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Abstract

Nanocrystalline Fe73:5Cu1Nb3Si13:5B9 alloys were studied with spin echo NMR at 4.2 K,
from 15 to 100 MHz. Several lines are observed, with signals from domains and domain
walls. Signals at 50-90 MHz appear to arise from 93Nb nuclei in the amorphous matrix
and in the interface of the crystallites.
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Nanocrystalline FeCuNbSiB alloys prepared by controlled crystallization of initially
amorphous ribbons [1] have attracted much attention in recent years. The alloy of stan-
dard composition Fe73:5 Cu1 Nb3 Si13:5 B9 has been studied using a number of experimental
techniques, in order to understand better the relationship between the soft magnetic prop-
erties and the microstructure of this material. In addition to the various methods already
applied for this purpose, such as TEM, X-ray Di�ration, and M�ossbauer Spectroscopy,
NMR seems also very appropriate because of its sensitivity to the changes in local atomic
environments. NMR has in particular the potentiality of studying the environment of Nb
atoms.

In this paper we report the �rst NMR results on this alloy system. The structure
of the NMR lines identi�ed with the 57Fe and 93Nb resonances gives us information on
the distribution of these elements in the amorphous and nanocrystalline regions of the
investigated alloy.

The samples were prepared by melt spinning and were heat treated under an Argon
atmosphere.

The NMR spectra were obtained with an automated NMR spectrometer. The shape
of the spectra is extremely dependent on the rf-power and on the related pulse width;
typically 500 ns-wide pulses were used.

The present NMR results, obtained at 4.2K, show:
1) In the range 10-50 MHz (Fig. 1), the spectra for the as-cast amorphous alloy show
four broad sets of lines around 21, 26, 36 and 40 MHz. Some signals are also present at
14 MHz.
The spectra for the sample submitted to the optimum heat treatment (OHT sample:
5500C for 1 hour) is more complex, with many narrow lines as a consequence of the
crystallization, and new lines in the range of 29-34 MHz. Also the lines around 14 and 40
MHz are enhanced.
According to the previous M�ossbauer studies on the same system [2, 3] and the NMR on
Fe3Si and Fe-rich o�-stoichiometric Fe3Si [4], most of the lines in the range 20{44 MHz
can be attributed to the di�erent environments of 57Fe in the nanocrystal and residual
amorphous phases, with a broad hyper�ne �eld distribution between 14.5 and 31.9 T (for
57Fe =2� = 0.13757 MHz/kG). The lower frequency lines (14 { 16 MHz) may correspond
to Fe environments with higher metalloid concentration (Si+B) or to B resonances.
2) In the high frequency range (50-100 MHz), we observe NMR resonances characteristic
of well resolved quadrupolar interactions (Fig. 2). This fact excludes 57Fe and 29Si nuclei
because both have I=1/2. Also Cu resonances are not possible because there is no evidence
for the simultaneous occurrence of the lines for the two isotopoes 63Cu and 65Cu in a 2/1
proportion. 11B resonances in Fe-borides are expected at lower frequencies. Therefore,
we attribute these signals to 93Nb with di�erent environments.

The well de�ned structures observed in the spectrum for the as-cast alloy indicate
that short range order around Nb sites is present even in the amorphous state. The OHT
sample seems to preserve the dispersion which exists in the amorphous state, avoiding the
tendency of clustering.

This conclusion is supported by a study in which the rf excitation conditions were
changed, as is shown in Fig. 3. The main feature is that in fact each spectrum shown in
Fig. 2 is composed of two di�erent 93Nb resonances; one of them (in the high frequency
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side) disappears as the rf-power is strongly attenuated. The same phenomenon is also
observed with the 57Fe resonances, where lines in the range 30-44 MHz disappear as the
rf is attenuated. As these 57Fe resonances correspond to those observed in the M�ossbauer
spectra, which show predominantly nuclei in domains, we tentatively attribute these res-
onances to Fe and Nb atoms linked with the nanocrystallites, the Nb atoms being located
at the interface with the amorphous part of the alloy. The remaining 93Nb resonance
around 75 MHz may come from this amorphous state with lower Fe concentration. More
detailed studies are in progress. These includes the changes of the lineshape with the
rf-attenuation which may allow to separate signals coming from domains from those cor-
responding to domain walls. We also intend to identify 63;65Cu resonances and try to
know how clusters of Cu atoms catalyze nucleation of DO3 crystallites [5].

Figure Caption

Fig. 1. Spin-echo spectra (mainly from 57Fe) of the as-cast (top) and annealed
FeCuNbSiB samples.

Fig. 2. 93Nb NMR spectra of the as-cast (top) and annealed FeCuNbSiB alloys.

Fig. 3. 93Nb NMR spectra of the as-cast (left) and the OHT FeCuNbSiB samples ob-
tained under two di�erent excitation conditions.
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