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Introduction

Ceramic 3D printing offers a wide range of possibilities in artistic
and design projects, allowing the creation of complex shapes, the per-
sonalisation of each piece and the optimisation of the material used by
reducing waste. In order to master this technique you need to unders-
tand and control a few key factors (the viscosity of the ceramic paste,
the pressure regulation, the extrusion speed...) which are essential to
achieve a uniform print and avoid problems such as collapse or clogging.

DEFINITION AND BASICS

This process is based on additive manufacturing by extrusion, in
which the head deposits successive layers of material with the right con-
sistency to give the part its shape. Once the printing is finished, the piece
must undergo a drying and firing process in a ceramic kiln to harden and
reach its final state.

MAIN CHALLENGES

During the course, it will be essential to face some technical cha-
llenges, and mastering them will be key to achieve successful pieces and
explore the full creative potential of 3D printing with ceramics:

->Paste consistency: Determining the optimal viscosity for a uniform
and stable extrusion is essential.

—>Material flow: The clay must move smoothly through the system,
staying within a pressure range of 4 to 6 bar.

->Print evaluation: It is essential to recognise a well-executed print,
to identify problems resulting from a shortage or excess of material
and to apply the necessary corrections to optimise the result.
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01.10

LDM printing

Liquid Deposition Modeling [LDM] technology refers to an extrusion 3D
printing method designed for materials with a pasty or semi-liquid consistency,
such as clays, porcelains and other ceramic or biomaterial mixtures. Unlike
FDM [Fused Deposition Modeling] printing, which works with solid thermoplas-
tic ilaments, LDM uses a pump or pusher system [this can be a piston, air
compressor or auger] that ejects the material directly in its fluid state onto the
build base.

The key principle of LDM is to deposit successive layers of the paste with
precise flow control, allowing three-dimensional objects to be formed with the
same additive logic as in other 3D technologies. This approach is ideal for cera-
mics, as the material does not need to be melted by temperature, but is handled
in its wet form and, after printing, goes through a drying and firing process.
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01.20 Types of LDM printers

Cartesian style Delta style

/CARTESIAN PRINTER/ These machines are based on the move-
ment of their axes [X, Y and Z] in a linear and orthogonal way, as their
name indicates [Cartesian coordinate system]. They usually have a pla-
tform that moves in one or two axes while the extrusion head moves in
the remaining axis. Their design is simple, easy to calibrate and very
common in the 3D printing market. However, its stability and speed can
sometimes be limited on very large prints or at very high speeds.

/DELTA PRINTER/ They work with three arms arranged around a
triangular structure, all linked to a central extrusion head that moves in
space by combining the displacements of each arm. This taller, slimmer
design allows for fast, fluid movements, resulting in faster print speeds
and smoother strokes. In addition, due to their configuration, they tend to
have a better ratio between the occupied area and the available printing
height, making them ideal for tall and slender parts.



01 . 2 1 Delta printer motion diagram



01 .3 O Printing systems

/RAM EXTRUDER/ RAM Extruder [Reciprocating Action Machine]
is a system that uses a hydraulic or mechanical piston to exert pressure
on the clay, forcing it out through the extrusion nozzle. Unlike the com-
pressed air system, this method ensures a more uniform pressure and
allows a higher material loading capacity. Among its main advantages, it
offers greater control over the extrusion, reducing variability in the flow
of material, and is capable of containing and processing large volumes of
clay without the need for constant reloading. In addition, it is particularly
suitable for working with denser or more viscous clays without the risk
of clogging. However, it also has some disadvantages, as it is a more
complex and costly system compared to compressed air, requires more
maintenance and cleaning due to material build-up in the cylinder, and is
less flexible for quick material or colour changes.

/COMPRESSED AIR AND TANK/ The compressed air and tank sys-
tem uses an air compressor to pressurise a tank where the clay is stored
in a paste-like state. The pressure generated pushes the clay through a
tube into the extrusion nozzle, allowing precise control of the deposition
of the material. This method offers a constant and regulated flow and
is compatible with different types of clay by adjusting the pressure and
viscosity. Its design is relatively simple and easy to maintain, making
it an affordable option for ceramic 3D printing. However, it has certain
limitations, as the capacity of the system is conditioned by the size of the
tank, which requires frequent refills. It also relies on a continuous and
well-regulated air supply, and can lead to variability in extrusion if the
pressure is not properly adjusted.
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Example of some of the different types of
low and high temperature clays that we
can find, and with which we can print in our
3D ceramic printer

Ceramic materials and pastes:
preparation and consistency

Clay is a versatile material used in ceramics and digital fabrication,
with properties that change according to its composition and firing tem-
perature. There are different types, such as red clay, stoneware and por-
celain, each with unique characteristics in terms of plasticity, strength
and water absorption. Choosing the right clay is key to obtaining optimal
results in 3D printing and traditional ceramic techniques.

/HIGH TEMPERATURE CLAY/ It is usually fired above 1200 °C,

reaching a vitrification point that makes it very dense and imper-
meable. Therefore, it is more resistant and suitable for pieces that are
subject to intensive use or that require great durability. Some examples
are stoneware and porcelain.

/LOW TEMPERATURE CLAY/ It is fired in a range of approximately
900 to 1100 °C and therefore retains a higher porosity. This may require
the application of glazes or glazes to waterproof it and improve its stren-
gth. It is often used in traditional pottery or decorative ceramics.
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/™ Clays to which different percentages
of water have been added and in which
different degrees of plasticity can be
observed.

We can use a variety of ceramic pastes [porcelain, stoneware, clay
or combinations of thesei/as long as we adjust the humidity to the right
level to facilitate extrusion and prevent the piece from collapsing. A use-
ful starting point is to add 5% water in relation to the weight of the clay
[i.e. for every 1 kg of clay, about 50 mL of water], although this formula
can change according to the quality of the material.

Some clays are marketed in 12-13 Kg tablets with a certain degree
of initial moisture, while others come in powder form: in the latter case,
it is safer to add the water little by little until the required consistency is
reached. To check if the mixture is ready, simple tests are recommended,
such as forming a churro with the clay and seeing if it holds its shape, or
even carrying out small extrusion tests. The aim is to achieve the right
viscosity so that the clay flows easily through the nozzle, but retains
enough density not to deform. Regardless of the paste you choose, this
balance between wetness and firmness is essential for successful cera-
mic 3D printing.
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02.1 OParts of the letCLay MINI
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02.20

letClay MINI printing system

As mentioned above, ceramic 3D printing is based on the controlled
extrusion of a paste or fluid through a system made up of various compo-
nents that must operate in total synchrony. The JetClay Mini uses a com-
pressed air printing system, in which each of its parts plays a key role.

First, an air compressor is used to pressurise the clay tank; this
compressed air pushes the paste into the extruder, where a worm re-
gulates the amount of material coming out of the nozzle. Simultaneous-
ly, the machine moves the head following the trajectories defined in the
printing software. The balance between the air pressure, the rotational
speed of the worm and the movement of the printhead is crucial to en-
sure a continuous and uniform flow. In this way, successive layers of
material are deposited with sufficient precision to form ceramic parts of
different shapes and sizes.

When all the elements [pressure, extruder, paste consistency and
machine motion] are properly calibrated, the likelihood of successful
prints with fewer defects is greatly increased.

/COMPRESSED AIR/
A compressor generates the necessary pressure to push the cera-
mic paste.

/CLAY TANK/
Contains the ceramic paste or fluid ready to be printed.

/EXTRUDER WITH ENDLESS SCREW/

Controls the flow of paste coming out of the nozzle.

Allows adjustment of the amount of material deposited in each la-
yer.

/MACHINE MOTION/
Moves the head according to the trajectory defined in the printing
software. The precision of these movements determines the final
accuracy of the piece.
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02.21 Clay flow of the JetClay MINI:

The JetClay Mini employs a compressed air printing system, consis-
ting of an air compressor and a clay loading tank.

The compressor must supply air to the tank at a pressure of 6 bar,
ensuring that the clay flows evenly through the system within a range of
4 to 6 bar pressure.

The pressure exerted on the tank is regulated by a valve, which
allows the bars to be increased or decreased as required. An increase
in pressure increases both the amount of clay extruded and the speed
at which it travels into the extruder, while a reduction decreases both
factors.

(Clay tank)

(Pressure valve)
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Pressure adjustment through this valve is key to regulating the
percentage of extruded material. Increasing the pressure is useful when
there is insufficient material flow, resulting in brittle, cracked or thin la-
yers. Reducing the pressure is necessary if there is too much material,
too wide layers or bulges in the walls, indicating over-extrusion.

Changes in air pressure affect the extrusion flow in real time, wi-
thout the need to stop the printer. However, this adjustment must be
done with precision, as the valve is highly sensitive and a small twist
can cause significant variations in the print.

The clay flow does not depend exclusively on the air pressure, but
is regulated in conjunction with the extruder worm [or flow] control
and the printing speed. These parameters, which can be adjusted in the
A(Printing Factors), window, combine to ensure a constant flow and uni-
form deposition of the layers. This will be discussed in detail later in
section 03.30.

< >

(Valve /

rotation)

(Pressure

gauge 6-4 bar)



M Access to DWC can be done from any
browser by entering the IP address or
name followed by (.local)

letCLay MINI controls

Jetclay MINI printers are operated and configured using Duet Web
Control (DWC), an intuitive interface that provides greater control over
print dynamics. With this system, you can quickly upload files, instantly
modify parameters and monitor the entire printing process in real time.

/ACCESS AND INITIAL CONNECTION TO DUET WEB CONTROL [DWC]/
->0pen the browser:
ZEnter the IP address of your printer in the search bar
[e.g. http://192.168.0.X] o or Printer name.local.
->The Duet Web Control main screen will appear.
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/OVERVIEW OF THE DUET WEB CONTROL (DWC) INTERFACE/

->When loading Duet Web Control, you will see several main
sections:

A) (Dashboard): Displays bed and extruder temperatures, buttons
for moving the axes, printer status, etc.

B) (Console): Allows you to send G-Codes commands and receive
firmware messages.

C) (Files): Place where the G-Codes are uploaded and stored ready
to print.

D) (Settings): Section for editing network parameters, firmware
settings, macros, etc.

(A)

-

C) —

— o
0
Extru3|on /O j—‘ \ (Manual

control menu) axis control)
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/BASIC MOVEMENTS AND CONTROLS/

->Home [Homing]: By pressing the A(Home All) button, the
machine adjusts its axes to the home position automatically. It
is also possible to move each axis separately by using the home
buttons corresponding to each axis.

-Manual axis control: Use the z(move) buttons to move the
extruder at preset distances [e.g. 1 mm, 10 mm, etc.].

(Send all axe
to HOME? (Move each
axis independently)
-] /
Send to
HOME e(ach axis *~~o
mdependentlyﬁ

/UPLOADING AND MANAGEMENT OF G-CODE FILES/
->Upload files:

Go to the #(Files) o A(Jobs) tab.

Click on 7(Upload) and select the G-Code from your computer.
->Print:

Once uploaded, double-click on the ~(file) or select the A(Print)
option to start printing.

(File

selectjon
/:) /" ment
(Files Tab)
( )
(List o /

G-Code files
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/CONSOLE/

->Send G-Code commands:
From the 7(Console) tab, commands can be typed in [such as
M503 to view the current configuration, G1 X10 to move the X-axis,
etc.

->Read messages:
Notifications, warnings and firmware confirmations [e.g. tempera-
ture sensor errors, end of stroke, etc.] are displayed here.

/:

gl |

(Consol
tab

(Send
command
tab

f(Wind_ow
of readin
messages



/STATUS TAB/

In this view, you will see the current status of the print and you
will be able to adjust three fundamental parameters to optimise the
quality of the part:

(Tools tab)

—D j_
/ (Print_ factors

menu)

(Status tab) /)

[Baby‘/)

Steppin
PRab)

>Speed Factor
Controls the percentage of the print speed.

If you notice quality problems [e.g. the machine moves too fast
and the layers are not deposited correctly], you can decrease this
value to reduce the overall speed of all printer movements. On
the other hand, if the printer is running stably and you want to
speed up the process, increase this percentage.

—>Extrusion Factor or Flow
Adjusts the percentage of extruded material.

These changes are applied to the extrusion flow in real time, wi-
thout having to stop printing. Increasing it can be useful if layers
look hollow or the object appears to have low material density.
Decreasing it can help if you notice excess material or certain
bulges in the walls [overextrusion].
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Print spee
( conpcroﬂ O—o

(Extruder screw o— o
speed control

->Baby Stepping
Allows the nozzle height [Z-axis] to be adjusted in very small
increments, without stopping or pausing printing.

Each increase or decrease slightly modifies the distance be-
tween nozzle and bed, improving adhesion and the initial quality
of the part.

This is essential when you notice that the first layer is too flatte-
ned or, on the contrary, separated from the print bed.

(Extruder up) o—e  ( )
(Extruder low) o—e ( )
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(Dashboard)

— >

/z=0/

Before starting to print on the JetClay MINI, it is necessary to pla-
ce a build plate on the metal base of the printer. This plate, usua-
(ly made of wood or plaster, acts as a support during printing and
makes it easier to remove the finished part. The parameter Z=0 re-
fers to the distance between the printer nozzle and the build plate.
Setting it correctly is essential to ensure accurate alignment and
good adhesion of the first layer.

Once the build plate is selected and positioned, we perform a
A(home all) to bring all the axes to their reference position. We then
lower the extruder using the 7(Z-axis hand controls), starting with
wider offsets and reducing the range of movement as the nozzle
approaches the base.

(Home all)
\Oc:

a
Manual

-axis control

)

\

(Manual
axis control)
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When the extruder nozzle touches the surface of the build plate, we
should note the (Z value) that appears in the #(Information) win-

dow of the A(Status) tab.

C

—
(Status tab) /O

(Info. Window)

O

(Z value)

Next, go to the tab z(System) and open the file z(config.g), where
the printer configuration instructions can be found.

(System tab)
\::x
(System file
menu —

N°26
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(Config.
win

Sow

C

(Button
saved)

In this file, we must locate the value of H in the initial lines, which
represents the height of the Z axis recorded in the last printout in
relation to the construction base used at that time. To update it, we
subtract the value of Z obtained in the information window from the
value of H in the file a(config.g), applying the following formula:

H’' (updated) = H (value of H in config.g) - Z (value recorded when
the nozzle touches the construction base).

After performing the calculation, we replace the old value of H in
the file z(config.g), by the new [result of the subtraction]. Once the
change has been made, save the changes by clicking on the #(Save)
button. When you do so, a window will appear asking you to restart
the Duet system to apply the new configuration. It is important to
remember that the modifications in z(config.g) will not be activated
until the Duet is restarted.

Once the system has been restarted, we perform a A(Home all)
again to return the extruder to its set point with the new Z-axis
height setting.
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The 3D printing workflow follows a
series of essential steps to ensure the
accurate reproduction of digital models
into physical objects -

The first step is to obtain a digital model of the object to be

reproduced. This model can be obtained in several different ways:

/MODELLING/
Using 3D software to create a three-dimensional model [e.g. Fusion
360, Blender or Rhino].

/SCANNING/
Capture the shape of a physical object through a scan, processing

the data with specialised software such as Scan Viewer or CRStu-
dio.

/PHOTOGRAMETRY/

Generate a 3D model of a physical object by capturing overlapping
photographs from multiple angles, which are processed with spe-
cialised software such as RealityCapture [RC] or Agisoft PhotoScan.

/ONLINE LIBRARIES/
Download ready-made designs from Thingiverse repositories, My-
MiniFactory, etc.].
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STL File

The STL [STereoLithography] format is one of the most widely used
standards in 3D printing. It represents the external surface of an object
in a mesh made up of triangles. Some important features::

/TRIANGLE-BASED GEOMETRY/

The resolution and level of detail of a model depend on the num-
ber of triangles that compose it. A greater number of triangles allows
a better definition of the part, although it also increases the size of the
file. Conversely, if the model has few polygons, the curves may appear
faceted or angular.

/COMPATIBILIT/

The STL format is widely compatible with most slicers and 3D prin-
ters. Generally, 3D models are exported in this format from design sof-
tware such as Fusion 360, Blender or Rhino, making them easy to prepare
for printing.

™ ™ ™
Object CAD STL
[ Jec ) IE/Iode]l l\(/lode]l



A slicer is the software in charge of ‘slicing’ or segmenting the 3D
model [in STL or other formats] into horizontal layers. It also generates
all the trajectories that the printer must follow to build the object. The
main functions of a slicer are:

/LAYERING/
It calculates how the material will be deposited layer by layer.

/PARAMETER CONFIGURATION/
Movement speed, layer height, extrusion flow, filling patterns,
among others.

/GENERATION OF INSTRUCTIONS/
From these parameters, the slicer produces the final G-Code [see
next section 03.31].

Cura is an example of slicing software widely used in FDM filament
printers, but it can also be adjusted for clay printing by modifying or
deactivating the temperature parameters. Although there are other op-
tions, such as Simplify3D and PrusaSlicer, in this course we will focus
on Cura Slicer, as it will be the main working tool.
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/TOP LAYER/

This refers to the top layer of the part, in case the design includes
a closed surface on top. These are the last layers to be printed, sealing
the structure on top.

JOUTER SHELL/
It is the outer layer or outline of the object, which, when printed,
defines its external shape.

/INFILL/
The infill refers to the infill of the part. This infill is printed in the
form of a pattern and remains inside the contour layer of the part.

/BOTTOM LAYER/

This refers to the initial layer of the part when the design has a
closed base. It is the first to be deposited on the printing platform and,
although it can be composed of several layers, its correct adhesion is
fundamental for the success of the printing process.



/LAYER HEIGHT/

This is the measurement of the height of each layer deposited du-
ring printing. In UltiMaker Cura Slicer, adjusting this parameter affects
the resolution and the total printing time..

/LAYER WIDTH/

Refers to the thickness of the extruded material line in each layer.
In UltiMaker Cura Slicer, changing this value can influence the dimensio-
nal accuracy and surface quality.
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/OUTER SHELL THICKNESS/

As mentioned above, this layer corresponds to the outer contour
of the printed object and determines its final shape. It can be composed
of one or several layers of thickness, depending on the chosen settings.
In UltiMaker Cura Slicer, setting the outer shell parameter correctly is
essential to ensure a print with an optimal appearance and a resistant
structure.

/SKIRT/

It is an initial contour line printed around the object that helps to
stabilise the extrusion and detect adhesion problems before the actual
printing starts. In UltiMaker Cura Slicer, the skirt is used as a preventive
measure to ensure a constant material flow from the start of production.
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/INFILLS AND INFILL PERCENTAGE/

As mentioned above, the infill is the internal infill pattern that pro-
vides support and stability to the part, while its percentage determines
the density of the infill. In UltiMaker Cura Slicer, these settings allow a
balance to be found between weight, strength and printing time.

Printing of a model using the same pattern
with different percentages. As can be seen,
the higher the percentage, the higher the
density >

/INFILL GEOMETRY/
The specific pattern or design used for the internal infill of the mo-

del. In UltiMaker Cura Slicer, the selection of a suitable infill geometry
optimises stress distribution and reduces material consumption without
compromising the integrity of the object.

Printing a model using different types of
infill patterns. Choose the infill according to
the characteristics of the workpiece -
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/MATERIAL FLOW/

It refers to the amount of material extruded during printing, thus
controlling the accuracy and adhesion between layers. In UltiMaker Cura
Slicer, adjusting the material flow is key to avoid problems such as un-
der- or over-extrusion, ensuring print quality.

Printed part with too high material flow.
The excess material causes the layers to
become lumpy and uneven -
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UltiMaker Cura Slicer Profile for
letClay MINI

In order to generate G-Code files that guarantee quality printing,
it is essential to correctly configure the slicer software according to the
printer specifications and the requirements of the part to be printed.

In this case, we will use UltiMaker Cura Slicer and create a custom
profile that fits the JetClay MINI printer’s characteristics, including the
essential parameters for optimal printing.

/OVERVIEW OF THE ULTIMAKER CURA INTERFACE/

->Download and install the latest version of UltiMaker Cura on
your computer, which can be found on the official 2UltiMaker.com
> Software website.

->0nce the application is installed, you will be able to access the
main screen of the Slicer.
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/PROFILE FOR JETCLAY MINI : PRINTER/

- Printer settings:
>Access the APrinter Settings tab, add a new printer and configure
its features according to the JetClay MINI specifications.

—D
(Printer tab)
C )
DO
DO



/PROFILE FOR JETCLAY MINI: EXTRUDER/

-Extruder settings:
->Switch to the AExtruder settings tab and configure its parameters
according to the specifications of the Piotr extruder installed on the

JetClay MINI.
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/PROFILE FOR JETCLAY MINI: PRINT SETTINGS/

->Setting print parameters:
>Access the 2Print settings menu and set the parameters according
to the characteristics of the part and the expected final finish.

D e——o (Layer height)
> *—9 (Number of walls)
C ) e—o (Base / Top)

Percentage an
> —o Infill geometr
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At this stage, it is essential to review all the parameters of the new
profile created in Ultimaker Cura and verify that they match those indica-
ted in this document, except those that have been intentionally modified
to fit a specific part.
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G-code generation

In the following sequence, it can be seen that the language used in
the G-Code file is composed of several parameters. In order to interpret
this type of code, it is essential to understand the alphanumeric values
that make it up:

2AG1 F... X... Y... Z...E...

The letters X, Y and Z represent the three axes of the printer and
define the coordinates of the movement. A value of X greater or less than
0 moves the printhead along the X-axis, while a positive or negative va-
lue of Y moves the printhead along the Y-axis. In the case of Z, any value
above 0 raises the printhead.

In addition, the letter F indicates the speed at which the nozzle tra-
vels, and the letter E refers to the specific extrusion. For example:

2G28: Performs homing of the axles.

Depending on the slicer and settings, extrusion speed, layer height,
travel speed, etc. can be changed. In the case of clay printing, tempera-
tures are ignored or set to zero, but material movements and dosing are
retained.
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Starting to print with the letclay
MINI

1_Turn on the printer:
->Connect the Jetclay MINI to the power supply and turn it on.
->Wait a few seconds for the start-up sequence to finish and the
printer to obtain or display its IP address.

2_Access Duet Web Control
->0n your computer or mobile device, open the web browser and
connect your printer to DWC.
>You will see the main interface z(Dashboard) of Duet Web
Control.
3_Homing
>0n the z(Dashboard) o z(Control) tab within Duet Web Control,
press ﬁhe A(Home All) button [or individually X, Y and Z if you
prefer].

4_7=0
—>Place a printing base
>Set Z=0

5_Select the tool (“Piotr Extruder”)
->In the control panel, locate the A(Tools) section.
Select the tool designated to extrude the clay, called A(Piotr
Extruder) [or the name configured for your extruder].

6_0Open the air pressure valve
>Raise the air pressure until the clay flows regularly, in a range
between 4 and 6 bar.

7_Purge the extruder
—>With the tool selected, go to the extruder control menu and find
the option to extrude [e.g. 5 to 10 mm of material] at low speed.
—>Watch the clay start to come out of the nozzle.

This step allows you to fill the extruder evenly and to avoid air
bubbles, as well as to check that the consistency of the material is
correct.

8_Setting up printing
->Upload your G-Code file on the tab A(Files) or z(Jobs).

9_Start printing
>Click the z(Print) button or open the file directly.
>0nce printing is started, the DWC interface will automatically
switch to the a(Status) tab, where the progress and control
options during job execution will be displayed in real time.



10_(Status) tab in Duet Web Control:
=>In this view, the current status of the print job is displayed and
you can adjust the key parameters to optimise the quality of the
part:

->Baby Stepping
Adjust the nozzle height [Z-axis] in very small intervals, if neces-
sary. Very useful for adjusting the extrusion height of the first
layers.

>Speed Factor
Control the percentage of the printing speed.

Solve quality problems in the gluing of the layers or the stability
of the part by reducing the speed or speed up the process if you
think the printing is too slow.

>Extrusion Factor
Adjusts the percentage of extruded material to solve problems of
over extrusion or low material flow.

11_Pressure valve
->In the same way as the DWC window extrusion factors, turning
the pressure valve adjusts the percentage of extruded material to
solve problems of over or under flow of material.

>Apply adjustments sparingly:
Changing too much at once could cause unexpected problems
[sudden underextrusion or overextrusion, vibrations, etc.]. It is better to
adjust gradually and observe the result.

>Write down your settings:
Keep track of the Speed Factor, Extrusion Factor [or flow] and
Baby Stepping values that work best for you with different models or
environmental conditions [clay moisture, nozzle size, etc.].

With these basic steps and settings, you can fine-tune your print in
real time, ensuring that each layer is perfectly positioned and the extru-
sion is right for the part you are making. Using the 2 tab in Duet
Web Control gives you immediate control over speed, material flow and
nozzle height, which is essential for achieving good finishes and repeata-
bility in your Jetclay MINI prints.
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