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Microstructure and Structural  Defects of Bulk Amorphous
Fe64Co10Y6B20 Alloy
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This paper presents studies relating to the structure and soft magnetic properties of the following bulk
amorphous alloys Fe64Co10Y6B20. Samples were prepared by injecting the molten alloy into a water-cooled
copper mould in the form of rods. On the basis of the performed X-ray diffraction studies and Mössbauer
spectroscopy, it was found that investigated samples were amorphous in the as-cast state. The influence of
structural defects on the magnetization process was investigated within high magnetic fields known as the
area of the approach to ferromagnetic saturation.

Keywords: bulk amorphous alloy, Mossbauer spectroscopy, structural defects, Holstein-Primakoff paraprocess

The amorphous alloys are characterized by unique
magnetic properties, attributed to their structure [1-11].
These alloys are obtained using much lower quenching
speeds (i.e. 10-1–10-2 K/s) than commonly-made classical
amorphous alloys [12-19]. The longer production process
of the amorphous alloys forces the diffusion of atoms,
which is the cause of their structural relaxation. In strong
magnetic fields, within the region known as the approach
to the ferromagnetic saturation, the specimen does not
reach the full saturation due to structural defects [20-36].
These defects are sources of short-range and middle-range
stresses. As a result of magneto-elastic interaction
between stress and magnetization, a non-collinear
magnetic structure occurs. Magnetization (M) of an
amorphous alloy in a strong magnetic field (H), according
to H. Kronmüller’s theory, can be described by the equation
called  the law of the approach to ferromagnetic saturation
[37-39]:

(1)

where:
Ms -  saturation magnetization,
an/2,b -  coefficients,
χ -  magnetic susceptibility,
µo - magnetic permeability of the vacuum,
an/2 / µoH

n/2 - the term expressing the influence of
structural defects,

n=1 for point defects,
n=2 or n=4 for linear defects,
χµoH - the term resulting from paramagnetism of

electron band and diamagnetism of complete atomic
shells, b(µoH)1/2 expression- determining an increase in
magnetization due to damping of the spin-waves by the
magnetic field.

The term a1/2/(µoH)1/2 in the equation (1), related to the
point defects, is described as follows:

(2)
where:
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Aex - exchange constant,
ν - Poisson’s ratio,
G -  shear modulus,
λs - saturation magnetostriction,
∆V - additional specimen volume related to point

defects,
N - volume density of point defects.
If his term is dominant, the equation (1) takes the form

of the first law of approach to the ferromagnetic saturation.
The terms a1 / µoH  and a2 / (µoH

2) in equation 1 are
related to the linear defects, which internal stress field is
equivalent to the field generated by the linear dislocation
dipoles of the Ddip width, the effective Burgers vector beff,
and the surface density N.

If χHDdip<1, where χH is the inversed exchange distance
described by the equation:

(3)

the   dominant  role  in  the  equation  (1)  plays  the   term
a1 / µoH equal to:

(4)

and the equation (1) takes the form of the second law of
approach to the ferromagnetic saturation.

For  χHDdip>1 the term a2/(µ0H)2 is dominant and can be
expressed by the equation:

(5)

Then the form of the equation (4) comes down to the
third law of approach to the ferromagnetic saturation.

By studying the approach to ferromagnetic saturation
one can determine the type of structural defects and on
that basis draw a conclusion concerning the atomic packing
density in the alloy.

For high values of magnetic fields, near the magnetic
saturation point, when structural defects no longer influence
the magnetization process, further magnetization increase
proceeds according to the term b(µ0H)1/2, describing the
Holstein–Primakoff paraprocess [39-41]. This process is
related to the damping of the thermally induced spin waves
by the magnetic field.
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Coefficient b is related to the spin-wave stiffness
parameter Dspby the formula [42, 43]:

(6)

where:
g - Lande splitting factor
µB - Bohr magneton.

Computational details
Samples of the test alloy were obtained by injection of

liquid material into a copper water-cooled mold. The
obtained alloy samples were in the form of rods of 20 mm
in length and 1 mm in diameter. The produced alloy samples
were subjected to X-ray diffraction studies using a BRUKER
diffractometer model ADVANCE 8. The camera was
equipped with a cobalt X-ray lamp. The measurements
were conducted within 2Θ angle ranging  from 30 to 120°
with a measurement step of 0.02 ° and a measurement
time of 5 s.

Microstructure of alloys was investigated using POLON
Mössbauer spectrometer. The γ radiation source was a
cobalt 57Co isotope placed in rhodium matrix, with a
activity of 50 mCi and a half-life of 270 days. The NORMOS
program has been used to analyze transmission of
Mössbauer spectra, which enables the distribution of
experimental spectra into component spectra and to
determine the distribution of induction of superfine field
P(B). Distribution of induction of superfine fields on 57Fe
nuclei was determined according to the Hesse-Rübatsch
method.

Measurement of magnetization as a function of
magnetic field induction in strong magnetic fields was done
using a vibration magnetometer (LAKE SHORE model 7301)
in the range of 0 to 2 T. The results of magnetization studies
were analyzed according to H. Kronmuller’s theory. All
structural, microstructure and magnetic properties
investigations were performed at room temperature for
low-energy crushed samples.

Results and discussions
Figure 1 shows the X-ray diffraction images of the

investigated samples in the as-quenched state.
As indicated by the results of X-ray diffraction results

obtained for alloy Fe64Co10Y6B20 samples had an amorphous
structure. In the obtained patterns, the broad diffused
maximum characteristic to amorphous material is visible.
Such a diffraction pattern demonstrates the lack of
translational symmetry and angular correlation in the
spatial distribution of atoms.

The transmission Mossbauer spectra and corresponding
hyperfine field induction distributions for investigated alloys
are presented in figure 2.

Mossbauer’s transmission spectra consist of wide
unbalanced overlapping lines, which is typical of the
spectra obtained for amorphous materials. Using the

Normos software, a distribution of induction of superfine
fields was obtained. In this layout we can distinguish two
components, low and high one. The presence of these two
components is due to the presence of different surrounding
of iron atoms. The low field component is connected with
areas with high concentration of iron and small distances
between them. High-field component corresponds to areas
where there are other atoms in the vicinity of iron atoms
such yttrium and boron [43, 44].

Figure 3 shows the static magnetic hysteresis loop
measured for the Fe64Co10Y6B20 alloy.

Fig. 1. X-ray patterns obtained for Fe64Co10Y6B20

alloy in the as- quenched state

Fig. 2. Mössbauer spectra and corresponding hyperfine field induction
distribution for investigated alloy

Based on magnetic tests performed using a vibration
magnetometer, it was found that the static hysteresis loop
recorded for the studied alloy was typical of magnetic
materials with so-called soft magnetic properties.
According to these measurements, the saturation
magnetization and the coercive field are determined
respectively to Ms = 1.29 T, Hc = 24 A/m.

Figure 4 shows the primary magnetization curve
measured for bulk amorphous samples.

By analyzing the primary magnetization curve in the
area called the approach to ferromagnetic saturation,
according to H. Kronmuller’s theory, the type of structural
defects present in the sample were determined.

Figure  5  show s the  high-field magnetization curves
M/Ms ((µ0H)-1/2) for the investigated alloy.

In the magnetic fields near the ferromagnetic saturation
(fig. 5) the linear dependence of reduced magnetization
from ((µoH)-1/2) is visible the range of magnetizing fields
from 0.29 T to 0.54 T. This means that in this magnetic field
the magnetization process occurs through microscopic
rotation of magnetic moments near point defects.

Fig. 3. Static
hysteresis loop
obtained for the

investigated alloy in
the state after
solidification

Fig. 4. Primary
magnetization curve

for alloy samples
Fe64Co10Y6B20
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With the increase of the intensity of the magnetizing
field (> 0.66 T), there is an increase in magnetization due
to the thermal stimulation of excited spin waves, the so
called Holstein-Primakoff paraprocess (fig. 6).

Conclusions
Using a method of injecting the alloy material into a

copper mold, a massive Fe64Co10Y6B20 alloy was obtained
in the form of rods of 1 mm in diameter and 20 mm in
length. Based on structural and microstructure studies, the
alloy in the solidified state has an amorphous structure. In
addition, magnetic properties were investigated in strong
magnetic fields. Magnetization curves were analyzed
according to H. Kronmuler’s theory. This theory provides
an indirect way of studying the stresses of the structure,
determining their quality and impact on the high-field
magnetization process. The results of investigations
presented in this paper allowed to state that magnetization
process performed for the amorphous Fe64Co10Y6B20 alloy
is influenced by point defects. For the examined alloy, the
magnetization process in strong magnetic fields (above
the range where the relationships involving the influence
of structural defects are valid) proceeded as a result of
Holstein–Primakoff paraprocess, i.e. by damping of the
thermally induced spin waves by the magnetic field.
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