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Abstract

The objective of the study is to determine the mechanical strength of chicken
feather and sawdust waste in making bio composites. The use of natural fibers
because they are cheap and environmentally friendly. Preparation of
biocomocytes with several volume fractions. Making bio composite with several
volume fractions using polyester resin matrix and natural fiber reinforcement of
sawdust and chicken feathers. The study was conducted by making 5 volume
fraction specimens. Specimen 1 (matrix polyester 80%, chicken feather 20%,
and sawdust 0%) specimen 2 (80%,15%,5%) specimen 3 (80%,10%,10%)
specimen 4 (80%, 5%, 15%) specimen 5 (80%, 0%, 20%). Testing of bio
composites with the American Society for Testing Materials (ASTM) D 3039
specimen standard tensile testing using a universal testing machine. Impact
testing using ASTM D 6110-18 standard specimen with impact testing machine
Impact testing with ASTM D256 specimen standards with an impact testing
machine. From the test results, the volume fraction of matrix polyester 80%,
chicken feather 15%, sawdust 5%, has the highest tensile strength with 6,390
MPa. Tensile test at a volume fraction of matrix polyester 80%, chicken feather
15%, sawdust 5% with an impact strength of 0.731 joules. From the research
results, it can be concluded that the same volume fraction as the tensile and
impact test has a high mechanical strength. The use of the dominant fiber does
not affect its mechanical strength.
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1. INTRODUCTION

The practical and instantaneous behavior of modern society also adds to the waste
production figure. Efforts are needed to utilize waste in order to have added value. The
creative industry sector plays a role in processing waste into useful products. Alternative
waste treatment in the manufacture of environmentally friendly and biodegradable
materials. The alternative use of biodegradable plastics and bio composites is gaining
popularity because they are easily degraded by the environment. Natural fibers have the
advantage of being reinforced in the manufacture of composites Composite materials
replace conventional materials because natural fibers have low density, are relatively light
and have high specific properties and are environmentally friendly. The percentage of fiber
in the manufacture of bio composites results in substantial variation in the heat transfer
properties of the insulation and natural fibers have the advantage of being less expensive
than synthetic fibers [1][2]. The main drawbacks of natural fibers are the compatibility
between the fibers and the uneven matrix and their relatively high moisture absorption.
Processing of bio composite materials are administered by combining natural fibers with
polymers that are biodegradable. Hemp fiber hybrid yarn bio composite wrapped in PLA
filaments with varying masses of 10 to 45% and PLA filaments 150 and 250 turns/m of
mechanical testing result showed that the tensile and flexural strengths increased to 59.3
and 124.2 Mpa and the impact strength was 26.3 Kj/M2 with the addition of fibers up to a
mass of 45% [3].
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Materials have an important role in the continuity of the life cycle of the manufacturing
industry in various fields. A big challenge for the industry to innovate to replace materials
with limited resources to become sustainable materials and to increase awareness of the
environment. Green composites have thermal-mechanical properties comparable to
polypropylene, hopefully they can be used in manufactured products for packaging, vehicle
parts, furniture and residential applications [4]. The replacement of synthetic fibers with
natural fibers provides many benefits and is safe for the environment. The thermal
properties of the matrix, chemical composition and physical properties identify the initial
stages of the bio composite manufacturing process. The nature of natural fiber polymer
composites is influenced by the type of fiber, fiber composition, fiber volume, fiber
size/orientation and the manufacturing process of the composite. The combination of
optimal fiber lengths of 20-30 mm reduces voids between fiber and matrix resulting in good
tensile and flexural properties [5].Composites are reinforced with various types of fibers
such as glass fibers, carbon fibers or natural fibers and polymers as a matrix, which are
plastic, resin, rubber or metal.

Chicken feathers contain about 91% protein (keratin), 1% lipids, and 8% water.
Chicken feather fibers with alpha helical structure at the molecular level are light and strong
enough to withstand mechanical and thermal stresses. Aspen fiber medium density
fiberboard composite panel with replacement of bristles in amounts ranging from 20% to
95% and 5% phenol formaldehyde used as adhesive [6]. Manufacture of composite
sandwich blocks made of all natural materials to develop 100% structural composites [7].
Chicken feather composite paper is made of 51% feather fiber and 49% wood pulp, only
half a tree is needed to produce it [8].

Wood is a versatile raw material that plays an important role in everyday life. Wood is
more flexible in many applications. Wood Plastic Composites (WPC) is an alternative to
minimize the use of wood. NPCB-reinforced wood composites are thermally stable at
temperatures below 200°C and with an increase in the tensile strength of the composite to
32.4 MPa [9]. Their wide availability, wood fibers offer a real alternative to bio composite
fibers. Global demand for fibrous materials and awareness of the environment, research
on the development of composites with various kinds of waste materials is being conducted
[10]. Utilization of green waste materials as reinforcement in WPC production reduces
shortages of timber resources, and has the potential to start natural fiber industries in
countries with little or no timber resources [11]. The increase in the use of bio composites
in materials engineering is due to the issues regarding the impact on the environment and
the sustainability of fiber sources. Treatment of natural fibers can be used to strengthen
various types of polymers, into a type of composite material known as eco-composites or
bio composites. Modification with the chemical sodium hydroxide, acetic acid, peroxide can
increase the bond between matrix and fiber and reduce water absorption thereby
increasing fiber strength, suitability of natural fiber composite fibers [12]. The use of epoxy
resin due to its high mechanical and thermal properties, good toughness, water resistance,
low shrinkage rate, and easy fabrication.

Electronic applications use quill fiber with several compositions used in the
manufacture of high-speed data converter insulators with a constant dielectric range of 4.5-
1.7 depending on the fraction of the feather and temperature conditions [13]. Natural fiber
reinforced composites can be used in the manufacture of several components of
automotive, marine, consumer products, defense aerospace and industrial packaging to
reduce material costs. Natural fiber composite manufacturing processes are being
developed using hand layup, vacuum bag, pultrusion, extrusion, compression molding,
filament winding, and injection molding methods. Manufacture of fiber composites and
epoxy resin matrix with lower compressive and tensile strength than fiber composites and
polyester resin then the energy absorption and impact strength of fiber fibers and epoxy
matrix have higher values than fiber fibers and polyester matrix [14]. The purpose of making
bio composites is to determine the potential utilization of chicken feather waste, wood
powder, and polyester matrix as bio composites and to determine the mechanical strength
of each waste volume fraction.
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2. METHODS

This research is a process of making bio composite with natural fibers from chicken
feather waste and sawdust with polyester resin matrix. The waste of chicken feathers and
sawdust was cleaned and dried. The mold was made using a steel plate with a thickness
of 8 mm with a rectangular shape used for making the specimen. Making bio composite
was performed by mixing the waste material according to the volume fraction which has
been planned in making the specimen. The mixed waste material was then put into the
mold and then carried out by compression molding. Pressing the mold in the manufacture
of all specimens using a hydraulic press with a pressure of 1000 kg. The volume fractions
of resin polyester, chicken feathers and sawdust can be seen in Table 1.

Table 1. Bio composite Volume Fraction

No Resin Chicken sawdust
polyester Feather

1 80% 20% 0%

2 80% 15% 5%

3 80% 10% 10%

4 80% 5% 15%

5 80% 0% 20%

The process of making bio composites using compression techniques used a
hydraulic press. Compression printing also has advantages such as less waste and low
cost, high productivity, and low cycle times. Mechanical testing of materials includes many
experimental methods. The mechanical properties of the bio composite can be determined
by tensile testing. Testing using a universal testing machine (UTM) servopulser with a
maximum capacity of 2000 kg. The speed of specimen withdrawal can be varied. The test
specimen size is in accordance with American Standard Testing and Material (ASTM
D3039) [15]. The test was administered as many as 5 specimens according to each volume
fraction. Impact testing using rapid loading and dynamic loads. The results of the impact
test were to determine the strength and ductility of bio composites. For each volume
fraction, two test specimens were made. Impact testing used an impact testing machine
with American Standard Testing and Materials (ASTM D256) [16]. The impact test was
conducted as many as 10 test specimens.

2.1 Standard ASTM D3039

Tensile testing uses the ASTM D3039 standard (Standard Test Method for Tensile
Properties of Polymer Matrix Composite Materials) the dimensions of the tensile test
specimen with a length of 250 mm, width 25 mm, thickness 2.5 can be seen in the picture

25

Figure 1. Tensile Test Specimen ASTM D3039

Figure 2. Test Specimen Tensﬂe
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2.2 Standard ASTM D256

Impact testing using standard ASTM D256 (Standard Test Methods for Determining
the 1zod Pendulum Impact Resistance of Plastics) specimen dimensions can be seen in
Figure 3.

225

10,16
12,7

63.5

Figure 3. Dimensions Izod Type Test Specimen

Figure 4. Test Specimen Izod

3. RESULT AND DISCUSSION

Tensile and flexural testing is an initial investigation of the characteristics of bio
composites in the process of making a product application. Tensile testing is carried out
using the ASTM D3039 standard. The results measured are tensile strength and maximum
load. Impact testing with ASTM D256 standard, the measured result is the impact energy.
There are 5 volume fractions planned for each test.

3.1 Tensile Testing

The results of the tensile test showed an increase in the tensile strength of the bio
composite with the addition of sawdust to the volume fraction. The addition of 5% sawdust
and 15% chicken feathers in specimen 2 can increase the tensile strength to 6.390 MPa
and the maximum load is 432.64 N. The addition of 15% chicken feathers and 5% sawdust
can increase the maximum load by 371.18 N. The results of the test can be seen in Figure
1.
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Graph 1. Tensile Testing Results
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The volume fraction 2 with 80% polyester resin, 15% chicken feather, and 5% sawdust
has optimal tensile strength and maximum load from several test specimens. The addition
of sawdust can increase the bond between the matrix and the reinforcement so that it can
increase the mechanical strength due to the uniform stress distribution. Increasing the
volume fraction of the reinforcement can reduce the deformation that occurs because the
load that occurs will be borne by the matrix and reinforcement of the bio composite.

3.2 Impact Testing

Impact testing was carried out 10 times with 2 specimens from each volume fraction.
The results of the impact test showed that the composite with a volume fraction of 80%
polyester resin, 15% chicken feather, and 5% sawdust had an impact energy of 0.731
Joules.
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Graph 2. Impact Testing Results

The volume fraction 2 in the impact testing of specimens 3 and 4 shows a combination
of matrix and reinforcement and the pressure forms a strong bond resulting in impact
energy of 0.731 Joules. The volume fraction 3 with 10% sawdust with specimens 5 and 6
had an impact energy of 0.695 joules. The volume fraction with reinforcement that
dominates 20% chicken feather in specimens 1 and 2 has smaller impact energy than
volume fractions 2 and 3. The addition of sawdust in each volume fraction gives an increase
in impact energy on each specimen. The volume fraction 5 with specimens 9 and 10 had a
low tensile strength of 0.129 Joules due to the absence of addition of chicken feathers. The
combination of the composition of chicken feather reinforcement and sawdust is an
indicator of increased mechanical strength.

4. CONCLUSION

The process of making bio composites using a combination of polyester resin, chicken
feather waste, and sawdust has been made according to the planned volume fraction. The
study was conducted to determine the potential utilization of chicken feather waste and
sawdust in the manufacture of bio composites and to determine the mechanical strength of
each volume fraction of the waste used.

The data from the tensile and impact tests of bio composites have varying mechanical
strength according to the volume fraction. The volume fraction with 80% polyethylene resin,
15% chicken feather, and 5% sawdust has optimal mechanical strength from tensile and
impact tests. Tensile testing of bio composites with an optimal level of 6390 MPa and
impact testing with a value of 0.731 joules of all volume fractions. The results obtained from
all specimens with tensile and impact tests can be seen at the same volume fraction and
then produce optimal mechanical strength.

Munang | Analysis of Composite Mechanical Strength from Waste Chicken ... [k}



JEMMME (Journal of Energy, Mechanical, Material, and Manufacturing Engineering)

Vol.6, No. 3, 2021 doi: 10.22219/jemmme.v6i3.15470
REFERENCES
1. A. K. Saravanan, A. Rajendra Prasad, D. Muruganandam, G. Saravanan, S.

10.

11.

12.

13.

14.

15.

16.

Vivekanandan, and M. Sudhakar, “Study on natural fiber composites of jute, pine
apple and banana compositions percentage of weight basis for thermal resistance and
thermal conductivity,” Mater. Today Proc., Vol 37, Part 2 pp. 147-151, 2020, doi:
https://doi.org/10.1016/].matpr.2020.04.662.

L. Kerni, S. Singh, A. Patnaik, and N. Kumar, “A review on natural fiber reinforced
composites,” Mater. Today Proc., vol. 28, Vol 28, Part 3, pp. 1616-1621, 2020, doi:
https://doi.org/10.1016/].matpr.2020.04.851.

B. Baghaei, M. Skrifvars, and L. Berglin, “Manufacture and characterisation of
thermoplastic composites made from PLA/hemp co-wrapped hybrid yarn prepregs,”
Compos. Part A Appl. Sci. Manuf.,, vol. 50, pp. 93-101, 2013, doi:
https://doi.org/10.1016/j.compositesa.2013.03.012.

A. Ashori and A. Nourbakhsh, “Characteristics of wood-fiber plastic composites made
of recycled materials,” Waste Manag., vol. 29, no. 4, pp. 1291-1295, 2009, doi:
https://doi.org/10.1016/[.wasman.2008.09.012.

M. Z. R. Khan, S. K. Srivastava, and M. K. Gupta, “Tensile and flexural properties of
natural fiber reinforced polymer composites: A review,” J. Reinf. Plast. Compos., vol.
37, no. 24, pp. 1435-1455, 2018, doi: https://doi.org/10.1177/0731684418799528.

J. E. Winandy, J. H. Muehl, J. A. Micales, A. Raina, and W. Schmidt, “Potential of
Chicken Feather Fibre in Wood MDF Composites,” EcoComp, pp. 1-6, 2003.

M. R. Bambach, “Durability of natural fibre epoxy composite structural columns: High
cycle compression fatigue and moisture ingress,” Compos. Part C Open Access, vol.
2, no. August, p. 100013, 2020, doi: https://doi.org/10.1016/|.jcomc.2020.100013.

A. Nourbakhsh and A. Ashori, “Wood plastic composites from agro-waste materials:
Analysis of mechanical properties,” Bioresour. Technol., vol. 101, no. 7, pp. 2525-
2528, 2010, doi: https://doi.org/10.1016/j.biortech.2009.11.040.

J. W. Kock, “Physical and mechanical properties of chicken feather materials,” p. 101,
2006, [Online]. Available: https://smartech.gatech.edu/handle/1853/10555.

N. M. Stark and R. E. Rowlands, “Effects of wood fiber characteristics on mechanical
properties of wood/polypropylene composites,” Wood Fiber Sci., vol. 35, no. 2, pp.
167-174, 2003.

M. N. Khan, J. K. Roy, N. Akter, H. U. Zaman, T. Islam, and R. A. Khan, “Production
and Properties of Short Jute and Short E-Glass Fiber Reinforced Polypropylene-
Based Composites,” Open J. Compos. Mater., vol. 02, no. 02, pp. 40-47, 2012, doi:
https://dx.doi.org/ 10.4236/0jcm.2012.22006.

X. Li, L. G. Tabil, and S. Panigrahi, “Chemical treatments of natural fiber for use in
natural fiber-reinforced composites: A review,” J. Polym. Environ., vol. 15, no. 1, pp.
25-33, 2007, doi: https://doi.org/10.1007/s10924-006-0042-3.

S. C. Mishra and N. B. Nayak, “An investigation of dielectric properties of chicken
feather reinforced epoxy matrix composite,” J. Reinf. Plast. Compos., vol. 29, no. 17,
pp. 2691-2697, 2010, doi: https://doi.org/10.1177/0731684409356610.

Sudarisman, “Fabrikasi dan Karakterisasi arakterisasi Tekan dan Impak Komposit
Serat ljuk / Polimer,” pp. 146-151, 2020.

“Standar Test methode for Tensile Properties of Polymer Matrix composit materials,”
vol. 03.

“Standard Test Methods for Determining the Izod Pendulum Impact Resistance of,”
Methods, no. January, pp. 1-20, 2004, doi:
https://doi.org/10.1177/0731684409356610.

Munang | Analysis of Composite Mechanical Strength from Waste Chicken ... [


https://doi.org/10.1016/j.matpr.2020.04.662
https://doi.org/10.1016/j.matpr.2020.04.851
https://doi.org/10.1016/j.compositesa.2013.03.012
https://doi.org/10.1016/j.wasman.2008.09.012
https://doi.org/10.1177%2F0731684418799528
https://doi.org/10.1016/j.jcomc.2020.100013
https://doi.org/10.1016/j.biortech.2009.11.040
http://dx.doi.org/10.4236/ojcm.2012.22006
https://link.springer.com/article/10.1007/s10924-006-0042-3
https://doi.org/10.1177%2F0731684409356610
https://doi.org/10.1177%2F0731684409356610

