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Abstract 

Polyurethane foam is an excellent material for sound absorbing materials. This material is produced by mixing crosslinker, and 

polyol to produce foams with the presence of blowing agent. This study consists of an experimental study on acoustics properties 

enhancement of polyurethane foam by mixing different weight percentage of Shorea leprosula wood fiber into the polymer 

matrix. An optimal percent of 5-20% wood fiber was used to obtain a homogeneous mixture. The polymer foam composites 

acoustic properties were measured by using impedance tube test to obtain the sound absorption coefficient. The polymer foam 

composites UF80 produced have a better sound absorption coefficient, α of 0.9507. UF80 gives a higher density of 865.5 kg/m3 

and smallest pore size of 413.4 µm which is determined by using Mettler Toledo Density kit and Scanning Electron Microscope 

(SEM) respectively compared to UF. The noise reduction coefficient (NRC) of the polymer foam composites UF80 is twice as 

high as UF. This studies proved that Shorea Leprosula wood fiber influenced the acoustic properties of polymer foam 

composites. 

 

Keywords:  polyurethane foam, wood fiber, acoustic properties, sound absorption coefficient, noise reduction coefficient 

 

Abstrak 

Busa poliuretana adalah bahan yang sangat baik untuk bahan menyerap bunyi. Bahan ini dihasilkan dengan mencampurkan 

penghubung silang, dan poliol untuk menghasilkan busa dengan kehadiran ejen meniup. Kajian ini terdiri daripada kajian 

mengenai sifat-sifat akustik penambahbaikan busa poliuretana dengan mencampurkan peratusan berat serat kayu Shorea 

leprosula berbeza ke dalam matriks polimer. Peratus optimum serat kayu 5-20% digunakan untuk mendapatkan campuran 

homogen. Sifat akustik polimer komposit diukur dengan menggunakan ujian tiub impedans untuk mendapatkan pekali 

penyerapan bunyi. Polimer komposit UF80 yang dihasilkan mempunyai pekali penyerapan bunyi, α yang lebih baik dengan 

0.9507. UF80 memberikan ketumpatan yang lebih tinggi dengan 865.5 kg/m3 dan saiz liang yang lebih kecil dengan 413.4 µm 

masing-masing ditentukan menggunakan kit ketumpatan Mettler Toledo dan Mikroskopi Pengimbas Elektron (SEM) berbanding 

UF. Pekali pengurangan hingar (NRC) daripada polimer komposit UF80 adalah dua kali lebih tinggi daripada UF. Kajian ini 

membuktikan bahawa serat kayu Meranti Merah mempengaruhi sifat akustik busa poliuretana.  

 

Kata kunci:  busa poliuretana, serat kayu, sifat akustik, pekali penyerapan bunyi, pekali pengurangan hingar 

 

 

Introduction 

As the industrial waste gradually expands, it is slowly turned to be a major concern for the surroundings as well as 

human well-being. Another surroundings issue, which is changing into an undeniably major concern because of its 
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negative effect on human well-being, is noise pollution [1]. Hence, innovative development of effective and 

environmentally friendly sound absorbing materials is essential [2,3]. Polymer foams are incorporate interconnected 

cells in a polymer matrix. Polymer foam can have an open, partially open, or a closed cell structure. Closed pores 

are usually much less efficient than open pores in absorbing sound energy. This is due to the fact that open pores 

have a continuous channel of communication with the external surface of the frame, and they have a tremendous 

effect on the absorption of sound [4]. 

 

Polymer foam needs less material than a sturdy polymer having a similar volume, consequently material expenses 

are decreased in several applications [5]. Polyurethane foams are generally used as a part of the industry for their 

thermal, mechanical, electrical, and acoustic properties [6, 7]. Polyurethane foam is a good sound absorbing 

material due to its generally low density and high porosity. When acoustic waves propagate within the foams 

porosity, energy is reduced. The air friction loss within the cores and then converted into heat [8]. This energy 

absorption is enclosed by the polymer foam morphology, which is an inherent property of the foam and is defined 

by using the gradual decrease in energy in the dissemination of the acoustic wave propagation [9]. The addition of 

polyurethane foam with various waste materials produces development composites materials with vital applications 

[5, 10].  Many researches proved that the feasibility to strengthen polymer foams with waste materials is to improve 

their mechanical; acoustic properties. Hence, researchers have utilized and considered fibrous waste with several 

characteristics to get sound absorbing materials: cotton [11], hemp strands [12], coconut coir fiber [11], and tea-leaf 

strands [13]. 

 

In Malaysia, wood plantation industries dispose and burned all the wood waste in the incinerators for each year and 

caused environmental pollution [14, 15]. Only a few wood wastes materials are reused by farmers and industrials 

enterprises. The leftover wood waste goes to landfills or to metropolitan waste incinerators [16] and used in several 

applications. This wood waste may result from the sawdust of furniture manufacturing or may simply come from 

building construction industries that are no longer used [14, 15, 17]. Wood waste is biodegradable, lightweight, 

cheaper, nontoxic, and has nonabrasive qualities with environmental and economic advantages  

 

The target of this study is to study the acoustic properties of polymer foam composites which are used to utilize the 

wood waste materials by making new materials and also reduce the noise. The aims of this studies are to test the 

acoustic properties of polyurethane foam with various percent of wood fiber (Shorea leprosula) polymer foam 

composites as sound absorbing materials. 

 

Materials and Methods 

Raw materials  

Figure 1 show the Shorea leprosula wood fiber which is used to enhance acoustic properties of polyurethane foam, 

origins from the manufacture of furniture manufacturing. The wood fiber was sun dried for a day to remove the 

humidity and then being ground and sieved into fine wood by using heavy duty blender to get desired fine particle 

size (<300 μm). The matrix of composite materials produced in this study is polymer foam composites.  

 

 

Figure 1. Shorea leprosula wood fiber 
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Foam preparation  

Polymer foam composites samples were prepared by adding wood fiber with a polyurethane formulation consist of 

polymethane polyphenyl isocyanate (Modified Polymeric-MDI) and polyol. The polyurethane foams were prepared 

by mixing by the polyol and water (blowing agent) with isocyanate ratio of 1.0:0.1:0.5. This polymerization 

reaction is exothermic when reactions between alcohols with two or more reactive hydroxyls (-OH) groups per 

molecule (diols, triols, polyols) and isocyanates that have more than one reactive isocyanate group (-NCO) per 

molecule (diisocyanates, polyisocyanates).  At the beginning of the procedures, different weight percentage (wt.%) 

of Shorea leprosula wood fiber into polyurethane foam were produced. Table 1 shows the weight percentage range 

of wood fiber used varies less or equal to 20% wt/wt of polyol.  

 

Polyol and isocyanate were mixed with wood fiber at pre-determined weight ratios. The mixture in the mold is 

continuously stirred until it reaches homogenous composition and left to cure at room temperature for 24 hours [14, 

15, 17]. Upon curing, the sample is cut to get 10 mm in thickness of each sample with 100 mm and 28 mm in 

diameter for sound absorption coefficient measurement using impedance tube testing as referred to Figure 2. 

 

Table 1.  Polymer foam composites composition ratios 

Samples Flexible Polyurethane Foam 

(wt.%) 

Wood Fiber 

(wt.%) 

Sample Thickness 

(mm) 

UF 

UF95 

UF90 

UF85 

UF80 

100 

95 

90 

85 

80 

0 

5 

10 

15 

20 

10 

10 

10 

10 

10 

 

 

Figure 2.  Polymer foam composites prepared for sound absorption coefficient measurement using impedance tube 

testing 

 

Density of polymer foam composite 

The densities of the polymer foam composites were measured by using Buoyancy method according to European 

Standard EN 993-1 which automatically determined the density by using Mettler Toledo Density Kit. Each sample 

with 10 × 10 × 10 mm size (length × width × thickness) was cut from the polymer foam composites and average 

value from five different samples were recorded.  
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Scanning electron microscope  

Scanning electron microscopy (SEM) analyses were performed in a JEOL-JSM6380LA for polymer foam 

composites after vacuum-coating with gold (Auto Fined Coater of JEOL-JFC1600). This coated procedure for each 

sample is to avoid electrostatic charging during testing and at accelerating voltage of 10.0 kV [14, 15, 17]. Average 

pore size was obtained by measuring at least 10 pore size on the surface of each polymer foam composites. 

 

Impedance tube testing 

A sound wave incident on a material can be absorbed, reflected as well as transmitted by the material. These three 

processes are whole feasible relying on the characteristics of the material. The incident sound wave absorption is a 

practical approach to reduce noise. Sound absorption coefficient examined the acoustic property of the sound 

absorbing material.  

 

It comprises of an adjustable filter, propagation tube, large sample tube 100 mm diameter (0-1500 Hz), small 

sample tube 28 mm diameter  (1500-6000 Hz) and two-microphone technique and a digital frequency analysis 

system for the estimation of the normal incidence sound absorption coefficient and normal specific acoustic 

impedance proportion of materials [14, 15, 17]. The sample is analyzed by using impedance tube test according to 

ASTM E1050 for evenly mounted orientation materials for the frequency range of 100-6000 Hz. 

 

Results and Discussion 

The influences of material density on acoustic properties 
Density difference plot of sound absorbing polymer foam composites used in this research, relying on the 

percentage of added wood fiber as shown in Figure 3. The highest density is 865.5 kg/m
3 

for UF80 samples, follows 

by 850.8 kg/m
3 

for UF85 sample, then, 835.1 kg/m
3 

for UF90 sample, and 814.7 kg/m
3 

for UF95 sample. Meanwhile, 

the smallest density is 807.0 kg/m
3 
for UF sample. As the wood waste fiber percentage used increases, the density of 

the material also increases.  

 

 

Figure 3.  Density of polymer foam composites, kg/m
3 

 

The influences of type and pore size of materials on acoustic properties 
Type and size of pores are among important factors to be considered in porous sound absorbing material. In Figure 

4, the overall polymer foam composites samples show open pores. Open pores with continuous channels give better 

sound absorption, because of the multiple reactions between the sound wave and the walls of the pores [2, 18]. As a 

result, more energy will be transformed into heat energy resulting in high sound wave absorption.  
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From Figure 4, the average pore size was calculated and presented in Figure 5. It can be observed that, as the weight 

percentage of wood fiber is increased, the average pore size will decreases. In Figure 5, UF gives the largest average 

pore size with 578.4 µm, follows by UF95 with 574.4 µm, UF90 with 568.2 µm and UF85 with 504.4 µm. The 

smallest average pore size shows by UF80 with 413.4 µm. The influence of pore size on sound absorption can be 

understood by the difference in the converted energy from sound energy to thermal energy through friction with the 

inner wall of air and pores. As cross-referring to Figure 6, the smaller the pore size, the more the collision happens 

among sound wave and cell wall, the longer the path of reflection and refraction and the more the absorption 

energy, the greater the sound absorption coefficient [19]. 

 

   
 

   
 

 

Figure 4.   SEM image of polymer foam composites for: (a) UF, (b) UF95, (c) UF90, (d) UF85 and (e) UF80 

 

(a) (b) 

(c) (d) 

(e) 
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Figure 5.  Average pore size, µm of polymer foam composites for: (a) UF; (b) UF95; (c) UF90; (d) UF85 and; (e) UF80 

 

The influences of wood fiber percentage on acoustic properties 
The influences of wood fiber percentage used in producing polymer foam composites on the sound absorption 

coefficient are shown in Figure 6. Polymer foam composites with wood waste fiber have better sound absorption 

properties in comparison to the UF that gives sound absorption coefficient, α is  0.1606 and 0.7737 at low (0 – 1500 

Hz) and high (1501- 6000 Hz) absorption frequency level in the overall frequency range analyzed. The UF80 gives 

α, 0.2355 and 0.9507 at the low and high absorption frequency level respectively. The UF85 shows at the low and 

high absorption frequency level; α is 0.2210 and 0.9211, respectively. At the low and high absorption frequency 

level, UF90 α is 0.1700 and 0.8994, respectively. The UF95 shows that at the low and high absorption frequency 

level, α is 0.2355 and 0.9507, respectively. The maximum value of α is achieved by sample material UF80 at high 

absorption frequency level. Thus, the sound absorption coefficient has a strong connection with the amount of 

percentage wood fiber added in the polymer foam composites [16, 20]. 

 

The increase in sound absorption coefficient due to the large surface area of fillers on the polymer foam composites 

interface in which the acoustic energy can be dissipated as heat energy [2]. Sound propagation takes place in a 

network of interconnected pores where viscous and thermal interaction causes the acoustic energy to be dissipated 

and converted into heat energy. At low frequencies, polymer foam composites absorb sound by energy loss caused 

by heat exchange. This is an isothermal process. The absorbed energy moves within the cells by friction with air. 

This friction is converted into heat. Formation of fine morphology by fillers creates more paths for passing of sound 

waves into foam structure and as a consequence, polymer foam composites absorb more sound [2, 17]. 

 

As cross-referring in the previous page, in Figure 3, the density of polymer foam composites influences the sound 

absorption coefficient. Thus, by referring to Figure 6, as the density of the polymer foam composites increased, the 

sound absorption value at high frequency absorption level (1501 - 6000 Hz) also increases. When the wood fiber 

percentage per unit area increases, the apparent density becomes increases. Materials with higher density normally 

will absorb more sound energy caused by more surface frictional between the sound wave and the fiber elements [4, 

21]. Hence, the sound absorption coefficient increases when energy loss increases as the surface friction increases. 

From Figure 6, less dense and more open structure absorbs sound at low absorption level frequencies (500 Hz) 

while, denser polymer foam composites absorb better at frequencies above than 2000 Hz. 
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Figure 6.   Sound absorption coefficient of polymer foam composites at low and high frequency absorption level 

 

Further interest in acoustic analysis properties of polymer foam composites of the sound absorption coefficient, α 

values at different frequency ranges is calculated by using a single value; which is the noise reduction coefficient 

(NRC). The noise reduction coefficient (NRC) is the average of sound absorption coefficients, α at a specified set of 

frequencies, typically 250 Hz, 500 Hz, 1000 Hz, and 2000 Hz in accordance with the type of tube and acoustic 

measuring instrument used for the tests. The NRC can be calculated by using the formula in equation 1: 

 

𝑁𝑅𝐶 =  
(∝250 + ∝500 +∝1000 +∝2000 )

4
                         (1)                                                                                                              

 

Interpretation of acoustic properties of flexible polyurethane foam by adding wood fiber can be gained from the 

values of noise reduction coefficient in Figure 7, which is higher in the case of polymer foam composites. As the 

percentage of wood fiber increase, the value of noise reduction coefficient (NRC) also increases [1, 22]. The UF80 

has the maximum NRC value of 0.3140, which is twice as UF.  

 

 

Figure 7.  Noise reduction coefficient of polymer foam composites 
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Conclusion 

Acoustic properties of polymer foam composites show a great influence to improve the current materials properties 

and producing advanced materials with better sound absorption properties. These sound absorbing materials can 

lessen the cost as well as beneficial to sound absorbing material by producing materials from reused and natural 

resources. Polymer foam composites produced by mixing the Shorea leprosula wood fiber in flexible polyurethane 

foam matrix revealed excellent acoustic properties with better improvement compared to UF foam. The UF80 

polymer foam composite was found to be  the best composite used in noise reduction application with a maximum 

sound absorption coefficient of 0.9507 and noise reduction coefficient of 0.3140. Furthermore, the microstructural 

morphology shows an open pore and smallest pore size with 413.4 µm with a maximum density of 865.5 kg/m
3
. 

Consequently, the produced polymer foam composites are best to use both for outdoor and indoor sound absorption 

applications. 
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