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decay than a film of the same thickness on LiF (Figure 
4). If anvil material were the source of the observed ra­
diation, then the decay time should not depend on film 
thickness. 

In our thin film experiments the temperatures decay 
while emissivities remain approximately constant, giv­
ing an overall decrease in radiation with time. If the 
source of the radiation had been the anvil, then the ef­
fective observed emissivity should have increased with 
time because as more of the anvil material enters the 
shock state, more of it would be radiating. This is one of 
several pieces of evidence supporting the transparency 
of Al203 during our experiments. 

Tang [1996] states that thermal contact resistance at 
the metal/ anvil interface could be important in reduc­
ing shock temperature data. Because a contact resis­
tance would allow a thermal boundary layer at the in­
terface [Swarts and Pohl, 1989], Tang interprets the ini­
tial high intensity that is seen in some experiments as 
being a measure of the temperature in the interior of 
the metal. We disagree with this interpretation for two 
reasons. First, for many of our best sample assemblies 
we see no initial flash. If the flash was caused by an in­
trinsic thermal contact resistance then it would be seen 
in all experiments, not just some. For this reason we 
prefer to explain the initial intensity of some samples 

-.. -
"' = -"= 
"' c. 
8 

E-c 

9000,......... ................................ ................ .........,,......... ........ T""T"".,.........,........"T""""1 

8000 

7000 

6000 

5000 

P, (anvil)=l6SGPa 

• 

•• •• 

• 
• 

4000 ................................................................................................................................... ......_. 
450 500 550 600 650 700 

Time (ns) 

Figure 4. Comparison of conduction between Fe and (solid 
circles, Shot #287, Ph(Fe) = 269 GPa, Ph(LiF) = 164 GPa), 
and between Fe and Al203 (solid squares, Shot #297, Ph(Fe) = 

196 GPa, Ph(A)i03) = 164 GPa). Interface temperatures 
decrease as heat conducts out of the 1000 A Fe films into the 
anvils. 

as being a gap flash caused by an imperfect interface. 
Second, if Tang's interpretation is correct, we would ex­
pect the temperature of the initial flash to be consistent 
from experiment to experiment, but the observed grey 
body temperatures of the initial rises vary over a much 
wider range (±800 K) than the subsequent plateau tem­
peratures (±250 K). 

RADIATION FROM ANVIL MATERIALS 

The reason the radiating anvil material is not ob­
served is related to the large differences in Th for the 
metal films and the relatively low shock temperatures 
of the anvils . There are two possible causes for radia­
tion from the anvil, shear banding and grey-body emis­
sion from the continuum. If we were observing con­
tinuum anvil radiation, the amount of radiating mate­
rial would increase with time (as the shock wave tra­
verses the sample, it heats more and more of it) , so 
the temperature would remain constant and the emis­
sivity would increase with time. This would give an 
overall increase in photon flux with time. With a six 
channel pyrometer , we can resolve the emissivity time­
dependence from the temperature time-dependence. In 
one experiment where the iron Hugoniot pressure was 
greater than 300 GPa (242 GPa in the Al20 3) this was 
observed; however, it was not t he case for the other ex­
periments, and we have never seen this behavior with 
LiF. Thus the radiation is not originating from the con­
tinuum of the anvil material for LiF and for A'203 be­
low 242 GPa. If the radiation were caused by shear 
banding in the anvil material then, again, the amount of 
material involved in shear banding would increase with 
time, and the observed radiant intensity would increase 
with time. Additionally, shear banding dielectrics typ­
ically have very low emissivities € :::; 10-2 [Kondo and 
Ahrens, 1983) whereas metals have emissivities in the 
range 0.1 :::; € :::; 1.0. Our experiments show emissivities 
in the range 0.19 - 0.33. Therefore we conclude that for 
LiF and for A'203 below,....., 240 GPa the radiation ob­
served is from the iron and not the anvil. This is one of 
several p ieces of evidence supporting the transparency 
of Al203 during our experiments. 

As already stated, we did observe a single record that 
resembled Kondo's [1994], where the A'203 Hugoniot 
pressure was ,....., 240 GPa. In this case, the radiation 
from the anvil material became brighter than the metal. 
Further we can distinguish between the two types of 
behaviors by examining the time dependence of emis­
sivity. Kondo observes radiation from A'203 at Hugo­
niot pressures< 80 GPa, below our experimental range. 
Moreover he is observing radiation from Al20 3 against 



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. V.le 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 Ah03 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 McQu.een 
[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 A!i03 (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 dEI = 0.051 m3/Mg. 
dP • . 

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

CONCLUSIONS 

For our experiments the anvil materials LiF and 
Al203 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, 
Ph> 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. 

\Ve successfully conducted ' thin film' experiments to 
measure R. For Ah03 , 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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