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Abstract: One of the sources of noise pollution to environment 

is from the consumption of electrical and mechanical appliances 
usage at home and industries. Growth development and 
advancement of heavy equipment in construction work further 
emphasize the necessity used of new technologies for noise 
reduction. The best technique of control or reducing of noise is by 
using the materials that can absorb the noise by materials itself. 
Potential materials from agricultural waste as sound absorber 
were identified. There are two main objectives in this study; First 
is to produce acoustic absorber by using natural materials. 
Second is to identify their sound absorption coefficients. The 
samples were fabricated using the raw materials from banana 
stem, grass, palm oil leaves and lemongrass mixed with binding 
agents of polyurethane and hardener to the ratio of 1:4. The 
diameters of the samples consist of 28mm and 100mm and the 
thickness is 10mm. The samples sound absorption coefficients 
were measured according to standards ASTM E1050-98 / ISO 
105342-2 (Impedance tube method). Sound absorption coefficient 
of the materials depends on frequencies choose. The frequencies 
values used in this study were in the range from 500Hz to 4500Hz. 
Material made from grass have a higher average sound 
absorption coefficient value which is 0.553.  All tested samples 
also can be categories under class D type of materials based on 
sound absorption coefficient value.  
 

Keywords: acoustic, natural materials, palm oil leaves, 
polyurethane.  

I. INTRODUCTION 

Demand on the quality of life for a better environment and 
extra expanded life styles has been improved along with the 
growth of industrial construction and transportation. Poor 
urban planning can cause pollution to our society, which 
becomes one of the four major environmental hazards which 
are noise, air, water, and solid waste pollutions [1]. However, 
this process may lead to various problems such as 
environmental issues and human’s health. Noise pollution 
also gives a bad impact on human’s life [2]. According to the 

World Health Organization (WHO), annoyance and sleep 
disturbance from noise pollution can contributes to the source 
of heart disease [3]. 
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 Sound and vibration produced by home appliances, motor 
vehicles and buildings also contribute to harmful side effects 
[4]. Quality environment by reducing noise pollution can be 
achieved by installing noise control barrier. The application 
of sound absorber has been known as noise control. Normal 
practices on noise reducer can be categorized as absorption, 
isolation, vibration isolation and vibration damping. The most 
important role to reduce noise is the material with sound 
absorption capability [5]. Materials with the capability of 
softening the acoustic environment of closed volume are 
normally fibrous and porous. This material ought to have the 
best absorptive capability by dropping the amplitude of the 
reflected waves. However, as reported by Arenas [6], the 
porous materials sound absorption coefficient tends to be 
higher. Other parameters affecting properties of sound 
absorbing are surface finishing, method of installation, 
material thickness. Material compositions and the frequency 
of sound also affecting the characteristic of absorptions. 

 Glass wool, stone wool, and foam plastics derived from 
synthetic materials are the common acoustic absorbers which 
can be found in the market [7]. The recent advances of 
fabricating sound absorber from natural materials have been 
reviewed by some authors. Nasmi et al. [8] used corn husk 
fiber (CHF) and unsaturated polyester as the sound-absorbing 
materials. They found that acoustical and non-acoustical 
properties of composites influenced by the volume fraction of 
CHF. High absorption coefficient can be obtained in random 
pattern of fibers. Lei and Fu-Shen [9] developed waste 
agricultural plastic film as raw material. This material is 
suitable for applications such as construction of bridges, 
installation of internal tunnels during short period road 
construction and as parts in vehicles. Elammaran et al. [10] 
studied on characterization of rice straw fibers treated with 
sodium hydroxide and the results showed that lower fiber 
content in composites were poorer in sound absorption 
compared to the composites with higher fiber content which 
had better sound absorption. Manigandan et al. [11] studied 
the mechanical and acoustic properties of pineapple leaf fiber 
and it was proven that the fiber can be used reduce noise. In 
addition, Jichun et al. [12] looked at the effect of natural 
materials and sandwich structure composites to the sound 
absorption characterization. The result showed that natural 
materials-based sandwich structure can be used as the 
potential sound absorption structure against high frequency.  

On the other hand, acoustical material plays some major 
roles especially in acoustic construction such as room 
acoustics control, noise control for industrial, studio and 
automotive acoustics.  
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Selection of material is important to minimize unwanted 
effects of sound reflection. This unwanted effect is due to hard 
and rigid interior surfaces and thus help to reduce the 
reverberant noise levels. The materials for sound absorption 
are applicable as interior lining for apartments, automotive, 
aircraft, ducts, enclosures for noise equipment and insulations 
for appliances [13].  

The response of creative performance spaces can be 
controlled through sound absorptive materials in order to firm 
and transient sound resources. Report show that this material 
is capable to affect the atmosphere of the audio environment 
and at the same time improve the intelligibility or 
unreinforced speech and the quality of unreinforced musical 
sound [14]. Combining the absorptive materials with barriers 
can be formed to produce composite products to lag pipe or 
provide absorptive curtain assemblies. The spectra of the 
emitting source can control all noise problems. Selection of 
sound absorbing materials will be based from materials type 
and dimension while controlling frequency of sound [15]. 
This paper discovers the sound absorption coefficient of 
natural fibers from agricultural wastes as potential acoustic 
absorber. 

II. EXPERIMENTAL METHOD 

A. Sample Preparation 

Four types of material from agricultural waste which are 
banana stem, lemongrass, palm oil leaves and grass initially 
underwent a treatment process to obtain strong sample 
structure. The treatment was also done to obtain the cleanest 
appearance to the green materials. The materials are collected 
and cut into 20 mm and 30 mm length respectively. All 
samples are sundried up to one week to remove any excess 
moisture content and isolate them from impurity that present 
in the materials. After that, the samples are heated in oven at 
80oC for 12 hours to allow the excess water in the materials 
evaporated. Another purpose is to ensure the materials stayed 
clean and strong. The smallest part of dried samples was 
chopped into 5-10 mm length as shown in Fig. 1 [16]. 

 

Fig. 1. Samples of (a)Lemongrass, (b)Banana Stem, 
(c)Palm Oil Leaves and (d)Grass wasted fibres after 

treatment 

The mass of each sample was measured by using electronic 
weight balance. The binding agent of polyurethane and 
hardener was mixed with the weight ratios of 1:4. Two plastic 
molds were used to prepare two different samples of sizes 
which was equivalent to the diameters of the impedance tube. 
It covers the low and high frequency range of measurements.  
The size of the sample is 28 mm and 100 mm on diameter. 
The value of sample density was measured and recorded. The 
bulk density calculated by the ratio of the sample mass over 
the volume of the cylindrical shape [17]. 

B. Measurement of Sound Absorption Coefficient 

Sound absorption coefficient was measured using 
impedance tube equipment as shown in Fig. 2.  The purpose 
of the testing was to identify the sound absorption coefficient, 
α for each of samples. From an impedance tube, the 
measurement of sound absorption coefficient was achieved. 
American Society for Testing and Material, (ASTM E1050 
/ISO 10534-2) standard was consolidate when using two 
microphone transfer function method for measurement [18]. 
The absorber sample tested was fitted in the impedance tube. 
There must be no gap or extreme small gap between the 
sample and cell wall of impedance tube. White noise signal 
was fed into the tube generated by a loudspeaker. The 
loudspeaker was fixed closed to impedance tube end. The 
loud speaker generates broadband, stationary random sound 
waves which propagate inside the tube as plane wave, then hit 
the sample and reflected. Two-channel digital frequency 
analyzer were used to measuring the sound pressure at two 
fixed locations and complex transfer function. This data was 
used to calculate sound absorption coefficient.  

 

 

Fig. 2. Tube Used for Testing 

Tube diameter and the the space between the microphone 
positions affected the operational frequency range selection. 
Sound pressure produce inside the tube was recorded by 
microphones and amplifier below: - 
a) Pre-polarized microphones model GRAS 40AE and 
b) Pre-amplifier 1/200 CCP model GRAS 26CA  
 
 

(a) (b) 

(c) (d) 
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The microphones’ sensitivity was calibrated by using 
calibrator type GRAS 26CA at 114dB level and 1 kHz before 
the test begin to prevent error. The signal was process with 
SCS software. The main parameters of four types of samples 
were tabulated as shown in Table I. The average mass and 
density were calculated for each diameter of the samples.  
The average mass was taken based on three times reading on 
the electronic balance. 
Table - I: Basic Parameters of the Four Samples Used in 

the Experiment specifications 
Material Diameter 

(mm) 
Thickness 

(mm) 
Average 

mass 
(g) 

Density 
(kg/m3) 

Banana 
Stem 

28 10 3.2668 132.635 

100 10 31.4259 100.0188 

Grass 28 10 2.5768 104.6204 

100 10 14.9571 47.6038 

Lemongrass 28 10 3.0293 122.9923 

100 10 63.1508 200.9892 

Palm Oil 
leaves 

28 10 4.729 192.0016 

100 10 47.7469 151.9634 

III. RESULTS AND DISCUSSIONS 

The absorption coefficient of each sample was tabulated as 
shown in Table II for the frequency range between 500 Hz to 
4500Hz. 

Table - II: Sound absorption coefficient of different 
materials for difference frequency 

Frequency 
(Hz) 

Material 
Banana 
Stem 

Grass Palm Oil 
Leaves 

Lemongrass 

500 0.05282 0.05966 0.04569 0.06323 

1000 0.10339 0.14697 0.07852 0.14822 

1500 0.19083 0.25352 0.10541 0.26073 

2000 0.42014 0.43586 0.18864 0.45459 

2500 0.80148 0.65405 0.33111 0.66547 

3000 0.99478 0.84027 0.56293 0.82473 

3500 0.78405 0.92164 0.89659 0.85822 

4000 0.54971 0.89008 0.95232 0.79980 

4500 0.41968 0.77944 0.83087 0.71887 

From the data obtained, the potential of creating an 
alternative of sound absorber from agricultural waste can be 
identified. Sound absorption class can be Classified as 
tabulated in Table III [19] based on its coefficient value. The 
best sound absorption class is A with coefficient range 
0.90-1.00 followed by B, C, D, E and not classified. 

Most of the materials have good sound absorption 
coefficient especially for the frequency between 2500 Hz to 
4500 Hz accept for banana stem material. Different type of 
green materials influences the sound absorption coefficients. 
It can be seen from the results that the values for these four 

types of samples were determined from the resonant 
frequency of 500Hz to 4500Hz (Fig. 3). These range of 
frequency has been selected to satisfy the fundamental 
constraint that had been highlight by ASTM. Based on the 
standard, the diameter of impedance tube and the spacing 
between the microphone positions strongly affected the 
usable range of frequency. It is important to know the limits of 
the working frequency to maintain the plane wave 
propagation inside the tube. 

Table - III: Sound absorption class [19] 
Sound Absorption Class Absorption 

Coefficient, α 
A 0.90 – 1.00 

B 0.80 – 0.85 

C 0.60 – 0.75  

D 0.30 – 0.55  

E 0.15 – 0.25  

 

 
Fig. 3. Sound absorption coefficient of different 

material at different frequency 
 

As shown in Fig. 3, at the frequency range between 
500-3000Hz, absorption coefficient for banana stem 
increased and reached the maximum coefficient value of 
0.995. The sound absorption performance had decreased until 
the value of 0.42 at 4500Hz frequency.  For sample made of 
grass and lemongrass, the absorption coefficient values 
showed an increment from frequency 500-4000Hz and 
dropped after the frequency of 3500Hz. The maximum values 
of the absorption coefficient are 0.921and 0.858 respectively. 
For sample made of palm oil leaves, the highest absorption 
coefficient was 0.952 at 4000Hz before it decreased at 0.831 
at a frequency of 4500Hz.  All the samples exhibited a 
similar pattern of sound absorption. The average sound 
coefficient was calculated and obtained the values of 0.479, 
0.553, 0.443 and 0.533 for the banana stem, grass, palm oil 
leaves, and lemongrass materials respectively. All these 
values of the absorption coefficient can be classified in 
absorption class D as shown in Table III. 

Measurement of the absorption coefficient values at a 
different frequency as the method to identify the materials 
chosen sometimes may not suitable or might be too complex. 
The alternative approach is to use noise reduction coefficient 
(NRC).  
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This method uses a single value calculation by measuring 
the ability of the materials to absorb sound [20]. The sound 
absorption coefficient average for materials at different 
frequency namely 125Hz, 250Hz, 500Hz, 1000Hz and 
2000Hz was obtained to calculate the NRC of the fiber’s 

samples. The higher the NRC value indicates as the better of 
the product in absorbing sound. The NRC can be calculated 
using the formula [21]:  

NRC = α250 + α500 + α1000 + α2000       (1) 

           4 
The comparison between the materials on NRC from the 

values of the noise reduction coefficient is showed in Fig. 4. 
The grass composite material has the maximum NRC value of 
0.1717 compared to the others. It means that the material 
absorbed by 17.17%. The banana stem, palm oil leaves, and 
lemongrass composite materials obtained 0.1524, 0.0859 and 
0.1668 NRC values respectively. 

 
Fig. 4. Noise Reduction Coefficient (NRC) for different 

materials. 
 

The thickness of absorbent material is one of the main 
parameters that influence absorption performance. A higher 
frequency will absorb more sound than low frequency. Hence, 
the amount of absorption not only depends on the thickness, 
but the type of materials and the method of installation. Table 
IV summarized the maximum sound absorption coefficient 
value of natural fibers that have been done by other 
international researches internationally.  

Table - IV: Sound Absorption Coefficient of Natural 
Fibers by other researchers [22] 

Researcher Material Thickn
ess 

(mm) 

SAC Peak 
Frequency 

(Hz) 

[23] 

Coconut 
10 

 

0.46 4000 
Corn 0.70 3000 
Grass 0.46 4000 
Sugarcane 0.88 4000 

[24] Coconut 10 0.39 5000 
[15] Tea-leaf 10 0.26 4000-6300 

 The value of sound absorption coefficient obtained from 
selected waste materials show better properties compared to 
other materials. 

IV. CONCLUSION 

Sound absorption coefficients of four different types of 
green material were successfully conducted. A constant 
thickness sample was considered in this study. The values of 
sound absorption coefficient lie between the range of 0.046 to 

0.831 with the positive gradient from the frequency of 500Hz 
to 4500Hz. Material made from grass have a higher average 
sound absorption coefficient value which is 0.553.  All the 
sample tested also can be categorized under class D type of 
materials based on sound absorption coefficient value. All the 
materials are natural, renewable and agricultural waste which 
does not pose harm to human health. By introducing the 
composite materials from agricultural waste, the resulting 
materials show good potential to be an environmentally 
friendly product.   

 The development of other new materials from 
agricultural waste is needed for acoustic absorption purposes 
in the future. The manufacture of these new materials will 
contribute to environmental protection and sustainable 
acoustic absorption solutions that are cheaper than the 
traditional alternatives. 
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