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X-ray nanodiffraction meets materials science
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S. Storm, Master Thesis, University of Kiel (2012)
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J. Keckes, A. Riedl, et al.
Montanuniversitit Leoben, Erich Schmid Institute

TIAIN coating deposited by
cathodic arc evaporation

TiN coating
WCL/Co substrate

Krywka et al., Journal of Applied Crystallography 45, 85 (2012)
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Riedl et al., Surface & Coatings Technology 257, 108 (2014)
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Riedl et al., Surface & Coatings Technology 257, 108 (2014)

Hollerweger et al., Acta Materialia 83, 108 (2014)
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elastic material properties
from isotropic load

hydrogen embrittlement can
be studied ,,in operando
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high pressure nanodiffraction

pressure

CCD
detector

Applications of HP diffraction:

Krywka et al.
Macromolecules 47, 7187 (2014)

Ene, Krywka et al.
Polymer 53, 5507 (2012)

Krywka et al.
Chem. Phys. Chem. 4, 28049 (2008) ,
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A. Zeilinger, J. Keckes et al.
Montanuniversitit Leoben, Austria
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i) Broadening of the diffraction rings: Strain 2»4 3vd order

i) Shift of the intensity maxima: Crystal rotation

(if) Changes in ring shape: Macroscopic strain / Elastic response
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£ = strain tensor

o = stress tensor
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S. Hrkac, B. Murphy
Christian-Albrechts-Universitit Kiel

ZnO needles
(piezoelectric)

coated with METGLAS &
(magnetostrictive)
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Hrkac et al., Appl. Phys. Lett. 103, 123111 (2013)
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Small(er) beams:

kinoform lenses and
adiabtic lenses

New methods:
grain mapping
high(er) pressure

Source: www.pni-hdri.de
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summary

nanodiffraction € materials science

Po3 Nanofocus € in situ methods

we can resolve

strain fields, texture, crystal structure ...

with sub-um resolution

interested ? please contact me
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High Energy Materials Science

GEMS Beamline (HEMS)

an Engineering Materials Science Centre
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* high energy, PO7 at PETRAIll, 1/3 DESY (EH 2)
.| * diffraction, microtomography; in situ and
1 in combination with small beam, low divergence

Norbert Schell, Torben Fischer, Felix Beckmann

control cabin

3rd Experimental Hutch

st i
15! Experimental Hutch / - heavy duty hexapod up to 1t

Test Facility Optics Hutch 2

. calibration / detector tests

 powder diffraction lock room

/temperature

Optics Hutch 3 \

5 m undulator 4th Experimental Hutch
- HR 3D microstructure mapper
« HR ultra fast micro-tomography o>



GEMS Imaging Beamline (IBL)
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» medium energy, P05 at PETRA
* micro- and nanotomography

with mm- and pum-size samples

2"d Experimental Hutch
Microtomography

Fabian Wilde, Julia Herzen, Malte Ogurreck, Imke Greving, Felix Beckmann

1st Experimental Hutch —
Nano Tomography "‘j“aﬂ” |

Experiment control
& data analysis
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GEMS Jand S
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_|IBL, 7 keV

HEMS, 120 keV
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1.5 mm 3 mm
understanding thermal spraying microstructure of wood
process for WC/Co coatings on different length scales

S. Lautner, J. Fromm (Uni Hamburg)

J. Nellesen (TU Dortmund), F. Beckmann J. Herzen, F. Beckmann, F. Wilde
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GEMS BioSAXS 381 Helmbole-Zentrum

German Engineering Materials Science Centre Zentrum fiir Material- und Kiistenforschung

« medium energy, P12 at PETRA Ill, 85 % EMBL
« small-angle (solution) scattering, microfluidics

Vasyl Haramus, Regine Willumeit

strong request for G
small-angle scattering & ¥ g5
in biochemistry and %
In materials science
(SFB 986)
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GEMS FIB / SEM dual beam instrument

German Engineering Materials Science Centre Zentrum fiir Material- und Kiistenforschung

instrument in Geesthacht

preparation
of thin wood sections

S. Storm, Master's thesis, Kiel (2012)
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Imaging methods
Real Space

» Micro and nano
tomography
« Absorption contrast

Scattering Methods \ \ : Er;:;:nng::rast
Reciprocal Space

» Small-angle scattering

« Diffraction

= High spatial resolution
with small beams on the

nm length scale

Resolution:
- Beam sizes down to 20 nm

(scanning)
- Diffraction 10+ A
= Small-angle scattenng:

particles and pore sizes ~ nm — 2000 nm
- in sifu experiments with ms time resolution

Experiments with
synchrotron radiation
and neutrons

Resolution:
< ym (700 nm})

Nano tomography:

~ 60 nm, smaller until 2016

non-destructive characterisation
engineering-specific in-situ devices
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