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ABSTRACT

Poly(lactic acid) (PLA) is one of the most commercially successful bio-based degradable
polymer with high strength, high stiffness, good bio-compatibility and excellent transparency.
However, neat PLA suffers from major disadvantage, notably brittleness (low strain-at-break and
high modulus), which restricts its use in applications where toughness and impact resistance are
required, particularly for durable applications such as in automotive and electronics.
Copolymerization and blending with another rubbery polymer are simple, effective ways to
modify brittle property of PLA.

In the first section, a series of six-armed star diblock copolymers based on poly(L-lactic
acid) PLLA and poly(e-caprolactone) (PCL) were synthesized by ring opening polymerization
(ROP) using stannous octoate as catalyst. The effect of star architecture and length of outer
PLLA block on the thermal, rheological and mechanical properties of the copolymers was
studied. The melting point and the degree of crystallinity were found to be lower in the case of
copolymers as compared to their linear counterparts. The crystallite size corresponding to PLLA
component remained the maximum where PCL content was the highest, as estimated by
Sherrer's equation based on wide angle X-ray diffraction (WAXD) data. Dynamic rheological
studies revealed that the star polymer shaped block copolymers were susceptible to angular
frequency (shear deformations) due to presence of large free volume. Atomic force microscopy
(AFM) studies revealed that copolymers exhibited microphase separated morphology with
elongated (worm-like) microdomains. Dynamic mechanical analysis (DMA) revealed that
storage moduli were higher in the case of copolymer with high PLLA content due to higher
crystallization and increase in PLLA block length.

In the next section, a series of ABA type triblock copolymers based on biodegradable

poly(butylene carbonate) (PBC) and PLLA were synthesized with PBC as the core and varying

iv



the PLLA outer block length. The influence of outer PLLA chain length on structural, thermal,
morphological and mechanical properties of triblock copolymers were studied. A significant
reduction in the crystallinity of the PBC component was observed in the triblock copolymers as
evidenced by differential scanning calorimetry (DSC) and WAXD. A systematic increase in the
crystallinity of the PLLA blocks was observed with increasing chain length of PLLA. The
triblock copolymers undergo a transition from micro-phase separated lamellar morphology to
macro-phase separated unstable morphology in the composition domain of ~ 45-55 wt% of
PLLA. A pseudo-ductile to quasi-brittle transition was observed in the composition range of ~
45-55 wt% of PLLA corresponding to a change in morphology as confirmed by mechanical
analysis.

Another series of ABA type triblock copolymers based on biodegradable aliphatic
polycarbonate and PLLA were synthesized with PLLA as the outer block and varying the
aliphatic polycarbonate middle block i.e. poly(hexamethylene carbonate), poly(octamethylene
carbonate) and poly(decamethylene carbonate). In the first step, a series of hydroxyl terminated
aliphatic polycarbonate has been prepared by step growth polymerization of corresponding diols
(1,6-hexanediol, 1,8-ocatne diol, 1,10-decane diol) and dimethyl carbonate using NaH as catalyst
and they were used as a macroinitiator in the second step to introduce outer block. The
influences of middle aliphatic polycarbonate block on structural, thermal, morphological and
mechanical properties of the triblock copolymers were investigated.

In the last section of this study, two different series of PLA based blends were developed
and studied. First, a series of PLA/PLLA-b-PBC-b-PLLA blends were developed to study the
effect of PLLA-b-PBC-b-PLLA triblock copolymers as well as PLA wt% on the thermal,

mechanical and morphological properties of the blend. DSC studies showed that the triblock



copolymer acted not only as a plasticizer, but also as a nucleating agent depending upon the
outer PLLA block length. With shorter PLLA segment of triblock copolymers, Ty and Tc of the
blends decrease, owing to the higher content of PBC content. However, triblock copolymers with
relatively longer PLLA segment showed unique nucleation effects for PLLA, leading to the
elevation of melting point of PLLA. The morphologies as well mechanical properties of blends
were also found to depend upon the outer PLLA block length.

Additionally, another PLA/PCL binary blend was developed with comparable PLA to
PCL ratio as in six armed PLA/PCL block copolymers. A comparative study of thermal,
rheological, morphological and mechanical properties of PLA/PCL blends and copolymers were
done. The Tm and the degree of crystallinity were found to be lower for the copolymers than the
blends due to poor folding property of star copolymers. Dynamic rheology revealed that the star
polymers have lower elastic modulus, storage modulus and viscosity as compared to the

corresponding blends with similar composition.
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