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Depending on their other constituent elements, Fe-based amorphous materials can exhibit good soft
magnetic properties. By determining the directional coefficient b for the relationship of µ0M(µ0H)1/2

according to the best linear fit, it is possible to determine the parameter of spin wave stiffness Dspf .
This parameter, amongst others, is related to the distribution of magnetic atoms around the central
atom, which is reflected in the value of saturation magnetisation. This work has examined the structure
of specially prepared alloy samples and analysed the influence of the spin wave stiffness parameter on
the value of saturation magnetisation. Three alloys with different constitutions, based on the Fe matrix,
were analysed.
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1. Introduction

Modern electronic and electrical components re-
quire increasingly improved materials that meet rel-
evant requirements. A particular example is the
magnetic cores used in all smartphones, tablets,
computers and many other modern devices. The
most suitable magnetic materials for this type of
application are materials with soft magnetic prop-
erties [1–3], i.e., low remagnetisation losses, high
magnetic permeability, and relatively high values
of Curie temperature and saturation magnetisation.
Limiting the losses per remagnetisation cycle helps
to increase the efficiency of electrical devices, con-
currently reducing the temperature and noise emis-
sion associated with their operation [4, 5].

In amorphous soft magnetic materials, the phe-
nomenon of magnetostriction is significantly re-
duced, with some alloys containing cobalt reach-
ing magnetostriction values close to zero (near-zero
magnetostriction) [6, 7]. This phenomenon is widely
known and manifests itself in a change in one or
more dimensions of the material with changes in
the direction of magnetisation. For decades, work
has been carried out to reduce the phenomenon of
magnetostriction in materials commercially used in
the electrical energy and electronic industries. The
Curie temperature is a very important parameter
for characterising the operation of soft magnetic
materials. This temperature sets a certain limit, de-
termining the point of change of magnetic structure
from ferromagnetic to paramagnetic [8]. This means
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that above the Curie temperature, ferromagnetic
properties are lost. Another important parameter
for describing soft magnetic materials is saturation
magnetisation; it determines the state of magnetic
saturation, i.e., it describes the state at which an in-
crease in the strength of an external magnetic field
does not cause any further increase in the magneti-
sation of the material. In the case of the tested al-
loys, a state close to the saturation state is achieved
in relatively low magnetic fields of about 1 T. Above
that value, in strong magnetic fields, the magnetisa-
tion process and increase in magnetisation value are
no longer associated with the presence of structural
defects, and the main factor affecting the changes in
magnetisation is that of spin waves. These waves are
collectively induced spin systems. Systems of inter-
acting spins are described in Heisenberg’s model [9].

Using the relationship of µ0M(µ0H)1/2, it is pos-
sible to determine the Dspf spin wave stiffness pa-
rameter associated with parameter b, which is de-
scribed by the following formula [10]

b = 3.54gµ0µB

(
1

4πDspf

)3/2

kBT (gµB)
1/2, (1)

where:

µ0 — magnetic permeability of a vacuum,

H — magnetic field,

kB — Boltzmann’s constant,

µB — Bohr magneton,

g — gyromagnetic factor,

T — temperature.

This parameter is related to the number of near-
est magnetic neighbours. The value of this param-
eter is directly related to the value of saturation
magnetisation.

The aim of this research was to study the struc-
ture and to determine the parameter of spin wave
stiffness for samples of the bulk amorphous alloy
family — Fe65Nb5Hf5−xY5+xB20 (where x = 0, 1,
or 2). The tested samples were soft magnetic fer-
romagnets in the form of a plate with a thickness
of 0.5 mm.

2. Materials and methods

The samples prepared for this research were made
in two stages. The first stage consisted of weighing
and melting the alloy component elements to obtain
crystalline ingots. All the alloy components used at
this stage were of high purity: Fe — 99.99 at.%, Nb
— 99.99 at.%, Hf — 99.99 at.%, Y — 99.95 at.%,
B — 99.9 at.%. The ingredients were melted on a
copper water-cooled plate under a protective gas at-
mosphere. The polycrystalline ingots were remelted
four times on each side to improve their homogene-
ity. Each melt was preceded by the melting of pure
titanium, which was used as an absorbent of the

Fig. 1. X-ray diffraction patterns for the
plate-form samples of the investigated alloys:
Fe65Nb5Hf5Y5B20 (curve 1), Fe65Nb5Hf4Y6B20

(curve 2), Fe65Nb5Hf3Y7B20 (curve 3).

remaining oxygen in the chamber. The prepared al-
loy ingots were divided into smaller pieces, which
were used to make rapidly cooled samples. The sam-
ples were produced in the form of plates with a
thickness of 0.5 mm and an area of 100 mm2 us-
ing an injection-casting method — the liquid al-
loy was forced, under argon pressure, into a copper
water-cooled mould. The structure of the resulting
samples was evaluated by means of a Bruker AD-
VANCE D8 X-ray diffractometer equipped with a
cobalt lamp. The samples were tested over the range
of 2θ angle from 30 to 100◦, with an exposure time
per measuring step of 5 s at a resolution of 0.02◦.
The magnetic properties of the samples were in-
vestigated using a Lakeshore 7307 vibrating sample
magnetometer. Measurements of the primary mag-
netisation curves were carried out within the range
of magnetic field strength of up to 2 T.

3. Results

Figure 1 shows the X-ray diffraction images mea-
sured for the tested alloys.

In the measured diffractograms, wide, fuzzy max-
ima (amorphous halos) are visible in the range of
40–55◦ of 2θ angle. These maxima are related to
X-rays scattered on atoms randomly distributed in
the volume of the alloy.

Figure 2 shows static magnetic hysteresis loops
measured for the investigated alloys.

The measured loops for alloys with an yttrium
content of 6 at.% and 7 at.% are similar to each
other. The curve for Fe65Nb5Hf5Y5B20 is char-
acterised by a different trajectory — the alloy
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Fig. 2. Static magnetic hysteresis loops for the
investigated alloys: Fe65Nb5Hf5Y5B20 (curve 1),
Fe65Nb5Hf4Y6B20 (curve 2), Fe65Nb5Hf3Y7B20

(curve 3).

TABLE I

Magnetic properties of the investigated alloys.

Alloy
MS

[T]
HC

[A/m]
HH−P

[T]
Dspf

[meV nm2]
Fe65Nb5Hf5Y5B20 0.58 189 0.43 27
Fe65Nb5Hf4Y6B20 0.47 129 0.31 32
Fe65Nb5Hf3Y7B20 0.47 42 0.13 38

reaches a much higher saturation magnetisation
value. Figure 3 shows the magnetisation curves as
a function of (µ0H)1/2.

A linear fit was made to the trajectory of the
magnetisation as a function (µ0H)1/2. The param-
eter b and the magnitude of the external mag-
netic field, at which the magnetisation process of
the alloy is associated with the so-called Holstein–
Primakoff paraprocess (attenuation of thermally
induced spin waves), were determined. Magnetic
properties, based on the static magnetic hysteresis
loops and magnetisation as a function of (µ0H)1/2,
are shown in Table I.

Despite minor differences in the chemical compo-
sition of the alloys, their magnetic properties differ
significantly. The addition of the Y element, at the
expense of the Hf element, causes a significant de-
crease in the value of the coercivity field and the
field at which the Holstein–Primakoff paraprocess
begins. The alloy sample with 7 at.% of Y element
exhibits a much easier magnetisation process. More-
over, it is worth noting that the value of the Dspf

parameter increases with increasing addition of the
Y element. As previously mentioned, this parameter
is closely related to the number of nearest magnetic
neighbours (Fe atoms) and thus to magnetisation.
The increase in the value of the Dspf parameter
is associated with changing distance between the
Fe atoms. Given the simultaneous decrease in the
value of saturation magnetisation, it can be con-

Fig. 3. Magnetisation as a function of (µ0H)1/2

for the investigated alloys: (a) Fe65Nb5Hf5Y5B20,
(b) Fe65Nb5Hf4Y6B20, (c) Fe65Nb5Hf3Y7B20.

cluded that there is a local anti-ferromagnetic order
in the tested samples. In some areas of the alloys,
the Fe atoms are close enough to each other that
they force anti-ferromagnetic spin alignment, which
results in a decrease in the value of saturation mag-
netisation.

4. Conclusions

This paper presents the results of research into
the influence of Y and Hf element content on the
structure and properties of bulk rapidly cooled al-
loys based on the Fe matrix. All the studied alloys
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are characterised by an amorphous structure. Stud-
ies of the magnetic properties have shown that these
alloys exhibit soft magnetic properties. It has been
shown that the addition of the Y element at the ex-
pense of the Hf element affects the distribution of
Fe atoms in the volume of the alloy — the distances
between these atoms change. Therefore, there is an
increase in the value of the Dspf parameter with
a simultaneous decrease in the value of saturation
magnetisation. This suggests the presence of local
anti-ferromagnetic order in the volume of the alloys.
Importantly, the existence of this magnetic order
has no effect on the drastic increase in the value of
the coercive field.
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