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ABSTRACT

This study provides a detailed analysis of the mechanical, physical, thermal, and other features of composite materials made from chicken
feathers (CFFs). The chicken feathers, which are typically regarded as a by-product, have the potential to be used as a lightweight thermal
insulator due to their hydrophilic properties. For the tensile strength testing of more than 1 Type CFF Specimens tested used Universal
Testing Machines (UTMs) to identify the most effective combination for reinforcing the composite material with the most favourable
tensile strength value. The UTM will test the specimens at 2 percent, 4 percent, 6 per cent and 8 percent (by mass) of the reinforcing
components used. According to these results, a hybrid composite comprising natural coconut, rice hulls and sawdust and using fibres with

different lengths (10mm, 20mm and 30mm) and weight and volume percentages will be tested in this investigation.

Keywords: Coconut Fiber, Saw Dust, Chicken Feather, Epoxy
Resin, Hardener

Introduction

New developments in eco-composite technology combine
agricultural waste materials with natural fiber to produce
lightweight, durable composites that lessen the impact on
the environment and potentially provide new opportunities
for application in automotive, aerospace, construction, and
packaging industries Emerging eco-composite innovations are
transforming materials engineering by integrating natural fibers
such as coconut fiber, feather keratin, and wood waste to enhance
mechanical performance, sustainability, and lifecycle efficiency
in lightweight, high-strength applications [1-3]. Emerging
eco-composites are redefining sustainable material design by
integrating natural fibers from coconut, keratin-rich feathers, and
repurposed wood waste to enhance mechanical performance,
durability, and environmental compatibility [4]. Composites are
multi-phase materials created by combining two or more distinct

substances to enhance specific properties. A composite typically
contains a continuous phase (the matrix) and a dispersed phase
(the reinforcement) [5]. Reinforcements are classified into either
fiber or particle, while the matrix and reinforcement phases may
be made from a metal, ceramic, or polymer [6]. The strongest
composites have a synergistic relationship between reinforcement
and matrix due to the large degree of interfacing occurring in
the region that bonds these phases together, which increases the
composite’s overall ability to perform [7,8]. The use of renewable
resources such as plant fibers or bio-based polymer composites
is referred to as eco-composite material [9,10]. Due to a growing
concern for our environment due in part to increased regulation,
increased awareness of our global environment, and the need
for conservation of non-renewable resources (petroleum-based),
researchers and material engineers have been working diligently
to develop sustainable/green alternatives [11,12]. The use of
natural fibers as reinforcement in polymer matrix composite
materials because of the materials' biodegradable and renewable
characteristics is gaining popularity [13,14]. Moreover, these
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fibers also exhibit a number of physical and mechanical properties
based upon the source and method of their manufacture [15,16].
In spite of the advantages of using natural fiber as a reinforcement
material as compared to the use of synthetic fibers, there are also
some disadvantages related to this material [17,18]. These include
lower fire resistance, higher water absorption rates, and reduced
impact properties, which can constrain their application in various
fields and preparation of green building materials using Coconut
Fiber and Sawdust [19-21]. The objective of this paper is to
determine the most optimum composition of sawdust to coconut
fibre is 0% sawdust to 100% coconut fiber and the optimum
thickness [22,17]. The experimental investigation and studied the
effect of bamboo fibres at different weight percentages (20, 30
and 40) to modify epoxy resin. They determined that the addition
of bamboo fibers has improved tensile, flexural and impact
properties of epoxy resin and increased water absorption of the
material [11]. The experiment on the improvement of the impact
properties of PLA is an addition of fillers or reinforcements[23].
They used bamboo fiber, vetiver grass fiber and coconut fiber as
alternative reinforcements in PLA Composites and determined
that bamboo fiber is the most effective reinforcement among all
studied reinforcements [24,20].

Materials and Methods

Materials

Coconut Fiber

Coir is natural fiber, which are taking out from coconut. After
harvesting, the prepared coconuts are spitted, and the Coconut

oil is extracted from the inner fruit. The fiber is extracted from
the pith that covers the inner kernel. In this process the elements
that are between the fibers were used usually to be ploughed in
clay soil to loosen up the soil. Recently, these coconut fibers
have been processed and packed in various forms as coir.

Saw Dust

Saw dust particles were collected from saw mill Rajahmundry
east Godavari Dist. During the machining of wood timbers for
making different types of furniture’s, huge amount of wood dust
particles wasted to the environment and which are having more
cellulose content for improving the mechanical properties. They
were collected and used for making composite samples.

Chicken Feather

Chicken Feather/Vinyl Ester Composites are made using the hand
lay-up method. Before commencing with this process, a layer of
polyvinyl alcohol is applied to the mould box to make sure that
removal of the cured plates from the mould is easy. The Chicken
Feathers, measured accurately, are mixed with vinyl ester resin
and then subjected to mechanical stirring for a period of 15
minutes to make them uniform. Then, the accelerator, catalyst,
and promoters are added to this mixture, followed by mechanical
stirring for another period of 15 minutes. This mixture is then
poured into the mould to cure at normal temperature for a period
of 48 hours.

Coconut fiber

Saw dust

Chicken Feather

Figure 1: Constituent of Composite Materials

The natural wastes used in the study for the production of
composites are shown in the above image, Figure (1). Sawdust,
chicken feathers, and coconut fibers are selected for their
availability, low cost, and environmentally friendly nature [25].
Although they have several useful physical properties such as
lightness, fibrous nature, and good insulating qualities, still they
are often considered to be industrial and agricultural wastes [26].
Through a proper mixture of such ingredients, the generation
of environmental wastes, and responsible development of
materials, can be achieved [27].

Experimental

Matrix Material

Epoxy Resin

Epoxy LY 556, a member of the 'epoxide' family, is used as the
matrix material, commonly known as bisphenol A diglyceryl
ether. The hardener, NN'-bis(2-aminocthylethane-1,2-diamine),
designated as HY-951, is used in conjunction with the epoxy
resin. Both the epoxy resin and hardener were supplied by

Ciba Geigy India Ltd. Carbon fibers (CFs) were collected from
a farmhouse in Rourkela, located in eastern India. These CFs
were cleaned with a polar solvent such as ethanol and dried.
After removing the quills, short fibers (10-15 mm in length,
with an aspect ratio of ~3000) were obtained. The fibers were
mixed with the epoxy by stirring at room temperature until
the polymerization reaction began. The mixture was then
poured into suitable molds to create disc-shaped samples with
a diameter of 12 mm and a thickness of 2.5 mm. Four samples
were prepared under identical temperature and conditions:
sample A (pure epoxy resin), sample B (epoxy + 10% CF fiber),
sample C (epoxy + 20% CF fiber), and sample D (epoxy +
30% CF fiber). The matrix provides a medium for binding and
holding reinforcements together into a solid. It offers protection
to the reinforcements from environmental damage, serves to
transfer load, and provides finish, texture, color, durability and
functionality. The unsaturated isenthalpic polyester resin is used
as the matrix which are prepared by the reaction of polyhydric
alcohols and dibasic organic acids are having a relative density
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as 1.11-1.23 g/cm3 and boiling range as145-1480C and the
thermal deformation temperature is 50- 600C.It is completely
continuous. The matrix provides a medium for binding and
holding reinforcements together into a solid. It offers protection
to the reinforcements from environmental damage, serves to

transfer load, and provides finish, texture, color, durability and
functionality [28,29]. The matrix binds the fiber reinforcement,
gives the composite component its shape and determines its
surface quality. A composite matrix may be a polymer, ceramic,
metal or Carbon. Here’s a guide to selection [30].

Epoxy LY556& Hardener HY951

TenSi]e specimen

Measurements of sheet metal mould

UTM Machine

uneven distribution

Different Sizes Composite

Figure 2: preparation of Composites for Tensile test

The manufacturing process for composite materials, as illustrated
in Figure (2), begins with the procurement of epoxy resin (i.e.
LY556) and a hardener (i.e. HY951) in order to mix them in
accordance with the stoichiometric ratio recommended for
optimal curing. A template is also produced from sheet-metal and
dimensions calculated accurately in order to produce the desired
composite size The mixed resin then poured into the previously
prepared template and manually spread across the template to
properly saturate the reinforcement [31,32]. Variability of the
manual layup process and the mixing sequence will most likely
cause the resin and the reinforcement to not be spread evenly
through the laminate surface; therefore, there will be a difference
in the thickness of the laminate as well as in its size [33]. Once
the curing process has been completed, the composite panels
removed from the template and visually examined for any
defects. A specified number of tensile test specimens are cut
from the cured laminate using a standard pattern for cutting
tensile test specimens. Each cut specimen is carefully marked
according to standard practices in sample preparation prior to
commencing testing [1]. The tensile test process is carried out

using a Universal Testing Machine in a controlled environment
with respect to load application. The recorded data includes the
amount of load applied and the resulting amount of deformation
measured [34].

Table 1: Constituents Weights

run wt. % |(wt.% |[wt.% | wt. %
Thickness | coconut | saw chicken | resin
fiber dust feather

1 10 5 8 7 80
2 20 5 13 12 70
3 30 5 18 17 60
4 10 10 5 5 80
5 20 10 10 10 70
6 30 10 15 15 60
7 10 15 2 3 80
8 20 15 5 10 70
9 30 15 10 15 60

3-point Flexural Testing Apparatus

el Tesing work i

Figure 3: 3-Point Flexural Testing
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Figure (3) illustrates the testing equipment used for a three-
point flexural test of the manufactured composite specimens to
assess their bending characteristics. The test equipment consists
of two support rollers and a loading nose positioned in the
centre providing the test with a defined loading arrangement
[35]. The procedure for this type of flexural testing follows
standard flexural testing methods by supporting the rectangular
composite samples on the support rollers with a set distance

between them (span) and applying a controlled amount of load
by adjusting the speed of the crosshead until failure [36]. Each
specimen will exhibit multiple types of failures due to bending
or deflection before ultimately breaking due to fracture within
the tensile region of the composite material [37] . The results
from the flexural testing can be utilised to determine the flexural
modulus and flexural strength of each composite material being
tested [38].

Izod-impact test

Impact test work piece

Figure 4: 1zod impact test

Izod impact testing of the engineered composite material
is illustrated in Figure (4). The test samples must be made
according to the definitions of the ISO standard for notch
placement and orientation of the sample as it stands in the fixture
with the pendulum above the notch [39]. Each sample receives
a single force of impact and is then broke using a predetermined
set of forces, which cause an impact force on the sample. After
testing, the pieces created after breaking will be collected and
inspected to determine what failure mode occurred [40]. The
amount of fibre pull-out, initiation of the crack and extent of the
crack are all directly related to the way in which that composite
was able to generate energy during the test [41]. By analysing
the amount of impact energy recorded from each sample, it is
possible to conclude whether or not that type of composite has
sufficient durability and suitability for use in applications that
require load-bearing properties and have a high likelihood of
being impacted.

Result and Discussion

Mechanical testing of fabricated composite specimens
showed significant mechanical performance differences as
a function of the composite's filler size (10, 20, and 30) and
ratio of resin-hardener (80:20, 70:22, and 60:25). Therefore,
it was determined that there is a strong relationship between
mechanical performance and both the size of the filler, and the
resin-hardener mixture.

Tensile Strength

With respect to specimens containing a filler size of 10, it is
noted that there was an increase in tensile strength from 20 MPa
to 25 MPa when there was a decrease in the percentage of resin
from 80 wt% to 60 wt%. Thus, this indicates that as the cross-
link density of the resin is increased, so too is the capability
for an increased load transfer. This pattern of behaviour is also
exhibited for the 20 and 30-size fillers; however, the 60%-25%
ratio of resin to hardener yielded maximum values of 25 MPa
and 16 MPa for the greater and lesser sizes respectively. The
greatest tensile strength among those configurations was that
of the 20-size filler, thus leading to the conclusion that the

distribution of the particles is effective for providing good stress
distribution within the matrix.

Flexural Strength

When adding fillers to a resin or polymer, flexural strength of the
resin/polymer can be affected by both the amount of filler added
and the size of the filler particles. With only a small amount of
resin applied to the filler (approximately 60:40 ratio of resin to
hardener), flexural strength of the added filler increased from 9.2
Mpa to 12.5 Mpa as resin content decreased. While the largest
improvement in flexural strength was seen with filler sizes of
20#s to 30#s, the maximum flexural strength was 52.5 Mpa at
60:25 ratio of resin to hardener. This increase in flexural strength
is thought to be due to improved adhesion at the interface of
resin/filler particles and higher strength being achieved through
better resistance to bending. However, with a filler size of 30,
the increase in flexural strength did exceed filler size of 10;
however, the increase in flexural strength remained lower than
the maximum strength that was achieved by using 20# filler size
likely due to agglomeration of particles at larger sizes.

Impact Strength

The impact strength was consistent with the trend how the resin
content decreased but also the increase in impact strength was
due to lower resin content, where it would reach an optimal
value within size 10, example, at 8 J to 13 J, as the resin
decreased. Size 20 had the highest impact strength of 20 J
within this formulation. This indicates that an ideal relationship
exists between the stiffness of the molded part and its ability
to absorb energy. Following the 70:23 mix beyond this ratio,
a potential decrease in the impact strength was noted, possibly
resulting from increased brittleness because the higher amount
of hardener present. In contrast, the impact strength values for
size 30 were modest, supporting the theory that when the filler
sizes are larger in diameter, they may impede the ability of the
material to provide resistance against crack propagation.

J Mat Sci Eng Technol, 2026

www.oaskpublishers.com

Page: 4 of 6



Copyright © Vignesh K, et al.

Volume 4 | Issue 1

Table 2: Test reports data Tensile strength vs flexural

strength vs Impact strength

size wt. % Tensile Flexural | Impact
resin strength | strength | strength
hardener | (Mpa) (Mpa) (@)
10 80 20 9.2 8
10 70 22 12.5 11
10 60 25 12.5 13
20 80 21 42 11
20 70 23 47 20
20 60 25 52.5 15
30 80 13 25 9
30 70 14 34 14
30 60 16 38 12

()
x

- 80wt%
- 70wt%
= 60 wt.%

s h ]
@
: /\
&n
:/\

10 15 20 2 30 10 15 20 2 30 10 15 20 2 30
Particle size Particle size Particle size

Figure 5: Comparison Graph Tensile Vs Flexural Vs Impact

Conclusion

The fabrication of coconut fiber, chicken feather, & saw dust
and epoxy resin and hardener hybrid composite as reinforcement
of different fiber size with unsaturated polyester resin as matrix
using compression mounding technique various mechanical
testing is performed as per ASTM standards. The natural hybrid
fiber composites of 20mm fiber size have more tensile strength
than other fiber size can withstand the tensile strength of 23Mpa
followed by the 10mm fiber size and 30mm fiber size composites
which holds the value of 22.5Mpa and 15Mpa and which shows
high improvement of 1% and 23% than other fiber size hybrid
composites. The maximum flexural strength of natural hybrid
composites is delivered by 20mm fiber size of 47.16Mpa followed
by 10mm and 30mm fiber size composites which holds the
value of 10.8Mpa and 33Mpa respectively. And it shows much
improvement of 32.41% and 10.6 % than other fiber size hybrid
composites. There is trivial improvement in the impact strength of
natural hybrid composites of 20mm fiber size of 15.3J followed
by 10mm and 30mm fiber size composites which holds the value
of 10.5J and 11.7] respectively. Also, it has high improvement of
12.8% and 9.6% than other combinations. The 20mm fiber size
exhibited superior tensile and flexural strength compared to others.
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