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ABSTRACT

Although polymers are lightweight, inexpensive, and simple to process, their electrically
insulated nature limits their use in electromagnetic interference (EMI) shielding and renders
them transparent to electromagnetic radiation. Incorporating conductive fillers into the
polymer matrix is one of the methods to improve EMI shielding effectiveness without
sacrificing processability or mechanical properties. However, achieving a good shielding
effect at high frequencies requires a high content of carbon fibers, and producing composites
with high fiber volume fractions through extrusion remains challenging. The objective of
this study is to develop and evaluate acrylonitrile butadiene styrene (ABS) composites
reinforced with differently treated recycled carbon fibers (rCFs), and to investigate the
effects of fiber treatment and electron beam (EB) irradiation on their electrical, mechanical,
and EMI shielding properties. Various amounts of rCFs with chemical and mechanical
treatments were incorporated into ABS using melt-mixing and compression molding
methods, followed by EB irradiation to enhance performance. The results showed that
chemical treatment successfully removed most of the resin from carbon fibers, with treated
CF containing less than 5 wt% residual resin. The addition of rCF improved both strength
and modulus of ABS, with increases of up to 53% and 89% respectively at 30 wt% fiber
loading. Composites reinforced with treated rCF consistently outperformed those with
untreated CF. In terms of electrical conductivity and shielding effectiveness (SE), fiber
treatment contributed positively, yielding improvements of 2 orders of magnitude and 32%,
respectively. EB irradiation further enhanced conductivity and EMI SE, with the best
performance achieved by the composite containing 30 wt% chemically treated rCF, reaching
values of 1.34 x 10°* S/m and 46.13 dB. Importantly, the required fiber volume fraction to
achieve comparable conductivity was significantly reduced through the use of irradiated
rCFs. In conclusion, this study demonstrates that EB-irradiated, recycled carbon fiber-
reinforced ABS composites are a promising, sustainable, and lightweight alternative to
conventional shielding materials. With strong performance in the 8-12 GHz range, these
composites show great potential for future commercial EMI shielding applications.



PEMBANGUNAN ACRYLONITRILE STYRENE BERTETULANG GENTIAN
KARBON TERBUANG YANG TERAWAT SEBAGAI PERISAI GANGGUAN
ELEKTROMAGNETIK

ABSTRAK

Walaupun polimer bersifat ringan, murah dan mudah diproses, sifat penebat elektriknya
mengehadkan penggunaannya dalam pelindungan gangguan elektromagnet (EMI) dan
menjadikannya telus terhadap sinaran elektromagnet. Pengisian pengisi konduktif ke dalam
matriks polimer merupakan salah satu kaedah untuk meningkatkan keberkesanan perisai
EMI tanpa menjejaskan kebolehprosesan atau sifat mekanikalnya. Namun, bagi mencapai
kesan perisai yang baik pada frekuensi tinggi, kandungan gentian karbon yang tinggi
diperlukan, dan penghasilan komposit dengan pecahan volum gentian yang tinggi melalui
penyemperitan masih menjadi cabaran. Objektif kajian ini adalah untuk membangunkan dan
menilai komposit akrilonitril butadiena stirena (ABS) bertetulang gentian karbon kitar
semula (rCF) yang dirawat secara berbeza, serta mengkaji kesan rawatan gentian dan
penyinaran pancaran elektron (EB) terhadap sifat elektrik, mekanikal dan pelindung EMI.
Pelbagai jumlah rCF dengan rawatan kimia dan mekanikal telah digabungkan ke dalam
ABS menggunakan kaedah pencampuran leburan dan pengacuan mampatan, diikuti dengan
penyinaran EB untuk meningkatkan prestasi. Keputusan menunjukkan bahawa rawatan
kimia berjaya menanggalkan kebanyakan resin daripada gentian karbon, dengan gentian
yang dirawat hanya mengandungi kurang daripada 5 wi% resin sisa. Penambahan rCF
meningkatkan kekuatan dan modulus ABS masing-masing sehingga 53% dan 89% pada
kandungan 30 wt%. Komposit yang diperkukuh dengan rCF terawat sentiasa menunjukkan
prestasi lebih baik berbanding CF tidak terawat. Dari segi kekonduksian elektrik dan
keberkesanan perisai (SE), rawatan gentian menyumbang secara positif dengan
peningkatan masing-masing sebanyak 2 magnitud kuasa dan 32%. Penyinaran EB
selanjutnya meningkatkan kekonduksian dan SE, dengan prestasi terbaik dicapai oleh
komposit yang mengandungi 30 wt% rCF terawat secara kimia, dengan nilai 1.34 x 107
S/m dan 46.13 dB. Lebih penting lagi, keperluan pecahan volum gentian untuk mencapai
kekonduksian setara dapat dikurangkan dengan ketara melalui penggunaan rCF yang
disinari. Kesimpulannya, kajian ini membuktikan bahawa komposit ABS bertetulang gentian
karbon kitar semula yang disinari EB adalah alternatif yang mampan, ringan, dan
berprestasi tinggi berbanding bahan pelindung konvensional. Dengan prestasi yang kukuh
dalam julat frekuensi 8-12 GHz, komposit ini berpotensi besar untuk aplikasi komersial
pelindung EMI pada masa hadapan..
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CHAPTER1

INTRODUCTION

1.1  Background

In recent years, growing concern regarding electromagnetic (EM) radiation and the
electromagnetic compatibility (EMC) of circuits has attracted significant attention from
researchers across diverse technical disciplines. The background for this is various issues
related to electromagnetic radiation, including potential health risks, such as cancer, when
exposed to electromagnetic fields. Therefore, it is substantial to stop unwanted
electromagnetic waves, which are generated by both natural and artificial sources. To protect
nearby electronic circuits, shielding materials should be placed over any electronics system
that emits electromagnetic waves, whether on purpose or accidentally. Electrically
conductive materials, particularly metals, reflect electromagnetic (EM) fields, thereby
preventing waves from either penetrating the shield or escaping from the enclosed region.
Meanwhile, electromagnetic absorbers effectively eliminate electromagnetic interference
(EMI) by attenuating the electric and magnetic components and blocking EM waves. To stop
the negative effects of EMI, a variety of EMI shielding materials have been developed. The
conventional method involves using metallic materials that exhibit reflective shielding.
Traditional metallic shields, on the other hand, are heavier and more prone to corrosion since
made of bulk sheets or meshes (Akonda et al., 2012). Electromagnetic waves interacting with
a material’s surface can undergo four main processes: reflection, absorption, multiple
reflections, and transmission. The shielding materials must reflect (multiple reflection) or
absorb the EM wave in order to attenuate it (Jagatheesan et al., 2014). Figure 1.1 depicts the

shielding of electromagnetic waves passing through a homogeneous barrier.
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Figure 1.1 Illustration of shielding phenomena for electromagnetic waves passing
through a homogeneous barrier (Rajendrakumar and Thilagavathi, 2012)

An appropriate EMI shield is required in order to shield the environment and the
surrounding area from electromagnetic radiation, especially those in the X-band (8.2-12.4
GHz) frequency range, which are used by numerous significant applications like weather
radar systems, control of air traffic, satellite communication, and broadcasting on television.
Consequently, significant efforts have been directed toward developing advanced EMI
shielding materials. Metals and metallic composites exhibit excellent shielding effectiveness
due to their high electrical conductivity; however, they are often physically rigid, relatively
heavy, and susceptible to corrosion

On the other hand, plastics have been used to house electronic devices in recent years
because of their lighter weight compared to metals, flexible design, and low cost. Most
polymers are naturally electrically insulating. Because they cannot conduct electricity, they
are effectively transparent to electromagnetic radiation. Blending polymers with electrically
conductive fillers is an effective way to enhance their electrical conductivity while providing
EMI shielding. Adding these fillers increases the conductivity of the polymer, producing
lightweight, corrosion-resistant conductive composites that can replace metals in some
electromagnetic shielding applications, making them suitable for specialized purposes.

(Motaghi et al., 2015).
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