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Structural relaxation plays a very important role in describing the magnetic properties of amorphous
materials exhibiting soft magnetic properties. Changes in the position of the magnetization vector near
short-range stresses can be investigated in amorphous materials using an indirect method called the
ferromagnetic saturation approach. The analysis of the primary magnetization curves makes it possible
to determine the type of stresses occurring in the volume of the tested alloys, which are in the form of free
volumes and quasidislocation dipoles. The paper presents research on high-field primary magnetization
curves for the FeCoB alloy.
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1. Introduction

Defects in crystalline materials are widely known
and very well described in many scientific papers
and academic textbooks [1, 2]. The impact of such
defects on the properties of the tested alloys is very
significant, and it can be concluded that they are
a decisive factor in the formation of the resulting
material parameters. Therefore, numerous methods
of introducing or reducing defects in such materials
are used. When it comes to amorphous alloys, it is
difficult to find direct images showing defects in this
structure. It has been shown previously that the ob-
tained amorphous structure exhibits different prop-
erties for the same chemical composition, depend-
ing on the cooling rate between the liquid and solid
states [3–7]. It should be added that amorphous ma-
terials are characterised by chemical and topologi-
cal disorders — in contrast to crystalline materi-
als [8–10]. These two factors affect direct changes
in the properties of amorphous alloys. It is obvi-
ous that chemical and topological changes comprise
a factor in the creation of areas described as het-
erogeneity of structure. These heterogeneities are
sources of stress called defects. In amorphous ma-
terials, it is possible to study structural defects by
an indirect method called the approach to ferro-
magnetic saturation. This method was adopted by
H. Kronmüller [11–13]. The defects considered by
H. Kronmüller are free volumes and quasidisloca-
tional dipoles. Free volumes play a similar role in

amorphous materials to point defects in amorphous
materials. In contrast, quasidislocational dipoles are
the equivalent of linear defects.

The aim of this study was to investigate the struc-
ture and impact of defects on the magnetisation
process in strong magnetic fields, in the area called
the approach to ferromagnetic saturation. Samples
of the amorphous alloy Fe43+xCo29−xY8B (where
x = 0 or 5) were produced and tested, each sam-
ple being in the form of a plate with a thickness of
0.5 mm.

2. Materials and methods

The samples for testing were made from high
purity component elements: Fe — 99.99%, Co —
99.99%, Y — 99.95%, B — 99.9%. Boron was added
in the form of a FeB alloy. The weighed alloy com-
ponents were melted in an arc furnace under an ar-
gon atmosphere. The molten components were re-
melted four times on each side, which promoted
good homogenisation of the alloy. Then, the result-
ing ingots were divided into smaller pieces, which
were used to provide melt samples for research. Us-
ing a method involving a suction of liquid alloy into
a water-cooled copper mould (suction casting), sam-
ples were obtained in the form of plates, each with
a thickness of 0.5 mm and an area of 100 mm2. Af-
ter fragmentation using a low-energy process, these
plate samples were subjected to structural analysis.
The structure was studied using a BRUKER D8
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Fig. 1. X-ray diffractograms obtained for the alloy
samples: (a) Fe43Co29Y8B20, (b) Fe48Co24Y8B20.

Advance X-ray diffractometer, which was equipped
with a cobalt lamp (CuKα1 λ = 1.54433). The sam-
ples were measured in the range of 2θ angle from 30
to 100◦ with a measuring step of 0.02◦ and an ex-
posure time of 5 s. The tests of resulting magnetic
properties were carried out using a Lakeshore 7307
VSM vibration magnetometer. Primary magneti-
sation curves and static magnetic hysteresis loops
were measured. Based on analysis of the static mag-
netic hysteresis loops, values of saturation magneti-
sation and coercivity field were determined. Analy-
sis of the primary magnetisation curves, measured
at the appropriate density, was performed accord-
ing to the assumptions of H. Kronmüller’s theorem.
All tests were performed at room temperature for
samples in the post-solidification state.

3. Results

Figure 1 shows the X-ray diffraction images mea-
sured for the tested alloys. The obtained diffrac-
tograms are typical for materials with an amor-
phous structure. Only wide maxima in the 2θ range
of 40–50◦ are visible. Figure 2 shows static magnetic
hysteresis loops for the studied alloys.

Based on the hysteresis loops, the values of the
coercivity field HC and saturation magnetisation
MS were determined (see Table I). Based on the
shapes of the static magnetic hysteresis loops, it can
be stated that the Fe48Co24Y8B20 alloy is easier to
magnetise than the Fe43Co29Y8B20 alloy, which is
indicated by a higher value of magnetisation at the
same value of the intensity of the external magnetic
field. Figure 3 shows the magnetization curves, as
a function (µ0H)−1, for the alloys under study.

In both cases, the process of magnetisation in
high values of intensity of the external magnetic
field is associated with the rotation of the magneti-
sation vector in the vicinity of linear defects. For

Fig. 2. Static magnetic hysteresis loops for the al-
loys: (a) Fe43Co29Y8B20, (b) Fe48Co24Y8B20.

Fig. 3. Magnetisation, as a function of (µ0H)−1,
for the alloy samples (in the form of 0.5 mm plates):
(a) Fe43Co29Y8B20, (b) Fe48Co24Y8B20.

the Fe43Co29Y8B20 alloy, this phenomenon occurs
in the range of magnetic field strength from 0.27
to 0.87 T, while for the Fe48Co24Y8B20 alloy, the
equivalent range is from 0.29 to 0.68 T. A narrower
range of effect of linear defects on magnetisation
suggests a slightly different structure of the alloy.
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Fig. 4. Magnetisation as a function of (µ0H)1/2,
for the alloy samples (in the form of 0.5 mm plates):
(a) Fe43Co29Y8B20, (b) Fe48Co24Y8B20.

TABLE I

Magnetic properties of the Fe43+xCo29−xY8B20

alloys.

Alloy MS [T] HC [A
m
] Dspf [meV nm2]

Fe43Co29Y8B20 1.12 140 34
Fe48Co24Y8B20 1.14 75 50

Figure 4 shows the magnetisation curves as
a function of (µ0H)1/2. The process of magneti-
sation of the above approach area to ferromag-
netic saturation is associated with the suppres-
sion of thermally induced spin waves (the so-called
Holstein–Primakoff paraprocess) [14]. Based on the
shape of the curve, the spin-wave stiffness param-
eter Dspf was determined. The values are given in
Table I.

The shapes of the X-ray diffractograms, the
shapes of the static magnetic hysteresis loops, and
the type of structural defects occurring, indicate
great similarity of the tested alloys. However, the
determined parameters indicate substantially supe-
rior magnetic properties of the Fe48Co24Y8B20 alloy
— almost twice the lower value of the coercivity

field and a higher value of saturation magnetisa-
tion. The increase in the Dspf parameter is associ-
ated with the improvement of exchange interactions
between pairs of magnetic atoms Fe–Fe, Co–Co and
Fe–Co.

4. Conclusions

The aim of this study was to investigate the in-
fluence of Fe and Co content on the structural and
magnetic properties of rapidly cooled alloys pro-
duced by the suction-casting method. The results
show that the addition of Fe atoms, at the expense
of Co atoms, facilitates an easier magnetisation pro-
cess. A higher Fe content increases the homogeneity
of the alloy, as indicated by a lower value of coerciv-
ity field and the concentration of the influence of lin-
ear defects on the magnetisation process over a nar-
rower range of external magnetic field intensity.
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