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CONTENTS :

• Recent developments in the alloy theory
• Phase stability: a role of the electronic structure

Mixing and decomposition thermodynamics of 
nanocomposite hard coating (TiAl)N alloys.
Anomalous stability of low Cr steels. 

• Optimization of the ionic conductivity in doped 
ceria

• Conclusions



INALLOY toolkit m

• Coherent potential approximation:
KKR-ASA basis set 
Exact Muffin-Tin Orbitals (EMTO) basis set 
Screened Impurity Model for charge fluctuations
Model treatment of the local lattice relaxations 

• Locally self-consistent Green’s function method
• Supercell technique combined with conventional band 

structure methods using Special Quasirandom
Structures 

• Multiscale modeling based on Hamiltonians with 
parameters determined ab initio



• Localized MT orbitals (screened KKR)

• Smooth energy dependence of S(ε,k)

• Optimized overlapping MT potential

• Proper normalization (CC term)

• Accurate Full Charge Density

• Accurate kinetic energy

Potential:

overlapping MT potential

Kink cancellation equation:

[D(ε)-S(ε,k)]g(ε,k)=1

D(ε) potential
S(ε,k) slope matrix

Density:

n(r)~<Z(ε,r)g(ε,k)Z(ε,r)>ε,k

The EMTO method
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INALLOY toolkit m

• Coherent potential approximation:
KKR-ASA basis set 
Exact Muffin-Tin Orbitals (EMTO) basis set 
Screened Impurity Model for charge fluctuations
Model treatment of the local lattice relaxations 

• Locally self-consistent Green’s function method, (O(N) method 
for metallic alloys, Phys. Rev. Lett. 76, 4203 (1996)). 

• Supercell technique combined with conventional band structure 
methods using Special Quasirandom Structures (A. Zunger et 
al., Phys. Rev. Lett. 65, 353 (1990)). 

• Multiscale modeling based on Hamiltonians with parameters 
determined ab initio



Nanocomposite hard coating 
(Ti-Al)N alloys  

• The new universal high-performance coating 
(drilling, milling, etc.)

• Increasing Al content leads to very high heat 
resistance, dry
high-speed machining,
and increased oxidation
resistance

• Spinodal decomposition

20 nm



B. Alling, A. V. Ruban, A. Karimi, O. E. Peil, L. Hultman, and I. A. Abrikosov, Phys. Rev. B (in press). 



Caution: the use of the supercell technique

APL 88, 071922 (2006)













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 
increased ductile to brittle 
transition temperature
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Calculations of effective interatomic potentials
The generalized perturbation method

1. Calculate electronic structure of a random
alloy (for example, use the CPA):
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Optimization of ionic conductivity in 
doped ceria

• CeO2 is known to be good solid elictrolyte when it 
is doped with cations of lower valence than the 
host cation.

• Attractive electrolyte for 
solid-oxide fuel cells

• It is important to 
optimize the ionic 
conductivity in order 
to decrease the operation
temperature



Activation energy for diffusion
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Ea determines the ionic conductivity (σ):

massa EEE +=

D. A. Andersson, S. I. Simak, N. V. Skorodumova, I. A. Abrikosov, and B. Johansson, PNAS 103, 3518 (2006) 



Defect formation energies



Activation energy for diffusion
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CONCLUSIONS :

• Treatment of the alloying effects within the electronic structure 
theory can be carried out at different levels and by differenet
methods, depending on the problem at hand, but with certain degree 
of caution.  

• Analysis of the electronic structure allows for the fundamental 
understanding of the physics behind the technologically relevant
phenomena. 

• The decomposition in (TiAl)N hard coating alloys with high Al 
content is enhanced by the increased localization of non-bonding 
states at transition metal sites.

• Anomalous stability of low Cr steels is determined by the band-
filling effects.

• We predicted theoretically new alloy compositions which should 
optimization the ionic conductivity in doped ceria




