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Abstract— Emu feather fibers are found to possess high 

lightness, good thermal insulation and more hydrophilic & 

less hydrophobic in nature. Their low density and large aspect 

ratio can make them good reinforcing materials as a matrix 

composite. Emu feathers in pre-determined weight 

proportion are processed to make random orientation and 

made into a composite using polypropylene as a matrix by 

compression molding technique. This study deals the sound 

absorption properties for emu feather reinforced 

polypropylene composite materials .Acoustic is currently one 

of the most important fields of study. Recently, many studies 

have been carried out in this field and new findings have 

uncovered the potential use of new materials for sound 

absorption applications. Composite produced from emu 

feather and polypropylene sheet have been tested 

acoustically. Also, adding air space behind the sample 

improved the sound absorption at low and mid frequencies. 

A significant improvement in sound absorbing performance 

at low and mid frequencies was achieved by having cavities 

of 25% for the tested sample. The hollow, light weight fibers 

naturally contain a significant volume of air which made their 

dielectric constants lower than e-glass fibers. To aid the 

development of successful applications for emu feather in 

composite making and systematically investigate mechanical 

and sound dampening behaviors of light-weight feather 

composites this research work has been taken up. Generally, 

the results indicated that emu feather material hold promise 

for use as raw material for sound absorbing, lightweight and 

biodegradability. 
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I. INTRODUCTION 

A composite material is made by combining two or more 

materials to give a unique combination of properties, one of 

which is made up of stiff, long fibers, and the other, a binder 

or 'matrix' which holds the fibers in place. The fibers are 

strong and stiff relative to the matrix and are generally 

orthotropic. Composites are a versatile and valuable family of 

materials that can solve problems of different applications, 

improve productivity, lower cost and facilitate the 

introduction of new properties in materials. Among all the 

natural protein fibres, Emu feather fibres are now dominant 

due to their excellent applications. Since the Emu are used for 

many applications like leather, meat, Medicare, oil, and 

feathers are used in surface ornamentation applications. 

Since, Emu is related to chicken family it is expected that 

Emu feather also have an excellent acoustic property like 

chicken feather. 

 Today much importance is given to the acoustical 

environment. Noise control and its principles play an 

important role in creating an acoustically pleasing 

environment. This can be achieved when the intensity of 

sound is brought down to a level that is not harmful to human 

ears. Achieving a pleasing environment can be obtained by 

using various techniques that employ different materials. One 

such technique is by absorbing the sound and converting it to 

thermal energy. Fibrous, porous and other kinds of materials 

have been widely accepted as sound absorptive materials. In 

this project we have attempted to produce sound proof board 

using Emu feather fiber reinforced composite which 

combines the advantages of natural fiber reinforcement and 

good thermal resistance of Emu feather fiber. 

 Currently, commercially available sound absorption 

materials for acoustic treatment used in the building 

construction industry consisted of glass or mineral fibre 

materials. However, they are growing concern in health risks 

associated to these fibres when exposed to human such as the 

effect from fibre shedding from glass or mineral fibre 

materials to human lungs and eyes. These issues provide an 

opportunity for an alternative material from protein fibres to 

be developed as a replacement Materials. 

 Sales of natural fibres use as reinforcement materials 

in composites in Europe could increase to 40,000 - 50,000 

tons by 2015 compared with 20,000 tons in 2010, according 

to a report in the latest issue of Technical Textile Markets -- 

a quarterly publication from the global business information 

company Textiles Intelligence. 

 The global market for natural fibre composites 

reached a total value of US$ 2.1 bn in 2010, according to the 

USA-based market research company Lucintel, and demand 

for natural fibres and resins will continue to grow rapidly. The 

major reasons for using natural fibres are to reduce weight, 

achieve a better environmental balance, reduce costs and 

manufacture complex structural elements. 

 Admittedly, questions have arisen about the cost 

benefit of natural alternatives and the added challenges of 

consistency in quality control. However, it has been 

convincingly demonstrated by manufacturers and researchers 

that bio-based material composites can now be produced with 

major improvements in stiffness and strength. 

A. Objective of the Project 

 To collect the Emu feather from farm and purify them. 

 To produce the composites board (By using compression 

moulding technique). 

 To determine the mechanical properties of composite 

material. 

 To determine the acoustic property of the composite 

II. MATERIALS & METHODS 

A. Introduction 

This chapter explains the methodologies, materials, 

evaluation techniques used to study the mechanical properties 
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& sound absorption properties of Emu feather and reinforced 

polypropylene composite. 

1) Work Flow 

 
 Since the process parameters were taken for lab trial 

and also referred the optimized parameters in the earlier 

works of chicken feather, that optimized and trialed 

parameters were choose for this project work. 

 And also in lab trial we found that the polypropylene 

sheets were melted so smooth after manufacturing the 

composite board, we have decided to take sample also with 

cavity. Then we tested the two different types of samples 

(with cavity and without cavity) for acoustic properties. We 

have produced the samples of with cavity and without cavity 

using temperature (165°C& 175°C) proportion (75/25, 80/20, 

85/15). 

The parameters are as follows: 

S.No 
Temperature 

°C 

Pressure 

Kg/Cm² 

Time 

(Min) 

1 165 100 15 

2 175 100 15 

Table 1: Process Particulars 

PP (%) Feather (%) 

75 25 

80 20 

85 15 

100%PP (Controlled Sample) 

Table 2: Proportions Choose to Produce Composite Board 

(Resin/Reinforcement) 

B. Materials 

1) Emu Feather (Reinforced Material) 

The Emu feather (EF) is obtained from the Emu farms. Then 

it is graded by its length and feather with 10-20cms are taken 

for study. Then the tip and bases of raw portions of EF are 

removed to a standard length of 10cm. 

 
Fig. 2: Emu Feather 

2) Polypropylene Sheet (Resin) 

Polypropylene (CH2 =CH-CH3), the byproduct of the oil 

refineries, is one of the constituents obtained from thermal or 

catalytic cracking of petroleum. Under suitable polymerizing 

condition, propylene produces fiber forming polypropylene. 

For producing the polymer (iso-tactic) with a regular 

structure, polymerization should take place. 

 Polypropylene sheets are purchased and taken for 

composite manufacturing. 

C. Methods 

Sample preparation: (Fibre volume fraction method) 

1) Preparation of Raw Materials 

1) Emu Feather 

The Emu feathers (EF) are obtained from Emu farms. Then it 

is graded by its length and feather with 10-20cms are taken 

for the study. Then the tip and bases of raw portions of EF are 

removed to a standard length of 10cm. then weighing of EF 

are taken place according to the final sample proportions 

2) Polypropylene Sheet 

The polypropylene sheets are purchased from manufacturing 

place. Then the sheets are wiped off for adhering dusts and 

cut into the dimension of 17.5x17.5cms to fit in the frame 

which is made for this purpose. Then weighing of raw 

materials is according to sample proportion. 

3) Making of Base Plate & Frame 

Since the final product is being tested for acoustic properties 

so, we are trying to produce two types of samples. For that 

we required two different molding components that are base 

and top plates. Since the composite board is testing for 

acoustic properties, we use to give cavities on either side. For 

this purpose, we made a base plate with projecting semi 

circles that is convexity moulding plate. These projections 

will give cavities while practically melting PP (board 

making). 

 As we discussed about this already that the pressure 

is kept in constant level of 100kg/cm². So we used 

17.5x17.5cms steel Frame around the layers (EF+PP). 

 
(a) Without Convixity      (b) With Convixity 

Fig. 2: Molding Plates 
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2) Laying Technique & Preparation of Sample without 

Cavity 

EF and PP sheet are taken as per the ratio and calculated 

quantity to be taken. The Emu feathers are laid using hand 

laying technique on polypropylene sheet. Then the layers of 

polypropylene are staked with Emu feather in between each 

layer. Then the prepared materials are kept inside the frame 

and top &bottom portions are covered with plain moulding 

plate. 

3) Laying Technique & Preparation of Sample with Cavity 

EF and PP sheet are taken as per the ratio and calculated 

quantity to be taken. The Emu feathers are laid using hand 

laying technique on polypropylene sheet. Then the layers of 

polypropylene are staked with Emu feather in between each 

layer. Then the prepared materials are kept inside the frame 

and top portions are covered with plain moulding plate and 

bottom portion are covered with convexity moulding plate. 

D. Manufacturing Method of Emu Feather Reinforced 

Polypropylene Composite 

PP sheets are cut into pieces (175mm X 175mm with 

thickness 5mm) according to the aluminum mould and placed 

on the mould. Feathers are cut and laid over the sheets to get 

the required weight/unit area and compression molded at 

optimized parameter. Several of such PP sheets with 

randomly laid feathers were compression molded by 

optimizing the following parameters. 

 
Fig. 3: Compression Moulding Machine 

 Generally the material is placed on the bottom jaw 

[Movable] and then the top jaw [Immovable] is activated to 

move downwards and it compresses the web for 10min.After 

10min by using the handle top jaw is lifted and mould is 

removed from the bottom jaw. And then water is sprayed on 

to the surface of the mould for cooling. After that the 

composite is removed from the mould. Finally the composites 

are produced. 

Fiber Materials - Emu feathers 

Resin used - Resin (Polypropylene sheet) 

Blend Proportion - 75/25, 80/20, 85/15 

Temperature - 165, 175° C 

Duration - 15 Min. 

Pressure used - 100kg/cm² 

Composite Production 

Method 

- Fiber Reinforced 

Composites (FRC) 

Table 3: Process Parameters for Composite Manufacturing 

This composite manufacturing process consists of four 

stages, 

1) Step 1: PP sheet is placed on the mould and the randomly 

arranged Emu feather in to sheets of (175mm X 175mm 

with thickness 5mm) is placed on the bottom plate of the 

mould and kept between the bottom jaws of compression 

moulding machine. 

 
Fig. 4: Raw Materials Placed On Mould 

2) Step 2: Top plate of the mould is plain and bottom plate 

is convexity plate and the parameters are optimized for 

the sample with cavity. The top & bottom moulding 

plates were plain for the sample without cavity. 

3) Step 3: Compression moulding machine starts and the 

composite is compressed for about 15min with 100 

kg/cm² pressure of about 175 & 185 ° C. 

4) Step 4: Finally the composite is removed from the 

machine and it is cooled for about 15min and composite 

is detached from the mould plates. 

 
(a) Without Cavity (b) With Cavity 

Fig. 5: Composite Boards 

E. Characterization of Composites 

The composites were conditioned in a standard testing 

atmosphere of 21 °C and 65% relative humidity for at least 

25 hours before testing. 

 Flexural tests. 

 Impact tests. 

 Tensile tests. 

1) Flexural Test 

The test is performed based on the procedure; the test speed 

is 5 mm/min. The specimen is placed on the clamps and load 

will be applied on the specimen. The load will be applied until 

the sample breaks under bending. The flexural strength 

testing machine shows the data in Breaking Load expressed 

in newton. 

 Sample Size 

The required sample size for performing flexural strength 

using universal testing machine is as follows: 

1) Length - 100 mm 
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2) Width – 24 mm 

 
Figure 6: Testing of Fiber Reinforced Materials 

2) Impact Test 

The test is performed based on the ASTM STP 936 1985-08 

in the charpy impact strength tester. According to the 

procedure, the sample is placed on the sample holder and 

hammer will be swing by our hand. The hammer strikes and 

breaks the specimen and the amount of energy required to 

break the sample is read from the dial in the instrument. The 

impact strength testing machine shows the data in Joules. 

 Sample Size 

The samples required for performing impact strength must 

have the following dimensions: 

1) Length - 65 mm 

2) Width - 15 mm 

 
Fig. 7: Chirpy Impact Tester 

3) Tensile Test 

Fix the Sample in between two jaws and bottom jaw is 

movable one. After the sample is fixed the bottom jaw is 

moving at the principle of constant rate of elongation (CRE). 

The tensile tester shows the data in Breaking Load in Newton 

and Elongation at Break. 

 Sample Size 

The sample size for testing the tensile strength is following, 

1) Length - 150 mm 

2) Width - 20 mm 

 
Fig. 8: Instron Tensile Tester 

F. Acoustic Property Testing Procedure for Composites 

Construct a Rectangular hollow box with a dimension of 

250mmX100mm. 

1) One side of the box is covered with composite board and 

other side sound source is passed. 

2) Before passing the sound source the ambient condition 

of the room is noted. 

3) Measure the sound absorption by using sound level meter 

on other side. 

4) Note the reading at different freq. level (400Hz to 

5000Hz). 

 

 
Fig. 9: Reverberation Room Method 
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III. RESULTS & DISCUSSION 

A. Emu Feather Properties 

1) Results for Tensile Strength of Emu Feather (Mechanical 

Properties) 

The Emu feathers were subjected to an Instron Tensile Tester 

to determine its tensile strength. Results of the study of tensile 

properties of Emu feather follows, 

 Maximum 

Load (gf) 

Tensile Strain At 

Maximum Load (%) 

Mean 685.16 6.79 

Standard 

Deviation 
158.68 1.64 

Coefficient Of 

Variation 
23.16 24.14 

Minimum 501.93 3.33 

Maximum 958.95 9.33 

Table 4: Tensile Strength of Emu Feather 

2) Physical Properties of Emu Feather 

S.no Sample particulars Content 

1 Moisture content % 9.66 

2 Density at room temperature, g/cc 1.08 

3 Moisture regain, % 10.96 

Table 5: Properties of Emu Feather 

3) SEM Analysis of Emu feather 

The SEM image of Emu feather states that the Emu feather 

has more branches from its stem and also has number of sub 

branches. From the SEM figure it can be observed that it may 

possess good resilience and cohesion properties. 

 
(a)                              (b) 

 
(c)                                    (d) 

Fig. 10: SEM Image of Emu feather 

4) Thermal Properties of Emu Feather (DSC) 

The Emu feather was subjected to differential scanning 

calorimeter test to determine its decomposition temperature. 

Results of the study of DSC of Emu feather follows. The 

result image indicated that Emu feather start decompose after 

239°C. Hence, Melting point of PP starts at 165°C. So, we 

can use PP as reinforcement for Emu feather matrixes. 

Fig. 11: DSC of Emu feather 

B. Thermal Properties of Polypropylene Sheet (TGA) 

The Polypropylene Sheet was subjected to Thermo 

Gravimetric Analysis test to determine its decomposition 

temperature. Results of the study of TGA of Polypropylene 

Sheet as follows, 

 
Fig. 12: TGA Graph of Polypropylene Sheet 

 
Table 6: TGA Result of Polypropylene Sheet 

 From the TGA results it can be understand that upto 

500°C there is no much reduction in weight of the pp. but 

when the temperature increased above 500°C a drastic 

reduction in weight is observed. PP sheet will be completely 

vaporized at 700°C. 

C. Composite Properties Test Results (Mechanical 

Properties) 

1) Results for Flexural Strength of Composite 

The composites were subjected to a Universal flexural 

strength tester to determine its flexural strength. Results of 

the study of flexural properties of Emu feather composite 

follows, 
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 From the ANOVA results of Emu feather reinforced 

polypropylene composite it was observed that the F observed 

< F critical for proportions, temperature respectively. F 

observed < F critical is 4.58 and 9.28 respectively for 

proportions (P > 0.05). F observed < F critical is 1.09 and 

10.13 respectively for temperature (P>0.05). It was evident 

from the analysis that both the proportion and temperature 

plays an insignificant role for the composite board made with 

cavities. 

 From the ANOVA results of Emu feather reinforced 

polypropylene composite (refer to Appendix 1 Table A1.2) it 

was observed that the F observed < F critical for proportions, 

temperature respectively. F observed < F critical is 148.82 

and 9.27 respectively for proportions (P > 0.05). F observed 

< F critical is 2.8 and 10.13 respectively for temperature 

(P>0.05). It was evident from the analysis that the proportion 

plays a significant role, but the influence of the temperature 

is insignificant for the composite board made without 

cavities. 

 
Fig. 13: Result for Flexural Strength (ASTM D790) 

 
(a)                                           (b) 

 
(c)                                             (d) 

Fig. 14: SEM Image of Flexural Strength Failure 

 a, b, c & d-Flexural fracture surface of 85/15 EF&PP 

Interfacial properties of EF and reinforced polypropylene 

matrix based composites were investigated by SEM and are 

shown in Figure 4.3. The SEM picture of flexural fracture 

surface of 85/15 EF& PP composite is shown in Figure SEM 

observations indicated that based on the processing variables 

there is no considerable difference in the fibre-matrix 

interaction between the composites. From the figure it was 

demonstrated that the interfacial bonding between the Emu 

feather fibre and PP resin is good. This may be attributed to 

the high adhesion between the fibre surfaces and PP resin. 

Hence, the flexural strength of this composite is high. 

2) Results for Impact Strength of Composite 

The composites are subjected to Chirpy Impact Strength 

tester to determine the impact strength. A result of the study 

of impact strength properties of Emu feather composites 

follows, 

S.no 

 

Proportion & 

Temp 

With cavity 

composite 

(Joules) 

Without cavity 

composite 

(Joules) 

1 
75/25 & 

175ºC 
8.92 10.34 

2 
80/20& 

175ºC 
17.34 18.72 

3 
85/15& 

175ºC 
13.59 15.43 

4 
100%PP-

175ºC 
15.8 16.4 

Table 7: Results for Impact Strength of with & without 

Cavity Composite 

 
Fig. 15: Results for Impact Strength of for with & without 

cavity composite at 175°C 

 Interfacial properties of EF and reinforced 

polypropylene matrix based composites were investigated by 

SEM and are shown in Figure 4.4. The SEM picture of impact 

fracture surface of 85/15 EF& PP composite is shown in 

Figure 4.4(a). SEM observations indicated that based on the 

processing variables there is some considerable difference in 

the fibre-matrix interaction between the composites. From the 

figure it was demonstrated that the interfacial bonding 

between the Emu feather fibre and PP resin is good, and high 

proportions of feather composite withstand more force. This 

may be attributed to the high adhesion between the fibre 

surfaces and PP resin. Hence, the impact strength of this 

composite is moderate. There is high damage occurred on 

surface of composite board. There is no Gap between EF and 

matrix are clearly found in composite board, manufactured 

with high pressure and temperature and this samples which 

are responsible for the moderate impact strength properties. 

 
(a)                                         (b) 
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(c)                                           (d) 

Fig. 16: SEM Image of Impact Strength Failure 

a,b,c&d-Impact fracture surface of 85/15 EF&PP 

3) Results for Tensile Strength of Composite 

The composites are subjected to tensile tester to determine the 

tensile strength. Results of the study of tensile strength 

properties of Emu feather composites is following, 

 From the ANOVA results of Emu feather reinforced 

polypropylene composite (refer to Appendix 2 Table A1.3) it 

was observed that the F observed < F critical for proportions, 

temperature respectively. F observed < F critical is 0.95 and 

9.28 respectively for proportions (P > 0.05). F observed < F 

critical is 1.36 and 10.13 respectively for temperature 

(P>0.05).It was evident from the analysis that both the 

proportion and temperature plays an insignificant role for the 

composite board made with cavities. 

 From the ANOVA results of Emu feather reinforced 

polypropylene composite (refer to Appendix 2 Table A1.4) it 

was observed that the F observed < F critical for proportions, 

temperature respectively. F observed < F critical is 2.28 and 

9.27 respectively for proportions (P > 0.05). F observed < F 

critical is 0.57 and 10.13 respectively for temperature 

(P>0.05). It was evident from the analysis that both the 

proportion and temperature plays an insignificant role for the 

composite board made without cavities. 

 
Figure 17: 4.5 Results for Tensile Strength of Composite 

 
(a)                                                (b) 

 
(c)                                                (d) 

Fig. 18: SEM Image of Tensile Strength Failure 

 a,b,c&d-Impact fracture surface of 85/15 EF&PP 

 Interfacial properties of EF and reinforced PP matrix 

based composites were investigated by SEM and are shown 

in Figure 4.6. The SEM picture of tensile fracture surface of 

85/15 EF& PP composite is shown in Figure 4.6(a). SEM 

observations indicated that based on the processing variables 

there is some considerable difference in the fibre-matrix 

interaction between the composites. From the figure it was 

demonstrated that the interfacial bonding between the Emu 

feather fibre and PP resin is good, as indicated by no gap 

between them and high proportions of feather composite 

withstand more force. This may be attributed to the high 

adhesion between the fibre surfaces and PP resin. Hence, the 

tensile strength of this composite is very high. Severe damage 

on the surface of composite board is observed. There is no 

Gaps between EF and matrix are clearly found for composite 

board manufactured with high pressure and temperature and 

this samples which are responsible for the high tensile 

strength properties. 

4) Acoustic Property Test Results of Composite 

Tones of different frequencies ranging from 400Hz to 

5000Hz were produced using the NCH tone generator 

software. 

 Ambient condition: 44 dB 

 Equipment used: Sound pressure level meter LUTRON 

SL-4013 

EF/PP 

Propor

tion 

% 

Sound 

Input 

Frequ

ency 

(Hz) 

Sound Output 

With

out 

samp

le 

(dB) 

  

Wit

h 

sam

ple 

(dB) 

Sound 

Reduc

tion 

(dB) 

Wit

h 

sam

ple 

(dB) 

Sound 

Reduc

tion 

(dB) 

80/20 

250 
120.

4 

115.

3 
5.1 

115.

2 
5.2 

500 
127.

7 

120.

6 
7.1 

120.

2 
7.5 

1000 
110.

1 
87.3 22.8 99.6 10.5 

2000 82.7 69.1 13.6 71.1 11.6 

75/25 

250 
120.

4 

115.

8 
4.6 

115.

5 
4.9 

500 
127.

7 

120.

9 
6.8 

121.

3 
6.4 

1000 
110.

1 
99.3 10.8 

120.

1 
8.8 

2000 82.7 82.3 0.4 97.4 0 

100 

250 
120.

4 

113.

5 
6.9 

117.

7 
2.7 

500 
127.

7 

125.

3 
2.4 

124.

4 
3.3 

1000 
110.

1 

103.

1 
7 

108.

7 
1.4 

2000 82.7 81.3 1.5 79.4 3.3 

Table 8: Acoustic Property Test Result for 80/20, 75/25 & 

100%PP 
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Fig. 19: Sound Reductions Comparison 

D. Inference 

From the sound absorption measurement test it was observed 

that at higher frequency range the sound absorption is 

measured maximum. When increase the feather proportion 

may get higher sound absorption. 

IV. CONCLUSION 

Thus we have studied the characteristics Emu feather fibre 

properties and the mechanical properties of the Emu feather 

reinforced composites. 

 Emu feather and polypropylene are lighter than 

many of the other natural and manmade fibers result in lighter 

composite materials. Morphological characteristics indicate 

that the feathers have the suitable conditions to act as 

reinforcement. 

 Emu feather start decomposes after 245°C. Hence, 

melting point of PP starts at 165°C. So, we can use PP as 

reinforcement for Emu feather matrix. So it indicates that 

there is a good bonding between PP and EF which gives high 

strength to composite. 

 According to the test results we have found that the 

tensile strength of the Emu feather (6.72N) increased by 

190% of tensile strength of composite board (1200N) ,which 

can be used for high strength applications .similar to tensile 

strength ,the composite board possess good flexural and 

impact strength. 

 From the test result of sound absorption 

measurement, it was observed that the sound absorption is 

maximum at higher frequency range (750-1000Hz).and also 

increase in feather proportion may give high sound 

absorption. 

 With this background, it is sure that the composite is 

one of the most wanted technologies in the fast growing 

current trend. Composites are there by, occupies a major role 

in the high performance applications such as leisure and 

sporting goods, shipping industries, aerospace etc. Such 

composites have adequate potential for applications in highly 

acoustic environments. 
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