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ABSTRACT
Composites are one of the most advanced and adaptable engineering materials. The strength of any composite depends
upon volume/weight fraction of reinforcement, L/D ratio of fibers, orientation angles and other factors.
In this proposed work, the task is to figure out the effect of the various blend ratios of the biopolymers, fibres and filler
material on mechanical properties. The test specimens were prepared and tested according to ASTM standards. Several
characterization and mechanical tests such as TGA, tensile test, flexural test, and SEM test and water absorption
property are proposed to be carried out to figure out the correct blend ratio of biopolymers and fibres for the natural
fiber reinforced plastic. The objective of the idea is to develop biodegradable roofing sheet with entirely agricultural
based product and check the commercial viability.
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INTRODUCTION
The plastic industry has started looking for alternative sources of raw materials in the last few decades, and
considerable interest is being shown in natural, renewable solutions [2]. One of the fast developing
alternatives is Bio-based polymer. These polymers are produced from renewable feedstock; biomass in
general, might replace fossil sources and also have considerable environmental benefits like decreased carbondioxide emission [3]. The usage of biopolymers has increased rapidly at higher rate due to the economic
effects. Because of very good degradation property, the biopolymers can be used anywhere and many
researches have been going on to improve the mechanical properties of the biopolymers to make it usable in
various applications [4, 5]. There are numerous natural fibres available like bamboo fibres, jute fibres, sisal
fiber that show very good mechanical properties over the synthetic fibres. Modification is a key tool for
improving the property of the biopolymer-natural fiber reinforced plastics material [6, 7]. In this proposed
research work, the task is to figure out the effect of the various blend ratios of the biopolymers, fibres and
filler material on mechanical properties [8, 9]. PBS based bio-polymer will be used (which has good
mechanical properties) and jute fibers as fiber reinforcement and carbon nano powder will be used as a filler
material for the natural fiber reinforced plastic. Several characterization and mechanical tests such as TGA,
tensile test, flexural test, and SEM test and water absorption property are proposed to be carried out to figure
out the correct blend ratio of biopolymers and fibres for the natural fiber reinforced plastic [10, 11]. The
objective of the idea is to develop biodegradable roofing sheet with entirely agricultural based product and
check the commercial viability. Other aspects like maximum durability, transparency and cooling effect of
roofing sheet etc. may also be computed. Composite material is a material made from two or more materials
with different physical and chemical properties but the individual components remain separate and distinct in
final product [12]. There are mainly three categories of constituent materials: 1. Matrix 2. Reinforcement 3.
Additives
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Fig. 1: composite material
The main objective of this work is to make coir Fiber Reinforced Polymer composites suitable for outdoor use
by modifying its properties by optimizing the composition.
Reinforcement: Coir fiber- abundant in India. Matrix: Poly butylene succinate (PBS) resin- Biodegradable
Coir fibre : Coir fiber is extracted from the outer shell of a coconut [25]. It is the natural fiber of the coconut
husk where it is a thick and coarse but durable fiber. Coir consists of fibers ranging in length from 4-12 inches
[26]. Minimum 8 inches long fiber is called bristle fiber. Less than 8 inches shorter fibers, are called mattress
fiber. A 10-oz (300-g) coconut husk yields about 3 oz (80 g) of fiber, one-third of which is bristle fiber. Coir
is recommended as substitute for milled peat moss because it is free of bacteria and fungal spores [27]. Total
world coir fibre production is 250,000 tonnes. India, mainly the coastal region of Kerala State, produces 60%
of the total world supply of coir fibre [28]. Sri Lanka produces 36% of the total world fibre output. Over 50%
of the coir fibre produced annually throughout the world is consumed in the countries of origin, mainly India.
EXPERIMENTAL SET UP : Compression molding machine
The below image, machine is a CMM (Composite Molding Machine), it is an assembled machine used for
making composites. It has a MCB (Miniature Circuit Breaker), which is used to control the temperature and
pressure. There is a directional control valve which is used to give the pressure to the plates while making
composites maximum pressure 150Bar. Temperature is controlled by the knobs, and the maximum
temperature limit is 350 c. Timer is also there to see and note the time for attaining the temperature. There
are 2 plates with same dimensions of 200mm x 200mm. which has a heating coil attached with the plates to
give the temperature to it. The upper plate are attached to the piston and allowed to give the pressure. The
piston cylinder is connected to the 2 HP motor. Energy consumption is 1.5 kW. and rpm is 1415
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Fig. 2- Compression Molding Mach
Mold preparation : Material used for making mold is high carbon steel. The mold cavity is made by using
unconventional machining (Electrical Discharge Machining). Surface finishing is done and holes are drilled
from the lower side. • base plate dimension - 240mm x 150mm x 20mm , middle plate dimension - 200mm x
90mm x 20mm . Die plate connected to top plate dimension- 200mm x 50mm x 20mm , upper plate
dimension - 240mm x 150mm x 10mm . Mould cavity dimension - 200mm x 50mm x 20mm

Fig. 3(a) mold solid model parts
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Fig. 3(b) mold 3D model

Fig. 4(a) fabricated mold parts
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Fig. 4(b) Assembled mold
Composite Preparation
The mold must be assembled by attaching the base plate to the middle piece. The threading on all screws
should be coated with oil. This will make it easier to dismantle the mold. Diagonally opposite screws must
tightened first to ensure proper load distribution. An even layer of silicon mold release agent should be
sprayed inside the mold to facilitate the removal of completed sample. Complete the mold assembly and check
for any gaps and crevices. The machine temperature has to be set at 180ºC. The fully assembled mold has to
be placed in the machine. The setup should be monitored constantly until the set temperature is achieved.
Once the sufficient temperature is achieved, the PLA has to be poured in the mold and allowed to liquidity.
Once a consistent composition is observed, the coconut powder has to be added and thoroughly mixed with
the PLA. Allow the mixture to stand for 5 minutes. Distribute the mixture evenly into the mold and expose it
to 180ºC for another 10 minutes. This shall ensure even distribution of the filler in the matrix. Fibers are
added to the mixture in the mold and mixed to get a uniform paste. Replace the top lid after redistributing the
obtained paste in the mold. Increasing pressure up to 5 bar has to be gradually applied on the mold. Once the
mold is completely compressed, it has to be left at 180ºC for 20 minutes. The material will melt and
homogeneously mix with the fillers and Fibers. The machine temperature is now reduced to 120ºC, which is
the glass transition temperature of PLA. The mold should be allowed to cool on its own to this temperature.
Once this is achieved, pressure of 50 bar, 100 bar and 150 bar should be applied separately for 5 minutes each.
This is done in order to remove any accumulated vapors inside the mix. The mold should be allowed to cool
for 5 hours after the machine is switched off. The mold must open with utmost care so that the sample is not
damaged.
Composition of composites
Table 1- Composition of composites
Composite specimen
Coir fiber weight %

PBS weight%

A
B
C
D

95
90
85
80

5
10
15
20
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Preparation of nano composites
PBS was incorporated with various Coir Fibre (5, 10, 15, 20 gms) to form the composites. A mould was used
to prepare the composites. The mould was kept in the machine with a set temperature of 153°C. The PBS was
then poured into the mould and allowed to melt. Followed by this, the coir fibre was added as an additive in
the melted PBS and mixed evenly for 5 mins. After this step, a uniform pressure was applied on it so that the
top plate could easily slide into the mould cavity. The mould with the mixture was kept for 15 mins so that the
inside material could melt & get mixed completely with the fibres. The temperature was then set to glass
transition temperature and the mould was allowed to cool up to 110°C. To remove the air inside the mould,
pressure of 50, 100 & 150 bar was applied on the mould. The mould was then allowed to cool after which it
was opened.

Fig. 5: Sample of Composite 80:20

Fig. 6: Sample of Composite 80:20

Fig. 7: Sample of Composite 80:20

Fig. 8: Sample of Composite 80:20
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Characterisation of Composites
The composites prepared had different compositions. Four composites were prepared with different
compositions which included changing percentage of Poly Lactic Acid (PLA) and Coconut Shell Powder
while the percentage of Jute fiber remained constant throughout the composites.
The first sample consisted of only PLA and Jute fiber in the ratio of 80:20. From here on the percentage of
PLA was decreased by 1% with an increase of Coconut Shell Powder (CSP) by 1% giving the compositions as
79:20:1. The compositions of third sample were in ratio of 78:20:2(PLA: JUTE: CSP). The compositions of
fourth sample were in ratio of 77:20:3(PLA: JUTE: CSP). The effects of various testing have been studied on
all the four samples and the best one is identified.
Tensile strength
Ultimate tensile strength (UTS) often shortened to tensile strength (TS) or ultimate strength is the capacity of
a material or structure to withstand loads tending to elongate, as opposed to compressive strength, which
withstands loads tending to reduce size. In other words, tensile strength resists tension (being pulled apart),
whereas compressive strength resists compression (being pushed together).
Ultimate tensile strength is measured by the maximum stress that a material can withstand while being
stretched or pulled before breaking. In the study of strength of materials, tensile strength, compressive
strength, and shear strength can be analyzed independently.

Fig. 9: tensile specimen sample
Table 2: Tensile & Yield Strength results
Sr.No
Sample Code
Tensile
(KN/mm2)

Test Yield
Strength Elongation
(KN/mm2)
%

1

80PBS/20CF

0.055

0.038

6.250

2

85PBS/15CF

0.066

0.039

6

3

90PBS/10CF

0.058

0.044

5.5

4

95PBS/05CF

0.057

0.037

5.25
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The tensile properties of Coir Fibre reinforced PBS composites were investigated by varying the fibre loading
as shown in table 2. The tensile strength of PBS with Coir fibre in the ratio of 85:15 was tested to be
maximum at 66 MPA whereas the yield strength of PBS with coir fibre in the ratio of 90:10 was tested to be
maximum at 44MPA. These studied composites showed a tendency that yield strength increased with
increasing fibre loading up to an optimal point, after that the yield strength tended to decrease.
Impact strength
Izod impact testing is an ASTM standard method of determining the impact resistance of materials. A pivoting
arm is raised to a specific height (constant potential energy) and then released. The arm swings down hitting
the sample, breaking the specimen. The energy absorbed by the sample is calculated from the height the arm
swings to after hitting the sample. A notched sample is generally used to determine impact energy and notch
sensitivity. The Charpy impact test, also known as the Charpy V-notch test, is a standardized high strain-rate
test which determines the amount of energy absorbed by a material during fracture.
This absorbed energy is a measure of a given material's notch toughness and acts as a tool to study
temperature-dependent ductile-brittle transition. It is widely applied in industry, since it is easy to prepare and
conduct and results can be obtained quickly and cheaply. A disadvantage is that some results are only
comparative.
Table 3: Izod Test Results
Coir Fibre: PBS Composition

Izod Impact Strength (J)

80:20

4

85:05

6

90:10

7.5

95:05

9.7

The purpose of impact testing is to measure an object’s ability to resist high rate loading. The energy absorbed
at fracture is generally related to the area under the stress-strain curve which is termed as toughness in some
references. Izod Impact is a single point test that measures a material's resistance to impact from a swinging
pendulum. Izod impact testing is an ASTM standard of determining the impact resistance of materials. The
results of the Izod notched impact test are shown in table 3. The incorporation of coir fibre obviously
increases the impact strength of neat PBS. The highest impact strength of the composites is 9.7 J.
Hardness strength
The Rockwell test determines the hardness by measuring the depth of penetration of an indenter under a large
load compared to the penetration made by a preload. The Hardness is evaluated by the amount of permanent
deformation or plastic flow of material. The table 4 shows hardness of the composites. It was found that these
values decreased with the reduction in Coir Fibre content.
There was no difference in the values of hardness obtained for composites of composition 80:20 & 90:10
which show the maximum hardness which is 99.91 BHN. By one of the most common methods of hardness
testing (Rockwell), hardness is determined by the depth of indentation in the test material resulting from
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application of a given force on a specific indenter. In the Brinell test, by comparison, hardness is determined
by the impression created by forcing a specific indenter into the material under a specific indenter into the test
material under a specific force for a given length of time. However, in highly automated Brinell testing
hardness is evaluated by depth of impression, which makes it similar to Rockwell in basic principle. The
Brinell scale characterizes the indentation hardness of materials through the scale of penetration of an
indenter, loaded on a material test-piece. It is one of the several definitions of hardness in material sciences.
The Brinell scale characterizes the indentation hardness of materials through the scale of penetration of an
indenter, loaded on material test piece. It is one of the several definitions of hardness in material science. The
typical test uses a 10 millimetre (0.39”) diameter steel ball as an indenter with a 3000 kgF (29KN; 6600 lbF)
force. For Softer materials, a smaller force is used; for harder materials, a tungsten carbide ball is substituted
for the steel ball.
The indentation is measured & hardness is calculated by using this formula.
=2( −√ 2− 2)
Where f = Applied Force ~ 187.5 Kg
D = Diameter of indenter ~ 2.5 mm
d = Diameter of indentation

CONCLUSION
These studied composites showed a tendency that yield strength increased with increasing fibre loading up to
an optimal point, after that the yield strength tended to decrease. The results of the Izod notched impact test
are shown in table.3 the incorporation of coir fibre obviously increases the impact strength of neat PBS. The
highest impact strength of the composites is 9.7 J. The table 1 shows hardness of the composites. It was found
that these values decreased with the reduction in Coir Fibre content. There was no difference in the values of
hardness obtained for composites of composition 80:20 & 90:10 which show the maximum hardness which is
99.91 BHN.
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