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The electrolytic colouring of ancdised aluminium from acidic tin(i) sulphate solutions in the presence
of the dye Alizarin Saphirol B (Cl Acid Blue 45) has been investigated. The method combines
electrolytic colouring and adsorptive dyeing in a single stage and expands the range of colours which
can be produced by the electrolytic colouring process. A dye concentration in the acidic tin{i} sulphate
colouring bath of 7.5 g/l and a treatment time of 1-2 min, at 15 V (50 Hz}, results in a grey-blue hue
with high fastness properties and resistance to corrosion. The mechanism of the action of the dye is

discussed.

INTRODUCTION

Aluminium is the third most abundant element in the
Earth's crust. Its low density (approximately 2.7), the high
mechanical strength achieved by suitable alloying and
heat treatments, the relatively high corrosion resistance of
the pure metal and its decorative appearance make it
particularly useful in the construction of modern
buildings and the renovation of older ones.

Anodic oxidation using a direct current in aqueous
sulphuric acid solution produces a colourless, transparent
oxide layer on the surface of an aluminium profile [1]. This
film consists of a barrier layer and a porous section with
numerous pores extending vertically from the film surface
to the barrier layer surface [1].

Various methods have been developed to colour
anodised aluminium [2,3], the most important being the
absorption process [4], electrolytic colouring [5] and
interference colouring [6]. Electrolytic colouring is the
most widely used of these methods but produces only
dark bronze to black coloration, the intensity of colour
depending on the amount of metal deposited at the base
of the pores of the oxide layer.

In order to widen the colour range, a combined
electrolytic—adsorptive method has been developed [7,8].
This three-step process combines anodising, electrolytic
colouring and adsorptive dyeing with organic colouring
media without the use of current.

Here, we report a combination of the method of
electrolytic colouring of anodised aluminium by
adsorptive dyeing with an organic dye, using alternating
current in a single stage.

The dye used — Alizarin Saphirol B (CI Acid Blue 45,
Figure 1) — was selected from a series of about 40 dyes.
This dye was developed some time ago and is used not
only for anedised aluminium but also in a wide range of
other applications,

EXPERIMENTAL

Materials and methods

Aluminium sheets of 99.5% purity (5 x 2.5 cm?) were
degreased and etched as previously described [9]. They
were anodised in a sulphuric acid solution [9] for 45 min,
then electrolytic coloured in reference solution A0 (27.5 g/1
sulphuric acid and 15.0 g/l tin(n) sulphate) alone and in the
presence of CI Acid Blue 45 in concentrations 5 g/l (A1), 7.5
g1 (A2), 10 g/1(A3), 12.5 g/1 (A4), 15 g/l (A5) and 20 g/l (A6).

Electrolytic colouring took place in 100 ml of reference
solution with or without dye at 15V {50 Hz) for 30 s, T min,
2 min, 3 min and 5 min, at 20 °C. The counter electrodes
were stainless steel.

The aluminium probes used for the determination of
throwing power had dimensions of 33 x 10 cm? and were
electrolytically coloured in solutions A0 and A2, in a
specific cell [9], at 20 °C, for 2 min and 5 min, at 15 V (50
Hz). The dimensions of the cell were 50 x 50 x 10 cm. The
cathode was stainless steel and was placed parallel to the
short side of the cell. The aluminium probe was located
vertically to the cathode, 10 cm away from it.

Measurements

The thickness of the oxide layer was measured by the
eddy current method, using a Permascope (Fischer
Technology, Norwalk, USA). It was found to be 13 + 2 um.
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Figure 1 Alizarin Saphirol B (Cl Acid Blue 45)
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A Digital Storage Oscilloscope DC-20 MHz was
connected to a HM 8148-2 graphics printer (Hameg AG)
with an IEEE 488 interface and used to record the applied
voltages and respective current responses, after 1s,20's, 1
min, 5 min and 10 min of electrolytic colouring.

The dye content of the coloured probes was deter-
mined using a Hitachi U-2000 spectrophotometer. A given
area of the film was dissolved by immersion in three tubes
containing 1 ml of a solution of 7.5 g/l tartaric acid and 12
¢/l sodium hydroxide, for 1-3 min, 1-3 min and 10-30 s
respectively. Then all the solutions were collected in a tube
which contained 2-3 drops of acetic acid (1.4 ml/1) and the
mixture made up to 4 ml with the initial solution. The
spectra were obtained between 400 and 800 nm.

The spectral reflectance of the surface of the probes in
the visible region was measured using a Minolta CM2002
spectrophotometer. The integrated reflectance and respec-
tive absorbances were calculated. According to previous
work [10], the absorbance can be used as a measure of the
amount of tin deposited in the oxide film.

The surface density of the deposited tin was measured
by energy dispersive X-ray fluorescence. The probes were
radiated with radio isotopes and the tin X-rays produced
were measured by a semiconductor detector.

The surfaces of the probes were examined using a Jeol
733 scanning electron microscope (SEM), with a TN 5500
energy dispersive spectrometer tracer, at magnifications of
300-3000, with secondary electron image. The SEM
technique was also used for mapping the composition of
selected areas of the probes.

Mossbauer spectroscopy was carried out with a mixed
barium/tin oxide source at room temperature, with an
absorber at 15 K, to determine the oxidation state of tin in
the thin film of the praobe.

Corrosion resistance was determined according to the
Kesternich test (DIN 50.018), while resistance to sunlight
and water was examined according to the ASTM G 53-77
test [9].

RESULTS AND DISCUSSION

The observed decorative appearance of the anodised
aluminium probes coloured with the proposed in the
present study method was confirmed by the spectral
reflectance results (Figure 2).

These results also illustrate the variation in the hue of
the coloured probes, from brown to grey-blue, due to the
presence of the dye in the acidic tin(n) sulphate solution.
There is a sharp decrease in reflectance around 600 nm,
where the dye presents the maximum absorption of the
visible light. This decrease is more obvious in films with
lower levels of tin.

Current density

Figure 3 shows that the nominal current density reached a
maximum value at the start of the alternating current
electrolytic colouring process. This decreased during the
re-anodising stage (0-10 s} and then remained at an
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almost steady value. In the presence of the dye the
maximum value becomes lower, while the steady value
increases with increasing dye concentration. The
oscillographs obtained showed that the dye mainly
influences the peak cathodic current density rather than
the peak anodic one. The main cathodic reactions are
hydrogen evolution and tin deposition. It seems that
presence of the dye during the first 2 min of treatment
influences the rate of these reactions [11,12].

Determination of adsorbed dye on probes

Figure 4 demonstrates that increasing the dye concen-
tration in the colouring bath and the treatment time
results in an increase in the amount of dye adsorbed on
the probes, until an equilibrium stage is reached. When
the dye concentration is 7.5 g/1 this equilibrium is reached
after approximately 1 min. An increase of the treatment
time to 2 min and the dye concentration to 10 g/l causes
only a small increase in dye adsorption and also results in
dissolution and destruction of the film, especially after
prolonged treatment at higher concentrations.
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Figure 2 Spectral reflectance of an anodised probe and of probes
electrolytic coloured in solutions at 15 V (80 Hz) and 20 °C, as a
function of the wavelength of the incident light
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Figure 3 Current density as a function of the duration of alternating
current treatment of anodised aluminium probes, in solutions at 15V
(50 Hz), at 20°C
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Figure 4 Amount of dye adsorbed onto anodised aluminium probes
after 30 s, 1 min and 2 min of electrolytic colouring as a function of the
dye concentration in the coleuring bath, at 15 V (50 Hz) and 20°C
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Figure 5 Amount of dye adsorbed in anodised aluminium probes with
and without the use of current (15 V, 50 Hz), at 20 °C, in solution A2,
as a function of the duration of treatment

As can be seen from Figure 5, the presence of an electric
field (15 V, 50 Hz) facilitates the dye adsorption process.
Although diffusion seems to be the main process,
migration also contributes to the adsorption of dye on the
electrode and the achievement of equilibrium.

Determination of tin content

The amount of tin at the bottom of the pores of the anodic
film was determined by X-ray fluorescence analysis. The
rates of tin uptake by the film in two different dye
concentrations are shown in Figure 6. These curves are
fitted by the second order polynomials:

A2:y=-65x10"22+ 4.2x 1072 + 0.62
A3 y=-11x10"2+ 49x102x + 0.63

The second derivatives of these polynomials are 1.3 x 10~
and 2.3 x 10~ respectively. These values indicate the rate
of tin deposition.

It seems that the rate of tin uptake is enhanced a little as
the dye concentration increases (Figure 6). The amount of
tin in the film reaches a maximum value more quickly, but

increasing the dye concentration decreases the value of
this meximum.

A dve concentration of 7.5 g/l and a treatment time not
longer than 2 min give the best results with regard to the
amounts of tin and dye in the film, decorative appearance,
characteristic properties and structure.

Colour uniformity
The colour uniformity of the probes depends on the
throwing power of the electrolytic colouring bath.

Figure 7 shows the variation in the tin content of the
oxide layer with the distance from the counter electrode.
The results can be fitted by third-order polynomials. The
total amount of tin in the probes decreases linearly for the
first 7-9 cm of the length of the probes (33 cm). The
throwing power can be expressed by the absolute value of
the gradient derived from the linear fitting of the results in
Figure 7. If this value tends to 0, the throwing power is
improved.

The results in Table 1 show that the uniformity of colour
was worsened by the presence of the dye in the colouring
bath if the treatment time was above 2 min, although the
intensity of colour was improved slightly.
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Figure 6 Rate of tin uptake on an anodised aluminium probe treated
in solutions A2 and A3 at 15 V (50 Hz) and 20 °C
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Figure 7 Tin deposited on the electrolytically coloured probes in
solutions AQ and A2 at 15 V (50 Hz), at 20 °C, for 2 and 5 min as a
function of the distance from the counter electrode
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Table 1 Linear equations (y = ax + b)
derived from the least squares fitting of
the results in Figure 7 for the first 7-9 cm
of the probes

Colouring
Solution  time (min)  a b
A0 2 -0.452  8.95
AD 5 -1.830 245
A2 2 -0.786 128
A2 5 —-0.988 222

Tabie 2 Composition of the bottom of the oxide layer of
anodised aluminium probes electrolytic coloured in
solutions AG, A2 and A4 at 15 V (50Hz) for 2 min

Content (%)

Component Solution AQ Solution A2 Solution A4

A|203 86.45 86.65 92.46

80, 9.0 9.94 2.49

Sn 4.40 3.95 3.02

Si 0.44 0.95

Total 100.40 100.54 98.92
Maéssbauer spectroscopy

Specimens treated in solution A2 were examined by
Méssbauer spectroscopy in order to investigate the
various oxidation states of tin in the film. Qur results
showed that the ''"Sn Méssbauer parameters relative to a
BaSnQ), source were quadrupole splitting 2.56 mm/s and
chemical isomer shift 0 mmy/s. The results (not shown)
indicate that tin is deposited in the pores of the oxide layer
in metallic form rather than as organotin compounds.

SEM observations

SEM of the specimens treated in solutions A0, A2 and A4
for 2 min (Table 2) showed that tin was present as a thin
zone on the basis of the film of the anodised oxide layer.
Within the experimental errors of this method, this
indicated a slight decrease of the tin content and a
considerable decrease of the sulphate content as the dye
concentration was increased.

Fastness properties

The resistance to light and weathering was excellent: the
colour and appearance of the surfaces were not altered
after exposure for 1290 h. The corrosion resistance was
also excellent: no corrosion spots appeared on the
coloured probes after 23 exposure cycles.
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CONCLUSIONS

Our method combines alternating current electrolytic
colouring of anodised aluminium in an acidic tin(i)
sulphate solution with adsorptive dyeing with the organic
dye Alizarin Saphirol B. This single-stage process
produces a decorative grey-blue to brown coloration.

The dye is adsorbed in the oxide layer and does not
seem to influence the anodic reactions. It affects the
cathodic reactions slightly, accelerating the tin deposition
and decreasing hydrogen evolution at the begining of the
colouring treatment. No organotin compounds are
produced and the excellent resistance of the probes to
light, weathering and corrosion is not affected.

A disadvantage of the meihod is that it decreases the
colouring uniformity of the probes. Increasing the dye
concentration decreases the tin content of the film at the
equilibrium stage. The optimum decorative appearance is
reached when the treatment time is 1-2 min and the dye
concentration in the colouring bathis 7.5 g/l.

Higher dye concentrations and treatment times do not
improve the dye content of the film greatly but do result in
increased hydrogen evolution and dissolution and
destruction of the oxide.
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