
The 17th INTERNATIONAL SCIENTIFIC CONFERENCE 
INFORMATION TECHNOLOGIES AND MANAGEMENT 2019  
April 25-26, 2019, ISMA, Riga, Latvia Gopejenko A, Zhunovskii Yu, Mastrikov Yu, Kotomin E, Piskunov S, Vladimirov P 

9 
NC01 Nano Technologies and Computer Modelling 

First principle calculations of Y, Ti and O solute interactions in 
fcc-Fe lattice for ODS steels development 

Aleksejs Gopejenko1*, Yuri F Zhukovskii1, Yuri A Mastrikov1, 
Eugene A Kotomin1, Sergei Piskunov1, Pavel V Vladimirov2 

1Institute of Solid State Physics, University of Latvia 
2Karlsruhe Institut für Technologie, Institut für Angewandte Materialen, Karlsruhe, Germany 

*Corresponding author’s e-mail: agopejen@inbox.lv 

 
Abstract  

Ferritic alloys containing a high density of nanoscale Y–Ti–O clusters exhibit superior creep strength and potential for high resistance to 
radiation damage. Over the last decade it has resulted in increase of interest in studies of the Y, Ti, and O interactions in fcc Fe lattice. In 
this presentation we describe from first principles the mechanism of inclusion of Ti atoms during the mechanical alloying of yttria. The 
inclusion of Ti leads to the formation of various particles containing Y, Ti, and O such as YTiO3, Y2TiO5 and Y2Ti2O7, leads to the decrease 
of the average size of the ODS particles to about 5 nm comparing to the average size of 10-20 nm of pure Y2O3 inclusions, and thus results 
in a more homogenous distribution of the ODS particles in ODS steels improving mechanical properties and radiation resistance of the 
ODS steels.  
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1 Introduction 

Reduced activation ferritic-martensitic steels strengthened 
by yttrium oxide Y2O3 (yttria), YTiO3, Y2TiO5, and Y2Ti2O7 
allows increasing the operating temperatures of the future 
fusion reactors by 100°C, thus improving reactor efficiency. 
Small amounts of Ti are added during the mechanical 
alloying of yttria allowing to refine the dispersion of the 
reinforcing oxides during hot isostatic pressing (HIPping). 
As the size of Ti atom is very similar to the size of Fe atom, 
the former is substituting regular iron atoms in the Fe lattice 
much easier compared to yttrium substitute atoms, while 
oxygen atoms may both substitute regular iron atoms in the 
Fe lattice and occupy interstitial positions. The results of the 
calculations performed within this work describe the 
interactions between two Ti atoms, Ti and vacancy as well 
as between Y and Ti in fcc Fe lattice.  

ODS steels are manufactured during the mechanical 
alloying followed by the HIP process at temperatures of 
around 1000-1200 K under the pressure of 100 MPa. There 
is experimental evidence that a noticeable part of Y, Ti, and 
O atoms are present in the solid solution already after the 
milling. Both size and spatial distribution of the ODS 
particles noticeably affect the mechanical properties and 
radiation resistance of the ODS steels. To the best of our 
knowledge, to date the formation mechanism of the ODS 
steels are not fully understood. 

2 Computational details 

VASP 5.2 computer code based on the Density Functional 
Theory (DFT) approach with a plane-wave (PW) basis set 

combined with the Perdew-Wang-91 GGA (Generalized 
Gradient Approximation) non-local exchange-correlation 
functional has been used to perform ab initio calculations 
[1]. The core electrons are described using the Projector-
Augmented Wave method (PAW). Its computational 
procedure includes an iterative solution of Kohn-Sham 
equations, which is based on residuum-minimization and 
optimized charge-density mixing routines, it employs a 
plane-wave (PW) basis set combined with the PAW scalar 
relativistic pseudopotentials [2]. The latter include Fe core 
electrons of (4s13d7 outer shell), O (2s22p4), Y 
(4s24p65s14d2), and Ti (3p64s23d4) atoms with 8, 6, 11, and 
12 external electrons, respectively.  

To define the calculation parameters necessary to obtain 
plausible results numerous preliminary test calculations 
have been performed. Some basic lattice parameters such as 
lattice constant, bulk modulus, cohesive energy, and 
vacancy formation energy assessed basing on these 
calculations have been found to be in a good qualitative 
agreement with the ones reported in the experiments and 
other theoretical studies. 

The cut-off kinetic energies should be set to at least 800 
eV, the k-point sets in the Brillouin zone should be at least 
7×7×7 k-mesh for supercells (SCs). The supercell models 
used in the calculations are cubic, with the extension of 
4a0×4a0×4a0 containing 64 atoms, respectively, while the 
calculated optimized lattice constant has been found to be 
3.448 Å [3-6]. 

3 Results and Conclusions 

The results of the calculations prove that vacancies play a 
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crucial role in the formation of the ODS nanoparticles in 
ODS steels as they play essential role in migration of 
impurity atoms inside fcc-Fe lattice (oxygen, titanium and 
yttrium) and stabilize defect complexes. 
The smallest binding energies in the configurations when O 
atoms occupy the substitute positions have been found when 
two Y or two Ti atoms as well as Y and Ti atoms are 
positioned as the 1NN. The binding energies between the 
defects very moderately increase with the growth of the 

distance between two Y or Ti atoms in Y-OFe-Y or Ti-OFe-
Ti configurations as well as Y and Ti atoms in Y-OFe-Ti 
configurations when two Y or Ti atoms as well as Y and Ti 
atoms are 2NN, respectively.  

A pattern between the binding energies and the 
displacements of the defect atoms is established: the larger 
is the displacement of the defect atoms towards each other 
during the relaxation, the larger is their binding energy. 
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