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ABSTRAK 
 

 

 

Kajian ini memberi tumpuan kepada fibrilasi dan pencirian gentian 

nanoselulosa dari hampas daun teh (HDT). HDT dikenali sebagai salah satu bahan 

buangan lignoselulosa yang boleh dilupuskan dan tidak memberi kesan negatif kepada 

alam sekitar. Objektif kajian ini adalah untuk menentukan daya maju mengekstrak 

gentian nanoselulosa dari HDT dan untuk mencirikan gentian nanoselulosa dengan 

mikroskop optik, mikroskop imbasan elektron, mikroskop pelepasan bidang imbasan 

elektron, X-ray pembelauan, Fourier spektroskopi inframerah dan kaedah 

pengemparan. Kajian ini menyimpulkan pengeluaran dan pencirian gentian 

nanoselulosa berasal daripada HDT. Dua gred HDT akan digunakan dalam kajian ini, 

iaitu BHE-BM dan BHE-SW dari tangkai tumbuhan teh. Sampel nanoselulosa 

diekstrak adalah tertakluk kepada pemerhatian mikroskopik, pencirian fisikal dan 

kimia, dan hasil fibrilasi keazaman. Dari kajian ini, keputusan pencirian dan analisis 

telah menunjukkan bahawa HDT gred yang lebih halus iaitu BHE-SW menyediakan 

hasil fibrilasi yang lebih baik sebanyak 15.22% berbanding dengan gred kasar iaitu 

BHE-BM yang berhasil fibrilasi sebanyak 14.68%. Tambahan pula, kesan parameter 

fibrilasi seperti kelajuan pengadunan dan masa pengadunan dibandingkan dalam 

kedua-dua gred HDT dalam kajian ini. 
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ABSTRACT 
 

 

 

This research focuses on the fibrillation and characterization of nanocellulose 

fibers derived from spent tea leaves. Spent tea leaves (STL) are known as one of the 

renewable lignocellulosic wastes that are biodegradable and no negative impact to the 

environment. The objectives of this research are to determine the viability of 

extracting nanocellulose fiber from STL and to characterize the extracted 

nanocellulose STL fibers by Optical Microscopy, Scanning Electron Microscopy, 

Field Emission Scanning Electron Microscopy, X-ray Diffraction, Fourier Transform 

Infrared Spectroscopy and centrifugation method. This research deduces the 

production and characterization of nanocellulose fiber derived from STL. Two grades 

of STL are used in this research, which are BHE-BM and BHE-SW from the stalk of 

the tea plant. The extracted nanocellulose samples are subjected to microscopic 

observations, physical and chemical characterization, and fibrillation yield 

determination. From this research, the characterization and analysis results have 

shown that the STL of finer grade BHE-SW provides better fibrillation yield of 

15.22% than the coarser grade BHE-BM with fibrillation yield of 14.68%. 

Furthermore, the effect of fibrillation parameters such as blending speed and blending 

time are compared within both grades of STL in this research. 
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CHAPTER 1 
INTRODUCTION 

 

 

 

This chapter describes the background study, problem statement, objectives 

and the scope of study. 

 

 

1.1 Background Study 

 

According to Wang et al. (2015), the most abundant renewable natural 

biopolymer on earth is cellulose, the main constituent that forms the cell walls of all 

plants and trees. Scientifically, cellulose is an insoluble long chain of linked sugar 

molecules. In nature, cellulose appears in the form of complex matrix called 

lignocellulose. The lignocellulosic biomass is mostly wasted in the form of 

agricultural losses and wastes of food processing industries. This kind of 

lignocellulosic waste (LCW) can be utilized for the production of value-added 

products (Mtui et al., 2009). Lignocellulosic biomass primarily consists of cellulose, 

hemicellulose and lignin. Cellulose and hemicellulose in lignocellulosic biomass is 

one of the largest renewable reservoirs on earth that contains carbohydrates content 

of 60-70 % to the total volume, which is high enough for fiber extraction (Yang et 

al., 2013). This makes lignocellulosic biomass an attractive feedstock as natural and 

renewable resource to the functioning of modern industrial societies (Anwar et al., 

2014). The concept of sustainability is most being encouraged in today’s 

development and environmental management.  

 

Chirayil et al. (2014) stated that nanotechnology is the understanding and 

controlling of matter at dimensions of roughly 1-100 nm, where unusual properties 
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are often encountered. Nanomaterial from lignocellulosic biomass also known as 

nanocellulose. It has unique combination of good physical properties, which can 

produce products with low impact on the environment. Deepa et al. (2015) presented 

that nanocellulose can be categorized into cellulose nanofibrils (CNF) and cellulose 

nanocrystals (CNC) based on the morphology differences. These novel forms of 

cellulose have very high economical potential in replacing synthetic fibers.  

 

Fiber mechanical properties are improved with the decrease in fiber diameter 

(Dzenis, 2004). Khalil et al. (2014) claimed that many applications were studied by 

different researchers. The most commom application is nanocomposite that exhibits 

superior strength but light in weight. Hassan et al. (2015) improved the properties of 

paper sheets using microfibrillated cellulose from softwood and bagasse. Paper 

sheets that obtaining improved strength properties, increased in density and reduced 

in porosity is a big leap in paper industry.  

 

 

1.2 Problem Statement 

 

Nanomanufacturing process can be categorized into two techniques, which is 

bottom-up method and top-down method. According to Dzenis (2004), most of the 

nanofibers are produced by synthetic bottom-up method, which is high in processing 

cost and low uniformity of self-assembly nanofibers. Hence, top-down method such 

as fibrillation is one of the alternative ways of producing nanocellulose fiber. 

 

Tea is one of the most consumable low cost beverages, after water (Hicks, 

2009). According to Food and Agriculture Organization of the United Nations 

(FAO), more than three billion cups of tea are consumed daily worldwide. 

Chandrasekaran M. (2012) stated that waste tea leaves from tea-producing factories 

are considered a new resource for biological research. During the tea production 

process, the roasted tea leaves are sent for rolling to crush the leaf cells into smaller 

particles. In the rolling process, the crushed tea leaves producing residues from the 

leaf cells. Once the tea leaves is roasted and leaf cells is separated with the leaf veins, 

the spent tea leaves (STL) becomes a waste and has no significant value. A large 
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amount of spent tea leaves (STL) will be left over everyday, and it can be easily 

collected with very low cost. 

 

According to Begum et al. (2013), the first synthetic fiber nylon was born in 

the year of 1938. It has been developed from the human civilization. Synthetic fiber 

with exclusive mechanical strength has diverse applications ranging from load-

carrying elements to sports equipment. However, synthetic fibers have some serious 

drawbacks such as high cost, high density, poor recycling and non-biodegradable 

properties. For these reasons, over the last few years’ natural plant fibers are 

increasingly gaining attention as viable alternative to synthetic fiber. Meanwhile, the 

extraction of nanocellulose fibers from natural resources are not commonly disclose 

to the public due to its financial potential. Hence, efforts have to be done by current 

researcher in order to explore more natural resources of nanofibers. 

 

 

1.3 Objectives 
 

(a) To evaluate the viability of extracting nanocellulose fiber from Spent Tea 

Leaves (STL) by chemical pretreatment and fibrillation method.  

 

(b) To characterize and analyze the extracted nanocellulose STL fibers by 

using OM, SEM, FESEM, XRD, FTIR and determine the yield of 

fibrillation by centrifugation method. 

 

 

1.4 Scope 
 

  The scope of this study will focus on the fibrillation of nanocellulose fiber 

derived from STL and the characterization of the extracted fibers. STL will undergo 

chemical pretreatment to degrade the intermolecular bonding between cellulose, 

hemicellulose and lignin follow by fibrillation to isolate the lignocellulosic contents 

mechanically. Vacuum filtering will use to filter the fibrillated fibers. Then, the 

extracted fibrillated fibers will carry out further characterization and analysis. 
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CHAPTER 2 
LITERATURE REVIEW 

 

 

 

A literature review on previous research work in various areas which is 

relevant to this research is presented in this chapter. 

 

 

2.1 Lignocellulosic Biomass 

 
Wang et al. (2015) described lignocellulosic materials including agricultural 

wastes, forestry residues, grasses and woody materials are potentially developed for 

bio-fuel production, cellulosic fiber extraction and value-added product applications. 

University of Gujrat, Pakistan experimentally found that most of the agricultural 

lignocellulosic biomass is comprised of about 10-25% lignin, 20-30% hemicellulose, 

and 40-50% cellulose. However, the composition of lignocellulose depends on the 

lignocellulosic sources. 

 

According to Jedvert et al. (2012), cellulose is responsible for mechanical 

strength of plant cell walls and hemicellulose macromolecules are often repeated 

polymers of pentoses and hexoses. Lignin usually forms a protective seal around the 

cellulose and hemicelluloses. Figure 2.1 shows the structure of lignocellulosic 

biomass with cellulose, hemicellulose and lignin. 
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Figure 2.1: Structure of lignocellulosic biomass with cellulose, hemicellulose and lignin 
(Alonso et al., 2012). 

 

 

2.1.1 Cellulose 

 

 In 1838, cellulose from green plant is discovered and isolated by French 

chemist, Anselme Payen (Poletto et al., 2013). Jedvert et al. (2012) stated that 

cellulose is a highly stable polymer consisting of glucose and attached with linear 

chains up to 12,000 residues. The repeat unit is shown in Figure 2.2. 

 

Figure 2.2: Molecular structure of a cellulose unit (Poletto et al., 2013). 

 


