4ȮĽŅĶȮsodium hydroxide ŏĮƦĬĽŅĶĨńŘĚĨƟĬŒĬĔŅĶĽńĚŏėĶŅŃľƢȮŏĔĶħȮanalytical ėĺŅĴ

ĭĶŇĽŋĪīŇśȮ77% ěŅĔĭĶŇļńĪȮRCI labscan ĮĶŃŏĪĻœĪĵȮĴňĸńĔļĦŃŏĮƦĬŏĴŖħĽňĕŅĺĕŋƞĬ 

 1,/,5ȮĽŅĶȮglacial acetic acid ŏĔĶħȮanalytical ėĺŅĴĭĶŇĽŋĪīŇśȮ77,6%ȮěŅĔĭĶŇļńĪȮRCI 

labscan ĮĶŃŏĪĻœĪĵȮĴňĸńĔļĦŃŏĮƦĬĕŀĚŏľĸĺŒĽȮĴňĔĸŇŗĬĜŋĬ 

 1,/,6ȮĽŅĶĮĶŃĔŀĭȮbicyclic[0,0,/[heptane-0,1-dicarboxylic acid disodium salt 

(HPN-68L)ȮįĸŇĨőħĵĭĶŇļńĪȮMilliken & Company ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮĴňĸńĔļĦŃŏĮƦĬįĚĸŃŏŀňĵħĽň

ĕŅĺ 

 

 
ĳŅıĪňŗȮ3.1ȮĽŌĨĶőėĶĚĽĶƟŅĚĕŀĚȮBicyclic[0,0,/[heptane-0,1-dicarboxylic acid disodium salt 

(HPN-68L) 
 

1,0ȮŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĕŉŘĬĶŌĮ, ĺŇŏėĶŅŃľƢŐĸŃĪħĽŀĭ 

 1,0,/ȮŏėĶŊŗŀĚĪħĽŀĭȮFourier Transform Infrared Spectrophotometer (FTIR) ĶŋƞĬȮ

Vertex 70 įĸŇĨőħĵĭĶŇļńĪȮBruker ĮĶŃŏĪĻŏĵŀĶĴńĬ 
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 1,0,0ȮŏėĶŊŗŀĚĪħĽŀĭȮNuclear Magnetic Resonance (NMR) ĶŋƞĬȮADVANCE III HD įĸŇĨ

őħĵĭĶŇļńĪȮBruker ĮĶŃŏĪĻŏĵŀĶĴńĬ 

 1,0,1ȮĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ(Field Emission ů Scanning Electron 

Microscope (FE-SEM)) ĶŋƞĬȮMira3 įĸŇĨőħĵĭĶŇļńĪȮTescan ĮĶŃŏĪĻĽŅīŅĶĦĶńģŏĝŖĔȮıĶƟŀĴŀŋĮĔĶĦƢ

ĺŇŏėĶŅŃľƢīŅĨŋŏĝŇĚıĸńĚĚŅĬȮ(Energy Dispersive X-ray Spectrometer; EDS) 

 3.2.4 ŏėĶŊŗŀĚįĽĴĳŅĵŒĬŐĭĭĮƕħȮ&Internal mixer) ĶŋƞĬȮMX 105-D40L50 ěŅĔĭĶŇļńĪŏěĶŇĠ

ĪńĻĬƢȮĮĶŃŏĪĻœĪĵȮ 

 3.2.5 ŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮȮ&Compression molding) ĶŋƞĬȮPR10-W300L350 ěŅĔĭĶŇļńĪŏěĶŇĠ

ĪńĻĬƢȮĮĶŃŏĪĻœĪĵ 

 3.2.6 ŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮȮ&Compression molding) ĶŋƞĬȮLP20-B ěŅĔĭĶŇļńĪȮLabtech 

Engineering ĮĶŃŏĪĻœĪĵ 

 1,0,5ȮŏėĶŊŗŀĚĺŇŏėĶŅŃľƢĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬőħĵŒĝƟėĺŅĴŐĨĔĨƞŅĚĪŅĚėĺŅĴĶƟŀĬȮĶŋƞĬȮDSC I 

ĭĶŇļńĪȮMettler Toledo ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

 1,0,6ȮĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭŒĝƟŐĽĚőıĸŅœĶĞƢȮ(Polarized Optical Microscope; POM) ĶŋƞĬȮ

OPTIKA B-600 MET ıĶƟŀĴħƟĺĵĔĸƟŀĚħŇěŇĪńĸŐĸŃŐĪƞĬŒľƟėĺŅĴĶƟŀĬȮĶŋƞĬȮLinkam THMS-600 

 1,0,7ȮŏėĶŊŗŀĚĻŉĔļŅĸńĔļĦŃőėĶĚĽĶƟŅĚįĸŉĔěŅĔĔŅĶŏĸňŘĵĺŏĭĬĕŀĚĶńĚĽňŏŀŖĔĞƢȮ(X-ray 

diffractometer) ĶŋƞĬȮXRD-6100 įĸŇĨőħĵĭĶŇļńĪȮShimadzu ĮĶŃŏĪĻœĪĵ 

 1,0,/.ȮŏėĶŊŗŀĚĪħĽŀĭȮUniversal TestingȮMachine ĶŋƞĬȮ3747ȮįĸŇĨőħĵĭĶŇļńĪȮInstron 

ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

 1,0,//ȮŏėĶŊŗŀĚĪħĽŀĭĔŅĶĨƟŅĬĪŅĬŐĶĚĔĶŃŐĪĔȮ(Impact test) ĶŋƞĬȮ54/2ȮįĸŇĨőħĵĭĶŇļńĪȮ

Instron ĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅ 

 

1,1 ĕńŘĬĨŀĬĔŅĶĪņĚŅĬĺŇěńĵ 

 ĔŅĶĪħĸŀĚŐĭƞĚŏĮƦĬȮ1ȮĽƞĺĬ 

1,1,/ȮĔŅĶĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔȮsodium dimethyl 5-sulfoisophthalate (SSIPA) 

ĨŅĴĺŇīňĕŀĚȮTimothy Oster [15] 

3.3.1.1 ŏĨĶňĵĴĽŅĶȮ5-sulfoisophthalic acid (HSIPA) 05,4 ĔĶńĴ ŐĸŃȮMethanol 3. ĔĶńĴ 

ŒĬĕĺħĔƟĬĔĸĴĽŅĴėŀĕĺħĪňŗȮ/ȮėĬĽŅĶįĽĴħƟĺĵȮmagnetic stirrer bar ŒľƟŀŋĦľĳŌĴŇĪňŗȮ43°CȮ

ŐĸŃĨƞŀĔńĭȮreflux condenser ŏĮƦĬŏĺĸŅȮ/ȮĝńŗĺőĴĚȮěŅĔĬńŘĬĸħŀŋĦľĳŌĴŇĸĚĴŅĪňŗȮ0.-1.°C 
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3.3.1.2 ŏĨĶňĵĴĽŅĶȮSodium hydroxide (50% aqueous) 6,2 ĔĶńĴ, Glacial acetic acid 

4,4 ĔĶńĴ ŐĸŃȮDI water 4. ĔĶńĴ ŒĬĕĺħĔƟĬĔĸĴĕĺħĪňŗȮ0ȮėĬĽŅĶįĽĴħƟĺĵȮmagnetic stirrer 

barȮŐĸŃŒľƟŀŋĦľĳŌĴŇĪňŗȮ4.-5.°CȮŏĮƦĬŏĺĸŅȮ/ȮĝńŗĺőĴĚ 

3.3.1.3 ĪņĔŅĶľĵħĽŅĶĸŃĸŅĵŒĬĕĺħĪňŗȮ/ȮĸĚŒĬĕĺħĪňŗȮ0ȮŒĬĝƞĺĚĶŃĵŃŏĺĸŅȮ/.ȮĬŅĪňȮŐĸŃŒľƟ

ŀŋĦľĳŌĴŇĽŅĶįĽĴĪňŗȮ53°CȮŏĮƦĬŏĺĸŅȮ1.ȮĬŅĪňȮěŅĔĬńŘĬĸħŀŋĦľĳŌĴŇĽŅĶįĽĴĸĚĴŅĪňŗĮĶŃĴŅĦȮ

03°CȮěŃœħƟĽŅĶįĸŇĨĳńĦĤƢĸńĔļĦŃŏľĴŊŀĬėĶňĴ 

3.3.1.4 ĔĶŀĚĽŅĶįĽĴħƟĺĵ DI water ŏĵŖĬȮ(ŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ.-3°C'ȮěŅĔĬńŘĬĪņĔŅĶŀĭŒĬ

ĨŌƟŀĭŐľƟĚĽŋĠĠŅĔŅĻĪňŗŀŋĦľĳŌĴŇȮ/..°CȮŏĮƦĬŏĺĸŅȮ/0ȮĝńŗĺőĴĚȮěŃœħƟįĸŇĨĳńĦĤƢ ŒĬĸńĔļĦŃŏĮƦĬ

įĚĸŃŏŀňĵħĽňĕŅĺ 

3.3.1.5 ĬņįĚĽňĕŅĺĪňŗœħƟœĮĪņĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢħƟĺĵŏĪėĬŇėȮFTIR őħĵĬņœĮĭħĶĺĴĔńĭȮKBr 

ŐĸŃĬņĴŅŀńħŏĮƦĬŐįƞĬĭŅĚŐĸŃĪņĔŅĶĪħĽŀĭȮFTIR ŒĬĝƞĺĚŏĸĕėĸŊŗĬȮ2..-2...Ȯcm-1 ŐĸŃĪņ

ĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢħƟĺĵŏĪėĬŇėȮNMR őħĵŒĝƟĨńĺĪņĸŃĸŅĵŏĮƦĬȮdeuterated water (D2O) 

ŐĸŃĪņĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦīŅĨŋŒĬĽŅĶĮĶŃĔŀĭħƟĺĵŏĪėĬŇėȮFE-SEM/EDS  

1,1,0ȮĔŅĶŏĨĶňĵĴȮPLA ĪňŗĮĶńĭĮĶŋĚħƟĺĵĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮ 

1,1,0,/ȮĪņĔŅĶįĽĴȮPLA ĔńĭĽŅĶĔƞŀįĸŉĔȮLAK-301, SSIPA ŐĸŃȮHPN-68LȮħƟĺĵŏėĶŊŗŀĚįĽĴ

ĶŃĭĭĮƕħȮ(internal mixer)ȮĪňŗŀŋĦľĳŌĴŇȮ/7.°CȮŐĸŃĴňėĺŅĴŏĶŖĺĶŀĭĕŀĚŒĭĔĺĬįĽĴȮ4.ȮĶŀĭ

ĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪňȮőħĵŒĝƟĮĶŇĴŅĦĽŅĶĔƞŀįĸŉĔȮ.,3ȮŐĸŃȮ/,.% őħĵĬŘņľĬńĔ ŏĬŊŗŀĚěŅĔ

ŒĬĚŅĬĺŇěńĵĕŀĚȮVidhya Nagarajan ŐĸŃėĦŃȮY5[ȮœħƟĵŊĬĵńĬĺƞŅĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔĮĶŃŏĳĪ

ŏĔĸŊŀĞńĸőĲŏĬĨŒĬĮĶŇĴŅĦħńĚĔĸƞŅĺȮĽŅĴŅĶĩĝƞĺĵŏıŇŗĴŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚȮPLAȮœħƟȮőħĵ

ĽńħĽƞĺĬĔŅĶįĽĴĕŀĚȮPLA ĔńĭĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮŐĽħĚŒĬĨŅĶŅĚĪňŗȮ1,/ ŐĸŃȮ1,0 
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ĨŅĶŅĚĪňŗȮ3.1ȮŐĽħĚĽńħĽƞĺĬĔŅĶįĽĴĕŀĚȮPLA L105 ŐĸŃĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕ 

Sample 
PLA L105 
(wt%) 

LAK-301 
(wt%) 

SSIPA 
(wt%) 

HPN-68L 
(wt%) 

L105 100 - - - 

L105/LAK0.5 99.5 0.5 - - 

L105/LAK1.0 99 1 - - 

L105/SSIPA0.5 99.5 - 0.5 - 

L105/SSIPA1.0 99 - 1 - 

L105/HPN0.5 99.5 - - 0.5 

L105/HPN1.0 99 - - 1 

 

ĨŅĶŅĚĪňŗȮ3.0ȮŐĽħĚĽńħĽƞĺĬĔŅĶįĽĴĕŀĚȮPLA 103/D ŐĸŃĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕ 

Sample 
PLA 3251D 

(wt%) 
LAK-301 
(wt%) 

SSIPA 
(wt%) 

HPN-68L 
(wt%) 

3251D 100 - - - 

3251D/LAK0.5 99.5 0.5 - - 

3251D/LAK1.0 99 1 - - 

3251D/SSIPA0.5 99.5 - 0.5 - 

3251D/SSIPA1.0 99 - 1 - 

3251D/HPN0.5 99.5 - - 0.5 

3251D/HPN1.0 99 - - 1 

 

1,1,0,0ȮĪņĔŅĶŏĨĶňĵĴĝŇŘĬĚŅĬĪħĽŀĭħƟĺĵıŀĸŇŏĴŀĶƢįĽĴĪňŗœħƟěŅĔĕƟŀȮ1,1,0,/ȮħƟĺĵŏėĶŊŗŀĚŀńħ

ĕŉŘĬĶŌĮĽņľĶńĭĔŅĶĪħĽŀĭĨƞŅĚŕȮ 

1,1,0,0,/ȮĽņľĶńĭĔŅĶĪħĽŀĭħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭŒĝƟŐĽĚőıĸŅœĶĞƢȮĪņĔŅĶŒľƟ

ŀŋĦľĳŌĴŇœĮĪňŗȮ/7.°CȮŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮŐĸŃĪņĔŅĶĔħŀńħŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮŏĮƦĬ

ĝŇŘĬĚŅĬĸńĔļĦŃŏĮƦĬĲƕĸƢĴ 
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1,1,0,0,0ȮĽņľĶńĭĔŅĶĪħĽŀĭħƟĺĵŏėĶŊŗŀĚȮuniversal testing machine ŐĸŃȮŏėĶŊŗŀĚ

ĪħĽŀĭĔŅĶĨƟŅĬĪŅĬŐĶĚĔĶŃŐĪĔȮĪņĔŅĶĕŉŘĬĶŌĮħƟĺĵĔŅĶĔħŀńħȮőħĵŒľƟėĺŅĴĶƟŀĬœĮĪňŗȮ

/7.°CȮŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮŐĸŃĔħŀńħŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮĝŇŘĬĚŅĬĴňĸńĔļĦŃŏĮƦĬȮdog 

bone ŐĸŃĝŇŘĬĚŅĬĽňŗŏľĸňŗĵĴȮőħĵĴňĔŅĶėĺĭėŋĴŀŋĦľĳŌĴŇŐįƞĬľĸƞŀŏĵŖĬĪňŗȮ1.°CȮőħĵ

ŀńĨĶŅĔŅĶŏĵŖĬĨńĺŏĜĸňŗĵĕŀĚĝŇŘĬĚŅĬŀĵŌƞĪňŗȮ4.°C/ĬŅĪň 

1,1,0,0,1ȮĽņľĶńĭĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮXRD ĪņĔŅĶĕŉŘĬĶŌĮħƟĺĵĔŅĶĔħŀńħȮőħĵŒľƟ

ėĺŅĴĶƟŀĬœĮĪňŗȮ/7.°CȮŏĮƦĬŏĺĸŅȮ1ȮĬŅĪňȮŐĸŃĔħŀńħŏĮƦĬŏĺĸŅȮ/ȮĬŅĪňȮĝŇŘĬĚŅĬĴň

ĸńĔļĦŃŏĮƦĬħŇĽĔƢ 

1,1,1ȮĔŅĶĪħĽŀĭĽĴĭńĨŇĨƞŅĚŕȮĕŀĚȮPLA ĪňŗįĽĴĽŅĶĔƞŀįĸŉĔ 

1,1,1,/ȮĻŉĔļŅıķĨŇĔĶĶĴĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮDSC őħĵĴňĕńŘĬĨŀĬŒĬĔŅĶĪħĽŀĭħńĚĬňŘ 

-ȮėĚŀŋĦľĳŌĴŇœĺƟĪňŗŀŋĦľĳŌĴŇŏĶŇŗĴĨƟĬȮ1.°CȮŏĮƦĬŏĺĸŅȮ/ȮĬŅĪň 

-ȮŏıŇŗĴŀŋĦľĳŌĴŇěŅĔȮ1.ȮœĮĪňŗȮ0..°CȮħƟĺĵŀńĨĶŅĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇȮ3°C-min 

- ėĚŀŋĦľĳŌĴŇœĺƟĪňŗȮ20.°CȮŏĮƦĬŏĺĸŅȮ/ȮĬŅĪň 

- ĸħŀŋĦľĳŌĴŇěŅĔȮ0..ȮœĮĪňŗȮ1.°CȮħƟĺĵŀńĨĶŅĔŅĶĸħŀŋĦľĳŌĴŇȮ3°C-min 

- ėĚŀŋĦľĳŌĴŇœĺƟĪňŗȮ1.°CȮŏĮƦĬŏĺĸŅȮ/ȮĬŅĪň 

- ŏıŇŗĴŀŋĦľĳŌĴŇěŅĔȮ1.ȮœĮĪňŗȮ0..°CȮħƟĺĵŀńĨĶŅĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇȮ3°C-min 

- ėĚŀŋĦľĳŌĴŇœĺƟĪňŗȮ20.°CȮŏĮƦĬŏĺĸŅȮ/ȮĬŅĪň 

ĔŅĶŒľƟŀŋĦľĳŌĴŇėĶńŘĚŐĶĔŏĮƦĬĔŅĶĔņěńħĮĶŃĺńĨŇĪŅĚėĺŅĴĶƟŀĬěŅĔĔŅĶĕŉŘĬĶŌĮȮĕƟŀĴŌĸŏĔňŗĵĺĔńĭ

ŀŋĦľĳŌĴŇľĸŀĴŏľĸĺȮ(Tm) ŐĸŃĮĶŇĴŅĦįĸŉĔȮ(%XC) ěŃėņĬĺĦěŅĔĔŅĶŒľƟŀŋĦľĳŌĴŇŒĬėĶńŘĚĪňŗ

ĽŀĚȮĞŉŗĚĔŅĶėņĬĺĦĮĶŇĴŅĦįĸŉĔėņĬĺĦœħƟěŅĔĽĴĔŅĶĪňŗȮ1,/ 

 

 #VA; 
ƇFk- ƇFaa
uNJ?Ȯ× ƇFk°

    ĽĴĔŅĶĪňŗȮ1,/ 

 

őħĵėƞŅȮƇFaaȮėŊŀŏŀĬĪŅĸĮƖĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĕĦŃŒľƟėĺŅĴĶƟŀĬ, ƇFk ėŊŀŏŀĬĪŅĸĮƖĪňŗŒĝƟŒĬ

ĔŅĶľĸŀĴįĸŉĔ, wPLA ėŊŀĽńħĽƞĺĬĕŀĚȮPLA ŐĸŃȮƇFk
°ȮėŊŀŏŀĸĪŅĸĮƖĪňŗŒĝƟŒĬĔŅĶľĸŀĴįĸŉĔĕŀĚȮ

PLA ĪňŗĴňĮĶŇĴŅĦįĸŉĔȮ/..% ĞŉŗĚĴňėƞŅŏĪƞŅĔńĭȮ71,5ȮěŌĸĨƞŀĔĶńĴȮY5[ 

1,1,1,0ȮĻŉĔļŅěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔĕŀĚȮPLA ħƟĺĵŏĪėĬŇėȮDSC ŒĬőľĴħŀŋĦľĳŌĴŇėĚĪňŗȮ

(Isothermal DSC) őħĵŒľƟŀŋĦľĳŌĴŇěŅĔȮ1.ȮœĮěĬĩŉĚȮ0..°CȮħƟĺĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ
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/.°C/min ěŅĔĬńŘĬĪņĔŅĶĸħŀŋĦľĳŌĴŇŀĵƞŅĚĶĺħŏĶŖĺħƟĺĵŀńĨĶŅĔŅĶĸħŀŋĦľĳŌĴŇȮ2.°C/min ŐĸŃ

ėĚœĺƟĪňŗŀŋĦľĳŌĴŇĪňŗĨƟŀĚĔŅĶĻŉĔļŅŏĮƦĬŏĺĸŅȮ/3.ȮĬŅĪňȮŒĬĚŅĬĺŇěńĵĬňŘȮŀŋĦľĳŌĴŇĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅ

ĬńŘĬıŇěŅĶĦŅěŅĔŀŋĦľĳŌĴŇĨĔįĸŉĔŒĬĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮDSC ĕńŘĬĔŅĶĸħŀŋĦľĳŌĴŇȮĽƞĺĬŒĬ

ĔĶĦňĕŀĚȮPLA ĪňŗœĴƞĴňĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔěŃŒĝƟŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔŒĬĕĦŃŒľƟėĺŅĴĶƟŀĬȮĬńŘĬ

ėŊŀȮŀŋĦľĳŌĴŇȮ//.ȮŐĸŃȮ/.3Ȯ°CȮĽņľĶńĭȮPLA L105ȮŐĸŃȮPLA 3251D ĪňŗœĴƞŏĨŇĴĽŅĶĔƞŀįĸŉĔ 

ŒĬĔĶĦňĕŀĚȮPLA L105 ĪňŗĴňĔŅĶŏĨŇĴȮLAK ŐĸŃȮSSIPA ěŃĪņĔŅĶĪħĽŀĭĪňŗŀŋĦľĳŌĴŇȮ/13, 

140, 145 ŐĸŃȮ150 °C ĽƞĺĬŒĬĔĶĦňĕŀĚȮPLA 3251D ĪňŗĴňĔŅĶŏĨŇĴȮLAK ŐĸŃȮSSIPA ěŃĪņ

ĔŅĶĪħĽŀĭĪňŗŀŋĦľĳŌĴŇȮ125, 130, 135 ŐĸŃȮ/2.Ȯ°CȮĽƞĺĬŒĬĔĶĦňȮPLA ĪňŗĴňĔŅĶŏĨŇĴȮHPN ěŃ

ĪņĔŅĶĪħĽŀĭĪňŗŀŋĦľĳŌĴŇȮ/.., 105, 110 ŐĸŃȮ//3Ȯ°CȮŒĬȮPLA ĪńŘĚĽŀĚĝĬŇħȮŒĬĔŅĶ

ĺŇŏėĶŅŃľƢĕƟŀĴŌĸěŃŒĝƟĽĴĔŅĶĕŀĚȮavrami ŏıŊŗŀĺŇŏėĶŅŃľƢėƞŅıŅĶŅĴŇŏĨŀĶƢĪŅĚěĸĻŅĽĨĶƢŒĬĔŅĶ

ŏĮĶňĵĭŏĪňĵĭįĸĕŀĚĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔȮőħĵĽĴĔŅĶĕŀĚȮavrami ŐĽħĚŒĬĽĴĔŅĶĪňŗȮ1,0 

 

 VrȮ;Ȯ/Ȯ-cvn&ir
l'  ĽĴĔŅĶĪňŗȮ1,0 

 

ŏĴŊŗŀȮXt ėŊŀĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢ, k ėŊŀėƞŅėĚĪňŗĕŀĚĔŅĶĨĔįĸŉĔȮŐĸŃȮn ėŊŀŏĸĕĵĔĔņĸńĚĕŀĚȮ

avrami ĞŉŗĚĽŅĴŅĶĩĭƞĚĭŀĔĩŉĚĸńĔļĦŃĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔȮĞŉŗĚĽĴĔŅĶĪňŗȮ1,0ȮĽŅĴŅĶĩěńħĶŌĮ

ŒľĴƞŏıŊŗŀŒľƟĽŅĴŅĶĩŏĕƟŅŒěœħƟĚƞŅĵħńĚĽĴĔŅĶĪňŗȮ1,1ȮĞŉŗĚěŃĪņŒľƟĽŅĴŅĶĩȮfitting ħƟĺĵĽĴĔŅĶ

ŏĽƟĬĨĶĚŏıŊŗŀľŅėƞŅıŅĶŅĴŇŏĨŀĶƢĪŅĚěĸĻŅĽĨĶƢȮőħĵĽŅĴŅĶĩľŅėƞŅȮn ěŅĔėĺŅĴĝńĬĕŀĚŏĽƟĬĔĶŅĲ

ŐĸŃėƞŅȮk ěŅĔěŋħĨńĺŐĔĬȮyȮŐĸŃĽŅĴŅĶĩėņĬĺĦľŅėƞŅȮt1/2ȮľĶŊŀȮhalf-time crystallization 

ĞŉŗĚėŊŀėĶŉŗĚľĬŉŗĚĕŀĚŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔŀĵƞŅĚĽĴĭŌĶĦƢȮœħƟěŅĔĽĴĔŅĶĪňŗȮ1,2 

 

 jlY-jl&/ - Vr'[;ljlr)jli  ĽĴĔŅĶĪňŗȮ1,1 

 r/-0 ; &jl0-i'
/-lȮ  ĽĴĔŅĶĪňŗȮ1,2 

 

ŏĴŊŗŀıŇěŅĶĦŅėƞŅȮk ľĶŊŀėƞŅėĚĪňŗĕŀĚĔŅĶĨĔįĸŉĔĬńŘĬȮěŃŏľŖĬĺƞŅĴňľĬƞĺĵŏĮƦĬȮmin-n ĞŉŗĚŐĽħĚĺƞŅȮk 

ŏĮƦĬıŅĶŅĴŇŏĨŀĶƢĪňŗĕŉŘĬĔńĭėƞŅȮn ŐĸŃĕŉŘĬĔńĭŀŋĦľĳŌĴŇȮěŉĚœĴƞĬŇĵĴŏĮĶňĵĭŏĪňĵĭėƞŅȮk őħĵĨĶĚȮőħĵ

ěŃŒĝƟĔŅĶŏĮĶňĵĭŏĪňĵĭŏĮƦĬŀńĨĶŅĔŅĶĨĔįĸŉĔŐĪĬȮĞŉŗĚėņĬĺĦœħƟěŅĔĽĴĔŅĶĪňŗȮ1,3 
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  p_rcȮmdȮapwqr_jjgx_rgmlȮ;Ȯ/r/0ϳ   ĽĴĔŅĶĪňŗȮ1,3 

 

1,1,1,1ȮĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĕŀĚĽŅĶĔƞŀįĸŉĔŒĬĔŅĶĪņľĬƟŅĪňŗŏĮƦĬȮnucleator őħĵěŃŐĭƞĚĔŅĶ

ĪħĸŀĚŏĮƦĬĽŀĚĽƞĺĬ 

-ȮĻŉĔļŅĔŅĶĨĔįĸŉĔŒĬĶŃĭĭȮself-nucleation ĕŀĚ neatȮPLA ŏıŊŗŀľŅŀŋĦľĳŌĴŇĽŌĚĽŋħŐĸŃ

ĨŗņĽŋħŒĬĔŅĶĨĔįĸŉĔĕŀĚȮneat PLA ŒĬĔŅĶľŅŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔĨŗņĽŋħȮěŃĪņĔŅĶŒľƟ

ŀŋĦľĳŌĴŇěŅĔȮ1.ȮœĮĩŉĚȮ0..°CȮŐĸƟĺĪņĔŅĶĸħŀŋĦľĳŌĴŇĸĚĴŅĪňŗȮ6.°CȮħƟĺĵŀńĨĶŅĔŅĶĸħ

ŀŋĦľĳŌĴŇȮ/°C/min ŏıŊŗŀŒľƟœħƟėƞŅŀŋĦľĳŌĴŇŒĬĔŅĶĨĔįĸŉĔĨŗņĪňŗĽŋħĕŀĚȮneat PLA ŒĬĔŅĶľŅ

ŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔĪňŗĽŌĚĪňŗĽŋħȮěŃĪņĔŅĶŒľƟŀŋĦľĳŌĴŇœĮŒĬĝƞĺĚŀŋĦľĳŌĴŇĪňŗŏĔŇħĔŅĶľĸŀĴįĸŉĔ

ĭŅĚĽƞĺĬȮĞŉŗĚŒĬĚŅĬĺŇěńĵĬňŘȮĝƞĺĚŀŋĦľĳŌĴŇĪňŗŏĔŇħĔŅĶľĸŀĴįĸŉĔĭŅĚĽƞĺĬĕŀĚȮPLA L105 ŀĵŌƞ

ŒĬĝƞĺĚȮ/5.-/6.°CȮŐĸŃȮPLA 3251D ŀĵŌƞŒĬĝƞĺĚȮ/43-/53°CȮĞŉŗĚĕƟŀĴŌĸħńĚĔĸƞŅĺœħƟěŅĔįĸĔŅĶ

ĪħĸŀĚěŅĔĕƟŀȮ1,1,1,/ȮŏĴŊŗŀŒľƟŀŋĦľĳŌĴŇĩŉĚĝƞĺĚĪňŗĨƟŀĚĔŅĶŐĸƟĺȮĪņĔŅĶĸħŀŋĦľĳŌĴŇĸĚĴŅĪňŗȮ6.°CȮ

ħƟĺĵŀńĨĶŅĔŅĶĸħŀŋĦľĳŌĴŇȮ/°C/min ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭŀŋĦľĳŌĴŇĨĔįĸŉĔ 

-ȮėņĬĺĦĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĪņľĬƟŅĪňŗŏĮƦĬȮnucleator ĕŀĚĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮħƟĺĵ

ĽŅĴŅĶĩėņĬĺĦœħƟħƟĺĵĺŇīňĕŀĚȮfillon ĨŅĴĽĴĔŅĶĪňŗȮ1,4 [13] 

 

 #LC; 
Ra- Ra
kgl

Rak_v- Rakgl
Ȯ×/..  ĽĴĔŅĶĪňŗȮ1,4 

 

őħĵȮRaȮėŊŀŀŋĦľĳŌĴŇĨĔįĸŉĔĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ, Ra
kgl ŐĸŃȮRa

k_vȮėŊŀŀŋĦľĳŌĴŇĨĔįĸŉĔ

ĨŗņĽŋħŐĸŃĽŌĚĽŋħĕŀĚȮneat PLA  őħĵŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅěŃŒĝƟŀŋĦľĳŌĴŇĪňŗ

ŏĔŇħĔŅĶĨĔįĸŉĔȮ/.% ĞŉŗĚŏĮƦĬĝƞĺĚŐĶĔĕŀĚĔŅĶŏĔŇħįĸŉĔ 

1,1,1,2ȮĻŉĔļŅıķĨŇĔĶĶĴĔŅĶĨĔįĸŉĔħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭŒĝƟŐĽĚőıĸŅœĶĞƢȮ(POM)ȮőħĵŒĝƟ

ĝŇŘĬĚŅĬĪňŗŏĮƦĬŐįƞĬĲƕĸƢĴĭŅĚȮĺŅĚĭĬ cover slip ĪĶĚĔĸĴŐĸŃŒľƟŀŋĦľĳŌĴŇħƟĺĵŐĪƞĬŒľƟėĺŅĴ

ĶƟŀĬȮ(hot stage) őħĵŒľƟŀŋĦľĳŌĴŇœĮĪňŗȮ0..°CȮŐĸŃėĚœĺƟĪňŗŀŋĦľĳŌĴŇħńĚĔĸƞŅĺȮ3ȮĬŅĪňȮěŅĔĬńŘĬ

ĸħŀŋĦľĳŌĴŇŀĵƞŅĚĶĺħŏĶŖĺĴŅĪňŗŀŋĦľĳŌĴŇĪňŗĪņĔŅĶĻŉĔļŅȮŒĬĚŅĬĺŇěńĵĬňŘŒĝƟŀŋĦľĳŌĴŇȮ/2.°CȮĽņľĶńĭȮ

PLA L105 ŐĸŃȮ130°C ĽņľĶńĭȮPLA 3251D ĞŉŗĚħŌěŅĔŀŋĦľĳŌĴŇĨĔįĸŉĔĕŀĚȮPLA įĽĴĽŅĶĔƞŀ

įĸŉĔĪňŗœħƟěŅĔįĸĔŅĶĪħĸŀĚĕƟŀȮ1,1,1,/ȮŏĴŊŗŀĸħŀŋĦľĳŌĴŇĩŉĚŀŋĦľĳŌĴŇĪňŗĨƟŀĚŐĸƟĺȮĪņĔŅĶėĚ

ŀŋĦľĳŌĴŇœĺƟŐĸŃĪņĔŅĶĭńĬĪŉĔĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěĬĔĺƞŅįĸŉĔěŃŏĔŇħĔŅĶŏĨŇĭőĨ 
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1,1,1,3ȮĻŉĔļŅőėĶĚĽĶƟŅĚĕŀĚįĸŉĔħƟĺĵŏĪėĬŇėȮX-ray diffraction őħĵŏĨĶňĵĴĝŇŘĬĚŅĬŒĬ

ĸńĔļĦŃŏĮƦĬŐįƞĬħŇĽĔƢȮŒĝƟŐľĸƞĚĔņŏĬŇħĶńĚĽňȮCu Kh (30 kV, 20 mA) ĪņĔŅĶĪħĽŀĭŒĬĝƞĺĚȮ0ɗ 

0-3.°ȮħƟĺĵŀńĨĶŅĔŅĶĔĺŅħĴŋĴȮ/0°/min 

1,1,1,4ȮĪħĽŀĭĽĴĭńĨŇĔŅĶħŉĚĵŊħħƟĺĵŏėĶŊŗŀĚĪħĽŀĭȮUniversal testing machine ĨŅĴ

ĴŅĨĶģŅĬȮASTM-D638 type V őħĵŒĝƟőľĸħȮ3 kN ħŉĚħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ/Ȯmm/min  

1,1,1,5ȮĪħĽŀĭĽĴĭńĨŇĔŅĶĨƟŅĬĪŅĬŐĶĚĔĶŃŐĪĔ őħĵĔŅĶĪħĽŀĭĔŅĶĔĶŃŐĪĔŐĭĭ 

notchedȮizod impact testȮĨŅĴĴŅĨĶģŅĬȮASTM-D256 ŏĮƦĬĔŅĶĪħĽŀĭőħĵĔŅĶŒĝƟėƟŀĬ

ŏľĺňŗĵĚĕĬŅħȮ/ȮěŌĸ 



  
 

ĭĪĪňŗȮ2 

įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

 ĚŅĬĺŇěńĵĬňŘŏĶŇŗĴěŅĔĔŅĶĽńĚŏėĶŅŃľƢĽŅĶȮsodium dimethyl 5-sulfoisophthalateȮľĶŊŀȮ

SSIPA ŏıŊŗŀŒĝƟŏĮƦĬĽŅĶĔƞŀįĸŉĔĽņľĶńĭȮPLA ŐĸŃĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴȮSSIPA ĨƞŀıķĨŇĔĶĶĴĔŅĶĨĔįĸŉĔ

ĕŀĚȮPLA ŏĮĶňĵĭŏĪňĵĭĔńĭĽŅĶĔƞŀįĸŉĔȮpotassium dimethyl 5-sulfoisophthalate ľĶŊŀȮLAK-301 

ĞŉŗĚŏĮƦĬĽŅĶĔƞŀįĸŉĔŒĬŏĝŇĚıŅĦŇĝĵƢĪňŗĴňĸńĔļĦŃőėĶĚĽĶƟŅĚėĸƟŅĵėĶŉĚĔńĬȮŐĸŃĬŀĔěŅĔĬńŘĬĵńĚĻŉĔļŅ

ŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶŒĝƟĽŅĶĔƞŀįĸŉĔŒĬŏĝŇĚıŅĦŇĝĵƢĽņľĶńĭȮPP ĬńŘĬėŊŀȮbicyclic[0,0,/[heptane-0,1-

dicarboxylic acid disodium salt ľĶŊŀȮHPN-68L ŀňĔħƟĺĵȮőħĵįĸĔŅĶĪħĸŀĚĽŅĴŅĶĩŐĭƞĚŀŀĔœħƟ

ŏĮƦĬȮ0ȮĽƞĺĬȮħńĚĬňŘ 

 ĽƞĺĬĪňŗȮ/ȮĔŅĶĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔĮĶŃŏĳĪŏĔĸŊŀĞńĸőĲŏĬĨȮsodium dimethyl 5-

sulfoisophthalateȮľĶŊŀȮSSIPAȮĨŅĴĺŇīňĔŅĶĕŀĚȮTimothy Oster ŐĸŃĪņĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚ

ĽŅĶĔƞŀįĸŉĔĪňŗĽńĚŏėĶŅŃľƢœħƟ 

 ĽƞĺĬĪňŗȮ0ȮįĸĕŀĚĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔȮ1ȮĮĶŃŏĳĪȮĸĚŒĬȮPLAȮĽŀĚĝĬŇħ őħĵĻŉĔļŅĽĴĭńĨŇĪŅĚ

ėĺŅĴĶƟŀĬ,ȮěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔ, ıķĨŇĔĶĶĴĔŅĶĨĔįĸŉĔȮŐĸŃĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA ĪňŗŏĨŇĴĽŅĶĔƞŀ

įĸŉĔ 

 

4.1 įĸĔŅĶĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔĮĶŃŏĳĪŏĔĸŊŀĞńĸőĲŏĬĨĽņľĶńĭŒĝƟŒĬĚŅĬĺŇěńĵ 

 ŒĬĚŅĬĺŇěńĵĬňŘȮœħƟĪņĔŅĶĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔȮsodium dimethyl 5-sulfoisophthalate 

ľĶŊŀȮSSIPA ĨŅĴĺŇīňĕŀĚȮTimothy Oster [15] ŏıŊŗŀŒĝƟŏĮƦĬĽŅĶĔƞŀįĸŉĔĽņľĶńĭȮPLA őħĵĮĢŇĔŇĶŇĵŅĪňŗ

ŏĔŇħĕŉŘĬŐĽħĚŒĬĳŅıĪňŗȮ2,/ȮőħĵĔŅĶĽńĚŏėĶŅŃľƢȮSSIPA ĨŅĴĺŇīňĔŅĶĕŀĚȮTimothy Oster ħńĚ

ĔĶŃĭĺĬĔŅĶĪňŗŐĽħĚŒĬĕƟŀȮ1,1,/ȮȮĬńŘĬȮıĭĺƞŅĶƟŀĵĸŃįĸœħƟĕŀĚįĸŇĨĳńĦĤƢȮ(%yield) ĕŀĚȮSSIPA ĴňėƞŅȮ

44,5% Ȯ 

 
ĳŅıĪňŗȮ4./ȮŐĽħĚĮĢŇĔŇĶŇĵŅĔŅĶĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔȮSSIPA ĨŅĴĺŇīňĔŅĶĕŀĚȮTimothy Oster 
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2,/,/ȮįĸĔŅĶĺŇŏėĶŅŃľƢľĴŌƞĲƤĚĔƢĝńĬĕŀĚĽŅĶĮĶŃĔŀĭŏĔĸŊŀĞńĸőĲŏĬĨħƟĺĵŏĪėĬŇėȮFourier 

Transform Infrared Spectroscopy (FTIR) 

 ěŅĔĔŅĶĪħĽŀĭȮFTIR ŏĽƟĬĽŏĮĔĨĶńĴĕŀĚ sodium dimethyl 5-sulfoisophthalate ľĶŊŀȮ

SSIPA ŏĮĶňĵĭŏĪňĵĭĔńĭĽŅĶĨńŘĚĨƟĬȮ5-sulfoisophthalic acid ľĶŊŀȮHSIPA ŐĽħĚŒĬĳŅıĪňŗȮ2,0ȮĞŉŗĚ

ıĭĺƞŅȮıňėĕŀĚĽŅĶĪńŘĚĽŀĚĝĬŇħĴňėĺŅĴĽŀħėĸƟŀĚĔńĬȮĽŏĮĔĨĶńĴĕŀĚĽŅĶĪńŘĚĽŀĚĝĬŇħěŃıĭıňėĮĶŅĔĢĪňŗ

ŏĸĕėĸŊŗĬĮĶŃĴŅĦȮ/511 cm-1, 1242 cm-1, 755 cm-1 ŐĸŃȮ652Ȯcm-1 ĞŉŗĚŐĽħĚŏŀĔĸńĔļĦƢĕŀĚľĴŌƞ 

C=O [26], S=O, C-H aromatic ŐĸŃȮS-O [27] ĨŅĴĸņħńĭȮĽƞĺĬĪňŗŐĨĔĨƞŅĚėŊŀŒĬĽŏĮĔĨĶńĴĕŀĚȮ

HSIPA ĬńŘĬıĭıňėĪňŗȮ1171 cm-1 ĞŉŗĚŏĮƦĬıňėĕŀĚȮO-H ŒĬőėĶĚĽĶƟŅĚĕŀĚȮHSIPA ŐĨƞŏĴŊŗŀĪņĮĢŇĔŇĶŇĵŅ

ŏĶňĵĭĶƟŀĵŐĸƟĺȮŒĬĽŏĮĔĨĶńĴĕŀĚȮSSIPA ıĭĺƞŅȮıňėĪňŗȮ1171 cm-1ȮľŅĵœĮŐĸŃĮĶŅĔĢıňėĪňŗȮ1.43Ȯcm-1Ȯ

ĕŉŘĬĴŅŐĪĬĞŉŗĚŏĮƦĬıňėĕŀĚȮC-H ŒĬőėĶĚĽĶƟŅĚĕŀĚȮSSIPAȮĞŉŗĚĪņŒľƟĽŅĴŅĶĩĭŀĔœħƟĺƞŅȮĽŅĶĔƞŀįĸŉĔȮSSIPA 

ĪňŗĽńĚŏėĶŅŃľƢœħƟĬńŘĬȮĴňľĴŌƞĲƤĚĔƢĝńĬĨĶĚĔńĭĳŅıőėĶĚĽĶƟŅĚĪňŗŐĽħĚœĮĔƞŀĬľĬƟŅěĶŇĚȮĞŉŗĚěŃĵŊĬĵńĬŀňĔėĶńŘĚŒĬįĸ

ĔŅĶĪħĸŀĚħƟĺĵŏĪėĬŇėȮNuclear Magnetic Resonance (NMR) ŐĸŃȮField-Emission Scanning 

Electron Microscopy/Energy Dispersive X-ray Spectrometer (FE-SEM/EDS) 

 

 
ĳŅıĪňŗȮ4.0ȮŐĽħĚįĸĔŅĶĪħĽŀĭȮFTIR ĕŀĚĽŅĶĽńĚŏėĶŅŃľƢȮSSIPA 

 

2,/,0ȮįĸĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚĽŅĶĮĶŃĔŀĭŏĔĸŊŀĞńĸőĲŏĬĨħƟĺĵŏĪėĬŇėȮNuclear 

Magnetic Resonance (NMR) 

 ĔŅĶıŇĽŌěĬƢŏŀĔĸńĔļĦƢĕŀĚȮSSIPA ĪňŗĽńĚŏėĶŅŃľƢœħƟőħĵŒĝƟȮ1H-NMR ŐĸŃŒĝƟȮdeuterated 

water (D2O) ŏĮƦĬĨńĺĪņĸŃĸŅĵĽŅĶĨńĺŀĵƞŅĚȮĞŉŗĚěŅĔĳŅıĪňŗȮ2,1ȮŐĸŃȮ2,2ȮŐĽħĚĽŏĮĔĨĶńĴȮ1H-NMR 
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ĕŀĚȮSSIPA ŐĸŃȮHSIPAȮĨŅĴĸņħńĭȮĽŏĮĔĨĶńĴĕŀĚȮSSIPA ŏĴŊŗŀŏĪňĵĭĔńĭȮHSIPAȮıĭĺƞŅĽŏĮĔĨĶńĴĕŀĚȮ

SSIPA ĮĶŅĔĢıňėĽŅĴĨņŐľĬƞĚĞŉŗĚĨƞŅĚěŅĔȮHSIPA ĪňŗĮĶŅĔĢıňėĽŀĚĨņŐľĬƞĚȮĽŏĮĔĨĶńĴĕŀĚĽŅĶĪńŘĚĽŀĚ

ĴňıňėĪňŗĮĶŅĔĢŒĬĨņŐľĬƞĚėĸƟŅĵĔńĬĽŀĚĨņŐľĬƞĚĪňŗĮĶŃĴŅĦȮ6,47ȮŐĸŃȮ8.59 ppm ĞŉŗĚŐĽħĚĩŉĚőĮĶĨŀĬ

ŒĬĨņŐľĬƞĚȮHa ŐĸŃȮHb ŒĬĺĚŏĭĬĞŇĬĕŀĚőėĶĚĽĶƟŅĚĽŅĶĪńŘĚĽŀĚȮĽņľĶńĭȮSSIPAȮĮĶŅĔĢıňėĪňŗȮ1,76Ȯ

ppm ĞŉŗĚŐĽħĚĩŉĚőĮĶĨŀĬĪňŗľĴŌƞĮĸŅĵĕŀĚŏŀĽŏĪŀĶƢȮĞŉŗĚŏĮƦĬĔŅĶĵŊĬĵńĬĺƞŅľĸńĚěŅĔĔŅĶĪņĮĢŇĔŇĶŇĵŅȮľĴŌƞ

ėŅĶƢĭŀĔĞŇĸŇĔŒĬőėĶĚĽĶƟŅĚĕŀĚȮHSIPA ĩŌĔŏĮĸňŗĵĬŏĮƦĬŏŀĽŏĪŀĶƢȮŀńĨĶŅĽƞĺĬıŊŘĬĪňŗŒĨƟıňėĕŀĚıňėĪňŗĨņŐľĬƞĚȮ

6,47, 8.59 ŐĸŃȮ3.98 ppm ĕŀĚȮSSIPA ĴňŀńĨĶŅĽƞĺĬĮĶŃĴŅĦȮ/ : 2 : 6 ĞŉŗĚĨĶĚĔńĭŀńĨĶŅĽƞĺĬĕŀĚ

ěņĬĺĬőĮĶĨŀĬĨņŐľĬƞĚȮHa, Hb ŐĸŃȮHc ŒĬőėĶĚĽĶƟŅĚĕŀĚȮSSIPA  

 

 
ĳŅıĪňŗȮ4.1ȮŐĽħĚįĸĔŅĶĪħĽŀĭȮ1H-NMR ĕŀĚȮSSIPA 

 
ĳŅıĪňŗȮ4.2ȮŐĽħĚįĸĔŅĶĪħĽŀĭȮ1H-NMR ĕŀĚȮHSIPA 

 

 ŏĴŊŗŀıŇěŅĶĦŅĮĶŃĔŀĭĔńĭįĸĔŅĶĪħĽŀĭĔŅĶĺŇŏėĶŅŃľƢīŅĨŋŏĝŇĚıĸńĚĚŅĬȮ(Energy Dispersive 

X-ray Spectrometer; EDS)ȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,/ȮĞŉŗĚŐĽħĚĮĶŇĴŅĦĕŀĚīŅĨŋŒĬŀĚėƢĮĶŃĔŀĭĕŀĚ
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ĽŅĶĪňŗĽńĚŏėĶŅŃľƢœħƟȮıĭĺƞŅŀńĨĶŅĽƞĺĬŀŃĨŀĴĳŅĵŒĬőėĶĚĽĶƟŅĚĴňŀńĨĶŅĽƞĺĬĕŀĚȮC : O : Na : S ĮĶŃĴŅĦȮ

10 : 7 : 1 : 1 ĞŉŗĚĽŀħėĸƟŀĚĔńĭĮĶŇĴŅĦīŅĨŋŒĬŀĚėƢĮĶŃĔŀĭĕŀĚőėĶĚĽĶƟŅĚĕŀĚȮSSIPA ħńĚŐĽħĚŒĬĳŅı

ĪňŗȮ2,/ȮŏĮƦĬĔŅĶĵŊĬĵńĬĺƞŅĽŅĴŅĶĩĽńĚŏėĶŅŃľƢȮSSIPA œħƟĽņŏĶŖě 

 

 
ĳŅıĪňŗȮ4.5 EDS spectrum ĕŀĚȮSSIPA 

ĨŅĶŅĚĪňŗȮ4./ȮŐĽħĚīŅĨŋŒĬŀĚėƢĮĶŃĔŀĭĕŀĚȮSSIPA 

Element Atomic (%) 

C 52.80 
O 35.08 

Na 5.80 

S 6.32 

 

4.2 įĸĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮDSC 

 ěŅĔįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮDSC ŒĬĝƞĺĚŀŋĦľĳŌĴŇȮ1.-0..°CȮħƟĺĵ

ŀńĨĶŅĔŅĶŏıŇŗĴŐĸŃĸħŀŋĦľĳŌĴŇȮ3°C ĨƞŀĬŅĪňȮěŅĔĳŅıĪňŗȮ2,4ȮĞŉŗĚŐĽħĚȮDSC thermograms ŒĬĕńŘĬĔŅĶ

ŏĵŖĬĨńĺȮıĭĺƞŅȮŏĽƟĬĔĶŅĲĕŀĚȮneat PLA ĪńŘĚĽŀĚĝĬŇħœĴƞĮĶŅĔĢıňėĔŅĶĨĔįĸŉĔŒĬĕńŘĬĔŅĶŏĵŖĬĨńĺȮŐĸŃ

ěŅĔĳŅıĪňŗȮ2,5ȮĞŉŗĚŐĽħĚȮDSC thermograms ŒĬĕńŘĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ0ȮěŃıĭıňėȮcold 

crystallization ŒĬŏĽƟĬĔĶŅĲĕŀĚȮneat PLA ĪńŘĚĽŀĚĝĬŇħȮĞŉŗĚĭƞĚĭŀĔĺƞŅȮneat PLA ĪńŘĚĽŀĚĝĬŇħȮĴň

ŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗĨŗņĪņŒľƟœĴƞĽŅĴŅĶĩŏĔŇħįĸŉĔœħƟĪńĬħƟĺĵŀńĨĶŅĔŅĶŏĵŖĬĨńĺȮ3°CȮĨƞŀĬŅĪňȮȮŏĴŊŗŀĪņĔŅĶ

ŏĨŇĴĽŅĶĔƞŀįĸŉĔĪńŘĚĽŅĴĝĬŇħȮıĭĺƞŅıňėȮcold crystallizationȮĕŀĚȮPLA ľŅĵœĮȮıĶƟŀĴĪńŘĚĮĶŅĔĢıňė

ĔŅĶĨĔįĸŉĔŒĬĕńŘĬŏĵŖĬĨńĺȮĭƞĚĭŀĔĺƞŅĽŅĶĔƞŀįĸŉĔĪńŘĚĽŅĴĝĬŇħĝƞĺĵŏıŇŗĴŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚȮPLA ĪńŘĚĽŀĚ
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ĝĬŇħœħƟ ĞŉŗĚĴňįĸĔŅĶĪħĸŀĚėĸƟŅĵĔńĭįĸĔŅĶĪħĸŀĚĕŀĚȮVidhya Nagarajan ŐĸŃėĦŃȮY5[ȮĪňŗĪņĔŅĶ

ŏĨŇĴȮLAK-301 ĸĚŒĬȮPLA ŒĬŀńĨĶŅĽƞĺĬȮ.,03-/,.wt% ŐĸƟĺĪņŒľƟıňėȮcold crystallization ľŅĵœĮ

ŐĸŃĮĶŅĔĢıňėĔŅĶĨĔįĸŉĔŒĬĕńŘĬĔŅĶŏĵŖĬĨńĺŐĪĬ ŒĬĚŅĬĺŇěńĵĬňŘȮĔĶĦňĕŀĚȮPLA L105 ŏĴŊŗŀĪņĔŅĶŏĨŇĴȮ

LAK-301, SSIPA ŐĸŃȮHPN-68L ěŃŏĔŇħıňėĔŅĶĨĔįĸŉĔĪňŗŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ/2.°C, 135°CȮŐĸŃȮ

//.°CȮĨŅĴĸņħńĭȮĽƞĺĬŒĬĔĶĦňĕŀĚȮPLA 3251D ŏĴŊŗŀĪņĔŅĶŏĨŇĴȮLAK-301, SSIPA ŐĸŃȮHPN-68L 

ěŃŏĔŇħıňėĔŅĶĨĔįĸŉĔĪňŗŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ/1.°C, 105°CȮŐĸŃȮ/.3°CȮĨŅĴĸņħńĭȮĽŅĶĔƞŀįĸŉĔĪńŘĚĽŅĴ

ĝĬŇħĬńŘĬȮĴňŀŋĦľĳŌĴŇľĸŀĴŏľĸĺĽŌĚĔĺƞŅȮ1..°CȮĞŉŗĚĪņŒľƟĽŅĶĔƞŀįĸŉĔĪńŘĚĽŅĴœĴƞŏĔŇħĔŅĶľĸŀĴŒĬĶŃľĺƞŅĚ

ĔŅĶĕŉŘĬĶŌĮŐĸŃĔŅĶĪħĽŀĭȮěŉĚŏĮƦĬŏľĴŊŀĬŀĬŋĳŅėŐĕŖĚŐĸŃĪņľĬƟŅĪňŗŏĮƦĬȮnucleus ŒĬĔĶŃĭĺĦĔŅĶĨĔ

įĸŉĔŒľƟȮPLA ŏĔŇħĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔĨƞŀȮĽƞĚįĸŒľƟŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚȮPLA ŏĶŖĺĕŉŘĬŐĸŃĪņŒľƟıňėĔŅĶ

ĨĔįĸŉĔĮĶŅĔĢĕŉŘĬȮŏĴŊŗŀıŇěŅĶĦŅěŅĔŏĽƟĬĔĶŅĲŒĬĔŅĶĨĔįĸŉĔȮĽŅĴŅĶĩĩŉĚŀńĨĶŅĔŅĶĨĔįĸŉĔėĶƞŅĺŕȮőħĵ

ěŃĽńĚŏĔĨœħƟĺƞŅıňėĔŅĶĨĔįĸŉĔĕŀĚȮPLA ĪňŗŏĨŇĴȮLAK-301 ĴňėĺŅĴŐľĸĴĕŀĚıňėĪňŗĽŌĚĔĺƞŅŏĴŊŗŀŏĪňĵĭĔńĭ

ĽŅĶĔƞŀįĸŉĔĝĬŇħŀŊŗĬȮĨŅĴħƟĺĵȮSSIPA ŐĸŃȮHPN-68L ĨŅĴĸņħńĭȮŐĽħĚŒľƟŏľŖĬĺƞŅȮPLA ĪňŗŏĨŇĴȮLAK-301 

ĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗĽŌĚĔĺƞŅȮĞŉŗĚĽŅĴŅĶĩĵŊĬĵńĬħƟĺĵįĸĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮDSC ŒĬőľĴħŀŋĦľĳŌĴŇ

ėĚĪňŗĨƞŀœĮ ŒĬĭŅĚĔĶĦňĕŀĚȮPLA ĪňŗŏĨŇĴȮHPN-68L ıĭĺƞŅĮĶŅĔĢıňėĔŅĶľĸŀĴįĸŉĔĕŉŘĬĽŀĚĨņŐľĬƞĚȮĞŉŗĚ

ŀŅěŏĔŇħěŅĔĔŅĶĨĔįĸŉĔĬńŘĬĴňĽŀĚĶŌĮŐĭĭėŊŀȮŬ ŐĸŃȮŬŲ ĞŉŗĚĶŌĮŐĭĭįĸŉĔŐĭĭȮŬŲȮĬńŘĬȮĔŅĶěńħŏĶňĵĚĨńĺ
ěŃĴňėĺŅĴľĬŅŐĬƞĬĬƟŀĵĔĺƞŅŐĸŃŒĝƟıĸńĚĚŅĬĬƟŀĵĔĺƞŅŒĬĔŅĶľĸŀĴįĸŉĔȮĽƞĚįĸŒľƟŀŋĦľĳŌĴŇľĸŀĴįĸŉĔĴň

ėƞŅĨŗņĔĺƞŅįĸŉĔĶŌĮŐĭĭȮŬ Y06[ 
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ĳŅıĪňŗȮ4.4ȮŐĽħĚȮDSC thermograms ŒĬĕńŘĬĔŅĶŏĵŖĬĨńĺĕŀĚȮa) PLA L105 ŐĸŃȮb) PLA 3251D 

įĽĴĽŅĶĔƞŀįĸŉĔ 

 
ĳŅıĪňŗȮ4.5ȮŐĽħĚȮDSC thermograms ŒĬĕńŘĬĔŅĶŒľƟŀŋĦľĳŌĴŇėĶńŘĚĪňŗȮ0Ȯa) PLA L105 ŐĸŃȮb) PLA 

3251D įĽĴĽŅĶĔƞŀįĸŉĔ 
 

 ĨŅĶŅĚĪňŗȮ2,0ȮŐĽħĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬěŅĔĔŅĶĪħĽŀĭȮDSC ĕŀĚ PLA įĽĴĽŅĶĔƞŀįĸŉĔȮ

ıĭĺƞŅĮĶŇĴŅĦįĸŉĔľĶŊŀȮ%Xc ĕŀĚȮPLAȮL105 ŏĴŊŗŀįĽĴȮLAK-301, SSIPA ŐĸŃȮHPN-68LȮ.,3wt% 

ŏıŇŗĴĕňŘĬěŅĔȮ/4,46% ŏĮƦĬȮ35,57%, 55.94% ŐĸŃȮ51.88% ĨŅĴĸņħńĭȮŐĸŃŏĴŊŗŀįĽĴĪňŗȮ/,.wt% 

ŏıŇŗĴĕŉŘĬŏĮƦĬȮ40,67%, 58.06% ŐĸŃȮ33,/1% ĨŅĴĸņħńĭȮĮĶŇĴŅĦįĸŉĔľĶŊŀȮ%Xc ĕŀĚȮPLAȮ103/D 

ŏĴŊŗŀįĽĴȮLAK-301, SSIPA ŐĸŃȮHPN-68LȮ.,3wt% ŏıŇŗĴĕňŘĬěŅĔȮ20.78% ŏĮƦĬȮ50.32%, 48.87% 

ŐĸŃȮ43.87% ĨŅĴĸņħńĭȮŐĸŃŏĴŊŗŀįĽĴĪňŗȮ/,.wt% ŏıŇŗĴĕŉŘĬŏĮƦĬȮ53.64%, 53.87% ŐĸŃȮ49.99% 

ĨŅĴĸņħńĭȮĞŉŗĚįĸĔŅĶĪħĸŀĚĽŀħėĸƟŀĚĔńĭĔŅĶĪħĸŀĚĕŀĚȮVidhya Nagarajan ŐĸŃėĦŃ [7] ŏĴŊŗŀĪņ

ĔŅĶįĽĴȮPLA ĔńĭȮLAK-301 ĪňŗŀńĨĶŅĽƞĺĬȮ.,3wt% ŐĸŃȮ/,.wt% ĪņŒľƟĮĶŇĴŅĦįĸŉĔĕŀĚȮPLA ŏıŇŗĴĕŉŘĬ

ěŅĔȮ/.,4% ŏĮƦĬȮ23,/% ŐĸŃȮ50.8% ĨŅĴĸņħńĭ 
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ĨŅĶŅĚĪňŗȮ4.0ȮŐĽħĚįĸĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇė DSCȮŐĭĭȮnon-isothermal ĕŀĚȮPLA įĽĴĽŅĶĔƞŀ
įĸŉĔĝĬŇħĨƞŅĚŕȮ 

Sample 

Cooling 2nd Heating 

Tc 

(°C) 
ɲHc 

(J/g) 

Tcc 

(°C) 
ɲHcc 

(J/g) 

Tm1 

(°C) 
ɲHm1 

(J/g) 

Tm2 

(°C) 
ɲHm2 

(J/g) 
%Xc  

PLA L105 - 0.0 111.5 33.2 175.2 48.8 - 0.0 16.7 

PLA L105/LAK0.5% 138.8 46.9 - 0.0 177.0 51.1 - 0.0 54.8 

PLA L105/LAK1.0% 139.4 55.1 - 0.0 173.8 58.3 - 0.0 62.9 

PLA L105/SSIPA0.5% 134.0 47.2 - 0.0 172.8 52.2 - 0.0 55.9 

PLA L105/SSIPA1.0% 135.8 51.0 - 0.0 172.8 53.9 - 0.0 58.1 

PLA L105/HPN0.5% 108.9 41.0 - 0.0 171.6 48.4 - 0.0 51.9 

PLA L105/HPN1.0% 109.4 41.8 - 0.0 171.2 51.1 - 0.0 55.1 

PLA 3251D - 0.0 104.5 23.8 169.5 43.2 - 0.0 20.8 

PLA 3251D/LAK0.5% 129.1 44.0 - 0.0 167.3 46.9 - 0.0 50.3 

PLA 3251D/LAK1.0% 129.0 44.7 - 0.0 167.4 49.8 - 0.0 53.6 

PLA 3251D/SSIPA0.5% 126.1 42.0 - 0.0 167.1 45.6 - 0.0 48.9 

PLA 3251D/SSIPA1.0% 127.0 45.9 - 0.0 166.7 50.0 - 0.0 53.9 

PLA 3251D/HPN0.5% 102.5 32.3 - 0.0 168.1 40.9 - 0.0 43.9 

PLA 3251D/HPN1.0%* 110.4 38.9 - 0.0 167.9 46.4* 160.9 0.0* 50.0 

*ŒĬĔĶĦňĕŀĚ PLA 3251D/HPN1.0 ƇFk/ ŐĽħĚėƞŅȮƇFk ĶĺĴĕŀĚıňėĪńŘĚĽŀĚ 

 

2,1ȮįĸĔŅĶĻŉĔļŅěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔħƟĺĵŏĪėĬŇėȮDSC ŐĭĭŀŋĦľŌĴŇėĚĪňŗȮ(Isothermal DSC) 

 ěŅĔįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬőħĵŒĝƟŏĪėĬŇėȮDSC ŒĬőľĴħŀŋĦľĳŌĴŇėĚĪňŗȮŏıŊŗŀĻŉĔļŅ

ěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔȮőħĵĔŅĶĸħŀŋĦľĳŌĴŇŀĵƞŅĚĶĺħŏĶŖĺěŅĔĽĳŅĺŃľĸŀĴŏľĸĺĴŅĵńĚŀŋĦľĳŌĴŇĨĔįĸŉĔĪňŗ

ĨƟŀĚĔŅĶȮĞŉŗĚȮScott C. Schmidt ŐĸŃėĦŃȮY07[ œħƟŐĬŃĬņĺƞŅĝƞĺĚŀŋĦľĳŌĴŇĪňŗėĺĶŒĝƟŒĬĔŅĶĻŉĔļŅĽņľĶńĭȮ

neat PLA ŀĵŌƞŒĬĝƞĺĚȮ/.3-/0.°CȮŒĬĚŅĬĺŇěńĵĬňŘěŉĚŏĸŊŀĔĻŉĔļŅĪňŗŀŋĦľĳŌĴŇȮcold crystallization ĕŀĚȮ

neat PLA ĪńŘĚĽŀĚĝĬŇħȮŐĸŃŀŋĦľĳŌĴŇĻŉĔļŅĽņľĶńĭȮPLA įĽĴĽŅĶĔƞŀįĸŉĔěŃŏĸŊŀĔŀŋĦľĳŌĴŇŒĬĝƞĺĚ

ŀŋĦľĳŌĴŇĨĔįĸŉĔĕŀĚĽŅĶĔƞŀįĸŉĔŐĨƞĸŃĝĬŇħȮėŊŀȮ/13-/3.°CȮĽņľĶńĭȮPLA L105 įĽĴȮLAK-301 ŐĸŃȮ

SSIPA ŐĸŃȮ/03-/2.°ȮĽņľĶńĭȮPLA 3251D įĽĴȮLAK-301 ŐĸŃȮSSIPA ŐĸŃĽņľĶńĭȮPLA įĽĴȮ

HPN-68L ěŃŒĝƟŀŋĦľĳŌĴŇŒĬĝƞĺĚȮ/..-//3°CȮőħĵĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĔŅĶĪħĸŀĚħńĚĔĸƞŅĺőħĵĚƞŅĵŐĸŃ

ĽŅĴŅĶĩŏĕƟŅŒěœħƟĚƞŅĵĬńŘĬȮĽŅĴŅĶĩĪņœħƟőħĬĔŅĶıĸŖŀĨĔĶŅĲĶŃľĺƞŅĚȮXt ľĶŊŀĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢŏĪňĵĭ

ĔńĭŏĺĸŅȮěŅĔĔĶŅĲĪňŗœħƟȮŒĬĝƞĺĚŐĶĔĕŀĚĔĶŅĲȮľĶŊŀĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĪňŗĮĶŃĴŅĦȮ/-0% ŏĮƦĬĝƞĺĚ
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ĔĶŅĲŒĬĝƞĺĚŏĶŇŗĴĔŅĶŏĔŇħįĸŉĔľĶŊŀĕńŘĬĔŅĶŏĔŇħĬŇĺŏėĸňĵĽȮ(nucleation step)ȮŐĸŃŏĶŅĽŅĴŅĶĩĽńĚŏĔĨ

ŀńĨĶŅŒĬĕńŘĬĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔȮ(growth step) œħƟěŅĔėĺŅĴĝńĬĕŀĚĔĶŅĲȮőħĵěŅĔĳŅıĪňŗȮ2,6ȮŐĽħĚ

ĔŅĶŏĮĶňĵĭŏĪňĵĭĔĶŅĲȮXt ŏĪňĵĭĔńĭŏĺĸŅĕŀĚȮneat PLA ĽŀĚĝĬŇħĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/.3ȮŐĸŃȮ

//.°C ěŅĔĳŅıŐĽħĚŒľƟŏľŖĬĺƞŅŀńĨĶŅĔŅĶĨĔįĸŉĔőħĵĶĺĴĕŀĚȮneat PLA ĪńŘĚĽŀĚĝĬŇħĪňŗŀŋĦľĳŌĴŇȮ

/.3°CȮĬńŘĬŏĶŖĺĔĺƞŅĪňŗŀŋĦľĳŌĴŇȮ//.°C ŐĨƞŏĴŊŗŀĽńĚŏĔĨĳŅıĪňŗȮ2,7ȮĞŉŗĚŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĔĶŅĲȮXt ŏĪňĵĭ

ĔńĭŏĺĸŅĕŀĚȮneat PLA ĽŀĚĝĬŇħĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢȮ0%ȮŐĽħĚŒľƟŏľŖĬĺƞŅŀńĨĶŅĔŅĶĨĔįĸŉĔŒĬĕńŘĬȮ

nucleation step ĕŀĚȮPLA 3251D ĪňŗŀŋĦľĳŌĴŇȮ//.°CȮĬńŘĬĽŌĚĔĺƞŅȮĪňŗŀŋĦľĳŌĴŇȮ/.3°CȮŒĬĕĦŃĪňŗȮPLA 

L105 ĪňŗŀŋĦľĳŌĴŇȮ//.°CȮĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚĕńŘĬȮnucleation step ĽŌĚĔĺƞŅĪňŗŀŋĦľĳŌĴŇȮ/.3°CȮŏıňĵĚ

ŏĸŖĔĬƟŀĵȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅĪňŗėĺŅĴĝńĬĕŀĚĔĶŅĲŒĬĳŅıĪňŗȮ2,6ȮŐĽħĚŒľƟŏľŖĬĺƞŅȮneatȮPLA ĪńŘĚĽŀĚĝĬŇħĪňŗ

ĨĔįĸŉĔĪňŗŀŋĦľĳŌĴŇȮ/.3°CȮĴňŀńĨĶŅĔŅĶĨĔįĸŉĔŒĬĕńŘĬȮgrowth step ĪňŗĽŌĚĔĺƞŅŀŋĦľĳŌĴŇȮ//.°CȮŐĸŃŏĴŊŗŀ

ŏĮĶňĵĭŏĪňĵĭĝĬŇħĕŀĚȮPLA ěŃıĭĺƞŅȮĪňŗŀŋĦľĳŌĴŇĨĔįĸŉĔŏħňĵĺĔńĬȮPLA L105 ěŃĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪńŘĚ

ŒĬĕńŘĬȮnucleation step ŐĸŃȮgrowth step ĪňŗĽŌĚĔĺƞŅŀĵƞŅĚĝńħŏěĬȮ 

 

 
ĳŅıĪňŗȮ4.6ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚȮneat PLA 
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ĳŅıĪňŗȮ4.7ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚȮneat PLA ĪňŗĮĶŇĴŅĦįĸŉĔ
ĽńĴıńĪīƢȮ0% 

 

ĔĶŅĲŏĮĶňĵĭŏĪňĵĭėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮXt ĔńĭŏĺĸŅĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮŐĽħĚŒĬĳŅı

ĪňŗȮ2,/.ȮŐĸŃĔĶŅĲŏĮĶňĵĭŏĪňĵĭėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮXt ĔńĭŏĺĸŅĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮ

ĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢȮ0% ŐĽħĚŒĬĳŅıĪňŗȮ2,//ȮěŅĔĳŅııĭĺƞŅȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĝĬŇħĕŀĚĽŅĶĔƞŀįĸŉĔ

ŐĸƟĺȮPLA ĪňŗįĽĴĽŅĶĔƞŀįĸŉĔȮLAK-301 ěŃĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪńŘĚŒĬĕńŘĬȮnucleation step ŐĸŃȮ

growth step ĪňŗĽŌĚĪňŗĽŋħȮŒĬ PLA ĪńŘĚĽŀĚĝĬŇħȮĶŀĚĸĚĴŅėŊŀȮSSIPA ŐĸŃȮHPN-68L ĨŅĴĸņħńĭȮŐĸŃ

ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĽŅĶĔƞŀįĸŉĔĝĬŇħŏħňĵĺĔńĬĔńĭȮPLA ĪńŘĚĽŀĚĝĬŇħȮěŃıĭĺƞŅȮPLA L105 ěŃĴňŀńĨĶŅĔŅĶĨĔ

įĸŉĔĪňŗĽŌĚĔĺƞŅȮPLA 3251D ĪńŘĚŒĬĕńŘĬȮnucleation step ŐĸŃȮgrowth step  
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ĳŅıĪňŗȮ4./.ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕ 

 
ĳŅıĪňŗȮ4.//ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕ 

ĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢȮ0% 
 

ĔĶŅĲŏĮĶňĵĭŏĪňĵĭėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮXt ĔńĭŏĺĸŅĕŀĚȮPLA L105 ŐĸŃȮPLA 3251D įĽĴĽŅĶĔƞŀ

įĸŉĔĪňŗĮĶŇĴŅĦĨƞŅĚĔńĬȮŐĽħĚŒĬĳŅıĪňŗȮ2,/0ȮŐĸŃȮ2,/1ȮŐĸŃĔĶŅĲŏĮĶňĵĭŏĪňĵĭėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮXt 

ĔńĭŏĺĸŅĕŀĚȮPLA L105 ŐĸŃȮPLA 3251D įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢȮ0% 

ŐĽħĚŒĬĳŅıĪňŗȮ2,/2ȮŐĸŃ 4.15 őħĵıĭĺƞŅȮŒĬĔĶĦňĕŀĚȮPLA L105 įĽĴȮLAK-301 ĪňŗȮ/,.wt% ĬńŘĬĴň

ŀńĨĶŅĔŅĶŏĔŇħįĸŉĔŒĬĕńŘĬȮnucleation step ĽŌĚĔĺƞŅȮŐĨƞĔŅĶįĽĴŒĬĮĶŇĴŅĦȮ.,3wt% ĬńŘĬĴňŀńĨĶŅĔŅĶ

ŏĔŇħįĸŉĔŒĬĕńŘĬȮgrowth step ŐĸŃŀńĨĶŅĔŅĶĨĔįĸŉĔőħĵĶĺĴĪňŗĽŌĚĔĺƞŅȮŒĬĕĦŃĪňŗȮPLA 3251D ĪňŗįĽĴȮ

LAK-301 0.5wt% ěŃĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪńŘĚĕńŘĬȮnucleation step ŐĸŃȮgrowth step ĪňŗĽŌĚĔĺƞŅȮPLA 
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L105 įĽĴȮSSIPA įĽĴĪňŗȮ.,3wt% ĴňŀńĨĶŅĔŅĶŏĔŇħįĸŉĔŒĬĕńŘĬȮnucleation step ĽŌĚĔĺƞŅȮŐĨƞĔŅĶįĽĴ

ŒĬĮĶŇĴŅĦȮ/,.wt% ĬńŘĬĴňŀńĨĶŅĔŅĶŏĔŇħįĸŉĔŒĬĕńŘĬȮgrowth step ŐĸŃŀńĨĶŅĔŅĶĨĔįĸŉĔőħĵĶĺĴĪňŗĽŌĚ

ĔĺƞŅ ŒĬĕĦŃĪňŗȮPLA 3251D ĪňŗįĽĴȮSSIPA 1.0wt% ěŃĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪńŘĚĕńŘĬȮnucleation step 

ŐĸŃȮgrowth step ĪňŗĽŌĚĔĺƞŅ ŒĬĔĶĦňĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔȮHPN-68L ıĭĺƞŅȮĔŅĶŏĨŇĴȮHPN-68L 

ĪňŗĮĶŇĴŅĦȮ/,.wt% ŒĬȮPLA ĪńŘĚĽŀĚĝĬŇħȮěŃĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪńŘĚĕńŘĬȮnucleation step ŐĸŃȮ

growth step ĪňŗĽŌĚĔĺƞŅĮĶŇĴŅĦȮ.,3wt% 

 

 
ĳŅıĪňŗȮ4./0ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA L105 įĽĴĽŅĶĔƞŀįĸŉĔĪňŗ

ĮĶŇĴŅĦĨƞŅĚĔńĬ 

 
ĳŅıĪňŗȮ4./1ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA 3251D įĽĴĽŅĶĔƞŀįĸŉĔĪňŗ

ĮĶŇĴŅĦĨƞŅĚĔńĬ 
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ĳŅıĪňŗȮ4./2ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA L105 įĽĴĽŅĶĔƞŀįĸŉĔĪňŗ
ĮĶŇĴŅĦĨƞŅĚĔńĬ ĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢȮ0% 

 

ĳŅıĪňŗȮ4./3ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĕŀĚĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢĔńĭŏĺĸŅĕŀĚ PLA 103/D įĽĴĽŅĶĔƞŀįĸŉĔĪňŗ
ĮĶŇĴŅĦĨƞŅĚĔńĬ ĪňŗĮĶŇĴŅĦįĸŉĔĽńĴıńĪīƢȮ0% 

 

ěŅĔĬńŘĬĬņįĸĪňŗœħƟĴŅĪņĔŅĶĺŇŏėĶŅŃľƢĶƞĺĴĔńĭĽĴĔŅĶĕŀĚȮavrami ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭıŅĶŅĴŇŏĨŀĶƢĪŅĚěĸ

ĻŅĽĨĶƢĕŀĚĔŅĶĨĔįĸŉĔȮěŅĔįĸĔŅĶĪħĽŀĭħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮĔ,/ȮŐĸŃȮĔ,0ȮĪņŒľƟœħƟėƞŅıŅĶŅĴŇŏĨŀĶƢ

ĪŅĚěĸĻŅĽĨĶƢĕŀĚĔŅĶĨĔįĸŉĔ ıĭĺƞŅėƞŅȮn ĞŉŗĚŀīŇĭŅĵĩŉĚĸńĔļĦŃĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔȮĽņľĶńĭȮPLA 

L105ȮŐĸŃȮPLA L105 ĪňŗĴňĔŅĶįĽĴĽŅĶĔƞŀįĸŉĔ ěŃĴňėƞŅŀĵŌƞŒĬĝƞĺĚȮ1-2ȮĞŉŗĚĭƞĚĭŀĔĩŉĚĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔ

ŒĬĸńĔļĦŃĽŅĴĴŇĨŇŐĸŃĴňĸńĔļĦŃŏĮƦĬĪĶĚĔĸĴȮĵĔŏĺƟĬŒĬĔĶĦňĕŀĚȮPLA L105 ĪňŗŀŋĦľĳŌĴŇȮ/2.°CȮĪňŗĴňėƞŅȮ

/,2ȮŐĽħĚĩŉĚĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔŒĬĸńĔļĦŃŏĮƦĬħŇĽĔƢȮŏĝƞĬŏħňĵĺĔńĬŒĬĔĶĦňĕŀĚȮPLA 3251D ŐĸŃȮPLA 
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3251D ĪňŗŏĨŇĴĽŅĶĔƞŀįĸŉĔȮěŃĴňėƞŅŀĵŌƞŒĬĝƞĺĚȮ1-2ȮĵĔŏĺƟĬŒĬĔĶĦňĕŀĚȮPLA 3251D ĪňŗŀŋĦľĳŌĴŇȮ/0.ȮŐĸŃȮ

/1.°CȮŏĴŊŗŀıŇěŅĶĦŅėƞŅȮt1/2ȮľĶŊŀŏĺĸŅėĶŉŗĚľĬŉŗĚĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔŀĵƞŅĚĽĴĭŌĶĦƢ ıĭĺƞŅĪňŗŀŋĦľĳŌĴŇĽŌĚĕŉŘĬȮ

ěŃĴňėƞŅ t1/2 ěŃĴňėƞŅĽŌĚĕŉŘĬĨŅĴœĮħƟĺĵȮŏĬŊŗŀĚěŅĔĽŅĵőĞƞĴňıĸńĚĚŅĬŒĬĔŅĶŏėĸŊŗŀĬœľĺĽŌĚĕŉŘĬȮĪņŒľƟĔŅĶŏĔŇħȮ

nucleus ŏĔŇħœħƟĝƟŅŐĸŃĪņŒľƟŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽŌĚĔĺƞŅȮŒĬĔĶĦňĕŀĚȮPLA ĪňŗįĽĴȮHPN-68L ěŃ

ıĭĺƞŅȮŏĴŊŗŀŀŋĦľĳŌĴŇĸħĸĚěŃĴňėƞŅȮt1/2 ĪňŗĸħĸĚěĬĩŉĚŀŋĦľĳŌĴŇľĬŉŗĚȮėƞŅȮt1/2 ěŃĴňėƞŅŏıŇŗĴĕŉŘĬŀňĔėĶńŘĚȮ

ŏĬŊŗŀĚěŅĔĽŅĵőĞƞőĴŏĸĔŋĸĩŌĔĸħıĸńĚĚŅĬŒĬĔŅĶŏėĸŊŗŀĬĪňŗĸĚȮěŉĚĽƞĚįĸŒľƟŒĝƟŏĺĸŅŒĬĔŅĶĨĔįĸŉĔĬŅĬĔĺƞŅȮ

őħĵėƞŅȮt1/2 ĪňŗĨŗņĪňŗĽŋħĽņľĶńĭȮPLA L105 įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮěŃĴňėƞŅȮ.,24 ŐĸŃȮ/,/7ȮĬŅĪňȮĪňŗȮ

/13°CȮĽņľĶńĭ LAK-301 0.5wt% ŐĸŃȮSSIPA 1.0wt% ĨŅĴĸņħńĭȮŐĸŃȮ/,2.ȮĬŅĪňȮĪňŗȮ/.3°CȮ

ĽņľĶńĭȮHPN-68L 1.0wt% ĽņľĶńĭȮPLA 3251D įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮěŃĴňėƞŅȮ.,98 ŐĸŃȮ/,65Ȯ

ĬŅĪňȮĪňŗȮ/23°CȮĽņľĶńĭ LAK-301 0.5wt% ŐĸŃȮSSIPA 1.0wt% ĨŅĴĸņħńĭȮŐĸŃȮ4.49ȮĬŅĪňȮĪňŗȮ

/.3°CȮĽņľĶńĭȮHPN-68L 1.0wt% ĔĶŅĲŏĮĶňĵĭŏĪňĵĭėƞŅȮt1/2ȮĔńĭŀŋĦľĳŌĴŇĕŀĚȮneatȮPLA ŐĸŃȮPLA 

įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕȮŐĽħĚŒĬĳŅıĪňŗ 4.16-4.19 

 

 

ĳŅıĪňŗȮ4./4ȮŐĽħĚŏĺĸŅėĶŉŗĚľĬŉŗĚĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚȮneat PLA 
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ĳŅıĪňŗȮ4./5ȮŐĽħĚŏĺĸŅėĶŉŗĚľĬŉŗĚĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚ PLA L105 įĽĴĽŅĶĔƞŀįĸŉĔȮȮȮȮLAK-
301 ŐĸŃȮSSIPA 

 

ĳŅıĪňŗȮ4./6ȮŐĽħĚŏĺĸŅėĶŉŗĚľĬŉŗĚĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚ PLA 3251D įĽĴĽŅĶĔƞŀįĸŉĔȮȮȮȮ
LAK-301 ŐĸŃȮSSIPA 
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ĳŅıĪňŗȮ4./7ȮŐĽħĚŏĺĸŅėĶŉŗĚľĬŉŗĚĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚ PLA įĽĴĽŅĶĔƞŀįĸŉĔȮHPN-68L 
 

 ŒĬĔĶĦňĕŀĚėƞŅȮk ľĶŊŀėƞŅėĚĪňŗĕŀĚĔŅĶĨĔįĸŉĔȮĞŉŗĚĴňľĬƞĺĵŏĮƦĬȮmin-n ĬńŘĬȮŏĬŊŗŀĚěŅĔŏĮƦĬ

ıŅĶŅĴŇŏĨŀĶƢĪňŗĕŉŘĬĔńĭėƞŅȮnȮĞŉŗĚĕŉŘĬĔńĭŀŋĦľĳŌĴŇħƟĺĵȮĔŅĶŏĮĶňĵĭŏĪňĵĭėƞŅȮk ěŉĚœĴƞĽŅĴŅĶĩŏĮĶňĵĭŏĪňĵĭœħƟ

őħĵĨĶĚȮěŉĚŏĮĶňĵĭŏĪňĵĭŒĬĶŌĮȮ/-t1/2 ľĶŊŀŀńĨĶŅĔŅĶĨĔįĸŉĔȮėƞŅŀńĨĶŅĔŅĶĨĔįĸŉĔŐĽħĚœĺƟŒĬĨŅĶŅĚĪňŗȮĔ,

/ȮŐĸŃȮĔ,0ȮȮĞŉŗĚıĭĺƞŅŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚȮPLA L105 ěŃĴňėƞŅĪňŗĽŌĚĔĺƞŅĪňŗŀŋĦľĳŌĴŇŏħňĵĺĔńĬȮĞŉŗĚŏĮƦĬ

ŏıĶŅŃĮĶŇĴŅĦĕŀĚȮD-isomer ĪňŗŏěŊŀĮĬĬƟŀĵĔĺƞŅȮPLA 3251D ŏĴŊŗŀıŇěŅĶĦŅĔŅĶŏĨŇĴȮLAK-301 ıĭĺƞŅ

ĪňŗŀŋĦľĳŌĴŇŏħňĵĺĔńĬȮPLA ĪňŗįĽĴȮLAK-301 0.5wt% ěŃĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗĽŌĚĔĺƞŅȮ/,.wt% ĞŉŗĚŀŅě

ŏıĶŅŃĮĶŇĴŅĦȮ/,.wt% ŀŅěŏĔŇĬĮĶŇĴŅĦĽŌĚĽŋħĽņľĶńĭĔŅĶĮĶńĭĮĶŋĚŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚȮPLA 

ĚŅĬĺŇěńĵĕŀĚȮVidhya Nagarajan ŐĸŃėĦŃ [7]ȮıĭįĸĔŅĶĪħĸŀĚŏĝƞĬŏħňĵĺĔńĬȮŏĴŊŗŀįĽĴȮPLA ĔńĭȮ

LAK-301 ĪňŗĮĶŇĴŅĦȮ.,53wt% ěŃĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗĽŌĚĔĺƞŅĪňŗĮĶŇĴŅĦȮ/,.wt%ȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĪňŗ

ŀŋĦľĳŌĴŇĨƞŅĚŕȮěŃıĭĺƞŅȮĪňŗŀŋĦľĳŌĴŇĨŗņĸĚěŃĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗĽŌĚĔĺƞŅȮĞŉŗĚĴňŐĬĺőĬƟĴŏĝƞĬŏħňĵĺĔńĭėƞŅȮ

t1/2 ȮĞŉŗĚıĭĺƞŅĪňŗŀŋĦľĳŌĴŇŏĪƞŅĔńĬŐĸŃĮĶŇĴŅĦĽŅĶĔƞŀįĸŉĔŏĪƞŅĔńĬȮPLA įĽĴȮLAK-301 ěŃĴňŀńĨĶŅĔŅĶĨĔ

įĸŉĔĪňŗŏĶŖĺĔĺƞŅȮSSIPAȮŒĬȮPLA ĪńŘĚĽŀĚĝĬŇħȮĽƞĺĬȮHPN-68L ĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗĨŗņĔĺƞŅȮLAK-301Ȯ

ŐĸŃȮSSIPA 

 

2,2ȮįĸĕŀĚĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔĨƞŀĽńĦģŅĬŐĸŃıķĨŇĔĶĶĴĔŅĶĨĔįĸŉĔħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĽĚ

őıĸŅœĶĞƢȮ(POM) 

 ěŅĔĔŅĶĪħĽŀĭĽńĦģŅĬĺŇĪĵŅĕŀĚįĸŉĔĕŀĚ PLA įĽĴĽŅĶĔƞŀįĸŉĔőħĵĔŅĶŒľƟŀŋĦľĳŌĴŇœĮĪňŗȮ

0..°CȮŐĸŃĸħŀŋĦľĳŌĴŇŀĵƞŅĚĶĺħŏĶŖĺħƟĺĵŀńĨĶŅĔŅĶĸħŀŋĦľĳŌĴŇȮ1.°CȮĨƞŀĬŅĪňȮĸĚĴŅĪňŗŀŋĦľĳŌĴŇĨĔįĸŉĔ
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ĪňŗĨƟŀĚĔŅĶĻŉĔļŅȮŒĬĚŅĬĺŇěńĵĬňŘŒĝƟŀŋĦľĳŌĴŇȮ/2.°CȮĽņľĶńĭȮPLA L105 ŐĸŃȮ130°C ĽņľĶńĭȮPLA 

3251D ŐĸŃėĚœĺƟěĬĨĔįĸŉĔĽņŏĶŖěȮĞŉŗĚŀŋĦľĳŌĴŇħńĚĔĸƞŅĺŏĮƦĬŀŋĦľĳŌĴŇĨĔįĸŉĔĕŀĚȮPLA ĪňŗįĽĴĔńĭĽŅĶĔƞŀ

įĸŉĔȮŐĸŃŏĮƦĬŀŋĦľĳŌĴŇĪňŗĽŅĴŅĶĩĽńĚŏĔĨŏľŖĬĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚįĸŉĔœħƟĝńħŏěĬȮőħĵĪņĔŅĶŏĔŖĭĳŅı

ħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĽĚőıĸŅœĶĞƢ (POM) ŐĸŃĔĸƟŀĚŏĔŖĭĳŅıħŇěŇĪńĸȮőħĵěŅĔĔŅĶĪħĽŀĭĕŀĚȮneat 

PLA ıĭĺƞŅȮįĸŉĔŏĨŇĭőĨŒĬĸńĔļĦŃŏĮƦĬȮspherulite ĪňŗĽńĚŏĔĨœħƟŀĵƞŅĚĝńħŏěĬȮŐĸŃŒĝƟŏĺĸŅŒĬĔŅĶŏĨŇĭőĨ

įĸŉĔěĬĽĴĭŌĶĦƢŏĮƦĬŏĺĸŅȮ/12ȮŐĸŃȮ/02ȮĬŅĪňȮĽņľĶńĭȮPLA L105 ŐĸŃȮPLA 3251D ĨŅĴĸņħńĭȮ

ŐĽħĚŒĬĳŅıĪňŗȮ2,0.ȮŐĸŃȮ2,0/ 

 

 
ĳŅıĪňŗȮ4.0.ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105 ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ

/2.°C 

 

ĳŅıĪňŗȮ4.0/ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251D ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔ
įĸŉĔȮ/1.°C 

 

 ŏĴŊŗŀĪņĔŅĶįĽĴĽŅĶĔƞŀįĸŉĔěŃıĭĺƞŅĴňěņĬĺĬȮnucleus ľĬŅŐĬƞĬĕŉŘĬĴŅĔȮŐĸŃĕĬŅħĕŀĚįĸŉĔ

ĴňĕĬŅħŏĸŖĔĸĚĴŅĔěĬœĴƞĽŅĴŅĶĩĽńĚŏĔĨĸńĔļĦŃĔŅĶŏĨŇĴőĨœħƟĝńħŏěĬȮŐĨƞŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔěĬ

ĽĴĭŌĶĦƢĸħĸĚŀĵƞŅĚĴŅĔȮĞŉŗĚĽŀħėĸƟŀĚĔńĭįĸĔŅĶĪħĸŀĚȮisothermal DSC ŒĬľńĺĕƟŀȮ2,1ȮőħĵȮPLA 

L105 įĽĴȮLAK-301 .,3wt% ŐĸŃȮ1.0wt% ŒĝƟŏĺĸŅŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢŏĮƦĬŏĺĸŅȮ1ȮŐĸŃȮ0,23Ȯ

ĬŅĪňĨŅĴĸņħńĭȮĽƞĺĬȮPLA 3251D ŒĝƟŏĺĸŅŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢŏĮƦĬŏĺĸŅȮ4,/3ȮŐĸŃȮ4ȮĬŅĪňȮŏĴŊŗŀįĽĴȮ

LAK-301 0.5wt% ŐĸŃȮ1.0wt% ĨŅĴĸņħńĭȮŐĽħĚħńĚĳŅıĪňŗȮ2,00-2,03 
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ĳŅıĪňŗȮ4.00ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮLAK-301 0.5wt% 

ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°C 

ĳŅıĪňŗȮ4.01ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮLAK-301 1.0wt% 
ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°C 

 

ĳŅıĪňŗȮ4.02ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮLAK-301 
0.5wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°C 

 

ĳŅıĪňŗȮ4.03ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮLAK-301 
1.0wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°C 

 

 ŏĴŊŗŀŏĨŇĴȮSSIPA .,3wt% ŐĸŃȮ/,.wt% ĪņŒľƟŏĺĸŅŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚȮPLA L105 

ĸħĸĚŏĮƦĬȮ2,23ȮŐĸŃȮ2ȮĬŅĪňȮĨŅĴĸņħńĭȮŒĬĕĦŃĪňŗȮPLA 3251D ŒĝƟŏĺĸŅŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢȮ5,23Ȯ

ŐĸŃȮ4,/3ȮĬŅĪňȮĨŅĴĸņħńĭȮőħĵıĭĺƞŅŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĽŌĚĔĺƞŅȮPLA įĽĴȮLAK-301 ĞŉŗĚ

ĽŀħėĸƟŀĚĔńĭįĸĔŅĶĪħĽŀĭȮisothermal DSC ĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔŏĴŊŗŀįĽĴȮSSIPA ŐĽħĚħńĚĳŅı

ĪňŗȮ2,04-2,07 
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ĳŅıĪňŗȮ4.04ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮSSIPA 0.5wt% 

ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°C 

 

ĳŅıĪňŗȮ4.27ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮSSIPA 1.0wt% 
ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°C 

 

ĳŅıĪňŗȮ4.06ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮSSIPA 0.5wt% 
ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°C 

 

ĳŅıĪňŗȮ4.29ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮSSIPA 1.0wt% 
ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°C 

 

 ŏĴŊŗŀĪņĔŅĶįĽĴȮPLA ĔńĭĽŅĶĔƞŀįĸŉĔȮHPN-68L ıĭĺƞŅȮĕĬŅħĕŀĚįĸŉĔĴňĕĬŅħŏĸŖĔĸĚŐĨƞĵńĚ

ĽŅĴŅĶĩĽńĚŏĔĨœħƟőħĵěŃŏľŖĬĺƞŅĸńĔļĦŃĔŅĶŏĨŇĴőĨĕŀĚįĸŉĔŏĮƦĬĸńĔļĦŃȮspherulite őħĵŏĴŊŗŀįĽĴȮPLA 

ĔńĭȮHPN-68L 0.5wt% ŐĸŃȮ1.0wt% ŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢŀĵŌƞĪňŗȮ20ȮŐĸŃȮ02ȮĬŅĪňȮ

ĨŅĴĸņħńĭȮŐĸŃŏĴŊŗŀįĽĴȮPLA 3251D ĔńĭȮHPN-68L 0.5wt% ŐĸŃȮ/,.wt% ŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔ
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ĽĴĭŌĶĦƢŀĵŌƞĪňŗȮ12ȮŐĸŃȮ06ȮĬŅĪňȮĨŅĴĸņħńĭȮĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔŏĴŊŗŀįĽĴȮPLA ĔńĭȮHPN-68L ŐĽħĚ

ħńĚĳŅıĪňŗȮ2,1.-2,11 

 

 

ĳŅıĪňŗȮ4.1.ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105ȮįĽĴȮHPN-68L .,3wt% 
ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°C 

 

ĳŅıĪňŗȮ4.1/ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA L105 įĽĴȮHPN-68L  
1.0wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/2.°C 

 

ĳŅıĪňŗȮ4.10ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮHPN-68L  
0.5wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°C 

 

ĳŅıĪňŗȮ4.11ȮŐĽħĚĳŅıĔŅĶŏĨŇĭőĨĕŀĚįĸŉĔěŅĔŏĪėĬŇėȮPOM ĕŀĚȮPLA 3251DȮįĽĴȮHPN-68L  
1.0wt% ĪňŗŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔȮ/1.°C 

  

 ěŅĔĳŅıĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮPOM ıĭĺƞŅȮĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵĕŀĚįĸŉĔȮ

(average spherulite diameter) ŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚĬŇĺŏėĸňĵĽȮ(nucleus density)ȮŏĴŊŗŀĪņĔŅĶ
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įĽĴȮPLA ĔńĭĽŅĶĔƞŀįĸŉĔȮĴňĕĬŅħĕŀĚįĸŉĔŏĸŖĔĸĚŀĵƞŅĚĝńħŏěĬ ĞŉŗĚěŅĔįĸĔŅĶĪħĽŀĭĕŀĚȮneat PLA 

ıĭĺƞŅĕĬŅħĕŀĚŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŏĜĸňŗĵĕŀĚȮPLA L105 ŐĸŃȮPLA 3251D ĴňėƞŅȮ000,4ȮŐĸŃȮ0/.,5Ȯ

ɛmȮĞŉŗĚĴňėƞŅŒĔĸƟŏėňĵĚĔńĭįĸĔŅĶĪħĽŀĭĕŀĚȮAmirjalal jalali ŐĸŃėĦŃ [30] ĞŉŗĚœħƟĕĬŅħŏĽƟĬįƞŅĬ

ĻŌĬĵƢĔĸŅĚŏĜĸňŗĵĕŀĚȮneat PLA ĮĶŃĴŅĦȮ00.ȮɛmȮĪňŗŀŋĦľĳŌĴŇĪħĽŀĭȮ/1.°CȮŒĬĕĦŃĪňŗȮPLA įĽĴ

ĽŅĶĔƞŀįĸŉĔȮLAK-301 ŐĸŃȮSSIPA ĬńŘĬȮĕĬŅħŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚŏĜĸňŗĵĕŀĚįĸŉĔĴňėƞŅĸħĸĚěĬœĴƞĽŅĴŅĶĩ

ĽńĚŏĔĨœħƟĝńħŏěĬȮŏĴŊŗŀıŇěŅĶĦŅėĺŅĴľĬŅŐĬƞĬĕŀĚȮnucleus ıĭĺƞŅȮėĺŅĴľĬŅŐĬƞĬĕŀĚįĸŉĔĝŀĚȮPLA 

ŏĴŊŗŀįĽĴĽŅĶĔƞŀįĸŉĔĬńŘĬŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔŒĬĔĶĦňĕŀĚĽŅĶĔƞŀįĸŉĔȮLAK-301 ŐĸŃȮSSIPA ĞŉŗĚŏĮƦĬĔŅĶĭƞĚ

ĭŀĔĺƞŅĽŅĶĔƞŀįĸŉĔȮLAK-301 ŐĸŃȮSSIPA ĽŅĴŅĶĩĪņľĬƟŅĪňŗŏĮƦĬȮnucleator ŒľƟĔńĭȮPLA œħƟħňȮŐĨƞŒĬ

ĔĶĦňįĽĴĔńĭĽŅĶĔƞŀįĸŉĔȮHPN-68L ĬńŘĬȮėĺŅĴľĬŅŐĬƞĬĕŀĚįĸŉĔŏıŇŗĴĕŉŘĬŏıňĵĚŏĸŖĔĬƟŀĵȮĞŉŗĚŏĴŊŗŀĮĶŃĔŀĭ

ĶĺĴĔńĭįĸĔŅĶĪħĽŀĭĔƞŀĬľĬƟŅȮŐĽħĚŒľƟŏľŖĬĺƞŅȮHPN-68L ĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĔƞŀįĸŉĔœħƟœĴƞħňŏĪƞŅȮLAK-

301 ŐĸŃȮSSIPA 

 

4.5ȮĔŅĶĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĔŅĶĪņľĬƟŅĪňŗŏĮƦĬȮnucleator ĕŀĚĽŅĶĔƞŀįĸŉĔ 

 ĔŅĶĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĔŅĶĪņľĬƟŅĪňŗŏĮƦĬ nucleator ĕŀĚĽŅĶĔƞŀįĸŉĔȮŏĮƦĬŀňĔľĬŉŗĚĺŇīňĪňŗœħƟĶńĭ

ėĺŅĴėĺŅĴĬŇĵĴŒĬĔŅĶŏĮĶňĵĭŏĪňĵĭĽŅĶĔƞŀįĸŉĔȮĬŀĔŏľĬŊŀěŅĔĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬŐĸŃěĸ

ĻŅĽĨĶƢĔŅĶĨĔįĸŉĔȮȮőħĵĔŅĶĪħĽŀĭěŃŏĶŇŗĴěŅĔĔŅĶĻŉĔļŅĔŅĶŏĔŇħȮnucleus ħƟĺĵĨńĺŏŀĚȮ(self-

nucleation) ĕŀĚȮneat PLAȮŏıŊŗŀľŅŀŋĦľĳŌĴŇĨĔįĸŉĔĽŌĚĽŋħŐĸŃĨŗņĽŋħĕŀĚ neat PLAȮŒĬĔŅĶľŅ

ŀŋĦľĳŌĴŇĨĔįĸŉĔĨŗņĪňŗĽŋħȮ(Tcmin)ȮěŃĪņĔŅĶŒľƟŀŋĦľĳŌĴŇěĬľĸŀĴŏľĸĺįĸŉĔĽĴĭŌĶĦƢȮŒĬĚŅĬĺŇěńĵĬňŘěŃŒľƟ

ŀŋĦľĳŌĴŇœĮĪňŗȮ0..°CȮŐĸŃĪņĔŅĶĸħŀŋĦľĳŌĴŇĴŅĪňŗȮ6.°CȮħƟĺĵŀńĨĶŅĔŅĶĸħŀŋĦľĳŌĴŇȮ/°CȮĨƞŀĬŅĪňȮĞŉŗĚįĸ

ĔŅĶĪħĽŀĭŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,3ȮŐĸŃȮ2,4ȮıĭĺƞŅŀŋĦľĳŌĴŇĨĔįĸŉĔĨŗņĽŋħŀĵŌƞĪňŗȮ/01,16ȮŐĸŃȮ//6,0.°CȮ

ĽņľĶńĭȮPLA L105 ŐĸŃȮPLA 3251D ĨŅĴĸņħńĭȮŒĬĔŅĶľŅŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔĽŌĚĽŋħȮ(Tcmax) ěŃĪņ

őħĵĔŅĶŒľƟŀŋĦľĳŌĴŇěĬŏĔŇħĔŅĶľĸŀĴįĸŉĔĭŅĚĽƞĺĬȮĞŉŗĚĝƞĺĚŀŋĦľĳŌĴŇĽńĚŏĔĨěŅĔįĸĔŅĶĪħĸŀĚȮDSC ŒĬ

ľńĺĕƟŀĪňŗȮ2,0ȮŒĬĚŅĬĺŇěńĵĬňŘěŃŒĝƟŀŋĦľĳŌĴŇŒĬĝƞĺĚȮ/5.-/6.°CȮĽņľĶńĭȮPLA L105 ŐĸŃȮ/43-/53°CȮ

ĽņľĶńĭȮPLA 3251D ĞŉŗĚěŅĔĨŅĶŅĚĪňŗȮ2,1ȮŐĸŃȮ2,2ȮıĭĺƞŅŀŋĦľĳŌĴŇĨĔįĸŉĔĽŌĚĪňŗĽŋħĕŀĚȮPLA L105 ŀĵŌƞ

ĪňŗȮ/5/,0.°CȮŐĸŃȮPLA 3251D ŀĵŌƞĪňŗȮ/43,53°CȮőħĵŀŋĦľĳŌĴŇĪňŗĶŅĵĚŅĬŏĮƦĬŀŋĦľĳŌĴŇĪňŗĴňĔŅĶŏĔŇħįĸŉĔȮ

/.% ĞŉŗĚŏĮƦĬĝƞĺĚŏĶŇŘĴĨƟĬĕŀĚĔŅĶĨĔįĸŉĔ 
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ĨŅĶŅĚĪňŗȮ4.1ȮŐĽħĚŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔŐĭĭȮself-nucleation ĕŀĚȮPLA L105 

Partial melting 

temperature (°C) 

Crystallization 

temperature (°C) 

170.0 169.71 

172.5 171.20 

175.0 160.55 

177.5 150.83 

180.0 143.76 

200.0 123.38 

 

ĨŅĶŅĚĪňŗȮ4.2ȮŐĽħĚŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔŐĭĭȮself-nucleation ĕŀĚȮPLA 3251D 

Partial melting 

temperature (°C) 

Crystallization 

temperature (°C) 

165.0 164.21 

167.5 165.75 

170.0 142.55 

172.5 147.33 

175.0 119.83 

200.0 118.20 

 

 ŒĬĔŅĶėņĬĺĦĮĶŃĽŇĪīŇĳŅıĔŅĶĔƞŀįĸŉĔĕŀĚĽŅĶĔƞŀįĸŉĔȮěŃėņĬĺĦěŅĔėƞŅȮTcȮěŅĔĔŅĶŏĵŖĬĨńĺ

ĞŉŗĚįĸěŅĔĔŅĶėņĬĺĦŐĽħĚħńĚĨŅĶŅĚĪňŗȮ2,3ȮıĭĺƞŅȮŒĬĔĶĦňĕŀĚȮneat PLA ěŃĴňȮ%nucleating 

efficiency (%NE) ěŃĴňėƞŅŏĮƦĬȮ.ȮŏĬŊŗŀĚěŅĔŒĬĶŃĭĭœĴƞĴňȮnucleus ĕŀĚĽŅĶĔƞŀįĸŉĔŀĵŌƞȮŏĴŊŗŀĴňĔŅĶŏĨŇĴȮ

ĽŅĶĔƞŀįĸŉĔȮLAK-301Ȯ.,3wt% ŐĸŃȮ1.0wt% ŒĬȮPLA L105 ıĭĺƞŅȮ%NEȮĴňėƞŅȮ14,/2% ŐĸŃȮ

14,63% ĨŅĴĸņħńĭħńĭ ŐĸŃŏĴŊŗŀŏĨŇĴŒĬȮPLA 3251D ıĭĺƞŅȮ%NE ĴňėƞŅȮ11,70% ŐĸŃȮ1.,.5% 

ĨŅĴĸņħńĭȮŏĴŊŗŀĴňĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔȮSSIPAȮ.,3wt% ŐĸŃȮ1.0wt% ŒĬȮPLA L105 ıĭĺƞŅȮ%NEȮĴňėƞŅȮ

10.38% ŐĸŃȮ12,01% ĨŅĴĸņħńĭħńĭ ŐĸŃŏĴŊŗŀŏĨŇĴŒĬȮPLA 3251D ıĭĺƞŅȮ%NE ĴňėƞŅȮ03,3/% ŐĸŃȮ

30.41% ĨŅĴĸņħńĭ ĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔĽŀĚĝĬŇħĬňŘĪňŗĮĶŇĴŅĦħńĚĔĸƞŅĺȮĽŅĴŅĶĩĪņ
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ľĬƟŅĪňŗŏĮƦĬȮnucleus ŒľƟ PLA œħƟȮőħĵĴňĮĶŃĽŇĪīŇĳŅıĔŅĶĪņľĬƟŅĪňŗŏĮƦĬ nucleator ĪňŗŒĔĸƟŏėňĵĚĔńĬȮ

ŒĬĕĦŃĪňŗĔŅĶŏĨŇĴȮHPN-68L ĪņŒľƟĴňėƞŅ %NE ŀĵŌƞĪňŗȮ-19.35ȮůȮ-4,34%ȮĞŉŗĚĭƞĚĭŀĔĺƞŅȮHPN ŏĮƦĬĽŅĶĔƞŀ

įĸŉĔĪňŗĴňĮĶŃĽŇĪīŇĳŅıĨŗņĔĺƞŅ LAK-301 ŐĸŃȮSSIPA  

 

ĨŅĶŅĚĪňŗȮ4.3ȮŐĽħĚŀŋĦľĳŌĴŇĔŅĶĨĔįĸŉĔŐĸŃĮĶŃĽŇĪīŇĳŅıĔŅĶĨĔįĸŉĔĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ 

Grade Nucleating agent Tc (°C) %NE 

L105 

- 123.38 0.00 

LAK 0.5 wt% 140.66 36.14 

LAK 1.0 wt% 141.00 36.85 

SSIPA 0.5 wt% 139.08 32.83 

SSIPA 1.0 wt% 139.75 34.23 

HPN 0.5 wt% 117.66 -11.96 

HPN 1.0 wt% 115.83 -15.79 

3251D 

- 118.20 0.00 

LAK 0.5 wt% 134.33 33.92 

LAK 1.0 wt% 132.50 30.07 

SSIPA 0.5 wt% 130.33 25.51 

SSIPA 1.0 wt% 132.66 30.41 

HPN 0.5 wt% 109.00 -19.35 

HPN 1.0 wt% 115.08 -6.56 

 

2,4ȮĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚĕŀĚįĸŉĔħƟĺĵŏĪėĬŇėĔŅĶŏĸňŘĵĺŏĭĬĕŀĚĶńĚĽňŏŀŖĔĞƢȮ(X-ray diffraction) 

 ŒĬĔŅĶĪħĽŀĭĔŅĶŏĸňŘĵĺŏĭĬĕŀĚĶńĚĽňŏŀŖĔĞƢȮ(XRD) ěŃĪņĔŅĶĕŉŘĬĶŌĮħƟĺĵŏėĶŊŗŀĚŀńħĕŉŘĬĶŌĮŏĮƦĬ

ĝŇŘĬĚŅĬĸńĔļĦŃŏĮƦĬħŇĽĔƢȮőħĵ neat PLA ěŃĪņĔŅĶĪħĽŀĭĝŇŘĬĚŅĬĪňŗĪņĔŅĶĕŉŘĬĶŌĮőħĵĮĸƞŀĵŒľƟŏĵŖĬĨńĺ

ĨŅĴĮĔĨŇȮŐĸŃŐĭĭĮĸƞŀĵŒľƟĨĔįĸŉĔĪňŗŀŋĦľĳŌĴŇĨĔįĸŉĔȮőħĵȮPLA L105 ĨĔįĸŉĔĪňŗŀŋĦľĳŌĴŇȮ/2.°CȮŏĮƦĬ

ŏĺĸŅȮ0,1.ȮĝńŗĺőĴĚȮŐĸŃȮPLA 3251D ĨĔįĸŉĔĪňŗŀŋĦľĳŌĴŇȮ/1.°CȮŏĮƦĬŏĺĸŅȮ0,1.ȮĝńŗĺőĴĚȮĳŅıĨńĺŀĵƞŅĚ

ĝŇŘĬĚŅĬŐĽħĚŒĬĳŅıĪňŗȮ2,12ȮŐĸŃȮ2,35ȮĽńĚŏĔĨœħƟĺƞŅȮĝŇŘĬĚŅĬȮneat PLA œĴƞœħƟĪņĔŅĶĨĔįĸŉĔěŃĴň

ĸńĔļĦŃőĮĶĚŒĽȮŒĬĕĦŃĪňŗĝŇŘĬĚŅĬĪňŗĮĸƞŀĵŒľƟĨĔįĸŉĔěŃĴňėĺŅĴőĮĶƞĚŐĽĚȮŏĴŊŗŀŏĪňĵĭĝŇŘĬĚŅĬĪňŗĮĸƞŀĵŒľƟĨĔ
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įĸŉĔĔńĭĝŇŘĬĚŅĬĪňŗŏĨŇĴĽŅĶĔƞŀįĸŉĔěŃıĭĺƞŅĝŇŘĬĚŅĬĪńŘĚĽŀĚĴňĸńĔļĦŃőĮĶƞĚŐĽĚȮŐĨƞĝŇŘĬĚŅĬĪňŗĴňĔŅĶŏĨŇĴĽŅĶ

ĔƞŀįĸŉĔěŃĴňėĺŅĴĕŋƞĬĪňŗĴŅĔĔĺƞŅ 

 

 
ĳŅıĪňŗȮ4.12ȮŐĽħĚĨńĺŀĵƞŅĚĝŇŘĬĚŅĬĔŅĶĪħĽŀĭȮXRD őħĵĨńĺŀĵƞŅĚėŊŀ neat PLA L105, crystallized 
PLA L105, L105/LAK0.5, L105/LAK1.0, L105/SSIPA0.5 ŐĸŃȮL105/SSIPA1.0 őħĵŏĶňĵĚěŅĔĞƟŅĵ

œĮĕĺŅĨŅĴĸņħńĭ 

 

ĳŅıĪňŗȮ4.13ȮŐĽħĚĨńĺŀĵƞŅĚĝŇŘĬĚŅĬĔŅĶĪħĽŀĭȮXRD őħĵĨńĺŀĵƞŅĚėŊŀ neat PLA 103/D, 
crystallized PLA 103/D, 103/D /LAK0.5, 103/D /LAK1.0, 103/D /SSIPA0.5 ŐĸŃȮ103/D 

/SSIPA1.0 őħĵŏĶňĵĚěŅĔĞƟŅĵœĮĕĺŅĨŅĴĸņħńĭ 
 

 įĸĔŅĶĪħĽŀĭ XRD ŐĽħĚŒĬĳŅıĪňŗȮ2,36ȮŐĸŃȮ2,15ȮěŅĔįĸĔŅĶĪħĽŀĭıĭĺƞŅȮŏĽƟĬĔĶŅĲȮ

neatȮPLAȮŐĽħĚŒĬĳŅıĪňŗȮ2,13ȮěŃĴňĸńĔļĦŃŏĮƦĬıňėĔĺƟŅĚŒĬĝƞĺĚȮ0ɗ = 10-25° őħĵĴňıňėŐľĸĴĮĶŅĔĢ

ĕŉŘĬĴŅŏĸŖĔĬƟŀĵĪňŗȮ0ɗ =Ȯ/4,2°ȮĞŉŗĚŏĮƦĬĸńĔļĦŃŏĽƟĬĔĶŅĲĕŀĚıŀĸŇŏĴŀĶƢȮsemi-crystalline ŐĽħĚŒľƟŏľŖĬ

ĺƞŅĝŇŘĬĚŅĬĕŀĚȮneat PLA ĴňĮĶŇĴŅĦįĸŉĔĨŗņȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĝŇŘĬĚŅĬȮneat PLA ĪňŗĮĸƞŀĵŒľƟĨĔįĸŉĔ

ŒĬĶŃľĺƞŅĚĪņĔŅĶĕŉŘĬĶŌĮȮıĭĺƞŅȮŏĽƟĬĔĶŅĲĪňŗĴňĸńĔļĦŃŏĮƦĬıňėĔĺƟŅĚľŅĵœĮȮŐĸŃŏĔŇħŏĮƦĬıňėŐľĸĴĪňŗ

ĝńħŏěĬĕŉŘĬĴŅĪňŗȮ0ɗ =Ȯ/4,3°ȮŐĸŃȮ/7,.°ȮĞŉŗĚŏĮƦĬıňėŏŀĔĸńĔļĦƢĕŀĚįĸŉĔŒĬĶŌĮŐĭĭȮȮhŒĬĶŃĬŅĭȮ

(200/110)ȮŐĸŃŒĬĶŃĬŅĭȮ(203)ȮĨŅĴĸņħńĭ ĞŉŗĚįĸĔŅĶĪħĽŀĭĴňįĸėĸƟŅĵĔńĭĚŅĬĺŇěńĵĕŀĚȮXu Ting 

ŐĸŃėĦŃȮ[12] ĪňŗĪħĽŀĭȮPLA ħƟĺĵŏĪėĬŇėȮXRD ĞŉŗĚŏĔŇħıňėĪňŗȮ0ɗ =Ȯ/4,4°ȮŐĸŃȮ/7,/° 
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ĳŅıĪňŗȮ4.14ȮŐĽħĚįĸĔŅĶĪħĽŀĭȮXRD ĕŀĚȮneat PLA 

 

 ěŅĔįĸĔŅĶĪħĽŀĭȮXRD ĕŀĚĽŅĶĔƞŀįĸŉĔȮLAK-301 ŐĸŃȮSSIPA ŐĸŃȮPLA ĪňŗįĽĴĽŅĶĔƞŀ

įĸŉĔȮLAK-301 ŐĸŃȮSSIPAȮŐĽħĚŒĬĳŅıĪňŗȮ2,15ȮŐĸŃȮ2,16ȮŏĴŊŗŀıŇěŅĶĦŅĽŅĶĔƞŀįĸŉĔȮıĭĺƞŅȮĽŅĶĔƞŀ

įĸŉĔĴňőėĶĚĽĶƟŅĚįĸŉĔĕŀĚĨńĺŏŀĚȮĞŉŗĚȮLAK-301 ıĭıňėĽŌĚĪňŗȮ0ɗ = 5,5°,Ȯ0.,/°,Ȯ03,.°ȮŐĸŃȮ04,5ȮĽƞĺĬȮ

SSIPA ıĭıňėĽŌĚĪňŗȮ0ɗ = 3,/°, 17.4°, 22.4°, 23.1°ȮŐĸŃ 25.8°ȮŏĴŊŗŀįĽĴ PLA ĔńĭĽŅĶĔƞŀįĸŉĔěŃ

ĮĶŅĔĢıňėŐľĸĴĽŌĚĪňŗȮ0ɗ ŒĬĝƞĺĚȮ/4,1-/4,3°ȮŐĸŃıňėŐľĸĴŒĬĝƞĺĚȮ0ɗ ĮĶŃĴŅĦȮ/6,7-/7,/°ȮĞŉŗĚŏĮƦĬ

ıňėŏŀĔĸńĔļĦƢĕŀĚįĸŉĔŒĬĶŌĮŐĭĭȮȮhŒĬĶŃĬŅĭȮ(200/110)ȮŐĸŃŒĬĶŃĬŅĭȮ(203)ȮĨŅĴĸņħńĭȮY/0[ȮĞŉŗĚĴň

ĨņŐľĬƞĚŐĸŃĸńĔļĦŃĔĶŅĲŒĔĸƟŏėňĵĚĔńĭĔŅĶĪħĽŀĭȮneat PLA ĪňŗĮĸƞŀĵŒľƟĨĔįĸŉĔȮŐĸŃĵńĚıĭĺƞŅıňė

ŐĽħĚįĸŉĔĕŀĚĽŅĶĔƞŀįĸŉĔĬńŘĬœĴƞĮĶŅĔĢŒĬĝŇŘĬĚŅĬȮPLA įĽĴĽŅĶĔƞŀįĸŉĔȮŐĽħĚŒľƟŏľŖĬĺƞŅȮĔŅĶŏĨŇĴĽŅĶ

ĔƞŀįĸŉĔĪńŘĚĽŀĚĝĬŇħœĴƞĽƞĚįĸĨƞŀőėĶĚĽĶƟŅĚįĸŉĔĕŀĚȮPLAȮ 

 

 
ĳŅıĪňŗȮ4.15ȮŐĽħĚįĸĔŅĶĪħĽŀĭ XRD ĕŀĚĽŅĶĔƞŀįĸŉĔȮLAK-301 ŐĸŃȮSSIPA 
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ĳŅıĪňŗȮ4.38ȮŐĽħĚįĸĔŅĶĪħĽŀĭ XRD ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔĝĬŇħĨƞŅĚŕ 

 

2,5ȮĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA 

 ěŅĔįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬŐĸŃěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔȮıĭĺƞŅȮĽŅĶĔƞŀįĸŉĔȮLAK-

301 ŐĸŃȮSSIPA ĽŅĴŅĶĩĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĔƞŀįĸŉĔĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽņľĶńĭȮPLA ŒĬľńĺĕƟŀĬňŘěŃ

ĪņĔŅĶĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶĔƞŀįĸŉĔĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚȮPLA őħĵěŃŐĭƞĚŏĮƦĬĽŀĚĔŅĶĪħĽŀĭȮ

ħńĚĬňŘ 

2,5,/ȮĔŅĶĻŉĔļŅĔŅĶĨƟŅĬĪŅĬĔŅĶħŉĚĵŊħĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ 

 ĔŅĶĪħĽŀĭĽĴĭńĨŇĔŅĶĨƟŅĬĪŅĬĔŅĶħŉĚĵŊħȮĪņĔŅĶĪħĽŀĭĨŅĴĴŅĨĶģŅĬȮASTM-D638 type-

V ħŉĚĵŊħħƟĺĵŀńĨĶŅĔŅĶħŉĚĵŊħȮ/Ȯmm/min ŐĸŃŒĝƟőľĸħȮ3ȮkNȮőħĵěŃĪņĔŅĶĪħĽŀĭȮPLA įĽĴĽŅĶĔƞŀ

įĸŉĔȮLAK-301 ŐĸŃȮSSIPA ĪňŗĮĶŇĴŅĦȮ.,3wt% őħĵĔĶŅĲėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮstress ŐĸŃȮstrain 

ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔŐĽħĚŒĬĳŅıĪňŗȮ2,17ȮıĭĺƞŅĸńĔļĦŃĔĶŅĲĕŀĚȮPLA ĪńŘĚĪňŗįĽĴŐĸŃœĴƞįĽĴ

ĽŅĶĔƞŀįĸŉĔȮĴňĸńĔļĦŃŏĮƦĬĝŇŘĬĚŅĬŐĭĭŐĕŖĚŏĮĶŅŃȮŏĴŊŗŀįĽĴȮPLA ĔńĭĽŅĶĔƞŀįĸŉĔȮıĭĺƞŅĸńĔļĦŃĕŀĚ

ŏĽƟĬĔĶŅĲěŃĴňėĺŅĴĝńĬĪňŗĽŌĚĕŉŘĬȮŐĽħĚĩŉĚȮYmsleŲqȮkmbsjsqȮĪňŗĽŌĚĕŉŘĬȮőħĵĔĶŅĲŐĽħĚėƞŅȮYmsleŲqȮ

modulus ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔŐĽħĚŒĬĳŅıĪňŗȮ2,2.ȮıĭĺƞŅȮŏĴŊŗŀįĽĴĽŅĶĔƞŀįĸŉĔŐĸƟĺȮmodulus 

ĴňėƞŅŏıŇŗĴĕŉŘĬěŅĔȮ/,.6ȮŏĮƦĬȮ/,20ȮŐĸŃȮ/,24ȮGPa ŒĬĔĶĦňĕŀĚȮPLA L105ȮįĽĴȮLAK-301 ŐĸŃȮSSIPA 

ĨŅĴĸņħńĭ ŐĸŃŏıŇŗĴěŅĔȮ/,.5ȮŏĮƦĬȮ/,23ȮŐĸŃȮ/,25ȮGPa ŒĬĔĶĦňĕŀĚȮPLA 3251D įĽĴȮLAK-301 

ŐĸŃȮSSIPA ĨŅĴĸņħńĭ őħĵıĭĺƞŅĝĬŇħĕŀĚĽŅĶĔƞŀįĸŉĔĪňŗĨƞŅĚĔńĬĽƞĚįĸĔńĭėƞŅȮmodulus ĕŀĚȮPLA œĴƞ

ĨƞŅĚĔńĬȮĔŅĶŏıŇŗĴĕŉŘĬĕŀĚȮmodulus ŏĔŇħěŅĔĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĮĶŇĴŅĦįĸŉĔȮĞŉŗĚįĸŉĔěŃĮĶŃıķĨŇĨńĺŏľĴŊŀĬ

ŏĮƦĬȮphysical crosslink ĝƞĺĵŏıŇŗĴȮstiffness ĕŀĚĝŇŘĬĚŅĬȮY1/[ ŐĸŃőħĵīĶĶĴĝŅĨŇĕŀĚĽƞĺĬĪňŗŏĮƦĬįĸŉĔȮ

ěŃĴňȮmodulus ĽŌĚĔĺƞŅĽƞĺĬĪňŗŏĮƦĬȮamorphous ĞŉŗĚŏĴŊŗŀĮĶŇĴŅĦįĸŉĔĽŌĚĕŉŘĬȮěŉĚĪņŒľƟȮmodulusȮ
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őħĵĶĺĴĕŀĚĝŇŘĬĚŅĬĽŌĚĕŉŘĬȮY10[ȮĮĶŇĴŅĦįĸŉĔĕŀĚĝŇŘĬĚŅĬȮtensile ŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2,4ȮőħĵėņĬĺĦ

ĮĶŇĴŅĦįĸŉĔěŅĔĔŅĶĪħĽŀĭȮDSC ŒĬĕńŘĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/ȮĕŀĚĝŇŘĬĚŅĬĪňŗĪņĔŅĶĪħĽŀĭȮ

tensileȮĞŉŗĚıĭĺƞŅĝŇŘĬĚŅĬĪňŗĴňĔŅĶįĽĴĽŅĶĔƞŀįĸŉĔĴňĮĶŇĴŅĦįĸŉĔĔĺƞŅĝŇŘĬĚŅĬȮneat PLAȮelongation at 

break ĕŀĚȮPLA ĪňŗįĽĴĽŅĶĔƞŀįĸŉĔȮŐĽħĚŒĬĳŅıĪňŗȮ2,2/ȮıĭĺƞŅŏĴŊŗŀįĽĴĽŅĶĔƞŀįĸŉĔȮelongation at 

break ĕŀĚȮPLA ĴňėƞŅĸħĸĚőħĵĸħĸĚěŅĔȮ4,53% ĸĚĴŅŏľĸŊŀȮ1,65%ȮŐĸŃȮ12,6% ĽņľĶńĭȮPLA 

L105ȮįĽĴȮLAK-301 ŐĸŃȮSSIPA ĨŅĴĸņħńĭ ŐĸŃĸħĸĚěŅĔȮ3,51% ŏľĸŊŀȮ1,.3% ŐĸŃȮ1,11% 

ĽņľĶńĭȮPLA 3251DȮįĽĴȮLAK-301 ŐĸŃȮSSIPA ĨŅĴĸņħńĭ őħĵĪńŗĺœĮŐĸƟĺȮĔŅĶĨĔįĸŉĔĕŀĚıŀĸŇŏĴ

ŀĶƢĮĶŃŏĳĪȮsemi-crystalline ĪňŗŏıŇŗĴĕŉŘĬěŃĽƞĚįĸĩŉĚėĺŅĴŏĮĶŅŃĕŀĚıŀĸŇŏĴŀĶƢĪňŗŏıŇŗĴĕŉŘĬȮěŉĚĪņŒľƟȮ

elongation at break ĕŀĚıŀĸŇŏĴŀĶƢĸħĸĚȮY11[Ȯ 

 

ĳŅıĪňŗȮ4.17ȮĔĶŅĲėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮstress ŐĸŃȮstrain ĕŀĚ PLA įĽĴĽŅĶĔƞŀįĸŉĔ 

 

ĳŅıĪňŗȮ4.2.ȮŐĽħĚėƞŅȮwmsleŲqȮkmbsjsqȮĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ 
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ĳŅıĪňŗȮ4.2/ȮŐĽħĚėƞŅȮelongation at break ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ 

 

ĳŅıĪňŗȮ4.20ȮŐĽħĚėƞŅȮtensile strength ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ 
ĨŅĶŅĚĪňŗȮ4.4ȮŐĽħĚĮĶŇĴŅĦįĸŉĔĕŀĚĝŇŘĬĚŅĬȮtensile ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ őħĵėņĬĺĦěŅĔĔŅĶ
ĪħĽŀĭȮDSC ŒĬĕńŘĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/ 

Sample %Xc 

L105 4.32 
L105/LAK0.5 47.63 

L105/SSIPA0.5 44.94 

3251D 6.63 
3251D/LAK0.5 42.96 

3251D/SSIPA0.5 41.24 
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2,5,0ȮĔŅĶĻŉĔļŅĽĴĭńĨŇĔŅĶĨƟŅĬĪŅĬŐĶĚĔĶŃŐĪĔĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ 

 ĔŅĶĪħĽŀĭĔŅĶĨƟŅĬĪŅĬŐĶĚĔĶŃŐĪĔĨŅĴĴŅĨĶģŅĬȮASTM-D256 ŏĮƦĬĔŅĶĪħĽŀĭŐĭĭȮ

notched izod impact test őħĵŒĝƟėƟŀĬŏľĺňŗĵĚĕĬŅħȮ/ȮěŌĸȮįĸĔŅĶĪħĽŀĭŐĽħĚħńĚĳŅıĪňŗȮ2,21ȮĞŉŗĚ

ŐĽħĚėƞŅȮimpact strength ĕŀĚ PLA įĽĴĽŅĶĔƞŀįĸŉĔ ŐĸŃĨŅĶŅĚĪňŗȮ2,5ȮŐĽħĚĮĶŇĴŅĦįĸŉĔĕŀĚ

ĝŇŘĬĚŅĬȮimpact ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔȮőħĵėņĬĺĦĮĶŇĴŅĦįĸŉĔěŅĔĔŅĶĪħĽŀĭȮDSC ŒĬĕńŘĬĔŅĶ

ŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/ȮĕŀĚĝŇŘĬĚŅĬĪňŗĪņĔŅĶĪħĽŀĭȮimpactȮĞŉŗĚıĭĺƞŅĝŇŘĬĚŅĬĪňŗĴňĔŅĶįĽĴĽŅĶĔƞŀįĸŉĔĴň

ĮĶŇĴŅĦįĸŉĔĔĺƞŅĝŇŘĬĚŅĬȮneat PLAȮŏĴŊŗŀĪņĔŅĶįĽĴĽŅĶĔƞŀįĸŉĔȮimpact strength ĕŀĚȮPLA ĴňėƞŅ

ĸħĸĚȮőħĵĸħĸĚěŅĔȮ2,14ȮkJ/m2 ĸħĸĚŏľĸŊŀȮ0,./,Ȯ0,10ȮŐĸŃȮ0,1/ȮkJ/m2 ĽņľĶńĭȮPLA L105ȮĪňŗĪņ

ĔŅĶĨĔįĸŉĔ,ȮįĽĴȮLAK-301 ŐĸŃȮSSIPA ĨŅĴĸņħńĭȮŐĸŃĸħĸĚěŅĔȮ2,05ȮkJ/m2 ĸħĸĚŏľĸŊŀȮ/,7/,Ȯ

0,05ȮŐĸŃȮ0,06ȮkJ/m2 ĽņľĶńĭȮPLA 103/D ĪňŗĪņĔŅĶĨĔįĸŉĔ,ȮȮįĽĴȮLAK-301 ŐĸŃȮSSIPA 

ĨŅĴĸņħńĭ ĞŉŗĚȮtoughness ĕŀĚıŀĸŇŏĴŀĶƢĬńŗĬĕŉŘĬĔńĭȮmobility ĕŀĚĽŅĵőĞƞŐĸŃȮchain 

entanglementȮıŀĸŇŏĴŀĶƢĪňŗŏĮƦĬȮamorphous ěŉĚĴňėĺŅĴȮductile ĴŅĔĔĺƞŅȮŏĴŊŗŀĮĶŇĴŅĦįĸŉĔĽŌĚĕŉŘĬȮ

ĪņŒľƟ mobility ĕŀĚĽŅĵőĞƞĸħĸĚŐĸŃĪņŒľƟȮchain entanglement ĸħĸĚȮıŀĸŇŏĴŀĶƢĪňŗĴňėĺŅĴŏĮƦĬ

įĸŉĔěŉĚĴňȮtoughness ĨŗņĔĺƞŅȮĴŅĔĔĺƞŅĬńŘĬȮĽƞĺĬĪňŗŏĮƦĬįĸŉĔĵńĚĽŅĴŅĶĩĪņľĬƟŅĪňŗŏĮƦĬěŋħĶĺĴŐĶĚœħƟŀňĔ

ħƟĺĵȮ[34]ȮŏĴŊŗŀıŇěŅĶĦŅȮPLA ĪňŗįĽĴĽŅĶĔƞŀįĸŉĔŏĮĶňĵĭĔńĭȮPLA ĪňŗĮĸƞŀĵŒľƟĨĔįĸŉĔħƟĺĵĨńĺŏŀĚȮěŃıĭĺƞŅ 

PLA ĪňŗįĽĴĽŅĶĔƞŀįĸŉĔěŃĴňėƞŅȮimpact strength ĽŌĚĔĺƞŅȮĞŉŗĚŏĴŊŗŀıŇěŅĶĦŅĶƞĺĴĔńĭįĸĔŅĶĪħĽŀĭȮ

POM ĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅĕĬŅħįĸŉĔĕŀĚȮPLA ĪňŗįĽĴĽŅĶĔƞŀįĸŉĔěŃĴňĕĬŅħįĸŉĔĪňŗŏĸŖĔĔĺƞŅĴŅĔȮĞŉŗĚĽƞĚįĸ

ŒľƟĝŇŘĬĚŅĬĴňȮtoughness ĪňŗĽŌĚĔĺƞŅȮĞŉŗĚĽŀħėĸƟŀĚĔńĭįĸĔŅĶĪħĸŀĚĕŀĚȮFazlay Rabbi ŐĸŃėĦŃȮY12[ 

 

 
ĳŅıĪňŗȮ4.21ȮŐĽħĚėƞŅȮimpact strength ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔ 
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ĨŅĶŅĚĪňŗȮ4.5ȮŐĽħĚĮĶŇĴŅĦįĸŉĔĕŀĚĝŇŘĬĚŅĬȮimpact ĕŀĚȮPLA įĽĴĽŅĶĔƞŀįĸŉĔȮőħĵėņĬĺĦěŅĔĔŅĶ
ĪħĽŀĭȮDSC ŒĬĕńŘĬĔŅĶŒľƟėĺŅĴĶƟŀĬėĶńŘĚĪňŗȮ/ 

Sample %Xc 
L105 5.59 

L105/LAK0.5 48.70 
L105/SSIPA0.5 47.23 

3251D 6.58 
3251D/LAK0.5 42.82 
3251D/SSIPA0.5 40.21 

 



  
 

ĭĪĪňŗȮ3 

ĽĶŋĮįĸĔŅĶĺŇěńĵŐĸŃĕƟŀŏĽĬŀŐĬŃ 

3,/ȮĽĶŋĮįĸĔŅĶĺŇěńĵ 

 ĚŅĬĺŇěńĵĪņĔŅĶĽńĚŏėĶŅŃľƢĽŅĶĔƞŀįĸŉĔȮsodium dimethyl  5-sulfoisophthalate (SSIPA) 

ŏıŊŗŀŒĝƟŏĮƦĬĽŅĶĔƞŀįĸŉĔĽņľĶńĭȮPLAȮŏıŊŗŀĮĶńĭĮĶŋĚĔŅĶĨĔįĸŉĔĕŀĚȮPLA ŐĸŃĻŉĔļŅįĸĕŀĚĔŅĶŏĨŇĴĽŅĶ

ĔƞŀįĸŉĔĪňŗĴňĨƞŀĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬ, ěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔȮŐĸŃĽĴĭńĨŇŏĝŇĚĔĸȮőħĵěŅĔįĸĔŅĶĪħĽŀĭȮ

FTIR, 1H-NMR ŐĸŃ EDS ĽŅĴŅĶĩĵŊĬœħƟĺƞŅĽŅĴŅĶĩĽńĚŏėĶŅŃľƢȮSSIPA œħƟĽņŏĶŖěőħĵœħƟĶƟŀĵĸŃįĸœħƟȮ

(%yield) ŏĪƞŅĔńĭȮ4.,1%Ȯ 

 ěŅĔįĸĔŅĶĪħĽŀĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬħƟĺĵŏĪėĬŇėȮDSC ĕŀĚȮPLA įĽĴ SSIPA .,3wt% Īņ

ŒľƟıňėȮcold crystallization ĕŀĚȮPLA ľŅĵœĮŐĸŃĮĶŅĔĢıňėĨĔįĸŉĔŒĬĕńŘĬŏĵŖĬĨńĺ ĮĶŇĴŅĦįĸŉĔĕŀĚ 

PLA L105 ŏıŇŗĴĕŉŘĬěŅĔȮ/4,46% ŏĮƦĬȮ33,72% ŐĸŃĮĶŇĴŅĦįĸŉĔĕŀĚȮPLA 3251D ŏıŇŗĴĕŉŘĬěŅĔȮ

0.,56% ŏıŇŗĴĕŉŘĬěŅĔȮ26,65% ĞŉŗĚĴňėƞŅŒĔĸƟŏėňĵĚĔńĭĔŅĶŒĝƟĽŅĶĔƞŀįĸŉĔȮLAK-301 ŐĽħĚŒľƟŏľŖĬĺƞŅȮSSIPA 

ĽŅĴŅĶĩĝƞĺĵŏıŇŗĴŀńĨĶŅĔŅĶĨĔįĸŉĔĕŀĚȮPLA œħƟȮěŅĔĔŅĶĻŉĔļŅěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔȮıĭĺƞŅȮPLA Īňŗ

įĽĴȮSSIPAȮ.,3wt% ĴňŀńĨĶŅĔŅĶĨĔįĸŉĔĪňŗŏĶŖĺĔĺƞŅȮneat PLA ĪňŗŀŋĦľĳŌĴŇĨĔįĸŉĔŏħňĵĺĔńĬȮőħĵėĶŉŗĚľĬŉŗĚ

ŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚȮPLA L105ȮĪňŗȮ/40°CȮĸħĸĚěŅĔȮ4.,5.ȮĬŅĪňȮŏľĸŊŀȮ/,2/ȮĬŅĪňȮ

ŐĸŃėĶŉŗĚľĬŉŗĚŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚȮPLA 3251DȮĪňŗȮ/30°CȮĸħĸĚěŅĔȮ43,0/ȮĬŅĪňȮŏľĸŊŀȮ

/,77ȮĬŅĪňȮĳŅıěŅĔĔŅĶĪħĽŀĭȮPOM ŐĽħĚŒľƟŏľŖĬĺƞŅȮPLA įĽĴȮSSIPA ĽŅĴŅĶĩĝƞĺĵŏıŇŗĴŀńĨĶŅĔŅĶ

ĨĔįĸŉĔĕŀĚȮPLA œħƟȮőħĵŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚȮPLA L105 ĸħĸĚěŅĔȮ/12ȮĬŅĪňȮŏľĸŊŀȮ

2,23ȮĬŅĪňȮŐĸŃŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĨĔįĸŉĔĽĴĭŌĶĦƢĕŀĚȮPLA 3251D ĸħĸĚěŅĔȮ/02ȮĬŅĪňȮŐĸŃȮ5,23Ȯ

ĬŅĪňȮĞŉŗĚĽŀħėĸƟŀĚĔńĭĔŅĶĪħĽŀĭěĸĻŅĽĨĶƢĔŅĶĨĔįĸŉĔȮŀňĔĪńŘĚĵńĚĽńĚŏĔĨœħƟĺƞŅȮŏĴŊŗŀĪņĔŅĶįĽĴĽŅĶĔƞŀ

įĸŉĔȮįĸŉĔĪňŗŏĔŇħĕŉŘĬěŃĴňĕĬŅħŏĸŖĔĸĚŀĵƞŅĚĴŅĔŐĸŃĴňėĺŅĴľĬŅŐĬƞĬĕŀĚȮnucleus ĽŌĚĕŉŘĬŀĵƞŅĚĴŅĔȮěŅĔ

ĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚĕŀĚįĸŉĔħƟĺĵŏĪėĬŇėȮXRD ıĭĺƞŅĮĶŅĔĢıňėȮ0ɗȮĪňŗȮ/4,3°ȮŐĸŃȮ/6,7°ȮĞŉŗĚŏĮƦĬıňė

ŏŀĔĸńĔļĦƢĕŀĚĶŌĮŐĭĭįĸŉĔŐĭĭŐŀĸĲŅȮĪńŘĚȮneat PLAȮĪňŗĪņĔŅĶĨĔįĸŉĔŐĸŃȮPLA įĽĴĽŅĶĔƞŀįĸŉĔȮ

SSIPA ŐĽħĚŒľƟŏľŖĬĺƞŅĽŅĶĔƞŀįĸŉĔœĴƞĽƞĚįĸĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚőėĶĚĽĶƟŅĚįĸŉĔ ŏĴŊŗŀĻŉĔļŅįĸĕŀĚĔŅĶ

ŏĨŇĴĽŅĶĔƞŀįĸŉĔĨƞŀĽĴĭńĨŇŏĝŇĚĔĸĕŀĚ PLA ıĭĺƞŅȮŏĴŊŗŀĪņĔŅĶįĽĴĽŅĶĔƞŀįĸŉĔȮSSIPA 0.5wt% 

YmsleŲqȮkmbsjsqȮĕŀĚȮPLA L105 ŏıŇŗĴĕŉŘĬěŅĔȮ/,.6ȮGPa ŏĮƦĬȮ/,24 GPa ŐĸŃ YmsleŲqȮ

modulus ĕŀĚȮPLA 103/D ŏıŇŗĴĕŉŘĬěŅĔȮ/,.7ȮGPa ŏĮƦĬȮ/,27 GPa ŐĨƞĴňȮimpact strength ĪňŗĸħĸĚȮ
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őħĵ PLA L105 ĴňėƞŅȮImpact strength ĸħĸĚěŅĔȮ2,14ȮkJ/m2 ŏľĸŊŀȮ0,14 kJ/m2ȮŐĸŃ PLA 

103/D ĴňėƞŅȮImpact strength ĸħĸĚěŅĔȮ2,05ȮkJ/m2 ŏľĸŊŀȮ0,06 kJ/m2Ȯ 

 ěŅĔįĸĔŅĶĪħĽŀĭħńĚĔĸƞŅĺȮĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅĽŅĶĔƞŀįĸŉĔȮSSIPA ĽŅĴŅĶĩĪņľĬƟŅĪňŗŏĮƦĬĽŅĶ

ĔƞŀįĸŉĔœħƟħňȮŐĸŃĴňĮĶŃĽŇĪīŇĳŅıŒĔĸƟŏėňĵĚĔńĭĽŅĶĔƞŀįĸŉĔĝĬŇħŏĔĸŊŀĞńĸőĲŏĬĨĪňŗŒĝƟŒĬŏĝŇĚıŅĦŇĝĵƢŀĵƞŅĚȮ

potassium dimethyl 5-sulfoisophthalate (LAK-301) 

 

5.2 ĕƟŀŏĽĬŀŐĬŃ 

 ŏıŊŗŀŀīŇĭŅĵėĺŅĴŐĨĔĨƞŅĚĕŀĚĽŅĶĔƞŀįĸŉĔĪńŘĚĽŀĚĝĬŇħȮėĺĶĴňĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭĔĸœĔŒĬĔŅĶĔƞŀ

įĸŉĔĕŀĚĽŅĶĔƞŀįĸŉĔŏıŇŗĴŏĨŇĴ 

 

 

 

 

 

 

 

 

 

 

 



  
 
 

 

 

 

 

 

 

 

ĳŅėįĬĺĔ 
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ĳŅėįĬĺĔȮȮĔ: ĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚ 

ĕƟŀĴŌĸįĸĔŅĶĪħĸŀĚ 

 

ĳŅıĪňŗȮĔ,1 DSC thermogram ĕŀĚȮPLA L105 
 

 

ĳŅıĪňŗȮĔ,2 DSC thermogram ĕŀĚȮPLA L105/LAK0.5 
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ĳŅıĪňŗȮĔ,3 DSC thermogram ĕŀĚȮPLA L105/LAK1.0 
 

 

ĳŅıĪňŗȮĔ,4 DSC thermogram ĕŀĚȮPLA L105/SSIPA0.5 



 



 



 



 



 



 



 


