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he dynamical behavior of a ma-

terial can be significantly im-

pacted by the effects of transfor-

mations from one phase to an-
other. Not only do such transitions intro-
duce latent heats and volume changes
that can be sizable, but aspects of mate-
rial behavior such as strength can be
phase-dependent as well. The equation
of state (EOS) of a material should indi-
cate the equilibrium phase in any situa-
tion, so the production of multiphase
EOS which provide phase boundaries
and phase-specific thermodynamic infor-
mation is of some interest.

The importance of including these effects
is shown in Fig. 1, which includes vari-
ous thermodynamic curves for tin as
functions of pressure and temperature.
The light blue dots indicate the phase
boundaries as determined by SESAME
2161, a multiphase EOS for tin construct-
ed recently [1]. The three solid lines are
the principal Hugoniot (black) and two
release isentropes (blue and red) deter-
mined by the same EOS; the three
dashed lines are the same three curves as
determined by SESAME 2160, an older
tin EOS that does not treat the solid-solid
transition. The blue isentropes terminate
in the solid at zero pressure, while the
red isentropes terminate in the liquid at
that same pressure. Notice that the two
principal Hugoniots are rather similar; in
effect, the old EOS averages over the
shifts in the Hugoniot that the new EOS
attributes to the crossings of the phase
boundaries. The isentropes, on the other
hand, are quite different, and as a result

the two EOS give rather different predic-
tions for the phase the system will relax
into after a single shock. The old EOS
predicts that the system will relax to pure
solid after shocks below approximately
20 GPa and to pure liquid for shocks
above about 27 GPa; after intermediate
shocks the system will relax into a mixed
solid-liquid state. The new EOS also
places the lower limit at about 20 GPa,
but the upper limit is much higher, at
about 36 GPa. It is the inclusion of effects
such as latent heat that significantly
changes the isentropes, as the figure
clearly shows, and thus the predictions
for shock release.

We are currently using the multiphase
techniques previously applied to tin to
create a new EOS for plutonium. We
have obtained model parameters for dif-
ferent phases of plutonium from experi-
mental data and first principles calcula-
tions, and we have compared the results
with additional experiments, leading to
new predictions concerning the high-
pressure phase diagram. Anomalous
properties of the liquid have proved dif-
ficult to model consistently, and improv-
ing the liquid EOS will be a high priority
for subsequent work. Details may be
found in [2].

For more information contact Eric
Chisolm at echisolm@lanl.gov.
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Fig. 1.

Predictions for shock
release to pure solid
and pure liquid for
SESAME 2161 com-
pared to SESAME 2160.
Please see the text for
detailed explanation.
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