Structure and Magnetic Properties of Amorphous
Fe-Zr-Nb-Cu-B-(Y) Ribons
JOANNA GONDRO*
1
Institute of Physics, Faculty of Production Engineering and Materials Technology, Czestochowa University of Technology, 19
Armii Krajowej Str., 42-200 Czêstochowa, Poland

In this paper the results of the structural and magnetic properties for amorphous alloys ribbons Fe86Zr7Nb1Cu1B5
and Fe86Zr4Y3Nb1Cu1B5 were presented. From X-ray diffraction and Mössbauer investigations we have stated
that amorphous ribbons were fully amorphous. The investigated alloys, exhibit poor soft magnetic properties
at room temperature. However, at low temperatures they show relatively large magnetic susceptibility and
good its time stability.
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The soft magnetic amorphous alloys are characterized
by a low value of the coercive field, small losses for remagnetization and a large initial magnetic permeability
[1-8]. One of the advantages of soft magnetic alloys is the
possibility of their re-magnetization
in relatively low magnetic fields, which is important for
example in the production of magnetic refrigerators. In
recent years, a number of studies have been developed
regarding materials that could be used as an alternative
technology for traditional refrigerators. The phenomenon
which is used in magnetic cooling is the magnetocaloric
effect observed as a change in the temperature of
appropriate magnetic materials during their remagnetization [9, 10]. The final magnetic properties of
amorphous alloys depend on the chemical composition
but also on the proper thermal treatment [11-21].
The wide technological progress in the production of
magnetic materials has led to the development of
magnetic circuits and sensors. Materials with soft magnetic
properties find great use in transformer cores, chokes or
sensitive residual current devices. The application
possibilities of soft magnetic materials forced the search
for more and more useful properties from the point of view
of their applicability in power engineering or electronics.
For example, materials used in power industry should have
the lowest possible loss, allowing for high efficiency in
energy conversion.
As it is known, amorphous alloys are characterized by a
lack of ordering of the long range of atoms, this fact can be
confirmed with the use of Mössbauer spectrometry [22].
Obtained Mössbauer spectra for these alloys consist of
wide lines, which is associated with the presence of a
variable environment of Mossbauer atoms as a result of
chemical and topological disorder. However, the analysis
of these spectra may give information about the
heterogeneity of the tested alloy, and thus on the
occurrence of various concentrations of atoms. Obtained
spectra are often asymmetrical, which is mainly caused
by the anisotropy of the magnetic hyperfine field and the
dependence of the isomeric shift on the intensity of the
hyperfine magnetic field [23].
Studies on the structure of amorphous alloys can also
be carried out using neutron scattering [24]. Amorphous
alloys obtained in the form of thin strips with a thickness of
about 20-30 µm, are produced as a result of rapid
solidification of the liquid alloy on a spinning copper wheel.
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The process of producing amorphous tapes usually takes
place at a cooling rate of more than 104 K/s. An important
parameter of the soft magnetic materials talking about
their possible electrotechnical application are the Pt loses,
defined as the total active power absorbed by the
magnetism in the variable magnetic field, to the unit of its
mass.
Losses Phis from hysteresis, losses from eddy currents
Pcl and additional losses Pex make up the total losses for remagnetization in magnetic materials [25, 26]:
Pt = Phis+ Pcl + Ptexc

(1)

The value of the energy lost for the re-magnetization
depends mainly on the density, thickness, resistivity of the
material, as well as the frequency (f) and the amplitude of
the magnetic induction (B). Losses Phis from hysteresis are
associated with chemical composition, structure and
stresses in the material. Their value determines the static
surface area of the hysteresis loop and increases with
increasing frequency as a result of adding losses from each
remagnetization. The vortex losses depend on the
resistivity, while the additional losses result from the
domain structure of the magnetic material. These losses
are directly proportional to the energy absorbed by the
movement of domain walls during magnetization. The
value of energy is the higher the more obstacles (defects)
that block the movement of domain walls.
Dependencies of the type B = f (H), where B is an
induction corresponding to the field strength H in the
material under study, is one of the basic characteristics of
magnetic materials. Static characteristics determined in
the fixed field and those defined in the alternating field
(dynamic), can be distinguished. From the user’s point of
view, more interesting are the dynamic characteristics,
which are measured on closed toroidal or frame - tpe or
open samples of various shapes described in national and
European standards. Due to the shape of the tested sample,
it stands out, among others systems for testing closed
toroidal samples. The sample should be completely closed,
the material should be homogeneous with a small width
compared to the internal diameter, ensuring an even
distribution of the field in the entire sample cross-section.
The disadvantages of annular samples include labor
consumption during their winding and possible
temperature losses for high intensity magnetic fields.
However, the big advantage is the fact that almost the
entire magnetic flux is closed in the sample.
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Analysis of losses in the case of amorphous alloys due
to the presence of a complex magnetic structure, allows
to determine the relationship between the microstructure
of the tested alloy sample and losses to remagnetize.
The paper presents the results of research on the
structure and magnetic properties of amorphous alloys
Fe86Zr7Nb1Cu1B5 and Fe86Zr4Y3Nb1Cu1B5 in the as quenched
state.
Experimental part
Ingots of the tested alloys obtained from high purity
elements (99.99%) were melted in an electric arc, and
then using the technique of rapid solidification of molten
material on a rotating cylinder, samples were obtained in
the form of 20 ìm thick and 3 mm wide tapes. The
microstructure and magnetic properties of the sample
were investigated, both in the as-quenched state.
Mössbauer spectrometer, equipped with a 57Co (Rh)
source with an activity of 50 mCi. The transmission
Mössbauer spectra were analysed using ‘NORMOS’ [27]
software. X-ray examinations were carried out using an Xray diffractogram (Brucker Advanced D8). Measurements
were made in the range of 2θ angle from 30° to 130° with
a measuring step of 0.02° and exposure time of 7 s.
Measurements were made in Bragg-Brentano geometry,
semiconductor counter and CuKθα lamp.
The losses for the re-magnetization were measured
using ferrometer in a magnetizing field with a frequency of
50 Hz-1000 Hz. For the tested alloy samples in the form of
tapes, the measurement was made for a toriodic bifilar
winding. The even winding allowed to minimize the effects
of distraction and to limit the value of errors that may result
from sample heterogeneity. The magnetic parameters
of the tested material were calculated on the basis of
measured values of signals: unloaded secondary voltage
and primary current supplied with a test signal.

Fig. 2. Transmission Mossbauer spectra (a, c) and corresponding
hyperfine field distributions (b, d) for the amorphous alloys:
Fe86Zr7Nb1Cu1B5 (a, b) and Fe86Zr4Y3Nb1Cu1B5 (c, d) in the asquenched state

occurrence of areas with different iron concentrations in
the alloy. On their basis, it can also be stated that the
examined alloys are relatively homogeneous. In the case
of an alloy containing the yttrium, the contribution of the
paramagnetic component is visible, which results from
the fact that the probability is not equal to zero for Bhf = 0.
Figure 3 and 4 show the dependence of the maximum
permeability as a function of magnetic field strength for
the tested alloys.
On the curves (fig. 3, 4) the maximum is visible, which
corresponds to the maximum permeability ìmax. For
Fe86Zr7Nb1Cu1B5 alloy. The maximum permeability is about
7,000, and for the alloy Fe86Zr4Y3Nb1Cu1B5- 8000 [31]. In both
cases it is visible that the maximum susceptibility
decreases with the increase in the frequency of the
magnetizing field. A higher value of ìmax indicates a greater
relaxation of the structure in the alloy containing the yttrium.

Results and discussions
The amorphous nature of the investigated alloys in
solidified state was confirmed by X-ray diffraction pattern
analysis related to the results obtained with Mossbauer
spectra.
X-ray diffraction images for the investigated samples:
Fe 86Zr 7Nb 1Cu 1B 5 (a), Fe 86 Zr 4Y 3Nb 1Cu 1B 5 (b) in the asquenched state are presented in figure 1.

Fig. 3. Magnetic permeability as a function of the amplitude of the
magnetic field for Fe86Zr7Nb1Cu1B5 alloy..

Fig. 1 X-ray diffraction patterns for the investigated alloys:
Fe86Zr7Nb1Cu1B5 (a), Fe86Zr4Y3Nb1Cu1B5 (b).

These images are characteristic of amorphous alloys
and there are no narrow maxima typical of the crystalline
phase, while the wide maxima at the angle 2θ of about
45o are visible.
Observed Mössbauer spectra have the form
characteristic of magnetically soft ferromagnetic materials
[28-30]. The low and high field components visible in the
hyperfine index distributions give information about the
234

Fig. 4. Magnetic permeability as a function of the amplitude of the
magnetic field for Fe86Zr4Y3Nb1Cu1B5 alloy
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allow to design cheaper or more energy-efficient materials.
Most of this point of view the desired size of the core loss,
and its relationship with the domain structure of soft
ferromagnetic. Reduction of core losses can improve their
magnetic properties and thus make better use of their
application. Taking into account the values of the core
losses one can state that the total losses at low frequencies
are comparable with core losses observed in classical FeSi alloys.
References
Fig. 5. Losses for remagnetization as a function of the maximum
induction for the alloy Fe86Zr7Nb1Cu1B5.

Fig. 6 Losses for remagnetization as a function of the maximum
induction for the alloy Fe86Zr4Y3Nb1Cu1B5.

Fig. 7 Losses of magnetization as a function of the square of the
frequency of the magnetizing field for massive amorphous alloys:
Fe86Zr7Nb1Cu1B5 (a), Fe86Zr4Y3Nb1Cu1B5 (b) with Bmax = 0.5T

In the magnetic fields above about 0.4 Hc (Hc - coercive
field), irreversible magnetization processes occur during
the magnetization of the alloy. As a result, a magnetic
hysteresis loop is observed, which is a measure of losses
for remagnetization. Figure 5 and 6 show the losses for remagnetization for received materials.
On the basis of the core losses changes (fig. 4, 5) one
can state that the obained materials are magnetically soft.
The total losses at low frequencies are comparable with
these observed in classical silicon-iron alloys.
Figure 7 shows the increase in losses along with the
square of the frequency of the magnetizing field. This
dependence is linear, which indicates that in the materials
studied there are mainly losses from magnetic hysteresis
and eddy currents. The share of additional losses is
negligible.
Conclusions
Investigated alloys obtained by the injection casting
method are fully amorphous. For the better use of soft
magnetic materials in various devices and electrical
elements, there is a need to precisely define and
characterize appropriate properties that will eventually
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