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Amorphous and nanocrystalline ferromagnetic glass-coated microwires show excellent magnetic properties
that make them very suitable to be employed as sensing elements in devices for technical applications. New
Fe40Ni38Mo4B18 alloy composition can be appropriate to prepare soft magnetic nanocrystalline microwires which
exhibit magnetic bistability even in the nanocrystalline state. Stability of magnetic properties after different
thermal treatments (Ta = 250–425 ◦C) and after nanocrystallization was confirmed by the switching field Hsw

measurements. The frequency dependence of the switching field was investigated. Two contributions to the domain
wall switching mechanism were recognized: magnetoelastic one coming from the magnetoelastic interaction of the
magnetic moments with the stresses and relaxation one coming from the structural relaxation of local defects at
atomic scale. But, the relative role of both contributions has been shown to vary strongly in different stage of
devitrification.

PACS numbers: 75.50.Kj, 75.60.Ej, 75.50.Tt

1. Introduction

The nanocrystalline microwires (MWs), prepared by
the heat treatment from amorphous precursors, have
been subject of many studies starting from Finemet
based MWs [1, 2]. The nanostructured Finemet, pro-
duced in ribbon form, display excellent soft magnetic
properties due to its two-phase nature with small
α-(Fe,Si) grains embedded in a residual amorphous ma-
trix. However, the MWs undergo strong stresses dur-
ing the annealing due to the different thermal expan-
sion coefficient of the metallic nucleus and glass coating.
As a result, a γ-Fe phase appears in the Finemet based
MWs covered by the glass instead of the desired α-(Fe,Si)
phase. The γ-Fe phase is non-magnetic and deteriorates
the soft magnetic properties of MWs [3]. In order to
solve this problem, amorphous MWs of nominal compo-
sition Fe40Ni38Mo4B18 can be used to prepare nanocrys-
talline MWs. Subsequent heat treatment produces a ul-
trafine grain structure of γ-(Fe,Ni) grains sizes of typi-
cally 10 nm [4, 5]. Therefore, the γ-(Fe,Ni) phase is ferro-
magnetic in contrary to the γ-Fe one, Fe40Ni38Mo4B18 al-
loy is a perfect candidate for preparation of the soft mag-
netic nanocrystalline MWs with positive magnetostric-
tion. Such MWs exhibit bistability even in the nanocrys-
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talline state, which is interesting for many technical ap-
plications at AC fields and, therefore, it is very important
to know frequency dependences of magnetic properties of
these materials.

2. Experiment

The correlation between a structure change and the
frequency dependence of switching field (Hsw) in an-
nealed MWs was investigated. The study has been
performed on glass-coated MWs with nominal composi-
tion Fe40Ni38Mo4B18 prepared by the Taylor–Ulitovsky
method. The diameter of the metal core was 8 µm and
the total diameter 12 µm. Pieces of microwire 7 cm long
were taken for measurements by induction method [6]
within the frequency range 10–3000 Hz with triangular
waveform. Annealing was carried out at 350 ◦C, 375 ◦C,
400 ◦C and 425 ◦C during 1 h.

Suitable annealing treatment leads to the optimal
nanostructure and to the required magnetic behavior
of the MWs. Microstructure of the annealed MWs
was confirmed by X-ray diffraction [4]. Thermal be-
haviour of the structure corresponds to the structure of
Fe40Ni38Mo4B18 ribbons [5].

3. Results and discussion

Our measurement of the switching field value (Hsw)
after different thermal treatment shows: at low frequen-
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cies Hsw decreases with increasing frequency and in the
frequency range above 100 Hz the Hsw starts to in-
crease (Fig. 1). This frequency dependence of the Hsw in
amorphous and nanocrystalline MWs can be explained in
terms of two contributions to the switching mechanism:
a relaxation contribution and magnetoelastic contribu-
tion [6]:

Hsw = Hp
sw + Hσ

sw . (1)
The decrease of the Hsw at low frequency can be satisfac-
torily explained in terms of magnetic after-effect. As a
result of their preparation, the structure of amorphous
wires is in metastable state and for this reason quite
large relaxation effects can be expected. The relaxation
contribution Hp

sw ≈ 1
Ms

(1 − e−t/τ ), associated with the
structural relaxation, changes as a result of the change
of the relaxation time τ which increases with the anneal-
ing temperature as a result of annealing out of the free
space in the vicinity of the mobile defect. Therefore, the
minimum in the frequency dependence of Hsw shifts to
higher frequencies at higher temperatures (Fig. 1).

Fig. 1. Frequency dependence of the switching field of
amorphous and nanocrystalline FeNiMoB microwires.
Full lines represent the fit according to Eq. (1).

The magnetoelastic contribution Hσ
sw ≈ f1/n [7]

(where n is a parameter ranging from 1 to 4) is aris-
ing from a magnetoelastic interaction of the magnetic
moments with the internal stresses in the MWs. At the
350 ◦C n = 3, as it was found in the case of as-cast amor-
phous materials [8]. After nanocrystallization the Hsw

is less frequency dependent. Parameter n increases to 4

and it remains at this value for all nanocrystalline states
(Ta = 375–425 ◦C). Amplitude of magnetic relaxation
contribution in nanocrystalline state decreases as it also
was observed for other nanocrystalline materials [9].

4. Conclusions

The effect of annealing (at 350–425 ◦C) on the
switching field of amorphous and nanocrystalline
Fe40Ni38Mo4B18 microwires has been studied. The ob-
served dependences show the different values of Hsw after
relevant thermal treatment (that leads to nanocrystal-
lization), but the Hsw is very weak frequency dependent.
This higher stability of switching field in the nanocrys-
talline microwires is very promising for various sensor
applications.
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