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« 1  NASA¬® SiC)*"��/�./¯$mn|} 

Fig.1  Interface reaction between SiC fiber and different superalloys during HIP in NASA report: (a) SiC-Haynes 188, (b) SiC-Waspaloy, 

and (c) SiC-Hastelloy X
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Table 1  Mechanical property comparison between SiC fiber reinforced Waspaloy with HfC interface coating and Waspaloy

[25]
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« 2  SiC)*" GH4738�±²6³´./µmn|}¶· 

Fig.2  Reaction interface between SiC fiber and GH4738 matrix after HIP
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Fig.3  Interface reaction of SiC fiber/interface coating/GH4738 system after HIP: (a) TiC coating and (b) Ti
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Al coating
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« 4  W¼ SiC)*"��/��±½¾ 1050 �/2 h²6³´./µ|}mn¶· 

Fig.4  Interface reaction between SiC fiber and Ni (a), Co (b), Fe (c) after 1050 �/2 h HIP 
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Fig.5  Interface reaction between SiC fiber and Cr (a), Mo (b), Nb (c) after 1050 �/2 h HIP 
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Fig.6  Interface reaction between SiC fiber and 80Ni20Cr (a), 80Ni20Mo (b), and 80Ni10Cr10Mo (c) after 1050 �/2 h HIP 

20 µm 

a 

100 µm 

b Mo-rich carbide 

WC 

Residual  

W core 

Ni

2

W

4

C 

2 µm 

100 µm 

c 

Ni

5

Si

2

+graphite 

Residual 

W core 

10 µm 

Cr-rich carbide 

Complicated 

compound 

of Ni-Cr-Si-C-Mo 

Original region  

of SiC 

Ni-SiC 

reaction 

Cr-rich carbide 

Ni-Cr-Si 

solid solution 

5 µm 

a

1

 

b

1

 

c

1

 



©356©                                         ª��-
�"#$                                             � 50� 

 

 

 

 

 

 

 

 

« 7  W¼ SiC)*" 80Mo20Ni¿¯ 1050 �/2 h²6³´./µHmn|}¶· 

Fig.7  Interface reaction between SiC fiber and 80Mo20Ni after 1050 �/2 h HIP 
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« 8  SiC" Ni8 1050 �mn|}HÀÁÂÃ�Ä 

Fig.8  Simulation result of interface reaction between SiC and Ni 

diffusion couple at 1050 �  
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Fig.9  Diffusion distance-time curves for interface reaction 

between SiC and different metals obtained by diffusion 

couple

[33, 36-38]
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Table 2  Melting point and temperature at which metals react 
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Table 3  Parameters of interface reaction between SiC and metal 

Metal k/m
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·s
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 k

0
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·s
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 Q/kJ·mol
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 Reference and note 

 

1.089×10

-3 
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1075   8� ×10

-16
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Cr  

2.56×10

-8
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-5
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[33] 

Nb 
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Layer 1 (NbC

x
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-17

 

Layer 2 (NbSi

y

C

z

) 5.3×10
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Co   95 [42] 
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250 [43] 
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* Coefficient depends on reaction product 
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Feasibility Analysis of SiC Fiber Reinforced Superalloy-based Composite 

 

Jiang He, Wang Fa, Li Xin, Dong Jianxin 

(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: SiC fiber reinforced metal-base composite is more and more widely used in aerospace field for its higher temperature capability 

and lower density. SiC fiber reinforced Ti, Al, Mg based composites have prove to be a great success. But the usage temperature of these 

composites has been limited by the usage temperature of base metal. In order to further increase the temperature capability of SiC fiber 

reinforced metal-base composite and obtain high-temperature structural material with better properties, there are some attempts for SiC 

fiber reinforced superalloy-base composite at home and aboard. However, the development of SiC fiber reinforced superalloy-base 

composite is in slow development and there has almost no breakthrough success. The bottleneck for the development of SiC fiber 

reinforced superalloy-base composite is the interface reaction between SiC fiber and superalloy base. Many attempts (such as a variety of 

interface coatings) have been made to conquer this challenge, while no mature solution has been found. Hence, it is necessary to analyze 

the feasibility of SiC fiber reinforced superalloy-based composite. In this research, the origin and development of SiC fiber reinforced 

superalloy-based composites in past decades were narrated. The failure cases and reasons were summarized. Moreover, the attempts of 

interface coating and disadvantages of this method were analyzed. Experiments and simulations were carried out to investigate the 

interface reaction between SiC fiber and major superalloy elements. The results show that the reaction between SiC fiber and major 

superalloy elements is severe and cannot be avoided. Further analysis on the essence of severe reaction between SiC fiber and superalloy 

was made. The experiment and analysis show that SiC fiber and superalloy are intrinsically incompatible, and the interface reaction trend 

is severe. Interface coating can hinder the reaction in some extent. But the reaction trend is so severe that any minor failure of coating will 

result in catastrophic result. The above reasons indicate that it is difficult for SiC fiber reinforced superalloy-base composite to be used 

commercially in the near future. 

Key words: SiC fiber; superalloy; composite material; feasibility analysis 
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