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The paper presents the structural analysis of Fegz—,Co,NbgBsg metallic glasses (z = 0, 20) in as-cast and
after crystallization state. The studies were performed on metallic glasses of ribbon form with thickness of 0.05
and 0.06 mm. The structure analysis of the samples in as-cast state and phase analysis of studied alloys after
annealing was carried out by the X-ray diffraction methods. Moreover, the Mossbauer spectroscopy was also used
to investigate the local structure for examined alloys. The soft magnetic properties examination covered the initial
magnetic permeability. The after-effects of magnetic permeability were also conducted.
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1. Introduction

The Fe-based glassy alloys received great attention of
researchers, because of their good physical properties [1].
The work succeeded in preparation of ternary and quater-
nary Fe-based metallic glasses, which are potential can-
didates for soft magnetic materials.

Gersci et al. [2] succeeded to  prepare
(Fe1—.Co,)62NbgBsg glassy alloys with « = 0, 0.33,
and 0.50. They studied the electric and magnetic prop-
erties of rapidly quenched samples in the form of ribbons
with thickness of 0.035 mm. Authors revealed that
Co addition caused a decrease of the magnetostriction
coefficient and led to the change in a shape of the
hysteresis loops.

Basing on [2], the aim of the paper is the structure
analysis of Fega_,Co,NbgBsg (z = 0, 20) metallic glasses
in as-cast and after annealing state using the X-ray
diffraction and Mossbauer spectroscopy. The Moéssbauer
spectroscopy was chosen as a suitable technique to detect
the nearest neighbours of the resonant Fe atoms.

2. Experimental

The studies were performed on FegaNbgBsg and
Fe 2Coo9NbgBgg metallic glasses in the form of ribbons
with the thickness of 0.05 and 0.06 mm and the width
of 5 mm. The ingots of alloys were prepared by in-
duction heating a mixture of all pure elements together:
Fe (99.98%), Co (99.99%), B (99.9%), Nb (99.95%) in
nominal compositions. The amorphous ribbons were pre-
pared by the melt spinning technique [3, 4]. The cast-
ing conditions included a linear speed of Cu wheel of
20 m/s and ejection over-pressure of molten alloy under
Ar of 0.03 MPa.
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The structure of the samples in as-cast state was exam-
ined by X-ray diffraction (XRD) in reflection mode using
the diffractometer with Cu K, radiation. For the sam-
ples after crystallization measurements were done with
using Co K, radiation. The diffraction patterns for all
samples were collected by “step-scanning” method in the
260 range from 30° to 90°.

The ®"Fe Mossbauer spectra were recorded at room
temperature using a constant acceleration spectrometer
with triangular velocity shape, a multichannel ana-
lyzer with 1024 channels, and linear arrangement of the
57Co(Cr) source (~15 mCi), absorber and detector. The
spectrometer velocity was calibrated with a high purity
a-Fe foil. The Mdossbauer spectra determined after an-
nealing were calculated by means of a discrete analy-
sis (a few Zeeman sextets). All spectra were fitted by
means of a hyperfine field distribution using the Hesse—
Riibartsch procedure with linear correlation between iso-
mer shift and hyperfine magnetic field [5].

Magnetic measurements of as-cast ribbons, carried out
at room temperature, included relative magnetic perme-
ability (u,) and disaccommodation of magnetic perme-
ability (Ap/p) and were determined by the LCR Meter at
a frequency of 1030 Hz and magnetic field up to 100 A /m.
Ap/p also known as the after-effects of magnetic perme-
ability was determined by measuring changes of magnetic
permeability (1) as a function of time (t) after demagne-
tization, where Ay is difference between magnetic per-
meability determined at t; = 30 s and t5 = 1800 s after
demagnetization and p at ¢;.

3. Results and discussion

Figure 1 shows the XRD patterns of the melt-spun
Fega—Co,B3oNbg (z = 0, 20) alloys. No appreciable
diffraction peaks corresponding to crystalline phases were
detected. Only broad peaks were observed, which implies
the formation of Fe-based amorphous structure.
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Fig. 1. X-ray diffraction patterns of Fega—.Co,NbgBso
alloys in as-cast state.

The room temperature Mossbauer spectra obtained for
alloys in as-cast state are shown in Fig. 2. The spec-
tra present broadened sextet patterns typical for the
structural disorder of amorphous ferromagnetic alloys.
The corresponding hyperfine magnetic fields distribu-
tions p(By¢) for glassy alloys are also presented in Fig. 3.
Several local picks or swells can be distinguished in the
p(Bnt) distributions of reflecting preferential surround-
ing of iron atoms. The hyperfine magnetic fields dis-
tributions were also decomposed into low and high field
components by Gaussian distributions. For FegaNbgBsg
alloy two positions are visible at about 8.6 T and main
maximum at about 18.9 T. Replacing Fe atoms by Co
addition caused changes in local neighborhood of iron
which leads to change in p(Byt) and three swells can be
visible (positioned at about: 3.9, 10.5, and 17.8 T). The
presence of smaller peaks at low hyperfine field values in
the range from 3 to 15 T for the as-cast samples can be
ascribed to the presence of nonferromagnetic atoms of
Nb in the neighborhood of Fe atoms, as it was reported
in [6, 7], as no evidence of such low values in Fe-Co-Nb-B
amorphous alloys.
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Fig. 2. Mossbauer spectra of studied alloys in as-cast
state.

The mean values of the hyperfine magnetic field (Bys)
as well as the isomer shift (IS) parameters obtained from
p(Bnt) for the best fitting are listed in Table I. The ad-
dition of Fe atoms by Co lead to changes in hyperfine

magnetic field distributions and an average values of IS.
For FessCoo0NbgBsg a value of By is lower but the IS
parameter is higher in a comparison with the same pa-
rameters determined for the ternary alloy without Co.
A strong modification of electronic structure by Co addi-
tion can be suggested. Moreover, an existence of nonmag-
netic regions which do not comprise Fe and consequently
are not detected with the Mossbauer spectroscopy can be
also considered.

Table I gives also information about the initial (u,)
and the intensity of disaccommodation of magnetic per-
meability (Ap/p). Allia and Vinai [8] stated that the
intensity of Ap/p (magnetic after-effects) is directly pro-
portional to the concentration of free volume in glassy
materials, which is formed during cooling of molten al-
loy. The Ap/p reached a value of 11.7% for FegaNbgBsg
(0.05 mm) and 8.1% for Fey5Co90NbgB3g (0.06 mm) rib-
bons, adequately. These results mean that higher con-
centration of free volume is formed in ribbons with lower
thickness.

TABLE I

Average values of IS, By, initial magnetic per-
meability (u.) and disaccommodation of magnetic
permeability (Au/u) of Fega—»CozNbgBso metal-
lic glasses in as-cast state.

Glassy IS Bu Ap/p
alloy [mm/s] | [T] Hr [%]
Feg2NbgBsg 0.095 | 17.0 | 267 | 11.7
F€420020Nb3B30 0.127 15.3 291 8.1
8
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Fig. 3. Hyperfine magnetic field distribution of:

(a) FegaNbgBsp and (b) Fe42Co20NbgB3g metallic
glasses with its deconvolution into low and high field
components.
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Furthermore, Allia and Vinai also stated that there is a
connection between the magnetic after-effects and struc-
tural disorder of selected ferromagnetic metallic glasses.
The Ap/p is sensitive to the short-range order of atoms.
Therefore, the variation of the average hyperfine mag-
netic field with Co addition could be connected with
topological and chemical disorder of the studied glassy
samples.
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Fig. 4. X-ray diffraction patterns of: (a) Feg2NbgBso
and (b) Fes2Coz0NbgBso alloys after annealing
at 873 K/1 h.

Figure 4 shows XRD patterns obtained for alloys af-
ter annealing for 1 h at 873 K. Qualitative phase anal-
ysis from X-ray data enables the identification of a-Fe
phase and iron borides — FeB, Fe;B, FezB for ribbons
of FegaNbgBsp alloy. The annealing of quaternary alloy
with Co addition obviously caused a formation of crys-
talline a-Fe(Co) and iron, cobalt borides — Fe(Co)B
Fe(Co)2B, and Fe(Co)3B.
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Fig. 5. Transmission Maossbauer spectrum and fit-

tings of FegaNbgBsp metallic glass after annealing
at 873 K/1 h.
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Fig. 6. As in Fig. 5 but for Feq2Co20NbgBso metallic
glass.

TABLE II

Hyperfine parameters of alloys annealed at 873 K/1h
(A — relative area from the spectra). Experimental er-
rors are smaller than 5%.

Glassy IS Bt A
alloy mm/s] | [T) | %] | T

0325 | 5.1 | 4 Fe Nb
0.009 | 11.1 | 28 Fe-B
0.090 | 15.1 | 24 Fe B
0.172 | 19.4

Fes2NbsBso 0.088 | 234 | 17 FesB
0.073 | 17.9
0.080 | 20.9 | 24 FesB
~0.046 | 26.2
~0.210 | 33.0 | 3 a—Fe
0.027 | 50 | 6 Fe-Nb
0.128 | 9.3 | 10 Fe-Nb
0.028 | 11.0 | 16 Fe-B
0.142 | 13.6 | 13 Fe-B

Fe4QCO20Nb8B30 0.107 21.0 19 (Fe,CO)zB

0.072 | 23.4
0.169 | 15.9
0.150 | 18.7 | 35 | (Fe,Co)sB
~0.095 | 26.2

The room temperature Mossbauer spectra determined
after annealing are shown in Fig. 5, 6. The fitting pa-
rameters of these spectra and the assigned phases are
reported in Table 2. In comparison with that of as-
cast samples, one can observe a refinement of external
lines, while the central part of the spectra remains almost
unresolved. This evolution could be interpreted by the
presence of both well crystallized grains and a residual
disordered amorphous matrix. The experimental spec-
trum of annealed FegaNbgBgg alloy was fitted with nine
sextets, hyperfine parameters two of them correspond-
ing to FeoB [9], three to FesB [10, 11] and one to a-Fe.
The other sextets are connected with remainder of amor-
phous phase.
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What is more, the spectrum obtained for
Fey oCoo0NbgB3y was also fitted with nine sextets,
which include two sextets for Fe(Co)2B and three for
Fe(Co)3B. It is not observed the hyperfine field values
higher 33 T indicative of existence of crystalline phase
connected with pure Fe or Fe-Co [12, 13].

4. Conclusions

Substitution of Fe atoms by Co led to change of hy-
perfine magnetic fields (By¢) distributions and an aver-
age values of isomer shift (IS). The Co addition caused
changes in local neighborhood of iron what lead to chang-
ing in p(By¢) and three swells can be visible. The pres-
ence of smaller peaks at low hyperfine field values in the
range from 3 to 15 T can be probably related to the pres-
ence of nonferromagnetic atoms of Nb in the neighbor-
hood of Fe atoms. The variation of the average hyperfine
magnetic field with Co addition could be also connected
with the intensity of Au/p (magnetic after-effects), which
is sensitive to the short-range order of atoms.

What is more, addition of this element also caused the
improve of magnetic permeability and induced formation
of crystalline phases including the a-Fe(Co), (Fe,Co)2B
and (Fe,Co)3B after annealing at 873 K/1 h.

Combination of X-ray diffraction, Mé&ssbauer spec-
troscopy and magnetic permeability measurements seems
to be very helpful approach for examining the structural
environment of Fe atoms on a short-range ordering scale
and also analysis of crystalline phases.
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