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ABSTRACT 

Development of low cost products with similar or better properties is vital to its 
sustainability in the competitive global market. This research embarks on compositional 
analysis of the hard part of a weatherstrip seal product that surpassed customer's 
specification and development of a new formulation which incorporated ground calcium 
carbonate (GCC) as a secondary filler for cost reduction. Qualitative and quantitative 
analysis of the conformable rubber product were carried out using soxhlet extraction for 
extraction of the additives; and characterization techniques which include spectroscopic, 
chromatographic, X-ray diffraction and several thermal techniques. Test pieces from 8 new 
formulations were tested for their mechanical performance. Thermal analysis confirmed 
the presence of EPDM and carbon black in the compound. Fourier Transform Infrared 
(FTIR) and chromatographic analysis confirmed the processing oil in the compound to be 
of paraffinic origin. Presence of talc filler was proven by elemental analysis using X-ray 
Diffraction (XRD) and Energy Dispersive X-ray (EDX). Reformulation of the 
compounding ingredient with the incorporation of GCC were varied from 0 to 140 phr. At 
higher loading of GCC (40 to 140 phr), it shows an increase of hardness with the decrease 
of tensile strength, elongation at break and tear strength. Nevertheless, the mechanical 
properties of the new formulated vulcanizates (40 to 140 phr) were varied within 
customer's specification. It was also determined that the minimum amount of EPDM and 
CB allowed for significant contribution to the tensile and tear strength properties are 28.2 
% each (equiv. to 100 phr GCC). Beyond this composition the effect is diluted by GCC. 
Estimation of product cost shows that an overall material cost reduction of 23.9 % are 
achievable at 35.5 wt % incorporation of GCC to the compound. 

IV 



ACKNOWLEDGEMENT 

First and foremost, all praises and thank be to the Almighty and most Merciful for the 
guidance, opportunities, healthy, courage and energies in completing this project 
successfully. Here, I would like to express my deepest appreciation to all those who 
provided me the possibility to complete this report. 

A special gratitude I give to my supervisor, Assoc. Professor Dr Dzaraini Kamarun, for her 
excellent supervision, who's contributed the most in stimulating suggestions and 
encouragement, helped me to coordinate my project especially in writing this thesis. Same 
goes to my co-supervisor, Professor Dr Azemi Samsuri. In completing this research, I wish 
to acknowledge the knowledge I have received from our Polymer Technology lecturers at 
UiTM Shah Alam throughout the study especially Dr Che Mohamad Som Said, my former 
supervisor. In particular, an endless gratitude to Universiti Teknologi MARA (UiTM) Shah 
Alam and Mr Foo (Company TY) for the co-supervision; and also the company for the 
research allowances, facilities and equipments provided for this research. I also would like 
to express my appreciation toward assistance lend by particular lab personnel. 

Nevertheless, I express my deepest appreciation toward my families and colleagues for 
their kind co-operation and encouragement which help in completion of this research. 
Without the support and the encouragement that I received, this would not lead to the 
completion of this thesis. 

Thank you. 

v 



TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHORS DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES x 

LIST OF FIGURES xii 

LIST OF ABBREVIATIONS xv 

CHAPTER ONE: INTRODUCTION 1 

1.1 Background of Study 1 

1.2 Problem Identification 4 

1.3 Objective of Study 5 

1.4 Scope and Limitation of Study 5 

1.5 Significance of Study 5 

CHAPTER TWO: LITERATURE REVIEW 7 

2.1 Introduction 7 

2.2 Automotive Weatherstrip Seals 7 

2.3 Introduction to Reverse Engineering 8 

2.4 Compositional Analysis 8 

2.4.1 Thermal Analysis 8 

2.4.2 Soxhlet Extraction 10 

2.4.3 Fourier Transform Infrared (FTIR) Analysis 10 

2.4.4 Gas Chromatography / Mass Spectrometry (GC/MS) 11 

Analysis 

VI 


	DEVELOPMENT OF EPDM-BASEDHIGH GCC LOADINGWEATHERSTRIP SEALVULCANIZATES
	CONFIRMATION BY PANEL OF EXAMINERS
	AUTHOR'S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENT
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	CHAPTER ONE: INTRODUCTION
	1.1 BACKGROUND OF THE STUDY
	1.2 PROBLEM IDENTIFICATION
	1.3 OBJECTIVE OF THE STUDY
	1.4 SCOPE AND LIMITATION OF THE STUDY
	1.5 SIGNIFICANCE OF THE STUDY

	CHAPTER TWO: LITERATURE REVIEW
	2.1 INTRODUCTION
	2.2 AUTOMOTIVE WEATHERSTRIP SEALS
	2.3 INTRODUCTION TO REVERSE ENGINEERING
	2.4 COMPOSITIONAL ANALYSIS
	2.4.1 Thermal Analysis
	2.4.2 Soxhlet Extraction
	2.4.3 Fourier Transform Infrared (FTIR) Analysis
	2.4.4 Gas Chromatography / Mass Spectrometry (GC/MS) Analysis
	2.4.5 Energy Dispersive X-ray (EDX) Analysis
	2.4.6 X-ray Diffraction (XRD) analysis

	2.5 BASIC FORMULATION FOR RUBBER COMPOUNDING
	2.5.1 Ethylene Propylene Diene Monomer (EPDM) Rubber
	2.5.2 Fillers
	2.5.2.1 Carbon black
	2.5.2.2 Calcium carbonate

	2.5.3 Processing Oil

	2.6 REINFORCEMENT BY FILLER IN EPDM VULCANIZATE
	2.6.1 Calcium Carbonate
	2.6.2 Other Fillers


	CHAPTER THREE: RESEARCH METHODOLOGY
	3.1 PRELIMINARY STUDY
	3.1.1 Materials
	3.1.2 Characterization and Analysis of HPWS
	3.1.2.1 Processing oil determination
	3.1.2.2 Thermal analysis of rubber component
	3.1.2.3 Elemental analysis

	3.1.3 Construction of Compound Formulation
	3.1.3.1 Mixing using two roll mill
	3.1.3.2 Cure characteristic of rubber compound
	3.1.3.3 Test pieces preparation

	3.1.4 Mechanical Properties of the Compound
	3.1.4.1 Tensile properties
	3.1.4.2 Tear strength
	3.1.4.3 Hardness


	3.2 COMPOUND REFORMULATION USING GCC AS A SECONDARYFILLER FOR COST OPTIMIZATION
	3.2.1 Materials
	3.2.2 Compound formulation with various loading of GCC
	3.2.3 Compounding of rubber vulcanizate
	3.2.3.1 Cure characteristic of rubber vulcanizates
	3.2.3.2 Test pieces preparation

	3.2.4 Mechanical Properties of Rubber vulcanizates
	3.2.4.1 Tensile properties
	3.2.4.2 Tear strength
	3.2.4.3 Hardness
	3.2.4.4 Heat Aging
	3.2.4.5 Ozone Resistance

	3.2.5 Morphological Study of Vulcanizates


	CHAPTER FOUR: RESULTS AND DISCUSSIONS
	4.1 Preliminary Study of HPWS
	4.1.1 Processing oil determination
	4.1.2 Thermal analysis of rubber component
	4.1.3 Elemental analysis
	4.1.4 Mechanical Properties of the Compound (Based on HPWS Analysis)

	4.2 COMPOUND REFORMULATION USING GCC AS A SECONDARYFILLER FOR COST OPTIMIZATION
	4.2.1 Cure characteristic of Reformulated Rubber Vulcanizates
	4.2.2 Mechanical Properties of Rubber Vulcanizates
	4.2.2.1 Tensile properties
	4.2.2.2 Tear strength
	4.2.2.3 Hardness
	4.2.2.4 Aging properties
	4.2.2.5 Ozone Resistance

	4.2.3 Morphological Study of Rubber Vulcanizates

	4.3 MATERIAL COSTING

	CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS
	5.1 CONCLUSION
	5.2 RECOMMENDATIONS

	REFERENCES



