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ABSTRACT

Biobased polymers have received a great deal of attention because of their superior eco-
friendliness and advantages to minimize the usage of petrochemical resources. Polylactide
(PLA) is a biodegradable, linear aliphatic thermoplastic polyester which is derived from
renewable plant origins. PLA possesses good transparency, high tensile strength and modulus
making it a possible alternative for petroleum-based plastics such as poly(ethylene
terephthalate), polystyrene and polypropylene. However, due to its brittleness, difficult
processability, low thermal stability and toughness, neat PLA finds limited applications.

In order to toughen PLA mainly plasticization, blending and copolymerization
methods are used. PLA was melt mixed with poly(ethylene glycol) (PEG) with molecular
weight of 4000 g/mol in various PEG concentrations (5-30 wt%). Tensile strength and
modulus of PLA decreased in a linear fashion with increasing PEG content. PEG improved
the flexibility and plastic deformation of PLA by reducing the intermolecular forces. The
impact strength remained almost constant at low PEG content and enhanced significantly at
maximum PEG concentration. However, PEG improved the impact strength properties at the
cost of tensile strength. Differantial scanning calorimetry (DSC) showed PEG incorporation
reduced the T4 of PLA significantly. The melt crystallinity of PLA enhanced with increase in
PEG content. The effect of PEG incorporation on thermal stability of PLA was characterised
by thermo gravimetric analysis (TGA). Thermomechanical behaviour of the blends was
studied by dynamic mechanical analysis (DMA). The shear viscosity of PLA decreased
significantly with increase in PEG content.

Blending with a thermoplastic elastomer like poly(styrene-b-ethylene-co-butylene-b-styrene)-
g-maleic anhydride copolymer (SEBS-g-MA) can be an effective way to toughen PLA.
SEBS-g-MA improves impact strength and flexibility of brittle polymers with minimum

decrease in stiffness. PLA was melt blended with SEBS-g-MA copolymer in varied



concentration (5-40 wt%). The blends thus prepared, were characterized by various test
methods such as mechanical (tensile and impact), thermal (TGA, DSC), thermomechanical,
rheological (capillary and parallel plate rheometry), morphological and fracture analyses.
SEBS-g-MA incorporation enhanced elongation-at-break and Izod impact strength with
minimum decrease in tensile strength and modulus. Theoretical models were employed to
analyze the tensile properties of the blends in order to evaluate the blend structure. The
microstructural attributes were characterized by scanning electron microscopy (SEM) of
cryofractured, impact fractured and tensile fractured surfaces.

Sepiolite nanoclay is used as reinforcing agent for PLA/SEBS-g-MA 90/10 (w/w)
blend. Effects of sepiolite on thermal behaviour, morphology and thermo-mechanical
properties of PLA/SEBS-g-MA blend were investigated. The nanocomposite exhibited
increase in the tensile modulus and toughness as compared to the blend matrix. Tensile
strength and impact strength properties were almost unaffected with sepiolite incorporation.
Field emission scanning electron microscopy and transmission electron microscopy images
exhibited sepiolite induced morphological changes and dispersion of sepiolite in both PLA
and SEBS-g-MA phases. DMA and wide angle X-ray diffraction presented evidences in
support of the reinforcing nature of sepiolite and phase interaction between the filler and the
matrix.

In future, PLA/SEBS-g-MA/sepiolite ternary nanocomposites can be explored for
applications in services e.g. wares, folded cartons, durable goods, laptop and mobile housing,
packaging and automotives. PLA/PEG blends can be inducted to nondurable applications in

short term molded applications.
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