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Summary:

ZrO, stabilized with Y,O3 has superior and excellent physical
properties compared to other modern ceramic materials. Due to its high
biocompatibility, ZrO, ceramics in the ZrO, - Y,O3 system is widely used
as a biomaterial in orthopedic surgery. ZrO, - YOz ceramics is widely
applied in the production of the head of the hip, knee prosthesis,
temporary holders, and more. ZrO, is used for a total hip replacement
(THR), for an artificial knee joint as well as for the application and
development of other medical devices. In order to use ZrO,Y,03 ceramics
(YSZ) in biomedical substrates, it is necessary to deposit coating layers
without defects. For the purpose of the deposition of a ZrO,8wt.%Y,03
ceramic coating with the best structural properties, the ZrO,Y,Oz /
ZrO,Y,03CoNiCrAlY / CoNiCrAlY coating system was tested. For financial
reasons, the deposition was performed on a steel substrate by applying a
CoNICrAlY bond coating, which does not affect the structure and
functionality of the ZrO,Y,Ozceramic layer. The structure of the layers was
tested by the method of light microscopy, and the surface of the upper
ZrO,8wt.%Y-03 ceramic coating was tested by the method of scanning
electron microscopy (SEM). The obtained characteristics showed that the
porosity content in the ceramic layer was not high and that micropores
were uniformly distributed. The mechanical properties of the layers were
assessed by testing microhardness using the method HV,3; and tensile
bond strength using tensile testing.
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The values of the microhardness of the ZrO,8wt.%Y,03 coating were
satisfactory as well as the tensile bond strength of the coating system.
Keywords: ZrO,, Y,0s; property, microstructures, mechanical
properties, layers, coatings, ceramics, bonding.

Introduction

Zirconium dioxide ZrO, ceramics has one of the lowest thermal
conductivity values, and is therefore widely used as a thermal insulator at
elevated temperatures (Mrdak, et al., 2013, pp.559-567), (Mrdak, et al.,
2015, pp.337-343), (Mrdak, 2016, pp.411-430). ZrO,Y,0; ceramic
coatings generally have excellent physical characteristics. Due to its
stability, high biocompatibility and good physical properties such as high
flexural strength of 900-1200 MPa, hardness of 1200 HV and Weibull
modulus of 10-12, zirconium dioxide ZrO, is widely used in the process of
manufacturing implants (Piconi, Maccauro, 1999, pp.1-25). In recent years,
research efforts have focused on developing the ZrO,-Y,0; system as a
biomaterial in orthopedic surgery for producing hip implant parts,
characterized by the microstructure of a metastable tetragonal lattice
(Piconi, Maccauro, 1999, pp.1-25). In order to use zirconium dioxide ZrO,
as a functional biomedical coating on substrates, ceramic coating layers
must be deposited without defects. The first systems of ZrO,-Y,03(YSZ)
coatings stabilized with Y,03; were of 12 — 20wt.%Y.03, which fully
stabilized the cubic c - phase. Later, tests showed that better performances
can be achieved by reducing the levels of oxides Y,0O; to 8wt.%. The
Zr0,8%Y,0; system is now widely used because it is standardized and
has the status of an ISO standard for surgical application (ISO standard
13356, 2008, revision of a previous version of 1997). Tests of ZrO,8%Y,0;
ceramic coatings have shown that they do not cause any cytotoxicity in
living cells; therefore, they are biocompatible (Lang, Mertens, 1990,
pp.606—611), (Dion, et al., 1994, pp.18-24). Previous studies and tests
relate to the ZrO,Y,0; system with 8wt.%Y,03, which is most commonly
used in practice, and deposited by APS and VPS depositing processes
(Mrdak, 2015, pp.137-159). The coating has a lot of good features, such
as a high coefficient of thermal expansion of 11 x 10°K™, a low density of
6.4 g/cm®, a low modulus of elasticity and high hardness, which provides
better wear resistance. In addition, it has been proven that ZrO, coatings
with 8wt.%Y,03 are corrosion resistant to body fluids, which makes them
bioinert. Compared to other industrial applications, biomedical coatings are
a relatively new class of applications (Weidian, 2006), (Wang, 2008),
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(Heimann, 2006, pp.2012-2019), (Hong, et al., 2004, pp.317-326). Types
of coatings applied in the artificial knee joint are mainly: hydroxyapatite
(HA), zirconium dioxide (ZrO,), aluminum oxide (Al,Os), titanium dioxide
(TiOz) and chromium oxide (Cr,0s). Increasing demands for improved
efficiency of hydroxyapatite (HA) have influenced the development of
many types of multiphase biomedical coatings. Some of the developed
coating systems are HA/ZrO,Y,03(YSZ).  Zirconium  dioxide
ZrO,Y,03(YSZ) is one of the most important bioinert oxides which is used
in manufacturing implants. The results showed that the addition of
ZrO,Y,05(YSZ) from 40 to 60vol.% to hydroxyapatite significantly reduces
the decomposition of HA during the powder deposition by plasma
spraying. A higher content of zirconium dioxide ZrO,Y,05(YSZ) increases
the proportion of crystalline HA, and reduces the proportion of the
amorphous phase in the coating. ZrO,-Y,0; ceramics reduces the share
and size of pores in the coating and increases the coating hardness, wear
resistance, adhesion, and cohesive strength when compared to a pure HA
coating (Khor, et al., 2000, pp.160-166), (Morks Magdi, Kobayashi, 2007,
pp.47-51). Biomedical coatings consist of at least two layers: bond /
ceramic or more layers (bond / bond + ceramic / ceramic layer). In order to
reduce stresses in the coating and at the interface between the substrate
and the coating, three-layer coating systems are often produced.

For the deposition of the ZrO,Y,O; coating with functional
characteristics, the ZrO,8wt.Y,03(YSZ) powder was deposited in the
ZrO,Y,0;3 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY system; because of the
economic effect, cheaper substrate and bonding coating were chosen
since they do not affect the microstructure of the functional ZrO,Y,0;
coating. The bonding and cermet coatings were deposited by the VPS
process, while the ZrO,8wt.%Y,03; ceramic coating was deposited by the
APS process. This paper focuses on the testing of microhardness,
microscopic and macroscopic defects in ZrO,Y,0; coatings such as
peeling of layers, pores on the coating surface, coarse unmelted particles,
coarse pores, micro and macro cracks in the coating layers and on the
coating surface, all of which have a negative impact on the mechanical
properties of the ZrO,Y,0; coating. The test results have shown that there
are no coarse particles, macro pores, cracks and other defects on the
surface of the ZrO,Y,0; coating. The presence of a certain quantity of
micro-pores in the ceramic coating is normal and the content of the pores
in the coating was in accordance with the standards of this coating. The
layers on the surface of the ZrO,Y,0; coating show that powder particles
are uniformly deformed and smooth and as such can be applied in the field

of biomedicine.
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Materials and experimental details

To create a three-layer coating, the Sulzer Metco powder types
marked AMDRY 9951 and Metco 204F were used. The AMDRY 9951
powder is a superalloy Co32Ni21Cr8AI0.5Y. The powder particles are
spherical, which provides a good flow of the plasma jet. Figure 1 shows
the scanning electron micrographs (SEM) of the morphology of powder
particles. The granulation range of powder particles was from 5 ym to 37
pm (Material Product Data Sheet, 2011, AMDRY 9951, Cobalt Nickel
Chromium Aluminum Yttrium (CoNiCrAlY) Thermal Spray Powders,
DSMTS — 0092.1, Sulzer Metco).
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Figure 1 — (SEM) Scanning electron micrography of CoNiCrAlY powder particles
Puc. 1 — (SEM) GnekTpoHHasa mukporpadms yactuy nopolika CoNiCrAlY
Cnuka 1 — (SEM) CkeHUWHr enekTpoHcka mukporpadumja yectmua npaxa CoNiCrAlY

A mechanical mixture of AMDRY 9951 and Metco 204F powders
(35% (Co32Ni21Cr8AI0.5Y) + 65% (ZrO.8wt.%Y,03)) was used to
produce a transitional cermet layer. The upper ceramic coating was
produced from Metco 204F (ZrO,8wt.%Y,03) powder. The powder was
produced by the method of agglomeration and HOSP granulation from 15
um to 45 pm. Figure 2 shows the scanning electron micrographs of the
morphology of ZrO,8wt.%Y,03; powder particles. The powder particles
have a regular spherical shape (Material Product Data Sheet, 2012, Metco
204F, 8% Yttria Stabilized Zirconia Agglomerated and HOSP™ Thermal
Spray Powders, DSMTS-0001.2, Sulzer Metco).

The material on which the coating layers were deposited was
X15Cr13 stainless steel (EN 1.4024) in the untreated condition. The
mechanical characteristics of the coating layers were tested in accordance
with the Pratt & Whitney standard (Turbojet Engine — Standard Practices
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Manual (PN 582005), 2002, Pratt & Whitney, East Hartford, USA). The
substrates on which coatings were sprayed for microhardness testing and
evaluation of the microstructure in the deposited condition were made of
steel C.4171 (X15Cr13 EN10027) in a thermally unprocessed condition
with the dimensions 70x20x1.5mm.
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Figure 2 — (SEM) Scanning electron micrography of ZrO2 8%Y203 powder particles
Puc. 2 — (SEM) 3nekTpoHHasa mukporpadus vactuy, nopowka ZrO2 8%Y203
Crniuka 2 — (SEM) CkeHUHr enekTpoHcka Mukporpaduja Yyectuua npaxa ZrO2 8%Y203

The substrates for testing bond strength were made of the same steel
in the untreated condition with the dimensions @25x50mm. The
microhardness of the layers was tested by the method HV,; and their bond
strength by tensile testing.

The microstructure of the deposited layers was examined under a
light microscope. The share of micro pores in the coating was analysed by
treating 5 photos at 200x magnification. This paper presents the mean
values of the share of pores in the coating.

The bonding and cermet coating powders were deposited with the
vacuum plasma spray system of the Plasma Technik AG company and
with an F - 4 plasma gun, with controlled plasma spray parameters. The
powders were deposited with a mixture of plasma gases Ar-H,. Before the
deposition of bonding and cermet coating powders, the substrate surface
was cleaned with a transferred arc with a mixture of gases Ar-He. The
CoNiCrAlY bonding coating powders were deposited with the optimum
deposition parameters (Mrdak, 2013, pp.26-47). Table 1 shows the VPS
parameters of powder deposition. The bonding layers were deposited with
a thickness of 50 uym - 60um and the cermet layers with a thickness of
100 pm - 110 ym.

The deposition of Metro 204F (ZrO,8wt.% Y,03) ceramic powders
was performed with an atmospheric plasma spray system of the
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Plasmadyne company and with an SG-100 plasma gun, with controlled
plasma spray parameters. The SG -100 plasma gun consisted of a
cathode type K 1083 - 129, anode type A 1083-165 and a gas injector type
Gl 1083 - 113. Ar was used as an arc gas in combination with He and the

power supply of up to 40 KW.

Table 1 —VVPS plasma spray parameters
Tabnuuya 1 — VPS napameTpbl NIa3MeHHOro HanblfieHus
Tabena 1 —VPS nna3ma cnpej napameTtpu

Values
Parameters Cleanin Spraying 35% (CoNiCrAlY)
g arc CoNiCrAlY + 65%(ZrO2Y203)

Plasma current, | (A) 500 700 750
Plasma voltage, U (V) 65 60 74
Primary plasma gas flow rate Ar, I/min 50 50 50
Secondary plasma gas flow rate
He HZ% pI/min ] 10 9 9%
Carrier gas flow rate, I/min -- 3 3
Powder feed rate, g/min -- 40 50
Stand-off distance, mm 270 270 270
Chamber pressure, mbar 25 120 120
Nozzle diameter (mm) 8 8 8
Speed of the gun, mm /s 15 15 15

The plasma spray powder deposition parameters are shown in Table
2. The upper ZrO,8wt.% Y,0; ceramic layers were deposited with a

thickness of 250 um - 270 um.

Table 2 — The parameters of the deposition of the ZrO28wt.%Y203 powder
Tabnuuya 2 — NapameTpbl HanbineHus nopotuka ZrO28wt.%Y203
Tabena 2 — MNMapameTpu genosnumje npaxa ZrO28wt.%Y203

Parameters Metco 204F

Plasma current, | (A) 900
Plasma voltage, U (V) 43
Primary plasma gas flow rate Ar , I/min 47
Secondary plasma gas flow rate He, I/min 32
Carrier gas flow rate Ar, I/min 6

Powder feed rate, g/min 50
Stand-off distance, mm 80
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Results and discussion

The values of the coating system microhardness are shown in Figure
3. The bonding coating - BC (CoNiCrAlY) had microhardness values from
595 to 610HV,3. The measured values of the bonding coating
microhardness were uniform, which indicates that a small proportion of
micropores was present in the coating, also confirmed by an image
analysis. The layers of the cermet coating - BC/CC (ZrO,Y,0335
CoNiCrAlY%) had slightly higher values of microhardness due to the
content of ceramics; the values were rather uniform and in a range from
620 to 660HV 3.

The deposition of powder particles by the VPS process at low
pressure made it possible to produce thicker layers of bonding and cermet
coatings with more consistent microhardness values. The ceramic coating - CC
(ZrO28% Y,053) deposited by the APS process at atmospheric pressure
had the highest microhardness values in a range from 690 to 760HV.
Due to high melting temperature, ceramic powder particles were semi-
molten in the core and, in a collision with a previously deposited layer, they
were plastically deformed achieving inter-lamellar contacts followed by the
formation of inter lamellar pores, which is characteristic for ceramics.
Figure 3 shows the minimun and maximum microhardness values of the
ZrO,Y,03 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY coating system.

HV0.3

Microhardness

BC/CC g min.

Plasma spray coatings cc

Figure 3 — Microhardness of ZrO,Y»03 / ZrO,Y»03CoNiCrAlY / CoNiCrAlY coatings
Puc. 3 — MukpoTteepaocTb nokpbltnsa ZrO,Y 203 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY
Cnuka 3 — MukpoTtepaoha ZrO,Y203 / ZrO,Y203CoNiCrAlY / CoNiCrAlY npesnaka
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The mean value of the coating system strength was 68 MPa. The
application of a transferred arc made the substrate surface clean and
reactive with deposited powder particles. Powder particles deposited in
vacuum achieve good contact inter-lamellar bonding as well as good
bonding with the substrate. The values of microhardness and tensile
strength of the coating system were in correlation with the microstructure
of the deposited layers. Figures 4 and 5 show the microstructures of the
coating layers.

.

" e« " CONICrAlY +Zr0,8Y20;

" . CoNiCrAY" .
t ‘ 100 um
Substrate Interface/ el

Figure 4 — The microstructure of the ZrO;Y203 / ZrO,Y203CoNiCrAlY / CoNiCrAlY coating
Puc. 4 — MukpocTtpykTypa nokpbitnsa ZrO.Y 203 / ZrO2Y203CoNiCrAlY / CoNiCrAlY
Cnuka 4 — MukpocTpykTypa npesnake ZrO2Y 203 / ZrO2Y,03CoNiCrAlY / CoNiCrAlY
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Figure 5 — The microstructure of the ZrO2Y203 / ZrO2Y203CoNiCrAlY / CoNiCrAlY coating
Puc. 5 — MukpocTtpykTypa nokpbitua ZrO2Y203 / ZrO2Y203NiCoCrAlY / CoNiCrAlY
Cnuka 5 — MukpocTpykTypa npesnake ZrO2Y203 / ZrO2Y203NiCoCrAlY / CoNiCrAlY
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The micrographs clearly show the interfaces between the substrates
and the bonding layers, the bonding coating and the cermet coating as
well as between the cermet coating and the ceramic coating. A
metallographic analysis of the coatings showed that the bond between the
bonding coating and the substrate is good without the presence of micro-
cracks and macro cracks in the interface. The bond of the coating with the
substrate is uniform without a separation and peeling of the coating from
the substrate. The analysis of the micrographs showed that the share of
micro pores was less than 1% in the bonding coating layers. The share of
micro pores in the cermet coating layers was 2%, and in the ZrO,8wt.%
Y,O3; ceramic coating layers it was 7%. In the bonding coating layers,
lamellae of deposited powder particles cannot be seen due to good
melting and good interface between the deposited particles. There are no
unmelted particles, precipitates and oxides in the coating since the
vacuum plasma spraying process allows the deposition of layers without
oxide content. Black micropores smaller than 10 ym can be seen
throughout the bonding coating layers. The CoNiCrAlY coating in the
deposited state comprises two phases, y and 3. The coating base consists
of the y phase which is a solid solution of Co, Ni, Cr and the B (Co,Ni)Al
phase (Cheruvu, et al., 2000, pp.50-54), (Mobarra, et al., 2006, pp.2202-
2207), (Mrdak, 2013, pp.26-47), (Poza, Grant, 2006, pp.2887-2896). The
middle cermet inter-layer is continuously deposited on the bonding coating.
Dark gray ceramic coating lamellae uniformly distributed among light gray
lamellae of the bonding coating are clearly visible throughout the cermet
layer (Fig.6). Black micro pores up to 10 ym can be seen in the cermet
layer (Fig.5). The upper ceramic layer is deposited uniformly on the cermet
layer in which black micro pores can be seen (Fig 4).

Figure 7 shows a SEM micrograph of the surface of a completely
molten ZrO,8wt.% Y,Osparticle. The SEM analysis of the morphology of
the surface of a deposited ceramic powder particle shows that it is smooth,
indicating that it is completely molten and properly deposited on the
previously deposited ceramic layer.

The surface of a completely molten ZrO,Y,0; particle is circled in red
in the SEM micrograph. Because of complete melting, a powder particle
formed a regular geometric shape when colliding with the surface. The
microstructure shows fine precipitates of irregular shapes up to 10 um,
circled in yellow. The SEM micrograph clearly shows fine black micro
pores, irregularly shaped, up to 5 um in size (circled in green).
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Figure 6 — The VPS microstructure of the CoNiCrAlY + ZrO,Y»03 coating
Puc. 6 — Mukpoctpyktypa nokpbitua VPS CoNiCrAlY + ZrO,Y,03
Cnuka 6 — Mukpoctpyktypa VPS CoNiCrAlY + ZrO,Y.03 npesnake

Figure 7 — (SEM) Surface morphology of the ZrO,Y,03 coating
Puc. 7 — (SEM) Mopdonorus noBepxHocTu nNokpbiTusa ZrO2Y 03
Cnuka 7 — (SEM) Mopdonoruja nospwmHe ZrO2Y203 npesnake
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Conclusion

In this study, the plasma spray process produced a coating system of
ZrO,Y,03 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY. The bonding coating and the
cermet coating were deposited by the vacuum plasma spray process. The
upper functional ZrO,Y,0O3; ceramic coating was deposited by the
atmospheric plasma spray process. The paper analyzes the structure and
the mechanical properties of the coatings in the deposited state, based on
which the following conclusions were made.

The coating system had good mechanical properties with the
following microhardness values: the bonding layer from 595 to 610HV, 3,
the transitional cermet layer from 620 to 660HV, 3 and the upper ceramic
layer from 690 to 760HV, ;. The bonding and cermet coatings had a quite
uniform microhardness, allowed by the VPS process at low pressure. The
ZrO,8% Y03 ceramic coating deposited by the APS process at
atmospheric pressure had the highest microhardness value with a range of
70HV,3. The bond strength of the coating system had a high value of
68MPa. The application of the transferred arc provided a good adhesive
bond of molten particles with the substrate and a good cohesive bond
between deposited lamellae.

The analysis of the micrographs showed that the share of pores in the
bonding coating was less than 1%, in the layers of the cermet coating it
was 2%, and in the ZrO,8wt.% Y,0; ceramic coating it was 7%. The
microstructure of the bonding coating shows a lamellar structure due to
good melting of powder particles and a good interface of deposited
particles. The middle cermet layer is continuously deposited on the
bonding coatings. Dark gray lamellae of the ceramic coating are clearly
visible throughout the cermet coating as well as micropores in black.

The ZrO,Y,03 ceramic layer is evenly deposited on the cermet layer.
In the ZrO,Y,03 ceramic coating and on the surface there are no defects
such as coarse unmelted particles, coarse pores, micro cracks and macro
cracks and other defects which have a negative effect on the mechanical
properties and functionality of the coating. The surface of the ZrO,Y,0;
coating shows that powder particles are regularly deformed and smooth
and as such are suitable for the application in biomedicine.

Based on the obtained mechanical and structural characteristics of
the ZrO,Y,0; coating, it was found that the quality of the coating makes it
suitable for use with other materials in creating a system of biomedical
coatings.
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MEXAHWYECKWE XAPAKTEPUCTUKN NN MUKPOCTPYKTYPA
MOKPBLITUN ZrO,Y,03/ ZrO,Y,03CoNiCrAlY / CoNiCrAlY,
HAHECEHHbIX BO3YWHO-MNASMEHHbLIM HAMBUTEHVEM

Muxauno P. Mpaak
LleHtp nccneposanun n passutusa A.O. «MIMTEJ1 kommyHukaumm», Benrpag,
Pecny6nuka Cepbusi

OBNACTb: xumu4yeckue TexXHonornm
BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl
A3bIK CTATbW: aHrnuickmin

Pe3some:

Kepamuka ZrO, cmabunusupogaHHass okcudom ummpusi Y,0;
obnaGaem Hauny4YwuMu xapakmepucmuKkamu o CPasHEHU C UHbIMU
COBPEMEHHBIMU  KepaMu4yeckumu  mMamepuanamu.  bnazodaps
8bICOKOMY npouyeHmy 6uocosmecmumocmu, Kepamuka ZrO, 8
cucmeme  ZrOxY,03 WUPOKO  rnpuMeHsiemcss 8  Kadecmee
buomamepuanoe 8 opmonedudeckol xupypeuu. Kepamuka ZrO,
ucnonb3yemcsi 8 obnacmu npome3uposaHusi, 8 4YacmHocmu, Ors
u320moersieHuUs1 20/108KU 6eOpeHHOU KOoCmu, KOJeHU, 6PeMEeHHO20
npome3sa u np. B obnacmu meduuyuHbi ZrO, WUpPOKO UCM0b3yemcsi 8
u3zomoeneHuu rpome3sa 6edpa (THR), KoneHHoO20 cycmasa, U UHbIX
MeQUUUHCKUX arnrnapamos. HaHeceHue KepaMuyecKo2o MOoKpbIMus
ZrO,Y,03(YSZ) Ha 6uomeduuyuHckue cybecmpambl OOMKHO Obimb
pasHoOMepHbIM, a €20 cnou 6e3 u3bAHos. [na  HaHeceHus
Kepamu4eckozao MOKpbIMUs ZrO,Y,03(YSZ2), obnadarouwezo

s



HaunyywumMu cmpyKkmypHbIMU Xapakmepucmukamu 6bina ucrbimaHa
cucmema nokpbimuli  ZrO,Y,0s/ZrO,Y,03CoNiCrAlY/CoNIiCrAlY. B
uesisix 9KOHOMUU, HarblfieHue 8bIMoJIHEHO Ha cmarsbHOM cybcmpame
cessbigarouwum rmokpbimuem CoNiCrAlY, He enusrowuM Ha cmpyKkmypy
U byHKUUOHanbHocmb Kepamudeckoeao crosi ZrO,Y-03. Cmpykmypa
crioes  ucnbimaHa MemoOOM  ONMUYecKol  MUKDPOCKonuu, a
nosepxHocmpb ZrO28mas%Y203 ucrisimaHa MemoOoM 3/1eKmMPOHHOU
Mukpoepagpuu (SEM). Ha ocHosaHuu MofyHYeHHbIX Xapakmepucmuk
ycmaHoesieHo, 4Ymo codepxaHue nopoobpasosaHull 8 Kepamu4ecKom
crioe  00CMamoyYyHO  HU3Koe, a  MUKPOropbl  pasHOMEPHO
pacrnipedeneHbl. AHanu3 MexaHU4YeCKUX XapakKmepucmuK rOKpbIMuUs
rnposedeH Ha OCHOBaHUU UCMbiMaHul Mukpomeepdocmu Memooom
HVy3 u npoyHocmu coeduHeHul memoOoM pacmsikeHusl. SHavyeHus
mukpomeepdocmu  ZrO.,8mas%Y.O3 nokpbimusi coomeemcmeyom
mpebogaHUsM, mak e KaK U MpoYHOCMb C8513U MOKPbIMuUU.

KrioueBble cnoea: ZrO, Y,0s ceolicmea, MUKpOCMpyKmypa,
MexaHU4YecKue XxapakmepucmuKu, Criou, [OKpbimue, Kepamuka,
COEOUHEHUS.

MEXAHUNYKE OCOBUHE N MUKPOCTPYKTYPA MNA3SMA
HAMPCKAHE MNPEBJTAKE ZrO,Y,03 / ZrO,Y,03CoNiCrAlY / CoNiCrAlY

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

OBNACT: xemujcke TexHomnoruje
BPCTA YJTAHKA: opurvMHanHm HayyYHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Kepamuka ZrO, cmabunusoeaHa ca Y,Oz uma cyrnepuopHa u
o0nu4Ha cpusudka ceojcmea y nopeherwy ca Opyaum caspemMeHUM
Kepamuydkum Mamepujanuma. 36oe eucoke buokoMmnamubunHocmu
oHa y cucmemy ZrO»-Y,03 uma WwupoKy npumeHy kao buomamepujan y
opmonedckoj xupypeuju. Kepamuka ZrO,-Y,Os; Hajuewhe ce
npumerbyje 3a uspady enaea Kyka, rpome3sa KofieHa, npuepemMeHux
Opxada umd. ZrO;, je y KIMUHUYKOj ynompebu Kao yKyrnHa 3aMmeHa Kyka
(THR), y 32m06y sewmaukux KosieHa, anu ce Kopucmu 3a rnpumeHy u
paseoj Opyeux mMeduyuHckux ypehaja. [Ha 6u ce kepamuka
Zr0O,Y,03(YSZ) Kopucmuna Ha 6uomeOuyuHcKuUM cybcmpamuma,
Heorxo0Ho je OeroHogamu criojese rnpessake be3 deghekama. Padu
Oenosuyuje kepamudke npeenake ZrO,8mex%Y,0; ca Hajéorbum
CMpyKmypHUM  ceojcmeuma, ucrnumaH je cucmeMm  ripessnaka
2r0,Y,05/Zr0O,Y>,03CoNiCrAIY/CoNiCrAlY. 36oe ekoHoOMu4YHOCMU
denosuyuja je usgpweHa Ha 4eslu4HOM cyricmpamy y3 rpuMeHy ee3He
npesriake  CoNIiCrAlY, wmo He ymu4ye Ha Cmpykmypy U

s

Mrdak, M., Mechanical properties and the microstructure of the plasma-sprayed ZrO,Y,03/ ZrO,Y,0;CoNiCrAlY / CoNiCrAlY coating, pp. 30-44
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yHKyuoHanHocm Kepamu4dkoz cnoja ZrO,Y,0; Cmpykmypa crojeea
ucnumaHa je MemoOOM C8emJ/IOCHE MUKPOCKOMuje, a mnospuuHa
2opre Kepamu4ke npesnake ZrO,8mac%Y-0O3; mMemodom CKeHUHe
efieKmpoHcKe  Mukpockonuje  (SEM). Ha ocHosy  0obujeHux
Kapakmepucmuka ymepheHo je Oa cadpxaj Mopo3Hocmu Yy
KepaMu4KoM Criojy Huje 6uo 8UuCOK U da cy MUKPOrope pagHOMEPHO
pacrniopehenre. [llpoueHa MmexaHu4ykux ocobuHa criojesa ypaljeHa je
ucnumusarem mMukpomsepdohe memodom HV, 3 u 3ame3He yepcmohe
crioja ucnumueakeM Ha 3ame3arme. BpedHocmu mukpomepdohe
ZrO,8mac%Y,03 nipesnake bune cy 3adoeosbasajyhe u 3ame3Ha
yepcmoha crioja cucmema rpeesriaka.

KrbyuHe peun: ZrO, Y,0; c80jcmeo, MUKpOCMpyKmype, MexaHu4dka
ceojcmea, criojesu, rnpesriake, KepaMmuke, sesusare.
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