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Synthesis of high molecular weight polylactic acid by melt polymerization and its toughening modification
HU Mingguang',BAI Lu',ZHANG Tengda’, XUE Yong”, GUO Yan’, CHEN Xiaoqji'
(1. Institute of Energy Resources, Hebei Academy of Sciences, Shijiazhuang 050081, China;
2. Julu County Applied Technology Research Institute, Xingtai 055250, China)

Abstract : Addressing the issues of low molecular weight and high brittleness of polylactic acid (PLA) materials, the racemic
lactide was used as the monomer and purified by recrystallization process, then the high molecular weight racemic polylactic acid
(PDLLA) materials were prepared through melt polymerization. The effects of initiator content on molecular weight and properties
of PDLLA were studied, and toughening modification of PDLLA was carried out using polycaprolactone (PCL). The results indicate
that the appropriate recrystallization times (2 times) can effectively improve the purity of racemic lactide (up to 99.3%), reduce the
free acid content (only 0.13%) in monomers, and maintain a certain polymer yield of 80.82%, further obtaining high molecular
weight PDLLA biodegradable materials. The PDLLA molecular weight decreases with the increase of initiator content, and the
tensile strength and elongation at break of PDLLA also decrease accordingly. When the initiator content is 0.07% of racemic lactide
mass, PDLLA has the weight-average molecular weight of 195.3 kg/mol, with a tensile strength of 40.8 MPa, elongation at break of
5.4%, and a thermal decomposition temperature at 5% mass loss of 284.5 °C, demonstrating excellent mechanical properties and
thermal stability. The water absorption of the PDLLA in phosphate buffered solution depends on the molecular weight. The PDLLA
with larger molecular weight remains stable for a longer period before the onset of rapid increase of water absorption. When the PCL
content is 10 wt% , the elongation at break, tensile strength, and notched impact strength of the PDLLA/PCL blend can reach 24.5%,
47.5 MPa, and 3.84 kJ/m’ respectively, the notched impact strength is 112.2% higher than that of pure PDLLA, indicating the tough-
ness of PDLLA is enhanced significantly.
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Tab. 1 Effects of recrystallization times on purity, free acid content

of racemic lactide,and PDLLA yield and molecular weight

Times  Purity/% fngeif/l‘; Yield/% M. /(kg-mol ")
0 97.5 132 100.00 58.72
1 98.7 0.56 89.90 98.54
2 99.3 0.13 80.82 140.57
3 99.5 0.09 71.93 148.23
4 99.8 0.08 64.73 15222

Notes: M, is weight-average molecular weight.
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Fig. 1 Polymerization reaction process
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