
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 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 Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Epoxy Resin as Inhibitor for Nitramine Containing Composite Modified
Double Base (CMDB) Propellants
O. C. Guptaa; M. V. Vaidyab; S. S. Raomoreb; V. C. Phadkeb; P. K. Divekarb

a Defence R & D Establishment, Gwalior, India b Explosive R & D Laboratory, Pune, India

To cite this Article Gupta, O. C. , Vaidya, M. V. , Raomore, S. S. , Phadke, V. C. and Divekar, P. K.(1995) 'Epoxy Resin as
Inhibitor for Nitramine Containing Composite Modified Double Base (CMDB) Propellants', Journal of Macromolecular
Science, Part A, 32: 1, 1245 — 1255
To link to this Article: DOI: 10.1080/10601329508020346
URL: http://dx.doi.org/10.1080/10601329508020346

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=t713597274
http://dx.doi.org/10.1080/10601329508020346
http://www.informaworld.com/terms-and-conditions-of-access.pdf


MACROMOLECULAR REPORTS, A32(SUPPL. 8). 1245-1255 (1995) 

EPOXY RESIN AS INHIBITOR FOR NlTRAMlNE 
CONTAINING COMPOSITE MODIFIED DOUBLE BASE 

(CMDB) PROPELLANTS 

D.C.Gup ta f ,  

E x p l o s i v e  R & D Labora to ry ,  Pune - 411 008. INDIA. 

M.V.Vaidya, S.S.Raomore, V.C. Phadke and P.  K-D iveka r  

A b s t r a c t  

F [>oxy  , - e s i n  was i n v e c , t i q a t a ( l  as i n h i b i t o r  f o r  n i t t  amitle 

cor i ta i t t i r rg  Cotnposite m o d i f i e d  double base (CMDBI p r o p e l l a n t s  

Tnhibited CMOR p r o p e l l a n t s  were s t a t i c a l l y  ( r o c k e t  t ' i r i r i l  tinder 

s t a t i c  c o r i d i t i o n  i e v a l u a t e d  a t  ambient. h o t  (+60"Ci and c01.i 

(I -30°C: tempei-atures. i ncompa t ib i  l i  t y  problem between ~ p o j r y  I ?sir1 

and C M D H  p r o p e l l a n t s  were ovet come by use of- b a r r i e r  l a v e r s  0 1  

f n s t - ' x t t i n g  i s o p h t h a l i c  a c i d  based ~ o l y e - ; t e r  r e s i n  (Acro1i t .e-  

4 7 1 )  S t o r a g e  a g e i n g  t r i a l s  a t  a m b i e n t  a n d  h o t  ( + 6 0 ° C )  

t e m p e r a t u r e s  were  a l s o  s t u d i e d  f o r  D r o p e l l a n t - i n h i b i t o r  b o n d  

f a i l u r e  a t  above rnent.ioned temperature%. 

I n t r o d u c t i o n  

M i g r a t i o n  #of  . ' j l y ce ro l  t r i n i t r a t e  ( n i t t - o g l y c e r i n e .  N G )  t o  t.he 

i n t i  t , i  tor whii-rl i s  c o n v e n t i o n a l l y  a t h e r m o p l a s t i c  such ;is e t h y l  

1 x 1  ulo.5e or. cellulose a c e t a t e  '' ' 1s a problem f o r  composi te  

ntoct f i e d  doub le  i,ase p r o p e l l a n t s  [ N i t r o  ' c e l l u l o s e  (NC) t n i t r o  

* F-ie=erit Address I Detence R &. D Es tab l i shmen t .  Jt iansi Road 
L w a l i o r  - 474002 I N D I A  and Corresponding au tho r  
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1246 GUPTA ET AL. 

glycerine(NG1 + Ammonium Perchlorate(AP) + Aluminium(A1) t Nitraminc,  

Research and Development Exp los i ve  (RDX) ( c y c l o  t r ime thy lene  t r i  

n i t r a m i n e l .  To s o l v e  t h i s  problem, a t tempts  have been made 

i r  some l a b o r a t o r i e s  t o  use r i g i d  the rmose t t i ng  polymers.. 

F c r  example Po lyes te r  r e s i n  has been used which i s  compat ib le  

w i t h  t h e  p r o p e l l a n t  a s  a b a r r i e r  c o a t i n g  f o r  a p p 1 , i c a t i o n  a:?; 

i n h i b i t o r .  Po lyes te r  r e s i n  c o n t a i n i n g  p o l y - v i n y l c h l o r i d e  ( P V C )  

wwcier and t i t a n i u m  d i o x i d e  AS f i l l e r s  has been c la imed as good 

i r . i h ib i t o rS  f o r  Oouble base (DB)  p r o p e l l a n t s .  Po lyes te r  r e s i n  has 

ve ry  good bond s t r e n g t h  w i t h  DB p r o p e l l a n t s  b u t  NG m i g r a t i o n  

was s t i l l  observed. B a r r i e r  coa t  o f  f a s t  s e t t i n g  p o l y s t e r  r e s i n  

f o l l o w e d  b y  i n h i b i t i o n  w i t h  p o l y e s t e r  r e s i n  ( E P - 4 )  was 

deve loped  and r e p o r t e d  a t  ERDL'. I n h i b i t i o n  o f  n i t r a m i n t s  

c o n t a i n i n g  CMDB p r o p e l l a n t s  was a l s o  c a r r i e d  o u t  by g i v i n g  a coat  

o f  Desmodur R ( T r i p h e n y l  methane t r i  i s o c y a n a t e  s o l u t i o n  i n  

methylene d i c h l o r i d e )  f o l l o w e d  by b a r r i e r  coa ts  o f  Fast s e t t i n g  

p o l y e s t e r  r e s i n  and f i n a l  i n h i b i t i o n  by  ERDL-EP-4 p o l y e s t e r  r e s i n  

c o n t a i n i n g  30% alumina as  f i l l e r 4 .  However p o l y e s t e r  r e s i n  a s  

i n i i i b i t o r  has l i m i t e d  s h e l f  l i f e  and ge ts  delaminated a f t e r  a 

pel- iod o f  6 months t o  1 year.  Th i s  l e d  t o  the  search  f o r  newer- 

ty1,e o f  po lymer ic  m a t e r i a l s  f o r  t h e i r  iuse as i n h i b i t o r s .  Number 

o f  polymers have been repo r ted  as i n h i b i t o r s  f o r  CMDB p r o p e l l a n t s  

suc:h a s  epoxy r e s i n - b u t a d i e n e - a c r y l i c  cop01 ymer ', p o l y e s t e r  

re: s i l i c o n e s 7 ,  as i n h i b i t o r s .  However, t h i s  i n f o r m a t i o n  i s  

l i m i t e d  and o n l y  a v a i l a b l e  i.n p a t e n t  l i t e r a t u r e - T h e r e f o r e  

a t tempts  have been made t o  develop newer t ype  o f  i n h i b i t o r s .  We 

habe deve loped  number o f  i n h i b i t o r s  f o r  c o m p o s i t e  and  CMD* 

p r o p e l  l a n t s 8 - 1 2 -  Due t o  e x c e l l e n t  a d h e s i v e  p r o p e r t i e s ,  l ow  

shr inkage on c u r i n g  as compared t o  p o l y e s t e r  r e s i n  and ease o f  

h a n d l i n g ,  epoxy r e s i n 1 3  was t r i e d  as  i n h i b i t o r  f o r  CMDB 

.. 
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EPOXY RESIN 1247 

prope l l an ts .  We are now r e p o r t i n g  epoxy r e s i n  as i n h i b i t o r  f o r  

n i t ram ine  conta in ing  CMOB p rope l l an ts  i n  the present paper. 

EXPERIMENTAL 

MATERIALS: 

( i )  Dobeckot E-4 epoxy r e s i n *  

( i i j  Polyamide hardener EH411* 

( i i i )  O i l uen t  C* 
( *  P rop r ie t y  products o f  0r.Beek & Co.. Pune, INDIFI) 

( i v J  Desmodur R (Tr ipheny l  methane t r i i socyana te -  M / s  Bayer A . G  

iGermanyJ. 

( v )  A c r o l i t e  - 4 7 1  an i s o p h t h a l i c  a c i d  based f a s t  s e t t i n q  

p o l y e s t e r  r e s i n  c o n t a i n i n g  s t y r e n e  as c r o s s  -1 ink ln .1  

monomer M / s  A c r o l i t e  polymers. Gurgaon ( I N D I A ) .  

( v i )  Methy l  e t h y l  ke tone p e r o x i d e  s o l u t l o n  i n  d ~ m e t h y l  

ph tha la te  i c a t a l y s t )  and coba l t  naphthenate so lu t i on  i n  

methylene c h l o r i d e  ( a c c e l e r a t o r )  M / S  B a k e t i t e  Hylani, 

Hyderabad (INDIA) 

( v )  Antimony t r i o x i d e  iSb20g conforming t o  IS 38; 1976 

p u r i t y  99.0 minimum and a l l  passing 200 BSS- M / s  LJNI 

Campaine L imi ted ,  Pune, INDIA 

Charac ter iza t ion  o f  epoxy res in .  

Epoxy r e s i n  [Dobeckot €4 (100 p a r t s ) l  was mixed w i t h  D i l uen t  

C (Mono epoxy res in  p l a s t i c i z e r )  and f i l l e r  Sbp03 (15 p a r t s )  and 

cured w i t h  polyamide hardener EH-411. This was cas t  i n t o  Durnbell 

shaped specimens i n  a mould. Elongat ion % and t e n s i l e  s t reng th  

were measured by using an i n s t r o n  machine (model No.1185) UK 

(Table 1 & 2 ) .  Epoxy res in  composit ion s u i t a b l e  f o r  i n h i b i t i o n  

purpose icomposi t ion i\lo.Sj was charac ter ised  f o r  g e l  t ime. oxygen 

i n d e x ,  t h e r m a l  c o n d u c t i v i t y ,  h e a t  r e s i ; t a n t  and b r l t t l e  

temperature as repor ted  e a r l i e r  lo 
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1248 GUPTA ET AL. 

Table 1 : Formulation of  Inhibitor composition 

Composit ion Formula t ions .  amount i n  gms 
L 2 3 4 5 

- 

Table 2 : Mechanical properties of Epoxy resins 

--_ 2.45 252.0 5.0 

3.50 110.2 16.4 

3.25 115.9 14.0 20.0 

3.10 95.0 27.7 19.2 

3.10 80.4 30.1 21 ~ 5 

3.10 112.7 13.6 Swel ls  
& c rack  

__-_________---_-__-____________________---_------_- 

* e n s i l e  S t reng th  and % E longa t ion  va lues  a t  60°C a f t e r  5 days. 

I:-S w i t h  n i t r a m i n e  c o n t a i n i n g  CDMB p r o p e l l e n t  and a f t e r  g i v i n g  

i t r e c o a t s  o f  Desmodur A a n d  f a s t  s e t t i n g  p o l y e s t e r  r e s i n  

( A c r o l i t e  471)  epoxy I-esin was used as main i n h i b i t o r .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



EPOXY RESIN 1249 

Bond Strength.  

The bonding p roper t i es  were determined by measuring the bond 

s t reng th  between CMOS prope l l an t  arid epoxy res in .  The propel lant-  

samples (d imens ion  i n  mm= 5 0 x 2 0 ~ 1 0 )  were p repared  by  r u b b i n g  

t h e i r  ends w i t h  emery paper where bond ing  w i t h  i n h i b i t o r -  w a s  

requ i red  and cover ing the  remaining p o r t i o n  w i t h  aluminium foil. 

As epoxy r e s i n  i s  known t o  be incompat ib le w i t h  double base 

matrix (NCtNG) , t h e r e f o r e  p r o p e l l a n t  faces  (ends) were g i v e n  

nrecoaxs o f  Oesmodur Fi ( t r i p h e n y l  methane t r i i socyana te ,  and 

o f  f a s t  s e t t i n g  po lves ter  r e s i n  ( A c r o l i t e  471). The precoated 

p rope l l an t  i faces1 pieces were placed i n  an aluminium mould w i t h  

prepared surface Facing each o ther  a t  a d is tance o f  one cm apart.  

The epoxy r e s i n  composit ion along w i t h  d i l u e n t .  f i l l e r  and cur ing  

agent was poured between the  gap o f  the p rope l l an t  samoles. 

A f t e r  24 hours the pieces  were removed and prepared. Bond 

s t reng th  was determined on the i n s t r o n  machine (Table 2 )  

I n h i b i t i o n  and s t a t i c  evaluation o f  CMDB propellants. 

A CMDH p ropa l l en t  charge conta in ing  HDX ( c y c l o  t r imeth lene 

t r i n i t r a m i n e )  machined t o  the dimension (OD= 129 mm. L=4c:lmm) was 

subjected t o  e brush coat o f  Desmodur H. A f t e r  a per iod  o f  5-4 

hrs.  th ree  brush coats  o f  po iyes ter  r e s i n  o f  CIc ro l i te  471 

( s e t t i n g  t ime = 10 minutes) one over other were appl ied.  Charge 

was p u t  i n  the  i n h i b i t i o n  assembly mould and epoxy r e s i n  

(Debeckot E4 + EH-411 + D i l - C  + f i l l e r  SbZU3) was al lowed t o  pour 

by cas t i ng  method. Charge was kept overn igh t  a t  ambient i n  the  

assembly (Frg.1). Charge was ex t rac ted  from i n h i b i t i o n  mould 

a f t e r  74 hours. I n h i b i t i o n  charge was machined t o  OD = 135 mm.. 

L = 50 mni X-rayed and s t a t i c a l l y  evaluated a f t e r  cond i t i on ing  f o r  

24 hr5 at low ( - l .O°C).  ambient and h igh  (16 h rs  a t  + 50°C) 

temperatures f o r  burning du ra t i on  o f  3-16 seconds. 
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1250 GUPTA ET AL. 

I 

1 - I-- 

VACUUM 
LID 

BODY 
INHIBITOR 

PROPELLANT 

BASE PLATE 
. I  I 

I .  I n h i b i t i o n  .isssemhly to r -  n i t ram i r i e  c:ontair i ing CMOU p r o p e l l a n t s  

SAraae-aqe inq  t r i a l s  were a l s o  c a r r i e d  out a t  ambient and h o t  

tenpera tures  ( + b O " C )  by p u t t i n g  i n h i b i t e d  charge a t  ambient and 

a t  OiloC i n  cons tan t  temperature water jack e t t e d  oven and observed 

f o r  t h e  bond f a i l u r e  between p r o p e l l a n t  and i n h i b i t o r .  

Results and Discussion 

Epoxy r e s i n  E4 cured w i t h  polyamide hardener EH-411 has a 

v e r y  high t e n s i l e  s t r e n g t h  (252 kgicm") and poor e longa t ion  

I - - ' : , ) .  T h i s  , - es in  i s  v e r v  h a r d  and b r i t t l e  on ( x r i n q -  To 

1 n (  rca';r i tr: e longa t ion .  D i luent -C imonoepoxy d i l u e n t )  was ,added 

l . e , * c l i n q  t o  1 6 . 4  'L e l o n g a t i u n .  F i n a l l v  Sbq03 idas a l s o  

i r i v j r  po rs ted  i n  the  composi t ion t o  rnake i t  more f lame-retardant.  

Tthi ': composi t ion no.5 was .selected because of qood balance of 

me, har i i cx l  p r o p e r t i e s  Along w i t h  reasonable s e t t i r l q  or gel t ime.  

l h i ;  composi t ion was I J t i l i Z e d  For i n h i b i t i o n  o f  RDX i n i t r a m i n e )  

con t a i r i i n g  CMDB p r o p e l l a n t s .  Bond s t r e n g t h  o f  t h e  r e s i n  w i t t l  

p r rsne l lan t  was fourid t o  be 21.5 kg/cm2. It was a l s o  observed 

t..h;t b r e a k  o c c u r s  i n  t h e  CMDB p r o p e l l a n t  and n o t  a t  t h e  
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EPOXY RESIN 1251 

.3 .9 1.2 1.8 2.4 3. 
TIME, SEC. 

7- P r e s s u r e - t i m e  p r o f i l e  f o r  n i t i - a m i n e  c o n t a i n i n g  C M D B  

p rope l l an ts  i n h i b i t e d  w i t h  epoxy res in  a t  ambient temperature 

i n  c i g a r e t t e  burning mode 

propel l a n t - i n h i b i t o r  i n t e r f a c e  i n d i c a t i n g  good bonding of the 

i n h i b i t o r  w i t h  t h e  ICMDB p r o p e l l a n t .  S t a t i c  e v a l u a t i o n  

(p rope l l an t  i n  rocket motor f i r e d  i n  s t a t i c  cond i t i on )  o f  CHDR 

p r o p e l l a n t s  i n  a c i g a r e t t e  b u r n i n g  mode g i v e s  p r e s u r e - t i m e  

p r o f i l e s  a t  ambient, hot  ( t 5 O o C )  and c o l d  ( -30°C)  temperatures 

(Fig. 2-4) f o r  burning du ra t i on  o f  3.0 seconds. Pressure t ime 

p r o f i l e  were near  n e u t r a l .  There was no p r o g r e s s i v i t y  o r  

r e g r e s s i v i t y  observed i n  any of the f i r i n g s .  The pressure-t ime 

curve i nd i ca tes  the s u i t a b i l i t y  o f  epoxy res in  a5 i n h i b i t o r  f o r  

n i t r a m i n e  c o n t a i n i n g  CMDB p r o p e l l a n t s .  Due t o  these result: : . .  

epoxy r e s i n  was cons ide red  s u i t a b l e  f o r  i n h i b i t i o n  o f  CMDB 

p rope l l an ts .  Epoxy res in  was having c h a r a c t e r i s t i c  p roper t i es  

l i k e  g e l  t i m e ,  oxygen index ,  t he rma l  c o n d u c t i v i t y  and h e a t  

res is tance as given i n  the  t a b l e  3. These values are comparablc 

w i t h  repor ted  values o f  o ther  Further- J. f u l l  

s u s t a i n e r  charge (L=160 mm, O D = 1 2 9  m m l  was i n h i b i t e d  i n  a 

s i m i l a r  way by epoxy r e s i n  and s t a t i c a l l y  evaluated i n  sustainer-- 

mode a t  ambient temperature f o r  burning dura t ion  o f  16 seconds. 
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12 $2 GUPTA ET AL. 

32 96 1.6 2.24 2.80 3.2 
TIME, SEC. 

3 P r e s s u r e - t i m e  p r o f i l e  f o r  n i t r a m i r i s  c o n t s i r i i n q  ICMDB 

p r o p e l l a n t s  i n h i b i t e d  w i t h  epoxy r e s i n  a t  h o t  ( + 5 O o L )  

temperature i n  c i g a r e t t e  bu rn ing  mode. 

.4 1.2 2.0 2.8 3.6 4. 
TIME, SEC 

4 .  P r e s s u r e - t i m e  p r o f i l e  f o r  n i t r a m i n e  c o n t a i n i n g  C M D I :  

p r o p e l l a n t s  i n h i b i t e d  w i t h  epoxy  r e s i n  a t  c o l d  ( - 3 0 ° C )  

temperature i n  c i g a r e t t e  bu rn ing  mode. 

T<$ble 3 : C h a r a c t e r i s t i c s  o f  Epoxy r e s i n  i n h i b i t o r  ( F  No.5) 

G e l t  ime 3.10 h r  

oxygen index 21.5 

T hermal conduct i v  i t y  0.88 a t  89°C 
(W/mk) 

Heat r e s i s t a n t  
( W t  loss % )  

0.98 a f t e r  10 h r  

B r i t t l e  temperature +15% 
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EPOXY RESIN 1253 

0 . , I  I 

1 2 3 4  11 12 13 14 15 16 

5 .  Pressure-time profile for nitramine containing CMDL-1 

propellants inhibited with epoxy resin at ambient temperature 

in sustainer mode. 

The pressure-time curve was near neutral indicating the suitabi- 

lity of epoxy resin as inhibitor for CMDB propellants (Fig. 5). 

Storage-ageing trials 

Epoxy resin inhibited CMDH propellants and their bond 

strength pieces were kept at ambient and at bO°C for storage- 

ageing trials and bond failure between propellant and inhibitor 

was monitored. At ambient temperature there was no change in 

bonding between propellant and inhibitor (bond remains intact) 

for more than three years (07.10.91 to 28.12.94).  There was no 

change in mechanical properties o f  the inhibitor during this 

period. However, storage-ageing at 6OoC in water-Jacketted oven, 

both CMDH propellant and epoxy resin inhibitor developed cracl 

even after 5 days. This may be due to gasification in the 

propellant rescil ting a crack in charge and inhibitor. Secondly 
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at ho t  temperature ( + 6 0 ° C )  charge may be expanded which was 

r s s t r i c t e d  by hard  and c ross l i nked  epoxy resinl ' l ;  and r e s u l t i n g  

i r t o  s w e l l l n g  of t he  charge and c r a c l  i n  t h e  i n h i b i t o r  and 

p r o p e l l a n t .  So the  storage-ageing t e s t  a t  h o t  ( + 6 O o C )  was 

d iscont inued . 

Conclusion 

Epoxy r e s i n  was found s u i t a b l e  as i n h l b i t o r  f o r  n i t r a m i n e  

c c n t a i n i n g  CMDB p r o p e l l a n t s  a t  ambient, hot i+6r:l°C) and c o l d  

( - S O ° C )  temperatures. I n c o m p a t i b i l i t y  between double base ma t r i x  

( N C  + NG) and epoxy r e s i n  was overcome by app ly ing  b a r r i e r  coa ts  

o f  Desmodur H and f a s t  s e t t i n g  po lyes te r  r e s i n  P l c r o l i t e  471. 

St.2rage-aging t r i a l s  a t  ambient and h o t  ( + 6 0 ° C )  temperatures 

su3gest t.hat at ambient epoxy r e s i n - p r o p e l l a n t  bond i s  i n t a c t  f o r  

more than 3 years ( s t i l l  under observat ion),however a t  bO°C bond 

f a i l u r e  occurs.  
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