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In order to obtain an alloy with a specific set of magnetic properties, the dominant influences of chemical
component and thermal treatment selection need to be satisfied. In this paper, the results of investigations into
the microstructure and magnetic properties of the following alloys are presented: amorphous Fe82Zr7Nb2Cu1B8

and crystalline Fe82Zr6Y1Nb2Cu1B8. The structure and microstructure were examined using the Mössbauer spec-
troscopy and X-ray diffractometry. The Fe82Zr7Nb2Cu1B8alloy was found to be fully amorphous in the as-quenched
state and the transmission Mössbauer spectrum for this alloy is typical of that for weak ferromagnets, with an
average hyperfine field of 9.86(2) T. The shape of this spectrum was found to have changed noticeably in the case
of the Fe82Zr6Y1Nb2Cu1B8 alloy. This change was attributed to the presence of the crystalline phase bcc-Fe.
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1. Introduction

The technique of ingot-rolling followed by heat treat-
ment is one of the well-known methods for the prepa-
ration of conventional crystalline alloys [1–4]. For some
time, there has been a dramatic increase in interest in
electrotechnical materials with soft magnetic properties
and amorphous or nanocrystalline structures. In order to
prepare these materials, a suitable technique is used for
rapid cooling of the material from the liquid phase. As a
result of the rapid solidification of the melt, the follow-
ing forms of material can be prepared: a tape having a
thickness of several tens of µm, or rods, plates, tubes or
other complicated shapes of materials having a thickness
of several mm [5, 6].

When a large amount of energy (known as the acti-
vation energy of crystallization) is provided to an amor-
phous alloy, it tends to form seed crystals in the volume
of the material, which leads later in their growth to the
formation of crystallites of nanometric sizes [7–9].

Control of the heating process of amorphous alloys
enables the production of an alloy with nanocrystalline
structure [10–12]. Modern functional alloys, featuring
amorphous and nanocrystalline structures, have a broad
spectrum of applications [13]. In the case of soft ferro-
magnetic alloys with amorphous or nanocrystalline struc-
tures, very good magnetic characteristics are observed;
this means that these alloys can be used in modern trans-
formers, electric motors or microgenerators. In the amor-
phous alloys, it is possible to create a non-collinear mag-
netic structure together with fluctuations in the direc-
tion of easy magnetization, which is associated with the
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presence of various types of magnetic structures. Even
in strong magnetic fields, such alloys do not reach fer-
romagnetic saturation. The presence of a complex mag-
netic structure within a single alloy can be observed in
iron-based amorphous materials featuring the addition of
zirconium [14, 15].

This paper presents microstructural and magnetic-
ordering investigations for amorphous Fe82Zr7Nb2Cu1B8

alloy; in addition, the effects are investigated of substitut-
ing 1 at.% weight of Zr for Y content in the composition
of the alloy on the resulting microstructure and magnetic
properties.

2. Experimental procedure
The samples used in this research were in the form

of ribbons with a width of 3 mm and an approximate
thickness of 20 µm. High-purity component chemicals
were melted in an electric arc furnace, yielding ingots
with the nominal compositions: Fe82Zr7Nb2Cu1B8 and
Fe82Zr6Y1Nb2Cu1B8. The desired amorphous ribbon
samples were prepared by rapid cooling of the liquid
metal on a single rotating copper cylinder (the melt-
spinning process). An alloy sample containing yttrium
was solidified on the cylinder at a rotational speed of
3800 rev./min and at a pressure of 0.03 MPa. The whole
production process was undertaken under a protective
atmosphere of argon. Microstructural and structural
studies were performed on the samples in the post-
solidification state, at room temperature. The mi-
crostructures of the produced materials were examined
using a Mössbauer spectrometer and an X-ray diffrac-
tometer. A POLON Mössbauer spectrometer was used
to observe the magnetic microstructure of the sample al-
loys; this spectrometer was equipped with a 57Co (Rh)
source, of 50 mCi activity. The transmission Mössbauer
spectra were analysed using NORMOS software [16].
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X-ray studies were carried out using a Brucker D8 Ad-
vance X-ray diffractometer. Experiments were under-
taken within the 2θ-angle range from 30◦ to 130◦ with a
measuring step-size of 0.02◦ and an exposure time of 7 s.
Measurements were taken in the Bragg–Brentano geom-
etry with a semiconductor counter and Cu Kα radiation.

Using the “Faraday balance”, the magnetic properties
of the materials were examined. Each investigated al-
loy sample was subjected to a magnetic field of 0.7 T,
and then, using a TERMOS automated temperature con-
troller, the sample was heated within the temperature
range from 273 K to 850 K at a rate of 10 K/min. On
the basis of the measurement points, the normalized ther-
momagnetic curves were determined, allowing the identi-
fication of the Curie temperature (TC), according to the
relationship(

M

MS

)1/β

=

(
M0

MS

)1/β (
1− T

TC

)
, (1)

taking as β — critical exponent, equal to 0.36, for
“Heisenberg” ferromagnetics [17, 18].

3. Results and discussion

The X-ray diffraction pattern for a sample of the alloy
Fe82Zr7Nb2Cu1B8 is shown in Fig. 1.

In this picture, pertaining to the sample in the post-
solidification state, no narrow peaks (which would corre-
spond to a crystalline phase) can be seen. The resulting
diffraction pattern shows a broad halo at a 2Θ-angle of
approximately 50◦, which is typical for amorphous alloys
featuring an iron matrix.

Fig. 1. X-ray diffraction pattern for the sample of
Fe82Zr7Nb2Cu1B8 alloy in the as-quenched state.

The amorphousness of the investigated alloy was fur-
ther confirmed by the Mössbauer studies (Fig. 2).

The Mössbauer transmission spectra and hy-
perfine field distribution, obtained for the alloy
Fe82Zr7Nb2Cu1B8 in the post-solidification state, are
shown in Fig. 2. The shape of the spectrum is charac-
teristic of that expected for a ferromagnetic amorphous
alloy of high iron content [19].

The spectrum consists of broad overlapping lines in-
dicating a disordered alloy structure. In the hyperfine
field induction distribution it is possible to distinguish
a low-field component responsible for the presence of a
high concentration of iron atoms with small distances
between them. A high-field component, which can be
observed at higher fields of the hyperfine field distribu-
tion on the iron nuclei, gives an indication of the presence

Fig. 2. Transmission Mössbauer spectra (a) and
derived hyperfine field distribution (b) for the
Fe82Zr7Nb2Cu1B8 amorphous alloy in the as-quenched
state.

of other elements such as Zr or B near the iron atoms.
From analysis of the Mössbauer spectra (Table I) it can
be concluded that the intensity of the second line in the
Zeeman sextet is 2.7, which means that the magnetiza-
tion vector of the ribbon is positioned perpendicular to
the surface.

TABLE I

The average hyperfine field at 57Fe nuclei (Bhf )ef and the
intensity of the second line in the Zeeman sextets (A2,5)
for the investigated samples in the as-quenched state.

Sample (asq) Bhfef [T] ∆DS [T] A2.5

Fe82Zr7Nb2Cu1B8 9.86(2) 4.17(2) 2.7(1)
Fe82Zr6Y1Nb2Cu1B8 14.82(2) 4,71(2) 4.0 (1)

In the case of an alloy containing yttrium (Fig. 3)
the intensity of the A2.5 line is 4, which indicates that
the vector of magnetization is set parallel to the ribbon
surface.

Fig. 3. Transmission Mössbauer spectra (a) and
derived hyperfine field distributions (b) for the
Fe82Zr6Y1Nb2Cu1B8 amorphous alloy in the as-
quenched state.

The X-ray diffraction pattern, measured for a sample of
the Fe82Zr6Y1Nb2Cu1B8 alloy in the post-solidification
state, is shown in Fig. 4.

Within the resulting pattern, distinct peaks are visi-
ble, which testify to the presence of a crystalline phase.
The sharp peaks that are visible in the X-ray diffraction
pattern were identified through the use of a specialized
PDF database. This allowed specific phases to be as-
signed to the crystalline peaks (Fig. 4).
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Fig. 4. X-ray diffraction pattern with marked phases
for the sample of Fe82Zr6Y1Nb2 Cu1B8 alloy in the as-
quenched state.

Figure 3a shows the Mössbauer spectrum together with
the hyperfine field distribution (Fig. 3b) measured at
room temperature for the Fe82Zr6Y1Nb2Cu1B8 alloy in
the post-solidification state. The shape of this spec-
trum has clearly changed: narrow lines are visible, cor-
responding to the crystalline phase bcc-Fe. For the sam-
ple of alloy containing yttrium in its composition, an in-
crease in the average hyperfine field induction was ob-
served; this is associated with the distance between the
iron atoms and their presence within the near neighbour-
hood of atoms of other elements — in this case, yttrium
atoms. The increase of the (Bhf )ef parameter for the
Fe82Zr6Y1Nb2Cu1B8 sample reveals an increased density
of atoms, compared with the alloy that did not contain
1 at.% of Y.

Measurements of magnetization as a function of tem-
perature allowed the Curie temperatures of the investi-
gated alloys to be determined. Figure 5 shows specific
magnetization curves (σ) as a function of temperature
under constant magnetizing field (0.75 T) for the exam-
ined alloys.

Fig. 5. Dependence of the specific magnetization on
temperature for the investigated samples in the as-
quenched state.

Magnetization for both of the investigated alloys grad-
ually decreases with temperature, but does not reach
zero. The Curie temperature for the alloy containing
yttrium is much higher (TC = 423 K). This fact is
related to the presence in the alloy of the crystalline
phase and the replacement of zirconium atoms by yt-
trium atoms. Yttrium has a larger atomic radius (rY =
0.180 nm) compared with the atomic radius of zirconium
(rZr = 0.155 nm). This difference in radius affects the

arrangement of atoms within the volume of the alloy
and, in turn, affects the resulting magnetic properties
— which may be manifested as the higher Curie tem-
perature of the Fe82Zr6Y1Nb2Cu1B8 alloy. The addition
of yttrium restricts the free movement of atoms due to
the size mismatch between Zr and Y [20]. On the other
hand, the increased Curie temperature (TC = 423 K)
of the alloy containing Y (relative to the composition
Fe82Zr7Nb2Cu1B8, for which TC = 346 K) should be as-
sociated with an increase in the exchange integral Jr.

4. Conclusions

In conclusion, it may be stated that the multi-
component Fe82Zr7Nb2Cu1B8 alloy in the as-quenched
state was fully amorphous. The X-ray diffraction pat-
tern, presented for the Fe82Zr6Y1Nb2Cu1B8 alloy sam-
ple, shows clear peaks indicating the presence of a crys-
talline phase. The increase in the average magnetic hy-
perfine induction field for the Fe82Zr6Y1Nb2Cu1B8 alloy
sample is associated with the larger distance between the
iron atoms therein and the presence in their near neigh-
bourhood of other chemical elements — in this case, yt-
trium atoms. The Curie temperature of the sample with
added yttrium is much higher (Tc = 423 K) than that for
the Fe82Zr6Y1Nb2Cu1B8 alloy (TC =346 K). The addi-
tion of yttrium restricts the free movement of atoms due
to the size mismatch between Zr and Y.

The ribbon samples investigated during this work were
prepared using the same method and under the same con-
ditions. This fact confirms the theory that even minor
changes in the chemical composition of an alloy can sig-
nificantly change the resulting magnetic properties.
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