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In this article, the structure of methods to produce ultrafine-grained (UFG) tubes is studied. The 
metallurgical and mechanical effects of these methods on the materials are fully investigated. Ultrafine 
grained materials have grains with an average size of 100-1000 nm. If the grain size is less than 100 nm, 
the material is classified as the nanostructure which has numerous applications in different industries 
such as aerospace, automobile, military and medical. Generally, the methods presented in this paper 
have been done on common materials like aluminum and pure copper and magnesium alloy AZ91. 
Generally, in severe plastic deformation (SPD) methods, very high strain applied to the material at low 
temperatures to change microstructure for ultrafine or nanostructure. Most severe plastic deformation 
methods are used for producing ultra-fine grain bulk, whereas the need for strong tube increased in the 
last decade. Therefore, types of researches were conducted to produce UFG tubes. Advances have been 
presented completely so that the advantages and disadvantages of each process are clearly comparable. 
Microstructural features, benefits ultrafine grained and nanostructured materials, improved mechanical 
properties will be discussed.Furthermore, this article reviews the refinement and deformation 
mechanisms, e.g. dislocation deformation mechanism, twin deformation mechanism, grain boundary 
sliding, etc. of SPD methods. 
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Fig. 1 Schematic vertical section of the experimental high-pressure tube 
twisting [10]. 

1 HPTT 
]10[.  

  
]10[ .

 
   .

)  
 ]46[ .

   
  

]48,47[.  

 .
 

]49[. 
2 

4 )30    .
 24 

 80.5 
]46[ .

 
   

4-2 - 1  
 

  .
3   . 

  .  
  .

   
 ]11[ .

  

 .         
  

 .         

1 Accumulative Spin-Bonding (ASB) 

]11[.  
 

   
  1.5 600 

4 150   .
2   9 

270  ]50[. 
4    

  
 ]6[.  

   .
 

]11[ .  
 

 ]51[.  

 2 Accumulative Roll Bonding (ARB)

 
Fig. 2 Micrographs obtained by EBSD from different points on tube 
thickness (a) near the inner surface, (b) in the middle, (c) near the 
outer surface [46]. 
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Fig. 3 (a) Schematic illustration of the spin-bonding and (b) tube 
spinning set up used for spin-bonding on lathe [11].  
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Fig. 4 TEM micrographs of specimens processed at different cycles of 
ASB [11] 
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Fig. 5 Schematic of TCP (a) beginning of the first pass, (b) the end of 
the first pass and (c) beginning of the second pass [12]. 
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Fig. 7 Effect of back pressure on the amount of waste materials 
( ) [53]. 
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Fig. 9 FESEM micrograph of the microstructure of (a) the initial as-cast 
material and (b) the processed tube along perpendicular to axis 
direction after first pass TCAP [57]. 
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Fig. 16 Stress-strain curves obtained from the tensile tests. 

16 -  

  
Fig. 17 Tensile fracture surfaces of AZ91 tubes (a) as-cast and (b) 
RTES processed [79]. 
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