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Report:

During the experiment, we performed nuclear inelastic scattering (NIS) and nuclear forward scattering (NFS)
measurements on silicon and carbon-bearing iron alloys up to 120 GPa. Online laser heating was performed up
to 1800 K at 81 GPa and up to 1900 K at 98 GPa and 119 GPa with a portable laser-heating system for diamond
anvil cells. The two studied samples Fe-6wt%Si and Fe-2wt%Si-0.4wt%C were synthesis in advance at the
WWU Miinster employing a combination of the piston-cylinder and arc-melting techniques (Fe-6wt%Si) and
sub-solidus sintering at low pressure (Fe-2wt%Si-0.4wt%C). The characterization and homogeneity of the
samples were verified by the electron microprobe at the WWU Miinster as well as Synchrotron Mdssbauer
Source spectroscopy measurements at ID18. Special diamond anvil cells, designed for laser-heating NIS
experiments were used. Polycrystalline samples of each compound were loaded into the pressure chambers cut
out in Be gaskets. KCI was added to the chamber as a pressure medium and thermal insulator.

Detailed data processing is currently in progress. In general, the aim is to calculate sound velocities
(compressional wave velocity vp and shear wave velocity vs) for the compounds at conditions relevant for
planetary cores. Therefore, the Debye phonon average velocity (vp), which consists of 90% vs, can be extracted
from the partial phonon density of states of iron out of the obtained nuclear inelastic scattering spectra.

The nuclear inelastic scattering spectra (Fig. 1) are used to extract the partial phonon density of states. The
Debye level is determined from the extrapolation of the reduced density of phonon states (rDOS, Fig. 2) to zero



energy, as the density of states close to zero energy is dominated by contributions from acoustic modes.
Combined with density, the Debye level is required for the calculation of the Debye phonon average velocity
(vp). In Figure 2 the comparison between rDOS of Fe-2wt%Si-0.4wt%C and Fe-6wt%Si is shown. Besides the
slight differences in the shape of the spectra, the Debye level of the carbon-bearing Fe-Si-allloy is much higher
compared with the Fe-6wt%Si alloy which leads to lower vp.
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Figure 1: Nuclear inelastic scattering spectra for Fe-6wt%Si
at 98 GPa and room temperature (black) and at 1900 K (red)
The elastic lines are substracted.
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Figure 2: Comparison of reduced density of states between
pure Fe-2wt%Si-0.4wt%C (red) and Fe-6wt%Si (black).



