Vol. 126 (2014)

ACTA PHYSICA POLONICA A

No. 4

Proc. of the International Conference on Mechanochemistry and Mechanical Alloying, Krakow, Poland, June 22-26, 2014

The Influence of Heat Treatment on Soft Magnetic Properties
of the F@60C010M02Y8B20 Alloy

S. GARUS*, M. NABIALEK AND J. GARUS
Czestochowa University of Technology, Faculty of Production Engineering and Materials Technology, Institute of
Physics, al. Armii Krajowej 19, 42-200 Czestochowa, Poland

This paper presents the results of studies on the magnetic properties of the FegoCo10Mo2YsBgo alloy. The
samples were fabricated in the form of plates by the injection-casting method. The structure of the investigated
alloy, in the as-quenched state and after annealing, was verified by using X-ray diffractometry. The magnetization
curves as a function of temperature were measured by a force magnetometer. From thermomagnetic curves the
Curie temperature of the alloy was determined. As a critical parameter 8 was chosen to be equal to 0.36 for these
calculations, it confirmed that the alloys may be considered as ferromagnetic of the Heisenberg type. Additionally,
using a vibrating sample magnetometer the magnetization and coercivity field were studied (in magnetic field up

to 2 T).
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PACS: 75.50.~y, 75.50.Kj, 75.30.Ds, 75.20.En, 75.47.Np, 75.50.Bb, 75.60.Ej

1. Introduction

An interesting group of ferromagnetic materials are
materials with soft magnetic properties produced on the
basis of iron, cobalt, boron and yttrium [1-5]. Admix-
ture of other elements allows to modify their properties
and to adjust to the requirements of the electricity in-
dustry [6-9]. The properties of alloys is also influenced
by suitable heat treatment [10, 11].

In order to produce amorphous alloy, a very rapid cool-
ing of the molten alloy must be used. The cooling rate
is about 10° K/s. One of the production methods is the
injection casting method [5]. Figure 1 shows the nec-
essary equipment used to produce the bulk amorphous
materials.

Fig. 1. Prepared sample in the form of plate and radial
cooling form with venting channel (a).

*corresponding author; e-mail: sg@uip.pcz.pl

In order to produce the FeggCo19Moo YgByg alloy high-
purity ingredients were weigthed with an 1072 g accu-
racy. The ingredients were placed in an electric arc
furnace. Then obtained high vacuum, after which the
protective gas atmosphere at a pressure of 700 hPa was
prepared.

Alloy was repeatedly melted in an arc furnace in or-
der to mix the components well. The resulting ingot was
placed in a quartz capillary in the apparatus for prepar-
ing samples by injection casting method. In the working
chamber the pressure of argon was 700 hPa. The material
was melted in an induction furnace and then injected into
a cooled copper form (Fig. 1a) at a pressure of 1000 hPa.
The resulting samples were in the form of plates with
dimensions of 10 x 10 x 0.5 mm? (Fig. 1). Part of the
samples was subjected to annealing in vacuum at 700 K
for 1200 s.

The aim of the study was to investigate the ef-
fect of heat treatment on the magnetic properties of
FegoCoi10MosYgBog amorphous alloys samples such as
saturation magnetization, coercive field and the Curie
temperature.

2. Research

The diffractograms were obtained by using D8 AD-
VANCE Bruker X-ray diffractometer. Hysteresis loops
at fields up to 2 T were determined using a LakeShore
vibrating magnetometer. Thermomagnetic curves were
determined using the Faraday magnetic balance.

Figure 2 shows the results of X-rays diffraction of
FegoCo10Mo2YgBogy alloy solidified (Fig. 2a) and after the
annealing process (Fig. 2b). The X-ray diffraction pat-
terns for the sample in the as-quenched state (Fig. 2a)
and after annealing (Fig. 2 b) consist of a single, broad
maximum. This shape of X-ray diffraction pattern is
typical for the amorphous materials.
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Fig. 2. X-ray diffraction patterns for the investigated

alloy in the form of plates in the as-quenched state
(a) and after isothermal annealing at a temperature
of 700 K for 1200 s.

Reduced magnetization curves as a function of tem-
perature measured with the magnetic induction equal to
0.74 T are presented in Fig. 3. The Curie temperature of
the sample after solidification was 531 K. The process of
thermal treatment caused an increase in the Curie tem-
perature T, about 30 degrees to 562 K. As a critical
parameter 3 was chosen to be equal to 0.36 for these cal-
culations, it confirmed that the alloys may be considered
as ferromagnetic of Heisenberg type.

1.0f=_
i._
b
0.8 w:
@ L =-as—quenched
= nC =annealing
~ 0() L
S LY
3 0.4 - 7
0.2
0.0 T r——
300 400 500 600 700 800
T(K)
Fig. 3. Reduced magnetization curves as a function

temperature measured with the magnetic induction
equal to 0.74 T for the investigated alloy in the form
of plates in the as-quenched state and after isothermal
annealing at a temperature of 700 K for 1200 s.

The Curie temperature was increased as a result of
the performed annealing process, and the increase is con-
nected with structural relaxations that occurred during
annealing at below the crystallization temperature. After
thermal treatment that avoids the crystallization process,
the free volumes create conglomerates to become qua-
sidislocational dipoles or are released towards the sam-
ple surface. As a result, the magnetic interactions be-
tween atomic pairs of Fe-Fe, Fe—Co, and Co—Co become
stronger, which, according to the Bethe—Slater curve, in-
creases the temperature of the ferromagnetic state sta-
bility (T.).
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Designated magnetic hysteresis loops (Fig. 4) are typi-
cal ferromagnetic materials with the soft magnetic prop-
erties. Analysis of the static magnetic hysteresis loops
indicates that relaxation processes, occurring in the al-
loy during the isothermal annealing at 700 K for 1200 s,
did contribute to the decrease in the coercivity. It has
been found that the coercivity value for the sample sub-

100 jected to the annealing process decreased by 4 A/m.

The magnetization after the annealing process has not
changed substantially. The annealing process, to which
the sample was subjected, resulted in the decrease of the
effective anisotropy and an increase in the initial mag-
netic permeability, which also is connected with struc-
tural relaxations.
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Fig. 4. Static magnetic hysteresis loops, measured for

the sample of the investigated alloy in the form of a
plate: in the as-quenched state and subjected to isother-
mal annealing process at the temperature 700 K for
1200 s.

The results obtained during the study of magnetic
properties are listed in Table.

TABLE I

The results obtained from the analysis of the magnetic
properties of the FegoCo10Mo2YgB2og alloy before and af-
ter heating.

Parameters FesoCo10MozYsBzo
As-quenched Annealing
toMs [T] 1.14 1.13
H. [A/m] 28 24
T. [K] 531 562

3. Conclusions

Samples obtained during the rapid radial cooling had

an amorphous structure. The heat treatment provokes
structural relaxation, which has significant influence on
some magnetic properties of investigated material. The
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relaxation processes, occurring in the alloy during the
isothermal annealing at 700 K for 1200 s, did influence
to the decrease in the coercivity. The magnetization of
the sample after the annealing process practically has
not changed. The observed increase of the Curie point
for the sample after annealing at a temperature of 700 K
for 1200 s may be caused by the change of interatomic
distances, which is the result of structural relaxation.
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