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In-Depth Review and Analysis for the Applications
and Manufacturing of NFRPCs

ABSTRACT

NFRCs have shown to be highly useful across various industries, providing numerous advantages over synthetic
fiber composites such as friendly to the environment, low cost, weight, availability and cost effective. The
global research community has been encouraged to investigate the affordability, accessibility, and ease of
fabrication of natural fibers to see if they meet the criteria for a useful reinforced polymer composite for both
industrial and structural applications. This paper examines the incorporation of natural fiber-reinforced
composites into different industrial applications and the effect of different material characteristics, such as fiber
length, weight fraction of the fiber , fiber orientation , fiber surface treatment etc.. Nonetheless, some difficulties
must be tackled, for instance, how to manufacture composites efficiently and bond the fibers and matrix
effectively. Furthermore, the incompatibility between natural fiber and polymer matrices and high moisture
absorption of natural fiber limits their use cases, thus restricting their applications. This review could present a
summary of the technical difficulties, processing methods, analysis, features, and It is written to provide an
insight into the research and development of natural fiber reinforced polymer composites and its applications.
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1. INTRODUCTION

The utilization of natural fibers as a reinforcement agent for composites is offering multiple benefits over man-
made glass and carbon fibers. These composites are made up of diverse reinforcements, which can be either
natural or synthetic. The categorization of composites is illustrated in Fig 1. Synthetic fibers such as glass,
Kevlar, and carbon are now widely utilized in reinforced polymer composites, having been greatly refined in
recent years to fulfill the needs of engineering endeavors. Nevertheless, an increased focus on eco-friendly
materials in product design due to enhanced environmental consciousness has created immense opportunities
for the utilization of renewable sources [2-3]. An alternative to synthetic fibers in the production of polymer
composites is the increasing utilization of natural fibers. This could substantially reduce the reliance on
synthetics. This is called Natural fiber reinforced polymer composites (NFRPC) and those have recently gained
much popularity as they are known as natural fiber composites (NFC). These materials are incredibly valuable.
They can be derived from plant & animal sources [4]. In recent years, there has been a lot of focus on making
composite materials from renewable and nonrenewable natural resources like flax, jute, oil palm, and sisal.
These fibers, derived from plants, can be divided into bast fibers (ex. ramie, hemp, flax, kenaf, and jute), seed
fibers (coir, kapok, and cotton), leaf fibers (pineapple, abaca, and sisal), grass and reed fibers (wheat, rice, and
corn), core fibers (jute, hemp, and kenaf) and other sources (roots and wood) [5]. Table-1 displays the most
common, commercially-available fibers in the world and the amount produced [5]. Composites can be used
Leisure, construction, aerospace, packaging, sport, biomedical, surgical and automotive industries, mainly
automotive [6-7]. Great interest has been shown in the use of fiber reinforced polymer matrix due to the
beneficial properties and cost-effectiveness of natural fibers compared to synthetic fibers, particularly its low
weight. Decreased wear on machinery, good tensile and flexural strength, smoother finish on molded products,
derived from renewable sources, plentiful availability [8]. Ease of use, environmental friendliness, and no
hazardous effects on well-being. Natural fibers can be blended with various polymers (thermoplastic and
thermoset) to produce NFPCs that are lightweight and strong with high specific stiffness [9]. In contrast,
natural fibers possess some drawbacks in terms of their properties and are not exempt from issues. The
composition of natural fibers includes (lignin, cellulose, pectin, waxy and hemicelluloses substances) and
permits them to take in moisture from the environment, leading to weaker bonds between the fiber and



polymer [10]. Natural fiber composites don't have the same mechanical strength as synthetic fiber composites
because they are less structurally dense [11]. Furthermore, the hydroxyl groups in lignocellulosic fibers result
in high hydrophilicity, leading to weak bonding with matrices [12]. This causes a decrease in mechanical,
physical, and thermal performance.

The following is the structure of this comprehensive paper: Section 2 provides the general characteristics of
NFRPCs and it includes mechanical, chemical, thermal, water absorption, energy absorption, flame retardant,
viscoelastic behaviors, as well as the tribology of NFRPCs. Section 3 expresses NFRPCs manufacturing
techniques, how NFRPCs is behaving under various conditions in section 4. The application of NFRPCs is
explained in section 5. Section 6 expresses the current challenges of NFRPCs and the future expectations.
Finally, section 7 concludes this paper.
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Fig. 1. The categorization of composites [1]
Fiber source World production(ton)
Abaca 70
Coir 100
Hemp 214
Kenaf 970
Grass 700
Flax 830
Sisal 375
Jute 2300
Sugar cane bagasse 75.000
Ramie 100
Bamboo 30.000

Table. 1. the most common, commercially-available fibers in the world and the amount produced [13]

2. NFRPCs CHARACTERIZATION

A composite material consists of distinct elements that are not able to dissolve in one another and are blended
together on a large scale [14]. The reinforcing phase is one element, and the other into which it is included is
referred to as the matrix as illustrated in Fig 2. The reinforcing phase materials come in flake, fiber or particle
forms with diverse textures [15]. The performance of NFRPCs is highly dependent on a variety of elements,
such as structure [16], mechanical composition [17], chemical [18] and physical properties [5], cell dimensions
[19], microfibrillar angle [20] and the fiber/matrix relationship [21]. Studies in the literature have shown that
these materials possess great mechanical characteristics as well as certain restrictions in their use. Studies



show that NFs can significantly reduce the weight of composites [22]. [23] examined mechanical
characteristics by altering fiber length and determined that composites with 15 mm length had the highest
flexural and tensile strength. Research indicates NFs used as reinforcement can minimize tool wear in
machining. Incorporating two components (wood flour and shell) in the polymer, the composites gain positive
advantages like reducing shrinkage and increasing strength after molding [24]. Generally, the main
characterization of NFRPCs is having high specific strength, with weight and cost and equally mechanical
properties as well. It is important to obtain a better understanding of the effluence of mechanical properties
(vield stress, hardness, tensile modulus and strength) on the utilization the different layers of NFRPCs as
reinforcements in composites.

,

Fig. 2. Different natural fibers are frequently included as reinforcements in polymer composites[13]

2.1 Mechanical behavior of NFRPCs

Some enhancements and suggestions of NFRPCs can be implemented in order to improve the mechanical
behavior of NFRPCs. For instance, creating a strong base structure allows for easier improvement and
reinforcement of polymers [25]. The most important factors which effect the mechanical performance of
NFRPCs are the fibers strength [26], the orientation of that fiber[27], with interfacial adhesion property of
that fiber[28], stacking sequence[29-31], eventually, the physical behavior as well[32]. The mechanical
properties of NFRPC are greatly affected by the inherent fiber characteristics [33]. In addition to this, it relies
on the capacity for stress to move from the matrix to the fiber [34], volume fraction [35], impurities [36] and
moisture absorption [37]. Table 2 explains the mechanical properties of NFRPCs[38]:

NF, Density Tensile Young’s Reference

(glem?®) Strength modulus
(MPa) (GPa)

Bamboo 1.2- 500- 27.0- 39
15 575 40.0

Banana 0.5- 711- 4.0-32.7 40
15 789

Cotton 15- 287- 5.5-12.6 39
1.6 800

Hemp 1.1- 285— 14.4- 41-42
1.6 1735 44.0

Flax 1.3- 340- 25-81 41,43
15 1600

Bagasse 0.8-1 250- 17-20 44

300

Ramie 1.4- 400- 61-128 41
15 938

Oil Palm 0.7- 50-400 0.6-9.0 45
1.6

Sisal 1.3- 468- 9.4-22 39,46
1.6 640

Coir 1.2- 170- 3.0-7.0 47
1.6 230

Sugarcane  1.1- 170- 5.1-6.2 48

1.6 350




Kenaf 0.6— 223- 11-60 41,49

1.5 1191
Jute 1.3- 393- 13-26.5 39,50
15 773

Table. 2. explains the mechanical properties of NFRPCs[38]

These fibers possess many advantageous qualities, like a good mechanical property, low density, high strength,
it will lead for making them the perfect option for reinforcing FRPCs. The popularity of NFs, especially when
used to reinforce composite materials, is well-known for its beneficial effects on a variety of industrial
applications that promote sustainability [51]. Naturally sourced fiber-based composites are utilized in a variety
of industries, from car components and buildings to furniture and packaging. They are doing their part to
preserve the environment through the creation of sustainable materials that can be used instead of traditionally
or synthetic made fibers[51]. NFRPC has many advantages that help reduce material expenses, weight and
provide eco-friendly solutions. It has been increasingly used in the electronic items[52], packaging [53] ,
automotive industries[54-56] and plastics as well. NFRPCs are used for making home furnishings like
windows, wall panels and furniture [57-59]. These materials are ideal for aircraft interior and eco-friendly
automotive.

2.2 Chemical behavior of NFRPCs

A substance's characteristics or behaviors when it is chemically changed or reacted to, can be revealed through
its chemical property. Chemical properties can be observed once a reaction has occurred, since the arrangement
of atoms must be changed in order to study them. The chemical composition plays a role in its performance
[60]. Fibers with considerable amounts of cellulose, hemicellulose and lignin are principal chemical properties
and having OH groups in their molecular structure, making them hydrophilic materials [60]. The use of
hydrophilic and hydrophobic substances in composite production leads to weaker adhesion between the matrix
and fibers, causing poor stress transfer and a decrease in the quality of the finished product [60]. Altering the
surface chemistry of the fibers can promote bonding between the matrix and the fibers, adjusting its polar
properties and making the fibers more receptive to the matrix[61].

The pectin, waxes, and ash found in essential fibers are found in very small quantities. The Cellulose fibers
sector has seen a rapid rise in popularity in recent times due to the increased need from the textile industry.
Creating eco-friendly and skin-safe products.

2.2.1 Cellulose

Cellulose is a major component of natural fibers. It is the most common organic compound found on our
planet, has no flavor and no smell. Plant fibers are typically composed of up to 70% cellulose. The cellulose
content of different fibers varies; see the table below for details [69].

S. No Name of fiber Cellulose (Wt.%) Reference
1 Ramie 68.6-91 62
2 Alfa 45.4 63
3 Coir 37 64
4 Curaua 70.7-73.6 63
5 Henequen 60-77.6 63
6 Banana 62-64 65
7 Jute 59-71.5 66
8 Betelnut 53.20 67
9 Cotton 82.7-90 63
10 Kenaf 45-57 64
11 Sisal 78 68
12 Abaca 56-63 63
13 Palm 60-65 63
14 Piassava 28.6 63
15 Flax 71 62
16 Bamboo 26-65 66
17 Hemp 57-77 62

Table. 3. The cellulose content of different fibers varies
2.2.2 Hemi Cellulose



It is a combination of various plant polysaccharides, with a molecular weight smaller than cellulose. Plants
contain hemicelluloses in their cell walls. The amount of hemicellulose in different fibers can vary; see table
below for details [69].

S.No Name of fiber Hemicellulose(\Wt.%) Reference
1 Bamboo 30 66
2 Kenaf 9-13 64
3 Coir 20 63
4 Palm - -
5 Banana 19 65
6 Jute 13.6-204 66
7 Sisal 25.7 68
8 Curaua 9.9 63
9 Flax 18.6-21.6 62
10 Hemp 14-22.4 62
Table. 4. The amount of hemicellulose in different fibers
2.2.3 Lignin

Organic polymers known as lignin form the backbone of vascular plants and certain algae, providing essential
structural support. Lignin is a vital part of the structure of cell walls, especially in wood and bark, making them
more rigid and resistant to decay. The amount of lignin differs between materials, the data is compiled here
[69].

S.No Name of the fiber Lignin (Wt.%) Reference
1 Flax 2.2 62
2 Banana 5 65
3 Coir 42 64
4 Palm 11-29 63
5 Jute 11.8-13 66
6 Hemp 3.7-131 62
7 Alfa 4.9 63
8 Bamboo 5-31 66
9 Piassava 45 63
10 Ramie 0.6-0.7 62
11 Cotton <2 63
12 Abaca 7-13 63
13 Betelnut 7.20 67
14 Sisal 12.1 68
15 Kenaf 21.5 64
16 Henequen 8-13.1 63
17 Curaua 7.5-11.1 63

Table. 5. The amount of lignin in different fibers [69]
2.3 Thermal behavior of NFRPCs

The type of loading, fiber and matrix type, any added fillers, fiber content and arrangement, fiber processing,
and method of fabrication can all influence the thermal qualities of natural and hybrid fiber composite
materials. The highest temperature at which a natural fiber can endure before breaking down is its thermal
stability [70]. Fiber components such as hemicellulose, cellulose and lignin all break down at different
temperatures. Together, this causes the entire fiber to decompose [71]. It is known that lignin breaks down at
around 200 °C, while cellulose and hemicelluloses need more heat to decompose [72]. At temperatures
between 300-450-C, lignin and cellulose typically break down [73]. The heat resistance of the natural fiber can
be increased by eliminating some quantity of lignin and hemicelluloses materials. Fibers with less lignin can
be damaged by heat and can weaken the secondary cell walls [74]. Apart from cellulose, other potentially
unsteady or semi-stable elements, such as pectin, waxes and water-soluble elements, can also be present.
Therefore, the thermal conductivity of natural fibers can be a problem when manufacturing natural fiber-
reinforced thermoplastic composite materials. The warm weather can have an adverse effect on the auto
interior component constructed of natural fiber reinforced composites. The heat resistance of these composites



is a major concern when there is a fire due to their low thermal stability. The prolonged exposure to
temperatures higher than 250 °C can cause natural fibers to combust, and consequently weaken the structural
stability of the part [75]. In conclusion, the temperature used in the fabrication process of the composite is a
key factor to consider when examining the thermal stability of natural fiber composites. Investigative work is
ongoing and some of the weaknesses of NFRPCs have been dealt with through modern progressions in fiber
treatment and alteration, the investigation of new natural fibers, and a mixture of materials.

2.4 Water Absorption behavior of NFRPCs

Moisture absorption in FRCs decreases the fiber-matrix bonding, resulting in a decrease in the efficiency of
load transfer from the matrix to the fiber. For natural fibers, water uptake within the fiber can lead to the
weakening of its physical, thermal and mechanical properties because of the extraction of water-soluble
elements. Additionally, this can be a problem [76]. Three distinct processes regulate the diffusion of moisture
in polymeric composites [77]. Water molecules pass through the tiny gaps between the polymer strands by
diffusion. Capillary action transports fluid into the crevices between the fiber and the matrix. This issue is
caused by inadequate saturation and infiltration during the first production phase. Incorporating microcracks
due to expansion of fibers, particularly in natural fiber composites, is the third factor[71], as explained in Fig.3.
Polymeric composites display three varieties of diffusion patterns: Fickian diffusion, anomalous non-Fickian,
and a combination of the two. Studies have revealed that moisture diffusion in hybrid composites can be
affected by several elements such as the amount of fibers, their direction, structure, temperature, filler content,
how the fibers are treated and how long they are immersed. Prolonged exposure, more natural fibers and air
pockets raise the composite's water absorption[78-80].

At elevated immersion temperatures, moisture is taken up faster and the time for full saturation is much
shorter[81]. In contrast, stacking fibers in a particular order (e.g. facing hydrophobic fabrics outward) and
orienting natural fibers to 0° was proven to reduce the composites' water absorption [82-83].
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Fig. 3. Water's influence on fiber-matrix boundary: (a) Micro-fractures from fiber enlargement; (b)
Water diffuses in the matrix and goes along fiber-matrix boundary; (c) Leaching of water-soluble
compounds; (d) Separation of fiber-matrix interface. Get explicit consent from the creator to use their
work[71].

Examinations of moisture absorption properties of composites with natural-natural and natural-synthetic fibers
have been conducted [78,82-99]. An effective way to lower the moisture content and lower the diffusion
coefficient is to employ a mixture of natural and synthetic fibers, while picking the right fiber content, layering
pattern, and fiber orientation. Consequently, lessening the effects of moisture damage and composite material
characteristics. The water absorption of natural-natural hybrid composites is subject to great fluctuations
depending on the reinforcement fibers used. Different natural fibers have varied amounts of hydrophilic
groups, porosity, and crystallinity, thus affecting their water uptake. This method of hybridizing natural
elements is a cost-effective way to achieve equilibrium in wet areas.



2.5 Energy Absorption behavior of NFRPCs

Composite materials are popular in automotive and motorsport because of their ability to reduce weight, while
still providing energy absorption ,high strength, and stiffness[100]. Energy absorption is notably greater when
the velocity is low, such as 2.5 m/s, resulting in a higher volume fraction[101]. In contrast, when velocity is
very high, like 300 m/s, flax, jute and hemp perform similarly, although jute exhibited brittleness and low fiber
strength [102]. The potential of NFPCs for making sustainable energy absorption feasible is studied by [101].
Testing conical specimens of jute, flax, and hemp for their properties and features is done through Vacuum
Assisted Resin Transfer Molding (VARTM) technique.

2.6 Flame Retardant behavior of the NFRPCs

Fire resistance is a key factor when creating composite materials made with natural fibers to ensure safety.
When flame is present, five distinct steps occur in the combustion of composites: heating, decomposition,
ignition, combustion and propagation]103]. A combination of char-developing cellulose material, which is one
of the famous flame retardants for reinforced polymers (natural fibers), is often used[104].@The best way to
decrease combustion in this situation is to maximize the stability and charring of the polymer. This will lead to
a less flammable environment, minimize smoke production, and limit the level of materials produced from
combustion[71]. Coating with a fire retardant is a way to boost the fire resistance of composites. This finishing
or impregnation process includes a coating step. Manufacturing alters the fire resistance of fibers and cellulose
particles[105]. The two most widely applied flame retardants are aluminum hydroxide [AI(OH3)] and
magnesium hydroxide [Mg(OH)2], intentionally incorporated into plastic materials., Magnesium hydroxide is
more thermally stable than aluminum hydroxide; it begins to break down at 300-320°C while aluminum
hydroxide's decomposition starts at only 200°C. Hence, aluminum hydroxide is not suitable for the thermal
stability of polypropylene, polyamides, and other materials due to its limited application, unlike magnesium
hydroxide.

2.7 Viscoelastic Behavior of the NFRPCs

Investigation into temperature-dependent viscoelastic properties of natural fiber composite material can reveal
information about its structure and the nature of its interfaces[106]. Storage modulus reveals the capacity to
endure weight and the rigidity of natural fiber composite materials. Storage modulus is a measure of the energy
a material can retain when it is subjected to repeated deformation. The ratio of the amount of energy lost to the
amount stored gives us the mechanical damping coefficient, a measure of the molecules' ability to move in the
polymer. Moreover, the quantity of energy that is converted to heat is linearly related to the loss modulus[107].
The elastic and viscous properties of polypropylene/jute yarn composites, as reported by [107], have been
investigated. A combination of jute yarn and polypropylene resulted in commingled composites. The
viscoelasticity of the combined composites was analyzed based on fiber content, as well as various chemical
treatments including potassium permanganate, maleic anhydride modified polypropylene, toluene diisocyanate
and stearic acid. This study established that greater amounts of fiber in the composite material resulted in a
higher storage and loss modulus.:In contrast, KMnO, treatment of the composites raise the storage and loss
moduli of the materials when compared to untreated samples, irrespective of temperature.

2.8 Tribology behavior of the NFRPCs

Almost all experiments have a failure rate due to the tribological loading conditions varying, which affects the
frictional behavior and wear[108]. Strengthening the tribological properties of fibers or polymers through
alteration [109]."Examinations of tribological properties of a variety of fibers have been done, such as
kenaf/epoxy [110], betelnut fiber reinforced polyester [111], sisal/phenolic resin [112], cotton/polyester [113]
and sugarcane fiber reinforced polyester (SCRP) [114]. The addition of natural fibers to PLA resulted in better
wear performance, reducing the wear rate at higher loads compared to that of neat PLA[108]. Composites
made with lamination were created using three natural fibers: optiva, sisal,grewia and nettle. Research was
conducted on the link between natural fibers and their properties [108]. Investigation of the frictional
behaviour and deterioration of composite materials in dry contact conditions with different operating
parameters was conducted. The operating parameters could be altered, allowing applied load to be adjusted
from 10 to 30 N and speed of 1 to 3 m/s and covering a span of 1,000 to 3,000 meters. The outcome of the
investigation demonstrated that blending of natural fiber mats into PLA matrix can bolster the frictional and
wear properties of pure polymers. There is an impressive drop in friction coefficient of up to 44%, with even
more significant reductions (up to 70%) of wear rate seen in composites compared to pure PLA[108].

3. NFRPCs MANUFACTURING TECHNIQUES

Different raw materials such as fabrics, mats, fibers, resins, fillers, prepregs, etc. can be used to manufacture
natural fiber-reinforced polymer composites (NFRPCs).Typically, natural fiber polymer composites are
produced through the same methods used to make traditional reinforced plastic and fiber polymer composites.



These processes are utilized: hand lay-up, compression molding, resin transfer molding, vacuum infusion,
injection molding, ,direct extrusion and compounding. The processes chosen are based on what is needed and
will affect the characteristics of the finished item. Resin transfer molding exhibits better tensile and flexural
properties than injection compression molding. The tensile strength using resin transfer molding for a
banana/sisal hybrid fiber-reinforced polyester, as per research, is 1621 MPa, greater than that of compression
molding which is 1347 MPa. Resin transfer molding has a greater flexural strength when compared to
compression molding which yields 2276 and 2247 MPa respectively. The strength of polymer composites
created using resin transfer molding isn't as high as those made by compression molding[115-116]. Some
particulars of the processing are outlined in the following section.

3.1 Compression Molding

The popular way to manufacture strong, reinforced composite materials is Compression Molding, commonly
used in the auto industry. This method is ideal for blending two or more polymers together. The composite
materials are laid out in the cavity of the lower mold, then the core side of the mold is used to compress, shape
and fill the cavity, and it is explained in figure 4. The component keeps the pressure high until the material is
hardened. The form is taken out, and the item is obtained. Molds are made from a tough metal, like tool steel,
and can be buffed and chrome-plated for a fine finish. The mold needs to be heated up to the desired
temperature for 10-15 minutes before compression molding is done to ensure the pressure and temperature are
appropriate for curing the materials [117-118].
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Fig. 4 Shaping a compound into a desired form with pressing and heat

The subsequent crucial elements when utilizing compression molding are the viscosity and polymer matrix
sheets sandwiched between the fibers. To ensure a strong adhesion and infiltration of fibers and matrix, this is
essential. Temperature and pressure must be closely monitored to guarantee that fibres do not suffer
deterioration or fracture throughout the procedure[116,119]. The resin used in the process is fluid when heated
and sticks well to the mold, giving the composites formed a great microstructure and strength. Laminated
carbon fiber reinforced matrix composites may suffer from displacement defects and isolation of the fibers
when the resin is exposed to high temperatures, weakening the bonding force between the layers. This would
have a major impact on the microstructure and mechanical characteristics of laminated composite
material[120-121].

3.2 Resin Transfer Molding

A preformed stack of fibers or fabric is encapsulated in a mold, sealed and then put through the resin transfer
molding process for composite manufacturing. The polymers created can also be employed in carbon fiber-
filled composites, epoxy laminates, and nanoparticle-incorporated polymeric materials. RTM has been carried
out with reduced heat and pressure. By carefully controlling resin, monomer, activator and catalyst rates, cycle
time can be shortened significantly, achieving a dramatic increase in output[122-123]. Figure 5 explains the
mechanical process of resin transfer molding (RTM). fiber sheets are put in the mold, and the mix of epoxy
resin and hardener is pumped in and pressurized, all while a consistent gap is maintained. Reinforcement is
frequently achieved through the use of carbon fibers. The cavity is filled with the resin at 200°C and 160 bar
using a mixing head and pressurizing it. Consequently, resin infiltration is oriented vertically, meaning against
the vertical plane, not horizontally, it is more resistant. Thermosetting resins like epoxy and polyester offer
superior impact resistance, higher fracture strength, and greater fiber saturation than other types of
resins[122,124-126]. The resin permeates the mold, saturating the fibers in the process. The resin penetrates
the shape, saturating the fibers in the process. In order to achieve the desired result, it's important to manage
certain factors when utilizing RTM, i.e. fluid viscosity, injection pressure, temperature, and fiber volume
fraction.
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Fig. 5 Manufacturing process of RTM

Other benefits are fine finish of product, minimal empty space and cost-effective tooling[115]. This method,
however, has its drawbacks: the size of the part is limited by the size of the mold cavity, tooling costs are high,
and it is hard to reinforce the material due to the flow and resin saturation of the fiber[127]. Additionally, RTM
finds usage in a variety of production markets, including aviation, defense, motoring, and sporting wares.

3.3 Injection Compression Molding

Injection molding is a technique used to form plastic parts in which molten resin is injected into a pre-formed
mold and then cooled to create the desired shape. This method guarantees an even spread of adhesive, allows
for accurate detailing on the exterior, and gives the finished piece increased durability. The feedstocks must be
dried and in granule shape prior to being processed in the machine in order for injection compression molding
to work effectively. This is because natural fibers tend to absorb moisture and create short fiber bundles. The
granules are sifted through the chamber. The granules are fed into an extruder, pressed into a mold, and heated
to form the desired shape. When the right amount of material has been obtained, the hot liquid is injected into
the preheated mould to shape the composite part via the nozzle. The hot material will flow into the contours of
the mold as explained in figure 6. Maintain heat and pressure in the mold until the item has hardened and
cooled off. The items are cut back before performing an examination. This task must be completed for each
product, taking 3-5 minutes. In order to achieve a perfect outcome, the first three attempts are discarded. This
is because the initial three items usually don't completely fill the space, leaving a few pockets of air visible on
top of the product. To keep the other products free from contaminants, the screw extruder must be cleaned with
a purging compound like PP before and after injection molding.
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Fig. 6 Manufacturing process of ICM

Subsequently, adjustments to the melt temperature, screw speed, and pressure must be made during injection
compression molding. Advantages of injection molding include a smooth finish, reliable accuracy, and
minimal material waste[119]. Injection molding has lower tensile strength than other thermoset fabrication
techniques, Molding with injection has weaker tensile strength than other thermoset systems. In spite of the
cost, a sealant must be applied to the most costly molds and some injection molded plastics to avoid oxidation.
3.4 Sheet Molding Compound:

SMC is a highly adaptable composite material widely used in many sectors, such as automotive, aerospace,
telecommunications, oil, leisure and industrial/consumer. SMC is a layered material consisting of a reinforced
thermosetting resin and fiberglass, usually rolled into a coil with plastic film between layers to stop it from
sticking. The components of SMC include a maturing agent, filler, activator, combined resin and release agent,



which are put on two plastic films moving in succession[128-129]. Glass fibers and carbon fibers are
commonly employed as materials for strengthening[130]. Fibers can be arranged into strands, then interlaced
or sewed to make materials. A wide selection of materials like polyester, epoxy, vinyl ester, nylon and other
thermosets and thermoplastics are utilized as matrixes. The production of continuous fiberglass strands,
commonly referred to as 'roving', is the start of the SMC process; these strands are then cut to size. The bottom
layer of the resin-filler paste is where the strands are placed. The paste and the fiberglass filament are being
transported through the device, onto the backing material. The stuffing of the resin and the goop encapsulates
the fiber to the lowest level of the goop, while the peak layer of the film is concealed. The rollers then press the
fiber and paste combination together to form a single sheet of molding material. SMC paste is a mixture of
cross-linked resin, fibers, filler, and various additives. This paste is comprised of a resin that is polymerized
and cross-linked, along with fibers, filler, and other components. A consistent flow of resin and fiber is blended
together to make pre-preg, which is carefully sandwiched between plastic sheets for molded part production
and SMC is explained in figure 7. The paste is manipulated carefully while forming to create the finished solid
shape[131-132]
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Fig. 7 Manufacturing process of SMC

SMC offers advantages such as superior mechanical characteristics, environmental friendliness, and heat-
enduring capability over injection molding. SMC is a cost-effective method of creating a smooth finish on
finished products, as well as having the ability to produce intricate shapes quickly. There is a downside though:
the paste will thicken constantly and styrene is released, which affects the curing reaction [131,133].

4. NFRPCs BEHAVIOR UNDER VARIOUS CONDITIONS

Most of the utilization of NFRPCs is focused on interior uses. The use of NFRPCs outside is hampered due to
their water attraction. The fiber volume fraction, temperature, permeability of the fiber , orientation of the
reinforcement, protective surface coverings, surface geometry, and diffusivity all contribute to the behavior of
NFRPCs[134]. For successful production of NFRPCs, due care must be taken while handling them pre- and
post-manufacturing. NFRPCs could be utilized for an outdoor liquid storage container. These tanks may be
subjected to various environmental conditions and stresses[135]. So, an investigation of these tanks in terms
of structural physical, morphological, mechanical, etc. characteristics. must be done mandatory. Wood flake
composites deteriorate quickly when exposed to UV light and heat[136]. Conditioning for 205 days caused a
drop in strength to half, and toughness to two-thirds of the original. [134] studied how UV light could be used
to measure the aging process of sisal fiber composites. The higher fiber-loaded composite took in more water
due to its high cellulose concentration. Fiber-reinforced composites with chemical treatment had reduced water
absorption. The more water absorbed, the longer the immersion time, and the more fibers used, the weaker the
composite material became.[137] conducted an investigation into the performance of hemp-reinforced
composite material when submerged in water. Composite made with a larger portion of hemp fiber has better
water absorption. The composite's water uptake was monitored at both room temperature and higher
temperature of the water it was submerged in, displaying both Fickian and non-Fickian behavior. The strength
and resistance to bending weakened when exposed to either water type. [135] investigated the possibility of
utilizing coir fiber polymer for fabricating liquid storage tanks. Absorption of water in salt water was higher
than for other liquids because of its low viscosity[138] and examined nettle composite's resistance to tension
while exposed to varying conditions for 512 hours. The tensile strength of the composite decreased in each
situation. The composite's tensile strength was diminished in all circumstances. Sunlight and river water
caused the greatest decrease in tensile strength. No significant decrease in soil was evident. The weight of all



the composites increased, except when exposed to sunlight. Significant growth in weight was observed in river
water. [139]experimented with varied combinations of composites using jute and coir for reinforcement.
Mixture of coir and nothing else exhibited highest water uptake and thickness of swelling in comparison to
only jute blend. It was established that the hybrid composite with an exterior layer of jute displayed greater
dimensional stability when evaluated with water absorption and mechanical tests. The blocking of water by
jute could be the reason for this. [140] explored the impact of atmospheric exposure on kenaf polyester
composite's physical and mechanical characteristics. The study found that conditioning led to a loss of
mechanical properties because the fiber had inadequate wetting and moisture absorption. The high moisture
absorption led to the gap forming between the fiber and matrix. This caused a decrease in the mechanical
properties. Synthetic hemp, jute, and sisal-strengthened polypropylene blends were assessed for their
performance in various conditions [141]. All composite materials have had an increase in weight, plus
deterioration, after being exposed to certain conditions.. All conditioned composites experienced a decline in
tensile strength. A considerable decrease was recorded for the composite treated with 5% NaOH. The jute and
flax fiber were treated with sodium bicarbonate and then exposed to the elements of the sea [142]. Results
showed that post-treatment, jute fibres had higher water absorption. Flax's water absorption was lessened in
comparison. Absorption of water was reduced when dealing with flax fiber. The flexural properties were
decreased in jute composite which had been treated. The researchers created a combination of kenaf and high-
density polyethylene and exposed it to different conditions, including deionized water, seawater, 5% sodium
hydroxide, vegetable oil, and diesel, for a period of six months [143]. The SEM analysis showed that 5%
NaOH has the greatest environmental impact on the composite, but vegetable oil had the least impact s shown
in figure 8

Fig. 8 Examined the long-term stability of kenaf fiber-reinforced polymer composite under various
conditions over the course of six months using SEM micrographs[143]

It was investigated how water absorption affects the mechanical properties of various combinations of corn
husk polyesters [144]. The composite was observed to absorb less water, comprised of a smaller amount of
corn husk. Excellent characteristics obtained for composite with 20% of corn fiber by weight.

5. NFRPCS APPLICATIONS

The utilization of NFPCs is expanding rapidly in numerous engineering areas. Various types of natural fibers,
such as kenaf, hemp, jute, oil palm, and bamboo incorporated with polymer composite, are becoming
increasingly important for industrial applications[8]. NFPCs are being used in a variety of applications, such as
electrical and electronic industries, aerospace, boats, machinery, sports equipment, office products, and more.
The incorporation of NFPCs into polymer composites is popular due to its light weight, good strength,
corrosion and fatigue resistance and economical manufacturing. Biodegradable, resulting in a better finish on
composites, good mechanical qualities, derived from renewable and accessible sources rather than synthetic
fibers [8]. The downside of NFPCs includes water absorption, processing temperature limits, and fluctuating
quality, all of which have hindered their performance[145].



Fiber Application in building, construction,
and others

Flax fiber Objects such as window frames, panels,
decking, railing systems, fencing, tennis
rackets, bicycle frames, forks, seat posts,
snowboards, and laptop cases.

Wood fiber Frame for windows, panels, shutters, deck
structures, railings, and barriers.
Qil palm fiber Constructing components like

windowpanes, door frames, insulated
boards, siding, fencing, roofing, decking,
etc. [146]

Hemp fiber Manufactured items such as building
materials, fabrics, rope, soil-stabilizing
fabrics, and paper.

Jute fiber Putting together wall boards, tiles for the
ceiling, door structures, door covers,
transfer, encasing, soil textiles, and
sawdust boards.

Ramie fiber Employ in industrial projects, e.g. for
stitching, wrapping, netting,.and filtration.
Fabrics from hemp are used to make items
such as furniture upholstery and clothing,
as well as paper.

Coir fibers Manufacturing: a wide variety of items:
wall cladding, door frames;, roofing, tanks,
packing, helmets,#=mailboxes, mirror
surrounds, paperweights, projector casings,
voltage stabilizers, seating upholstery,
brushes, ropes, bags, mats, and mattress

fillings.

Cotton fiber Manufacturers of chairs, sofas, carpets,
fabric, apparel, and rope products.

Kenaf fiber Supplies for packing, phone covers, sacks,

thermal insulation, fabric suitable for
clothing, soil-free planting mixes, bedding
for animals, and material that soaks up oil

and liquids.

Stalk fiber Constructing furniture, assembling walls,
laying bricks, and installing pipes and
drains.

Sisal fiber The construction industry utilizes products

like panels, doors, shutting plate, and
roofing sheets; as well as the production of
paper and pulp.

Bagasse. fiber Framework for windows, boards, terrace
construction, barriers, and fences.
Rice husk fiber Constructing supplies like wall boards,

blocks, window jambs, cladding, verandas,
balustrades, and barriers.

Table. 5. The summary of NFRPCs uses in industry

[4,147-149]

6. CHALLENGES AND FUTURE PERSPECTIVES OF NFRPCs

The review demonstrates that using NFRPC for sustainable industrial purposes is reasonable since the
materials possess similar strength to synthetic fibers and leave a lighter footprint on the environment. It is
extremely challenging to improve and control the mechanical performance of NFRPCs. Further exploration is
needed from the research world to encourage and back the use of new NFs and chemical strategies in the
progression of NFRPCs. Employing composites in outdoor projects can cause problems with longevity if they
are exposed to the elements, like moisture and organisms. Reusable materials can be recycled from natural
fiber composites. Technical issues like breakdown of polymers and fibers, high humidity, ignitability,
difference in natural fiber composition, and inadequate bonding of hydrophilic fibers and hydrophobic
polymers are the primary hindrances to recycling and employing NFRPCs that need to be tackled. Learning
how to better the properties of NFRPCs both during and after their reuse is essential for heightened utilization.



It appears that NFRPC is advancing quickly and may become a reliable resource for new uses. Or The progress
of NFRPC is evident and can be seen as a possible sustainable material for various applications. Further
investigation is necessary to triumph over the obstacles in creating NFRPC for ecological industrial use, which
includes reducing expenditure on machines and materials, and making it easier to adapt the technology. The
properties of NFRPC are poor because of the lack of compatibility between the fibres and binder, and because
of the natural fibres' weaker properties in comparison to synthetic fibres. This issue can be remedied by
adjusting the combination of the natural fibers and the polymer. Additionally, exploring new methods to
process the materials could improve the interaction. Modifying natural fibres through NFRPCs. The alteration
of the fiber structure through alkalisation drastically reduces the ability of natural fibers to retain moisture.
This leads to better bonding of the fiber with the polymer layer. Composites are ideal for construction due to
the combination of wood and plastic they contain. NFRPC have already proven their worth in electrical
products and athletics, paving the way for them to become a dominant presence in the market. Investigation
needs to be conducted to overcome the difficulties of NFRPC, like water uptake, in order to ensure lasting
stability of outdoor projects and to ensure these materials have maximum service life, mitigation strategies
such as recycling can be employed to guarantee maximum performance and recyclability.

7. CONCLUSION

This research conducted an extensive analysis of the features and advantages of natural fiber and national
fibers reinforced polymer composites for sustainable industrial purposes. NFRPCs resources.can be dealt with
more effectively by implementing the circular economy to develop eco-friendly:-products and technology.
NFRPC’s sustainability makes possible the implementation of innovative industrial applications. This survey
covered an array of NFRPC studies on the processing methods and applications. It included a comprehensive
overview of the field. It provides the general characteristics of NFRPCs and it includes mechanical, chemical,
thermal, water absorption, energy absorption, flame retardant, viscoelastic behaviors, as well as the tribology
of NFRPCs. With its manufacturing techniques, and behavior under various conditions. It summarized the
application and challenges of NFRPCs. The characteristics of sustainable composites determined their
selection, based on such qualities as different aspects such as physical qualities, chemical characterization,
crystalline cellulose size, microfibrillar angle, flaws, construction, and extraction methods can all affect the
characteristics of natural fiber. The arrangement, imperfections, wetness uptake, arrangement, ratio, material
characteristics, microfibril angle, blemishes, chemical composition, cell size, and fiber-matrix alliance all have
an effect on NFRPC properties. Natural fibers used in sustainable industrial applications have clear benefits,
such as being eco-friendly, low cost, biodegradable, releasing less carbon, recyclable, abundant and energy
efficient for disposal. The demand for sustainable materials has triggered a revolution in NFRPCs. Further
research must be conducted to discover more ways to utilize NFRPC.

REFERENCES

[1] Z. Huda, Mechanical ‘Behavior..of Composite Materials, Springer, Cham, 2022, pp. 267-281,
https://doi.org/10.1007/978-3-030-84927-6_15.

[2] Kamarudin, S.H.; Rayung, M.; Abu, F.; Ahmad, S.; Fadil, F.; Karim, A.A.; Norizan, M.N.; Sarifuddin, N.;
Desa, M.S.Z.M.; Basri, M.S.M.; et al. A Review on Antimicrobial Packaging from Biodegradable Polymer
Composites. Polymers 2022, 14, 10174.

[3] Nurazzi,"N.M:.; Asyraf, M.R.M.; Fatimah Athiyah, S.; Shazleen, S.S.; Rafigah, S.; Harussani, M.M.;
Kamarudin, S.H.; Razman, M.R.; Rahmah, M.; Zainudin, E.S.; et al. A Review on Mechanical Performance of
Hybrid Natural“Fiber Polymer Composites for Structural Applications. Polymers 2021, 13, 2170.

[4] A. Ticoalu, T. Aravinthan, and F. Cardona, “A review of current development in natural fiber composites
for:structural and infrastructure applications,” in Proceedings of the Southern Region Engineering Conference
(SREC ’10), pp. 113-117, Toowoomba, Australia, November 2010.

[5] O. Faruk, A. K. Bledzki, H.-P. Fink, and M. Sain, “Biocomposites reinforced with natural fibers: 2000-
2010,” Progress in Polymer Science, vol. 37, no. 11, pp. 1552-1596, 2012

[6] Malkapuram, R, Kumar, V and Yuvraj, S N, Recent Development in Natural Fibre Reinforced
Polypropylene Composites, Journal of Reinforced Plastics and Composites, 2008, \Vol. 28, pp. 1169-1189.

[7] Wambua, P, Ivens, J and Verpoest, I, Natural Fibres: Can They Replace Glass in Fibre Reinforced Plastics,
Composites Science and Technology, 2003, Vol. 63, pp.1259-1264.

[8] A. Shalwan and B. F. Yousif, “In state of art: mechanical and tribological behaviour of polymeric
composites based on natural fibres,” Materials & Design, vol. 48, pp. 14-24, 2013.



[9] Y. Xie, C. A. S. Hill, Z. Xiao, H. Militz, and C. Mai, “Silane coupling agents used for natural fiber/polymer
composites: a review,” Composites Part A: Applied Science and Manufacturing, vol. 41, no. 7, pp. 806819,
2010.

[10] Mohammed, L., Ansari, M. N., Pua, G., Jawaid, M., & Islam, M. S. (2015). A review on natural fiber
reinforced polymer composite and its applications. International journal of polymer science, 2015.

[11] Asyraf, M.R.M.; Rafidah, M.; Azrina, A.; Razman, M.R. Dynamic mechanical behaviour of kenaf
cellulosic fibre biocomposites: A comprehensive review on chemical treatments. Cellulose 2021, 28, 2675-
2695.

[12] Singh, Savendra Pratap, Akriti Dutt, and Chetan Kumar Hirwani. "Experimental and numerical analysis of
different natural fiber polymer composite.” Materials and Manufacturing Processes (2022): 1-11.

[13] Sinha, A., Mishra, P., Manisha, T. and Sharma (2022). A review on natural fiber reinforced polymer
composites and its properties, pp.2320-2882.

[14] M C Khoathane, O C Vorster,and E.R Sadiku, Hemp Fiber-Reinforced 1- Pentene/Polypropylene
Copolymer: “The Effect of Fiber Loading on the Mechanical and Thermal Characteristics of .the Composites,
Journal of Reinforced Plastics and Composites”, Vol. 27, 2008, pp.1533-1544

[15] R Malkapuram, V Kumar and S N Yuvraj, “Recent Development in Natural Fiber Reinforced
Polypropylene Composites”, Journal of Reinforced Plastics and Composites, Vol. 28, 2008, :pp. 1169-1189.
[16] H. Ku, H. Wang, N. Pattarachaiyakoop, and M. Trada, “A review on the tensile properties of natural fiber
reinforced polymer composites,” Composites Part B: Engineering, vol. 42, no. 4;pp. 856873, 2011.

[17] Mohammed, L., Ansari, M. N., Pua, G., Jawaid, M., & Islam, M. S. (2015). A review on natural fiber
reinforced polymer composite and its applications. International journal of polymer science, 2015.

[18] I. Van de Weyenberg, J. Ivens, A. De Coster, B. Kino, E:. Baetens, and I. Verpoest, “Influence of
processing and chemical treatment of flax fibres on their composites,” Composites Science and Technology,
vol. 63, no. 9, pp. 1241-1246, 2003.

[19] V. K. Thakur and M. K. Thakur, “Processing and‘characterization of natural cellulose fibers/thermoset
polymer composites,” Carbohydrate Polymers, vol. 109, pp.102-117, 2014.

[20] F. M. Al-Ogla and S. M. Sapuan, “Natural fiber reinforced polymer composites in industrial applications:
feasibility of date palm fibers for sustainable automotive industry,” Journal of Cleaner Production, vol. 66, pp.
347-354, 2014

[21] D. Dai and M. Fan, “Wood fibres as. reinforcements in natural fibre composites: structure, properties,
processing and applications,” in Natural Fibre Composites: Materials, Processes and Properties, chapter 1, pp.
3-65, Woodhead Publishing, 2014.

[22] N. Venkateshwaran, A. ElayaPerumal, A. Alavudeen, M. Thiruchitrambalam, Mechanical and water
absorption behaviour of banana/sisal reinforced hybrid composites, Mater. Des. 32 (7) (Aug. 2011) 4017-
4021, https://doi.org/10.1016/J. MATDES.2011.03.002.

[23] H. Bisaria, M.K. Gupta, P. Shandilya, R.K. Srivastava, Effect of fibre length on mechanical properties of
randomly oriented short jute fibre reinforced epoxy composite, Mater. Today Proc. 2 (4-5) (Jan. 2015) 1193
1199, https://doi.org/-10.1016/J.MATPR.2015.07.031

[24] A. kumre, R.S. Rana, Ri;Purohit, A Review on mechanical property of sisal glass fiber reinforced polymer
composites, Mater. Today Proc. 4 (2) (Jan. 2017) 3466—3476, https://doi.org/10.1016/J. MATPR.2017.02.236.
[25] V. S. Srinivasan, S. R. Boopathy, D. Sangeetha, and B. V. Ramnath, “Evaluation of mechanical and
thermal properties of banana-flax based natural fibre composite,” Materials & Design, vol. 60, pp. 620-627,
2014.

[26] S. Shinoj, R. Visvanathan, S. Panigrahi, and M. Kochubabu, “Oil palm fiber (OPF) and its composites: a
review,” Industrial Crops and Products, vol. 33, no. 1, pp. 7-22, 2011.

[27] Science, vol. 37, no. 11, pp. 1552-1596, 2012. [5] A. Shalwan and B. F. Yousif, “In state of art:
mechanical and tribological behaviour of polymeric composites based on natural fibres,” Materials & Design,
vol. 48, pp. 14-24, 2013.

[28] A. R. Kakroodi, S. Cheng, M. Sain, and A. Asiri, “Mechanical, thermal, and morphological properties of
nanocomposites based on polyvinyl alcohol and cellulose nanofiber from Aloe vera rind,” Journal of
Nanomaterials, vol. 2014, Article ID 903498, 7 pages, 2014

[29] Yahaya, R., Sapuan, S. M., Jawaid, M., Leman, Z., Zainudin, E. S. (2015). Effect of layering sequence and
chemical treatment on the mechanical properties of woven kenaf-aramid hybrid laminated composites.
Materials & Design, 67, 173-179. DOI 10.1016/j.matdes.2014.11.024.




[30] Yahaya, R., Sapuan, S. M., Jawaid, M., Leman, Z., Zainudin, E. S. (2016). Effect of fibre orientations on
the mechanical properties of kenaf-aramid hybrid composites for spall-liner application. Defence Technology,
12(1), 52-58. DOI 10.1016/j.dt.2015.08.005

[31] Swain, P. T. R., Biswas, S. (2017). Influence of fiber surface treatments on physico-mechanical behaviour
of jute/ epoxy composites impregnated with aluminium oxide filler. Journal of Composite Materials, 51(28),
3909-3922. DOI 10.1177/0021998317695420

[32] J.-C. Ben’ezet, A. Stanojlovic-Davidovic, A. Bergeret, L. ~ Ferry, and A. Crespy, “Mechanical and
physical properties of expanded starch, reinforced by natural fibres,” Industrial Crops and Products, vol. 37,
no. 1, pp. 435-440, 2012.

[33] Kamarudin, S. H., Mohd Basri, M. S., Rayung, M., Abu, F., Ahmad, S. B., Norizan, M. N., ... & Abdullah,
L. C. (2022). A Review on Natural Fiber Reinforced Polymer Composites (NFRPC) for Sustainable Industrial
Applications. Polymers, 14(17), 3698.

[34] Mohammed, L., Ansari, M. N., Pua, G., Jawaid, M., & Islam, M. S. (2015). A review on natural fiber
reinforced polymer composite and its applications. International journal of polymer science, 2015.

[35] M. Ramesh, T. S. A. Atreya, U. S. Aswin, H. Eashwar, and C. Deepa, “Processing.and mechanical
property evaluation of banana fiber reinforced polymer composites,” Procedia Engineering, vol. 97, pp. 563—
572, 2014

[36] E. Jayamani, S. Hamdan, M. R. Rahman, and M. K. B. Bakri, “Investigation of fiber surface treatment on
mechanical, acoustical and thermal properties of betelnut fiber polyester composites,” Procedia Engineering,
vol. 97, pp. 545-554, 2014

[37] Y. Pan and Z. Zhong, “A micromechanical model for the mechanical degradation of natural fiber
reinforced composites induced by moisture absorption,” Mechanics;of Materials, vol. 85, pp. 7-15, 2015.

[38] Kamarudin, Siti Hasnah, et al. "A Review on Natural Fiber Reinforced Polymer Composites (NFRPC) for
Sustainable Industrial Applications." Polymers 14.17 (2022): 3698.

[39] Mwaikambo, L.Y. Review of the history, properties and application. of plant fibres. Afr. J. Sci. Technol.
2006, 7, 120-133

[40] Pothan, L.A.; Thomas, S.; Groeninckx, G. The role of fibre/matrix interactions on the dynamic
mechanical properties of chemically modified banana fibre/polyester composites. Compos. Part A Appl. Sci.
Manuf. 2006, 37, 1260-1269.

[41] Sen, T.; Reddy, H.N.J. Various Industrial Applications of Hemp, Kinaf, Flax and Ramie Natural Fibres.
Int. J. Innov. Manag. Technol. 2011, 2, 192-198.

[42] Marrot, L.; Lefeuvre, A.; Pontoire, B.; Bourmaud, A.; Baley, C. Analysis of the hemp fiber mechanical
properties and their scattering (Fedora 17). Ind. Crops Prod. 2013, 51, 317-327

[43] Nabi Saheb, D.; Jog, J.P. Natural fiber polymer composites: A review. Adv. Polym. Technol. 1999, 18,
351-363

[44] Komuraiah, A.; Kumar, N.S.; Prasad, B.D. Chemical Composition of Natural Fibers and its Influence on
their Mechanical Properties. Mech. Compos. Mater. 2014, 50, 359-376

[45] Mahjoub, R.; Bin Mohamad ¥atim, J.; Mohd Sam, A.R. A review of structural performance ofoil palm
empty fruit bunch fiber in polymer composites. Adv. Mater. Sci. Eng. 2013, 2013, 415359.

[46] Mwaikambo, L.Y. 'Review of the history, properties and application of plant fibres. Afr. J. Sci. Technol.
2006, 7, 120-133.

[47] Harish, S.;'Michael, D.P.; Bensely, A.; Lal, D.M.; Rajadurai, A. Mechanical property evaluation of natural
fiber coir compesite. Mater. Charact. 2009, 60, 44—49

[48] Hossain, M.K.; Karim, M.R.; Chowdhury, M.R.; Imam, M.A.; Hosur, M.; Jeelani, S.; Farag, R.
Comparative mechanical and thermal study of chemically treated and untreated single sugarcane fiber bundle.
Ind. Crops Prod. 2014, 58, 78-90.

[49] Udoeyo, F.F.; Adetifa, A. Characteristics of Kenaf Fiber-Reinforced Mortar Composites. Int. J. Res. Rev.
Appl. Sci. 2012, 12, 18-26

[50] Vijaya Ramnath, B.; Manickavasagam, V.M.; Elanchezhian, C.; Vinodh Krishna, C.; Karthik, S.;
Saravanan, K. Determination of mechanical properties of intra-layer abaca-jute-glass fiber reinforced
composite. Mater. Des. 2014, 60, 643-652.

[51] Hassanzadeh, S.; Hasani, H. A review on milkweed fiber properties as a high-potential raw material in
textile applications. J. Ind. Text. 2015, 46, 1412-1436.

[52] Thyavihalli Girijappa, Y.G.; Mavinkere Rangappa, S.; Parameswaranpillai, J.; Siengchin, S. Natural
Fibers as Sustainable and Renewable Resource for Development of Eco-Friendly Composites: A
Comprehensive Review. Front. Mater. 2019, 6, 226.



[53] Han, J.; Lu, K.; Yue, Y.; Mei, C.; Huang, C.; Wu, Q.; Xu, X. Nanocellulose-templated assembly of
polyaniline in natural rubber-based hybrid elastomers toward flexible electronic conductors. Ind. Crops Prod.
2019, 128, 94-107.

[54] Pervaiz, M.; Sain, M.M. Carbon storage potential in natural fiber composites. Resour. Conserv. Recycl.
2003, 39, 325-340.

[55] De Queiroz, H.F.M.; Banea, M.D.; Cavalcanti, D.K.K. Adhesively bonded joints of jute, glass and hybrid
jute/glass fibre-reinforced polymer composites for automotive industry. Appl. Adhes. Sci. 2021, 9, 2.

[56] Getu, D.; Nallamothu, R.B.; Masresha, M.; Nallamothu, S.K.; Nallamothu, A.K. Production and
characterization of bamboo and sisal fiber reinforced hybrid composite for interior automotive body
application. Mater. Today Proc. 2020, 38, 2853—2860.

[57] Thomason, J.L.; Rudeiros-Fernandez, J.L. Thermal degradation behaviour of natural fibres at
thermoplastic composite processing temperatures. Polym. Degrad. Stab. 2021, 188, 109594

[58]Basri, M.S.M.; Yek, T.H.; Talib, R.A.; Tawakkal, .S.M.A.; Kamarudin, S.H.; Mazlan, N:; Maidin;:N.A.;
Rahman, M.H.A. Rice husk ash/silicone rubber-based binary blended geopolymer coating composite: Fire
retardant, moisture absorption, optimize composition, and microstructural analysis. Polymers 2021, 13, 985
[59] Al-Oqla, F.M.; Sapuan, S.M. Natural fiber reinforced polymer composites. in.industrial applications:
Feasibility of date palm fibers for sustainable automotive industry. J. Clean. Prod. 2014, 66, 347=354.

[60] Basri, M.S.M.; Mazlan, N.; Mustapha, F.; Ishak, M.R. Correlation between.Compressive Strength and Fire
Resistant Performance of Rice Husk Ash-Based Geopolymer Binder for Panel*Applications. MATEC Web
Conf. 2017, 97, 1025

[61] Lilargem Rocha, D., Tambara Janior, L. U. D., Marvila, M. T., Pereira, E. C., Souza, D., & de Azevedo, A.
R. G. (2022). A review of the use of natural fibers in cement composites: concepts, applications and Brazilian
history. Polymers, 14(10), 2043.

[62] Yang, J.; Ching, Y.; Chuah, C. Applications of Lignocellulosic Fibers and Lignin in Bioplastics: A Review.
Polymers 2019, 11, 751.

[63] G. Tabil, and S. Panigrahi, “Chemical treatments of natural fiber for use in natural fiber reinforced
composites: A review,” J. Polym. Environ., vol. 15, ne.'1, pp: 25-33,2007.

[64] D. B. Dittenber and H. V. S. Gangarao, “Critical review of recent publications on use of natural
composites in infrastructure,” Compos. Part A Appl. Sci. Manuf., vol. 43, no. 8, pp. 1419-1429, 2012

[65] E. Omrani, P. L. Menezes, and P. K. Rohatgi, “State of the art on tribological behavior of polymer matrix
composites reinforced with natural fibers.in the.green materials world,” Eng. Sci. Technol. an Int. J., vol. 19,
no. 2, pp. 717-736, 2015.

[66] R. Badrinath and T. Senthilvelan, Comparative Investigation on Mechanical Properties of Banana and
Sisal Reinforced Polymer based Composites,” Procedia Mater. Sci., vol. 5, pp. 2263-2272, 2014.

[67] E. Jayamani, S. Hamdan, M: R. Rahman, and M. K. Bin Bakri, “Comparative study of dielectric
properties of hybrid natural fiber composites,” Procedia Eng., vol. 97, pp. 536-544, 2014

[68] E. Jayamani, S. Hamdan, M. R. Rahman, and M. K. Bin Bakri, “Investigation of fiber surface treatment
on mechanical, acoustical and thermal properties of betelnut fiber polyester composites,” Procedia Eng., vol.
97, pp. 545-554, 201

[69] N. A. Nordin, F. M..Yussof, S. Kasolang, Z. Salleh, and M. A. Ahmad, “Wear Rate of Natural Fibre: Long
Kenaf Compesite,” Procedia Eng., vol. 68, pp. 145-151, 2013

[70] Joseph, S.;uSreekala, M.S.; Thomas, S. Effect of chemical modifications on the thermal stability and
degradation of:banana fiber and banana fiber-reinforced phenol formaldehyde composites. J. Appl. Polym. Sci.
2008, 110, 2305-2314.

[72] Azwa, Z.N:; Yousif, B.F.; Manalo, A.C.; Karunasena, W. A review on the degradability of polymeric
composites based on natural fibres. Mater. Des. 2013, 47, 424-442 . DOI 10.1016/j.matdes.2012.11.025.

[72] Joseph, P.V.; Joseph, K.; Thomas, S.; Pillai, C.K.S.; Prasad, V.S.; Groeninckx, G.; Sarkissova, M. The
thermal and crystallisation studies of short sisal fibre reinforced polypropylene composites. Compos. Part A
Appl. Sci. Manuf. 2003, 34, 253-266.

[73] Asim, M.; Paridah, M.T.; Chandrasekar, M.; Shahroze, R.M.; Jawaid, M.; Nasir, M.; Siakeng, R. Thermal
stability of natural fibers and their polymer composites. Iran. Polym. J. 2020, 29, 625-648.

[74] Fan, M.; Naughton, A. Mechanisms of thermal decomposition of natural fibre composites. Compos. Part
B Eng. 2016, 88, 1-10.

[75] Grigore, M.E. Methods of Recycling, Properties and Applications of Recycled Thermoplastic Polymers.
Recycling 2017, 2, 24.



[76] Dhakal, H. N., Zhang, Z. Y., Richardson, M. O. W. (2007). Effect of water absorption on the mechanical
properties of hemp fibre reinforced unsaturated polyester composites. Composites Science and Technology,
67(7), 1674-1683. DOI 10.1016/j.compscitech.2006.06.019.

[77] Shen, C. H., Springer, G. S. (1976). Moisture absorption and desorption of composite materials. Journal of
Composite Materials, 10(1), 2-20. DOI 10.1177/002199837601000101.

[78] Maslinda, A. B., Abdul Majid, M. S., Ridzuan, M. J. M., Afendi, M., Gibson, A. G. (2017). Effect of water
absorption on the mechanical properties of hybrid interwoven cellulosic-cellulosic fibre reinforced epoxy
composites. Composite Structures, 167, 227-237. DOI 10.1016/j.compstruct.2017.02.023

[79] Joseph, P. V., Rabello, M. S., Mattoso, L. H. C., Joseph, K., Thomas, S. (2002). Environmental effects on
the degradation behaviour of sisal fibre reinforced polypropylene composites. Composites Science and
Technology, 62(10), 1357-1372. DOI 10.1016/S0266-3538(02)00080-5. 142.

[80] Mehdikhani, M., Gorbatikh, L., Verpoest, I., Lomov, S. V. (2018). Voids in fiber-reinforced. polymer
composites: A review on their formation, characteristics, and effects on mechanical performance. Journal of
Composite Materials, 53(12), 1579-1669. DOI 10.1177/0021998318772152.

[81] Pickering, K. L., Efendy, M. A., Le, T. M. (2016). A review of recent developments in natural fibre
composites and their mechanical performance. Composites Part A: Applied Science and Manufacturing, 83,
98-112. DOI 10.1016/j.compositesa.2015.08.038

[82] Abd El-baky, M. A., Attia, M. A. (2018). Water absorption effect on the in-plane shear:properties of jute—
glass— carbon-reinforced composites using iosipescu test. Journal of Composite Materials, 53(21), 3033-3045.
DOI 10.1177/0021998318809525.

[83] Al-Hajaj, Z., Zdero, R., Bougherara, H. (2018). Mechanical,_ morphological, and water absorption
properties of a new hybrid composite material made from 4 harness satin woven carbon fibres and flax fibres
in an epoxy matrix. Composites Part A: Applied Science and Manufacturing, 115, 46-56. DOI 10.1016/j.
compositesa.2018.09.015.

[84]Chaudhary, V., Bajpai, P. K., Maheshwari, S. (2020): Effect of moisture absorption on the mechanical
performance of natural fiber reinforced woven hybrid bio-composites. Journal of Natural Fibers, 17(1), 84—
100. DOI 10.1080/15440478.2018.1469451.

[85]Yorseng, K., Mavinkere Rangappa, S., Parameswaranpillai, J., Siengchin, S. (2020). Influence of
accelerated weathering on the mechanical, fracture morphology, thermal stability, contact angle, and water
absorption properties of natural fiber fabric-based- epoxy: hybrid composites. Polymers, 12(10), 2254. DOI
10.3390/ polym12102254

[86] Safri, S. N., Sultan, M. T., Saba, N., Jawaid, M. (2018). Effect of benzoyl treatment on flexural and
compressive properties of sugar palm/glass fibres/epoxy hybrid composites. Polymer Testing, 71, 362-369.
DOI 10.1016/j. polymertesting.2018.09.017.

[87] Prasanna Venkatesh, R., Ramanathan, K., Srinivasa Raman, V. (2016). Tensile, flexual, impact and water
absorption properties of natural fibre reinforced polyester hybrid composites. Fibres & Textiles in Eastern
Europe, 24(3), 90-94. DOI 10.5604/12303666.1196617.

[88] Sujon, M. A. S., Habib; M. Ay Abedin, M. Z. (2020). Experimental investigation of the mechanical and
water absorption properties on fiber stacking sequence and orientation of jute/carbon epoxy hybrid composites.
Journal of Materials Researchand Technology, 9(5), 10970-10981. DOI 10.1016/j.jmrt.2020.07.079

[89] Aji, I. Si;.Zainudin, E. S., Khalina, A., Sapuan, S. M., Khairul, M. D. (2011). Studying the effect of fiber
size and fiber loading on the mechanical properties of hybridized kenaf/PALF-reinforced HDPE composite.
Journal of Reinforced Plastics and Composites, 30(6), 546-553. DOI 10.1177/0731684411399141.

[90] Chang, B. P., Mohanty, A. K., Misra, M. (2020). Studies on durability of sustainable biobased composites:
Acreview. RSC Advances, 10(31), 17955-17999. DOI 10.1039/C9RA09554C.

[91] Calabrese, L., Fiore, V. Scalici, T., Valenza, A. (2019). Experimental assessment of the improved
propertiessduring aging of flax/glass hybrid composite laminates for marine applications. Journal of Applied
Polymer Science, 136(14), 47203. DOI 10.1002/app.47203.

[92] Paturel, A., Dhakal, H. N. (2020). Influence of water absorption on the low velocity falling weight impact
damage behaviour of flax/glass reinforced vinyl ester hybrid composites. Molecules, 25(2), 278. DOI 10.3390/
molecules25020278.

[93] Cheng, M., Zhong, Y., Kureemun, U., Cao, D., Hu, H. et al. (2020). Environmental durability of
carbon/flax fiber hybrid composites. Composite Structures, 234, 111719, DOl
10.1016/j.compstruct.2019.111719.



[94] Akil, H. M., Santulli, C., Sarasini, F., Tirillo, J., Valente, T. (2014). Environmental effects on the
mechanical behaviour of pultruded jute/glass fibre-reinforced polyester hybrid composites. Composites
Science and Technology, 94, 62—70. DOI 10.1016/j.compscitech.2014.01.017.

[95] Sekar, S., Suresh Kumar, S., Vigneshwaran, S., Velmurugan, G. (2020). Evaluation of mechanical and
water absorption behavior of natural fiber-reinforced hybrid biocomposites. Journal of Natural Fibers, 1-11.
DOI 10.1080/15440478.2020.1788487.

[96] Khan, T., Jawaid, M., Sultan, H. (2019). Physical performance of kenaf/jute mat reinforced epoxy hybrid
composites. International Journal of Engineering & Technology Sciences, 8.

[97] Venkateshwaran, N., ElayaPerumal, A., Alavudeen, A., Thiruchitrambalam, M. (2011). Mechanical and
water absorption behaviour of banana/sisal reinforced hybrid composites. Materials & Design, 32(7), 4017-
4021. DOI 10.1016/j.matdes.2011.03.002.

[98] Venkateshwaran, N., ElayaPerumal, A. (2012). Mechanical and water absorption properties:of woven
jute/banana hybrid composites. Fibers and Polymers, 13(7), 907-914. DOI 10.1007/s12221-012-0907-0, [99]
Athijayamani, A., Thiruchitrambalam, M., Natarajan, U., Pazhanivel, B. (2009). Effect of moisture absorption
on the mechanical properties of randomly oriented natural fibers/polyester hybrid: composite. Materials
Science and Engineering: A, 517(1), 344-353. DOI 10.1016/j.msea.2009.04.027

[100] G. Savage, “Development of penetration resistance in the survival cell of a Formula-1 racing car,”
Engineering Failure Analysis, vol. 17, no. 1, pp. 116-127, 2010

[101] J. Meredith, R. Ebsworth, S. R. Coles, B. M. Wood, and K. Kirwan, “Natural fibre composite energy
absorption structures,” Composites Science and Technology, vol. 72, no. 2, pp. 211-217, 2012

[102] P. Wambua, B. Vangrimde, S. Lomoyv, and 1. Verpoest, “The response of natural fibre composites to
ballistic impact by fragment simulating projectiles,” Composite Structures, vol:, 77, no. 2, pp. 232-240, 2007.
[103] M. Sain, S. H. Park, F. Suhara, and S. Law, “Flame retardant.and-mechanical properties of natural fibre-
PP composites containing magnesium hydroxide,” Polymer Degradation and Stability, vol. 83, no. 2, pp. 363-
367, 2004

[104] S. Fatima and A. R. Mohanty, “Acoustical and fire-retardant properties of jute composite materials,”
Applied Acoustics, vol. 72, no. 2-3, pp. 108-114, 201

[105] N. P. G. Suardana, M. S. Ku, and J. K. Lim,“Effects of diammonium phosphate on the flammability and
mechanical properties of bio-composites,” Materials & Design; vol. 32, no. 4, pp. 1990-1999, 2011.

[106] O. Hassan, T. P. Ling, M. Y. Maskat et al., “Optimization of pretreatments for the hydrolysis of oil palm
empty fruit bunch fiber (EFBF) using enzyme mixtures,” Biomass and Bioenergy, vol. 56, pp. 137-146, 2013.
[107] G. George, E. T. Jose, D. Akesson, M. Skrifvars, E. R. Nagarajan, ° and K. Joseph, “Viscoelastic
behaviour of novel commingled biocomposites based on polypropylene/jute yarns,” Composites Part A:
Applied Science and Manufacturing, vol. 43, no. 6, pp. 893-902, 2012

[108] P. K. Bajpai, I. Singh, and J. Madaan, “Tribological behavior of natural fiber reinforced PLA
composites,” Wear, vol. 297,'no. 1<2;.pp. 829-840, 2013

[109] N. S. M. El-Tayeb; B. F. Yousif, and T. C. Yap, “Tribological studies of polyester reinforced with CSM
450-R-glass fiber sliding against smooth stainless steel counterface,” Wear, vol. 261, no. 3-4, pp. 443-452,
2006

[110] C. W. Chin and B. F.%Yousif, “Potential of kenaf fibres as reinforcement for tribological applications,”
Wear, vol. 267, na:9-10, pp. 1550-1557, 2009.

[111] U. Nirmaly B. F. Yousif, D. Rilling, and P. V. Brevern, “Effect of betelnut fibres treatment and contact
conditions on-adhesive wear and frictional performance of polyester composites,”Wear, vol. 268, no. 11-12,
pp. 1354--1370, 2010.

[122] X. Xin, C:G. Xu, and L. F. Qing, “Friction properties of sisal fibre reinforced resin brake composites,”
Wear, vol. 262, no. 5-6, pp. 736-741, 2007.

[113] S.“AP R. Hashmi, U. K. Dwivedi, and N. Chand, “Graphite modified cotton fibre reinforced polyester
composites under sliding wear conditions,” Wear, vol. 262, no. 11-12, pp. 1426-1432, 2007.

[114] N. S. M. El-Tayeb, “A study on the potential of sugarcane fibers/polyester composite for tribological
applications,” Wear, vol. 265, no. 1-2, pp. 223-235, 2008.

[115] Maries Idicula, P. S. (2009). Natural Fiber Hybrid Composites- A Comparison Between Compression
Molding and Resin Transfer Molding. Polymer Composites, 30(10), 1417-1425

[116] Fairuz, A. M., Sapuan, S. M., Zainudin, E. S., & Jaafar, C. N. A. (2014). Polymer composite
manufacturing using a pultrusion process: A review. American Journal of Applied Sciences, 11(10), 1798-1810



[117] Jaafar, J., Siregar, J. P., Tezara, C., Hamdan, M. H. M., & Rihayat, T. (2019). A review of important
considerations in the compression molding process of short natural fiber composites. International Journal of
Advanced Manufacturing Technology, 105(7-8), 3437-3450

[118] Park, H. S., Dang, X. P., Nguyen, D. S., & Kumar, S. (2020). Design of Advanced Injection Mold to
Increase Cooling Efficiency. International Journal of Precision Engineering and Manufacturing - Green
Technology, 7(2), 319-328

[119] Balla, V. K., Kate, K. H., Satyavolu, J., Singh, P, & Tadimeti, J. G. D. (2019). Additive manufacturing of
natural fiber reinforced polymer composites: Processing and prospects. Composites Part B: Engineering,
174(March), 106956

[120] Huang, C. T., Chen, L. J., & Chien, T. Y. (2019). Investigation of the viscoelastic behavior variation of
glass mat thermoplastics (GMT) in compression molding. Polymers, 11(2), 1-15

[121] Ma, Y., Li, S., Wang, J., Ju, L., & Liu, X. (2018). Influence of defects on bending properties of 2D-
T700/E44 composites prepared by improved compression molding process. Materials, 11(11)

[122] Chen, L., Pan, D., & He, H. (2019). Morphology development of polymer blend fibers along spinning
line. Fibers, 7(4)

[123] Dammann, C., & Mahnken, R. (2019). Simulation of a resin transfer molding process using aphase field
approach within the theory of porous media. Composites Part A: Applied Science and: Manufacturing,
120(October 2018), 147-160

[124] De Farias, M. A., Amico, S. C., Coelho, L. A. F, & Pezzins S. H..(2020). Multi-component
nanocomposites of epoxy/silsesquioxane reinforced with carbon fibersqand carbon nanotubes processed by
resin transfer molding. Polymer-Plastics Technology and Materials, 59(5), 517-526

[125] Han, B. J., Jeong, Y. C., Kim, C. M., Kim, R. W,, & Kang, M:/(2019). Forming characteristics during the
highpressure resin transfer molding process for CFRP. Advanced Compasite-Materials, 28(4), 365-382

[126] Mohamed, M., Selim, M. M., Ning, H., & Pillay, S. (2020). Effect of fiber prestressing on mechanical
properties of glass fiber epoxy composites manufactured by vacuum-assisted resin transfer molding. Journal of
Reinforced Plastics and Composites, 39(1-2), 21-30

[127] Iran Rodrigues de Oliveira, S. C. (2013)./ Resin' Transfer Molding Process: A Numerical and
Experimental Investigation. International Journal of Multiphysies, 7, 125-135

[128] Asadi, A., Baaij, F.,, Moon, R. J., Harris, T. A. L., & Kalaitzidou, K. (2019). Lightweight alternatives to
glass fiber/epoxy sheet molding compound.-composites: A feasibility study. Journal of Composite Materials,
53(14), 1985-2000

[129] Nony-Davadie, C., Peltier, L., Chemisky, Y., Surowiec, B., & Meraghni, F. (2019). Mechanical
characterization of anisotropy on a carbon fiber sheet molding compound composite under quasi-static and
fatigue loading. Journal of Composite Materials, 53(11), 1437-1457

[130] Alnersson, G., Tahir, M.W., Ljung, A. L., & Lundstrém, T. S. (2020). Review of the numerical modeling
of compression molding of sheet molding compound. Processes, 8(2), 1-12

[131] Orgéas, L., & Dumont, P. J. (2011). Sheet molding compounds. Wiley encyclopedia of composites, 1-36.
[132] Han, B. J., Jeong, Y. Ci, Kim,;:C. M., Kim, R. W., & Kang, M. (2019). Forming characteristics during the
high pressure resin-transfer molding process for CFRP. Advanced Composite Materials, 28(4), 365-382.

[133] Hohberg, M., Karger, L., Henning, F., & Hrymak, A. (2019). Comparison of the flow and rheological
behavior of two semi-structural Sheet-Molding-Compound (SMC) based on a hybrid resin and glass or carbon
fibers. AIP Conference: Proceedings, 2139. Holbery, J., & Houston, D. (2006). Natural-fiber-reinforced
polymer composites. in ‘automotive applications. JOM

[134] PV, Joseph, M.S. Rabello, L.H.C. Mattoso, K. Joseph, S. Thomas, Environmental effects on the
degradation: behaviour of sisal fibre reinforced polypropylene composites, Compos. Sci. Technol. 62 (2002)
1357-1372, https://doi.org/ 10.1016/S0266-3538(02)00080-5

[135] B.E#Yousif, H. Ku, Suitability of using coir fiber/polymeric composite for the design of liquid storage
tanks, Mater. Des. 36 (2012) 847-853, https://doi.org/ 10.1016/j.matdes.2011.01.063

[136] R. Li, Environmental degradation of wood-HDPE composite, Polym. Degrad. Stabil. 70 (2000) 135-145,
https://doi.org/10.1016/S0141-3910(00)00099-9.

[137] H.N. Dhakal, Z.Y. Zhang, M.O.W. Richardson, Effect of water absorption on the mechanical properties
of hemp fibre reinforced unsaturated polyester composites, Compos. Sci. Technol. 67 (2007) 1674-1683,
https://doi.org/10.1016/j. compscitech.2006.06.019.

[138] K. Bajpai, D. Meena, S. Vatsa, I. Singh, Tensile behavior of nettle fiber composites exposed to various
environments, J. Nat. Fibers 10 (2013) 244-256, https://doi.org/10.1080/15440478.2013.791912.




[139] H.M. Akil, C. Santulli, F. Sarasini, J. Tirillo, ~ T. Valente, Environmental effects on the mechanical
behaviour of pultruded jute/glass fibre-reinforced polyester hybrid composites, Compos. Sci. Technol. 94
(2014) 62-70, https://doi.org/ 10.1016/j.compscitech.2014.01.017.

[140] M. Mohammed, A.R. Rozyanty, B.O. Beta, T. Adam, A.F. Osman, I.A.S. Salem, O. S. Dahham, M.N. Al-
Samarrai, A.M. Mohammed, The weathering effect in natural environment on kenaf blast and unsaturated
polyester composite, J. Phys. Conf. Ser. 908 (2017), 012003, https://doi.org/10.1088/1742-6596/908/1/012003.
[141] T.B. Yallew, S. Aregawi, P. Kumar, I. Singh, Response of natural fiber reinforced polymer composites
when  subjected to various environments, Int. J. Plast. Technol. 22 (2018) 56-72,
https://doi.org/10.1007/s12588-018-9202-2

[142] V. Fiore, C. Sanfilippo, L. Calabrese, Influence of sodium bicarbonate treatment on the aging resistance
of natural fiber reinforced polymer composites under marine environment, Polym. Test. 80 (2019), 106100,
https://doi.org/10.1016/j. polymertesting.2019.106100

[143] M.K. Singh, S. Zafar, Wettability, absorption and degradation behavior of microwave-assisted
compression molded kenaf/HDPE composite tank under various environments, Polym.-Degrad:;Stabil. 185
(2021), 109500, https://doi. org/10.1016/j.polymdegradstab.2021.109500.

[144] N.H. Sari, C.I. Pruncu, S.M. Sapuan, R.A. llyas, A.D. Catur, S. Suteja, Y. A. Sutaryono, G..Pullen, The
effect of water immersion and fibre content on properties of corn husk fibres reinforced thermoset polyester
composite, Polym. Test. 91 (2020), 106751, https://doi.org/10.1016/j. polymertesting.2020.106751

[145] E. Gallo, B. Schartel, D. Acierno, F. Cimino, and P. Russo, “Tailoring.the flame retardant and mechanical
performances of natural fiber-reinforced biopolymer by multi-component laminate,” Composites Part B:
Engineering, vol. 44, no. 1, pp. 112- 119, 2013.

[146] I. S. M. A. Tawakkal, M. J. Cran, and S. W. Bigger, “Effect of kenaf fibre loading and thymol
concentration on the mechanical and thermal properties of PLA/kenaf/thymol composites,” properties of
PLA/kenaf/thymol composites,” Industrial Crops and Products, vol. 61, pp. 74-83, 2014

[147] T. Sen and H. N. Reddy, “Various industrial applications of hemp,:kinaf, flax and ramie natural fibres,”
International Journal of Innovation, Management and Technology, vol. 2, pp. 192-198, 2011.

[148] U. S. Bongarde and V. D. Shinde, “Review on natural fiber reinforcement polymer composite,”
International Journal of Engineering Science and Innovative Technology, vol. 3, no. 2, pp. 431-436, 2014.
[149] L. Mwaikambo, “Review of the history,properties and application of plant fibres,” African Journal of
Science and Technology, vol. 7, no. 2, p. 121, 2006




