
Materials Science

11

 A. Karakurkchi, M. Sakhnenko, M. Ved’, 2018

1. Introduction

Alloying of silumins with additional components allows 
great expansion of the scope of their application. Al-Si alloys 
are successfully applied in various industries, specifically for 

manufacturing parts of a cylinder-piston group of internal 
combustion engines (ICE) [1, 2]. 

Additional techniques of surface modification are ef-
fectively used for improvement of mechanical properties of 
silumins. One of the approaches involves electrochemical 
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Досліджено вплив робочих параметрів плазмо-
во-електролітичного оксидування у дифосфатному 
кобальтвмісному електроліті на процес формуван-
ня оксидних покривів на сплаві АЛ25. Встановлено, 
що склад та морфологія поверхні одержаних шарів 
Al2O3.CoOx залежать від густини струму оброб-
ки та часу оксидування. Варіювання параметрів 
ПЕО дозволяє гнучко керувати процесом інкорпо-
рації каталітичного компоненту в матрицю окси-
ду основного металу. Обгрунтовано раціональний 
режим обробки поршневого силуміну для формуван-
ня збагачених кобальтом оксидних покривів
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treatment using the method of plasma electrolytic oxida-
tion (PEO) in alkaline electrolytes to form firmly adhesive 
oxide coatings of different thickness on the surface of the 
material [3, 4].

The peculiarities of electrochemical and thermo-chemi-
cal reactions realization during the treatment and varying 
the electrolyte composition make it possible to obtain a 
highly developed surface of alumina matrix, doped by elec-
trolyte components [5]. 

Among the advantages of PEO-treatment, it is necessary 
to note the non-toxicity of working solutions, simplicity of 
the used equipment and possibility of oxidizing of products 
with a complex geometry. 

The obtained oxide coatings give a surface high mechan-
ical [6], protective [7], catalytic [8] properties due to the 
introduction of transition and refractory components to the 
composition of surface layers.

At the same time, a PEO of Al-Si alloy is a rather com-
plicated technological process. Surface heterogeneity of such 
materials and, as a consequence, different conductivity of ox-
ides of alloy components requires correction of the used elec-
trolyte composition and technological oxidation process [9].

The study of processes of the surface plasma-electrolytic 
treatment of silumins with formation of oxide coatings is a 
relevant practical problem. Its solution will make it possible 
to expand the scope of application of alumosilicon alloys due 
to enhancement of their performance.

2. Literature review and problem statement

PEO is widely used for modification of the surface of 
silumins with different content of silicon. At the same time, 
a large number of alloying components inter- metallic com-
pounds and silicon in the alloy composition significantly 
affect the process of its electrochemical treatment. Oxida-
tion conditions, the type of the working electrolyte and the 
nature of doping components predetermine the features of 
the technological process of treatment and properties of the 
formed oxide coatings.

The author of paper [10] studied the process of PEO-treat-
ment of silumins with silicon content from 6 up to 21.5 % in 
alkaline pyrophosphate electrolytes. It was shown that 
inhibition of the oxide layer growth by silicon particles in 
the oxidizing process is observed. This leads to a decrease 
in thickness of the formed oxide coating, an increase in its 
porosity and a decrease in adhesion with the treated alloy. 
It was established that directed surface modification of silu-
mins is possible due to a change in oxidation time and ther-
mal pre-treatment of alloys to reduce the content of silicon 
in the surface layer.

Based on the results of research, authors of papers  
[11, 12] also found that silicon particles in the alloy compo-
sition and Si-containing phases inhibit aluminum oxidation 
and affect morphology and composition of obtained coat-
ings. Therefore, to obtain uniformed oxide layers, it is appro-
priate to conduct silumin oxidation in the micro-arc mode at 
treatment time of not less than 60 minutes. 

Al-Si alloys oxidation in alkali silicate electrolytes is 
most common. It is proved by the significant number of 
studies on formation of PEO-coatings on piston alloys in 
electrolytes of this type.

Authors of article [13] showed that when treated in alka-
line silica electrolyte, the surface of the coating was formed 

by craters of aluminum oxide with inclusion of knotty silicon 
structures, which is explained by its high content in the 
structure of the alloy. A clear correlation between the PEO 
stages, the time of samples treatment and the microstructure 
of obtained coatings was shown. The authors made a conclu-
sion about the necessity of forming coatings in the micro-arc 
mode in order to obtain the uniformed oxide layer. 

In papers [14, 15], oxide coatings on AK12D alloy were 
formed by PEO-treatment in alkali silicate electrolytes in 
the anode-cathode mode at current density of 2.5‒12 A/dm2. 
The cross-sections of the obtained coatings were studied. 
It was shown that the formed oxide layers consist mostly of 
aluminum oxide and demonstrate improved thermal and me-
chanical properties. Silicon content varies from 1 to 18 at. %. 
Other alloying components of the alloy in the composition of 
coatings were not detected.

Authors of [16] obtained the oxide coating consisting 
mostly of aluminum and silicon oxides by silumin oxidation 
in the silicate electrolyte at current density of 20 A/dm2. It 
was noted that morphology of the surface layer depends on 
duration of sample treatment. When oxidation time increas-
es, porosity of coatings decreases and the degree of surface 
development increases due to the growth of surface remelts 
of the basic metal and electrolyte components. 

In paper [17], PEO-treatment of silumin was conducted 
in the complex silicate electrolyte at fixed current density of 
10 A/dm2. Oxidizing time was changed from 1 up to 15 min.  
The authors found that there are sections of different mor-
phology on the surface of the formed oxide layer, which is 
explained by the structural characteristics of aluminum 
alloy. At the same time, morphology of the surface layer and 
chemical composition of the coating change at an increase in 
oxidation time.

Thus, the above analysis of experimental studies indi-
cates the possibility of PEO-treatment of silumins in silicate 
electrolytes. In this case, existence of silicon in the composi-
tion of working solutions leads to the fact that its content in 
the formed oxide layers of high enough. By the results of the 
research into the properties of these systems [15, 18], it was 
found that such coatings have enhanced thermo-mechanical 
characteristics.

With a view to effective silicon removal from the sur-
face layer and giving the treated surface a wider spectrum 
of functional characteristics, it is appropriate to use com-
plex electrolytes with addition salts of metal-dopants. The 
obtained metal-oxide systems can be used effectively in 
environmental catalysis [19]. Transition metals are optimal 
dopants for using in catalytic reactions.

Authors of paper [20] present results of obtaining coat-
ings, doped by manganese and zinc in the diphosphate 
electrolyte. The treatment is carried out within 10 minutes 
in the galvanostatic mode, current density of oxidation is  
0.05 A/сm2. The results of the phase analysis proved in-
corporation of oxidized forms of metals in the formed oxide 
layer. Impurity content in coatings is negligible. 

The author of the article [21] gives results of the stud-
ies on obtaining oxide coatings, doped with manganese. 
Treatment of aluminum alloy AMcM was carried out in 
polyphosphate electrolyte at current density of 5 A/dm2, du-
ration of treatment ranged from 1.5 to 16 minutes. In these 
circumstances, coatings with the content of a dopant up to 
20 % by weight were obtained. Enrichment of the surface 
layer with manganese is observed at an increase in time of 
PEO-treatment.
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In article [22], alkaline permanganate electrolyte was 
used for PEO of AL25 alloy, silumin was treated in the step-
wise mode at varying current density within 5– 25 А/dm2. 
Sparking voltage for the studied solutions was 80–150 V, fi-
nal formation voltage was 180–240 V. As a result of research, 
it was found that treatment at a higher current density is 
more preferable. This allows obtaining oxide coatings of 
more thickness with manganese content of up to 36 at. %. 
At the same time, the content of Si in the surface oxide layer 
varies widely from 0.4 up to 13.4 at. %.

In article [23], PEO of aluminum alloy was conducted 
in complex electrolytes based on sodium tetraborate with 
the addition of Trilon B. Oxidation was carried out in the 
anodic-cathodic mode at current density of 100 mA/cm2. 
Maximum formation voltage was 350 V. It was found that 
obtained oxide coatings contain cobalt up to 4.13 at. %, and 
are characterized by significant porosity. Si content in the 
surface layer reaches 10 at. %. The author made conclusion 
about a quite uniformed distribution of a dopant on the sur-
face of the obtained coating. 

In paper [24], authors pre-
sented the results of obtaining 
cobalt-containing coatings on 
valve metals in borate-phosphate 
electrolyte with addition of co-
balt acetate. It was shown that it 
is possible to obtain oxide coat-
ings, enriched with cobalt, by 
oxidation within 20 minutes at 
current density of 0.08 A/сm2.

Authors of papers [25, 26] conducted PEO-treatment 
in silicon-acetate electrolyte at current density of 10 and  
20 A/dm2, oxidation time was 10 min. It was shown that 
higher formation voltage, and as a result, higher cobalt 
content is observed at PEO current density i=20 A/dm2. 
Morphology of the surface is heterogeneous with lots of pro-
jections of irregular shape. Cobalt content in coatings does 
not exceed 10 at. %. 

Obtained results suggest quite a complex mechanism of 
reactions in working solutions during oxidizing of valve met-
als. Complexity of silumins composition and large amount of 
silicon in the surface layers complicate the processes of dop-
ant incorporation in the formed oxide coating. It is preferable 
to use complex electrolytes based on diphosphates.

 Electrolyte composition, voltage indicators, current 
density and oxidation time are important technological pa-
rameters for the PEO process [5]. By changing these charac-
teristics, it is possible to make flexible control of the process 
of the surface electrochemical treatment and formation of an 
oxide layer. In doing so, the authors did not sufficiently show 
the data on characteristics of the process. Working current 
densities and treatment time are usually chosen empirically. 
This complicates verification of the obtained data.

3. The aim and objectives of the study

The aim of present study is to examine the influence of 
current density and oxidation time on the composition and 
morphology of cobalt-containing oxide coatings on AL25 
alloy obtained in diphosphate electrolyte. This will allow 
selecting optimum parameters of the process of piston alloy 
treatment to form functional materials with varied content 
of a catalytic active component.

To accomplish the aim, the following tasks have been set:
– to explore the change in oxidation voltage and the 

time of entering the sparking mode at PEO of AL25 alloy  
(GOST 1583) in diphosphate cobalt containing electrolyte 
at varying current density; 

– to examine dependence of surface morphology and 
composition of oxide coatings on current density and for-
mation time; 

– to substantiate the mode of obtaining oxide PEO- 
coatings with high cobalt content and specified surface 
morphology.

4. Procedure for obtaining Al2O3·CoOx coatings; study of 
their composition and morphology 

4. 1. Method of obtaining
Cobalt-containing oxide coatings were formed on the 

samples from piston silumin AL25. Chemical composition of 
Al25 alloy is given in Table 1.

Electrolyte of the following composition, mol/dm3: 
0.4 K4P2O7, 0.1 CoSO4; рН 9.5 was used for PEO. Certified 
reagents of chemically pure grade and distilled water were 
used for the preparation of working solutions. 

PEO was conducted in the galvanostatic mode. The 
laboratory setup was used to form coatings. It included 
the industrial stabilized power source B5-50 (Ukraine), an 
electrolytic cell with forced cooling and stirring, an amme-
ter and a voltmeter. The temperature of the electrolyte was 
maintained within 20−25 °C.

Oxidation current density varied in the range of 1– 
10 A/dm2. The time of coatings formation was 2–60 min-
utes. PEO stages were controlled visually and recorded 
according to the readings of the devices. 

The surface of samples for coatings application was pre-
pared by grinding with subsequent degreasing, washed with 
water, and dried at a temperature of 30 °C.

4. 2. Methods for studying Al2O3·CoOx coatings
Morphology of the formed oxide coatings surface was 

studied using the scanning electron microscope ZEISS EVO 
40XVP (Germany). Topography of the coatings surface 
was studied through the atomic-power microscope NT-206 
using the probe CSC-37. Chemical composition of the oxide 
coatings was determined on energy-dispersion spectrometer 
Oxford INCA Energy 350 (Great Britain) with the integrat-
ed program environment SmartSEM.

5. Results of formation of Al2O3·CoOx coatings on  
AL25 alloy

Surface modification of valve metals can be efficiently 
carried out using diphosphates-based electrolytes [27, 28]. 

As noted in the study [9], chronograms of formation volt-
age of oxide coatings on highly silicon alloy in cobalt-con-

Тable 1

Chemical composition of AL25 alloy (GOST 1583), %

Al Si Mn Mg Ni Fe Cr Ti Cu Pb Zn Sn
Impu-
rities

79.5–85.55 11–13 0.3–0.6 0.8–1.3 0.8–1.3
up to 

0.8
up to 

0.2
0.05–0.2 1.5–3.0

up to 
0.1

up to 
0.5

up to 
0.02

total 
1.3
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taining diphosphate electrolytes of different concentrations 
have a classic form. This was also proved for the process of 
obtaining Al2O3·CoOx coatings on AL25 alloy at different 
current densities (Fig. 1).

Fig. 1. Chronograms of formation voltage at oxidation of 
AL25 alloy in diphosphate electrolytes at different current 

densities, А/dm2: 1 – 3; 2 – 5; 3 – 10

In the pre-spark area, the process is characterized by for-
mation of a barrier layer of aluminum oxide. That is why the 
sections of dependences U–t are linear in character. Angle of 
slope of formation chronogram in the initial section reflects 
oxidation rate, which increases at an increase in current 
density from 3 to 10 A/dm2. It should be noted that chro-
nograms at i=3–5 A/dm2 are characterized by existence of a 
kink in the pre-sparking area in the time interval of 1–2 min, 
and in this case, a kink is more pronounced at lower current 
density (Fig. 1, dependence 1). 

Time of entering the sparking mode decreases from 6 to  
1 min at an increase in current density i at the studied in-
terval. Sparking voltage in all cases is 120–125 V. Sparking 
intensity in the oxidation process is quite high.

The final formation voltage depends on initial current 
density of PEO. For i 3–5 А/dm2 Ui is 160–170 V and enables 
conducting the process of PEO-treatment within 15 min 
or longer. At the initial current density of 10 A/dm2, this 
indicator does not exceed 160 V. The oxidation process rap-
idly goes through all stages and from the 4th minute enters 
the arc mode. In this case, PEO of the alloy after 8 min is 
impractical; the formed coating is destroyed under the influ-
ence of arc discharges.

The influence of current density is sufficiently evident in 
the change of surface morphology of resulting oxide coatings 
(Fig. 2).

In the PEO process, cobalt incorporation into the 
composition of oxide layers occurs in the form of drop-
shaped and spherical inclusions of blue-purple color. 
With an increase in oxidation current density from 3 to  
5 A/dm2, their number increases, they form mosaic struc-
tures and evenly cover the entire surface of the sample. 
The resulting ceramic-like coating has high adhesion to 
the substrate. Oxidation of samples at i of 10 А/dm2 leads 
to cobalt incorporation in the form of voluminous islet 
structures. Given a quite rapid transition of PEO into the 
arc mode, there is a tendency to these inclusions peeling 
off from the basis. 

As a result of PEO of piston silumin, aluminum oxide 
matrix with incorporated remelts of the components of elec-
trolyte and the alloy itself is formed (Fig. 3).

а                                                 b 

c 

Fig. 2. Surface morphology of Al2O3·CoOx coatings, obtained 
at different current densities, А/dm2: а – 3; b – 5; c – 10. 

Magnification ×500

Fig. 3. Composition of Al2O3·CoOx coatings (Fig. 2), formed 
at different current densities, А/dm2: 1 – 3; 2 – 5; 3 – 10

An increase in oxidizing current density was found to 
contribute to a decrease in silicon content in the surface 
layers of formed oxide coatings by 3–5 times compared to 
the treated alloy [29]. w(Si) does not exceed 4 at. % for the 
treated samples. In this case, the content of aluminum and 
oxygen in coatings at varying of i changes in the range of 
only 2–3 at. %. 

 Content of catalytically active component is an important 
characteristic for catalytic properties of PEO-based systems 
[30]. The coating with the highest cobalt content was ob-
tained at current density of 5 A/dm2. It also contains the least 
amount of silicon – 2.1 at. %. Minimal inclusion of cobalt is 
ensured in the oxidation process at i=10 A/dm2. Variation in 
time of treatment of piston silumin AL25 also makes it possi-
ble to obtain oxide coatings of different morphology (Fig. 4).

The surface of coatings changes from unevenly rough 
(Fig. 4, a) to uniformed mosaic (Fig. 4, b) and further to 
globular-mosaic (Fig. 4, c) at an increase in oxidation time 
from 10 to 40 min. Oxidation within 60 min or more leads 
to “overgrowing” of the voluminous structure and its visual 
alignment (Fig. 4, d).
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Surface of obtained Al2O3·CoOx coatings (Fig. 4) is 
characterized by existence of areas of different topogra-
phy. For SAM, the shown area 1 is positioned as a projec-
tion of the coating (globule for a voluminous structure). 
Area 2 is determined as a plateau and corresponds to 
the matrix of aluminum oxide. These areas (Fig. 4, a–d) 
are selected for comparative analysis of the formed oxide 
coatings.

The results of the study (Fig. 5) indicate that in all cas-
es projections (globules) of the coatings are enriched with 
cobalt and contain less silicon than the plateau. Depending 
on treatment time, Co content varies in the range of 0.1 to 

23.3 at. %, Si content varies from 1.7 to 11.6 at. %. Alu-
minum concentration on the plateau is higher than on the 
globules. Oxygen content in the surface layer in all areas of 
coatings reflects the fact of formation of non-stoichiometric 
cobalt oxides.

The study of morphology and chemical composition 
of the surface layers makes it possible to conclude that 
PEO-treatment of AL25 alloy in diphosphate electrolyte 
with addition of cobalt sulfate leads to formation of a suffi-
ciently developed voluminous structure. This statement is 
proved by the results of studies of surface topography of the 
formed oxide layers by the contact method (Fig. 6).

а                                                                                                   b 
 
 
 
 
 
 
 
 
 
 
 

c                                                                                                   d 
 

Fig. 5. Chemical composition of areas 1 and 2 (Fig. 4) of Al2O3·CoOx coatings on АL25 at different oxidation time, 
min: а – 10; b – 20; c – 40; d – 60

 

 

 

 

а                                                                                                       b 

c                                                                                                       d 

Fig. 4. Morphology of surface of Al2O3·CoOx coating on АL25, obtained in 
 diphosphate electrolyte at different oxidation time, min:  

а – 10; b – 20; c – 40; d – 60. Magnification ×500 and 1,000
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The obtained results of the impact of current density 
and oxidation time make it possible to determine the ways 
of controlling composition and morphology of the surface 
of oxide layers at PEO-treatment of piston alloy AL25 in 
cobalt-containing diphosphate electrolyte.

6. Discussion of the influence of oxidation parameters on 
composition and morphology of Al2O3·CoOx coatings on 

AL25 

Chemical composition of piston silumin AL25 is char-
acterized by a large number of alloying components and 
non-homogeneity of their distribution on the surface. There-
fore, it is advisable to use alkaline diphosphate electrolyte 
with addition of salt of the metal-dopant for the surface 
treatment. 

Homogenization of the surface of the treated alloy and 
formation of uniformed oxide coatings, doped with addition-
al components is achieved by selection of optimal PEO mode 
and oxidation time [9].

The oxidation of AL25 alloy at current density of  
3 A/dm2 occurs at a low rate. Existence of a kink on the 
formation dependence (Fig. 1, a) indicates the competition 
of processes of Al2O3 formation and dissolution of alloying 
components the alloy. Under specified conditions in general, 
prerequisites for cobalt incorporation in the composition of 
the formed oxide coating are created, however, average con-
centration of cobalt is low and is a little higher that 2 at. %. 
Due to low formation rate, quite a lot of silicon (up to 4 at. %) 
remains on the surface (Fig. 3). For the same reason, a large 
number of pores remain on the surface in the discharges 
glow areas (Fig. 2, a), although separate areas, consisting of 
remelts of electrolyte components are formed [31].

An increase in current density 
of PEO up to 5 A/dm2 contributes 
to intensification of the oxidation 
process and stabilization of the 
glow of microarc discharges. The 
kink on the dependence is not pro-
nounced as much, which indicates 
faster dissolution of silicon from 
surface layers and homogenization 
of their composition. Formation of 
oxides of aluminum and cobalt with 
high specific resistance makes it pos-
sible to carry out the PEO process 
for a sufficiently long time interval 
and to obtain oxide layers, enriched 
with the doping component. This is 
proved by the results of the study of 
morphology (Fig. 2, b) and chemi-
cal composition of the surface layer 
(Fig. 3, b). Volumetric mosaic struc-
tures cover the treated surface and 
contain up to 5 at.% of cobalt; and 
silicon concentration is not more 
than 2 at. %.

PEO at initial current density 
of 10 A/dm2 leads to a rapid for-
mation of a barrier layer of Al2O3 
by the end of min 1 of treatment. 
However, the oxidation process is 
unstable and rather quickly enters 

the arc mode. Formation voltage after minute 4 of PEO 
drops to the level of 145–150 V. Large arc discharges, 
destroying the formed oxide layer, are visualized on the 
sample’s surface. In this case, it is not possible to obtain 
the coating of the sufficient quality. Morphology of the 
surface layer (Fig. 2, b) is characterized by existence of 
islet structures with a considerable content of dopant. At 
the same time, average by the surface cobalt content is 
negligible and does not exceed 1.5 at. % (Fig. 3, c).

Thus, the rational parameters for obtaining coatings 
with high cobalt content and low concentration of impuri-
ties (Si) is to enter the sparking mode within 4–5 minutes 
and voltage of the micro-arc mode of up to 160–170 V. The 
optimal combination of the technological parameters of 
treatment and characteristic properties of the formed coat-
ing is achieved at PEO within the range of current densities 
of 3–5 A/dm2 [32]. 

The dynamics of morphology of surface layers and the 
content of major components in them can be traced at 
varying the oxidation time within the specified interval of 
current densities.

At an increase in treatment time from 10 to 20 minutes, 
the surface morphology of the samples changes from the 
structure with islet incorporation of cobalt that is char-
acteristic of barrier aluminum oxide (Fig. 4, a), to highly 
developed mosaic structure (Fig. 4, b). This is explained by 
an increase in thickness of the oxide layer and an increase in 
content of the dopant, occurring in the sparking mode. Ox-
idizing within 40 min leads to consolidation of ceramic-like 
remelts and formation of the structure of voluminous spher-
oids (Fig. 4, c). At a further increase in treatment time up 
to 60 minutes, the coating surface becomes more uniformed 
(Fig. 4, d) due to defects “healing” and inclusion of remelts of 
electrolyte components, specifically, phosphates [33].

 
 

а                                                               b 
 
 
 
 
 
 
 
 
 
 

c                                                                d 
 

Fig. 6. Topography of the surface of Al2O3·CoOx coating on АL25, formed at current 
density of 5 А/dm2 within, min: а, c– 10, b, d – 20, а, b – 2D-map, c, d – 3D-map. 

Scan area 20×20 μm
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Analysis of the chemical composition of the obtained ox-
ide structures in the areas of different topography indicates 
enrichment of the surface layer with cobalt at an increase in 
PEO time. At that, in all cases, its concentration on projec-
tions of the coating is 2–3 times higher in comparison with 
the content on the basic surface. The lowest cobalt content 
in the coating (up to 0.6 at. %) was obtained at oxidation 
of samples within 10 minutes (Fig. 5, a). The highest con-
centration of the dopant (up to 23 at. %) is observed in ce-
ramic-like globules of the coating (Fig. 5, c) at PEO within  
40 minutes. In other cases, cobalt content on the projec-
tions is 15–20 at. % and on the plateau of the coating, it is  
2–2.5 at. % (Fig. 5, b, d). This distribution of the dopant on 
the surface is explained by peculiarities of the PEO, in which 
cobalt transport to projections of the sample surface is facil-
itated, while its transport to pores is complicated. Bearing 
in mind the possibility of thermolysis of water and release 
of oxygen on the anode, one may assume that released gases 
carry the dopant salts out of pores [34].

The inverse dependence is observed for silicon content 
in surface layers: its concentration decreases at an increase 
in treatment time. The most effective Si removal from the 
surface layer is achieved when PEO lasts more than 20 min 
(Fig. 5, a–d), which is explained by chemical instability of 
silicon oxides in the alkaline medium. 

The obtained results are in full accordance with the 
kinetic patterns and allow us to determine the rational time 
of PEO for obtaining oxide coatings of the specified compo-
sition and morphology.

A high degree of surface development of obtained 
Al2O3·CoOx coatings is proved by the results of atom-
ic-power microscopy (Fig. 6). The oxide coating, obtained 
within 10 minutes, consists of a number of conglomerates 
of spherical structures with an average size of 1.5–2 μm  
(Fig. 6, a, c). An increase in oxidation time up to 20 minutes 
leads to formation of a voluminous mosaic structure. Taking 
into consideration the resolution capability of the probe, it is 
possible to scan effectively its most projected part (Fig. 6, b) 
[35]. The studied ceramic-like structure is a conglomerate 
and consists of a number of small spherical components, 
forming a smooth globular surface (Fig. 6, d). Indicators of 
roughness of obtained coatings Ra and Rq are in the range of 
0.4–0.5 µm in the studied scan area.

The obtained results indicate that effective PEO-treat-
ment of piston silumin AL25 for obtaining Al2O3·CoOx 
coatings with a high content of cobalt and developed surface 

is implemented at current density of 3–5 A/dm2 within 
20–40 min. Cobalt-containing oxide coatings can be used 
as catalytically active materials in the air and water purifi-
cation systems [36]. 

These technological parameters are applicable for 
PEO-treatment of aluminum alloys with Si content of 
11–13 at. %. A failure to comply with the recommended 
parameters in the oxidation process and the use of reagents 
of low quality may be one of the causes of poor-quality 
treatment of the alloy surface and a decrease in content of 
catalytically active components of in the composition of 
oxide coatings.

The prospects of further research are related to adap-
tation of the proposed technology for surface treatment of 
other structural materials and expansion of the spectrum of 
the used dopants. This will make it possible to increase ef-
ficiency of the method of surface electrochemical treatment 
and expand the scope of using mixed oxide systems. 

A promising direction of the use of research results is 
application of the obtained functional materials in intracyl-
inder catalysis of internal combustion engines for reduction 
of gas emissions toxicity [37].

7. Conclusions

1. The regularities of change in the parameters of plas-
ma- electrolytic oxidation of AL25 alloy in diphosphate 
cobalt-containing electrolyte were studied. It was found 
that an increase in current density of the treatment within 
the interval of 3–10 A/dm2 leads to a decrease in the time 
of entering the sparking mode from 6 to 1 min, operating 
formation voltage is 160–170 V.

2. It was established that a change of the working cur-
rent density and the time of PEO enables us to control the 
process of cobalt incorporation in matrix of basic metal 
oxide. It was shown that an increase in oxidation time up to  
20–40 min contributes to enrichment of surface oxide layers 
with cobalt up to 23.6 at. %. Inclusion of cobalt in compo-
sition of surface oxide layers leads to a change of surface 
morphology and topography.

3. It is advisable to conduct formation of PEO-coatings 
on AL25 with the developed surface at cobalt content of 
up to 23 at. % at minimizing silicon content at the level 3  
of at. % in the range of current densities of 3–5 A/dm2 with-
in 20–40 minutes.
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