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 1  6061Al!�"#$� 

Table 1  Chemical composition of 6061Al alloy (ω/%) 

Si Fe Cu Mn Mg Cr Zn Ti Al 

0.6 0.7 0.25 0.15 0.8 0.1 0.25 0.15 Bal. 

 

 2  B

4

C%"#$� 

Table 2  Chemical composition of B

4

C (ω/%) 

B C Ca Fe Si F Cl 

80.0 18.1 0.3 1.0 0.5 0.025 0.075 
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Fig.1  Machined tube blank size (a) and schematic of the fabricated B

4

C/Al tube (b) 
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Fig.2  SEM images of B

4

C/Al tube with different spun deformation: (a) 50%, (b) 70%, and (c, d) 90% 
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Fig.3  Microstructures (a) and EDS linescanning (b) of interface bonding 
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± 4  B
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C/Alf: TEMhijkY·´ EDS5a»¼½ 

Fig.4  TEM images of the spun B

4

C/Al tube: (a) interface between B

4

C and Al matrix; (b) high magnification of Fig.4a 
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Table 3  EDS results of different points in Fig.4 (at%) 

Element Al Cu O B Si C 

Point A 98.1 1.4 0.6 - - - 

Point B 78.2 1.3 - 18.8 - 1.7 

Point C 26 1.1 0.2 69.3 0.2 3.3 
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Fig.5  Schematic sketches of the discharge among particles 
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Fig.6  SEM image of the discharge 
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Fig.7  Strain-stress curves of B

4

C/Al tube with different spun  

deformation 
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± 8  VWOPXYZ«¿¦ÀY·. 

Fig.8  SEM images of fracture surface of B

4

C/Al tube with different deformation: (a) 50%, (b) 70%, and (c, d) 90% 
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± 9  VWXYZce
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Fig.9  Grain size of Al alloy (a, c, e) and particle size of B

4

C (b, d, f) with different deformation: (a, b) 50%, (c, d) 70%, and (e, f) 90% 
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Fig.10  Fracture surface and fracture processes of B

4

C particles: (a) B

4

C particles fracture, (b) microcracks resulting from the broken B

4

C, 

(c) microcracks propagation, and (d) microcracks connection 
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Influence of Spinning Deformation on Microstructures and Tensile Properties of  

B

4
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Abstract: The B

4

C particles reinforced aluminium matrix composite tube with different deformation was fabricated by spark plasma 

sintering (SPS) followed by asynchronous offset spinning. The effects of deformation on microstructure and mechanical properties of the 

composite tube were investigated. Results show that distribution of the B

4

C particles changes from net-like to relatively homogeneous in 

the aluminium matrix with the spun deformation increasing. Metallurgical bonding forms on the interface between B

4

C and aluminium; the 

local high temperature of the interface between particles caused by the top discharge between particles during SPS processing promotes 

the interface bonding. The interface mainly consists of AlB

2

 and Al

3

BC phase. With the deformation increasing, the aluminium grain and 

B

4

C particle are decreased in size. However, the large sized B

4

C particle fracture weakens the function of the fine-grain strengthening and 

particles strengthening for the tensile strength. 

Key words: spark plasma sintering; asynchronous offset spinning; B

4

C aluminium matrix composite tube; interface bonding 
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