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. Temperéture of the Earth’s core?
e Composition?

Subduction zone

b Crust and
kthosphere

» Properties of pure Fe
e Melting temperature.
 Density change on melting

DEPTH (kilemeters)

oooooo

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



b-initio technical

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
Gibbs free energy calculations:
Gliquid(P, T) = Ggo13a(P, T)

Fixed Pressure

Gibbs free enérgy

Temperature

We calculate the Helmholtz free energy: F(V,T)
P = -9F(V,T)/3V
G=F+ PV



Liguid Iron

F=—kgTIn { /dR e—U(R>/kBT}

ANNI

Thermodynamic integration:

chose a reference system:

U'ref(R)
define

Uxr(R)
such that

Uo(R) = U'ref(R)
Ui(R) =U(R)

A}N' / iR e—wR)/kBT}

Fy = —k Tln{
A B A

F
F= FO+/ dAdA

aUy,

F= Fo-l—/ INZ



We choose:

Uy = AU + (1 = A\)Upes

SO

1
F = Fy -l-/o AANU — Uref)a

A good U,,y:

1 A
Uref(A, Qa;ry,.,TN) = 5 ; Ir; — rjla
177

(4,a) = rXT((U — Upef — (U - Uref>)2>
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Size tests
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Solid Iron (h.c.p.)
F(V,T) = Fperf(vaT) + Frarm(V.T) + Fonharm(V,T)

3kgT

NNg 24

n TLCUS,q(V, T)
kT

Fhafrm(va T) —
1 :
D(q) = — Y D(R)eeR
=5 %

Finite displacements method:

Fo(R) = — ) D, s(R' - R)ug(R/)
R'.B

With a supercell 3 x 3 x 2 (36 atoms) Fp,rm
is converged within 3 meV/atom. Checks up
to a 5 x5 x 3 (150 atoms) supercell.
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‘The melting curve of Fe
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Temperature (K)

7000

6000

U
-
-
-

I
-]
)
-

3000

2000

—— Alfe’, Gillan, Price
- = Boehler

<  Shenet al.
O Brown & McQueen

- P.corrected
- -  Williams et al.
O Yooetal.

|
200
Pressure (GPa)

300

400



Temperature (K)

6000

5000

4000

3000

2000

1000

Aluminium melting curve

— GGA
GGA P-Corrected
¢ Shaner et al.
e Boehler et al.

=

50

, 100
Pressure (GPa)

150

i
|
. {‘ ne VﬂZ&J‘eaé

& |
NorD Af,f(f |



Composition of the Earth’s Core

e Density change at ICB ~ 5 % (seismological
data). |

e Density change on melting for Fe ~ 1.7 %
(ab-1nitio calculations).

e =>» 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:

_ 1
AF — /O dA<UFeS - UFe))\
Uy = AUpes + (1 — NUpe

)
Step 1 Step 1
UFe; FFe Uress Fres
Fy = AFpe+ (1 — X)Fpegs
Step 2 Step 2
| UFe,FFe UFeSaFFeS

Fy = AFpe + (1 — X)) FFcs



Solid

Limit of zero concentration:

AF = AFpe'rf + AFharm

OO0C
R K R
AR D
GRLL

AFpm = —kgT > [Inwy;, — Inwy] .
n

Dependence on concentration:

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



Results
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Composition:

.| Solid Liquid
S/Si 85+ 25% |10+ 2.5 %
Ox 03+0.1% |8+ 25%

Shift of melting temperature:

AT =600-700K



Shift of melting temperature

0
U (p.T,cy)= k’BT}n cx + UL (p,T)+ Ac,

L (P.T.cy) = (kT + ) In(-cy)+ L (p,T)+Acy

l s
U (p.T.cx)=l (p.T,cy)

k,T
AS,

AT =  —c)
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