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Abstract: Disposal of used bicycle wheels poses a
significant environmental challenge. This study explores a
recycling approach by incorporating ground rubber
particles from used tires with low-density polyethylene
(LDPE). The present study investigates the effect of GTR
on the physical and mechanical properties of LDPE with
the addition of hollow glass microspheres (HGMS), as a
hybrid composite. This composite has useful properties
for engineering applications that combine the properties
of the composite materials. The composites were
formulated with GTR ratios (10%, 20%, and 30%) and
HGMS ratios (0%, 1.5%, 3%, 4.5%, and 6%). The materials
were processed using a single-screw extruder and an
injection molding machine under specific mixing
conditions, i.e., 130 °C, 0.6 MPa, and 160 °C. The
composites were subjected to comprehensive tests to
study their microstructure, physical, and mechanical
properties on a large scale. The TGA test showed that the
inclusion of varying amounts of GTR insignificantly
affected the onset temperature of weight loss, and it had
no effect on the final degree of loss and stability. In
contrast, the addition of HGMs increased the onset
temperature of failure to 300 °C. The addition of HGMs
resulted in the highest percentage of residual material
compared to the percentage of residual material at 0%
HGM. The manufactured composites were analyzed using
scanning electron microscopy (SEM), which revealed the
microstructure of the composite. The examination
particularly emphasized the weak bond between the base
material and the additives. The investigation showed a
consistent distribution of the additives throughout the
base material, with specific clusters of empty glass
spheres. A negative correlation was found between the
density of the composite and the percentage of void
content and water absorption. Mechanical tests showed
that tensile and flexural strengths decreased with
increasing GTR levels by about 27% for tensile strength
and 29% for flexural strength at 20% and 30% GTR.
However, the presence of additives significantly affected
the hardness and impact strength values, with significant
improvements at higher levels of HGMS by up to 15% for
impact strength. The hybrid composite containing 10%
GTR and 3% HGMS showed encouraging results. The
results revealed that the composite has promising
potential for use in technical industries, especially
automotive rubber supports, providing a sustainable
option for managing waste generated from car wheels.

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

raze A0



http://doi.org/10.25130/tjes.32.4.16
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.32.4.16
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): 2265. :‘
iy SN g A ) ol jUaY) Jallaa U 1Al g LS ja ) cBlaal) s g gl
AUl (addlie craldi) (Aol ala o 43 gaall Aala 3

daa) Gl dw e Glalu cuad cagaa S adly
GIoal =y S/ S Rl dnia IS/ ASSal) Latigll
AadAll
Llaall il da ed JYA (e o sl ale) e Al yall o3 (oS 5 G Gaad JS Alaaisall Cilal pall Elae (e aliill )
Ll (ailadll e GTR Ll 4wl 0 ) Gaags (LDPE). 48USN Gamidie ool sl ae Alaniasall cl Y1 (e 4 saladll
gl linlaill 3nie Gal & @l Cpad oS je o licl s (HGMS) 48 5o duala ) &l S 3] <435 ae LDPE 2 4SSl
HGMS iy (ZY+ 5 7Y+ 571 +) GTR Gy GlS jall delaa adi S yiall 4ie 435S0l 3 gall Gl s (g pal 5301 028 pan
YY) saase Jald Cag pla Jla b il 4 g8 AT 5 sl Apslad (58 A1 alasily o sall Anllae i (0 5 76,0 5 /Y 5 70,0 5 70)
LSSl 5 4 5l Lpaaibas 5 488011 Ly dl Hal ALald 0l JLaaY ClS jall Coniiad (Rasdada )0 )T s dubilage 7 5450 da 0
s ol Ol Aoy 35l pm da o e dia L34l S GTR (e 43 like laaS £l a) o WlaaY « TGALE A el 5 (31 e
Apsiedapn Yoo ) Jal 4 5l s ds 353l ) HGMs 4dlaa) sl cJiiall (3 ) jain) 5 il Algdl) dajal) e il 4l oK
a3l Aaioal SLS 5l las SHGM. 7+ tie &sial) o) sall &y saall dpuslly 45 Jlia Ll 31 sl (0 i Lol ) HGMs sl 50
L) 52l (G Al Adag) ) e (el (S Gandl) T S 5all 288 Al e (RIS M1 ¢ (SEM )gmlal) (5 €Iy el
Ae Jl dala 31 @ SN e Badae e sane ae Al Balall el apan 8 Ailiaal) o gall Gyl a3 55 Gaiaill jedal Adliadll o sall
Sliai¥ 5 2l o o AKlSad) i LaaY) @ yelal elall Galiaial 5 ¢l (o sina dasiy S ) DK Gy b Bl ) e siall 3
il daliaall ol gal) dgm s (8 clld e sGTR. /e 5 /Y e die sliniV) o 7Y 5 230 5 & 7YY sais GTR <l sinse 34 ) ge Cuail
CS el Lelal il 38 Ve ) Jes dsis HOMS 00 et il sie die 1S s e ¢ il 3585 A30all o e aS JSa
cilelivall b 2laaidl sae ) 5 ISl 4l (Sl o ) il juii desiie MWHGMS ZF SGTR 70+ Gle s siny g Cpungl)
alalall SMlac e dadll) il 5 1aY Glxice 150a 8 g 13 5 ) el dulaUngll cilale all dala g i)

A (ol i A ) Al A gaall Lnla 3 ) KU ASUSH mitie Galiil s oy 935 dlaall Cidlaall Lallas 1Ad)AL cilalS)

1. INTRODUCTION

Waste tires present significant and hazardous
environmental concerns worldwide. Many
resources are dedicated to pursuing
economically feasible and ecologically
sustainable methods for recovering and
reutilizing used tires [1, 2]. Upcycling is a
method of recycling that involves using
shredded waste tires in polymer blends to
produce goods of additional value. These
products can be used for various purposes, such
as playground equipment, anti-corrosion, and
highway curb barriers. Ground tire rubber
(GTR) is a product obtained by grinding tires
using various technologies. It consists of a
significant quantity of excellent quality natural
and synthetic rubbers. These rubbers may be
used as important raw materials in producing
polymers, such as thermoplastics, thermosets,
and rubbers [3, 4]. Transforming the whole tire
into GTR involves many steps, including
shredding, separating the steel and textile
components, granulating the tire, and
classifying the resulting material. GTRs are
manufactured by mechanical grinding at room
temperature, at room temperature in the
presence of moisture, at elevated temperatures,
and at very low temperatures. Before being
ground to finer mesh sizes, i.e., smaller particle
sizes, the tire is first chopped into relatively big
pieces and then shredded into smaller
fragments. Ambient grinding is often
performed using a mill of the two-roll cracker
type. Despite being referred to as "ambient," the
temperature may go to 130°C during milling.
The attainable particle size and particle size
distribution of GTR are determined by the
milling sequences and the kind of mill used [2,

5]. Waste tires consist of synthetic and natural
rubbers appropriate for strengthening
composites. Incorporating recycled tires into
virgin matrices reduces the cost of the end items
and the consumption of virgin resources. An
instance of using waste tires as lightweight
additives in asphalt is seen in the construction
of roadways. This technique enhances the
quality of the road surface by minimizing the
formation of grooves, enhancing its capacity to
withstand temperature changes, and improving
its durability against deterioration [6]. Scrap
tires are used in construction to enhance the
durability of concrete compositions by serving
as fillers in cement mortar. These fillers
increase resistance against bending, dynamic
loading, and cracking [7]. In addition, thermal
insulation and acoustic qualities are being
enhanced while reducing moisture absorption
and permeability. The combination of
discarded tires with polymers, such as
thermoplastics, thermosets, and rubbers,
produces cost-effective and environmentally
friendly composite mixtures. These mixtures
can be economically feasible substitutes for
equivalent products [7, 8]. Shredding old tire
waste into smaller particles increases the
surface area, dispersing fillers more evenly
throughout the material and enhancing the
bonding of rubber chains, resulting in stronger
bonds. Waste tire shredding, also known as tire
shrinking or downsizing, is the process of
reducing the size of tires [6]. Glass microbeads
are little glass spheres manufactured for a
diverse range of uses, such as thermal
insulation surface coatings, synthetic foams,
adhesives, printed circuit board substrates, fan
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blades, caulking materials, PVC, and other
applications. Glass microspheres generally
have dimensions ranging from 1 to 1000 um.
However, their sizes may vary from 100 nm to
5 mm in diameter. Microspheres are spherical
particles that may be categorized as either solid
or hollow [7]. Hollow glass microspheres
(HGMs) are used as fillers in many applications
because they can be integrated into a diverse
array of polymer matrices as substitutes or in
conjunction with other substances. The
distinctive characteristics of HGMs, such as
their low weight and exceptional resistance to
crushing, are a direct consequence of their
composition, which comprises an unreactive
gas core surrounded by a rigid glass shell [9].
HGMs are known as glass bubbles and
sometimes small balloons, with sizes ranging
from 10 to 300 micrometers. Glass bubbles are
usually composed of borosilicate glass, soda,
and lime, providing low density, strong heat
resistance, and chemical durability. The
crushing strength of hollow balls is directly
affected by the thickness of their walls. As
expected, the greater density of the balls leads
to a corresponding increase in their crushing
force. The lightweight hollow glass spheres
possess  chemical stability, are non-
combustible, non-porous, and exhibit
exceptional water resistance [10]. A study was
done by Bodude et al. [11] on the combination
of low-density polyethylene with rubber grains
measuring 150 um. The ratios of the mixture
ranged from 5% to 25%, increasing in
increments of 5%. The casting technique was
used to analyze the mechanical characteristics
of the polyethylene base. Several mechanical
tests were conducted, including tensile
strength, impact resistance, bending resistance,
and hardness. The findings indicated that
including crushed rubber particles at a
maximum weight ratio of 20% produced a
composite material with a 65% greater modulus
of elasticity and a 22% higher hardness in
comparison to the original components.
Nevertheless, the composite material showed a
28% decrease in bending strength when
compared to the basic material while exhibiting
almost the same impact energy. The lack of
strong bonding between the matrix phases and
reinforcements might cause this issue. Khan et
al. [12] prepared a composite of low-density
polyethylene (LDPE/GTR) and studied the
mechanical properties. They also demonstrated
the effect of adding tire waste (GTR) to the base
polyethylene material. The tire waste was
added in different proportions under 220 °C
and 200 bar manufacturing conditions. At a
pressure of 200 bar, tests were conducted, and
it was found that the tensile strength decreased
as the content of (GTR) increased. However, the
impact strength and elongation ratio increased.
With the enhanced impact and elongation

ratios, this material is well-suited for
applications like gym mats or the car sector.
The characteristics of LDPE compounds were
examined by Kiss et al. [13] with varying
ultrafine ground tire rubber (uGTR) and fine
rubber (fGTR) content. The findings showed
that the tensile qualities diminished as the
elongation increased, likely due to the property
arising from the greater surface area and the
influence of size. Additionally, there was a
modest drop in the tensile strength. The
scanning electron microscope (SEM) pictures
provided visual information on the state or
quality of the materials. The use of uGTR
resulted in superior interphase adhesion and
hardness. The amount of material dropped as
the GTR concentration increased. However, the
hardness was high in the case of UGTR samples.
The mixes containing uGTR exhibited
improved interfacial adhesion between the
phases as a result of the much larger surface
area, enhancing mechanical characteristics
compared to fGTR. Stagnaro et al. [14]
incorporated microspheres (HGMs) into
polyethylene via melt mixing at three weight
ratios: 5%, 10%, and 20%. Characteristics of
unaltered and altered hierarchical graphene
materials. The adhesion between the filler and
the base material was analyzed using a scanning
microscope (SEM), and the mechanical
characteristics of the composites were
compared to those of the base material. The
findings indicated that the most significant
enhancement in characteristics, such as yield
strength, modulus of elasticity, and elongation,
occurred at a concentration of 5%. The results
demonstrated a weight reduction of up to 17%
with exceptional aesthetics. Chimene et al. [15]
examined the impact of particle size and
content of hollow glass microspheres on raw
and recycled polyethylene. Testing revealed
that these factors influenced the density, tensile
modulus, and storage properties. The modulus
increased in correlation with the glass content
as it experienced creep. The recovery exhibited
a substantial drop, with the composites being
more strongly impacted by the lower particle
size due to their larger surface area. A
significant disparity was noted between the
virgin and recycled LD-PE, mainly attributed to
the pollution present in the latter. Nevertheless,
the data indicated this result. Recycled
polyethylene may serve as a substitute for virgin
polyethylene. Enhanced with glass particles,
particularly when reduced dimensions are
used, this substance may be utilized in several
applications. Cosse et al. [16] studied the
polyethylene  (PE)/HGM  characteristics,
containing 1% and 5% weight/weight of HGM,
respectively. The composite materials were
fabricated using two processing techniques:
single-screw  extrusion and twin-screw
extrusion. Based on morphological

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

raze 46N



https://tj-es.com/

j Hashim S. Hammood, Najeeb S. Abtan, Saad R. Ahmed / Tikrit Journal of Engineering Sciences 2025; 32(4): 2265. :‘

investigation, matrix/filler adhesion was found
to be inadequate for all samples. The most
optimal dispersion of HGM was achieved in
samples that underwent twin-screw extrusion.
The mechanical characteristics were influenced
by both the chosen processing technique and
the concentration of the included hollow glass
spheres. The modulus of elasticity, tensile
strength, and strain in the systems experienced
a drop of 20%, 10%, and 23%, respectively.
Manufactured with a two-screw extruder, the
impact force was the only instance with a
growth above 300%. The presence of a
significant amount of hollow glass spheres
reduced the mechanical strength of the
Syntactic foams, with a fall ranging from 5% in
modulus of elasticity to 50% in strain. The
present work aims to utilize ground tire rubber
(GTR) in combination with polyethylene (PE)
to  produce enhanced thermoplastics.
Specifically, this research aims to demonstrate
the impact of integrating rubber granules from
recycled tires on the properties of low-density
polyethylene (LDPE). By incorporating hollow
glass microspheres (HGMS) as reinforcing
elements, the study explores the potential to
improve the mechanical characteristics of the
composite material while reducing its weight.
These LDPE/GTR/HGMS composites are
intended for various engineering applications,
including automotive bumpers, cable covers,
hydraulic motor cushions, and head shields.

Such applications require materials with
excellent impact resistance, flexibility, stiffness,
and lightweight properties, which can be
achieved cost-effectively. Additionally, the
study contributes to environmental
preservation through recycling practices.

2, EXPERIMENTAL WORK

2.1.Materials

The low-density polyethylene (PE-TASNEE
LD4025AS) material used was obtained from
the Saudi Manufacturing Company. The
specific properties of this material are tabulated
in Table 1. Waste tire granules were obtained
from a private laboratory and underwent a
screening process to produce granules with a
size of 150 um to 300 um. The density
investigated was 1.2 g/cc. In addition, the user
obtained hollow glass microspheres (HGMs)
with a density of 1.27 g/cc and a granular size of
<53um. Figures 1 and 2 depict the constituent
elements and scanning electron microscope
(SEM) images of the HGMs, respectively.
Table 1 The Physical Characteristics of the

Polyethylene Used.

Typical Propeties
Physical Method Unit Values
Density 1SO 1183 g/cm3 0.925

Melting Flow Rate (190°C/2.16 ISO 1133 G/min 4.0
Kg)

Melting Temperature 1SO 3146 °C 111
Vicat Softening Temperature  ISO 306 ©°C 92
(A50(50 °C/h 10N)

. Spectrum 19
o]

Si

C

Al

K

Fe

Ca

SEMMAG: 350k« | WD: 5.8 mm L MIRA3 TESCAN|

[ SEM HV: 200KV 1pm

Date(midly): 05113724 SUT - FESEM

Fig. 2 Scannlng Eltron Mlcroscopy (SEM) Mlcrographs of Hollow Glass Microspheres (HGMS).
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2.2.Preparation of the Samples

The rubber powder (GTR) was sieved using
special sieves to obtain granular sizes from 150
to 300 um. Then, the polyethylene granules,
hollow glass balls, and rubber granules were
weighed using a high-precision balance with an
accuracy of 0.0001 g, as shown in Table 2.
These materials were fed into the single-screw
extruder machine (SJ25 made in China). Under
specific =~ operating conditions, with a
temperature of 130 °C and a specific screw
rotation speed of 10 rpm, the mixture is placed
in an injection machine (XCX-40G of Chinese
origin) and compressed to 0.6 MPa at a
temperature of 160 °C and for 30 sec in pre-
prepared molds. This process followed
international ~ standards for  producing
specimens for hardness, impact, tensile, and
bending tests, as shown in Figure 3.

Table 2 Compositions of the Samples
Produced.

Fig. 3 Samplres Produced (a) LDPE+10% GTR,
(b) Pure LDPE.

2.3.Testing Methods

2.3.1.Density, Void Content, and Water
Absorption

The density of the composite material, which is
manufactured by combining polyethylene,
rubber, and hollow glass, was determined
according to international standards (ASTM
D792) [17]. The void content formed in the
composite material was also measured
according to the international standard (ASTM
D2734) [18]. The water absorption rate was

measured according to ASTM standards. D570
[19].

2.3.2.Hardness Test

To assess the hardness of samples made from
composites (PE-GTR-HGM) by international
standards (ASTM D2240) [20], a hardness
testing apparatus (SHORE D) was used.
2.3.3.Tensile Test

The tensile test was conducted using (LARYEE)
testing equipment manufactured in China. The
tensile samples were produced following the
international standard ASTM D638 [21].
2.3.4.Flexural Test

The flexural test was conducted using
(LARYEE) testing equipment manufactured in
China. The tensile samples were produced
following the international standard ASTM
D790 [22].

2.3.5.1zod Impact Test

The composite specimens for impact testing
were produced using equipment of Chinese
origin (Time Group Inc.), following the
international standards described in ASTM
D256 [23].

3.RESULTS AND DISCUSSION
3.1.Thermogravimetric Analysis (TGA)
Three steps can be seen in the TGA diagrams,
shown in Figure 4. During the first stage, a
slight decrease in weight was observed in all the
samples being examined. This stage ended at a
temperature ranging between (250 to 350) °C.
However, the onset of loss fluctuates depending
on tire rubber addition rates. By adding 10%, as
in Fig. 4 (a), the starting value was 105 °C.
Including 6% glass pellets increased the weight
loss temperature to 300 °C, as shown in Fig. 4
(b). In contrast to the present findings, a 30%
GTR concentration insignificantly affected the
onset of weight loss in the composite
differences, ascribed to the higher thermal
stability of polyethylene than GTR. It is worth
noting that including glass pellets
insignificantly affected the onset temperature
of weight loss, resulting in a slight increase of
only 128 °C, as shown in Fig. 4 (d) [24, 25].
These slight decreases are due to the
evaporation of moisture and volatile chemicals
in the compounds. The second step is the main
stage, where the polyethylene and rubber begin
to thermally decompose. As a result, the
collapse of the polymer chains led to a
significant weight loss of (92% and 71%) for
10%GTR and (0% and 6%) HGM, respectively,
and (88% and 78%) at 30%GTR for the same
HGM ratios. In the third stage, which started
for all samples after 475 °C, the decomposed
materials decomposed further due to continued
heating, leaving only inorganic and
carbonaceous materials. For the samples with
HGM ratios, the proportion of non-degradable
additives remained constant [25, 26].
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Fig. 4 Thermogravimetric Analysis (TGA) of the Prepared Composites.
3.2.Internal  Structure—Micrographs
Analysis

The scanning electron microscope images,
shown in Fig. 5, visually represent the
combination of GTR's large particle size and
restricted specific surface area. However,
images (a, b) cannot distinguish between tire
waste particles and base materials. The

combination of these materials results from
their ability to flow easily. Figures 5 (c, d) show

the presence of voids in the composite material,
which indicates weak bonding between the
composite molecules and shows reasonable
dispersion of both GTR and HGM additives.
Although there was some aggregation, the small
particle size of HGM enabled it to infiltrate the
base material and GTR, filling the gaps created
during the production process. This
observation is consistent with [13, 27].

SEM MAG: 5.00 kx
Dai: SE

WD 3.5 mm
SEM HV:

MIRAY TESCAN

Data{muary): 0511724

SUT - FESEM
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Fig. 5 Scanning Electron Microscopy (SEM) Micrographs of (a, b) LDPE/10%GTR/3%HGMS, (c, d)
LDPE/30%GTR/3%HGMS.

3.3.Density, Void Content, and Water densities beyond that of the LDPE matrix
Absorption substantially elevates the composite material's
The variability in the density of the constituents density, aligning with the documented rise in
used in the production of the compound clearly theoretical density, as seen in Table 3. This
impacts the density of the outcome, as seen in outcome is in line with [24].

Fig. 6. Incorporating GTR and HGMs with

1.500
1.350
1.200
1.050 —
0.900
0.750
0.600
0.450
0.300
0.150
0.000

m 10% GTR ®20% GTR 30% GTR

Density (g/Cm3)

pure 0 1.5 3 4.5 6
Content HGM (wt.%)

Fig. 6 The Density of the Investigated Materials as a Function of GTR and HGMs Content.
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Table 3 The Theoretical Density (Td) (g/cc) with Addition Ratios for Each of (GTR and HGMs).

% HGMS (Td) (g/cc) at 10% GTR (Td) (g/cc) at 20%GTR (Td) (g/cc) at 30%GTR
Pure (LDPE) 0.925 0.925 0.925

o 0.947 0.969 1.113

15 0.951 0.974 1.118

3 0.955 0.978 1.124

4.5 0.959 0.982 1.129

6 0.963 0.986 1.135

Figures 7 and 8 illustrate the percentages of
void content and water absorption,
respectively, revealing a clear correlation
between these parameters. The content of
additives, GTR, and HGMs was inversely
proportional to the void content ratios,
indicating an increase in the composite's
density, as shown in Fig. 6. A slight increase in
void content at 30% GTR is observed, likely due
to weaker bond strength with the matrix and
differing rates of thermal shrinkage during

cooling of LDPE and GTR. Nonetheless, HGMs
effectively reduced void content and absorption
rates due to their uniform distribution,
although some aggregates were visible in SEM
images. This behavior occurred when HGMs
successfully filled the voids between the PE
matrix and GTR particles, as evidenced in
electron scanning microscope (ESM) images.
This behavior aligns with the previous research
of [28].

0.84
0.77

®m 10% GTR ®20% GTR = 30% GTR

0.70
0.63

0.56
0.49

0.42
0.35

Voids ( %)

0.28
0.21
0.14
0.07
0.00

pure 0

Content HGM (wt.%)

3 4.5 6

Fig. 7 The Void Content of the Investigated Materials as a Function of GTR and HGMs Content.

0.99

0.90

m10% GTR ® 20% GTR = 30% GTR

0.81
0.72

0.63

0.54

0.45
0.36
0.27
0.18
0.09
0.00

water Absorption %

pure 0

Content HGM (Wt.%)

Fig. 8 The Water Absorption of the Composites as a Function of GTR and HGMs Content.
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3.4.Hardness Test

Including ground tire rubber (GTR) reduced
the hardness of the low-density polyethylene
(LDPE) base material, as indicated by the Shore
D hardness measurements in Fig. 9. A decrease
in hardness values was observed with
increasing GTR content at 10%, 20%, and 30%.
This reduction can be attributed to the higher
elasticity of the rubber, which diminishes the
composite's ability to resist deformation under
pressure. Additionally, the weak bonds between
the LDPE and GTR further reduce hardness
[26, 29]. Figure 9 shows a positive relationship

between hardness levels and the concentration
of hollow glass spheres. This improvement can
be attributed to the incorporation of hollow
glass spheres, which reach 8% after the decline
in hardness values due to the addition of GTR,
as shown in Fig. 1. The high hardness of the
composite was further enhanced by the uniform
dispersion of these spheres, as observed in the
SEM images. This dispersion helps distribute
loads evenly across the material, resulting in
lower stress concentrations and improved
ability to withstand pressure. This principle is
evident in the data presented in Ref. [30].
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Fig. 9 The Hardness of the Investigated Materials as a Function of GTR and HGMs Content.

3.5.Tensile Properties

Incorporating waste tires (GTR) substantially
decreased tensile strength. Figure 10
demonstrates that the increase in GTR
concentration led to a more noticeable drop.
The decline may be attributed to many causes,
including inadequate compatibility between the
foundation material and the voids, which serve
as areas of vulnerability and creation. The
material is prone to failure when exposed to
mechanical stress, as seen in the scanning
electron microscope (SEM) pictures depicted in
Fig. 5. Furthermore, rubber has a lower
modulus of elasticity compared to polyethylene,
resulting in a reduced capacity of the composite
material to endure stress before fracturing and
experiencing further degradation. This
behavior happens when the process of recycling
(GTR) is exposed to the atmosphere during its
use and processing. This result agrees with [12,
13]. By examining Fig. 10, the tensile strength
values increased with the concentration of
hollow glass balls (HGMs). This increase was

slight, reaching 3% after deterioration, after
adding GTR due to the ability of these balls to
distribute the composite materials evenly. They
also effectively reduced the presence of voids
inside the composite, as shown in Fig. 6. In
addition, it showed resilience against some
applied forces, thus reducing the overall stress
on the composite. However, this increase in
tensile strength did not reach the values of the
base material due to the weak adhesion
strength with the base material. Also, a
decrease was noticed in tensile strength at 6%
HGMs due to the increase in the aggregates that
form the center of concentration of stresses,
which makes them more susceptible to cracking
and collapse under the pressures applied in the
compound [27, 31]. Incorporating materials,
such as GTR (ground tire rubber) and HGMs,
into polyethylene reduced its flexibility,
resulting in a drop in elongation rates under
tensile stress. Additionally, Fig. 11 exhibits
favorable compatibility with Fig. 10.
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Fig. 10 The Tensile Strength of the Investigated Materials as a Function of GTR and HGMs Content.
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Fig. 11 The Elongation of the Investigated Materials as a Function of GTR and HGMs Content.

3.6.Flexural Strength

Figure 12 illustrates that varying amounts of
GTR, combined with the absence of HGMs,
decrease the flexural strength of the sample.
This phenomenon might be caused by voids or
defects in the mixture, as shown in Figs. 5 and
7. The flexural resistance of rubber decreased
under applied stress, and the use of rubber
materials significantly impacted the rigidity of
the structure, resulting in a decrease in overall
rigidity. The flexural strength at break cannot
be determined due to the absence of a sample
fracture under the applied force. Figure 12 also

shows that the flexural strength decreased with
increasing HGMs content, particularly at 20%
and 30% GTR. This reduction was consistent
and can be attributed to the mismatch between
the surface of the glass spheres and the base
material and rubber (GTR). Insufficient
interfacial bonding limits the load transfer from
the matrix to the hollow glass microspheres
(HGMs). However, an increase in flexural
strength was observed at 3% HGMs up to 11%
compared to GTR /0% HGM, possibly due to
the relatively homogeneous distribution during
the specimen fabrication [32, 33].
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Fig. 12 The Flexural Strength of the Investigated Materials as a Function of GTR and HGMs Content.

3.7.Impact Strength

The addition of GTR enhanced the impact
resistance. Within the LDPE/GTR mixture,
particularly at the addition ratios of (10% and
20%) GTR, there was a slight reduction in the
ratio of (30% GTR), as seen in Fig. 13. The
behavior of this product may be attributed to
the rubber's capacity to absorb energy due to its
cross-linked structure, which is capable of
undergoing deformation to increase energy
absorption before the initiation of cracking. The
glass transition temperature Tg exceeded the
ambient temperature, which is why it was
adaptable. The drop in the third ratio is due to
this addition. The bond strength was somewhat
lower than the first and second ratios [12, 27,
34, 35]. Figure 13 shows a relationship between
the amount of hollow glass spheres and the

impact resistance. The main reason for this
phenomenon is the ineffective bonding
between the surfaces. However, the impact
resistance values improved with increasing
HGM ratios and with the ratio (10%GTR),
especially when the high glass microspheres
(HGM) content reaches 3 wt.%. The impact
strength of LDPE/HGM composites exceeds
that of all other composites by an increase of
12%. Therefore, the improvement in impact
strength does not depend on the improved
adhesion of the interface between LDPE and
HGM but on creating a comprehensive stress
transfer path, which occurs when the HGM
content reaches 3 wt.%. This unique and
comprehensive  stress  transfer channel
enhances stress transfer and acts similarly to
fibers in composites [26].
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Fig. 13 The Impact Strength (Izod) of the Investigated Materials as a Function of GTR and HGMs
Content.
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4.CONCLUSIONS
The thermosetting rubber composite was
formulated with ground tire rubber (GTR) in
three varying ratios (10%, 20%, and 30%) and
four ratios of hollow glass microspheres
(HGMs) containing a low-density polyethylene
(LDPE) core, utilizing a hot-pressure molding
apparatus. The characteristics of the mixture
were meticulously analyzed. They may be
characterized as follows: The TGA examination
revealed that varying quantities of GTR
marginally influenced the initiation of weight
loss, while not impacting the extent of final loss
or its stability. In contrast, HGMs elevated the
decomposition onset temperature to above 200
°C. A distinct disparity was seen in the quantity
of residual material post-weight loss
stabilization between the incorporation of
HGMs and GTR. The incorporation of GTR and
an increase in HGMs content resulted in
elevated density values, counterbalanced by a
notable reduction in void content and water
absorption rates, with optimal outcomes
attained at 3% HGMs and varied amounts of
GTR. The use of ground tire rubber diminished
the composite's stiffness by 6% to 13%.
Although the stiffness values were enhanced
with HGMs, they ultimately approached the
stiffness of the basic material. Augmenting the
GTR content markedly diminished the tensile
strength and elongation rates; however, this
decline was alleviated by HGMs, thereby
effectively reinstating these parameters. The
incorporation of tire rubber markedly
diminished the flexural strength values of
polyethylene,  particularly at elevated
concentrations (20%, 30%). The incorporation
of HGMs enhanced the flexural properties,
particularly at 3% HGMs and 10% GTR.
Ultimately, the introduction of GTR and HGMs
to polyethylene resulted in a slight and
inconsistent decrease in the impact strength at
elevated concentrations (20% and 30% GTR).
However, a notable enhancement in impact
strength was recorded at 10% GTR, with
optimal results at 3% HGMs.
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