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INTRODUCTION 

The vapor p r e s s u r e  of n i t r o g l y c e r i n e  can be  v a r i e d  by apply- 
i n g  a r e l a t i v e l y  moderate h y d r o s t a t i c  pressure a t  a c o n s t a n t  
temperature. I n  an i d e a l  and ove r s impl i f i ed  approximation, t h e  
vapor p r e s s u r e  i s  shown t o  approach one value t h a t  is designated 
he re  as a c r u c i a l  p re s su re .  The ex i s t ence  of any such p r e s s u r e  
implies  a n  enhanced v o l a t i l i t y .  W i t h  i nc reased  v o l a t i l i t y ,  
vapor i za t ion  s t e p s  t h a t  are a f f e c t e d  can b e  so  f a s t  that  even a 
high-veloci ty  detonat ion can be supported i n  the vapor phase.  

Although such r e s u l t s  are only q u a l i t i t a t i v e ,  the impl i ca t ion  
t h a t  vapor pressures a r e  profoundly a f f e c t e d  by h y d r o s t a t i c  
p re s su res  is v e r i f i e d  by both ' theory and experiment ( r e f .  1,2). 
This r o l e  of h y d r o s t a t i c  p r e s s u r e s  i n  the  explosive decomposition 
of p r o p e l l a n t s  and explosives  h a s  not  been considered. 

BACKGROUND DI  S CUS S I 0 N 

The increased v o l a t i l i t y  of a condensed phase under h y d r o s t a t i c  
p r e s s u r e  was noted as e a r l y  a s  1881 ( r e f .  1). This e f f e c t  has been 
s t u d i e d  and confirmed by many i n v e s t i g a t o r s ,  and a survey of  t he  
s u b j e c t  i s  a v a i l a b l e  ( r e f .  2). T h e  e f f e c t s  of h y d r o s t a t i c  pressure 
a r e  gene ra l ly  descr ibed as t h e  sum of two independent f a c t o r s ,  
namely, enhancement of t h e  vapor p r e s s u r e  of t h e  condensed phase 
and e f f e c t s  of intermolecular  f o r c e s  between gas-vapor molecules 
The phenomena are comparable t o  osmosis i n  which s o l u t i o n  p res su res  
g r e a t e r  than t h a t  of t h e  pu re  s o l v e n t  are generated and maintained 
i n  a n  equi l ibr ium s i t u a t i o n .  An i l l u s t r a t i o n  of t h e  scheme i s  given 
i n  Figure 1. 

For t h e  purpose of t h i s  paper, t h e  e f f e c t  of intermolecular  
f o r c e s  can be ignored. The enhancement of the vapor p r e s s u r e  can 
then be  evaluated d i r e c t l y  by equat ing t h e  chemical p o t e n t i a l  changes 
of t h e  l i q u i d  and the vapor, r e s p e c t i v e l y ,  which a r e  inf luenced by 
t h e  h y d r o s t a t i c  p re s su re ,  T.  Thus, a t  cons t an t  temperature ,  T ,  

AGL = !; VL dP = AGg = Jzo f (P) dP 

where G and V are molal f r e e  ene rg ie s  and volumes, r e s p e c t i v e l y ,  P 
is  t h e  p r e s s u r e ,  f ( P )  is  an a p p r o p r i a t e  equat ion of s t a t e ,  the 
s u b s c r i p t s  L and g r e f e r  t o  t h e  l i q u i d  and vapor,  r e s p e c t i v e l y ,  and 
t h e  s u p e r s c r i p t  r e f e r s  t o  t h e  pure sys.tem. 
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The  l i q u i d  i s  gene ra l ly  assumed t o  b e  impermeable t o ,  and 
incompressible by, t h e  p r e s s u r i z i n g  medium s i n c e  these  r e s t r u c t i o n s  
a l low t h e  d i r e c t  e v a l u a t i o n  of t h e  f i r s t  i n t e g r a l ,  A f a i r  
approximation t o  t h e  second i n t e g r a l  is obtained by a v . i r i a1  
equat ion f o r  the vapor of t h e  form RT/P + B ,  where B i s  t h e  second 
v i r i a l  c o e f f i c i e n t  ( r e f .  3 ) .  The r e s u l t s  of both i n t e g r a t i o n s  a r e  
equated and rearranged i n  t h e  fol lowing form: 

v7T + 

+ P O ( V  + B )  - 
R T  RT RT P + P O e  

This equat ion r e l a t e s  t h e  vapor p r e s s u r e  of a condensed phase i n  a 
manner t h a t  is  independent of intermolecular  f o r c e s  . I t  suggests 
as a f i r s t  approximation t h e  exponent ia l  dependency of t h e  vapor 
pressure with the  e x t e r n a l  pressure.  

From the s t andpo in t  of chemical :rinetic.c “,he r s t n s  of 
vapor i za t ion  and condensation must be equal a t  equi l ibr ium, 
Condensation r a t e s  a r e  p r o p o r t i o n a l  t o  t h e  p r e s s u r e  and a maximum 
r a t e  is  p r e d i c t e d  from t h e  k i n e t i c  theory ( r e f .  3 )  a s  

h = 1/(2 7~ M RT)  -1/2 p ( 3 )  

where h i s  t h e  c o l l i s i o n  frequency i n  moles p e r  u n i t  a r ea  per  u n i t  
time. Hence, t h e  maximum r a t e  o f  vapor i za t ion  is  p r e d i c t e d  b y  
Equation 3 ,  and, s u b j e c t  t o  some o v e r s i m p l i f i c a t i o n ,  t he  enhanced 
vapor p r e s s u r e  of Equation 2 l eads  t o  a n  enhanced vapor i za t ion  r a t e .  

A PPLI CAT1 0 N 

T h e  purpose of t h i s  paper is  simply t o  c a l l  a t t e n t i o n  t o  t h e  
s i g n i f i c a n c e  of t h e  f a c t  t h a t  the vapor p r e s s u r e  of a l i q u i d  can be 
a f f e c t e d  by the  a p p l i c a t i o n  of a h y d r o s t a t i c  p r e s s u r e  a t  a constant  
temperature.  Explosive s e n s i t i v i t y  and i n i t i a t i o n  a r e  usua l ly  
i n t e r p r e t e d  on the b a s i s  of a t  l e a s t t w o  mechanisms t h a t  may o r  may 
no t  be independent,  namely, vapor i za t ion  and r e a c t i o n .  I n  the  case 
of a compound f o r  w h i c h  vapor i za t ion  is a r a t e - c o n t r o l l i n g  step 
( i , e . ,  by a r e q u i r e d  supply of r e a c t a n t  t o  support  t h e  r e a c t i o n  i n  

exp los ive  s e n s i t i v i t y  can be  based on a de f ined  ease of v o l a t i l i t y .  
. t h e  vapor p h a s e ) ,  it s e e m s  l i k e l y  that a t h e o r e t i c a l  index t o  

Equation 2 p r e d i c t s  t h e  manner i n  which the vapor pressure of 
a l i q u i d  can i n c r e a s e  w i t h  the a p p l i c a t i o n  of a h y d r o s t a t i c  
pressure. Under t h e  r e s t r i c t i o n s  t h a t  

B = 0 and VTT b> Po (V + B )  

( i . e . ,  an i d e a l  gas)  a c o n d i t i o n  is i n d i c a t e d  i n  which t h e  new vapor 
p r e s s u r e  of the l i q u i d  can i n  p r i n c i p l e  approach the value of t h e  
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a p p l i e d  h y d r o s t a t i c  p re s su re .  Although it i s  obvious t h a t  such an 
i n t e r p r e t a t i o n  of t h e  s t a t e  of a f f a i r s  is  lim.ited,  i t  is 
informative t o  c a l c u l a t e  such v a r i a t i o n s  i n  t h e  vapor p r e s s u r e  up 
t o  the  l i m i t i n g  p res su re ,  which i s  designated he re  as a c r u c i a l  
p re s su re  f o r  a ma te r i a l  such a s  n i t r o g l y c e r i n e ,  T h e s e  va lues  Of 
t he  vapor p r e s s u r e  are converted t o  maximum v o l a t i l i t i e s  by t h e  
k i n e t i c  theory approximation of Equation 3. 

DISCUSSION 

Several  s i m p l i f i c a t i o n s  t h a t  have been introduced make the  
r e s u l t s  l i s t e d  i n  Table 1 appear q u i t e  i napp l i cab le  t o  t h e  r e a l  
s i t u a t i o n .  However, t h e  imp l i ca t ions  of such an a n a l y s i s  persist ,  
namely, t h a t  an increased v o l a t i l i t y  of n i t r o g l y c e r i n e  a t  cons t an t  
temperature can occur by the a p p l i c a t i o n  of a h y d r o s t a t i c  p re s su re .  

Table 1 shows t h a t  q u i t e  moderate p r e s s u r e  w i l l  i n c r e a s e  t h e  
v o l a t i l i t y  t o  r a t e s  near detonat ion.  The product  .of molecular 
dens i ty  and low and high-veloci ty  detonat ion rates (approximately 
2000 and 8000 m/sec ( r e f .  4 1 ,  r e s p e c t i v e l y )  g ive  est imates  of 
s p e c i f i c  consumption r a t e s  of 1410 and 5640 moles/cm2-sec, 
r e spec t ive ly .  P r e s s u r e s  of less than 4 k i l o b a r s  can gene ra t e  
such vapor i za t ion  rates. For comparison, t h e  p re s su res  t h a t  e x i s t  
i n  propagating shock f r o n t s  are i n  t h e  range of 5 t o  100 k i l o b a r s  
( r e f .  5 ) ;  t h e  va lue  of 40 k i l o b a r s  has  been.quoted f o r  
n i t r o g l y c e r i n e  ( r e f -  6 ) .  With such p r e s s u r e s  a v a i l a b l e  i t  does 
s e e m  d e s i r a b l e  t o  in t roduce  t h e  concept of a c r u c i a l  p r e s s u r e ,  
s i n c e  the ease  of v o l a t i . l i t y  has  been enhanced so much t h a t  it i s  
unnecessary t o  consider  vapor i za t ion  a s  a r a t e - l i m i t i n g  step i n  
t h e  process .  Thus, t h i s  e f f e c t  can act  i n  a cascade f a sh ion  -- 
where increased p r e s s u r e  causes f a s t e r  r e a c t a n t  supply by 
vapor i za t ion ,  exothermic r e a c t i o n  causes more p re s su re  (because 
of temperature rises and gene ra l ly  more product  moles per r e a c t a n t  
mole) ,  ad  in f in i tum.  

The c r u c i a l  pressure,  when c a l c u l a t e d  w i t h  a n  a p p r o p r i a t e  
approximation can be  an index t o  t h e  explosive s e n s i t i v i t y  of a 
ma te r i a l  when t h e  i n i t i a t i o n  process  is  r a t e - c o n t r o l l e d  by 
vaporizat ion.  

O f  course,  i t  should be recognized t h a t  i t  i s  not t h e  pressure 
alone that  is c r u c i a l ,  s i n c e  t h e  causes of t h i s  e f f e c t  a r e  t h e  
intermolecular  f o r c e s  t h a t  are involved i n  s o l u t i o n s  For example, 
although r e c e n t  r e s u l t s  ( r e f .  7 )  r e p o r t  a hundredfold i n c r e a s e  i n  
t h e  vapor p r e s s u r e  of napthalene i n  argon f o r  a h y d r o s t a t i c  
p r e s s u r e  of only 200 b a r s  a t  22OC, b u t  a twofold decrease is 
repor t ed  f o r  a comparable s i t u a t i o n  i n  helium. 
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Table 1 

HYDROSTATIC PRESSURE EFFECTS ON NITROGLYCERINE 

Hydrostat ic  Vaporization rate,  P r e s s u r e ,  T T ,  Vapor P res su re  of 
ba r s  N i  t r o q l y c e r  i n e  , bars mol es/cm2-s ec 

0 0.00000068 0.000000115 
68 0.00000100 0.000000169 
341 0,00000494 0.000000839 
680 
1020 

0.0000347 
0 a 000248 

1360 0 00166 
1730 0.015 
3470 3 30 
3610 806 
3850 2980 
3920 3920 

0.00000588 
0 0000420 

0.000282 
0 00254 
55.8 

1410* 
.5640* 

* 
Vaporization raEe r e q u i r e d  t o  maintain consumption 
r a t e  of low- and high-veloci ty  de tona t ions ,  2000 ??d 
SZ33 m/sec, r c s p e c t i v e l y  ( r e f .  4) i n  n i t r o g l y c e r i n e ,  



148 

REFERENCES 

1. Poynting, J, H . ,  P h i l ,  Mag, l2, 32 (1881) 

1 

I 

1 2 .  Rowlinson, J. S.. and Richardson, M ,  J , ,  "The S o l u b i l i t y  of 
S o l i d s  i n  Compressed Gases, 'I Advances i n  Chemical Physics ,  
Vol. 11, I n t e r s c i e n c e  Pub l i she r s ,  I n c . ,  New York, 1959, 

3 .  Glasstone,  S . ,  Textbook of Phys ica l  Chemistry, D, Van Nostrand 
Co., New York, 1948, 

, 


