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Wood-based panels (WBPs) like medium-density fiberboard (MDF) rely heavily on wood resources, contributing
to deforestation and sustainability challenges. Coconut coir fiber, an abundant agricultural byproduct, offers a
promising alternative due to its high lignin content, mechanical strength, and environmental benefits. However,
its commercial adoption in WBPs remains limited by insufficient research on bio-based adhesives and optimized
processing methods. This review synthesizes current knowledge on coir fiber’s properties, pre-treatment tech-
niques (alkali, silane, enzyme), and adhesive systems (urea-formaldehyde, tannin, lignin) for WBPs. Coir’s me-
chanical performance (tensile strength: 13.51 MPa) and density (0.63 g/cm®) are comparable to wood, but its
high water absorption (90.79 % in 2H) necessitates targeted treatments. While formaldehyde-based adhesives
dominate the industry, bio-alternatives like tannin and lignin show potential but require functionalization to
match synthetic adhesives’ strength and durability. Critical gaps include the lack of standardized production
protocols and scalable bio-adhesive formulations. Future research should prioritize hybrid adhesive develop-
ment, coir-wood composite optimization, and product differentiation compare to regular WBPs. This review
highlights coir’s viability as a wood substitute while underscoring the need for interdisciplinary innovation to

overcome technical and economic barriers.

1. Introduction

Wood remains the primary raw material in the manufacturing of
various wood-based panels (WBPs) such as plywood, medium-density
fiberboard (MDF), and particleboard. These materials are produced
from different wood types, including sawdust, excess furniture produc-
tion, and recycled wood [59]. The production of fiberboard and parti-
cleboard using wood is one of the oldest and most widely used composite
methods, contributing to the growing global market. However, due to
increasing concerns over the sustainability of using wood resources,
there has been a rising interest in finding suitable alternatives to wood
for producing these composite materials. Deforestation, climate change,
and resource depletion have driven this shift, alongside growing con-
sumer awareness about the environmental impacts of excessive wood
use

Natural fibers have emerged as a promising substitute for wood in
the production of WBPs. Several agricultural wastes have been used in
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particleboard production due to their abundance and increased sus-
tainability value of the product. These wastes are rice and wheat husks
[72-74,118], sugarcane bagasse [46,64], fruit pond [62,81], jute [126],
and cocopeat [50,98]. The addition of agricultural waste has reduced
water absorption and thickness swelling if the additives are treated
appropriately.

Coir fiber as seen on Fig. 1, derived from the husk of coconuts, is one
of the most studied alternatives due to its availability, strength, and
sustainability advantages. It is abundant, inexpensive, and possesses
mechanical properties that make it comparable to wood in terms of
strength, thanks to its high lignin content [92]. Finished products using
coir fiber have a high sustainability value and mechanical strength that
is not inferior to wood due to the lignin content that can strengthen the
coir. Coconut fiber is an environmentally friendly material that can help
reduce wood dependence and deforestation, and climate change. It also
tends to be readily available as it is widely used in people’s daily lives
(markets, coconut processing plants).

2666-6820/© 2025 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:p.wisnuanggoro@gmail.com
www.sciencedirect.com/science/journal/26666820
https://www.sciencedirect.com/journal/composites-part-c-open-access
https://doi.org/10.1016/j.jcomc.2025.100588
https://doi.org/10.1016/j.jcomc.2025.100588
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcomc.2025.100588&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

N.M.H. Bawono et al.

While the potential of coir fiber as a wood substitute in WBPs is well-
established, the widespread use of coir fiber in commercial panel pro-
duction remains limited [58]. Traditional applications of coir fiber, such
as mats, ropes, and brooms, do not fully capitalize on its potential to
replace wood in engineered composites. This literature review seeks to
explore the feasibility of coir fiber-based WBPs and investigate the
possibility of replacing or supplementing wood with this fiber through
proper treatment methods and the application of environmentally
friendly adhesives.

The production of WBPs using coir fiber can contribute significantly
to reducing dependence on wood and promoting sustainability. Coir is
readily available in regions with large coconut industries, such as
Indonesia, where coconut processing largely focuses on food products
like copra and coconut oil, leaving coir fiber largely untapped [52]. Coir
fiber, after being processed, can be used in a variety of industrial
products, including higher-value derivatives such as coir-based mats,
textiles, and even biocomposites [26,67]. The environmental benefits of
utilizing coir in WBPs extend beyond the reduction of deforestation; they
also align with the growing push for eco-friendly and renewable mate-
rials in the construction and manufacturing industries [92].

Several studies have indicated that coir fiber can be used in the
production of fiberboard and particleboard without significantly
compromising mechanical strength [44]. The fiber naturally contains
tannin, a fungicide, making it safe against fungi and insects such as
termites. In addition, coconut fiber also contains lignin (wood sub-
stance) which is positively correlated with thermal stability at high
temperatures, so it can be produced without excess chemicals [114].
When combined with appropriate treatment and adhesives, coir-based
composites can perform similarly to traditional wood-based panels, of-
fering a potential solution to the global demand for sustainable mate-
rials. The existing research has primarily focused on the mechanical
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properties and treatment of coir fiber, but further studies are needed to
optimize production methods, explore adhesive alternatives, and
improve product performance.

One area that requires more attention is the development of sus-
tainable adhesives for coir-based WBPs. Current adhesives used in the
industry, such as urea-formaldehyde (UF) and phenol-formaldehyde
(PF), are often derived from petroleum-based products and emit harm-
ful formaldehyde during the manufacturing process [59]. The shift to-
ward renewable and environmentally friendly adhesives, such as tannin-
and lignin-based adhesives, is crucial for ensuring the full sustainability
of coir-based WBPs [30,32]. While tannin and lignin are abundant in
natural sources like trees and agricultural residues, their use in adhe-
sives for coir-based WBPs remains underexplored. This review identifies
the need for further investigation into bio-based adhesives that can
replace formaldehyde-based ones and improve the environmental pro-
file of coir-based products.

The review will explore the physical and mechanical properties of
coir fiber, the treatment processes that enhance its compatibility with
adhesives, and the potential of using renewable adhesives in WBPs
production. By addressing the challenges associated with material pro-
cessing, adhesive formulation, and production techniques, this study
seeks to contribute to the development of environmentally friendly,
high-performance coir-based panels that could help reduce global wood
consumption and promote a circular economy.

2. Coir material

Coconut (Cocos nucifera L.) is a tropical crop commonly found in
coastal and low-mountain areas. A coconut tree can yield between 50
and 100 fruits annually [36]. Based on Fig. 2. Generally, the coconut
fruit consists of several parts: the exocarp (outer skin), mesocarp

OLEO-CHEMICAL
'S N PRODUCT
- y
TESTA COSMETICS
COCONUT MEAT
COCONUT COPRA FLOUR
olL
‘CROWING MEDIA
———=9

WALL INSULATOR
COCONUT HUSK/FIBRE

‘\// TEXTILE

COIR MATTRESS

il

AUTOMOTIVE
PART

Fig. 1. Coconut derrivative products.



N.M.H. Bawono et al.

EXOCARP
The thin outermost
‘skin’ of the drupe

MESOCARP
The fibrous husk

The hard shell
surrounding the meat.
Up to 4mm thick
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Fig. 2. Morphological Chart of Cocos Nucifera. Source: Asia Pacific Coconut Community.

(fibrous layer), endocarp (hard shell), testa (seed coat), pulp, and water.
Of these, the mesocarp, or coir, is particularly relevant for industrial uses
due to its fibrous nature. It is commonly processed into products like
mats, ropes, and brooms. The coconut meat and water are the primary
consumable components, while the coir and shell are often underutil-
ized, despite their potential for various industrial applications.

The main composition of coconut fiber is cellulose, lignin, and
hemicellulose [74]. These are the main constituents of natural plant fi-
bers, cellulose and hemicellulose are crystalline polysaccharides. At the
same time, lignin is a three-dimensional (3D) amorphous polyphenol
macromolecule composed of several different phenylpropane species
[16]. Specifically, coir contains 40-50 % lignin, 27-45 % cellulose, and
15-20 % hemicellulose, along with small amounts of ash and water [63].
The lignin content contributes to the fiber’s rigidity and durability,
while cellulose and hemicellulose provide structural support and flexi-
bility. Coir fiber also contains tannins, which offer some resistance to
fungi and pests such as termites [26].

The higher lignin content in coir, compared to other natural fibers,
enhances its mechanical strength and resistance to environmental fac-
tors such as moisture and decay, making it a viable option for long-
lasting materials [100].

Table 1 below compares the properties of coir fiber with other nat-
ural fibers commonly used in particleboard production. Coir fiber has a
density of 1.1-1.6 g/cm?, which is comparable to other natural fibers
and meets the density range required for medium-density fiberboard
(MDF) production [42]. Coir fiber also exhibits favorable tensile
strength and water absorption characteristics. However, its water ab-
sorption rate is higher than that of other fibers, which may require
treatment to improve its performance in certain applications [105].

Table 1
Natural fiber characteristics.

Fiber Density (§/  Tensile Strength ~ Young Elongation at
Source cm®) (MPa) Modulus break ( %)
(GPa)

Coir 1.1-1.6 106-563 1.3-6 14.21-60.5
Bamboo 0.6-1.1 140-230 11-17 -
Bagasse 1.2-1.5 20-290 17-27 1.1
Jute 1.3-1.5 385-850 10-55 1.16-8
Kenaf 0.6-1.5 215.4-1191 2.86-6.0 1.6-6.9
Sisal 1.3-1.5 80-840 9-38 2-2.5
Hemp 1.4-1.6 310-900 30-80 1.6-6
Rice Husk 1.4 19-135 0.3-2.6 -
Cotton 1.5-1.6 45.5-1000 5.5-12.6 3-10
Sugar 1.29 156.96 - 7.98

Palm
Ramie 1.45-1.5 348-938 24.5-128 1.2-8
Flax 0.6-1.5 20-290 17-27.1 1.1

Source: [22].

2.1. Coir extraction

The extraction of coir fiber from the coconut husk is an essential step
in utilizing it for various industrial applications, including bio-
composites and wood-based panels (WBPs) as shown in Fig. 3. Coir is
primarily obtained through a mechanical process that separates the fiber
from the other parts of the coconut husk. The process begins with the
removal of the coconut fruit from the tree, followed by the separation of
the exocarp (outer skin), mesocarp (fibrous layer), and endocarp (shell)
[74]. The mesocarp, or coir, is the part used in industrial applications.

Once the coconut husk is separated, the coir fiber is extracted by
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Fig. 3. Extraction Process of Coconut Husk Adapted from Faridul Hasan et al. [36].

mechanically separating the fiber from the surrounding materials. A
common method involves soaking the husks in water for several hours to
soften the fibers and facilitate extraction [37]. After soaking, the coir is
mechanically processed to remove impurities, including dirt, sand, and
other residues, using specialized machinery. This cleaning process is
crucial to ensure that the fiber is free of contaminants, which could
affect its performance in final products.

2.2. Wood-Based panels (WBPs) potential

Wood-based panels (WBPs), such as plywood, medium-density
fiberboard (MDF), particleboard, and oriented strand board (OSB), are
widely used in construction, furniture, and other industrial applications.
These panels are made by binding wood particles or fibers together with
adhesives under pressure and heat. The resulting products are charac-
terized by improved mechanical strength, durability, and stability
compared to raw wood, making them suitable for a variety of uses. The
demand for WBPs has steadily increased due to their cost-effectiveness,
availability, and versatility [42]. The mechanical specifications of these
products can be seen in Fig. 4.

The potential of coir fiber as a wood substitute has been investigated
in previous research by [44,68,106]. These studies demonstrated the
feasibility of using coir fiber as a raw material in wood-based product
(WBP) manufacturing. The incorporation of this material does not
compromise the mechanical strength of existing market products.
Moreover, utilizing coir fiber as a raw material contributes to the
development of environmentally friendly materials by repurposing in-
dustrial waste that would otherwise be discarded or incinerated. Further
research is necessary to optimize material homogenization and develop
environmentally compatible adhesive applications.

Additional investigations [76,115] explored coir fiber’s potential as
a wood substitute in fiberboard and particleboard production. Their
findings revealed the material’s promising applications while high-
lighting critical performance parameters. Water absorption and tensile
strength exhibited notable variations compared to traditional wood,
indicating that targeted additives may be required to enhance material
properties. These characteristics necessitate careful consideration to
maximize coir fiber’s potential as a sustainable alternative material.

3. Coconut fiber pre-treatment

Pre-treatment is the immersion of natural fibers in a chemical liquid
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Fig. 4. Wood-Based Panels Classification. Source: [32].

before entering the manufacturing process. The pre-treatment process is
designed to improve the fiber’s compatibility with adhesives, increase
its mechanical strength, and reduce any impurities or components that
could interfere with the bonding process [88]. In addition, chemical
bonding can affect the surface quality and smoothness of the product.
Previous studies listed in Table 2 have examined the pre-treatment re-
sults on the mechanical strength of natural and coir fibers.

3.1. Alkali treatment

Alkali treatment is one of the most commonly used methods for pre-
treating coconut fiber. This process typically involves immersing the coir
in a sodium hydroxide (NaOH) solution. Alkali treatment serves several
purposes: it helps remove impurities such as waxes, oils, and lignin, and
it also breaks down the hemicellulose content in the fiber [31]. As a
result, the fiber becomes more open and its surface area increases,
improving its ability to bond with adhesives. The chemical reaction of
this method is as follows:

Coir — OH + NaOH— Coir — O — Na + H,O 1

The chemical reaction is that the alkaline reagent liquid NaOH will
assist the coconut fiber in ionizing the -OH chain into alkoxides [3]. The
alkali treatment process can be adjusted in terms of the concentration of
sodium hydroxide, treatment time, and temperature to achieve the
desired results. Studies have shown that an optimal concentration of
NaOH and treatment duration can significantly improve the mechanical
properties of coir, including tensile strength and flexibility. However,
excessive exposure to alkaline solutions may lead to the degradation of
cellulose, which could compromise the fiber’s integrity.

3.2. Acid treatment

Acid treatment is another method used to improve the properties of
coconut fiber, although it is less commonly employed than alkali treat-
ment. Acid treatment removes minerals and impurities from coconut
fibers, which is crucial for applications requiring clean and reactive
surfaces. For instance, the use of HCl and H.SO. in oxidative chlor-
o-sulfonation processes has been shown to delignify and bleach coconut
fibers, enhancing their suitability as substrates for functional polymers
[89]. The treatment can also modify the fiber’s surface roughness, which
is beneficial for improving adhesion in composite materials. This is
particularly important in applications where strong bonding with ad-
hesives is required [128].

The application of acid treatment is generally milder than alkali
treatment, and the process involves soaking the coir in an acid solution
for a specified period, followed by washing and neutralizing. Despite the
benefits, acid treatment can lead to the degradation of fiber structure if
not carefully controlled. For example, excessive acid exposure can
compromise the integrity of the fibers, limiting their use in certain ap-
plications [83]. Furthermore, the environmental impact of acid use and
disposal must be considered, as improper handling can lead to ecological
harm. Therefore, balancing the benefits of acid treatment with its po-
tential drawbacks is essential for sustainable application [69].
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Table 2
Mechanical Component of Natural Fiber After Pre-Treatment Process.
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Journal Object Modulus of Elasticity (Gpa) Tensile (Mpa) Density (g/cm3) Elongation ( %)
[33] Sisal Fiber 8.92+3.38 347+122.50 - 4.16+1.35
[65] Pineapple 19.85 586.00 - -

[2] Banana 0.25 4.00 - 3.10

[105] Coir 5.00 159.00 1.34-1.48 21.00
[105] Ramie 86.00 715.00 1.45-1.65 4.00

[105] Coco Frond 12.00 287.00 1.28-1.43 6.00

[112] Coir 4.90 250.00 1.30 -

K. M.Faridul [35] Bamboo 40.00 575.00 1.20-1.50 3.20

K. M.Faridul [35] Sugarcane Bagasse 6.20 350.00 1.10-1.60 7.90

[63] Abaca 12.00 760.00 1.50 10.00

3.3. Silane treatment

Silane treatment is another approach that can enhance the bond
between coconut fiber and the adhesive matrix. Silane is a coupling
agent that forms a chemical bond between the fiber and the adhesive,
improving the interface between the two. Silane treatment significantly
improves the mechanical properties of composites by enhancing inter-
facial adhesion. For instance, the tensile strength and interlaminar shear
strength of composites are notably increased, as demonstrated in studies
involving silane-treated fibers and matrices [41,53]. The use of specific
silane coupling agents, such as glycidyloxypropyltrimethoxysilane, has
been shown to result in higher tensile strength and better interfacial
adhesion in composites, compared to other agents [9]. Silane treatment
is typically used when coconut fiber is combined with hydrophobic
adhesives such as polyurethane or epoxy, which are commonly used in
WBPs.

The silane treatment process involves immersing the coir in a silane
solution, followed by drying to allow the silane to chemically bond to
the surface of the fiber. This method increases the compatibility of the
fiber with adhesives, leading to improved mechanical properties and
stability of the final composite material. Silane treatment enhances the
water resistance of composites, reducing water absorption and thickness
swelling [107]. Because chemical reactions facilitated by silane coupling
agents contribute to the enhanced compatibility and interfacial adhesion
between the composite constituents, leading to improved overall per-
formance [95]. This is particularly beneficial for applications where the
composite is exposed to moisture or water immersion.

While silane treatment offers significant benefits in enhancing the
properties of fiber-reinforced composites, it is important to consider the
type and concentration of silane agents used. Different silane agents can
have varying effects on the mechanical and thermal properties of the
composites, and the optimal choice depends on the specific application
requirements [8,123]. Additionally, while silane treatment improves
many aspects of composite performance, it may not always enhance
bond strength in all contexts, such as in certain repair applications
where other factors may play a more significant role [70].

3.4. Enzyme treatment

Enzyme treatment is a newer approach that has been investigated for
its potential to modify the surface of coconut fiber or wood based panels
(WBPs). The treatment typically involves using cellulase, pectinase, or
other enzymes to break down the cellulose and hemicellulose in the coir.
Enzymatic treatments, such as those using pectinase, have been shown
to improve the mechanical properties of composites by enhancing the
interaction between fibers and the polymer matrix. For instance, pecti-
nase treatment of plant fibers significantly increased the strength of
starch/PBAT composites, demonstrating a 65 % improvement in
bending strength with bamboo fibers [124].

Enzyme treatment can improve the fiber’s surface properties by
making it more hydrophilic and increasing its bonding potential with
adhesives. In the context of coconut fibers, enzyme treatments have

been explored for their potential to enhance the properties of bio-
polymers derived from coconut coir. The incorporation of enzymes in
the synthesis of cellulose-based products has shown promising results in
terms of mechanical properties and environmental compatibility [43].
The effectiveness of enzyme treatments can vary depending on the
specific type of enzyme used and the conditions under which the
treatment is applied. Additionally, the cost and scalability of enzyme
production and application may pose challenges for widespread adop-
tion. However, ongoing research and development in this field continue
to explore ways to optimize enzyme treatments for various applications,
potentially overcoming these limitations and further establishing
enzyme treatment as a viable alternative to traditional methods.

4. Potential adhesive

The selection of suitable adhesives is a critical step in ensuring the
effective binding of coir fibers in wood-based panels (WBPs). The ad-
hesive not only provides structural integrity but also influences the
environmental sustainability of the product [84]. The adhesive selection
process must account for various factors such as coir’s lignin and cel-
lulose content, its water retention, and the strength required for various
applications according to consumer needs.

Most of the adhesives in the WBPs industry are formaldehyde-type
adhesives with phenol or urea-based resins [59]. This type of adhesive
is famous for its good bonding ability and weather resistance. In addi-
tion, it is competitively priced when compared to other types of adhe-
sives, so WBPs manufacturers use it as the main adhesive material in
their products.

4.1. Synthetic adhesive

Formaldehyde is a chemical liquid that, when combined with
monomers such as urea, phenol, melamine, and resorcinol, functions as
a crosslinker to produce phenoplast and aminoplast resins. Formalin is a
carcinogenic substance with potential human health risks [42]. This
adhesive type generates by-products, including emissions and unused
adhesive waste, which can contaminate environmental systems through
soil and water pollution.

Phenol-formaldehyde (PF) adhesives emerge as the most extensively
utilized formalin-based adhesive in the wood-based products
manufacturing sector. This adhesive system is characterized by several
distinctive properties and manufacturing considerations. Its primary
advantages include exceptional water resistance and superior weather
durability, which make it particularly suitable for exterior and high-
moisture applications [27]. However, these benefits are accompanied
by substantial production challenges, notably the requirement for
higher temperature and pressure conditions during the manufacturing
process, which can be energy-intensive and costly [122].

The unique chemical composition of PF adhesives, derived from
petroleum-based phenol produced through synthetic processes, con-
tributes to distinctive product characteristics. Wood-based products
manufactured using PF adhesives typically exhibit a distinctive dark
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coloration, complemented by a glossy and exceptionally smooth surface
texture [91]. These aesthetic and functional attributes make PF adhe-
sives particularly attractive for specific industrial and architectural
applications.

Urea-formaldehyde (UF) adhesives represent an alternative
formaldehyde-based resin system, created through the chemical com-
bination of formalin with urea. This adhesive variant presents a unique
physical profile, characterized by a white to transparent appearance. UF
adhesives provide excellent dimensional uniformity and surface refine-
ment, which are critical for applications requiring precise
manufacturing standards [56].

When compared to phenol-formaldehyde adhesives,
formaldehyde systems offer several distinctive manufacturing advan-
tages. These include lower fabrication temperatures and enhanced fire-
resistant properties, which can provide economic and safety benefits
during the production process. A significant drawback of UF adhesives is
the emission of formaldehyde, a volatile organic compound with health
and environmental concerns [78]. To reduce this impact some research
trying to find solution, one of them is to use of sepiolite. A clay mineral,
as a filler in UF resins has been demonstrated to improve the mechanical
properties of plywood and significantly reduce formaldehyde emissions
by accelerating its release before product use [57].

urea-

4.2. Bio-Based adhesive

Natural material-based adhesives have emerged as promising alter-
natives to traditional formaldehyde adhesives, driven by growing health
and environmental concerns. The accelerating research in this domain is
primarily motivated by the abundance, relatively straightforward pro-
duction processes, and renewable nature of these alternative adhesive
sources. Comparative studies have consistently demonstrated that plant-
derived materials show more potential than their animal-derived
counterparts in developing sustainable adhesive technologies. A
research by [96] in which integrating eco-friendly additives, such as
beech bark in urea-formaldehyde adhesives, has been shown to reduce
formaldehyde emissions while maintaining the mechanical properties of
molded plywood, offering a sustainable solution for industrial
applications

Tannin represents a particularly intriguing substance in the devel-
opment of wood-based products (WBPs) adhesives. Characterized as a
water-soluble organic compound, tannin has historically found exten-
sive application in leather processing [32]. The utilization of tannin as
an adhesive for WBPs traditionally requires the incorporation of addi-
tional resins, such as formaldehyde, to enhance its binding capabilities.
Studies have shown that tannin-based adhesives can achieve satisfactory
internal bond strengths for particleboards when combined with specific
hardeners like furfural, meeting international standards for interior
grade panels [17]. Other studies that using hybrid tannin-based resins,
which incorporate other biobased materials such as starch and lignin,
have been explored to enhance adhesive performance [85]. These for-
mulations aim to balance the mechanical strength and environmental
benefits.

Tannin-based adhesives eliminate formaldehyde emissions,
addressing significant health and environmental concerns associated
with traditional adhesives [129]. This makes them a viable option for
sustainable adhesive development. The extraction and use of tannins
from renewable sources like tree bark and chestnut shells further
enhance the environmental benefits of these adhesives [93].

These research efforts, while innovative, face significant technical
challenges. Tannin-based adhesives consistently demonstrate reduced
mechanical strength and inferior weather resistance compared to
established phenol-formaldehyde (PF) and urea-formaldehyde (UF)
adhesives. This limitation represents a critical barrier to widespread
adoption, necessitating continued research and development to improve
the performance characteristics of natural material-based adhesives.

Lignin emerges as another promising natural substance with
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significant potential in adhesive technology. Abundant in lignocellulosic
materials, particularly wood, lignin demonstrates remarkable versatility
when combined with appropriate polymers [110]. The exploration of
fully biobased adhesives using Kraft lignin and 5-HMF by [20] as sub-
stitutes for phenol-formaldehyde resins represents a significant step to-
wards reducing the reliance on petroleum-based adhesives, although
further improvements in adhesive reactivity and strength are needed for
industrial viability

Innovative studies have investigated multiple approaches to
enhancing lignin’s adhesive potential. Carbohydrate-based polymers
have shown particular promise, with researchers experimenting with
materials such as potato starch and tapioca starch [87]. These in-
vestigations aim to leverage the natural chemical properties of lignin,
creating adhesive systems that can potentially replace synthetic alter-
natives. Lignin-phenol-formaldehyde resins have been explored as al-
ternatives to petroleum-based phenol resins, although cost and
appearance remain challenges [121]. Another research study organo-
solv lignin has shown potential in pressure-sensitive adhesive applica-
tions, demonstrating the versatility of lignin in different adhesive
formulations [104]. Despite its potential, lignin’s structural heteroge-
neity and poor processability pose challenges for its widespread appli-
cation in high-performance materials, continuing research into chemical
modifications and blending strategies is essential to fully realize lignin’s
potential as a sustainable adhesive component [103]

The ongoing research into natural material-based adhesives repre-
sents a critical intersection of environmental sustainability, material
science, and industrial innovation. While challenges remain in achieving
performance levels comparable to traditional formaldehyde-based ad-
hesives, the potential environmental and health benefits continue to
drive significant scientific interest and investment in these alternative
technologies.

The comprehensive approach to developing natural material-based
adhesives underscores the increasing importance of sustainable solu-
tions in industrial material production. Researchers and manufacturers
are progressively recognizing the need to balance performance re-
quirements with environmental considerations, positioning natural
material-based adhesives as a crucial area of technological development.

4.3. Previous research

Previous research was mostly conducted on UF and PF-based adhe-
sives, but over time research using tannin and lignin as adhesive bases
began to emerge. Research using UF and PF-based adhesives uses
alternative materials as wood substitutes [37,92]. Meanwhile, research
examining alternative environmentally friendly adhesives uses wood as
the object of research [15,30,84]. In addition, other adhesives such as
castor oil, citric acid, latex, or readily available in finished form have
been used before.

Bibliometric analysis and meta-analysis are analytical methods that
use mathematical and statistical methods to assess bibliometric data
[19]. This analysis aims to understand the relationship between the
journals collected to find a research gap. Data in the form of journal
citations can be obtained through SCOPUS or other indexed journal
provider sites. Another method that can be used is meta-analysis. The
main difference from the bibliometric analysis is the use of secondary
data that can be done to achieve research objectives. Both analyses
above are quantitative methods of assessing bibliometric data [108].

Bibliometric mapping was carried out using VOSviewer software.
The analysis begins with exporting data from Mendeley in the form of .
RIS format files which are processed further into VOSviewer. The results
obtained are in the form of a map, as shown in Fig. 8. Each keyword
obtained has its own color; this is a visualization of the clusters in the
journals that have been collected. According to [34], The relationship
formed from keywords is co-occurrence, and the strength of the rela-
tionship is determined by the number of citations from one journal to
another. In addition, the occurrence of a keyword represents the number
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of journals where the keyword is found.

The occurrence of each keyword is visualized by mapping in Fig. 5.
There are six main clusters viz: red, blue, yellow, green, purple, and
cyan. The circle size represents the number of occurrences of the
keyword, while the distance and thickness of the line represent the
strength of the relationship.

Cluster 1 (red). The first cluster contains adhesives and matrices used
in previous research. Keyword occurrences such as Formaldehyde, wood
adhesive, lignin, and tannin dominate this cluster. Based on the visual-
ization of the mapping, it is known that Formaldehyde dominates both
in terms of the number of occurrences and the strength of the relation-
ship. The use of this substance in research related to WBPs is still widely
done. The main reason is its flexibility as a crosslink so that it can be
mixed with various other substances as an adhesive. In addition, using
tannin and lignin as alternatives in WBPs adhesives is also starting to be
widely carried out so that both keywords appear on the map. Further-
more, keywords such as polymer and eco also appear in this cluster,
referring to the properties of the adhesive solution and the emergence of
research emphasizing the environmentally friendly nature of wood-
based panels.

Cluster 2 (blue) and Cluster 3 (purple). The second and third clusters
contain the base material and mechanical strength variables of WBPs.
Keywords that appear such as: coconut husk, target density, rupture,
moe, mor, and physical properties. Mechanical strength is one of the
success assessment variables to be achieved in this research. Almost all
keywords related to mechanical testing can be found in the JIS A 5908
(2003) standardization. This standard must be met in research that in-
cludes WBPs such as medium-density fiberboard. Specimens that pass
the test will have a greater chance of mass production than those that do
not.

Cluster 4 (yellow). The fourth cluster contains basic materials from
previous research. The keywords that appear are: fiber, coir fiber,
fibrous chip, cellulose fiber, and MDF dominate the relationships of this
cluster. The use of basic materials can be mapped through this software.
The emergence of fiber is a necessity because fiber is an important
component in the mechanical properties of WBPs products. The selec-
tion of natural raw materials that have strong fibers and high lignin

ol pei adhesive
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content is a requirement that must be met in WBPs products. The content
of coconut fiber which has fiber and lignin similar to wood makes it one
of the potential materials in this product; with the right treatment and
process, this material may become the main material of WBPs.

Cluster 5 (cyan) and Cluster 6 (green). The fifth and sixth clusters
contain treatments that can be used on natural fibers. Some keywords
are silane, alkaline, biocomposite, sodium hydroxide, and natural fiber.
As discussed in point 3, the application of treatments is necessary in the
processing of coir fiber. Substances and materials not needed in pro-
duction such as oils, waxes, and fats are removed from the fiber so that
they do not interfere with the final product’s chemical bonding and
mechanical strength.

4.3.1. Previous adhesive type research

Previous research has extensively investigated potential adhesives
for wood-based panels (WBPs). As illustrated in Fig. 6, experimental
studies predominantly utilized lignin, tannin, and urea-formaldehyde-
based adhesives, with starch and phenol-formaldehyde following as
secondary options. Lignin and tannin-based adhesives have gained
particular attention due to their abundant availability and inherent
hydrophobic characteristics, which are crucial for wood panel
manufacturing [6].

These natural materials present unique chemical properties that
make them intriguing adhesive candidates. Specifically, lignin and
tannin are characterized by low dispersion properties and complex ar-
omatic structures that impart distinctive scents. However, these char-
acteristics necessitate preliminary functionalization through polymer
integration to effectively function as adhesives.

The comprehensive literature review represented in Table 3 provides
a detailed overview of adhesive types explored across multiple research
studies, highlighting the diversity of approaches in developing alterna-
tive adhesive technologies for wood-based products.

5. Fabrication

The fabrication process is a critical stage in producing wood-based
panels (WBPs) and composite materials, ultimately determining the
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Fig. 6. Circular diagrams representing the main renewable raw materials identified for the experimental studies.

resulting product’s shape, texture, and mechanical strength. For coir-
based panels, the fabrication process closely follows conventional
WBPs. The initial step involves soaking coir in an alkaline solution as a
pre-treatment process to remove impurities and enhance fiber charac-
teristics. Subsequently, the coir is dried in an oven until reaching
approximately 10 % humidity [25].

As seen on the Fig. 7, following the drying process, the coir is cut
using a cutting mill with a rotating knife to achieve the desired length
and ensure homogeneous distribution throughout the material. An ad-
hesive is then incorporated using a rotating ribbon mixer, ensuring
comprehensive coverage of the coir material. The final stage involves
pressing the coir-adhesive mixture using a heat press machine, with
temperatures reaching up to 175 °C for 10-15 min or until the panels
solidify.

Multiple fabrication methods can be applied to wood-based panels
and composites derived from coir fiber, each offering unique advantages
and limitations. These methods include compression molding, extrusion
molding, injection molding, resin transfer molding (RTM), and open
molding.

5.1. Compression molding

Compression molding represents a widely utilized method in com-
posite and wood-based panel production, capable of processing ther-
moplastic, thermosetting, and cementitious materials [21,55]. This
versatile process primarily employs a hydraulic press, where raw ma-
terials are initially mixed with adhesive and resin before being pressed
into the desired shape. The method accommodates two primary
compression types: cold and hot compression.

Both cold and hot compression techniques can produce high-quality
composite panels by carefully managing critical parameters such as
pressure, time, and temperature. The resulting product’s physical and

surface characteristics can be precisely tailored through strategic ma-
terial selection and specific production objectives.

5.2. Injection molding

The injection molding fabrication process involves applying a
mixture of resin and coir fiber to create the desired product. Compared
to compression molding, this method requires higher costs due to the
need for complex molds and machinery. However, it offers significant
advantages, including reduced impact of fiber length and pressing
temperature on the final product [13,111]. A notable benefit is the
shorter cycle time between processes, enabling increased production
efficiency.

5.3. Extrusion molding

Extrusion molding is predominantly used in plastic polymer com-
posite production. This method necessitates a cooling phase following
the extrusion process to maintain the final product’s shape. Research is
ongoing regarding the application of this process to natural fibers, as
suitable substitutes for plastic materials are still being investigated [38,
75,131]. Typical products created through this method include straws,
cables, and other cylindrical objects.

5.4. Resin transfer molding (RTM)

Resin transfer molding (RTM) innovatively combines principles from
injection and compression molding. Natural fibers are loaded into a
mold and subsequently infused with polymer resin at low temperatures.
Products generated through the RTM method are characterized by
smooth surfaces, precise dimensional accuracy, and superior mechanical
strength compared to alternative methods. The technique demonstrates
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Table 3
List of Journal Represented in Fig. 7.

Journal Adhesive
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Legend:.
A = Phenol-Formaldehyde.
B = Urea Formaldehyde.

C = Tannin.

D = Lignin.

E = Latex.

F = Citric Acid.

G = Bark.

H = Starch/Carbohydrate.
I = Protein.

X = Others.

particular advantages in product sustainability and technological inno-
vation, offering enhanced mechanical properties such as improved
strength and stiffness [71,94]
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5.5. Open molding

Often referred to as hand lay-up, the open molding method involves
applying resin directly over fibers. This technique is particularly suitable
for producing large-scale items such as boat hulls, slides, and children’s
toys. However, it requires more resin compared to other processes and is
conducted at room temperature, resulting in relatively lower mechani-
cal strength [1].

Each fabrication method presents unique characteristics, making the
selection process crucial depending on the specific requirements of the
intended composite material.7

6. Economical aspect and sustainability

The economic viability and sustainability of coconut coir-based
materials, particularly in the production of wood-based panels
(WBPs), are crucial factors in their widespread adoption. As the world
faces increasing pressure to transition towards more sustainable build-
ing materials, coir-based composites have emerged as a promising
alternative to conventional wood-based products. The market value of
wood-based panels continues to increase every year. Based on pro-
jections, the value of WBPs will reach USD 247.23 million by 2027 with
a compound annual growth rate (CAGR) increase of 6.9 % [97]. How-
ever, with increasing consumer awareness about the environment,
companies have begun to look for wood substitutes as alternative ma-
terials for producing WBPs. Using alternative materials, such as coir
fiber in WBPs is still uncharted as most products are still in prototype
form. However, coir fiber has attracted attention from the biomedical,
automotive, packaging, and construction industries [36].

Compared to other natural fibers, coir is a mature industry with a
world import value of USD 719.13 million in 2021 but decrease in the
next two years [14,52]. The value has almost doubled compared to the
previous decade. The export value is exported in the form of
semi-finished materials such as cocopeat brick and coco fiber. Product
diversification efforts are carried out to expand and potential new
products. With this, it is expected that in addition to exporting in the
form of semi-finished products, it can also be done in the form of other
derivative products such as WBPs. The economic and environmental
advantages of using coir fiber in manufacturing WBPs are explored
below, considering both cost-effectiveness and sustainability.

6.1. Cost-effectiveness

Coir fiber, as a by-product of the coconut industry, is relatively
inexpensive and abundant in tropical regions where coconuts are
cultivated [117]. This availability reduces the need for costly raw ma-
terials, contributing to a more affordable production process for
coir-based WBPs. Additionally, the use of coir fibers, which are often
discarded as waste, provides an economic incentive for utilizing agri-
cultural residues, promoting a circular economy. The lignocellulosic
composition of coir fibers makes them suitable for various applications,
including eco-composites and polymer reinforcements, further
enhancing their value in sustainable production [10].

The cost-effectiveness of coir-based wood based panels is further
enhanced by the possibility of scaling up production, as the raw material
is abundant and relatively inexpensive. However, additional costs are
involved in processing the coir fiber and incorporating adhesives, which
may increase production costs slightly, depending on the type of adhe-
sive used. Still, the overall cost remains competitive, especially when
compared to the rising costs of traditional wood products.

6.2. Sustainability benefits
The environmental sustainability of coir-based WBPs is one of the

most significant advantages of using coir as a primary material. Coir is a
natural fiber derived from renewable sources, making it an
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environmentally friendly alternative to wood [1]. Unlike conventional
wood, which requires extensive forest resources, coir fiber is biode-
gradable and non-toxic, offering a less harmful environmental footprint.

Coir-based WBPs also contribute to reducing the demand for wood
from forests, helping mitigate deforestation, and preserving biodiver-
sity. Furthermore, coconut coir can be easily integrated into eco-friendly
production processes with minimal energy consumption compared to
more energy-intensive materials. This sustainability aspect is increas-
ingly crucial in sectors like construction, where green building materials
are in high demand due to growing concerns over climate change and
resource depletion.

6.3. Challenges and future considerations

Despite the clear sustainability benefits, challenges remain in the
large-scale adoption of coir-based wood-based panels (WBPs). These
include issues related to the consistency of fiber quality, the need for
specialized adhesives, and the processing technologies involved. The
lack of standardized production processes and limited commercial
infrastructure for coir-based products also poses challenges for the
widespread application of these materials.

Emerging design innovations, however, are beginning to showcase
the aesthetic potential of coir-based materials beyond traditional in-
dustrial applications. Contemporary designers are leveraging advanced
CNC machining techniques to transform coir composites into intricate,
precision-crafted tableware companions and decorative objects. These
CNC-fabricated pieces not only highlight the material’s versatility but
also demonstrate how sustainable materials can be integrated into high-
end design practices.

Ongoing research continues to improve the strength, durability, and
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fire resistance of coir-based composites. Advancements in adhesives and
hybridisation with other natural fibers could further enhance the
properties of these materials, offering additional environmental benefits
without compromising performance. The integration of digital fabrica-
tion technologies like CNC machining opens new avenues for material
exploration, bridging the gap between sustainability, functionality, and
aesthetic appeal.

The synergy between advanced manufacturing techniques and sus-
tainable materials represents a promising trajectory for design innova-
tion. By developing coir-based products that are both visually
compelling and environmentally responsible, researchers and designers
are creating compelling narratives around circular economy principles.

In the long term, if these challenges can be addressed, coconut coir-
based WBPs are likely to become a key component in the global tran-
sition to sustainable building materials. The potential extends beyond
construction, encompassing product design, furniture, and decorative
arts, where the material’s unique properties can be leveraged to create
both functional and visually striking objects.

7. Coconut coir-based medium density fiberboard and SWOT
analysis

The manufacture of medium-density fiberboard made from coconut
fiber has the potential for mass production. This commercial potential is
based on its lightweight, low price, and natural fire resistance [36].
Proper treatment and selection of a good adhesive are key. An envi-
ronmentally friendly adhesive with low formaldehyde emission is the
research objective, and the use of lignin and tannin as substitutes for
Urea and phenol is possible. In addition, the JIS A 5908 (2003) standard
was chosen because it is sufficient to fulfill the local and regional
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feasibility in Asia.
Based on the analysis that have been done, SWOT strategy can be
implemented in the development of coir-based WBPs.

1) Strengths
i. Environmentally friendly and biodegradable product.
ii. Lower mass compared to equivalent wood-based products.
iii. Potential for high economic value in commercial production.
iv. Aligns with government initiatives for product and technology
downstream.
v. Contributes to deforestation reduction.
Weakness
i. Inferior interfacial bonding compared to wood-based materials.
ii. Lack of specialized production technology processes.
iii. Distinct surface characteristics different from traditional wood
products.
iv. Requires specialized adhesives unique to coir-based materials.
Oportunities
i. High demand, particularly in biocomposite materials.
ii. Increasing public awareness of environmentally friendly
products.
iii. Limited market competition for similar products.
iv. Significant potential for multidisciplinary research.
Threats
i. Declining prices of synthetic materials.
ii. Potential habitat disruption due to sea-level rise affecting coastal
coconut regions.
iii. Potential customer skepticism regarding product quality.

2)

3)

4)

Several strategies can be derived from this SWOT analysis. First,
manufacturers can incrementally incorporate coconut fiber into WBPs
while maintaining existing wood and urea-formaldehyde adhesive
compositions. This approach minimizes risk and research and develop-
ment expenses. Second, manufacturers may entirely replace the primary
ingredient without altering the adhesive or fundamental production
process, as several studies suggest that coir materials can be produced
using similar technologies to wood-based products.

The most complex and high-risk strategy involves completely
replacing wood and switching to bioadhesives. This approach requires
substantial research and development investment, necessitating signif-
icant adjustments to supply chain management and raw material pro-
curement, even if production machinery remains unchanged.

8. Conclusion

This literature review explores the application of coir fiber in wood-
based panel (WBP) products. The research comprehensively examined
coir fiber’s physical properties, manufacturing processes, adhesive
technologies, and economic considerations. Bonding mechanisms
emerge as a critical factor in research success, with the mechanical
strength, physical properties, and acoustic performance of WBPs
fundamentally dependent on adhesive selection.

A notable finding is the limited exploration of nature-based adhe-
sives such as tannin and lignin in coir fiber applications, presenting a
significant research gap. The feasibility of using coir fiber as an alter-
native material in WBPs is contingent upon appropriate treatment pro-
cesses and adhesive selection.

Continued investigation and research are essential to develop diverse
coir fiber-based product applications. While utilizing existing market
adhesives represents an economically viable short-term solution, the
long-term research objective focuses on developing environmentally
friendly, non-carcinogenic adhesives and establishing an efficient pro-
duction system for coconut fiber-based WBPs.
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