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COMBUSTIBLE CARTRIDGE CASE FORHULATION 

AND EVALUATION 

G.R. Kurulkar, R.K. Syal" and Haridwar Sinqh 

Explosives Research and Development Laboratory, 

Sutarwadi, Pune - 411 021, INDIA 

The formulation o f  combustible cartridge case 

was studied by changing the percentage of  ingredients 

namely; nitrocellulose (NC), nitroguanidine (NiGu), 

cellulosic fibres, dibutylphthalate (DBP) and 

diphenylamine (DPAI.  A composition containing around 

55% nitrocellulose f balance cellulosic fibers and 

nitroguanidine along with 5 . 5  parts dibutylphthalate P, 

1 part of diphenylamine was found compatible with 

triple base multi-tubular propellant, besides having 

reasonably good mechanical and ballistic properties. 

* Author to whom correspondence should be addressed. 

Journal of Energetic Materials Vol. 14, 146- ( I  996) 
Published in 1995 by Dowden, Brodman & Devine, Inc. 
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In 60s feu advanced countries had started R t D 

work t o  replace conventional brass cartridge case by 

combustible cartridge case (CCC) for their 

tank/artillary gun ammunition. Use of the combustible 

cartridge case (CCC) saves metal, ensures light weight 

ammunition, eliminates the disposal of spent cases and 

simplifies automatic firing equipment. They function to 

contain the main propellant charge and since ccc adds 

energy t o  propulsion system, there is saving on 

propellant mass. The cases get consumed on firing and 

leave no smouldering or burrit residue. In view of 

strategic and tactical importance of ccc for 

tank:/mortar and other ammunition, most of the work done 

on formulation, processing o f  ccc is either classified 

or and very little information is 

available in the open l i t e r a t ~ r e . ~ ’ ~ - ~ ~  Hence, present 

study was undertaken on the formulation and evaluation 

of CCC. The results of various studies conducted on 

formulation and evaluation of CCC for tank gun 

application are discussed in this paper. 

The basic formulation of CCC is based on the 

combustible ingredients nitrocellulose(NC), and 
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cellulosic fibre, gas generator like nitroguanidine, 

plasticizer (dibutylphthalate) and stabilizer 

(diphenylamine) etc. 

Crlteriq fac gielcct ipnptcix- 

The formulation of CCC is based on the energetic 

material to provide energy for complete combustion and 

a binder to provide mechanical strength. The 

processing of composition needs a plasticizer and a 

stabilizer fo r  safe storage life. Nitrocellulose, a 

well known ingredient of gun propellants was chosen due 

to following considerations. The mechanical properties 

o f  CCC depend on the percentage and the nitrogen 

content of NC used. A higher nitrogen content o f  NC 

has lower mechanical property. Though lower nitrogen 

content of  NC has lower calorimetric value as well as 

an influence on the burninq rate and the energy of CCC, 

its mechanical properties are better than the CCCs made 

from higher nitrogen content. In view of this, and 

taking into consideration the use of high and low 

nitrogen content NC being used in the manufacture of 

propellants, a 12.6% nitrogen content NC was used to 

strike a balance between mechanical properties and 

energy. 
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It is well known that fibres which d o  not have 

hydroxyl groups and lack other mutually attracting 

groups cannot be made into a satisfactory/cohesive 

sheet. Since NC has less hydroxyl groups, t o  make a 

sheet of pure NC is impracticable. Secondly, during 

pulping the molecular weight and thereby the fibre 

length is reduced. In order to get required mechanical 

properties of the ccc, cellulosic fibres were used. 

Although use of cellulosic materials improves the 

mechanical properties, the combustibility of CCC is 

atfected. To improve the combustibility of CCC which 

is affected due to the use of cellulosic material, 

incorporation of other energetic ingredient was thought 

of. The u5e of well known ingredient of triple base 

propellant i.e. picrite (nitroguanidine) was thought of 

to improve the combustibility. The thermochemical 

behaviour of  picrite (nitroguanidine) is characterised 

by a high amount o f  combustion gases, connected with 

relatively low heat o f  explosion, a high force factor 

and a relatively low flame temperature. Further, 

picrite acts as a coolant. On decomposition it produces 

large amount of nitrogen gas, which helps in 

suppressing the flash at muzzle end. DBP was used as e 
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non-explosive plasiciser, whereas DPA was uetd as a 

etabilizer to take care of ageing problem of NC. 

The cccs used for evaluation during the course of 

present study were made by felting process. The flow 

sheet of the process is given in Fig - 1. 

pa t c r  i a& 

Nitrocellulose (12.6% N), picr te (nitroguanidine) 

were obtained from Ordnance Factory and 

dibutylphthalate ( D B P ) ,  cellulose, triacetin, acetone, 

ethyl alcohol, diphenylamhe (DPA),  and carbamite of 

desired purity were obtained from trade sources & their 

purity was checked before use. Analysis results of 

these ingredients are given in Table- 1. 

Eauiomants 

The various equiprnents used for processing include 

beater, felting machine, water squeezing unit, steer 

heated dryer and isostatic press etc. Closed vessel2’ 

( C . V . ) ,  instron and methyl violet test apparatus were 

used for ballistic evaluation, mechanical properties 

determination e! thermal stability of ccc respectively. 
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P 
The five baeic compositions consisting of 

variations in nitrocellulose and picrite were prepared 

for making combustible cartridge case. Table - 2 
includes the details of various formulations of ccc 

studied . 

Glurrv eCpparati4n 
To a predetermined amount of water in the beater, 

required quantity o f  cellulose is added, and the 

beating is continued t i l l  the desired freeness (CSF 200 

f 10) is attained. A weighed quantity of NC (on dry 

basis) and picrite are then added and mixing is carried 

out for 30 minutes. DBP, alcoholic solution of DPA, are 

added subsequently. While mixing the ingredients, the 

slurry contains 10% solids approximately. The mix is 

diluted with water to reduce the slurry consistency to 

approximately 1% solids. The slurry mix thus obtained 

is fed to the felting machine. 

Poe-tian 
Preforms are made in the felting machine with the 

application of vacuum. The thickness and weight of the 
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pre fo rm is c o n t r o l l e d  by  f e e d i n g  known amount of 

s l u r r y .  The preform or f e l t  is l o o s e l y  woven m a t r i x  

(AO% of  w a t e r )  w i th  a w a l l  t h i c k n e s s  3-4 t imes  g r e a t e r  

t han  t h e  f i n i s h e d  p roduc t .  Water from f e l t e d  p re fo rm is 

removed by pneumat ic  rubbe r  b a l l o o n  i n f l a t e d  a t  

p r e s s u r e  o f  abou t  3 Eg/cm2. Preform is d r i e d  i n  h o t  a i r  

oven a t  a t e m p e r a t u r e  o f  (50 i: 2"C,  t i l l  t h e  m o i s t u r e  

c o n t e n t  is brough t  down to about  b p e r c e n t .  

EQ.uK&Tr.Ptll.nta- 
The d r y  preform i s  d ipped  i n  a c e t o n e  tor a 

p rede te rmined  t i m e ,  a l lowed  t o  d r y  i n  h o t  a i r  oven  t i l l  

a c e t o n e  p e r c e n t a g e  is reduced  to  20% b y  weight  

(appro:< ) . P r e s s i n g  is c a r r i e d  o u t  by app ly ing  

isostat ic  p r e s s u r e  o f  30 kg/cm2. CCCs a r e  d r i e d  w i t h  

h o t  a i r  a t  t e m p e r a t u r e  o f  SO -+ 2 ' C  f o r  about  s i x  h o u r s  

and a r e  c o a t e d  w i t h  a t h i n  f i l m  of a i r  d r y i n g  v a r n i s h  

and trimmed t o  r e q u i r e d  s i z e .  Table-4 shows t h e  e f f e c t  

of a c e t o n e  on mechanica l  p r o p e r t i e s  and bu rn ing  

c h a r a c t e r i s t i c s  o f  CCC. 

Clos.dY!zsssL- 
Sample p i e c e s  of s i z e  1OOmm X 6Omm were p repa red  

from ccc .  Samples o f  c h a r g e  mass 1909 were weighed and 
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used for close vessel firing. 

In case o f  the propellant, standard triple base 

propellant (NQ/M 047)charges of 1409 were weighed and 

used for evaluation. 59 gun powder (0-12) was used for 

ignition of 1409 of  propellant charge. 1.39 o f  gun 

powder was tied in a cambric cloth bag and 3.79 of  gun 

powder was distri,buted loose on the propellant charge. 

The same procedure was followed for the samples 

prepared from cccs. 

The out put of CV data aquisition system was fed 

to P.C. and the ballistic parameters Pmaic and rise 

flrna ererta cr1c::ulrkud. II typical P-T p r o l i l o  i. mtiocir7 in 

Fig. 2. The output was printed with the help o f  

printer provided with P.C. The burning time was 

considered from 3% Pmax to Pma:c. The results are given 

in Table-3. 

Mechanical Proocrtica 

Test specimens were prepared by cutting strips of 

size lOOmm X 20mm X Tmm. Five specimens were tested 

with Instron mach ne for tensile strength and X 

elongation (Model- 1183, Make- Universal Testing 

Machine, Britain). For recording the events on pen 
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c h a r t  r e c o r d e r ,  t h e  s p e e d  o f  t h e  cross h e a d  was 50 

m m / m i n  and speed  o f  c h a r t  was 100 m m / m i n .  The r e s u l t s  

of m e c h a n i c a l  p r o p e r t i e s  a r e  p r e s e n t e d  i n  T a b l e  - 4. 

The rm& S t a b  i 1 i t  y 

Samp les  were  e v a l u a t e d  by m e t h y l  v i o l e t  t e s t  

a p p a r a t u s .  R e s u l t s  a r e  g i v e n  i n  Table-5.  

EtfactpfPicritrgnBurnirrP- 

T y p i c a l  P-T c u r v e  is shown in Fig. 2. i t  was found 

t h a t  15% p i c r i t e  w i t h  70% NC p r o d u c e d  h i g h e r  Pmaw and 

burning t i m e  t h a n  t h e  s t a n d a r d  p r o p e l l a n t ,  whereas  35% 

p i c r i t e  w i t h  50% NC g a v e  l o w e r  v a l u e s  o f  Pmax and  

b u r n i n g  t i m e .  However ,  r e s u l t s  o f  30% p i c r i t e  w i t h  55% 

NC w e r e  c o m p a r a b l e  w i t h  t h e s e  o f  s t a n d a r d  m u l t i - t u b u l a r  

t r i p l e  base p r o p e l l a n t .  

. .  Effactgf!-?SfhmmBurninP- 
T a b l e - 4  shows t h e  C.V. f i r i n q  r e s u l t s  o b t a i n e d  

f r o m  C C C ,  which were  g e l a t i n i s e d  w i t h  a c e t o n e  u n d e r  

d i f f e r e n t  t i m e  v a r y i n g  f r o m  30 ses. t o  90 sec.  R e s u l t s  

o b t a i n e d  i n d i c a t e  t ha t  t h e r e  i s  a m a r g i n a l  e f f e c t  on 

Pmax and burning t i m e .  Hence, d i p p i n g  t i m e  i n  a c e t o n e  

i s  m o r e  r e l e v a n t  fo r  p r o c e s s i n g  p u r p o s e  than t o  burning 
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characteristics. Further, the amount of acetone present 

in ccc at the instance of pressing is more important 

than the time of dipping. If acetone is more than 35% 

by weight at the time of pressing, ccc becomes more 

gelatinised and there is a difficulty in removal of CCC 

from pressing mould. 

~omnatibilitv 8f stab i 1 i zers 

NC has been used as the main energetic material 

for CCC which is known to undergo degradation on 

storage b y  auto catalytic reaction. Hence, the effect 

of two uellknown stabilizers for NC namely, DPA and 

carbamite were studied on thermal stability of ccc. 

I t  was observed (Table-5) that 1 part DPA gave 

heat test value of SO minutes. The increased 

concentration o f  DPA from 1 to 2 parts and finally to 3 

parts irscreased the thermal stability to 55 and 60 

minutes vespectively. On the other hand use of 1 to 3 

parts of carbamite gave heat test value of 32-35 

minutes. F r o m  these results it can be concluded that 

for ccc composition, DPFI appears to be a better 

stabilizer than carbamite. As expected, combination o f  

DPA arid carbamite gave intermediate valuer, of thermal 

stability. 
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CCC composition consisting about 55% NC, 15% 

cellulosic fibre, 30% picrite, 3.5 parts DBP,and 1 part 

stabilizer is suitable and compatible with triple base 

multi-tubular propellant. Increase in concentration of 

picrite lowers the Pmaw and the burning time. 

The suitability of cccs for various applications 

could be confirmed by conducting actual firings in the 

gun vis-a-vis the brass cartridge case and comparing 

the ballistics. 
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TABLE 1 : Analysis results of raw materials 

Mate r i a 1 Results Specified 
Limits 

I b )  Mineral matter I 0.80% 
c) Alkalinity 

(calculated as CaC03 

ace tone 
d )  Organic matter insoluble in 

0.3% 

Traces 

e) Heat test at 80°C 

Nitroguanidine (picrite) 
a) Volatile matter 
b) Picrite content 

e) Ash content 0.13% 

a )  Or anic matter soluble in 

b )  Ash content 

Cellulose 
etzer, alcohol 

I& minutes 

0.24% 
90.05% 

c)  Degree of  freeness 

d )  Q- Cellulose content 

0.032% 

Di-But 1 Phthalate (DBP) 
a) EsXer content (as DBP) 
b) Water content 
c) Acidity (as phthalic acid) 

0.5% max 
D i ph en y 1 am i n e (DPFI ) 
a) Morsture (over caustic 

potash in a vacuum 
desiccator) 

b) Reaction 
1 )  Alkalinity 

i r )  Acidity a s  H2S04 

0.20% 

0.90% 
185 

95.4% 

99.15% 
0.01 06% 

0.004% 

L2.6 2 0.1: 
0.8% max 
0.4% max 

0.5% max 

10 minuter 
rnin 

0.25% max 
90.5% rnin 

0.06% max 
1.0% rnax 
0.3% max 

0.4% ma:( I I 1.0% max 
180 min 
200 ma:.: 

99% min 
0.1% max 
0.01% max 

I Nil 
0.005% max 

c) Organic matter insoluble 0.02% max 

d )  Mineral matter 
in ether alcohol 

I e) Setting point 91.5.C min I 53.0"C max 
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TABLE 2 : Formulations of CCC 

Formula1 NC I P i c r i t e  
No. 

% I % I  
E q - q Y G -  

P a r t s /  100parts 

c- 1 70 15 15 3.5 1.0 

c-2 65 20 15 3.5 I 1.0 
C-3 60 515 I 15 1 3.5 1.0 

c-4 55 30 15 3.5 1.0 

c-5 SO 35 15 3.5 1.0 
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TQBLE 3 : E f f e c t  o f  p i c r i t e  on burning 
c h a r a c t e r  ist ics 

I I I c - 3  269 12.8 1 I 
c - 4  1 260 I 8.6 

Formulae No. Pmax(MPa1 *Burning time(me) 
c - 1  274 16.4 

c - 2  1 269 I 14.2 
1 I 

c - 5  247 I 6 .5  1 
1 

10.8 I *i t  Pro ellant 262 
NQI& 047 I 1 

I I I 

NOTE : * Burning time was measured in m s  f r o m  
5% Pmax to Pmax. 

*+ P r o  ellant c a m  osition in percentage. 
NC 51, NG 21, Picrite 5 5 ,  
carbamite 3 and K 2 S O 4  traces. 
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TaBLE 4 : E f f e c t  o f  acetone on mechanical properties 
fk burning characteristics of CCCW 

Time 

seconds 

Time to 
Pmax 

Kg /cm2 (MPa) (msi) 

Dipping T.S. 

I 
45 134 5 .o 250 5 . 7  I 

X Elongation Pma:c Burning 

wCCC formula No. C-4. 
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TABLE 5 : Compatibility o f  stabilizers with CCC 
composition. 

Diphenylamine Carbamite M.V. Test 
(by parts) (by parts) (mi nut es ) 

1 Nil 50 

2 Nil 55 

3 Ni 1 60 

Ni 1 1 32 
Ni 1 2 35 
Ni 1 3 35 

1 

2 
2 
1 

35 
45 

I 

CCC formula N0.C-4 except stabilizer. 
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