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Abstract

Wasted tires are considered a global problem as they do not degrade biologically
for several decades, which causes an economic and environmental burden, so it
is possible to benefit from them by extracting materials of economic benefit.
Rubber recipes reinforced with materials extracted from scrap tires such as
wasted fibers and crumbed rubber were prepared in proportions 1, 2, 3, 5, 10, 15,
20, 25 % and individually for each material for rolling barriers or roadway safety
application in Al-Diwaniyah Tires Factory in Al-Dewaniyah, Irag, were to
compare with the standard recipe 0 %. Physical properties (Rheological property)
and mechanical properties such as tensile strength, elongation, and modulus of
elasticity, in addition to impact energy By carrying out analytical solutions by
ABAQUS software, were made during this work. The experimental results
showed the possibility of improving the tensile property and modulus of elasticity
at 300 % elongation as a result of adding both wasted fibers and crumbed rubber
as reinforcing materials compared to the standard recipe with different
percentages from 1-10 %. While the ratios higher than 10 %, did not give
noticeable improvement or gave decreasing in these properties due to weak areas
of agglomeration or as a result of heterogeneity in those recipes. The improvement
in the rheological properties of the recipes 1, 2, 3, 5 % for the crumbled rubber
recipes, as well as improve in all the recipes reinforced with wasted fibers. Also,
the analytical solution by ABAQUS software showed the ability of these
materials to withstand shocks during road accidents.

Keywords: Crumbed rubber, Roadway safety, Rolling barriers, Tensile test, Tire
recycling, Wasted fibers.
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1.Introduction

Scrap tires are disposed of by throwing or burying them in countries around the
world It cannot be considered a method of waste management because it poses a
very serious threat to the environment [1]. In addition to the accumulated waste in
huge quantities that negatively affects the environment, rubber is considered a
dangerous material because it is chemical and non-biodegradable [2].

Therefore, many researchers have focused on waste management and its use as
an alternative to natural materials, have confirmed Shahidan et al. [3] Replacing
concrete components such as natural sand with waste tires (crumb, ash) and river
sand, studying their physical, chemical, mineral effect, particle size distribution, as
well as comparing it with the specific gravity of river sand compounds. Rubber
crumb and ash were found to have a lower density of 71 % and 57 %, respectively
compared to river sand. Rubber crumb and ash specific gravity is 46 % and 18 %
lower, respectively than river sand. As well as rubber ash, has a better particle size,
rougher surface, and rounded shape, while crumbs have a medium particle size,
irregular shape, and smooth surface.

Another study focused on mixing recycled polypropylene fibers and used tire
powder to produce a composite material that could absorb oils. Waste tire powder
was noted to be better than polypropylene fibers, although it absorbs oil slowly, it
has high flexibility, which leads to its repeated use up to a hundred times. without
losing its ability to absorb oil [4]. There is a study that used crumb rubber and
inserted it with reclaimed asphalt pavement (RAP), and the geometric behavior of
the recipe was verified by studying the viscosity, hydrodynamic scale, modulus of
elasticity, indirect tensile strength, and evaluation of fatigue life. The results found
that the addition of crumb rubber improves aging, increases viscosity strength, and
stress life [5]. The addition of nanoparticles of sediment dust and white cement as
reinforcing materials in rubber recipes gives acceptable results compared to the
standard recipe, especially for ratios ranging between 2-8 % for recipes reinforced
with sediment dust and 0.2 % for recipes reinforced with white cement in terms of
tearing, strength tensile, compressive and hardness [6]. Rubber granules recovered
from scrap tires are used on stadium floors as well as in sports tracks, horse stables,
swimming pools [7].

The world consumes large numbers of tires annually, and worn and damaged
tires are considered a difficult number in environmental waste, as they are difficult
to decompose and require several decades to return to the environment as primary
components, in addition to the large volumes that these wastes exploit.

Overlooking the disposal of damaged tires may cause a major environmental
problem that cannot be bypassed, so many countries have sought ways to dispose
of these wastes, treat them and try to recycle them to achieve various returns for
industry, the environment, and the economy. The processes used in tire recycling
have led to the creation of many products such as rubber flakes, rubber crumbs,
rubber powder, textile fibers, and metal wires [8].

The waste from the tire recycling operations used here exclusively are materials
that have previously been used in their raw form in the tire manufacturing process
and have the same original properties because the tire-making process does not take
place in it processes that cause a change in the properties of those materials as the
rubber crumbs and damaged fibers have the same original properties and nothing
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happened A change in its internal composition. The chemical composition of tire
components is well known and included in many research studies and books of
competence, while various studies and research have come to know the
performance characteristics of these materials [9].

A barrier is an obstacle that is placed to prevent vehicles from colliding and to
maintain their lanes. Barriers are placed on both sides of the roads and bends.
Barriers reduce accidents, but when vehicles collide with them, they cause serious
damage to the vehicle and passengers. Therefore, the ("rolling barrier system'), was
designed by a Korean company that converts the collision energy into rotational
energy as shown in Fig. 1. The purpose of using rolling bollards is to reduce
accident risks, keep vehicles on track, reduce collision damage to vehicles, and
preserve the lives of the driver and passengers. One of the advantages of this system
is that it is a system to reduce sudden shocks for vehicles as it works to convert
collision energy into rotational energy, easy maintenance, and installation, and it
can be manufactured from recycled materials or Eco-friendly material and contains
a reflective tape. This gives a clear view at night increases the chances of passenger
safety and prevents the vehicle from tipping over, and it has a longer life than
traditional barriers, so the maintenance and installation cost is easy [10].

The rolling barriers, as shown in Fig. 2, consist of an upper and lower rail made
of stainless steel, a PVC tube for fixing the rotating cylinders to the rail, LED
guidance lights, and reflective strips to increase night vision [11].

Top Rall Splice

Stopper Boards
LED Guide Lamp

Shock Absorbing Roller

Reflective Band

L

Stopper Boards

P K
Bottom Rail Splice —~  #5 Bottom Rail

Fig. 1. Rolling barriers [12]. Fig. 2. Rolling design [12].

The current study used von Mises' theory for the purpose of measuring, the critical
value of the amount of deformation energy stored in an isotropic material, according
to the following mathematical equation [12]:

%(01702)2+(02*G3)2+(03*GI)ZSTZ )

As well as studying the energy strain which is defined as the ability of a rigid or
flexible object to resist deformation under different loads, the work done under
external load is stored and the strain is recoverable. The stress energy stored in the
body per unit volume is defined by the following equation [13]:

1
W= Y (axgx +0y€y + 0,8, + TyyVay T TyzVyz + szyzx) 2

The stress tensor's symmetry reduces the number of components required to
define it to six. Due to this, engineers employ a notation that involves switching out
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the nine-component tensor table for a column matrix with six components, using one
of the notations [14]:

01 011 Oxx
0 022 Oyy
03 _ 033 _ O2zz @3)
Oy 033 Oyz
Os 013 Oxz
Og 012 Oxy

The forms of the elasticity relations can be condensed using this notation. The
3x3 matrix notation must be used again in order to determine the stress vector.

As a result of the presence of waste generated from the tire recycling project in
the city of Al-Diwaniyah, and the fact that these materials constitute an environmental
and economic burden, so scientific research and studies go towards finding proper
ways to dispose of or benefit from them as secondary materials. Among those studies
is the current study with the aim of making use of some types of these wastes in rubber
recipes as fillers and reinforcing materials with specific ratio in order to impart high
performance characteristics to them. This paper aims to know the most important
mechanical and physical properties using tensile, aging, and rheological tests of
rubber compounds reinforced with tire waste to use them in manufacture of rolling
safety and that may be reflect the novelty of this work.

Therefore, the rollers in the rolling mill system are made from waste materials
from the tires known as rolling barriers which are a steel structure equipped with
tubes covered with two urethane rings, and two cylinders or a rotating cylinder
bonded with steel, made of chemicals capable of absorbing the impact of vehicles,
the cylinder rotates when the vehicles collide with it [15].

2. Materials and Laboratory Test

Waste tires are a source of solid waste. Therefore, one of the proposed methods for
managing waste tires is to use it as a hardener in rubber recipes that were prepared
in Al-Diwaniyah Tire Factory. The standard recipe used in this research, contains
materials as mentioned in Table 1.

Table 1. Stander recipe content.

Materials  pphr Materials pphr
SMR20 30 IPPD 1.75
SBR1500 70  Antiozone Wax A 111 2
Zinc Oxide 4 Stearic Acid 2
Sulphur 2 Aromatic Oil 8.5
CBS 0.5 FEF Black 51
Anox HB 1 Total 172.75

Natural rubber and synthetic rubber styrene-butadiene rubber 1500 synthetic
rubber derived from petroleum through the distillation process, butadiene and
styrene are produced in oil refineries, which are considered raw materials for the
production of styrene butadiene rubber SBR and have wide uses for their cheap
price [16], as well as activating materials such as zinc oxide, stearic acid, There are
several types of carbon black, including FEF (Fast Extrusion Furnace), N 550 [17],
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Sulfur vulcanized materials and other materials Antiozone WAX A 111, Anox HB,
Anti-Ozonant (IPPD)[18], and N-cyclohexyl-2-benzothiale  sulfenamide
(CBS).The current work used materials extracted from scrap tires represented by
crumbed rubber with a diameter of 0-1 mm and wasted fibers with a diameter of
0.1 -0.5 mm. The rubber crumbs were included as a reinforcing material in the
rubber recipes in percentages 1, 2, 3, 5, 10, 15, 20, 25 %, as well as adding wasted
fibers to other rubber recipes in the same proportions.

The hardening materials were added separately through a laboratory juicer
consisting of two rollers of dimensions diameter 150 x length 300 mm that rotate
at a different speed and in one direction opposite to the other while controlling the
distance between the two rollers 0.2-1.5 mm. When passing the rubber in the
rollers, it was cut diagonally several times, and then rolled and passed in the
horizontal state and the vertical state alternately for several times to obtain complete
homogeneity between the matrix and the reinforced material.

Vulcanization was carried out in the Al-Diwaniyah Tires Factory using
hydraulic press with a pressure of 80 MPa and a temperature of 150-165 °C for 10
minutes. Using a tensile mold for aging and tensile tests, the tests were carried out
more than 24 hours after the vulcanization process.

2.1. Tensile test

Used the Monsanto Tensometer T10 as shown in Fig. 3 tensile meter to measure
tensile, elongation, and modulus of elasticity. The test was carried out in the
Babylon Tires Factory on the samples that were prepared in the laboratory
according to specification ASTM D412 [19, 20].

The modulus of elasticity was measured at 300 % elongation. The average was
taken for three genes from each recipe, and the jaw separation speed was 500
mm/min., for each set of conditions [21]. Figure 4 shows the specimens after the
test process.

Fig. 3. Monsanto tensometer. Fig. 4. Tensile specimens
“after the failure”.
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2.2.Rheological test

The rheological test was carried out in the Babylon Tires Factory using the
flowmeter as shown in Fig. 5 to know the processing properties of the rubber
recipes and according to ASTM D 2084 [22, 23], and take a piece of each model
weighing about 6 g as shown in Fig. 6, and the test grade was conducted at 185 °C
for 6 minutes. The results were obtained in the form of a curve through a printer
connected to the device and fixed in numbers with units for each of the
minimum torque (M.) and maximum torque (Mn) installed cure (tog) time and
scorch time (ts2).

Fig. 5. Oscillating disk rehometer. Fig. 6. Specimens of rheological test.

3. Results and Discussion

Three samples were tested for each model, and the average of the readings was
taken to know the best result to avoid human errors and heterogeneity between
samples.

3.1. Tensile test (Mechanical test)

Figure 7 shows the tensile strength values for recipes loaded with scrap fibers 8.66,
8.75, 8.8, 8.75, 9.2, 8.33, 7.25, 7.1 MPa for concentrations 1, 2, 3, 5, 10, 15, 20, 25
% of the weight of carbon black respectively compared to the tensile strength of
the standard recipe 8.26 as well as the modulus of elasticity for the same
concentrations mentioned previously are 6.1, 6.3, 6.5, 7.1, 7.766, 6, 5.95, 5.4 MPa
respectively, compared to the modulus of elasticity of the standard recipe 5.73. It
is concluded that there is an increase in the tensile strength and modulus of elasticity
over the standard recipe as the values increase with the increase in the concentration
of wasted fibers in the rubber recipe 1, 2, 3, 5, 10, the reason for the increase may
be due to the homogeneity between each of the additives with the rubber recipe.
Then it begins to decline at high concentrations 15, 20, 25, perhaps due to the
accumulation of fibers in one area without the other and their agglomeration, which
forms areas of weakness and thus failure occurs.

Figure 8 shows the tensile strength values 8.3, 8.4, 8.5, 8.7, 8.83, 6.9, 6.6, 5.35
MPa for recipes loaded with crumbed rubber for concentrations 1, 2, 3, 5, 10, 15,
20, 25 % of The weight of carbon black respectively compared to the tensile
strength of the standard recipe 8.26 as well as the modulus of elasticity for the same
concentrations mentioned previously are 5.9, 6.1, 6.3, 6.4, 7.23, 5.1, 4.75, 4.13 MPa
respectively, compared to the modulus of elasticity of the standard recipe 5.73.
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There is an increase in tensile strength and modulus of elasticity over the standard
recipe as the values increase with an increase in loading ratio of crumbed rubber in
the rubber recipe 1, 2, 3, 5, 10 perhaps As for loading in crumbed rubber, the
granules fill the spaces between the rubber chains and stiffen the structure; Then it
begins to decline at high rates of loading 15, 20, 25, it may lead to agglomeration
in the composite material, and thus defects in the formation of cracks then weaken
the tension. This finding is consistent with another research [24-26].

BTensile Strenght (Mpa) 0 Elastic Mouduls at 300% (Mpa)

4
0 1 2 3 5 10 15 20 25

The Percentage Loading for Wasted Fiber

Fig. 7. Tensile strength and modulus of elasticity for wasted fibers recipes.

B Tensile Strenght (Mpa) O Elastic Mouduls at 300% (Mpa)
10

MPa
o N ™

w

0 1 2 3 5 0 15 20 25
The Percentage Loading for Crumbed Rubber

Fig. 8. Tensile strength and modulus for crumbed rubber recipes.

Figure 9 shows that at concentrations 1, 2, 3, 5, 10 % of the recipes loaded with
wasted fibers, the elongation property 401, 396, 378, 361, 356 % decreases
respectively. This may be due to the stretching of the rubber material, forming
voids, and thus wasted fibers fill the voids, and thus the elongation property
decreases because the movement of the chains becomes limited.

At higher concentrations 15, 20, 25 % of loaded materials, the elongation
434.33, 444.6, 454 % increases respectively, probably because rubber does not
absorb a large proportion of the fillers, causing the loaded materials to accumulate
between the chains, which leads to cracks and consequently poor tensile strength
and increased elongation. This result is consistent with other studies [25]. As for
the recipes loaded with crumb rubber, the elongation decreases at concentrations 1,
2, 3, 5 % to register 405, 396.5, 391.3, 337 %, respectively. Compared with
standard prescription elongation 407. This could be because the rubber material
stretches, creating spaces, in which the rubber granules fill, reducing the elongation
property. After all, the chain movement is restricted.
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At higher concentrations of loaded materials 10, 15, 20, 25 %, the elongation
increases 413.3, 454.8, 494, 566.5 % respectively. This is most likely because rubber
does not absorb a large amount of the fillers, causing material loading to collect
between the chains, resulting in cracks and, as a result, inferior tensile strength and
increased elongation. Other investigations have shown similar results [25].
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Fig. 9. Effect concentration on elongation 300%.

3.2.Rheological test (Physical test)

The torque difference represents the difference between the maximum and
minimum torque and also indicates the degree of crosslinking density of the rubber
compounds. The larger the difference in torque, the greater the degree of correlation
density [27].

The torque difference increases with increasing concentrations of the wasted
fiber loaded rubber recipes 1, 2, 3, 5, 10, 15, 20, 25 %, to score the torque difference
12.2,12.19, 12.35, 12.44, 12.54, 12.57, 12.65, 12.66 Ib.in respectively compared
to the standard recipe 12.08, as shown in Fig. 10.

The torque difference was 12.27,12.29, 12.31, 12.37, 11.44, 11.23, 10.65, 9.84)
Ib.in for the rubber recipes filled with crumbed rubber at concentrations 1, 2, 3, 5,
10, 15, 20, 25 %. The drop in the torque difference after concentrations 10, 15, 20,
25 % was most likely due to an increase in rubber crumbs, which leads to a decrease
in crosslinking density, and thus resulted in a decrease in the torque difference and
these results may be compatible with a previous study [28].
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Fig. 10. Influence of change torque on the load ratio.
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4. Finite Element Analysis

During this part, rubber recipes reinforced with industrial waste (wasted fibers,
crumbed rubber) from tire recycling in specific engineering applications (rolling
barriers) are shown according to Fig. 11 with tetrahedral element mesh as shown in
Fig. 12. The analytical solution of the present application that uses 10 % crumbed
rubber may give acceptable results as optimum.
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Fig. 11. Solid cylindrical part. Fig. 12. Tetrahedral mesh.

The ABAQUS simulations presented in Figs. 13 to 16 examine the contact
analysis between the shocked bodies with rolling barriers. In this simulation for
10 % crumbed rubber, the maximum values of displacement distribution due to
impact events under different velocities of 40, 60, 80, and 100 km/hr show that the
maximum deformation in the reign of contact and the deformation wave released
from the surrounding to the center of roller with values 1.98, 5.97, 8.96 and 11.95
cm respectively.
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Fig. 14. Deformation at velocity 60 (km/hr).
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Fig. 15. Deformation at velocity 80 (km/hr).
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Fig. 16. Deformation at velocity 100 (km/hr).

The patterns in these recipes' behavior could be explained by the nature of the
additions since the crumbed ingredients and the fibers they are made of have many
characteristics. Thus, the properties of the additives with the rubber formulations
support the flexible qualities of the engineering product, by maintaining the
necessary consistency with other ingredients. Some recent studies use multi-layer
composite (functional graded) materials to obtain high-performance specifications
by dispersing the stress concentration resulting from the determinants of working
conditions [29, 30]. Other studies discussed the effects of additives on human health
in addition to the mechanical properties in some polymeric products [31].

5. Conclusions

The addition of waste tires led to an improvement in both mechanical and physical
properties, As stated:

o The results showed the possibility of improving the tensile property and modulus
of elasticity at 300 % elongation as a result of adding both wasted fibers and
crumbed rubber as additional reinforcing materials compared to the standard
recipe of 0 %, with different percentages from 1-10 %.

e The experimental results showed that the addition of materials extracted from
tire recycling at rates higher than 10 %, did not gave noticeable improvements
sometimes, or gave decreasing in these properties at other times due to weak
areas of agglomeration or as a result of heterogeneity in those recipes.

¢ The values of the torque difference increase with increasing concentrations of 1,
2, 3, and 5 % for recipes loaded with crumbed rubber, while this increase was
for all percentage of wasted fibers and these differences may be related to the
nature of these materials and their behavior.
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¢ The finite element solution indicated that the impact region in the rolling barriers
and the response amount showed the analytical behaviour was not far from the
mechanical behaviour of these materials during the experimental tests. It also
showed the ability of these materials to withstand shocks during road accidents.

More laboratory testing is planned for this project to evaluate it and find

appropriate applications. Other materials can be added in the future, and their
mechanical properties can be determined.

Nomenclatures

T Shear yield stress

W Strain energy per unit volume
Greek Symbols

Ex) Ey) &7 Strain in x, y and z direction
O Stress component

011 022,033  Dimensionless normal stresses

Oxx Oyy, 07z Normal stress in X, y, and z-direction
Oyz Oxz, Oxy  Shear stress in yz, xz and xy direction
Yyz Yxz Vxy Shear strain in yz, xz and xy direction
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