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ABSTRACT

Nanocrystal cellulose isolation involved pretreatment stages which are alkali pretreatment
and bleaching. Nevertheless, those pretreatment are using conventional method and do
not give a significant results in lignin degradation. Microwave assisted process for
nanocrystal cellulose isolation expected to be efficient in the lignin degradation. The
objectives are to extract cellulose from untreated elephant grass using microwave assisted
bleaching process and determine lignin degradation using different concentration of
hydrogen peroxide (H,0O;) as bleaching agent. Untreated elephant grass will be bleached
using different concentration of hydrogen peroxide in different time. The percentage of
total lignin degradation can be determined from the summation of acid soluble lignin
(ASL) and acid insoluble lignin (AIL). The result showed that the highest weight of
biomass after bleaching process is 1.6301g meanwhile for percentage of total lignin
degradation is 49.93% at 120 minutes, 30% concentration of H,O, with 180W. This can
be conclude that microwave assisted bleaching process can be an effective pretreatment

method for nanocrystal cellulose isolation.



ACKNOWLEDGEMENT

Assalamualaikum w.b.t,

In the name of Allah, The Most Gracious and The Most Merciful. Peace and blessing of
Allah al Mighty to our beloved, Prophet Muhammad s.a.w and his relatives, all his
companions and those who have followed. My gratitude goes to Allah for the gift of life,
His endless love, provision and protection. I feel so thankful to Allah s.w.t because He

give me a good health, strength and patience for me to complete this project.

Foremost, I would like to express my sincere gratitude to my advisors Prof. Dr. Norazah
and Cik Syaidatul Akma for the continuous support of my research study, for the
patience, motivation, enthusiasm and immense knowledge. Their guidance helped me in
all the time of research and writing of this manuscript. I could not have imagined having a

better advisor and mentor for my research study.

I thank my fellow labmate: Nur Fatin Syafiqah for the stimulating discussions, for the
sleepless nights we were working together before deadlines and for all the fun we have
had in completing this research. Also I thank my friends: Azmah Kamaruddin, Afiqah

Tasneem and Fatin Najwa for continuously motivate me in finishing this research project.

I would like to thank my family: my parents for giving extremely supportive motivation

for me to be strong in this study and supporting me spiritually throughout my life.

Finally, my special thanks to everyone who are directly or indirectly involved and

contribute in completing this research project.
My prayers to Allah for them to always in His Guidence and Protection.

Thank you.

Vi



Table of Contents

PLAGIARISM FORM ...ttt ettt sttt ettt et sttt eb et st st ne st enen i
AUTHOR’S DECLARATION ....cuiitiiitiiitcitne ettt ettt st seeste e en st et e se st neeseestenenaeseens i
SUPERVISOR’S CERTIFICATION .....cotiitiiiiiiniieie sttt ettt ettt et sreneen e sresseesnesreenesane iii
COORDINATOR’S CERTIFICATION .....cocitititiie ittt ettt st sreeee e vt seenseennesresaeenne s iv
ABSTRACT ..ottt sttt ettt st sttt bt st et se et eb et sa e seeste e eneeatenenueseens v
ACKNOWLEDGEMENT .....ooiitiiiitiientiieteine ettt sttt ettt st st se st bt sa e e oo neeneeaeenes vi
LISTS OF TABLES. ...ttt ettt et sttt eve st st ettt eb et e e et eenanaeen iX
LISTS OF FIGURES ...ttt sttt ettt st et sttt bt e e e et eenanae e iX
LIST OF ABBREVIATION ..ottt et sttt et erese st e e secese e enesaeenenneseens X
CHAPTER ONE ...ttt ettt ettt st et sttt bt st st sa et ebes e snen e nee 1
INTRODUCGTION ..ottt ettt sttt er st st st e e st eras st er e bt seeabeneesseneeresatenenseseens 1
1.1 Research Background ........ccociieienirieieiineeie ettt sttt st e ereee st eveese et oo sresaeens 1
1.2 Problem SEAtEIMEIL......eocveveeeeeiieetentirtetesrereea e ettt eree sttt ente sresaeentesreesesareeneesseseennesresaeens 3
L.3 OBJEOLIVE e vttt sttt ettt ettt st e er et bt sttt et sr st ea e eheesesabtesaesaestennesresanns 3
1.4 RESCAICH SCOPEC . c.uveurertireeie ettt sttt sttt cr ettt st se et sresaeea e sreesesa bt enaesaestentesresaeens 4
CHAPTER TWO .ttt sttt ettt st sttt et s s st eb et sne e e 5
LITERATURE REVIEW ...c..ciiiiiiiiiiiiiitientcertctetetnt et sttt eves e ev e st se et eneaeseens 5
2.1 NANOPATTICIES ..veveieeeie ettt ettt sttt ettt et e estes e sre ettt eseeseesstentesresaeessesraeneesntennes 5
2.2 Source of cellulose nanocrysStals (CNCS)...c.ueeeiriiiiiriieree ettt 6
221 ANIMAL .ottt ettt et ettt ettt e e er et eree et ennes 6
222 AlZAC ..ttt ettt e e ettt e r e et e e e ehe et eree et ennes 6

2. 2.3 BACLETIA c.cuveevtetiieeete sttt ettt et sttt et et es e she ettt esee ettt sa et ehe e te bt eree et entes 8
2.2.4 Lignocellulosic Biomass (LC) ...ccuieuieiiiiiiinirteetee et sttt 9

2.3 NCC ISOLALION <.t ettt sttt e vttt et et es e sree et eraese et ennesresaeennens 14
2.3.1 Physical Pretreatment .........coeeveeeueeeeneiniteientineetesrereeteereeeeieereesetieesneseesseentesresseennens 14
2.3.2 Physico-chemical Pretreatiment .......cocveeveveniireenienrerseeieereeeeieereeseesitenneseereennesreseennes 15
2.3.3 Chemical PIEtrEatMeEnt .......cc.eeveeeueeeeneiniieieniirtete ettt eree sttt enneseesseen e sresaeenne s 17

2.4 Heating MEIUIN ..c..eeveiiireiieeiieeit ettt et crte sttt enne et et sreese et enaeseestennesresaeennens 21
2.4.1 Conventional heating method (Hot Plate).......coccovveiniiiiiiiiiiiiiceecceeeceeeeeee 21
2.4.2 URTASOUNA WAVE ..vvervireeieerireiie ettt ertesetrtentesresaeestesreesesssesreesetstesseseesseentesreseenens 22



CHAPTER ONE

INTRODUCTION
1.1 Research Background

In recent years, attention towards Green Chemistry principles have attracted a
plethora scientists to do research on nanocrystalline cellulose (NCC) production using
lignocellulosic biomass [1]. The most promising feedstock is lignocellulosic material as
natural and renewable sources with huge amount and can be converted into different high
value products. Typically, there are about 40-50% cellulose, 20-30% hemicellulose and
10-25% lignin comprised in agricultural lignocellulosic biomass [2]. Cellulose is the main
lignocellulosic component of cell wall in plant with a sequential polymer of 1-4 B-
glycosidic linkages [3]. Meanwhile, hemicellulose is a polysaccharide which is a
combination of carbohydrates contains 3- 6 associated units and a second plentiful
heterogeneous polymers [4]. With non-covalent attractions, cellulose and hemicellulose
are binds tightly to the surface of each micro-fibril [2, 5]. Lignin, on the other hands, as
an aromatic biopolymer and amorphous bio-macromolecule with a long-chain and linked
by ether bonds [6]. The structure of cellulose and hemicellulose is heavily packed with
layers of lignin which acts like glue by filling the gaps to protect them against enzymatic
hydrolysis, mechanical process and acid hydrolysis [2, 7, 8]. Usually from these three
lignocellulosic components, lignin are the most usable in some products such as
isocyanate binders, biodispersants and fuel additive [9]. However, the attraction is now
focusing more to the cellulose component because of its sustainability, environmental-

friendly benign and cost effective [10].

Present effort had remodel cellulose to specific forms such as cellulose
nanocrystal because their various peculiar properties make them potentially relevant in a
different field of scientific and technological developments [11]. Nanocellulose is a
particle with nano-sized dimension which displays structural characteristic of low density,
biocompatible and high surface area connected with modified hydroxyl group. Recently,

the nanocrystalline cellulose (NCC) is greatly applied as emulsifier, cosmetics, thickener



