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DEVELOPMENT OF TECHNOLOGICAL PRINCIPLES FOR APPLYING A
COMPOSITION OPTIMIZED COMPOSITE COATING OF CERAMICS

The article presents the developed technological scheme for applying composition-optimized ceramic
composite coating based on Al,O3-TiO,-NiCrAllTa and Al,O5-TiO,-Mo materials. It includes a number of tech-
nological operations: preliminary preparation of the developed powders and the working surface of the samples,
coating, subsequent high-energy processing in order to improve the operational characteristics of the coating.
The most promising for obtaining wear-resistant plasma coatings that increase the durability and reliability of
mechanisms and machines are those materials that can withstand maximum loads without plastic deformation in
friction pairs in a wide range of operating temperatures and have the highest resistance to abrasive wear, the
ability to work in aggressive environments and vacuum. The most promising for operation under such conditions
are compositions that consist of a ceramic-metal matrix and an oxide component evenly distributed in it. To in-
crease the adhesive and cohesive strength of the plasma coating and reduce the residual stresses formed in the
resulting “coating-substrate” system, it is advisable to use pre-spraying of the sublayer. In this case, the sublay-
er used should have an increased strength of adhesion to the substrate and be characterized by sufficient plastic-
ity and a thermal expansion coefficient that closely corresponds to the coefficient of the material of the outer
layer of the formed coating. When forming plasma coatings based on ceramics with the use of metal additives, it
is effective to spray intermediate sublayers based on nickel and molybdenum with a size of 0.10-0.20 mm. Struc-
tural elements in the working surface of the applied powder materials must be distributed evenly. The level of
energy impacts on the layers of the formed coating is correlated with the change in distances during processing.
Under shock and wave effects of pulses of the compression plasma flow, plastic deformation and significant
compaction of the treated layer of the applied plasma coating occur. Ultrafast cooling and corresponding heat
removal to the substrate, after melting of the formed layer with a thickness of about 20-30 microns, is the result
of the thermal effect of compression plasma pulses.

Keywords: ceramic-metal plasma coatings, compression plasma flows, processing distance, molded
structures, surface layers, molded wear-resistant coatings.
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PABPABOTKA TEXHOJOTI'MYECKHUX ITPUHIIUIIOB HAHECEHUSI ONITUMU3UPOBAHHOI'O
IO COCTABY KOMITIO3UIIMOHHOTI'O ITIOKPBITUSA U3 KEPAMUKHA

B cmamve npedcmasnena paspabomannas mexnoi0cuieckas cxema HaHeCeHus: ONMUMUUPOBAHHO20 NO COCMA-
8y KOMNO3UYUOHHO20 NOKpbimusi u3z kepamuxu na 6aze mamepuanos Al,03-TiO,—NICrAllTa u Al,O3-TiO,-Mo.
Ona exnrouaem 6 cebst psi0 MeXHOIOSUYECKUX Onepayuil: npedeapumesbHy0 no020mogKy papabomanHblX no-
POWKo8 u paboueli nOGepXHOCMU 00pA3Y08, HAHECeHUue NOKPbIMUL, NOCIeOVIOUYIO BbICOKOIHEP2EMUUECKYIO
00pabomxy ¢ yenvio YiyyueHus: IKCNIyamayuoOHHbIX Xapakmepucmux nokpoimust. Camvlmu nepcneKmueHbLMu
OJ151 NOYYEHUsL USHOCOCHOUKUX NAA3MEHHBIX NOKPBIMULL, NOGLIUAIOWUX 00J208EHHOCHb U HAOEHCHOCHbL MeXa-
HU3MO8 U MAUWIUH, SGISIOMCS e MAMePUaivl, KOmopsle MO2Ym 6bl0epICUBAMb MAKCUMANbHbIE HA2PY3KU 0e3
niaacmuueckol oegpopmayuil 6 napax mpeHust 8 DOJLULOM UHMEPSALEe IKCIILYAMAYUOHHBIX MeMnepamyp u obia-
0arowWux Hausvlcuiell CMOUKOCMbIO NPU AOPA3UBHOM UBHOCE, CNOCODHOCIbIO pabomams 6 azPecCUsHbIX CPeoax
u saxyyme. Haubonee nepcnekmuenvimu st pabomol 6 MaKux YCA0GUSX AGISIOMCS KOMROZUYUU, KOMOPbLE CO-
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CMosim U3 MEMAaIIOKePAMUYECKOU MAMpPuybl U pA6HOMEPHO PACHPEOENeHHOU 6 Hell OKCUOHOU COCMAasAiowel.
s ysenuuenusi adz2e3uoHHOU U KO2E3UOHHOU NPOYHOCMU NAA3MEHHO20 NOKPLIMUSL U CHUICEHUSL (YOPMUPYEMbIX
OCMAMOYHBIX HANPSNCEHUL 8 NOLYYEHHOU cucmeme ‘Nnokpvlmue - nNooI0NICKA™ YerecooOpasHo UCNOIb306AMb
npedgapumenvhoe HanvlieHue noocios. IIpu smom ucnonb3yemviti NOOCAOU O0NCEH UMENTb ROGLIULEHHYIO HPOU-
HOCMb CYensieHust ¢ NOOLOICKOU U XaAPAKMePU3068amsbcsi OOCMAMOUHOU NIACMUYHOCBIO U KOdpduyuenmom
MEPMUUECKO020 paACUiupenusi, OIU3K0 COOMBEMCMEYIOUUM KOdpduyuenmy mamepuaia 6HewHe20 cios chop-
MUpoganno2o nokpvimus. Ilpu (popmuposanuu niazmMeHHbIX NOKPHIMUL HA OCHOBE KEPAMUKU C RpPUMEHEHUeM
000a80K Memannios 3¢hheKmusHo HanvlieHue NPOMeNHCYMOYHbIX NOOCI0e8 HA OCHOBe HUKeNA U MOaubOeHa pas-
mepom 0,10-0,20 mm. CmpykmypHvle 21emenmyvl 8 paboueli N08EPXHOCMU HAHECEHHbIX NOPOUIKOBbIX Mamepua-
7108 HEOOX00UMO pacnpedensims PA6HOMEPHO. YPosenb dHepeemuieckux 8030eUcmeuti Ha Clou chopmMuposan-
HO20 NOKPbIMUSL KOPPETUPYemcs usmenenuem oucmanyuti npu oopabomxe. Ilpu yoapro-8onnogom 6o30eticmsuu
UMNYTIBCO8 KOMNPECCUOHHO20 NAA3ZMEHHO20 NOMOKA NPOUCXOOUM NAACMUYECKAs 0ehopMayus u 3HAYUMenbHoe
VRIOMHEHUe 00pabamvi8aemozo Closi HaHeCeHHo20 naasmenno2o noxkpwuimus. CeepxOvicmpoe oxaadcoeHue u
CoOmeemcmeyowuil Omeoo menia K nooiodicke, nocie pacnideienus CHopMuUpoOBARHO20 ClOs MOTUWUHOU NO-
psoka 20-30 mrm, s18151emest pe3yibmanmom meniogo2o 8030etcmaus KOMRPeCCUOHHbIX NIA3MEHHbIX UMNYTbCOS.
Knrwoueesvie cnosa: memannoxepamuyeckue niameHHble NOKPbIMUsL, KOMRPECCUOHHbIE NIA3MeHHble NOMOKU,
oucmanyust 06pabomku, chopmosanHvle CMpPYKmMypsl, HOBEPXHOCMHblE CIOU, OPMOBAHHbBIE UZHOCOCMOUKUE
HOKpbIMUsL

1. Introduction

Atmospheric Plasma Spraying (APS) is an affordable technique used by researchers to
create a range of protective coatings. The use of high temperatures and energy densities
makes it possible to deposit coatings of refractory materials such as ceramics and cermets,
which are difficult to melt using other traditional thermal spraying processes [1-3]. Compared
to ceramic plasma coatings, cermet coatings consisting of ceramic particles bonded to metal
particles exhibit superior thermal shock resistance in a high temperature atmosphere. In addi-
tion, they share advantages of ceramics and metal, such as hardness and toughness. In addi-
tion, the effective use of wear-resistant coatings can be significantly improved by applying a
subsequent modifying effect on their structure [4-6]. When processing wear-resistant plasma
coatings with high-energy effects, their sources have a number of advantages: firstly, the lo-
cality and high concentration of the input energy, which makes it possible to act on the neces-
sary area of the formed wear-resistant coating, thereby not violating, due to the general heat-
ing of the entire volume of its microstructure and required properties; secondly, the possibility
of strict control of all parameters of influences, which allow to form the structure of the layer
being created, to regulate its roughness and the necessary geometric dimensions, to obtain the
necessary parameters of wear resistance, total porosity, and hardness. However, one should
always keep in mind the ability of a high-energy modification to change and redistribute re-
sidual stresses in the formed coating, especially at small coating thicknesses [7,8].

2. Schemes of technological processes for the formation of composition-optimized
composite coatings from ceramics

The developed schemes of technological processes for the formation of composition-
optimized ceramic composite coatings using additives of refractory metals and subsequent
high-energy modification on a steel substrate. They consist of a number of technological op-
erations and include the preliminary preparation of the developed powders and the working
surface of the samples, the application of coatings, and the subsequent high-energy processing
in order to improve the operational characteristics of the coating. Powder preparation. The
particle size of sprayed powders largely determines the properties of the plasma coating, and
the stability of the fraction determines the limits of change in properties. The required sieving
of powder materials by fractions is carried out in powder material classifiers. The desired par-
ticle sizes of the powder material for the formation of NiCrAll and Mo sublayers by plasma
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spraying of the main Al,O3-TiO,-NiCrAllTa and Al,O3-TiO,-Mo layers are 40-100 um. To
remove traces of adsorbed moisture from the materials, the prepared fractions of the powder
material are dried at a temperature not lower than 90 ° C for at least 1-2 hours with a thick-
ness of no more than 20 mm of the powder filling layer on the baking sheet. Preliminary
preparation of the surface for plasma spraying of the coating. The surface prepared for spray-
ing should not have dents or cavities. Preliminary control of defects is carried out visually us-
ing a measuring magnifier. Cleaning of the surfaces of parts from the presence of traces of oil
and other contaminants is carried out in an ultrasonic bath, preferably in an ethyl alcohol envi-
ronment for at least 1 hour. To increase the adhesive and cohesive strength of adhesion of the
applied powder material, an important step in the developed technology is the preparation of
the surface of the product for spraying. During cleaning, the samples are processed on a
pneumatic abrasive unit using electrocorundum. To prevent defective samples, it is not rec-
ommended to use a compressed air pressure of more than 0.6 MPa during processing to sup-
ply an abrasive particle. This is followed by blowing the samples with compressed air. To re-
move abrasive residues from the surface of the product, ultrasonic cleaning in an environment
of ethyl alcohol is sometimes used.

Jet-abrasive processing modes:

1. Pressure in the compressed air system - 0.5-0.6 MPa;

2. The distance from the cut of the nozzle of the shot blasting gun to the surface to be
treated is 60-80 mm;

3. The angle of inclination of the abrasive jet to the surface of the part - 60-900C;

4. The abrasive material is zirconium electrocorundum with a grain size of 0.1-0.2
mm.

The presence of a metallic sheen on the treated surface during visual inspection is not
allowed. The surfaces of the parts that are not subject to plasma spraying must be reliably pro-
tected from the effects of jet-abrasive processing. After the treatment, the part should be
blown with a stream of dry compressed air to remove abrasive particles from the surface.

Application of undercoat and top coat. Along with the previously mentioned prelimi-
nary surface preparation, in order to increase the adhesive and cohesive strength of the plasma
coating and reduce the residual stresses formed in the resulting “coating-substrate” system, it
is advisable to use preliminary spraying of the underlayer. In this case, the sublayer used
should have an increased adhesion strength to the substrate and be characterized by sufficient
plasticity and a thermal expansion coefficient that closely corresponds to the coefficient of the
material of the outer layer of the formed coating. When forming plasma coatings based on
ceramics using additives of refractory metals, it is effective to spray intermediate sublayers
based on nickel and molybdenum with a size of 0.10-0.20 mm. Structural elements in the
working surface of the applied powder materials must be distributed evenly. In the technolog-
ical process developed by us, this is created by using the initial composites in the form of
powder materials formed using a plasma torch. The sequence of technological operations:

1. Install the mandrel with samples in the plasma chamber (Figure 1).

2 Unscrew the reducers on gas cylinders for supplying gases to control panels, on the
compressed air line, with preliminary draining of condensate from the accumulator.

3 Switch on the control panel of the plasma unit. Visually check the operation of the
monitoring sensors.

4 Switch on the powder feeder. Check the supply of conveying gas and the operation
of the feeder, turn off and pour material into separate containers of the powder feeder to form
sublayers and the main coating layer.
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Figure 1. Sample for spraying (a) and mandrel for samples (b)

5. To prevent overheating of the coatings during the spraying process, they must be
cooled, either compressed air (GOST 17433-80) or carbon dioxide is used at a pressure of
0.5-0.6 MPa and a coolant flow rate of 100-150 I/min.

6. Set the characteristics of the process for the formation of sublayers from NiCrAllTa
on the instruments of the spray control panel: current of the arc of the plasma torch - 550 A;
spraying distance (from the torch cut to the sprayed surface) - 100 mm with a flow rate of
plasma-forming gas (nitrogen) - 45 | / min and a flow rate of powder material - 4.0 kg / h;
fraction of powder material - 40-63 microns.

Set the characteristics of the process for the formation of Mo sublayers on the instru-
ments of the control panel for the deposition process: the arc current of the plasma torch is
600 A; spraying distance (from the torch cut to the surface to be sprayed) - 110 mm with a
flow rate of plasma-forming gas (nitrogen) - 50 I / mini powder material flow rate - 4.0 kg / h;
fraction of powder material - 40-63 microns.

7. Turn on the powder feeder, turn on the horizontal feed of the carriage with the at-
tached burner (relative travel speed Vp=300 mm/s) and apply the undercoat.

8. Set the characteristics of the process to form a wear-resistant coating layer for
Al;O3-TiO,-NiCrAllTa on the instruments of the spray control panel: current of the plasma
torch arc - 550 A; spraying distance (from the torch cut to the sprayed surface) - 110 mm with
the flow rate of plasma gas (nitrogen) - 50 I/min; consumption of compressed refrigerant for
cooling 1-1.5 m3/min; pressure p=4-5 atm; consumption of powder material - 4.0 kg / h; with
a fraction of powder material - less than 40-63 microns.

Set the characteristics of the process for forming the main layer for Al,03-TiO,-Mo on
the instruments of the control panel for spraying: the arc current of the plasma torch is 550 A;
spraying distance (from the torch cut to the surface to be sprayed) - 130 mm with a flow rate
of plasma gas (nitrogen) - 600 I/min with a flow rate of compressed air for cooling 1-2
m3/min; p \u003d 4-5 atm. and consumption of powder material - 4.0 kg/hour with a fraction
of powder material - less than 40-63 microns.

9. Turn on the powder feeder, turn on the horizontal feed of the carriage with the at-
tached burner (relative travel speed for Al,O3-TiO,-NiCrAllTa - Vp=300 mm/s and for
Al;,03-TiO,-Mo - Vp=250 mm/s) and apply on the main layer.

After applying the main coating layer, the plasma torch is moved from the mandrel
with the part, then the spraying unit and the powder feeder are turned off, and the gas supply
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is closed. Waiting for the cooling of the sprayed part to carry out quality control of the formed
coating. Next, layer-by-layer compression-plasma treatment to modify the formed coating. It
is carried out in a vacuum chamber on a quasi-stationary plasma accelerator. The level of en-
ergy impacts on the layers of the formed coating is correlated with the change in distances
during processing. The technological version of the installation is equipped with equipment
that provides a minimum time for managing modification modes, installing and removing
products for processing. Technological recommendations (the scheme of the main operations
for the formation of composite coatings of increased wear resistance are shown in Figure 2.

Technological operation: powder sievings into fractions nec-
essary for spraying Sublayer material: NiCrAllTa — 40-63 um
Coating material: Al,03-TiO,-NiCrAlITa - 40-63 microns

Technological operation:
Surface pretreatment products for plasma spraying || powder drying T=70-80 °C; 1

coatings (corundum blasting) Modes: hour
Pressure in the compressed air system - 0.5-0.6 MPa;
Processing distance - 60-80 mm; v
The angle of inclination of the jet to the treated sur- Technological operation: plas-
face - 60-90°;abrasive material - zirconium electroco- ma spraying of the NiCrAllTa
rundum with a grain size of 0.1-0.2 mm sublayer

Modes:

current values - 550 A;
spraying distance - 0.10 m;

; ; : consumption of plasma-forming
Technological operation: preparation of the surface / gas - (nitrogen) - 45 | / min,
for plasma spraying of the coating. _ . material consumption - 4.0
Ultrasonic Surface Cleaning before spraying, medium kg/hour

A 4

- ethyl alcohol, cleaning time - 10 min. consumption
of plasma-forming gas - (nitrogen) - 45 | / min, mate-
rial consumption - 4.0 kg/hour: moaroroBka moBepx-

HOCTH K INIa3BMCHHOMY HAIIbIJICHUIO ITOKPBITUA. \ 4

yJ'IBTpa3By1<0Ba${ OYHUCTKA IMOBEPXHOCTHU Techno]ogica| Operation:
Nnepea HalblJICHUEM, Cpelia — CITUPT 3TI/IJ'IOBBII71, BpeMA p|asma Spraying of a wear-
04HCTKH — 10 MUHYT resistant coating Al,O3-TiO,-

NiCrAlITa (APS)
Modes: plasmatron arc cur-
rent - 550 A; spray distance -
Technological operation: / 0.110 m; consumption of ni-
quality control of the formed plasma coat- trogen plasma-forming gas -
ing: visual inspection; coating thickness 50 I/min.consumption  of
measurements. powder material -4.0 kg/hour

Figure 2. Scheme of the technological process of plasma spraying
composite coatings of increased wear resistance based on Al,O3-TiO,-NiCrAllTa powder
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3. Conclusion

Based on the review of methods for modifying high-energy plasma coatings based on
ceramics, it can be stated that these coatings have a number of significant defects, such as
high residual porosity, lamellar structure, and not always sufficient adhesion. Subsequent
high-energy processing, as a surface hardening technology, is an effective way to eliminate
these defects and improve the quality of the plasma-welded coating. Schemes of technological
processes for the formation of composition-optimized ceramic composite coatings using addi-
tives of refractory metals and subsequent high-energy modification on a steel substrate are
developed. They consist of a number of technological operations and include preliminary
preparation of the developed powders and the working surface of the samples, coating, subse-
quent high-energy processing in order to improve the operational characteristics of the coat-
ing. Consistent execution of all developed technological operations leads to the production of
high-quality wear-resistant plasma coatings, able to work in conditions of intensive wear and
high temperatures.
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