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Toughening of Biodegradable Polyester/Thermoplastic Starch Composites via All-Atom Molecular
Dynamics Simulations

Thesis Summary

In this study, molecular dynamics (MD) simulations were employed to analyze the microscopic
structure and fracture behavior of biodegradable polyester/thermoplastic starch (TPS) blends to expand
their potential applications. Based on the findings, strategies for improving toughness were explored.

Chapter 1 outlines the characteristics and advantages of biodegradable polyester/TPS composites and
describes various toughening approaches to enhance impact resistance. Chapter 2 describes the
theoretical background and MD algorithms used in this study, while Chapter 3 details the material
processing techniques for composite fabrication and the methods for evaluating mechanical, thermal,
and morphological properties.

In Chapter 4, MD simulations were conducted on eight interfaces combining four biodegradable
polyesters—polylactic acid (PLA), polybutylene succinate (PBS), polyhydroxybutyrate (PHB), and
polybutylene adipate terephthalate (PBAT)—with two types of TPS: unmodified (nTPS) and
citrate-modified (cTPS). The results revealed that PBS/cTPS and PBAT/cTPS interfaces exhibited
particularly high adhesion, with fracture energy approximately 1.6 times higher than that of PLA/nTPS.
Furthermore, the tetramethylene (TM) moieties of PBS and the adipate (AD) moieties of PBAT formed
associative structures with the citrate-modified (CT) moieties of starch molecules. TM and AD moieties
also contributed to enhanced adhesion by absorbing strain energy through conformational changes
during tensile deformation.

In Chapter 5, PLA/TPS and PLA/PBS/TPS composites were fabricated via twin-screw extrusion and
injection molding, followed by property evaluation. PLA/PBS/TPS composites exhibited generally
improved mechanical properties compared to PLA/TPS, with those containing 25-40wt% TPS achieving
higher impact strength than PLA/PBS composites. A core—shell structure, where TPS formed the core
and PBS the shell, was observed, particularly in high—impact compositions where TPS was finely
dispersed within a sufficiently thick PBS shell. MD simulations of the PLA/PBS/TPS interface revealed
that PBS permeated both PLA and TPS phases, forming a thick miscible region that suppressed
interfacial fracture. This facilitated stress transfer through the PBS shell and enabled dispersion
strengthening, enhancing impact resistance.

Chapter 6 further explored the toughening mechanism of the core—shell structure through MD
simulations of four models with varying TPS core diameters and PBS shell thicknesses (PLA/TPS25,
PLA/PBS/TPS5, PLA/PBS/TPS25, and PLA/PBS/TPS50). Fracture energy followed the trend:
PLA/PBS/TPS25 > PLA/PBS/TPS5 > PLA/PBS/TPS50 = PLA/TPS25, indicating the existence of an
optimal core size and shell thickness for toughening. Void formation analysis revealed that PLA/TPS25
and PLA/PBS/TPS50 primarily exhibited interfacial void formation, leading to rapid failure, while
PLA/PBS/TPS5 suppressed interfacial delamination but generated excessive voids in the matrix, limiting
toughening. In contrast, PLA/PBS/TPS25 exhibited moderate void density in the matrix, effectively
relieving strain constraints and enhancing toughness. Impact strength evaluations of corresponding
composites aligned with the simulated fracture energy trends, and fracture modes were consistent
between simulations and experiments. These results demonstrate that the simulated fracture behavior
and toughening mechanism accurately reflect fundamental physical phenomena.

Finally, Chapter 7 summarizes the key findings and presents concluding remarks.




