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Abstract: This paper examines the chemical and mechanical properties of natural fiber reinforced polymer bonded composites 

and the processing techniques are compared for the reinforced composite materials. The chemical and mechanical properties of 

the different natural fibers composites were compared. Present days natural fibers are attracting many scholars and researchers 

due to its cost and largely available in nature also processing of these fibers is not hard in comparison to the conventional fiber’s 

production. 

Also, Environmental awareness and a growing concern with the greenhouse effect have triggered the construction, automotive, 

and packing industries to watch out for eco-friendly materials that can replace conventional synthetic polymeric fiber’s. 
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1. INTRODUCTION 

Fibres area class of hair-like material that are persistent fibers or exclusively unmistakable prolonged pieces, like bits of string. In 

a composite, the fibers, held together with the matrix resin, contributes high tensile strength, boosting properties in the final part 

such as strength and stiffness, while minimizing weight. Fibers are two types one is synthetic fibres and another one is natural 

fibers. Synthetic fibers are a man-made fiber these fibers are created by extruding fibers building materials through spinnerets into 

air and water, developing a thread. Before man-made fibers were developed, manufactured fibers were made from polymers 

obtained from petrochemicals. Natural fibers are manufactured or produced from the plants and animal's hair. Interest in natural 

fiber composites is growing for many reasons including their potential to replace synthetic fiber recognized plastics at lower cost 

with improved sustainability [1, 3, 4].  

Fibers are in the accumulation of polymer cast composites which consists of a polymer thermoplastic or thermosetting reinforced 

by fiber. In the polymer matrix composite, we have three types they are fiber reinforced composites, particle reinforced 

composites, structural composites.  
In fiber reinforced composites, Fibre-reinforced plastic (FRP) is a composite material made of a polymer matrix reinforced with 

fibres. The fibres are usually glass, carbon, aramid, or basalt. Rarely, other fibres such as paper or wood or asbestos have been 

used. In particle, reinforced polymer composites the polymer matrix reinforced with the particulates. The particulates are usually 

silica, red mud, Al2o3, Sic etc. particle reinforcing in composites is a less effective means strengthening than fiber reinforcement. 

Structural composite is a material made from two or more constituent materials with significantly different physical or chemical 

properties. Natural fibres as an alternative reinforcement in polymer composites have attracted the attention of many researchers 

and scientists due to their advantages over conventional glass and carbon fibres. In general, fiber reinforced plastics are made by 

using synthetic fibers like glass, carbon, Kevlar, etc. and hence they are called as Synthetic Fiber Reinforced Plastics (SFRP). 

Though they have several advantages like high strength, stiffness, fatigue life and wear resistance, they also have disadvantages 

like high density, high cost, poor recycling and biodegradable properties. In order to overcome these disadvantages, natural fibers 

taken from plants and animals are being used as reinforcements in recent few years as an alternative to synthetic fibers. 
Composites made by using natural reinforcements are called as Natural Fiber Reinforced Plastics (NFRP). Bio-fibers like jute, 

sisal, vetiver, hemp, bamboo, etc. are abundantly available at a reasonable cost. These natural fibers when used as reinforcements 

in composites provide very good mechanical properties and they are free from environmental hazards. 

 

1.1 Plant Fibers  
Plant fibers are for a lot of allotment comprises of cellulose: illustrations cotton, flax, jute, ramie, sisal and hemp. Cellulose fibers 

are activated as an allotment of the accomplish of cardboard and material. The allocation of these fibers is as demography after: 

Berry fibers are the fibers access from the berry case and berry e.g. kapok and cotton. Leaf fibers are the fibers get from the leaves 

e.g. agave and sisal. Derma fibers are the fibers are get from the derma encompassing the axis of the plant.  

1.2 Animal Fibers  
Animal fibers for a lot of allotment comprises of proteins; illustrations mohair, fleece, silk, alpaca. Animal hairs are the fibers got 

from animals e.g. horse hair, Sheep's fleece, goat hair, alpaca hair, and so on. Silk fibers are the fibers aggregate from broiled 
discharge of awful crawlies throughout the time of address of covers.  

1.3 Mineral Fibers  
Mineral fibers are the commonly happening fiber or hardly adapted fibers access from minerals. It has altered classifications they 

are taking after: Asbestos is the capital frequently accident mineral fiber. The Variations in mineral fibers are the anthophyllite, 

amphiboles and serpentine. The Ceramic fibers are aluminum oxide, glass fibers, boron carbide and silicon carbide. Metal fibers 

absorb aluminum’s fibers. 
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2. Manufacturing Methods for Natural Fiber Composites  

 

Polymerization is the process of joining large number of synthetic molecules together to form a rigid structure. The following are 
some important manufacturing process as provided in Table 1. 

 

Table 1: Processing Techniques for Polymer Composites. 

 
S. No. Technique Type of Polymer Composite Processed/Manufactured 

1 
Hand layup 

 

Bi-directional Jute Fiber Epoxy Composites [11] 

Sisal–Jute–Glass Fiber Reinforced Polyester Composites [12] 

Hybrid Glass Fiber- Sisal/Jute Reinforced Epoxy Composites [14] 

Banana Fiber Reinforced Polymer Composites [40] 

2 
Spray layup 

 

Sisal and Jute Fiber Composites [35] 

PLA-Based Green Composites [36] 

Coconut Sheath Fiber Reinforced Epoxy Composites [38] 

Nano Silicon Dioxide And Different Flax Structures [25, 39] 

3 
Compression moulding 

 

Short Natural-Fibre Reinforced Polyethylene And Natural Rubber 

Composites [9] 

Jute Fiber Reinforced Composites with Polyester and Epoxy Resin 

Matrices [13] 

Banana/Sisal Reinforced Hybrid Composites [12] 

Natural Fibres As Reinforcement In Polylactic Acid (PLA) 

Composites [34] 

4 Filament winding 

Cellulose Aceto-Butyrate (CAB) And Natural Rubber (NR) 

Reinforced With Renewable Polymer Matrices. [44] 

Ramie Fiber Yarn Reinforced Composites [49] 

Jute Yarn-Biopol Composites [51] 

Cellulose Aceto-Butyrate (CAB) And Natural Rubber (NR) 

Reinforced With Renewable Polymer Matrices. [44] 

 

2.1 Hand Layup  
Hand layup is a moulding approach wherein fiber reinforcements are positioned by way of hand then polymer resin is poured at 

the fiber reinforcement. Second layer of the fiber reinforcements are located on the polymer resin surface and a roller is moved 

with a little strain on reinforced fiber to avoid the air between the layers [22, 23]. This process is repeated for every polymer resin 
and fiber till the appropriate layers are stacked. This kept under a pressure at room temperature around 24-48 hrs. This process is 

suitable for lower volume. Resins need to be low in viscosity to be workable by hand this reduces the mechanical properties of the 

material due to the need for high diluent/styrene levels. This process is suitable for lower volume. This gives good surface finish 

in on side only. It has more flexibility in material design. This process take more cycle for producing the material. [11, 40]  

2.2 Spray Layup  
Spray layup is also one of the hand mounding technique which is actually extension of hand layup method. In this method, a 

spray gun is used to spray pressurized resin and reinforcement that is within the shape of chopped fibers. Matrix material and 

reinforcement can be sprayed concurrently or simultaneously one after one. A roller is rolled with a little strain over the sprayed 

surface to remove the air trapped into the lay-ups. After spraying upto the required thickness curing process is done at the room 

temperature after this process the material is taken out from the mould. In this method, also low viscosity resins are used due to 

these mechanical properties are effected. This process is suitable for lower volume. This gives good surface finish in on side only. 

Lower cost for producing the material [2, 10]. 

2.3 Compression Moulding  
Compression moulding is usually used for thermoplastic matrices with unfastened chopped fiber or mats of short or long fiber 

either randomly oriented or aligned, however can also be used with thermoset matrices. The fibers are commonly stacked 

alternately with thermoplastic matrix sheets earlier than stress and warmth are implemented. Compression molding is a technique 

of molding wherein the molding material, generally preheated, is first located in an open, heated mildew hollow space [27, 28]. 

2.4 Filament Winding  
Filament winding is the manufacturing process which is mainly produces the open or closed end structures. The system entails 

winding filaments underneath tension over a rotating mandrel. The mandrel rotates around the spindle (Axis 1 or X: Spindle) even 

as a shipping eye on a carriage (Axis 2 or Y: Horizontal) traverses horizontally in step with the axis of the rotating mandrel, 

laying down fibers inside the preferred sample or perspective. This process is limited to convex shapes only. Low viscosity resins 

typically want to be used with their attendant decrease mechanical and health and safety properties [29]. 
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a) Hand Lay-Up                                                                   b) Spray Lay-Up 

 
 

c) Compression Moulding                                         d) Filament Winding 
 

Figure 1: Types of Manufacturing Process. 

 

3. Chemical Properties of Fiber Reinforced Polymer Composites  
 

A chemical property is a characteristic or behaviour of a substance that could be discovered when it undergoes a chemical 

alternate or response. Chemical homes are visible either during or following a response, considering the fact that the association 

of atoms inside a pattern ought to be disrupted for the property to be investigated. That is one-of-a-kind from a bodily property, 

which is a attribute which may be determined and measured without changing the chemical identity of a specimen. Within the 

average fibers, we've got the cellulose, hemicellulose, lignin are the principal chemical properties. In one of the crucial ordinary 

fiber has the pectin, waxes and ash in very much less number. Cellulose fibers market has been witnessing strong progress over 

the past few years due to growing demand from cloth industry. Developing environmental pleasant and skin friendly. 

Lignin’s are particularly important in the formation of cell walls, especially in wood and bark, because they lend rigidity and do 

not rot easily. Cellulose, hemi cellulose and lignin percentage is varying for different materials they are tabulated below 

 
Table 2: Chemical Properties of Natural Fibers. 

 
Sl. No Name of fiber Cellulose (wt %) Hemi cellulose (wt %) Lignin (wt %) Reference 

1 Jute 59-71.5 13.6-20.4 11.8-13 7 

2 Sisal 78 25.7 12.1 17 

3 Banana 62-64 19 5 15 

4 Bamboo 26-65 30 5-31 7 

5 Flax 71 18.6-21.6 2.2 5 

6 Kenaf 45-57 8-13 21.5 10 

7 Coir 37 20 42 10, 6 

8 Palm 60-65 - 11-29 6 

9 Hemp 57-77 14-22.4 3.7-13 5 

10 Curaua 70.7-73.6 9.9 7.5-11.1 6 

11 Piassava 28.6 25.8 45 6 

12 Ramie 68.6-91 5-16.7 0.6-0.7 5 

13 Cotton 82.7-90 5.7 < 2 6 

14 Abaca 56-63 20-25 7-13 6 

15 Henequen 60-77.6 4-28 8-13.1 6 

16 Alfa 45.4 38.5 14.9 6 

17 Betelnut 53.20 32.98 7.20 18 

 

 
3.1 Equipment’s Used for Measurement of Chemical Properties  

 

In 1830’s conventional method is developed for finding the cellulose percentage present in the plant tissues. By treating these 

materials with sodium hydroxide, potassium hydroxide, or nitric acid to extract the chemical properties like cellulose, hemi 
cellulose and lignin. Later some instruments are developed these are: 

 

3.1.1 X-Ray Diffraction (XRD)  
The first XRD styles of cellulose fibers had been generated from wood, hemp, and bamboo samples, and even though precise 

structural statistics were no longer to begin with received, it become determined that the crystallites were of a rod-like form. The 

goal of X-ray diffraction approaches is the recording and assessment of the scattering path and depth or radiation diffracted 

through atom planes a hard and fast distance aside, in step with the well-known Bragg’s law, n𝝀=𝟐𝒅𝐬𝐢𝐧𝜽, where 𝝀 is the 
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wavelength of the radiation, d is the distance among parallel planes,  is the perspective of occurrence and mirrored image of X-

rays with admire to the planes, and n is an integer. Crystallinity of flax, rutabaga, and kraft pulp nanofibers anticipated and 

compared with the crystallinity sample of microcrystalline cellulose [8, 21].  

3.1.2 Fourier Transform Infrared Spectroscopy (FTIR)  
Fourier transform infrared spectroscopy is a way that is used to gain an infrared spectrum of absorption or emission of a strong, 

liquid or gasoline. An FTIR spectrometer simultaneously collects excessive spectral resolution statistics over a huge spectral 

range. This confers an enormous benefit over a dispersive spectrometer which measures intensity over a slender variety of 

wavelengths at a time.  

3.1.3 Transmission Electron Microscopy (TEM)  
Transmission electron microscopy (TEM) is a microscopy method in which a beam of electrons is transmitted via an extremely-

thin specimen, interacting with the specimen because it passes through it. A photo is fashioned from the interplay of the electrons 

transmitted through the specimen; the photo is magnified and centered onto an imaging device, which includes a fluorescent 

display screen, on a layer of photographic film, or to be detected by a sensor including a fee-coupled tool. TEMs are able to 

imaging at a notably higher decision than mild microscopes.  

3.1.4 Atomic Force Microscopy (AFM)  
Atomic-pressure microscopy (AFM) is a very-excessive-resolution kind of scanning probe microscopy (SPM), with verified 

decision at the order of fractions of a nanometer, more than 1000 times better than the optical diffraction restrict. 

 

4. Mechanical Properties of Natural Fiber Reinforced Polymer Composites  

 

The mechanical properties of a material are those properties that include a response to a connected load. The mechanical 

properties of metals decide the scope of handiness of a material and build up the administration life that can be normal. 

Mechanical properties are likewise used to characterize and distinguish material. Different mechanical properties of natural fiber 

reinforced polymer composites are tabulated below in Table 3. 

 
Table 3: Mechanical Properties of Natural Fiber Reinforced Polymer Composites 

 
S. No Name of fiber Tensile strength 

(MPa) 

Young’s 

modulus (GPa) 

Flexural strength 

(MPa) 

Equipment’s 

used 

Reference 

1 Abaca 400-980 6.2-20 - - 6 

2 Alfa 35 22 - - 6 

3 Bamboo 140-800 11-32 32 UTM 7,31 

4 Banana 600 17.85 76.53 UTM 31,40 

5 Coconut 500 2.50 58 UTM 31,46 

6 Coir 175 4-6 6 UTM 10,48 

7 Cotton 400 12 43.3 UTM 3,30 

8 Curaua 87-1150 11.8-96 - - 6 

9 Flax 800-1500 60-80 165 - 3 

10 Fique 200 8-12 - UTM 30 

11 Hemp 550-900 70 - - 3 

12 Henequen 430-570 10.1-16.3 95 UTM 32,6,8 

13 Harakeke 778 32.09 225 UTM 33 

14 Jute 320-800 8-78 45 UTM 7,13 

15 Kenaf 930 53 74 UTM 10,32 

16 Palf 170 - - UTM 19 

17 Palm 377 2.75 24.4 UTM 31,43 

18 Piassava 134-143 1.07-4.59 - - 6 

19 Pineapple 413-1627 34.5-84.5 - UTM 30 

20 Ramie 500 44 - - 3 

21 Sisal 600-700 38 288.6 UTM 3,47 

22 Vakka 549 15.85 - UTM 31 

23 Wool 120-174 2.3-3.4 - - 20 

 

 
5. Conclusions  

 Tensile strength of the natural fibers is low compared to the synthetic fibers. The strength of the fiber depended on the 

fiber loading. Some of the natural fibers are close to the synthetic fibers like hemp, flax, kenaf, abaca etc.  
 Young’s modulus of the natural fiber is also depending on the fiber weight ratio. It is increased when the fiber weight 

ratio is increases up to a maximum value after that it will decreases. Some of the natural fibers have the higher young’s 
modulus than glass fibers. Jute, hemp, flax, pineapple have the highest young’s modulus value than the other natural 

fibers.  

 Flexural strength of the fiber was depending on the fiber loading. If, fiber load is increase flexural strength is increases 

up to optimal level then decreases.  
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