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Abstract

The sound velocity of hcp FeggoSip 11 (Fe—6wt. % Si) alloy was measured at pressures
from 45 to 84 GPa and temperatures of 300 and 1800 K using inelastic X-ray scattering
(IXS) from laser-heated samples in diamond anvil cells (DACs). The compressional
velocity (Vp) and density (p) of the Fe-Si alloy are observed to follow a linear
relationship at a given temperature. For hcp Fegg9Sig1; alloy we found Vp= 1.030 (%
0.008) x p-1.45 (£0.08) + [3.8x10°(7-300)x(p-15.37)], including non-negligible
temperature dependence. The present results of sound velocity and density of hcp
Feos9Sip 11 alloy indicates that 3~6 wt. % of silicon in the inner core with additional
amount of Ni can explain the compressional velocity (VP) and density (p) of the
"Preliminary Earth reference model" (PREM), assuming a temperature of 5500 K and
that silicon is the only light element in the inner core

Keywords: Sound velocity, Fe-Si alloy, High pressure, High temperature, Inelastic

X-ray scattering, Inner core, Birch's law, Silicon
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Introduction

The profile of the density and sound velocity of the Earth’s deep interior has been

modeled by seismological observations leading to the creation of the Preliminary Earth

reference model, PREM, [Dziewonski and Anderson, 1981]. The Earth’s inner core is

considered to be mainly composed of iron-nickel alloy with small amount of light

elements to account for the core density deficit [Birch, 1964]. We can constrain the

composition of the core by comparing sound velocity and density data of Fe and Fe

alloys with PREM. Therefore, sound velocity measurements of Fe and Fe-light element

alloys have been performed under high pressure conditions using various methods, such

as shock wave experiments [e.g., Brown and McQeen, 1986], inelastic X-ray scattering

(IXS) [e.g., Antonangeli et al., 2010; Mao et al., 2012; Ohtani et al., 2013; Sakamaki et

al., 2016], nuclear resonance inelastic X-ray scattering (NRIXS or NIS) [e.g., Lin et al.,

2003].

It is generally accepted that, as a first approximation, there is a linear

relationship between density and sound velocity, i.e., Birch’s law [Birch, 1961;

Antonangeli and Ohtani, 2015]. We used the expression “Birch’s law” for the linear

dependence of the sound velocity on density at a constant temperature, even when the

temperature effects are important. However, the effect of temperature on Birch’s law is
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not yet well understood. Thus additional data on temperature dependence, especially for

Fe alloys with light impurities, are important to allow understanding of the core

composition.

Silicon is one of the major candidates for light elements in the Earth’s core.

The sound velocity of Fe—Si alloy at room temperature has been measured by several

methods such as NRIXS (NIS) [Lin et al., 2003] and IXS [Badro et al., 2007; Mao et al.,

2012], however, the results have not been consistent. Using NRIXS (NIS) to investigate

hep Feo.ssSio.is alloy, Lin et al. [2003] reported that dissolution of silicon in metallic iron

increases both the compressional velocity and shear velocity of iron alloys at high

pressure. Using IXS to investigate FeSi at room temperature, Badro et al. [2007]

suggested that the incorporation of small amounts of silicon, 2.3 wt. %, might account

for the geophysical observations including the PREM sound velocity of the inner core.

In contrast, the work of Mao et al. [2012] using IXS to investigate hcp Feo.ssSio.15 alloy

at 300 K suggests the PREM inner core matches a velocity profile of iron with 8 wt. %

Si. On the other hand, Liu et al. [2016] suggested that the PREM inner core can be

explained by 5 wt.% Si based on the combined measurements of IXS and NRIXS for

hep-Fe and hep-FeosssNioossSiooss at room temperature and high pressure.

Sound velocity measurements of hcp Fe—Si alloy at high pressure and
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temperature have not been reported yet and certainly may impact these discussions.

Here we report the sound velocity of hcp Feg39Sio 11 (Fe—6wt.% Si) alloy up to 84 GPa

and 1800 K based on IXS measurements, including the effect of temperature on the

sound velocity of the alloy. In this context, we discuss the silicon content of the Earth's

inner core.

Experimental procedure

Sample Environment

High pressure was generated by a symmetric-type DAC. The culet sizes of the diamond

anvils were 200 and 300 um, depending on the desired experimental pressures. The

starting material used in this study was Feg goSig 11 (Fe—6 wt. % Si alloy, 99.995% purity,

Lot No. 20113-27-08-02A; Rare Metallic Co., Ltd). We confirmed that the alloy sample

is homogeneous and has the composition with the accuracy within 0.5 wt. % by the

FE-SEM (JEOL7001F) analyses. A thin foil of the starting material was made by

compressing the alloy chip at room temperature by using opposite anvils (a cold

compression technique) and by polishing it to a desired thickness. The sample foil was

sandwiched between NaCl pellets, which worked as a pressure medium and thermal

insulator. A rhenium gasket was indented to a thickness of 30—50 um and a hole with a

diameter in 80—100 um was drilled to shape a sample chamber.

5
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For high temperature experiments, the COMPAT double sided laser-heating

system, which has been developed for IXS-LHDAC by Fukui et al. [2013], was used

and the sample was heated from both sides using a fiber laser (A= 1.070 um). The

temperature was monitored, and recorded every 30 min during heating. The temperature

was determined by fitting Plank’s formula to a spectrum of thermal radiation from the

sample. The laser spot size in the sample was 20-25 um in diameter as was reported by

Sakamaki et al. [2016]. The temperature distribution within the heating spot was similar

to that given in Figure S1 by Sakamaki et al. [2016].

The sample position was adjusted to the maximum intensity of the X-ray

diffraction from the sample by changing its position. Once the sample and X-ray beam

positions were fixed, we adjusted the laser beam position by observing the sample by

using a CCD camera. We could easily monitor the laser beam position in the sample by

the emission from the laser heated area. The emission was collected from the center of

the emitted area in the sample. The experimental temperature was evaluated with the

uncertainty of +200 K by averaging the variation of temperature in the heating area

during the IXS measurements.

Inelastic X-ray scattering at SPring-8
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Sound velocity of Fe—Si alloy was measured using inelastic X-ray scattering at
BL35XU [Baron et al., 2000] of SPring-8. Si (9 9 9) backscattering optics were used,
providing an incident photon energy of 17.79 keV with an energy resolution of 2.8 meV
full width at half-maximum (FWHM). The scattered X-rays were analyzed by 12
crystals, which are arranged in a 2-dimensional (3%4) array. The momentum transfer,
O=2kysin(260/2), where ky is the wave vector of the incident photons and 26 is the
scattering angle, was selected by rotating the spectrometer arm in the horizontal plane.
The X-ray beam size was focused to 16 pmx16 um by a Kirkpatrick-Baez (KB) mirror
pair [Ishikawa et al., 2013]. IXS was collected in the range of 0= 6.2-9.5 nm™ at each
pressure condition. The momentum resolution was set to about 0.4 nm™ full width.
Spectra were measured for about 8-12 hours at room temperature and 6-8 hours at high
temperature. A shorter duration at high temperature was due to higher intensity of the
IXS signals at higher temperature.

In order to calculate the density of Fe—Si alloy, in-situ X-ray diffraction
patterns of samples were obtained using a flat panel detector (FP; C9732DK,
Hamamatsu Photonics K.K.) at the same experimental conditions as IXS measurements.
The distance between the sample and a FP detector was calibrated by collecting the

diffraction pattern of CeO,. The density of Fe—Si alloy was calculated based on lattice
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parameters of Fe—Si alloy in the XRD pattern. The experimental pressure at room

temperature was determined assuming that the parameters of the equation of state (K,

Ky’ and V)) of hep FeogoSip1 (Fe-6.0wt.%Si) is the same as those of Fe-6.5wt.%Si

[Tateno et al., 2015]. At high temperature, parameters of thermal equation of state (6y, o

and g) of Fe—9 wt. %Si alloy [Fischer et al., 2014] were used for the pressure estimation.

Since the effect of Si dissolution on volume of Fe-Si alloy is very small [e.g., Fischer et

al., 2014; Tateno et al., 2015; Sakai et al., 2014], the uncertainty of pressure at 84 GPa

and 1800 K was estimated to be within 0.5 GPa (less than 1%) in this experiment. This

uncertainty is smaller than the estimated pressure error from the pressure gradient in the

cell. A typical X-ray diffraction pattern from the sample is shown in Fig.1. An example

of the IXS spectrum collected at 84 GPa and 1800 K is shown in Fig. 2. The spectra are

characterized by an elastic contribution centered at zero energy and inelastic

contributions from Fe-Si alloy. As shown in Fig. 2, the spectra derived from the

longitudinal acoustic (LA) phonons of Fe-Si alloy were observed. The LA mode of

rhenium which was originated from gasket was also observed in this spectra. The

energy positions of phonons were extracted by fitting the spectra data with a set of

Lorentzian functions. In order to determine the compressional velocity (Vp), the phonon

dispersion measured here was fitted using a sine function as shown below:
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E[meV] = 4192 x107*Vp [m/s] x Opux [nm™] sin (w/2)0[nm™] | Owmux [nm™])
(D

where E and Q are the energy and the momentum transfer of the acoustic mode, and Vp
is the compressional velocity of Fe—Si alloy in this study. QOyx corresponds to the first
Brillouin zone edge [e.g., Fiquet et al., 2004]. Vp and QOuux were taken as free
parameters.

The sample holes during compression shrank to around 40-60 um at high
pressure, and in some experiments in which the sample is close to the Re gasket, we
observed signals from the gasket in XRD and IXS spectra (Figures 1 and 2) due to a tail
of the X-ray beam. The pressure gradients in the cell using NaCl pressure medium were
evaluated and given in Table 1. The pressure errors from the pressure scale are smaller
than the errors due to present pressure errors. The IXS peaks came from the high
temperature samples of FeSi alloy, in which the temperature distributions around the
sample was homogeneous, therefore a similarity in the texture development with
Sakamaki et al. [2016] holds in the present experiments.

Results
Sound velocity of Fe-Si alloy

IXS measurements were conducted in the pressure range from 45 to 84 GPa
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and the temperatures of 300 K and 1800 K. The experimental conditions are

summarized in Table 1. We conducted the experiments in the pressure and temperature

conditions which correspond to the stability field of hcp phase of Fe-Si alloy because

Earth’s inner core is considered to be composed of the hcp phase [e.g., Tateno et al.,

2010]. Dispersion curves of Fe—Si alloy at each measurement were compiled in Fig. 3.

The obtained density (p) and compressional velocity (Vp) at various pressures and

temperatures were also shown in Table 1. We can see that V'rincreases with increasing

pressure.

Birch’s law for hcp Fe-Si alloy

Fig. 4 shows the measured compressional velocity, Vprof the hcp Fe—Si alloy as

a function of density. The Vrpand density of hcp Fe—Si alloy showed a linear relationship

i.e., Birch’s law, in this study. In order to evaluate the effect of temperature on the

sound velocity of hcp Fe-Si alloy, the Vp data at 300 K and 1800 K were fitted

separately as a linear function of density, using Birch’s law. The Birch’s law of hep Fe—

6 wt. % Si (Fe9Sip 1) alloy at 300 K was obtained as shown below:

Vp=1.030(= 0.008) x p-1.45 (£0.08) )

On the other hand, the Birch’s law at 1800 K was expressed as follows:

10
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Vp=1.087 (= 0010) x p-2.33 (+0.10) 3)

These relationships at 300 K and 1800 K indicate that the Birch’s law for the hcp Fe—6
wt. % Si alloy has a clear temperature dependency as shown in Fig. 4. We then
parameterize the temperature dependence as Ve(p, T)=Mp + B+ A (T — To) (p —p*),
which was introduced by Sakamaki et al. [2016]. We choose Toto be 300K, so M and B
are the coefficients of Birch's law at room temperature, while 4 and p* include the
temperature dependence. Thus, the high temperature Birch’s law of hcp Fe—6 wt. % Si
(Feo.80Sip.11) can be expressed as follows:

Vp=1.030 (= 0.008) xp-1.45 (£0.08) +[3.8x10°(7-300)x(p-15.37)] (4)

The present modified Birch’s law for hcp Fe-Si alloy obtained here indicates that the
slope of the Birch’s law for hep Fe-Si is similar to that of hep Fe [Sakamaki et al., 2016].
On the other hand, Si alloying reduces the temperature effect of the modified Birch’s

law as shown in Fig. 5.

Discussion
In order to compare Birch’s law of hcp Fe-Si alloy between this study and previous
studies, the sound velocities of hcp Fe—Si alloy measured by the IXS method [Badro et

al. 2007; Mao et al. 2012] and NRIXS method [Lin et al., 2003] are summarized in Fig.

11
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4. Birch’s law for FeossSio.is alloy reported by Lin et al. [2003] by NRIXS is not

consistent with that reported by Mao et al. [2012] for the same composition. This may

be the effect of different experimental conditions (no pressure medium was used in

NRIXS, whereas Ne or NaCl pressure medium was used for IXS) and/or data

processing as V), was deduced indirectly for the NRIXS using the Debye sound velocity,

Vb, and bulk modulus, K. Given that IXS provides more direct measurements for V),

with, we expect, a lower deviatoric stress, we compare our work with Birch’s law

reported by Mao et al. [2012] using the IXS method for Feo.s5Sio.15 alloy. The slope of

Birch’s law in this study is in good agreement with IXS results reported by Mao et al.

[2012]. The larger differences between our results and those for FeSi reported by Badro

et al. [2007] are probably the result of the very large difference in composition and

structure: FeSi used by Badro has a different structure from the hcp-Feg9Sip 1 alloy of

the present work.

The X-ray diffraction pattern of hcp Fe-Si alloy sample shown in Fig,1 was

similar to that of hcp Fe at high pressure and temperature [Sakamaki et al., 2016]. Thus,

the lattice preferred orientation of the present compressed sample of hcp Fe-Si alloy

may be a similar magnitude to that of hcp Fe measured previously [Sakamaki et al.,

2016]. The diffraction pattern shows that the polycrystalline hcp Fe—Si alloy sample

12
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preferentially aligned with c-axis parallel to the compressional axis under the uniaxially

compressed conditions. According to the previous calculations of FVp anisotropy

associated with the preferred orientation of hcp-Fe is less than 1.3 % [Sakamaki et al.,

2016]. According to the ab-initio calculations by Tsuchiya and Fujibuchi [2009] and

Martorell et al. [2016], elastic constants, Cij, of hcp Fe-Si alloys have similar

anisotropic properties as those of hcp Fe. Therefore, we do not expect to have a

significant impact on the present results on the sound velocity. Tsuchiya and Fujibuchi

(2009) reached the same conclusion that the compressional velocity (¥p) anisotropy is

negligible although 2-4 % of Vs anisotropy is expected at high pressure based on the

ab-initio calculation, although we need confirmation by more detailed ab-initio

calculations for hcp Fe-Si alloy.

According to the previous experimental and theoretical studies, the

compressional velocity, Vp, of bee Fe-Si alloy is greater than that of bce Fe at the same

pressure [Liu et al., 2014; Tsuchiya and Fujibuchi, 2009]. Although our compressional

velocity values, Vp for hcp Feg9Sig 11, are higher than those of pure hcp Fe at 300 K in

the density-Vp plane as shown in Figure 5, they are nearly the same as those of pure hcp

Fe [Ohtani et al., 2013] at a constant pressure and 300 K, consistent with those of pure

th Fe, th Fegs5Sig 15 [MGO etal., 2012], th Fe0 g63N10 936S10.046 [Liu etal., 2016], and

13
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the results of ab-initio calculation [Tsuchiya and Fujibuchi, 2009].

The ab-initio calculations for hep Fe and hep FeSi alloys [Figure 5 in Martorell
et al., 2016] indicated that the density-Vp relation at a constant temperature (0 K) and
that at a constant pressure (360 GPa) are different with each other, i.e., there is a
temperature effect in the Birch’s law as was indicated by Sakamaki et al. [2016]. Our
modified Birch’s law expressions for hcp Fe and hep Fepg9Sig 11 alloy given in (4) and
(7) are consistent with those calculated by Martorell et al. [2016] and Vochadlo et al.
[2010]; the temperature effect on our fitting equation of the density—Fp relation at 360
GPa in this work is dVp/dp =3.9 (km/sec)/(gcm'3 ) for hep-Fep 89Sig.11, on the other hand,
the ab-initio calculation indicates that dVp/dp =5.7 (km/sec)/(gcm'3) for Feg9375S10.0625
[Martorell et al., 2016] and 3.0 (km/sec)/(gcm'3) for pure hcp-Fe [Vochadlo et al., 2010]
at a constant pressure of 360 GPa. Martorell et al. [2016] indicated that there is no
pre-melting behavior in the sound velocity at high temperature in hcp Fe—Si alloy. This
indicates that a linear temperature effect on the density—Vp relation expressed by our
equation (4) for hcp Fe—Si alloy can be used for extrapolation to the inner core

conditions.

Implications: the amount of silicon in the Earth’s inner core

14
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The present experimental results of compressional velocity, Vp, for hcp

Feo39Sip.11 (Fe—6 wt. % Si) alloy demonstrated that Birch's law for Fe—Si alloys with the

hcp structure has a clear temperature dependency as shown in Equation (4). Therefore,

it may not be appropriate to ignore the effect of temperature on Birch’s law at very high

temperature of the inner core estimated to be 5000 K—-6000 K [e.g., Terasaki et al.,

2011]. In order to estimate the amount of silicon in the Earth’s inner core, we adopted

a linear mixing model, which was used by some previous authors [e.g., Anfonangeli et

al., 2010; Badro et al., 2007]. In this model, the average density p and sound velocity

Vp of a two-component ideal mixture are given as follows:

p= xpFe-si +(1-x) pFe (5)

and

Ve = Vie-siVEe/[(1-X)Viesi + XVEe] (6)

Where, x is the volume fraction of hcp FeogoSig 1 alloy. The average density p and

sound velocity Vp were assigned to those of the inner core derived from the PREM

[Dziewonski and Anderson, 1981]. The temperature at ICB was assumed to be 5500 K

[e.g., Terasaki et al., 2011]. The temperature at the center of the core (CC) is assumed

to be the same as that at ICB [Brown and McQueen, 1986]. pre at high pressure and

temperature conditions corresponding to the inner core was estimated by using thermal

15
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equation of state of hcp Fe [Sakai et al. 2014] and VFre was calculated based on our
modified Birch’s law of iron which was proposed by Sakamaki et al. [2016]. According
to the modified Birch’s law which was proposed by Sakamaki et al. [2016], the equation
for hep Fe can be expressed as follows:

Vre=1.160 (£ 0.025) x p-3.43 (£0.29) +[7.2x10°%(T-300)x(p-14.2)] (7)

For the relation between pre-siand Vre-si, we used the equation of modified Birch’s law
for hcp FepgoSip alloy shown in equation (4) obtained in the present study. The
densities of hcp Feg s0Sip 11 alloy at the ICB and CC (center of the core) conditions were
calculated by the equation of state assuming that the parameters of the equation of state
(Ky, Ky’ and V)) is the same as that of Fe-6.5wt.%Si [Tateno et al., 2015] combined with
parameters of the thermal equation of state (6y, yy and q) of Fe-9 wt. %Si alloy [Fischer
etal., 2014].

Fig. 5 summarizes sound velocities of pure hcp Fe and hcp Fe-Si alloy as a
function of density up to the temperature of ICB and CC, 5500 K, estimated by using
the equation (4), the modified Birch’s law for the hcp Fe-Si alloy, and equation (7) for
pure hcp Fe. Fig. 6 shows the comparison between the compressional velocity Vpof the
linear mixing of hcp Fe and hep FeoSip ;1 (Fe—6 wt. % Si) and PREM at ICB (330

GPa) and CC (center of the core; 360 GPa) conditions as a function of density. The
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temperature at CC is assumed to be the same that at ICB [Brown and McQueen, 1986].

From the data set of Equations (5) and (6) and considering the compressional velocity

Vpand density errors of PREM [Masters, 1979], the volume fraction of hcp Feg 3oSio 11

alloy x was determined to be 0.5~1.0, i.e., 3~6 wt. % of silicon both for the ICB and CC

conditions. The present result indicates that an iron alloy with 3~6 wt. % of silicon can

explain the properties of the PREM inner core assuming that the light element in the

inner core is only silicon. This estimated value of silicon in the inner core is higher

compared to previous IXS studies [2.0 wt.% Si, Antonangeli et al., 2010; 2.3 wt.% Si,

Badro et al., 2007], and lower than the value, 8 wt.% Si, estimated by Mao et al. [2012].

3~6 wt. % of silicon determined from IXS measurements in this study may be the upper

bound of the amount of silicon in the Earth’s inner core because other light elements

such as sulfur could be present in the inner core.

Recently Martorell et al. [2016)] reached a different conclusion, i.e., Fe-Si

alloy provides Vp higher than that of the PREM inner core based on their ab-initio

calculation. The present Vp for Fe(s9Sio 11 is significantly smaller than that calculated by

Martorell et al. [2016] resulting in different arguments on the effect of Si dissolution in

the inner core, i.e., our results revealed that the effect of Si can explain the density and

sound velocity of the PREM inner core. Our result on Vp is also consistent with the
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experimental results by Mao et al. [2012] and Liu et al. [2016] at 300 K and the

ab-initio calculation by Tsuchiya and Fujibuchi [2009] at 0 K, whereas Vp calculated by

Martorell et al. [2016] at 0 K is significantly higher than the other results. On the other

hand, the density value of Fe(s9Sip;; extrapolated to 5500 K and 360 GPa in our

experiments is consistent with that calculated at 360 GPa and 5500 K by Martorell et al.

[2016], and is also consistent with the equation of state of Fe-Si alloys determined by

Tateno et al. [2015], Fischer et al. [2014] and that calculated by Tsuchiva and Fujibuchi

[2009].

The Earth’s core is considered to contain about 5wt.% of Ni [McDonough,

2003]. If we consider an additional element, Ni, we can better match our model with the

PREM inner core. The effect of Ni-alloying increases density of hcp-Fe, and it

decreases slightly the sound velocity based on the sound velocity and density

measurements of FepgNigos [Lin et al., 2003; Sakai et al., 2014] and ab-initio

calculations of Fe-Ni alloy and pure Ni [Martorell et al., 2013a]. We estimated density

and Vp of hep Fep92Nig s at 330 GPa and 360 GPa at 5500 K based on the temperature

and pressure dependencies of hcp-Fe [Sakamaki et al., 2016; Martorell et al., 2013b]

and plotted in Fig. 6. Based on these extrapolated values of density and Vp for hep Fe,

hep Feog9Sip 11 and hep Fep9oNig o3, and the compressional velocity-density systematics
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on compositional change [e.g., Liebermann and Ringwood, 1973], the PREM inner core

can be explained by Ni bearing iron silicide with a composition of 3~6 wt.% Si and 0~6

wt.% Ni at ICB. On the other hand, the center of the inner core contains a similar Si

content of 3~6 wt.% but it might contain a slightly higher content of Ni, 0~8 wt.%

which may be better matching with the PREM inner core at its center although it is not

definite due to a large uncertainty of the sound velocity of hcp Fe—Ni alloy at the inner

core conditions and the density of the PREM inner core. We need further accurate

experimental works under the inner core conditions and the seismic models to confirm

the compositional gradient in the inner core.
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Figure Captions

Fig. 1. Typical 2D image of an X-ray diffraction pattern collected at 50 GPa and 1800 K.

The diffraction lines from hcp Fe—Si alloy and Re are observed.

Fig. 2. A typical IXS spectrum of hcp FeggoSip ) at 84 GPa and 1800 K. The peak at
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zero energy is from elastic scattering. Curves are individual contributions (green: elastic

scattering, red: LA phonons of hcp FeosoSip; sample, blue: rhenium), fitting the

experimental data with Lorentzian functions.

Fig. 3. Dispersion curves obtained at 300 K and 1800 K in the pressure range 4584

GPa.

Fig. 4. The compressional velocity Vp of FeygoSig; (Fe-6wt.%Si) as a function of

density. Blue solid diamond symbols show the present data of V» at 300 K. Red solid

circle symbols show our data measured at 1800 K. The blue line represents the Birch’s

law at 300 K, whereas the red line shows the Birch’s law at 1800 K. The green dashed

line with open green circles shows the IXS results for hcp-FepgsSio1s by Mao et al.

[2012]. The purple dashed line with solid triangles shows the results by Badro et al.

[2007] for FeSi alloy determined by IXS. The orange dashed line with orange solid

triangles shows the results using NRIXS by Lin et al. [2003].

Fig. 5. Comparison of Birch’s law of hcp Fe goSig 1(Fe—6wt.%Si alloy) and hcp-Fe. A

blue line with blue triangles and a red line with red circles show the Birch’s law for hep
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Fe 30Sip 1;alloy at 300 K and 1800 K in this study, respectively. Solid square symbols

represent the density and Vp of PREM [Dziewonski and Anderson, 1981]. The black

cross line indicates the Birch’s law for hcp FeoSig 1 alloy extrapolated to 5500 K,

whereas the pink cross line indicates that for pure hcp-Fe extrapolated to 5500 K

[Sakamaki et al., 2016]. The Birch’s relationship for pure hcp-Fe at 300 K [Antonangeli

and Ohtani, 2015] is shown as an orange dashed line. The errors for the Birch’s law of

hep Fe goSip11 at 5500 K are shown as the grey shaded areas.

Fig. 6. The expected compressional velocity, Vp, of hep Fe, hep Fe goSig 11(Fe—6wt. %Si

alloy), hcp Fep9,Nipps and PREM inner core as a function of density at inner core

conditions (330-360 GPa and 5500 K). Stars indicate velocity and density at the ICB

condition (330-360 GPa and 5500 K). The Vp and density for hcp Fe were based on

Sakamaki et al. [2016], those for hep Fe g9Sip 11 were based on the present measurements,

and those for hep Fep9oNig s were based on Lin et al. [2003]. We estimated the Si and

Ni contents in iron alloy based on the compressional velocity-density systematics on

compositional change [e.g., Liebermann and Ringwood, 1973]. The PREM inner core

can be explained by Ni bearing iron silicide with a composition of 3~6 wt.% Si and 0~6

wt.% Ni at ICB. Whereas, the center of the inner core has a similar Si content of 3~6
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489  wt.% and a Ni content of 0~8 wt.%.
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Table 1. The experimental conditions, density (p) and sound velocity Vp at high pressure

and temperature.

Pressure [GPal Temperature [K] Density [g/cm3] Vp [km/s]
45+1 300 9.17+0.02 7.984+0.13
51+1 300 9.31+0.03 8.16+0.17
YHES 300 9.84+0.03 8.65+0.18
90+2 300 10.07+0.04 8.93+0.19
50+1 1800+200 9.16+0.02 7.65+0.19
T8+2 1800+200 9.74+0.02 8.12+0.18
T8+2 1800+200 9.74£0.03 8.18+0.16

84+2 1800£200 9.86+0.03 8.44+0.18
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