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a b s t r a c t

The low temperature magnetic properties of FeAl alloys, near equiatomic composition, are a matter of
contention from both theoretical perspectives and experimental measurements. There does not seem to
be any consensus regarding these. In an attempt to find the source of contradictory behavior, we made
a detailed study by both bulk magnetization and local probe by Mössbauer effect on a well characterized
sample. It was interesting to find that while the former showed distinct magnetic phases, the local probe
failed to resolve any magnetization on Fe atom down to very low temperature. This contradictory
behavior suggested non-local moment formation in the system.

1. Introduction

While it is clear that Fe is ferromagnetic and Al is not, so the
understanding of the behavior of an alloy of the two is still lacking.
This has been true at the equiatomic level of mixing and at low
temperatures [1]. There is a long standing debate on it. Experi-
mentalists seemed to find either it was paramagnetic or ferro-
magnetic with a very low Tc [2,3]. On the other hand, theoretical
calculations seemed to find a ferromagnetic ground state, and non
magnetic ground state was only restored when some U term was
introduced in the LDAþU approach [4,5]. This was the case for the
ordered alloy. In case of disordered alloys, it was also earlier
postulated that there might be superparamagnetic clusters of the
ordered alloy dispersed inside it, leading to a possible AFM
interaction through RKKY interaction mediated by the conduction
electrons [6].

The meaning of ordered and disordered structures in this case is
that while the crystal structure is retained as BCC in either case, an
ordered B2 structure is a simple BCC, with one type of atom in the BC
position and the other eight (corner) sites are occupied by atoms of
the other type. In case of disordered structure, termed as A2 structure,
there is no such correlation and all atoms are equally probable in all
sites. This is a crucial part, for the resultant magnetic characteristic of
the system that depends strongly on this structural aspect.

In order to clarify the situation, we made such a sample and
characterized it with XRD, microanalysis, etc. Then we did various
magnetization studies to systematically study the magnetic prop-
erties of the sample. It was followed by a Mössbauer effect study in

order to find the characteristic distribution of local magnetic
moment in the system. The result was unusual in that there did
not appear to be any local moment on the iron site of the system.
The local moments started to show up only at the lowest
temperature region. We tried to explain the behavior in this
communication.

2. Experiments and discussion

The sample was prepared from high purity Fe and Al (Z99.9
percent) metals in a tri-arc furnace in an Ar atmosphere. It was
then annealed at 1000 1C for 7 days before quenching in liquid N2.
Composition of the sample was checked using electron probe
micro-analysis technique (CAMECA SX-100) and obtained an
average composition Fe51.3Al48.7 after average of results from five
different places on the sample. The XRD (Panalytical X-PERT PRO)
pattern of the powdered sample corresponded to disordered BCC
structure (A2) along with the formation of some precipitated
ordered BCC cluster (B2). This was expected because of fast
quenching and inherent difficulty of controlling the microscopic
composition, some local inhomogeneity must form even if in
a very small amount.

Next, a few pieces were cut from the sample ingot and taken for
various magnetic measurements. Bulk magnetization and suscept-
ibility measurements were done on a QD-MPMS XL7™ SQUID and
a QD-PPMS™ system, respectively. While a lot of experiments
were done, we report ourselves here to those with dc magnetiza-
tion studies only. Zero-field cooled (ZFC) and field-cooled (FC)
magnetizations are shown in Fig. 1.

As can be seen, there was an increase in M below room
temperature. Assuming a Curie–Weiss law fit, Tc could be
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extracted at about 180 K. But the rate of increase slowed down
below about 100 K, followed by a peak around 55 K and then there
was a fall. But then the unexpected behavior came when we found
that below 20 K, there was an upturn till the lowest measuring
temperature of 10 K. The ZFC and FC curves bifurcated from 250 K,
but the behavior between them was not so different. As expected,
the FC curve was lying above the ZFC curve, and the rise of the
very low temperature FC curve was more marked than the other
one. We recently did ab-initio calculations on these and found that
the disordered structure was the one that gave rise to the mid
temperature peak [7]. This peak, Tf, has a strong frequency
dependence as found from the susceptibility measurements and
so had some relaxation characteristic. The shift of Tf per decade of
frequency change, calculated from Φ¼ΔTf/(Tf Δlogf), where f is
the measuring frequency [8]. We found Φ to be 0.005, implying
a classical spin glass behavior. On the other hand, the low
temperature upturn was found to be due to the small amount of

short range ordered structure that had weak FM interaction. There
being only three or four data points, we did not find it to be useful
to justify a Curie–Weiss fit.

In order to study the microscopic origin of the magnetism
further, we did 57Fe Mössbauer measurements at different
temperatures. The spectra are shown in Fig. 2. We find that
the evaluation of the ferromagnetism on iron proceeded with
a pattern that mimicked the bulk magnetization behavior of Fe in
ordered B2 environment. At the highest temperature of measure-
ments, 100 K, the data could be fitted well with two singlet lines
corresponding two different environments of Fe, i.e. Fe atom in
ordered B2 and Fe atom in disordered A2 environment, showing
that Fe atom was non-magnetic at this temperature in both
ordered and disordered structure. The spectra at 55 K remained
practically the same. However, the spectra at 35 K, where the
bulk M values have fallen, could be just fitted with a sextet and
a singlet, means that one of the singlets had given way to the
sextet. Though at this point the sextet was very weak, it grew
monotonically as the temperature was further reduced. Now, this
magnetic contribution comes from the magnetization of ordered
B2 phase as this phase turning to be a magnetic one corresponding
to a para-ferromagnetic transition. The other singlet correspond-
ing to disordered A2 environment remained so down to the lowest
measurement temperature showing that Fe in this phase remained
non-magnetic down to lowest temperature. This needs to be
understood. In bulk magnetization around 55 K there was a broad
peak corresponding to the spin glass transition while Mössbauer
measurement shows Fe atom was primarily non-magnetic at this
temperature in both the phases. Now, it is well established that Fe
atom in B2 environment is non-magnetic at this temperature [3,7]
and spin glass behavior arises from the competitive magnetic
interaction in disordered phase but the Mössbauer measurement
shows that Fe in this phase is non-magnetic. This leads to the
possibility that magnetic moment is not localized on Fe atom,
rather this system resembles a itinerant electron picture. In the
works of Ref. [9], the authors invoked the Stoner picture and
predicted a transition from para to ferro state depending on the
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Fig. 1. M–T for FC and ZFC at 25 Oe.
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Fig. 2. Mössbauer spectra measured at different temperatures and fitted with two sub-spectra: (blue line) Fe atom in disordered A2 environment and (red line) Fe atom in
ordered B2 environment.(For interpretation of the references to color in this figure legend,the reader is referred to the web version of this article.)



change in lattice parameter. However, this was not experimentally
verified before, probably because most of the reported measure-
ments were done at higher magnetic fields which suppressed this
non-local behavior of magnetic moment. To justify attributing this
feature to itinerant ferromagnetism, we did resistivity and mag-
netoresistance (not reported here) but the results were not con-
clusive.

There are only a handful of such cases of vanishing magnetic
moments in iron containing alloys that were reported in the
literature. The bulk magnetic behavior seems to have a similarity
among themselves [10–13].

3. Conclusion

In this communication, we showed interesting behaviors of
non-local moment formation and the absence of hyperfine field at
the Fe site despite the bulk magnetization showing small albeit
non zero magnetization in the equiatomic FeAl alloy. We found
that the two structural phases have different magnetic behavior,
and these manifest independently at different temperatures. There
is also spin glass type magnetic behavior in low temperature, that
was overtaken by another paramagnetic or weakly ferromagnetic
behavior in even lower temperature. The magnetic phases are
quite complicated in them. More work in this is presently
under way.
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