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ABSTRACT

The surplus of crude glycerol (GL) has led to a decrease in its price and poses challenges
for its disposal. To promote the development of the biodiesel (BD) industry, it has become
focus of the researchers to convert GL into value-added chemicals. Glycerol carbonate (GC) is
one of the value-added compounds that can be synthesized by the transesterification of GL.
This study was conducted to utilize the waste of by-products from both the oil palm industry
as well as the biodiesel industry for industrial purposes. The synthesis of GC through
transesterification of GL and dimethyl carbonate (DMC) catalyzed by treated oil palm kernel
shell biochar (OPKSB) with 20% potassium hydroxide (KOH) at 400°C, 500°C, 600°C, 700°C,
and 800°C calcinations temperature has been studied. The chemical composition of untreated
and treated OPKSB along with the final product obtained through transesterification reaction
have been analyzed using ATR-FTIR. Scanning electron microscopy (SEM) was utilized to
investigate the morphology, size, and clustering of the catalyst particles. Furthermore, Energy-
dispersive X-ray (EDX) analysis was employed to ascertain the inorganic elemental
compositions of both treated and untreated biochar. The prepared catalyst calcined at 700°C
(OPKSB-700) shows the best performance with 54.51% potassium (K) weight obtained from
EDX analysis before undergoing the reaction indicating a higher basic site for catalytic activity
for transesterification reaction. OPKSB-700 displayed a very porous surface morphology with
a rod-like structure on the biochar surface observed at 3000x magnification using SEM. Not to
mention, all the catalysts can catalyze transesterification reactions; under reaction temperature
of 110°C, reaction time of 90 min, GL: DMC molar ratio of 1:3 and 3% of catalyst loading,
based on FTIR results. The appearance of the peak at 1770 cm—! and a broad peak at 3300
cm—! which correspond to C=0 and O-H groups respectively, signifies the success of the
transesterification reaction, into the desired product. Qualitative analysis using thin layer
chromatography (TLC) showed GC spot clearly observed for all of the sample (reaction),
indicated that GL have completely converted to GC. The results of TLC showed that,
calcination pre-treatment has significantly provide sufficient actives site and catalytic surface,
thus promoting towards increase of the catalytic activity in the transesterification reaction. The
current study has opened a broad understanding towards application of biochar as potential

catalyst in organic reaction.



ACKNOWLEDGEMENTS

First and foremost, praise to God for his blessings and for giving me strength and
opportunity in completing this Final Year Project within its expectation and time allocated. |
would like to take this opportunity to express my thanks and gratitude to the following persons,
who have directly and indirectly given their generous contribution towards the completion of
this project. 1 would like to express my deepest thanks to my supervisor, Dr. Zati Ismah Ishak
for his guidance and comments throughout the period of this project for two semesters. It was
a great honor to learn under his guidance. My second examiner, Dr Agustono Wibowo for his
generous guidance. | also would like to thank my Final Year Project Coordinator for my
program, Bachelor of Science (Hons.) Chemistry with Management, Dr. Siti Norhafiza Mohd
Khazaai for her effort in providing a webinar and briefing to write the research proposal and
thesis correctly. A very thank you to the people in the lab of Institute of Science especially lab
assistance, Hj. Nik Mohd Zamani for sharing their knowledge and assisting in conducting
experiment as well as giving me guidance in writing the thesis. | also would like to extend my
gratitude to my parents, lecturers, and friends for their guidance, support, and motivation. | am
extremely grateful to them for their valuable love, prayers, caring and encouragement. My
heartfelt thanks go to everyone who has been involved directly or indirectly throughout my
research work. Lastly, | want to thank me for surviving this semester. Thank you for standing
still despite feeling like giving up a lot of times. Thank you for ignoring your thought of
quitting.



TABLE OF CONTENTS

ABSTRACT . bbbt bbb e bbbt i
ABSTRAK ...tttk e b b e R bR bR bR bR bt b e bbbt b n bt neas ii
ACKNOWLEDGEMENTS ...ttt bbbttt i
TABLE OF CONTENTS ...ttt bbbt iv
LIST OF TABLES. ...tttk bbbt bbbttt b et e Vi
LIST OF FIGURES ...ttt et bbbt b et bbbttt b e nb e e vii
LIST OF ABBREVIATIONS ...ttt viii
CHAPTER L ..ot b bbbt b bbb bbbt b et b et b e 1
INTRODUGCTION ..ottt bbbt bbbt b et bbbt e bbb n et 1
I R [ 11 70T [FTod o o SRRSO 1
1.2 Problem STAEMENT .......cviiiiiiiice ettt n e 4
1.3 Significance OF the STUAY ........ccocuiiriieieeee e 5
L4 ODJECTIVES ..ttt bbbttt 5
CHAPTER 2 ..ttt bbb bbbt b et b bbbt eb e 6
LITERATURE REVIEW ..ottt bbbt 6
2.1 BIOGIESE ...t bbb bRttt r e e 6
A €11 (ol (o] OSSO 7
2.3 GIYCEIOI CaArbONALE .....cviiviiii ittt be et e be e b e be e e e sbeebeebesreesbesteesnesreares 8
2.3.1 Synthetic pathway of glycerol CarbONALe ...........cccooereiiiciee e 9
2.3.2 TranSesterifiCation ROULE ..o 13
A Or: (v 1)) SRRSO 14
2.4.1 HOMOQENEOUS CALAIYSL ..ottt 14
2.4.2 ENZYMALIC CALAIYSTS ......cueiiiiiiitiiiiiteie ettt 15
2.4.3 HeterogeneouUS CatalYSt.........coviiiiiiiiiece ettt et st sr et sresba e resre s 16
CHAPTER 3 ettt bbb bbb bbb bbb bbb bt b et bttt n et en b 30
RESEARCH METHODOLOGY ....uoiiiiiiiiieiieeitee sttt sttt st st sttt sttt steessaesnaeeaeeneee e 30
3.1 CatalySt PreParalion .........cccoiiiiiiiiiiieieeiei ettt 30
3.2 Transesterification Process of GL With DMC t0 GC.......ccccoeiiiiiieiiiice e 30
3.3 Catalyst CharaCteriZatiON ...........ccoeiverierieieieiesi ettt b e 31
3.3.1 Fourier Transform Infrared Spectroscopy (FTIR) Characterization.............ccccoevvenerienne. 31
3.3.2 Scanning Electron Microscopes (SEM) and Energy Dispersive X-ray (EDX)
(@8 g Fo = Tox (=] 4= 1 o] o ISP PR 31
R I o a0 1= A [T [ Tox U o] RS 31
34 QUANTEALIVE ANBIYSIS . ....eiiiieiitiitiie ettt b 32
3.4.1 Thin Layer Chromatography Characterization ..............cooeroiiiienenenie e 32



CHAPTER 4 ... bbb 33

RESULTS AND DICSUSSION .....coiiiiiiiieieest sttt se s sse st st saesaeseasastessessessessessesens 33
4.1 BASIC SEENQLN ... e 33
4.2 Fourier Transforms Infrared (FTIR) SPECIIA ......ccccviiiiieiiiecie ettt 33

4.2.1 Catalyst Before REACLION ........cc.ciiiiieiiiieicce ettt 33
4.2.2 Catalyst After REACTION ........oviiiiiiiiiie e 36
14.1 4.2.3 Product- Glycerol Carbonate.............coovieieiciiiiineeeeees e 38
4.3 SEM and EDX ANGIYSIS ....ucciveiiiiiie ettt sttt et a et e te e saeene b nne s 42
I 2 1= o] (Tl == Uod T o SRS 42
O AN i (= gl LT o 1 o] o ST 46
4.4 Thin Layer Chromatography........cccceiiiieiiiicicie ettt sre s 48

(O 1 o I OSSPSR 50

CONCLUSION AND RECOMMENDATIONS........ootiiiiieieieeee ettt 50
5.1 CONCLUSION ... .ottt sieits ettt sttt sttt se st sa b ese st e e e be e e se e ebe st e se st ete st ase st eresnenennas 50
5.2 RECOMMENDATIONS ... .ottt sttt et te et e seneesessenesseneans 51

REFERENCES ... .ottt sttt s e sa et et et e st et e e et e st e seeseeseebesaestesae e eseenean 53

APPENDICES ..ottt ettt sttt et e s e e s e b e s b et et et et et e R e e neetennente st e e e 58

CURRICULUM VITAE ...ttt sttt sttt sa bttt a ettt st ebeseanennnne s 91





