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ABSTRACT 

Jatropha curcas plant has been known for significant benefits such as for house 
protection, medicinal uses, biodiesel substitution and many more. The Jatropha oil 
extracted from Jatropha seeds gained global attention mainly in packaging industries 
as this oil was used as carbon source for production of Polyhydroxybutyrate (PHB) 
due to non-edible food source thus mitigates the global food issue crisis. Besides that, 
previous study showed that PHB gave good result than Xanthan Gum (XG) as 
plugging agent for soil remediation and Enhanced Oil Recovery (EOR) application. In 
the meantime, polymer flooding (PF) one of method applied in (EOR) application 
need polymer which has good thermal stability when applied in high temperature 
reservoir. In PF, water-soluble polymer was used. Therefore, in this study, PHB 
extracted from dried weight (DW) of Jatropha was blended with water soluble 
polymer; Poly(Ethylene Glycol) (PEG) to improve the insolubility of PHB and the 
rheological properties of PHB/PEG blends were studied. The blend ratios of 
PHB/PEG are (0 %, 20 %, 40 %, 50 % and 80 %) by %v/v and were coding as (PHB 
100, PHB 80, PHB 60, PHB 50 and PHB 20). All conducted tests of PHB/PEG blends 
were benchmarked with commercial (XG) as it is one of the commonly used polymer 
in PF. The rheological properties of PHB/PEG was investigated at different 
temperatures (30 °C, 50 °C, 70 °C, 90 °C, 110 °C and 130 °C), shear rates from (1 s"1 

to 100 s'1) and different PEG contents using Oscillating Disk Rheometer. This study 
began with study of chemical reaction in functional group of PHB/PEG blend using 
Fourier Transform Infrared spectroscopy (FTIR). Result showed that carbonyl 
absorption shifts to higher frequency and peaks became much broader with increased 
of PEG contents. For thermal stability study using Differential Scanning Calorimetry 
(DSC) showed the melting temperature of PHB/PEG reduced except PHB 80 and PHB 
40. The Thermogravimetric Analysis (TGA) results showed poor miscibility as 
degradation temperature, Tonset for PHB 100 is higher than PHB/PEG blends. The 
PHB/PEG blends also displayed higher mass loss along the degradation temperature. 
The solubility test using Sartorius Moisture Analyser showed that PHB 50 have good 
solubility in NaCI solution. For rheological properties study showed that all polymer 
behaved as shear-thinning behaviour. The PHB 80 has higher value of viscosity when 
subjected to different temperatures, shear rates and PEG contents. In study of 
temperature effects, activation energy (Ea) decreased with increased PEG content. The 
PHB 50 and PHB 60 have small value of (Ea= 4.744 - 2.756) indicate less dependent 
on temperature compared to PHB lOOandPHB 80(Ea= 11.014-9.124). On the other 
hand, the flow behavior was studied using curve fitting tool in Matlab software 
(version 7.12.0635 - R2011a) and best rheological model to present the experimental 
measurement was selected. During study of effect of shear rates and PEG contents, 
Ostwald-De-Waele model showed well describe of PHB/PEG blend flow behaviour 
with higher value of R-squared (R2 = 0.91<1) and smaller values of Sum Square Error 
(SSE) and Root Mean Square Error (RMSE) although absence of yield stress 
measurement. Potential as displacement agent was studied in simulated sandpack 
flooding. During this test, PHB 50 was select due to higher solubility in NaCI solution 
(30,000 ppm). From this test, commercial XG achieved higher total oil recovered 
about 65.5 % compared to PHB 50 about 39.1 %. 

IV 



ACKNOWLEDGEMENT 

In the name of Allah, the most gracious and the most merciful. First and foremost, I 
would like to express gratitude to Allah for giving me the opportunity to embark on 
my master and for completing this long and challenging journey successfully 

My gratitude and thanks go to my supervisor Dr Nik Raikhan Nik Him for her 
continuous moral support and positive vibe while doing this research. Thank to PM 
Zulkafli Hassan, Madam Norrulhuda Mohd Taib and Dr Hazlina Husin for their 
contribution in generating idea and material. 

Special thanks to Prof Dr Kumar Sudesh and his research team for kindly supplied the 
PHB sample. I also would like to express my gratitude to the staff of Chemical 
engineering especially laboratory technician, Mr Amin for his contribution in 
knowledge and assistance of using equipment. 

And thanks to my colleagues and friends for helping me with this project; Suriya Taju 
Ariffin, Siti Nabihah Jamaluddin and Nurul Aida Sulaiman for their brilliant sharing 
thought. 

Finally, this thesis is dedicated to the loving memory of my very dear late father, 
Achim Bin Manap and my mother, my husband; Muhammad 
Kamil Bin Khairudin and my lovely siblings; Norsahar, Muhammad Rizwan, 
Normahfuzah, Muhammad Soleh and Muhammad Halal for the support to complete 
this study. Alhamdulillah. 

v 



TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR'S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES ix 

LIST OF FIGURES x 

LIST OF PLATES xv 

LIST OF SYMBOLS xvi 

LIST OF ABBREVIATIONS xvii 

CHAPTER ONE: INTRODUCTION 1 

1.1 Background of Study 1 

1.2 Problem Statement 3 

1.3 Research Objectives 4 

1.4 Scope and Limitations 5 

1.5 Significant of Study 6 

1.6 Thesis Outline 7 

CHAPTER TWO: LITERATURE REVIEW 

2.1 Enhanced Oil Recovery (EOR) 8 

2.1.1 Polymer Flooding (PF) 9 

2.1.1.1 Several Examples of Properties of Xanthan Gum (XG), 11 

Hydrolyzed Partially Polyacrylamide (HPAM) and 

Polyhydroxybutyrate (PHB) 

2.1.2 Summaries of Xanthan Gum Rheological Properties 16 

2.1.2.1 Technical Screening of Polymer for Polymer Flooding 17 

2.2 Production of Polyhydroxybutyrate (PHB) from Jatropha Curcas Plant 17 

VI 



(JCP) 

2.2.1 Botanical Description of JCP 17 

2.2.2 Plantation of JCP For PHB Production 21 

2.2.3 Jatropha Oil as Carbon Source for PHB Production 21 

2.2.3.1 Several Studies of Details of Carbon Source Using 22 

Vegetable Oil for Polyhydroxybutyrate (PHB) Production 

2.3 Polyhydroxybutyrate (PHB) Characteristics 26 

2.3.1 Rheological Properties of Polyhydroxybutyrate (PHB) 27 

2.4 The Role of Rheology and Thermal Stability in Polymer Selection 34 

2.4.1 Polymer Viscosity 35 

2.4.2 Properties of Polymer Solutions 35 

2.4.2.1 Temperature Effect 35 

2.4.2.2 Shear Rates Effect 36 

2.4.2.1 Polymer Concentrations Effect 3 7 

2.4.3 Viscoelasticity of Polymers 37 

2.5 Rheological Model for Non-Newtonian Polymers 39 

2.5.1 Significant of Rheological Models in EOR 40 

2.5.2 Types of Rheological Models in EOR 41 

2.4.4.1 Ostwald-De-Waele Model 41 

2.4.4.2 Herschel-Bulkley Model 42 

2.4.4.3 Bingham-Plastic Model 42 

2.4.4.4 Heinz-Casson Model 43 

2.4.4.5 Arrhenius Model 43 

2.5.3 Modelling of Rheological for Non-Newtonian Polymer 44 

2.5.4 R-Squared (R2) 44 

2.5.5 Sum Square Error (SSE) and Root Mean Square Error (RMSE) 44 

CHAPTER THREE: RESEARCH METHODOLOGY 

3.1 Research Flowchart 45 

3.2 Materials and Equipments 49 

3.2.1 Materials 49 

3.2.2 Equipments 50 

VII 


