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Tribological Performance of Self-Fluxing Ni-Based Coatings
Deposited by Gas-Flame Spraying

In the present study, a comprehensive analysis of the microstructure, phase composition, surface morphology,
and tribological properties of self-fluxing NiCrFeBSiC alloy coatings produced by flame spraying was con-
ducted. Particular attention was paid to evaluating the influence of different heat treatment regimes — flame
heating and furnace heating — on the coating characteristics. X-ray diffraction analysis revealed the for-
mation of the FeNis phase, along with Cr7Cs, Cr23Ce carbides and boride compounds, which significantly af-
fect wear resistance. Goniometric measurements showed that the highest surface hydrophobicity (contact an-
gle of 89.6°) was achieved after furnace heat treatment. Scanning electron microscopy and profilometry stud-
ies established that furnace heating provides the densest and smoothest structure with the lowest surface
roughness (Ra = 13.388 um). Tribological tests confirmed that this treatment provides the lowest and most
stable coefficient of friction (0.138 + 0.003), which correlates with the microstructural features of the wear
track. The obtained results demonstrate the high efficiency of furnace heat treatment in enhancing the per-
formance characteristics of NiCrFeBSiC-based coatings.
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Introduction

Structural materials with high performance characteristics capable of operating under severe conditions—
such as increased friction, exposure to aggressive environments, and thermal loads—are in great demand. Such
service conditions inevitably lead to wear of components, resulting in frequent repairs, replacement of parts,
and an increase in production costs, which in turn causes significant economic losses [1, 3].

However, manufacturing components entirely from expensive wear-resistant materials is associated
with a sharp rise in production costs and technological difficulties during machining. A rational solution to
this problem is the application of wear-resistant coatings or the restoration of worn elements, which makes it
possible to significantly extend their service life [1]. Among such solutions, a special place is occupied by
coatings made of self-fluxing nickel-based alloys, which have found wide application in mechanical engi-
neering [2, 3]. Thermal spray coatings, including plasma-sprayed ones, based on Ni-Cr-Fe-B-Si-C systems
are used to increase the wear resistance of working surfaces of components. NiCrFeBSiC alloys have proven

Cepus «dusukay. 2025, 30, 4(120) 61


https://doi.org/10.31489/2025PH4/61-73
mailto:nurmakhanbetraisov@gmail.com

D.B. Buitkenov, N.S. Raisov et al.

themselves in service under conditions of intensive friction—in coal boiler components, heat exchangers,
turbines, tools, extruders, plungers, rolling mill rolls, and agricultural machinery. These coatings are charac-
terized by high resistance to adhesive wear and corrosion both at ambient and elevated temperatures. To im-
prove their performance properties, the coatings are subjected to remelting after deposition. Due to the pres-
ence of boride and carbide phases in their structure, such materials exhibit enhanced wear resistance under
abrasive conditions [4, 7].

The formation of the required tribotechnical properties of remelted Ni-Cr-Fe-B-Si coatings is possible
only under strictly defined heat treatment regimes (in the range of 1000—1373 K), since these alloys belong
to eutectic systems and are highly sensitive to thermal process parameters [5, 6]. Remelting can be carried
out by various methods: flame heating, furnace heating, or laser treatment. Although a number of studies [6—
10] have examined in detail the structure, properties, and phase transformations during the remelting of self-
fluxing NiCrBSiC coatings, issues related to their tribological behavior and wear mechanisms under friction
conditions have not been sufficiently addressed. In this regard, the present work is devoted to the investiga-
tion of the tribological behavior of NiCrFeBSiC coatings produced by flame spraying followed by remelting.

Materials and methods

As the substrate material, structural carbon steel grade AISI 1045 was selected. This steel is widely
used in industry for the production of shaft gears, crankshafts, camshafts, gears, spindles, tires, cylinders,
cams, and other normalized, tempered (improved), and surface-hardened components that require increased
strength. According to ASTM A331, AISI 1045 steel has the following composition (Table 1).

Table 1
Chemical composition of steel 1045
C Si Mn Ni S P Cr Cu Fe
0.42-0.5 | 0.17-0.37 0.5-0.8 <03 <0.04 <0.035 <0.25 <03 base

A steel rod of carbon steel grade AISI 1045 with a diameter of 50 mm was cut into disks 5 mm thick.
The surface was mechanically treated by grinding with abrasive paper up to P600 grit. To improve the adhe-
sion of the applied coating, the disk surfaces were additionally treated by abrasive blasting using electroco-
rundum (Al>O;3) with a particle size of 40 um. After sandblasting, residual abrasive particles and dust were
removed by blowing with compressed air. In order to eliminate organic and inorganic contaminants (oils,
oxide films), the samples were cleaned in an ultrasonic bath using technical-grade ethanol. The ultrasonic
cleaning was carried out for 10 minutes at a frequency of 40 kHz and a solution temperature not exceeding
35 °C. Prior to coating deposition, the samples were preheated to 200-250 °C by flame heating to improve
adhesion to the substrate. The surface temperature was monitored using a RoHS-compliant infrared pyrome-
ter, model DT8016E, with a measurement range of —50 °C to 1600 °C and an accuracy of £2 °C.

The powders have a spherical structure with particle sizes ranging from 100 to 200 um (Fig. 1).
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Figure 1. Morphology of self-fluxing NiCrFeBSiC powder
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For the coating deposition, a flame spraying unit manufactured by Metal Coat was used, equipped with
a 6PM-II powder gun and an MPF700 powder feeder. The general view of the setup and the schematic dia-
gram of the spray gun are shown in Figure 2. The operating principle of this unit consists in melting powder
particles by combustion of a gas mixture composed of acetylene and oxygen. Compressed air was used both
for powder transport and for cooling the barrel. The air supplied from the compressor passed through a filter
integrated into the outlet pressure regulator in order to prevent contamination of the powders with motor oil
particles.

The supply of the gas mixture was monitored and controlled by gas flow meters and a compressed-air
control unit. In addition, the system included a powder feed adjustment function to reduce material consump-
tion. The particle flow velocity and flame temperature were measured using a high-speed Tecnar Accu-
raspray 4.0 diagnostic system (11-12).

The spraying parameters were selected in such a way that the porosity of the coatings did not exceed
10 % (ISO/TR 26946:2011). The spraying regime is presented in Table 2.

Table 2
Gas flame spraying parameters for obtaining coatings

Operation gas Oxygen 25 NLPM
Acetylene 15 NLPM
Powder carrier gas Air 37 NLPM
Spraying distance 200 mm
Spray time 30s

The substrate of AISI 1045 steel was preheated by the flame method to a temperature corresponding to
low-temperature tempering, 200-250 °C. After preheating, the microhardness of AISI 1045 steel was meas-
ured using the Vickers method at 15 different surface points. Before heating, the average microhardness val-
ue of AISI 1045 steel was 196.7 + 5.3 HV, 3, while after heating it increased to 298.6 = 5.7 HV ..
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Figure 2. Flame spray gun diagram

The heat treatment of the coatings was carried out by two methods at 1025 °C for 5 minutes: (1) flame
heating and (2) furnace heating.

The coating morphology was studied using a SEM 3200 scanning electron microscope (China),
equipped with an electron probe attachment for local microanalysis: a Bruker energy-dispersive spectrometer
(EDS).

X-ray diffraction (XRD) analysis of the initial powder and coatings was performed on a PANalytical
X’PERT PRO diffractometer using CuKa radiation. The diffraction data were collected in the 26 range of
10-90° with a step size of 0.02° and a counting time of 0.5 s per step.

Tribological tests of the coatings were conducted using a ball-on-disk configuration. As a counter body,
a 100Cr6 steel ball with a diameter of 6 mm was used. The applied load was 10 N, sliding speed 5 cm/s,
track radius 2 mm, and sliding distance 200 m.

Potentiodynamic polarization curves were recorded on a CorrTest CS310 potentiostat using a three-
electrode cell, as shown in Figure 3. The scanning rate was 0.5 mV/s within a potential range of —0.8 V to
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+0.8 V. A 3.5 % HCI solution was used as the electrolyte. A platinum mesh served as the working electrode,
while saturated silver chloride electrodes were used as both reference and auxiliary electrodes. The current and
potential data obtained were processed with the CorrTest CS310 software, which was used to construct polari-
zation curves providing information on corrosion potential, corrosion current, and passivation behavior [9].
Adhesion strength tests were performed in accordance with ASTM C633-15 on a WDW-100kN tensile
testing machine, equipped with a self-aligning load application module. For the adhesion test, samples with a
diameter of 25.4 mm and a thickness of 7 mm were prepared. Prior to spraying, the samples were subjected to
sandblasting and cleaned in an ultrasonic bath with ethanol. The tensile loading rate was 0.020 mm/s [13—-17].

[ CORRTEST

°

0,785 sq. mm
o

Working El
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Conter Electrode Reference Electrode
(Platinum) (Ag / AgCl)

Figure 3. Schematic diagram of the setup Potentiostat CS310
for conducting an electrochemical corrosion experiment [9]

Results and discussion

To study the microstructure and elemental composition of the coating based on NiCrFeBSiC, energy-
dispersive X-ray spectral analysis (EDS) was carried out as part of scanning electron microscopy (SEM).
The results are presented in Figure 4 in the form of element distribution maps and a summary table of mass
fractions.

Figure 4. Map of distribution of elements on the surface of coatings made of self-fluxing NiCrFeBSiC powder

According to EDS analysis, the coating consists of the following elements (wt.%): Ni — 61.99 %,
Cr— 12.22 %, Fe — 6.82 %, Si — 5.86 %, B — 4.63 %, C — 5.28 %, and O — 3.20 %. The combined

64 BecTHuk KaparaHguHckoro yHuBepcuTeTa



Tribological Performance of Self-Fluxing ...

SEM-EDS mapping shows a uniform distribution of nickel (yellow), chromium (blue), iron (purple), silicon
(green), boron (red), and carbon (orange).

Figure 5 presents the XRD patterns of the initial powder and coatings, designated as SF1, SF2, and SF3,
which differ in the type of thermal treatment. Coating SF1 corresponds to the as-sprayed layer without addi-
tional heat treatment, SF2 represents the coating subjected to flame heating, and SF3 is the coating after fur-
nace annealing.
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Figure 5. XRD spectra of powder and NiCrFeBSiC coatings: (SF1) without heat treatment,
(SF2) after heating with a flame of a gas flame gun, (SF3) after heating in a furnace

Analysis of the diffraction patterns of the initial powder revealed the presence of FeNis, Nis;Sii2, CrsSi,
CrsB3, Cr23Cs, and NiCr,0O4 phases, which is typical for nickel-based composite powders with boride—silicide
and oxide inclusions. After flame spraying and subsequent heat treatment, significant changes in the phase
composition of the coatings were observed [18-19].

In coating SF1, the phases Ni»B, NiB, CrB, as well as carbide structures of the Cr;sssFe7.4:Cs type and
silicide Cro.17Feo.s1S10.02 were identified, indicating the formation of new compounds during spraying while
retaining part of the boride components of the initial powder. Coating SF2, subjected to flame heating, exhib-
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ited a more complex phase composition: Fe»3(C, B)s, Cr3NisSiz, FesBOs, along with residual FeNis and Cr3Si.
This suggests active interfacial reactions and diffusion processes enhanced by localized heating.

The SF3 coating, which underwent furnace heat treatment, contained phases such as Cr3Ce,
Cris.ssFe740Cs, Cr3Cs, FesB, and Fe,SiOs [20-23]. The predominance of stable carbides and borides com-
bined with the minimal content of oxide phases indicates that furnace annealing promotes the formation of
thermodynamically stable equilibrium structures, ensuring a dense and ordered microstructure of the coating.

Thus, the post-spraying thermal treatment regime has a decisive influence on the phase composition of
the coatings. Flame heating promotes the formation of complex boride—silicide phases, whereas furnace an-
nealing favors the stabilization of carbide structures and the reduction of oxide content, which may positively
affect the performance properties of the coatings.

Such phase behavior is consistent with literature data, which note that heat treatment promotes the for-
mation of stable strengthening phases in Ni-based coatings [24—-26].

Figure 8 clearly shows that subsequent heat treatment significantly reduces the coating thickness, as
well as the number and size of pores. This trend occurs due to more effective particle melting and the filling
of pores with molten material [8]. The highest porosity was recorded in sample SF1, which did not undergo
any additional heat treatment. The high porosity value indicates the presence of a large number of unmelted
particles.

In coating SF2, which was subjected to short-term flame heating, porosity decreased almost 2.5 times
compared to the untreated coating. This indicates partial densification of the near-surface layers and the oc-
currence of self-fluxing under the influence of temperature (Fig. 6b). The lowest porosity was observed in
sample SF3, which underwent furnace heating. The furnace provides more uniform and prolonged heating,
which promotes active self-fluxing and improved bonding between coating particles. As a result, the struc-
ture becomes denser and more homogeneous (Fig. 6¢) [24].
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Figure 6. Study of the porosity and thickness of NiCrFeBSiC coatings on a cross section:
(a) without heating — SF1, (b) flame heating — SF2, (¢) furnace heating — SF3

For a comprehensive evaluation of the morphology and surface topography of NiCrFeBSi-based coat-
ings subjected to different heat treatment regimes, studies were carried out using SEM and profilometry.
Figure 7 shows surface micrographs (top row) and the corresponding surface roughness profiles (bottom
row), reflecting the actual height deviations in the selected areas. The SEM images demonstrate the typical
microstructure of a thermally sprayed coating, characterized by a dense yet moderately porous structure,
which results from the partial melting of particles during spraying [25]. Good interparticle bonding indicates
that sufficient temperature was achieved during deposition. A decrease in the Ra parameter from 31.860 pm
(as-sprayed) to 13.388 um (furnace-treated) demonstrates a clear trend towards improved surface quality
with the application of heat treatment. The SEM micrographs confirm that thermal treatment promotes densi-
fication of the structure, a reduction in porosity, and surface smoothing. The obtained results indicate a sig-
nificant influence of heat treatment on the morphological and tribological properties of the coatings and
highlight the advantages of uniform furnace heating compared to flame heating [26].
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Figure 7. Micrographs of surfaces (top row) and corresponding roughness profile graphs (bottom row):
(A) without heat treatment SF1, (B) after gas flame heating SF2, (C) after heating in a furnace SF3

Tribological tests were conducted to test the wear resistance of the coatings. The results are shown in
Figure 8. According to the results of tribological tests with dry friction, it was found that subsequent heat
treatment reduces the friction coefficient, thus thermal gas-flame heating and furnace treatment reduced the
friction coefficient by 6 times on average for both types of treatment.
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Figure 8. Results of tribological tests of coatings using the “ball-on-disk” scheme under dry friction:
(SF1) without heat treatment, (SF2) after gas-flame heating, (SF3) after heating in a furnace

The most stable and lowest coefficient of friction, p=0.138 + 0.003, was observed for coating SF3,
which underwent furnace heat treatment at 1025 °C followed by slow cooling. The friction coefficient re-
mained nearly constant along the entire wear track, indicating structural uniformity and high quality of the
hardened surface, which suggests a reduction in microfractures [27-28]. In the case of flame heating
(1025 °C, acetylene—oxygen flame), the coefficient of friction was p = 0.173 £ 0.050. Moreover, beginning
at a sliding distance of 150 m, an increase in the coefficient of friction was recorded, pointing to a change in
the wear mechanism. This trend may be associated with localized densification of the coating structure dur-
ing flame heating. Although no abrupt fluctuations of the friction coefficient were observed, significant local
morphological changes may occur that are not fully reflected in the integral tribometric curve. As shown in
[11], under localized temperature spikes and contact with hard inclusions (borides, carbides), plastic defor-
mation of the softer binder matrix can occur, accompanied by strain hardening of the harder particles. To
achieve a comprehensive understanding of the wear mechanisms of NiCrFeBSi coatings subjected to differ-
ent heat treatment regimes, a morphological analysis of the wear track was carried out using scanning elec-
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tron microscopy (SEM), as illustrated in Figure 9. This approach was chosen due to the nature of the tribo-
logical data obtained and the need for visual confirmation of the proposed processes.

Figure 9. Results of tribological tests using the ball-on-disk scheme under dry friction.
(4) without heat treatment SF1, (B) after gas-flame heating SF2, (C) after heating in a furnace SF3

On the surface of the coating after flame heating, distinct micro-grooves formed during friction, as well
as cracks, can be clearly observed. In this context, the micro-grooves result from local abrasive interactions
of the counter body with surface inclusions or irregularities of the coating, leading to the removal of micro-
particles and the formation of elongated traces on the surface. Such areas are often formed in zones where
hard phases (carbides, borides) partially protrude above the softer matrix and act as abrasives during sliding.
Cracks are formed both along particle boundaries and within the binder phase, indicating a brittle fracture
mechanism [29-30].

After furnace treatment, the wear track surface appears more uniform and denser. Although traces of
micro-grooves are also present, they are distributed less chaotically and exhibit smaller depth and length.
Local layering was also observed, likely occurring along the boundaries of fused particles or between regions
with different phase densities. Nevertheless, the overall surface condition confirms a lower degree of wear.
This correlates with the low and stable coefficient of friction (0.138 + 0.003) and indicates a micro-abrasive
but plastically adaptive wear mechanism.

st § ost § Ni § Cr HiES St JISER O

Figure 10. Energy dispersive spectral map (EDS) of the wear track surface of NiCrFeBSi coating
after furnace heat treatment
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The presented EDS map confirms that the wear track zone represents the product of intense interaction
between the coating and the counter body, accompanied by mechanical damage and thermo-oxidative ef-
fects (Fig. 10). The main source of iron in the wear track is the counter body (e.g., a ball made of 100Cr6
steel or an equivalent structural steel). During sliding, especially under localized heating, material transfer
from the counter body to the coating surface occurs. The iron worn off from the counter body undergoes sur-
face oxidation, resulting in the formation of iron oxides within the wear track.

The formation of such oxide products of friction is characteristic of oxidative wear, in which oxide
films develop on the surface. These films may temporarily reduce the coefficient of friction, but upon their
breakdown, they become a source of abrasive particles that accelerate wear [31].

The potentiodynamic curves of all coatings show a significantly higher corrosion potential (Ecorr)
compared to AISI 1045 steel (Fig. 11).
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Figure 11. Potentiodynamic curves (4) original steel (B8) without heat treatment SF1,
(C) after gas flame heating SF2, (D) after heating in a furnace SF3

To describe in detail the corrosion behavior of the samples, the corrosion current was calculated from
the slopes of the Tafel sections of the potentiodynamic curves (Table 3).

Table 3
Results of measuring the corrosion resistance of self-fluxing NiCrFeBSiC coatings
Samples Original Steel AISI 1045 SF1 SF2 SF3
Icorr (A) 0.69218 0.42371 0.39466 0.38963
icorr (A/cm?) 0.881757962 0.539757962 0.502751592 0.496343949
CR (mm/a) 0.0100873122 0.006174832 0.005751479 0.005678175

The data presented in Table 3 and the potentiodynamic polarization curves show a significant difference
in the corrosion resistance of the various types of coatings applied to steel. The table includes key parameters
such as corrosion current density (Icorr) and corrosion rate (C.R.), which reflect the materials’ behavior in
corrosion tests. The coating subjected to furnace heat treatment demonstrates the best performance, with an
Icorr value of 0.49634 and a corrosion rate of 0.005678, which are considerably lower compared to other
coatings, including AISI 1045 steel and coatings treated by flame heating or left untreated. On the poten-
tiodynamic polarization curve, the plot corresponding to AISI 1045 steel shifts into a more negative potential
region, confirming its high corrosion activity. This is consistent with the data in the table, where the corro-
sion current density and corrosion rate for steel are the highest. In contrast, coatings subjected to subsequent
flame heating exhibit improved results; however, their corrosion resistance still remains inferior to that of the
furnace-treated coating. Such a combination of processing conditions appears to create a denser and more
corrosion-protective surface, which prevents the formation of microcracks and moisture retention, thereby
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significantly slowing down the corrosion process. Overall, the coatings treated in the furnace showed the best
corrosion resistance among all studied variants, making them the most promising for applications requiring
protection against aggressive environments.

The data obtained from the adhesion strength measurements characterize the bonding force between the
coating and the substrate (base material), which is one of the key quality indicators of thermally sprayed
coatings. The results of the adhesion strength tests are presented in the summary of results (Table 4).

Table 4

Summary table of the results of the study of the properties
of the characteristics of self-fluxing NiCrFeBSi coatings

S;::gie Adhes1§/111Ps;rength, Mlg(\)};ggz ess Wettability, ° Friction coefficient Roughness, um
SF1 18 528.7+£2.3 53.152 0.648+0.070 31.860+0.290
SF2 27 771.6+4.6 79.875 0.173+£0.050 14.915+0.047
SF3 34 922.4+5.7 89.603 0.138+0.003 13.388+0.016

The results of contact angle measurements performed using the sessile drop method with an optical go-
niometer are also presented in Table 4. The data indicate a significant influence of the heat treatment regime
on the wettability of the coating surfaces. The lowest contact angle (53.152°) was recorded for the coating
without additional heat treatment. This suggests high surface energy and a possible microporous structure
that promotes oil wetting. After flame heat treatment, the contact angle increased to 79.875°, which can be
explained by densification of the structure, partial sintering of particles, and reduction of surface micro-
roughness. The highest contact angle (89.603°) was observed in the furnace-treated sample, which may be
associated with the formation of a more uniform, dense, and possibly oxidized layer with reduced wettabil-
ity. Thus, it can be concluded that heat treatment reduces wettability, which may be a positive factor for the
operation of coatings under oil-lubricated friction conditions.

Figure 12 presents SEM images of indenter impressions obtained from microhardness testing of
NiCrFeBSiC coatings subjected to different types of heat treatment. Examination of the impressions made it
possible to establish correlations between the type of thermal treatment, the microstructural state, and the
local hardness of the material. Figure 12(4) shows the indenter impression on the coating without heat treat-
ment. Cracks and depressions in the indentation area are clearly visible, associated with the presence of a
pore beneath the surface layer. Such local load-bearing instability leads to a reduced microhardness of
528.7+2.3 HV. The data indicate high brittleness of the coating without additional thermal stabilization.
Figure 12(B) illustrates the structure of the coating after flame heating. In this case, the structure is denser
compared to the untreated sample. The impression has a symmetrical shape, and the number of cracks is re-
duced. The microhardness is 771.6 £ 4.6 HV, which indicates partial structural stabilization and a reduction
in internal stresses. Figure 12(C) corresponds to the coating subjected to furnace heating. Here, minimal sur-
face damage around the indentation is observed, with no pronounced cracks or depressions, indicating high
structural integrity. This is reflected in the highest microhardness value—922.4 + 5.7 HV—confirming the
effectiveness of furnace heat treatment in improving the mechanical properties of the coating.

Figure12. SEM images of indenter imprints on NiCrFeBSiC coatings:
(A) without heat treatment, (B) after flame heating, (C) after heating in a furnace
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Conclusion

In this study, a comprehensive investigation was carried out on the structural, surface, and tribological
characteristics of self-fluxing NiCrFeBSi alloy coatings deposited by flame spraying. It was established that
subsequent heat treatment has a significant influence on the formation of the microstructure, phase composi-
tion, and performance properties of the coatings. X-ray diffraction analysis revealed the formation of carbide
phases (Cr7Cs, Cr23Cs) and intermetallic compounds (FeNi3). Profilometric measurements and SEM micro-
graphs confirmed that uniform furnace heating contributes to a substantial reduction in surface roughness
(down to Ra = 13.388 um), the formation of a dense and homogeneous structure, and the elimination of po-
rosity and defects typical of coatings without additional treatment.

The results of tribological testing showed that the most stable friction characteristics were demonstrated
by the coating subjected to furnace heat treatment: the coefficient of friction was 0.138 £ 0.003 and remained
constant throughout the entire wear track. In contrast, coatings without heat treatment or treated by flame
heating exhibited higher and less stable friction coefficients, accompanied by increased abrasive wear and
the formation of microcracks. Elemental analysis of the wear track revealed the presence of wear products in
the form of iron oxides originating from the counter body, confirming the contribution of oxidative and ad-
hesive components to the wear mechanism. Thermal treatment—particularly furnace heating—was found to
improve the microhardness of the coating by reducing porosity, stabilizing the binder, and enhancing phase
distribution. Thus, uniform furnace heat treatment under an optimal temperature regime significantly en-
hances the service properties of NiCrFeBSi coatings and can be recommended for improving the reliability
and durability of protective layers under dry sliding conditions.
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I'azapI-xaabIHABI OYPKY dAiCiMeH aJILIHFAH 63irHeH aFaTbIH HUKEJIb
JKa0bIHAAPBIHBIH TPUOOJIOTHAJIBIK KACHETTEPIH 3epTTey

JKympicta ra3mel-kanbHAB OYpKy omiciMeH xkarburraH, e3firiHeH araThlH NiCrFeBSiC xopsrtmacsr
HeTi3iHAeri O kaOBIHAAPABIH MHKPOKYPBUIBIMBL,  (a3alblk  Kypambl, OeTKi MOPQOJOTHACH  KOHE
TPHUOOJIOTHSIIBIK CHIIATTaMalIaphl KEMISH 1 TYp/e 3epTTeli. OpTYPii KBUIYJIBIK OHACY TYPIEPiHiH — Tra3/pl-
JKAIBIH/IBI KBI3/BIPY JKOHE IMELITEe KbI3IbIPY — KaOblH KACHETTEpiHIH dCepiHe epeKiie Hazap ayAapbUIbL.
Pentrennix mudpakuusuieik Tannay FeNis ¢asaceibiH, conpaii-ak CriCs, Cr23Cs kKapOHITIK KOCBUTBICTAPHI
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Tribological Performance of Self-Fluxing ...

MeH OOpHATepAiH TY3UTyiH aHBIKTambl, Oy ONAapIbIH TO3yFa TO3IMILUIIriHe aWTapibIKTail ocep eTeTiHiH
KepcerTTi. ['oHHmoMeTpus 9iciMeH KYPTi3UIreH eJmeynep NelTe KbUTYIbIK oHICYAeH O0TKeH XKaObIHHBIH €H
JKOFaphl TUAPOGOOTHUIBIK KaCHETKe He eKeHl aiKpIHaanasl (kaHacy Oypeimbsl — 89,6°). berki Mmopdonorus
MEH Kemip-OyIBIPIbIK TapaMeTpiiepi CKaHepIEHTIH 3JIeKTPOHABI MHUKPOCKOIMS JKOHE HPO(HIOMETPHs
onictepiMeH OaranaHIbl, HOTIDKECIHE IEIITIK OHAEY €H TBHIFBI3 9pi Teric KYphUIBIMIBI, €H TOMEHI1 KeIip-
oyneipabikneH (Ra = 13,388 MkM) KaMTamachl3 €TeTiHI aHBIKTANIBL. OTKI3UITeH TPHOOIOTHSUIBIK CHIHAKTAP
memre KbI3AbIpYAaH KeWiHri KaObIHHBIH €H TOMEH »JKOHEe €H TYpaKThl Yiikemic Kod(dQuimenTin
(0,138 + 0,003) kepcereTiHiH, OWI TO3y i31HIH MHKPOKYPBUIBIMIBIK CPEKIICIIKTEPIMEH COHKEC KeNeTiHiH
nmonenaeni. Ansiaran HoTikenep NiCrFeBSiC Herizinzeri skaObIHOapAbIH NaligagaHy KacHETTEPiH apTTHIPY
YILiH MEIMITIK )KbUTYJIBIK OHACYIiH )KOFapbl THIMIUIITIH aifFaKTaiiabl.

Kinm cesdep: e3miriHeH araTblH KOpBITIANAp, ra3abl-KaJdbIHAB OYpKy, HUKenb KopbiTnanapsl, NiCrFeBSi,
JKBUTYJIBIK OHICY, 45 OonmaT

I.b. Byiitkenos, H.C. Paiicos, H.E. bazapos, I'.T. TineyOepreHona,
A K. Xacenos, [[.)K. KapabekoBa

Tpubosoruyeckoe nopeaenne camoQOCyOmMXcs MOKPbITHIH
HAa OCHOBE HHUKeJIf, CPOPMUPOBAHHBIX I'A30IJIAMEHHBIM HANblJICHHEM

B nmanHOli paboTe mpoBeneHO KOMIUICKCHOE HCCIIEIOBaHHE MUKPOCTPYKTYPHI, (ha30BOr0 COCTaBa, MOBEpPX-
HOCTHOH MOP(OJIOTHH ¥ TPUOOIOTHYECKUX XAPaKTEPUCTHK ITOKPBHITHII HAa OCHOBE CaMOQIIIOCYIOLIETOCs
crmaBa NiCrFeBSiC, HaHec€HHBIX METOIOM Ta30IIaMEHHOTO HambuieHUs. Oco00e BHUMAHUE yIEJICHO BIIH-
SIHUIO Pa3JINYHBIX BUJIOB TEPMHYECKOH 0OpabOTKM — Tra3oIUIaMEHHOTO HarpeBa M HarpeBa B I€YM — Ha
CBOWCTBA MOKPHITHHA. PeHTreHoqu(ppakIMOHHBIN aHa U3 BBLBII oOpa3zoBanue (aser FeNis, a Taxoke kapOu-
HbIx coeamHeHnil Cr7Cs, Cr23Ce u GOpUAOB, UTO OKa3bIBAeT 3HAUYUTENHHOE BIMSHHE HAa M3HOCOCTOMKOCTB.
MeTtomoM TOHHOMETPHH MOKa3aHO, YTO HAaHOOJIBLIYI0 THAPO(HOOHOCTH MOBEPXHOCTH 00ECIICUUBAET MOKPHI-
THE, TIOJBEPTHYTOE TEPMUIECKON 00padoTke B meun (KOHTaKTHBIA yroin — 89.6°). [loBepxHocTHAs Mopdo-
JIOTHSI ¥ TIapaMeTphl IEepOXOBATOCTH OLEHEHBI C IIOMOILIbI0 CKaHMPYIOLIEH SJIEKTPOHHON MHKPOCKOINH 1
npoUIOMETpUH, TJe YCTaHOBICHO, YTO HewyHas oOpaboTka oOecrieynBaeT HanbOojee IUIOTHYIO U CIiIa)KeH-
HYIO CTPYKTYpPY C HaUMEHBIICH mepoxoBaTocThio Ra = 13.388 mkm. [IpoBenéHHbIe TPHOOIOTHIESCKUE HCITBI-
TaHUS MOKa3aJM, YTO IOKPBITHE MOCIe HarpeBa B IeYH AEMOHCTPUPYET HaMMEHBIINI U Hanbojee CTaOuIIb-
HbIH Ko3pPuument Tperus (0.138 + 0.003), 4To KoppenupyeT ¢ MUKPOCTPYKTYPHBIMH OCOOEHHOCTSMU TpeKa
n3Hoca. [lomydeHHBIe pe3yIbTaThl CBHICTEIBCTBYIOT O BHICOKOW 3 (PEKTUBHOCTH TEPMHUUECKOH 00paboTKU B
TIeYH IS OBBIIICHUS SKCIUTYyaTallMOHHBIX CBOHCTB NOKphITHI Ha ocHOBe NiCrFeBSiC.

Knwouegvie cnosa: camouuiocyloliecs CIUIaBbI, Ta30IUIAMEHHOE HAIbUICHHE, HHKEJEBbIC CILUIABbI,
NiCrFeBSi, repmudeckast 06paboTka, ctanb 45
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