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Studying the real structure of amorphous alloys is not an easy task and requires an appropriate scientific
approach. Unlike crystalline materials, for which there is a precise description of the structure based on
the structure of the unit cell, in amorphous materials it is not possible to identify it. The amorphous
structure is often described as one big defect. Using the technique of Mössbauer spectroscopy, it is
possible to study the structure of amorphous alloys and determine the degree of their order. The
paper presents the results of Mössbauer tests for amorphous alloys in the state after solidification. The
influence of a small change in the chemical composition on the probability of the occurrence of iron
surroundings determining specific hyperfine field induction values was determined.
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1. Introduction

An important parameter indicating the applica-
tion possibilities of various types of materials is
their structure packing density. It is commonly un-
derstood as the number of closely packed atoms in a
given volume, without distinguishing other relation-
ships between atoms. In the case of ferromagnetic
materials exhibiting magnetic properties, especially
soft magnetic properties, the distribution of mag-
netic atoms in the volume of a given material is very
important. The improvement in properties is not al-
ways related to a larger number of magnetic atoms
in a given volume. A parameter that indirectly de-
termines the good magnetic properties of magnetic
alloys with soft magnetic properties is the exchange
distance of magnetic interactions. This distance de-
termines what distance between magnetic atoms
is most favorable to obtain optimal properties de-
scribed as ferromagnetic and soft magnetic [1, 2]. If
this distance is too large, the magnetic interactions
between atoms weaken and individual magnetic mo-
ments do not interact with each other. If there are
too many of these atoms in the analyzed volume,
their coupling occurs and the magnetic moments
become antiparallel, and we are dealing with an an-

tiferromagnetic interaction. Using Mössbauer trans-
mission spectroscopy, and more precisely, numerical
analysis of the obtained measurement results, it is
possible to determine the distribution of iron atoms
in the alloy volume. The hyperfine field induction
distributions show low- and high-field components
for amorphous alloys [3]. The change in magneti-
zation was examined in the area where spin waves
are thermally damped by the magnetic field and are
responsible for its increase. The increase in magne-
tization in strong magnetic fields when it has al-
most been reached takes place according to the re-
lationship describing the Holstein–Primakoff para-
process [4]
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where the coefficient b is described by the relation-
ship

b = 3.54 gµ0µB
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and where:
kB — Boltzmann constant,
µB — Bohr magneton,
g — gyromagnetic coefficient,

Dspf — spin wave stiffness parameter.
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In (2), there is a spin wave stiffness parameter
(Dspf ), which is related to the exchange constant
(Aex) from the formula

Aex =
MsDspf

2gµB
. (3)

The spin wave stiffness parameter (Dspf ) can be
determined from the equation

Dspf =
k

4π

(
2, 612µBµ0

M0c3/2

)3/2

, (4)

where:

M0 — magnetic polarization at 5 K,
C3/2 — constant determined by adapting the law of

the temperature dependence of magnetization
as a function of the magnetic field strength
(µ0H = 1 T) [5].

Knowing the value of the spin wave stiffness pa-
rameter, we can determine the number of neighbor-
ing magnetic atoms.

The paper presents the results of tests of the
structure and magnetic properties carried out for
samples of Fe62Co8Y8Me2B20 (Me = Nb or Zr) al-
loys in the form of ribbons after solidification and
with a thickness of 35 µm.

2. Experimental procedure

The test material was prepared from ingredients
with a purity of not less than 99.99 at.%. Four- and
five-component alloys were made. The alloying base
was iron, the content of which exceeded 60% for
each alloy. This treatment prevents the loss of boron
during remelting. Additionally, the alloys contained
Co, Y, and Zr. After weighing 15 grams, the ingre-
dients were pre-melted in an arc furnace. The alloy
components were melted on a water-cooled copper
plate. This process took place in a protective at-
mosphere of argon. The initial melting parameters
are ≈ 250 A. After the first melting of the compo-
nents, the operating current was increased to 350 A.
Each subsequent melting of the ingot was performed
after it had been rotated, which allowed for good
mixing of the components. This operation was re-
peated twelve times. The melted alloy components
in the form of an ingot were cooled in the furnace for
about 15 min. This procedure was aimed at limiting
the oxidation of the alloy. After being removed from
the working furnace, the cooled ingots were cleaned
mechanically and using an ultrasonic cleaner. The
cleaned pieces of the alloy were ready to produce
test samples in the form of thin ribbons. The rib-
bons were made using the melt-spinning method.
The alloy pieces were placed in a quartz capillary,
which was placed in the coil of an induction fur-
nace. The capillary outlet had a diameter of 1 mm.
The other side of the capillary was connected to
an inert gas source. The copper wheel was accel-
erated to a linear speed of 30 m/s, and the liq-
uid alloy was sprayed onto it. As a result, ribbons

Fig. 1. X-ray diffraction images obtained for sam-
ples of the tested Fe62Co8Y8Me2B20 in the form of
35 µm thick ribbons: with Zr (curve 1), and with
Nb (curve 2).

with a thickness of approximately 30–35 µm were
produced. The ribbon production process was car-
ried out in a protective atmosphere of argon. The
ribbons thus produced were subjected to structure
analysis using X-ray diffraction (XRD). An X-ray
diffractometer operating in the Bragg–Brentano ge-
ometry was used for this purpose. The Bruker X-ray
machine model ADVANCE 8 was equipped with an
X-ray tube with a copper anode. Samples in the
form of ribbons (planar-parallel) after solidification
were glued to rotating measuring disks. Scanning
of the ribbons using X-rays was carried out in the
two theta angle range from 30 to 100◦. The density
and scanning time were 0.02◦ and 6 s, respectively.
The spin wave stiffness parameter b was calculated
based on the relationship from (1). Mössbauer spec-
tra for room temperature were measured on a Polon
2330 spectrometer. The device operated in trans-
mission geometry with constant source accelera-
tion. The spectrometer calibration was performed
on α-Fe foil with a thickness of 20 µm. A 57Co Möss-
bauer source in a rhodium matrix was used for the
measurements. The Mössbauer transmission spec-
tra were subjected to numerical analysis using the
NORMOS software [6].

3. Presentation of results

The X-ray diffractograms measured for the tested
alloys are presented in Fig. 1.

The X-ray diffractograms for the tested alloys in
the form of a ribbon presented in Fig. 1 are typical
for materials with an amorphous structure. We can
only distinguish a background of slight intensity.
Near the two theta angles corresponding to the com-
ponent with the highest content in the alloy (iron
in our case), a wide diffuse maximum, called an
amorphous halo, can be observed. The amorphous
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Fig. 2. Mössbauer transmission spectra obtained
for the tested Fe62Co8Y8Me2B20 in the form of
35 µm thick ribbons: (a) Zr, (b) Nb.

nature of the samples was additionally confirmed
by tests performed using Mössbauer transmission
spectroscopy. Figure 2 shows the Mössbauer trans-
mission spectra obtained for the tested alloy sam-
ples.

The Mössbauer transmission spectra presented in
Fig. 2 are typical for materials with an amorphous
structure. They consist of wide asymmetrical over-
lapping lines and are asymmetrical. As a result of
the numerical analysis of Mössbauer transmission
spectra, the distributions of hyperfine field induc-
tion on 57Fe nuclei were obtained (Fig. 3).

The distributions of hyperfine field induction on
57Fe nuclei are bimodal. The low- and high-field
components present in them indicate a large diver-
sity of the immediate surroundings of iron atoms.
This also means that in the volume of the alloy
there are areas where the distances between iron
atoms are smaller and areas where the distances
are larger. The formation of such areas affects the
occurrence of topological and chemical disorders in
amorphous materials. This can be considered to be
the nature of amorphous materials, which distin-
guishes them from crystalline materials. Figure 4
shows the dependencies b(µ0H)1/2 for the tested
Fe62Co8Y8Me2B20 in the form of 35 µm thick rib-
bons with Zr (curve 1) and Nb (curve 2).

Fig. 3. Distributions of hyperfine field induction
obtained based on the analysis of Mössbauer trans-
mission spectra for the tested Fe62Co8Y8Me2B20 in
the form of 35 µm thick ribbons: (a) Zr, (b) Nb.

Fig. 4. The relationship b(µ0H)1/2 for the tested
Fe62Co8Y8Me2B20 alloys in the form of 35 µm thick
ribbons: Nb (curve 1), Zr (curve 2).

The calculated spin wave stiffness parameter
Dspf for the sample with the addition of Nb
(61.8× 10−2 meV nm2) is higher than for the sam-
ple with Zr (56.4× 10−2 meV nm2). This may mean
that in the alloy with the addition of Nb, the dis-
tances between magnetic atoms are more favorable
for free interaction between magnetic spins.
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4. Conclusions

The produced ribbons had an amorphous struc-
ture, which was confirmed by tests performed us-
ing XRD and Mössbauer spectroscopy. The distri-
butions of hyperfine field induction on 57Fe are bi-
modal, which is related to the presence of areas with
different iron concentrations in the sample volume.
In the sample with Nb addition, the average value
of the hyperfine field of the low-field component was
much higher. The increase in the value of the ma-
terial parameter Dspf is related to the change in
the internal parameters of the sample. As a result
of a slight change in the composition of the alloy,
the distance between the nearest magnetic neigh-
boring atoms changes. The increase in the value of
the Dspf parameter may be related to the increased
number of closest magnetic atoms, which is related
to the improvement of the short-range chemical or-
der (SRO).
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