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Introduction:

At LLNL (and elsewhere!), we generally need to consider materials
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the material isalmost pure, with just small amounts of other
components.
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Introduction:
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90%1%C and 10%!3C, taking a puret?C EOS model and simply upping
the mass density in the EOS table by the factor (9*12 + 13)/12 does a
pretty good job of making an EOS model for the 90/4ixture.

This kind of thing Is often used for more gener&lB,C,B LI G R:I:cqal \
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Introduction:

In this simplified treatment,
EVERYndividual phaseat every
point In thermodynamic state T
space (,T,P Is assumed to have

the SAMEcomponent
composition (X,y,ZA 8 Wb A LW UL
for pure phase regions,
but also for mixed-phases.
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Notional example of a 2component
phase diagram where composition Is
varied.

Components: A, B

A has solid phasea, and a liquid phase.
B has solid phaseb, and a liquid phase.



- o +  Notional example of a 2component
\ phase diagram where composition Is
L +a | L+B .
varied.
a I ,8
/ a+pB | \ Components: A, B
I A has solid phasea, and a liquid phase.

100% A % AB | 100% B B has solid phaseb, and a liquid phase.
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100% A % A/B I 100% B

In a pointin the mixed-phase region the % of A vs. Bwill NOT be the same in both the solid and the liquid !...
though the TOTAL%-age of A vs. Bvill, of course, be the assumed amount.
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Of course, over typical conditions of
Interest, even asingle-component
material often hasMULTIPLE solid
phases, rather than just one solid
and one liquid.

This complicates the problem greatly,
In practice.
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This kind of problem has been studied in depth
for many yeard!... e.g.,Larry Kaufman and
collaborators with the CALPHAD approach .

Semi-empirical free energy models are
constructed from experiment and (sometimes)
predictions from ab initio calculations,
Including detailed contributions describing

the propensity for materials to MIX.

We have a vibrant group of such experts at
LLNL, led byAurelien Perron, and they often
collaborate with folks in the EOS & Materials

Theory Group(Landa, Soderlind) on studies of
nuclear fuels .



1,200 _

y-Am

1,000

fi-Am

800

600

Temperature, °C

400

200

P. Turchi et al., Am-Pu system, 2014

o —— Liquid

—

3 5 &
bee + fecC ——— =
e-Pu

o'-Pu

bee (v-Am,e-Pu)

fee (B-Am,o-Pu)
5-Pu
v-Pu

p-Pu

u-Pu

fcc 4 v-Pu
fcc + f-Pu \; \
dhep + a-Pu
1

| | |

0.2 0.4 0.6 0.8 1.0
Molecular fraction of plutonium Pu

This kind of problem has been studied in depth
for many yeard!... e.g.,Larry Kaufman and
collaborators with the CALPHAD approach .

Semi-empirical free energy models are
constructed from experiment and (sometimes)
predictions from ab initio calculations,
Including detailed contributions describing

the propensity for materials to MIX.

We have a vibrant group of such experts at
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Theory Group(Landa, Soderlind) on studies of

nuclear fuels .




Some 6 or so years ago, we (led Bhilip Myint in the EOS & Program
Integration Group) stood up a project to construct TRUE mixture EOS
models for high-P,T applications.

The rest of this talk describes an application of this work to Fe/Ni
mixtures in conditions relevant to the cores of Earth and Earthke
planets.

NOTE Due to shifting priorities, this work is no longer funded, as such,
at LLNL, but (while we still had the project) we were fortunate to
Interest Tanja Kovacevic and her advisor Prof. Burkhahdilitzer (both

of UC Berkeley) in this problem, on which they are still working.




Backgroun@wnat are the & wH v 01 R RY Ut WY n WE

liquid outer core

Pressure = 1.4- 3.2 Mbar
Temperature = 3000- 5000 K

Fe (9585%) + Ni (515%)

Pressure = 3.2- 3.6 Mbar

solid inner core Temperature = 5000- 7000 K
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Outline:

1. pure Fe and NI EOS models
2. mixture EOS models: MM_Mix
3. atomistic simulation input

4. variable -composition Fe/Ni EOS



1. pure Fe and NI EOS models: Fe
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1. pure Fe and Nl EOS mOdels FP free energy models fit to experimental data
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isobar from our EOS (dashed line); and (b) ambient-pressure entropy from experiments [4] (symbols) and our EOS (dashed line).
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1. pure Fe and NI EOS models: Fe

We also find it useful to benchmark and/or
fit our free energy models on the predictions
of ab initio calculations (e.g., DFT -MD)
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1. pure Fe and NI EOS models: Fe
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1. pure Fe and NI EOS models: Fe
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Basic free energy model assumption:

F(p, T) — Fcold(p) + Fion(ps T) + Felectron(pa T)

cold: ion interactions + chemical bond energies (T= 0)
lon: phonons (atomic vibrations), etc.

electron: electronic excitations



1. pure Fe and NI EOS models: Fe
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1. pure Fe and NI EOS models: Ni

Our EOS team also invested some time

into constructing a more accurate Ni EOS
model, including recent Tmelt(P) and shock
data and DAC data, along with new predictions
of high-P cold compressibility from DFT,
resulting in a 2-phase (liquid, fcc-solid) EOS
model.



