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Abstract

Ceramics are widely used in various industries, from aerospace to medical devices, due to their unique properties such as high strength, hardness,
and chemical resistance. Traditionally, ceramics have been manufactured from powders through a process called sintering, which involves heating
the material to a high temperature to densify it. However, advancements in material science and engineering have led to the development of new
methods for producing ceramics, including the use of thermoplastic feedstocks. Thermoplastics are a class of materials that soften and become
moldable when heated and harden upon cooling. They are widely used in various applications, including packaging, automotive, and electronics.
The use of thermoplastic feedstocks for manufacturing ceramics has several advantages over traditional powder processing methods, including
lower processing temperatures, faster processing times, and greater control over the final shape and size of the ceramic product. The process
of manufacturing ceramics from thermoplastic feedstocks involves several steps, including the preparation of the feedstock, the shaping of the

material, and the sintering of the ceramic material.
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Introduction

The first step in the manufacturing process is the preparation of the
thermoplastic feedstock. This involves mixing a ceramic powder with a
thermoplastic binder, such as polyethylene or polyvinyl alcohol, to create a
homogeneous mixture. The mixture is then extruded into a continuous filament
using a single-screw or twin-screw extruder. The next step in the process is the
shaping of the material into the desired shape and size. This can be achieved
through a variety of methods, including injection molding, 3D printing, or tape
casting. Injection molding involves injecting the molten feedstock into a mold
cavity under high pressure. The mold is then cooled and the part is ejected
from the mold.

Literature Review

This method is suitable for producing complex shapes with high
dimensional accuracy and repeatability. 3D printing, also known as additive
manufacturing, involves using a computer-aided design (CAD) model to create
a three-dimensional object layer by layer. This method is suitable for producing
parts with complex geometries and internal structures. The final step in the
process is the sintering of the ceramic material. This involves heating the
material to a high temperature, typically between 1000 and 1500°C, to densify
the ceramic and remove the thermoplastic binder. The sintering process can
take several hours to several days, depending on the size and shape of the
ceramic part [1,2].
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Discussion

There are two primary AM processes for material extrusion: FFF and
Direct Ink Composing (DIW) likewise alluded to as Robocasting which is an
AM strategy created for handling pottery. During DIW, fibers of concentrated
colloidal suspensions or glues are utilized as feedstock and handled at room
temperature . The high solid loading and viscoelastic rheological properties
are to blame for the shape retention. A thermoplastic filament is made in FFF
by loading ceramic particles with a lot of solids. A heated nozzle is used to
extrude the melted filament. When the temperature is decreased, the extruded
material solidifies and maintains the desired shape because the feedstock is
thermoplastic. On the other hand, a crush feedstock can be straightforwardly
expelled to shape a 3D item, by changing the taking care of and expulsion
instrument. The compounded and granulated feedstock of ceramic powder
and thermoplastic binder are required for the process, which is also referred to
as direct extrusion FFF, screw extrusion, or micro extrusion. However, unlike
conventional FFF, this method does not require the formation of a continuous,
flexible filament. A screw-based extrusion system uses a nozzle to extrude
granulate feedstock. This method has advantages like eliminating filament-
related issues like buckling, brittleness, and nozzle clogging, but it also has
disadvantages like limited resolution and surface quality [3-5].

Conclusion

During the sintering process, the thermoplastic binder decomposes and
evaporates, leaving behind a network of interconnected ceramic particles.
The ceramic particles bond together through a process called necking, which
involves the formation of small, localized bonds between adjacent particles.
As the temperature increases, the necks grow and merge, resulting in a
denser, more compact ceramic material. The use of thermoplastic feedstocks
for manufacturing ceramics has several advantages over traditional powder
processing methods. One of the main advantages is lower processing
temperatures, which can reduce energy consumption and production costs. In
addition, the use of thermoplastic feedstocks allows for greater control over the
final shape and size of the ceramic product, as well as the ability to produce
complex geometries and internal. However, there are also some limitations
to the use of thermoplastic feedstocks. One limitation is the limited range of
ceramic materials that can be used with.
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