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Non-destructive, in-situ, in-operando
Material Testing
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Neutron Source FRM Il on TUM Campus in Garching

www.frm2.tum.de
www.mlz-garching.de
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ZEBRA Battery — (Zeolithe Battery Research Africa)
Na/(Ni/FeCl) Battery

Properties:

e high energy density

e high reliability > 1000 cycles

e low cost of material (Ni, Fe)

e operating temperature: 270 °C — 350 °C
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hybrid railway locomotives

V. Zinth, S. Seidlmayer, N. Zanon, G. Crugnola, M. Schulz, R Gilles, M. Hofmann,
Journal of The Electrochemical Society 162, A384 (2015)
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In-operando: Time resolved Phase Analysis of a Sodium
Metalchlorld Battery (Na-FeCl,)

discharge

2NaCl + Fe =—— FeCl, + 2Na
charge

(operation temperature 300 °C)
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M. Hofmann, R. Gilles, Y. Gao, J. T. Rijssenbeek, M. J. Mihlbauer, Journal of The Electrochemical Society 159, A1833 (2012)
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In-operando: Space resolved Phase Analysis of a Sodium
Metalchlorid Battery (Na-FeCl,)
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M. Hofmann, R. Gilles, Y. Gao, J. T. Rijssenbeek, M. J. Muhlbauer, Journal of The Electrochemical Society 159, A1833 (2012)
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In-operando: Chemical processes during charging
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— non-destructive, in-operando knowledge of the molecular processes
— basis for optimization of components to increase the energy density of batteries

V. Zinth, S. Seidlmayer, N. Zanon, G. Crugnola, M. Schulz, R Gilles, M. Hofmann,
Journal of The Electrochemical Society 162, A384 (2015)
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Residual Stresses in a Cylinder Block during
the Casting Process

Measurement of residual stresses in cast part up to now only in the finite state
without knowledge how they develop

Knowledge on residual stresses important for design of cast parts (e.g. engine blocks)

Behaviour during casting needed as input for FEM simulations
Steel
liner

Source: KS Aluminium-
Technologie AG

Mock-up sample for neutron
diffraction experiment at
STRESS-SPEC

Cooperation project with utg (Lehrstuhl fur Umformtechnik und Gielzereiwesen, TUM), M. Hofmann, STRES-SPEC (FRM II)
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Residual Stresses during and after the Casting Process

e In-situ measurement e EXx-situ measurement
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Cooperation project with utg (Lehrstuhl fiir Umformtechnik und GieRereiwesen, TUM), M. Hofmann, STRES-SPEC (FRM II)
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Residual Stresses during the Casting Process

Steel liner ] ) _ o
Evolution of internal stress during cooling in Al cast
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— Drastically improved numerical simulation of the casting process

M. Reihle, M. Hofmann, U. Wasmuth, W. Volk, H. Hoffmann, W. Petry, Materials Science Forum 768-769, 484 (2014)
U. Wasmuth, L. Meier, M. Hofmann, M. Mihlbauer, V. Stege, H. Hoffmann, CIRP Annals — Manufacturing Technology 57, 579 (2008)
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Make the invisible visible

e High resolution radiography of
an engine

— High spatial resolution
— Complex bulky work piece
decomposed in its components

Schillinger et al. (ANTARES, FRM II)
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In-operando: Operating Engine in ms time frame

BMW engine — electrically driven

Doi:10.1016/j.physb.2006.05.250
B. Schillinger, J. Brunner, E. Calzada, Physica B 385-386, 921 (2006)
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Material Testing from an alternative point of view:

Lithium Traces in Human Brain samples

e Bipolar disorder (manic depression) is a relatively common
disease with an overall lifetime incidence of 1%

e Lithium is an effective antimanic agent.
e Still it is not clear how Lithium works in the brain.
e Generate a Lithium map of the human brain!

Special detector setup: 2D Lithium sample
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— Lithium accumulation in white matter observed in a number of depressive
patients treated with Li. Li does work in contrast to other psychotropic drugs, within the
nerve tracts themselves.

J. Lichtinger, Quantitative Untersuchung der lokalen Lithiumkonzentration im menschlichen Gehirn und ihr Bezug zu affektiven Stérungen, PhD thesis, TUM (2015), J. Lichtinger, R. Gernhauser, A.
Bauer, M. Bendel, L. Canella, M. Graw, R. Kriicken, P. Kudejova, E. Mitzel, S. Ring, D. Seiler, S. Winkler, K. Zeitelhack, J. Schépfer, Medical Physics. 40, 023501 (2013);
Collaboration: Physik Department E12/ZTL, Institut fir Rechtsmedizin der LMU, FRM Il (DFG project GE 2296/1-1)
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In-situ imaging & therapy: High specific activity enables
reduction of treatments with Lu-177 (n.c.a.)
Scintigraphy of a rat

~300 MBq Lu-177 c.a. ~300 MBq Lu-177 n.c.a.
Dose to tumor: 35 Gy Dose to tumor: 70 Gy

— factor of 2 less irradation of healthy tissue
— |ocally a higher dose applied to the tumor

www.itg-garching.de/
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Radiopharmaceutical industry located
on the premises of FRM I







