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ABSTRAK

Kajian ini memberi tumpuan kepada sifat penyerapan bunyi komposit
mengandungi sisa daun teh bertujuan untuk penyerapan bunyi. Sisa daun teh (STL)
adalah bahan buangan dari kilang pemprosesan teh dan merupakan sumber semula jadi
baru untuk bahan penyerapan bunyi daripada komposit polypropylene. Tujuan kajian ini
adalah untuk menghasilkan, mencirikan dan mengkaji sifat penyerapan bunyi komposit
polypropylene mengandungi sisa daun teh. Tiga gred STL yang digunakan dalam kajian
ini adalah BHE-SW (serat halus), BHE-BM (serat sederhana) dan SPE-SW (serat kasar)
dari tangkai pokok teh. Sebahagian daripada STL dirawat dengan alkali. Komposit yang
dihasilkan telah menjalani FTIR spektroskopi, ujian tiub impedans dan Kkajian
mikroskopik. Dapatan kajian penyerapan bunyi telah menunjukkan bahawa saiz serat
dan rawatan kimia memberi kesan pada sifat penyerapan bunyi. Dari segi saiz serat,
komposit serat halus adalah penyerap bunyi yang baik pada frekuensi sederhana (1000 —
2500 Hz), manakala komposit serat sederhana dan kasar adalah lebih baik dalam
menyerap bunyi frekuensi tinggi (2500 — 4500 Hz). Dari segi rawatan kimia, komposit
serat yang tidak dirawat adalah penyerap bunyi yang baik pada frekuensi sederhana,
manakala komposit serat yang dirawat adalah lebih baik dalam menyerap bunyi
frekuensi tinggi. Oleh itu, komposit polypropylene mengandungi sisa daun teh boleh

digunakan mengikut keperluan aplikasi.



ABSTRACT

This research focuses on the sound absorption properties of spent tea leaves
composites materials for sound absorption. Spent tea leaves (STL) are waste materials
from tea processing plants, and are considered as new natural resources for sound
absorbing polypropylene composite materials. The aims of this research are to
synthesize, characterize and study the sound absorption properties of spent tea leaves
filled polypropylene composites. Three grades of STL are used in this research, which
are BHE-SW (fine fiber), BHE-BM (medium fiber) and SPE-SW (coarse fiber) from the
stalk of the tea plant. Portions of STL are subjected to alkalization treatment. The
fabricated composites are subjected to FTIR spectroscopy, impedance tube test and
microscopic examination. From this research, the sound absorption results have shown
that fiber size and treatment conditions have pronounced effects on the sound absorption
properties. In term of fiber size, fine fiber composites are good sound absorbers at
medium frequency range (1000 — 2500 Hz), while medium and coarse fibers composites
are good at absorbing high frequency sound (2500 — 4500 Hz). In term of treatment
conditions, untreated fiber composites are good sound absorbers at medium frequency
range, while treated fiber composites are good at absorbing high frequency sound. Thus,
spent tea leaves filled polypropylene composites can be employed according to the

demands of the application.
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CHAPTER 1
INTRODUCTION

This chapter describes the background of study, the problem statement, the
objectives, and the scope of study.

1.1  Background of Study

Sound is a vibration that produces mechanical movement or wave which
propagates through a medium such as air (Zhu et al., 2013). To further explain, sound
wave is a vibrational system in which the wave creates pressure during propagation as a
result of the nature of fluctuation within a material (Fouladi et al., 2013). Excessive
sound beyond a certain limit will produce noise. Noise is an irregular and chaotic sound
which disturbs people’s works and causes health issues (Veerakumar and Selvakumar,
2012). Nowadays, noise pollution has become a critical issue with increasing
urbanization (Fatima and Mohanty, 2011). According to Al-Rahman et al. (2012), some
of the sources of unwanted noise are the sound emitted from factories, heavy
machineries and vehicles. Long-term exposure to continuous noises can cause
discomfort which may lead to various health problems such as nerve weakness, heart
problems, high blood pressure, and even hearing loss. In worse scenarios, the noise-
induced stress develops tension within an individual and contributes to mental illness
(Yuhazri et al., 2010).



Therefore, sound absorbing material is needed to reduce noise emission which
can cause adverse effects on human health. Nowadays, sound absorption application is
considered an important requirement for human comfort. Sound absorbing material or
sound absorber is used to absorb as much sound energy as possible and to reflect very
little. Various categories of sound absorber are available up-to-date, these include porous
absorber, membrane absorber and resonator absorber (Jacobsen et al., 2011). Basically,
the porous absorber is good at absorbing high-frequency sound in which the sound
absorption coefficient enhances with the increased material thickness. On the other hand,
the membrane absorber performs efficiently in low-frequency sound absorption, while
the resonator absorber best absorbs sound at narrow mid-frequency range. According to
Jayamani et al. (2015), sound absorption occurs by converting sound energy that travels

through a material into heat energy, yielding a reduction in sound pressure.

In current market, the common sound insulation and absorption materials are
usually made of synthetic materials that include foam, glass wool, mineral fibers and
their composites. However, natural fibers including jute, coir and hemp are slowly
replacing these synthetic fibers as sound absorbing materials (Fatima and Mohanty,
2011). The use of natural fibers including tea leaves is getting more attention due to their
attractive benefits such as economic price, lightweight, adequate strength,
biodegradability, renewability and abundant supply (Mohanty et al., 2005). On the flip
side, few major drawbacks are always present in natural fibers. One of the concerned
issues is the inconsistency of fiber quality due to the existence of hydroxyl and polar
groups, causing poor moisture resistance. In addition, the poor compatibility between the
hydrophilic natural fibers and hydrophobic polymer causes a weak fiber-matrix
interfacial adhesion (Thakur, 2014). Overall, the present study focuses on the sound

absorption properties of chemically treated and untreated spent tea leaves in

polypropylene.



1.2 Problem Statement

The existing scenario is that synthetic sound absorbing materials made of glass
wool, rock wool, and polyurethane are basically petrochemicals-based, and are
expensive to produce (Berardi and lannace, 2015). Manufacturing of synthetic sound
absorbing materials poses serious environmental issues. According to Arenas and
Crocker (2010), the synthetic sound absorbing materials made from polymers and
minerals are manufactured through high-temperature extrusion and industrial processes
based on petrochemicals. The processing of synthetic chemicals leads to the emission of
greenhouse gases such as carbon dioxide, nitrous oxide and methane from the
manufacturing plant, posing a great impact on our environment. Therefore, it can be
seen that synthetic sound absorption materials are high in cost and incur sustainability
issue such as biodegradability problem. On the other hand, green materials are

environmentally-friendly, involves less contamination and can be recycled.

Although natural fiber is an ideal filler material to be used in sound absorber,
there is still one limitation in which the natural fiber possesses rotting characteristic
upon making contact with water. They decay gradually by a natural process over time
due to moisture absorption. Therefore, in this project, spent tea leaves are used instead.
Tea leaves are superior to other natural fibers due to their excellent rot-retardant
properties. They possess high resistance to fungus and termite (Shi et al., 2006), high
durability obtained from the polyphenols extract known as tannins (Yalinkilic et al.,
1998), and high resistance to fire (Dittenber and GangaRao, 2012). Besides, tea leaves
have fresh scent that can eliminate unpleasant smell. These distinctive features of tea
leaves, thus, are important in manufacturing a durable sound absorbing material which

can last longer than other natural fiber sound absorption materials.

In addition, there is not much understanding on the distribution of spent tea
leaves in polypropylene based on previous researches. Microscopic examination can be

performed to evaluate the morphology of spent tea leaves-polypropylene composites,



especially the fiber distribution in the polymer matrix. Jayamani et al. (2015) had
studied the morphology of rice straw stem fibers reinforced polypropylene composite to
correlate the fiber-to-matrix adhesion to its sound absorption behaviour. They concluded
that good sound absorption relied upon a proper adhesion between the natural fiber and
polymer matrix. This was because proper fiber-to-matrix adhesion gave a good
distribution of natural fibers in the matrix, which in turn improving the acoustic
absorption properties. Therefore, further studies on the distribution of natural fibers in

polymer and its effects on sound absorption properties are necessary.

From the above highlighted statements, it can be seen that spent tea leaves are
highly competent materials to be used as sound absorbing materials as they can address
the environmental and cost issues. Moreover, the superior properties of spent tea leaves
help in enhancing the durability of sound absorbing materials manufactured. These
superior properties may not be found in other natural fibers. Although there are studies
conducted on the tea leaves materials for sound absorption, the distribution of tea leaves
in polymer is seldom investigated. Considering all the stated problems, the main
challenge of this project is the possibility of using spent tea leaves in polypropylene

matrix as sound absorption materials.

1.3  Objectives

The objectives of this research are:

(@) To synthesize and characterize the sodium-hydroxide treated and untreated

spent tea leaves in polypropylene (PP) and in maleic anhydride grafted

polypropylene (MAPP) matrix.

(b) To study the sound absorption properties of the spent tea leaves filled

polypropylene composites through impedance tube method.



