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Abstract

Polymer Matrix Composites represent a new generation of engineering materials in which matrix
materials are altered by reinforcing filler materials to enhance strength and other properties. In the
present work, the Glass fiber reinforced polymer (GFRP) composites were fabricated by adding
different compositions of Graphene as a Nano filler material using the Hand layup technique,
followed by the Vacuum bagging process. The Graphene filler material was varied from 2% to 4%.
The prepared composites were characterized by subjecting them to various mechanical tests such as
tensile test, flexural test, and micro hardness test. The experimental results show that the addition of
4% filler material enhances 5.48% tensile strength, 27.74% of flexural strength, and a decrease in
hardness, resulting in a decrease in brittleness of the composite. Further SEM analysis was carried
out to study the dispersion of filler material in the matrix.

Keywords: glass fiber; filler material; ultimate tensile strength; flexural strength; microhardness

1. Introduction

Materials are possibly more deeply ingrained in our everyday lives than we realize. Housing,
transportation, communication, food production, and defense, all aspects of our daily existence, are
influenced, in one way or another, by materials. Historically, the development of societies has
reflected their ability to produce or manipulate materials to meet their needs and the level of their
material advancement. Furthermore, it has been discovered that the properties of materials can be
altered by adding or combining them with other materials or by heat treatment to produce superior
attributes in the basic material. The demand for materials is increasing across industries to establish
the sector with enhanced properties, reduced costs, and improved sustainability. Composites are
created by utilizing constituent materials, namely the matrix and reinforcement. The function of the
matrix is to envelop and support the reinforcement materials in their relative positions, imparting
specific mechanical and physical properties. Composites are gaining importance in various fields
such as automotive, aerospace, defense, biomedical, electronic equipment, and sports.

In the current scenario, polymers play a major role in many applications due to their unique
properties, such as lightweight, chemical stability. It can be processed easily and obtained at a lower
cost, gaining its importance in many aspects of human life. The properties of the polymers can be
altered suitably using fibers, organic/ inorganic particles, and nanofillers. These materials have lower
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density and differ from ceramics and metals in terms of strength and stiffness. Polymers can be
molded into complex shapes as they exhibit elastic and ductile behavior[8]. Polymer matrix
composites mainly comprise epoxy resins as the matrix materials, gaining importance for structural
engineers due to their well-balanced balance of mechanical and chemical properties[9-12]. The
material also offers wide flexibility and processing versatility. It exhibits superior adhesion to various
reinforcement materials, lower shrinkage, and high strength, making it suitable for various
applications [9,13,14]. The research on the development high performance resins with various
inclusions of reinforcements such as carbon fiber[15], glass fiber, nanofiber[16], Nano particles etc.
leads to the significant progress in the advancement of polymer matrix composites . Glass fibers are
used as reinforcement materials in structural applications due to its specific strength and recent
developments in the fiber reinforced plastic materials [12,17-21]. Fiber reinforced polymer
composites show high stiffness and strength, making them suitable in various fields like aerospace
industries, automotive industries, and wind turbines, owing to their mechanical, thermal, and
chemical properties[22-25]. The interface between the glass fiber and polymer matrix has some
control over certain mechanical properties[26,27]. The strength of the interface achievement is the key
issue, and the adhesion at this junction becomes weak due to poor adsorption and wettability[28].
The major drawback associated with the usage of FRP in weak parts of the component leads to failure
and damage as it is subjected to different loading conditions. The properties of FRPs can be improved
significantly by the addition of nanoparticles, which improves the stability and durability of the
components[29]. Graphene is one of the two-dimensional layered effective carbon nanoparticles
used as a filler material in polymer composites, exhibiting excellent mechanical, thermal, and
electrical properties along with a high surface area[29-33]. Addition of graphene to the polymer
matrices yields a modest volume fraction, enhancing certain polymer properties. Graphene added
nanocomposites gain importance in the development of novel materials in the domain of alternative
energy sources. It exhibits superior performance in the development of lithium-ion batteries,
electrodes, and solar cells [34]. Many researchers reported that the addition of nanoparticles as the
reinforcement leads to no significant change in the results and identified two major causes: one
problem with the uniform dispersion of nano filler in the matrix. Another problem with interfacial
adhesion of the filler in the matrix [13,19,35].

Hence in this study, an attempt will be made to study the effect of graphene powder as filler
material in larger variations and glass fiber as base material. In this study, we are focusing on
mechanical properties and characterization of glass fiber reinforced epoxy polymer composites with
variation in filler material as graphene powder in larger constituents. The prepared specimens will
be subjected to different tests to investigate their mechanical properties, and the dispersion quality
will be examined through a scanning electron microscope.

2. Materials and Methods

2.1. Experimental Detail Work

The approach for manufacturing the composite materials in this study was carried out using a
hand lay-up process, followed by a vacuum bagging process to remove the air trapped between the
layers of glass fiber and epoxy matrix [13,36]. The reinforcement material, specifically glass fiber, was
kept constant at 60%, while the filler material, specifically Graphene powder, varied from 2% to 4%
by reducing the epoxy matrix by the same amount. A plywood board measuring 400x400

MM was used, and plastic tape was placed on the upper surface to ensure it acted as a releasing
agent. In this work, an open mold made from plywood was considered a substitute for a metal mold
or any other type of mold, as it is inexpensive, easy to handle, and lightweight. The required
quantities of epoxy, hardener, glass fiber, and graphene powder were weighed using an electronic
scale and placed in separate beakers. The epoxy and hardener mixture were stirred thoroughly using
a mechanical stirrer for 5 minutes. For the second filler added composites, the graphene powder was
incorporated into the epoxy at 70°C. The mixture was allowed to cool at room temperature at a slower
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rate by partially heating it. Sonication was performed for about 20 minutes at 150V; then, the hardener
was added, and stirring continued with the mechanical stirrer for another 5 minutes. A portion of the
prepared matrix material was poured into the mold, followed by a layer of glass fiber mat, with more
matrix material poured on top. This process was repeated until the desired thickness of 2mm was
achieved. Once the required thickness of the composite material was reached, the upper layer was
covered with plastic tape to serve as a releasing agent, and excess trapped air was removed using a
roller. The vacuum bagging process was then conducted. Specimens were cut according to ASTM
standards using the water jet cutting technique. A tensile test was performed according to ASTM
D3039 standard with a Mecmesin multi-tester machine in Figure 1 using a dog bone-shaped
specimen. The test was conducted at a constant loading speed of 2 mm/min and a strain rate of 0.1
mm/min with a span length of 110 mm. The dimensions of the specimen were prepared as per ASTM
D3039 standards, as shown in Figure 2. Tensile specimens of various combinations are displayed in
Figure 3 before and after testing.

Figure 1. Mecmesin Multi tester.
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Figure 2. Tensile test specimen dimensions.
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Figure 3. Tensile test specimens with and without filler, (a) before testing, (b) after testing.

Flexural test was carried out according to ASTM D790 standard with a Mecmesin multi tester
machine using a rectangular-shaped specimen. The test was performed at a constant loading speed
of 2 mm/min with a span length of 110 mm. Dimensions of the specimen were prepared according to

ASTM D3039 standards, shown in Figure 4 below.
‘[ I Owt.% 4wt.%
| 1

Figure 4. Flexural test specimens.
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Micro Hardness test was carried out according to ASTM E384 standard with Matsuzawa micro-
hardness tester (Figure 5) Model MMT-X7A using a square-shaped specimen shown in Figure 6.

Figure 5. Matsuzawa micro-hardness tester.
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Figure 6. Micro Hardness test specimens.

The morphology of carboxyl graphene/epoxy composites was investigated to determine the
dispersion of carboxyl graphene powder in the epoxy matrix using a scanning electron microscope
(SEM).

3. Results and Discussion

3.1. Results Discussion on Tensile Testing

Figure 7 depicts the maximum tensile load v/s maximum displacement for all the combinations
of composites.
e It was observed that the load-carrying capacity was increased with an increase in Graphene

content in the composites. Initially, the tensile load obtained for the plain composite without
graphene powder was 7587.66 N, and it increased to 8004 N for the composite with 4 wt.% % of
Graphene content.

e The tensile strength of composites depends on interfacial bonding strength between matrix and
reinforcement to a larger extent, and also on the inherent properties of composite ingredients
[37]. It was observed that there is a 1.46% tensile load and 7.63% of elongation improvement for
composites with 2% filler material, while the composite with 4% filler material showed 5.50%
tensile load and 9% elongation improvement.

e Therole of glass fibers in the composite limits the failure[38] and the increase in the filler material
content exhibits the upward trend in tensile properties[31]. Figure 8 shows the marginal increase
in the ultimate tensile strength as a result of increased interfacial bonding between the glass fiber

and epoxy matrix due to the addition of Graphene as filler material.
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Figure 7. Tensile load vs. Displacement for different compositions of filler.
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Figure 8. Ultimate tensile strength of filler-added composites.

3.2. Results Discussion on Flexural Test

% The comparative plot of the flexural load versus displacement for each of the combinations of
glass fiber reinforced composites is shown in Figure 10. It is observed from the graph that the
flexural load-carrying capacity was increased with an increase in Graphene content in the
composites.

% The improvement of flexural load from 149N for plain GFRP to 190.33N for GFRP with 4% filler

material is a result of good adhesion with the matrix formed with the addition of Graphene

powder in the material[13]. It is seen that there is 17.68% of flexural load and 5.38% of elongation
improvement for composites with 2% filler material, and the composite with 4% filler material
showed 27.74% flexural load and 10.13% of elongation improvements obtained from the flexural

three-point bending test.

7
*

Figure 10 indicates that the flexural strength of filler-added GFRP was more compared with the
Normal GFRP. This is due to the uniform dispersion of filler material in the matrix enhances the

flexural properties of the materials by increasing interfacial bonding strength[15].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202506.2428.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2025 d0i:10.20944/preprints202506.2428.v1

7 of 15
190
8.2
s 180 E
< Lao £
] -
@ £
(] [
S 170 E
5 L78 8
2 g
L 160 3
7.6
150
T T T T T T T 7.4
0 1 2 3 4
Filler (wt.%)
Figure 9. Flexural load vs. Displacement for different compositions of filler.
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Figure 10. Flexural strength of filler-added composites.
Table 1. Summary of Mechanical Test Results.
Filler
Content Plain Improveme Improveme
(Observation) (wt.% Composi 2% Filler 4% Filler nt (2% vs. nt (4% vs.
Graphen  te (0%) 0%) 0%)
e)

Tensile Load ?

) - 758766 N - 8004 N +1.46% +5.50%
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Filler

Content Plain Improveme Improveme
(Observation)  (wt.% Composi 2% Filler 4%Filler nt (2% vs. nt (4% vs.

Graphen  te (0%) 0%) 0%)

e)

. (0%
Tensile
. - graphene  +7.63% +9% - -
Elongation (%)
filler).

Ultimate Borderli  Borderli = Improved Improved
Tensile - - ne ne interfacial interfacial
Strength increase  increase  bonding bonding
Flexural Load 2

- 149N - 19033 N +17.68% +27.74%
(N)
Flexural

- Baseline +5.38% +10.13% - -
Elongation (%)
Flexural Enhanced Enhanced

- Lower Higher Highest . ) . )
Strength dispersion  dispersion

As an lincrease in tensile strength and elongation was seen because of the addition of graphene filler, with the
highest improvement at 4% filler content (5.5% improvement in tensile strength and 9% in elongation). This may
be due to the interfacial bonding between the glass fiber and epoxy matrix existing strongly together with a
suitable dispersion of graphene. 2show a more pronounced increase with graphene addition at 4% filler loading
(Load increase of 27.74%, elongation increase of 10.13%). This is due to the uniform distribution of the filler that
will provide good matrix adhesion and suitable stress transfer. Finally, the graphene filler enhances the

mechanical properties of GFRP composites, with maximum property enhancement shown at 4% filler loading.

3.3. Results for Micro Hardness Test

Figure 11 shows the average hardness values of different materials with and without filler
added. The graph revealed that the hardness values of the GFRP composites gradually reduce with
an increase in Graphene content.

a) GFRP composites with 2% filler material exhibit an 8.99% decrease in hardness values, whereas
GFRP composites with 4% filler material show a 20% decrease in the values of hardness. It is
revealed from the experimental results that the addition of Graphene powder resulted in a

decrease in the brittleness of the composites.
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Figure 11. Hardness values of filler-added composites.

3.4. SEM Characterization

SEM analysis was carried out on GFRP composites and filler-added GFRP composites at 1000X
and 5000X magnification shown in Figure 12 below. The study reveals the internal structure of the
composites, specifically the arrangement of fibers in the matrix, fiber pullout, and voids in the
structure.

1. GFRP composites show the fractured glass fibers on the smooth fractured surface, implying that
the adhesion between the glass fiber layers and the resin is weak. The adhesion between the glass
fiber and the matrix was observed to be stronger with the addition of Graphene powder, as the
fibers are bonded together more firmly. The composite with 4% Graphene powder exhibits fiber
pullouts in a single plane as a result of uniform pullout and more intact fiber adhesion.

2. The filler material, Graphene, dispersed uniformly in the matrix, revealed at higher
magnification, 5000X. This gives hints of minimum cluster and agglomeration of Graphene
powder in the matrix, resulting in strong interfacial bonding between the matrix and
reinforcement. GFRP with 4% filler material revealed minimum void formation in the matrix.
The fractured surface of the tensile specimens of the composites without the filler materials
revealed predominant delamination caused due to the interaction between the glass fiber and the
matrix material.

3. The delamination stress at the fractured surface accelerates fracture at the matrix and
reinforcement interface, resulting in complete fracture at the surface. From the SEM micrograph,
fiber pulls out were predominant in the composite without the filler material as a result of higher
displacement, whereas the filler added composites show some hindrance to fiber pullouts,
resulting in higher load bearing capacity of composites. Hence, the filler material reduces the

interfacial interaction between the matrix and reinforcement.
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Figure 12. SEM images of GFRP and filler added to GFRP composites.

Table 2. Result Summary of Microhardness and (SEM Characterization )*

. (0% Filler - Plain GFRP) (With Filler - 2% & 4% Graphene)
(Observation)
Microhardness . . 2% filler: 8.99% decrease
Higher (Baseline) ]
4 4% filler: 20% decrease
Brittleness Harder Reduced brittleness with filler addition

Fiber-Matrix
Adhesion
(SEM)

Weak adhesion, fiber pullouts, Stronger adhesion, uniform fiber bonding,

delamination fewer voids
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) (0% Filler - Plain GFRP) (With Filler - 2% & 4% Graphene)
(Observation)

Fiber Pullout Main pullouts, smooth fracture ) ) ) )
Hindered pullouts, intact fibers (4% filler)

Behavior surface
Filler
. . ) Uniform dispersion, minimal
Dispersion N/A (No filler) )
agglomeration
(SEM at 5000X)
Void
Noticeable voids & delamination Summary voids (especially at 4% filler)
Development

According to results, the hardness of GFRP composites decreased on raising the increase in graphene content
in the composites (8.99% at 2%, 20% at 4%), thus implying reduced brittleness. This means that graphene
increases the ductility of the composites but decreases the surface hardness. Simultaneously, * Findings were
observed in interfacial fiber-matrix bonding in the composites and found that Plain GFRP shows weak interfacial
fiber-matrix bonding that favors fiber pullouts and delamination voids, leading to premature failure; meanwhile,
the filler-added composites (2% & 4% graphene) yielded better interfacial adhesion with well-dispersed
graphene and fewer voids. The 4% filler exhibited fiber pull-outs in one plane, which confirms enhanced load

transfer and matrix-reinforcement bonding.

4. Conclusions

The effects of graphene powder reinforcement, with various percentages of filler materials, have
been examined to enhance the mechanical properties of GFRP composites, and their characteristics
were studied using an SEM. The GFRP composites were fabricated using the hand lay-up method,
both with and without filler material, and testing specimens were prepared under ASTM standards.

* From the experimental values, it can be observed that the tensile strength and flexural strength
of the composite were improved with the addition of Graphene powder.

* The tensile properties of the composites were influenced by the addition of filler material. The
maximum tensile strength can be observed in the composite with 4% filler material, with a tensile
load value of 8004 N, with an improvement of 5.48%.

*  Flexural property mainly depends on the combination of compression and shear strength of the
composites. The flexural property of the composites with filler material 4 wt.% exhibits
improvement of 27.74%, witnessing a maximum flexural load value of 190.33 N compared with
the composite without the filler material.

* The hardness occurs because of the difference in hardness between the epoxy matrix and glass
fibers. The hardness value reached a maximum of 122.066 HV for the composite without filler
material, with an improvement of 20% decrease in hardness for 4 wt.% of graphene powder as
filler material, with a value of 97.6 HV.

* From SEM analysis, the GFRP composites exhibit the presence of minimum voids, fibers, and
matrix bonding, and fiber pullout in the right direction. The addition of filler material resulted in

better interfacial bonding, minimum agglomeration, and voids.
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Abbreviations

Table 3. Contains some common abbreviations used throughout this manuscript.

Abbreviations Meaning

SEM Scanning Electron Microscope

ASTM American Society of Testing and Materials
GERP Glass Fiber-Reinforced Polymer or Plastic

FRP Fiber Reinforced Polymer
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