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Prediction of the Effect of Chemical
Composition of Electrolyte on the Thickness of
Anodic Aluminium Oxide Layer
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Abstract—The paper describes some possibilities of control of
technological process of anodic aluminium oxidation based on the
experimental study and investigation of the influence of chemical
composition of the used electrolytes on the thickness of the formed
oxide layer. The influence of individual factors acting during the
anodic oxide process has been investigated and based on the
experimental results the prediction model was developed by the
usage of neural networks, especially the cubic neural unit. The
developed prediction model determines the layer thickness at surface
current density 1 A-dm™. The reliability of the developed model is
72.53 % with predetermined tolerance range of +2.10° mm.
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LUMINIUM and its alloys belong to the materials with

the highest annual increase in consumption nowadays. It
is highly appreciated in almost every branch of industry for its
excellent mechanical, electrical and chemical properties [1],
[2]. Appearance and surface quality of parts made of
aluminium and aluminium alloys is sufficiently high even
before any surface treatment. To maximize service life of
aluminium products, it is necessary to apply appropriate
surface treatment.
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Anodic oxidation is the most frequently used but also the
least explored method of surface treatment of aluminium
profiles as means to increase corrosion resistance. [3], [4]. Its
basis lies in enrichment of aluminium part surface with oxygen
[5], [6] in acidic environment, under electric current, while
athin layer of AAO (Anodic Aluminium Oxide) is created.
The most common component of electrolytes involved in the
process of anodic aluminium oxidation is sulphuric acid [7],
which has an influence on geometric structure of created oxide
layer — observed by Tsangaraki et al. [8], Patermarakis [9],
and Aertset al. [10]. In contrast to previously mentioned
authors, this article takes into account other components of
electrolyte, especially oxalic acid, aluminium cations and their
interactions.

For the purposes of experiment, samples of alloy EN AW
1050 H24 were used. These samples were oxidized in
electrolytes ~ with  different ~ chemical = composition
(concentration of sulphuric acid in electrolyte ¢,;= 0.34 mol-I*
to 3.74 mol-I", concentration of oxalic acid in electrolyte c,=
1.65-10%mol-I*  to 2.28-10%mol-I"*, concentration of
aluminium cations in electrolyte ¢3=6.67-10° mol-I* to
6.23-10" mol-I") and with different operating conditions
during the process of anodic oxidation of aluminium
(electrolyte temperature T=-1.78 °C to 45.78 °C, oxidation
time t=6.21 min to 57.77 min, connected voltage U=5.24 V to
14.76 V). Composition of electrolyte and the individual
operating conditions were predetermined according to the
central composite design of experiment.

EXPERIMENTAL METHOD

I1l. EVALUATION OF EXPERIMENT

Determine the relationship between the chemical
composition of the electrolyte and the resulting AAO layer
thickness created during the oxidation process consisted of two
connected methods of experiment evaluation. Factors that have
a significant effect on the thickness of the formed AAO layer
and their interactions were identified in the first step. These
factors and their interactions were used in the second step in
order to create a prediction model by using methods of
artificial intelligence. Specifically, a modified type of cubic
neural unit, the 3" order HONU (Higher Ordered Neural Unit)
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based on adaptive
algorithm, was used.

The application of a coded scale for the evaluation of
experimental results prevents from distortion of the
experimental results by absolute sizes of the individual factors.
Table. 1. presents the conversion of input factors between
coded and natural scale.

optimization Levenberg—Marquardt

Table. I Influence of input factors

Coded scale X1 X2 X3 X4 X5 X6
Natural | H,SO, | C;H,O4 | HBOs | T U t
scale  |[mol-I™]| [mol-I"] | [mol-I"'] | [°C] | [V] |[min]

-2.37|  0.34/1.65-10%6.67-10°| -1.78| 5.24| 6.21

1| 1.33]7.77-10%1.85-10"| 12.00| 8.00| 20.00

T:\f;‘l’; 0| 2.04]/1.22.10%3.15.107| 22.00| 10.00| 30.00
1|  2.75/1.66-107|4.45.10""| 32.00| 12.00| 40.00

2.37|  3.74/2.28:10"(6.23-10™| 45.78| 14.76| 55.77

Table. 1l shows the influence (expressed in percentages) of
individual significant input factors and their interactions on the
resulting AAO layer thickness. There are presented only such
input factors and their combinations which have been
identified as significant based on statistical analysis. The level
of statistical significance was set at a=5 %.

Table. Il Influence of input factors

Factor Influence[%] Factor Influence [%)]
X1 8.55 X4'X5 1.65
Xo 0.18 X4-Xg 1.70
X3 3.00 X5'X5 1.94
X4 3.44 X5 Xg 0.59
Xs 4,56 Xg'Xg 3.02
X 9.52 X1-X1-Xq 5.86
X1°X1 5.79 X1:X1-Xo 0.20
X1-Xo 2.73 X1-X1-X3 1.96
X1'X3 0.84 X1-X1-Xa 3.86
X1-Xa 2.60 X1-X1Xs 1.12
X1'X5 0.02 X1-X1Xg 3.70
X1-Xg 2.38 X1-X2:X3 2.86
Xo'Xo 1.63 X1-X2'Xa 1.65
Xo'X3 2.14 X1-X2:Xs 0.55
Xo'Xa 0.82 X1-X2'Xg 1.96
Xo'X5 0.55 X1-X3:Xa 0.42
X2'Xg 0.15 X1-X3'Xs5 0.75
X3'X3 4.10 X1-X3'Xg 0.40
X3'Xa 0.73 X1:Xa'Xs 1.85
X3'X5 2.75 X1-X4Xg 1.12
X3'Xg 0.86 X1-X5Xg 2.00
X4'X4 3.50
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The influence of 83 combinations of factors and their
interactions has been investigated, but only 43 combinations of
factors and their interactions have significant influence on the
AAO layer thickness, as we can see in the Table. II. It means
that effect of 40 factor combinations we can eliminate and still
we can obtain sufficiently precise prediction model. It was
possible to create a prediction model determining the resulting
AAO layer thickness by usage 43 significant combinations of
factors and their interactions. These factors were considered as
inputs for neural unit. Also we can see that the influence of
factor x, in combinations is significant 23 times. It means that
factor x; has the most significant influence on the resulting
AAO layer thickness.

In the training process of neural units only 30 samples of
total 46 samples were used. Samples which were not used
during the training process of neural unit were used to verify
the accuracy of prediction model. Fig.1 shows training
process of neural unit and Fig. 2 shows the verification process
of prediction model. As can be seen in Fig. 1, measured and
calculated values are identical for almost every sample after
the training. After the training process, the value of adjusted
index of determination of the data variability was 98.75%. it
During the verification process of prediction model there
occurs a difference between measured and calculated values of
formed oxide layer, as it is shown in Fig. 2. It is possible to
set the tolerance range +2.00 mm-107. The value of adjusted
index of determination of the data variability was calculated
after the verification process, it was 72.53%.
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Fig. 1 Measured and calculated values for training processes
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Fig. 2 Measured and calculated values for verification processes
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IV. RESULTS AND DISCUSSION

Based on the developed prediction model, it was possible to
determine the influence of chemical composition of electrolyte
on the created oxide layer thickness. This influence is shown
in the next figures, from Fig. 3 to Fig. 8. For all plotted
relationships it was considered with the same values of factors
X4, X5 @ Xg, and their values were set to factor level “0“.

Fig. 3 shows the effect of factor x; (concentration of
sulphuric acid in the electrolyte) on the AAO layer thickness at
different levels of factor x, and with constant level of factor
X3="0". Fig. 4 shows the effect of factor x; (concentration of
sulphuric acid in electrolyte) on the AAO layer thickness at
different levels of factor x; with constant level of factor
Xp="0".
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Fig. 3Influence of factor x;on AAQ layer thickness, x;="0"
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Fig. 4Influence of factor x,on AAO layer thickness, x,="“0*

As it is shown in Fig. 3 and Fig. 4, with increasing level of
factor x, (from its observed minimum to its zero value) the
AAO layer thickness decreases for all shown levels of factor
X2. Subsequently increasing of factor x; has positive effect on
the AAO layer thickness. The thickness is growing faster at
lower levels of factor x, than at higher levels of factor x,. This
state is caused by the dissociated ions of used acids and
aggressiveness of environment (used electrolyte) in which the
sample resides during the oxidation. It is a state in which
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increasing levels of factors x; and x, from their observed
minimum to their zero values results in increasing of
aggressiveness of the environment and it is increasing more
rapidly than the number of dissociated ions in the electrolyte.
When the level of factor x; crosses the zero level, the amount
of dissociated ions in electrolyte begins to increase faster.
Thus the speed of AAQ layer build-up is higher as the speed in
which the layer dissolves back into the electrolyte.

Fig. 5 shows the effect of factor x, (concentration of oxalic
acid in electrolyte) on the AAO layer thickness with varying
levels of factor xz and constant level of factor x;="0“. Fig. 6
shows an influence of factor x, (concentration of oxalic acid in
electrolyte) on AAO layer thickness with varying levels of
factor x; and constant level of factor x;=“0*.
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Fig. 5 Influence of factor x, on AAQO layer thickness, x;="0"
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Fig. 6 Influence of factor x, on AAQO layer thickness, x;="0"

As shown in Fig.5 and Fig. 6, with increasing level of
factor X, the thickness of resulting AAO layer increases. This
is caused by the number of dissociated ions that are involved
in the formation of oxide layer (similarly to Fig. 3 and Fig. 4).
Oxalic acid does not increase the aggressiveness of
environment as significantly as does an increase in levels of
sulphuric acid. That is why the speed in which the created
oxide layer dissolves back into the electrolyte is significantly
higher than speed in which it builds up. Based on this, it is
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possible to create an AAO layer with greater thickness in
lesser amount of oxidation time without a risk of decrease in
quality.

Fig. 7 shows an influence of factor x; (concentration of
added aluminium cations) on the AAO layer thickness with
varying levels of factor x; and constant level of factor
X,="0".Fig. 8 shows an influence of factor x; (concentration of
added aluminium cations) on AAO layer thickness with
varying levels of factor x, and constant level of factor x;="0".
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Fig. 7 Influence of factor x; on AAO layer thickness, x,="“0*
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Fig. 8 Influence of factor x; on AAO layer thickness, x;="“0*

Similarly to the influence of concentration of sulphuric acid
(shown in Fig. 3 and Fig. 4) and oxalic acid (shown in Fig. 5
and Fig. 6) in the electrolyte, the concentration of added
aluminium cations (factor x3) also significantly influences the
thickness of AAO layer. With gradual increase in factor level
(from its observed minimum to its zero factor level)
significantly increases the thickness of AAO layer. Electrolyte
is trying to assume a state of equilibrium during an oxidation
of asample. In case there is an insufficient amount of
aluminium cations (x3<”0”), their number in electrolyte
increases when aluminium atoms on anode transmit their
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valence electrons and seize to create anode material. In case
AAO layer has already formed of the anode, aluminium
cations get into electrolyte by dissolution of bonds in
aluminium oxide molecules. This causes faster dissolution of
the formed AAO layer. Otherwise, when an amount of
aluminium cations is excess (X3>"0"), electrolyte tries to expel
them in a form of aluminium atoms on cathode. Aluminium
cations on anode receive free electrons and become cathode
material. This process blocks the creation of anions with
bound oxygen that is necessary for the creation of aluminium
oxide. This causes decrease in speed of oxide layer build-up
on cathode.

V. CONCLUSION

Based on calculated values of AAO layer thickness
by developed prediction model, it is possible to observe
how chemical composition of electrolyte influences
technological process of Prediction model created by a neural
unit shows relatively high reliability of prediction in case
without tolerances and 95.46 % prediction reliability with
prediction tolerance +2.00-10° mm. Such high prediction
reliability level gives many opportunities to optimize the
process of anodic aluminium oxidation in regards to time and
material used. More research should expand the prediction
model by adding larger spectrum of current densities and also,
more precisely define an influence of physical parameters on
resulting AAO layer thickness.
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