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(54) Bath and associated method for the conversion coating of articles made of aluminium and 
alloys thereof

(57) A bath and an associated method for the con-
version coating of articles made of aluminum and alloys
thereof; the bath comprises at least one manganese (Mn)
carrier in a aqueous solution with a non-basic pH; the
method comprises cleaning the surface of an article
made of aluminum or alloy thereof to be treated and con-
verting a layer of the surface thus cleaned into a protec-
tive coating by applying the bath to the clean surface.
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Description

[0001] The present invention relates to a bath for the
conversion coating of articles made of aluminum and al-
loys thereof and to the associated method.
[0002] It is known that metallic materials, in contact
with various environments, are subject to corrosion phe-
nomena which cause their gradual deterioration, modifi-
cation and destruction.
[0003] Among the many known methods for prevent-
ing corrosion and protecting against it, there are those
which act on the control of the chemical and physical
characteristics of the metallic material by coating it with
metallic or nonmetallic protective coatings.
[0004] Among these, inorganic coatings obtained by
conversion of the metallic material are known; i.e., said
coatings are the result of the conversion (transformation
caused by chemical reactions) of a surface layer, having
a thickness on the order of 0.5-2 Pm, of the unstable
metallic material into a stable and corrosion-resistant lay-
er.
[0005] Inorganic conversion coatings can be formed
by means of chemical or electrochemical processes af-
fecting the metallic material in suitable baths, the com-
position of which determines the nature of the resulting
coating.
[0006] With particular reference to aluminum and al-
loys thereof, known inorganic conversion coatings in-
clude chromate-based ones, phosphochromate-based
ones, and chromium-free ones.
[0007] In all three cases, the coating process substan-
tially follows three stages: cleaning of the surface to be
coated;
conversion of the clean surface into a protective inorganic
coating, respectively by chromating, phosphochromat-
ing, and in the absence of chromium;
drying of the resulting coating.
[0008] Since aluminum is amphoteric, cleaning the
surface to be treated comprises generally a step for al-
kaline degreasing and a step for acid descaling (also
termed "neutralization" or "activation" of the surface),
each of which is followed by at least one wash.
[0009] In the case of phosphochromating, the conver-
sion baths of which are particularly aggressive, it is pos-
sible to limit or even eliminate the step of acid descaling
and the subsequent wash.
[0010] Conversion occurs by applying a conversion
bath to the clean surface; the application times and tem-
perature and the qualitative and quantitative composition
of the bath vary depending on the type of coating to be
provided: chromate-based, phosphochromate-based, or
chromium-free.
[0011] The bath can be applied by immersion or spray-
ing.
[0012] Application is followed by one or more washes;
in general, by a first wash with mains water and by a
second wash with demineralized/deionized water.
[0013] The conversion coating obtained by chromating

and phosphochromating has an amorphous structure
and contains water of imbibition, which must be eliminat-
ed by subjecting the coated surface to slow drying at
ambient temperature or at low temperatures (on the order
of 70-80 °C), so as to avoid the formation of cracks.
[0014] The bath for chromium conversion (chromating)
is an aqueous solution of chromates (hexavalent chro-
mium), acids, fluorides and optionally accelerating
agents, with a pH that can vary between 1.5 and 2.5.
[0015] Reactions occur between the clean aluminum
surface and the conversion bath which form a coating
constituted by a layer that contains chromium chromates
(Cr(OH)2HCrO4) and optionally basic aluminum oxide
(AlOOH) in addition to other compounds, which depend
on the composition of the bath, such as for example, in
the case of accelerated baths, chromium ferrocyanide
(CrFe(CN)6). The coating obtained by chromating can
be identified visually by its typical coloring, which varies
from iridescent yellow to brownish yellow and is caused
by the hexavalent state of the chromium present in the
form of chromates.
[0016] The bath for phosphorus-chromium conversion
(phosphochromating) is an aqueous solution of acid
phosphates, acid and alkaline chromates, complexed
and free fluorides, and optional accelerating agents.
[0017] Reactions occur between the clean aluminum
surface and the conversion bath which lead to the for-
mation of a coating constituted by a layer containing chro-
mium phosphate (CrPO4) and aluminum phosphate
(AlPO4).
[0018] The coating obtained by phosphochromating
can be identified visually by the typical green coloring,
caused by the trivalent state of the chromium, which is
present in the form of phosphate.
[0019] The chromium-free conversion bath is an aque-
ous solution of fluorides together with titanium or zirco-
nium; reactions occur between the clean aluminum sur-
face and the conversion bath which lead to the formation
of a coating constituted by a layer containing aluminum
oxide (Al2O3) and aluminum fluorotitanium (AlOF·TiO2,
AlOF TiOF2).
[0020] These known protection methods are not free
from drawbacks, including the fact that inorganic conver-
sion coatings obtained by chromating or phosphochro-
mating use hexavalent chromium, which is toxic and nox-
ious to the health of the operators assigned to performing
the corresponding processes and pollutes the environ-
ment.
[0021] It is noted in fact that the wastewater of chro-
mating and phosphochromating conversion processes
contain hexavalent chromium, in addition to fluorides and
ferrocyanides (if used as accelerating agents), which are
highly pollutant; this wastewater, before being released,
must be subjected to long and complex treatments, the
cost of which affects substantially the overall process
cost.
[0022] Chromium-free and titanium- or zirconi-
um-based inorganic conversion coatings instead have
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the drawback of being substantially colorless, and this,
differently from chromating treatments (which are brown-
ish-yellow) and phosphochromating treatments (which
are green), on the one hand prevents the operators as-
signed to the corresponding process from checking vis-
ually the actual execution of the process or of the quality
of the coating obtained thereby (continuity, uniformity,
etc) and on the other hand forces the execution of peri-
odic chemical tests, which are in themselves less effec-
tive.
[0023] It is noted that conversion systems can be in-
stalled in-line, for example, with systems for the subse-
quent painting of aluminum parts; in this case, parts that
are not coated or are coated incompletely and unevenly
may reach the painting step.
[0024] Another disadvantage of chromium-free proc-
esses for inorganic conversion coating consists of the
fact that they have a reduced yield with respect to chro-
mating and phosphochromating processes and depend
to a greater extent on the initial steps for cleaning the
surfaces to be treated, which accordingly must be per-
formed with greater care and monitoring.
[0025] In order to obviate these drawbacks, a conver-
sion coating process is also known from Italian Industrial
Patent Application No. M02003A185, in the name of this
same Applicant, which uses a chromium-free bath sub-
stantially constituted by a manganese carrier, preferably
potassium permanganate (KMnO4), in an aqueous solu-
tion at an alkaline pH.
[0026] By means of this process, it is possible to obtain
colored protective coatings, so as to allow direct visual
assessment of the effectiveness of the performed treat-
ment despite not using chromium.
[0027] However, even this coating method has some
drawbacks, linked in particular to the fact that it does not
allow to obtain uniform coatings of the treated articles,
since in an alkaline environment the soda tends to react
with the aluminum, interfering with the formation of the
protective coating, and to difficulty in execution, in view
of the fact that existing plants are mostly made of mate-
rials suitable for using acid solutions and therefore would
have to be replaced with plants preset to work in an al-
kaline environment.
[0028] Further, since the treatment steps that are gen-
erally provided upstream of the conversion coating step
occur in an acid environment, it is necessary to provide
intermediate washes, which are needed in order to tran-
sition from an acid environment to an alkaline environ-
ment, inevitably extending the time requirements of the
cycle and increasing its costs.
[0029] Not least, the basicity of the bath that is used
does not allow to introduce in the solution salts of zirco-
nium and/or titanium, which as is known assist the con-
version process and increase the corrosion resistance
of the resulting coating.
[0030] The aim of the present invention is to eliminate
the drawbacks noted above, by providing a bath for the
conversion coating of articles made of aluminum and al-

loys thereof, which allows to obtain uniform protective
coatings having high resistance to corrosion and can be
used in currently existing plants without requiring partic-
ular structural adaptations thereof and does not entail
the execution of additional preliminary treatments.
[0031] Within this aim, an object of the present inven-
tion is to provide a bath that is not toxic or noxious to the
health of the operators assigned to the corresponding
process, does not pollute the environment, and allows
operators to perform a straightforward and complete vis-
ual check of the effectiveness of the treatment performed
on all the processed articles.
[0032] Another object of the present invention is to pro-
vide a method for conversion coating of articles made of
aluminum and alloys thereof that can be performed sim-
ply and effectively by using known plants and technolo-
gies, has a high yield and has wastewater that can be
treated easily at low costs.
[0033] Another object of the present invention is to pro-
vide a structure that is simple, relatively easy to provide
in practice, safe in use, effective in operation, and has a
relatively low cost.
[0034] In view of this aim and of these and other ob-
jects, which will become better apparent hereinafter, a
bath for the conversion coating of articles made of alu-
minum and alloys thereof is provided which comprises
at least one manganese (Mn) carrier, characterized in
that said manganese (Mn) carrier is in a aqueous solution
with a pH that is not basic and therefore is neutral or acid.
[0035] Preferably, the bath according to the invention
comprises a manganese carrier in an aqueous solution
with acid pH.
[0036] The manganese carrier is preferably constitut-
ed by potassium permanganate (KMnO4) and is present
in quantities which can vary between 1 and 10 g/l (liter
of bath), preferably 5 g/l.
[0037] The acidity of the bath corresponds to pH values
comprised between 2 and 4, preferably substantially
equal to 2.6.
[0038] It should be noted that the manganese carrier
has a protective effect, since it reacts with the surface of
the article to be treated, "converting" it into a protective
coating, and a coloring effect on said coating.
[0039] Advantageously, the bath can contain at least
one titanium (Ti) carrier and/or at least one zirconium (Zr)
carrier, which increase the corrosion resistance of the
resulting coating.
[0040] The titanium carrier is preferably constituted by
fluorotitanic acid (H2TiF6) and is comprised in quantities
variable between 0.2 and 2 g/l (liter of bath).
[0041] The zirconium carrier is preferably constituted
by fluorozirconic acid (H2ZrF6) and is present in quanti-
ties that can vary between 0.1 and 1 g/l (liter of bath).
[0042] If the fluorotitanic acid and/or the fluorozirconic
acid are absent or are present in small quantities, close
to the minimum values of the ranges described above, it
is possible to introduce conveniently in the bath at least
one fluoride carrier acid.
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[0043] The fluoride carrier acid is preferably constitut-
ed by hydrofluoric acid (HF) and is present in quantities
comprised between 0.1 and 0.6 g/l.
[0044] It is also possible to replace the components of
the bath with others that are equivalent thereto and to
add to the bath additives which assist the conversion
process.
[0045] The water used for the bath is preferably dem-
ineralized water or softened mains water.
[0046] The method for the conversion coating of arti-
cles made of aluminum and alloys thereof according to
the invention is shown schematically in Figure 1 by
means of a block diagram which identifies its various
steps of execution.
[0047] The method 1 comprises a step 2 for cleaning
the surface of the article made of aluminum or alloy there-
of to be treated, a step 3 for converting a layer of the
surface thus cleaned into a protective coating, and a step
4 for drying the resulting protective coating.
[0048] The present description does not describe in
detail the cleaning step 2 and the drying step 4 and the
corresponding plants, since they are similar to the ones
used in known technologies for conversion coating of alu-
minum (chromating, phosphochromating, chromi-
um-free).
[0049] The cleaning step 2 consists substantially of an
alkaline degreasing 5, followed by a wash 6, and by an
acid descaling 7 (neutralization or activation), followed
by one or more washes 8; it is designed to remove from
the surface to be treated all the pollutant particles, includ-
ing the oxides that naturally coat aluminum.
[0050] The conversion step 3 comprises the applica-
tion 9, to the surface cleaned in the preceding step, of a
bath which contains a manganese (Mn) carrier in an
aqueous solution having a non-basic and preferably acid
pH, as described above.
[0051] The application 9, which can be performed with
the known immersion or spray techniques, not shown,
occurs at a temperature that can vary between 15 and
40 °C, preferably 20 °C, for a time that can vary between
30 seconds and 5 minutes, preferably 2 minutes.
[0052] Reactions occur between the clean surface
made of aluminum or alloy thereof and the bath which
lead to the formation of a conversion coating (i.e., pro-
duced by the transformation of a surface layer of alumi-
num), which is constituted by a layer that contains man-
ganese dioxide (MnO2), aluminum oxide (Al2O3), and op-
tionally titanium and zirconium oxides; if further additives
are used, said layer might also include additional reaction
compounds.
[0053] The coating has a thickness which can vary be-
tween 0.5 and 2 Pm, has an amorphous structure and a
gold yellow/brown coloring.
[0054] At the end of the application 9, the surfaces
coated with the conversion coating are subjected to at
least one wash 10 with mains water or preferably dem-
ineralized water, optionally containing traces of hydrogen
peroxide, and preferably to at least one wash 11 with

demineralized water, similar to the washes used in known
chromating, phosphochromating and chromium-free
coating technologies.
[0055] It is necessary to eliminate from the resulting
coating the water of imbibition that is trapped therein by
subjecting it to the drying step 4, which can be performed
at ambient temperature or in heated environments.
[0056] The following examples are given merely by
way of illustration of the present invention and must not
be understood as limiting the scope of the present inven-
tion as defined by the accompanying claims.

Example 1

[0057] A bath for the inorganic conversion coating of
aluminum and alloys thereof is prepared which is consti-
tuted by an acid aqueous solution (pH 2.6) which con-
tains:

- potassium permanganate (KMnO4) 5 g/l;
- fluorotitanic acid (H2TiF6) 0.65 g/l;
- fluorozirconic acid (H2ZrF6) 0.16 g/l;
- hydrofluoric acid (HF) 0 g/l.

[0058] The bath is applied to a clean surface of an ar-
ticle made of aluminum or alloy thereof at a temperature
of 20 °C and for 2 minutes.

Example 2

[0059] A bath for the inorganic conversion coating of
aluminum and alloys thereof is prepared which is consti-
tuted by an acid aqueous solution (pH 2.6) which con-
tains:

- potassium permanganate (KMnO4) 5 g/l;
- fluorotitanic acid (H2TiF6) 0 g/l;
- fluorozirconic acid (H2ZrF6) 0 g/l;
- hydrofluoric acid (HF) 0.3 g/l.

[0060] The bath is applied to a clean surface of an ar-
ticle made of aluminum or alloy thereof at a temperature
of 20 °C and for 2 minutes.

Example 3

[0061] A bath for the inorganic conversion coating of
aluminum and alloys thereof is prepared which is consti-
tuted by an acid aqueous solution (pH 2.6) which con-
tains:

- potassium permanganate (KMnO4) 5 g/l;
- fluorotitanic acid (H2TiF6) 0.40 g/l;
- fluorozirconic acid (H2ZrF6) 0.16 g/l;
- hydrofluoric acid (HF) 0.1 g/l.

[0062] The bath is applied to a clean surface of an ar-
ticle made of aluminum or alloy thereof at a temperature
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of 20 °C and for 2 minutes.

Example 4

[0063] A bath for the inorganic conversion coating of
aluminum and alloys thereof is prepared which is consti-
tuted by an acid aqueous solution (pH 2.6) which con-
tains:

- potassium permanganate (KMnO4) 5 g/l;
- fluorotitanic acid (H2TiF6) 0 g/l;
- fluorozirconic acid (H2ZrF6) 0.3 g/l;
- hydrofluoric acid (HF) 0.1 g/l.

[0064] The bath is applied to a clean surface of an ar-
ticle made of aluminum or alloy thereof at a temperature
of 20 °C and for 2 minutes.
[0065] In practice it has been found that the described
invention achieves the proposed aim and objects.
[0066] The bath according to the invention in fact al-
lows to obtain a compact and uniform conversion coating
on the surface of the treated articles, which by being
colored (gold yellow/brown) allows operators to perform
an immediate visual check of the actual execution of the
coating process and/or of the quality of the resulting coat-
ing (continuity, uniformity, defects, etc).
[0067] Moreover, the bath is not toxic, does not harm
the health of the operators and does not pollute the en-
vironment.
[0068] The conversion coating obtained with the bath
according to the invention protects aluminum or alloys
thereof against corrosion and can act as a foundation for
the subsequent application of paints or varnishes.
[0069] The method according to the invention can be
performed with technologies and plants that are already
known in the field, has a good yield and produces waste-
water that has a reduced environmental impact with re-
spect to wastewater produced with traditional chromi-
um-based baths and can be treated simply and at lower
cost.
[0070] The invention thus conceived is susceptible of
numerous modifications and variations, all of which are
within the scope of the appended claims.
[0071] All the details may further be replaced with other
technically equivalent ones.
[0072] The disclosures in Italian Patent Application No.
M02004A000169, from which this application claims pri-
ority, are incorporated herein by reference.
[0073] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing the intelligibility of the claims and accordingly such
reference signs do not have any limiting effect on the
interpretation of each element identified by way of exam-
ple by such reference signs.

Claims

1. A bath for the conversion coating of articles made of
aluminum and alloys thereof, comprising at least one
manganese (Mn) carrier, characterized in that said
manganese (Mn) carrier is in a aqueous solution with
a non-basic pH.

2. The bath according to claim 1, characterized in that
said pH is acid.

3. The bath according to one or more of the preceding
claims, characterized in that said pH can vary be-
tween 2 and 4.

4. The bath according to one or more of the preceding
claims, characterized in that said pH is substan-
tially equal to 2.6.

5. The bath according to one or more of the preceding
claims, characterized in that said manganese car-
rier comprises potassium permanganate (KMnO4).

6. The bath according to one or more of the preceding
claims, characterized in that said manganese car-
rier is present in quantities that can vary between 1
and 10 g/l (liter of bath).

7. The bath according to one or more of the preceding
claims, characterized in that said manganese car-
rier is present in a quantity equal to 5 g/l (liter of bath).

8. The bath according to one or more of the preceding
claims, characterized in that it comprises at least
one titanium (Ti) carrier.

9. The bath according to claim 8, characterized in that
said titanium carrier comprises fluorotitanic acid
(H2TiF6).

10. The bath according to one or more of the preceding
claims, characterized in that said titanium carrier
is present in quantities that can vary between 0.2
and 2 g/l (liter of bath).

11. The bath according to one or more of the preceding
claims, characterized in that it comprises at least
one zirconium (Zr) carrier.

12. The bath according to claim 11, characterized in
that said zirconium carrier comprises fluorozirconic
acid (H2ZrF6).

13. The bath according to one or more of the preceding
claims, characterized in that said zirconium carrier
is present in quantities that can vary between 0.1 g/l
and 1 g/l (liter of bath).
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14. The bath according to one or more of the preceding
claims, characterized in that it comprises at least
one fluoride carrier acid.

15. The bath according to claim 14, characterized in
that said fluoride carrier acid is hydrofluoric acid
(HF).

16. The bath according to one or more of the preceding
claims, characterized in that said fluoride carrier
acid is present in quantities that can vary between
0.1 and 0.6 g/l (liter of bath).

17. The bath according to one or more of the preceding
claims, characterized in that it comprises:

- potassium permanganate (KMnO4) 5 g/l;
- fluorotitanic acid (H2TiF6) 0.65 g/l;
- fluorozirconic acid (H2ZrF6) 0.16 g/l;
- hydrofluoric acid (HF) 0 g/l.

18. The bath according to one or more of the preceding
claims, characterized in that it comprises:

- potassium permanganate (KMnO4) 5 g/l;
- fluorotitanic acid (H2TiF6) 0 g/l;
- fluorozirconic acid (H2ZrF6) 0 g/l;
- hydrofluoric acid (HF) 0.3 g/l.

19. The bath according to one or more of the preceding
claims, characterized in that it comprises:

- potassium permanganate (KMnO4) 5 g/l;
- fluorotitanic acid (H2TiF6) 0.40 g/l;
- fluorozirconic acid (H2ZrF6) 0.16 g/l;
- hydrofluoric acid (HF) 0.1 g/l.

20. The bath according to one or more of the preceding
claims, characterized in that it comprises:

- potassium permanganate (KMnO4) 5 g/l;
- fluorotitanic acid (H2TiF6) 0 g/l;
- fluorozirconic acid (H2ZrF6) 0.3 g/l;
- hydrofluoric acid (HF) 0.1 g/l.

21. A method for the conversion coating of articles made
of aluminum and alloy thereof, comprising the steps
that consist in cleaning the surface of an article made
of aluminum or alloy thereof to be treated and in con-
verting a layer of the surface thus cleaned into a pro-
tective coating, characterized in that the conver-
sion step comprises the application to said clean sur-
face of a bath according to one or more of claims 1
to 20.

22. The method according to claim 21, characterized
in that said conversion step occurs at a temperature
that can vary between 15 and 40 °C.

23. The method according to one or more of the preced-
ing claims, characterized in that said conversion
step occurs at a temperature on the order of 20 °C.

24. The method according to one or more of the preced-
ing claims, characterized in that said bath is ap-
plied to said clean surface for a time that can vary
between 30 seconds and 5 minutes.

25. The method according to one or more of the preced-
ing claims, characterized in that said bath is ap-
plied to said clean surface for 2 minutes.

26. The method according to one or more of the preced-
ing claims, characterized in that said application
step consists in immersing said clean surface in said
bath.

27. The method according to one or more of the preced-
ing claims, characterized in that said application
step consists in spraying said bath onto said clean
surface.

28. The method according to one or more of the preced-
ing claims, characterized in that said conversion
step comprises at least one wash, which follows said
application.

29. The method according to one or more of the preced-
ing claims,
 characterized in that it comprises drying said in-
organic protective coating.

30. The method according to one or more of the preced-
ing claims, characterized in that said protective
coating comprises manganese dioxide (MnO2) and
aluminum oxide (Al2O3), titanium (Ti) oxides, and/or
zirconium (Zr) oxides.

31. The method according to one or more of the preced-
ing claims, characterized in that said protective
coating has a thickness that can vary between 0.5
and 2 Pm.
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