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Table 1  Parameters of air plasma spraying 

Parameters YSZ LZO 

Arc current/A 650 650 

Arc voltage/V 60 60 

Primary plasma gas (Ar) flow/L·min

-1

 60 50 

Secondary plasma gas (H

2

) flow/L·min

-1

 5.5 7 

Spray distance/mm 80 80 
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Table 2  Parameters of D-gun spraying 
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Fig.1  Reference picture of TGO thickness measurement method 
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Table 3  Thickness of the single 8YSZ and double LZO/8YSZ  

coating of TBCs 

Samples 

Single layer 

8YSZ 

Double layer 

LZO/8YSZ 

NiCoCrAlY/µm 140±20 140±20 

8YSZ/µm 260±10 130±20 

LZO/µm - 130±20 

Total thickness/µm 400 400 

 

2.2  TBCs ������ 

2.2.1  ��������	
� 

~ 3�V�� 8YSZ�£�� LZO/8YSZ�� XRD

~(~ 3a �V�� 8YSZ ��ó�º���ó�ôF

����#$ 100 h PO'+LM	NOPQR ZrO

2

�t′-ZrO

2

�7TUXR ZrO

2

�c-ZrO

2

�OY'(ó�\

]�#$LP!O'+¹·le P$(�/�QR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  TBCsTHk�� 

Fig.2  As-deposited cross-sectional microstructures of TBCs: (a) single 8YSZ, (b) local amplification of bond-coat, (c) double  

LZO/8YSZ, and (d) local amplification of top-coat 
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Table 4  Hardness, surface roughness and porosity  

values of TBCs  

Coatings 

Hardness/ 

GPa 

R

a

/ 

µm 

Porosity/

% 

NiCoCrAlY bond-coat 3.62 10.23 3.5 

8YSZ single top-coat 7.20 6.77 11.8 

LZO/8YSZ double top-coat 7.85/7.20 9.26 12.2 
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� 3  HIMN�of� XRD�� 

Fig.3  Surface XRD patterns of single 8YSZ (a) and double 

LZO/8YSZ (b) TBCs before and after isothermal oxidation 
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Fig.4  SEM images of cross-section of single 8YSZ (a) and 

double LZO/8YSZ (b) TBCs after oxidation for 100 h 
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1100 vhiMN¡¢tEx�£¤ 

Fig.5  Relative mass gain curves of 310S substrate, single 8YSZ 

and double LZO/8YSZ TBCs at 1100 v 
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� 6  ��� 8YSZ ���� LZO/8YSZ ������	 TGO 
� SEM � 

Fig.6  SEM images of TGO after 5 h (a, e), 25 h (b, f), 50 h (c, g) and 100 h (d, h) oxidation: (a~d) 8YSZ and (e~h) LZO/8YSZ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  ��� 8YSZ ���� LZO/8YSZTBCs �� 100 h 	 TGO 
� EDS �����  

Fig.7  EDS element mapping of different zones of single 8YSZ (a) and double LZO/8YSZ (b) TBCs after 100 h oxidation
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Fig.8  TGO thickness distribution chart of single 8YSZ (a) and  

double LZO/8YSZTBCs (b) 
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Fig.9  TGO growth kinetics of single 8YSZ and double 

LZO/8YSZ TBCs after isothermal oxidation at 1100 2 
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Fig.10  SEM image of bond-coat (a); the relationship between β 

phase depletion distance of bond-coat and the oxidation 

time (b) 
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Inhibition Behavior of LZO on the Oxidation of Bond-coat in 

Thermal Barrier Coatings 

 

Li Wensheng, Yang Lexin, An Guosheng, Cheng Bo, Feng Li, Zhang Yi 

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology,  

Lanzhou 730050, China) 

 

Abstract: In order to clarify the inhibitory effect of LZO (La

2

Zr

2

O

7

) on the oxidation of bond-coat in thermal barrier coatings (TBCs), 

NiCoCrAlY bond-coat was deposited on 310S substrate by detonation gun spraying, and single ceramic 8YSZ coating and LZO/8YSZ 

double ceramic coating were deposited by air plasma spraying. The microstructure and phase structure of TBCs before and after high 

temperature oxidation were analyzed by SEM, EDS and XRD. The results show that the relative oxidation mass gain of the double ceramic 

LZO/8YSZ and the single ceramic 8YSZ structure are 2.82 and 3.13 mg/cm

2

, respectively. Their TGO (thermally grown oxide) growth rate 

constant K

p

 is 5.79×10

-2

 and 6.26×10

-2

 µm

2

/h, respectively. And the corresponding thickness distribution range is 3.75~5.25 µm and 5~5.5 

µm, respectively after isothermal oxidation (100 h) at 1100 °C. Compared with the single ceramic 8YSZ TBCs, TGO exhibits obvious 

characteristics which are less oxidation mass gain, lower growth rate, and slower β phase transition in bond-coat of the LZO/8YSZ double 

ceramic TBCs. 

Key words: D-gun; LZO/8YSZ double ceramic coating; 1100 ºC isothermal oxidation; TGO 
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