
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Energetic Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713770432

Studies on minimum signature nitramine based high energy propellant
S. N. Asthanaa; M. V. Vaidyaa; P. G. Shrotria; Haridwar Singha

a Explosives Research and Development Laboratory, Pune, India

To cite this Article Asthana, S. N. , Vaidya, M. V. , Shrotri, P. G. and Singh, Haridwar(1992) 'Studies on minimum
signature nitramine based high energy propellant', Journal of Energetic Materials, 10: 1, 1 — 16
To link to this Article: DOI: 10.1080/07370659208018632
URL: http://dx.doi.org/10.1080/07370659208018632

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713770432
http://dx.doi.org/10.1080/07370659208018632
http://www.informaworld.com/terms-and-conditions-of-access.pdf


STUD1 E S  ON MI N I  MUM SI GNATURE N I  TRAM1 NE BASED 

HIGH ENERGY PROPELLANT 

S . N .  Asthana. M . V .  Yaidya. F.G. Shrotri and Haridwar Singh 
Explosives Research and Development Laboratory. 

Fashan, Fune 41 f 008. INDIA. 

ABSTRACT 

T h i s  paper  r e p o r t s  t h e  r e s u l t s  on t h e  i n f l u e n c e  of v a r i o u s  

metall ic s a l t s  and me ta l l i c  o x i d e s  on  t h e  b a l l i s t i c s  of minimum 

s i g n a t u r e  n i t r a m i n e  based  high e n e r g y  p r o p e l l a n t s  of p r a c t i c a l  

v a l u e  w i t h  s t a b l e  combust ion  ove r  a w i d e  r a n g e  of p r e s s u r e s .  BLS 

w a s  f ound  t o  be a n  e f f e c t i v e  b a l l i s t i c  m o d i f i e r  i n d i v i d u a l l y  as 

well as i n  combina t ion  w i t h  c a r b o n  b l a c k .  Minimum s i g n a t u r e  

composi ti on c o n t a i  n i  ng 3: 1 : 1 combina t ion  of BLS: Cu 0. c a r b o n  b l a c k  

p roduced  b u r n i n g  r a t e  of 1 0 . 4  m m . s  a t  50 k s c  p r e s s u r e  w i t h  

t e m p e r a t u r e  s e n s i t i v i t y  of 0 . 3 W  C. The Isp a c h i e v e d  was of t h e  

order of 232 s. 

2 '  

0 

I NTRODUCTI ON 

Minimum s i g n a t u r e  n i t r a m i n e  based  h i g h  e n e r g y  p r o p e l l a n t s  

a r e  of g r e a t  v a l u e  for s p e c i f i c  m i s s i o n s  demanding h i g h e r  e n e r g y  

CIsp> and l o w  s m o k e  level of e x h a u s t  gases'. Another d i s t i n c t  

a d v a n t a g e  of t h i s  c l  ass of propel 1 a n t s  i n c l  udes 1 o w  vul  n e r a b i  1 i t y  

t o  i g n i t i o n  from s u c h  s a u r c e s  as spa11  of f r a g m e n t s  . However, 

m a j o r  p roblems associated w i t h  p u r e  n i t r a m i n e  based minimum 

s i g n a t u r e  p r o p e l l a n t s  are poor i g n i t a b i l i t y ,  low b u r n i n g  rates 

and h i g h  p r e s s u r e  i n d e x  C q S  v a l u e  . These  p r o p e l l a n t s  are 
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4 report .ed t o  resist b a l l i s t i c  mod i f i ca t ion  . W e  have earlier 

report .ed t h e  r e s u l t s  on t h e  i n f l u e n c e  of BLS, LMDS and lead 

s t a n n a t e  on burning r a t e s  Cs t rand  burner )  of CMDB composi t ions  

con ta in ing  20% RDX and 10% A 1  . None of t h e  bal l is t ic  mod i f i e r s  

w e r e  found t o  be v e r y  effective i n  e i t h e r  enhancing burn  rates or 

reducing  'n' values'. F i fe r '  

r e s e a r c h e r s  on t h e  b a l l i s t i c  mod i f i ca t ion  of n i t r a m i n e  based 

p r o p e l l a n t  and drawn s i m i l a r  conc lus ions .  Borohydrides  are 

r e p o r t e d  t o  c a t a l y s e  n i t r a m i n e  based p r o p e l l a n t s .  however, t h e y  

pose c o m p a t i b i l i t y  and p rocess ing  problems . 

has  reviewed t h e  w o r k  of v a r i o u s  

5.6 

I n  view of above, d u r i n g  p r e s e n t  s t u d y  a minimum s i g n a t u r e  

h igh  ene rgy  p r o p e l l a n t  c o n t a i n i n g  about  12% RDX w a s  s t u d i e d .  

S m a l l  q u a n t i t y  of AP Cabout 6%) w a s  i n c o r p o r a t e d  to o b v i a t e  above 

7 r e f  e r r e d  problems t o  s o m e  e x t e n t  . F u r t h e r ,  a small amount of A l  

Cabout 3Yd w a s  used as combustion i n s t a b i l i t y  s u p p r e s s a n t  . The 

s m o k e  l e v e l  of t h i s  composi t ion  as determined by  u s i n g  a l i g h t  

s o u r c e  and pho toce l l  arrangement  a t  nozz le  end w a s  found t o  be 

close t.o t h a t  of w e l l  known non-smoky doub le  base propel lan t .  

CDBP] systems.  

8 

During t h e  c o u r s e  of p r e s e n t  w o r k  i n f l u e n c e  of b a l l i s t i c  

modi f i er  s , e f  f ecti v e  i n composi te  propel 1 a n t s  C CP] and DBP 

namely.lead s t a n n a t e .  copper  chromi te, l e a d  methylene 

d i s a l i c y l a t e  CLMDS>, l e a d  copper p r e s o r c y l a t e  s a l i c y l a t e ,  basic 

l e a d  s a l i c y l a t e  CBLS2. m e t a l l i c  o x i d e s  CPbO. Cu20> and t h e i r  

combinat ions wi th  or without  carbon b lack  CC-black] ,  on ba l l i s t ic  

c h a r a c t e r i s t i c s  w a s  s t u d i e d  i n  40-50 k s c  range .  Unl ike  p rev ious  
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s t u d i e s  t h e  b a l l i s t i c  p a r a m e t e r s  w e r e  d e t e r m i n e d  by s t a t i c a l l y  

f i r i n g  p r o p e l l a n t  g r a i n s  i n  2 kg r o c k e t  m o t o r  i n s t e a d  of r o u t i n e  

s t r a n d  b u r n e r / a c o u s t i c  bomb methods used  no rma l ly .  Of t h e  

v a r i o u s  c o m p o s i t i o n s  s t u d i e d ,  one  p romis ing  compos i t ion  w a s  

e v a l u a t e d  f o r  b u r n i n g  r a t e ,  t h r u s t  and I s p  ove r  wide r a n g e  of 

p r e s s u r e s  C30-70 ksc3 and f o r  t e m p e r a t u r e / p r e s s u r e  s e n s i t i v i  t y  

I C n r j F  and Cnp3kl i n  t h e  t e m p e r a t u r e  r e g i o n  of -20 t o  +50°c. 

R e s u l t s  o f  cal-Val and  t e n s i l e  s t r e n g t h  CTS are also 

d i s c u s s e d . A n  a t t e m p t  h a s  been  made to  u n d e r s t a n d  t h e  f lame 

s t - r u c t u r e .  

EXPERIMENTAL 

P r o p e l l a n t  c o m p o s i t i o n s  wi th  79% DB m a t r i x  Csphe ro ida l  NC 

42% and  DEP d e s e n s i t i z e d  NG 37%3 were p r e p a r e d  b y  s l u r r y  cast 

t e c h n i q u e  as per t h e  de t a i l s  described elsewhere . Cal-va l  w a s  

determi ned u s i n g  J u l i u s  P e t e r s  Bomb a t  l o a d i n g  d e n s i t y  o f  0.016 

gl ' cc .  BLS and LMDS w e r e  p r e p a r e d  a t  ERDL p i l o t  p l a n t  and o t h e r  

b a l l i s t i c  m o d i f i e r s  w e r e  p rocured  f rom t r a d e .  The p u r i t y  o f  a l l  

t h e  a d d i t i v e s  w a s  minimum 98%. 

9 

For d e t e r m i n a t i o n  of TS. I n s t r o n  Un ive r sa l  T e s t i n g  Machine 

CModel 11853 w a s  used .  The dumbbell  s h a p e d  spec imens  of 30 mm 

l e n g t h .  4 mm wid th  and  3 mm t h i c k n e s s  w e r e  used .  

B a l l i s t i c  p a r a m e t e r s  w e r e  d e t e r m i n e d  by  s t a t i c  

e v a l u a t i o n  of p r o p e l l a n t  g r a i n s  of 190 mm l e n g t h ,  110 nun OD, 76 

mm I D  and 1 . 6  kg weigh t  i n  mi ld  steel test motor a f t e r  

c o n d i t i o n i n g  a t  ambien t  t e m p e r a t u r e  C27°C1 f o r  10 h .  P r e s s u r e  
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t i m e  Cp-t> and t h r u s t  t i m e  Cf-t3 p r o f i l e s  w e r e  recorded  us ing  

s t r a i n  gauge and l o a d  cell i n  con junc t ion  wi th  H e w l i t t  Packard 

3845 €3 model computer and d a t a  a c q u i s i t i o n  system. Ven tu r i e s  for 

test m o t o r  w e r e  a d j u s t e d  for each  composi t ion  t o  a c h i e v e  d e s i r e d  

chamber p r e s s u r e  range .  Burning rates w e r e  computed f r o m  p-t 

p r o f i l e .  A t y p i c a l  o u t p u t  ob ta ined  is d e p i c t e d  i n  Fig.  1. 

I n  o r d e r  t o  assess tempera tu re  and p r e s s u r e  s e n s i t i v i t i e s .  

p r o p e l l a n t  g r a i n s  w e r e  cond i t ioned  i n  c o o l i n g  chamber and i n  

ovens wi th  t empera tu re  c o n t r o l  accu racy  of 2 O.S°C and t h e n  

s t a t i c a l l y  eva lua ted .  

RESULTS AND DI S C U S S I  ON 

T.S. r e s u l t s  g iven  i n  Tab le  1 i n d i c a t e  t h a t  T.S. of a l l  t h e  

composi t ions  w a s  i n  t h e  r ange  of 13-16 k s c .  excep t  i n  case of PbO 

based composi t ion ,  which gave  TS of 11 k s c .  Composition 

c o n t a i  n i  ng m e t a l  1 i c ball i sti c modi f i er recorded margi n a l 1  y 1 o w e r  

cal-val C1075-1110 ca l /g3  t h a n  c o n t r o l  C1120 ca l /g> .  I t  can  be 

seen  from t h e  r e s u l t s  of s t a t i c  e v a l u a t i o n  of c o n t r o l  and 

composi t ions c o n t a i n i n g  l e a d  s t a n n a t e .  copper ch romi te  and LMDS 

t h a t  t h e s e  b a l l i s t i c  mod i f i e r s  d i d  not  produce any  s i g n i f i c a n t  

c a t a l y t i c  a c t i v i t y .  However, BLS w a s  found t o  be  t h e  m o s t  

e f f e c t i v e  b a l l i s t i c  mod i f i e r .  as i t  i n c r e a s e d  t h e  burn ing  rates 

by 20% wi th  respect t o  c o n t r o l ,  a l t hough  t h e  p r e s s u r e  i n d e x  v a l u e  

remained m o r e  or less una f fec t ed .  Lead copper f3 r e s o r c y l a t e  

s a l i c y l a t e  i n c r e a s e d  burn rate by 12-14% CTable 2>. 

Thus:. l e a d  sal ts  r e p o r t e d  t o  be v e r y  e f f e c t i v e  wi th  DBP 

4 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



were found  t o  b e  c o m p a r a t i v e l y  much less e f f e c t i v e  w i t h  n i t r a m i n e  

based h i g h  e n e r g y  DBP. 

Dur ing  second  p h a s e  of t h e  s t u d y  composi L ions  c o n t a i n i n g  BLS 

i n  combina t ion  w i t h  v a r y i n g  p r o p o r t i o n s  of C - b l a c k  w e r e  

e v a l u a t e d .  R e s u l t s  a r e  g i v e n  i n  T a b l e  3. 1 . 5  p a r t s  BLS w i t h  0.5 

p a r t  o f  C - b l a c k  g a v e  s u p e r i o r  ba l l i s t ics  w i t h  catalytic effect of 

23 and  42% a t  40 and 50 k s c  chamber p r e s s u r e s  respectively. 

P r e s s u r e  i n d e x  v a l u e  of 0.48  w a s  o b t a i n e d  f o r  t h i s  compos i t ion .  

O b s e r v a t i o n  t h a t  C-black is e f f e c t i v e  o n l y  u p t o  a p a r t i c u l a r  

optimum l e v e l  is i n  l i n e  w i t h  our  ea r l ie r  f i n d i n g s  i n  case of 

10 DBP . 

R e s u l t s  of 0.5 par t  o f  C-black a l o n g w i t h  m e t a l  o x i d e s  and  

t h e i r  c o m b i n a t i o n s  w i t h  BLS are  g i v e n  i n  T a b l e  4. 

Among me ta l l i c  o x i d e s  l e a d  o x i d e s  CPbO> w a s  found  t o  b e  

s u p e r  i or as ball  i s t i c modi f i er t h a n  Cupr ous oxide C CugO> and  t h e i  r 

c o m b i n a t i o n  w a s  a s  e f f e c t i v e  as PbO a l o n e .  

Among t h e  v a r i o u s  c o m b i n a t i o n s  o f  BLS and metall ic oxides. 

BLS+Cu 0 had same e f f e c t  as BLS+PbO f o r  b u r n i n g  r a t e  enhancement.  

I n  case o f  BLS+Cu O+PbO combina t ion  f u r t h e r  enhancement. of 

b u r n i n g  ra te  C28%3 w a s  o b t a i n e d  and  'rt' v a l u e  w a s  b r o u g h t  down. 

BLS a l o n g  w i t h  PbO i n  3 : l  combina t ion  e x h i b i t e d  m o r e  or less 

s i m i l a r  b e h a v i o u r .  

s a m e  p r o p o r t i o n  C 3 : 1 >  showed t h e  best ca ta ly t ic  e f f e c t  I t  

produced  40% i n c r e a s e  i n  b u r n  rate.  

2 

2 

However, combina t ion  of BLS wi th  C u 2 0  i n  t h e  
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I n  v i e w  of t h e s e  f i n d i n g s ,  BLS+Cu20 C3: 1 > combina t ion  w a s  

e v a l u a t e d  i n  minimum s i g n a t u r e  CMDB c o m p o s i t i o n  for b u r n i n g  rates,  

t h r u s t  and  I s p  i n  t h e  p r e s s u r e  r a n g e  of 30-90 k s c  CTable  53. 

T h r u s t  and I s p  of t h e  o r d e r  of 3392 N and 221 s r e s p e c t i v e l y  w e r e  

o b t a i n e d  a t  S O  k s c ,  which c o r r e s p o n d  t o  4706 N t h r u s t  and  232 s 

I s p  r e s p e c t i v e l y  a t  70 k s c  p r e s s u r e .  

Static e v a l u a t i o n  of p r o p e l l a n t  g r a i n s  c o n d i t i o n e d  a t  -20 

0 and +50 C gave t e m p e r a t u r e  s e n s i t i v i t y  of b u r n i n g  rate Cup3 and 

p r e s s u r e  c n 3 k  as  0 .3  and 0.7%/OC r e s p e c t i v e l y  CTable 63. 

N i t r a m i n e  b a s e d  minimum s i g n a t u r e  p r o p e l l a n t s  are reported 

t o  have  f l a m e  s t r u c t u r e  s i m i l a r  t o  t h a t  of DBP c o m p r i s i n g  of 

foam, f i z z ,  dark and luminous z o n e s  . 

found t h a t  i n  case of HMX-CMDB p r o p e l l a n t  b u r n i n g  ra te  decreases 

on i n c r e a s e  i n  n i t r a m i n e  c o n c e n t r a t i o n  u p t o  c e r t a i n  e x t e n t .  They 

have  a t t r i b u t e d  t h i s  phenomena t o  s h i f t  i n  t h e  ra t io  of 

NO /a ldehydes  t o w a r d s  f u e l  r i c h  l e a d i n g  to  r e d u c t i o n  i n  t h e  

r e a c t i o n  ra te  i n  t h e  f i z z  zone  on a d d i t i o n  of n i t r a m i n e s  t o  DBP. 

11 Yano and Kubota" have  

8 

As DBP matrix forms t h e  m a j o r  p o r t i o n  Cabout 80%3 of minimum 

s i g n a t u r e  c o m p o s i t i o n  s t u d i e d  and n i t r a m i n e s  are also e x p e c t e d  t o  

behave s i m i l a r l y .  t h e  mechanism of a c t i o n  of ba l l i s t ic  modifiers 

i n  DBP is e x p e c t e d  t o  be o p e r a t i v e  i n  p r e s e n t  case also. Carbon 

and carbonaceous  m a t t e r  f o r m a t i o n  t h e o r y  e x p l a i n s  m o s t  of t h e  

observed facts  sat i  sf ac tor i 1 y 1 3 . 1 4  

Typica l  f l a m e  s t r u c t u r e  of n o n - c a t a l y z e d  minimum s i g n a t u r e  

p r o p e l l a n t  r e c o r d e d  by h i g h  s p e e d  video camera i n  a i r  is g i v e n  i n  

F i g . 2 .  A c o n s i d e r a b l y  small d a r k  z o n e  w a s  observed which may be 
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a t t r i b u t e d  t o  t h e  p r e s e n c e  of AP i n  t h e  compos i t ion .  The 

e j e c t i o n  of ca rbonaceous  p a r t i c l e s  which is a n  i m p o r t a n t  

c h a r a c t e r i s t i c  of n i t r a m i n e  combust ion  w a s  observed. I n  t h e  

ca ta l  yzed composi t i o n  da rk  z o n e  was a1 m o s t  non-exi s t e n t  and  t h e r e  

w a s  a r e m a r k a b l e  i n c r e a s e  i n  t h e  f l a m e  b r i g h t n e s s  CFig. 22. 

These  o b s e r v a t i o n s  a r e  i n  l i n e  w i t h  t h o s e  of Cohen N i r 3  and  

Kubota'' et a1 . s u g g e s t i n g  a s u b s t a n t i a l  a l t e r a t i o n  i n  s u r f a c e  and 

s u b  s u r f a c e  zone  c h e m i s t r y .  

CONCLUSIONS 

BLS w a s  found t o  be a s u p e r i o r  b a l l i s t i c  m o d i f i e r  as 

compared t o  me ta l l i c  sa l ts  and  oxides e v a l u a t e d  d u r i n g  our s t u d y  

f o r  minimum s i g n a t u r e  CMOB prope l  1 a n t .  3: 1 combina t ion  of BLS and 

C-black g a v e  t h e  b e s t  s y n e r g i s t i c  e f f e c t .  H i g h e s t  c a t a l y t i c  

a c t i v i t y  was e x h i b i t e d  by  BLS: Cu 0. c-black i n  3: 1: 1 combina t ion .  

The c o m p o s i t i o n  gave  t-emperature s e n s i t i v i t y  of b u r n i n g  r a t e  

0.3%/ C and p r e s s u r e  s e n s i t i v i t y  of 0.6%. I s p  a c h i e v e d  was 232 s 

Flame s t r u c t u r e  s t u d i e s  s u g g e s t  a l t e r a t i o n  i n  s u r f a c e  and  s u b  

s u r f a c e  z o n e  c h e m i s t r y .  
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Table 1 : Cal-Val and Tensile Strength of various compositions 

I 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

10. 

17. 

Cal -Val Tensi 1 e  strength 
C cal / g >  C ksc> 

Control 1120 

1101 

1100 

1075 

13  

13 

1 4  

14 

Lead stannate 

Copper c hr omi t e 

LMDS 

Lead copper (3 resorcylate 
sal i cyl ate 

BLS 

1108 

1111 

113a 

1144 

1112 

1159 

1 3  

1 3  

1 5  

1 5  

1 4  

11 

BLS-1.75: C/bl ack -0.25 

BLS-1.5: C/bl ack -0.5 

BLS-1.25: C/bl ack-0.78 

PbO-1 . 5: C/bl ack -0.5 
Cu20-l - 5: PbO-1 . 5: 
C/bl ack -0.5 1140 14 

CU~O: -0.75: PbO-0.75: 

C/black-O.5 1151 1 4  

BLS-0.75: PbO-0.75: 

C/bl ack -0.5 1149 1 5  

BLS-0.75: cu20-0. 75: 

C/bl ack -0.5 1143 1 5  

BLS-0.5: Cu20-0. 5: 

C/B1 ack -0.5 1154 1 6  

BLS-1.0: PbO-0 .5: 
C/bl ack -0.5 1170 15 

BLS-1.0: CU 0-0.5: 2 
C/bl ack -0.5 1148 17 
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Table 2 : Influence of Lead Stannate, Copper C h r o m i t e  and Metal 
Salts on B a l l i s t i c s  of Minimum Signature CMDB Composition 

B a l l i s t i c  Modifier Burning r a t e  Sb Catalyt ic  Pressure index 
2 parts  a t  k s c  effect i n  pressure 

mm/s  a t  k s c  range 40-50 k s c  
40 50 40 50 

- - Control 6 . 8  7 . 4  0.35 

Lead Stannate 7 . 1  7 . 8  4 5 0 . 4 3  

Copper chr o m i  te 7 . 0  7 . 0  3 5 0.47 

LMDS 0 . 9  7.9  2 7 0.58 

Lead copper 0 
r esor c yl ate 
sal i cyl a t e  7 . 6  8 . 4  I 2  14 0.44 

BLS 8 . 1  8 . 8  1 9  19 0.34 
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9O r 

F1G.I: - A TYPICAL PRESSURE TIME PROFILE 

FIG 2 - -  
~- FLAME STRUCTURE OF: UNCATALYZED AND CATALYZED 
MINIMUM S I G N A T U R E N I T W I N E  B A S m H I G H  ENERGY 

PROPELLANTS-- .__- 
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