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Abstract 
 

This paper explores the role of natural fibers in the field of polymer 

composite based on epoxy. Fibers of banana are used as a reinforcement 

material in the composite based on epoxy in varying proportions.  The main 

focus in recent times is to develop a light structural material, natural fiber-

based composites can contribute significantly in this field. By reinforcing the 

polymer matrix composite with banana fiber, this paper tries to achieve the 

same objective in the field of structural material by magnifying its 

mechanical properties while reducing weight at the same time.A universal 

testing machine was used to evaluate two mechanical properties, compressive 

and flexural strength while the Vickers's hardness tester was used to 

investigate the composite's micro-hardness.The results obtained from 

different tests clearly show the improvement in mechanical properties. The 

composite was fabricated using hand lay-up 
 

Keywords: Natural Fiber, Epoxy, Polymer Composite, Universal testing 

Machine, Strength. 
 

 
1 Introduction 

 

In this study, all the current and previous work is referred. A wide range 

of research is being carried out in this area and the investigation is done by 

many researchers by reinforcing natural fibers with different polymer 

composite [1]. 
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The popularity of fiber-reinforced composite in industrial components 

has increased the acceptance of polymer matrix composites as compared to 

other related materials. Inthe last few years, these composites have 

substituted many commonly used materials because of some important 

properties such as wear and corrosion resistance, better stiffness and strength 

to weight ratio, etc [2]. 

Using secondary reinforcement,the existing properties of polymer 

composites can be further improved. The applied load can be uniformly 

distributed over the matrix by reinforcing the composite with additional 

particles which also results in increased strength as suggested by previous 

research. The aim of incorporating additional reinforcement in the matrix is 

to remove the stress concentration by added particle dispersal and if not done 

the composite under loading may fail [3-4]. 

It was found that high wear resistance and low coefficient of friction are 

exhibited by hybrid composites under different applied conditions for a 

lengthy period. For the industrial purpose, we need superior tribological and 

mechanical properties and the incorporation of filler material in polymer 

composite reinforced with fiber serves the purpose [5-6]. 

The bonding between the reinforcement and matrix in the composite 

defines its tribological performance. It is found that when the polymer 

composite is reinforced with Al, CuO, O, CuS etc, its wear resistance is 

improved. It was also found that high wear resistance and low coefficient of 

friction are exhibited when composites are reinforced with such materials 

under different applied conditions for lengthy period. The laminate 

composites sometimes least resistant to bending force when used in 

structures [7-10]. 

The matrix properties are improved by the reinforcement as it imparts 

their exceptional physical and mechanical properties. The main role of the 

matrix is the efficient transmission of stresses between reinforcing element 

and also guard them from the environment or mechanical damage while the 

existence of fiber in the composite enhances the mechanical properties like 

stiffness, different strengths, etc [11]. Therefore, the composite may be 

defined as a synergistic mixture of different constituents thatvary in chemical 

composition and physical form. The main objective is to utilize the best 

properties of the two or more materials to develop the best material as per the 

applications [12-14]. 

The variation in the mechanical properties in terms of gauge length, 

diameter and testing speed are analyzed. It is found that when the linear 

density of the fiber’s decreases, it tends to improve the tenacity of the fibers. 

Fiber properties improve to some extent as the speed increases. Structural 

flaws increase when higher gauge length is used and resulted in poor 

properties. Very high variability is exhibited by banana fiber in terms of 

mechanical properties and linear density [15-16].Hybrid composites such as 

glass and banana fiber are also developed for different applications where the 
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requirement of strength is not very high and can conserve our natural 

resources like a forest by replacing wood material [17]. 

Development of polymer composite by the powder of groundnut and 

coconut shell in different proportions was carried out by Bakri and 

Srinivasan. He explained the application of the developed composite and also 

study the properties like impact strength, flexural property, hydrophilic 

behavior, and tensile strength. He found that with volume fraction these 

properties are highly influenced [18]. A hybrid polymer composite of coir 

fiber and rice husk by hand layup process. Epoxy resin was the base material 

while coir fiber is used as major reinforcement. Both tensile and flexural 

strength improved [19]. 

By stearic acid treatment, shows improvement in the fibber’s surface 

properties and also pointed out at improved interfacial reaction between fiber 

and matrix. This improves the mechanical properties of the whole laminate 

[20]. The polypropylene composites with particle size groundnut husk 

powder were prepared by Kenned through an extrusion molding machine and 

extruded as sheets. He found that as the particle size of the filler decreases 

and filler content increases, it improves the different properties such as 

flexural, impact, and tensile strength of the composite [21]. 

Different thermal properties like specific heat, thermal conductivity, and 

linear thermal expansion of polymer composite reinforced with groundnut 

shell particles were studied[22]. Based on the lignin content he justifies 

Groundnut shell selection which is found much more compared to other 

natural fiber like rice husk, kenaf, sisal fiber, banana fiber, etc [23].Banana 

basedfiber extracted from the pseudo-stem of a banana plant is a lingo-

cellulosic fibre possesses good mechanical properties to compare to other 

materials such as glass fibre [24].Different hybrid composites are formed 

through vacuum-assisted resin transfer moulding by the use of carbon and 

glass fibre. This arrangement results in improved mechanical properties 

[25].Today hybrid composites are formed in such a manner to utilize the 

mechanical properties of natural fibres and used in the best possible 

applications [26]. 

In this article, chopped banana fiber as reinforcement is used to form 

Epoxy Polymer Matrix Composite. The composite was fabricated by using a 

hand lay-up. For the improvement in mechanical properties like tensile and 

flexural strength, the composite material with different configurations of 

banana fiberis fabricated and tested. Not much of the literature is available on 

the effect of mechanical properties by use of banana fiber thus this paper will 

significantly contribute to this area. 

 

 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

2 Materials and Methods 
 
2.1Material 
 

1. Banana fibre 

2. Accelerator - Methyl ethyl ketone 

3. Polyester Resin 

4. Separator – Polyvinyl 

5. Catalyst – Cobalt 

 

2.2 Specimen Preparation Method 
 

In the current work chopped fibres of banana of 10 mm and 15 mm 

length were used. We obtained these fibres of banana from the pseudostem 

which is called the stalk of the banana plant. From pseudostem, leaves were 

separated and cut into 10 mm and 15 mm lengths. By hand scraping the fibre 

extraction from the leaf sheath was done using awooden plank. 

This extracted banana fiber was dried in the sun for nearly 8 hours and 

then in the oven to remove any moisture content. The hardener and epoxy 

resins are procured from Araldite. For fabrication purposes hand lay-up 

technique is used. The dimension of the prepared moulds was 

55mm×35mm×15 mm.  

By simple mechanical stirring, banana fiber and matrix mixture has been 

mixed with their respective values. Then in the different moulds this mixture 

is poured in a very slow manner so that the standards of characterization and 

testing conditions can be maintained. Releasing agent on the mould sheet is 

applied so that after curing composite can be removed easily from the mould. 

To remove the air trapped in the uncured composites, we used a sliding 

roller, and at the temperature of 30° C moulds were closed for the 24 hours 

duration. 50 kg of the constant load is continuously applied on the mould 

containing hardener, epoxy resin, and banana fiber mixture. Figure 1 shows 

the preparation of sample 

 

Figure1. Preparation of sample 
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For mechanical testing, the composite is cut by zig saw in the required 

dimension mentioned in ASTM standards. The details of the composition of 

the fabricated compositeare defined below in figure 2. 

10 mm length of the banana fiber with 25 wt% + Epoxy with 75 wt% 

15 mm length of the banana fiber with 25 wt% + Epoxy with 75 wt% 

 

                                    

Specimen with 15 mm fiber length      Specimen with 10 mm fiber length 

Figure 2.: Prepared Sample of different length 

3 Testing Methods 
 

A fracture test is performed on A.S.I. Universal Testing Machine. By the 

following process fabricated specimen was fixed on the UTM machine: 

 In the hole of 8 mm diameter, 2 bolts are inserted to fix the 

specimen in the machine. A computer was connected to the 

machine for digitally obtaining the results. 

 Now the machine is switched ON to trace the crack in the 

specimen and the corresponding load was noted at which crack 

was developed. 

 This process was followed for all other specimens and the 

corresponding load was noted. 

 
3.1 Mechanical Strength and Micro Hardness Testing 

 

The mechanical strength testing was done on the universal testing 

machine which includes compression and flexural testing. As per ASTM 

standards, using a three-point bending test flexural strength of the composite 

was measured on a universal testing machine. On the Universal testing 

machine, the composite’s compressive strength was also measured. The 

specimens with dimensions 55mm×35mm×15 mm were cut from the 

composite panel and tested on UTM. To avoid the bending of the 

composite’s specimen a fixture was provided. 

The microhardness of the samples was measured at room temperature 

along the axis at every 1 mm length of the composite. The load and dwell 

time used for experimentation were 200gF and 30 seconds respectively.A 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

microhardness tester having a hardness measure range of 5-3000 HV and 

0.25 um measuring resolution was used for experimentation. The 

measurements were performed with a square-based Vickers indenter. 

 
3.2 Fracture Toughness Calculation 

 

For estimation of fracture toughness, S which is the stress intensity factor 

can be considered. This factor is mainly depending on: 

 Its geometry 

 The flow depth 

 load 

The critical stress intensity factor 

Sic =  
W

T√L
{F (

l

L
)}                                                               (1) 

 

Where W denotes the crack formation load 

  T denotes the thickness of the sample tested 

  L denotes the length of the sample tested 

  l denotes the length of the crack 

 F (
l

L
) denotes the geometry factor 

 

4 Results and Discussion 
 

Two samples of fabricated composites were used for the fracture test 

performed on a universal testing machine. The test helped in providing the 

maximum load at which crack formation was started. Using the equation, the 

value of Sic was calculated.  

By using flexural and compression strength testing techniques the 

mechanical strength was calculated for the polymer matrix. There was 4 % to 

6 % increment in the compression strength of the composite as indicated by 

the compression testing with the incorporation of banana fiber as a 

reinforcement.  

Also, there is an increment of 6 % to 10 % in the composite strength with 

an increase in banana fiber weight percentage. Flexural strength also depicts 

the same pattern where a 14 % increase is there in the strength with 

reinforcing banana fiber and by increasing the weight fraction of banana fiber 

the strength shown an increase of 9 to 11%. In each mechanical testing 

composite with banana, fiber provides better strength as compared with 

composite fabricated without reinforcing banana fiber. 

As the particle concentration increases, the inter-particle distance 

decreases. So, when the weight percentage of banana fiber increases there is 

an increment observed in the composite’s strength. This inter-particle 

distance is quite high at a lower concentration of particle, as a result, early 
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matrix debonding occur because inter-particle matrix ligament lies in a plane 

stress state. 

The microhardness of polymer matrix composites was analyzed using 

Vickers microhardness testing machine.The composite having reinforcement 

with banana fibers only show higher resistance against compression force as 

compared with the composite without the reinforcement of any. The 

composites reinforced with banana fiber produces better resistance against 

compressive force because incorporation of banana fiber in the matrix 

reduces interparticle distance inside the matrix.  

Inside the composite the interfacial bonding strength increases due to a 

decrease in inter-particle distance and which results in improved behavior in 

terms of strength and hardness.The flat portion image of a specimen by 

Microscope (400X) magnification as shown in Figure 3,4 and 5.Composite 

having 5% banana fiber in the matrix shown better hardness whereas, with an 

increase in banana fiber concentration, 8 to 9% improve in the hardness of 

composite reported. 

 

Figure 3. The flat portion image of a specimen by Microscope (400X)magnification 

 

Figure 4. The view of the fractured portion under a microscope (400X)Magnification 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Another view of the fractured portion under a microscope (400X)Magnification 

Investigation of different mechanical properties like specific gravity, 

hardness, and impact strength of banana fiber compositehas been done and 

also discussed. It is found that factors like fiber length and fiber content 

influence theseproperties of the banana fiber composite. 

Table 1 shows the value of the hardness of the composite. It is visible 

that the value of hardness for 10mm fiber length material is greater than 

15mm fiber length material. 

Table 1. Composite Hardness 

S.No. Sample Description Test Method Result 

1 10mm fiber length ASTMD:2583- 2007 25-30 

2 15mm fiber length ASTMD:2583- 2007 20-25 

 

The Specific Gravity of Banana fiber composite of 15mm is obtained as 

1.11 under the test method of ASTMD -792 -2012. 

Table 2 shows the value of the impact energy of the banana fibre 

composite. It is visible that with increase in the length of the fiber impact 

energy also increases. In this case 15 mm fibre length composite absorbs 

more energy compared to 10 mm fiber 

Table 2. Impact Energy of Composite 

S.No. Sample Description Result 

1 10mm fiber length 1.5 Joule 

2 15mm fiber length 2 Joule 
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5 Conclusions 
 

This fabrication work of epoxy-based banana fiber composites indicates 

that: 

 The modelling of epoxy-based banana fiber composite with 

different banana fiber lengths can be done through hand lay-up 

technique. 

 It was observed from the results of the experiment conducted 

that the major effect on the mechanical properties such as 

specific gravity, hardness, and impact strength of the composite 

is imposed by fiber length.  
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