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ABSTRACT

4571004063: PETROCHEMICAL TECHNOLOGY
Jaturong Jitputti: Biodiesel Production by Heterogeneous Catalytic
Reaction
Thesis Advisors: Asst. Prof. Boonyarach Kitiyanan, Assoc. Prof.
Kunchana Bunyakiat, and Asst. Prof. Pramoch Rungsunvigit, 63 pp.
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Fatty acid methyl esters or Biodiesel which can be derived from vegetable
oils by transesterification with methanol have become more attractive recently
because of its environment benefit. The main advantages of using biodiesel are its
renewability, biodegradability, and cleaner exhaust gas emissions. In addition, the
biodiesel combustion does not increase the net amount of green houses gases (e.g.
carbon dioxide and methane) to the global atmosphere. The transesterification is
usually catalyzed by basic homogeneous catalysts, such as NaOH and KOH.
However, the use of heterogeneous catalysts offers several advantages over
homogeneous catalysts. In this work, several solid catalysts, based on their acidity
and basicity, such as ZiC», Zn0, Soa27Sno2, Soa2rZC2, KNOJKL zeolite and
KNCVZrCh, have heen tested for transesterification of palm kernel oil (PKO) and
coconut oil (CCO) with methanol. It was found that ZnO and Soazr ZrUz exhibited
the highest activity for both PKO and CCO transesterification. In case of PKO and
CCO transesterification catalyzed by SUarZroz, it was found that the reaction time
of 1 hour is long enough for methyl esters content to reach maximum. In addition,
only 1% of S0427zr(02 is sufficient to catalyze the reaction and results in methyl
esters content higher than 90%. Moreover, the preliminary study of re-used catalysts
indicates that spent Soa2rZrUz cannot be directly reused for transesterification
without further treatment. However, it can be easily regenerated and results in the
same activity as in fresh catalyst.



(Transesterification of Palm kernel
Oil and Coconut Ol by Different Solid Catalysts) o
63  ISBN 974-9651-
25-1

(methyl ester)

(NaOH) (KOH)

Zr02 Zn0 S0421Sn02 S0427Zr02
KNOZKL zeolite KNOs/Zr02
Zn0
S0421Zr02 '

S0421Zr02 (reaction time) 1
S04zrzr02 1
90
S0421Zr(2 S041Zr02

S04217r02



ACKNOWLEDGEMENTS

The author gratefully acknowledges Asst. Prof. Boonyarach Kitiyanun his
advisor, for several enlightened suggestions, discussions, and problem solving
throughout the course of his work. He would like to express his sincere appreciation to
Assoc. Prof. Kunchana Bunyakiat and Asst. Prof. Promoch Rungsunvigit for being his
thesis co-advisors and giving him invaluable comments and academic suggestions on
his thesis work.

The author would like to thank Asst. Prof. Pomthong Malakul and Ms.
Peesamai Jenvanitpanjakul for being his thesis committee.

This thesis work is partially funded by Postgraduate Education and Research
Programs in Petroleum and Petrochemical Technology (PTT consortium).

The author would like to thank the Petroleum and Petrochemical College for
giving him invaluable knowledge in the field of petrochemical technology. He would
also like to thank all members of the Program’s staff, for their invaluable and tireless
assistance. | am indebted to them all.

Special thanks to the staff of Thailand Institute of Scientific and
Technological Research Center for helping in analysis and providing him vegetable
oils and information, especially Ms. Lalita Attanatho and Ms. Panida Siribangkeadpol
for their untiring help in the analysis.

Last but not least, the author would like to take this opportunity to thank all
his friends for their friendly help and suggestions. The author is also greatly indebted
to his parents and his family for their support, love and understanding.



TABLE OF CONTENTS

PAGE

Title Page i
Abstract (in English) i
Abstract (in Thai) \
Acknowledgement \
Table of Contents vi

List of Tables IX

List of Figures X

CHAPTER
|  INTRODUCTION 1
I BACKGROUND AND LITERATURE SURVEY 3
2.1 Vegetable Oils 3
2.2 Derivatives of Triglycerides from Vegetable Oils as

Diesel Fuels 5

2.2.1 Pyrolysis 5

2.2.2 Dilution or Blending 5

2.2.3  Microemulsification 5

2.2.4  Transesterification 6

2.3 Biodiesel 6

2.4 Synthesis of Esters 6

2.5 Transesterification of Vegetable Oils 1

2.6 Transesterification using Heterogeneous Catalysts 12

2.7 Analysis of Methyl Esters 13

[l EXPERIMENTAL 15
31 Materials 15
3.1.1 Vegetable Oils 15



CHAPTER PAGE

3.1.2 Chemicals 15

3.2 Instruments 15

3.2.1 Reactor 15

3.2.2 High Pessure Liquid Chromatography (HPLC) 16

3.3 Methodology 16

3.3.1 Characterization of Vegetable Qils 16

3.3.2 Preparation of Catalysts 16
3.3.3 Transesterification of Vegetable QOils using

Heterogeneous Catalyst 17

3.3.4 Biodiesel Analysis 19

IV RESULTS AND DISCUSSION

4.1 Characterization of Vegetable Oils 21
4.2 Heterogeneous Catalytic Transesterification of Palm kernel
Oil and Coconut Ol 22
4.3 Investigation of Heterogeneous Catalysts for
Transesterification 24
43.1 Crude Palm Kernel Oil Transesterification 25
4.3.2 Crude Coconut Oil Transesterification 26
4.3.3 Zirconia and Zinc Oxide 27

4,34 Sulfated Zirconia and Sulfated Stannous Oxide 21
4,35 KL zeolite impregnated by Potassium Nitrate and
Zirconia-supported Potassium Nitrate 28
4.4 Vegetable Oils Transesterification Catalyzed by Soa2'/Zro2 29
44,1 Effect of reaction time on transesterification

catalyzed by SoazrZrUs 29
4.4.2 Effect of the amount of added Soa27ZrU2 on

transesterification 33
44.3 Re-use of Soa27Zro2 Catalyst 33

44,5 Effect of Nitrogen 36



vin

CHAPTER PAGE

V. CONCLUSIONS 37
REFERENCES 38
APPENDICES 42
Appendix A Characterization of vegetable Oils 42
Appendix B HPLC chromatograms of biodiesel products 45

Appendix ¢ Raw data for heterogeneous catalytic
transesterification 60

Appendix D Temperature - vapor pressure curve of methanol 62

CURRICULUM VITAE 63



TABLE

2.1
2.2
3.1

31
3.2
41
4.2

43
44
4.5

4.6
47

48
4.9

LIST OF TABLES

Chemical structure of common fatty acids
Chemical composition of vegetable oils

Schematic diagram of the biodiesel production by heterogeneous

catalytic transesterification.

Condition used for palm kernel oil

Condition used for coconut oil

Properties of crude palm kernel oil and crude coconut oil
Fatty acid composition of crude palm kernel oil and crude
coconut oil

Crude palm kernel oil transesterification by solid catalysts
Coconut oil transesterification

Catalytic and non-catalytic transesterificaiton of crude palm
kernel oil

Crude palm kernel oil and crude coconut oil transesterification
catalyzed by S0427ZC2

Effect of amount of So427ZrCs2 on methyl esters content
Comparison between fresh catalyst and spent catalyst
Effect of nitrogen gas on the transesterification

PAGE

18
19
19
21

22
25
26

30

32
34
36
31



LIST OF FIGURES

FIGURE PAGE
2.1 Formation of triglyceride 3
2.2 Transesterification reaction of triglycerides with alcohol 8
2.3 Transesterification reaction of vegetable oil 8
2.4 Mechanism of the base-catalyzed transesterification of vegetable oil 10
2.5 Mechanism of the acid-catalyzed transesterification of vegetable oil 10
3.1 Schematic diagram of the biodiesel production by heterogeneous

catalytic transesterification. 18
4.1 Effect of reaction time on catalytic and non-catalytic

transesterification of crude palm kernel oil 30
4.2 Effect of reaction time on transesterification of crude palm

kernel oil and crude coconut oil. 32
4.3 Effect of amount of SU427Zr02 on methyl esters content 34



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents 


