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The combustion process of pyrotechnic mixtures is to be designed in a precise manner since it is governed by activation 

energy, entropy, enthalpy and Gibbs free energy of chemical reaction. The traditional ground spinner pyrotechnic mixture 

consists of Alxxx (Aluminium grades) as fuel, Ba(NO3)2 (Barium Nitrate) and KNO3 (Potassium Nitrate) as oxidisers and 

(C6H10O5)n (Dextrin) as binder cum secondary fuel. This study investigates on the energy changes occurring in the 

pyrotechnic composition by changing primary fuel grades and altering the binder cum secondary fuel composition. It was 

observed from the burn rate test that, as the particle size of aluminium decreases, the burn rate increases. Further, the 

activation energy, onset temperature and impact energy are determined by thermogravimetric analysis and Bundesanstalt für 

Material forschung und-prüfung (BAM) testers. The outcomes indicate that an increase in dextrin leads to a rise in both the 

onset temperature and impact energy. It was also observed from the studies carried out using NASA‘s computer program 

Chemical Equilibria Applications (CEA) that with increase in the percentage of dextrin, the entropy increases, but enthalpy 

and Gibbs free energy decrease. The findings also disclose that the sample containing Alxxx – 43% and (C6H10O5)n – 10% 
exhibits 20.5% increase in the burn rate, 22.16% increase in enthalpy and 23.35% increase in Gibbs free energy. 
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Introduction 

India's fireworks industry, centered in Sivakasi, 

drives economy
1
, employment, and global market 

dominance, but faces safety and environmental 

challenges
2,3

. The fireworks industry poses risks due 

to safety lapses and research into safer compositions 

is vital to protect workers. Barium-based oxidizers in 

fireworks contribute to water and soil pollution, 

harming aquatic life and vegetation
4
. Studies 

reporting elevated barium levels near display sites, 

underscore the ecological impact and health risks
5
. 

A study was carried out for the fireworks 

pyrotechnic composition consisting potassium nitrate, 

aluminium, and sulphur with reduced particle size and 

observed that the crackers made with 100% nano 

flash powder contains less sulphur and metal 

content
6,7

. Another study reveals that the explosion 

severity and maximum flame propagation velocities 

markedly increased as the size of aluminium particles 

decreased, attributable to the substantial specific 

surface area of smaller particles
8,9

. The ground 

spinner pyrotechnic mixture is taken for the study that 

consists of Aluminium of various grade (Alxxx) as 

fuel, Barium Nitrate Ba(NO3)2 and Potassium Nitrate 

(KNO3) as oxidiser and dextrin (C6H10O5)n as binder 

cum secondary fuel.  

In previous researches, it was noted that decreasing 

aluminium particle size from micro scale to nano 

scale improved sound production, while increasing 

potassium nitrate particle size decreased sound 

levels
10

. The finding on the mechanical and thermal 

sensitivity of pyrotechnic flash compositions studies 

revealed that the impact sensitivity increases with 

decrease in particle size due to increase in their 

surface area
11

. In this work, the particle size of fuel is 

altered by using different grades of aluminium.  

The thermochemical parameters and igniting 

characteristics of pyrotechnics compositions that 

contained potassium nitrate, barium nitrate, and boron 

were examined to evaluate the thermal stability
12

 of 

the mixture without compromising their chemical 

properties
13

. Thermos-Gravimetric (TG) analysis was 

used for the investigation of the thermal properties of 

aluminium powder with potassium perchlorate by 

modifying the particle size of aluminium. It was 

observed that the ignition temperature of the mixture 

increases with increase in the particle size
14

. The 

thermal analyser of NETZSCH is used to determine 

mailto:lionelbeneston90@gmail.com


SELVASEKAR et al.: INVESTIGATION ON GROUND SPINNER PYROTECHNIC MIXTURE 

 

 

869 

the thermal stability of our fireworks mixtures. The 

Kissinger method is used to obtain kinetic and 

thermodynamic parameters for non-isothermal 

decomposition studies of pyrotechnic samples
15

.  

The determination of activation energy is 

fundamental to the reaction kinetics, affecting both 

reaction speeds and thermodynamic viability. The 

Coats-Redfern method has proved its good 

applicability in studying the activation energy from 

thermo-gravimetric data
16

 under the condition of 

constant heating rate
17

. This approach has been 

applied in many studies, such as thermal 

decomposition of coconut shell 
18

, pyrolysis of coal 
19

, 

palm fibre
20

 etc. The present work calculates the 

activation energy of the formulated pyrotechnic 

composition using the above-mentioned approach.  

By using NASA's Chemical Equilibria with 

Applications (CEA) software program studies on 

Potassium Ferrate (VI), a green oxidizer was carried 

out to calculate its thermodynamic parameters which 

is more environmentally friendly alternative to 

perchlorate and heavy metal contamination
21

.  

NASA CEA was also used to test coloured 

propellants for determining composition for 

equilibrium combustion
22

 and flame temperature of 

blue light emitter (Cu3Cl3)
23

. Enthalpy, entropy and 

Gibb‘s free energy for the pyrotechnic mixture is 

determined by CEA. 

The present study evaluates ground spinner kinetic 

parameters by altering primary fuel aluminium 

particle size and secondary fuel quantity. 

Thermogravimetric study, burn rate test, NASA CEA, 

and BAM impact tester were used to determine 

combustion rate and thermodynamic parameters. 
 

Theoretical background 

The theoretical background discusses about the 

kinetic
24

 and thermodynamic parameters, rate of 

combustion
25

 and pyrotechnic reaction of ground 

spinner containing aluminium (primary fuel), barium 

nitrate (oxidiser), potassium nitrate (oxidiser) and 

dextrin (binder/secondary fuel).  
 

Reaction mechanism  

The pyrotechnic chemical reaction is shown  

in Fig. 1. The chemical pathway of aluminium, 

potassium nitrate, barium nitrate, and dextrin involve 

oxidation, breakdown, and interaction with dextrin. 

This reaction is exothermic, releasing heat and light. 

Potassium nitrate breaks down to release oxygen 

while aluminium when exposed to oxygen, forms 

aluminium oxide
26

. The energy liberated during 

pyrotechnic combustion reaction involving aluminium, 

potassium nitrate and dextrin is due to breaking of 

interatomic bonds
27

. 

Fig. 2 shows the matrix structure of dextrin and 

metallic bonding nature of aluminium which 

promotes combustion reactions to release energy
28,29

. 

The bond energy in metallic bonding, though 

challenging to quantify due to its delocalized nature, 

significantly influences the stability and its 

characteristics. Potassium nitrate (KNO3) has ionic 

bonds between potassium ion (K
+
) and nitrate ion 

(NO3
-
) with bond energies of 212 kJ/mol for K-N and 

208 kJ/mol for N-O, reflecting bond strength and 

breaking energy
30

. In the nitrate ion (NO₃⁻), the 

nitrogen atom makes a covalent bond with three 

oxygen atoms
31

. Dextrin, a complex carbohydrate, 

acts as a non-reactive binder in reaction mixtures, 

providing cohesion without significantly affecting 

other components bond energies, making it useful in 

various fields of application
32

. 
 

Kinetics equation 

The determination of thermodynamic parameters 

and activation energy
33,34

 using thermogravimetric 

study was helpful in understanding the reaction 

mechanism. The Coats-Redfern technique is a type of 

 
 

Fig. 1 — Pyrotechnic chemical reaction of ground spinner 
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non-isothermal integral approach that incorporates the 

mechanism of thermal degradation. This approach is 

superior to others as it is a model-free method that 

determines the average activation energy for the total 

reaction 
35

. The rate of chemical reaction at constant 

heating rate (β) is expressed by Arrhenius equation 
 

𝑘 𝑇 = 𝐴 𝑒−
𝐸𝑎
𝑅𝑇       ... (1) 

 

Where 𝑘 𝑇  denotes rate of temperature dependent 

weight loss, A is pre-exponential factor, R is the gas 

constant (8.314 kJ/kmol·K), 𝐸𝑎  denotes activation 

energy and T is the absolute temperature in Kelvin. 

The explicit temperature dependence of the rate 

constant is introduced by replacing k(T) with the 

Arrhenius equation which gives 
 

𝑑𝛼

𝑑𝑡
=  𝐴 𝑒−

𝐸𝑎
𝑅𝑇  𝑓(𝛼)               … (2) 

 

Where 𝑓 𝛼  denotes the function of conversion. 

Under the condition of non-isothermal heating, the 

Eq. (2) becomes 
𝑑𝛼

𝑑𝑇
=

 𝐴

𝛽
 𝑒−

𝐸𝑎
𝑅𝑇  𝑓(𝛼)               … (3) 

 

On integrating Eq. (3) between the temperatures 

limit ‗0‘ to ‗T‘ 
 

𝑔(𝛼) =
 𝐴

𝛽
  𝑒−

𝐸𝑎
𝑅𝑇

𝑇

0
 𝑑𝑇                … (4) 

Where 𝑔 𝛼 =  𝐴 𝑒−
𝐸𝑎
𝑅𝑇  𝑡. The final Eq. is  

 

𝑔 𝛼 =
 𝐴 𝐸

𝑅 𝑇
 𝑝(𝑥)                … (5) 

 

Where 𝑝 𝑥 =    𝑒−
𝐸𝑎
𝑇

𝑇

0
 𝑑𝑇. The value of p (x)  

can be determined by Coats-Redfern method. This 

method utilizes the asymptotic series expansion  

for approximating the exponential integral in  

Eq. (5), giving 

ln
𝑔 𝛼 

𝑇2 = ln⁡[
 𝐴 𝑅

𝛽 𝐸𝑎
 1 −

2 𝑅 𝑇

𝐸𝑎
 ] − 

𝐸𝑎

𝑅 𝑇
   ... (6) 

 

The activation energy (𝐸𝑎 ) is obtained by 

calculating the values of slope and intercept (A) from 

the graph drawn between g(α) and 1/T
36

. 
 

Thermodynamic study 

In order to explain the thermodynamic behaviour 

of the pyrotechnic mixtures, thermodynamic 

parameter such as change in entropy
37

, Gibb‘s free 

energy and enthalpy were used
38

. 

The analysis of Gibbs free energy changes is 

essential for determining the feasibility and 

spontaneity of reactions. A negative value indicates a 

spontaneous reaction, while a positive value indicates 

a non-spontaneous reaction
39

. The overall Gibbs free 

energy change is given in Eq. (7) 
 

∆𝐺 =  𝐸𝑎  + 𝑅 𝑇𝑚 ln
𝐾𝑏  𝑇

𝑕 𝐴
               … (7) 

 

Enthalpy change represents the energy absorbed or 

released during a reaction at a constant pressure. 

Exothermic reactions have a negative enthalpy 

change, indicating that energy is released and 

endothermic reactions have a positive enthalpy.  

Eq. (8) gives change in enthalpy 
 

∆𝐻 =  𝐸𝑎 − 𝑅 𝑇               … (8) 
 

The change in the entropy is calculated by the 

formula mentioned in Eq. (9) 
 

∆𝑆 =  
∆𝐻− ∆𝐺

𝑇𝑚
                … (9) 

 

Experimental Section  

Aluminium of grades 666, 999, 222 with the purity 

level of 99.7% and other industry graded chemicals 

that are used as ingredients were purchased from Sun 

Moon Chemicals India Pvt. Ltd., Sivakasi. The impact 

 
 

Fig. 2 — (a) Structure of dextrin and (b) metallic bonding of aluminium 
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energy, thermodynamic and kinetic parameters were 

assessed for the fireworks mixture by replacing the 

heavy metal oxidizer barium nitrate with potassium 

nitrate. The approach employed for this study is 

illustrated in Fig. 3. 

The thermal stability of the samples was 

determined by conducting thermogravimetric tests 

using a NETZSCH STA449F3 model thermal 

analyzer
40

. The tests were performed under a nitrogen 

environment with a heating rate of 10 K/min. The 

activation energy was calculated using Coats-Redfern 

integral method
20

. The ignitability rate was examined 

by a burn rate test. The enthalpy, entropy, and  

Gibb's free energy of the process were calculated 

using the NASA CEA technique
41

. In order to  

assess the influence of stimuli due to impact loads on 

fireworks composition BAM impact tester 

(Manufacturer: Electro Ceramic Pvt. Ltd., Pune, 

India) was used
26

. 

Preparation of pyrotechnic mixtures 

The preparation of pyrotechnic mixture for ground 

spinner is shown in Fig. 4. First Each chemical was 

sieved separately in accordance with PESO 

standards
42–44

. In the sieving process, the particle size 

of the sample was reduced to 150 µm while ensuring 

uniformity. The appropriate amount or percentage of 

the ingredients were measured using digital weighing 

balance. Each ingredients sequentially were added 

after being weighed and sieved. The chemicals (fuel – 

aluminium of different grades (Alxxx), oxidisers – 

Barium Nitrate (Ba(NO₃)₂) & potassium nitrate 

(KNO3) and binder – dextrin ((C6H10O5)n)) were 

mixed using diaper method
45

. Once the chemical 

composition was well mixed, it was stored in an 

airtight container to maintain stability and prevent any 

contamination. A suitable sample size was extracted 

from the container and thereafter utilized for further 

testing. 

 
 

Fig. 3 — Methodology for experimentation 
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Table 1 — Fireworks chemical compositions by varying dextrin 

Sample  Barium 

Nitrate (%) 

Aluminium 

(%) 

Potassium 

Nitrate (%) 

Dextrin  

(%) 

Ba(NO₃)₂ Al999 Al666 KNO3 (C6H10O5)n 

L1 40 35 8 7 10 

L2 40 35 10 7 8 

L3 40 35 12 7 6 

L4 40 35 14 7 4 

L5 40 35 16 7 2 

L6 40 35 18 7 - 

 
Chemicals composition 

The standard chemical composition (L1) of the 

fireworks spinning wheel includes 40% barium 

nitrate, 7% potassium nitrate, 35% grade 999 

aluminium, 8% grade 666 aluminium, and 10% 

dextrin. In this composition, aluminium serves as the 

primary fuel, dextrin acts as a binder and barium 

nitrate and potassium nitrate act as oxidizers
46

. 

The compositions listed in Table 1 are designed to 

investigate the effects of reducing the binder and 

secondary fuel dextrin
47

, while increasing the primary 

fuel aluminium grade 666.The amount of dextrin is 

decreased in samples L2 to L6, however the quantity 

of fuel, aluminium (Al999) is kept as 35% and oxidiser, 

barium nitrate (Ba(NO3)2) is maintained as 40%. The 

combination H1 to H3 are formed by altering the 

aluminium grades, as indicated in Table 2. The 

compositions shown in table 2 are designed to include 

the substitution  of  aluminium  grades  999  and  666  

Table 2 — Fireworks chemical composition by varying 

aluminium grades 

Sample  Barium nitrate  

(%) 

Aluminium  

(%) 

Potassium 

nitrate (%) 

Dextrin  

(%) 

Ba(NO₃)₂ Al999 Al666 Al222 KNO3 (C6H10O5)n 

H1 40 35 6 2 7 10 

H2 40 35 - 8 7 10 

H3 40 - - 43 7 10 
 

Table 3 — Fireworks composition by varying oxidiser 

Sample  Barium 

Nitrate (%)  

Aluminium  

(%) 

Potassium 

Nitrate (%) 

Dextrin  

(%) 

Ba(NO₃)₂ Al999 Al666 KNO3 (C6H10O5)n 

LK1 20 35 8 27 10 

LK2 - 35 8 47 10 

 

with grade 222, as part of the investigation. 

Aluminium grades exhibit varying particle sizes
48

. In 

a separate investigation, the heavy metal oxidizer 

barium nitrate is substituted with potassium nitrate, 

and the resulting compositions are presented in  

Table 3. Potassium nitrate is chosen as an oxidizer 

due to its widespread use in the pyrotechnic 

industry
49

, along with barium nitrate. 
 

Thermal study 

In this work, to investigate the correlation  

between temperature and physical and chemical 

transformations of fireworks composition, thermal 

analysis/study is conducted through NETZSCH  

STA 449F3 STA449F3A-1100-M thermal analyser. 

 
 

Fig. 4 — Process for manufacturing ground spinner 
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Thermal studies assess the thermal stability of 

pyrotechnic compositions using thermo gravimetric 

analysis via mass loss curve. Also, the energy 

released during combustion process is determined 

using transition enthalpy from DSC curve
13

. 
 

Burn rate test 

The burning rate test is a crucial technique for 

determining the rate of ignitability in powdered 

chemicals, assessing their fire safety features
50

. It 

evaluates the rate of material burning over a 

predefined distance. The mold is 250 mm long with a 

triangle cross-section of 20 mm width and 10 mm 

depth. A small sample of 10 g or less is used. The test 

material is formed into a 250 mm strip and an ignition 

source is attached to one end to test combustion 

spread. If no combustion occurs, further testings are 

discarded. The burning rate test measures the rate of 

burning over a 100 mm distance.  
 

Impact sensitivity test 

Using the German standard, BAM (Bundesan-stalt 

für Materialforschung und-prüfung) impact sensitivity 

tester (Make: Electro Ceramic Private Limited, Pune, 

India) is used to assess the impact sensitivity of each 

prepared sample
26

. The safest height at which the 

sample did not catch fire/explode is determined by 

dropping a constant weight (2 kg) from a variety of 

heights. The experiment is repeated nine times for 

each sample to obtain the concurrency. The limiting 

impact energy is calculated by Eq. (10), 
 

𝐿𝑖𝑚𝑖𝑡𝑖𝑛𝑔 𝐼𝑚𝑝𝑎𝑐𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 = 𝑚 × 𝑔 × 𝑕         … (10) 
 

Where, m = mean of the drop weight measured in 

―kg‖, g = acceleration by gravity = 9.81 m/s
2
 and h = 

height is measured in ―m‖ 

Results & Discussion 

The thermal properties represented as a graph 

between percentage mass loss, heat flow per unit mass 

vs temperature of the sample L1, are illustrated in  

Fig. 5.  

From Fig. 5(a), it is observed that a maximum 

weight loss of 1.67% is obtained up to 200ºC. The 

reason for the weight loss is due to the liberation of 

low volatile materials and removal of moisture 

content. It is observed that further weight loss of 

11.67% occurs between 200ºC to 400ºC, which is due 

to the decomposition of dextrin
51

. Further it is 

observed that from 400 ºC to 700 ºC, due to the 

decomposition of potassium nitrate
13

 the mass loss is 

found as 14.91%. 

From Fig. 5(b), the thermal breakdown is observed 

at 647ºC due to the decomposition of barium nitrate. 

This endothermic peak consumes 44.74 kJ/kg of 

energy. Further the DTA curve havean onset and peak 

temperature as 735ºC and 743ºC respectively, 

accompanied by the energy release of 979.8 kJ/kg and 

a corresponding increase of mass by 6.45%. The 

primary cause for this phenomenon is the nitridation 

reaction of aluminium
52

. Based on the above 

information, the combustion process is described as 

an exothermic redox reaction as shown in Eq. (11) 

with the net energy release of 935.06 kJ/kg and an 

enthalpy change of -87.44 kJ.  
 

2Al + 9𝐾𝑁𝑂3 + 3𝐵𝑎(𝑁𝑂3)2 + 2𝐶6𝐻10𝑂5  →  
𝐴𝑙2𝑂3 + 9𝐾2𝑂 + 3𝐵𝑎𝑂 + 2𝑁2 ↑ + 2𝐶𝑂2 ↑ +2𝐶𝑂 +
2𝐻2𝑂                 … (11) 
 

The activation energy is calculated from the Fig. 6 

using a kinetic model, Coats-Redfern integral method, 

 
 

Fig. 5 — (a) TG curve and (b) DSC curve for Sample L1@10K/min 
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as 43.5 kJ/mol with regression coefficient (R
2
) value 

of 0.8634. 

From Fig. 7, it is observed that a weight loss of 

12.54% occurs for the sample L6 up to 720°C. This is 

due to removal of volatile matters and decomposition 

of oxidisers. Further, increase in weight of 11.35% 

occurs which is due to reaction of aluminium fuel 

with the nitrogen atmosphere. On comparing with the 

standard sample L1, additional weight of 4.1% is 

gained
53

. The reason is the availability of aluminium 

fuel for further reaction as the gaseous product 

liberation is reduced due to the presence of dextrin as 

shown in equation 1. Similarly, increase in mass of 

19.7%is observed in sample H3. This is due to 

increase in the reactivity of aluminium with decrease 

in its particle size
54

. The Eq. (12) illustrates the 

overall reaction of sample L6 

 
 

Fig. 8 — DSC curve for sample L6, LK2 and H3 @10K/min 

 

10Al + 2𝐾𝑁𝑂3 + 2𝐵𝑎(𝑁𝑂3)2  →  
5𝐴𝑙2𝑂3 + 𝐾2𝑂 + 2𝐵𝑎𝑂 + 3𝑁2 ↑            … (12) 
 

In Fig. 8, it can be observed for the sample LK2 

that up to 200°C, there is an initial weight loss of 

2.64%. This is due to removal of moisture and low 

volatile organic matters. Between 200°C and 350°C, 

the weight loss of 8% is seen due to the decomposition 

of dextrin. Further a weight loss of 9.49% is observed 

between 350°C to 450°C due to the breakdown of 

potassium nitrate. It is observed further that the weight 

loss of 12.85% occurs between 450°C to 850°C. This 

is due to the reaction of aluminium with potassium 

nitrate for the formation of aluminium oxide
53

. The 

overall reaction is anticipated as  
 

10Al + 30𝐾𝑁𝑂3 + 5𝐶6𝐻10𝑂5  →  5𝐴𝑙2𝑂3 +
15𝐾2𝑂 + 15𝑁2 ↑ + 6𝐶𝑂2 ↑ +25𝐻2𝑂          … (13) 
 

From the Fig. 8, further it is noted that the sample 

L6 and H3 exhibit the endothermic peak around 

650°C. This is due to the decomposition of potassium 

nitrate
55

. Further an exothermic peak around 700°C. 

this is due to the oxidation-reduction reaction of 

aluminium
14

. On comparing with the standard sample, 

the energy released is increased by 99.78% for the 

sample L6 and 328% for sample H3. The cause is due 

to decrease in the particle size increases their surface 

area
56

, which in turn boosts their reactivity and leads 

to the energy release. In sample LK2 the exothermic 

peak is observed at 400°C. This is due to breakdown 

of potassium nitrate and formation of potassium 

oxide
57

. The overall reaction mechanism, shown in 

Eq. 10, is complex liberating 1508 kJ/kg of energy 

which is 61.28% higher than that of reference sample. 

 
 

Fig. 6 — Coats-Redfern integral method-kinetic model and 

experimental data @10K/min for sample L1 
 

 
 

Fig. 7 — TG curves for samples L6, LK2 and H3 
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It is observed that the regression coefficient (R
2
)  

of all the samples is greater than 0.85 as shown in 

Table 4. In order to obtain the slope [-Ea/2.303Ru], a 

graph is drawn between log[-log(1-α)/T
2
)] and 1000/T 

and the activation energy for samples LK2, L6, and 

H3 is calculated
20

 and recorded. 

From Fig. 9 (a), it is observed that samples H1, H2, 

and H3, revealing an increase in their burning rate 

with a reduction in particle size
11

. The observations 

made on the sample LK2 reveals its slower burning 

nature on comparing with sample L1
58

. This is due to 

the occurring of complex reactions on the chemical 

surface
40

 in absence of barium nitrate
59

. Additionally, 

it is observed from the Fig. 9 (b) that the samples L5 

and L6 show high burning rate. The cause is due to 

increase in their reactivity as the concentration of 

dextrin decreases.  

The enthalpy values for the samples L1, L6, H3, 

and LK2 are -10.118 kJ, -77.32 kJ, -2113.86 kJ, and -

2998.37 kJ, respectively as shown in Fig. 10. Based 

on the enthalpy values, these samples experience an 

exothermic reduction reaction. Further it is observed 

that the concentration of dextrin decreases, there is a 

corresponding increase in both the enthalpy and free 

energy. The decrease in Gibb‘s free energy leads to an 

increase in the spontaneity of the reaction
60

. However, 

for all the samples external energy is required for 

starting the reaction. 

Referring to Fig. 11 (a), the entropy drops from L1 

to L6, suggesting an increase in the formation of solid 

products
61

. Further from figure 9 (b), it is observed 

from the entropy values of sample LK2 and H3 that 

the chemical reaction processes of both potassium 

nitrate and barium nitrate are positive. The positive 

entropy values are mainly due to the breakdown of 

solid reactants into solid and gaseous products
62

. Both 

reactions are thermodynamically possible at all 

temperatures due to the mostly positive entropy 

component and the considerably negative enthalpy
63

.  

According to Fig. 12 (a), the effect of reduction in 

dextrin from sample L2 to L6, there is a significant 

rise in the impact energy i.e., the samples become 

more sensitive to the impact loads. This is due to 

several factors such as its chemical composition, 

particle size, mechanical characteristics etc.
64

. Further 

it is observed from Fig. 12 (b) that the impact energy 

of sample LK2 is much lower compared to the L1 

samples. The cause is due to high ignition temperature 

Table 4 — Kinetic parameters of fireworks sample 

Sample Ea (kJ/mol) R2 A (min-1) 

L6 43.29 0.86568 0.466049 

H3 43.39 0.86453 0.644399 

LK2 42.698 0.87182 0.323924 

 

 
 

Fig. 9 — Burn rate of different fireworks composition 1 

 
 

Fig. 10 — Enthalpy and Gibbs free energy of different samples 
 

 
 

Fig. 11 — Entropy of different firework samples 
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of barium salts
65

. All samples are safe towards friction 

loads without any risk.  

It is evident from the above results that by 

changing the grades of aluminium from 666 grade to 

222 grade, the impact energy decreases linearly  

and the burn rate increases in a linear manner.  

When the dextrin is reduced, the entropy as well as 

impact energy decreases, the burn rate increases 

exponentially. The study is extended by changing the 

particle size of the oxidisers and binders. Also, this 

research work is limited to fireworks ground spinner 

and can by extended in a similar fashion to other 

pyrotechnic products such as pencil, twinkling star 

and sparklers. 
 

Conclusion 

The present study reveals the pyrotechnic mixture 
with Alxxx – 43%, KNO3 – 7% and Ba(NO3)2 – 40% 
shows reduction of 36% in impact energy, 23.83% in 
enthalpy, 18.48% in Gibbs free energy and 19.48% in 
entropy, on comparing with the standard. With 
decrease in the particle size of Alxxx, it is observed 

that there is decrease of 24% in the impact energy, 
11.56% in Gibbs free energy, 13.8% in enthalpy and 
14.57% in entropy. Additionally, it has been noted 
that an increase in the proportion of dextrin results in 
increase of combustion rate by 20.5%, enthalpy by 
22.16%, Gibbs free energy by 23.35%. The ground 

spinner pyrotechnic composition comprising KNO3 

(47%), Al999 (35%), Al666 (8%), and (C6H10O5)n 
(10%), has good combustion properties but is 
sensitive to impact load. 
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