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Abstract
Natural fibers are environmentally sustainable, reusable, and biodegradable 

compared to synthetic materials in industrial applications. As a result of their fa-
vourable specific strength-to-weight ratio, they are perfect for industries like au-
tomobile production that need lightweight yet robust components. Economically, 
natural fibers are preferable to synthetic since they are typically less expensive. 
However, there are difficulties in composite applications because of the incom-
patibility of natural fibers with polymeric matrices. Surface treatments are used to 
improve adherence and compatibility. Chemical, physical, or biological processes 
change the surface of fibers which improves the required characteristics of good 
natural fibers. The expense of chemical agents must be considered, however the 
increased mechanical properties that arise from treatments may allow for less 
fiber to be used. Enzymatic procedures or fungi are used in biological treatments 
to get rid of hydrophilic materials from fiber surfaces. The paper presents an ex-
haustive examination of natural fiber surface treatments, including their benefits, 
drawbacks, and potential applications in polymer composites. The article discuss-
es about different methods of physical, chemical, and biological treatments, fol-
lowed by discussion and future direction of research. The researchers can get an 
advanced concept on different surface treatment methods which will help them 
in choosing the best surface treatment method or to discover best research topic. 
The future of this research direction will be on integrating treated fillers, investi-
gating biological methods and nano particle treatments, and improving the per-
formance of composite materials. Researchers may advance the development of 
natural fiber composites by focusing on these opportunities, which will increase 
their uses, boost performance, and encourage sustainability.
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Introduction
Large volumes of greenhouse gases are released during the manufacture of 

glass fibers and materials made of petroleum. There has recently been an emphasis 
on utilising environmentally conscious green materials which are biodegradable, 
recyclable, and renewable to reduce the environmental effect of these materials. 
Fully green composites, a form of such materials created by mixing bio-compos-
ites manufactured from bio-fibers and resins obtained from renewable agro and 
forestry sources, are one example of such materials [1, 2]. When a composite of 
this sort reaches the scrap condition, it can be decomposed without any environ-
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tion of moisture, reduced fire resistance, low operating tem-
perature restrictions, substandard mechanical qualities, and, 
mainly, the price fluctuations throughout the year harvesting 
[11]. Swapping out synthetic fibers for natural ones is an ini-
tial step in taking environmental considerations into account 
when choosing materials. However, the creation of materials 
fully produced from renewable resources is being driven by the 
need to decrease the emission of greenhouse gas, such as CO2, 
and the growing understanding of the limited nature of fossil 
energy supplies.

The article starts out by giving a quick overview of nat-
ural fibers and classifying them into mineral, plant, and an-
imal fibers. After that, a thorough analysis of several surface 
treatment techniques for natural fibers is covered, with each 
approach being divided into physical, chemical, and biological 
treatments. For the purpose to ensure that the subject is com-
pletely comprehended, each treatment approach is discussed 
separately. The paper also contains a discussion part, which is 
followed by a conclusion that summarises the results and of-
fers a preview of potential future study areas. With the help of 
this framework, readers may learn how to categorise natural 
fibers, comprehend various treatment philosophies, and dis-
cover possible research subjects.

Natural Fibers
In substitute of synthetic fibers and petroleum-based 

materials, natural fibers are an emerging class of reinforcements 
that are renewable. In light of the increasing shortage of non-
renewable resources, there has been a growing exploration 
and utilization of renewable plant resources in recent years. In 
simple definition, natural fibers are ones that aren’t synthetic 
or artificial. They can come from the animals or plants [12]. 
The cellulose-producing plants may be divided into those that 
produce bast fibers, like jute, and flax, seed fibers, like cotton, 
and coir, leaf fibers, like sisal, and abaca, grass, and reed fibers, 
like maize, and rice, and core fibers, such as hemp, and jute [13]. 
Table 1 represents annual production of natural fiber of top ten 
fibers and the respective producer countries [3, 7, 14, 15].

The intricate nature of natural fibers lies in the complex 
constituents and cell structure [16]. Each fiber can be viewed 

mental deterioration. Natural fibers were initially utilised in 
composite systems in ancient Egypt more than three thousand 
years ago, when walls were constructed by combining straw 
and clay [3]. Despite the fact that the first fiber reinforced 
composite was used in 1935, World War II saw a remarkable 
advancement in fiber composite technology. This was for the 
requirement of lightweight along with high strength mate-
rials. Following the World War II, several fibers were found 
in the 1970s, dramatically altering the way that conventional 
materials were used [4]. The academic community and several 
companies have paid growing attention to polymer composites 
reinforced with natural fibers during the past few decades [3]. 
This is most likely caused by the polymers’ biodegradability. 
The value of natural fiber is seen in its inexpensive and lu-
cidity of processing.  Natural fiber polymer composites have 
been discovered to offer greater advantages than convention-
al materials when comparing the details of their individual 
qualities. These composites find applications in a wide range 
of aerospace and associated industries [5]. Natural fibers are 
economical, low density, and light weight, making them en-
vironment-friendly with minimal environmental pollution 
and non-hazardous. Their degradability supports recyclability, 
encouraging the demand of natural fibers reinforced compos-
ites [6]. Different plant components, including leaves, stems, 
fruits, bast, and seeds, were used to extract the natural fibers. 
The applicability of the fibers reinforced composites has in-
creased steadily in recent years in a variety of areas. These com-
posites have recently entered new application fields including 
biomedical devices and civil constructions [7]. Depending on 
their physical characteristics, natural fibers must be chosen. The 
efficacy of natural fiber is significantly affected by the plant’s 
age [6]. More prevalent among the chemical components of fi-
ber are cellulose, hemicellulose, and lignin, although additional 
additions such as wax, ash, and pectin were also present [8].

The main issue with natural fibers has been determined 
to be their incompatibility with hydrophilic thermoplastic 
matrices during inclusion, which results in unfavourable qual-
ities of the composites produced. The bonding between the 
matric and fiber must consequently be improved by different 
fiber-polymer interface modifications, which enhances the 
performance of the final composite [9, 10]. Some other disad-
vantages of natural fiber composites include increased absorp-

Table 1: Top ten natural fibers annual production and their producer countries.

Fiber Type Species Largest producer countries World production (103 tons)

Bagasse Stem - Brazil, China, India 75,000

Bamboo Stem (>1250 species) India, Indonesia, China 30,000

Cotton Seed Gossypium sp. India, China, USA 25,000

Jute Stem Corchorus capsularis India, Bangladesh 2500

Wool Animal Sheep, alpaca, camel China, New Zealand, Australia 2000

Kenaf Stem Hibiscus cannabinus USA, India, Bangladesh 970

Flax Stem Linum usitatissimum Belgium, Canada, France 830

Grass Grass - - 700

Sisal Leaf Agave sisalana Kenya, Tanzania 378
Kapok Fruit Ceiba pentandra India, China 316
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sourced from plants such as papyrus and rattan. Wood fiber is 
derived from the fibrous material present in the wood of trees, 
including softwood and hardwood. Examples of wood fibers 
include those obtained from pine, spruce, oak, and eucalyptus 
trees. Fruit fibers are derived from the fibrous components 
found in various fruits, such as piña, coconut, coir, sugar 
palm, kapok, durian, and oil palm. Several significant natural 
fibers can be listed as follows. Root fibers could refer to the 
fibers derived from the roots of certain plants. These fibers are 
typically extracted from the roots of specific plants known for 
their fibrous characteristics. The examples are, luffa, swede, 
cassava, ramie, etc.

Various Surface Treatment of Natural  
Fibers

The behavior of composites is greatly hampered by the in-
terfacial adhesion between the constituents [13]. Natural fiber 
composites have great tendency to absorb moisture because of 
the hydrophilic and polar character of natural fibers, which is 
brought on by non-cellulosic components such as hemicellulo-
ses [14]. This can lead to weak compatibility between the ma-
trix-fibers, resulting in delamination and significantly reducing 
the composite’s mechanical properties [13]. Furthermore, the 
hydrophilic character of natural fibers and the polymer ma-
trices hydrophobic nature render them incompatible, further 
altering the fiber-matrix contact and producing materials with 
subpar mechanical properties [3]. Limitations of natural fiber 
composites also include poor interfacial bond, low wettability, 
and moisture absorption. To address these issues, chemical and 
surface treatments are required [24]. Optimizing the interfa-
cial bonding and reducing water absorption are crucial steps in 
enhancing the mechanical properties [25, 26].

By enhancing the adhesion, natural fiber composites may 
be made stronger and more rigid. The fiber surface and matrix 
can both be changed to accomplish this. Low thermal stability 
characterises natural fibers [13], But physical, chemical, and 
biological treatments can get over this restriction. The nat-
ural fibers’ surface is chemically modified or cleaned during 
pre-treatment, which enhances adherence and compatibility 
with the matrix [27]. Additionally, these processes improve 
the composite’s durability, adhesion existing between the ma-
trix-fibers, and strength [28]. Optimising the interfacial bond-
ing is another crucial element. This entails shifting weight from 
the matrix to the fibers, cutting down on stress absorption, and 
generally enhancing mechanical characteristics [29, 30]. Phys-
ical, chemical, and biological modifications offer solutions to 
the challenges faced by natural fibers in composites.

Physical modification

These methods aim to revamp the fiber-matrix interaction, 
improve bonding at the interface, and optimize the overall 
performance. These techniques involve altering the fiber 
surface’s morphology, roughness, or topography to create an 
interface that promotes better adhesion with matrix. The goal 
is to increase the contact area to improve the interlocking 
mechanisms between the fibers-matrix [13, 31]. So, basically 
the goal is removing surface contaminants and establishing 
close molecule contact across the surfaces to cause a drop 

as a composite material, where resilient cellulose microfibrils 
are enveloped within a flexible matrix of lignin and hemicel-
lulose. The structural makeup of a natural vegetable fiber cell 
consists of a secondary wall, which constitutes 80 percent of 
the thickness [17]. This secondary wall plays a crucial role as 
the primary component responsible for bearing loads. More-
over, these microfibrils are helically positioned along the axis 
of fiber, resulting in the formation of hollow cells at the ulti-
mate level. The cell walls of the hollow tube are composed of 
four different distinct layers, namely three secondary cellular 
partition along with a primary cell wall, and a lumen, which is 
an open channel found at the centre. The prime constituents 
of these cell walls are cellulose, hemicelluloses, and lignin [18]. 
The characteristics of regular fiber strands may vary based on 
factors such as their source, age, and the method used for ex-
traction [19]. Natural fibers are primarily classified as mineral, 
animal, and plant fibers as shown in figure1.

Animal fibers

Animal fibers are made of proteins, that come from 
animals. They come from wide sources, like angora, alpaca, 
mohair, silk, and wool. These animal-based fibers are usually 
utilised as reinforcement in green composites, such as silk 
and wool. Comparing to other forms of natural fibers, their 
special qualities, such as surface toughness, high aspect ratio, 
flexibility, and low hydrophilicity, make them beneficial for 
practical applications [18].

Mineral fibers

Mineral fibers encompass fibers derived from minerals, 
which can be further categorized into classes like asbestos, 
serpentine, and anthophyllite amphiboles. Asbestos, 
specifically, refers to a collection of six naturally available 
mineral fibers. But the utilization of asbestos fibers is now 
extremely limited due to their association with severe health 
risks, including lung fibrosis, pleural disease, lung cancer, 
mesothelioma, and more [20]. As a result, the use of asbestos-
based fibers has significantly declined over time. The adverse 
health effects associated with these mineral fibers have led to a 
shift towards safer alternatives in various industries.

Plant fibers

Plant fibers are widely investigated as popular and 
frequently utilized natural reinforcements. The classification 
of natural fibers encompasses eight fundamental types. These 
include [3, 14, 18, 21-23]: Bast fibers, extracted from plant 
stems’ outer cell layers. Such fibers possess exceptional tensile 
strength, surpassing that of any other natural fiber type. Flax, 
hemp, jute, ramie, sugar palm, rattan, and mesta are among the 
prevalent plants from which we get bast fibers. Leaf fibers, are 
collected from the foliage of various plants, including abaca, 
pineapple, sugar palm, Curaua, manilla, banana, Raphia, agave, 
henequen, and sisal. Seed fibers, obtained from the seeds of 
plants like kapok, milkweed, cotton, and loofah. Stalk fibers, 
derived from the stems or stalks of certain plants, including 
oat, bamboo, maize, rice, barley, wheat, and rye. Grass and reed 
fibers are obtained from specific types of grasses and reeds. 
Examples of grass fibers include bamboo, wheat, corn, sabal, 
canary, rape, esparto, bagasse, and rice straw. Reed fibers can be 
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in molecular energy across the surface drastically. Physical 
treatment methods, such as steam explosion, ultraviolet (UV) 
treatment, plasma treatment, corona treatment, ultrasound 
treatment, fiber beating, and thermo-mechanical process, 

dielectric barrier methods are specifically utilized to improve 
the surface properties [31]. These methods focus solely on 
changing the characteristics of the surface without altering the 
chemical characteristics of the fibers.

Figure 1: Classifications of natural fibers.
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Steam explosion process
This is a technique used to disintegrate lignocellulosic 

materials into their primary components, which include 
amorphous lignin, cellulose fibers, and hemicellulose. That 
is the process involves subjecting the natural fibers to high-
pressure steam, which causes the fiber bundles to detach into 
discrete filaments. This separation allows for better dispersal 
of the fibers within the composite matrix, which results in 
improved properties. However, one drawback of this process 
is that it tends to produce relatively short fibers. Consequently, 
the use of steam-exploded fibers can lead to inferior properties 
in certain aspects [32-34]. In their research, Vitrone et 
al. [35] discovered that in steam explosion pretreatment 
a pre-treatment temperature more than 195 °C produced 
large reed fiber boards under the best conditions. Main 
chemical and morphological changes were seen in the pre-
treatment temperature range of 190 - 195 °C, according to 
scanning electron microscope and Fourier transform infrared 
spectroscopy analyses.

Thermomechanical processes

Thermomechanical processes provide an alternative for 
separating lignocellulosic fibers into individual filaments. 
Lignin may be released from fiber bundles by thermal 
treatment approaching the glass transition temperature of 
lignin, yielding single fibers with increased strength and 
stiffness. That is subjecting the fibers to a combination of 
heat and mechanical forces. This process helps to break down 
the fiber bundles and align the individual filaments, results 
in enhanced fiber-matrix bonding and properties [31]. The 
glass transition temperature of lignin, such as kraft lignin, is 
around 142 °C. Heating fibers to about 200 °C softens lignin 
while depolymerizing it and hemicellulose, leaving behind 
cellulosic microfibrils. Heat-treated fibers offer advantages like 
steam explosion-treated fibers, such as clean, rough surfaces, 
and increased crystallinity. Heat treatment also enhances 
surface hydrophobicity by migrating lignin and extractives, 
improving compatibility with matrices like polypropylene. 
However, controlling moisture content is crucial during 
composite processing to avoid poor processability and porous 
products [36, 37]. Pires et al. [38] in their study using luffa 
cylindrical fibers, subjected to thermomechanical and thermo-
hydromechanical treatments in the study to improve their 
qualities. The procedures include hot pressing the fibers at 
various temperatures under dry and saturated circumstances. 
The fibers which were compressed at 160 °C in saturated 
circumstances had the best results, showing a much high value 
of modulus of elasticity and decreased absorption of moisture. 
These results demonstrate the potential of luffa cylindrical 
fibers in designing composite materials and demonstrate how 
thermomechanical and thermo-hydromechanical treatments 
may be used to enhance their capabilities.

Plasma treatment

Plasma is a highly reactive gas, can alter the surface 
characteristics of natural fibers. Plasma is a partly ionized, 
quasi-neutral gas carrying ions, electrons, and UV radiation. 
Plasma generation needs an energy source for ionization, 

a vacuum system for low pressures, and a reaction chamber. 
Cold plasma treatment is used to alter the surfaces without 
altering the mechanical qualities of fibers. It is characterised by 
high electron temperature and low gas temperature. Vacuum 
and atmospheric procedures are also used to cure plasma, 
and each has its own benefits. Surfaces modified by plasma 
undergo surface cleaning, material ablation, cross-linking, 
and chemical structure alteration, all of which have an impact 
on adhesion. For in-place processing, atmospheric plasma 
treatment is appealing, whereas vacuum plasma treatment 
is carried out in a chamber [31]. The polarity of the fibers is 
increased during plasma treatments, which enhances their 
compatibility with hydrophobic polymer matrices. Better 
adhesion and increased composite performance are the results 
of this improved compatibility. Flow, gas type, pressure, and 
concentration are either controlled or adjusted during plasma 
therapy [39]. Leone et al. [40] studied to improve the quality 
of polypropylene matrix composite laminates for interior parts 
in the naval industry by pre-treating flax fiber fabric with 
nitrogen plasma. To revamp the bond between the fiber and 
matrix, the textiles were subjected to varied exposure times 
(5, 10, and 15 min). In comparison to untreated textiles, the 
results show that a pre-treatment duration of 15 min produces 
the greatest results, with increased water absorption, tensile 
and flexural characteristics, as well as greater ultimate strength 
(6.8% increase) and modulus (22.31% increase). 

Corona treatment

Corona treatment is an intriguing method that efficiently 
causes surface oxidation in a variety of materials, improving 
the compatibility between hydrophilic fiber and hydrophobic 
matrix significantly. Multiple modifications are brought about 
by this technique to improve these materials’ interaction and 
bonding [13]. A visual and audible discharge characterises 
the phenomena known as a corona. It happens when an 
object encounters a strong electric field gradient in one spot, 
potentially ionising the air around it and causing an electrical 
breakdown [31]. Corona discharges arise from the presence of 
non-uniform electrode geometries, just like a combination of 
a point electrode and a plane electrode. These discharges occur 
in close proximity to sharp-edge points where the electric field 
strength is intensified [41]. Corona discharges takes place near 
atmospheric pressure and are characterized by relatively low 
power electrical discharges. These discharges are induced by 
intense electric fields surrounding small radius needles, wires, 
or sharp edges on an electrode [42].

Corona exhibits a colourful glow that is often discernible 
in a dark setting. The associated hearable discharge, typically 
a soft hissing sound, becomes more pronounced as the output 
voltage rises. The corona process often generates ozone, an un-
stable and odorous form of oxygen [43]. This treatment can 
effectively cleanse the material’s surface, leading to improved 
roughness and adhesion properties. It enables the creation of 
enhanced surfaces without altering the mechanical character-
istics [44]. Due to its relative ease of establishment, corona 
has found widespread application in various processes. The 
modification process does not necessitate specific conditions, 
unlike plasma treatment that requires vacuum chambers (low 
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temperature). It is a cost-effective method with consumption 
of energy very low. Moreover, the operation can be readily im-
plemented on a broad scale and integrated into a high-vol-
ume material processing, making it highly advantageous for 
industrial production lines [45, 46]. One drawback of corona 
treatment pertains to its limited insight depth. In certain cases, 
corona systems may only exhibit an effect on loosely arranged 
fibers and may not deeply penetrate yarn or woven fabric. 
Consequently, the impact of corona treatment on textiles is 
constrained and tends to be transient in nature [47].

Dielectric barrier treatment

There are some parallels between the corona treatment 
method and the plasma dielectric-barrier discharge (DBD) 
technology, but there is also a significant distinction. When 
using a corona treatment, there is no dielectric material present, 
and the discharges take place directly between exposed metal 
electrodes. The DBD plasma method, on the other hand, uses 
two plane metal electrodes which are parallel, at least one of 
these has a dielectric layer. The charge which are transferred are 
accumulated on the surface of this dielectric layer, which then 
disperses it equally throughout the whole electrode surface [48, 
49]. The recommended materials for dielectric barriers in this 
application include glass, silica glass, and, in certain situations, 
ceramics, polymer layers, or thin enamel. Breakdown processes 
inside the gas gap are triggered when an alternating voltage is 
given to the electrodes, in the range of low-frequency AC to 
100 kHz. Transient micro-discharges are created as a result, 
which are dispersed throughout the dielectric surface and last 
just nanoseconds. These kinds of discharges are frequently 
utilised in surface treatment procedures that produce ozone 
[50, 51]. The DBD technique’s short duration and partial 
homogeneity in treatment or discharge are two important 
drawbacks. This method is widely used for sterilising surfaces, 
depositing films, extracting components from flue gases, 
converting greenhouse gases, and treating fabrics, polymers, 
plastic foils, and metal surfaces [52].

Ultrasound treatments

The term “ultrasound,” which is used to describe sound 
waves with frequencies higher than 20 kHz, is most frequently 
used in medical and diagnostic settings. Ultrasound has, 
however, also been used in relation to cellulosic fibers in some 
cases [31]. Ultrasound treatments have shown successful in 
eliminating numerous chemicals and contaminants from 
surfaces, even without the requirement for surfactants in 
the washing process but being less popular than the plasma 
treatments previously addressed. This efficiency can be linked 
to a phenomenon known as acoustic cavitation, which is 
primary reason for the chemical and physical effects seen 
in liquid-liquid or solid-liquid systems. This phenomenon 
includes the production and collapse of bubbles [53].

The consequence of this method on natural fibers, nota-
bly cotton, have been the subject of much investigation. These 
investigations have shown that cotton’s crystalline structure 
may change due to ultrasonic treatment, altering the material’s 
mechanical and chemical characteristics in the process [42]. 
Many academics have looked at the use of ultrasound to heal 

cellulosic fibers. The application of ultrasound in paper and 
pulp technology is covered in detail by Willems [54]. Rosales 
et al. [55] investigated how Agave tequilana fibers for biopoly-
mer composites would react to alkali and ultrasonic treatment. 
The process led to morphological alterations, a higher in cel-
lulose concentration, a lower in lignin content, an increase in 
crystallinity, and all of these modifications. The enhanced fi-
bers had a high heat resistance, which made them appropriate 
for the production of automobile parts.

Lower frequency ultrasound produces more powerful cav-
itation, although its effects are often more localised. In con-
trast, because cavitation bubbles last for a shorter period of 
time at higher frequencies, cavitation is less vigorous. Nev-
ertheless, despite these variations in cavitation features, there 
hasn’t been much study on ultrasonic alterations [31].

Ultraviolet treatments

The wavelength of UV light, ranges from 10 to 400 nm. 
With different organic compounds, it has the power to trigger 
chemical reactions that have consequences beyond simple 
heating. Natural fibers’ molecular structures can undergo 
photochemical reactions that can change their mechanical 
characteristics. UV radiation is a possible energy source that 
might start these processes. Furthermore, UV radiation offers 
a safe and eco-friendly method for modification of surface in 
natural fibers [56, 57].

Gassan and Gutowski [58] explored tossa jute fiber treat-
ed with corona discharge and UV radiation. The fibers’ surface 
energy treated with corona was higher, although the improve-
ment in polarity for yarns was very marginal. Gains in polarity 
were much greater after UV therapy. It’s important to balance 
fiber strength with surface polarity. The composite flexural 
strength increased by 30% under ideal treatment circumstanc-
es. Abdullah-Al-Kafi et al. in their study prepared unsaturated 
polyester resin with jute fiber and E-glass fiber by hand lay-
up at room temperature. Improved mechanical qualities came 
from jute fiber optimisation and glass fiber integration. The 
qualities were further enhanced by UV pretreatment of the 
fibers, with a jute and glass ratio of 1:3 exhibiting the greatest 
performance and interfacial adhesion as seen by scanning elec-
tron microscope examination. Benedetto et al. [60] studied to 
assess the physical, chemical, and mechanical characteristics of 
prata banana fibers following UV exposure for 7 and 15 days. 
In contrast to natural fibers (69.99 MPa and 87.40 MPa), UV 
treatment led to superficial structural changes that improved 
the elastic modulus (238.94 MPa) and tensile strength (89.77 
MPa). Thus, the mechanical characteristics of composites 
made with these fibers can be enhanced by the clean UV sur-
face treatment.

Chemical modification

Chemical modification, which includes chemical 
processes, can enhance the bondage between natural fibers 
and the matrix. Natural fiber-containing composites have poor 
bonding at the interfaces because of the difference between 
the hydrophilic character of natural fibers and the hydrophobic 
nature of matrix [13]. Natural fibers can be chemically treated 
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to lessen their natural hydrophilicity and improve their matrix 
adhesion abilities. Chemical treatments can be carried out 
using a variety of techniques, including benzoylation, alkaline, 
silane, acetylation, peroxide, sodium chlorite, isocyanate, 
permanganate, oleoyl chloride, acrylation, and acrylonitrile 
grafting and triazine treatments [14, 61]. Some of them are 
discussed in the subsequent section.

Alkaline treatment or mercerization

Sodium hydroxide (NaOH) is primarily used in alkaline 
treatment to dissolve the cellulose in natural fibers [62]. Wax, 
lignin, and oils, present at the outside of the fiber cell wall are 
cleaned by chemical treatment of natural fibers. In particular, 
alkaline treatment causes a considerable change by breaking 
up the hydrogen bonds within the network structure. The 
(OH) groups that are active in the fibers are disassembled 
and ejected from the fiber during alkaline treatment. The rest 
molecules in reactive mode assist this process, whose effect is 
the creation of fiber cell-O-Na groups among molecular chains 
of cellulose. As a result, there are less hydrophilic OH groups, 
which increases the fibers’ resistance to moisture. Additionally, 
during the treatment process, certain hemicelluloses, lignin, 
pectin, wax, and oil are eliminated [14]. An essential result of 
the treatment is surface roughness increases. Short fibers are 
often subjected to an alkaline treatment that involves heating 
them for three to four hours around at 80 °C in aqueous of 
about 10% NaOH solution. These are then cleaned and dried 
in an oven with ventilation. Smaller and higher-quality fibers 
are produced as a result of this procedure, which helps to break 
up fiber clusters. Furthermore, it is anticipated to improve 
fiber wetting, enabling greater interaction with the materials 
around it [3].

Nayak et al. [63] used 4% of NaOH solution treated for 1 
h at 80 °C and dried for 24 h in oven, for the surface treatment 
of Careya arborea bast fibers. The outcome confirms that after 
the alkaline treatment, the percentage of cellulose increases 
and the non-cellulose materials is removed. In another study 
Nayak et al. [64] altered the surface of Eleusine Indica Grass 
Fiber in alkaline treatment by considering 5% concentration 
of NaOH at 80 °C for 1 h. After that it was treated in oven 
for 24 h at 60 °C. The results represent a decrease of 19.78% 
in cellulose percent and reduces the hemicellulose, lignin, wax, 
moisture content, ash, and density after chemical treatment. 
Sahu et al. [65] used the alkaline treatment for Bauhinia vah-
lii bast fibers and compared with other chemical treatment 
methods. They considered 5% NaOH solution at 80 °C for 1 
h. The results indicate that the cellulose content increase by 
9% and a simultaneous decrease in hemicellulose, lignin, and 
other contents. 

Silane treatment

Silane is SiH4 [62] the hydrolyzable alkoxy group in the 
silane molecule goes through hydrolysis when it is in contact 
with moisture, creating silanols as a consequence. Following a 
reaction between these silanols and the hydroxyl groups in the 
fiber, solid covalent bonds are formed that chemisorb onto the 
fiber surface and securely adhere to the cell wall [66]. The result 
helps to keep the fiber from growing. This network’s existence 

contributes to the composite material’s overall stability and 
integrity being improved [67]. Silane-treated fibers have been 
shown to have greater tensile strength [68]. Ravindran et al. 
[69] examined jute’s mechanical characteristics and water 
absorption treated with 5% silane at 75 °C for 10 h. The results 
indicate that the surface treatment with silane treated jute 
shows an enhanced compatibility with vinyl ester matrix.

Acetylation treatment

The prime objective of acetylation is to wrap the molecules 
that give fibers their hydrophilic nature—the hydroxyl (OH) 
groups—with molecules that have a more hydrophobic 
feature. The goal of this coating technique is to change the 
fibers’ surface qualities such that they are more hydrophobic 
and less likely to absorb moisture [3]. Acetic anhydride is 
applied to the fibers over a period of one to three hours at high 
temperatures after being initially submerged in acetic acid to 
achieve acetylation. Since the reactions of acetic acid and acetic 
anhydride with fibers are combined, this heating technique is 
used to speed up the reaction. These two chemicals can be used 
to efficiently cause the acetylation process, which results in the 
desired alteration of the fibers [13]. In general, acetyl groups 
and the OH groups in lignin and hemicellulose may interact 
to generate a hydrophobic change. Normally, alkali treatment 
is applied to natural fibers before they are treated with glacial 
acetic acid. The fibers are steeped in glacial acetic acid for an 
hour following the alkali treatment. They are then submerged 
for two to five minutes in acetic anhydride, which also contains 
two drops of concentrated sulphuric acid. After that, the fibers 
are cleaned and dried at 80 °C in an oven set for six hours. This 
sequence of actions speeds up the acetylation process and gets 
the fibers ready for other uses [24]. In this method, OH and the 
carboxylic/anhydride groups undergo an esterification process 
[67]. Gudayu et al. [70] in their analysis of sisal fiber using 
alkaline and acetylation treatment find that due to acetylation 
a reduction of moisture absorption reduces by 42% and in case 
of alkaline-acetylation treatment a reduction of 28%.

Benzoylation treatment

Sometimes to enhance the surface property, benzoyl 
chloride is used, by lessening their hydrophilic character. As 
the fiber after treatment has lower hydrophilicity and hence 
has the capacity to enhanced interaction with the hydrophobic 
matrix is caused by the presence of benzoyl (C6H5C=O) in 
benzoyl chloride [71]. Lignin, waxes, and surface oils are first 
removed during a pretreatment phase. After that, a further 
benzoyl chloride treatment converts the fibers’ OH groups into 
benzoyl groups. Finally, the alteration procedure is finished by 
adding hydroxyl groups and attaching them to the cellulose 
core [67]. To accomplish this, the fibers are dipped in glacial 
acetic acid for one hour. They are then briefly submerged in a 
solution made of acetic anhydride and a few drops of strong 
sulphuric acid. The required alteration procedure is then 
finished by filtering, washing, and drying the fibers in a vented 
oven [3].

Peroxide treatment

Free radicals are created during this process as a result of the 
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breakdown of peroxides. The hydrogen groups found in both 
the cellulose fibers and the polymer matrix are then contacted 
by these free radicals. Natural fibers are often alkalized before 
being treated with peroxide. The alkaline-treated fibers are 
then submerged for about 30 min in an acetone solution with 
a 6% [72] of either benzoyl peroxide or dicumyl peroxide and 
after that it is decanted and dried [67, 73]. This method lowers 
the fibers’ ability for moisture absorption, thermal stability 
increases, and the link strengthens at their interface.

Maleated coupling agents

Composites are frequently strengthened by the addition of 
fillers and reinforcement fibers using maleated coupling agents 
[74]. They differ from other chemical processes in that they 
change both the polypropylene matrix and the fiber surface by 
use of maleic anhydride [75]. This contributes to strengthening 
the composite, improving the mechanical characteristics of 
the composites. Maleic anhydride grafted polypropylene: 
a cohesive substance created by the maleic anhydride’s 
interaction with the polypropylene chain. Covalent bonds 
are created at the fiber-matrix interface when cellulose fibers 
are treated with hot Maleic anhydride grafted polypropylene 
copolymers [67]. The copolymer is heated (at 170 °C) as part 
of the reaction procedure before being applied to the fibers. 
The cellulose fibers are then subjected to esterification [76]. 
The cellulose fibers’ surface energy is raised by this process, 
becoming increasingly comparable to the matrix’s surface 
energy. As a result, the fibers display better adhesion at the 
interface and are wetted by the matrix material more readily.

Permanganate treatment

The fibers can be treated with permanganate to enhance 
the bonding between natural fibers and the matrix in 
composites. In this procedure, different quantities of potassium 
permanganate solution, commonly in acetone, are used. The 
procedure comprises immersing the fibers in the potassium 
permanganate solution for one to three minutes following 
an alkaline pre-treatment. This procedure is used to increase 
the bond strength. At the fiber-matrix contact, potassium 
permanganate reacts with the cellulose hydroxyl (OH) groups 
and lignin components to improve chemical interlocking. 
The fibers’ thermal stability is also improved by this process, 
making them more resistant to high temperatures.

Other chemical treatments

For the purpose of decreasing the quantity of OH groups 
and enhance the bondage, a variety of additional chemical 
compounds might be applied. The interaction between the 
isocyanate and the OH groups is very receptive. Additionally 
utilised for changing the surface topography are stearic acid 
(CH3(CH2)16COOH) and acrylic acid (CH2CHCOOH), 
while sodium chlorite (NaClO2) is typically used for bleaching 
fibers [77], but it could also delignify lignocellulosics. Certain 
triazine derivatives, including C3N3Cl3, have been discovered 
by researchers to be capable of forming covalent connections 
with cellulose fibers. In order to produce natural fiber 
composites, these derivatives can be used to alter vegetable 
fibers. The number of cellulose hydroxyl groups that are 

accessible to absorb water is decreased as a result of this 
modification process, reducing the amount of water that the 
fibers absorb [76].

Biological treatments

As alternatives to conventional chemical and physical 
treatments for natural fibers, various biological techniques 
have recently come into use. Enzymatic treatment is one such 
technique, which entails utilising certain enzymes to take 
hydrophilic elements like pectin, lignin, and hemicellulose out 
of the fibers in a selective manner. The cellulose fibers’ inherent 
hydrophilicity is decreased by this focused removal. Fungal 
treatment is another biological strategy in which non-cellulosic 
substances like wax, lignin, or pectin are removed from the 
fiber surface using enzymes made by fungi. For instance, the 
oxidase lignin peroxidase, which assists in the withdrawal of 
lignin from natural fibers and increases roughness, is produced 
by the white-rot fungus Schizophyllum commune.

Bacterial cellulose coating is an additional biological tech-
nique. The ability to synthesise cellulose is shared by several 
bacterial species, including Salmonella, Escherichia coli, Rhi-
zobium, Aerobacter, Gluconacetobacter (Acetobacter), and Sarci-
na. These microorganisms generate cellulose, which may be 
employed to coat the fibers with a layer of protection. These 
ecologically friendly biological techniques provide natural fi-
bers the ability to have their qualities customised for a range 
of uses.

Discussion
For industrial uses, natural fibers have various advantag-

es. First, they provide advantages over synthetic materials in 
terms of the environment and economy. Natural fibers are a 
sustainable option since they are reusable and biodegradable. 
They don’t pose the same health risks as certain synthetic fi-
bers and are also secure to use. Natural fibers’ high specific 
strength-to-weight ratio, which is particularly helpful in sec-
tors like the manufacture of automobiles, is one of its main 
advantages. This characteristic enables lightweight yet sturdy 
components, improving fuel economy and lowering environ-
mental impact. In many industrial applications, natural fibers 
are a tempting alternate for synthetic fibers.

In composite applications, difficulties arise from the rap-
port of fibers with polymeric matrix. The lack of interopera-
bility between these two components is a significant obstacle. 
Natural fibers and polymeric matrices frequently vary chemi-
cally and in their surface characteristics, which can make adhe-
sion and bonding difficult. It becomes required to use surface 
treatments to solve this problem. By altering the natural fibers’ 
surface characteristics, these treatments hope to improve their 
compatibility with the polymeric matrix. The overall perfor-
mance and mechanical qualities of natural fiber-polymer com-
posites can be improved by increasing compatibility. Improved 
composites are produced as a consequence of surface treat-
ments that aid in overcoming the incompatibility that exists 
naturally and encourage a stronger interface.

Natural fibers can be surface functionalized using a variety 
range of methods. Different substances, like sodium hydroxide, 
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silane etc., are used in chemical treatments. These substances 
have the ability to alter the fibers’ surface characteristics and 
enhance their suitability with the polymer matrix. In chemical 
treatments, basically the fibers are processed with some pre-
defined chemicals for a specific period of time and in a specific 
condition based on the type of processing. The main purpose 
is to decrease the moisture absorption capacity, increasing the 
percentage of cellulosic fiber content and to increase the sur-
face roughness. Another strategy is to use physical treatment, 
such as mechanical abrasion, plasma therapy, or corona thera-
py. These processes modify the fibers’ surface properties with-
out using chemical agents. Additionally, biological treatments 
provide a different choice. Enzymatic processes entail the use 
of certain enzymes to remove hydrophilic substances. To re-
duce non-cellulosic substances from the fiber surface, fungi 
create enzymes. The surface qualities can be enhanced by these 
biological treatments.

Overall, a variety of solutions are available for functional-
izing the surface of natural fibers and enhancing their suitabil-
ity with polymeric matrices in composite applications using a 
mixture of chemical, physical, and biological approaches. Eval-
uating the prices of chemical agents used for surface treatments 
is significant when assessing the financial aspect of employing 
natural fibers in composites. Some chemical treatments might 
cost more money. It is important to keep in mind, neverthe-
less, that the enhanced mechanical qualities brought about by 
these treatments could make it possible to use less fiber. Nat-
ural fibers are also often more affordable than synthetic fibers, 
making them a good option in terms of economics. Therefore, 
using natural fibers in composite applications is still econom-
ically favourable, even though the financial impact should be 
taken into account.

Conclusion and Future Direction
Natural fibers have enormous potential for the creation 

of polymer composites through a variety of surface modifica-
tion techniques. Many studies have confirmed that by adopt-
ing different surface treatment methods, their performances 
are drastically increasing. Different methods have different 
advantages and some limitations also. From this review it is 
concluded that:

At present physical treatments are not so popular or not 
so widely adopted by researchers but slowly becoming more 
popular day by day and new research focus is shifting in this 
direction.

Chemical treatments are the most widely adopted meth-
ods often in use. As discussed, there are a number of chemical 
methods available at present in a variety of ways a particular 
method can also be applied by varying the time duration and 
concentration of the chemical in use. In general, it cannot be 
concluded that a particular chemical method is best for all ap-
plications. The best chemical method is judged by the kind of 
natural fiber and the type of treatment in a particular way of 
treatment like percent concentration of chemical, time dura-
tion of treatment, drying temperature, duration, etc.

The biological techniques are also not so widely adopt-
ed by industry or researchers but, the future developments in 

biological techniques and nanoparticle treatments are also 
envisaged, and these should further improve the functional-
ity and sustainability of composite materials. These continual 
innovations help to broaden the uses and efficiency of natural 
fiber-based polymer composites across a variety of sectors.

Future developments for natural fiber polymer composites 
might be seen in a few different ways. First off, it may be possi-
ble to maximise the benefits of various treatments on compos-
ite performance by combining treated fillers, whether they are 
treated fibers or fillers. The overall qualities of the composite 
can be optimised by carefully blending various treated compo-
nents. It is also necessary to investigate the use of biological 
techniques and nanoparticle therapies. Natural fiber surface 
modification using biological techniques, such as enzymatic 
or fungal treatments, offers more sustainable options. They 
have the capacity to deliver improved outcomes and support 
the manufacturing process’ sustainability. Furthermore, adding 
nanoparticles to natural fiber composites has the potential to 
enhance their functional, thermal, and mechanical character-
istics. The use of nanoparticles can enhance the composite ma-
terial’s stiffness, strength, and other desirable properties.

Researchers and business experts may promote the de-
velopment of natural fiber composites by focussing on these 
future prospects, broadening the uses for these materials, and 
enhancing their general performance and sustainability.
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