Melting and Phase Relations of Fe-Ni-Si Determined by a Multi-Technique Approach
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The effect of silicon on core melting temperatures is poorly understood,
due to disagreements among techniques for detecting melt, uncertainties
in sample pressure evolution during heating, and few studies measuring
the combined effects of nickel and silicon on the iron phase diagram.
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We measure Fe0.8Ni0.1Si0.1, a candidate core composition for Mercury
and Earth, using two independent atomic-level in-situ techniques:
Synchrotron Mössbauer
spectroscopy (SMS) probes
dynamics of 57Fe atoms
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X-ray diffraction (XRD) detects
liquid diffuse scattering, constrains
solid phase relations, and tracks
in-situ pressure during heating

Samples for both experiments are cut from an
identical source, compressed in diamond anvil
cells, and laser-heated from both sides
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Burst heating mode records alternating hot and cold XRD patterns, whose
integrated reflection intensities constrain hcp/fcc transition temperatures

Background updating method

Synchrotron Mössbauer Spectroscopy (SMS)
Beamline 3-ID-B, Advanced Photon Source

We measure the melting and solid phase
relations of Fe0.8Ni0.1Si0.1 up to 83 GPa
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Independent in-situ techniques show
excellent agreement and reproducibility
in high-pressure melting temperatures
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Time-delayed photons
(Mössbauer signal) are
produced exclusively by
nuclear resonance of
solid-bound 57Fe atoms,
giving negligible background
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Highlights

hot background intensities are normalized
by cold to update the reference background
and remove noisy fluctuations due to
recrystallization, facilitating detection of the
liquid diffuse signal from the melt
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Effects of nickel and silicon on iron phase relations

e.g., Jackson et al. (2013) EPSL
Zhang et al. (2016) EPSL
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This multi-technique approach can be
applied to other iron-bearing materials
important for Earth and planetary bodies
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Scattering intensity model
uses experiment-specific
physical parameters, including

Fe0.9Ni0.1

(Zhang+ 2016)
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In-situ pressures are calculated from
unit-cell volumes with published
thermal equations of state
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10 mol% Si reduces melting temperatures of
Fe0.9Ni0.1 by 250 K for low-pressure cores like
Mercury and up to 500 K in Earth’s outer core
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(left) An updated thermal pressure model is constrained from in-situ XRD measurements in this study
(middle) We refit SMS melting data on Fe and Fe0.9Ni0.1 with the updated thermal pressure model
(right) Consistent pressure metrology allows for precise determination of the effect of silicon on phase relations in planetary cores

Comparison with previous studies on melting and phase relations of Fe, Fe-Ni, and
Fe-Si alloys can be found in our upcoming publication, to be shared on my website
Dobrosavljevic et al. (2021) Earth and Planetary Science Letters (under revision)

