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Abstract

This research investigates the formation of polymer blends by blending Epoxy LY556 with Acrylonitrile-
Butadiene-Styrene (ABS) at weight percentages ranging from 2 to 10% wt. The thermal properties,
morphological characteristics, tensile strength, flexural strength, and interlaminar shear strength (ILSS)
characteristics of these composites were examined. The X-ray Diffractometer (XRD) and Fourier Transform
Infrared Spectrometer (FTIR) studies confirmed the presence of binary blends. The miscibility of epoxy/ABS
blends is shown by the presence of a single melting peak in the Differential Scanning Calorimetry (DSC)
analysis. The Thermogravimetric Analysis (TGA) findings indicate that epoxy and ABS blends exhibit greater
thermal stability than pure epoxy. The tensile strength increased from 183.6 to 380.6 MPa, flexural strength
increased from 165.3 MPato 335.6 MPa, ILSS increased from 32.4 MPato 72 MPa for 8% wt. of ABS blending,
and the laminates witnessed a decrease in density and hardness values. The Scanning Electron Microscopy
(SEM) images demonstrate the commendable blending characteristics and the synergistic impact of the
ABS/Epoxy composite, yielding superior outcomes to the pure epoxy material.

Keywords: Acrylonitrile-Butadiene-Styrene, Composite material, Epoxy, Fabrication, Interlaminar shear strength,
Tensile

primarily in demand. Multiwalled carbon nanotube
composites have three percent higher tensile strength

1 Introduction

In the meteoric evolution of modern technologies, the
synthesis and development of materials with various
properties that conventional polymers, metals, and
ceramics cannot possess is paramount. Composites have
been primarily used for high-performance aerospace,
aviation, and sports until recently. However, due to the
ever-growing demands for materials with superior
properties, composites are now finding relevance in
more generic day-to-day applications. A polymer
could be strengthened through new fibers, producing
a lighter and sturdier material. Materials with a decent
number of favorable properties achieved through
careful combination with various other substances are

and sixty-five percent greater flexural strength [1].
Composite materials are frequently employed in
automobile crashworthy structures to sustain axial and
non-axial stresses due to their better absorption of
energy capability [2], [3]. Polymer matrix composites
(PMCs) feature qualities, including a high stiffness-to-
weight ratio, a high strength-to-weight ratio,
remarkable optical properties, increased fracture
toughness, wear, fatigue, thermal expansion, and
corrosion resistance properties [4]-[7]. Producing
glass fiber composites entails integrating thin
synthetic fibers with a tiny diameter into the polymer
matrix as the main strengthening component [8]-[10].
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Because of their easy production, adaptable
configurations and forms, excellent strength, resistance
to corrosion, and high strength-to-weight ratio,
fiberglass-reinforced plastics (FRP) are used in small
surveillance vessels, commercial fishing vessels, and
interisland passenger boats and ships [11], [12].
Researchers regularly suggested PMCs such as glass-
fiber/Carbon/Arid-reinforced polymers [13]. The Glass
Fibre Carbon Reinforced Polymer Composite (GCRC)
demonstrates its superiority through increased
resistance to indentation. Applications were found in
the automotive vehicle body and braking segments
and aeroplane radome and brake segments [14]. Glass
fiber reinforced plastics (GFRP) is a material that is
recommended for usage in the aerospace and
automotive industries due to its decreased density,
excellent mechanical capabilities, and impressive
thermal properties [15]. Compared to other types of
glass fibers, E-glass fiber is an important material being
researched due to its exceptional qualities.
Additionally, e-glass is resistant to heat and corrosion
and has a high level of strength. Electrical insulating
material industries and vehicle structural sectors are two
areas that may benefit from the usage of e-glass [16].

There is a correlation between the stacking
arrangement of fabric layers and the performance of
tensile and flexural characteristics [17]. Experimental
research into the dependence of ply orientation on
ultimate tensile strength (UTS), flexural strength, and
fatigue strength of woven bidirectional glass fiber-
reinforced PMCs revealed that the properties obtain
their maximum value for a ply angle of 0 degrees and
that the flexural and fatigue properties decrease as the
angle increases [18]-[20]. The dependence of the ply
orientation and areal density on the tensile
characteristics and failure modes of thin-ply carbon
fiber reinforced plastic (CFRP) composites was
investigated. The results of this study were used to
generate a failure diagram that illustrates the many
failure modes that occur for varying ply angles and
areal densities [21].

Silica nanoparticles improve mechanical
characteristics in Bis-GMA/TEGDMA resin blend
and composite systems, showing the importance of
intermolecular hydrogen bonding [22]. Co-cured
compositions of unsaturated polyester (UP) with fire-
retardant and char-forming phenolic resins (P.H.) have
been studied for their impact on glass fiber-reinforced
composite mechanical and fire performance [23].
Utilizing epoxidized waste vegetable oils as a
triglyceride source for epoxy resins shows promise,
with purified waste oils performing comparably to

neat oil at up to 10 wt%. At the same time, higher
proportions exhibit a notable plasticizing effect,
enhancing mechanical properties in composites [24].
Enhancing conventional epoxy resin through blending
with phenolic-urea oligomers as both matrix modifiers
and curing agents, followed by characterization of
resulting laminates for improved thermal stability,
mechanical properties, and chemical resistance [25].

DOPO-reactively flame retarded CE/EP blends
improve thermal stability and flammability, with
cyanate ester addition compensating for increased
glass transition temperature (Tg), enabling high-
performance carbon fiber reinforced composites [26].
The adaptability, cheap cost, and customizable
features of unsaturated polyester resins (UPRS) are
offset by their water susceptibility and fire resistance.
Blends, IPNs, composites, and nanocomposites
improve UPRs for automotive, construction, and
coatings applications while addressing environmental
and health issues [27]. Unsaturated polyester resins
(UPRs) dominate composites because of their cost-
effective chemical resistance. Still, their mechanical
qualities need reinforcing for structural functions.
Fibers, fillers, and nanoparticles make UPRs suitable
for various sustainable engineering applications [28].
Adding phosphorus-containing flame retardants to co-
cured unsaturated polyester with phenolic resoles
reduces heat release parameters. However, enhanced
smoke evolution implies condensed-phase and gas-
phase effects. Based on TGA experiments,
unsaturated polyester and phenolic resin compatibility
improves flame retardant retention in the condensed
phase [29]. In bisphenol A cyanate ester (ACE)/
fluorinated poly (aryl ether nitrile) (PFPEN) blends,
four bisphenol A glycidyl ether epoxy resins (E06,
E12, E20, and E44) improved curing, mechanical,
thermal, and adhesive characteristics E20/PFPEN/ACE
improved tensile, impact, shear, and peel strength,
indicating it might be used in high-performance
adhesives and resin matrix composites [30].
Polyethylene glycol (PEG) and epoxy resin are
blended in this study, and higher PEG content
increases crystallinity and enthalpy but decreases
stability and mechanical strength. Higher PEG
molecular weight improves stability but weakens
mechanical properties [31]-[34]. Glass-fiber bituminous
coal tar-epoxy composites show that these composites
have higher density and mechanical strength when the
coal tar concentration is altered. Additionally,
exposure to cryogenic conditions improves their
resistance to wear [35].
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Materials with excellent tensile and compressive
strength, such as ramie fiber composites, exhibit
exceptional qualities. The surface flaws in these
materials may lead to their fracture and failure at stress
levels far below the anticipated value [36]. Weight
reduction and greater fuel efficiency were some of the
few primary unmet needs of the vehicle industry until
the invention of lightweight composite materials.
Reducing the weight of a car allows the designer to use
a lower amount of power, significantly improving fuel
efficiency [37]. G. Chollona et al., examined the
microstructure and mechanical characteristics of coal
tar pitch-based 2D-C/C composites with fillers of
carbon blacks and colloidal graphite injected between
the U.D. layers of coal tar pitch-based 2D-C/C
composites. Including the filler substantially enhanced
the flexural strength and interlaminar shear strength
[38].

Simon Sembiring et al., [39] examined a
Bituminous composite that consisted of Amorphous
Silica derived from Rice husks. They have determined
that the thermal properties of the composite with
varied ratios of Silica, the porosity is reasonably
reducing, and density and compressive strength rise
with the increase in Silica. Addressing impact loading
challenges is essential, as optimizing fiber and matrix
combinations and leveraging multi-attribute decision-
making tools to guide future research in enhancing
energy absorption and failure mitigation [40].

ABS's durability, dimensional stability, ease of
processing, chemical resistance, and cost-effectiveness
make ABS-epoxy resin mixing essential. Adding a
thermoplastic phase like ABS improves the fracture
toughness of cured unmodified epoxy resins, which
are brittle with low fracture toughness. This
combination combines the toughness of the
thermoplastic modifier with the processing benefits of
a thermoset matrix system. Therefore, studying the
toughening ability of a bifunctional epoxy resin
treated with ABS is essential.

The current investigative work aims to fabricate
a polymer matrix mixture of Epoxy blended with
acrylonitrile butadiene styrene at varying weight
percentages from 2% to 10%. Reinforcement of the
acquired polymer matrix with E-Glass fiber through
hand layup process. They performed various tests to
determine the mechanical properties following ASTM
test standards. This study included ABS in the Epoxy
network as a toughening agent to get precisely
adjusted mechanical characteristics. An extensive
analysis was conducted on the phase structures of
these mixed polymers, and their relationship with their

thermal and mechanical characteristics and qualities
was established. The objective was to fundamentally
comprehend their mechanical and thermal properties.

2 Materials and Methods
2.1 Selection of materials and fabrication

The present study used unidirectional, 200GSM E-
glass fibers with a density of 2.54 g/cc, obtained in
sheets from Margtech Ltd, Bengaluru, India. The
matrix materials are Araldite LY556, with a density of
1.15 g/cc, and Acrylonitrile-butadiene-styrene (ABS)
granules of hardness R110, with a specific density of
1.09 g/cc, which were used for resin blending. The
hardener was Aradur HY951, and the resin was
obtained from Huntsman India Pvt. Ltd.

2.2 Preparation of blended resin

The dissolution process is expedited by using a
sonicator equipped with an ultrasonic probe
strategically designed to break intermolecular
interactions and ensure a homogeneous distribution of
components. A frequency of 20 kHz is specifically
chosen for its effectiveness in disintegrating the ABS
slurry lumps within the resin matrix. Following the
initial step of subjecting the mixture of ABS slurry and
Araldite LY556 epoxy resin to magnetic stirring, a
subsequent phase involves pulsated ultrasonication
within the ultrasonicator. This process extends over 45
minutes, employing intermittent pulses lasting 2
seconds each. The controlled application of ultrasonic
energy serves to refine the dispersion of ABS within
the resin, enhancing the overall blend.

The introduction of the ABS-infused slurry into
the resin marks a crucial stage. Subsequently, the
composite is subjected to magnetic stirring, ranging
from 600 to 1000 rpm. The temperature is carefully
maintained at 60 °C, facilitating the controlled
evaporation of highly volatile acetone from the
mixture, thus leaving behind a homogeneous blend of
ABS in the Araldite LY556 epoxy resin. Stirring
persists until a distinctive, uniform swirl motion
emerges, typically achieved within 15 to 20 min. This
observed motion signifies the attainment of a well-
mixed composition, denoting the completion of the
intricate process. The meticulous orchestration of
these steps ensures the creation of a composite
material with a consistent and desirable composition,
essential for its intended application.
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Figure 1: Fabrication process of PMC.

Table 1: Details of the blended resin Composites
fabricated.

Sl. Composition Designation

No

1 | E-Glass+100 % Epoxy Resin Composite 1

2 | E-Glass+98 % Epoxy +2% ABS resin Composite 2

3 | E-Glass+96 % Epoxy Resin+4% ABS | Composite 3
resin

4 | E-Glass+94% Epoxy Resin+6% ABS | Composite 4
resin

5 | E-Glass+92 % Epoxy Resin+8% ABS | Composite 5
resin

6 | E-Glass+90%Epoxy Resin+10% ABS | Composite 6
resin

2.3 Fabrication of E-Glass, Epoxy, and ABS resin
PMCs

The composites were meticulously fabricated through
a precise manufacturing process to ensure structural
integrity and minimal porosity. The hand-lay process
involved arranging approximately of accurately cut
glass fabric layers, totaling 15. A blended resin-
hardener mixture was applied onto the fabric surface,
and pressure was applied using hand rollers.
Subsequently, the hand layup process was employed,
and compression molding took place in a die utilizing
a compression molding machine. The mold size was
300 x 300 x 10 mm. The composites fabricated were
a 6 mm thickness. This was executed at a pressure
range of 8-10 bar and 80-100 °C temperature.

The die remained closed for 24 hours to ensure
consistent compaction pressure, which is essential for
achieving uniform composite thickness. The applied

pressure during compression molding played a crucial
role in attaining the desired uniformity in composite
thickness. Following the molding process, the plate
was carefully removed from the die and subjected to a
curing period in an autoclave for an additional 10
hours. The resultant composites exhibited a thickness
within the range of 6 mm, as shown in Table 1, and the
fabrication process has been shown in Figure 1.

2.4 Experimental Details

The test specimens were cut out to the specifications
as per ASTM standards. The density of composites in
the weight-to-volume ratio was measured according to
ASTM D792. The samples were used to
research hardness, tensile strength, flexural strength,
and inter-laminar shear strength [ILSS]. Scanning
electron microscopy (SEM) pictures of composites
were acquired by examining them using a JEOL
SEM 840 model used for research. Hardness is
measured using a Hardness tester from BAREISS,
adopting the Shore D scale in accordance with ASTM
D2240. A computerized universal testing equipment,
the TUE —400C Fine Spavy Associates type, was used
to determine the tensile strength using the ASTM
D3039 standard and the flexural strength using the
ASTM D790 standard.

The INSTRON 1186 model was used to
determine the interlaminar shear strength analysis.
When mixed, the TA-DSC 250 Differential Scanning
Calorimetry was used to evaluate the curing kinetics
of the epoxy resin and ABS resin mixes. Following
applying a 40 mL/min-1 nitrogen flow rate, the
samples were heated at ten °C/min from 10 to 400
degrees Celsius.

The TA-DSC 250 differential scanning
calorimetry (DSC) device was used to evaluate the
glass transition temperatures (Tg) of the ABS/Epoxy
blends. A temperature range of 20 to 250 degrees
Celsius was used for the experiments, and a heating
rate of 10 degrees Celsius per minute was used.
Additionally, a nitrogen flow rate of 50 milliliters per
minute was used. The thermogravimetric analyzer
(TGA/DSC?2) was used to evaluate the ABS/epoxy
composite's thermal stability performance. The
specimens were subjected to thermal examination in a
nitrogen atmosphere, with the temperature being
raised from room temperature to 700 degrees Celsius
at a rate of 20 degrees Celsius per minute. The
specimen is subjected to an oscillating force in the
DMA process, and the material's response to this force
is considered. On the other hand, the modulus
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acquired from DMA measurements does not perfectly
correlate with Young's modulus, which is determined
using the standard stress-strain curve.

A GABO Qualimeter dynamic mechanical
analyzer was used to determine the dynamic
mechanical characteristics. The multi-frequency-
strain mode was used to ascertain the storage modulus
(E", the damping factor (tans), and the glass transition
temperatures (Tg). Research was carried out using a
three-point bending (TPB) technique at a frequency of
one hundred hertz. The samples were heated at three
kelvins per minute from the original ambient
temperature to 380 degrees Kelvin to conduct the tests.

3 Results and Discussions

3.1 Microstructure and FTIR studies of the
Fabricated E-Glass, Epoxy, and ABS resin PMCs

The microstructures of the fabricated E-Glass, Epoxy,
and ABS resin PMCs are depicted in Figure 2. These
images vividly illustrate the seamless integration and
homogeneous bonding between the constituents: E-
glass fibers, Epoxy matrix, and ABS resin. This
homogeneous bonding is pivotal as it significantly
amplifies various physical characteristics and
mechanical properties, including hardness, tensile
strength, and flexural strength.

These PMCs foster effective load transfer
mechanisms from the continuous matrix to the
reinforcing materials by fostering homogeneous
bonding. Consequently, this synergy fortifies the

composite's resistance against crack initiation and
subsequent propagation, thereby endowing it with a
heightened load-carrying capability. The effective
integration achieved through homogeneous bonding
lays the foundation for superior performance and
durability in structural applications.

The pristine ABS showed all the characteristic
bands at 3150-2900 cm™! (C-H stretching of CH, CHo,
and phenyl ring), 2238 cm™ (-CN stretching in
acrylonitrile), 1633 cm™! (-C=C stretching in butadiene),
1550-1450 cm™' (-C-H bending in phenyl ring of
styrene), and 850-700 cm™' (trans-1-4 C=C stretching,
bending of = C-H in phenyl). The I.R. spectrum of
pristine EV A showed the characteristic bands at 3100-
2850 cm™! (C-H stretching of CH, and CHs), 1755
cm! (C=0 stretching), 1,391 cm™ (C-H bending),
1275 and 1030 cm™ (C-OCO and O-CO stretching),
and 750 cm™' (C-H rocking). Epoxy resins acquire
exceptional characteristics due to their complete
crosslinked structures. The spectra of the pure epoxy
resin exhibited the usual absorption bands, with a
distinct absorption band representing the OH bond
seen between 3650 and 3250 cm™ [39]. However, the
observed peak is brief because of the limited quantity
of hydroxyl (OH) groups in the molecule of this resin.
The band at 918 cm™ (within the range of 960 to 850
cmt) signifies the presence of the epoxy group. At the
same time, the peak at 1100 cm~ shows the existence
of an aromatic ether group. The reduction in the peaks
around the OH bond represents the blending of the
ABS and Epoxy resin. It is evident from the FTIR
results shown in Figure 3.

Flgure 2 SEM |mages of the E- Glass Epoxy, and ABS resin PMCs
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Figure 3: Spectra of neat ABS/Epoxy and

combination of blends of ABS/Epoxy.

The blending has been effective, and a
compatibilizer has been used. Maleic anhydride
(M.A.) is recognized for its potential as a functional
monomer capable of enhancing thermoplastic surface
polarity and miscibility. In the context of our current
investigation, M.A. serves as an effective
compatibilizer, facilitating the blending of resins. Due
to its propensity to form partially miscible blends with
a wide array of thermoplastics and elastomers, ABS
has garnered significant commercial traction,
particularly within the automotive and electronic
industries. The observed reduction in peak intensity
around the C=C stretching vibrations (at 1,605 cm™)
[40] can be attributed to the compatibilizer effect
within the resin system. This phenomenon underscores
the positive influence of M.A. as a compatibilizer,
facilitating improved compatibility and interaction
between the constituent resins. As a result, the resin
system exhibits enhanced homogeneity and potentially
improved mechanical and surface properties, rendering
it well-suited for various industrial applications.

3.2 Density and hardness of E-Glass, Epoxy, and
ABS resin PMCs

The density of Acrylonitrile Butadiene Styrene (ABS)
is notably lower than that of both Epoxy and the
reinforcing material. This characteristic becomes
particularly significant as the ABS component
proportionately increases within the polymer
composites, decreasing the overall density of the

PMC. Figure 4 illustrates this trend, showcasing a
gradual reduction in density as the content of ABS
rises in the laminate. Five trials were taken, and each
trial's density values were averaged. Figure 4 shows
that as the ABS content increases from 2 to 10%, there
is a 4.54% decrease in the density of the composites.
This successful manipulation of composite materials
results in a lower percentage of porosity.

Further, the adoption of ABS is to manufacture
lighter composites with better mechanical and thermal
characteristics. Significantly, this decline in material
density does not impact the hardness of the fabricated
composites. The hardness of the composite material is
intricately tied to its composition, microstructure, and
inherent features, with the reduction in density being
offset by other reinforcing factors. As depicted in
Figure 4, the composites are effectively fabricated,
and most exhibit porosity levels within 5%. This
indicates the success of the fabrication method and
curing process, signifying effective blending and
thorough curing of the resin components. The careful
control of porosity levels underscores the precision
and reliability of the manufacturing process, ensuring
the integrity and quality of the resulting composite
materials [41].

The ASTM D2240 Type D scale was employed
as the standard for the hardness test, utilizing a Shore
Durometer equipped with a hardened steel rod
featuring a 1.3 mm diameter, 30° cone, and 0.79 mm
diameter. As is common in various hardness tests, the
Durometer gauges the depth of an indentation in the
material generated by a specified force applied
through a standardized presser foot. Five trials were
taken, and each trial's hardness values were average.
This indentation depth is influenced by factors such as
the material's hardness, its viscoelastic properties, the
configuration of the presser foot, and the duration of
the test.

In Figure 5, a discernible trend emerges as the
ABS content increases within the PMC — the hardness
experiences a consistent decline to 57.14% as the ABS
content increases from 2 to 10% composites. This
phenomenon can be attributed to the inherent softness
of ABS, characterized by a Shore D hardness ranging
between 55-60. ABS is notably softer than the
Araldite LY556 epoxy and the E-glass fiber.
Consequently, with an augmented concentration of
ABS in the composite, the overall hardness of the
ABS, Araldite LY556 epoxy, and the E-glass PMC
undergoes a proportional decrease [42].
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3.3 Thermal properties of E-Glass, Epoxy, and
ABS resin PMCs

The DMA analysis in this study encompassed the
determination of the storage modulus and the damping
factor (tan 9), providing valuable insights into the
dynamic properties of the six composites under
investigation. The storage modulus, a measure of a
material's tendency to exhibit elastic characteristics in
a solid state, reflects the viscoelastic properties
induced by molecular-level movement when subjected
to external stress. The damping factor, represented by
tan O, characterizes the transition from brittle to
rubbery states in response to temperature changes.
Across all temperatures, the storage modulus was
found to have significantly increased for higher resin
percentages due to the research into the impact of fiber

content on dynamic characteristics. This reinforcing
effect was especially prominent above the glass
transition temperature of the matrix. This may be due
to the significant disparity in mechanical characteristics
between the matrix and the resin when the material
changes from a state of glass to a rubbery one [43].

The macromolecular chains undergo restructuring
and alignment under dynamic tension, reaching their
maximum length before breaking in ideal
circumstances. However, entrapments and spreading
of polymer chains in composite materials limit this
scenario. The continuous decrease in the degree of
crystallinity of Epoxy and ABS contributes to
increased strength in polymeric materials. At elevated
temperatures, such as 100 °C, the melting enthalpy of
Epoxy absorbs heat in the polymeric material, leading
to deformation. Composites often necessitate a Maleic
Anhydride compatibilizer agent to mitigate interfacial
tension between the matrix and fibers, enhancing
mechanical properties. The arrangement of threads
and voids within the composite significantly
influences energy dissipation during deformation
cycles, impacting tan 6 values and, consequently, the
reinforcement effect [44].

The ABS-Epoxy blend exhibited superior results
up to 120 °C, indicating crystal structure formation at
regular intervals. The tan § peak for both ABS and
Epoxy showcased a layer-absorbing effect responsible
for the dynamic properties of individual polymers
without any combinations. Figures 6 and 7 portray the
storage modulus and the impact of the damping factor
for fabricated pristine ABS/Epoxy and composites
[45].

I—=—10% ABS +Epoxy Resin|

—@— Neat ABS Resin
4000 {—a—2¢4 ABS +Epoxy resin

¥ 4% ABS+EPOXY Resin
—&— Neat Epoxy Resin

= {—€—8% ABS+EPoxy Resin

&

= 3000

<

w

=

=

2

L~ 2000

@

)

«

-

S

S

“ 1000 4

0
20 40 60 80 100 120 140
Temperature °C

Figure 6: The Storage modulus of the blended resin
system and neat Epoxy/ABS resin.
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Figure 7: The damping factor of the blended resin
system and neat Epoxy/ABS resin.

The glass state exhibited a noteworthy elevation
in the storage modulus compared to its relatively low
and stable nature in the rubber state. The glass
transition zone showed a substantial decrease,
marking the transition from a higher initial value in the
glass state to a lower value characteristic of the rubber
state. Compared to neat Epoxy resin, the composites
displayed elevated storage modulus (EQ) values,
indicating increased stiffness resulting from the
physical interaction between fibers and the polymeric
matrix  (ABS/Epoxy). In  studies involving
polymer/fiber, the storage modulus, integral to the
mechanical perspective, correlates consistently with
the tensile modulus, both being substantially affected
by material stiffness. The analysis revealed a slight
increase in the storage modulus with temperatures up
to approximately 78 °C, potentially attributed to an
enhanced reinforcement effect arising from tightly
bonded E-glass fibers interacting with the surrounding
ABS/Epoxy matrix at elevated temperatures [46].

Figure 7 shows the damping factor values
maintaining a consistently  diminutive  scale,
exhibiting minimal fluctuations between the glassy
and rubber states. Notably, the values observed in the
glassy state surpass those in the rubber state,
highlighting a distinctive difference. Notably, the loss
modulus attains its peak within the glass transition
zone, signifying a pivotal range where the material
experiences the most significant energy dissipation.
This observation sheds light on the dynamic interplay
of material properties during the transition from the
glass to the rubber state, emphasizing the nuanced
behavior of the storage and loss moduli in response to
varying states and conditions [47]. The addition of

E-Glass fibers contributes to the reinforcement effect
above the maximum damping factor (tan §) in the
elastic plateau, as evidenced by the observed trends in
storage modulus. This dynamic mechanical behavior
is consistently observed across all fibers employed in
this study. It emphasizes the intricate interplay
between fiber content, matrix properties, and
temperature in shaping composite materials' dynamic
response and mechanical performance. After the
epoxy resin has fully cured, it forms a rigid and fragile
structure due to its densely interconnected three-
dimensional network. The brittleness of epoxy resin
results in a low fracture toughness, which restricts its
potential uses and requires the addition of high-
toughness properties. Over the last several decades,
there has been a significant focus on researching
methods to strengthen epoxy resin. Different
modifiers, such as hard additives and flexible
polymers, have effectively mitigated the intrinsic
brittleness of epoxy resin [48].

This study integrated Acrylonitrile Butadiene
Styrene (ABS) into the Epoxy network to enhance
mechanical ~ properties,  providing  meticulous
exploration of the phase structures in these blended
polymers. The correlation between these structures
and their thermal and mechanical behaviors was
investigated to gain a fundamental understanding of
their properties.

The Heat Deflection Temperature (HDT) of neat
ABS resin stands at approximately 83 °C. In
comparison, the Epoxy/ABS/E-Glass fiber composites
demonstrate significantly elevated HDT values of
114 °C. This marks a substantial improvement, with
all composites displaying HDT values 10-20 °C
higher than those of neat Epoxy and ABS resin. The
positive correlation between HDT and E-Glass fiber
content underscores the increased load-transferring
ability within the composite under test conditions.

Figure 7 shows the damping factor values
maintaining a consistently diminutive scale, exhibiting
minimal fluctuations between the glassy and rubber
states. Notably, the values observed in the glassy state
surpass those in the rubber state, highlighting a
distinctive difference. Notably, the loss modulus
attains its peak within the glass transition zone,
signifying a pivotal range where the material
experiences the most significant energy dissipation.
This observation sheds light on the dynamic interplay
of material properties during the transition from the
glass to the rubber state, emphasizing the nuanced
behavior of the storage and loss moduli in response to
varying states and conditions [49]. The addition of
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E-Glass fibers contributes to the reinforcement effect
above the maximum damping factor (tan ) in the
elastic plateau, as evidenced by the observed trends in
storage modulus. This dynamic mechanical behavior is
consistently observed across all fibers employed in this
study. It emphasizes the intricate interplay between
fiber content, matrix properties, and temperature in
shaping composite materials' dynamic response and
mechanical performance. After the epoxy resin has
fully cured, it forms a rigid and fragile structure due to
its densely interconnected three-dimensional network.
The brittleness of epoxy resin results in a low fracture
toughness, which restricts its potential uses and requires
the addition of high-toughness properties. Over the last
several decades, there has been a significant focus on
researching methods to strengthen epoxy resin.
Different modifiers, such as hard additives and flexible
polymers, have effectively mitigated the intrinsic
brittleness of epoxy resin [50].

This study integrated Acrylonitrile Butadiene
Styrene (ABS) into the Epoxy network to enhance
mechanical properties, providing meticulous exploration
of the phase structures in these blended polymers. The
correlation between these structures and their thermal
and mechanical behaviors was investigated to gain a
fundamental understanding of their properties.

The Heat Deflection Temperature (HDT) of neat
ABS resin stands at approximately 83 °C. In
comparison, the Epoxy/ABS/E-Glass fiber composites
demonstrate significantly elevated HDT values of
114 °C. This marks a substantial improvement, with
all composites displaying HDT values 10-20 °C
higher than those of neat Epoxy and ABS resin. The
positive correlation between HDT and E-Glass fiber
content underscores the increased load-transferring
ability within the composite under test conditions.

The storage modulus, a key indicator of stiffness
variation with temperature, exhibits heightened
sensitivity to changes in molecular mobility,
especially in the proximity of the glass transition
region. As temperature increases, molecular chain
stiffness undergoes significant alteration, directly
impacting the storage modulus. Generally, the
modulus decreases with rising temperature,
particularly above the glass transition temperature,
attributed to increased molecular motion [51].

Above the glass transition temperature, a rapid
decrease in modulus is observed across all samples.
The tangent delta (tan o), intricately linked to a
material's damping characteristic, is crucial. A higher
tan & value signifies superior damping and energy
dissipating capabilities, primarily due to reduced

reinforcing effects in a fiber-reinforced polymer
matrix composite. Notably, the peak temperature of
tan 6 (around 118 °C) for the 8% ABS+Epoxy
composite experiences a significant shift to higher
temperatures by approximately 7°C. The introduction
of E-Glass fibers into ABS/Epoxy resin restricts
molecular mobility, reducing the loss modulus and
decreasing tan 8. This underscores the influence of
fiber reinforcement on the dynamic mechanical
properties of the composite material [52].

The thermal analysis results in Figure 8 provide
valuable insights into the degradation characteristics
of the pristine epoxy polymer and its composite
formulations, further enhancing our understanding of
the material's behavior under varying conditions.
Notably, the degradation process unfolds in three
distinct phases, with the initial two phases playing a
pivotal role in generating a resilient carbonaceous
residue, particularly at lower temperatures. The third
phase is intricately linked to oxidizing the remaining
carbonaceous char [53].

The employment of Thermogravimetric Analysis
(TGA) emerges as a potent approach for unraveling
the intricate processes involved in polymer
breakdown, encompassing both physical and chemical
alterations. A noteworthy discovery is an observed
correlation between the heating rate and the onset of
degradation. Higher heating rates prompt a shift
towards elevated temperatures, attributed to the
reduced residence time that impedes the efficient
transfer of heat to the reactants' core, consequently
delaying the thermal degradation process [54].

An intriguing observation lies in the presence of
events associated with pure Acrylonitrile Butadiene
Styrene (ABS) degradation in assessing the fabricated
composites. However, these occurrences exhibit
diminished magnitudes directly proportional to the
composite's composition. ABS degradation unfolds in
two distinct stages, with the initial stage spanning 300
to 470 °C and the subsequent phase between 470 and
600 °C, involving a substantial weight decrease. This
weight loss is primarily attributed to the vulnerability
of regions rich in butadiene and styrene to
degradation. Further examination of the thermal
analysis data reveals a positive impact of ABS
introduction on the thermal stability of epoxy-based
composites. The temperature at 50% mass loss
(T50%) for the base epoxy is around 395 °C, while for
ABS resin, it is approximately 460 °C. With the
addition of ABS to the neat epoxy polymer, T50%
increases by 30-40 °C, indicating enhanced thermal
stability.
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Figure 8: Variation of TGA Curves for Epoxy/ABS
blended resin composites.
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Figure 9: Variation of Tensile Strength in the E-Glass,
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Figure 10: Variation of Tensile Stress and Strain in
the E-Glass, Epoxy, and ABS resin PMCs.

The residue at 600 °C for the base Epoxy/ABS
composite is 2.4%, in contrast to the complete
decomposition of the neat epoxy polymer at the same
temperature. This comprehensive understanding
clarifies the thermal properties of epoxy composites
and facilitates the optimization of their performance
attributes [55].

3.4 Mechanical properties of E-Glass, Epoxy, and
ABS resin PMCs

Nevertheless, the limited bonding and compatibility
between fillers and the matrix sometimes impede
substantial improvements in toughness in stiff
additive-toughened systems. On the other hand,
polymer blending is a novel and efficient approach to
enhancing the desired characteristics of cured epoxy
resin by merging the advantageous qualities of two or
more polymers. Several important elements determine
how efficient flexible components are in reinforcing
the matrix. These factors include the size and
configuration of the dispersed phase, the degree of
crosslinking within the matrix, and the stickiness at the
interface between the components [56]. When it
comes to the overall performance of the thermosets
produced by a two-phase epoxy system, the size of the
second-phase domains is the primary factor
determining everything. During fracture growth and
deformation, the size should be suitably matched to
activate a number of toughening processes. These
mechanisms include cavitation, particle bonding,
crazing, crack deflection, and shear yielding. It is
important to note that the various characteristics of the
procedures employed to enhance epoxy resins are
highlighted by the intricate interaction between
modifiers and matrix properties [57].

3.4.1 The tensile strength of E-Glass, Epoxy, and
ABS resin PMCs

The tensile strength test was conducted as per the
ASTMD3039/3039M-08, a thin flat strip of material
having a constant rectangular cross-section mounted
in the grips of a mechanical testing machine and
loaded in tension while recording load. The maximum
load carried before failure determines the material's
ultimate strength. The fibers and resin undergo elastic
deformation at low loading levels, and the bending and
displacement modes exhibit a linear relationship.
Three trials were conducted for each composite, and
the average values were considered. This implies that
if the load applied to the sample is removed, it will
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revert to its original shape. The resin matrix exhibits a
yield phenomenon when subjected to higher loadings.
When the load exceeds the breaking strength of the
resin, the cracks in the matrix enlarge and generate
other cracks. However, the incorporation of blended
resin systems prevents the development of these
additional fractures due to the reinforcement of the
matrix system [58].

Consequently, the load-displacement curve
exhibits nonlinearity, resulting in a reduction in
stiffness. Due to the continuous expansion of fractures
and the formation of new cracks, some sections of the
load-displacement curve see considerable decreases.
The fibers in the reinforcing section of the sample
experience fracture as the sample's deformation rises,
reducing the sample's load-bearing capacity until the
fibers irrevocably break. Figures 9 and 10 (Stress and
Strain diagram) show that as the content of ABS
increases, the tensile strength increases from 183.6 MPa
to 380.6 MPa, with a maximum increase of 103.34%.
Still, the tensile strength decreases upon further increase
in the content of ABS, i.e., From 8% to 10%. This is
due to increased void in the matrix upon increased
impurity (ABS) addition. As the content of ABS is
increased to 10%, the increased void in the matrix leads
to a decrease in tensile strength. ABS resins enhance the
tensile strength of the composites, as demonstrated
through the DMA parameters.

3.4.2 The flexural strength of E-Glass, Epoxy, and
ABS resin PMCs

Flexural strength testing was done with standard
ASTMD790 test methods for flexural properties of
unreinforced and reinforced plastics and electrical
insulating materials. Three trials were conducted for
each composite, and the average values were
considered. A three-point bending mechanism is used
to calculate the flexural strength of the specimen.
Figures 11 and 12 (Flexural Stress and Strain diagram)
show that as the content of ABS increases, the flexural
strength increases from 165.3 MPa to 335.6 Mpa, and
a maximum increase of 103.56% was witnessed.

The flexural test is a valuable indicator for
assessing the material's brittleness, with brittle materials
typically exhibiting abrupt and unpredictable fractures.
In contrast, ductile materials show signs of
deformation before reaching the fracture point. In the
context of bending stress, the strength of fibers on the
sides plays a crucial role in resisting fracture. In our
investigation, the breaking load of blended resin glass
composites surpasses that of pure Epoxy/E-Glass

composites. Notably, the breaking load of blended
resin E-glass composite demonstrates a twofold
increase compared to polyester E-glass composite.
This heightened breaking load underscores the
superior mechanical strength and resistance to fracture
in the blended resin E-glass composite.

Moreover, the elongation percentage of the
blended resin E-glass composite surpasses that of neat
epoxy composites, indicating more excellent ductility.
This enhanced ductility is a favorable characteristic,
suggesting improved deformability and resilience in
response to stress. In summary, the results from the
tensile test highlight the superior performance of the
blended resin E-glass composite compared to other
neat epoxy composites. The combination of blended
resin with E-glass reinforcement enhances breaking
load. It promotes increased ductility, making it a
promising candidate for applications where superior
mechanical properties are essential [59].
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Figure 13: Fractured SEM surfaces of BS/Epoxy
resin PMCs after the tensile strength test.

Flgure 14: Fractured SEM surfces of ABS/Epoxy
resin PMCs after flexural strength test.

Within the context of crack propagation in a resin
system under tensile and flexural testing, as shown in
Figures 13 and 14 consisting of Epoxy and ABS, it is
well-recognized that forming voids within the flexible
phase is essential for maintaining a strong bond
between the two materials. During expansion, stress is
localized in the submicron domains of the material and
the areas around them. The difference in Poisson ratio
and Young's modulus between the resin matrix and the
E-Glass fiber phase causes the concentration.

This stress concentration results in the
enlargement and distortion of voids in the direction
perpendicular to the crack's growth path. As the
specimen stretches, the empty spaces enlarge and
penetrate the mixed resin structure, experiencing
plastic deformation. Ultimately, they combine to form
small empty spaces called microvoids, which develop
into fractures. The stability of these cavities, formed
inside the composite due to a flexible phase in a brittle
matrix, is significantly influenced by the degree of

interfacial adhesion. The cavities in this system
remain stable due to the prevailing solid interfacial
adhesion. The energy needed to spread these hollow
spaces is significantly augmented, efficiently using
external energy and hence boosting the overall
durability of the material. Significantly, it is
considered that the presence of cavities impacts the
stress distribution in the surrounding area and enables
localized deformation of the network. This serves as a
method to absorb excessive energy by promoting
shear yielding. The complex interaction between voids
and interfacial adhesion enhances the material's
stability, general resilience, and capacity to absorb
energy [60].

3.4.3 The impact strength and ILSS of E-Glass, Epoxy,
and ABS resin PMCs

The Impact Strength test, conducted by ASTM D256,
employed an Izod impact tester to determine plastics'
Izod pendulum impact resistance. Specimens,
prepared per ASTM D256 specifications (10x10x55
mm), featured a 45° V-notch with a 2 mm depth and a
0.25 mm root radius. The impact testing machine's
pendulum, set at a specific height, was released onto
the specimen's opposite end of the notch, resulting in
a fractured sample. The absorbed energy required for
two fresh fracture surfaces was recorded, with impact
toughness influenced by matrix and interface
behavior, encompassing fiber debonding, fiber pull-
out, and fiber deformation. Three trials were
conducted for each composite, and these values'
averages have been considered.

ABS resin, exhibiting a higher energy dissipation
capability than E-glass fibers, was pivotal in
enhancing impact strength. The blended ABS/Epoxy
resin structure demonstrated effective energy damping
and absorption under impact loads, facilitating the
transfer of impact stresses. Additional energy
dissipation processes, such as fiber pull-out, fiber-
matrix debonding, and the inhibition of fracture
propagation, contributed to the overall toughening
effect and an increase of a maximum of 90.07% was
observed.

Integrating these energy dissipation processes
resulted in a prolonged crack deflection path,
enhancing trans-laminar fracture toughness and
overall impact energy absorption. Critical factors like
stress  distribution and maximum elongation
significantly contributed to the observed improvement
in impact behavior [61].
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Figure 15: Variation of Impact Strength in the E-
Glass, Epoxy, and ABS resin PMCs.
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and ABS resin PMCs.

In summary, the impact strength of the samples
displayed an increase with higher toughness strength,
underscoring the crucial role of ABS resin in
enhancing the impact behavior of the blended resin
composites, as shown in Figure 15. This observation
emphasizes the importance of material composition
and toughening mechanisms in determining the
impact performance of composite materials. The study
on the impact of ABS resin on the interlaminar shear
properties of blended resin composites at normal
temperatures produced valuable insights, as shown in
Figure 15. The Interlaminar Shear Strength (ILSS)
parameter showed a significant pattern, rising as the
percentage of ABS resin increased to 8 wt.% and then
declining, as shown in Figure 16. This result suggests
that increasing the amount of ABS resin in the epoxy
resin blend favored the ILSS properties. It improved
the ability of the material to absorb energy and

reduced the creation of voids in the composite
laminate [62], [63].

The observed enhancement in ILSS indicates
that adding ABS resin, specifically up to 8%, to the
original epoxy matrix increased its capacity to
transmit and distribute stress efficiently. The
improvement may be ascribed to the homogenous
blending technique, in which the high shear modulus
of ABS [230 MPa] played a role in strengthening the
epoxy matrix by 127.72%. Consequently, the stress
transfer improved, allowing the composite samples to
endure a higher load. Consequently, including ABS
resin in the epoxy-based composites increased the
composite specimens' ILSS. This demonstrates the
beneficial effect of adding ABS resin on the structural
stability and ability to bear composite loads [64], [65].

4 Conclusions

The investigation into PMC has brought forth
noteworthy findings, particularly concerning the
influence of ABS reinforcement material on various
properties. A discernible trend emerges, indicating a
reduction in density and hardness as the weight
percentage of ABS increases, making the composite
lighter than traditional laminates. Microscopic
examination of the newly blended resin composites
reveals uniform resin blending and acceptable
porosity levels after curing, even with an increase in
ABS resin from 2% to 10%. The TGA thermal
analysis highlights an improvement in the thermal
stability of the composites with the inclusion of ABS
resin. The shift in peak degradation temperature
towards higher values indicates a significant impact on
the thermal stability of the blended resin composites.
Adding ABS resin enhances the storage modulus,
indicating increased stiffness due to uniform resin
blending. This hinders chain mobility, making it
challenging for polymer chains to move. As the
percentage of ABS resin increases, the storage
modulus decreases. The damping factor sees a
noticeable rise, signifying improved energy
absorption capabilities in the composites. Mechanical
properties such as tensile and flexural strengths exhibit
a substantial increase from 2% to 8% of ABS weight
percentage, showcasing improved values with
polymer reinforcement. This enhancement bodes well
for the laminates, suggesting an overall strengthening
effect. However, beyond 8%, a decrease in properties
is observed, attributed to voids developing due to
increased impurity addition in the matrix. The impact
strength of the PMC experiences a notable rise from
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0.285 J/immz to 0.542 J/mm2, accompanied by a
substantial increase in ILSS from 32.4 MPa to 72
MPa. These improvements are linked to the increased
percentage of ABS, enhancing the matrix's energy
absorption capabilities and stress distribution. The
observed enhancements in mechanical and thermal
properties suggest that the utilization of the composite,
as opposed to the base material, holds the potential for
superior outcomes. These findings contribute valuable
insights into optimizing PMC for diverse applications,
showcasing the significance of tailored resin blending
for improved material performance.
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