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The structural-phase state and mechanical properties of plasma coatings sprayed with a composite material
based on a self-fluxing alloy of the PG-10N-01 NiCrBSi system modified with a composite material obtained
using self-propagating high-temperature synthesis were studied.
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Relevance of the research topic. Plasma spray-
ing of self-fluxing alloys of the NiCrBSi system of PG-
10N-01, PG-10N-04, PG-12N-02 brands is one of the
effective technological methods used to increase the re-
source of the tillage machines parts. The main phases
of plasma coatings of such alloys are a solid solution of
nickel (y-Ni), as well as a eutectic formed on its basis
with a NizB boride phase [1-3]. Inclusion of modifying
additives, which are obtained by self-propagating high-
temperature synthesis (SHS), to NiCrBSi allows to con-
trol the phase composition of the coating and obtain
new compounds (phases) in the solid solution and eu-
tectic. Those new compounds provide a higher level of
physical and mechanical properties of the coating,
which in many cases has composite structure.

The aim of the paper — study of the structural-
phase composition and mechanical properties of
plasma coatings of the self-fluxing NiCrBSi alloy and
the composite material obtained on its basis due to the
addition of SHS composites.

Research materials and methodology. Spraying
of plasma coatings was carried out with two experi-
mental compounds: a self-fluxing alloy of the PG-10N-
01 brand, as well as a composite material based on it,
which was obtained using self-propagating high-tem-
perature synthesis. The composite material was ob-
tained in two stages. At the first stage, PTM-1 powders
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of titanium Ti, P-803 technical carbon C and PGOSA-
0 refractory clay were used to obtain the modifying
composite material (MCM). In order to enhance the
thermal effect of the reaction, aluminum Al in the form
of PAP-1 powder, iron oxide Fe;Os; and PT-NA-01
thermosetting powder were added to the initial charge.
The particle size of the initial powders did not exceed
100 pum. The ratio of powders was equimolar, so that
during the further passage of the SHS process, the syn-
thesis 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 diameter
of 6 mm). After mechanical activation, the maximum
particle size of the charge did not exceed 40 pm [4].
10% of "Metylan" glue was added to the processed
charge, after which a cylindrical sample with a diame-
ter 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 ni-
chrome spiral with a diameter of 0.8 mm (Fig. 1) using
a specially developed device [5]. The SHS process was
carried out in an argon medium with pure Ar 98 %.
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Figure 1 — Stages of initiation and the SHS process of the sample: a — the beginning of the SHS process;
b — SHS process; ¢ — the end of the SHS process; d — cooling of the obtained spike.

At the second stage, the MCM obtained in the
form of a spike was crushed to a powdery state, after
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.

The application of plasma coatings was carried out
using the MPN-004 with plasmatron MP-04 unit at
E.O. Paton Electric Welding Institute of the National
Academy of Sciences of Ukraine [6, 7]. Spraying pro-
cess parameters are: electric current | = 45 A, voltage
U =30V, consumption of plasma-forming gas Qu = 70
I/h, consumption of protective gas Qpg = 280 I/h, spray-
ing 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 mi-
croscope and a Tescan Mira 3LMU scanning electron
microscope with an Oxford X-max energy dispersive
spectrometer. A PMT-3 microhardness tester with a
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load of 0.1 kg was used to measure the microhardness
of sprayed coatings.

The methodology described in [8] was used to de-
termine the abrasive wear resistance of sprayed plasma
coatings under the conditions of wear with an unfixed
abrasive. The disk rotation speed was 60 rpm, the sam-
ple pressure force was 25 N, the abrasive size (dried
quartz sand) did not exceed 200 pm. The relative wear
resistance of sprayed coatings containing MCM was
compared with the amount of wear of the coating
sprayed with the PG-10N-01 alloy. The amount of wear
was determined by the weight method using the VLR-
200 analytical scales.

The main research material. When spraying
both with the PG-10N-01 alloy and the composite ma-
terial with a composition of 10% MCM + 90% PG-
10N-01, dense, uniform in thickness coatings with a la-
mellar structure are formed (Fig. 2, a). The microstruc-
ture of the 10% MCM + 90% PG-10N-01 coating con-
sists of the matrix material of the self-fluxing alloy PG-
10N-01, in the lamellae of which there are inclusions of
different sizes (Fig. 2, b). When the content of MCM
increases, their number increases [9, 10].
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Figure 2 — Microstructure of sprayed plasma coatings: a — PG-10N-01; b — 10% MCM + 90% PG-10N-01.
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With the help of scanning electron microscopy  composition of 10% MCM + 90% PG-10N-01, in addi-
with energy dispersive analysis, it was established that  tion to the solid solution based on nickel y-Ni and the
the basis of the sprayed PG-10N-01 coating is a solid  NisB and CrsC; indicated above, contains phases of car-
solution of nickel (y-Ni) with inclusions of nickel bo-  bides of titanium TiC and silicon SiC, as well as tita-
rides NisB and chromium carbides CrsC, (Fig. 3, a).  nium diborides TiB; (Fig. 3, b).

Coatings sprayed with a composite material with a
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Figure 3 — Microstructure and phase composition of sprayed plasma coatings:
a—PG-10N-01; b — 10% MCM + 90% PG-10N-01.

The conducted X-ray structural phase analysis confirmed the phase non-uniformity of the sprayed plasma
coatings at the macro- and micro-levels with detected y-Ni, NisB, CrsCy, TiC, SiC, TiB; phases (Fig. 4).
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Figure 4 — Diffractograms of sprayed plasma coatings: a — PG-10N-01; b — 10% MCM + 90% PG-10N-01

The distribution of elements in sprayed plasma coatings with PG-10N-01 alloy (Fig. 5) and composite mate-
rial with a composition of 10% MCM + 90% PG-10N-01 is determined with the method of scanning electron
microscopy with energy dispersive analysis along the scanning line (Fig. 6).
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Figure 5 — Distribution of elements of sprayed plasma coating of the PG-10N-01 alloy:
a-C;b-0;c-Si;d-Cr; e—Fe; f—Ni.
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Figure 6 — Distribution of elements of sprayed plasma coating of composite material with a composition of 10%
MCM + 90% PG-10N-0/:a—B; b—C; c—O; d—Al; e—Si; f—Ti; g—Cr; h—Fe; i —Ni

The microhardness of sprayed plasma coatings, measured in the direction from the surface of the coating to
the surface of the base, is shown in Fig. 7.

i) Y
o00 |  Coating ; Base 1888 | Coating Base
800 - : 800 :
700 - i 700
600 : 600
500 500
400 400
300 300
200 200
100 100
0 0

a) b)
Figure 7 — Variation of 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.

When measuring microhardness, it was found that the average microhardness of a sprayed plasma coating of
a 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, and with 30% MCM + 70% PG-10N-01 — 880 HV, which exceeds the average micro-
hardness of the sprayed coating with the PG-10N-01 alloy, which is equal to 555 HV (Fig. 8). The stable nature
of the microhardness distribution in the sprayed coatings of the composite material indicates the uniform distribu-
tion of TiC and SiC carbides, as well as diborides TiB,, in the matrix material [9, 10].
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Figure 8 — Average microhardness (HV) of deposited plasma coatings (measured in the direction from the sur-
face of the deposited coating to the surface of the base): 1 — PG-10N-01; 2 — 10% MCM + 90% PG-10N-01;
3-20% MCM + 80% PG-10N-01; 4 — 30% MCM + 70% PG-10N-01.

The results of studies of the coatings wear resistance under the conditions of abrasive wear with an unfixed

abrasive are shown in Fig. 9.
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Figure 9 — Wear resistance of sprayed plasma coatings in the process of abrasive wear with an unfixed abra-
sive: a — relative wear resistance; b — wear of sprayed coatings; 1 — PG-10N-01; 2 — 10% MCM + 90% PG-
10N-01; 3 - 20% MCM + 80% PG-10N-01; 4 — 30% MCM + 70% PG-10N-01.

When analyzing the results of measurements of
the sprayed plasma coatings abrasive wear resistance,
it was found that the coatings of the composite material
have a higher abrasive wear resistance compared to the
coating of the self-fluxing PG-10N-01 alloy. This is ex-
plained by the fact that in the structure of the sprayed
coating with the composite material, along with the

solid solution of nickel y-Ni and NizB—CrsC; inclu-
sions, there are particles of carbides of titanium TiC and
silicon SiC, as well as titanium diborides TiB,. With an
increase in the content of MCM, the number of these
carbides and borides increases, accordingly, the wear
resistance of the coating in the process of abrasive wear
increases (Fig. 10).
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Figure 10 — Relative wear resistance of sprayed plasma coatings depending on the MCM content.
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The morphology of the friction surfaces is shown
in Fig. 11. On the friction surface of the plasma coating
sprayed with the PG-10N-01 alloy, lines with a depth
of up to 12 um were detected (Fig. 11, a), the friction
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surface of the coating of the composite material of 10%
MCM + 90% PG-10N-01 has lines with a depth of up
to 7..9 um (Fig. 11, b). When the MCM content in-
creases, the depth of the lines decreases.

Figure 11 — Morphology of friction surfaces of sprayed plasma coatings:
a — PG-10N-01, b — 10% MCM + 90% PG-10N-01.

The analysis of the obtained results shows that
plasma coatings based on the self-fluxing alloy PG-
10N-01, modified with a composite material obtained
by self-propagating high-temperature synthesis, have a
structure of a solid solution based on nickel (y-Ni) and
NisB—CrsC; inclusions, as well as strengthening phases
of carbides of titanium TiC and silicon SiC and dibo-
rides TiB,. Added TiC, SiC, TiB; strengthen the solid
solution based on nickel, which increases the micro-
hardness and wear resistance of the coating [10].

Conclusions

A composite material based on the self-fluxing
PG-10N-01alloy, modified with a composite material
(MCM), obtained by self-propagating high-tempera-
ture synthesis (SHS) was obtained. To obtain MCM
with the application of the SHS process, PTM-1 pow-
ders of titanium, P-803 technical carbon, iron oxide,
PAP-1 aluminum, PT-NA-01 thermosetting powder
and PGOSA-0 refractory clay were used.

It was established that the structure of the plasma
coating sprayed with a composite material with a com-
position of 10% MCM + 90% PG-10N-01 consists of a
solid solution based on nickel (y-Ni) with NisB-CrsC;
inclusions and contains solid reinforcing phases in the
form of carbides of titanium TiC and silicon SiC, as
well as titanium diborides TiB,. When the MCM con-
tent in the composite material increases, the amount of
TiC, SiC, and TiB; increases as well, which increases
the microhardness of the coating and increases its wear
resistance.

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% of
PG-10N-01 it is 880 HV, which exceeds the microhard-
ness of the plasma coating sprayed with self-fluxing
PG-10N-01 alloy, which is equal to 555 HV.

Under test conditions with unfixed abrasive, abra-
sive wear resistance of sprayed plasma coating of 10%

MCM + 90% PG-10N-01 is by 1.8 times higher com-
pared to the wear resistance of the plasma coating of
the PG-10N-01 alloy. For the coating of 20% MCM +
80% PG-10N-01 it is by 2.5 times higher and for the
coating of 30% MCM + 90% PG-10N-01 — by 2.9.
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