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Introduction RESULTS AND DISCUSSION

4-The sustainability aspects of 3D printing technology.

The simulations were carried out using SolidWorks software . The
figure 4 -6 represents the statis stress, thermal and flow analysis
results of various parts in extruder. The figure 7 represents the 3D
printer used for the study and the proposed extruder will fit into the
existing one for further analysis .

Sustainable recycling has advanced due to increasing environmental

concerns about plastic disposal and harm to the atmosphere. This

o , o 3D printing helps the environment in many ways. It can reduce waste, pollution
project involves the design and fabrication of a custom extruder that
problems, and make everyday items closer to people. This technology reduces the

can recycle waste nylon polymer into filament. The objective is to
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harmful impact on the environment through energy-efficient layer-by-layer

P

facilitate green additive manufacturing while promoting circular production. It does this especially when having the possibility of using W
economy principles in rapid prototyping through the combination of biodegradable plastics, like PLA. 3D printing helps make a lot of parts for water
modelling tools and precision manufacturing. treatment and renewable energy but also more than just manufacturing. Ceramics lx

filters, for example, 3D print with photocatalytic devices. Similarly, components for
wind turbines and experimental solar cells are other possibilities. To ensure long

term sustainability, innovation must continuously focus on recyclability, energy
Research aim and Obj ectives efficiency and responsible scaling of this technology( Nadagouda et al.., 2020).

This research main objectives are:

1. To determine the best method to convert polymer waste into a
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Shredding

Pelletizer

Control Panel

=i . Hopper
EE s \ arrel
e 7

jo @ J- ®—4 Gear box

L2 (S) Q (©)

2. Design and fabricate a custom extruder for a 3D printer.

Adapter
Heaters Cooling fans

3. Print objects from waste polymer.
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Nylon was selected as the recycled material due to its durability, flexibility, and
suitability for extrusion. The extruder was designed using SolidWorks,
Incorporating key components such as the motor, barrel, heating system, and a

brass nozzle. Brass was chosen to improve heat conductivity and reduce material
of evolution. Modern extruders now come equipped with advanced heating buildup during extrusion.

1-Design and Manufacturing of a 3D printer filaments extruder.

The design and making of filament extruders have been improved by the process

systems, movable nozzles and precise temperature control. They can use special
materials which improve print quality and reduce scrap. The extrusion is made

more precise with the help of new innovations such as PID-controlled heating,

cooling systems and closed-loop recycling. This project is about designing a

Figure 6. Flow Behavior Analysis — Sunday Noz:zle.
special extruder that can create filament from recycled materials. This will aid in

sustainable additive manufacturing future(Hachimi et al.., 2021).

Figure 2: Extruder Parts

Simulations were carried out to evaluate the design. Thermal analysis examined
how heat was distributed across the barrel and nozzle, while static simulation
checked structural strength under load. Flow

simulation was used to analyze the behavior of molten nylon, including its

pressure, velocity, and temperature distribution inside the nozzle.
do not decompose, causing pollution in the earth. The aims of this project are to ——

2- Recycling of Waste Plastics .

Ineffective recycling of plastic waste is a major environmental threat and plastics
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use a technology known as 3D printing which can quite easily convert waste Mo / -
polymers into a reusable filament. Plastics are recycled like old or failed 3D prints S e i I Figure 7: 3D Printer with Extruder under testing
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to create filament, through material recovery and extrusion to close the loop. It - / — C lus;
cuts down waste in both landfills and oceans while demonstrating the potential of e - — Rt U8
bioplastic as sustainable manufacturing(Bruce et al.., 2020). —— B S !
/ E Simulations were conducted to verify the design — thermal analysis
& R s _ confirmed effective heat distribution, while structural and flow simulations
ensured mechanical reliability and smooth extrusion. This project
, L , Figure 2: static simulation supports the growing need for sustainable solutions in additive
SR (e O V7S TRV BT RS LR TSRTER O O 409 (Tl L L Lo manufacturing, particularly in reducing plastic waste and encouraging
parts manufactured by FFF 3D Printing. After confirming the design through simulations, fabrication of the extruder materlgl reuse. Wlth further testlnlgland reﬂnemgnt, the extrud.er has te
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components was initiated. The parts are currently being machined and prepared
for assembly. Once completed, the extruder will be mounted onto a 3D printer References
fl‘ame and teSted fOF |tS ab|||ty tO I'ecyC|e ny|0n WaSte |nt0 usable f||ament under Altiparmak, S.C., Yardley, V.A., Shi, Z. and Lin, J., 2022. Extrusion-based additive manufacturing technologies: State of the

. . . Vo art and future perspectives. Journal of Manufacturing Processes, 83, pp.607-636.
essence, print quality depends on nozzles because they determine how the controlled conditions.

Materials behavior affect their lifespan and heat transfer during 3D printing. In

Arif, Z.U., Khalid, M.Y., Noroozi, R., Hossain, M., Shi, H.H., Tariq, A., Ramakrishna, S. and Umer, R., 2023. Additive
manufacturing of sustainable biomaterials for biomedical applications. Asian Journal of Pharmaceutical Sciences,

material gets laid out and formed. The study looked at how PLA plastic parts were 18(3), p.100812.

Bacciaglia, A., Ceruti, A. and Liverani, A., 2022. Towards large parts manufacturing in additive technologies for aerospace
and automotive applications. Procedia Computer Science, 200, pp.1113-1124.

printed using brass, steel, and vanadium nozzles. The flavor depended on the

Bruce, C.A.LLT.L.ILN., Sweet, K.E.V.I.LN. and Ok, J.E.O.N.G.B.I.N., 2020, August. Closing the Loop—Recycling Waste
Plastic. In Proceedings of the Anthropocene. Design in the Age of Humans—25th International Conference of the
Association for Computer-Aided Architectural Design Research in Asia (CAADRIA), Bangkok, Thailand (pp. 5-6).

thickness, textures and toughness of these prints under various instances. The

brass nozzle that was worn out was found to produce a lower quality of prints than Chakraborty, R.. Anoop, A.G.. Thakur, A.. Mohanta, G.C. and Kumar, P., 2023, Strategies to modify the Surface and Bulk

. _ . . properties of 3D-Printed solid scaffolds for tissue Engineering Applications. ACS omega, 8(6), pp.5139-5156.
steel and vanadium nozzles, thus validating previously suggested heat transfer

Cote, R., Demers, V., Demarquette, N.R., Charlon, S. and Soulestin, J., 2023. A strategy to eliminate interbead defects and
improve dimensional accuracy in material extrusion 3D printing of highly filled polymer. Additive Manufacturing, 68,

solutions. While prints in a single direction showed better force distribution, the p.103509.

Ezhilarasu, S., Bafion, C. and Silva, A., 2024. Development of Vertical Farming Systems from Waste Polymers Using

real star was the vanadium nozzles, especially when printed at 45° /-45° . Additive Manufacturing Techniques. Recycling, 9(5), p.90.

Getachew, M.T., Shiferaw, M.Z. and Ayele, B.S., 2023. The current state of the art and advancements, challenges, and future
of additive manufacturing in aerospace applications. Advances in Materials Science and Engineering, 2023(1),
p.8817006.

Likely, this is due to allowing plastic to flow more easily. This gives a clearer idea

Of hOW nOZZ|e matel’la| can aﬁeCt the qua“ty Of 3D prmted partS, partICU|ar|y W|th Guduru, K.K. and Setti, S.G., 2024. 3D printed carbon fiber reinforced PLA composite using fused deposition modeling by

Taguchi’s optimization: influence of printing parameters. International Journal on Interactive Design and

non-abrasive materials like PLA. This information is very helpful to refine the 3D Manufacturing (I1IDeM), pp.1-11.

Hachimi, T., Naboulsi, N., Majid, F., Rhanim, R., Mrani, I. and Rhanim, H., 2021. Design and Manufacturing of a 3D printer
filaments extruder. Procedia Structural Integrity, 33, pp.907-916.

printing procedure to achieve excellent prints (Melo et al.., 2022).

Hasanov, S., Alkunte, S., Rajeshirke, M., Gupta, A., Huseynov, O., Fidan, 1., Alifui-Segbaya, F. and Rennie, A., 2021. Review
on additive manufacturing of multi-material parts: Progress and challenges. Journal of Manufacturing and Materials
Processing, 6(1), p.4.

Figure 3: Extruder
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