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ABSTRACT

In this thesis, the applications of dendrimers and hyperbranched polymers in improving the
properties of polyolefins, including processability, nucleation, interfacial adhesion between
polymer blends, thermal stability, dyeability, as well as influencing their mechanical, and
rheological properties have been extensively discussed. The synthetic methodology for
dendrimers via thiol-ene click reaction has been described in detail. Literature review on multi-
functional additives and their role in incorporation of long chain-branching in the otherwise
linear structure of polyolefins has been documented. The role of silica as an additive in its non-
porous and mesoporous form in improving the bulk properties of polyolefins has been
described. Examples from the literature in context to the surface modification of silica in

improving the properties of PP composites have also been discussed.

In Chapter 2, design and synthesis of first-generation dendrimer having terminal eight hydroxyl
groups has been shown. TEMPO or 2,6,6-tetramethylpiperidine-1-oxyl has been used as an
initiator to facilitate the reaction between pentaerythritol tetraacrylate and monothioglycerol.
Through reactive compatibilization approach, G1 was used as an additive in impact co-polymer
polypropylene (ICP) and linear-low density polyethylene (LLDPE) using radical initiator and
external co-agent. The grafting of G1 on polyolefin chain resulted in long-chain branching in
the polyolefin chains. The effect of induced entanglement was studied on the melt strength,

processability, mechanical, and rheological properties of ICP and LLDPE.

In Chapter 3, G1 was used as the central core for the synthesis of second-generation dendrimer
G2 having eight terminal unsaturated bonds. G1 was subjected to esterification reaction
assisted by 1-Ethyl-3-(3-aminopropyl) carbodiimide (EDC) and 4-(Dimethyl aminopyridine
(DMAP). Reactive extrusion with the help of radical initiator was used to graft G2 on ICP
chains, thereby resulting in long-chain branching in ICP. The role of entanglement produced

in ICP chains was examined on melt and bulk properties of ICP, including melt strength, melt-
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flow index, branching degree, molecular weight distribution studies, mechanical, and

rheological properties.

In Chapter 4, the effect of functional groups studied in G1 and G2, i. e. hydroxyl and ‘ene’
groups respectively was extended to solid substrate additive, particularly mesoporous silica.
The idea was to utilize the high surface area of mesoporous silica for surface modification to
graft alkyl chain moieties with terminal functional group as hydroxyl and double bond. Using
similar reactive compatibilization approach adopted in Chapter 2 and Chapter 3 for the
respective functional groups, the chemical interaction between modified mesoporous silica and
ICP chains was carried out using radical initiator and compatibilizer. The effect of surface
modification on mesoporous silica particles was evaluated on the dispersion of filler in the
matrix. The prepared composites were tested for their mechanical as well as rheological
properties. The role of porosity in mesoporous silica was also examined by comparing the
mechanical properties of ICP composites prepared separately with non-porous silica as well as

mesoporous silica.

Furthermore, in Chapter 5, the effect of surface modification on mesoporous silica particles
was studied on the anti-blocking, optical, mechanical, and barrier properties of tubular
quenched polypropylene (TQPP) films. The results were compared to those obtained with
commercial silica that is conventionally used as an additive in TQPP films. A good balance of
openability (reduced Van Der Waals interactions between two adjacent layers of films), visual
appeal in terms of high clarity and gloss, and stretchability in films is required to produce good

quality packaging films.
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