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ABSTRACT 

The world community is concerned with the depletion of fossil fuel and looking at 
alternative energy resources such as biomass, solar, hydro and wind. With the growth 
of palm oil production in Malaysia, the amount of biomass residues generated also 
shows a corresponding increase. Currently, there are several routes being studied to 
convert the biomass to liquid bio oil, bio char and gases depending on the pyrolysis 
condition. Catalytic pyrolysis is proposed to be a viable technology to convert this 
biomass by having a catalyst introduced during the pyrolysis process and in contact 
physically with the biomass, in the formation of higher quality bio oil. The first goal 
of this thesis is to analyse the possibility of shredded oil palm empty fruit bunches 
(SOPEFB) as a catalyst support/carrier by direct impregnation method using cobalt as 
the catalyst. The concentration of the cobalt aqueous solution were prepared for 
5,10,15 and 20 wt% and the SOPEFB samples were soaked in these solutions with the 
different soaking time. The functional groups that are involve in the reaction such as 
ion exchange and adsorption, leading to metal uptake by the SOPEFB. Results show 
that the sorption equilibrium is achieved approximately after 24 hours. The adsorption 
capacity was 8.12, 9.27, 11.16 and 12.06 mg/g of SOPEFB for the 5, 10, 15 and 20 
wt% of cobalt aqueous solutions respectively. The adsorption follows both Langmuir 
and Freundlich isotherm, however, the correlation coefficient showed that Freundlich 
equilibrium data fitted well than Langmuir model indicated the surface heterogeneity 
of the SOPEFB. The second goal is to study the thermal decomposition and kinetic 
reaction of the pyrolysis of the impregnated SOPEFB with cobalt catalyst. 
Thermogravimetric analysis (TGA) was carried out to elucidate chemical kinetics of 
the pyrolysis of the non impregnated SOPEFB and impregnated SOPEFB with cobalt 
catalyst. The kinetic parameters were calculated using least square with minimizing 
sum of error technique. The results show that the activation energy (Ea) of SOPEFB is 
in the range of 80 to lOOkJ/mol and the order of reaction (n) was discovered in the 
range of 2.0 to 3.0. The model used to predict the rate equations agree with the 
experimental data with the coefficient of determination (R2) in the range of 0.70 to 
0.97. Fixed bed pyrolysis was performed to evaluate the pyrolysis and catalytic 
pyrolysis of SOPEFB in a simple batch system. The effects of pyrolysis temperature 
and the cobalt catalyst content on the yield of products were investigated. Results 
showed that the maximum oil yield is obtained at 500°C of pyrolysis temperature. The 
use of cobalt catalyst has a positive impact on the yields of small molecular weight 
compounds. It is believed that the hydrocarbon vapour from the thermal 
decomposition of SOPEFB immediately came into contact with cobalt on the 
SOPEFB surface. The cracking of the hydrocarbon may involve reactions on the 
cobalt surface as well as subsequent reactions in the vapour phase. Overall, this study 
confirms the possibility of SOPEFB to become a cobalt catalyst support/carrier and at 
the same time the product of catalytic pyrolysis of the SOPEFB can be cracked to 
smaller molecular weight and subsequently upgraded the quality of the bio oil. 

iii 



ACKNOWLEDGEMENTS 

I am grateful to Allah S.W.T for granting me the ability to complete this study. 

I would like to express my sincere gratitude to my supervisor, Prof Dr Ku Halim Ku 
Hamid, for his supervision and encouragement throughout the period of this research. 
I appreciate the opportunity to work under his direction, which has provided me with 
invaluable experience. His thoughts and suggestions have helped enormously in the 
completion of this doctoral program. 

My gratitude also goes to Dr Kamariah Noor Ismail, the co-supervisor of this study. I 
greatly appreciate her insight on how to complete my PhD thesis. 

Special thanks are due to Mohibah Musa and Siti Raihanah Abd Rahman for their 
generous assistance and helpful comments on various numerical techniques. I also 
want to specially thank Dr Azil Bahari Alias, Dr. Syed Shatir, Pn Siti Shawalliah, Pn 
Atikah and Mr. Jindra for their motivation support and data analysis guidance. My 
thanks also go to all staff FKK who also have supported me in many different ways 
throughout. 

I gratefully acknowledge the financial support from the UiTM Research Management 
Institute (RMI) and the Ministry of Higher Education (MOHE) for providing the 
research grant for this project. 

Finally, this work is dedicated to my beloved wife, Nor Aslina Mohamad Adnan and 
my children Nur Haziqah, Nur Hanis, and Luqman Hakim for their love care and 
understanding. Finally we did it! 

IV 



TABLE OF CONTENTS 

Page 

AUTHOR'S DECLARATION ii 

ABSTRACT iii 

ACKNOWLEDGEMENTS iv 

TABLE OF CONTENTS v 

LIST OF TABLES x 

LIST OF FIGURES xiii 

LIST OF NOMENCLATURES xviii 

LIST OF ABBREVIATIONS xxi 

CHAPTER ONE: INTRODUCTION 

1.1 Research Background and Problem Statement 1 

1.2 The Objectives of Research 5 

1.3 Scope And Limitation of Research 5 

1.4 Thesis Organization 6 

CHAPTER TWO: LITERATURE REVIEW 

2.1 Biomass 8 

2.2 Oil Palm And Oil Palm Biomass In Malaysia 8 

2.3 Physical and Chemical Characteristics of the Biomass 10 

2.3.1 Chemical Characteristics of Oil Palm Fibers 10 

2.3.2 Cellulose 11 

2.3.3 Hemicellulose 12 

2.3.4 Lignin 13 

2.4 Energy From Biomass 14 

2.4.1 Biomass Conversion Technologies 15 

2.4.1.1 Direct Combustion to Produce Heat 16 

2.4.1.2 Gasification to Produce Fuel Gas 16 

2.4.1.3 Biological Degradation to Produce Ethanol 18 

2.4.1.4 Pyrolysis 19 


