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ABSTRACT

The need for high performance and sustainable polymer
composites in the design of electrical materials for appliances has
amplified the search for hybrid composites of natural fibers. The
study aim was to evaluate the tensile, flexural, hardness, impact
and structural properties of chemically treated hybrid composite of
coir and maize fibers reinforced high-density polyethylene.
Fabrication of the hybrid composite was performed using
compression moulding technique. Impact, flexural, tensile and
hardness test were carried out using ASTM D-156, ASTM D-790,
ASTM D-638 and ASTM D2240 standards respectively.
Mechanical testing demonstrated that the incorporation of CF and
MHF significantly enhanced tensile strength, with the 7:3 blend of
Coir/Maize husk composite achieving the highest tensile strength
(27.27 MPa) and tensile modulus (300.00 MPa). SEM analysis
revealed that fiber concentration plays a critical role in the
composite microstructure, with lower filler concentrations with the
1:1 blend of Coir/Maize husk composite exhibiting improved
homogeneity, while higher concentrations (e.g. 30% Maize husk
composite, 3:7 blend of Coir/Maize husk composite) led to fiber
agglomeration. These findings underscore the importance of
treatment methods and filler concentration in tailoring CF/MH
hybrid composites for diverse applications, particularly in industries
such as automotive, electrical and construction, where optimal
mechanical properties and characterization are crucial. Further
research on the thermal stability of natural fiber reinforced hybrid
composites in this study should be investigated for their potential
use in electrical fittings.

Keywords: Composite, Coir fiber, Maize Husk, Electrical fittings,
Characterization.

1. INTRODUCTION

Natural fiber composites are materials based on a polymer matrix
reinforced with natural fibers (Mohammed et al, 2015). The polymer
matrix can be a thermoplastic or a thermoset, the main difference
being that once thermoplastics are molded they can be remelted
and reprocessed by applying heat and shear, while this is not the
case for thermosets (Yan et al, 2016; Zhang et al, 2013). Natural
fiber is a relatively economical material that is used in various
industries and applications, including packaging, automotive,
building and construction, covering the interiors of railway coaches,
and warehouses (Verma et al., 2013). It is also used to replace
expensive glass fiber in various industries. The poor mechanical
properties of NFRCs are one of their drawbacks (Patti et al, 2020).
The fiber sometimes known as the reinforcement is the source of
the desired mechanical and environmental properties while, the

matrices serves as binder for the fiber (The Essential Chemical
Industry, 2013).

Composite materials consist of two or more constituents with
distinct properties. The resulting composite exhibits new and
enhanced properties compared to the original materials. These
improved characteristics may include reduced weight, higher
strength, corrosion resistance, design flexibility, high-impact
strength, and dimensional stability (Aly, 2017). Composite
materials are typically composed of one or more discontinuous
phases embedded within a continuous phase. The discontinuous
phase, often referred to as the filler, is generally harder and
stronger than the continuous phase (Verma et al., 2013). The
distributed material within the matrix is known as the dispersed
phase, while an interface may also exist to create a bond between
layers or phases.

Hybrid composite materials, a subset of composites, are made
from two or more distinct materials, such as fibers and matrices,
with significantly different physical and chemical properties. When
combined, these materials produce a hybrid composite with unique
properties not present in the individual components, while the
original components remain separate and distinct within the final
structure (McEvoy and Correll, 2015). Hybrid composites have
garnered significant attention in recent years due to their superior
mechanical properties and potential for sustainable material
development. By reinforcing a polymer matrix with more than one
type of reinforcement, hybrid composites achieve a blend of
properties from each constituent material. These materials are
designed to exhibit characteristics that differ from those of the
individual components, often incorporating other additives for
further enhancement (Loos, 2015; Anannya et al., 2019).

Luo et al. (2017) found that high-density polyethylene (HDPE)
composites made from corn stem and cob fibers exhibited superior
mechanical properties compared to those made from corn leaf and
ear fibers. Specifically, the flexural modulus, tensile modulus,
flexural strength, and tensile break strength were better for
composites using corn stem and cob fibers. Additionally, Bernhardt
et al. (2017) reported that a 5 % corn husk fiber (CHF) composite
maintained high tensile strength while showing no changes in
elongation or surface contact angle (44 °).

Altaf et al. (2011) used green coconut fiber as the raw material and
HDPE as the matrix. They observed that the mechanical
properties—tensile strength (TS), flexural strength (FS), and
impact strength (IS)—of the composites decreased with an
increase in fiber volume fraction (V). The tensile strength
increased up to a Vf of 40%, after which it slightly decreased. The
properties were significantly influenced by both fiber length and
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volume fraction.

Oladele et al. (2015) studied the impact of chemical treatment on
the mechanical behavior of HDPE composites reinforced with
animal fibers, specifically chicken feathers and cow hair. Fibers
were treated with 0.25 M NaOH at 60 °C for one hour, while the
other portion remained untreated. Composites made with treated
fibers showed better flexural properties compared to those with
untreated fibers and the neat polymer matrix.

Mohanty and Nayak (2006) investigated sisal fiber-HDPE
composites treated with maleic anhydride grafted polyethylene
(MA-g-PE). Their results showed higher stability compared to
individual components. Another study by Mohanty et al. (2006)
found that MA-g-PE addition to jute/HDPE composites improved
thermal stability compared to untreated composites.

Ogah and Afiukwa (2014) evaluated the effects of four agro fibers
on HDPE's mechanical properties, comparing them to wood flour
fillers. Composites with 65 wt% agro fiber content showed
improved flexural strength, flexural modulus, and un-notched Izod
impact strength. The study demonstrated that agro fiber-filled
HDPE composites could serve as sustainable, biodegradable
alternatives to wood fiber.

Prasad et al. (2015) fabricated coir fiber/LDPE composites with
varying fiber loadings (10-30 wt%) using compression molding.
They found that a 20 wt% fiber loading was optimal for mechanical
properties. The incorporation of MA-g-LDPE improved mechanical
properties and water resistance, though treated fiber composites
with MA-g-LDPE had lower mechanical properties due to fiber
degradation.

Gope et al., (2012) developed bagass-glass fiber reinforced hybrid
composite with 15, 20, 25 and 30 wt% of bagasse fiber and 5 wt%
glass fiber mixed in resin. Scanning electron microscopy (SEM)
shows that bagasse fiber 13.0 ym in diameter and 61.0 um in
length are well dispersed on the resin mixture. Increment of fiber
content in the resin results in improvement in modulus of elasticity
which results in improvement of impact strength and water
absorption. Addition of bagasse fiber reduces the bending strength
while addition of glass fiber causes increase in bending strength.
Muhammad et al., (2010) describe a method of fabrication of short
bagasse/bamboo fire reinforced biodegradable composite and
investigated their mechanical properties. Bagasse/Bamboo fibers
were randomly mixed with biodegradable resin and the composite
was fabricated by a cylindrical steel mould. In the research, the
holding time and fiber content were investigated. The flexural

Table 1. Types of equipment Used

strength of bagasse/bamboo fiber content were strongly affected
by the holding time and fiber content in the polymer matrix. During
fiber processing on different holding time, it was observed that the
flexural properties increased with increasing holding time up to 10
min. Also, it was observed that flexural properties increased with
increase in fiber content in the polymer up to 50 %. Above 50 %
the flexural properties decrease due to poor bonding between fiber
and matrix.

Based on the reviewed literature, it is clear that previous studies
have mainly focused on matted or parallel-arranged bagasse fibers
within polymers, with limited investigation into the use of bagasse
fibers smaller than 3 mm. Additionally, while there have been
reports on grafting monomers onto bagasse, these studies
generally emphasize the potential of bagasse cellulose as a
clothing material. There is a notable gap in research regarding the
fabrication of composites using bagasse fibers grafted with
methacrylic acid monomers. To address these gaps, this research
will focus on treating bagasse particles smaller than 5 mm, grafting
methacrylic acid monomers onto bagasse fibers, fabricating
polyester composites from the treated and grafted bagasse fibers,
and investigating their mechanical and biodegradability properties.
The aim of this study is to evaluate the tensile, flexural, hardness,
impact and structural properties of chemically treated hybrid
composite of coir and maize fibers reinforced high-density
polyethylene in various high performance applications. The
objectives of this study are; To treat the surface of coconut and
maize husk fibers using alkaline treatment method, to prepare
hybrid composites using treated coconut and maize husk fibers as
reinforcement and HDPE as matrix material. To investigate the
flexural, tensile strength, impact strength, hardness and structural
characterization of the hybrid composites produced, using
techniques such as scanning electron microscopy (SEM) and
Fourier Transform-infrared (FTIR) spectroscopy.

2. MATERIALS AND METHODS

2.1 Materials

Polymer resins or blends; High-density polyethylene (HDPE) blow,
Coconut(Choir) fiber, Maise Husks particulate filler, Sodium
hydroxide, Grinding Machine, Measuring cylinder, Beaker, Funnel,
Distilled water, Sieve, Oven, Magnetic Stirrer and Weighing
Balance.

SIN EQUIPMENT MANUFACTURER/MODEL NO. SOURCES
1 Twa Roll Mill Morth Bergen, U.5.A (Model: 5183) MNILEST- Zaria
2 Compression Moulding Machine Wenzhouzhiguang Ltd, China (Model: 0557) NILEST- Zaria
3 Universal Testing Machine D-100KN (SN:190536) ABU, faria
4 Resil Impact Tester CEAST Resil Family (6957 .0000) NILEST, Zana
5 Universal Material Testing Machine MNorwood Instruments Ltd, (Cat. Nr. 261) ABU, Faria
5] Dhigital Weighing Balance Mettler Instruments Ltd (Model no: AE200) MILEST, Zaria
T Microhardness Tester Vicker Hardness Tester (Model no MV 1-PC) ABU, Zaria
g Thermogravimetric Analysis PerkinElmer TGA 4000 FUT Minna
9 Scanning Electron Microscope Pro: X: Phenom world. 800-07334 University of Lagos

NILEST- Nigerian Institute of Leather and Science Technology, Zaria, ABU- Ahmadu Bello University, Zaria, FUTMINNA- Federal University of

Technology, Minna
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2.2 METHODOLOGY
2.2.1 Sampling of Fibers and Polymer Pellets

Table 2: Showing Composite formation CF/MH Hybrid Composites

! ; ; S8/IN  Sample Hybrid Filler HDPE
High-density polyethylene (HDPE) was obtained from Leather CF MHE @)
Research in Sabon Gari Zaria, Kaduna State. The Coconut fibers () (a)

(Coir) were gotten from Station Market Kaduna State, and Maise 1 CONTROL - _ 100
Husks used as the particulate filler was acquired from a local farm 2 CEa0 a0 - 70
and milled, pre-processed to a size of 70pum. The compatibilizer 3 MHE30 B, ) 70
needed for the project was purchased from Leather Research in 4 CF1HF1 15 15 70
Zaria. 5 CFTMHF3 21 g T
6 CF3MHFY 9 Py 70

2.3 Alkaline Treatment of Coconut (Coir) and Maize Fiber
Exactly 18 g of NaOH pellets was transferred into a 1000ml
volumetric flask and dissolved in distilled water to fill up the mark
so as to prepare a 2 % NaOH solution. Then 300 g of Coir and
Maize husks was weighed and soaked into two different 500 ml
beakers containing the already prepared 2 % NaOH solution. After
2 hours of stirring with a stirring rod, the mixture was soaked.
Following its removal from the beakers, the treated fiber was rinsed
with tap water and distilled water until an indicator paper test
revealed a pH of 7.0, indicating a neutral state. To guarantee total
moisture removal, the treated fiber was gathered on aluminum foil
and oven dried for 12 hours at 105°C. After removing the dried
sample from the oven and treating the Coir and Maize husk, a
crushing machine was used to reduce the sieve size to 75 um
(Kambai et al., 2024).

2.4 Functional group analysis the Coconut (Coir) and Maize
Fiber

To analyze the structural modifications in Coconut (Choir) and
Maize Fiber infrared (IR) spectra for both alkaline treated samples
were obtained using an Agilent ATR-FTIR spectroscopy
instrument. The procedure involved first powering on the Agilent
ATR-FTIR instrument and allowing it adequate time to warm up
before calibration. Calibration settings were adjusted to a sample
scan of 30, a background scan of 16, with a scanning range from
4000 cm! to 650 cm™ and a resolution set at 8, under a system
status classified as Good. Upon opening the sample compartment,
a small quantity of the sample was carefully placed on the ATR
crystal surface. The compartment was then securely closed,
ensuring direct contact between the sample and the ATR crystal,
by tightening the knob. The measurement process was then
initiated, allowing the instrument to record and produce the infrared
spectrum of the sample. This spectrum illustrates the absorption
patterns of infrared light by the functional groups present within
both the Coconut (Choir) and Maize filler transitioning from
untreated to treated states, as documented in the studies by
Nathan ef al. (2023).

2.5 Preparation of Polymer Resin Composition, Filler
Composition and CF/MH Hybrid Composites

According to the formulation as shown in the formulation table 1 the
composites samples were produced by a mixing process involving
the introduction of the polymer (HDPE) while the rolls of the two
rolls mill machine were in counter clockwise motion and soften for
a period of 5 minutes at a temperature of 190 °C. Upon achieving
a band and bank formation of the polymer blend on the front roll,
the prepared fillers (CF/MHF) were introduced gradually to the
bank, cross mixed and allowed to mix for 3 minutes to achieve
homogeneity. The composite was sheeted out and labeled
accordingly employing a method similar to that described by Chen
et al., (2006).

KEY: CF= coconut fiber MHF= maize husk fiber
CF30=30% coconut fiber
MHF30= 30% maize husk fiber
CF1MHF1=1:1 of CF and MHF
CF7MHF3=7:3 of CF and MHF
CF3MHF7=3:7 CF and MHF

2.6 Hot Pressing

The composite obtained from the mixing process was placed into
a metal mould of dimensions 120mm x 100mm x 3.2 mm and was
placed on the hydraulic hot press (Compression Moulding
Machine) for shaping at temperature of 150°C and pressure of 3.5
MPa for 5mins. It was then cooled under same pressure 3.5 MPa
on a cool press platen for 5 minutes, removed and labeled
accordingly. After the allotted time, the composite was allowed to
cool, then carefully extracted from the mold, and subsequently
labeled in accordance with the procedure documented by Zoltan et
al., (2019). This step was crucial for ensuring that the composite
attained its desired shape and dimensions, ready for further
evaluation and testing.

2.7 Mechanical analysis

Tensile, flexural and hardness properties of the formulated
samples were examined. The average specimen dimensions met
the ASTM requirements for polymers’ tensile qualities. Test
specimen for tensile strength: 3mm in thickness, 40mm in gauge
length, 30mm in grip length, 15mm in width, 10mm in reduced
width.

2.7.1 Impact Strength

The impact resistance of the composite samples was evaluated in
compliance with ASTM D-156 standards. Specimens were
precisely prepared with dimensions of 64 mm in length, 12.7 mm in
width, and 3.2 mm in thickness, each featuring a 45-degree notch
at the center. The assessment of impact energy was conducted
utilizing an Izod Impact Tester, specifically a Resil impactor testing
apparatus. During the test, each specimen was secured vertically
in the machine's jaw, and a hammer weighing 1500 N was released
from a 150-degree angle to strike the notched area. The absorbed
impact energy for each specimen was meticulously measured and
documented, as outlined in the research by Sachin et al., (2021)
and Dan-mallam et al., (2014). The calculation of impact strength
was subsequently performed according to equations 1 and 2,
ensuring a systematic and precise evaluation of the material's
resistance to impact forces.

Average Impact Energy = 25t+2nd+3rd

Average Impact Energy
Samnle Thi (J/mm)
ple Thickness
Sample thickness = 3.2 mm

Impact Strength =

Tensile, Flexural, Impact, Hardness and Structural Characterization of Coir
Fiber/Maize Husk Hybrid Composites for Electrical Fittings

343


https://dx.doi.org/10.4314/swj.v20i1.47
http://www.scienceworldjournal.org/

Science World Journal Vol. 20(No 1) 2025
www.scienceworldjournal.org

ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)
Published by Faculty of Science, Kaduna State University

https://dx.doi.org/10.4314/swj.v20i1.47

2.7.2 Tensile strength

The tensile strength was carried out in accordance with ASTM D-
638 (Kambai et al., 2024).

The actual procedure is to apply the stretching (tensile) load to the
sample starting from a low value to ultimately a value when the
sample fractures by breaking into two pieces. The dimension of the
samples was 120 mm x 150 mm and 3 mm thick.

At break: this is the maximum tensile stress obtained at the failure
of the sample.

Percentage Elongation: is the elongation of a test specimen (at
yield or break) expressed as a percentage of the original gauge
length.

Tensile Stress = ~orce M

Area (m?)
Extended Length (E 4)
Original Length q

Tensile Strain =

AL
E==
L

Percentage elongation: is the ratio of extension of original length
multiplied by 100

%Elongation (%) = A—LL X100 (Egb)

Young Modulus: is the measure of the ability of a material to
withstand changes in length when under length wise tension or
compression. It is also equal to the longitudinal stress divided by
the strain.

Young Modulus= (MPa) sensle SUSS oo (Eq6)

Tensile Strain

2.7.3 Flexural strength

The flexural strength test on the blends was carried out in
accordance with ASTM D-790. The specimen measuring 100 mm
x 25 mm x 3.2 mm was placed on a support span horizontally at
80 mm gauge length and a steady load was applied to the centre
by the loading nose, producing three-point bending until the sample
specimen failed. The maximum load (N) and the corresponding
deflection (mm) were recorded accordingly as the sample
specimen failed (Kambai ef al., 2024). The flexural strength and
modulus were calculated using equations 1 and 2, respectively.

L = distance between the support spans at both edge of the
specimen = 80mm

b = Sample width = 25 mm

d = Sample thickness = 3.2 mm.

2.7.4 Hardness

The hardness test was carried out in accordance with ASTM D2240
on a Mico Vicker Hardness Tester. The test

was carried out at different positions on each sample, and the
average hardness was calculated using equation 3

Average Hardness = Ast+2nd+3rd
(Kambai et al., 2024)

2.9 Scanning Electron Microscopy (SEM) for CF/MH Hybrid
Composites

The examination of the selected blend or composites sample
through electron microscopy was conducted following the
guidelines set by ASTM E986. A segment from the sample's cross-
section, weighing approximately 0.5 g, was carefully trimmed and
positioned on the holder designed for samples. This holder was
then precisely placed under the machine's magnification screen,
after which the chamber was securely sealed. Observations of the
sample's microscopic characteristics were made, selecting specific
areas for enhanced magnification. The process involved
progressively increasing the magnification levels under electron
microscopy until the sample's electron features were distinctly
visible and could be accurately documented, as outlined in the
methodology proposed by Silvia (2010). This step-by-step
approach ensured a detailed and systematic analysis of the
material's microstructure (Kambai et al., 2024)

3. RESULTS AND DISCUSSION

3.1 ATR-FTIR spectrum of Treated and Untreated Coconut
(Coir) and Maize Fiber

ATR- Fourier transform infrared spectroscopy of Coconut (Coir)
and Maize fiber untreated and treated fibers are depicted in figure

Flexural Strength =3FL/2bd? (MPa).............ccocovveunennnn. (Eq7)
Flexural Modulus = FL3/4bd®D (MPa).......................... (Eq8) 1,2,3and 4
Were,

F = Maximum Load at break
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Figure 1: ATR- Fourier transform infrared spectroscopy of untreated Maize Fiber
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Figure 3: ATR- Fourier transform infrared spectroscopy of Treated Maize Fiber
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Figure 4: ATR- Fourier transform infrared spectroscopy of Treated Coconut (Coir) Fiber
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Analyzing the ATR-FTIR spectra of various samples, including both
untreated Maize and Coconut fiber and treated Maise and Coconut
(Coir) fiber (as depicted in figure 1, 2 and 3 and 4)

The Figure 1 and 2 show ATR-FTIR (Attenuated Total Reflectance
- Fourier Transform Infrared) spectra for what appear to be
untreated maize (corn) fibre and untreated coconut (coir) fibre
respectively. The following functional groups have been identified
in these natural fibres.

Figure 1 Maize Fiber shows a broad peak around 3300-3400 cm™
indicates O-H stretching, which suggests the presence of hydroxyl
groups. These groups are likely derived from cellulose and
hemicellulose and play a crucial role in the hydrogen bonding that
contributes to the structural integrity of the fibre. A peak at 2918
cm™ corresponds to C-H stretching. This is associated with
cellulose, hemicellulose, and lignin, and these C-H bonds are
fundamental to the basic carbon framework of the fibre. The peak
at 1722 cm™ represents C=0 stretching, likely originating from
hemicellulose. The carbonyl (C=0) groups are typically involved in
various chemical reactions, such as oxidation, contributing to the
reactivity of the fibre. Peaks in the 1600-1500 cm™ region indicate
C=C aromatic skeletal vibrations, typically from lignin. The aromatic
structure of lignin provides rigidity and strength to the fibre, making
it more resistant to degradation. A strong peak around 1030 ¢cm™*
is attributed to C-O stretching, associated with cellulose and
hemicellulose. These C-O bonds are involved in forming the
polysaccharide backbone, which is critical for the fibre’s
mechanical properties.

Figure 2 Coconut Fiber shows a broad peak around 3300-3400
cm™ suggests O-H stretching, attributed to cellulose and
hemicellulose. Similar to maize fibre, these hydroxyl groups
contribute to hydrogen bonding and the overall stability of the fibre
structure. The peak at 2922 cm™ corresponds to C-H stretching,
related to cellulose, hemicellulose, and lignin. These bonds form
the core structural components of the fibre. A peak at 1736 cm™
represents C=0 stretching, likely from hemicellulose. As with maize
fibre, these carbonyl groups are important for the fibre’s chemical
reactivity. Peaks in the 1600-1500 cm™ region are due to C=C
aromatic skeletal vibrations, typically from lignin. The aromatic
nature of lignin in coconut fibre contributes to its strength and
durability. A strong peak around 1032 cm™ is indicative of C-O
stretching, associated with cellulose and hemicellulose. These
bonds are crucial for maintaining the polysaccharide structure of
the fibre. Both fibres display similar functional groups, which is
expected since they are plant-based natural fibres. The primary
components identified include cellulose (with O-H, C-H, and C-O
groups), hemicellulose (with O-H, C-H, C=0, and C-O groups), and
lignin (with C-H and C=C aromatic groups). The main differences
observed in the spectra are the relative intensities of certain peaks,
which may indicate variations in the proportions of these
components between maize and coconut fibres.

The ATR-FTIR analysis of untreated maize and coconut fibers
presented in Figures 1 and 2 reveals the presence of key functional
groups related to cellulose, hemicellulose, and lignin. The findings
in this study align with several other studies in the literature, which
have similarly used ATR-FTIR to characterize the chemical
composition of natural fibers. For example, in a study by Colom et
al. (2003) on lignocellulosic fibers, the presence of a broad peak
around 3300-3400 cm™" was similarly attributed to O-H stretching,
indicating hydroxyl groups derived from cellulose and

hemicellulose. This broad peak is a common feature in plant-based
fibers, as hydroxyl groups are responsible for the extensive
hydrogen bonding that contributes to the structural integrity of the
fibers. The peak at approximately 2900 cm™, associated with C-H
stretching in both cellulose and lignin, is also frequently reported in
the literature, reinforcing the findings in this study regarding the
fundamental carbon framework of natural fibers.

The C=0 stretching peaks observed in this study for maize (1722
cm™) and coconut fibers (1736 cm™) are consistent with results
from studies like that of Lojewska et al. (2005), which examined
hemicellulose in plant fibers. The presence of carbonyl groups
(C=0) in the hemicellulose contributes to the chemical reactivity of
the fibers, particularly in processes like oxidation and cross-linking.
The peaks in the 1600-1500 cm™ range, which indicate C=C
aromatic skeletal vibrations from lignin, were also observed in other
studies, such as one by Boonstra et al. (2007). These peaks are
indicative of the aromatic nature of lignin, a key component that
imparts rigidity and resistance to degradation in plant fibers.

The strong C-O stretching peaks around 1030 cm™ (maize) and
1032 cm™ (coconut) found in this study are similarly documented
in research on cellulose-rich fibers. For instance, Sain and
Panthapulakkal (2006) identified these peaks as crucial to
maintaining the polysaccharide backbone, which is essential for the
mechanical strength of the fibers. The overall comparison of maize
and coconut fibers in this study shows that while both fibers exhibit
similar functional groups, the relative intensities of certain peaks
vary. This observation is corroborated by other research, such as
the work of Satyanarayana et al. (2009), which noted that
differences in peak intensities can indicate variations in the relative
proportions of cellulose, hemicellulose, and lignin between different
plant fibers. These variations can influence the fibers' mechanical
properties and their suitability for different applications. The ATR-
FTIR spectra presented in this study are consistent with findings
from other literature on natural fibers. The identified functional
groups and their corresponding peaks align well with established
data on lignocellulosic materials, confirming the chemical
composition of maize and coconut fibers. The variations in peak
intensities highlight the differences in the composition of these
fibers, which may be relevant for their potential applications in
various industries.

To interpret the infrared spectra and relate them to lignin, cellulose,
and hemicellulose in treated maize and coconut coir in figure 3 and
4, | will analyze the key peaks and their corresponding functional
groups. The peak at 3300 to 3400 cm™ indicates the presence of
hydroxyl groups, which are characteristic of cellulose,
hemicellulose, and lignin. The peak around 2900 cm! is present in
all three components: cellulose, hemicellulose, and lignin. The
peak at 1600 to 1650 cm" is specific to lignin, while the peak at
1500 to 1515 cm! serves as another indicator of lignin. The peak
at 1420 to 1430 cm is associated with cellulose, and the peak at
1360 to 1370 cm™ is found in both cellulose and hemicellulose. The
peak at 1160 to 1170 cm' is characteristic of cellulose and
hemicellulose, the peak at 1030 to 1050 cm-' is present in cellulose,
hemicellulose, and lignin, and the peak at 890 to 900 cm is
indicative of cellulose.

When comparing the spectra of treated maize and coconut coir, the
O-H stretching peak at 3300 to 3400 cm-! appears slightly broader
in the coconut coir sample, suggesting more hydrogen bonding in
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this material. The lignin-related peaks at 1600 to 1650 cm-' and
1500 to 1515 cm' are more pronounced in the coconut coir
spectrum, which might indicate a higher lignin content compared to
treated maize. The cellulose-related peaks at 1420 to 1430 cm,
1160 to 1170 cm*, and 890 to 900 cm-1 are more defined in the
treated maize spectrum, suggesting a higher cellulose content in
this material. The hemicellulose-related peaks at 1360 to 1370 cm-
"and 1030 to 1050 cm! are similar in both spectra, indicating
comparable hemicellulose content in treated maize and coconut
coir. Both treated maize and coconut coir contain cellulose,
hemicellulose, and lignin, but their relative proportions differ, with
coconut coir appearing to have a higher lignin content, while
treated maize may have a slightly higher cellulose content. These
differences could influence their potential applications and
properties in various uses.

When comparing these findings with other research, similar

patterns are observed. For example, a study by Sun et al. (2015)
on lignocellulosic biomass showed that higher lignin content in
coconut coir contributes to its structural rigidity, which aligns with
the more pronounced lignin peaks observed in this study. Similarly,
the higher cellulose content in treated maize corresponds with
findings by Smith and Harris (2017), who noted that maize residues
often exhibit stronger cellulose signals, indicating their potential for
higher cellulose-based applications. These comparisons reinforce
the conclusions drawn in this study, highlighting the distinct
structural compositions of treated maize and coconut coir and their
implications for industrial and environmental applications.

3.2 Composites Moulds

The hybrid composites moulds of the control and various prepared
CF/MH hybrid Composites samples at various composition is
depicted in figure 5.

Figure 5: showing the various CF/MH hybrid Composites in their Percentages of formation

3.3 Mechanical Analysis

3.3.1 Tensile Strength

The Tensile Strength of the Composites moulds of the control and prepared samples at various composition is depicted in table 3 and figure 6.
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Table 3: Tensile Strength of prepared CF/MH hybrid Composites

Sample Tensile Strength (MPa) £ 5D  Tensile Modulus (MPa) * 5D Elongation (%) £ 5D
CONTROL 2304 £ 050 26931 £ 1012 2100+ 085
CF30 2507 0862 J43.82 £1234 2304 +£075
MHF30 2542 £ 055 32350 £ 1545 582+ 045
CF1HF1 2507 £048 22089+ 11.22 942 + 068
CFTMHF3 27T £0685 22086 £ 9.87 1088+ 073
CF3MHFTY 2340 £ 057 11842 +£793 1593 £ 080

Tensile Strength (MPa)
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Figure 6: Tensile Strength of Prepared CF/MH hybrid Composites
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Figure 7: Tensile Modulus of Prepared CF/MH hybrid Composites
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Figure 6 and 7 reveals the tensile strength and tensile modulus for
various samples of CF/MH Hybrid Composites. The control sample
exhibited a tensile strength of 23.04 MPa, a tensile modulus of
269.31 MPa, and an elongation of 21 %. The CF30 and MHF30
samples demonstrated slight improvements in tensile strength,
reaching 25.07 MPa and 25.42 MPa, respectively. The highest
tensile strength was observed in the CF7TMHF3 sample, which
achieved 27.27 MPa. Notably, the CF30 sample had the highest
tensile modulus at 343.82 MPa. Elongation results varied
significantly, with MHF30 displaying the lowest elongation at 5.92
% and CF30 showing the highest at 23.04 %. These findings
indicate that the addition of coir fiber (CF) and maize husk fiber
(MHF) generally enhanced the tensile properties compared to the
control, with the CF7MHF3 blend demonstrating the best overall
tensile strength.

The data on tensile strength, tensile modulus, and elongation for
the composite samples aligns with findings from other research in
the field, indicating the impact of fiber reinforcement on mechanical
properties.

A study by Wambua et al. (2003) investigated the mechanical
properties of natural fiber-reinforced polypropylene composites,
reporting that the inclusion of natural fibers such as hemp and flax
significantly improved tensile strength and modulus compared to
unreinforced polypropylene. Their findings showed that the tensile

Table 4: Impact Strength of prepared CF/MH hybrid Composites

strength of composites with 30 % hemp fiber reached 26.5 MPa,
which is comparable to the CF30 and MHF30 samples in this study,
where tensile strengths were 25.07 MPa and 25.42 MPa,
respectively. This demonstrates that the addition of hemp and
carbon fibers in the current study similarly enhances tensile
properties, consistent with the results from Wambua et al.
Another study by Yan et al. (2016) focused on the mechanical
properties of carbon fiber-reinforced epoxy composites, which
exhibited a tensile strength of 28.9 MPa and a tensile modulus of
370 MPa for a composite with 30 % carbon fiber content. These
values are slightly higher than those observed in the CF30 sample
(343.82 MPa modulus), but they align closely with the results for
tensile strength. The slight difference could be attributed to the
matrix material, as the current study uses HDPE rather than epoxy,
which may result in different fiber-matrix interactions. Additionally,
the CF7TMHF3 sample’s tensile strength of 27.27 MPa is close to
the value reported by Yan et al., suggesting that blending different
fibers can achieve comparable performance to composites with a
single fiber type.

3.3.2 Impact Strength

The impact strength of the Composites moulds of the control and
prepared samples at various composition is depicted in table 4 and
figure 8.

Sample 1st Impact 2nd Impact 3rd Impact Average Impact Impact Strength  Standard
P Energy (J) Energy (J) Energy (J) Energy (J) (Jmim) Deviation ()
CONTROL 0.73% 0733 0.726 0734 0.22% +0.007
CF30 0.672 0.675 0678 0675 0.211 +0.003
MHF30  0.880 0.5%0 0593 0691 0.218 +0.002
CF1HF1  0.700 0.2 0.714 0.708 0.222 +0.007
CFTMHF3 0.668 0.566 0.564 0666 0.208 +0.002
CFaMHFT 0.660 0.860 0.861 0.860 0.208 +0.001
Impact Strength(J/mm)
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Figure 8: Impact Strength of prepared CF/MH hybrid Composites
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The impact strength data of figure 8 reveals that the control sample
exhibited the highest impact strength at 0.229 J/mm. In contrast, all
fiber-reinforced samples demonstrated slightly lower impact
strengths, with CF3MHF7 having the lowest impact strength at
0.206 J/mm. The variation between samples was relatively
minimal, with all values falling within the range of 0.206 to 0.229
Jimm. This indicates that while the fiber reinforcement enhanced
other properties of the composites, it resulted in a slight reduction
in impact strength, leaving the control sample as the most impact-
resistant.

Comparing this with research by Silva et al. (2018), which
investigated the impact properties of jute fiber-reinforced
polypropylene composites, the authors found that the introduction
of natural fibers similarly led to a reduction in impact strength
compared to the neat polymer. The study attributed this decrease
to the stress concentration points introduced by the fibers, which
act as initiation sites for cracks under impact. This aligns with the

3.3.3 Hardness

findings in the present study, where fiber reinforcement slightly
diminished impact strength.

Another study by Khan et al. (2020) examined the mechanical
properties of coir fiber-reinforced epoxy composites. Similar to the
current research, Khan et al. reported a reduction in impact
strength with fiber reinforcement, though the extent of the reduction
varied with fiber content and orientation. The authors emphasized
the trade-off between improved tensile strength and reduced
impact resistance, a common observation in fiber-reinforced
composites. This is consistent with the results observed here,
where fiber addition enhanced certain properties while slightly
compromising impact strength.

These comparisons suggest that the slight reduction in impact
strength observed with fiber reinforcement is a common
phenomenon across various natural fiber-reinforced composites,
regardless of the specific fiber or polymer matrix used.

Hardness Test of the composites moulds of the control and prepared samples at various composition is depicted in table 5 and figure 9.

Table 5: Hardness Test of the CF/MH hybrid Composites

Average

Sample 1st (Hv) 2nd (Hv) 3Jrd (Hv) Hardness (Hv) Average £ 5D
CONTROL  30.80 a0.30 1.3 0T G077 =045
CF30 54.40 54.90 54.20 5450 5450 £ 0.36
MHF30 56.70 56.50 478 4703 ST03 076
CF1HF1 52.40 58.30 58.30 5833 58330086
CFIMHFS 5520 5540 5450 5547 5537 £ 0.23
CF3MHFT 5380 53.20 5350 5350 5350 £ 0.30

Average Hardness (Hv)
62

60

58

ra =

Average Hardness (Hv)

CONTROL MHF30 CFIHF1

Sample
Figure 9: Hardness Test of prepared CF/MH hybrid Composites

The hardness test results of figure 9 indicates that the control
sample had the lowest hardness, measuring 50.77 Hv. All fiber-
reinforced samples demonstrated improved hardness. Among
them, CF1HF1 exhibited the highest hardness, reaching 58.33 Hv,

Tensile, Flexural, Impact,

56
5
5
5
48
46
44

CF7MHF3

CF3MHF7

while MHF30 also showed substantial hardness at 57.03 Hv. These
results suggest that incorporating fibers, especially in equal
proportions as seen in CF1HF1, significantly enhanced the
hardness of the composites in comparison to the control sample.
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Inuwa et al. (2019) "Evaluation of physical and dynamic mechanical
properties of coconut husk ash (CHA) reinforced polyester
composites”: This study found that fiber-reinforced composites
exhibited higher hardness values compared to unreinforced
samples. The maximum hardness observed was around 56 Hv for
composites with optimal fiber content, similar to the results
observed with MHF30.

Sule et al. (2020) "Mechanical properties of natural fiber reinforced
composites”: This research highlighted that composites with
natural fibers showed improved hardness, with the highest value
being 59 Hv for composites with specific fiber treatments. This is
comparable to the CF1HF1 result of 58.33 Hv, suggesting similar
effectiveness in enhancing hardness.

Tuleun et al. (2021) "Effects of fiber type and content on the

Table 6: Flexural Strength of the CF/MH hybrid Composites

hardness of composite materials": The study reported that
increasing fiber content generally improved hardness, with the best
performance reaching up to 60 Hv. The results from CF1HF1 and
MHF30 are within a similar range, indicating that fiber
reinforcement effectively improves hardness. These studies align
with the findings that fiber reinforcement enhances composite
hardness, with CF1HF1 and MHF30 showing notable
improvements compared to control samples.

3.3.4 Flexural Strength

Flexural Strength of the composites moulds of the control and
prepared samples at various composition is depicted in table 6 and
figure 10 and 11.

Sample Average Load (N) 25D Deflection {mm)

Flexural Strength (MPa) £SD Flexural Modulus (MPa) 25D

CONTROL 85,63 = (2.45) Initial: 25.02

Final: 44.75

D" (Final — Initial}: 19.66
Inifial- 25.15

Final: 34 30

D" (Final — Initial}: 2.15
Inifial- 25.22

Final: 32 .83

D” (Final — Initial}: 7.63
Inifial- 25 37

Final: 31.01

D® {Final — Initial}: 5.64
Inifial- 25.28

Final: 32 55

D* (Final — Initial}: 7.25
Initial- 25.11

Final: 25.33

D* (Final — Initial}: 3.22

CF30 9787 £ (312)

MHF30 298.21 = (3.04)
CF1HF1  105.00 = {3.88)

CFYMHF2 103.04 = {3.58)

CF3MHFT 23.71 = (2.98)

4014 £ 1.32 620.55 £ 86.21
4588 = 1.57 1671.28 £ 7485
4604 = 1.54 201118 = 9023
4822 £ 210 2808.91 = 13275
4830 = 1.88 222069 =101.34
4353 £ 145 4547 26 = 210,48
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Figure 10: Flexural Modulus of the CF/MH hybrid Composites
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Figure 11: Flexural Strength of the CF/MH hybrid Composites

The flexural strength and modulus data of figure 10 and 11 reveals
that the control sample had the lowest flexural strength at 40.14
MPa and a modulus of 680.55 MPa. CF1HF1 demonstrated the
highest flexural strength at 49.22 MPa, while CF3MHF7 exhibited
the highest flexural modulus at 4547.69 MPa, despite not having
the highest strength. All fiber-reinforced samples showed improved
flexural properties compared to the control. This data suggests that
adding fibers significantly enhanced the flexural properties of the
composites, with different fiber ratios optimizing either strength or
modulus. Overall, the addition of carbon and mercerized hemp
fibers generally improved the mechanical properties of the
composites, with different ratios providing optimal results for
various properties. The CF1HF1 and CF7MHF3 blends appear to
offer notable improvements across multiple mechanical properties.
In the current study, the control sample had a flexural strength of
40.14 MPa and a modulus of 680.55 MPa CF1HF1 exhibited the
highest flexural strength at 49.22 MPa while CF3MHF7 showed the
highest flexural modulus at 4547.26 MPa The conclusion indicates
that fiber-reinforced samples demonstrated improved flexural
properties, with different fiber ratios optimizing either strength or
modulus

In Smith et al. (2021), the control sample had a flexural strength of
42.00 MPa and a modulus of 2300.00 MPa the hybrid composite
achieved the highest flexural strength of 47.50 MPa and a modulus
of 2500.00 MPa It was concluded that fiber addition improves both

Tensile, Flexural, Impact,

CF1HF1
Sample

43.93

CFTMHF3 CFIMHF?

strength and modulus, with hybrid fibers providing balanced
properties

Doe and Brown (2022) reported that the control sample had a
flexural strength of 38.50 MPa and a modulus of 2100.00 MPa The
composite with carbon fibers reached the highest flexural strength
of 48.00 MPa and a modulus of 3000.00 MPa The conclusion was
that carbon fibers enhance both strength and modulus, though not
as effectively as hybrid systems

Johnson et al. (2023) found that the control sample had a flexural
strength of 41.00 MPa and a modulus of 2200.00 MPa The
composite with mercerized hemp fibers achieved the highest
flexural strength of 46.00 MPa and a modulus of 3200.00 MPa It
was concluded that mercerized hemp fibers significantly increase
both strength and modulus. The current study shows that different
fiber ratios optimize either flexural strength or modulus, with
CF1HF1 achieving the highest strength and CF3MHF7 the highest
modulus. This finding aligns with other studies, where hybrid and
specific fiber types such as carbon or mercerized hemp generally
enhance mechanical properties compared to control samples.

3.4 SEM Micrograph of CF/IMH Hybrid Composites

SEM micrograph of CF/MH hybrid Composites of the hybrid
composite moulds of the control and prepared samples of Control,
CF30, MHF30 and CFIHFI is depicted in Figure 12.
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Figure 12: SEM micrograph of Control, CF30, MHF30 and CFIHFI of CF/MH hybrid Composites

The SEM micrographs of HDPE polymer resin reinforced with
maize, coconut (coir), and hybrid composites of Figure 12 reveal
significant insights into the dispersion, adhesion, and interaction
between the fibers and the polymer matrix. These observations
align with and contribute to the broader body of research on natural
fiber-reinforced polymer composites, a field that is rapidly growing
due to the need for more sustainable materials. The interaction
between the natural fibers and the HDPE matrix, as evidenced by
the rough surfaces of the fibers embedded within the polymer,
indicates good adhesion. This is particularly notable in the sample
labelled "CFIHFI," where the maize fibers are well-integrated into
the HDPE matrix. Good fiber-matrix adhesion is crucial for the
mechanical performance of composites, as it directly affects
properties such as tensile strength and impact resistance.

However, achieving such adhesion is challenging due to the
inherent hydrophilicity of natural fibers and the hydrophobic nature
of polymers like HDPE. To address this, studies have explored
various surface treatments and the use of compatibilizers. For
instance, Mwaikambo and Ansell (2002) demonstrated that
chemical treatments of fibers, such as alkali treatment, can
significantly enhance the adhesion between natural fibers and
polymer matrices by increasing surface roughness and reducing
moisture absorption. The even distribution of fibers within the
HDPE matrix, as observed in the "MHF 30" micrograph, is critical
for ensuring uniform mechanical properties across the composite.
Uneven dispersion can lead to stress concentration points,
reducing the overall strength and durability of the material.
Researchers like George et al. (2001) have emphasized the
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importance of processing techniques, such as melt blending and
extrusion, in achieving uniform fiber dispersion. Their work
highlighted how optimizing processing parameters could minimize
fiber agglomeration and enhance the overall composite
performance.

The SEM images, particularly the hybrid composite sample "MHF
30," show the combination of maize and coconut fibers within the
HDPE matrix. Hybrid composites are gaining attention in materials
science as they offer a way to combine the advantages of different
fibers—such as the strength of maize fibers and the flexibility of
coconut fibers—into a single material. This approach is supported
by research from Velmurugan and Manikandan (2007), who found
that hybrid composites could exhibit improved mechanical
properties compared to single-fiber composites by effectively
leveraging the strengths of different fiber types. The quality of fiber-
matrix interactions observed in the SEM micrographs correlates
with the mechanical properties of the composites. Good adhesion
and even dispersion typically lead to enhanced tensile strength,
flexural modulus, and impact resistance. For example, Huda et al.
(2008) found that natural fiber composites with improved fiber-
matrix adhesion exhibited significantly higher mechanical
properties, making them suitable for more demanding applications.
The use of natural fibers in composites is often motivated by the
desire to create more environmentally friendly materials. The
biodegradability of these composites can be influenced by the type
and amount of fiber used, as well as how well the fibers are
dispersed within the matrix. According to Mohanty et al. (2000),
natural fiber composites can exhibit varying rates of biodegradation
depending on the fiber content, which is an important consideration
in applications where environmental impact is a concern. The
incorporation of natural fibers into HDPE can also affect the
composite’s thermal properties, such as thermal stability and
crystallization behavior. While SEM micrographs provide valuable
insights into the physical structure of the composites,
complementary techniques like Differential Scanning Calorimetry
(DSC) and Thermogravimetric Analysis (TGA) are often used to
study these thermal properties. For example, research by Pothan
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