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CHAPTER 1

INTRODUCTION

1.1 Background

Polymer blends have long commercial history in rubber, coatings » esives
industries applications. Polymer blends have gained significant comm%sgal growth in
the two last decades outpacing the growth rate of existing po]@?by at least 2-5%
(Utracki, 2002). Approximately 10% of thermoplastic‘s@' 75% of elastomers are
processed as blends and 3% of thermoset was @factured (4 million tonnes)
worldwide and 120,000 tonnes of resins are @n adhesive application (Gardziella &
Pilato, 1999). Initially polymer blen:l\zére used to manufacture materials with

improved toughness and process@cy’, such as heat distortion temperature, stress-
cracking resistance, better @ggon, electroplating and fire resistance. The most
command blends are the }&er-modiﬁed polystyrenes (Young & Lovell, 1991).

; s\\@

The{é\‘&{? some reasons that contributed to the continued commercial interest in
the pc@er blends. First, the effective methods of developing a new material that
appropriate the market requirement and customer desire as conflicting to develop totally
new polymer blends which involved awfully high research, development and resources
cost. Second, the highly cost of engineering polymer can be reduced by polymer blends.
Numerous of properties can be united in a blend that a single polymer cannot present.
Lastly, polymer blends offer economic and useful means advance recycled off

specification polymers (Al-Salem et al., 2009).



Polymer blends contribute an economic incentive from synthesizing new
materials. The outstanding comprehensive performance from polymer blend contributed
to the excellent properties of each component involved (Huang et al., 2014). Phase
behaviour is the main characteristic of polymer blends of two or more copolymer.
Polymer blends can exhibit miscibility or phase separation at various levels of mixing in
between partial miscibility (Robeson, 2007). The major factors that lead to miscibility
in low molecular weight materials is the combinatorial entropy contributio:]\\'vhich is
very large compared to high molecular weight polymers (Utracki, 20{)@Generally,
polymer blends contain homogenous or heterogenous mixture of@c ally different
homopolymer or copolymer to obtain fiber for specific use(§$‘zailoring one or more
properties with minimum sacrifice of other properties ( yah & Anthony, 2002).

Q
O

Blends develop many of their %@3& properties from the interactions
between the phases. Improved prop@@ can be conveyed to certain polymers by
blending the polymers with ir@k@cible polymers in the right proportion with the
purpose of producing a plg&rith much desirable stability of physical and mechanical
properties (Scheirs, @0\) A beneficial blend has the characteristics of a uniform
dispersion w‘it%&gdistinct particles of one component being homogenously dispersed
through&\Q\atrix of the other component. The polymer blend would be valuable when

the size” and size distribution of the dispersed phase remain unchanged from the

condition of blending to under which the blend is required to perform (Ghosh, 2001).

Conductive polymer have received considerable interest as a solder replacement
in flip chip packaging because there is a significant reduction in pitch, weight and

volume and increased environmental compatibility (Sun, 2001). Conductive polymer



materials, which have both strong conductivity and the properties of polymers, are
widely used in electronics and biosensors (Glouannec et al., 2008). Polymer materials
are often used as insulators because of their low thermal and electrical conductivity.
This has led to limitations of the use of polymer in electrical and electronic applications

(Boudenne et al., 2005).

However, the introduction of Conducting Polymer Composites (Q{'CS) has
initiated the application of polymers in many fields of engineering gé@ally in the
electrical and electronic applications. Indeed, conducting poly&@%czmposites have
shown its crucial importance in many useful and high %%plications since few
decades ago, and it continues to become choice g@tion in various industries
especially in electrical and electronic applicatiorﬁ%\{amasubramaniam et al., 2003).
Conducting polymer composites involv%\Qo orating conductive filler into the
polymer matrix. These composites aegi‘oduced from the blending of an insulating
polymer matrix with electrical &uaﬁve fillers (carbon black, carbon fibre, metal
particles). They show ‘rr\%lQinteresting features due to their electrical resistivity

variation with therm@licitations (Lietal., 2011).
)
N\
&

A&zg\ductive polymer composite can be produced by loading an insulating
polyméf matrix with a sufficient volume of electrically conductive filler, so that
interconnectivity of conductive pathways exists throughout the bulk material (Feller &
Grohens, 2004). Factors such as the size, shape, chemistry and aggregation behaviour of
filler particles must be considered in conjunction with the thermodynamic and
rheological properties of the polymer matrix and the processing conditions employed

(Burden et al., 1998). Polymer composites filled with metal are of interest for used, one



main parameter determining CPC properties is the conductive pathways structure,
depending on many parameters such as filler content (¢), surface free energy of the
filler and the matrix, crystallinity, reticulation and exclusion volume, i.e. zones where
carbon black is concentrated and filler distribution within the matrix (Gazotti et al.,

1999 & Feller & Grohens, 2004).

Polymer-based electrically conducting composites have several advang{g'es over
their pure metal counterparts including lower cost, ease of manufacture, i{k@exibility,
reduced weight, mechanical shock absorption ability, corro%Qﬁ-esistance and

conductivity control of many fields of engineering, su&t{QS for electromagnet

interference (EMI) shielding, safe packaging, cgr@& protection, electrostatic
discharge (ESD) control, conductive adhesive an()xt (Teh et al., 2011, Rupprecht,
1999). This interest arises from the fact \&ﬁe electrical characteristics of polymer
composites are closed to properties o&‘als, whereas the mechanical properties and
processing methods are typical 6&%&08 (Mamunya et al., 2002). In addition, since
conducting polymer corflp((g& have the advantages of being less costly and lighter
weight compared to @l} so they are positioned to play an increasingly important role

)

in affairs of ‘m(a'.oﬁﬁld, specifically in the area of electronic and electrical conductivity
(Tavmgw\).

Metal filled polymer composites are getting acceptance for the past few years,
mainly due to concerns about the environment (Lira & Co’rdoba, 2005). The most
general approach to describe the charge transport in conducting polymeric composites
in relation to the content of conducting particles is provided by the percolation theory

(Battisti et al., 2010). When a polymer matrix is filled with dispersed conductive filler,



the composite prepared gains a conductivity value. When the filler volume fraction
reaches a critical value, so-called percolation threshold, an infinite conductive cluster is
formed and the composite shows a drastic increase in the conductivity value (Stauffer &
Aharony, 1985). In such networks there is either direct contact between adjacent particles,
or sufficiently small gaps between them, to enable a mechanism of quantum mechanical

tunneling conductivity.

>
The percolation threshold is strongly influenced by tls@:ometrical
characteristics of the conductive filler, such as aspect ratio and parti@%sze distribution,
so that an increase in their value may dramatically drop the ﬁﬂglg,)oncentration required
to achieve conduction in a given polymeric matrix‘ @recht, 1999). The transfer
conditions of the electric charge and heat flow @Qmine the electrical and thermal
conductivity level in the heterogeneous po&ﬁ@ﬂller system, in which the conductive

phase is formed by dispersed metallic g&bon filler (Jaafar, 2008).
x<Q
©
An important feath metal-filled polymeric materials is a transition from
N
insulating to conducfhi® behaviour over a narrow range of the volume fraction of
X<
conducting ﬁller.%e critical volume fraction of filler associated with the transition has
\

been vau'@ reported to range from about 5 to 40 vol% metal filler. The value of the
critica@ncentration depends on the shape, size, and orientation of the filler and on the
method of fabrication of the composite material (Micheal et al., 1985). Since metals are
the quintessential conductors of electricity, it is not surprising that they have been used

as fillers to create conductive plastic composites (Luyt et al., 2006). In comparison to

conductive carbon, the resistivity of metals is much lower, while their densities are



higher (Bhattacharya, 1986). However, density advantage is insignificant when the

electrical conductivity is centered.

Generally, the metal with high electrical conductivity will become the choice of
selection in producing conductive composites. Table 1.1 shows the density and
electrical resistivity for some common metal fillers which are used to produce
conductive composite. Among the frequently used metals, silver is the most q{iductive
with the lowest resistivity value as shown in Table 1.1. Although sﬂ'\@s a better
electrical conductor than copper, copper has been preferred e@% to its more

economical reason compared to costly copper (Bhattacharya, }{9

Table 1.1: Density and electrical resi Af or some common metal filler
(Gazot 1999)

Metal r&%snty (g/em®) Resistivity (Qcm)
Copper >~ 882 1.7x10°
Nickel - QQ 8.90 6.84 x 10°°
Alu m 2.70 2.8x10°
q& 7.86 10x 10°
“Cstainless Steel 7.80 74x 10"
L& 10.50 159 x 10°

Silver
©

Copper is 100 % recyclable. Virtually all products made from copper can be
recycled. Due to high product value and some related environmental issues, copper is

recycled where possible. Using recycled copper can save energy as copper extraction is



very energy-consuming. Consequently, it can save landfills by reducing the amount of
waste copper (Clevend, 2004). Electrical conductivity of recycled copper may differ
from the pure one. In fact, there are many sources of recycled copper ranging from
copper piping of the air conditioning units, scrap electrical wiring to door and window
frames. Besides, many machining operations such as milling, grinding, drilling, and etc.
produce waste which can be recycled. In this research, waste copper from milling
machine is collected and recycled to produce copper filled epoxy composite. \
&

The epoxy resins have been extensively used in many 1ndu@$ fields such as
adhesives, constructions, coating and insulation materials fb\géctnc devices due to
their good balance of properties such as excellent @re solvent and chemical
resistance; low shrinkage after cure; superior electr@ and mechanical properties; good
adhesion to many substrates (Tao et al., 20@6 main drawback of an epoxy matrix
is its inherent brittleness, which makeéglotch sensitive and leads to composites with
low toughness. Epoxy matrix C(@%ites are prone to impact damage which includes
failure modes such as tra%\Qse cracking, delamination, fibre/matrix debonding and
fibre fracture, all lu®sg their uses for many structural applications (Wong et al.,
2010). Conseq%ﬁiy many techniques have been developed to modify the epoxy
backbong({}%) effort to improve the thermal and flame retardancy characteristics of
epoxy polymers (Ho et al., 2008). Among these work, introducing silicon and its groups
into epoxy was attractive for its significant improvement on the electrical properties of
the epoxy resins, thermal stability, and flame retardancy (Wu et al., 2002). An effective
approach to enhance thermal properties of epoxy resins is introducing various aromatic
ring structures into the skeleton of epoxy or curing agent, such as biphenyl,

naphthalene, fluorene, heterocyclic ring, etc. (Dai et al., 2009). One effective method



for offsetting these deficiencies of pure epoxy resins is incorporation of reinforcing

fillers (Yang et al., 2007).

Poly (methyl methacrylate) (PMMA) is an atactic thermoplastic polymer and it
is the most widely used acrylics (Mantia, 2002). PMMA is an important thermoplastic
material. Among the ways more widely known in this research orientation and usable at
an industrial scale, is the incorporation of inorganic flame retarding partig&:'s in the
burning of the polymer (A. Laachachi et al., 2004). It is synthetic che{\@ from its
monomer, methyl methacrylate (MMA). PMMA is a transpa.rentO Qﬁial, completely
amorphous but has high strength and excellent dimensionég'gtability due to rigid
polymer chains (Odian, 2004). PMMA with its in@i@igh mechanical properties,
high transparency, UV resistance and long-tem(gS}iliw is a serious candidate for
mixing with bio-based thermoplastic to 8}@§ a product especially in packaging
industry (Cedric et al., 2013). The&)@ét efficiency and property relation of the
transparent thermoplastic polym@&lMA make it one of the most frequently employed
matrices for the composjte n&rials with wide applications in modern science. PMMA
based materials haV{Q;:z:n utilised in many fields, like bio-medical technologies,
implants and als‘&i0 microelectronics (Himel et al., 2013). It also has high strength and
exceller&aﬁ\\ensional stability due to rigid polymer chains. It also has a very good
weatherdbility, impact resistance and resistant to many chemicals although attacked by

organic solvents (Odian, 2004).



1.2 Problem Statement

Copper is an expensive material and it is known as a ductile metal with excellent
electrical conductivity. It is extensively used as an electrical and heat conductor or as a
component in an alloy. By using recycled copper as conductive filler, the epoxy
composite can gain electrical conductivity value. In addition, the replacement of pure
copper with recycled copper can minimize the energy needed for copper extraction.
Thus, by using recycled copper in epoxy composite, it can also save epe@md cost.
The study of different particle size will identify the best result si g\the different
particle size will give different outcome. Epoxy resin offe\r(ygnerous advantages
including lower temperature processing, greater ﬂexib@@' creep resistance, energy
damping, more flexible and simpler processié\%ditionally, lower assembly
temperatures negate the need for mold maten@\hat can withstand high temperatures.

These advantages bring lower processi@s, allow the use of lower cost components

and substrates, and facilitate size ;&@St)lon in devices. However, epoxy resin does have
some limitations and draw@(ks. Some reliability issues including limited impact
resistance, increased @Jts;?resistance upon thermal cycling, and weakened mechanical
strength in va%@ climatic environmental conditions, lack of reworkability,
conducti){‘@wgue and limited current carrying capability. Poly (methyl methacrylate)
(PM is an atactic thermoplastic polymer and it is the most widely used acrylics.
The cost efficiency and property relation of the transparent thermoplastic polymer
PMMA make it one of the most frequently employed matrices for the composite
materials with wide applications in modern science. The usage of PMMA will produce
a threshold percolation effect and reduce the amount of recycled copper used. Treatment

of recycled copper is necessary to remove the oxidation and improve the compatibility.



1.3 Objectives of Study

The objectives of this study are:
I.  To compare the effect of coarse, fine and mixed particle size of recycled copper
on the properties of epoxy composites.
II.  To study the effect of PMMA loading on the properties of epoxy composites
using ﬁlixed particle size recycled copper. x_
III.  To study the effect of surface treatments of copper by using hyﬁd\@oﬁc acid

and silane on the properties of epoxy/PMMA/recycled copp&@lposites.

O
&
O
O
O
O

In this study, recycled copper fhkk@’epoxy composites were characterized based

14  Scope of Work

on its mechanical, electrical an%tggf'mal properties. The effects of different particle
sizes of recycled copper‘wg(Q&lled with epoxy to investigate the effect of mechanical,
electrical and therm@perties. Testing such as morphology, mechanical testing,
coefficient of 'ﬂéi?nal expansion determination, thermogravimetric analysis and
electricaKE@uctivity measurement were done to study the properties of the
compo@s. The particle size of recycled copper was determined by using particle size
analysis. X-ray diffraction (XRD) analysis was performed in order to analyse the
element of the recycled copper. Flexural test was carried out to investigate the flexural
properties: flexural strength and flexural modulus of epoxy composites. Besides that,
Vickers hardness and density testing were performed to study the physical properties of

epoxy composites. Furthermore, coefficient of thermal expansion (CTE) analysis was
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carried out to investigate the thermal property of epoxy composites. The electrical
property was performed in order to measure the electrical conductivity of epoxy

composites.

1.5  Organization of the Thesis

Chapter 1 presented the overview of utilization and potential of re@i copper
)
in polymer composites. This chapter also described the problems and %al methods to
overcome the problems of recycled copper used as reinfox(& filler in polymer
composites. The objectives of this research were discussed&étails in this chapter.
{\Q)
O
Chapter 2 reviewed the literature on t@erials, properties and applications of

recycled copper as reinforced filler i@ner matrix composites. Several methods

enhanced the compatibility of rec,('@g copper reinforced polymer matrix have been
discussed in details in this ch@r.
@

Chapter Bs\@bussed the experimental methods, including the preparation of
PMMA/e Qé&)mposites and modification methods apply on recycled copper to
impro@he compatibility and adhesion among recycled copper and PMMA/epoxy
blends.

Chapter 4 presented the results and discussion based on the effect of different
recycled copper sizes, addition of PMMA and different modification on recycled copper
filled epoxy composites. In this chapter, it contains of five parts, to discuss the effect of
coarse particle size of recycled copper followed by the effect of fine particle size of
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