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PRINCIPAL PROPERTIES AND REQUIREMENTS OF THE MOST FREQUENTLY OXIDIZERS IN PYROTECHNICAL 
COMPOUNDS AND GOODS  
Gergana Kamburova  
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia 

 
ABSTRACT: Oxidizers are the major portion in the pyrotechnical mixtures for preparing different types of pyrotechnical goods for special and civil purposes. The 
difference in oxidizers is the factor determining the obtaining of different special effects. Investigating the properties of oxidizers is a compulsory condition for 
production of different mixtures and goods and guaranteeing effectiveness and safety of work. The paper has revealed the principal properties of the most frequently 
used oxidizers, reactions of their decomposition and liberation of oxygen etc. Oxidizers for pyrotechnical compounds have to be solid substances with a melting point 
not less than 50-60  , contain maximum quantity of oxygen and easily release it at a given combustion rate, be chemically sustainable compounds within the 
temperature range of ±60 ., be as much as possible non-hygroscopic or at least slightly hygroscopic, be non-toxic, be not very sensible to physical and mechanical 
impacts and not to possess evidently expressed explosive properties.  
The principle properties, including the oxygen balance of the ammonium, potassium, sodium, barium and strontium nitrate, potassium chlorate and perchlorate, 
sodium perchlorte, oxides of the iron, manganese and barium, black powder and smokeless powder. The principle properties and reactions of the analysed oxidisers 
and different types of pyrotechnical compounds under conditions of combustion have been presented in tables. The analysed and specified parameters have been 
required for establishing optimal and safe dual and multi-component pyrotechnical compounds for different goods. 
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C2Cl6 + 3Mg = 2C+3MgCl2 
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),  2,3 kcal/g  
( C2F4)n +2nMg = 2nC+2nMgF2 
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: 
– : NH4 NO3, Na NO3 , KNO3, Sr(NO3)2, Ba (NO3)2 ; 
– : KClO3, NaClO3, Ba(ClO3)2; 
– : KClO4, NaClO4, NH4ClO4; 
– : BaO2; 
– : F 3 4, F 2 3; 
– : Mn 2 ; 
– b3O4 , bO2 
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                   = 1 1 +  2 2 + .. n n, %                              (4) 

1, 2.............. , n,  
, %; 1,  2 .........................Pn 

–  
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2.  
   

 
. 1  

–  
. 

, 1974) 
 

 
 , : 

 
 

 1 
 –  

 . 
 

., 
g/cm3  

.  
,

  

 
 

,  
% 

 

1 2 3 4 5 6 7 

 
KClO3 

123 2,3 360 2K lO3 = 2KCl +3O2 +39 , 
 –  

 

 
KClO4 

139 2,5 610 2KClO4= 2KCl +4 2 +46  
 

 

  
NaClO4 

122 2,5 482 2 NaClO4=2NaCl+4 2 +52   

 
NaN 3 

85 2,2 308 2NaN 3=Na2 +N2+2,5 2 +47  
 

  
KNO3 

101 2,1 336 2KNO3= K2O+ N2+2,5 2 +40  
 

 
Sr(NO3)2 

212 2,9 645 Sr(NO3)2= SrO+ N2+2,5 2 +38  
 

 
Ba(NO3)2 

261 3,2 592 Ba(NO3)2=BaO+N 2+2,5 2 +30 ,  
 

 

 
NH4NO3 

80 1,74 169,1 2NH4NO3= 4H2O+2N2 +O2 +20  
 

 
 F 3 4 

232 5,2 1527 3 4=3F +2 2 +28  
 

 
Mn 2 

87 5,0 530 Mn 2=Mn+ 2 

Mn 2=Mn +0,5 2 
37 
18 

 
;  

 

 
2.1  ) NH4NO3 
   

 
.  80,04g/mol. 

-

 1,56  1,74 g/cm3.  
,  
 ( ). 
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3 + HNO3 NH4NO3 
 

369,1 kJ/mol. 
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, ,  
, 

.  
, , 

. , 
, .  

 – , 
, .  

.  
 

. , . 
,  

 
.  

-
:  18  16  32,3 ° ; 

 32,3  85° ;  85,1  125,1 °  125,1  169,1 
. 

 
-

 0,86 
 0,97 g/cm3. ,  

,  
.  

,  
, .  

 
 
 

.  
. 

  
169,1 ° .  

.   2 
%  140 ° .  

 
. –

 110°  
 

:  
 

4NO NO3 + NH3–173 kJ/mol 
 

 183–200 °  
 

: 
 

4NO =N2O + 2H2O +173 kJ/mol 
 

 230° ,  
,  

. 
, 

   550 
 4500 kg/cm2 ( , 1977) 

2NH4NO3 = 2N2 + 2 + 4 2  + 129 kJ/mol 
 

,  
.  

 
.  

,  
 +20 %. . 

” , 
. 

 
2.2  ( ) 3 
 

 
. 
 

: 
 
KNO3    2KNO2 +O2 

 
 

: (John A. Conkling,1985) 
 
2KNO3  K2O+N2+2,5O2 

 
,  70,5 

kcal/mol.  
,  

.  –
 

 – .  
  

 
 101,1 g/mol.  334 ,  

 – 400 . 
 

 
 , , 

.  
 
 2.3  ( ) N NO3 

 
 

 84,99 g/mol,  2,26g/cm3  
+47%.  308 ,  380   

. ,  100ml 
 92,1  25   180 g  100 . 

.  
 

 
.  

.  
.  

.  
 

. 
 

 
: (Leschewski K.1939) 

 
2NaNO3=2NaNO2+O2+47kcal 

2NaNO2=Na2O2+N2+O2 +56kcal 
Na2O2=Na2O+0,5O2+18kcal 
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2NaNO3=Na2O+N2+2,5O2 +121kcal 

 
,  

 
 –  , : 

 
Na2O+Mg=MgO+2Na+44kcal 

 
 2.4  Ba(NO3)2 

 
 

3,24g/cm3 ,  100 ml  
 10,5 g  25   34 g  100 .  

 590 .  
,  

. 
 
      2Ba(NO3)2 +  2BaO + 4NO2 + O2 

 
 Mg : 

Ba(NO3)2+6Mg=Ba+NO2+6MgO+646kcal 
 

 
. ,  

, , .  
.  “baratol”  

, . 
,  

, ,  
.  

.  
 

2.5  Sr (NO3)2 

 
 

 3,0 g/cm3  
 645 . ,  100 

g  70,07 g  20  .  
.    

 
 

. 
 
2.6  KClO3 
 

 
. ,  

.  
2,32 g/cm3  356-358  

 400 .  
 

: 
 
4KClO3   3 KClO4 + KCl 
 

 
 

 
2KClO3   2 KCl + 3 2 
 

,  
, .  

 ,  
 10,6 kcal/mol.  

 
. 

. 
 

 
 

. ,  
, .),  

.  
 
 

.  
 

 (John Conkling, 1985).  
 ”  

 
.  

.  
. 

 
2.7  KClO3 
 

 
.  

 2,52g/cm3, 
 525  

600 .  ,  100ml  
 1,5g  25  21,8g  100  (  J, 

2007). 
 

 
,  

 - 0,6 kcal/mol. ,  
,  

: 
 

3KClO4 +C6H12O6    6H2O+6CO2+3KCl 
 

 
 

.  
. 
 

.  
,  

. 
 

2.8  NaClO4 
 

 
2,50g/cm3,  130  

 400 .  
 ,  100 ml  209,6 

g  25 . 
 

 
,  

 
: 

2NaClO4=2Na Cl+4O2+10,8 kcal 
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,  
,  

.  
,  

 
 

.  
-

. 
 
2.9  Fe3O4 

   
 

.  Fe3O4  
 5,17g/cm3  1597 .  

 
: 

 
3 4=3F +2 2 

 
. 

 
2.10  Mn 2 
 

 
.  5,03g/cm3,  

 535 . .  
 

: 
3Mn 2 +4Al=3Mn+2Al 2 3 

,  
 

:    
  

Mn 2=Mn +0,5 2 
 
2.11 2 
 

 – 
.  5,68g/cm3,  

450  800 .  
.  

.  
.  

 
: 

 
BaO+Mg=Ba+MgO+11kcal . 

  
2.12   
 

 
, .  

,  
.  

 
.  

)  75%  
, 15%  10% . –

 
 

 16  30 %  13  30 %,  

 40%.  
,  70–80%,  

 20–30 %.  
 

.  
 

.  
 

: 
 
2KNO3+S +3C=K2S+N2+3CO2 
 

: 
 
10KNO3+3S +8C=2K2CO3+3K2 SO4+6CO2+5N2 
 

 
. ,  
 56 %  ( -

, , ),  43%  
. (  , , .) 

 1 % . 
 

 
 

. 
 
 

.  
 

 
 

,  
. ,  

-
.  

.  
,  

,  
.  

 
 3 MJ/kg  

6 MJ/kg  47 MJ/kg .  
-

,  
.  

 
. 

 
 300 – 600 m/s ,  

. 
, , 

,  
. 

  
2.13  
 

 
. .  

,  
,  

: 
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)  ( ) 
,  

. 
)  ( ) ,  

.  
-

. 
 

.  
. 
 

. . 
 

 
. 

 400–500 g,  
,  PVC  36 mm 

 2700–3000 m/s.  
 

, , , .  
 

 ( , 1988). 
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