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ABSTRACT

The objective of this research is to produce plastic filaments for Fused Deposition
Modeling (FDM) 3D printing from recycled Polyethylene terephthalate (PET) plastic waste
type. There is a study of optimizing the machine settings for producing plastic filament in
dimension size of 1.75+0.05 millimeters (mm) and studying the properties of 3D printed
parts with the test specimens according to ASTM D638 for mechanical testing and cubic
specimens for dimensional accuracy. Research studies have shown that recycled PET
plastic flakes can be produced into plastic filament with a diameter of @ 1.75+0.05 mm by
a mixing ratio of 0 to 40% with new PET plastic pellets. There is freshly melted through a
single screw extruder at a barrel temperature of 245 °C to 285 °C with a screw speed of 40
RPM. The molten plastic is extruded through a die with a diameter of @ 3 mm and cooled
filaments are drawn through water with pulling speed of 8 meters per minute. The plastic
filament produced are of good quality, smooth, clear, translucent, and have no air bubbles
within the filaments. The obtain 3D printed parts from recycled PET plastic filaments are
has a tensile strength value of 24.27 to 29.97 MPa., a percent elongation value of 1.55% to
2.14 % and dimensional error value of 0.5 to 1.5 %, which is similar to commercial PETG

plastic filaments.

Keywords: Fabrication of Plastic Filament; Filament for 3D Printing; Plastic Wastes; Recyclable
Plastic
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Figure 1 Flow chart of preparation process (a) Process of 3D printing filament (b) Process of

3D printing parts.
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Table 1 Compound formula of PET plastic pellets and recycled PET plastic flakes

Plastic Compound Content

Material Formula Code

PET Pellets (wt. %) PET Recycled Flakes (wt. %)
PET-Re00 100 0
PET-Rel0 90 10
PET-Re20 80 20
PET-Re30 70 30
PET-Red0 60 40
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Table 2 The setting of 3D printing parameters value for 3D printing specimen

Setting of 3D Printing Parameters Value

Parameters List

Dumbbell Specimen Cubic Specimen

Printing Temperature 240 °C 240 °C
Build Plate Temperature 80 °C 80 °C
Layer Height 0.2 mm 0.2 mm
Top/Bottom Thickness 0.2 mm 0.5 mm
Print Speed 60 mm/s 60 mm/s
Infill Density 100% 20%

Infill Pattern Line Line
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(a (b)
Figure 2 3D printing direction of the specimen (a) Cube shape (b) Dumbbell shape

4.mimaammamﬁaﬁ'ﬁumummﬁﬁ

4.1 ManpaeuLdna MvuaumsmnaeUANF L TULSIR T UL N SR
awfidlngldinseamaasunnuiiuniunssiaive Zwick/Roell flgumgiivies 25 ssrwaidoa
NPEEUTUNUSILIL 5 Fusie 1 feghs Tngldauentamessseznnaay (Gauge length) 50
fiadns Mensndilunishie 5 Tafunssewndiniuuinsgiu ASTM D638 [18]

4.2 MIVAEBULTER r‘f’muﬂLﬂumimaawmm%umumqnmﬂﬁsumm 20 x 20 x 20 HagaLuns
selulasfiasuuuiasa B%e Mitutoyo AuaziBen 0.001 Jadwns Yaeszesia 0-25 Hadwns
Tnginanuntiesiuau 3 adee 1 uwaunu S 3 uwunu Tnsunuunu X urnnunds wnu
Y 1luA1Auens wazwnu Z iuAiaiiugs waztAnNAIAeA U N TAT UL ATy
Wesidudiflerunamanuaaandourestunilngliitnisiuunnueainedeusinaunise
AuAALARUdTMSaLNNTT (1)

Relative error = [—xme;_ Xt] )
t

% Error = Relative error x100
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| A v o
Xmea = M7HAINN1530 (Measure value)
NAN13398
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Table 3 Parameters for optimal machine settings of FDM 3D printing filament fabrication.

Machine Parameters List Unit

Speed of single screw Machine 40RPM
Plastic feeding into the hopper of single screw Continually
FeedingTemperature of single screw Machine 245°C
MeltingTemperature of single screw Machine 280°C
MeteringTemperature of single screw Machine 285°C
DieTemperature of single screw Machine 285°C
Diameter of the die hole. 30 mm.
Distance between die head and cooling unit 100 mm.
Distance between die head and plastic filament pulling unit 15m
Filament Cooling temperature chamber. 20°C
Working room temperature 25-30°C
Speed of filament-pulling machine 8 m/min
Speed of filament rolling into a spool. 64 RPM

2.M3nTRABUILIALAE AN MR RdUleNaNaFN
2.1 Mnnsdndulenanafnasaudaiinisnsininvunanulaveadulenatafiniiorunu
yuaaulavedulenarafinlilanuuinsgruivuaduriuaugnats 1.75:0.05 fadwunsiie
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Figure 3 Measurement of PET plastic filament diameter using a digital micrometer (Target

filament diameter =1.75+0.05 mm)

OFilament 1 ¢ Filament 2 @ Filament 3 AFilament 4 XFilament 5
1.850

1.800 1 =- g~ e ERLEEE T  REEEEEEPEE Og T >
° 3

O ° ° e
1750 fz-----==---m-m - ﬂ-—‘—o-ﬂ———!——x——ﬁ—--Q—x —————— oA e A
°

5]
1.700 + - - - -~ S O . [ f__‘__‘__é__‘ ________________ o______ 0- X

Dimension of diameter (m.m.)

1.650 T T T T T T
1 23 45 6 7 8 910111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Nubemr of measurements

Figure 4 Measurement example of plastic recycle filaments 5 formula (Average 1.757 mm)
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Figure 6 Example image of FDM filament with Magnification 5 times (a) PET recycled filament
(b) PETG filament.
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(b)

Figure 7 Example of 3D printed from parts PET recycled filament (PET-Red0) (a) Cube parts
of size 20 x 20 x 20 mm. (b)Tensile testing parts of ASTM D638 Type |
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Han1sNAdeuANENTRTING uazannsavidunsmiSeudfieuldduansly Figure 9(a)
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(@)

Figure 8 (a) Tensile testing part of PET recycled filament (PET-Red0) after breaking
(b) Tensile testing part of PETG filament after breaking
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Table 4 Mechanical properties of 3D printed dumbbell from PET/PET Recycle

Material Formula Tensile strength Young's modulus Elongation

Code (MPa) (GPa) (%)
PET-Re00 29.98+ 3.84 2.01+ 0.17 2.14+ 0.18
PET-Rel0 28.37+ 1.77 2.06+ 0.13 1.96+ 0.18
PET-Re20 28.08+ 2.50 2.15+ 0.14 1.79+ 0.10
PET-Re30 26.93+ 3.10 2.10+ 0.27 1.77+ 0.15
PET-Red0 24.28 +2.14 211+ 1.11 1.55+ 0.14
PETG 44.36 + 1.87 1.79 £ 0.04 9.05+ 1.81
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Figure 9 Mechanical properties graph of 3D printed dumbbell from PET/PET recycle
(a) Tensile strength and elongation (b) Young's modulus
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Table 5 Dimensional accuracy of 3D printed cubes from PET/PET Recycle

Material Width (X Axis) Length (Y Axis) Height (Z Axis)
Formula  Measured value Error Measured value  Error  Measured value  Error
Code (mm) (%) (mm) (%) (mm) (%)

PET-Re00  19.705+ 0.021 -1.47 19.691 + 0.040  -1.54 19912 £ 0.044  -0.44
PET-Rel0 19.788 + 0.142 -1.06 19.813 +0.106  -0.93 19913 £ 0.065 -0.44
PET-Re20  19.731 £ 0.048 -135 19.791+0.057  -1.04  20..031 + 0.016 0.15
PET-Re30  19.937 £ 0.012 -0.32 19.769 + 0.013  -1.16 19.950 £ 0.089  -0.25
PET-Red0  19.774 £ 0.108 -1.13  19.888 + 0.077  -0.56 20.122 £ 0.032 0.61
PETG 19711 £ 0.018 -1.45 19.803 +£0.043  -0.98 19.673 £ 0.009  -1.63

Remark: Original dimension from CAD: width = 20 mm, length = 20 mm, height = 20 mm.
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Figure10 Dimensional error percentage graph of 3D printed cubes from PET/PET Recycle.
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