Vol. 131 (2017)

ACTA PHYSICA POLONICA A

No. 4

Proceedings of the 16th Czech and Slovak Conference on Magnetism, Kosice, Slovakia, June 13—-17, 2016
Thickness Dependence of Mossbauer Parameters
for Fe;sSigB13 Metallic Glass Ribbons

N. AMINI®®* M. MIGLIERINI®¢, M. HASIAK?, J. DEKAN® AND S. HABIBI®
@Slovak University of Technology in Bratislava, Faculty of Electrical Engineering and Information Technology,

Institute of Nuclear and Physical Engineering, Ilkovi¢ova 3, 812 19 Bratislava, Slovakia
*Department of Physics, Bu-Ali Sina University, 65174-4161, Hamedan, Iran
¢Department of Nuclear Reactors, Czech Technical University in Prague,

V Holesovickach 2, 180 00 Prague, Czech Republic
4Department of Mechanics and Materials Science, Wroctaw University of Science and Technology,
M. Smoluchowskiego 25, 50-370 Wroctaw, Poland

Changes in magnetic microstructure of FergSigB13 ribbons were investigated by the Mdssbauer spectrometry
as a function of their thickness. The latter decreases inversely with the quenching wheel velocity. Amorphicity
of the samples was checked by X-ray diffraction and the Mossbauer spectrometry. Average values of hyperfine
magnetic fields do not appreciably differ with the production velocity. On the other hand, notable deviations are
observed in the position of a net magnetic moment. After annealing with moderate temperature, the magnetic
anisotropy improves as indicated by an increase of the average value of hyperfine magnetic field. However, magnetic
moments turn out of the ribbon plane and this process continues towards higher production velocity, i.e., smaller
thickness of the ribbons. No appreciable deviations in the investigated M&ssbauer parameters were revealed after

annealing during different time intervals.

DOT: 10.12693/APhysPolA.131.666
PACS /topics: 75.50.Kj, 75.60.Ej, 75.75.—c, 76.80.+y

1. Introduction

Iron-based metallic glasses (MGs) obtained by melt-
spinning technique exhibit interesting soft magnetic pro-
perties that are studied already for decades [1-4]. Ter-
nary Fe-Si-B metallic glass (MG) systems have a special
position among other MGs due to their excellent mag-
netic, electrical and mechanical properties that still at-
tract attention of the researchers [5]. In the investiga-
tion of MGs, the Mdssbauer spectrometry is frequently
applied [1-6]. This method was used also to study corre-
lations between quenching wheel velocity and structural
properties of several types of MGs |7, 8]. Other methods
of investigations including theoretical calculations were
also employed [9, 10].

Continuing interest in a classical FeygSigB13 MG can
be documented for example by a recent work [11] in which
this system was prepared under different quenching con-
ditions and investigated from the point of view of its mi-
crostructure, magnetism, and electrochemical properties
employing various techniques. Unlike for other MGs, the
effects of quenching conditions upon the Mdssbauer hy-
perfine parameters were, to our knowledge, not reported
so far for this system.

In this paper, we present the results of the Mossbauer
spectrometry investigations of FergSigB13 MG ribbons.
We concentrate on the effect of quenching velocity upon
hyperfine parameters obtained from as-quenched alloys
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as well as from ribbons annealed at a moderated tempe-
rature (i.e., below the onset of crystallization) for diffe-
rent time intervals. In particular, deviations in magne-
tic microstructure and spin texture are discussed. The
obtained data were correlated with the results of mag-
netic measurements. These are, however, not reported

here.
2. Experimental details

Iron-based MG with the nominal composition of
Fe;gSigB13 was fabricated by a melt spinning method
in argon atmosphere in a form of ribbons using various
tangential disk velocities namely 15, 20, 25, 30, 35, and
40 m/s. The resulting thickness of the samples was me-
asured by a micrometre with the accuracy of 0.001 mm.
Structural properties of the samples were checked by X-
ray diffraction (XRD) using Bruker D8 Discover diffrac-
tometer employing filtered Cu K, radiation.

In order to study spin texture in the obtained rib-
bons the Mossbauer measurements have been used. °7Fe
Mossbauer spectra were collected at room temperature
in transmission geometry using a conventional constant-
acceleration spectrometer equipped with a °"Co v-ray
source in a rhodium matrix. The spectra were analysed
by a least-square fitting procedure using the NORMOS
fitting software. They were evaluated by Lorentzian line
sextets assuming model independent distributions of hy-
perfine magnetic fields P(B). Linewidths of the indivi-
dual sextets were fixed to the value obtained from cali-
bration and their relative line ratios were let free during
the fitting.

Annealing of the prepared samples was carried out at
450°C for 60 min in Ar protective atmosphere. The sam-
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ple prepared with the highest velocity was annealed also
for different time intervals.

3. Results and discussion

The effect of quenching disk velocity upon the
thickness of the produced MG ribbons is depicted in
Fig. 1. The thickness (d) decreases monotonically as the
disk velocity (v) increases. It satisfactorily obeys the
d = 1/v formula.
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Fig. 1. Thickness of the MG ribbons plotted against
velocity of the quenching wheel.
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Fig. 2. Mossbauer spectrum of as-quenched ribbon

prepared with the velocity of 15 m/s (a) and correspon-
ding P(B) distribution (b).

Amorphicity of the samples was checked by XRD and
the Mossbauer spectrometry measurements and no signs
of crystallites were revealed. All samples exhibit Moss-
bauer patterns that are typical for amorphous ferromag-
netic material as seen in Fig. 2 where a spectrum obtai-
ned for as-quenched ribbon produced with the velocity
of 15 m/s is shown as an example. All spectra of as-
quenched ribbons are characterized by very similar bro-
adened sextuplets of absorption lines. They were refined
by distributions of hyperfine magnetic fields P(B). The
obtained average values of P(B) distributions (B) and
line intensity ratios Asz of the spectra are discussed be-
low.

Transmission Mossbauer spectra in Fig. 3 were recor-
ded at room temperature after annealing the ribbons at
450°C for 60 min. They show dramatic decrease of the
second and the fifth line intensities towards higher prepa-
ration velocities. It is obvious that during the annealing
process, amorphous ferromagnetic state is still conserved.

Parameters derived from the Mdssbauer spectra of as-
quenched and annealed ribbons are plotted in Fig. 4 as a
function of production velocity. They show dependences
of average hyperfine magnetic fields (B) obtained from
P(B) distributions and As3 parameters. The latter re-
presents a ratio of the second and fifth to the third and
fourth Mdssbauer spectral line intensities (areas). They

can acquire values between 0 and 4. As3 = 0 indicates
that the magnetic moments of the resonant ®>"Fe nuclei
are positioned perpendicular to the plane of a ribbon-
shaped sample while As3 = 4 means that all magnetic
moments are situated in the ribbon plane. For random
orientation of the spins Asg = 2.
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Fig. 3. Transmission Mdssbauer spectra (a) and cor-
responding distributions of hyperfine magnetic fields
P(B) (b) of the samples annealed at 450 °C for 60 min.
The particular preparation velocities (in m/s) are indi-
cated in the figure.

Average hyperfine magnetic fields (B) derived from
P(B) distributions of the as-quenched samples in Fig. 4a
are practically independent of the production velocity
within the error range. On the other hand, the pa-
rameter Aoz in Fig. 4b exhibits significant deviations.
In the 15 m/s sample, Asz = 2.49 implies not far off
random spin arrangement. In the very next sample na-
mely 20 m/s, the magnetic moments are already posi-
tioned close to the ribbon plane (As; = 3.53). Further
on, Ass systematically decreases towards higher veloci-
ties which indicates that the magnetic moments tend to
acquire again random orientations. So even though the
average hyperfine magnetic field values do not substanti-
ally alter with respect to the production velocity or the
ribbon thickness, positions of local magnetic moments
are obviously governed by fluctuations in microstructure
of the as-quenched ribbons due to quenched-in internal
stresses [12].

After annealing, internal stresses are partially remo-
ved and structural relaxation takes place in the amor-
phous alloy. This leads to re-arrangement of the consti-
tuent atoms. As a consequence, magnetic behaviour of
the annealed ribbons is affected. This is documented by
(B) which exhibits slight increase in its mean value from
(24.9£0.2) T in the as-quenched state up to (25.4+0.2) T
after annealing.
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Fig. 4. Average hyperfine magnetic field (B) (a) and
Ass (b), plotted against the production velocity.

As far as the A,z parameter is concerned, it exhi-
bits significant differences in comparison with the as-
quenched state as seen in Fig. 4b. The spins are highly
textured showing predominant orientations out of the rib-
bon plane. With increasing velocity (decreasing thickness
of the ribbons) they approach close-to-perpendicular po-
sitions. This is presumably caused by changes in the
microstructural arrangement of the resonant atoms cau-
sed by annealing. As a consequence, the 2nd and the 5th
Méossbauer lines in Fig. 3a nearly disappear.

The sample produced with the highest velocity of
40 m/s was annealed at 450°C for different time inter-
vals. The obtained Mdssbauer spectra and their P(B)
distributions are illustrated in Fig. 5. The obtained va-
lues of (B) and Aag are of 25.5, 25.5, 25.4 T and 1.0, 0.8,
0.8, respectively, as derived from the Mdssbauer spectra
of the samples annealed for 60, 90, and 120 min, cor-
respondingly. Their close similarities demonstrate that
duration of the annealing time does not significantly af-
fect these Mossbauer parameters.
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Fig. 5. Mossbauer spectra (a) of the FezgSigB13 ribbon

produced with the velocity of 40 m/s and annealed at
450°C for the indicated times (in min) with the corre-
sponding hyperfine field distributions P(B) (b).

We have performed also magnetic measurements in-
cluding temperature dependences of magnetization un-
der different external magnetic fields and cooling regimes.
They have indicated changes in the selected magnetic pa-
rameters including the Curie temperature as a function
of the ribbon thickness. The obtained results correlate
well with the findings of the Mossbauer spectrometry and
will be presented elsewhere.

4. Conclusions

The effect of quenching wheel velocity in the melt
spinning method upon parameters of the Mossbauer
spectra of FergSigB13 MG was investigated. The sam-
ple’s thickness decreases drastically as the disk velocity
increases. XRD and the Mdossbauer spectrometry confir-
med that all ribbons are amorphous in the as-quenched
state as well as after annealing at a temperature that
is below the onset of crystallization. Average hyperfine
magnetic fields of the as-quenched samples are indepen-
dent of the production velocity even though the orienta-
tion of particular magnetic moments of the resonant Fe
atoms varies.

After annealing, similar trends are observed as far as
average hyperfine magnetic fields are concerned. They
are slightly higher than in the as-quenched state which
indicates modifications in the microstructural arrange-
ment. The latter is demonstrated also by highly tex-
tured spin structure that was revealed after annealing.
Individual magnetic moments are positioned almost per-
pendicular to the ribbon plane while they have acquired
nearly random arrangement in the as-quenched ribbons.

The obtained alterations of the Mdssbauer parameters
suggest complex anisotropy distribution caused by the
internal stresses induced during the quenching process as
well as their variation after annealing. Extension of the
time of annealing had no significant impact upon the in-
vestigated Mossbauer parameters in the thinnest ribbon.
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