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Abstract 
   

Naturally sourced materials are becoming a valid alternative to traditional synthetic materials for applications in 

acoustic control in environments. In this paper, a preliminary study of the sound absorption of two types of 

composite panels made of natural fibers and polyurethane is presented. The natural fibers used are coconut husk 

fiber and sugar cane bagasse, both from agricultural waste, very common in Brazil. Polyurethane is a 

bicomponent formed by isocyanate and polyol obtained from castor oil. The samples were formed by two layers, 

one of fiber and the other of polyurethane, with approximately 17.0 mm thickness, 6 mm of fiber and 11 mm of 

polyurethane. The sound absorption of these composites was evaluated with the impedance tube and the results 

were compared with samples composed only of fibers and same thickness. The results are promising and showed 

that the samples of composite sugarcane fiber have better performance and an average gain of 0.3 in sound 

absorption between the frequencies of 700 and 1200 Hz, when compared only with fiber. In addition, they showed 

an absorption peak of 0.6 at 1000 Hz. However, the coconut husk samples showed an absorption peak of 0.57 at 

790 Hz. Finally, a comparison between the samples with and without PU was carried out. The results show the 

sugar cane samples with PU have a higher performance for the frequency above 600 Hz. 
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1. INTRODUCTION 

Polyurethane foams (PU) are the most used 

synthetic materials in noise control because they 

have high performance for acoustic absorption. 

On the other hand, they are harmful to the 

environment because they are materials of 

petroleum origin and when discarded they have 

an indefinite decomposition time. To minimize 

impacts, these materials can be chemically 

recycled through their depolymerization. 

However, this process uses highly toxic organic 

solvents and, in adition, other toxic by-products 

are obtained from the chemical reactions used. 

As an aggravating fator, the depolymerization is 

not economically viable, according to Uliana et 

al.[1].  

With the purpose of reducing environmental 

impacts, materials that are less aggressive to te 

environmental are studied all over the world. 

Some examples of this are materials classified 

as “partially eco-friendly biomaterials”. These 

composites consume less energy to obtain them, 

less petroleum derivatives and consequently are 

less polluting throughout their production chain, 

[2].  

There are many researches involving the use of 

natural fibers for noise control. However, these 

fibers do not have the same acoustic efficiencies 

when compared to synthetic materials [3]. 

Therefore, this work aims to evaluate the 

acoustic efficiency of two types of composite 

materials formed by fibers and PU. The fibers 

used are coconut husk fiber and sugar cane 

bagasse, int addition to polyuretane -  

bicomponent formed from a polyol obtained 

from castor oil. The acoustic efficiency of the 

samples is described in terms of the sound 
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absorption coeficiente (α), evaluated with the 

impedance tube according to the standard 

ASTM E1050 [4]. The composite samples 

produced have a total thickness of 

approximately 17 mm and diameter of 100 mm. 

The experimental evaluation was performed 

between the frequencies of 200 to 1600 Hz.   

2. FUNDAMENTALS  

Çelebi and Küçük [5] used tea leaf fiber to mix 

with a polyurethane base to produce a soft foam. 

The results showed an increase in sound 

absorption by 50% at low and medium 

frequencies. Zulkifli et al. [6] made a sandwich 

panel composed of a perforated plate of coconut 

fibers and polyester for evaluation in a 

reverberant room. The result showed sound 

absorption of 0.7 to 0.8 at frequencies from 

1000 to 1800 Hz. Innace et al.  [7] characterized 

fiber from the root of the palmyra through 

numerical and experimental analysis. The sound 

absorption coeficient was calculated with the 

numerical model using an algorithm based on an 

artificial neural network. The results showed 

high values for Pearson´s correlation coeficient 

from 0.7 to 0.98 in the frequency ranges from 

500 to 1500 Hz. Bittencourt et al. [8] studied 

samples of coconut fibers, sugar cane and sisal 

with thicknesses of 15, 20 and 30 mm. The 

samples were experimentally evaluated and the 

results were compared with classical analytical 

methods of Delany-Bazley [9] and Allard-

Champoux [10]. The 30 mm thick sugar cane 

samples showed higher sound absorption 

compared to coconut, reaching a value of  0.7 at 

1000 Hz. Besides that, in this study the 

analytical results underestimated the 

experimental results.  

Ji et al. [11] characterized samples made from 

vegetable oil foam, bio-polyurethane and 

calculated the diferent microstructures based on 

the theoretical model of Johnson-Champoux-

Allard [10] [12], using the finite element 

method. The predictions resulted that the greater 

number of pores influences the absorption, 

showing the  absorption coeficient from 0.6 to 

0.95 in the frequency ranges from 1000 Hz to 

6000 Hz. Vale et al. [13] developed a foam from 

the liquefaction of industrialized products. The 

results showed that rigid foam has high 

attenuation and physical quality. Tang and Yan. 

[14] did an extensive characterization review of 

multilayer samples made from nonwoven fabric 

(TNT) and PET (polyethylene terephthalate) 
mesh . It was verified that each fibrous material 

has different absorption mechanisms and when 

together they considerably improve acoustic 

absorption. Kairyte et al. [15] recycled sludge 

waste from paper production to fill rigid 

polyurethane foam, aiming to improve its 

rigidity and gas emission characteristics. The 

results showed that the sludge particles 

contributed to a sustainable production to the 

environment. 

The above paragraphs show that composite 

materials and natural fibers have the potential to 

be applied in noise control. 

3. DEVELOPMENT 

3.1 Sample manufacturing 

Circular samples were manufactured using the 

ratio of 6.3 g of fiber to 5.4 g of adhesive 

(polyvinyl acetate – PVA). PU is a polymer 

made from the reaction of two substances: an 

isocyanate and a polyol obtained from castor 

oil. The proportion of these componentes used 

was 8/10. First, samples of natural fiber were 

manufactured. The fibers mixed with the 

adhesive were deposited in a closed mold, 

remaining for four hours in a stove at 42°C.  

After removed from the mold it was necessary 

to remain at room temperature for another 12 

hours for complete drying of the compost.  

The bi-components that gave rise to the 

polyurethane were spilled on the surface of the 

discs in an open mold for expansion of the PU. 

Figure 1 shows the fabricated samples. 

 

Figure 1: Composite sample (fibers + PU), A – 

sugar cane fiber and B – coconut fiber 
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3.2 Experimental Method 

An impedance tube was used to evaluate the 

samples. The tube is characterized by having a 

source and a rigid termination at the ends. Two 

microfones are positioned along the tube, as 

shown by Figure 2. 

  

 

 Figure 2: Impedance tube illustration 

 

The impedance tube used is from the brand SCS 

9020B/K with 100 mm diameter. The signal 

analyzer and generator is from Brüel & Kjær 

Type 3160-A-042 with six channels – four input 

channels and two output channels. The 

microfones used to acquire the signals were 

Brüel & Kjær Type 4935 of ¼” with nominal 

sensibility of 5,6 mV/Pa. The measurement 

results were analyzed using the software 

Matlab® (2022 version).  

Measurements were performed using the 

transfer function method for Chung & Blaser 

em 1980 [16], [17]. Based on this method, the 

sound reflection coeficient R can be obtained by 

𝑅(𝑓) =
𝐻12−𝑒−𝑖𝑘𝑠

𝑒𝑖𝑘𝑠−𝐻12
𝑒2𝑖𝑘𝑥1           (1) 

 

𝐻12= 𝑝2(𝑓)/𝑝1(𝑓)  (2) 

 

 

In equations 1 and 2,  H12 represent the transfer 

function, x1 the position of microphone 1 in 

relation to the face of the sample, k the complex 

wave number. 

In this case, the sound absorption coefficient 𝛼 

for normal incidence can be calculated as a 

function of the reflection coefficient: 

𝛼 = 1 − |𝑅(𝑓)|2               (3) 

This method considers only the propagation of 

plane waves inside the tube. As a result, the 

maximum frequency (fc ) for this to occur can 

be calculated by: 

𝑓𝑐 <
1,84𝑐

𝜋𝑑
                        (4) 

The Equation 4 considers only the diameter of 

the tube and the speed of sound. In order to 

minimize the error associated with the position 

of the microphones (distance s), it is 

recommended that the analysis frequency range 

f  be calculated as [16]:  

0,1𝑐

2𝑠
< 𝑓 <

0,8𝑐

2𝑠
                           (5) 

For the s = 100 mm distance, the following 

frequency range is considered 

171 < 𝑓 < 1370 Hz                      (6) 

with  fc = 2010 Hz.  

4.  RESULTS AND DISCUSSIONS 

From the results obtained in measurement and 

with the use of the Matlab® software, it was 

possible to generate te graphs of the sound 

absorption α of the samples. Figure 3 shows the 

measurement bench made up of an impedance 

tube connected to the signal generator and also 

to the software for obtaining and interpreting the 

results. 

For a better interpretation of the results, the 

mean physical characteristics can be seen in 

Table 1.  Three samples were manufactured 

with each fiber.
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Figure 3: Impedance tube measurement  

 

Figure 4 shows the sample of coconut husk and 

sugar cane bagasse without the addition of PU. 

The graph presented in Figure 5 shows the 

average sound absorption coefficient for the two 

types of fibers with the addition of PU. As for 

Figure 6, the comparison of the sound 

absorption coefficient between samples with 

and without PU can be evaluated. In these 

graphs, the red lines represent the coconut fiber 

samples and the blue lines represent the sugar 

cane fiber samples. The solid and dashed lines 

represent the sample with and without PU, 

respectively. 

 

Table 1: Sample properties  

 

 

 

 

 

Evaluating the samples with PU, it can be 

observed that the coconut samples showed na 

absorption peak of 0.58 at the frequency of 790 

Hz and below 0.18 for the other frequencies. 

Sugar cane samples showed na absorption peak 

greater than 0.4 for a frequency range between 

850 and 1300 Hz. In addition, it achieves a 

sound absorption of 0.6 at the frequency of 1170 

Hz. 

For the comparison between the samples with 

and without PU shown in Figure 6, it can be 

observed that the sugar cane samples with PU 

have a higher performance for the frequency 

above 600 Hz. 

 

 

 

 

 

 

 

 

 

Figure 4: Samples formed only by fibers, A -   

Coconut husk and B - Sugar cane.  

5. FINAL CONSIDERATIONS 

Based on the measurements, it was possible to 

observe that the sample with polyurethane and 

sugar cane fiber showed better results in terms 

of sound absorption.  It should be noted that the 

results are preliminary compared to the research 

that will be developed. 

The PU used in the samples has the isocyanate 

with an aromatic chain. Therefore, the material 

Samples  Thickness 

[mm] 

Mass 

[g] 

Density 

[kg/m³] 

Variance 

[kg/m3] 

Sugar cane + PU 18 27 190.6 ±4.53 

Coconut + PU 20 25 161.5 ±4.62 

Sugar cane fiber 15 24 200.8 ±10.8 

Coconut fiber 17 28 202.3 ±14.6 
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has low porosity and high rigidity. To enhance 

absorption, a saturated or aliphatic cyclic chain 

isocyanate is recommended. 
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Figure 5: Absorption coeficient for the PU samples 

 

Figure 6: Comparation between the results for 

samples with and without PU 

 

REFERENCES 

[1] F. Uliana et al., “Kinetic study of 

depolymerization of polyurethanes: A 

experimental and computational insight 

for chemical recycling,” International 

Journal of Chemical Kinetics, vol. 52, 

no. 9, pp. 611–619, 2020, doi: 

10.1002/kin.21374. 

[2] B. C. Mitra, “Environment friendly 

composite materials: Biocomposites and 

green composites,” Defence Science 

Journal, vol. 64, no. 3, pp. 244–261, 

2014, doi: 10.14429/dsj.64.7323. 

[3] U. Berardi and G. Iannace, “Predicting 

the sound absorption of natural 

materials : Best-fit inverse laws for the 

acoustic impedance and the propagation 

constant,” Applied Acoustics, vol. 115, 

pp. 131–138, 2017, doi: 

10.1016/j.apacoust.2016.08.012. 

[4] ASTM, “Standard test method for 

impedance and absorption of acoustical 

materials using a tube, two microphones 

and a digital frequency analysis system-

E1050-10,” American Society for Testing 

of Materials, vol. 04, no. C, pp. 1–12, 

1990, doi: 10.1520/E1050-10.2. 

[5] S. Çelebi and H. Küçük, “Acoustic 

properties of tea-leaf fiber mixed 

polyurethane composites,” Cellular 

Polymers, vol. 31, no. 5, pp. 241–255, 

2012, doi: 

10.1177/026248931203100501. 

[6] R. Zulkifli, M. J. Mohd Nor, M. F. M. T. 

Tahir, A. R. Ismail, and M. Z. Nuawi, 

“Acoustic Properties of Multi-Layer 

Coir,” journal of applied sciences, vol. 

20, 2008. 

[7] G. Iannace, G. Ciaburro, and A. 

Trematerra, “Modelling sound 

absorption properties of broom fibers 

using artificial neural networks,” Applied 

Acoustics, vol. 163, p. 107239, 2020, doi: 

10.1016/j.apacoust.2020.107239. 

[8] C. C. B. da Silva, F. J. H. Terashima, N. 

Barbieri, and K. F. de Lima, “Sound 

absorption coefficient assessment of 

sisal, coconut husk and sugar cane fibers 

for low frequencies based on three 

different methods,” Applied Acoustics, 



 

6   Instruções e modelo de artigo para o FIA 2020/22 e XXIX Sobrac                    FIA 2020/22 | XXIX Sobrac   

vol. 156, pp. 92–100, 2019, doi: 

10.1016/j.apacoust.2019.07.001. 

[9] M. E. Delany and E. N. Bazley, 

“Acoustical properties of fibrous 

absorbent materials,” Applied Acoustics, 

vol. 3, no. 2, pp. 105–116, 1970, doi: 

10.1016/0003-682X(70)90031-9. 

[10] J. Allard and Y. Champoux, “New 

empirical equations for sound 

propagation in rigid frame fibrous 

materials,” J Acoust Soc Am, vol. 91, no. 

6, pp. 3346–3353, 1992, doi: 

10.1121/1.402824. 

[11] Y. Ji, S. Chen, and W. Zhu, “The effect 

of pore numbers in the cell walls of 

soybean oil polyurethane foam on sound 

absorption performance,” Applied 

Acoustics, vol. 157, p. 107010, 2020, doi: 

10.1016/j.apacoust.2019.107010. 

[12] D. L. Johnson, J. Koplik, and R. Dashen, 

“Theory of dynamic permeability and 

tortuosity in fluid saturated porous 

media,” Journal of Fluid Mechanics, vol. 

176, no. 1987, pp. 379–402, 1987, doi: 

10.1017/S0022112087000727. 

[13] M. Vale et al., “Replacement of 

petroleum-derived diols by sustainable 

biopolyols in one component 

polyurethane foams,” Journal of Cleaner 

Production, vol. 212, pp. 1036–1043, 

2019, doi: 

10.1016/j.jclepro.2018.12.088. 

[14] X. Tang and X. Yan, “Multi-layer fibrous 

structures for noise reduction,” Journal 

of the Textile Institute, vol. 108, no. 12, 

pp. 2096–2106, 2017, doi: 

10.1080/00405000.2017.1315793. 

[15] A. Kairytė, M. Kirpluks, A. Ivdre, U. 

Cabulis, S. Vaitkus, and I. Pundienė, 

“Cleaner production of polyurethane 

foam: Replacement of conventional raw 

materials, assessment of fire resistance 

and environmental impact,” Journal of 

Cleaner Production, vol. 183, no. 2018, 

pp. 760–771, 2018, doi: 

10.1016/j.jclepro.2018.02.164. 

[16] J. Y. Chung and D. A. Blaser, “Transfer 

function method of measuring in-duct 

acoustic properties. I. Theory,” Journal 

of the Acoustical Society of America, vol. 

68, no. 3, pp. 907–913, 1980, doi: 

10.1121/1.384778. 

[17] J. Y. Chung and D. A. Blaser, “Transfer 

function method of measuring in‐duct 

acoustic properties. II. Experiment,” J 

Acoust Soc Am, vol. 68, no. 3, pp. 914–

921, 1980, doi: 10.1121/1.384779. 

[18] H. Bodén, M. Åbom, and H. Bod, 

“Influence of errors on the two-

microphone method for measuring 

acoustic properties in ducts Influence of 

errors on the two-microphone method for 

measuring acoustic properties in ducts,” 

vol. 541, no. 1986, 1998, doi: 

10.1121/1.393542. 

  

 

 

 

 

 

 

 

 

 

 

 


