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ABSTRACT

Baobab fruit shell was used as filler to add value to it instead of disposal and polyethylene waste poses a
threat to our environment due to their inability to degrade. Baobab fruit shell powder / polyethylene waste
composites were fabricated using compounding and compression molding techniques and their mechanical
properties were investigated. Mechanical and morphological properties of the composite were determined
in accordance with ASTM standards. Results of the mechanical properties reveals Hardness lowest value
of 21.73 HV at 0 wt% BFS and the highest value of 61.70 HV at 30 wt% BFS. The impact strength is 28.33
Jm? at 30 wt% BFS being the lowest while the highest value is 56.57Jm™ at 0 wt% BFS. flexural strength
increases from 137.090 MPa at Owt% to 210.345 MPa at 30 wt% BFS and Flexural Modulus of 68.277
GPa being the lowest at 0 wt% BFS to highest value of 98. 625 GPa at 30 wt% BFS. While in percentage
elongation, a decrease from 15.153% at 15 wt% to 0.8404% at 30 wt% BFS was observed. The morphology
of the fractured surface of the composites revealed a poor dispersion of filler particles within the matrix.
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1 INTRODUCTION

n the world today the need for the development of new products with more efficient material is very

I important. This makes composites play a major role considering their composition [1]. They consist
of reinforcement embedded in a matrix mixed and bonded together on a macroscopic scale [2]. This
excellent combination gives improved properties which cannot be obtained with any single material [3].
Composites made from polymeric materials are gaining dominance as important substitute for metals in
various industrial applications such as automotive, marine, sporting goods, aerospace, electronics and
construction industries due to their significant properties such as light weight and corrosion resistance [4].
Particulate reinforced composites have high thermal conductivity and are isotopic in nature. Fillers in
particulate composites can be glass, carbon, aramid etc. [5]. The production of Polyethylene terephthalate
(PET) materials have increased rapidly since the 1970s with the advent of technique of blow molding. The
worldwide use of PET in 2007, was 15 million metric tons constituting about 8% of the total demand of
standard plastics. Polyethylene are of high strength, low weight, and low permeability of gases (mainly
CO0,) and also with a well aesthetic appearance (good light transmittance, smooth surface). It does not have
direct hazardous effect on the environment, but due to its large fraction by volume in the waste and high
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resistance to the atmospheric and biological agents, it is considered as an injurious material. It is one of the
fastest waste accumulating in environment among the polymer family. This results in waste management
problems, perceived garbage crisis, shortage of landfills etc. [6]. The distribution of Baobab Trees
(Adansonia digitata L.) across Southern Africa is estimated to be about 28 million trees. This gives an
annual yield of 673,000 tons of whole baobab fruit and 108,000 tons of baobab fruit pulp powder. An
average mature baobab fruit produces about 200 kg of fruit per season. The fruit shell of baobab tree hangs
singly on long stalks with ovoid, woody and indehiscent shell 20 to 30cm long and up to 10cm in diameter.
The shell contains numerous hard brownish seeds, round or ovoid up to 15mm long which are embedded
in a yellowish-white floury acidic pulp. The ripe fruit pulp appeared as naturally dehydrated, powdery
whitish colored with slightly acidulous taste mostly use as food and drinks. There is presently less economic
importance attached to the shells, they are often discarded abundantly, thereby littering the environment
[7]. [8] Studied the mechanical properties of a composite produced from Recycled Low-Density
Polyethylene (RLDPE) with sawdust powder filler. The study reported an increase in hardness with increase
in filler loading, while the impact strength and compression strength decrease with filler loading. [9]
Investigated the properties of composite developed from silica sand and recycled thermoplastics. The
maximum compressive and flexural strength were found to be 46.20 N/mm? and 6.24N/mm? with minimum
water absorption and sliding wear rate of 0.039% and 0.413 x 10®kg/m respectively. The hardness of a
composite developed from High density Polyethylene and low-Density polyethylene and sand particles at
%0wt% LPE, 20wt%HDPE and 30wt% sand particles are 37.0 HV. [10] Investigated the properties of
developed recycled Low Density Polyethylene reinforced with Pineapple Leaf Fiber (PALF) composite.
The result showed an increase in tensile, impact and flexural strength to the optimal level of 30% fiber
weight. The water absorption increased with increase PALF weight. [11] Investigated the mechanical
properties of Recycled Low-Density Polyethylene (RLDPE) filled with sawdust powder. The study
reported an increase in hardness with increase in filler loading, while the impact strength and compression
strength decrease with filler loading. [12] Conducted a study on development of sand-plastic composites
using silica sand and recycled thermoplastics mixture from post-consumer products. The developed
composite was characterized for water absorption compressive strength, flexural strength and sliding wear.
The maximum compressive and flexural strength obtained were 46.20 N/mm? and 6.24 N/mm? respectively
while the minimum water absorption (%) and wear rate were found to be 0.039 and 0.143x10® kg/m
respectively. [13] Investigate the use of plastic waste as binding material in the development of composite
using sand particles as reinforcement. It was found composite produced using plastic waste has porosity
value less than 5% while that of micro-concrete is more than 10% and with more abrasion resistance when
compared to other composite. [14] Conducted a study on a composite produced from recycled pet bottles
wastes with improved strength and reduced flammability.

2 METHODOLOGY

Baobab fruit shell and polyethylene waste weighted about 5.0 and 7.0 kg respectively were sourced
from Mayo-Belwa local government area, Adamawa state, Nigeria. The Baobab fruit shell and polyethylene
waste were manually washed using tap water to remove dust, dirt and sand particles, air dried. The baobab
fruit shell was grinded into powder using grinding machine and sieved to 250um using 250pm standard
test sieve to obtain finer and uniform particle size while the polyethylene waste broken into smaller pieces
using knife. The various compositions of bacbab shell filler and polyethylene waste is shown in Table 1
and were developed using two Allen Bradley two - roll milling machine number 0183 and compression
molding machine Model M. Composite preparation involves compounding of the constituent substances
and pressing them. The two-roll milling machine was switched on; the rolls preheating temperature was set
to 180°C for an hour ensuring the clearance between the rolls was minimal and the front and rear rolls was
set to 40 and 30 rpm respectively. Blending was carried out by introducing 100 wt% of polyethylene waste
directly on the roll. Thereafter, the gradual addition of 5 wt% BFS filler was achieved turning the mixture
to achieve good dispersion. The final mixture was transferred quickly into the mold to avoid heat loss and
compressed for two minutes without much pressure to stabilize and allow trapped air to escape. The
pressure was then raised to 50 bar at 150°C maintaining for eight minutes in order to avoid sample
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degradation. Thereafter, the mold and the content were removed from the machine and allowed to cool to
room temperature. The procedure was repeated for the rest of the composition.

Table 1. Formulation of PEW/BFS composite

SampleID A B C D E F G

PEwwt% 100 95 90 85 80 75 70
BFS wt% 0 5 10 15 20 25 30

2.1 Hardness Test

The test was conducted according to [15] standard methods. The specimen dimensions for the test
were 10 mm x 10 mm with 3 mm thickness. The Specimen was placed on a plastic medium on the machine
to facilitate the testing. Diamond indenter was pressed into the specimen with load of 10 kgf by pressing
the test button on the machine and the result was recorded. Average of three points will be taken for each
composition.

2.2 Impact Test

The test was carried out according to [16] standard method. The specimen was cut to 100 mm by
10 mm by 5 mm and a V-notched of 1.5mm dimension using hack saw. The specimen was placed
horizontally between the two anvils of the machine with the notch away from the hammer. The swinging
pendulum was released from its position to strike and fracture the specimen. The energy value is a measured
of toughness of the sample. Three specimens from each composition were used to measure the impact test.

2.3 Flexural Test

The aim of the test was to measure the flexural modulus of the composite material. Flexural testing
was conducted according to [17] Standard Test Methods. Composite sample was cut to 100 mm by 30 mm
by 3 mm dimensions using hack saw. The experiment was performed with a three-point fixture where
samples fracture at the middle. The sample was placed horizontally over two points of contact (lower
support span). A lever was gradually pulled down on the sample through one point of contact (upper loading
span) until the sample failed. The flexural force that fractures the sample and the deflection was
recorded from the machine scale. Three specimens from each composition were used.

2.4 Compressive strength Test

The test was carried out according to [18] standard Method. The 12.7mm width and 4mm thickness
of the specimen was measured throughout its length; the minimum value of cross-sectional area was
computed and recorded. The 12mm length was measured and recorded. The test specimen was placed
between the surfaces of the compression tool carefully aligning the line of its longitudinal axis with center
line of the plunger, ensuring the ends of the specimen were parallel to the surface of the compression tool.
The cross head of the machine was adjusted until it’s just touches the top of the compression tool plunger
and the test was performed. The result is shown in table A12 in the appendix.

3 RESULTS AND DISCUSSION
3.1 Hardness

The results for hardness showed in Figure 1. The hardness of the composite is seen to increase on
a general note for all filler loading. The addition of Baobab shell particles to polyethylene matrix led to an
increase in hardness values, the lowest hardness was seen for unfilled polymer (0%) with 21.73 HV while
the highest was seen at 30% filler loading with 61.7 HV, could be attributed to higher content of hard BFS
filler in the composite. The hardness of the floor tiles composite developed from High density Polyethylene
and low-Density polyethylene and sand particles at %0wt% LPE, 20wt% HDPE and 30wt% sand particles
are 37.0 HV [19]. This is to say that the higher the filler content the higher the hardness values. This
behavior is attributed to the stress transfer from the polymer matrix to the filler. The load was distributed
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on the filler, thus decreasing the penetration rate on the composite material's surface and increasing its
hardness. [20] Reported that hardness of cow hair fibres filled recycled low-Density polyethylene
composites increased with increase fiber loading for both treated and untreated samples. The increase in
the hardness in the composites is an indication of good bonding between polymer and fillers, reducing the
movement of the polymer molecules. It has been reported in the literature by [21] that the hardness
increased after reinforcement with carbon and glass fibres, the addition of 20% carbon and glass fibres to
a 98% epoxy- 2% polysulfide rubber blend matrix led to an increase in hardness to 82.45 for sample A2
and to 82.66 for sample A3.
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Figure 1. Hardness versus filler loading (%) for recycled Polyethylene-Baobab shell composite
3.2 Impact Strength Test

The impact strength of the composite materials is a measure of the ability of a material to withstands
impact loading. Figure 2 shows the impact strength of recycled Polyethylene-Baobab shell composites. The
trend of impact test results is different from compressive strength; the results shows a decrease in impact
strength for all the samples from 0% to 30% filler loading. This decrease could be due to restriction in
molecular chain mobility of the matrix caused by inclusion of rigid Baobab shell particles. Highest impact
strength was seen with Owt%BFS at 56.57 J/m? and the lowest was seen with 30wt%BFS at 28.33 J/m?,
this behavior is attributed to the filler inability to absorb and share the stress leading to inefficient stress
transfer from the matrix to the filler. Unfilled polymer (0%) achieved higher impact strength than the filled
polymer due to poor wettability of the filler by the polymer matrix leading to week bonding at the filler
matrix interface. These findings are in agreement with the work of [22] they reported that impact strength
decreased with increasing more rigid and less tough fillers into the matrix which in turn increase the rigidity
of the matrix and thus compromise toughness. The impact strength of the floor tiles composite samples
with 15% 20% Coconut fiber content are 14.47KJm2 and 12 KJm2 respectively [23].
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Figure 2. Impact Strength versus filler loading (%) for Polyethylene waste -Baobab shell composites
3.3 Flexural Strength
The results of flexural strength of Polyethylene Waste-Baobab shell composites are given in Figure
3. During the flexural test, the top surface experienced compressive stresses, while the bottom surface

experienced tensile stresses, and the middle part of the specimen experienced shear stresses. Moreover,
incorporation of high concentration of Baobab shell particles in the polymer matrix could result in increased
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of stress transfer between the filler particles leading to stress sharing. From the results obtained it was
observed that the filled samples were found to be higher than the unfilled sample. Flexural strength shows
an increase with increase in filler loading up to 15% filler loading. The increase in flexural strength could
be attributed to the improvement in stiffness and rigidity of the material as a result of good distribution and
dispersion of the Baobab shell particles within the polymer matrix structure, leading to reduction in chain
mobility during deformation. Such scenario was observed and reported by [24]. They reported that flexural
strength of periwinkle shell particles filled polypropylene composites increased with increase in filler
loading up to 15% filler loading. The lowest flexural modulus was seen for 0% with 137.09 MPa while the
highest was seen for 15% with 210.345 MPa, this is due to reinforcing ability of the Baobab shell particles
as well as their capability to absorb and share the stress. [25] Studied the effect of filler loading on
mechanical and tribological properties of wood apple shell reinforced epoxy composite. From the results it
is observed that the wood apple shell reinforced composite gives best results at 15wt% filler in flexural
strength when compared with the other filler loading.
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Figure 3. Flexural Strength versus filler loading (%) for Polyethylene Waste-Baobab shell composites
34 Flexural Modulus

The results of flexural modulus of Polyethylene Waste-Baobab shell composites are presented in
Figure 4. From the results it was observed that the flexural modulus progressively improved with increase
in filler loading. Flexural modulus increased from 0% with 58.2768 GPa to 30% with 98.6516 GPa. This
behaviour is due to an increase in rigidity of the polymer matrix as a result of addition of rigid filler into
the matrix. Control sample shows the lowest flexural modulus due to free and unrestricted polymer
molecular chain mobility while 30% shows the highest flexural modulus which is attributed to hindrance
or limited chain movement. 25% filler loading shows a decrease in flexural modulus with 87.3357 GPa
compared with 20% with 96.8384 GPa. This property could be due to cracks or voids formed during
processing [26]. Investigate the effect of filler loading on mechanical properties of natural carbon black
reinforced polypropylene composites and reported that addition of filler materials (raw OPP and carbon
black) found to improve flexural modulus in comparison to unreinforced polypropylene composites.
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Figure 4. Flexural Modulus versus filler loading (%) for Polyethylene Waste-Baobab shell composites
3.5 Compressive Strength

The results obtained from Compressive Strength test of the Polyethylene Waste-Baobab Shell
Composites are given in Figures 5. From the results obtained, compressive strength improved initially from
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0% filler loading with 11.1991 MPa to 15% filler loading with 14.1471 MPa, thereafter dropped from 20%
filler loading with 8.0672 MPa to 30% filler loading with 10.5983 MPa. The increase in compressive
strength was associated with better interfacial bonding between the filler and the matrix as a result of good
wettability of the filler by the matrix at low filler concentration. Lowest compressive strength was observed
at 20% filler loading with 8.0672 MPa. This could be due to agglomeration or voids formation occurred
during processing. Similar event was observed and reported by [27] they investigate the effect of fillers
loading on the mechanical properties of hardwood sawdust / oil bean shell reinforced epoxy hybrid
composites and observed that compressive strength increased progressively up to 50 % filler loading, before
their values dropped at 60 % filler loading.
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Figure 5. Compressive Strength versus filler loading (%) for Polyethylene Waste-Baobab shell
composites

4 CONCLUSIONS

Based on the experimental results obtained, the following conclusion were made: The hardness
value of the composites was increased from 21.73 HV at 0% BFS content to a highest value of 61.70 HV
at 30% BFS content. The highest value of impact strength was observed to be 56.57 J/m2 at 0%BFS while
the lowest value was 28.3)/m2 at 30% BFS content. An increase in flexural strength of 210.345 MPa at
30%BFS content from 137.09 MPa at 0%BFS content. The lowest flexural modulus of 68.277 GPa at 0%
BFS content while the highest value of 98.625 GPa at 30% BFS content. An increase in compressive
strength from 11.1991 MPa at 0%BFS to 14.1471 MPa at 15% BFS content. A decrease in percentage
elongation from 15.153% at 15%BFS content to 0.8404% at 30%BFS content.
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