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Deformation processes are generally complicated due to 
frictional effects and flow instabilities causing texture 
gradients! 
 
- tension 
 necking (+ shear banding (SB))  
- compression 
 friction at anvils (+ SB) 
- torsion 
 per se strain gradient (+ SB) 
- bending 
 per se change from tension to compression + SB 
- wire drawing, extrusion 
 friction at die walls (+ SB)   
- rolling 
 friction at rolls (+ SB)   
- equal channel angular pressing (ECAP) 
 friction at channel walls (+ SB) 
 
texture          properties          property gradient   
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Origin of texture gradients 



Radiation        Beam size           Grain statistics 

      d1/2 

X-rays (soft) 1-50 mm cm2 

X-rays (hard) >1 mm  mm2 

neutrons >1 cm  cm2 

electrons < 1 mm  100 nm2 problem 

 

 

Examples: 

 

Texture gradient in ECAP by diffraction of synchrotron radiation 

 

Texture gradient in HPT nanomaterial by X-ray microdiffraction 

3 

Requirements for measuring specific 

texture gradients by diffraction 
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Experimental station BW 5 at HASYLAB 
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Diffraction of synchrotron radiation  

at BW5, DESY/HASYLAB in Hamburg 

 



plasticine in ECAP die 

ECAP: friction 
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ECAP: sampling  
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Texture measurements with  

synchrotron radiation 
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• read out of intensities along  

  each Debye-Scherrer ring in steps of 5° 

• intensity values are copied into the  

  corresponding pole figure on an 

  irregular grid 

• interpolation on a regular 5°x 5° grid 

Data analysis 
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Cu (route A, 1 pass): synchrotron texture 
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Cu (route A, 3 passes): synchrotron texture 
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Cu: intensity of texture components 
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Cu: deviation from ideal components 

Negative 1 values indicate shift  

from ideal positions to the left in ODF 



Tóth‘s flow line model of ECAP (I)  



Tóth‘s flow line model of ECAP (II) 



0 

2 

4 

6 

8 

10 

12 

-2 0 2 4 6 8 10 12 

           60 MPa BP 

20 

18 

15 

12 

10 

10  

8 

6 

Flow line fit 

n 
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Comparison experiment - simulation  

30 MPa BP, oct. + non-oct. slip 
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2=45° 2=0° 



Comparison experiment – simulation  

60 MPa BP, oct. + non-oct. slip 
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 Initial 
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Motivation 

Grain size  

softening 

„Inverse 

 Hall-Petch“ 

amorphous limit 

Grain size  

hardening 

„Hall-Petch“ 

1 nm 

sy = s0 + kd-1/2 

s
y
 

Pd 
Cu 

Ni 

 III 

 II 

I 

d-1/2 [nm-1/2] d-1/2 [nm-1/2] 

                       d [nm] 
400     100                25       16       11 

                   d [nm] 
25                16                11                                    6 
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nc sample preparation using  

inert gas condensation 

igc pellet 

Work in collaboration with Yu. Ivanisenko 

Ø = 8 mm 

  l = 0.3 – 0.5 mm 
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High pressure torsion (HPT) 

Pd-10at.%Au 

    

   
 
 
 

coarse grained, 100 mm 

nanocrystalline, 13 nm 

http://www.ipam.ugatu.ac.ru/spd.html 

Work in collaboration with Yu. Ivanisenko 

Twist angle / degree 

T
o

rq
u

e
 /

 N
m

 

P = 5 GPa 

g 
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Grain size – shear strain 
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9  
Texture measurement 

 

 

Microdiffraction by XRmD² 

[He, 2009] 

Bruker AXS D8 Discover 

Equipment: 

  Eulerian cradle with xyz-stage 

  Laser-video microscope 

  Low-power microfocus X-ray tube IμS 

  2D detector VÅNTEC 2000 

 

   

financed by 

 

correlated & spatially resolved 

 texture  

 stress 

Aims 1 

2 
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4 
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Measuring principle 
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Texture after a shear strain of 12.6 
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Texture components in simple shear  

deformed fcc metals 



26 

Texture development with shear strain 
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Texture development with shear strain 

d = 20nm 
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Modelling of texture development  

Contribution of GBS to total strain: 30% 
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• Choice of radiation, beam size, grain statistics are important for 

  measuring texture gradients. 

 

• Texture gradients in deformed polycrystals are more the rule than  

   the exception.  

 

• Texture gradients lead to gradients in anisotropic properties.  

    

• Texture gradients in torsion deformed samples can be used to show  

   the texture deveopment with shear strain. 

 

 

 Conclusions 
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Thank you for your kind attention ! 
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