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Magnetic hyper�ne �elds of Fe90Zr7B3 Nanoperm nanocrystalline alloy are characterized by 57Fe Mössbauer
spectrometry and 57Fe NMR as well as by magnetic force microscopy. 57Fe NMR enables to distinguish a broad
signal of iron atoms located in a residual amorphous matrix from a narrow one which belongs to Fe in nanograins.
The former coincides with the distribution of hyper�ne �elds obtained from 57Fe Mössbauer spectroscopy. In
addition, it is possible to make a distinction between NMR signals of the Fe nanograins located in magnetic
domains from that of the nanograins positioned in domain walls. This is con�rmed by magnetic force microscopy
where appearance of maze-domains is observed.

PACS: 75.50.Tt, 75.75.−c, 76.80.+y, 76.60.−k, 68.37.Rt

1. Introduction

Practical applications [1] of nanocrystalline alloys ob-
tained from amorphous precursors by controlled anneal-
ing stem from their advantageous soft magnetic prop-
erties [2]. To bene�t from their unique magnetic pa-
rameters, we have to know their structural arrangement
in detail. In addition, these materials are available in
a form of ribbons with noticeable di�erences between
the bulk and the surfaces of the ribbons [3]. Conven-
tional magnetic measurements provide integral informa-
tion over di�erent structural components contained in
the nanocrystalline alloys (i.e., nanocrystalline grains,
amorphous residual matrix, and interconnecting phase).
This contribution aims in characterization of magnetic
hyper�ne �elds by employing local probing techniques
like 57Fe Mössbauer and 57Fe nuclear magnetic resonance
(NMR) spectroscopy. Surface sensitive magnetic force
microscopy (MFM) is also employed. This work extends
our recent studies [4, 5].

2. Experimental details

Amorphous precursors of Fe90Zr7B3 Nanoperm alloy
were prepared by rapid quenching on a rotating wheel.
As-quenched ribbons (sample A) were annealed in vac-
uum to produce nanocrystalline samples: 510 ◦C/10 min
(sample B) and 620 ◦C/80 min (sample C). Heating con-
ditions were chosen according to the results of di�erential
scanning calorimetry [6].

57Fe Mössbauer spectra were collected with a 57Co/Rh
source in transmission geometry and by detection of con-

version electrons (CEMS). The latter scans surface re-
gions down to the depth of 200 nm. 57Fe NMR experi-
ments were performed in zero magnetic �elds by the spin
echo method. MFM images were recorded by NTEGRA
Aura system in semicontact mode using tips with nomi-
nal radius of 30 nm.

3. Results and discussion

57Fe Mössbauer e�ect experiments show that the as-
-quenched Fe90Zr7B3 alloy (sample A) is paramagnetic
at room temperature while it is ferromagnetic at 4.2 K.
Corresponding spectra in Fig. 1 exhibit distribution of
quadrupole splitting P (QS) and distribution of magnetic
hyper�ne �elds P (B), respectively. At low temperature,
magnetically di�erent regions of the resonant 57Fe nuclei
can be identi�ed in the amorphous structure as demon-
strated by three individual spectral components and their
P (B) distributions. In the latter, comparison of P (B)
obtained from the Mössbauer spectrometry (line) and
from NMR (full symbols) is presented. A satisfactory
coincidence is obtained within the inspected region of
magnetic hyper�ne �elds.
After annealing, bcc-Fe nanocrystalline grains have

evolved inside the residual amorphous matrix. The Möss-
bauer spectra of sample C taken in transmission geom-
etry and CEMS together with distributions of magnetic
hyper�ne �elds are shown in Fig. 2. Three main spec-
tral components which represent di�erent structural ar-
rangements can be distinguished: amorphous residual
phase (AM), crystalline phase (CR), and interfacial re-
gions (IF). The latter represents bcc-Fe atoms that are
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Fig. 1. Mössbauer spectra (left) and corresponding
distributions of hyper�ne parameters (right) of sample
A taken at 300 K (top) and 4.2 K (bottom). See also
text.

Fig. 2. Mössbauer spectra (left) and distributions of
magnetic hyper�ne �eld (right) of sample C taken in
transmission (top) and CEMS (bottom). Spectral com-
ponents correspond to AM (light grey), CR (dark grey),
and IF (grey).

located on the surface of nanocrystalline grains and are
in direct contact with AM.

57Fe NMR spectra of sample A are shown in Fig. 3.
Obvious di�erences between NMR spectrum from AM
and CR are demonstrated in Fig. 3a by broad and nar-
row lines, respectively. The latter was taken at 4.2 K
and also at 300 K (Fig. 3b). Samples for NMR exper-
iments were enriched in 57Fe nuclei to provide stronger
signal. These samples, however, contained ca. 2 vol.%
of CR already after the preparation. Magnetic hyper�ne

Fig. 3. 57Fe NMR spectra of sample A: broad signal
(light grey) � AM, narrow signal (dark grey) � CR (a),
signal from nanograins taken at 300 K and 4.2 K (b).

Fig. 4. 57Fe NMR spectra of 57Fe90Zr7B3 alloys cor-
responding to magnetic domains (a) and to domain
walls (b).

�elds from narrow NMR signal ascribed to nanograins
fully correspond to values obtained from the Mössbauer
spectrometry.
NMR spectra of CR can be inspected to more details as

shown in Fig. 4. Using di�erent RF-power, it is possible
to di�erentiate a signal from magnetic domains (Fig. 4a)
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from that of domain walls (Fig. 4b). The spectra are nor-
malized to 100 a.u. according to the intensity of the prin-
cipal peak. It is noteworthy that no NMR signal from do-
main walls is observed in sample A. As mentioned above,
in this as-quenched alloy only traces of bcc-Fe nanocrys-
tals have been found. Because the amorphous matrix
is predominantly paramagnetic, almost no magnetic do-
mains have evolved and the corresponding spectrum in
Fig. 4a is quite noisy and was recorded with di�culties.
The y-scale in Fig. 4 is enlarged to underline the de-

viations in spectral shapes of the neighbouring satellite
peaks. The arrows mark positions of NMR signal which
correspond to 57Fe nuclei that have about 0.2% Zr in
their �rst coordination shell [4]. This is, however, by no
means enough to explain the di�erences in magnetic hy-
per�ne �elds of CR and IF components derived from the
Mössbauer spectra.

Fig. 5. MFM images of sample C taken from the air
side. Size of the image is 20×20 µm2 (a), 5×5 µm2 (b).

Positions of bcc-Fe nanograins in magnetic domains
and domain walls are documented in Fig. 5 where MFM
images acquired from the air side of sample C are illus-
trated. One can observe nicely developed maze (�nger-
-print) magnetic domains. Nanocrystals of bcc-Fe cover
the entire surface.

4. Conclusions

Formation of bcc-Fe nanoparticles in originally amor-
phous Fe90Zr7B3 alloy gives rise to magnetic transfor-
mation from paramagnetic to ferromagnetic arrangement

even at room temperature. This can be uniquely identi-
�ed by the help of both 57Fe Mössbauer and 57Fe NMR
spectroscopy providing distributions of magnetic hyper-
�ne �elds that correspond to amorphous regions inside
the alloy. On the other hand, NMR enables to inspect
spectral lines of nanocrystalline grains to more details. It
is even possible to distinguish NMR signal coming from
57Fe nuclei located in magnetic domains from those posi-
tioned in domain walls. This is con�rmed by MFM. Here,
the appearance of maze-domains is related to the over-
coming of demagnetizing e�ects in these regions by the
magnetoelastic energy. The latter arises from internal
stresses introduced during crystallization [7].
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