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Abstract

6-8 mass% Y,0; stabilized ZrO, (6-8YSZ) thermal barrier coatings (TBCs) are widely applied to protect the hot ends of
gas turbines in large navy ships. In this work, the 8YSZ TBCs were prepared by air plasma spraying technique, and their
microstructure and phase composition were investigated. The hot corrosion mechanism of YSZ TBCs in molten salts con-
sisting of 80% Na,SO, +20% NaCl at 900 °C was comprehensively analyzed. The results showed that the corrosion product
Y,(S0,); was formed due to the reaction between Na,SO, media and the stabilizer Y,0;. As the result of the depletion of
Y,0; phase, the transformation from the tetragonal phase to monoclinic phase of ZrO, could not been totally inhibited,
which consequently induced the 4-6 vol.% expansion and more cracks of YSZ TBCs. Meanwhile, the cracks could work as
transfer paths for oxygen and molten salts. The kinetic analysis on hot corrosion also showed that more reaction products
(from 2 to 8.1 mg cm™!) were generated from 20 to 60 h due to more cracks generated by molten salts and oxygen infiltrating.
More thermal grown oxides generated between ceramic layer, bonding layer and substrate, and the volume expansion caused
by phase transition, increased the stresses in the coatings. Consequently, the peeling-off failure of 8YSZ TBCs could happen.
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Abbreviations Introduction

YSZ Y,0; stabilized ZrO,

TBCs Thermal barrier coatings The navigable gas turbines with small volume and high sin-
SEM Scanning electron microscope gle power are widely used in large warships such as cruis-
EDS Energy dispersive spectrometer ers, frigates and destroyers. However, with the continuous
XRD X-ray diffraction improvement of dynamic performance such as high speed
T-ZrO, Tetragonal phase ZrO, and maneuverability, the inlet gas temperature of gas tur-
M-ZrO, Monoclinic phase ZrO, bine is getting higher and higher, and challenging the per-
C-ZrO, Cubic phase ZrO, formances of blade superalloy [1]. The air plasma sprayed
Cps Counts per second 6-8 YSZ (6-8 mass% Y,0j; stabilized ZrO,) have been used
APS Air plasma spraying as TBCs materials commonly, which can reduce the adverse
TGO Thermally grown oxides effects of high temperature on turbine blades superalloys

[2-4]. However, the seawater salt spray (NaCl mainly) and

turbine exhaust (containing SO,, NO,, V,05) are easy to
54 Wenge Li form corrosive salts (Na,SO,4, NaVOj, etc.) and accumulate
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on the surface of the coatings consequently in the high tem-
perature ambient, resulting in the severe corrosion behaviors
of the YSZ TBCs [5].

Recently, lots of scientific researches have focused on the
corrosion behaviors of YSZ TBCs in hot molten salts deriv-
ing from the turbine exhaust. Among the salts, Na,SO, and
V,05 mixtures have been used as the corrosion media to
investigate the corrosion behaviors of the YSZ TBCs. Roche
et al. [6] found that the rod-type and needle-shaped YVO,
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phases appeared on YSZ on account of the molten salt cor-
rosion in high temperature ranging from 490 to 1100 °C,
and the temperature strongly affected the corrosion mass
loss of YSZ, and the major transformation of t-ZrO, took
place at 900 °C. Besides, different mixing proportion of
Na,SO,+ V,05 would bring about different hot corrosion
behaviors, the 32 mass% Na,SO,+ 68 mass% V,05 mixed
salts could lead to more phase-destabilization. Vakilifard
et al. [7-9] revealed that the reaction between molten sul-
fate-vanadate salt and YSZ could consume the Y,0; and
generate the YVO,, and simultaneously accelerate the phase
transition of t-ZrO, to m-ZrO,. This result also was verified
by the works of Thakare et al. [10, 11], which also indi-
cated that the addition of multiwall carbon nanotubes were
detrimental to the corrosion behaviors of APS 8YSZ-Al,0O,
TBCs. Qureshi et al. [12] confirmed that the t-ZrO, was
transformed into m-ZrO, when YSZ TBCs were exposing in
the molten salts Na,SO, + V,05 at 950 °C. Meanwhile, the
spinel and perovskite structures were formed at the interface
of topcoat (YSZ) and the bonding layer (NiCrAlY). Sivaku-
mar et al. [13] found that the formation of YVO, facilitated
the corrosion of YSZ in the molten salts containing V,Os,
which was severer than the molten salts with C1™. Hui et al.
[14] also concluded that the 8YSZ coatings were easier to
form m-ZrO, phases and produce rod-like YVO, when the
coatings were corroded in Na,SO,+ 30 mol% NaVO; molten
salts at 1100 °C.

In order to enhance the resistance of YSZ to molten salts,
divers approaches have been explored and illuminated. For
instance, designing double-ceramic-layer TBCs [15, 16],
doping rare earth or alkaline earth oxide [17-19], laser glaz-
ing process [20], etc. However, the actual working ambient
of YSZ TBCs was filled with not only turbine exhausts but
also the sea salts like NaCl. Thus, the corrosion behaviors of
YSZ TBCs in molten salts consisted of the turbine exhausts,
and NaCl salt should be comprehensively explored. Ajay et al.
[21] found that the formation of vertical cracks in YSZ TBCs
could increase the strain tolerance and enhance the thermal
cycling life. Whereas, they also worked as the diffusion paths
for molten salts mixtures of Na,SO,+ V,05+NaCl at 900 °C
to top layer/bonding layer interface, consequently accelerated
the corrosion behaviors of coatings. Jonnalagadda et al. [22]
prepared the composite coatings of Gd,Zr,0,+YSZ/YSZ and
investigated the corrosion behaviors of the composite coat-
ings in molten salts of 75 mass% Na,SO, +25 mass% NaCl at
900 °C. They suggested that the Gd,Zr,0O- phases effectively
obstructed the diffusion of molten salts and led to the aggrega-
tion of salts at the edges of the coating and severe corrosion
at the edges. Although many explorations on the corrosion
behaviors of YSZ in molten salts of Na,SO, and NaCl have
been made, the works are still insufficient, limiting the broad
applications of YSZ TBCs. Especially, the comprehensive
microstructure evolution and corrosion process of YSZ in
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molten salts of Na,SO, and NaCl need to be deeply investi-
gated, which is meaningful and important for the applications
of the YSZ TBCs.

Herein, the 8YSZ TBCs were prepared by atmospheric
plasma spraying technique. The molten salts of Na,SO,+NaCl
at 900 °C were employed to investigate the hot corrosion
behaviors of 8YSZ TBCs. The microstructure and phase com-
position of TBCs were comprehensively characterized before
and after hot corrosion. Finally, the corrosion mechanism of
Na,SO,+NaCl to YSZ coating was analyzed.

Materials and methods
Materials, equipment and preparation methods

The TBCs system were prepared on the substrate of IN713C
superalloys with sizes of 20 x20x 5 mm (provided by Shenz-
hen Malte Metal Materials Co., Ltd) by APS technique, which
were composed of the NiCrAlY bonding layer and the 8YSZ
ceramic layer. The thickness of NiCrAlY bonding layer and
8YSZ ceramic layer was ca 100 um and 250 um by adjust-
ing the plasma spray times, respectively. The 8YSZ powders
with the size of — 125+ 11 um and the NiCrAlY powders with
the size of — 106+ 53 um were provided by Oerlikon Metco.
The detailed composition of as-received powders is listed in
Table 1.

Before preparing the coating, the surface of IN713C sub-
strates was roughened by sand blasting for 5 min. Then, they
were ultrasonically cleaned in ethanol for 10 min to remove
the surface fragments and contamination. After that, a Metco
UnicoatPro 7 M atmospheric plasma spray instrument was
used to prepare the TBCs systems on IN713C alloys. In related
research works [24, 25], the preparation parameters for the
NiCrAlY bonding layer have been widely explored. After
analyzing the research results above, the well-acknowledged
parameters (the spraying power of 39 KW, spraying speed
of 30 mm s~!, Ar gas flow of 46 L min~!, H, gas flow of
6 L min~", feeding rate of 28 g min~") were utilized to prepare
the bonding layer. With respect to the 8YSZ top layer, the
preparation parameters were selected from preliminary tests
[26-28]. The spraying power was 35 KW, Ar gas flow was
32 L min~!, H, gas flow was 8 L min~" and feeding rate was
45 g min~". In the hot corrosion experiment, the mixed salts
solution of 80 mass% Na,SO,+ 20 mass% NaCl were selected
and brushed on the TBCs. The TBCs with mixed salts were
heated to 900 °C which was slightly higher than the melting
point of salts (884 °C of Na,SO, and 801 °C of NaCl). The
total time of the corrosion experiment was 80 h which was

Table 1 Composition of the
as-received NiCrAlY powders

[23] Percentage (%) 22 10 1 67

Element Cr Al Y Ni
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equally divided into 8 cycles. A total of fifteen samples, with
five for each group and three groups as a whole, were taken
out to be weighed and recorded every ten hours.

Characterization of the TBCs system

TM3030 scanning electron microscope, a desktop scanning
electron microscope, supplied by Tianmei Scientific Instru-
ment Co., LTD, was used to analyse the micro morphology
of TBCs. The element distribution in the micro area of TBCs
was analyzed qualitatively and quantitatively combined with
its auxiliary set of EDS. A multi-functional powder XRD
analyzer, produced by Panalytical Co. in Holland, was used
for phase analysis. The technical parameters are as follows,
power 3 KW, scanning speed 5° min~!, cu ka radiation and
diffraction angle 20 =15°-100°. Software X Pert Date Col-
lector was employed to collect data, and Software X’ Pert
HighScore Plus was used for phase identification.

Results and discussion
Microstructure analysis before hot corrosion

The surface morphology of the TBCs is exhibited in Fig. 1.
It is observed that the surface of the YSZ top layer is rela-
tively flat with some cracks and semi-molten particles. The
widths of the cracks were various, in which the large one
can reach ca 0.5 um. These surface conditions of the sprayed
YSZ were induced by the characteristics of air plasma spray
technique. During plasma spray process of YSZ coatings,
the semi-molten or molten state of the high-speed particle
droplets was impinged on the surface of bonding layer on
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Fig. 1 The surface appearance of TBCs

the substrate, consequently forming some pores in the coat-
ings. Meanwhile, the thermal stress and solidification stress
could be formed as a result of the condensation shrinkage
of the coating and the difference in the thermal expansion
coefficient between top and bonding layers. The co-work of
the stresses and pores led to the generation and propagation
of cracks near the pores in the YSZ coating.

The cross-sectional morphology of the TBC system is
shown in Fig. 2. It is observed that the cross section of the
samples is consisted of three parts, which are YSZ top layer,
NiCrAlY bonding layer and IN713C superalloy substrate.
Lots of pores and cracks appear in both top layer and bond-
ing layer. Whereas, the amount and size of the pores and
cracks in top layer seem to be larger than those in bonding
layer. The differences in flowability of molten ceramic and
metal particles led to the different distribution of pores and
cracks. The low melting point and high flowability of molten
particles gave birth to the less pores and cracks in bonding
layer. Moreover, the boundaries among these layers are not
straight but fluctuant, consequently increasing the bonding
strength among these layers.

EDS analysis before hot corrosion
The EDS energy spectrum was applied to analyse the com-

position distributions of TBCs along the red narrow direc-
tion as shown in Fig. 2. The results are exhibited in Fig. 3.
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Fig.2 The section morphology of TBCs
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Fig.3 Section EDS analysis of the thermal barrier coatings
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It can be found that the distribution trend of element Zr
is similar to that of element Y from the substrate to the
surface, which is almost opposite to distribution of Cr, Ni
and Al. This was caused by the composition difference of
the layers. At the site of ca 110 um, the sudden changes
in distribution appear for all the elements, meaning this
site as the boundary between YSZ and NiCrAlY layers.
Taking a careful observation, some waves of distribution
lines of Zr, Y and O elements can be found at the site of
ca 210 um, which indicates a pore or crack. At the site of

ca 102 um, it is observed that the contents of Zr, Y and
O increase and those of Ni, Cr and Al decrease in a small
range, demonstrating the appearance of the YSZ particles.
This was caused by the high-speed impact of the plasma
sprayed molten YSZ particles into the NiCrAlY layer.
Additionally, it can be found that the contents of Al and O
are much high, and those of Ni and Cr are much low at the
sites of ca 96 um, demonstrating that some kind of alumina
are formed here. The production of alumina seems to be
derived from the selective oxidation of Al in the molten
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Fig.3 (continued)
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feed particles of bonding layer. Therefore, from the ele-
ment distribution, the thickness of the various layers, the
pores/cracks and oxides can be directly figured out.

XRD analysis of the TBCs before hot corrosion

Figure 4 shows the phase composition of 8YSZ ceramic
powder in XRD diffraction pattern. According to the analy-
sis from the figure, 8YSZ ceramic powder particles were
mainly consisted of t-ZrO, phase and Y,0; phase. Besides,
It can be seen that the diffraction peak of m-ZrO, phase of
8YSZ powder particles was very weak, so it was not marked
in the figure.

Figure 5 shows the X-ray diffraction pattern of 8YSZ
TBCs. It can be found that the main phase in sprayed 8YSZ
coating is t-ZrO, phase with some Y,0; phases. Compared
with ceramic particle powders, the phases in the coating had
an extra c-ZrO, phase, which was because a small amount
of t-ZrO, in particles of 8YSZ ceramic powder had trans-
formed into c-ZrO, at the high temperature after the plasma
flame flow heating during the spraying process. Therefore,
there existed c-ZrO, stabilized by Y,0; in the coating. In
the plasma spraying process, the powder particles were not
uniformly heated in the high temperature and high-speed
flame flow, leading to the lattice distortion of some ceramic
powders, so the diffraction peak intensity decreased in the
coating.

Microstructure of the high-temperature corroded
coating

The surface morphology of 8YSZ TBCs after being corroded
for 20, 40 and 80 h in molten salts of 80 mass% Na,SO,+20
mass% NaCl at 900 °C is shown in Fig. 6. It is observed that
the content of molten salts colored by gray is reduced with
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Fig.4 XRD patterns of 8YSZ powder particles
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Fig.5 XRD pattern of 8YSZ coatings

increasing the exposure time of the samples. Comparing to
the surface morphology of the YSZ coating (as shown in
Fig. 1), it is easy to find some larger-scale cracks appear-
ing in the coating after hot corrosion, no matter 20, 40 or
80 h. Besides, the width and length of the cracks gradually
increase as the hot corrosion time prolongs. Especially, the
width of some large cracks after hot corrosion for 80 h can
reach 5 pm.

The increase in the width of cracks was induced by the
corrosion behaviors of the YSZ coating in molten salts of
80 mass% Na,SO,+20 mass% NaCl at 900 °C. As shown
in Fig. 1, lots of cracks led to the penetration of the molten
salts into the YSZ coating, consequently accelerating the
hot corrosion of salts. Especially, the consumption of the
Y,0; would happen due to the corrosion reaction between
the Y,0; and molten salts. Subsequently, the stabilizer roles
of Y,0; for preventing the transformation of the t-ZrO, to
m-ZrO, were weakened at 900 °C. The formation of m-ZrO,
could increase the volume of the ZrO, phase, consequently
increase the mismatch among ZrO, phases and increase the
internal stress. In particular, lots of molten salts flowed into
the cracks and pores, so that the Y,0; near these sites could
be severely depleted. As a result, the high volume changes
and increased internal stress contributed to the develop-
ment and propagation of cracks. With the hot corrosion
time increasing, more molten salts could penetrate into the
YSZ coating along cracks, which could be verified from the
amount evolution of the gray substances in Fig. 6. Thus,
more Y,0; phases near cracks and pores were consumed,
and the width of the cracks got larger. The width of the
cracks was the largest in the YSZ coating after corroded in
molten salts for 80 h.
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Additionally, by the careful observation, it can be found
that the surface of the YSZ coating after hot corrosion
become more irregularity with more cracks, comparing to
the coating before hot corrosion. This was induced by the
consumption of Y,0; phase in surface layer and the forma-
tion of the corrosion products.

The cross-sectional morphology of the TBCs after hot
corrosion for 80 h is exhibited in Fig. 7. It is observed that
lots of large-scale cracks and pores appear in the coat-
ing after hot corrosion. The length and width of cracks
and pores apparently get larger comparing to the coating
before corrosion as shown in Fig. 2. This was caused by
the hot corrosion behaviors of YSZ coating in molten salts
as discussed above. Besides, two obvious boundary areas
appear between YSZ coating and bonding layer, bonding
layer and IN713 superalloy, which are the TGO products
of bonding layer. In molten salts, the corrosive salts could
reach the surface of bonding layer via the cracks or pores,
subsequently induced the chemical reaction of bonding
layer derived from the combination of Cl, O elements and
metal Al, Cr, etc. [22]. Meanwhile, some oxygen atoms
from the hot air could also contribute to the formation of
TGO. Especially, for the coating after corrosion for long
time, the large-scale cracks and pores were more conveni-
ent for the infiltration of the molten salts. Thus, lots of
TGO layers could be formed as shown in Fig. 7, which
also increased the mismatch between YSZ and bonding
layer and consequently brought into the propagation of
more cracks. Meanwhile, owing to the porosity of bonding
layer, some TGO products were also formed in interior of
the bonding layer. The formation of TGO distinguished
three evident layers in TBCs system as shown in Fig. 7, in
which they were YSZ, bonding layer and substrate.

EDS analysis of TBCs after hot corrosion

Figure 8 shows the EDS spectrum analysis of TBCs system
after hot corrosion at 900 °C for 80 h, which is the line scan-
ning from the ceramic coating to the substrate as shown in
Fig. 7. It can be found that the distribution of all the elements
in the corroded TBCs is much different from that in the TBC
before hot corrosion by comparing Fig. 3 with Fig. 8. In
Fig. 8, by the scan in the opposite direction, the content of
Zr element suddenly decrease at site of ca 160 um, which

reversely and correspondingly happens at site of 110 um
with respect to the TBCs before corrosion. And the distribu-
tion evolution of Zr along EDS scanning direction is similar
to that of Na, which greatly differs from others. Besides, in
the site ranges from 160 pm to 300 pm, the distribution of
almost all the elements fluctuated wildly. These distribution
evolutions of elements were caused by the corrosion behav-
iors of Na,SO, +NaCl and the formation of TGO products.
During the hot corrosion of YSZ, the ever-increasing cracks
and pores accelerated the diffusion of molten salts into the
bottom of the YSZ coating, consequently brought in severe
corrosion of YSZ and NiCrAlY bonding layer. Especially,
the much severe corrosion of NiCrAlY layer came out after
the corrosion of Al, Cr and Ni metals, which promoted the
outwards diffusion of the metals. Meanwhile, the anions of
molten salts solution like SO,*~, C1~ and some oxygen atoms
inward diffused to attack the NiCrAlY due to the driving
force of chemical corrosion, whereas the Na* did not change
a lot. Correspondingly, the sudden distribution change took
place as the EDS line scanned across the TGO products in
NiCrAlY layer in Fig. 7. Therefore, the corrosion behaviors
and the TGO in TBCs system contributed to the element
distribution evolution.

Phase composition of TBCs after hot corrosion

To analyse the phase evolution of the TBCs in hot corro-
sion, the phase composition of TBCs after hot corrosion for
80 h was measured by XRD. The XRD pattern is exhibited
in Fig. 9.

As shown in Fig. 9, XRD pattern was made on the surface
of 8YSZ TBCs after 80 h of high temperature corrosion.
According to the analysis from the diffraction pattern, the
surface phase of TBCs changed at 900 °C high temperature
corrosion for 80 h, and a small amount of m-ZrO, appeared,
which was probably caused by the decrease of the content of
stabilizer Y,03, due to the small amounts of chemical reac-
tion with molten salts, as shown in Egs. 1 and 2. T-ZrO, was
still the main phase of 8YSZ ceramic layer, together with the
previously existing Y,0O5 phase. T-ZrO,, Y,05 and m-ZrO,
appeared mainly in the coating after high temperature corro-
sion. Therefore, 8YSZ ceramic layer still maintained t-ZrO,
phase after high-temperature corrosion at 900 °C.
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Fig.6 Surface morphologies of YSZ TBCs after high temperature
corrosion for different periods, a 20, b 40 and ¢ 80 h
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According to the theory of salt dissolution model estab-
lished by Goebel et al. [29]. This model was established in
molten salts, and could be shown in Egs. 1 and 2.

Na,SO, = Na,0 + SO, (1)

Y,0; + 3805 = Y,(S0,), )

The above reaction is unidirectional. With the forward
progress of the reaction, Na,SO, is decomposed into Na,O
and SO;, and SO; reacts with Y,0; to generate Y,(SO,);.
The two reactions promote mutually and will continue as
long as the conditions are met. In 8YSZ TBCs, there is cer-
tain content of stabilizer Y,0; and ZrO,. With the continu-
ous progress of the above reaction, the content of stabilizer
Y,0; will gradually decrease. Y,0; mainly plays a stabiliz-
ing role in TBCs to avoid the t-ZrO, in the coating trans-
forming into m-ZrO, in high temperature environment. The
Y,05+43S05— Y,(SO,); chemical reaction consumes the
content of Y,0Oj; stabilizer and causes part of t-phase to be
transformed into m-phase, which will be accompanied by
4-6% volume expansion of TBCs. The volume varying pro-
duced more cracks in coatings, which makes more oxygen
infilter through these cracks onto the bonding layer, react
with the metallic elements in the bonding layer and gener-
ate TGO consisting largely of Al,O5. Thickening TGO layer
increases the stresses between ceramic coating and bonding
layer and eventually results in peeling-off of ceramic coating
and failure of 8YSZ TBCs.

Kinetic analysis on hot corrosion

The mass evolution curve of 8YSZ TBCs with various hot
corrosion periods in molten salts solution at 900 °C is shown
in Fig. 10. It can be seen that the mass of the TBCs system
gradually increases as the hot corrosion time increases. Hav-
ing a careful observation, it can be seen that a slight increase
in mass of TBCs occurs before 20 h. After that, the mass of
TBCs gradually increases at a relative high rate with the hot
corrosion time increases. Finally, the TBCs possess the larg-
est mass increase after corrosion in molten salts for 80 h. In
the period of rapid increase of corrosion products from 20 to
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temperature corrosion

60 h, the mass change increases from 2 to 8.1 mg cm ™2, four
times more than its original mass change. It is concluded that
with the infiltration of more molten salts, some stabilizer
Y,0; is depleted, which results in the volume expansion and
more cracks generating. As a result, more and more oxygen
flows into TBCs and reacts with elements in the coatings.
By the surface feature contrast of 8YSZ TBCs between
Fig. 6a and b, it is also found that more salt-mixture enters
into the pores, and the number of cracks is increasing. From

60 h later, the amount remaines stable relatively, and the
curve tends to be flat and stable. Basically, only a few more
new corrosion products are generated. This is because that
a majority of molten salts had infiltrated into the coatings
after previous hot corrosion, the TBCs has been cracked,
some stabilizer Y,0; has been depleted by Na,SO,, and
most exposed surfaces of TBCs have reacted with oxygen.
Therefore, the formation rate of reaction production is get-
ting slower.

The mass evolution of TBCs in corrosion ambient was
attributed to the microstructure evolution and corrosion
products of the TBCs system. As discussed above, the
molten salts penetrated into the TBCs via the cracks and
pores, consequently increased the mass of the TBCs. As
corrosion time increased, more and more diffused molten
salts could be consumed by the corrosion reaction between
the molten salts and YSZ, NiCrAlY. This consumption
contributed to the subsequent invasion of molten salts into
the TBCs system. Furthermore, the scales of cracks and
pores in the YSZ got larger with the increasing of corro-
sion time, which brought in the increased amount of molten
salts into the TBCs system. Meanwhile, the molten salts
could spread to the sites of new cracks, so that the scale
of the new cracks increased due to the corrosion of molten
salts. Furthermore, new cracks brought in more molten
salts into the TBCs. Therefore, the continuous penetra-
tion of molten salts into TBCs and the gradually increased
scales of cracks contributed to the mass increase of the
TBCs system.

@ Springer



2052

S.Wuetal.

6000

5000

4000

cps

3000

2000

1000

2000

1600

cps

1200

800

400

5000

4000

3000

cps

2000

1000

1200

1000

800

cps

600

400

200

All Elements

~~ OKoal
E Zr Lad
E N " NaKol_2
a : Al Kart
~ ClKo1

Cr Kat
~ NiKo1

it .n]mqm\ﬂ'. v
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
um

(a) Elements content strength change with distance

O Kat

wlsestsisilenitivnilionitia

i i i ] iy i i ] i e e e e ol 1 i i e e e e i |
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
pum

(b) Element O content strength change with distance

Zr Lot

RS e A e S B e A S S S B i SR SO i S R Hal e i |
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
pm

o

(c) Element Zr content strength change with distance

Na Ka1_2

auslinsilivishissatusaslivsitasislivsatusinls

s sUs sl B S hS L B l e h B B T il L e R Bl B Rl i
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
pum

(d) Element Na content strength change with distance

Fig.8 Section EDS after high temperature corrosion of TBCs for 80 h
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Conclusions

In this experiment, Na,SO, 4+ NaCl molten salts corrosion
mechanism of thermal barrier coatings was investigated.
8YSZ TBCs system was prepared on nickel-based IN713C
superalloy by plasma spraying. The severe corrosion of
TBCs system took place when they confronted with the
molten salts of 80 mass% Na,SO,+ 20 mass% NaCl at
900 °C. The corrosion of the TBCs led to poor surface
conditions and composition distribution evolution in
TBCs. Especially, the corrosion behaviors of molten salts
led to scale expansion including length and width of cracks
and pores. With the increase of hot corrosion period, the
scales of cracks and pores increased further.

The microstructure evolution of TBCs was caused
by the consumption of Y,0; phases and the formation
of TGO in TBCs due to the corrosion reaction between
Y,0;, NiCrAlY and molten salts. As the results of the
reaction between Y,0; and molten salts, the transforma-
tion of t-ZrO, to m-ZrO, took place, subsequently brought
in the volume changes of ZrO, phases and scale increas-
ing of cracks and pores. The reaction between NiCrAlY
and molten salts contributed to the formation of TGO and
subsequently promoted the propagation of more cracks.
Meanwhile, the increased scales of cracks and pores con-
tributed to penetration of more molten salts and oxygen
into TBCs, so that the scales of cracks and pores in YSZ
TBCs gradually increased. Finally, the mass of TBCs got
largest after 80 h hot corrosion as a result of the internal
oxidation in the kinetic analysis on hot corrosion.

It is found that cracks in TBCs prepared by APS tech-
nique provide channels for molten salts penetration.
Molten salts can react with stabilizer Y,05 and bonding
layer NiCrAlY, resulting in phase transition and volume
change in TBCs and TGO growing on bonding layer,
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generating stress and more cracks, and leading to failure of
TBCs. The corrosion speed increases rapidly in the initial
stage, and slows down with the increase of corrosion time.
Protection measures, such as addition of protective film or
protective elements, should be carried out to prevent YSZ
TBCs from Na,SO, + NaCl corrosion.
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