PRODUCTION AND CHARACTERISATION OF
BIODIESEL DERIVED FROM JATROPHA CURCAS OIL
USING ONE-STEP SUPERCRITICAL-METHANOL
EXTRACTION TECHNIQUE

INSTITUT PENGURUSAN PENYELIDIKAN
UNIVERS TI TEKNOLOGI MARA
40450 SHAH ALAM, SELANGOR
MALAYSA

BY

ASSOC. PROF. DR. HJ. MOHD AZLAN MOHD ISHAK
PROF. DR. HJ. KHUDZIR HJ. ISMAIL
MR. MOHD FAUZI ABDULLAH

MARCH 2011



Surat Perlantikan / Kelulusan Menjalankan Penyelidikan

UNIVBRSITi
TEKNOIOGI
MARA

Surat Kami 600-RMI/ST/FRGS 5/3/Fst (2/2009)
Tarikh 12Februari2Q09

Dr Mohd Azlan b Mohd Ishak
Ketua Projek

Fakulti Sains Gunaan

UiTM Cawangari Perlis
Kampus Arau

Peti Surat 41

02600 Arau

PERLIS

Prof Dr Hj Khudzir Ismail
Ahli Projek

Fakulti Sains Gunaan
UiTM Cawangan Perlis
Kampus Arau

Peti Surat 41

02600 Arau

PERLIS

En Mohd Fauzi b Abdullah
Ahli Projek

Fakulti Sains Gunaan
UiTM Cawangan Perlis
Kampus Arau

Peti Surat 41

02600 Arau

PERLIS

Tuan/Puan,

TAJUK PROJEK FRGS: PRODUCTION AND CHARACTERISATION OF BIODIESEL

DERIVED FROM JATROPHA CURCAS OIL USING ONE-STEP SUPERCRITICAL-

METHANOL EXTRACTION TECHNIQUE

Dengan segala hormatnya perkara di atas adalah dirujuk.

Sukacita dimaklumkan Jabatan Kementerian Pengajian Tinggi Malaysia telah

meluluskan permohonan rayuan projek penyelidikan tuan/puan bagi FRGS Fasa 1/2008

seperti tajuk di atas dengan keputusan seperti berikut:-

"Disokong dengan peruntukan RM90, 000.00-recommendedfor 2 years projek"

Kelulusan ini juga tertakluk kepada syarat-syarat seperti berikut:- n
1. Tempoh projek penyelidikan ini ialah 2 tahun iaitu bermula 1 Mac 2009 sehingga

30 Mac 2011.

B4*H«*0i*n fr«ntatib}re«
5¢»b«3<*r> IMFOREC . 6Q1 -55*4 iG*7/2104 '209H
RahmanSains:<-<+;? C.W LW"SIA KiCyvj

@*>¥}<te toen<ncd.r>«*n 003 Sr.44;1C:0->7 W2W.T
r>rba»Am- o V> Vid At is - 1A 28



TABLE OF CONTENTS

Page
TITLE PAGE
Surat Perlantikan / Kelulusan Menjalankan Penyelidikan i
Surat Penyerahan Laporan Akhir Penyelidikan %
Project Team Members vi
Penghar gaan vii
Table of Contents viii
List of Tables Xi
List of Figures Xiv
List of Plates Xvii
List of Appendices Xviii
Abstract XX
CHAPTER ONE: INTRODUCTION
11 The Globa Energy Scenario 1
12 Alternative Energy - Biodiesd 3
121 Higtory 3
122 The Role of Biofue 3
13 Jatropha curcas Linnaeus 5
14 Problem Statements 6
15 God and Objectives 9
16 Outline of the Thesis 10
CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction 11
2.2 Qil Extraction 11
2.2.1 Mechanica Pressng 12
2.2.2 Soxhlet Extraction 13
223Use of Enzymes in Solvent-Based and Pressng Extraction 15
2.2.4 Supercritica FHuid Extraction 16
2.3 Process of Biodiesal Production 21
2.3.1 Direct Use or Blending 21
2.3.2 Microemulsions 22
2.3.3 Pyrolysis 24
2.3.4 Transesterification 26
2.3.4.1 Homogeneous Alkali (Base) Catalyzed Transesterification 28
2.3.4.2 Homogeneous Acid-Catdyzed Transesterification 31
2.3.4.3 Heterogeneous Acid and Base-Catalyzed 33
Transesterification
2.3.4.4 Enzymatic Catalyzed Transesterification A
2.3.4.5 Supercritical Methanol Transesterification 36
24 In-Stu Transesterification 41
25 Optimization of Process Parameters usng Response Surface 43
Methodology

2.5.1 Central Composite Rotatable Design (CCRD) 45

VI



CHAPTERTHREE: MATER ALS AND METHODS

31 Materids and Chemicds 48
3.1.1 Jatropha curcas L. Sample 48
3.1.2 Jatropha curcas L. Seeds Preparation 50
3.1.3 Chemical Used in In-stu Supercritical Methanol 51

Transesterification and Methanol Soxhlet Extraction Experiment
3.14 Chemicds Usad in Faity Acid Methyl Esters Analysis 51

32 In-stu Supercritical Methanol Transesterification System Set-up 51
3.2.1 In-situ Supercritical Methanol Transesterification 57

33 In-gtu Transesterification via Soxhlet Extraction 58

34 Decolourization of Crude Biodiesd 60

35 Determination of Biodiesdl Properties 61
3.5.1 Specific Gravity 61
3.5.2 Kinematic Viscosity 61
3.5.3 Cloud Point and Pour Point 62

36 Ingrumenta Anaysis 62
3.6.1 Gas-Chromatography (GC) Analysis 63
3.6.2 Proximate Anadys's 63
3.6.3 Ultimate Andysis 64
3.6.4 Cdorific / Heating Vdue Analysis 65

3.7 Dedgn of Experiments 66
3.7.1 Statigtical Andyss 63

CHAPTER FOUR: RESULTSAND DISCUSSION

4.1 JatrophacurcasL. Samples 69

4.2

43

4.1.1 Characteristics of the Jatropha curcas L. 69

4.1.2 Jatropha curcas L. Assay 70

413 Faty Acid Compodtion of Jatropha curcas L. Ol 72

The Development and Maximization of In-stu Supercritica Methanol 73

Transesterification Sysem

4.2.1 Effect of Temperature on Percent of Crude Biodiesd and FAMEs 74
Yields

4.2 .2 Effect of Pressure on Percent of Crude Biodiess and FAMES 79
Yidd

423 Effect of Reaction Time on Percent of Crude Biodiesd and 83
FAMEs Yidds

424 Effect of Seedsto-methanol Ratio on Percent of Crude Biodiesd 86
and FAMEs Yidd

Optimization of Process Parameter usng Response Surface Methodology 91
(RSWV)
4.3.1 Optimization of Temperature and Pressure usng Response Surface 93
Methodology (RSM)
4.3.1.1 Optimization Analysis for the Effect of Temperature and 101
Pressure
4.3.2 Optimization of Reaction Time and Seeds-to-methanol Ratio using 102
Response Surface Methodology (RSM)
4.3.2.1 Optimization Andysis for the Effect of Pveation Time and 109
Seeds-to-methanol Ratio



ABSTRACT

In-stu supercriticd methanol transesterification for production of biodiesd from
Jatropha curcas L. (JCL) seeds was successfully carried out via 1000 ml high-
temperature high-pressure batch-wise reactor sysem in an absence of catdyd. In
order to maximize the percent of crude biodiesd and FAMEs yidld, four process
variables were studied in this experiment, i.e. temperatures (180 to 300 °C), pressure
(6 to 18 MPa), reaction time (5 to 35 min) and seeds-to-methanol ratio(l:15 to 1:45)
using methanol as a solvent as well as reactant. Response Surface Methodology (RSM)
was used to reduce the number of experimenta runs required to generate sufficient
information for a Satistically acceptable results. In order to determine the best
conditions of the variablesin this in-situ process, Central Composite Rotatable Design
(CCRD) was used for regresson andyss and andysis of variance (ANOVA). Usng
RSM, the best conditions were chosen a temperature of 280.0 °C, pressure of 12.7
MPa, 30.0 min of reaction time and 140 (w/v) of seedsto-methanol ratio.
Interestingly, the quditative Gas Chromatography (GC) andysis on the crude
biodiesel showed the presence of FAMES, indicating that the transegterification
reaction had occurred during the in-gtu process. The average saturated FAMES
content of the seed samples is low: 18.1% for methyl pamitate (C17:0) and 7.1% for
methyl stearate (Cl19:0). The average content of the unsaturated FAMES, methyl
oleate (C19:I) and methyl linoleate (C19:2) is consderably higher which is 39.5 and
33.2%, respectively which are comparable to the fatty acid composition in crude JCL
oil feedstock. The properties of biodiesd produced from this in-Stu supercritica
methanol transesterification were comparable with fud properties of commercid No.
2 Diesd. It was found that specific gravity of JCL biodiessl was 0.87 g/em® and it
fdls between the ASTM D6751 ranges. The kinematic viscosity is 5.27 cSt. The flash
point was determined to be 100 °C while the pour point of JCL biodiesd was
measured to be 0 °C which is dightly higher than that of No. 2 Diesdl fud. The cloud
point was reported to be -2.06 °C. The caorific vaue of JCL biodiesd is 39.3 MJKg,
which is amost 88% of the cdorific vaue of diesd (44.8 MJkg). Thus, the high-
temperature high-pressure batch-wise reactor system could be a promising approach
in production of JCL biodiesel from in-situ supercritical methanol transesterification.
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