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Equations of state for nickel, copper and zinc at high energy densities

K.V. Khishchenko

Joint Institute for High Temperatures, Russian Academy of Sciences, Moscow, Russia

A description of the thermodynamic properties of matter wide range of temperatures and
densities is of both fundamental and practical interegts.éiquations of state (EOSs) for metals
over the range from normal conditions to extremely high gneiensities are required for nu-
merical simulations of hydrodynamic processes in plasmasupulsed power influences [1].

In this paper, a new semiempirical EOS model, which takesantount the melting, evapo-
ration and ionization effects, is proposed.

The specific free energy of the substance is considered am afshree components [2],

describing the cold part of interparticle interactioat 0 K (F¢) and the thermal contributions
by heavy particles (atoms, ions, nuclei) and electrdisafd Fe respectively). The first and
second components of Eq. (1) have different forms for thigl soid liquid phases, but the third
is defined identically as in the EOS model [3].

The cold interaction energy for the solid phase is given lgyrilations [4]. The thermal

lattice component of the free energy is defined as follows,
Fa(V,T) =RT (3|n (1—e*9a/T> —D(Ga/T)), @)

whereR = kB(Amu)*l, ks is the Boltzmann constanty, is the atomic mass unit (amuA,is the
atomic mass (in amup is the Debye function [5]8; = 65(V) is the characteristic temperature
of phonon spectrum [3],

S_arctan

I 3
Bs BsZ + Ds(In o + Ds) (3)

Bs? 4 D&? Bsl
6xV) = B0 *exp (1o - 2/3) = 0% 53 ):
whereo = Vy/V, Vo andyy are the values of specific volume and Griineisen coefficietiteof
solid phase under normal conditions.

The energy of the liquid phase &t= 0 K is determined by the relations

PV 201
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(4)
where superscriptsandl denote the solid phase and the liquigd = Vjo/V, Vig is the specific

volume of the liquid phase at a chosen point on the meltingec® = Pro, T = Tyo), the
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Figure 1: Shock velocityl{s) versus particle velocityp) on the Hugoniots of nickel, copper
and zinc. Experimental datd— [6], 2—[7], 3—[8], 4—[9], 5—[10], 6—[11], 7—[12],
8—[13], 9—[14], 10— [15], 11— [16], 12— [17], 13— [18].

coefficientsdg andd, define the volume change under melting at this pdigj, is the sublima-
tion energy. The parametetlsandn; are determined from the requirement of continuity of the
function (4) and its three derivatives with respect to vaduaho; = 1.

The contribution of thermal movement of heavy particleshe tree energy of the liquid



34th EPS 2007; K.V.Khishchenko et al. : Equations of state for nickel, copper and zinc at high energy densities 3o0f4

phase is defined in the form of Eq. (2), whéke= 6 (V) + (TaT 61%/3)¥/2, T, is a constant,

B|2—|—D|2 B, In g ) (5)

(V)= Gloalz/seXp((wo —2/3) g arctang o (Inoi+Dy)

the parametefy defines the enthalpy change under meltind?at Py, Yo is the value of
Gruneisen coefficient of the liquid phasedat= 1.

Wide-range EOSs for nickel, copper and zinc are construmtethe basis of model devel-
oped. Calculation results are compared with available éxgertal data at high temperatures
and pressures. The most essential shock-wave experinéei8][are described, see Fig. 1. The
EOSs obtained can be used efficiently in numerical simulatwf different processes at high
energy densities.

This work was done under financial support of the Russian Fatiovdfor Basic Research,
grant No. 06-02-17464.
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