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Abstract

End-of-life tires constitute one of the biggest environmental concerns in terms of environmental pollution
and resources conservation. This study aims to determine the best proportion of reclaimed rubber and
crumb rubber to be added as part of the constituents used in the manufacturing of three different tire
parts (tread, side wall, and inner liner) in order to produce standard products from a mix of both recycled
and original ingredients. Batches were prepared into which reclaimed rubber and crumb rubber were
added to the formulation of three different tire parts, in addition to one batch as reference according to
the original formulation. Batches were analyzed according to national and international standards to select
the optimum percentage that can be introduced in new tire formulation preparations. Results revealed

that reclaimed rubber could be used as 15 parts per hundred rubber (phr) in radial tread compound and

as 25 phr in either radial side wall or radial inner liner compounds. As for crumb rubber, results showed
that it could be used as 10, 20 and 25 phr in radial tread, radial side wall or radial inner liner compounds
respectively. Incorporating higher amounts of either reclaimed or crumb rubber would lead to violating
the standards specified in vulcanized rubber tension property test and in oscillating disk cure meter test
Savings in raw material and in energy resulting from the use of reclaimed rubber was calculated: As
concerns raw materials, adding 15 phr reclaimed rubber to the tread formulation would save about 7.7%
of each of Styrene Butadiene Rubber (SBR), Polybutadiene and carbon black. Adding 25 phr reclaimed
rubber to the side wall formulation would save about 12.8% of each of natural rubber, Polybutadiene and
carbon black. Adding 25 phr reclaimed rubber to the inner liner formulation would save about 13% of
each of natural rubber, SBR and carbon black. Regarding energy conservation, use of reclaimed rubber in
new tires would result in a total energy conservation of 6393GJ/year. In addition to the raw material and

energy conservation, the process was found to be cost-effective.
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Introduction

End-of-life tires constitute one of the biggest environmental
concerns in terms of environmental pollution and resources
conservation [1,2]. They may cause fire hazard, trap rain water
creating potential breeding grounds for mosquitoes, and
occupy large volume in landfills [1,3]. Besides, they have a
virtually unlimited life span and need long time for natural
degradation due to the cross-linked structure of rubbers and
the presence of stabilizers [4-8].

Tire ingredients include rubber (natural and synthetic), rein-
forcing chemicals (carbon black and silica), oils, processing aids,
resins, vulcanizing agents, activators, and accelerators [9-12].
The principal alternatives for managing scrap tires are commonly
referred to as the four Rs (4Rs); reduction, re-use, recycling,
and energy recovery [13,14]. Reduction can be achieved by
technological developments in tire design and materials that
prolong the tire life span and decrease its weight [15]. However
this alternative is not used in Egypt due to technical problems
and big research investments. As for reuse, some markets have
been developed for reusing whole scrap tires. They are reused
as crash barriers in roads, car races, in maritime ports and as
new tires for old cars and for carts [11].

As regards recycling, about 65-75% of tire weight is rubber

rumb rubber, inner liner, reclaimed rubber, side wall, tire recycling, tread

(natural or synthetic) and carbon black found mainly in the
tread, sidewall, and inner liner compounds of the tire [13,16].
Recycling alternatives include retread, pyrolysis, rubber modified
asphalt, compacting rubberized concrete, shredding, crumbing,
and reclaiming. Crumbing is a procedure in which scrap tire is
converted into “crumb rubber” through removing steel belts,
bead wire, and fabrics and produce tire chips [17]. Tire chips
are processed to produce finer particle sizes and super fine
powder that will be able to chemically bond with the virgin
rubber in the vulcanization process [18-20].

Reclaiming is a procedure in which scrap tire is converted
into “reclaimed rubber” which can be mixed, processed, and
vulcanized again [21,22]. The principle of reclaiming is devulc-
anizatiohn which consists of the cleavage of the intermolecular
bonds (C-S) and/or (S-S) [18,23].

Reclaimed rubber and crumb rubber are valuable products
that are used in the production of new tires [24]. They also lower
power consumption as a result of shorter mixing cycles and
reduction of shrinking during extrusion and calendaring [25].

On the other hand, Khait and Carr reported that reclaimed
rubber could be used as alternative to virgin rubber but this
would result in a reduced elasticity [26]. Ryan stated that the
addition of crumb rubber to virgin rubber was found to lower
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