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ABSTRACT

A new high impact polystyrene/multiwall carbon nanotubes (HIPS/MWCNTs)
nanocomposite has been successfully developed. The mechanical, rheological, thermal
and water absorption performances have been improved. The experimental design
included one way MANOVA test to validate the significance of changes in HIPS due
to 0.1wt%, 0.5wt%, 1wt%, 2.5wt%, Swt%, 7.5wt% and 10wt% loadings of
MWCNTs. An independent analysis for the different HIPS/MWCNTs nanocomposite
was carried out. The improvement in Young’s modulus ranged between 1.79% and
31.78% which confirmed that the load has been transferred successfully from the
HIPS to the MWCNTs. There was an initial improvement of 4.24% in the impact
strength at 0.1wt% of MWCNTs loading level, beyond which the value of the impact
strength falls down. Thus an inverse relationship between the MWCNTs loading level
and the impact strength was identified. The viscosity was found to be directly
proportional to MWCNTSs’ loading, as it went up to five times the value of pure HIPS
at loading level of 7.5wt% of MWCNTs. The water absorption resistance was found
to be directly related to MWCNTs loading with improvement between 24% and
72.5% following the increase in MWCNTs loading. The MWCNTs loading also
demonstrated an effect on the glass transition temperature with values ranging from
0.8% decrease and 1.4% increase. The HIPS/MWCNTs nanocomposite with 0.1 wt%
of MWCNTs loading had yielded the best results in terms of Young’s modulus, izod
impact energy, viscosity, Tg, and water absorption. Further loading MWCNTs found
to result in lower performance in one or more properties of the HIPS/MWCNTs
nanocomposite. The cost of producing the new product at the optimum loading of
0.1wt% of MWCNTs was found to be 25% higher compared to the price of HIPS.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The current age is the age of plastics, as they are dominating the manufacturing world
with their excellent properties and are being used in many versatile applications. They
are light in weight, cheap to buy, and easy to process compared to other metallic
materials such as steels, copper, and aluminium (Brewer, 2010).

Nevertheless, plastics or polymers possess number of properties that can be
improved further to suit more challenging applications. This improvement can be
accomplished in many ways and the most effective one is the reinforcement process.
This process usually results in new composite with unique or enhanced properties that
are superior to the properties of the constituent materials. In the past years researchers
extensively studied the materials that can be used to reinforce polymers, thus, special
forms of carbon fiber, fiberglass, aramid came to existence. The size, length and the
orientation of such fiber are crucial factors that can affect the properties of the new
composite (Bacon’s, 2010; Harris, 2009).

Moreover, with the tremendous advancement of nanotechnology, many recent
studies had focused on the incorporation of carbon nanotubes (CNTs) to enhance the
properties of polymers, so better material for more challenging applications can be
achieved. For example, the new carbon based Boeing 787 (Figure 1.1) was the first
airplane that changed its fuselage structure from metal to polymer/carbon composites

which have helped to eliminates 1,500 aluminium sheets and 40,000 to 50,000



fasteners. This was possible as easy processing of polymer/carbon composites allowed
the structure to be built in one piece rather than many parts that are joined together.
Furthermore, the light weight of its composite structure allowed the 787 also to
fly using 20 percent less fuel per passenger than similarly sized airplanes. This
achievement would have not been possible without extensive research work on

polymers reinforcement with CNTs and other materials (Boeing, 2011).

Figure 1.1: Boeing 787 the carbon based airplane (Boeing, 2011)

An excellent polymer high impact polystyrene (HIPS), which is discussed in details in
chapter 2, is one type of polymer that is widely used in many versatile applications,
due to its balanced mechanical performance, ease of processing and low cost. Yet,
there is still a need for detailed examination of its reinforcement possibilities with
CNTs by studying the changes in the mechanical, thermal, rheological, and water
absorption properties due to the CNTs loading. This overall evaluation is mandatory
to confirm the balanced enhancement of the resulting nanocomposite without
compromising any of the desirable properties of the original polymer. Otherwise the
development process of the nanocomposite cannot be considered successful. For

example, in recent attempts to load HIPS with multiwall carbon nanotubes



(MWCNTs), using melt mixing method, good dispersion with enhanced electrical
conductivity was reported at loading level of 5 wt% of MWCNTs. However, the
results of such high loading level on the overall performance in terms of mechanical
properties, viscosity, glass transition temperature (Tg) and water absorption were
lacking. Therefore, successful development of new material cannot be reported with
such limited information (McClory et al., 2010; Andrews et al., 2002).

Furthermore, it is very important during the development of new product that
an evaluation of the economical benefit and safe use of the product to be reported in
details. Information on the performance parameters in terms of Young’s modulus,
impact strength, Tg, viscosity and water absorption can be vital to judge the success or
failure of the newly developed material. For example, the space shuttle Challenger
disaster that has happened in 1986 was due to an improper use of rubber O-ring that
was used below its Tg point. This caused the O-ring to fail to serve its objectives and
thus leading to fuel leakage that resulted in the space shuttle explosion shortly after

launching (NASA, 1986).

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

The need for lighter materials with enhanced performance to serve in application such
as aviation and aerospace had driven the research efforts to concentrate on the
development of polymer/CNTs nanocomposites. However, HIPS is one polymer that
is still not yet been investigated in details to enhance its overall performance through
MWCNTs loading. The previous research attempts to load HIPS with MWCNTs
focused more on the electrical properties and/or tensile strength individually. Yet,
Young’s modulus, impact strength, viscosity, Tg, and water absorption which are

considered important performance criteria were lacking or partially reported in the



surveyed literature. Thus, there is a great possibility of imbalanced enhancement of
performance in previous attempts, as improving one property was found to deteriorate
other few properties.

Furthermore, detailed analyses have not been done to identify the changes that
have taken place for several important properties due to the material reinforcement.
Hence, the possibility of HIPS/MWCNTSs nanocomposite to serve in higher order
applications can be considered an active area of research. In addition, experimental
investigation is needed to identify the MWCNTs loading levels that would provide
ease of process ability and at the same time will provide an optimum value for most of

the performance criteria.

1.3 RESEARCH OBJECTIVES
The main objective of the research is to develop a new nanocomposite with enhanced
mechanical, rheological, thermal and water absorption performances, by manipulating
the MWCNTs loading levels and then studying the influence of such loading on each
property. Therefore, the objectives would be to determine the influence of each
MWCNTs’ loading level on the overall performance of HIPS through number of
specific objectives that can be arranged as follows;
1. To evaluate the mechanical performance based on;
i.  The Young’s modulus test.
ii.  The impact resistance test.
2. To evaluate of the rheological performance experimentally by identifying
the melt flow rate and the viscosity.
3. To analyse the glass transition temperature (Tg) using differential

calorimetric scanning (DCS) analysis.



4. To identify the water absorption rate by conducting the standard water

absorption test.

1.4 RESEARCH METHODOLOGY

Seven types of HIPS/CNTs nanocomposites with 0.1wt%, 0.5wt%, 1wt%, 2.5wt%,
Swt%, 7.5wt% and 10wt% loadings of CNTs, representing low, medium and high
concentrations of CNTs, were prepared using melt mixing method. The design of the
experiment was such a way that one way Multivariate analysis of variance
(MANOVA) was used to test the significance of each CNTs loading level, including
the pure HIPS, as fixed independent variables on five dependant variables, namely;
Young’s modulus, impact strength, viscosity, Tg, and water absorption percentage.
Each experiment was repeated six times to give a total of 240 experiments (8 Levels
represents the loading levels x 5 Variables represents the tested propertiesx 6
Replicates represents number of samples).

Furthermore, the normality of the 240 readings of tests results and the
significance of the correlation among, within and between the tests were analyzed.
The newly developed HIPS/CNTs nanocomposite results were also analyzed and
discussed. Finally, a summary of the findings, cost analysis and recommendations for
future research were given. The flow charts in Figure 1.2 demonstrate the overall

experiment.



HIPS/MWCNTSs Nanocomposites Preparation

Mechanical performance Analysis
1. Changes in Young’s modulus due to MWCNTs loading were studied

using universal tensile testing machine
2. changes in impact strength were studied using Izod impact test

Rheoloaical Analvsis

Thermal Analysis

Water Absorption Analysis

Statistical Analysis

.

Optimum Loading Determination and Cost Analysis

Figure 1.2: Flow chart of the overall experiment

1.5 RESEARCH SCOPE

The scope of the research is to prepare a HIPS/MWCNTs nanocomposite with
balanced performance in terms of mechanical properties, viscosity, Tg, and water

absorption. This will be achieved through, analyzing the changes in the specified areas



experimentally and with the use of statistical tools to ensure the appropriateness of the

results.

1.6 DISSERTATION ORGANIZATION
The dissertation arrangement is in five chapters. Chapter 1 consists of introduction,
problem statement, then the research objectives, methodology and its scope. Chapter 2
provides a review of the available literatures. It starts with an introduction, then an
overview of polymers nanocomposites and an overview of polymers reinforcement. S
Then finally, the chapter concludes with a summary. Chapter 3 covers the
methodologies used in the research, with detailed explanation of the experimental
work. Chapter 4 lays out the results from the experimental work and provides a
detailed discussion. Finally chapter 5 concludes the work by giving a summary of the

important findings and recommendations on future works.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

Carbon nanotubes are considered to be the stiffest and the strongest fibers ever
produced. The Young’s modulus of the nanotubes can be as high as 1000 GPa,
approximately five times higher than steel, while their tensile strength can be up to 63
GPa, around 50 times higher than steel. Thus, these properties coupled with their light
weight, gives CNTs a huge potential in a whole new wide range of applications
(Harris, 2009). These properties had driven the current research efforts to highly
concentrate on CNTs production, enhancement, and reinforcement possibilities to
other materials matrices, therefore, these innovated and advance nanocomposites
(NCs) can be produced to serve in more challenging applications that had never been
possibly to be served by any other traditional materials (Coleman et al., 2006; Kim et
al., 2007).

Moreover, polymers with their attractive processing abilities and low cost had
become excellent candidates for reinforcement with CNTs. Thus, the performance of
HIPS, which is one type of polymers that is used in huge number of applications,
could be enhanced further with the addition of CNTs according to preliminarily
researches done on HIPS (McClory et al., 2010; Andrews et al., 2002). Therefore, in
order to understand the issues related to the development of HIPS/MWCNTs
nanocomposite it was necessary first to study the relevant literature of the polymers
nanocomposites, CNTs and HIPS/CNTs, which was reviewed and summarized in the

coming sections of this chapter.



