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absTracT

Hydrogen is the most abundant element in the solar system, suggesting that hydrogen is one of 
the plausible light elements in the planetary cores. To investigate the solubility of hydrogen into FeSi 
and phase relations of the FeSi-H system under high pressure, we performed in situ X-ray diffrac-
tion experiments on the FeSi-H and FeSi systems at high pressure and high temperature. Hydrogen 
starts to dissolve in FeSi (hydrogenation) and form FeSiHx with cubic B20 structure above 10 GPa. 
Hydrogen content (x), estimated from the volume difference between the FeSi-H and FeSi systems, 
increases from 0.07 to 0.22 with increasing pressure for P > 10 GPa. Comparing the present results 
with hydrogenation pressure of Fe, presence of Si in metal increases the minimal pressure for H 
incorporation. Hydrogen, therefore, can only incorporate into the Fe-Si core at the deeper part (P > 
10 GPa) in the planetary interior.
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inTroducTion

All the differentiated planets and satellites have cores of iron-
nickel alloy, and most of them are considered to contain light 
elements, such as S, Si, O, C, and H (e.g., Poirier 1994) in the 
core. All these light elements decrease the melting temperature 
of iron (Li and Fei 2003; Andrault et al. 2009) and change the 
physical properties, such as density (e.g., Sanloup et al. 2004; 
Terasaki et al. 2010) and elastic wave velocity (Badro et al. 
2007). Hydrogen is one of the plausible light elements in the 
core because hydrogen is the most abundant element in the solar 
system. It is widely known that hydrogen can dissolve into vari-
ous metals, such as Fe and Ni, under high pressures (e.g., Fukai 
1992). However, the core most probably contains other light 
elements as well, such as Si and S. Therefore, the solubilities of 
H in these Fe-Si and Fe-S alloys are important and relevant to 
infer the H content in the core.

Hydrogen is considered to be the light element with the stron-
gest effect on both the density decrease and the depression of the 
melting temperature of Fe. Because of its low atomic weight, 
only 1 wt% (36 at%) of H is required to account for the density 
deficit in the core (Poirier 1994). When H dissolves into Fe, the 
phase boundary between bcc and dhcp-FeHx (double hexagonal 
closed packed structure) shifts toward the lower pressure side 
from the phase boundary between bcc and hcp-Fe (Fukai 1992). 
The melting temperature of FeHx decreases 600–900 K compared 
to that of Fe in the range 3–20 GPa (Fukai 1992; Sakamaki et 
al. 2009). Therefore, if H dissolves into Fe-light element alloys, 
such as Fe-Si and Fe-S, H solubility and melting temperatures 
of the alloys may significantly change. This gives an important 
constraint for the amount of light elements in and the temperature 
condition of the planetary core.

Although solubilities of H in some Fe-alloys have been re-
ported at ambient pressure (Krueger et al. 1976), the solubility 
of H in Fe-light element alloys and the effect of H on their phase 
relations have never been investigated at high pressure. Metal-H 
systems are generally unquenchable, because H can easily es-
cape during decompression. Therefore, in situ X-ray diffraction 
measurements are indispensable to investigate the H solubility 
and phase relations of the metal-hydrogen system, and we have 
investigated the H solubility into FeSi and the effect of H on the 
phase relations of FeSi up to 19 GPa using this method.

experimenTal meTHods
High-pressure experiments were carried out using 1500 ton Kawai-type multi-

anvil device (SPEED-1500 and SPEED Mk-II) installed at BL04B1, SPring-8 
synchrotron facility in Japan. The starting material was FeSi powder (99.9% purity, 
Kojundo Chemical Lab. Co. Ltd.). Since NaCl was reported to seal hydrogen at 
high-pressure and -temperature condition (Fukai et al. 2001), cylindrical NaCl 
was used as the sample container. LiAlH4 was enclosed as a hydrogen source at 
the bottom of the NaCl capsule, and then the FeSi sample was put in the capsule. 
The FeSi sample was separated from the LiAlH4 layer by a thin disk of MgO of 
0.15–0.20 mm thickness. Hydrogen is supplied to the FeSi sample by thermal 
decomposition of LiAlH4 (Fukai et al. 2001). The amount of LiAlH4 starting 
powder was roughly 4–5× larger than that of FeSi in volume. This amount of H is 
considered to be enough to establish the H saturation for FeSi.

For the experiments below 7 GPa, the truncated edge length (TEL) of 26 mm 
tungsten carbide cube was 12 mm and a cylindrical graphite furnace was used. 
For the experiments above 7 GPa, TEL was 3.5 mm and a cylindrical TiB2-BN 
composite furnace was used. The temperature of the sample was monitored us-
ing a W3%Re-W25%Re thermocouple, which junction was located inside the 
furnace and just above the sample container. As the sample thickness was thin, 
the temperature gradient between the sample and thermocouple junction must be 
quite small. Experimental pressure was determined from the lattice parameters of 
pressure markers, combined with their equations of state. Below 7 GPa, BN, which 
was located outside the capsule and inside the graphite furnace, was used as a pressure 
marker (Urakawa et al. 1993). Above 7 GPa, MgO, and NaCl pressure markers, which 
were located outside the furnace, were used (Jamieson et al. 1982; Decker 1971). 

White X-rays were used for the present diffraction experiment with the energy-
dispersive method at the BL04B1 beamline (Utsumi et al. 2002). X-ray diffraction * E-mail: terasaki@m.tohoku.ac.jp


