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PaccMoTpenbl 0cobbie TpeGOBaHUs, KOTOPbIE TPEXbABISIOTCS
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RESEARCH OF THE PECULIARITIES
OF PLASMA-ELECTROLYTIC TREATMENT
OF AK12M2MGN PISTON ALLOY WITH

FORMATION OF CERAMIC-LIKE COATINGS

Jlocnidacerno ocobausocmi niasmoso-eiexmporimuunoi o6pooxu (IIEO) nopwunesozo cuiyminy
AK12M2MzH y ayscnux erekmponimax 3 Qpopmysanisim 00n08aHux Mamzanom ma Kooaivmom xepa-
Mikonodibnux nokpusis. [loxaszano, wo mopdonozis ma ckiad OKCUOHUX NOKPUBIE 3alexcamyb 610 muny
BUKOPUCMOBYBANH020 elekmporimy. Busnaueno mexnonoziuni napamempu ITEO-06pobxu nopumnesozo
CUTYMINY Ot POPMYBANHHSL PIBHOMIPHUX NOKPUBLIE 13 BUCOKUM 8MIicMoM donanmis. 3anpononosani
CUCTNEMU MONCY M SHALIMU 3ACMOCYBANHS 8 MEXHOL0ZIAX GHYMPIUHBOUULTHOPOBOZ0 KAMALI3Y 3 MEMOI0
SHUNCEHHS MOKCUUHOCI 2A308UX BUKUOIE 08U2YHI6 MaA NIOBULEHHS iX NATUBHOT eKOHOMIUHOCT.

Kmouogi cnosa: nopwnesuii cnias AK12M2MzH, niasmogo-erexkmponimuune okcudysanis, nopuL-

HeBULl CULYMIH, KepaMiKonodionull nokpus.

1. Introduction

The internal combustion engine (ICE) piston is one
of the most important details of a modern car that ope-
rates under severe conditions with significant thermal and
mechanical loads. Therefore, the following requirements are

put forward to piston alloys’ properties: lightness, strength,
low friction coefficient, high thermal conductivity, wear
and corrosion resistance, economic accessibility and simp-
licity of technological treatment [1].

Alloys of aluminum with silicon (silumines) fully meet
these requirements. The high content of silicon gives
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improved casting properties silumin, it allows increasing
fatigue strength and reducing the coefficient of linear ex-
pansion. Also various alloying components are introduced
in the composition of silumin, to provide higher corrosion
resistance, mechanical strength and wear resistance.

At the same time, piston Al-Si alloys produced in the
EU countries and USA have much better performance
characteristics. This is due to the narrowing of the varia-
tion intervals of the main components of the alloy, a lower
content of undesirable impurities and the use of expensive
modifiers (vanadium, zirconium, phosphorus) [2]. However,
the production of such materials is highly technological and
more valuable, which increases the cost of the final product.

A more rational approach to improving performance is
the modification of the working surface of parts of the ICE
piston group by applying coatings of various functional
purposes. Their formation is carried out by electrochemical
treatment of parts with deposition of galvanic coating [3],
laser doping (surfacing) [4], deposition from the gas phase [5],
and plasma and plasma-arc spraying [6].

However, these technologies are not widely distributed
due to significant cost of sales and technological complexity.
Therefore, it is important to find economically and techno-
logically accessible ways of surface modification of internal
combustion engine parts made of silumin to improve their
operational properties [7].

One of the approaches is ceramic like coatings forma-
tion on the surface of the details by plasma electrolytic
oxidizing (PEO) method [8].

The method is oxidizing the surface in aqueous electro-
lytes solutions at high voltage under the action of short-lived
electric discharges. In such high-energy modes, a highly
developed oxide matrix metal substrate with incorporated
cations or the remelting electrolyte components forms due
to the realization of electrochemical and thermochemical
reactions [9, 10]. Advantages of this method of surface
modification is the simplicity of the process equipment,
the nontoxicity of working solutions, the lack of a pre-
liminary preparation of the part, the possibility of efficient
treatment of complex-shaped and large-sized products.

The listed factors characterize the process of PEO
treatment as economic, ecological and resource-saving.
The change in oxidation conditions and the composition
of working solutions makes it possible to form coatings
of a given composition and properties.

2. The ohject of research
and its technological audit

The object of research is the processes of treatment of
the AK12M2MgN piston alloy treatment by the method
of plasma electrolytic oxidation with the formation of ce-
ramic like coatings.

One of the most problematic areas of this study is the
effect of the chemical composition of the Al-Si alloy on
the treatment and formation of ceramic like coatings. This
is due to the peculiarities of the silumin microstructure
including a significant number of alloying components
and intermetallic compounds, which differ in the chemical
properties and electrical conductivity of the oxides. At the
same time, eutectics and primary precipitates of silicon
in the alloy structure cause considerable embrittlement
of the material [11].

To establish the regularities of the influence of silicon
content in aluminum alloys on the process of PEO piston
alloys treatment, a technological audit was carried out to
study the processes of PEO treatment and the formation
of ceramic-like coatings on piston silumin.

As a result of the audit, it is established that elec-
trochemical technologies are widely used to modify the
silumin surface by forming coatings of different compo-
sition and purpose [12, 13]. PEO of such materials has
certain characteristics in comparison with the oxidation
of other aluminum alloys.

PEO piston silumins expediently carry out in alkaline
complex electrolytes. This is for homogenization of the
surface during treatment and to ensure high adhesion of
the oxide coating to the substrate. Electrolytes of this
type are characterized by high stability and convenience
of adjustment during operation. At the same time, oxida-
tion in such solutions allows the formation of ceramic like
oxide coatings doped with various components [14, 15].
Electrolyte suspensions based on a homogeneous solution
with additives of powders of various nature and disper-
sion degree can also be used [16, 17]. In this case, the
coating formation occurs due to the mechanical capture
of particles from the working solution in addition to elec-
trochemical and thermochemical transformations. However,
such electrolytes are less stable.

In the composition of surface oxide layers, compounds of
transition, noble, rare and dispersed metals, some nonmetals,
can be incorporated. The dopants’ nature will influence the
physical and mechanical properties of the formed ceramic-like
coatings [12, 18]. The introduction of catalytic components
into the composition of the oxide coating of the piston
group of internal combustion engines allows realizing the
process of fuel catalytic combustion with increasing fuel
efficiency and reducing toxic gas emissions [19, 20].

For plasma-electrolytic treatment of alloy model samples,
a unit (Fig. 1) was used. The laboratory system includes
a current source, an electrolytic cell with cooling and
stirring of electrolyte, working electrodes and devices for
monitoring process operating parameters.

+ -

Electric
current
source
S 4
Cooling 7 v [Control system of
systfm process operating
\ h parameter
™
Electrolyte |
Anode
(AK12M2MgN) Cathode

Fig. 1. Schematic representation of a laboratory unit
for plasma-electrolytic treatment of model samples
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Modified unit with the same components (Fig. 2) with
increased power to ensure the implementation of techno-
logical process parameter was used for the PEO of ICE
piston.

Mixing and
cooling systems

Control
system

2 Electrolyticcell

ICE piston

Fig. 2. Laboratory unit for plasma-electrolytic treatment
of the piston of an internal combustion engine

Samples of silumin AK12M2MgN and piston KamAZ 740
were used for the studies. The chemical composition of
the piston alloy is given in Table 1.

Table 1
The chemical composition of the alloy AK12M2MgN (GOST 1583), %

Al 5i Mn Mg Ni Fe Cr
79.5-85.55| 11-13 | 0.3-0.6 | 0.8-1.3 | 0.8-1.3
Ti Cu Pb Zn Sn
0.05-0.2 1.5-3.0 up to 0.02

upto 0.8 | up to 0.2

Impurities

total 1.3

upto 0.1 | upto 0.5

PEO was carried out in the working electrolytes shown
in Table 2. Working solutions for research were prepared
using certified «chemically pure» reagents and distilled
water. The use of alkaline solutions with a content of
transition metal salts makes it possible to efficiently conduct
PEO treatment of valve metals and form oxide coatings
with a significant content of dopant [10, 18].

Table 2

The composition of electrolytes for plasma-electrolytic treatment
of a piston alloy

No. ) Concentration Electrolyte
Doping Electrolyte
of electro- component | composition of components, | temperature,
Iyte 3 3 mal/dm® °f
CoS04 0.1
1 Co
K4P207 0.4
20...25
EMn0O, 0.005
2 Mn
KOH 0.05

Oxidation was performed in galvanostatic mode using a
stabilized DC source 55-50 (Ukraine). The treatment volt-
age was 160-240 V, the current density was 3..25 A/dm?.
Oxidation time was 30 minutes. Selected technological
parameters are optimal for the formation of doped cobalt
and manganese ceramic like coatings [21, 22].

Surface preparation of the samples included machining,
degreasing and washing with water.

3. The aim and ohjectives of research

The aim of research is improvement of the treatment
of piston made of silumin AK12M2MgN by the method
of plasma electrolytic oxidizing producing doped cobalt
and manganese ceramic like coatings.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To determine the technological features of plasma-
electrolytic treatment of piston silumin AK12M2MgN in
alkaline electrolytes of various composition.

2. To investigate the effect of doping metals on the
morphology of the surface and the composition of the
formed oxide layers.

3. To develop the technology of PEO treatment of the
internal combustion engine piston producing the ceramic
like coating of the combustion chamber.

4. To investigate the catalytic activity of the obtained
coating during the piston bench tests.

4. Research of existing solutions
of the prohlem

Investigation of the processes of directional modifica-
tion of the surface of high-siliceous silumines due to the
formation of oxide PEO coatings is a promising practi-
cal task. The silicon content affects the the PEO stages
progress [22]. Oxidation conditions, the type of working
electrolyte, and the nature of the doping components
determine the composition and properties of the formed
ceramic like systems [10].

In [23], PEO samples of an Al-Si alloy with a silicon
content of 27-32 wt. % is performed in alkaline silicate
electrolyte. The authors found that in the process of
oxidation in the spark and micro-arc regions, the glow
of discharges occurs predominantly at the boundaries of
Si inclusions. As a result, the formation of a coating over
the sample surface is inhibited; the formed oxide layer is
uneven. The morphology of the formed surface is cha-
racterized by the presence of large dendrites of silicon
oxide. To obtain uniform oxide coatings, the treatment
time of the alloy samples should be at least 60 minutes.

Similar patterns were revealed by the authors of [24]
when studying the PEO process of a cast Al-Si piston
alloy with a silicon content of 12 wt. %. To optimize PEO
treatment, researchers used a silicate electrolyte with sodium
phosphate additives. It has been established that silicon
particles in the composition of the alloy and eutectic Si
phases inhibit the oxidation of aluminum and affect the
composition and morphology of the resulting coatings.

It is noted in [25] that the silicate content in the
working electrolyte affects the duration of the PEO treat-
ment of high-silica alloys of aluminum, the composition
and thickness of the formed oxide coatings. This makes
it possible to control the technological process of plasma-
electrolytic treatment of silumin by varying the concentra-
tion of the components of the working solution.

Formed in silicate electrolytes PEO coatings for silumin
have increased microhardness and corrosion resistance in
comparison with the untreated surface [26, 27]. However,
through a significant content of silicon in the surface layers,
these parameters are not optimal.

To expand the spectrum of functional properties, in
particular PEO coatings on silumin, it is advisable to use
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complex electrolytes and introduce additional components
into the coating composition. In particular, the incorpora-
tion of transition metal oxides exerts an oxidized surface
of aluminum alloys with catalytic activity [19, 21].

The author of [28] used aluminum silicate electrolytes
with additions of sodium tetraborate, trilon B, acetic acid
and transition metal acetates to obtain oxide coatings
on aluminum alloy A1050. The coatings were formed by
alternating current at an average density of 100 mA/cm?.
Under these conditions, uniform oxide layers obtained with
a dopant content of 1.11-5.43 at. %. At the same time, the
coatings contain 8.46—13.5 at % of Si and 8.06—32.62 at %
of carbon, which is explained by the thermolysis of the
electrolyte components with PEO.

In [29] doped with magnesium, manganese and zinc
oxide coatings for the alloy AD1 were formed from poly-
phosphate electrolytes. It is established that the content
of the admissible elements in the coating is proportional
to the ratio of the concentrations of polyphosphates and
the metal salt in the solution. The phase composition of
the obtained oxide layers varies with the time of the
PEO and the component composition of the working
solution.

Polyphosphate electrolytes were also used to produce
oxide coatings on an aluminum alloy AMnM with a high
content of dopant [30]. It is shown that the formation
of polyphosphate complexes with doping metals promotes
their uniform incorporation into oxide films.

Thus, from the point of view of the effectiveness of the
surface modification of silumin, it is advisable to use for
their treatment electrolytes based on complex compounds,
in particular polyphosphates. In the oxidation process,
this allows homogenizing the composition of alloy surface
layer, reducing the content of alloying components and
creating conditions for the formation of a uniform oxide
coating and the dopants incorporation.

Oxidation of samples of piston alloys allows developing
the technology of surface PEO treatment of the engine
piston group as a whole. Most researchers use silicate
electrolytes. In these solutions, oxide coatings with in-
creased heat-shielding properties are formed.

The authors of [31] presented the results of studies on
PEO technology usage to strengthen the working surfaces
of the engine cylinder assembly. The technological pos-
sibility of realizing PEO for large-sized silumin moldings
producing a high-quality oxide layer is shown.

The paper [32] is devoted to the study of the feasibility
and prospects of using PEO technology for repairing and
restoring the geometry of the working surfaces of engine
parts from silumin with a silicon content of 4-15 %.

In work [33], the process of PEO treatment of a regu-
lar piston engine AII/-800 made from the alloy AK12D
was used to obtain a heat-shielding oxide layer. Oxida-
tion was carried out for 1.5 hours in an alkaline-silicate
electrolyte. As a result of the studies, a decrease in the
thermal stress of the piston with a PEO coating applied
during the operation of the engine was established.

The authors of [34] give the results of experimental
studies on strengthening the ASP80 piston surface from the
AK12 alloy by the PEO method in alkali-silicate electro-
lyte. The wear rate of the piston with the applied coating
is reduced by 2.5 times with bench tests.

The authors [35, 36] established a decrease in the road
and transport fuel consumption by 5-7 % when using

PEO coatings on the ICE pistons in comparison with
conventional engine pistons.

The authors of [37, 38] experimentally confirmed the
increase in the efficiency and profitability of ICE when
using pistons with a thermal insulation coating. Corundum
layer of aluminum oxide is obtained by galvanic plasma
treatment of standard engines’ pistons.

Analysis of approaches to PEO silumin pistons applica-
tion shows the possibility of treatment these materials in
galvanostatic mode and with pulse current. In this case,
in the regime of direct current, the «healing» of defects
in oxide coatings and the formation of a surface with
a more uniform morphology are observed [27].

5. Methods of research

The morphology of formed oxide layers surface was
studied using a scanning electron microscope ZEISS
EVO 40XVP (Germany).

Surface topography was studied by atomic force micros-
copy using the NT-206 microscope, CSC-37 probe (Belarus).

The chemical composition of the surface oxide layers
was determined using an Oxford INCA Energy 350 energy
dispersive spectrometer (UK) with an integrated SmartSEM
software environment.

The catalytic activity of the coatings formed on the
piston was analyzed during bench tests during combustion
and catalytic conversion of toxic substances in the cylin-
der of the internal combustion engine. For this purpose,
the coating was directly formed on the piston coating
of a single-cylinder naturally aspirated diesel engine. The
studies were carried out on a single-cylinder diesel engine
of 12/14 dimension with a piston of a standard design
and with a piston with catalytic coating applied at loading
speeds at a crankshaft rotation speed of n=1200 and
1400 rpm.

6. Research results

6.1. Plasma-electrolytic treatment of AK12M2MgN pis-
ton alloy. During the plasma-electrolytic treatment of the
silumin, the voltage chronogram of the oxidation process
have a classic shape with separation into the pre-spark,
spark, micro-arc and arc regions [14, 22]. At the same
time, the main technological parameters of PEO depend
on the type of used electrolyte (Table 3).

Tahle 3
Technological parameters of plasma-electrolytic treatment of a piston alloy
Density of treat- Voltage, B Treatment
Electrolyte | ment current, : ;
A/dm? Sparking Maximal time, min
1 3.5 115...120 140...160
30...60
2 15...20 150...170 220...240

Oxidizing samples of the piston alloy AK12M2MgN in
alkaline electrolyte solutions 1 and 2 produced uniform
oxide coatings with the content of cobalt or manganese. By
successive oxidation in electrolytes 1 and 2, it is possible
to obtain a mixed layer of manganese and cobalt oxides.

At the initial stage of PEO treatment, an alumina sur-
face layer is formed, which contains a large number of
inclusions of irregular shape (Fig. 3).

;30

TEXHOMOTTYHHIA AYAMT TA PE3EPBM BHPOEHMLTBA — N 1/1(39), 2018



I55N 2226-3780

INDUSTRIAL AND TECHNOLOGY SYSTEMS:
MATERIALS SCIENCE

TR
b

Fig. 3. Morphology of the surface AK12M2MgN, magnification: a — x100; b — x500; ¢ — x1000

The morphology of mixed oxide coatings surface varies
with the incorporation of doping metals into the alumina
matrix.

Inclusion of cobalt occurs in the form of spheroid island
structures of blue-violet color. In the progress of PEO
treatment such mosaic structures evenly coats the whole
surface of the sample. The cobalt content in the surface
oxide layers reaches 24 at % (Fig. 4, a). PEO silumin in the
manganese alkaline electrolyte produces a uniform brown-
black oxide layer with manganese content up to 35 at %.
The surface of the coating is microglobular, with a signifi-
cant number of conglomerates formed by a small spheroid
visualized on it (Fig. 4, b). Two-stage oxidation with the

formation of a mixed layer of cobalt and manganese oxides
makes it possible to obtain a finely dispersed porous layer.
The total content of dopant in the composition of the
surface layers reaches 25-30 at % (Fig. 4, c).

The above analysis of the chemical composition of the
formed ceramic oxide coatings proves the effectiveness of
plasma-electrolytic treatment of silumin. The silicon content
in the surface layers does not exceed 3 at. %, which is
one of the requirements for catalytically active materials.

The resulting oxide coatings have a high degree of
surface development [39], which is confirmed by the re-
sults study of the surface layers topography using atomic
force microscopy (Fig. 5).

B Co

2 o

272N
Mn

Ny si

|
B2 Co
NN Mn

Fig. 4. Morphology and composition of oxide coatings on AK12M2MgN, at %:
a — Al | Al03-Co0,; b — Al | Al0z-Mn0,; ¢ — Al | Al;03- Co0,, magnification <1000
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Fig. 5. 2-D- and 3-D-maps of the surface of oxide coatings on AK12M2MgN: a — Al | Alo0z-Co0,; b — Al | Al;03-Mn0,. Scanning area 5x5 pm

In general, the obtained results correlate with data
for oxide PEO systems on aluminum alloys and other
valve metals [9, 21].

In combination with a significant content of dopant
in the oxide coating, a uniformly globular character and
a high degree of surface development are prerequisites
for high catalytic activity of the obtained systems [40].

Thus, the results of the carried out studies take into
account the influence of the PEO parameters on the
chemical composition and morphology of the surface of
ceramic subabrasive coatings on the AK12M2MgN alloy.

Proceeding from this, the following technological pa-
rameters of the piston alloy treatment can be recom-
mended to minimize the silicon content in the surface
layers and incorporate the catalytically active compo-
nents (Table 4).

Based on the research results analysis, optimal pa-
rameters of plasma electrolytic oxidation of piston silu-
min AK12M2MgN samples are determined, under which
effective treatment of the alloy and the formation of
ceramic-like coatings with a significant content of do-
pant are provided.

Tahle 4

Recommended parameters of plasma-electrolytic treatment of silumin AK12M2MgN and the formation
of doped cobalt and manganese ceramic coatings

Coating
Parameter
Aly03- Ca0, Alp03-Mn0, Al,05-Co0,, Mn0O,
CoS04 - 0.1 KEMn0, - 0.005 [ stage: CoS04 — 0.1; K4Po0, — 0.4;
s 3 4 4 g 4 ; Uy /
Electrolyte composition, mol/dm K,P,0; — 0.4 KOH — 0.05 11 stage: KMn0, — 0.005; KOH — 0.05
Temperature, °C 20...25
Treatment mode galvanostatic
. . I stage — 3...5
2
Electric current density, A/dm 3.5 15...20 11 stage — 15...20
I stage — 115...160
Voltage, V 115...160 150...240 Il stage — 220,240
Treatment time, min 30...60
Co — up to 10.0
0,
Content, at % up to 24.0 up to 36.0 Mn - up to 19.0
Content, at. % dopant silicon up to 3.0 up to 0.8 up to 1.8

;32

TEXHOMOTTYHHIA AYAMT TA PE3EPBM BHPOEHMLTBA — N 1/1(39), 2018



I55N 2226-3780

INDUSTRIAL AND TECHNOLOGY SYSTEMS:
MATERIALS SCIENCE

— )

6.2. The formation of ceramic oxide coatings on the piston
coating of an internal combustion engine. Approbation of
the possibility using the developed technology for plasma-
electrolytic treatment of ICE pistons was carried out by
PEO of the piston of the KamAZ-740 engine (Ukraine)
producing oxide coatings on the piston lid [19].

For treatment, a modernized laboratory facility with
an electrolytic cell of the required size is used. Efficiently
treatment of serial piston to form mixed oxides with co-
balt and manganese (Fig. 6) is possible if using proposed
technological parameters (Tables 2, 3).

Al,O3-CoO, allows to reduce NO, emissions within 10 %
and CO — 15-18 %, whereas for manganese-containing
oxide coatings these values are much lower. This diffe-
rence is due to the different affinity of cobalt and man-
ganese in oxygen, as well as the differentiation of the
thermal stability of the corresponding nonstoichiometric
oxides.

Thus, the PEO treatment of the ICE pistons makes it
possible to form manganese and cobalt containing ceramic
like coatings with high catalytic properties.

These systems can find application in intra
cylindrical catalysis technologies in order to
reduce the toxicity of engine emissions and

AlL,O5:CoO; MnO,

increase their fuel economy.

Fig. 6. Scheme representation of the surface of the KamAZ-740
piston (Ukraine) coated with mixed alumina with cobalt and/or manganese.
Magnification x1000

To obtain coatings of sufficient quality, it is necessary
to observe the temperature regime of formation and mi-
xing of the electrolyte during oxidation.

6.3. Testing of catalytic activity of formed oxide coatings.
Synthesized oxide coatings according to the results of
testing in model reactions of CO and benzene oxidation
are characterized by high catalytic activity and are not
inferior to materials containing noble metals [20, 21].

The use of ceramic-like coatings on ICE piston leads to
a decrease in the ignition temperature of the fuel mixture.
Due to the thermal insulation properties of the catalytic
coating layer, the consumption of air for all investigated
oxide systems decreases compared to the unheated sur-
face piston.

Due to the peculiarities of the processes of catalytic
combustion of fuel in the near-wall zones of the combus-
tion chamber of an internal combustion engine [41], the
phase of uncontrolled combustion of fuel and the time
of its combustion are reduced. A decrease in the hourly
fuel consumption in the range of 1-4 % is established.
The highest fuel economy shows a piston with a ceramic
like bottom layer containing nonstoichiometric manga-
nese oxides.

The decrease in the combustion temperature excludes
the possibility of the nitrogen participation in the gas
phase reactions. These features of the combustion process
and catalytic processes on the surface of the oxide coating
of the piston ensure a reduction in the amount of toxic
gas emissions of the engine.

The highest catalytic effect is shown by mixed oxide
systems with cobalt. The piston with the coating of

7. SWOT analysis of research
results

Strengths. Among the strengths of this re-
search, it is necessary to note the obtained
results on the generalization of the influence of
the main parameters of the technological pro-
cess on the formation of ceramic like coatings
doped with additional components. A positive
factor is the use of non-toxic working solu-
tions for the surface treatment of aluminum-
silicon alloys.

Application of the developed technological
parameters makes it possible to carry out ef-
fective surface treatment of piston alloys with
a decrease in the silicon content to 3 at %
and the formation of oxide coatings with the
content of manganese and cobalt.

Weaknesses. The weaknesses of this research are related
to the need to use monitoring systems and maintain tech-
nological parameters of the plasma-electrolytic treatment
in these intervals. Non-compliance with the recommended
parameters can be one of the reasons for poor-quality
treatment and a decrease in the content of catalytically
active components in the coatings. At the same time, the
technological process, which occurs at high voltages, re-
quires certain safety measures from the working staff.

Opportunities. Opportunities for further research are related
to the adaptation of the proposed technology to the treatment
of other structural materials, as well as the expansion of the
range of doping metals. This will improve the efficiency and
expand the scope of use of mixed oxide systems.

The introduction of the proposed technical solution
for treatment of ICE serial pistons will significantly im-
prove fuel efficiency and engine life, reduce the amount
of toxic gas emissions.

Threats. The difficulty in using the obtained results
can be related to several factors. Firstly, this is the qua-
lity of the processed structural material and reagents for
the preparation of working solutions. Secondly, the need
to equip the technological site with modern equipment.
Preference should be given to mobile multifunctional sys-
tems with the function of programming and automation
of the technological process.

Additional costs of the company when implementing
the proposed technical solution will be related to the
purchase of certified materials, the modernization of exis-
ting sites of galvanic treatment and the upgrading of the
skills of working personnel.
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1. We established the features of the influence of the
main parameters of plasma-electrolytic treatment piston
made of silumin AK12M2MgN in alkaline electrolytes
containing manganese and cobalt compounds. One-step
oxidation of silumin in a regime of incident power is
proposed for the formation of ceramic like coatings doped
with manganese or cobalt oxides.

2. The effect of dopant metals on the morphology and
composition of surface oxide layers is studied. The ceramic
like layers are uniform and have a developed surface. The con-
tent of dopant (cobalt and manganese) is up to 30...36 at %,
content of silicon does not exceed 3.0 at %.

3. Based on model studies, the technology of plasma-
electrolytic treatment of the serial KamAZ-740 piston with
the formation of the ceramic like coating on the combus-
tion chamber is developed.

4. PEO treatment of ICE pistons allows the formation
of manganese and cobalt containing ceramic like coatings
with high catalytic properties. Manganese-containing oxide
system demonstrate the highest fuel economy at 3-4 %.
When using a piston with a cobalt oxides coating, toxic
gas emissions are reduced: NO, within 10 % and CO -
15-18 %. The proposed systems can find application in
intra cylindrical catalysis technologies in order to reduce
the toxicity of gas emissions of engines and increase their
fuel efficiency.
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MCCNEAOBAHKE OCOBEHHOCTH NMAASMEHHO-
3NEKTPONUTHYECKOH OEPAEOTKH NOPIUHEBOI'O
CIMNAABA AK12M2MI'H C ®OPMHPOBAHHEM
KEPAMHKONOAOBHLIX NOKPLITHA

WccernenoBaibl 0COOEHHOCTU T1/Ia3MEHHO-3JIEKTPOJUTHIECKOI
obpabotku (ITD0) mopmresoro cumymuaa AK12M2MrH B menou-
HBIX 2JIEKTPOJIUTAX ¢ (POPMHUPOBAHUEM JOIIMPOBAHHBIX MapraHiieM
1 KOOQJIBTOM KePaMUKOIOZ00HBIX OKCH/HBIX OKpbITHiL. [Tokasano,
4TO MOP(OJIOTHS U COCTAB OKCUAHBIX TMOKPHITUII 3aBUCUT OT TH-
12 UCIOJIb3YEMOTO JIEKTPOIUTA. [IPEATOKEHBI TEXHOJIOTHUECKIE
napamerpbl [190-06paboTKU MOPIIHEBOTO CUIyMUHA st HOp-
MUPOBAaHUSI PAaBHOMEPHBLIX IOKPLITUI C BBICOKMM COJIEP’KaHHEM
JIOIIAHTOB. HPCJIJ'[O)KCHHI)IC CHUCTEMbI MOFyT HaIl/’ITI/I IIpUMEHEHNE
B TEXHOJIOTUAX BHyT])I/ILII/IJII/IH,/:[pOBOFO KaTtaJjsin3a JIJId CHUIKEHUA
TOKCHUYHOCTH Ta30BbIX BbI6POCOB I[BI/II‘aTCIICI(/II 1 IIOBBIIIEHUA UX
TOHJII/IBHOI‘/’I 9KOHOMHNYHOCTH.

Kmeuesste cnosa: mopiuraesoii crias AK12M2MrH, miasmento-
ANEKTPONUTHIECKOE OKCUINPOBAHMKE, TIOPITHEBON CUITYMUH, KEPAMU-
YEeCKOe OKCHHOE MOKPbITHE.
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