Interstitial defects stability in FeCr alloys

I'IN%U\EIRIALL*: VS C r CO n Ce n t rat I O n /\ Universitat d’Alacant
ETSII | UPM == Universidad de Alicante

- N y E. del Rio™, M.J. Catura?, A. Caro?, M. Serrano?, J.M. Perado?!
WO W ) 1 Instituto de Fusion Nuclear, Universidad Politécnica de Madrid, Madirid, Spain

2 Departamento de Fisica Aplicada, Universidad de Alicante, Allicante, Spain
3 Materials Science and Technology Division, MST-8, Los Alarmos National Laboratory, POB 1663, Los Alamos, NM, USA

e

Abstract

Finding adequate materials to withstand the demanding conditions in the future fusion and fission reactors Is a real challenge in the development of these technologies.
Structural materials need to sustain high irradiation doses and temperatures that will change the microstructure over time. A better understanding of the changes produced by
the irradiation will allow for a better choice of materials, ensuring a safer and reliable future power plants. High-Cr ferritic/martensitic steels head the list of structural materials

due to their high resistance to swelling and corrosion. However, It Is well known that these alloys present a problem of embrittlement, which could be caused by the presence of
defects created by irradiation as these defects act as obstacles for dislocation motion. Therefore, the mechanical response of these materials will depend on the type of defects
created during irradiation. In this work, we address a study of the effect Cr concentration has on single interstitial defect formation energies in FeCr alloys.

Methodology

Molecular static calculations with the interatomic empirical potential specially developed by Alfredo Caro et al. for the study of FeCr alloys based in the concentration
dependent model*. Size cells: 2000 atoms + 1 interstitial atom which could be Fe or Cr. Code: MDCASK.
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T Jea % E;=Formation energy of the defect E.ihout defect = ENErgy of the cell without a defect
E et = ENergy of the cell with a defect E...c.t = Energy of the Fe (FeFe interstitial) or Cr (FeCr interstitial) perfect cell per atom

Conclusions
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* 0-5% Cr, FeCr is the most stable
= 6—10% Cr, same stability for self and mixed interstitials
= 11 -17% Cr, FeFe is the most stable
» The local Cr distribution study shows that:
= Formation energy depends strongly on Cr position for the case of FeCr <110> interstitials and weakly in the case of FeFe <110> interstitials.
= The shorter the distance between Cr atoms, the greater the formation energy
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