S ta Teknik
SEMESTA VE(})TEZS;1 N?). gl, 16148-158, November 2024

TEKNIKA  Dot: https://doi.org/10.18196/st.v27i2.21072

© The Author (s) 2024

Recycled PET Plastics Filament: Characteristic and Cost Opportunity

Ikbal Rizki Putra, Muhammad Lugman Bukhori?, Angger Bagus Prasetiyo®, Fadzkurisma Robbika®*, Brian Teo
Putra®

!Department of Mechanical Engineering, Sekolah Tinggi Teknologi Kedirgantaraan, Bantul, 551187, Indonesia
2Department of Electrical Engineering, Sekolah Tinggi Teknologi Kedirgantaraan, Bantul, 551187, Indonesia
3Department of Mechanical Engineering, Institut Teknologi Nasional Yogyakarta, Sleman, 55281

“Department of Leather Processing Technology, Politeknik ATK, Bantul, 551187

SDepartment of Aerospace Engineering, Sekolah Tinggi Teknologi Kedirgantaraan, Bantul, 551187, Indonesia

* Corresponding author email: ikbal.rizki@sttkd.ac.id

W) Check for updates

Keywords: Abstract

PET Waste; TPST Piyungan Integrated Waste Disposal Site (TPST) is a waste disposal site in Yogyakarta province.
Piyungan; 3D Printer; With an estimated increase in the amount of waste of 8% per year, it is estimated that the TPST will
Filament. not be able to accommodate waste from the community. One of these wastes is PET bottle. This

research aims to develop a new recycling method by converting PET plastic waste into 3D Printer
machine filament and investigate the opportunity of this PET filament. This research uses several
stage methods: PET filament making, Tensile test, macroscopy photography and opportunity
analysis. This study concludes that PET bottle waste can be used as 3D printer filament with a
diameter of 1.7 mm. Processing PET bottle waste into 3D printer machine filament can increase the
economic value of PET bottle waste. And this can contribute to the potential for processing plastic
bottle waste.

INTRODUCTION

The volume of waste in D.l.Yogyakarta province reaches 470 tons per day, with the distribution consisting of
77% organic city waste and 23% inorganic city waste (Sudibyo et al., 2017). Piyungan Integrated Waste
Disposal Site (TPST) is a waste disposal site in Yogyakarta province. At TPST, inorganic waste will be recycled
and organic waste will be turned into compost. However, with an estimated increase in the amount of waste of
8% per year, it is estimated that the Piyungan TPST will not be able to accommodate waste from the community
(Sudibyo et al., 2017). Ideally, the amount of waste entering the Piyungan TPST can be minimized at the source
in various ways (Colon et al., 2010; Sarkar et al., 2016). Currently the Piyungan TPST is closed because it has
exceeded capacity. TPST closures occurred at the Sarimukti TPST in Bandung and the Rawa Cat TPST in
Tangerang due to fire. The closure of TPST resulted in the accumulation of waste in various temporary storage
areas because the waste was not processed. Portrait of the TPST conditions is shown in Figure 1.

To overcome the waste problem in the Yogyakarta area, the Yogyakarta City Government issued Regional
Regulation (Perda) Number 1 of 2022 concerning Waste Management (Sumadi, 2022). The government urges
the public, private sector and/or business entities to manage waste independently in this regulation. This activity
can reduce buildup in TPST or Landfill and develop filaments that are sustainable and environmentally friendly
(Tadi et al., 2024).
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Figure 1. TPST conditions (a). TPST Piyungan, (b). TPST Sarimukti, (c). TPST Rawa Kucing

The way to reduce waste generally known by the public is 3R. The 3Rs are Reduce (reducing use), Reuse
(reuse), and Recycle (recycle). One of the potentials for recycling plastic waste is to convert plastic waste into
Filament for 3D Printer machines. A 3D printer machine is a machine used to convert 3D designs into original
objects (Wicaksono et al., 2021). Materials generally used in 3D printing machines are plastic (PLA, ABS and
TPU), PP plastic (Pamasaria et al., 2020), resin, ceramic, metal (Amiruddin et al., 2015), bamboo(Khan et al.,
2023), olive wood (Fico et al., 2022), crab shell (Palaniyappan & Sivakumar, 2023), Nut (Lohar et al., 2023),
coconut (Umerah et al., 2020), feather(Mi et al., 2020) and a mixture sago and polymers (Putra & Tontowi,
2019; Rosid et al., 2019; Tontowi et al., 2017). Application of the 3D Printing method in the field of education
is the manufacture of teaching aids for education and medical field (Dyaksa et al., 2021; Szulzyk-Cieplak et
al., 2014). The 3D Printer method has also been used in the health sector (Bozkurt & Karayel, 2021), one of
which is in making heart rings and implants.

This research potential, apart from supporting the Yogyakarta City Regional Regulation, also supports the
2017-2045 National Research Master Plan program regarding advanced materials in the Material
Characterization and Industrial Support Technology sub-section(Kementerian Riset Teknologi dan Pendidikan
Tinggi, 2017). This research aims to develop a new recycling method by converting PET plastic waste into 3D
Printer machine filament, investigate the mechanical properties of PET plastic waste and analyze this PET
filament development from an economic viewpoint.

RESEARCH METHODS

Plastic is categorized into 2 types, namely thermoplastic and thermoset. This research uses PET plastic which
is included in the thermoplastic category. Polyethylene terephthalate (PET) is the most common and the
cheapest plastic(Bardoquillo et al., 2023; Brivio et al., 2024; Pintos et al., 2023). This plastic waste was chosen
because it is easy to obtain. Plastic waste sources come from household, environmental, and industrial waste.
Table 1. shows the mechanical properties of the PET plastic(Farah et al., 2016; Nistico, 2020).

Table 1. Mechanical Properties of PET Plastic

Mechanical Propertis of PET Plastic

No Mechanical Properties Values
1 Modulus Young's (E) 2800-3100 MPa
2 Tensile Strength 55-75 MPa
3 Elastic Limitation 2-5%
4 Melting Temperature 255 °C

The first step is to cut plastic bottle waste into sheets 10 mm wide. The purpose of cutting plastic into sheets is
to simplify the process of extruding sheets into filaments. The cutting results can be seen in Figure 2. Plastic
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strip are cut with a specially designed plastic cutting tool. This cutting tool is shown in Figure 3. This tool is
used to maintain consistent strip size. This consistency supports easy feeding of the extrusion nozzle.

(@) (®)

Figure 2. (a) Cutting Strip Result and (b) strip with 10 mm width

Figure 3. Cutting Device

The next stage is to pull the plastic strip through a heater to form a filament with a diameter of 1.7 mm. This
pulling process is carried out at a temperature of 220-235 °C. An automatic spool assists the pulling process
with a speed of 12 rpm. Constant temperature and spool speed settings aim to produce a filament that has a
homogeneous size and reduce bubbles in the drawn filament. Figure 4 shows the drawing process and Figure
5 shows the design of the cutting tool and heating tool.

1,7 mm Pulled Filament : /

Heatblock with 1,7 mm
diameter Nozzle

10 mm Filament Strip

Figure 4. Filament Pulling Process
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Figure 5. Design of Filament Cutter and Spool

This research used tensile testing to determine the tensile strength of plastic bottle waste filaments. The standard
used in this test is ASTM D-3379. For specimen sizes, see Figure 6. This test uses Universal Testing Maching
(UTM) with a 1-50 kN size range. For this test method, the specimen gage length shall be between 20 and 30
mm, and 30 specimens will be used as a testing sample. Testing was carried out at the Akademik Teknologi
Kulit Yogyakarta. The testing process can be seen in Figure 7. This test produces load and stroke graphs, which
will be used to obtain stress and strain graphs and determine the tensile strength of PET bottle waste filaments.

This Section Burned ar Cut
Away After Gripping in
Test Machine Test Specimen

‘R J // Grip Area

W:dth Q % @/
t
on A Lo oo ]

Overall Length

Cement or Wax

—— ]

Figure 6. Testing Speciment (ASTM D-3379)

Figure 7. Testing Process
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Apart from tensile testing, other tests carried out are macroscopic photos and cost analysis. Macro photos were
taken to determine the shape of the pulled filament and void location at the pulled filament. Macro photos were
taken at the UGM engineering materials laboratory. The macro photo process can be seen in Figure 8. Next, a
cost analysis was carried out to investigate the chance of PET bottle waste being used as an alternative material
for 3D printer machines.

Figure 8. Macroscopic Photography

RESULTS AND DISCUSSION

The produced 3D-printed Recycled PET specimens were tested on a Universal Testing Machine which applied
external force, and breaking points were observed for analysis purposes. Testing results were divided into 3
charts of 30 samples. Each chart consists of 10 samples to ensure detailed analysis comparison between
samples. Figure 9 to Figure 12 shows the behaviour of PET waste filament after tensile testing. It was found
that the maximum load that this filament could withstand was 30.2 N in Sample 21 and the lowest load it could
withstand was 13.64 N in Sample 6 and Sample 16. From these graphs, it is found that the tensile strength value
of this Sample 21 filament is 13.36 MPa with a strain of 115%. This low tensile strength value is caused by the
final shape of the PET waste filament, which is not perfectly round but has a gap in the middle, as shown in
Figure 12. A perfectly round shape has better mechanical bonds than a perfectly round shape (Hwang, 2019).
The results of taking macroscopic photos in Figure 12 show that there is no porosity and void, but there is a
gap in the middle of the filament, which makes the shape not perfectly round. This gap also increases the crack
propagation speed, which results in low tensile strength.

The diameter of the filament was measured with a vernier calliper and with ImageJ software to ensure the
results were right. The measured filament diameter is 1.7 mm in diameter. Previous research found that using
a non-standard filament diameter does not cause any compatibility issues as long as the diameter remains below
1.75 mm (Nikam et al., 2023). This study found that as long as the diameter is perfectly round, Non-standard
filament will work fine.
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Figure 9. Stress-Strain Graph Sample 1-10

Figure 9 shows the behavior and stress vs strain relation of Sample 1 to Sample 10. Meanwhile, Sample 5 has
the most extended strain value, with a value of 100%, but the sample with the most significant value of stress
is Sample 3, with a value of 9.65 MPa. Also, Samples 1 and 10 show the same behavior. They experience the
same stress fluctuations before reaching their ultimate tensile stress. This behaviour is marked with a blue circle
in Figure 9.
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Figure 10. Stress-Strain Graph Sample 11-20

Figure 10 shows the behaviour and stress vs strain relation of Sample 11 to Sample 20. Meanwhile, Sample 12
has the most extended strain value, with a value of 128%, but the sample with the most significant value of
stress is Sample 19, with a value of 11.93 MPa. The behavior of Sample 11 to Sample 20 is slightly different
from Sampel 1 to Sample 10. Not all samples from Sample 11 to Sample 20 experience the fluctuation of
stress. Samples 12, 16, 18 and 19 did not experience this fluctuation. This difference in behaviour is marked
with a red circle in Figure 10.
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Figure 11. Stress-Strain Graph Sample 21-30

Figure 11 shows the behaviour and stress vs strain relation of Sample 21 to Sample 30. Meanwhile, Sample 22
has the most extended strain value, with a value of 145%, but the sample with the most significant value of
stress is Sample 21, with a value of 13.36 MPa. The behaviour of Sample 21 to Sample 30 is slightly different
from Sampel 1 to Sample 10 in Figure 9 and Sample 11 to Sample 20 in Figure 10. Only Sample 21 and Sample
25 experience the fluctuation of stress. This fluctuation of stress is marked with a green circle in Figure 11.

This study carried out focuses on making filaments from recycled plastic bottles. As said above, non-standard
filament will work well if the diameter is perfectly round. Macroscopy photos were taken to determine the final
shape of the PET waste filament and check whether there were porosity and air bubbles in the filament or not.
Figure 12 shows that at 5X zoom magnification, there is a Gap in the middle of the filament, and at 11.5X zoom
magnification, there is no porosity and void or air bubbles. The absence of porosity and voids or air bubbles is
an indicator that the filament produced can be used.

Figure 12. Macroscopy Photo (a) 5x Magnification (b) 11,5 Magnification

However, the presence of a gap in the middle of the filament results in low tensile strength of the filament and
affect the printing capabilities of the filament. As well as, it affects the printing ability of the filament. This gap
is caused by the very short tip distance of the nozzle, so that the short time lag and the cross-section of the
nozzle result in the plastic strip not being completely formed into a solid filament. Figure 13 shows a cross-
section of the nozzle and hotend. Shown in the red circle, the distance at the nozzle tip is so short that the plastic
strip cannot solidify to form the filament. This short distance causes gaps to appear in the filament. To prevent

https://journal.umy.ac.id/index.php/st/issue/view/1112

154


https://journal.umy.ac.id/index.php/st/issue/view/1112

Putra, I.R. et.al. (2024). Semesta Teknika, 27(2)

this gap from happening, the distance of the tip of the nozzle needs to be increased. The longer the tip, the more
heating time the filament will have before exiting the nozzle.

1,7 mm Filament

% : " 10mm Strip
‘ | '

Nozzle

7/4 PET Filament

Figure 13. Section Analysis of Hotend

This gap also affects the printing ability of the filament. It can be seen in Figure 14 that in the preheat process
with a printing temperature of 260°C the filament coming out of the nozzle is not smooth and intermittent. This
will result in a printing process that is not smooth because the output from the nozzle is inconsistent. This study
suggests that the cross-section of the nozzle tip should be made longer so that the plastic strip can have a lag
time to solidify into a filament.

Figure 14. Printing Capabilities of PET Waste Filament

In terms of price, commercial filaments already on the market are priced at IDR. 230.000 to IDR. 250.000 for
1 kg of filament (Table 2). This price is certainly not cheap for some 3D printer machine users. Meanwhile, the
price of plastic bottle waste at waste collectors is IDR. 3.000. The considerable price difference makes
developing alternative materials from PET bottle waste very feasible.
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Table 2. Price Comparison Between Bottle Waste and Fabricated Filament

Price Comparison

Bottle Waste Price (Per Kg) Fabricated Filament Price (Per Kg)
Rp3.000 Rp230.000 - Rp250.000

Apart from the price comparison in table 2. An analysis was also carried out regarding the amount of
plastic bottle waste needed to make 1kg of filament. The weight of 1 PET bottle is 14.55 grams. 1
PET bottle produces filament weighing 9.07 grams or a weight reduction of 38%. Table 3 shows the
comparison of the weight of the filament produced with the weight of 1 PET bottle. Because 1 PET
bottle produces 9.07 grams of filament. So, to produce 1000 grams or 1 kg of filament requires 111
waste PET bottles.

Table 3. Price Comparison Between Bottle Waste and Fabricated Filament

Filament (Number of Bottle - Result Filament) Comparison

Bottle Weight (Gram) Number of Bottles Resulting Filament (Gram)
1 9,07
14,55
110,25 1000

In 1 kg of PET bottle waste, there are 69 PET bottles. Because to produce 1kg of filament requires 111 bottles.
So, a minimum of 2kg of PET bottle waste is needed. If a price comparison is made, 2kg of bottle waste is
priced at IDR. 6,000 and the price of commercial filament is Rp. 250,000. This difference is a development
opportunity that is worth continuing.

CONCLUSION

This study concludes that PET bottle waste can be used as a 3D printer filament with a diameter of 1.7 mm. In
addition, the PET bottle waste converter needs to be upgraded in the nozzle section to improve the quality of
the plastic bottle waste filament, its mechanical properties, and the printing ability of the filament. These results
highlight the potential to reduce plastic waste and turn it into a valuable material for 3D printing. The presence
of gaps in the filament will cause faster crack propagation. This results in a lower tensile strength value.

From an economic perspective, processing PET bottle waste into 3D printer machine filament can increase the
financial value of PET bottle waste. And this can contribute to the potential for processing plastic bottle waste.
In addition, this activity can reduce buildup in TPST or Landfill and develop sustainable and environmentally
friendly filaments.
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