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Abstract

Styrene-ethylene-butylene-styrene/polystyrene blends (containing 10, 20, 30 and 50 wt %
polystyrene) and styrene-ethylene-butylene-styrene nanocomposites (containing 0.5, 1, 2 and
4 wt% Cloisite® 20A) were melt compounded, injection moulded, characterised and

subsequently foamed.

Scanning electron microscopy of the blends in back-scattered imaging mode revealed that a
portion of the added polystyrene was miscible with the styrene blocks of styrene-ethylene-
butylene-styrene (SEBS), thereby increasing the domain size whereas the remaining portion
got phase separated forming micrometer-sized aggregates. Blends with a higher polystyrene
(PS) content (30 and 50 wt% polystyrene) possessed a fibrillar morphology, resulting in a

remarkable increase in tensile modulus and storage modulus (in dynamic mechanical analysis).

The nanocomposites exhibited a mixed morphology in transmission electron microscopy. The
clay was dispersed in both the polystyrene and the elastomeric phases, as indicated by shift in
tan 6 peak of both phases in dynamic mechanical analysis. An increase in clay content resulted
in an increased formation of agglomerates as well as 3D mesoscopic structures. The
nanocomposite with 1 wt% nanoclay exhibited maximum intercalation and delamination, with
minimum agglomeration, resulting in maximum tensile modulus and storage modulus (in

dynamic mechanical analysis).

The compositions were batch foamed using carbon dioxide. The foaming behaviour of both
blends and nanocomposites depended on material characteristics and foaming temperature. At
foaming temperatures close to the glass transition temperature of the polystyrene phase, when
foaming of both the polystyrene and the ethylene-butylene phases occurred, compositions with
higher storage modulus and complex viscosity produced foams of higher volume expansion
ratio and lower shrinkage. However, unlike foams of the blends, where shrinkage was
completely eliminated in case of blends of a higher polystyrene content, foams of all the
nanocomposites shrank. But shrinkage of all nanocomposite foams was significantly lower
than that of neat SEBS foam. Also, nanocomposites with well-dispersed nanoclay produced
foams having morphology superior to that of foams of the blends, attributed to enhancement

of melt strength and occurrence of heterogeneous nucleation by the nanofiller,

At foaming temperatures close to room temperature, the elastomeric phase was selectively

foamed. The polystyrene particles (polystyrene domains of the copolymer and phase separated



aggregates of the blends) and the nanoclay in the elastomeric phase (in case of nanocomposites)
served as sites of heterogeneous nucleation. Irrespective of rheological properties, all foams
showed prominent shrinkage. Greater the number of polystyrene particles (in case of the
blends) or the stiffness of the polystyrene phase (in nanocomposites, due to the dispersed clay),

lower was the volume expansion ratio and higher was the shrinkage.

For a given composition, the quality of dispersion, as well as the foaming behaviour of both
blends and nanocomposites depended on the primary processing conditions employed during
compounding. In case of blends, a lower screw speed (around 100 rpm in a 16 mm twin screw
extruder) favoured a finer quality of dispersion of the polystyrene particles. In case of
nanocomposites, a screw speed of around 200 rpm resulted in superior quality of dispersion of
nanoclay without degradation of the matrix. The blends and nanocomposites produced at 100
rpm and 200 rpm respectively, exhibited better tensile and rheological properties, as well as

enhanced foamability at both higher and lower foaming temperatures.

In order to understand whether a synergistic combination of the attributes of the blend foams
and the nanocomposite foams can be achieved in foams of ternary compositions, ternary
compositions containing 30 wt% polystyrene and 1 wt% nanoclay were prepared and foamed
at 100 °C. Though the foams exhibited no shrinkage and had superior volume expansion ratio,

morphology was poor, as in case of foams of blends.
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