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Polymer blends have attracted great attention both industrially and
academically because of their flexibility and versatility to create new materials
with desired properties from existing virgin polymers. Polypropylene (PP) and
polystyrene (PS) are two of the widely used plastics and their blends have also
received considerable attention. This blend has been selected for this study
because of the recent interest in these materials for automotive applications.
However, PP and PS are widely regarded as immiscible due to lack of
interfacial adhesion between the components. Properties of such blends can be
improved by using compatibilizers such as homopolymers, graft, block or star
copolymers. In recent years, a new concept of compatibilization by using
nanoparticles has been introduced. In this study nanoclay and cellulose nano
fibers are proposed to be used as modifiers. Nanocomposites based on polymer
blends are particularly attractive due to the myriad types of polymer
nanocomposites that can be generated. Traditionally nanoclays have been used as
fillers in polymer systems due to the improved physical and mechanical properties
of the resulting polymer nanocomposite. A large quantity of polymer-clay
nanocomposites has been successfully prepared through the integration of clay in
a wide variety of polymer matrices. Much of the work in this area has focused on
montmorillonite clays. Hence, in this study low cost kaolin nanoclay with a 1: 1
type layered structure with chemical composition Al,Si,Os(OH), is proposed to be
used.

Cellulose nano fiber based nanocomposites are very attractive because of
their low density, nonabrasive, nontoxic, low cost and interesting specific
properties. Nowadays, cellulose nano fibers has been greatly discussed and
researched in a wide variety of applications. The high strength and stiffness



coupled with the small dimensions of cellulose nano fiber may impart useful
properties to composite materials which can be used in a wide range of
applications. The main reason for using cellulose nano fibers in polymer
composites is its high stiffness making it an ideal material for reinforcement. In
this study it is proposed to isolate cellulose nano fiber from sisal and use it as
reinforcement in PP/PS blend.

Short fiber reinforced composites have several attractive characteristics that
make them suitable for engineering and consumer applications. Since the
inorganic filler has higher density compared to the polymer matrix, the filled
polymer density may also increase and lead to greater moulded part weight. To
overcome this drawback a composite with lower particle size filler is proposed
to be used. Recently, it has been observed that incorporating filler particles into
the matrix of fiber reinforced composites would give the desired performance
for the hybrid composites at low to intermediate filler loadings. Micro/nano
hybrid composites may result in synergism and find applications in a variety of
engineering applications. A systematic study is proposed to be undertaken to
understand the mechanical, thermal and morphological properties of various

composites.
The investigations are presented in eight chapters as follows:

Chapter 1: INTRODUCTION

A concise prologue to the topic of study is presented in Chapter 1.
Review on nanocomposites based on polymer blends with special reference to
these properties and applications are briefly discussed. Scope and objectives of
the present work are also discussed in this chapter.



Chapter 2: MATERIALS AND METHODS

The details of the materials used and the experimental procedures for the
preparation of nanocomposites and nano-micro hybrid composites adopted in
the present study are outlined in Chapter 2. A brief description about the
various techniques used for evaluating the mechanical, thermal and

morphological properties of the composites is also presented in this chapter.

Chapter 3: POLYPROPYLENE/ POLYSTYRENE/ CLAY NANOCOMPOSITES:
EFFECT OF DIFFERENT MODIFICATIONS OF KAOLIN CLAY

The effect of Nanocaliber 100 (unmodified kaolin nanoclay) and
modified kaolin nanoclays [Nanocaliber 100 V (Vinyl silane modified
nanoclay), Nanocaliber 100Z (Dialkyl silane modified nanoclay, Nanocaliber
100A (Amino silane modified nanoclay), Nanocaliber 100M (Mercapto
modified nanoclay)] on the properties of Polypropylene/Polystyrene blend is
presented in Chapter 3. A comparison between experimental results (tensile
modulus) and various models [Halpin-Tsai model, Takayanagi model, Hui-
Shia, Voigt upper bound model and Reuss lower-bound] of PP/PS/clay

nanocomposites has been presented.

Chapter 4: POLYPROPYLENE/POLYSTYRENE BLENDS REINFORCED
WITH HYBRID INORGANIC FILLERS: EFFECT OF MODIFIED
KAOLIN NANOCLAYS AND SHORT GLASS FIBERS

This Chapter is divided into two sections.

4A. The effect of E- glass fiber and modified kaolin nanoclays (Nanocaliber
100 V and Nanocaliber 100Z) on the properties of PP/PS blend is described
in this section. The fiber length and fiber loading is optimized. TGA, DSC,
DMA and SEM analysis of hybrid composites are also presented. A



4B.

comparison between experimental results (tensile modulus) and various
models [Parallel and Series model, Hirsch, Halpin-Tsai model, Modified
Halpin —Tsai, Halpi — Pagano and Hui-Shia model] of PP/PS/EGF
composites has been presented. A comparison between experimental
results (tensile modulus) and various models [Parallel and series model,
Guth model, Paul model, Counto model, Hirsch model, Halpin — Tsai] of
hybrid composites has been presented.

The effect of Alkali resistant glass fiber and modified kaolin nanoclays
(Nanocaliber 100 V and Nanocaliber 100Z) on the properties of PP/PS
blends is described in this part. These hybrid composites are also
characterized using TGA, DSC, DMA and SEM

Chapter 5: POLYPROPYLENE/POLYSTYRENE/CLAY NANOCOMPOSITES:

EFFECT OF VINYLTRIETHOXYSILANE MODIFICATION

This chapter comprises of two sections.

SA.

SB.

The modification and characterization of kaolin nanoclay using
vinyltriethoxysilane is described in this part. Nanoclay is modified by
guest displacement method [Dimethylsulphoxide (DMSO) as precursor].
The modified clay is characterized by using FTIR, XRD, TGA and SEM.

The effect of vinyltriethoxysilane modified nanoclay on the properties of
polypropylene / polystyrene blend is discussed in this section. The
characterization of PP/PS/clay nanocomposites is made by DMA, XRD
and SEM. The thermal stability is determined by using TGA. Three
kinetic methods namely Horowitz-Metzger, Broido‘s and Coats-Redfern
methods are used to study the thermal degradation kinetics of PP/PS/clay

nanocomposites.



Chapter 6: POLYPROPYLENE/ POLYSTYRENE/ CLAY NANOCOMPOSITES:

EFFECT OF COMPATIBILIZERS

This chapter has two sections.

6A.

6B.

The effect of itaconic acid (1A), a nonoil- based dicarboxylic acid as a
compatibilizer on the properties of PP/PS/clay nanocomposites is
discussed in this part. The degree of dispersion and morphology of
nanocomposites are evaluated from X-ray diffraction and Transmission
electron microscopy. The prepared nanocomposites are characterized
using SEM, DSC and TGA.

This part of the study deals with the effect of dimethyl itaconate as a
compatibilizer on the properties of PP/PS/clay nanocomposites. These
composites are also characterized using DMA, TGA, SEM, TEM and XRD.

Chapter 7: POLYPROPYLENE/ POLYSTYRENE/ SISAL CELLULOSE NANO

FIBER COMPOSITES

This chapter comprises of two sections.

TA.

7B.

This section deals with the isolation of cellulose nano fiber from sisal.
The chemical composition, morphology and thermal properties of the
nano fibers and their intermediate products is characterized using FTIR,
Chemical analysis, SEM, TEM and TGA.

The effect of cellulose nano fiber (CNF) on the properties of PP/PS
blend is analyzed in this section. The characterization of CNF based
composites is done using DMA, TGA, SEM and TEM.

The summary and conclusions of the study are presented in Chapters8.
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