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ABSTRACT 
Using ab initio approach the influence of impurities on 
oxygen sorption in both B2-TiNi and γ-TiAl alloys is 
investigated. It is shown that the 3d impurities and those 
up to middle of 4d-5d periods substituting for Ni lead to 
increase of the O adsorption energy on the TiNi(110) 
surface whereas almost all impurities substituting for Ti 
result in its decrease. The similar effect is found for 
TiAl(100) stoichiometric surface. We demonstrate that the 
4d-5d alloying elements with number of electrons from 2 
to 5 lead to decrease of the relative stability of Al2O3 to 
TiO2 and to increase of the formation energy of O-vacancy 
in TiO2. The latter is beneficial to the oxidation resistance 
of both TiNi and TiAl alloys. 
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INTRODUCTION 

The segregation of the impurities influences on the oxygen 
adsorption on the Ti-based alloy surface and also on the 
stability and strength of alloy-oxide interfaces. In case of 
alloy as TiAl, in which both components have affinity to 
oxygen the growth of TiO2 and Al2O3 mixed layers leads 
to a decrease of oxidation resistance [Li, 2008]. Thus, the 
improving of the oxidation resistance is the important 
problem for both TiNi and TiAl alloys. In present work the 
comparative study of oxygen adsorption mechanisms on 
the doped TiNi and TiAl stoichiometric surfaces is done. 

RESULTS AND DISCUSSION 

Oxygen adsorption on TiNi(110) surface is considered in 
the F-site above the triangle formed by one Ni and two Ti 
atoms which was found the most preferred in our earlier 
paper [Kulkova, 2013]. The O adsorption energy (Eads) 
was calculated by the projector augmented-wave method 
(PAW) method within the generalized gradient 
approximation (GGA-PBE) for the exchange-correlation 
functional using the following equation:  

Eads = –[E(O-TiMe) – E(TiMe) – 1/2 E(O2)], 
where E(O-TiMe) and E(TiMe) are the total energies of 
systems with and without oxygen, and E(O2) is the total 
energy of O2 molecule, Me are Ni or Al. It is seen from 
Figure 1a that almost all impurities of 3d-5d transition 
metals (TM) and Al, Si substituting for a Ti atom in the 

surface layer lead to decrease of the O adsorption energy. 
The 4d-5d impurities up to middle of periods lead to 
increase of Eads but with increase of valence electrons 
number of impurity atom it decreases and becomes less 
than on undoped surface. We remind that the impurities of 
the beginning of the d-periods prefer to occupy the Ti-
sublattice whereas other transition elements prefer the Ni 
one or site occupancy preference differs insignificantly and 
depends on the impurity concentration. To get the better 
insight into the nature of oxygen adsorption on doped 
TiNi(110) surface the local densities of states (DOS) were 
calculated. For example, in case of Ni substitution by Nb 
atom (Figure 2a) its small peak and Ti one induced by the 
interaction with O lies exactly in the region of 2p-O band 
(from −6 to −4 eV). Since Nb atom has one electron more 
than Ti, its valence band is shifted to negative energies 
below the Fermi level (EF). The calculated Nb-O bond 
length (2.14 Å) is larger than that of Ti-O bond (1.93 Å). 
Oxygen forms ionic bond with metal alloy surface and 
prefers to occupy adsorption sites which provide electrons to 
fill its p-band. It is much easier for O to get electrons from 
atoms of beginning of d-periods rather than from their end. 
Thus, the chemical bonding of the O atom with surface 
becomes stronger than on undoped TiNi(110) because it 
interacts with three atoms with almost unoccupied valence 
band. In case of Ti substitution by Nb the structure of DOS 
(Figure 2b) changes significantly. The number of Nb 
occupied states decreases because their shift towards EF that 

 
Figure 1: The change in oxygen Eads for doped and 

undoped TiNi(110) (a) and TiAl(100) (b) versus dopant. 



leads to weakening of O bonding with surface. Besides the 
hybridization of the O orbitals with metal ones decreases 
also that explains the decrease of O adsorption energy on 
doped TiNi(110) surface.  

 
Figure 2: Layer-resolved DOS for the O adsorption on the 

TiNi(110) doped surface: Nb on Ni- (a) and Ti-site (b). 

The impurity influence on the O adsorption energy on 
TiAl(100) surface is more complicated because there are 
two hollow H-sites in the center of rectangle above Ti 
(HTi) and Al (HAl) subsurface atoms with small difference 
of 0.22 eV in Eads. It is seen from Figure 1b that almost all 
considered TM substituting for Ti result in decrease of Eabs 
and the change is more pronounced for HTi-site. The O 
adsorption energy increases if TM impurities occupy Al-
sublattice but it decreases in opposite case. It is interesting 
that Y, Pd, Ag and Cd result in change the site preference 
for the O adsorption. The analysis of local DOS, 
interatomic bond lengths provide explanation of Eads 
increase/decrease as was shown above for TiNi.  
Since impurities can segregate into oxide layers, the 
oxidation energies (H) of the doped rutile TiO2 and 
corundum Al2O3 were calculated as well. It is seen from 
Figure 3a that most impurities increase the oxidation 
energies of TiO2 except for Zr and Hf. This effect 
increases with the number of d-electrons of the impurities. 

The same trend was found in doped Al2O3. At the same 
time H of the Al2O3 increases for the isoelectronic TM 
whereas it is almost the same in TiO2. The oxidation 
energy difference between doped and undoped oxides TiO2 
and Al2O3 are negative for all studied impurities of 3d-5d 
periods, indicating that the Al2O3 oxide is more stable than 
the TiO2 one. Since the elements from 4d period as Zr, Nb, 
Mo, Tc, Ru increases this difference in comparison with 
perfect oxides (solid line in insert to Figure 3a), they 
decrease the relative stability of Al2O3 to TiO2. The 
correlation between the phase stability and alloy oxidation 
resistance might be understood taking into account internal 
oxidation of Al in TiAl (Al2O3 grows perpendicular to the 
surface). We suggest that mentioned above d2-d5 elements 
can suppress the internal oxidation of Al that is in line with 
experiment [Shida, 1994]. Since impurities such as Zr, Nb, 
Mo decrease the relative stability of Al2O3 over TiO2 more 
significantly than Ti (dash line in insert to Figure 3a) they 
will improve efficiently the oxidation resistance of TiAl. 
Finally, we found that the same impurities (Zr, Nb, Mo) 
and also Hf, Ta increase the formation energy of the O-
vacancy in doped TiO2 and as consequence decrease of O 
diffusivity. It allows us to suggest that these elements are 
beneficial to the TiNi oxidation resistance as well.  

SUMMARY 

The comparative study of oxygen adsorption on the doped 
TiNi(110) and TiAl(100) stoichiometric surfaces allows us 
to demonstrate that impurities up to middle of 4d-5d 
periods and 3d impurities except Cu leads to increase of 
the O adsorption energy in case of TiNi(110) surface if 
they substitute for Ni. Almost the same trends were found 
for O adsorption on the TiAl(100) doped surface if Ti is 
partially substituted by TM impurities. The study of TM 
influence on the relative stability of Al2O3 to TiO2 and the 
formation energy of the O-vacancy in oxides provide new 
information about factors influencing on the oxidation 
resistance of both TiNi and TiAl alloys.  
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Figure 3: The oxidation energy (H) of Ti23MeO48 and its 
difference for Ti23MeO48 and Al31XO48 (in the insert) (a); 
the change of the O-vacancy formation energy in TiO2 (b) 

versus dopant. 


