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Abstract—This project focuses on developing an
innovative pultrusion-based system for producing high
performance  filament tailored for  additive
manufacturing applications. Pultrusion, a continuous
production technique widely used in composite
manufacturing, provides advantages such as enhanced
material strength, precise diameter control, and
efficient production of long, consistent profiles.
Adapting this technology to filament manufacturing
promises improvements in quality, consistency, and
efficiency over traditional extrusion methods. The main
objective is to design a pultrusion system capable of
processing arrange of filament materials, including
recycled plastics like PET and advanced composites
such as carbon fiber reinforced polymers. Key areas of
development will include specialized dies for controlled
material flow optimized cooling systems to ensure
dimensional accuracy and smooth surface finish, and
integrated quality control measures. These quality
controls will allow real-time monitoring of essential
properties like tensile strength, flexibility, and
dimensional stability, ensuring the reliability of the
filament in additive manufacturing. The expected
outcomes include a high-quality filament that
demonstrates enhanced material properties and
consistency, supporting complex applications across
sectors like aerospace, automotive, and healthcare. By
incorporating sustainable practices through the use of
recycled materials, this pultrusion-based system new
standards in filament production, providing a cost-
effective and environmentally friendly solution for the
rapidly growing field of additive manufacturing.

Index Terms—Sustainable 3D printing, waste to
Filament, DIY Filament Extruderl.

1. INTRODUCTION
The growing environmental impact of plastic waste,
particularly from single-use polyethylene

terephthalate (PET) bottles, has prompted significant
research and innovation aimed at reducing plastic
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pollution. With billions of PET bottles discarded
annually, finding efficient ways to recycle and
repurpose this material is critical. One promising
solution is the conversion of used PET bottles into
3D printing filament—a process that supports
sustainable manufacturing and the principles of a
circular economy.

A PET bottle filament maker is a system designed to
transform waste plastic into usable filament for Fused
Deposition Modeling (FDM) 3D printers. This
typically involves several stages, including cleaning
and drying the bottles, shredding them into flakes,
melting the plastic under controlled conditions, and
extruding it into a continuous filament of uniform
diameter. Some systems also include a cooling
mechanism and a spool winding unit to complete the
filament-making process.

The recycled PET (PET) filament produced through
this method can be used in various applications, from
prototyping and product development to educational
tools and artistic projects. However, challenges such
as maintaining consistent  filament  quality,
controlling extrusion parameters, and dealing with
PET’s hygroscopic nature (its tendency to absorb
moisture)  require  careful  engineering  and
optimization.

This journal paper explores the current state of PET
bottle filament makers, examining different machine
designs, material handling techniques, and quality
control strategies. It also considers the environmental
and economic implications of decentralized recycling
systems, highlighting how such technologies can
contribute to reducing plastic waste and promoting
eco-friendly 3D printing practices.
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2. DESIGN OF PET BOTTLE FILAMENT MAKER

2.1 STRUCTURAL FRAMEWORKPET bottle
filament maker involves several integrated stages that
work together to transform waste PET bottles into
usable 3D printing filament. The process begins with
a *shredding unit, where cleaned PET bottles are
mechanically cut into small flakes using sharp
rotating blades. These flakes then move to the drying
system, as PET is highly hygroscopic and must be
properly dried to prevent moisture-related issues
during extrusion. Once dried, the material is fed into
the extrusion unit, where it is melted at high
temperatures and pushed through a heated barrel
using a screw mechanism. The molten PET is then
forced through a nozzle to form a continuous
filament. After extrusion, the filament enters the
cooling and pulling section, where it is cooled
typically using air or water and guided through a
system that ensures consistent diameter. Finally, the
filament is collected in the *spooling mechanism¥*,
which winds it onto a reel for later use in 3D printing.
Each component must be precisely designed and
calibrated to maintain uniform filament diameter,
material quality, and performance. This framework
ensures that the entire process from waste plastic to
functional filament is efficient, reliable, and
sustainable, supporting the broader goal of reducing
plastic pollution through innovative reuse.

2.2 MOTOR AND MOTION CONTROL

1.  Stepper motors (e.g., NEMA 17 or NEMA 23)
for extrusion and spooling

2. DC motor (for bottle shreddin

3. Motor drivers (e.g.,, A4988, TB6600, or
L298N)

4, PWM speed controller (for DC motors)

2.3 ELECTRONICS

1. SMPS (Switched-Mode Power Supply) — 12V
or 24V

2. AC power cable and connectors

DC barrel jack or terminal blocks

4.  Voltage regulators (e.g., LM317, LM2596)

w

2.4 HEATING AND TEMPERATURE CONTROL

1.  Cartridge heaters (12V or 24V, 40W-300W)

2. Thermocouples (K-type) or PT100 temperature
sensors
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3. Heat sink and thermal paste (for SSR or
MOSFET)

Pulley centering

Middle gear

Spool holder
Filament sensor

Guide

Electronic box
Motor mount

Filament hook

Figurel.1filamentmakersetup

3.LITERARTURE SURVEY

A PET bottle filament maker is a tool developed to
recycle post-consumer polyethylene terephthalate
(PET) bottles into usable 3D printing filament. The
motivation behind this innovation lies in the global
need to reduce plastic waste and promote sustainable
practices in manufacturing. With the increasing use
of 3D printing in prototyping, design, and low-
volume production, the demand for filament has risen
significantly. PET, widely wused in beverage
containers, offers desirable properties such as
strength, chemical resistance, and recyclability,
making it a suitable candidate for filament
production. The literature points out that converting
PET bottles into filament not only diverts plastic
waste from landfills but also reduces the reliance on
virgin polymer sources.

Various studies have explored the mechanical and
thermal behavior of recycled PET (PET) in the
context of 3D printing. It has been found that while
PET retains many of the beneficial properties of
virgin PET, it can be prone to degradation due to
repeated heating and moisture exposure. Researchers
have investigated pre-treatment methods such as
drying and dehumidifying PET flakes to enhance
filament quality. Furthermore, additives and blending
techniques have been proposed to improve melt flow
and reduce brittleness in the final filament. Some
works also emphasize the importance of controlling
extrusion parameters, such as temperature zones,
screw speed, and nozzle diameter, to maintain
filament uniformity, which is crucial for consistent
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3D printing performance.

Design improvements in PET bottle filament maker
machines have also been a key area of research.
Open-source and low-cost extruder designs have
enabled makers and researchers to develop desktop-
scale recyclers that can process PET bottles into
filament. Several projects focus on modular systems
that include shredders, heaters, and spoolers, often
controlled via microcontrollers for better precision.
The integration of sensors for real-time monitoring of
filament diameter and temperature helps in
maintaining quality standards.

4 METHODOLOGY

We started thinking about the pet bottle filament
maker. It is an innovative system designed to recycle
waste polyethylene terephthalate.
(PET)bottlesintousable3Dprintingfilament.Withthegr
owing demand for sustainable materials and the
increasing accessibility of 3D printing technology,
this
systemoffersapracticalsolutionforreducingplasticwast
eandpromotingcircularmanufacturing. The process
involves collecting and cleaning used PET bottles,
shredding them into flakes,drying to remove
moisture, and then extruding them through a heated
filament-making machine to produce consistent,
high-quality ~filament. This project not only
contributes to environmental sustainability by
repurposing single-use plastics but also provides a
cost-effective alternative to commercially available
filament. It is especially valuable in educational,
small-scale manufacturing, and developing contexts
where access to materials and environmental
solutions are essential. The development of the PET
bottle filament maker integrates principles from
mechanical  design, materials  science, and
environmental ~ engineering, making it a
multidisciplinary solution to a pressing global issue.

5.DESIGNCONSTRAINTS

Designing a PET bottle filament maker involves
several important constraints that must be considered
to ensure efficiency, safety, and usability.
Mechanically, the device must be able to handle
different sizes and shapes of PET bottles, with a
reliable cutting or shredding mechanism that can
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produce consistent strips of PET for extrusion. The
extrusion system must be robust and able to
withstand high temperatures, as PET typically melts
around 250-280°C. Temperature control is crucial, as
overheating can degrade the material and result in
poor-quality filament. The design must also include a
precise filament diameter control mechanism to
produce filament within a tight tolerance range,
typically *0.05 mm, which is necessary for
successful 3D printing. Cooling systems, such as fans
or water baths, are also needed to maintain the
filament's shape as it exits the extruder.

Electrically, the system requires reliable power
management, capable of supporting heaters, motors,
and control systems, while sensors such as
thermocouples and optical diameter gauges help
maintain consistent output. Safety is another critical
constraint—hot surfaces must be properly insulated,
emergency stop features should be incorporated, and
fumes from melting plastic must be managed through
proper ventilation or filtration. From an operational
standpoint, the machine should be user-friendly and
low-maintenance, making it accessible for makers
and hobbyists. Economically, it should be cost-
effective, ideally built with readily available parts to
keep manufacturing costs low and ensure it is
accessible to a wide range of users. Environmentally,
the system should genuinely contribute to recycling
efforts by reducing waste, minimizing energy use,
and producing reusable filament. Altogether, these
constraints shape the development of a practical, safe,
and sustainable PET filament maker.

6.ASSEMBLY AND FABRICATION

The assembly and fabrication of the PET bottle
filament maker involved a systematic and hands- on
approach  combining mechanical construction,
electrical integration, and the rmal system setup. The
goal was to convert post-consumer PET plastic
bottles into usable 3D printing filament through
shredding, extrusion, and spooling mechanisms.

6.1 Frame Construction

The frame forms the foundation for mounting all
mechanical and electrical components. It was
fabricated using a rigid metal structure—preferably
mild steel or aluminum angle sections—to provide
strength and vibration resistance. The frame was cut to
dimension., drilled where necessary, and assembled
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using nuts and bolts.Appropriate supports were added
for mounting the shredder, extruder, and spooler
units.

5
LY

Figure6.1 Frame

6.2 ExtruderMechanism
TheshreddedPETflakeswerecollectedandfedintoasingl
e-screwextrudermadefromastainless
steelbarrelandaugerscrew. Thebarrelwasheatedusingni
chromewireheaterswoundaroundthe
pipeandinsulatedusingceramicwoolandaluminumfoilt
oreduceheatloss. Theheatingsystem
wascontrolledviaadigitaltemperaturecontrollerandther
mocouplestomaintainasteadymelting temperature of
around 260°C, which is optimal for PET
processing. ThemoltenPETwasextrudedthroughapreci
sionnozzle(typicallyl.75mmor3mmindiameter) to
form a continuous filament.The nozzlewas made
from abrass orstainless steel fitting, and its opening
was smoothed and polished to ensure uniform
extrusion.

Figure6.2Extruder mechanism

6.3 Cooling and Diameter Control

As the filament exited the nozzle, it passed through a
controlled air-cooling system using fans.A filament
guide and measurement setup was used to maintain
consistent diameter. The filament  was
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guidedthroughaTeflontubeorcoolingbathtomaintainro
undness.Amanuallyadjustablepulley system helped
maintain slight tension on the filament during the
cooling process.

6.4 SpoolingMechanism

Once the filament reached a stable temperature and
diameter, it was wound onto a spool using a DC
motor-driven spooling unit.Aspeed controller was
added to adjust the motor’s rotation and match the
filament output rate, preventing tangling or
overstretching. The spool holder was mounted on
bearings to allow smooth rotation during the winding
process.

6.5 ElectricalWiringandControl

The entire setup was integrated with an Arduino
microcontroller to automate temperature regulation
and motor control. The thermocouples were
interfaced with the temperature controller using a
MAX6675 module, while MOSFETs were used to
switch the heater and motorcircuits. A custom PCB
or protoboard circuit was used to neatly organize the
wiring and ensure safety.

6.6 Final Testing and Calibration

After the complete assembly, the system was
calibrated for consistent filament diameter and
extrusion speed. Several test runs were conducted
using different PET bottle types to ensure
compatibility and optimize operational parameters.
Any leakages in the heating barrel or misalignments
in the spooler were corrected during the testing
phase.

7.ESTIMATION OF COST ANALYSIS

The following section performs over cost in order to
produce PET Bottle Filament Maker. The costing
includes the components cost, machining cost and
other cost Which may involve. However, the table
below shows estimation for costing of our project
because the fabrication of our project will be done in
this semester. There is main part already bought to
study to get exact dimension of the Part (refer
appendix). Table below shows the bill of materials
for this project.
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SL.NO MATERIALS QUALITY STIMATED COST
1 3DPrintingfilament (forall parts) ~1-2KG 6200
2. Fasteners (screws,nuts, bolts) Assorted 300-500
3 Stepper motor 1 600
4 608RS Bearings 6 240
5. Woodframe Assorted 300
6. Brassnozzle 1 80
7 Wiringandconnectors Assorted 500
8 Thermocouples 1 250
9. Moduleplugrockers switch 1 100
10. Bottle cutter 1 300
11. PCB 1 900
12. 3Dprinter hotend 1 800
13. Arudino(forcontrollingthe machine) 1 800
14. Heatsink 25
15. Switchmodepower supply 1 600
16. Miscellaneous - 3000

Total - 15195

8.RESULT

The main objective of this project is to provide a quality filament for the 3D printing machine for reducing the

plastic waste, by recycling the PET bottles in filament. we have succesfully built the project with a quality filament.

— g Y

9. CONCLUSION

APETbottlefilamentmakeroffersasustainableandcost-
effectivesolutionforrecyclingwaste PET plastic into
3D printing filament. This process not only reduces
plastic waste but also empowers individuals,
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Figure8.1PET Bottle filament maker setup

hobbyists, and businesses to produce their own high-
quality filament, allowing for greater material
customization and control over production. By
repurposing discarded PET bottles, users can
contribute to environmental conservation while
lowering the costs associated with purchasing
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commercial filament. However, creating a function
alPETbottle filament maker requires careful attention
to design, material handling, and extrusion
parameters to ensure consistent filament quality.
With the right equipment and knowledge, a PET
bottlefilamentmakercanbearewardingtoolforbothpers
onalandprofessional3Dprintingneeds, fostering
sustainability, innovation, and resourcefulness in the
3D printing community.

The use of recycled PET bottles for 3D printing also
fosters innovation in design,as users can experiment
with different forms of recycled material to create
functional prototypes, models, or even artistic pieces.
Over time, improvements in the technology and
material properties could enhance the strength,
flexibility, and consistency of the filament, making it
a viable alternative to commercially available
options.Moreover, by producing filament locally
from recycle dbottles, users can
reducetheirdependencyonglobalsupplychainsandmak
e3D printing more accessible, especially in areas with
limited access to traditional filament sources. This
can open up new opportunities for sustainable
manufacturing and education, especially in resource-
constrained settings.

In conclusion, the PET bottle filament maker holds
great potential in promoting sustainability, reducing
waste, and empowering individuals and communities
to take charge of their environmental footprint. With
ongoing advancements, this technology could
become a key component of a more circular and
sustainable future for 3D printing.
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