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STUDY OF PROCESSED BY COMPRESSION PLASMA OF MULTILAYER

PLASMA COATINGS BASED ON CERAMICS

The article considers the technique of compression plasma treatment of multilayer plasma coatings based on
cermet powders. The optimization of the modes of action on the near-surface layers of the formed wear-resistant
coatings was carried out, both the distance of the compression-plasma treatment and the total number of input
energy pulses were varied. Both the level of energy supplied to the formed coating and necessary for the pro-
cesses of their melting and compaction, and the thickness of the resulting layers formed during their processing,
depend on these technological parameters. In all experiments, the optimal criterion for the experiment was to
obtain a total porosity in the near-surface layers in the range of 1.5-2.5%, these parameters provide an im-
provement in the oil-retaining capacity and lead to an increase in the wear resistance of the formed wear-
resistant plasma coatings. The optimal distances according to the criteria we have chosen when processing
near-surface layers of formed wear-resistant coatings are 0.09-0.10 m (for 77P-X18H15) and 0.10-0.11 m (for
ITP-X18H15 - Mo - Mo0S2). When controlling the parameters of the total porosity in accordance with the applied
processing distances, almost complete coincidence with the required values of 1.0-2.0% is seen. Under a single
impact with a pulse, the grains in the layers treated with a plasma flow are angular, non-isometric, and oriented
almost in the direction perpendicular to the plane of the treated sample. This preferred orientation of grains is
probably associated with the crystallization process during further cooling of the sample in the directions of heat
removal.
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WCCJEJOBAHUE OBPABOTAHHBIX KOMIIPECCUMOHHOM IIJIA3MOI MHOTI'OCJIOMHBIX
IJIASMEHHBIX IOKPBITU HA OCHOBE METAJVIOKEPAMUKH

B cmamve paccmompena memooduxa o6paboOmKu KOMRPECCUOHHOU NAAZMOU MHO2OCIOUHBIX NJIA3MEHHbIX
HOKPBIMULL HA OCHOBE MEMALLOKEPAMULECKUX NOPOUK08. [Iposedena onmumuzayus pejicumos 6030eticmeus Ha
NPUNOGEPXHOCHIHbIE CILOU  CHOPMUPOBAHHBIX USHOCOCMOUKUX NOKpulmull. Bapvuposanuce kax Ooucmanyus
KOMIPECCUOHHO - NIA3MEHHOU 06pabomKuy, max u CyMMApHOe KOIUYECmE0 NOOB0OUMbBIX UMNYIbCO8 IHEPULL.
Om 2mux mMexHON02UYECKUX NAPAMEMPO8 3A8UCIN KAK YPOGEHb IHeP2UU, NOOSOOUMbIL K CHOPMUPOBAHHOMY
HOKPBIMUIO U HEOOXO0OUMbLU OISl NPOYECCO8 UX ONLAGNEHUs. U YNIOMHEHUs, MAK U DOPMUPYIOWAscs NPU ux
0bpabomke MoOAWUHA NONYYEHHBIX Cloes. Bo ecex onvimax onmumanvHbiM Kpumepuem npoeeoeHus
OKCNEPUMEHMA CILYHCUNLO NOJyHeHUe 00ueli nopucmocmu 6 npuno8epxXHoCmHuIX ciosx 6 npeoeirax 1,5-2,5 %,
omu napamempol 00eCneyusaOm YiyuueHue Macioy0epiucusaioujeli CnocoOHoOCmuy 1 NPUGOOSIM K NOGLIUEHHUIO
UBHOCOCMOUKOCIU Y COPMUPOBAHHBIX — USHOCOCMOUKUX — NIAA3MEHHbIX — ROKpvimuti.  OnmumanbHulMu
OUCMAHYUSMU 1O BLLOPAHHBIX HAMU KPUMEPUSIM NpU 00pabomke npunosepxXHOCHHbIX CLO€e8 Y CHOPMUPOBAHHBIX
usnococmotuixux nokpvimuul signsiromes 0,09-0,10 m (0ns IIP-X18H15) u 0,10-0,11 m (ona [IP-X18H15 — Mo -
MoSy,). Tlpu ynpasnenuu napamempamu obujell NOPUCMOCU 8 COOMEEMCMEUU C NPUMEHAEMbIMU OUCHIAHYUAMU
00pabomku  BUOHO NPAKMUYECKU NOAHOe coenadenue ¢ mpebyemvimu 3uavenusmu 1,0-2,0 %. Ilpu
OOHOKDAMHOM 6030€lCEUU UMNYIbCOM 3ePHA 8 0OPABOMAHHBIX NIA3MEHHbIM NOMOKOM CNLOSIX Y2l08amble,
HeU30MEempPuyHbl U COPUCHMUPOBAHbL NPAKMUYECKU 6 HANPAGIeHUU, NEPHEHOUKYIAPHOM K NIOCKOCMU
obpabomanno2o obpaszya. Takas npeumyujecmeeHHdass OPUEHMAYUsL 3EPEH, BEPOSIMHO CEA3AHA C NPOYeccoMm
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Kpucmaniuzayuy npu OanbHeliuem oxaaxcoeHuy oopasya 6 HanpasieHusx menioomseooa. Ilpu mnoeokpammvix
6030€lCMBUAX KOMNPECCUOHHOU NIA3Mbl NpUodpemennas opma y 3epen npuno8epxXHOCMHbIX Cl10e8 HOCUMN
U30OMEMPUYHBLIL Xapakmep.

Knrwouegvle cnoea. memannioxkepamuyeckue nia3mMeHHble NOKPLIMUS, KOMAPECCUOHHbIE NAA3MeHHble NOMOKU,
oucmanyuss 06pabomKu, cHOpMosantvie CMPYKmMypol, NPUNOBEPXHOCMHBIE CIOU, USHOCOCMOUKUE NOKPbIMUI,

(j)usuko-/wexanul{ewue ceoticmaa.

1. Introduction. An increase in the efficiency of plasma-applied self-fluxing coatings
based on powder materials based on diffusion-alloyed austenitic steels with the addition of
molybdenum and molybdenum disulfide can be carried out by controlling the properties of
their individual sections. This contributes to the optimal combination of the properties of var-
ious sections of the obtained coatings, which must correspond to the functional purposes of
the materials deposited by the plasma. Nevertheless, the technologies for their creation have
prospects for further improving the properties of the formed materials as a result of the use of
methods for processing them using highly concentrated energy flows. Using layer-by-layer
processing of wear-resistant coatings deposited using a plasma installation with short-term
pulses of compressive plasma flows using different levels of input energy, it is possible to
create the possibility of forming certain structures with adjustable and decreasing from the
upper outer layers of the obtained coatings to the base (substrate) total porosity. This type of
treatment contributes to an increase in their oil-retaining capacity and wear resistance of the
formed friction surfaces to an additional combination with an increased cohesive and adhesive
strength near the boundary layers. On the basis of statistics on the values of limiting wear var-
iations for operated parts, for which the technologies created by us are intended, the thickness
of the layers applied by the plasma installation was taken to be about 0.5 - 0.6 mm. Plasma
wear-resistant coatings from composite powder materials obtained by diffusion alloying from
powder materials based on austenitic grade steels (ITP-X18H15) and the same materials with
the addition of molybdenum and molybdenum disulfide (ITP-X18H15-Mo- MoS;) was treat-
ed layer by layer with pulses of compression plasma flows generated using a magnetic plasma
compressor (MIIK) [1-8].

2. Experimental technique.

A previously evacuated MPC vacuum chamber was used; it was filled with nitrogen to
the required pressure (100-1300 Pa). The amplitude values of the parameters of the discharge
current of the MIIK varied in the ranges from 70 to 100 kA, with a corresponding increase in
the parameters of the initial voltage at the energy storage device (from 3 to 5 kV). The dura-
tion of the pulse discharge values was about 150 ps. Under the accepted conditions, a com-
pression plasma flow with a diameter of 1 cm and a length of 10 cm is formed at the output of
this discharge device (MIIK) [4-8]. During our optimization, the modes of action on the near-
surface layers of the formed wear-resistant coatings varied both the distance of compression-
plasma treatment and the total number of input energy pulses. Both the level of energy sup-
plied to the formed coating and necessary for the processes of their melting and compaction,
and the thickness of the resulting layers formed during their processing, depend on these
technological parameters. In all experiments, the optimal criterion for the experiment was to
obtain a total porosity in the near-surface layers in the range of 1.5-2.5%, these parameters
provide an improvement in the oil-retaining capacity and lead to an increase in the wear re-
sistance of the formed wear-resistant plasma coatings [4]. The results obtained by optimizing
the process modes are presented in Table 1. The optimal distances according to the criteria we
have chosen when processing the near-surface layers of the formed wear-resistant coatings are
0.09-0.10 m (for ITP-X18H15) and 0.10 -0.11 m (for [TP-X18H15 - Mo - MoS;). When con-
trolling the parameters of the total porosity in accordance with the applied processing distanc-
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es, almost complete agreement with the required values of 1.0-2.0% is seen. It is difficult to
completely reduce the experimentally obtained and the specified intervals for the parameters
of the total porosity, which is dictated by the multifactorial nature of the process of formation
in coatings during compression-plasma treatment of layer structures. Regarding the required
number of required pulses for high-quality processing of near-surface layers of wear-resistant
plasma coatings with a total thickness of 0.5-0.6 mm, for [TP-X18H15 and ITP-X18H15 - Mo
- MoS; they were 15 and 14 impacts, respectively. Based on the performed metallographic
analysis of the structures of the samples treated with compression plasma during our optimi-
zation of the required number of pulses, we can draw the following conclusions: under a sin-
gle pulse xposure, the grains in the layers treated with a plasma flow are angular, non-
isometric and oriented almost in the direction perpendicular to plane of the processed sample.
Such a predominant orientation of grains is probably associated with the crystallization pro-
cess during further cooling of the sample in the directions of heat removal. Under repeated
exposure to a flow of compression plasma, the acquired shape of the grains of the near-
surface layers is isometric. In Figure 1, using the example of ITP-X18H15 and ITP-X18H15 —
Mo - MoS; coatings, typical structures of the treated near-surface layers are shown. These
structures are fused plasma coatings with a fine-grained structure evenly distributed in the
coating. In the ITP-X18H15 coating, this is a y-solid solution, as well as the Fe,B, FeB, Fe;
(BC) phases, and in the ITP-X18H15 — Mo - MoS; coating, the My3(C, B)s, M0,(B, C), and
FesMojs phases (C, B), where (M = Fe, Cr, Mo), which contributes to an increase in the wear
resistance of the treated wear-resistant coatings under the conditions of the friction process
with boundary and imperfect lubrication. The total porosity evenly distributed in the coating
stabilizes the formed lubricating film at the tribo-couplings. An ordered distribution of phases
significantly increases the hardness characteristics of the obtained wear-resistant coatings, re-
duces the deformation parameters of the working surfaces in friction pairs, thereby reducing
the actual interaction area of the rubbing surfaces. Consequently, the probability of direct
metal contact at the formed friction surfaces also significantly decreases, and this reduces the
intensity during wear by microcontact setting. These properties of the formed near-surface
layers lead to an increase in the wear resistance of the resulting coatings, their microhardness,
as well as the formation of predominantly residual compressive stresses.

Table 1. — Data for optimizing the processing distance

Formed coating Characteristic distances of compres- | Values of the total coating
sion-plasma treatment, m porosity, %
0,14 2,6-2,9
ITP-X18H15 0,13 2,3-2,7
0,12 2,1-2,5
0,11 2,0-2,3
0,10 1,7-19
0,09 1,5-1,6
0,08 1,8-2,2
0,07 destruction fixation
0,14 3,0-3,3
ITP-X18H15 - Mo - 0,13 2,6-3,1
MoS; 0,12 2,4-2,8
0,11 2,2-2,5
0,10 1,6-2,0
0,09 2,3-2,6
0,08 destruction fixation
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The increase in microhardness indicators is also confirmed by experimental data (table
2). An increase in the values of the microhardness parameters in comparison with the untreat-
ed material indicates the strengthening of the near-surface layers, which creates the precondi-
tions for an increase in their resistance to mechanical wear.

"'&Qf:\f,‘ “ "...

Figure 1. Microstructure of layers of plasma wear-resistant coatings I[TP—X18H15 u ITP—
X18H15 - Mo — MoSafter exposure to pulses of compression plasma flows at optimal modes
(x200)

The obtained maximum values of microhardness are mainly observed at depths of
100-120 microns, this is due to processes associated with the nature of the shock-wave effects
of compression plasma jet pulses, which cause hardening hardening. The characteristics of the
rigidity of the shock wave action, the degree of hardening and microhardness are significantly
reduced with distance from the surface of the wear-resistant coating formed by plasma spray-
ing. At parameters that form a hard shock wave action directly on the resulting sample sur-
face, overhardening phenomena take place, they weaken the formed coating and reduce its
microhardness. The compressive stresses obtained in the coating as a result of compressive
plasma treatment lead to a significant increase in resistance during mechanical destruction
occurring during friction processes. Residual compressive stresses in the coating are formed
due to shock-wave effects and significant plastic deformation, as well as cold hardening that
occurs in this case.

Table 2. — Microhardness of the surface layers of the formed coatings.
3HaueHus nokasareneil Mukporsepaoctu, Mllaigg

ITony4yeHHsle
Tlosca 3aMCpPOB 110 JJIMHEC MONCPEUYHOT0 CCUCHUA ITOKPBITHUA
HOKpBITI/If[
1 2 3 4 5
MP=X18H15 6895-8025 | 4885-6839 | 5432-7745 | 5168-7621 | 6170-
before processing 7537
ITP-X18H15 7989-
. 9065-10041 | 8124-9614 | 8766-10295 | 7710-9223

after processing 9621
[TP-X18H15-Mo-MoS; 6311-
before processing 7012-8193 | 5067-7012 | 5619-7924 | 5276-7762 7703
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[MTP-X18H15-Mo-MoS, 8095-
after processing 9236-10194 | 8312-9781 | 8987-10402 | 7957-9455 9877

3. Conclusion.

Optimization of layer-by-layer processing by pulses of compression plasma flows
generated by a magnetoplasma compressor (MIIK) has been carried out., plasma coatings
from composite materials obtained by diffusion alloying from powders based on austenitic
steels (ITP-X18H15) and the same materials with the addition of molybdenum and molyb-
denum disulfide (ITP—X18H15 -Mo0-MoS,). During the optimization by the modes of action
on the surface layers of the formed coatings, the distances of compression-plasma treatment,
as well as the total number of input pulses, varied. Both the level of energy supplied to the
coating for the processes of reflow and compaction and the thickness of the layers obtained
during processing depend on these technological parameters. The optimal criterion was to ob-
tain a total porosity in the surface layers in the range of 1.5-2.5%, which provides an im-
provement in the oil-retaining capacity and an increase in the wear resistance of the formed
plasma coatings. The optimal distances for processing the surface layers of the formed coat-
ings are 0.09-0.10 m for [TP-X18H15 and 0.10-0.11 m for [TP-X18H15-Mo0-Mo0S;. As for the
required number of pulses for the complete treatment of surface layers of wear-resistant plas-
ma coatings with a total thickness of 0.5 - 0.6 mm, it was 15 and 14 impacts for I[TP-X18H15
and ITP-X18H15-Mo-MoS; coatings, respectively. Structural elements are fairly evenly dis-
tributed in the coating. In the ITP—X18H15 coating, this is a y-solid solution, Fe,B, FeB, Fe;
(BC) phases, and in the TIP-X18H15-Mo-MoS; coating, the Mz (C, B)s, M0,(B, C) and
FesMo3(C) phases , B), where (M = Fe, Cr, Mo), which contributes to an increase in the wear
resistance of the treated coatings under friction conditions with boundary and imperfect lubri-
cation. Evenly distributed phases significantly increase the hardness of the resulting coatings,
reduce their degree of deformation of the working surface in the friction pair, which reduces
the actual contact area of the rubbing surfaces. Therefore, the probability of direct metal con-
tact at the friction surfaces decreases and the intensity of wear by microcontact setting de-
creases. The properties of the surface layers obtained in this way contribute to an increase in
the wear resistance of the coatings. Along with the factors discussed above, an increase in the
wear resistance of the treated surface layers is also achieved by an increase in their micro-
hardness, as well as the formation of residual compressive stresses.
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