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Natural fibre composites have been replacing synthetic fibre composites in practical applications for the last several years because of
the features such as low densities, low weight, relatively inexpensive, recyclability, and excellent mechanical qualities unique to the
substance. Thus, the current study examines how Kevlar/Ramie/Nano SiC hybrid fibre reinforced composites are made and their
mechanical properties, and it compares them to those made using a single natural fibre reinforced composite. It was found that
natural fibre composite densities and hardness were all within acceptable ranges by performing composites’ tensile and flexural
strength tests. The hand-lay-up technique used ASTM standards samples to construct the composite specimens with various fibre
weight percentages. Increase in mechanical characteristics was achieved by adding the glass and the epoxy fibres into the epoxy
matrix. The hybrid composite’s performance is promising, especially those of individual fibre-reinforced composites.

1. Introduction

Polymer composites are found in a wide range of products
that we use every day. There are numerous applications for
composites in the automotive and marine industries. Excel-
lent resistance to corrosion as well as high ratios of stiffness
to weight all play a role in these applications’ resilience and
creep resistance [1]. Scientific and scientific interests in the
use of natural fibres in consumer goods and civic buildings
have been piqued as a result of the prohibitive price of syn-
thetic fibres for use in aircraft and military applications,
including, but not limited to banana, coconut husks, hemp,
and sisal. Biodegradable, renewable, nontoxic, combustibil-

ity, and high specific mechanical characteristics are just a
few of the advantages that natural fibres offer over tradi-
tional fibres [2]. In the past, materials made of natural fibres
such as silk and banana leaf have been employed by several
researchers in the past to create composites [3]. Nanocom-
posites are traditional composites that have only one form
of reinforcement. A single matrix material is used to create
hybrid composites, which are made up of more than one
type of fibre. Hybrid composites are more cost-effective than
standard composites because of their special properties. This
direction has been taken by a number of researchers. Hybrid
polypropylene-banana-glass-fibre composites’ mechanical
characteristics were calculated by banana fibre reinforced
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polypropylene composites were compared to the hybrid
composite findings, and the results showed that 30 weight
percent of fibre loading provided the greatest increase in
characteristics [4]. Reinforced polyester composites made
from banana/glass weave cloth were investigated for their
static and dynamic mechanical properties by [5].
Researchers have examined the impact of hybridising glass
fibre with banana and sisal fibre with random orientation
[6]. They examined the mechanical characteristics of
composites made from different-diameter fibres. Hybrid
composites perform better than single-fibre composites.
Sisal-jute-glass-fibre strengthened epoxy composite was
employed to fully understand mechanical qualities like ten-
sion, robust strength, and resistance [7, 8]. According to
the results of the research, adding sisal-jute fibre reinforced
polymer composites increased the materials’ properties.
Coir/glass fibre-reinforced epoxy-based hybrid composites
were studied for their mechanical properties by [9–11].
The composites’ flexural, tensile, and hardness properties,
as well as the impacts of fibre loading and fibre length, were
all studied. Hybrid composites reinforced with banana and
sisal natural fibres are projected to have high tensile and
modulus strengths [12]. The results of the experiments are
compared to the hybrid mixes rule. The rule of hybrid
mixtures found in this study is marginally greater over
experimental results due to the formation of microscopic
gaps among the fibre and the matrix throughout composite
manufacture. This study [13] looked at the composite made
of flax, banana fibre, and glass fibre. When it came to impact
and flexural stresses, an all-composite material outperformed
a single fibre glass reinforced composite (FRP). Composites
with hybrid fibres and polymers have received a lot of atten-
tion; nevertheless, it is difficult to determine the physical char-
acteristics of polymer composites with unidirectional banana
and jute fibres, as demonstrated in the previous review [14].
This research used unidirectional banana and jute fibres to
create a blended composites that could easily display hybrid
effects on the surface. One composite material’s hardness
was measured and found to be higher than that of the other
two, despite their different densities [15, 16].

Kevlar is a high modulus, high tensile strength organic
(aramid) fibre. From body armour to aircraft structural ele-
ments, it has become a desirable material for many uses.
Chemically stable, lightweight, and extremely strong, Kevlar
49 is frequently used due to these advantages [17].We explore
the Kevlar fibre’s fundamental physicochemical properties in
this research. As a result, we distinguish between research on
commercially produced fibre and research on polymers
generated in the lab, which could be a completely different
material altogether [18]. We explain the fibre’s chemical
and crystal structure, spectral properties, thermal behaviour,
surface properties, and long-term stability. We use mechani-
cal qualities and Kevlar properties, a chemically related but
lower modulus fabric, when appropriate.

Because of their high performance-to-weight ratio, fibre-
reinforced composites hold great promise in a variety of
industries [19, 20]. Particularly in aircraft and other special-
ised technical fields, carbon fibre composite components are
well-known, outperforming normal metallurgical goods in

terms of tensile modulus and weight, while also being lighter.
Fibres in the Kevlar aramid family have stronger specific
strength, greater extensibility, and a high modulus and could
replace carbon fibres in some applications [21]. For these
aramid fibres, the starting point is poly-(p-phenylene ter-
ephthalamide) (PPT). The rigidity of the molecular chains
creates a liquid-crystalline solution. This process will result
in a well-organized piece of fabric with pleated sheets that have
been assembled in an original fashion. As a result, their use as
reinforcing components in engineering assemblies may be
limited if they exhibit poor compressional qualities compared
to other fibres [22]. For carbon fibre, glass, and Kevlar 49, the
ratios of tensile strength to compressive strength are 1.1, 1.9,
and 5.0 correspondingly. Kevlar composites’ poor perfor-
mance, according to Greenwood and Rose, is mostly caused
by the fibres’ extremely low compressive yield strength, not
by the matrix [23–25]. Ramie (Boehmeria nivea) is a fibre
derived from the ramie plant’s stems. In other parts of the
world, ramie-based technology and fashion products have
not expanded. Removing gum content from the extracted
fibres, which can contain up to 30% gum per weight of fibre,
is a significant challenge with ramie. The fibre is not spinnable
if the gum is present. Hence, gum must be removed. Ramie,
often known as China grass, is an Urticaceae perennial herb.
Currently, the majority of it is being planted in China and
other Asian nations such as Thailand and the Philippines.
Ramie is primarily made up of cellulose (68.6–76.2%), with lit-
tle amounts of other gums such hemicellulose (13.1%–16.7%),
pectin (1.9%), and wax (0.3%).When utilised as a textile mate-
rial, ramie fibre, which is derived from the plant’s stem bast,
exhibits properties like ultimate tensile, thermal properties,
cooling, aeration, wettability, and antimicrobial activities [26].

2. Materials and Methods

2.1. Composite Fabrication. Making use of a manual
construction method, followed by a moderate compaction
process, the composite slabs are made. Table 1 reveals the
fibre composition in terms of physical, mechanical, and
chemical composition. Fibre loading was used to make 13
different composite sample groupings. Table 2 lists the com-
ponents and designations of the composites used in this

Table 1: Fibre composition in terms of physical, mechanical, and
chemical composition.

Property Kevlar Ramie

Density (g/cm3) 1.44 1.50

Diameter (mm) 85-260 0.034

Tensile strength (MPa) 2760 560

Fracture load (N) 0.562 0.467

Moisture content (wt%) 10 8.0

Cellulose (wt%) 56 68.6-76.2

Lignin (wt%) 0.6 0.6-0.7

Hemicellulose (wt%) 15.2-16.8 13.1-16.7

Pectin (wt%) 2.0 1.9

Wax (wt%) 0.32 0.3
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research. Epoxy resins and curing agents typically contain
more than one reaction site per molecule. The curing pro-
cess to form three-dimensional network results from multi-
ple reactions between epoxide molecules and the curing
agent. The epoxy and hardener HY951 are combined
according to the package directions in a 10 : 1 weight ratio.
The matrix material was reimpregnated into Kevlar, Ramie
fibres, and nano SiC. On the two ends of the wooden
moulds, mould release papers and mould release spray are
employed, respectively, to swiftly and simply remove the
composite material. Air bubbles were carefully avoided by
being extra careful during the preparation process. After
applying pressure from the top, the mould was curing at
ambient temperature for 48 hours. After 48 hours, a dia-
mond cutter was used to cut this sample into the required
size for testing the materials’ physical and mechanical
properties both longitudinally and transversely. Figure 1
depicts this in both longitudinal and transverse directions.
Table 3 reveals the composite densities, both theoretically
and experimentally.

2.2. Density. Agarwal and Broutman’s Equation (1) calcu-
lates the density of composites as a purely theoretical con-
cept as weight fractions of various constituents combined.

ρct =
1

W fj/ρfj
� �

+ W fb/ρfbð Þ + Wm/ρmð Þ
, ð1Þ

where W and ρ denote weight and density are shown.
The Archimedes principle or water immersion approach

can be used to ascertain the composite’s true density empir-
ically (ASTM D 792-91). In accordance with the ASTM D-
2734-70 standard process, the composite material’s void
content was determined. Equation (2) was used to compute
the composite’s void volume fraction, Vv , ct, and ce repre-
sent densities in theory and in experiments, respectively,
for the composite.

Vv =
ρct − ρce

ρct
: ð2Þ

2.3. Tensile Strength. While doing a tension test, flat speci-
mens are commonly employed. To date, the dog-bone spec-
imen and direct experiment with terminal tab have proven
to be the most popular specimen geometries. In this inquiry,
a straight-sided specimen is used for the tensile test. Fibre-
reinforced composites’ tensile properties, the ASTM stan-
dard test is D3039-14. These are the specimen’s longitudinal

Table 2: Denoted by the suffixes fj, fb, m, and c. Composite names and compositions in considerable detail.

Composites Composition

1 Epoxy (100wt%)

2 Epoxy 88wt%ð Þ +Nano SiC 2wt%ð Þ + Kevlar 10wt%ð Þ
3 Epoxy 78wt%ð Þ +Nano SiC 2wt%ð Þ + Kevlar 20wt%ð Þ
4 Epoxy 68wt%ð Þ +Nano SiC 2wt%ð Þ + Kevlar 30wt%ð Þ
5 Epoxy 58wt%ð Þ +Nano SiC 2wt%ð Þ + Kevlar 40wt%ð Þ
6 Epoxy 88wt%ð Þ +Nano SiC 2wt%ð Þ + ramie 10wt%ð Þ
7 Epoxy 78wt%ð Þ +Nano SiC 2wt%ð Þ + ramie 20wt%ð Þ
8 Epoxy 68wt%ð Þ +Nano SiC 2wt%ð Þ + ramie 30wt%ð Þ
9 Epoxy 58wt%ð Þ +Nano SiC 2wt%ð Þ + ramie 40wt%ð Þ
10 Epoxy 88wt%ð Þ + Nano SiC 2wt%ð Þ + Kevlar 5 wt%ð Þ + ramie 5wt%ð Þ
11 Epoxy 78wt%ð Þ + Nano SiC 2wt%ð Þ + Kevlar 10wt%ð Þ + ramie 10wt%ð Þ
12 Epoxy 68wt%ð Þ + Nano SiC 2wt%ð Þ + Kevlar 15wt%ð Þ + ramie 15wt%ð Þ
13 Epoxy 58wt%ð Þ + Nano SiC 2wt%ð Þ + Kevlar 20wt%ð Þ + ramie 20wt%ð Þ

Load

Fibre

Figure 1: Fibre arrangement in two directions: (a) longitudinally and (b) transversally.
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and transverse measurements in millimeters and millime-
ters, respectively. The ductility of the composite samples
was calculated with standard diagnostic tools and a head
speed of 2 millimeters per second when spinning in a circle.
The mean value of three similar composites was recorded as
a composite property, and the results were compared.

2.4. Flexural Strength. Composites have a flexural strength,
which is defined as the amount of tensile stress they can bear
before they break when bent. When pressure builds up to the
center of the frame, the sample bends and cracks. For the
flexural test, Instron 1195 universality equipment and
ASTM D790 [21] procedure were used on rectangular com-
posite sample specimens. Dimensions are 100mm in length,
12.7mm in width, and 4mm in thickness if the specimen is
oriented transversely. We used a 10 kN load cell and loaded
the cylinder at 2 millimeters per minute. Using Eq. (3), we
can calculate the composite specimen’s flexural strength.

3PL
2bt2

, ð3Þ

where b is the samples breadth, and t is the sample thick-
ness; t is the sample’s length span; and where P denotes the
failure load in Newtons. Three identical examples of each
form of composite were evaluated, as well as the median
value was recorded as a composite attribute.

2.5. Interlaminar Shear Strength. To get the strength of the
interlaminar band value, the composite samples are sub-
jected to brief beam shear tests at room temperature. ASTM
standard D2344-84 is used for the test, and the same univer-
sal testing machine is used. The sample’s 45mm × 10mm
× 4mm are the measurements, and the crosshead moves at
a speed of 2mm per minute. A downward force from the
loading cylinder causes normal (bending) and transverse
shear stresses on the specimen. Interlaminar shear failure
occurs when a fracture develops along the horizontal plane
between two laminates because of the beam’s shortness.
The composite specimen’s interlaminar shear strength can

be calculated using Eq. (4). Three identical examples of each
composite type were evaluated, additionally, the composite’s
mean value was revealed as an attribute.

3P
4bt : ð4Þ

2.6. Properties of Impact and Microhardness. The composite
samples are put through instrumented low-speed impact
testing. The pendulum impact testing equipment measures
the energy expended while using a pendulum hammer to
break the V-notched specimen. The specimen’s cross-
section is used to link this energy with its magnitude. ASTM
D 256 provides specimen dimensions of 64mm 12.7mm
4mm and a notching depth of 10mm. Specimens must fulfil
these specifications. On a dial indicator, the impact energy
values of several specimens were recorded. To press the dia-
mond indenter into the material, apply tension to the mate-
rial’s surfaces. Indentation in the material’s two diagonals X
and Y has an arithmetic mean L. After a load is removed is
calculated. Equation (5) is utilised in the current investiga-
tion to calculate the load assumed to be F = 24:54N and
the Vickers hardness value.

Hv = 0:1889 F

L2
,

And L = X + Y
2 :

ð5Þ

When you apply a force, you get a square impression
diagonal in millimeters, which is equal to the applied force
multiplied by the length in millimeters of the horizontal line
and the vertical line, respectively. The mean value of three
similar composites was recorded as a composite property,
and the results were compared.

3. Results and Conclusions

3.1. Fibre Loading Effects on Composite Density. One of the
most essential aspects of composites is their density, which is

Table 3: Composite densities, both theoretically and experimentally.

Composition Theoretical density gm/ccð Þ Experimental density gm/ccð Þ Volume fraction of voids (%)

C1 1.210 1.581 0.36

C2 1.268 1.592 10.42

C3 1.381 1.612 2.562

C4 1.389 1.581 3.789

C5 1.412 1.568 5.121

C6 1.361 1.516 1.243

C7 1.372 1.556 2.281

C8 1.385 1.584 3.382

C9 1.412 1.593 4.137

C10 1.368 1.542 1.306

C11 1.372 1.551 2.601

C12 1.412 1.583 2.891

C13 1.462 1.596 4.012
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determined by the ratio of matrix to reinforcing components.
The inclusion of voids in the composite is the primary cause of
the discrepancy between predicted and experimental densities.
As a result, knowing the sample’s void % is crucial. Densities
of Kevlar, Ramie, and Kevlar/Ramie composites, as well as
the corresponding void volume percentages, are studied theo-
retically and experimentally. It was discovered that the Kevlar
composite had more voids than expected due to insufficient
Epoxymatrix wetting of Kevlar fibres. As the Ramie fibre load-
ing in the Kevlar composite was increased, the hybrid compos-
ites’ void content decreased. Lumens in the cellular structure
of natural fibres act as voids. This means that the fibre natu-
rally contains these voids. As a result, an increase in fibre load-
ing may be causing an increase in void content. Whether or
not a composite contains voids has a substantial impact on
its mechanical qualities.

3.2. Tensile Properties Impact by Fibre Loading. Figure 2
shows the outcome of fibre loading on composite length-
to-width ratio. At 30 weight percent fibre loading, the
maximum tensile strength for the entire length of Kevlar
composites, Ramie composites, and Kevlar/Ramie compos-
ites ranges from 50.8MPa to 66.87MPa. The matrix can
transmit stress to the fibres because of the reinforcing pro-
vided by the fibres. Because there are fewer fibres in the
matrix with a lower fibre loading, the matrix experiences
localised strains even at low loads. The tensile characteristics
of composites with a fibre loading of 40% or more are
reduced. Fibre packing and insufficiently rich epoxy areas
are likely causes of divergence at increased fibre loading. In
addition, the composite has the potential for fibre entangle-
ments and agglomeration, which reduces the matrix and
fibre stress transfer, and this is beneficial.

Similar results have been reported for fibre epoxy com-
posite by [25]. Fibre loading has an impact on composite
transverse tensile strength, as seen in Figure 3. This com-
posite’s transverse tensile strength was calculated at
41.58MPa when loaded with 20 weight percent of Kevlar
fibres. The torsional, flexion, and interlaminar shear
modulus of a matrix-dominated material is decreased by
porosity and vacancies.

3.3. Flexural Properties Impact by Fibre Loading. Figures 4
and 5 depict the composites’ response to fibre loading both
the longitudinal and transverse flexural strengths. The fibre
loading has a substantial impact on flexural characteristics,
as can be seen. The composite’s longitudinal flexural
strength is boosted by 30 weight percent of fibre loading
and then decreased by an increasing amount of fibre loading.
Composites made from a mix of materials have better flex-
ural strength than unhybridized composites for each fibre
loading. Composites made from a mix of materials have
more compatibility and dispersion than traditional compos-
ites, allowing for better stress transferability. Ramie compos-
ite and Kevlar/Ramie composite have increased longitudinal
flexural strength by 72, 104, and 128 percent, respectively. A
hybrid composite’s transverse flexural strength increases by
up to 10%. In weight before falling when the amount of fibre
loading is increased. It is because to weak interfacial bond-
ing, fibre tangling at increased stress, and the epoxy’s ineffi-
cient wetting of the fibres that the composites lose their
flexural strength.

3.4. Interlaminar Shear Strength and Fibre Loading
Interactions. An interlaminar composite has stresses at the
boundary between two adjacent layers. Due to these strains,
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the adjacent layers deform relative to one another, and if the
stresses are high enough, failure may occur in the midplane
between the layers. Fibre loading affects composite interlam-
inar shear strength, as seen in Figure 6. Adding fibre up to 30
weight percent of fibre loading increases interlaminar shear
strength, while adding another 40 weight percent causes
interlaminar shear strength to decrease. Single and hybrid
fibre reinforced composites both display this trend. This
decrease may be attributable to the creation of voids in the
matrix, which commonly occurs in the interlaminar area of

composites. Shear strength between the laminae in a single
layer Kevlar/Ramie composite with 30 weight percent of
fibre loading reached 102.82MPa in the current study.

3.5. Impact and Microhardness Properties Affected by Fibre
Loading. Impact tests are performed to determine a mate-
rial’s tensile strength. During plastic deformation, the tough-
ness of a material is determined by its ability to absorb
energy. Fibre loading has a noticeable effect on a composite’s
impact energy, which can be shown in Figure 7. The graph
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illustrates that when the amount of fibre is increased, so does
the impact energy of the composite. Individual natural fibre
composites have a lower impact energy than hybrid compos-
ites, the research shows. Fibre breakage, matrix fracture, and
pull out are all causes of specimen failure. Crack propagation
occurs when the fibres lose their adherence to the matrix and
the matrix separates from the fibres. According to the
research, adding Ramie fibre to Kevlar improved the bond-

ing capacity, expanded the area under the frustration curve,
and increased the impact strength. Figure 8 reveals the
impact testing arrangement.

At 40% fibre loading, the Kevlar/Ramie hybrid com-
posite had a maximum impact energy of 4.085 J. As the
fibre loading increases, a small number of researchers have
also identified an increased trend in the impact strength
value. More fibre loading means stronger impact since it
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takes more a sufficient amount of energy to separate the
tangled web of fibres. Fibre loading has an impact on
composite microhardness, as seen in Figure 9. When
compared to Kevlar composite and Ramie composite, the
Kevlar/Ramie composite had the highest microhardness.
Increases in fibre loading result in an increase in compos-
ite hardness. Fibre improves the composite’s modulus,

which in turn increases the fibre’s hardness. Since hard-
ness is dependent on fibre volume and modulus, this
makes sense. The lignocellulosic fibre’s brittleness may be
to blame for the increase in microhardness. Hybrid fibre
reinforced composites have a microhardness rating that
is 65 percent higher when 40 weight percent fibre loading
is used.

Figure 8: Impact testing arrangement.
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Photograph of a broken Kevlar/Ramie fibre reinforced
epoxy based hybrid composite specimen taken in longitu-
dinal direction during tensile testing. When the fibre load-
ing is 30 percent of excellent interfacial adhesion between
the fibre and matrix, and matrix weight results in out-
standing hybrid composite strength properties. Lack of
bond strength among the fibre and the matrix at a 40%
fibre loading resulted in fibre breakage, fibre draw out,
and porosity or air impalements. An example of a broken
Kevlar/Ramie hybrid composite tensile test specimen
cracked only in one direction. Fracture and crack growth
and fibre rip out are all evident on the surface with a
40% fibre loading, all of which contribute to poor hybrid
composite mechanical qualities.

4. Conclusions

Kevlar/Ramie hybrid composites with fibre-reinforced epoxy
resins were experimentally investigated for physical and
mechanical characteristics, and the following findings were
made as a result:

(i) Fibre-reinforced epoxy resins can be used to suc-
cessfully fabricate unidirectional Kevlar, Ramie,
and Kevlar/Ramie fibre hybrid composites using a
simple hand lay-up approach

(ii) The amount of fibre in the composite material can
significantly impact the material’s various proper-
ties. The void content of hybrid and single-fibre
composite materials rises directly to the increase in
fibre loading

(iii) The composite’s longitudinal tensile and flexural
strength improve with a 30wt% fibre loading, but

these properties degrade with a higher percentage.
In millimeters per inch, tensile strength was mea-
sured (Mpa). In millimeters per inch, flexural
strength was measured (MPa). The composite mate-
rial’s transverse tensile and flexural strength
increase as the fibre loading increases

(iv) The interlaminar shear strength of the Kevlar/
Ramie composite with 30wt% fibre loading is
102.82MPa. The impact strength of the hybrid
composite is higher than that of a single compo-
nent. Microhardness increased brittleness at the
atomic level by 65 percent when 40 percent of the
fibre loading is incorporated into the hybrid fibre
reinforced composite compared to plain ерoxy
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