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Abstract— In the recent research natural fibers have been 

getting considerable attention due to their superior qualities 

such as low density, biodegradeability, great specific stiffness, 

more impact absorption capacity and their relative low cost. The 

aim of this paper is to study the mechanical properties of 

bamboo fibers and chicken feathers reinforced polymer matrix 

hybrid composite at different weight fractions. Bamboo fibers 

and chicken feathers reinforced epoxy resin matrix hybrid 

composites have been fabricated by using hand layup method. 

The mechanical properties tests such as tensile strength test and 

flexural strength test were carried out in the FIE Electronic 

Universal testing machine (UTM). The results showed that the 

tensile strength is maximum for 40:0 (Bamboo:Chicken feather) 

and the flexural strength is maximum for 40:10 

(Bamboo:Chicken feather) 

 

Keywords— Bamboo, Chicken feather, weight fraction, epoxy, 
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I.  INTRODUCTION 

Polymer composites, in this day and age, find their 

applicability in a multitude of engineering equipment as well 

as everyday items such as racing car bodies, aircraft, sports 

goods, biomedical implants, etc. Composite materials can be 

defined as materials that consist of two or more chemically 

and physically different phases separated by a distinct 

interface. Composite materials contain a strong load-carrying 

material which is known as ‘reinforcement’ embedded in a 

weaker material which is known as the matrix. 

Reinforcement provides strength, rigidity, and stability in 

supporting the structural load. A very notable property of 

composite materials is that individual chemical and physical 

properties of the constituents are retained but when they are 

adhered to or combined, they produce qualities that 

individual constituents would be incapable of producing 

alone. Polymer composites have many advantages such as 

great specific stiffness, great impact absorption capacity, and 

relatively low cost. It makes sense that modern industries and 

research scholars all over the world have been paying keen 

attention to composite materials. Composite materials have 

many advantages over conventional materials such as wood, 

steel, etc. They have properties that cannot be found in 

nature. This is so because composite materials have 

properties that are a combination of two or more constituents 

of the composite material. Fibers that are used in 

reinforcements can be classified into two types: Natural and 

synthetic fibers. Recently, there is a growing interest in fiber-

reinforced polymer composites, where the fibers are the 

reinforcements of mainly thermosetting polymers. This 

growing interest is fuelled because there is strong evidence 

that supports that fiber reinforced polymer composites are 

environment friendly [1] the mechanical properties of the 

composite material depend on its physical compositions such 

as the structure of fibers, moisture content, cellulose content, 

cross section [2]. Bamboo fibers have many advantages 

including a high aspect ratio and strong mechanical 

performance. Bamboo fiber is intended to replace glass fiber 

for a cleaner and more sustainable future for industries. The 

size of single bamboo fibers is 10-30µm in diameter and 1-

4mm in length [3]. Chicken feathers contain 91% keratin, 1% 

lipids, and 8% water. Chicken father fiber (CFF) possesses 

good resilient property because of the presence of more void 

spaces in its cross-section[4] The unique feathers for a 

number of potential applications. Many types of research 

have been done to determine the mechanical properties of 

bamboo fibers and Chicken Feather Fibers (CFF) separately, 

but a composite material of bamboo fibers and Chicken 

Feather Fibers (CFF) examined in this work is a new class of 

composite material, in which no known previous publication 

has been made. 

 

Table 1: The mechanical properties of various 

natural/synthetic fiber reinforced composites 

 

II. EXPERIMENTATION 

In this research work, bamboo fibers and chicken 

feather fibers are used for fabricating the composite material. 

After treating the fibers chemically, they are hammered to 

obtain thin fibers. The epoxy resin and hardener were 

purchased from Shankar Dyes and Chemicals, New Delhi, 

India. The composite was prepared by using the hand layup 

method given in Fig 6, which is a closed molding method 

S.No Reinforcement 
Material 

Matrix 
Material 

Tensile 
Strength 

(MPa) 

Flexural 
Strength 

(MPa) 

Ref 

1 Banana, coir Epoxy 16.43 20.52 [5] 

2 Banana Eglass Polyester 18.1 193.75 [6] 

3 Basalt,carbon Polyamide 86.18 158.57 [7] 

4 Coir,human hair Epoxy 18.5 56 [8] 

5 Silk, Flax Epoxy 41 121 [9] 

6 Sisal, Coir Epoxy 17.92 170.76 [10] 
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done manually. The composites were divided into five 

different concentrations. Bamboo stems were cut into thin 

sticks and were immersed in 1% NaOH solution for 10 hours 

at 70°C. The chicken feathers were also treated with 1% 

NaOH solution and 2% Ethanol to remove unwanted smells 

and to increase the bonding between the fibers and the resin. 

The fabrication route for bamboo and chicken feathers is 

given in table 1. After the chemical treatment is finished, the 

already softened bamboo sticks were manually hammered to 

obtain thin and long fibers. The pre-treated bamboo and 

chicken feathers along with treated bamboo and chicken 

feathers are shown in figure 1. The bamboo fibers and 

chicken feather fibers were divided into five different 

concentrations in which the behavior of chicken feather fibers 

with respect to a constant concentration of bamboo fibers 

were observed. The molds for the hand layup method were 

made with cardboard material. The resin was poured into the 

molds, the composite laminate has a dimension of 

300mmx300mmx4mm. This particular dimension was chosen 

to conduct the specimen testing according to ASTM 3039 and 

certain allowances are kept to obtain accurate results. The 

composite laminate has four layers in which the bamboo 

fibers and chicken feathers are arranged on top of each other. 

For the composites which undergo the flexural strength test, 

the dimension chosen was 180mmx20mmx10mm; this 

dimension was chosen specifically to conduct the testing to 

ASTM D790.  

 

     
Fig 1: Process flowchart of hybrid composites 

 

                     
Fig 2: Untreated Bamboo Sticks                 Fig 3: Chemically 

Bamboo Sticks 

 

                         
Fig 4: Untreated Chicken Feather   Fig 5: Chemically treated 

Chicken feather 

 

 
Fig 6: Hand Layup method [11] 

Tensile strength test: 

 Ultimate Tensile Strength (UTS) is the maximum stress that 

a material can withstand while being stretched or pulled 

before fracture. In the present work, the tensile test for the 

specimens using a Universal Testing Machine was conducted 

according to ASTM D3039. The specimens of size 

250mmX25mmX4mm were tested with a gauge length of 

50mm in tensile mode at a crosshead speed of 1mm/min and 

their average values were reported. The set up of the tensile 

test is given in Fig 7. 

Ultimate Tensile Strength was determined using the equation: 

Ultimate Tensile Strength= Maximum load in N/Cross 

sectional area in mm2 

Flexural Strength test: 

The use of flexural tests to determine the mechanical 

properties of polymeric composites is largely employed 

because of its relative simplicity of the method of testing, 

instrumentation, and testing equipment required. The flexural 

strength of the specimens was determined by using three 

point bending test as per ASTM D790. The specimen having 

dimensions 180mmX20mmX10mm were tested with a span 

length of 250mm and their average values were reported. The 

set up of the flexural strength test is given in Fig 8. 

The Flexural Strengths of the composites were determined by 

using the formula: 

FS= 3PL/2BD2 

Where,  

FS- Flexural Strength [N/mm2] 
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P- Peak Load [N], L- Support Length  

B- Breadth of the specimen, D- Depth of the specimen 

 

 

 
Fig 7: Ultimate Tensile strength [12] 

 

 
Fig 8: Flexural Strength test set up [13] 

III.  OBSERVATIONS FROM THE TESTS 

CONDUCTED 

 

Tensile Strength Test: 

The bamboo fibers and chicken feather fibers reinforced 

hybrid composites were prepared with different weight 

fractions and tested in the universal testing machine. The 

tensile strength of different weight fractions of hybrid 

composites for the tensile test is presented in table 2. From 

the table, it can be seen that the maximum tensile strength 

occurs at 40% Bamboo fibers and 0% CFF (72.555 MPa) 

compared to other hybrid composites. The weight fraction of 

bamboo was kept constant to determine the performance of 

the CFF in the overall tensile strength of the composite. At 

40% bamboo fibers and 10% CFF the tensile strength was 

found to be 41.049 MPa. At 40% bamboo fibers and 20% 

CFF, the tensile strength was found to be 35.191 MPa. At 

40% bamboo fibers and 30% CFF the tensile strength was 

found to be 44.041 MPa. At 40% bamboo fibers and 40% 

CFF, the tensile strength was found to be 32.452 MPa. The 

average tensile strength of the composites was found to be 

45.65 MPa. The variation of total weight fraction with tensile 

strength is given in Fig 9. 

Flexural Strength test: 

The bamboo fibers and chicken feather fibers reinforced 

hybrid composites were prepared with different weight 

fractions and tested in the universal testing machine. The 

flexural strength of different weight fractions of hybrid 

composites for the bending test is presented in table 3. From 

the table, it can be seen that the maximum flexural strength 

occurs at 40% Bamboo fibers and 10% CFF (227.25 MPa) 

compared to other hybrid composites. At 40% bamboo fibers 

and 0% CFF the flexural strength was found to be 49.5 MPa. 

At 40% bamboo fibers and 20% CFF, the flexural strength 

was found to be 102.375 MPa. At 40% bamboo fibers and 

30% CFF, the flexural strength was found to be 97.8 MPa. At 

40% bamboo fibers and 40% CFF, the flexural strength was 

found to be 60.1 MPa. The average flexural strength of the 

composites was found to be 107.405 MPa. The variation of 

total weight fraction with flexural strength is given in Fig 10. 

 

Table 2: Tensile test values 
TRIAL BAMBOO 

FIBER (% 

wt) 

CFF (%wt) UTS (MPa) AVERAGE 

UTS (MPa) 

1 40 0 72.555  

2 40 10 41.049  

3 40 20 35.191 45.65 

4 40 30 44.041  

5 40 40 32.452  

 

Table 3: Flexural strength test values 
TRIAL BAMBOO 

FIBER 

(%wt) 

CFF (%wt) UTS (MPa) AVERAGE 

UTS (MPa) 

1 40 0 49.5  

2 40 10 227.25  

3 40 20 102.375 107.45 

4 40 30 97.8  

5 40 40 60.1  

 
Fig 9: The variation of total weight fraction with tensile strength 

 

 
Fig 10: The variation of total weight fraction with flexural strength 
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IV. CONCLUSIONS 

The bamboo and chicken feather fibers reinforced hybrid 

composites are prepared at different weight fractions and 

subjected to tensile and flexural strength tests. From the 

experimental study, the following conclusions can be 

inferred: 

At 40% bamboo fiber loading and 0% chicken feather fiber 

loading, the tensile strength is maximum. Therefore, we can 

conclude that bamboo fiber is the main contributor to the 

overall tensile strength of the composite. 

Bamboo fiber at 40% and chicken feather fiber at 30% give 

better tensile strength than other concentrations, therefore we 

can conclude that the optimum concentration of chicken 

feather fiber for maximum tensile strength is 30% fiber 

loading. 

At 40% bamboo fiber loading and at 10% Chicken feather 

fiber loading, we have the maximum flexural strength. The 

flexural strength is minimum at 40% bamboo fiber loading 

and at 40&% chicken feather fiber loading.  

The hybrid composite developed shows superior tensile 

properties when compares with other composites such as, 

coir-human hair, silk-flax, sisal-coir composites etc and it has 

superior flexural properties when compared to other 

composites such as coir-human hair, jute-flyash, sisal-

pineapple etc. 
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