ACTA PHYSICA POLONICA A No.1 Vol. 142

Papers submitted to the Conference “Applications of Physics in Mechanical and Material Engineering”

Magnetic Relaxation Occurring in Weak
Magnetic Fields in Amorphous Materials

K. BLocH®* |, M. NABIALEK?, B. JEZ®, J. GONDRO®,
A.V. SANDUS%¢ AND M.M.A.B. ABDULLAH/Y

@ Department of Physics, Faculty of Production Engineering and Materials Technology,
Czestochowa University of Technology, al. Armii Krajowej 19, 42-200 Czestochowa, Poland

b Department of Technology and Automation, Faculty of Mechanical Engineering

and Computer Science, Czestochowa University of Technology,

al. Armii Krajowej 19¢, 42-200 Czestochowa, Poland

¢ Faculty of Materials Science and Engineering, Gheorghe Asachi Technical University of lasi,
Boulevard D. Mangeron, No. 51, 700050 lasi, Romania

4 Romanian Inventors Forum, Str. P. Movila 3, 700089 Iasi, Romania

¢ National Institute for Research and Development for Environmental Protection INCDPM,
294 Splaiul Independentei, 060031 Bucharest, Romania

! Faculty of Chemical Engineering Technology, Universiti Malaysia Perlis (UniMAP), Kompleks
Pusat Pengajian Jejawi 8, Kawasan Perindustrian Jejawi, 02600, Arau, Perlis, Malaysia

9 Centre of Excellent on Geopolymer and Green Technology (CeGeoGTech),

Universiti Malaysia Perlis (UniMAP), Kompleks Pusat Pengajian Jejawi 2,

Taman Muhibbah, 02600, Arau, Perlis, Malaysia

*e-mail:

Doi: 10.12693/APhysPolA.142.160 katarzyna.bloch@pcz.pl

The phenomenon of magnetic susceptibility disaccommodation occurs in weak magnetic fields. This
phenomenon consists in the decrease in time of the magnetic susceptibility of a sample that has been
demagnetized with an alternating current of amplitude decreasing to zero. This phenomenon, described
in the literature as magnetic viscosity, makes it possible to study the real structure of alloys. The
study investigates the phenomenon of magnetic susceptibility disaccommodation for amorphous sam-
ples. Magnetic susceptibility curves as a function of temperature and isochronous magnetic susceptibility
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disaccommodation curves were determined.
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1. Introduction

Bulk amorphous alloys are materials containing
at least three or more elements. The atomic radii
of their main components must differ by more than
12%, and additionally, negative heat of mixing be-
tween components should appear [1, 2]. Amorphous
alloys are characterized by a lack of long-range or-
dering of atoms. However, short-range ordering is
observed.

During the heat treatment of these materials
at temperatures much lower than the crystal-
lization temperature, rearrangement of atoms oc-
curs, which can lead to time and thermal insta-
bility of their physical properties. These processes
are called structural relaxations and occur during
the production of amorphous alloys and even at
room temperature. One can distinguish between
reversible and irreversible relaxation [3]. As a re-
sult of irreversible relaxation, it occurs, among oth-
ers reduction of free volumes frozen in the alloy
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during its production. Whereas reversible relax-
ations are caused by small reversible displacements
of atoms, and the phenomenon of magnetic sus-
ceptibility disaccommodation can be used for their
research [4].

This phenomenon consists in the decrease in time
the magnetic susceptibility of a sample demag-
netized with an alternating field with the ampli-
tude decreasing to zero (see Fig. 1). The theory
of disaccommodation of magnetic susceptibility in
amorphous alloys was developed by P. Allia and
F. Vinai [5-7] and H. Kronmiiller [4, 8-12].

The theory of P. Allia and F. Vinai does not
fully explain the phenomenon of disaccommoda-
tion in amorphous alloys. According to this the-
ory, the disaccommodation intensity is proportional
to the square of the effective magnetostriction and
the square of the shear stresses. Therefore, in amor-
phous alloys with saturation magnetostriction of the
order of 1078, the intensity of disaccommodation
should be close to zero.
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Fig. 1. Magnetic susceptibility curve (x, — sus-
ceptibility at time ¢ = 0, xoo — susceptibility for
t — 00).

The P. Allia and F. Vinai theory is very consis-
tent with the experimental results explained by the
H. Kronmiiller’s theory [4, 8-12]. Let us recall, ac-
cording to this theory, the phenomenon of disac-
commodation in amorphous alloys is related to the
ordering of pairs of atoms near the free volumes
(Fig. 2).

The aim of the study is to investigate the influ-
ence of the content of yttrium in the alloy on its
susceptibility and its disaccommodation.

2. Experimental details

The alloy ingots with the nominal com-
positions (Fer4BogNboHfsSi0)99 Y1 and
(FeryBogNboHI5Sis)9sYs were prepared by arc
melting of high purity elements. The bulk amor-
phous alloys in the form of rods, 1 mm in diameter
and 2 cm long, were produced by an injection cast-
ing method in a protective argon atmosphere [13].
The low-field magnetic susceptibility was studied
using a fully automated setup by the transformer
method. Before the measurements, the samples
were demagnetized in an alternating magnetic
field with an amplitude decreasing from 800 A/m
to 0 during 1.1 s. Isochronal disaccommodation
curves were constructed according to the following
expression

1
2(3) =<t~ @ S
where yo and y; are the magnetic susceptibility
measured at to = 120 s and t; = 2 s, respectively,
after demagnetization of the sample.

These measurements were performed in low mag-
netic fields, i.e., in the Rayleigh range.
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3. Results and discussion

Figure 3 shows the dependence of magnetic
susceptibility on temperature at the magnetic
field amplitude of 0.26 A/m for the investigated
alloys in the as-quenched state. The magnetic
susceptibility of the alloy (Fe74B20Nb2HfQSi2)99Y1
increases slightly with increasing temperature and
reaches its maximum value at a temperature of
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Fig. 2. Two-level system model showing changes

in the axes orientation of the T; and T2 atoms of
transition metals, i.e., (a) reorientation of the axis
of pairs of atoms and formation of new pairs, (b)
creating new pairs by shifting atoms [4].

about 480 K. A slight increase in magnetic suscep-
tibility is associated with a decrease in the effec-
tive anisotropy constants and saturation magneti-
zation with increasing temperature. Such a course
of the magnetic susceptibility curve proves the high
thermal stability of this material. Above 500 K,
a sharp decrease in magnetic susceptibility is ob-
served, which is related to the transition of the sam-
ple from the ferro to paramagnetic state. In the case
of the sample (Fe74BogNboHf5Si5)9s Y2, a significant
decrease in the value of magnetic susceptibility is
observed, which proves the high heterogeneity of
this alloy. Additionally, the curve shows that this
material is highly temperature unstable.

The isochronal disaccommodation curves for the
tested alloys are presented in Fig. 4. According to
the Kronmiiller theory, the phenomenon of disac-
commodation in amorphous alloys is related to the
ordering of pairs of atoms near the free volumes,
which play a similar role as point defects in crys-
talline materials. The achieved examination results
indicate a strict correlation between the structure
of the alloy and the intensity of disaccommodation.
Specimens produced at lower quenching rates exhib-
ited a lower intensity of disaccommodation. During
their fabrication the free volumes are reduced due to
the irreversible structural relaxations, what in turn
results in more stable structure and homogenization
of the material.

Significantly lower intensity of disaccommoda-
tion was observed for the sample with lower yt-
trium content. It is well-known that the intensity
of disaccommodation of magnetic susceptibility is
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Fig. 3. Initial magnetic susceptibility versus temperature for bulk amorphous alloy in the as-quenched state

in the form Of a I‘Od; (a) (Fe74B20Nb2HfQSiQ)99Y1, (b) (Fe74B20Nb2HfQSi2)9gY2.
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Fig. 4. Isochronal disaccommodation curves for bulk amorphous alloy in the as-quenched state in the form

Of a I“Od; (a) (Fe74B2()Nb2HfQSi2)99Y1, (b) (Fe74BQ()Nb2HfQSiQ)98Y2.

proportional to the concentration of relaxing de-
fects. The decrease in the maximum intensity in-
dicates blocking of some relaxing defects result-
ing from the reduction of free volumes. Lower
intensity of the disaccommodation value for the
(Fer4BogNboHIfsSi0)99Y1 bulk amorphous alloy in-
dicates a higher atomic packing density in this ma-
terial.

4. Conclusions

In this paper, the influence of the yttrium con-
tent in the alloy on the magnetic susceptibility and
its disaccommodation was investigated. According
to the theory of H. Kronmiiller, the phenomenon of
magnetic susceptibility disaccommodation in amor-
phous alloys, similarly to crystalline alloys, is closely
related to their microstructure. The conditions of
alloys production and their chemical composition
affect the intensity of magnetic susceptibility disac-
commodation. On the basis of the obtained results,
it can be concluded that a slight change in the chem-
ical composition has a clear effect on the magnetic
structure of the resulting material.
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