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Abstract
Composites are heterogeneous in nature, created by combining two or more materials of
different phases, continuous and discontinuous phases. The composites could be of metal,
ceramic or polymer materials which are reinforced with Fibers, Particulates or Whiskers to
enhance the properties. Only a small amount of work has been published using natural
reinforcement in polymer matrix composites, which are crucial in applications including
weight reduction.Very limited works have been made by the researchers to study the
consequence of unidirectional fiber with Nanofillers modified epoxy matrix on the
mechanical properties of composites. Present research work is an attempt towards the
processing, testing and analyzing the properties of the polymer compound developed with
synthetic and natural fibers in various compositions. The materials are being fabricated by the
hand layup process and the various mechanical properties are being evaluated to determine
the ability of the material under various loading and operating conditions. A combination of
Basalt, Jute and Glass fiber. The addition of reinforcement materials has shown increasing
trends in the improvement of mechanical properties.
Keywords: Polymers, Glass fibers, Jute fiber, Basalt etc.

1. INTRODUCTION
Manufacturing industries have started to use composites, because of their unique
properties[1-2].Composites can be manufactured by methods similar to conventional
processing through novel composite processing has been developed[3]. However composite
fabrication needs more attention, because of their properties may vary depending on
fabrication techniques. Hence, each and every developed composites exhibit unique
characteristic like physical, chemical and mechanical properties[4–6]. Natural fibers are
utilized in construction materials of building and locomotives because these materials have
the capability to replace the synthetic fibers especially for load bearing applications. In order
to have the combined property of the natural and synthetic fibers, hybrid composites are
developed which provides the benefits of both type of reinforcements[7- 8]. Researchers have
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studied on the nanofiller composites consist of lower strength in terms of compressive and
impact forces. To overcome these deficiencies the natural fibers are alkali treated and the
results of the test showed improved flexural strength [9–15].
The major benefits of composites over traditional materials are the incorporation of
dissimilar properties which are unable to establish in traditional materials[16]. Further, the
requirement of advanced technological applications is for lightweight materials with superior
strength and thermal properties as well as wear and corrosion resistance. These factors have
propelled the current designers to develop new composite materials for use in large-scale
production for requirements that are stringent. There are wide variety of composite materials
that can be processed on the application of the materials[17–23].
Polymer composites are the type of composite materials that are most commonly
employed in the automotive industry. For the production of door panels, instrument panels,
armrests, headrests, seat shells, window frames, moulded panel components, bumper and
under-floor protection on passenger cars, especially natural fiber reinforced polymer
composites are utilized [24-25]. Additionally, sisal and Roselle fibers have been used to
create nameplates, rear view mirror panels, two-wheeler visors, billion seat covers, indicator
covers, and cover L-side. To create mirror casings, paper weights, projector covers, voltage
stabiliser casings, mobile casings, helmets, and roofs, as well as load-bearing elements like
beams, roofs, multifunctional panels, water tanks, and pedestrian bridges, natural fibers with
polyester composites are employed[26-27].
Composites made of natural fibers are used for indoor components of housing,
temporary outdoor uses including low-cost housing for the military, rehabilitation, and
transportation. Due to the insulating properties of jute fibers, the jute fibers composites are
also employed in car door/ceiling panels and panels separating the engine and passenger
compartments[16-17].
The wide availability of natural fibers has encouraged the researchers to develop
natural fiber reinforced polymer matrix composites. Global development depends on
effective utilization of resources such as natural materials and its products. However, natural
materials possess lower mechanical properties such as strength, flexibility, durability and so
on. Hence, the natural fibers are combined with some of artificial materials to produce hybrid
composites. Because they are naturally accessible, biodegradable, and have reinforcing
qualities, natural fibers including sisal, jute, palm, Roselle and betel nuts are utilized as
reinforcement in composite materials. Numerous researchers have analyzed and examined
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natural fibers and their composites for a variety of applications, including structural, thermal,
mechanical, and physical characteristics[30–32].
The use of natural fibers with combinations has also helped in significant
improvement in the material's characteristics; hence the utilization of the combined material
is of higher interest in the field of the automobile sectors. The processing techniques of these
material has been of higher interest and these composite materials can have developed by
using various processes, but the selection of exact method is mainly depending on the matrix
and reinforcing materials used.“Wet-forming” processes are extensively used in the
fabrication of composites made of polymers. In this process, resin in liquid state is used to
fabricate the composite laminates[33].The curing of the fabricated composite laminates
generally accelerated by the surrounding and pressure application. In general, its termed as
the Hand layup process[34].
Present research work is an attempt towards the processing, testing and analyzing the
properties of the polymer composite (PC) developed with synthetic and natural fibers in
various compositions. The materials are being fabricated by the hand layup process and the
various mechanical properties are being evaluated to determine the ability of the material
under various loading and operating conditions. A combination of Basalt, Jute fibers, Glass
fiber and Nano-filler is being embedded with the polymeric materials to prepare the
composite material. The details regarding the same are explained in the subsequent chapters.

II. OBJECTIVES
A challenge is made to fabricate and test the performance of the complex material
reinforced with different types of natural and synthetic fiber. To fulfill the requirement of the
present study the following objectives have been selected based on the literature study and
the application of the materials. The following are the objectives of the present study:
 Fabrication of Polymer composites by Hand-lay-up process with varying percentage of
natural and synthetic reinforcement by weight percentage.
 Polymer composite fabrication by selecting Basalt fibre and Jute fibres with varying
percentages (20%B + 10%J & 10%B + 20J).
 Polymer composite fabrication by selecting Glass fibre and Jute fibres with varying
percentages (20%G + 10%J & 10%G + 20J).
 Sample preparation as per the ASTM standard for the mechanical properties (MP)
evaluation.
 Evaluation of MP of processed composites subjected to varying load conditions.
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III. EXPERIMENTAL WORK
Having defined with the objective of the present research work, the experimental
work to be carried out to fulfill the above objectives is being discussed in this section.
3.1 Materials and preparation
The strength and other properties of developed composites is dependent on its materials
(matrix &reinforcement) especially its physical, chemical and mechanical properties. The
selected materials should be amenable for easily fabrication and must exhibit good
machinability characteristics. The following materials (Fig.1) have been selected to prepare
the hybrid composites in the present work: Epoxy material, LY-556, Hardner HY-951, Basalt
fiber, Jute Fiber. Basalt is bio-inert material, environmentally ecofriendly and also can use at
very high or low temperature range from -269ºC to ± 650ºC, Improved the shear strength,
compression strength, oxidation resistance, and radiation resistance.

Fig.1 Reinforcement Materials

Jute fiber is one of the most commonly used normal fibers. It's a fine, soft and
Vegetable fiber with shine that may be spun into strong, coarse threads. Jute is used for the
production of bags; sacks etc. and widely used to manufacture matting twine ropes, clothes
like cotton and wool. Jute fibers are easily blends with other fibers, both natural and
synthetic. In industry, glass fibers are well known and readily available materials. It derived
from compositions containing silica.
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3.2 Specimen preparation
After the fabrication, the specimens of composites laminates are prepared for the
mechanical properties evaluation. The trials are prepared as per different ASTM standards.
3.3 Hardness Test
The hardness is the ability of the materials to resist indentation. Hardness of both
reinforced and non-reinforced rigid plastics were measured using Vickers’s micro hardness
tests. All the tests measure the resistance of fiber reinforced plastic composites by the
application of uniform pressure. In the present study, Matsuzawa Make-MMT-X7A Vickers’s
micro hardness tester is used for the test specimens as per ASTM D 2583 standard.
3.4 Impact Test
Impact test helps to evaluate the toughness of the material behavior at higher
deformation speed. Impact tests are two types, pendulum type and drop weight type, Izod and
Charpy are normally used as impact test for examination. For this research work charpy
impact test is used to observe the impact strength of the complex material as per ASTM D256
with the measurement of 68 x 12.5 x 3 mm specimens are prepared and average value is
taken for study.
3.5 Tensile Test
The tensile test is used to assess the performance and behaviour of material that has
been stretched under load. It is sometimes referred to as tension testing, and it is a basic
technique for engineering and material testing. Tensile test provides the information like
ultimate tensile strength (UTS), breaking strength and maximum elongation strength of the
material to be tested. The specimen material prepared is with the ASTM standard D638-04
the dimension of 216 x 19 x 3 mm. Specimens is tested and typical values are taken to
measure the tensile strength of the material.

IV.RESULTS & DISCUSSIONS
The processed materials are being testing to evaluate the various properties ranging
from microstructure, mechanical properties. The processed hybrid composite with Glass and
Jute fibers are being tested as per the ASTM standard specimens in various equipment’s and
the obtained results are explained in detail in this section.
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4.1 Density Test
Theoretical density is found by the rule of mixture technique and the real density of the
material are measured by experimentation where in the difference between the sample
weights in air and water medium is used to measure the densities.
Table 1 Percentage composition of materials
SI.

Laminat

No

es

Hybrid

basalt(B)wt

Jute(J)wt

Glass(G)wt

Epoxy

%

%

%

wt%

1

L1

B+J

10

20

70

2

L2

B+J

20

10

70

3

L3

B+G

10

20

70

4

L4

B+G

20

10

70

with

Table-1shows the percentage composition of the materials used. Table-2 shows the
conversion of weight percentage to volume percentage. Table-3 shows the theoretical and
actual densities.
Densities of the materials used: Epoxy - 1.8, Basalt fibre-2.8, Jute -1.5, GF -2.5.
Conversion of weight percentage to volume percentage
For Laminate L1= (70/1.8) + (10/2.8) + (20/1.5) =38.88 + 3.57 +13.33 = 55.78
Volume of Matrix = ((38.88(100/100))/55.78 = 69.70%
Volume of Basalt Reinforcement. = ((3.57(100/100))/55.78 = 6.40%
Volume of Jute Reinforcement. = ((13.33(100/100))/55.78 = 23.90%.
Similarly, other percentages are calculated and the theoretical densities of each of the
composites are derived by the rule of mixture method.
Table-2 Converting weight percentage to volume percentage
Laminates

L1

Volume 28, Issue 11, 2022

Material Percentage Percentage
by weight by volume
Epoxy
70
69.70
Basalt
10
6.40
Jute
20
23.90

L2

Epoxy
Basalt
Jute

70
20
10

73.80
13.55
12.65

L3

Epoxy
Basalt
Glass

70
10
20

77.06
7.07
15.85

L4

Epoxy
Basalt
Glass

70
20
10

77.06
7.07
15.85
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4.2 Theoretical Density
L1 - Composite with, by rule of mixture method
= V ×ρ
+ V ×ρ + V ×ρ
= (0.697 ∗ 1.8) + (0.064 ∗ 2.8) + (0.239 ∗ 1.5)
= 1.7923 g/cm3
From the results (Fig.2) obtained from the investigational work, it can be well-known
that the density of the composite material is found to be increased with rise in the
reinforcement percentage, and the theoretical and actual density align in the same manner.
The difference between the values of the theoretical and actual densities varies marginally
due to the processing constraints while fabricating the composites, hence there is presence of
the porous elements.
Table .4 Theoretical and Actual Density
Sl.
Laminates
no

Theoretical Actual
Density
Density Porosity
g/cm3
g/cm3
1.792
1.654
7.70

1

L1

2

L2

1.897

1.702

10.28

3

L3

1.981

1.813

8.48

4

L4

1.998

1.844

7.71

Fig.2 Density v/s Varying % of Reinforcement

4.3 Micro hardness Test
Table.5 Micro Hardness v/s reinforcement
Sl.
Micro
Laminates
no
Hardness
1
L1
21.82

Standard
Deviation
0.87

2

L2

23.39

2.82

3

L3

22.62

1.21

4

L4

24.67

1.69

Fig.3 Micro Hardness v/s Varying % of Reinforcement
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One of a material's characteristics is hardness. Indentation resistance is the definition
of hardness. Usually, the permanent depth of the depression is used to determine hardness.
The durometer conducts the test. It is one of the tools used to gauge the toughness of
materials like rubber, polymers, and elastomers. The volume fractions and fiber arrangement
are often the key elements that influence the composite's characteristics. The relationship
between volume fraction and hardness is straightforward. High hardness and high volume
fraction are related, and vice versa. Table 5 indicates the corresponding hardness values
obtained for the identical percentage of epoxy and reinforcement materials.
The hardness profile of different composites is shown in the Fig 3. It can be seen that,
as the percentage of reinforcement content increases, the hardness of the composites also
enhances. The distribution of the test load over the fibers, which reduces the test indenter's
penetration through the surface of the manufactured composite material and as a result raises
the composite material's hardness, increases the strength of the material when glass and jute
fibers are added. Since the as epoxy material has low hardness, the strength of the composite
material will be less hence glass fibers are added to enhance the indentation resistance
properties to the composite materials. On the other hand, the jute fibers also serve the same
purpose as the glass fibers but the density of the material is less for the jute fibers hence there
is a lower level of hardness in the material.
4.4 Impact Testing (Toughness Test)
Impact is a crucial element for a structure's lifespan. In order to examine material
toughness, impact tests were utilised. Toughness is a measure of a material's capacity to
absorb energy, when plastic deformation occurs.Izod impact tester underwent an impact
strength test. The samples were prepared for testing using the ASTM standard size. Using a
water jet cutter and emery paper, samples were first cut from composite panels and then
completed to size. The specimens were fractured by a single pendulum swing after being
clamped vertically. To get an average value from the four samples examined, the impact that
happened on the specimen's notched side was recorded, and the trail was repeated.
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Table- 6 Impact Strength v//s Reinforcement
Sl.
Impact
Standard
Laminates
no
Strength (J)
Deviation
1

L1

117.50

3.41

2

L2

123.25

2.5

3

L3

121.75

2.21

4

L4

126.25

2.75

Fig .4 Impact Strength V/s Varying % of Reinforcement

An important phenomenon in the control of a structure's life is impact. In order to
examine material toughness, impact tests were utilized. Toughness is a measure of a
material's capacity to absorb energy during plastic deformation. The impact strength values of
the jute fiber, glass fiber composites are presented in Fig.4.and listed in the Table 6. The base
material with Basalt and Jute fibers has impact strength rate which is lesser than that of the
other Basalt and Glass fibers. The reason is that the Basalt and the Glass fiber’s strength and
stiffness is higher, subsequent in a increased ability to absorb impact energy. Impact strength
has been increased as a result of the hybrid composites' use of glass fiber together with basalt
fiber. It should be noted that the placement of the glass fibers on the surface has improved the
bending stiffness and increased the impact strength of the composite.
4.5

Tensile Test

Tensile strength of composites materials is mainly decided by the fiber strength as well as
fiber contents. So variation in composites strength with different fiber loading is obvious. The
results of tensile test indicate that there is an increase in tensile strength of the composite
material with increase in the content of fibers. The effect of fiber loading on the tensile
strength and modulus are shown in Table 7.
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Table .7 Tensile strength values with Standard
deviation
Avg. Tensile
Sl.
Standard
Laminates
Strength
no
Deviation
(Mpa)
1
L1
332.85
5.80
2

L2

350.29

11.08

3

L3

357.95

6.71

4

L4

365.85

7.78

Fig .5Tensile Strength v/s Varying % of Reinforcement

The ultimate tensile strength (UTS) of basalt, jute and glass fiber reinforced epoxy
hybrid composites are shown in the Fig.5. As the fiber content increases, the tensile strength
also increases correspondingly. The composite material with Basalt and Glass fiber exhibited
higher tensile strength compared to other composites. It is noted that the addition of fibers
helps to increase the tensile strength of the basalt/glass hybrid composites because density of
basalt as well as glass fiber is much higher than the basalt and jute fibers. Proper adhesion
between the both types of fiber and the matrix gives continuous increment in tensile strength
of composite as increases fiber wt%. The hybridization of the fibers has provided
considerable improvement of tensile strength when compared to individual reinforcement;
this is mainly due to transfer of loads and shearing of loads among the fibers.
SEM study of the tensile samples is been carried out and the results obtained are indicated
in the Fig.6 and Fig.7 before and after the tensile test. It can be noted that the reinforcement
materials are inbound with the matrix material and the alignment of the fibers is in line along
the direction of the loading. The presence of the hard fibrous material in the matrix has
helped in improving the tensile strength of the composite with Basalt and Glass fibers. This
proves that the presence of the more amounts of fibers along the direction of the load resist
the deformation of the material and in turn provides strength to overcome the load before
failure.
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Fig.6 SEM of Tensile Sample with Basalt and Glass Fibers before Failure

Fig. 7 SEM of Broken Out Tensile Sample with Basalt and Glass Fibers

V. CONCLUSIONS
Increased usage of polymeric composites for various applications has necessitated
investigations to study the behavior of these materials under various operating conditions.
Present investigation has been carried out to study the importance of the natural and the glass
fibers reinforced epoxy hybrid composites. The following conclusion has been drawn based
on the results obtained from the investigation. Polymer composite with varying percentage of
reinforcements has been fabricated successfully by the hand layup process.
 Density of the materials is also found to be increased for the glass fiber reinforced
composite when compared to other hybrid reinforcement
 With the addition of glass fibers and basalt and glass fibers, the strength is increased
because the test load is distributed over the fibers, which reduces the penetration of the test
indenter to the surface of the fabricated composite material and, as a result, raises the
composite material's hardness.

Volume 28, Issue 11, 2022

294

http://www.gjstx-e.cn/

High Technology Letters

ISSN NO : 1006-6748

 Similar to the Hardness, Tensile strength of the materials is also being found to be
enhanced due to the reinforcement addition. Presence of the more amounts of fibers along
the direction of the load resist the deformation of the material and in-turn provides
strength to overcome the load before failure.
 The reason behind increase in tensile strength is strong interfacial bonding between fibers
and epoxy which act as mechanical interlocking between basalt/jute/glass fiber and epoxy
and no porous in between fiber and matrix. This creates a high friction coefficient and
increases the strength.
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