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Abstract. Renewability, recyclability and biodegradable contents are similar to glass fibers in natural 

fiber reinforced polymer composites (NFRP) which have definite mechanical properties.  The interface 

of polymer matrix and natural fibers results the composites to achieve superior properties of products. 

Researchers have extended their product designs and production techniques by using renewable 

materials such as jute fiber, cotton fiber, silk fiber, etc. which are enormous and used in the manufacture 

of durable industrial goods of high-end quality. This paper reviews the current developments and the 

brief findings needed in literature, concentrating on the mechanical properties and applications of 

NFRP. 
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1.Introduction 
Natural fibers are biologically degradable, renewable and recyclable materials that help to create and 

produce composite materials [1]. Last few years, the addition of natural fibers from renewable and non-

renewable sources in polymer materials has obtained good physical and chemical properties in 

composite materials [2]. The fibers attained from plants like sisal, pine-apple, screw-pine bamboo, jute, 

oil-palm, flax, etc., in preference to artificial fibers like glass fiber as reinforcement are utilized the 

current trend of fabrication of green composites materials. For the reason of manufacturing natural fibers, 

they help to produce natural eco friendly environment system to obtain the improved corrosion and 

surface related tribology properties [3]. For special structural and non-structural applications, plant-

based and animal-based fiber reinforced composites are still used every day. Natural fibers essentially 

contain of cellulose, hemicelluloses and lignin [4]. Natural fibers make loops, belts, wires, ties, mats, 

blankets, caps, baskets and sacks [5, 6]. Natural fibers have some disadvantages, such as greater water 

absorption by the thread, less interfacial interaction, instability at high temperatures, and unsuitability 

for matrix reinforcement in some fibers [7]. Surface modification in fibres plays a vital role in reinforced 

matrix bonding and result in decreasing the moisture content by chemical methods [8]. Natural fibers 

such as prosopis juliflora, abuliton indicum, and tapsi (T) are made in the form of straws by integrating 

fibers into neat epoxy resin. They give significantly improved tribology (wear) and mechanical 

properties of the composite material. Natural fiber composites with higher mechanical properties and 

environmental performance, it's necessary to impart hydrophobicity to the natural fibers by chemical 

modifications with appropriate coupling agents or by coating with suitable resins. In plants, the cells are 

joined together in different form of fiber lengths, coarse structures and stiffness of the cell walls [9]. 

Chemical treatments and physical treatments of natural fibers improve the bonding between natural 

fibers and matrix to form new composite materials [10]. Wax, lignin and oil containing parts of natural 

fibers are removed by physical treatment using chemicals. They increase the surface roughness of fibers, 

bonding of fibers with polymer matrix [11]. 
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Setaria italic fiber reinforced in to lapox L-12 matrix resin composites and then treated with NaOH 

separates lignin and hemicelluloses from the fiber, which has improved the mechanical strength of the 

composite material. The interlayer binding between the prosopis 

juliflora fiber and epoxy matrix resin composites is strengthened by alkali treatment resulting in the 

reduction of greasy nature over the fibers. By incorporating fillers, the tribological and mechanical 

properties are modified by using agro-waste filler in polymer composites as a reinforcing agent [12]. 

Now a days, many works done with hybrid natural fillers such as coir, rice husk, wheat raw, plant 

gum-rosin and pine bark in polymer materials are ideal for low cost enrichments of mechanical 

properties. India, Indonesia and China are the world’s largest rice producers [13]. In this agricultural 

field, the major problem is the disposal of rice husk. For polymer composites, rice husk can be a very 

competent material as natural filler among many agricultural wastes [14]. There are so many natural 

fibers in recent years that help to boost mechanical properties. Sisal fiber is a lasting fiber obtained from 

the grasses of the agave family plant in the form of a long fiber bundle.  Polyester resin is reinforced 

with natural sisal fiber and the hand-made mats are resulted in lower young modulus values than the 

machine-made mat [15]. The agro-waste fillers (Pine needle, rice husk, mustard cake and wheat straw) 

are added with grew optiva fiber and sisal fiber to help to enhance the sliding wear, hardness and impact 

energy properties of polymer composites [16]. By integrating steam detonation, alkaline curing, and 

micro grinding into the manufacturing of both white bamboo fibril micro and nano-sized ranges and 

their use as epoxy resin fillers, it has been shown to help enhance mechanical properties [17]. In this 

paper, there are numerous chemical treatments of reinforced composites of natural fibers for good 

mechanical properties that have been analyzed for further development.  

 

2. Materials and methods 
2.1. Composition of natural fibers 

Natural fibers [20], as shown in Figure 1 consist of pectin, cellulose, waxy materials hemicelluloses 

and lignin. Cellulose is the principal component of natural fibers that gives the fibers strong mechanical 

properties. The remaining constituent of polymer which is hemicelluloses in primary wall of the fiber 

resistant to hydrolysis. A fragrant structured matter called lignin is a complex compound having a cross 

– linked phenolic type structure in nature which gives more stable. Pectin is represented having high 

molecular weight polysaccharides present in cell walls of plant. The natural fiber includes organic and 

inorganic matters that are effective for odor, decomposed resistance, colour and natural fibers' coarse 

nature. The composition of few natural fibers [18,19] is mentioned in Table 1. 

 
Figure 1. Schematic depiction of natural fibre cell [20] 
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Table 1. Composition of Natural Fiber materials in research fields [18, 19] 

Fibers 
Lignin 

(wt%) 

Pectin 

(wt%) 

Cellulose 

(wt%) 

Hemicellulose 

(wt%) 
Wax (wt%) 

Jute 11-15 2.1-2.5 60-72 13.5-21 1.5-1.9 

Cotton 0.5-1.7 1.1-6.9 82-83 2-6.4 0.5-1.1 

Flax 2.1-2.5 2.1-2.5 70-75 18.5-21 1.6-1.8 

Bamboo 20-25 0.5-0.7 33-45 30 0.3-0.5 

Hemp 3.5-6 0.8-1 70-75 17.5-22.5 0.7-1 

Ramie 0.5-0.7 1.8-2 68-77 13-17 0.2-0.5 

Sisal 8-12 10-12 65-80 10-15 1-2 

banana 5 8-10 63-64 19 04-0.8 

 

2.2. Natural fiber styles 

Natural fibers can be divided into two groups (1) Plant-related fibers and (2) Animal -related fibers. 

Plant-related fibers, including ramie, cotton, hemp, jute, kenaf, sisal, flax, coir, banana and bamboo, are 

typically blended with polymers to produce coupon of NFRP composites for domestic manufacturing 

[5, 6]. The most important considerations for the manufacture of NFRP composites are strength and cost. 

Plant fibers derived from plants have long been used in construction to strengthen adobe and mud bricks, 

and are now being used in modern composites as substitute for synthetic reinforcing fibers made of glass 

or thermoplastic materials. These fibers are referred to as renewable sources and can be harvested from 

nature without impacting the environment and serve as a replacement of glass fiber for various 

engineering fields.  

Animal fibers, on the other hand, are made up of protein structures that differ depending on the 

animal (or insect in the case of silk) from which they are obtained. However, they are typically scoured 

before use to extract surface fats, waxes, sweat, and soil, resulting in commercial types that are relatively 

cleaned during processing. Generally, Cocoon silk, fur, spider silk, chicken feather and hair are widely 

used as animal-related fibers, primarily for biomedical application as implant surgery. To prevent 

harmful to the human body, these fibers are required to be biodegradable or biocompatible [1]. 

 
2.3. Manufacturing process 

The selection of manufacturing process for NFRP is based on their quantity of production, difficulty 

for making the final products, dimensional acceptance, cost and production time. Compared to artificial 

fibre composites, their manufacturing processes also influence the properties of NFRP composites. In 

manufacturing processes, parameters such as pressure and temperature are dominant to prevent natural 

fiber degradation and to ensure the consistency of NFRP composites.  

 Specific techniques to produce NFRP composites [21 – 23] are 

• Hand and Spray lay, 

• Filament winding,  

• Injection and Compression moulding, 

• Pre-impregnated NF/polymer film and 

• Technique for vacuum infusion. 

 

2.3.1. Hand lay-up 

The hand and power controlled devices are used to cut the reinforcement materials to size during the 

manual lay-up process. These cut items are impregnated in a wet matrix and arranged over a mould that 

has been coated with a release agent and then usually a resin get-coat. To ensure uniform delivery and 
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eliminate entrapped air, the impregnated reinforcement material in resin matrix is pressed by Hand rolled 

technique till the specified part thickness required [24]. 

 

2.3.2. Filament winding 

Filament winding is a method of wrapping a tiny fiber string of threads of resin to incorporate                

in fiber along over the shaft of the required shape. After the shaft is removed, the hollow shape is formed. 

Pipe, tubing, pressure vessels, tanks, and similar items are all examples of filament winding applications. 

Hoop or helical winding is used in filament winding [25]. 

 

2.3.3. Compression moulding technique 

Generally the most applicable method is Compression moulding technique stated below. Figure 2 

illustrates the general process of manufacturing natural fibre composite materials using the technique of 

compression moulding. 

 

 
Figure 2. General Method of producing natural 

fibre composite materials by Compression 

moulding technique [23] 

 

Compression moulding is a traditional manufacturing method used in the manufacture of composites 

of the polymer matrix under varying temperatures and pressures. Due to the simplicity, this technique is 

widely used in the manufacture of composite materials. This cycle has benefits with respect to low 

turnover and speed of fibers. Nowadays compression moulding technique helps to fabricated natural 

fiber composites. 

The compression and injection moulding processes are used in order to determine the better mixer 

system for fiber (sugarcane bagasse, benzylated bagasse and bagasse cellulose) and matrix (poly-

propylene). The samples (composites and polypropylene plates) were cut and sent to be analysed 

morphologically, microstructurally, and mechanically. The compression and injection moulding under 

vacuum process, which produced composites with a homogeneous distribution of fibers and no blisters, 

was the better-tested method for obtaining composites. The mechanical properties show that the 

composites have poor fiber-to-matrix adhesion; however, fiber incorporation improved the flexural 

modulus and material rigidity [26]. 

 

3. Results and discussions 
3.1. Natural fibers properties 

There are two components to produce composite materials, namely biodegradable natural fiber as 

shown in Table 2 (reinforcement) and metal, polymer and ceramics (matrix). Generally methods used 

are extrusion compounding, compression molding, injection molding and hand layup method [21-23] to 

fabricate polymer composite materials. As natural fiber is commonly increasing, their property is non-

uniform. Even though the selection of natural fiber (reinforcement) composite is made based on price, 

environment friendly, and easily available in local markets. However, matrix selection depends on 
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available manufacturing methods, material properties, environmental aspects and labor costs. It is 

concluded from Table 2, that young modulus for banana, bamboo and jute are higher than other natural 

fibers. The tensile strength is higher for banana, bamboo and jute fiber but density is more or less same. 

The mechanical properties are good for banana, bamboo and jute [27-32]. 

 

3.1.1. Physical and mechanical properties of Natural fiber materials       

 Matrix content of polymer is available in granule, board and acid form. Low density polyethylene 

(LDPE) and Polypropylenes (PP) are thermo plastic polymers that can be accessed as sheets and 

granules. Biodegradable polylactic acid (PLA) can be accessed as thin sheets and liquid. Polymer 

thermosetting such as polyester can be obtained as liquid and fiber. But epoxy is only available as liquid. 

Table 3 reveals that thermoplastic polymers have small young modulus relative to thermosetting 

materials. It provides strong tensile strength for thermosetting materials that are suitable for long fiber 

that requires long healing and complicated to recycling [33-37]. 

 

3.1.2. Physical and mechanical properties of Polymer matrix materials           

Composites usually have different mechanical properties about the fraction of the fiber volume. From 

Table 4 it is considered the highest value and the lowest value of the fiber composites, but it lacks the 

volume fraction criterion of the fiber [38-96]. This paper gives the various authors with specific standard 

methods (ASTM) to evaluate the mechanical properties, but not underlined in this article. Due to 

cellulose and other materials, diameter in the portion of natural fiber is different in various regions. This 

also yields different fiber products which are varied due to composite properties. Usually bonding 

between the fiber and matrix interfaces guides the composite properties. Natural fibers are lightweight, 

eco-friendly and inexpensive resulting in lower flexural and impact properties of natural fiber polymer 

composites, due to partially or completely biodegradable polymer composite natural fibers. By 

modifying the fiber and matrix content physically and chemically, the properties of bio-based composite 

fiber material are improved.  

 

Table 2. Physical and mechanical properties of various researchers in Natural fiber materials [27-32] 

Fibers 
Density 

(gm/cc) 

Tensile 

strength 

(MPa) 

Young’s 

modulus 

(Gpa) 

Flexural 

strength 

(MPa) 

Flexural 

Modulus 

(Gpa) 

Impact 

strength 

(KJ/m2) 

References 

Jute 1.25-1.5 300-780 10-30 18-37 1.3-2 3.2-7.5 28.32 

Cotton 1.2-1.7 300-600 3-13 20-72 1-1.9 1.9-3.5 29.32 

Flax 1.5-1.55 500-1500 20-30 50-60 4-5 2.5-8.3 30.32 

Bamboo 1.31-1.35 150-850 20-36 110-210 13-14 1-3 30 

Hemp 1.47-1.6 690-1100 4-30 63-65 3.3-9 2.6-2.7 30.31 

Ramie 1.44-1.46 400-700 20-50 60-100 ------ 11-12.3 30.32 

Sisal 1.34-1.50 500-650 3-22 80-90 1.1-3 8-14.82 32 

banana 1.30-1.40 300-700 30-35 32-50 2-5 1.2-2.25 27 

 

Table 3. Physical and mechanical properties range of various researchers in Polymer  

matrix materials [33 – 37] 

Material Matrix 
Density 

(gm/cc) 

Tensile 

strength 

(MPa) 

Young’s 

modulus 

(Gpa) 

Flexural 

strength 

(MPa) 

Flexural 

modulus 

(GPa) 

Impact 

strength 

(Joules/m2) 

References 

Thermoplastic 

PP 0.88-0.93 30-35 0.8-0.9 30-40 1.0 20-60 33 

PLA 0.90-1.25 25-66 2.2-2.4 45-110 0.3-4 26.8- 72 34 

LDPE 0.89-0.92 25-30 0.18-0.23 15-19 0.1-0.3 2.52-25 35 

Thermoplastic / 

Thermosetting 
Polyester 1.20-1.50 20-40 3-4 37-45 3-3.5 3.37-8.24 36 

Thermosetting Epoxy 1.10-1.40 70-75 5-7.5 55-65 2.40- 5.6 21-39 37 
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Table 4. Physical and mechanical Properties range of various researchers in Natural fiber  

reinforced polymer composite materials [38-96] 
Composites Strength Modulus Impact 

strength 

(Kilo 

Joules/m2) 

References Natural 

Fiber 
Matrix 

Tensile 

(MPa) 

Flexural 

(MPa) 

Young’s 

(GPa) 

Flexural 

(GPa) 

Jute 

PP 

14-52 30-80 3-7.2 2-5 1.2-4.8 38 

Cotton 24-30 42-91 1.5-2.7 1.9-2.2 2.8-5.1 39.40 

Flax 33-82 26-92 2.4-6.9 3.0-7.9 0.95-1.1 41 

Bamboo 25-65 35-81 1-2.6 1.2-4.6 26.54 42.43 

Hemp 25-35 14-23 0.6-2.2 0.65-1.2 24.5 44,45 

Ramie 32-66 42-68 1.5-2.3 1.4-2.6 2.7-4.5 46 

Sisal 21-45 30-68 0.5-2.6 2.8-5.5 2-9 47.48 

Banana 28-40 35-49 1.9-2.4 1.7-3.7 10.8-17.8 49.50 

Jute 

PLA 

11-56 35-100 0.5-1.8 2.3-6.2 1-3.2 51 

Cotton 62-84 105-143 4.9-5.2 6.2-8 14-23 52.53 

Flax 147 -310 38-171 5-29 4.8-19 5-26 54.55 

Bamboo 57-240 104-200 2.5-3.1 3-8.7 7.7-9.5 56.57 

Hemp 21-75 25-90 3.5-12.7 1.5-6.0 7-7.6 58.59 

Ramie 59-63 105-113 4.3-4.7 3.9-4.2 5.0-6.4 60 

Sisal 36-60 50-90 0.5-2.5 3.2-5 3.2-26 61 

Banana 16-58 26-102 1.4-1.6 4-5.2 17-20.5 62 

Jute 

LDPE 

17-35 20-31 0.25-1.75 0.6-1.5 - 63.64 

Cotton 10-20 12-25 0.2-1.1 0.2-0.7 81-90 65 

Flax 40-78 - 0.005-0.38 - 854J/m 66 

Bamboo 12-22 10-30 2.2-2.5 3.5-3.9 22-32 67.68 

Hemp 14-41 11-47 0.6-3 0.5-4.1 16-32 69 

Sisal 10-32 15-45 0.1-4.1 2.5-4 27-40 70 

Banana 9-15 13-24 0.3-1.2 0.2-5.6 7.5-27 70.72 

Jute 

Polyester 

64 -83 100-220 1.5-5.7 2.8-6.2 13-20 73.74 

Cotton 10-24 36-62 0.6-1.5 3-4.6 17-34 75 

Flax 82-280 25-140 2.2-6.5 - - 76 

Bamboo 37-62 75-98 1.7-4 4.8-6.7 15-18.1 77 

Hemp 20.1-53 30-110 3.7-6.2 3.8-6.9 7.2-13 78.79 

Ramie 18-30 48-82 - - 3.2-4.8 80 

Sisal 21-60 52-100 0.4-2.2 1.4-3 15-25 81.82 

Banana 21-24 24-47 1.1-2.1 0.9-2.4 7-14.1 83 

Jute 

Epoxy 

45-50 81-91 0.2-0.3 1.5-1.8 69.5-88.5 84 

Cotton 26-58 - 3-5.2 - 26-42 85.86 

Flax 63-105 78-130 5-8 4-9 17-35 87.88 

Bamboo 85-100 95-130 4-6.8 2-5 20-70J/m 89.90 

Ramie 26-42 62-90 9.56 - 3-6.2 91.92 

Sisal 38-44 51-110 6-10 7-32 1.3-1.5 93.94 

Banana 40-104 132-192 1.6-2.4 1.8-2 2.5-2.8 95.96 

 

3.2. Natural fiber chemical treatments 
The enhancement of the properties of natural fibers is due to the process of chemical alteration by 

permanently altering the structure of polymer fiber cell walls as an implant on the fibers surface. This 

mechanism is identical to bulking in the cell wall of the fiber. The various chemicals used for natural 

fiber surface treatment are mentioned in Table 5 [97-111]. Chemical alteration provides fiber resistance 

to fungal decay, resistance to corrosion, reduced water absorption efficiency, reduced flammability and 

greater dimensional stability [20]. The interface adhesion between the fiber and the matrix can also be 

strengthened by chemical treatments. Therefore, in altering the properties of natural fibers, chemical 

treatments may be considered. Some compounds, such as alkaline (sodium hydroxide), acetic acid, 

peroxide, silane, isocyanates, potassium permanganate, acrylic acid, maleate coupling agents, etc., are 

known to facilitate adhesion by chemically coupling the adhesive to the content. Alkaline therapy can 

be considered the most economical option of all the methods; the only downside is the degradation in 

the strength of the fiber during the treatment. 
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Table 5. Natural fibers materials treatment by Chemical modification in  

research fields [97 – 111] 

Name of treatment 
Chemical 

Formula 

Chemicals 

Name 

Addition of 

chemical 
References 

Succinic anhydride 

Treatment 
C4H4O3 Oxolane-2,5-dione 20 g//L 97 

Benzoylation 

Treatment 
C6H5COCl Benzoyl Chloride - 98 

Silicone treatment [R2SiO]n Polysiloxane 15 g/L 98 

Diisocyanates 

treatment 

[R-N=C=O]2 

 

Phenyl isocyanate toluene 

diisocyanate, and hexamethylene 

diisocyanate 

20 g/L 98 

Acetylation treatment C2H3O Ethanoylation 
10 wt% in 

methanol 
98 

Silane treatment Si-OH Saline/NaOH 2%: 6% 99 

Cyclohexane C6H12/C2H6O Cyclohexane/Ethanol 3%: 3% 100 

Alkalescent treatment NaOH or KOH 
Caustic Soda (Potassium 

hydroxide or Sodium hydroxide) 
5%, 7.5%, 10% 101 

Perfluorocarbon 

treatment 
CxFy PFC 30 g/L 102 

Peroxide treatment 
C14H10O4 or 

C18H22O2 

Benzoyl peroxide or Dicumyle 

Peroxide 
60 g/L 103 

Permanganate of 

Potash treatment 
KMnO4 Potassium manganate (VII) 

(0.005 – 0.205) % 

in acetone 
98,103 

Sulfuric acid 

treatment 
H2O4S Sulphuric acid 2.0% (wt/vol) 104 

Formic acid treatment HCOOH Methanoic acid Solution of 1g/L 105 

Sodium Periodate NalO4 Sodium metaperiodate 
Solution of 

6.42 g/L 
106 

Maleic anhydride 

treatment 
C4H2O3 Acid anhydride of maleic acid 

15 % 

(Wt/Vol) 

 

107 

Fatty acid of Stearic C17H35CO2H Octadecanoic acid 
2% solution in 

ethanol 
108 

Alkyl ketene dimer C36H68O2 Alkyl ketene dimer 2%, 4% 109 

EDTA Edetic acid C10H16N2O8 
Ethylene Diamine Tetra Acetic 

acid 
Solution of 5 g/L 110 

Carbamide (Urea) 

Treatment 
CH₄N₂O Carbamide Solution of 2.17g/L 111 

 

3.2.1. Characterization of chemical treatment on the flexural properties and impact properties  

of NFRP 

The flexural specimens are systematized in compliance with the ASTM D790 specifications, and the 

tests are conducted using the universal testing machine (UTM). The three-point flexural test [112] is the 

most familiar flexural test and used in this experiment to evaluate the flexural strength and flexural 

modulus of the composite materials. The research set-up process involves the putting of the research 

specimen in UTM as a clearly supported beam and adding force to it, until it cracks and fractures. 

Specimens for impact tests are prepared according to ASTM-A370/ ASTM6110/ ASTM D256 

standards [112,113]. The specimen may be placed into the impact testing system during the testing 

process which allows the pendulum to crack or break the specimen. The impact value (kJ/m2) is 

determined using the impact method by dividing the energy of the fracture by the specimen's cross-

sectional area. 

LDPE matrix banana fibers composites are manufactured and chemically treated by the two types (i) 

peroxide treatment and (ii) Potassium Permanganate treatment. Treatment with peroxide tends to 

enhance the 10 % flexural properties of samples as compared with treatment with permanganate [114]. 

Polypropylene matrix / Jute fibers composite samples are made and treated chemically with formic 

acid, sodium and urea. The results show that the mechanical properties of the urea treated samples such 
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as impact strength, flexural modulus and flexural strength are superior than those of the other treated 

and untreated samples [38]. 

Nylon matrix pine apple fibers composites are fabricated and chemically treated by alkali and silane. 

The results give that the improved flexural fiber properties for silane-treated pineapple fibers composites 

compared to untreated and alkali-treated pineapple fiber composites due to high aspect ratio. The 

absorption of pure nylon matrix's impact energy is greater than that of nylon / PALF composites [115]. 

Bagasse fibers are treated with alkali reinforced cardanol to form green composites. This finding 

shows that all mechanical properties such as flexural strength, flexural modulus and impact strength of 

composites of treated fibers are 15 percent of range higher than those of untreated composites of fibers 

[111]. 

Banana fibers / polyester composites are treated with silane and sodium hydroxide and blend together 

with the treatment of red mud elements (3-10 per cent). This finding shows that all mechanical properties 

such as flexural strength and impact strength of red mud elements composites of silane treated fibers are 

higher than those of sodium hydroxide treated fibers [116]. 

Banana fibers are treated with liquid solution of sodium hydroxide at varying concentrations to create 

composites of the banana/epoxy matrix. Flexural strength and impact strength of the treated fiber 

composites (0.5-1.5 per cent alkali concentration) are found to be greater than that of untreated fiber 

composites [117]. 

Sisal fiber / Epoxy composites are treated with alkali to form composites. Both the mechanical 

properties of impact strength and the flexural strength of composites of treated fibers are greater than 

that of untreated composites of fibers. The Figure 3 clearly shows that the crack is seen in sisal fibers 

due to load application acting in the perpendicular direction of the reinforcement of the Sisal fibers. This 

shows that alkali treatment with sodium hydroxide (8-12 %) is used to improve the adhesion properties 

of sisal epoxy fiber [118]. 

 
Figure 3. SEM of the treated sisal fiber composite material sample under  

(a) Flexural test loading and (b) impact test loading [118] 

 

Hydrothermal-treated bamboo particles / polyvinyl chloride composites are tested for the flexural 

strength of composites. The procedure helps to increase the flexural intensity up to 10 % relative to that 

of untreated samples [119]. 

Composites of ramie / polylactic acid are treated as the compatibilizer with diisocyanates. Impact 

strength and flexural strength of treated fiber composites are greater than that of untreated fiber 

composites because of enhanced adhesion between polylactic acid and ramie [120]. 

Flax fibers / mimosa tannin resin are treated with four different therapies, including alkalescent, 

acetylation, silane and enzyme therapy. Such findings have shown that silane, alkalescent and acetylation 

therapies have more flexural properties than untreated fiber composites and enzyme therapy. Though 
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treatment with NaOH has increased the energy effect to range of 4.75 to 5 J relative to untreated 

composites, impact properties of composites are less influenced [121]. 

Sisal fibers are processed and strengthened into epoxy resin by adding (1-2.5) percent solution of 

silane and alkaline. Reinforcing silanized sisal fibers through further enhancement of the mixing matrix 

reveal in flexural properties and impact properties are high compared to that of the pure epoxy mixing 

matrix [122]. 

Palm fibers are packed with calcium hydroxide and strengthened into cement mortar matrix with 

sodium hydroxide. This results in an assessment that the strengthening of the treated fibers gives 

composites greater flexural strength [123]. 

Alkalescent treated palmyra palm fibers and jute fibers are incorporated into polyester matrix 

resulting in an improvement of 20% respectively in the flexural properties of hybrid composites.    

Palmyra palm fiber's impact strength is greater than that of jute fiber and hybrid fiber [124]. 

A maleic anhydride binding agent is applied to two types of noil hemp fibers and scotched hemp 

fibers and strengthened into polypropylene matrix.  For scotched hemp fiber composites, the flexural 

strength of composites is increased compared to that of noil hemp fiber composites by adding (1-4 %) 

coupling agent. Noil hemp fiber composites have a higher impact strength benefit than scotched hemp 

fiber composites with a 10 % average difference of values [125]. 

Cylindrical Sansevieria fibers are treated with various stearic acid, potassium permanganate, benzoyl 

peroxide and alkali and strengthened into polyester matrix. The impact strength and flexural strength of 

composites treated with potassium permanganate are greater than that of other composites treated and 

untreated samples [126]. 

The author has examined the effect of chemical treatment (15% solution of sulphuric acid followed 

by (0.5-2) % alkali solution) on polypropylene composites amplified by sugarcane bagasse fibers. Impact 

strength and flexural properties of composites treated with fiber are stronger than those of untreated 

composites [127]. 

Coir and palm fibers are treated with benzene diazonium salt and form into a matrix of poly-

propylene. Coir fiber treated composites have obtained the maximum flexural strength and impact 

strength of all fiber loads compared to untreated coir and palm fiber composites [128]. 

The author has investigated the effects of alkali treatment on bamboo fiber / modified polyester 

composites that are unsaturated. The flexural properties of composites treated with bamboo fiber / 

modified polyester composites are increased related to untreated composites at room temperature [129]. 

The author has investigated the results of alkali treatment hybrid sisal / bamboo fibers bonded epoxy 

matrix composite. Flexural properties of hybrid composite treated are greater than those of untreated 

composites [130]. 

Chemically 1% H2SO4 in single bath, assisted by therapy with Na3PO4, Na2SiO3, and H2O2 and 

further bath NaOH along with Na2SiO3, Na2SO3, MgSO4 treated jute fibers, the flexural properties are 

observed to be stronger than the raw jute composites [84]. 

The author has observed the effects of alkali treatment in bamboo fiber-reinforced polyester 

composite and incorporated Euphorbia coagulum as a binder for composite fabrication. Hybrid bamboo 

fiber / coagulum / polyester resin-based composite have increased the flexural strength and impact 

strength related to the remaining composites [131]. 

Textile composites (TFRP) are studied using separate chemical methods, including maleic anhydride 

binding agents, alkali - silane treatment, alkaline and silane. Maleic anhydride (MA) treated give better 

flexural properties, but alkali treated composites give high resistance to impact [132]. 

Silkworm fiber, filtek composite resin and silane coupling agent are used to fabricate Silk fiber 

reinforced composite material. The findings of the flexural strength check on the silk composites have 

revealed that the tension side value (121.42 ± 1.07 MPa) has showed the maximum flexural strength 

compared to neutral and compression [133]. 
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3.3. Applications of NFRP composites 

Generally green fibers are difficult to produce NFRP composites. Due to the following problems 

with climate conditions, harvested area, absorption of moisture, flammability, durability and interface 

are the key problems that resist the acceptance of NFRP composites in actual-life implementations [134-

139].  These factors have raised the degree of concerns regarding the properties of natural fibers in the 

manufacture of the product.  

 

3.3.1. Aerospace industries 

Due to temperature, strain, UV radiation and stress conditions, replacing artificial fibers on structural 

components is difficult in the aerospace engineering industry. The other effects have influenced aircraft 

structural components such as bird collisions, lightning strike, object strikes and water damage, causing 

catastrophic structural failure. Various therapies, strengthened in the matrix by carbon and nano particles 

to increase the electrical conductivity of NFRP composites are the rational approach today [134-136]. 

 

3.3.2. Automotive manufacturing industries 

NFRP composites are ideal for body panels of vehicles as they substitute conventional composites 

of glass fibers and metal matrix composites and help to reduce vehicle costs and weight. Some 

applications include the roof covering, interior insulation, door panels, wheel box, molding rod / 

openings, trunk panel, backrest panel for seats, internal motor cover for trucks, seat / backrest, motor 

insulation, sun visor, bumper, glove box and instrument panel support [137,138]. 

 

3.3.3. Civil engineering industries 

Generally, if large quantities of fibers swarm together, the strength of concrete constructions is 

dramatically affected. Many development works are conducted in short natural fibers to increase the 

tensile strength in the cement process to reduce any crack formation. In this research on natural fiber, it 

has been stated that the chemical surface treatment with alkaline, sulfuric acid, silane, potash and other 

treatments on the surface of natural fibers that helps to reduce terrible conditions due to the severe 

environments such as hot temperatures and weather condition. Roofing and siding for housing have been 

produced in natural cellulose-cement composites. Besides that coating substances applied to structures 

help to prevent weather attacks [139]. 

 

3.4. Disadvantages of NFRP composites 
Low impact strength (high proportion of fiber defects), difficulty storing raw material for long periods of 

time, UV resistance–not as good as plastics, fiber deterioration during processing, and fiber orientation and 

distribution are just a few of the drawbacks. The most difficult aspect of dealing with natural fiber reinforced 

polymer composite is the wide range of properties and characteristics available. Many factors affect the 

properties of a biocomposite, including environmental conditions (where the plant fibers are sourced), 

processing techniques, fiber grades, and any fiber alteration. 

It is also known as polymer or biopolymer. The use of biopolymers as a matrix for biofiber reinforced 

composites has increased dramatically [140]. 

 

4. Conclusions 
This review paper discuss about the natural fibers regarding composition, types, manufacturing 

process, properties chemical treatments and applications.  

Alkali treatments used as main fiber therapies help to enhance flexural properties. Bonding between 

surfaces of composite materials has enhanced the flexural property due to chemical and coupling agent.  

Combinations of treatments such as sulfuric acid + alkali, alkali + silane, alkali + diluted epoxy 

treatment have exhibited greater flexural properties than one treatment in particular.  

Coupling agents such as maleic anhydride binders, euphorbia coagulum and zein have increased 

flexural strength effectively.  
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Fatty acid of Stearic, formic acid, acetic acid and edetic acid have decreased the property of flexural 

strength of composites. Due to over addition of chemical leads to decay the fiber structure and their 

properties.  

Physical therapies such as electron therapy, enzyme replacement therapy and hot water therapies 

have weakened the impact strength and flexural strength of composites.  

Nowadays, several research works are carried out on different types of treatment combinations, 

matrix modification, fiber modification and binding agents on different fibers that help to improve 

flexural properties, impact properties and composite applications.  
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