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A mathematical ‘formula has been derived to assess the safe l1fe of propellants based on the rate of decompo-
sition of nitric esters ‘and action of stabilizers on the decomposltton progucts of the nitric ester constituents of
the propellants. N

1t is a characteristic property of almost all the sohd propellants that the nitric ester constituents parti-
cularly nitrocellulose and nitroglycerine undergo slow but autocatalytic dcomposition by their decomposed
prcducts even at ambient temperature. To suppress this autocatalytic decomposition of nitric esters, by
" converting the nitrogen oxides evolved to non-catalytic nitro-compounds?, it is+ customary to include a
stabilizer of some sort in-propellant formulations. The rate of decomposition of nitric esters depends on the
chemical structure of esters and action of stabil’zers on the decomposed products 2,34 The stability of the
propellants thus mostly depends on the actlon of the stabﬂlzers

Due to the gradual decompos1t1on of nitric esters on storage stability tests are necessary as a control
for the safety of the propellants. Various methods have been mentioned in the literature to assess both the
stability and the safe life of propellants. A standard formula has also been given in the literature to predict
the safe life but its derivation was not found in the literature available which created interest to derive s
similar formula and ultimately a formula was derived Wluch gives almost the same results as obtained byv ue
standard one. : /

It has been found by experience that a propellant becomes unstable when half the stabilizer has, been .
used up. The period in which the concentration of the stabilizer falls half to its original value is termed half
life period® of propellant and the same penod is adopted in service as safe life of the sample

. DERIVATION

A formula can be derived with certain assumptions? suchas (¢} a first order decomposition of nitric esters
independent of the nature of the stabilizer, and (¢) a second order reaction between the stabilizer and the °
decomposed products of nitric esters. It is further assumed that the 1ate of decomposition cof nitric esters
are same throughout the storage as the whole amount . of decomposition products are picked up by ideal
stabilizers.

s

The reaction rate could then be formulated as the sum of the two terms as,

o
~ (dt’_—Kl+Kz( )

Where K, and K are rate constants, (C’) is the concentratmn of the stablhzer at time ‘¢’ (——) mdlcates
the fall in stabilizer content on storage.

As the concentration of NC--NG matrix in the propellant essentially does not, change with time, the
above equation is reduced to,

. d
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On integration,
- A__..x S

M — K2 f dg

If # = AP, then kt=1" , < 7
Therefore equa.tion' (1) bééomeé, o ' ‘

I

log ( Y /2 ) =K,T

By substituting the value of Kj in equation (1)

- Standard formula, - 4T“ = - log u—

Where T (in months) = time for sta.blhzer percentage to fall to half its m1t1al concentratlon ie. half
S life period of propellant.

¢ (in months) = tlme on storage

4 = initial stabilizer percentage.
 (4—2) = stabilizer percentage after storage for £ months
N w o

_==fall in stabilizer p’e’rdenta,ge after storage for ‘¢ months.

K is reaction rate constant; for the reaction of stabilizer with decomposed products

It should be noted that this equation is apphcable only when there is. suiﬁclent stablllzer pr&ent to
react with all the mtrogen oxides formedl

BN EXPERIMENTAL

Data have been collected by conducting that following two different experlments for several pro-
pellants and the results have been tabulated

(O] Woolwmh Test (Table 1)
(m) Chmatlc Hut Trial (Table 2)

The dotsils of theso tests have been g1ven in ‘Servme Text book of Exploswes“’
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Tapre 1
i

WoorLwicr TEST

: . Percentage of Half life penod of -
Stabilizer - propellant
E ‘ . (in years)
Propellant . Stabilizer. - — e Nl e - —_
R Before After By the ... By the
the the derived  standard]|
‘Wool- Wool. formula* formula"“"l
) - wich wich i
© test (4)  test (4—=x) . 4
. . ~ i .
NRKN Lot No. NL 6899 for 7 -62 mm (ICL) . DPA 113 078 | 2271 - 2065
Single base‘ powder 152 for 7 -62 mm (Bulgaria) » DPA 1% 052 950 . 997
Single base powder 153 for 7 -62 mm andk 54 mm (Bulgaria) o DPA-- 096 029 703 789
Propellant for 762 mm PRB (Belgium) DPA 106 056 13-19 1136,
. NRN for 7-62 mm Lof No. NL 6747 (ICI) ‘ DPA and methyl 1:03 0-48 11-03 11-9
: . i centralite 243 223
Prop. for 762 mm (Ttaly) DPA 1-34 076 1485 1429
Cartg: QF 57 mm HEAT M 307A (Belgium) - DPA 0-93 049~ 13:14  13:00
Cartg. QF 76 mm HEAT M'50 Lot TVYU 7002 DPA 185 083 1731 162
"TasLy 2
Cumatic HoT TRrIAL
Percentage of Half life period of
) . : Stabilizer propellant
’ ) Duration - Stabilizer (in years)
Propellant in CHT . p A . A .
(in years) Before * After - By the By the
at 120°F CHT CHT  derived  standard 1
. formula® formula**
Ballistite B-16 2 Carbamite 06 022 805 841
CD/T-5/2 1 . Carbamite. 06 042 1133 1067
SPAeIIl - 2 DPA 0-90 062 1474 - 1497
CONCLUSION

It can be seen &om the results that the shelf-life obtained by both the formulae are almost same. There-
fore derived formula can be used as a substitute at the place of the other one. :
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