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Description

Technical field

[0001] This invention relates to methods for removing
remaining powder stuck inside internal cavities such as
channels and passages in components produced by
powder based additive manufacturing.

Description of related art

[0002] For example gas turbine components are often
designed with narrow, winding internal cooling cavities
or channels. When such components are produced by
3D-printing or additive manufacturing, it can be difficult
to remove remaining powder from inside these channels.
Powder may stick inside internal cavities for many rea-
sons; for example, if the powder has high packing density,
the powder grains may simply lock each other by frictional
forces. Another reason may be that the powder grains
are semi-sintered to each other due to heat generated in
the 3D-printing process. Yet another reason may be that
the powder grains are held together by a binder agent
that was added to the powder in an earlier process step.
Known methods for removing powder from internal chan-
nels are for example to use rotating tools and ultrasonic
methods for separating the powder grains from each oth-
er and then transport the powder out from the channel.
[0003] US 2017/0113253 A1 discloses a method using
a change of a fluid between two states of different vis-
cosity for removal of powder from an additively manufac-
tured article. In the document EP 3199270 A1, a method
for powder removal from internal passages is described
where co-built agitators are used. Further, in EP 3170568
A1 a tool is described providing a cooling fluid and ther-
mal shocks to remove conglomerated powder from an
internal passage. In US 5,464,479, a method for remov-
ing undesired material from internal spaces of parts is
disclosed. In US 2017/0144226 A1, powder removal sys-
tems are disclosed.

Summary of the invention

[0004] This invention relates to a method as defined in
claim 1. The method comprises the steps:

- providing a part, said part having at least one internal
cavity with at least one external opening, said at least
one cavity at least partly filled with powder grains,
said powder grains being connected to each other,

- evacuating gas surrounding said powder in said at
least one cavity before adding a medium,

- adding said medium in liquid phase to said at least
one cavity, said liquid having the property that it ex-
pands in phase transition from liquid to solid phase,

- transforming the added medium to solid phase to
break at least a fraction of said powder grain con-
nections,

- removing powder from said at least one internal cav-
ity.

[0005] In embodiments, the method comprises the
step: transforming said medium from solid to liquid phase
before removing powder from said at least one internal
cavity.
[0006] In embodiments, the method comprises the
step: removing said medium from the part before remov-
ing powder from said at least one internal cavity.
[0007] In embodiments, the step of removing powder
from said at least one internal cavity comprises removing
said medium together with said powder from said at least
one internal cavity.
[0008] In embodiments, said medium is water.
[0009] In embodiments, said medium is saline water.
[0010] In embodiments, said transformation of medium
between liquid and solid phase is being cycled more than
one cycle.
[0011] In embodiments, said powder is metal powder.
[0012] In embodiments, said powder grains are con-
nected with bonds by sintering.
[0013] In embodiments, said powder grains are con-
nected with bonds by semi-sintering.
[0014] In embodiments, said transformation from liquid
to solid phase is performed by a temperature reduction.
[0015] In embodiments, external pressure is applied
to the cavity to facilitate the step of removing of powder
from the cavity.
[0016] In embodiments, ultrasonic energy is applied to
facilitate the step of removing of powder from the cavity.
[0017] The scope of the invention is defined by the
claims, which are incorporated into this section by refer-
ence. A more complete understanding of embodiments
of the invention will be afforded to those skilled in the art,
as well as a realization of additional advantages thereof,
by a consideration of the following detailed description
of one or more embodiments. Reference will be made to
the appended sheets of drawings that will first be de-
scribed briefly.

Brief description of drawings

[0018] In the description of the invention references is
made to the following figures, in which:

Figure 1 shows, in schematic section view, a part
having an internal cavity with an external opening.

Figure 2 shows, in schematic partial section view, a
part having an internal cavity partially filled with pow-
der having powder grains and intermediate gap vol-
umes.

Figure 3 shows, in schematic partial section view, a
part submerged in a medium.

Figure 4 shows, in schematic partial section view, a
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part enclosed in a vacuum chamber.

Figure 5 shows, a block diagram over the steps in
the method.

[0019] Embodiments of the present disclosure and
their advantages are best understood by referring to the
detailed description that follows. It should be appreciated
that like reference numerals are used to identify like el-
ements illustrated in one or more of the figures.

Description and disclosure of the invention

[0020] The purpose of this invention is to provide a
more efficient method for removing powder from internal
cavities contained in a component produced by a powder
based additive manufacturing method.
[0021] The powder used for this kind of manufacturing
may comprise powder grains of different size and shape.
During manufacturing of a component, powder grains are
fused together to solid material. The manufacturing proc-
ess takes place in a powder bed, onto which powder is
distributed and sequentially fused in thin layers. Thus,
upon finishing the manufacturing process, the compo-
nent will be embedded in powder and there will also be
powder inside every internal cavity or channel inside the
component. A powder grain inside a channel may be fix-
ated by joints or contact points to other powder grains,
or to an internal wall of the channel. The powder grains
both inside and surrounding the part may be connected
to each other by sintering or semi-sintering from heat
during the additive manufacturing process. Powder
grains may also be connected to each other by shape,
interlocking, geometry or friction between powder grains.
In narrow cavities, powder grains may be connected to
each other and also connected to the walls of the cavity
and hence be difficult to remove from the cavity.
[0022] The number of contact points between powder
grains may be from zero to several. The connection be-
tween powder grains in these contact points may also be
of different strength. Between the powder grains there
will be volume gaps normally filled with air, gas or vacuum
after the 3D-print is finished, depending on the 3D-printer
technology used. There will also be volume gaps be-
tween powder grains and the walls of the cavity.
[0023] Powder may stick inside internal cavities for
many reasons; for example, if the powder has high pack-
ing density, the powder grains may simply lock each other
by frictional forces. Another reason may be that the pow-
der grains are semi-sintered to each other due to heat
generated in the 3D-printing process. Yet another reason
may be that the powder grains are held together by a
binder agent that was added to the powder in an earlier
process step.
[0024] To make it possible to remove the powder inside
these cavities it will be of great importance to break as
many contact points between powder grains as possible.
It is also desired to break as many contact points between

powder grains and cavity walls as possible.
[0025] This invention is based on the understanding
that for example water will expand approximately 10%
when it transforms from liquid to solid phase. This ex-
pansion can be used to break the forces holding powder
grains together inside internal cavities to facilitate remov-
al of the powder.
[0026] If a gap surrounded by connected or partially
connected powder grains is filled with water, and this
water is forced to change phase to solid phase, i.e. freez-
ing to ice, the water will expand and break connections
between powder grains. It is desired to break as many
connections as possible to facilitate easy removal of pow-
der from the channel or internal cavity.
[0027] Gaps where water is freezing earlier will have
less restrictions to expand than gaps where water is
freezing later, and several of the connections between
powder grains surrounding these early expanding gap
volumes will be broken. This is due to the fact that adja-
cent gap volumes still contain water in liquid phase which
may dissipate out of the cavity through its external open-
ing to make room for the expansion created by the phase
transition in the gap volumes where water freezes to ice.
[0028] For a cavity containing a medium in solid form
that after transformation has larger volume than the me-
dium in liquid form, the cavity will, after solidification of
the medium, not be able to contain all of the medium and
powder originally located in the cavity. This means that
there is a risk that the component will be put under high
enough stress to crack under the pressure from the so-
lidified medium. However, since there is at least one
opening into the cavity, medium and powder will also
have the possibility to eject from the cavity during the
gradual solidification of the medium in the gaps. Hence,
two effects will occur: 1) The medium will solidify and
expand locally, thus breaking the connections between
powder grains and 2) The solid medium together with
powder grains will be ejected from the cavity to relieve
the pressure caused by the volume expansion of the me-
dium during the phase transformation.
[0029] To achieve an even more efficient breaking of
connections between powder grains, the medium may
be water with dissolved salt, for example sodium chloride
(NaCl), or other solute. When saline water freezes, it will
start to create solid regions of ice, i.e. water in solid phase,
and the salt will propagate away from the early frozen
ice regions. The effect of using saline water will make
the phase transformation more extended over time, due
to the fact that the salt concentration changes dynami-
cally, so that the salt will propagate around in the cavity
causing different gap volumes to freeze at different times.
This effect will be advantageous for a more effective
breaking of powder connections. When saline water is
used as expansion medium inside the internal cavities,
it may e.g. be a mix of water and sodium chloride in the
range of 0,5-26%. Preferably 2-6% sodium chloride is
used.
[0030] With saline water, there will be more pro-
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nounced local volumes of ice and a more inhomogene-
ous transformation of the liquid to solid phase compared
with using non-saline water.
[0031] It is realized from the above-mentioned that
there are two effects breaking connections between pow-
der grains due to phase transformation of the medium:
the small scale effect and the large scale effect. The small
scale effect causes connections to be broken by expan-
sion of the small gap volumes between powder grains.
The large scale effect appears when a larger volume of
liquid medium is trapped in an internal cavity surrounded
by frozen medium and powder grains. When this larger
volume of medium solidifies there will be a macroscopic
expansion. The weakest portion of frozen medium will
give way for the expanding trapped medium, causing a
macroscopic displacement pushing out some of the fro-
zen media and powder grains from the cavity.
[0032] The liquid in the gap volumes or internal cavities
may be frozen, i.e. transformed to solid phase, in different
ways, such as e.g. by removing energy from the compo-
nent, by removing energy from the liquid, by a tempera-
ture reduction, or by changing the pressure.
[0033] When breaking connections between powder
grains and cavity walls as well as mutual connections
between powder grains, it is possible to use repeated or
cycled phase transformation of the medium in the gap
volumes to increase the amount of breaking of connec-
tions. Iterating the phase transformation of the medium
from liquid to solid and back from solid to liquid several
times will gradually release powder grains from each oth-
er. Such cycling of phase transition can be achieved by
cycling of cooling and heating of the component or the
medium. It can also be achieved by cycling of the pres-
sure in the medium. A change of the pressure in the me-
dium can have two effects; changing phase of the medi-
um, and helping pushing and pressing the powder and
medium out from the internal cavity or channel. In the
case where the temperature or the pressure in the me-
dium is cycled, new medium can be fed into the cavity if
medium is lost due to medium and powder being pushed
out from the cavity.
[0034] An embodiment of this invention is shown in Fig-
ures 1, 2, 3 and 4. A method is disclosed for a part or
component 101 produced with additive manufacturing.
The part 101 has an internal cavity or channel 102 with
at least one external opening 103. The cavity 102 is at
least partly filled with metal powder 104 with grains 105
connected to each other. According to the invention, for
facilitating introduction of medium into narrow cavities
102, the gas surrounding the powder in the cavity 102 is
evacuated before adding the medium. There are gap vol-
umes 106 between the metal powder grains 105, which
may be evacuated from gas by a pump, fan or by means
of placing the part 101 in a vacuum chamber. Typical
pressure levels for the remaining gas after evacuation
may be 0.99-0.1 bar or 0,1-10-2 bar or 10-2-10-10 bar.
[0035] Medium 107, in liquid phase, is added by intro-
ducing the medium 107 into the gaps 106 in the cavity

102. The medium may be water, saline water, water with
other solutes, acetic acid, or other medium having sig-
nificant expansion when transformed from liquid to solid
phase. For a component 101 kept in air (or other gas), if
the cavity 102 has small dimensions and is filled with
powder grains 105, it may be difficult to completely fill
the cavity 102 with a liquid medium 107. Since air (or
gas) pressure is the same inside the cavity 102 as outside
the cavity 102, there is no pressure difference pushing
liquid medium 107 into the cavity 102. Submerging the
part 101 in the liquid medium 107 is one way of filling the
cavity 102 with the liquid medium 107, shown in figure
3. However, surface tension of liquid mediums 107 such
as e.g. water will effectively prevent the liquid medium
107 from completely filling all gaps 106 in the cavity 102.
There will also be a counterpressure from the air (or gas)
inside the cavity 102, hindering complete filling of the
cavity 102 by the medium 107. Thus, there is a risk that
pockets of air (or gas) remain inside the cavity 102. This
problem is solved by enclosing the part 101 in a vacuum
chamber 109, which is evacuated from gas 108, shown
in figure 4. Thereafter the vacuum chamber 109 is at least
partly filled with liquid medium 107 by opening a valve
between the vacuum chamber 109 and a container with
liquid medium 107. In this at least partly fillup of the vac-
uum chamber 109 with the medium 107 in liquid phase ,
the part 101 becomes completely submerged in the me-
dium 107 in liquid phase . Since there is vacuum inside
the cavity 102 before the fillup of liquid medium 107, there
is no counterpressure and the medium 107 will penetrate
easier into the cavity 102. The vacuum chamber 109 is
subsequently ventilated to atmospheric pressure of air
(or gas), creating a pressure difference between remain-
ing unfilled gaps 106 in the cavity 102 and the outside of
the liquid medium 107, being at atmospheric pressure.
This pressure difference will effectively drive the liquid
medium 107 into the internal cavity 102, and all remaining
unfilled gaps 106 will thus be completely filled by the me-
dium 107. The added liquid 107 has the property that it
expands in phase transition from liquid to solid phase,
an may for example be water, saline water, or vinegar.
The completeness in filling the cavity 102 with the liquid
medium 107 is important for the efficiency of breaking
the metal powder grain connections in the following step
of phase transformation and volume expansion of the
medium.
[0036] To further increase the completeness of filling
the cavity 102 with liquid medium 107, it may be advan-
tageous to remove dissolved gas from the liquid medium
107 prior to filling the liquid medium 107 into the cavity.
A liquid like water, for example, may contain a significant
amount of dissolved air at room temperature. The solu-
bility of gas in water decreases with temperature and
increases with pressure. Thus, an efficient method to re-
move dissolved gas from water is to heat up the water
to boiling temperature. Another efficient method to re-
move dissolved gas from water is to put the water in a
closed container and evacuate the gas volume surround-
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ing the water. Both methods will result in degassing of
the water. The purpose of using a degassed medium for
filling the cavity is to reduce the risk that pockets of gas
are formed inside the cavity 102 after filling with medium
107.
[0037] In the next step of the embodiment, the added
liquid medium 107is transformed to solid phase for break-
ing at least a fraction of the metal powder grain connec-
tions. This phase transformation is achieved by cooling
down the part 101 and the medium 107. The cooling can
be done by placing the part 101 together with the medium
107 in a freezer. The cooling can also be done by sub-
merging the part 101 together with the medium 107 in
liquid nitrogen.
[0038] Alternatively a cooling block can be clamped to
the part 101 for achieving a phase transformation of the
medium 107. During transformation of the medium 107
from liquid to solid phase, the medium 107 will expand
and cause breaking of connections between metal pow-
der grains 105 for easier removal of remaining powder
104. Thereafter the part 101 and medium 107 is heated
for transformation of the solid medium 107 back to liquid
phase. This heating may be done by placing the part 101
and the medium 107 in an oven or simply by placing the
part 101 and the medium 107 in room temperature. Al-
ternatively, the part 101 with solid medium 107 may be
submerged in a heated fluid for phase transformation of
the medium in the cavity to liquid phase. In the next step,
the medium 107 and the metal powder 104 is removed
from the internal cavity 102. Medium 107 in liquid phase
can be removed together with metal powder 104 from
the part, or medium 107 in liquid phase can be removed
in a first step and the remaining powder 104 can be re-
moved in a second step from the part 101. This removal
may be done in different ways, for example by applying
pressure to the medium inside the cavity; this pressure
may be varied by cycling or pulsing to achieve a good
removal of powder 104. It is also possible that the re-
maining powder grains 105 may be poured from the in-
ternal cavity 102 simply by tilting the part 102 in different
angles when a significant amount of connections be-
tween powder grains 105 have been broken.
[0039] In order to remove the medium 107 from the
internal cavity 102, the medium 107 can be transformed
from solid phase back to liquid phase and further trans-
formed to gas phase for facilitating the removal of the
medium 107.
[0040] In another embodiment, the powder 104 is re-
moved from the cavity 102 when the medium 107 is in
solid phase or partly in solid phase. The transformation
of medium 107 between liquid and solid phase may also
be cycled by alternating between freezing and melting of
the medium 107. It is also possible to use a condition
where a portion of the medium 107 is in a solid phase
and another portion of the medium 107 is in a liquid
phase. Such a condition of mix of liquid and solid, also
called slurry or slush, may be used with or without cycling
of the phase transformation.

[0041] In yet other embodiments it is also possible to
combine the described method with applying external
pressure to the cavity 102 or ultrasonic energy to facilitate
removing of powder 104 from the cavity 102. When the
internal cavity 102 is filled with fluid 107, an external pres-
sure may be applied to the external opening 103 for forc-
ing the powder 104 (and fluid 107) out from the internal
cavity 102. This external pressure may also be pulsed,
to achieve an improved removing effect. Further, ultra-
sonic energy may be applied to the fluid 107 surrounding
the part 101, when said part 101 is submerged in fluid
107. Ultrasonic energy may also be applied in direct con-
tact with the part 101 for efficient energy transfer.
[0042] Other methods for removing of powder 104 from
the cavity 102 can be to combine the described invention
with the use of ultrasonic cleaning, mechanical removing
of powder by means of tools, etc.
[0043] An object of this invention is to provide a method
for removing sintered powder from internal cavities of an
object produced by additive manufacturing. This object
is achieved by the method defined in the independent
claim. The dependent claims contain advantageous em-
bodiments, variants and further developments of the in-
vention.

Claims

1. A method comprising the steps:

- providing (510) a part (101), said part (101)
having at least one internal cavity (102) with at
least one external opening (103), said at least
one cavity (102) being at least partly filled with
powder grains (105), said powder grains (105)
being connected to each other;
- evacuating (520) gas surrounding said powder
(104) in said at least one cavity (102) before add-
ing a medium (107);
- adding (530) said medium (107) in liquid phase
to said at least one cavity (102), said liquid (107)
having the property that it expands in phase tran-
sition from liquid to solid phase;
- transforming (540) the added medium (107) to
solid phase to break at least a fraction of said
powder grain connections; and
- removing (570) powder (104) from said at least
one internal cavity (102).

2. A method according to claim 1, comprising the step:
transforming (550) said medium (107) from solid to
liquid phase before removing powder (104) from said
at least one internal cavity (102).

3. A method according to claim 1 or 2, comprising the
step: removing (560) said medium from the part
(101) before removing powder (104) from said at
least one internal cavity (102).
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4. A method according to any one of the previous
claims, wherein the step of removing (570) powder
(104) from said at least one internal cavity (102) com-
prises removing said medium (107) together with
said powder (104) from said at least one internal cav-
ity (102).

5. A method according any one of the previous claims,
wherein said medium (107) is water.

6. A method according to any one of the previous
claims, wherein said medium (107) is saline water.

7. A method according to any one of the previous
claims, wherein said transformation of medium (107)
between liquid and solid phase is being cycled more
than one cycle.

8. A method according to any one of the previous
claims, wherein said powder (104) is metal powder.

9. A method according to any one of the previous
claims, wherein said powder grains (105) are con-
nected with bonds by sintering.

10. A method according to any one of the previous
claims, wherein said transformation from liquid to
solid phase is performed by a temperature reduction.

11. A method according to any one of the previous
claims, wherein external pressure is applied to the
cavity (102) to facilitate the step of removing (570)
of powder (104) from the cavity (102).

12. A method according to any one of the previous
claims, wherein ultrasonic energy is applied to facil-
itate the step of removing (570) of powder (104) from
the cavity (102).

Patentansprüche

1. Verfahren, umfassend die Schritte:

- Bereitstellen (510) eines Teils (101), wobei das
Teil (101) wenigstens einen inneren Hohlraum
(102) mit wenigstens einer äußeren Öffnung
(103) aufweist, wobei der wenigstens eine Hohl-
raum (102) wenigstens teilweise mit Pulverkör-
nern (105) gefüllt ist, wobei die Pulverkörner
(105) miteinander verbunden sind;
- Evakuieren (520) von Gas, das das Pulver
(104) in dem wenigstens einen Hohlraum (102)
umgibt, bevor ein Medium (107) hinzugefügt
wird;
- Hinzufügen (530) des Mediums (107) in flüs-
siger Phase zu dem wenigstens einen Hohlraum
(102), wobei die Flüssigkeit (107) die Eigen-

schaft hat, dass sie sich bei Phasenübergang
von flüssiger in feste Phase ausdehnt;
- Umwandeln (540) des hinzugefügten Mediums
(107) in feste Phase, um wenigstens einen
Bruchteil der Pulverkornverbindungen zu bre-
chen; und
- Entfernen (570) von Pulver (104) aus dem we-
nigstens einen inneren Hohlraum (102).

2. Verfahren nach Anspruch 1, umfassend den Schritt:
Umwandeln (550) des Mediums (107) von fester in
flüssige Phase bevor Pulver (104) aus dem wenigs-
tens einen inneren Hohlraum (102) entfernt wird.

3. Verfahren nach Anspruch 1 oder 2, umfassend den
Schritt: Entfernen (560) des Mediums von dem Teil
(101) bevor Pulver (104) aus dem wenigstens einen
inneren Hohlraum (102) entfernt wird.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Schritt des Entfernens (570) von Pul-
ver (104) aus dem wenigstens einen inneren Hohl-
raum (102) Entfernen des Mediums (107) zusam-
men mit dem Pulver (104) aus dem wenigstens einen
inneren Hohlraum (102) umfasst.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Medium (107) Wasser ist.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Medium (107) Salzwasser ist.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Umwandlung des Mediums (107) zwi-
schen flüssiger und fester Phase mehr als einen
Durchlauf durchlaufen wird.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Pulver (104) Metallpulver ist.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Pulverkörner (105) durch Sintern mit
Bindungen verbunden werden.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Umwandlung von flüssiger in feste
Phase durch Temperaturverringerung durchgeführt
wird.

11. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei externer Druck auf den Hohlraum (102)
aufgebracht wird, um den Schritt des Entfernens
(570) von Pulver (104) aus dem Hohlraum (102) zu
erleichtern.

12. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei Ultraschallenergie aufgebracht wird, um
den Schritt des Entfernens (570) von Pulver (104)
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aus dem Hohlraum (102) zu erleichtern.

Revendications

1. Un procédé comprenant les étapes :

- fournir (510) une pièce (101), ladite pièce (101)
comprenant au moins une cavité interne (102)
avec au moins une ouverture externe (103), la-
dite au moins une cavité (102) étant au moins
partiellement remplie de grains de poudre (105),
lesdits grains de poudre (105) étant reliés les
uns aux autres ;
- évacuer (520) le gaz entourant ladite poudre
(104) dans ladite au moins une cavité (102)
avant d’ajouter un milieu (107) ;
- ajouter (530) ledit milieu (107) en phase liquide
à ladite au moins une cavité (102), ledit liquide
(107) ayant la propriété de se dilater en transi-
tion de phase de la phase liquide à la phase
solide ;
- transformer (540) l’milieu ajouté (107) vers la
phase solide pour rompre au moins une fraction
desdites liaisons de grains de poudre ; et
- retirer (570) la poudre (104) de ladite au moins
une cavité interne (102).

2. Un procédé selon la revendication 1, comprenant
l’étape consistant à : transformer (550) ledit milieu
(107) de la phase solide vers la phase liquide avant
de retirer la poudre (104) de ladite au moins une
cavité interne (102).

3. Un procédé selon la revendication 1 ou la revendi-
cation 2, comprenant l’étape consistant à : retirer
(560) ledit milieu de la pièce (101) avant de retirer
la poudre (104) de ladite au moins une cavité interne
(102).

4. Un procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel l’étape de retrait
(570) de la poudre (104) de ladite au moins une ca-
vité interne (102) comprend le fait de retirer ledit mi-
lieu (107) avec ladite poudre (104) de ladite au moins
une cavité interne (102).

5. Un procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel ledit milieu (107) est
de l’eau.

6. Un procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel ledit milieu (107) est
de l’eau salée.

7. Un procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel ladite transformation
de milieu (107) entre la phase liquide et la phase

solide est cyclique avec plus d’un cycle.

8. Un procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel ladite poudre (104)
est de la poudre métallique.

9. Un procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel lesdits grains de pou-
dre (105) sont liés par des liaisons par frittage.

10. Un procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel ladite transformation
de la phase liquide à la phase solide est réalisée par
un abaissement de température.

11. Un procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel une pression externe
est appliquée à la cavité (102) pour faciliter l’étape
de retrait (570) de la poudre (104) hors de la cavité
(102).

12. Un procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel une énergie ultraso-
nore est appliquée pour faciliter l’étape de retrait
(570) de poudre (104) hors de la cavité (102).
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