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Preparation and properties of polylactic acid plasticized by fully bio-based furan dicarboxylate
ZHU Haolin, KANG Hanzi,ZHANG Haoyu, YANG Liu,ZHOU Wenxin, REN Jie, CHEN Jin
(Institute of Chemistry Co.,Ltd.,Henan Academy of Sciences,Zhengzhou 450002, China)

Abstract : In order to improve the inherent brittleness of polylactic acid (PLA) for extending its application range, through the
esterification reaction of 2, 5-furan dicarboxylic acid and natural fatty alcohols, a bio-based furan dicarboxylate (DAF) plasticizer
with a novel structure was designed and synthesized. The plasticizing law and mechanism of DAF on PLA were studied systematical-
ly through the tensile property test, melting and crystallization behavior analysis, thermogravimetric behavior analysis, dynamic
mechanical properties analysis and micro morphology analysis. The results show that DAF has excellent plasticizing and toughening
effects, the elongation at break of PLA plasticized by DAF is increased from 7% (PLA) to 211.68% when DAF is added at 10 wt%,
which is better than that of PLA plasticized by dioctyl terephthalate (DOTP) with the same contents, and even comparable to the
plasticizing efficiency when DOTP is added at 20 wt%. With the increase of DAF addition, the glass transition temperature and
melting temperature of PLA/DAF gradually decreases, thereby enhancing the processability of PLA. Although the thermal stability
gradually deteriorates, there is little difference with PLA/DOTP, and the compatibility of DAF and PLA is good. It is found that
DAF shows a good substitution effect for DOTP in plasticized PLA.

Keywords : polylactic acid ; bio-base ; furan dicarboxylic acid ; natural fatty alcohol ; toughening effect ; plasticizer
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Tab.1 Mechanical properties of PLA and plasticized PLA materials

Samples Yield strength/MPa  Elongation at break/%
PLA 71.00 7.00
PLA/DAF5 3331 88.70
PLA/DAF10 21.60 211.68
PLA/DAF20 20.27 212.30
PLA/DOTPS 36.60 72.71
PLA/DOTP10 36.34 105.90
PLA/DOTP20 23.45 215.55
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Tab.2 DSC related data of PLA and plasticized PLA materials

Samples 7,/°C T /°C T, /°C T,,°C

PLA 61.3 108.9 161.8 168.9
PLA/DAF10 51.1 101.2 156.7 164.8
PLA/DAF20 50.9 99.9 155.4 164.3
PLA/DOTP10 53.2 94.7 - 163.2
PLA/DOTP20 52.9 93.8 - 163.3

Notes: T, is glass transition temperature; 7, is cold crystallization

temperature; 7, , is low melting temperature; 7', is high melting tempera-

ture.
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Fig. 5 TG and DTG curves of PLA and plasticized PLA materials
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Tab.3 Data related to thermal degradation of PLA and plasticized

PLA materials

Samples T/°C T,/°C T,/°C
PLA 324.66 333.80 355.34
DAF 201.48 221.75 305.38
PLA/DAF10 303.83 320.46 357.46
PLA/DAF20 261.63 295.44 355.10
PLA/DOTP10 302.85 318.92 356.40
PLA/DOTP20 266.09 295.79 351.22

Notes: T is 5% weight loss temperature; 7, is 10% weight loss

temperature; T, is 50% weight loss temperature.
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