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Fig.1  XRD patterns of Nb-20Si composites with different CNTs  

contents 
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Fig.2  SEM images of Nb-20Si composites with different CNTs contents: (a) 0%, (b) 1%, (c) 2%, and (d) 3%£
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Table 1  Test results of actual density of the samples 
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Fig.3  Stress-strain curve of composite 
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Fig.4  Compressive strength of Nb-20Si composite 
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Fig.5  Fracture toughness of composites with different CNTs 

contents 
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Fig.6  SEM images of fracture morphology of composites with different CNTs contents: (a) 0%, (b) 1%, (c) 2%, and (d) 3% 
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Abstract: The Nb/Nb

5

Si

3

 in-situ composite material strengthened with multi-walled CNTs was prepared by Spark Plasma Sintering (SPS). 

The effects of CNTs content on microstructure and properties of Nb/Nb

5

Si

3

 in situ composites were investigated. The results show that the 

composites are composed of Nb, α-Nb

5

Si

3

, and γ-Nb

5

Si

3

 phase. When the addition of CNTs reaches 2 wt%, a new phase Nb

4

C

3

 is formed 

in the composites. The compressive strength and fracture toughness of the composites increase obviously with the increase of CNTs 

content. When the addition of CNTs is 2 wt%, the compressive strength and fracture toughness reach the maximum values, which increase 

by 56% and 31%, respectively. When the CNTs content is 3 wt%, the compressive strength and fracture toughness decrease. SEM fracture 

images show that the fracture appearance of the composites consists of brittle cleavage fracture and partial intercrystalline fracture. The 

toughening mechanisms of composites are mainly due to pull-out and bridging of the CNTs. 

Key words: Nb/Nb
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Si
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 in-situ composites; MWCNTs; mechanical properties; spark plasma sintering 
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