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(54) Process and device for cleaning metal containing particles forming a powder by removing a 
compound attached to the particles

(57) The invention relates to a process for cleaning
metal-containing particles, said particles forming a pow-
der, by removing a compound attached to the particles,
comprising the following steps:
(a) providing a container (1),
(b) providing in said container (1) a composition compris-
ing particles suspended in a solvent of said compound,
(c) centrifuging the composition in said container (1) to
provide a sediment phase (S) and a fluid phase (F),

(d) during or after centrifuging step (c), removing at least
a part of said fluid phase (F),
(e) supplying a further portion of solvent to the sediment
phase (S) in said container (1),
(f) stirring the composition so as to suspend the particles
in the solvent,
(g) repeating steps (c) and (d).

The invention also relates to a device for carrying
out such a process.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a process and
a device for cleaning metal-containing particles forming
a powder by removing a compound attached to the par-
ticles.
[0002] The invention can in particular be applied for
cleaning metal-containing particles contaminated by oil.

BACKGROUND OF THE INVENTION

[0003] Miniaturization in electronic field request finer
solder pitch, which can only be achieved using finer sol-
der powder.
[0004] This invention relates to the production means
of these ultrafine solder powders.
[0005] The term "powder" herein designates here par-
ticles having an average diameter of less than 25 mm.
[0006] Ultrafine solder powder is produced by dispers-
ing melted metal-containing alloy in a dispersing media.
[0007] For example, an ingot made of said alloy is pro-
vided in a fluid compound.
[0008] Said ingot is heated to a temperature above the
melting temperature of the alloy.
[0009] A mixture of two fluid phases is thus created: a
first fluid phase consisting of the fluid compound and the
second fluid phase consisting of the melted alloy.
[0010] Said mixture is then subjected to shearing strain
so as to create an emulsion of melted alloy droplets in
the fluid compound.
[0011] The droplets are then solidified so as to form
metal-containing particles that may be used as a solder
powder.
[0012] An example of such a method is described in
document WO 00/00313.
[0013] Oil is a medium usually used to melt metal or
alloy and get high dispersion performance.
[0014] However, a significant drawback of this manu-
facturing process is the necessity to clean the powder
after dispersion, in order to remove oil attached to the
particles of the powder.
[0015] Indeed, in microelectronics, the powder is in-
tended to be mixed with a flux so as to form a solder
cream, which is deposited on circuit boards so as to form
solder bumps in order to connect electronic components.
[0016] The cleanliness of the powder is an issue since
the presence of a contamination such as oil is likely to
deteriorate the quality of the electrical connection.
[0017] A continuous cleaning process, involving the
circulation of the particles within a solvent flow and the
retention of the cleaned particles by a filter cannot be
carried out to clean such a fine powder.
[0018] Indeed, this continuous cleaning process would
imply using a filter having very small pores to be able to
retain the particles; however, such a filter would create
very high pressure loss, which would render the cleaning

process unpractical.
[0019] Conversely, if a larger filter was used, it would
not be able to retain the particles.
[0020] In addition, since the powder is very dense, it
can hardly be rendered fluid enough to be compatible
with a solvent flow.
[0021] Document EP 1 396 551 describes a device for
cleaning oil-adhered particles that comprises an agitation
tank and a centrifugal apparatus coupled to the agitation
tank by a conveying apparatus.
[0022] The particles are first agitated with a solvent in
the agitation tank, then transferred, via the conveying
apparatus, to the centrifugal apparatus where the mixture
is centrifuged.
[0023] The centrifugal apparatus includes a central
screw intended to separate the particles from the solvent,
the particles being directed downwards while the solvent
and oil are directed upwards.
[0024] Due to the presence of the central screw, the
centrifugal apparatus is difficult and tedious to clean.
[0025] In addition, if an additional cleaning is to be car-
ried out, the particles have to be transferred to the agi-
tation tank in order to be mixed with fresh solvent and
then conveyed again to the centrifugal apparatus for the
centrifugation step.
[0026] All these transfer steps require specific convey-
ing means that render the cleaning device complex and
that increase the duration of the cleaning process.
[0027] Another issue with the cleaning of the contam-
inated particles is that solvent is harmful for the human
operators and for the environment.
[0028] It is thus desirable to minimize the amount of
solvent needed to clean the particles. Besides, the clean-
ing step should be compatible with an industrial process.
[0029] It is thus desirable to have a cleaning process
that may be automatized and that minimizes manpower
resources.
[0030] Such process should also be as short as pos-
sible and allow treating large amounts of particles at the
same time.
[0031] Such process should also minimize safety and
environmental hazard.
[0032] A goal of the invention is also to provide a device
for carrying out such a process.
[0033] Said device should allow a shorter cleaning and
an easier maintenance (especially washing) that known
devices.
[0034] Said device should also allow repeating the
cleaning steps in a simple way, as long as the desired
cleanliness has not been obtained.
[0035] Such device should be of dimensions compat-
ible with an industrial process and should be operated
using minimal manpower.

BRIEF DESCRIPTION OF THE INVENTION

[0036] An object of the invention is a process for clean-
ing metal-containing particles, said particles forming a
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powder, by removing a compound attached to the parti-
cles, comprising the following steps:

(a) providing a container,
(b) providing in said container (1) a composition com-
prising said particles with the compound attached
thereon and a solvent of said compound, the parti-
cles being suspended in said solvent,
(c) centrifuging the composition in said container (1)
to provide a sediment phase (S) comprising said par-
ticles and a fluid phase (F) comprising said solvent
and said compound,
(d) during or after centrifuging step (c), removing at
least a part of said fluid phase (F) from the container
(1),
(e) supplying a further portion of solvent to the sed-
iment phase (S) in said container (1),
(f) stirring the composition comprising the sediment
phase and the solvent in the container (1) so as to
suspend the particles in the solvent,
(g) repeating steps (c) and (d).

[0037] By "metal-containing particle" is meant here a
particle that comprises at least one metal; such a particle
may be formed of an alloy of two or more metals.
[0038] According to a preferred embodiment, the met-
al-containing particle is made of a solder alloy usable in
microelectronics.
[0039] Step (b) may comprise stirring the composition
in the container before centrifuging step (c).
[0040] Advantageously, ultrasonic treatment of the
composition is carried out during stirring.
[0041] Optionally, during stirring step (c) the container
is rotated at a rotational speed that is less than the rota-
tional speed of centrifugation step (d).
[0042] The process may further comprise repeating
steps (e) to (g) at least once.
[0043] According to an embodiment, the process com-
prises, after the last fluid phase removal step, the further
steps of:

(h) supplying a further portion of the solvent to the
sediment phase in the container and stirring said por-
tion of the solvent with the sediment phase so as to
suspend the particles in the solvent,
(i) allowing said mixture to stand until sedimentation
of said particles has occurred, thereby providing a
sediment phase and a fluid phase, and
(j) removing the fluid phase.

[0044] After step (h) the stirred composition may be
transferred into a column-shaped container and steps (i)
and (j) are carried out in said column-shaped container.
[0045] After the transfer of the composition in the col-
umn-shaped container, a further stirring of said compo-
sition is advantageously performed before sedimentation
step (i).
[0046] An ultrasonic treatment may be carried out dur-

ing said further stirring step.
[0047] The average size of the particles is preferably
less than 25 micrometer.
[0048] A further object of the invention is a device for
carrying out such a process.
[0049] Said device comprises:

- a container for receiving a composition comprising
said particles with the compound attached thereon
and a solvent of said compound, said container being
adapted to be subjected to rotation,

- at least one stirrer arranged at least partially into the
container so as to stir said composition and suspend
the particles in the solvent,

- a centrifuge arranged to rotate the container at a
speed suitable for centrifuging the composition.

[0050] According to an advantageous embodiment,
said device further comprises an ultrasonic vibrator ex-
tending at least partially into the container.
[0051] Said device may further comprise a column-
shaped container coupled to the rotatable container by
a conveying pipe adapted to transfer a composition com-
prising the solvent and the particles suspended in said
solvent from the rotatable container to the column-
shaped container.
[0052] A further object of the invention is a process of
manufacturing a powder made of metal-containing par-
ticles.
[0053] Said process comprises:

- providing an ingot made of said metal in a fluid com-
pound,

- heating the ingot to a temperature above the melting
temperature of the metal so as to create a mixture
of two fluid phases, a first fluid phase consisting of
the fluid compound and the second fluid phase con-
sisting of the melted metal,

- subjecting said mixture to shearing strain so as to
create an emulsion of melted metal droplets in the
fluid compound,

- solidifying the metal droplets so as to form said met-
al-containing particles,

- cleaning the metal-containing particles by carrying
out a cleaning process as described above.

[0054] According to a preferred embodiment, the fluid
compound comprises oil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] Further features, embodiments and advantag-
es of the invention will be apparent from the following
detailed description, referring to the appended drawings
wherein:

- Figure 1 schematically illustrates a cleaning device
according to an embodiment of the invention, imple-
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mented for stirring a composition comprising the par-
ticles to be cleaned and a solvent,

- Figure 2 schematically illustrates the cleaning device
of figure 1, implemented to carry out centrifugation
of the composition,

- Figure 3 schematically illustrates a separation de-
vice forming part of the cleaning device according to
an embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0056] The particles to be cleaned are provided with a
compound attached thereto.
[0057] Although this is not intended to be limitative, this
compound may have been attached during the manufac-
turing process of the particles.
[0058] For example, if the particles have been pro-
duced by the dispersion of an alloy in a fluid medium, the
compound comprises said medium.
[0059] The compound may consist of a single compo-
nent or of a mixture of different components.
[0060] Examples of compounds that may be attached
to the metal-containing particles comprise: residues of
organic oils (e.g. synthetic oil, polyolefin oil, vegetable oil
such as castor oil), residues of mineral oils (e.g. silicone
oil), organic acids, polymer resins, amines, organome-
tallic compounds, metal oxides.
[0061] In the embodiments described here, the com-
pound to be removed from the particles is typically oil.
[0062] However, the skilled person is able to determine
a suitable solvent for a given compound and could thus
carry out the process described below to remove another
kind of compound than oil without departing from the
scope of the invention.
[0063] By "solvent" is meant herein a fluid wherein a
given amount of the compound to be removed from the
metal-containing particles can be dissolved at room tem-
perature (25°C).
[0064] According to a preferred embodiment, the sol-
ubility of the compound in the solvent at room tempera-
ture is at least 10 g/l, i.e. it is possible to dissolve at least
10 g of the compound in 1 I of solvent.
[0065] Depending on the compound to remove, exam-
ples of solvents that may be used in the invention com-
prise: organic solvents such as non-polar solvents (e.g.
pentane, hexane, cyclohexane, benzene, toluene, xy-
lene) or polar solvents (e.g. dimethylformamide (DMF),
dimethylsulfoxide (DMSO), acetone, isopropanol), halo-
genated solvents (e.g. trichloroethane, tetrachlo-
roethane, dichloromethane), water with surface active
agent.
[0066] For example, acetone, isopropanol and halo-
genated solvents can be used as a solvent for castor oil
residues.
[0067] A device for carrying out at least the first steps
of the cleaning process is shown in Figure 1.
[0068] Said device comprises a container 1 that is in-

tended to receive a composition comprising the particles
to be cleaned and a solvent for the compound to be re-
moved.
[0069] The container has a general symmetry of rev-
olution around a vertical axis X.
[0070] For example, the container 1 has a bowl shape.
[0071] In the present text, "horizontal" refers to the
plane of the ground of the installation where the cleaning
device is installed, "vertical" referring to the direction or-
thogonal to said horizontal plane.
[0072] The container 1 is adapted to be subjected to
rotation around its vertical axis, from low rotational speed
up to speed suitable for centrifugation of the composition.
[0073] To that end, the container 1 is coupled to a cen-
trifuge 3, in a way that is known per se.
[0074] Since the solvent used to clean the particles
may be hazardous for the human operators and/or for
the environment, the container 1 is advantageously
placed in an enclosure that is closed hermetically.
[0075] In the embodiment illustrated here, the enclo-
sure 10 comprises at least vertical walls 11 surrounding
the container, and a cover 12 on top of the walls 11 and
allowing access to the container 1, e.g. for maintenance
or washing purposes.
[0076] The cover 12 may advantageously be crossed
by a feed pipe 13 that is intended to introduce solvent (if
the particles are already in the container) or a suspension
comprising particles to be cleaned and solvent into the
container.
[0077] Advantageously, the cover 12 may also be em-
ployed as a support for devices that may be used to clean
the particles.
[0078] In particular, the device further comprises at
least one stirrer 2 arranged at least partially into the con-
tainer 1 so as to stir said composition.
[0079] The stirrer typically comprises a motor 20 that
is arranged outside of the cover and a stirring component
21 linked to the motor 20 by a rod 22.
[0080] The stirrer is known per se and will not be de-
scribed in more detail.
[0081] The stirrer 2 may be supported by the cover 12.
[0082] For example, as schematically illustrated in Fig-
ure 1, the motor 20 may be arranged above the cover 12
while the rod 22 crosses the cover 12, such that the stir-
ring component 21 is immersed in the composition.
[0083] In use, the metal-containing particles to be
cleaned are put in the container 1, the solvent is put into
the container 1 by the feed pipe 13, and the composition
is stirred by the stirrer 2.
[0084] This stirring step has the effect of suspending
the particles in the solvent and also of making the com-
pound be at least partially released from the particles and
pass into the solvent, thereby washing at least partially
the particles.
[0085] Optionally, the stirring may be assisted by an
ultrasonic treatment that improves the efficiency in re-
moving the compound from the particles.
[0086] To that end, an ultrasonic vibrator 4 is at least
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partially immersed in the composition during operation
of the stirrer 2.
[0087] For example, the ultrasonic vibrator 4 may be
supported by the cover 12.
[0088] Optionally, during the stirring step, the container
may be rotated at a low speed, i.e. a speed that is less
than the centrifuging speed, e.g. between 20 and 200
rpm.
[0089] This rotation at low speed allows homogeneous
washing by subjecting the whole powder to the stirrer
effect.
[0090] The stirring step can be omitted if a suspension
of the particles within the solvent is directly introduced in
the container 1.
[0091] Once the particles are suspended within the sol-
vent in the container, a first centrifuging step is carried
out.
[0092] To that end, the cover 12 supporting the stirrer
2, the feed pipe 13 and optionally the ultrasonic vibrator
4 is removed and replaced by a cover 12’ supporting a
take-off pipe 13’, as shown in Figure 2.
[0093] The container 1 is then rotated at high speed
by the centrifuge 3. For example, the acceleration is be-
tween 300 and 3000 g.
[0094] As a result of this centrifugation, the composi-
tion is dissociated into two phases:

- a sediment phase consisting of the particles from
which the compound has been at least partially re-
moved, and

- a fluid phase containing the solvent and the com-
pound removed from the particles.

[0095] The sediment phase S accumulates on the
walls of the container 1, whereas the fluid phase F is at
least partially extracted by the take-off pipe 13’.
[0096] The removal of the fluid phase may be carried
out during and/or after the centrifugation step.
[0097] The sequence consisting of stirring and centri-
fuging the composition is carried out at least twice to im-
prove the cleaning of the particles.
[0098] To that end, after the above-described first cen-
trifuging step, fresh solvent is added into the container
and the composition is first stirred (optionally assisted by
the ultrasonic treatment) and then centrifuged again.
[0099] In the case where a device as illustrated in Fig-
ures 1 and 2 is used, this additional sequence supposes
to remove the cover 12’ and place again the cover 12 to
close the enclosure 10, supply the fresh solvent via the
feed pipe 13, actuate the stirrer 2 and, if appropriate, the
ultrasonic vibrator 4.
[0100] Of course, the container 1 may also be rotated
at a low speed during this stirring step.
[0101] Then, when the composition has been suffi-
ciently stirred, the cover 12 is removed and replaced by
the cover 12’, and the container 1 is rotated at the cen-
trifugation speed so as to provide a sediment phase com-
prising the particles and a fluid phase comprising the sol-

vent and the compound.
[0102] Hence, the stirring steps are carried out in the
same container than the centrifuging steps, which avoids
conveying the mixture of the particles and the solvent
between different devices to carry out the cleaning.
[0103] This sequence of stirring and centrifuging steps
may be implemented as many times as necessary.
[0104] Different alternatives may be considered for the
completion of the cleaning process.
[0105] According to a first alternative, at least part of
the fluid phase is removed from the container 1 and the
sediment phase consisting of the cleaned particles can
be retrieved.
[0106] Then, the particles are dried and packed.
[0107] According to a second alternative, the particles
have to be suspended again in a solvent in view of sub-
sequent treatments, e.g. in view in their transfer to an-
other device wherein the cleaning process will be com-
pleted.
[0108] After the last centrifugation step and removal of
at least a part of the fluid phase, fresh solvent is supplied
again in the container 1 and stirring of the composition
is carried out so as to suspend the particles in the solvent.
[0109] After being stirred, the mixture consisting of the
solvent and the suspended particles can be transferred
to a column-shape container 5.
[0110] As shown on Figure 3, said container 5 has the
general form of a column, i.e. it has an elongated shape
extending vertically; for example, the column is a cylinder
having a vertical revolution axis.
[0111] The container 5 may be made of glass. It can
thus be easily cleaned and one can easily observe the
sedimentation step and determine when sedimentation
is completed.
[0112] The column-shaped container 5 is closed at
both ends.
[0113] The upper end is closed by a cover 51.
[0114] This cover 51 is crossed by a stirrer 6, a feed
pipe 52 for the mixture of the particles and the solvent
transferred from the container 1, a feed pipe 53 for fresh
solvent, a take-off pipe 54 to remove used solvent for the
container 5 and optionally by an ultrasonic vibrator 7.
[0115] The feed pipe 52 is advantageously coupled to
the container 1 by a conveying pipe (not shown) so as
to transfer directly the particles in suspension in the sol-
vent from the container 1 to the container 5.
[0116] The bottom end of the container 5 comprises a
collection valve 50.
[0117] During cleaning of the particles, the collection
valve 50 is closed.
[0118] The collection valve 50 is opened when the
cleaning is finished, in order to release the cleaned par-
ticles from the column-shaped container 5.
[0119] In this column-shaped container 5, the mixture
is again stirred by the stirrer 6 and, optionally, by the
ultrasonic vibrator 7.
[0120] Then, the stirrer 6 is raised out of the mixture
and the mixture is allowed to stand in the container 5 until
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sedimentation of the particles has occurred.
[0121] The sediment phase is thus on the bottom of
the column-shaped container 5, the fluid phase being
above the sediment phase.
[0122] The take-off pipe 54 is then lowered down until
the sediment phase-fluid phase interface, and the fluid
phase is pumped.
[0123] Then, fresh solvent is fed by the feed pipe 53
and the particles are suspended in this fresh solvent by
the stirrer 6 and, if appropriate, the ultrasonic vibrator 7.
[0124] If it is considered that the cleaning has been
completed, the collection valve 50 is opened and the
clean particles within the solvent are collected.
[0125] Otherwise, if additional cleaning steps are re-
quired, the mixture is allowed to stand until sedimentation
occurs and the subsequent steps are repeated.
[0126] Since the particles have been at least partially
cleaned by the stirring-centrifugation sequence(s) in the
container 1, the last cleaning step carried out in the col-
umn-shaped container 5 is quicker since there remains
only a little amount of compound attached to the particles.
[0127] As a consequence, said last cleaning step can
be carried out in a few hours, whereas it would take sev-
eral days if the initial amount of the compound was at-
tached to the particles.
[0128] Another advantage of transferring the cleaned
particles in the column-shaped container 5 to complete
the cleaning is that this second container is cleaner that
the first container 1.
[0129] Hence, it allows obtaining a greater final clean-
liness of the particles.
[0130] Finally the treatment in the column-shaped con-
tainer allows a separation of the particles according to
their mass: during the stirring or the beginning of the sed-
imentation, coarser particle quickly fall on the bottom of
the column, whereas lighter particles stay on the top a
longer time. It is thus possible to pump out the lighter
(finer) or the heavier (coarser) particles to reach the re-
quested particles size distribution.
[0131] After cleaning, the particles are dried and
packed.
[0132] The above-described cleaning process may ad-
vantageously be carried out after a manufacturing proc-
ess of a powder formed of metal-containing particles,
comprising:

- providing an ingot made of said metal in a fluid com-
pound,

- heating the ingot to a temperature above the melting
temperature of the metal so as to create a mixture
of two fluid phases, a first fluid phase consisting of
the fluid compound and the second fluid phase con-
sisting of the melted metal,

- subjecting said mixture to shearing strain so as to
create an emulsion of melted metal droplets in the
fluid compound,

- solidifying the metal droplets so as to form said met-
al-containing particles.

[0133] One can refer to document WO 00/00313 for
more details about said manufacturing process.

Claims

1. Process for cleaning metal-containing particles, said
particles forming a powder, by removing a compound
attached to the particles, comprising the following
steps:

(a) providing a container (1),
(b) providing in said container (1) a composition
comprising said particles with the compound at-
tached thereon and a solvent of said compound,
the particles being suspended in said solvent,
(c) centrifuging the composition in said container
(1) to provide a sediment phase (S) comprising
said particles and a fluid phase (F) comprising
said solvent and said compound,
(d) during or after centrifuging step (c), removing
at least a part of said fluid phase (F) from the
container (1),
(e) supplying a further portion of solvent to the
sediment phase (S) in said container (1),
(f) stirring the composition comprising the sedi-
ment phase and the solvent in the container (1)
so as to suspend the particles in the solvent,
(g) repeating steps (c) and (d).

2. Process according to claim 1, characterized in that
step (b) comprises stirring the composition in the
container (1) before centrifuging step (c).

3. Process according to claim 1 or claim 2, character-
ized in that ultrasonic treatment of the composition
is carried out during stirring.

4. Process according to one of claims 1 to 3, charac-
terized in that it comprises repeating steps (e) to
(g) at least once.

5. Process according to one of claims 1 to 4, charac-
terized in that it comprises, after the last fluid phase
removal step, the further steps of:

(h) supplying a further portion of the solvent to
the sediment phase (S) in the container (1) and
stirring said portion of the solvent with the sed-
iment phase so as to suspend the particles in
the solvent,
(i) allowing said mixture to stand until sedimen-
tation of said particles has occurred, thereby
providing a sediment phase (S) and a fluid phase
(F), and
(j) removing the fluid phase (F).

6. Process according to claim 5, characterized in that
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after step (h) the stirred composition is transferred
into a column-shaped container (5) and in that steps
(i) and (j) are carried out in said column-shaped con-
tainer (5).

7. Process according to claim 6, characterized in that
after the transfer of the composition in the column-
shaped container (5) a further stirring of said com-
position is performed before sedimentation step (i).

8. Process according to claim 7, characterized in that
an ultrasonic treatment is carried out during said fur-
ther stirring step (h).

9. Process according to one of claims 1 to 8, charac-
terized in that the average size of the particles is
less than 25 micrometer.

10. Process of manufacturing a powder formed of metal-
containing particles, comprising:

- providing an ingot made of said metal in a fluid
compound,
- heating the ingot to a temperature above the
melting temperature of the metal so as to create
a mixture of two fluid phases, a first fluid phase
consisting of the fluid compound and the second
fluid phase consisting of the melted metal,
- subjecting said mixture to shearing strain so
as to create an emulsion of melted metal drop-
lets in the fluid compound,
- solidifying the metal droplets so as to form said
metal-containing particles,
- cleaning the metal-containing particles by car-
rying out a cleaning process according to one
of claims 1 to 9.

11. Process according to claim 10, wherein the fluid
compound is oil.

12. Device for cleaning metal-containing particles form-
ing a powder by removing a compound attached to
the particles, comprising:

- a container (1) for receiving a composition com-
prising said particles with the compound at-
tached thereon and a solvent of said compound,
said container (1) being adapted to be subjected
to rotation,
- at least one stirrer (2) arranged at least partially
into the container (1) so as to stir said composi-
tion and suspend the particles in the solvent,
- a centrifuge (3) arranged to rotate the container
(1) at a speed suitable for centrifuging the com-
position.

13. Device according to claim 12, characterized in that
it further comprises an ultrasonic vibrator (4) extend-

ing at least partially into the container (1).

14. Device according to one of claims 12 or 13, charac-
terized in that it further comprises a column-shaped
container (5) coupled to the rotatable container (1)
by a conveying pipe adapted to transfer a composi-
tion comprising the solvent and the particles sus-
pended in said solvent from the rotatable container
(1) to the column-shaped container (5).
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