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Poly(lactic acid) (PLA) is known to be a very useful material in replacing the 

petrochemical-based polymer in the packaging sector due to its biodegradability and 

good mechanical characteristics. Despite the impressive behaviors of PLA, the low 

brittleness of itself has limited the usage of this material. Thus, cellulose nanocrystals 

(CNCs) was extracted from tea leaf wastes fibers (TLWF) to incorporate into PLA, 

enhancing the performance of polymer nanocomposites while keeping the environment 

safe. 

 

 

This research was conducted to explore the utilization of TLWF as a source for the 

production of CNCs and its uses as a filler on PLA. TLWF was first treated with 

alkaline, followed by bleaching before being hydrolyzed with concentrated sulfuric 

acid. The materials attained after each step of treatments were characterized. From 

Fourier transform infrared spectroscopy (FTIR), the peak at 1716 represents C=O 

stretching disappeared in the spectra after the alkaline and bleaching treatments 

indicated that hemicellulose and lignin were almost discarded from the fiber. The 

reduction intensity of the absorption band at 1236 cm
−1

which accredited to the C–O 

stretching vibration of the lignin and xylan occurred due to the decreasing of lignin and 

a small hemicellulose contents from TLWF. Meanwhile, the thermal stability of CNCs 

was decreased due to the replacement of hydroxyl groups by sulfate groups during 

hydrolysis. The scanning electron microscopy (SEM) showed the defibrillation of 

fibers occurred after the treatments, increasing the susceptibility of fiber for acid 

hydrolysis. The crystallinity index of fiber also increased from 41.5% to 83.1% and 

from transmission electron microscopy (TEM), the rod-like shaped CNCs with an 

average diameter of 7.97 ± 1.09 nm was revealed. 
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Then, the resultant CNCs were used as filler in PLA bio-nanocomposites via solvent 

casting method. The different contents of CNCs between 0.5 to 5 wt % were filled. The 

mechanical properties of films were analyzed through the tensile properties. The 

optimum value of tensile strength and modulus was achieved when 2.0 wt % of CNCs 

content was incorporated into the matrix. As a conclusion, CNCs can be produced from 

TLWF and can be used as a filler for PLA at the 2.0 wt % of CNCs loading. 
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Poli(asid laktik) (PLA) dikenali sebagai bahan yang sangat berguna dalam 

menggantikan polimer berasaskan petrokimia dalam sektor pembungkusan disebabkan 

oleh keterbiodegradan dan ciri mekanikal yang baik. Walaupun ciri PLA yang 

mengagumkan, kelenturan yang rendah itu sendiri telah mengehadkan penggunaan 

bahan ini. Oleh itu, nanokristal selulosa (CNCs) diekstrak daripada serat sisa daun teh 

(TLWF) untuk dimasukkan ke dalam PLA, meningkatkan prestasi nanokomposit 

polimer sambil mengekalkan alam sekitar dengan selamat. 

 

 

Kajian ini dijalankan untuk meneliti penggunaan TLWF sebagai sumber penghasilan 

CNCs dan digunakan sebagai pengisi pada PLA. TLWF pertama kali dirawat dengan 

alkali, diikuti dengan pelunturan sebelum dihidrolisis dengan asid sulfurik pekat. Hasil 

yang diperolehi selepas setiap langkah rawatan kimia dicirikan. Dari pengubah 

spektroskopi inframerah Fourier (FTIR), puncak pada 1716 cm
-1

 mewakili regangan 

C=O hilang dalam spektrum selepas rawatan alkali dan pelunturan menunjukkan 

bahawa hemiselulosa dan lignin hampir dibuang dari serat. Pengurangan  intensiti pada 

1236 cm
-1

 yang mewakili kepada getaran regangan C-O pada lignin dan xylan berlaku 

disebabkan penurunan kandungan lignin dan sedikit hemiselulosa dari TLWF. 

Sementara itu, kestabilan terma CNCs berkurangan disebabkan penggantian kumpulan 

hidroksil oleh kumpulan sulfat semasa hidrolisis. Mikroskop imbasan electron (SEM) 

menunjukkan defibrilasi gentian berlaku selepas rawatan, meningkatkan 

kecenderungan serat untuk hidrolisis asid. Indeks penghabluran serat juga meningkat 

dari 1.5 % hingga 83.1 % dan dari mikroskop transmisi elektron (TEM), CNCs 

berbentuk seperti rod dengan diameter purata 7.97 ± 1.09 nm ditunjukkan. 
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Kemudian, CNCs yang terhasil digunakan sebagai pengisi dalam biokomposit nano 

PLA melalui kaedah tuangan pelarut. Kandungan CNC yang berbeza antara 0.5 hingga 

5 % berat digunakan. Sifat mekanikal filem dianalisis melalui sifat tegangan. Nilai 

optimum kekuatan tegangan dan modulus dicapai apabila 2.0 wt % kandungan CNC 

dimasukkan ke dalam matrik. Sebagai kesimpulan, CNCs boleh dihasilkan dari TLWF 

dan boleh digunakan sebagai pengisi untuk PLA pada jumlah 2.0 wt % CNCs. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 General Background 

 

Most of the petroleum-based polymers were used in packaging sectors to conserve the 

food from degradation process by physical or chemical impurities, microbial 

contamination, and loss of scent while maintaining the quality of material during its 

extended shelf life. However, these petroleum-based polymers are non-renewable and 

non-compostable which can cause a serious environmental and disposal problem 

(Talegaonkar et al., 2017). 

 

Due to great concerns about this issues, recycle strategy had introduced to the 

community but normally plastic packaging products cannot always be recycled. A lot 

of plastic-based packaging materials are disposed of in landfills or combusted into the 

environment which can emit noxious greenhouse gases because they basically consist 

of polyethylene and need up to 1,000 years to decay (Malathi et al.,2014). 

 

The production of new products needs to move to sustainable materials basis which is 

more compliant with the environment and less dependence on fossil fuels. One of the 

products that fit well with all the characteristics is bio-based polymer composites 

because they can moderate the issues of sustainability, contributing the possibility of 

renewability, biodegradation, environmentally benign and a step away from hazardous 

substances. This is intentional to mitigate the anthropogenic activities from making a 

continuous destruction of the earth. 

 

In the 1990s, a lot of new biodegradable materials had introduced to the community 

such as polyurethane and solvents from soy oil sources; adhesives from soy protein; 

lubricants based on vegetable oil; organic acids based on crop materials; and 

biocomposites processing from natural cellulose fibers mixed with petrochemical-

based polymers such as polyethylene (PE) and polypropylene (PP) or bio-based 

polymers like PLA, bioresins made from vegetable oils and cellulose esters (Drumright 

et al., 2000). Among the many kinds of bio-based polymers, PLA is one of the most 

favorable materials. The biodegradability, biocompatibility, abundant renewable 

source, transparency, UV stability, excellent mechanical properties, safety, and 

excellent processability are several unique properties of PLA. Furthermore, the 

mechanical features such as tensile strength and Young‟s modulus remark PLA as one 

of the most encouraging alternatives for petrochemical-based polymers (Frone et al., 
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2013). However, PLA has its own shortcomings such as brittleness in sufficient 

strength, low viscosity, medium gas barrier, high moisture sensitivity, and dimensional 

stability make it not appropriate for load-bearing implementation. Hence, some 

considerable attempts have been made to upgrade the performance of PLA by initiated 

the polymer composites with natural fibers. Natural fibers are environmentally friendly, 

nearly inexhaustible, totally biodegradable, abundantly available, and inexpensive 

sources. Meanwhile, the hierarchical and multi-level alignment of natural fibers 

permits the development of nanosize properties (Azizi Samir et al., 2005). 

 

The improvement of bio-nanocomposites performance that entirely degrade in the 

environment without producing any toxic materials represents the main point of this 

research. Cellulose nanocrystals have drawn significant attention amongst researchers 

as promising nanofiller in several polymers. Various terminologies have been stated in 

the previous works to define these cellulose nanocrystals (CNCs) including 

nanowhiskers, nanocrystalline cellulose (NCC), monocrystals, microcrystals or 

microcrystallites (Siqueira et al.,2011).  

 

A variety of agricultural wastes have been studied as natural sources in the CNCs 

preparation. Even though more variations of natural fibers were examined in detail, the 

utilization of tea leaves waste fibers (TLWF) as a plant source for the extraction of 

CNCs has not been reported yet. In tea beverage industries, tea leaves are widely used. 

However, the usage of tea residue after the process is limited. Thus, one of the suitable 

solutions to enhance the utilization of TLWF is the extraction of CNCs from the fibers. 

 

Polymer bio-nanocomposites are designated as materials made from bio-based 

polymers constituting reinforcing agent with at least one of the dimensions is smaller 

than 100 nm and combined together by using some techniques (Oksmann et al., 2006). 

Generally, the bio-based polymer will play as a matrix and nanoscale inorganic or 

organic filler as reinforcement. The role of the matrix is to surround and guide the 

reinforcements by protecting their corresponding positions while the reinforcements 

transmit the special physical features to strengthen the matrix behaviors. The use of 

nanofiller as a reinforcement to these bio-based polymers may advance not only to the 

performances of the products but also open new capabilities in nanotechnology 

industries. 

 

1.2 Problem Statement 

 

Nowadays, the implementation of bio-based polymer instead of petroleum-based 

polymer had reduced the environmental pollutions because of its biodegradability 

characteristic. However, some drawbacks of PLA such as brittleness, low mechanical 
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and hydrophobic properties have limit itself to be used in some applications. These 

concerns can be attained by using a filler to improve its performance. 

 

Tea leaf waste fiber (TLWF) is a hidden potential of natural fiber that can be extracted 

to CNCs to be used as a filler on the bio-based polymer. TLWF is a residue product of 

tea-leave processing, extracted after drying and chopping off the leaves. Although the 

cellulose content of tea residue is reported low from the previous finding by Tutus et al. 

(2015), but the negative environmental impacts created by simply disposing of TLWF 

could be reduced by extracting CNCs from this source. Besides that, there is no report 

about extraction of CNCs from TLWF.TLWF was also chosen due to their renewable 

nature, low density, highly compatible, high modulus, readily available and ecological 

friendliness.  

 

However, the hydrophilicity property of CNCs reduced its compatibility with the PLA 

(hydrophobic polymer). Thus, the pretreatment of fibers was conducted to overcome 

this problem. In addition, the controlled sulfuric acid hydrolysis technique was 

conducted to extract CNCs. The resulting product will be used as a filler in PLA, 

initiating PLA/CNCs bio-nanocomposites via solvent casting method. Lastly, the 

performance of the films was studied. 

 

Objectives 

 

The objectives of this research are; 

1. To extract the CNCs from tea leaf waste fibers via controlled sulphuric 

acid hydrolysis. 

2. To characterize the CNCs by chemical composition, FTIR spectroscopy, 

thermal properties, X-ray Diffraction analysis, Scanning Electron 

Microscopy and Transmission Electron Microscopy after each process. 

3. To prepare the PLA/CNCs bio-nanocomposites and characterized their 

mechanical, thermal, and morphological properties after CNCs were 

added. 
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