












































Basic Principles 

1 OB + 6KNO3 = 5B2O3 + 3K2O + 3N2 

This mixture contains 15.1 % boron, and 84.9% potassium nitrate and has zero oxygen 
balance. 

A typical practical mixture contains 30% boron and is used as a vigorous igniter 
composition. This is obviously fuel rich. From above 1 kg potassium nitrate oxidises 
0.177 kg boron. One kilogram of this mixture therefore contains (0.300 - 0.7 x 0.117) = 
0.128 kg boron in excess of what can be oxidised by the potassium nitrate. This requires 
48/21.6 x 0.128 = 0.28 kg oxygen for complete oxidation. The oxygen balance of the 
mixture with 30% fuel is therefore -28/1.28 = -21.9%. 

CALCULATION OF BINARY MIXTURES 

INTRODUCTION 

If there is no experimental evidence, chemical intuition, backed up if possible with some 
thermodynamic calculations is required. It is advisable to start with the simplest reasonable 
equation, and this may be an adequate starting point for experimental work. Once 
experimental information is available (variation of temperature, exotherrnicity or burning 
rate with ingredients ratio, and preferably some chemical analysis of products) it is 
possible to start to elaborate. 

EXAMPLES OF BINARY MIXTURES 

MAGNESIUM AND SODIUM NITRATE 

The complete reaction to form the usual oxide of sodium may be written 

5Mg + 2NaNO3 = 5MgO + Na2O + N2 

The heat of reaction may be calculated using the heats of formation from the Annex 
remembering that the standard heat of formation of an element is zero. 

!:ilirorm (Na2O) = -418.0 kJ, !:ilirorrn (MgO) = -601.2 kJ, !:ilirorm (NaNO3) = -468 kJ. 

The heat of reaction is therefore !:ill= (-418.0-5x601.2)-(-2x468.0) = -2488 kJ , and 

q = 8535 kJ kg-1 .

At stoichiometry (41.7% Mg) we may calculate Q = 8535x85 +0.583 = 1244 kJ moi-1

Calculate the exothermicity for an 80% magnesium mixture using the above equation. 
1.915 g Mg must be added to one gram of the stoichiometric mixture to give an 80% fuel 
content. For this mixture, therefore, q = 8540/2.915 = 2930 kJ kt1

•

Experimental values were obtained by Singh et al., for the heat of reaction over a range of 
compositions. These are shown in Figure 2-2 and compared with the above values. The q
and Q values are in reasonable agreement with experiment near the assumed stoichiometry 
(8364 kJ and 1185 kJ kg-1 respectively at 40% magnesium) but at higher fuel content 
calculated q is markedly lower than experimental, and experimental Q rises steadily with 
increasing fuel content suggesting the further reactions are taking place, perhaps further 
reduction in the presence of excess fuel. 
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Basic Principles 

A possible modification to the reaction scheme above is the formation of elemental sodium 
rather than sodium oxide by further reduction with the excess fuel. 

6Mg + 2NaNO3 = 6MgO + 2Na + N2(g) MI= -2671 kJ, q = 8458 kJ kt1
. 

Magnesium content at stoichiometry is 46.2%, and Q = 1336 kJ mor1
• 

The formation of an 80% fuel mixture requires the addition of 1.69 g magnesium per gram
of stoichiometric mixture. For this mixture, therefore, q = 8458/2.69 = 3144 J g- . This is 
an improvement on the above result, but still low compared with experiment. 
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Figure 2-2 Measured and calculated exothermicity of magnesium - sodium nitrate

An additional possible reaction is the formation of magnesium nitride from excess 
magnesium and nitrogen 

MI= -460.7 kJ 

This reaction has 72.2% magnesium at stoichiometry, and produces 16.45 kJ per gram 
nitrogen. 
Assuming that at high fuel content the last two equations prevail - i.e., the products are 
magnesium oxide, magnesium nitride, sodium and excess magnesium, we may calculate 
for the mixture of 80% magnesium 

From the formation of MgO, Na and N2, as shown above, q = 3144 kJ kg-1, 

From the reaction of excess Mg with the 28/(2 x 85) x 0.2 = 0.0329 g nitrogen produced 
from 0.2 g sodium nitrate, q = 16.45 x 0.0329 = 541 kJ kg-1.

The total heat produced is therefore 3687 J t1 which is about 7% below the measured 
value of 3944 kJ kt 1 , and probably within experimental error. 

The above analysis is supported by the authors' report that when the magnesium content is 
below 55% the products were sodium. oxide Na2O, magnesium oxide MgO, and excess 
magnesium. At 70 - 80% magnesium the products were sodium, magnesium oxide, 
magnesium nitride and excess magnesium. 
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