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INFLUENCE OF THE QUALITY OF INITIAL M-ROLL POWDERS ON THE

STRUCTURE AND PROPERTIES OF MULTILAYER PLASMA COATINGS

The article describes the influence of the quality of initial m-rabbit powders on the structure and properties of
multilayer plasma coatings. The qualitative indicators of the heat resistance of the alloys and the resulting
coatings are associated with the formation of a continuous oxide film on their surface during deposition, which
prevents the interaction of an aggressive environment and material. Most modern nickel-based alloys used in
technology used to form plasma coatings contain 6-12% aluminum, 20-30% chromium, and 0.15-1.0% reactive
element (yttrium, tantalum, etc.). For spraying, five types of powders were used. Metallographic studies have
established that calcium-thermal powders are conglomerates with a highly developed specific surface. However,
the degree of sphericity can vary within very wide limits, and this shortcoming can probably be eliminated to a
large extent by mechanical methods. Atomized powders have a spherical shape, but the peculiarity is that on the
surface of some particles there is an alloy film that peels off during the preparation of thin sections and has a
structure different from the body of the particle. For powders melted under flux, such a film is thicker and occurs
on particles more often than for powders melted in vacuum. However, in both cases, X-ray microanalysis
established that in the film, in comparison with the body of the particle, the oxygen content is increased by an
order of magnitude and the aluminum content is several times higher.
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BJIMSIHUE KAYECTBA HCXO/IHBIX MMOPOILIKOB M-KPOJIEM HA CTPYKTYPY U CBOMCTBA
MHOT'OCJOWHBIX ITASMEHHBIX TOKPBITUI

B cmamve onucanvl énusnue xawecmea UCXOOHbIX NOPOUWKOS M-KPONEU HA CMPYKMypy U C80lcmea
MHO2OCIOUHBIX NIAZMEHHbIX NOKpblmull. Kauecmeennvle nokazamenu Jeapocmoukocmu CHAA608 U NOJLY4eHHbIX
HOKPBIMULL C83aHA ¢ (OPMUPOBAHUEM HA UX NOBEPXHOCIU NPU HANBLIEHUU CHJIOWHOU OKCUOHOU MNJIeHKU,
KOMOpasi Npensimcmeyen 83auMoOeicmeuio azpeccugoll cpedbl u mamepuand. Bonbuuncmeo cogpemennvlx
UCHONL3YEeMbIX 6 MEXHUKE CHIAB08 HA OCHO8E HUKENs. NPUMEHSIOWUXCS OISl (OPMUPOSAHUS. NAA3MEHHbIX
nokpuimuti, codepxcam 6-12 % anromunus, 20-30 % xpoma, a maxoce 0,15-1,0 % peaxmuenoco snemenma
(ummpus, manmana u Op.). s  Hanelienus — ObLIO  UCNONB306AHO  NAMb  MUNOE  NOPOUIKOS.
Memannocpaghuueckumu uccied08aHUAMU YCMAHOBLEHO, YMO KATbYUUMEPMULECKUe NOPOUWKU NPeOCmasisiiom
o000l KOH2IOMEPAamul C CUTbHO PA36UMOU YOerbHol nogepxnocmvio. OOHAKO cmeneHb CheputHoCmu Modicem
UBMEHAMbCSL 8 BeCbMA WUPOKUX NPEOeNax U, GePOSMHO, IMOMm HeOOCMAMOK 8 3HAYUMENbHOU CEeNeHU MOdIcem
ObIMb  YCmMpanen Mexanuyeckumu memooamu. Pacnviiennvle nopowlku umerom chepuyeckylo Gopmy, Ho
0COOEHHOCMbIO AGNSEMCS MO, YMO HA NOBEPXHOCMU HEKOMOPbIX HACUY UMeemcs WIeHKd CNiasd,
OMCIAUBAIOWAACS NPU NPUSOMOBTICHUU WAUDOE U UMEIOWAsk ONIUYHYIO OM meid Yacmuysl cmpykmypy. s
HOPOWKO8, NIAGIEHHBIX NOO (IIOCOM, MAKAsL NAEHKA O0ee MOJICMAs U CMPEYAemcsl Ha YacCmuyax yawe, yem
011 NOPOWIKO8, NAAGIeHHbIX 6 eaxyyme. OOHAKO 6 000UX CAYYASAX MUKDOPEHZEHOCHEeKMPAIbHbIM AHATUZOM
VCMAHOGILEHO, YMO 6 NIAEHKE NO CPABHEHUIO ¢ MEIOM YACTUYbL HA NOPAOOK YEENUUUHO COOEPIHCAHUE KUCIOPOOd
U 8 HECKOIbKO PA3 - AIIOMUHUSL.

Knroueevie cnoea: memannuueckue CHIAGbI HA OCHOBe HUKeNs, OKCUOHAS KepaMuKa,
Kanibyutimepmuyeckuii. Nopouwox, pPAaCHbUIEHHbI HOPOWOK, NOPOWOK, NIAAGNEeHHbIL No0 Qaiocom,
IKCHILYAMAYUOHHbLE XAPAKMEPUCUKU, MOPDONO2UsL U CIMPYKIMYDA.
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1. Introduction

The main feature of the m-roll powder material (nickel-cobalt-chromium-aluminum-
yttrium) is the ability to plastically relax stresses during the deposition process. The reason for
their occurrence is an inconsistent change in the volumes during heating and cooling of the
ceramic coating and the materials of the sprayed base of the part. As a result of high-
temperature oxidation during operation, the plasticity of the metal base of the product
deteriorates significantly, while the layer of ceramic formed during deposition is permeable to
gases, so it is necessary to add a material with impact strength and high heat resistance
characteristics to ceramics. The qualitative indicators of the heat resistance of alloys and the
obtained coatings are associated with the formation of a continuous oxide film on their
surface during deposition, which prevents the interaction of an aggressive medium and
material [1-8]. For heat-resistant alloys, such a protective film is a film of Al203 aluminum
oxide powder modified with oxides of other components of the obtained alloy. The film of
chromium oxide Cr203, which has a higher fracture toughness than Al203, has a number of
its drawbacks - the tendency to rapid evaporation of chromium oxide in an oxidizing
environment when operating at temperatures above 1370 K; due to insufficient diffusion
mobility, chromium has a lower rate of formation compared to aluminum. The most important
is that it is chromium that contributes to the formation of AI203 oxide in the plasma nickel-
aluminum coating, significantly increasing the activity of aluminum. And finally, it is
chromium that can undergo internal oxidation and promote the formation of Al203 oxides.
To optimize the content of chromium and aluminum in the plasma coating, it is important that
there is a certain limiting concentration of aluminum in the alloy, which is necessary to obtain
a continuous protective layer of Al203 oxide. The value of this limiting aluminum
concentration decreases with increasing chromium concentration and increases with
increasing test temperature. Most of the modern nickel-based alloys used in aviation and
rocket technology used to form plasma coatings contain 6-12% aluminum, 20-30%
chromium, and 0.15-1.0% reactive element (yttrium, tantalum, etc.) [3-6]. With an increase in
the concentration of the reactive element, the production of new grains of oxides during
deposition inside the film itself is inhibited and, in the presence of more than 0.82% yttrium,
it completely stops, and the rate increases with oxygen diffusion. This is caused by a
significant refinement of the oxide film and grain of the alloy and the formation of yttrium-
rich phases - NisY, NigY, Ni3AI2Y, (NiCo0)s25Al0.15Y, which have low resistance to high-
temperature oxidation. All this should be taken into account during the formation of the
coating when optimizing the content of rare earth (REM) metals in the alloy. Therefore, the
introduction of reactive elements into the plasma coating contributes to the absence of stresses
in the film caused by internal oxidation. However, an increase in the concentration of the
reactive element is limited by an increase in the rate of oxygen diffusion and the processes of
alloy embrittlement [16]. Therefore, most NiCrAlYTa alloys for sputtering are limited to an
oxygen content of up to 0.05%.

2. Structure and properties of M-rabbits

To study the properties of coatings, two methods were tested:

- plasma spraying in air (APS);

- low pressure plasma spraying (VPS).

In both cases, argon-hydrogen mixtures were used as plasma-forming gases. The
plasma spraying method has a significant impact on the structure and properties of the
coating. When using the APS - method, the oxygen content in coatings of powders melted in
vacuum increases to 0.9-1.3 wt.%. These coatings have a characteristic layered structure due
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to the formation of thin oxide films, which is the most significant difference from VPS
coatings.

The test results of ZrO2-7%Y203 HRC with plasma sublayers from AMDRY-995
powder are presented in Table 1.

Table 1. Test results of the HRC system ZrO,-7%Y 203 - AMDRY-995

Ne Method Heat treatment of Kic, Number of thermal cycles up to
n/n | application coatings MPa-m?? coating failure
1100-20° 850-20°
1 APS no 2,740,8 21..24 144
2 APS 1100°C, 2 hours 2,140,8 28...31 211
3 VPS no 1,5+0,4 35...38 206
4 VPS 1100°C, 2 hours 1,1+0,2 30...36 -

According to the results obtained, the K1C parameter has higher values for coatings
with an APS sublayer compared to a VPS sublayer, which is primarily due to the higher
surface roughness of the former. Nevertheless, the thermal fatigue of coatings with a sublayer
is much higher. It should be noted that due to the increased effect of oxidation on the
properties of HRC under operating conditions, the differences in the quality of HRC with
APS and VPS - sublayer will be even more significant.

The quality of VPS - coatings is significantly affected by the spraying conditions, in

particular, to increase the dispersion of the 3 - phase, complete penetration of the particles is
necessary, which sets the lower limit of the plasma jet enthalpy and pressure in the chamber.
On the other hand, in a dynamic vacuum, the evaporation of elements from the surface of
powder particles is intensified. Thus, the evaporation of low-melting alloying elements limits
the possibility of increasing the enthalpy of the plasma jet during the deposition of metal-
chromium-aluminum-yttrium coatings.

Heat treatment makes it possible to change the structure of VPS - AMDRY powder
coatings in the direction of improving the uniformity of phase distribution and increasing their

thermal stability. In this case, however, the dimensions of the 3-phase increase somewhat and
diffusion of the base elements in the coating occurs. In APS coatings, oxide films are largely
dissolved in the metal matrix, but the layering of the structure is not completely eliminated.

It has been established that for both types of HRC sublayers, the quality of metal-
ceramic bonding somewhat deteriorates as a result of heat treatment (Kic value decreases). In
this case, the thermal fatigue of the HRC increases only in the case of the APS - sublayer,
however, significantly, by 1.5 times (Table 2). This is explained by the fact that for APS -
coatings during heat treatment, the most significant changes in the structure occur. The data
obtained suggest that the mechanical properties of the ceramic layer deteriorate as a result of
the heat treatment of the coating in vacuum.
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Figure 1. Morphology of powders of M-rabbits: a-calcium-thermal powders
ITKX27107U1; atomized powders b-Metcol1037D; c-AMDRY 995) (x1000); obtained by
submerged arc melting followed by sputtering with argon d- [IM-1; e- [IM-2) (x5000).

Three types of powders were selected for comparative studies (Fig. 1):

1) obtained by the calcium thermal method (ITKX27H0711);2) obtained by submerged arc
melting followed by sputtering with argon (ITM-1; TIM-2);

3) obtained by melting in vacuum followed by sputtering with argon (Metco10370,
AMDRY962).

Metallographic studies have established that calcium-thermal powders are
conglomerates with a highly developed specific surface. However, the degree of sphericity
can vary within very wide limits, and this shortcoming can probably be eliminated to a large
extent by mechanical methods. Atomized powders have a spherical shape, but the peculiarity
is that on the surface of some particles there is an alloy film that peels off during the
preparation of thin sections and has a structure different from the body of the particle. For
powders melted under flux, such a film is thicker and occurs on particles more often than for
powders melted in vacuum. However, in both cases, X-ray microanalysis established that in
the film, in comparison with the body of the particle, the oxygen content is increased by an
order of magnitude and the aluminum content is several times higher. This allows us to
conclude that the film is a metal layer oxidized during sputtering.

Comparison of the structures of powders of NiCoCrAlY - alloys indicates a uniform

distribution of the [ - phase in the y - matrix for molten powders, while the formation of large
(5-10 microns and more) homogeneous inclusions is characteristic of calcium-thermal

materials, 3 - phase, as a rule, has a pronounced form.

In the X-ray microspectral analysis of impurities in the compared analyzes, the most
significant differences were found in the oxygen content. The method of reductive melting in
a carrier gas flow also revealed the dependence of the oxygen content on the fraction of
calcium-thermal powders.From the powders of the NiCrAlY and CoCrAlY alloys, coatings
were deposited on samples of the JKXC6K alloy by the low-pressure plasma spraying (VPS)
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method. Some of the coatings (nickel-based alloys) were used as sublayers under the ZrO2-
Y203 heat-shielding ceramics. These samples were subjected to thermal cycling tests
(heating to 1220°C, holding for 15 min., cooling into water). Another part of the coatings
(cobalt-based alloys) was heat-treated and then oxidized at 1100°C for 5 hours. Before and
after each test, the structure of the coatings was studied by optical and scanning electron
microscopy.The following main patterns of structure formation of coatings and their behavior
during testing were revealed.Nickel-based alloy coatings in the initial state are dense
homogeneous layers in the case of sprayed powders, while for calcium-thermal powders, it is
practically impossible to avoid some residual porosity of the coatings. This effect is probably
associated with insufficiently effective degassing of calcium-thermal powders with a
developed surface during their preparation and spraying.The structure of the coatings after
sputtering almost completely repeats the structure of the original powders. At the same time,
the dispersity of the structure in the coatings deteriorates in a number of powders used: melted
in vacuum - melted under a flux - calcium-thermal. Thermal cycling tests at 1220°C for 1 hour
lead to oxidation of the outer layer of metal sublayers, expressed for coatings from molten
powders in the form of formed thin films with a depleted (non-etching) zone under them with
a width of 25-30 um. For coatings from thermal calcium powders, oxidation is expressed in
the formation of oxide inclusions and even oxide interlayers at a depth of up to 25 um, which
indicates a significantly higher oxidation rate of such coatings caused by intense diffusion of
oxygen through structural defects and extended phase boundaries.The destruction of coatings
also occurs as a result of their diffusion interaction with the base. In this case, both the
structure of the base and the coating are destroyed, and in both cases, these destructions
increase in a series of coatings obtained from vacuum-melted, flux-fused, and calcium-
thermal powders (Table 4).

As a result of high-temperature tests, the structure of the coatings is enlarged. At the
same time, the structural heredity is preserved: the size of the phases in the coatings after the
tests is the greater than it was before the tests. The structure of coatings from CoCrAlY
powders after standard heat treatment also largely inherits the structure of the original
powders, however, in this case, the differences in the shape and dispersion of phases in
coatings from sprayed and calcium-thermal powders are even more pronounced.

Table 2. Properties of plasma coatings NiCoCrAlIY/ZrO,-7%Y 03 (1 mm)

No Spray Heat treatment .
i Base medium in vacuum oa, MPa | 850-20°C
1 40X10C2M air no 24 144
2 (BU107) air 1050°C, 2 h 90 211
3 dynamic no 108 206
vacuum
4 dynamic 1050°C, 2 h 236 220
vacuum
1 20X25H20C2 air no 28 139
2 (ON283) air 1050°C, 2 h 142 237
3 dynamic no 93 275
vacuum
4 dynamic 1050°C, 2 h 278 301
vacuum
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Table 3. Results of X-ray microanalysis of the content of elements on the surface of TIM-1
powder particles

Analysis Content of elements Coznep:xanue 3aemeHToB, %
aluminum | chromium | nickel | tantalum | oxygen iron iron
On a surface films 0,22 30,95 56,67 8,92 0,22 2,70 0,31
On a surface 0,06 29,63 57,22 10,61 0 1,88 0,61
particles

Table 4. The width of the zone of destruction of the structure of the base JKC6K and NiCrAlY
- coatings as a result of their diffusion interaction during thermal cycling tests

Grade of powder for Width of the destruction zone of the structure, microns
coating
coating bases
1. IIX16H77H06U1 30-38 75-83
2. 1IM-1 20-23 65-73
3. AMDRY962 15-18 58-60
Table 5. Change in the size of B - phases in NiCrAlY - coatings after thermal cycling tests
Grade of coating powder Size range B- phases, um
initial coating coating after tests
1. IIX16H77H061 1,0-5,3 2,0-6,6
2. 1IM-1 0,7-2,2 1,3-5,3
3. AMDRY962 0,7-1,6 1,3-3,3

The structure of the coatings also changes accordingly after oxidation at 110001C: the
depletion zone under the oxide film increases in a series of coatings obtained from vacuum-
fused, flux-fused, and calcium-thermal powders. In this case, however, the zone of destruction
of the structure of the base as a result of diffusion interaction with the coating for all coatings
is approximately the same, while the zone of destruction of the structure of the coating
increases in the order similar to that described above (Table 6).

Table 6. Width of zones of destruction of the structure of CoCrAlY - coatings as a result of
oxidation at 1100°C and diffusion interaction with the base of JKC6K alloy

Powder brand for coatings Width of the destruction zone of the structure, microns
coatings under oxide film coating basics basics
1. IKX271071 27-40 24-27 7-10
2. [IM-2 14-21 10-17 7-11
3. Metco1037D 10-14 7-9 9-14

3. Conclusion

Thus, there is a direct relationship between the heat resistance of coatings of the
MeCrAlY system and the morphology and structure of the initial powders. The developed
surface of powders is highly undesirable for deposition of coatings of this type at reduced
pressure, since this leads to the formation of residual porosity in the coatings, which
accelerates their oxidation. Due to the heredity of the structure of powders by coatings, it is
necessary that the initial powders have a uniform distribution of elements and a maximally
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dispersed structure with the shape of phase inclusions having a small specific boundary
surface. In particular, B- phases, with the approach of its shape to the spherical and more
uniform distribution in the y- matrix. Comparative studies of powders and coatings indicate
that with a decrease in the oxygen content in them, the heat resistance of coatings increases.
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