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Abstract

Describing interstitial atoms in intermetallics or simple mono-atomic close-
packed metals is a straightforward procedure in common full-potential
calculations. One establishes a sufficiently large supercell, introduces the
interstitial impurity and performs the electronic structure and total energy
calculation. Real systems, however, are rarely mono-atomic or ordered metals.
In most of the cases, the matrix is a random or quasirandom mixture of several
chemically and/or magnetically distinct components. Because of that a proper
computational tool should incorporate advanced alloy theory and at the same
time have sufficiently high accuracy to describe interstitial positions in close-
packed solids. The purpose of the present thesis is to make a step towards
solving this fundamental problem in computational materials science. To
this end, in the first part of the thesis a prestudy on some selected metals
and compounds was presented, and in the second part tools were applied to
investigate the effect of interstitial carbon on the structural properties of steels.

For the prestudy, the equation of state for the selected Al, Cu and Rh was
investigated in two equivalent phases: in conventional face-centered-cubic
lattice (fcc, str-I) and in a face-centered-cubic lattice with one atomic and three
interstitial empty potentialwells per primitive cell (str-II). A proper basis set
of the exact muffin-tin orbitals as well as a proper potential sphere radius
were established by calculating the equilibrium Wigner-Seitz radius and bulk
modulus of the above elements in str-I and str-II using the exact muffin-tin
orbitals (EMTO) first-principle density functional method. It was found that for
Al spd orbitals are sufficient to describe the equilibrium bulk properties in both
structures, while for str-II Rh and Cu at least five orbitals (spdfg) are needed to
get accurate equilibrium volume and bulk modulus. Furthermore, it was shown
that in general, for the str-II type of structure (close-packed structure with
interstitials) the optimized overlapping muffin-tin potential in combination
with spdfg orbitals ensures well converged bulk properties.

As an application of the above work in alloys, (i) the chemical reaction
between hydrogen H2 molecule and ScAl1−xMgx (0≤x≤0.3) random alloys, (ii)
the phase stability of the hydrogenated alloys in different structures and (iii)
the hydrogen absorption/desorption temperatures were studied by calculating
the Gibbs energy for the components of the reaction. Experimental and
theoretical studies by Sahlberg et al . showed that the ScAl0.8Mg0.2 compound
with CsCl structure absorbs hydrogen by decomposing into ScH2 with CaF2

structure and fcc Al0.8Mg0.2. This reaction was found to be very fast, even
without adding catalyst, and fully reversible. The theoretical hydrogen
absorption/desorption temperatures agree well with the experimental values.
On the other hand, the stability field of the hydrogenated alloys was found to be
strongly depends on Mg content and on the microstructure of the hydrogenated
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alloys. For a given microstructure, the critical temperature for hydrogen
absorption/desorption increases with the Mg concentration.

The second part of the thesis focused on steel materials with special
emphases on the effect of interstitial carbon. Steels are considered to be one
of the most important engineering materials. They are mainly composed of
iron and carbon. Other alloying elements in steel are introduced to get specific
properties like microstructure, corrosion resistance, hardness, brittleness, etc.
In order to describe the effect of carbon interstitial in iron alloys, it is important
to know how the substitutional alloying elements affect the softness and some
other properties of iron alloys. For that reason, the alloying effects on the
energetic and magnetic structure of paramagnetic Fe0.85Cr0.1M0.05 (M = Cr, Mn,
Fe, Co and Ni) alloys along the tetragonal distortion path connecting the body
centered cubic (bcc) and the face centered cubic (fcc) phases were investigated.
It was shown that Cr stabilizes bcc phase and increases the energy barrier
(relative to bcc phase) between fcc and bcc phases. Cobalt and Ni stabilize fcc
structure. Cobalt increases whereas Ni slightly decreases the energy barrier
relative to fcc structure. Manganese and iron have negligible effect on the
structural energy difference as well as on the energy barrier along the Bain
path. The local magnetic moments on Fe atoms have maximum values at bcc
phase and minimum values at fcc phase. Cobalt atoms possess local magnetic
moments only for tetragonal lattices with c/a < 1.30, and the Mn magnetic
moments have almost constant value along the Bain path.

The tetragonality of Fe-C martensite was discovered in 1928. Early
experimental works showed that the tetragonality of Fe-C is linearly
depends on C content. However, Later many observations indicated that the
tetragonality of martensite is influenced also by alloying and interstitial carbon
distributions. Very few ab initio studies focus on investigating the tetragonality
of Fe-C based alloys. In this thesis the interstitial carbon in ferromagnetic Fe-
based alloys and it is impact on the tetragonal lattice ratio of Fe matrix as well
as the alloying effect on the tetragonality of Fe-C system were investigated.
It was found that the ferromagnetic Fe-C system with C content # 1.3 wt. %
has a body-centered tetragonal (bct) structure with c/a # 1.07. Alloying has
an impact on the tetragonality; adding 5% Al, Co or Ni enhances while 5% Cr
addition decreases the tetragonal lattice ratio.

The electronic structure and total energy calculations from this thesis
are based on firstprinciples exact muffin-tin orbitals method. The chemical
and magnetic disorder was treated using coherent-potential approximation
and the paramagnetic phase was modeled by the disordered local magnetic
moments approach. Some test calculations involved also full-potential tools as
implemented in Vienna ab-initio simulation package (VASP).

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-47733

