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Abstract: Y2O3 stabilized ZrO2 (YSZ) thermal barrier coatings (TBCs) are prone to hot corrosion by 
molten salts. In this study, the microstructure of atmospheric plasma spraying YSZ TBCs is modified 
by laser glazing in order to improve the corrosion resistance. By optimizing the laser parameters, a 
~18 μm smooth glazed layer with some vertical cracks was produced on the coating surfaces. The 
as-sprayed and modified coatings were both exposed to hot corrosion tests at 700 and 1000 ℃ for 
4 h in V2O5 molten salt, and the results revealed that the modified one had improved corrosion 
resistance. After hot corrosion, the glazed layer kept structural integrity, with little evidence of 
dissolution. However, the vertical cracks in the glazed layer acted as the paths for molten salt 
penetration, accelerating the corrosion of the non-modified coating. Further optimization of the glazed 
layer is needed in the future work. 
Keywords: thermal barrier coatings (TBCs); air plasma spraying (APS); Y2O3 stabilized ZrO2; 

microstructure modification; laser glazing; V2O5 corrosion  

 

1  Introduction 

To improve the thermal efficiency and performance of 
turbine engines, thermal barrier coatings (TBCs) have 
been widely used on the hot section components of 
engines [1–3]. Typically, a TBC system consists of a 
ceramic top coat, commonly made of Y2O3 partially 
stabilized ZrO2 (YSZ), a metallic bond coat that is 
resistant to oxidation, a thermally grown oxide (TGO) 
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layer, and a substrate [4–6]. The ceramic top coat is for 
thermal insulation, usually produced by atmospheric 
plasma spraying (APS) with a splat microstructure and 
electron beam physical vapor deposition (EB-PVD) 
with a columnar microstructure [7–10]. 

TBCs are usually serviced in a corrosive environment, 
such as the use of poor-quality fuels containing V, Na, 
and S for turbine engines [11–13]. YSZ coatings are 
sensitive to molten salt corrosion. Corrosive mediums 
react with YSZ, leaching out the stabilizer Y2O3. As a 
result, the coating transforms from a metastable tetragonal 
(t’) phase to a monoclinic phase, accompanied by a 
large volume expansion [13–16]. This causes cracks and 
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destroys coating microstructures, resulting in a failure 
of TBCs. Therefore, much attempt has been made to 
develop solutions to suppress molten salt corrosion to 
TBCs and to improve the hot corrosion resistance. 

Some strategies have been proposed to develop TBCs 
resistant to molten salt corrosion. One is to optimize 
coating compositions, for example, selecting more acidic 
oxides as the stabilizer for ZrO2-based materials, such 
as Sc2O3, CeO2, and TiO2 [12,17,18], or developing 
new TBC materials to substitute for YSZ, and rare earth 
zirconates have been proposed as a series of promising 
materials [19,20]. Another approach is to tailor coating 
microstructures. Laser glazing has been considered as 
an effective method to densify the surfaces of APS 
coatings, reducing the specific surface area of coatings. 
As a result, the reaction between the coating and the 
molten salt is lowered, which leads to an enhanced 
corrosion resistance [21–24]. Additionally, a network 
of vertical cracks can be produced by laser glazing, 
which is beneficial to the thermal shock performance 
of coatings; on the other hand, it is also a path for molten 
salt penetration, harmful to the corrosion resistance 
[25–27]. Therefore, the microstructure optimization of 
the glazed layer on the coating surface is urgently needed.  

The major aim of this work is to modify the surfaces 
of YSZ coatings by laser, optimizing the surface 
roughness, the vertical crack width, and the glazed 
layer thickness, and to investigate the effects of coating 
microstructure optimization on the hot corrosion behavior 
of YSZ coatings. Corrosion resistance to V2O5 molten 
salt of as-sprayed and laser modified YSZ coatings was 
compared, and the hot corrosion tests were conducted 
at 700 and 1000 ℃ for 4 h. Results indicated that the hot 
corrosion behavior of modified YSZ coatings at 700 
and 1000 ℃ is different, and the related mechanisms 
are discussed. In the end, research on how to fully exploit 
advantages of the laser modification method to improve 
the hot corrosion resistance of TBCs is proposed.  

2  Experimental procedure 

2. 1  Materials  

By the chemical co-precipitation and calcination method, 
7wt% yttria partially stabilized zirconia (7YSZ) powders 
are obtained. The details about preparation process are 
available in our previous study [28]. To yield the desired 
result in the following spray process, the nano YSZ 
powders were agglomerated into microscopic particles 

by a spray drying method to improve the fluidity, and 
then sprayed onto graphite substrates by air plasma 
spraying (Metco 7M). The operating parameters are listed 
in Table 1, which are selected from the pre-optimization 
procedures.  

2. 2  Laser glazing 

A pulsed Nd:YAG laser system with a wavelength of 
1064 nm (LWY-400, HGTECH, China) was employed 
for modifying surface microstructures of YSZ coatings, 
which is on operation by adjusting average power, 
scanning speed, pulse frequency, and spot diameter. 
The incidence angle of laser beam is 90°. The spot 
diameter is only adjusted by moving worktable up and 
down, which was ultimately determined as 1 mm by 
observing a single laser beam spot produced on the 
coating. In the process of laser glazing, in order to 
constrain the deformation of the coating and prevent 
the formation of large macroscopic cracks, the graphene 
substrate was reserved. In this study, the first laser 
glazed coating (LG-1) was fabricated by further 
optimization of parameters in our previous report [27], 
the whole surface area of which was treated by 
overlapping multiple parallel tracks with an overlap 
rate of 50%. Based on our observation and analysis of 
the thickness and the surface quality (smoothness and 
width of net-like cracks) of its re-melted layer, the 
process parameters are optimized again to produce the 
LG-2 coating. The process parameters of two sets of 
samples are listed in Table 2.  
 

Table 1  Plasma spray parameters for the preparation 
of YSZ coatings 

Current (A) 560 

Voltage (V) 53 

Primary gas, Ar (l/min) 40 

Secondary gas, H2 (l/min) 10 

Feedstock giving rate (g/min) 22 

Spray distance (mm) 100 

 
Table 2  Process parameters to fabricate the laser 
glazed YSZ coatings 

Parameter LG-1 LG-2 

Average power (W) 60 80 

Pulse frequency (Hz) 15 20 

Scanning speed (mm/s) 10 20 

Spot diameter (mm) 1 1 
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2. 3  Hot corrosion tests 

Hot corrosion tests of laser glazed coatings were 
conducted according to other researchers’ experiments 
and our previous study [18,29]. Prior to the tests, the 
graphite substrate was removed to obtain free-standing 
ceramic coatings by holding isothermally 1 h at 800 ℃ 
in a box electric furnace (SX-1300 ℃), which has no 
effect on the results of following hot corrosion tests. 
Subsequently, V2O5 powders with a concentration of 
10 mg/cm2 were evenly spread on the coating surfaces 
by using a very flat potion spoon. The laser-glazed 
coatings covered with V2O5 were heat treated in a box 
electric furnace (SX-1300 ℃) at 700 and 1000 ℃ for 
4 h. For comparison, as-sprayed coatings with V2O5 
powders were also heat treated under the same conditions.  

2. 4  Characterizations 

X-ray diffractometer (XRD; Bruker D8 Advanced, 
Germany) using Cu Kα radiation was employed in 
determining phase constitution of the coatings, whose 
scanning range and rate were 10°–90° and 0.2 (°)/s, 
respectively. A digital microscope (VHX-2000C, 
KEYENCE, Japan) was adopted to measure the surface 
roughness of the laser glazed coating. The microstructure 
and chemical composition of the as-sprayed coatings, 
the laser-glazed coatings, and the V2O5-attacked coatings 
were examined by a scanning electron microscope (SEM; 
TDCLS4800, Hitachi Ltd., Japan) equipped with energy 
dispersive spectroscopy (EDS; IE 350). 

3  Results and discussion 

3. 1  Microstructure of the as-sprayed coating 

Figure 1 shows the surface appearance, cross-section 
microstructure, and facture-section image of the 
as-sprayed YSZ coating. One could find melted splats 
(smooth zones), semi-melted particles, cracks, and pores 
on the coating surface, which are typical characteristics 
of APS coatings. During the plasma spraying process, 
coatings are exposed to large tensile stresses due to a 
rapid cooling rate, which causes some micro-cracks 
[30]. Cracks can improve the stress tolerance, which 
benefits the thermal shock performance of coatings. 
Additionally, cracks and pores have positive effects on 
the thermal insulation of coatings. Note that in the 
cross-section image, there are some grey contrasted 
zones, which correspond to semi-melted particles with 

sizes at the nanoscale. In Fig. 1(c), it could be found 
that mutual overlapped splats are evident, among 
which some porous zones evolving from non-molten 
particles exist. The porous zone is also denoted as the 
nanozone, which is composed of many fine particles. 
Some researchers indicate that a coating containing 
nanozones can be denoted as the nanostructured coating, 
and this type of coatings is reported to have a better 
corrosion resistance than their conventional counterparts 
[31,32].  

3. 2  Coating microstructure modification by laser 
glazing 

The coating surfaces are modified by laser glazing 
with two sets of different parameters, and surface and  
 

 
 

  
 

 
 

Fig. 1  (a) Surface appearance, (b) cross-section 
microstructure, and (c) facture-section image of the 
as-sprayed YSZ coating. 
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fracture-section images are presented in Fig. 2. Compared 
with the as-fabricated coating, the re-melted surfaces 
reveal significantly smoother morphologies, and most 
semi-melted particles on the surfaces have disappeared. 
Additionally, obvious net-like cracks are found on the 
coating surfaces. In the fracture sections (Figs. 2(b) 
and 2(d)), the laser glazed layers are found to have a 
dense columnar microstructure, with some vertical 
cracks penetrating through the thickness. The formation 
mechanism for net-like/vertical cracks can be understand 
as follows: since the energy of a laser spot is unevenly 
distributed (the center has a higher energy density), the 
energy input and the solidification speed of the laser 
spot covered region are inhomogeneous during the laser 
treatment; as a result, a large stress could be created in 
the re-melted region, causing net-like/vertical cracks 
[33,34]. Note that there are a few horizontal cracks at 
the interface between the glazed layer and the 
non-modified coating, which form to release the 
additional stress evolving from the large shrinkage of 
the re-melted layer and are undesirable for the coating 
applications.  

In Figs. 2(a) and 2(b) (the LG-1 sample), one could 
find that the surface still has some obvious un-melted 
particles, and the crack width is large and the glazed 
layer is a little thick. It has been reported that smoother 
surfaces (lower specific surface area) of coatings are 

beneficial for corrosion resistance due to the reduced 
corrosion reaction between molten salts and the coating 
[22,26,35]. Large cracks are undesirable, which can act 
as the paths for molten salt penetration, and thick 
glazed layer is also detrimental which introduces large 
internal stress causing interface mismatch. To remove 
the un-melted particles to generate a smoother surface, 
the power and the pulse frequency were increased to 
produce higher energy to melt the upper coating. 
However, higher power and pulse frequency also mean 
a higher heat input, resulting in the formation of a 
thicker glazed layer. Therefore, in order to obtain 
moderate heat input, the corresponding scanning speed 
was also increased, which is conductive to reduce the 
glazed layer thickness. Comparing with the LG-1 
sample, the LG-2 sample has a smoother surface, and 
its thickness and crack width are reduced, as shown in 
Figs. 2(c) and 2(d). 

To better confirm that the sample with a smoother 
surface was obtained by optimizing parameters, a 
digital microscope was adopted to measure the surface 
roughness of the laser glazed coating (LG-1 and LG-2). 
Three-dimensional morphologies of the laser-glazed 
coating (LG-1 and LG-2) are presented in Fig. 3. The 
Ra value decreases from 2.86 μm for the LG-1 sample 
to 2.17 μm for the LG-2 sample. In addition, the width 
of net-like cracks on the LG-1 and LG-2 sample 

 

   
 

   
 

Fig. 2  (a, c) Surface and (b, d) fracture-section images of the laser glazed YSZ coatings: (a, b) LG-1, (c, d) LG-2. 
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Fig. 3  Three-dimensional morphologies of the 
laser-glazed coatings (LG-1 and LG-2). 

 
surface was also measured using a scanning electron 
microscope. 50 values for each of the LG-1 and LG-2 
samples were collected by measuring the width of 
cracks in different regions of the coating, and then were 
averaged as 2.07 and 1.76 μm, respectively. Therefore, 
the LG-2 coatings are used for subsequent hot corrosion 
experiments. 

The phase structure of the laser modified coating 
was measured by XRD, and the pattern is presented in 
Fig. 4, which also includes the XRD pattern of the 
as-sprayed coating. All the coatings are composed of t’ 
phase. This type of phase is desirable for TBC applications 
due to its high toughness, good high-temperature stability, 
and low thermal conductivity, which can be obtained 
by rapid cooling [36,37]. Both APS and laser glazing 
have high cooling rates, up to 104 and 107 ℃/s, 
respectively [22]. Note that compared with the as-sprayed 
coating, the laser modified coating has intensified 
diffraction peaks at 2θ positions of 34.7° and 59.4°. 
 

 
 

Fig. 4  XRD patterns of the as-sprayed and laser glazed 
YSZ coatings. 

Research indicates that this phenomenon is attributed 
to the fact that the laser modified layer has reduced 
amounts of amorphous phases and reveals a preferential 
orientation of columnar microstructure [27].  

3. 3  Hot corrosion behavior of YSZ coatings in V2O5 
molten salt 

3.3.1  Hot corrosion behavior of as-sprayed YSZ 
coatings 

Figure 5 shows surface morphologies of as-sprayed YSZ 
coatings after hot corrosion tests at 700 and 1000 ℃. 
Large amounts of corrosion products are observed on 
the surfaces, which could be classified into two sets 
according to crystal shapes. In enlarged images as 
shown in Figs. 5(b) and 5(d), different shapes of 
corrosion products are marked as A, B, C, and D, and 
their chemical compositions were analyzed by EDS. 
Compound A contains V, Zr, and O, compounds B and 
D have Y, V, and O, and compound C is composed of 
38.4 at% Zr, 60.9 at% O, and 0.7 at% Y, as listed in 
Table 3. To determine the phase compositions of these 
corrosion products, XRD analysis was carried out. 
Compared with the as-fabricated coating, the XRD 
patterns of the corroded coatings have many extra 
diffraction peaks, as shown in Fig. 6.  

For the sample after the hot corrosion test at 700 ℃, 
XRD detects ZrV2O7, YVO4, m-ZrO2, and obvious 
t’-ZrO2. For the coating corroded at a higher temperature 
(1000 ℃), only diffraction peaks ascribed to YVO4 
and m-ZrO2 phases could be detected by XRD. The 
absence of t’-ZrO2 in this corrosion condition indicates 
that the coating has been largely corroded by molten 
salts. In combination with the XRD and SEM results, 
one could confirm that crystals A and B in Fig. 5(b) are 
ZrV2O7 and YVO4, respectively, while compounds C 
and D in Fig. 5(d) are m-ZrO2 and YVO4, respectively. 
Note that for the samples corroded at 700 ℃, XRD 
detects the presence of m-ZrO2, but SEM does not, 
which might be attributed to its low content or being 
covered with ZrV2O7 and YVO4 crystals.  

Figure 7 shows the cross-sectional images of YSZ 
coatings after hot corrosion at 700 and 1000 ℃ and 
the corresponding V distribution of figures. After hot 
corrosion at 700 ℃, a reaction layer with a grey contrast 
formed on the coating surface, mainly composed of 
ZrV2O7 by the above XRD and SEM analysis, which is 
also consistent with the mapping result presented in 
Fig. 7(b). Beneath the layer, the coating almost keeps  
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Fig. 5  Surface morphologies of the as-sprayed YSZ coatings after hot corrosion tests at (a, b) 700 ℃ and (c, d) 1000 ℃. 
 

Table 3  Chemical compositions of the different regions 
A–D in Fig. 5 

 Zr (at%) V (at%) O (at%) Y (at%) 

A 15.2 25.5 59.3 — 

B — 15.7 71.8 12.5 

C 38.4 — 60.9 0.7 

D — 18.0 66.8 15.2 

 

 
 

Fig. 6  XRD patterns of the as-sprayed YSZ coatings 
after hot corrosion tests. The standard PDF cards of 
ZrV2O7, YVO4, m-ZrO2, and t’-ZrO2 are also presented. 

its original microstructure; however, some obvious salt 
trace can be found in porous regions implying the 
penetration of molten salts, as shown in Fig. 7(b). After 
hot corrosion at 1000 ℃, it could be found that the 
coating microstructure has largely been destroyed by 
molten salt (Fig. 7(c)). By the observation on the V 
distribution presented in Fig. 7(d), the V2O5 molten salt 
diffusely distributed throughout the coating, suggesting 
the penetration became more serious. It is known that 
APS coatings have many pores and cracks, which 
provide the paths for molten salt penetration [34,38]. 
The melt point of V2O5 is 690 ℃, slightly lower than 
the corrosion temperature of 700 ℃, while at 1000 ℃, 
the temperature is high enough to melt the salt, leading 
to a rather low viscosity. Therefore, it is reasonable 
that the penetration of V2O5 molten salt became more 
serious in the coating corroded at 1000 ℃. 

3.3.2  Hot corrosion behavior of laser glazed YSZ 
coatings 

Figure 8 shows surface morphologies of the coatings 
after hot corrosion tests at 700 and 1000 ℃. Similar to 
the case of the as-sprayed coatings, the modified coatings 
are also covered by corrosion products. In Figs. 8(b) and 
8(d) showing enlarged images of the coating surfaces, 
one could find that the corrosion products reveal several 
significantly different shapes, marked as A, B, C, and  
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Fig. 7  Cross-sectional images of the as-sprayed YSZ coatings after hot corrosion at (a) 700 ℃ and (c) 1000 ℃. Figures (b) 
and (d) display the corresponding V distribution of figures (a) and (c), respectively. 

 

   
 

   
 

Fig. 8  Surface morphologies of the laser glazed YSZ coatings after hot corrosion tests at (a, b) 700 ℃ and (c, d) 1000 ℃. 
 
D. The chemical compositions of these crystals are 
determined by EDS: crystal A has 12.2 at% Zr, 23.5 
at% V, and 64.3 at% O, crystals B and D contain Y, V, 
and O, and crystal C consists of 32.6 at% Zr, 67.0 at% 

O, and 0.4 at% Y, as listed in Table 4. 
XRD was used to confirm the phase structures of 

the corrosion products. In Fig. 9, ZrV2O7, YVO4, 
t’-ZrO2, and a little V2O5 are detected on the surface of  
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Table 4  Chemical compositions of the different regions 
A–D in Fig. 8 

 Zr (at%) V (at%) O (at%) Y (at%) 
A 12.2 23.5 64.3 — 
B — 20.6 59.8 19.6 
C 32.6 — 67.0 0.4 
D — 18.2 65.4 16.4 

 

 
 

Fig. 9  XRD patterns of the laser glazed YSZ coatings 
after hot corrosion tests. The standard PDF cards of ZrV2O7, 
YVO4, V2O5, m-ZrO2, and t’-ZrO2 are also presented. 

the modified coating after corrosion at 700 ℃, while 
for the 1000 ℃ corrosion case, YVO4, m-ZrO2, and 
evident t’-ZrO2 are identified. The detection of V2O5 in 
the former case indicates that V2O5 is hard to penetrate 
into and react with the modified coating; no V2O5 present 
on the coating surface after corrosion at 1000 ℃ 
might be due to the largely increased fluidity, which 
promotes the molten salt penetration. By comparison, 
SEM does not detect V2O5, which could be because 
that only a small amount of V2O5 remained or it 
permeated into deeper regions of the coating. Large 
amounts of t’-ZrO2 remained after hot corrosion 
implies that the modified coating has a significantly 
improved phase stability in molten salt, which is 
desirable since an excellent phase stability is critical 
for TBC applications [23,39]. According to the XRD 
and EDS results, it can be identified the corrosion 
products in Fig. 8: crystals A and B in Fig. 8(b) are 
ZrV2O7 and YVO4, respectively, whereas crystals C 
and D in Fig. 8(d) are m-ZrO2 and YVO4, respectively.  

Figure 10 shows the cross-sectional microstructures 
of laser modified coatings after hot corrosion tests. It 
seems that the glazed layers still keep their dense 
columnar microstructures. For the case of corrosion at 
700 ℃, a few amounts of corrosion products can be 
observed on the surface, and the vertical cracks become 
wider and longer, as shown in Fig. 10(a). This might be  

 

   
 

   
 

Fig. 10  Cross-sectional images of the laser glazed YSZ coatings after hot corrosion at (a, b) 700 ℃ and (c, d) 1000 ℃. 
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due to the dissolution of molten salt into the glazed 
layer, which can react with the coating. Since the 
corrosion temperature of 700 ℃ is just above the 
melting point of V2O5 (690 ℃), V2O5 molten salt has 
a low fluidity, and it cannot flow along the surface and 
vertical cracks freely. As a result, the salt can only 
react preferentially with the coating nearby compared 
with penetrating into the deeper region of the coating. 
The region highlighted by a red rectangle in Fig. 10(a) 
was observed at a higher degree of magnification, as 
shown in the inset image. It could be found that this 
region completely loses its original coating microstructure, 
indicative of severe reaction between the coating and 
the salt. This provides an evidence that at 700 ℃, molten 
salt mainly reacts with the region nearby, and even if it 
penetrates along vertical cracks, it prefers reaction 
rather than continuous penetration. The reaction causes 
phase transformation from t’ to m phase, accompanied 
by about 5% volume expansion, which accelerates the 
degradation and spallation of the vertical cracks region 
near molten salt in coating and makes vertical cracks 
wider and longer. 

Compared with the case of 700 ℃  corrosion, 
cross-sectional microstructure of the modified coating 
after corrosion at 1000 ℃ has some similarities and 
difference: both laser glazed layers keep structural 
integrity and have good adhesion to the non-modified 
coatings; the difference is that in Figs. 10(c) and 10(d) 
large amounts of corrosion products are observed on 
the surface, and the vertical cracks are filled with molten 
salt. The reasons for the difference could be provided 
as follows: at the corrosion temperature of 1000 ℃, 
the molten salt has a sufficiently low viscosity, which 
makes melt flow freely. In this case, molten salt is easy 
to be gathered in the vertical cracks. Since the laser 
glazed layer is rather immune to dissolution by molten 
salt, the salt stays in the cracks after cooling, as shown 
in Fig. 10(d). However, the regions around the cracks 
in the non-modified coating are severely destroyed by 
molten salt, as highlighted by a red circle in Fig. 10(d). 
Note that in Fig. 10(d), the corrosion products form a 
reaction layer with a thickness of ~5 μm, beneath 
which the glazed layer has little damage. Since the 
reaction layer is thin, X-ray can penetrate through it, 
and evident t’-ZrO2 is detected, as shown in Fig. 9. An 
obvious delamination crack exists between the reaction 
layer and the coating, which is attributed to the thermal 
mismatch between these two layers.  

3. 4  Corrosion mechanisms of as-sprayed and laser 
glazed coatings in V2O5 salts 

The hot corrosion mechanisms of YSZ coatings have 
been investigated by some researchers, and our present 
work confirms the mechanisms: at temperatures above 
the melting point of V2O5, molten salts penetrate into 
the coating pores and cracks, and react with the YSZ 
coating, leaching out the stabilizer, which causes phase 
transformation and destroys the coating microstructures. 
In this study, the microstructures of as-sprayed coating 
have largely been destroyed by molten salt, which 
suggests that APS YSZ coatings are prone to hot 
corrosion by molten salts.  

After hot corrosion tests at 700 and 1000 ℃, the 
corrosion products on the surfaces of laser modified 
coatings are similar to those of as-sprayed coatings, 
and the formation mechanisms are the same. The V2O5 
melts at a temperature of 690 ℃, reacts with Y2O3 and 
ZrO2 to form YVO4 and ZrV2O7, respectively. This leads 
to the formation of m-ZrO2 owing to the depletion of 
Y2O3 in ZrO2. Therefore, at 700 ℃, the reaction equation 
could be given as follow: 

V2O5(l) + ZrO2(Y2O3)(s) → 
      YVO4(s) + ZrV2O7(s) + m-ZrO2(s) (1) 

ZrV2O7 is an intermediate compound in V2O5–ZrO2 
system, which melts incongruently at 747 ℃ to ZrO2 
and a V2O5-rich liquid [29]. The latter continues to react 
with Y2O3, reducing the content of V2O5 in V2O5-rich 
liquid, which accelerates the precipitation of m-ZrO2. 
On the basis of the aforementioned analysis, the reaction 
mechanism between YSZ and V2O5 at 1000 ℃ could 
be represented by the following expression: 
V2O5(l) + ZrO2(Y2O3)(s) → YVO4(s) + m-ZrO2(s) (2) 

However, by analyzing the coating microstructures 
after hot corrosion, one could find that APS YSZ coatings 
modified by laser glazing reveal significantly improved 
corrosion resistance to molten salts. The glazed layer 
has a smooth surface and dense microstructure, which 
cause molten salts hard to dissolve the coating. As a 
result, the glazed layer can survive the molten salt 
attack, keeping structural integrity. However, due to 
the vertical cracks generated during the laser glazing 
process, the molten salt has a large tendency to penetrate 
along these cracks, destroying the microstructure of the 
non-modified coating. The corrosion temperature also 
affects the hot corrosion behavior of the modified  
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coatings, which is a result of temperature related viscosity 
of molten salts.  

Based on the above analysis, laser glazing is a 
promising technique for improving the hot corrosion 
resistance of TBCs. However, it also has some limitation. 
The glazed laser usually contains many vertical cracks, 
which provide the paths for molten salt penetration; if 
all the vertical cracks are removed, the glazed layer is 
easy to be spalled due to the dense microstructure. 
Therefore, to take advantages of this technique, the 
glazing parameters need further optimization and the 
coating microstructures should be designed; for example, 
the laser glazed layer is designed to be multiple 
sub-layers, making the vertical cracks in each sub-layer 
separated and thus no straight path existed for molten 
salt penetration. Our future work will be focused on this.  

4  Conclusions 

In this study, a laser glazing technique is employed to 
modify the microstructure of APS YSZ TBCs in order 
to improve the corrosion resistance of coatings. The 
as-sprayed and modified coatings were subjected to hot 
corrosion tests in the presence of V2O5 molten salt at 
700 and 1000 ℃ for 4 h, and the corrosion products, 
microstructure evolution, and related mechanisms were 
investigated. The following conclusions could be drawn: 

(1) Laser glazing can smooth the coating surface and 
cause a columnar microstructure with some vertical 
cracks. The crack width was optimized, and the glazed 
layer remained a t’ phase with a thickness of ~18 μm.  

(2) The modified coatings revealed a better resistance 
to molten salt corrosion than the as-sprayed coatings. 
Both two types of the coatings had similar corrosion 
products on the surfaces, mainly consisting of ZrV2O7 
and YVO4, and m-ZrO2 and YVO4 after corrosion at 
700 and 1000 ℃ , respectively. However, for the 
modified coatings after corrosion, large amounts of the 
t’ phase were detected, indicative of excellent phase 
stability of the glazed layer.  

(3) After corrosion, the microstructures of the 
as-sprayed coating were severely destroyed by molten 
salts, while those of the glazed layer on the modified 
coatings kept integrity.  

(4) The vertical cracks in the glazed layers of 
modified coatings provided the paths for molten salt 
penetration. As a result, the regions around the vertical 
cracks and the non-modified coating were corroded by 
molten salts, which is harmful to the corrosion lifetime 

of the entire coating. 
Laser glazing is a promising technique for improving 

corrosion resistance of TBCs in the presence of molten 
salt; however, for fully exploiting the advantages of this 
technique, glazing parameters and coating microstructures 
need further optimization.  
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