- Experiment title: Partial Vibrational Density of Phonon| Experiment
3' States in NANOPERM FeyZr/B; nanocrystalline alloy number:
TobT | seen by Nuclear Inelastic Scattering of Synchrotron MA-83
M Radiation
Beamline: | Date of experiment: Date of report:
ID18 from:  18/05/06 to: 21/05/06 21/08/06
Shifts: Local contact(s): Received at ESRF:
9 llya Sergeev 21/08/06

Names and affiliations of applicants (* indicates experimentalists):

*Svetoslav Stankov, Nuclear Resonance Group, ESRF, Grenoble, France

*Marcel Miglierini, Slovak University of Technology, Bratislava, Slovakia
Bogdan Sepiol, Institut fir Materialphysik, Universitat Wien, Austria

Report:

In this experiment we have studied the density of phonon states (DOS) in NANOPERM-type
nanocrystalline (NC) aloy via nuclear inelastic scattering (NIS) spectroscopy aiming to separate the
DOS of atoms located at the grains' interior from those occupying the grain boundaries (GB). The
experiment was motivated from recent computer simulations based on the Density Functional Theory
(DFT) which were able to separate the DOS of the nanograins from those of the GB in
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nanocrystalline Ni, revealing unusual vibrational properties
of the atoms located at the GB [1]. An amorphous ribbon
with stoichiometric composition of >’FeyZr;B; enriched to
65% to the resonant isotope °’Fe was prepared by rapid
guenching in a vacuum by the melt-spinning technique. The
controlled annealing of the amorphous precursor results in
formation of nano-crystals of a-Fe with bcc structure having
well-developed GB areas. Fig. 1 summarises the extracted
DOS (a) and reduced DOS (b) of the NC samples prepared
at the indicated conditions, together with those of the
amorphous precursor and 80 nmm thick a-Fe foil. Precise
anaysis of the experimental DOS confirmed a quadratic,
Debye behaviour of the low-energy part down to 1 meV for
all measured spectra. Singular phonon excitations at the
high-energy part of the DOS, predicted by the DFT
calculations, have not been observed. As reported earlier
damping of the longitudinal peak at 35 meV as a function of
the grain-sizes has been confirmed [2].

Fig. 2 shows a typical conversion electron Mdssbauer
spectrum (CEMS) of a NC *’FeyZr;B; aloy prepared by
annealing at 510°C for 10 min. One can clearly separate a
narrow sextet indicating a perfect bcc crystaline phase
(CR), a broad sextet associated with the interface atoms (IN)
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at 510°C for 10 min. Theinset shows a model of Fig. 3. CEMS spectrum of the sample prepared at
the system with the CR, IN and GB phases 620°C/80 min. The inset shows the DOS of this
associated with the Méssbauer sub-spectra. sample compared with the DOS of a-Fefoil.

and broad sub-spectrum indicating a rather disordered phase originating from the grain boundaries.
The inset shows a model of the studied NC system, where one can distinguish the corresponding
three phases - CR (white), IN (grey) and GB (black) atoms, associated with the Mdssbauer sub-
spectra. The first attempt to fit the experimental DOS with the function:
Oit(E) = AQare(E)*L(G) + (1- A)gam(E), With ga.re(E)*L(G) being the DOS of a-Fe foil convoluted
with a Lorenzian with FWHM G and gam(E) the DOS of the amorphous precursor, resulted in a
relatively large misfit. The main reason for the discrepancy is the missing DOS of the interface
component in the used model. However a closer inspection of the CEMS of the sample treated at
620°C/80 min, Fig. 3, shows well-crystallised state with negligible presence of the disordered
component. The inset shows the DOS of this sample compared with the DOS of a-Fe foil. The main
difference is the damping of the peak at 35 meV and the excess of phonon states at low energies,
which isto be expected for the atoms |ocated at the interfaces [1]. Therefore we used the DOS of that
sample as a model for the CR+IN phases in the NC samples and their DOS were fitted with the
function:
9it(E) = Adezocisomn(E)*L(G) + (1- A)gan(E), A and G being fit
parameters. Results for the measured samples are plotted in Fig. 4, 0,04 |480°C/10 min
together with the partial DOS of the CR+IN and the GB % =0.42
components. The derived partial areas are in very good agreement
with those obtained from the CEM S measurements. Complimentary
XRD studies for precise determination of the grain sizes are in 0.0 —
progress. Aoy = 0.67
In conclusion: Agy =0.33
> For thefirst time the DOS of the GB in nanocrystalline systems
have been experimentally identified. It was unambiguously shown
that the DOS of the GB can be fully described by the DOS of | Zlo‘)C’iOO”gz
disordered, amor phous phase. AT™ 016
> For all studied samples the low-energy tail of the DOSisfound  oo2{
to exhibit the quadratic Debye behaviour.
> Despite of the high statistical quality of the collected NIS  **6 1 2 % 40 s
spectra peculiar phonon excitations in the energy range between 45 Energy, meV
and 50 meV associated with the GB have not been detected. Fig. 4. The experimetal DOS of
the samles prepared at the
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