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ABSTRACT

One of the derivative products from wood processing materials is particle board made from sawmills waste. This research tries to examine experimentally,
how the physical and mechanical behavior of particleboard if in its manufacture it is added with plastic beverage bottle waste made of polyethylene
terephthalate (PET). This research was conducted with the aim of reusing used plastic bottles which could improve the physical and mechanical behavior of
particleboard with the proportion of a mixture of sawdust and plastic bottles 50 : 50; 60 : 40; 70 : 30. PET measuring 1 cm x 5 cm is not used in the mixture,
because the results are not good enough, then crushed PET is used, pressing temperature 200 °C, pressing time 20 minutes, density of all test samples meet
the standards, moisture content only C test samples meets the standards, water absorption are not required by the standard, swelling in thickness, samples of
B and C tests which meets the standards are, MOE all test samples do not meet the standards, MOR all test samples meet the standards, internal bonding only
test sample C meets the standards, screw holding power all test samples did not meet the standards.
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1. Introduction

West Kalimantan is one of the largest producers of processed wood products in Indonesia, one of the products of processed wood products is
particleboard, which is the use of wood sawn residue and wood chips mixed with adhesive, then compacted under pressure, and heated to a high
temperature, so that the resulting product is solid and strong, but relatively light. This particle board is an alternative material to substitute for plywood
(multiplex) because multiplex requires logs, while particle board only utilizes wood processing waste, in addition to the weight of the multiplex which is
heavier than particleboard.

To increase the durability of particleboard, it will usually be coated with paint or laminated with veneer with various motifs (decorative) to beautify and
improve the quality of the outer surface, as well as increase the resistance of particleboard to weather (humidity) and water. Particleboard is now a
material from the type of wood that is most widely used for the manufacture of water furniture because of its relatively cheap price and low weight,
because water furniture tends to be moved around frequently.

Other advantages of particleboard compared to multiplex are its ability to withstand nails or screws, its ability to insulate heat (thermo) and sound
(acoustics) which is good, so it is widely used for the manufacture of sound systems. In addition to these advantages, problems or weaknesses with
moisture and water, a solution must be found, so this research was carried out, by adding waste plastic bottles made of polyethylene terephthalate (PET)
for the manufacture of particleboard, with the hope that this plastic will melt and unite with sawdust when heated, and will form a layer that is more
waterproof and more resistant to attack by insects such as termites.
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2. Materials and Methodology

2.1 Materials
Particleboard size :30ecmx30cmx1cm
Density :0,8 g/cm®
UFadhesive (UF) 1 11% (SC 52%)
Paraffin (P) 1 1% (SC 52%)
Catalyst (C) :0,1% (SC 52%)
Proportion of ingredients to make 1 piece of particleboard:
Oven dry weight 1 UF : Paraffin : Catalyst = Total
100 111 01 10,1 =1121
Materials requirements according to the following proportions:
Oven dry weight = length x width x thick x density = 30 cm x 30 cm x 1 cm x 0,8 g/cm®= 720 g
100
S= 1121 X720 g = 642,28 g

a. Sample 50% sawdust (S) : 50% PET

100 50
Sso = 7171 < 7209 X 7gq = 321149
100 50
PETs) = 1751 % 720 9 X 15 = 32114 g
11 100
UFs = 1757 %X 7209 X 55 = 13587 g
1 100
P2 = 1177 X720 9% 55 = 12359

o= 720 g 220 _ 123
271121 g5y =429

b. Sample 60% sawdust (S) : 40% PET

=100 209 x 2% 38537
0= 1121 9% 900 = 779

40
X 720 g Xx — = 256,91

PET,, =
0 =111 100

UF. 1720 g x 20 13587
=— % X — =
2= 1121 9775 ©r g

1 100

P =57 X720 g X 57 = 12354
0,1 100

CSZ 1121)(7209)(3—1239

¢. Sample 70% sawdust (S) : 30% PET

100 70
"= 1121 X 720 g X 100 - 449,60 g
100 30
PET;y = 1121 ——X%X720g XE_ 192,69 g
11
UFs, = 121 x720g9g x——=135,87g
1 1
52 1121><7ZOg><5——123Sg
0,1
5251151 x 720 ><5—= 1,23 g

2.2 Methodology
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Particle board is made by pouring sawdust and PET into a plastic container, then stirred so that it is evenly distributed according to the proportions of the
mixture above as many as 3 variants, namely 50: 50; 60 : 40; and 70 : 30, with a proportion of 11% UF adhesive (SC 52); paraffin 1% (SC 52); and 0.1%
catalyst (SC 52), the amount of adhesive is the same for each variant. The sample that has been mixed evenly is then poured into the mold. The surface of
the mixture is leveled with a steel ruler, then pressed with a hot packing press with a load of 25 kg/cm2, which is heated at a temperature of +200 °C for
20 minutes, then the test sample is dried for 24 hours.

Particleboard is made by pouring sawdust and PET into a plastic container, then stirred so that it is evenly distributed according to the proportions of the
mixture above as many as 3 variants, namely 50 : 50; 60 : 40; and 70 : 30, with a proportion of 11% UF adhesive (SC 52); paraffin 1% (SC 52); and 0.1%
catalyst (SC 52), the amount of adhesive is the same for each variant. The sample that has been mixed evenly is then poured into the mold. The surface of
the mixture is leveled with a steel ruler, then pressed with a hot packing press with a load of 25 kg/cm2, which is heated at a temperature of £200 °Cfor 20
minutes, then the test sample is dried for 24 hours.

The sample will be compared with the standard for testing the physical and mechanical properties of particleboard based on Indonesian standard SNI 03-
2105-2006 and Japan standard JIS A 5908:2003 as listed in the following table:

Table 1 Physical and mechanical properties of particleboard according to standards:

Num Properties JIS SNI

1 Tolerances on thickness, mm +1.0 +1.0

2 Density, g/cm® 0.40-0.90 0.40-0.90
3 Moisture content, % 5-13 <14

4 Swelling in thickness, % Max 12 Max 12

5 Internal bonding, kgf/cm? Min 1.5 Min 1.5
6 MOR, kgf/cm? Min 80 Min 82

7 MOE, kgflcm? Min 20,000 Min 20,400
8 Screw holding power, kgf Min 30 Min 31

3. Result and Discussion

The test results of the test samples are as follows, the letter A indicates the test sample is made of a mixture of 50% sawdust: 50% PET; the letter B
indicates the test sample is made from a mixture of 60% sawdust: 40% PET; the letter C indicates the test sample is made of 70% sawdust: 30% PET.
First, a test sample A is made, using 1 cm x 5 cm PET and crushed PET, the results are as figure 1 follows:

@ (b)
Figure 1 Waste plastic bottles PET(a) PET size 1 cm x 5 cm; (b) crushed PET
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@ (b)

Fig. 2 Particleboard (a) made from PET size 1 cm x 5 ¢cm; (b) made from crushed PET
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Figure 3 Average density

From the test results listed in Figure 3 above, it was obtained that the average density value met the criteria of SNI 03-2105-2006 and JIS A 5908:2003.
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Figure 4 Average moisture content

The average value of water content ranges from 3.6% - 5.3% which meets the criteria according to SNI 03-2105-2006 and JIS A 5908:2003 only sample
C, while test samples A and B are below the standard, meaning that PET affects the content of water, that is, lowering the water content with the
increasing amount of PET in the mixture, it is necessary to further investigate why test sample B is lower than A.
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Figure 5 Absorption of water

The water absorption value as shown in Figure 5 ranges from 27.6% - 62.1%, this results indicate that the more PET material in the mixture, the lower the
water absorption value of the particleboard.
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Figure 6 Swelling in thickness

The results show that the test sample A exceeds the limits required in SNI 03-2105-2006 and JIS A 5908:2003, this indicates that the more PET in the
mixture, the greater swelling in thickness value, this indicates that the PET has not yet melted,to fill the voids in the particleboard, it is necessary to test by
increasing the compression temperature and adjusting the compression time.

10,000
8,620.865

8,000

~ 6,675.115

§

£ 6000

]

:} 3,834.230

& 4,000

=

0

m(50:50) m(60:40) m(70:30)

Figure 7 MOE
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From the test results, we know that the more PET material in the mixture, the smaller the flexural modulus of elasticity, this also indicates that the PET
material in the mixture has not yet melted, so there is no strong bond between the sawdust and PET. The all MOE value is still below the requirements of
both SNI 03-2105-2006 and JIS A 5908:2003, further research needs to be done by increasing the compression temperature and adjustcompression time
until the PET material melts.
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5,000
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Figure 8 MOR
From the test results, it is found that the more PET added in the mixture, the smaller the MOR value will be. The MOR value meets the standards of SNI

03-2105-2006 and JIS A 5908:2003, this indicates that the PET material is still not fused with the sawdust, it is necessary to do research using a higher
temperature and adjust the compression time.
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Figure 9 Internal bonding

From the test results above, we can see that the addition of more PET material in the mixture will decrease the value of internal bonding, this indicates that
the PET material used has not yet melted, so there has not been a strong bond between PET and sawdust. The internal bonding of the test sample C met
the standards of SNI 03-2105-2006 and JIS A 5908:2003, while the test samples A and B were below the standard. The value of test sample B which is
smaller than test sample A should be investigated further, and it is necessary to further investigate the internal bonding by increasing the compression
temperature and adjusting the compression time.
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Figure 10 Screw holding power

From the test results, it was found that the more PET material in the mixture, the smaller the screw holding power value. The value of the screw holding
power is still below the standard of SNI 03-2105-2006 and JIS A 5908:2003, this indicates that the PET material is not yet fused with the sawdust, so
further research is needed to determine the right temperature and compression time. The existence of deviations in the value of the screw holding power of
test sample B which is lower than test sample A, should be investigated further.

4. Conclusion

- PET measuring 1 cm x 5 cm is not used in the mixture, crushed PET is used.

- Pressing temperature 200 °C, pressing time 20 minutes.

- Density ranges from 0.757 g/cm® — 0.828 g/cm®, all test samples met SNI and JIS standards.

- Moisture content ranges from 3.590% — 5.323%, meets SNI and JIS standards, only sample C.

- Water absorption ranges from 27.578% — 62.150%, SNI and JIS are not required.

- Swelling in thickness ranges from 9.838% — 14.916%, which meets the SNI and JIS standards are samples B and C.
- MOE ranges from 3,834,230 kgf/cm? — 8,620,865 kgf/cm?, all test samples did not meet SNI and JIS standards.

- MOR ranges from 17,667,130 kgf/cm?® — 41,586.675 kgffcm?, all test samples meet SNI and JIS standards.

- Internal bonding rangesfrom 0.285 kgf/cm?® — 1.853 kgf/cm?, only sample C meets SNI and JIS standards.

- Screw holding power ranges from 6,600 kgf — 21,050 kgf, all test samples did not meet SNI and JIS standards.

Acknowledgements

We would like to express our deepest gratitude to the research unit and community service of PT. Duta Pertiwi Nusantara Tbk and the

Pontianak State Polytechnic with the completion of this research.

REFERENCES

Hidanto, W. & Mora. (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. Vol. 8, No. 2, pp 106-112.

Irfandi, Panggabean, D.D., & Harahap, M.H. (2017). Pembuatan dan Karakterisasi Komposit Papan Partikel dari Bahan Polipropilen dan Serbuk Tempurung Kelapa
Medan Labuhan dengan Menggunakan Uji Fisis. Jurnal Pembangunan Perkotaan. Vol. 5, No. 2, pp 103-107.

JIS A 5908:2003 (English). (2003). Particleboards. Japanese Standards Association. Akasaka, Minato-ku, Tokyo, 107-8440 Japan.

Kurniawan A.D., & Yulianto, D. (2020). Utilization of Palm Oil Fiber Waste and Recycled Plastic (Polypropylene) As Particle Board Composite Materials
(Pemanfaatan Limbah Serat Buah Kelapa Sawit dan Plastik Daur Ulang (Polypropylene) Sebagai Material Komposit Papan Partikel). Journal of Renewable
Energy & Mechanics (REM). Vol. 3, No. 2, pp 60-70.



744 International Journal of Research Publication and Reviews, Vol 2, no 11, pp 737-744, November 2021

Meldayanoor, Darmawan, M.l., & Norhalimah. 2020. Pembuatan Papan Komposit dengan Memanfaatkan Limbah Pelepah Kelapa Sawit dan Plastik Polyethylene
Terephthalate (PET) Daur Ulang. Jurnal Teknologi Agro-Industri. Vol. 7, No. 1, pp 56-69.

SNI03-2105-2006. 2006. Papan Partikel. Badan Standardisasi Nasional.

Shmulsky, R., Jones. P.D. 2019. Forest Products and Wood Science: An Introduction. John Wiley and Sons Ltd. The Atrium, Southern Gate, Chichester, West
Sussex, PO19 8SQ, UK.

Suchsland, O., & Woodson, G.E. 1986. Fiberboard Manufacturing Practices in The United States. Agriculture Handbook. USDA.

Thoemen, H., Irle, M., & Sernek, M. 2010. Wood-Based Panels: An Introduction for Spesialists. Brunel University Press, London, UB3 PH8. England



