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ABSTRACT

Nowadays, the world is filled with electromagnetic radiation that can damage the
internal component of electronic devices, but it can also affecting the human health such as
insomnia and headache. The EMI shielding material was used by absorption or reflection of
electromagnetic radiation. The nylon66 and graphene nanoplatelets have been used in this
research as an EMI shielding material. Graphene nanoplatelets has been used as a conductive
filler to improve the characteristic of nylon66 polymer which is an outstanding conductor of
heat and electricity and has interesting light absorption behaviour. The purpose of this study
is to prepare and characterize the effect of electron beam radiation on the dispersion of
graphene nanoplatelets in nylon66 polymer matrix. The Nylon66/GNP nanocomposites were
produced by dry mixing, followed by melt blending process, injection moulding and electron
beam radiation applications. In this study, the percentage used of nylon66 is 100 wt% for
control unfilled sample and 99.7 wt% for sample with addition of graphene nanoplatelets 0.3
wt% of filler addition. The test followed by formulating the sample with
vinyltrimethoxysilane (VTMS) at 15% addition. Electron beam radiation was applied with
various dosage which are 50, 100, 150, 200 kGy. For the testing are physical analysis,
thermal analysis, morphological analysis, electrical properties and gel content analysis. It
was found that the 100kGy dosage of EB radiation was significantly possessed outstanding
physical properties in term of their intensity of crystallinity, transmittance and absorption
peak during group arrangement and viscosity of the produced sample. Besides, it was found
that the electrical conductivity of the sample that exposed to EB radiation has increased due
to good dispersion of GNPs and molecular bonding between GNPs-nylon66. For the SEM
analysis, 100kGy of EB radition shows good surface structure without any multilayer of the
graphene nanoplatelets has been detected. The improvement in-terms morphological
structure of graphene due to application of EB radiation has enhanced the interactivity of
EMI shielding effectiveness for S0kGy and 100kGy dosage. At the end, this research has
significantly important to be carried out as to provide the new ways to replace metal as an
EMI shielding effectiveness.
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ABSTRAK

Kini, dunia dipenuhi sinaran elektromagnetik yang boleh merosakkan komponen dalaman
peranti elektronik, tetapi ia juga boleh menjejaskan kesihatan manusia seperti insomnia dan
sakit kepala. Bahan perisai EMI yang digunakan sebagai penyerapan atau refleksi radiasi
elektromagnetik dan telah digunakan di dalam penyelidikan ini sebagai bahan perisai EMI.
Nilon 66 mempunyai ciri hebat yang merupakan penebat elektrik dan sifat mekanikal yang
baik. Selain itu, nilon 66 ringan, tahan karat dan fleksibiliti yang lebih tinggi. Grafin telah
digunakan sebagai bahan konduktif untuk meningkatkan ciri nilon 66 yang merupakan
konduktor haba yang luar biasa dan mempunyai penyerapan cahaya yang menarik.
Penyelidikan sebelum ini telah menggabungkan grafin dengan polipropilena untuk
meningkatkan sifat-sifat mekanik bahan tersebut. Tujuan kajian ini adalah untuk
menyediakan dan mengenal pasti kesan radiasi sinar elektron pada penyebaran grafin dalam
Nilon66 / GNP dihasilkan oleh campuran kering, diikuti oleh proses campuran cair,
pengacuan suntikan dan aplikasi radiasi rasuk elektron. Dalam kajian ini, peratusan yang
digunakan dalam nilon66 adalah peratusan 100 berat dan peratusan 99.7 berat dan untuk
grafin hanya digunakan peratusan 0.3. Ujian yang dilakukan dengan rumusan yang terlibat
adalah viniltrimethoxysilane (VTMS) adalah sebanyak peratusan 15. Radiasi sinaran
elektron digunakan dengan pelbagai dos iaitu 50, 100, 150, 200 kGy. Ia bermula dengan
pemilihan bahan diikuti dengan rumusan bahan, persiapan sampel. Untuk ujian adalah
analisis fizikal, analisis termal, analisis morfologi, sifat elektrik dan analisis kandungan gel.
Didapati bahawa dos 100kGy sinaran EB mempunyai ciri-ciri fizikal yang sangat baik dari
segi kekuatan keamatan cristalliniti, transmisi dan penyerapan semasa susunan kumpulan
dan kelikatan sampel yang dihasilkan. Selain itu, didapati bahawa konduksi elektrik sampel
yang dedah kepada radiasi EB telah meningkat kerana penyebaran ikatan molekul yang baik.
Untuk analisis SEM, 100kGy menunjukkan struktur permukaan yang baik tanpa mana-mana
tindihan bahan grafin. Peningkatan struktur morfologi grafin disebabkan penggunaan radiasi
EB telah meningkatkan aktiviti keberkesanan perisai EMI untuk 50kGy dan 100kGy dos.
Pada akhirnya, penyelidikan ini penting untuk dilaksanakan bagi menyediakan cara baru
untuk menggantikan logam sebagai keberkesanan perisai EMI. Permohonan baru nilon 66 /
GNP dengan penambahan radiasi EB telah meningkatkan sifat fizikal, kekonduksian elektrik
dan keberkesanan perisai EMIL.
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CHAPTER 1
INTRODUCTION

1.1 Background of study

Electromagnetic interference (EMI) shielding material is a part of product that are
commonly used in many electronic devices such as electronic systems and
telecommunication devices. By increasing number of electronic devices nowadays, our
environment was filled by electromagnetic radiation that can cause negative impact to
human health such as insomnia and headache (Xia et al., 2017). Besides, electromagnetic
radiation also could destroy the internal component inside the electronic devices and could
affecting the performance of the electronic devices by reducing their lifetime. Therefore, to
overcome this problem, EMI shielding material is used to decrease the electromagnetic
interference between electromagnetic field and sensitive component (Modak ef al., 2015).
The function of EMI shielding is to absorb or reflect the electromagnetic radiation from
attracting inside the electronic devices. The famous material types that was utilized as EMI
shielding material is metal because it possessed higher shielding effectiveness and good
mechanical properties (Kashi ef al., 2016). However, there are some weaknesses in metal
such as heavy, expensive and prone to corrosion and difficult to manufacture. Besides,
confidence level in metal decreasing due to their limitation in electromagnetic radiation
absorber because it has a very shallow skin depth (Kashi ef al., 2016). The following Figure

1.1 depict the example of metal EMI shielding material in an electronic product casing.

Universiti Teknikal Malaysia Melaka



Figure 1. 1: Metal EMI Shielding material

The purpose of this study to develop a new generation of EMI shielding material by
using nylon66 with the addition of conductive nanofiller material. Nylon66 is produced from
combining of two monomers each containing six carbon atom, hexamethylenediamine and
adipic acid. In this research, nylon66 are used because it possessed good wear resistance,
higher tensile stress and good resistant to alkali. Besides, nylon66 also has longer molecular
chains resulting in more hydrogen bonds formation. Hence, many researchers has
investigated about nylon66 in recent years (Abdelbary et al.. 2013). Good thermal stability
and mechanical strength of nylon 66 is discussed as an important engineering thermoplastic
(An et al., 2017). Nylon has been used because of their combination of toughness, stiffness,
high melting point and chemical resistance attributes. However, Figure 1.3 depicts the

molecular structure of nylon that was synthesized from the condensation polymerization.

Figure 1. 2: Microstructure of nylon66

Graphene nanoplatelets (GNPs) is another important material phase that are used in
this research. The properties structure of GNP attracts researcher because its arrangement of

carbon atom was in honeycomb network structure had displayed great level of stiffness and
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strength, close to the theoretical limit (Ahmad et al., 2017). Besides, the addition of GNPs
into polymer could improving the mechanical properties of resulted nanocomposites. It also
shows that, crystal nucleation and the microstructure of the nanocomposite can influenced
by adding GNPs (Ahmad et al., 2017). Next, the monolayer of GNPs is 100 times stronger
than steel, so it can conduct electricity better than copper and improve the surface barrier
properties because of it platelet like morphology. Nevertheless, process of polymer that
containing GNP are still difficult because it uses melt compounding technique. Generally,
the mixing process involved with low loading addition of GNPs and it was very difficult to

guaranteeing it mixed properly (Antunes et al., 2016).

Figure 1. 3: Graphene nanoplatelets and its structure

The sample of EMI shielding material was fabricated using nylon 66 by adding a
filler material of GNPs. Both of these material will be mixed by using the high speed mixture.
After that, the sample will be prepared by using melt blending twin screw co-rotating
compounder to produce nanocomposite in pellets form. The twin screw extruder machine
are consisted of two co-penetrating and self-cleaning identical screws. Thus, the shaft is
rotated in the similar direction. The benefit of using a twin screw extruder is remarkable
mixing ability, high level of process flexibility, better control of process parameter, high
productivity and high economic opportunities. Injection moulding is processed for
producing parts by injecting the material into a closed mould. Besides, injection moulding
can performed by using any host material such as metal and glasses. The pellets will be gone
through injection moulded into standard testing specimens via Ray-Ran test sample injection
moulding press. The barrel temperature and mould were set up to 295°C and 95°C
respectively. But, the sample was preheated in the barrel 10 to 15 minutes before to injection

moulding process. Next, the sample will be exposed to the electron beam radiation to
3
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improve the agglomeration of single layer graphene and maintain the inherent properties of
graphene, for optimum EMI shielding performances. The image of common agglomeration

condition in some of polymeric matrices was stated in Figure 1.5.

Primiar

Pu.‘l__ L
-

Figure 1. 4: Common agglomeration condition in some of polymeric matrices

In this study, the effect of electron beam radiation on the dispersion of graphene
nanoplatelets in nylon66 composite were carefully investigated. Electron beam radiation is
applied to improve the dispersion of GNPs within the nanocomposites. The correlation
between the mechanical properties and electrical conductivity to the effect of electron beam
radiation towards nylon66/ GNPs based nanocomposite were observed. The EMI test
samples were characterize by physical, thermal, mechanical and morphological observation.
The electrical conductivity will be tested to determine the suitability of polymer as an EMI
shielding material, which is the reciprocal of electrical resistivity. Next, EMI shielding
effectiveness was determined by a combination of two mechanisms reflection and
absorption. Shielding effectiveness will be measured by using the Vector Network Analyser
(VNA) instrument to the sample. Final analysis to the sample is a gel content. This testing
is performed to determine the percentage of gel content by verifying the percentage of

crosslink density of polymer in the presence of high energy radiation beam.

4
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1.2 Problem Statement

There are many researches about the EMI shielding material either by using metal or
polymer based composite. However, there is too little and no specific study has been
performed specifically by using nylon 66 based polymer composite. Therefore, this study
was aimed to investigate about the effect of electron beam radiation on the dispersion of
graphene nanoplatelets in nylon 66 for the EMI shielding material application. GNPs were
used as a nanofiller and will be mixed together with nylon 66 to produce EMI shielding
material. By adding the nanofiller, the properties of nylon 66 may be enhanced and could

increase the electrical conductivity of resulted nylon66/GNPs nanocomposites.

The addition of GNPs could enhance the mechanical properties of produced
nanocomposites, particularly in their stiffness and strength characteristic. Besides, GNPs
also has become famous as cost effective nanofiller for polymer matrix nanocomposites
(Ahmad et al., 2017). Properties of nylon 66 such as very lightweight and easy to shape also
has attracted researchers to explore about this polymer based composite. In addition. nylon

66 is has higher strength and good wear resistance.

Generally, polymer matrix has an inclination to cause agglomeration with graphene
nanoplatelets while mixing. The effect of agglomeration has an impact on percolation
threshold and the effectiveness of electrical conductivity of graphene based polymer
nanocomposites. Besides, agglomeration also decreases mechanical and conductivity of
graphene due to particle does not disperse in mixing of nylon 66. In addition, strength

between nylon 66 and graphene nanoplatelets also lesser.

1.3 Objectives

The main aim of this research is to study the effect of electron beam radiation on the
dispersion of graphene nanoplatelets in nylon 66 based polymer nanocomposites which
includes mechanical, physical, thermal and their morphological behaviours. The objectives

of this research are as follows
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1. To prepare nylon66/ GNPs nanocomposites by melt blending process using twin

screw co-rotating compounder route

[

To evaluate the electrical conductivity, EMI shielding effectiveness, dynamic
mechanical analysis and related physical properties of nylon 66/ GNPs

nanocomposites with regards to the effect of electron beam radiation

3. To investigate the correlation between GNPs dispersion in nylon66 matrix with
Electron Beam Radiation dosage through electron microscopy morphological

observation

1.4 Research Scope

In this research. nylon66 was used as a polymer composite and graphene
nanoplatelets as a nanofiller. For samples preparation, 100% and 99.7% of nylon 66 were
used, while 0% and 0.3% graphene nanoplatelets were added. There are 15 samples that
were produced which five sample only for unfilled nylon 66, five sample of added non-
functionalised GNP and another five samples of optimum functionalised GNP with different
application of EB dosage. After that, the testing was followed adding by formulation of
VTMS at about 15% that is used to optimize the functionalised GNPs. The amount of EB
dosage used are 0, 50, 100, 150, 200 kGy.

Firstly, the samples were prepared by mixing both of the GNPs and nylon66 in high
speed mixer. After that, the mixed formulations will be mixed in the melt blending using
twin screw co-rotating compounded to produce nanocomposite pellets. This method was
chosen because of their mixing capability in achieving improved dispersion of the filler.
Next, the pellet will undergoes injection moulding machine by injection molded into the
standard testing specimen using Ray-Ran test sample injection moulding. Besides, electron
beam radiation will be applied at each of the samples to possibly increase the dispersion and
reduce the agglomeration of nylon 66/GNPs nanocomposite to enhance the electrical

conductivity of the test sample for EMI shielding applications.

Apart from that, the EMI test samples were characterized by physical, thermal.

mechanical and morphological observation. Besides, the electrical properties and shielding
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effectiveness also investigated. For morphological analysis, scanning electron microscopy
(SEM) was utilized. In addition, Fourier Transform Infrared spectroscopy (FTIR), melt flow
index (MFI) and X-ray diffraction (XRD) were used to investigate the physical analysis.
Thermal analysis will be performed by using the dynamic mechanical analysis (DMA). At
last, the electrical properties were calculated by measuring the electrical conductivity.
Shielding effectiveness has also become the main objective of this experiment. The
electromagnetic interference shielding effectiveness (SE) of conducting samples can be
influenced by many aspects like electrical conducting, dielectric constant and thickness of
material. Shielding effectiveness will be measured by using Vector Network Analyzer

(VNA) instrumentation.

1.5 Organization of Thesis

The organization of the thesis are consisted of five (5) chapter and each of the chapter
will explain information related to the research interest on the effect of electron beam
radiation to the dispersion of graphene nanoplatelets (GNPs) in nylon 66 based polymer

nanocomposites.

. Chapter | is about the introduction of this research. It consist of background of study,
problem statement, objective, scope and organization of the thesis. The reader will
be informed about material used, method utilized and the analysis that will be applied

in this research.

. Chapter 2 consist the literature review of this project. It covers the explanation about
the basic of nylon 66 and GNPs. Besides, it will explain about the process selected
to perform the EMI shielding and process needed to enhance the dispersion of nylon
66/GNPs.

. Chapter 3 will discuss about methodological flow involved, the method chosen and
characterization procedure on EMI shielding. The flowchart of overall research also

are included in this chapter.
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