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ABSTRACT

The morphology and mechanical properties of coconut shell reinforced polyethylene composite have been evaluated to
establish the possibility of using it as a new material for engineering applications. Coconut shell reinforced composite
was prepared by compacting low density polyethylene matrix with 5% - 25% volume fraction coconut shell particles
and the effect of the particles on the mechanical properties of the composite produced was investigated. The result
shows that the hardness of the composite increases with increase in coconut shell content though the tensile strength,
modulus of elasticity, impact energy and ductility of the composite decreases with increase in the particle content.
Scanning Electron Microscopy (SEM) of the composites (with 0% - 25% particles) surfaces indicates poor interfacial
interaction between the coconut shell particle and the low density polyethylene matrix. This study therefore exploits the
potential of agro-based waste fiber in Nigeria as an aternative particulate material for the development of a new com-

posite.
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1. Introduction

Over the last thirty years, composite materials, plastics
and ceramics have been the dominant emerging engi-
neering materials. The volume and number of applica-
tions of composite materials have grown steadily, pene-
trating and conguering new markets relentlessly [1].

Agricultural wastes which include shell of various dry
fruits, rice husks, wheat husk, straws and hemp fiber can
be used to prepare fiber reinforced polymer composite
for commercial use. There is great opportunity in devel-
oping new hio-based products. Natura fibers are basic
interest due to their many advantages from the point of
weight and fiber matrix adhesion. Existing polymers are
mainly blended with different materials with the aim of
cost reduction and tailor the product for specific applica
tions.

Environmenta regulations and ethical concerns have
triggered the search for materials that are environmen-
tally friendly. A pressing issue in Nigeria today, is the
recycling of waste products and other agricultura
by-products suitable for the invention and characteriza-
tion of new materials. Annually, approximately 33 billion
coconuts are harvested worldwide with only 15% of
these coconuts being utilized for fibers and chips [2,3].
This suggests that there is considerable room to reduce
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this kind of environmental pollution and enhance the
efficiency of using natural resources.

Natura lignocellulosics such as coconut shell powder
(cocosnucifera) has outstanding potentials as reinforce-
ment in plastic. Coconut shell is important filler for the
development of new composites as aresult of its inherent
properties such as high strength and high modulus [4].
Increased in coconut shell content increases the tensile
strength, Y oung’s modulus and water absorption rate but
reduces the elongation at break of coconut shell filled
polyester composites [5]. Incorporating coconut shell
powder reduces the damping property of Pu/Ps biocom-
posite with a significant improvement in the tensile
strength and tensile modulus [6]. Surface modification of
coconut fiber by plasma treatment to enhance the interfa-
cial adhesion between the coconut fibers and polylactic
acid (PLA) matrix improves the mechanical properties,
such as tensile strength and Y oung’s modulus of a coco-
nut fibers’PLA green composites fabricated using com-
mingled yarn method [7]. Coconut shell reinforced com-
posites showed 80% better elongation at break and 20%
better Charpy impact strength than soft wood composites
[8]. The natural waxy surface layer of coconut fiber pro-
vided a strong interfacial bonding between the fiber and
polyethylene matrix [9]. Tensile modulus and tensile
strength values increases with the increase of coconut
shell particles content in a coconut shell reinforced epoxy
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resin composite, while the impact strength dlightly de-
creased, compared to pure epoxy resin [10].

An attempt is made in this work to use the agro-based
coconut shell particles as reinforcement of polyethylene
matrix.

In the current study, coconut shell particle and poly-
ethylene were used to fabricate the composites with the
aim of exploring the potential of coconut shell as rein-
forcement for polyethylene matrix composite.

2. Materialsand Method

The coconut shell was dried in open air and grinded into
powder using a pulverizing machine, the powder was
sieved in accordance with BS 1377:1990 standard. The
result of the chemical analysis of the coconut shell pow-
der is shown in Table 1. The chemical analysis of the
coconut shell was done with Absorption Spectrometer
(AAS)-Peckinhelma 2006 model. The particle size used
was 100 pm.

The pelletised polyethylene waste was sun-dried and
shredded in a plastic crusher machine. The coconut shell
powder and the grinded pelletised (polyethylene) were
blended together using a two-roll rheomixer at 50°C and
a rotor speed of 60 rpm. The percentage of the filler in
the matrix was varied from 5% to 25% to produce five
different compositions. Compression of the composites
was carried out with a hydraulic pressing machine for 7
minutes under controlled pressure (30 tons) at 150°C.
Each of the samples was cooled to room temperature
under sustained pressure before it was removed from the
press. Prior to testing, all samples were conditioned for
72 hours at a temperature of 23°C + 2°C and a relative
humidity of 50% + 5%. Densities of the compacted sam-

ples of known weight were determined from Equation (1).

In other to determine the rate of water absorption of the
samples, initially weighed dried samples were placed in a
beaker with water and reweighed at an interval of 24 hrs
for 7 days (168 hrs). The water absorption rate was then
determined using Equation (2).

The hardness property of samples produced was de-
termined using Rockwell hardness tester on scale B with
a 1.56 mm steel ball under a minor load of 3 kg and a
major load of 60 kg. A charpy impact machine was used
to determine the impact energy of the samples. Tensile
test of the composites was carried out using the Houns-
field Tensometer Tensile Machine and the morphologies
of the composites observed by a Scanning Electron Mi-
croscope (SEM).

p=s )
\'

where p = density, m= mass, v = volume of sample.
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final weight —initial weight

%Weight gained = — .
initia weight

%100 (2)

3. Result and Discussion

3.1. Physical Properties of Coconut Shell Powder
Reinforced Polymer Matrix Composite

From Figure 1, it can be seen that the sample with the
highest volume of coconut shell particles (25%) has the
most consistent rate of absorption in water. When com-
pared with the control sample containing 0% coconut
shell particles has a lower rate of absorption in water
after 120 hours.

From Figure 2, as the filler increases, the porosity of
the composites decreases. The water absorption is due to
the hydrophilic nature of the coconut shell.

Table 1. Chemical composition of coconut shell powder in
(mg/L).

Metal Ca Fe Si Al Mn
Composition  28.884 1.882
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Figure 1. Effect of coconut shell particles addition on the
rate of absorption of particulate coconut shell reinforced
polyethylene.
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Figure 2. Effect of coconut shell particles addition on the
density of particulate coconut shell reinforced polyethylene
composite.
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3.2. Mechanical Properties of Coconut Shell
Powder Reinforced Polymer Matrix
Composite

The coconut shell particles have significant effect on the
strength, hardness, and impact energy of the composite.
From Figure 3, it can be seen that the tensile strength of
the composites decrease with increase in the volume
percent of the coconut shell particles within the matrix of
the composite. The polyethylene composite with the
highest volume fraction of filler (25%) has the lowest
strength (6.59 MPa). This may be due to imperfect inter-
facial bonding between the coconut shell coconut shell
particles and polyethylene matrix.

As expected, the yield strength values of the composite
samples decrease with increase in the volume of the co-
conut shell particles (See Figure 4).

From Figure 5, the ductility of the composites de-
creases with an increase in volume fraction of the coco-
nut shell particles within the samples. Samples with 20%
and 25% volume fraction of coconut shell particles have
the same strain value (0.9021), extrapolated from Figure

Ultimate tensile strength (MPa)
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Figure 3. Effect of coconut shell particles addition on the
tensile strength of coconut shell reinforced polyethylene
composite.
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Figure 4. Effect of coconut shell particles addition on theyield
strength of coconut shell reinforced polyethylene composite.
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From Figure 6, it can be seen that there was a sharp
decrease in the rigidity of the sample with 5% coconut
shell particles within the matrix of the composite. But, as
the volume fraction of the coconut shell particles in-
creases from 5% to 25%, the modulus of elasticity of the
samples increases with 69.5 MPa obtained for the com-
posite which has 25% volume fraction of coconut shell
particles. This value (69.5 MPa) is higher than that of the
sample without any reinforcement (i.e. 0% filler).

From Figure 7, it can be seen that the hardness of the
composite increases with increase in the coconut shell
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Figure 5. Effect of coconut shell particles addition on the
strain of coconut shell reinforced polyethylene composite.
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Figure 6. Effect of coconut shell particles addition on the
modulus of coconut shell reinforced polyethylene composite.
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Figure 7. Effect of coconut shell particles addition on the
har dness of coconut shell reinforced polyethylene composite.
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particles content within the matrix of the composite. The
sample having the highest coconut shell coconut shell
particles shows the highest hardness value of 11.4 HRB.

From Figure 8, the impact energy of the composite
decreases with an increase in coconut shell particles con-
tent within the matrix of the polyethylene coconut shell
reinforced composite. The sample with 25% volume
fraction coconut shell particles in the matrix has the low-
est impact energy of 1.76 J.

3.3. Microstructural Analysis

The control sample represents the polyethylene matrix
sample without coconut shell particles (particulate coco-
nut shell) additions (See Plate 1). From Plates 2-6, it can
be seen from the Scanning Electron Microscope results
that homogeneity between the coconut shell particles and
the matrix decreases with increase in the coconut shell
particles content. This explains the decrease in strength
with increased in the coconut shell particles content
within the matrix structure of the composite. The in-
crease in hardness is as a result of the increase in the
volume percent of the coconut shell particles within matrix

of the composite. The appearance of the gold as seen in
the EDS results is indicative of the composition of the Al
foil used as a lamination material to prevent the compos-
ite from sticking to the die mould surface during and
after compaction and hot pressing using a two-roll rheo-
mixer.

Impact (J)
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Figure 8. Effect of coconut shell particles addition on the
impact of coconut shell reinforced polyethylene composite.
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Plate 1. SEM & EDS microanalysis of polyethylene matrix composite without coconut shell particles additions.
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Plate2. SEM & EDS microanalysis of polyethylene matrix composite with 5% coconut shell particles addition.
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Plate 3. SEM & EDS microanalysis of polyethylene matrix composite with 10% coconut shell particles addition.
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Plate 5. SEM & EDS microanalysis of polyethylene matrix composite with 20% coconut shell particles addition.

Copyright © 2012 SciRes. JMMCE



J. O. AGUNSOYE ET AL.

ccV SpotMagn Det WD Exp 1 100pm

5.00 kv 5.0 206x SE 1200 Sample 4
& -_— - e .

779
c:\edax32\genesis\genmaps.spc 10-May-2011 00:33:56
617 - LSecs: 7
C
493 +
370 1
246 1
123 4 o
0 —r"l‘ 1 ¥ o~ T T T T T
0.00 1.00 2.00  3.00 4.00 5.00 6.00 7.00
Energy - keV

Plate 6. SEM & EDS microanalysis of polyethylene matrix composite with 25% coconut shell particles addition.

4. Conclusions

From the results of the investigations and discussion, the
following conclusions as been drawn:

1) The non-uniform distribution of coconut shell parti-
cle in the microstructure of the coconut shell reinforced
polyethylene composite is the major factor responsible
for the decrease in strength when compared with the
control sample having 0% coconut shell particles (See
Plates 1-6).

2) As the percentage of coconut shell particles in-
creases, there was a corresponding decrease in porosity.
This property makes the composite suitable for the ap-
plication in the interior part of a motor car where materi-
als with good hydrophobic characteristic are required.
Similarly, the composite produced can be useful in other
interior parts of automobile where strength is not consid-
ered acritical requirement, etc.

3) Coconut shell particles improve the hardness prop-
erty of the polyethylene matrix composite. This property
is an added requirement for automobile interior.
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