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Abstract: Scholars have redirected their attention
toward the use of recycled resources as a response to
the escalating environmental concerns. They
demonstrated that recycled materials are essential
for sustainable practices, as they contribute to
environmental conservation and the effective use of
resources, through the examination of their impact
on waste reduction, energy saving, and the
alleviation of greenhouse gas emissions.
Furthermore, recycling has substantial economic
and social ramifications, and rubber is one of the
materials that may undergo the recycling process.
Considering the significance of recycled rubber in
addressing environmental issues, including
excessive waste in landfills and resource depletion,
it is essential to examine the process of transforming
waste rubber into valuable commodities through
recycling. The many uses of recycled rubber range
from eco-friendly construction materials to
inventive consumer goods, with a focus on its
contribution to fostering a sustainable, closed-loop
economy. Waste tires are a significant kind of waste
rubber. Hence, the process of recycling used tires
and transforming them into valuable commodities
has significant ecological and financial significance.
This paper reviews the reuse of scrap tires to
mitigate environmental hazards. It analyzes the
effect of using recycled rubber on the mechanical
and physical properties of low and high-density
polyethylene. It shows that the distribution of
recycled rubber granules in polyethylene increases
its density with improved thermal conductivity
values due to the presence of carbon black. The
study also shows a deterioration in the mechanical
properties of polyethylene. Tensile strength, flexural
strength, and hardness are examples; however, the
inclusion of tire waste particles improves impact
strength ratings. Nonetheless, this deterioration
stays within permissible boundaries when
evaluating the economic and environmental
advantages it offers.

jTikrit Journal of Engineering Sciences | Volume 32 | No. 4! 2025 Page j



http://doi.org/10.25130/tjes.32.4.21
mailto:hashimshukur@tu.edu.iq
mailto:najeebsalman@tu.edu.iq
mailto:saadramadhan82@tu.edu.iq
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.25130/tjes.32.4.21
https://orcid.org/0000-0003-0766-2253
https://orcid.org/0009-0007-5390-2250
https://orcid.org/0000-0001-8611-2334
mailto:hashimshukur@tu.edu.iq

j Hashim S. Hammood, Najeeb S. Abtan, Saad R. Ahmed / Tikrit Journal of Engineering Sciences 2025; 32(4): 2317. :‘
it ] - Y
LailSaal) (ol B Cppeait byl A gall g 0 g g Saal) Jaldaall (e A0S yall ) galf

4085 Azl e - Al gl g 4 ) adl g
daa) Gl dw e Glalu cuad cagan 4 adl
Bl — S8y S5 Aaals /A A4S/ A0S0 Auaig) aud
AadAl)
Lanalal L 935 alad) ) gl (5 15 sl 381 ) Sl Al o glaall Alaianl Wy 58 sladll 3 ) gul) 2235 gl agalaial 4 58 () sialil) e
s el Qs e La il Al 5o OO e @lld g o)) sall Jladl) alaaind) s Al e aliall 3 Lgiaabusad |5k dalaivuall il jlaall
3 gall aaf Jallaall aad g b€ e laial y dpabiatl U Ll gaill sale] old eclld ) ZalaaYl Aadall <ol Jlall culilasl (pe Canddsl) 5 Z8Ual)
Gl 8 500 1 el @iy 3 Ly Al W) Asdlee 8 o 58 el Tallaal) Bpaa 155 ol Bale) dglend auzads of (Say S
Al Jalaal) cilalaind 0y ol Bale) e A ol ) Jalladll il Jy sad dslae (aand gy puall (g e ) sall il il il il
L;)J\.\X\ .\L-AAEN\ ‘):\‘)ouA_\AALAAuJ:_‘):\S‘).\S\ sb)S.\.\A”MS)-@—luY\ k_ll;ud\ uJ;\ Y_}m_j‘\_\:\.\uﬂg.haﬂ ;Lul\ J\}AUA\ZA.: ‘a‘):gj.ii
i S Al clalidl eSOl ay 1 3 ﬁsn el Aa it @l 5 cdallaall e (e g 1o 5 collail) el jla) jiiad ol diusall
138 850 5 mS Aabiail g A Lpeal L) dad iy adus ) Lol g5 Alamtivsall <l jUY1 503 0le) dglee b ¢ JUllyy cllaill cilSas
el sall e o 0 sladl) Llaall alasiul 5l el il Jlay Aad) bl Julial 50 jal) @l )l aladiul sale Y daal e Gl
35 Ol o) 8 a5 el Lallaall il w355 O Al ) o3 o jelal AN e 5 (midie gl sl 4 il ASalSuall
(i) (A sall A &) 81755835 A jall < peal LeS 2 51 050 58I 3 g5 s (5,1 Al Jaa sl avnd ae 438US (e
e o) 13 Ay @l aay @l jaY) i Gl ja Aila) vie a3 58 a8 (S ddlall 5 a5 2l 38 Jie
Lo sy ) Al Apalamy) Xl gl 8 kil die A gl o gaal)

Al il ¢y il sale ) ecl HUaY) cllas (i) sl AdIAN cilalst)

1. INTRODUCTION

The scientific community has widely
acknowledged that the safe disposal of
environmental waste remains a significant
challenge. After reaching the end of their useful
life, rubber materials can present challenges
when reusing or recycling them. Currently, a
unique technology is used to recycle plastic
waste, including all kinds of plastic bags, food
containers, fat containers, and tires; this
process involves the pulverization and
segregation of the fibers from vulcanized
rubber. The plastic produced is then used in
many industrial applications [1, 2]. Plastics and
rubber are widely used in many industries,
including automotive, construction, material
handling, packaging, and household items.
However, these materials do not decompose
and remain in the environment for a long time,
except when they are discarded after expiration.
The global rise in the production of polymer
waste materials, such as plastics and rubber,
has necessitated the development of effective
methods to recycle these materials and mitigate
their negative environmental impact upon
disposal. Incineration and landfilling are
inappropriate technologies for removing
polymer waste due to their many disadvantages
[3—5]. The reprocessing and recycling of
polymers provide inherent challenges for
conventional technologies due to their
chemically cross-linked structure. Managing
polymer waste often requires the use of
landfills, elevated temperatures, or hazardous
chemicals, all of which result in significant
environmental concerns. Polymers possess the
ability to flow and undergo reprocessing when
exposed to heat [6]. However, their resistance
to solvents, as well as their thermal and
mechanical properties at elevated
temperatures, are inadequate. Consequently,

they cannot substitute for thermosets in
numerous engineering applications,
particularly those demanding exceptional
performance, such as the aircraft and
automotive industries. Due to the increasing
amount of waste generated from thermosetting
polymers, numerous innovative methods for
reprocessing and recycling have been proposed.
A practical process involves repurposing finely
pulverized thermoset waste as reinforcements
for other elastomers, ceramics, and concrete to
enhance their qualities or prolong their
lifespan. Nevertheless, treating polymer wastes
often requires surface chemical modifications
before use to enhance their compatibility with
the matrix. This process is expensive and
financially  impractical for  large-scale
manufacturing [7—-10]. Emphasizing recent
advancements in the domain of recycled rubber
composites using polyethylene, and evaluating
sophisticated techniques for enhancing the
mechanical and thermal characteristics of these
composites. The analysis examines new
advancements in manufacturing techniques
and compatibility strategies among various

components. This review advances
contemporary research trends focused on
enhancing  environmental sustainability

through the utilization of recycled materials,
highlighting current global issues in addressing
environmental and industrial challenges. This
thorough and current perspective renders the
evaluation highly valuable to academics and
producers focused on sustainable composite
material applications. The objective is to
examine the addition ratios and the impact of
recycled rubber on the -characteristics of
polymers, particularly polyethylene.
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2, RECYCLING OF PLASTICS

Plastic is a versatile and widely used material,
considered one of the most significant
discoveries of the twentieth century. Industrial
processes, municipal solid waste, and service
companies produce a large amount of waste
materials. There has been a significant increase
in the use of plastic worldwide in recent years,
resulting in a corresponding rise in plastic
waste of all kinds. In a recent study, the
percentages of plastic waste were found, as
shown in Fig. 1. Improper disposal of solid
waste, including tires, is a significant
contributor to environmental issues in our
society. This issue is primarily due to the three-
dimensional structure created by the cross-
links in the tires, which undergo a natural

Other
25%

Polyvinyl chloride
(PVO)
5%

Polystyrene (PS)
6%

deterioration process with no end in sight.
Tires, mainly when disposed of in landfills, are
very effective in storing rainwater due to their
large size and thus serve as a convenient and
ideal breeding ground for disease vectors.
These materials are also considered to be of
great intrinsic value due to their composition,
technological features, and intellectual content.
Technology is used in the manufacturing
process. Therefore, tires must reach the end of
their useful life and find new uses. As a result of
the significant increase in the number of cars
worldwide, numerous endeavors have been
undertaken to reduce the accumulation and
disposal of waste tires by utilizing them as a
valuable source of sustainable resources [11—
16].

Low-density
polyethylene
(LDPE)
20%

Polypropylene (PP)
19%

-density

polyethylene

(HDPE)
14%

Fig. 1 The Global Distribution of Plastic Garbage Based on Type of Plastic [17].

2.1.Waste Tire Utilization

Recycled waste tires are considered a valuable
resource due to their composition and
properties, making them a source of essential
raw materials. The effectiveness of waste tire
recovery technology has enabled the efficient
conversion of waste tires into energy or useful
materials. Suitable waste tires can be
repurposed to create practical or useful items.
Waste tires are generated when worn tires are

replaced with new ones before disposal. They
can be classified as either partially used tires or
tires that have reached the end of their
maximum life. Partially worn tires are still
usable on the road ; however, end-of-life tires
can no longer perform their original function.
Various efforts have been made to utilize waste
tires by recovering them, and Fig. 2 illustrates
some of the uses of recycled rubber [4, 18, 19].

M tyer derived fuel

M renewed as tiers

1 cvil engineering
stadium flooring

,thermal insulator,

W other

Fig. 2 Usages of Recycled Rubber [18].
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Utilizing intact waste tires and shredded tires is
classified as recycling. Whole abandoned tires
are used in artificial reefs, playground
equipment, corrosion control measures,
highway crash barriers, and breakwaters. Scrap
tires are broken down into smaller pieces and
used in the rubber or plastic industries to
manufacture playground surfaces and sports
tracks (Fig. 3). Shredded tires are combined
with asphalt mixtures for the construction of
structures and concrete applications. Ground
tire rubber (GTR), obtained by various
downsizing (grinding) methods, includes many
premium natural and synthetic rubbers. These
rubbers may serve as excellent raw materials
for integration into polymers such as
thermoplastics, thermosets, and rubbers [20,
21].

2.2.Tire Composition

Tires are intricately designed and intricate
assemblies of components with a diverse array

of qualities. The outermost layer of the tire,
which comes into direct contact with the road,
comprises a significant proportion of natural
and synthetic rubbers. The belts are composed
of rubber, steel, and cloth, chosen according to
the specific tire use, such as passenger cars,
trucks, or off-the-road vehicles [22, 23]. The
main challenges in recycling or recovering used
tire rubber stem from its complex composition,
which includes steel-reinforced cross-linked
rubber and polymer fibers, such as cellulose,
nylon, and polyester. Therefore, mechanical
recycling is necessary to extract each
component of the rubber. A passenger car tire
typically consists of at least 12 components,
while a truck tire comprises 20 members.
Generally, styrene-butadiene rubber (SBR) is
used to manufacture passenger tires, while
natural rubber (NR) is mainly used to produce
truck tires. The most abundant components in
various tires are listed in Table 1 [24,25].

Industrial
rubber scraps

Revulcanized rubber

Grinding

Ay
LR

b

Thermomechanical
devulcanization

4

Devulcanized rubber

Fig. 3 Rubber Recycling Strategy [10].

Table 1 Composition of Different Tires [26].

Components Passenger car tire Components Passenger car tire
Rubbers/Elastomers (natural) 16 30 31

Rubbers/Elastomers (synthetic) 31 15 16

Carbon black and silica 21.5 22 22

Metal 16.5 25 12

Textile 5.5 - 10

Zinc oxide 1 2 2

Sulfur 1 1 1

Additives 7.5 5 6

3.POLYETHYLENE to produce a broad spectrum of ethylene

Polyethylene, produced from ethylene gas, is
the most widely produced plastic on a global
scale. Various manufacturing processes and a
range of catalysts and comonomers can be used

homopolymers and copolymers. Producers can
create several variations of resins, allowing
them to tailor the materials to applications,
such as packaging films, rigid containers,
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drums, and tubes. Consequently, there has been
a significant advancement in polyethylene
manufacturing, which now accounts for around
30% of the total plastic output, as shown in Fig.
4. All plastic outputs. The rapid growth of the
global economy has fostered a favorable climate
for the development of the synthetic resins
sector. The polyethylene sector is expected to
witness rapid growth [27,28].

11.3%

10% 124%
Fig. 4 Distribution of Global Plastic
Production [29].

Polyethylene can be produced using various
processes, including high-pressure
polyethylene, medium-pressure polyethylene,
and low-pressure polyethylene. Three
strategies include distinct benefits and
drawbacks that coexist within the sector. The
qualities of polyethylene vary depending on the
production technique and are closely linked to
its  molecular  structure. = Additionally,
polyethylene can be categorized into two types:
low-density polyethylene (LDPE) and high-
density polyethylene (HDPE). It exhibits
extraordinary resilience to low temperatures,
outstanding resistance to chemicals, excellent
electrical  insulation  properties, strong
resistance to high pressure, and exceptional
resistance to radiation. Polyethylene exhibits
exceptional water resistance due to its lack of
polar components, as it consists solely of
carbon and hydrogen [27, 30, 31].

3.1.Polyethylene's Structure

Polyethylene (PE) is a synthetic material
classified as a thermoplastic polymer. A simple
example is the plastic bags found in
supermarkets. Despite its basic structure,
polyethylene remains the most widely used
polymer material due to its ease of
manufacturing [31]. It is formed by the
repetition of the -CH2 unit. Polyethylene is
synthesized through the process of addition
polymerization of ethylene (CH2=CH2). The
user's text states that polyethylene's
performance is contingent upon its
polymerization process. The Ziegler-Natta

polymerization process was conducted using
organic compound catalysts at a moderate
pressure range of 15-30 atm, specifically for the
production of high-density polyethylene
(HDPE). Under these circumstances, the
polyethylene molecules undergo
polymerization, resulting in a linear molecular
structure with an exceptionally long chain
length and a molecular weight that may reach
several hundred thousand. When subjected to
high pressure (100-300 MPa), high
temperature (190-210 °C), and peroxide
catalytic conditions, the resulting product is
low-density polyethylene (LDPE), which
exhibits a branched structure [27, 31, 32]. The
density of low-density polyethylene typically
falls between 0.91 and 0.925 g/cm3, whereas
linear low-density polyethylene has a density
ranging from 0.918 to 0.94 g/cm3. High-
density polyethylene, on the other hand, has a
density of 0.935 to 0.96 g/cm3 and higher [33].
3.2.Utilization of Polyethylene
Polyethylene (PE) is a promising synthetic
material with exceptional physical and
chemical characteristics. PE has a high level of
mechanical qualities and possesses an
extraordinary mix of favorable dielectric
properties.  Furthermore, the molding
technique is of high quality, and the costs are
affordable. They have significant importance in
the following areas: Insulation for electrical
purposes. With its exceptional stability,
moisture resistance, and superior dielectric
properties, this material is highly suitable for
use in insulating materials for both electrical
and non-electrical engineering applications, as
well as other related fields [28, 32, 34]. It is
used in automobile parts such as upholstery,
electrical components, and Liquid reservoirs
[33]. Packaging Polyethylene sheets exhibit low
density, softness, impermeability to water,
muscular tear strength, and chemical
resilience. The packaging sector highly values
polyethylene film due to its essential features
for packaging items. Polyethylene has a wide
range of applications, including its use in
various medical equipment, which offers
several benefits as a biomaterial for medical
implants. It has been widely used in the
production of porous high-density polyethylene
implants for facial and cranial reconstruction.
Moreover, for spraying metal, wood, cloth, and
other materials. High-density polyethylene can
serve as a reinforcing agent for rubber [27, 32,
35]. Using waste polyethylene as a resource
rather than discarding it as trash holds
significant promise for mitigating
environmental problems associated with plastic
pollution while also providing economic and
sustainable benefits. There are various ways to
utilize waste polyethylene:
1) Environmental impact
reduction: Reusing polyethylene waste
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reduces landfill congestion and mitigates
the broader environmental impacts of
plastic pollution. Reusing polyethylene
prevents its introduction into ecosystems,
thereby protecting animals and marine life
from potential harm. Reusing polyethylene
plastic waste is crucial to mitigating the
environmental consequences by addressing
several key aspects of plastic pollution. The
continued accumulation of polyethylene
plastic waste in landfills, where it can take
thousands of years to decompose, can
result in its release into the marine
environment, posing significant risks to
marine life through ingestion and
entanglement. Recycling polyethylene
waste conserves vital natural resources,
such as crude oil, the main raw material for
plastics. Reducing the need for new plastics
results in the gradual decomposition of
plastic waste into smaller particles known
as microplastics, which can permeate
ecosystems and  pose  significant
environmental and health risks. Recycling
polyethylene waste reduces the volume of
plastic that can degrade into microplastics.
Incorporating recycled polyethylene into
the production process reduces the
environmental impact of plastic while
maintaining the economic value of the
material [36—38].

Resource conservation: Recycling
waste polyethylene conserves resources by
reducing the need for virgin plastic
production, conserving energy and raw
materials, such as crude oil, which is the
primary source for producing plastic.
Energy savings: Recycling polyethylene
requires less energy than producing new
plastic from raw materials. This behavior is
because recycling involves melting and

4)

5)

6)

7)

reshaping the plastic rather than
extracting, refining, and processing raw
materials.

Economic opportunities: Repurposing
waste polyethylene can create economic
opportunities by developing recycling
industries and producing recycled plastic
products, which create jobs and generate
revenue within local communities.
Technological advances: Ongoing
advancements in recycling technologies are
making it increasingly feasible to process
and utilize waste polyethylene efficiently.
Innovations such as advanced sorting
techniques, chemical recycling, and 3D
printing with recycled plastics are
expanding the possibilities for its reuse.
Challenges and limitations: Despite its
potential benefits, using waste
polyethylene also presents challenges.
Contamination, including that from other
types of plastics and non-plastic materials,
can compromise the quality and usability of
recycled polyethylene. Furthermore, the
infrastructure for collecting, sorting, and
processing plastic waste requires further
development and investment to fully
realize its potential.

Policy and regulatory frameworks:
Effective waste management policies and
regulations play a crucial role in promoting
the use of waste polyethylene.
Governments and organizations worldwide
are implementing measures such as
extended producer responsibility (EPR)
schemes, plastic bags, and incentives for
recycling to encourage the sustainable
management of plastic waste. Table 2
summarizes the utilization of waste
polyethylene for different applications:

Table 2 Utilization of Waste Polyethylene for Different Applications.

Research Utilization Key Findings Refs.
Work Method
Recycling . - Mechanical recycling processes such as shredding, melting, and extrusion  [8-10,
. Mechanical . . .
into New . can transform waste polyethylene into new plastic products with acceptable 14]
R Recycling . .
Plastic mechanical properties.
Thermal - Pyrolysis, a thermal decomposition process, can convert waste [11, 15—
Pyrolysis C . polyethylene into valuable fuels, gases, and chemical feedstocks, offering 17]
onversion . g N :
an alternative to landfill disposal or incineration.
Chemical Chemical - Chemlcal recycling techniques, including depolymerlzatlon and catalytic [12, 13,
. . cracking, can break down waste polyethylene into monomers or other 18,19]
Recycling Conversion . . .
valuable chemicals for use in manufacturing processes.
C . - Incorporating waste polyethylene as a reinforcing filler in composite [20, 21,
omposite . .
. . . . materials, such as concrete, asphalt, or polymer composites, enhances 39, 40]
Material Reinforcing Filler . . - . .
. material properties and reduces the environmental impact of construction
Production o .
and manufacturing industries.
- Waste polyethylene can be utilized as a source of energy through waste- [22, 23,
Energy Waste-to-Ener to-energy processes such as incineration, where it is burned to generate 41]
Recovery 8 heatand electricity, contributing to renewable energy production and
waste management.
- Waste polyethylene can be recycled and processed into filament materials  [24, 25,
D Printin Additive for 3D printing, enabling the fabrication of functional prototypes, 27, 31]
3 & Manufacturing customized products, and spare parts with a reduced environmental

footprint compared to conventional manufacturing methods.

jTikrit Journal of Engineering Sciences | Volume 32 | No. 4! 2025

roze A



https://tj-es.com/

j Hashim S. Hammood, Najeeb S. Abtan, Saad R. Ahmed / Tikrit Journal of Engineering Sciences 2025; 32(4): 2317. :‘

4.PROPERTIES

4.1.Morphological Properties

Kakroodi and Rodrigue [42] conducted a study
to investigate the impact of incorporating
ground tire rubber (GRT) into high-density
polyethylene (HDPE) at varying weights
(ranging from 50 to 90 wt.%) on the material's
characteristics. Upon investigation, scanning
electron microscopy (SEM) images in Fig. 5
revealed a significant presence of contaminants
in the recycled rubber powder, which is
attributable to its recycled nature. Rubber

2

Kazemi et al. [38] conducted a comparison
between the inclusion of clean fiber (CF) and
ground waste (GR) in varying weights (ranging
from 0% to 30%) with recycled LDPE. The
evaluation of the samples was carried out using
electron microscopy. The scanning electron
microscopy (SEM) analysis of the LDPE/CF
composites revealed that the fibers exhibit a
predominantly perpendicular alignment with
respect to the cross-section. This alignment is
attributed to the orientation of the fibers, which
is caused by the influence of the jet flow inside
the mold cavity. Injecting the mixes directly
into a dog-bone-shaped mold caused the
samples to align in the direction of the flow.
Conversely, fiber routing pieces created by
Compression Molding are mostly stochastic.
Regarding LDPE/GR composites, injection
molding demonstrated superior particle
dispersion compared to compression molding.
This behavior is caused by the secondary melt
mixing process that occurs within the injection
molding screw, resulting in enhanced
dispersion of fillers. Shaker and Rodrigue [43]
researchers combined renewable and non-
renewable ground tire rubber (GTR) with LDPE
to create thermoplastic rubber (TPE) for off-
road (OTR) use. Specifically, the blending
process used two distinct methods: molten
blending, which was conducted by extrusion,
and dry blending, which utilized a high-shear
blender. GTR concentrations are available,
namely at 0, 20, 35, and 50 weight percent. To
assess the impact of the regeneration process
on GTR molecules, a microscope can be used to

Fig. 5 Images (SEM) of GTR at Different Magnifications A&B [].

particles exhibit a wide range of forms and
sizes. Certain rubber particles possess porous
surfaces, as seen from the provided images,
which display the smoothness of their angular
surfaces. This discovery suggests that the
particles originate from distinct tire varieties or
diverse grinding techniques. Conversely, the
particles exhibit a high level of cleanliness due
to the weak bonding between the matrix and the
rubber. However, this bonding is still
considered satisfactory.

examine their size and shape. The NRR
particles have a more uniform surface than the
RR  particles, which display surface
irregularities such as bumps and fractures. In
contrast, the RR particles possess a more
polished exterior but with some discernible
fissures and  imperfections.  Moreover,
mechanical regeneration can decrease the
particle size by utilizing shear forces to
mechanically disintegrate the particles. A
decrease in particle size yields a greater surface
area, facilitating substance alterations. The
scanning electron microscopy (SEM) Figure 6
reveals a uniform dispersion of GTR (ground
tire rubber) throughout the matrix, with a low
GTR concentration ranging from 0% to 20%.
Nevertheless, more bubbles and imperfections
were observed as the GTR concentration
increased, particularly in the case of the dry
mixed samples. The increased surface area is
attributed to the more excellent viscosity
matrix, which results in fewer interfacial
contacts between GTR-LDPE. This behavior is
because no pressure is exerted during the
rotational molding process. Ground tires (GTR)
are combined with LDPE and HDPE. Gensca et
al. [44] identified, through scanning electron
microscope (SEM) images Figure 7, two distinct
phases in the studied compounds. One side of
the equation involves the polyethylene matrix,
which is composed of LDPE and HDPE,
respectively. The other aspect involves
reinforcing tire particles. Thus, incorporating
the reinforcement into the matrix is evident as
a distinct phase, with limited integration into
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the polymer matrix, as evidenced by gaps
between the particles and the reinforcement.
These results are typical in such composite
materials. Conversely, the outstanding feature
is the uniform distribution of strengthening
molecules in the composite, where the
reinforcement is well-distributed throughout
the sample, which is crucial in ensuring that no

- z R 7 =

Fig. 6 (SEM) Im.ges of the (a,a”) Non-Regenerated and (b,b’) Regenerate GR a Different
Magnifications [43].

(a)

$ » ey

particle buildup occurs during the sample
manufacturing process. Thus, the images
shown reveal the presence of weak internal
bonding between the two phases of the
composite material, as well as the effective
dispersion of the reinforcement within the
composite matrix.

(b)
Fig. 7 (SEM) Micrographs of (a) LDPE/20%GTR, (b) HDPE/20%GTR [44].

A study conducted by Kiss et al. [45] utilized
value-added ultra-fine ground tire recycling
(uGTR). Waterjet milling is used in the rubber
industry (uGTR) by evaluating the properties of
different mixtures of uGTR tires and
conventional small ground tires. LDPE blends
were created by including rubber components
(fGTR) in weight percentages of 10%, 20%, and
30%. SEM micrographs revealed that GTR had
a large particle size and limited surface area.

Furthermore, there was a complete lack of
adhesion between the different phases. Due to
the holograms, the GTR molecules are
physically isolated from the LDPE matrix,
preventing payload transfer. As a result,
breakage occurs quickly. In contrast, the two
images also show the “fibrous” fracture surface
of the samples containing uGTR, indicating a
positive relationship between the phases.
Dispersed GTR molecules exhibit little visibility
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and thus contribute to the exceptional
elongation at break. The scanning electron
microscopy (SEM) picture depicts the
microstructure of the samples, including filler
additions ranging from 0% to 25%. Fillers
manifest as supplementary black particles that
are already present in the LD-PE. Observably,
the particle size exhibits an increment as the
filler ratio is augmented, and their distribution
inside the matrix is mostly homogeneous. The
rubber is thoroughly consolidated and
uniformly dispersed throughout the matrix.
Bodude et al. [46] captured these photos of
LDPE manufactured from crushed rubber
particles measuring 150 micrometers in size.
The proportion of rubber granules used varies
from 0% to 25%. The study conducted by
Mastalygina et al. [47] examined low-density
polyethylene (PE) samples with varying
amounts of natural rubber (NR) content (10-30
wt.%). Incorporating filler into the polymeric
matrix results in substantial alterations to the
morphology of the composite material and the
mobility of the boundary layers at the
macromolecular level. The microstructure of
composite materials was investigated using
optical microscopy. The combination of PE and
NR resulted in a system where PE acted as the
core structure while NR was distributed as
separate domains. Due to its elastomeric
properties, NR functioned as a flexible
dispersed filler inside the PE matrix. In this
scenario, PE/NR systems cannot be regarded as
a composite of two thermoplastic polymers. The
rubber domains in the composites had a size

ranging from 10 to 100 pm. It was found that as
the NR concentration in the PE matrix
increased, the domains exhibited a more even
distribution with smaller sizes. SEM images of
low-density or high-density polyethylene
composites with ground tire rubber (GRT)
revealed a  consistent dispersion of
reinforcement particles throughout the base
material (PE), with a relatively moderate but
satisfactory level of cross-linking between
them. The scanning electron microscope (SEM)
image reveals that as the particle size decreases,
the bonding quality improves due to the
increased surface area of the additive, thereby
enhancing its ability to increase bonding
strength. The research also indicated a small
level of porosity, which varies depending on the
manufacturing technique employed. This result
is what researchers [48] to [49] agreed on.
Therefore, their results are consistent with
those of the researcher [46]. When
incorporating natural rubber (NR) at a weight
percentage of 10-30%.

4.2.Density

Different methods can enhance the density of
composite plastic materials by effectively
incorporating waste polyethylene, optimizing
processing conditions, adjusting filler loading
levels, modifying surface characteristics, and
exploring hybridization with other fillers or
reinforcements. Table 3 illustrates various
methods used for improving the density of
composite plastic by incorporating waste
polyethylene:

Table 3 Methods Used for Improving Composite Density Using Waste Polyethylene.

Method Description

References

Incorporation as Filler

Waste polyethylene is added as a filler material to the composite plastic matrix  [28,29]
during the manufacturing process.

Optimization of Researchers optimize processing parameters such as mixing time, [30,50,51]
Processing Parameters temperature, and pressure to ensure uniform filler dispersion.

Varying filler loading The concentration of waste polyethylene filler is varied to identify the optimal [32,33,52]
levels loading level for achieving the desired density.

Surface modification of
polyethylene

Surface treatments or modifications of waste polyethylene particles are applied  [34,35,48]
to enhance compatibility with the matrix.
Hybridization with other Waste polyethylene is combined with other fillers or reinforcements to create

[49,53,54]

fillers hybrid composites with improved density.

Shaker and Rodrigue [43] conducted an
experiment in which they combined several
weight percentages (0, 20, 35, and 50 wt.%) of
GTR with two types of particles—non-
renewable particles (NRR) and renewable
particles (RR)— alongside LDPE. The objective
was to determine the density of the raw
materials and the resulting sample formation
arising from using both dry and molten mixture
preparation techniques. The thickness of GTR,
with an NRR of 1.169 g/cm3 and RR of 1.246
g/cm3, surpasses that of clean LDPE, which has
a density of 0.910 g/cm3. GTR exhibits a greater
density than other studied composites, making
it a better material. Nevertheless, the density of
GTR/LDPE composites experiences an initial

drop due to the creation of bubbles, holes, and
gaps that emerge between the two phases.
During this interval, the value rises
proportionally  with  the rising GTR
concentration for both dry and dissolved
mixtures of chemicals. Nevertheless, the
regeneration process had no impact on the
density of the composite materials since the
results for both LDPE/NRR and LDPE/RR
composites are similar, falling within the range
of experimental uncertainty. Both mixing
techniques exhibited a comparable pattern.
Zadeh and Rodrigue [55] contributed
information about mechanical and physical
factors. = The study investigated the
characteristics of composite materials
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comprising polyester recycled tire fibers (RTFs)
blended with ground tire rubber (GTR) and
maleic anhydride, as well as linear low-density
polyethylene  (LLDPE). @ The  research
investigated the effect of varying RTF content
levels (10, 25, and 50 wt.%) on a manufacturing
process that utilizes extrusion and injection
techniques. The composite materials exhibited
increased density due to the elevated density of
RTF (1.27 g/cm3) compared to LLDPE (0.938
g/cm3). Generally, the density of the
compounds increased by approximately 2%,
6%, and 12% at concentrations of 10%, 25%,
and 50%, respectively. The researchers'
investigation [43] and [55] revealed that the
density of polyethylene increased when it was

strengthened using used tire rubber, even if
holes and cavities were present in the
composite after its production. The rise was
caused by the disparity in density between the
base material (PE) and the additional material
(GRT), with the latter having a higher density
than the former.

4.3.Thermal Conductivity

Table 4 illustrates the diverse options for
enhancing the thermal conductivity of
polyethylene-based materials, offering
opportunities to tailor thermal properties to
meet specific application requirements across
various industries, including electronics,
automotive, aerospace, and packaging.

Table 4 Methods of Improving the Thermal Conductivity of Polyethylene.

Percentage of

Material Description loadi Refs.
oading
Carbon Nanotubes - Carbon nanotubes are cylindrical carbon structures with 20% [56]
(CNTs) extraordinary thermal conductivity properties.
Polymer Blends - Polymer blends incorporating thermally conductive polymers or 40%-60% [571
copolymers with polyethylene can improve thermal conductivity
while maintaining flexibility and processability.
Phase Change - Phase change materials embedded within polyethylene matrices Up t019.3% [58]
Materials (PCMs) can enhance thermal conductivity by absorbing and releasing heat
during phase transitions, contributing to improved thermal
management properties.
Hybrid Composites - Hybrid composites combining multiple fillers or materials, such [59]

as carbon nanotubes with metal or ceramic fillers, can
synergistically improve the thermal conductivity of polyethylene
while addressing other mechanical or functional requirements.

GTR particles from waste tires were mixed in
proportions (0-70 wt.%) with LDPE and HDPE
in a study by Gensca et al. [44]. The presence of
GTR in the samples leads to significant
variations in thermal conductivity.
Surprisingly, the compounds containing 50%
GTR exhibit higher conductivity than those
with 70% GTR. This finding contradicts the
expectation that carbon black in particles GTR
would enhance conductivity. Interfacial
polarization enhances thermal conductivity,
resulting in HDPE and LDPE compounds
containing 50% GTR, exhibiting the highest
conductivity. Conversely, compounds without
any additives in their matrix have the lowest
conductivity.

4.4.Tensile Strengths

A study was conducted by Kakroodi and
Rodrigue [42] to investigate the impact of
adding ground tire rubber (GTR) to high-
density polyethylene (HDPE) with varying
weights (ranging from 50 to 90 wt.%) on the
material's properties. The samples
demonstrated that HDPE with GTR
percentages ranging from 50% to 70%
exhibited excellent tensile elongation at break
and satisfactory tensile strength. However, the
attributes of models with higher GTR levels
deteriorated. A possible cause for this
phenomenon is that adding more GTR powder
to HDPE reduces homogeneity. Kazemi et al.
[38] investigated the effect of adding clean fiber

(CF) and ground recycled (GR) to recycled low-
density polyethylene (rLDPE) at various
weights (ranging from 0% to 30%) on its
mechanical properties, specifically tensile
strength and tensile modulus. The test findings
demonstrated a significant improvement in the
mechanical properties of the material when
carbon fiber (CF) was incorporated into
recycled low-density polyethylene (rLDPE)
through a combination of extrusion and
injection molding. More precisely, when a 30%
increase was applied, there was a notable
enhancement of 15% in the tensile strength and
a substantial improvement of 192% in the
tensile modulus. Conversely, adding GR to
rLDPE led to a decrease of 15% in both tensile
strength and tensile modulus. Shaker and
Rodrigue [43] conducted an experiment where
they combined GTR (0, 20, 35, and 50 wt.%)
with low-density polyethylene (LDPE), using
both non-renewable particles (NRR) and
renewable particles (RR). The tensile modulus
of both the melt-mixed and the melt-mixed
samples was determined. As anticipated, the
values decline as the GTR content increases due
to the lower GTR modulus (approximately 2
MPa) compared to LDPE (72 MPa).
Additionally, there is an increase in the amount
of space inside the material, which causes a loss
in its ability to resist the forces applied to it. The
tensile modulus of LDPE/RR samples is lower
than that of LDPE/NRR components produced

jTikrit Journal of Engineering Sciences | Volume 32 | No. 4! 2025

Ty 10



https://tj-es.com/

j Hashim S. Hammood, Najeeb S. Abtan, Saad R. Ahmed / Tikrit Journal of Engineering Sciences 2025; 32(4): 2317. :‘

during dry blending, with a maximum of 35%
GTR. Nevertheless, the tensile modulus
increases proportionally with the concentration
of GTR. The tensile modulus of LDPE /RR
composites surpasses that of LDPE/NRR
composites due to incorporating more
significant amounts of GTR during melt
blending, which decreases the size of RR
particles. The tensile strength of LDPE/RR
composites, which were created by the blending
process, exhibited a greater magnitude than
that of LDPE/NRR. The adhesion/interaction
interface plays a critical role in controlling this
parameter. Ultimately, the strain at which the
material breaks diminishes as the amount of
GTR increases due to a growing quantity of
imperfections. Nevertheless, most of the
composites, namely LDPE NRR samples with a
weight percentage of up to 20% in dry blend
and up to 35% in melt blend, as well as
LDPE/RR samples with a weight percentage of
up to 20% in melt blend, may be classified as
excellent thermoplastic elastomers (TPEs) due
to their elongations at break exceeding 100%.
In this instance, the regeneration procedure did
not enhance the quality of the breed. The
mechanical properties of linear low-density
polyethylene were examined in a study by
researchers Moghadamzadeh and Rodrigue
[60]. The polyethylene was reinforced with
recycled polyester fibers (RTFs) and mixed with
ground tire rubber (GTR) and maleic anhydride
in varying proportions (10%, 25%, and 50% by
weight). The study revealed a decrease in the
tensile strength values as the content of the
reinforcing material was  progressively
increased by 2%, 10%, 14%, and 11%. This
reduction may be attributed to two distinct
phenomena: insufficient bonding between RTF
and LLDPE, facilitated by the compatibilizer,
and the restricted mobility of the GTR
molecules caused by their cross-linked
structure. Nevertheless, the flexible
composition of the compatibilizer led to a
notable increase in the maximum stretching
capacity before fracture. Kiss et al. [45]
conducted a study on the possibility of value-
added recycling of ultra-fine ground tires.
Rubber (uGTR) is manufactured by waterjet
milling, which involves comparing the
attributes of mixes, including distinct uGTR
tires, with those of ordinary small ground tires.
The rubber contents, also known as fGTR, and
their weight percentages (10%, 20%, and 30%)
were created by mixing with low-density
polyethylene (LDPE). An observed decline in
tensile strength was noted in samples that
included both fine-grained tire rubber (fGTR)
and ultrafine-grained tire rubber (uGTR) as the
GTR content increased. A greater mean particle
size reduces specific surface area and less
interfacial adhesion. When the concentration of
GTR was 10 wt.%, samples with uGTR exhibited

a tensile strength of roughly 30% greater than
those with fGTR. The disparity diminished as
the GTR content augmented. The impact of size
only marginally counteracts the power-
diminishing influence of the GTR. Additionally,
it was noted that the elongation at break of
materials, including uGTR, increased modestly
at a filler concentration of 10 wt.%; however, it
decreased when the GTR percentage was
increased. For fGTR samples, the elongation at
break fell significantly, suggesting inadequate
adhesion between LDPE and GTR. However,
the higher specific surface area of uGTR
somewhat offsets this issue, resulting in
improved outcomes. An investigation was
conducted to analyze the impact of six different
fractions of rubber powder, with diameters
ranging from 120 to 500 um, on the mechanical
characteristics of TPE samples. These samples
were created by blending waste tire rubber
(GTR) with low-density polyethylene (PE-LD)
using a laboratory mixer known as the
Brabender Plastograph. According to a study
conducted by Hrdlik et al. [60], the tensile
strength of samples with smaller grain sizes was
more than 10% greater than that of models with
larger grain sizes, as determined by tensile
strength testing. The samples containing a
mixture of ethylene propylene diene rubber
(EPDM) exhibited a significant increase in
tensile strength, reaching up to 33%
enhancement at the lowest particle size. The
increased efficacy of smaller GTR particles with
higher surface quality in binding to the
thermoplastic matrix may be attributed to the
activity of EPDM. The study conducted by
Mastalygina et al. [47] examined low-density
polyethylene (PE) blended with varying
amounts of natural rubber (NR) (10-30 wt.%).
The results showed that the tensile strength and
Young's modulus of the PE/NR composites
were about half of the values seen in pure PE.
Incorporating NR into PE helps decrease the
relative elongation at break. Upon adding 10
wt.% of NR to PE, the relative elongation at
break fell to a magnitude four times less than
that of pure PE. As the concentration of NR
rose, no further alterations were seen. Khan et
al. [61] made LDPE/GTR composites. GTR was
included in the mixture at different
proportions, namely 1 part percent (phr), 2 phr,
3 phr, 4 phr, and 5 phr. The data indicate a
negative relationship between GTR content and
tensile strength. Specifically, when the GTR
content of pure LDPE rises to 5phr, the tensile
strength decreases from 111 to 79.21 N/mma2.
The decrease in performance can be attributed
to decreased affinity between the blends and
degradation of the recycled GTR due to
exposure to the environment or during
processing and milling. It was noted that as the
rubber content increases, the elongation
percentage also increases, because the presence
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of the elastic phase leads to a minor increase in
plastic  deformation, indicating greater
flexibility in the samples. Rezaei-Abadshi et al.
[62] have conducted numerous experiments
using ground tire rubber (GTR) powder as a
partial substitute for natural rubber (NR) in
thermoplastic elastomers. These elastomers are
mainly composed of linear low-density
polyethylene (LLDPE) and NR, with LLDPE
accounting for 60% of the weight and NR
accounting for 40%. The relationship between
GTR content and tensile strength and
elongation at break is shown. The mechanical
characteristics of the LLDPE/NR mix are
diminished when 5-10 wt% of the NR phase is
substituted with GTR due to the inadequate

bonding between unaltered GTR and the
polymer matrix. Insufficient adhesion between
surfaces results in the formation and expansion
of voids within the interfaces. Voids result in
the development of fractures and a reduction in
the tensile strength of the mixes. This results in
the formation of imperfections within the
molecular structures of the rubber. However,
when the GTR level reaches 20-40 wt.%, the
tensile strength of the mixes increases. The
inclusion of carbon black in the GTR serves as
an active filler, enhancing the material's tensile
strength. Table 5 illustrates various methods
and additives used to enhance the tensile
strength of polyethylene.

Table 5 Materials Used for Improving the Tensile Strength of Polyethylene.

Weight ratio

Material Description Ref.
percentage
Glass Fibers  To enhance tensile strength, glass fibers are commonly used as reinforcementsin  90/10 [63]
polyethylene composites. These fibers offer an excellent strength-to-weight ratio
and can be tailored to meet specific applications.
Carbon Carbon fibers offer high tensile strength and stiffness, making them effective 70/30 [64]
Fibers reinforcements for polyethylene matrices. Composite materials incorporating
carbon fibers exhibit improved mechanical properties, including enhanced
tensile strength, modulus, and impact resistance.
Natural Natural fibers derived from plants, such as hemp and flax, can be used as eco- 10%-30% [65,66]
Fibers (e.g., friendly reinforcements in polyethylene composites. While they may have lower
Hemp, tensile strength compared to synthetic fibers, they offer advantages such as
Flax) sustainability, biodegradability, and reduced environmental impact.
Nanofillers Nanofillers, such as nano clay particles, can enhance the tensile strength of 5%-20% [67]
(e.g., polyethylene composites by improving the interfacial adhesion between polymer
Nanoclay) chains and the reinforcing phases. These nanofillers effectively distribute stress
and inhibit crack propagation, thereby improving mechanical properties.
Hybrid Hybrid composites, which combine different types of fibers or reinforcements, 70/30, 50/50 [68]

Composites  such as glass fibers with carbon or aramid fibers, can synergistically enhance the = and 30/70
tensile strength of polyethylene matrices. By optimizing the combination of
materials, hybrid composites can achieve tailored mechanical properties to meet

specific application requirements.

Polymer Blending polyethylene with other polymers or copolymers, such as polypropylene  50/50 [69]
Blends or ethylene-vinyl acetate, can improve tensile strength by enhancing molecular

alignment and intermolecular interactions within the polymer matrix. Polymer

blends offer versatility in tailoring mechanical properties while maintaining

processability and cost-effectiveness.

These materials provide a range of options for
enhancing the tensile strength of polyethylene-
based materials, enabling the development of
high-performance composites suitable for
diverse industrial applications. Researchers
have demonstrated a loss in tensile strength
through experiments looking at the effect of
reinforcing  polyethylene  with  rubber,
particularly waste tires (GTR). This decrease
may be due to the weak bond strength between
the base material and the additional material. A
significant increase in tensile strength of up to
30% is observed when a smaller particle size is
used, rather than a larger particle size. The
researcher confirmed this result [42]. The
discrepancy may be due to increased
polyethylene bonding surface area. However,
research has conclusively shown that using
recycled rubber for reinforcement leads to
superior results compared to using natural
rubber (NR) in the situation described in the
study [47], especially when GTR is present in

high proportions. Despite its declining
qualities, it still deserves praise in comparison
to its positive economic and environmental
benefits.

4.5.Hardness

Kakroodi and Rodrigue [42] assessed the
hardness of HDPE with different proportions
(ranging from 50 to 90 wt.%) of ground tire
rubber (GRT) using a Shore scale. The
experiment had favorable outcomes within the
50-70% range and used materials with a shore
hardness ranging from 95 to 88. Nevertheless,
the hardness values exhibited a substantial
drop with increasing proportions of GRT. In
their study on the effect of adding clean fiber
(CF) and ground recycling (GR) to recycled low-
density polyethylene (rLDPE), Kazemi et al.
[38] found that increasing the GR ratio resulted
in a 6% decrease in hardness values.
Conversely, increasing the CF ratio to 30% led
to a 7% increase in hardness values. The
research examined the effects of varying
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weights (ranging from 0% to 30%) on the
material's mechanical properties. In their
experiment, researchers Shaker and Rodrigue
[43] mixed two types of GTR particles—non-
renewable particles (NRR) and renewable
particles (RR)—in several weight ratios (0, 20,
35, and 50 wt.%) with low-density
polyethylene. The hardness results indicate that
for molded parts, which were measured using
the Shore A and Shore D scales, there was a
steady decrease in hardness with increasing
GTR content in both the dry mix and melt mix
procedures. This phenomenon can be
attributed to the inherent elasticity of the
rubber particles. Moghadamzadeh and
Rodrigue [55] obtained the following findings
in their investigation of the mechanical and
physical components. This research
investigates the effect of varying amounts of
recycled polyester fibers (RTFs) in conjunction
with ground tire rubber (GTR) and maleic
anhydride derived from linear low-density
polyethylene (LLDPE) on the manufacturing
process, specifically extrusion and density
enhancement. The weight percentage of the
RTF material ranges from 10% to 50%. The
elevated quantity of RTF results in reduced
hardness values due to the heightened
concentration of GTR molecules and
compatibilizers, which are inherently softer
components inside the composites. No
substantial disparity was detected between the
incompatible and compatible samples. The
hardness of the material reduces by about 4%,
7%, and 9% when the RTF content rises from
10% to 25% and 50%, respectively, compared to
the hardness of the base material (measured at
63.1 shore D). Kiss et al. [45] have repurposed

ultra-fine ground tires to add extra value
through recycling. Rubber (uGTR) production
involves using waterjet milling to compare the
characteristics of various combinations of
uGTR tires and traditional small ground tires.
The rubber contents, also known as f{GTR, and
their corresponding weight percentages (10%,
20%, and 30%) were generated by blending
with low-density polyethylene (LDPE). Both
the delicate and ultrafine GTR significantly
decreased the composites' hardness (Shore D)
compared to LDPE, resulting in a synthetic
rubber-like characteristic. The ultrafine GTR
exhibited increased stiffness, likely due to its
larger contact area and enhanced adhesion
between components. A study conducted by
Bodude et al. [46] resulted in the production of
low-density polyethylene (LD-PE) using rubber
particles in powdered form, measuring 150 um
in size. The rubber granules used vary between
5% and 25%. The hardness test revealed that
the initial hardness value of the base material,
measured at 11.48 BHN, increased modestly to
12.98 BHN after incorporating 5% ground
rubber filler. Conversely, the hardness reduced
to 10.47 BHN when the filler content was
increased to 10%. Nevertheless, the hardness
level peaked at 14.06 BHN after including 20%
padding. Abadji et al. [62] studied the effect of
replacing NR with GTR on the hardness
property and found that it is less than pure
(LLDPE), but its values increase with
increasing GTR content. The reason for this is
attributed to the presence of carbon black in
waste tires. Table 6 presents a list of studies that
utilized various types of waste tires to reinforce
polyethylene.

Table 6 Different Types of Waste Tires that Can be Used for Reinforcing Polyethylene Composites:

Type of Description Refs. Property
Waste Tires improved

1. Whole - Whole tires, including passenger car tires, truck tires, and industrial [70] Shear and
Tires tires, can be used as a source of reinforcement in polyethylene composites. compressibility

These tires are typically shredded or ground into smaller particles before

incorporation into the composite matrix.

2. Tire Crumb - Tire crumb rubber refers to finely ground rubber particles obtained from  [71]

Stress releaser

Rubber waste tires through grinding or shredding processes. These rubber
particles can vary in size and are commonly used as a filler or
reinforcement material in polyethylene composites to improve mechanical

properties.

3. Tire Fiber - Tire fiber is derived from the reinforcement layers of waste tires, such as [72]

Interfacial adhesion

steel-belted radial tires. These fibers are extracted through mechanical
processes and can be incorporated into polyethylene composites to
enhance tensile strength, stiffness, and impact resistance.

4. Tire - Tire powder is a fine powder obtained from waste tires through grinding  [73]
Powder or milling processes. This powder is a mixture of rubber, carbon black,
and other materials. It can be used as a filler material in polyethylene

Tensile strength,
elongation at break,
and impact strength

composites to enhance properties such as thermal conductivity and

mechanical strength.

5. Tire Chips - Tire chips are larger pieces of rubber obtained from waste tires through [74]
shredding or chipping processes. These chips can vary in size and are

Thermoplastic
properties

typically used as a filler or reinforcement material in polyethylene
composites for applications requiring impact resistance and vibration

damping.

These different types of waste tires provide
versatile options for reinforcing polyethylene

composites, offering opportunities to tailor
material properties and meet specific
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performance  requirements in  various
applications. These studies demonstrate the use
of waste tires as a reinforcement material in
polyethylene composites, aiming to enhance
mechanical properties and sustainability while
addressing the challenge of managing tire
waste. The researchers reached a consensus
that the hardness diminishes as the proportion
of recycled rubber increases, and they ascribed
this decline to the rubber's ductility
characteristic. Nevertheless, the researcher
[62] has a dissenting view from their
perspective. In his investigation, a variation in
hardness values was observed, ranging from
high to low, although a significant increase of
up to 20% was noted at elevated levels of
recycled rubber. The divergence in the
researchers' findings prompts us to explore the
underlying causes, which may be attributed to
the manufacturing techniques used and the
dimensions of the particles used in the
reinforcing process.

4.6.Impact Strength

When mixed with various weight ratios (0, 20,
35, 50 wt.%) of ground tire rubber (GTR) with
low-density polyethylene (LDPE) in two
situations - one involving non-renewable
particles (NRR) and the other involving
renewable particles (RR) - researchers Shaker
and Rodrigue [43] observed a decrease in
impact strength across all composite materials
as the GTR content increased, this decrease can
be attributed to weak adhesion at the interface
between GTR and LDPE and reduced pressure
inside the mold, resulting in the formation of
voids within the parts. Furthermore, the
LDPE/NRR samples exhibit a more significant
impact strength than the LDPE/RR samples,
which may be attributed to the presence of a
cross-linked structure in the GTR, which
enhances the deformability of the particles. As
a result, the LDPE/NRR samples can absorb
more energy before the onset of cracking.
Consequently, the production procedure
decreased the impact strength due to reduced
cross-link density inside the RR particles. The
impact strength of molten mixed samples
surpasses that of dry composite samples owing
to enhanced adhesion at the interface of GTR
and LDPE, resulting in fewer model flaws. The
impact intensity of incompatible mixes is
relatively consistent over the range of
concentrations examined. MoghadamZadeh
[55] showed the impact of different levels of
recycled polyester fibers (RTFs) combined with
ground tire rubber (GTR) and maleic anhydride
from linear low-density polyethylene (LLDPE).
The RTF content levels tested were 10%, 25%,
and 50%. Calculate the weight percentage.
However, including the compatibilizer
significantly enhanced the Charpy impact
strength, with improvements of 18%, 29%, and
50% seen at 10%, 25%, and 50% RTF,

respectively. This characteristic is primarily
attributed to increased GTR, which enhances
stress transmission between the two surfaces,
making the composites more pliable.
Consequently, there is improved energy
absorption via the elastic deformation of the
GTR rubber. Bodude et al. [46] prepared low-
density polyethylene (LD-PE) with crushed
rubber particles measuring 150 pum. The
quantities of rubber granules used ranged
between (5%-25%) + 5% for each percentage.
The results indicated a marginal improvement
in the impact strength of the composites with a
higher amount of rubber particles. The filler
concentration initially reached (20.94J) at a
filler content of 15% but then decreased as the
filler concentration increased. Composites of
ground tire rubber and low-density
polyethylene = (LDPE/GTR) have been
developed by researchers Khan et al. [61]. They
added GTR in proportions (1 phr, 2 phr, 3 phr,
4 phr, and 5 phr) and examined the effect of the
additive on the impact strength. They observed
that the rubber content in the LDPE/GTR
formulation increased, leading to an increase in
impact strength. The decrease in the sample
occurs gradually due to the rubber's ability to
absorb energy. Ultimately, this material is
flexible and cross-linked, allowing it to
maintain its flexibility because its temperature
is above its glass transition temperature (Tg) at
ambient temperature. The study findings
showed that the impact strength of
polyethylene significantly improved when
reinforced with GTR ground tire rubber in
appropriate  proportions. However, this
improvement reaches a maximum point with
increased content and then experiences a minor
decline. The reason for this rise is the material's
inherent elasticity and interconnectivity, which
enable it to retain its flexibility. Ultimately, the
temperature of the substance exceeds the Tg
under normal conditions. Nevertheless, it came
to our attention that one of the researchers [43]
had a divergent viewpoint. The researcher
observed a reduction in the impact strength
values, attributing this to poor adhesion at the
interface between GTR and LDPE, as well as a
drop in pressure inside the mold, resulting in
the creation of voids within the pieces. Based on
this, it may be inferred that the impact strength
of polyethylene is enhanced by reinforcing it
with GTR.

4.7.Flexural Strength & Flexural
Modulus

Adding carbon fiber (CF) enhanced the bending
modulus, but incorporating ground recycled
(GR) reduced it. 30CF-INJ had a flexural
modulus that was 142% more than rLDPE-INJ.
However, adding 30 wt.% GR resulted in a 15%
decrease in the flexural modulus. Furthermore,
the latter has a significantly greater flexural
modulus when compared to the compression
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molding technique. This phenomenon can be
attributed to the enhanced scattering and
alignment of the filler in samples produced by
Kazemi et al. [38]. In their study, they
compared the incorporation of clean fiber (CF)
and ground waste (GR) at different proportions
(ranging from 0% to 30%) with recycled low-
density polyethylene (RLDPE). Shaker and
Rodrigue [43] combined different weight
percentages (0, 20, 35, and 50 wt.%) of GTR
with low-density polyethylene (LDPE) in two
scenarios: one using non-renewable particles
(NRR) and the other using renewable particles
(RR). The flexural modulus values decrease as
the amount of Ground Tire Rubber (GTR)
increases, primarily due to the elastic nature of
GTR and the presence of voids and inadequate
interfacial adhesion. The LDPE/NRR values
were more significant than the LDPE/RR
values up to a GTR content of 20% for both
blending  strategies. = Nevertheless, by
augmenting the GTR content, the regeneration
procedure can alter this pattern and elevate the
flexural modulus of LDPE/RR to surpass that of
LDPE/NRR. The flexural strength of linear low-
density polyethylene was investigated by
Moghadamzadeh [55]. The polyethylene was
enhanced with recycled polyester fibers (RTFs)
and combined with ground tire rubber (GTR)
and maleic anhydride in different ratios (10%,
25%, and 50% by weight). An increase in the
additive content resulted in a drop in the
flexural strength values. The corresponding
decline percentages were 2%, 10%, 14%, and
11%. This phenomenon may be attributed to the
inadequate interfacial adhesion between binary
mixes of polar and nonpolar components.
Bodude et al. [46] created low-density
polyethylene (LD-PE) using 150-um-sized
powdered rubber particles. The rubber
granules used ranged between 5% and 25%. The
specimen with 5% filler showed a maximum
flexural strength of 44.06 MPa, while the model
with 20% filler had a slightly lower flexural

strength of 40.07 MPa. However, both values
were lower than the flexural strength of LD-PE,
which was 57.58 MPa. The fluctuating decrease
can be attributed to increased reinforcement
and a decrease in the total surface area
accessible for matrix-filler interaction. Khan et
al. [61] created composites using ground tire
rubber and low-density  polyethylene
(LDPE/GTR). GTR was included in the mixture
at various ratios, namely 1 part per hundred
(phr), 2 phr, 3 phr, 4 phr, and 5 phr. The
experiment revealed a negative correlation
between the rubber content in the LDPE/GTR
formulation and the flexural strength of the
specimen. The reason for this might be the
relatively reduced rigidity of LDPE compared to
other thermoplastics and perhaps the presence
of a void or flaw within the mixture. Rubber
exhibits resistance when subjected to a load.
Using rubber will significantly impact the
hardness and diminish the material's flexural
strength. The flexural strength at break cannot
be determined since the specimen did not
undergo fracture under the imposed stress.
Hence, the flexural strength was decided at a
distortion of 25%. Blended materials exhibit
excellent flexibility by mitigating the rigidity of
the overall composition. The elastic modulus of
the DPE/GTR mix decreases as the rubber
component increases, primarily due to the
inadequate compatibility between GTR and
LDPE. The rubber molecules were unable to
intertwine with LDPE molecules adequately
and could not entangle with LDPE as effectively
as plastic materials [61]. While producing
PE/GTR composites and conducting flexural
strength tests, a slight decline in strength was
observed as the GTR ratio increased. The
presence of this phenomenon may be attributed
to inadequate interfacial adhesion between the
binary mixtures, including polar and nonpolar
constituents, as well as the level of flexibility
exhibited by the rubber. The research findings
analyzed in this review are shown in Table 7.

Table 7 Studies on Recycled Rubber-Filled PE Composites.

Matrix Reinforcements Finding the impact on properties Refs.
HDPE matrix 90, 80, 70, 60, and 50 Tensile strength and hardness values decrease with [42]
HD6605 +MAPE wt.% GTR increasing ratio (GR)
rLDPE GR or Clean fiber CF (10, (Tensile, Hardness, Flexural Strength) It decreases as the [38]
20, and 30 wt.%) percentage increases (GR) and increases as the percentage
increases (CF)
LDPE (0, 20, 35, and 50 wt.%) (Density) increases with increasing percentage of (GR) [43]
GTR (Hardness, tensile, flexural modulus, and Impact) decrease
with increasing ratio (GR)
LDPE/ HDPE 0, 5, 10, 20, 40, 50, and Increase in thermal conductivity [44]
70% GTR
LDPE 10, 20, and 30 wt.% fGTR ~ (Hardness, Tensile) Decreases with increasing percentage [45]
and uGTR (GR)
LDPE with 150 pum rubber waste ~ (Hardness, bending, Impact) Fluctuating between increases [46]
(5%, 10%, 15%, 20%, and and decreases, the best results are when 20%
25%)
PE, grade 15803-020 10, 20, and 30 wt.% of Tensile decreases with increasing percentage (NR), water [47]
natural rubber (NR) absorption increases with increasing percentage (NR)
LLDPE(LL8460) (10, 25, and 50 wt.%) (Tensile, Impact, Hardness, and flexural) Decreases with [55]

(recycled tire fibers
(RTFs)

increasing percentage (RTFs)
density increases with increasing percentage (RTFs)
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PE-LD-Riblene 24

25% and 50% of GTR+
25% (EPDM or SEBS)
(650, 550, 492, 426, 381,
and 120) (um)

(Tensile strength) There is a slight decrease with decreasing [60]
particle size and a significant increase with the smallest
particle size, 120 (um)

LDPE 1 phr, 2 phr, 3 phr, 4 phr, (Tensile Testing, Flexural Strength) Decreases with [61]

and 5 ph GTR increasing percentage GTR
Izod Impact density increases with an increasing percentage

LLDPE Replacement NR (40, 35, (Tensile strength) It decreases with increasing percentage of  [62]
30, 20, and 0) GTR and increases slightly at 40%.
By GTR (o, 5, 10, 20, and Hardness decreases for pure (LLDPE); however, it increases
40) with increasing GTR content.

5.CONCLUSIONS Specifically, smaller particle sizes provide

The utilization of waste polyethylene
offers a promising solution to the
environmental and economic challenges
posed by plastic pollution. By embracing
recycling and developing innovative
technologies and policies, society can
harness the potential of waste
polyethylene to create a more sustainable
future.

GRT is evenly distributed throughout the
polyethylene (PE) base material; however,
the bond strength is insufficient, as
evident from the SEM images. The wipers
contained contaminants derived from old
rubber, specifically discarded tires. These
images include gaps.

The density values of recycled rubber-
reinforced polyethylene increase due to
the increased density of the rubber
compared to the base material.

The thermal conductivity test conducted
with the inclusion of reinforced materials
shows that it is contingent upon the
specific kind of additive used. The
combination of GTR waste rubber and
polyethylene yields elevated conductivity
levels. Owing to the elevated carbon black
content in rubber.

In summary, the utilization of waste

polyethylene plastic offers multiple
environmental benefits by reducing
landfill waste, preventing marine

pollution, minimizing greenhouse gas
emissions, conserving natural resources,
mitigating microplastic pollution, and
promoting circular economy principles.
By prioritizing recycling and sustainable
waste management practices, society can
significantly mitigate the environmental
impacts of plastic pollution.

An increase in the content of these
reinforcing materials leads to a decrease in
the values of properties such as tensile
strength, flexural strength, and hardness.
However, higher impact strength values
were observed when reinforced with
ground tire rubber (GRT) at low
concentrations. Additionally, the present
results suggest that the particle size has a
significant influence on the features.

superior results.

ABBREVIATIONS AND ACRONYMS

LDPE Low-density polyethylene
LLDPE Linear low-density polyethylene
PVC Polyvinyl chloride
PS Polystyrene
PP Polypropylene
SBS Styrene-butadiene-styrene block copolymer
SBR Styrene-butadiene rubber
GTR Ground tire rubber
HDPE High-density polyethylene
PET Polyethylene Terephthalate
PUR Polyurethane
EPS Expanded Polystyrene
CF Carbon Fiber
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