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Abstract

Magnetic properties of melt spun Fegg_ Mnj Al (x = 2,4,8,15) and Feg;_,Mn;ALBy (y = 6,8, 10) alloy series were studied by
vibrating sample magnetometry and complex permeability measurements. The saturation magnetization exhibited an initial high value of
210emu/g followed by a decreasing tendency with increasing Al and B additions (up to 139emu/g). On the other hand, the initial
permeability showed variations within the range 1000-2000, whereas the relaxation frequency displayed a maximum of 2 MHz for the

4at% Al alloy.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Disordered Fe-Mn—Al alloys have been a system of
interest from both technical and fundamental point of view
due to their excellent mechanical properties and their
highly sensitive composition-dependence magnetic order-
ing, which can include ferromagnetic, antiferromagnetic,
spin glass or re-entrant spin glass behaviour [1-3]. Most
studies focus on bulk alloys with high Mn/Al contents
processed by die-casting and further annealing-quenching
treatment [1-3]. In this report, we present a study of DC
and AC magnetic properties of FeMnAIB metallic ribbons
obtained by chill block melt spinning process.

2. Experimental techniques

The alloy series Fegy_ Mn Al, (x =2,4,8,15) and
Feg;_yMn;1ALB, (y =6,8,10) were prepared by using
the chill block melt spinning technique with a roll speed of
20m/s, from master ingots previously obtained by arc-
melting commercially grade Fe, Mn, Al, B constituents
within inert Ar atmosphere. The alloys microstructure was
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monitored by X-ray diffraction analysis with Cu-Ko
radiation. DC magnetic properties were determined by
means of a vibrating sample magnetometer VSM at a
maximum field of 5kOe, whilst complex permeability
measurements were carried out on ribbon alloy samples
wounded as toroids of 16 mm diameter by using an HP
4192A impedance analyzer with an applied AC field of
10.2 A/m (rms) and a frequency variation within the range
10 Hz—13 MHz. The real and imaginary components of the
complex permeability, used for Cole—Cole plots, were
determined from the components of the complex impe-
dance according to the complex permeability formalism
[4,5].

3. Results

X-ray diffractograms (XRD) for Feg;Mn; Al,
FegsMn; Aly and FegiMn;;Al,B¢ alloy ribbons are shown
in Fig. 1. The (110), (200), (211), (220) and (310) a-Fe
refraction peaks were identified for all the alloy series.
According to Ref. [3], up to 17at% Al content, only the
disordered BCC phase is present in FeMnAl with similar
Fe:Mn ratio. For this disordered phase, all sites are
occupied with the same probability by Fe, Mn or Al
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Flg 1. XRD for (d) F637MH1]A12,
FesiMn;; AL, B¢ alloy ribbons.
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atoms. For increasing x values (x = 4 in Fig. 1b), the same
XRD patterns appear, which is indicative of a similar
microstructure along the Al variation range. On the other
hand, for the B-containing alloys (Fig. lc), additional
peaks at 260 = 42.9° and 50.9° can be ascribed to the highest
(321) and to (210) reflections of Fe;B and FesB,
respectively. These additional peaks increase progressively
with increasing B concentrations, for which the notably
enhanced (110) refraction peak seems to indicate some
texturing for these planes laying orthogonally to the ribbon
length.

From M — H curves, the saturation magnetization M as
a function of Al, B content were determined for both alloy
series in Fig. 2. For the original alloy (x = y = 0), a rather
high M value of 210emu/g is observed (which is close to
that of pure iron, M = 218 emu/g). Further Al additions
resulted in progressively decreasing Mg up to M=
168 emu/g at 15at% Al. The B-containing alloys displayed
a similar reducing monotonous trend for Mg, from
199emu/g at the initial B concentration to 139emu/g at
y=10.

On the other hand, the intrinsic coercivity H. as a
function of Al and B content is shown in Fig. 3. For the
increasing Al alloy series, H. exhibited initially similar
values, followed by a decreasing tendency up to 31 Oe at
15at% Al. In contrast, H. showed enhanced values for
increasing B concentration, from 44 Oe (y = 0) to 120 Oe
(y = 10).

For the frequency-dependent measurements, Fig. 4
displays the Cole—Cole u..—u;, plots for FessMn; Al,,
FegsMn; Al; and FegiMn;;Al;Bg alloy samples. For all
the compositions, semicircle curves are formed. The alloy
relative initial permeability can be determined as the
semicircle diameter [4-6]. This permeability decreases
slightly from 1375 (at the original Feg;Mn;;Al, composi-
tion) to 1185 for 4at% Al; whereas for the B-containing
alloy, a considerable enhanced value of 2063 is observed. In
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Fig. 2. Saturation magnetization M as a function of Al and B content
(solid lines are a guide for the eye, only).
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Fig. 3. Intrinsic coercivity H. as a function of Al and B content (solid
lines are a guide for the eye, only).

contrast, the relaxation frequency f,, determined at the
maximum of each semicircle (since each g, ;,, component
is a function of frequency) [4-6], showed a remarkable
increment from 500 KHz (for Feg;Mn;;Al, alloy) up to
2MHz (at 4 at% Al) followed by sharp decrease to 170 kHz
for the B-containing alloy.

4. Discussion

As it was shown by XRD results, the microstructure of
the Fegy_ Mnj Al (x = 2,4,8,15) alloy series comprises
disordered BCC «-Fe phase along the whole Al range
composition studied and thus, the reduction in My can be
attributed to a dilution effect of the unit cell magnetic
moment by increasing non-magnetic Al atoms. The
concomitant reduction in H. seems to be a consequence
of the microstructure evolution from an irregular dendritic-
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Fig. 4. Cole—Cole plots for selected alloys.

polycrystalline structure (at the initial Al concentrations—
up to 4at%), which favours the pinning of the magnetic
domain walls, to an homogeneous polycrystalline distribu-
tion, which facilitates the domain wall displacement and
thus, a reduced coercivity. In contrast, the increasing
coercivity of the B-containing alloy series can be explained
in terms of the increasing number of domain wall pinning
centres promoted by the precipitation of other phases as
the B content rises. Part of this B addition contributes to
the dilution of magnetic moment of the unit cell, as it is
reflected by the diminished values of M.

Within the context of the complex permeability formal-
ism, the observed Cole—Cole u.—p, plots can be
associated to the reversible bulging of the magnetic domain
walls and thus, to the alloy initial permeability [4,5]. In
addition, the relaxation frequency f, corresponds to the
threshold frequency value at which a relaxation-type
dispersion occurs indicating that reversible bulging of
domain walls is no longer the active magnetization
mechanism. Instead of this, a magnetization process with
a lower time constant, namely the spin rotation, remains as
active mechanism [4,5]. Usually, the expected semicircles
Cole—Cole locus for a relaxation-type dispersion is at the
positive u..— i, axes, in opposition to a natural resonance
process, which forms a full circle including negative g,
components [4]. For the B-doped alloy showed in Fig. 4, a
clear relaxation dispersion is observed, reflecting the
transition from reversible bulging of domain walls to spin
rotation. In contrast, the alloys with 2 and 4at% Al
encompasses negative u,, components, which is indicative
of a precursor resonance-type process alongside with the
relaxation dispersion of the initial permeability [4]. This
combined effect is a consequence of intermediate values of
the damping factor f reflecting a balance between domain

wall inertia and domain wall damping [4]. For the alloy
with increasing Al content, the observed reduction in
should be attributed to reduced M values, while the
marked enhancement in /', can be presumably ascribed to a
diminished f value, since f ~f~' [7]. For the B containing
alloy, the enhanced p,, should be a consequence of a grain
size refinement of the polycrystalline distribution present
for these ribbons, as it has been reported in similar alloy
systems [8].

Although FeMnAl-based alloys have been studied since
long ago [1-3], it is worth to mention that, to the authors
knowledge, no previous reports neither on melt spun
FeMnAl alloys nor on the characterization of their
magnetization mechanisms had been made. It is significant
for instance that, the relaxation frequency of these rapidly
solidified FeMnAl alloys could be improved up to 2 MHz,
which is comparable to the /. of some high frequency
Ni-Zn, Zn-Mn ferrites (f, =1.0MHz and 3.4 MHz,
respectively [9,10]) and thus (in addition to their high M
values) rendering these alloys a suitable material for high
frequency technology applications.

5. Conclusions

Magnetic  properties of disordered melt spun
Feg9_an11Alx (x = 2, 4, 8, 15) and F€87_yMn11Alsz (y =
6,8,10) alloy series were studied by VSM and complex
permeability measurements. M exhibited an initial high
value of 210emu/g and a decreasing tendency with further
Al and B concentration. On the other hand, the initial
permeability showed variations within the range 1000-2000
whereas the relaxation frequency displayed a maximum of
2MHz for Al-containing alloys.
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