
Vol.:(0123456789)

SN Applied Sciences            (2022) 4:68  | https://doi.org/10.1007/s42452-022-04937-w

Research Article

A trial to convert a polymer FDM 3D printer to handle clay materials

Mohamed Zied Chaari1  · Mohamed Abdelfatah1 · Christopher Loreno1

Received: 21 October 2021 / Accepted: 4 January 2022

© The Author(s) 2022  OPEN

Abstract
The research aims to show the ability to convert the Fused Deposition Modeling 3D printer to be compatible with the clay 
mixture after modifying the structure, setting up Cura software, and changing the print head technology. This solution 
provides research teams and scientists with opportunities in several ways (manufacture patch antenna substrate, dielec-
tric automobile sensors, and ceramic dielectric aerospace technology). Additive manufacturing allows the production 
of many intricate shapes with ceramics, which is difficult with a traditional method. This paper used WASP ceramic slurry 
as raw material for Liquid Deposition Modeling (LDM) of various samples using the Archimedes screw and air pressure 
dispensing technique (a two-step process). LDM is a low-cost and straightforward technology appropriate for the clay 
prototype scale. Different clay-built shapes have been produced with water-to-clay ratios ranging from 0.57 to 0.69. The 
effect of the nozzle size in printing experiment tests is demonstrated. The experiment tested the print head (extruder) 
mechanism, the properties of the materials suitable for the putty, and how the wet slurry material is extruded from the 
nozzle. The optimum air pressure and slicing configuration for efficient printing are provided. Samples were stress-tested 
after they were dried for 24 h at average laboratory temperature and then exposed to 1000◦ for 1 h.
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1 Introduction

Many dielectric products are made from ceramic clay 
(medical sensors, vehicle sensors, engineering devices, 
and radiofrequency devices) and produced by special-
ized technologies. There are many concerns to consider 
in designing a ceramic product, such as form, surface 
decoration, and materials. Forming is the foundation of 
ceramic product design and is also a critical method for 
manufacturing [1, 2]. The main forming processes are 
traditionally handcrafted forming, molding, and 3D print-
ing [3–5]. In this method, workers depend on experience 
and aesthetic perception to make the clay shape by the 
handthrowing technique and forming with a plaster mold. 

In another method, a plaster mold is usef to make the clay 
model. Ceramic artists use the slip casting technique with 
a plaster mold and form a thin-walled body of the ceramic 
product. Sometimes, they press small parts of the ceramic 
product into the body in the plaster mold with their hand. 
A 3D printed product from a computer-aided design (CAD) 
has higher precision than a handmade ceramic article. The 
3D printer has an extruder whose position is controlled 
precisely by an embedded system. This system can han-
dle the quantities of clay extruded and the extrusion time. 
Moreover, the high-density ceramic slip is the best mate-
rial for indirect 3D printing of a product.

3D printing clay is a new effective additive manufac-
turing (AM) technique that has emerged as a technology 

Mohamed Abdelfatah and Christopher Loreno have contributed equally to this work.

 * Mohamed Zied Chaari, chaari_zied@ieee.org; Mohamed Abdelfatah, mohamed.abdelfatah@qsc.org.qa | 1Fabrication Laboratory, QSC, 
Wholesale Market, Doha 9769, Qatar.

http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-022-04937-w&domain=pdf
http://orcid.org/0000-0002-8770-9420


Vol:.(1234567890)

Research Article SN Applied Sciences            (2022) 4:68  | https://doi.org/10.1007/s42452-022-04937-w

for manufacturing shapes with complex geometries from 
three-dimensional (3D) model data [6, 7]. During the 3D 
printing method, adhesive materials or metal powder 
with a polymer shrinkage characteristic is used in the 
3D printer [8, 9]. Layer-by-layer printing is the principal 
method to perform additive manufacturing [10, 11]. 3D 
clay printing is similar to polymer 3D printing without 
needing a “hot tip” on the extruder [12]. The clay 3D 
printer compresses the clay paste and deposits it in lay-
ers according to the G-code instructions. The result is a 
3D structure of clay that can be heated and hardened, 
just like a handcrafted piece of clay. The new clay addi-
tive manufacturing technique has been extensively used 
in many product designs, such as the dielectric ceramic 
antenna or sensors. In 2014, WASP, the Italian 3D printer 
manufacturer, produced a new kind of Delta-type 3D 
printer with an extruder with more freedom [13]. In 2016, 
Zhang and Ling described two ceramic forming methods 
based on 3D printing solution [14]. In 2020, Emmanuel 
et al. studied additive manufacturing solid microfluid-
ics via silver vlay extrusion [15]. In 2020, Ruscitti and his 
team reviewed additive manufacturing of ceramic mate-
rials based on extrusion processes of clay pastes [16].

In 2019, the University of Delaware installed the XJet 
Carmel 1400 ceramic 3D printer, with the aim of over-
coming the 5G network hurdles with 3D printed ceramic 
antennas [17]. In 2019, Rarani et al. studied the possibil-
ity of modifying a fused deposition modeling (FDM) 3D 
printer to print continuous carbon fiber-reinforced PLA 
composites [18]. In 2020, Anywaves and 3DCeram col-
laborated on an aerospace project. They have developed 
a 3D printed ceramic low-profile GNSS antenna using 
AM with substantial ceramic materials [19]. In fact, 3D 
printing of ceramic components is more rapid and effi-
cient than traditional forms, with a lower manufacturing 
cost for ceramic shapes. A prototype sample of a 3D clay 
printer is developed and utilized to verify its efficiency 
before use to create high-precision shapes or make 
patch antenna substrates [20–22]. The procedures of 3D 
printing with ceramics [23–25] are shown in Fig. 1. This 
work converts a polymer FDM 3D printer to a ceramic 3D 
printer for a prototyping scale with a dedicated extruder 
to control the flow of the material slip. This technique 
differs from other ceramic 3D printers that use powders 
or other materials. It is simple, cheaper, and easy to make 
in a lab. We can use it to fabricate dielectrics for sensors, 
antenna, and other components with high efficiency 
without purchasing an expensive and complicated 3D 
printer clay. The conductivity and thermal conductivity 
of 3D printed ceramic dielectrics depend on the physical 
properties of the clay material.

2  Materials and methods

Therefore, this work purpose concentrates on the devel-
opment of a 3D clay printer with two main targets:

• Material properties of 3D clay printed shape
• Dispensing mechanism for 3D printer (air pressure, 

printing speed, and travel speed)

Fig. 1  Flowchart of the 3D process of ceramic manufacture by slip

Table 1  Chemical composition 
of the WASP raw clay

Major elements Compo-
sition 
(wt%)

Ca 77.97
Si 11.46
Al 1.98
K 0.85
Fe 7.74



Vol.:(0123456789)

SN Applied Sciences            (2022) 4:68  | https://doi.org/10.1007/s42452-022-04937-w Research Article

2.1  Materials

SWAP SA supplied the earthenware clay mixture. Its 
chemical composition is summarized in Table  1. The 
earthenware clay is used for all experiments, and only 
the amount of water was varied [26, 27]. Therefore, the 
composition was expected to have little or no effect on 
the final printed parts as they would be subjected to a 
printing process.

A converted solution is a simple and inexpensive tech-
nology suitable for adaptation for lab prototyping. Dif-
ferent shapes made from clay were manufactured with 
a water-to-clay ratio (W/C) of between 0.57 and 0.69, as 
shown in Table 2. Clay is an incredibly challenging mate-
rial to work with because it must have the right viscosity 
for printing, ensuring that it is neither too thin or viscous 
before use.

The clay is cut into thin strips using a wire and then 
dipped into water to be hydrated before being loaded 
into an aluminum container, as shown in Fig. 2.

2.2  Dispensing system

The dispensing mechanism is essential for a modified 
liquid deposition modeling (LDM) 3D printer to deliver 
a sufficient and consistent amount of paste. We test 
two different typologies of dispensing paste, one with 
a single step (Archimedes’ screw) and another with two 
steps (pneumatic piston and Archimedes’ screw) [28], as 
shown in Fig. 3:

• Single-step methods comprise a cylinder or sleeve 
where the clay or paste is previously loaded and a pis-
ton that pushes it to run through an orifice. The piston 
can be used in two ways: 

1. Mechanic extruder by the linear strength of a 
motorized screw and nut mechanism

2. Pneumatic piston, with compressed air, such as lin-
ear actuators; the air pump feeding type to extrud-
ing clay materials and the dispensing system

• Two-step methods use the pneumatic or mechanical 
plunger to solve the feeding of clay through a tube to 
the second stage, where the extrusion occurs. This last 
step can be solved using a motorized mechanism of 
two types: 

1. Archimedes’ screw, in a cylindrical shaft, such as 
that of the extruders of the ceramic

2. Endless plunger, consisting of a simple helical 
metal rotor

We optimize the dispenser mechanism to control the 
extrusion according to materials’ relevant properties, such 
as filling materials and compressive strength.

After testing both methods, the pneumatic plunger 
with Archimedes’ screw extruder provided better flow 
material and continuous extrusion of wet clay. Simultane-
ously, it was hard to control the materials’ layering only air 
pressure (single step). Therefore, this study uses a two-step 
dispenser system: the screw feeder with air pressure to 
push and dispense the clay material. The air pump pushes 

Table 2  Effective water/clay 
ratio Clay (g) 60 60 60 60 60 60

Water (g) 34.2 35.4 36 36.6 37.8 39
Clay (wt%) 63.7 62.9 62.5 62.1 61.3 60.6
Water (wt%) 36.3 37.1 37.5 37.9 38.7 39.4
W/C ratio 0.57 0.59 0.6 0.63 0.65 0.69

Fig. 2  Preparation and loaded 
clay into a container
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the clay placed into the aluminum container to provide 
materials to the print head with high streamlining. The air 
pressure control valve keeps the piston under force against 
the clay in the container. This technique keeps materials 
flowing to the extruder without air bubbles with low print-
ing speed and guarantees good material flow.

2.2.1  Screw print head

We made a new clay-delivery screw extruder that is 
mechanically attached to the 3D print head body [29]. The 
new screw feeder ensures that the clay glides smoothly 
during the printing process. The screw feeder is connected 
by three connecting rods, and it can print with ceramic slip 
directly. The nozzle or orifice decides the dimension of the 
extruded line of clay [30, 31]. The screw is coupled to the 
stepper motor (NEMA17) and operates inside the extruder, 

as shown in Fig. 4a. A stepper motor drives the conveyor 
screw, which forces the clay to the slip. The orifice size 
decides the dimension of the extruded line of ceramic. In 
this study, we prepare three different sizes of the orifice (1 
mm, 1.6 mm, and 3 mm).

The specifications of the designed screw are as follows: 
the pitch of the screw (Pc), 18 mm; diameter (D), 20 mm; 
the total length of the screw (L), 90 mm; the angle of the 
blades, around 19◦ , as shown in Fig. 4b [32]. Moreover, 
we design a screw with different pitch ratios to diameter 
(Pc/D). A screw with a rate of around 0.9 yielded extrusion 
with enough pressure to squeeze out the clay. This fac-
tor is related to the accuracy of screw rotation speed and 
slurry extrusion quantity by adjusting the quantity to build 
a consistent layer.

2.2.2  Slicing

The slicing step is a critical method during the LDM print-
ing process [16, 33–35]. There are different G-code algo-
rithms for choosing extruder routes. There is a dynamic 
balance between the materials used, printing speeds, and 
printing quality factors. The print path is first created by 
the G-code file; after creating the G-code file, the print 
preparation phase for printing is initiated. We modify the 
Cura software parameters to be compatible with our 3D 
ceramic application and adaptable with the orifice. We use 
Cura slicer software to convert CAD files into G-code as 
parameters (layer height, shell thickness, fill density, print 
speed, support, travel speed, orifice size, etc.). Before slic-
ing, we need to consider the nozzle’s size and the corre-
sponding layer height. If layers are too high to the size 

Fig. 3  Classification of dispens-
ing devices

(a) 3D exploded
parts

(b) Screw feeder exploded parts

Fig. 4  Lab-made print head extruder
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of the nozzle, the clay will not join together. While layers 
that are too small can result in overextrusion, pushing 
too much clay atop each other can cause clogging or ruin 
prints. The modified printing parameters of the Cura soft-
ware are as follows:

• Layer height = slice height (between 1 and 3 mm 
depending on the scale of print, which also influences 
the choice of nozzle size).

• Shell thickness = 1. In other words, the ”shell thickness” 
is calculated by dividing the thickness by the given noz-
zle thickness.

• Enable retraction = do not thickness.
• Fill bottom/top thickness = 0 (we print onto a prepared 

slab of clay for a base). Usually, printed bases have a 
habit of cracking later during the drying phase.

• Fill density = 0.
• Print speed = 28 mm/s, which a good starting point.
• Print temperature = 0 (3D printing without needing a 

”hot tip”).
• Support = we have not got involved with support, so 

none.
• Filament = this is irrelevant as we manually control the 

clay flow with the air pressure.
• Nozzle size = 1 for simplicity for now.
• Retraction = irrelevant
• Initial layer thickness = this can be set smaller than your 

slice layer to get an excellent first layer contact.
• Initial layer line width = 100%.
• Cut-off = 0.
• Dual extrusion = irrelevant
• Travel speed = 80 mm/s.
• Cool = irrelevant.

2.3  Methods

In this study, the objective is to convert plastic printers to 
ceramic printers to be available for individual users and 
researchers who are conducting the prototyping. Thus, we 
will observe how 3D ceramic printers affect the produc-
tion skills of individual users such as artists, designers, and 
scientists. FDM is usually done by depositing layers in a 
computer-controlled manner from the plastic loaded to 
the printer in the form of a filament fused upon reaching 
the extruder [36]. The same would be done with ceramics. 
The 3D ceramic printer has two essential differences from 
polymer printers: an appropriate extruder is used for print-
ing cold production and the extruder works by dissolving. 
A second air compressor is necessary to push the material 
to flow back into cold production. It is required in order to 
move the material inside the print head by air pressure. 
Recently, researchers have been interested in combining 
3D printing and ceramics to fabricate antennas, sensors, 

and other technologies. Desktop 3D printing is mainly 
attractive because it demands less space and equipment 
than a typical clay studio. Using a 3D printer with a custom 
screw extruder, we can print small and medium ceramic 
shapes with a width and height of 100 mm.

The general concept design for 3D printer ceramic after 
the upgrade is shown in Fig. 5.

3  Experimental results

We use a FDM 3D printer to build the ceramic 3D shapes 
after converting them to a LDM printer, as shown in Fig. 6. 
The software (Cura 15.04.4) generates G-code from CAD 
files and controls printing with a printer motor control to 
drive three-axis motors. A converted 3D printer uses the 
dispensing system, a two-step method, and combines the 
air pressure with a screw feeder to increase the efficiency 
of the dispensing system. The printing capability and func-
tionality are tested for clay models, concentrating on dis-
pensing, layering, and size of the orifice.

This test’s essential parameters are used to determine 
the material specification and building stability by exam-
ining the layering condition of clay materials, the proper 
mixture of materials, and their hardening method. In the 
tests, clay is mixed with water to find the best combina-
tion of the W/C ratio. Moreover, the effective viscosity is 

Fig. 5  Primitive concept design for 3D printer ceramic after conver-
sion
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determined for the dispensing and layering of the materi-
als. Therefore, the printer’s appropriate mix design ratio is 
determined from the experiments’ results.

3.1  First experimental tests

The results are presented in Fig. 7 and show a complex 
relationship between the orifice diameters and flow. Fig-
ure 7a shows the variation in volumetric and mass flow for 
different orifice diameters, while the printing time remains 
constant for all samples shapes. The evolution of sample 
height is shown in Fig.  7b. As expected, as the orifice 
diameter increased, flow and height also increased dur-
ing the same printing time. Flow data show that the flow 
was relatively constant for small orifice diameters (1.0 and 
1.6 mm). However, when the orifice diameter was large (3 
mm), the flow decreased with time. This could be related 
to the 3D printer controlling the speed of the slurry ema-
nated from the orifice rather than directly controlling the 
flow. The flow tests for a W/C of 0.60 show that the crawl, 
yield strength, and recovery compliance helped select 
the best 3D printing formulation material. A W/C of 0.60 
is not high enough in water content to make the sample 
fluid and thus unstable when printed or low enough in 
water content to make the flow through the orifice almost 
impossible. In the following experiments, the W/C of 0.65 
is applied.

During the tests, the print head orifice diameter was 
3 mm, and the plat size is related to the full range of the 
printer head movement on each axis. Before printing any 
shape with different blending materials, we ran an experi-
ment on clay with a 3D printer to create print settings, such 
as the speed of extruder movement, the rate of rotation 

of the Archimedean screw, and the height of the extruder. 
At this stage, we are not worried about the effect of the 
substrate on 3D printing; we will use aluminum substrate. 
The goal here is to print a ceramic cup with a diameter 
of about 40 mm and a height of 70 mm that the slurry 
extrusion printer should produce. Initially, the stagnant 
flow diffusion value is determined using clay paste. This 
step is necessary for the distribution and layering of clay 
materials. Hence, the viscosity of the material is essential 
for precise distribution and layering. A slump flow tester 
is used to create the acceptable mixture of slurry before 
printing begins.

3.2  Second experimental tests

In this test, we use the laboratory-made extrusion print 
head while maintaining a nozzle diameter of 3 mm. We 
printed several 3D shapes using the lab-made print head, 
but not all printed shapes are acceptable. All 3D printed 
shapes fail, as shown in Fig. 8a, b. The first mixture was not 
acceptable due to the unfair distribution. The layers are 
misaligned and shifted relative to each other, and there 
were also small points on the surface, known as zits, as 
shown in Fig. 8c. Layer shifting is one of the clearest fail-
ures because it affects the visual appearance and dimen-
sional accuracy. Simply put, layer shifting is where layers 
unintentionally and continuously move as the shape is 
being printed. This is because the lab-made print head has 
a mechanical balancing problem. In the following tests, 
we will use the WASP extruder 3.0, while maintaining the 
nozzle diameter of 3 mm and reducing the printing speed.

We changed Cura to reduce the print speed parameter 
to improve the printed look at this phase. Moreover, we 
keep the air pressure despite modifying the layer shifting.

3.3  Third experimental tests

We decided to change the lab-made print head for the 
WASP extruder 3.0 to provide the ceramic slip directly. 
To install the WASP print head to the FDM printer chas-
sis, we designed and manufactured a mechanical support 
adapter to improve the printer with the head length speci-
fied. The extruder connects to three connecting rods. The 
ceramic slip directly through the air-compressed cylinder 
keeps material sliding without air bubbles into the print 
head. These exploratory tests showed that the clay mate-
rial did not extract very well. The printed shape with slump 
clay leaves the orifice. The printer extrudes too much clay, 
as shown in Fig. 9. To reduce this effect, we adjusted sev-
eral times the tank’s air pressure until we reached the opti-
mum air pressure. We succeeded after several experiments 
to find the optimum air pressure (86 PSI). The slip consist-
ency/viscosity parameters have yet to be optimized.

(a) Before mod-
ifying the Make-
block mGiraffe 3D
printer to a 3D
ceramic printer

(b) Converting the FDM 3D
printer to a LDM printer with
a WASP print head

Fig. 6  Converting a polymer FDM 3D printer to handle ceramic 
materials
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Fig. 7  All for the sample for-
mulation W/C of 0.60

(a) Mass flow (g/s) as a function of the printing time

for different nozzle diameters

(b) Height of samples as a function of the printing time

for different nozzle diameters

(c) Three sizes of
interchangeable noz-
zle for printing

Fig. 8  Failure to print 3D 
ceramic samples

(a) First test (air pres-
sure 90 PSI and printing
speed 28 mm/s)

(b) Second test after
adjusting the slicing
parameters (printing
speed 26 mm/s)

(c) Layer shifting
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3.4  Fourth experimental tests

We maintain the air pressure to move the clay to the 
print head with high streamlining (86 PSI). Other printing 
parameters can be changed to reduce the effect of sludge 
in the previous test. We modified the print parameters for 
Cura as follows:

• Print speed = 24 mm/s.
• Travel speed = 76 mm/s.

According to the update value, we succeeded to find 
the optimum slicing configuration for efficient printing. 
After all adjustments, we made a 3D ceramic cup with a 
diameter of 40 mm, height of 70 mm, and wall thickness 
of 12 mm, as shown in Fig. 10. The printing process takes 
about 123 min to print a cylindrical cup wall consisting 
of 288 layers. These experimental tests showed that the 
clay material is good for extraction, distribution, and lay-
ering, suitable for 3D printing.

The extruder functions very well, but it is very slow. 
One means of increasing the rate is to change the step-
per motor. The motor presently being used is a typical 
1.6◦/step. To multiply the extruder speed by a factor of 
two, we change the stepper motor for a lower resolution, 
higher speed stepper motor (3.2◦/step). Print speed can 
cause a 3D printing layer to shift. Figure 11 shows 3D 
samples fabricated based on the modified FDM printer 
and earthenware clay mixture, with the optimum air 
pressure, recent printing parameters of the Cura soft-
ware, and higher speed stepper motor. Several printed 
parts illustrating the characteristics of the method and 
device used in this research are presented in Fig. 11a–c, 
respectively.

Fig. 9  Overextrusion

Fig. 10  The cylindrical cup 
made by direct 3D printing 
(without slump clay leaving 
the orifice)

(a) Cup higher than 70
mm

(b) Cup diameter of 70
mm (inside diameter =
46 mm)

(c) Cup well thickness =
12 mm

Fig. 11  Samples fabricated by 
additive manufacturing of clay

(a) Pentagon shape (b) Rectangular shape (c) Circular shape
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During the printing phase, manual drying is applied 
with a heat gun to keep the printed shape more robust 
and reduce the slump flow effect. The 3D printing shape 
with low impact of twisting the clay. Usually, we use the 
kiln to dry clay to increase the hardness system. The dry-
ing method strengthens the 3D ceramic shape. After the 
3D printer finishes printing the form, they take it out and 
place it in a drying microwave for exposed to 1000◦ for 1 h 
after being dried for one day at lab temperature. We chose 
a microwave oven drying the 3D printed shape as a solu-
tion to be affordable and allow students to use it in their 
lab. They ensured that all 3D forms did precisely before 
putting them inside the oven. If the 3D model does not 
make it exactly, do not dry it. One of the benefits of clay is 
that it can reprocess the material from failed prints.

According to British standards, we test the compressive 
strength for all 3D printed ceramic shapes (Pentagon, Rec-
tangular, and circular) after the drying process, as shown 
in Fig. 11. We are using the compressed under a uni-axial 
load (the ADR-Auto V2.0 Range machine) to test the 3D 
printed ceramic samples, as shown in Fig. 12a, b, respec-
tively before and after the test.

The product cracks and the shell and core parts are 
detached at estimated compressive stress of 9.6 N∕mm

2 
for the pentagon and 8.6 N∕mm

2 for a circular shape, as 
shown in Table 3.

Table 3 summarizes the relationship between the pro-
cess of making 3D printed clay, the composition of the clay, 

and the optimization of the printing parameters. However, 
the strength can increase through the hardness material, 
which improves the paste stability and reduces the shrink-
age crack in the 3D printed samples. Figure 13 summarizes 
the strength of the 3D printed shapes depending on the 
wall thickness, which means that the nozzle’s size is essen-
tial to get a 3D printed form with high strength. Results 
also showed that we wall thickness, which increased inter-
layer bond strength up to 10% compared to low wall thick-
ness specimens.

4  Discussion

The analysis of the results of the study are summarized 
as follows:

• The successful result is associated with a decrease in 
the viscosity of the material (W/C = 0.65), low printing 
speed (24 mm/s), and proper material flow (1 mm/s).

• Before slicing, we need to consider the nozzle’s size and 
the corresponding layer height. The orifice is one of the 
most important parameters of the 3D printing ceramic 
(3 mm nozzle).

• All clays can be used for 3D printing, but some clays 
with high performance are better than others. We 

(a) Sample during the
squeezing test

(b) After compression
test

Fig. 12  Crushing strengths

Table 3  Hardened 
performance characteristics of 
the 3D printing samples

Sample shape Pentagon Rectangular shape Circular shape
Wall thickness 12.8 mm 10.5 mm 12 mm
Calculated face area 1462.5 mm2 4173.9 mm2 6792.3 mm2

Pace rate 2.4 KN/s 2.2 KN/s 2.13 KN/s
Maximum load 14.01 KN 12.36 KN 13.45 KN
Estimated compressive Str 9.6 N/mm

2 7.3 N/mm
2 8.6 N/mm

2

Fig. 13  The effect of the wall thickness on the solidity of the 
printed shape
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choose the less sticky clay that has a good texture 
and dries quickly.

• We use the Archimedes screw print head (WASP), so 
we do not use clay that is too rough. Otherwise, the 
print head will be damaged.

• The dispensing system included the pneumatic 
plunger with an Archimedes screw extruder, which 
provided better flow and continuous extrusion of 
clay. Simultaneously, it was hard to control the lay-
ering of clay by only the air pressure system (single 
step).

• The air compressor forces the clay through the con-
tainer, finally extruding through the nozzle. The opti-
mal air pressure is 86 PSI.

5  Conclusion

This research aims to study the ability of 3D print-
ing technology to implement the volumetric designs 
for ceramics using two steps of the dispersed FDM 3D 
printer into a prototype ceramic printer for the slurry 
suspension extrusion process. This work presents the 
conversion of an existing FDM printer to a 3D ceramic 
printer. This work created several 3D printer prototypes 
using clay materials after determining the best specifica-
tions in terms of the water-to-clay ratio of the 3D printer 
(W/C = 0.6). The search for an optimal formation for con-
structing ceramic shapes that meet the basic require-
ments of direct printing technology is the answer to sev-
eral essential defects of this construction method, such 
as material viscosity, material properties, nozzle size, and 
printing speed. 3D printers are changing the philosophy 
of making pottery dielectric or ceramic shapes. Specifi-
cally, More work is needed in making clay pottery, as 
there are many sensors and patch antennas ranging from 
dielectric to ceramic. Actual printing time and cost may 
vary. In the future, we will install a drying system with 
the equipment to improve the printer’s yield. Converting 
the FDM 3D printer to a LDM 3D printer is applicable and 
cheap with satisfying results to be used in a research lab 
for an antenna designed with clay R&D.
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