

















a background radiation from Ag films that are 400 K
hotter than those of iron at 90 GPa.

DISCUSSION

One drawback of the thin film experiments is that
in order for thermal decay to be observable on the
~ 200 ns time-scale of the experiment, the film must
be so thin as to be comparable to the surface rough-
ness of the optically polished anvil materials and there-
fore comparable in thickness to the size of the gap be-
tween the driver anvil and the metal. This causes the
metal to achieve shock temperatures much higher than
for thick iron films, 10,000 K as compared to 6000 K.
The higher temperatures are useful in that they expe-
dite heat flow during the experiments, but they are not
useful as a shock temperature measurement. Thus, only
thick film experiments can give reliable interface tem-
peratures. Reliable Hugoniot temperatures can be cal-
culated from ‘thick film’ experiments by employing the
thermal diffusivity ratios measured in the ‘thin film’ ex-
periments. Figure 5 shows Hugoniot temperatures for
iron and also phase boundaries obtained from static ex-
periments. Solid Hugoniot temperatures are expected
to show a decrease in slope where they intersect the
solid-liquid phase boundary. The slope should increase
again where the phase boundary intersects the liquid
Hugoniot. We refer to this behavior as an ‘offset’ in the
slope. If there is a phase boundary that crosses our data
then the ’offset’ is so small as to be unobservable with
shock temperature experiments employing AloO3; and
LiF anvils. Therefore the present data do not agree
in detail with the phase boundary inferred by Yoo et
al. [1993], who observed this expected effect at ~ 250
GPa with shock temperature experiments of iron using
diamond anvils.

Sound speed measurements by Brown and McQueen
[1986] detect what they interpreted as the melting of
iron under Hugoniot conditions at 243 + 2 GPa. These
measurements are accurate for determining the pressure
of melting, but the melting temperatures inferred from
the experiments are calculated theoretically. Interpola-
tion of our data to 243 GPa yields a temperature of 5860
+ 390 K. This is within the error bars of Brown and Mc-
Queen’s theoretical calculation, and ~ 13% (740 K) less
than the melting temperature reported for dynamic ex-
periments which use diamond as the anvil material [ Yoo
et al.,, 1993], and 15% (900 K) greater than the melt-
ing temperature extrapolated from static compression
data [Boehler, 1994]. Recent further exploration at high
pressures and temperatures by Yoo et al. [1995, 1997]
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Figure 5. Hugoniot temperatures for Fe from thick film
experiments using R values determined from thin film
experiments. Both Al,Oj3 (solid circles) and LiF (open circles)
anvils were used. Solid lines represent phase boundaries as
reported by static measurements [Boehler, 1994). The
indicated uncertainty at 243 GPa represents melting
determined via sound speed measurements [Brown and
McQueen, 1986]. The ‘X’ represents our interpolated
Hugoniot temperature of 5860 + 390 K at 243 + 2 GPa. The
dotted line represents calculated Hugoniot temperatures from
model b of the Brown and McQueen paper, which assumed y =
1.34 and dE| =0.051 m*’Mg.
dp|,

suggest that our knowledge of the Fe phase diagram is
incomplete.

CONCLUSIONS

For our experiments the anvil materials LiF and
AlyO3 are shown to be transparent, using several lines
of reasoning: First, there is a predictable systematic
difference between Hugoniot temperatures of Fe and
stainless steel. Second, there is no systematic depen-
dence upon anvil material used for Hugoniot tempera-
tures of Fe. Third, we observe a time dependence for
emissivity, but no systematic time dependence for in-
terface temperature during our ‘thin film’ experiments.
Fourth, due to the high shock pressures of our Fe films,
Py, > 190 GPa and due to the high temperatures caused
by effective porosity in our ‘thin films’ experiments, our
‘thin films’ of Fe are expected to emit much more light
than the ‘thick films’ of Ag reported by Kondo [1994] for
lower pressures, < 80 GPa. Thus, light from our films
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more easily overwhelms any light from the continuum
thermal emission of the anvil media.

We successfully conducted ‘thin film’ experiments to
measure R. For Al,O3, values of 16 to 19 were obtained,
which are up to a factor of 3 lower than calculated. For
LiF, values of 4.3 to 11 were obtained, which are up to
a factor of 5 lower than calculated.

Experimental R values were used to revise Hugoniot
temperatures on Fe. The revised shock temperatures do
not show the expected offset in slope as the Hugoniot
intersects the fusion curve, so neither the shock pressure
of the onset of melting nor that of the completion of
melting is clearly obtained. However, we report here a
Hugoniot temperature of 5860 + 390 K at the 243 +
2 GPa, the pressure where sound speed measurements
detect the onset of melting of iron.
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