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Abstract:  The objective of the study is to increase the safety, 

health aspects in the workplace and to reduce the environment 

pollution which occurred during the burning of firecrackers by 

changing the chemical composition. The normal flash powder 

chemical composition used in firework industries are potassium 

nitrate (60%), Aluminum (20%), and sulfur (20%). During the 

burning of pyrotechnic composition, it releases harmful gases and 

it leads to health effects to the human being and it pollutes the 

environment. Similarly, during the preparation of the cracker, 

workers are exposed by safety hazards.  In this work, the mixing 

ratio of aforementioned chemical powders are changed and 

thermal analysis, sensitivity analysis like friction, impact and 

performance test like noise level of firecrackers are carried out for 

both existing chemical composition and modified chemical 

composition and it is compared.  

 
Keywords— Pyrotechnic composition, TGA, Friction 

sensitivity, impact sensitivity, Noise level test  

I. INTRODUCTION 

Sivakasi is situated at the southern part of Tamilnadu. The 

main source of income for the people in forms the fireworks 

industry, match works and printing press industry, Study deals 

with the fireworks only. A few years back, only a small 

number of factories were producing crackers in the fireworks 

industry. Nowadays there are more than 500 factories catering 

to nearly 90% of the nation's need for fireworks. In fireworks, 

they have manufactured both ground level pyrotechnics like 

chakker, the atom bomb, bijili cracker, and fancy crackers, 

etc. Pyrotechnic are commercially used in all religions, 

cultures, and social occasions for expressing their pleasing 

throughout the world. [1] It is a class of explosive pyrotechnic 

materials which is used for wide varieties of occasions. A 

pyrotechnic composition is the combination of different 

chemical powders designed to produce heat, sound, light, and 

gases as a result of self-sustaining exothermic chemical 

reactions [4]. In India, it is more used on religious occasions 

and in other functions such as marriages. These firecrackers 

commonly produce the health and safety issues to the human 

being and environment. It is also a very sensitive material for 

handling and storage. There are so many examples which 

have already seen in the news about the crackers blast in 

storage areas. Fireworks are having sulfur as one of its 
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ingredient which causes so many health defects to live beings 

as well as the environment. These facts lead us to the 

displacement of sulfur by the modified chemical mixture up to 

10 percent which is a nature-friendly substance that can retard 

the harmful effects of sulfur up to an extent.  The combustion 

of fireworks releases hot gases and it leads to health issues [2] 

In pyrotechnic composition, Potassium nitrate (KNO3), sulfur 

(S) and Aluminum (Al) are used as ingredients for making 

flash powder with different ratios like 60%, 20%, and 20%. 

Potassium nitrate act as an oxidizer, Aluminum act as a fuel 

and sulfur act as an igniter [3]. Here, the reduction of sulfur 

and it is balanced by aluminum metal powder and tests are 

carried out. Aluminum is also used as ingredients sparkler, 

flower pot, etc. The aluminum metal powders decomposed 

violently when adding of water content inappropriate level 

[5]. So water should be avoided with metal powders. The 

atmospheric conditions like temperature and humidity are 

also a reason for occurring of accidents. The artificial 

environmental chamber has been designed for storing the 

pyrotechnic chemical mixture and cracker for maintaining the 

temperature and humidity [6]. The environmental chamber is 

applicable for storing a small number of chemical powders 

only. The fireworks accidents and its cause’s details are given 

in the Petroleum and Explosive Safety Organization (PESO) 

explosive report [7]. The bursting of ground-level 

pyrotechnics pollutes the atmospheric environment and affect 

human health [8].  Many numbers of fireworks accidents lead 

to fatality and property damage. [9].The objective of this 

work is to reduce the safety hazards during handling of 

pyrotechnic chemical mixtures and reduce the environment 

pollution during burning. The pyrotechnic composition is 

given in Fig.1 and the various processes are involved in the  

manufacturing of firecracker. is given in Fig.2 
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Fig. 1. Pyrotechnic composition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The manufacturing process of firecracker
 

A. Health effect of pyrotechnic chemical powders on the 

human being
 

In the fireworks industry during the manufacturing of 

firecracker workers are exposed by chemical mixtures and 

they are suffered from the following health issues. 
 
1. Neurological effects and behavioral change. 

2. Disturbance of blood circulation. 

3. Effects on eyes and problems in eye visibility. 

4. Reproductive failure. 

5. Damage to immune systems. 

6. Stomach disorder. 

7. Human liver and kidney functions are damaged. 

8. Disturbance of the harmonic metabolism. 

9. Dermatological effects. 

10. Suffocation and lung embolism.  

During the burning of the firecracker, the following issues are 

exposed by peoples.
 

1. Hearing defects. 

2. Heart damage. 

3. Skin and burn injury. 

II. MATERIALS AND METHODS 

In the fireworks industry, for preparing the firecracker the 

following ingredients used like sulfur, potassium nitrate and 

aluminium with a different ratio. All these chemical powders 

are obtained from local fireworks industries, Sivakasi, 

Tamilnadu. In this work, the aforementioned chemical 

composition, sulfur content is reduced by 5% and it is 

balanced by potassium nitrate and aluminum metal powder.  

The ratio of chemical powder is sulfur -15%, potassium 

nitrate -62.5% and Aluminium -22.5%. The purity of KNO3 is 

97.6%. The purity of Aluminium and sulfur is 96% and 

99.9%. The size of the chemical powder is in a range of 

45nanometer. After weighing the required amount of 

chemical powders it is allowed to sieving for removing the 

impurities, mixing for attaining the homogeneous mixture and 

thermal analysis, mechanical sensitivity like friction and 

impact tests are carried out for these chemical powders.    

Noise level is measured by using noise level meter 

(System824, Larson Davis Inc) during the bursting of cracker. 

So here, these chemical powders are filled into the paper tube 

and top of the tube is provided fuse and it is covered by a 

binding agent. Then a noise level test is carried out.  The 

existing and modified chemical composition is compared 

using the aforementioned tests.    

A. A. EXPERIMENTAL TESTS 

 Here, the experimental tests undergone involves the 

following tests, Thermal analysis, Noise level test, Impact 

sensitivity test and Friction sensitivity test. The thermal 

behavior of firecracker chemical mixture was analyzed by 

thermal analysis technique and it was conducted as per the 

standard procedure [10] 

Preparation of chemical powder for sulfur, 

potassium nitrate, aluminium. 

Weighing of all the aforementioned chemical 

mixture 

Mixing the 

Aforementioned chemical mixture. 

 

Filling the chemical mixture and Fuse fixing 

 

Drying the cracker and Packing 



International Journal of Engineering and Advanced Technology (IJEAT) 

ISSN: 2249 – 8958, Volume-9 Issue-1S4, December 2019 

 

 

689  

Retrieval Number: A10451291S419//2019©BEIESP 

DOI:10.35940/ijeat.A1045.1291S419 

 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

The noise level of the firecracker is monitored by using the 

sound level meter as per the standard regulations are given in 

Petroleum and Explosive Safety Organization (PESO) and the 

standard measurement procedure was followed [10].
 

The sensitivity analyses like friction and impact test are 

carried out as per the standard procedure [10]. Impact 

sensitive behavior of firework chemical mixture was analyzed 

by using the BAM method (impact sensitivity tester). The 

impact sensitivity has been decided by the limiting impact 

energy of chemical mixture. The limiting impact energy is 

calculated by mass of the object (2g) which is fall down over 

the sample, gravity due to acceleration and at which height of 

the object is falling down.  The friction sensitive of chemical 

powders are analyzed by using friction sensitivity tester and 

measurement has been taken as per the standard procedure.  

The impact and friction sensitivity setup are given Fig.3 & 

4.
 

 
Fig. 3. Impact sensitivity Test 

 

 
Fig. 4. Friction sensitivity test 

III. RESULT AND DISCUSSION 

 It is observed from TGA test results of Heat flow with 

respect to temperature and weight loss, at 214.65°C the 

weight is reduced from 100% to 96.92%. At 290.46°C 7.55% 

of the residue is evaporated and the weight percentage is 

89.37%. When the temperature is increased from 290.46°C to 

489.86°C, the residual loss is 2.34%. At 647.56°C, the 

residue evaporation percentage is 3.62%. Final weight is 

73.34%. So, the total residue evaporation rate is 26.66%. The 

residual percentage of normal chemical composition is 

64.15%. It is  9.19% lesser than the modified chemical 

composition. This residual amount can affect the performance 

of the firecracker. The generation of residue is reduced for 

modified chemical composition than the existing composition 

by changing the chemical composition.  The TGA result of 

modified chemical composition is given in Fig.5. 

 
Fig. 5. TGA test result for modified composition 

 

The result observed form friction sensitivity test, the sample 

does not have friction sensitiveness even at the maximum 

force of 360N. So it could be used as a safe firecracker. The 

result of friction sensitivity is given in Table.1 

It is observed from the impact sensitivity test, the limiting 

impact energy is less than 5joules. The value is 4.905joules 

and it is come under very sensitive. So the performance does 

not change. So the total result turns positive. The result of 

impact sensitivity is given in Table.2 

The result observed from noise level test, the sound level is 

below 125dB which is legally acceptable by Noise Pollution 

Control Board and Environment Protection Act. The noise 

level result is given in Table.3. 

Table-I: Friction sensitivity test result 

Flash powder 

samples 
Load in N 

Number of Trials
 

1 2 3 4 5 6 

Modified 

chemical 

mixture 

360 X X X X X X 

324 X X X X X 

 

X 

 

Table-II: Impact sensitivity test result 

Load 

(m) in 

kg 

Height 

(h)  

in m 

Number of Trials
 Limitin

g energy 

in J 
1 2 3 4 5 6 

2.0 0.5 ✓ ✓ ✓ ✓ ✓ ✓ 9.810 

2 0.45 ✓ ✓ ✓ ✓ ✓ ✓ 8.829 

2 0.4 ✓ ✓ ✓ ✓ X ✓ 7.848 

2 0.35 ✓ ✓ X ✓ ✓ ✓ 6.867 

2 0.3 ✓ ✓ ✓ X ✓ ✓ 5.886 

2 0.25 X X X X X X 4.905 

Table-III: Noise Level result 

 

Modified 

chemical 

mixture 

Specific 

noise limit 

Generated 

noise level 

Specific 

noise 

limit 

Generate

d noise 

level 

125dBA <125dBA 145dBC <145dBC 
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IV. CONCLUSION 

 Thermos gravimetric analysis behavior of the modified 

chemical composition is studied and the following 

observation is made,
 

The generation of residue is comparatively higher for existing 

chemical composition than a modified chemical 

composition.
 

The observation is also made from impact sensitivity test, the 

limiting impact energy of both existing and modified 

chemical composition lesser than 5Joules and it comes under 

very sensitive. So the performance did not change. It is also 

observed from the friction sensitivity test, the frictional force 

is not created for both existing and modified chemical 

composition. 
 

The noise result of modified chemical composition, the sound 

level produced below the standard noise level prescribed by 

the central government and it is below 125dBA. So, the safety 

aspect has been improved for this modified composition.  The 

environment pollution is also reduced when changing the 

chemical mixture and this kind of work makes our world is a 

green environment. 
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