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Summary:

In this study, the aim was to deposit layers of the Ni22Cr10AI1Y
coating using the vacuum plasma spray process to protect gas turbine
engine components from oxidation and high-temperature corrosion.
The coating can significantly affect the properties of the substrate
because it forms a composite together with the substrate. The type of
the coating deposition process and coating heat treatment, together
with the substrate, significantly affect its resistance to high temperature
creep. Ni22Cr10AI1Y powder was deposited with a vacuum plasma
spray system of the Plasma Technik - AG company using the control
panel A-2000 and the plasma gun F4. The coating deposited on the
substrate of INCONEL X-750 alloy was thermally treated at 1100 C for
2 hours in a protective atmosphere of argon. The particle morphology
was tested by scanning electron microscopy.The microhardness of
layers was tested by the HV,3; method and the bond strength was
tensile tested, in accordance with the standard Pratt & Whitney. The
microstructure of the deposited coating layers was examined under a
light microscope. Coating etching was done by mixing 2.5ml of nitric
acid HNO; with 7.5ml of hydrofiuoric acid HF. The microstructure of the
etched coating before and after heat treatment, as well as the
thickness of the diffusion zone, were analysed under a light
microscope, based on which the coating quality was later assessed.

Keywords: vacuum, substrates, structural properties, plasmas, layers,
coatings.
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Introduction

The components of hot sections, such as gas turbine blades, have to
withstand various stresses and severe environmental conditions at the
operating temperatures of 900°C to 1000°C. The structures of alloys for
producing hot sections are developed with optimum mechanical properties
and MCrAIY coatings to provide the resistance of hot sections to high-
temperature oxidation and hot corrosion (Mrdak, 2016, pp.1-25). In recent
years, MCrAlY alloys have been widely used while vacuum plasma
spraying (VPS) is the leading process used for depositing coatings on hot
sections such as blades which are exposed to aggressive gases at high
temperatures. MCrAlY coatings have been extensively studied in recent
years; they have shown good properties and adequate oxidation resistan-
ce to hot corrosion (Wang, et al, 2002, p.70), (Mrdak, et al, 2015, pp.337-
343). There are two basic systems of coatings used on gas turbines to im-
prove the resistance to hot corrosion and high-temperature oxidation, in
order to prolong the working life of components. These are diffusion coa-
tings and diffusion coatings coated with ceramic coatings. The
Ni22Cr10AI1Y coating is used on components such as blades and other
gas turbine parts as the protection against hot corrosion and high-
temperature oxidation up to 1100°C (Material Product Data Sheet, 2012,
Nickel Chromium Aluminum Yttrium (NiCrAlY) Thermal Spray Powders,
Amdry 9624, DSMTS-0102.0, Sulzer Metco). The chemical composition of
the Ni22Cr10AI1Y coating should be compatible with the substrate mate-
rial to reduce inter-diffusion during operation. Aluminum is an element
which protects Ni alloys from oxidation up to 1200°C by forming oxide
phases a-Al,O; on the coating surface. The microstructure of vacuum pla-
sma sprayed Ni22Cr10AI1Y coatings consists of the y-Ni and B-(NiAl)
phases (Feuerstein, et al, 2008, pp.199-213), (Padture, et al, 2002,
pp.280-284). In the microstructure, there are also present y'-(NisAl) precipi-
tates in y-Ni(Cr) grains (Ma, et al, 2010, pp.1518-1529). The y'-(NisAl) pre-
cipitates in the M22Cr10AI1Y alloy provide better mechanical properties at
temperatures below the solvus temperature, which is typically between
800 and 980°C (Achar, et al, 2004, pp.272-283), (Ma, et al, 2010,
pp.1518-1529), (Mendis, Hemker, 2008, pp.255-258). The phases exi-
sting in the coating in the etched condition differ by color. The light gray
regions in the coating microstructure are y-Ni(Cr) grains which contain y'-
NisAl precipitates, and the B-NiAl phase is dark gray. The differences in the
microstructure between the APS and the VPS coatings are caused by hig-
her temperatures of vacuum plasma spraying which increase the cohesive
strength of lamellae and reduce the amount of oxygen in the environment,
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thereby preventing oxidation of molten particles. In the coating layers, the-
re are no oxides of the types: a-Al,O3;, Cr.03, NiO and NiCr,O4, which oc-
cur in coatings deposited by the APS process (Mrdak, 2012, pp.182-201),
(Mrdak, 2013, pp.26-47). When MCrAIY coatings are applied, it is known
that there is an interaction between MCrAIY coatings with the substrate,
which is negligible during the thermal spraying in comparison with coatings
in exploitation. The thermal stability of sprayed coatings is decreased with
increasing the working temperature of the gas turbine. The inter-diffusion
degradation becomes important with the temperature increase. The inter-
action between the coating and the substrate of superalloys was tested by
the author (Gomez-Acebo, et al, 2004, pp.237-251), (Dahl, et al, 2006,
pp.pp.73-78), (Yuan, et al, 2014, pp.63-69), (Liu, et al, 2015, pp.63-69).
The coating diffusion provides enrichment of the substrate surface with
aluminum and chromium and a higher tensile bond strength. After the VPS
deposition of MCrAlY coatings, thermal treatment is applied. The aim of
the thermal treatment of the deposited coating with the substrate is to
strengthen the coating by thermal precipitation of fine intermetallic y'-NisAl
compounds in the grains of solid y-Ni(Cr) solution and the grains of the -
NiAl phase which increase the resistance of the coating to high-
temperature creep together with the substrate. Due to diffusion bonding,
the tensile bond strength of the coating significantly increases. The diffu-
sion coating-substrate bonding occurs in the temperature range of 900 -
1150°C. Examinations have shown that the microstructure of the MCrAlY
coating thermally processed at 1000°C for 1 hour and then cooled with ar-
gon to the room temperature for 15 min consists of a y- solid solution rich
in Ni, Co and Cr, which contains the dispersed phases of B-NiAl and y'-
(Ni,Cr); (Funk, et al, 2011, pp.2233-2241), (Tang, et al, 2006, pp.94—-106).
In case of the Ni22Cr10AI1Y coating, vacuum deposited on the substrate
of the 1N738LC nickel alloy, and after thermal processing in vacuum at a
temperature of 1100°C for 2 hours, its microstructure shows the presence
of fine globular particles of the B-NiAl phase (dark gray) and uniformly di-
stributed in the matrix of y-Ni(Cr) + y'-NisAl which is light gray (Funk, et al,
2011, pp.2233-2241). Due to the diffusion of Al and Cr from the coating in
the substrate, the coating/substrate interface shows a diffusion zone con-
sisting of the light gray y-Ni(Cr) matrix that contains y'-NisAl precipitates of
the deposited B-NiAl compounds (in black). Because of the diffusion of
chemical elements from the substrate, the lower layers of the coating con-
tain the elements Ni and Ti which build fine y'-Nis(Al, Ti) precipitates with
aluminum (Itoh, Tamura, 1999, pp.476-483), (Gdmez-Acebo, et al, 2004,
pp.237-251), (Dahl, et al, 2006, pp.73-78).
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The aim of this study was depositing a vacuum plasma sprayed
(VPS) coating of the Ni22Cr10AI1Y alloy for the protection of gas turbine
engine components against high-temperature corrosion and oxidation. In
order to increase the resistance of the coating to high-temperature creep
together with the substrate, thermal treatment was performed at 1100°C
for 2 hours in a protective atmosphere of argon. The aim was to thermally
deposit fine precipitates of y'-NisAl (which strengthen the coating) into the
grains of the solid solution y-Ni(Cr) and the grains of the (B-NiAl phase.
After the thermal treatment, the mechanical properties of the coatings in
the deposited condition were analyzed as well as the microstructure of the
layers of the coatings in the deposited condition. The coating quality was
assessed afterwards.

Materials and experimental details

Coatings were produced from AMDRY 9624 powder which protects
the substrate from high temperature oxidation and hot corrosion at
temperatures t < 1050°C (Material Product Data Sheet, 2012, Nickel
Chromium Aluminum Yttrium (NiCrAlY) Thermal Spray Powders, Amdry
9624, DSMTS-0102.0, Sulzer Metco).

)

¥

Figure 1 — (SEM) Scanning electron micrography of Ni22Cr10AI1Y powder particles
Puc. 1 — (SEM) 3nekTpoHHasa mukporpadus yactuy nopowka Ni22Cr10AI1Y
Crniuka 1 — (SEM) CkeHuHr enekTpoHcka mukporpaduja Yyectuua npaxa Ni22Cr10AI1Y

NiCrAlY powder is a nickel alloy with 22wt.%Cr, 10wt.%Al and
1wt.%Y with a range of powder particle granulation of 11 - 37um. For the
powder production, the vacuum furnace melting technique was used as
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well as gas atomization of liquid melt with inert argon gas. The produced
powder particles are homogeneous and spherical, Figure 1.

For microhardness testing and evaluation of the coating
microstructure, the base was made of steel (X15Cr13 EN10027), thermally
unprocessed, with the dimensions: 70x20x1.5mm. For testing the coating
bond strength, the base was made of the same steel with the dimensions:
@25x50 mm (Turbojet Engine — Standard Practices Manual PN 582005,
2002, Pratt & Whitney, East Hartford, USA). For testing the coating
microstructure after heat treatment, the samples were made of an
INCONEL X-750 alloy with the dimensions: 20x10x5 mm.

The mechanical properties of the layers were examined using the
microhardness method HV, 3 and their bond strength was examined with
tensile testing (Turbojet Engine — Standard Practices Manual PN 582005,
2002, Pratt & Whitney, East Hartford, USA). The morphology of powder
particles was examined by the SEM method. The microstructure of the
coating layers in the deposited state and after heat treatment in the etched
state was tested with light microscopy. The coating etching was done by
mixing 2.5ml of nitric acid HNO; with 7.5ml of hydrofluoric acid HF.

Ni22Cr10AI1Y powder was deposited at low pressure with a vacuum
plasma spray system of the Plasma Technik AG company. The control
panel A-2000 and the plasma gun F4 were used for the powder
deposition. Powder deposition was done with a mixture of plasma gases
Ar/H,. Before powder deposition, the surface of the INCONEL X-750 alloy
substrate was cleaned and pre-heated with a transferred arc at a
temperature of 850°C. Table 1 presents the VPS parameters for cleaning
the substrate surface and depositing Ni22Cr10AI1Y powder. The thickness
of the coating deposited on the substrates ranged from 150-200 um. The
coating deposited on the substrate of INCONEL Alloy X-750 was thermally
treated at 1100°C in a protective atmosphere of argon for 2 hours.

Table 1 —Vacuum plasma spray parameters
Tabnuya 1 — NapameTpbl BaKKyMHOrO MriasMeHHOro HanblfeHns
Tabena 1 — BakyyM-nnasma-cnpej napameTpu

Values
Parameters - .
Cleaning arc |Spraying

Plasma current, | (A) 500 700
Plasma Voltage, V (V) 65 58
Primary plasma gas flow rate Ar (I/min) 50 50
Secondary plasma gas flow rate He  H,;? (Imin)  [10 ¥ 8 @
Carrier gas flow rate (I/min) -- 3
Powder feed rate (g/min) -- 40
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Values
Parameters - .
Cleaning arc |Spraying
Stand-off distance (mm) 270 270
Chamber pressure (mbar) 25 150
Nozzle diameter (m m) 8 8
Speed of the gun (mm /s) 20 250

Results and discussion

The mean value of the microhardness of Ni22Cr10AI1Y layers was
198 HVy3. The lower value of the microhardness of the VPS
Ni22Cr10AI1Y coating compared to the APS coating is caused by the
absence of oxygen in the vacuum chamber, which prevents oxidation of
molten particles in the deposition process. Low microhardness values
confirm that in the coating deposited at low pressure there are not present
a-Al,O3, Cr,Os5, NiO and NiCr,O,4 oxides which increase the value of the
microhardness of coatings deposited at atmospheric pressure (Mrdak,
2012, pp.182-201). Besides the absence of oxidation in vacuum, low
pressure of Ar inert gas allows preheating of the substrate up to 850°C,
which leads to a substantial increase in adhesive bond strength. Tests
have shown that the VPS-Ni22Cr10AI1Y coating has a bond strength of 84
MPa. Preheating the substrate and a low pressure of inert gas in the
vacuum chamber further increase the coating density by eliminating micro
pores and unmelted particles, as confirmed by the analysis of the coating
microstructure on the light microscope. It is known that oxides and micro
pores on the lamellae boundaries weaken the inter-lamellar bond, ie.
cohesive strength and adhesion strength of the coating bond. Tensile
strength testing has established that the failure mechanism was purely
adhesion at the substrate / coating interface.

Figure 2 shows the microstructure of the VPS-Ni22Cr10AI1Y coating.
The qualitative analysis showed that the substrate/ coating interface can-
not be noticed because of cleaning and pre-heating the substrate surface
with a transferred arc. The substrate/coating interface does not show de-
fects such as: discontinuity of deposited layers, micro and macro cracks,
micro and macro pores and separation of the coating from the base. The
coating is dense and in the coating layers there are no: oxide lamellae,
micro pores, precipitates, and unmelted particles. To see the microstructu-
re of the coatings in the deposited state, Figure 3 shows a photomicro-
graph of the coating in the etched state. In the VPS Ni22Cr10AI1Y coating,

383

Mrdak, M., Structure and properties of Ni22Cr10Al1y coatings deposited by the vacuum plasma spray proces, pp. 378-391



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017., Vol. 65, Issue 2

oxides and micro-cracks are completely suppressed, which resulted in an
even and uniform deposition of layers.

T Fae—

VPS - Coating NiCrAlY

—
Substrate JD|.H'I'I

Figure 2 — (OM) micrograph of the vacuum plasma sprayed Ni22Cr10AI1Y coating
Puc. 2 — (OM) mukporpadmsi BakyyMHOro nnasmeHHoro HanbineHunsa Ni22Cr10AI1Y
Cnuka 2 — (OM) Mukporpadumja BakyyM-nnasma HanpckaHe npesnake Ni22Cr10AI1Y

v =Ni(Cr) + y' - NizAl

AR e ey ey
Etched S0pm
Figure 3 — (OM) Etched microstructure of the vacuum plasma sprayed
Ni22Cr10AI1Y coating

Puc. 3 — (OM) MoBpexaeHHas MMKPOCTPYKTYpa NOKPbITUS,, HAHECEHHOTO BaKyyMHbIM
nnasmeHHbIM HanbineHnem Ni22Cr10AI1Y
Crniuka 3 — (OM) HarpuseHa MUKpPOCTPYKTYpa BakyyM-nra3ma HanpckaHe
npesnake Ni22Cr10AI1Y

Due to high temperature of the substrate and a complete melting of
the layer deposited with the previously deposited layer, the lamellar micro-
structure in the coating completely disappeared. Coating etching makes
two phases recognizable in the microstructure, one of which is light gray
and the other is dark gray. The main phase of the coating (light gray) is the
solid solution y-Ni(Cr), which provides coating ductility and contains fine y'-
NisAl precipitates while the dark gray B-NiAl phase provides resistance to
oxidation (Funk, et al, 2011, pp.2233-2241). The coating microstructure
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shows more regular melting of powder particles in vacuum relative to the
atmospheric pressure.

Figure 4 shows a photomicrograph of a largely magnified coating to
see the coating microstructure more clearly.

B B AT S 7 5
Nt ;l'{,x.-.,c. k) i‘"" ‘o
Y U .‘ ,‘.n.J -+ y ,‘,':'. I, -

> Viid wl Bt r

Figure 4 — (OM) Etched microstructure of the vacuum plasma sprayed
Ni22Cr10AI1Y coating
Puc. 4 — (OM) MNospexaeHHas MUKPOCTPYKTYpa NOKPbITUSA, HAHECEHHOTO BaKyyMHbIM
nnasmeHHbIM HanbineHnem Ni22Cr10AITY
Cnuka 4 — (OM) HarpuseHa MUKPOCTPYKTypa BaKyyMm-nra3ma HanpckaHe
npesnake Ni22Cr10AI1Y

Light gray regions of the solid y-Ni(Cr) solution with y-Ni3Al
precipitates are clearly seen as well as the dark gray region of the 3-NiAl
phase. The substrate/coating interface shows one unmelted powder
particle of 25um which is fully united with the deposited coating layers. The
presence of the unmelted particle did not affect the formation of pores in
the coating around it.

After heat treating the coating in vacuum in order to strengthen the
deposited layers by thermal precipitation of intermetallic y-NizAl compo-
unds, the coating is more homogeneous with respect to the deposited sta-
te (Figure 5). Homogeneity is a consequence of the increased solubility of
Al in the y phase at a temperature of 1100 °C. During the heat treatment of
Al and Ti, y' intermetallic compounds Nis(Al, Ti) are formed with Ni from the
substrate, thus enhancing the coating and increasing its resistance to high
temperature creep, together with the substrate.
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T y - Ni(Cr) + y - Ni3(Al.Ti) T
Inter-diffusion zone SOpm

Etched

Figure 5 — (OM) Etched microstructure of the Ni22Cr10AI1Y coating
after heat treatment at 1100 C/2 hours
Puc. 5 — (OM) MNoepexaeHHas MUKpoCTpykTypa nokpbiTnst Ni22Cr10AITY
nocne tTepmuyeckoi obpabotkm npu 1100 C/24aca
Cnuka 6 — (OM) HarpuaeHa mukpocTpykTypa npesnake Ni22Cr10AI1Y
nocne Tepmuykor TpetMmaHa Ha 1100 C/2 cata

After heat treatment under vacuum at a temperature of 1100 °C for 2
hours, the microstructure of the Ni22Cr10AI1Y coating shows globular
particles of the B-NiAl phase (dark gray), evenly distributed in the y-Ni(Cr)
+ y'-NizAl matrix (light gray) (Funk, et al, 2011, pp.2233-2241). It is clearly
visible that an inter-diffusion zone is formed on the inter-surface. Because
of the dominant diffusion of Al and Cr from the coating into the substrate, a
zone enriched with the B-(NiAl) phase was formed on the interface in the
substrate. The diffusion layer was formed of the NiCr matrix (light gray)
and the deposited B-NiAl compounds (black). Because of the diffusion of
Al into the substrate, the Al content is reduced in the coating. Substantial
precipitates of the B-NiAl phase are woven in the diffusion zone which is in
the base of the INCONEL X-750 alloy. Also, Ti from the substrate diffuses
into the lower layers of the coating where it participates with Al in the
formation of intermetallic y'-Niz(Al,Ti) compounds (ltoh, Tamura, 1999,
pp.476-483), (Gémez-Acebo, et al, 2004, pp.pp.237-251). The thickness of
the diffusion zone formed of the y-Ni(Cr) solid solution with precipitates
and the B-(NiAl) phase on the coating / substrate interface is 20um.
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Conclusion

In this paper, vacuum plasma spraying is used to deposit
Ni22Cr10AI1Y coating layers. The paper analyzes the mechanical
properties and the microstructure of the coatings in the deposited state
and after thermal treatment of the coating at 1100 °C in a protective
atmosphere of argon for 2 hours. The following was concluded:

The VPS Ni22Cr10AI1Y coating had a mean microhardness value of
198HV,3. The value of the VPS Ni22Cr10AI1Y microhardness is lower
compared to the same coating deposited at atmospheric pressure due to
the low pressure of Ar inert gas in the vacuum chamber, which prevented
the oxidation of molten particles in the deposition process.

The tensile bond strength value of the VPS Ni22Cr10AI1Y coating
deposited in vacuum was 84 MPa and is higher than the bond strength of
the same coating deposited at atmospheric pressure. The tensile bond
strength is higher because inter-lamellar oxides and micro pores are
completely suppressed in the coating, which has led to higher inter-
lamellar strength and stronger adhesion of the coating to the substrate.

The microstructure of the Ni22Cr10AI1Y coating in the deposited state
after etching in the reagent consists of the basic phase of the solid solution
of chromium in nickel y-Ni(Cr) (light gray) which contains fine precipitates
of y-NizAl and the B-NiAl phases (dark gray). The mirostructure of the
Ni22Cr10AI1Y coating is homogeneous after heat treatment in vacuum. In
the microstructure of the etched coating there are globular particles of the
B-NiAl phase (dark gray) evenly distributed in the base of the y-Ni(Cr) + y'-
NizAl coating (light gray). At the interface, a 20um-thick inter-diffusion zone
was formed in the substrate. Because of the dominant diffusion of Al and
Cr from the coating in the substrate, the zone enriched with the B-(NiAl)
phase is present in the substrate at the interface. The diffusion layer is
formed from the y-Ni(Cr) matrix (light gray) and the deposited B-NiAl
compounds (black). Because of diffusion, Ti from the substrate in the lower
coating layers participates with Al in the formation of intermetallic Niz(Al,Ti)
compounds. The formed diffusion layer and deposited intermetallic
compounds in the coating increase its resistance to high-temperature
creep along with the substrate.

The VPS Ni22Cr10AI1Y coating has a much better structure and
mechanical properties compared to the properties of the coating deposited
at atmospheric pressure and as such can successfully be applied in hot
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sections of turbojet engines to protect them against high-temperature oxi-
dation and corrosion.
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CTPYKTYPA N CBOVCTBA MOKPbITUSA Ni22Cr10AI1Y
HAHECEHHOIO METO4OM BAKYYMHOIO NMNASMEHHOIO
HATMbINEHWA
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LleHTp nccnepgosanun n passutusa A.O. «MMTEJ1 kommyHukaummy, r. Benrpag,
Pecny6nuka Cepbusi

OBNACTb: xumu4yeckue TexXHonornu
B CTATbW: opurmHanbHasa HayyYHas ctatbsl
A3bIK CTATbW: aHrnuinckmin
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Pe3some:

B daHHOU cmambe onucaH npoyecc HaHeceHUs MOKpbIMusi
Ni22Cr10AI1Y eaKyyMHbIM Mia3MeHHbIM HarblieHueM O 3awumal
Oemarnel e2a3omypbuHHO20 O8ueamesnii 0OmM OKcuduposaHusi U
8bIcOKOomemrepamypHol Koppo3uu. [Tokpbimue Moxem oOkasamb
3HayumersnbHoe eo3delicmeue Ha ceolicmea cybcmpama, mak Kak
emMecme ¢ HUM co3daem KoMrnosum.

TeyeHue npouecca Oerno3uyuu MOKPLIMUS U PexXum mepmudeckol
obpabomku ¢ cybcmpamom 3Ha4yumesibHO 8IIUSIFoMm Ha CMOUKOCMb
Cr10€8 MoKPbIMUSsI K 8bICOKOmMeMepamypHoU non3y4yecmu.

HarneceHue nopowka Ni22Cr10AI1Y npou3sedeHo arnnapamom
8aKyyM [/la3MEeHHO20 HarbliieHus om rpou3sodumerns Plasma
Technik — AG, ekmovarowum nynbm ynpasneHduss A-2000 u
nnaamampoH F4. [lokpbimue HaHeceHo Ha cybcmpam criniasa
INCONEL X-750, 3amem npousdsedeHa 0O8yx4Hacogasi mexHu4Yeckasi
obpabomka npu 1100°C 8 3awumHoli cpede apeoHa. Mopghonoaus
yacmuy ropowka ucrbimaHa mMemodoM Ornmu4yeckol MUKPOCKOMUU.
AHanu3 MexaHUYeCKUX XapaKmepucmuk TrOKpbimus npoeedeH Ha
OCHOBaHUU ucnbimaHuli  Mukpomeepdocmu memodom HVy3 u
rnpoyHocmu coeduHeHUl mMemodoMm pacmsixeHus. Mukpomeepdocmb
nokpbimusi coomgemcmesyrom mpebosaHusiMm cmaHOapmoes Pratt &
Whitney.  Mukpocmpykmypa  crioe8 HaHEeCeHHO20  [MOKPbIMUSs
ucnbimaHa MemodoMm ceemosol  Mukpockonuu. [lospexdeHus
MOKPbIMUSI 8bi38aHbl pacmeopoM aszomHol kucromsl 2.5ml HNO; ¢
7.5ml nnasukoeol Kucriomsi.

AHanu3a MUKpocmpykmypbl o8pex0eHull nokpbimuss 00 u
rocrie mepmuyeckol obpabomku, a makxe
monuuHbl duggby3Hol yacmu  npoeedeH MemodoM  ceemosoll
MUKPOCKOMUU, Ha OCHOBaHUU pe3ysibmamoe aHasnu3a 0aHa OueHKa
Kadecmea roKpbImus.

KntoueBble croBa: Bakyym, cybcTpaTtbl, CTPYKTYpHble CBOMCTBA,
nrasma, crow, NoKpbITHeE.

CTPYKTYPA 1 CBOJCTBA NMPEBIAKE Ni22Cr10AITY
JEMNOHOBAHE BAKYYM-TNA3MA-CITPEJ NMPOLIECOM

Muxauno P. Mpaak
UcTtpaxmeadku 1 passojHu ueHtap MMTEJT KomyHukauwje a. a., beorpag,
Peny6bnuka Cpbuja

OBNACT: xemujcke TexHomnorunje
BPCTA UJTIAHKA: opyrnHanHu Hay4Hu YnaHak
JE3WNK YJTAHKA: eHrnecku
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Caxemak:

Hurs pada jecme Oa ce eakyym-rninasma-cripej pouyecom
OernoHyjy cnojesu npesnake Ni22Cr10AI1Y 3a 3awumumy KOMIOHEHMU
2acHuUx mypbuHa o0 okcudauyuje u sucoKkomemrepamypHe Kopoasuje.
lNpesnaka Moxe 3HamHO ymuuyamu Ha ceojcmea cybcmpama, jep
3ajedHo ca cybcmpamomMm opmupa Komriosum. Bpcma npoueca
derozuyuje rnpeeriake U pexum mepmudke obpade ripesnake ca
cybcmpamom  6UMHO  ymu4y Ha  H€HYy  OmIopHOCM  Ha
sucokomemrepamypHo ry3ame. [enoHosame rnpaxa Ni22Cr10AI1Y
ypaheHo je sakyym-nnasma-cripej cucmemom cpupme Plasma Technik
— AG koju kopucmu komaHOHU nynm A-2000 u nna3ma nuuimosrbem
F4. lNpeenaka dernoHosaHa Ha cybcmpamy o0 nezaype INCONEL X-750
mepmuyku je obpaheHa Ha 1100°C y mpajary 00 2 cama y 3almumHojf
ammocgbepu apzoHa. Mopgporiceuja vYecmuya npaxa ucnumadHa je
MemoOOM  CKEHUH2  €/IeKMPOHCKe  MUKPOCKoriuje.  Mcrnumuear-a
mukpomspoohe criojesa paheHa cy memodom HV,3 u ygpcmohe crioja
memodoM ucriumuearba Ha 3ame3ar-e, Koja cy buma y ckrnady ca
cmaHdapdom Pratt & Whitney. Mukpocmpykmypa criojega rpeernake y
OderioHo8aHOM Cmatby UCHUMaHa je Ha C8em/IoCHOM MUKPOCKONTY.
Hazpusare rpesrnake paheHo je meuwaH-eM a3omHe KucesnuHe 2,5 ml
HNO3; ca 7,6 ml ¢nyoposodoHudHe kucenuHe HF. Ananusa
MUKPOCIMPYKMype Hagpu3eHe rpesrnake rpe u rocre mepmuyke obpade,
Kao u OebrbuHa OugbysuoHe 30He, u3sedeHa je Ha C8emsIoOCHOM
MUKPOCKOITY, Ha OCHO8Y Yeaa je oueH-eH Kearumem rpeesrake.

KrbyuHe peun: Bakyym, cybcTpaTu, CTPYKTypHa CBOjCTBa, nna3ma,
CnojeBu, NpeBnake.
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