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Fe-Cr alloys

 Are the base for many important industrial steels
« Used as cladding material in fast neutron reactors
 Low Cr steels, up to 10 % Cr, show:
anomalous stability
resistance to neutron
radiation induced swelling
corrosion resistance cooling media T gt
Increased ductile to brittle
transition temperature

Accelerator of protons
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Microstructure — Property Relationships
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Figure 9 (a) Schematic phase diagram and (b) free energy vs.
composition diagram for alloys between the spinodal points,
which are unstable and can decompose into two coherent phases
a; and o, without overcoming an activation energy barrier. Alloys
between the miscibility gap and the spinodal are metastable and
can decompose only after nucleation of the other phase.
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First—principles calculations
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VASP, Wien2k,CASTEP,
LDA, GGA, ABINIT, KKR, etc.

Supercell, CPA, etc.

It 1Is NOT a trivial task
to run ab initio software!
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Solution phases: supercell method
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A. V. Ponomareva et al., Phys. Rev. B 75, 245406 (2007)




3X3X9, segregation energy 0.090 eV

A. V. Ponomareva et al., Phys. Rev. B 75, 245406 (2007)




Solution phases: coherent potential
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Figure 9 (a) Schematic phase diagram and (b) free energy vs
composition diagram for alloys between the spinodal points
which are unstable and can decompose into two coherent phase:
a; and o, without overcoming an activation energy barrier. Alloy:
between the miscibility gap and the spinodal are metastable ant
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Calculations of effective interatomic potentials
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Calculations of effective interatomic potentials
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The Monte Carlo method
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Multiscale simulations of radiation damage in Fe-Cr alloys
J. Wallenius, 1. A. Abrikosov, P. Olsson et al.,

J. Nucl. Mater. 329-333, 1175 (2004).
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CONCLUSIONS :

First-principles simulations can be carried out for real materials of
technological importance.

The results allow for the cautious optimism, and the choice of
methodology should depend on the problem at hand.

The mixing enthalpy for paramagnetic alloys is positive at all
concentrations, in excellent agreement with experiment.

On the contrary, ferromagnetic bcc Fe-Cr alloys are anomalously
stable at low Cr concentrations. Therefore, magnetic effects be
taken into account in simulations.

The stability of the ferromagnetic alloys is determined by the strong
concentration dependence of interatomic interactions in this system,
which therefore be taken into account in simulations.
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