
1. Introduction
Thermal characterization of pyrotechnic compositions is

important for fixing operating limits for safe chemical
manufacturing process, and reducing the devastating ef-
fects during processing１). Industrial level exothermic
chemical reactions and thermally unstable chemical com-
pounds continue to be the areas of active research. In py-
rotechnic industry, inadequate knowledge on exothermic
hazards and reactivity of the chemicals during processing
has caused casualties and material loss２).
Thermal analysis is a technique used to characterize the

unstable nature of chemical compounds. It is done by
measuring changes in their physical and chemical proper-
ties as a function of temperature, usually by heating at a
uniform rate. Even though there are a few reported stud-
ies on thermal hazards of fireworks composition３)-5), atten-
tion has not been paid to study and compare the thermal
stability of different pyrotechnic flash compositions. In this
paper, thermal hazards of various pyrotechnic flash com-
positions with different oxidizer and fuel were studied us-
ing differential scanning calorimeter at different heating
rates.

1.1 Chemistry of flash composition used in fireworks
The flash composition used in fireworks contains mainly

oxidizer, igniter, and fuel. Commonly, one of these compo-
nents potassium chlorate/potassium perchlorate/barium
nitrate/potassium nitrate is used as an oxidizer in a flash
composition whereas sulphur is used as the igniter due to
its lower melting point (119οC) and aluminum/magnesium/
charcoal as the fuel. When a cracker is ignited in the wick,
sulphur melts on ignition. On melting, the atom’s physical
contact is increased６). It is more likely that the atoms with
energies exceeding activation energy will be in contact
and react. As the reaction rate increases, the energy pro-
duction rate increases leading to thermal runaway even at
a lower temperature and the cracker mixture to explode.
To propagate maximum energy through high heat of reac-
tion, and low ignition temperature, it is important that effi-
cient energy transfer takes place from the reacting to pre
-reacting material by conduction, radiation and convec-
tion. Therefore, a combination of the above mentioned fac-
tors facilitate ignition for cracking reactivity.
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2. Experimental
2.1 Materials and methods
The chemicals used for the preparation of the flash com-

positions were obtained from fireworks manufacturing
company situated in the southern state of Tamilnadu, In-
dia. The purity and assay of the chemicals were : Potas-
sium nitrate -91.6 wt.%, barium nitrate -92 wt.%, potas-
sium perchlorate -93 wt.%, strontium nitrate -92 wt.%
and sulphur -99.84 wt.% and aluminum -99.71 wt.%, mag-
nesium -99 wt.% and charcoal -98 wt.%. The chemicals
were passed through a 100-mesh brass sieve. The sam-
ples were stored in an airtight container and kept away
from light and moisture. The different flash compositions
used in this study were from the standard references７)-9)
and it is shown in the Table 1.

2.2 Differential scanning calorimeter (DSC)
TA Instrument’s, DSC module 2910 model was used for

thermal stability studies for various pyrotechnic flash com-
positions. DSC consisted of sample chamber of 250 µl ca-
pacity. A small quantity, 2mg of the sample was taken in
an aluminum pan. The pan was sealed with an aluminum
lid and placed in the sample thermocouple of the DSC
chamber. A supply of 100 µl of nitrogen gas was continu-
ously purged in the DSC chamber. It was heated at a con-
stant heating rate of 5, 10, 15, 20 K min－１ to an end tem-
perature of around 450οC. An online PC continuously moni-
tored the thermal changes and it plotted an online thermo-
gram. From the thermogram the onset temperature, peak
temperature and heat of reaction were evaluated for each
flash composition.

3. Results and discussion
3.1 Effect of potassium perchlorate flash compo-

sition on thermal decomposition at varying
heating rates

The DSC plots (Figs. 1 and 2) show the influence of heat-
ing rate on the thermal decomposition of pyrotechnic flash
compositions consisting of KClO４=64 wt.%, Al=23 wt.%, S=
13 wt.% and KClO４=50 wt.%, Al=23 wt.%, S=27 wt.% re-
spectively. On varying the heating rates the first exo-
therm was generally found to onset around 180οC. The
exotherm was found to be more prominent at the higher
heating rates than at the lower heating rates. Pure potas-

sium perchlorate had an endothermic peak at around
300οC corresponding to a rhombic―cubic transition10). In
some cases immediately after the endotherm at the higher
heating rates a secondary exotherm was observed. The
occurrence of the secondary exotherm was more promi-
nent in the DSC plot of Fig. 2 than Fig. 1. This was due to
increase in sulphur concentration in a pyrotechnic mix-
ture. Table 2 shows the DSC thermal data for the potas-
sium perchlorate based flash compositions.

Table１ Pyrotechnic flash compositions under thermal characterization study

Sl.No. Type of flash compositions Flash composition in wt.%

1) Potassium perchlorate based composition KClO４=64 wt.%, Al=23 wt.%, S=13 wt.%

KClO４=50 wt.%, Al=23 wt.%, S=27 wt.%

2) Barium nitrate based composition Ba(NO３)２．=66 wt.%, Al=25 wt.%, S=9 wt.%

Ba(NO３)２．=70 wt.%, Al=10 wt.%, S=20 wt.%

3) Potassium nitrate based composition KNO３=50 wt.%, Al=30 wt.%, S=20 wt.%

KNO３=50 wt.%, C=25 wt.%, S=25 wt.%

KNO３=57 wt.%, Mg=32 wt.%, S=11 wt.%

4) Strontium nitrate based composition Sr(NO３)２=30 wt.%, Al=70 wt.%

Fig.１ DSC plots showing the influence of heating rates on
thermal decompositions of a pyrotechnic flash composi-
tion (KClO４=64 wt.%, Al=23 wt.%, S=13 wt.%)

Fig.２ DSC plots showing the influence of heating rates on
thermal Decompositions of a pyrotechnic flash compo-
sition (KClO４=50 wt.%, Al=23 wt.%, S=27 wt.%)
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3.2 Effect of barium nitrate based flash composi-
tion on thermal decomposition at varying
heating rates

The DSC plots of pyrotechnic flash compositions consist-
ing of Ba(NO３)２．=66 wt.%, Al=25 wt.%, S=9wt.% and Ba
(NO３)２．=70 wt.%, Al=10 wt.%, S=20 wt.% at varying heat-
ing rates are shown in the Figs. 3 and 4 respectively. Table
3 shows the DSC thermal data for the barium nitrate
based flash compositions. The trend of the curve was al-
most similar for both the flash compositions. A first endo-
therm occurred around 119οC was due to the melting of
sulphur in a composition. On varying heating rates, the
first exotherm was found to onset around 175οC. The exo-
therm was found to be more prominent at the higher heat-
ing rates than at the lower heating rates. The secondary
exotherm was found to be around 350οC. The secondary
exotherm was found to be more prominent compared with
the first exotherm as well as at the higher heating rates.
The secondary exotherm obtained in the flash composition
(Ba(NO３)２．=66 wt.%, Al=25 wt.%, S=9wt.%) was less promi-
nent than the other composition (Ba(NO３)２．=70 wt.%, Al=
10 wt.%, S=20 wt.%). This proves the fact that increase in
the composition of sulphur plays a vital role in influencing

higher energy release during thermal decomposition.

3.3 Effect of potassium nitrate based flash com-
position on thermal decomposition at vary-
ing heating rates

The DSC plot shows (Fig. 5) the influence of heating rate
on the thermal decomposition of a pyrotechnic flash com-
position consisting of KNO３=50 wt.%, Al=30 wt.%, S=20
wt.%. The first endotherm was found at 119οC, which was
due to the melting of sulphur. At around 170οC, there was
a first exotherm. A prominent secondary exotherm ap-
peared only at higher heating rates (15οC, 20οC). This pro-
vides evidence that the flash composition is vulnerable at
higher heating rates than at lower heating rates.
Fig. 6 shows the DSC plot at various heating rate on the

thermal decomposition of a black powder consisting of
KNO３=50 wt.%, C=25 wt.%, S=25 wt.%. On all heating
rates there was an endotherm set around 120οC. This en-
dotherm was due to the melting of sulfur. At the higher
heating rates (10, 15, 20οC/min) an exotherm was found
around 320οC. At the lower heating rates i.e. at 5οC/min a
sharp exotherm was found around 430οC. This explicates
the fact that the pyrotechnic composition of KNO３ : C : S ;
in the ratio of 50 : 25 : 25 was extremely vulnerable at
lower heating rates.

Table２ DSC thermal data for potassium perchlorate based flash composition

Flash
composition

Heating
rates

οC

First exotherm Second exotherm

Onset
temperature

οC

Peak
temperature

οC

∆H
J/g

Onset
temperature

οC

Peak
temperature

οC

∆H
J/g

KClO４=64wt.%,
Al=23wt.%,
S=13wt.%

5 172 175.86 8.468 ―

10 171.96 176.18 5.675 325.70 330.48 13.40

15 170.57 173.93 12.49 ―

20 173.25 184.84 11.69 330.1 340.84 16.94

KClO４=50wt.%,
Al=23wt.%,
S=27wt.%

5 171.74 175.66 11.87 339.98 380.50 216.1

10 173.20 178.14 8.178 320.03 323.79 23.38

20 170.47 174.26 3.186 322.10 368.88 232.3

Fig.４ DSC plots showing the influence of heating rates on
thermal Decompositions of a pyrotechnic flash compo-
sition (Ba(NO３)２．=70 wt.%, Al=10 wt.%, S=20 wt.%)

Fig.３ DSC plots showing the influence of heating rates on
thermal Decompositions of a pyrotechnic flash compo-
sition (Ba(NO３)２．=66 wt.%, Al=25 wt.%, S=9wt.%)
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Figure 7 shows the thermal decomposition of the pyro-
technic flash composition consisting of KNO３=57 wt.%, Mg
=32 wt.%, S=11 wt.% at varying heating rates. The first
endotherm was found to occur at 119οC, which was due to
the melting of sulphur. The onset temperature of first exo-
therm spotted at 170οC ; the exotherm was prominent at
higher rates than at the lower heating rates. The endo-
therm observed at 331οC was due to the melting of potas-

sium nitrate. From the plot, it is apparent that the exother-
mic peak is not sharp and energy released during reaction
would not allow the mixture to explode. Hence, this com-
position is not suitable to be used as a flash composition
mixture. Table 4 shows the DSC thermal data for the po-
tassium nitrate based flash compositions.

3.4 Effect of strontium nitrate based composition
flash composition on thermal decomposition
at varying heating rates

The DSC plot (Fig. 8) shows the influence of heating rate
on the thermal decomposition of a pyrotechnic flash com-
position consisting of Sr(NO３)２=30 wt.%, Al=70 wt.% and
corresponding thermal data is shown in Table 5. On vary-
ing the heating rates the first exotherm was generally
found to onset around 180οC. The exotherm was found to
be more prominent at the higher heating rates than at the
lower heating rates. However, this composition may not be
used as a flash composition as the energy released during
exothermic reaction is less.

Table３ DSC thermal data for barium nitrate based flash composition

Flash
composition

Heating
rates

οC

First exotherm Second exotherm

Onset
temperature

οC

Peak
temperature

οC

∆H
J/g

Onset
temperature

οC

Peak
temperature

οC

∆H

Ba(NO３)２．=66wt.%,
Al=25wt.%,
S=9wt.%

5 - - - 302.97 306.91 5.549

10 - - - 293.03 296.77 6.455

15 169.75 174.71 10.21 331.83 343.52 27.03

20 171.97 177.16 8.864 335.90 344.51 15.39

Ba(NO３)２．=70wt.%,
Al=10wt.%,
S=20wt.%

5 - - - - - -

10 173.30 184.06 13.23 319.30 325.95 10.50

15 170.70 175.73 16.80 352.83 389.48 228.9

15 171.55 177.49 19.35 351.12 381.13 293

Fig.５ DSC plots showing the influence of heating rates on
thermal decompositions of a pyrotechnic flash composi-
tion (KNO３=50wt.%, Al=30wt.%, S=20wt.%)

Fig.７ DSC plots showing the influence of heating rates on
thermal decompositions of a pyrotechnic flash composi-
tion (KNO３=57wt.%, Mg=32wt.%, S=11wt.%)

Fig.６ DSC plots showing the influence of heating rates on
thermal decompositions of a black powder (KNO３=50
wt.%, C=25 wt.%, S=25 wt.%)
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4. Process safety during processing of flash
composition
Experimental investigation showed that the pyrotech-

nic flash compositions based on potassium perchlorate/sul-
phur/aluminum and barium nitrate/sulphur/aluminum
was highly vulnerable and hazardous due to its secondary
exothermic reaction with high energy release. This trend
should be cautiously viewed in considering the safety as-
pects. All the mixtures studied were found to onset at a
temperature around 170οC.However, the reactive potential
under adiabatic conditions may be much more severe and
earlier onset of exothermic activity is possible11). There-
fore, these flash compositions have to be studied by Accel-
erating rate calorimeter (ARC) to understand the decom-
position mechanism and the vigorous nature of chemical
reaction. The pyrotechnic flash compositions based on the
barium nitrate/sulphur/aluminum and potassium nitrate/
sulphur/aluminum showed a hazardous property only at
the higher heating rates.
The pyrotechnic flash compositions consisting of alumi-

num as a fuel showed a good cracking characteristics com-
pared to other fuels like magnesium or charcoal. In all the
compositions studied, the variation of sulphur concentra-

Table４ DSC thermal data for potassium nitrate based flash composition

Flash
composition

Heating
rates

οC

First exotherm Second Exotherm

Onset
temperature

οC

Peak
temperature

οC

∆H
J/g

Onset
temperature

οC

Peak
temperature

οC

∆H

KNO３=50wt.%,
Al=20wt.%,
S=30wt.%

5 166.74 171.34 13.00 303.88 306.89 14.11

10 - - 321.32 321.75 8.039

15 170.70 176.09 13.00 325.65 332.51 531.9

20 173.50 182.63 11.61 330.58 339.64 570.0

KNO３=50wt.%,
C=25wt.%,
S=25wt.%

5 425 433.80 482.7 - - -

10 324.27 326.58 115.7 - - -

15 323.61 364.75 375 - - -

20 325.52 343.12 408.1 - - -

KNO３=57wt.%,
Mg=32wt.%,
S=11wt.%

5 171.25 174.27 3.445 - - -

10 170.75 175.71 12.41 - - -

15 171.98 175.16 1.008 - - -

20 173.56 184.77 24.70 - - -

Table５ DSC thermal data for strontium nitrate based flash composition

Flash
composition

Heating
rates

οC

First exotherm Second exotherm

Onset
temperature

οC

Peak
temperature

οC

∆H
J/g

Onset
temperature

οC

Peak
temperature

οC

∆H

Sr(NO３)２=30wt%,
Al=70wt.%

5 162.71 170.79 8.591 - - -

10 160.26 172.11 6.916 - - -

15 161.09 173.32 5.115 - - -

20 178.77 178.77 14.43 - - -

Fig.８ DSC plots showing the influence of heating rates on
thermal decompositions of a pyrotechnic flash composi-
tion (Sr(NO３)２=30 wt.%, Al=70 wt.%)
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tion in a mixture showed a significant influence in inducing
an exothermic reaction. Hence, proper care is necessary in
use of sulphur and its concentration levels in a mixture
during manufacturing as it is prone to initiate early exo-
thermic activity.

5. Conclusion
DSC experiments for various types of flash compositions

show that the mixtures undergo thermal decomposition
with exothermic activity. In most of the compositions the
secondary exotherms are prominent at higher heating
rates. Generally the first onset is set around 160-170οC for
all the compositions except the black powder. Hence it is
difficult to identify an ideal flash composition which is safe
both to manufacturer and user. However studies on me-
chanical sensitiveness and noise level measurement of
flash composition can be further helpful in addressing
safety related issues.
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