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ABSTRACT

The commercial grades poly(lactic acid) (PLA) are usually based on an L-rich mixture
and typically comprise of 95-97 % L-units and 1-2% D-units. PLA exhibits very slow
crystallizing behaviour. During foam processing of PLA with CO2, PLA/COz system exhibits
rapid crystallization behaviour which imparts high stable crystalline foam morphology to the
final product. This CO: induced crystallization process occur at supersaturated/foaming
condition is spontaneous in nature. This indicates that like bubble nucleation, crystal nucleation
in a CO; supersaturated samples is a spontaneous process and it can be enhanced by increasing
the degree of supersaturation. The objective of the current thesis is to investigate the
crystallization and foaming behaviours of PLA and PLA/clay nanocomposites (PLANCs) at
their CO> induced supersaturation state for the development of structurally controlled
crystalline foam morphologies. The raw material used were PDLA (PLA8032D), nanoclay
(Cloisite 30B) and high pressure CO> as green plasticizer. PLA and Cloisite 30B were melt
compounded in a Prism EUROLAB-16 co-rotating twin screw extruder. PLA based
nanocomposites containing 0.5 wt.% (PLANC-0.5), 1 wt.% (PLANC-1), and 2 wt.% (PLANC-
2) of nanoclay were prepared. The various characterizations of PLA/clay nanocomposites
(PLANC:s) were carried out to study the effects of nanoclay content (wt.%) on the thermal,
morphological, rheological, mechanical properties and thermo-mechanical properties of the
PLANC:S. The crystallization behaviour of PLA and PLANCs were studied at saturation and
supersaturation condition with CO». The distinct differences in the crystal growth behaviour
between the two states were investigated. The crystallization behaviour of CO» treated PLA
and PLANC: at various CO; saturation conditions (20, 30 & 50 bar) were performed by using
high pressure differential scanning calorimetry (HP-DSC). The crystallization behaviour of
CO; treated PLA and PLANCSs under supersaturated conditions were studied by using high

pressure autoclave. The compression moulded amorphous PLANCs samples were saturated
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with CO> at an optimum conditions using high pressure autoclave. In order to achieve various
degree of supersaturation, the CO; saturated samples were heated to different temperatures (60
°C, 70°C, 75 °C, 80 °C). The resultant spherulitic structures were investigated by using optical
microscopy, scanning electron microscopy, and wide angle X-ray diffraction. In contrast to
CO; saturated conditions (50 bar), there was an exponential increases in nucleation density of
spherulites (from 220 to 4.5 x 10° number/mm?) at superheated condition (80 °C) was observed.
Interestingly, from the morphological analysis, it was established that the superheating process
not only enhances nucleation exponentially but also induces transition from 3-D to 2-D crystal
growth mechanism in PLA. To establish the correlation between the crystallization and
foaming process, concurrent crystallization and foaming behaviour of PLANCs were studied
at different superheated conditions (120 °C, 130 °C, 140 °C, and 150 °C). The obtained 2-D
crystalline foam morphologies of PLANCs were studied by various characterization techniques
such as, SEM, SAXS and WAXD techniques. It was found that the CO induced 2-D crystal
growth mechanism of PLANCs with exclusion of CO; simply direct the growth of 2-D
spherulites into the self-templated regions and in-situly foam the inter-spherulitic amorphous
region concurrently, so-called ‘instantaneous 2-D crystallization and in-situ foaming
processes’. The obtained self-stack 2-D spherulites with in-situ foamed interlayers replicate the
2-D crystalline porous microstructure of nacre biomaterials and thus the rapid biomimetic
concept of crystallization of PLANCs occurs at superheated conditions. The subsequent
transformation of the amorphous PLA into a self-stacked 2-D spherulitic microstructure and
the reinforcing effect of semi-crystalline 2-D spherulites in the novel assembly with in-situ
foamed amorphous interface were established by various mechanical studies. This thesis
reveals the rapid biomimetic concept of CO; induced crystallization and foaming of PLA &
PLANCSs occurring at superheated conditions and its application in developing bioinspired

polymeric materials for structural applications.
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