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 Noise-absorbing composite is a material used to reduce noise. Natural 

product-based composite can be an alternative to replace synthetic fiber 

because of its advantages of high strength, toughness, low price, and 

abundance. The materials used were pineapple leaf fibers with paper waste. 

This research aims to study the advantage of natural products to reduce noise 

by analyzing the coefficient of sound absorption and impact strength to 

evaluate the absorbing composite. The characterization of sound absorption 

was carried out using an impedance tube at a frequency range of 250 – 3000 

Hz and the impact strength was carried out using the Charpy method. The 

volume fraction of pineapple leaf fibers, paper waste, and resin epoxy 

concentrations were 20%:30%:50%, 25%:25%:50%, and 30%:20%:50%. 

The thickness for the sound absorption coefficient was 2 cm and 3 cm, while 

the thickness of the impact strength was 0.5 cm. The highest sound absorption 

coefficient of pineapple leaf fibers composite for 30%:20%:50% volume 

fraction was 0.788 for sample 2 cm. The highest impact strength for 

20%:30%:50% volume fraction of the thickness of 0.5 cm was 3.527 J/mm2. 

The results of the sound absorption coefficient will increase if used more 

pineapple leaf fibers but it will decrease the impact strength. 
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INTRODUCTION  

Noise pollution from traffic and industries 

may generate noise difficulties and disrupt or 

decrease human hearing capabilities. Noise 

pollution is one of the pollutants created by 

modern life and it may be particularly 

hazardous (Oguntunde, et al., 2019). Noise 

pollution has the potential to harm fetuses, 

babies, children, and adults. Noise pollution 

has an impact on both physical and emotional 

health. The noise exposure causes 

psychomotor effects by increasing stress, 

disrupting sleep, causing difficulty in normal 

conversation, lack of concentration, 

irritability, violent behavior, increased heart 

rate commonly observed with loud drum 

beats, tachyarrhythmia, vasoconstriction, 

hypertension, and other diseases (Gupta, et 

al., 2018). Installing sound-absorbing 

materials in buildings can help to minimize 

noise pollution. 

Noise-absorbing materials are used to 

minimize noise because they comprise a 

filler that acts as an amplifier and a matrix 

that binds the fillers together. Alternatives to 

pineapple leaf fibers and paper waste that 

might be utilized as noise-absorbers in this 

study include pineapple leaf fibers and paper 

waste. The filler of the composite is usually a 

material that has the desired properties of the 

final composite product, this filler will be 

able to add to the properties possessed by the 
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matrix such as mechanical, acoustic, 

electrical, and type strength. Fillers can be 

derived from natural or synthetic products, 

each of which has its advantages when used 

as a filler (Gibson, 2016). The usage of 

synthetic fiber is harmful to the environment 

and results in the accumulation of non-

biodegradable trash. Natural fibers might be 

utilized as an alternative to synthetic fibers 

due to their benefits of high strength, 

toughness, low cost, and availability, as well 

as being clean and biodegradable. Pineapple 

leaf fibers and paper waste are still underused 

and end up in landfills (Juhana, 2020).   

The study on the use of pineapple leaf 

fiber concrete composite as a noise-

absorbing material generated a sound 

absorption coefficient value of 0.59 at a 

frequency of 2000 Hz (Arwanda, 2020). At a 

frequency of 800 Hz, the sound absorption 

coefficient of the paper waste, rice husk ash, 

and resin polyester-based composite was 

0.48 (Isran & Kadir, 2018). Composites 

reinforced with natural fibers have a high 

impact strength value; for example, research 

using palm fiber with a 9% volume fraction 

gives a value of 32.7 kJ/m2 (Surono & 

Sukoco, 2016). Another study using rami 

fiber as a composite obtained an impact 

strength of 0.0725 J/mm2 (Purboputro & 

Hariyanto, 2018). 

The excellent absorption ability was 

demonstrated by a composite with a low 

impact strength value. As noise absorbers, a 

few layered composites with pores were 

utilized. The composite may be used on 

walls, box speakers, and other surfaces. The 

sound wave that strikes the material's surface 

will be reflected, transmitted, and absorbed 

(Gonzalez, 2019). The sound wave absorbed 

by the material produces a drop in sound 

wave strength and absorbed energy, which is 

referred to as the sound absorption 

coefficient. 

The fracture strength test is used to 

determine the toughness of a composite when 

it’s forced to a rapid force as a result of a 

collision. The impact strength test is used to 

determine the material's physical 

characteristics as well as the ductility of the 

composite that has been created. The basic 

idea behind rupture testing is to compute the 

energy provided by the load and the energy 

absorbed by the sample. When the load 

possesses potential energy, which occurs 

when the weight is increased to a particular 

height, the maximum kinetic energy occurs. 

The Charpy and Izod techniques are used to 

determine impact strength. The distinction 

between the Charpy and Izod techniques lies 

in the location of the specimen to be 

evaluated. In the Charpy technique, the 

specimen is placed horizontally. Meanwhile, 

with the Izod technique, the specimen 

position is vertical (Callister, 2019). The high 

porosity of sawdust and pineapple leaf fiber, 

as well as its high cellulose content, are 

benefits of this material as a sound wave-

absorbing composite. 

 

METHODS  

Pineapple leaf fibers, paper waste, and 

epoxy resin were used in this study. The 

pineapple leaf fibers and paper waste were 

chopped into little pieces. Water was used to 

soak and crush the paper waste. Epoxy resin 

is combined with hardener, then each 

reinforcement (pineapple leaf fibers and 

paper waste) is added to the resin and stirred 

until homogenous before pressing it with a 

hydraulic press. The composite thickness for 

the sound absorption test is 2 cm and 3 cm, 

while the composite thickness for the impact 

test is 0.5 cm. 

Impact and sound absorption tests have 

been performed. The research’s design is 

shown in Figure 1. 
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Figure 1. Research’s design 

 

Sound absorption coefficient 

measurements are performed by measuring 

the intensity level before (I1) and after (I2) 

passing through the absorbent material (I2). 

The frequency ranges from 250 to 3000 Hz. 

The impact test is performed by swinging the 

weight on the test equipment until the 

composite breaks. The sound absorption 

coefficient and impact strength were 

determined with standard ISO 11654 and 

ASTM E23. The illustration of sound 

absorption coefficient and impact strength is 

shown in Figure 2. 

 

 
Figure 2. Illustration of the test used, (a) Sound absorption coefficient (b) Impact strength 

 

RESULTS AND DISCUSSION 

The impedance tube method was used for 

the sound absorption test, in which the sound 

source from the speaker was linked to a 

generator with a frequency range of 250 to 

3000 Hz. Figure 3 depicts the relationships 

between the sound absorption coefficient and 

the frequency of the sample. 

The sound absorption coefficient is the 

value possessed by the material in absorbing 

sound waves. According to ISO 11645 

acoustic materials that are categorized as 

having sound absorption capacity are 

materials with a sound absorption coefficient 

greater than 0.15 (ISO, 1997). The 

relationship between the sound absorption 

coefficient and the thickness of the material 

is written in Equation 1 

 

𝐼 = 𝐼0𝑒
−𝑎𝑥 (1) 

 

where I is the final intensity (dB), I0 is the 

initial intensity (dB), α is the sound 

absorption coefficient, and x is the thickness 

of the sample (m). From Equation 1 it can be 

seen that the thickness of the material will 

affect the sound absorption coefficient, in 

addition to the thickness of the other factors 

that affect the porosity and density of the 

material (Li & Ren, 2011). Porosity will 

cause sound waves to be reflected in the 

cavities of the material so that its energy will 
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decrease and its intensity will decrease 

(Sinaga, et al., 2012). 

 
Figure 3. The sound absorption coefficient at the frequency range of 250-2000 Hz, (a) The samples with 2 cm 

thickness (b) The samples with 3 cm thickness 

 

The average sound absorption coefficients 

for A, B, and C with samples thickness of 2 

cm were 0.462, 0.672, and 0.788, 

respectively. While the average sound 

absorption coefficients for D, E, and F with 

samples thickness of 3 cm were 0,415; 0,420; 

and 0,464, respectively. As shown in Figure 

3. Figure 3 demonstrates that the sound 

absorption coefficient increases as the 

frequency ranges from 500 to 1750 Hz. At a 

frequency of 2000 Hz, the value of the sound 

absorption coefficient decreases. The sound 

absorption coefficient decreases because the 

particles are saturated, resulting in energy 

loss and destructive interference (Rus, et al., 

2017). According to the results, the sound 

absorption coefficient increased with the 

addition of fiber (Kirana, 2016). The value of 

the sound absorption coefficient can be 

impacted by the resonance that occurs in the 

composite cavity. Because of the resonance, 

some of the sound waves are unable to leave 

the sample cavity, reducing the reflected 

wave energy (Arwanda, 2020). The 

unevenness of the composite composition 

harms the sound absorption coefficient 

(Sandi, et al., 2020). It generated a space 

between molecules on the sample, resulting 

in high porosity and low density. Figure 4 

depicts a density sample (Arwanda, 2020). 

The density sample is shown in Figure 4. 

 
Figure 4. The density of Pineapple leaf fibers with paper waste, (a) Composite with a thickness of 2 cm (b) 

Composite with a thickness of 3 cm 
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The densities of the samples from A, B, 

and C for the thickness of the samples 2 cm 

were 0.604 g/cm3, 0.567 g/cm3, and 0.550 

g/cm3, respectively. The densities of samples 

thickness of 3 cm from D, E, F samples were 

0,613 g/cm3; 0,572 g/cm3; and 0,551 g/cm3 as 

shown in Figure 4.  Density causes sound 

waves to interact with the pores in the 

sample, causing the energy to drop (Elvaswer 

& Ridhola, 2015). The denser the sample, the 

more difficult it is for the sound wave to pass 

through the material, resulting in a lower 

sound absorption coefficient (Hardiana, et 

al., 2021). Mechanical characteristics are 

essential for sound-absorbing composites. 

The impact strength test is used to determine 

a material's capacity to absorb energy during 

a collision, as shown in Figure 5. 

 
Figure 5. The impact strength value of pineapple leaf 

fibers with paper waste composite 

 

The impact strengths of the G, H, and I 

samples were 3.527 J/mm2, 2.419 J/mm2, and 

3.014 J/mm2, respectively, as shown in 

Figure 5. The materials of pineapple leaf 

fibers with paper waste composite are brittle 

and have a high density, resulting in a high 

impact strength value, as shown in Figure 6. 

 

 

 

 

Figure 1. The example of an image of the spectrum 

absorption coefficients of organic 

semiconductor materials 

 
Figure 6. The impact strength density of pineapple 

leaf fibers with paper waste composite 

 

Figure 6 indicated that the higher the 

density, the higher the impact strength. The 

density of the sample will increase as the 

concentration of paper increases. As a result, 

the sample would be difficult to break. The 

low density of composite has a low impact 

strength value, which causes voids or holes 

to form on each material bond and makes 

composites more brittle. In composites, the 

uneven component concentration resulted in 

the formation of voids and weakened the 

connection between filler and matrix 

(Hardiana, et al., 2021).  

 

CONCLUSION AND SUGGESTION 

Based on the results of this study, it is 

possible to conclude that:  

a. More pineapple leaf fibers with a low 

amount of paper waste would enhance the 

sound absorption coefficient but reduce 

the impact strength.  

b. The higher the density of the material, the 

lower the sound absorption coefficient 

and impact strength value. 

c. The sound absorption coefficient of 

pineapple leaf fibers with paper waste is 

0.462, 0.672, and 0.788 for the sample A, 

B, and C, respectively, while the average 
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sound absorption coefficients for D, E, 

and F with samples thickness of 3 cm were 

0,415; 0,420; and 0,464, respectively. The 

impact strength of samples G, H, and I 

were 3.527 J/mm2, 2.419 J/mm2, and 

3.014 J/mm2. 
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TABLE CONTENT OF REVISIONS 

Comment 

[A] 

REVISION  

 1  Corresponding Address : kartika.sari@unsoed.ac.id 

 2  The composites were tested with the Charpy method with ISO 11654 standard 

and ASTM E23 for sound absorption and impact strength. Sound absorption was 

carried out using an impedance tube at a frequency range of 250 – 3000 Hz. 

 3  It will improve the quality of  the composite as an absorbing material as well. 

 4  Have done 

 5  Have done 

 6  Have done 

 7  Have done 

 8  Have done 

 9  Pineapple leaf fiber is one of the organic wastes, this fiber can be used as a sound 

absorber because of its high cellulose content. The cellulose content in pineapple 

leaf fiber is 55.1%. Then, the waste paper that is used as pulp has a porous 

morphology. The combination of cellulose and pore content of pineapple leaf 

fiber and paper waste makes these two wastes very potential to be developed as 

sound-absorbing composites (Fareez et al., 2018; Jain & Sinha, 2021; Nair & 

Dasari, 2022). 

 10  Have done 

 11  Have done 

 12  Have done 

 13  Have done 

 14  Have done 

 15  Have done 

 16  Have done 

 17  1.  Correlation the other research : 

The composite of pineapple leaf fibers has a sound absorption coefficient of 0.9 

in 1 kHz frequency (Putra et al., 2018). The other study using rami fiber as a 

composite obtained an impact strength of 0.0725 J/mm2 (Purboputro & 

Hariyanto, 2017). 

 

2.  Novelty : 

In this research, pineapple leaf fiber was combined with paper waste to create an 

absorbed composite. The addition of paper waste affected the structure and 

properties of the composite, paper waste is utilized to create a foam-like material 

with properties similar to conventional foam to make the composite structure 

more porous (Astrauskas et al., 2021). The impact test determined the mechanical 

properties of the composite.     

 

 18  Fig. 2 (a) demonstrates the test of sound absorption. The sound waves were 

generated from speakers with a specific frequency and sound waves will hit the 

sample. Some of the frequencies will be absorbed by the sample, but some will 



be reflected because they cannot pass through the sample's pores. The sound 

waves that pass through the sample pores will be recorded by a detector (mic) 

due to sound absorption. The transfer function techniques, as well as the two-

microphone technique, were applied. The frequency ranges from 250 to 3000 Hz. 

 

 19  Have done 

 20  Fig 2(a). 

Fig. 2 (a) shows the test of sound absorption. The sound waves were generated 

from speakers with a specific frequency and sound waves will hit the sample. 

Some of the frequencies will be absorbed by the sample, but some will be 

reflected because they cannot pass through the sample's pores. The sound waves 

that pass through the sample pores will be recorded by a detector (mic) due to 

sound absorption. The transfer function techniques, as well as the two-

microphone technique, were applied. The frequency ranges from 250 to 3000 Hz. 

The ratio between pressures were create by wave sound on the microphone was 

calculated with transfer function (H12): 

𝐻12 =
𝑝1

𝑝2
 (1) 

𝐻𝐼 =
𝑝𝐼1

𝑝𝐼2
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) (2) 

𝐻𝑅 =
𝑝2𝑅

𝑝1𝑅
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) (3) 

HI is the transfer function of the incident wave alone and HR is the transfer 

function of the reflected wave. The coefficient of the reflected wave was 

calculated from equation (1) – (3): 

𝑅 =
𝐻12 − 𝐻1

𝐻𝑅 − 𝐻12
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) 

(4) 

where R is the coefficient of the reflected wave, k is the wavenumber, and x is the 

distance between the microphone and the sample. The coefficient of reflected 

was used to calculate the sound absorption coefficient in the following 

expression: 
𝛼 = 1 − |𝑅|2 (5) 

 

Fig 2(b). 

The impact strength test in Fig 2 (b) is used to determine the material's 

physical characteristics as well as the ductility of the composite that has been 

created. The basic idea behind rupture testing is to compute the energy provided 

by the load and the energy absorbed by the sample. When, the load possesses 

potential energy, the weight is increased to a particular height, the maximum 

kinetic energy. In the impact test, a notched test specimen is used which is struck 

with a pendulum.  The specimen is clamped at one end until the notch is near the 

clamp in the Izod technique. A pendulum swinging from a certain height will 

strike the end of the specimen that is not clamped from the front of the notch. 

 In the Charpy test, the specimen is placed horizontally both ends are held, 

and the pendulum will hit the test rod from behind the notch. The impact energy 

can be seen on the scale of the testing machine. The magnitude of the impact 

energy theoretically can be calculated : 



𝐸0 = 𝑊 × ℎ0 (6) 
𝐸1 = 𝑊 × ℎ1 (7) 

∆𝐸 = 𝐸0 − 𝐸1 = 𝑊(ℎ0 − ℎ1) (8) 

from Fig. 3 obtained that: 
ℎ0 = 𝑙 − 𝑙 cos 𝛼 (9) 

      = 𝑙(1 − cos 𝛼) (10) 
ℎ1 = 𝑙 − 𝑙 cos 𝛽 (11) 

      = 𝑙(1 − cos 𝛽) (12) 

Finally, the impact energy was calculated with the following expression: 

 
∆𝐸 = 𝑊 × 𝑙(ℎ0 − ℎ1) (13) 

where E is energy (J), W is pendulum weight (N), h is pendulum height before-

after released (m), l is pendulum length (m), α and β are angle before-after (°). 

The impact strength (Is) was calculated by impact energy divided by cross-

section area (A): 

 

𝐼𝑠 =
∆𝐸

𝐴
=

𝑊 × 𝑙(ℎ0 − ℎ1)

𝐴
 

(14) 

 

 21  Have done 

 22  Have deleted 

 23  The volume fraction of pineapple leaf fibers, paper waste, and resin epoxy 

concentrations were 20%:30%:50%, 25%:25%:50%, and 30%:20%:50% for 

samples A, B, and C with the thickness of 2 cm, respectively. The thickness of 

samples D, E, and F is 3 cm with the same volume fraction. 

 24  Have explained in the method 

 25  This study shows that the combination of pineapple leaf fiber and paper waste 

can be used as a sound-absorbing material, and waste materials. It can reduce the 

environmental pollution, either organic pollution or noise pollution.  The 

combination of pineapple leaf fiber and paper waste will improve the quality of  

the composite as an absorbing material as well. The next study to measure the 

optimum film's thickness and the thermal properties to get complete information 

was needed. 

 26         The pineapple leaf fiber and paper waste reinforcement composites can be 

used as sound-absorbing materials. The addition of fiber in the composite makes 

the absorption coefficient increase, but the mechanical properties decrease.  The 

sound absorption coefficient increases due to the cellulose content and the 

structure of the fibers. Pineapple leaf fiber in the form of lamina affects on the 

mechanical properties. The paper waste in the form of particles will create a 

porous structure which has an impact on sound absorption. 

      The arrangement of elongated-fibers makes the load-received by the 

composite spread evenly on other fibers. The porous structure causes sound 

waves-reflected in the pores thereby reducing energy. The pores capture the 

sound waves that pass through the composite. The pores and fibers interface can 

be seen through the density of the material. The high density indicates that the 

fiber's interface was closer and the pores formed are small so that the relationship 

between pores and fiber’s arrangement using the analysis of the coefficient of 



sound fiber and the mechanical properties.  

 27  Contributions from : 

 1. Kartika Sari as the first author,  co-author, review, editing and 

Conceptualization/ funding acquisition/formal analysis/ writing—original 

draft preparation 

 2. Yazid Zainur Isnen as the second autho,  review and editing, formal analysis, 

and writing—original draft preparation 

 3. Agung Bambang Setio Utomo as the third author, methodology, data 

curation, and writing—original draft preparation 

 4. Sunardi as the fourth author,  methodology, data curation, and writing—

original draft preparation 

 

All authors have read and agreed to the published version of the manuscript. 

 28  Have done 

 



Volume XX. Number X. page-page MONTH 20XX 

  

Jurnal ilmiah pendidikan fisika Al-Biruni 
https://ejournal.radenintan.ac.id/index.php/al-biruni/index 

DOI: xxxxxxxxxxxxxxxxxx 

 
 

e-ISSN: 2503-023X  

 

 How to cite Author. (20XX). Title. Jurnal ilmiah pendidikan fisika Al-Biruni, X(X), XX-XX. 
 Ex: Κaliampos, G., & Ravanis, K. (2019). Thermal conduction in metals: Mental representations in 5-

6 years old children’s thinking. Jurnal ilmiah pendidikan fisika Al-Biruni, 8(1), 1-9. 

The Mechanic and Acoustic Properties of Pineapple Leaf Fibers with 

Paper Waste as An Absorbing-Composite 

Kartika Sari1,*, Yazid Zainur Isnen1, Agung Bambang Setio Utomo2, Sunardi1 
 

1Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Jenderal Soedirman, Purwokerto 53123, 
Indonesia 

2Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, Yogyakarta 55281, 

Indonesia 
*Corresponding Address: kartika.sari@unsoed.ac.id  

 

Article Info   ABSTRACT  
Article history: 

Received: Month XX, 20XX 

Accepted: Month XX, 20XX 
Published: Month XX, 20XX 

(Times New Roman 9) 

 Noise-absorbing composite is a material used to reduce noise. Natural 

product-based composite can be an alternative to replace synthetic fiber 

because of its advantages of high strength, toughness, low price, and 

abundance. The materials used were pineapple leaf fibers with paper waste. 

This research aims to study the advantage of natural products to reduce noise 

by analyzing the coefficient of sound absorption and impact strength to 

evaluate the absorbing composite. The composites were tested with the 

Charpy method with ISO 11654 standard and ASTM E23 for sound 

absorption and impact strength. Sound absorption was carried out using an 

impedance tube at a frequency range of 250 – 3000 Hz. The volume fraction 

of pineapple leaf fibers, paper waste, and resin epoxy concentrations were 

20%:30%:50%, 25%:25%:50%, and 30%:20%:50%. The thickness for the 

sound absorption coefficient was 2 cm and 3 cm, while the thickness of the 

impact strength was 0.5 cm. The highest sound absorption coefficient of 

pineapple leaf fibers composite for 30%:20%:50% volume fraction was 0.788 

for sample 2 cm. The highest impact strength for 20%:30%:50% volume 

fraction of the thickness of 0.5 cm was 3.527 J/mm2. The results of the sound 

absorption coefficient will increase if used more pineapple leaf fibers but it 

will decrease the impact strength. Based on this research, it will improve the 

quality of composite that can be used as an absorbing material as well. 

Keywords: 

Composite; 

Pineapple leaf fibers; 

Paper waste; 

Sound absorption; 
Impact strength. 
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INTRODUCTION  

Noise pollution from traffic and industries 

may generate noise difficulties and disrupt or 

decrease human hearing capabilities. Noise 

pollution has the potential to harm fetuses, 

babies, children, and adults. Noise pollution 

has an impact on both physical and emotional 

health. The noise exposure causes 

psychomotor effects by increasing stress, 

disrupting sleep, causing difficulty in normal 

conversation, lack of concentration, 

irritability, violent behavior, increased heart 
rate commonly observed with loud drum 

beats, tachyarrhythmia, vasoconstriction, 

hypertension, and other diseases (Gupta et 

al., 2018; Oguntunde et al., 2019). Installing 

sound-absorbing materials in buildings can 

help to minimize noise pollution. 

Noise-absorbing materials are used to 

minimize noise because they comprise a 

filler that acts as an amplifier and a matrix 

that binds the fillers together. Alternatives to 

pineapple leaf fibers and paper waste that 

might be utilized as noise-absorbers in this 

study include pineapple leaf fibers and paper 

waste (Santulli et al., 2022). Pineapple leaf 

fiber is one of the organic wastes, this fiber 

can be used as a sound absorber because of 
its high cellulose content. The cellulose 

content in pineapple leaf fiber is 55.1%. 

Then, the waste paper that is used as pulp has 

a porous morphology. The combination of 

cellulose and pore content of pineapple leaf 

https://ejournal.radenintan.ac.id/index.php/al-biruni/index
mailto:kartika.sari@unsoed.ac.id
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fiber and paper waste makes these two wastes 

very potential to be developed as sound-

absorbing composites (Fareez et al., 2018; 

Jain & Sinha, 2021; Nair & Dasari, 2022). 

The filler of the composite is usually a 

material that has the desired properties of the 

final composite product, this filler will be 

able to add to the properties possessed by the 

matrix such as mechanical, acoustic, 

electrical, and type strength (Nhuapeng & 

Thamjaree, 2019). Fillers can be derived 

from natural or synthetic products, each of 

which has its advantages when used as a 

filler. The usage of synthetic fiber is harmful 

to the environment and results in the 

accumulation of non-biodegradable trash. 

Natural fibers might be utilized as an 

alternative to synthetic fibers due to their 

benefits of high strength, toughness, low 

cost, and availability, as well as being clean 

and biodegradable. Pineapple leaf fibers and 

paper waste are still underused and end up in 

landfills (Todkar & Patil, 2019; Zulaikha et 

al., 2022).  

The study on the use of pineapple leaf 

fiber concrete composite as a noise-

absorbing material generated a sound 

absorption coefficient value of 0.59 at a 

frequency of 2000 Hz (Arwanda & Sani, 

2019). At a frequency of 800 Hz, the sound 

absorption coefficient of the paper waste, rice 

husk ash, and resin polyester-based 

composite were 0.48 (Isran et al., 2018). The 

composite of pineapple leaf fibers has a 

sound absorption coefficient of 0.9 in 1 kHz 

frequency (Putra et al., 2018). The other 

study using rami fiber as a composite 

obtained an impact strength of 0.0725 J/mm2 

(Purboputro & Hariyanto, 2017). 

The excellent absorption ability was 

demonstrated by a composite with a low 

impact strength value. As noise absorbers, a 

few layered composites with pores were 

utilized. The composite may be used on 

walls, box speakers, and other surfaces. The 

sound wave that strikes the material's surface 

will be reflected, transmitted, and absorbed 

(González, 2019). The sound wave absorbed 

by the material produces a drop in sound 

wave strength and absorbed energy, which is 

referred to as the sound absorption 

coefficient. 

In this research, pineapple leaf fiber was 

combined with paper waste to create an 

absorbed composite. The addition of paper 

waste affected the structure and properties of 

the composite, paper waste is utilized to 

create a foam-like material with properties 

similar to conventional foam to make the 

composite structure more porous (Astrauskas 

et al., 2021). The impact test determined the 

mechanical properties of the composite. 

The impact strength test is used to 

determine the toughness of a composite when 

it’s forced to a rapid force as a result of a 

collision. The Charpy and Izod techniques 

are used to determine impact strength. The 

distinction between the Charpy and Izod 

techniques lies in the location of the 

specimen to be evaluated. In the Charpy 

technique, the specimen is placed 

horizontally. Meanwhile, with the Izod 

technique, the specimen position is vertical 

(Callister & Rethwisch, 2018). The high 

porosity of paper waste and pineapple leaf 

fiber, as well as its high cellulose content, are 

benefits of this material as a sound wave-

absorbing composite. 

 

METHODS  

Pineapple leaf fibers, paper waste, and 

epoxy resin were used in this study. The 

pineapple leaf fibers and paper waste were 

chopped into pieces. Water was used to soak 

and crush the paper waste. The pineapple leaf 

fibers and paper waste were used as 

reinforcement. Epoxy resin is combined with 

hardener and used as a matrix, then each 

reinforcement (pineapple leaf fibers and 

paper waste) is added to the resin and stirred 

until homogenous, then pressed with the 

hydraulic press. The composite thickness for 

the sound absorption test is 2 cm and 3 cm 

with diameter tube 2.5 cm, the dimension of 

composite for the impact test is 5.5 × 1 × 0.5 

cm. The volume fraction of pineapple leaf 
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fibers, paper waste, and resin epoxy 

concentrations were 20%:30%:50%, 

25%:25%:50%, and 30%:20%:50% for 

samples A, B, and C with the thickness of 2 

cm, respectively. The thickness of samples 

D, E, and F is 3 cm with the same volume 

fraction. The research’s design is shown in 

Figure 1. 

 
Figure 1. Research’s design 

 

Sound absorption coefficient 

measurements are performed by measuring 

the intensity level before (I1) and after (I2) 

passing through the absorbent material (I2).  

The impact test is performed by swinging 

the weight on the test equipment until the 

composite breaks. The sound absorption 

coefficient and impact strength were 

determined with standard ISO 11654 and 

ASTM E23. The illustration of sound 

absorption coefficient and impact strength is 

shown in Figure 2. 

 

 
Figure 2. Illustration of the test used, (a) Sound absorption coefficient (b) Impact strength 

 

Fig. 2 (a) shows the test of sound absorption. 

The sound waves were generated from 

speakers with a specific frequency and sound 

waves will hit the sample. Some of the 

frequencies will be absorbed by the sample, 

but some will be reflected because they 

cannot pass through the sample's pores. The 

sound waves that pass through the sample 

pores will be recorded by a detector (mic) due 

to sound absorption. The transfer function 

techniques, as well as the two-microphone 

technique, were applied. The frequency 

ranges from 250 to 3000 Hz. 

The ratio between pressures were create 

by wave sound on the microphone was 

calculated with transfer function (H12): 

 

𝐻12 =
𝑝1

𝑝2
 (1) 

 

 
(a) (b) 
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𝐻𝐼 =
𝑝𝐼1

𝑝𝐼2
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) (2) 

𝐻𝑅 =
𝑝2𝑅

𝑝1𝑅
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) (3) 

 

HI is the transfer function of the incident 

wave alone and HR is the transfer function of 

the reflected wave. The coefficient of the 

reflected wave was calculated from equation 

(1) – (3): 

𝑅 =
𝐻12 − 𝐻1

𝐻𝑅 − 𝐻12
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) 

(4) 

 

where R is the coefficient of the reflected 

wave, k is the wavenumber, and x is the 

distance between the microphone and the 

sample. The coefficient of reflected was used 

to calculate the sound absorption coefficient 

in the following expression: 

 

𝛼 = 1 − |𝑅|2 (5) 

 

The impact strength test in Fig 2 (b) is 

used to determine the material's physical 

characteristics as well as the ductility of the 

composite that has been created. The basic 

idea behind rupture testing is to compute the 

energy provided by the load and the energy 

absorbed by the sample. When, the load 

possesses potential energy occurs the weight 

is increased to a particular height, the 

maximum kinetic energy. 

 
Figure 3. Illustration of impact energy calculated 

In the impact test, a notched test 

specimen is used which is struck with a 

pendulum. The specimen is clamped at one 

end until the notch is near the clamp in the 

Izod technique. A pendulum swinging from a 

certain height will strike the end of the 

specimen that is not clamped from the front 

of the notch. 

In the Charpy test, the specimen is 

placed horizontally both ends are held, and 

the pendulum will hit the test rod from behind 

the notch. The impact energy can be seen on 

the scale of the testing machine. The 

magnitude of the impact energy theoretically 

can be calculated: 

𝐸0 = 𝑊 × ℎ0 (6) 

𝐸1 = 𝑊 × ℎ1 (7) 

∆𝐸 = 𝐸0 − 𝐸1 = 𝑊(ℎ0 − ℎ1) (8) 

 

from Fig. 3 obtained that: 

 

ℎ0 = 𝑙 − 𝑙 cos 𝛼 (9) 

      = 𝑙(1 − cos 𝛼) (10) 

ℎ1 = 𝑙 − 𝑙 cos 𝛽 (11) 

      = 𝑙(1 − cos 𝛽) (12) 

 

Finally, the impact energy was calculated 

with the following expression: 

 

∆𝐸 = 𝑊 × 𝑙(ℎ0 − ℎ1) (13) 

where E is energy (J), W is pendulum weight 

(N), h is pendulum height before-after 

released (m), l is pendulum length (m), α and 

β are angle before-after (°). The impact 

strength (Is) was calculated by impact energy 

divided by cross-section area (A): 

 

𝐼𝑠 =
∆𝐸

𝐴
=

𝑊 × 𝑙(ℎ0 − ℎ1)

𝐴
 

(14) 

RESULTS AND DISCUSSION 

Pineapple leaf fiber has a laminated and 

elongated morphology, while paper waste is 

in the form of particles. The combination of 

the two in the composite makes the fiber 

interface classified as a hybrid composite 

(Abdul Ghofir & ., 2018; Andrew & Dhakal, 

2022; Astrauskas et al., 2021; Tang & Yan, 

2017). 

The impedance tube method was used for 

the sound absorption test, in which the sound 

source from the speaker was linked to a 
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generator with a frequency range of 250 to 

3000 Hz. Figure 4 depicts the relationships 

between the sound absorption coefficient and 

the frequency of the sample. 

According to ISO 11645 acoustic 

materials that are categorized as having 

sound absorption capacity are materials with 

a sound absorption coefficient greater than 

0.15. The relationship between the sound 

absorption coefficient and the thickness of 

the material is written in Equation 15 

 

𝐼 = 𝐼0𝑒−𝑎𝑥 (15) 

 

where I is the final intensity (dB), I0 is the 

initial intensity (dB), α is the sound 

absorption coefficient, and x is the thickness 

of the sample (m). From Equation 15 it can 

be seen that the thickness of the material will 

affect the sound absorption coefficient, the 

thickness of the samples used are 2 cm and 3 

cm, in addition to the thickness of the other 

factors that affect the porosity and density of 

the material (Sharma et al., 2020; Taban, 

Khavanin, Jafari, et al., 2019). Porosity will 

cause sound waves to be reflected in the 

cavities of the material so that the energy and 

intensity will decrease (Mwango & 

Kambole, 2019; Nhuapeng & Thamjaree, 

2019) 

 
Figure 4. The sound absorption coefficient at the frequency range of 250-2000 Hz, (a) The samples with 2 cm 

thickness (b) The samples with 3 cm thickness 

 

Figure 4 demonstrates that the sound 

absorption coefficient increases as the 

frequency ranges from 500 to 1750 Hz. The 

average sound absorption coefficients for A, 

B, and C were 0.462, 0.672, and 0.788, 

respectively. While the average sound 

absorption coefficients for D, E, and F were 

0,415; 0,420; and 0,464, respectively. At a 

frequency of 2000 Hz, the value of the sound 

absorption coefficient decreases. The sound 

absorption coefficient decreases because the 

particles are saturated, resulting in energy 

loss and destructive interference (Rus et al., 

2017). According to the results, the sound 

absorption coefficient increased with the 

addition of fiber. The addition of fibers 

makes more pores formed in the composite 

structure, and density will increase. It makes 

sound waves harder to escape and increases 

the sound absorption coefficient (Pöhler et 

al., 2017; Xu et al., 2018). The value of the 

sound absorption coefficient can be impacted 

by the resonance that occurs in the composite 

cavity. Because of the resonance, some of the 

sound waves are unable to leave the sample 

cavity, reducing the reflected wave energy 

(Arwanda & Sani, 2019). The unevenness of 

the composite composition harms the sound 

absorption coefficient (Akbar & Sari, 2020). 

It generated a space between molecules on 

the sample, resulting in high porosity and low 

density. Figure 5 depicts a density sample 

  

(a) (b) 
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(Arwanda & Sani, 2019). The density sample 

is shown in Figure 5. 

 
Figure 5. The density of Pineapple leaf fibers with paper waste, (a) Composite with a thickness of 2 cm (b) 

Composite with a thickness of 3 cm 

 

The densities of the samples from A, B, 

and C for the thickness of the samples 2 cm 

were 0.604 g/cm3, 0.567 g/cm3, and 0.550 

g/cm3, respectively. The densities of samples 

thickness of 3 cm from D, E, F samples were 

0,613 g/cm3; 0,572 g/cm3; and 0,551 g/cm3 as 

shown in Figure 5.  Density causes sound 

waves to interact with the pores in the 

sample, causing the energy to drop. The 

denser the sample, the more difficult it is for 

the sound wave to pass through the material, 

resulting in a lower sound absorption 

coefficient (Putra et al., 2018; Taban, 

Khavanin, Ohadi, et al., 2019). Mechanical 

characteristics are essential for sound-

absorbing composites (Malalli & Ramji, 

2022). The impact strength test is used to 

determine a material's capacity to absorb 

energy during a collision, as shown in Figure 

6. 

 
Figure 6. The impact strength value of pineapple leaf 

fibers with paper waste composite 

 

The impact strengths of the G, H, and I 

samples were 3.527 J/mm2, 2.419 J/mm2, and 

3.014 J/mm2, respectively, as shown in 

Figure 6. The materials of pineapple leaf 

fibers with paper waste composite are brittle 

and have a high density, resulting in a high 

impact strength value, as shown in Figure 6. 

 
(a) 

 
(b) 
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Figure 7. The impact strength density of pineapple 

leaf fibers with paper waste composite 

 

Figure 7 indicated that the higher the 

density, the higher the impact strength. The 

density of the sample will increase as the 

concentration of paper increases. As a result, 

the sample would be difficult to break. The 

low density of composite has a low impact 

strength value, which causes voids or holes 

to form on each material bond and makes 

composites more brittle (Putra et al., 2020). 

In composites, the uneven component 

concentration resulted in the formation of 

voids and weakened the connection between 

filler and matrix (Hardiana, et al., 2021). The 

sound absorption coefficient and mechanical 

properties are affected by the structure of the 

composite (porous and arrangement of 

fibers) and physical properties (density) 

(Hoque et al., 2022; Venkata Deepthi et al., 

2019). 

This study shows that the combination of 

pineapple leaf fiber and paper waste can be 

used as a sound-absorbing material, and 

waste materials, it can reduce the 

environmental pollution, either organic 

pollution or noise pollution. The combination 

of pineapple leaf fiber and paper waste will 

improve the quality of composite that can be 

used as an absorbing material as well. The 

next study to measure the optimum  thickness 

and the thermal properties to get complete 

information was needed. 

 

 

CONCLUSION 

The pineapple leaf fiber and paper waste 

reinforcement composites can be used as 

sound-absorbing materials. The addition of 

fiber in the composite makes the absorption 

coefficient increase, but the mechanical 

properties decrease.  The sound absorption 

coefficient increases due to the cellulose 

content and the structure of the fibers. 

Pineapple leaf fiber in the form of lamina 

affects on the mechanical properties. The 

paper waste in the form of particles will 

create a porous structure which has an impact 

on sound absorption. 

      The arrangement of elongated-fibers 

makes the load-received by the composite 

spread evenly on other fibers. The porous 

structure causes sound waves-reflected in the 

pores thereby reducing energy. The pores 

capture the sound waves that pass through the 

composite. The pores and fibers interface can 

be seen through the density of the material. 

The high density indicates that the fiber's 

interface was closer and the pores formed are 

small so that the relationship between pores 

and fiber’s arrangement using the analysis of 

the coefficient of sound fiber and the 

mechanical properties.  
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 Noise-absorbing composite is a material used to reduce noise. Natural 

product-based composite can be an alternative to replace synthetic fiber 

because of its advantages of high strength, toughness, low price, and 

abundance. The materials used were pineapple leaf fibers with paper waste. 

This research aims to study the advantage of natural products to reduce 

noise by analyzing the coefficient of sound absorption and impact strength 

to evaluate the absorbing composite. The composites were tested with the 

Charpy method with ISO 11654 standard and ASTM E23 for sound 

absorption and impact strength. Sound absorption was carried out using an 

impedance tube at a frequency range of 250 – 3000 Hz. The volume fraction 

of pineapple leaf fibers, paper waste, and resin epoxy concentrations were 

20%:30%:50%, 25%:25%:50%, and 30%:20%:50%. The thickness for the 

sound absorption coefficient was 2 cm and 3 cm, while the thickness of the 

impact strength was 0.5 cm. The highest sound absorption coefficient of 

pineapple leaf fibers composite for 30%:20%:50% volume fraction was 

0.788 for sample 2 cm. The highest impact strength for 20%:30%:50% 

volume fraction of the thickness of 0.5 cm was 3.527 J/mm2. The results of 

the sound absorption coefficient will increase if used more pineapple leaf 

fibers but it will decrease the impact strength. Based on this research, it will 

improve the quality of composite that can be used as an absorbing material 

as well. 

Keywords: 

Composite; 

Pineapple leaf fibers; 

Paper waste; 

Sound absorption; 

Impact strength. 

 

© 2022 Physics Education Department, UIN Raden Intan Lampung, Indonesia. 

 

 

INTRODUCTION  

Noise pollution from traffic and 

industries may generate noise difficulties 

and disrupt or decrease human hearing 

capabilities. Noise pollution has the 

potential to harm fetuses, babies, children, 

and adults. Noise pollution has an impact on 

both physical and emotional health. The 

noise exposure causes psychomotor effects 

by increasing stress, disrupting sleep, 

causing difficulty in normal conversation, 

lack of concentration, irritability, violent 

behavior, increased heart rate commonly 

observed with loud drum beats, 

tachyarrhythmia, vasoconstriction, 

hypertension, and other diseases (Gupta et 

al., 2018; Oguntunde et al., 2019). Installing 

sound-absorbing materials in buildings can 

help to minimize noise pollution. 

Noise-absorbing materials are used to 

minimize noise because they comprise a 

filler that acts as an amplifier and a matrix 

that binds the fillers together. Alternatives to 

pineapple leaf fibers and paper waste that 

might be utilized as noise-absorbers in this 

study include pineapple leaf fibers and paper 

waste (Santulli et al., 2022). Pineapple leaf 

fiber is one of the organic wastes, this fiber 

can be used as a sound absorber because of 

its high cellulose content. The cellulose 

content in pineapple leaf fiber is 55.1%. 

Then, the waste paper that is used as pulp 

https://ejournal.radenintan.ac.id/index.php/al-biruni/index
mailto:kartika.sari@unsoed.ac.id
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has a porous morphology. The combination 

of cellulose and pore content of pineapple 

leaf fiber and paper waste makes these two 

wastes very potential to be developed as 

sound-absorbing composites (Fareez et al., 

2018; Jain & Sinha, 2021; Nair & Dasari, 

2022). The filler of the composite is usually 

a material that has the desired properties of 

the final composite product, this filler will 

be able to add to the properties possessed by 

the matrix such as mechanical, acoustic, 

electrical, and type strength (Nhuapeng & 

Thamjaree, 2019). Fillers can be derived 

from natural or synthetic products, each of 

which has its advantages when used as a 

filler. The usage of synthetic fiber is harmful 

to the environment and results in the 

accumulation of non-biodegradable trash. 

Natural fibers might be utilized as an 

alternative to synthetic fibers due to their 

benefits of high strength, toughness, low 

cost, and availability, as well as being clean 

and biodegradable. Pineapple leaf fibers and 

paper waste are still underused and end up 

in landfills (Todkar & Patil, 2019; Zulaikha 

et al., 2022).  

The study on the use of pineapple leaf 

fiber concrete composite as a noise-

absorbing material generated a sound 

absorption coefficient value of 0.59 at a 

frequency of 2000 Hz (Arwanda & Sani, 

2019). At a frequency of 800 Hz, the sound 

absorption coefficient of the paper waste, 

rice husk ash, and resin polyester-based 

composite were 0.48 (Isran et al., 2018). 

The composite of pineapple leaf fibers has a 

sound absorption coefficient of 0.9 in 1 kHz 

frequency (Putra et al., 2018). The other 

study using rami fiber as a composite 

obtained an impact strength of 0.0725 

J/mm2 (Purboputro & Hariyanto, 2017). The 

excellent absorption ability was 

demonstrated by a composite with a low 

impact strength value. As noise absorbers, a 

few layered composites with pores were 

utilized. The composite may be used on 

walls, box speakers, and other surfaces. The 

sound wave that strikes the material's 

surface will be reflected, transmitted, and 

absorbed (González, 2019). The sound wave 

absorbed by the material produces a drop in 

sound wave strength and absorbed energy, 

which is referred to as the sound absorption 

coefficient. 

In this research, pineapple leaf fiber was 

combined with paper waste to create an 

absorbed composite. The addition of paper 

waste affected the structure and properties 

of the composite, paper waste is utilized to 

create a foam-like material with properties 

similar to conventional foam to make the 

composite structure more porous 

(Astrauskas et al., 2021). The impact test 

determined the mechanical properties of the 

composite. 

The impact strength test is used to 

determine the toughness of a composite 

when it’s forced to a rapid force as a result 

of a collision. The Charpy and Izod 

techniques are used to determine impact 

strength. The distinction between the 

Charpy and Izod techniques lies in the 

location of the specimen to be evaluated. In 

the Charpy technique, the specimen is 

placed horizontally. Meanwhile, with the 

Izod technique, the specimen position is 

vertical (Callister & Rethwisch, 2018). The 

high porosity of paper waste and pineapple 

leaf fiber, as well as its high cellulose 

content, are benefits of this material as a 

sound wave-absorbing composite.  

 

 METHODS 

Pineapple leaf fibers, paper waste, and 

epoxy resin were used in this study. The 

pineapple leaf fibers and paper waste were 

chopped into pieces. Water was used to soak 

and crush the paper waste. The pineapple 

leaf fibers and paper waste were used as 

reinforcement. Epoxy resin is combined 

with hardener and used as a matrix, then 

each reinforcement (pineapple leaf fibers 

and paper waste) is added to the resin and 

stirred until homogenous, then pressed with 

the hydraulic press. The composite thickness 

for the sound absorption test is 2 cm and 3 

cm with diameter tube 2.5 cm, the 

dimension of composite for the impact test 
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is 5.5 × 1 × 0.5 cm. The volume fraction of 

pineapple leaf fibers, paper waste, and resin 

epoxy concentrations were 20%:30%:50%, 

25%:25%:50%, and 30%:20%:50% for 

samples A, B, and C with the thickness of 2 

cm, respectively. The thickness of samples 

D, E, and F is 3 cm with the same volume 

fraction. The research’s design is shown in 

Figure 1. 

 
Figure 1. Research’s design 

 

Sound absorption coefficient 

measurements are performed by measuring 

the intensity level before (I1) and after (I2) 

passing through the absorbent material (I2).  

The impact test is performed by swinging 

the weight on the test equipment until the 

composite breaks. The sound absorption 

coefficient and impact strength were 

determined with standard ISO 11654 and 

ASTM E23. The illustration of sound 

absorption coefficient and impact strength is 

shown in Figure 2. 

 

 
Figure 2. Illustration of the test used, (a) Sound absorption coefficient (b) Impact strength 

 

Fig. 2 (a) shows the test of sound 

absorption. The sound waves were 

generated from speakers with a specific 

frequency and sound waves will hit the 

sample. Some of the frequencies will be 

absorbed by the sample, but some will be 

reflected because they cannot pass through 

the sample's pores. The sound waves that 

pass through the sample pores will be 

recorded by a detector (mic) due to sound 

absorption. The transfer function techniques, 

as well as the two-microphone technique, 

were applied. The frequency ranges from 

250 to 3000 Hz. 

 

 
(a) (b) 
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The ratio between pressures were create 

by wave sound on the microphone was 

calculated with transfer function (H12): 

 

𝐻12 =
𝑝1

𝑝2
 (1) 

𝐻𝐼 =
𝑝𝐼1

𝑝𝐼2
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) (2) 

𝐻𝑅 =
𝑝2𝑅

𝑝1𝑅
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) (3) 

 

HI is the transfer function of the incident 

wave alone and HR is the transfer function 

of the reflected wave. The coefficient of the 

reflected wave was calculated from equation 

(1) – (3): 

𝑅 =
𝐻12 − 𝐻1

𝐻𝑅 − 𝐻12
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) 

(4) 

 

where R is the coefficient of the reflected 

wave, k is the wavenumber, and x is the 

distance between the microphone and the 

sample. The coefficient of reflected was 

used to calculate the sound absorption 

coefficient in the following expression: 

 

𝛼 = 1 − |𝑅|2 (5) 

 

The impact strength test in Fig 2 (b) is 

used to determine the material's physical 

characteristics as well as the ductility of the 

composite that has been created. The basic 

idea behind rupture testing is to compute the 

energy provided by the load and the energy 

absorbed by the sample. When, the load 

possesses potential energy occurs the weight 

is increased to a particular height, the 

maximum kinetic energy. 

 
Figure 3. Illustration of impact energy calculated 

In the impact test, a notched test 

specimen is used which is struck with a 

pendulum. The specimen is clamped at one 

end until the notch is near the clamp in the 

Izod technique. A pendulum swinging from 

a certain height will strike the end of the 

specimen that is not clamped from the front 

of the notch. 

In the Charpy test, the specimen is 

placed horizontally both ends are held, and 

the pendulum will hit the test rod from 

behind the notch. The impact energy can be 

seen on the scale of the testing machine. The 

magnitude of the impact energy 

theoretically can be calculated: 

𝐸0 = 𝑊 × ℎ0 (6) 

𝐸1 = 𝑊 × ℎ1 (7) 

∆𝐸 = 𝐸0 − 𝐸1 = 𝑊(ℎ0 − ℎ1) (8) 

 

from Fig. 3 obtained that: 

 

ℎ0 = 𝑙 − 𝑙 cos 𝛼 (9) 

      = 𝑙(1 − cos 𝛼) (10) 

ℎ1 = 𝑙 − 𝑙 cos 𝛽 (11) 

      = 𝑙(1 − cos 𝛽) (12) 

 

Finally, the impact energy was calculated 

with the following expression: 

 

∆𝐸 = 𝑊 × 𝑙(ℎ0 − ℎ1) (13) 

where E is energy (J), W is pendulum 

weight (N), h is pendulum height before-

after released (m), l is pendulum length (m), 

α and β are angle before-after (°). The 

impact strength (Is) was calculated by 

impact energy divided by cross-section area 

(A): 

 

𝐼𝑠 =
∆𝐸

𝐴
=

𝑊 × 𝑙(ℎ0 − ℎ1)

𝐴
 

(14) 

 

RESULTS AND DISCUSSION 

Pineapple leaf fiber has a laminated and 

elongated morphology, while paper waste is 

in the form of particles. The combination of 

the two in the composite makes the fiber 

interface classified as a hybrid composite 

(Abdul Ghofir & ., 2018; Andrew & Dhakal, 
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2022; Astrauskas et al., 2021; Tang & Yan, 

2017). 

The impedance tube method was used for 

the sound absorption test, in which the 

sound source from the speaker was linked to 

a generator with a frequency range of 250 to 

3000 Hz. Figure 4 depicts the relationships 

between the sound absorption coefficient 

and the frequency of the sample. 

According to ISO 11645 acoustic 

materials that are categorized as having 

sound absorption capacity are materials with 

a sound absorption coefficient greater than 

0.15. The relationship between the sound 

absorption coefficient and the thickness of 

the material is written in Equation 15 

 

𝐼 = 𝐼0𝑒−𝑎𝑥 (15) 

where I is the final intensity (dB), I0 is the 

initial intensity (dB), α is the sound 

absorption coefficient, and x is the thickness 

of the sample (m). From Equation 15 it can 

be seen that the thickness of the material 

will affect the sound absorption coefficient, 

the thickness of the samples used are 2 cm 

and 3 cm, in addition to the thickness of the 

other factors that affect the porosity and 

density of the material (Sharma et al., 2020; 

Taban, Khavanin, Jafari, et al., 2019). 

Porosity will cause sound waves to be 

reflected in the cavities of the material so 

that the energy and intensity will decrease 

(Mwango & Kambole, 2019; Nhuapeng & 

Thamjaree, 2019) 

 
Figure 4. The sound absorption coefficient at the frequency range of 250-2000 Hz, (a) The samples with 2 cm 

thickness (b) The samples with 3 cm thickness 

 

Figure 4 demonstrates that the sound 

absorption coefficient increases as the 

frequency ranges from 500 to 1750 Hz. The 

average sound absorption coefficients for A, 

B, and C were 0.462, 0.672, and 0.788, 

respectively. While the average sound 

absorption coefficients for D, E, and F were 

0,415; 0,420; and 0,464, respectively. At a 

frequency of 2000 Hz, the value of the 

sound absorption coefficient decreases. The 

sound absorption coefficient decreases 

because the particles are saturated, resulting 

in energy loss and destructive interference 

(Rus et al., 2017). According to the results, 

the sound absorption coefficient increased 

with the addition of fiber. The addition of 

fibers makes more pores formed in the 

composite structure, and density will 

increase. It makes sound waves harder to 

escape and increases the sound absorption 

coefficient (Pöhler et al., 2017; Xu et al., 

2018). The value of the sound absorption 

coefficient can be impacted by the 

resonance that occurs in the composite 

cavity. Because of the resonance, some of 

the sound waves are unable to leave the 

sample cavity, reducing the reflected wave 

energy (Arwanda & Sani, 2019). The 

unevenness of the composite composition 

harms the sound absorption coefficient 

  

(a) (b) 
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(Akbar & Sari, 2020). It generated a space 

between molecules on the sample, resulting 

in high porosity and low density. Figure 5 

depicts a density sample (Arwanda & Sani, 

2019). The density sample is shown in 

Figure 5. 

Figure 5. The density of Pineapple leaf fibers with paper waste, (a) Composite with a thickness of 2 cm (b) 

Composite with a thickness of 3 cm 

 

The densities of the samples from A, B, 

and C for the thickness of the samples 2 cm 

were 0.604 g/cm3, 0.567 g/cm3, and 0.550 

g/cm3, respectively. The densities of 

samples thickness of 3 cm from D, E, F 

samples were 0,613 g/cm3; 0,572 g/cm3; and 

0,551 g/cm3 as shown in Figure 5.  Density 

causes sound waves to interact with the 

pores in the sample, causing the energy to 

drop. The denser the sample, the more 

difficult it is for the sound wave to pass 

through the material, resulting in a lower 

sound absorption coefficient (Putra et al., 

2018; Taban, Khavanin, Ohadi, et al., 2019). 

Mechanical characteristics are essential for 

sound-absorbing composites (Malalli & 

Ramji, 2022). The impact strength test is 

used to determine a material's capacity to 

absorb energy during a collision, as shown 

in Figure 6. 

 
Figure 6. The impact strength value of pineapple leaf 

fibers with paper waste composite 

The impact strengths of the G, H, and I 

samples were 3.527 J/mm2, 2.419 J/mm2, 

and 3.014 J/mm2, respectively, as shown in 

Figure 6. The materials of pineapple leaf 

fibers with paper waste composite are brittle 

and have a high density, resulting in a high 

impact strength value, as shown in Figure 6. 

 
(a) 

 
(b) 
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Figure 7. The impact strength density of pineapple 

leaf fibers with paper waste composite 

 

Figure 7 indicated that the higher the 

density, the higher the impact strength. The 

density of the sample will increase as the 

concentration of paper increases. As a result, 

the sample would be difficult to break. The 

low density of composite has a low impact 

strength value, which causes voids or holes 

to form on each material bond and makes 

composites more brittle (Putra et al., 2020). 

In composites, the uneven component 

concentration resulted in the formation of 

voids and weakened the connection between 

filler and matrix (Hardiana, et al., 2021). 

The sound absorption coefficient and 

mechanical properties are affected by the 

structure of the composite (porous and 

arrangement of fibers) and physical 

properties (density) (Hoque et al., 2022; 

Venkata Deepthi et al., 2019). 

This study shows that the combination of 

pineapple leaf fiber and paper waste can be 

used as a sound-absorbing material, and 

waste materials, it can reduce the 

environmental pollution, either organic 

pollution or noise pollution. The 

combination of pineapple leaf fiber and 

paper waste will improve the quality of 

composite that can be used as an absorbing 

material as well. The next study to measure 

the optimum  thickness and the thermal 

properties to get complete information was 

needed. 

 

CONCLUSION 

The pineapple leaf fiber and paper waste 

reinforcement composites can be used as 

sound-absorbing materials. The addition of 

fiber in the composite makes the absorption 

coefficient increase, but the mechanical 

properties decrease.  The sound absorption 

coefficient increases due to the cellulose 

content and the structure of the fibers. 

Pineapple leaf fiber in the form of lamina 

affects on the mechanical properties. The 

paper waste in the form of particles will 

create a porous structure which has an 

impact on sound absorption. 

  The arrangement of elongated-fibers 

makes the load-received by the composite 

spread evenly on other fibers. The porous 

structure causes sound waves-reflected in 

the pores thereby reducing energy. The 

pores capture the sound waves that pass 

through the composite. The pores and fibers 

interface can be seen through the density of 

the material. The high density indicates that 

the fiber's interface was closer and the pores 

formed are small so that the relationship 

between pores and fiber’s arrangement 

using the analysis of the coefficient of sound 

fiber and the mechanical properties.  

 

ACKNOWLEDGMENTS  

The author would like to thank the 

Ministry of Education, Culture, Research 

and Technology, Republic of Indonesia – 

BRIN Tahun 2021 supported by a research 

grant of Universitas Jenderal Soedirman. 

 

AUTHOR CONTRIBUTIONS  

Contributions from : 

 1. Kartika Sari as the first author,  co-

author, review, editing and 

conceptualization/ funding 

acquisition/formal analysis/ writing—

original draft preparation 

 2. Yazid Zainur Isnen as the second 

autho,  review and editing, formal analysis, 

and writing—original draft preparation 

 3. Agung Bambang Setio Utomo as the 

third author, methodology, data curation, 

and writing—original draft preparation 



8  Jurnal ilmiah pendidikan fisika Al-Biruni, XX (X) (20XX) 1-4 

 4. Sunardi as the fourth author,  

methodology, data curation, and writing—

original draft preparation 

 

All authors have read and agreed to the 

published version of the manuscript. 

 

REFERENCES 

Abdul Ghofir, H., & . S. (2018). 

Comparison of the acoustic behavour 

between paper waste of HVS and 

carton in similar composite. 

International Journal of Engineering & 

Technology, 7(2–1), 444. 

https://doi.org/10.14419/ijet.v7i2.8972 

Akbar, J., & Sari, R. (2020). Jurnal Riset 

Fisika Indonesia. 1, 13–16. 

Andrew, J. J., & Dhakal, H. N. (2022). 

Sustainable biobased composites for 

advanced applications: recent trends 

and future opportunities – A critical 

review. Composites Part C: Open 

Access, 7, 100220. 

https://doi.org/https://doi.org/10.1016/j.

jcomc.2021.100220 

Arwanda, R., & Sani, R. . (2019). Koefisien 

Absorpsi Bunyi pada Bahan Beton 

Komposit Serat Daun Nanas dengan 

Menggunakan Metode Tabung 

Impedansi. Einstein (e-Journal), 7(3). 

https://doi.org/10.24114/einstein.v7i3.1

5169 

Astrauskas, T., Januševičius, T., & 

Grubliauskas, R. (2021). Acoustic 

panels made of paper sludge and clay 

composites. Sustainability 

(Switzerland), 13(2), 1–10. 

https://doi.org/10.3390/su13020637 

Callister, W. D., & Rethwisch, D. G. (2018). 

Material Science and Engineering an 

Introduction. John Wiley & Sons. 

Fareez, I. M., Ibrahim, N. A., Wan Yaacob, 

W. M. H., Mamat Razali, N. A., Jasni, 

A. H., & Abdul Aziz, F. (2018). 

Characteristics of cellulose extracted 

from Josapine pineapple leaf fibre after 

alkali treatment followed by extensive 

bleaching. Cellulose, 25(8), 4407–

4421. https://doi.org/10.1007/s10570-

018-1878-0 

González, A. E. (2019). How Do Acoustic 

Materials Work? In Acoustics of 

Materials. vol(issue), pages 

IntechOpen. 

https://doi.org/10.5772/intechopen.823

80 

Gupta, A., Gupta, A., Jain, K., & Gupta, S. 

(2018). Noise Pollution and Impact on 

Children Health. Indian J Pediatr, 

84(4), 300–306. 

https://doi.org/10.1007/s12098-017-

2579-7 

Hoque, M. B., Hannan, M. A., Mollah, M. 

Z. I., Faruque, M. R. I., & Khan, R. A. 

(2022). Physico-mechanical properties 

enhancement of pineapple leaf fiber 

(PALF) reinforced epoxy resin-based 

composites using guar gum 

(polysaccharide) filler: effects of 

gamma radiation. Radiation Effects and 

Defects in Solids, 177(3–4), 401–416. 

https://doi.org/10.1080/10420150.2022.

2043317 

Isran, I., Kadir, A. R., & Hasanudin, L. 

(2018). PEMBUATAN MATERIAL 

KOMPOSIT RESIN POLIESTER 

YANG DIPADUKAN LIMBAH 

KERTAS DAN ABU SEKAM PADI 

SEBAGAI PEREDAM AKUSTIK. 

Jain, J., & Sinha, S. (2021). Pineapple Leaf 

Fiber Polymer Composites as a 

Promising Tool for Sustainable, Eco-

friendly Composite Material: Review. 

Journal of Natural Fibers, vol(issue) 

1–22. 

https://doi.org/10.1080/15440478.2021.

1993478 

Malalli, C. S., & Ramji, B. R. (2022). 

Mechanical characterization of natural 

fiber reinforced polymer composites 

and their application in Prosthesis: A 

review. Materials Today: Proceedings, 

62(issue), 3435–3443. 

https://doi.org/https://doi.org/10.1016/j.

matpr.2022.04.276 

Mwango, A., & Kambole, C. (2019). 

Engineering Characteristics and 

Potential Increased Utilisation of 

Commented [A3]: Lengkapi komponen referensi anda (author, 

tahun, judul, volume, issue dan halaman) 



Jurnal ilmiah pendidikan fisika Al-Biruni, XX (X) (20XX) 1-4  9 

Sawdust Composites in Construction—

A Review. Journal of Building 

Construction and Planning Research, 

07(03), 59–88. 

https://doi.org/10.4236/jbcpr.2019.730

05 

Nair, S. N., & Dasari, A. (2022). 

Development and Characterization of 

Natural-Fiber-Based Composite Panels. 

Polymers, 14(10), pages. 

https://doi.org/10.3390/polym1410207

9 

Nhuapeng, W., & Thamjaree, W. (2019). 

Fabrication and Mechanical Properties 

of Hybrid Composites between 

Pineapple fiber/Styrofoam 

Particle/Paper Tissue. Materials Today: 

Proceedings, 17(Issue), 1444–1450. 

https://doi.org/https://doi.org/10.1016/j.

matpr.2019.06.166 

Oguntunde, P. E., Okagbue, H. I., 

Oguntunde, O. A., & Odetunmibi, O. 

O. (2019). A Study of Noise Pollution 

Measurements and Possible Effects on 

Public Health in  Ota Metropolis, 

Nigeria. Open Access Macedonian 

Journal of Medical Sciences, 7(8), 

1391–1395. 

https://doi.org/10.3889/oamjms.2019.2

34 

Pöhler, T., Jetsu, P., Fougerón, A., & 

Barraud, V. (2017). Use of 

papermaking pulps in foam-formed 

thermal insulation materials. Nordic 

Pulp & Paper Research Journal, 32(3), 

367–374. 

https://doi.org/doi:10.3183/npprj-2017-

32-03-p367-374 

Purboputro, P. I., & Hariyanto, A. (2017). 

Analisis Sifat Tarik Dan Impak 

Komposit Serat Rami Dengan 

Perlakuan Alkali Dalam Waktu 2,4,6 

Dan 8 Jam Bermatrik Poliester. Media 

Mesin: Majalah Teknik Mesin, 18(2), 

64–75. 

https://doi.org/10.23917/mesin.v18i2.5

238 

Putra, A., Or, K. H., Selamat, M. Z., Nor, 

M. J. M., Hassan, M. H., & Prasetiyo, 

I. (2018). Sound absorption of 

extracted pineapple-leaf fibres. Applied 

Acoustics, 136(issue), 9–15. 

https://doi.org/https://doi.org/10.1016/j.

apacoust.2018.01.029 

Putra, A., Prasetiyo, I., & Selamat, Z. 

(2020). Green Acoustic Absorber from 

Pineapple Leaf Fibers. In Green 

Energy and Technology. vol(issue), 

pages https://doi.org/10.1007/978-981-

15-1416-6_8 

Rus, A. Z. M., Azahari, M. S. M., Kormin, 

S., Soon, L. B., Zaliran, M. T., & 

Ahraz Sadrina, M. L. F. (2017). Hybrid 

waste filler filled bio-polymer foam 

composites for sound absorbent 

materials. AIP Conference 

Proceedings, 1877(September) pages. 

https://doi.org/10.1063/1.4999883 

Santulli, C., Palanisamy, S., & Kalimuthu, 

M. (2022). Chapter 14 - Pineapple 

fibers, their composites and 

applications. In S. Mavinkere 

Rangappa, J. Parameswaranpillai, S. 

Siengchin, T. Ozbakkaloglu, & H. 

Wang (Eds.), Plant Fibers, their 

Composites, and Applications vol 

(issue)(pp. 323–346). Woodhead 

Publishing. 

https://doi.org/https://doi.org/10.1016/

B978-0-12-824528-6.00007-2 

Sharma, S. K., Shukla, S. R., & Sethy, A. K. 

(2020). Acoustical behaviour of natural 

fibres-based composite boards as 

sound-absorbing materials. Journal of 

the Indian Academy of Wood Science, 

17(1), 66–72. 

https://doi.org/10.1007/s13196-020-

00255-z 

Taban, E., Khavanin, A., Jafari, A. J., 

Faridan, M., & Tabrizi, A. K. (2019). 

Experimental and mathematical survey 

of sound absorption performance of 

date palm fibers. Heliyon, 5(6), 

e01977. 

https://doi.org/https://doi.org/10.1016/j.

heliyon.2019.e01977 

Taban, E., Khavanin, A., Ohadi, A., Putra, 

A., Jafari, A. J., Faridan, M., & 



10  Jurnal ilmiah pendidikan fisika Al-Biruni, XX (X) (20XX) 1-4 

Soleimanian, A. (2019). Study on the 

acoustic characteristics of natural date 

palm fibres: Experimental and 

theoretical approaches. Building and 

Environment, 161(issue), pages, 

106274. 

https://doi.org/https://doi.org/10.1016/j.

buildenv.2019.106274 

Tang, X., & Yan, X. (2017). Acoustic 

energy absorption properties of fibrous 

materials: A review. Composites Part 

A: Applied Science and Manufacturing, 

101(issue), 360–380. 

https://doi.org/https://doi.org/10.1016/j.

compositesa.2017.07.002 

Todkar, S. S., & Patil, S. A. (2019). Review 

on mechanical properties evaluation of 

pineapple leaf fibre (PALF) reinforced 

polymer composites. Composites Part 

B: Engineering, 174(issue), pages 

106927. 

https://doi.org/https://doi.org/10.1016/j.

compositesb.2019.106927 

Venkata Deepthi, P., Sita Rama Raju, K., & 

Indra Reddy, M. (2019). Dynamic 

mechanical analysis of banana, 

pineapple leaf and glass fibre 

reinforced hybrid polyester composites. 

Materials Today: Proceedings, 

18(issue), 2114–2117. 

https://doi.org/https://doi.org/10.1016/j.

matpr.2019.06.484 

Xu, X., Wang, H., Sun, Y., Han, J., & 

Huang, R. (2018). Sound absorbing 

properties of perforated composite 

panels of recycled rubber, fiberboard 

sawdust, and high density 

polyethylene. Journal of Cleaner 

Production, 187(Issue), 215–221. 

https://doi.org/https://doi.org/10.1016/j.

jclepro.2018.03.174 

Zulaikha, W., Hassan, M. Z., & Ismail, Z. 

(2022). Recent development of natural 

fibre for nanocellulose extraction and 

application. Materials Today: 

Proceedings. vol(issue) pages 

https://doi.org/https://doi.org/10.1016/j.

matpr.2022.06.221 

 



Revision Form  
 

 

Abstract (Abstrak) * 

Author : 

Please recreate the title, make more impressive tittle 

Response :  

Properties of Pineapple Leaf Fibers with Paper Waste as An Absorbing-Composite to Reduce 

noise 

 

Author : 

Add the implication for knowledge in this fields 

Response : 

Based on this research, the pineapple leaf fibers will improve the quality of the composite 

that can be used as a sound-absorbing material as well. These materials possess the promising 

potential to decrease waste and are used in industries for a low cost. 

 

Introduction (Pendahuluan) * 

Author : 

Add the gab analysis, after state of the art. What the gab between your reseach and other 

research relevaance 

Response : 

In this work,  the preparation of the pineapple leaf fiber was combined with the paper waste 

aim   to determine the mechanical properties using the Charpy method and sound absorption. 

The addition of paper waste to the pineapple leaf fiber composite makes another advantage, 

which has good absorption properties as an acoustic panel. This makes the application of 

composites wider and can be used in various industries. 

 

 Method (Metode) * 

Author : 

- 

Response : 

- 

 

Result (Hasil) * 

Author : 

- 

Response : 

- 

Author : 

- 

Response : 

- 

 

Discussion (Pembahasan/ Diskusi) * 

Author : 

This part create without revision  

Response : 

Have done 

 



Conclusion (Kesimpulan) * 

- 

 

Literature Cited (Kepustakaan) * 

Author : 

- 

Response : 

- 

 

Notes/ Reason (Catatan) For Author: * 

Tidak ada Revisi 

 



Volume XX. Number X. page-page MONTH 20XX 

  

Jurnal ilmiah pendidikan fisika Al-Biruni 
https://ejournal.radenintan.ac.id/index.php/al-biruni/index 

DOI: xxxxxxxxxxxxxxxxxx 

 
 

e-ISSN: 2503-023X  

 

 How to cite Author. (20XX). Title. Jurnal ilmiah pendidikan fisika Al-Biruni, X(X), XX-XX. 
 Ex: Κaliampos, G., & Ravanis, K. (2019). Thermal conduction in metals: Mental representations in 5-

6 years old children’s thinking. Jurnal ilmiah pendidikan fisika Al-Biruni, 8(1), 1-9. 

Properties of Pineapple Leaf Fibers with Paper Waste as An Absorbing-

Composite to Reduce noise 
 

 

 

Article Info   ABSTRACT  
Article history: 

Received: Month XX, 20XX 

Accepted: Month XX, 20XX 

Published: Month XX, 20XX 

(Times New Roman 9) 

 Natural product-based noise-absorbing composite can be an alternative to 

replace synthetic fiber because of its advantages of high strength, toughness, 

low price, and abundance to reduce noise. The materials used were pineapple 

leaf fibers with paper waste. This research aims to study the advantage of 

natural products to reduce noise by analyzing the coefficient of sound 

absorption and impact strength to evaluate the absorbing composite. The 

composites were tested with the Charpy method with ISO 11654 standard and 

ASTM E23 for sound absorption and impact strength. Sound absorption was 

carried out using an impedance tube at a frequency range of 250 – 3000 Hz. 

The volume fraction of pineapple leaf fibers, paper waste, and resin epoxy 

concentrations were 20%:30%:50%, 25%:25%:50%, and 30%:20%:50%. 

The thickness for the sound absorption coefficient was 2 cm and 3 cm, while 

the thickness of the impact strength was 0.5 cm. The highest sound absorption 

coefficient of pineapple leaf fibers composite for 30%:20%:50% volume 

fraction was 0.788 for sample 2 cm. The highest impact strength for 

20%:30%:50% volume fraction of the thickness of 0.5 cm was 3.527 J/mm2. 

The results of the sound absorption coefficient will increase if used more 

pineapple leaf fibers but it will decrease the impact strength. Based on this 

research, it will improve the quality of composite that can be used as a sound-

absorbing materials as well.  
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INTRODUCTION  

Noise pollution from traffic and industries 

may generate noise difficulties and disrupt or 

decrease human hearing capabilities. Noise 

pollution has the potential to harm fetuses, 

babies, children, and adults. Noise pollution 

has an impact on both physical and emotional 

health. The noise exposure causes 

psychomotor effects by increasing stress, 

disrupting sleep, causing difficulty in normal 

conversation, lack of concentration, 

irritability, violent behavior, increased heart 

rate commonly observed with loud drum 

beats, tachyarrhythmia, vasoconstriction, 

hypertension, and other diseases (Gupta et 

al., 2018; Oguntunde et al., 2019). Installing 

sound-absorbing materials in buildings can 

help to minimize noise pollution. 

Noise-absorbing materials are used to 

minimize noise because they comprise a 

filler that acts as an amplifier and a matrix 

that binds the fillers together. Alternatives to 

pineapple leaf fibers and paper waste that 

might be utilized as noise-absorbers in this 

study include pineapple leaf fibers and paper 

waste (Santulli et al., 2022). Pineapple leaf 

fiber is one of the organic wastes, this fiber 

can be used as a sound absorber because of 

its high cellulose content. The cellulose 

content in pineapple leaf fiber is 55.1%. 

Then, the waste paper that is used as pulp has 

a porous morphology. The combination of 

cellulose and pore content of pineapple leaf 

fiber and paper waste makes these two wastes 

very potential to be developed as sound-

absorbing composites (Fareez et al., 2018; 

Jain & Sinha, 2021; Nair & Dasari, 2022).  

The filler of the composite is usually a 

material that has the desired properties of the 

final composite product, this filler will be 

able to add to the properties possessed by the 

matrix such as mechanical, acoustic, 

electrical, and type strength (Nhuapeng & 

Thamjaree, 2019). Fillers can be derived 
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from natural or synthetic products, each of 

which has its advantages when used as a 

filler. The usage of synthetic fiber is harmful 

to the environment and results in the 

accumulation of non-biodegradable trash. 

Natural fibers might be utilized as an 

alternative to synthetic fibers due to their 

benefits of high strength, toughness, low 

cost, and availability, as well as being clean 

and biodegradable. Pineapple leaf fibers and 

paper waste are still underused and end up in 

landfills (Todkar & Patil, 2019; Zulaikha et 

al., 2022).  

The study on the use of pineapple leaf 

fiber concrete composite as a noise-

absorbing material generated a sound 

absorption coefficient value of 0.59 at a 

frequency of 2000 Hz (Arwanda & Sani, 

2019). At a frequency of 800 Hz, the sound 

absorption coefficient of the paper waste, rice 

husk ash, and resin polyester-based 

composite were 0.48 (Isran et al., 2018). The 

composite of pineapple leaf fibers has a 

sound absorption coefficient of 0.9 in 1 kHz 

frequency (Putra et al., 2018). The other 

study using rami fiber as a composite 

obtained an impact strength of 0.0725 J/mm2 

(Purboputro & Hariyanto, 2017). The 

excellent absorption ability was 

demonstrated by a composite with a low 

impact strength value. As noise absorbers, a 

few layered composites with pores were 

utilized.  

The composite may be used on walls, box 

speakers, and other surfaces. The sound wave 

that strikes the material's surface will be 

reflected, transmitted, and absorbed 

(González, 2019). The sound wave absorbed 

by the material produces a drop in sound 

wave strength and absorbed energy, which is 

referred to as the sound absorption 

coefficient. 

The addition of pineapple leaf fiber was 

combined with paper waste affected the 

structure and properties of the composite, 

paper waste is utilized to create a foam-like 

material with properties similar to 

conventional foam to make the composite 

structure more porous (Astrauskas et al., 

2021). The high porosity of paper waste and 

pineapple leaf fiber, as well as its high 

cellulose content, are benefits of this material 

as a sound wave-absorbing composite 

(Haryadi et al., 2021).  

The impact test determined the 

mechanical properties when it’s forced to a 

rapid force as a result of a collision. The 

Charpy and Izod techniques are used to 

determine impact strength. The distinction 

between the Charpy and Izod techniques lies 

in the location of the specimen to be 

evaluated. In the Charpy technique, the 

specimen is placed horizontally. Meanwhile, 

with the Izod technique, the specimen 

position is vertical (Callister & Rethwisch, 

2018).  

In this work,  the preparation of the 

pineapple leaf fiber was combined with paper 

waste aims to determine the mechanical 

properties using the Charpy method and 

sound absorption. The composites with low 

breaking strength indicate good sound 

absorption. Effect of pineapple leaf fiber was 

combined with paper waste can be got the 

environment-friendly, easy to obtain, and 

low in cost. 

 

METHODS 

Pineapple leaf fibers, paper waste, and 

epoxy resin were used in this study. The 

pineapple leaf fibers and paper waste were 

chopped into pieces. Water was used to soak 

and crush the paper waste. The pineapple leaf 

fibers and paper waste were used as 

reinforcement. Epoxy resin is combined with 

hardener and used as a matrix, then each 

reinforcement (pineapple leaf fibers and 

paper waste) is added to the resin and stirred 

until homogenous, then pressed with the 

hydraulic press. The composite thickness for 

the sound absorption test is 2 cm and 3 cm 

with diameter tube 2.5 cm, the dimension of 

composite for the impact test is 5.5 × 1 × 0.5 

cm. The volume fraction of pineapple leaf 

fibers, paper waste, and resin epoxy 

concentrations were 20%:30%:50%, 

25%:25%:50%, and 30%:20%:50% for 

samples A, B, and C with the thickness of 2 
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cm, respectively. The thickness of samples 

D, E, and F is 3 cm with the same volume 

fraction. The research’s design is shown in 

Figure 1. 

Figure 1. Research’s design 

 

Sound absorption coefficient 

measurements are performed by measuring 

the intensity level before (I1) and after (I2) 

passing through the absorbent material (I2).  

The impact test is performed by swinging 

the weight on the test equipment until the 

composite breaks. The sound absorption 

coefficient and impact strength were 

determined with standard ISO 11654 and 

ASTM E23. The illustration of sound 

absorption coefficient and impact strength is 

shown in Figure 2. 

 

Figure 2. Illustration of the test used, (a) Sound absorption coefficient (b) Impact strength 

 

Fig. 2 (a) shows the test of sound absorption. 

The sound waves were generated from 

speakers with a specific frequency and sound 

waves will hit the sample. Some of the 

frequencies will be absorbed by the sample, 

but some will be reflected because they 

cannot pass through the sample's pores. The 

sound waves that pass through the sample 

pores will be recorded by a detector (mic) due 

to sound absorption. The transfer function 

techniques, as well as the two-microphone 

technique, were applied. 

The frequency ranges from 250 to 3000 

Hz. The ratio between pressures were create 

by wave sound on the microphone was 

calculated with transfer function (H12): 

 

𝐻12 =
𝑝1

𝑝2
 (1) 

𝐻𝐼 =
𝑝𝐼1

𝑝𝐼2
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) 

(2) 

𝐻𝑅 =
𝑝2𝑅

𝑝1𝑅
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) 

(3) 

 

 

 
(a) (b) 
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HI is the transfer function of the incident 

wave alone and HR is the transfer function of 

the reflected wave. The coefficient of the 

reflected wave was calculated from equation 

(1) – (3): 

 

𝑅 =
𝐻12 − 𝐻1

𝐻𝑅 − 𝐻12
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) 

(4) 

 

where R is the coefficient of the reflected 

wave, k is the wavenumber, and x is the 

distance between the microphone and the 

sample. The coefficient of reflected was used 

to calculate the sound absorption coefficient 

in the following expression: 

 

𝛼 = 1 − |𝑅|2 (5) 

 

The impact strength test in Fig 2 (b) is 

used to determine the material's physical 

characteristics as well as the ductility of the 

composite that has been created. The basic 

idea behind rupture testing is to compute the 

energy provided by the load and the energy 

absorbed by the sample. When, the load 

possesses potential energy occurs the weight 

is increased to a particular height, the 

maximum kinetic energy. 

 
Figure 3. Illustration of impact energy calculated 

In the impact test, a notched test 

specimen is used which is struck with a 

pendulum. The specimen is clamped at one 

end until the notch is near the clamp in the 

Izod technique. A pendulum swinging from a 

certain height will strike the end of the 

specimen that is not clamped from the front 

of the notch. 

In the Charpy test, the specimen is 

placed horizontally both ends are held, and 

the pendulum will hit the test rod from behind 

the notch. The impact energy can be seen on 

the scale of the testing machine. The 

magnitude of the impact energy theoretically 

can be calculated: 

𝐸0 = 𝑊 × ℎ0 (6) 

𝐸1 = 𝑊 × ℎ1 (7) 

∆𝐸 = 𝐸0 − 𝐸1 = 𝑊(ℎ0 − ℎ1) (8) 

 

from Fig. 3 obtained that: 

 

ℎ0 = 𝑙 − 𝑙 cos 𝛼 (9) 

      = 𝑙(1 − cos 𝛼) (10) 

ℎ1 = 𝑙 − 𝑙 cos 𝛽 (11) 

      = 𝑙(1 − cos 𝛽) (12) 

 

Finally, the impact energy was calculated 

with the following expression: 

 

∆𝐸 = 𝑊 × 𝑙(ℎ0 − ℎ1) (13) 

where E is energy (J), W is pendulum weight 

(N), h is pendulum height before-after 

released (m), l is pendulum length (m), α and 

β are angle before-after (°). The impact 

strength (Is) was calculated by impact energy 

divided by cross-section area (A): 

 

𝐼𝑠 =
∆𝐸

𝐴
=

𝑊 × 𝑙(ℎ0 − ℎ1)

𝐴
 

(14) 

 

 

RESULTS AND DISCUSSION 

Pineapple leaf fiber has a laminated and 

elongated morphology, while paper waste is 

in the form of particles. The combination of 

the two in the composite makes the fiber 

interface classified as a hybrid composite 

(Abdul Ghofir & ., 2018; Andrew & Dhakal, 

2022; Astrauskas et al., 2021; Tang & Yan, 

2017). 

The impedance tube method was used for 

the sound absorption test, in which the sound 

source from the speaker was linked to a 

generator with a frequency range of 250 to 

3000 Hz. Figure 4 depicts the relationships 

between the sound absorption coefficient and 

the frequency of the sample. 

According to ISO 11645 acoustic 

materials that are categorized as having 

sound absorption capacity are materials with 
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a sound absorption coefficient greater than 

0.15. The relationship between the sound 

absorption coefficient and the thickness of 

the material is written in Equation 15 

 

𝐼 = 𝐼0𝑒−𝑎𝑥 (15) 

 

where I is the final intensity (dB), I0 is the 

initial intensity (dB), α is the sound 

absorption coefficient, and x is the thickness 

of the sample (m). From Equation 15 it can 

be seen that the thickness of the material will 

affect the sound absorption coefficient, the 

thickness of the samples used are 2 cm and 3 

cm, in addition to the thickness of the other 

factors that affect the porosity and density of 

the material (Sharma et al., 2020; Taban, 

Khavanin, Jafari, et al., 2019). Porosity cause 

sound waves to be reflected in the cavities so 

the energy and intensity will decrease 

(Mwango & Kambole, 2019; Nhuapeng & 

Thamjaree, 2019) 

Figure 4. The sound absorption coefficient at the frequency range of 250-2000 Hz, (a) The samples with 2 cm 

thickness (b) The samples with 3 cm thickness 

 

Figure 4 demonstrates that the sound 

absorption coefficient increases as the 

frequency ranges from 500 to 1750 Hz. The 

average sound absorption coefficients for A, 

B, and C were 0.462, 0.672, and 0.788, 

respectively. While the average sound 

absorption coefficients for D, E, and F were 

0,415; 0,420; and 0,464, respectively. At a 

frequency of 2000 Hz, the value of the sound 

absorption coefficient decreases. The sound 

absorption coefficient decreases because the 

particles are saturated, resulting in energy 

loss and destructive interference (Rus et al., 

2017). According to the results, the sound 

absorption coefficient increased with the 

addition of fiber. The addition of fibers 

makes more pores formed in the composite 

structure, and density will increase. It makes 

sound waves harder to escape and increases 

the sound absorption coefficient (Pöhler et 

al., 2017; Xu et al., 2018). The value of the 

sound absorption coefficient can be impacted 

by the resonance that occurs in the composite 

cavity. Because of the resonance, some of the 

sound waves are unable to leave the sample 

cavity, reducing the reflected wave energy 

(Arwanda & Sani, 2019). The unevenness of 

the composite composition harms the sound 

absorption coefficient (Sandi; et al., 2020). It 

generated a space between molecules on the 

sample, resulting in high porosity and low 

density. Figure 5 depicts a density sample 

(Arwanda & Sani, 2019). The density sample 

is shown in Figure 5. 

  

(a) (b) 
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Figure 5. The density of Pineapple leaf fibers with paper waste, (a) Composite with a thickness of 2 cm (b) 

Composite with a thickness of 3 cm 

 

The densities of the samples from A, B, 

and C for the thickness of the samples 2 cm 

were 0.604 g/cm3, 0.567 g/cm3, and 0.550 

g/cm3, respectively. The densities of samples 

thickness of 3 cm from D, E, F samples were 

0,613 g/cm3; 0,572 g/cm3; and 0,551 g/cm3 as 

shown in Figure 5.  Density causes sound 

waves to interact with the pores in the 

sample, causing the energy to drop. The 

denser the sample, the more difficult it is for 

the sound wave to pass through the material, 

resulting in a lower sound absorption 

coefficient (Putra et al., 2018; Taban, 

Khavanin, Ohadi, et al., 2019). Mechanical 

characteristics are essential for sound-

absorbing composites (Malalli & Ramji, 

2022). The impact strength test is used to 

determine a material's capacity to absorb 

energy during a collision, as shown in Figure 

6. 

 
Figure 6. The impact strength value of pineapple leaf 

fibers with paper waste composite 

The impact strengths of the G, H, and I 

samples were 3.527 J/mm2, 2.419 J/mm2, and 

3.014 J/mm2, respectively, as shown in 

Figure 6. The materials of pineapple leaf 

fibers with paper waste composite are brittle 

and have a high density, resulting in a high 

impact strength value, as shown in Figure 6. 

 
Figure 7. The impact strength density of pineapple 

leaf fibers with paper waste composite 

 

Figure 7 indicated that the higher the 

density, the higher the impact strength. The 

density of the sample will increase as the 

concentration of paper increases. As a result, 

the sample would be difficult to break. The 

low density of composite has a low impact 

strength value, which causes voids or holes 

to form on each material bond and makes 

composites more brittle (Putra et al., 2020). 

In composites, the uneven component 

 
(a) 

 
(b) 
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concentration resulted in the formation of 

voids and weakened the connection between 

filler and matrix (Hardiana, et al., 2021). The 

sound absorption coefficient and mechanical 

properties are affected by the structure of the 

composite (porous and arrangement of 

fibers) and physical properties (density) 

(Hoque et al., 2022; Venkata Deepthi et al., 

2019). 

This study shows that the combination of 

pineapple leaf fiber and paper waste can be 

used as a sound-absorbing material, and 

waste materials, it can reduce the 

environmental pollution, either organic 

pollution or noise pollution. The combination 

of pineapple leaf fiber and paper waste will 

improve the quality of composite that can be 

used as an absorbing material as well. The 

next study to measure the optimum  thickness 

and the thermal properties to get complete 

information was needed. 

 

CONCLUSION 

The pineapple leaf fiber and paper waste 

reinforcement composites can be used as 

sound-absorbing materials. The addition of 

fiber in the composite makes the absorption 

coefficient increase, but the mechanical 

properties decrease.  The sound absorption 

coefficient increases due to the cellulose 

content and the structure of the fibers. 

Pineapple leaf fiber in the form of lamina 

affects on the mechanical properties. The 

paper waste in the form of particles will 

create a porous structure which has an impact 

on sound absorption. 

  The arrangement of elongated-fibers 

makes the load-received by the composite 

spread evenly on other fibers. The porous 

structure causes sound waves-reflected in the 

pores thereby reducing energy. The pores 

capture the sound waves that pass through the 

composite. The pores and fibers interface can 

be seen through the density of the material. 

The high density indicates that the fiber's 

interface was closer and the pores formed are 

small so that the relationship between pores 

and fiber’s arrangement using the analysis of 

the coefficient of sound fiber and the 

mechanical properties.  
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Natural product-based noise-absorbing composite can be an alternative to 

replace synthetic fiber because of its advantages of high strength, toughness, 
low price, and abundance to reduce noise. The materials used were pineapple 

leaf fibers with paper waste. This research aims to study the advantage of 

natural products to reduce noise by analyzing the coefficient of sound 

absorption and impact strength to evaluate the absorbing composite. The 

composites were tested with the Charpy method with ISO 11654 standard and 

ASTM E23 for sound absorption and impact strength. Sound absorption was 

carried out using an impedance tube at a frequency range of 250 – 3000 Hz. 

The volume fraction of pineapple leaf fibers, paper waste, and resin epoxy 

concentrations were 20% : 30% : 50%, 25% : 25% : 50%, and 30% : 20% : 

50%. The thickness for the sound absorption coefficient was 2 cm and 3 cm, 

while the thickness of the impact strength was 0.5 cm. The highest sound 
absorption coefficient of pineapple leaf fibers composite for 30% : 20% : 50% 

volume fraction was 0.788 for sample 2 cm. The highest impact strength for 

20% : 30% : 50% volume fraction of the thickness of 0.5 cm was 3.527 J/mm2. 

The results of the sound absorption coefficient will increase if used more 

pineapple leaf fibers but it will decrease the impact strength. Based on this 

research, the pineapple leaf fibers will improve the quality of the composite 

that can be used as a sound-absorbing material as well. These materials 

possess the promising potential to decrease waste and are used in industries 

for a low cost. 

 

Keywords: 

Composite; 
Impact strength; 

Pineapple leaf fibers; 
Paper waste; 
Sound absorption. 
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INTRODUCTION  

Noise pollution from traffic and industries 

may generate noise difficulties and disrupt or 

decrease human hearing capabilities. Noise 

pollution has the potential to harm fetuses, 

babies, children, and adults. Noise pollution 

has an impact on both physical and emotional 

health. The noise exposure causes 

psychomotor effects by increasing stress, 

disrupting sleep, causing difficulty in normal 

conversation, lack of concentration, 

irritability, violent behavior, increased heart 

rate commonly observed with loud drum 

beats, tachyarrhythmia, vasoconstriction, 

hypertension, and other diseases (Gupta et 

al., 2018; Oguntunde et al., 2019). Installing 

sound-absorbing materials in buildings can 

help to minimize noise pollution. 

Noise-absorbing materials are used to 

minimize noise because they comprise a 

filler that acts as an amplifier and a matrix 

that binds the fillers together. Alternatives to 

pineapple leaf fibers and paper waste that 

might be utilized as noise-absorbers in this 

study include pineapple leaf fibers and paper 

waste (Santulli et al., 2022). Pineapple leaf 

fiber is one of the organic wastes, this fiber 

can be used as a sound absorber because of 

its high cellulose content. The cellulose 

content in pineapple leaf fiber is 70 – 82%. 

https://ejournal.radenintan.ac.id/index.php/al-biruni/index
https://doi.org/10.24042/jipfalbiruni.v11i2.12356
http://issn.pdii.lipi.go.id/issn.cgi?daftar&&&&&2303-1832
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Then, the waste paper that is used as pulp has 

a porous morphology. The combination of 

cellulose and pore content of pineapple leaf 

fiber and paper waste makes these two wastes 

very potential to be developed as sound-

absorbing composites (Fareez et al., 2018; 

Jain & Sinha, 2021; Nair & Dasari, 2022).  

The filler of the composite is usually a 

material that has the desired properties of the 

final composite product, this filler will be 

able to add to the properties possessed by the 

matrix such as mechanical, acoustic, 

electrical, and type strength (Nhuapeng & 

Thamjaree, 2019). Fillers can be derived 

from natural or synthetic products, each of 

which has its advantages when used as a 

filler. The usage of synthetic fiber is harmful 

to the environment and results in the 

accumulation of non-biodegradable trash. 

Natural fibers might be utilized as an 

alternative to synthetic fibers due to their 

benefits of high strength, toughness, low 

cost, and availability, as well as being clean 

and biodegradable. Pineapple leaf fibers and 

paper waste are still underused and end up in 

landfills (Todkar & Patil, 2019; Zulaikha et 

al., 2022).  

The study on the use of pineapple leaf 

fiber concrete composite as a noise-

absorbing material generated a sound 

absorption coefficient value of 0.59 at a 

frequency of 2000 Hz (Arwanda & Sani, 

2019). At a frequency of 800 Hz, the sound 

absorption coefficient of the paper waste, rice 

husk ash, and resin polyester-based 

composite were 0.48 (Isran et al., 2018). The 

composite of pineapple leaf fibers has a 

sound absorption coefficient of 0.9 at 1 kHz 

frequency (Putra et al., 2018). The other 

study using rami fiber as a composite 

obtained an impact strength of 0.0725 J/mm2 

(Purboputro & Hariyanto, 2017). The 

excellent absorption ability was 

demonstrated by a composite with a low 

impact strength value. As noise absorbers, a 

few layered composites with pores were 

utilized.  

The composite may be used on walls, box 

speakers, and other surfaces. The sound wave 

that strikes the material's surface will be 

reflected, transmitted, and absorbed 

(González, 2019). The sound wave absorbed 

by the material produces a drop in sound 

wave strength and absorbed energy, which is 

referred to as the sound absorption 

coefficient. 

The addition of pineapple leaf fiber 

combined with paper waste affected the 

structure and properties of the composite, 

paper waste is utilized to create a foam-like 

material with properties similar to 

conventional foam to make the composite 

structure more porous (Astrauskas et al., 

2021). The high porosity of paper waste and 

pineapple leaf fiber, as well as its high 

cellulose content, are benefits of this material 

as a sound wave-absorbing composite 

(Haryadi et al., 2021).  

The impact test determined the 

mechanical properties when it’s forced to a 

rapid force as a result of a collision. The 

Charpy and Izod techniques are used to 

determine impact strength. The distinction 

between the Charpy and Izod techniques lies 

in the location of the specimen to be 

evaluated. In the Charpy technique, the 

specimen is placed horizontally. Meanwhile, 

with the Izod technique, the specimen 

position is vertical (Callister & Rethwisch, 

2018).  

In this work, the preparation of the 

pineapple leaf fiber was combined with the 

paper waste aim to determine the mechanical 

properties using the Charpy method and 

sound absorption. The addition of paper 

waste to the pineapple leaf fiber composite 

makes another advantage, which has good 

absorption properties as an acoustic panel. 

This makes the application of composites 

wider and can be used in various industries. 

The composites with low breaking strength 

indicate good sound absorption. The effect of 

pineapple leaf fiber combined with paper 

waste can be got environment-friendly, easy 

to obtain, and low in cost. 
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METHODS 

Pineapple leaf fibers, paper waste, and 

epoxy resin were used in this study. The 

pineapple leaf fibers and paper waste were 

chopped into pieces. Water was used to soak 

and crush the paper waste. The pineapple leaf 

fibers and paper waste were used as 

reinforcement. Epoxy resin is combined with 

hardener and used as a matrix, then each 

reinforcement (pineapple leaf fibers and 

paper waste) is added to the resin and stirred 

until homogenous, then pressed with the 

hydraulic press. The composite thickness for 

the sound absorption test is 2 cm and 3 cm 

with a diameter tube of 2.5 cm, and the 

dimension of the composite for the impact 

test is 5.5 × 1 × 0.5 cm. The volume fraction 

of pineapple leaf fibers, paper waste, and 

resin epoxy concentrations were 

20%:30%:50%, 25%:25%:50%, and 

30%:20%:50% for samples A, B, and C with 

the thickness of 2 cm, respectively. The 

thickness of samples D, E, and F is 3 cm with 

the same volume fraction. The research’s 

design is shown in Figure 1. 

Figure 1. Research’s design 

 

Sound absorption coefficient 

measurements are performed by measuring 

the intensity level before (I1) and after (I2) 

passing through the absorbent material (I2).  

The impact test is performed by swinging 

the weight on the test equipment until the 

composite breaks. The sound absorption 

coefficient and impact strength were 

determined with standard ISO 11654 and 

ASTM E23. The illustration of the sound 

absorption coefficient and impact strength is 

shown in Figure 2. 
 

Figure 2. Illustration of the test used, (a) Sound absorption coefficient (b) Impact strength 

 

 

 
(a) (b) 
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Fig. 2 (a) shows the test of sound 

absorption. The sound waves were generated 

from speakers with a specific frequency and 

sound waves will hit the sample. Some of the 

frequencies will be absorbed by the sample, 

but some will be reflected because they 

cannot pass through the sample's pores. The 

sound waves that pass through the sample 

pores will be recorded by a detector (mic) due 

to sound absorption. The transfer function 

techniques, as well as the two-microphone 

technique, were applied. 

The frequency ranges from 250 to 3000 

Hz. The ratio between pressures were create 

by wave sound on the microphone was 

calculated with the transfer function (H12): 

 

𝐻12 =
𝑝1

𝑝2
 (1) 

𝐻𝐼 =
𝑝𝐼1

𝑝𝐼2
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) 

(2) 

𝐻𝑅 =
𝑝2𝑅

𝑝1𝑅
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) 

(3) 

 

HI is the transfer function of the incident 

wave alone and HR is the transfer function of 

the reflected wave. The coefficient of the 

reflected wave was calculated from equation 

(1) – (3): 

 

𝑅 =
𝐻12 − 𝐻1

𝐻𝑅 − 𝐻12
= 𝑒−𝑗𝑘0(𝑥1−𝑥2) 

(4) 

 

where R is the coefficient of the reflected 

wave, k is the wavenumber, and x is the 

distance between the microphone and the 

sample. The coefficient of reflected was used 

to calculate the sound absorption coefficient 

in the following expression: 

 

𝛼 = 1 − |𝑅|2 (5) 

 

The impact strength test in Fig 2 (b) is 

used to determine the material's physical 

characteristics as well as the ductility of the 

composite that has been created. The basic 

idea behind rupture testing is to compute the 

energy provided by the load and the energy 

absorbed by the sample. When, the load 

possesses potential energy occurs the weight 

is increased to a particular height, the 

maximum kinetic energy. 

 
Figure 3. Illustration of impact energy calculated 

 

In the impact test, a notched test 

specimen is used which is struck with a 

pendulum. The specimen is clamped at one 

end until the notch is near the clamp in the 

Izod technique. A pendulum swinging from a 

certain height will strike the end of the 

specimen that is not clamped from the front 

of the notch. 

In the Charpy test, the specimen is 

placed horizontally both ends are held, and 

the pendulum will hit the test rod from behind 

the notch. The impact energy can be seen on 

the scale of the testing machine. The 

magnitude of the impact energy theoretically 

can be calculated: 

𝐸0 = 𝑊 × ℎ0 (6) 

𝐸1 = 𝑊 × ℎ1 (7) 

∆𝐸 = 𝐸0 − 𝐸1 = 𝑊(ℎ0 − ℎ1) (8) 

 

from Fig. 3 obtained that: 

 

ℎ0 = 𝑙 − 𝑙 cos 𝛼 (9) 

      = 𝑙(1 − cos 𝛼) (10) 

ℎ1 = 𝑙 − 𝑙 cos 𝛽 (11) 

      = 𝑙(1 − cos 𝛽) (12) 

 

Finally, the impact energy was calculated 

with the following expression: 

 

∆𝐸 = 𝑊 × 𝑙(ℎ0 − ℎ1) (13) 
  

where E is energy (J), W is pendulum weight 

(N), h is pendulum height before-after 

released (m), l is pendulum length (m), and α 
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and β are angled before-after (°). The impact 

strength (Is) was calculated by impact energy 

divided by cross-section area (A): 

 

𝐼𝑠 =
∆𝐸

𝐴
=

𝑊 × 𝑙(ℎ0 − ℎ1)

𝐴
 

(14) 

 

 

RESULTS AND DISCUSSION 

Pineapple leaf fiber has a laminated and 

elongated morphology, while paper waste is 

in the form of particles. The combination of 

the two in the composite makes the fiber 

interface classified as a hybrid composite 

(Andrew & Dhakal, 2022; Astrauskas et al., 

2021; Ghofir & Sutanto, 2018; Tang & Yan, 

2017). According to (Jain & Sinha, 2021), 

pineapple leaf fiber (PALF) contains high 

cellulose and cellulosic molecules model is a 

three-dimensional structure that runs parallel 

to the fiber's crystalline area. Within 

amorphous regions, the remaining molecular 

structural components are meant to associate. 

The impedance tube method was used 

for the sound absorption test, in which the 

sound source from the speaker was linked to 

a generator with a frequency range of 250 to 

3000 Hz. Figure 4 depicts the relationships 

between the sound absorption coefficient and 

the frequency of the sample. 

According to ISO 11645 acoustic 

materials that are categorized as having 

sound absorption capacity are materials with 

a sound absorption coefficient greater than 

0.15. The relationship between the sound 

absorption coefficient and the thickness of 

the material is written in Equation 15 

 

𝐼 = 𝐼0𝑒−𝑎𝑥 (15) 

 

where I is the final intensity (dB), I0 is the 

initial intensity (dB), α is the sound 

absorption coefficient, and x is the thickness 

of the sample (m). From Equation 15 it can 

be seen that the thickness of the material will 

affect the sound absorption coefficient, the 

thickness of the samples used are 2 cm and 3 

cm, in addition to the thickness of the other 

factors that affect the porosity and density of 

the material (Sharma et al., 2020; Taban et 

al., 2019). Porosity causes sound waves to be 

reflected in the cavities so the energy and 

intensity will decrease (Mwango & 

Kambole, 2019; Nhuapeng & Thamjaree, 

2019) 

Figure 4. The sound absorption coefficient at the frequency range of 250-2000 Hz, (a) The samples with 2 cm 

thickness (b) The samples with 3 cm thickness 

 

Figure 4 demonstrates that the sound 

absorption coefficient increases as the 

frequency ranges from 500 to 1750 Hz. The 

average sound absorption coefficients for A, 

B, and C were 0.462, 0.672, and 0.788, 

respectively. While the average sound 

absorption coefficients for D, E, and F were 

0,415; 0,420; and 0,464, respectively. At a 

frequency of 2000 Hz, the value of the sound 

absorption coefficient decreases. The sound 

  

(a) (b) 
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absorption coefficient decreases because the 

particles are saturated, resulting in energy 

loss and destructive interference (Rus et al., 

2017). According to the results, the sound 

absorption coefficient increased with the 

addition of fiber. The addition of fibers 

makes more pores formed in the composite 

structure, and density will increase. It makes 

sound waves harder to escape and increases 

the sound absorption coefficient (Pöhler et 

al., 2017; Xu et al., 2018). The value of the 

sound absorption coefficient can be impacted 

by the resonance that occurs in the composite 

cavity. Because of the resonance, some of the 

sound waves are unable to leave the sample 

cavity, reducing the reflected wave energy 

(Arwanda & Sani, 2019). The unevenness of 

the composite composition harms the sound 

absorption coefficient (Sandi; et al., 2020). It 

generated a space between molecules on the 

sample, resulting in high porosity and low 

density. Figure 5 depicts a density sample 

(Arwanda & Sani, 2019). The density sample 

is shown in Figure 5. 

 

Figure 5. The density of Pineapple leaf fibers with paper waste, (a) Composite with a thickness of 2 cm (b) 

Composite with a thickness of 3 cm 

 

The densities of the samples from A, B, 

and C for the thickness of the samples 2 cm 

were 0.604 g/cm3, 0.567 g/cm3, and 0.550 

g/cm3, respectively. The densities of samples 

thickness of 3 cm from D, E, and F samples 

were 0,613 g/cm3; 0,572 g/cm3; and 0,551 

g/cm3 as shown in Figure 5.  Density causes 

sound waves to interact with the pores in the 

sample, causing the energy to drop. The 

denser the sample, the more difficult it is for 

the sound wave to pass through the material, 

resulting in a lower sound absorption 

coefficient (Putra et al., 2018; Taban et al., 

2019). Mechanical characteristics are 

essential for sound-absorbing composites 

(Malalli & Ramji, 2022). The impact strength 

test is used to determine a material's capacity 

to absorb energy during a collision, as shown 

in Figure 6. 

 
Figure 6. The impact strength value of pineapple leaf 

fibers with paper waste composite 

 

The impact strengths of the G, H, and I 

samples were 3.527 J/mm2, 2.419 J/mm2, and 

3.014 J/mm2, respectively, as shown in 

Figure 6. The materials of pineapple leaf 

fibers with paper waste composite are brittle 

 
(a) 

 
(b) 
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and have a high density, resulting in a high 

impact strength value, as shown in Figure 6. 

 
Figure 7. The impact strength density of pineapple 

leaf fibers with paper waste composite 

 

Figure 7 indicated that the higher the 

density, the higher the impact strength. The 

density of the sample will increase as the 

concentration of paper increases. As a result, 

the sample would be difficult to break. The 

low density of the composite has a low 

impact strength value, which causes voids or 

holes to form on each material bond and 

makes composites more brittle (Putra et al., 

2020). In composites, the uneven component 

concentration resulted in the formation of 

voids and weakened the connection between 

filler and matrix. The sound absorption 

coefficient and mechanical properties are 

affected by the structure of the composite 

(porous and arrangement of fibers) and 

physical properties (density). 

This study shows that the combination of 

pineapple leaf fiber and paper waste can be 

used as a sound-absorbing material, and 

waste material. It can reduce environmental 

pollution, either organic pollution or noise 

pollution. The combination of pineapple leaf 

fiber and paper waste will improve the 

quality of the composite which can be used 

as an absorbing material as well. The next 

study to measure the optimum thickness and 

the thermal properties to get complete 

information was needed. 

 

 

CONCLUSION 

The pineapple leaf fiber and paper waste 

reinforcement composites can be used as 

sound-absorbing materials. The addition of 

fiber in the composite makes the absorption 

coefficient increase, but the mechanical 

properties decrease.  The sound absorption 

coefficient increases due to the cellulose 

content and the structure of the fibers. 

Pineapple leaf fiber in the form of lamina 

affects the mechanical properties. The paper 

waste in the form of particles will create a 

porous structure that has an impact on sound 

absorption. 

  The arrangement of elongated fibers 

makes the load received by the composite 

spread evenly on other fibers. The porous 

structure causes sound waves-reflected in the 

pores thereby reducing energy. The pores 

capture the sound waves that pass through the 

composite. The pores and fibers interface can 

be seen through the density of the material. 

The high density indicates that the fiber's 

interface was closer and the pores formed are 

small so that the relationship between pores 

and fiber’s arrangement using the analysis of 

the coefficient of sound fiber and the 

mechanical properties.  

 

ACKNOWLEDGMENTS  

The author would like to thank the 

Ministry of Education, Culture, Research and 

Technology, Republic of Indonesia – BRIN 

Year 2021 supported by a research grant 

from the University of Jenderal Soedirman. 

 

AUTHOR CONTRIBUTIONS  

KS as the first author, co-author, review, 

editing, and conceptualization/funding 

acquisition/formal analysis/writing original 

draft preparation. YZ as the second author, 

reviews and edits, does formal analysis, and 

writes original draft preparation. AB and SD 

as the third author and fourth author, 

methodology, data curation, and writing 

original draft preparation. All authors have 

read and agreed to the published version of 

the manuscript. 

 



182   Jurnal ilmiah pendidikan fisika Al-Biruni, 11 (2) (2022) 175-184 

REFERENCES 

Andrew, J. J., & Dhakal, H. N. (2022). 

Sustainable biobased composites for 

advanced applications: recent trends 

and future opportunities – A critical 

review. Composites Part C: Open 

Access, 7(1), 1–32. 

https://doi.org/https://doi.org/10.1016/j.

jcomc.2021.100220 

Arwanda, R., & Sani, R. . (2019). Koefisien 

Absorpsi Bunyi pada Bahan Beton 

Komposit Serat Daun Nanas dengan 

Menggunakan Metode Tabung 

Impedansi. Einstein (e-Journal), 7(3), 

52–55. 

https://doi.org/10.24114/einstein.v7i3.1

5169 

Astrauskas, T., Januševičius, T., & 

Grubliauskas, R. (2021). Acoustic 

panels made of paper sludge and clay 

composites. Sustainability 

(Switzerland), 13(2), 1–10. 

https://doi.org/10.3390/su13020637 

Callister, W. D., & Rethwisch, D. G. (2018). 

Material Science and Engineering an 

Introduction. John Wiley & Sons. 

Fareez, I. M., Ibrahim, N. A., Wan Yaacob, 

W. M. H., Mamat Razali, N. A., Jasni, 

A. H., & Abdul Aziz, F. (2018). 

Characteristics of cellulose extracted 

from Josapine pineapple leaf fibre after 

alkali treatment followed by extensive 

bleaching. Cellulose, 25(8), 4407–4421. 

https://doi.org/10.1007/s10570-018-

1878-0 

Ghofir, H. A., & Sutanto. (2018). 

Comparison of the acoustic behavour 

between paper waste of HVS and carton 

in similar composite. International 

Journal of Engineering & Technology, 

7(2), 444–448. 

https://doi.org/10.14419/ijet.v7i2.8972 

González, A. E. (2019). How Do Acoustic 

Materials Work? In Z. E. A. Fellah & E. 

Ogam (Eds.), Acoustics of Materials 

(pp. 1–17). IntechOpen. 

https://doi.org/10.5772/intechopen.823

80 

Gupta, A., Gupta, A., Jain, K., & Gupta, S. 

(2018). Noise Pollution and Impact on 

Children Health. Indian J Pediatr, 

84(4), 300–306. 

https://doi.org/10.1007/s12098-017-

2579-7 

Haryadi, A. N. M., Isnen, Y. Z., Khusaenah, 

N., Adira, K. F., Sa’adah, H., 

Muawanah, A., & Sari, K. (2021). Sifat 

Fisis dan Akustik Komposit Serat Daun 

Lidah Mertua dengan Serbuk Gergaji 

sebagai Peredam Bunyi. Jurnal 

Rekayasa Mesin, 16(3), 409–416. 

Hoque, M. B., Hannan, M. A., Mollah, M. Z. 

I., Faruque, M. R. I., & Khan, R. A. 

(2022). Physico-mechanical properties 

enhancement of pineapple leaf fiber 

(PALF) reinforced epoxy resin-based 

composites using guar gum 

(polysaccharide) filler: effects of 

gamma radiation. Radiation Effects and 

Defects in Solids, 177(3), 401–416. 

https://doi.org/10.1080/10420150.2022.

2043317 

Isran, I., Kadir, A. R., & Hasanudin, L. 

(2018). Pembuatan Material Komposit 

Resin Poliester yang Dipadukan 

Limbah Kertas dan Abu Sekam Padi 

Sebagai Peredam Akustik. Enthalpy, 1–

10. 

Jain, J., & Sinha, S. (2021). Pineapple Leaf 

Fiber Polymer Composites as a 

Promising Tool for Sustainable, Eco-

friendly Composite Material: Review. 

Journal of Natural Fibers, 1(1), 1–22. 

https://doi.org/10.1080/15440478.2021.

1993478 

Malalli, C. S., & Ramji, B. R. (2022). 

Mechanical characterization of natural 

fiber reinforced polymer composites 

and their application in Prosthesis: A 

review. Materials Today: Proceedings, 

62(1), 3435–3443. 

https://doi.org/https://doi.org/10.1016/j.

matpr.2022.04.276 

Mwango, A., & Kambole, C. (2019). 

Engineering Characteristics and 

Potential Increased Utilisation of 

Sawdust Composites in Construction—

A Review. Journal of Building 



Jurnal ilmiah pendidikan fisika Al-Biruni, 11 (2) (2022) 175-184  183 

Construction and Planning Research, 

7(3), 59–88. 

https://doi.org/10.4236/jbcpr.2019.730

05 

Nair, S. N., & Dasari, A. (2022). 

Development and Characterization of 

Natural-Fiber-Based Composite Panels. 

Polymers, 14(10), 2079. 

https://doi.org/10.3390/polym1410207

9 

Nhuapeng, W., & Thamjaree, W. (2019). 

Fabrication and Mechanical Properties 

of Hybrid Composites between 

Pineapple fiber/Styrofoam 

Particle/Paper Tissue. Materials Today: 

Proceedings, 17(4), 1444–1450. 

https://doi.org/https://doi.org/10.1016/j.

matpr.2019.06.166 

Oguntunde, P. E., Okagbue, H. I., 

Oguntunde, O. A., & Odetunmibi, O. O. 

(2019). A Study of Noise Pollution 

Measurements and Possible Effects on 

Public Health in  Ota Metropolis, 

Nigeria. Open Access Macedonian 

Journal of Medical Sciences, 7(8), 

1391–1395. 

https://doi.org/10.3889/oamjms.2019.2

34 

Pöhler, T., Jetsu, P., Fougerón, A., & 

Barraud, V. (2017). Use of papermaking 

pulps in foam-formed thermal 

insulation materials. Nordic Pulp & 

Paper Research Journal, 32(3), 367–

374. https://doi.org/doi:10.3183/npprj-

2017-32-03-p367-374 

Purboputro, P. I., & Hariyanto, A. (2017). 

Analisis Sifat Tarik Dan Impak 

Komposit Serat Rami Dengan 

Perlakuan Alkali Dalam Waktu 2,4,6 

Dan 8 Jam Bermatrik Poliester. Media 

Mesin: Majalah Teknik Mesin, 18(2), 

64–75. 

https://doi.org/10.23917/mesin.v18i2.5

238 

Putra, A., Or, K. H., Selamat, M. Z., Nor, M. 

J. M., Hassan, M. H., & Prasetiyo, I. 

(2018). Sound absorption of extracted 

pineapple-leaf fibres. Applied 

Acoustics, 136(1), 9–15. 

https://doi.org/https://doi.org/10.1016/j.

apacoust.2018.01.029 

Putra, A., Prasetiyo, I., & Selamat, Z. (2020). 

Green Acoustic Absorber from 

Pineapple Leaf Fibers. In Green Energy 

and Technology (pp. 143–165). 

https://doi.org/10.1007/978-981-15-

1416-6_8 

Rus, A. Z. M., Azahari, M. S. M., Kormin, 

S., Soon, L. B., Zaliran, M. T., & Ahraz 

Sadrina, M. L. F. (2017). Hybrid waste 

filler filled bio-polymer foam 

composites for sound absorbent 

materials. AIP Conference Proceedings, 

1877(4), 1–8. 

https://doi.org/10.1063/1.4999883 

Sandi, Kumalasari, Akbar, J., Sari, R., & 

Afriani, F. (2020). Jurnal Fisika 

Indonesia. Jurnal Riset Fisika 

Indonesia, 1(1), 13–16. 

Santulli, C., Palanisamy, S., & Kalimuthu, 

M. (2022). Chapter 14 - Pineapple 

fibers, their composites and 

applications. In S. Mavinkere 

Rangappa, J. Parameswaranpillai, S. 

Siengchin, T. Ozbakkaloglu, & H. 

Wang (Eds.), Plant Fibers, their 

Composites, and Applications (pp. 323–

346). Woodhead Publishing. 

https://doi.org/https://doi.org/10.1016/

B978-0-12-824528-6.00007-2 

Sharma, S. K., Shukla, S. R., & Sethy, A. K. 

(2020). Acoustical behaviour of natural 

fibres-based composite boards as 

sound-absorbing materials. Journal of 

the Indian Academy of Wood Science, 

17(1), 66–72. 

https://doi.org/10.1007/s13196-020-

00255-z 

Taban, E., Khavanin, A., Jafari, A. J., 

Faridan, M., & Tabrizi, A. K. (2019). 

Experimental and mathematical survey 

of sound absorption performance of date 

palm fibers. Heliyon, 5(6), 1–8. 

https://doi.org/https://doi.org/10.1016/j.

heliyon.2019.e01977 

Taban, E., Khavanin, A., Ohadi, A., Putra, 

A., Jafari, A. J., Faridan, M., & 

Soleimanian, A. (2019). Study on the 



184   Jurnal ilmiah pendidikan fisika Al-Biruni, 11 (2) (2022) 175-184 

acoustic characteristics of natural date 

palm fibres: Experimental and 

theoretical approaches. Building and 

Environment, 161(106274), 1–8. 

https://doi.org/https://doi.org/10.1016/j.

buildenv.2019.106274 

Tang, X., & Yan, X. (2017). Acoustic energy 

absorption properties of fibrous 

materials: A review. Composites Part 

A: Applied Science and Manufacturing, 

101(4722), 360–380. 

https://doi.org/https://doi.org/10.1016/j.

compositesa.2017.07.002 

Todkar, S. S., & Patil, S. A. (2019). Review 

on mechanical properties evaluation of 

pineapple leaf fibre (PALF) reinforced 

polymer composites. Composites Part 

B: Engineering, 174(106927), 1–72. 

https://doi.org/https://doi.org/10.1016/j.

compositesb.2019.106927 

Venkata, D. P., Raju, K. S. R., & Reddy, M. 

I. (2019). Dynamic mechanical analysis 

of banana, pineapple leaf and glass fibre 

reinforced hybrid polyester composites. 

Materials Today: Proceedings, 18(6), 

2114–2117. 

https://doi.org/https://doi.org/10.1016/j.

matpr.2019.06.484 

Xu, X., Wang, H., Sun, Y., Han, J., & Huang, 

R. (2018). Sound absorbing properties 

of perforated composite panels of 

recycled rubber, fiberboard sawdust, 

and high density polyethylene. Journal 

of Cleaner Production, 187(6), 215–

221. 

https://doi.org/https://doi.org/10.1016/j.

jclepro.2018.03.174 

Zulaikha, W., Hassan, M. Z., & Ismail, Z. 

(2022). Recent development of natural 

fibre for nanocellulose extraction and 

application. Materials Today: 

Proceedings, 1(7), 1–8. 

https://doi.org/https://doi.org/10.1016/j.

matpr.2022.06.221 

 


