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Introduction

In recent years a great interest is focused on nanocrystal-
line alloys obtained by a suitable thermal annealing of
amorphous alloys at temperatures close to the crystalli-
zation temperature [8]. It was shown that the soft
magnetic properties of the so-called nanoperm and
finemet amorphous alloys can be significantly improved
by formation of a nanocrystalline phase, αFe and/or
αFe(Si) nanograins, embedded in amorphous matrix
[3−9]. An enhancement of soft magnetic properties is
observed when the after-annealing structure with
randomly oriented nanocrystallite grains of dimension
(typically 10−15 nm) much smaller than the ferromagnetic
exchange length gives an averaging out of magnetic
anisotropy. Recently, it was found [1, 2] that magnetic-
permeability-enhancement effect in nanoperm type
Fe86−xNbxB14 (x = 5, 6) alloys takes place in amorphous
phase without forming nanograins. It was proposed that
the enhancement in permeability is due to diffusion of
free volume leading to formation of small iron clusters
with different magnetic structures. The aim of the paper
is to study the possible atomic-rearrangement events
associated with structural relaxation which takes place
in the annealed at elevate temperature Fe80Nb6B14
amorphous alloy. Mössbauer spectroscopy was applied
to in situ measurements in the temperature range
300−800 K. The determined temperature dependences
of the hyperfine parameters derived from Mössbauer
spectra are presented and discussed.
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takes place in amorphous phase, is due to the strong ferromagnetic exchange between Fe clusters via the amorphous
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Experimental details

The examined alloy was fabricated by a melt-spinning
technique in the form of strips with thickness and width
of about 25 µm and 10 mm, respectively. The results of
systematic studies of the magnetic properties of the alloy
were reported in [2] and can to be summarized as
follows. The Curie temperature of amorphous phase
in as-quenched state is equal to TC = 370 K. The initial
magnetic permeability µ(Ta) determined at room
temperature plotted versus annealing temperature Ta
passes through a distinct maximum situated at the
so-called 1 h optimization temperature To = 700 K. The
transmission electron microscopy examinations of
annealed samples have shown that the first αFe
nanocrystallites were detected in a sample annealed at
Tk = 760 K. This result is confirmed by Mössbauer
spectroscopy; the additional narrow lines that corre-
spond to iron nanocrystallites are detected at this
temperature.

In this work, transmission Mössbauer spectroscopy
based on 57Fe was employed. For investigation of
structural relaxation phenomena, a special procedure
of annealing of the sample in the range 300−800 K was
applied. The sample was mounted in a high-tempera-
ture furnace and the Mössbauer spectra were measured
in situ at elevated temperatures, starting from room
temperature and the as-quenched state. The time of

collection for each measured spectrum was equal exactly
to 8 h. After this time, the sample was cooled to room
temperature and the Mössbauer spectrum was recorded
again. Then, a higher temperature was applied and the
procedure of annealing was repeated. Some selected
spectra obtained are presented in Figs. 1 and 2. The
Mössbauer spectra of the sample in the paramagnetic
state were fitted by means of a discrete analysis (a single
line and a quadrupole doublet). The magnetically
splitted spectra were fitted by means of a hyperfine field
distribution using the Hesse-Rubartsch method [5]. In
order to take into account the asymmetry of lines,
a linear relation between isomer shift (IS) and hyperfine
magnetic field (H) was assumed in the fitting procedure.

Results and discussion

As can be seen from Fig. 1, the Mössbauer spectra
recorded above, T = 375 K, consist of asymmetric
doublets. In the work, these spectra were fitted by
a single line (PL) and a quadrupole doublet (PQ). The
dependence of the isomer shift (IS) of PL component
on temperature is linear with the slope dIS/dT =
0.0005 mm/s/K as a result of occurrence of the tempera-
ture SOD (second order Doppler) shift. This suggests
that the PL component represents iron atoms with the
distinct disordered amorphous neighborhood. The

Fig. 1. Mössbauer spectra of Fe80Nb6B14 alloy determined: at temperature T for 8 h (a), at room temperature for the sample
cooled from elevated temperatures Ta (b).
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dependence of the IS and the quadrupole splitting (QS)
of PQ component on temperature is complex and is
shown in Fig. 2. Assuming that the PQ component is
connected with the existence of a local topological and
chemical ordering in the vicinity of the selected Fe
atoms, we can describe the process of structural relaxation
which takes place in the paramagnetic state. A strong
increase in a value of QS in the range 625−700 K can be
attributed to the process of formation of chemical short
range order involved by diffusion of free volumes which
leads to redistribution of B and Nb atoms in the vicinity
of the selected Fe atoms − which is confirmed by an
increase in a value of IS. An increase in values of QS
and IS is observed for the optimization temperature
To = 700 K. These results suggest that formation of Fe
clusters with specific configurations of magnetic
moments (probably asperomagnetic, as is demonstrated
in [9]), and with strong local anisotropies in the atomic
Fe arrangement is the source of enhancement of
magnetic properties in the amorphous state. At higher
temperatures, near Tk = 760 K, where the formation
of αFe nanograins is starting, a significant decrease in
IS is observed. In Fig. 3, the dependences of the mean
value of the hyperfine magnetic field H and the
dispersion DH of the distribution of the magnetic fields
P(H), determined from the spectra measured at room
temperature as a function of the annealing temperature
Ta are presented. Two characteristic features are
important, i.e. a minimum in H and DH observed for the
temperature 700 K and a strong increase for Ta > 750 K
due to nanocrystallization. The significant decrease in
H occurs at the optimization annealing temperature To
and is well correlated with the observed increase in
IS and QS for PQ component of the Mössbauer

spectrum measured at To temperature. It is worth to
notice that a very similar dependence of H vs. Ta for
Fe80Nb6B14 amorphous alloy after 1 h annealing at
temperatures Ta was determined in [2]. This result
indicates that the described early clusters of Fe atoms
formed in the paramagnetic state at a temperature close
to To are quenched and strongly influence magnetic
properties of the investigated alloy at room temperature
in the amorphous state. The observed minimum in the
H value for the To annealing temperature is probably
connected with a relatively small average magnetic
moment of the clusters formed with non-collinear
magnetic structure in an asperomagnetic state [7].
However, the strong ferromagnetic exchange between
clusters via the amorphous matrix and the reduction of
internal stresses, in contrary to the case when nanograins
are formed, lead to the enhancement of magnetic
permeability effect.

Conclusions

The in situ temperature study in the range 300−800 K
of the amorphous Fe80Nb6B14 alloy using Mössbauer
spectroscopy showed that at a temperature close to
700 K specific clusters of Fe atoms with non-collinear
magnetic structure are formed. In the annealed at
elevated temperatures samples the strong ferromag-
netic exchange between clusters via the amorphous
matrix leads to the enhancement of the magnetic
properties in the amorphous phase without forming
a nanostructure. This makes it possible to obtain a good
soft magnetic material free of embitterment, in contrary
to nanostructured materials.

Fig. 2. The dependence of hyperfine parameters of PQ
component in Mössbauer spectra recorded at elevated
temperatures Ta: isomer shift (a), quadrupole splitting (b).
The dotted line is added only for eye.

Fig. 3. The mean hyperfine magnetic field H (a) and dispersion
DH of the hyperfine field distribution (b) determined at room
temperature for sample annealed for 8 h at elevated tempera-
tures Ta. The dotted line is added only for eye.
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