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Summary: Today, environmental pollution and the reduction of living space and natural resources are among the biggest problems. Waste rubber products, especially waste tires, are virtually indestructible and are a major problem for the environment and human health when disposed of in landfills. It should be mentioned that 1 t of passenger car tire occupies at least 6 m3 of space. Despite many recycling processes which are in accordance with sustainable development, tires still represent a major problem. One way to overcome this problem is to use the recycled rubber powder in new products. The solution lies in the modification of the surface of particles of ground tire rubber and its usage in virgin blends. This paper presents the impact of mechanochemical modification on the particle surface and its effect on the properties of rubber compounds.
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INTRODUCTION 
Today, environmental pollution and the reduction of living space and natural resources are among the biggest problems. Rubber is a material whose production requires a large quantity of natural resources. The global rubber industry earned about $ 220 billion in 2012, which was one-quarter of the total global turnover. In the rubber industry, out of the total production of rubber products, tires make up 2/3 and while the remaining 1/3 comprises other rubber products (conveyor belts, hoses, rubber technical goods, etc.). 
After its exploatation, waste rubber products, especially waste tires, are indestructible and thus become a major problem for the environment and human health. It should be mentioned that 1 t of passenger car tire occupies at least 6 m3 of space. Despite many recycling processes which are in accordance with sustainable development, tires still represent a major problem for the society 1, 2.
Rubber products are manufactured by subjecting the crude mixture to the vulcanization process at a certain temperature and pressure for a specific time interval 2. The vulcanization process of the crude mixture was discovered by Charls Goodyear in 1844. The vulcanization process is an irreversible chemical reaction between rubber, sulfur and other chemicals in which the three-dimensional crosslinking of the polymer chains occurs. Crude (rubber) mixture represents the mixture of rubber, vulcanizing agents, softeners, special additives, active and inactive fillers. The most commonly used are natural and synthetic rubber. The active fillers are black carbon and silicate fillers. The inactive fillers include kaolin, chalk, soot and ground tire rubber (GTR). 
There are numerous rubber products: tires, conveyor belts, rubber hoses, rubber technical goods, shoes, etc. Tires are the most manufactured rubber product, and the annual production of tires is over one billion pieces, out of which 60% are passenger car tires, 30% are truck and bus tires, and the rest are tires for construction and agricultural machinery, aircraft, etc. The average passenger car tire weighs 11 kg and consists of 1.6 kg of natural rubber; 3 kg of synthetic rubber; 3.2 kg of additives and 2.7 kg of synthetic cloth and steel core.1, 2
In the beginning, all waste rubber products (waste tires) were deposited in landfills. Landfilling of waste rubber product had a negative impact on the environment, and because of that and the possibility of fire, this concept was abandoned. Since tires have a high heating value (26.4 – 30.2 MJ/kg) [2], the solution to this problem is sought in the burning of tires. However, this concept has also been abandoned, because of air pollution. The burning of waste tires reduces the possibility of using waste tires as raw material in the manufacture of other rubber products. Charls Goodyear, also first began to consider rubber recycling in 1853. In the recycling of waste tires, high quality rubber compounds are used as a potential source of raw materials for the rubber industry.
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Fig. 1 Recycling processes 3
In the waste tires recycling process, three components can be produced: elastomer, carbon black, and steel wire. The important ways to recycle tires include (1) the use of tire rubber in asphaltic concrete mixtures; (2) the incineration of tires for the production of steam and (3) the reuse of GTR in a number of plastic and rubber products. General methods of recycling of rubbers/tires can be broadly classified into physical methods, chemical methods, and biological methods based on the manner of processing. All the methods are summarized in Figure 1 3, 4.
Different legislation and strategic documents in the world and in Serbia predict an increase in recycling of recyclable waste. Recycled rubber can be used in various products in the rubber industry, where ground tire rubber is used as a filler in rubber mixtures. A large number of studies has been carried out on various types of mixtures. Some studies have been performed with varying the share of ground tire rubber in the natural rubber (NR) blends and to examine the effect on the physical and mechanical properties of the vulcanized rubber compounds. Numerous studies have also been performed with the variation of the particle size of ground tire rubber up to 650 μm, with different proportions of the NR blends. The variation of shape and particle size at SBR mixture have been conducted, along with the examination of their influence on the physical and mechanical properties of mixtures.
Based on these studies, it was concluded that up to 5% of ground tire rubber can be used in the production of passanger car tires, and up to 10% of truck tires without significant changes in characteristics, especially wear resistance and contact friction. Since rubber compounds which contain ground tire rubber display a decreasein stress and strain properties due to their inability to create a stronger matrix between the particles of ground tire rubber and elastomer,  the method of modification of the surface layer particles or modification of particles of ground tire rubber has recently been tested.
This paper presents the impact of mechanochemical modification on the particle surface and its effect on the mechanical properties of rubber compounds. 3-6
EXPERIMENTAL
2.1 MATERIALS
For the purpose of this study, blends were made based on Natural (NR) and Styrene-butadiene rubber (SBR) to which unmodified and modified GTR powder was added, and the composition of blends is given in Table 1. GTR powder is produced by the ambient tire recycling process from tires not older than three years, where the presence of impurities is up to 0.5% of fiber and up to 0.1% of steel, with the particle size of less then 400μm guaranteed by the manufacturer "ECO-GUMI", Gaber, Bulgaria. 
Table 1 Composition of NR/SBR blends
	Blend with unmodifiled GTR powder
Blend A
	Blend with modifiled GTR powder 
Blend B

	Compound
	mass percentage 
	Compound
	mass percentage

	SBR 1500
	85
	SBR 1500
	85

	NR
	15
	NR
	15

	Carbon black
	50
	Carbon black
	50

	GTR powder
	20
	GTR powder
	20

	ZnO
	3
	ZnO
	3

	Zinc-stearate
	2
	Zinc-stearate
	0

	Accelerator
	1,2
	Accelerator
	1,2

	Sulfur
	2,2
	Sulfur
	2,2


2.2. MIXING OF NR/SBR BLENDS
The blend preparation was carried out on a laboratory two-roll 250x400 mm mixing mill, with the degree of friction of 1: 1,3 at engine speeds of 17 revolutions per minute. First, NR rubber and SBR rubber along with ZnO, carbon black and zinc stearate were mixed for 15 minutes. After that, the GTR powder was added to the mixing process and the mixture was left to cool down to room temperature. After the cooling process, the remaining components, accelerator and sulfur were added to the blend and mixed once more. The time and length of the curing process was determined by the Monsanto Rheometer 100S according to ASTM D 2240-93, with the vulcanization time of 10 min, and the vulcanization temperature of 160 °C.
2.3 SURFACE MODIFICATION OF GTR POWDER
A mechanochemical technique of surface modification consisted of mechanical activation of rubber particle surface which was processed at the laboratory two-roll 250x400 mm mixing mill with the minimum backlash of the two-roll mill for 30 minutes with the temperature of the roller surface at 85 ºC. Before the mechanical treatment, GTR powder was powdered with 2 percentage of Zinc-stearate of the mass that was modified. 5-7
2.3 DETERMINATION OF MECHANICAL PROPERTIES
The stress-strain properties were measured according to ISO 37 using the dumb-bells specimen type "2" of 3 mm in thickness, by an universal testing machines at a crosshead speed of 500 mm/min. At least five measurements for each type of blend were made. Hardness measurements were performed in accordance with ISO 7691-1, using a manual durometer type Shore A. The measurements were carried out five times for each sample. The testing of wear resistance was performed in accordance with ISO 4649 using a Shopper cylindrical device. 
RESULTS AND DISCUSSION
The effects of the surface modification of GTR powder on the mechanical properties of GTR filled NR/SBR blends are given in Table 2. It is obvious that the tensile strenght of the modified GTR powder blend is better than that of the unmodified GRT powder blend for a approximately 7 percentage. A mechanochemical modification of GTR powder also enhances tensile modulus at 100 % elongation for 25 % and 300 % elongation for 8%. The results implicate that elongation at break is better in the blend with unmodified powder. The same principle applies to hardness and wear resistance.
Table 2 Mechanical properties of blends
	Mechanical Properties
	Blend type A
	Blend type B

	100% Module (MPa)
	2,0
	2,5

	300% Module (MPa)
	8,3
	9

	Tensile strength (MPa)
	14,0
	14,9

	Elongation at break (mm)
	400
	390

	Hardness (Shore A)
	66
	67

	Wear (mm3)
	140
	145


The increase in tensile properties is ascribed to the improved interfacial bonding between surface of rubber particles and rubber matrix. The unsaturated bond of the surface of modified GTR interacts with the unsaturated bond existing in the butadiene part of SBR matrix, leading to better interfacial adhesion. Two parallel processes appear, first the vulcanization of virgin rubber and the revulcanization of the partially devulcanized surface of GTR particles, followed by their covulcanization during networking. 8-10
CONCLUSION
Increasing the activity of the surface of rubber particles can yield great improvements in the properties of the products that are produced by mixing and blending GTR with virgin rubber. Surface functionalization of GTR powder was performed by the mechanochemical treatment for improving interfacial adhesion. The study shows that the properties of the mixture increase with the degree of adhesion of the surface layer. When the imposed stress is beyond the chemical bonding energy, a bond rupture occurs. Hence, the sulfide linkages in vulcanized rubber can easily be cleaved by mechanochemical treatment allowing it to re-create that cross linking between the surface layer of particles and the matrix of virgin rubber. 
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ing. All the methods can be summarized as shown in Figure 4. i
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FIGURE 4 Different recycling methods of rubber





