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Polyethylent, tofu dregs  utilizing waste in the community into functional products. This study aims to
determine the best formulation of particleboard made from Polyethylene plastic,
coffee bean hulls and tofu pulp. Tofu dregs need to be preserved by soaking the
dregs for 48 hours in a 5% glycerol solution and 15% NaCl solution in a 50:50
ratio. Then soaked for 48 hours. soaking 15.121%. To determine a good
particleboard formulation, a physical evaluation of the particleboard was carried
out including particleboard density test, water absorption test, moisture content test,
thickness development test and instrumentation testing using SEM to see the
surface structure of the particleboard. Based on the results of physical testing, the
best formulation of particleboard biocomposites was obtained, namely the ratio of
70:30 (% wi/b) (70% of tofu pulp and coffee bean skin and 30% of PET plastic)
which is in accordance with SNI 03-2105-2006 standards. Biocomposite
particleboard formulation 70:30 (% w/b) has a density of 0.60186 gr/cm3, water
absorption of 95.395%, moisture content of 2.248% and an increase in thickness
after soaking of 15.121%.
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INTRODUCTION

The human need for board materials for interior furniture continues to increase significantly.
In general, this board material is obtained from wood from the forest. It is feared that the high
demand for wood materials in the future could have an adverse effect on the balance of the
forest ecosystem. The high demand for wood will result in high illegal logging (Situmorang &
Zarzani, 2023). This is likely to cause unstable timber production figures and be in a state of
scarcity in the future, resulting in deforestation which can cause disasters such as flooding and
erosion (Jarlis, 2022; Pratama Nanda et al., 2016). Therefore, innovation is needed in the field
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of materials engineering technology to find alternative raw materials to replace wood to be
used as furniture interior boards.

One of these alternatives is a biocomposite board of particleboard type by utilizing
environmental waste in the form of natural fibers or natural fibers that contain lignocellulose
compounds (Maulida et al., 2021). In general, composite boards are produced from wood
fibers, plastics, cement and various adhesives such as synthetic resins and other adhesives that
are combined under pressure and temperature (Odusote et al., 2016; Ohijeagbon et al., 2020).
To become a particleboard, the material must be bonded with an adhesive and compressed with
heat (Kusumah et al., 2017). Particle board can be made of different types of layers and each
layer used will add to the functionality of the particle board (Krumins et al., 2024). The
advantages of particleboard compared to wood are that it is free of knots, not easily broken,
not easily cracked, size and density can be adjusted according to needs (Nasution & Mora,
2018). The materials that can be used as composite fillers are coffee skin waste and tofu pulp
waste. This is supported by a study which states that there is a high fiber content in both wastes,
as well as their abundant quantity in the environment.

The potential waste obtained from the coffee processing stage is the coffee bean skin. Based
on research by (Barbu et al., 2020), walnut shells can be used as particle board manufacturing
material which can produce particle boards with higher dimensional and Brinell stability
compared to soft wood particles. Coffee fruit consists of wet fruit skins, liquid waste containing
mucus, and dry and dry shells. By-product waste in the form of coffee skin ranges from 50-
60% of the harvest (Effendi, Z & Hatta, 2013). Dry coffee skin consisting of outer skin and
fruit skin is known to have a fiber content of 65.2% (Siswati et al., 2012). Meanwhile, tofu
pulp waste contains protein levels ranging from 23-29%, crude fiber 22.65% and fat 4.93%
(Suryani, 2024). Currently, the utilization of coffee skin waste is used as aroma therapy in
candles, soaps and tea bags (Kencanawati et al., 2023; Permana et al., 2023; Widyasanti &
Muharram, 2023)

center cut
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silver skin (testa, epidermis)
parchment (hull,
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Figure 1. Structure of the Coffee Bean (Ogunjirin et al., 2021)

In addition, human growth is always increasing, resulting in an increase in the amount of plastic
waste in the environment. In general, plastic waste is only disposed of in the trash, recycled
and even burned. However, burning plastic waste has a serious impact on human health and
the environment (Tiago et al., 2023). Currently only about 18% of plastics in the world have
been recycled (Chamas et al., 2020). Polyethylene (PE) is the most widely circulated type of
plastic in the community. Polyethylene (PE) is the most widely produced polymer in the world
at least 27% of the world's plastic production. Polyethylene (PE) material is most widely used
because it has a high molecular weight, semi-crystalline structure and strong hydrophobicity
and very low biodegradability (Issac & Kandasubramanian, 2021).

In this particle board biocomposite innovation, the composition of coffee skin waste and tofu
pulp as filler and Polyethylene (PE) plastic as a matrix (adhesive) is used. The addition of
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plastic waste aims to increase the adhesion/bond between the fibers and the matrix in the natural
fiber composite. Supported by the characteristics of Polyethylene (PE) plastic which is resistant
to load but still elastic, thermoplastic and hydrophibic (Chamas et al., 2020). In addition, the
particle board also has the ability not to be easily eaten by termites, free of formaldehyde
emissions and environmentally friendly (Rahmawati, 2015). So that it can make the resulting
composite more resistant to water and low humidity. However, Polyethylene is not
biodegradable and can last a long time in water and soil (EI-Sherif et al., 2022). This has an
impact on increasing the amount of Polyethylene in the environment, therefore Polyethylene
must be maximally processed to reduce and reduce Polyethylene plastic in the environment
which will have an impact on public health. In addition, Polyethylene must be processed wisely
so that it can be useful and has a selling value among the community. Particleboard innovation
contributes to the development of particleboard because this innovation utilizes waste materials
of tofu pulp and coffee rinds that have not been utilized and is unique because usually
particleboard comes from wood powder.

METHOD
Preparation of filler material

Coffee skin waste was cleaned and split into small pieces. Each piece is chopped using a
chopper so that it becomes small particles, then dried using sunlight to dry (Meldayanoor et al.,
2020). The tofu pulp that has been prepared is then washed using clean water. After that, the
tofu pulp was soaked using 5% glycerol solution and 15% NaCl solution in a ratio of 50:50.
Then soaked for 48 hours. After that, it was filtered using a cloth. Next, the first stage of drying
(aerated for one day) and the second stage of drying (in the oven at 100 °C for 3 hours). After
drying, it is then crushed using a blender (Sari et al., 2018).

Polythylene (PE) Matrix Preparation

Plastic waste was reduced in size using scissors. Then blended and filtered with an 18 mesh
size sieve to separate the particles (Meldayanoor et al, 2020).

Preparation of Particleboard Biocomposites

The manufacture of particleboard biocomposites was carried out using the formulations listed
in the research of (Dotun et al., 2018). The manufacture of particle board biocomposites was
carried out with the ratio of coffee skin waste (CSW): tofu pulp waste (TPW): Polythylene
plastic (PE) adhesive presented with the following formulation:

Table 1. Particleboard Biocomposite Manufacturing Formulation

Formulation
Treatment Ration (NF : PE) Natural Fibers (NF) Adhesive (PE)
CSW (%) TPW (%) PE (%)
F1 90:10 45 45 10
F2 80:20 40 40 20
F3 70:30 35 35 30

Compressing and Conditioning of Mixed Results

Weighed the coffee husk and tofu waste powder, and PE plastic powder for each formulation.
Each material was mixed into a basin and then stirred manually until evenly distributed. Then
put into a 25 cm x 25 cm x 5 cm mold. The press was heated for 10 minutes with a temperature
of 150°C-165°C. The composite board was pressed for 15 minutes. The composite board is left
for 30 minutes with the aim that the sheet hardens. After the composite board has hardened.
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The composite board is conditioned for 1 week, then cut according to the size of each test
sample, about (5 x 5) cm?.

Evaluation of Particleboard Composite Formulation

This evaluation is carried out to determine whether the particleboard biocomposite that has
been made is in accordance with the desired criteria and achieves maximum results of SNI 03-
2105-2006 standards.

Density Test

The density or compactness of a particle within a sheet is influenced by the fiber density and
the pressure applied during the production of particleboard. Density is determined by the
weight and dry volume of the air sample. The test sample, measuring 10 cm x 10 cm in
accordance with SNI 03-2105-2006 (Badan Standarisasi Nasional., 2006) , allows for the
calculation of density using the following equation (1)

p=" (1)

Water Absorption Test

The water absorption test aims to assess the maximum capacity of the composite to absorb
water. To evaluate the water absorption of the board, the weight difference is measured before
and after soaking for 24 hours. The test sample is sized at 5 cm x 5 ¢cm x 2 cm, in accordance
with SNI 03-2105-2006 (Badan Standarisasi Nasional., 2006). The water absorption value is
calculated using the following equation (2).

DSA (%) = [(B2-B1)/B1] x 100% )

Water Content Test
The purpose of the water content test is to assess the amount of water present in the particle
board, expressed as a percentage (%) of its dry weight. To evaluate the moisture content of the
board, the weight is measured before and after it has been placed in an oven. The test sample
dimensions are 10 cm x 10 cm x 2 cm, in accordance with SNI 03-2105-2006 (Badan
Standarisasi Nasional., 2006). The water absorption value is determined using a specific
equation (3).

KA =TT % 100% (3)

my

Termite Resistance Test
To evaluate the effectiveness of the research on anti-termite particleboard, it is necessary to
calculate the impact of the particleboard on termites. This involves measuring the weight loss
of the test samples at the end of the exposure period after observation. The assessment of
termite attack follows the SNI 01-2707-2006 (Badan Standarisasi Nasional., 2006) standard
and utilizes a specific equation (4).

PT =TTk 100% (4)

Ty
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RESULTS AND DISCUSSION

The fillerization process is carried out by cleaning coffee skin waste and chopping it using a
chopper so that it becomes small particles. The coffee bean skin is chopped to give texture to
the particle board and expand the surface of the coffee bean epidermis which is then dried at
105°C so that the coffee bean epidermis becomes dry. The tofu pulp obtained is washed
thoroughly to remove the remaining impurities in the tofu pulp. The addition of glycerol and
NaCl serves as a nurse and prevents the growth of microorganisms in tofu pulp. In addition, it
also serves to reduce the pungent odor on the tofu pulp.

L L\ ) ';&.-' \.‘

Figure 1. Coffee Bean Husk
Manufacture of Polythylene (PE) Adhesive Material (Matrix)

Polythylene (PE) is used from shopping plasmas that are cut into small pieces as Polythylene
(PE) adhesive material. Polythylene (PE) will be used to glue the coffee beans with tofu pulp.
The cutting of Polythylene (PE) plastic is done so that Polythylene (PE) so that the Polythylene
(PE) melting process can be evenly distributed throughout the particle board and expand the

surface so that Polythylene (PE) so that Polythylene (PE) will spread evenly into and
throughout the particle board.

Density Test

The density test is a test of the physical properties of particleboard by comparing the mass of
the sample to the volume, meaning that the physical property of density is the amount of
particle mass per volume (Said et al., 2021). The density test is an important test in evaluating
particleboard because a standardized density will indicate the potential strength and durability
of the particleboard.

Table 2. Density Test Results

Formulation Repetition Density (p) (gr/cm?®) Average (gr/cm?®)

1 0,4091
0,4093 0,40914
0,4091
0,3822
0,3822 0,38224
0,3823
0,6019
0,6018 0,60186
3 0,6019

Based on table 2, it can be seen that the particleboard with the highest density is in the 70:30
(% w/b) formulation of 0.60186 gr/cm3. This is due to the composition of plastic as a binder

(90 : 10)

(80 : 20)

NEFPWNEFEWN

(70 : 30)
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or adhesive component in the filler of tofu pulp and coffee epidermis which increases, causing
the board density value to be higher. The effect of this plastic adhesive will physically interact
with the coffee grounds and coffee grounds through the cavities it fills. The lowest density
value was obtained in the 80:20 (% w/b) composition of 0.38224 gr/cm? and for the 90:10 (%
wi/b) composition, the density was 0.40914 gr/cm?. The low density test results are due to the
minimal adhesive composition and the cavities in the particleboard are filled with filler, so the
board has a small weight compared to the volume of the board itself (Hasan et al., 2020). There
are factors that affect the density value such as the type of wood, the amount of felt pressure,
the number of wood particles, the adhesive content and other additives (Iswanto et al., 2008) .
The results of the particleboard density test for formulations 1 and 3 have met the density
standards required by SNI 03-2105-2006 which ranges from 0.40 - 0.90 gr/cm® (Badan
Standarisasi Nasional., 2006).

Water Absorption Test

This absorption test is conducted to see the particle board is able to absorb water or is
hydroscopic. The results obtained show the largest to smallest water absorption in order,
namely formulations 2, 3 and 1. This is because the composition of tofu pulp particles and
coffee rinds is more than the amount of plastic adhesive given. The water absorption of a
particleboard will tend to decrease with increasing amounts of adhesive. This is in accordance
with research conducted by (Aminah et al., 2018) that the concentration of adhesive used
affects the value of water absorption, the higher the concentration of adhesive used, the lower
the water absorption value of the resulting particle board.

Table 3. Water Absorption Test Results

Formulation Repetition % Absorbability SD Average (%)

1 105,968
105,835 0,0628 105,879
105,835
129,906
129,903 0,0278 129,924
129,963
95,311
95,445 0,0596 95,395
95,428
Based on this, it can be seen that the amount of adhesive given will affect the ability of
particleboard to absorb water. The high water absorption of particleboard is due to its
hygroscopic nature, mostly due to the presence of lignin and cellulose. These components are
known to easily absorb and release water, so materials containing these components are very
susceptible to changes in moisture levels (Iswanto et al., 2008). The decrease in water
absorption is due to the adhesive entering the particle cell cavities more and more so that the
contact between particles is tighter and water vapor will be difficult to enter the particle board.

Water Content Test

Water content shows the content contained in particleboard when it is in a state of equilibrium
with the surrounding environment (Indrayanti et al., 2023). The moisture content in
particleboard is influenced by the water content contained in the raw materials used. Increasing
the amount of adhesive has a positive effect on the value of water content. This is because more
adhesive will cover the cavity of the tofu pulp and coffee epidermis so that the particle board
structure will be perfectly covered and not easily hydrolyzed. The moisture content of
particleboard with minimal adhesive composition has a much higher value than with more
adhesive composition. This shows that the particles used as the base material have a high ability
to absorb water.

(90 : 10)

(80 : 20)

(70 : 30)

WNPRFRPWNEFEPWDN
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Table 4. Water Content Test Results

Formulation Repetition % Water Content SD Average (%)
1 17,474

17,465 0,219 17,315

17,005

5,574

5,586 0,023 5,564

5,532

2,236

2,272 0,017 2,248

2,236

Too high water content can cause the adhesive bond in the board to become weak, so the
smaller the water content in the particleboard, the better the board. The decrease in moisture
content is in line with the decrease in the percentage of use of tofu pulp and coffee grounds.
This is in accordance with research which states that the less raw material used, the smaller the
water content, but the results of this study show that the value of water content is getting bigger.
The high value of water content is due to the hygroscopic nature of particleboard because it
contains lignin and cellulose (Fauziah et al., 2014).

(90 : 10)

(80 : 20)

(70 : 30)

WNEFRPWNEFPOWDN

The optimum moisture content occurs at the 70:30 (% w/b) particleboard formulation
concentration, which is 2.248% and 80:20 (% w/b) formulation, which is 5.564%. The moisture
content of the particleboard produced has met the required standard of SNI 03-2105-2006,
namely, moisture content < 14% (Badan Standarisasi Nasional., 2006).

Thickness Development Test

Thickness development is a test of physico-chemical properties that will show the dimensional
stability of a particle board and can be used as a reference in the use of particle boards
(Anggraini et al., 2021). The purpose of testing thickness development is to find out how much
water absorbs on the particle board.

Table 5. Thickness Development Test Results

Formulation Repetition % Increase SD Average (%)

1 2,857
9,827 2,845 6,347
6,358
12,313
14,829 6,559 18,152
27,313
16,889
15,284 1,514 15,121
13,191

(90 : 10)

(80 : 20)

(70 : 30)

WNEFPWNEFEPWDN

The results of the particle thickness development test using PET adhesive after soaking for 2
hours. The table shows that the water absorption tends to increase with the increase of adhesive
amount. The value of particle board thickness development produced by PET adhesive ranged
from 6.374%-18.152%. The lowest value of 6.374% occurred in the 90:10 (% wi/b)
particleboard formulation concentration, while the highest was 18.152% in the 80:20 (% w/b)
particleboard formulation. In this study, the three particleboard formulations met the standards
set by the Indonesian National Standardization Agency SNI 03-2105-2006 which tolerates the
development of particleboard thickness after soaking in water by 20-25% (Badan Standarisasi
Nasional., 2006). According to (Said et al., 2021), the higher the water absorption in a
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particleboard, the more particles of material can absorb water so that this will weaken the bond
between particles which has an impact on the expansion of the particleboard.

SEM (Scanning Electron Microscopy) Testing

Analysis using SEM instrument is used to see the pore or surface of a particle with an electron
microscope (Fitria et al., 2017). Based on the physical test analysis, the best formulation of
particle board biocomposite was obtained with a ratio of 70: 30 (%b/b). After that, SEM
factography analysis was carried out on the formulation. The results of SEM testing in this
study show that the adhesive covers all the particles, the adhesive that covers the particles binds
each other so that the particles can unite to form a bond, namely the board. The bonding
strength of the preservative is very dependent on the amount used. In the SEM results for
particle board biocomposites formulation 70:30 (%b / b) with 1000x magnification has a level
of homogeneity that is not good when mixing the particles with the adhesive causing certain
parts to look imperfect particles covered by the adhesive (there is porosity). SEM results
obtained on this biocomposite particle board are obtained as follows:

(a)

Figure 2. SEM analysis (a) 3000x; (b) 4500x
Figure 2 is the result of SEM analysis showing the surface structure of the particleboard
samples. Figure 7a shows the surface morphology of the particleboard at 1500x magnification.
The image shows tofu pulp and coffee bean skin bound by Polyethylene plastic. Figures 2a and
2b clearly illustrate the small particles bound to the polyethylene at 3000x and 4500x
magnification. Polyethylene samples that are not treated or not bound with a particle will show
a smooth surface (Gupta & Devi, 2019). It can be seen in the picture that the black surface
shows the specifics of Polyethylene plastic.

CONCLUSION

Particle board innovation contributes to the utilization and processing of tofu pulp waste and
coffee epidermis and particle board development, with this innovation it is hoped that the
cutting of trees as furnicture can be controlled so that the manufacture and use of furnicture is
more environmentally friendly. In this particle board biocomposite innovation, the composition
of coffee skin waste and tofu pulp as filler and Polyethylene (PE) plastic as matrix (adhesive)
is used. The addition of plastic waste aims to increase the adhesion/bond between the fibers
and the matrix in natural fiber composites. Three particle board biocomposite formulations
have been made. Based on the results of physical testing, the best formulation of particleboard
biocomposites was obtained, namely in the ratio of 70:30 (% w/b) (70% tofu pulp and coffee
bean skin and 30% PET plastic) which is in accordance with SNI 03-2105-2006 standards.
Biocomposite particleboard formulation 70:30 (% w/b) has a density of 0.60186 gr/cm3, water
absorption of 95.395%, moisture content of 2.248% and an increase in thickness after soaking
of 15.121%.
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RECOMMENDATIONS

It is necessary to add variations in the mixture of natural fibers with Polyethylene (PE) adhesive
and pay attention to the effect of pressure and temperature used during pressing so that a
sturdier and stronger particle board will be obtained and a printing tool is needed that can
provide pressure and temperature during the particle board printing process.
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