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This article describes the main processes of deposition of combined a protective coating
on the machine parts. Characterization of the coating process, which includes electric
metallization followed by synthesis, was presented. Microstructure and performance of the
protective coatings for structural parts of constructional applications from powder ob-
tained from industrial wastes were studied. The aim of this paper is to analyze the main
methods to protect surfaces of constructional purposes which obtained from powder of
industrial wastes and to explore the process of applying of such a coating that meets
modern requirements.
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HNsnomensl mMerTobl HaHeCeHUS KOMOMHMPOBAHHOIO BalllUTHOIO IOKPBHITHS HA IeTaJH.
ManHad XxapaKTePUCTHKA IIPOIecca HAHECEHUS IOKPBITUS BKJIOUAeT B celd BJIEKTPOALYTOBYIO
MEeTAJNJIU3AIUI0 C IOCIeAVIOIIUM CHUHTEe30M. V3ydeHbl MUKPOCTPYKTYPbl U 9KCILIYaTAIOH-
Hbl€ XapPaKTEePUCTUKM BaIUTHLIX IIOKPBITUN [geTajell KOHCTPYKIMOHHOIO HA3HAYEHUS U3
HOPOIIKOB, IIOJYYEHHBIX M3 OTXOJOB IIPOMBIIIJIEHHOIO IIPOUBBOACTBA. IlpoaHaJMBHpPOBaHbBI
OCHOBHBIE€ METO/JbI 3alIUThI IIOBEPXHOCTEH JeTasiell KOHCTPYKIIMOHHOIO Ha3HAYCHU A, KOTOPHIE
HOJIYU€HBl W3 IIOPOIIKOB OTXOJO0B IIPOMBIIIJIEHHOTO IIPOM3BOJACTBA, M3Y4YeH IIPOIlECC HaHece-
HUS TAKOBOT'O IIOKPBITUSA, KOTOPBIA OTBEYaeT COBPEMEHHBIM TPeOOBAHUAM.

Komm’rorepno-indopmaniiine 3a0e3neuyeHHs IIPU JOCIiAKeHHI HOBMX MaTepiajiiB KOH-
crpykuiitnoro npusnauensa. fO.Kyy, O.Iloscmanoil.

Onucano OCHOBHI IIpollecy HAaHECeHHs KOMOIHOBAHOIO B3aXHCHOIO IIOKPUTTA HA AeTai.
ITana XapaKTepHUCTUKA IMIPOIeCy HAHECEHHSA IIOKPUTTA BKJOUae B ceGe €JIEeKTPOAYroBy Me-
TaMizallilo 3 IOXAJBIINM CHUHTE30M. BUBUEHO MIKPOCTPYKTYPHM 1 eKcmiyaTamiiini xapakre-
PHUCTHKH 3aXHCHHX MNOKPHUTTIB AeTajeill KOHCTPYKI[IAHOrO IPH3HAYEHHS 3 IIOPOIIKiIB, OTPU-
MaHHX 3 BigXOoIiB IpoMHCIOBOT0 BHPOOHHUIITBA. IIpoaHa/izoBaHO OCHOBHI MeTOOU 3axXHCTY
OBEPXOHb JeTajiell KOHCTPYKIIHHOro nIpu3HAUYeHHsS, AKi OoTpuMaHO 3 IIOPOMIKiB Bigxoxmie
HPOMUCJIOBOI0 BHUPOOHUIITBA, TOCHIMMKEHO IIPOIEeC HAHECEHHS TaKOro IIOKPUTTH, SKUHA
BigmoBimae cyyacHmM BuUMOTaM.

© 2017 — STC "Institute for Single Crystals”

1. Introduction

Swift development of computing engineer-
ing and methods of digital processing of im-
ages gave an opportunity considerably extend
automation of research works in many areas
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of science. Macroscopic materials’ behaviour
directly depends on the features of their
microstructure. The quantitative approach
the analysis allows revealing that optimal
structure that in the most measure answers
the terms of materials service.
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Study of structural characteristics of
metals and alloys is one of the key tasks of
modern material science, based on which the
process of creating the new and improving
properties of existing materials is going on.
Studying the capabilities and evaluating the
modern software for computer research of
metallography images with the aim of quality
and quantitative descriptions of determina-
tions of various materials by scientific and
productive tasks that arose up is dictated in
modern materials’ science today [1-3].

In the arsenal of the modern software
there are all necessary technical image proc-
essing algorithms, high-frequency and low-
frequency filtration, selection borders of
images, arithmetic and logical operations,
correction of brightness / contrast and so
on. Image processing in this case is not
aimed at improving the visual perception
and focused on its preparations for further
analysis.

2. Experimental

According to trend of the modern tech-
nology we developed the high-quality com-
posite materials and coatings with complex
of high physical and mechanical charac-
teristics of the new topical powders, which
from such compositions are formed.

As source material we used grinding
steel sludge BBS15 formed after machining
rings and roller bearings in terms of PJSC
"SKF Ukraine”. Grinding steel BBS15
sludge contains a significant amount of iron
oxides and chromium products abrasion
grinding wheels, and various oils, synthetic
fluids, water, members of the coolant.

To obtain the high-quality powder BBS15
we applied the new patented technology,
where the main difference from existing al-
teration’s sludge industrial wastes is that
after the chopping formed by heat the con-
ducting of additional growing-rolling-off to
the ball mill took place to give powder par-
ticles smaller and regular spherical form
[4—6]. The high-quality powder particles
with regular shape and size, with high tech-
nological properties were obtained by the
metal powder technology.

For applying the corrosion protective
coating on the details of construction desig-
nation it is commonly used the method of
plasmas electrolytic oxidation (PEO), which
is one of the most modern and advanced
methods for metals surface and alloys pro-
tective layers and it has set important char-
acteristics [7, 8].
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Fig. 1. General view of bushings after apply-
ing the combined coverage.

Fig. 2. Microstructure of samples-bushings
(x100).

Research experiments were conducted on
four samples — bushing, which were made
of industrial wastes (powder steel BBS15).
For this prior and etched micro-sections
were done. Digestion of the samples by
herbalist — 0.5...83 % alcoholic solution of
hydrofluoric acid HF was carried out.

3. Results and discussion

At the beginning a general view of the
sample was obtained after applying for it
combined coverage (Fig. 1). The samples have
a similar appearance, but inflicted on them
coating has different thicknesses and differ-
ent modes of PEO, so leads only one photo.

In Fig. 2 we can see the limit of the base
metal in the upper (position 1), and lower
dark gray that shows the electro metal
cover (position 2) and plasma electrolytic
oxidized coating (position 3).

The boundary between the base metal
and electric arc coating is clearly expressed,
but not uniform.

Micro structure of the plasma electro-
lytic oxidized coatings is characterized by
homogeneous structure and peculiar poros-
ity. After digestion it can be seen a clear line
distribution of electro metallic coating and
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coating, which plasma electrolytic oxidation
is formed. This is typical for all samples.

The combined sheeting forms an electro
deposited metallic layer and plasma electro-
lyte by ceramic oxide layer. The thickness
of each coating by measurements in three
places and determination of the average
value of thickness for each coating were de-
termined. By adding the average thickness
of the electric and PEO coating it was found
the average thickness of the combined pro-
tective coating.

To determine micro hardness we used of
micro hardness tester PMT-3. We deter-
mined the micro hardness of the base metal,
electrical arc and plasma electrolytic oxi-
dized surfaces by applying the three jabs in
each area (two pricks made on the edges and
in the middle of the coating or base metal).
When pressures remained prints from in-
denter (diamond pyramid) were obtained.
We measured the prints diagonal and
framed in the formula. So it was found the
micro hardness each of samples.

It was give the result generalized graph-
ics of the micro hardness changes from the
base metal and coating cover. Numerical
data of the micro hardness mean values for
the base metal, electro metallic and PEO-
coating are shown in Table.

From Fig. 3 it is seen the micro hardness
change depending on the coating method.
Micro hardness first arc comes to the sur-
face, and then begins to grow very rapidly,
moving to the PEO coverage.

Among the most progressive and most
productive applied programs for processing
and analyzing of metallographic images
with the ability to visualize three-dimen-
sional objects on two-dimensional photo-
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Fig. 4. Cut bushings with coating.
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Table. The average value of micro hardness
of samples made of industrial wastes

Sample Coating
Base metal| Electric arc | PEO-covering
cover

No. 1 592.8 327 3876.5
No. 2 653.3 295.6 8305
No. 3 736.3 613,6 4616
No. 4 991.6 1526.6 7157
Hu, kg/mm?2
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Fig. 3. Generalized dependence of change of
micro hardness of the coating method for
bushings, which are made of industrial
wastes.

graphs is Avizo®. So to test our samples to
the reliability of the results we applied the
software methods [9, 10].

The same actions were performed with
the etched sample.

4. Conclusion

Modern computer and information tech-
nology for the analysis of micro image is a
universal tool for qualitative image analysis in
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Fig. 5. Generalization histogram changes of micro hardness of the coating method for bushings,

which are made of industrial wastes.

the modern science and industry. It is indis-
pensable both in laboratory analysis of
structures and the quantitative analysis in
accordance with Ukrainian and interna-
tional standards.

Based on the analyiis of scientific litera-
ture and previous studies it is shown that
the methods of powder metallurgy enable
the creation of anti-friction composite mate-
rials from industrial wastes with different
constituents of wvarious structural compo-
nents included in the material (in particular
steel powder BBS15).

In the process of experimental studies
the following main characteristics of coat-
ings were found: the largest combined
thickness of the protective coating bushings
is equal to 63.7 um; the largest micro arc
coating hardness bushings is H“ =
1526.6 kg/mm2, and the greatest micro
hardness plasma electrolytic oxidized coat-
ing bushings is HM = 1526.6 kg/mm?.

Checking the accuracy of the experimental
research was done using the modern software
Avizo®. The margin of error was 5 %.
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Generalization that samples-bushings
micro hardness begins to increase after
plasma electrolytic oxidation is proved.
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