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Basic understanding and modelling
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Microscopy

High resolution TEM EBSP map

Limited to inspections of 
2D planes (maybe 2½D)
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Limitations using serial sectioning

• No information between sectioning planes

• No kinetics, only post mortem inspections

�Ÿ statistical characterization of processes
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Need for Non Destructive 3D 
characterizations of microstructures

• Neutrons
• High energy X-rays mostly from synchrotron 

sources
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High energy x-rays (50-100 keV)
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Tomography

Glass fibre with a
diameter of 15�Pm
Energy 22 keV
Pixel size of 3 �Pm
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3DXRD
Non-Destructive 3D Microscope 

for in-situ Characterisation

�ƒMicrostructure measurements by orientation contrast of 
single phase polycrystalline materials

�ƒ �Pm Spatial Resolution
�ƒBulk Penetration (0.1 mm – 1cm)

Non-Destructive
�ƒFast Measurements (seconds – minutes)
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2 sinnkld �T �O� Bragg law for diffraction
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Reconstruction by ART
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Single Grain in the Bulk of an Al Sample
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3DXRD Specifications

Experimental Conditions:
�ƒ Energy Range 50 – 100 keV
�ƒ Flux 1011 – 1012p/s

Measurements of:
�ƒ Position and Volume
�ƒ Crystallographic Orientation
�ƒ Elastic Strain
�ƒ 3D Shape

Spatial Resolution
�ƒ Mapping Precision 1�Pm x 5 �Pm x 5 �Pm
�ƒ Min. Size 0.10 �Pm (no mapping)
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3DXRD resolution

Spatial: - 1 – 10 �Pm                    5 �Pm

Temporal: msec –sec 30 sec 1 hour

?
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Examples of Studies by 3DXRD

3DXRD3DXRD

Grain Maps

Growth during
Recrystalisation

Nucleation

Strain in
Single Grains

Phase
Transformation

Crystal Structure
Refinement

Grain Rotations
During Deformations Domain Switching
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Plastic Deformation
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Rotation pathway of the tensile axis
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Tensile strain: 6%
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Correlation with initial orientation

• Chaotic
• Towards <100>-<111>
• Along <100>-<111>
• Towards <111>
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Winther, G. Margulies, L., Schmidt, S., Poulsen, H.F., 2004, Lattice rotations 
of individual bulk grain Part II: Correlation with initial orientation and model 
comparison. Acta. Mater. In press.
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JOM forside
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Elastic Strains

3DXRD allows in-situ determination of
strain tensors of bulk individual grains.
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Sample: Al 1050 grain size 70 µm 

Experiment: -44° �” �Z�” 46°, load to  2%
10-27 diffraction spots/grain (average 18)
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R.V. Martins et al. Mat.Sci.Eng. A237-238 (2004), p. 84.

Orientation of tensile axis 
with respect to the 
individual grains
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R.V. Martins et al. Mat.Sci.Eng. A237-238 (2004), p. 84.

Axial

inloading

transverse
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R.V. Martins et al. Mat.Sci.Eng. A237-238 (2004), p. 84.

2 different 
grains – almost 
same response

larger
response
than (a)

axial/transverse exhibited, as expected the strongest response elastically
isotropic
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• Strain tensors can be determined in-situ for 
individual bulk grain

• Grains with similar initial orientations behave 
similarly whereas differences exist between 
grains of different orientations.

• , can be improved with larger 

�Z-scans, i.e. more than 18 reflexes per grain.
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Plastic Strains

3DXRD allows in-situ peak shape
analysis of individual bulk grains
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In-situ XRD investigations

Ultra-high angular 
resolution 0.001°=4�À
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Recrystallization
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Fundamental Questions

Do all nuclei grow with the same speed, 
irrespective of their crostallographic

orientation?

Or

Do nuclei with certain crystallographic 
orientations grow faster than others? 

(oriented growth)
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Kinetics of individual nuclei in the bulk

Al polycrystal cr 90% anneal in situ at 290°C
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3DXRD Kinetics of individual grains 
in the bulk
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In-situ mapping in 3D
of a growing nucleus

Al single crystal ~ Goss orientation cr 40%
Nucleation controlled by hardness indents.
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Schmidt, S., Nielsen, S.F., Gundlach, G., Margulies, L., Huang, X., Juul Jensen, D., 
Science, 2004, 229-232.
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Story board from Søren S



70

fra årsmødet fra Rasmus
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Looking for crystallographic facets

Are there facets?
How do they migrate?

Method as suggest by
D.J. Rowenhorst et al. Scripta Materialia 55 (2006) p. 11-16

and work done in collaboration with D.J. Rowenhorst, 
Naval Research Lab.
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• Calculate the normal for each 
interface polygon (triangle).

• Triangle normals for each 
crystal are plotted on a unit 
sphere & then binned 
(weighted by the triangle 
area).

• Result projected onto 
stereologic projection to 
provide representation of 3D 
interface orientation.

Crystallographic Interface 
Normal Distribution
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Crystallographic Interface Normal Distributions

Some representative examples for simple shapes:

Slide from D.J. Rowenhorst
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Diffraction spot,
cross section of the grain

Texture components of
the deformed microstructure

Cells in the deformed microstructure 
- located in the illuminated region of the sample 
- fulfilling the Bragg criterion

contribute to the size and intensity distribution of the diffraction spot.

Clearly it is not possible to identify the contribution from the individual cells, 
but the diffraction spot itself can serve as a “photographic negative” of the 
recrystallizedvolume.

Metal Structures
in
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Metal Structures
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Beam

Gauge volume: 1000 x 680 x 220 ��m3
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Conclusions

• For many types of investigations 3D 
characterizations of microstructures are 
necessary

• 3DXRD offers a method for in-situ non-
destructive 3D (4D microstructural 
characterization

• Beamtime at the 3DXRD or at any other 
beamline at ESRF or other synchrotrons are 
available based on applications and peer-views.


