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Summary:

The characteristics of plasma spray coatings are directly related to the
type of process applied (APS - atmospheric plasma spray, VPS - vacuum
plasma spray, and SPS - suspension plasma spray), the characteristics of
the powder and the powder deposition parameters. The properties of
plasma spray coatings can be changed and adjusted depending on the
operating conditions, i.e. the purpose of coatings. Applying the same
powder in the deposition process can lead to coatings of different
properties, depending on their purpose. If the deposited coating is
intended for corrosion protection and biomedical application, it is
necessary that the coating is compact. When the coating is deposited for
the purpose of thermal insulation, it should be porous. Powder particles in
the plasma are spherical liquid drops which, in collision with the substrate,
form a lamellar structure of the coating. A higher degree of powder melting
and a higher velocity of molten droplets lead to a denser structure of
deposited layers. When colliding with the substrate, deposited particles
transfer heat to a working part until cooling to ambient temperature. If the
working part is cooled by compressed air, molten droplets solidify
extremely quickly with columnar crystals in lamellae. The aim of this paper
is to describe the influence of temperature and velocity of powder particles
on the deformation and hardening of particles defined by the D/d ratio,
chemical changes in molten particles as well as porosity, crystal changes,
and internal stresses in coatings.

Keywords: APS, VPS and SPS process, adhesion/cohesion, structure,
porosity, internal stresses.
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Introduction

The properties of plasma spray coatings depend on: the degree of
melting of powder particles, the degree of deformation of individual
particles in collision with the substrate, their interaction upon impact on
the substrate surface and the interactions of lamellae at the contact
during deposition and layer solidification. In the process of deposition,
higher temperature and velocity of molten droplets increase coating
adhesion, cohesive strength, tensile strength and resistance to friction
fatigue, while reducing coating brittleness, which all affects the length of
coating service life (Li et al, 2006, pp.1166-1172), (Sobieszczyk, 2010,
pp.30-42). The characteristics of deformation and flattening of molten
droplets of powder particles during deposition are of utmost importance,
defined by the D/d (D - diameter of a deformed particle, and d - diameter
of an injected particle) ratio. One of important parameters which affect
the coating characteristics is contact temperature (Tc) at the interface
between the substrate and the deposited layer. An increase in contact
temperature (Tc) increases the coating — substrate adhesion strength
and the density of layers in the coating. Adhesive strength determines
the coating quality, while the cohesive strength of layers determines the
coating service life (Bull, Rickerby, 2001, pp.181-228). The melting point
of powder particles is often higher than the melting temperature of the
substrate on which the coating is deposited, so the contact temperature
can increase the temperature of the substrate. The increase in the
substrate temperature significantly affects the stress state of the
substrate / coating interface, which directly reflects on the interface
fracture toughness. In some cases, it can cause fatigue in deposited
layers, which causes micro and macro cracks in coating layers followed
by peeling or separation of coating layers from the substrate surface
through coating layers. Also, due to large temperature differences, at
some places on the coating surface, segmental micro cracks can occur
due to large difference in tensile stress caused by the substrate
expansion and shrinkage stress during the solidification of deposited
particles (Mrdak, 2016, pp.411-430). In extreme cases, the substrate
may be deformed. This can happen during the process of melting and
depositing powder particles of refractory metals such as W, Nb, Ta, Mo,
Ti, etc. The same phenomenon can occur in the deposition of inorganic
bioinert ceramics: TiO,, Al,O3, ZrO,, ZrO,Y,03, and Cr,0O; as well as
carbides WC, TC, BC, CrC, etc.
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This paper describes the D/d ratio of the particles of Al,O3 inorganic
bioinert ceramics depending on the temperature and velocity of powder
particles of different granulation. The aim of this study was to describe
the chemical changes in molten particles, the crystal changes in
deposited particles, porosity in coatings and its effect on the mechanical
properties of the deposited coatings, and stresses in coatings.

Effect of temperature and velocity of powder particles
on the D/d ratio

During powder deposition, it is necessary to set parameters so that
particles have optimal temperature and velocity (kinetic energy) for a
certain type of powder of specific physical characteristics and
granulation. The substrate temperature also affects the quality of the
coating and during deposition it is necessary to maintain the substrate
temperature within certain limits without causing side effects. The contact
temperature (Tc), which directly influences the D/d ratio, depends on the
substrate preheating temperature and on the powder melting point, as
well as on powder thermal conductivity and cumulativity. The parameters
are always set to achieve the highest D/d ratio. Ignoring the effect of
surface stresses and the assumption that molten particles flatten before
solidification has led to the execution of the terms of the D/d ratio defined
by equation 1 (Sivakumar, Nishiyama, 2004, pp.485-489),

0.2
D/d :1,29(Mj (1)
7,

where: is p - density of particles u - viscosity of particles, Vd — velocity of
particle impact on the substrate. For Al,O3; ceramics used in the process
of biomedical coatings, temperature and velocity of powder particles are
very important. The Al,O3; powder particle velocity of 100 m/s - 400 m/s is
obtained by the ratio of D/d = 3 - 6 (Mishin et al, 1987, p.620). Figure 1
shows the D/d ratio for Al,O; powder with a particle surface temperature
of 2300 °C depending on particle velocity for the following granulation
values: 5, 10, 20, 30 and 35 uym (Vardelle et al, 1993, pp.79-91). For a
powder surface temperature of 2300 °C, the D/d ratio increases with an
increase in particle velocity regardless of the granulation size.
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Figure 1 — The D/d ratio depending on the velocity of Al,O3 particles
Puc. 1 — CoomHoweHue duamempa D/d e 3agucumocmu om ckopocmu yacmuy Al;O3
Cnuka 1 — OdHoc npeyvHuka D/d y 3asucHocmu 00 6p3uHe yecmuua Al2Os

With an increase in velocity, the particle kinetic energy increases,
which causes a higher degree of flattening of molten particles on the
substrate surface. The lowest value of the D/ ratio, i.e. 2.4, is found in
particles of 5 ym deposited with a velocity of 100 m/s. For particles of 35
Mm and a velocity of 100 m/s, this ratio is much higher and amounts to
D/d = 3.5. For the finest particles with a maximum speed of 350 mm/s,
the D/d ratio is 3.0 and does not reach the levels of the largest particles
with a minimum velocity. The highest D/d ratio of 4.3 is achieved with
particles of the grain size of 35 um. Figure 2 gives the D/d ratio for Al,O3
powder with a particle velocity of 300 m/s depending on the surface
temperature of molten particles for the granulation values of 5, 10, 20, 30
and 35 um. The surface temperature of powder particles has a similar
effect on the D/d ratio as the velocity of particles. With an increase in
particle surface temperature, particle plasticity increases causing more
pronounced flattening of molten droplets on the substrate surface. For
the lowest particle surface temperature of 2000 °C, the lowest D/d ratio of
2.4 is found in the particles with the smallest size of 5 ym, and the
highest D/d ratio of 3.5 is found in the biggest particles of 35 ym.
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Figure 2 — The D/d ratio depending on the temperature in Al;O3 particles
Puc. 2 — CoomHoweHue D/d e sasucumocmu om memnepamypbl yacmuy, Al,O3
Cnuka 2 — O0Hoc D/d y 3asucHocmu 00 memnepamype yecmuuya Al,O3

When temperature increases to 2900 °C, the D/d ratio increases to a
maximum value. For the 5 um granulation, the D/d ratio is 4.0, and for
the granulation of 35 ym, the D/d ratio is 6.0. If we compare the effects of
particle velocities and the surface temperatures of particles of different
sizes on the flattening degree, it is clear that the D/d ratio is influenced
more by the surface temperature of powder particles (Vardelle et al,
1993, pp.79-91).

Chemical changes in molten particles and crystal
changes in coatings

In molten powder particles, chemical changes can occur as a result
of the reaction of liquid droplets with the plasma jet. High plasma
temperature is suitable for the reactions such as oxidation, reduction and
thermal decomposition of the initial powder phases. Many metals absorb
a significant amount of oxygen during deposition, oxides lose oxygen and
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nitrides lose nitrogen. The chemical reaction is determined by the plasma
gas diffusion into the liquid phase of molten particles. When HJ/Ar or
He/Ar are used as plasma gases, diffusion is carried out with a fairly low
speed of 10™ to 10"'sec in comparison to the particle melting time of 10"
‘sec. During the deposition of Al,O; powder with a mixture of N./Ar as
plasma gas, aluminum from the oxide reacts with nitrogen. The result of
this reaction is the formation of the AIN phase. Oxidation is a major
problem, especially in metals such as tungsten, molybdenum and
titanium. Some oxidized particles can be seen in coatings. The oxidation
of powder particles is very important and affects porosity as well as
cohesion and adhesion strength. The problem is greater in the oxidation
of carbides. Oxygen binds carbon from the carbide so that the carbide
decomposes. The carbide decomposition is favored by high temperature
of plasma. Thermal decomposition of carbides is incomplete due to short
time powder particles spend in the plasma jet (Qiao et al, 2003, pp.24-
41).

Extremely rapid cooling of the liquid phase of the material deposited
may affect the suppression of the crystallization of particular phases. A
typical effect was tested with AlL,O; particles. The coating is
predominantly composed of one or more metastable phases, with the
mostly dominant a-Al,O; phase and a smaller share of the y-Al,O3
phase. The formation of metastable phases can be explained by lower
free energy for the creation of spinel cells from the liquid phase when the
subcooling is below the equilibrium melting temperature due to rapid
cooling. The phases are separated by transformation from one to another
metastable phase. Different metastable phases are separated depending
on the deposition parameters, the size and shape of particles and the
substrate temperature. The ratio between substrate and coating cooling
during powder deposition is very important. When the substrate is cooled
during deposition, the cooling rate of particles is between 10* and 10°
K/s. In order to obtain coatings which contain only the a-Al,O3 phase, it is
necessary to heat the substrate to a temperature of 1100 °C (Yang et al,
2006, pp.1649-1653). The a-Al,O; phase is always present in the coating
with a share of 10% to 25%, because of the incomplete melting of powder
particles which serve as centers of crystallization (Friis et al, 2001,
p.115).

During deposition, the starting a-Al,O; phase with a density of 3.98
to 4.0 g/lcm® is transformed into the y-phase with a density of 3.3 to 3.4
g/cm?®, which is stable up to a temperature of 1050°C (Yang et al, 2008,
pp.1649-1653). Due to its lower density, the separated y-phase increases
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porosity and decreases the mechanical properties of the coating. For
metals and alloys, the cooling rate of molten particles is higher and
ranges from 10° to 10® K/s (Johnston, 2009, pp.1004-1013). For
superalloys with this cooling rate ratio, it is possible to obtain very fine
grain sizes from 0.25 to 0.5 um, which gives very good mechanical
properties of the coating. If coatings are overheated at temperatures from
100 to 1200° C, higher density and better mechanical properties are
obtained (Mrdak, 2015, pp.337-343). In some coatings, during the
deposition of molten droplets, crystals become conveniently directed
relative to the substrate surface. This refers primarily to Cr,O3; oxide,
where the c¢ - axis and the basal planes are conveniently directed relative
to the surface, thus giving it high resistance to friction. This also applies
to the hexagonal structures of the coatings of W,C, CoW and CoMo
which have a low friction coefficient. These coatings, therefore, have a
friction coefficient lower than 0.15 (Hakan et al, 2008, pp.259-265).

Porosity of coatings

Depending on coating purposes, the share and size of pores,
together with their distribution through layers, are of key importance for
the mechanical properties of the coating (Mrdak et al, 2015, pp.337-343).
High porosity in layers reduces the coating strength: it increases the
coating brittleness, reduces the brittleness of the interface fracture and
friction resistance, as well as resistance to oxidation and corrosion. The
cause of pore formation in the coating is the uneven granulation of
powder particles injected into the plasma jet which move along different
paths through the plasma jet. Porosity is present in the coatings which
consist of tough and fully melted powder particles. Substrate surfaces
and molten particles may contain air or gas which also causes the
formation of pores at the interface, reducing adhesion. If particles have
high temperature and high velocity when impinging the substrate, liquid
drops of molten particles are sprayed causing high porosity in the coating
layers. In the coatings deposited at atmospheric pressure, porosity is in
the range from 5 to 20% (Mrdak et al, 2015, pp.337-343).

Materials such as TiO,, Al,O3TiO,, Cr,O; and NiO form coatings
with an average porosity below 4%. In Al,O; and ZrO, coatings, porosity
ranges from 4-8%, while porosity in thermal barriers (ZrO,Al,O3,
ZrO,Y,03, ZrO,Ca0, ZrO,MgO, ZrO,Y,03;CeO,, etc.) ranges from 8 to 15
% (Mrdak et al, 2015, pp.337-343), (Mrdak, 2017, pp.30-44). Pore share
and size in the coating are directly related to the angle at which the
molten particles are deposited and to the tension of deposited particles.
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TiO, powder particles have half the strength of the Al,O3; surface;
therefore, TiO, coatings have for 2.5% lower porosity compared to Al,O;
coatings. Generally, the coating porosity is linked to the size of powder
particles, their velocities and temperatures in the moment of impact with
the substrate. It is clear that the lowest porosity is obtained with particles
that are well melted and have high velocity. Coating layers have a
porosity of 23% with Al,O3; particles of a granulation of 18 um deposited
on the substrate from a distance of 75 mm. When the distance to the
substrate is reduced to 50 mm, powder particles gain maximum velocity
and reduce the proportion of pores to 11% (Vardelle et al, 2001, pp.267-
284). High-speed plasma jets are suitable for the preparation of coatings
with low porosity. High power supply allows for a faster transfer of heat
and velocity of plasma particles onto powder particles. The application of
a high-power plasma gun is limited; the gun is not used for the deposition
of powder with a small coefficient of thermal conductivity because the
particle surface vaporizes while the particle core remains unmolten.

Internal stresses in coatings and on the interface

Generally, it can be said that powders of tough materials give tough
coatings with low percentage of residual stresses, while ceramic powders
produce brittle coatings with a considerable share of residual stresses.
The internal stresses in coatings are the result of different temperatures
and coefficients of thermal expansion of substrates and coatings. The
substrate bond with the ceramic coating is non-metallic; therefore, the
bond strength values are lower than the values achieved with metal
coatings. The increase in coating thickness leads to the reduction of
bond strength. For some ceramic coatings the thickness of which is up to
0.1 mm, the bond strength values range from 30 to 40 MPa. For the
thickness values up to 0.3 mm, these values are smaller and range from
5 to 10 Mpa. If the thickness values are over 0.5 mm, strength values
reach only 4 MPa (Moridi et al, 2014, pp.449-459). Since coatings consist
of several layers, stresses also increase with the coating thickness. In
order to reduce stresses caused by the temperature difference and the
coefficients of thermal expansion, it is necessary to cool down the
substrate and the deposited layers during deposition. Also, if there is a
low temperature difference between the substrate and the deposit, this
may cause cracking and spalling of the deposit from the substrate. Within
individual sections in the coating, micro-cracks can occur, as well as
within the entire coating. Micro-cracks in the coating occur as a result of
the influence of the substrate on the shrinkage of molten particles during
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solidification. The shrinkage of molten powder particles is always limited
because of the influence of the substrate. The values of residual stresses
mostly depend on the ratio of thermal expansion coefficients and on the
elasticity coefficient between the substrate and the coating (Mrdak et al,
2015, pp.337-343). Also, there is the influence of yield and plastic
deformation of the coating and the substrate on the value of residual
stresses at the interface. Macro cracks may occur In the coating after
cooling the coating structure to ambient temperature due to a large
temperature gradient between the substrate and the coating layer during
deposition, as well as due to differences in the coefficients of thermal
expansion (Mrdak, 2017, pp.30-44). High levels of stress at the interface
could cause peeling of the coating, while high levels of tensile stresses
could cause internal cracks in the deposit. Residual compressive
stresses in ceramic coatings could even be beneficial for the increase of
fracture strength. In order to reduce stresses in coatings, it is necessary
to reduce the temperature gradient between the substrate and the
coating. This allows the shrinkage of the coating at lower temperatures
during solidification. Therefore, during the deposition of powder particles,
coating primary and secondary cooling (after powder deposition) is
applied. However, despite cooling both the coating and the substrate, it is
extremely difficult to reduce stresses in the coatings with low coefficients
of thermal conductivity, especially in the case of thicker coatings. Internal
cracks in the deposited layers are formed as a result of lower resistance
of layers to tension and compression. In ceramic materials, compressive
strength is higher than tensile strength. Residual stresses are usually the
result of different coefficients of expansion of the layers a1 and the
substrate a2. If a1> a2, the coating will be bent and deformed as shown
in Figure 3 or it will be exposed to tensile stresses if the coating is
deposited on thicker substrates. When ceramic powders are deposited
on metal substrates, the coating will be distorted or subjected to
compressive stress, as shown in Figure 4.

By
s

Figure 3 — Stresses in the coating for a: > a>
Puc. 3 — HanpsikeHusi 8 nokpbimuu 0151 a1 > a3
Cnuka 3 — HanoHu y npesnayu 3a as; > az

as > do
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Figure 4 — Stresses in the coating for as < a;
Puc. 4 — HanpsixkeHusi 8 nokpbimuu 051 a1 < Az
Cnuka 4 — HanoHu y npeenayu 3a a; < az

High stresses in layers will be reduced through cracks or through
separation of the coating from the substrate. During deposition,
controlling layer temperature is of primary importance, especially for
materials with a low coefficient of thermal conductivity. If temperature
during the deposition process is not under control, a large temperature
gradient may appear between the upper and lower surface layers, which
is undesirable. In the coatings with changes in volume due to phase
transformations, residual stresses are increased. These stresses are also
increased during exploitation as a result of cyclic phase transformations.
For example, heating the metastable y - Al,O; phase at temperatures
above 1050 °C will transform it into the metastable o - Al,O; phase
followed by an increase in volume, which adds to residual stresses (Yang
et al, 2006, pp.1649-1653). The same is the case with the metastable
tetragonal t - ZrO, phase which, at temperatures above 1100 °C under
the influence of stress, transforms into the monoclinic phase of m - ZrO,
accompanied by an increase in volume. Phase transformations occurred
in service will further increase stresses in coatings and reduce coating
resource. Due to the above, porosity in coatings is preferred in e.g. filters
and thermal barriers. Desired porosity levels can be easily obtained in
coatings as well as controlled through powder granulation and the
location of powder injection into the plasma jet.

Conclusion

This article describes the impact of temperature and velocity of
powder particles on the D/d ratio, chemical changes in molten particles
and crystal changes in coatings, porosity in coatings and internal
stresses in coatings and at the interface. Based on the above, the
following conclusions can be drawn.
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The powder deposition parameters are always adjusted so that the
highest D/d ratio is obtained for injected particles. The D/d ratio increases
with increasing particle velocity and temperature regardless of the size of
granulation. The comparison of the effect of particle velocity and the
effect of the temperature values of particle surfaces of different
granulations on the flattening degree has shown that the surface
temperature of powder particles has a greater impact on the D/d ratio.

In molten powder particles, chemical changes (oxidation, reduction
and thermal decomposition of the powder initial starting phase) occur as
a result of the reaction of liquid drops with the plasma yet. Extremely
rapid cooling of the liquid phase of the depositing material may affect the
suppression of crystallization of individual phases. Different metastable
phases are separated depending on the deposition parameters, the size
and shape of the particles and the substrate temperature. Chemical and
crystal changes in the deposited particles significantly affect porosity,
cohesion and adhesion strength, fatigue and wear, which is why it is
necessary to apply strict control of the coating production process.

Porosity in layers reduceses coating strength, increases coating
brittleness, reduces interface fracture brittleness and abrasion resistance
as well as resistance to oxidation and corrosion. Pores in coatings are
formed due to uneven granulation of powder particles that are injected
into the plasma jet and move along different paths through the plasma
jet.

The internal stresses in coatings are the result of different
temperatures and coefficients of thermal expansion of substrates and
coatings. If a;> a,, coatings are to be bent and deformed on thicker
substrates. If a; <a, when depositing ceramic powders on metal
substrates, the coating will be deformed or subjected to compressive
stress. High stresses in layers will be reduced through cracks or through
separation of the coating from the substrate. In order to reduce stresses
caused by the temperature difference between the coefficients of thermal
expansion, it is necessary to cool down the substrate and deposited
layers during deposition.

The article displayed some of the important parameters affecting the
characteristics of plasma spray coatings, which must be taken into
consideration when creating a coating for a given purpose.
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XAPAKTEPUCTUKW MOKPbLITUA, HAHECEHHOIO BO3YLLUHO-
MNASMEHHBLIM HAMBITEHWNEM

Muxauno P. Mpaak
LleHTp uccnegosanun n paseutusa A.O. «MMTEJT koMmyHMKaummy,
r. benrpag, Pecnybnuka Cepbus

OBJNIACTb: xumun4yeckme TexHomnormm
BWO CTATbW: npogeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnuickuin

Pe3some:

Xapakmepucmuku nokpbimud, HaHEeCeHHbIX rna3mMeHHbIM
HarblfieHUeM HarnpsMyro 83aumocesisaHbl C 68UOOM MPUMEHSeMO20
npoyecca (APS - atmospheric plasma spray, VPS - vacuum plasma
spray u SPS - suspension plasma spray), ceolicmeamu riopowika u
napamempamu  ocaxOeHuss  riopowka. Ceolcmea  nokpbimud,
HaHECEHHbIX M/1a3MEeHHbIM HarbiieHUeM, Moaym Obimb U3MEHEHbI U
rpucrnocobrieHbl K yCcriogusIM 3Kcryamauyuu U ux HasHadyeHuro. [lpu
ucronb308aHUU 00HOZ0 U MO20 Xe MopowKa 8 rnpoyecce ocaxoeHust
Moeym 6bimb 07lyYeHbl pasfuyHble ceolicmea rnoKpbimul 8
3agucuMocmu Om UX Ha3HadyeHusi. Tak, Harnpumep, ecsu MoKpbimue
npedHa3Ha4yeHo ons aHMUKOPPO3UOHHOU 3awumsl unu
buomeOUUUHCKUX HYX0, mo Heobxodumo 4Ymobbl OHO 6bII0 Kak MOXHO
6os1ee KoMnakmHbIM. B mo epemsi KaK rpu HaHeceHuUU rMoKpbimusi Ons
Hy>0  mepmou3donsayuu  brazonpusamHbiM  ceolicmeom  6ydem
cyumambCcs nopucmocms. Yacmuubl nopowka 6 nnasmeHHoU cmpye
npedcmaensom coboli Karnu XuOKocmu, umeruwue cehepuqyeckyro
¢opmy, KOomopblie [pu cuersieHuu ¢ rnodroxkolu obpasyrom
nlamMuHapHyto cmpykmypy nokpbimus. Yem ebiwe memmnepamypa
rasneHus nopowka u 4dyem boble CKOpPOCMb Karesb pacrijiasa,
mem njomHee bydem cmpykmypa HaHeceHHbix cnoes. [lpu
CMOKHOBEHUU C MOOMIOXKOU ocax0eHHble Yacmuubi repedarom
menno paboyel nogepxHocmu 00 MOMeHma ux oxnaxdeHusi 00
memnepamypbl okpyxarowel cpedbl. B cnydasx, koz0a paboyas
rnogepxHocme oxriaxdaemcsi CxambiM 8030yXoM, omeepxOeHue
Kanesnb pacrisiasa ycKopsiemcs MakcuMalbHO CO cmosibyambimu
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Kpucmannamu 8 namernsx. Lenbo 0OaHHolU pabombl A67570Ck
ornucaHue moeo, kKakum obpa3oMm memrepamypa U CKOpoCcmb Yacmuy,
rnopouwka enustom Ha obpasosaHue degopmayuli U 3ameepOeHus
yacmuu, komopsble onpedensom coomHoweHue D/d, nopucmocme 8
Cr105IX MOKPbIMUS, XUMUYECKUe peakyuu 8 Yyacmuuax pacriaea u Ha
Kpucmarnnu4eckue U3MEHEHUsI 8 CI0sIX MOKPbIMUs, ropucmocms U
B8HYMPEHHeE HanpsiKeHUe MoKPbIMUS.

Knwuesblie cnosa: APS, VPS u SPS npouecc, adzesusi/koee3sus,
cmpyKkmypa, nopucmocms, 8HYMPEHHUE HarNPsKEHUS.

KAPAKTEPUCTUKE MIA3MA CIIPEJ NPEBJIAKA

Muxauno P. Mpaak
VcTpaxuBayku n passojHu ueHtap UMTEI komyHukaumje a.a., beorpaa,
Peny6nuka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA YJTAHKA: cTpy4H/ YnaHak
JE3VWK YJTAHKA: eHrnecku

Caxemak:

Kapakmepucmuke rinasma cripej npesnaka cy y OUPEKMHoj ee3u ca
epcmom ripumerseHoe npoueca (APS — atmospheric plasma spray, VPS
— vacuum plasma spray u SPS — suspension plasma spray),
Kapakmepucmukamva rpaxa U rnapamempuma Oerosuyuje rnpaxa.
Ceojcmea nnasma cripej rpesnaka Moay ce Meramu U riodewasamu y
3asucHocmu 00 paldHuUx ycroea, OOHOCHO HameHe npeenaka. [lpu
ynompebu ucmoe npaxa y nocmyrnky Oerosuyuje moegy ce rnocmuhu
pasnuyuma ceojcmea rpesrnake, 3a8UcHO 00 HaMmeHe. AKO ce rpeeriaka
OerioHyje 3a KOPO3UOHy 3awmumy U OGUOMEOUUUHCKY PUMEHY,
HeorloxodHo je Oa b6yde komriakmHa, a kala ce OerioHyje padu
mornnomHe u3onauyuje noxesbHo je da 6yde noposHa. Yecmuuye npaxa y
nrnasmu cy meyHe Karnu cgbepHoe obriuka Koje y cydapy ca rnodro2om
opmupajy namenapHy cmpykmypy ripeenake. Behu cmeneH morrbera
npaxa u eeha 6p3uHa UCMOMNM/LEHUX Karu fpou3eodu a2ywhe cmpykmype
OerioHogaHuX criojega. Ha koHmakmy ca nodnoeom deroHosaHe
yecmuuye rpeHoce morsiomy paodHoM Oenly 0o xnahema Ha
memriepamypy OKOMuHe. AKO ce padHu 0eo xriadu KOMIPUMOBAHUM
sa3dyxomMm, ouyspwhasare UCMOM/bEHUX Karnu odsuja ce eKCMPEeMHO
6p30 ca cmybacmum Kpucmarsnuma y famenama. Ljurs pada jecme Oa ce
onuwy: ymuuaj memnepamype u bpsuHe yecmuuya rnpaxa Ha
Oecbopmauyujy u odepuwhaeare yecmuua koje OegpuHuwe odHoc D/d,
Mopo3HOCM Yy rpeeriakama, XeMUjCKe [POMeHe Y UCMOMNIbeHUM
yecmuuyama U KpucmarsiHe [rpoMeHe Yy rpeeriakama, M[opo3Hocm 'y
rpesnakama u yHympauiHsU HaroHU rnpessaka.

Kmbyyne peyu: APS, VPS u SPS npouec, adxesuja/koxesuja,
cmpykmypa, Mopo3HOCM, yHympauitU HarnoHu.
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