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Temperature of the Earth's core?
Composition?

Properties of pure Fe
• Melting temperature
• Density change on melting

SubdiKtion atone

6,378

Crust and
hthosphere

Composition
• Impurities: S, Si, O
• Binary mixtures Fe/X ? Other possibilities ?
• Shift of melting temperature

Midocean
ridges

Shallow
mantle



Ab-initio technical details

Density Functional Theory
Generalized Gradient Approximation (PW91)

VASP code (Kresse and Furthmuller, PRB 54, 11169 (1996))

PAW/USPP
Finite temperature Fermi smearing

Kpoints
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Strategy for Melting

Gib5s free energy calculations:

= GsolidCP,T)
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We calculate the Helmholtz free energy: F(V, T)



Liquid Iron

F = -kBT\K\{—^-— / dR

Thermodynamic integration:

chose a reference system:

Uref(R)

define

such that

U0(R) = Uref(R)
Ui(R) = U(R)

r1

o dX



We choose:

Ux = XU + (1 - \)Uref

so

F = Fo + f1 dX(U - Uref)x
J \J

A good Urcf

Uref(A, a] r1}..., rN) = -
*-^ Ir- — r
• /_ • I JL n JL 1

(A, a) = min((l/ - [7re/ - {U - Uref))
2)
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Size tests
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Solid Iron (h.c.p.)

F{V,T) = Fper /(V,T) + Fharm(V,T) + Fanharm(V,T)

kBT

Finite displacements method:

Fa(R) = -

With a supercell 3 x 3 x 2 (36 atoms) Fharm

is converged within 3 meV/atom. Checks up
to a 5 x 5 x 3 (150 atoms) supercell.



P

o

X!

a

O

o
II

8

(N
II

CO.

CO.

•51

e
n



The melting curve of Fe
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Composition of the Earth's Core

Density change at ICB ~ 5 % (seismological
data).
Density change on melting for Fe ~ 1.7 %
(ab-initio calculations).

Partitioning of light elements.
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Liquid chemical potential

We transmute 1 Fe atom in S and we calcu-
late AF.

Thermodynamic integration:

= XUFeS + (1 - X)UF



Solid

Limit of zero concentration:

AF = AF
perf

n ~ l n

n

Dependence on concentration:

• Montecarlo simulation on the h.c.p. lattice
gas



Results

Sulphur
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Composition;

S/Si
Ox

Solid
8.5+-2.5%

0.3+-0.1 %

Liquid
10 +- 2.5 %

8 +- 2.5 %

Shift of melting temperature:

AT = 600 - 100K



Shift of melting temperature

0

x(p,T,cx) = kBT\ncx

II (p,T,Cy)-(kRT + X)hi(l-cy) + U (p,T) + Xc
4 Fe • be

AS0




