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Abstract: This research aims to determine the effect of the thickness of 
composite boards made from egg cardboard on sound absorption and 
water absorption. Composite boards are produced by crushing egg cartons 
with a blender, mixing them with water and tapioca glue to form slurry 
and then molding them to thicknesses varying from 1, 2, and 3 cm. The 
sound absorption results were measured using a Sound Level Meter 
GM1352, while the water absorption capacity was determined using the 
mass ratio before and after immersion. The results show that the sound 
absorption capacity of a composite board made from egg cardboard with 
a thickness of 1 cm is 6.58%, a thickness of 2 cm is 10.87%, and a thickness 
of 3 cm is 16.05%, while the water absorption capacity of a composite board 
made from egg cardboard with a thickness 1 cm is 29.41%, 2 cm thickness 
is 31.43%, and 3 cm thickness is 32.91%. This shows that the greater the 
thickness of the composite board made from egg cartons used, the greater 
the sound absorbed. Likewise, with the water absorption test, the results 
showed that the thicker the composite board made from egg cartons used, 
the greater the water absorption capacity produced. 
 
Keywords: Composite board; Egg cardboard; Sound absorption; Sound 
level meter; Water absorption 

  

Introduction  
 

Currently, noise pollution in various places has 
reached an alarming level which can cause a lot of noise 
disturbance. This is due to the increased use of industrial 
machinery, transportation, shopping centers, airports 
and other sound sources (Rohim et al., 2020; Syahputra 
& Elvaswer, 2023). This noise causes disruption in many 
areas such as education, work and other daily activities. 
Continuous noise can have a negative impact on health 
(Aziza & Elvaswer, 2022). The disturbances felt include 
feelings of discomfort, lack of concentration, difficulty 
sleeping, increased stress, increased heart rate, 
hypertension and even hearing problems (Gupta et al., 
2018; Oguntunde et al., 2019). 

Due to this disturbance, it is necessary to make 
efforts to reduce the noise level, one of which is using 
materials that can reduce sound in the room (Bahri et al., 

2016) or installing acoustic materials in the design of the 
room (Milawarni & Saifuddin, 2017; Putramulyo et al., 
2018). Materials commonly used to reduce noise include 
mineral wool, glass fiber, acoustic tiles, foam, carpet, 
glass wool, and other synthetic materials (Ulrich & 
Arenas, 2020; Syahputra & Elvaswer, 2023). The use of 
this material is often found in buildings to control the 
sound quality in the room (Putra et al., 2018). 

These synthetic materials are used because they are 

proven to be very strong, durable, resistant to water 
absorption and bacterial growth (Pickering et al., 2016). 
These materials often provide a high sound absorption 
coefficient, but are considered environmentally 
unfriendly (Astrauskas et al., 2022). The production of 
these synthetic materials not only has a negative impact 
on the environment, especially because it contributes to 
global warming, but also poses risks to human health 
and well-being (Galbrun & Scerri, 2017). 

https://doi.org/10.29303/jppipa.v10i4.2830
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Materials that can absorb sound are soft, contain 
high levels of cellulose, absorbent panels, and are 
porous. Porous materials function as cavity resonators 
(Putra, 2020). Any material that is porous and has a high 
sound absorption coefficient can be used as a sound 
absorber (Sharma et al., 2020). So sound dampening 
materials are grouped into 3 groups including porous 
materials, absorbing panels, and cavity resonators 
(Ikhsan et al., 2016). Factors that can absorb sound 
include thickness, density and porosity (Amares et al., 
2017). Sound-absorbing materials that can absorb as 
much sound as possible rather than reflect it are 
considered good sound-absorbing materials (Zulhiyah 
et al., 2022). Materials around us that have these 
properties are glasswool, rockwool, carpet and 
cardboard. Glasswool, rockwool and carpet are 
relatively expensive compared to cardboard, even 
though cardboard has only been treated as waste or 
trash. This causes researchers to prefer raw materials 
from waste as materials to be used in making sound 
absorbers (Hoque et al., 2022). Such an approach is 
becoming more attractive today as legislation in most 
countries is moving towards reducing or reusing waste 
in search of new, environmentally friendly alternatives 
for noise control (Astrauskas et al., 2022). 

Waste materials have become the focus of 
researchers in making noise dampening materials. 
Safana et al. (2023) have conducted research on coconut 
shells as a sound-absorbing material with good ability to 
absorb noise. Aziza et al. (2022) also researched durian 
skin waste which can be used as a good noise control 
material. Apart from that, paper waste and husk ash 
combined with polyester resin can be used as a sound 
dampening material (Isran et al., 2018). It is proven that 
there is a lot of waste around us, such as agricultural 
waste, paper waste and others, which can be processed 
into noise dampening devices. One of them is an egg 
carton. 

Cardboard is produced from recycled paper, and is 
a light and cheap material, mostly available throughout 
the world (Asdrubali et al., 2016). Egg cartons consist of 
a mixture of materials, including natural fibers and other 
ingredients. The use of natural alternative materials, 
either on their own or as components of composite 
materials will offer major advantages, especially in 
terms of environmental issues. Natural fibers are 
relatively cheap, available, abundant, environmentally 
friendly, and usually have low density (Taban et al., 
2019a; Nikon & Elvaswer, 2023). Measurements carried 
out on natural fiber samples show that the material has 
a good sound absorption coefficient (Berardi & Iannace, 
2017). Therefore, there will be double benefits if the 
cardboard can be used as a composite board material. 
Composite boards are produced from mixing two or 

more different elements to produce a material that has 
superior properties compared to the parent material 
(Hoque et al., 2022). This composite board is used as a 
sound-absorbing material. 

Sound absorption changes the form of sound 
energy into another form when it passes through a 
certain material. Energy loss is caused by reflection and 
absorption by the medium (Putramulyo et al., 2018). The 
incoming sound energy will cause friction and turn into 
heat (Waryati et al., 2017). Temperature and humidity 
can affect sound absorption (Ringkeh et al., 2016). 
Material vibrations also contribute to the loss of sound 
energy (Yang et al., 2020). Vibrating objects will produce 
sound waves and density disturbances occur in a 
medium through the interaction of medium molecules 
along the direction of wave propagation (Putra, 2020). 
The intensity of the sound will be reduced if you use a 
material that is capable of absorbing sound so that the 
sound you hear can be more controlled (Putra, 2020). 
Sound waves that pass through a material will be 
reflected, transmitted and absorbed (González, 2019) by 
the material resulting in a reduction in the intensity of 
the sound waves (Haryadi et al., 2021). The more fibrous 
the material, the better the absorption capacity (Rus et 
al., 2017). Apart from the choice of material, the 
maximum efficiency of a sound absorbing material 
occurs in the thickness of the material where the 
thickness of the material plays an important role in 
sound absorption (Rus et al., 2017). So the thickness of a 
material can affect its sound absorption capacity. 

Apart from measuring noise levels, composite 
boards made from cardboard can be measured for their 
water absorption capacity. Water absorption by 
composite boards is seen from their ability to absorb 
water when soaked for a specified time (Bactiar et al., 
2015). The water that can be absorbed by the board is 
influenced by the shape of the board's particles. The 
attractive force of water molecules on the hydrogen 
bonds found in cellulose, lignin and hemicellulose can 
absorb water (Meldayanoor et al., 2020). 

There are still a few who process egg cartons into 
sound dampening materials and few have researched 
the effect of egg carton thickness on sound absorption 
and water absorption. Therefore, researchers are 
interested in knowing whether the thickness of 
composite particle board made from egg cardboard has 
an effect on sound absorption and water absorption? 
 

Method 
 

This type of research is quantitative research with 
experimental methods. This composite board was tested 
for sound absorption and water absorption. The test was 
carried out at the Yogyakarta State University wave 
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laboratory. The flow of this research can be seen in 
Figure 1. 

 

 
Figure 1. Research flow diagram 

 
Sample Making 

This research began by making 3 samples with a 
combination of thicknesses, namely 1 cm, 2 cm and 3 cm. 
The sample was made from a mixture of egg cartons 

with artificial adhesive produced from tapioca flour and 
water. The egg cartons are crushed with a blender as 
shown in figure 2, then mixed with the artificial adhesive 
provided. Artificial adhesive is made from a 
combination of 20 grams of tapioca flour and 200 
milliliters of water, then heated until it thickens into a 
slurry. Egg cartons that have been mixed with artificial 
adhesive are molded into paralon and dried in the sun 
for several days so that the samples are dry and suitable 
for testing. 
 

 
Figure 2. Process for making composite boards 

 
Sound Absorption Testing 

The research was carried out in a soundproof room 
to reduce the influence of noise from outside, so that the 

test could be carried out well. The testing process was 
carried out using a tube-shaped paralon. The end of the 
paralon is the sound source and the other end is the 
noise detection tool, while the sample is in the middle of 
the paralon, namely between the sound source and the 
noise detection tool. The sound detection flow can be 
seen in Figure 3. 

 

 
Figure 3. Flow of sound absorption testing 

 
The sound results were measured using the 

GM1352 Sound Level Meter as in Figure 4. 
 

 
Figure 4. GM1352 sound level meter 

 
The test steps carried out began by measuring the 

sound without sound dampening media (composite 
board). The next step is that noise is measured using a 
composite board as a medium for sound absorption. 
This test was carried out as many samples as were used 
with the same frequency, namely 1,000 Hz. The equation 
used to determine the effectiveness of sound absorption 
is written as equation 1. 

 

DSS =
KTP − KP

KP
× 100% (1) 

Description: 
KTP = untreated noise level (dB) 
KP = noise level with treatment (dB) 
DSS = Sound absorption capacity 
 
Water Absorption Testing 

The measurement of water absorption capacity was 
carried out using the mass ratio before and after 
immersion. The test begins by measuring the mass of the 
sample before immersing it in water (𝑚1). Next, the 
sample was dipped into water for 10 seconds. The mass 
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that has been dipped is measured again in the wet state 
(𝑚2). The equation used to determine water absorption 
capacity is written as equation 2. 

DSA =
B2 − B1
B2

× 100% (2) 

Description: 
B2     = sample weight before immersion (g) 
B1     = sample weight after immersion (g) 
DSA = Water absorption capacity 
 

Results and Discussion 
 

Composite boards made from processed egg 
cartons will be tested for sound absorption. These 
samples can be seen in Figure 5. The process of collecting 
data on sound absorption capacity and water absorption 
capacity was carried out 3 times for 3 samples. The 
results of the Sound Level Meter GM1352 measurements 
are included in the noise reduction effectiveness 
equation, while the mass results before and after 
immersing the sample are included in the water 
absorption capacity equation. 
           

 
Figure 5. Composite board sample 

 
Sound Absorption 

The sound absorption value of the composite board 
made from egg cartons varies with each sample 
thickness. The results show that the sound absorption 
capacity of a 1 cm thickness composite board is 6.58%, a 
2 cm thickness is 10.87%, and a 3 cm thickness is 16.05%. 
These results can be seen in Table 1. 

 
Table 1. Sound Test Data 
Thickness 
(cm) 

Sound Without Media 
(Db) 

Sound With Media 
(Db) 

1 100.3 93.7 
2 100.3 89.4 
3 100.3 84.2 

 
The data obtained from testing each sample 

calculated the sound absorption capacity from equation 
1. The results of the sound absorption capacity can be 
seen in Figure 6. 

The treatment of variations in the thickness of the 
composite board made from egg cartons greatly 
influences the sound absorption capacity. The thicker 
the composite board, the lower the noise level produced, 

and vice versa, the thinner the composite board, the 
higher the noise level. The highest average value of 
sound absorption at a thickness of 3 cm is 17.35%, while 
the lowest average value of sound absorption is at a 
thickness of 1 cm, namely 6.58%. Variations in the sound 
absorption value of the composite board are influenced 
by the thickness of the composite board. This is in line 
with research conducted by Waryati et al. (2017) which 
states that the sound absorption coefficient value 
increases with the addition of materials. Azkorra et al. 
(2015) stated that as the sample thickness increases, the 
sound absorption coefficient also increases. It can be 
interpreted that increasing thickness can increase sound 
absorption capacity. 

 

 
Figure 6. Sound absorption test results 

 
Judging from the results of sound absorption by 

composite boards, it can be interpreted that egg cartons 
can absorb sound well. Egg cartons can be used as a 
soundproofing medium because the material is capable 
of reducing noise. This was also proven by Ritonga et al. 
(2022) that egg try can be used as a sound dampener in 
a room and is considered a better sound dampening 
medium than ordinary newspapers or cardboard. Other 
research also found that the results of the sound 
absorption coefficient on cardboard samples showed 
that this material had a good absorption coefficient only 
at medium and high frequencies (Berardi & Iannace, 
2017). If the composite board is added with cardboard 
fiber, it will increase noise absorption. 

The addition of fiber causes more pores to form in 
the composite structure, so the density increases. It 
makes sound waves more difficult to escape and 
increases the sound absorption coefficient (Pöhler et al., 
2017; Xu et al., 2018). In addition, the addition of 
materials can cause the composite to become hollow. 
The cavities formed in the composite specimen will 
absorb more sound because more sound energy hitting 
the specimen surface as a whole will be absorbed 
(Nurbaiti et al., 2022). This is in line with research 
conducted by Sari et al. (2022) that the addition of fiber 
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to the composite causes the absorption coefficient to 
increase due to the cellulose content and fiber structure. 
In porous absorbers made of fibrous materials, sound 
waves propagate through a network of cavities (Taban 
et al., 2019b). Because this cavity network has a very 
small size and the interaction of waves with the walls, 
viscous and thermal dissipation occurs which converts 
sound wave energy into heat (Rwawiire et al., 2017). 
Therefore, the pores on the composite board are useful 
for capturing sound waves that pass through. 
 
Water Absorption Capacity 

The water absorption test was carried out after the 
sound absorption test using the same egg cardboard 
composite board with thickness variations of 1, 2, and 3 
cm. The water absorption capacity is seen from mass 
measurements before immersion and after immersion 
with a controlled time so that the value of the water 
absorption capacity of composite boards made from egg 
cardboard varies with each thickness of the composite 
board. This test is to determine the level of water 
absorption by the composite board. Data obtained from 
the water absorption test can be seen in Table 2. 

 
Table 2. Water Absorption Test Data 
Thickness (cm) B0 (g) B1 (g) Water Weight (g) 

1 51 66 15 
2 70 92 22 
3 158 210 52 

 
The data that has been obtained from testing each 

sample is calculated for the water absorption level from 
equation 2. The results of the water absorption level can 
be seen in Figure 7. 
 

 
Figure 7. Water absorption test results 

 

The results show that the water absorption capacity 
of a 1 cm thickness composite board is 29.41%, a 2 cm 
thickness is 31.43%, and a 3 cm thickness is 32.91%. The 
difference in thickness of the composite board made 
from egg cardboard also greatly influences water 
absorption capacity. The highest water absorption value 
at a thickness of 3 cm is 32.91%, while the lowest average 

value for water absorption at a thickness of 1 cm is 
29.41%. Water absorption by composite boards is seen 
from the ability to absorb water when soaked for a 
specified time (Bactiar et al., 2015). The results of the 
water absorption capacity are higher if a thicker 
composite board is used, and vice versa, the thinner the 
composite board used, the lower the water absorption 
capacity. This is in line with research conducted by 
Ismail et al. (2021) who stated that the high water 
absorption results were influenced by increasing the 
volume of powder filling material. He also mentioned 
that another factor in water absorption is the random 
distribution, position and orientation of the composition 
of the material on the surface which is the source of 
water absorption. The adhesive used also affects the 
high water absorption capacity, apart from that the size 
of the powder material used is not uniform which results 
in when mixing the adhesive with the material there are 
still voids so that water can easily enter the composite 
board (Meldayanoor et al., 2020). The presence of empty 
space in the board that is not covered by adhesive can 
accommodate water between the particles (Hasan et al., 
2020). Safana et al. (2023) also found that the thicker the 
partition board material, the greater the water that can 
be absorbed. Therefore, the thickness of the composite 
board made from egg cardboard can affect the water 
absorption capacity. 
 

Conclusion 
 

This research can be concluded that the thicker the 
composite board made from egg cartons used, the 
greater the sound absorbed so that it can reduce the 
noise level. Likewise with the water absorption test, the 
thicker the egg cardboard composite board used, the 
greater the water absorption capacity produced. The 
thickness of the composite board made from egg 
cardboard affects sound absorption and water 
absorption. 
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