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Equation of State
Modeling



Equation of State Model

General form
FV,T)=FV)+F(V,T)+F(V,T)

Solid phase. Elastic component (EOS at T = 0 K)
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Equation of State Model

General form
FV,T)=F\V)+F(V,T)+F(V,T)

Solid phase. Thermal lattice components
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Equation of State Model

General form
FV,T)=F\V)+F(V,T)+F(V,T)

Fluid phase. Elastic component (EOS at T = 0 K)
at V<YV,
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Equation of State Model

General form
FV,T)=F\V)+F(V,T)+F(V,T)

Fluid phase. Thermal atomic components
Bm
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Equation of State Model

General form
FV,T)=F\V)+F(V,T)+F(V,T)

Thermal electron component is from Ref. [A. V. Bushman,
V. E. Fortov, G. |. Kanel’, A. L. Ni, Intense Dynamic Loading of
Condensed Matter (Taylor & Francis, Washington, 1993).]

Fe(V,T)=-Ce(V, T)Tln{1 + BGZ(CT)T vr)}
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Phase Equilibration

e Phase equilibrium boundary at given temperature T is determined by
conditions

G(1)(\/1, T) — G(2)(\/2, T)
P(1)(\/1, T) = P(Z)(VZ, T)

where G and P are the Gibbs energy and pressure functions defined
by EOS of phase i=1 and 2;

V; and V; are specific volumes of competitive phases 1 and 2

e Phase equilibrium boundary at given pressure P is determined by
conditions

G(1)(\/1, T) — G(Z)(Vz, T)
P(1)(\/1, T)=P
P(z)(Vz, T)=P

where G() and P are the Gibbs energy and pressure functions defined
by EOS of phase i=1 and 2;

V; and V; are specific volumes of competitive phases 1 and 2;
T is the temperature of phase equilibrium



Calculation Results
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Ruthenium Phase Diagram
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Ruthenium Phase Diagram

12

10

T, kKK
()]

0.0 0.1 0.2 0.3 0.4 0.5 0.6
P, TlNa



Ruthenium Phase Diagram
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Conclusions

e A thermodynamic approach is proposed for modeling of equation of
state of structural materials over a broad region of the phase diagram.

e Multiphase equation of state for ruthenium is developed with taking
into account melting and evaporation. This equation of state is in a
good agreement with experimental data.

e Obtained equation of sate can be used in numerical simulations of
processes in matter under extreme conditions of high temperatures
and high pressures.
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