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Rapid-quenched Fe-based alloys may show hard or soft magnetic properties depending on the chemical
composition and structure of the alloy. One of the most sensitive methods of studying the structure
and, indirectly, magnetic properties is Mdssbauer spectroscopy. Using this method, it is possible to
determine the surroundings of Fe atoms and to identify crystalline phases in the volume of the alloy. The
distributions of hyperfine field induction supplemented with measurements of saturation magnetization
as a function of the external magnetic field allow us to explain significant differences in magnetic
properties also within the amorphous structure. The paper presents the results of research on the
structure and magnetic properties of rapid-quenched FeNbYHIB alloys. It was found that slight changes
in the chemical composition affect the surroundings of Fe atoms and the density of the alloy, which
correlates with the change in the value of the coercive field and saturation magnetization of rapid-
quenched alloys.
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1. Introduction

Amorphous alloys based on iron are characterized
by good soft magnetic properties [1-5]. For this rea-
son, they can be used in the power industry, among
others, for the construction of low-loss transformer
cores or magnetic screens. These properties depend
on the chemical composition (the appropriate share
of components with ferromagnetic properties) and
structure. The lack of long-range atom order facili-
tates the magnetization process of these materials.
As a result of the action of an external magnetic
field, domain walls rotate easily, and magnetization
increases relatively quickly.
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Bulk amorphous alloys based on Fe are an inter-
esting object of research also due to the possibil-
ity of describing the real structure as a result of
the analysis of magnetic interaction measurements.
Using Mossbauer spectroscopy, it is possible to as-
sess changes in the environment of the central atom
5TFe [6-8]. Of course, this measurement is only pos-
sible for samples rich in Fe. Based on the obtained
results, a precise description of the structure corre-
sponding to the magnetic properties of these mate-
rials is possible.

The aim of this work is to describe the influence
of variable content of transition metals (Y and Hf)
on the magnetic structure and magnetic properties
of bulk amorphous alloys based on Fe.
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2. Experimental procedure

The samples of the rapid-cooled alloys were pro-
duced in a two-stage process. The polycrystalline
charge was produced in an arc furnace in an argon
protective atmosphere. The samples were melted
from components with a purity of over 99.9%.
10-gram samples were weighed to an accuracy
of 0.0001 g. The melting process was carried out on
a water-cooled copper plate using a non-consumable
tungsten electrode. The charge, which had been
melted several times, was divided into smaller pieces
and cleaned with an ultrasonic cleaner. Approxi-
mately 1-gram pieces were used to produce rapid-
cooled alloys using the suction method. The charge
was placed on copper plates in a working cham-
ber in an argon protective atmosphere. The poly-
crystalline charge was melted with an electric arc.
The liquid alloy was sucked into a water-cooled cop-
per mold. The samples were obtained in the form
of 0.5 mm thick plates. The samples were tested
using a Mossbauer transmission spectrometer with
a °"Co source in an Rh matrix with an activity
of 100 mCi. The spectrometer speed calibration was
performed on a-Fe foil with a purity of 4N, the hy-
perfine field of which is B,y = 33.1 T. Measure-
ments were performed for powder samples at room
temperature. Mossbauer spectra were fitted using
NORMOS software [9, 10]. Static magnetic hystere-
sis loops were measured using a Lake Shore VSM
7307 vibrating sample magnetometer in the range
of external magnetic field strength up to 2 T.

3. Results

Figure 1 shows the transmission Mdssbauer spec-
tra measured for the samples produced.

These spectra are typical for amorphous ferro-
magnetic alloys with a relatively low hyperfine field.
After appropriate magnification of the graph, dis-
tinct Zeeman sextets are visible. On this basis, the
distributions of hyperfine field induction on °“Fe nu-
clei were developed (Fig. 2).

In the hyperfine field induction distributions on
57Fe nuclei, it can be seen that these distribu-
tions are multimodal, which is related to the differ-
ent Fe environments around the central *"Fe atom.
Two components can be distinguished, i.e., low field
(red) and high field (green). This indicates the inho-
mogeneity of the samples produced — in the alloy
volume, there are different environments of the cen-
tral ®"Fe atom, which should be explained by the
occurrence of two different amorphous matrices. In
other words, these distributions indicate the exis-
tence of areas in which the distances between iron
atoms are smaller (green) or larger (red). The pres-
ence of such areas is associated with the occurrence
of topological and chemical disorders in amorphous
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Fig. 1.

Mossbauer transmission spectra obtained
for the tested alloys: (a) FegsNbsYsHfsBag, (b)
F665Nb5Y6Hf4B20.
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Fig. 2. Distributions of hyperfine field induction
obtained based on the analysis of Mdssbauer
transmission spectra for the tested alloys: (a)
F665Nb5Y5Hf5B20, (b) F665Nb5Y6Hf4B20.

materials. Based on the measurements, the values
of the average hyperfine field on ®"Fe nuclei and the
dispersion of the distribution were determined. The
results are presented in Table I.

Figure 3 shows static magnetic hysteresis loops.
These loops are typical for materials exhibiting soft
magnetic properties. They are characterized by an
almost rectangular shape. There are no visible loop
extensions which could indicate areas that impede
the magnetization process. Based on the loop anal-
ysis, magnetic properties were determined, namely
the value of the coercive field (H¢) and the satura-
tion magnetization (Mg). The results are presented
in Table I.

Interestingly, for the first distinguished distribu-
tion (red in Fig. 3), the mean hyperfine field values
and the dispersion of its distribution are identical.
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the tested alloys:
F665Nb5Y6Hf4B20.
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TABLE I

Values of poMs — saturation magnetization [T], Hc
— coercivity field [A/m], By — average value of the
hyperfine magnetic field induction [T], and ABpy —
decomposition dispersion [T] of the tested alloys.

Parameter | FegsNbsYsHf5Bog | Fegs NbsYgHf41Bog
woMs 0.47 0.47

He 36 70

By 8.54 8.563
ABps1 4.92 4.92

Bhya 21.78 24.64

ABp g2 4.50 3.41

In the case of the second distribution, the addition
of Y at the expense of Hf increases the value of B¢
while reducing the dispersion of the distribution.

4. Conclusions

The paper investigates the effect of variable Hf
and Y content on the structure and magnetic prop-
erties of bulk amorphous alloys based on Fe. The
alloys produced are characterized by soft magnetic
properties, as indicated by the coercive field value
below 100 A /m. An interesting result of the research
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is the practically identical value of the mean hyper-
fine field for the low-field component of the hyper-
fine field distribution. This means that in specific
areas of both samples, there are almost identical
environments of the 5"Fe central atom. In the case
of the high-field component, the addition of Y in-
creases the By ¢ value while reducing the dispersion
of the distribution. This can be explained by a slight
change in the environments of the 5"Fe central atom
in these areas. These areas are probably richer in Y
(which is a logical consequence of the greater ad-
dition of Y). Taking into account the fact that in
this type of alloys, the crystallization products are
phases rich in Fe and Y with magnetically semi-hard
(Fe5Y) or hard (YoFe14B) properties, it can be con-
cluded that the formation of atomic configurations
similar to these phases occurred. This is indicated
by both the increase in the Bj,y value with a simul-
taneous decrease in the distribution dispersion and
the twofold increase in the coercive field value.
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