SYNTHESIS OF POLYURETHANE RESIN FROM OIL PALM
FROND

NUR ANIS BINTI RAJAB

Final Year Project Report Submitted in
Partial Fulfilment of the Requirements for the
Degree of Bachelor of Science (Hons.) Chemistry
in the Faculty of Applied Sciences
Universiti Teknologi MARA

JULY 2019



TABLE OF CONTENTS

ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS
ABSTRACT

ABSTRAK

CHAPTER 1 INTRODUCTION

1.1
1.2
1.3
14

Background of the study
Problem statement
Significant of study
Obijectives of study

CHAPTER 2 LITERATURE REVIEW

2.1

2.2
2.3

2.4

2.5
2.6

2.7

2.8
2.9
2.10

Cellulose

2.1.1 Molecular Structure of Cellulose
Hemicellulose

Alkyd Resin

2.3.1 Physical Characteristic of alkyd resin
2.3.2 Chemical Characteristic of alkyd resin
2.3.3 Synthesis method of alkyd resin
Production of alkyd resin

2.4.1 Alkyd resin from palm oil
Polyurethane

Polyurethane Types

2.6.1 Fibers

2.6.2 Thermoplastic

2.6.3 Foams

Application Polyurethane

2.7.1 Medical

2.7.2 Building and Construction
Physical Characteristic of Polyurethane
Chemical Properties of Polyurethane
Issocyanate

2.10.1 Aromatic diisocyanate

Page
i
Vi

vii
Viii

OB D P -



2.10.2 Toluene Diisocyanate (TDI) 16

CHAPTER 3 METHODOLOGY 18
3.1  Material and Chemicals 18
3.2 Research Methodology 18
3.2.1 Grinding and sieving of oil palm frond 18
3.2.2 Sample Preparation for extraction of cellulose 19
3.2.3 Reaction with ethylene glycol 20
3.2.4 Synthesis of alkyd resins 21
3.2.5 Synthesis of polyurethane 22
3.3  Characterization of cellulose OPF-based polyurethane 22
3.3.1 Fourier Transform Infrared (FTIR) analysis 22
3.3.2 Melting point of polyurethane 23
3.4  Testing method 23
3.4.1 Hot Press 23
3.4.2 Physical Test 23
3.5  Stages of Project Study 24
CHAPTER 4 RESULTS AND DISCUSSION 26
4.1  Physical properties of cellulose 26
4.2 Physical Properties of Cellulose OPF-based alkyd resin 26
4.3  Chemical analysis of cellulose OPF 27
4.3.1 Fourier Transform Infrared (FTIR) analysis 27
4.4  Melting point of Polyurethane 39
45  Mechanical Properties of Polyurethane 39
4.5.1 Tensile strength (Internal Bonding) 39
CHAPTER 5 CONCLUSION AND RECOMMENDATIONS 42
51  Conclusion 42
5.2  Recommendation 43
CITED REFERENCES 44
APPENDICES 49
CURRICULUM VITAE 61



Table

2.1

2.2

3.1

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

LIST OF TABLES

Caption

FTIR spectra of the alkyd resin

The functional group characterization of polyurethane
The stages of the project study

Physical Properties of Cellulose

Physical Characterization of OPF-based Alkyd Resin
Summarized of FTIR spectrum for cellulose
Summarized of FTIR spectrum for glycoside
Summarized of FTIR spectrum for alkyd resin

FTIR spectra of PU-TDI with different type of ratio
Melting of Polyurethane

Internal bonding result for PU

Vi

Page

10
15
24
26
27
28
31
34
36
39

40



ABSTRACT

SYNTHESIS OF POLYURETHANE RESIN FROM OIL PALM
FROND

Synthesis of Polyurethane-based alkyd resin from oil palm fronds

(OPF) by reaction of aromatic isocyanate which is toluene

diisocyanate (TDI). Oil palm frond (OPF) was used to replace

petroleum as source production of polyurethane. The polyurethane

was prepared by two stages; preparation of alkyd resin by using palm

oil and synthesis of polyurethane. The first stages cellulose been

extracted from OPF and then react with ethylene glycol to produce

glycoside. After the reaction, the glycoside was mixed with palm oil

to synthesized alkyd resin and second stage continued when previous

mixture which is alkyd resin was react with toluene diisocyanate.

Vigorous reaction take place in the process to synthesis polyurethane.

In addition, vary ratio of alkyd resin and isocyanate was tested by 1:1,

1:2 and 3:1 ratio to find a best ratio that suitable for adhesives by their

internal bonding. The polyurethane was analysing by chemical

characterization with Fourier Transform Infrared Spectroscopy

(FTIR), Melting point using Automated Melting Point System and

Tensile strength (Internal Bonding) using Instron 5569 Universal Test

Machine.



	NUR ANIS BINTI RAJAB
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	ABSTRACT
	CHAPTER 1 INTRODUCTION
	1.1 Background of the study
	1.2 Problem statement
	1.3 Significant of study
	1.4 Objectives of study

	CHAPTER 2 LITERATURE REVIEW
	2.1 Cellulose
	2.1.1 Molecular Structure of Cellulose

	2.2 Hemicellulose
	2.3 Alkyd Resin
	2.3.1 Physical Characteristic of alkyd resin
	2.3.2 Chemical Characteristic of alkyd resin
	2.3.3 Synthesis method of alkyd resin

	2.4 Production of alkyd resin
	2.4.1 Alkyd resin from palm oil

	2.5 Polyurethane
	2.6 Polyurethane Types
	2.6.1 Fibers
	2.6.2 Thermoplastic
	2.6.3 Foams

	2.7 Application Polyurethane
	2.7.1 Medical
	2.7.2 Building and Construction

	2.8 Physical Characteristic of Polyurethane
	2.9 Chemical Properties of Polyurethane
	2.10 Issocyanate
	2.10.1 Aromatic diisocyanate
	2.10.2 Toluene Diisocyanate (TDI)


	CHAPTER 3 METHODOLOGY
	3.1 Material and Chemicals
	3.2 Research Methodology
	3.2.1 Grinding and sieving of oil palm frond
	3.2.2 Sample Preparation for extraction of cellulose
	3.2.2.1 Extraction of alcohol-toluene
	3.2.2.2 Removal of hemicellulose content with sodium hydroxide in oil palm frond (OPF)
	3.2.2.3 Removal of lignin content with hydrogen peroxide in oil palm frond (OPF)

	3.2.3 Reaction with ethylene glycol
	3.2.4 Synthesis of alkyd resins
	3.2.5 Synthesis of polyurethane

	3.3 Characterization of cellulose OPF-based polyurethane
	3.3.1 Fourier Transform Infrared (FTIR) analysis
	3.3.2 Melting point of polyurethane

	3.4 Testing method
	3.4.1 Hot Press
	3.4.2 Physical Test
	3.4.2.1 Sample preparation for Internal bonding testing
	3.4.2.2 Tensile strength


	3.5 Stages of Project Study

	CHAPTER 4 RESULTS AND DISCUSSION
	4.1 Physical properties of cellulose
	4.2 Physical Properties of Cellulose OPF-based alkyd resin
	4.3 Chemical analysis of cellulose OPF
	4.3.1 Fourier Transform Infrared (FTIR) analysis
	4.3.1.1 Oil Palm Frond
	4.3.1.2 Glycoside
	4.3.1.3 Alkyd Resin
	4.3.1.4 Polyurethane


	4.4 Melting point of Polyurethane
	4.5 Mechanical Properties of Polyurethane
	4.5.1 Tensile strength (Internal Bonding)


	CHAPTER 5 CONCLUSION AND RECOMMENDATIONS
	5.1 Conclusion
	5.2 Recommendation

	CITED REFERENCES
	APPENDICES
	CURRICULUM VITAE



