ISSN: 2582-7219

International Journal of Multidisciplinary
Research in Science, Engineering and Technology

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.206 Volume 8, Issue 3, March 2025



©2025 IJMRSET | Volume 8, Issue 3, March 2025| DOI: 10.15680/IJMRSET.2025.0803166

BN Sy B AVE | www.ijmrset.com | Impact Factor: 8.206) ESTD Year: 2018|

International Journal of Multidisciplinary Research in
Science, Engineering and Technology (IJMRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Recycling Plastic Bottle into 3D Printer Filament

Ms.Shweta A. Kadam', Ms.Swati S. Gaikwad?, Ms. Tanushree A. Dixit’, Mr. Sparsh M. Dethe?,
Prof. Amol M. Chandane®

Lecturer, Dept. of Mechanical Engineering, Zeal Polytechnic, Pune, Maharashtra, India’

Diploma Student, Dept. of Mechanical Engineering, Zeal Polytechnic, Pune, Maharashtra, India'?3#

ABSTRACT: The increasing environmental impact of plastic waste, particularly from PET plastic bottles, has led to
the exploration of sustainable recycling solutions. This research focuses on converting used plastic bottles into 3D
printer filament, aiming to provide an eco-friendly alternative to traditional filaments. The study involved collecting,
cleaning, and shredding PET bottles, followed by the extrusion process to create filament suitable for 3D printing. The
filament's quality was evaluated in terms of consistency, tensile strength, and printability, and the results demonstrated
that recycled PET filament could match the properties of commercially available filaments. This method not only offers
a cost-effective solution but also provides a potential means of reducing plastic waste. The findings suggest that
recycling plastic bottles into 3D printer filament is a viable approach with significant environmental benefits, though
further research is needed to optimize the process for large-scale production and industrial applications.
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I. INTRODUCTION

The world is currently facing a significant environmental crisis due to the accumulation of plastic waste, with millions
of tons of plastic bottles ending up in landfills and oceans every year. Among the most commonly used plastics are
polyethylene terephthalate (PET) bottles, which are widely recycled but often not in ways that fully address the scale of
the problem. One promising solution to both plastic waste and the growing demand for 3D printing materials is the
recycling of PET bottles into filament suitable for 3D printers. The rise of additive manufacturing, also known as 3D
printing, has revolutionized various industries, from manufacturing to medicine. However, 3D printing materials,
particularly the commonly used filaments like PLA and ABS, are often derived from petroleum-based resources, which
come with their own environmental challenges. By utilizing waste materials such as plastic bottles, this project aims to
explore the possibility of recycling PET bottles into high-quality 3D printing filament, potentially reducing plastic
waste while providing a sustainable alternative to traditional filament materials. This research seeks to evaluate the
technical feasibility, cost-effectiveness, and environmental benefits of recycling plastic bottles into filament,
contributing to both waste reduction and the promotion of sustainable practices in the 3D printing industry.

II. LITERATUAL REVIEW

The global environmental crisis resulting from plastic waste, particularly polyethylene terephthalate (PET) plastic
bottles, has sparked increasing interest in recycling technologies. PET bottles are commonly used for beverages and
consumer products, but despite their recyclability, a significant amount of plastic waste ends up in landfills or oceans
(Geyer et al., 2017). Current recycling methods primarily focus on turning PET bottles into fibers for textiles, insulation
materials, and other industrial applications. However, the potential for PET bottles to be repurposed into usable 3D
printing filament remains underexplored.

3D printing, or additive manufacturing, has seen widespread adoption across industries, including aerospace,
automotive, healthcare, and education. The primary materials used for 3D printing are often thermoplastic polymers
such as PLA (polylactic acid), ABS (acrylonitrile butadiene styrene), and PET. While PLA is a biodegradable
alternative, both PLA and ABS have a high environmental cost in terms of production and disposal (Bokov et al.,
2020). PET, commonly used in beverage bottles, has been identified as a promising material for 3D printing filaments
due to its durability and strength (Sood et al., 2012). However, the production of high-quality filament from PET waste

IJMRSET © 2025 | AnISO 9001:2008 Certified Journal | 2771




©2025 IJMRSET | Volume 8, Issue 3, March 2025| DOI: 10.15680/IJMRSET.2025.0803166

BN Sy B AVE | www.ijmrset.com | Impact Factor: 8.206) ESTD Year: 2018|

X ENgy,
QRS

A5 IN: International Journal of Multidisciplinary Research in

C o Yo
St Science, Engineering and Technology (IJMRSET)
IIMBSET (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

remains a challenge due to issues such as material degradation during the recycling process and inconsistencies in
filament quality.

Several studies have explored the possibility of using recycled PET for 3D printing. For instance, a study by
Teymourian et al. (2019) demonstrated that PET waste could be successfully converted into filament for 3D printing
using a specialized extrusion process. However, the researchers noted challenges related to the uniformity of the
filament diameter and the material’s tendency to degrade during the heating process. Other studies, such as those by
Khatri et al. (2021), have highlighted the importance of controlling the temperature during the extrusion process to
prevent the breakdown of polymer chains and ensure the filament’s quality.

A key challenge in recycling PET bottles into 3D printing filament lies in the difficulty of maintaining the material’s
structural integrity and achieving consistent extrusion. This problem is often exacerbated by the presence of
contaminants in the plastic waste, which can introduce defects into the final filament (Hussain et al., 2018). Recent
advancements in 3D printing recycling machines, like the Filabot system, have focused on creating more efficient
extrusion processes for recycling PET waste into filament, with improvements in controlling the viscosity of the melted
plastic and achieving better filament consistency (Perkins, 2016).

In addition to the technical challenges, there is a growing interest in the environmental and economic benefits of using
recycled materials for 3D printing. Recycling PET bottles into filament could reduce the demand for new plastic
production, which is a resource-intensive process. Studies have shown that producing filament from recycled PET is
significantly more energy-efficient compared to manufacturing virgin plastic filament (Anwar et al., 2019).
Furthermore, this process could help mitigate the growing plastic waste crisis by providing a practical solution for
reusing plastic bottles and reducing the volume of waste sent to landfills.

Despite the potential benefits, there are still gaps in the research regarding the optimization of the recycling process and
the scalability of filament production from PET bottles. More research is needed to explore methods of improving
filament quality, enhancing the cost-effectiveness of recycling operations, and developing industrial-scale solutions that
can handle large quantities of plastic waste.

III. LITERATUAL GAP

While significant research has explored the potential of recycling PET plastic bottles for 3D printing, there remains a
notable gap in understanding the optimal methods for creating high-quality, consistent filament at scale. Current studies
primarily focus on the technical challenges, such as material degradation during the recycling process, and achieving
uniform filament diameter, but they often lack comprehensive solutions for industrial-scale production. Furthermore,
while environmental and economic benefits have been suggested, there is limited research on the cost-effectiveness and
long-term sustainability of producing recycled PET filament compared to traditional filament materials. More studies
are needed to address these challenges, optimize the recycling and extrusion process, and explore the scalability of
using recycled PET in 3D printing on a larger scale.

IV. METHODOLOGY

This study focuses on the process of recycling PET plastic bottles into 3D printing filament, evaluating the feasibility
and quality of the filament produced. The methodology consists of several stages: collection and preparation of plastic
bottles, filament extrusion, and testing of the filament's quality.

1. Collection and Preparation of PET Bottles

The first step in the methodology involves the collection of used PET plastic bottles. These bottles were sourced from
local recycling centers and cleaned to remove any residual contaminants, such as labels, glue, and liquid residues. After
cleaning, the bottles were cut into smaller pieces to facilitate the shredding process. The shredded PET pieces were then
dried in an oven to remove any moisture, as excess water could negatively impact the extrusion process.

2. Filament Extrusion Process

Once the PET plastic was prepared, it was fed into an extruder to produce the 3D printing filament. The extrusion
process involves heating the shredded plastic to a molten state and forcing it through a nozzle to create a continuous
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filament. The temperature was carefully controlled to prevent degradation of the PET material; a range of 230°C to
250°C was maintained during extrusion to ensure optimal flow and minimize the breakdown of the polymer chains.
The molten plastic was then cooled and solidified as it passed through a water bath and wound onto spools.

3. Filament Quality Testing
After extrusion, the quality of the filament was evaluated through several key tests:

e Diameter Consistency: The filament’s diameter was measured at multiple points using a micrometer to ensure it
adhered to the standard 1.75mm or 2.85mm dimensions typically used in 3D printing. Variations in diameter
can affect the printing quality, causing issues like clogging or inconsistent extrusion.

o Tensile Strength: To assess the filament’s mechanical properties, tensile tests were performed using a universal
testing machine. These tests measured the strength and flexibility of the filament under stress, providing
insights into its suitability for 3D printing applications.

e Printability: A sample of the filament was used in a 3D printer to print test objects. The prints were evaluated
based on layer adhesion, surface finish, and the overall quality of the printed object.

4. Environmental and Cost Analysis

An environmental and cost analysis was conducted to compare the recycled PET filament with commercially available
filaments. The energy consumption during the recycling and extrusion processes was calculated, and the overall cost of
producing filament from recycled PET was compared to that of buying standard filament. Additionally, the
environmental benefits, such as the reduction of plastic waste and the lower carbon footprint of using recycled material,
were assessed.

5. Statistical Analysis

All experimental data, including diameter consistency and tensile strength, were analyzed using statistical methods to
determine the reliability and performance of the recycled filament compared to commercial alternatives. Statistical tests
such as standard deviation and mean comparisons were conducted to ensure the validity of the results.

Fig.4.1 Filament heater Fig.4.2 Gear bearing shaft

V. CONCLUSION

This study demonstrates the potential of converting plastic bottles (PET) into 3D printer filament, presenting a viable
and sustainable alternative to conventional filament materials. The successful production of recycled PET filament with
properties comparable to commercial options highlights its practical application in 3D printing. By utilizing waste
plastic bottles, this method not only reduces environmental impact but also offers a cost-effective solution for 3D
printing industries. While the results are promising, further optimization of the extrusion process and exploration of
scalability are essential for industrial implementation. Ultimately, this research supports the notion of a circular
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economy in additive manufacturing, with the potential to both address plastic waste and meet the growing demand for
3D printing materials.
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