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Abstract

High pressure and high temperature in situ X-ray diffraction experiments for iron-silicon, iron-hydrogen, and iron-
water, and iron-nickel-water systems have been carried out in order to reveal the identity and abundance of light
element(s) in the Earth’s core.

First, in situ X-ray diftraction experiments were performed in order to examine the stability and pressure-volume
equation of state of iron-silicon alloys. Fe-4 wt.% Si (FeSi,), Fe-8.7 wt.% Si (Fe,Si ), and Fe-17.8 wt.% Si
(Fe_Si, ), with diamond-anvil cell techniques up to 181 GPa, 196 GPa, and 124 GPa, respectively. A body-centered
cubic (bce) to a hexagonal close packing (hcp) phase transformation in Fe-4 wt.% Si began at 17 GPa and was
completed by 23 GPa, and in Fe-8.7 wt.% Si at 16 GPa and by 36 GPa. The high-pressure phases of Fe-4 wt.% Si
and Fe-8.7 wt.% Si with the hcp structure were found to be stable up to 181 GPa and 196 GPa, respectively. No
phase transition of Fe-17.8 wt.% Si was observed up to 124 GPa. The equation of state parameters for iron-silicon
alloys were obtained from fitting the pressure-volume data to a third-order Birch-Murnaghan equation of state: V, =
22.6(2) A% K, =185(7) GPa. and K", = 4.6(2) for hep Fe-4 wt.% Si: V, = 22.2(8) A% K = 198(9) GPa, and K°, =
4.7(3) for hep Fe-8.7 wt.% Si: V, = 179.41(15) A, K, =207(15) GPaand K* = 5.1(6) for Fe-17.8 wt.% Si. The bulk
moduli of iron-silicon alloys obtained in this work are higher than that of the other iron compounds.

Secondly. high pressure in situ X-ray diffraction experiments were performed on the Fe-H system up to 80 GPa
using diamond-anvil cells and synchrotron radiation in order to determine the stability field and equation of state of
iron hydride. No phase transformation of iron hydride with double hexagonal close packing (dhcp) structure was
observed up to 80 GPa and at room temperature. Anomalous compression behavior at 30 to 50 GPa was observed,
and iron hydride might be less compressible above 50 GPa than at lower pressures. The bulk modulus above 50 GPa
is larger than that of pure hcp-iron. The present data support the ab initio calculation suggesting a magnetic transition
of iron hydride at around 60 GPa. High pressure and temperature experiments yield a melting temperature of iron
hydride at 38 GPa and 1400-1500 K, based on the disappearance of X-ray diffraction peaks from solid phase and the
texture change indicative of fluid flow associated with melting. This result shows that the melting temperature of
pure iron is reduced by 800-1000 K., which is consistent with the previous works on the Fe-H system.

Thirdly. high pressure and temperature experiments on iron-nickel-water system have been studied up to 23 GPa
and 1220 K by a combined laser-heated diamond-anvil cell and X-ray diffraction technique in order to understand the
effect of nickel on the iron-water reaction under high P-T conditions. Iron-nickel alloys react water to form iron-
nickel hydride at low temperatures below 1220 K. which is similar to the Fe-H O system. The reaction of iron-nickel
alloys with water indicates that the amount of metal hydride produced by the reaction with water is smaller in the Fe-
Ni-H.O system than in the Fe-H,O system, suggesting that it might be possible that this has influenced on the
hydrogen concentration in the Earth’s core.

Fourthly, in situ synchrotron X-ray diffraction experiments were carried out at around 24 GPa and to 1200 K with
Kawai-type multi-anvil high-pressure apparatus in order to investigate the reaction of iron with water at high
pressures and temperatures. Wiistite (FeO) was formed by the reaction of iron with water, but no iron hydride was
observed. The present results suggest that iron hydride be not produced in excess of iron and the amount of hydrogen
dissolved into hep-Fe might be smaller than 6 at.%.

These experimental results propose that the seismic observation of the Earth’s inner core could be explained by the



addition of silicon or hydrogen into iron. Upon the Preliminary Reference Earth Model (PREM), the calculated
density and bulk sound velocity of iron-silicon alloys indicate that the inner core containing the silicon contents of 4-
6 wt.% (8-11 at.%) could satisfy the seismological constraints. If only a small amount of hydrogen (0.18-0.32 wt.%
or 9-15 at.%) was dissolved into iron, the density of iron with hydrogen could be consistent with the observed density

of the inner core and the addition of hydrogen into iron would depress the melting temperature of iron significantly.
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