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Fig.1  Cross-section SEM images (a, b) and EDS element line scanning (c) of as-deposited sample 
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Fig.2  Surface SEM images of as-deposited sample: (a) surface image and (b) partially enlarged image 

N
i
C

r
A

l
Y

+
Y

S
Z

 

N
i
C

r
A

l
Y

+
Y

S
Z

 

N
i
C

r
A

l
Y

 

N
i
C

r
A

l
Y

 

YSZ active diffusion barrier 

N
i
 
s
u

b
s
t
r
a
t
e
 

25 µm 

a 

N
i
 
s
u

b
s
t
r
a
t
e
 

N
i
C

r
A

l
Y

 

Y
S

Z
 

10 µm 

b 

c 

Ni 

Cr 

Al 

O 

Zr 

0             50            100 

Distance/µm 

200

100

0

I
n

t
e
n

s
i
t
y

/
c
p

s
 

25 µm 

a 

2.5 µm 

A 

B 

b 

Y 



� 11�                              ���OhNiCrAlY(YSZ)678197���HI?� !                     �3659�  

� 1  � 2b ��� A � B � EDS �	
� 

Table 1  EDS analysis of position A and B in Fig.2b (ω/%) 

Position O Al Cr Ni Zr 

A 3.87 6.48 17.11 60.98 11.56 

B 6.93 3.11 18.33 49.64 21.99 
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Fig.3  XRD pattern of as-deposited sample 
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Table 2  Consideration on relative mass fraction of NiCrAlY  

and YSZ in mixed layer 
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Fig.4  Cross-section SEM images (a, b) and EDS element line scanning (c) of N5/YSZ/mult-NY sample after 1000 @/5 h 
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 5  N5/YSZ/mult-NY�� 1000 �/200 h������� SEM��� EDS����� 

Fig.5  Cross-section SEM images (a, b) and EDS element mapping (c~h) of sample after 1000 �/200 h oxidation: (c) Ni, (d) Cr, (e) Al,  

(f) O, (g) Zr, and (h) Y 
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 6  ���� 200 h���1 SEM23� XRD4 

Fig.6  Microstructure (a) and XRD pattern (b) of N5/YSZ/mult-NY sample after 200 h oxidation 
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Table 3  EDS result of area 1 in Fig 6a 
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Zr 1.56 0.70 
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 7  N5/YSZ/mult-NY�� 1000 �/500 h������� SEM�� 

Fig.7  Cross-section (a) and surface (b) SEM image of N5/YSZ/mult-NY sample after 1000 �/500 h oxidation 
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Point 1  6.66 27.44 65.9 - 
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Point 4 21.13 1.63 27.35 40.35 5.54 

Area 1 15.75 0.30 3.58 80.37 - 
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Fig.8  XRD pattern of N5/YSZ/mult-NY sample after 500 h  
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Table 5  Standard generated Gibbs free energy (1373 K)

[13]

 

Compound Al

2

O

3

 NiO Cr

2

O

3

 NiCr

2

O

4

 

Gibbs free energy, 

∆G/kJ·mol

-1

 

-1239.1 -122.8 -769.6 -506.2 
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Fig.9  Schematic diagram of interface evolution of N5/YSZ/mult- 

NY sample in 1000 � environment 
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Cyclic Oxidation Resistance Behavior of Mult-NiCrAlY(YSZ) Coatings 

 

Liu Lintao, Li Zhengxian, Wang Yanfeng, Wang Yifei

 

 

 (Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China) 

 

Abstract: The YSZ/NiCrAlY/(NiCrAlY+YSZ)/NiCrAlY/(NiCrAlY+YSZ) coatings were prepared on Ni-based single crystal alloy (Rene 

N5) by electron beam physical vapor deposition (EB-PVD). And the samples were exposed to isothermal oxidation at 1000 ºC for 200 h 

and 500 h. The microstructural evolution behavior and the mechanism of interface reaction were investigated by scanning electron 

microscopy (SEM), X-ray diffraction (XRD) and energy dispersive spectroscopy (EDS). The results suggest that the YSZ layer can form an 

α-Al

2

O

3

 active diffusion barrier layer with a “sandwich” structure to refuse the interdiffusion between substrate and multi-NY coating. And 

the multi-NY coating is transformed to mixed oxide layers gradually during the process of cyclic oxidation. 

Key words: thermal barrier coating; high temperature oxidation resistance; interface reaction; interface evolution  
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