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Abstract— Acoustic properties of textile materials have been 

studied for several decades. But, mostly used materials were 

synthetic, and hence, they were not eco-friendly in nature. 

Therefore, an attempt was put forward to try the sound 

absorption Property of natural fibres and their blends by 

needle-punched nonwoven techniques. Nonwoven fabrics of 

ideal materials are used as acoustical insulation products 

because they have high total surface area. The effect of 

blend proportion of Kapok with polypropylene, fabric GSM, 

bulk density and distance of fabric from sound source on 

sound reduction of nonwoven fabrics was investigated. The 

sound reduction increases with increase in blend proportion 

of kapok and polypropylene. A nonwoven fabric of kapok 

and polypropylene 70/30 shows the highest sound reduction 

potential. As the distance between the fabric and sound 

sources increases, the sound reduction also increases 

linearly due to Reduction of sound intensity which reduces 

the transmission of sound through the fabric. There is a 

positive correlation between fabric GSM and sound 

reduction Further of nonwoven samples decreases with 

increase in kapok and polypropylene blend proportion due 

to Increase in thickness of samples.    
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I. INTRODUCTION 

The development in the human society has given many 

positive as well as negative outcomes. Environmental 

pollution and in particular noise pollution is a major 

negative outcome of the development. Increase in the level 

of noise caused by different machines and vehicles have 

created several problems affecting human life. So it is 

necessary to create an acoustic environment that prevents or 

minimizes the unwanted noise. There are many ways of 

creating an acoustic environment. One of the simplest ways 

is by using a barrier material that can obstruct the unwanted 

sound waves from penetrating inside the covered area. 

Textile materials have inherent property of resisting sound 

waves when placed in between the sound source and sound 

receiver. Initially foams made from glass wool were used as 

acoustic materials. Conventional textile fabrics like woven, 

knitted and non-woven fabrics were also used as acoustic 

materials. The development of textile sandwich composite 

materials, has given new options for selection of materials 

for creating an acoustic environment. The sound absorption 

is a phenomenon in which the energy of sound wave is 

reduced as it passes through a material. The fibrous 

materials are good sound abortive material 

 

 
Fig. 1: Mechanism of Sound Absorption in Fibrous 

Materials 

II. MECHANISM OF SOUND ABSORPTION IN FIBROUS 

MATERIALS 

Some materials allow sound to easily enter it. These 

materials are called porous. Acoustic porous materials can 

have porosity greater than 90%. Common sound absorption 

materials are open cell foam and fibre. Sound absorption is 

an energy conversion process. The kinetic energy of the 

sound (air) is converted to heat energy when the sound 

strikes the cells or fibres. Hence, the sound disappears after 

striking the material due to its conversion into heat. 

The absorption of sound results from the 

dissipation of acoustic energy to heat. When sound enters 

porous materials, owing to sound pressure, air molecules 

oscillate in the interstices of the porous material with the 
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frequency of the exciting sound wave. This oscillation 

results in frictional losses. A change in the flow direction of 

sound waves, together with expansion and contraction 

phenomenon of flow through irregular pores, results in a 

loss of momentum. Owing to exciting of sound, air 

molecules in the pores undergo periodic compression and 

relaxation. This results in change of temperature. Because of 

long time, large surface to volume ratios and high heat 

conductivity of fibres, heat exchange takes place is 

thermally at low frequencies. At the same time in the high 

frequency region compression takes place adiabatically. In 

the frequency region between these isothermal and adiabatic 

compression, the heat exchange results in loss of sound 

energy. This Loss is high in fibrous materials if the sound 

propagates parallel to the plane of fibres and may account 

up to 40%sound attenuation. So, altogether the reasons for 

the acoustic energy loss when sound passes through sound 

absorbing materials are due to: 

 Frictional losses 

 Momentum losses 

 Temperature fluctuations 

The more fibrous a material is the better the 

absorption; conversely denser materials are less absorptive. 

The sound absorbing characteristics of acoustical materials 

vary significantly with frequency. In general low frequency 

sounds are very difficult to absorb because of their long 

wavelength. On the other hand, we are less susceptible to 

low frequency sounds. [5] 

A. Factors Influencing Sound Absorption of Nonwoven 

Materials 

Studies on various parameters that influence the sound 

absorption properties of fibrous materials have been 

published widely in the literature. 

 
Fig. 2: Sound Absorption Properties 

III. STRUCTURE OF KAPOK FIBRE  

Kapok fibre wall is different from that of cotton fibres both 

in the lateral and the longitudinal sections of the fibre. The 

cell wall is divided into five basic walls or layers: an outer 

skin S, a primary wall W1, secondary wall W2, tertiary wall 

W3 and an inner skin IS. IS is thin (40–70 nm) and acts as a 

protective layer for the fibre. W1 is thicker than S, but 

thinner than both W2 and W3 its thickness varies from 160 

to 240 nm, with an average of about 200 nm. The thickness 

of W2 is about 500 nm, which is similar to that of W3. The 

inner skin IS is very thin and uneven in thickness, with an 

average thickness of about 40 nm that could be 

distinguished easily in the cross-sections. Additionally, there 

were transition layers L1 and L2, observable between W1 

and W2 and between W2 and W3 respectively. 3.1 

Properties of kapok fibre [3]  

A. Absorbency of kapok  

The absorbency of the material is based on two factors the 

surface tension and the surface energy of the materials. The 

lesser amount of cellulosic content (hydroxyl group) present 

on the wall of kapok makes it hydrophobic. Water has a 

high surface tension (72 dynes/cm) and Oil has a surface 

tension of 30–35 dynes/cm. The absorption takes place with 

nullification of the surface tension by surface energy of the 

material but the very low surface energy of kapok fibre 

makes it hydrophilic and the presence of waxy hollow 

structure makes it oil absorbent. The Sorption capacities of 

the packed kapok assemblies are very much dependent on 

their packing densities [6]. With better packing densities the 

sorption levels increase and decreases vise versa. The 

properties like cohesion and capillary action plays an 

important role in absorbing and retaining of fluid, adhesion 

refers to attraction of one material to another. The 

retaintivity value of the material is very high losing nearly 8 

to 12 percent of the absorbed oil based compounds after 1 7 

Vignesh Dhanabalan M.Tech (Technical Textiles)[4] hour 

of dripping. On repeated usage at fourth cycle the retentivity 

decrease to only 27- 30% of the parental value at packing 

density of 0.02 g cm−3. The oil recovery rate increases with 

increase in thickness of the oil layer in feed stream 

B. Limitations of Kapok fibre  

1) The fibres are fragile and break easily; therefore they 

are not suitable for weaving or spinning to textile fabric 

Being waxier on surface the slipperiness makes it 

difficult to weave.  

2) The fibres are very fine and are airborne in minutes; this 

property makes it irritant to lungs and needs extra care 

during work.  

3) The air entrapment in the fibre makes it support 

combustion and the wax content on the surface helps it 

be much more inflammable.  

C. Prospects of kapok  

The market of kapok fibre usage has seen downfall in the 

recent 30 years time due to the various features of polyester 

material which gives a better competition in all aspects. But 

developments in technology have overcome the drawbacks 

to certain limits by making it spinnable along with cotton in 

2:3 ratios. Furthermore advancement is expected to tack this 

in a better usage. 

Sr. 

No. 

Cod

e 
Specification 

GS

M 

Thickness 

(mm) 

1 A1 
50%Kapok+50%po

ly. 
129 1.19 

2 A2 
50%Kapok+50%po

ly. 
125 1.455 

3 A3 
50%Kapok+50%po

ly. 
222 2.5 
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4 A4 
70%Kapok+30%po

ly. 
188 2.18 

5 A5 
70%Kapok+30%po

ly. 
395 4.59 

6 A6 
70%Kapok+30%po

ly. 
128 1.48 

7 A7 
30%Kapok+70%po

ly. 
199 2.31 

8 A8 
30%Kapok+70%po

ly. 
178 2.06 

9 A9 
30%Kapok+70%po

ly. 
188 2.188 

10 A10 
100% 

polypropylene 
222 2.58 

1) Above all nonwoven fabric was made on DILO-Non 

woven m/c at SASMIRA INS. 

2) M/C Specification: 

1) Width: 700mm 

2) GSM:100-800 

3) Fibre length: 30 mm to 60 mm 

4) Fibre denier: 3dn to 15 dn 

D.  Methodology 

The sound reduction of the fabric has been measured by the 

“Steady State Method” as per the ASTM E336-71. 

 

 
The single layer woven cover fabric along with non 

woven fabric back-up has been taken for measuring the 

sound reduction. Initially, the level of sound in the box was 

measured without placing the fabric,lengh of pvc pipe is 

30cm, Then the fabric sample mounted between the source 

and receiver and then sound reduction level has been 

measured. The difference between these two results gave 

values of sound reduction. The fabric mounted at different 

between the source and the receiver. The steps involves for 

experiments are mounting the sound source and sound 

receiver, adjust sound level, sample mounting, adjust the 

distance between the fabric and sound receiver, adjust the 

distance between the fabric and sound source and calculate 

the sound reduction value. 

Sr. 

No

. 

C

od

e 

FABRIC 

G

S

M 

SOUND 

SOURCE(T

OTAL) 

SOUND 

REDUCTION 

IN DB 

1 
T

1 

50%Kapo

k+50%pol

y. 

12

9 
120 db 7 

2 
T

2 

50%Kapo

k+50%pol

y. 

12

5 
120 db 9 

3 
T

3 

50%Kapo

k+50%pol

y. 

22

2 
120 db 4 

4 
T

4 

70%Kapo

k+30%pol

y. 

18

8 
120 db 9 

5 
T

5 

70%Kapo

k+30%pol

y. 

39

5 
120 db 5 

6 
T

6 

70%Kapo

k+30%pol

y. 

12

8 
120 db 6 

7 
T

7 

30%Kapo

k+70%pol

y. 

19

9 
120 db 13 

8 
T

8 

30%Kapo

k+70%pol

y. 

17

8 
120 db 9 

9 
T

9 

30%Kapo

k+70%pol

y. 

18

8 
120 db 14 

10 
T

10 

100% 

polypropy

lene 

22

2 
120 db 9 

E. Results and Discussion 

 
The sound reduction of nonwoven samples increases 

linearly with increase in blend proportion of kapok fibre 

Overall, kapok/polypropylene blended nonwovens showed 

better sound reduction compared to 100%polypropylene 

samples, irrespective of Blend proportion.  

IV. CONCLUSION 

On the basis of the experiment conducted to study the sound 

absorption properties of the different textile materials: 

The following conclusion has been drawn: 

The sound absorbing capacity of acoustic fabric has 

been found to be function of a number of complex variables 

like nature of fabric, air permeability, thickness, GSM, 

distance and level of sound. Air permeability had a negative 

effect on the sound absorbing capacity. 

The sound reduction by the sample increased with 

the increase in the distance between the fabric and sound 

source. At 20cm distance maximum sound reduction value 

can be obtained. But when the distance between the fabric 

and sound receiver cannot give significant effect on sound 

absorption of the samples. 
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In nonwoven fabrics, the variation in sound 

absorption has been evaluated by considering its GSM and 

thickness values. It has been observed that the GSM and 

thickness of nonwoven fabrics affect the sound absorption 

properties. The sound absorption of the fabric increases with 

the GSM and thickness of the sample. 

Table 1: shows the comparison of sound reduction at 20 cm. 

The following point has been observed 

1) T1, T2 ….. T10 nonwoven fabrics, T9 shows highest 

sound reduction at 20 cm. 

2) T1, T2 ….. T10 in this also T7 and T9 shows highest 

sound reduction. 

3) T1, T2 ….. T10 in this alsoT4. T7, T8, T9 combination 

shows best reduction. 

4) The significant difference in sound reduction observed 

with combination of kapok &polypropylene 
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