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(54) SYSTEM AND METHOD FOR EXTRUDING CEMENTITIOUS MATERIAL AND SYSTEM FOR
ADDITIVE MANUFACTURING OF A CEMENTITIOUS MATERIAL BASED STRUCTURE

(57) It is disclosed a system for extruding cementi-
tious material comprising:
- at least one pump (30, 34) of cementitious material;
- at least one pump (31) of additive for cementitious
material;
- a mixing chamber (10) comprising a cementitious ma-
terial inlet (11) and an inlet (12) of additive for cementi-
tious material; and being configured to mix the cementi-
tious material with the additive for cementitious material
forming a printing composition;
- an extruder (20) for extruding at least one layer of the
printing composition;
- a control unit;
wherein the extruder (20) comprises at least one tem-
perature sensor (T1), and the mixing chamber (10) com-
prises at least one pressure sensor (P1) at the cementi-
tious material inlet (11), each sensor (T1, P1) being
operatively connected to the control unit, which is con-
figured to adjust the amount of additive for cementitious
material in the printing composition.

It is also disclosed a method for extruding cementi-
tiousmaterial and a system for additive manufacturing of
a cementitious material-based structure.
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Description

Technical field

[0001] The present invention is directed to a system
and a method for extruding cementitious material.
[0002] The present invention also discloses a system
for additive manufacturing of a cementitious material
based structure.

Background of the Invention

[0003] EP3260258A1 discloses amethod of placing a
flowable construction material comprising a hydraulic
binder for building structural components layer by layer.
[0004] WO 2018/229419 A1 discloses a system for
extruding cementitious material beads for a robot used
for the additivemanufacturing of architectural structures,
the system comprising a safety pressure sensor of said
cementitious material upstream of a mixing enclosure,
said safety pressure sensor being configured tomeasure
the pressure upstream of said mixing enclosure so as to
be able to prevent the risk of clogging of the mixing
enclosure or of an outlet nozzle.
[0005] WO 2018/115166 A1 relates to a method for
producing a shaped body from a curable material, in
particular from a mineral binder composition, wherein
the curablematerial is applied layer by layer inanadditive
method, inparticular inanadditive free-spacemethod, by
meansof aprintinghead that canbemoved inat least one
spatial direction and wherein an application rate of the
curable material and the temporal development of
strength of the curable material are coordinated with
each other.

Description of the Invention

[0006] Thepresent inventionconcerns toa systemand
to a method for extruding cementitious material, as de-
fined in the appending claims.
[0007] The proposed system comprises, in a manner
already known, the following:

- at least one pump of cementitious material;

- at least one pump of additive for cementitious ma-
terial;

- a mixing chamber comprising a cementitious mate-
rial inlet connected to the at least one pump of
cementitious material via a cementitious material
supply line, and an inlet of additive for cementitious
material connected to said least one pump of addi-
tive for cementitious material via a supply line of
additive for cementitiousmaterial; saidmixing cham-
berbeingconfigured tomix thecementitiousmaterial
with the additive for cementitious material, thereby
forming a printing composition;

- an extruder for extruding at least one layer of the
printing composition through an outlet thereof;

- a control unit for controlling the aforementioned ele-
ments of the system.

[0008] Acementitiousmaterial refers to a substance or
mixture that has the ability to set and harden through a
chemical reaction resulting in a solid, durable product.
The cementitious material primarily consists of cement,
which is a fine powder made from a combination of
minerals, typically including calcium silicates, alumi-
nates, and ferrites and may include other aggregates
such as sand and gravel, in combination with water,
forming concrete or mortar. The addition of water to
themix triggers thechemical reactionknownashydration
leading to the hardening of the cementitious material.
Cementitious materials exhibit several desirable charac-
teristics, including good compressive strength, durability
once hardened, and the ability to adhere well to other
materials, especially porous materials.
[0009] A pump of cementitious material is a device
adapted for pumping the cementitious material, which
is a densematerial, with a viscositymuchhigher than that
of water, through a supply line to the cementitious ma-
terial inlet. The pump provides the necessary pressure
and flow rate to move the cementitious material from its
source to the mixing chamber.
[0010] The additive for a cementitious material refers
to a substance or chemical compound that, incorporated
into the cementitious mixture, enhances or modifies its
properties. These additives are typically introduced in
small quantities and serve specific functions during the
cementitious material’s production, application, or per-
formance.
[0011] Additives for cementitious materials can have
various purposes and may include, for example, water
reducers, also knownasplasticizersor superplasticizers,
used to reduce the amount of water needed in the ce-
mentitious mixture while maintaining workability improv-
ing the flowability and rheological properties of the mix-
ture, set modifiers, such as accelerators that influence
the setting time of the cementitious material shortening
the setting time, air-entraining agents which stabilize
microscopic air bubbles within the cementitious material
enhancing the workability, freeze-thaw resistance, and
durability of the material, and many others.
[0012] The pump of additive for cementitious material
functions similarly to the pump of cementitious material
but is specifically designed for pumping the additives that
enhance or modify the properties of the cementitious
material.
[0013] The mixing chamber is a chamber or vessel
where the cementitious material feed from the pump of
cementitious material is mixed with the additive for ce-
mentitious materials feed from the pump of additive for
cementitious material. The cementitious material enters
the chamber through a supply line, while the additive
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enters through a separate supply line. The mixing cham-
ber is designed to thoroughly mix the two components,
resulting in a homogenous printing composition. It can be
achieved, for example, by including static or movable
blades or deflectors within the mixing chamber designed
to produce turbulences in the flow of materials passing
through the mixing chamber.
[0014] The extruder is responsible for extruding or
depositing the printing composition onto a desired sur-
face, typically in layers. It takes the homogenouslymixed
printing composition from the mixing chamber and
pushes it through an outlet. The extruder can be
equipped with a nozzle or other shaping tools to control
the shape and thickness of the extruded layer.
[0015] The control unit is an electronic system or de-
vice that controls and coordinates the operation of the
entire system. The control unit receives input from var-
ious sensors and user interfaces and uses this informa-
tion to regulate the pumps, mixing chamber, and extru-
der. It ensures precise control over different operational
parameters, for exampleflow ratesand/or pressureof the
cementitious material and/or of the additives of the ce-
mentitious materials, mixing ratios, and extrusion speed.
An example of a control unit is a programmable logic
controller (PLC).
[0016] The proposed invention also comprises, in a
manner not known, that the extruder comprises at least
one temperature sensor, and in that the mixing chamber
comprises at least one pressure sensor at the cementi-
tious material inlet, each sensor being operatively con-
nected in closed loop to the control unit, which is config-
ured to adjust the amount of additive for cementitious
material in the printing composition based on the pres-
sure and temperature measured by said sensors.
[0017] The system of the present invention allows a
better control of the properties of the printing composi-
tion, which results in an increased quality of the printed
material and an increased efficiency of the printing pro-
cess as the controlled printing composition allows for a
faster set of the printing composition, which allows to
deposit a subsequent layer of printed composition faster.
[0018] According to the present invention, the mixing
chamber may further comprise at least one temperature
sensor at the cementitious material inlet, said tempera-
ture sensor being operatively connected in closed loop to
the control unit, which is configured to determine a tem-
perature differential between the temperature read at the
extruder and the temperature read at the cementitious
material inlet, and to adjust the amount of additive for
cementitious material in the printing composition based
on thepressureat thecementitiousmaterial inlet andsaid
temperature differential.
[0019] According to the present invention, the extruder
may further comprise at least one pressure sensor op-
eratively connected in closed loop to the control unit,
which is configured to adjust the amount of additive for
cementitious material in the printing composition also
based on the reading of said pressure sensor.

[0020] According to the present invention, the system
may further comprise a temperature and/or a pressure
sensor at the supply line of additive for cementitious
material, said temperature and/or pressure sensor being
operatively connected in closed loop to the control unit,
which is configured to adjust the amount of additive for
cementitious material in the printing composition also
based on the reading of said temperature and/or pres-
sure sensor at the supply line of additive for cementitious
material.
[0021] According to the present invention, the mixing
chamber may further comprise a motor-driven mixer.
Preferably, the mixer comprises at least one blade for
mixing the additive for cementitious material with the
cementitious material to form the printing composition
and to drive the printing composition towards the outlet of
the extruder. Preferably, the at least oneblade is fixed in a
removable manner to a driving shaft.
[0022] According to the present invention, the at least
one pressure and the at least one temperature sensor of
the extruder may be located downstream of the motor-
driven mixer and upstream of the outlet of the extruder.
[0023] According to the present invention, the motor
driven mixer may be configured to rotate with a variable
rotation speed and the control unit may be configured to
adjust the rotation speed of themotor drivenmixer based
on the pressure and temperature measured by the at
least one pressure sensor and the at least one tempera-
ture sensor. Said at least one pressure sensor is pre-
ferably the at least one pressure sensor at the cementi-
tiousmaterial inlet of themixingchamberandsaidat least
one temperature sensor is preferably the at least one
temperature sensor at the extruder.
[0024] According to the present invention, the mixing
chamber and the extruder may be part of a printhead.
Preferably, said printhead comprises two halves joined
together in a non-permanent manner. This eases the
cleaning and maintenance operations of the mixing
chamber and the extruder, and components thereof.
[0025] According to the present invention, the inner
surface of themixing chamber and/or of the extrudermay
be substantially covered by a layer of an elastomeric
material. Said layer of elastomeric material is preferably
configured to prevent adhesion of the cementitious ma-
terial, the additive for cementitious material and/or the
printing composition to the inner walls of the mixing
chamber and/or the extruder, so that maintenance and
cleaning of the mixing chamber and/or of the extruder is
eased and correct operation of them is ensured during
longer periods of time. Adhesion and/or setting of the
cementitious material, the additive for cementitious ma-
terial and/or theprintingcomposition to the inner surfaces
of the mixing chamber and/or the extruder should be
avoided as it could affect the operation of the system,
and in particular, it could affect the quality of the printed
printing composition.
[0026] Preferably, saidelastomericmaterial comprises
polyurethane. Polyurethane maximizes the effect of pre-
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vention of adhesion of the cementitious material, the
additive for cementitious material and/or the printing
composition to the inner walls of the mixing chamber
and/or of the extruder.
[0027] According to the present invention, the mixing
chamber and/or the extruder may be made of stainless
steel. In embodiments of the present invention wherein
the mixing chamber and the extruder are part of a print-
head, said printhead is preferably made of stainless
steel.
[0028] According to the present invention, the at least
one pumpof cementitiousmaterialmay comprise at least
one progressive cavity pump. However, the at least one
pump of cementitious material can also comprise other
suitable kinds of pumps.
[0029] According to the present invention, the at least
one pump of additive for cementitiousmaterial may com-
prise at least one peristaltic pump. Peristaltic pumps
allow precise dosing of the additive for cementitious
material. However, the at least one pump of additive
for cementitious material can also comprise other suita-
ble kinds of pumps.
[0030] According to the present invention, the system
may comprise a first and a second pump of cementitious
material, the first pump being connected to the second
pump by a first section of the cementitious material
supply line, and the second pump being connected to
the cementitiousmaterial inlet of themixing chamber by a
second section of the cementitious material supply line.
Preferably, the first section of the cementitious material
supply line is configured to act as a buffer of cementitious
material for the secondpump,which is configured todose
cementitiousmaterial to themixing chamber. This allows
for a better control of the printing composition and, thus,
for a better quality of the extruded cementitious material.
[0031] According to the present invention, the mixing
chamber may comprise a second inlet of additive for
cementitious material connected to a corresponding
pump of additive for cementitious material.
[0032] According to the present invention, the system
may further comprise a valve for opening and closing the
outlet of the extruder. Preferably, said valve is a pinch
valve.
[0033] The present invention also discloses a method
forextrudingcementitiousmaterial comprising the follow-
ing steps:

- providing a system for extruding cementitious mate-
rial as described in this document;

- pumping cementitious material to the mixing cham-
ber with the at least one pump of cementitious ma-
terial via the cementitious material supply line;

- pumping additive for cementitious material to the
mixing chamber with the at least one pump of ad-
ditive for cementitious material via the supply line of
additive for cementitious material;

- mixing the cementitiousmaterial with the additive for
cementitious material in the mixing chamber to form
a printing composition;

- extruding at least one layer of the printing composi-
tion through an outlet of the extruder;

- measuring the temperature of the printing composi-
tion at the extruder with the at least one temperature
sensor;

- measuring the pressure of the cementitiousmaterial
at the cementitiousmaterial inlet with the at least one
pressure sensor; and

- adjusting the amount of additive for cementitious
material in the printing composition based on the
temperature of the printing composition in the ex-
truder and on the pressure of the cementitious ma-
terial in the cementitious material inlet.

[0034] According to the present invention, the method
may further comprise the steps of:

- measuring the temperature of the cementitious ma-
terial at the cementitious material inlet with at least
one temperature sensor;

- determining a temperature differential between the
temperature of the printing composition in the ex-
truder and the cementitious material in the cementi-
tious material inlet;

wherein the step of adjusting the amount of additive for
cementitiousmaterial in theprintingcomposition isbased
on the temperature differential and on the pressure of the
cementitious material in the cementitious material inlet.
[0035] According to the present invention, the method
may further comprise the step of measuring the pressure
of the printing composition at the extruder with at least
one pressure sensor; and adjusting the amount of ad-
ditive for cementitious material in the printing composi-
tion also based on the pressure of the printing composi-
tion at the extruder.
[0036] According to the present invention, the method
may further comprise the steps of measuring the tem-
perature and/or pressure of the additive for cementitious
material at the supply line of additive for cementitious
material with a temperature sensor and/or a pressure
sensor; and adjusting the amount of additive for cemen-
titious material in the printing composition also based on
the temperature and/or pressure of the additive at the
supply line of additive for cementitious material.
[0037] According to the present invention, the step of
mixing the cementitious material with the additive for
cementitious material may comprise the step of turning
a motor driven mixer of the mixing chamber.
[0038] According to the present invention, the step of

5

10

15

20

25

30

35

40

45

50

55



5

7 EP 4 484 102 A1 8

pumping cementitious material to the mixing chamber
may comprise:

- pumping cementitious material with a first pump
connected to a second pump by a first section of
the cementitious material supply line; and

- pumping cementitious material with the second
pump connected to the cementitious material inlet
of the mixing chamber by a second section of the
cementitious material supply line.

[0039] According to the present invention, the step of
pumping cementitious material to the mixing chamber
may further comprise:

- stretching the first section of the cementitious mate-
rial supply line so that it acts as a buffer of cementi-
tious material for the second pump; and

- dosing the cementitiousmaterial to themixing cham-
ber with the second pump.

[0040] According to the present invention, the step of
pumping additive for cementitious material to the mixing
chamber may comprise the steps of:

- pumping a first additive for cementitious material to
the mixing chamber with a first pump of additive for
cementitiousmaterial via afirst supply lineof additive
for cementitiousmaterial connected to the first pump
of additive for cementitiousmaterial and toa first inlet
of additive for cementitious material of the mixing
chamber.

[0041] According to the present invention, the step of
pumping additive for cementitious material to the mixing
chamber may further comprise the steps of:

- pumping a second additive for cementitiousmaterial
to the mixing chamber with a second pump of ad-
ditive for cementitious material via a second supply
line of additive for cementitious material connected
to the second pump of additive for cementitious
material and to a second inlet of additive for cemen-
titious material of the mixing chamber.

[0042] According to the present invention, the step of
adjusting theamount of additive for cementitiousmaterial
in the printing composition may comprise the step of
adjusting theamount of additive for cementitiousmaterial
pumped by the at least one pump of additive for cemen-
titious material.
[0043] According to the present invention, the step of
adjusting theamount of additive for cementitiousmaterial
in the printing composition may comprise the step of
adjusting the amount of cementitious material pumped
by the at least one pump of cementitious material.

[0044] According to the present invention, the step of
adjusting theamount of additive for cementitiousmaterial
in the printing composition may comprise the step of
adjusting the rotation speed of the motor driven mixer.
[0045] The present invention also discloses a system
for additive manufacturing of a cementitious material
based structure comprising:

- a system for extruding cementitious material as de-
scribed in this document;

- adisplacingunit for displacingat least the extruder of
the system for extruding cementitiousmaterial along
a printing path; and

- a control unit for coordinating the system for extrud-
ing cementitious material with the displacing unit.

[0046] It will be understood that references to geo-
metric position, such as parallel, perpendicular, tangent,
etc. allow deviations up to ± 5° from the theoretical
position defined by this nomenclature.
[0047] It will also be understood that any range of
values given may not be optimal in extreme values and
may require adaptations of the invention to these ex-
treme values are applicable, such adaptations being
within reach of a skilled person.

Brief description of the Figures

[0048] The foregoing and other advantages and fea-
tures will be more fully understood from the following
detailed description of an embodiment with reference to
the accompanying drawings, to be taken in an illustrative
and non-limitative manner, in which:

FIG. 1 shows a perspective view of an exemplary
embodiment of a printhead of a system for extruding
cementitious material according to the present in-
vention.

FIG. 2 shows a front view of the printhead shown in
FIG. 1 but with its front half removed.

FIG. 3 shows a perspective view of the printhead
shown in FIGS. 1 and2with its front half removed, as
in FIG. 2.

FIG. 4 shows a diagram of a first exemplary embodi-
ment of a system for extruding cementitiousmaterial
according to the present invention.

FIG. 5 shows a perspective view of a first exemplary
embodiment of a system for additive manufacturing
of a cementitiousmaterial based structure according
to the present invention.
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Detailed Description of the Invention and of particular
embodiments

[0049] In FIG. 1 can be seen a perspective view of a
printhead 1 of an exemplary embodiment of a system for
extruding cementitious material according to the present
invention. Said printhead 1 comprises in a single operat-
ing unit a mixing chamber 10 and an extruder 20 of a
system for extruding cementitious material according to
the present invention. However in other embodiments
said mixing chamber 10 and extruder 20 may not be part
of a printhead 1, that is to say, both elements may be
operatively connected, but physically separated. In par-
ticular, the mixing chamber 10 and the extruder 20 may
be different elements of a system for extruding cementi-
tiousmaterial according to the present intention, wherein
the outlet of themixing chamber 10 is fluidly connected to
the inlet of theextruder20so that theprintingcomposition
coming out of the mixing chamber 10 can enter the
extruder 20.
[0050] The arrangement of themixing chamber 10 and
the extruder 20 in a printhead 1 provides for a more
compact arrangement, among other benefits.
[0051] Theprinthead1shown is preferably arranged in
a vertical position (see for example, FIG. 5), that is to say,
with its longitudinal axis perpendicular to the ground.
However, it can also be arranged in other positions, for
example, inclined.
[0052] Reference to positions like above, below, side,
vertical, etc. will be referred with the printhead 1 in its
position shown in the corresponding FIGS.
[0053] Upstream of the mixing chamber 10, and in the
present exemplary embodiment, above it, the printing
head 1 comprises a cementitious material inlet 11. The
cementitiousmaterial is themain component of the print-
ing composition thatwill subsequently be extruded by the
extruder 20. The inlet 12 of additive for cementitious
material is located downstream the inlet 11 for cementi-
tious material (see FIGS. 2 and 3).
[0054] The printhead 1, and in particular the outer
casing thereof, comprises two halves 1A, 1B that are
closed in a non-permanentmanner by closingmeans 13,
which can also be referred to as closing mechanism.
Having two halves 1A, 1B closed in a non-permanent
manner allows for easier cleaning and maintenance of
the printhead, and in particular, allows for an easier
cleaning and maintenance of the inner surfaces and
components of the mixing chamber 10 and extruder 20.
[0055] Even though the twopartsof theof theprinthead
1 are described with the nouns halves 1A, 1B, this does
notmean that each part is exactly 50%of the printhead 1.
For example, it is possible that the removable half 1B
represents less than half of the volume of the printhead 1
(e.g. 40%), or the opposite, that is to say, that the non-
removable half 1A represents less than 50% of the vo-
lume of the printhead 1 (e.g. 45%).
[0056] In the exemplary embodiment shown, the clos-
ing means 13 comprise four threaded rods hinged to the

half 1A and corresponding nuts that press and hold both
halves 1A, 1B, one against the other. However, in other
embodiments said closing means 13 may be different
than the ones of the exemplary embodiment shown, for
example, said closing means 13 can comprise clamps,
screws, etc.
[0057] Downstream the extruder 20, and in particular,
downstream theoutlet 21 thereof (seeFIGS. 2 and3), the
printhead 1 of the exemplary embodiment shown com-
prises a valve 22 for opening and closing said outlet 21 of
the extruder. In this exemplary embodiment, said valve
22 isapinchvalve, althoughother suitable kindsof valves
can also be used. Said valve 22 is optional and other
embodiments of a system for extruding cementitious
material according to the present invention can lack it.
[0058] Downstream the valve 22, the printhead 1 of the
exemplary embodiment shown comprises an outlet pipe
23 of the extruder 20 configured to guide the printing
composition from the extruder 20 to the place where the
printing composition is extruded. Said outlet pipe 23 is
optional and other embodiments of a system for extrud-
ing cementitiousmaterial according to the present inven-
tion can lack it.
[0059] Protruding from the upper part of the mixing
chamber 10, the printhead 1 of this exemplary embodi-
ment comprises a motor 41 that drives a motor driven
mixer 40 (see FIGS. 2 and 3).
[0060] FIGS. 2 and 3 show a front and a perspective
view, respectively, of the printhead 1 shown in FIG. 1, but
with its front half 1B removed, so that inner components
of the printhead 1 are visible. In this exemplary embodi-
ment, the cementitious material inlet 11 is fluidly con-
nected with a mixing space 15 of the mixing chamber 10
by an intake duct 14. In this exemplary embodiment, said
intake duct 14 comprises an inlet 12 for additive for
cementitious material, a pressure sensor P1 at the ce-
mentitious material inlet 11 and a temperature sensor T2
at the cementitious material inlet 11. Even though said
sensors P1, T2 are not located exactly at the cementi-
tious material inlet 11, the pressure and temperature
differential between their actual location shown in FIGS.
2 and 3 and the inlet 11 for cementitious material as such
is negligible.
[0061] In operation of the exemplary embodiment
shown, the cementitious material entering the mixing
chamber 10 by the inlet 11 already encounters at the
intakeduct theadditive for cementitiousmaterial entering
by the inlet 12, and thus, both components start mixing.
However, the mixture of the cementitious material with
the additive for cementitious material substantially takes
place in the mixing space 15. In order to enhance and
homogenize the mixture of cementitious material with
additive for cementitiousmaterial, which is also knownas
printing composition, the exemplary embodiment shown
further comprises amotor drivenmixer 40 that comprises
a driving shaft 43, driven by a motor 41, that comprises
one or more blades 42 for mixing the additive for cemen-
titious material with the cementitious material to form the
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printing composition and todrive theprinting composition
towards the outlet 21 of the extruder 20. In this exemplary
embodiment, the blades 42 are removable, that is to say,
can be removed from the driving shaft 43, so that the
blades 42 and the driving shaft can be easily cleaned.
Using removable blades 42 also allows changing the
geometry of the blades 42 depending on the desired
properties of the printing composition and/or on the prop-
erties of the cementitious material and/or of the additive
for cementitiousmaterial. Inotherembodimentscompris-
ing amotor drivenmixer 40havingblades 42, said blades
may be non-removable. It is also possible that a motor
driven mixer 40 comprises both removable and non-
removable blades 42.
[0062] The mixture of the cementitious material with
the additive for cementitious material can also be en-
hanced by the geometry of the mixing chamber, and in
particular, by the geometry of the mixing space 15,
among others.
[0063] In the exemplary embodiment shown, the ex-
truder 20 comprises a temperature sensor T1 and a
pressure sensor P2. Moreover, as stated above, in this
exemplary embodiment, the mixing chamber 10 com-
prisesa temperaturesensorT2andapressuresensorP1
at the cementitious material inlet 11. The temperature
sensor T1, the pressure sensor P1, the temperature
sensor T2 and the pressure sensor P2 are operatively
connected in closed loop to a control unit (not shown),
which is configured to adjust the amount of additive for
cementitious material in the printing composition based
on the readings of said sensors. In order to do so, the
control unit can adjust the flow rate and pressure of the
cementitious material entering by the inlet 11 of cemen-
titious material, the flow rate and pressure of the additive
for cementitious material entering by the inlet 12 of ad-
ditive for cementitious material and the rotation speed of
themotor drivenmixer40.Although theprinthead1of this
exemplary embodiment comprises said four sensors T1,
T2, P1, P2, in other embodiments, the temperature sen-
sor T1 and the pressure sensor P1 can suffice. However,
the greater the number of sensors, the greater the ad-
justment of the properties of the printing composition that
can be obtained.
[0064] As can be seen, in this particular exemplary
embodiment, the mixing space 15 and the extruder 20
are shaped substantially similar to an inverted bottle. In
particular, the mixing space 15 is of a substantially cy-
lindrical shape and the extruder 20 located downstream
and contiguous to saidmixing space 15 narrows towards
the outlet 21 of the extruder 20. This shape aids in the
mixing of the cementitious material with the additive for
cementitious material and in driving the printing compo-
sition, resulting from mixing the cementitious material
with the additive for cementitious material, towards the
outlet 21 of the extruder 20.
[0065] In the exemplary embodiment shown, the inner
surfaces of the mixing chamber 10 and the extruder 20
are covered by a layer 50 of elastomeric material. In the

particular embodiment shown, the layer 50 comprises
polyurethane, although in other embodiments the layer
50 can comprise other suitablematerials. Said layer 50 of
elastomeric material can be made of a single material or
comprise two or more layers of different materials. The
layer 50 of this exemplary embodiment is removable,
although in other embodiments may be fixed. A remo-
vable layer 50 has the advantage of being easier to clean
and that the maintenance time can be reduced as it can
be replaced by another, clean or new, one while the one
that was in use is being cleaned.
[0066] The layer 50 is configured to prevent adhesion
of the cementitiousmaterial, the additive for cementitious
material and/or the printing composition to the innerwalls
of themixing chamber 10and theextruder 20. Themixing
chamber 10 and the extruder 20 of the exemplary embo-
diment shown are preferably made of stainless steel.
[0067] Said layer 50 has orifices, cut-outs, etc, so as
not to block the sensors T1, P1, T2, P2 or the inlets 11, 12
or outlet 21.
[0068] At the peripheral regions thereof, and in parti-
cular, at its longitudinal borders, the layer 50 of elasto-
meric material comprises a sealing protrusion 51, that
together with a corresponding sealing recess in the layer
50 of the other half of the printhead 1, provide a sealing
arrangement preventing leakage of the printing compo-
sition, cementitious material and/or additive for cementi-
tious material. The sealing protrusion 51 and the corre-
sponding sealing recess are preferably of matching
shapes. Although they are preferred, in other embodi-
ments havinga layer 50of elastomericmaterial said layer
can lack such protrusions 51 and recesses.
[0069] FIG. 4 shows a schematic view of a first ex-
emplary embodiment of a system for extruding cementi-
tious material according to the present invention. In this
exemplary embodiment, a first pump 30 of cementitious
material pumps cementitious material from a storage 35
of cementitious material to the mixing chamber 10 via a
cementitious material supply line 32.
[0070] Said cementitious material supply line 32 com-
prises a first section 320, from the first pump 30 of
cementitious material to a second pump 34 of cementi-
tiousmaterial, andasecondsection321, from thesecond
pump 34 of cementitious material to the mixing chamber
10, and in particular, its inlet 11 for cementitiousmaterial.
With this arrangement of two pumps 30, 34 defining two
sections 320, 321 of the supply line 32 of cementitious
material, if the supply line is a flexible tube or hose, the
first section 320 can be stretched, i.e. the first section 320
canbecontractedorexpanded, therebyactingasabuffer
of cementitiousmaterial for the second pump 34which is
configured to provide the exact dose of cementitious
material determined by the control unit (not shown) of
the system. In order to ensure optimal operation of the
first section 320 as a buffer, in this first exemplary embo-
diment said first section 320 comprises two pressure
sensors P4, P5, although they are optional. This parti-
cular embodiment further comprises two valves V1, V2,
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that are also optional and, for example, can relieve pres-
sure of the first section 320 if one of the sensors P4, P5
detects an overpressure.
[0071] Although the exemplary embodiment shown
has beendepictedwith twopumps 30, 34 of cementitious
material and twosectionsof cementitiousmaterial supply
line 32, other embodiments can comprise a single pump
30, 34 of cementitious material and a single section 320,
321 of cementitious material supply line 32.
[0072] Downstream the second pump 34 of cementi-
tiousmaterial, the embodiment shown comprises a pres-
sure sensor P1 and a temperature sensor T2 at the
cementitious material inlet 11 (see FIGS. 1 to 3). Said
temperature sensor T2 is optional and other embodi-
ments of the present invention may lack it.
[0073] The pressure of the printing composition at the
outlet 21 of the extruder 20 (see FIGS. 2 and 3) can be
adjusted by adjusting the at least one pump 30, 34 of
cementitious material and/or the rotation speed of the
motor driven mixer 40, in embodiments having these
elements. The combination of the at least one pump
30, 34 of cementitious material with the motor driven
mixer 40 provides a finer adjustment of the pressure of
the printing composition at the outlet 21 of the extruder
20. In embodiments lacking a motor driven mixer 40 the
pressure of the printing composition at the outlet 21 of the
extruder 20 is regulated by adjusting the at least one
pump 30, 34 of cementitious material.
[0074] FIG. 4also illustrates a storage36of additive for
additive of cementitious material from which a pump 31
for additive of cementitious material pumps said additive
to the mixing chamber 10 by a supply line 33 of additive
for cementitious material so that it is mixed with the
cementitious material thereby forming the printing com-
position. In this exemplary embodiment, downstream the
pump 31, the supply line 33 comprises a temperature T3
andapressuresensorP3of saidsupply line33ofadditive
for cementitious material. Downstream the storage 36,
and upstream the pump 31, the supply line 33 of this
exemplary embodiment comprisesa valveV3 for purging
said supply line 33, among other possibilities. The tem-
perature sensorT3, thepressure sensorP3and thevalve
V3 are optional elements of the system and other embo-
diments of the present inventionmay lack one, two or the
three of them.
[0075] In embodiments like the one shown in FIG. 4
wherein the system comprises a temperature sensor T1
at the extruder 20 and a temperature sensor T2 at the
cementitious material inlet 11, the control unit can deter-
mine a temperature differential between both sensors
and adjust the amount of additive for cementitious ma-
terial in the printing composition, i.e. the mixture of ce-
mentitious material with additive for cementitiousmateri-
al, in order to obtain the desired properties of the printing
composition.
[0076] By adjusting the amount of additive for cemen-
titious material in the printing composition, and in parti-
cular embodiments, even the typeor typesof additive, it is

possible to adjust the properties of the printing composi-
tion. Ideally, the printing composition should have a high
degree of extrudability, which is known as the capacity of
a material to continuously pass through the different
elements of the system and, in particular, through the
mixing chamber and extruder. Also ideally, the printing
composition should have a high degree of buildability,
which is known as the ability of a material to retain its
extruded shape under self-weight and pressure from
upper layers. The extruded printing composition should
have sufficient buildability to enable it to be extruded or
deposited accurately, keep the form after extrusion or
deposition and have sufficient strength to sustain the
weightof further layerswithout collapsingandstill provide
a good bond between layers.
[0077] Typically, printing materials require a long set-
ting time to maintain a consistent flow rate for good
extrudability, where appropriate retarders are needed
to control the setting time of the printing material. How-
ever, printingmaterial also requires a short setting time to
allow the material to acquire enough strength after being
deposited or extruded so that it is able to sustain the
weight of further layers.
[0078] Although extrudability and buildability appear to
be mutually exclusive, that is to say, a printing material
having good buildability should have a low extrudability,
and vice versa, with the use of appropriate additives, the
present invention allows to obtain a control of the proper-
ties of the printing composition so that a good balance
between extrudability and buildability can be obtained
and theadditivemanufacturingofacementitiousmaterial
based structure can be optimised.
[0079] FIG. 5 shows a perspective view of a first ex-
emplary embodiment of a system 100 for additive man-
ufacturing of a cementitious material based structure
according to the present invention. This system 100 for
additivemanufacturing comprises a system for extruding
cementitiousmaterial according to the present invention,
for example, the one schematically depicted in FIG. 4, a
displacing unit 110 for displacing along a printing path at
least the extruder 20 of the system for extruding cemen-
titious material, and a control unit (not shown) for coordi-
nating the system for extruding cementitious material
with the displacing unit.
[0080] Said control unit for coordinating the system for
extruding cementitious material with the displacing unit
may be the same control unit of the system for extruding
cementitious material or a different one.
[0081] In order to simply the drawing, in FIG. 5 only a
printhead 1, similar to the one depicted in FIGS. 1 to 3, is
shown from the system for extruding cementitious ma-
terial. In other embodiments, the system for additive
manufacturingof a cementitiousmaterial basedstructure
can comprise any system for extruding cementitious
material according to the present invention.
[0082] In this exemplary embodiment, the displacing
unit 110of thesystem100comprisesapair of longitudinal
guides 111 that allow movement of the printhead 1, or at
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least of the extruder, along the X axis; one transversal
guide 112 that allows movement of the printhead 1, or at
least of theextruder, along theYaxis; andapair of vertical
guides 113 that allow movement of the printhead 1, or at
least of the extruder, along the Z axis. This particular
arrangement of longitudinal 111, transversal 112 and
vertical 113 guides may be different in other embodi-
ments of the present invention.
[0083] Thanks to the displacing unit 110 shown, the
printhead 1 can bemoved along the space, that is to say,
in a three-dimensional volume, depositing at least one
layer of cementitious material or printing composition to
form a cementitious material based structure.
[0084] Unless otherwise provided, features described
in relation to a certain exemplary embodiment are also
applicable to other embodiments of the present inven-
tion.

Claims

1. System for extruding cementitiousmaterial compris-
ing:

- at least one pump (30, 34) of cementitious
material;
- at least one pump (31) of additive for cementi-
tious material;
- a mixing chamber (10) comprising a cementi-
tious material inlet (11) connected to the at least
one pump (30, 34) of cementitiousmaterial via a
cementitious material supply line (32), and an
inlet (12) of additive for cementitious material
connected to the at least one pump (31) of
additive for cementitious material via a supply
line (33) of additive for cementitious material;
said mixing chamber (10) being configured to
mix the cementitious material with the additive
for cementitious material, thereby forming a
printing composition;
- an extruder (20) for extruding at least one layer
of theprinting composition throughanoutlet (21)
thereof;
- a control unit for controlling theaforementioned
elements of the system;

characterised in that theextruder (20) comprisesat
least one temperature sensor (T1), and in that the
mixing chamber (10) comprises at least one pres-
sure sensor (P1) at the cementitious material inlet
(11), each sensor being operatively connected in
closed loop to the control unit, which is configured
to adjust the amount of additive for cementitious
material in the printing composition based on the
pressure and temperature measured by said sen-
sors.

2. System, according to claim 1, wherein the mixing

chamber (10) further comprises at least one tem-
perature sensor (T2) at the cementitious material
inlet (11), said temperature sensor (T2) being opera-
tively connected in closed loop to the control unit,
which is configured to determine a temperature dif-
ferential between the temperature read at the extru-
der (20) and the temperature read at the cementi-
tious material inlet (11), and to adjust the amount of
additive for cementitious material in the printing
composition based on the pressure at the cementi-
tious material inlet (11) and said temperature differ-
ential.

3. System, according to claim 1 or 2, wherein the ex-
truder (20) further comprises at least one pressure
sensor (P2) operatively connected in closed loop to
the control unit, which is configured to adjust the
amount of additive for cementitious material in the
printing composition also based on the reading of
said pressure sensor (P2).

4. System, according to any one of the preceding
claims, further comprising a temperature (T3) and/or
a pressure sensor (P3) at the supply line (33) of
additive for cementitious material, said temperature
(T3) and/or pressure sensor (P3) being operatively
connected in closed loop to the control unit, which is
configured to adjust the amount of additive for ce-
mentitious material in the printing composition also
basedon the readingof said temperature (T3) and/or
pressure sensor (P3) at the supply line (33) of ad-
ditive for cementitious material.

5. System, according to any one of the preceding
claims, wherein the mixing chamber (10) further
comprises a motor-driven mixer (40), which com-
prises at least one blade (42) for mixing the additive
for cementitious material with the cementitious ma-
terial to form theprinting composition and to drive the
printing composition towards the outlet (21) of the
extruder (20), and wherein the motor driven mixer
(40) is configured to rotate with a variable rotation
speed and the control unit is configured to adjust the
rotation speed of the motor driven mixer (40) based
on the pressure and temperaturemeasured by the at
least one pressure sensor (P1) and the at least one
temperature sensor (T1).

6. System, according to any one of the preceding
claims, wherein the mixing chamber (10) and the
extruder (20) are part of a printhead (1), which com-
prises two halves (1A, 1B) joined together in a non-
permanent manner.

7. System, according to any one of the preceding
claims, wherein the inner surface of the mixing
chamber (10) and/or of the extruder (20) is substan-
tially covered by a layer of an elastomeric material.

5

10

15

20

25

30

35

40

45

50

55



10

17 EP 4 484 102 A1 18

8. System, according to any one of the preceding
claims, wherein the system comprises a first (30)
and a second pump (34) of cementitious material,
the first pump (30) being connected to the second
pump (34) by a first section (320) of the cementitious
material supply line (32), and the second pump (34)
being connected to the cementitious material inlet
(11) of the mixing chamber (10) by a second section
(321) of the cementitious material supply line (32),
and wherein the first section (320) of the cementi-
tiousmaterial supply line (32) is configured toact asa
buffer of cementitious material for the second pump
(34), which is configured to dose cementitious ma-
terial to the mixing chamber (10).

9. Method for extruding cementitiousmaterial compris-
ing the steps of:

- providing a system for extruding cementitious
material according to any one of claims 1 to 8;
- pumping cementitious material to the mixing
chamber (10)with the at least one pump (30, 34)
of cementitious material via the cementitious
material supply line (32);
- pumping additive for cementitious material to
the mixing chamber (10) with the at least one
pump (31) of additive for cementitious material
via the supply line (33) of additive for cementi-
tious material;
- mixing the cementitious material with the ad-
ditive for cementitious material in the mixing
chamber (10) to form a printing composition;
- extruding at least one layer of the printing
composition through an outlet (21) of the extru-
der (20);
-measuring the temperature of the printing com-
position at the extruder (20) with the at least one
temperature sensor (T1);
- measuring the pressure of the cementitious
material at the cementitious material inlet (11)
with the at least one pressure sensor (P1); and
- adjusting the amount of additive for cementi-
tious material in the printing composition based
on the temperature of the printing composition in
the extruder (20) and on the pressure of the
cementitious material in the cementitious mate-
rial inlet (11).

10. Method, according to claim 9, further comprising the
steps of:

-measuring the temperature of the cementitious
material at the cementitious material inlet (11)
with at least one temperature sensor (T2);
- determininga temperaturedifferential between
the temperature of the printing composition in
the extruder (20) and the cementitious material
in the cementitious material inlet (11);

wherein the step of adjusting the amount of additive
for cementitious material in the printing composition
is based on the temperature differential and on the
pressure of the cementitious material in the cemen-
titious material inlet (11).

11. Method, according to claim 9 or 10, further compris-
ing the step ofmeasuring the pressure of the printing
composition at the extruder (20) with at least one
pressure sensor (P2); and adjusting the amount of
additive for cementitious material in the printing
composition also based on the pressure of the print-
ing composition at the extruder (20).

12. Method, according to any one of claims 9 to 11,
further comprising the steps of measuring the tem-
perature and/or pressure of the additive for cemen-
titious material at the supply line (33) of additive for
cementitious material with a temperature sensor
(T3) and/or a pressure sensor (P3); and adjusting
the amount of additive for cementitious material in
the printing composition also based on the tempera-
ture and/or pressure of the additive at the supply line
(33) of additive for cementitious material.

13. Method, according to any one of claims 9 to 12,
wherein the step of mixing the cementitious material
with the additive for cementitiousmaterial comprises
the step of turning a motor driven mixer (40) of the
mixing chamber (10); andwherein the step of adjust-
ing the amount of additive for cementitious material
in the printing composition comprises the step of
adjusting the rotation speed of the motor driven
mixer (40).

14. Method, according to any one of claims 9 to 13,
wherein the step of pumping cementitious material
to the mixing chamber (10) comprises:

- pumping cementitious material with a first
pump (30) connected to a second pump (34)
by a first section (320) of the cementitious ma-
terial supply line (32);
- stretching the first section (320) of the cemen-
titiousmaterial supply line (32) so that it acts as a
buffer of cementitious material for the second
pump (34);
- pumpingcementitiousmaterialwith thesecond
pump (34) connected to the cementitious mate-
rial inlet (11) of the mixing chamber (10) by a
second section (321) of the cementitious mate-
rial supply line (32); and
- dosing the cementitious material to the mixing
chamber (10) with the second pump (34).

15. System (100) for additivemanufacturing of a cemen-
titious material based structure comprising:
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- a system for extruding cementitious material
according to any one of claims 1 to 8;
- a displacing unit (110) for displacing at least the
extruder (20) of the system for extruding cemen-
titious material along a printing path; and
- a control unit for coordinating the system for
extruding cementitious material with the displa-
cing unit (110).
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