
COMPATIBILITY IMPROVEMENT OF 

TYRE CRUMB IN NATURAL RUBBER & 

POLYBUTADIENE BLENDS 

G. A. Y. K. Piyadasa 

This research dissertation was submitted to the Faculty of Applied Science 

of University of Sri Jayawardenapura in partial fulfillment of the 

requirements for the Degree of Master of Science in Polymer Science and 

Technology. 

Supervised By 

Dr. Susantha Siriwardena 

Department of Chemistry 

University of Sri Jayawardenapura 

05 th  Oct. 2009. 

Library
Typewritten Text
DOI : 10.31357/fapsmst.2009.00746



DECLARATION 

"I certify that this thesis does not incorporate without acknowledgement any 

material previously submitted for a degree or Diploma in any university to 

the best of my knowledge and belief it does not contain any material 

previously published, written or orally communicated by another person 

except where due reference is made in the text. 

Signature of the Candidate 

(Name with Initials) 

To the best of my knowledge, the above particular are correct. 

L ............. 	to r .....................  
Supervisor 

(Name with Initials) 

Name .>

• . De1 .. ac.cL 	k 
.........R .  
............. 

IS 
/L t 

2 - - o 0 "A 

ke Dr Laeel' KarUflarY' 
BSC (S1P) pkD (N01th 

LOfld0I) 

Senior LeCtUr er 

Deptent of Chemt5t1Y 
of Sri 

( 



CONTENTS 

CONTENTS 

Contents 

Listof Tables 	......................................................................IV 

Listof Figures 	.....................................................................VI 

List of Abbreviations 	..............................................................VII 

Acknowledgement ..................................................................IX 

Abstract ..............................................................................X 

CHAPTER ONE 

1.0 	Introduction 	.........................................................................01 

1.1 	Rubber Industry in Sri Lanka 	....................................................02 

1.2 	Problems Associated With Uncontrolled or Illegal Scrap Tyre Disposal ... 04 

CHAPTER TWO 

2.0 	Literature 	Survey 	................................................................... 05 

2.1 	Scrap Tyre Disposal Techniques 	................................................ 05 

2.1.1 	Landfilling 	.................................................................. 05 

2.1.2 	Rubber Recycling 	.......................................................... 05 

2.1.3 	Energy Recovery 	........................................................... 05 

2.1.4 	Civil Engineering Applications 	.......................................... 06 

2.2 	Environmental Assessment 	........................................................ 07 

2.3 	Compounding Ingredients 	......................................................... 09 

2.3.1 	Natural 	Rubber 	............................................................. 10 

2.3.2 	Polybutadiene 	............................................................... 11 

2.3.2.1 	Structure 	.......................................................... 11 

2.3.2.2 	Properties 	......................................................... 11 

2.3.3 	Carbon Black 	............................................................... 12 

2.3.3.1 The Particle, the Aggregate, and the Agglomerate 	.......... 12 

2.3.3.2 Carbon Black Mixing Process 	.................................. 14 

2.3.4 	Oil 	........................................................................... 15 

2.3.5 	Process Additives 	........................................................... 16 

COMPATIBILITY IMPROVEMENT OF TYRE CRUMB IN NATURAL RUBBER & POLYBUTADIENE BLENDS 	 I 



CONTENTS 

2.3.6 Activators 	................................................................... 16 

2.3.7 Accelerators 	................................................................ 17 

2.4 Mixing Machines for Rubber 	..................................................... 17 

2.4.1 Introduction 	................................................................ 17 

2.4.2 Two-Roll 	Mills 	............................................................. 18 

2.4.3 Internal Batch Mixers 	.................................................... 20 

2.5 Compound Processing 	............................................................. 20 

2.5.1 Mixing Cycles and Procedures 	........................................... 22 

2.6 Compound Testing 	................................................................. 22 

2.6.1 Specific 	Gravity 	............................................................ 22 

2.6.2 Hardness 	.................................................................... 23 

2.6.3 Tensile 	Stress-Strain 	....................................................... 23 

2.6.4 Abrasion Resistance 	....................................................... 23 

2.7 Surface Activation 	.................................................................. 24 

2.7.1 Size Reduction Technology 	.............................................. 24 

2.7.2 Shredding 	.................................................................... 25 

2.7.3 Ambient Scrap Tyre Processing 	......................................... 26 

2.7.4 Cryogenic lyre Recycling 	................................................ 28 

2.7.5 Wet Ground Rubber 	....................................................... 29 

2.7.6 Surface Treatment and Additives For Producing Recycled Rubber 29 

2.7.7 Previous Projects Carried out on Activation of lyre Crumbs ........ 30 

2.7.8 Testing, Storage and Characterization Testing Standards ............ 30 

2.7.9 Material 	Storage 	............................................................ 30 

2.7.10 Moisture 	Content.............................................................. 31 

2.7.11 BulkDensity ................................................................... 31 

2.7.12 Chemical Analysis and Material Specifications.......................... 31 

2.7.13 Particle Size and Distribution ................................................. 32 

2.8 Materials 	.............................................................................. 33 

2.8.1 Fatty 	Acids 	................................................................. 34 

2.8.2 Stearic 	Acid 	................................................................ 35 

2.8.3 Palm 	Oil 	............................................................ 35 

2.8.4 Sunflower Oil 	..................................................... 36 

2.8.5 Soybean 	Oil 	........................................................ 37 

COMPATIBILITY IMPROVEMENT OF T''IE CRUMB IN NATURAL RUBBER & POLYBUTADIENE BLENDS 	 11 



CONTENTS 

CHAPTER THREE 

	

3.0 	Materials and Methodology .......................................................38 

	

3.1 	Materials 	.............................................................................43 

	

3.2 	Methodology ........................................................................43 

3.2.1 	Stagel ........................................................................43 

3.2.2 	Stage II 	..................................................................... 45 

3.2.3 	Stage III 	.....................................................................46 

3.2.4 	Sample Preparation & Testing ...........................................46 

3.2.5 	Machinery and Equipments ..............................................46 

3.2.5.1 Machinery Used For Laboratory Trials .........................46 

3.2.5.2 Machinery Used For Pilot Scale Trials ........................47 

CHAPTER FOUR 

	

4.0 	Results & Discussion 	...............................................................48 

	

4.1 	Results 	................................................................................56 

	

4.2 	Discussion ...........................................................................56 

4.2.1 Effect on Mixing Sequence and Type of Plasticizer Used to 

Activate the Tyre Crumb ..................................................61 

4.2.2 Effect on Stearic acid Concentration of Properties ....................61 

CHAPTER FIVE 

	

5.0 	Conclusions ...........................................................................62 

References 

Appendices 

C0MPATIBILrrY IMPROVEMENT OF TY1E CRUMB IN NATURAL RUBBER & POLYBUTADIENE BLENDS 	III 



Lisr OF TABLES 

Table 1.1 - Present status of the rubber products industry in Sri Lanka 2 

Table 2.1 - 	Specific energy values 	.................................................. 7 

Table 2.2 - Scrap tyre disposal methods, ranked by environmental preference 7 

Table 2.3 - 	Grades of natural rubber 	................................................ 10 

Table 2.4 - Technical grades of natural rubber (block rubber) 	.................. 10 

Table 2.5 - Objectives when mixing rubber compound 	.......................... 20 

Table 2.6 - 	Steps in the mixing process ............................................. 20 

Table 2.7 - The typical product yield from scrap tyres 	........................... 24 

Table 2.8 - Characteristics of ambient and cryogenic ground rubber 	......... 28 

Table 2.9 - Particle size distribution of ambient and cryogenic ground rubber. 28 

Table 2.10 - Analysis results on six different crumb rubber samples ............. 32 

Table 2.11 - 	Recycled rubber product designation .................................. 33 

Table 2.12 - 	Fatty acid composition 	.................................................. 37 

Table 3.1 - 	Raw materials used 	....................................................... 38 

Table 3.2 - 	Surface activation process 	............................................... 38 

Table 3.3 - 	Properties of natural rubber 	............................................ 39 

Table 3.4 - 	Properties 	of Polybutadiene rubber.................................... 39 

Table 3.5 - 	Properties of Accimel used 	............................................. 39 

Table 3.6 - 	Properties of Stearic acid used 	......................................... 40 

Table 3.7 - 	Properties of Zinc oxide used 	.......................................... 40 

Table 3.8 - 	Properties of Antiorzonent used ........................................ 40 

Table 3.9 - 	Properties of Accelerator used .......................................... 41 

Table 3.10 - 	Properties of Sulphure used ............................................. 41 

Table 3.11 - 	Properties of PVI used 	................................................... 41 

COMPATIBILITY IMPROVEMENT OF TYRE CRUMB IN NATURAL RUBBER & POLYBUTADIENE BLENDS 	IV 



LIST OF TABLES 

Table 3.12 - 	Properties of Process oil used ........................................... 42 

Table 3.13 - 	Properties of 6PPD used 	................................................ 42 

Table 3.14 - 	Properties of Carbon black used 	....................................... 43 

Table 3.15 - Surface activation process - method of activation .................. 43 

Table 3.16 - 	Standard tyre tread formulation 	........................................ 44 

Table 3.17 - Mixing sequence of the standard tyre tread compound 	............ 45 

Table 3.18 - 	Phase mixing Trial 	1 	...................................................... 45 

Table 3.19 - 	Phase mixing Trial 2 ...................................................... 45 

Table 3.20 - 	Phase mixing Trial 3 ...................................................... 45 

Table 3.21 - 	Stearic acid with different dosages 	.................................... 46 

COMPATIBILITY IMPROVEMENT OF T''rE CRUMB IN NATURAL RUBBER & POLYBUTADIENE BLENDS 	V 



LIST OF FIGURES 

Figure 2.1 - 	Structure of Natural rubber 	........................................... 9 

Figure 2.2 - 	Structure of Polybutadiene rubber 	................................... I I 

Figure 2.3 - 	Two 	roll 	mill 	............................................................ 18 

Figure 2.4 - 	Basic banbury mixer 	.................................................. 19 

Figure 2.5 - 	View inside the shredding chamber of a shredder - scrap tyres 24 

Figure 2.6 - 	Schematic of an ambient scrap tyre processing plant ............. 26 

Figure 2.7 - 	Schematic of a cryogenic scrap tyre processing plant 	............ 27 

Figure 2.8 - 	Butyric 	acid 	............................................................ 33 

Figure 2.9 - 	Structure of Stearic acid 	.............................................. 34 

Figure 4.1 - 	Effect of mixing sequence on Minimum Torque .................. 48 

Figure 4.2 - 	Effect of mixing sequence on Scorch Time ......................... 48 

Figure 4.3 - 	Effect of mixing sequence on Maximum Torque 	................. 49 

Figure 4.4 - 	Effect of mixing sequence on Cure Time ........................... 49 

Figure 4.5 - 	Effect of mixing sequence on Tensile Strength 	................... 50 

Figure 4.6 - 	Effect of mixing sequence on Elongation @ Break ............... 50 

Figure 4.7 - 	Effect of mixing sequence on Modulus @ 300% Elongation 51 

Figure 4.8 - 	Effect of mixing sequence on Hardness 	............................ 51 

Figure 4.9 - 	Effect of mixing sequence on Abrasion Volume Loss 	........... 52 

Figure 4.10 - 	Effect of mixing sequence on Carbon Black Dispersion Rating.52 

Figure 4.11 - 	Effect of plasticizer type on tensile strength - 

mixing sequence-1 	................................................... 53 

Figure 4.12 - 	Effect of plasticizer type on Elongation at Break - 

mixing sequence-I 	................................................... 53 

Figure 4.13 - 	Effect of plasticizer type on Modulus at 300 % 

mixing sequence-I 	................................................... 54 

Figure 4.14 - 	Effect of plasticizer type on Hardness 

mixing sequence-I 	................................................... 54 

Figure 4.15 - 	Effect of plasticizer type on Abrasion Volume Loss 

mixing sequence-I 	................................................... 55 

Figure 4.16 - 	Effect of plasticizer type on Dispersion Rating 

mixing sequence-I 	................................................... 55 

COMPATIBILITY IMPROVEMENT OF TYRE CRUMB IN NATURAL RUBBER & POLYBUTADIENE BLENDS 	VI 



LisT OFABBRE VIA TIONS 

6 PPD - 	N-( I .3-dimethylbutyl)-N'-phenyl-p-phenylenediamine 

AA - 	Atomic Absorbtion 

ASTM - 	American Society for Testing and Materials 

BR - 	Polybutadien Rubber 

BTU - 	British Thermal Unit 

CBOT - 	Chicago Board of Trade 

Contd - 	Continuation 

CV - 	Constant Viscosity 

DIN - 	German Industry Standards (Detsche Norm) 

EU - 	European Union 

HAF - 	High abrasion furnace black 

IR - 	Infrared Spectroscopy 

IR - 	Isoprene Rubber 

IRHD - 	International Rubber Hardness Degrees 

ISO - 	International Standard Organizations 

LKR - 	Sri Lankan Rupees 

LN 2  - 	Liquid Nitrogen 

LON - 	Light Optical Microscope 

Mn - 	Number Average Molecular Weight 

MT - 	Metric Ton 

MUFA - 	Mono Unsaturated Fatty Acid 

Mw - 	Weight Average Molecular Weight 

MW - 	Moleculer Weight 

MWD - 	Molecular Weight Distribution 

NR - 	Natural Rubber 

Phr - 	Parts per Hundred Rubber 

PUFA - 	Poly Unsaturated Fatty Acid 

RPM - 	Revolutions Per Minute 

RSS - 	Ribbed Smoked Sheet 

COMPATIBILITY IMPROVEMENT OF TYRE CRUMB IN NATURAL RUBBER & POLYBUTADIENE BLENDS 	 VII 



LIST OFABHRE VIA TIONS 

SBR - 	Styrene Butadiene Rubber 

SFA - 	Saturated Fatty Acid 

SLR - 	Standard Lanka Rubber 

TBBS - 	N-tertiary-butyl-benzothiazole sulfenam ide 

TDF - 	Tyre Derived Fuel 

TDQ - 	2,2, 4-trimethyl-1, 2-dihydroquinoline (oligomers) 

TSR - 	Technically Specified Rubber 

US - 	United States of America 

WRHA - 	White Rice Husk Ash 

COMPATIBILITY IMPROVEMENT OF TYRE CRUMB IN NATURAL RUBBER & POLYBUTADIENE BLENDS 	 VIII 



ACKNOWLEDGEMENT 

ACKNOWLEDGMENT 

Professors. Lecturers and staff of the Department of Applied Science, University of 

Sri Jayawardenapura are to be noted with great respect and appreciation for their 

dedicated and supportive role-played in a 'friendly' manner. I should particularly 

mention Dr. Laleen Karunanayake (Course Coordinator) and Dr. Sudantha Liyanage 

(former Course Coordinator) in this regard. It was a pleasure to associate such 

committed scholars. 

I was fortunate and privileged to have the guidance of Dr. Susantha Siriwardena of 

Rubber Research Institute of Sri Lanka as my supervisor for this research project. He 

not only supervised my research, but also helped and guided me right throughout the 

MSc programme. I must acknowledge his support with profound gratitude and with 

sincere thanks. 

I must acknowledge with profound gratitude few of my friends and 'connected 

persons' who influenced me to follow this degree and to do this research. Permission 

to follow this degree was granted by my employer, Mr. Ananda Caldera, Deputy 

Managing Director/Manufacturing, whose continued support was a great strength. My 

respect and gratitude to him. My company staff that helped me in numerous ways can 

not be forgotten. My sincere gratitude with great affection to Dilhani & Deepika. 

The co-operation received from colleagues from Rubber Research Institute for this 

project by providing information and data is noted gratefully. 

I deeply appreciate the support received from my learned MSc student colleagues, 

who refined my thinking by giving useful comments and informative suggestions. My 

respect and affection to them. 

COMPATIBILITY IMPROVEMENT OF TYRE CRUMB IN NATURAL RUBBER & POLYBUTADIENE BLENDS 	IX 



ABSTRACT 

Today, the local value addition to rubber is done at a considerably higher level, 

converting over 65% of the raw rubber, and over 20% of raw rubber is exported as 

'crepe rubber', which is also marketed as a product, called "Lankaprene". 

For both environmental and economic reasons, there is a continuing broad based 

interest in recycling of scrap rubber and development of recycling technologies. The 

disposal and reuse of scrap tires remains a serious environmental concern and a 

business opportunity. The major process at the present time is to utilize the scrap 

rubber as a very finely ground powder known as "crumb". Crumb is produced either 

by mechanical grinding at ambient temperature or by cryogenic shattering. In general, 

the crumb rubber is combined with virgin elastomers in compounds to reduce cost. 

This process, however, leads to a strong deterioration of the physical properties due to 

the less compatibility of cured rubber particles with virgin polymers. 

The purpose of this study was to develop a method to activate the surface of ground 

tyre crumb to improve compatibility and performance in tire tread compounds. 

Surface activation of crumb rubber with fatty acids has been suggested as a method of 

improving compatibility between tyre crumb with Natural Rubber and Poly butadiene. 

In this research, 30 mesh tyre crumb was activated with four different fatty acids and 

incorporated in to standard tyre tread formulae in different mixing sequences. The 

effects of mixing sequences on mechanical properties of the compounds are studied. 

Results indicate that the crumb activated with the Stearic Acid and crumb 

incorporated in to BR/NR blended phase gives improved mechanical properties and 

better filler dispersion compared with the compound having non activated crumb 

particles. 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 RUBBER INDUSTRY IN SRI LANKA 

The Rubber Industry in Sri Lanka basically consists of two major sectors those are 

interdependent. They are; 

- 	Plantation industry 

- 	Rubber products manufacturing industry. 

As in most of the rubber growing countries, rubber plantation industry is one of the 

remaining and beneficial colonial legacies in Sri Lanka. Ceylon, as it was known then, 

embarked on rubber industry in 1876 with planting of 1919 "Hevea" rubber seedling 

in l-lenarathgoda Botanical gardens. Rubber products manufacturing industry 

however, began in the beginning of 1950's and expanded rapidly after the introduction 

of free trade policies in the late 1970's [1]. 

Sri Lankan rubber industry stakeholders are concerned about their future 

competitiveness compared to the other natural rubber producing countries such as 

Thailand. India, Indonesia and Malaysia. In the year 2008, Sri Lanka produced 

129,000 MT of natural rubber which was 1.27% of the global NR - production and 

exported 48.600 MT earning LKR 7.2 billion. However, the rubber products sector 

consumed 80,000 MT of natural rubber and earned over LKR 72 billion [2]. 

Rubber products manufacturing industry in Sri Lanka has a tremendous task to 

perform in the future, as it has to contribute to the national economy by leading the 

industrialization efforts in Sri Lanka and finally reaching the goal of "using every 

single drop of latex produced in this land to be converted into a value- added product 

before it leaves our shores". The rubber products manufacturing sector has recently 

emerged as a key contributor to Sri Lanka's export earning being around 5%, but with 

a potential of growing up to 10%. It is important to note that Sri Lankan rubber 

industry caters to over 35% of the world solid tyre market. 

The main features of the global rubber industry could be summarized as follows; 

Global rubber industry shows steady growth and at present records an annual 

turnover exceeding LKR 15 trillion [2]. 

Global total rubber consumption is growing at an annual rate of 4.1 % [2]. 
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Sri Lanka rubber products industry currently enjoys a tiny share of this huge 

global market, less than 0.25%. 

Few Sri Lankan product manufacturers have achieved global competitiveness 

through business strategies, innovation, sound management coupled with the 

information technology and perseverance. 

Table 1.1 

Present Status of the Rubber Products Industry in Sri Lanka 

Investment 	- 	exceeds LKR. 16 billion 

Capacity utilization 	around 85% 

Turnover 	 - 	LKR 72.3 billion in 2008 

Exports 	 - 	LKR 46 billion in 2008 

Direct employment - 	Over 40,000 persons 

Global rubber based industry value is estimated to exceed LKR 12 trillion and it is 

growing steadily as humankind increases living standards. More than 40,000 generic 

rubber products are being made worldwide. The average world rubber consumption 

per capita is still around 3 kg but in developed countries such as the United States it is 

around 12 kg. The highest rates are recorded in countries in the Asia Pacific region 

such as Malaysia - 19 kg. Taiwan - 14 kg, Japan - 15 kg and the Republic of Korea 15 

kg [3]. 

It is clear that, with the development of the social levels of many developing countries 

per capita consumption of natural rubber in the form of rubber products will be on the 

increase. Therefore, the rubber products industry is a potential industry for Sri Lanka 

to improve it's competitiveness in view of the huge and increasing rubber products 

market. 

1.2 PROBLEMS ASSOCIATED WITH UNCONTROLLED OR ILLEGAL 

SCRAP TYRE DISPOSAL 

As a rule of thumb, the scrap lyre generation in industrialized countries is 

approximately one passenger car tyre equivalent (PTE, 20 lbs., 9 kg) per population 

and year. It is estimated that 2 to 3 billion scrap tyres are stockpiled in illegal 
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