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The study analyzed the influence of structural defects on the process of magnetization in the area called the
approach to ferromagnetic saturation for bulk FegoCo10WoNb2YgBaoo_, (z = 0, 1) alloys. For this purpose, the
magnetization studies were performed in the fields range of 0 T to 2 T using a LakeShore vibrating magnetometer.
On the basis of the Kronmiiller theory an analysis of the magnetization curves was conducted and the type of
occurring structural defects in the studied alloys was established. Then, using a Monte Carlo method the effective

anisotropy of the tested samples was designated.
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1. Introduction

Ferromagnetic bulk amorphous materials based on
iron, cobalt and boron due to their unique soft magnetic
properties are interesting because of their application in
the power industry, but also because of the processes oc-
curring inside the sample during the magnetization pro-
cess [1-5].

Various additives to the main alloy allow to change
the physical properties of the material and adapt them
to specific application requirements. The nanocrystalline
alloys from FINEMET and NANOPERM group are be-
ing made in the form of thin ribbons, which significantly
restricts their applications [6-8]. In the electrotechnical
industry the need for the bulk materials with good soft
magnetic properties (oM > 1T, H, < 100 A/m) exists.
These materials could be used for example for magnetic
cores with different shapes. The FeCoB-based bulk amor-
phous alloys are an example of these materials [9-12].

When using a very high cooling rate, metallic glasses
with unique physical structural properties can be ob-
tained. The most commonly used methods for the prepa-
ration of metallic glasses, allowing good quality of the
resulting samples, are: the quenching of the molten alloy
on a rotating copper cylinder (melt spinning), the injec-
tion and suction of the molten alloy into a cooled copper
mould (injection and suction casting method). Methods
of injection and suction casting may be used simulta-
neously to give an additional possibility to control the
process.

The rapid decrease of the atoms kinetic energy during
the metallic glasses production results in a metastable
amorphous structure. Inside this structure, similarly as
for crystalline materials, there may be defects such as free
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volume, which by analogy to the crystal lattice vacancies
are called point defects. Point defect conglomerates are
called quasidislocational dipoles.

1.1. Theoretical model

The Kronmiiller’s theory describes the influence of
amorphous structure defects on the deviation from
the saturation magnetization initial curve at high
fields [13-17]; this can be described by the equation

poM(H) = po M,
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where My, — spontaneous magnetization, py — perme-
ability of free space, H — the external magnetic field
intensity, a; — the slope of the corresponding linear fits,
b(uoM) — slope coefficient as a function of (uoH)'/?
(Holstein—Primakoff paraprocess).

Coefficients a; and b from Eq. (1) can be described by
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where k£ — Boltzmann’s constant, ug — Bohr magneton,
g — gyromagnetic factor, AV — change in the volume
due to the occurrence of a point defect characterized by
a bulk density of N, G — transverse elastic shear mod-
ulus, A.x — exchange constant, A; — magnetostriction
constant, » — Poisson’s ratio.
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Determination of coefficient b allows the specification
of parameters such as: exchange distance [y, exchange
constant Aex and spin—wave stiffness parameter D, ¢ de-
termined from Eq. (5) [18-20]:
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The value of the effective anisotropy is equal to the
surface area above the initial magnetization curves re-
stricted by the value of the saturation of magnetic polar-
ization. One of the numerical methods for the establish-
ing of the surface area with high precision is the Monte
Carlo method. In this method random points within the
limit of integration are drawn. The higher the number of
the drawn points, the more accurate is the result. It is
important to choose a good quality generator of quasiran-
dom numbers — with even covering of the surface. Then,
the number of points in the area within the limits of in-
tegration to the total number of the measurement points
is calculated. The multiplication of the division product
by the value of the field pgMs x H gives the value of the
integral.

H
Kes = noM.H = [ uod(H)dH (8)
0

The aim of the study was to investigate the struc-
ture defects influence on the magnetization process by
using the approach to ferromagnetic saturation theory in
FegoCo10W,NboYsBog_, (x = 0, 1) bulk amorphous al-
loys. The effective anisotropy of the studied alloys was
designated.

2. Material and experimental results

The sample was made by melting high purity compo-
nents in a protective argon atmosphere. Obtained mate-
rial, made by injection casting method, was in the form
of plates with dimensions of 1 x 10 x 10 mm?. The struc-
ture was examined by using D8 ADVANCE Bruker X-
ray diffractometer. Studies of magnetic polarization as a
function of the magnetic field to the 2 T was performed
using LakeShore vibrating magnetometer.

Figure 1 shows the results of X-ray diffraction. The
observed diffraction peaks with a large width are charac-
teristic for amorphous structure materials.

Figure 2 shows measured initial magnetization curves.
magnetic polarization of the sample without the tung-
sten addition was 1.14 T, while the tungsten admixture
instead of boron caused a decrease in the magnetic po-
larization to 1.07 T.

High-field magnetic polarization curve as a function
of (uoH)~'/? showing the effect of point defects in the
magnetization process is shown in Fig. 3a. Linear depen-
dence was observed for the field 0.24 1.1 T. In Fig. 3b
high-field magnetic polarization curve as a function of
(poH)'/? shows the effect of the external field to suppress
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Fig. 1. X-ray diffraction patterns.
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Fig. 2. High-field magnetic polarization curve as a

function of (poH).

thermally excited spin waves. The Holstein—Primakoff
paraprocess transition was established under the condi-
tion of magnetic induction equal to 1.1 T.
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Fig. 3. High-field magnetic polarization curves

as a function of (,uOH)_l/2 and (MOH)1/2 for
Feﬁ()cOloNnggBQo alloy.

Figure 4 shows the high-field magnetization curves
for FegpCo1gW1NboYgB1g alloy. A linear curve-fit
was observed as a function of (ugH)~'/2 for the field
from 0.047 T to 0.3 T, where point defects affect the
magnetization process and as a function of (ugH)™!
from 0.3 T to 1.2 T for linear conglomerates. For
FegoCo10W1NbyYgB1g alloy the transition field to para-
process was 1.2 T. The results obtained from the analysis
of magnetization studies are summarized in Table, where
o are the standard deviations.
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Fig. 4. High-field magnetization curves as func-
tion of (uoH)™'?, (uoH)™' and (uoH)Y? for
FegoCo10W1Nb2YsBig alloy.

TABLE I

The results obtained from the analysis of magnetization
studies of FegoColonNngngo_x (Where r = 0, ].)
alloys.

FegpCo010WzNb2YsBag—q
z=0 r=1
M, [T] 1.14 1.07
arss [1072 T2 4.70 17.16
o(ais [1072 T7/7 0.15 0.43
ar [1072 T7 - 7.61
o(ar) [1072 T - 0.52
poHp [T 1.06 1.18
b [T?] 3.31 9.91
o(b) [1072 T2 0.15 0.11

Dsps [meV nm?| 64 31

I, [nm)] 2.24 1.47
Aex [10712 J/m)] 2.47 1.12
Kot [kJ/m?) 85 178

4. Conclusions

The addition of one percent (by mass) of tungsten
dopant, instead of boron, to the FegoCo1gNbsYgBog al-
loy reduced the saturation magnetization thereof. In the
alloy without the tungsten addition major impact in the
magnetization process at high fields had point defects,
admixture of tungsten caused the formation of quasidis-
locational dipoles. The admixture of tungsten caused a
decrease in the chemical short-range order because the
values of the spin-wave stiffness parameter decreased.
The values of the constant and distance exchange pa-
rameters also were decreased, and the value of effective
anisotropy was increased.
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