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""""""" ***®The influence of additions on microstructure and magnetic properties of Fe-Si-B-Cu-P
nanocrystalline alloys
Dr. Lupu Nicoleta
Magnetic Materials and Devices Department

National Institute of Research and Development for Technical Physics, lasi, Romania

From 1% of October to 30" of November 2012, |
worked as a visiting professor at the Advanced
Research Center of Metallic Glasses, Institute for
Materials Research, Tohoku University, working with
Professor Akihiro Makino. It was a great pleasure and
a privilege to work once again with Professor Makino
and his group, and continue our joint collaboration
started in the autumn of 2010, when I was first visiting
professor at ARCMG.

During this visit, | have been focusing my research
on the investigation of magnetization processes and
coercive field mechanisms in Fe-based amorphous
or/and nanocrystalline soft magnetic alloys with
important implications in the industrial applications. In
particular, the interest was to study the effect of small
Mn additions on the microstructure, thermal stability
and magnetic properties of Fe-B-P-Cu-Si alloys. Mn is
known to increase the castability of the materials and
has also a moderate influence on the enhancement of
the magnetic properties.

The work was split between the 2 labs. The
melt-spun ribbons with the nominal compositions
FegsSi,BsP4Cuy, FegsMn;Si,BgP.Cuy, and
Feg,Mn3Si,BgP,Cu; as well as their preliminary
structural and magnetic characterization were
obtained/performed in Sendai. Glass-coated submicron
wires with similar compositions, the diameter of the
metallic core ranging from 400 nm to 1 um, and the
total diameter of about 11 um, as well as their magnetic
characterization, which implies a home-made
equipment very sensitive to tiny samples, were
produced/performed in lasi.

The differential scanning calorimetry (DSC)
measurements performed for the melt-spun ribbons
indicate an increase in the thermal stability when Fe is
partially replaced with Mn (Fig. 1). The addition of Mn

increases the interval
between the
nanocrystallization (first
peak in Fig. 1) and
crystallization (the
second peak)

temperature, which is an
indication of a larger
stability of the nanocrystals in Mn containing alloys.
Additionally, the energy required for
nanocrystallization is larger for Mn alloys compared
with the one without additions, i.e. the disordered
structure is more stable in the first ones compared with
the basic ones.

The ribbons were subsequently annealed for 10 min.
at 420°C to achieve the optimum nanocrystalline
structure. XRD patterns of annealed melt-spun ribbons
do not show significant differences in the nanograins
size, independent of the presence or not of Mn
additions (Fig. 2).
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Fig. 1. DSC curves of Fegs.xMn,Si,BgP,Cu; melt-spun
ribbons (x = 0; 1; 3 at.%).
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Fig. 2. XRD patterns of Fegs.,Mn,Si,BgP,Cu;
melt-spun ribbons (x = 0; 1; 3 at.%) annealed at 420°C

for 10 min. indicate similar nanograins size

independent of the composition.

However, the addition of Mn produces the increase
of the coercive field (Fig. 3). Since the nanograins size
is similar for ribbons with and without Mn addition,
most probably the increase of the coercive field is
determined by the larger number of grains in the
detriment of the amorphous residual matrix. Additional
HR-TEM combined with electron nanobeam
diffraction investigations are required to confirm this
hypothesis.
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Fig. 3. The evolution of the coercive field with the Mn
content for FegsMn,Si,BgP,Cu; melt-spun ribbons (x
=0; 1; 3 at.%) annealed at 420°C for 10 min.

To understand the role of the Mn addition on the
microstructure and magnetic domains structure,

glass-coated submicron wires from the same

compositions were produced by using a modified
Taylor technique. The preliminary magnetic hysteresis
loops are presented in Fig. 4.

All samples are magnetically bistable, irrespective
of dimensions and structure, as shown in Fig. 4.
However, the coercive and switching fields are
decreasing significantly for the glass-coated submicron
wires with additions of Mn. The larger the Mn content
the smaller the coercive and switching fields are. and
The bistability is preserved even for the annealed
samples at temperatures ranging from 250°C to 550°C
for 30 min., which is a characteristic of the uniaxially
magnetized materials, and indicates the formation of a
central magnetic domain in the amorphous state.
However, the submicron wires annealed below 425°C
are much softer (the coercive field is decreasing),
whilst after annealing above 425°C the coercivity
increases significantly as the results of the increase of
the grains size over the critical limit. One can also
notice that the decrease in the thickness of the glass
coat results also in a strong decrease of the coercive
field and switching field, respectively, for the same
diameter of the metallic core, most probably as the
result of the different distribution of the internal
stresses in the glass-coated submicron wires.
Additionally, for the same total diameter, the smaller
the diameter of the metallic core the larger the coercive
field is.

Additional studies on the measurement of the
domain wall velocity in these glass-coated submicron
wires are in progress. The measurement of the domain

wall velocity offers a more accurate image over the
microstructure developed in glass-coated submicron
wires than the conventional magnetic measurements

(permeability and switching field) as previously
demonstrated [Chiriac et al., J. Appl. Phys. 113 (2013)

17A329].



Fig. 4. Magnetization curves of glass-coated
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