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ABSTRACT 

 The increasing demand for environmental friendly materials and the desire to reduce the cost of traditional 

fiber lead to the development of natural fiber composites. Natural fibers presented in the composite have some 

important advantages such as low density, appropriate stiffness, mechanical properties and renewability. Also, they 

are recyclable and biodegradable Glass fiber (GF) and Banana fiber (BF) reinforced silica nanoparticles filled 

epoxy bio-nanocomposite have been prepared for the evaluation of tensile strength and impact strength. Banana 

fibers (BF) obtained from the stem of banana plant have been characterized for their diameter variability and their 

mechanical properties, with a stress on fracture morphology. In the present work Glass and banana fiber and silica 

powder reinforced composite material is developed. The fiber matrix adhesion, BF and GF ply interface bonding, 

and modes of failure such as fiber breakage, matrix cracking, fiber pull out and dispersion of silica nanoparticles 

was examined using scanning electron microscope (SEM). Further addition of silica increases the modulus of 

elasticity and strength. Banana fiber (BF) in combination with glass fiber (GF) has proved to be excellent for 

making cost effective composite material. 

INTRODUCTION 

 The most common types of fibrous reinforcements used in composite applications are glass, carbon and 

aramid. Natural fibers have received much attention from materials scientists and engineers in the past decades 

because they are less expensive, lightweight, non-toxicity, ease of recyclability and  biodegradable (Joshy, 2004) 

Lightweight materials that involve bio fiber composite materials are revolutionalising the materials field 

(Abdelmouleh, 2007).  Recent reports indicate that plant-based natural fibers can very well be used as 

reinforcement in polymer composites, replacing to some extent more expensive and non-renewable synthetic fibers 

such as glass (Mallick, 2007, Netravali, 2003, Francucci, 2010). 

 Though the attractiveness of natural fiber reinforced polymer matrix composites, they suffer from low 

strength; lower modulus compared to synthetic fiber reinforced composites such as glass fiber reinforced plastics. 

Also it is shown that the hydrophilic nature of natural fibers adversely affects the hydrophobic matrix (Herrera, 

2004, Jawaid, 2011) resulting in poor strength. These results induced that the development of natural and synthetic 

hybrid composites. Epoxy resins were widely used in polymer composites. Due to their good adhesion 

characteristics with glass, aramid and carbon fibers have resulted in remarkable success as matrix materials for 

fiber composites (Alagar, 2000). They also have a good balance of physical, mechanical and electrical properties 

and have a lower degree of cure shrinkage than other thermosetting resins, such as polyester and vinyl ester resins 

(Lu, 2006). Other attractive features for composite application are relatively good hot wet strength, chemical 

resistance, dimensional stability, and ease of processing and low cost (Nishino and Arimoto, 2005).  In this paper 

some experimental investigations on banana fiber reinforced composites could offer some interesting results. This 

paper reports the fabrication of hybrid composites with different weight fraction of reinforcement and then on these 

specimens different tests were conducted according to ASTM standard.  

MATERIALS AND METHODS 

The Diglycidyl ether of bisphenol-A (DGEBA) based epoxy resin; LY 556 (epoxy equivalent of 185 g/eq 

and viscosity of 10,000 cP) and the hardener, 4, 4´-diaminodiphenylmethane (DDM) were purchased from, Ciba-

Geigy Ltd., India. Silicon dioxide nanoparticles with an average size of 50nm were purchased from sigma Aldrich 

India. Glass fiber and banana fiber were purchased from local market. 

Experimental procedure: Surface modification of banana fibres NaOH treatment: The fibres were immersed in 

sodium hydroxide (10 g/l)/ethanol solution for two hours at 78°C.  After the alkaline treatment the fibres were 

rinsed with alcohol, followed by water and dried overnight in an air oven at 60°C.  
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Fabrication of hybrid nanocomposites: The mold was designed and fabricated to consist of two mild steel plates 

of 300 mm × 280 mm × 30 mm, each. The inner surfaces of both the plates were grounded to obtain smooth 

perfectly horizontal planes. The bottom plate was provided with six studs and corresponding holes were made in 

the top plate. For fabrication of the laminate, mold release agent was applied to the surfaces of the mold banana and 

glass fabrics were pre-impregnated with the matrix material consisting of epoxy with silica nanoparticles (0.5, 

1,3and 5 wt%)  respectively. The impregnated layers were placed one over the other on the bottom plate of the 

mold. Top plate was placed over the impregnated stack of layers and pressed by uniformly and simultaneously 

tightening the nuts. Hybrid composites are cured at 100°C for 3 hour and post cured at 140° for 4 hour. All the 

laminates were made up by six ply’s there two glass fiber ply bottom and top remaining four banana fiber ply with 

3 mm thickness.  

RESULT AND DISCUSSION 

Effect of glass fiber and banana reinforced epoxy containing silica nanoparticles: Table: 1 shows the tensile 

strength and tensile modulus of the Glass fiber and banana reinforced bionanocomposites. The incorporation of 

silica nanoparticles into glass fiber and banana reinforced epoxy composites increases the values of tensile strength 

(14%) and tensile modulus (12%) by the addition 3wt. % nanoparticles. Increasing of tensile strength and tensile 

modulus are due to effective dispersion of nanoparticles into their epoxy matrix (NaureenShahid et al 2005, 

Manjunatha et al 2010 and Raoi. et al 2011). However the tensile strength and modulus decreases with addition of 

nanoparticles above 3 wt % due to the agglomeration of nanoparticles in epoxy matrix. 

  
Tensile testing of nanocomposite Tensile test conducted nanocomposites 

Table: 1 Mechanical Properties 

Epoxy/BF/ 

Silica/GF 

Tensile strength 

(MPa) 

Tensile module 

(MPa) 

Impact strength 

(J/m) 

Elongation 

(mm) 

100/2P/0%/4P 92.5 3725.4 2469.7 6.10 

100/2P/1%/4P 95.89 3805.15 2568.13 6.30 

100/2P/2%/4P 105.65 4114.09 2689.51 6.42 

100/2P/3%/4P 108.43 4250.20 2797.20 6.80 

100/2P/4%/4P 106.81 4015.41 2711.32 6.65 

100/2P/5%/4P 104.87 4208.26 2593.82 6.23 

Morphology of glass fiber with epoxy composite: Figure 1, 2, 3 and 4 shows the SEM images of tensile fractured 

surface of glass and banana fiber reinforced epoxy containing silicon dioxide nanoparticles (0, 1, 3 and 5 wt. %) 

respectively. However figure 7 shows the nanoparticles were well dispersed into the fiber matrix it reveals 

nanoparticles increases the reinforcement of composites (Ramesh et al 2013). However the addition of 5 wt% 

nanoparticles were not dispersed in epoxy composites shown in figure 8 (Volgeson et al 2000). 

  
Fig. 1 Fig. 2 
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Fig. 3 Fig. 4 

CONCLUSIONS 

 The prepared bio-nanocomposites have been expected to have improved mechanical properties. The 

Scanning Electron Microscopy (SEM) shows that the silicon dioxide nanoparticles are equally dispersed 

throughout the composites. It has been noticed that by adding 3% of silicon dioxide nanoparticle has enhanced its 

mechanical properties to great extent. The hybridization of banana fiber and glass fiber with silica nanoparticles has 

not only improved mechanical properties but also reduce its cost and make it ecofriendly composite. 
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