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Abstract

The major objective of this work is to determine the physio - mechanical properties of the proposed polymer
composite which is a combination of two distinct materials: HDPE and palm kernel nut shell particulate. The
materials compounding and sample formation was done using Reliable Two Roll Mill Model 5183 and Carvers
Hydraulic Hot Press. Two composite systems were fabricated. Tensile strength of the fabricated composites was
tested using standard equipment in accordance to the ASTM standard specifications; Advanced Material
Testing Machine, Resil Tensile —impactor and Quanta 200 Environmental Electron Scanning Microscope.
Percentage water absorption of the composite was also investigated. The results obtained showed that tensile
properties changed with the filler content. The tensile strength first increased with increase in filler content. At a
higher filler load the tensile strength dropped. Composite hardness and % water absorption increased with
increase in filler content. Environmental Scanning Electron Microscope (ESEM) showed good filler- matrix
interaction. The results obtained showed matrix — filler compatibility especially for the sodium hydroxide
treated filler

Keywords: PK (Palm kernel nut shell particulates), high density polyethene (HDPE), treated and untreated PK,
sodium hydroxide and tensile Properties

INTRODUCTION fibers (reinforcers) are hydrophilic in nature, so they
Palm kernel nut shell is generated after processing take in water. This makes them unsuitable for several
palm fruit into palm oil and the seeds of the nuts are engineering applications. [Radovanovic et al, 2007]
used for pharmaceutical application. Less than 10%  Therefore, fibre pretreatment become very vital.
of this shells generated are utilized domestically =~ There are two types of pre — treatment fibres can
while the remaining 90% are dump as waste and most undergo: chemical and physical treatments. [Joseph
often it constitute environmental pollution as they et al 1996, Rozman et al 2003 and Kokta, et al,
usually become breeding place for mosquitoes and 1990b].

rodents [Bei,2004]. The shell of the nut of Palm

kernel tree do not have economic value, so when Modification of HDPE by this processes presently are
incorporated into a polymer matrix, it results into a ~ major polymer research activity in most plastic
material of appreciable cost benefit. High density industries, this technique brings about significant
polyethene (HDPE) is a class of polymer that was change in the properties of plastic materials. The act
only utilized in the production of domestic article. started with the use of mineral fillers such as CaCQOs,
[Iftekhar et al, 2010, and Crawford, 1990]. This was kaolin and carbon-black. [Gassan, 1997and PA
as a result of its poor physio - mechanical properties. SrEEKUMAR, 2008]. The use of agro-waste is a
Presently, HDPE can be reinforced with different recent technology which came on board in order to
fillers of organic and inorganic origin and of different reduce material cost. When HDPE is reinforced, it
particle sizes in order to enhance its performance. can be wused in all aspects of technological
The primary functions of the matrix (resin) are to innovations both in the aerospace and automobile
transfer stress between the reinforcing fibres, act as a industries [PA STEEKUMAR, 2008]. The problem of
glue to hold the fibers together and protect it from density and corrosion presently associated with the
mechanical and environmental damage. Naturally, metallic engineering material is taken care of by fiber
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reinforced plastics. For instance the number of
passengers an air craft can lift at once has largely
been increased because the density of the material
used in the fabrication and construction of an aircraft
has been taken care of by using polymer matrix
composites for the bulky components of an aeroplane
[Knothe, 2000].

The use of palm kernel nut shell as a filler for
polymer matrix composite is highly advantageous in
the sense that, it is a very hard and waterproof
material with good resistance to microbial attack and
also gives material of low weight that is recyclable,
biodegradable and renewable. It has relatively high
strength and stiffness and has no skin irritation effect
[Sinh, 2000]. HDPE - cellulose fiber at 10% and
30% fiber concentration best improvement in tensile
strength and modulus with maleated ethylene. [PA
SrEEKUMAR, 2008]. The incorporation of palm
kernel nut shell in fact, all agro wastes into polymers
has been reported by many researchers. Rozman et al,
2003 investigated the mechanical properties of
PP/empty fruit bunch composite and the result
obtained showed that the filler enhanced the tensile
properties of the fabricated composites. Zaini studied
the effect of oil palm wood flour/PP composite, the
results obtained showed that tensile strength declined
with increase in filler loading.

The objective of this study is to investigate the effect
of different filler loading on the physio - mechanical
properties of HDPE/PK shell composites. This work
is designed to address the hydrophilic nature of the
shell by activating the hydroxyl group of the shell
using 5%w/v of sodium hydroxide. From research, it
has been found that fiber surface treatment enhances
material properties [Paul et al, 1997].

EXPERIMENTAL

Method

The shell of the nuts of palm tree was crushed using
laboratory mill and the particle size was reduced
using a ball mill. It was then sieved using ASTM
standard sieve (ASTM-11) of 300um (50mesh).High
density polyethene (HDPE) used for this work was
obtained from SK-corporation Yuzek in Kora. Mild
steel mould was designed and fabricated for the
different property analysis as shown in Fig 1.

T T
Figure 1: The Mild - Steel Mould

s S
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Pre — Treatment of the Palm Kernel Nut Shell
5%w/v of sodium hydroxide was used to treat palm
kernel nut shell particulate and allowed for 1h after
which it was continuously washed with distilled
water. The washing continued until neutral solution
was obtained. The solution was filtered and the
residue dried at 60°C for 24h

Preparation of Composite
30wt%, 40wt% and 60wt% of the treated and
untreated palm kernel nut shell particulates — HDPE
were compounded. This was achieved using Two
Roll Mill model No 5183 at a processing temperature
of 150°C and speed of 1.0 and 2.5rpm for rear and
front roll respectlvely for 7minutes.

=l )
Tensile Strength
Tensile strength is known to be a measure of the
ability of a material to withstand forces that tend to
pull it apart. Tensile strength determines the extent a
material stretches before breaking. The tensile
strength of the composites fabricated was determined
using Hounsfield Tensometer W3179. Gauge length
of 50mm was used in accordance to ASTM D638.
The tensile strength at break was calculated from the

equation below in equation 1:
Breaking F orce (N)

Figure 2: Test Specimens.

Tensile Strength =

Original Cross sectional area(m?)

Tensile —Impact Strength

Tensile - impact properties of any polymeric material
are directly related to the overall toughness of the
material. The test was developed to overcome the
deficiencies of flexural impact test. The tensile —
impact energy is the energy required to break a
standard tension-impact specimen in tension by a
single swing of a standard calibrated pendulum under
a set of standard conditions. The test was performed
in accordance to ASTM D4812. The machine
consists of a rigid massive base with a suspending
frame.

Durometer Hardness

Hardness is the resistance of a material to
deformations, indentation or scratching. For the
purpose of this study, Durometer hardness test was
performed to measure the relative hardness of the
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materials. The method was based on the rate of
penetration of a specified indenter forced into the
material under specified condition and the sample
was placed on a flat surface. The pressure foot of the
instrument was pressed on the specimen, making sure
it was parallel to the surface of the specimen. Each
sample was subjected to 14 Durometer hardness
reading at different position on the sample base. The
average value for each sample was recorded in
accordance to ASTM D2240.

Comparative Study of the Density

Specimens of equal dimension (50 x 30 x 0.25) mm
were cut from the composite and two other
conventional metals (Zinc and Aluminum). The
densities of these samples were determined using
flotation method.

Percentage Water Absorption
For this study rectangular specimens were cut from
each sample with dimension 150mm x 70mm x 2mm.
The samples were conditioned and weighed to the
nearest 0.001g in accordance to ASTM D96 standard
specification. The samples were immersed in water
for 48h at room temperature and excess water on
sample surface was removed before reweighing. The
percentage increase in weight after immersion was
calculated to the nearest 0.01% using the equation 2
below.

Increase in weight (%)
= Weight after48h- Initial weight x 100

Initial weight 2
Microstructure
Distribution and orientation of fillers in the

composites and interfacial adhesion of filler and
polymer were morphologically investigated using
Quanta 200 Environmental Scanning Election
Microscope (ESEM) in order to determine the micro
— structure of the composites. The micro — structure
of the filler-matrix interface of the composites were
examined at accelerating voltage of 20kV.

RESULTS AND DISCUSSION

The tensile behavior of unfilled high density
polythene (HDPE) was that of cold drawing polymer.
Yielding was with the formation of neck in the region
of the gauge length. Elongation up to 24.4% was
obtained. At the point of fracture of the unfilled high
density polythene (HDPE) fibrillation occurred. This
under scanning electron microscopes showed grain
lines like structure which confirmed the drawing
effect of the HDPE molecules. Filled systems showed
maximum tensile stress at yield (onset of plastic
deformation), which is as a result of high orientation
of high density polythene (HDPE) molecules in the
neck region when under high strain, whereas the
unfilled systems showed maximum stress at break. At
higher filler content composite, sudden failure
occurred under tension. This behavior indicates

1075

reduction in bonding of the fillers to the matrix. Palm
kernelnut shell incorporated into HDPE showed poor
tensile properties. Treatment of the shell enhanced
the tensile properties of the composite though
marginally. The extension at break of treated EPK
increased, which could be as a result of the alkaline
treatment which probably increased the degree of
formation of spherulites in the material and resulted
into trans - crystallization of the material. The
indication is that through filler modification, fibrillar
structure of shells was changed, so the brittleness of
the filler was reduced to a good extent thereby
affecting the deformation behavior of the filler. Stress
— strain curve of 30wt% and 60wt% EPK composite
showed a necking behavior before failure. This result
differs from that obtained by Zaini et al, (1996). The
tensile-impact strength of unnotched composites
decreases as filler loading increases. This is quite
expected for any HDPE systems, most research
finding has confirmed this property (Iftekhar and
Prakash, 2010). This could be linked to the possible
poor wetting of the particulate filler by the high
density polythene (HDPE) matrix, which will result
to weak interfacial regions. On impact, it is expected
that crack will travel through the polymer matrix
alongside the weaker interfacial regions. The latter
may not resist crack propagation as effectively as the
polymer region, therefore reducing the impact
strength. When filler content is increased, the
interfacial imperfection are also increased which will
exaggerate the weakling of the resulting composites
to crack propagation. It is generally believed that
when filler are incorporated into a polymer matrix, it
inhibits the polymer molecules mobility and lowers
the ability of the system to absorb energy during
fracture propagation. This behavior of filled polymer
system is prominent for very low filler content less
than 20g for many of the literatures reviewed, but
contrary to the results obtained, tensile - impact
strength of palm kernel shell — HDPE composites
obtained showed that impact strength decreases
marginally and then increase again with increased
filler content. Tensile - impact properties was
affected by the NaOH treatment of the shells used for
the formulation.

The data and numerical results from each Durometer
Hardness Test are presented in Figure 9. The
hardness value was determined by the penetration of
the Durometer indenter foot into the specimen. The
results obtained from this test are useful measures of
relative resistance to indentation of various
composites as measured by the Shore (Durometer)
test. It measures the resistance of the composites to
indentation and provides empirical hardness value
that most often correlate well to other mechanical
properties of the composites tested. But the hardness
value is a guide on the degree of resistance of the
composite to indentation measured in shore
Durometer. From the results obtained, palm kernel
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nut - HDPE composite showed a high Durometer
hardness value. The Palm kernel nut shell - polymer
composite obtained has a density lower than the
density of the unfilled system. Organic fillers having
hydroxyl groups in composition is naturally
hydrophilic. This most times makes its composites to
absorb water. This is quite unsatisfactory for any
engineering applications. In this study, before
composite fabrication, the moisture content of all the
shells were reduced by heat treatment at 105°C for
48h. Further step taken was the sodium hydroxide
pretreatment to reduce some of the hydroxyl groups
in the cell wall which reduced the hydrophilic nature
of the composite. From the results obtained, the %
water absorption result of PK - HDPE composites
was zero up to 60wt% as show in Fig 11.

The micrograph obtained showed even distribution of
the fillers in the matrix for all the systems
investigated as shown in Figure 12 - 13. This
property suggests formation of good interface
between the filler phase and the matrix phase which
is a well desired property in composite fabrication.
The micrograph showed a satisfactory adherence as a
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CONCLUSION

Plant fillers are renewable resources abundant
globally as a by-product of agricultural produce.
Their positive effect on the eco-system has been
established through research findings, environmental-
performance evaluation and life cycle assessments.
From the study conducted on the effect of filler
content on the mechanical and physical properties of
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the composite,
drawn:
1.

the following conclusions were

The tensile strength of EPK, and TEPK
increase with increase in filler load. NaOH
treatment of the shell enhanced the tensile
property of the composites. The highest
value of elastic modulus was obtained by the
alkaline treated filler.

Tensile - impact strength of the treated and
untreated shells was decreased with increase
in filler content.

The variation of properties of elastic
modulus and tensile strength using different
percentages of filler shows a behavior that
can be explained by an isostrain condition.
Another parameter which has a significant
effect on the material is the alkaline
treatment, the material obtained benefits
from an improvement in its mechanical
properties due to the transcrystallization of
the fillers.

Shore-A Durometer hardness test proved the
fabricated material to be a hard material with
the optimum value of 93 Shore
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