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Abstract

The effects of waste tires on human and environmental health are significant
enough to warrant urgent attention. Since styrene-butadiene rubber (SBR)is not
biodegradable, there is expanding concern in industrialized nations about the
need to lessen the devastating environmental impacts associated with tire
disposal. This study was implemented with the aim of the structural elements of
synthetic rubber SBR blends with waste fiber reinforcement. Rubbers with
varying compositions of waste fiber filler were adjusted in terms of tensile
strength, elongation tear strength, and flexing resistance. Rubber blends with six
different compositions 0,2.5,5,7.5,10,12.5 % of waste fiber was prepared and
tested. It demonstrates that increasing the percentage of fiber loading resulted in
a rise in tensile strength 16.7Mpa at 5pphr, followed by a reduction. As for
elongation property, it generally decreases with an increasing additive ratio. Tear
resistance has improved as the proportion of fibers added to rubber compounds
has increased (7Mpa at ratio 12.5pphr). It's likely that the rubber’s flex resistance
was increased at (25500cycle) as much as 5 pphr after fiber was added to the
combination. This formula is employed in several technical applications, such as
conveyor belts, however increasing percentages of fiber insertion resulted in a
decrease in flex life.

Keyword: Flex resistance, Mechanical behavior, Synthetic rubber, Tensile
strength, Waste fiber.
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1. Introduction

The damage to the environment caused by the release of metals and other things
like stabilizers, flame retardants, colorants, and plasticizers. which are mixed with
rubber during compounding, are the main causes of the effects that result from
putting tires in landfills, especially the fibers in the tires. There is a high probability
that after tires are dumped in landfills, numerous species of beneficial bacteria in
the soil will perish due to the leaching of low molecular weight additives from the
bulk to surface and from the surface to environment [1]. Tires take up a lot of room
in landfills, and they'll keep doing so for decades. Even more concerning is the fact
that when full tires are buried, the air inside them causes the tires to float to the
surface of landfills., where they can breach the sanitary cap and make the sites more
vulnerable [2]. The increasing need for materials that were both lighter, stronger,
and cheaper led to the creation of composites [3]. Composites' popularity has
skyrocketed since their inception. Glass, carbon, Kevlar, and other fiber-reinforced
polymer composites have excellent mechanical, thermal, and viscoelastic
properties. Use in a range of sectors including aviation, automotive, military,
construction, and marine [4-6]. However, environmental regulations and the
requirement for ecologically benign materials underscore the need of creating a
cost-effective and long-term substitute for synthetic fibers [7-9].

Rubbers can be made from a variety of polymers. The polymer foundation is
responsible for all of this product's special features. It's not unusual for these
polymers to have an argument. Therefore, knowing what goes into making rubber
is essential for reuse and recycling. There are typically anywhere from ten to twenty
more chemicals present in rubber compounds in addition to the polymers. The
rubber in many products is reinforced with metal or fabric [10, 11]. Reinforcing
material must be removed before processing tires, conveyor belts, or lip seals.
Technically speaking, this concept is challenging to implement because the primary
goal during development is to produce the strongest possible coupling between the
rubber and the reinforcing material. Therefore, it is crucial to efficiently process
rubber waste to collect and separate rubber waste. Since the polymer is not
completely decomposed during mechanochemical processing, more of the useful
qualities of the elastomer are preserved. Through the use of thermal, mechanical,
and chemical processes, these techniques enable the partial destruction of the three-
dimensional structure of the rubber, producing a material with plastic properties
that can crosslink during vulcanization and possibly replace some of the rubber in
rubber compound formulations.

The creation of composites with tribological importance may be achieved by
the use of fiber reinforcement in polymer matrices. There are several types of fibre
reinforcement available, including chopped, discontinuous, and continuous
reinforcement, as well as woven fabric or bidirectional reinforcement. These
provide a lot of customisation options for a range of features. Almost every kind
of reinforcing fibre greatly decreases wear and enhances mechanical properties in
unreinforced polymers with high specific wear rates. Glass, carbon, graphite, and
aramid are all available in short, long, and fabric lengths for thermoset and
thermoplastic reinforcement [12].

Ultrasonic, chemical, and catalytic devulcanization, as well as surface treatment,
are just a few of the novel techniques being investigated to improve rubber
manufacturing products [13, 14]. Most products that rely on rubber have no suitable
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alternatives other than other rubbers. It is extremely deformable. It is made up of
molecules with extremely high molecular masses that can be crosslinked to form a
network. When external stresses are eliminated, When the tension is removed, the
material will return to its original dimensions if the crosslink density is not too high.
This capacity to regain its former size has numerous applications [15, 16]. Recent
studies have examined the feasibility of using materials recovered from recycled tires
in the production of goods with significant technical uses and have made a variety of
recommendations for the optimal mix and composition of these materials [17, 18].

For reinforcement, borax particles of varying average sizes (1.25, 0.75, 0.60 m),
Salih, and Ali [19] were introduced to a styrene-butadiene rubber composite. The
parameters of tensile strength, elongation at break, and hardness of the rubber
compound were increased by 220% for tensile strength, 37% for hardness, and 25%
for elongation at break depending on particle size reduction. The tear failure and
processing properties of short sisal fibre reinforced styrene butadiene rubber (SBR)
composites were examined by Prasantha and Thomas [20]. Tear strength was
investigated with particular attention paid to the effects of fibre length, fibre
orientation, fibre concentration, and bonding. It was discovered that increasing
fibre concentration enhanced tear strength in both longitudinal and transverse
directions. Under identical settings, the tear strength values were almost three to
four times greater than those of the unfilled vulcanizates.

The current investigation cantered on the incorporation of waste fibers resulting
from reusing used tires into recipes for the production of a particular type of conveyor
belts, which are subjected to different stresses depending on the technical application.

2.Experimental part
2.1. Materials

Synthetic rubber styrene butadiene SBR1502, supplied by the Kumho CO
(100pphr). Korai, Carbon black N375(63pphr) supplied by Doudah, Iran. Waste
fibres from the recycling tire process supplied from the Babylon Tire factory with
percentage (0,2.5,5,7.5,10,12.5 %). Zinc oxide (4.8pphr) and stearic
acid(2.0pphr) supplied by Acidchem-International CO. Malaysia. Also, 6PPD
N- (1, 3 - Dimethyl butyl) N-Phenyl-Para-Phenylenediamine (4.0pphr)
antioxidants supplied by Shenyang Sunny Joint Chemicals CO. China. ITT.
Antioxidants are used to delay the oxidation process. They may be divided into
two Kinds, each having distinct purposes. Preventive antioxidants, the first class,
interact with hydroperoxides to create safe, non-radical products. The antioxidant
gets oxidized throughout the process. Antioxidants of the second kind, known as
chain-breaking antioxidants, eliminate peroxy-radicals before they may spread.
Antioxidants that break chains include labile protons that may be "donated” to
peroxy-radicals and are aromatic. India has provided CBS(1.5PPHR) N-
Oxyethylene Oxide benzothiazole 2-sulphonamide, Process oil(20pphr) and
Sulphur (2.0pphr).

2.2.Preparation of recipes

The ingredients for each recipe, where consistent amounts of styrene butadiene
rubber are combined with varied amounts of waste fiber from tire recycling.
These fibers are standard, reinforced, and cut like waste fibers. Their surfaces are
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treated, and they have good adhesion to the rubber compound. Different wt %
weight ratios (PPHR) (0, 2.5, 5, 7.5, 10) are added to the recipe according to the
percentage of rubber to determine the effect on their properties. Work is done on
the laboratory mill to create rubber formula in accordance with the standard
specification in accordance with ASTM D3182, rubber is used to mix standard
compounds and produce standard vulcanized sheets. This specification requires
the presence of a laboratory mill with two rolls of suitable capacity, as well as a
scale sensitive to the weight of rubber and the materials used in making the recipe,
after completing the work of the rubber recipes, they are placed in a clean and
suitable place, at room temperature and humidity not exceeding 55%, for a period
of up to 24 hours.

3. Mechanical and Physical Tests

Tensile Test: One of the most important physical properties that are calculated
for recipes is tensile strength, elongation when cutting (elongation at break) and
elasticity or tensile strength at a certain elongation (Modulus at specified
elongation).These properties are checked according to the International Standard
ASTM 412, ASTM 3182, where a sheet of recipe is pressed (vulcanized)
according to the appropriate times and left at room temperature for a period (24
hours) before the examination is performed on the tester (tensometer) and sheet
is cut to prepare the test specimen shown in Fig. 1, which are called dumb
shape and with a number five specimen per recipe and under the inspection
conditions specified.

(a) Tensometer (b) Dumbbell shape specimen

Fig. 1. The tester device and shape specimen.

Tear Test: When a tear specimen is subjected to strain, rubber's tear resistance is
defined as the ability to withstand the growth of a nick or cut [21, 22]. Tear testing
is used to determine the strength and durability of rubber. The test can show how
well the rubber withstands strong impacts and stresses, thus providing information
about its endurance and durability. The tear resistance test is one of the physical
tests that is conducted in accordance with the standard specification ASTM D624-
DieC, where the test forms shown in Fig. 2 was prepared.
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Fig. 2. Tear test specimens.

Models are split down the middle using a specialized machine and the tensile
strength test device in Fig. 3 measures the amount of force required to cut the model in
the presence of the initial fracture. This value serves as a benchmark for tear resistance.

(a) Nick device. (b) Cracked specimen.

Fig. 3. Specialized machine and specimen with initial fracture.

Flexibility Test: Flex cracking, also known as the most significant fatigue failure, has
two main causes: first, stress reduction of the links and strands that make up the rubber's
structure; second, and more importantly, the oxidation prompted by the buildup of heat
during bending [23, 24]. This examination procedure determines formation cracks in
vulcanized rubber as it is repeatedly bent or flexed [25]. It is well according to ASTM
D430 and ASTM D813 testing of synthetic rubber compositions that resist the onset of
cracking due to flexing [26, 27]. Figure 4 depicts flexing Specimen and DE Mattia
Flexing Machine. using a machine designed for the task, and an initial crack is created
in the center of the specimen. Next, the specimen is installed in the test device (De -
Mattia Flexing fatigue tester), which moves the model with an oscillatory movement
for an unspecified number of cycles until the final failure of the model, and the number
of cycles required for the model's failure is recorded.

(a) De Mattia flex tester. (b)Flexing test specimen mould.

Fig. 4. flexing specimen and DE Mattia flexing machine.
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4.Results and Discussion
4.1. Tensile strength results

According to the results, increasing the fiber loading % increased the tensile
strength up to (16.7 MPa) at a ratio of 5pphr before it started to decline. The
improvement in tensile strength at the initial loading ratios can be attributed to the
good homogeneity of the blend with added fibres, the carbon black-rubber
interaction is critical for maximising micro-dispersion, which is required to provide
the best tensile strength for a given carbon black leading to increased tensile
strength as shown in Fig. 5.

However, higher ratios exceeding 5pphr, the decrease or deterioration in this
property may be attributed to the difficulty of mixing the fibres in high proportions
with the blend, resulting in poor homogeneity and the formation of weak regions in
the rubber compound. As fibre loading rises, the tensile strength of waste fiber-
carbon black-SBR composites decreases. This might be due to the continual
reduction in fibre length as fibre loading increases, reducing the load transfer area
between the rubber matrix and the fibre. As a result, failure occurs during loading
or testing. SBR is amorphous and uncrystallised upon straining.

Tensile strength was increased when carbon nanoparticles were added to
styrene-butadiene rubber in a prior work [28]. The previous study matches the
current research in terms of improving tensile strength with increasing the
percentage of the additive.

17

Tensile strength Mpa
A a0 o

-
w
1
B

12 4 a

T T T T T 1

0 2 4 6 8 10 12 14
Waste Fiber (pphr)

Fig. 5. Tensile strength results.

As for elongation property, it generally decreases to (280%) at ratio 12.5 pphr
of waste fiber. This can be attributed to reduced flexibility of the blend and
increased hardness due to fibers in the rubber compound, as shown in Fig. 6.
Internal structure deformation, Fibers may distort the structure of the rubber and
complicate the molecular movement during stretching, thus limiting the
maximum elongation.
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Fig. 6. Elongation at break for test specimens.

4.2. Tear resistance test

Based on the results shown Fig. 7 it is evident that increasing the percentage of
added fibers to rubber compounds has led to an improvement in tear resistance. The
bonding that takes place between the rubber compound and the fibers allows for
this improvement by raising the force required to cut the specimen. Waste fibers
compound and the consequent internal bonding may inhibit the formation and
extension of fractures. Increasing the fibre content can contribute to better fibre
distribution and act as mechanical bridges in the rubber, enhancing the continuity
and strengthening of the rubber structure. This can increase the tear resistance as
the fibres may improve the molecular arrangement of the rubber, resulting in
increased strength of interactions between the polymer chains and improved tear
resistance. In the prior research [29], when using blended reclaimed rubber as
reinforcement in styrene-butadiene rubber (SBR), it was discovered that certain of
these qualities, such as tensile strength, elongation, and tear resistance, increased
with the increment blend of reused rubber loading. These results are consistent with
the current study by improving the properties of styrene butadiene rubber
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Fig. 7. Tear test results.
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4.3.Flexing test results

The results of this test, indicate that adding fibers to the rubber compound resulted
improvement in the flex resistance property up to (25500 cycle) at 5pphr. This
improvement can be attributed to the interplay between the rubber compound and
fibers, increasing the level of bonding in rubber recipes. This prevents the occurrence,
growth, and expansion of cracks resulting from movement and flexing of the
specimen. However, higher percentages of fiber addition led to a decrease in flex life,
which may be attributed to difficulties in achieving homogeneity and uniform
distribution of the fibers, as illustrated in Fig. 8. In Previous research [30], the
mechanical properties of mica-carbon black-styrene butadiene rubber (SBR)
compounds were studied with special emphasis on fatigue resistance. It was found
that the addition of mica significantly reduces the fatigue life of carbon black-filled
elastomeric compounds up to a certain value, beyond which no significant decrease
is observed. Failure surfaces were examined by scanning electron microscopy (SEM)
and the fractography were correlated with the fatigue resistance of the compounds.

25500
25000 -
24500

24000

Flexing cycle S

23500

23000

Waste Fiber(pphr)
Fig. 8. Flexing resistance test results.

5.Numerical analysis

“Shell components are used to construct the main part of composite constructions.
This is done to improve the structure's ability to carry multi axial loading.
Another important aspect is the difficulty of making non-linear behavior. This
section presents an in-depth description of the procedures along with detailed
instructions for a fundamental finite element analysis (FEA) using an Abaqus
case study for the specimen’s test. The model's first need is geometry. This
section uses a case study from Abaqus to provide a detailed explanation of the
mechanical testing and to illustrate specific approaches for a finite element
analysis (FEM) that consider some of the issues that influenced the creation of
the structural systems. Next, the constituent parts of a form are given their
material attributes. After that, loads and boundary restrictions are added to the
model. The material properties are subsequently assigned to each component that
makes together a geometry. Then, indicated in Fig. 9 elements type with 6 degrees
of freedom is applied to the geometry.
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-GS

Fig. 9. The element type four nodes.

The distinct characteristics of the geometry's meshing depends on how many nodes
in the mapping mesh contain element connections. The type of element was selected in
order to point out the nature for the issues that require attention. The model is then
solved. The final step involves computing and displaying the results of the analysis. The
number of nodes in the mapped mesh with element connections determines how
discretely the geometry is then partitioned as illustrates in Figs. 10 to 12.

Fig. 10. Tensile specimen mesh.

Fig. 11. Mesh of tear specimens.

Fig. 12. Mesh of Flexing specimens

The element type was chosen 1to indicate the nature of the problem that has to be
addressed. Next, the model is resolved. The results are calculated and presented as
the last step. Figures 13 and 14 show the stress distribution and stress-strain curve of
tensile test of dumbbell specimen. This result indicates that the maximum stress value
at the effective length of the specimen due to high stress concentration during the pull
of the specimen, also the effect of necking at this zone. The excellent homogeneity
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of the mix with more fibers, which results in improved tensile strength, may be
responsible for the improvement in tensile strength at initial load ratios.

Fig. 13. Stress distribution.

The total amount of deflection, that is dictated by the spatial distribution of
strain as well as stress, was always depending on the type of the test when the load
was applied. Low stress levels cause the area surrounding the fracture to decrease,
which in turn causes the rubber specimen's final tensile strength decreasing
correspondingly and a plastic deformation causes an increase in energy losses.

400
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Fig. 14. Curve of stress -strain.

Figures 15 and 16 shows the stress distribution and stress-strain curve of the
tear test specimen. The presence of crack in the specimen indicates that the stress
concentration produced by the crack inclusion is one of the causes of the specimen’s
decreased strength. Normally, the model may be considered as a homogeneous
material. The new cracking increases the irregularity of the specimen's internal
structure and produces weak zones, which disrupts the stress transfer and creates
increased concentration stress at the crack position. At low stress levels, the region
around the fracture decreases, and the ultimate strength of the rubber specimen
reduces proportionately.
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Fig. 15. Stress distribution.
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Fig. 16. Stress-strain curve.

Fig.17 and Fig.18 shows the stress distribution and stress-strain curve of the
flexing test specimen. the presence, propagation, and extension cracks caused by
the specimen's movement and bending. Higher stress concentration, on the other
hand, resulted in a decrease in flex life, which might be related to challenges in
establishing homogeneity as well as a uniform distribution. The numerical analysis
of tensile, tear and flexing tests are consistent with experimental results.

Fig. 17. Stress distribution / specimen flexing.
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Fig. 18. Curve of stress - strain.

6.Conclusions

The weight ratio of synthetic rubber and filler materials was examined in relation
to the mechanical and physical characteristics of the rubber. Based on the
experimental data, the following conclusions may be made from this study:

e Tensile strength increased with fiber loading by 16.7Mpa at 5pphr, and
subsequently decreased.

¢ The elongation feature, which often falls off as the additive ratio rises by 280%
at 12.5pphr. This is due to the incorporation of fibers in the rubber compound,
which causes the blend's decreased flexibility and increased hardness.

o Tear resistance improved as the percentage of additional fibers by (7Mpa at
12.5 pphr) in rubber compounds has increased.

e The addition of fibers to the rubber compound improved the flex resistance
performance in (25500 cycle at 5pphr). Higher percentages of fiber addition,
on the other hand, resulted in a decrease in flex life in (24000 cycle at
12.5pphr), which could be related to challenges in maintaining homogeneity
and uniform dispersion of the fibers.

e This study may propose materials derived from the tire recycling process for
use in the manufacture of diverse goods that meet both environmental and
financial goals. Through the cheapness of materials resulting from the
recycling process and disposal of accumulated waste.

Abbreviations

6PPD Antioxidant (N- (1, 3 - Dimethyl butyl) N-Phenyl-Para-
Phenylenediamine)

CBS N-Cyclohexyl-2-benzothiazole sulphonamide
FEA Finite Element Analysis

PPhr Part Per hundred rubbers

WT Waste tire
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