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MATERIALS BY TIME-RESOLVED INFRARED RAD1OMETKY* 

William G. Von Holle 
Lawence Livermore Nat iona l Laboratory 

Livermore, C a l i f o r n i a 94550 

ABSTRACT 

In f ra red e.nission in the range 2-5 .5 urn has been used to 
measure t empera tu res in shock-compressed s t a t e s of n i t r o m e t h a n e , 
cyclohexane and benzene and in p o l y c r y s t a l l i n e KBr, 
Po lymethy lmethacry la te shows anomolous emission probably 
a s soc i a t ed with some h e t e r o g e n e i t y . 

INTRODUCTION 

Ear ly work on the t ime- reso lved measurement of i n f r a red 
emission from shock heated e x p l o s i v e s proved va lub le in the 
experimental i n v e s t i g a t i o n of "hot s p o t s " produced in pressed 
exp los ives by low ampli tude shocks .* I t became necessary to 
extend the i n v e s t i g a t i o n of "mo'-k" e x p l o s i v e s and i n e r t m a t e r i a l s 
repor ted a t t h a t t ime. Except f o r the work of Raikes and 
Ahrens ' on s i l i c a t e m i n e r a l s , very l i t t l e o the r work has been 
done on tempera ture measurements by r a d i a t i o n pyrometry in 
nun-metals shocked to lou p r e s s u r e s . This paper p r e s e n t s the 
h i g h l i g h t s of the work in shocked i n e r t m a t e r i a l s showing t 'ie 
i o n t r i s t i n g responses of organic l i q u i d s , a polymer and a 
p o i y c r y s t a l 1 i n e s o l i d . 

EXPER IMF.NTAL 

Space do< -ot permit a complete d e s c r i p t i o n of the 
exper iment , w't, • can be fu u , d in a recen t paper . Plane shock 
waves were in t roduced i n t o the samples by 102 mm plane p r o j e c t i l e 
impact in a gun f a c i l i t y . " ; o r ad iomete r s were used to measure 
the i n f r a r ed r ad i ance of shocked samples in two over lapp ing bands , 
2 -5 .5 _m 'F=nd #1) and 4 -5 .5 ..a (Band 1*2), with a response rime ,>! 
about 0.4 i c rosecond . 

All l i q u i d s w a n a l y t i c a l reagfii t gra.ie •'x. '.pt 
n i t rome thane , uhicn , .JS spec t rochemira l g rade , e n t w i n i n g at I t a s t 
98.7^ CH3NO2. Urim-OFHC copper f l ye r p l a t e s impafted 3.2 mm 
thick x 51 mm di„ stainK->.s s t ee l d r i v e r p l a t e s pV.isn,<' s.i a 
mirror f i n i s h in c i n i a c t with [he l i q u i d . Liquid p.itn lengths 
were approximately 21 mm, followed bv a 2 mm sapphi r r window. 

*Work performed under auspices of the U. S. Department of Energy 
by Lawrence Livermore National Laboratory under con t r ac t No. 
U-7405-Eng-48. 
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The polymethylmethacrylate (PMMA) samples were 6.4 mm thick 
by 51 .Tin diameter and were backed by 6 mm thick KC1 crysta ls with 
Kel F-90 grease between to prevent gaps and transmit infrared. 
The impact face was covered with either a 3.2 mn> 2024 Aluminum 
driver plate without grease or .08 mm aluminum foil and s i l icone 
grease. 

The polycrystal l ine potassium bromide (KBr) targets were 
prepared by pressing infrared qual i ty KBr powder onto 1.5 mm 
stainless steel disks at 30,000 ps i . 

RESULTS 

The rime-resolved radiance from the neat l iquids resulted in 
signals which increase exponentially unt i l the sapphire window is 
reached. Figure 1 shows the brightness temperatures from one band 
for the three liquids where the arrows indicate the approximate 
time of arrival of th<s shock at the sapphire which causes an 
impedance mismatch . Figure 2 is a typical logarithmic plot of 
the observed s ignal . Peak brightness temperatures (at sapphire 
arrival) for single shocks in nitromethane are plotted in Figure 3 
and compared with a calculated curve. 

The solid polymer PMMA was examined for comparison to the 
liquid resu l t s . Figure 4 shows the Tektronix 7903 oscilloscope 
traces for the 2-5.5 |jm band for two experiments with identical Al 
f ly? ' plate ve loc i t i es of 0,98 mni/i;s. The only difference between 
the two was that the lower trace resulted when a film of s i l icone 
grease t-'as used between the driver plate and the PMMA surface. 
The lower trace is similar to that resul t ing from a 2.0 GPa shock 
into the PMMA (not shown). The radiance at PMMA/KCl breakout 
corresponds to a brightness temperature of about 100°C for about a 
3.8 GPa f i rs t shock into PMMA. 

The infrared response from shocked polycrystall ine KBr is 
i l lustrated in Figure 5. This nearly linear increase in radiance 
with time s ta r t ing from impact contrasts with the above resu l t s . 

DISCUSSION 

Solution of th£ radiation transfer equation" for a planar 
system with only normal emission is given by expression (1) 

S = / ( l - e ' Q l ^ ) e " Q 2 * Wbb(). ,T)d\ (1) 
111 

where S is the s ignal ; d is the thickness of shockrd material with 
absorption coefficient Qj; x is the thickness of attaining 
unshocked material of absorption coeff icient o^; l»'1')(>, ,T) is 
the Plank black body function into which is incorporated I'ne 
responsivity of the detector. 

The case of the shocked liquid is approximated by assuming 
that ajd becomes large and that the wavelength-dependent 
absorption coef f i c ien t , 0 ^ , can be replaced with an average 
quantity, Qj , over the wavelength range A>. Equation (2) then 
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Fig. 1. Brightness temperatures for 3 shocked liquids (2-5.5 u m). 
Arrows indicate shock arrival at sapphire interface. 
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Fig. 2. Logrithmic plots 
for benzene signals. 
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Fig. 3. Shocked nitrjmethjnc' 
brightness temperatures. 
Points are experimental. 

describes the resulting radiance as a function of time, t , where 
d 0 is the unshocked path length. 

S(t) - exp a 2 (D 2 t -d o ) / W b b(\,T) d\ (') 
Linear plots of the logarithm of the signal vs time are expected 
and observed for all the liquids studied (see Figure 2), The 
brightness temperature can be derived from these plots indepen
dently of the peak measurement. Although there is more scatter 
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Fig. 5. Pressed KBr radiance 
history (4-5.5 um) for 10.9 
GPA. 

in the data, results are 
generally in agreement with 
the peak temperatures. This 
indicates that our assumption 
that a^d •+ » is correct 
and that our derived 
temperatures are the true 
temperatures within 
experimental random error . 

For nitromethane shocked to less than 7,0 GPa the near coincidence 
o£ the resul t s for Bands 1 and 2 supports the above conclusion. 
For the 7,4 GPa experiments, non-resonant emission from reaction 
products is postulated to explain the sharp divergence of Che two 
brightness temperatures.3 

The resul ts for polycrystall ine KBr typified by Figure 5 can 
be explained by assuming that T[d is very small (optically thin) 
and 32 is nearly zero. Again, if we expand the exponential and 
use an average value a i * ^ i , under the assumptions under 
which equation (1) is valid, equation (3) describes this case for 
the early part of shock t ravel . 

SCt) = :«d JT W b b O,T)<n (3) 
where uK 

d = (U - If ) t . s p 

One mist explain of the origin of the optical radiation in KBr, 
which is perfectly transparent in this wavelength range. The 
results are consistent •-• ich the emission from impurities situated 
near inhomogeneities which are heated to higher temperatures than 
the b'llk KBr. 

|lmpact| 

Fig. 4. Oscilloscope traces from 
two PMMA experiments (2-5.5jm 
band) 



Finally we turn our at tent ion to the PMMA resul t s of Figure 4, 
I t is not surprising that the two adjacent 600 gr i t polished 
surfaces resul t in a large radiance spike near impact due to 
intense heating, but elimination of th i s gap by using a film of 
si l icone grease also greatly reduces the radiance following the 
PMMA-KC1 breakout. For these experiments the time of PMMA-KC1 
breakout corresponds approximately to the arr ival of the 
rarefaction at the Al-PMMA interface . Therefore, the large signal 
increase commencing at PMMA breakout time in the upper part of 
Figure 4 could be the resul t of some phenomena associated with 
th i s rarefaction in material damaged by the i n i t i a l impact. 
Imbedded thermocouple" and copper f o i l ' temperature 
measurements on shocked PMMA exhibit large changes in the 2 to 4 
GPa range which the authors ascribe to chemical reaction in the 
shock-compressed material. There is no indication of reaction 
from the infared emission h i s t o r i e s . Exothermic chemical reaction 
would most probably resul t in large signals before the shock 
breaks out of the PMMA, as in the case of nitromethane above 7.0 
GPa. Although peliminary, these data indicate the extreme care to 
be taken in data interpretat ion when introducing inhomogeneities 
even at moderate shock amplitudes. 
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