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                            CHAPTER-1: INTRODUCTION

Fly ash is a residue generated as a by-product by combustion of coal in thermal power plants. Fly ash goes along with the flue gases and collected in electrostatic precipitators (ESPs) while the bottom ash is collected at the bottom of boilers. 

Both the ashes are carried away in the form of water slurry to the ponds or ash dykes. This ash eats up a substantial portion of cultivable land, remains unutilized and creates environmental problems. 

Utilization of fly ash for purposeful applications has been a challenging task all over the world and India in particular. Govt. of India has also initiated steps for its utilization.

 Fly ash has found one major use in civil and construction sector. However, there are still many more unexplored areas where fly ash can found many more useful applications. 

In the present study an attempt has been made to use fly ash as a major component for making fly ash filed rubber compositions that can be used for making pavement tiles.

Pavement tiles of concrete are predominantly used in sidewalks, despite many advantages they suffer from the following drawbacks: 

· Heavy in weight 

· Not good in earthquake prone areas

· Can not be used in freeze/thaw areas – suitable only for southern climates

· Difficulty in repairing/replacing/resurfacing due to weight and structural inadequacies

· Plantation of trees in pavements cause unequal root pressure making them break open

· Difficulty in periodic plantation, need to be broken down

· Difficulty in accessing the installation or repairing of the underground services.

Fly ash filled rubber tiles using rubber and recycled rubber from tyre waste for making sidewalk pavements can be an excellent application of the fly ash. These tiles have many advantages over the conventional concrete tiles viz.

· Save the urban forest by eliminating the need for tree removal

· They are able to sustain the pressure exerted by horizontal growth of tree roots generally planted in pavements, unlike concrete tiles, which are broken [2]. 

· They are light in weight for faster transportation
· Modular system allows pavers to be periodically opened for inspection 

· Available in assorted shades and textures to resemble concrete and granite 

· Long life, last for at least 12 years of use

· Provide safe passage for all pedestrians and wheeled traffic

· Direct water into soil thus reducing water run-off into storm drain

· Resilient though firm, more comfortable and healthy to walk or jog on

· Absorb sound, reduce decibel level of foot and wheeled traffic

· Safe, non-toxic and flame resistant

· Excellent use in temporary sidewalk situations, such as special events or construction sites

· Less risk of injury by trip and fall accidents

However these tiles are costlier vis-à-vis the modified cement concrete tiles. Though, the higher cost of these tiles is offset by much longer service life and other benefits compared to concrete tiles. 

Polyurethane and Rubber based elastomers are generally used for making tiles. These elastomers absorb stress generated by growth of roots planted on pavement of sidewalks. 

In Japan the roads with polyurethane have been laid for sidewalks. Modular recycled rubber tiles for sidewalk pavements are good for the environment as well as for helping to reduce the damage repair and replacement cost.

 The best advantage of these paving tiles is that these can be used in the areas, which are affected by tree roots. Rubber tiles can be made in various sizes and colors and are recyclable [3]. 

CHAPTER-2: LITERATURE REVIEW

The literature on the main components of the rubber tiles tiles containing Fly ash and is summarized as below:

2.1 FLY ASH

Fly Ash, a residue generated in thermal power plants closely resembles volcanic ashes used in production of the earliest known hydraulic cements about 2,300 years ago. Those cements were made near the small Italian town of Pozzuoli - which later gave its name to the term "pozzolan.” A pozzolan is a siliceous or siliceous/aluminous material that, when mixed with lime and water, forms a cementitious compound. Fly ash is the best known, and one of the most commonly used, pozzolans in the world1. Instead of volcanoes, today's fly ash comes primarily from coal-fired electricity generating power plants. These power plants grind coal to powder fineness before it is burnt [4]. Fly ash - the mineral residue produced by burning coal - is captured from the power plant's exhaust gases and collected for use. Fly ash is fine micron-sized particles consist primarily of silica, alumina and iron.

2.1.1 Types of fly ash

The Classification of Fly ash is done on the basis of the coal used. One reason for this could be that Fly ash is one of three general types of coal combustion by products. Two types of fly-ashes are: 

( Class C Fly ash  

( Class F Fly ash 

Burning lignite or sub bituminous coal produces Class C Flyash. Whereas Anthracite and bituminous coal produces Flyash classified as Class F. Class C Fly ash is preferable for the applications presented in the green Building Guide and is the main type offered for residential applications from ready-mix suppliers [5]. 

2.1.2 Features of Fly Ash

Fly ash which has primarily been used in civil and construction sector has the following features.

I) Fly ash particles are almost totally spherical in shape, allowing them to flow and blend freely in mixtures.

II) The "ball bearing" effect of fly ash particles creates a lubricating action when concrete is in its plastic state

III) Fly ash continues to combine with free lime, increasing structural strength over time.

IV) Increased density and long term pozzolanic action of fly ash ties up free lime, results in fewer bleed channels and reduces permeability.

V) Dense fly ash concrete helps to keep aggressive compounds on the surface, where destructive action is lessened. Fly ash concrete is also more resistant to attack by sulfate, mild acid, soft (lime hungry) water, and seawater [6].

VI) Fly ash ties up free lime that can combine with sulfate to create destructive expansion.

VII) Fly ash chemically binds free lime and salts that can create efflorescence and dense concrete holds efflorescence producing compounds on the inside.

VIII) The largest contributor to drying shrinkage is water content. The lubricating action of fly ash reduces water content and drying shrinkage.

IX) The pozzolanic reaction between fly ash and lime generates less heat, resulting in reduced thermal cracking when fly ash is used to replace Portland cement.

X) Fly ash combines with alkalis from cement that might otherwise combine with silica frog aggregates, causing destructive expansion.

XI) Concrete is easier to place with less effort, responding better to vibration to fill forms more completely.

XII) Pumping requires less energy and longer pumping distances are possible.

XIII) Sharp, clear architectural definition is easier to achieve, with less worry about in-place integrity.

XIV) Fewer bleed channels reduce porosity resulting in a higher resistance to chemical attacks.

XV) Improved cohesiveness of fly ash concrete reduces segregation that can lead to rock pockets and blemishes.

XVI) More dependable concrete allows for greater working time, especially in hot weather.

2.1.3 Composition of Fly ash       

The literature reveals following composition of fly ash depending upon the type of coal used for combustion. The results for dry and wet fly ash are given in table – 2.1, 2.2 and 2.3
	Sn
	Component
	Bituminous (%)
	Sub-bituminous (%)
	Lignite
(%)

	1
	SiO2
	20-60
	40-60
	15-45

	2
	Al2O3
	5-35
	20-30
	20-25

	3
	Fe2O3
	10-40
	4-10
	4-15

	4
	CaO
	1-12
	5-30
	15-40

	5
	LOI
	0-15
	0-3
	0-5


 Table2.1. 2.1 Chemical composition of dry fly ash

	S.No.
	Compounds
	% by mass

	1.
	SiO2
	61.85

	2.
	Al2O3
	30.48

	3.
	Fe2O3
	3.23

	4.
	SiO2+ Al2O3+ Fe2O3
	95.56

	5.
	TiO2
	2.19

	6.
	CaO
	0.72

	7.
	K2O
	0.9

	Sn
	Compounds
	% by mass

	8.
	P2O5
	0.64

	9.
	LOI
	1.27


Table 2.1.2.2 Chemical Composition of Pond Ash (Wet Fly Ash)

	Sn
	Parameters
	Values

	1.
	Specific gravity
	2

	2.
	Bulk density, g/cm3
	0.95

	3.
	Porosity, %
	52.5

	4
	Coefficient of permeability, k, cm/s
	5.5472×10 – 4

	
	Particle size analysis results
	

	5.
	D10, (m
	8.74

	6.
	D50, (m
	28.1

	7.
	D90, (m
	74.26

	8.
	D (4, 3), (m
	35.17

	9.
	D (3, 2), (m
	20.48

	10.
	Specific surface area, m2/cc
	0.293


Table  2.1.2. 3. Physical properties of the pond ash

Fly ash particles are generally spherical in shape and range in size from 0.5 µm to 100 µm. They mainly consists of silicon dioxide (SiO2), Aluminum oxide (Al2O3) and iron oxide (Fe2O3) [7]. Silica is present in two forms: amorphous, which is rounded and smooth, and crystalline. Which is sharp, pointed and hazardous [8]. Fly ashes are generally highly heterogeneous, consisting of a mixture of glassy particles with various identifiable crystalline phases such as quartz, mullet, and various iron oxides [9].

2.2 Rubber

Rubber was known to the indigenous people of the Americas long before the arrival of European explorer [10]. In 1525, Padre d'Anghieria reported that he had seen Mexican tribespeople playing with elastic balls. Charles de la Condamine undertook the first scientific study of rubber, when he encountered it during his trip to Peru in 1735 [11]. 

A French engineer that Condamine met in Guiana, Fresnau studied rubber on its home ground, reaching the conclusion that this was nothing more than a "type of condensed resinous oil". 

The first use for rubber was an eraser. It was Magellan, a descendent of the famous Portuguese navigator, who suggested this use. 

In England, Priestley popularized it to the extent that it became known as India rubber [12]. The word for rubber in Portuguese - borracha - originated from one of the first applications for this product, when it was used to make jars replacing the leather borrachas that the Portuguese used to ship wine [13]. 

Returning to the works of Condamine, Macquer suggested that rubber could be used to produce flexible tubes. Since then, countless craftsmen have become involved with rubber; goldsmith Bernard, herbalist Winch, Grossart, Landolles and others. 

In 1820, British industrialist Nadier produced rubber threads and attempted to use them in clothing accessories [14]. This was the time when America was seized by rubber fever, and the waterproof footwear used by the indigenous people became a success. Waterproof fabrics and snow-boots were produced in New England [15]. 

In 1832, the Rosburg factory was set up. Unfortunately, cold weather affected goods made from non-vulcanized natural rubber, leaving them brittle and with a tendency to gum together if left in the sun, all discouraging consumers [16]. 

After a long period attempting to develop a process to upgrade rubber qualities (such as including nitric acid) that almost ruined him, in 1840 Goodyear discovered vulcanization, quite by accident [17]. 

An interesting fact: in 1815, a humble sawyer - Hancock - became one of the leading manufacturers in the UK. He had invented a rubber mattress and through an association with Macintosh he produced the famous waterproof coat known as the "Macintosh". Furthermore, he discovered how to cut, roll and press rubber on an industrial scale. He also noted the importance of heat during the pressing process, and built a machine for this purpose [18]. 

Macintosh discovered the use of benzene as a solvent, while Hancock discovered that prior chipping and heating were required in order to ensure that the rubber dissolved completely. Hancock also discovered how to manufacture elastic balls. Finally, in 1842, Hancock came into possession of vulcanized rubber produced by Goodyear, seeking and finding the secret of vulcanization that brought him a vast fortune [19]. 

In 1845, R.W. Thomson invented the pneumatic tire, the inner tube and even the textured tread. In 1850 rubber toys were being made, as well as solid and hollow balls for golf and tennis. 

The invention of the velocipede by Michaux in 1869 led to the invention of solid rubber, followed by hollow rubber and finally the re-invention of the tire, because Thomson's invention had been forgotten. Payen, as well as Graham, Wiener and Gerard [20] studied the physical properties of rubber.

Finally, Bouchardt discovered how to polymerize isoprene between 1879 and 1882, obtaining products with properties similar to rubber. The first bicycle tire dates back to 1830, and in 1895 Michelin had the daring idea of adapting the tire to the automobile. Since then, rubber has held an outstanding position on the global market [21].

As rubber is an important raw material that plays a leading role in modern civilization, chemists soon became curious to learn more about its composition in order to synthesize it. In the 19th century, work focused on this objective, soon discovering that rubber is an isoprene polymer.

The Russians and the Germans broke fresh ground in their efforts to synthesize rubber. But the resulting products were unable to compete with natural rubber. It was only during World War I that Germany - pressured by circumstances - had to develop the industrialized version of this synthetic product. This was the springboard for the massive development of the synthetic rubber industry all over the world, producing elastomers. 

Types of rubbers used in pavements are given below: 

· Natural Rubber

· Synthetic rubber

· Reclaimed rubber

2.2.1Natural Rubber 

Natural rubber has rightfully been called “the supreme agriculture colonist of all time”. Although indigenous to forest in Amazon valley, natural rubber has been cultivated principally in Southeast Asia, especially the countries of Malaysia and Indonesia.

Natural rubber can be isolated from more than 200 different species of plants but only one tree source, Hevea brasiliensis is commercially significant natural rubber is a high polymer. Natural rubber is the chemical name of cis-1, 4-polyisoprene (C5H10). It is made up of molecules of hydrogen and carbon.

 Naturally, molecular chains are flexible, independent of each over. In its raw state, natural rubber if a tough material which deforms in part by viscous flow and in part elastically. It becomes soft and sticky when warms. Its practical uses in the raw state are limited. 

The process known as vulcanization achieves the practical potential of rubber. Vulcanization with sulfur links the rubber molecules together at intervals along their length by means of short chains of sulfur atoms (other vulcanizing systems as peroxides can be used). It gives strength, elasticity and mechanical behavior less sensitive to temperature [22]. 

Natural rubber is a solid product obtained through coagulating the latex produced by certain plants, particularly the Brazilian rubber tree (Havea brasiliensis). This raw material is usually tapped from the rubber tree, which is native to Amazonia. Although there are  a large number of species that exude secretions similar to latex when the bark is cut, only a few produce sufficient quantities of a quality adequate for exploitation on economic bases. 

The history of natural rubber in Brazil is a tale that is just as exciting as the Gold Rush in the USA. For almost fifty years - during the second half of the XIX century through to the second decade of the XX century - natural rubber underpinned one of the most important development booms in Brazil. At that time, the Industrial revolution was expanding rapidly as the world lived through a time of prosperity and discoveries that was reflected in all sectors. 

Automobiles, trams, telephones, electric light and other innovations changed the landscapes and customs of towns and cities. New markets opened up. This was the Belle Époque period, whose splendor has been portrayed in literature and film for subsequent generations. 

Thanks to its multiple applications, particularly in the expanding automobile industry, rubber produced from latex tapped from rubber-trees became a product in demand worldwide. And there was no lack of rubber-trees in the Brazilian Amazon. This brought a boom to Northern Brazil - which at that time was one of the poorest and least-inhabited parts of the country. Eager to work the rubber-growers of Amazonia, leading foreign banks and companies set up shop in the towns of Belém and Manaus. 

The capital of Amazonas state becomes the economic heart of Brazil. It was equipped with water and electricity supplies, in addition to telephones and large buildings such as the Amazonas Theater, still today a symbol of the wealth brought in by Brazil's rubber boom. Thousands of immigrants flowed in, mainly fleeing the drought that assailed Northeast Brazil during the 1870s, invading the forest to tap the latex and turn it into rubber. 

The output of Amazonia reached 42,000 tons a year, with Brazil dominating the global natural rubber market. This euphoria lasted through to 1910, when the situation began to change: rubber exports began to appear on the market from British Colonies, and Brazil was unable to withstand this fierce competition. 

In 1876, the British smuggled out rubber-tree seeds from Amazonia to the Botanical Gardens in London. Through grafting, they developed more resistant varieties that were later sent to the Colonies in Asia where massive rubber plantations were established, particularly in Malaysia, Ceylon and Singapore. 

The difference between latex production techniques in Brazil and Asia was a significant factor in the development of this business, due to these plantations. While the rubber trees of Asia were set only four meters apart, it was sometimes necessary to walk miles between one tree and the next in Amazonia, limiting the amount of latex collected and increasing its price.

 Obviously, the well-organized plantations of the Far East resulted in a significant increase in productivity, making them more competitive. 

In Brazil, the Government was unwilling to change these methods. It believed that tapping these rubber trees would ensure the presence of Brazilians in the Amazon region, guaranteeing national sovereignty over this largely unpopulated area. It opted for geo-politics represented by human settlements instead of geo-economics that could have produced higher gains. 

This relative immobility cost Brazil dear; its export shrank, as they were unable to withstand the competition of Asian rubber, tapped at far lower prices. Consequently, production began to drop, bringing the decades of boom to an end for much of Northern Brazil.

 The companies that had set up shop in Manaus and Belém left in search of other more productive regions. The immigrants went home, and leading names in the world of the arts no longer performed at the Amazonas Theater. This golden age of opulence slipped into history. 

In the late 1920s, Brazil was still attempting to catch up this lost ground with the help of an unexpected partner: US industrialist Henry Ford, who had developed a new scheme - the production line - that was to change the face of industry for ever, and at that time accounted for 50% of the world's vehicle output.

 In order to loosen the grip of the British Colonies in Southeast Asia on the rubber market - the precious raw material for making tires - Ford planted no less than 70 million rubber tree seedlings in an area covering one million hectares in Para State. 

This ambitious project was soon christened Fordlândia by the local residents. It was designed to produce 300,000 tons of natural rubber a year, accounting for one half of global consumption. But the Ford Project succumbed to the hostile environment of the Amazon rainforest and was abandoned, posting huge losses. 

Within this context, Asia dominated global supplies of natural rubber with over 90% of the output. However, significant changes redistributed the production among the main competitors. 

Accounting for one-third of global output in 1985, Malaysia fell back due to alterations in its production profile, which began to stress non-agricultural investments.

 Its position as the world's largest natural rubber producer went to Thailand. Based on advantages in terms of available land and labor, Indonesia has maintained a significant share in global output since the 1980s. 

Other countries have been successfully deploying their low-cost labor-forces and easily available lands to expand in this sector, particularly India and China. By 2001, natural rubber consumption accounted for some 40% of the total amount of rubber consumed worldwide.
2.2.2 Synthetic Rubber
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Today, there are various chemically manufactured synthetic rubbers, which have many properties comparable with natural rubber. Among them are Styrene-butadiene rubber (SBR), Isoprene rubber (IR), Butadiene rubbers (BR) are the ones so called general-purpose synthetic rubber [23].  

Some of the most commercially important addition polymers are the copolymers. These are polymers made by polymerizing a
mixture of two or more monomers. An example is styrene-butadiene rubber (SBR) - which is a copolymer of 1,3-butadiene and styrene, which is, mixed in a 3 to 1 ratio, respectively.

SBR rubber was developed during World War II when important supplies of natural rubber were cut off. SBR is more resistant to abrasion and oxidation than natural rubber and can also be vulcanized.

More than 40% of the synthetic rubber production is SBR and is used in tire production. A tiny amount is used for bubble-gum in the unvulcanized form.

The importance of the rubber industry ever since it first appeared and the decisive role that it has played in the development of modern civilization prompted much interest in discovering its chemical composition in order to synthesize this product. Through these research projects, the tire industry saw the possibility of breaking away from the grip of the world's natural rubber plantations. 

The drop in natural rubber production in Brazil coincided with World War I (1914-1918), triggering the need for lower-cost products with steadier supplies in order to manufacture tires. 

The pressures imposed by the conquest of the plantations of Asia by the Japanese prompted the development of a rubber that was able to meet the extraordinarily high demands of the troops at that time, although its structure differed somewhat from its natural counterpart. 

This was how GR-S, Buna S, Hycar OS and SBR appeared, which styrene and butadiene copolymers are. The launch-pad for the massive development of the synthetic rubber industry, this product could be vulcanized easily, and became the flagship of the world rubber industry.

 Although its properties did not correspond to all the qualities of natural rubber. But its costs and main characteristics made it into an unbeatable competitor. Although synthetic rubber had been known since 1875, its production had been expensive and almost negligible. 

During World War II, a crucial historical episode altered the scenario for this market. On December 7, 1941, the USA entered the War. Three months after the attack on Pearl Harbor, the Japanese invaded Malaysia and the Dutch East Indies, desperate to take over natural rubber production from the allies. This gave the Axis control over 95% of world rubber supplies, plunging the USA into a crisis.

Each Sherman tank contained twenty tons of steel and half a ton of rubber. Each warship contained 20,000 rubber parts. Rubber was used to coat every centimeter of wire used in every factory, home, office and military facilities throughout the USA.

 There was no synthetic alternative. Looking at all the possible sources, at normal consumption levels, the nation had stocks for around one year. And these reserves also had to supply the largest and most critical industry in the history of the world during a time of rapid expansion: the arms segment. 

The response of Washington was rapid and dramatic. Four days after Pearl Harbor, the use of rubber in any product that was not essential to the war drive was banned. The speed limit on US highways fell to 35 miles an hour, in order to reduce wear and tear on tires countrywide.

 Rubber chips were sold a penny or more per pound weight at over 400,000 depots all over the country. Even President Franklin Roosevelt's pet dog Fala saw his rubber toys melted. This was the largest recycling campaign ever recorded in history, ensuring the success of the Allies through to 1942. 

Under these circumstances, an order was sent to all chemists and engineers to develop a synthetic rubber industry. In 1941, the total output of synthetic rubber barely topped 8,000 tons, consisting largely of products not suitable for tires. 

The nation's survival depended on its capacity to manufacture over 800,000 tons of products that had barely begun to be developed. There were few detailed instructions on how the factories should organize themselves to produce this vast amount.  Facilities had not been built, nor were there any way of producing enough raw materials to produce rubber. 

The US industrial sector had never been called upon to shoulder such a massive task, achieving so much so quickly. The engineers were given just two years to reach this target. If the synthetic rubber program failed, the capacity of the USA to fight the war would be blunted. 

This US drive was to help spread synthetic rubber throughout the world's market, even in Brazil as it strove to consolidate its industrial park during the post-War years. 

2.2.3 Reclaimed Rubber 

Protecting the environment is becoming increasingly more important. An area, which can bring significant potential benefit to the environment, is increased waste rubber recycling. The driving forces for increasing recycling rate are profit opportunity through development of new recycling technologies, recycled products and suitable markets for such products. 

One of the important factors to expand markets for recycled materials is to build up demand for the products that have a recycled rubber material content or develop new areas of use and/or promote the existing ones for recycled rubber products. 

For the latter, automotive industry and construction work in linear systems, such as roads and railways deserve special interest as they offer good potential for new areas of use for recycled rubber, especially in rubberized asphalt pavements and various other civil engineering applications [24]. Reclaiming is a devulcanization process. 

2.2.4 Crumb Rubber

 Crumb rubber is obtained by shredding of tires after removing the steal and fiber part from it. A rubber crumbing process involves the rubber crumbing apparatus which comprises a frame assembly, a first cone assembly including a truncated cone having an interior surface and an opening extending there through, and a second cone assembly positioned substantially within the first cone assembly.

 The second cone assembly includes a truncated cone having an exterior surface in opposing relationship to interior surface of the first truncated cone. The second cone assembly rotates relative to the first cone assembly. A plurality of crumbed blades is connected to one of the opposing surfaces and a plurality of beads is attached to the other opposing surface of the truncated cones.

 The crumbed blades are in close proximity to said beads without contacting said beads as the second cone assembly rotates relative to the first cone assembly. 

Tire chips are fed between the truncated cones. The close proximity of the crumbed blades and the beads as the second cone assembly rotates tears the rubber from the tire chips to make crumb rubber 

2.3 Vulcanization 

Vulcanization is a process of improving the characteristics or properties of natural or synthetic rubber by heating it with sulfur.

    It was discovered by Charles Goodyear that when raw rubber and sulfur were heated together the rubber hardened to an elastic state that is no longer sticky rather acquired physical properties that makes the rubber useful as a material to be fabricated into many items that we are now very familiar today, such as tires, mats, tubing and gloves.

Over the year’s vulcanization chemistry developed for various applications. But the fundamental concept remained unchanged although sulfur is sometimes excluded or replaced as a linkage material. 

 In the case of production of latex gloves, sulfur remains the key substance aided by several other chemicals known for their functions. They are accelerators, activators, stabilizers, anti-foaming agents, anti-webbing agents, anti-oxidants, pigments etc.

2.3.1Vulcanization Process 

Vulcanization is the thermo-chemical process that incorporates sulfur and sulfur Crosslink into admixture of rubber molecules in order to provide the elasticity and other properties that are desired in manufactured rubber products.  

In the process, sulfur atoms are chemically bonded to the carbon molecules of rubber molecules and serve as Crosslink (chemical bonds) between the sulfides rubber molecules. The vulcanization process is irreversible at standard atmospheric conditions of temperature and pressure. The vulcanization process also uses primary and secondary accelerators, typically sulfur-containing organic compounds and activators such as zinc oxide and stearic acid.
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Natural rubber is vulcanized with sulfur compounds, which can cross-link the chains because of the presence of reactive double bonds (unsaturation). The process of vulcanization is given as under: 
Vulcanization is a process of improving the characteristics or properties of natural or synthetic rubber by heating it with sulfur. The mechanism of vulcanization is given as below.
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2.4 Effect of Fly Ash on Natural Rubber 

Fly Ash principally contains SiO2, Al2O3 and Fe2O3 as the major components. Therefore incorporation of Fly Ash containing these major ingredients would influence the physico-mechanical properties of the rubber. 

Silica that is the predominant part of Fly Ash is used in rubber industry as reinforcing filler due to its fine particle size (high specific surface area), its performance in improving the mechanical properties of the vulcanizates, particularly tensile strength, tear resistance, abrasion resistance and hardness. Fly Ash has other metal oxides like Al2O3, CaO, MgO which act as activators and accelerate the curing process, which is a practical benefit for rubber manufacturers in terms of production time minimization [1]. Addition of silica as filler to the rubber compound offers a number of advantages such as improvement in tear strength, reduction in heat buildup, and increase in compound adhesion in multi-component products such as tires.

A chemical reaction between Si69- (bis (3-triethoxisilylpropyl)treated FA (Fly ash)and NR(natural rubber) is shown below: 

In cis 1- 4, structure the carbon atoms are attached to adjacent units. The term cis and Trans refer to the positions of the various carbon atoms with reference to carbon – carbon double bond.

 Since a double bond is considered to prevent the rotation of the attached atoms, it follows that other atoms or groups of atoms may occupy positions on either side of the double bond.

In cis-1,4 structure, carbon atoms 1and 4 are both on same side of the double bond hence it is called cis1,4 – polyisoprene,  while in the Trans –1,4 structure these two carbon atoms are on opposite sides of the double bond. 

When the chain units in a macromolecule all consists of the same isomer, the polymer is said to be stereoregular. Because of this remarkable regularity, the natural rubber chains attain a good regularity, especially when the rubber is stretched. 

Hence the natural rubber crystallizes on stretching, resulting in high gum tensile strength. The interaction of fly ash with treated NR is given as below:
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Fig.    : A chemical reaction between Si69-treated FA and NR

1.1 Si69 – treated FA (Flyash) is attached on the C-2 and C-3 carbon positions and adjacent carbon atoms C-1 and C-4 are free for cross linking to other sulfur atoms, hence the chain units in a macromolecule all consists of the same isomer, the polymer is said to be stereoregular.

2.4.1 The effect of silica on Rubber 

Addition of silica as filler to the rubber compound offers a number of advantages such as improvement in tear strength, reduction in heat buildup, and increase in compound adhesion in multi-component products such as tires22.

 Two fundamental property i.e. ultimate particle sizes and the extent of hydration of silica and silicates influence their use in rubber compounds. 

Other physical properties such as pH, chemical composition, and oil absorption are of secondary importance. Silica, when compared to carbon blacks of the same particle size, does not provide the same level of reinforcement, though the deficiency of silica largely disappears when coupling agents are used with silica. 

Wagner 23reported that addition of silica to a tread compound leads to a loss in tread wears, even though improvement in hysteresis and tear strength was obtained. The tread wear loss can be corrected by the use of silane coupling agents. Silica has following characteristics:

· Silica is a amorphous material consisting of silicone and oxygen atoms arranged in a tetrahedral structure of a three-dimensional lattice. 

· Particle size ranges from 1 to 30 nm and surface area from 20 to 300m2/g. There is no long-range crystal order, only short-range ordered domains in a random arrangement with neighboring domains.

· Surface silanol concentration (silanol groups —Si—O—H) influences the degree of surface hydration.

· Silanol types fall into three categories: isolated, geminal (two —OH hydroxyl groups on the same silicon atom), and vicinal (on adjacent silicon atoms).

· Surface acidity is controlled by the hydroxyl groups on the surface of the silica and is intermediate between those of P—OH and B—OH. 

   This intrinsic acidity can influence peroxide vulcanization, although in sulfur curing, there is no significant effect. These sites affect rubber–filler interaction.

· Surface hydration caused by water vapor absorption is affected by surface silanol concentration. High levels of hydration can adversely affect final compounds physical properties. Silicas are hygroscopic and thus require dry storage conditions. 

· To illustrate the influence of surface hydroxyl groups and hydration levels on rubber properties, Wagner took a series of silicas of different surface areas, hydroxylated to different extents, and then added them to an SBR compound at 50 phr. 

· He concluded that a reduction in silanol level as a result of an increase in absorbed water will decrease cure time, tensile strength, and also abrasion resistance. 

In general, silica’s produce relatively greater reinforcement in more polar elastomers such as BR and CR than in nonpolar polymers such as SBR and NR. The lack of reinforcement properties of silica in NR and SBR can be corrected through the use of silane coupling agents. 

An essential prerequisite for a coupling agent is that the molecule has to be bifunctional, i.e., capable of reacting chemically with silica directly or indirectly or with the polymer via participation in the vulcanization reaction or sulfur cross-linking process. 

Use of silica in rubber compounds offers two advantages: reduction in heat buildup when used as a part for part replacement of carbon black and improvement in tear strength, cut, chip, and chucking resistance. 

When loading approach 20%, however, there is drop in abrasion resistance. Silane coupling agents offer the potential to overcome such drops in compound performance. 

Therefore, to compound silica effectively, a discussion of the properties and chemistry of coupling agents, and specifically silane coupling agents, is pertinent. 

Silica’s can be divided into three groups or classes. These include standard or conventional silica, semi-highly dispersible (semi-HD) or easily dispersible silica, and the latest group developed is termed highly dispersible silica or HDS. 

The silanol composition on the surface of three types of silica’s remains to be elucidated, but it would be anticipated that the HDS silica’s would have higher concentrations of geminal groups, whereas the conventional silica would have a greater amount of isolated silanols. 

There are three silane coupling agents of commercial significance and these have similar properties: Mercaptopropyltrimethoxysilane (A189), bis (triethoxysilylethyltolylene) polysulfide (Y9194), and bis (3-triethoxisilylpropyl) tetrasulfane (TESPT). 

The coupling agent TESPT has been covered more extensively in the literature than other silane coupling agents; however, the following discussion on the use of silane coupling agents is applicable to all three materials.

TESPT, a bifunctional polysulfidic organosilane, was introduced as a coupling agent to improve the reinforcement properties of silicas in rubbers. Use of coupling agents offers the following advantages:

•   Lowers heat buildup and hysteresis in silica-loaded compounds

•   Increases 300% modulus and tensile strength
•   Improves reinforcing effect of clays and whiting

•   Serves as a reversion resistor in equilibrium cure systems

· Improves abrasion resistance

The mechanism of silane coupling agent reinforcement comprises two phases:

· The hydrophobation reaction in which coupling agent reacts with silica

· The formation of Crosslink between the modified silica and polymer. 

Silanization of the silica surface can occur quite readily, though with TESPT systems, the reaction is generally carried out in situ at between 150 and 160°C in an internal mixer. 

Though an excess of silanol groups are present on the silica surface and reaction rates are fast, this high temperature is required because of the steric hindrance around the silylpropyl group in TESPT. 

As noted earlier, three types of functional silanol groups exist on the silica surface: isolated hydroxyl groups, geminal groups (two —OH groups on one Si atom), and vicinal groups the filler/silane intermediate can now react with the allyl position of unsaturated sites on the polymer chain.

The vulcanization of rubber is known to proceed via reaction of an accelerator, such as a sulfenamide, with sulfur, zinc oxide, and stearic acid, to generate a sulfurating agent.

 On completion of the reaction, the pendant accelerator will cleave off after generation of a crosslink. This accelerator residue, Captax, is an accelerator and continues to participate in further crosslinking as vulcanization continues.

In silica reinforcement systems containing TESPT, Wolff 24 has suggested that the reaction is similar when TESPT/silica intermediate is present instead of sulfur, wherein the crosslinking agent is the polysulfidic sulfur chain.

Wolff showed that mercaptobenzothiazyl disulfide (MBTS) reacts with the tetrasulfane group, thus forming 2 moles of the polysulfide: The silica molecule is on one side and the mercaptobenzthiazolyl on the other. 

This polysulfidic pendant group on the silica surface will now undergo cross-link formation with the polymer in much the same way as occurs in rubber-bound intermediates that convert to cross-links. Wolf suggested that the MBT entity reacts with the allyl position of a double bond of the rubber, thus releasing MBT and forming the rubber–silica bond.

 Proper compounding of silica with coupling agents has permitted the use of such filler systems in applications including shoe soles; engine mounts and tyre treads in which coupling agent/silica NR compounds provide the necessary hysteric properties.

 The mechanism of interaction of silica TESPT is given as below: 
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The mechanism of interaction of silica TESPT

2.4.2 Preparation of Fly-ash Filled Recycled Rubber Tiles
Fly-ash filled recycled rubber tiles can be prepared using fly ash, natural / synthetic rubber, and other additives, which are generally used for manufacturing of various rubber products. These additives and their properties are given as below.

· Vulcanizing agents
 In addition to natural/synthetic rubber and fillers, a rubber product also contains a vulcanization system, which includes sulfur to vulcanize the rubber, accelerators for higher curing rate and activators (zinc oxide and stearic acid) to contribute the starting of curing process. The composition of the vulcanization system can be varied endlessly and determines both the properties of the vulcanized material and the characteristics of the cross-linking process.25
· Ageing protectors (Antidegradants)
 Antioxidants and antiozonants are used to protect the rubber product from oxidation and ozone cracking.

· Softeners
 Mineral oils or ester plastisers are used to regulate the hardness and improve processing.

· Special ingredients
Some special ingredients such as pigments in light color compounds, antistatic lubricants to reduce static electricity, blowing agents for sponge rubber or flame retarders to improve non-inflammability etc., can be used in manufacturing of different rubber products.

· Fillers
 Most rubber products contain fillers, such as carbon black, silica, clay or whiting. Carbon black is used to reinforce the rubber compound, where as whiting or clay is used to extend the compound.

 Silica that is the predominant part of fly ash can be used in rubber industry as reinforcing filler due to its fine particle size (high specific surface area).

 Their performances in improving the mechanical properties of the vulcanizates, particularly tensile strength, tear resistance, abrasion resistance and hardness. A study by S. Thongsang and N. Sombatsompop14 have shown that Fly ash has other metal oxides like Al2O3, CaO, MgO which act as activators and accelerate the curing process, which is a practical benefit for rubber manufacturers in terms of production time minimization.

2.4.3 Physico mechanical properties of natural rubber 
· Hardness: The shore durometer (ASTM D2240) in particular known and worldwide. Durometer hardness is read within 1-sec.affter the pressure foot is in firm contect with the specimen .

      Two types of durometers are most commonly used –Type  A and   Type D .The basic difference between the two types is the shape and dimension of the identor. The Type A durometer is used with relatively soft material and Type D is used with slightly harder material.

     Filler increase the Shore hardness of natural rubber compound. The higher the filler loading greater the increase in hardness above that of natural rubber. Hardness is property of rubber, which must be expressed in term instrument parameters rather than in basic units. A high modulus Rubber is, of course, also hard. The hardness of polymeric material has a significant effect on abrasion characteristics.  

· IRHD:  ASTM D 1415 IRHD, It is also a hardness scale and used for soft natural rubber. Increase the IRHD of natural compound as the quantity of filler phr increases. 

· Density: According to ASTM D 570, the introduction of filler with a lower relative density has widespread implications. At equivalent mass loading the volume of the rubber vulcanize will increase .The density of natural rubber is 0.93 g/cc and while SBR is 1.15 g/cc. As we know that when reinforcing filler is incorporated into natural and Styrene Butadiene rubber, increase the density of the variant.

·  Coefficient of Friction: According to ASTM C 1028, the ratio of the horizontal component of force required overcoming or having a tendency to overcome friction to the vertical component of the object weight or normal force applied through the object which tends to cause the friction. This is known as Coefficient of Friction

· Skid resistance: According to ASTM 303, we know that reinforcing filler improves the properties of skid resistance of flyash filled natural rubber tile. Hence, as we increase the quantity of Flyash phr then, the skid resistance also has been increased.

· Taber- abrasion: According to ASTM C 501, the material ability to resist abrasion is most often measured by it loss in weight when abraded with an abraser. The most widely accepted abraser in the industry Taber abraser. As we know that abrasive wear index also varies at adding reinforcing filler of Flyash after it was deep decreasing as we increase the quantity of at phr, it was again increased.

· Tensile strength: As IS 3400 PT1, expected filler reduce the tensile strength of natural rubber. It may be because initially tensile strength is decreased due to amorphous structure of rubber. But on increasing crumb rubber content the laminar structure of crumb rubber is also contributing with the crystalline structure which results in increased tensile strength but on further loading phase inversion takes place due to which tile loses its tensile strength.

· Elongation at break: The effect of filler on the ability of rubber to stretch before breaking appears to be more than that of natural rubber.
· Modulus of Elaticity: fillers increase the modulus of elasticity.

· Compression set (%) at different temperature: As BIS 3400 PT10, Filler increase the Compression set (%) of natural rubber compound. The higher the filler loading greater the increase in Compression set (%) above that of natural rubber. 

Compression set (%) is property of rubber, which must be set expressed in term of % .A high modulus, Rubber is, of course, also high Compression set (%).

2.4.4 Preparation of Fly ash filled rubber tiles:

The process of making fly ash filled tiles consists of two steps 

· Milling 

· Molding 

Milling consists of two steps first is mastication and second is compounding. In the mastication step, the rubber is masticated on a laboratory two-roll mill for 3-5 minutes.

 In the compounding step, the rubber and flyash are compounded for another 10 minutes, then vulcanization chemicals were added and milling continued for another 10 minutes. 

The rubber compound thus made is compression-molded, under heat and pressure to a 90% cure with a hydraulic press at 1600C cure to produce vulcanized rubber tile.

Vulcanization refers to a specific curing process of rubber involving high heat and the addition of sulfur or other equivalent curatives. It is a chemical process in which polymer molecules are linked to other polymer molecules by atomic bridges composed of sulfur atoms or carbon to carbon bonds. The end result is that the springy rubber molecules become cross-linked to a greater or lesser extent. This makes the bulk material harder, much more durable and also more resistant to chemical attack. It also makes the surface of the material smoother and prevents it from sticking to metal or plastic chemical surfaces. Uncured natural rubber is sticky, can easily deform when warm, and is brittle when cold. Therefore, it cannot be used to make articles with a good level of elasticity. The reason for inelastic deformation of unvulcanized rubber can be found in its chemical nature. 

Rubber is made of long polymer chains, which can move independently relative to each other, resulting in a change of shape. 

The process of vulcanization forms cross-links between the polymer chains so that they can not move independently.

 As a result, when stress is applied the vulcanized rubber is deformed, but upon release of the stress, the rubber article goes back to its original shape.

                         CHAPTER-3: EXPERIMENTAL

3.1 Materials 
Recycled rubber (crumb) along with other rubbers like Natural and SBR, were procured locally. Rubber accelerators, activators, lubricants, retarders and curing agents were also procured locally. Fly ash was collected from M/s NTPC, Thermal Power Plant Badarpur. The rubber roll mill and compression-molding machines have been used for making the tiles. The molds have been fabricated locally for making the tiles.

3.2 Methods 

Rubber containing crumb rubber, NR and fly ash were mixed      milled then activators (zinc oxide, Stearic acid), accelerators                          (Diphenyl Guanidine, 2-MercaptoBenzothiazole), and Sulfur (vulcanizing agent) was added. The milling was done for 15 mins. The sheet so obtained was cut in to small pieces for compression molding. The rubber compound was then compression-molded in a 150 x150 x 6 mm mold under heat and pressure to a 90% cure with a hydraulic press at 1600C to produce a vulcanized rubber tile. 

A series of experiments were carried out varying the fly ash content from 100-900 phr. Natural rubber content in the formulations was substituted by crumb rubber in the range 100-900 phr. The tiles made from these compositions were evaluated for the physico-mechanical properties. The procedure of making a rubber tile by roll milling and compression molding method is given as below: 
3.3 Two Roll Milling Process 
Natural rubber is fed into two-roll mill and milled for 2-3 minutes till film formation of rubber takes place, then crumb rubber is fed in to the roll mill and milling continued for another 2-3 minutes till an uniform sheet is obtained. Fly ash is then incorporated in the rubber sheet. Addition of fly ash generates heat due to frictional forces, the temperature of the rolls was kept 30 - 35°C by circulating cold water. Other rubber additives were then added one by one and milled for a total of 15 minutes. A typical rubber composition with ingredients and their milling time is given as below: 

Ingredient                                       function                          time                              

· Natural rubber



Binder                     2-3 minute

· Crumb-rubber



Filler                        1-2 minute

· Fly-ash




Filler                        2-3 minute

· Sulfur  




Cross-linking agent  1 minute

· Zinc Oxide 



Activator                  1 minute

· Mercaptobenzothiazole 

Primary  accelerator 1 minute

· Diphenylguanidine 


Sec. Accelerator       1-2 minute

· Processing oil                             softener                   1-2 minute

 When sulfur is added then compounding material should be cool, otherwise there should be blooming in the tile when it is molded.

CHAPTER- 4: RESULTS AND DISCUSSION

4.1 Results 

The effect of fly ash on the properties of natural and synthetic rubber was studied. The results of effect of fly ash on the properties of natural and synthetic rubber are given in table 4.1 and 4.2 and figures 4.1-4.17. 

COMPARATIVE EVALUATION OF PROPERTIES OF DIFFERENT FLYASH FILLED NATURAL AND SYNTHTIC RUBBERS
Table:  4.1 Effect of Flyash on the Properties of Natural Rubber

	Sn
	Ingredients (phr)
	# 1
	# 2
	# 3
	# 4
	# 5
	# 6
	# 7

	1
	Natural Rubber
	100
	100
	100
	100
	100
	100
	100

	2
	Fly ash
	100
	200
	300
	400
	500
	600
	700

	3
	Processing oil
	5
	5
	5  
	5  
	5
	5
	5 

	4
	Stearic acid
	2  
	2  
	2  
	2  
	2  
	2 
	2 

	5
	Zinc oxide
	5 
	5  
	5 
	5 
	5 
	5 
	5 

	6
	DPG
	0.2 
	0.2 
	0.2 
	0.2
	0.2 
	0 .2 
	0 2

	7
	MBT
	0.5
	0. 5 
	0 .5
	0. 5 
	0.5  
	 0.5 
	0.5

	8
	Sulfur
	2.5 
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	
	Total
	212.7
	312.7 
	412.7 
	512. 7
	612   
	712.7 
	812.7 

	PROPERTIES

	1
	Hardness (Shore – A)
	57.2
	70
	74.4
	78
	81.6
	92
	92.8

	2
	IRHD 
	33
	33.2
	33.5
	34
	34.2
	34.4 
	34.5

	3
	Density  (g/cc) 
	1.30
	1.54 
	1.66 
	1.69 
	1.88 
	1.93 
	2.06 

	4
	Coeff. of Friction 
	87
	70
	87
	19
	29
	28
	63

	5
	Skid  resist. 
	25
	29
	30
	30
	30.5
	35
	40

	6
	Taber abrasion
	7213
	907
	680
	571
	437
	412
	1068

	7
	Tensile strength(MPa)
	4.0
	3.1
	2.5
	3.1
	4.1
	3.9
	3.5

	8
	Comp. Set (%) 25+-3°C
	7.1
	7.4
	11.4
	12.8
	32.5
	54.6
	151

	9
	Com. Set  (%) (70°C)
	24
	24.2
	39
	40
	65
	85
	160

	10
	Chemical Resistance
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	11
	Salt/Chloride
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes


Table: 4. 2 Effect of Flyash on the Properties of SBR

	Sn
	Ingredients (phr)
	# 1
	# 2
	# 3
	# 4

	1.
	SBR
	100
	100
	100
	100

	2.
	Flyash
	100
	200
	300
	400

	3.
	Processing oil
	5
	5
	5  
	5 

	4.
	Stearic acid
	2  
	2  
	2  
	2  

	5.
	Zinc oxide
	5 
	5  
	5 
	5 

	6.
	DPG
	0.2 
	0.2 
	0.2 
	0.2 

	7.
	MBT
	0.5
	0. 5 
	0 .5
	0. 5  

	8.
	Sulfur
	2.5 
	2.5 
	2.5 
	2.5 

	
	Total 
	212.7
	312.7 
	412.7 
	512.7 

	PROPERTIES

	1
	Hardness (Shore – A)
	58.6
	71.6
	82.6
	87.6

	2
	IRHD 
	35
	37.2
	38.5
	39.2

	3
	Density  (g/cc) 
	1.49
	2.456
	3.246
	3.561

	4
	Coeff. of Friction 
	0.284
	0.103
	0.055
	0.05

	5
	Skid resistance
	15.2
	32.2
	44
	47

	6
	Taber abrasion
	880
	880
	440
	293

	7
	Tensile strength (MPa)
	1.4
	0.7
	1.9
	2.3

	8
	Comp. set (%)  25+-3°C 
	3.46
	19.9
	22.5
	35.69

	9
	Comp. set (%)  (70°C)
	15.60
	48.60
	37.25
	61.47

	10
	Chemical Resistance
	Yes
	Yes
	Yes
	Yes

	11
	Salt/Chloride Resistance
	Yes
	Yes
	Yes
	Yes
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Fig 4.1: Effect of variation of fly ash on hardness in natural rubber 
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 Fig 4.2: Effect of variation of fly ash on IRHD in natural rubber 
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Fig 4.3: Effect of variation of flyash on density in natural rubber 
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Fig 4.4: Effect of variation of fly ash on coefficient of friction in natural rubber 
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Fig 4.5: Effect of variation of fly ash on skid resistance in natural rubber 
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Fig 4.6 Effect of variation of fly ash on taber–abrasion in natural rubber 
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Fig 4.7: Effect of variation of fly ash on tensile strength in natural rubber 
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Fig 4.8: Effect of variation of fly ash on compression set at room temperature in natural rubber 
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Fig 4.9: Effect of variation of fly ash on compression set at 70°C in natural rubber 
Fig 4.10: Effect of variation of fly ash on shore hardness in SBR
[image: image32.wmf]58.6

71.6

82.6

87.6

0

10

20

30

40

50

60

70

80

90

100

100

200

300

400

Fly ash(phr)

Hardness Shore A

      

Fig. 4.11: Effect of variation of fly ash on IRHD in SBR
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Fig. 4.12: Effect of variation of flyash on density in SBR
[image: image34.wmf]24

24.2

39

40

65

85

160

0

20

40

60

80

100

120

140

160

180

100

200

300

400

500

600

700

Fly ash (phr)

compression set % (70degreeC)


Fig. 4.13: Effect of variation of fly ash on coefficient of friction in SBR
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Fig.4. 14 Effect of variation of flyash on skid resistance in SBR
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Fig. 4.15: Effect of variation of fly ash on Taber- abrasion in SBR
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Fig.4. 16:  Effect of variation of fly ash on tensile strength in SBR 
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Fig 4.17: Effect of variation of fly ash on Compression set at room temperature and at 70-degree temperature
4.2 Discussion 

From the table 4.1 and 4.2 and the figures 4.1-4.17 such as showed above. It is clear that with increasing in flyash phr (parts per hundred of rubber) contents, as the Hardness, IRHD, density, Coefficient of friction, Skid resistance and compression set of the tiles was increased. 

 Fly ash was increased from 100 phr to 700 phr , it might be because of the reason that on increasing fly ash phr content the loading of silica was increased in rubber tiles which easily fit into the voids present in the rubber matrix but when fly ash loading is increased up to 700 phr the phase inversion takes place due to which material was not able to flow in the mold. 

While taber abrasion decreases with fly ash loading it might be due to net filler in rubber matrix get increased which results into weak rubber-rubber bonding. 

In case of tensile strength, it is interesting to see that tensile strength is decreasing initially up to 300 phr, then it is increasing up to 500 phr and further decreasing with higher loading. 

It may be because initially tensile strength is decreased due to amorphous structure of rubber. But on increasing flyash content the laminar structure of silica and unburned carbon is also contributing with the crystalline structure thus giving a reinforcing effect which results in increased tensile strength.

But on further loading phase inversion takes place due to which tile loses its strength, tensile strength is decreasing with higher loading of Fly ash contents.

The effect of crumb rubber on the properties of flyash filled natural rubber was also studied. The results of effect of crumb rubber on the properties of fly ash filled natural rubber are given in table 4.3 and figures 18-25
Table: 4.3 Effect of Crumb Rubber on the Properties of Natural Rubber

	Sn
	Ingredients (phr)
	# 1
	# 2
	# 3
	# 4
	# 5
	# 6
	# 7

	1
	Natural Rubber
	100
	100
	100
	100
	100
	100
	100

	2
	Flyash
	400
	400
	400
	400
	400
	400
	400

	3
	Crumb Rubber
	100
	200
	300
	400
	500
	600
	700

	4
	Processing oil
	5
	5
	5  
	5  
	5
	5
	5 

	5
	Stearic acid
	2  
	2  
	2  
	2  
	2  
	2 
	2 

	6
	Zinc oxide
	5 
	5  
	5 
	5 
	5 
	5 
	5 

	7
	DPG
	0.2 
	0.2 
	0.2 
	0.2
	0.2 
	0 .2 
	0 2

	8
	MBT
	0.5
	0. 5 
	0 .5
	0. 5 
	0.5  
	 0.5 
	0.5

	9
	Sulfur
	2.5 
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	
	Total
	212.7
	312.7 
	412.7 
	512.7 
	612 .7  
	712. 
	812.7 

	PROPERTIES

	1
	Hardness (Shore – A)
	72
	68.5
	64.06
	57.7
	62
	61
	60

	2
	IRHD 
	35
	34
	33
	32
	29
	28
	27

	3
	Density  (g/cc) 
	1.66
	1.47
	1.52
	1.51
	1.46
	1.45
	1.43

	4
	Coeff. of Friction 
	0.293
	0.195
	0.425
	0.350
	0.301
	0.267
	0.351

	5
	Skid resistance
	14.
	15
	18
	21
	22
	24
	28

	6
	Taber abrasion
	880
	440
	293
	125
	176
	176
	440

	7
	Tensile strength(MPa)
	2.8
	2.8
	1.6
	1.4
	1.7
	1.5
	1.4

	8
	Comp. set (%)  25+-3°C
	24.7
	30.9
	43.7
	49.6
	56.4
	45.5
	44.7

	9
	Comp. set (%) (70°C)
	64.8
	56.1
	68.5
	75.1
	67.1
	62.1
	56.4

	10
	Chemical Resistance
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	11
	Salt/Chloride Resistance
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
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Fig.4.18: Effect of variation of crumb rubber on hardness in natural rubber
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Fig. 4.19: Effect of variation of crumb rubber on IRHD in natural rubber
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Fig.4. 20: Effect of variation of crumb rubber on density in natural rubber
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Fig. 4.21: Effect of variation of crumb rubber on coefficient of friction in natural rubber
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Fig. 4: 22: Effect of variation of crumb rubber on skid resistance in natural rubber
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Fig. 4.23: Effect of variation of crumb rubber on taber abrasion in natural rubber
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Fig. 4.24: Effect of variation of crumb rubber on tensile strength in natural rubber
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Fig.  4. 25: Effect of variation of crumb rubber on compression set in natural rubber
From table 4.3 and the graphs 4.17-4.25 it is clear that, when crumb rubber was added in fly ash filled rubber tiles the Hardness, Density, coff. of friction, skid resistance, taber abrasion get decreased .

Because net rubber content get increased in the tile as the amount of crumb rubber increased. With crumb rubber loading tensile strength also decreasing. But compression set is increasing both because of the same reason that filler content is increasing in the system, which results in decreasing the bond strength. 

Tensile strength is sharply decreased 400 phr, and then it is increasing up to 500 phr and further decreasing with higher loading. 

4.3 CONCLUSION: The conclusion of the flyash filled rubber tiles was given below:

· Hardness: Filler increase the Shore hardness of natural rubber compound. The higher the filler loading greater the increase in hardness above that of natural rubber. But crumb rubber was not acting as reinforcing filler, hence the properties was obtained reversed that of natural rubber and styrene butadiene rubber. Hardness is property of rubber, which must be expressed in term instrument parameters rather than in basic units. A high modulus Rubber is, of course, also hard. 

· IRHD: Increase the IRHD of natural compound as the quantity of filler phr increases but in crumb rubber, it is reversed. 

· Density: The introduction of filler with a lower relative density has widespread implications. At equivalent mass loading the volume of the rubber vulcanize will increase .The density of natural rubber is 0.93 g/cc and while SBR is 1.15 g/cc. As we know that when reinforcing filler is incorporated into natural and Styrene Butadiene rubber, increase the density of the variant. but in crumb rubber, it is reversed

·  Coefficient of Friction: The ratio of the horizontal component of force required overcoming or having a tendency to overcome friction to the vertical component of the object weight or normal force applied through the object which tends to cause the friction. This is known as Coefficient of Friction. Coefficient of Friction is decreased as the higher loading of the filler in natural rubber, styrene butadiene and increased in crumb rubber.
· Skid resistance: We know that reinforcing filler improves the properties of skid resistance of fly ash filled natural rubber tile. Hence, as we increase the quantity of Fly ash phr and crumb rubber contents then, the skid resistance also has been increased. 
· Taber- abrasion: As we know that abrasive wear index also varies at adding reinforcing filler of Fly ash after it was deep decreased as we increased the quantity of filler. But in crumb rubber, it was again increased at 600 phr.

· Tensile strength: As expected filler reduce the tensile strength of natural rubber. It may be because initially tensile strength is decreased due to amorphous structure of rubber. But on increasing crumb rubber content the laminar structure of silica and unburned carbon is also contributing with the crystalline structure thus giving a reinforcing effect which results in increased tensile strength.

· Elongation at break: The effect of filler on the ability of rubber to stretch before breaking appears to be more than that of natural rubber.
· Modulus of Elasticity: fillers increase the modulus of elasticity.

· Compression set (%) at different temperature: As Filler increase the Compression set (%) of natural rubber compound. The higher the filler loading greater the increase in Compression set (%) above that of natural rubber. Compression set (%) is property of rubber, which must be set expressed in term of % .A high modulus, Rubber is, of course, also high Compression set (%).
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47
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						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24
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						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		42		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		45		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		45.3		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.451		46.1		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.485		48		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		49.2		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47
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						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85
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				# 1		400		100		72		35		1.66		0.293		42		880		2.8		24.7		64.8
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				# 5		400		500		62		29		1.46		0.485		48		176		1.9		56.4		67.1
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47
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						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160





		100

		200

		300

		400

		500

		600

		700



Fly ash (phr)

Hardness( shore A)

57.2

70

74.4

85.8

81.6

92

92.8



		100

		200

		300

		400

		500

		600

		700



Fly ash (phr)

IRHD

33

33.2

33.5

34

34.2

34.4

34.5



		100

		200

		300

		400

		500

		600

		700



Fly ash (phr)

Density (g/cc)

1.3

1.54

1.66

1.69

1.88

1.93

2.06



		100

		200

		300

		400

		500

		600

		700



Fly ash (phr)

Coff. of Friction

0.43

0.35

0.33

0.19

0.14

0.14

0.09



		100

		200

		300

		400

		500

		600

		700



Fly ash (phr)

Skid Resistance

25

29

30

30

30.5

35

40



		100

		200

		300

		400

		500

		600

		700



Fly ash (phr)

Taber Abrasion

7213

907

680

571

437

412

1068



		0

		0

		0

		0

		0

		0

		0



Fly ash (phr)

Tensile Strength (Mpa)

0

0

0

0

0

0

0



		100

		200

		300

		400

		500

		600

		700



Fly ash (phr)

Compression Set %

7.1

7.4

11.4

12.8

32.5

54.6

151



		100

		200

		300

		400

		500

		600

		700



Fly ash (phr)

compression set % (70degreeC)

24

24.2

39

40

65

85

160



		

				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		15		440		2.8		30.9		56.1
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				# 5		400		500		62		29		1.46		0.485		22		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		24		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		28		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.4		1.7		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		42		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		45		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		45.3		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.451		46.1		125		1.4		49.6		75.1

				# 5		400		500		62		29		1.46		0.485		48		176		1.7		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		49.2		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		13.8		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		13.2		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.451		21		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.485		20		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		19		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		17		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		42		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		45		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		45.3		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.451		46.1		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.485		48		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		49.2		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		42		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		45		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		45.3		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.451		46.1		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.485		48		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		49.2		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47





Sheet4

		



Fly ash(phr)

Hardness Shore A



Sheet1

		



Fly ash(phr)

IRHD



Sheet2

		0

		0

		0

		0



Fly ash(phr)

Density(g/cc)

0

0

0

0



Sheet3

		0

		0

		0

		0



Fly ash(phr)

Coff of Friction

0

0

0

0



		



Fly ash(phr)

Skid Resistance



		



Fly ash(phr)

Taber Abrasion



		0

		0

		0

		0



Fly ash(phr)

Tensile Strength (MPa)

0

0

0

0



		0		0

		0		0

		0		0

		0		0



Compression set at 25 degree C

compression set at 70 degree C

Fly ash(phr)

Compression set %

0

0

0

0

0

0

0

0



		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		78		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		15		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		18		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.451		21		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.485		20		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		19		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		17		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		42		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		45		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		45.3		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.451		46.1		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.485		48		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		49.2		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		51.8		440		1.4		44.7		56.4
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Sheet4

		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		42		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		45		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		45.3		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.451		46.1		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.485		48		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		49.2		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		42		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.31		45		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		45.3		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.451		46.1		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.485		48		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.513		49.2		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.536		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		0.43		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		0.35		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		0.33		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		0.19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		0.14		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		0.14		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		0.09		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160





		



Fly ash (phr)

Hardness( shore A)



		



Fly ash (phr)

IRHD



		



Fly ash (phr)

Density (g/cc)



		



Fly ash (phr)

Coff. of Friction



		



Fly ash (phr)

Skid Resistance



		



Fly ash (phr)

Taber Abrasion



		



Fly ash (phr)

Tensile Strength (Mpa)



		



Fly ash (phr)

Compression Set %



		



Fly ash (phr)

compression set % (70degreeC)



		

				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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Sheet4

		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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Sheet4

		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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		SBR		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength (MPa)		Comp. set (%)  25+-3°C		Comp. set (%)  (70°C)

		100		100		58.6		35		1.49		0.284		15.2		880		1.4		3.46		15.6

		100		200		71.6		37.2		2.456		0.103		32.2		880		0.7		19.9		48.6

		100		300		82.6		38.5		3.246		0.055		44		440		1.9		22.5		37.25

		100		400		87.6		39.2		3.561		0.05		47		293		2.3		35.69		61.47





Sheet4

		



Fly ash(phr)

Hardness Shore A



Sheet1

		



Fly ash(phr)

IRHD



Sheet2

		



Fly ash(phr)

Density(g/cc)



Sheet3

		



Fly ash(phr)

Coff of Friction



		



Fly ash(phr)

Skid Resistance



		



Fly ash(phr)

Taber Abrasion



		



Fly ash(phr)

Tensile Strength (MPa)



		



Compression set at 25 degree C

compression set at 70 degree C
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		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

		1		Natural Rubber		100		100		100		100		100		100		100

		2		Flyash		100		200		300		400		500		600		700

		1		Hardness (Shore – A)		57.2		70		74.4		85.8		81.6		92		92.8

		2		IRHD		33		33.2		33.5		34		34.2		34.4		34.5

		3		Density  (g/cc)		1.3		1.54		1.66		1.69		1.88		1.93		2.06

		4		Coeff. of Friction		87		70		87		19		29		28		63

		5		Skid resist.		25		29		30		30		30.5		35		40

		6		Taber abrasion		7213		907		680		571		437		412		1068

		7		Tensile strength		4		3.1		2.5		3.1		4.1		3.9		3.5

		8		Comp. set (%) 25+-3°C		7.1		7.4		11.4		12.8		32.5		54.6		151

		9		Com. set  (%) (70°C)		24		24.2		39		40		65		85		160

		Table:  Effect of Crumb Rubber on the Properties of Natural Rubber

				Ingredients (phr)		# 1		# 2		# 3		# 4		# 5		# 6		# 7

				Flyash		400		400		400		400		400		400		400

				Crumb Rubber		100		200		300		400		500		600		700

				Hardness (Shore – A)		72		68.5		64.06		57.7		62		61		60

				IRHD		35		34		33		32		29		28		27

				Density  (g/cc)		1.66		1.47		1.52		1.51		1.46		1.45		1.43

				Coeff. of Friction		0.293		0.195		0.425		0.35		0.301		0.267		0.351

				Skid resistance		14.4		42		34.8		37.8		27		39.8		51.8

				Taber abrasion		880		440		293		125		176		176		440

				Tensile strength		2.8		2.8		1.6		1.1		1.9		1.5		1.4

				Comp. set (%)  25+-3°C		24.7		30.9		43.7		49.6		56.4		45.5		44.7

				Comp. set (%) (70°C)		64.8		56.1		68.5		75.1		67.1		62.1		56.4

		Sn		Ingredients (phr)		# 1		# 2		# 3		# 4

		1		SBR		100		100		100		100

		2		Flyash		100		200		300		400

		1		Hardness (Shore – A)		58.6		71.6		82.6		87.6

		2		IRHD		35		37.2		38.5		39.2

		3		Density  (g/cc)		1.49		2.456		3.246		3.561

		4		Coeff. of Friction		0.284		0.103		0.055		0.05

		5		Skid resistance		15.2		32.2		44		47

		6		Taber abrasion		880		880		440		293

		7		Tensile strength (MPa)		1.4		0.7		1.9		2.3

		8		Comp. set (%)  25+-3°C		3.46		19.9		22.5		35.69

		9		Comp. set (%)  (70°C)		15.6		48.6		37.25		61.47





		

						Ingredients (phr)		Natural Rubber		Flyash		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resist.		Taber abrasion		Tensile strength		Comp. set (%) 25+-3°C		Com. set  (%) (70°C)

						# 1		100		100		57.2		33		1.3		87		25		7213		4		7.1		24

						# 2		100		200		70		33.2		1.54		70		29		907		3.1		7.4		24.2

						# 3		100		300		74.4		33.5		1.66		87		30		680		2.5		11.4		39

						# 4		100		400		85.8		34		1.69		19		30		571		3.1		12.8		40

						# 5		100		500		81.6		34.2		1.88		29		30.5		437		4.1		32.5		65

						# 6		100		600		92		34.4		1.93		28		35		412		3.9		54.6		85

						# 7		100		700		92.8		34.5		2.06		63		40		1068		3.5		151		160
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				Ingredients (phr)		Flyash		Crumb Rubber		Hardness (Shore – A)		IRHD		Density  (g/cc)		Coeff. of Friction		Skid resistance		Taber abrasion		Tensile strength		Comp. set (%)  25+-3°C		Comp. set (%) (70°C)

				# 1		400		100		72		35		1.66		0.293		14.4		880		2.8		24.7		64.8

				# 2		400		200		68.5		34		1.47		0.195		42		440		2.8		30.9		56.1

				# 3		400		300		64.06		33		1.52		0.425		34.8		293		1.6		43.7		68.5

				# 4		400		400		57.7		32		1.51		0.35		37.8		125		1.1		49.6		75.1

				# 5		400		500		62		29		1.46		0.301		27		176		1.9		56.4		67.1

				# 6		400		600		61		28		1.45		0.267		39.8		176		1.5		45.5		62.1

				# 7		400		700		60		27		1.43		0.351		51.8		440		1.4		44.7		56.4
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