
 

JPPIPA 9(5) (2023) 
 

Jurnal Penelitian Pendidikan IPA 
Journal of Research in Science Education  

 
http://jppipa.unram.ac.id/index.php/jppipa/index 

 
   

___________ 
How to Cite: 
Safana, M., Suparno, S., & Faresta, R.A. (2023). Physical and Mechanical Characteristics Analysis of Partition Composite Board Made of Coconut 
Shell Material. Jurnal Penelitian Pendidikan IPA, 9(5), 2737–3743. https://doi.org/10.29303/jppipa.v9i5.3221  

Physical and Mechanical Characteristics Analysis of Partition 
Composite Board Made of Coconut Shell Material 
 
Mega Safana1*, Suparno2, Rangga Alif Faresta3 

 
1,2Department of Physics Education, Faculty of Natural Science and Mathematics Education, Postgraduate Program, Yogyakarta State 
University, Yogyakarta, Indonesia.  
3Department of Digital Learning, Postgraduate Program, Monash University, Melbourne, Australia. 

 
Received: February 17, 2023 
Revised: May 18, 2023  
Accepted: May 28, 2023 
Published: May 31, 2023 
 

Corresponding Author:  
Mega Safana 
megasafana.2022@student.uny.ac.id  
 
DOI: 10.29303/jppipa.v9i5.3221  
 
© 2023 The Authors. This open 
access article is distributed under 
a (CC-BY License) 

 

Abstract: This research aims to examine the effect of the thickness of coconut shell 
composite board on elasticity, sound absorption, water absorption, and density. The 
elasticity test was conducted using the tensilon RTF2350 machine at the Faculty of 
Mechanical Engineering and the sound absorption test was conducted using the sound 
level meter GM1352 at the Faculty of Science and Mathematics of the State University of 
Yogyakarta. The thickness of the composite board was varied, and its elasticity was 
measured using the tensilon RTF2350 machine, the sound absorption measurement was 
determined using a sound level meter with a sound source from a sound generator with a 
frequency of 1000Hz and intensity of 20 dB, while the thickness was varied. The elastic 
modulus decreased with the increase in partition thickness, sound absorption decreased 
with the increase in partition thickness, and water absorption increased with the increase 
in partition thickness. Water absorption was determined by submerging the partition into 
distilled water for 30 seconds and observing the mass before and after immersion into the 
water. 
 

 Keywords: Coconut shell; Elasticity test; Polyvinyl acetate (PVAc); Sound absorption; 

Tapioca glue; Water content. 

 

Introduction 
 

The quality of partition boards is determined by 
many factors. The first factor is its elastic strength in 
facing pressure (Manurung et al., 2020; Sulardjaka et al., 
2020; Widnyana et al., 2020). This elasticity indicates the 
level of difficulty of the partition not easily broken. The 
second is its ability to absorb sound, which shows the 
usefulness of the partition in reducing noise (Adwimurti 
et al., 2022; Salas-Ruiz et al., 2019). The third is its 
resistance to water or its ability to absorb water, as 
partition materials are generally hollow and porous 
(Hidanto & Mora, 2019).  

There are also other factors such as water 
absorption and density. Partitions can be produced 
using different materials. Usually, the materials used in 
partitions are wood chips, as there is a large amount of 
wood waste from sawmills that can be utilized and has 
added value (Ayu & Kurniadi, 2019; Simanullang, 2021). 
The second is bamboo plants because of its abundant 

supply and relatively low price (Fadlurahman et al., 
2022; Ihsan, 2019; Zuraida & Pratiwi, 2020). Partitions 
can also be made using coconut shells because they have 
been considered waste and are abundant. If this waste 
can be utilized, it will have added value (Hidanto & 
Mora, 2019; Sanjay et al., 2018; Sood et al., 2018). 

Partition waste coconut shell is also a concern for 
many researchers because its usage is highly needed 
today (Ayu & Kurniadi. 2019). The use of partition is 
usually as a floor or wall coating. Partition is also used 
as a desk divider in offices and institutions such as 
schools and government. With the increasing number of 
offices and institutions, the need for partition also 
increases (Fuadi et al., 2022; Zhang et al., 2018; 
Balachandar et al., 2019). The abundance of partition 
needs is one of the goals of this research. 

This paper reports the results of a study on the 
physical and mechanical properties of coconut shell-
based partition boards. Previously, an elasticity test was 
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performed on the partition using the Tensilon RTF2350 
tool to determine its resistance to pressure.  

The sound absorption test was performed using a 
sound level meter GM1352 to determine its sound 
insulation ability. Based on these findings, a study was 
conducted on the physical and mechanical properties of 
coconut shell-based composite partition boards. The 
characteristics of the partition production are based on 
the Indonesian National Standard for composite 
materials (SNI 03-2105-2006). 

 

Method 
 

This type of research is a quantitative research to 
examine the effect of the thickness of coconut shell 
partition on the elasticity test, sound absorption, water 
absorption capacity, moisture content and density. The 
elasticity test was conducted in the Building Material 
Engineering Laboratory of the State University of 
Yogyakarta using the Tensilon RTF2350 testing tool. 
Coconut shell as the filler base, tapioca flour (Abral et al., 
2018) and polyvinyl acetate PVAc as the binder. In this 
research, the comparison of materials was made, where 
the mass of the binder remained at 50 grams of tapioca 
flour, 10 grams of PVAc, and the mass of coconut shell 
powder changed to 50 grams, 100 grams, 150 grams, and 
200 grams. 

The samples in the research were divided into 4, 
namely in sample 1 with a size of 1:1, 50 grams of 
coconut shell powder obtained a thickness of 0.25 cm, 
sample 2 which was 1:2 100 grams of coconut shell 
powder with a thickness of 0.5 cm, sample 3 with a size 
of 1:3 150 grams of coconut shell powder with a 
thickness of 1 cm, and sample 4 with a size of 1:4 200 
grams of coconut shell powder with a thickness of 1.5 
cm. The mold used was 26 x 26 x 5 cm in size. The 
finished sample was then dried using sunlight for 3-4 
days until it was dry and suitable for testing. 

 

 
Figure 1. The Sample Mold 

 

The Process of making this partition starts with 
melting the coconut shell into coconut powder, then 
weighed according to the size and comparison. On the 
other hand, the main binder uses 50 grams of tapioca 
flour, then pour 320 ml of water and stir until evenly 

mixed, then heat until it becomes dense. The dense 
tapioca flour glue is then mixed with the coconut shell 
powder, stirred until evenly mixed, then poured into the 
mold, then leveled, then given pressure and finally dried 
Baley et al., 2019). 

The dried partition is then ready for testing, for 
tensile and bending tests, a 25 cm x 5 cm is used and 
printed according to the machine test standard. Then 5 
cm x 5 cm is used for sound and water absorption tests. 
Density testing is conducted in dry air conditions and 
dry air volume, the sample measuring 5cm x 5cm is 
weighed and then the average length, width, and 
thickness are measured to determine its volume. The 
modulus of elasticity uses the following formula:  
 

𝐸 =
𝜎

𝑒
=

𝐹

𝐴
∆𝑙

𝑙0

   
(1) 

With:  
MOE : modulus of elasticity (𝑘𝑔𝑓/𝑐𝑚2) 
𝜎 : stress (𝑁/𝑚2) 
𝑒 : strain 
𝐹 : force (N) 
𝐴 : cross sectional-area (𝑐𝑚2) 
∆𝑙 : length increased (cm) 
𝑙0 : first length (cm) 
 

Water absorption is calculated using the following 
equation. 
 

𝐷𝑆𝐴 =
𝑚1−𝑚2

𝑚2
 𝑥 100%              (2) 

With:  
𝐷𝑆𝐴 : water absorption (%) 
𝑚1 : first mass of sample (gr) 
𝑚2 : final mass of sample (gr) 
 

For sound absorption, the following equation is 
used: 
 

𝑆𝑜𝑢𝑛𝑑 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =
𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑠𝑜𝑢𝑛𝑑 − 𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑 𝑠𝑜𝑢𝑛𝑑

𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑠𝑜𝑢𝑛𝑑
𝑥100% (3) 

 
The density of the composite particle board 

sample is calculated using the formula. The physical and 
mechanical properties test of the particle composite 
partition composite on density and MOE refers to the 
Indonesian National Standard 03-02105-2006 to 
determine its feasibility can be seen in the following 
Table 1. 
 

𝜌 =
𝑚

𝑣
    

(4) 

With:  
𝜌 : density (gr/cm3) 
𝑚 : mass (gr) 
𝑣 : volume (cm3) 
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Table 1. SNI Standard Composite Board 
Physical and Mechanics Characteristic 
Composite Board 

SNI 03-02105-
2006 

Density (gr/cm3) 0.5 – 0.9 
MOE (kgf/ cm2) Min 15000 

 
As for water absorption and sound absorption 

capacity, they have not been specified in the Indonesian 
National Standard. 
 

Results and Discusion 
 

The physical and mechanical tests of the composite 
partition were conducted in accordance with the 
Indonesian National Standard 3-02105-2006 using 4 
samples. The tests performed include the modulus of 
elasticity, sound absorption power, water absorption 
power, and density. The results obtained are shown in 
the Table 2. 

 
Table 2. Composite Partition Testing Results 

Sample MOE 
(Kgf/cm2) 

NOC 
(Hz) 

Water 
absorption 

(%) 

Density 
(gr/cm3) 

1 23,924.4 90.5 0.25 3.2 
2 6,808.6 90.1 0.5 1.75 
3 6.538,4 89.8 0.6 1.12 
4 1.133,4 88.7 0.7 0.82 

 
Tensile Modulus of Elasticity (MOE) Test 

There are 4 samples to be tested for Modulus of 
Elasticity, sample 1 with a thickness of 0.25 cm, sample 
2 with a thickness of 0.5 cm, sample 3 with a thickness of 
1 cm, and sample 4 with a thickness of 1.5 cm. Before the 
test is conducted, the sample is first formed according to 
the testing standard as shown in the following diagram. 

 

 
Figure 2. Elasticity Testing Standard 

 

The MOE test was conducted using the Tensilon 
RTF2350 device in the Mechanical Engineering Faculty 
Laboratory at State University of Yogyakarta, as shown 
in the following Figure 3. 

 
Figure 3. The Tensilon RTF2350 Machine 

 
 The results of the elasticity tensile test are shown in 

the following figure, from right to left, respectively, 
sample 1, 2, 3, and 4. 

 

 
Figure 4. Elasticity Testing Results 

 
The results of the modulus of elasticity test are 

shown in the following figure from right to left are 
sample 1, 2, 3, and 4. The results obtained in the modulus 
of elasticity test are that sample 1 with a thickness of 0.25 
cm obtained a MOE test result of 23.924.4 Kgf/cm2, then 
sample 2 with a thickness of 0.5 cm obtained a test result 
of 6.808.6 Kgf/cm2, then sample 3 obtained a test result 
of 6.538.4 Kgf/cm2 and sample 4 obtained a test result of 
1.133.4 Kgf/cm2. From the results presented above, the 
following graph is obtained. 

 
 

 
 

Figure 5. Graph of the Results of the Tensile Elasticity Test 
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The results of the test showed that the highest data 
generated was in sample 1 and the lowest in sample 4. 
The thicker the partition, the lower the tensile strength 
obtained and vice versa, the thinner the partition, the 
stronger the tensile strength obtained. This is because of 
the ratio of filler and adhesive, in sample 1 the ratio of 
filler and adhesive is 1:1, 50 grams of adhesive and 50 
grams of coconut shell or filler, and in sample 4 is 1:4, 50 
grams of adhesive and 200 grams of filler, so the 
elasticity level of sample 4 is lower. The results are in line 
with the research by (Hidanto & Mora, 2019) who found 
the results of tensile elasticity tests using coconut shell 
powder, where the thicker the composite and the more 
filler used, the tensile elasticity test results will decrease. 
On the other hand, (Judilla, 2021; Faria et al., 2020) 
showed that the higher the amount of coconut fibers, the 
stronger the modulus of elasticity will be. This is because 
resin was used as the adhesive. 

The results of this study refer to SNI 03-02105-2006 
for MOE testing with a minimum of 15000 Kgf/cm2. 
From the obtained data, it shows that only sample 1 
meets the SNI, this is because the elasticity strength of 
sample 1 has a high tension in facing the traction 
compared to other samples. 

 
Sound Absorption 

The sound absorption test was carried out using a 
GM1352 sound level meter in the Wave and Sound 
Laboratory of the Faculty of Mathematics and Natural 
Sciences at State University of Yogyakarta, as shown in 
the following Figure 6. 

 
Figure 6. Sound Level Meter GM1352 

 
The measurement was carried out using a sound 

source from a speaker and a room measuring tool using 
a 5 cm diameter pipe with a length of 30 cm, as shown in 
the Figure 7. 

 

 
Figure 7. Sound Measurement Process 

The sound source uses 1000 Hz at the left end of the 
paralon and the sound level meter is located at the right 
end of the paralon, then the composite partition is placed 
15 cm away from the sound source and sound 
measuring device. The measurement results obtained, in 
sample 1 with a thickness of 0.25 cm was able to absorb 
sound from 1000 Hz to 90.5 Hz, then in sample 2 with a 
thickness of 0.5 cm obtained a result of 90.1 Hz, sample 
3 with a thickness of 1 cm obtained a result of 89.8 Hz 
and sample 4 with a thickness of 1.5 cm obtained a result 
of 88.7 Hz, resulting in the following graph of results. 

 

 
Figure 8.  Sound Absorption Graphic 

 
From these results, it can be concluded that the 

thicker the sample, the higher the sound insulation and 
vice versa. This is also due to the ratio of filler and binder 
samples, the thicker the high sample ratio, the weaker its 
binding power so that there are gaps in the sample that 
can effectively dampen sound, which is in line with the 
theory Said et al. (2019), that reveals that good partitions 
in sound absorption are those with pores and cavities 
and fiber because they have a sound absorption 
coefficient value. This research also coincides with 
Lestari et al. (2019) which revealed that the thicker the 
particle board, the better the sound insulation. Particle 
boards made from empty palm oil bunches and acacia 
have the potential to be sound insulation materials, 
especially for reducing noise in buildings or public 
facilities.  Therefore, it can be said that the ability of 
partitions to effectively absorb sound is especially in 
enclosed spaces. 
 
Water Absorption 

The water absorption test was conducted at the 
Physics Laboratory of Yogyakarta State University. The 
water absorption was tested using 830 liters of aquades 
liquid. First, each sample was weighed to see the weight 
of the sample before treatment. The first sample had a 
weight of 20 grams and then was placed into the 
prepared aquades liquid. The sample was then soaked 
for 30 seconds. After soaking, the sample was lifted and 
weighed again. The weight produced in the first sample 
after soaking was 27 grams. Then, each sample was 
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given the same treatment. The second sample had an 
initial weight of 22 grams and then weighed 47 grams 
after soaking. 

The third sample had an initial weight of 28 grams 
and the result obtained after soaking was 78 grams. 
Then, the last sample had a weight of 31 grams and 
obtained a result after soaking of 107 grams. The results 
above then performed calculations to obtain the water 
absorption results using the water absorption equation 
above. So that the calculation of water absorption is 
obtained. In sample 1 with a thickness of 0.25 cm, the 
water absorption obtained was 0.25%. Then, in sample 2 
with a thickness of 0.5 cm, the water absorption was 
0.5%. Sample 3 with a thickness of 1 cm obtained a water 
absorption result of 0.6%. Then, sample 4 with a 
thickness of 1.5 cm obtained a water absorption of 0.7%. 
From these results, the following graph was obtained, as 
shown in the figure 9. 

 

 
Figure 9. Water Absorption Graphic 

 
From the graph above it can be concluded that the 

thicker the insulation, the greater the water that can be 
absorbed. This is also influenced by the ratio of adhesive 
to the coconut shell used. The thicker the insulation, the 
more air cavities that are in the partition so that the 
ability to muffle sound is better. 
 
Density 

Each sample was measured for its length, width 
and height to determine its volume and then weighed to 
determine its mass. This density test is carried out using 
the density equation above where the equation is used 
to find the partition density. The partition density can be 
obtained by dividing the mass of the partition and the 
volume of the partition. The highest bulkhead density 
was found in sample 1 with a density of 3.2 gr/cm3 and 
the lowest density was in sample 4, namely 0.82 gr/cm3. 

From the graph above the insulation density 
decreases with increasing thickness. This is influenced 
by the ratio of glue and coconut shells used. The more 
coconut shells used, the lower the density because the 
amount of glue used is controlled or corrected so that the 

more coconut shells the adhesive will be looser and 
produce air voids in it. This research is in line with 
research Irfandi (2018) and Ayu & Kurniadi (2019) which 
reported that the density produced had reached the 
desired standard density of 0.8 gr/cm3. The more 
coconut shells used, the higher the resulting density. 
This shows that the distribution of Coconut Shell Flour  
is quite dominant so that there is reinforcement in the 
particle board which causes differences in density. This 
research refers to the SNI 03-02105-2006 standard that 
ranges between 0.5-0.9 gr/cm3. The results of the 
research showed that the partition density meets the 
SNI. 
 

 
Figure 10. Density Graphic 

 

Conclusion 
 

Based on the established research results, it can be 
concluded that the thickness of partitions affects the 
physical and mechanical tests of coconut shells. In 
addition, the influence of the ratio of binder and filler 
materials also affects the results of the physical and 
mechanical tests of the partition board, this also affects 
the thickness of the material. The more coconut shells 
that are used, the thicker the partition will be. From the 
tests above, coconut shell particle boards can be used as 
partitions with good strength, good sound absorption 
capabilities and low water absorption, and have a good 
density that meets SNI 03-02105-2006. 

 
Acknowledgement 
I would like to thank my friends who helped run this research 
to completion. 
 
Author Contributions 
In this study, the authors made different contributions, 
including conceptual analysis carried out by authors 1 and 2, 
data collection was carried out by author 1, and paper writing 
was carried out by authors 1 and 3. 
Funding 
This research received no external funding 
 
Conflicts of Interest 
Interest in the publication of the Electrodynamics course 

Water Absorption 

Partition Thickness (cm) 

Partition Thickness (cm) 

Density 

D
en

si
ty

 (
gr

/m
3
) 



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2023, Volume 9 Issue 5, 2737-3743 
 

2742 

References  
 

Abral, H., Dalimunthe, M. H., Hartono, J., Efendi, R. P., 
Asrofi, M., Sugiarti, E., Sapuan, S. M., Park, J. W., & 
Kim, H. J. (2018). Characterization of Tapioca Starch 
Biopolymer Composites Reinforced with Micro 
Scale Water Hyacinth Fibers. Starch/Staerke, 70(7–8), 
1–8. https://doi.org/10.1002/star.201700287 

Adwimurti, Y., Gani, S. A., Mulyatno, N., & Sumarhadi. 
(2022). Peningkatan Ekonomi Masyarakat Miskin 
melalui Pemanfaatan Limbah Kelapa. Jurnal 
Akuntansi, Keuangan, Pajak, Dan Informasi (JAKPI), 
2(1), 56–72. Retrieved from 
https://www.journal.moestopo.ac.id/index.php/j
akpi/article/view/2083 

Ayu, D. S., & Kurniadi, E. (2019). Ketahanan Papan 
Partikel Terhadap Suhu Tinggi, Serapan Air dan 
Perilaku Patah. Jurnal Nasional Teknologi Terapan 
(JNTT), 2(3), 230. 
https://doi.org/10.22146/jntt.44941 

Balachandar, M., Vijaya Ramnath, B., Barath, R., & 
Bharath Sankar, S. (2019). Mechanical 
characterization of natural fiber polymer 
composites. Materials Today: Proceedings, 16, 1006–
1012. https://doi.org/10.1016/j.matpr.2019.05.189 

Baley, C., Gomina, M., Breard, J., Bourmaud, A., & 
Davies, P. (2020). Variability of mechanical 
properties of flax fibres for composite 
reinforcement. A review. Industrial Crops and 
Products, 145, 111984. 
https://doi.org/10.1016/j.indcrop.2019.111984 

Faria, D. L., Júnior, L. M., Resende, A. A., Lopes, D. E., 
Mendes, L. M., Martins, M. A., Marconcini, J. M., & 
Junior, J. B. G. (2020). Physical and mechanical 
properties of polyurethane thermoset matrices 
reinforced with green coconut fibres. Journal of 
Composite Materials, 54(30), 4841–4852. 
https://doi.org/10.1177/0021998320940023 

Ferreira, D. P., Cruz, J., & Fangueiro, R. (2018). Surface 
modification of natural fibers in polymer 
composites. In Green Composites for Automotive 
Applications, 3-41. https://doi.org/10.1016/B978-0-
08-102177-4.00001-X 

Fuadi, N., Lanto, M. S., & Asaf, M. A. (2022). Uji Sifat Fisis 
Komposit Limbah Serbuk Kayu Dan Tempurung 
Kelapa. Teknosains: Media Informasi Sains Dan 
Teknologi, 16(1), 121–129. 
https://doi.org/10.24252/teknosains.v16i1.26647 

Hidanto, W., & Mora, M. (2019). Analisis Pengaruh 
Komposisi Serbuk terhadap Sifat Fisis dan Mekanis 
Komposit Papan Partikel Dari Tandan Kosong 
Kelapa Sawit, Serbuk Kayu dan Tempurung 
Kelapa. Jurnal Fisika Unand, 8(2), 106–112. 
https://doi.org/10.25077/jfu.8.2.106-112.2019 

Ihsan, M., Fikrani, A., & Sriwarno, A. B. (2019). 
Pemanfaatan Limbah Produksi Kerajinan Bambu 
Melalui Desain Produk Berbahan Dasar Arang. 
Jurnal Sosioteknologi, 18(1), 43–55. 
https://doi.org/10.5614/sostek.itbj.2019.18.1.4 

Irfandi, I. (2018). Pembuatan dan Karakterisasi Papan 
Partikel Komposit Dari Limbah Serbuk Tempurung 
Kelapa Dengan Pengikat Pelastik High Density 
Polyethylene (Hdpe) Daur Ulang. AGRIUM: Jurnal 
Ilmu Pertanian, 21(2), 202-209. 
https://doi.org/10.30596/agrium.v21i2.1881  

Judilla, M. F. (2021). Analisa Sifat Mekanik Komposit Serat 
Sabut Kelapa Dengan Susunan Lurus Untuk Aplikasi 
Bahan Konstruksi Helm. Doctoral dissertation, 
Universitas Bung Hatta. 

Lestari, R. Y., Harsono, D., Cahyana, B. T., Atmaja, B. T., 
& Asmoro, W. A. (2019). Tingkat Redaman Suara 
Papan Komposit Dari Tandan Kosong Kelapa Sawit 
dan Serbuk Kaya Akasia. Prosiding Seminar Nasional 
Teknologi Dan Inovasi Industri, 31. Retrieved from 
https://www.researchgate.net/publication/33182
8966_TINGKAT_REDAMAN_SUARA_PAPAN_K
OMPOSIT_DARI_TANDAN_KOSONG_KELAPA
_SAWIT_DAN_SERBUK_KAYU_AKASIA 

Manurung, R., Simanjuntak, S., Sembiring, J., 
Napitupulu, R. A. M., & Sihombing, S. (2020). 
Analisa Kekuatan Bahan Komposit Yang Diperkuat 
Serat Bambu Menggunakan Resin Polyester 
Dengan Memvariasikan Susunan Serat Secara Acak 
Dan Lurus Memanjang. Sprocket Journal of 
Mechanical Engineering, 2(1), 28–35. 
https://doi.org/10.36655/sproket.v2i1.296 

Said, H., Manggalla, L. K., & Saudia, B. (2019). Polyvinyl 
Acetate. ENTHALPY-Jurnal Ilmiah Mahasiswa Teknik 
Mesin, 4(1), 2502–8944. 
https://doi.org/10.1016/b978-0-408-15960-
9.50013-9 

Salas-Ruiz, A., & Barbero-Barrera, M. del M. (2019). 
Performance assessment of water hyacinth–cement 
composite. Construction and Building Materials, 211, 
395–407. 
https://doi.org/10.1016/j.conbuildmat.2019.03.21
7 

Sanjay, M. R., Siengchin, S., Parameswaranpillai, J., 
Jawaid, M., Pruncu, C. I., & Khan, A. (2019). A 
comprehensive review of techniques for natural 
fibers as reinforcement in composites: Preparation, 
processing and characterization. Carbohydrate 
Polymers, 207, 108–121. 
https://doi.org/10.1016/j.carbpol.2018.11.083 

Simanullang, A. F. (2021). Karakterisasi Sifat Fisis Papan 
Partikel Limbah Tongkol Jagung dengan Resin 
Epoxy Isosianat. Jurnal Ilmu Dan Inovasi Fisika, 5(1), 
82–87. https://doi.org/10.24198/jiif.v5i1.30692 

Sood, M., & Dwivedi, G. (2018). Effect of fiber treatment 



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2023, Volume 9 Issue 5, 2737-3743 
 

2743 

on flexural properties of natural fiber reinforced 
composites: A review. Egyptian Journal of Petroleum, 
27(4), 775–783. 
https://doi.org/10.1016/j.ejpe.2017.11.005 

Sulardjaka, S., Nugroho, S., & Ismail, R. (2020). 
Peningkatan Kekuatan Sifat Mekanis Komposit 
Serat Alam menggunakan Serat Enceng Gondok 
(Tinjauan Pustaka). Teknik, 41(1), 27–39. 
https://doi.org/10.14710/teknik.v41i1.23473 

Widnyana, A., Rian, I. G., Surata, I. W., & Nindhia, T. G. 
T. (2020). Tensile Properties of coconut coir single 
fiber with alkali treatment and reinforcement effect 
on unsaturated polyester polymer. Materials Today: 
Proceedings, 22, 300–305. 
https://doi.org/10.1016/j.matpr.2019.08.155 

Zhang, K., Wang, F., Liang, W., Wang, Z., Duan, Z., & 
Yang, B. (2018). Thermal and mechanical properties 
of bamboo fiber reinforced epoxy composites. 
Polymers, 10(6), 608. 
https://doi.org/10.3390/polym10060608 

Zuraida, S., & Pratiwi, S. (2020). Panel Komposit Limbah 
Serbuk Kayu sebagai Alternatif Komponen 
Bangunan Ramah Lingkungan. Journal of Applied 
Science (Japps), 2(1), 61–66. 
https://doi.org/10.36870/japps.v2i1.162 

 
 
 
 


