The silicon content of the core based on the phase relation and density measurement of solid and molten FeSi and FeNiSi alloys
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Geophysical evidence indicates that the density of the inner core is about 3 weight % lower and that of the outer core is about 10 weight % lower than the density of pure Fe at the conditions of the core, indicating the presence of low atomic weight components (such as H, C, O, Si, or S) in the core. Solar abundance also suggests that Ni which is denser than Fe is expected to exist in the inner core. Thus the light elements might be more abundant than estimated previously in the core. Si is a major candidate for the light element in both inner and outer cores because it is one of the most abundant elements in the Earth]. The thermodynamics properties of the molten Fe-Si alloy indicate that it has a non ideal nature with a negative volume of mixing. If similar behavior is expected in the outer core, we need more Si than that estimated previously by assuming the ideal solution for explanation of the core density deficit. Here, we report the phase relations and compression behaviors of Fe 3.4wt%Si alloy and Fe 9.8wt%Ni 4wt%Si alloys, candidates of the inner core. Additionally we report the thermodynamic behavior of the FeSi melts based on the density measurement by the sink-float method at high pressure and temperature. Based on these experiments, we estimated the constituent phase and silicon content of the inner and outer cores.
A double sided laser heated diamond anvil cell (DAC) with beveled type-I diamond anvils was used for study of the phase relations and compression of the alloys. A sample foil was sandwiched in thin layers of NaCl, which was worked as a pressure-transmitting medium, and an internal pressure standard. In situ X-ray diffraction experiments at high pressure were carried out using the synchrotron X-ray at the BL10XU beam line, SPring-8. In the Fe 3.4 wt% Si alloy, the results revealed that fcc and hcp phases coexist up to 104 GPa. An hcp phase is stable at higher pressures at least up to 3600 K at 242 GPa and to 2400 K at 257 GPa. EOS’s for the Fe-9.8 wt% Ni-4.0 wt% Si alloy and the Fe-3.4 wt% Si alloy were investigated at room temperature up to 374 GPa and 252 GPa, respectively. The compression curves are fitted to the third order Birch– Murnaghan EOS with the zero–pressure parameters: K0 = 167(36) GPa, and K’0 = 4.7(4) for hcp–Fe-9.8 wt% Ni-4.0 wt% Si and K0 = 196(20) GPa, and K’0 = 4.3(2) for Fe-3.4 wt% Si.
We also conducted the density determination of the FeSi melts at 4 GPa by the sink-float experiments of the composite density markers of Pt and Al2O3 by using both the quench method and in situ X-ray radiography at PF. We observed a larger negative volume of mixing of the FeSi melt at 4 GPa compared to that at one atmosphere. 
The present compression data on Fe 3.4wt%Si alloy and Fe 9.8wt%Ni 4wt%Si alloys together with the previous data on FeNi and FeSi alloys combined with the seismological observations of PREM for the inner core depicted that the inner core is likely possess an hcp structure with a composition of Fe 82-85 wt. %, Ni10 wt. %, and Si 5.4-7.7 wt. %, of which Si content is greater than that estimated previously. The present results on a large negative mixing volume of the Fe-Si melts at high pressure also indicate that the Si content of the outer core may be larger than that estimated previously assuming the ideal mixing of the melt.

