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EP 0 558 940 A1

Object of the present invention is an electrocolouring process by optical interference of aluminium and
its alloys, which permits to obtain a homogeneous colouring on the whole manufactured article and which is
easily reproducible.

It is well known that for the electrolytic colouring or electrocolouring by optical interference of aluminium
and its alloys, aluminium is submitted first to anodic oxidation according to fraditional techniques, utilizing,
for instance, sulphuric acid-based baths, so that an oxide layer forms on its surface, then to an electrolytic
treatment of modification in a phosphoric acid solution, such as the one disclosed for instance, in GB
1532235 (P.G.SHEASBY et al.). Such treatment in phosphoric acid has the purpose of modifying the oxide's
porous structure, so that the following DC or AC-mode electrolytic freatment in an electrolytic solution
containing a coloring metal salt, for instance a nickel salt, permits to obtain colouring by optical interference.

To avoid possible fixing problems, which fixing is indispensable to secure the stability of colour over
time, and to give the protective oxide film the necessary corrosion resistance, before carrying out the
treatment of electrocolouring by optical intereference, a conditioning of the layer of modified oxide is made;
such conditioning is made by treatment with a diluted solution of an organic or inorganic acid, for instance
sulphuric acid, as disclosed in the patent application no. MI91A 00191932, filed on July 12 1991 on behalf
of the same Applicant.

It is well known that the technique of optical interference electrocolouring can produce a very wide
range of colours, comprising violet, blue, grey and even red. Such colours are obtained by utilizing
conventional electrolytic baths, such as, for instance, a standard "CARMIOL" bath (Registered Trade Mark
of Soc. ALUMINIA of Portovesme (CA) (ltaly), having the following composition:

NiSO: 7H,0O 47.5 g/l (0.17 moles/] of Ni2*)
(NH4)2S0:s 22.5 g/1 (0.17 moles/l)

HsBOs 30.0 g/l

pH = 5.7

As can be seen, in electrolytic baths for electrocolouring of aluminium and its alloys, according to prior
art, the concentration of metal useful for colouring, or colouring metal, for instance nickel, has a molar ratio
of about 1:1 compared to the concencentration of the support electrolyte, which may be a salt, for instance
ammonium sulphate or a mixture of analogous salts in suitable quantities.

However, the studies carried out in the past have stressed that several problems are associated to such
optical interference electrolytic colouring and in particular the matter of fact that reproducible and easily
controllable colourings are difficult to obtain. Another important problem is the poor homogeneity of
colourings. The non-homogeneity of colouring as obtained by the techniques of prior art hinders to a large
extent the diffusion of the process on an industrial scale.

A purpose of the present invention is fo provide an electrocolouring process by optical interference of
aluminium and its alloys producing a wide range of colours comprising, for instance, violet, blue, grey and
red, with highly reproducible colourings.

Another purpose of the present invention is to realize an optical interference electrocolouring process
permitting fo obtain an excellent homogeneity and, therefore, an excellent colour quality.

Still another purpose of the present invention is an electrocolouring process by optical interference
which is easily realizable by means of simple adjustments without having to resort to basic changes, even
in already existing electrocolouring plants.

Another further purpose of the invention is to provide an electrolytic solution permitting to obtain an
optical interference electocolouring process supplying highly reproducible and homogeneous colourings.

These and still other purposes and relevant advantages which will be more clearly stressed in the
following disclosure are obtained by a process of optical interference electrocolouring of aluminium and its
alloys, comprising the following stages: anodic oxidation; modification by electrolysis in phosphoric acid
solution; electrocolouring by utilizing a solution comprising at least a colouring metal salt and a support
electrolyte; and a final fixation, the latter electrocolouring stage being carried out, according to the invention,
by utilizing an electrolytic solution in which the concentration of the colouring metal is between 0.018 and
0.1 moles/I.

According to the present invention, between said stage of phosphoric acid modification and said stage
of electrocolouring, a conditioning stage of the oxide layer by treatment with a diluted aqueous solution of
an acid may be advantageously introduced, which acid is chosen among the group comprising sulphuric
acid, perchloric acid, hydrochloric acid, hydrobromic acid, oxalic acid, sulphamic acid and trifluoroacetic
acid. In particular, said colouring metal in form of salt in said electrolytic solution is chosen among the ones
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that are more widely used for aluminium electrolytic colouring, especially nickel and cobalt.

Ammonium salts and/or salts of alkaline metals in general are advantageously used as salts constituting
the support electrolyte.

Always according to the present invention, the use of support electrolytes constituted by a mixture of
ammonium sulphate and magnesium sulphate in different ratios according to the different operating
conditions of the electrolouring stage has proved advantageous.

Instead of the sulphate anion, other analogous anions may be used that are normally admitted in
electrocolouring processes.

According to the present invention, the concentration of the support electrolyte is markedly higher that
the one utilized in prior art, in order to increase the conductivity of said eletrolytic baths, obtaining in this
way an increased penetration of colouring and therefore a greater homogeneity of said colouring.

Quantities and ratios of the various components which constitute the composition of the electrolytic
baths according to the invention, change according fo the type of colouring wished and to the type and
utilization conditions of the electrolytic bath. In general, the electrolytic solution for optical interference
electrocolouring of aluminium and its alloys according to the present invention, includes in preference the
following quantities of constituents expressed in weight concentrations or in moles with respect to the total
volume of the solution:

- colouring metal (Ni?* or Co?*) 0.018 to 0.1 moles/l
- support electrolytes salts 55 to 75 g/l
- pH regulators, acids and various additives of known type 30 to 100 g/l

Said pH regulators, acids and various additives are chosen among the most commonly used ones, such
as, for instance, boric acid and sodium hydroxide.

The pH value of electrolytic baths according to the process object of the present invention is preferably
kept between 4 and 7.

The process of optical interference electrocolouring of aluminium and its alloys according to the
invention has surprisingly proved to lead constantly to results that are remarkably better that the ones
obtainable through conventional techniques. In particular, it permits to accomplish an electrocolouring which
supplies highly reproducible and homogeneous colourings compared to those obtainable according to prior
art, with clear advantages from both the aesthetical point of view and the point of view of industrial
application in which the poor reproducibility and homogeneity of colourings obtained according to prior art
is a severe drawback.

Particularly advantageous results are obtained when electrocolouring is accomplished by utilizing nickel
salts, as illustrated in the following examples, supplied to merely illustrative, non-limitative purposes, which
will disclose the process object of the present invention.

The material utilized in tests was constituted by samples of extruded flats of 6060 alluminium alloy, of
100 x 100 x 2 mm of size. Samples to be tested had been submitted to the following pickling and
neutralization treatment:
pickling with 5% NaOH at 60 ° C for 3 min.; additive:

Anodal B2 Sandoz 20 g/l, neutralization with 1:1 HNOs at room temperature for 15 sec.

Samples have been then submitted to anodic oxidation in 200 g/ sulphuric acid, 3 g/l Al, with voltage
density of 1.5 A/dm? at 20°C for 35 min., obtaining a class 15 thickness of the oxide layer (about 17
microns). Then, samples have been submitted to modification by treatment in a 100 g/l HsPOs solution at
20°C in AC mode (V = 10V for 4 min.), with AC density of 0.7 A/dm?Z.

The so-modified samples have been then submitted to acid conditioning in 10 g/l H2SO. solution at
room temperature for 5 min.

EXAMPLE 1

Some of the samples treated as described have been electrocoloured by using Hull cell having a
capacity of 250 ml of solution at a 10 V voltage, for periods of time of 3 and 10 min and a temperature of
23°C. As is well known, in Hull cell the sample to be submitted to electroclouring is placed in oblique
position with respect to the electrode.

This permits to reach on said sample different voltage intensities during the electrocolouring stage and,
as a consequence, different colouring intensities when the distance of the sample increases with respect to
the electrode. By this technique one obtains precise information on the characteristics of the electrolytic
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baths used, the electrocolouring velocity and the homogeneity of said colouring. The composition of the
electrolytic solution was the following:

NiSOs 7H20 7 g/l (0.025 moles/! of Ni2 +)
(NH4)2S04 40 g/ (0.3 moles/l)

HzBOs3 30 g/l

MgSO: 7H.O | 30 g/l (0.12 moles/l)

As can be seen, in this example the molar ratio of the concentration of metal useful for colouring, or
colouring metal, is about 1:10 compared to the concentration of the mixture of salts which constitute the
support electrolyte.

The pH of the solution has been regulated on value 5.7 by the addition of ammonium hydroxide. Such
samples are A-marked.

Instead, the remaining samples have been submitted to electrocolouring in Hull cell and in the same
operating conditions, but using "Carmiol"-type compositions of electrolytic solutions for electrocolouring.
These last samples have been B-marked. Upon completion of colouring, the A and B samples obtained with
the two different compositions for electrolytic baths have been examined and compared to one another
before the fixing treatment.

In particular, A samples showed, compared with B samples, a significant and remarkable colour
stabilization for blue shades, as well as a homogeneous distribution of said colouring on the sample surface.

On said A and B samples a qualitative colour measurement has been carried out with Colorflash
spectrophotometer (Optronik). Said samples have been subdivided in three measurement zones, with the
purpose of comparing the intensity of possible colour variations between zones. Such colour variations are
quantified through factors called "a", "b" and "L"; factor L supplies an indication of the brightness degree
of the colouring under examination; factor "a" indicates the shade degree comprised between green and
red of said colouring, while factor "b" indicates the shade degree comprised between blue and yellow.

Sample A (submitted to optical interference electrocolouring treatment according to the present
invention) has been subdivided into three measurement zones, indicated by A1, A2 and A3 respectively,
and also sample B (submitted to a treatment of optical interference electrocolouring according to prior art
by utilizing a Carmiol-type bath) has been subdivided into the three measurement zones indicated by B1,
B2 and B3 respectively.
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SAMPLE A
BL(a1-nz) = 2,0 AL(py ag) = -3,1
Ba(ay-pz) = -2,1 dapy-a3) = -0,1
8b(a1-a2) = -2,2 Ab(pr_pa3) = -0,5
AL(a1-a3) = -5,11
4 2a1-a3) = -2.19
Abpy_a3) = -2.68
SAMPLE B
BL(p1-pz) = -9,3 AL (py-p3) = -9,5
B2(pi-p2) = ~2,1  fa(p, py) = +8,2
Ab(p1-p2) = -9,3 Bo 5y p3) = +5,8
AL, _p3) = -18,8

A""(131—33) = 16,08

Abpi_p3y = -3,47

As can be seen from the above values of Aa, Ab and AL, in the case of sample A, the colouring variation
between the two A1 and A3 exiremes of said sample is very low, while in the case of sample B, the
colouring variation between the two B1 and B3 exiremes is significantly high, involving even a sign
inversion for the value of "a" and "b" factors. Said variation, in the case of sample B, corresponds in fact to
a colour variation from yellow-green of zone B1 to blue-grey of zone B2 up to bronze of zone B3 of said
sample.

Repeating the test, while samples A showed a high reproducibility of colour shades, operating
conditions being the same, in samples B the same result could not be observed.

EXAMPLE 2
Part of the samples, treated as described above with respcet to pickling, neutralization, modification and

conditioning, have been electrocoloured as described in example 1, but utilizing the following composition
for the electrocolouring electrolytic bath:

NiSO: 7H,0 | 20 g/
(NHq)2SOs 40 g/l
HzBOs3 30 g/l
MgSO; 7H.O | 30 g/l

Samples so electrocoloured showed, compared to controls obtained with electrolytic colouring baths
according to prior art, colour stabilization in the shades of green-grey, homogeneity of distribution of said
colouring and high reproducibility of the colour shade.

EXAMPLE 3

In this case, samples have been pickled, neutralized, anodized and then modified and conditioned
according to the already described process.
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The elecrocolouring treatment has been carried out in a bath having a capacity of 52 |, utilizing the
same electrolytic bath composition as described in example 1.

The aluminium treated had a surface of 25 dm?, the temperature at which electrocolouring has been
carried out was of 23 °C, operating voltage was 12-13V; colouring times have been varied according to the
following scheme:

TIME COLOUR OBTAINED
4 minutes blue
8 minutes middle blue-grey
15 minutes light blue-grey

The comparison has been made on samples treated in the same conditions but electrocoloured with a
Carmiol-type conventional bath.

Also in this case, the samples submitted to electrocolouring utilizing the composition of example 1
produced more permanent, homogeneous and reproducible colours compared to those obtained by
electrocolouring according to prior art.

Some of electrocolouring samples have been exposed to the accelerated test of exposure to U.V. light
lamp, obtaining evaluation indexes over grade 8 of the blue scale.

All of the samples have been fixed after electrocolouring according to techniques known, such as: hot-
fixing in AS salt or cold plus hot-fixing according to Qualanod standard.

Claims

1. A process for electrocolouring by optical interference aluminium and its alloys, comprising the following
stages: anodic oxidation; modification through electrolysis in phosphoric acid solution; electrocolouring
by utilizing a solution comprising at least a salt of a colouring metal and a support electrolyte; a final
fixing, which process is characterized in that said electrocolouring stage is carried out by utilizing an
electrolytic solution in which the concentration of colouring metal is comprised between 0.018 and 0.1
moles/I.

2. A process for electrolouring according to claim 1, characterized in that said colouring metal is nickel or
cobalt.

3. An electrocolouring process according to claim 1, characterized in that between said stage of
modification with phosphoric acid and said stage of electrolouring, a stage of conditioning of the oxide
layer is inserted, which stage is carried out by freatment with an aqueous diluited solution of an acid
chosen among the group comprising sulphuric acid, perchloric acid, hydrochloric acid, hydrobromic
acid, oxalic acid, sulphamic acid and ftrifluoroacetic acid.

4. A process according to claim 1, characterized in that said support electrolyte comprises magnesium
sulphate.

5. An electrolytic solution for electrocolouring according to claims 1 and 3, characterized in that it
comprises the following constituents:

- Colouring metal 0.018 to 0.1 moles/l
- Electrolytic support salts 55 10 75 g/l
- pH regulators, acids and various known additives | 30 to 100 g/l

6. An electrolytic solution according to claim 5, characterized in that said electrolytic support salis are
constituted by a mixture of magnesium sulphate and ammonium sulphate.
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