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Magnetic Properties of Nanocrystalline Alloys
after Electrons Irradiation
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Nanocrystalline (Fe3Ni1)81Nb7B12 alloy was irradiated by electron beams of doses up to 4 MGy. Irradiation
had an influence on the magnetic microstructure of the studied alloys. It has manifested as a change in the mean
orientation of local magnetization, intensity of the internal magnetic field, and distribution function of induction
of internal magnetic field. All these parameters were determined from the measured Mössbauer spectra. The mean
orientation of local magnetization was the most sensitive parameter. Structural changes were not identified by
the Mössbauer spectroscopy and by X-ray diffraction. The results indicated that the changes of the microscopic
magnetic parameters induced by irradiation depend on the phase composition. Intensity of internal magnetic field
also contributes to resistivity of alloy against radiation.
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1. Introduction

In the recent years, nanocrystalline alloys have be-
come attractive for many applications. The most promi-
nent FINEMET, NANOPERM and HITPERM-type al-
loys have been frequently investigated because they exhi-
bit excellent soft magnetic properties.

It has been already shown [1] that some physical pro-
perties of the nanocrystalline materials can be more or
less affected by neutron irradiation. Changes in the orien-
tation of the average magnetic moment were observed in
neutron irradiated metallic glasses and nanocrystals [2].
The particle bombardment produces defects that may
cause a realignment of magnetic domains implying a reo-
rientation of the magnetic moments. Changes in the local
neighbourhoods of the atoms affect the average hyperfine
magnetic field as well as the shape of the hyperfine field
distributions.

In the case of nanocrystalline alloys, which consist of
crystalline nanograins embedded in an amorphous inter-
granular matrix an irradiation by electrons also leads to
redistribution of atoms in the amorphous matrix, distur-
bance of regular atomic ordering of the crystal lattice,
and atom exchange between the amorphous and crystal-
line component [3]. The mechanism of the radiation da-
mage also depends on the constituent elements. It was
shown that the most important was content of boron.

Radiation effect of different ions at different doses
and energies on the structural changes of amorphous
glasses was also studied [4]. Ribbons of amorphous
Fe74Cu1Nb3Si16B6 alloy were irradiated by 593 MeV Au
ions to characterize the irradiation-induced structural
changes.
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Our work is focused on the following structural and
local magnetic modifications induced into selected alloys
by irradiation by different electron doses. The method of
Mössbauer spectroscopy and X-ray diffraction were used
to inspect the changes in the orientation of local magne-
tization, in the value of the magnetic hyperfine field as
well as in the volumetric fraction of the crystalline and
the amorphous components of the nanocrystalline alloy
after irradiation.

2. Experimental technique

Ribbon-shaped specimens of the master alloy were pre-
pared by planar flow casting method. The ribbons were
about 25 µm thick and 10 mm wide. The nominal compo-
sition was (Fe3Ni1)81Nb7B12. Annealing was carried out
in vacuum at a temperature of 540 ◦C for 1 h. Electron
irradiation was performed at SMU Trenčín using a linear
accelerator with a dose up to 4 MGy with energy 5 MeV.
The applied dose density of irradiation corresponds to
1.746 × 1016 e/cm2. Simulation of electron path in the
sample is shown in Fig. 1.

The Mössbauer spectra were measured by transmission
geometry on a standard constant acceleration spectro-
meter with a source of 57Co (Rh). All spectra were
recorded at room temperature and evaluated using the
CONFIT program [5], allowing simultaneous treatment
of crystalline components and residual amorphous pha-
ses using individual lines and distributions of hyperfine
parameters.

XRD spectra were recorded at the Diffractometer D8
Advance using Co Kα radiation. Diffraction patterns
were recorded in standard geometry.

3. Results and discussion

The Mössbauer spectra of all samples were evaluated
using a fitting model comprising two component groups,
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Fig. 1. Simulated path of electron beam of
1.746×1016 e/cm2; thick line sign sample thickness of
25 µm.

i.e. the first one consists of narrow lines attributed to the
Fe-atoms situated in the bulk of nanocrystalline grains
and the second group describes the amorphous rest with
two magnetic distributions of hyperfine magnetic field
(low-field and high-field distributions). The Mössbauer
spectra of the nanocrystalline sample non-irradiated and
irradiated by electrons with a dose of 4 MGy recorded at
room temperature are shown in Fig. 2.

Fig. 2. The Mössbauer spectra of non-irradiated and
irradiated sample.

According to the previous measurements [6, 7] perfor-
med for samples after their irradiation by heavy ions and
neutrons, changes in the mean orientation of local mag-
netization, in the value of the average hyperfine magnetic
field of the amorphous and crystalline components and
of their volumetric fraction took place. Mean orienta-
tion of local magnetization is reflected by the ratio of the
second (and fifth) to the third (and fourth) line intensi-
ties of a sextet in the Mössbauer spectrum (A23). This
parameter achieves its maximum value if the mean lo-

cal magnetization lays in sample surface and reaches its
minimum value, when is oriented perpendicular to the
sample surface. Changes in the volumetric fraction of the
constituent phases were found, if a part of the crystalline
component was amorphised as was found after neutron
irradiation with high fluence [6]. If the structure is only
modified by irradiation, the values of the internal mag-
netic fields and the relative amounts of the amorphous
and crystalline components change usually in the frame
of error. An irradiation by electrons also leads to redis-
tribution of atoms in amorphous matrix. In our case, A23

parameter is the most sensitive parameter, whose beha-
vior points on some changes of the mean orientation of
local magnetization.

The values of A23 parameter obtained for investigated
samples are listed in Table I. Our measurements show
that mean orientation of local magnetization turns to the
ribbon plane. After higher doses of electrons change of
mean orientation of local magnetization is more signifi-
cant in amorphous part than in crystalline one. It means
that amorphous component is more sensitive to electron
radiation than crystalline one. We also observed changes
in inductions of internal magnetic field as is shown in Ta-
ble II. Internal magnetic field of amorphous component
consists of low and high field part. Their mean values and
discrete values of crystalline component are given in Ta-
ble II. Evaluation of distribution of induction of internal
magnetic field (p(B) function) indicates some changes in
magnetic structure (Fig. 3). The internal magnetic field
of crystalline part only changes slightly. We also obser-
ved similar behaviour in amorphous precursor where low
field part was more sensitive to radiation than high field
part.

TABLE I
A23 parameter of non-irradiated and irradiated samples.

Component D [MGy]
– 1 2 4

A23 amorphous 2.17 2.77 2.82 3.10
A23 crystalline 3.34 3.34 3.32 3.44

TABLE II
Induction B of internal magnetic field of non-irradiated
and irradiated sample

Component Induction B [T] for dose of electrons
– 1 MGy 2 MGy 4 MGy

amorphous 31.23 31.52 33.31 33.03
13.65 13.40 13.20 12.85

crystalline 33.40 33.31 33.40 33.45

Electron irradiation causes displacement of atoms from
their original position. We suppose that magnetic forces
contribute to interatomic forces and this is the reason
that amorphous component with lower internal field is
more sensitive to electron radiation than higher internal
field. We suppose that in origin structure by higher do-
ses of radiation a new crystalline phase will be created.
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In the case of crystalline component forces in crystalline
structure and high internal field decrease possibility of
displacement of atoms.

Our measurements did not find new phases after irra-
diation. This was confirmed from the measurements of
the Mössbauer spectra and from X-ray diffraction mea-
surements. XRD are shown in Fig. 4. Both main peaks
correspond to iron –nickel phase.

Fig. 3. p(B) distribution function before (full line) and
after (disconnect line) electron irradiation. Discrete li-
nes correspond to crystalline component.

Fig. 4. XRD pattern of non-irradiated and irradiated
samples.

Pattern of irradiated sample is in lower position than
non-irradiated one. This phenomena is typical for these
kind of samples. We suppose that in origin structure by
higher doses of radiation a new crystalline phase will be
created. We can mention that we observed lower pat-
tern after irradiation also by irradiation of amorphous
precursor in many samples.

4. Conclusions

Nanocrystalline (Fe3Ni1)81Nb7B12 alloys after electron
irradiation of the doses up to 4 MGy were partly mo-
dified, which is indicated from mean orientation of lo-
cal magnetization, values of internal magnetic field and
distribution function of magnetic induction of internal
magnetic field. Other Mössbauer parameters as isomer
shift and quadrupole splitting changed in the frame of er-
ror. Electron irradiation causes small structural changes
which reflects in parameters of magnetic structure. Com-
ponents with low internal magnetic field are more sensi-
tive to radiation than high field components. This indi-
cates that magnetic forces could contribute to radiation
resistivity. New phases were not observed. According
to the previous measurements [7] new phases are crea-
ted after stronger radiation damage which was achieved
by neutrons. We suppose that for structural radiation
damage higher doses of electrons are necessary. It also
depends at the constituent elements as it was shown at
FeSiBPCu nanocrystalline alloys [8], where after electron
irradiation new phases were found.
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