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A COMPARISON OF THE SHOCK AND STATIC COMPRESSION 

CURVES FOR FOUR SOLID EXPLOSIVES 

J.  J. Dick 
Los Alamos Nat iona l  Laboratory 

P. 0. Box 1663 
Los Alamos, New Mexico 87545 

ABSTRACT 

For t h e  f o u r  explosives,  PETN, RDX, HMX, and TATB, compari- 

son i s  made between pub l ished da ta  f o r  Hugoniot curves generated 

f r a n  shock-wave experiments and Hugoniot curves generated from 

isothermal s t a t i c  compression measurements t o  10 GPa. For  PETN, 

the  s t a t i c  and shock Hugoniot curves i n  the  pressure-volume 

p lane are i n  agreement. 

t h a t  t h e  shock da ta  f o r  PETN determine the  Hugoniot curve  f o r  

unreacted ma te r ia l .  The same conclusion can be drawn f o r  RDX, 

a l though t h e r e  i s  a phase t r a n s i t i o n  between 4 and 5 bPa. Also 

f o r  THTB the  two types  o f  da ta  agree over t h e i r  common range ( 0  

t o  7 GPa). Fo r  HMX t h e  comparison i s  no t  as conclusive, b u t  may 

i n d i c a t e  the  presence o f  a phase t r a n s i t i o n  i n  HMX above 10 &Pa. 

From t h i s  agreement, one can conclude 

J o u r n a l  o f  E n e r g e t i c  M a t e r i a l s  Vol.  1, 275-286 
T h i s  p a p e r  i s  n o t  s u b j e c t  t o  U.S. c o p y r i g h t .  
P u b l i s h e d  i n  1983 by  Uowden, Brodman & Devine,  I n c .  
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INTRODUCTION 

Over the  years  a good deal o f  shock Hugoniot da ta  have been 

obtained f o r  s o l i d  

ments. 

m i r r o r  cameras t o  reco rd  t r a n s i t  t imes o r  distance-t ime t r a j e c t o -  

r i e s  i n  c y l i n d r i c a l  o r  wedge-shaped samples, o r  by us ing  quar t z  

gages t o  reco rd  stresses. I n  t h e  wedge experiments, shock velo- 

c i t y  was measured i n  t h e  f i r s t  few m i l l i m e t e r s  o f  r u n  i n  the  

exp los i ve  and t h e  Hugoniot s t a t e  was determined b y  an impedance 

match us ing  t h e  measured free-surface v e l o c i t y  o f  t h e  d r i v e r  

p l a t e  made o f  some we1 1-character ized m a t e r i a l  , usual  l y  polymeth- 

y lmethacry la te  (PWA). 

whether t h e  Hugoniot was an "unreacted Hugoniot" o r  whether some 

component o f  t h e  shock s t reng th  was due t o  energy re lease  gener- 

ated b y  exp los i ve  decomposition. 

i n  shock i n i t i a t i o n  exper i -  

Tne da ta  were gathered i n  experiments us ing  r o t a t i n g  

There has always been a ques t ion  o f  

4 6  

Ol inger  and coworkers o f  Los Alamos have pub l ished s t a t i c  

h igh  pressure compression curves t o  10 GPa f o r  a number o f  t h e  

7-9 same explosives ob ta ined by x-ray d i f f r a c t i o n  measurements. 

It seemed wor thwh i le  t o  do a thorough comparison between t h e  two 

types o f  compression curves. If they  agree i t  ind i ca tes  t h a t  the  

shock Hugoniot da ta  represent  the  response o f  unreacted ma te r ia l .  

I f  they  do n o t  agree one may be ab le  t o  get an es t imate  o f  t h e  

e x t e n t  o f  r e a c t i o n  associated with the  shock data. 

coworkers generated Hugoniots i n  the  shock ve loc i  t y - p a r t i c l e  

v e l o c i t y  plane f rom h i s  isotherms by  assuming t h a t  t he  heat 

O l inger  and 
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capac i t y  a t  constant volume and t h e  r a t i o  o f  t he  Gruneisen param- 

e t e r  t o  t h e  spec i f i c  volume are constants under compression, so 

t h a t  a d i r e c t  comparison can be made. Canparison w i l l  be made 

here  f o r  p e n t a e r y t h r i t o l  t e t r a n i t r a t e  (PETN), cyclotr imethylene- 

t r i n i  tramine ( R D X ) ,  cyclotetramethylene-tetrani tramine (HMX), 

and t r iamino- t r in i t robenzene (TATB). Shock data used w i l l  be 

t h a t  f o r  t h e  explosives i n  pressed p o l y c r y s t a l l i n e  fo rm ( l e s s  

than t h r e e  percent voids),  i n  pressed, plast ic-bonded form, o r  

as s i n g l e  c rys ta l s .  

PETN - 
The compression da ta  f o r  PETN are given i n  Fig.  1. The 

8 s o l i d  l i n e  i s  t h e  s t a t i c  Hugoniot o f  O l inger  and coworkers. 

A t  10 GPa t he  Hugoniot i s  0.5 GPa above the  isotherm. 

dens i t y  i s  1.778 g/cm3. The shock da ta  t o  3 GPa f o r  1.75 glcm3 

(1.6% voids) pressed p o l y c r y s t a l l i n e  ma te r ia l  are those o f  

Wackerle and coworkers, taken w i t h  quar tz  gages;" agreement 

w i t h  t h e  s t a t i c  work i s  good as was noted by Wackerle. The shock 

da ta  l i e  a t  s l i g h t l y  h igher  pressures f o r  a g iven s p e c i f i c  volume 

than t h e  s t a t i c  curve. 

expect f o r  crushup o f  a porous ma te r ia l  w i t h  strength.  

C rys ta l  

Th is  i s  cons i s ten t  w i t h  what one might 

11 I n  a s tudy  of PETN s i n g l e  c r y s t a l s  by the  author, 

twenty-three measurements o f  Hugoni o t  s ta tes  were made f o r  the  

same inpu t  shock s t rength ;  t h e  measured s t ress  was 8.65 * 0.16 

GPa and s p e c i f i c  volume was 0.437 * 0.007 cm'lg. 

p ress ion  was along a t110> d i rec t i on .  

Shock com- 

The p o i n t  w i t h  e r r o r  bars 
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PETN 
= 1.75 g/cm: Ref. 10 P, 

23 measurements, Ref. I I 1 + Single crystal, 

0.4 0.5 0.6 
Specific Volume (cm3/9) 

Figure 1 

Pressure vs specif ic  volume for  PETN. The s t a t i c  Hugoniot curve 
( s o l i d  l i n e )  i s  frorn Ref. 8 .  The single  crystal  shock i lugoniot  
(dashed l i n e )  i s  frorn da ta  summarized in Ref. 2. 
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over laps t h e  s t a t i c  curve q u i t e  w e l l  (Fig.  1) .  Ha l l eck  and 

Wackerle" showed t h a t  Hugoniot da ta  below 4 GPa were i n d i s -  

t i ngu ishab le  f o r  <110> and too l>  o r i e n t a t i o n s  and apparent ly  

co l lapsed t o  t h e  hydros ta t .  Los Alamos da ta  on s i n g l e  c r y s t a l  

PETN a re  summarized i n  Ref. 2; da ta  were taken by B. G. Craig, 

S. P. Marsh, and P. M. Ha l leck .  For  a shock v e l o c i t y - p a r t i c l e  

v e l o c i t y  f i t  t o  t h e  data I ge t  U = 2.74 (*0.06) + 1.81 (*0.06) u 

f o r  0.4 < u < 1.5 mm/ps. Th is  f i t  i s  shown as the  dashed l i n e  

i n  F ig .  1 and i s  n e a r l y  i n d i s t i n g u i s h a b l e  f rom t h e  s t a t i c  curve. 

Comparison f o r  pressed, p o l y c r y s t a l l i n e  (PETN) can o n l y  be 

made t o  3 GPa. There i s  a smal l  p ressure  o f f s e t  o f  about 0.2 

GPa, bu t  one cannot r e a d i l y  ascr ibe  i t  t o  s i g n i f i c a n t  chemical 

energy release. A t  2 GPa a 0.2 GPa o f f s e t  would correspond t o  

about 1 percent  chemical energy release. Fo r  homogeneous s i n g l e  

c r y s t a l  PETN t h e  s t a t i c  and shock compression curves are essen- 

t i a l l y  i n d i s t i n g u i s h a b l e  t o  10 GPa, and the re  i s  no apparent heat 

re lease due t o  exp los i ve  decomposit ion i n  the  shock wave. 

RDX - 
Olinger  and coworkers' s t a t i c  pressure r e s u l t s  on RDX show 

a phase t r a n s i t i o n  between 4.0 and 4.8 GPa w i t h  a 1.6 percent 

volume decrease.' No shock da ta  i s  a v a i l a b l e  f o r  pure RDX 

below 4 GPa, b u t  da ta  f o r  PBX-9405-Ol2 ( R D X , ~  w t %  t r i s -  

(B-chloro-ethy1)-phosphate) a re  p l o t t e d  i n  F ig .  2 f o r  comparison 

w i t h  t h e  s t a t i c  Hugoniot. 

sect ion,  t h e  s p e c i f i c  volumes a t  a g iven s t ress  l e v e l  f o r  pure 

RDX should l i e  a t  values about 0.004 cm / g  l a r g e r  than those 

As w i l l  be discussed i n  the  TATB 

3 
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Figure 2 

Pressure v s  specific volume for  RDX.  
s t a t i c  hugoniot (Ref. 9 ) .  The dashed line i s  the isothermal 
curve for Phase 111. 

The s o l i d  curve i s  for the 
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of t h e  mixture.  

very we l l  w i t h  t h e  s t a t i c  Hugoniot below 4 GPa, and the re  i s  no 

d i sce rn ib le  evidence o f  chemical reac t ion .  

I n  t h a t  case t h e  data f o r  PBX-9405-01 agree 

From 4.5 t o  10 GPa the  s t a t i c  isotherm i s  p l o t t e d  i n  Fig.  2 .  

The Hugoniot would l i e  t o  t h e  r i g h t  o f  it, but  i t s  exact p o s i t i o n  

cannot be ca l cu la ted  s ince  the  heat of t rans format ion  i s  not 

known.’ The data f o r  pure RDX13 and f o r  plast ic-bonded RDX 

l i e  s l i g h t l y  t o  the  r i g h t  of t he  isotherm. They g i ve  no reason 

t o  suspect any l a r g e  amount o f  exothermic decomposition o f  t h e  

exp los ive  i n  t h e  shock. 

HMX - 
The s t a t i c  Hugoniot f o r  6-HMX t o  10 bPa obtained by Ol inger  

14 and co-workers’ i s  shown i n  Fig. 3. The wedge data o f  Craig 

f o r  1.891 glcm pressed p o l y c r y s t a l l  i ne  HMX are a1 so displayed. 

The data nave some s c a t t e r  bu t  agree f a i r l y  we l l  w i t h  t h e  s t a t i c  

Hugoniot below 5 GPa. A p o i n t  o f  concern i s  t h a t  t he  h igher  pres- 

sure p o i n t s  l i e  a t  s l i g h t l y  h igher  compressions than t h e  s t a t i c  

curve. Compression da ta  f o r  HMX t o  50 GPa are shown i n  Fig. 4. 

Along w i t h  an e x t r a p o l a t i o n  of t h e  s t a t i c  Hugoniot, data f o r  

Cra ig ’s  s i n g l e  c r y s t a l  shots and h i s  PBX-9404 work are shown. 

PBX-9404 i s  a plast ic-bonded HMX exp los ive  w i t h  3 w t %  n i t r o c e l l u -  

lose and 3 w t X  t r i s - (  8-chloro-ethyl)-phosphate. The PBX-9404 snots 

were reanalyzed by t h e  author.15 The shock data i nd i ca te  a 

ma te r ia l  s i g n i f i c a n t l y  more compressible a t  h igh stresses than 

ex t rapo la t i on  o f  t h e  s t a t i c  Hugoniot would ind ica te .  

ges t ive  o f  a phase t r a n s i t i o n .  

3 

14 

Th is  i s  sug- 
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0 

0 

0 

HMX 

p,= 1.89 g/crn3, Ref. 14 

Specific Volume (cm3/g) 

F i g u r e  3 

Pressure vs .  s p e c i f i c  volume f o r  HMX t o  10 GPa. 
t h e  s t a t i c  H u g o n i o t  o f  Ref .  9. 

The c u r v e  i s  
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Figure 4 

Pressure vs spec i f ic  volume f o r  H M X  t o  45 GPa. 
the s t a t i c  Hugoniot (Ref. 9 ) ,  extrapolated beyond 10 GPa. 

The curve i s  for  
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TATB 

8 
- 

The s t a t i c  Hugon io t  t o  7 GPa i s  compared w i t h  wedge d a t a  

f o r  p u r e  pressed,  p o l y c r y s t a l l i n e  TATB i n  F i g .  5. Agreement i s  

good o v e r  t h i s  common range.  

TATB Hugon io t  from t h e  PBX-9502 shock Hugon io t  d a t a  l 4 3 I 6  u s i n g  

t h e  s i m p l e  a d d i t i v e  model. The Kel-F Hugon io t  g i v e n  i n  Hef. 2 

was used; i t  has a a e n s i t y  o f  2.122 g lcm compared t o  2.02 

3 g/cm f o r  Kel-F 800. T h i s  e x t r a c t e d  TATB Hugon io t  l i e s  a t  

about  0.004 an / g  g r e a t e r  s p e c i f i c  volumes than  t h e  PBX-9502 

c u r v e  f o r  a g i v e n  p ressu re .  T h i s  p u t s  i t  i n  v e r y  good agreement 

w i t h  t h e  f i t  t o  t h e  d i r e c t l y  measured TATB Hugon io t  d a t a  

( F i g .  5 ) .  

4 L i d d i a r d  ag ree  f a i r l y  w e l l  w i t h  t h e  r e s u l t s  p r e s e n t e d  i n  

F i g .  5. O v e r a l l  t h e y  t e n d  t o  l i e  a t  s l i g h t l y  l a r g e r  s p e c i f i c  

volumes f o r  a g i v e n  p r e s s u r e .  

An a t t e m p t  was made t o  e x t r a c t  t h e  

3 

3 

3 The TATB d a t a  ( Y o  = 0.541 an / g )  o f  Coleburn and 

CONCLUSIONS 

We see no s i g n i f i c a n t  p r e s s u r e  o f f s e t  f o r  any o f  t h e  

e x p l o s i v e s  s t u d i e d .  We t h u s  conc lude  t h a t  shock wave d a t a  f o r  

t hese  e x p l o s i v e s  o b t a i n e d  i n  wedge exper imen ts ,  f o r  example, 

de te rm ine  t h e  H u g o n i o t  cu rves  o f  t h e  un reac ted  e x p l o s i v e s .  We 

a l s o  conc lude  f o r  t h e s e  e x p l o s i v e s  t h a t  t h e  shock r i s e  t i m e  i s  

f a s t  compared t o  t h e  decompos i t i on  p rocess  i n  t h e  p r e s s u r e  range  

s t u d i e d .  But  f u r t h e r  work i s  r e q u i r e d  t o  de te rm ine  t h e  v a l i d i t y  

o f  t n i s  c o n c l u s i o n  about  t h e s e  r a t e  processes a t  h i y h e r  

pressures.  

T h i s  paper was prepared under t h e  ausp ices  of t h e  U . S .  
Department of Energy a t  t h e  Los Alarnos I i a t iona l  Labora to ry .  
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'. 
\ 
\ 
\ 

TAT 8 

Po =1.876 g/cm3, Ref.  14 

\ 

0.4 0 .5  0.6 
a 

Specific Volume (cm3/q) 

F i g u r e  5 

Pressure vs.  s p e c i f i c  volume f o r  TATB. 
Hugoniot  i s  f r o m  Ref.  8 ,  e x t r a p o l a t e d  beyond 7 GPa. 

The cu rve  f o r  t h e  s t a t i c  
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