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ABSTRACT
Based on an in situ X-ray study of Fe and a review of the available data, we propose the following triple-points in the Fe phase diagram—the hexagonal closest packed (HCP), face-centered cubic
(FCC), and the β phase: P = 40 (4) GPa at T = 1550 (100) K, the β-phase-FCC-melt; P = 60 (10) GPa
at T = 2600 (100) K. We define the stability of β phase from a combination of new X-ray results on
externally heated Fe between pressures of 37 to 300 GPa, as well as the previous data on externally
heated and laser-heated samples. X-ray data on externally heated Fe, without any pressure medium,
confirms the double hexagonal closest packed (DHCP) structure for the β phase. The HCP-β phase
boundary has a very small negative dP/dT indicating the similarity of physical properties (molar
volume, thermal expansion, and bulk modulus) between the two phrases, but a higher entropy and
enthalpy for the β phase.

INTRODUCTION
Because Fe is one of the most abundant elements in Earth,
it has always been a subject of high interest to geoscientists.
New developments in high pressure-temperature techniques
have advanced our understanding of Fe at physical conditions
of the core. Fe occurs in three distinct polymorphs (BCC body
centered cubic, δ-BCC, and FCC) at one atmosphere and as
HCP phase at high pressures. During the last six years, we have
conducted a series of experiments on establishing the identity
and stability field of a fifth phase β (e.g., Saxena et al. 1995;
Dubrovinsky et al. 1998b).
Anderson and Isaak (2000, this volume) have presented a
discussion of various aspects of the β phase. This study presents
new experimental data on the β phase, and summarizes the available data to delineate β-FCC and β-HCP phase boundaries and
to locate the triple points β-FCC-HCP and β-FCC-melt.

EXPERIMENTAL METHODS
One of the difficulties of experiments in establishing the
structure of the β phase is that the Nd-YAG laser heating of a
sample requires that the diamonds be thermally insulated from
the sample requiring the use of an oxide or an inert gas. The
presence of an additional material in the sample complicates
the X-ray pattern. Corundum has numerous reflections, silica
undergoes several phase transitions, and MgO masks the important super-lattice reflections of the DHCP structure. There
is also the possibility of a reaction between Fe and the pressure
medium. Therefore in this study, we use external heating of the
sample that does not require any pressure medium (Dubrovinsky
et al. 1997). With this kind of heating, the sample, the gasket,
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and the diamond-gasket contact are uniformly heated. The very
high-pressure experiments require fine incident X-ray beam
(8·9 m2 or less) of 0.4 Å wavelength or less, preferably with an
imaging plate performed on a synchrotron radiation facility
(e.g., ESRF, Grenoble, France: Dubrovinsky et al. 1999). Powdered samples (Fe of 99.999% purity) are loaded into the 30–
35 m initial diameter hole in Re-gasket, which is confined
between diamond culets (beveled with 40 or 50 m if pressure
is to reach 300 GPa). Pressure is determined with powdered
platinum (99.999% purity) as an in situ X-ray standard mixed
in small proportion with the Fe sample. Low to moderate pressure (> 40 GPa) are done in the facility at Uppsala. We obtain
powder X-ray diffraction data with a Siemens X-ray system
consisting of a Smart CCD Area Detector and a direct-drive
rotating anode as X-ray generator (18 kW). MoKα radiation is
monochromatized using an incident beam graphite monochromator and passed through a collimator of diameter 30 to 40
mm to the sample. The diffracted X-ray was collected on a 512
× 512 pixels area detector. We heat the samples externally in a
Mao-Bell type DAC (Dubrovinsky et al. 1999). In our analysis
of the integrated X-ray spectra, we use the program GSAS
(Larson and Von Dreele 1994) and PeakFit 4.0.

RESULTS
The whole sample, including parts of the diamonds, was
heated for over an hour and all the HCP Fe converted to the β
phase. The X-ray pattern (Fig. 1) consists of five distinct reflections all for the β phase [(100), (101), (004), (102), and
(103)] and is consistent with the DHCP structure of Fe.
Two other experiments were conducted at much higher pressures up to 305 GPa to obtain pressure-temperature-volume
data on HCP Fe (Dubrovinsky et al. 1999). The formation of
the DHCP was quite evident at the highest temperatures reached
between 1300 to 1500 K in these experiments (Dubrovinsky et
al. 1999) These data are plotted in Figure 2.

