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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority from U.S. Provisional Application Serial No. 60/089,585, filed August 18, 2008.

BACKGROUND

[0002] Aluminum and aluminum alloys (hereinafter referred to as aluminum) are known and used in heat exchangers
for their relatively high strength and formability. For instance, manifolds, fins, and/or tubes of heat exchangers may be
made from aluminum. However, aluminum can corrode under normal atmospheric conditions. Therefore, a protective
coating or paint is often applied to the aluminum to resist corrosion of the underlying aluminum.
[0003] One drawback of using protective coatings and paints is that manufacturing processes used to form aluminum
into a component may not be compatible with forming a strong bond between the aluminum and the coatings. For
instance, in the manufacture of heat exchangers, a brazing process may be used to bond aluminum fins, tubes and
manifolds together using brazing material and a flux material. Commonly used flux materials can leave a residual oxide
glazing on surfaces of the tubes and the fins, which may inhibit bonding between a coating or paint and the aluminum.
Conventional chemical treatments (acid or base etches) are sometimes used to prepare the surfaces of the aluminum
for bonding with the coating. However, the chemical reagents used in those treatments are typically intended to react
with the aluminum or corrosion products and are ineffective for removing the oxide glazing. The chemical reagents can
also leave behind residues themselves that inhibit bonding between the coatings and the underlying aluminum.
[0004] US 3 074 824 provides a flux removal procedure which avoids initiation and promotion of intergranular attack
on aluminium components. JP 562 64471 discloses a means of dissolving away a residue of a potassium fluoroaluminate
flux.

SUMMARY

[0005] In a method of preparing an aluminum surface, flux is applied to the aluminum surface and the aluminum surface
is brazed. Residual flux and metal oxides are removed from the aluminum surface using an aqueous fluid having a pH
between about 5 and about 9. The aqueous fluid comprises deionized water, and also comprises a surfactant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a front view of one embodiment of a brazed aluminum article.
FIG. 2 is an exploded view of an example of a brazed joint with brazing residues.
FIG. 3 is a flow diagram illustrating one embodiment of brazing residue removal.
FIG. 4 is a view of the brazed joint of FIG. 2 following brazing residue removal.

DETAILED DESCRIPTION

[0007] FIG. 1 illustrates parts of one embodiment of brazed aluminum article 10. Brazed aluminum article 10 can be
aluminum or an aluminum alloy. Within this disclosure, "aluminum" shall refer to both aluminum and aluminum alloys.
In this example, brazed aluminum article 10 is a heat exchanger. However, it is to be understood that this disclosure is
also applicable to other types of brazed aluminum articles and is not limited to heat exchangers or the type of heat
exchanger shown. While FIG. 1 illustrates a straight (planar) heat exchanger, formed heat exchangers and parts can
also benefit from the method of the invention.
[0008] Brazed aluminum article (heat exchanger) 10 includes first manifold 12 having inlet 14 for receiving a working
fluid, such as coolant, and outlet 16 for discharging the working fluid. First manifold 12 is fluidly connected to each of a
plurality of tubes 18 that are each fluidly connected on an opposite end with second manifold 20. Second manifold 20
is fluidly connected with each of a plurality of tubes 22 that return the working fluid to first manifold 12 for discharge
through outlet 16. Partition 23 is located within first manifold 12 to separate inlet and outlet sections of first manifold 12.
Tubes 18 and 22 can include channels, such as microchannels, for conveying the working fluid. The two-pass working
fluid flow configuration described above is only one of many possible design arrangements. Single and other multi-pass
fluid flow configurations can be obtained by placing partitions 23, inlet 14 and outlet 16 at specific locations within first
manifold 12 and comprise at least a majority of the flux material by weight. One such flux material is Nocolok®, available
from Solvay Fluor GmbH. The braze process can be a "controlled atmosphere braze" process conducted under a
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substantially pure nitrogen atmosphere. At a predetermined brazing temperature, the flux material interacts with a braze
material, typically provided as a cladding material on fins 24 to melt the cladding material. The melted cladding material
flows between fin 24 and tube 18 or 22 and forms a strong bond upon cooling and solidification.
[0009] The flux material from the brazing process can leave a residual fluoro-compound 28 on portions of the surfaces
of fins 24 and tubes 18, 22. Fluoro-compound residue 28 can include fluorine from the flux material in combination with
other elements from the atmosphere, flux, cladding or from the aluminum of tubes 18, 22 or fins 24. For instance, fluoro-
compound residue 28 can include phases of fluoride and/or fluoro-oxy-compounds. Thus, the composition of fluoro-
compound residue 28 can vary depending on the composition of the flux material, composition of the aluminum, atmos-
phere, and brazing process and conditions.
[0010] If fluoro-compound residue 28 is not removed from the surfaces of fins 24 and tubes 18, 22, fluoro-compound
residue 28 can inhibit strong bonding between a later deposited protective coating or paint and the underlying aluminum
of fins 24 and tubes 18, 22. Fluoro-compound residue 28 can also contribute to formation of a powdery corrosion product
on surfaces of brazed aluminum article 10 that can inhibit bonding between a later deposited protective coating or paint,
or produce an undesired visual appearance.
[0011] Method 30 illustrated in FIG. 3 is one embodiment of a method that can be used to clean brazed joint 26 of
brazed aluminum article 10 and thereby remove fluoro-compound residue 28. Method 30 includes brazing an aluminum
article (step 32), removing flux residue from the aluminum article using primarily water (step 34) and an optional step of
coating the aluminum article (step 36). Brazing step 32 is as described above in reference to FIG. 2 where a flux material
and a cladding material are used to braze together aluminum articles, such as fins 24 and tubes 18, 22. Flux residue
removal step 34 includes exposing brazed joint 26 of brazed aluminum article 10 to an aqueous fluid having a pH between
about 5 and about 9, at a predetermined temperature for a predetermined amount of time. At step 34, fluoro-compound
residue 28 is removed from brazed joint 26 using the aqueous fluid to thereby clean brazed joint 26. Step 34 can be
accomplished by various methods which are described in detail below.
[0012] The aqueous fluid used in step 34 can be a liquid or a gas. Suitable aqueous fluids include water and steam.
When the aqueous fluid is water or steam, the water or steam is substantially pure in order to limit chemical interactions
between the aqueous fluid and brazed aluminum article 10. For instance, the water or steam flows around and through
pores of fluoro-compound residue 28 with limited chemical interaction. The water at the predetermined temperature
causes internal stress within fluoro-compound residue 28 by physical processes, such as hydration and thermal expan-
sion, which serves to break apart fluoro-compound residue 28 and remove fluoro-compound residue 28 from the surface
of brazed aluminum article 10. Thus, the water is able to penetrate fluoro-compound residue 28 and facilitate mechanical
removal. Impure water or impurities within impure water can react with fluoro-compound residue 28. Such reaction
products can inhibit removal or leave residual byproducts that inhibit strong bonding between brazed aluminum article
10 and a later applied coating.
[0013] Substantially pure water is water free of contaminants that could react undesirably with fluoro-compound residue
28. For example, pH is an indicator of the purity of the water. Substantially pure water generally has a pH between about
5 and about 9. Particularly suitable substantially pure water has a pH between about 6 and about 8. In another example,
electrical conductivity is an indicator of the purity of the water. Substantially pure water has an electrical conductivity
less than about 400 microsiemens per centimeter. Particularly suitable substantially pure water has an electrical con-
ductivity less than about 50 microsiemens per centimeter. If the water is not substantially pure, the water may not
effectively infiltrate fluoro-compound residue 28 for mechanical removal. In some examples, water of the given pH or
electrical conductivity can be deionized water or water purified using a reverse osmosis process.
[0014] Suitable aqueous fluids also include aqueous solutions containing small amounts of a surfactant, an electrolyte,
a cosolvent, a buffer and combinations thereof. As above, the water present in aqueous solutions is substantially pure
in order to limit undesirable chemical interactions between the aqueous solutions and brazed aluminum article 10. When
present, surfactants, electrolytes and cosolvents provide useful cleaning properties to the aqueous solutions and can
enhance removal of fluoro-compound residue 28. Buffers can also be added to aqueous solutions to maintain the pH
of the aqueous solution between about 5 and about 9 to prevent undesirable chemical interactions. Suitable examples
of surfactants, electrolytes, cosolvents and buffers are described below along with the particular embodiments in which
they are used.
centimeter. Particularly suitable substantially pure water has an electrical conductivity less than about 50 microsiemens
per centimeter. If the water is not substantially pure, the water may not effectively infiltrate fluoro-compound residue 28
for mechanical removal. Water of the given pH or electrical conductivity is deionized water and can be water purified
using a reverse osmosis process.
[0015] Suitable aqueous fluids also include aqueous solutions containing small amounts of a surfactant, an electrolyte,
a cosolvent, a buffer and combinations thereof. As above, the water present in aqueous solutions is substantially pure
in order to limit undesirable chemical interactions between the aqueous solutions and brazed aluminum article 10. When
present, surfactants, electrolytes and cosolvents provide useful cleaning properties to the aqueous solutions and can
enhance removal of fluoro-compound residue 28. Buffers can also be added to aqueous solutions to maintain the pH
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of the aqueous solution between about 5 and about 9 to prevent undesirable chemical interactions. Suitable examples
of surfactants, electrolytes, cosolvents and buffers are described below along with the particular embodiments in which
they are used.
[0016] In one embodiment, step 34 includes immersing brazed aluminum article 10 in water. Brazed aluminum article
10 is immersed in substantially pure water at a predetermined temperature for a predetermined period of time to remove
fluoro-compound residue 28. The amount of time can depend upon the temperature of the water or brazed aluminum
article 10. At higher temperatures, less time may be needed and at lower temperatures, more time may be needed. For
example, at a water temperature between about 82 °C and the boiling point of water (100 °C), the predetermined time
can be up to about two hours to remove fluoro-compound residue 28. In another example, for a water temperature
around 60 °C, the predetermined time can be up to about twelve to fourteen hours. At approximately room temperature
(20 to 23.5 °C), a time on the order of up to about eight to ten days can be required to remove fluoro-compound residue
28. Immersion can limit the introduction of atmospheric gases, such as oxygen, that can lead to formation of oxides on
surfaces of brazed aluminum article 10. Where oxidation is a concern, brazed aluminum article 10 can be immersed in
deoxygenated water.
[0017] In another embodiment, step 34 includes spraying brazed aluminum article 10 with water. Brazed aluminum
article 10 is sprayed with substantially pure water at a predetermined temperature for a predetermined period of time to
remove fluoro-compound residue 28. As with immersion, the amount of time can depend upon the temperature of the
article 10 at pressures between about 69 bar (100 psi) to about 690 bar (1000 psi) for times between about five minutes
and about thirty minutes. In some cases, immersion can be better suited for fully exposing all surfaces of brazed aluminum
article 10 to the water for removal of fluoro-compound residue 28. Steam treatment can be combined with hot water
immersion or spraying as described above for improved flux residue removal. The steam and spraying treatments can
be performed on all sides of brazed aluminum article 10.
[0018] In another embodiment, step 34 includes agitating the water once brazed aluminum article 10 is immersed in
the water. Agitation can be provided by mixing or ultrasonic vibration. In one example, ultrasonic vibration (sonication)
is applied to immersion water at a temperature between about room temperature (20 °C to 23.5 °C) and about 90 °C
for about five minutes to about thirty minutes. The immersion water can be degassed prior to sonication by preheating,
sparging or other means. Power is applied at a frequency between about 15 kHz and about 400 kHz at a density between
about 2.6 watts per liter (10 watts per gallon) and about 26.4 watts per liter (100 watts per gallon). More preferably,
sonication is performed at a temperature between about 50 °C and about 66 °C for about ten to twenty minutes with a
power density between about 5.3 watts per liter (20 watts per gallon) and about 7.9 watts per liter (30 watts per gallon)
at a frequency between about 25 kHz and about 50 kHz. Ultrasonic cleaning can also be combined with separate
immersion, spray or steam treatments as described above. In one example, ultrasonic cleaning for between about five
minutes and about thirty minutes followed immersion in hot water (between about 85 °C and about 100 °C) without
sonication for between about five minutes and about thirty minutes removes fluoro-compound residue 28 from brazed
aluminum article 10 quickly.
[0019] Some embodiments of flux residue removal step 34 include the addition of small amounts of optional additives
to substantially pure water to form aqueous solutions. These additives offer the potential for additional flux removal
without significantly increasing chemical reactions with brazed aluminum article 10.
[0020] In one embodiment, step 34 includes electrocleaning brazed aluminum article 10. Electrocleaning is a cleaning
process used for metal surfaces employing direct current and water generally containing an electrolyte. Brazed aluminum
article 10 serves as an anode, a cathode or both, in an electrocleaning cell depending on the application. Electrocleaning
provides for mechanical removal and conditioning or modification of fluoro-compound residue 28 so that it is easier to
remove from surfaces of brazed aluminum article 10. As current is applied to an electrocleaning cell, electrochemical
reactions take place, electrolyzing water; the electrolyte serves as a conductive medium. The following reaction takes
place at the anode:

2H2O→4H++O2+4e-,

and the following reaction takes place at the cathode:

4H2O+4e-→4OH-+2H2.

[0021] The gases generated at the anode and cathode (oxygen and hydrogen) create a mechanical scrubbing action
that loosens and lifts soils, such as fluoro-compound residue 28. When brazed aluminum article 10 serves as the anode,
anodic electrocleaning occurs. When brazed aluminum article 10 serves as the cathode, cathodic electrocleaning takes
place. In reverse electrocleaning, the polarity of the electrocleaning cell changes so that both anodic and cathodic
electrocleaning occurs. When the final electrocleaning cycle is anodic, any charged particles that may have plated onto
brazed aluminum article 10 during cathodic electrocleaning are removed. Electrolysis is the driving process in electro-
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cleaning. The amount of gassing at the electrodes for scrubbing action is related to the amount of current passing through
the electrocleaning cell.
[0022] In one example of step 34 using electrocleaning, brazed aluminum article 10 is pre-soaked in or treated with
hot water to hydrate fluoro-compound residue 28. Brazed aluminum article 10 serves as the cathode (cathodic electro-
cleaning) in the electrocleaning cell. Since hydrogen is generated at the cathode rather than oxygen (generated at the
anode), brazed aluminum article 10 is less likely to experience oxidation. The hydroxide produced at the cathode also
neutralizes any acidity beneath fluoro-compound residue 28. Reverse anodic current for about five to fifteen seconds
at the end of the electrocleaning cycle also eliminates any positively-charged particles near or on brazed aluminum
article 10. Total electrocleaning time will vary depending on the amount of flux contamination. Cleaning times ranging
from about thirty seconds to about five minutes are generally suitable. Voltage applied to the electrocleaning cell generally
ranges between about six volts and about twelve volts at a current density between about 50 amperes per square meter
(five amperes per square foot) and about 165 amperes per square meter (fifteen amperes per square foot) to prevent
"burning" brazed aluminum article 10. The water temperature is between about 50 °C and about 80 °C. Electrolytes can
be added to the water to increase the efficacy of the electrocleaning process. Suitable electrolytes include sodium
carbonate, sodium orthosilicate, sodium gluconate, trisodium phosphate and combinations thereof. Electrolytes can be
added to the water in amounts between about 2 mL and about 40 mL of individual or total electrolyte per liter of water.
Step 34 includes adding a surfactant and may include adding a cosolvent to the water. Surfactants facilitate infiltration
of the water into fluoro-compound residue 28. The surfactant can be present in relatively small amounts, but is not limited
to any particular composition. The surfactant can be anionic, cationic, nonionic or zwitterionic, depending upon the
particular chemistry of the flux material and fluoro-compound residue 28. One suitable surfactant is sodium lauryl sulfate.
In one embodiment in which a surfactant is added to the water, step 34 also includes agitation using mixing or ultrasonic
vibration once brazed aluminum article 10 is immersed in the water. Suitable ultrasonic vibration conditions include those
listed above. A cosolvent can also be used in conjunction with ultrasonic vibration. Suitable cosolvents include isopropyl
alcohol.
[0023] Optional coating step 36 can follow flux residue removal step 34 to apply a protective coating or paint to brazed
aluminum article 10. FIG. 4 illustrates brazed joint 26 from Figure 2 after removal of fluoro-compound residue 28. The
substantially pure water has substantially or entirely cleaned fluoro-compound residue 28 from brazed joint 26. In the
illustrated example, fluoro-compound residue 28 has been completely removed from brazed joint 26, and coating 38
has been subsequently deposited on surfaces of brazed aluminum article 10.
[0024] Coating 38 can be a conversion coating and/or a polymeric material, such as paint. In one example, coating
38 is a trivalent chromium conversion coating, which can be a stand alone coating or a primer coating for subsequent
coatings. Coating 38 can be a phosphate conversion coating containing iron, manganese or zinc. Coating 38 can also
include an anodic coating and paint.
[0025] Prior surface treatment processes to prepare aluminum for coatings focused on removing aluminum oxides
using acidic or basic reagents unsuitable for removing fluoro-compound residue 28. However, method 30 utilizes water
that is substantially pure and able to infiltrate and remove fluoro-compound residue 28 in preparation for depositing
coating 38. Thus, the surfaces of the underlying aluminum of brazed aluminum article 10 are clean and capable of
forming a strong bond with coating 38. Furthermore, if coating 38 is not applied, removal of fluoro-compound residue
28 using method 30 can limit formation of powdery materials having an undesirable visual appearance.
[0026] Exposing brazed aluminum article 10 to the aqueous fluid as in method 30 can be conducted as part of a
manufacturing process of brazed aluminum article 10, or as a "repair" once brazed aluminum article 10 is in field use.
For instance, method 30 can be implemented immediately subsequent to a brazing process to remove fluoro-compound
residue 28, or just prior to forming coating 38 on brazed aluminum article 10 to provide a clean surface capable of forming
a strong bond. Alternatively, method 30 can be implemented after brazed aluminum article 10 has been installed at a
field site as "a repair," or to provide a countermeasure for the appearance of a powdery material in the field.
[0027] The present invention provides for a method of removing residual brazing flux and metal oxides from an aluminum
article. Following application of flux and brazing, a fluid removes residual flux by way of immersion, spraying, steaming,
sonication or electrocleaning. The fluid is water with a surfactant additive. The flux residue removal method provides for
efficient and cost-effective removal of residual flux to improve bonding between the aluminum article and later applied
coatings or to improve visual appearance.
[0028] While the invention has been described with reference to exemplary embodiments, it will be understood by
those skilled in the art that various changes may be made and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential scope thereof. Therefore, it is
intended that the invention not be limited to the particular embodiments disclosed, but that the invention will include all
embodiments falling within the scope of the appended claims.
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Claims

1. A method comprising:

applying flux to an aluminum surface;
brazing the aluminum surface; and
removing residual flux and metal oxides from the aluminum surface using an aqueous fluid having a pH between
5 and 9;
wherein the aqueous fluid comprises deionized water; and
wherein the aqueous fluid comprises a surfactant.

2. The method of claim 1, wherein the aqueous fluid is at a temperature between 20 °C and 100 °C.

3. The method of claim 1, wherein the aqueous fluid has a pH between 6 and 8.

4. The method of claim 1, wherein the aluminum surface is exposed to the aqueous fluid for between five minutes and
fourteen hours.

5. The method of claim 4, wherein the aluminum surface is exposed to the aqueous fluid for between five minutes and
two hours.

6. The method of claim 5, wherein the aluminum surface is exposed to the aqueous fluid for between five minutes and
forty minutes.

7. The method of claim 1, wherein the aluminum surface is immersed in the aqueous fluid.

8. The method of claim 7, further comprising:

agitating the aqueous fluid while the aluminum surface is immersed in the aqueous fluid.

9. The method of claim 1, wherein the aqueous fluid is gaseous and is directed at the aluminum surface.

10. The method of claim 8, wherein agitating the aqueous fluid comprises applying ultrasonic vibration to the aqueous
fluid.

11. The method of claim 10, wherein the aqueous fluid is at a temperature between 20 °C and 90 °C, and wherein
ultrasonic vibration is applied to the aqueous fluid with a power density between 2.6 watts per liter and 26.4 watts
per liter at a frequency between 15 kHz and 400 kHz for between five minutes and thirty minutes.

12. The method of claim 1, wherein the aqueous fluid comprises an electrolyte, and wherein the aluminum article is
immersed in the fluid, and wherein removing residual flux and metal oxides further comprises:

applying an electric current to the aqueous fluid and the aluminum article.

13. The method of claim 12, wherein the aluminum article serves as a cathode.

14. The method of claim 13, wherein the removal step further comprises:

applying a reverse anodic current to the aluminum article to remove positively-charged particles.

15. The method of claim 1, wherein application of the aqueous fluid to the aluminum surface is selected from the group
consisting of water bath immersion, water spraying, steam spraying, and combinations thereof.

Patentansprüche

1. Verfahren, umfassend
Aufbringen eines Flussmittels auf eine Aluminiumoberfläche; Hartlöten der Aluminiumoberfläche; und
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Entfernen restlichen Flussmittels und Metalloxide von der Aluminiumoberfläche unter Verwendung eines wässrigen
Fluids mit einem pH-Wert zwischen 5 und 9;
wobei das wässrige Fluid entionisiertes Wasser umfasst; und wobei das wässrige Fluid ein Tensid umfasst.

2. Verfahren nach Anspruch 1, wobei das wässrige Fluid eine Temperatur zwischen 20 °C und 100 °C aufweist.

3. Verfahren nach Anspruch 1, wobei das wässrige Fluid einen pH-Wert zwischen 6 und 8 aufweist.

4. Verfahren nach Anspruch 1, wobei die Aluminiumoberfläche dem wässrigen Fluid zwischen fünf Minuten und vier-
zehn Stunden lang ausgesetzt wird.

5. Verfahren nach Anspruch 4, wobei die Aluminiumoberfläche dem wässrigen Fluid zwischen fünf Minuten und zwei
Stunden lang ausgesetzt wird.

6. Verfahren nach Anspruch 5, wobei die Aluminiumoberfläche dem wässrigen Fluid zwischen fünf Minuten und vierzig
Minuten lang ausgesetzt wird.

7. Verfahren nach Anspruch 1, wobei die Aluminiumoberfläche in die das wässrige Fluid eingetaucht wird.

8. Verfahren nach Anspruch 7, weiter umfassend:

Rühren des wässrigen Fluids, während die Aluminiumoberfläche in das wässrige Fluid eingetaucht wird.

9. Verfahren nach Anspruch 1, wobei das wässrige Fluid gasförmig ist und auf die Aluminiumoberfläche gerichtet wird.

10. Verfahren nach Anspruch 8, wobei Rühren des wässrigen Fluids Aufbringen von Ultraschallvibration auf das wässrige
Fluid umfasst.

11. Verfahren nach Anspruch 10, wobei das wässrige Fluid eine Temperatur zwischen 20 °C und 90 °C aufweist, und
wobei Ultraschallvibration mit einer Leistungsdichte zwischen 2,6 Watt pro Liter und 26,4 Watt pro Liter bei einer
Frequenz zwischen 15 kHz und 400 kHz zwischen fünf Minuten und 30 Minuten lang auf das wässrige Fluid auf-
gebracht wird.

12. Verfahren nach Anspruch 1, wobei das wässrige Fluid einen Elektrolyten umfasst und wobei der Aluminiumartikel
in das Fluid eingetaucht wird und wobei Entfernen restlichen Flussmittels und Metalloxide weiter Folgendes umfasst:

Anlegen eines elektrischen Stroms an das wässrige Fluid und den Aluminiumartikel.

13. Verfahren nach Anspruch 12, wobei der Aluminiumartikel als Kathode dient.

14. Verfahren nach Anspruch 13, wobei der Entfernungsschritt weiter Folgendes umfasst:

Anlegen eines Rückwärts-Anodenstroms an den Aluminiumartikel, um positiv geladene Teilchen zu entfernen.

15. Verfahren nach Anspruch 1, wobei Aufbringen des wässrigen Fluids auf die Aluminiumoberfläche aus der Gruppe
bestehend aus Eintauchen in ein Wasserbad, Wassersprühen, Dampfsprühen und Kombinationen davon ausge-
wählt wird.

Revendications

1. Procédé comprenant les étapes suivantes :

l’application d’un flux sur une surface en aluminium ;
la brasure de la surface en aluminium ; et
l’élimination du flux résiduel et des oxydes métalliques de la surface en aluminium à l’aide d’un fluide aqueux
présentant un pH compris entre 5 et 9 ;
dans lequel le fluide aqueux comprend de l’eau déionisée ; et
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dans lequel le fluide aqueux comprend un surfactif.

2. Procédé selon la revendication 1, dans lequel le fluide aqueux est à une température comprise entre 20 °C et 100 °C.

3. Procédé selon la revendication 1, dans lequel le fluide aqueux présente un pH compris entre 6 et 8.

4. Procédé selon la revendication 1, dans lequel la surface en aluminium est exposée au fluide aqueux entre cinq
minutes et quatorze heures.

5. Procédé selon la revendication 4, dans lequel la surface en aluminium est exposée au fluide aqueux entre cinq
minutes et deux heures.

6. Procédé selon la revendication 5, dans lequel la surface en aluminium est exposée au fluide aqueux entre cinq
minutes et quarante minutes.

7. Procédé selon la revendication 1, dans lequel la surface en aluminium est immergée dans le fluide aqueux.

8. Procédé selon la revendication 7, comprenant en outre l’étape suivants :

l’agitation du fluide aqueux pendant que la surface en aluminium est immergée dans le fluide aqueux.

9. Procédé selon la revendication 1, dans lequel le fluide aqueux est gazeux et est dirigé vers la surface en aluminium.

10. Procédé selon la revendication 8, dans lequel l’agitation du fluide aqueux comprend l’application de vibrations
ultrasonores au fluide aqueux.

11. Procédé selon la revendication 10, dans lequel le fluide aqueux est à une température comprise entre 20 °C et 90
°C, et dans lequel les vibrations ultrasonores sont appliquées au fluide aqueux avec une densité de puissance
comprise entre 2,6 watts par litre et 26,4 watts par litre à une fréquence comprise entre 15 kHz et 400 kHz entre
cinq minutes et trente minutes.

12. Procédé selon la revendication 1, dans lequel le fluide aqueux comprend un électrolyte, et dans lequel l’article en
aluminium est immergé dans le fluide, et dans lequel l’élimination du flux résiduel et des oxydes métalliques comprend
en outre l’étape suivants :

l’application d’un courant électrique au fluide aqueux et à l’article en aluminium.

13. Procédé selon la revendication 12, dans lequel l’article en aluminium sert de cathode.

14. Procédé selon la revendication 13, dans lequel l’étape d’élimination comprend en outre l’étape suivants :

l’application d’un courant anodique inverse à l’article en aluminium pour éliminer les particules à charge positive.

15. Procédé selon la revendication 1, dans lequel l’application du fluide aqueux à la surface en aluminium est sélectionnée
parmi le groupe composé d’une immersion dans un bain-marie, d’une pulvérisation d’eau, d’une pulvérisation de
vapeur, et de combinaisons de ceux-ci.
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