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A B S T R A C T

Introduction. For parts of gas turbines operating under conditions of corrosion-erosion and intense 
wear, the most acceptable are compositions containing Ni, Co, Cr, Al, B, Y both in pure form and in the com-
position of compounds applied on the contact surface during thermal spraying. Modern integrated complexes 
obtained by combining dissimilar substances in the form of a single composition are promising. Such powders 
are obtained either by cladding or by conglomeration of fi nely dispersed starting components into a larger 
particle. The problem of developing and manufacturing plants for conglomeration of powders is urgent and 
practically important, since it makes it possible to obtain material for thermal spraying of coatings for high-
temperature purposes. The aim of the work is to develop a technological scheme for obtaining powders of the 
required chemical composition with a given particle shape and size, intended for spraying high-temperature 
protective coatings. Materials and research methods. A technology is developed for the production of inte-
grated powders for spraying coatings using the method of spray drying and subsequent sintering in vacuum 
or in an argon-hydrogen atmosphere, which avoids the loss of feedstock due to the return of fi ne and coarse 
fractions. A technology for preparing materials for spray drying and granulation is proposed. A gravity type 
aerodynamic classifi er is designed and manufactured, which makes it possible to select automatically the 
powder fraction necessary for spraying the coating, as well as return the unwanted fraction for recycling. 
The morphology of the granular powder is determined using a TESCAN scanning electron microscope. The 
chemical composition of the resulting integrated complexes is determined by X-ray microanalysis on an OX-
FORD attachment. Results and discussion. The technological conditions for obtaining powders of a given 
size (40…100 μm) are established. It is shown that the shape of the conglomerate particles after spray drying 
is close to spherical. On the basis of a multifactor experiment, the optimization of the technological process 
for obtaining powders Ni-17Cr-10Al-1Y and Ni-22Cr-16Al-1Y with sizes up to 100 μm is performed. It is 
shown that when conglomerating powders with increased aluminum content (Ni-22Cr-16Al-1Y), it is neces-
sary to take into account the exothermic reaction of nickel aluminide formation and dilute the mixture of 
initial components before sintering with the fi nished sintered powder. The resulting integrated complexes are 
characterized by high heat resistance; therefore they are designed and successfully used for plasma spraying 
of protective coatings for high-temperature purposes. Conclusions. A technology is developed for obtaining 
composite conglomerated powders Ni-17C-10Al-1Y and Ni-22Cr-16Al-1Y with particle sizes up to 100 μm 
and a shape close to spherical. A distinctive feature of this technology is that it avoids the loss of feedstock by 
returning fi ne and coarse fractions.
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Introduction

In modern gas turbine construction, sprayed coatings of the Ni-Co-Cr-Al-B-Y system are considered 
the most effective for protecting parts operated under corrosion and erosion conditions and intensive wear 
[1–8]. The use of plasma spraying as a method of applying high-temperature protective coatings allows for 
local or additional hardening and protection of individual parts of the surface to give them special service 
properties. Certain technological diffi culties arise when spraying dissimilar metal powders with signifi cantly 
different melting temperatures and thermophysical properties. The resulting coatings are characterized by 
increased porosity, heterogeneous chemical composition, a tendency to crack formation, and poor adhesion 
to the surface of the part. The use of the so-called integrated complexes, which are a combination of 
dissimilar substances in the form of a single composition in each powder particle solves the problem of 
differences in thermophysical properties. The integrated complexes are created by either cladding one or 
several layers of other materials on the initial matrix particle, or by conglomerating fi nely dispersed initial 
components into a larger particle [11, 12]. The maximum particle size, their shape, and the stability of the 
granulometric and chemical composition are particularly important for obtaining integral compositions, so 
many researchers pay special attention to determining these characteristics. Systematic long-term studies 
have revealed the most acceptable compositions to be the ones that crystallize to form eutectic structures 
based on nickel and/or cobalt, and that combine high protective properties with satisfactory plasticity due 
to changes in the content and concentration of alloying elements [13,14]. Previous studies, including fi eld 
tests, have shown that the best results were obtained in the case of using the developed integral composition 
of the composition Ni-22Cr-16Al-1uA [15-17].

The accumulated experience shows that for plasma spraying of high-temperature coatings, the particle 
size of integral complexes should correspond to the interval of 20 ... 80 μm. An important issue is the 
ability of powders not to create congestion in transport pipelines, their uniform supply to the plasma jet 
and free movement with the gas fl ow. This can be achieved with a spherical or similar particle shape [6, 
11, 12]. The spray drying method used to intensify the drying and granulation processes of materials has 
proved effective [19-21]. In other countries, variations of this method are used to obtain powders for plasma 
spraying, for example, Al2O3-Mo, WC-Co [22-25].

The aim of the work is to develop a technological scheme for obtaining powders of the required chemical 
composition with a given particle shape and size intended for spraying coatings. 

Research Methodology

The authors proposed a fundamentally new technological scheme for obtaining composite powders for 
spraying coatings, which includes several sequential operations (Fig. 1).

The developers designed and manufactured a plant for spraying suspensions, its scheme is shown in 
Fig. 2. The body of the plant’s chamber 1 has the following dimensions: diameter 850 mm, height 3000 
mm.  Such dimensions of the chamber ensure complete drying of the powder and prevent it from sticking 
to the walls. This in turn enables obtaining fi ne powders in a shape close to spherical. The presence of the 
upper 2 and lower 3 inputs of the sprayer 4 in the chamber allows for the process of spraying suspensions 
to work in two directions: “top-down” and “bottom-up”. According to the second option, the drying time 
of the drop in the air stream is signifi cantly higher. However, there is signifi cant turbulence of the air-drop 
fl ow, which increases the probability of liquid droplets’ interaction with the walls of the chamber and 
increases the number of deformed and destroyed granules.

The fl ow rate of the suspension is set by the value of the air pressure in the feeder and the diameter of 
the nozzle outlet 1.3...1.2 mm. The fl ow rate of the spraying air is set similarly. The performance of the 
plant and the granulometric composition of the powder are largely determined by the spraying mode; with 
the set nozzle size, the mode depends on the pressure and temperature of the air that feeds and sprays the 
suspension.

The chamber has a door with a viewing glass 5 and a classifi er 6. It is installed on a stand 8 and is 
equipped with a feeder for suspensions 7, a distribution panel 9, and a spray air heater 10.
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Fig. 1. Technological scheme for obtaining composite powders

Traditionally, a set of sieves with different cell sizes is used to determine the granulometric composition 
of the powder. An aerodynamic classifi er of the gravity type was designed and manufactured to automate 
the process of sifting the powder, (Fig. 3). It is a system of axially arranged pipes. The air fl ow rate and the 
dimensions of the pipes are selected in such a way that there is a double classifi cation of the powder into 
three fractions. Depending on which fraction needs to be used in the further powder preparation process, 
the remaining parts are sent to the head of the process, which ensures almost 100% powder use in the spray 
drying.

An important role in the spraying process is given to the choice of the spray nozzle type (Fig. 4). An 
analog of the nozzle we used was the one for dispersed fuel oil to the furnaces combustion chamber [22]. 
Such a nozzle allows obtaining the size of the sprayed fuel oil particles within 0 ... 100 μm. Since the vis-
cosity of fuel oil and the suspensions we used is approximately the same, this nozzle design was applicable 
for our purposes. The total performance of the plant for conglomerating powders is 20 ... 50 kg of dried 
material per hour.

The fi rst stage of the developed manufacturing process deals with preparing the suspension to be 
subsequently spray-dried. A solvent and binders for the suspensions are selected based on the properties of 
the resulting compositions, as well as granulation conditions and requirements for the purity of the resulting 
product. There are certain requirements for the solvent and binder: they should easily and, if possible, 
completely evaporate from the powder conglomerates under appropriate temperature conditions. The solvent 
evaporates from the suspension droplets during spraying and drying in the air stream. The binder is removed 
during the subsequent sintering of the composite particles. According to the authors [23], the binder should 
be stable at conglomeration temperatures and evaporate at approximately 50 K above these temperatures 
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Fig. 2. Schematic diagram of a spray dryer for powder 
conglomeration

Fig. 3. Gravity Type Powder Classifi er



OBRABOTKA METALLOV

Vol. 23 No. 1 2021

TECHNOLOGY

Fig. 4. Suspension spray nozzle

and at least 50 K below the sintering temperature of 
subparticles in conglomerates. These requirements 
allow the use of a wide range of substances as a 
binder, for example, polyvinyl alcohol, stearic acid, 
paraffi ns, polyethylene glycol, and various resins.

In this work, for spray drying at room temperature, 
rubber and gasoline or polyvinyl acetate (PVA) and 
an equi-volume mixture of butyl acetate and acetone 
were used as a binder and solvent, respectively. The 
latter pair is preferred due to the higher evaporation 
of the solvent during the spraying process and the 
formation of strong conglomerates, which facilitates 
the classifi cation of the obtained powders. The 
indisputable advantage of using PVA, unlike rubber, 
is the possibility of its almost complete removal 
during the sintering of subparticles in conglomerates.

The amount of binder introduced into the 
suspension signifi cantly affects its stability before 
being fed to the spray nozzle, as well as the strength 
of the resulting granules of composite materials. In 
each specifi c case, we experimentally determined the amount of the binder introduced into the charge from 
the initial fi ne powders, its value varying within 0.5...1.5% of the powder weight. The amount of solvent 
should be minimal for the mobility of the suspension to be preserved; it is also determined experimentally. 
The granulometric composition of the powders ultimately depends on the content of the binder and 
solvent in the suspension, as well as the type of spraying device and the conditions of spraying. The initial 
suspensions used for spraying have a solid component concentration of 70...85% depending on the density 
and dispersion of the integrated complexes.  The introduction of additives (surfactants or electrolytes) is 
recommended in case of insuffi cient stability and mobility of the suspension [24].

To obtain conglomerates corresponding to the given chemical composition, the suspension was prepared 
by thoroughly mixing the initial charge with a solvent and a binder in mixers of various designs for a 
suffi cient time, varying depending on the composition and the characteristics of the starting materials from 
2 to 8 hours. The suspensions with small amounts of alloying additives (up to 2%), e.g. tantalum, yttrium, 
and niobium were mixed for a longer time.

The morphology of the integrated complexes was determined using a TESCAN scanning electron 
microscope, whose software capabilities allow to automatically determine the particle size. The chemical 
composition was determined by the X-ray microanalysis of powder particles using an OXFORD energy 
dispersion spectrometer. Averaging was performed on 20 particles in each of the fi ve samples. The resistance 
of the obtained integrated complexes to high-temperature oxidation was determined by the changes in the 
specifi c mass (ΔM) of the powder sample after exposure in an alundum crucible in an electric resistance 
furnace at a temperature of 1324 K for 25 hours. The fl uidity of the conglomerated powders was determined 
according to the requirements of the state standard GOST 20899–98.

Results and discussion

The dispersion of the initial materials is important for conglomerating powders using the spray drying 
method. The size of the subparticles of these powders should not exceed 1/5 of the conglomerates’ diameter 
[25]. Reducing the size of the subparticles, fi rstly, increases the mobility and stability of suspensions. 
Secondly, since very small starting materials are used, a more uniform distribution of all the constituent 
components in the fi nished powder is achieved, especially during micro-alloying. Thirdly, conglomerates 
with a close to spherical shape are formed from small subparticles which are less susceptible to mechanical 
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destruction during classifi cation after sputtering and which have greater fl uidity. Fourth, the sintering surface 
of the subparticles in conglomerates increases, and as a result, their strength increases as well. With optimal 
sintering of the subparticles, the maximum density of conglomerated particles is achieved. By adjusting the 
size of the subparticles, the density of the powder can be controlled within the accepted limits.

The formation of composite particles (conglomerates) occurs in the process of suspensions spray drying. 
The size of the forming particles depends on the subsequent sintering. The granulometric composition, 
fl uidity of the resulting powder, and its mechanical strength depend on the solvent and binder used, their 
concentration, the size of the initial powders, the   airfl ow rate and the sprayed suspension, the temperature 
of the spraying air, and the type of nozzle used.

According to [26], the average diameter of the sprayed particles can be determined from the empirical 
equation

 
             
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1000
585 507

p p

G
d m

U V
, (1)

where U is the relative velocity between the solution and the gas, m/s; G and V are the fl ow rate of the 
solution and gas, m3/s, respectively; η is the viscosity coeffi cient of the solution, P; σ is the surface tension 
of the solution, dyn/cm; γp is the density of the solution, g / cm3.

Equation (1) demonstrates that obtaining smaller powders particles necessary for plasma spraying in a 
dynamic vacuum requires increasing the speed of the spraying air and the density of the suspension used, 
as well as reducing the surface tension and viscosity of the solution. The decrease in the viscosity of the 
suspension, in turn, is achieved by reducing the concentration of the binder and increasing the amount of 
the solvent.

To isolate the necessary fraction of the powder, the latter was classifi ed in sieves. The waste of small and 
large fractions is returned to the process at the stage of the suspension preparation. The fractionated pow-
ders were sintered in a free backfi ll in vacuum or argon under the following conditions: the binder (PVA) 
was distilled at 573...723 K, after which the temperature was increased to such values when the subparticles 
sintered inside the conglomerates, while the conglomerates did not sinter with each other. The temperature 
and sintering time for each powder composition were determined experimentally.

The results of the research have shown that, on average, the sintering temperature of conglomerated 
powders should be set at 100 ... 250 K below the sintering temperature of compact materials. The optimal 
conditions for sintering conglomerated powders are achieved when the sintered mass of the powder is a 
briquette that easily collapses when crushed. After the control sieving, which is necessary to remove fi ne 
particles formed during the destruction of individual granules and large sintered conglomerates, the pow-
der is ready for spraying. The shape of the integrated powders particles after spray drying conglomeration 
is close to spherical (Fig. 5). According to the data of X-ray microanalysis, the composition of the ob-
tained integral complexes was as follows: 1) 71 wt. % Ni, 17 wt. % Cr, 10 wt. % Al, 1 wt. % Y and 2) 
61 wt. % Ni, 22 wt. % Cr, 16 wt. % Al, 1 wt. % Y.

If large batches of powders are conglomerated according to the full technological scheme (see Fig. 1) 
with the return of small and large fractions, the yield of fractions allocated for spraying can be close to 
100 %. Thus, obtaining clean-cut fraction powder materials for gas-thermal spraying becomes highly 
effi cient.

The spray drying process was optimized to obtain a conglomerate powder of the composition Ni-22Cr-
16Al-1Y with a grain size of 0 ... 100 μm. A complete 23 factorial experiment was used. Factors: the amount 
of solvent per 1 kg of mixed powder V ml/kg; excess pressure in the feeder with the suspension P, atm. ; 
the height of the nozzle cut above the place where the suspension is injected into the gas stream, X, mm. 
The spray air consumption was 0.5m3/min. Insuffi cient airfl ow leads to the powder sticking to the walls of 
the chamber. The powder that falls off the chamber walls as it dries has poor sphericity and reduces the 
quality of the fi nal product. The air pressure inside the pipes of the aerodynamic classifi er was selected in 
such a way that the powder with a grain size of more than 100 μm was deposited in the central pipe, and the 
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Fig. 5. Appearance of conglomerated powders for spraying 
Ni-22Cr-16Al-1Y composition

powder with grain size 0...100 μm was deposited in the two side pipes. The coarse powder was sent to the 
head of the process. The fraction content of 0...100 μm in the “dry” powder was taken as the optimization 
parameter (Y). Table 1 shows the values of the factors in absolute and encoded form, and the results of the 
study are also presented here.

Taking into account the signifi cance of the coeffi cients, the regression equation has the following form 
(the factors are presented in the encoded form):

 Y = 66.4 + 11.6X + 10.2VX, %.  (2)

The analysis of the regression equation shows that obtaining the maximum amount of powder with a 
grain size of 0...40 μm requires increasing X and V. The pressure in the suspension feeder within the studied 
interval practically does not affect the composition of the dispersed powder. The increase in the yield of 
the fraction 0...100 μm, depending on X and V, is explained by the fact that the increased solvent content 
in the suspension reduces its viscosity and surface tension, thus contributing to the jet fragmentation into 
smaller particles at spraying. When the solvent and the sprayed suspension are used excessively, the powder 
adheres to the walls of the spray chamber. A high value of the size X leads to additional jet fragmentation 
inside the nozzle, resulting in an increased number of smaller particles. According to Table 1, the maximum 
powder yield of 0...100 μm is obtained under the following conditions: V = 380 ml of solvent /1 kg of 
powder; X = 2.0 mm; P = 1.32 atm.

The study of the spraying air temperature effect on the quality of the sprayed powder showed that at 
temperatures of 363...523 K, the stability of the spraying process sharply decreases, and the process is 
interrupted in 1...2 minutes after the start due to the drying of the suspension in the nozzle feed channel.

The binder (PVA) was distilled at a temperature of 573...773 K for half an hour, then the temperature was 
increased to the values of the subparticles sintering inside the conglomerates. An exothermic reaction of Al 
and Ni interaction with a large release of heat begins at the temperature of 903...923 K. The temperature of 
the crucible with the powder briefl y rose to 1023...1273 K. To prevent sintering of conglomerates among 
themselves, they were diluted with a sintered powder of the same composition in an amount of 25 ... 35 %. 
After the solid-phase interaction, isothermal annealing was carried out at 1073 K for 30 min.
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T a b l e  2

Infl uence of the initial particle size distribution and chemical composition on the powder after sintering

Chemical composition 
of powders, masses.%

Initial size of 
powders, μm

Powder yield 
after spraying, %

Granulometric composition after sintering, %

0..40, μm 40..63, μm 63..100, μm >100 μm

Ni-17Cr-10Al-1Y 0…100 – 29.2 36.0 28.1 5.6

Ni-22Cr-16Al-1Y

0…100 – 24.0 37.6 27.4 11.0

0…40 35.8 61.4 32.3 6.6 –

40…100 64.2 7.7 35.1 44.1 1.3

Table 2 presents the granulometric composition of the sintered powders. The bulk of the resulting 
powder has a size greater than 40 μm. The yield of the 0...40 μm fraction is less than 25 %. Obtaining 
the powder used for spraying in a dynamic vacuum requires sintering a smaller fraction of 0...40 μm. The 
obtained results demonstrate that sintering a powder with a grain size of 0 ... 40 μm leads to a signifi cant 
powder grain size increase due to partial sintering of conglomerates among themselves, which deteriorates 
the morphology of the fi nal product. This is due to a larger contact area than in the case of 40 ... 100 μm 
fraction sintering.

The yield of fractions after sintering is also affected by the composition of the powder. Thus, sintering 
a powder of the Ni-17Cr-10Al-1Y composition yields a smaller amount of a large fraction than sintering a 
powder of the Ni-22Cr-16Al-1Y composition, which is associated with a lower Al content and, as a result, 
less heat released during the sintering reaction and a lower sintering temperature (Table 2).

After sintering the powder, it is divided into fractions and recovery-annealed. The sieving of 40 ... 100 
μm fraction is carried out using a standard set of sieves, and the separation of the fraction with a size of 
10 ... 40 μm was carried out by washing the powder three times in distilled water, followed by drying for 
2...3 hours at a temperature of 373...383 K. Finishing treatment of the powder is recovery annealing in a 
hydrogen atmosphere at 873 K for half an hour to remove oxides present in the initial powders and formed 
during the preparation of conglomerates.

To assess the quality of the obtained powders, their resistance to oxidation in the air was measured at 
1323 K. The test results can be described by a regression equation:

         73,3 3, 63 2, 65 5, 95 5, 65 17, 05 8, 03 14, 95 ,ìã/ã.M V X P VX VP XP XVP  (3)

According to the experimental data, to improve the quality of the powder, the amount of solvent 
(V) in the sprayed suspension should be reduced; X and the excess pressure in the chamber (P) should 
be increased. In practice, as a rule, the volume of the solvent tends to be reduced. Thus, to obtain powders 
for plasma spraying in a dynamic vacuum, we determined the following technological regulations: 
V = 360 ml/1 kg of powder; X = 2.0 mm; P = 1.28 atm.

Powders obtained with the sprayed air heating are characterized by lower heat resistance, for example, 
for 363 K, it is 170.9 mg/g, and for 523 K, it is 208.6 mg/g. This indicates that the accelerated drying of 
conglomerates occurs during the spraying process, leading to deformation and increased porosity of the 
particles.

We conducted a comparative properties study of the powders obtained using spray drying and spraying 
of melt in a vacuum (Table 3).

Both methods, applied to plasma spraying, give powders that are similar in properties. However, the spray 
drying method is cheaper and more universal in terms of the powders produced. The chemical composition 
of the powder obtained by the spray drying method practically does not differ from the composition of the 
initial components.
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T a b l e  3

Comparative characteristics of powders obtained by spray drying and spraying of melts

Powder Property Method of obtaining
Size of powders, μm

0…40 40...50 50...63 63...100 100...200 >200

Content, mass.%
Spray drying 61.4 16.3 16.0 6.6 0 0

Spraying of melts 50.5 24.2 13.4 9.1 1.8 0.9

Fluidity,
sec 

Spray drying 69.9 34.2 28.8 23.5 – –

Spraying of melts 57.8 25.3 28.0 31.5 – –

To give the sprayed conglomerates suffi cient strength and density, they are sintered, which includes 
the stages of removing the organic binder and sintering the subparticles in the conglomerate. The process 
of sintering the sprayed powder has a signifi cant impact on the properties of the resulting product. The 
morphology, strength of the particles, and their granulometric composition largely depend on the conditions 
of the process.

After spray drying, the powder is placed in a free fi lling in a vacuum oven. Next, the furnace is degassed 
and fi lled with argon to the pressure of 0.1 MPa. Then the temperature is gradually raised at a speed 
not higher than 3...4 K min-1 to remove the binder. If polyvinyl acetate (PVA) is used as a binder, the 
temperature of its complete removal from the powder mass is approximately 820 K. Then the working 
space of the furnace is degassed to a residual pressure of 0.1 Pa and heated to sintering temperatures. The 
sintering process can also be carried out at atmospheric pressure, for example, in an argon-hydrogen gas 
medium. In this case, the degree of powder oxidation is signifi cantly reduced.

There are certain differences in the sintering process of Ni-Cr-Al-Me powders, where Me is the alloying 
additives of one or several rare elements, such as Y, Ta, Nb. These conglomerate powders are exothermic 
due to the reaction of nickel aluminides formation. The synthesis reaction begins when the powders are 
heated to 900...950 K, with the temperature in the reaction space of the furnace rising to 1500 K. In these 
conditions, conglomerates are strongly sintered among themselves, and this is unacceptable according to 
the technology. To reduce the sintering temperature of the powders, the sprayed powder was diluted in a 
certain ratio with a ready-made sintered powder of the same composition before placing it in the furnace. 
The degree of dilution ultimately determines the heating temperature of the powder and, as a result, the 
density and mechanical strength of the sintered conglomerates. To obtain strong and dense powder granules 
of the Ni-Cr-Al-Me composition with different content of chromium (20...28 %) and aluminum (12...20%), 
the optimal amount of diluent powder was determined to be within 20 to 40 %. For example, a powder of 
the composition (mass. % ): Ni-28Cr-20Al-Me is best sintered with a dilution of up to 40 %.

After the exothermic reaction, the temperature in the furnace is set to 1020 K and maintained for half an 
hour until the subparticles are completely sintered in conglomerates. The result of sintering is a briquette that 
is easily crushed into individual granules. Control sieving is performed to separate small powder particles 
formed as a result of the individual granules’ destruction and large conglomerates sintered together. The 
powder fraction suitable for spraying is subjected to recovery annealing in a hydrogen atmosphere at the 
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temperature of 800 K. Importantly, small amounts of alloying elements practically do not affect the powder 
sintering modes.

Finally, the resulting composite conglomerated granular powder material was used to create a combined 
heat-resistant coating to protect high-temperature parts of a gas turbine propulsion system. The coating 
consists of three layers. The fi rst 28Al-2Si-1P3M layer with a thickness of 40 ... 55 μm is applied by the 
thermal diffusion method and located at the boundary with the substrate alloy [15]. This layer provides 
high heat and corrosion resistance, as well as diffusion stability of the entire coating. The second layer 
is the plasma sprayed one of Ni-22Cr-16Al-1Y composition with a thickness of 115 μm providing high-
temperature resistance of the coating, as well as good surface adhesion of the ceramic outer layer. The third 
one is the heat-shielding outer ceramic layer of ZrO2+Y2O3 composition with a thickness of about 50 μm; 
it reduces the surface temperature of the alloy during operation.

Conclusion

A technology for producing composite conglomerate powders for plasma spraying of high-temperature 
protective coatings has been developed. A distinctive feature of this technology is the method of spray 
drying and subsequent sintering in a vacuum or an argon-hydrogen gas medium.

To determine the granulometric composition, an aerodynamic classifi er of the gravity type was designed 
and manufactured; the classifi er automatically sorts the powder into fractions.

The proposed technology allows for  obtaining powders of the given chemical composition with a 
particle shape close to spherical and dimensions within 40 ... 100 μm. Integrated powder complexes of the 
following chemical compositions were obtained: 1) 71 wt. % Ni, 17 wt. % Cr, 10 wt. % Al, 1 wt. % Y; 2) 
61 wt. % Ni, 22 wt. % Sg, 16 wt. % Al, 1 wt. % Y.

The research demonstrates that sintering powders of the Ni-Cr-Al-Y composition should make provisions 
for the exothermic reaction of nickel aluminides formation, which begins when the powders are heated to 
900...950 K. Obtaining an integrated powder complex with a high content of aluminum (Ni-22Cr-16Al-
1Y) is proposed to perform by dilution with a ready-made sintered powder of the same composition before 
loading into the furnace.
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