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ABSTRAK

Pemuliharaan tenaga merupakan isu semakin serius bagi sektor kediaman pada masa
kini. Oleh itu, prestasi termal bahan sistem penebat haba untuk bangunan semakin
bertambah kebelakangan ini. Laporan ini dibuat untuk menganalisis kebolehan bahan
polimer komposit menyerap haba dengan mancampurkan pelbagai jenis gred dan
komposisi gentian dalam polimer komposit. Tujuan kajian ini dijalankan adalah untuk
mencirikan dan menyiasat pelbagai jenis gred gentian dari segi sifat fizikal, kimia dan
termal termasuklah ketumpatan gentian, hubungan kimia gentian, dan juga perubahan
fasa gentian serta kadar pengaliran haba pada berlainan suhu (50,70,90,110°C). Terdapat
tiga jenis gred gentian iaitu BM-FAE dan SW-BHE daripada batang daun pokok teh
serta Fiber-FAE daripada daun teh. Polimer komposit (PU/STL) telah dibentuk melalui
proses kisar dan ‘open molding’ dengan komposisi gentian 5,10,15 dan 20%. Keputusan
menunjukan gentian BM-FAE adalah gentian yang kurang tumpat dengan ketumpatan
1.441g/cm>disebabkan dari pada bahagian batang daun. Kehadiran komposisi lignin juga
hadir dalam lingkugan 1650cm™ ke 1380 cm™ melalui FTIR. Untuk suhu perubahan
fasa, suhunya berada diantara 70°C ke 80°C. Bagi kadar pengaliran haba pula, PU/BM-
FAE komposit menunjukkan kadar pengaliran haba rendah jika dibandingkan dengan
gentian yang lain disebabkan kanduangan liang yang ada dalam gentian tersebut.
Daripada kajian ini, dapat dilihat bahawa dengan penambahan gentian, kadar pengaliran
haba rendah bagi komposit (PU/STL). Dapat dilihat juga bahawa melebihi suhu
perubahan fasa, kadar pengaliran haba meningkat disebabkan berlakunya perubahan fasa

polyurethane.
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ABSTRACT

Energy conservation is an increasingly important issue in the residential sector.
Therefore, attention towards the thermal performance of building materials, particularly
thermal insulation systems for building has grown in recent years. This report describes
the thermal absorption behavior of polyurethane composites reinforced with different
grades of spent tea leaves (STL) fibers at various fibers loading. The objectives of this
study were to characterize the spent tea leave fibers in terms of its physical, chemical,
and thermal properties as well as the rate of heat transfer of the spent tea leaves filled
polyurethane (PU/STL) composite at various temperatures (i.e. 50, 70. 90, and 110°C).
There were three grades of STL fibers, which are BM-FAE and SW-BHE obtained from
the stalk while Fiber-FAE extracted from the leave of a tea plant. The PU/STL
composite was fabricated via granulation and open molding with fiber loading ranging
from 5, 10, 15, and 20% wt%. Results showed that BM-FAE has the lowest density,
1.441g/cm?® as it comes from the stalk. These three grades of fiber have showed the
presence of lignin at the wavenumber range between 1650 cm™ and 1380 cm™ from
FTIR. For the glass transition temperature (Tg) of fibers, the value was in between 70°C
and 80°C. In terms of thermal absorption behavior, it was observed that at temperature
70°C (Tg of composite), PU/BM-FAE composite showed lower heat absorption than
other composites due to the porous media in fiber. It was also perceived that the addition
of fiber loading reduced the heat absorption of the composite. Above the Tg of
composite (90 and 110°C), the rate of heat transfer becomes higher due to the phase
change of the polyurethane.
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CHAPTER 1

INTRODUCTION

1.1  Background of study

As global warming has become a major concern for human beings nowadays, the use of
thermal insulation (T1) structure in building construction is burgeoning. TI structure is
regarded as one of the most energy efficiency improvements in buildings and also an
important factor to achieve thermal comfort for building occupants. In fact, the thermal
insulation structure is not an independent energy production or conservation system, but
part of the complex structural elements which form a building’s shell. Commercial TI
structures are commonly made from synthetic materials such as fiberglass, mineral wool,
expanded polystyrene (EPS) and polyurethane (PU) foams. Although these materials
have good physical properties such as low thermal conductivity, good moisture
protection and fire resistance, they can be hazardous to human health and environment
(Demant, et al. 1994). Fiberglass has an adverse effect on human health. When
fiberglass is handled, cut or otherwise disturbed, people may be exposed to airborne
fiber and resulted in skin and eye irritation or emphysema and lung cancer through

inhalation

The hazard of using commercially available TI1 materials made of synthetic materials has
spurred interest in other renewable green materials as alternative. Over the years, several
researches have succeeded in developing Tl materials using lignocellulosic fibers.

Various lignocellulosic fibers that have been investigated as raw materials for TI
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purpose are coconut husk (Viswanathan et al. 2000; Van Dam et al. 2004), kenaf core
(Xu et al. 2004), cotton (Alma et al. 2005), bagasse (Widyorini et al. 2005), oil palm
(Feng et al. 2001; Khalil et al. 2007; Suradi et al.2010)", flax and hemp (Kymalainen
and Sjoberg, 2008), wood, (Kawasaki and Kawai, 2006; Azizi and Faezipour, 2006;
Akgul et al. 2007; Loh et al. 2010), coffee husk and hulls (Bekalo and Reinhardt, 2010),
and papyrus (Tangjuank, 2011). Among these fibers, fiberboard fabricated from papyrus
fiber reinforced natural rubber latex showed the most promising result with thermal
conductivity values of 0.029 W/mK. This is comparable to commercially available
insulating concrete foams made of EPS which shows a thermal conductivity values of
0.033 W/mK.). Despite the low thermal conductivity behavior, lignocellulosic fibers
also outweigh other commercial synthetic thermal insulation materials in the regard of
density. The density of natural fiber is 1.15 — 1.50 g/cm® whereas 2.4 g/cm® for
fiberglass. Research shows that decreasing of the density of TI materials reduced the

thermal conductivity value (Luamkanchanaphan et al., 2012)

It is undeniable that natural fibrous materials exhibit numerous advantages to be
functioned as Tl material. A tropical country like Malaysia is rich in the production of
crops such as coconut, pineapple, banana, palm oil, and rice. Tea leaves (Camellia
Sinensis) is one of the fibrous plants available in abundance which can be found at
Cameron Highlands, Pahang and Ranau, Sabah. Therefore, this study attempts to
investigate on the feasibility of incorporating spent tea leaves (STL) as an alternative

lignocellulosic material to produce T1 materials.
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1.2 Problem Statement

Natural fibers have shown to possess low thermal conductivity and density which is
advantageous for thermal insulation purpose. However, when dealing with these natural
fibers, an undesirable attribute of the fiber is their ability to absorb moisture from the
atmosphere in comparatively large quantity (Chawla, 1998). Upon moisture absorption,
most of these fibers swell and become prone to microbial attack as well as biological
decay. In most buildings, the building materials are exposed to moisture due to high
humidity due in the weather or the use of the air-conditioning system. The presence of
moisture encourages the growth of moss or algae which may disfigure and deteriorate
the properties of the building materials made of natural fibers. Spent tea leaves obtained
from tea producing factories are optimistically considered as a new resource because it
exhibits antimicrobial properties. Spent tea leaves are expected to show higher durability
in thermal insulation applications than other natural fibers owing to the high phenolic
extractive content which retards the growth of moss or algae. Hence, spent tea leaves

serve a scope for further research as thermal barrier component.

1.3 Objectives

The objectives of this project were as follows:

1. To characterize various grade of spent tea leaves extracted from different parts of
tea plant in terms of physical, chemical and thermal properties.

2. To fabricate thermal insulation board using various grades of spent tea leaves
filled polyurethane composite through open molding technique.

3. To investigate physical and thermal properties of spent tea leaves filled

polyurethane composite.
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