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Abstract: The incorporation of materials that were formally regarded as agricultural wastes into
polymeric matrix has drawn the attention of many researchers in recent years. This research focused
on reinforcing high-density polyethylene (HDPE) matrix with treated jute fiber (JF)/oil palm pressed
fruit fibers (OPPFF) at varying weight proportions. JF and OPPFF were cut to 2.5 mm length and
were chemically treated thereafter with 1 M and 1.5 M sodium hydroxide solution respectively. The
composites were produced using the compression molding technique. The morphological characteri-
zation of the fibers and composites for untreated and treated samples was studied with the aid of
a scanning electron microscope (SEM). Tensile and flexural properties of the produced composite
samples were also determined. From the result, the surface morphology of the fiber after treatment
showed that there was obvious exposure of the fiber surface and removal of impurities as this
influenced the microstructure of the composites and in turn the tensile and flexural properties. Hence,
it was observed that 20 wt.% treated jute fiber addition shows the most significant enhancements
in terms of tensile and flexural properties. The study exposed the effect of surface modification of
JF/OPPF hybridization on HDPE matrix composite.

Keywords: high-density polyethylene; fibers; composites; tensile; morphology; flexural properties

1. Introduction

The improvements in technology over the years have led to the constant need for
materials with improved properties for high-performance applications such as aerospace,
structural, automobile, and marine applications. These applications employ the use of
composite materials [1,2]. A composite is the combination of two or more engineering ma-
terials of clearly distinct properties, to combine their attractive properties while neglecting
their drawbacks. The composite is largely made up of two phases: the matrix phase and
the reinforcement phase [3]. However, the polymeric matrix can be classified as thermo-
plastics (include high and low densities polyethylene, polyvinyl chloride, polypropylene,
and polyethylene Terephthalate) and thermoset (epoxy, polyester, and vinyl ester) poly-
mers [4,5]. Likewise, reinforcing materials such as Kevlar, glass fiber, and carbon fiber
had also been used in producing composites in the past, these materials improved the
properties of the matrix, but they are detrimental to human health and the environment
at large. For this reason, the attention of researchers has been drawn to the use of natural
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fibers for the production of environmentally friendly and ecoefficient materials. Natural
fibers are non-toxic, they are renewable when used in composite production, available in
abundance, and they improve service life and performance while reducing energy and
service intensity [4,6]. Natural fibers such as jute, bamboo, coir, cotton, dombeya butneri,
hemp, and oil palm fibers have been used as reinforcements in recent research but these
fibers are hydrophilic which has been their main drawback [7–9]. They readily absorb
moisture leading to poor interfacial adhesion between the matrix material and the rein-
forcements used. This problem can lead to poor mechanical and wear properties of the
composite. Therefore, there is a need to modify the hydrophilic nature of these fibers.
Researchers have recently employed various chemical treatments such as silane treatment,
benzoylation, acrylation, and alkali treatment. However, for this study, alkali treatment
was employed for the treatment of the fibers. This is because the treatments have been
reported to improve the interfacial adhesion between the fibers and the matrix [7,8]. Fiber
like Jute is a bast fiber that possesses good mechanical properties that is comparable to that
of glass fiber [10]. They are used for producing bags and ropes and their properties can
vary based on their origin and location. When jute fibers are used as reinforcement they act
as the main load-carrying components being held together by the matrix [11]. Meanwhile,
oil palm pressed fruit (OPPF) fiber is a product from oil palm (Elaeis guineensis), which
is regarded as an agricultural waste that is available in abundance. According to [12],
the production of palm oil throughout the world is increasing yearly. For instance, in
2012/2013, 56.38 million metric tons of palm oil was produced compared to 75.45 million
metric tons recorded in 2020/2021. This seems to suggest that oil palm byproduct pro-
duced has also increased over the years which provokes more problems regarding how to
dispose of waste generated during palm oil production. Instead of burning or dumping
oil palm biomass in landfills, they can be renewed as reinforcement in the polymer matrix.
Through this, oil palm byproducts can be given economic value by making them useful in
various engineering applications. Past research has explored the possibility of using natural
fibers as reinforcement to improve the mechanical, physical, and thermal properties of the
polymer. In a bid to enhance sustainability, a study by [13] developed polymer composite
using 50% recycled HDPE/50% virgin HDPE and matrix material. Jute fiber was used as
reinforcement at a proportion of 10–30 wt.% by weight of the matrix, their result revealed
that tensile strength reduced from 3.4–24.3% while flexural strength appreciated by 4–8.6%
as the fiber content increased from 10–30 wt.%. Previous research employed the use of
short jute fibers as reinforcements in polypropylene matrix, samples were produced via
a screw extrusion process. The result showed that samples containing 20 wt.% jute fiber
had higher mechanical properties than other samples with fire retardants (such as MgO,
Al2O3, and H3PO4) [14]. A study on the effect of chemical treatment on the properties of
jute fiber/low-density polyethylene by [15] proved that the use of alkali/silane treatment
gave the best enhancement in flexural, tensile, and impacts strengths when matched with
the untreated ones. The use of oil palm fibers has also been investigated by [16], where
the addition of oil palm empty fruit bunch to unplasticized polyvinyl chloride showed
an increase in flexural modulus with a corresponding decrease in the impact and flexural
strength. Hybridization of oil palm fiber with glass fiber [17–19], kaolinite [20], and sisal
fiber [21–23] has been investigated to improve the properties and performance of polymer
matrix in previous research. In the present study, the influence of blending jute and OPPF
fibers (treated and untreated) with high-density polyethylene (HDPE). This was done to
determine the effect of chemical treatment and fiber loading on the mechanical properties
of the resultant HDPE/JF/OPPF hybrid composites.

2. Materials and Methods

The materials used for this research include: oil palm pressed fruit fiber (OPPFF),
which was extracted from oil pressed palm fruit collected from Bolorunduro, Ondo State,
South Western part of Nigeria. Jute fiber (JF) was obtained from a local store in Akure
also in the Southwestern part of Nigeria. Sodium hydroxide (NaOH), and releasing agent
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were purchased from Pascal Chemical Ltd., Akure, Ondo State, Nigeria. High-density
polyethylene (HDPE) pellets with a melt flow index (MFI) of 8 g/10min (XZ 89712-00 RD
10140182040), a molecular weight of 168,000 g mol−1, a melting point of 130 ◦C, and a
density of 0.954 g cm−3 was supplied by DOW Chemicals, South Africa [24].

OPPFF was extracted by pouring the oil palm fruit into a screw press machine at
elevated temperature for 1 h. This was done to melt the palm oil to a considerable extent
and the oil was further removed via washing in water leaving behind the palm kernel
shell and OPPF fiber. The palm kernel shell and OPPF fibers were collected using a sieve
and the fiber was detached from the shell thereafter. The OPPF fibers were oven-dried at
60 ◦C in an air blast oven for 4 h followed by treating with 1 M NaOH at 50 ◦C for 4 h in
a water bath shaker. The treated fibers were rinsed with distilled water, after which they
were oven-dried again at 80 ◦C (a temperature below the fiber’s degradation temperature)
for 6 h to ensure the complete removal of moisture. Similar to OPPF fiber, untreated jute
fibers were also oven-dried at 60 ◦C for 4 h while the Jute fibers were treated by soaking
them in 1.3 M NaOH at 26 ◦C for 12 h, they were thereafter rinsed with distilled water and
oven-dried at 80 ◦C for 6 h. The jute and OPPF fibers were trimmed to a length of 2.5 mm.

The chemical constituents (lignin, cellulose, and hemicellulose) of the JF and OPPFF
were obtained using the neutral detergent and acid detergent methods. The test was carried
out in concert with Van Soest and Wine [25] and Georing and Vansoest [26] to estimate
the weight fraction of acid detergent fiber and neutral detergent fiber which was used to
determine the percentage of lignin, cellulose, and hemicellulose of jute and OPPF fibers.

The composites were developed using the compression molding technique by random
dispersion of jute and OPPF fibers in the polypropylene matrix. Predetermined propor-
tions as shown in Table 1 of OPPFF and JF were mixed with HDPE matrix in a tumbler
mixer for 30 min to obtain a homogeneous mixture. A rectangular mold of dimension
150 mm × 100 mm × 4 mm. was filled up with mixed materials. Compression was done
at 130 ◦C for 12 min under an applied pressure of 0.2 kPa with the aid of a compression
molding machine to develop standard samples of tensile and flexural test specimens. The
test samples were designated as shown in Table 1. Degassing of the composite samples
was carried out at a specific time after the introduction of the composite sample into the
compression molding machine, to remove entrapped gases. The developed samples were
allowed to cool at room temperature.

Table 1. Mix Ratio for HDPE/OPPF Fiber/Jute fiber (JF) Composites.

Sample Designation HDPE (wt.%) OPPF Fiber (wt.%) JF (wt.%)

Control (A) 100 - -
B 80 8 12
C 80 12 8
D 80 - 20
E 80 20 -

The Scanning Electron Microscope (SEM) (JOEL JSM-7600F) attached with Energy
Dispersive X-ray Spectrometer was used to characterize the surface and fracture mor-
phology of the fibers and the developed composites respectively. The fibers were coated
with platinum and the samples were placed in a high-pressure chamber. The secondary
electrons were amplified due to the charge neutralization around the sample caused by
the high-pressure regions. The morphology of the fractured surface was carried out to
investigate the interfacial adhesion between the HDPE matrix and the fibers used.

The tensile test was carried out to evaluate the ultimate tensile strength, tensile
modulus, and tensile strain of the produced composite samples using a universal tester
(Instron 3369 model) following ASTM D636 [27] at room temperature (25 ◦C), strain rate
of 5 mm/min, and relative humidity of 40% with a load cell of 10 kg. Three identical
samples were evaluated, and their average was computed and used as the representative
value for each composition. Flexural properties such as ultimate flexural strength, flexural
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modulus, and flexural strain of the composites produced were carried out with the aid
of testometric universal testing machine following ASTM D790 [28]. The samples were
placed under three-point bend fixtures at a rate of 10 mm/min. Three similar samples were
subjected to flexural test and their average was adopted as the representative value for
each weight fraction.

3. Results and Discussion
3.1. Compositional Analysis of the Fibers

Table 2 shows the chemical composition of the fibers. It was observed that there was a
decrease in the percentage of lignin and hemicellulose of the treated fibers when compared
with the untreated ones, while there was an increase in the percentage of cellulose for
both jute and OPPF fibers. Previous research [29] affirmed the fact that the presence of
lignin and hemicellulose in natural fibers causes poor interfacial adhesion which emanates
from their hydrophilic nature. They also lead to fiber degradation which can cause the
loss of mechanical properties while in service. In this study, alkali treatment improved the
adhesion between the reinforcing phase and matrix phase by enhancing the interaction
between the two phases [30]. This treatment selectively eliminated the lignin (the unreactive
part of natural fiber) and hemicellulose in both Jute and OPPF fibers and also improved the
surface roughness of both fibers as highlighted in Figures 3 and 4. Hemicellulose and lignin
were noted to be 21.47% and 13.3% for untreated jute fiber while 18.34% and 10.9% were
recorded after treatment. The same trend was observed for OPPF fiber where hemicellulose
and lignin also reduced after chemical treatment. In addition, the cellulose contents of jute
and OPPF fibers were observed to have increased drastically due to this treatment. This
could also lead to improved adhesion because the amount of modified cellulose present at
the fiber surface has increased [31,32].

Table 2. Compositional Analysis of the Fibers.

Cellulose (%) Hemicellulose (%) Lignin (%) Others (%)

Untreated jute fiber 58.47 21.47 13.3 6.76
Treated jute fiber 66.28 18.34 10.9 4.48

Untreated OPPF fiber 49.43 23.78 19.43 7.36
Treated OPPF fiber 56.72 19.74 17.23 6.31

3.2. Energy Dispersive X-ray (EDX) Spectroscopic Analysis of Jute and OPPF Fibers

The EDX spectroscopic analyses of the fibers were carried out to investigate the extent of
purification of the fibers due to the NaOH treatments given to the fibers. Figures 1 and 2 present
the elemental composition of untreated and treated jute fiber and OPPF fiber respectively.
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Figure 2. Elemental composition of (a) untreated OPPF fiber and (b) treated OPPF Fiber.

Figures 1 and 2 revealed the presence of elements such as silicon, oxygen, iron, calcium,
carbon, gold, and magnesium. Potassium, sodium, and sulfur were also discovered in the
untreated jute fiber, which are regarded as impurities. The alkaline treatment given to the
fiber caused the removal of these impurities and the presence of gold was discovered in
the treated jute along with both treated and untreated OPPF fibers. The EDX analysis also
showed the presence of silica in the form of silicon and oxygen. Silica is known to be a
hard ceramics material that improves the strength of a polymer matrix [33,34].

3.3. Surface Morphology of the Jute and OPPF Fibers

Figures 3a and 4a show the presence of impurities such as lignin and hemicelluloses
on the surface of the fibers with respective flaky and cloudy like appearances which are
gums when compared to Figures 3b and 4b that shows fibers with rough and exposed
surface; the impurities have been removed as a result of the chemical treatment given
to the fibers [35]. The reduction in the amount of lignin and hemicellulose brings about
an increase in the percentage of cellulose at the fiber surface which prompts improved
adhesion as confirmed by [30,33]. Additionally, the number and diameter of the treated
fibers vary as is observed between Figures 3b and 4b.
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3.4. Microstructural Examination of the Developed Composites

The SEM images in Figure 4. Revealed the microstructural features of the developed
hybrid composites. From Figure 5a the presence of cavities was observed in the hybrid
composites. These features may result in the reduction of tensile and flexural properties of
the samples developed [36]. The SEM image of HDPE//20 wt.% JF single reinforcement
composite shown in Figure 5b displayed the minimum amount of cavities, leading to
efficient stress transfer from the matrix to the fibers. Therefore, the good adhesion between
the fiber and the matrix observed in this study justified the good mechanical properties
noticed in this composite [37]. Sample containing 12 wt.% OPPF fiber was characterized
with high level of cavities which leads to a reduction in its mechanical properties [38].
Additionally, lower properties observed may be linked to the inherent properties of OPPF
fiber. This is determined by the fiber origin and the extraction process tends to affect the
mechanical properties of the developed composites.
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3.5. Tensile Properties of HDPE/Jute Fiber/OPPF Fiber Composite
3.5.1. Ultimate Tensile Strength (UTS)

The result of the UTS of the developed composites is as presented in Figure 6.
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From Figure 6, it was observed that the ultimate tensile strength for both the treated
and untreated samples followed the same trend. Initially, there was a consistent decrease
in the hybrid composites and OPPF fiber-reinforced composite (samples B and C; and
sample E respectively) while an increase was recorded for sample D when compared to
the control sample A. The decrease in those samples may be attributed to the increase
in the OPPF fiber in the matrix. Additionally, from the SEM images in Figure 5, it was
observed that samples with more OPPF fiber contain more cavities. The reduction in the
tensile strength observed is in agreement with the work of [8]. Similarly, hybridization of
oil palm and sisal fiber as reinforcement in rubber composites was studied by [39,40], the
authors examined the effect of fiber ratio, fiber loading, and surface modifications on the
mechanical performance of oil palm/sisal rubber composites. The tensile properties were
observed to be dependent on fiber loading. Due to the high tensile strength of sisal fibers,
samples with higher content of sisal fibers and lower oil palm fibers had improved tensile
strength than those with lower sisal fiber and a higher percentage of oil palm fibers. Jute
as a single reinforcement gave improved properties and has the optimum strength in the
developed composite (sample D) with values of 28.09 MPa and 29.34 MPa for untreated
and treated samples respectively. This is about 9.98% (2.55 MPa) and 14.87% (3.80 MPa)
enhancement in the property when compared with the control sample (HDPE) which has
an ultimate tensile strength of 25.54 MPa. The treated samples have better strength than
their untreated counterpart because the alkaline treatment is usually known to enhance the
tensile properties of natural fiber, by reducing the impurities level such as hemicellulose
and lignin thereby increases the adhesion property of the fiber [24,41,42].

3.5.2. Tensile Modulus

As shown in Figure 7, it was observed that the tensile modulus for both the treated and
untreated samples follows the same trend. The tensile modulus of the single jute reinforced
composite increases at sample D when compared to the control. This improvement is about
12.77% and 14.15% for untreated and treated samples respectively. A little drop of the
tensile moduli of the hybrid samples and OPPF fiber reinforced composites were observed
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in samples B and C, and sample E respectively. Sample D (a jute fiber-reinforced composite)
has the highest value of 1261.85 MPa and 1277.26 MPa for untreated and treated fibers
respectively, while Sample E (an OPPF fiber-reinforced composite) has the lowest tensile
modulus of 1142.12 MPa and 1182.59 MPa for untreated and treated fibers, respectively.
The reduction in the tensile modulus may be linked to the presence of cavities and fiber
entanglement as revealed by the microstructures of these samples in Figure 5a,b which
hinders effective stress transfer between the fiber and the matrix. The research work of [43]
showed that by increasing the fiber weight fraction of jute to 22 wt.%, after a 15% decrease
in tensile modulus experienced when 11 wt.% fiber weight fraction of jute fiber was used,
the tensile modulus improved by 71% compared to those of the control HDPE sample. The
decrease in the tensile strength and modulus of sample E may be due to the presence of
cavities, and poor interfacial adhesion between the fiber and the matrix [7,19,44].
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3.6. Flexural Properties of the Composite and the Control Sample
3.6.1. Flexural Strength at Peak

It can be observed from Figure 8 that for the hybrid composite, as the jute fiber weight
fraction decreases and OPPF fiber weight fraction increases, the flexural strength decreases,
as seen in the OPPF fiber single reinforced HDPE matrix composite, the strength exhibited
is low as compared to sample D (JF single reinforced HDPE matrix Composite) that shows
the highest enhancement value. This enhancement in the flexural strength occurred at the
single reinforced jute fiber contents with the value of 34.18 MPa and 39.74 MPa, which was
enhanced by 3% and 19% for untreated and treated respectively compared to that of the
control. This was in concert with the study of [45] who reported a reduction in tensile and
flexural strength as the weight content of randomly dispersed oil palm fiber increases from
0–20 wt.%.
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3.6.2. Flexural Modulus

The flexural modulus trend as shown in Figure 9 was similar to what was obtained
in Figure 8. The flexural modulus reduces with an increase in the reinforcement weight
fraction progressively. The addition of JF as a single reinforcement gave improved mod-
ulus. Sample with jute fiber only has the highest flexural modulus of 1285.15 MPa and
1395.38 MPa which amounts to 7.32% and 16.53% enhancement in its property for the
untreated and treated sample respectively. This can be attributed to the good inherent
properties of the jute fiber as stated in [46,47]. From Figures 8 and 9, it became apparent
that the hybrid composites did not give good flexural strength and modulus as compared
to that of jute fiber. However, the presence of jute fiber improved flexural modulus when
coupled with OPPF fiber. Higher values were obtained for the hybrid composites when the
flexural modulus was matched with that of the single OPPF reinforced composite. This
agrees with the findings of [48].
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4. Conclusions

HDPE matrix composites reinforced with Jute and OPPF fibers were successfully
produced using the compression molding technique, they were probed for tensile and
mechanical properties. Afterward, the following conclusions were drawn.

1. Alkaline treatment of the fibers was instrumental in the removal of hemicellulose and
lignin contents present in the fiber which was demonstrated by the improved proper-
ties observed in treated fibers reinforced HDPE as compared to the untreated ones.

2. Treated 20 wt.% jute fiber reinforced HDPE came out with the best tensile and flex-
ural properties, signifying the reinforcing efficiency of jute fiber while the hybrid
composites showed intermediate property particularly 8 wt.% JF and 12 wt.% OPPFF.

3. The research showed that as the weight fraction of OPPF fiber increases in the mix,
microstructural features such as a cavity, fiber fracture, and fiber touching were more
prominent. This led to a reduction in flexural and tensile properties while the increase
in jute fiber resulted in improved adhesion and reduced cavities and fiber fracture.
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