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It is shown that the dependence of the c r i t i ca l  d iamete rs  of a m m o n i u m - n i t r a t e  and homogeneous explosives 
on densi ty is qual i ta t ively  the same.  

For  homogeneous explosives the in i t ia l  densi ty f rom which the c r i t i ca l  d iameters  inc rease  as the densi ty in-  
c r eases  is close to the densi ty  of the single c rys ta l ,  whereas  for a m m o n i u m - n i t r a t e  (AN) explosives it is less than 
unity.  

The detonation veloci ty  of charges  of homogeneous explosives of n e a r - c r i t i c a l  d iamete r ,  like the detonation velo-  
city of AN explosives ,  i nc reases  with inc rease  in density to a l imit ing value of the la t ter ,  af ter  which it dec reases .  

The value of the l imit ing densi ty  s t a r t ing  from which the detonation veloci ty of charges  of p ressed  TNT begins to 
decrease  a lmost  coincides with the value of the densi ty  s ta r t ing  from which the c r i t i ca l  d i ame te r  of the same explosive 
inc reases  and is equal to ~ 1 .63 -1 .64  g /era  3. 

It is known [1, 2] that as the density inc reases  the detonation veloci ty of D-charges  of AN explosives inc reases  
only up to a ce r ta in  value of the densi ty,  af ter  which it begins to dec rease .  If the densi ty exceeds a ce r ta in  l imit ,  
detonation is quenched. Belyaev [3] and Pet rovski i  [4] have shown that this applies only to charges  of n e a r - c r i t i c a l  
d iamete r .  

We as sume  that the detonation velocity of charges of homogeneous explosives with n e a r - c r i t i c a l  d iamete r s  Varies 
in the same way as for charges of AN explosives ,  i .e . ,  as the densi ty  inc reases  the detonation veloci ty should inc rease  
to a ce r t a in  l imit ing value of the densi ty,  af ter  which it should dec rease .  

So far ,  the exis tence of a l imi t ing densi ty for homogeneous explosives has remained  undetected,  s ince only 
charges with densi t ies  obtainable by o rd ina ry  p re s s ing  have been invest igated,  whereas the l imit ing densi ty  of homo-  
geneous explosives should be sought in the range of the s i n g l e - c r y s t a l  densi ty.  

We also assume that the curve r ep resen t ing  the dependence of the cr i t ica l  d iamete r s  d .  on density- P0 of both 
homogeneous and mixed (in pa r t i cu la r ,  AN) explosives has a min imum.  This assumpt ion  is just i f ied by the data of [5] 
and the unpublished data of Apin, who has demons t ra ted  the exis tence of a m i n i mum of the d .  = f(Po) curve for RDX. 

In o r d e r  to tes t  these assumpt ions  we selected TNT and ammoni te  80/20,  s ince these explosives a re  in common 
use .  Moreover ,  TNT has the grea tes t  d .  of the o rd inary  homogeneous explosives and is e a s i e r  to exper iment  with 
than more  powerful explosives .  

1. Exper iments  with TNT charges at P0 > 1.62 g / c m  3. 

For  making the TNT charges  we regular ly  employed TNT with a sol idif icat ion point of 80.2 ~ C. 

Before p r e s s ing  we heated the TNT together with the mold to 7 2 - 7 6  ~ C and added a little acetone. During p r e s s -  
ing, the charges were placed under  a p r e s s u r e  of 3000-3500 kg / c m 2 for a per iod of 2 - 3  mino The TNT employed had 
a par t ic le  size of less than 0.002 ram. The unit  charges were  not more  than 5 m m  thick. 

After  p repara t ion  the unit  charges were  kept for 30 days at room t empera tu re  in o rder  to allow the acetone to- 
evaporate completely;  then we de termined the densi ty  of each charge and sampled the volat i les  content, which was not 
higher  than that of the s ta r t ing  TNT. 
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Tab le  1 

De tona t ion  V e l o c i t y  of  P r e s s e d  

TNT C h a r g e s  (with d e n s i t y  c l o s e  
to t h a t  of  t he  s i n g l e  c r y s t a l )  a s  

a Func t i on  o f  D e n s i t y  

d, mm p., g /cm 3 D, m/sec I 

t3 

13 

t3 

t3 

13 

13 

t0 

i0 

10 

10 
t0 
8 

8 

8* 

8* 
8* 
ST 
8T 
8? 
ST 
8T 
87 
67 

t .59 

i.6 

1 . 6 i  

1 . 6 2  

1 . 6 4  

t .65 

t.6t 

t.62 

1.64 

t.642--i.641 
i.647--i .65 
1 . 6 i - - 1 . 6 2  

1.62--1.63 

1.63--i .64 

t.639--i.64t 
i.644--1.645 
t.645--t. 65 
i.642--t. 644 
t.640--1.65 
i.64--1.645 
i.64--i.645 
1.65--1.659 
i .63--t.64 

685( 

687( 

687( 

69O( 

695C 

680r 

6790 

6830 

6790 

6725 
6730 
6650 

6670 

6480 

3350 
~350 

n a r  m / s e c  

+ I00 
- -  40 
-}- 30 
- -  4 0  

+ 20 
- -  90 
+25 
- -  35 

3 + 30 
- -  50 

3 +50 
- -  4 0  

3 +60 
- -  90 
+ 25 
--61 
+ 50 
- -  t00 

t - -  

t - -  

+ 3O 

+ 4O 
- -  60 
+ 7O 
- -  50 

1 
t 

*In a s e r i e s  of e x p e r i m e n t s  a t  

P0 = 1 . 6 3 - 1 . 6 4 5  we o b s e r v e d  the 
q u e n c h i n g  o f  de tona t i on .  Q u e n c h -  

ing was  a l so  o b s e r v e d  when  d e t o n -  

a t ion  was  in i t i a t ed  by i n t e r m e d i a t e  

p r e s s e d  TNT d e t o n a t o r s  wi th  d = 

8 r am,  h = 15 m m ,  and P0 = 1.6. 
r F a i l u r e  to d e t o n a t e .  

Tab le  2 

De tona t ion  V e l o -  
c i ty  a s  a Func t ion  
o f  the  D i a m e t e r  of  
P r e s s e d  TNT 

C h a r g e s  a t  D e n s i -  

t i e s  C l o s e  to the  
D e n s i t y  of  the  

S ingle  C r y s t a l  

po,g/cm ~ d, mm D, m/sec 

6670 
t.625 6830 

t~ 6910 
6580 

1.630 iO 6830 
1~ 6930 

6480 
i.635 t0 6820 

t3 6945 

T a b l e  3 

R e s u l t s  of  E x p e r i m e n t s  

to D e t e r m i n e  the  C r i t i -  
ca l  D i a m e t e r s  of A m -  

m o n i t e  80/20 C h a r g e s  

I Result of d, mm #o, g/cm 3 I expt. 

7 0.523 ] --  
7 0.568 I - -  
8 0.623 @ 
8 0.495 + 
7 0.95 + 
7 0.9 + 
7 1.0 --  
7 l .i6 --  
8 { .07 --  
8 t.1 + 
9 0.926 + 
9 1.03 + 
8 t.18 --  

The  d e n s i t y  was  d e t e r m i n e d  f r o m  c a l c u l a t i o n s  b a s e d  on da ta  o b t a i n e d  by  w e i g h i n g  on an a n a l y t i c a l  b a l a n c e  c o r -  

r e c t  to 0.002 g and on m i c r o m e t e r  m e a s u r e m e n t s  c o r r e c t  to 0.002 m m .  As  a c h e c k  we m a d e  spo t  d e t e r m i n a t i o n s  of 
the d e n s i t y  by the  h y d r o s t a t i c  m e t h o d ,  t ak ing  into a c c o u n t  the  l o s s  of we igh t  of  the  w i r e  ( f r o m  which  the c h a r g e s  w e r e  
s u s p e n d e d )  in the  w a t e r .  

The d i s c r e p a n c y  b e t w e e n  the  d e n s i t i e s  d e t e r m i n e d  by  the h y d r o s t a t i c  m e t h o d  (for  the  s a m e  c h a r g e s )  did not e x -  
c e e d  0.003 g / c m  3. 

Uni t  c h a r g e s  wi th  the  s a m e  c a l c u l a t e d  d e n s i t y  w e r e  u s e d  to f o r m  a s i n g l e  c o m p o s i t e  c h a r g e .  

In the c a s e  of  e x p e r i m e n t s  on c o m p o s i t e  c h a r g e s  c o n s i s t i n g  of uni t  c h a r g e s  of d i f f e r e n t  d e n s i t y  the  m a x i m u m  
d e n s i t y  f luc tua t ion  has  b e e n  i n d i c a t e d  ( see  Tab le  1). 

B e f o r e  b e i n g  t e s t e d  the  uni t  c h a r g e s  w e r e  a r r a n g e d  in a g r o o v e  in a wood p lank  2 - 3  m m  th ick .  The wid th  of the 
g r o o v e  w a s  3 - 5  r am,  the dep th  1 ram.  C o p p e r  w i r e  0.12 m m  th ick  was  wound a ro u n d  the uni t  c h a r g e s  wi th  a p i t c h  of  
5 ram,  so tha t  it  was  not  n e c e s s a r y  to c e m e n t  the  e n d s .  The  c h a r g e s  w e r e  exp loded  by m e a n s  of  i n t e r m e d i a t e  t e t r y l  o r  
f l e g m a t i z e d  P E T N  d e t o n a t o r s  of the  s a m e  d i a m e t e r  as  the  t e s t  c h a r g e s  and 1 6 - 2 0  m m  long. In c e r t a i n  e x p e r i m e n t s  in -  
t e r m e d i a t e  d e t o n a t o r s  of p r e s s e d  TNT 8 ram in d i a m e t e r  and 15 m m  long wi th  a d e n s i t y  of  1.6 w e r e  u s e d  to in i t i a te  
d e t o n a t i o n  in the  8 - r a m - d i a m e t e r  c h a r g e s .  
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The resu l t s  of the exper iments  to de te rmine  the dependence D = f(P0) a r e  p resen ted  in Table 1. Here  D a re  the 
mean  detonation ve loc i t i e s ,  P0 the densi ty,  n the number  of expe r imen t s ,  and a i the max imum deviat ion f rom the mean 
value of D. 

The dependence of the detonation veloci ty  on densi ty is a lso  shown in the f igure  for  TNT charges  13, 10, and 
8 mm in d i ame te r .  

] i  �9 

~ 6  f 

6500 

I 

! po,glcn dSOOf.dO 1~2 1.8q 

Detonation veloci ty  of TNT 
charges  as a function of 
densi ty  at dens i t ies  g r e a t e r  
than 1.61: 1) for charges  
13 m m  in d iamete r ;  2) for  
charges  10 mm in d iameter ;  
3) for charges  8 m m  in dia-  

m e t e r .  

Clear ly ,  for  s m a l l - d i a m e t e r  TNT charges  the detonation ve loc i ty  inc reases  with inc rease  in densi ty  only up to a 
ce r t a in  l imi t ,  a f t e r  which it fa l ls .  F o r  a given d i a m e t e r  this l imi t  (or c r i t i c a l  density) is s m a l l e r ,  the s m a l l e r  the 
d i ame te r  of the charge .  

For  charges  with a d i a m e t e r  of 13 m m  it is equal to 1.64, for  10-ram charges  to about 1.63, and for  8- ram charges  
to about 1.62. 

Charges  6 m m  in d i a m e t e r  do not detonate at a densi ty of 1o63-1.64,  i .e . ,  the c r i t i ca l  d i ame te r  at a densi ty of 
1 .63 -1 .64  is g r e a t e r  than 6 ram, whereas  at a densi ty  of 1.62 it is less  than 2 ram. 

Using the D = f ( P o )  curves  with d = const  for  var ious  d i am e te r s ,  shown in the f igure ,  it is poss ib le  to obtain data 
for  de te rmin ing  D = f(d)  at P0 = const .  

The data thus obtained a re  presen ted  in Table 2. 

It should be noted that the spread  of the measu red  detonation ve loc i t i e s  was quite cons iderab le  and in individual 
cases  reached  100 m / s e c .  The re fo re  the absolute mean values  of the detonation ve loc i t i es  indicated in the f igure for  
charges  13 and 10 m m  in d~ameter ,  for  which the var ia t ion  of ve loc i ty  with densi ty  is of the same o r d e r  as the possible  
expe r imen ta l  e r r o r ,  a re  only or ienta t ionaI .  However ,  for  charges  8 mm in d i a m e t e r  the d e c r e a s e  in veloci ty  obtained 
is much g r e a t e r  than the poss ib le  expe r imen ta l  e r r o r .  

On the bas is  of the expe r imen t  with charges  8 and 6 m m  in d i a m e t e r  there  is also no doubt that the c r i t i ca l  d ia -  
m e t e r  i nc rea se s  with inc rease  in density.  

2o Exper iments  with ammoni te  80/20 charges .  As a l ready  mentioned,  it is to be expected that the c r i t i ca l  d ia-  
m e t e r  of ammoni te  80/20 will  d e c r e a s e  with d e c r e a s e  in densi ty  to a ce r t a in  value of  the la t te r ,  a f t e r  which it wil l  in-  
c r e a s e .  In o r d e r  to t e s t  this assumpt ion  we pe r fo rmed  expe r imen t s  to de t e rmine  the c r i t i c a l  d i ame te r s  of tow-densi ty 
charges  of ammoni te  80/20 in c a r t r i d g e - p a p e r  ca se s .  
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The ammoni te  was p repared  f rom AN and TNT with par t ic le  s izes  of less than 0.3 mm.  

Mixing was combined with gr inding with a porce la in  pest le  in a porcela in  mor t a r  for 25-30 min.  The mois ture  
content of the finished product  was not g rea t e r  than 0.02%. The charges were mounted on b r a s s  plates and exploded 
with a KD-8 cap. 

The exper imenta l  r esu l t s  are  presen ted  in Table 3. In this table a plus sign indicates complete detonation, a 
minus sign fai lure to detonate. 

As may be seen f rom Table 3, 7 < d ,  < 8 at a densi ty  0 . 5 - 0 . 6 ,  d ,  < 7 at a densi ty 0.9, and d .  ~ 8 mm at a density 
1 . 0 -1 .16 .  

Charges 7 m m  in d i ame te r  detonate only at a densi ty of 0 .9 -0 .95  and do not detonate at 0.6 > P0 > 1.0. Thus,  for 
the ammoni te  80/20 tested the min imum value of d ,  corresponds  to a density of 0.9. The fact that d ,  i nc reases  with 
inc rease  in density was p rev ious lyknown.  What is new is the exper imenta l ly  establ ished existence of a min imum of d , .  

The sma l l  absolute value of the values of d .  obtained is a t t r ibutable  to the thorough grinding and mixing of the 
product.  
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