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Abstract: The material subjected to the analyses was chosen from the usually used materials in the
manufacturing of turbine blades, which enter in the class of Ni base super alloys materials. The material
used for the manufacturing of MIG 21 TUMANSKY R-13 turbine blades is of russian provenience. The
thermal barrier (TBC) type coating used for turbine blade deposition consists of two layers. The firs layer
is relatively thin and named bonding layer and the second one is sprayed over the first and has the role of
thermal barrier. The bonding layer is made from a MCrAlY ceramic-metal alloy. The purpose of this
layer is to protect the base material from oxidation and corrosion and to increase the adherence of the
thermal barrier to the base material. The usually used material in the aeronautics industry as thermal
insulator is zirconium oxide stabilized with yttrium oxide. Both layers were deposited on the samples with
the 7MB METCO installation from Sulzer Metco. The material used for the thermal barrier deposition is
the Zr0O,/20%Y,0; powder. This paper analyses how the samples behave to heat treatment from the point
of view of structural changes. After heat treatment the surfaces were analyzed microstructuraly and
morphologically by electronic microscopy, and in terms of the phase composition by X-ray diffraction.
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1. INTRODUCTION

The thermal treatments applied to
superficial layers obtained by plasma jet
spraying have the purpose to induce structural
changes and the removal of defects induced by
the spraying process. The usage of thermal
treatments  follows to acquire better
mechanical, chemical and technological
properties. [1]

The purpose of this paper is to present the
results obtained after the thermal treatments
and to define how the performance of the
coating would improved or how high
temperature could lead to the coatings failure.

The heating of the coating leads to a
compression of the ceramic material. The
temperature gradients make the outer “fibers”
of the ceramic to expend but are constrained
by the cooler inner “fibers”. [5] This leads to a
state of compression in the material which
tends to buckle the coating. [2] Therefore
thermal fatigue accumulates after some
thermal cycles which lead to the compressive
failure of the coating. [3] Also this type of
compressive stresses can develop on cooling
due to thermal expansion mismatch between
the ceramic and metallic layer. [5] The normal
stress produced by the compression combined
with the shear stress at the interface amplifies
the coatings failure. [5]



2. MATERIALS, METHODS AND
INSTRUMENTATION

The protection layers were obtained by
successive deposition of the bonding and
ceramic top layer by air plasma jet method on
a 7MB METCO type installation. The
parameters used for the plasma spraying
deposition are presented in Table 1.

Table 1: Parameters of deposition

Technological NiCrAlY | ZrOy/
parameters 20%Y,03
Spray distance, (mm) 120 120
Injector 1,8 1,8
Plasma gas intensity, (A) | 600 600

Arc voltage (U) 62 65

Speed of rotation | 55 55
(rot/min)

Argon flow (m’/h) 50 40

Layer thickness 39-45um | 200 pm

The thermal treatment applied to the
specimens was done with the electric furnace
presented in Fig. 1. The furnace is made of a
refractive ceramic tube with a length of 500
mm and a outer diameter of 100 mm. The
furnace was heated by three nickeline
electrical resistances of 100 Q each, which are
parallel connected.

Argon tank

The heat
treatment furnance

Caster

Fig. 1. The electric furnace installation

The Quanta 200 3D electron microscope
was used to perform secondary electron
images and EDAX analysis, working in the
Low Vacuum module at pressures ranging
from 50 to 60 Pa and using the LFD (Large
Field Detector) detector. The voltage used to
accelerate the electron beam had the value of
30kV and a working distance varied from 12
to 15 mm, Fig.2.

Fig. 2. Quanta 200 3D electron microscope

In order to perform a more complete
analysis in terms of structural changes due to
thermal shock, the ceramic layer was analyzed
before and after the test using X-ray
diffraction with the X’Pert PRO MRD
installation presented in Fig.3.

Fig. 3. X’Pert PRO MRD X-ray dlﬁ"raction;installation

3. EXPERIMENTAL RESULTS

In this paper are presented the thermal
treatments applied on coatings obtained by
plasma jet spraying. The samples were heated
to 1000°C for a period of 5, 10 and 15 hours
and cooled in air jet at a pressure of 100 bar.
After the first 10 minutes the heating of the
furnace had a rate of 20°C at every 10 minutes
until it reached 1000°C.

The purpose of the heat treatment was to
analyze the sintering effect from the point of
view from the point of morphological changes
and phase transformations. After the heat
treatment the surfaces were analyses by
electronic microscopy and to highlight the
phase composition by X-ray diffraction.

3.1. Electron microscopy structural
analyses of the deposited coatings subjected
to thermal treatment Fig. 4 shows a SEM
image of a deposited coating before thermal
treatment. In the image two constructive areas
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are revealed, the bond layer made of NiCrAlY
metallic powder and thermal barrier layer
made of Zr0,/20%Y,0; ceramic powder.
Between the two layers a transition interface is
presented. The metallic layer shows a structure
formed of elongated grains. These grains get
their shape during the spraying process due to
the conversion of the high kinetic energy of
the sprayed plasma in energy of variation of
the shape. [5]

Zr0,/20%Y,03 coat layer
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Fig. 4. SEM cross section of the ZrO,/20%Y,0; coating

layer with the thicknesses 200um without heat treatment

Appling the heat treatment at a temperature
of 1000°C for 5 hours led to the increase of the
initial pores which resulted in a change of the
density value of the material with respect to
the analyzed surface (fig. 5). The SEM image

also shows the formation of separation
surfaces as a result of the oxidation
phenomenon.

After the 10 hours heat treatment cracks

appeared at the ceramic layer level opened to
the outer surfaces. These cracks formed due to
the separation of the splats because the weak
bond between them (fig. 6). The pores grow
even larger with a combine tendency and a
more pronounced oxidation phenomenon at
the splat limits.

Fig. 5. Microstructure SEM of coated layer in the cross
section after the 5 hour heat treatment
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Fig. 6. Cross section of the layer after the 10 hour heat
treatment

Increasing the heat treatment duration led
to the structural uniformity of the two layers
due to the diffusion process. In the SEM image
of the coating after the 15 hour heat treatment
separation surfaces appeared due to the
oxidation = phenomenon (fig. 7). The
development of these surfaces was
differentially produced at the grain limits. The
surfaces also tend to show ramifications.
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Fig. 7. SEM cross section of the layer after the 15 hours
heat treatment

At high magnification, the limits between
neighboring splats can be observed with the
interlamellar cracks and pores of diferent
dimensions (fig. 8)

% Quantz 20030 |
Fig. 8. High magnification cross section of the ceramic
layer

After the 5 hour heat treatment at the
temperature of 1000°C the splats from the
grains tend to divide and the successive
disposition of the splats disappears. The
structure of the layer is of brick wall type

(fig.9).
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Fig. 9. Cross section of the ceramic layer at high
magnification after the 5 hour heat treatment

After the 10 hour heat treatment the
separation between the splats is more obvious

and the layer prevails with intra splat pores
(fig.10).

Fig. 10. High magnification of the cross section after
the 10 hours heat treatment

After the 15 hour heat treatment at the
interface between the ceramic layer and bond
layer a sintering of the material was produced
(fig. 11). The micro cracks between the splats
highlight the brick wall structure of the layer.
In individual splats the grains maintained their
columnar shape.
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Fig. 11. Cross section of the ceramic layer after heat
treatment for 15 hours

3.2. Structural analyses using X-ray
diffraction The X-ray diffractometer is
equipped with a X-ray anode tube made of Cu
ka, A = 1.54 A, to which has been applied
voltage of 45 kV with a current of 40 A, at an
angle of diffraction (20) ranging from 25 to
130°. X-ray diffraction analysis was performed
in order to observe and highlight the structural
changes depending on the number of hours
applied to each treatment compared with the
phases that were highlighted on the untreated
samples (Fig. 12). [1]
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Wavelengths are: K Alpha 1 [A]: 1.54060,
K-Alpha 2.1,54443, K-Beta [A]: 1.39225, K-
A2 /K-Al Ratio: 0.50000.

Structural analysis were performed using a
dedicated software (Xpert High Score Plus)
thought which the crystallographic parameters
were identified (lattice type, network constant
values a, b and ¢ and angles elementary cell
alpha, beta and gamma elementary cell
volume, density) and the  possible
compositional parameters. For the precise
choosing of the stoichiometric compositions.

On the cumulative diffractogram was also
inserted the specific one for the initial powder.
Since the initial powder is a mixture of Zr, Y,
O, peaks for all the specific crystallographic
planes are present. The XRD patterns of the
samples have a smaller number of peaks, on
one hand due to the formation of new
compounds with new types of crystallographic
networks, on the other hand due to the reduced
exposure of some crystallographic planes,
mainly due to the influence of the substrate
and texturing [3].

The determination of the elementary cell
parameters is showing the appearance on the
substrate of a modified network from the
original zirconium oxide. The changes are due
to the inclusion in the network of yttrium
atoms from the stabilizer.

Fig. 12. The X-ray diffractogram for the ZrOz/ZO%Y gbg
deposited layer, at an diffration angle of 20 = 25...130°

The zirconiu oxide original micro cristalin
network maintains after the heat treatment.
The network parameters of the original powder
are: a=5.1240 A and ¢=5.1770 A. After the
plasma spraying the network parameters are:
a=5,1507A, ¢=5,3156A and B=99,1960° (fig.
13). After the heat treatments the network
parameters are presented in table 2. It can be
observed that the zirconium oxide picks
changed from the monoclinic to tetragonal.

Table 2. Parametrii cristalografici

Parametri Grosimea stratului de 200 pm
Tratament | Tratament | Tratament
termic Sh | termic 10 h | termic 15 h
a(A) 3,6400 3,6120 3,6260
b (A) 3,6400 3,6120 3,6260
c(A) 5,2700 5,2120 5,2350
Alfa (°) 90,0000 90,0000 90,0000
Beta (°) 90,0000 90,0000 90,0000
Gama (°) 90,0000 90,0000 90,0000
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Fig. 13. The X-ray difﬁ”ac"to.g.l;c.m; of the layer at an
diffration angle of 260 = 25...130°
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Fig. 14. The X-ray diffractogram after the 5 hours heat
treatment, at an diffration angle of 20 = 25...130°
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Fig. 15. The X-ray diffractogram after the 10 hours
heat treatment, at an diffration angle of 20 = 25...130°
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Fig. 16. The X-ray diffractogram after the 15 hours
heat treatment, at an diffration angle of 20 = 25...130°

4. CONCLUSIONS &
ACKNOWLEDGMENT

After the heat treatment at a temperature
of 1000 °C the material matrix becomes more
compact. The superficial grains dimension
increases due to the forming of bridges between
neighboring splats which has a closing effect on
the initial micro cracks.

The structure obtained after the thermal
deposition have the splats oriented on the
direction of the thermal gradient. The heat
treatment relaxes the structure and produces an
oriented columnar structure of brick wall type.
The adherence of the bond layer and thermal
layer isn’t influenced by the thermal treatment.

After the X-ray diffraction analyses was
concluded that by plasma jet deposition the
obtained ceramic coating has a multiphase
structure. The analyses made after the heat
treatment highlighted the changes produced to
the multiphase system. The produced grains
have a tetragonal structure, stabile at room
temperature, which is recommended by the

literature for its good mechanical properties
for technological applications.
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