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üPure copper can be  highly refined into a homogeneous 

and uniform nano-structure by CEE processing. 

 

ü After CEE processing of Cu the initial {111} fiber texture 

changes into a {100} and {111} double cyclic fiber texture. 

The {100} fiber becomes strong only after  eight passes. 

 

üIn spite of the reverse-deformation mode in each cycle, a 

texture characteristic to extrusion develops in copper. 

The evolution of the crystallograpgic 

texture and the microstructure was 

investigated in pure copper subjected 

to severe plastic deformation in cyclic 

expansion-extrusion(CEE). 

Publication: N. Pardis, C. Chen, M. Shahbaz, R. Ebrahimi, L.S. Toth, Development of new routes of severe plastic deformation through cyclic expansion-extrusion 
process, Materials Science & Engineering A, 613 (2014) 357-374. 
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Average grain size 
decreases from 7 
˃Ƴ to 500 nm in 
16 passes. 
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ü Texture in Pole Figures 
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ü Texture in Inverse Pole Figures 

Initial 

   

4 pass 

   

8 pass 

   

 
 

1 pass 

    

16 pass 

   

1 pass 

   

16 pass 

   

 
 

16 pass 

T
D
 

ED 

16 pass 

N
u

m
b

e
r 

fr
e

q
u

e
n

cy
 d

e
n

si
ty 

N
u

m
b

e
r 

fr
e

q
u

e
n

cy
 d

e
n

si
ty 

Grain size [micron ] Grain size [micron ] 

1 pass 

T
D
 

ED 

 
 

1 pass 


