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ABSTRACT: Coconuts (Cocos nucifera) are frequently cultivated in tropical locations for their fruits. The rising
desire for sustainable, renewable, biodegradable, and recyclable materials has led to greater usage of coir fibre-
reinforced bio-composites generated from coconut husks. Although these husks and shells are frequently disposed of
as garbage, they may be important raw materials for manufacturing eco-friendly bio-composite materials utilized in
diverse applications, including insulation, building, and automotive sectors. Coir fibres exhibit good mechanical and
thermal characteristics. However, their hydrophilic nature generally restricts their application in industrial settings
unless proper surface modification techniques such as acetylation and mercerization are employed, coupled with
hydrophobic coatings produced from natural or synthetic latex. This article offers an overview of coir fibre's chemical,
physical, mechanical, and thermal characteristics. It also analyses numerous surface modification methods performed
by different researchers, their influence on coir's thermo-physical and mechanical properties, and identifies the

practical uses for each approach.
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I INTRODUCTION

Coconut coir is a coconut waste product widely available in
tropical countries. Nigeria produces about 265,000 metric
tonnes of coconut per year. (Owoyemi et al., 2022). The
coconut's mesocarp (coir) is the fibrous layer in the fruit's centre
(Figure 1). It is between the inner endocarp, the hard, stony layer,
and the outer exocarp. The mesocarp of the coconut is inedible,
unlike other portions of the fruit. (Mishra & Basu, 2020). It can
be used as a filler in composites and for insulation applications,
which reduces waste and meets the demand for fillers. Coconut
coir is cost-effective, biodegradable, and non-carcinogenic
compared to other artificial fillers. It belongs to the category of
fibrous materials and has a high cellulose and lignin content,
making it strong, durable and resilient (Oh ef al., 2024). Coir is
a durable and stiff biodegradable lignocellulosic fibre obtained
from the fibrous mesocarp of coconut fruits, which constitutes
about 25% of the nut. The coconut, scientifically known as
Cocos nucifera, is cultivated extensively in tropical countries,
including Thailand, India, and Sri Lanka (Arumugam & Hatta,
2022; Ignacio & Miguel, 2021; Kumar & Kunhamu, 2022;
Nuwarapaksha et al., 2022). Due to its high lignin content, coir
fibres are known for their durability, weather resistance, and
relative waterproof qualities, making them suitable for various
applications. Additionally, these fibres exhibit significant
elongation at break, meaning they can stretch beyond their elastic
limit without breaking (Saba et al., 2019).

Biomass materials such as coir attract water because of the
hydroxyl groups present in their functional groups. This
emphasizes the urgent need to modify the surface of coir to
enhance its thermal, physical, and mechanical properties. This
paper will explore the composition of coir as discussed in various
*Corresponding author: ndagi.m@unilorin.edu.ng

studies, analyze the different types of surface modifications
mentioned in the literature, and assess the suitability of each
modification method for various applications.
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Figure 1: Photo Illustration of a Germinated Coconut (Mangat
etal., 2023)

II. COMPOSITION AND PROPERTIES OF RAW COIR
A. Chemical Composition

Coir fibres, derived from the husk of coconuts, have a unique
biochemical composition that is primarily made up of three key
components: lignin, hemicellulose, and cellulose (Mishra &
Basu, 2020). Lignin provides rigidity and strength to the fibres,
making them durable and resilient, which is essential for their
various applications. Hemicellulose, on the other hand, serves as
a matrix that holds the cellulose fibres together and contributes
to the overall flexibility and elasticity of the coir material.
Cellulose is the main structural component of the fibres,
contributing to their tensile strength and aiding in water
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retention. The specific ratios and quality of these components
can vary significantly, leading to distinct physical and chemical
properties in coir fibres. This variation is critical for determining
their usability in different applications, ranging from horticulture
and erosion control to the manufacturing of mats and ropes.
(Fernando et al., 2025). As presented in Table 1, numerous
studies have illustrated the wide range of chemical compositions
found in raw coir fibre, highlighting the influence of factors such
as the source of the coconuts, processing methods, and
environmental conditions. This variation underscores the
importance of understanding the biochemical makeup of coir
fibres to optimise their performance in various industrial
applications.(Zin et al., 2018).

Table 1: Chemical Composition of Coir

Cellulose Hemicellulose Lignin Reference

(%0) (%) (%)

36-43 0.2 41-45 (Yanetal., 2016)

43.4 0.25 42 (Oladele et al.,
2022; Verma et al.,
2013)

36-43 0.15-0.25 45.8 (Zhang et al., 2014)

42.14 15-17 41-45  (Siakeng et al.,
2018)

32-43 0.15-0.25 3525  (Yusofferal., 2016)

38-46 10-15 37-41 (Pérez-Fonseca et
al., 2016)

42.44 0.25 45.4 (Khan et al., 2014)

32-43 0.15-0.25 40-45  (Zainudin et al,
2014)

45.67 0.12-0.25 37-41  (Sudhakara et al.,
2013)

43.44 0.25 45.84  (Haque et al., 2010)

Almost exclusively, the cellulose content invariably lies between
32% to 50%, suggesting a comprehensive contribution by this
building block accounting for the strength and stability of the
fibres it serves. Hemicellulose content varies from .15% to
+15%, which means that it at least will make some contribution
to adjusting flexibility and structural support. Lignin, another
significant element, is about 30% to 46%. Coir fibres also hold
about 3% to 4% pectin, which may be good for bonding and lots
of water retention.(Bunsell et al., 2021; Li et al., 2022; Shadhin
et al., 2023).

The variations in chemical composition highlight that cellulose
and lignin are the key components of plant fibres, which are
important for agricultural and industrial applications. (Thapliyal
et al., 2023). Variations in the properties of the coir fibre can
occur from multiple factors such as the particular coconut variety
of plant from which the fibre comes and the extraction
techniques that one can use (which may yield variation in purity
& quality of the fibres) (Jahami et al., 2024; Rahayu et al., 2022).
Coir is a lignocellulosic material which has a thermal
conductivity range from 0.014-0.2797 W/mK (Cai et al., 2022;
Hoseini & Bahrami, 2017; Ndagi et al., 2021; Thakur et al.,
2016). Due to the high lignin content, coir is very elastic,
durable, and resistant to rotting. (Danso, 2017; Madueke et al.,
2024) .However, the water absorption capacity of coir has also
been found to be as high as 412%, this is due to the presence of

lignocellulosic compounds which make the fibre hydrophilic
(Bhuvaneswari et al., 2022; Li et al., 2023; Marakana et al.,
2021). The presence of these lignocellulosic compounds
increases the coir's hydrophilicity, affecting its thermophysical
and mechanical strength (Camillo et al., 2023; Rangappa et al.,
2022; Setiyo et al., 2024).

Coir can attract water, which is known as its hydrophilicity. (Ng
et al., 2024). This ability is affected by several factors. Firstly,
coconut fibres have hydroxyl (-OH) groups on their surface,
which makes them hydrophilic and enables them to interact with
water molecules easily. (Hewson et al., 2023; Mohammadi et al.,
2024). Secondly, coconut fibres primarily comprise cellulose, a
naturally hydrophilic polymer, further enhancing their
hydrophilicity. (Bi et al., 2024; Rangappa et al., 2022). Thirdly,
the porous structure of coconut fibres allows water to be
absorbed into the fibres, thereby increasing their water
absorption properties. (Fernando et al., 2025; Sutrisno et al.,
2021).

A. Physio-mechanical And Thermal Properties of Coir
The characteristics of composites are defined by the properties
of their components and how these materials intermingle.
Tensile, flexural, and impact strengths are critical mechanical
properties that define a material's performance under various
types of loading conditions. Tensile strength refers to the
maximum stress a material can withstand while being stretched
before breaking, whereas flexural strength indicates how well a
material can resist deformation under bending loads. Impact
strength measures a material’s ability to absorb energy and resist
fracture when subjected to sudden loads or impacts. In addition
to these mechanical properties, several key physical
characteristics are essential for understanding a material's
behaviour. The diameter affects the cross-sectional area and,
subsequently, the load-bearing capacity of cylindrical materials.
Density, which is the mass per unit volume, plays an important
role in determining the material's weight and buoyancy.
Furthermore, water absorption can lead to an increase in mass
and density, potentially altering the material's overall
performance and durability. Understanding these properties is
crucial for selecting the appropriate materials for specific
applications.. (Mohd Bakhori et al., 2022); Table 2 indicates the
physical and mechanical properties with appropriate values of
coir fibres described by some authors. Coir fibres typically
possess a density ranging from 1.1 to 1.5 g/cm®, a Young's
modulus (tensile strength) of 2 to 8 GPa, and a tensile strength
between 105 and 593 MPa. They exhibit an elongation at break
of 15 to 51% and a water absorption capacity of 10 to 180%.
Variations in these properties are influenced by factors such as
the source fiber, pretreatment methods, and extraction
techniques. (Adeniyi et al., 2019).
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Table 2 Physical and Mechanical Properties of Coir
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Average Water Density Young Modulus Tensile Strength Elongation Reference
diameter (mm)  Absorption (%)  (g/cm®) (GPa) (MPa) at break (%)
0.025 - 1.2 2.74 286 20.8 (Yan et al., 2015)
0.4 130-180 1.2 4-6 175 30 (Priya et al.,

2014)
0.01-0.46 - 1.15-1.46 2.2-6 95-230 15-51.4 (Yanetal., 2016)
0.25 - 1.2 2.74 286 20.8 (Yan et al., 2015)
0.1-0.45 10 1.3-1.5 4-6 105-175 17-47 (Siakeng et al., 2018)
0.38 1.2 2 144 4.5 (Yusoff et al., 2016)
- - - 3.23 165.2 39.45 (Andig-Cakir et al., 2014)
- - - 4-6 144 15-40 (Zainudin et al., 2014)
0.1-0.4 - 1.15 4-6 108-252 15-40 (Sanjay et al., 2018)
- - 1.37 3.19-3.23 158-165 39-41 (Andi¢-Cakir et al., 2014)
- - - 4-5 250 20-40 (Tran et al., 2013)
0.1-0.45 - - 3-6 106-175 47 (max) (Verma et al., 2013)
- - - 4-6 131-175 47.2 (Sudhakara et al., 2013)
0.2 - 1.3 3.11 144.6 323 (Saw et al., 2012)
- 93 1.17 8 95-118 - (Sen et al., 2011)
- - 1.2 4-6 593 30 (Saw, Sarkhel, &

Choudhury, 2011)

Thermo-Gravimetric Analysis (TGA) can be used to
investigate the thermal stability of any material. The term
"thermal stability" refers to the highest temperature at which a
fibre can withstand decomposition (Arrakhiz et al., 2012;
Essabir et al.,, 2016). According to Morandim-Giannetti,
Agnelli (Morandim-Giannetti et al., 2012), cellulose degrades
between 240 and 350 C, lignin at 280-500 C, and
hemicellulose at 200260 C. The addition of coir fibres has
also been found to decrease the thermal conductivity of
composite specimens (Nechifor et al., 2022). Coir has been
found to possess thermal conductivity properties that rival
synthetic insulation materials such as polyurethane and
polystyrene. In their research, Ndagi et al. (2021) summarised
that coir and Sugarcane bagasse have lower thermal
conductivity and thermal diffusivity than polyurethane, but
performed poorly in the water absorption test compared to the
control polyurethane sample, as shown in Table 3. Sieve size
and density played important roles in the thermo-physical and
mechanical performance of the bio-composite materials with
a particle size of 1.0 mm having a higher density as coir
percentage increased and performing better than 0.5 mm
particle size in mechanical and thermal tests,1.0 mm particle
size sample containing 70 % coir and 30 % bagasse is the most
favourable for use as low temperature thermal insulating
material to replace the synthetic ones presently used in low-
temperature insulation application. Density has been found to
impact the thermal properties of insulation materials
significantly. (Kumar et al., 2020; Owoeye et al., 2020;
Pésztory, 2021).

Muthuraj et al. (2019) Compared thermal conductivities from
several works of literature with their physical experiment and
concluded that biomass materials can compare favourably
with synthetic insulation materials. K. F. Hasan et al. (2021)
created innovative insulating panels using a combination of
coir short and long fibres reinforced with phenol-

formaldehyde polymeric bio-composites. Four composite
panels with 360, 680, 800, and 1000 kg/m3 densities were
created using the hot-pressing technique. An investigation was
conducted to examine the composite panels' thermal
conductivity and microstructural, mechanical, and physical
characteristics. The composites exhibited insulating
capabilities, with perceived thermal conductivity values
ranging from 0.046280 (0.000494) to 0.062400 (0.001146)
W/mK. Their research demonstrated that the mechanical and
thermal characteristics of the composite panels were enhanced
with increasing density. Out of all the low-density fibre
boards, only the ones with a density of 1000 kg/m3 exhibited
subpar performance due to fibre clumping. All of the
composite panels constructed demonstrated potential as
insulating materials. The Fourier Transform Infrared
Spectroscopy (FTIR) study revealed a strong and effective
bond between the cellulosic coir components and phenol-
formaldehyde resin.

B. Morphological Properties of Coir
Several studies have examined the microstructural features of
coir fibres using scanning electron microscopy (SEM)
(Dharmaratne et al., 2021). Wang et al. (2023) conducted SEM
analysis on the cross-sections of several coir fibres, revealing
that each fibre contained a significant number of primary
fibres with an amorphous shape. (Figure 2), a finding also
noted by Dugvekar and Dixit (2022). Meanwhile, Jawaid
(2022); Souza et al. (2022), reported that untreated raw coir
fibres exhibited surface roughness and closely spaced pits
under SEM. These pits, described as spherical voids were
found to be reduced following chemical treatment (Wang et
al., 2023). Figure 2 shows the SEM images obtained by
Arpitha et al. (2024). In the SEM picture, Sample 2 shows a
different layer of glass fibre and coir. The fibre breakdown in
samples two and three were clean, suggesting a superior fibre-
matrix interaction. Furthermore, a good fibre-matrix adhesion
was demonstrated by the remaining matrix flakes that were
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present around the fibre surfaces. Excellent load transmission
is suggested by the components' strong adherence to one
another, which might result in improved mechanical
characteristics. More significantly, there are no cavities or
gaps seen in the composite domain according to the SEM
pictures. This shows that the glass fibres, charcoal particles,
and coir fibres have all been adequately saturated by the epoxy
matrix. Fibre pullout and matrix debonding are the main

Table 3: Physical and Thermal properties of coir

causes of material failure, demonstrating damage to the fibre-
matrix interface in Samples 1 and 3. The high mechanical
properties obtained are probably as result of this full
saturation. Lastly, the epoxy matrix's glass and coir fibres
seem aligned and oriented correctly. This precise alignment
further enhanced the mechanical performance of the
composite.

Sample Ratio Sieve Size Thermal Density Reference

(mm) conductivity (g/cm?)

(W/mK)

Polyurethane 0.01832 0.1670  (Ndagi et al., 2021)
Coir + bagasse 50:50 0.01472 0.2474  (Ndagi et al., 2021)
Coir + bagasse 60:40 0.5 0.01472 0.2765  (Ndagi et al., 2021)
Coir + bagasse 70:30 0.01472 0.2599  (Ndagi et al., 2021)
Coir + bagasse 50:50 0.01467 0.2453  (Ndagi et al., 2021)
Coir + bagasse 60:40 1.0 0.01467 0.2515  (Ndagi et al., 2021)
Coir + bagasse 70:30 0.01467 0.2494  (Ndagi et al., 2021)
Coir +Ferocement 0.22100 (Alavez-Ramirez et al., 2012)
Coir 0.04600 (Manohar & Technology, 2012)

a Sample No. 1

8.7mm x50 SE

4 o éample No. 3
==

Figure 2 SEM images of a epoxy + hardener + three layers of coir fiber (C + C + C); b epoxy + hardener + alternate layers of glass
and coir fibers (G + C + G + C); ¢ epoxy + hardener + alternate layers of coir and glass fibers (C + G + C + G) + 1 wt% of charcoal;
d epoxy + hardener + 2 wt% of charcoal; and e epoxy + hardener + glass fiber + 2 wt% of charcoal(Arpitha et al., 2024)
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III. SURFACE MODIFICATION OF COIR

Coir has limitations like hydrophilicity, wettability, and poor
adhesion to polymers (Madueke et al, 2024). Surface
modification techniques like physical and chemical treatments
can improve these properties (Chhetri et al., 2021). Physical
methods like stretching and thermo-treatment alter ‘fibre
properties, while chemical treatments improve wetting and
adhesion (Nwankwo et al., 2025). Matrix modifications add
coupling agents and compatibilizers (Nechifor et al., 2022).
Coir surfaces can be modified through several methods
including Mercerization, Acetylation aminopropyltriethoxy
silane method, microwave method and a combination of two
or more methods stated above. (Aravind et al., 2022; K. F.
Hasan et al., 2021). However, most researchers modify the
coir surface to improve its hydrophobicity and enhance its
surface adhesion properties to the polymer matrix to improve
the mechanical and physical properties of composites. (Ali et
al., 2018; Arsyad et al., 2015; Bakri, Naharuddin, et al., 2018;
2021; Bui et al., 2020; Cai et al., 2022; Ekpenyong et al., 2022;
K. Hasan etal., 2021; Mir et al., 2013; Ng et al., 2018; Rahman
& Khan, 2007; Sahu et al., 2020; Saw, Sarkhel, & Choudhury,
2011; Simimol et al., 2020; Singh et al., 2020; Sumi et al.,
2018; Thakur et al., 2016). In their study, Mir et al. (2013)
observed that, processing raw coir with chemicals such as
NaOH results in the transformation of hydrophilic -OH groups
into hydrophobic -OH Cr groups. As a result, the adhesion
properties between the fibre surface and polymer matrix are
enhanced. The treated surface underwent microstructural and
chemical examinations, which corroborated these findings.
Figure 3 shows the relation between the tensile strength of raw
coir, 3-hour treated coir and 5-hour treated coir. The strength
of the coir improved as hydrophobicity was substituted for
hydrophilicity through chemical treatment. The level of
success in cellulose removal is affected by the particle size of
the coir and the period of immersion in the alkaline solution.
(Rahayu et al., 2022).
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Figure 3: Variation of tensile strength of PP biocomposites
reinforced with raw, 3 h-treated and 5 h-treated coir (Mir et
al., 2013).

A. Mercerisation (Alkaline Treatment)
The process of mercerisation is an Alkaline treatment of fibres
often employed in textile industries by applying NaOH to the
surface of the fibre, which causes the OH group present in the
fibre to react with NAOH as shown in equation 1.

30

Fiber - OH + NaOH — Fiber —0 — Na+ +H,0 (1)

Fibres are immersed in sodium hydroxide solution of varying
percentages of 5, 10, 15 and 20 and kept overnight with
occasional stirring to neutralize the acid,’ they are then dipped
into a 10% solution of HCI for half an hour, washed with
running water and air dried. The water/liquor ratio was
maintained at 1: 24 at room temperature. (Nurazzi et al., 2021).
Bakri, Naharuddin, et al. (2018) Characterized coir fibres after
treatment in various solutions of NAOH and inside a
microwave oven at different intervals, Coir fibres were soaked
in sodium hydroxide (NaOH) solution 5 wt.% for 24 hours.
After soaking, fibres were rinsed and dried at room
temperature for 48 hours. They sought to improve the
mechanical strength of treated coir fibres. Figure 4 shows that
the tensile strength of treated coir fibres improved
significantly after Alkali treatment and 10-minute heating
inside the microwave. Their research also observed the
crystallinity index of coir fibre Figure 5 based on the
characterization of Fourier Transform Infrared Spectroscopy
(FTIR) and X-ray diffraction (XRD).
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Figure 4 Tensile Strength of Raw and Treated Coir Fibres
(Bakri, Naharuddin, et al., 2018)

In Figure 5, the sample with the highest tensile strength
(NM10) also had the highest crystallinity index of 43%.
However, it was observed that with an increase in the
concentration of sodium hydroxide, there is a decrease in the
tensile strength and crystallinity of the coir fibres. (Arsyad et
al., 2015). Delignification of coir removes the brown colour of
coir which is caused by the presence of lignin content. (Rahayu
etal., 2022). Simimol et al. (2020) enhanced the surface of flax
fibres towards improving its mechanical and physical
properties by chemically treating the fibre surfaces using two
methods i.e., mercerization and acetylation.
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Crystalinity index (%) of treated and untreated coir fibres

INDEX

NM 10 NM 20

41.08
36.37 36.08

2NM10 2NM20 2NM30

SAMPLES

Figure 5: The crystallinity index of coir fibres (Bakri, Naharuddin, et al., 2018)

Studies have shown that untreated natural fibres tend to be
coated with lignin, hemicellulose, wax, and oils. However,
treating these fibres with alkali can produce a coarser and
cleaner texture as some impurities are removed.

Bakri, Putra, et al. (2018)observed that micropores appear in
the treatment of 8 wt.% and 10 wt.% NaHCO:s. In the case of
the 12% NaHCOs solution with a soaking time of 120 hours,
only a few micropores were observed on its surface compared
to the other samples. This may explain why the tensile strength
of the 12 wt.% NaHCO:s treated for 120 hours was the highest
among all the samples examined. These results suggested that
the appropriate density of NaHCOs and soaking time may
enhance the tensile strength of coir fibre. The result also
implied the potential characteristic of coir fibre to be used as
reinforcement in matrix composite. The micropores, however,
can serve as interlocking bonding between matrix the alkali
treatment also causes the fibre surfaces to become more
uneven, reducing their diameter and increasing their aspect
ratio. This increase in aspect ratio ultimately strengthens the
interfacial bonding. (Arsyad, 2019). Coir fibres subjected to
NaOH treatment at various concentrations, time, and
temperature parameters as ascertained by the Box-Behnken
design (Method of optimization of process parameters)
improve the surface crystallinity of the fibres. In their study,
Panwar and Neelakrishnan (2022) surmised that The optimum
parameters identified are 8% NaOH at 25°C for 480 min,
which resulted in higher fibre crystallinity, rougher surface,
and an increase in maximum tensile force. The variation in
lignin and maximum tensile force was reduced by 22.415%
and 39.571%, respectively. The effects of alkaline treatment
on fibers include the extraction of various impurities such as
wax, lignin, and oil. This process also leads to the initial
dissolution of cellulose, resulting in the formation of shorter
crystallites. Additionally, the treatment enhances the surface
roughness of the fibers, which subsequently improves their

mechanical properties. Finally, it also increases the wettability
of the fiber surfaces.
B. Acetylation

Acetylation involves the grafting of acetyl groups onto
cellulose fibres using the esterification method to plasticize the
surface of the cellulose fibre as shown in equation 2. Sahu et
al. (2020) studied treated and untreated sisal fibre using the
scanning electron microscope, the results from their research
indicated that mechanical properties greatly improved after
mercerization cand acetylation treatment, however, samples
that went through acetylation treatment had better flexural and
water absorption properties while samples that went through
the mercerization process had better tensile properties. The
surface morphology of samples treated using the two chemical
processes is shown in Figure 6 (a and b) with treated fibres
having rougher surfaces compared to untreated fibre. The
durability of treated natural fibre samples in Alkaline and
Acidic environments over some time was discussed by Sumi
et al. (2018). They conducted tests on multiple treated coir
specimens, exposing them to both alkaline and acidic
environments for 12 months. The findings indicated that the
degradation rates were slightly elevated in alkaline conditions
when compared to acidic ones. Samples that were subjected to
saline conditions or alternate wetting and drying conditions
experienced minor losses of tensile strength, which was less
than 7%. However, geotextiles that underwent surface
modification and were buried at lower depths of soil under
field conditions maintained 70-80% of their original tensile

strength.
Fibre — OH + CH3CO — OH - Fibre — 0 — COCH; +
H,0 2)
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Figure 6: Micrograph Image of Fibres Treated in : (a)
mercerisation (a) acetylation (Simimol et al., 2020)

C. Use of Coupling Agent

Coupling agents are substances that improve the compatibility
and adhesion between two different materials, particularly
between natural fibres and their matrix in composite
systems(Aziz et al.,, 2021). They are often employed in
conjunction with chemical treatments like mercerization to
enhance the overall performance of fiber-reinforced
composites

Coupling agents such as Silane, Malleated Polypropylene
(MAPP), and Maleic Anhydride grafted copolymers are often
used to enhance fibre compatibility with their respective
matrix. Coupling agents are often used in conjunction with
fibre chemical treatments like mercerisation. Essabir et al.
(2016) Found that using a coupling agent (styrene-(ethylene-
butene)-styrene) triblock copolymer grafted with 1.4-2%
maleic anhydride (SEBS-g-MA) improved filler-matrix
interfacial adhesion. The study examined how alkali, silane,
and calcium hydroxide affect the thermal, tensile, structural,
and morphological characteristics of coir fibre (CF) and
enhance its adherence to a polylactic acid (PLA) matrix.
Adding coupling agents significantly affects the physical and
thermal characteristics of composites. (Arrakhiz et al., 2012;
Essabir et al., 2016; Siakeng et al., 2018). Several research
have examined how coupling agents affect the characteristics
of coir fibres and composites. (Anbupalani et al., 2020;
Fernandes et al., 2013; Geethamma et al., 2005; Kurinjimalar
et al., 2021; Pérez-Fonseca et al., 2016; Praveen et al., 2016;
Verma et al., 2013).

D. Aminopropyltriethoxysilane
Aminopropyltriethoxysilane (APTES) is a crucial silicon
compound in chemistry, used in the synthesis of materials.
Metal oxide nanoparticles (MONP) are used for silanization,
with amine incorporation improving dispersibility and
antibacterial properties. APTES-MONPs are wused in
electrochemical sensors, catalysts, and pickering emulsions
(Zhang & Lai, 2022). Aminopropyltriethoxysilane (APTES) is
a silane compound with the chemical formula C9H23NO3Si,
used in the silanization process to functionalize surfaces with
alkoxysilane molecules (Mishra, 2015). It plays a significant
role in the covalent bonding of organic films to metal oxides,
particularly silica and titania, which is crucial in biological and
materials science applications (Piccinno et al., 2012).In the
manufacturing of insulating materials like glass wool and
mineral wool, APTES is added to the binder to improve

32

moisture resistance and boost compression resilience, which is
vital for retaining insulating characteristics over time. (Rajan
et al., 2018). Aminopropyltriethoxysilane (APTES) is a useful
silane molecule that can be synthesized through a sequence of
chemical events. The process begins with aminopropyl groups
reacting with triethoxysilane precursors, which requires
careful temperature control and the presence of a catalyst to
complete the reaction. The aminopropyl group is obtained by
the interaction of ammonia with an alkyl halide, resulting in
the creation of an aminopropyl halide. This intermediate is
then treated with triethoxysilane in the presence of a base, such
as triethylamine, which acts as a catalyst and aids the
nucleophilic  substitution reaction that connects the
aminopropyl group to the silicon atom. (Miller & Shantz,
2020).
(ET0)3Si- (CH3)s-NH, + 3H,0 —
(HO)3Si- (CH;)3-NH, + 3EtOH 3)

(HO0)3Si- (CH,)3- NH, — [-Si-0-Si-]n + H,0
(4)

where

(Et0)3Si represents the triethoxysilane group.
(CH2)3- NH; is the aminopropyl group.

EtOH is ethanol, a byproduct of the hydrolysis reaction.

[- Si- O-Si-] nrepresents the polymeric siloxane network
formed during condensation.

E. Microwave Oven Method
The microwave oven technique of surface modification is a
technology that may be utilised to alter the surface
characteristics of materials, such as coir. This technique
utilises a microwave oven to generate plasma, which is
subsequently employed for surface modification. (Barnes et
al., 2021).In the context of coir, Lai (2024) indicated that
alkali-treated coir fibre properties may be changed by a silane
coupling agent in a microwave oven. The application of
microwave-assisted ~ chemical  treatments  efficiently
accelerated the esterification reaction, which improved the
interfacial adhesion between the coir fibres and a PLA
(polylactic acid) matrix. (Zhang et al., 2017).

The method normally involves the following steps:

i. The sample is put into an Erlenmeyer flask.

ii. The vacuum valve is opened, and a vacuum pump is

used to evacuate the flask.

iii. The valve is closed, and the vacuum hose is

withdrawn.

iv. The flask is transferred to the microwave oven.

v. As the microwave is turned on, plasma is sparked
to treat the surface for the chosen amount of time
(Nemani et al., 2018).
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F. Hydrophobic Coatings
Hydrophobic coatings are surface treatments that enhance a
material's resistance to water by lowering its surface
energy(Bayer, 2020). Super-hydrophobic surfaces, on the
other hand, repel water drops and have high apparent contact
angles, low contact angle hysteresis, low sliding angle, and
high stability of the Cassie model state (Zhang et al., 2021).
These surfaces can be achieved using natural materials like
lotus leaves, which exhibit natural waterproofing abilities
(Collins & Safiuddin, 2022). Coating the surface of coir is a
practical approach to enhancing its hydrophobicity, making it
more water-resistant and durable for various uses. Surface
modification techniques, such as the application of polymer
thin films, can significantly improve coir's hydrophobicity
(Aravind et al., 2022). Wahby et al. (2020), created bio-based
super-hydrophobic coatings by assembling nanoparticles in
bio-based polymer matrices, increasing hydrophobicity and
adhesion even when exposed to water. Combining silica
nanoparticles with polydopamine has been shown to improve
materials' water repellences, which could be applied to coir
fibres (Mohammed ef al., 2022). Basic surface coatings, such
as polyvinyl acetate, can transform water-attracting surfaces
into water-repellent ones, suggesting that using this
technology to treat coir holds promise. Water-based silicone-
modified polyurethane dispersions were applied to generate
superhydrophobic coatings that are free of fluorine and
solvents, making them more environmentally sustainable (Liu
et al., 2022). Surface coating technology advancements
provide numerous alternatives to improve coir fibre properties,
increasing their flexibility and value for industrial
applications(Aravind et al., 2022). Latex coating is a process
that enhances the properties of coir fibres, produced from
coconut husk. It involves treating the fibres with sodium
hydroxide and coating them with either synthetic or natural
latex, resulting in a hydrophobic surface. This process not only
enhances coir fibres' durability and performance but also
contributes to environmental initiatives by reducing waste and
providing a lightweight, eco-friendly alternative to synthetic
materials (Dewri & Gnanamoorthy, 2023, 2024; Edirisinghe
et al., 2015; Nair et al., 2011). Thakur et al. (2016). Studied
the development of antibacterial and hydrophobic
functionalities in natural fibres for fibre-reinforced composite
materials, the mechanical properties of raw and biografted
fibre composites were studied and their results show that, the
biocomposites reinforced with biografted coconut fibers
required more tensile load to break in comparison to neat
polymer and raw coconut fiber reinforced biocomposites (Fig.
10a and b). The effect of fiber content on the mechanical
properties of biocomposites. The biocomposite reinforced
with 1% Biografted fibers showed maximum tensile strength
(34.96 MPa) in comparison to biocomposites reinforced with
0.5% biografted fibres (23.18 MPa), 1% raw fibres (13.64
MPa) and 0.5% raw fibres (10.48 MPa). Similar results were
observed in the case of the flexural strength of biocomposites.

IV. EFFECTS OF SURFACE MODIFICATION ON
PROPERTIES OF COIR

Surface fibre modification plays a vital function in increasing
the characteristics of coir utilised in composite materials.
These adjustments enhance the mechanical properties of the
final composites by boosting the compatibility of coir fibres
with different matrices, including the epoxy resin (Karthik et
al., 2024). Treatments such as alkali and silane considerably
increase the interfacial contact between coir fibres and epoxy
resin, which is crucial for the mechanical strength of the The
composites. Research reveals that some combinations of these
treatments may considerably enhance withdrawal energy and
interfacial shear strength, indicating a stronger link between
the fibre and the matrix. Furthermore, varied immersion
durations and concentrations of sodium bicarbonate greatly
alter the mechanical characteristics of coir fibre/epoxy resin
composites, including their strength, impact resistance, and
tensile modulus. (Gouda et al., 2021; Islam et al., 2024; Singh
etal., 2020). As coir is a natural and renewable resource, these
adjustments not only increase the material's physical
characteristics but also contribute to sustainability (Stelte et
al., 2023). Current research shows that, with suitable surface
treatments, coir fibres might successfully replace synthetic
fibres in some applications, giving an ecologically benign
alternative while still fulfilling performance demands
(Mahmud et al., 2025; Siregar et al., 2024). Continued study
and development in this subject are likely to uncover new uses
for coir across numerous industries, therefore improving
resource efficiency and environmental sustainability. The
different types of surface modification methods, their effects
and applications are summarised in Table 4. Each of these
methods has its advantages and can be chosen based on the
desired properties of the final composite material. It is
important to consider the end-use application when selecting a
surface modification technique for coir fibre.

The biocomposites reinforced with 1% biografted fibers
showed maximum flexural strength (22.08 MPa) followed by
biocomposites reinforced with 0.5% biografted fibers (14.18
MPa), 1% raw fibres (8.9 MPa) and 0.5% raw fibres (7.68
MPa). Tensile and flexural strengths were found to improve in
the case of reinforcements with biografted fibres. In case of
fibre contents, there was a huge improvement in mechanical
properties, even with the slight enhancement in biografted
fibre contents.
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Table 4: Surface Modification Methods, Their Effect and Applications

Treatment Effect
Method

Application

References

Mercerisation ~ Removes impurities Better

mechanical

(Chollakup et al., 2013; Rahman et

and increases the interlocking. With a polymer al., 2007; Yusoff et al., 2016)

surface roughness of matrix
coir

Acetylation Alters the surface Reduces the moisture absorption of (Dugvekar &  Dixit, 2022;

chemistry of coir coir Ezeamaku etal., 2023; K. F. Hasan
etal., 2021)
3- Reacts with the fibre Improves the interfacial bonding (Mahalingam & Babu, 2022; Ru et
Aminopropylt surface to form a stable between the fibres and the matrix al., 2022)

riethoxysilane  bond

enhance the surface Improved Mechanical

Microwave characteristics of coir strength
fibres
Improves frictional Drastically

Latex Coating  Properties of coir

(Ahmad et al., 2021; Renreng et
al., 2021; Subha et al., 2022)

reduces Water
absorption of coir

(Dewri & Gnanamoorthy, 2023,
2024; Edirisinghe et al., 2015)

A. Effect of Surface Modification on Mechanical
properties of coir

The alteration of coir fibres may greatly increase their
mechanical characteristics, such as impact resistance,
stiffness, tensile strength, flexural strength and compressive
strength thereby making them more appropriate for usage in
composite materials (Adeniyi et al., 2019). An overview of the
mechanical properties of treated and untreated coir fibres used
in composite preparation is shown in Table 5. A recent study
by Schiavon et al. (2023) suggests that treating coir fibres with
sodium bicarbonate solutions of varied concentrations and
immersion periods may increase their compatibility with
polymer matrices, such as epoxy resin. Specifically, soaking
the fibres in a 15% sodium bicarbonate solution for five days
resulted in maximum stiffness and strength. Conversely, a 5%
solution concentration is optimum for improving strain and
impact strength (Sobuz et al., 2024). Additionally, chemical
treatments such as those using chromium sulphate followed by
sodium bicarbonate can further boost the tensile strength of
coir fibres (Kumar et al., 2020). This is corroborated by
observations of cleaner and smoother surfaces under scanning
electron microscopy(Windyandari et al., 2021). These
breakthroughs in coir fibre treatment are opening the way for
manufacturing more durable, sustainable, and cost-effective
materials for numerous industrial applications.

The influence of fibre surface modifications on the
mechanical, thermal and morphological properties of
coir/carbon fibre-reinforced epoxy-based hybrid composite
was investigated by Singh et al. (2020). They found that
treating fibres with NaOH resulted in superior mechanical

properties compared to untreated samples. However, the
tensile properties varied as the percentage of weight fibre
loading decreased. The woven carbon fibre had the best tensile
performance, with the maximum strength achieved at 10%
fibre loading. SEM analysis confirmed the interfacial bonding
of the Coir carbon fibre/epoxy hybrid composite. Moreover,
compressive properties increased as the fibre loading
increased from 10% to 30%. The hybrid composite achieved a
maximum compressive strength of 0.23 MPa at 30% fibre
loading, surpassing untreated coir fibre/carbon fibre/epoxy
resin. The alkali treatment was responsible for the hybrid
composite's increased

Table 5: Mechanical Properties of Epoxy-based Treated
Coir Hybrid Composites (Arpitha et al., 2024)

Tensile Young’s Flexural  Flexural Hardness
strength modulus strength modulus (BHN)
(N/mm?)  (N/mm?) (N/mm?)  (N/mm?)

59+£0.6 6304+653 224+18 3114.05+2875 44.72+35

350+04 9103+932 107.1+£92 512046+487.3 46.27+42

37.1+£03 952.8+91.2 49.0+53 5178.78+497.5 49.21=+5.1

33+0.2 1072.6 £98.6 56.8+5.1 4115.16+377.6 1825+1.7

2.8+0.3 990.7+923 552+45 398722+321.1 17.89+12

compressive strength. The removal of lignin from the surface
structure of coir fibres has been found to hurt the tensile
strength of the fibre. Bui et al. (2020) subjected different
samples of coir fibres to alkali treatment and compared the
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results to raw, untreated samples. Interestingly, samples were
also subjected to boiling, and results indicated that the water
absorption capacities of alkali-treated and raw fibre were
found to be almost the same, but there was a remarkable
reduction in the water absorption capacity of boiled fibre. The
thermal conductivity decreased from 0.052 to 0.024W/M. K
with the increase in density of the fibre bundles from 30 to 120
kg/m3. They also concluded that reduction in lignin. Pectin,
fatty acid and cellulose led to the reduced tensile strength of
the treated fibres. By contrast, tensile strains at the failure of
fibres were increased significantly by 18% and 51% after
chemical and physical treatment, respectively. Their Study
showed that treating fibres can increase their ductility, a
consistent trend observed across all fibre types in
Thermogravimetric analysis (TGA) and Differential Thermal
Analysis (DTA) tests. Moreover, treated fibres exhibit greater
thermal stability than their raw counterparts, as impurities are
removed during treatment. At 90°C, the residue of treated
fibres is also higher than that of raw fibres. Furthermore,
applying these treatments enhances the chemical durability of
the fibres, which was demonstrated by exposing them to a
saturated solution of sodium hydroxide NaOH (10%) and
calcium hydroxide (Ca (OH)2). Based on the results, when
exposed to sodium hydroxide solution and calcium hydroxide
solution, the raw fibre undergoes a 37% and 20% mass
reduction, respectively. Conversely, treated fibres experience
a nearly 50% mass reduction compared to raw fibres. Notably,
the concentration of NaOH and the treatment temperature
significantly impact the physical and mechanical features of
coir.

Ru et al. (2022) optimized coir at different NaOH
concentrations and treatment temperatures and found that at a
concentration of 4.12%, for 15.08 h and 34.21 °C, the coir
exhibited optimum mechanical values of tensile strength of
97.14 MPa, elastic modulus of 2.98 GPa and elongation of
29.35%, which were 38.28%, 39.91% and 25.59% higher than
that of untreated coir fibre. Water absorbability was reduced
by coating with a hydrophobic substance, their results showed
that samples exhibited contact angle values in the range of 84°
to 146°, thermal conductivity values in the range of 0.0511 to
0.0861 W/mK and densities in the range of 0.678 to
0.99 g/cm®. As a result of the compressive and flexural
strength tests, it was found that the compressive strength of the
specimens was very high, the highest compressive strength
was found as 32.8093 N/mm?,

B. Effect of Surface Modification on Thermal
properties of coir
Surface modification can significantly impact the thermal
properties of coir fibre (Rahman et al., 2007). Adediran et al.
(2021) used treated coir fibre and yam peel particulate to
reinforce polypropylene composites, revealing that the
composites had optimal mechanical properties. However, the
thermal conductivity increased with fibre addition. Siakeng et
al. (2018) investigated the effects of alkali, silane, and calcium
hydroxide on the tensile, thermal, and fibre-matrix bond
strength of coir fibres and pineapple leaf fibres to improve
their interfacial bonding with

Polylactic Acid (PLA) matrix. Alkali-treated fibres yielded the
lowest fibre diameter and highest Interfacial Stress Strength
(IFSS), while silane-treated CF and alkali-treated PALF
showed improved thermal stability. Thermogravimetric
Analysis (TGA) showed improved thermal stability in these
treatments. The study recommends optimizing surface
treatments to improve fibre matrix bond strength and
exploring new applications in different industrial sectors.

C. Effect Of Surface Modification on The Physical
Properties of Coir

Water on natural fibres can cause bio-corrosion and fibre
volume changes, leading to cracks in composite materials.
Increased water absorption can arise from a high cellulose
content and a greater presence of -OH (hydroxyl) molecules
that interact with water (Arifuzzaman Khan et al., 2013;
Arpitha et al., 2024; Sanjay et al., 2015). This indicates that
untreated fibre composites are more susceptible to significant
water absorption compared to treated counterparts, where the
number of free hydroxyl groups has been reduced through the
treatment process (Saw, Sarkhel, & Choudhury, 2011; Saw,
Sarkhel, Choudhury, et al., 2011; Siddika et al., 2013).
Shams-Ghahfarokhi et al. (2019) developed a new technique
to prepare a polyester woven fabric that was both hydrophobic
and thermal insulating using electro-spraying of nano-porous
silica powder. The study showed that heat transfer decreased
from 71.65% for the untreated fabric to 38.35% and 30.99%
for the electro-sprayed fabrics after 16 and 24 hours,
respectively. The presence of aerogel particles also improved
the hydrophobic properties of the electro-sprayed samples.
Sahu et al. (2020) found that alkali treatment is the most cost-
effective and efficient way to improve the bonding between
fibres and polymers, resulting in significant improvements in
mechanical properties, water absorption resistance, fatigue
resistance, thermal properties, electrical properties, wear, and
friction resistance capacity. Many chemicals are available to
treat textile materials to make them waterproof, but there are
concerns about potential environmental and health risks
associated with their use. Composite coatings are layers of
particles applied to the surface of a textile to add new and
beneficial properties.

V. CONCLUSIONS
The lignocellulosic nature of coir is responsible for its
hydrophilicity, which makes it susceptible to weak
mechanical, thermal and physical properties. This review
paper establishes that surface modification plays a significant
role in improving the physical, mechanical and thermal
characteristics of coir fibres, allowing their specialized usage
in numerous industrial applications. Each treatment procedure
is specially developed to meet various properties and needs of
the fibres. For example, treatments such as acetylation and
latex coating are extremely successful in improving the
hydrophobicity of coir fibres. By lowering their
hydrophilicity, these approaches make the fibres more
resistant to water absorption, which is especially useful in
humid areas where moisture exposure is a problem. This
improved water resistance may greatly improve the
performance and lifetime of coir-based goods in applications
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including roofing, insulation, and packaging. In instances
where better mechanical qualities are necessary, alkali
treatment is typically applied. This procedure improves the
surface roughness of the coir fibres, hence improving their
adherence to diverse matrices inside composite materials.
Better adhesion is crucial for assuring the structural integrity
and mechanical performance of composite materials, which
are extensively employed in the construction and automotive
industries.

Moreover, the introduction of coupling agents, such as silane,
has been demonstrated to augment the tensile strength of coir
fibres. These coupling agents strengthen the interfacial
bonding between the coir fibres and the matrix, which is
crucial to boosting the overall strength and durability of the
composite material. Improved tensile strength is especially
significant in applications needing load-bearing capabilities.
Chemical treatments, including mercerisation, are also applied
to efficiently limit the moisture absorption capacity of coir
fibres. By limiting moisture absorption, mercerisation
increases the fibres’ dimensional stability and endurance,
making them appropriate for usage in situations with changing
humidity and temperature conditions. This treatment is
excellent for industries such as textiles and building materials
where moisture management is critical.

Additionally, novel surface modification methods like
microwave treatment may considerably increase the thermal
stability of coir fibres. Treating the fibres with microwave
radiation may strengthen their structural integrity, enabling
them to sustain greater temperatures without deterioration.
This feature makes coir fibres ideal for high-temperature
situations, including automobile components and thermal
insulation materials.

Overall, these diverse surface modification approaches allow
the exact tuning of coir fibres’ physical characteristics. This
versatility enables coir fibres to suit the unique needs of
numerous industrial applications, covering industries such as
construction, automotive, packaging, and beyond.
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