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UDC 620.621.793 The structure and properties of plasma coatings sprayed with a composite material based
on a self-fluxing NiCrBSi alloy (PG-10N-01 alloy) modified with a composite material
PLASMA obtained by self-propagating high-temperature synthesis were studied. Titanium powders,

COATINGS BASED | carbon black, aluminum, iron oxide, PT-NA-01 thermosetting powder and PGOSA-0 re-

- fractory clay were used as the initial components of modified with a composite material.
ON SELF-FLUXING Mixing and mechanical activation of the initial powders was carried out in a BM-1 ball

NiCrBSi ALLOY mill for 15 minutes at 130 rpm in a ratio of 1 to 40 of the mass of the charge to the mass of
WITH IMPROVED the falling bodies (steel balls with a diameter of 6 mm). Initiation of the self-propagating
WEAR high-temperature synthesis was carried out using a special device by introducing a heated

nichrome spiral. The process of coatings spraying was performed on the MPN-004 mi-
RESISTANCE croplasma spraying unit at a current of 45 A, a voltage of 30 V with a distance of 100 mm
PROPERTIES on samples made of 65G steel with a thickness of 3 mm. Argon was used as a plasma-

forming and shielding gas. In order to substantiate the feasibility of the self-propagating

high-temperature synthesis, a part of the samples was sprayed with a self-fluxing alloy PG-
10N-01 with the addition of a mechanical mixture of starting powders. It was established
pavel.wc-%lder@ukr.net that as a result of plasma spraying of the PG-10N-01 alloy and the composite material of
ORCID: 0000-0001-6656-0180 1 ;. modified with a composite material + PG-10N-01 composition, coatings with a dense
National Technical and multiphase structure are formed. The microstructure of the PG-10N-01 alloy coating
University "Kharkiv consists of a solid solution based on nickel (y-Ni) with inclusions of nickel borides Ni;B and
Polytechnic Institute" chromium carbides Cr;C,. When adding modified with a composite material in a nickel-
2, Kyrpychova str. based solid solution, in addition to the phases indicated above, borides of titanium TiB,,
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’ ’ in the microhardness of such coatings and their greater wear resistance under conditions
of abrasive wear in comparison with the spraying coating of the PG-10H-01 alloy.
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Relevance of the research topic

The plasma method of coatings spraying consists in the formation of the coating part of material parti-
cles heated and accelerated by a high-temperature plasma jet on the surface. When the particles collide with the
surface of the base or sprayed material, their connection occurs. This method is recommended for spraying
strengthening, protective or other types of coatings made of metal powders, carbides, oxides, nitrides, refractory
compounds, as well as composite materials, the individual phases of which perform specified special func-
tions [1]. Composite materials combine the properties of each original component, as their properties are
formed due to either the addition of components (additivity) or their joint strengthening (synergism) [2].

One of the methods of obtaining composite materials is the self-propagating high-temperature syn-
thesis (SHS process), the essence of which is the local initiation of exothermic reactions between the starting
reagents. This makes it possible to generate a significant amount of heat for the propagation of the front of
physicochemical transformations capable of forming materials of the predicted phase composition [3—6].

Analysis of recent studies and papers

The physical and mechanical properties of the Ti-Fe-C system composite, obtained using the SHS
process, are considered in [7]. PTS-1 titanium Ti powder, carbon C, and Fe iron powder (SHKH15 steel)
were used as starting materials. The latter was added from slurry grinding using the technology of the Lutsk
National Technical University [8]. Cylindrical samples with a diameter of 30 mm and a height of 60 mm
were pressed from the obtained powders. The SHS process was carried out in a laboratory reactor manufac-
tured at the university.
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As a result of chemical reactions, a synthesized sample (spike) was obtained. The Rockwell hardness
of the synthesized spike was: 63 HRC at the center of the spike, 38 HRC at a radius of 0.5 mm, and 18 HRC
at a radius of 0.9 mm. In addition, the authors determined the ultimate strength and ultimate deformation un-
der static loading. It was established that the maximum stress at the moment of the spike failure is
Omax—=106 MPa, and the relative deformation is e,,,,=0.038. Based on the research results, the authors recom-
mend using the obtained composite as a construction material.

The method of obtaining carbon nanomaterials using the SHS process is considered in [9]. In its im-
plementation, the initiation of the SHS process is carried out by pulsed heating of the local zone of the pow-
der mixture with an electric discharge applied to a wire made of refractory metal, which is in surface contact
with the mixture. The use of this method allows to increase the amount of powders of carbon nanomaterials
and reduce the probability of an undesirable "explosive combustion" mode of the mixture, while maintaining
the simplicity and stability of the initiation.

Refractory powders of zirconium diboride ZrB, were also obtained using the SHS process [10]. En-
riched borate ore (boron oxide content up to 40%), zirconium silicate ZrSiOy, zirconium oxide ZrO,, aluminum
powder Al and magnesium Mg (to increase the combustion temperature), as well as hydrochloric acid HCI (its
concentration is 37.5%) were used as initial components. Mixing and mechanical activation of the initial com-
ponents of the charge was carried out in a "Pulverisette 5" planetary mill (Fritsch, Germany). The preparation
of the charge was carried out taking into account the stoichiometric ratios of the initial components. A glass-
carbon crucible, into which the charge was poured, was used to carry out the SHS process. Initiation of the SHS
process was carried out in a high-pressure reactor in an argon medium Ar under a pressure of 10 atm by intro-
ducing a red-hot tungsten spiral. The obtained refractory submicron nano powders of zirconium diboride ZrB,
(94.7%) and zirconium boride ZrB (3.3%) can be used as abrasive powders, ceramic and composite materials
in the technologies of various coatings application.

The results of research on the production of chromium borides using the SHS process are shown in the
paper [11]. As initial components of the charge, the authors used boron powder H;BO; with a purity of 99.9%,
chromium oxide Cr,O; and aluminum Al. Mixing and mechanical activation of the charge was carried out in
the "Pulverisette 5" planetary mill, after which cylindrical samples with a diameter of 20 mm and a height of
20 mm were pressed from the resulting mixture. In contrast to previous studies, the authors of this paper con-
ducted the SHS process without a protective environment.

Using the X-ray phase analysis method, it was established that secondary reaction products are con-
tained in the combustion products of the charge, namely chromium borides of the types CrB, CrB,, Cr,B,
Cr;B;, CrBg and Cr;B,. Crystalline products, which are a mixture of chromium boride CrB, and aluminum
oxide Al,O;, were found in the sample. These materials are recognized as promising from the point of view
of industrial use and development of composites with a metal matrix.

Comprehensive scientific research on the development of composite powders based on the FeMoNiCrB
amorphizing alloy with the addition of refractory compounds for gas-thermal coating technologies is given in
[12]. Chemical compounds ZrB,, (Ti,Cr)C and FeTiO; were used as refractory ones. The compounds ZrB, and
FeTiO; were obtained by the method of mechanical doping, and the compound (Ti,Cr)C - by the SHS method.

Paper [13], which analyzed the structure and amorphizing properties of composite detonation coatings
based on FeMoNiCrB+ZrB,, FeMoNiCrB+(Ti,Cr)C, FeMoNiCrB+FeTiO; alloys, became a continuation of
these studies. The coatings applied by detonation spraying had a dense lamellar multiphase structure. The mi-
crohardness of the coatings was: FeMoNiCrB — 4855+1023 MPa, FeMoNiCrB+ZrB, — 3830+570 MPa,
FeMoNiCrB+(Ti,Cr)C — 4450+700 MPa, FeMoNiCrB+FeTiO; — 3750+620 MPa. Electrochemical tests of the
coatings showed that their corrosion resistance depends on the pH solution. The resulting coatings with a thick-
ness of 500 um were tested in acidic solutions (3% NaCl and 5% NaOH). The wear resistance of
FeMoNiCrB+ZrB,, FeMoNiCrB+(Ti,Cr)C, FeMoNiCrB+FeTiO; detonation coatings under conditions of wear
on unattached abrasive particles of SiO, in B4C is by 2.6-3.3 times greater than that of 30KhGSA steel in SiO,
environment and by 1.9-2.9 times in the B,C environment. The highest wear resistance was achieved on the
coating type FeMoNiCrB+(Ti,Cr)C with a microhardness of 4450+700 MPa.

Composite materials obtained on the basis of self-fluxing alloys of the NiCrBSi system (PG-10N-01,
PG-10N-04, PG-12N-02, etc. powders) are used for various coating technologies [14—16]. The main coating
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phases of such alloys are solid solution based on nickel (y-Ni) and eutectic, which, as a rule, consists of y-Ni
and nickel boride Ni;B. The addition of modifying and strengthening additives obtained by SHS to the
NiCrBSi alloy makes it possible to control the phase composition of the composite material and obtain new
compounds (phases) in the nickel matrix, which provide a higher level of physical and mechanical properties
of coatings on their base.

One of the further directions of obtaining materials using the SHS process, which can be used as modi-
fiers, is the expansion of the nomenclature of initial reagents, namely the addition of various types of mineral
raw materials (clay, sandy materials), solid industrial and radioactive waste (smelting slag, metal shavings) [6].
Refractory clay, the basis of which is known to consist of oxides of silicon SiO, and aluminum Al,Os, was cho-
sen as one of the starting materials [17].

The aim of the paper: research on the structure and properties of plasma coatings based on a self-
fluxing alloy of the NiCrBSi system, modified with a composite material obtained using the SHS process.

Research materials and methodology

For spraying, a composite material obtained on the basis of a self-fluxing alloy of the NiCrBSi system
(PG-10N-01 alloy) modified with a composite material (MCM) obtained by self-propagating high-temperature
synthesis was used as the initial material. The composite material was obtained in two stages. At the first stage,
powders of titanium Ti of PTM-1 grade, technical carbon C of the P-803 brand and refractory clay grade
PGOSA-0 were used to obtain MCM. In order to enhance the thermal effect of the reaction, aluminum Al in the
form of PAP-1 powder, iron oxide Fe,O; and thermo-reactive powder PT-NA-01 were added to the initial
charge. The particle size of the initial powders did not exceed 100 um. The ratio of powders was equimolar, so
that during the further passage of the SHS process, the synthesis of carbides of titanium TiC and silicon SiC of
stoichiometric composition took place.

Mixing and mechanical activation of the charge was carried out in a BM-1 ball mill for 15 min at
130 rpm and a ratio of 1:40 of the mass of the charge to the mass of the falling bodies (steel balls with a diame-
ter of 6 mm). After mechanical activation, the maximum particle size of the charge did not exceed 40 um [17].
10% of "Metylan" glue was added to the processed charge, after which a cylindrical sample with a diameter of
16 mm and a height of 20 mm was pressed. The sample was dried for 72 hours. Initiation of the SHS process of
the sample was carried out with a heated nichrome spiral with a diameter of 0.8 mm (Fig. 1) using a specially
developed device [18]. The SHS process was carried out in an argon medium with pure Ar 98%.

At the second stage, the MCM obtained in the form of a spike was crushed to a powder-like state, af-
ter which an amount of 10% to 30% of MCM was added to the matrix material — self-fluxing PG-10N-01
alloy and mechanical activation was carried out for 15 minutes. Some of the samples were sprayed with the
PG-10N-01 alloy with the addition of a mechanical mixture (MM) of the initial components of the charge Ti-
C-Al-Si0,-Al,03-Fe,03-PT-NA-01. The amount of MM, as well as the amount of MCM, was from 10% to
30%, respectively. The choice of such concentrations was made based on recommendations for the produc-
tion of wear-resistant composite materials [12] and the results of previously performed research.

Fig. 1. The spike obtaining using the SHS process:
a — preliminary heating of the sample; b — SHS process; ¢ — obtained spike
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The application of plasma coatings was carried out using the MPN-004 microplasma spraying unit at the
E. O. Paton Electric Welding Institute of the National Academy of Sciences of Ukraine. The design of the MP-
04 microplasmatron has an external anode, which provides the possibility of introducing the sprayed material
into the high-temperature region of the microplasma jet, which is the arc gap in front of the anode spot [19-21].
Spraying process parameters are: electric current /=45 A, voltage U=30 V, consumption of plasma-forming gas
0,=70 I/h, consumption of protective gas 0,,~280 I/h, spraying distance L=100 mm. Spraying was carried out
on samples made of 65G steel with a thickness of 3 mm. Previously, the samples were subjected to jet-abrasive
treatment and ultrasonic cleaning was carried out on the surface with isopropyl alcohol for 15 minutes.

The microstructure and phase composition of the coatings were studied using a Neophot-32 optical
microscope and a Tescan Mira 3LMU scanning electron microscope with an Oxford X-max energy disper-
sive spectrometer. A PMT-3 microhardness tester with a load of 0.1 kg was used to measure the microhard-
ness of sprayed coatings.

The Kh4-B test machine was used to study the wear resistance of the coatings. The relative wear resis-
tance of sprayed coatings containing MCM and MM was compared with the amount of wear of the coating
sprayed with matrix material PG-10N-01. The amount of wear of the sprayed coating was determined by the
weight method using VLR-200 analytical scales.

The main research material

When spraying both the PG-10N-01 alloy and the composite material with a composition of
10% MCM + 90% PG-10N-01, dense, uniform in thickness coatings are formed (Fig. 2). The microstructure of
the coating 10% MCM + 90% PG-10N-01 consists of the matrix material of the self-fluxing alloy PG-10N-01,
in which inclusions of different sizes are located (Fig. 2, b), and with an increase in the content of MCM in the
composite material, their number increases [22]. Coating with a composition of 10% MC + 90% PG-10N-01 is
the matrix material of the PG-10N-01 alloy, which contains inclusions of different sizes and pores (Fig. 2, c).

Using scanning electron microscopy with energy dispersive analysis, it was established that the basis of
the sprayed coating PG-10N-01 is solid solution of nickel (y-Ni) with inclusions of nickel borides Ni;B and
chromium carbides Cr;C, (Fig. 3, a). Coatings sprayed with a composite material with a composition of
10% MCM + 90% PG-10N-01, in addition to the solid solution based on nickel y-Ni and the inclusions indi-
cated above, contain the phases of titanium carbides TiC and silicon SiC, as well as titanium diborides TiB,
(Fig. 3, b). Microstructure of 10% MM + 90% PG-10N-01 coating consists of a solid solution based on y-Ni
nickel and Ni;B—Cr;C,; inclusions, however, unlike the previous sample, it contains phases of silicon oxides
Si0,, titanium oxides TiO, and TiB, diborides (Fig. 3, c).

The distribution of elements in the sprayed coating was determined by the method of scanning electron
microscopy with energy dispersive analysis along the scanning line (Fig. 4).

The microhardness of coatings, measured in the direction from the surface of the sprayed coating to
the surface of the base, is shown in Fig. 5.

b

Fig. 2. Microstructure of sprayed coatings:
a—PG-10N-01; b—10% MCM + 90% PG-10N-01; ¢ — 10% MM + 90% PG-10N-01
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Fig. 3. Microstructure and phase composition of sprayed coatings:
a—PG-10N-01; b—10% MCM + 90% PG-10N-01; ¢ — 10% MM + 90% PG-10N-01

Coating

g h i

Fig. 4. Distribution of elements of plasma coating with a composition of 10% MCM + 90% PG-10N-01:
a—-B;b-C;c—0;d—Al;e—Si; f—Ti; g— Cr; h—Fe; i — Ni
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Fig. 5. Change in microhardness (HV) of sprayed coatings in the direction from the surface of the coating
to the surface of the base:
a—PG-10N-01; b—10% MCM + 90% PG-10N-01; c— 30% MCM + 70% PG-10N-01; d — 10% MM + 90% PG-10N-01

When measuring the microhardness, it was found that the average microhardness of the sprayed
coating of the composite material with a composition of 10% MCM + 90% PG-10N-01 is 780 HV, coating
with 20% MCM + 80% PG-10N-01 is 835 HV and coating with 30% MCM + 70% PG-10N-01 is 880 HV,
which exceeds the average microhardness of the sprayed coating of the PG-10N-01, which is equal to
555 HV. The stable nature of the microhardness distribution in the sprayed coatings of the composite mate-
rial indicates the uniform distribution of TiC and SiC carbides and TiB, diborides in the matrix material
(Fig. 5, b and c). The average microhardness of the sprayed coating with a composition of 10% MM + 90%
PG-10N-01 is 650 HV (Fig. 5, d), a coating with 20% MM + 80% PG-10N-01 is 680 HV, and a coating with
30% MM + 70% PG-10N-01 — 720 HV. Such coatings have a less uniform distribution of microhardness
over the coating thickness and have lower microhardness compared to coatings containing MCM (Fig. 6).

The results of studies of wear resistance of sprayed coatings are shown in Fig. 7.
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Fig. 6. Average microhardness (HV) a b
of deposited coatings (measured in the Fig. 7. Wear resistance of sprayed coatings
direction from the surface of the deposited in the process of abrasive wear:
coating to the surface of the base): a — relative wear resistance; b — wear of sprayed coatings;
1 —PG-10N-01; 1 —PG-10N-01;
2 —10% MCM + 90% PG-10N-01; 2 —10% MCM + 90% PG-10N-01;
3 -20% MCM + 80% PG-10N-01; 3-20% MCM + 80% PG-10N-01;
4 —30% MCM + 70% PG-10N-01; 4 —30% MCM + 70% PG-10N-01;
5-10% MM + 90% PG-10N-01; 5-10% MM + 90% PG-10N-01;
6 —20% MM + 80% PG-10N-01; 6 —20% MM + 80% PG-10N-01;
7 —30% MM+ 70% PG-10N-01 7 —30% MM+ 70% PG-10N-01

When analyzing the results of measurements of the coatings wear resistance, it was established that the
sprayed coatings of the composite material have a higher abrasive wear resistance compared to the coatings of
the self-fluxing alloy PG-10N-01. This is due to the fact that in the structure of the sprayed coating, along with
the y-Ni solid solution and Ni;B—Cr;C, inclusions, there are particles of TiC titanium carbides, SiC silicon car-
bides, and also TiB, titanium diborides. When the MCM content in the composite material increases, the amount
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(Fig. 8, b). This is explained by the fact that the structure of the matrix material contains phases of diborides
TiB, and titanium oxides TiO,, as well as silicon oxides SiO,, which strengthen it.

The morphology of the friction surfaces is shown in Fig. 9. The friction surface sprayed with the PG-
10N-01 alloy has lines up to 14 um deep (Fig. 9, a), the friction surface of the composite material with
10% MCM + 90% PG-10N-01 has lines up to 7 um deep (Fig. 9, b). When the MCM content increases in the
composite material, the depth of the lines decreases [22]. The friction surface sprayed with a material with a
composition of 10% MM + 90% PG-10N-01 has lines up to 12 um deep.

The analysis of the obtained results shows that the coating based on the self-fluxing alloy PG-10N-01,
modified with a composite material obtained by self-propagating high-temperature synthesis, has a structure of
a solid solution based on nickel (y-Ni) and Ni;B-Cr;C, inclusions, as well as strengthening phases of titanium
carbides TiC, silicon SiC and diborides TiB,. Introduced TiC, SiC, TiB, strengthen the nickel-based solid solu-
tion, which increases the microhardness and wear resistance of the coating.

Fig. 9. Morphology of friction surfaces:
a—PG-10N-01; b—10% MCM + 90% PG-10N-01; ¢ — 10% MM + 90% PG-10N-01

Conclusions

A composite material was developed based on the self-fluxing alloy PG-10N-01, modified by the
composite material obtained by self-propagating high-temperature synthesis. Powders of titanium, carbon
black, iron oxide, aluminum, thermosetting powder PT-NA-01, and non-refractory clay PGOSA-0 were used
to obtain MCM using the SHS process.

Using optical and electron microscopy methods, it was established that the structure of sprayed coat-
ings with a composite material consists of a solid solution based on nickel (y-Ni) with inclusions of Ni;B-Cr;C,
and contains solid strengthening phases in the form of carbides of titanium TiC and silicon SiC, as well as
diborides of titanium TiB,. When the MCM content in the composite material increases, the amount of TiC,
SiC, and TiB, increases, which increases the microhardness of the coating and increases its wear resistance.
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The microhardness of the sprayed coating of the composite material with a composition of
10% MCM + 90% PG-10N-01 is 780 HV, with 20% MCM + 80% PG-10N-01 it is 835 HV, with
30% MCM + 70% PG-10N-01 it is 880 HV, which exceeds the microhardness of the coating of self-fluxing
alloy PG-10N-01, which is equal to 555 HV.

In the process of wear on fixed abrasive particles, the wear resistance of the coating with
10% MCM + 90% PG-10N-01 is 2 times higher, with 20% MCM + 80% PG-10N-01 it is 2.6 times higher,
and with 30% MCM + 70% PG-10N-01 it is 3.1 times higher compared to the wear resistance of the PG-
10N-01 alloy coating.

The microstructure of coatings sprayed with the addition of a mechanical mixture of the initial com-
ponents of the charge consists of a solid solution based on nickel (y-Ni) with Ni3;B-Cr;C, inclusions, as well
as silicon oxides SiO,, TiO, oxides and titanium diborides TiB,. The average microhardness of the sprayed
coating with a composition of 10% MM +90% PG-10N-01 is equal to 650 HV, coating with
20% MM + 80% PG-10N-01 — 680 HV and coating with 30% MM + 70% PG-10N-01 — 720 HV. Wear re-
sistance of coating with 10% MM + 90% PG-10N-01 is 1.2 times higher, for coating with
20% MM + 80% PG-10N-01 it is 1.4 times higher, for coating with 30% MM + 70% PG-10N-01 — 1.8 times
higher compared to the wear resistance of the PG-10N-01 coating.
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IInazmoBi mokpuTTS Ha 0cHOBI camoguitociBHOrO ciiiaBy NiCrBSi
3 IOKPAIlleHHMH 3HOCOCTIHKMMHU BJIaCTUBOCTAMHU

II. A. CuTHHNKOB

HamionaneHuii TEXHIYHUHA YHIBEpPCUTET «XapKiBCHKHUI MONITEXHIYHUN 1HCTUTYT»
61002, Ykpaina, M. XapkiB, Bya. Kupnudosa, 2

Jocniosceno cmpykmypy i 61acmu8oCmi NAA3MOBUX NOKPUMMIB, HANUIEHUX KOMNO3UYIUHUM MAMepiaiom Ha
ocHosi camoghmocienozo cnaagy NiCrBSi (cnnasy mapxu IIT-10H-01), mooughikosarnoco KoMno3uyitinum mamepiaiom,
00epPAHCAHUM CAMOROUUPIOBAHUM BUCOKOMEMNEPATMYPHUM CUHME30M. K 8uUXiOHI KOMNOHeHmU MOOUGIKYI0U020 KOMNO-
BUYILHO20 Mamepiany UKOPUCMAHT NOPOWKU MUMAHY, MEXHIYHO20 8yeleyio, AIOMIHII0, OKCUJY 3ani3d, MEPMOpeazyiodo-
20 nopowiky mapku IIT-HA-01 i éocnempusxoi enunu mapru IIIOCA-0. 3miwysanns 1 Mexauiyny axmusayiio 6UXiOHUX
NnopowiKie nposedeno y kyivbogomy mauni KM-1 npomseom 15 xé npu 130 06/x8 y cnisgionowtenni 1 0o 40 macu wiuxmu 0o

62 ISSN 2709-2984. Journal of Mechanical Engineering — Problemy Mashynobuduvannia, 2023, vol. 26, no. 3



BHCOKI TEXHOJIOT'TI B MAILIMHOBY IYBAHHI

Macu nadaiouux min (cmaneeux Kyno oiamempom 6 mm). IHiyitoeanns camonowupiosano2o UCOKOMeMnepamypHo20 CUH-
me3y 30IICHEHO 3 GUKOPUCTNAHHAM CREYiaIbHO20 NPUCTPOIO WIAXOM Ni08edentst po3capenoi Hixpomoegoi cnipani. Ilpo-
yec HanuieHHs NOKPUMmMI8 GUKOHAHO HA YCMAHO8Yi MiKponiasmoeozo nanunenns MITH-004 npu cmpymi 45 A, nanpysi
30 B 3 oucmanyiero 100 mm na 3pasku 3i cmani 651 moswunoro 3 mm. Kk naazmoymeoproouuil ma 3axXucHuil 2a3 UKopu-
CMano apeom. J{ia 00tpyHmyeants 0oYinbHOCMI NPOBEOCHHS CAMONOWUPIOBAHO20 BUCOKOMEMNEPAMYPHO20 CUHIME3Y Yd-
cmuHy 3paskie Hanuieno camogpmocienum cnaasom IIT-10H-01 3 0ooaganHam mexaHiuHOL cyMiuii 6UXIOHUX NOPOUIKIS.
Bcemanoeneno, wo 6 pesynomami niazmoeoeo nanuaennsi cnaagy I-10H-01 ma komnosuyiiinozo mamepiany cKiady mo-
ouixyrouutl komnosuyitinuu mamepian + II-10H-01 ¢popmyromscs nokpumms 3i winoHOW 1 6a2amoghazHo CmpyKmy-
poro. Mikpocmpykmypa nokpummsi cnaagy II-10H-01 cknadaembcs 3 meepooeo po3uuHy Ha OCHOGL Hikemo (y-Ni) 3
eKoueHHaMU bopudis nixenro Ni;B ma xkap6ioie xpomy Cr;C,. Ilpu dodasanui MoOUQpIiKyrow020 KOMROUYINIHO20 Mamepi-
any y meepoomy po3uuHi Ha OCHOSI HIKeMo, KpiM 6Kazanux suwe ¢asz, eusaeneni bopuou mumany TiB, kapbiou mumary
TiC i kpemniro SiC, HaseHiCMb AKUX NPU36OOUMb 00 RIOGUUEHHS. MIKPOMBEPOOCMI MAKUX NOKpUmMmie ma ix 6insuloi 3Ho-
coCmiliIkocmi 8 yMO8Aax aOpa3U6HO20 3HOULYSAHHS Y NOPIGHAKHI 3 HanuieHum nokpummsm cnaasy IHT-10H-01.

Knrwuosi cnosa: camonowuprosanuii gucoxomemnepamyprutl cunmes (CBC-npoyec), komnosuyiunuil mamepiar,
HANULEHH, NIA3MO8e NOKPUMMS, CIPYKMYpa, hazosull ckaaod, Mikpomeepoicmy, 3HOCOCMIUKICMb.
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