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PARAMETERS OF DEPOSITION OF MULTILAYER PLASMA COATINGS FROM

MATERIALS BASED ON M-CROLL

The article discusses the deposition parameters that are the most promising for operation under such wear con-
ditions of the composition, which consist of a ceramic-metal matrix and an oxide component evenly distributed
in it. The performance of such compositions is ensured by the high strength properties of the metal-ceramic ma-
trix. The constant reproduction of this layer when working under friction conditions, evenly distributed through-
out the entire volume of the material, creates the desired effect of self-lubrication. All of the above features sug-
gest that plasma wear-resistant powder coatings will find wide application in technology, both protective and
anti-friction. Atmospheric Plasma Spraying (APS) is a current commercially available technique that has been
used by many researchers to create cost-effective coatings. The use of high temperatures and energy densities
makes it possible to deposit coatings of refractory materials such as Al203, ZrO2 and mullite, which are diffi-
cult to melt with other conventional thermal spray processes.
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MAPAMETPbI HAHECEHHSI MHOT'OCJIOMHBIX IJIASMEHHBIX ITOKPBITHI U3
MATEPHAJIJIOB HA OCHOBE M-KPOJIE

B cmamve paccmampusaromcesn napamempol Hanecenus: Hauboiee nepcneKmuHbiMu 0Jisk pabomel 6 ma-
KUX YCAOBUAX UBHOCA KOMNO3UYUU, KOMOPble COCMOSAM U3 MemauloKepamMuieckol Mampuybl U pasHOMEPHO
pacnpeodenenHol 6 Hell oKcuonol cocmasnsowell. Pabomocnocodnocms maxux komnosuyuil obecneyusaemcs
8bICOKUMU NPOYHOCHBIMU COUCNBAMYU MEMANIOKEPAMULECKOU MAMPULBL.
Iocmosnnoe 6ocnpoussederue OaHHO20 CNIOSA NPU pabome 8 YCI08UAX MPEHUsL, PABHOMEPHO PACNPEOeNeHHOU No
scemy 0b0vemy Mamepuand, co30aem HylCHbill dghpexm camocmasvieaemocmu. Bce evluienepeuucientvie 0co-
benHoCmU NO360AI0M NPEeONnoNdAcams, Ymo Nia3MeHHble USHOCOCMOUKUE NOPOUKO8ble NOKPLIMUS HAUOYIM W U-
POKOE npumenenue 6 MmexHuKl, KaK 3auumHble, max u anmu@puryuontvie. Ammocghepnoe niazmennoe Hanvl-
nenue (APS) - amo delicmsyowuii kommepuecku 0OCMYNnHbll Memoo, KOMOPLIll UCHOIb3068ANCH MHOSUMU UCCTe-
dosamensimu Onsl CO30AHUSI IKOHOMUUECKU BbI2OOHBIX NOKpblmull. Vcnonv3oeanue 6blCOKUX memnepamyp u
NIIOMHOCMU IHEPSUU NO360JIIOM HAHOCUMb NOKPbIMUSL U3 MY2oNIaeKux mamepuanos, maxux kax Al,03, ZrO; u
MYJLIUM, KOmopbvle mpyOHO PACHIAGUMb C NOMOWbIO OPYeUX MPAOUYUOHHBIX NPOYECCO8 MEPMUYECKO20 HANbI-
JleHUs.

Knrouegvie cnosa: memaniokepamuueckue nidsmeHHbixe noKpblmust, menio3auwumnsie U U3HOCOCMou-
Kue NoKpuimus, gopmupyemvie CIMPYKMypul, Qu3uxo — Mmexaumuueckue u 9IKCHIYAMAayuoHuvle ceoticmed, M-
KpOJU, OUOKCUO MUMAHA-OKCUOATTIOMUHUSL, MOTUOOEH.
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1. Introduction

Currently, in various industries, there are a large number of parts and assemblies oper-
ating under friction conditions (ball and cylindrical bearings, sliding current collectors, liners,
thrust bearings, guides, end and side seals, hinged devices, etc.), in which wear-resistant mate-
rials are widely used. They function under various conditions - high speeds, high loads, in the
presence of boundary friction or friction with lubrication, at elevated temperatures or in a
vacuum. Corrosion processes, the adverse effects of wear, are the main causes of failure of
metal structures and machine parts. For these reasons, about 80-90% of parts fail in the indus-
try. All these circumstances do not make it possible to obtain a universal material for work in
friction units. There is a need to obtain various materials for the given operating conditions in
friction conditions. It is known from a review of the literature [1-15] that the most promising
materials for obtaining wear-resistant plasma coatings that increase the durability and reliabil-
ity of mechanisms and machines are those materials that can withstand maximum loads with-
out plastic deformation in friction pairs in a wide range of operating temperatures and having
the highest resistance to abrasive wear, the ability to work in aggressive environments and
vacuum. The most promising for operation in such conditions are compositions that consist of
a cermet matrix and an oxide component evenly distributed in it. shock in a high temperature
atmosphere. In addition, they have the combined advantages of ceramic and metal, such as
hardness and toughness. In addition, the effective use of wear-resistant coatings can be signif-
icantly improved by applying a subsequent modifying effect on their structure [8]. When pro-
cessing wear-resistant plasma coatings with high-energy effects, their sources have a number
of advantages: firstly, the locality and high concentration of the input energy, which makes it
possible to act on the necessary area of the formed wear-resistant coating, without thereby vi-
olating, due to the general heating of the entire volume of its microstructure and required
properties; secondly, the possibility of strict control of all the parameters of the impacts,
which make it possible to form the structure of the layer being created, to regulate its rough-
ness and the necessary geometric dimensions, to obtain the necessary parameters of wear re-
sistance, total porosity, and hardness. However, one should always keep in mind the ability of
a high-energy modification to change and redistribute residual stresses in the formed coating,
especially at small coating thicknesses [9].

2. Optimization of parameters for deposition of plasma coatings from materials
based on oxide ceramics

In accordance with the method developed by us, the optimization of plasma spraying
of powder coatings on the UPU-3D installation was carried out according to the utilization
factor of the sprayed powder material (CIP). In this case, the morphology of individual parti-
cles of powder materials deposited on the polished surface after their interaction with the base
(substrate) (“Splat—test”) was also taken into account. Based on the results of inspection under
a microscope for similar technological regimes as for the “Splat-Test”, an optimization pro-
cess was carried out based on the creation of coatings with maximum CIP (powder material
utilization factor).

In the process of obtaining sprayed wear-resistant layers from the developed powder
materials, there are a large number of process factors that affect the properties of the protec-
tive coatings being created. The main factors are the speed of the devices for moving the
plasma torch or substrate, the distance used for spraying, the consumption of the plasma-
forming and transporting gases used, the consumption of the material used for spraying, the
input power, depending on the voltage and current of the electric arc of the plasma torch [16-
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19]. As an example, Figures 1-7 show characteristic dependencies, which, using the KPI-
universal characteristic, show the effect on the efficiency of the process of the listed condi-
tions and deposition modes.

A qualitative optimization of all the most important parameters of APS (plasma spray-
ing in atmospheric conditions) of the process of creating wear-resistant coatings from powder
materials Mo and NiCrAllTa (for creating sublayers), as well as Mo-Al203-TiO2 and
NiCrAllTa-Al203-TiO2 ( to create wear-resistant layers). It was carried out in stages. The
first - for fixed indicators of the arc current and nitrogen forming the plasma, the distances for
creating coatings were varied. The second is the change in the amount of plasma-forming ni-
trogen at constant distances of deposition of powder material and the value of the applied cur-
rent.

Then, at the third stage, for certain constant values of the spraying distance of the
powder material and the flow rates of the plasma-forming gas-nitrogen, we changed the val-
ues of the supplied current. For NiCrAllTa, the obtained sublayer regimes (arc current of the
plasma torch - 550 A, speed when moving the base Vtr. = 300 mm / s, consumption of nitro-
gen forming plasma - 45 | / min, distance for coating formation - 100 mm, fractional composi-
tion of the powder material - 40-63 microns, consumption of powder material - 4.0 kg/h)
formed by the coating with CMM - 85%. For Mo - sublayer (arc current of the plasma torch -
600 A, speed when moving the base Vsub.=300 mm / s, consumption of nitrogen forming
plasma - 50 | / min, distance for coating formation - 110 mm, fractional composition of the
powder material - 40-63 microns, powder material consumption - 4.0 kg/h) formed by the
coating with CMM - 80%.
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Figure 1. Influence on the parameters of the instrumentation,% of the values of the in-
put current of the plasma torch (I, A) for the powder materials of the sublayers: 1 - NiCrAllTa
and 2 - Mo; 1 - (R por.=4.0 kg/h, powder fraction 40...63 um, Ry=45 I/min; L=100 mm); 2 -
(R por.=4.0kg/h, powder fraction 40...63 um, Ry=50 I/min; L=110 mm)

For NiCrAllTa-Al203-TiO2 - a wear-resistant layer (arc current of a plasma torch -
550 A, speed when moving the warp Vsub.=300 mm/s, flow rate of plasma-forming nitrogen
- 50 I/min, distance for coating formation - 110 mm, fractional composition of the powder
material - 40-63 microns, powder material consumption - 4.0 kg/h) formed by the coating
with CMM - 80%.For Mo-Al203-TiO2 - a wear-resistant layer (arc current of a plasma torch
- 600 A, speed when moving the base Vsub. = 250 mm / s, consumption of nitrogen forming
plasma - 55 | / min, distance for coating formation - 130 mm, fractional composition of the
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powder material - 40-63 microns, consumption of powder material - 4.5 kg / h) formed under-
coating with CMM - 72%.At the specified values of technological parameters, a microhetero-
geneous structure of the deposited coating is formed, containing elements that ensure its wear
resistance (Cr1.12Ni2.88, a-Al203, y-Al203, orthorhombic phase of titanium oxide TiO2,
Mo compounds).
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Figure 2. Influence on the performance of instrumentation,% of the coating formation
distance L, mm for materials of intermediate sublayers: 1 - NiCrAllTaand 2 - Mo, 1 - (R
por.=4.5 kg/h, powder fraction 40... 63 um, Ry=45 I/min, 1=550 A); 2 - (R por.=4.5 kg/h,

powder fraction 40...63 pm, RN=50 I/min; 1=550 A)
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Figure 3. Influence on the parameters of instrumentation, % of the coating formation
distance L, mm for powder materials of wear-resistant layers: 1 - Al203-TiO2-NiCrAllTa
(fraction 40...63 um; [=500 A, Ry=45 I/min, R then = 4.5 kg / hour); 2- Al203-TiO2-Mo

(fraction 40...63 um; I=600 A, Ry=50 I/min, Rpor=4.5 kg/h); 3 - Al203-TiO2-Mo (fractional
composition - 63...100 microns)
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Figure 4. Influence of KPI indicators, % on the consumption of nitrogen forming
plasma for powders of wear-resistant layers: 1 - Al203-TiO2-NiCrAllTa (L=110 mm; 1=500
A); 2 - AI203-TiO2-Mo (L=130 mm; =600 A) with a fraction of 40...63 um; powder con-
sumption - 4.5 kg/hour)
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Figure 5. Influence of KPI indicators, % on the values of the plasma torch input cur-
rent for powder materials of wear-resistant layers: 1 - Al203-TiO2-NiCrAllTa (L=110 mm;
RN=50 I/min); 2 - AI203-TiO2-Mo (L=130 mm; RN=55 I/min), Rpor=4.5 kg/h; fraction
40...63 microns
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Figure 6. Influence of instrumentation indicators, % on the consumption of powder
materialfor the formation of wear-resistant layers: 1 - Al203-TiO2-NiCrAllTa (L=110 mm;
I1=500 A);2 - Al203-TiO2-Mo (L=130 mm; Ry=55 1/min) with a fraction of 40...63 um
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Figure 7. Influence of KPI indicators, % on the speed when moving bases for powder materi-
als of wear-resistant layers: 1 - Al203-TiO2-NiCrAllTa (L=110 mm; I=500 A; Rport.=4.5
kg/h); 2 - AlI203-TiO2-Mo (L=130 mm; 1=600 A; Rpor=4.5 kg/h) with a fraction of 40...63

pm
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3. Conclusion

Optimum parameters for deposition of plasma coatings based on MCrAlY Ta alloys re-
inforced with refractory ceramic oxides are chosen. At the optimal conditions for NiCrAllTa
(the flow rate of the plasma-forming gas (nitrogen) is 50 I/min, the arc current of the plasma
torch is 550A, the distance from the nozzle exit to the base is 100 mm, the fractional composi-
tion of the powder material is 40-63 microns, the flow rate of the powder material - 4.0 kg/h,
relative speed of the substrate Vp=300 mm/s) coatings with CMM - 85% are formed. For
NiCrAllTa-Al203-TiO2 (consumption of plasma-forming gas (nitrogen) - 50 I/min, plasma-
tron arc current - 550 A, distance from the nozzle exit to the base - 110 mm, fractional com-
position of the powder material - 40-63 microns, powder material consumption - 4.0 kg/h, the
relative speed of the substrate Vp=300 mm/s) coatings with CMM - 80% were obtained.

In addition to chemical and mechanical bonds, there are some metallurgical bonds. At
the specified values of technological parameters, a microheterogeneous structure of the
sprayed coating is formed, containing elements that ensure its wear resistance (Cr1.12Ni2.88,
a-Al203, y-Al203, orthorhombic phase of titanium oxide TiO2). In this case, the spreading
of the molten particles on the substrate is achieved, there is no splashing and no losses upon
impact with the substrate.
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