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INTRODUCTION

The Earth’s core is believed to consist of iron-nickel alloy
with several percent of light alloying elements. Silicon has been
suggested, from geochemical arguments, as a possible light
element in the core. As such, iron silicide has been the focus of
several recent experimental and theoretical studies. Equation
of state measurements have been performed on e-FeSi to 50
GPa and 1100 K (e.g., Knittle and Williams 1995; Wood et al.
1995; Guyot et al. 1997; Vočadlo et al. 2001). Williams and
Knittle (1996) suggested that measured values of K', the pres-
sure derivative of the bulk modulus, in e-FeSi are sufficiently
low to preclude Si as the major light element component of
Earth’s outer core. Recent computer simulation studies sug-
gest, however, that e-FeSi is not the stable high-pressure struc-
ture, with a CsCl-type phase being thermodynamically stable
above 13–15 GPa (Vočadlo et al. 1999; Moroni et al. 1999).
Knittle and Williams (1995) failed to produce CsCl-type FeSi
after treatment of e-FeSi at 50 GPa and 1500 K. Thin films of
CsCl-structured FeSi have, however, been grown on silicon
substrates, with a compressive strain in FeSi equivalent to about
25 GPa (von Känel et al. 1992; Girlanda et al. 1994). Vočadlo
et al. (1999) suggested that direct transformation of e-FeSi to
the CsCl structure will be kinetically inhibited by the large pre-
dicted activation barrier (1.5 eV) and e-FeSi may, therefore,
have persisted metastably in previous high-pressure experimen-
tal studies. While this is possible, dislocation migration helps
to overcome activation barriers in metals and may well also do
so in FeSi.

Comparison with the RuSi system may provide an alterna-
tive explanation for the stability of e-FeSi to high pressures. At
ambient conditions, RuSi takes the FeSi structure, transform-
ing to CsCl structured phase above 1578 K (Buschinger et al.
1997). Ruthenium silicide accommodates several percent solid
solution and in Si-rich bulk compositions a mixture of FeSi-
and CsCl-structured phases are recovered. It is only on the metal

excess side of the solid solution that pure CsCl-RuSi can be
synthesized. Previous experimental studies may, therefore, have
failed to detect CsCl-FeSi at high pressure because their start-
ing sample compositions were slightly enriched in silicon.

To evaluate the stability of e-FeSi in P-T-XFe space we have
synthesized FeSi directly from powder mixtures of Fe and Si start-
ing materials at high pressures and temperatures with iron-defi-
cient and iron-excess bulk compositions. We find that CsCl-type
FeSi is stable at 24 GPa and temperatures above 1950 ± 50 K.

EXPERIMENTAL METHODS

Experiments were performed in 1000 ton split-cylinder and
Walker-type multi-anvil-presses at the Bayerisches Geoinstitut
and University College London, respectively. An octahedral
assembly of 10 mm edge length (Fig. 1) was compressed by
WC cubic anvils with 4 mm truncation lengths. Starting mate-
rials consisted of powders of Fe and Si mixed to FexSi1–x sto-
ichiometry where 0.475 < x < 0.525. These mixtures were
packed in 200 mm wall thickness Al2O3 (99.7% density) cap-
sules, which were then placed in the inner MgO sleeve of the
octahedral assembly. Tungsten-rhenium thermocouples termi-
nated directly on one end of the capsule: no correction was
applied for the effect of pressure on thermocouple EMF. Ther-
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ABSTRACT

A new high-pressure phase of FeSi with the CsCl structure has been synthesized by high-tem-
perature reaction of Fe and Si mixtures at 24 GPa. Powder X-ray diffraction measurements yield a
cubic unit cell of a = 2.7917(1) Å for the CsCl-FeSi phase which has composition Fe0.52Si0.48 by
electron microprobe. The transition from e-FeSi to the high-pressure phase occurs at 1950 ± 50 K at
24 GPa and has a negative Clapeyron slope.

FIGURE 1. High-pressure cell for 24 GPa synthesis experiments.
The Al2O3 components colored pale grey are polycrystalline corundum
and the white Al2O3 component consists of crushable alumina.


