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a b s t r a c t

The aim of the paper is to determine the influence of laser melting upon the selected physical properties
of ZrO2–Y2O3 ceramic coatings deposited by APS method on super-alloys which function as TBC. Laser
melting which helps to eliminate pores and other structural defects of coatings deposited by plasma
spraying method should contribute to the improvement of their density and durability as thermal barri-
ers. In order to prove the assumptions made in the paper, coatings featuring varied porosity and deposited
upon the nickel base super-alloys surface with the initially sprayed NiCrAlY bond coat have been sub-
jected to laser melting and then their structure, thermal conductivity and thermal life prediction in the
conditions of cyclic temperature changes from 20 to 1200 ◦C have been examined. It has been revealed
that the coatings featuring low porosity where laser melted on part of their thickness and heated up to

◦
about 700 C, demonstrated the highest thermal life prediction under the above conditions mentioned
and at slightly lower thermal conductivity. It has been found that homogenization of chemical composi-
tion of coatings occurs during laser melting leading to the reduction of ZrO2–Y2O3 phase with monoclinic
lattice participation as well as to the reduction of structural stresses which accompany this phase trans-
formation during heating and cooling process. The worked out conditions of laser melting might be used
in the process of creation of ZrO2–Y2O3 coats which feature high working durability upon super-alloy

elements.

© 2010 Elsevier B.V. All rights reserved.
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. Introduction

Oxide ceramic materials feature high melting temperature, rel-
tively low density and low thermal conductivity as well as consid-

mal barriers TBC deposited upon surfaces of super-alloy surfaces,
operating under load in high temperatures. Low thermal conductiv-
ity of ceramic materials in comparison with metals determine the
fact that the high thermal gradient formed in relatively thin coating
rable corrosion resistance to chemically active media in high tem-
eratures. They feature high compressive and bend strength though
heir brittle character restricts their application as constructional

aterials. Ceramic coatings, however, seem more effective as ther-

∗ Tel.: +48 032 6034 153.
E-mail address: Krystyna.Kobylanska-Szkaradek@polsl.pl.

925-8388/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2010.06.114
significantly reduces the working temperature of the metal sub-
strate in the metal element as compared to the temperature of ther-
modynamic factor, i.e. gas or wastes. It is then possible to increase
both the operating temperature and thermal efficiency especially

in case of aeronautical gas turbines and stationary turbines. The
above seems important as it is quite problematical how to increase
creep resistance of metal alloys. The maximum operating temper-
ature of monocrystalline gas turbine blades produced nowadays
from nickel base alloys is close to 1100 ◦C, and the increase creep

dx.doi.org/10.1016/j.jallcom.2010.06.114
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
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Table 1
Chemical composition, granularity and morphology of powders [12].

Powder mixture Contents (wt.%) Granularity (�m) Powder morphology
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Amdry 961 76.5%Ni + 17%Cr + 6%Al + 0.5%Y
Metco 204B–NS 92%ZrO2 + 8%Y2O3

a Hole Structure Powder-porous.

esistance of metal alloys. The maximum operating temperature
f monocrystalline gas turbine blades produced nowadays from
ickel base alloys is close to 1100 ◦C, and the application of ceramic
hermal barriers helps increase it by about 100 ◦C [1,2].

ZrO2 plus 8 wt.% Y2O3 which stabilizes the modification of this
eramic material with a cubic lattice up to the melting tempera-
ure over 2700 ◦C generates considerable interest [3,4]. Ensuring
reater structural stability makes it possible to avoid stresses
hich appear between metal substrate and ceramic coating. The

tresses are closely related to phase transformation of the struc-
ure during heating and cooling processes. Various interatomic
onds of ceramic material and alloys determine relatively weak
onds between these materials. Moreover, much lower thermal
xpansion of the ceramic material as compared with the sub-
trate generates thermal stresses in the ceramic coating which
ubsequently reduces their durability. In order to improve bonds
etween these materials, ceramic coatings are deposited upon
etal substrate with considerable surface roughness, usually after

nitial deposition of e.g. NiCrAIY alloy coat featuring hot corro-
ion resistance and mean value of thermal expansion coefficient
elated to right expansion for ceramic material and substrate. This
ncreases adhesion of coatings to metal substrate and decreases
hermal stresses during heating and cooling processes [5–7].

The most widely used method of depositing ceramic coatings
pon developed metal surfaces is APS (Air Plasma Spraying) of
PPS (Low Pressure Plasma Spraying) together with EB PVD (Elec-
ron Beam Physical Vacuum Deposition). Coatings deposited by
lasma spraying method feature significant relative volume of the
ores, the presence of cracks with parallel and normal orientation
o substrate as well as other defects which lower the adhesion and
trengthen the coatings peeling and chipping off. The mentioned
efects facilitate diffusion permeability of oxygen ions from gas
edium through a coating and into a metal substrate or NiCrAIY

ond coat where together with Cr and Al they form Cr2O3 and
-Al2O3 oxides upon the boundary of these materials. Thickness
rowth of these oxides during operations in high temperatures
hich are characterized by high E Young’s modulus as well as varied

pecific volume in relation to ZrO3–Y2O3 ceramic is the cause which
enerates acute structural stresses and cracks upon phases bound-
ry [8–10]. This is the main mechanism which destroys coatings in
he functioning as thermal barriers.

It is anticipated that laser melting which eliminates defects
f coating structure deposited with plasma spraying method will
mprove their adhesion and durability. The aim of this paper is to
efine the laser melting conditions as well as determine the influ-
nce of this process upon the structure, selected physical properties
nd durability of ZrO2–Y2O3 coatings functioning as thermal barri-
rs.

. Materials and methods

.1. Choice of material for testing and samples preparation

Samples cut out of nickel base EI 868 super-alloy plate of 1.2 mm thickness

ontaining ≤0.10 wt.%C; ≤1.0 wt.%Mn; ≤0.5 wt.%Si; 24–26 wt.%Cr; 0.3–0.7 wt.%Ti;
0.25 wt.%Al; 14–16 wt.%W; ≤0.10 wt.%Mn; 2.85 wt.%Fe [11] have been subjected

o investigations. First, NiCrAIY (Amdry 961) alloy of 200 �m thickness and then
nother ceramic coating ZrO2 + 8 wt.% Y2O3 (Metco 204B-NS) of 350 �m thickness
nd 8–16% porosity have been deposited by plasma spraying method upon their
urface. Laser melting of ceramic coatings followed right through or at a depth of
105 Spherical gas sprayed
74 Spherical HOSPaof high purity

200 �m. Chemical composition of powder mixtures Amdry 961 and Metco 204B-NS
used for plasma spraying has been presented in Table 1.

Super-alloy samples of dimensions altered in order to meet the requirements
of specific tests have been subjected to a flux of quartz sand of 200–300 �m gran-
ularity under pressure of 0.25 MPa prior to plasma spraying. Surface roughness of
samples after sanding was 9.2 ± 2.3 �m. Plasma spraying of NiCrAIY bond coat and
ZrO2–Y2O3 top coat has been performed by METCO M7B apparatus with 6.5 mm
diameter nozzle and vertical angle of 10◦ where the following parameters were
used: Ar + H2 gas mixture, voltage U = 70 V, current intensity I = 600 A, intensity
of flow H2—0.52 m3/h and Ar—1.62 m3/h, intensity of flow Ar-powder carrier of
50 ◦C—1.80 m3/h, nozzle diameter of a powder feeder—2 mm and sample transfer
rate relative to the nozzle—0.03 m/s.

The anticipated porosity of the coatings has been obtained by altering the dis-
tance between nozzle and sprayed surface as well as sample transfer rate relative
to the nozzle. In order determine some chosen physical properties, ZrO2–Y2O3 and
NiCrAIY coats of 500 and 1000 �m thickness have been deposited by plasma spray-
ing method of these powders upon NaCl film sprayed initially upon smooth surface
of EI 868 super-alloy substrate. These coatings have been separated from metal
substrate by dissolving NaCl film in water.

Laser melting of coatings right through or at a defined depth has been done
by HPDL Rofin Sinar DL 020 diode laser of 0.1–2.5 kW power. Continuous radia-
tion of 808 ± 5 nm wave length, 82 × 10−3 m focal distance and (1.8 × 6.8) × 10−3 m
focal spot dimensions has been applied. Melting conditions have been determined
upon previously prepared model dependence chosen in the paper [13], altering
laser power from 300–900 W. Samples positioned upon cool substrate or steel block
heated up to 700 ◦C to reduce thermal stresses have been shield and cooled during
laser treatment by argon flux of 0.2 × 10−3 m3/s intensity of flow coming out of the
nozzle of 12 × 10−3 m diameter.

It has been found that ceramic coatings deposited directly upon sanded surface
of EI 868 super-alloy show the tendency to peel and chip off during laser treatment.
High porosity coatings deposited upon NiCrAIY bond coat behave in a similar way.
However, right through laser melting of coatings often leads to a serious damage of
bonds upon the boundary between ceramic material and NiCrAIY bond coat which
occurs due to significant difference in surface tension of these materials. In such
conditions the melted coating shows discontinuity and high surface roughness since
the drops of solidified ceramics featuring weak substrate bonds are being arranged
in the line following the moving laser beam.

2.2. Methodology of examinations

The structure and selected physical properties of ceramic coatings deposited by
plasma spraying method and in laser melted state have been determined by the
method of light microscopy, X-ray qualitative and quantitative structural analy-
sis, microanalysis of chemical composition, measurements of hardness, density and
thermal conductivity, structural stability as well as resistance to cyclic temperature
changes.

Metallographic tests as well as measurements of ZrO2–Y2O3, NiCrAIY coat
and super-alloy metal substrate hardness have been performed on transverse
cross-sections of metallographic specimens, perpendicular to their surface with a
deposited coating. The observations of the structure and boundaries of each sepa-
rate sample coating have been performed on etched and non-etched metallographic
specimens with the use of MF2 and Axiowert 405 microscope. Vickers method at the
load of 50 mN and MF2 microscope attachment has been used for micro-hardness
measurements of these coatings.

Porosity of coatings has been determined with the use of VICOM SUPERVIST
computer system for image processing coupled with MF2 microscope. The obtained
data have been verified with the density of coatings separated from substrate deter-
mined by piknometric method and theoretical density of ceramic calculated while
taking into account Y2O3 concentration, atomic weights to the volume of phases
elementary cells and their volume fraction in coatings [3,14].

Phase X-ray analysis method with the application of Philips X’ Pert diffractome-
ter has been adopted for the analysis of phase composition of Metco 204–NS powder,
coatings deposited by plasma spraying method and the same coatings after laser
melting. Monochromatic radiation CuK�1 with a wave length � = 0.15420 nm and
a graphite monochromator at the side of diffracted beam has been applied. Mea-

surements have been carried out by step method (0.02◦) in 2� angle range from
20–90◦ (qualitative analysis) as well as in 2� angle range from 27–33◦ (quantitative
analysis). The calculation time in the first case was 4 s and in the second one 20 s.

Relative volume fraction of ZrO2 phases with cubic and tetragonal lattice at
c/a = 1.01 [14,15] as well as monoclinic phase in powder mixture Metco 204B-
NS and in coatings have been determined by Toraya method [16] with the Split
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high relative volume of defects after plasma spraying. Although
the melted area of coatings, similarly to the previously mentioned
case, features compact structure and smooth surface both parallel
and vertical local cracks occur (Fig. 5).
ig. 1. XRD spectrum of bond coat NiCrAlY produced by APS method, obtained by
he use of filtrated CuK� radiation.

earson VII asymmetric function for separating close or overlapping theoretical
iffraction lines and PRO–FIT program for wave length CuK�1 = 0.154059 nm and
uK�2 = 0.154439 nm, according to the procedure quoted in papers [17,18]. Relia-
ility coefficient for single theoretical diffraction lines which would correlate with
hose determined experimentally falls within the range from 5.2 to 3.3 which if
ompared with the data included in the paper [16] seems to be quite satisfactory.

The analysis of chemical composition of microareas of ceramic top coat and
iCrAIY bond coat has been carried out with the use of Joel X-ray microanalyser
uperprobe 733. Both qualitative and quantitative microanalyses have been done
y EDS method with Oxford Instruments Link 300 apparatus. However, in order
o separate the series of overlapping peaks, Joel WDS spectrometer was applied.
elative error did not exceed 1%.

Measurements of thermal conductivity of EI868 super-alloy samples as well as
hose with deposited coatings by APS method have been done on the apparatus in
he form of a column which enabled stable flow of heat flux [19].

Thermocouples positioned in the blocks which held the sample down enabled to
etermine temperature distribution, density of thermal fluxes penetrating the sys-
em as well as helped calculate thermal resistance values and thermal conductivity
oefficients in the metal substrate of the samples and ceramic coatings featuring
arious porosities after plasma spraying and laser melting. The detailed procedure
f determining thermal conductivity coefficients for homogeneous samples as well
s those with deposited coatings has been given in the paper [13].

. Examination results and discussion

.1. The structure of EI 868 super-alloy, NiCrAIY bond coat and
eramic coatings deposited by plasma spraying and laser melting

EI 868 super-alloy of a chemical composition given in Table 1
eatures the structure of � solid solution with f.c.c. lattice and small
articipation of �′–Ni3 (Al,Ti) phase with ordered L12 as well as
23C6 and M6C carbides with regular complex lattices. The super-

lloy after having been subjected to annealing in temperatures
anging from 1170 to 1200 ◦C and then to cooling in air, is used as
reep-resisting one up to 800 ◦C, in which E modulus is 50 GPa, yield
trength YS = 120 MPa, tensile strength UTS = 200 MPa, elongation
= 40%, reduction of area of specimen Z = 30% and creep strength
z/100 h = 52 MPa. Once this temperature is exceeded, the properties
uch as strength and creep resistance of the alloy are lower.

NiCrAIY bond coat deposited by plasma spraying with Amdry 961
owder (Table 1) upon the surface of EI 868 super-alloy samples
eatures multiphase structure on a base of � solid solution with con-
iderable participation of semi-coherent �′ phase–Ni3Al (L12) and
xides Al2O3 (Fig. 1). Heterogeneous chemical composition of this
oating has been proved by EDS and WDS microanalyses in sam-
les cross-sections and by analysis of isothermal cross-sections of

iCrAIY alloys phase equilibrium [20]. The absence of Al2O3 oxides

n Amdry 961 powder mixture means that they are formed during
lasma spraying process.

ZrO2–Y2O3 ceramic coatings with 8–16% porosity deposited by
lasma spraying upon NiCrAIY bond coat feature fine stratification
Fig. 2. Structure of ceramic coating with porosity 12.17% deposited by APS method
upon NiCrAlY bond coat on the substrate of EI 868 alloy (not electrolytic etching).

and uniform distribution of pores provided the porosity is the low-
est, due to the short distance between the nozzle of plasma gun and
the sprayed surface. The increased porosity of coatings caused by
longer distance between the nozzle and the sprayed surface results
in their lower quality due to lower plasma temperature and higher
viscosity of ceramic drops. Then large pores with developed form
as well as cracks normal to the direction of plasma spraying emerge
in coatings and also at the boundary ceramic coating–NiCrAIY bond
coat (Fig. 2).

Laser melting process greatly affects the structure and hardness
of ceramic coatings. Pores, microcracks and other defects developed
during plasma spraying process disappear. However, laser melting
of these coatings all through their thickness generates cracks and
stratifications at the boundary ceramic coating–NiCrAIY bond coat
(Fig. 3).

It is so since thermal tensile stresses are generated in coatings
during the cooling process. This is due to lower thermal expansion
of ceramic material and metal substrate. Only coatings partially
laser melted preserve perfect bond between substrate and sample
and show compact structure. It is true specially for coatings with
low porosity, laser melted at samples preheated to the temperature
of 700 ◦C (Fig. 4).

This does not ensure good quality of coatings which feature
Fig. 3. Structure of ceramic coating ZrO2–Y2O3 with porosity 15.23% fully laser
melted; laser power 700 W, scanning rate 0.0125 m/s.
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Fig. 4. Structure of ceramic coating ZrO2–Y2O3 with porosity 7.46% partially laser
melted; laser power 600 W, scanning rate 0.0083 m/s.
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ig. 5. Structure of ceramic coating ZrO2–Y2O3 with porosity 15.23% partially laser
elted on part of the thickness laser power 600 W, scanning rate 0.0083 m/s.

The fact that the number of pores and other structural defects
eveloped during plasma spraying disappear, is the factor which
ecides that the hardness of laser melted coatings is much higher
han those which were not subjected to such treatment. For exam-
le, the hardness of a coating with 7.46% porosity ranges from 1000
o 1200 HV0.5 and increases after laser melting to about 1600 HV0.5

Fig. 6). Hardness of NiCrAIY bond coat is about 420 HV0.5 while EI
68 super-alloy substrate is about 200 HV0.5.

Laser melting significantly affects the phase composition of
oatings in comparison with those plasma sprayed. It also affects

ig. 6. Micro-hardness distribution on cross-section specimen including ceramic
oating of porosity 7.46%, NiCrAlY bond coat and EI 868 alloy substrate; 1: plasma
prayed ceramic coating, 2: laser melted on part of the ceramic top coat thickness.
Fig. 7. View of cross-section ZrO2–Y2O3 top coat: (a) not laser melted and melted
(right), (b) spectrum of dispersed X-ray energy (EDS) in marked measuring points.

Metco 204B-NS powder mixture used for their production. The
mixture contains all three allotropic forms of ZrO2, i.e. with cubic,
tetragonal and monoclinic lattice as well as slight participation of
Y2O3.

ZrO2–Y2O3 tetragonal phase has c/a lattice parameters nearly
close to unity therefore the diffraction lines from lattice plane
of cubic phase overlap with reflexes coming from defined lattice
planes of tetragonal phase. ZrO2–Y2O3 ceramic coating laser plasma
sprayed features similar phase composition at lower intensity of
diffraction lines from Y2O3 phase. It means that powder particles
Y2O3 did not totally dissolve in ZrO2 during plasma spraying. Thus
ZrO2–Y2O3 coatings deposited by this method feature heteroge-
neous chemical composition (Fig. 7 and Table 2).

Laser melting practically eliminates reflexes coming from lat-
tice planes of Y2O3 and ZrO2–Y2O3 phase with monoclinic lattices
and differences in the intensity of diffraction lines from the same
phases as shown in Fig. 8 result from recrystallization texture [13]
generated in laser treated coatings.

The absence of diffraction lines from phases with monoclinic
lattice in X–ray spectrum indicates homogenization of chemical
composition of coatings arise during laser melting process. The data
have been proved by X-ray microanalysis and WDS spectrometer
[13].

Varied volume participation of ZrO2–Y2O3 phase with mono-
clinic lattice in plasma sprayed and laser melted coatings has been

also proved by Toraya method. The paper [13] states that volume
participation of this phase in Metco 204B-NS powder mixture is
6.7% and decreases to 5.2% in coatings deposited by plasma spraying
method and to 1.7% after laser melting. It means that during plasma
spraying process, powder grains are transferred into doughy state

Table 2
Results of microanalysis (EDS) for ZrO2–Y2O3 top coat in melted zone (points 1, 2,
3) and not melted zone.

Measuring points Components (wt.%)

O Zr Y Sum

1 23.90 69.74 6.35 99.99
2 25.18 68.92 5.89 99.99
3 26.62 67.11 5.27 99.00
4 23.77 69.76 6.44 99.97
5 23.20 70.20 6.70 100.10
6 22.68 70.23 7.02 99.93
7 24.14 69.18 6.67 99.99
8 22.78 71.23 5.98 99.99
9 22.55 70.05 7.07 99.67



520 K.K. Szkaradek / Journal of Alloys and Compounds 505 (2010) 516–522

F
(
m

o
h
f
b
h
s

3
t

l
a
d

p

F
o
p
t

ig. 8. XRD spectrum: (a) top coat ZrO2–Y2O3 obtained by plasma spraying method,
b) top coat ZrO2–Y2O3 after laser treatment; MTR – ZrO2–Y2O3 phases properly with

onoclinic, tetragonal and cubic lattices.

r their outer area is pitted without any possibility of diffusion
omogenization of chemical composition of coatings. Due to the

act that HPDL laser with rectangular cross-section of beam has
een used for laser melting, the roughness of coatings surfaces
as been reduced in comparison with those deposited by plasma
praying. Their higher erosion resistance has been observed [13].

.2. Structural stability and physical properties of ZrO2–Y2O3 as
hermal barriers

Dilatometric tests proved that EI 868 super-alloy features near
inear dependence of relative elongation from temperature level of

bout 900 ◦C. Once the temperature is exceeded the linear depen-
ence of relative elongation changes into parabolic one (Fig. 9).

It is closely connected with M23C6 carbides and �′-Ni3(AI,Ti)
hase dissolution in � a stable solution. Similar course of dilato-

ig. 9. Unit elongation in the direction of thickness of specimens in the function
f heating and cooling temperature: 1: EI 868 alloy, 2: EI 868 alloy with obtained,
lasma spraying top coat ZrO2–Y2O3, 3: EI 868 alloy with laser melting ZrO2–Y2O3,
op coat.
Fig. 10. Temperature dependence of thermal conductivity coefficient: (a) in ceramic
coatings featuring various porosity obtained by plasma spraying method, (b) in
ceramic coatings featuring various porosity laser melted on part of their thickness.

metric curves is characteristic for the samples of this alloy with
deposited plasma sprayed coatings ZrO2–Y2O3 as well as after laser
melting when tested in packs. Lower thermal extension of ceramic
material in relation to the metal substrate reduces the gain in rela-
tive elongation of samples in the temperature function. The effect
of relative elongation in temperature close to 900 ◦C is changing as
well. It is caused by transformation of ZrO2–Y2O3 with monoclinic
lattice into tetragonal form which is accompanied by the change
of relative volume of ceramic material by about 8%. The effect is
initiated both at the heating and the cooling of samples with coat-
ings deposited by plasma spraying method. It is the result of more
active participation of ZrO2–Y2O3 phase with monoclinic lattice in
the coatings in comparison with those subjected to laser melting.

Thermal conductivity in coatings. Temperatures of thermal fluxes
penetrating the samples have been determined on the basis of test
measurements. They helped calculate the values of thermal resis-
tance of samples. When contact resistance value between blocks
of measuring apparatus and samples surface has been determined
experimentally it then enabled to find the thermal conductivity
coefficient of ceramic coatings with varied thickness and porosity
as well as in the laser melted state. The calculations have been done
on the basis of measurements carried out in temperature range up
to 800 ◦C. The thermal conductivity coefficient on the other hand
in temperature above 800 ◦C was calculated according to the data
included in the paper [19].

The measurements and calculations performed helped deter-
mine the temperature dependence of thermal conductivity
coefficients of coatings with varied porosity (Fig. 10a) as well as
after laser melting on part of the thickness (Fig. 10b).

The diagrams show that the thermal conductivity of the inves-
tigated coatings which have been deposited by plasma spraying

method as well as after laser melting decreases when the testing
temperature and porosity grow.

It was also found out that the temperature gradient over the
coating thickness depends on the density of the heat flux pass-
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Fig. 11. Influence of heat flux density upon temperature distribution in ceramic
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oatings developed by plasma spraying method and laser treatment in depending
n their thickness: (a) agent temperature from the side of ceramic coating equal
00 ◦C, (b) agent temperature from the side of ceramic coating equal 1200 ◦C; q:
eat flux density.

ng through the sample, difference of temperatures of the opposite
oating surfaces, and its state. The temperature gradient over the
oating thickness with the particular porosity after the plasma
praying grows along with the heat flux density increase and with
he increase of the difference of temperatures of the opposite sur-
aces of the sample [13]. Laser melting to about the half of the
oating thickness results in the slight decrease of the temperature
radient (Fig. 11).

Calculations performed for a model sample helped discover the
ffect of temperature reduction in each separate zone of a speci-
en (Fig. 12) under the following conditions: stable heat flux with

eposited ceramic coatings with 7.46% porosity and 1 mm thick-
ess and laser melting into the depth of 0.3 mm, NiCrAIY coats with
50 �m and EI 868 alloy substrate of 1.27 mm thickness, coating

urface temperature 1200, 1000, 800 and 20 ◦C on the other side
f the sample. The diagram shows that the temperature in ceramic
oating drops significantly together with its growth on the sur-
ace. The change in the coatings surface temperature from 1200 to

ig. 12. Temperature distribution in ZrO2–Y2O3 top coat–1 mm thick, in NiCrAlY
ond coat – 250 �m thick and in metal substrate of specimen, under the steady heat
ow conditions.
Fig. 13. ZrO2–Y2O3/NiCrAlY coating laser melted through 60% of the thickness with
laser power 600 W and scanning rate 0.0083 m/s, after 425 thermal cycles.

1000 and to 800 ◦C lowers the temperature on the coating featured
by the mentioned thickness by 315, 240 and 188 ◦C, respectively.
However, the decrease of temperature in metallic areas of samples
in such circumstances is slight and equals 23, 20 and 18 ◦C, respec-
tively. The effect of temperature fall in the coating with the same
porosity and thickness, which has not been subjected to laser melt-
ing is slightly bigger and reaches the value of 322, 250 and 195 ◦C,
respectively for temperatures of coating surface 1200, 1000 and
800 ◦C.

Thermal life prediction of ZrO2–Y2O3 coatings. The investigations
of the influence of thermal cycles, i.e. heating and holding of sam-
ples at1100 ◦C for 0.25 h and cooling in air to room temperature
help discover that thermal life prediction the ZrO2–Y2O3 top coat
depends on their porosity after plasma spraying as well as on the
laser melting conditions. Surface damages, cracks and chippings on
the boundary with NiCrAlY bond coat after max tested number of
425 thermal cycles have not been detected only in case of coatings
with low porosity of 7.46% deposited by plasma spraying and laser
melting through about 50% of thickness upon samples preheated
to about 700 ◦C. Slight damages in the form of surface microcracks
lattice have been found in coatings on cool substrate subjected to
laser melting (Fig. 13).

However, in case of coatings with more extensive porosity
deposited by plasma spraying and then laser melted at varied
depths, stratifications on the boundary with NiCrAIY bond coat as
well as cracks perpendicular to their surface occur during cyclic

temperature changes. This is all accounted for by thermal stresses
which become active here. This also leads to chipping and peel-
ing off which is initiated in the corners and along the edges of the
sample (Fig. 14).

Fig. 14. View of laser melted surface coating ZrO2–Y2O3 all through its thickness:
(a) After 295 thermal cycles, (b) after 425 thermal cycles.
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. Conclusions

The performed investigations proved that the transfer of
eramic material into liquid state during laser melting: reduce
ores and other structural defects which occur in coatings dur-

ng plasma spraying process, improves homogeneity of chemical
omposition and diminishes phase ZrO2–Y2O3 with monoclinic lat-
ice participation and lowers structural stresses connected with
ransformation of this phase during heating and cooling. More-
ver, tightness, hardness and erosion resistance of the coatings are
igher.

Elimination of structural defects of coatings during laser melting
mproves thermal conductivity of the ceramic material and low-
rs the temperature gradient on coatings thickness, which strongly
epends on their porosity after plasma spraying, and in case of
elting performed all through the thickness weakens their adhe-

ion to metal substrate due to low wettability of metals by ceramic
aterial and forming of cracks and stratifications upon boundary

f these material.
Coatings featuring low porosity after plasma spraying, laser

elted on part of their thickness carried out upon heated up to
bout 700 ◦C metal elements seem to posses the highest ther-
al life prediction in the conditions of cyclic temperature changes

rom 20 to 1200 ◦C. This fact causes the reduction of structural
tresses on the boundary with metal substrate and connected with
he change of volume of ceramic material during crystallization.
esides thermal stresses resulting from varied thermal expansion
f these materials are reduced as well.

Coatings featuring low porosity and laser melted on part of their
hickness when compared with those deposited by plasma spray-

ng method demonstrate slightly better thermal conductivity and
maller temperature gradient on the thickness which depends on
hermodynamic factor temperature upon the coating surface as
ell as on the density of heat flux. These coatings preserve above-
entioned physical properties also in conditions of steady heat

[

[

[

ompounds 505 (2010) 516–522

flow. As far as thermal life prediction is concerned in the conditions
of cyclic temperature changes these coatings meet all requirements
of thermal barriers.
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