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Noise reduction in residential and other types of buildings in urban 
areas is becoming more important. However, the cost of sound-

absorbing materials is still prohibitively expensive for some people. 

The objective of this study is to create alternative sound-

dampening materials from composites made from household waste, 
specifically egg shells and tea waste. The hypothesis of this study is 

that because eggshell is a porous material and tea waste is a fibrous 

material, it has the ability to absorb sound. The sound absorption 

test was performed in accordance with ASTM E-1050-98, a standard 
for testing impedance and absorption with a digital frequency 

analysis system. The highest sound absorption coefficient of the egg 

shell composite was 0.97 at a frequency of 2392 Hz (NC 35), while 

the highest sound absorption coefficient of the tea waste composite 
was 0.592 at a frequency of 1960 Hz (NC 30). The results of the 

analysis show that both types of composites can be used as 

alternative sound absorbing materials in residential and similar 

types of buildings. 
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Introduction 
 

The need to reduce noise and maintain privacy in 

urban residential and other types of buildings is 

growing. Despite the fact that hard building 

materials such as concrete, glass, brick, and other 

solid and slippery materials have the property of 

reflecting almost all sound (Astuti et al. 2019). 

Non-woven materials, fiber glass, mineral wool, 

felt, glass wool foam, and rock wool are all 

frequently employed to reduce noise (Muhazeli et 

al. 2020). However, the price is relatively less 

affordable for most people (Warman, Isranuri, 

and Wirjosentono 2016). Various studies on 

sound absorbing materials have been carried out, 

including sugarcane bagasse (Ridhola and 

Elvaswer 2015), dregs tofu   (Rizal, Elvaswer, and 

Fitri 2015), bamboo powder (Fitriani et al. 2014), 

banana fronds (Permanasari, Larasati, and 

Widiawati 2014), and areca nut (Warman, 

Isranuri, and Wirjosentono 2016). Noise 

dampening panels for household use can also be 

pursued by utilizing materials found in everyday 

life, such as organic waste, such as eggshells and 

dregs or tea residue, which fall under the category 

of urban solid waste (Murts et al. 2021).   

During this time, egg shells were utilized as 

fertilizer, animal feed, and the remainder was 

discarded (Tizo et al. 2018). In 2021, Indonesia's 

chicken egg production will reach 5,155,998 tons, 

a fourteen thousand tons increase over the 

previous year (Badan Pusat Statistik 2021). This 

is due to an increase in egg consumption among 

Indonesians, particularly since the Covid-19 

pandemic, which means that by 2021, it will have 

reached an average of 2,448 kg per capita per 

week (Annur 2022). If ten percent of the egg is the 

eggshell (Yonata, Aminah, and Hersoelistyorini 

2017) it can be estimated that in the same year the 

amount of eggshell waste reached 244.8 kg per 

capita per week. 
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So far, egg shells have been identified as 

materials with good adsorption properties, such as 

a natural pore structure (Maslahat, Taufik, and 

Subagja 2017), and contains CaCO3 (Nandiyanto 

et al. 2022) reach 94-97% (Nurlaela et al. 2014; 

Villanueva et al. 2023) and protein 

mucopolysaccharide acids so that they have the 

opportunity to be developed into adsorbents 

(Fitriyana and Safitri 2015; Jasinda 2013) . The 

chemical composition of chicken egg shells 

consists of 1.71%, 0.36% fat, 0.93% water, 

16.21% crude fiber, 71.34% ash (Febrianti and 

Andrianto 2017). This high chemical content can 

be used not only as a nutrient mixture to help 

fertilize plants, but the calcium content in egg 

shells can also be used to make sound absorbing 

panels. A mixture of gypsum, cement, silica, and 

CaCO3 is also used in the banana frond acoustic 

panel design (Permanasari, Larasati, and 

Widiawati 2014). 

Fibrous materials, in addition to porous materials, 

are good sound absorbers. Fibrous organic waste 

is an example of fibrous organic waste  

(Shchegoleva et al. 2021). Thus far, more tea 

waste has been disposed of, and only a small 

amount has been used, despite the fact that there 

is a large amount of waste produced. Tea waste is 

high because it is one of the most commonly 

consumed beverages (Gao and Ogata 2019) as 

well as the most popular drink besides water 

around the world, especially black tea 

(Triwiswara and Indrayani 2020). 

 Tea waste has been used as an absorbent for 

synthetic dyes and toxic metals, bioenergy, 

construction fillers, and polymer composites 

(Debnath et al. 2022; Guo et al. 2021; Xia et al. 

2015).  Research on tea dregs as a sound absorber 

has also been carried out, especially on green tea 

dregs with cloth coating. The study compared the 

effectiveness of several thicknesses of tea grounds 

(Tang et al., 2020). Tea waste can also be used as 

particle board, but it is less strong than particle 

board from tea leaf stems (Gao and Ogata, 2020). 

 Based on the background presented, the 

formulation of the problems in this study are as 

follows: (1) It is unknown whether the 

composition of the eggshell and tea waste 

composite is known, and (2) It is unknown 

whether the eggshell and tea waste composite can 

be used as a sound absorber. 

 The objectives of this research are to (1) find 

the optimal composition for the manufacture of 

eggshell and tea dregs composite, (2) determine 

the potential of eggshell and tea dregs as a sound 

absorber, and (3) create a sound-absorbing design 

from the eggshell and tea dregs composite. 

 Because eggshells are porous materials and tea 

dregs are fibrous materials, the hypothesis of this 

study is that they can be used as alternative sound 

absorbing materials. This is based on the 

discovery that composites with small and dense 

particle sizes, like tea dregs, and high porosity, 

like eggshells, also have high absorption 

coefficient values (Mutia et al. 2019). So far, there 

has been no research related to sound absorbing 

material from egg shells and tea waste so it is 

hoped that through this research an alternative 

sound absorber that is affordable and 

environmentally friendly can be developed. 

 

 

Method 
 

This study is divided into three stages: pre-testing, 

testing, and application of test results. 

Experiments in the Pre-Testing Phase include the 

creation of composites from egg shells and 

composites from tea waste. Egg shells and tea 

waste are two common materials used as 

reinforcement in composite mixtures (Kulviwat et 

al. 2023; Sowińska-Baranowska and 

Maciejewska 2023) thereby increasing the tensile, 

flexural, impact and hardness strengths of the 

composite (Sivakumar et al. 2022). 

 

 
Figure 1. Research scheme  

 

The Acoustics Laboratory, Physics Study 

Program, Sebelas Maret State University, 

conducted the sound absorption testing stage. 

This test is based on the ASTM E-1050-98 

standard for testing the impedance and absorption 

of a sound absorbing material with a tube, two 

microphones, and a digital frequency analysis 

system (figure 2). Using this reference, 

researchers tested the sound absorption of water 

hyacinth and coconut coir materials (Setyowati et 

al. 2018), corn husk fiber (Berliandika et al. 

Stage 1 Pre-testing: 

Eggshell and tea waste composite experiment 

  

Stage 2 Testing: 
Sound absorbency of eggshell and tea waste composites 

Stage 3 Application of test results: 

Soundproofing panel design 
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2019), and shell-reinforced composites 

(Setyowati et al. 2019). The purpose of this test is 

to compare the sound absorption of the two types 

of materials with the fixed variables, namely the 

ratio of material composition (2:1) and thickness 

(12 mm). According to a study conducted by 

(Puspitarini, S. F. M. A., and Yulianto 2014) The 

thickness of the material sample does affect the 

value of the sound absorption coefficient because 

samples that are not too thick tend to have a lot of 

pores (porous) so that sound is easily absorbed by 

the sample. 

 

 
Figure 2. Instrumen and samples for sound absorption 

test with reference to ASTM E-1050-98 

 

Each composite material sample was divided 

into three specimens. According to the standard 

tool used to determine the average value of the 

three specimens (figure 2), the egg shell specimen 

(CT 1-3) and the tea dregs specimen (AT 1-3) are 

circular in shape with a diameter of 30 mm. The 

value of the sound absorption coefficient will be 

determined by this sound absorption test. The 

sound absorption coefficient () is a ratio or 

physical quantity that indicates a material's ability 

to absorb sound energy when it is exposed to it 

(Fitriani et al. 2014). The higher the absorption 

coefficient, the better the absorption ability 

because it shows that most of the sound is 

absorbed and only a little is reflected back 

(Amares et al. 2017). An absorption coefficient 

value of 0 (zero) indicates that no sound is 

absorbed, while an absorption coefficient value of 

1 (one) indicates that sound is completely 

absorbed (Hayat, Syakbaniah, and Darvina 2013). 

 After determining the sound absorption 

coefficient, the results are analyzed to determine 

the noise criterion (NC). This NC category will 

determine the type of room that is appropriate for 

the use of materials derived from composite egg 

shells and tea waste. The NC value is calculated 

by converting the frequency value (Hz) to the 

noise rating value (dB). Conversion can be done 

using online applications such as 

https://www.rapidtables.com/ or 

https://www.justfreetools.com/.  

 

 

Result and discussion 
 

During the pre-testing stage, an experimental 

method was used to create a composite from egg 

shell material and tea waste, particularly black 

tea, in order to obtain the best sample composition 

as a sound absorption test specimen (tables 1 and 

2). This composite is made with a PVAc (Poly 

Vinyl Acetate) type adhesive under the trademark 

Bio Phaeton, which is said to be more 

environmentally friendly. The mass of the 

material between the eggshell and tea grounds 

cannot be the same to produce the same thickness, 

which is about 12 mm, because eggshells are 

heavier than tea grounds. However, through 

experimental results it is known that there are 

similarities in the two types of composites, 

namely the composition between the material and 

the best adhesive is 2:1 (tables 1 and 2). 

 
Table 1. Experimental results of eggshell composites 

S

p 

Composition 

Material: 

Adhesive 

Result Figure 

1 
6:1 

(300 gr:50 gr) 

It dries very quickly, 

the adhesive doesn't 

stick together, the 

surface isn't smooth.  
 

2 
3:1 

(300 gr:100 gr) 

Quick dry, less 

sticky adhesive 

substance, less 

smooth surface.  

3 
2:1 

(300 gr:150 gr) 

Dries quickly, 

adheres well, 

smooth surface, no 

cracks, clearly 

visible eggshell 

grains. 
 

4 
3:2 

(300 gr:200 gr) 

It takes a long time 

to dry, it sticks well, 

there are no cracks, 
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S

p 

Composition 

Material: 

Adhesive 

Result Figure 

the eggshell grains 

are less visible. 

5 
1:1 

(300 gr:300 gr) 

It takes a very long 

time to dry, the 

eggshell grains are 

not visible because 

they are covered 

with adhesive. 
 

 

Table 2. Experimental results of tea dregs composite 

Sp 
Composition 

Adhesive 
Results Figure 

1 
2:1 

(100 gr:50 gr) 

Very fast 

drying, dense, 

no cracks on the 

surface, tea 
leaves are 

clearly visible. 

 

2 
4:3 

(100 gr:75 gr) 

Dries quickly, 

hard, the 
surface is less 

dense or hard, 

the tea leaves 

are clearly 
visible. 

 

3 
1:1 

(100 gr:100 gr) 

It takes a long 

time to dry, the 

result is soft, 
the tea leaves 

are clear and 

dark. 

 

4 
4:5 

(100 gr:125 gr) 

It takes a long 
time to dry, the 

result is mushy, 

the tea leaves 

are clear and 
darker. 

 

5 
2:3 

(100 gr:150 gr) 

It takes a very 

long time to 

dry, the result is 
very mushy, the 

tea leaves are 

clear and 

darker. 

 

 

The sound absorption test results on the 

eggshell composite (table 3) show that the three 

eggshell specimens (CT 1-3) absorb sound most 

effectively between 2000 and 3000 Hz. Figure 3 

demonstrates that the absorption abilities of the 

three specimens show the same typical results. 

The CT-2 specimen has the highest coefficient 

value of 0.970 at a frequency of 2256 Hz. The CT-

3 specimen has a coefficient of 0.7 at a frequency 

of 2392 Hz, while the CT-1 specimen has a 

coefficient of 0.5 at a frequency of 2320 Hz.  

 
Table 3. Sound absorption test result on eggshell 

composite samples 

F 

(Hz) 
Sample 1 Sample 2 Sample 3 

448 0.010 0.015 0.007 

504 0.119 0.123 0.112 

1000 0.212 0.195 0.169 

2000 0.431 0.829 0.537 

2256 0.497 0.970 0.672 

2320 0.500 0.955 0.690 

2392 0.498 0.919 0.700 

3000 0.340 0.479 0.523 

4000 0.213 0.350 0.286 

5000 0.223 0.355 0.282 

6000 0.165 0.265 0.243 

 

 
Figure 3. Graph of sound absorption in eggshell 
composite specimens 

 

The three samples of tea dregs all showed the 

same typical results in the sound absorption test, 

as shown in figure 4. The tea waste composite 

absorbed the most in the frequency range 1400-

1960 Hz and was relatively evenly distributed up 

to 400 Hz. The AT-1 sample had the highest 

coefficient value, which was 0.592 at a frequency 

of 1960 Hz, while the AT-2 sample had a 

coefficient value of 0.531 at a frequency of 1400 

Hz and the AT-3 sample had a coefficient value 

of 0.589 at a frequency of 1960 Hz. 

 
Table 4. Sound absorption test result on tea dregs 
composite samples 

F 

(Hz) 

Sample 1 Sample 2 Sample 3 

456 0.069 0.085 0.064 

504 0.162 0.182 0.153 

1000 0.121 0.207 0.111 

1400 0.482 0.531 0.481 

1960 0.592 0.420 0.589 

2136 0.582 0.385 0.582 

2504 0.518 0.316 0.519 

3000 0.471 0.287 0.464 
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F 

(Hz) 

Sample 1 Sample 2 Sample 3 

4000 0.519 0.360 0.507 

5000 0.522 0.397 0.524 

6000 0.422 0.318 0.490 

 

 
Figure 4. Graph of sound absorption in tea dregs 
composite specimens 

 

A material is categorized as a sound absorbing 

material if it is capable of absorbing and 

transmitting as many sound waves as possible and 

reflecting them as little as possible (Muhazeli et 

al. 2020). Thickness, density, and porosity are all 

factors that influence a material's ability to absorb 

sound waves (Amares et al. 2017). This also 

accounts for the difference in the sound 

absorption coefficient values between the three 

samples of each material (tables 3 and 4). 

Although the six specimens were made from the 

same material, there were differences, particularly 

in density, which could have resulted from the 

uneven pressing process across the entire surface, 

which had an effect on the porosity of the test 

samples.  

 Acoustic materials are classified into three 

groups: (1) sound absorbing materials, (2) sound 

barrier materials, and (3) sound absorbing 

materials (damping materials) (Hayat, 

Syakbaniah, and Darvina 2013). The three egg 

shell composite samples and the three tea waste 

composite samples in tables 3 and 4 both had 

sound absorption coefficients greater than 0.5. 

Materials with absorption coefficients greater 

than 0.3 are effective sound absorbers (Hayat, 

Syakbaniah, and Darvina 2013). Other research 

also confirms that materials with an absorption 

coefficient > 0.5 are sound absorbers, absorption 

coefficients < 0.2 are sound reflectors 

(Kaharuddin and Kusumawanto 2011). As a 

result, the eggshell and tea waste composite is not 

only a material that can absorb sound (absorbing 

material), but it can also be used as a damping 

material. The composite material of egg shells and 

tea dregs in this study is classified as a passive 

sound absorber because it has a lower ability to 

reduce sound in the frequency range of 20-200 Hz 

(Muhazeli et al. 2020). This type of silencer 

minimizes sound reflection by passively 

absorbing sound and does not require an external 

energy supply, so it is widely applied to buildings 

or transportation equipment. 

 It is additionally evident from the sound 

absorption test results that a 2:1 ratio composition 

of the material and the adhesive is an appropriate 

composition. It affects the ability of composite 

materials to absorb sound because incoming 

sound waves are absorbed by the material, in 

addition to saving adhesives, speeding up the 

drying process, and visually displaying egg shells 

or tea powder more clearly. 

 Sound absorbing materials are generally 

resistive, fibrous, porous or active resonators 

(Yudhanto, Wisnujati, and Yahya 2015). It is 

difficult for sound waves to penetrate high density 

materials such as tea dregs because the porosity is 

small, the speed of sound particles is small, and 

the impedance is large, resulting in more sound 

being reflected than absorbed (Hayat, 

Syakbaniah, and Darvina 2013; Samsudin, Ismail, 

and Kadir 2016). On the other hand, materials 

with high porosity, such as eggshells, are better at 

absorbing sound, because more sound waves are 

absorbed than reflected (Rizal, Elvaswer, and Fitri 

2015; Yudhanto, Wisnujati, and Yahya 2015). 

Therefore, the eggshell composite showed better 

results in absorbing sound than the tea waste 

composite. 

 The noise criterion (NC) value is calculated 

using the frequency value obtained from the 

sound absorption test. In the United States, the 

term Noise Criterion (NC) is commonly used, 

whereas in Europe, the International Organization 

for Standardization (ISO) term Noise Rating (NR) 

is used. The noise frequency content (dB) is used 

to calculate the NC and NR noise criteria or 

ratings. 

 
Table 5. Noise rating criteria 

Criteria 
Octave Band Numbers 

63 125 250 500 1000 2000 4000 8000 

NC 20 51 41 33 26 22 19 17 16 

NC 25 54 45 38 31 27 24 22 21 

NC 30 57 48 41 35 31 29 28 27 

NC 35 60 53 46 40 36 34 33 32 
NC 40 64 57 51 45 41 39 38 37 

NC 45 67 60 54 49 46 44 43 42 

NC 50 71 64 59 54 51 49 48 47 

NC 55 74 67 62 58 56 54 53 52 
NC 60 77 71 67 63 61 59 58 57 

NC 65 80 75 71 68 66 64 63 62 

NC 70 83 79 75 72 71 70 69 68 

Source: Beranek in Cirrus Research (2013) 
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The type of room or area that is suitable for the 

application of sound absorbing materials can be 

determined once the noise criterion (NC) value is 

known. Table 6 demonstrates area type 

recommendations based on noise criteria. 

 
Table 6. Recommended area types based on noise 

criteria 

 
Source: Beranek in Cirrus Research (2013) 

 

According to the data in table 7, the noise level 

that the eggshell composite material can muffle is 

between 33.5 dB and 33.8 dB. This noise level 

value indicates that the eggshell composite can 

effectively dampen sound in the NC 30-35 range 

(table 6). Areas that do not exceed NC 35 are 

suitable for the use of eggshell composite 

materials. Eggshell composite materials can be 

used as sound absorbers, particularly in 

apartments, meeting halls, places of worship, 

private homes, hotel/inn rooms or meeting rooms, 

private rooms or meeting rooms in offices, 

classrooms, or school movie theaters. 

 
Table 7. Noise level of eggshell composite specimens 

Spesimen Frequency 

(Hz) 
Noise level (dB) 

CT-1 2320 33,7 

CT-2 2256 33,5 
CT-3 2392 33,8 

 

In the tea dregs composite sample, the noise 

level that was effectively absorbed was in the 

range of 31.5 – 32.9 dB (table 8) so that the tea 

dregs composite was included in the NC 30 

category (table 5). Therefore, the area suitable for 

the application of tea waste composite material is 

one that does not exceed NC 30. According to the 

data in table 6, the suggested rooms for NC 30 

include residential areas such as private homes, 

meeting halls, office meeting rooms, or 

classrooms. at school. 

 
Table 8. Noise level of tea dregs composite specimens 

Spesimen Frequency 

(Hz) 
Noise level (dB) 

AT-1 1960 32,9 

AT-2 1400 31,5 
AT-3 1960 32,9 

 

Based on the findings of this study, two sound 

dampening panel designs are recommended. First, 

eggshell composite soundproofing panels that can 

be installed in private homes or apartments, 

particularly in study or work spaces (figure 5).  

 

 
Figure 5. Soundproofing design recommendation from 
egg shells 

 

The second design is a sound dampening panel 

made from tea waste composite material. These 

panels can be installed in office meeting rooms, 

hotel meeting rooms, or meeting rooms in cafes 

and restaurants (figure 6). 
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Figure 6. Soundproofing design recommendation from 

tea grounds 

 

Thus far, egg shells and tea waste have been 

investigated for their potential as building 

materials. Egg shells used as a cement substitute 

are said to reduce costs and carbon emissions by 

10-15% (Murts et al. 2021). The addition of tea 

waste as a pore forming agent in the manufacture 

of ceramic bricks produces hybrid bricks with 

better thermal insulation, lighter weight and lower 

compressive strength (Ibrahim et al. 2023). Thus, 

this research offers other uses of egg shells and tea 

waste as sound absorbing materials in a building. 

 Every household can practice using eggshell 

waste and tea waste as sound-absorbing materials 

in their respective dwellings. When viewed from 

an eco-design perspective that optimizes the use 

of material resources with minimal impact on the 

environment, employing materials that are easily 

obtained from the nearby environment is very 

profitable (Kim et al. 2020). This is because egg 

shells and tea waste are materials that are easily 

decomposed (compostable), sources can be 

renewed (renewable), and come from waste 

materials (waste material). 

 Eggshell and tea waste materials are also 

included in the category of regenerative materials 

because they have the potential to reduce waste 

piles if utilized as acoustic material products in 

certain elements of a building (Kaharuddin and 

Kusumawanto 2011). Thus, eggshell waste and 

tea waste have the potential to be used as eco-

materials, namely the category of materials that 

cause a minimum impact on the environment but 

offer maximum performance to meet design 

requirements. 

 

 

Conclusion 
 

Based on the results of the research that has been 

done, the following conclusions are obtained. (1) 

The material composition ratio of the eggshell and 

the PVAc adhesive that can be used as a sound 

absorber is 2:1, resulting in a product that dries 

quickly, adheres well, has a smooth surface, no 

cracks, and the eggshell grains are clearly visible. 

Similarly, the composition ratio of the tea dregs 

and the PVAc adhesive is 2:1, resulting in a 

product that dries quickly, is solid, has no cracks 

on the surface, and the tea leaves are clearly 

visible; (2) The factors that influence the egg shell 

composite to absorb sound better than tea waste 

are density and porosity; (3) Egg shells and tea 

dregs have potential as alternative sound 

absorbing materials because the sound absorption 

coefficient is more than 0.5. The highest sound 

absorption coefficient of the egg shell composite 

was 0.97 at a frequency of 2392 Hz (NC 35), 

while the highest sound absorption coefficient of 

the tea waste composite was 0.592 at a frequency 

of 1960 Hz (NC 30); (4) Based on the noise 

criterion (NC), soundproofing panels from 

eggshell composites can be applied in apartments, 

assembly halls, places of worship, private homes, 

rooms or meeting rooms in hotels/inns, private 

rooms or meeting rooms in offices, classrooms or 

a movie theater at school. However, sound 

absorbing panels from tea waste composites are 

more suitable for residential applications such as 

private homes, assembly halls, meeting rooms in 

offices, or classrooms in schools. 

Suggestions for future research based on the 

findings of this study include comparing the 

ability of eggshell and tea waste materials to 

dampen sound between laboratory tests and 

calculations in real rooms. Another suggestion 

that can be pursued is the investigation of other 

organic and inorganic household waste materials 

that have the potential to be used as an alternative 

to other sound absorbing materials, such as fruit 

peels, cardboard, or beverage packaging bottles. 
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