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ABSTRACT

This study evaluated the effects of Borassus aethiopum fibre (BAP) on waste HDPE-LDPE blends. The
(Borassus aethiopum fibre (BAP) on waste HDPE-LDPE) materials were compounded on a Two Roll Mill
and compression moulding machines. Properties such as density, water absorption, tensile strength, elastic
modulus, flexural strength and hardness values were evaluated using standard procedures. The materials were
further subjected to dynamic mechanical properties test in order to evaluate the influence of BAP fibre
incorporation on the storage modulus, loss modulus and damping parameter of waste HDPE-LDPE blends.
Optimal mechanical properties (tensile strength = 77.5 MPa, stiffness = 3.5 GPa) were achieved at 40 wt%
BAP loading. This composition has corresponding minimal water absorption of 0.45 % after 240-hrs
immersion period at room temperature. Similarly, dynamic mechanical properties results indicated that the
storage modulus and load bearing capability of were found to be maximum (1.2 GPa) for a composite with 40
% weight of BAP fibre compared (to 400 MPa of the unreinforced) while a decrease in loss modulus was
observed with increase in temperature and frequency. This indicates that incorporation of BAP fibre into waste
HDPE-LDPE blends improved its physical, mechanical and dynamic mechanical properties with these
properties increasing with the weight percentage of BAP incorporated up to 40 % and a sudden decrease at 50

% weight of BAP.
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INTRODUCTION

Polyethylene is recognised as one of the most common and
widely used plastics in the world owing to its versatility
resulting in a large volume of wastes. Effective plastic waste
management strategies in form of composites development
are crucial for mitigating the environmental impacts of these
wastes (Jacob et al., 2018). Using waste materials can assist
in the fabrication of low-cost products and promote
sustainability in addition to lessening the environmental
impact of disposing of them (Shinggu & Jacob, 2025). It is
projected that the amount of waste plastics in municipal solid
garbage is increasing at a pace of two times every decade.
This rise is closely linked to the rapid changes in population,
urbanization, and developmental activities and lifestyle.
Studies have shown that waste plastics are thought to
withstand 450-500 years at Earth's surface before degrading
(Thirugnanasambantham et al., 2017; Shinde et al., 2018;
Shen et al., 2019). Adopting a recycling procedure in form of
composites is one approach to appropriately handle the tons
of plastic garbage that need to be disposed of, and recycling
also helps to maintain a cleaner environment. Due to the
severe limitations controlling their disposal and the mounting
environmental difficulties brought on by waste plastics,
researchers are becoming more and more driven to developing
new innovative products (Lendvai et al., 2024).

Plastic waste poses a substantial threat to the environment
classified as an emerging environmental pollutant. This
pollutant has far-reaching consequences, potentially
disrupting ecosystems on land and in water, underscoring the
urgent need for effective management and mitigation
strategies (Jacob et al., 2023; Shinggu & Jacob, 2025). As
industries attempt to lessen the over dependence on petroleum
based products use, there is increasing need to investigate
more environmental friendly and sustainable materials.

Therefore, attention has been shifted to fabrication and
investigation of properties of natural fibre reinforced
materials The automotive and aerospace industries have both
demonstrated interest in using natural fibre reinforced
composites, for example, in order to reduce vehicle weight,
attention had been shifted from steel to aluminium and
recently from aluminium to natural fibre based composites for
different applications (Mohanraj et al., 2025).

The thermal characteristics of a polymer composite are quite
important, particularly with regard to the production
parameters and areas of application. One of the most crucial
techniques for researching the thermal characteristics of
polymers is dynamic mechanical analysis (DMA) (Jacob,
2023). Robust research is needed to give better performance
qualities for these continuously expanding natural fibre-
plastic composites so they can meet the expectations of end-
user applications (Jacob & Yusuf, 2023). Researchers are also
more interested in maximizing the use of renewable
resources, such as natural fibers, in the production of
composite due to the necessity to lessen our over-reliance on
fossil fuels and synthetic fibres (Jacob & Mamza, 2021).
Numerous studies have been reported on the reinforcement of
regularly used plastics to improving their morphological,
creep, and physical properties (Jacob et al., 2023; Jacob &
Yusuf, 2023). The Physico-mechanical, and visco-elastic
properties of African fan palm powder (AFPP) filled low
density polyethylene composites have been reported (Shinggu
& Jacob, 2025). However, much has not been done on the
incorporation of BAP fibres into HDPE-LDPE blends to
develop composite materials with improved properties.
Examining the potential effects of adding BAP fibers into
HDPE-LDPE blends on its mechanical, visco-elastic and
physical properties has therefore become expedient.
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MATERIALS AND METHODS

Sample Collection and Preparation

High-density and low-density polyethylene wastes were
gathered from landfills. These samples underwent a full water
wash, drying, and shredding into the smaller-sized particles
that make up the polymer matrix. The Borassus aethiopum
fibre utilized for reinforcement was obtained locally, sun-
dried, ground, and sieved to a size of 150 um.
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Composite Production

The materials were compounded at 160 °C on a Two Roll Mill
(Model number 5183, USA) according to the findings of
Jacob et al. (2019). Table 1 shows the various weight
percentage compositions of the materials. Compression of the
samples was carried out at a pressure of 4 MPa for 10 minutes.
The compounded and compressed samples were machined
and chilled before going through characterization testing.

Table 1: % Weight compositions of the materials used in this work

BAP rHDPE rLDPE TOTAL
10 45 45 100
20 40 40 100
30 35 35 100
40 30 30 100
50 25 25 100

*BAP- Borassus aethiopum fibre; tHDPE-recycled high-density polyethylene; rLDPE-recycled low-density polyethylene.

Mechanical Property Test

Tensile test

The ASTM D 638 (2022) standard procedure was used to
determine the results of the samples' tensile strength as earlier
reported (Jacob et al., 2023; Jacob & Yusuf, 2023; Shinggu &
Jacob, 2025).

Flexural strength

ASTM D790 (2015) standard test method was used to
determine the flexural strength of the samples with the use of
a universal testing machine and a three-point bending
technique. The strain rate was 5 mm/min, and the spans were
40 mm apart in accordance with the work of Jacob, 2019;
Jacob & Mamza, 2021).

Hardness test

According to Jacob et al. (2018), the relative resistance of a
composite's surface to indentation by an indenter of a certain
size under a given load is the basis for the hardness test of the
material. Durometer Shore A was used to measure the shore
hardness values of samples measuring 30 mm by 30 mm by 5
mm. The sample underwent five measurements at various
locations, and the average of the results was used to determine
the sample's hardness.

Physical Properties Test

Density

The density of the composites was determined by measuring
mass and volume of the sample in accordance with the work
of Jacob (2019).

Water Absorption Test

The water absorption test was conducted using the ASTM
D570 (2010) methodology as earlier reported by Jacob &
Shinggu (2021).

Thermal Properties

Dynamic Mechanical Analysis

Following ASTM D7028 (2015), DMA was performed using
a DMA 242 E machine at frequencies of 2.5, 5 and 10Hz;
amplititude of 60.00 £/ m and at temperature of 120 °C. Using

a personal computer and the proteus software, the test
parameters-storage modulus (E'), loss modulus (E"), and
tangent of delta (Tan 0)-were initially set up. The parameters
of interest were then evaluated.

RESULTS AND DISCUSSION

Physical properties

Density

The density profile of the composites and unreinforced
rLDPE is displayed in Figure 1. From the unreinforced
(HDPE-LDPE blends) up to 40 % weight of AFPP filled
rLDPE composites, a progressive decrease in material density
could be observed. At 40 %, the lowest was 0.99 g/cm?. This
suggests that adding BAP fibers to waste HDPE-LDPE blends
reduces the material's density. These outcomes are
comparable to those of other authors' works (Khalaf, 2015;
Jacob, 2019).
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Figure 1: Effect of African fan palm powder on the density of recycled HDPE-LDPE blends
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Water absorption

The rate of water absorption of BAP-filled recycled HDPE-
LDPE blends is shown in Figure 2 following 240 hours of
immersion at room temperature. Water absorption was shown
to rise as the weight percentage of incorporated BAP fiber
increased, reaching a maximum value of 6.2 % at 25 % of the
weight fraction of fiber. This is to be expected since moisture
uptake in polymer composites increases with the amount of
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hydrophilic natural fiber present. This outcome is consistent
with research conducted by Abisha et al. (2023) and Jacob
and Mamza (2020), who examined the mechanism of
moisture absorption behaviour in waste HDPE composites
filled with groundnut shell powder. Because recycled HDPE-
LDPE sample is hydrophobic, there is little to no moisture
uptake, as shown by the linearity of the chart at 0 %.
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Figure 2: Percentage moisture absorption of BAP-recycled HDPE-LDPE blends at ambient temperature

Mechanical Properties

Tensile strength

Figure 3 depicts the tensile strength of BAP-rHDPE-LDPE
composites with an increasing proportion of the fibres.
Tensile strength improves from 10 % to 40 %, then declines
at 50 %. The rise in tensile strength with the weight

percentage of fibre could be attributed to the weakening of the
constituent composition's interfacial attraction as the
proportion of rtHDPE-LDPE blends decreases with increasing
weight fraction of reinforcement. Other researchers have
observed similar observations (Jacob et al., 2018; Jacob &
Mamza, 2021).
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Figure 3: Effect of BAP on the tensile strength of recycled HDPE-LDPE blends

Elastic modulus

Figure 3 shows the elastic modulus (stiffness) of the BAP
filled rtHDPE-LDPE composite as a function of reinforcement
weight. A comparable rise in stiffness with weight percentage
of rHDPE-LDPE was observed. The composites' elastic
modulus increases from 0.99 GPa (rHDPE-LDPE) to 1.69

GPa (at 40 % BAP). This could be attributed to improved
interaction between rHDPE-LDPE and the integrated BAP
fiber. These findings are consistent with those of other
researchers (Khalaf, 2015; Jacob et al, 2019; Jacob &
Mamza, 2021).
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Figure 4: Effect of BAP on the elastic modulus of recycled HDPE-LDPE blends

Flexural strength

Figure 3 depicts the composites' flexural strength in relation
to their weight percentage of BAP fibres. The flexural
strength of Borassus aethiopum powder reinforced rHDPE-
LDPE composites increases with the weight fraction of
reinforcement and thereafter drops, reaching 68 MPa at 50 %

wt reinforcement. This indicates better contact and stress
transfer between the WHDPE-LDPE and BAP particles. It was
discovered that increasing the weight fraction of
reinforcement (at 50 %) reduces the flexural strength value
due to poor fibre-matrix adhesion (Jacob & Shinggu, 2021).
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Figure 5: Effect of BAP on the flexural strength of recycled HDPE-LDPE blends

Hardness
Composite hardness testing is based on the surface's relative
resistance to indentation by an indenter of specified

dimensions under a specified load (Jacob et al., 2018). The

hardness of the composites was observed to increased

gradually with weight of TSHP incorporated from
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Figure 6: Effect of BAP powder on the hardness of recycled HDPE-LDPE blends

Thermal Properties

The storage modulus of unreinforced waste HDPE-LDPE
composites

The stiffness and energy storage capacity of a material is
described by its storage modulus (Jacob et al., 2018). Figure
6 shows the storage modulus of unfilled HDPE-LDPE
(control) at frequencies of 2.5, 5, and 10 Hz. The graph shows
that the material is unstable at temperatures under 40 °C, with
a maximum rigidity of 0.038 GPa. The finding is consistent

with the work of Palanivel et al. (2017) who investigated the
dynamic mechanical properties of natural fibre-filled
composites and the results revealed that the storage modulus
(E') and damping peaks (Tan 0) values were found to be
reduced with increasing matrix loading and temperature and
that made by Jacob er al (2019), who studied the
thermomechanical properties of plantain peel particle
reinforced waste HDPE-LDPE as composite wall tiles and
that made by Jacob (2023).
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Figure 7: Storage modulus of unfilled recycled HDPE-LDPE blends

The Storage modulus of BAP waste HDPE-LDPE
composites at different compositions

Figures 7, 8, and 9 show the storage modulus of 30, 40, and
50 % BAP waste HDPE-LDPE composites at 2, 5, and 10 Hz,
respectively. These results show that the addition of BAP
fibre into HDPE-LDPE increased the material's stiffness and
energy storage capability. This is because HDPE-LDPE's
maximum stiffness stability increased from 0.42 GPa
(control) to 0.50 GPa at 30 % weight of BAP (Figure 8), 1.25

GPa at 40 % weight of BAP (Figure 9), and 0.34 GPa at 50 %
(Figure 10). The obvious evidence of an increase in storage
modulus from 30 wt % to 50 % weight percentage of BAP
fibres could be attributed to the composites' strong fiber-
matrix interaction (Jacob et al, 2019). The precipitous
decrease in stiffness stability to 0.34 GPa at 50 % weight
fraction of PA fibre could be attributed to a weakening of the
constituent composition's interfacial attraction as the
percentage of waste HDPE-LDPE decreases with increasing
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weight fraction of BAP fibre (Gupta, 2018; Jacob, 2023). The
results of an increase in storage modulus with a weight
percentage of BAP fibres incorporated are also at par with the
mechanical properties results.

The curves also show that the composites are stable under
dynamic loading with increasing temperature up to 43.3 °C
before its point of inflection at 48.2 °C (Figure 8); 57.6 °C
(Figure 9); and 51.8 °C (Figure 10), which are taken as the

Shinggu and Jacob
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glass transition temperatures for the composites with 30, 40,
and 50 % weight of BAP fibre, respectively. According to
Palanivel ez al. (2017), Jacob et al. (2019) and Jacob & Yusuf
(2023), Similar results of the increase in storage modulus with
a weight percentage of reinforcement were observed for
composites with 10 w % and 20 w % of BAP (plots not
shown). These materials are suitable for the development of
materials that can withstand temperatures up to 50 °C.
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Figure 8: Storage modulus of 30 % BAP filled HDPE-LDPE blends
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Figure 9: Storage modulus of 40 % BAP powder filled recycled HDPE-LDPE blends
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Figure 10: Storage modulus of 50 % BAP filled HDPE-LDPE blends

Damping parameter of BAP reinforced waste HDPE-LDPE
composites at different compositions

Damping (Tan delta) is defined as the loss modulus divided
by storage modulus. It is also known as the loss factor and is
typically stated as a dimensionless number (Gupta, 2018;
Jacob et al., 2019; Rajesh et al., 2021). Figure 11 depicts the
damping parameter of unfilled recycled HDPE-LDPE
whereas Figures 12-14 depict the damping parameters of
BAP-filled composites at 30, 40, and 50 %, respectively.
These results show that the damping of the composites
reduces with the weight fraction of reinforcement from 30 to
50 %. This suggests that the sample with 40 % BAP has the
best load bearing capability of all the composites. This could
be due to improved interfacial interaction between the waste
HDPE-LDPE and BAP fibres.

Other authors have shown similar decreases in damping with
weight percentage of reinforcement (Rana ez al., 2017; Gupta,
2018; and Jacob et al., 2019). The figures also show the glass
transition temperature (the temperature at which an
amorphous solid material changes from a hard, brittle state to
a softer, more pliable state) of unfilled waste HDPE-LDPE
and composites. Figure 14 shows that the unfilled HDPE-
LDPE sample has a glass transition temperature of 50.7 °C,
which increases to 61.4 °C with 30 % BAP (Figure 15), 77.1
°C with 40 % weight percentage of fibre, and drops to 68.6 °C
with 50 % weight percentage of fibre. This suggests that
incorporating BAP fibre into  recycled HDPE-LDPE
increases stiffness stability (Jacob, 2023; Jacob & Yusuf,
2023).
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Figure 11: Damping parameter of unreinforced recycled HDPE-LDPE blends at 2, 5 and 10 Hz
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Figure 12: Damping parameter of 30 % AFPP reinforced HDPE composites at 2, 5 and 10 Hz
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Figure 13: Damping parameter of 40 % AFPP reinforced HDPE composites at 2, 5 and 10 Hz

tan d 1) UWAISU { 1S 10 80 ) ngb-am2
S oo
— o
st Peak: 686 °C, 0.118
0.10
0.05
0.05 8
30 40 50 60 70 80 90 100 110
Temperature /°C
Main 2022.03-192203 User: user
Iln:lmlmnl: NETZSCH DMA 242 Flle: CWETZSCHWProteust1\datalW AISU (LS 10 90 ).ngdb-am2
Identity : Sample dim. : 40 000x 12 000x2 500 mm Temp. range : 27 0°C/% O(K/miny120.0°C Calibration: DMA242E_dynamc_mass mm2
Dateftime : 1772022 105031 PM Deform. mode : 3pt bending 40 Segments : " Calibration : INITIALE em2
Laboratory:  STRENGTH OF MATERIALS Ampltude: 6000 um Froquency : 2 5z 5Hz 10Hz Calibration : INITIALO cm0
(Operator : UWAIS DF/ICSF : 218N/0.00N Atmosphere : Calibration : rotabion_tuning rm2
Project : TEST L Flowrate : 0 m¥min Temp.calib. : tcatero TMX
: 10 0/Cubic Material : POLYMER COMPOSITE : 3e-0050.1-0

Troaiod wih NETZSCH Proteus sofward)

Figure 14: Damping parameter of 50 % BAP filled recycled HDPE-LDPE composites at 2, 5 and 10 Hz
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CONCLUSION

The effects of BAP powder addition on the mechanical and
dynamic mechanical characteristics of recycled HDPE-LDPE
composites were studied. The results obtained lead to the
following conclusions:

Incorporating Borassus aethiopum powder into waste HDPE-
LDPE improved its physical, mechanical and visco-elastic
properties. The density decreased with weight percentage of
BAP fibres, with a minimum of 0.88 g/cm? compared to 1.98
g/cm? of unreinforced recycled HDPE-LDPE. At 40 % weight
fraction, water absorption was minimal at 6.08 %.
Tensile strength of 58.5 MPa, stiffness of 2.05 GPa, flexural
strength of 68.8 MPa, and hardness value of 70 Shores were
achieved with 40 % weight fraction of reinforcement.
Dynamic mechanical properties showed that a composite with
40 % reinforcement also had the highest storage modulus and
load bearing capability (0.95 GPa) compared to 0.15 GPa of
unreinforced HDPE-LDPE. However, loss modulus was
observed to decrease with increasing temperature and
frequency. Future studies should focus on the chemical
treatment of BAP in order to improve its compatibility with
the HDPE-LDPE fibres.
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