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Abstract 

The creation of sustainable and environmentally friendly materials has become more important 

in order to address concerns about the depletion of nonrenewable resources and the negative 

environmental impact of traditional materials. In this study, a composite material made of glass 

fibre, banana fibre, and chicken feathers with varying fibre content percentages (1%, 2%, and 

3%) was examined. The composite material was put through tensile, flexural, microhardness, 

and impact tests. An SEM was used to look at the sample's surface and interior structure. FTIR 

analysis was performed to detect any contaminants in the sample. The impact of adding 

eggshell powder to the composite material to improve its qualities was investigated. It was 

found that the water absorption of the composite was reduced by 12%, and the tensile strength 

increased by 21% with the addition of eggshell powder. Furthermore, the flexural strength 

improved by 19%, enhancing the overall mechanical characteristics of the composite material. 

The addition of eggshell powder altered the interaction between the fibres and the matrix in 

SEM images. Furthermore, the composite material was subjected to soil exposure for a specific 

timeframe to evaluate its biodegradability over time. It was observed that integrating eggshell 

powder into composite materials has the potential to produce more ecologically friendly and 

sustainable products while reducing waste. This study emphasizes the potential of sustainable 

and environmentally friendly materials for decreasing environmental effects and ensuring long-

term sustainability.  

Keywords: Hybrid composite, Sustainable composite, Eggshell filler, Glass fibre, Banana fibre, 

Chicken feathers, Biodegradability 

 

1. Introduction 

The attention given to creating eco-friendly materials has significantly increased. Another type 

of waste arises from agricultural leftovers such as chicken feathers, eggshells, banana fibre, 

and more. These agricultural remnants pose serious environmental issues as well [4] [5]. 

Approximately 350 million tons of chicken feathers are produced annually, and the annual 

output of 8 million tons of eggshells, as indicated by De Angelis et al. [6], presents an 

environmental challenge. These two forms of agricultural waste are not only pollutants but also 

health hazards due to their accumulation in the environment, and this connection might be 

attributed to their abundance. Repurposing these agricultural leftovers could offer a feasible 

solution for developing environmentally sustainable materials. 

The so-called eco-composites, or natural fibre (NF)-reinforced composites, are the focus of 

numerous academic and research endeavors as well as numerous business initiatives. The rapid 

depletion of petroleum resources, new environmental regulations, and growing environmental 

and social concerns around the world have all contributed to the need for innovative composites 
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and environmentally friendly materials. Moreover, eco-composites could be a combination of 

NF and a biodegradable polymer matrix [1]. Several advantages over synthetic fibres, such as 

low cost, low density, high specific strength and modulus, ease of availability, ease of 

processing, non-toxicity, acoustic insulation, significantly lower processing energy 

requirements, etc., can explain it [2]. Due to its renewable and sustainable resource, banana 

fibre offers a distinct advantage in applications for textiles, clothes, crafts, home decor, and 

agriculture. High tensile strength, long-lasting, biodegradable, lightweight, and 

environmentally beneficial qualities are also included [21]. A plentiful waste product from the 

poultry industry is chicken feathers. It is biodegradable, lightweight, and has insulating 

qualities. It can also spontaneously decay. It can be incorporated into biodegradable materials 

and polymers. materials for bedding, cushions, and pillows that insulate. following 

decomposition, soil amendments, and fertilizers. Egg shells play a part because they are a rich 

source of nutrients like calcium. both environmentally friendly and biodegradable. can be 

reused to cut down on waste. Regarding their applications, they include dietary supplements, 

crafts, water purification, and others. Fibreglass has rigidity and high tensile strength and is 

thermal, chemical, and corrosion-resistant. flexible and portable [22]. Construction and the 

automotive industries can utilize it because it is non-combustible and fire-resistant. Also, it can 

be used in the aerospace and textile industries [23] [24]. This paper has shown how to use these 

four components and how they will affect our environment, as well as whether the composite 

produced by these components is good enough to replace existing products and how 

environmentally friendly it will be if we use them in different percentages while making 

composite. As better waste management is also one of our goals, employing banana fibre, 

chicken feather, egg shell, or their composites to substitute everyday products can help us 

achieve that goal. 

This study aims to investigate the effects of incorporating eggshell powder as a filler into hybrid 

composites made from glass fibre, banana fibre, and chicken feathers. The specific objectives 

of this research are to evaluate the mechanical properties, including tensile strength, flexural 

strength, and impact resistance, as well as the biodegradability and water absorption 

characteristics of the composites with and without the addition of eggshell powder. The study 

further seeks to assess how eggshell powder influences the interaction between fibres and the 

matrix, as observed through SEM analysis. The ultimate goal is to determine whether eggshell 

powder can enhance the performance and sustainability of hybrid composites, contributing to 

the development of environmentally friendly materials. 

 

2. Materials 

Epoxy resin and Hardener served as the investigation's matrix materials [25].  Chemicals and 

reinforcements required by the lab were purchased in raw form from a nearby local market. 

Banana fibre, glass fibre, and chicken feather fibre were the materials used. Additionally 

utilized as filler was eggshell. The amount of materials that are used in sample are given in 

table 1 with percentage variation. 

  



 

81 

 

Table 1: Composition of reinforcements in composite samples without eggshell. 

Sample No Name Fibre Content (%) Sample weight 

1 

Epoxy Resin 91 

200g 

Hardener 8 

Banana fibre 0.5 

Glass fibre 0.25 

Chicken feather fibre 0.25 

2 

Epoxy Resin 89 

Hardener 9 

Banana fibre 1.5 

Glass fibre 0.25 

Chicken feather fibre 0.25 

3 

Epoxy Resin 87.5 

Hardener 10 

Banana fibre 2.5 

Glass fibre 0.25 

Chicken feather fibre 0.25 
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Table 2: Composition of reinforcements in composite samples with eggshell. 

Sample No Name Fibre Content (%) Sample weight 

4 

Epoxy Resin 91 

200g 

Hardener 8 

Banana fibre 0.25 

Glass fibre 0.25 

Chicken feather fibre 0.25 

Eggshell 0.25 

5 

Epoxy Resin 89 

Hardener 9 

Banana fibre 1.25 

Glass fibre 0.25 

Chicken feather fibre 0.25 

Eggshell 0.25 

6 

Epoxy Resin 87.5 

Hardener 10 

Banana fibre 2.25 

Glass fibre 0.25 

Chicken feather fibre 0.25 

Eggshell 0.25 

 

3. Fabrication of Composites 

Mold preparation was used to prepare the sample. It was created in a tin mold. The mold's 

dimensions were 5 × 5 inches. For the preparation of composites, fibres were cut along the 

length as per the size of the mold. For the sample with eggshell, the eggshell was ground in a 

ball mill to produce fibre powder. After being poured into a cup, the epoxy resin was weighed 

in the weight machine. Then, fibres were measured as well. The resin and hardener were then 

combined with the fibres. After a while, the hard composite was removed from the mold and 

machined for various test procedures. Resin and hardener were mixed and stirred mechanically 

in the ratio of 10:1 by weight. First, a layer of epoxy resin was put on the mold with the help 

of a spatula. Fibres were carefully spread over the resin. There were two variations in the 

sample, with and without eggshell. Eggshell was spread over the mold in accordance with the 

percentage. The same procedure was repeated for the rest of the sample with a percentage 

variation of fibres. All fibres were placed unidirectionally in the mold [26]. Then the mold was 

kept for a complete day to cure at room temperature. Composites were prepared as per the 

desired dimensions. The Fig. 1 and Fig. 2 show the sample fabricated using the molding 

method. 
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4. Result and Discussion 

4.1 Tensile Strength: 

From Table 3 we can see that different parameters for rainwater match with the standard 

requirement of dye house water supply. Here, R1, R2, R3, R4, R5 represents different regions 

from where we collect rainwater and GW indicates ground water parameter that we use. As we 

know the quality of dye bath water, no need to do any further treatment with rainwater. All the 

parameter including pH, water hardness, iron content is in tolerance. 

(a) (b) (c) 

Figure 1: Hydrid composite samples with eggshell (a) 1% Fibre, (b) 2% Fibre, (c) 3% Fibre 

(a) (b) (c) 

Figure 2: Hydrid composite samples without eggshell (a) 1% Fibre, (b) 2% Fibre, (c) 3% 

Fibre 
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This stress versus strain curve shows that between Fig. 3 (with eggshell) and Fig. 4 (without 

eggshell), adding eggshell increases the strength of the fibre composite, as indicated in red and 

blue. As a result, employing eggshells can improve strength, which is a material's ability to 

bear an applied stress without irreversible deformation or failure. This feature is critical in 

applications where the material must carry enormous loads or withstand external forces, such 

as bridges and load-bearing structures, i.e., fracture strength will be high when we add eggshell 

with fibre. 

Figure 3: Tensile test curves of the samples with eggshell 

Figure 4: Tensile test curves for the samples without eggshell 



 

85 

 

According to the ASTMD 3039 standard, the tensile test was conducted. The test subject's 

dimensions were 70 mm x 19.6 mm x 11.7 mm. The test was run using a 10-ton-capacity 

universal testing machine (U.T.M.) [28]. The flat specimens of the requisite size were 

positioned between the grips of each testing head such that the specimen's longitudinal axis 

coincided with the direction of force applied to it. A hybrid of banana fibre, glass fibre, and 

chicken feather with or without eggshell composite's tensile strength is determined by 

variations in percentage. [8] [9] [11] [18] 

The table 3 and table 4 display the percentage variation: 

Table 3: Ultimate tensile stress in Composite samples without eggshell 

Fibre (%) Fibre Weight (gm) Ultimate tensile stress 

(MPa) 

1% (2gm) 

Banana 1.0 

0.867 Chicken feather 0.5 

Glass fibre 0.5 

2% (4gm) 

Banana 3.0 

1.10 Chicken feather 0.5 

Glass fibre 0.5 

3% (6gm) 

Banana 5.0 

1.02 Chicken feather 0.5 

Glass fibre 0.5 

 

Table 4: Ultimate tensile stress in Composite samples with eggshell 

Fibre (%) Fibre Weight (gm) Ultimate tensile stress (MPa) 

1% (2gm) 

Banana 0.5 

0.520 Chicken feather 0.5 

Glass fibre 0.5 

2% (4gm) 

Egg shells 0.5 

1.33 Banana 2.5 

Chicken feather 0.5 

3% (6gm) 

Glass fibre 0.5 

1.14 Egg shells 0.5 

Banana 4.5 
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Adding eggshell will be both economical and environmentally friendly, as waste products 

will aid in the use of less fibre. 

 

  

Figure 5: Tensile test curves for the samples without eggshells 
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According to the aforementioned table, adding eggshell will definitely increase tensile strength 

with fibre compositions of 2% and 3%, as shown in Fig. 5. 

 

4.2 Flexural Strength: 

A three-point bend test was conducted in accordance with ASTM D790-02 specifications. 

The dimensions of the test subject were 70 x 18.03 x 19.23 mm. On a general testing device, 

the test was run. The specimen was supported by two parallel roller supports, and load was 

applied using a loading nose positioned halfway between the supports. The speed of the test 

was 2 mm/min, and the span length was 63.8 cm. [7] [14] [15] The flexural strength curve for 

eggs with and without eggshells will be like this: 

 

 

The hybrid of banana fibre, glass fibre, and chicken feather composite has the highest flexural 

strength, which is assessed by the modification of percentages, in both eggshell conditions. The 

percentage variation is shown in the table below. [8] [9] [10]. The graph in Fig. 6 clearly shows 

that flexural strength improves with 2% fibre, with or without eggshell. When comparing the 

two, it is evident that adding eggshell provides significantly more flexural strength than not 

adding eggshell. Flexural strength, also known as modulus of rupture, is a measure of a 

material's capacity to resist deformation under a load applied perpendicular to its long axis. It 

is a significant mechanical feature, particularly in materials such as concrete, ceramics, and 

composites, which are frequently subjected to bending or flexing loads. Durability and design 

flexibility will also increase. [14] [16] [17]. Also calculated value of flexural strength using 

𝒐𝒓 =   
𝟑𝒑𝒍

𝟐𝒃𝒅𝟐
  stress equation fairly matches the experimental result. 

  

Figure 6: Flexural strength comparison for the samples with and without eggshell 
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4.3 Impact Strength: 

Generally, the impact strength of pure polymer specimens was very poor. Because of their 

brittleness, energy would be absorbed by the material under a gradual load per unit area, which 

is defined as impact strength. The introduction of fibres into the polymer can improve the 

toughness of the composite material, which is conducive to improving the impact strength. [10] 

The impact strength of the composite fibre factor affects the bonding between fibres and matrix. 

The impact strength increases as the fibre load increases because of the good adhesion between 

fibre-polymer composites. [13] [16] 

 

The impact strength was better when the addition of eggshell was done. As we know, impact 

strength refers to a material's ability to withstand sudden loading or impact without fracturing 

or breaking. 

4.4 Water absorption test: 

The effect of water absorption is important in cases where the material that has been developed 

for applications comes into contact with water [29]. The composite specimens to be used for 

the moisture absorption test were first dried in an air oven. Then these conditioned composite 

specimens were immersed in distilled water at 30 °C for about 6 days. At regular intervals, the 

specimens were removed from the water, wiped with filter paper to remove surface water, and 

weighed with a digital balance of 0.01 mg resolution. The samples were immersed in water to 

permit the continuation of absorption until the saturation limit was reached. The weighing was 

done within 30 seconds in order to avoid errors due to evaporation. The test was carried out 

according to ASTM D570 to find out the swelling of the samples. After 6 days, the test 

specimens were again taken out of the water bath and weighed. The weight gain of the sample 

was measured as an increase in weight percentage using the formula. 

Increase in weight % =  (Wet weight-sample weight)/(sample weight)×100 

Figure 7: Impact strength comparison for the samples with and without eggshell 
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This moisture absorption test was performed on 1%, 2%, and 3% samples, both with and 

without eggshell. The outcome is reflected in the Fig. 8. 

Water absorption capacity is another crucial factor to be taken into account when considering 

the effect of water on the composite material developed. The effect of water absorption is 

important in cases where the material that has been developed and used for applications comes 

into contact with water. Based on the above observation, it is apparent that using eggshells can 

decrease our sample's water absorption, which was the goal of this experiment. Though the 

results for 1% with or without eggshell appear close, However, adequate equipment may assist 

us in achieving a more precise outcome. 

4.5 Biodegradability test: 

Nowadays, the widespread use of synthetic fibre composites such as aramid, glass, and others 

is posing an issue for the environment because they are not as easily degradable as regular 

fibres. [20] Regular fibre-reinforced biodegradable composites are being advanced to 

encourage the use of environmentally friendly materials. Green materials can be used to 

alleviate problems linked to agricultural leftovers in a different way [5] [8] [12]. 

In the biodegradability test, hybrid composite samples with and without eggshell powder were 

cut into uniform sizes and buried in soil at a consistent depth. Periodically, the samples were 

retrieved to measure weight loss and visually assess physical degradation. After a designated 

period, final evaluations were conducted to compare the biodegradation rates of the composites 

based on the collected data. Both fibre compositions, with or without eggshell, were 

biodegradable. After applying eggshell, the biodegradability of the composite increases. 

4.6 Microstructure analysis using SEM (Scanning Electron Microscope): 

Tensile Tested With and without eggshells, these samples are taken for the analysis. The SEM 

images show details like failure morphology, defects, and adhesions between resin and the 

Figure 8: Water absorption comparison for the samples with and without eggshell 
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fibres in the specimen. It can be asserted that the main reason for the fracture was the presence 

of voids and the tearing of the matrix. Fig. 9 shows the SEM image of the tensile tested without 

an eggshell sample. Fibre breakage due to brittle fracture, The fracture takes place in the 

specimen with the application of the tensile load [4]. Crater formation can be observed in Fig. 

9. These might have formed due to the lumping of the reinforcement; this clustering can also 

be observed in Fig. 10. Similar pores have been reported by K. Logesh et al [19]. in their study. 

These craters support and accelerate crack formation, resulting in an untimely fracture. Besides, 

Fig. 10 shows the SEM image of the tensile tested with an eggshell sample of a river-like 

fracture. The "river-like" fracture pattern, characterized by branching channels and a smooth 

appearance, typically occurs in certain brittle materials, especially those that undergo cleavage 

or quasi-cleavage during the fracture process. When Brittle fractured, these samples exhibit 

"river-like" patterns as cracks follow the layer boundaries. Besides, the presence of glass 

materials with a crystalline or semi-crystalline structure is responsible for the display of this 

fracture pattern. The presence of eggshell is the reason for the better property because the 

sample with eggshell shows fewer defects and less fibre breakage, as well as increasing the 

quality of the composite.is responsible for the display of this fracture pattern. The presence of 

eggshell is the reason for the better property because the sample with eggshell shows fewer 

defects and less fibre breakage, as well as increasing the quality of the composite. 

 

Figure 9: SEM image of the tensile tested sample (without eggshell) 

 

  

Fibre Breakage 
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Figure 10: SEM image of the tensile tested sample (with eggshell) 

 

5. Conclusions 

According to the testing results, a hybrid of three separate specimens (banana, glass fibre, and 

chicken feather) has good mechanical qualities, and there is a considerable difference with and 

without the addition of eggshell. However, it has been discovered that the addition of eggshell 

can improve qualities such as tensile strength and flexural strength, which is both a beneficial 

way of using environmental trash and also for many applications where strength is required. At 

the same time, this will be cost-effective because we can reduce the amount of material used 

by adding eggshell, which will aid in providing the desired result. This work can be expanded 

to investigate other tribological features of this composite, such as abrasion, wear, and hardness 

behavior. Experiments were carried out in order to characterize the surfaces of treated and 

untreated fibres, as well as to evaluate water absorption in fibre composites. Fibre without 

eggshell composites absorbs more water than fibre with eggshell, which was the main intention 

of this experiment, so that waste management will be done at the same time, not just the 

enhancement of the property for practical application. 
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