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This work presents ab-initio self-consistent calculations performed with the TB-LMTO code to study the different phases of 
the Fe-Al phase diagram, corresponding to the ordered structures B2, DO3 and B32 and for Fe50Al50 and Fe3Al compositions. 
Both, unpolarized and spin-polarized calculations have been performed to deduce the energetic difference between the para-
magnetic and ferromagnetic state of the corresponding structure. Calculations for the disordered structures have also been 
performed for the previously mentioned compositions. These results show that by disordering the alloy magnetism is enhan-
ced and that the equilibrium lattice parameter increases.

Keywords: Fe-Al alloys, TB-LMTO code, magnetic transformations, order-disorder.

Propiedades electrónicas y magnéticas de las aleaciones Fe-Al

En este trabajo se presentan cálculos autoconsistentes ab-initio realizados con el método TB-LMTO (Tight Binding Linear 
Muffin Tin Orbital) con el fin de estudiar las diferentes estructuras que se presentan en el diagrama de fases de las aleaciones 
Fe-Al. Se han estudiado las estructuras ordenadas B2, DO3 y B32 para las siguientes concentraciones: Fe50Al50 y Fe3Al. 
Asimismo, se han realizado cálculos teniendo y sin tener en cuenta la polarización de spin con el fin de poder deducir la 
diferencia energética entre los estados ferromágneticos y paramágneticos de la misma estructura. Por otra parte se han rea-
lizado estos mismos cálculos para estructuras desordenadas y las mismas concentraciones. Los resultados muestran que 
mediante el desorden aumenta el magnetismo de estas aleaciones y crece el parámetro de red. 

Palabras clave: Aleaciones Fe-Al, código TB-LMTO, transformaciones magnéticas, orden-desorden.

room temperature), B32 long range order was observed by 
Becker and Schweike in neutron scattering experiments (4). 
Calculations of model alloys show that the B32 phase has a 
tendency to exist at even larger deviations from stoichiometry 
than the B2 phase.

It has been shown that these alloys are of the ferromagnetic 
disordered type (BCC, A2) for Al concentrations up to 23 at % 
Al independent of heat treatment (5). In alloys with Al content 
ranging from 0 to 30 at % the iron atoms carry their normal 
magnetic moment of 2.2 µB when they have at least five or 
more iron atoms as nearest neighbours (6). The 30 at % Al 
composition is critical for these systems were the average 
magnetic moment per Fe atom decreases rapidly from 2.0 to 
0.7 µB; coupled with this there is a large fall in the lattice para-
meter associated with a fall in the atomic radii as the disorder 
to order transition occurs (20 to 30 at % Al).

By disordering the alloy paramagnetic-ferromagnetic tran-
sitions can be induced and these transitions could be related 
to the changes in volume and not only to nearest neighbour 
effects as is commonly assumed. As an example we can men-
tion that x-ray diffraction of ball milled alloy of composition 
Fe60Al40 shows an increase of the lattice parameter with 
milling time (7). This lattice parameter increase has been assu-
med to produce a variation of the density of states at the 
Fermi level that would cause the magnetic transition (8).

In this work we use the TBLMTO (Tight Binding Linear 

1. INTRODUCTION

Intermetallic alloys show great potential for structural 
applications requiring good wear and environmental resis-
tance. In particular iron aluminides have been of interest since 
the 1930s when their excellent oxidation resistance was first 
noted (1). They offer a relatively low material cost, conserva-
tion of strategic elements and a lower density than stainless 
steel. These properties tend to occur in restricted composition 
ranges with crystal structures that may differ from those of 
their constituent elements.

Iron and aluminium show a complex binary phase diagram 
(2) with several intermetallic compounds. In the Fe rich side 
of the phase diagram the Fe-Al system is characterized by a 
range of disordered body centered cubic (BCC) solution up to 
22 at % Al at room temperature, on increasing the Al content 
the phase diagram shows a variety of intermetallic phases 
such as Fe3Al, FeAl, Fe13 Al3 ... Fe3Al has the D03 cubic struc-
ture, exists between 25 and 33 at % Al, and is ferromagnetic at 
room temperature. The other compound stable over a wide 
composition range is FeAl, which is also cubic with B2 struc-
ture (CsCl). The B2 Fe50Al50 is non-magnetic, but B2 phase is 
ferromagnetic at room temperature around 35 at. % Al. For B2 
(Fe50Al50) there is only one possible lattice position for the iron 
while for the DO3 (Fe3Al) structure there are two.

Recently, Fultz and Gao (3) suggested the existence of a 
metastable B32 phase. For a single crystal specimen of 20 at % 
Al content, which was slowly cooled (from 740ºC down to 
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Muffin Tin Orbital) method to study different phases of the 
Fe-Al phase diagram, corresponding to different concentra-
tions, and performed the calculations for the ordered and 
disordered structures. For all these cases spin-polarized and 
unpolarized calculations for different lattice parameters have 
been made so that we could compare the energy difference 
between both states, obtain the equilibrium state and be able 
to calculate the equilibrium lattice parameter.

The previous energy difference between the magnetic and 
non-magnetic states gives information about how easy the 
paramagnetic-ferromagnetic transition might occur. The 
dependence of this energy difference on the lattice parameter 
and the structure has been calculated to determine the 
influence on the paramagnetic-ferromagnetic transition.

2. THEORETICAL CALCULATIONS.

The conventional LMTO-ASA method (9) as well as its 
transformation to a localized representation TB-LMTO are 
well described in the literature (10). By ASA it is meant 
Atomic Sphere Aproximation where the individual Weigner-
Seitz atomic polihedra are taken to be spheres around each 
atom. On the other hand TB means Tight Binding indicating 
that the electronic levels of the free atoms are taken in order 
to describe the electronic levels of the metal.

Here we give only the relevant computational details. From 
calculations with this method we can obtain the equilibrium 
lattice constant, the total energy, the density of states at the 
Fermi level, the total magnetic moment and the magnetic 
moment for each of the non-equivalent iron atoms and some 
other interesting data. We have also calculated the equation of 
states by fitting the obtained results with the Murnaghan 
equation of states, in this way we could calculate the theoreti-
cal bulk modulus for each structure.

As mentioned in the introduction we have made the calcu-
lations for some structures in the Fe-rich part of the phase 
diagram corresponding to 50 and 25 at % Al concentrations. 
To perform the calculations we used the following structures: 
ordered B2 or CsCl, B32 and D03 (see fig. 1), because they are 
the structures that appear in the Fe rich side of the phase 
diagram [2, 11]. In order to define them we took into account 
the description made by F. S. Schmidt and K. Binder (12) 
which is shown in figure 1.

At the same time calculations for the disordered A2 structu-
re have also been made for each of the mentioned concentra-
tions.

The 16 atom cell can be divided into four sublattices and 
depending on the arrangements of the atoms in each one we 
will have a different kind of structure:

a)B2 structure: the composition of the b and d sublattices are 
the same, but differ from the composition of the a and c 
sublattices, which again are the same. Corresponding to this 
structure we chose the alloy Fe50Al50 so that we could compa-
re the obtained results with previous calculations in this alloy 
[13].

b)DO3 structure: the compositions of the a and c sublattices 
are still the same, while the composition on the sublattice b 
differs from the composition in the sublattice d. In this case 
we made the calculations for 25 at % Al, that is to say, for 
Fe3Al. We chose this composition because it is the stoichiome-
tric composition for this structure. We constructed a 16 atom 
unit cell to perform the calculations.

c)B32 phase: the compositions on sublattices a and b are the 
same but differ from the compositions on the c and d sublat-

Table I. calculaTed elecTronIc ProPerTIes In dIfferenT sTrucTures. 
NSPIN IndIcaTes ThaT The calculaTIons Were done (2) WITh or (1) 
WIThouT TaKIng InTo accounT The sPIn PolarIzaTIon, A Is The laTTIce 
ParameTer In aTomIc unITs (1 a.u.= 0.529177 A= 0.529177X10-10 m), B 
is the Bulk modulus (inverse of the compressiBility) and µ(Fe) Is 
The magneTIc momenT Per Iron aTom. emIN Is The ToTal energy Per 
valence elecTron aT The equIlIbrIum volume (1 Ry. = 13.6058 eV = 
2.1769 X 10-18J) and edIF Is The ToTal energy dIfference beTWeen The 
unPolarIzed and sPIn-PolarIzed sTaTes aT The equIlIbrIum volume.

* The lattice parameter for this phase has been doubled so that it could be 
compared to the other phases.

Table II. magneTIc momenT and envIronmenT of The TWo Iron sITes 
In ordered Fe3Al .

Figure 1: Description of B2, DO3 and B32 structures that appear in 
the Fe-rich side of the Fe-Al system.
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tices which are equal. The calculations were done for the 50 
at % Al alloy and a 4 atom cell was chosen.

d)Disordered A2 structure: the average composition of Fe 
and Al atoms is identical in all four sublattices, the calcula-
tions were performed taking this condition into account for 
all the above mentioned concentrations (Fe50Al50, Fe3Al, 
Fe13Al3), in order to compare the energy and magnetic diffe-
rences between the ordered and disordered alloys.

3. RESULTS AND DISCUSSION

3.1. Ordered structures.

The calculations performed for B2 structure and concen-
tration Fe50Al50 showed that the spin-polarization lowers the 
energy and we took this into account in order to calculate 
the electronic properties of these alloys. The results obtained 
are in very good agreement with previous calculations [13], 
for example we deduce the total energy per valence electron 
difference for the equilibrium volume is 7.19 10-5 Ry and the 
lattice parameter at the same point is 5.366 a.u. consistent 
with the experimental results that give a lattice constant of 
5.409 a.u., so that the computed values for the equilibrium 
lattice constant are underestimated by about 1 %. In addition 
the spin polarized calculation gives a magnetic moment of 
0.63 µB which is in good agreement with the results obtained 
in references (13) and (14).

It is worth noting that although we found a magnetic 
moment of 0.63µB there is no experimental evidence of mag-
netic moment in ordered Fe50Al50 alloy. Bogner et al. (14) 
recently showed that it is due to the high density of defects 
present in this equiatomic alloy. Anyway, we are mainly 
interested in showing the general trends of the ordered 
alloys and the effect of the disorder on them, so we will not 
take this effect into account. It can, however, be added that 
the observed behaviour is in good agreement with the effect 
of the disorder we found in this work.

In the DO3 structure (concentration 25 at %Al) the diffe-
rence between spin polarized and unpolarized calculations 
is more obvious than in B2 structure and once again the 
energy is lower for the spin-polarized case (see table I).

As far as the magnetic moment is concerned we observe 
that the values we get for the two non-equivalent positions 
of the iron atoms (see fig.1) are quite close to the experimen-
tal ones (see table II).

In the B32 phase we have not found any experimental 
result that describe the main features of this structure. Once 
again the spin polarized calculations lower the energy and 
the energy difference is larger than for the B2 structure and 
of the same order as in the DO3 structure (see table I).

The magnetic moment per Fe atom at the equilibrium 
volume is 1.67 µB, and as we can see it has an intermediate 
value between the values we obtain for B2 and D03 structu-
res.

3.2. Disordered structure.

In order to model the disordered structure we built two 
different unit cells that fulfil the conditions of the A2 phase 
(12) and took 75 and 50 at % Fe concentrations. In all of 
them the spin polarized calculations lower the energy (see 
table I) with respect to the unpolarized calculations. This 
result is a clear indication that in the studied alloys the 
disordering of the structure favours the magnetism which 

Figure 2: Electronic energy per valence electron versus lattice parame-
ter for spin-polarized calculations in ordered (B2, B32, DO3) and 
disordered (A2) structure for the following compositions: a) Fe50Al50. 
b) Fe3Al.

b

a



362 Boletín de la Sociedad Española de Cerámica y Vidrio. Vol. 39 Núm. 3 Mayo-junio 2000

E. APIÑANIZ AND F. PLAZAOLA

is especially pronounced in the case of FeAl (B2), where the 
magnetic moment increases by more than 1µB after disorde-
ring (see table I). These theoretical calculation results are in 
agreement with the experimentally observed increase of the 
magnetism in deformed or ball-milled alloys [16].

Figure 2 shows the variation of the electronic energy per 
valence electron with the lattice parameter for spin-polari-
zed calculations in Fe50Al50 and Fe3Al and it can be seen that 
the calculated energy minimum in the disordered structures 
is above the ones corresponding to the ordered phases (see 
figure 2) in agreement with the fact that in the calculated 
range of concentrations the stables structures are the ordered 
ones. Moreover the energy curve of the B32 structure in the 
Fe50Al50 concentration is above the B2 and even above the 
disordered one, indicating that even if this phase has been 
recently found at larger amounts of Fe at the equiatomic 
concentration, this structure is even more metastable than 
the disordered one.

In addition to the increase of the magnetic moment per 
iron atom on disordering, figure 2 clearly shows that the 
lattice parameter for the equilibrium volume is larger for the 
disordered structure. This result is in agreement with the 
increase in the lattice parameter with milling time reported 
in Fe40Al60 (5). 

Hernando et al. (8) have found that an important contribu-
tion of these materials comes from changes in the lattice para-
meter induced in the order-disorder transitions. This contri-
bution is linked to the modifications in the electronic band 
structure induced by volume changes. However, our results 
indicate that the disorder has also a large contribution that, 
depending on the structure, can be even larger than the lattice 
contribution.

4. CONCLUSIONS.

- The calculations indicate that the disorder enhances the mag-
netism of the alloy in comparison to the ordered structures. This 
increase is particularly large in the case of Fe50Al50 where the 
magnetic moment per iron atom increases more than 1µB.

- The calculations indicate that the equilibrium lattice parame-
ter increases with disorder in all the studied compositions.
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