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Table 2  Parameters of air plasma spraying 
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� 1  1100 �W?@Aj"�� 

Fig.1  Isothermal oxidation mass gain curves at 1100 � 
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Fig.2  Fitted isothermal oxidation kinetics curves at 1100 � 

X�4+,�lª TGO��`e�¾�Ì YAG/8YSZ

úPQ����[=×+,:}`u$eÆzÇÛÜ

YAG� +:}��Üy TCJÃ-nÝl®�q YAG

�HJY34XÁÆZ3h0$ 

�����YAG ��
�������� 

¹ 3e YAGRSRYAG/8YSZúPQ TBCsD�

ÞR1100 ¯-�+, 100Y 200 hf�O XRD¹²$

A¹ 3�»�YAG�-�+,_fÄe Y

3

Al

5

O

12

J�

Ä&Ö�tu4Jjk:�§%&�3 YAG£à+,

9:³ßðr4+²³:$¹ 3ðRSÞ YAGª¨à

#�Ý¶�
D�Þ�le-BCD�³ßð��3

¹·áâ���J���ãJ7�BJ*¶

[31]

$-�

+, 200 hf�YAGª¨àÝ¶�#�leÅ���

+,4ÆZ�YAG �ð4�Bäå��3£XBý

æ�XB�Ö����Ù+:}Öu

[16,31]

�§q
 TBCs

×+,~Óçl®$ 

¹ 4a7 4bh�eYAG/8YSZúPQ����D�

ÞT 1100 ¯-�+, 200 hf®Oèé$A¹�»�

PQ��D�Þ7+, 100 h fÄÅ�m»êÙ4¥

¦�eëÊ4 APS D�PQ�XÁ$êëìD�Þ7

+, 200 h f YAG PQ��Ä¥¦6A 11.7%ü 

10.3%�§~A
��� YAG���3zk4ØX*

¶

[16,31]

�¶ì4 YAG��ñÓç
 í+4²³$h0

�e�Å+,��
��YAG��Ö¶ì� +:}Ö

u$e3:��� YAG � +qWX�×+,Ze4

î��ÆzÇg,��3 TGO��³ßY��56$ 

�����TGO ������������ 

¹ 5 e 8YSZ ºPQ����D�Þ7 1100 ¯

-�+,����f4 TGO34VW$A¹ 5�»�

D�Þ��ï�WX��O�]3z���4+,ð

ñ�TGO��§�+,ñ�f�4-�+,³ßð�ò

����$���e�WX�ðóôõe� Al4 β-NiAl

J

[32,33]

�	 1100 ¯-�+, 200 h³ßð�Å� TGO

���öÄÅÓ β-NiAl J4l¦��ÝWX��+,

³ßð��3JÃ7¯®4âã$ª¿�A¹ 5b~5d

�»�+,_÷ β-NiAl J��¹·l¦�A
�]4

¶ì4+,ðñøù�WX��O�Ó5 í3WX�

¯®4ÆzÇâã1s¶4¹·+,$A¹ 5e �»�

Å�+,4�òÆZ�8YSZºPQ����-�+,

50 hf�8YSZ/TGOúOíý3ûôõHf�	Å�+

,4ÆZ��h°�ò�»��¹ 5f*�$ 

eh0+,³ßð¯®âãY TGO]h�q¹ 5

ð 8YSZºPQ�����+, 50 h¶3VWÆZ3

EDS O´h0$�¹ 6 *��8YSZ ºPQ����

& 1100 ¯+, 50 hfíý���4ûôõHf�� 

20 40 60 80 100120 140160 180200

1

2

3

4

5

 

 

Time/h

M
a
s
s
 
G
a
i
n
/
m
g
·
c
m

-
2

 Substrate

 NiCoCrAlY

 Sing le 8YSZ

 Double YAG/8YSZ

 

Slow mass gain stage

Instantaneous mass gain stage

2 4 6 8 10 12 14

1

2

3

4

5

 

 

(
∆
M
/
A
)
/
m
g
·
c
m

-
2

(Time/h)

1/2

 Substrate

 Parabola fit

 NiCoCrAlY

 Parabola fit

 Single 8YSZ

 Parabola fit

 Double YAG/8YSZ

 Parabola fit



�3964�                                          �������	
                                           � 48� 
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Fig.3  Surface XRD patterns of YAG powder, YAG/8YSZ double 

ceramic TBCs as-sprayed and after isothermal oxidation at 

1100 � for 100 and 200 h 
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 4  YAG/8YSZ��� TBCs��� 1100 ����� 200 h

!�
 

Fig.4  Cross-section morphologies of YAG/8YSZ double ceramic 

TBCs as-sprayed (a) and after isothermal oxidation at 1100 � 

for 200 h (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 5  8YSZ"��#$�%����1100 &���� 1�5�10�50 200 h�' TGO()*+ 

Fig.5  Morphologies of TGO for 8YSZ single ceramic thermal barrier coating as-sprayed (a), and after isothermal oxidation at 1100 & 

for 1 h (b), 5 h (c), 10 h (d), 50 h (e) and 200 h (f) 
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 6  1100 &���� 50 h� 8YSZ"��#$�%' EDS�56 

Fig.6  EDS plane scan of 8YSZ single ceramic thermal barrier coatings after isothermal oxidation at 1100 & for 50 h 
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 7  YAG/8YSZ���#$�%����1100 &���� 1�5�10�50 200 h�' TGO()*+ 

Fig.7  Morphologies of TGO for YAG/8YSZ double ceramic thermal barrier coating as-sprayed (a), and after isothermal 

oxidation at 1100 & for 1 h (b), 5 h (c), 10 h (d), 50 h (e) and 200 h (f)  
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Fig.8  TGO growth curves of 8YSZ single ceramic and YAG/ 

8YSZ double ceramic thermal barrier coatings after iso- 

thermal oxidation at 1100 & 
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Fig.9  Fitting kinetics curves of TGO after isothermal oxidation 

at 1100 & 
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Fig.10  Cross-section morphologies of 8YSZ single ceramic TBCs (a~c) and YAG/8YSZ double ceramic TBCs (d~f) after isothermal 

oxidation for 50 h (a, d), 100 h (b, e) and 200 h (c, f) 
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Isothermal Oxidation Properties of YAG/8YSZ Double Ceramic 

Thermal Barrier Coatings 

 

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

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

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: The high temperature oxidation resistance of YAG/8YSZ double ceramic and 8YSZ single ceramic thermal barrier coatings 

system were analyzed. The bond-coat (NiCoCrAlY) was deposited on a 310S heat-resistant stainless steel substrate by detonation gun 

spraying, and YAG/8YSZ double ceramic and 8YSZ single ceramic thermal barrier coatings were deposited on the bond-coat by air plasma 

spraying (APS). The cross-section and surface characteristics of the coating were analyzed by SEM and XRD before and after oxidation. 

The oxidative mass gain kinetics, microstructure, phase of the YAG ceramic layer, and the TGO growth process and growth kinetics of the 

two thermal barrier coating systems were comparatively investigated after isothermal oxidation at 1100 °C. The results show that the YAG 

ceramic layer shows no obvious phase transformation after isothermal oxidation at 1100 °C for 200 h, and the porosity is slightly reduced. 

The oxidation mass gain rate and TGO growth rate of YAG/8YSZ double ceramic layers system are 1.7 times and 1.4 times lower than 

those of 8YSZ single ceramic layer system, respectively. The double ceramic layer system shows lower β-NiAl phase consumption rate and 

island oxide growth rate, which results in a better high temperature oxidation resistance. 

Key words: thermal barrier coatings; isothermal oxidation; APS; TGO; YAG 
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