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Fe-Based Nanocrystals in Weak External Magnetic Field
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Nanocrystalline alloys of Fe86.5Zr6.5Cu1B6 and Fe40.5Co40.5Nb7B12 were measured by the Mössbauer
spectrometry in the weak external magnetic field of 0.5 T. In these conditions the most sensitive parameters of
the Mössbauer spectra are the intensities of 2nd and 5th lines and the values of internal magnetic field showed
rather small changes. The amorphous part of the sample is more sensitive to the external influence than the
nanocrystalline one. The behavior of nanocrystalline alloys under weak external magnetic field was analyzed
within influence of interparticles interactions on the magnetic parameters.

PACS numbers: 33.45.+x, 61.46.−w, 75.50.Kj

1. Introduction

For investigation of structural and magnetic properties
of nanomaterials in order to optimize their technology a
number of techniques can be used. Among them the
Mössbauer spectroscopy is one of more suitable tool [1].
Up to now magnetic parameters derived from the Möss-
bauer spectra of nanocrystalline materials were usually
measured as a function of temperature. In most of the
cases the spectra were measured in a strong external mag-
netic field of about several T [2, 3]. An influence of weak
magnetic field with the strength of less than 1 T on the
shape of the Mössbauer spectra of nanocrystalline mate-
rials were measured only occasionally [4, 5].

In the present work we focused at the influence of weak
magnetic field on the Fe-based nanocrystalline of Nano-
perm and Hitperm type.

2. Experimental

The nominal composition of the ribbon-shaped
amorphous specimens was Fe86.5Zr6.5Cu1B6 and
Fe40.5Co40.5Nb7B12. Annealing was carried out in
vacuum at the temperature range from 550 to 600 ◦C
for 1 h. The Mössbauer spectra were collected in
transmission geometry by a conventional constant
acceleration spectrometer with a 57Co(Rh) source.
The Mössbauer measurements were performed in weak
external magnetic field up to 0.5 T, which was oriented
perpendicular to the sample plane. All spectra were
measured at room temperature. The spectra were
evaluated by the Normos program [6], which allows
simultaneous treatment of crystalline and residual
amorphous phase by means of individual lines and
distribution of hyperfine components.
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3. Results and discussion

The Mössbauer spectra of nanocrystalline samples
measured with and without application of weak magnetic
field are shown in Fig. 1 and Fig. 2. The applied fit-
ting model consists of two main components, i.e. of one
consisting of lines attributed to the Fe atoms situated
in the bulk of nanocrystalline grains and one individ-
ual subspectrum resulting from the distribution of hyper-
fine parameters ascribed to amorphous residual matrix.
Table summarizes the behavior of most sensitive param-
eters under influence of weak magnetic field. The results
showed that the values of second and fifth line intensi-
ties ratio (A23) exhibit rather significant changes while
the values of average internal magnetic field (B) changed
only slightly.

Fig. 1. The Mössbauer spectra of nanocrystalline
Nanoperm (a) without and (b) with application of mag-
netic field.

In the case of nanocrystalline samples the three mag-
netic fields should be taken into account, namely internal
magnetic field of crystalline component, average mag-
netic field of amorphous component and weak external
magnetic field. It must be also taken into account that
all these three fields interact together and have common
influence on the orientation of the magnetic domains. We
also cannot exclude the presence of interactions among
the particles because these interparticles interactions in-
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Fig. 2. The Mössbauer spectra of nanocrystalline Hit-
perm (a) without and (b) with application of magnetic
field.

TABLE
The Mössbauer parameters of nanocrystalline Nanoperm
(Fe86.5Zr6.5Cu1B6) and Hitperm (Fe40.5Co40.5Nb7B12)
alloys, where A23am, Bam and %am are parameters of
amorphous subspectra and A2x, Bcr and %cr are parame-
ters of crystalline subspectra. (m) indicates measurement
in magnetic field.

Sample A23m Bam [T] %am A2x Bcr [T] %cr

Nanoperm 2.4 19.7 62 2 33 38

Nanoperm(m) 3.7 18.7 60 3.3 33 40

Hitperm 0.4 21.6 63 2.7 34 37

Hitperm(m) 2.6 23.8 72 3.8 34 28

fluence quite strongly at relaxation and magnetization
processes.

Our results of nanocrystalline Nanoperm alloy exhibits
sensitivity to weak external magnetic field at both com-
ponents. The intensities ratio A23 of crystalline part in-
creases by about 1.3 which gives us the evidence that ori-
entation of magnetic domains turns more into direction
of the ribbon plane. Magnetic moments have similar be-
havior in amorphous part where A23 changes also about
value 1.3. The corresponding value of average internal
magnetic field exhibits small changes in amorphous com-
ponent and no changes in crystalline component. Orien-
tation of the local moments is included in the parame-
ter A23.

Hitperm exhibits also similar behavior as Nanoperm
alloy. However, the changes in parameters are more
pronounced. The A23 parameter of amorphous part in-
creased about 2.2 while that for crystalline part about
1.1. This indicates that the magnetic domains turn into
the same direction as in the case of Nanoperm. Av-
erage internal magnetic field for amorphous component
changed by about 2 T and no changes were observed for
crystalline part. These results indicate that the amor-
phous part of the sample is more sensitive to the external
influence than nanocrystalline one.

We suppose in both cases that the original magnetic
interactions (without influence of external field) in amor-
phous part are weaker than in crystalline one, which
could explain such a behaviour.

According to [5] the presence of interparticles inter-
action has different influence at relaxation phenomena.
However, in our case, including mean field interparticle
interaction the magnetization will be dependent on mag-
netic anisotropy and on the angle between direction of
magnetization and external magnetic field. This could be
reflected also on the shape of the Mössbauer spectrum.

Our previous results confirmed that in the case of
Finemet alloys having small anisotropy, the influence
of weak external magnetic field was negligible [7]. It
should be noted that magnetic properties of Nanoperm as
anisotropy are very sensitive to impurity and technology
preparation. We suppose that this is a reason of higher
sensitivity at weak external magnetic field. Similar be-
haviour is exhibited also in Hitperm alloy.

4. Conclusion

Our results indicate that weak external magnetic field
has influence on the direction of magnetization, and this
is reflected in parameters of the Mössbauer spectra. For
such a study nanocrystalline alloys are suitable because
they are sensitive to anisotropy changes.
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