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Table 1  Preparation parameters of SiC coating 

Deposition 

temperature/� 

Ratio of H

2

/Ar 

Deposition 

time/h 

1600 9:1 1.0 

 

�.ûüýþ ZrO

2

�����ýþ�¾����

!	
ý�: Ar�!��� 1400 ;5
���~�

2 YúÕÙìù�()��°x�¾���ÕÙq	

�@ 10 h������� Ar��u������5

:70±u���*��O 15 min�� 15 min��

�Åº��wV��5 

70��ûü��������*+ZK� �

¾¶�!�ZEISS Stemi 2000-C � FEI Quanta 200 

FEG "M#$%&'¶�!wV�(�¿)5ZK

Thermo Scientific Escalab 250Xi *+&'�,-

�X-ray photoelectron spectroscopy, XPS º��0æ 

 

 +"",-./)*0,-$12"

Table 2  Experimental parameters of oxidation process and 

the thickness of oxide layer 

Sample 

No. 

H

2

O vapour 

concentration/g·m

-3

 

Carrier flow/ 

L·min

-1

 

Thickness 

µm 

1 5 Air 1.8 1.7~1.9 

2 10 Air 1.8 2.9~3.1 

3 50 Air 1.8 1.6~1.8 

4 100 Air 1.8 3.0~3.2 

5 10 He 1.8 0.8~1.0 
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± 1  SiCSTk��²6� 

Fig.1  Morphologies of SiC coating 
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± 2  SiCST¶��²6� 

Fig.2  Morphologies of section of SiC coating 
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± 3  SiCST4 1400 V� YZE·¸N\E`RC 10 h|Nk��²6� 

Fig.3  Morphologies of surface of SiC coating after oxidation at 1400 V for 10 h in wet air with different water vapour contents: 

(a, b) 5 g/m
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; (c, d) 10 g/m
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; (e, f) 50 g/m
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; (g, h) 100 g/m
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± 4  SiCST4 1400 �YZE·¸b 10 g/m
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Fig.4  Morphologies of SiC coating after oxidation at 1400 V for 10 h in wet He with 10 g/m
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± 5  SiCST4 1400 V� YZE·¸N\E`RC 10 h|N¶��²6� 

Fig.5  Morphologies of section of SiC coating after oxidation at 1400 V for 10 h in wet air with different water vapour contents: 

(a, b) 5 g/m

3

; (c, d) 10 g/m

3

; (e, f) 50 g/m

3

; (g, h) 100 g/m
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Fig.6  Morphologies of section of SiC coating after oxidation at 1400 V for 10 h in wet He with 10 g/m
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± 7  ¹º SiCSTN XRD� Raman»± 

Fig.7  XRD pattern (a) and Raman spectrum (b) of the surface of 

original SiC coating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

± 8  SiC ST4 1400 V� YZE·¸N\E`RC 10 h
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Fig.8  XRD patterns (a) and Raman spectra (b) of the surface of 

SiC coating after oxidation at 1400 V for 10 h in wet air 

with different water vapour content 
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Fig.9  XRD pattern (a) and Raman spectrum (b) of SiC coating 

after oxidation at 1400 # for 10 h in wet He with 10 g/m
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Oxidation Behavior of Dense SiC Coating in Water Vapor 

and Its Mixed Atmosphere with Air 

 

Yang Hui, Zhou Ping, Zhang Kaihong, Li Ziqiang, Liu Xiaoxue, Zhao Hongsheng 

(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China) 

 

Abstract: A dense SiC antioxidant coating was prepared on substrate graphite sphere by fluidized bed chemical vapor deposition process. 

And its oxidation behavior and mechanism at 1400 °C were analyzed. The results show that the atmosphere has a significant effect on the 

oxide layer thickness. In the case of single steam, the thickness of the oxide layer obtained is thinner than that in the mixed atmosphere. 

The sample oxidized by single steam has a smoother surface, slighter point cracks and smaller linear cracks than that oxidized by mixed 

atmosphere. The oxidation of dense SiC coatings occurs on the surface without destroying the structure of the dense layer. The oxidation 

mechanism analysis shows that the surface morphology, crack formation and thickness change of the dense SiC coating are all related to 

the oxidation competition reaction and oxidation intermediates. In the oxidation process of dense SiC coatings in different environments 

such as air and water vapor, a SiO

2

 self-healing layer with a certain thickness can form on the surface. After 10 h of oxidation, the 

oxidation depth of the coating is only within 3.5 µm of the surface, and the structure of the dense layer is not destroyed. 

Key words: high temperature gas cooled reactor; SiC; antioxidation; mechanism 
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