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POLY(LACTIC ACID)/POLY(ETHYLENE GLYCOL)/BLOCK COPOLYMER/

BLEND/COMPUTER SIMULATION

Poly(lactic acid) (PLA) is a bioplastics that is biodegradable in nature and
non-toxic to human and environment. For this reason, there has been a great interest
during the past decade to develop this material for various applications. According to
its brittleness and low elongation at break, it is necessary to improve the properties of
PLA for practical usage. Blending PLA with plasticizer such as polyethylene glycol
(PEG) has been recognized as an effective method to toughen PLA. Unfortunately,
PLA/PEG blends usually phase separate over time at room temperature. To solve the
problem of phase separation of these blends, a triblock copolymer of PLA and PEG
(PLA-PEG-PLA) was proposed as the plasticizer for PLA in this work. Thermal and
rheological properties of PLA/PEG and PLA/PLA-PEG-PLA blends were used to
determine the miscibility of these mixtures. Atomistic molecular dynamic and
mesoscale simulations were also performed to validate experimental findings and
gain more insight at an atomistic and nanoscale level of these materials. To extend an
understanding of the physical characteristics of multiphase polymeric material,

structure and dynamics of bidisperse polyethylene (PE) nanocomposites and
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polyethylene/polypropylene (PE/PP) blends with different PP tacticity were
investigated by Monte Carlo simulation of a coarse-grained polymer model. The key
findings of this thesis can be summarized as followings.

PLA-PEG-PLA triblock copolymer is capable to reduce phase separation
compared to blending PLA with bare PEG. This finding is in good agreement with
the results obtained from molecular dynamics (MD) and dissipative particle dynamics
(DPD) simulations.

For the PE/PP blend with different tacticity of PP chains, molecular
dimensions, characteristic ratio (C,) and self-diffusion coefficient (D) of PE chains in
the blends are sensitive to the stereochemistry of PP component. In addition, the
results suggest that PE/aPP and PE/iPP are partial miscible while PE/sPP is
completely immiscible at the melt.

The presence of short PE chains in the polymer matrix of bidisperse PE
nanocomposites leads to a reduction of the bridge conformation of long PE chains.
Under the strong confinement, the mobility of the long chains in bidisperse

nanocomposites was slower than those in monodisperse PE nanocomposite systems.

School of Chemistry Student’s Signature

Academic Year 2013 Advisor’s Signature






