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Decomposition of soiid propellants, relevant in combustion processes, has been 
studied by differential scanning calorimetry (DSC). Enthalpy changes for decom- 
position of the polymers [polystyrene (PS) and styrene-xygen copolymer (co- 
polymer)], ammonium perchlorate (AP) and the corresponding propellants have been 
estimated from DSC thermograms. Ener_gy of activation of the net decomposition 
process is estimated to be 41+ 5 and 35+ 6 kcal mol- ’ for PS and copolymer 
propellants, respectively. Isothermal decomposition studies of the propellants have 
also been made. 

The combustion of composite solid propellant is a complex phenomenon which 
involves several physico-chemical processes taking place in different phases. Com- 
bustion theories based on analytical modeIs have been proposed in the past which 
ignore many such processes- It is becoming increasingly cIcar that combustion is 
controlled to varying degree by reactions taking pIace in flame. zone, propeliant 
surface or in the solid phase below the surface. Recent studies of propellant de- 
composition by differential scanning caIorimetry (DSC) have proved the importance 
of solid-phase reactions during combustion of solid propellants I-‘_ The data reported 
earlier’ have been subjected to detailed analysis in this paper which yieids valuable 
information regarding the enthalpy changes and the enerw of activation of the net 
decomposition processes. 

EXPERIMENTAL 

Polystyrene and the copolymer of styrene-oxygen and the corresponding 
prop&ants were prepared as described earlier’. Powdered AP (Fischer Scientific Co., 
U-S-A_) was used as such without further puri’ication. 

DSC thermo_ms were cbtained by one of the authors (K.K.) at the 
University of Leeds, U-K_, using a Perkin-Elmer DSC-IB instrument_ The calorimeter 
tempcraturc axis was calibrated using pure samples of indium, tin, and lead supplied 
by the above firm. 
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The propellant (approx. O-8 mg) and polymer sampIes (approx. 2.5 mg) in the 
form of fIakes and pure AP (approx. 2.0 mg) in the powdered form were used. The 
accurately weighed samples were placed in the aluminum pan and were sealed, A 
small hole was pierced at the top of the lid in order to allow the product gases to 
escape. The reference and the sampIe pans were pIaced at the centre of the sample 
holder c&s and covered with aluminum domes. The thermograms were obtained by 
the procedure outlined by Brennan et aId_ The baseline of the thermogram was also 
drawn by the above-mentioned method. 

The measurements were made at the scanning speeds 8,16,32 and 64 K min” 
using range settings of 4,8, 16 and 32 meal set- r. Thermograms were obtained for 
PS and copolymer and the corresponding propellants (AP content 70,75 and 80 per 
cent by weight) and for pure AP. After the decomposition, no residue remained in the 
pan_ The typical thermograms for polymers, propellants and AP are shown in Pig. 1. 
Blank observations showed that no flame appears during decomposition- 

Fig. I. DSC th~ogram (1) PS; (II) copolymer; (III) P!S/AP (?O% by wt-) prop&ant; (IV) copoly- 

mer/AP(?O% bywt)propeLIantand(Y)pun~tachatscanspccd I6Kmin-I. 

The cnthalpy changes for the exothermic and endothermic processes were 
ca.la&~*%~I using indium as the standard’. The area under the curves was measured by 
the Lynx (Indian) pIanimeter_ The tempera- range for endothermic and exothermic 
peaks for the propellants, polymers and AP samples is recorded in TabIt 1 and their 
entha.Ipy changes are given in Table 2. The energy of activation was calculated as 
foliows, 

The total area and the area under the segments at different time intervaIs were 
evaluated from the thermograms. a-time plots were drawn using these data (a = fiac- 
tion decomposed)_ a varies with time as follows: 

da/d2 = k(1 -ar (1) 
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Fig. 3. a-reduced time plots PS propdIant~. 
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features were studied from thermo_mams. The ener_gy of activation of the exothermic 
process was estimated for both the propellants containing 70,75 and 80 per cent of AP 
at a = 0.2,0.5 and 0.8 where a is the fraction decomposed. The net ener_gy of activation 
was found to be 41+ 5 and 35 +6 kcal mol- ’ for PS and copolymer propellants, 
reqectively. It should be noted that this value would be the resultant value for the 
entire decomposition process which may involve a number of steps. The z-reduced 
time plots (Figs. 3 and 4) show that the nature of decomposition was the same at 
different heating rates as well as for different AP compositions for both the pro- 
pelklrlts. 

Thanks are due to the Ministry of Defencc for the award of a Fellowship to one 
of us (G.S.). We are indebted to Dr. P. G. Laye, Department of Physical Chemistry, 
University of Leeds, England, for the help rendered in obtaining the thermograms and 
to Professor P. W_ M. Jacobs, Department of Chemistry, University of Estem, 
Ontario, Canada for sending a gift sample of ammonium perchlorate. 
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