
Defence Science Journal, Vol. 52, No. 2, April 2002, pp. 165-171 
Q 2002, DESIDOC 

SHORT COMMUNICATION 

Thermal Stability and Shelf-life of High Energy Fuel for Torpedoes 

K.C. Raha, S.S. Adhav, N.M. Bhide, A.D. Yewale, G.K. Gupta and J.S. Karir 
High Energy Materials Research Laboratory, Pune - 41 1 021 

ABSTRACT 

1,2-Dinitroxy propane-based liquid fuel is an advanced high energy fuel for torpedoes. The 
high energy fuel is used with an oxidiser, viz., hydroxyl ammonium perchlorate as a bi-propellant 
system for torpedo propulsion. Thermal stability of high energy fuel has been arrived at by differential 
thermal analysis and also by following the depletion in stabiliser content as well as increase in acidity 
with ageing. Rate constant for decomposition, activation energy for depletion of 2-nitro diphenylamine 
(2-NDPA) and shelf-life of high energy fuel have been determined. Due to the high vapour pressure 
of high energy fuel (because of 1,2-dinitroxy propane), usual experimental set up could not be used 
and the sample was conditioned in sealed tubes. The shelf-life of high energy fuel is arrived at using 
Woolwich, Berthelot and Arrhenius equations and the results obtained are 100 years, 125 years and 
276 years, respectively. Considering the safety aspect, the lowest value, viz., 100 years is recommended 
as  safe life of high energy fuel. This work confirms the reported estimates of the good storage 
stability of high energy fuel. 
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INTRODUCTION 

1,2-Dinitroxy propane-based high energy 
fuel is one of the irreplaceable liquid fuel 
used since sixties, mainly for heavy weight 
t o r p e d o e ~ ' ~ ~ .  The decomposition of a nitric ester on 
ageing is its inherent property. It is slow at the 
start and becomes fast with the passing of time, 
due to the catalytic effect of the decomposition 
products, viz, oxides of nitrogen. The nitric ester 
is stabilised by 2-nitro diphenylamine (2-NDPA) 
and desensitised by di-n-butyl sebacate (DBS). 
The nominal composition of high energy fuel3 is 
1,2-dinitroxy propane 76.0 per cent, 2-NDPA 1.5 
per cent and DBS 22.5 per cent. 

The high energy fuel is dark orange liquid 
at room temperature. The vapour pressure4 of 

1,2-dinitroxy propane is 0.098 mm of mercury at 
25 "C and is 400 times higher than that of commonly 
used NG (2.475 x lo-' mm of mercury at 20 'C)'. 
High vapour pressure of high energy fuel poses 
problem in undertaking its thermal analysis and 
in determining its shelf-life by accelerated ageing 
at higher temperature in contrast to conventional 
double and triple-base propellants. 1,2-Dinitroxy 
propane-based high energy fuel has been reported 
physically and chemically stable when kept at 
50 "C for three years3. In another work6, the shelf- 
life of high energy fuel has been reported to be 
102 years at 50 O C .  In both the cases only the 
life in years has been reported and no method of 
life assessment is given. According to Urbanski7, 
this particular alkyl ester is insufficiently stable 
even in the purest form. Therefore, the method 
to assess the shelf-life of high energy fuel 
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