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Abstract 
Composite materials have brought about a paradigm shift in numerous industries by integrating distinct 
components to improve material performance. Consisting of a matrix and reinforcement, composites 
synergistically combine the unique properties of each constituent to deliver superior strength, enhanced 
durability, and remarkable flexibility. These attributes have made composite materials indispensable 
in diverse fields such as automotive, aerospace, construction, and marine engineering. This article 
provides a comprehensive exploration of the historical development and functionality of composite 
materials, offering insights into their evolution and various classifications based on the reinforcing 
materials and matrix. A particular focus is given to the importance of natural fibers, delving into their 
chemical compositions and examining the diverse surface treatment techniques used to optimize the 
interaction between the fibers and the matrix material. Furthermore, the article investigates the widely 
adopted fabrication methods for natural fiber-reinforced polymer composites (NFRPCs), including 
injection molding, hand lay-up, resin transfer molding, and compression molding. These methods are 
analyzed to highlight their advantages and applications in achieving high-performance composite 
structures. By addressing these aspects, the review seeks to provide an in-depth understanding of 
composite materials, their multifaceted applications, and the ongoing advancements aimed at 
enhancing their performance, sustainability, and cost-efficiency. This exploration is intended to guide 
future research, fostering innovative approaches to elevate the potential of composite materials in 
addressing the growing demands of modern engineering and industry. 
 
Keywords: Natural fiber composites, Lignocellulosic fibers, Mechanical characteristics, Thermal 
stability, Polymers 

 
 
INTRODUCTION 

Composite materials have significantly 
influenced technological advancements by 
combining different components— a matrix and a 
reinforcement— to produce materials with superior 
properties. These components maintain their 
individual characteristics while enhancing the 
overall material's performance. They provide 
superior strength-to-weight ratios, resistance to 
environmental degradation, enhanced thermal 
insulation, and greater versatility in design, making 
them a compelling alternative to conventional 
materials [1]. Due to these attributes, composites 
are widely used in industries like automotive, 
aerospace, construction, and marine engineering 
[2]. The use of composite materials dates back to 
ancient times, such as the Egyptians' straw-
reinforced bricks and the Pacific Northwest's wood-
fiber canoes [3]. However, it was during the 20th 
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century, particularly after World War II, that composites gained widespread attention, particularly with 
the development of fiberglass for military applications [4]. Post-war research and innovation expanded 
their use across various industries, from automotive to sports and infrastructure [5]. Today, ongoing 
research continues to focus on improving composites' performance, sustainability, and cost-efficiency, 
enabling customized solutions for diverse applications. 

 
TYPES OF COMPOSITE MATERIALS 

Composites are specialized materials formed by integrating a matrix with a reinforcing element, 
where each retains its inherent properties. Together, they synergize to create a material with improved 
performance and capabilities beyond those of the individual components [1,4]. Composites are typically 
classified according to the types of reinforcing materials and matrix used, as shown in Figure 1. 
 
Classification Based on Matrix 

Composites are categorized into three types based on their matrix, a detailed explanation of each is 
provided below: 

• Metal matrix composites (MMC): These composites combine a metal matrix with reinforcements 
like ceramics, carbon fibers, or other metals, resulting in improved thermo-physical and 
mechanical attributes compared to conventional metals [6]. Common matrix metals in MMCs 
include aluminum, magnesium, copper, and titanium alloys [7]. 

• Ceramic matrix composites (CMC): These composites consist of ceramic fibers or whiskers 
embedded within a ceramic matrix, providing exceptional high-temperature resistance, thermal 
stability, and mechanical strength [8]. 

• Polymer matrix composites (PMC): These composites consist of fibers or particles embedded 
within a polymer resin matrix, providing a lightweight, cost-effective solution with resistance to 
environmental degradation, and a high strength-to-weight ratio [9]. PMCs are divided into 
thermoplastic and thermoset composites: 

• Thermoplastic Composites use polymers like polyethylene, polypropylene, and ABS, which 
soften when heated and can be reshaped and recycled [10]. They are valued for ease of 
processing, impact resistance, and recyclability, used in automotive, consumer goods, and 
aerospace industries [11]. 

• Thermoset Composites use resins like epoxy or polyester, which crosslink to form a rigid, heat-
resistant network during curing [12]. These composites are known for excellent mechanical 
properties and dimensional stability, making them suitable for aerospace, automotive, and marine 
applications [13]. Figure 2 illustrates the schematic diagram of thermoplastic and thermosetting 
polymers. 

 
Classification Based on Reinforcement 

Composites are categorized based on their reinforcing materials into several categories: 

• Particle reinforced composites: These consist of solid particles dispersed within a matrix (metal, 
polymer, or ceramic) and are designed for enhanced properties like strength, stiffness, and 
thermal conductivity [15]. The matrix ensures cohesion, and fabrication methods like powder 
metallurgy or stir casting are used based on material and production needs [16]. These composites 
find extensive application across aviation, automotive, electronics, and construction industries 
[17]. 

• Laminated composites: Composed of layered materials bonded together, typically alternating 
reinforcing fibers (carbon, glass, aramid) and a matrix material (polymer resin). The arrangement 
of layers is customized for specific properties such as stiffness and strength, making these 
composites perfect for aviation, automobile, marine, and sports applications, thanks to their 
exceptional strength-to-weight ratio [18]. 

• Fiber reinforced composites: These materials have a fiber (carbon, glass, aramid, or natural 
fibers) reinforced with polymer matrix, providing enhanced mechanical properties like strength, 
stiffness, and toughness [19]. Used in aerospace, automotive, construction, and sports industries, 
fiber-reinforced composites are valued for their lightweight, strength, and corrosion resistance 
[19]. 
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Figure 1. Categorization of composites. 

 

 
Figure 2. Schematic diagram of thermoplastic polymer (Left), and thermosetting polymer (Right) [14]. 

 

NATURAL FIBERS AND THEIR NEED 

Natural fibers, derived from plants, animals, and minerals, provide a variety of materials for diverse 

applications [20]. Plant fibers, sourced from stems, leaves, seeds, and grasses, primarily consist of 

hemicellulose, cellulose, lignin, and pectin, with cellulose serving as the most predominant constituent 

[21]. In composites, plant fibers act as essential reinforcements in polymer matrices, offering 

lightweight, low-density, and strong mechanical properties [21,22]. Their renewability, availability, 

cost-effectiveness, and biodegradability make them more eco-friendly than synthetic materials [23]. 

With excellent strength-to-weight ratios and impact resistance, they are ideal for industries like 

construction, automotive, aerospace, and consumer goods [24]. Their hypoallergenic nature, comfort, 

and aesthetic appeal further contribute to their rising popularity as sustainable alternatives in 

manufacturing. Figure 3 displays the categorization of natural fibers. 
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Figure 3. Categorization of natural fibers. 

 

Chemical Composition of Natural Fibers 

Plant fibers, composed of cellulose, hemicellulose, lignin, pectin, and other compounds, determine 

their strength, flexibility, and overall properties [25]. The structure of lignocellulosic fibers and the 

interaction between cellulose, hemicellulose, and lignin are shown in Figure. 4. Below is a brief 

overview of the primary chemical constituents in plant fibers: 

• Cellulose: The foundation of plant cell walls, cellulose is a linear polymer of glucose molecules 

linked by strong β-1,4 glycosidic bonds. This structure provides exceptional tensile strength and 

rigidity, forming the core of plant fibers [26]. 

• Hemicellulose: A diverse group of branched polysaccharides (like xylan and mannan), 

hemicellulose interweaves with cellulose microfibrils [27]. This enhances flexibility and 

elasticity within the cell wall [28]. 

• Lignin: A complex, cross-linked polymer, lignin acts as a "glue" that strengthens and reinforces 

the cell wall [29]. It permeates the cellulose-hemicellulose matrix, providing crucial protection 

against moisture, microbial attack, and other environmental stresses [30]. 

• Pectin: A complex polysaccharide, pectin functions as a cementing agent, holding plant cells 

together. It contributes significantly to the overall structural integrity, flexibility, and rigidity of 

plant tissues [31]. 

• Waxes, oils, and fats: Present in smaller quantities, these substances play a vital role in fiber 

lubrication, improving handling during processing and providing some degree of water 

repellency. 
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Figure 4. Structure of lignocellulosic fiber and interaction among lignin, hemicellulose, and cellulose 

[32]. 

 

Chemical Treatments on Natural Fibers 

Plant fibers, which primarily consist of hemicellulose, cellulose, and lignin, naturally exhibit 

hydrophilic properties [25]. This tendency can pose challenges during composite fabrication, as the 

weak interaction between natural fibers and polymer matrices may lead to reduced mechanical strength 

[30]. To address these challenges, surface modification techniques are frequently applied. These 

chemical treatments effectively remove impurities like lignin, wax, hemicellulose, and other 

contaminants from the fiber surface, while also roughening the texture. This enhanced surface 

roughness improves the polymer matrix and fibers’ interlocking [33]. By modifying the fibers' surface 

chemistry and morphology, these treatments enhance interfacial bonding, ultimately improving the 

mechanical performance and overall nature of the composite [34]. Figure 5 depicts the chemical 

treatment process applied to natural fibers.  

 

Alkali treatment 

Alkali treatment involves immersing natural fibers like hemp, flax, ramie, and jute in a sodium 

hydroxide (NaOH) or potassium hydroxide (KOH) solution to enhance their properties for composite 

fabrication. NaOH interacts with the cellulose hydroxyl groups, replacing them with sodium ions (Na+), 

reducing hydrophilic (-OH) groups, and improving moisture resistance [35]. The treatment also 

removes non-cellulosic components, promoting fiber crystallinity and improving adhesion with 

polymer matrices [36]. Figure 6 shows the SEM images of untreated and NaOH-treated Borassus 

fabellifer L. fibers. The reaction is represented as:  

Fiber-OH + NaOH → Fiber-O-Na+ + H₂O 

 

 
Figure 5. Schematic representation of chemical treatment on natural fiber. 
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Figure 6. SEM images of (a) Untreated borassus fabellifer L. Fiber, (b) 5% (w v) NaOH Treated 

Borassus fabellifer L. Fiber [37]. 

 

Silane treatment 

Silane coupling agents are used to enhance compatibility between polymer matrices and natural 

fibers. Silane molecules react with hydroxyl groups on the fiber surface and polymer matrix, forming 

covalent bonds that improve mechanical properties [36]. SEM images (Figure 7) of untreated and 

silane-treated fish tail palm fibers illustrate the eradication of impurities. The reaction is: 

R-Si(OH)₃ + 3OH on Fiber → R-Si-O-Fiber + 3H₂O. 

 

Acetylation treatment 

Acetylation introduces acetyl groups onto the fiber surface, replacing hydroxyl groups and enhancing 

hydrophobicity, thermal stability, and moisture resistance. This treatment improves compatibility 

between fibers and polymer matrices by roughening the fiber surface [39]. SEM images (Figure 8) 

depict increased roughness in acetylated Dombeya buettnerri fibers. The reaction is: 

Fiber-OH + Acetic anhydride → Fiber-OCCH₃ + Acetic acid. 

 

 
Figure 7. SEM images of (a) Untreated, (b) 1% Silane Treated, (c) 5% Silane Treated, and (d) 9% 

silane treated fish tail palm fiber [38]. 
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Figure 8. SEM Images of (a) Untreated, (b) 4% Acetylation-Treated Dombeya buettnerri Fiber [40]. 
 
Peroxide treatment 

Peroxide treatment involves using hydrogen peroxide (H₂O₂) to alter the fibers’ surface properties, 
improving their wettability, adhesion, and dyeability. This modification enhances the fibers and 
polymer matrices interaction, leading to improved mechanical properties and increased durability in 
composite materials [35]. SEM images (Figure 9) of peroxide-treated Oil Palm Empty Fruit Bunch 
Fiber. 

 

 
Figure 9. SEM Images of (a-b) Untreated, (c-d) Peroxide-Treated Oil Palm Empty Fruit Bunch Fiber 
[41]. 
 
Permanganate treatment 

Potassium permanganate (KMnO₄) reacts with cellulose hydroxyl groups, improving fiber-matrix 
adhesion and reducing hydrophilicity, leading to better moisture resistance [35]. SEM images (Figure 
10) of KMnO₄-treated bamboo fibers show surface changes. The treatment enhances thermal stability 
and water repellency. 

 
Benzoylation treatment 

Benzoylation introduces benzoyl groups onto fibers, improving hydrophobicity, thermal stability, 
and moisture resistance [43]. It also increases fiber roughness for better matrix adhesion. SEM images 
(Figure 11) of benzoylated Luffa cylindrica fibers show these surface modifications. The reaction is: 
Fiber-OH + C₆H₅COCl → Fiber-C₆H₅CO + HCl. 
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Figure 10. SEM Images of (a) Untreated, (b) 0.5% KMnO4 treated bamboo fibers [42]. 

 

 
Figure 11. SEM Images of (a) Untreated, (b) 5% C6H5COCl Treated Sponge-Gourd (Luffa cylindrica) 

Fibers [43]. 

 

Other chemical treatments 

Additional treatments, such as esterification, chlorination, and quaternization, further enhance natural 

fibers. Esterification improves moisture and chemical resistance, chlorination enhances flame 

resistance, and quaternization imparts antimicrobial properties, expanding the versatility of fibers in 

various applications. 

 

VARIOUS FABRICATION TECHNIQUES NFRPCS 

There are diverse methods to fabricate natural fiber-reinforced polymer composites, each offering 

unique advantages for specific applications. Among these, Hand Lay-up, Injection Molding, 

Compression Molding, and Resin Transfer Molding (RTM) stand out for their popularity and 

effectiveness. 

 

Hand lay-up technique 

The Hand Lay-up method is popular for its simplicity and cost-effectiveness, involving the manual 

layering of fibers onto a mold with resin application. This technique starts with preparing the mold by 

applying a release agent, followed by an optional wax coat for surface finish. Dry fiber reinforcements 

are then placed onto the mold. A polymer resin (e.g., epoxy) mixed with a hardener is applied over the 

fibers using brushes or rollers to ensure thorough impregnation and the removal of air bubbles. 

Additional layers of reinforcements and resin can be added to achieve the desired thickness. The 

laminate is then left to cure at room temperature or under controlled conditions, after which the hardened 

composite is demolded and finished through trimming or sanding. Although it is ideal for small to 
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medium production volumes and complex shapes, it typically results in longer production times and 

lower mechanical properties compared to advanced methods [23]. Despite these drawbacks, it is 

extensively employed in industries like automobile, marine, and construction [44]. The schematic 

representation of the hand layup technique is presented in Figure 12. 

 
Injection molding technique 

This is an efficient and precise method where molten polymer resin mixed with natural fibers is 
injected into a mold under high pressure. The working of the injection molding technique involves 
several key steps: first, plastic granules are fed into a hopper, where they are heated by a heater within 
a barrel until they reach a molten state. The molten material is then injected into a mold cavity through 
a nozzle using a high-pressure screw or plunger. The material fills the cavity, taking the shape of the 
mold, and is cooled to solidify. This allows for the production of complex shapes with consistent 
properties, making it ideal for high-volume production in industries like automotive, electronics, and 
consumer goods [45]. However, the high equipment cost limits its feasibility for smaller-scale 
operations [46]. Figure 13 displays the schematic representation of the injection molding machine. 

 
Compression molding technique 

Compression molding involves placing a natural fiber preform into a mold, then applying heat and 
pressure to ensure uniform resin distribution and fiber compaction. The process starts by heating the 
upper and lower molds using a hot plate to a specified temperature. The fiber preforms, along with 
resin, is placed between the molds. A hydraulic system is then used to apply pressure, closing the molds 
and compacting the fibers while the heat causes the resin to flow and bond with the fibers. This results 
in a solid part with consistent mechanical properties and smooth surfaces, making it ideal for medium 
to high-volume production. It is widely used for manufacturing automotive components, electrical 
insulators, and appliance housings [47]. The compression molding machine for the fabrication of 
NFRPCs is depicted in Figure 14. 

 

 
Figure 12. Schematic representation of hand layup technique. 

 

 
Figure 13. Schematic representation of the injection molding machine. 
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Figure 14. Schematic diagram of compression molding machine. 

 

Resin transfer molding (RTM) technique 

This advanced process involves injecting liquid resin, mixed with a catalyst, into a mold containing 

a fiber preform. The process starts by loading the fiber preform into the lower mold, which is then 

sealed with the upper mold. The resin and catalyst are mixed in the mixing head before being injected 

into the mold through the injector. The resin saturates the fibers, and the mold is heated by the heating 

system to facilitate curing, solidifying the composite material. It offers precise resin flow control, 

resulting in parts with high fiber volume fractions, excellent surface finishes, and complex shapes [48]. 

While requiring specialized equipment, RTM is preferred in the automotive and aerospace industries 

for producing structural components [49]. The resin transfer molding machine for the fabrication of 

composites is depicted in Figure 15. 

 

 
Figure 15. Schematic representation of resin transfer molding machine. 
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Table 1. Advantages and Limitations of Various Fabrication Techniques [23,44–49]. 

Fabrication techniques Advantages Limitations 

Hand Lay-up 1. Simple and cost-effective 

2. Ideal for small to medium 

production volumes and complex shapes 

3. Widely used in industries like 

automobile, marine, and construction 

1. Longer production times compared 

to advanced methods. 

2. Lower mechanical properties 

compared to advanced methods. 

3. Labor-intensive process. 

4. Inconsistent quality due to manual 

operation. 

Injection Molding 1. Efficient and precise 

manufacturing process. 

2. Ideal for high-volume production, 

ensuring cost-effectiveness at scale. 

3. High production speed with 

automated operation. 

4. Widely used in automotive, 

electronics, and consumer goods industries. 

1. High equipment cost limits 

feasibility for smaller-scale operations. 

2. Requires skilled operators for 

machine setup and maintenance. 

3. Limited material compatibility, 

especially for certain fiber-reinforced 

composites. 

Compression Molding 1. Cost-effective for medium to high 

production volumes. 

2. Low material waste and good 

repeatability. 

3. High mechanical strength due to 

uniform fiber distribution. 

1. Not suitable for parts with complex 

geometries or undercuts. 

2. Longer cycle times compared to 

injection molding. 

3. High initial setup cost or large-

scale production. 

Resin Transfer Molding 

(RTM) 

1. Produces complex, high-strength 

parts with good surface finish on both sides. 

2. Controlled fiber-to-resin ratio, 

leading to consistent mechanical properties. 

3. Suitable for medium to large 

production volumes. 

4. Ideal for aerospace, automotive, 

and marine applications. 

1. High tooling cost for molds, not 

cost-effective for small runs. 

2. Longer cycle times due to resin 

infusion and curing stages. 

3. Difficult to process very thick 

laminates due to resin flow limitations. 

4. Complex mold design increases 

lead time and costs. 

 

Each of these techniques offers distinct benefits, catering to different production needs and industrial 

applications. The advantages and limitations of various fabrication techniques are tabulated in Table 1. 

 

DIVERSE PROPERTIES OF NATURAL FIBER-REINFORCED POLYMER COMPOSITES 

STUDIED BY MANY RESEARCHERS  

Synthetic fiber composites have dominated industries due to their superior properties, but the growing 

environmental concerns have shifted the focus to natural fiber composites. These eco-friendly 

alternatives are cost-effective, recyclable, biodegradable, and lightweight, though they are limited by 

lower strength compared to synthetic fibers. Researchers are working to enhance natural fiber 

composites by partially substituting synthetic fibers with natural ones. Mechanical properties of diverse 

polymer composites reinforced with natural fiber is displayed in Figure 19. 

 

Mudoi et al. (2023) [50] developed epoxy composites reinforced with Himalayan nettle fibers at 

varying loadings (0–30 wt.%). The study found that the mechanical and thermal properties improved 

with fiber content, peaking at 23 wt.%, which provided the highest tensile strength (57.69 MPa), flexural 

strength (98.60 MPa), and thermal stability. This fiber loading was identified as optimal for enhancing 

epoxy properties. 

 

Ribeiro et al. (2021) [51] explored the effects of different fiber fractions on the mechanical, ballistic, 

and thermal properties of epoxy composites reinforced with Cannabis sativa hemp fibers. The results 

showed that composites with 30% fiber content demonstrated superior tensile strength, impact 

resistance, and ballistic performance. 
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Saravanakumaar et al. (2022) [52] analyzed the epoxy composites reinforced with Carica papaya 

fiber at different fiber loadings and orientations. The study revealed that composites with 20 wt.% fiber 

at 0° orientation exhibited the best performance, achieving a tensile strength of 122 MPa, impact 

strength of 7.8 J, and flexural strength of 118.9 MPa, along with improved thermal stability. 

 

Jena et al. (2021) [53] explored the physical and thermo-mechanical properties of Prosopis juliflora 

bark fibers/epoxy composites. The study found that composites with 20 wt.% treated fibers achieved 

the best tensile strength (84.22 MPa) and impact strength (31.76 kJ/m²), with superior thermal stability 

compared to untreated fibers. 

 

Behera et al. (2023) [54] examined epoxy composites reinforced with acrylic acid-treated rattan 

fibers. The composites with 18 wt.% rattan fiber showed the highest tensile strength (47.5 MPa), 

flexural strength (121 MPa), and dynamic mechanical and thermal properties. This enhanced 

performance is attributed to strong fiber-matrix interlocking, which ensures uniform load transfer 

throughout the composite, making it suitable for automotive applications. 

 

Nayak et al. (2023) [55] investigated epoxy composites reinforced with Eleusine indica grass fibers, 

both untreated and treated with 5% NaOH. The results showed that composites with 20 wt.% treated 

fibers exhibited the best mechanical properties, including tensile strength (79.31 MPa) and impact 

strength (32.24 kJ/m²), along with improved thermal stability. Furthermore, SEM analysis (Figure. 16) 

demonstrated improved adhesion between the epoxy matrix and the treated fibers, facilitating uniform 

load transfer and restricting the mobility of polymer chains. 

 

Reddy et al. (2022) [56] developed Cordia dichotoma fibers reinforced epoxy composites. The study 

found that 20 wt.% fiber composites exhibited superior tensile strength (59.21 MPa) and flexural 

strength (218.37 MPa), along with better thermal stability compared to lower fiber loadings. 

 

Muthu Chozha Rajan et al. (2022) [57] explored Chloris barbata flower fiber-reinforced epoxy 

composites. Composites with 20 wt.% treated fibers showed superior mechanical attributes, including 

tensile, impact, and flexural strengths. The thermal stability of these composites was also enhanced 

compared to untreated fibers. 

 

Nagappan et al. (2021) [58] explored the impacts of alkali treatment and fiber length on the 

mechanical attributes of Lagenaria siceraria fibers/epoxy composites. The study found that composite 

properties improved with increasing fiber length, peaking at 7 mm, and fiber content up to 30 wt.% for 

both treated and untreated fibers, leading to enhanced performance of these composites. 

 

 
Figure 16. SEM micrographs of epoxy composites reinforced with (a) Untreated Eleusine indica Grass 

Fibers, (b) Treated Eleusine indica Grass Fibers [55]. 
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Kar et al. (2024 & 2025) [59,60] explored the impact of fiber loading on the viscoelastic, thermal, 
mechanical and morphological attributes of epoxy composites reinforced with Calamus tenuis fibers 
via hand layup technique. The study revealed that composites containing 10 wt.% fiber exhibited 
superior thermomechanical and viscoelastic performance, attributed to improved fiber-matrix 
interfacial bonding at this optimal fiber content. 
 

Raghunathan et al. (2024) [61] compared the mechanical, water resistance, and morphological 
properties of epoxy composites reinforced with untreated and 5% NaOH-treated Zanthoxylum 
acanthopodium fibers. Composites with 20 wt.% treated fibers showed superior mechanical properties, 
with tensile and flexural strengths of 48.2 MPa and 49.5 MPa, respectively, due to improved fiber-
epoxy compatibility which is depicted in Figure. 17. 
 

Mahalingam et al. (2024) [62] studied the impact of fiber length on the thermal, mechanical, water 
absorption, and microstructural properties of unsaturated polyester composites reinforced with 5% 
NaOH-treated Palmyra palm leaf stalk fibers using compression molding. Composites with 30 wt.% 
fibers of 6 mm length exhibited superior mechanical strength—tensile (29.31 MPa), flexural (48.43 
MPa), impact (7.23 kJ/m²)—and thermal stability with a maximum degradation temperature of 290°C, 
attributed to strong fiber-resin adhesion as displayed in Figure 18. 
 

 
Figure 17. SEM Micrographs of the Samples After Tensile Test (a-b) 20 wt.% Untreated Zanthoxylum 

acanthopodium Fiber Composites, (c-d) 20 wt.% Treated Zanthoxylum acanthopodium Fiber 

Composites [61]. 
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Figure 18. SEM Micrographs of the 30 wt.% unsaturated polyester composites reinforced with 5% 

NaOH-Treated Palmyra Palm Leaf Stalk Fibers of Length (a) 6 mm, (b) 9 mm, and (c) 3 mm [62]. 

 

 
Figure 19. (a-c) Mechanical properties of various natural fiber reinforced polymer composites. 
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CONCLUSIONS 

In conclusion, composite materials, particularly those reinforced with natural fibers, represent a 
significant shift towards sustainable and high-performance solutions. The synergy between the matrix 

and reinforcement enhances both the mechanical and thermal properties of these composites, making 
them ideal for a wide range of applications, from automotive to aerospace. The historical development 

of composites showcases notable technological advancements, with ongoing innovations continuously 
improving performance, cost-efficiency, and sustainability. Natural fibers, with their eco-friendly 

characteristics, present a promising alternative to synthetic fibers, especially with the integration of 
advanced fiber treatments that enhance interfacial bonding and overall composite performance. Hybrid 

composites, combining natural fibers with other reinforcements, further optimize material properties, 
offering greater versatility for specialized applications. Additionally, the diverse array of fabrication 

techniques—from traditional hand lay-up to cutting-edge methods like resin transfer molding—ensures 

that natural fiber-reinforced polymer composites (NFRPCs) can be efficiently scaled for industrial 
production. As research advances, the future of NFRPCs lies in their ability to deliver high-

performance, environmentally friendly solutions that cater to the growing demands of modern industries 
while maintaining industrial scalability. 

 
REFERENCES 

1. Biswal T, BadJena SK, Pradhan D. Synthesis of polymer composite materials and their biomedical 
applications. Mater Today Proc. 2020; 30: 305–315. 

2. Khalid MY, Al Rashid A, Arif  U, et al. Recent advances in nanocellulose-based different 
biomaterials: types, properties, and emerging applications. J Mater Res Technol. 2021; 14: 2601–

2623. 
3. Rashid K, Haq EU, Kamran MS, et al. Experimental and finite element analysis on thermal 

conductivity of burnt clay bricks reinforced with fibers. Constr Build Mater. 2019; 221: 190–199. 
4. Ngo T-D. Introduction to Composite Materials. In: Composite and Nanocomposite Materials - 

From Knowledge to Industrial Applications. IntechOpen, 2020. 
5. Khan F, Hossain N, Mim JJ, et al. Advances of composite materials in automobile applications – A 

review. Journal of Engineering Research. 2024.  
6. Yadav P, Ranjan A, Kumar H, et al. A Contemporary Review of Aluminium MMC Developed 

through Stir-Casting Route. Materials. 2021; 14: 6386. 

7. Selvam JDR, Dinaharan I, Rai RS. Matrix and Reinforcement Materials for Metal Matrix 
Composites. In: Encyclopedia of Materials: Composites. Elsevier, 2021, pp. 615–639. 

8. Wang X, Gao X,  hang  , et al. Advances in modifications and high-temperature applications of 
silicon carbide ceramic matrix composites in aerospace: A focused review. J Eur Ceram Soc. 2021; 

41: 4671–4688. 
9. Jothi Arunachalam S, Saravanan R. Study on filler reinforcement in polymer matrix composites – 

A review. Mater Today Proc. 2023.  
10. Bhatnagar N, Asija N. Durability of high-performance ballistic composites. In: Lightweight 

Ballistic Composites. Elsevier, 2016, pp. 231–283. 
11. Valente M, Rossitti I, Sambucci M. Different Production Processes for Thermoplastic Composite 

Materials: Sustainability versus Mechanical Properties and Processes Parameter. Polymers (Basel). 
2023; 15: 242. 

12. Sastri VR. Materials Used in Medical Devices. In: Plastics in Medical Devices. Elsevier, 2022, pp. 
41–64. 

13. Periasamy D, Karuppiah P, Manoharan B, et al. Assessing the recycling potential of thermosetting 
polymer waste in high-density polyethylene composites for safety helmet applications. e-Polymers. 

2024; 24. 

14. Kazemi M, Faisal Kabir S, Fini EH. State of the art in recycling waste thermoplastics and 
thermosets and their applications in construction. Resour Conserv Recycl. 2021; 174: 105776. 

15. Azad HKM, Rahman M . Ceramic matrix composites with particulate reinforcements—Progress 

over the past 15 years. In: Reference Module in Materials Science and Materials Engineering. 

Elsevier, 2024; 2024. 



 

 

An Overview of Composite Materials: Historical                                                                                       Kar et al. 

 

 

© STM Journals 2025. All Rights Reserved 173  
 

16. Sahu MK, Sahu RK. Fabrication of Aluminum Matrix Composites by Stir Casting Technique and 

Stirring Process Parameters Optimization. In: Advanced Casting Technologies. InTech, 2018.  
17. Altenbach H. Modelling of anisotropic behavior in fiber and particle reinforced composites. In: 

Multiscale Modelling of Damage and Fracture Processes in Composite Materials. Vienna: Springer 
Vienna, pp. 1–62. 

18. Lin YY, Lin M-C, Lou C-W, et al. Thermoplastic Laminated Composites Applied to Impact 
Resistant Protective Gear: Structural Design and Development. Polymers (Basel). 2023; 15: 292. 

19. Alberto M. Introduction of Fibre-Reinforced Polymers − Polymers and Composites: Concepts, 
Properties and Processes. In: Fiber Reinforced Polymers - The Technology Applied for Concrete 

Repair. InTech, 2013. 
20. Syduzzaman M, Al Faruque MA, Bilisik K, et al. Plant-Based Natural Fibre Reinforced 

Composites: A Review on Fabrication, Properties and Applications. Coatings. 2020; 10: 973. 

21. Kar A, Saikia D. Characterization of new natural cellulosic fiber from Calamus tenuis (Jati Bet) 
cane as a potential reinforcement for polymer composites. Heliyon. 2023; 9: e16491. 

22. Xia L,  hang C, Wang A, et al. Morphologies and properties of Juncus effusus fiber after alkali 
treatment. Cellulose. 2020; 27: 1909–1920. 

23. Kamarudin SH, Mohd Basri MS, Rayung M, et al. A Review on Natural Fiber Reinforced Polymer 
Composites (NFRPC) for Sustainable Industrial Applications. Polymers (Basel). 2022; 14: 3698. 

24. Rangappa SM, Siengchin S, Parameswaranpillai J, et al. Lignocellulosic fiber reinforced 
composites: Progress, performance, properties, applications, and future perspectives. Polym 

Compos. 2022; 43: 645–691. 
25. Tenazoa C, Savastano H, Charca S, et al. The Effect of Alkali Treatment on Chemical and Physical 

Properties of Ichu and Cabuya Fibers. J Nat Fibers. 2021; 18: 923–936. 
26. Etale A, Onyianta AJ, Turner SR, et al. Cellulose: A Review of Water Interactions, Applications in 

Composites, and Water Treatment. Chem Rev. 2023; 123: 2016–2048. 
27. Lu Y, He Q, Fan G, et al. Extraction and modification of hemicellulose from lignocellulosic 

biomass: A review. Green Process Synth. 2021; 10: 779–804. 
28. Karimah A, Ridho MR, Munawar SS, et al. A review on natural fibers for development of eco-

friendly bio-composite: characteristics, and utilizations. J Mater Res Technol. 2021; 13: 2442–
2458. 

29. Speight JG. Non–fossil fuel feedstocks. In: The Refinery of the Future. Elsevier, 2020, pp. 343–

389. 
30. Umashankaran M, Gopalakrishnan S. Effect of Sodium Hydroxide Treatment on Physico-chemical, 

Thermal, Tensile and Surface Morphological Properties of Pongamia pinnata L. Bark Fiber. J Nat 
Fibers. 2021; 18: 2063–2076. 

31. Nasrollahzadeh M, Nezafat  , Shafiei N, et al. Polysaccharides in food industry. In: Biopolymer-
Based Metal Nanoparticle Chemistry for Sustainable Applications. Elsevier, 2021, pp. 47–96. 

32. Jung HY, Lee JS, Han HT, et al. Lignin-Based Materials for Sustainable Rechargeable Batteries. 
Polymers (Basel). 2022; 14: 673. 

33. Babu BG, Princewinston D, Saravanakumar SS, et al. Investigation on the Physicochemical and 
Mechanical Properties of Novel Alkali-treated Phaseolus vulgaris Fibers. J Nat Fibers. 2022; 19: 

770–781. 
34. Baskaran PG, Kathiresan M, Pandiarajan P. Effect of Alkali-treatment on Structural, Thermal, 

Tensile Properties of Dichrostachys cinerea Bark Fiber and Its Composites. J Nat Fibers. 2022; 19: 
433–449. 

35. Gholampour A, Ozbakkaloglu T. A review of natural fiber composites: properties, modification 
and processing techniques, characterization, applications. J Mater Sci. 2020; 55: 829–892. 

36. Kabir MM, Wang H, Lau KT, et al. Chemical treatments on plant-based natural fibre reinforced 

polymer composites: An overview. Compos B Eng. 2012; 43: 2883–2892. 
37. Singh JK, Rout AK. Characterization of raw and alkali-treated cellulosic fibers extracted from 

Borassus flabellifer L. Biomass Convers Biorefin. 2024; 14: 11633–11646. 

38. Sabarinathan P, Rajkumar K, Annamalai VE, et al. Characterization on chemical and mechanical 

properties of silane treated fish tail palm fibres. Int J Biol Macromol. 2020; 163: 2457–2464. 



 

Journal of Polymer & Composites 

Volume 13, Issue 2 

ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print) 

 

© STM Journals 2025. All Rights Reserved 174  
 

39. Ferreira DP, Cruz J, Fangueiro R. Surface modification of natural fibers in polymer composites. In: 

Green Composites for Automotive Applications. Elsevier, 2019, pp. 3–41. 
40. Oladele IO, Michael OS, Adediran AA, et al. Acetylation Treatment for the Batch Processing of 

Natural Fibers: Effects on Constituents, Tensile Properties and Surface Morphology of Selected 
Plant Stem Fibers. Fibers. 2020; 8: 73. 

41. Rayung M, Ibrahim N,  ainuddin N, et al. The Effect of Fiber Bleaching Treatment on the 
Properties of Poly(lactic acid) Oil Palm Empty Fruit Bunch Fiber Composites. Int J Mol Sci. 2014; 

15: 14728–14742. 
42. Kudva A, G T M, Pai D. Influence of Chemical Treatment on the Physical and Mechanical 

Properties of Bamboo Fibers as Potential Reinforcement for Polymer Composites. J Nat Fibers. 
2024; 21(1): 2332698 .  

43. Taimur-Al-Mobarak, Mina MF, Gafur MA, et al. Effect of Chemical Modifications on Surface 

Morphological, Structural, Mechanical, and Thermal Properties of Sponge-gourd Natural Fiber. 
Fibers Polym. 2018; 19: 31–40. 

44. Elkington M, Bloom D, Ward C, et al. Hand layup: understanding the manual process. Adv Manuf: 
Polym Compos Sci. 2015; 1(3): 138-151 

45. Czepiel M, Bańkosz M, Sobczak-Kupiec A. Advanced Injection Molding Methods: Review. 
Materials. 2023; 16: 5802. 

46. Selvaraj SK, Ramesh R, Narendhra TM V., et al. New Developments in Carbon-Based 
Nanomaterials for Automotive Brake Pad Applications and Future Challenges. J Nanomater. 2021; 

2021: 1–24. 
47. Matveenko VP, Kosheleva NA, Shardakov IN, et al. Temperature and strain registration by fibre-

optic strain sensor in the polymer composite materials manufacturing. Int J Smart Nano Mater. 
2018; 9: 99–110. 

48. Gogoi G, Mandal M, Maji TK. Animal fiber–based green composites. In: Green Sustainable 
Process for Chemical and Environmental Engineering and Science. Elsevier, 2023, pp. 305–346. 

49. Rouison D, Sain M, Couturier M. Resin transfer molding of hemp fiber composites: optimization 
of the process and mechanical properties of the materials. Compos Sci Technol. 2006; 66: 895–906. 

50. Mudoi MP, Sinha S, Parthasarthy V. Himalayan nettle fibre-reinforced polymer composite: a 
physical, mechanical, and thermal analysis. Biomass Convers Biorefin. 2024; 14: 30415–30434  

51. Ribeiro MP, Neuba L de M, da Silveira PHPM, et al. Mechanical, thermal and ballistic performance 

of epoxy composites reinforced with Cannabis sativa hemp fabric. J Mater Res Technol. 2021; 12: 
221–233. 

52. Kumaar AS, Senthilkumar A, Saravanakumar SS, et al. Mechanical Properties of Alkali-Treated 
Carica Papaya Fiber-Reinforced Epoxy Composites. J Nat Fibers. 2022; 19: 269–279. 

53. Jena PK, Samal P, Nayak S, et al. Experimental Investigation on the Mechanical, Thermal, and 
Morphological Behaviour of Prosopis juliflora Bark Reinforced Epoxy Polymer Composite. J Nat 

Fibers. 2022; 19: 8593–8603. 
54. Behera S, Mohanty JR, Nath G, et al. Exploring Properties of Short Randomly Oriented Rattan 

Fiber Reinforced Epoxy Composite for Automotive Application. J Nat Fibers. 2023; 20(1): 
2163024.  

55. Nayak S, Samal P, Malla C, et al. Enhancement of Mechanical, Thermal and Morphological 
Properties of Eleusine indica Grass Fiber Reinforced Epoxy Composites. J Nat Fibers. 2023; 20(1): 

2163029. 
56. Madhusudhan Reddy B, Venkateshwar Reddy P, Venkata Mohan Reddy Y, et al. Mechanical, 

thermal and morphological properties of raw Cordia dichotoma fiber reinforced epoxy composites. 
Curr Res Green Sustain Chem. 2022; 5: 100264. 

57. Muthu Chozha Rajan B, Indran S, Divya D, et al. Mechanical and Thermal Properties of Chloris 

barbata flower fiber  Epoxy Composites: Effect of Alkali treatment and Fiber weight fraction. J Nat 
Fibers. 2022; 19: 3453–3466. 

58. Nagappan S, Subramani SP, Palaniappan SK, et al. Impact of alkali treatment and fiber length on 

mechanical properties of new agro waste Lagenaria Siceraria fiber reinforced epoxy composites. J 

Nat Fibers. 2022; 19: 6853–6864. 



 

 

An Overview of Composite Materials: Historical                                                                                       Kar et al. 

 

 

© STM Journals 2025. All Rights Reserved 175  
 

59. Kar A, Saikia D, Palanisamy S, et al. Calamus tenuis fiber reinforced epoxy composites: effect of 

fiber loading on the tensile, structural, crystalline, thermal and morphological characteristics. J 

Polym Compos. 2024; 31: 323.  

60. Kar A, Saikia D, Palanisamy S, et al. Effect of fiber loading on the mechanical, morphological, and 

dynamic mechanical characteristics of Calamus tenuis fiber reinforced epoxy composites. J Vinyl 

Addit Technol. 2025; 31: 224–40.  

61. Raghunathan V, Ayyappan V, Dhilip JDJ, et al. Influence of alkali-treated and raw  anthoxylum 

acanthopodium fibers on the mechanical, water resistance, and morphological behavior of 

polymeric composites for lightweight applications. Biomass Convers Biorefin. 2024; 14: 24345–

57.  

62. Mahalingam J, Thirumurugan R, Dharmalingam S, et al. Effect of alkali treatment on properties of 

Palmyra palm tree primary flower leaf stalk fiber–reinforced polymer composites. Biomass 

Convers Biorefin. 2024; 14: 29403–14.  


