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ABSTRACT 

The problem of solid waste and noise faces problems that are quite complex and dilemmatic currently. Thus,it 

encourages concern for the environment to be very important, one of the improvements in this awareness can be realized 

with the use of materials derived from organic and inorganic waste. This research was conducted to describe the composite 

properties for sound-absorbing materials. The purpose of the study is to describe the absorption coefficient and reflection 

coefficient of the composite material. Two types of samples were made from the composition of wood powder, pulp, 

coconut fibre and Styrofoam combined with polyvinyl acetate adhesive, which was formed in cylinders with a diameter of 

10 cmwith a thickness of around 3 cm. Material testing is carried out in an accredited laboratory using the ASTM 423C 

method. The results show the absorption coefficient value for formulation A is about 0.59 and formulation B is about 0.82 

which works at a frequency interval of 125-4000 Hz. Furthermore, these results are in accordance with the ISO 11654: 

1997 (E) standard where the sound absorption coefficient of the acoustic material is a minimum of α = 0.15. The 
composites obtained in this study still need to be improved. 
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INTRODUCTION 

Environmental problems face problems that are 

quite complex and dilemmatic today. Therefore, this 

encourages the concern of environment and energy to be 

very important, one of these increases in awareness can be 

realized by the use of materials derived from waste. The 

use of this waste is based on the following: (1) increased 

awareness of the environment, (2) protecting natural 

resources, (3) reducing emissions of carbon dioxide 

(CO2), and (4) recycling of materials. The success of 

development and economic growth carried out by utilizing 

natural resources leaves many negative impacts on the 

environment. 

From an environmental perspective, the success 

of development is not only measured by the extent of 

economic growth and the achievement of equity but also 

sustainability development environment in which it takes 

place. If the environment is damaged then sources 

(resources) for development itself will be dwindling and 

scarce. Thus, the environmental damage would threaten 

not only the sustainability of the development itself but 

also threatened human existence. For example air 

pollution and solid waste. 

One of the air pollution that is the concern of 

many researchers is noise. Wang et al [1] provides a 

definition of noise as unwanted noise that can be found in 

the environment and workplace. Several studies have 

shown that one of the factors that have the potential to 

cause harm in the workplace is noise [2]; [3]; [4]; [5]. For 

example, there are around 600 million workers that suffer 

from noise at work. In addition, data from the WHO 

reported that there were around 15% of workers in 

developed countries exposed to noise and hearing loss [6]; 

[7]. Thus, there are many countries that pay attention to 

the potential risk of noise [6]. 

Other environmental problems that are often 

faced by the community are organic and inorganic waste. 

For example, paper, sawdust, fruits, and Styrofoam. Solid 

waste is defined as the end product of public activities and 

consumption. There are various sources that can be used 

as the subject of waste generation, such as households, 

commercial companies, markets, shops, industries, and 

livestock. Thus, the problem of waste becomes one of the 

global challenges to almost the entire world. A study 

conducted by Rimantho and Cahyadi revealed several 

factors that influence the increase in the volume of waste 

such as the increasing population, the rate of urbanization 

and limited resources and industrialization [8]. 

Furthermore, several factors that are also driving 

factors for not optimal waste management in developing 

countries such as lack of financial, low technical and 

management skills that are not optimal [9]. 

The noise and solid waste factors as described 

previously have the potential to become quite serious 

environmental problems with human life. Thus, that 

various effortis made to reduce the impact that can occur. 

The effort can be done separately or unifying both of 

them. The use of sound insulation and sound absorption 

materials by utilizing solid waste can be an effort to 

reduce noise. At the lowsound, frequencies can be reduced 

by using an increase in acoustic absorbent material. 

Several types of materials that have been available and 

have been recognized as sound absorbers such as foam, 

fibrous and granular. The study conducted by Ghilahare 

and Pandey used several types of improved egg cartons, 

Gypsum Board and sound diffuser to reduce sound with 

sound absorption coefficients at different frequency ranges 

from 125 Hz to 4000 Hz [10]. Furthermore, the use of 

artificial fibers as fillers of carbon black in natural rubber 

compounds are used to be an acoustic material. In 

addition, the use of coconut fiber as synthetic fibres mixed 
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with recycled rubber is also used as an acoustic material.  

Furthermore, the use of the Burst tone method is applied to 

acoustic material made from egg cartons or fruit box 

materials as an alternative noise level reduction solution 

[11]. 

Solid waste such as organic and inorganic in the 

environment should be used so as not to have a negative 

impact on life. The application of technology that provides 

alternative problem-solving needs to be developed. 

Therefore, it becomes the attention to researchers to make 

optimum use of solid waste as sound-absorbing material. 

The purpose of sound reduction is to create a prototype 

that serves to reduce and clear the sounds heard in the 

room. Thus, the purpose of this article is to find a good 

and economical acoustic solution by applying a 

combination of organic and inorganic solid waste such as 

paper, sawdust, coconut fibre, and Styrofoam. It is hoped 

that this research may provide an answer to reduce noise 

problems and solid waste reduction. 

 

MATERIAL AND METHOD 

This research is an experimental research. This 

study through three phases such as solid waste retrieval, 

manufacture of composite samples, and testing of 

composites as a sound absorber. The collection of solid 

waste is carried out in the environment around the 

Pancasila University. Furthermore, the manufacture of 

composites was carried out at the Industrial Engineering 

Ergonomics Laboratory, Pancasila University. Composite 

testing was conducted at the Sucofindo Laboratory in 

Jakarta. 

The initial stage is preparing coconut fibres from 

starting stripping of fibre from coconut cork, drying and 

cutting various sizes of coco fibre. The coconut fibre used 

is young coconut fibre obtained from young coconut ice 

traders on the grounds that many of these wastes have not 

been utilized by the community. To get the fibre of 

coconut is still using a manual system that is the way in 

scarring. Furthermore, making pulp is done by soaking the 

used paper first to make it softer when crushed using a 

blender. Soaking is done one day a night. After being 

immersed, the milling is done using a blender. 

Furthermore, Styrofoam material was also shredded to get 

smaller and uniform particles of Styrofoam. Moreover, 

sawdust material is only filtered by using a sieve to obtain 

a smaller particle size of sawdust. 

 

 
 

Figure-1. Organic and organic solid waste as 

composite material. 

Comparison of the mixture made varies to 

determine the ability to reduce sound. The process of 

mixing ingredients uses several composition variations, 

such as: 

 

 Composition 1 consists of 300 grams of pulp: 140 

coconut husks: 140 grams of sawdust and 75 grams of 

styrofoam 

 Composition 2 consists of 140gr of pulp: 300gr of 

coconut fiber: 140gr of sawdust and 75gr of 

styrofoam 

 

 
 

Figure-2. Results of the mixing process of all materials. 

 

This comparison is based on the results of 

research on mechanical characteristics that have been 

carried out. Before the mixing process, coir and matrix are 

weighed to get the desired ratio. Then it is given PVAC 

glue and stirred in a mixing container to get evenly mixed 

results. 

After stirring evenly, the mixture is put into the 

mould and then presses using a clamp. Before placing in 

the mould and to avoid non-sticky material used to mould 

the wax.All ingredients are then mouldusing a tube with a 

diameter ofaround 10 cm and a thickness of approximately 

3 cm. 

 

 
 

Figure-3. Clamp C, mould and moulding process. 

 

After the moulding process is complete, drying is 

done using the sun. This process aims to reduce the water 

content contained in the material. 

 

 
 

Figure-4. Drying process using the sun. 
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After the specimen has dried, the next step is to 

carry out the laboratory test. Testing is carried out in order 

to know the ability of air absorption. For testing the air 

absorption capability is carried out using Sucofindo 

laboratory services. Testing in the Sucofindo laboratory 

using the ASTM C423 method. 

 

RESULT AND DISCUSSIONS 

The results of testing the sound absorption 

coefficient using a frequency of 125 Hz; 250 Hz; 500 Hz; 

1000 Hz; 2000 Hz and 4000 Hz are shown in Table-1. 

 

Table-1. Sound absorption coefficient (α) test results for 
each specimen composition and different input 

frequencies. 
 

No Frequency 
Composition 

A B 

1 
125 

(Hz) 

Energy Comes (dB) 93.5 93.5 

Absorption Energy 

(dB) 
92.5 92.2 

2 
250 

(Hz) 

Energy Comes (dB) 94.3 94.3 

Absorption Energy 

(dB) 
94.2 90.9 

3 
500 

(Hz) 

Energy Comes (dB) 86.7 86.7 

Absorption Energy 

(dB) 
70.4 66,.4 

4 
1000 

(Hz) 

Energy Comes (dB) 84.6 84.6 

Absorption Energy 

(dB) 
74.9 69,.8 

5 

2000 

(Hz) 
Energy Comes (dB) 90.3 90.3 

 
Absorption Energy 

(dB) 
88.3 62,.6 

6 

4000 

(Hz) 
Energy Comes (dB) 79.7 79.7 

 
Absorption Energy 

(dB) 
62.4 58,.3 

 

Table-1 above provides information related to 

sound absorption coefficients for each specimen 

composition with sound frequency levels occurring in each 

test specimen. The sound frequency level shows a non-

uniform value for each test specimen both with the same 

or different test specimen composition. The highest 

incoming sound frequency is 94.3 dB in both types of 

specimen composition for the frequency of 250 Hz while 

at the highest absorption frequency is 92.5 dB at a 

frequency of 125 Hz. Meanwhile, the highest absorption 

sound frequency is 94.2 in the composition of specimen A 

at a frequency of 250 Hz. While the lowest absorption 

frequency is 58.3 dB in the composition of specimen B 

with a frequency of 4000 Hz. To further clarify from the 

table is shown in picture 5 of the distribution of sound 

frequency levels below. 

 

 
 

Figure-5. Coming sound distribution (dB) on specimen 

composition A to sound frequency. 

 

Figure-5 provides information related to 

incoming sound distribution (dB) to sound frequency (Hz). 

The average frequency used in this test starts from 125 Hz, 

250 Hz, 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz. 

Furthermore, the graph also shows the movement of 

results that are different from the frequency. At the lowest 

sound frequency of 125 Hz with energy coming or the 

sound entered is 93.5 dB. Furthermore, with a different 

treatment at a frequency of 2000 Hz, a sound of around 

90.3 dB is inserted. 

To find out the coefficient of sound absorption 

can be calculated using the following equation: 

Specimen 1 in composition A with 125 Hz 

frequency, calculation of sound absorption coefficient (α). 
 

α = 
𝑊𝑎𝑊𝑖                                                                                (1)                     

 

Where are known energy that is read on 92.5 dB 

specimens and sound energy comes 93.5 dB. Thus, the 

energy absorbed in the specimen can be calculated as 

follows: 

 

Absorption energy = 93.5 dB - 92.5 dB                           (2) 

= 1.00 dB 

 

For sound absorption coefficient by knowing the 

sound absorption energy (Wa = 1.00 dB), the sound 

energy comes (Wi = 93.5 dB). Thus, obtained the 

following results: 

 

α = 
1.0093.5                                                                              (3) 

 

By using the same equation, the results of the 

sound absorption coefficient for each composite specimen 

obtained in each fibre volume fraction and frequency. The 

results of processing sound pressure level data obtained 

sound absorption coefficient values in Table-2: 
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Table-2. Sound absorption coefficient value (α) for each 
specimen composition and input frequency. 

 

No Frequency 
Loss Coefficient (α) 

A B A B 

1 150 1.0 1.3 0.11 0.14 

2 250 0.1 3.4 0.02 0.32 

3 500 16.4 20.3 0.85 0.90 

4 1000 9.7 14.8 0.67 0.82 

5 2000 2.0 27.7 0.21 0.96 

6 4000 17.3 21.4 0.86 0.91 

 

The Table-2 shows the value of the difference in 

incoming sound and absorptive sound (loss) and the value 

of sound absorption coefficient of each composite 

specimen A and B. Sound absorption coefficient values 

show values that are not uniform for each test specimen. 

More precisely, the quality of the sound-dampening 

material is determined by the price of the sound absorption 

coefficient (α), where the value of α is expressed in 
numbers between 0 and 1. The smaller the sound 

absorption coefficient value, the more noise is reflected 

and the greater the sound absorption coefficient value, the 

better the sound absorption. The good acoustic material 

has a sound absorption coefficient value greater or equal to 

(> 0.3). 

 

 
 

Figure-6. Differences in loss values, sound absorption 

coefficients in the overall frequency and composition 

of each test specimen 

 

In graph 6 shows the sound absorption coefficient 

value where overall the value shows the number of sound 

absorption coefficients that vary from a composite 

material made from coconut fibre, sawdust, pulp, and 

Styrofoam. In addition, the highest sound absorption 

coefficient value is found in the specimen B composition 

of 0.96 with a frequency of 2000 Hz. Furthermore, the 

lowest sound absorption data is found in the composition 

of specimen A, which is 0.02 with a frequency of 250 Hz. 

Sound absorption coefficient tends to increase due to the 

increase in sound frequency, where at a frequency of 250 

Hz it can be seen that from the average data distribution 

value, this is included in the lowest number of sound 

absorption coefficients. Whereas the 4000 Hz frequency 

shows the highest distribution value of the average sound 

absorption ratio. 

The inhomogeneous composite material is caused 

by several factors: theoretically, the composite is made 

from two or more constituents that do not dissolve each 

other; the mixing process is not homogeneous so the 

results are not uniform throughout the parts so that they 

tend to produce large porosity. The harder the sound of a 

material with high density, the material tends to reflect. 

Graph 6 shows that the variation on the composition of the 

mixture coefficient on sound absorption obtained can be 

concluded that with a frequency of 4000 Hz all variations 

in the material composition work well. In addition, the 

results obtained from the results of the test are in 

accordance with the ISO 11654 standard set because it is 

greater than 0.3. 

Miasa in his research on the acoustic properties of 

noise barrier from paper and plastic found that artificial 

noise absorbers from paper and plastic (including used 

paper and plastic) had better noise-reducing capability 

than plants with adjustable flow resistance capabilities 

[12]. Furthermore, the study by Himawanto underlines that 

the greater the content of the inorganic material, the 

absorption coefficient also increases at low frequencies 

[13]. In addition, Ismail et al., (2010), examined the 

absorption coefficient of palm tree fibre and obtained 

results that palm fibre is very good for absorbing sound at 

a frequency of 2000 Hz - 5000 Hz with an absorption 

coefficient of between 0.75 - 0.90, and optimum thickness 

is 40 mm. Similar research conducted by Wassilieff 

explains that the use of wood powders as a base material 

with thickness, porosity and resistivity will affect the value 

of sound absorption [14]. Furthermore, a study conducted 

by Yang et al., uses a mixture of rice straw and wood 

powder for the manufacture of noise absorbing composite 

panels [15]. 

Ismail et al. have conducted research on fibre 

length treatment studies and fibre volume fraction on the 

acoustic properties of coconut/polyester composite filters 

as an alternative substitute for Balinese gamelan bamboo 

compound [16]. The material of this research was coconut 

fibre filter which was cut into 5mm, 10mm and 15mm 

pieces which were treated with 5% NaOH for 2 hours, 

polyester, hardener methyl ethyl ketone, peroxide, and 

glycerine. This test is using fibre volume fraction variation 

12%, 16%, and 20%. From the comparison of composites 

with bamboo produced that the sound absorption 

coefficient of bamboo tends to be more stable and higher 

than the composite. 

 

CONCLUSIONS 

The environment has complex and dilemmatic 

problems and has the potential to disrupt human survival. 

Noise and solid waste that continues to increase in 

intensity are examples of environmental problems. Thus, 

concern for these two problems is very important. One 

solution that can be offered is the use of solid waste as an 

acoustic material. Based on the test results obtained the 

sound attenuation level of the mixture of sawdust waste, 

coconut fiber, and styrofoam showed that in the 

composition formulation A obtained sound suppression 

coefficient 0.59 and formulation composition B obtained a 
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value of 0.82. This value is better than the results of 

previous research from its predecessor researchers. This 

research may be one of the driving keys and in the 

development of further research. 
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