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Abstract: - Research presented in this paper are focused on determining the acoustic performance of some 
composite materials made from textile waste as raw materials and polyurethane foam as binder. Negative 
effects of pollution intensified research on acoustic materials based on renewable resources, which can 
lead to viable alternatives to conventional materials for current and future applications. The produced 
materials were characterized in terms of acoustic performance, by determining the acoustic absorption 
coefficient and acoustic impedance using the impedance tube and was analyzed the influence of structure 
and thickness of these materials on the sound absorbing properties. 
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1. INTRODUCTION  
 

A variety of methods exist for treating waste 
and end-of-life textiles. It is of interest to 
investigate the solutions to avoid landfilling or 
incineration in favor of recycling and reusing 
textile and fiber waste. 

A trend of great interest and great actuality is 
the research orientation towards using alternative 
raw materials (especially waste) and finding new 
solution to reduce noise in the context of 
environmental related problems. 

Textile waste is a source of raw materials with 
various recovery possibilities due to their 
diversity. These types of products have a long 
history, but in the past they were used only to 
obtain paper and not to obtain new textile 
products. Textile waste recovery has positive 
effects on the environment, on employment and 
also on revenue of those involved.  

Utilization of textile fabric in composite 
materials as reinforcement is well recognized for 
high-performance fabric, just like it is with natural 
fabric. 

Research confirms the possibility to use 
different types of fibers, natural or synthetic, in 
making composite materials with acoustic 
properties. Thus, researchers have used different 
waste with fibrous characteristics to obtain sound 

absorbing materials: cellulose fibers [1, 2], cotton 
[3], bamboo fibers [4], hemp fibers [5], jute fibers 
[6], banana fibers, nonwoven short polypropylene 
fibers [7], coconut fibers [8], textile fibers [9] and 
agricultural waste [10]. 

Recently, search for new high performance 
materials at affordable costs has been expanded, 
as a result of the increasing environmental 
awareness. The search was also focused on 
developing, creating and innovating eco-friendly 
materials [11]. 

Fibers and fiber containing products have 
followed the same trend towards sustainability. 
Because fiber production and textile processing 
are sophisticated processes and demand large 
amounts of energy, the reuse and recycling are 
highly recommended, not only for ecological 
reasons but also for economic reasons. 

 
2. MATERIALS AND METHOD  
 
2.1. Materials 

 
The binder used for making composite materials 

makes the bond with the reinforcing material, and 
influences the physical, mechanical and acoustic 
properties and establishes the final structure of the 
material. 
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For the production of composite materials from 
textile wastes with sound absorbing properties, two 
systems of bi-component polyurethane foam were 
used as binder, one for obtaining a material with a 
flexible structure and open pores, and the other for 
a material with a rigid structure and closed pores. 

The polyol component of the foam mixture 
includes polyol, catalyst and other additives. The 
isocyanate component includes a diphenyl methane 
diisocyanate mixture [12]. 

Textile waste (Figure 1) used as raw materials 
for making sound absorbing composite materials, 
come from the production of knitted clothing 
(knitting on straight section machines). The textile 
waste is made of synthetic fibers, with the 
following composition: 15% polyamide, 40% 
polyacryl and 45% modal.  

 

 
Figure 1. Textiles waste 

 
To study the acoustic performance of 

composite materials obtained from textile waste 
and polyurethane foam, six samples were 
analyzed. The materials mix is presented in table 
1. 
 

Table 1. The samples mix 
Samples 

Type of 
binder 

Binder
[%] 

Textiles 
waste 
[%] 

Thickness 
[mm] 

M1 
Rigid 

Polyurethane 
Foam 

90 10 40 
M2 90 10 50 
M3 40 60 

40 
M5 100 0 

M4 Flexible 
Polyurethane 

Foam 

40 60 

M6 100 0 

 
2.2. Density test 

 
Density of a material is often considered to be an 

important factor governing the acoustic absorption 
of a material. Meanwhile, the cost of an acoustic 
material is directly related to its density. In a study 
conducted by Koizumi et al [4], it was proved that 

with the increase of material density, sound 
absorption at medium and high frequencies also 
increases. 

Density of obtained materials was determined in 
accordance with SR EN 323:96. Samples were 
weighed and measured according to the standard, 
and density was calculated using the formula [13]: 

 

dLl
m
⋅⋅

=ρ   [g/cm3]                                  (1) 

  
Where:  

m – mass of the sample, [g]. 
L, l, d – length, width and thickness of the 

sample [mm]. 
 

 
2.3. Sound absorption coefficients and acoustic 
impedance  

 
Acoustic performance of sound absorbing 

materials is defined by a set of constants 
determined experimentally or analytically, 
namely: absorption coefficient, reflection 
coefficient, acoustic impedance, propagation 
constant and transmission losses. There are 
different methods to determine these acoustic 
parameters, but all these methods mainly involve 
material exposure to known sound fields and 
measuring their effect. 

The impedance tube was used to determine the 
sound absorption coefficient and acoustic 
impedance of sound absorbing materials analyzed. 

Material measurements were based on a two-
microphone transfer-function method according to 
ISO 10534-2 [14].  

In this study, a medium tube kit from 
Brüel&Kjaer Type 4206 A was used to measure 
different acoustic parameters for the frequency 
range of 100 ÷ 3200 Hz.  

The acoustic system for material testing 
consists of: Brüel&Kjaer Type 4206 A medium 
impedance tube, two 4187 Brüel&Kjaer 
microphones, Analyzer PULSE 3560-B-030 
acoustic signal generator, 2716 Brüel&Kjaer 
signal amplifier and a PC for recording and 
processing results with the Brüel & Kjaer PULSE 
interface [15]. 

The medium impedance tube kit consisted of a 
63.5 mm diameter tube and therefore materials 
were cutting on circular samples with a diameter 
of 63.5 mm (Figure 2). 
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M1 M2 

  
M3 M4 

  
M5 M6 

Figure 2. Materials used for determining the sound 
absorption coefficient 

 
3. RESULTS AND DISCUSSION 
 
3.1. Density 
  

Density variation plot of sound absorbing 
composite materials made in this research, 
depending on the type of binder and percentage of 
added waste, is represented in Figure 3. It can be 
observed that density of materials obtained from 
rigid polyurethane foam with closed pores (M1, M3 
and M5) is higher than density of materials made 
from flexible polyurethane foam with open pores 
(M4 and M6). 
 

 
Figure 3. Density of composite materials 

Also, as seen in Figure 3 we can conclude that 
with the increase of textile waste percentage used for 
obtaining sound absorbing composite materials, 
material density also increases (M1, M3 and M5). 
 
3.2. Effect of material thickness on the 
sound absorption coefficient 
 

Studies that have dealt with the absorption of 
sound in porous materials concluded that: at low 
frequencies, the sound absorption coefficient is 
influenced by material thickness [16-18]. 

In Figure 4 we can observe that with the increase 
of material thickness the value of the absorption 
coefficient increases, resulting in improved sound 
absorbing properties, at frequencies lower that 700 
Hz and higher than 2000 Hz. 

 

 
Figure 4. Sound absorption coefficient variation 

depending on thickness of materials 
 
3.3. Effect of material structure on the sound 
absorption coefficient 
 

The influence of textile waste percentage used 
in obtaining composite materials based on rigid 
polyurethane foam on the sound absorption 
coefficient is presented in Figure 5. 

In the graphical representation we can observe 
that composite materials have sound absorbing 
properties superior to material M5 (100% rigid 
polyurethane foam) on the whole frequency range 
that was analyzed. Material M2 (40% textile waste 
and 60% binder) has the best sound absorbing 
properties in the frequency ranges of 100÷900 Hz 
and 1300÷3100 Hz. 

The maximum value of the acoustic absorption 
coefficient of 0.83 is achieved by material M3 at a 
frequency of 800 Hz, and respectively by material 
M5 at a frequency of 1000 Hz. 
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Figure 5. Sound absorption coefficient variation 

depending on percentage of waste textiles 
 

Due to the fact that rigid polyurethane foam (M5) 
has a cellular structure with closed pores, we can 
observe in Figure 6 that it has sound absorbing 
properties lower than flexible polyurethane foam 
(M6 with cellular structure and open pores) on the 
whole frequency range analyzed.  

Also in Figure 6 we can observe that material M6 
(100% flexible polyurethane foam) has the best 
sound absorbing properties, excepting the frequency 
range of 600÷900 Hz, where M3 (40% textile waste 
and 60% rigid polyurethane foam) has the best 
sound absorbing properties and the frequency range 
of 1200÷1400 Hz, where M4 (40% textile waste and 
60% flexible polyurethane foam) has the best sound 
absorbing properties. 
 

 
Figure 6. Sound absorption coefficient variation 

depending on type of binder 
 

3.4. Acoustic impedance 
 
Impedance is a complex number and is used to 

take into account the relationship between phase of 
the wave and acoustic speed [19]. 

jZiZrZ +=                                             (2)  
 

Where: Zr – resistive component;  
   Zi – reactive component. 

 
The two components of acoustic impedance are 

very important because they also concern energetic 
phenomena related to the propagation of sound 
waves. The resistive part of impedance sums up 
energy losses through thermal phenomena, 
vibrations of various encountered objects, viscosity 
phenomena and interaction with the boundary layer. 
On the other hand, the reactive component sums up 
elastic effects of gas of propagation environment. 

 

 
Figure 7. Real part of acoustic impedance for 

samples used 
 

 
Figure 8. Imaginary part of acoustic impedance 

for samples used 
 
Figures 7 and 8 show, respectively, the real and 

the imaginary part of acoustic impedance obtained 
from different samples. The real part is the 
resistance associated with energy losses and the 
imaginary part is the reactance associated with phase 
changes. 
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4. CONCLUSIONS 
 

By developing new sound absorbing materials, 
we try to eliminate the classic waste recovery 
methods, which can be an advantage in the reduction 
of waste quantity and at the same time of sound 
pollution. 

Sound absorbing material performance depends 
mainly on the material structure and thickness. 

The obtained materials could be used in making 
sound absorbing panels for use in industry, road, rail 
or air transportation. 

The application of composite materials 
reinforced with textile fiber forms is basically 
limited to low and medium load bearing 
applications. Thus, research should be continued to 
improve the fiber reinforced composite materials to 
suit the purpose of application. 

Textile recycling impacts many entities and 
contributes significantly to the social responsibility 
of today’s society. 
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