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In this paper the results of the structure and magnetic studies for bulk amorphous Fe,Co, Y B, and
Fe,,Co,,Y.B,,alloys were presented. For the structural investigation was performed by X-ray diffractometry.
It was found that investigated samples were amorphous in the as-cast state. Using a vibrating sample
magnetometer (VSM) the magnetisation within magnetic fields ranging from 0 to 2T was measured. On the
basis of these investigations the saturation magnetization value and the coercive field were determined.
Basing on initial magnetization curve analysis in the area of so-called approach to ferromagnetic saturation,
the type of structural defects having influence on magnetization in high magnetic fields were determined.
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paraprocess

Ferromagnetic amorphous alloys are a group of
materials characterized by a lack of long range ordering of
the atoms [1-5]. However, taking into account particular
atoms, they can be found in the order of near and
intermediate range, occurring at distances comparable
with interatomic distances. Amorphous materials have
structural fluctuations that lead to defects in their structure,
such as free volumes [6-7].

These defects play a similar role as point defects in
crystalline materials. Due to the fact that atoms of various
diameters exist in amorphous alloys, structural defects
depend clearly on their chemical composition [8-19]. The
technique of rapid solidification of the melt causes freezing
in the amorphous structure of randomly distributed free
volumes. Due to the fact that the configuration of these
defects is unstable, already in the process of rapid
solidification a partial relaxation of the material takes place,
i.e. there is a migration of defects and the merging of free
volumes into larger clusters. Three dimensional clusters of
free volumes are not stable and break down. In this way,
linear defects are created, called pseudo-lockdown dipoles
[11-12].

Structural defects occurring in amorphous materials, i.e.
free volumes (point defects) and pseudo-dislocation
dipoles, are sources of near and medium range stresses
[20]. As a result of magnetoelastic interactions between
these stresses and magnetization there is a non-collinear
magnetic structure. MS magnetization of the amorphous
alloy in strong magnetic fields H, can be described by the
equation called the law of achieving the state of
ferromagnetic saturation [21-23]:

wME) =M 1-Fa,, /,uQH*f: |+ 72,5 + B HYF (g
where:, p - magnetic permeability of the vacuum, M-
saturation magnetization, a_, /i H" - part resulting from
structural defects; n=1- for poinf defects, n=2 or n=4- for
linear defects, xu H- a word resulting from the
paramagnetism of electrons in the band and
diamagnetism of closed shells in atoms, b(p H)"* -
determines the increase in magnetization due to the
suppression of spin waves by the magnetic field.

The aim of the work was to examine the structure and
magnetic properties, i.e. magnetization of saturation and
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coercivity field of the massive alloy Fe.,Co, Y,B, . The aim
was also to determine the type of defects occurring in the
examined material and to determine their impact on the
magnetization process, using the theory of H. Kronmuller.

Computational details

A massive amorphous Fe.,Co, Y,B, alloy was used for
the investigations. The alloy ingots were obtained by
melting the alloy components in the arc under argon
atmosphere. The element boron was added to the alloy in
the form of FeB alloy. Amorphous rods 2 cm long and
1 mm in diameter were obtained by the injection-suction
method. To avoid oxidation of the samples, they were also
produced in an argon atmosphere.

The structure of the samples was investigated by means
of a Bruker D8 Advance X-ray diffractometer, equipped with
a CuK_ lamp. The investigations were performed over the
20 range, from 30° to 120°, using a measurement step of
0.02° and time was 5s per step.

The structure of obtained alloys was also studied using
Mossbauer spectroscopy on POLON equipment. Those
measurements employed Mossbauer source %’Co. Using
NORMOS software for Mossbauer spectra analysis allowed
to obtain distributions of hyperfine fields induction at the
¥Fe nuclei.

The hysteresis loops and magnetization curves as a
function of the strenght of the magnetizing field were
recorded by a vibrating sample magnetometer.

Analyzing high-field magnetisation curves according to
the law of approach to ferromagnetic saturation of H.
Kronmuiller, the type of defects present in the alloy was
determined.

Results and discussions

X-ray diffraction was used to study the structure of the
obtained alloys. Figures 1 and 2 present the obtained
diffraction patterns for powdered alloy samples
Fe.Co,,Y.B,, (fig. 1) and FeCo, Y.B, (fig. 2).

*the'obtained X-ray diffraction patterns are typical for
amorphous materials. Only the wide maximum at an 20
angle of 45°isvisible, called the amorphous hallo. In these
patterns, there are no narrow maximas, characteristic of
crystalline materials.

Amorphousness of the tested materials confirmed the
results of the Mossbauer study. Figures 2 and 3 present the
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Fig. 1. X-ray diffraction pattern for powdered alloy samples:

Fe,,Co,,Y.B,, (@) and Fe,,Co, YB, (b)
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Mossbauer transmission spectra (fig. 2a, ¢) and tt **

hyperfine field distributions obtained from them (Fig. 2
d) for studied alloys.

The Mossbauer transmission spectra recorded for the
alloys consist of Zeeman sextets with wide overlapping
lines, which is characteristic of the ferromagnetic
amorphous materials. There is also a slight asymmetry of
the lines in these sextet, which according to Le Caér and
Dubois [24] it is caused mainly by the anisotropy of the
hyperfine field in the alloy. Obtained for the alloys
distributions of hyperfine field induction are asymmetrical
and three components can be distinguished, which
indicates the presence of areas with different
concentrations of iron in the sample [25].

The value of the average hyperfine field induction is
22.77 T for alloy Fe Co, Y B, and 22.56 T for Fe ,Co, Y B
The higher value of this parameter indicates the rngher
bulk density of the atoms in the sample comprising of 6%at.
of yttrium.

Tests of magnetic properties in strong magnetic fields
were carried out using a vibration magnetometer. Static
hysteresis loops measured for the tested materials are
shown in figure 3.

The static hysteresis loops obtained for the tested alloys
have a typical shape as for soft magnetic materials. On
the basis of these measurements, magnetization of
saturation and coercive field were determined, which
amount to 1.29 T and 24.66 A/m for the alloy Fe, Co, Y B,
and 1.25 T and 38.20 A/m for Fe_,Co,Y,B Based on the

¥ 0.08
§ 8
35;: B £ 0.06
1 £bpe £} £
5 {s\ich% 3
h R c;_.;__‘ ¥ 0.04
P TE L ]
miﬁ L %ﬁ‘; . 0.02
la ¥ . [' 3
.n\. - - - . d LU e _&ﬂ?g
. % - i L L o.08 4
] 5 § | L
H %E T 10.06
v OARR
Ry LITY -| 004
ﬁ? v "?5 i . 1 [ +0.02
& % . .. . il f. ! I b Lp00
6 -3 [} 3 & 10 20 ’
vimmis) B.(T)

Fig. 2. Transmission Mossbauer spectra (a, ¢) and the
corresponding hyperfine field distributions (b, d) for powdered
alloy sample Fe,,Co, Y.B,, (a, b) and Fe,,Co, Y,B, (c, d)
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obtained results, it can be concluded that the structure of
the alloy Fe,,Co, Y B, itis more homogeneous and relaxed.
This alloy is Charactérized by a higher magnetization value
which is consistent with the results of the Mdssbauer study.
In addition, this alloy has a lower coercive field value. The
dominant mechanism of the formation of magnetic
hysteresis in amorphous materials is the inhibition of
domain wall motion in local stress centers. During the
production of material with less yttrium content, as a result
of structural relaxation, more atoms took their locally
ordered positions. This, in turn, led to a higher density of
atom packing in the structure and a reduction in free
volumes.

Figure 4 show the curves of the original magnetization
for the investigated alloys.

The analysis of the primary magnetization curves was
carried out in accordance with the theory of H. Kronmuller
[7]. Onthe basis of the analysis of the area called approach
to ferromagnetic saturation, the type of structural defects
that affect the magnetization process of the obtained alloys
was determined. Figures 5, 6 show the high-field
magnetization curves obtained for the tested mass alloys.

Fig. 3. Static hysteresis loop measured for the
alloys: Fe,,Co, Y,B,, (a) and Fe,Co, Y,B,; (b)

Fig. 4. The original magnetization curve for the
alloys: Fe,,Co, Y.B,, (a) and Fe,,Co, Y,B,, (b)
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In the case of studied alloys, we observe a linear  References

relationship of reduced magnetization (M/M,) from
magnetic field induction (m _H)*?in field induction range.
This shows that, respectivel'il, in the fields from 0.29 T to
0.54 T for Fe,,Co, Y,B, and 0.36 T to 0.96 T for the alloy,
the magnetizing process is associated with small rotations
of magnetic moments near point defects. In stronger
magnetic fields ( >0.54 T for Fe,Co, Y.B, >0.96 T dla
Fe.,Co,,Y,B,) aslightincrease in magnetization occurs as
a result of Holstein-Primakoff paraproces (fig. 6a, b) [26].
This process is related to the suppression of thermally
excited spin waves through a magnetic field.

Conclusions

As part of the work, structure, microstructure and
magnetic properties were investigated for massive
amorphous alloys Fe ,Co, Y B, and Fe_Co, Y B, Alloy
samples were obtained by pressing in the form of bars
with a length of 20 mm and a diameter of 1 mm. Based on
the structure tests, it was found that the tested materials
in the state after solidification are amorphous alloys.
Amorphous structure of alloys were confirmed by the
results obtained on the basis of the Mdssbauer study.
Additionally, it was found that the value of the average
hyperfine field induction is higher for Fe,,Co, YB, alloy,
which indicates a higher density of atoms in this material.
On the basis of magnetic tests, it was found that the
obtained static hysteresis loops have a shape typical for
magnetic materials exhibiting magnetically soft properties.
On the basis of their analysis, saturation Fe,,Co, Y B,
magnetization and coercive field were determined. Tt was
found that the massive amorphous alloy is characterized
by a higher saturation magnetization value and a lower
coercive field value. In addition, based on magnetisation
studies in strong magnetic fields, it was found that the
magnetization process of the investigated alloys, when
there is no domain structure in them, is mainly affected by
point defects. In stronger magnetic fields, in both studied
alloys, the increase in magnetization occurs as a result of
suppression of thermally excited spin waves by the
magnetic field (Holstein-Prifmakoff paraproces).
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