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The effect of natural fillers on the sound insulation property was studied 
experimentally. Four types of plant residues (orange, lemon, pomegranate, as well as 
caper tree leaves) are selected for low and high frequencies (100-8000) Hz. The waste 
was dried, ground and screened separately to produce the natural filler with a particle 
size of (300 and 600) μm. The most important stage in designing the experiment is 
manufacturing samples of the materials used with thickness (3 and 6) mm. The sound 
insulation property of the soundproof box was examined at low and high frequencies. 
The results showed that all plant waste samples had high sound absorption by 
measuring the sound pressure level in the sound receiving chamber of the test box. 
Pomegranate peels gave the highest percentage of sound pressure reduction, reaching 
(46.7%), followed by lemon peels (41.7%), then orange peels (30%). 
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1. Introduction 
 

Sound insulation has become one of the problems that has a direct impact on construction 
residential and service buildings, design of cars and airplanes, etc., and this creates a need for them 
searching for new composite materials that meet the requirements acoustic performance using new 
environmentally friendly materials in order to reduce the impact on human health can be defined 
[1,2].   

Composite materials are a mixture of resins with reinforced materials in the form of granules or 
fillers The results of these mixtures are metallic Intermediate properties depending on combined 
Components work [3,4]. Many previous researches have used it Synthetic additives with polymers 
Enhanced to modify properties Polymer [5,6]. Experimental statement on the effect of graphite filler 
content on the mechanical and tribological properties of a 30% glass-polyester composite system 
[7,8]. They employed the Taguchi A method to investigate the impact of the type of artificial filler on 
the tribological behavior of the polymer composite under dry conditions. To identify environmentally 
sustainable and high-performance alternatives to artificial reinforcements,  researchers are 
interested in using natural fillers as reinforcement in various materials because of their low density, 
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low cost, renewable, biodegradable, low energy consumption, non-abrasive character, and high 
sound insulation. The automotive, construction, and packaging industries are interested in 
developing new bio composite materials as alternatives to synthetic fiber-reinforced composites. 
Unsaturated polyester has diverse properties and applications [9,10].  

Nadiatul et al., [11,12] exposed agricultural waste capable of absorbing sound. To prepare the 
samples, polyurethane binding agents and hardeners were mixed with banana stems, grass, oil palm 
leaves and lemongrass in a ratio of 1:4. For testing, several diameters ranging from 28 to 100 mm 
and thicknesses of 10 mm were used. An impedance tube approach was used. The chosen 
frequencies affect the sound absorption coefficient of materials. The study used frequencies ranging 
from 500 to 4500 Hz. The sound absorption coefficients of four distinct green materials were 
effectively determined. This study looked at a sample with a consistent thickness. The sound 
absorption coefficient measurements reveal a positive gradient from 500 to 4500 Hz, with values 
ranging from 0.046 to 0.831. Based on the sound absorption coefficient, all analyzed samples can be 
classified as Class D materials. All of the components are organic, recyclable, and agricultural waste 
that is safe for people's health. Composite materials derived from agricultural waste have the 
potential to create an essentially sustainable product. Azma Putra et al., [13,14] examined the sound 
absorption coefficient of acoustic absorbers manufactured from natural durian husk fibers, which are 
still considered agricultural waste. The impedance tube method was used to evaluate the sound 
absorption performance of samples with different fiber densities and thicknesses. The results reveal 
that with a minimum thickness of durian husk fibers, the absorption coefficient can be greater than 
0.5 above 1 kHz for a 20-mm sample with a minimum density of 160 kg/m3. 

All countries, including Iraq, suffer from plant waste after its consumption by humans and its 
impact on the environment. Therefore, these plant wastes must be properly exploited in the fields 
of agriculture, industry, and others. Therefore, the current study aims to study the behavior of the 
sound insulation properties of composite materials and their efficiency compared to the traditional 
industrial materials used and to calculate the sound reduction index for these materials. 
 
2. Acoustic Models 
 

Acoustic Models Acoustics is a science that studies the generation and propagation of sound via 
various materials. Humans can hear the sound at audio frequencies ranging from about 20 Hz to 20 
kHz. The sources of noise are found both outside and inside buildings, which produce higher noise 
levels. Examples include sound reproduction systems, traffic, residential electricity, and appliances, 
among others. There are numerous mathematical models that describe the acoustic behavior of 
these soundproof layers using elastic characteristics [15,16]. The acoustic behavior of absorbent 
materials cannot be characterized using the same properties [17,18]. So, the properties to evaluate 
are tortuosity, viscosity, and porosity based on fiber dispersion. Many theories exist to predict the 
acoustic isolation of both airborne and impact noise. 

 
2.1 Sound Pressure 
 

Sound pressure, also known as acoustic pressure, is the local pressure difference from the 
surrounding air pressure (average or equilibrium) caused by a sound wave. The microphone can be 
used to detect sound pressure in the air. Pascal (Pa) is the SI unit of sound pressure (p) [19,20].   
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2.2.1 Sound pressure level 

Sound pressure level (SPL) is a logarithmic measure of the effective pressure of sound compared 
to a reference value. It is expressed in units (dB) above a predetermined reference level. The 
conventional reference for sound pressure in air or gases is 20 µPa, which is usually considered the 
threshold of human hearing (at 1 kHz). The sound pressure level (Lp) can be calculated using equation 
(1) [19,21]:  
 

𝑆𝑃𝐿 = 10	. log!" ,
𝑃#$%&

𝑃#'(&
- = 20	. log!" ,

𝑃#$%
𝑃#'(

-																																							(1) 

Where: 𝑃#$% is the measured RMS sound pressure in Pascal [Pa], 𝑃#'( is the reference sound 
pressure in Pascal [Pa]. 

 
3. Experimental Work 
3.1 Materials 

 
Investigations were performed at room temperature in the facilities of the Department of 

Materials Engineering at the University of Technology. The materials used in this piece are plant peels 
(orange, lemon, and pomegranate, in addition to caper tree leaves). Natural fillers with particle 
diameters of (300 and 600) micrometers were used. To make the fillers, the natural fillers are dried 
at different temperatures, as shown in Table 1, in special drying ovens before being individually 
crushed in a mill into fine particles. Particles were sieved using sieve diameters of (300 and 600) 
micrometers. The product is a filler with a particle size of (300 and 600) micrometers. 
 
Table 1 
The temperature of heating samples 

No. Material name Temperature Time 

1 Caprice leaves 40 °C 13min 

2 Lemon peels 70°C 15min 

3 Orange peels 100 °C 25min 

4 Pomegranate peel 200°C 45min 

 
3.2 Specimens Preparation  
 

All samples were made using the dry hand method in thin glass molds with dimensions of 10 × 10 
cm and thicknesses of 3 mm and 6 mm, as shown in Figure 1(a). They are filled with crushed plant 
waste (orange peels, lemon peels, pomegranate peels, and caper leaves) and pressed to produce 
compressed composite materials. Two samples were made for each of the materials used (3 mm and 
6 mm), depending on the diameter of the powder grains (300 and 600) μm, as shown in Figure 1(b). 
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Fig. 1. Experimental samples a) Blank sample b) Filled sample             

 
3.3 Experimental Instruments 
3.3.1 Test box 
 

For the purpose of conducting practical experiments to measure the efficiency of the tested 
samples in sound insulation, a closed wooden box with dimensions of (70 × 60 × 60) cm was 
manufactured and lined with 2 cm thick sound-insulating foam for the purpose of isolating external 
noise from the tested samples. This box is divided into two chambers, the first containing the sound 
source (an amplifying speaker) installed at one end through which sound is emitted at the specified 
frequencies. The second chamber contains a sound pressure gauge, which is installed on the side 
opposite the speaker and through which the level of sound pressure reaching the second chamber is 
measured. The sample is fixed in the middle of the two chambers. Figure 2 shows the schematic 
diagram of the test box. 

 
 

 

 

 

 

 

 

 

Fig. 2. The schematic diagram of the test box 
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3.3.2 Sound pressure meter 
 

It is a device used as a sound level meter for acoustic measurements. It is usually a hand-held 
instrument with a microphone. In this research, a Digital Sound Level Meter 352 type, Shown in Figure 
3 was used, the specification of device shown in Table 2. 

 

 

 

 

 

 

 

 
Fig. 3. Sound pressure meter 

 
Table 2 
The specification of sound pressure meter device used in experimental 

Measurements Range 

Range of dB 30-130 dB 
Frequency 31.5Hz～8000Hz 

Sample Rate FAST: 8 Times/s 
SLOW: 1 Times/s 

Power 1.5V Batteries (LR6) X 4 
LCD Size 53mm X 41mm 

Product Net Weight 330g 
Product Size 273mm X 70mm X 39mm 

Standard Accessories Batteries, Windscreen, Leather Box 
 
3.4 Sound Absorption Test 

 
The effect of using plant waste on the sound insulation properties of composite materials was 

studied. Test samples were evaluated in the soundproof box shown in Figure 2, which was designed 
to measure the sound absorption of different materials. The sound source was mounted at one end 
of the box and consisted of stationary random waves with a wide frequency range from 100 to 5000 
Hz. The sound produced by the loudspeaker was sent to the sample plate installed in the middle of 
the box, and the sound intensity was measured using a sound pressure level meter installed at the 
other end of the box. The device took about 8 seconds to generate the absorption spectrum. 10 
experiments were conducted to measure the sound pressure level of various plant waste samples 
(orange peels, lemon peels, pomegranate peels, and caper leaves) used in the research. 
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4. Results and Discussion 
 
Acoustic absorption is a major component that influences acoustic characteristics. Table (3, 4, 5,6 

,7 and 8) shows the results of experimental testing at low and high audio frequencies for all samples. 
Low-frequency sound generation from (100 - 900) Hz was evaluated, and high-frequency sound 
generation from (1 - 8) kHz was studied. Table 3 and 4 displays the results for the tested plates not 
filled with plant residues for (3 and 6) mm Thickness respectively, while Tables (5 ,6,7 and 8) 
represent the results of the experimental tests for the tested plates filled with plant waste used in 
the experiment for the diameters of the powder particles (300 and 600) μm. It has been observed in 
general, and at all levels, that the sound pressure level increases with the increase in frequency 
generated by the sound. The experimental panel filled with plant waste used in the experiment shows 
higher sound absorption than the empty panel. 

 
Table 3 
Test results for the tested plates not filled with plant residues for 3mm thickness 

 

 

 

 

 
Table 4 
Test results for the tested plates not filled with plant residues for 6mm thickness 

 

 

 

 

 
Table 5 
Test results of sound pressure level at low frequencies sound generated and for plant peels  
with 3mm thickness filled with powder grains (300 μm diameter) 

Frequency	
(Hz)	

Sound	pressure	
level(dB)	

Frequency	
(Hz)	

Sound	pressure	
level(dB)	

100	 74.4	 1000	 87.2	
200	 77.4	 2000	 70.7	
300	 75.3	 3000	 54.5	
400	 74.4	 4000	 51.5	
500	 72.7	 5000	 49.7	
600	 76.9	 6000	 46.4	
700	 75.3	 7000	 43.6	
800	 74.8	 8000	 42.2	
900	 73.6	 	 	

Frequency	
(Hz)	

Sound	pressure	
level(dB)	

Frequency	
(Hz)	

Sound	pressure	
level(dB)	

100	 71.4	 1000	 79.2	
200	 70.4	 2000	 69.7	
300	 68.3	 3000	 51.5	
400	 67.4	 4000	 48.9	
500	 66.7	 5000	 47.7	
600	 69.9	 6000	 44.4	
700	 67.3	 7000	 41.6	
800	 65.8	 8000	 41.2	
900	 63.6	 	 	

Frequency HZ Cappres SPL 
(dB) 

Orange SPL 
(dB) 

Lemone SPL 
(dB) 

Pomegranate 
SPL (dB) 

100 70.1 70.1 69.9 73.5 
200 72.3 68.3 66.4 76.4 
300 70.2 68.7 66.7 74.2 
400 72.4 69.5 67.3 70.6 
500 70.7 66.9 66.3 69.2 
600 74.6 68.5 65.9 70.1 
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 Table 6 
 Test results of sound pressure level at high frequencies sound generated and for plant  
 peels with 3mm thickness filled with powder grains (300 μm diameter) 

 

 

 

 

 
Table 7 
Test results of sound pressure level at low frequencies sound generated and for plant  
peels with 6mm thickness filled with powder grains (600 μm diameter) 

Frequency HZ   Cappres SPL 
(dB) 

Orange SPL 
(dB) 

 Lemone SPL 
(dB) 

Pomegranate 
SPL (dB) 

100 67.2 65.3 60.1 55.5 
200 66.4 61.1 58.1 54.1 
300 65.7 60.4 57.1 53.2 
400 64.2 59.2 55.4 52.7 
500 62.1 59.9 53.4 51.1 
600 60.1 56.3 51.1 49.4 
700 59.2 54.4 49.1 45.3 
800 58.9 54.2 46.2 43.4 
900 58.4 52.8 44.8 42.1 

 
Table 8 
Test results of sound pressure level at high frequencies sound generated and for plant  
peels with 6mm thickness filled with powder grains (600 μm diameter) 

Frequency HZ   Cappres SPL 
(dB) 

Orange SPL 
(dB) 

 Lemone SPL 
(dB) 

Pomegranate 
SPL (dB) 

1000 61.8 58.3 56.1 51.1 
2000 56.1 52.2 46.1 44.2 
3000 46.3 42.2 37.4 35.4 
4000 40.4 35.1 31.4 28.4 
5000 38.2 32.2 26.3 25.1 
6000 35.6 30.5 23.2 20.8 
7000 32.2 28.3 22.7 19.3 
8000 29.6 25.8 20.6 17.4 

 

 

700 73.1 69.4 67.3 70.1 
800 72.7 70.5 64.7 71.6 
900 71.3 68.3 63.4 70.9 

Frequency Hz Cappres SPL 
(dB) 

Orange SPL 
(dB) 

Lemone SPL 
(dB) 

Pomegranate 
SPL (dB) 

1000 82.2 80.5 78.4 81.1 
2000 66.3 62.6 59.4 56.8 
3000 48.4 45.5 39.7 44 
4000 44.8 42.1 36.7 40.3 
5000 43.6 40.8 32.8 38.6 
6000 41.5 38.4 32.4 35.6 
7000 39.2 35.6 31.6 33.2 
8000 36.6 32.3 29.9 30.1 
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Fig. 3. Sound pressure level at low frequencies sound generated and for plant peels with 3mm thickness 
filled with powder grains (300 μm diameter) 
 

 

 

 

 

 

 

 

 

 

Fig. 4. Sound pressure level at high frequencies sound generated and for plant peels with 3mm thickness 
filled with powder grains (300 μm diameter) 
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Fig. 5. Sound pressure level at high frequencies sound generated and for plant peels with 6mm thickness 
filled with powder grains (300 μm diameter) 
 

 

 

 

 

 

 

 

 

 

      Fig. 6. Sound pressure level at high frequencies sound generated and for plant peels with 6mm 
      thickness filled with powder grains (600 μm diameter) 

 
From observing the results obtained from the experiment, the best material from plant waste 

that helps in sound insulation at all low and high frequencies is lemon, orange, and pomegranate 
peels. When the plate thickness is 3 mm and the powder diameter is (300 and 600) μm, the sound 
pressure level at low frequencies (100-900) Hz decreases by 17.5% for lemon peels, 7.9% for orange 
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peels, and 3.8% for pomegranate peels. Research results showed that these materials are more 
efficient in reducing sound pressure levels at high frequencies ranging from (1000 - 8000) Hz, as 
pomegranate peels gave the highest percentage of insulation (40.6%), and lemon peels gave (36.5%), 
and orange peels (23.5%). 

If the thickness of the test plate was increased to 6 mm, the pomegranate peels gave better 
results for all low and high frequencies and for powder diameters (300 and 600) μm, and the sound 
pressure level decreased by ( 33.2%) for low frequencies and by ( 46.7%) for high frequencies. As for 
lemon peels, they led to a decrease in the sound pressure level by (29.1%) for low frequencies and 
(41.7%) for high frequencies. The experimental results also showed an increase in the decrease in the 
sound pressure level of orange peels if the sample thickness increased to 6 mm, as it decreased by 
(22.8% ) for low frequencies and (30% ) for low frequencies. High. This indicates that increasing the 
density of the material helps in obtaining better sound insulation. 

 
5. Conclusions 
  

In this study, plant waste was used (orange peels, lemon peels, pomegranate peels, and caper 
leaves) To be applied as noise insulation panels with thickness (3 mm) and (6mm). These materials 
showed loss and lack of transmission of very high-level sound. The sound pressure level for low 
frequencies (100-900) Hz and high frequencies (1000 - 8000) Hz has generally decreased in all 
samples used. 
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