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The Earth’s core is almost molten. The liquid core consists mainly of iron alloying with 10%
lighter elements. The direct observables of the core are only P-wave velocity, S-wave
velocity, and density, which are given by seismological observations. Therefore, the
comparison of measurements on the elastic properties of possible liquid Fe alloys under
relevant high-pressure and -temperature (P-T) conditions with the seismological observations
are only the way to investigate the core composition. However, most of previous
measurements on those properties under static pressure conditions are limited to <10 GPa
due to the experimental difficulties. In this study, we challenged the sound wave velocity
measurements of liquid Fe alloys under high P-T conditions corresponding to the core.

We performed inelastic X-ray scattering (IXS) measurements using laser-heated
diamond-anvil cells at the SPring-8 synchrotron facility. P-wave velocity of liquid Fe alloys
were determined from longitudinal acoustic phonon dispersion at high P-T conditions. The
starting materials were Fe7sP2s and FegoN2o. We succeeded to determine P-wave velocity of
liquid Fe7sP2s5 up to 96 GPa and 3000 K and liquid FesoN2o up to 76 GPa and 2200 K. The
results show that phosphorous has negligible effect on P-wave velocity of liquid Fe, while
nitrogen increases the velocity. Comparing the present results and seismological
observations for the Earth’s liquid core, we constrained the upper limit of phosphorous and
nitrogen to 15 wt% and 4 wt%, respectively. The present study demonstrates sound velocity
measurements on liquid Fe alloys up to ~100 GPa, which is almost close to the real core
pressure conditions.




