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The Finemet type amorphous alloys are well known as high frequency soft magnetic materials. They have
good soft magnetic properties which are characterized by low coercive force and high permeability because of the
lack of crystalline anisotropy. The structural stability of the amorphous ribbon of Finemet type modified by Mn,
Al and Cr prepared by melt-spinning process was studied using differential scanning calorimetry and dynamical
mechanical analysis. With increase of the crystalline portion in the sample, the Curie transition is shifted to
the higher temperatures. The magnetic relaxation processes at frequencies above 10* Hz were detected by mass

magnetic susceptibility measurement.
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1. Introduction

Amorphous materials are characterized by a lack
of long-range atomic arrangement similar to that of
liquid state. The lack of crystallinity causes very
low anisotropy of amorphous alloys based on random
anisotropy model [1]. Finemet type alloys with opti-
mum Fe-Cu-Nb-Si-B composition are well known as
high frequency soft magnetic materials that are obtained
by amorphization of rapid quenching of melt and subse-
quent crystallization during heat treatment at tempera-
tures from about 500 °C to 600 °C. Optimum mechanical
and magnetic properties of the nanocrystalline soft mag-
netic materials are obtained after a partial crystallization
of their amorphous precursors. In these alloys silicon
and boron are so-called glass-forming elements that help
forming the amorphous state of the alloy and increase
the thermal stability of the amorphous phase [2—4].

Finemet system usually consists of very fine nanocrys-
talline a-Fe(Si) grains of sizes about 10 nm with ran-
dom texture which are surrounded by an amorphous ma-
trix [5, 6]. The chemical composition and heat treatment
of the alloy influence on the formation nanocrystalline
nuclei in the amorphous matrix. This process is related
to the processes of structural relaxation of amorphous
state during heating to the temperatures lower than the
crystallization temperature. Some magnetic properties
as for example the Curie transition temperature (7)
are structurally sensitive. The study of 7T, changes dur-
ing the relaxation may lead to a better understanding
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of the process of clustering in the amorphous phase
preceding formation of the nanocrystalline structure.
The changes of the Curie temperature reflect also the
process of atomic redistribution which occurs just be-
fore or in the very early stage of the crystalliza-
tion [7, 8. The observation of the Finemet alloys
by direct creep measurements during the crystallization
pointed to that the residual amorphous phase undergoes
intensive structural relaxation at relatively high temper-
atures which causes the obvious embrittlement of these
materials [9, 10]. The substitution of Fe in the origi-
nal finemet formula by Mn enhances the magnetic soft-
ness [11], the addition of Cr tends to slightly smaller
nanocrystalline grain size [12] and a small amount of Al
reduces the magnetocrystalline anisotropy and hence the
coercivity [13]. We focus on the study of the amorphous
structure stability of the modified Finemet type ribbon.

2. Experimental

A ribbon of Fe72_2Mn0_gCr0_1A118i13.5B9NbgCu1
(at.%) of about 40 pm thick has been prepared by
melt-spinning technique. The structure of the ribbon
was investigated by X-ray diffraction (XRD) using the
Philips X’Pert Pro diffractometer equipped with Cu
cathode at operating parameters of 40 kV and 50 mA.

Differential scanning calorimetry (DSC) measurements
were performed at the rate of 10°C/min in the flowing
nitrogen atmosphere using DSC Q2000-TA Instruments
apparatus. The sample was heated in ten subsequent
heating runs up to different final temperatures (7%) in
the range 370-550°C. This interval was chosen for dis-
tinguishing the influence of the structural relaxation and
the crystallization effect.
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The changes of the complex mechanical modulus were
studied by dynamic mechanical analysis (DMA) using
TMA Q400EM TA Instruments. In order to probe
dynamic magnetic properties the induction technique
IMEGO DynoMag AC Susceptometer was used.

3. Results and discussions

The XRD pattern of the prepared sample is presented
in Fig. 1. The pattern displays a broad maximum cen-
tered approximately at 20 = 44° that is characteristic for
the amorphous phase. The XRD experiment confirmed
that in the glassy matrix there is present a small volume
fraction of unidentified crystalline precipitates.
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Fig. 1. XRD pattern of the modified Finemet type al-
loy with the narrow crystalline peak.

The structural changes and their influence on the Curie
transition temperature values of the alloy were studied by
DSC method. DSC traces for subsequent heating runs
can be seen in Fig. 2.
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Fig. 2. DSC traces of the observed alloy during subse-
quent heating runs.

During the first heating run (the sample is in as-
quenched state) the sharp peak corresponding to the
Curie temperature T, is visible. At the second run the
DSC trace differs from that one in the first run due to
the partially overcame structural relaxation in the sample
during heating up to 370°C in the first run. The struc-
tural relaxation is connected with exothermic free volume
annihilation processes [14].

While the structural relaxation occurs, the generated
heat flow decreases with subsequent runs. Beginning
from the third run the additional broader minimum is vis-
ible on the DSC traces. This peak is connected with the
Curie transition at the temperature 7o of the crystalline
phase that is present in the prepared sample. Therefore
the position of T.o depends on the thermal history of the
sample only slightly. The Curie temperatures T.; and
Teo determined from DSC measurements for individual
structural states are summarized in Table.

TABLE

Curie transition temperatures 7¢; and Tc2 for
different structural states. The temperature
Tt is the final temperature of the heating run.

Run Te1 [°C) Teo [°C] T: [°C]
1 332.0 - 370
2 336.5 - 450
3 342.4 397.8 500
4 3561.7 398.1 510
5 358.7 398.2 520
6 363.6 398.6 530
7 369.8 398.9 540
8 399.4 550
9 - 399.5 550
10 - 399.7 550

The exothermic effects at temperatures above 440°C
connected with the crystallization of the amorphous
phase decrease with repeated heatings.
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Fig. 3. The temperature dependences of the compo-

nents of the complex elastic modulus.

The changes of the complex elastic modulus during
heating and the progressing structural relaxation of the
alloy was characterized by DMA analysis as can be seen
in Fig. 3. DMA measurements were performed at heat-
ing up to 600°C at the rate of 2°C/min under harmonic
loading of 0.2 N with the frequency of 1 Hz and the
preloading force of 0.3 N. The sample dimensions were
16 mm (length), 2 mm (width) and 0.04 mm (thickness).
At temperatures up to about 250 °C the storage and loss
modulus remain nearly constant. At temperatures above
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250 °C the mechanical hardening is observed. It is related
to the gradually flowing structural relaxation linked with
the free volume annihilation. The change to the soften-
ing above the temperature of 350°C can be connected
with vanishing the magnetoelastic interaction above the
Curie transition of the amorphous phase. Next magnetic
transition at about 400°C is visible on the temperature
dependences of the modulus.

Magnetic susceptibility of the Finemet type amorphous
alloy was measured at room temperature as Fig. 4 shows.
The isothermal AC susceptibility was measured in the
frequency range from 1 Hz up to 250 kHz with the mag-
nitude of the excitation field 5 mT falling off from 1 kHz
to higher frequencies. As the real and imaginary sus-
ceptibility values are approximately constant in the low
frequency range, the magnetization is able to follow the
changes in the AC excitation field. However, when ap-
proaching 10* Hz, the clear decrease in the real part ap-
pears and the onset of a loss maximum starts to form.
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Fig. 4. The frequency dependence of the magnetic
mass susceptibility.

This change is related to a magnetic relaxation pro-
cess. Nevertheless, for unambiguous interpretation one
needs to measure the susceptibility in the extended fre-
quency range where the related relaxation time could be
detected.

4. Conclusion

We studied the structural stability of Finemet type
amorphous alloy modified by Mn, Al and Cr elements
with small amount of crystalline phase. The changes of
Curie transition temperatures related to the magnetic
transitions in the amorphous and the crystalline phase
were detected by DSC analysis. During repeated heat-
ing to gradually increased temperatures, Curie temper-
ature of the amorphous phase gradually increases, while
the magnetic transition in the crystalline phase is shifted
to the higher temperatures only slightly. DMA analy-
sis revealed the influence of magnetoelastic phenomenon
during stabilization and crystallization of the amorphous
structure. Measured frequency dependence of the mag-
netic mass susceptibility showed the increased magnetic
relaxation at frequencies above 10* Hz.
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