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Texture and anisotropy of polycrystals

grain structure texture

texture forming
processes

anisotropic properties

directional solidification
deformation
recrystallization
etc.

elasticity
plasticity
magnetism
etc.



Evolution of typical microstructures in industrial
aluminium sheet production



Texture and anisotropy of polycrystals



Texture and anisotropy of polycrystals



Cast grain stucture and cast texture

Walton & Chalmers, 1959
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Crystallization

Stationary melt

Requirement for growth texture:
a) temperature gradient
b) anisotropic crystal growth � growth selection

Cast texture is correlated with dendrite alignment
� related to dendrite formation

Requirement for dendrite formation: 
thermally or constitutionally supercooled melt
ahead of growth front, negative T-gradien
Moving melt (laminar flow, e.g. magma flow)



Dendrite growth and cast texture

Wassermann 
& Grewen, 
1962



Plastic deformation

Orientation change through single slip of a single crystal

Models for deformation texture development of polycrystals:

1) Sachs (1928)
Stress equilibrioum: sg = s
� slip (in general single slip) on  slip system with highest Schmid factor
� Formation of overlaps and pores at grain boundaries

2) Taylor (1938)
Strain compatibility:  eg = e
� Activation of 5 independent slip systems (von Mises criterion)

independent º shape change through slip on this system should not be
achieved by combined slip on other systems. 
5 independent systems, because each grain should be able of a general
shape change, i.e. 5 independent components of the strain tensor (eik)
should be realized through slip on slip systems. 



Orientation change through deformation
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Training procedure
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Nanotwinning
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Crystallography of slip and twinning in cubic
metals



Tension textures of fcc metals

English & Chin, 1965

[111]

[100] [110]
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Orientation changes in tension
(FC Taylor) 

Chin et al., 1967



Young’s Modulus



Compression textures of fcc metals

Kocks et al., 
1994
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Deformation textures of fcc metals

Bacroix, 
1987



Microstructure in deformed metals
(cold rolled Cu) 

25%

98% 83%

18%

cell structure mirobands

mirobands shear bands
Humphreys 
& Hatherley, 
1995



Shear bands in rolled metals

Duggan et al., 1978

(110)[1-11] Cu single crystal
rolled 65% at 77K

70:30 brass 
rolled 50% at RT

Köhlhoff et al., 1988



Extrusion of aluminium profiles



Texture variation in extruded Al 
alloy profiles



Temperature, recrystallization and strength
evolution during coil annealing
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Compression and tension textures in a-Fe

compression tension

[100] [100][110] [110]

[111] [111]

Dillamore et al., 1974



RD

(0001) pole figures of rolled hexagonal 
metals

Hatherly & Hutchinson, 
1979

Zn
c/a = 1.856

high

Mg
c/a = 1.624
ideal =1.633

Ti
c/a = 1.588

low

TD



Requirements:

� high magnetocrystalline anisotropy

� highly mobile twin boundaries

� Low twinning stress 

� Training process

Magnetic field-induced strain



Texture inheritance
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Orientation description

� {hkl}<uvw>

� Pole figures

� Euler Angles

� Axis angle pair Rodriques-Frank vector

� Quaternions



Orientation matrix



Coordinate systems



[001][010] [010]

[100]

[100]

[011] [011]
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[101]

[110] [110]

[110] [110]

[111] [111]

[111] [111]

Crystallographic directions



Stereographic projection



Pole figures



Coordinate systems
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Stereographic projection
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Crystallographic planes



Experimental pole figures
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Euler Angles



Orientation distribution function



Orientation distribution function
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{110}<110> 
(0 | 90 | 45) 

jjj j 2 2 2 2 = 45°= 45°= 45°= 45°    jjj j 1111    

FFFF     

{111}<112> 
(30 | 55 | 45) 
(90 | 55 | 45) 

{111}<110> 
(0 | 55 | 45) 
(60 | 55 | 45) 

 

{110}<100>, Goss 
(0 | 45 | 0) = (90 | 90 | 45) 

35
,3

° 
35

,3
° 

{100}<110> 
rotated cube 
(0 | 0 | 45) 

{100}<100>, cube 
(0 | 0 | 0) = (45 | 0 | 45) 

{112}<110> 
(0 | 35 | 45) 

35,3° 

19
,5

° 

{112}<111> 
copper 

(90 | 35 | 45) 

{110}<112>, Brass 
(35 | 45 | 0) = (55 | 90 | 45) 

Key figure
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Sample symmetry (orthorhombic)



Sample symmetry – monoclinic

Microstructure – EBSD: longitudinal  
and cross sections

High Pressure Torsion (HPT)
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Sample symmetry - triclinic

ECAP
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