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Abstract In the present work, an attempt has been made
to develop the composite specimen using natural fibres.
Natural fibres are the by-product of animals or plants con-
sidered waste and disposed into the sea or landfill. The pre-
sent study involves the study of the mechanical properties
of the natural fibre-based composite made of animal-based
and plant-based powder. The animal-based fibre considered
in the present study was eggshell (ES). Eggshell (ES) is a
biodegradable and abundantly available organic waste. The
plant-based fibre considered in the present study was rice
husk (RH). Rice husk (RH) is an abundantly available biode-
gradable material of agro-organic waste. The composite was
prepared with different percentages of ES and RH powder.
Tensile and flexural testing was carried out on the devel-
oped samples. SEM image was obtained for the best resulted
composite. The results showed that composite with 5% ES
and 5% RH powder had higher tensile strength and flexural
strength. The results also showed that composite with 5% ES
and 5% RH powder has a better surface—property relation-
ship than other composites.
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Introduction

In India, the high availability of low-quality material has
resulted in the development of composites with desirable
properties [1-5]. The increase in the usage of polymer com-
posite in the sectors such as automobile, medicine and textile
has been predominant. The primary material used for devel-
oping polymer composites is synthetic fibres which provide
the required properties for the composites. Although the
composite is produced with the required quality and prop-
erty, the major demerit of synthetic-based composites is its
non-biodegradable ability [6, 7]. The disposal of synthetic
polymer composites after their utilization will cause envi-
ronmental pollution. So, in the present work, an attempt has
been made to develop the composite specimen using natural
fibres. Natural fibres are the by-product of animals or plants
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considered waste and are disposed of into the sea or land-
fill. This waste disposal, such as landfill burning, can cause
greenhouse gases emission. Some of the natural fibres are
silk, corn hub, eggshell, cocopeat, bamboo, banana, etc. [8,
9]. The work also attempts to convert waste into energy.
The author has considered testing the mechanical of the
composite made from animal and plant-based natural fibres
individually and combinedly.

The animal-based fibre considered in the present study
was eggshell (ES). Eggshell (ES) is a biodegradable and
abundantly available organic waste. The plant-based fibre
considered in the present study was rice husk (RH). Rice
husk (RH) is an abundantly available biodegradable mate-
rial of agro-organic waste. Ndazi et al. 2007 [10] studied the
composite panel made up of rice husk powder. The results
showed that the developed composite provided good bond-
ing for the developed composites. Ashok et al. 2014 [11]
studied the tensile and thermal properties of the lactic acid
and eggshell powder-based composite. The results showed
that the eggshell powder with more than 4 wt% had provided
a high tensile and thermal property composite. Inbakumar
et al. 2014 [12] studied the mechanical properties of the
hemp fibre and eggshell-based natural composite. From
the results, it was clear that the addition of the fibre has
improved load-bearing capacity, and eggshell powder has
increased the thermal stability of the composite.

Owuamanam and Cree 2020 [13] studied the develop-
ment of polymer composite with eggshell and seashell filler
material. The results showed that the mechanical proper-
ties are obtained for the composite developed with eggshell
powder. It was concluded that the composite prepared with
the organic waste material would reduce the environmental
impact of the composite material. Bisht et al. 2020 [14] stud-
ied the composite with rice husk powder composite. From
the results, it was suggested that the incorporation of the
surface modification technique on the composite specimen
with rice husk fibre could improve the mechanical properties
of the composites.

Venkatamani et al. 2016 [15] studied the effect of egg-
shells in the composite material as a replacement for syn-
thetic fibre composite. The mechanical properties such as
tensile, compression and hardness testing were carried out
on the composite specimen. The results showed that the egg-
shell powder with coco peat provides a better property com-
posite material. Sathiparan et al. 2021 [16] reviewed the uti-
lization of eggshell powder for sustainable construction. The
study was conducted for replacing the eggshell with cement
up to 10-15% for construction activity. From the results, it
was clear that the eggshell is a cost-effective material which
can be utilized as a replacement for construction material.
Olusesi et al. 2021 [17] developed an aluminium alloy-based
composite with rice husk ash. Rice husk was replaced with
the abundantly used boron carbide and silicon carbide for the
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production of aluminium composite. The results showed that
the aluminium composite with 7.5 wt% of rice husk powder
resulted in higher mechanical properties. From the literature,
it was clear that less work has been carried out on the study
of the mechanical properties of individual and hybrid natu-
ral fibre composite made up of eggshell (ES) and rice husk
(RH) powder. So, the present study involves the study of the
mechanical properties of the natural fibre-based composite
made of eggshell (ES) and rice husk (RH) powder.

Material and Methodology

Table 1 shows the different proportions of composite speci-
mens developed for the present study. Figure 1a—f shows the
composite specimen developed for the present investigation.
Composites 14 are the individual composite prepared with
(5 and 10% of ES and RH powder). Composites 5 and 6 are
the hybrid composite prepared with a combination of 5%
ES +5%RH powder and 10% ES +10% RH powder. The
ES and RH powdered were dried and powdered to an 80
microns size fraction. The powdered mixture of different
proportions was used as filler material to develop the com-
posite. The remaining proportion was maintained with epoxy
and hardener. The specimen was developed with the hand
layup method. The ratio of epoxy and hardener is 1:0.3. The
specimen was prepared in a mould where layers of epoxy
and filler material were poured one after the other. After
obtaining a suitable surface level, the mould was subjected
to compressive loading for 24 h for uniformity of composite.
Further, the mould was cured for 72 h at room temperature.
After curing, the specimens were obtained from the mould.

After the specimen preparation, the composite was cut
using laser cutting as per ASTM standards of D638 for ten-
sile and D790 for flexural testing. As per ASTM standard,
loading rate considered for testing was 2 mm/min. Digital
UTM Zwick Roell Z020 is employed for testing the compos-
ite specimen. The magnitude of compression load applied
for uniformity of sample in UTM was SkN. Figure 2 a and
b shows the cutting of the specimen using laser cutting.

Table 1 Composite description

Composite Filler % Epoxy
matrix%
Composite 1 5% ES (egg shell) powder 95
Composite 2 10% ES (egg shell) powder 90
Composite 3 5% RH (rice husk) powder 95
Composite 4 10% RH (rice husk) powder 90

Composite 5 5% ES (egg shell) powder+5% RH 90

(rice husk) powder

10% ES (egg shell) powder+10% 80
RH (rice husk) powder

Composite 6
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Fig. 1 Composite specimen

e Composite 5 (5% ES powder + 5% f Composite 6 (10% ES powder +
RH powder) 10% RH powder)

Fig. 2 a Laser cutting of the
specimen and b cut specimen
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Figure 3a and b shows the tensile and flexural testing of the
specimen. So, the present work will provide a study on the
mechanical properties of ES and RH powder-based natural
fibre composite.

Results and Discussion

Figure 4 shows the standard force vs strain of different
composites subjected to tensile loading. Table 2 shows the
load vs tensile modulus and tensile strength for different
composites. From Fig. 4a and Table 2, it was clear that the
strain is linearly varying with the force applied for composite
1. The maximum load-carrying capacity of composite 1 is
6034.83 N, and the respective tensile modulus and tensile
strength are 1271.69 and 117.05 MPa. From Fig. 4b and
Table 2, it was clear that the strain is linearly varying with
the force applied for composite 2. The maximum load-car-
rying capacity of composite 2 is 6457.26, and the respec-
tive tensile modulus and tensile strength are 870.10 and
128.82 MPa.

The maximum load-carrying capacity and tensile strength
of composite 2 are higher than composite 1. This shows that
the increase in the ES powder percentage from 5 to 10% has
increased the specimen’s load-carrying capacity and tensile
strength. This is due to the increase in the agglomeration
between the layers of the composite has increased. But the
tensile modulus of composite 2 is lesser than that of compos-
ite 1. This shows that the stiffness of composite 2 has been
reduced with the addition of the ES Powder.

From Fig. 4c and Table 2, it was clear that the maxi-
mum load-carrying capacity of composite 3 is 10,261.05N,
and the respective tensile modulus and tensile strength are
1646.30 and 137.88 MPa. From Fig. 4d and Table 2, it was
clear that the maximum load-carrying capacity of composite
4 1is 10,285.67, and the respective tensile modulus and ten-
sile strength are 1194.01 and 123.51 MPa.

Fig. 3 a. Tensile testing of the
specimen and b flexural testing
of the specimen
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The maximum load-carrying capacity of composite 4 is
higher than that of composite 3. This shows that the increase
in the RH powder percentage from 5 to 10% has reduced the
tensile strength and tensile modulus of the specimen. This is
due to the reduction in interfacial bonding between the layers
which was provided by the presence of cellulose, hemicel-
lulose and lignin. The RH powder also acts as a pozzolanic
material which agglomerates well with the matrix.

From Fig. 4e and Table 2, it was clear that the strain is
linearly varying with the force applied for composite 5.
The maximum load-carrying capacity of composite 5 is
10,261.05N, and the respective tensile modulus and tensile
strength are 1406.63 and 153.80 MPa. From Fig. 4f and
Table 2, it was clear that the strain is linearly varying with
the force applied for composite 6. The maximum load-car-
rying capacity of composite 6 is 10,962.42, and the respec-
tive tensile modulus and tensile strength are 1241.15 and
117.27 MPa.

The maximum load-carrying capacity of composite 6 is
higher than that of composite 5. This shows that the increase
in the ES and RH powder percentage from 5 to 10% has
reduced the specimen’s tensile strength and tensile modu-
lus. This is due to the reduction in dispersed agglomerates
between the layers of composite 4.

Further, in Fig. 4a—f, the load-carrying capacity, ten-
sile strength and tensile modulus of the composite 5 with
5% ES and 5% RH powder are higher than all other com-
posites. This is majorly due to the higher interfacial bond-
ing achieved by composite 5. This shows that the hybrid
composite with 5% ES and 5% RH powder forms the most
optimum composite for tensile testing. This carries both
the properties of higher interfacial bonding and dispersed
agglomeration of ES and RH powder. The RH powder also
acts as a pozzolanic material which agglomerates well with
the eggshell and matrix, providing good property—surface
relationship.

Figure 5 shows the standard force vs deformation of
different composites subjected to flexural loading. Table 3
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Fig. 4 Standard force vs. strain
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Table 2 Load vs. tensile modulus and tensile strength for different
composites

Composite Fmax (N) Tensile modulus  Tensile strength
(MPa)

Composite 1 6034.830566 1271.698347 117.0561646
Composite 2 6457.26709 870.1013603 128.829709
Composite 3 10,261.05078  1646.302414 137.8802846
Composite 4  10,285.67676  1194.016806 123.5116149
Composite 5 10,890.88379  1406.636094 153.8043184
Composite 6 10,962.42676  1241.159831 117.2702905
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shows the load vs flexural modulus and flexural strength
for different composites. From Fig. 5a and Table 2, it was
clear that the maximum load-carrying capacity of com-
posite 1 is 36.32 N and respective flexural modulus and
flexural strength are 3723.78 and 44.61 MPa. From Fig. 5b
and Table 2, it was clear that the maximum load-carrying
capacity of composite 2 is 29.00 N, and the respective
tensile modulus and tensile strength are 4587.39 and
49.41 MPa.

The flexural modulus and flexural strength of composite 2
are higher than composite 1. This shows that the ES powder
percentage increase from 5 to 10% has increased the speci-
men’s flexural modulus and flexural strength. This is due
to the interfacial bonding between the layers of composite
having increased for composite 2 than composite 1.
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Table 3 Load vs. flexural modulus and flexural strength

Composite Fmax Flexural modulus  Flexural strength
Composite 1~ 36.32176208 3723.788902 44.61020975
Composite 2 29.00360298 4587.398236 49.41354582
Composite 3 235.5979309  7251.223807 155.2584391
Composite 4  406.0007935  5100.229655 185.3544
Composite 5 340.6681213  8017.758544 220.2008382
Composite 6 388.6363525 5019.876279 161.0262838

From Fig. 5c and Table 2, it was clear that the maxi-
mum load-carrying capacity of composite 3 is 235.59 N and
respective flexural modulus and flexural strength are 7251.22
and 155.25 MPa. From Fig. 5d and Table 2, it was clear
that the maximum load-carrying capacity of composite 4 is
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406.00 and respective flexural modulus and flexural strength
are 5100.22 and 185.35 MPa.

The maximum load-carrying capacity of composite 4 is
higher than that of composite 3. This shows that the increase
in the RH powder percentage from 5 to 10% has reduced
the specimen’s flexural strength and flexural modulus. This
is due to the increase in agglomeration between the layers
of composite 4.

From Fig. 5e and Table 3, it was clear that the maxi-
mum load-carrying capacity of composite 5 is 340.66 N
and respective flexural modulus and flexural strength are
8017.75 and 220.20 MPa. From Fig. 5f and Table 3, it was
clear that the maximum load-carrying capacity of composite
6 is 388.63 N, and respective flexural modulus and flexural
strength are 5019.87 and 161.02 MPa. From Table 3, it was
also clear that the maximum load and lesser strength for
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SEM HV: 5.0 kV WD: 12.22 mm VEGA3 TESCAN
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View field: 259 ym |Date(m/dly): 04/25/23 CoE-BMS College of Engineering

SEM HV: 5.0 kV WD: 12.22 mm
SEM MAG: 500 x Det: SE
View field: 415 ym Date(m/dly): 04/25/23

VEGA3 TESCAN

Lot

100 pm
CoE-BMS College of Engineering

Fig. 6 SEM image of the composite 5 with 5% ES and 5% RH pow-
der

composite 4 show less ductile nature with high load-bear-
ing capacity of the composite 4. Similarly, composite 5 has
higher strength with lesser load bearing which shows high
ductile nature of composite 5.

The maximum load-carrying capacity of composite 6 is
higher than that composite 5. This shows that the increase
in the ES and RH powder percentage from 5 to 10% has
reduced the specimen’s flexural strength and flexural mod-
ulus. This is due to the reduction in interfacial bonding
between the layers of composite 4.

Further, in Fig. 5a—f, the load-carrying capacity, tensile
strength and tensile modulus of the composite 5 with 5%
ES and 5% RH powder have been found to be higher than

all other composites. This is majorly due to the agglom-
eration of ES and RH powder which provides good struc-
ture—property achieved by the composite 5 which can be
seen from Fig. 6. Figure 6 also shows a good dispersion and
good alignment of the fibre of ES and RH powder, thereby
providing higher tensile and flexural strength.

Conclusion

The present study involves the study of the mechanical prop-
erties of the natural fibre-based composite made of animal-
based and plant-based powder. The animal-based fibre con-
sidered in the present study was eggshell (ES). Eggshell
(ES) is a biodegradable and abundantly available organic
waste. The plant-based fibre considered in the present study
was rice husk (RH). Rice husk (RH) is an abundantly avail-
able biodegradable material of agro-organic waste. The com-
posite was prepared with different percentages of ES and RH
powder. Tensile and flexural testing was carried out on the
developed samples. From the results, it was clear that com-
posite 5 with 5% ES and 5% RH powder had higher tensile
strength and flexural strength. From the results, it was also
clear that composite 5 with 5% ES and 5% RH powder was
found to be having load-carrying capacity. This shows that
composite 5 carries higher interfacial bonding properties and
dispersed agglomeration of ES and RH powder. It was also
found that composite 5 with 5% ES and 5% RH powder has
good surface—property relationship than other composites.
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