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Abstract: Having studied the applied plastic recycling technologies, materials for 3D printing and the 3D
printing technologies it is realized that the quantity and quality of plastic waste differs from country to country
and from company to other, PET is recycled quite frequently and has the number "1" as its recycling symbol,
and after drying PET prepared for extrusion, then material is shredded and dried, its ready to be extruded. The
‘Next filament extruder’ was used for the extrusion of PET (shredded format), with 3 different diameters of
shredded material and constant range of temperature heater and speed of fan speed, the measurement can be
ready after 3 or maximum 5 tests. After testing and measuring with different diameters, making filament from
shredded PET will work better if it’s made with a diameter of 1.75mm which means a thicker diameter is
used, the filament will probably collapse under its own weight, causing the filament to swirl and jam in the
filament sensor.
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1. Introduction

Having studied the applied plastic recycling technologies, materials for 3D printing and the 3D printing
technologies it is realized that the quantity and quality of plastic waste differs from country to country and
from company to other. In the case of waste plastics that are recyclable and reusable, the most widely used
are polyethylene terephthalate (PET, used for synthetic —fibres and water bottles), and second high-density
polyethylene (HDPE, used for jugs, bottle caps, water pipes).

The current applications for using recycled plastics in fabrication and design are fairly limited, on a small
scale, plastics (such as ABS, HDPE, or PET) are shredded and formed into pellets, and then either extruded
into —lament to be used in existing 3D printers, or injection moulded into small parts and pieces of larger
components. At a large scale, recycled HDPE is melted into sheets and either used directly as sheets in
construction, or then heat formed from a sheet into components for construction. These methods of fabrication
using recycled plastics are the norm because of their affordability and straightforward processes, yet each
method leaves some complexity to be desired.[1].

Regarding the recycling technology, the previous methods of recycling and recovery routes for solid plastic
waste are detailed and discussed covering:

—re-extrusion

—mechanical treatment

—chemical treatment

—energy recovery

Based on the previous research I performed on this field, the main objective of my project is the contribution
to the development of sustainable, effective technologies on the field of plastic recycling, both from the
economic and ecological point of view
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2. Methods and materials

Recycling technology: PET plastic waste aggregate was prepared by grinding waste PET plastic bottles. The
preparation process of PET plastic waste aggregate includes the following steps:

—Collecting the PET bottles wastes.

—Removing the cover and trade label.

—Washing and drying the bottles.

—Shredding and grinding the PET bottles to the specified particle size

The grinding process was carried out in the FKF ZRT. (see in Fig. 1):
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Figure 1. PET plastic recycling steps

Contacting FKF.ZRT which is recycling company of plastic in Budapest, they provide a table, that shows
the types and the ratio of the collected selective waste from the last year. These numbers are based on their
monthly sorting.

By selecting few months from all year, it shows the importance and the highest quantity of clean, blue or
coloured PET which the main material for the research.

Table 1. Types and ratio of the collected selective waste during 2018

2018 January February March
Kg m/m% | Kg m/m% | Kg m/m%
PET Clean 30,4 12,2 27,0 10,6 30,2 11,9
Blue 38,5 15,4 30,4 11,9 32,6 12,8
Coloured 10,9 44 16,0 6,3 18,9 7.4
Foil Dyed 6,3 2,5 8,0 3.4 5,6 2,2
Natural 4,1 1,6 7,3 2,9 5,0 2,0
Flacon 36,5 14,6 25,4 10,0 22,4 8,8
Hungarocell 0,3 0,1 1,0 0,4 1,4 0,6
Metal Tinned metal | 6,0 2,4 6,2 2,4 3,0 1,2
Aluminium 6,1 2,4 6,4 2,5 3.3 1,3
Other Waste 111,1 44,4 126,3 49,6 131,8 51,8
Altogether 250,2 100,0 254,6 100,0 2542 100,0
Recyclable 138,8 55,5 127,3 50,0 121,0 47,6
Non- 111,4 44,5 1273 50,0 133,2 52,4
Recyclable
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The main production for PET is for the applicability of synthetic fibres (in excess of 60%) with bottle
production accounting for around 30% of global demand. In terms of textile applications, PET is generally
referred to as simply "polyester". The terminology “PET" is used generally for packaging applications. The
polyester industry makes up about 18% of world polymer production and is third largest industry after
polyethylene (PE) and polypropylene (PP). [2].

PET is recycled quite frequently and has the number "1" as its recycling symbol. The first PET was patented
in 1941 by John Rex Winfield, James Tennant Dickson and their employer the Calico Printers' Association of
Manchester and the PET bottle was patented in 1973 by Nathaniel Wyeth. PET is also used as substrate in
thin film and solar cell.[3].

Table 2. Thermal properites for PET

Material Polyethylene Terephthalate
Melting point [°C]. 225
Drying time [hours] 4-5
Drying temperature [°C] 160

Some tests will be provided in laboratory of mechanical engineering in Szent Istvan University, probably
around 3 to 5 measurement.

First drying PET prepared for extrusion, after the material is shredded and dried, its ready to be extruded.
The ‘Next filament extruder’ was used for the extrusion of PET (shredded format).

Figure 2. Example of extrusion machine

Three tests will be done with different diameter of shredded material

With 3 different diameters of shredded material and constant range of temperature heater and speed of fan
speed, our measurement can be ready after 3 or maximum 5 tests. Table 3 shows the settings used for every
test.

Filaments product for 3D printing: The following materials were used in this research:

—recycled polyethylene terephtalere(rPET), supplied by FKF ZRT
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—polyethylene terephthalate (PET).

For the test, it starts by filament quality control contain the measurement of diameter of recycled polyethylene
terephthalate and the filament in interval of 1 meter, after will be test the surfaces and cross section of the
materials and then find the melting point which shows the thermal properties. Second test will be tensile

testing for raw materials

Table.3 Setting and parameters using during the test

TEST Diameter of shredded Temperature range[°C] Filament fan speed (%)
material(mm) and extruder(rpm)
1 2,85 240-245 80-5
2 2 240-245 80-5
3 1,75 240-245 80-5
1 115~ -
o z
1+——\® : o &
\q
%

Figure 3.Sample type of tensile testing

Tensile testing was performed by using a material testing machine, Testometric M 350- 5CT see Figure 4
(faculty of mechanical engineering SZIE).

Figure 4. Material testing machine, Testometric
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3. Results

Recycling technology: Recent research points the way towards chemical recycling methods with lower energy
requirements, compatibilization of mixed plastic wastes to avoid the need for sorting, and expanding recycling
technologies to traditionally non-recyclable polymers.We mentioned the recycling technologies from which
we concluded that mechanical recycling is the only widely adopted technology for large-scale treatment of
plastic solid waste. The main steps were the removal of organic residue through washing, followed by
shredding, melting, and remoulding of the polymer, which is often blended with virgin plastic of the same
type to produce a material with suitable properties for manufacturing.In my previous research supervised by
Dr Zoltan Bartfai, It found solution for grinding and extruding plastic using machines with two different parts:
crusher, extruder and mixed it together.

The crusher consisted of 12 blades twelve anvil-blades, right axis, left axis, cover, sieve, fourteen casing
spacers, four nuts, two pins and crank. [4].

Figure 5. Overview of the complete design of the crusher

Current technologies that move beyond mechanical recycling include pyrolysis (thermolysis) to selectively
produce gases, fuels, or waxes through the use of catalysts; are referred to as chemical recycling. Chemical
recycling is not a widespread recycling practice, mainly because of energy costs. A further option is the
incineration of materials and collection of energy in the form of heat. Incineration is convenient for the
treatment of mixed waste because it avoids the need for sorting, but it does not allow for the recovery and
reuse of the starting components once burned. It also does not save as much energy as recycling.

Filament product for 3D printers: Within the frame of this research project, performing adequate laboratory
test processes we are going to cooperate with the FKF ZRT. This company works in a strong connection with
the faculty of mechanical Engineering. They have well equipped laboratory for testing recycled plastic waste.

Previous test show that conductive anti-static ABS has advantages with excellent mechanical strength, impact
resistance, dimensional stability, high flow creep resistance and excellent heat and low temperature resistance.

Several trial tests were run but optimal conditions for the rPE extrusion process were not found. The outcome
of rPE filament was good. PET filament was better. The main problem during rPET extrusion is the stoppage
of the material flow.

In the middle of the extrusion, extrudate stopped coming out of the die that caused rHDPE filament to thin
out and eventually to break. Pristine HDPE extrusion went without any complications.
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Figure 6. Produced filament from PET

Conclusions

The aim is to test of normal plastic bottles can be turned into 3D printing filament. The following is a quick
summary of our tests to turn around 30 bottles into filament. Water bottles were collected, cleaned (properly)
and any external caps or seals were also removed, the bottles were then vacuum sealed and heated to reduce
their size, once cooled the bottles were cut into smaller chunks with a saw and a pair of scissors, after that, the
pieces were shredded into tiny pieces, the pieces were then dried at a temperature of 160°C for 4 hours, The
PET was then fed into next filament extruder, after multiple tests at different nozzle diameters and
temperatures, our team ended up with a great result of PET filament, Recently, the US Department of Defence
(DoD) is exploring 3D printing feedstock made from plastic containers that have been left on the battlefield,
which can hopefully be reproduced in other government sectors. There’s also Ethical Filament, a company
focused on promoting the concept of recycling to produce ethical 3D printing filament that is sold to improve
the livelihoods of waste pickers and their communities worldwide. Then there’s the Perpetual Plastic Project
(PPP), which is an installation which can directly recycle old plastic drinking cups into 3D printing gadgets
as well as other plastic products if needed.

While there is more and more aware of using recycled filament for 3D printing, we still have a long way to
go. Hopefully, with the rise in 3D printing over the last few years, more emphasis is being placed on plastic
recycling.

Nomenclature

PET: PolyEthylene Terephtalate

ABS: Acrylonitrile butadiene styrene

PLA: Polylactic acid

rPET: Recycled polyethylene terephtalate

FKF: Public service company owned by the Municipality of Budapest.
PE: Polyethylene

HDPE: High density polyethylene

MPA: pressure measured in megapascal
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