
 

 

Research Proposal 

Development and Performance Studies of 

New Pyrotechnic Mixtures 

Abstract 

Pyrotechnics is the science of using various compounds and chemicals to produce heat, light,  

smoke and sound. Common consumer fireworks fall under this umbrella, as well as commercial 

firework devices. The design and synthesis of pyrotechnics/thermal compounds also called fire 

compounds by using various techniques andinstruments have aroused particular interest and 

expedited the development of this kind of materials. I wish to design fire compounds in which 

exothermic reactions takes place and a lot of energy released. Fire compounds can possess  

different physical, mechanical and chemical properties.Pyrotechnics undergoes self-contained 

and self-sustained exothermic chemical reactions. The main constituents of fire compounds are 

oxidants and fuel. In pyrotechnic reactions, the oxygen combines with the fuel to liberate heat. The 

rate of reaction mainly depends upon the oxidant’s nature, the ability of the oxidizer to release oxygen 

etc. This feature has made these pyrotechnics/fire compounds very attractive in research work. The 

pyrotechnics/fire based materials have great potential in the field of e entertainment and most 

important defense department. We hope to find new insights into the properties of pyrotechnics/fire 

materials. The oxidizers and fuels may belong to either organic or inorganic class ingredients or  

both. 

The pyrotechnics reaction involves the transfer of oxygen from the oxidizer (metal oxide) to the 

fuel (metal). Power density is determined by its reaction rate, which In the case of a thermal 

material, is determined by its physical characteristics. Especially the reaction rate increases with 

the fineness of the metal and oxide powders and the uniformity with which they are mixed. 

OBJECTIVES AND IMPACT 
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The objective of this research proposal is to explore the potential of fire/thermal compounds  

synthesis by oxidizers such as perchlorates, chlorate, sulfates, carbonates and nitrates of various  

metals with fuels. If we want to produce more light then oxidizer should be in small amount as a 

result of that burning rate will be slower. Fire compounds have excellent thermal conductivity,  

specific heat and electrical and mechanical properties such as absorbedlyand reflectivity. I wish 

to prepare different homogenized mixture of pyrotechnic composition having small particle size 

of fuel and oxidizer. Becauseas particle size will be small surface area will be large as a result of  

that rate of reaction and burning speed will be higher. If the material is in powder form then 

binders may be used to convert it into solid material. Such mixtures with their unique properties  

are extremely interesting not only to theoretical chemists and materials scientists, but also to 

synthetic and experimental physicists. 

These pyrotechnics/thermal compounds have multifunctional properties in a wide variety of  

applications, ranging from thermal generation plants to military weapons. The aim of this  

research will be to study pyrotechnic mixtures containing oxidizers of metal and fuels of carbon 

(wet and dry), to evaluate the potential of these mixtures as explosives and to determine the 

procedural composition of these mixtures. 

BACKGROUND 

The fire materials we propose to study are often difficult to characterize experimentally at lower 

level. Change in their properties upon chemical reaction result into various effects.Fireworks  

generate three different noticeable form of energy, a tremendous release of heat, bright light and 

sound. As a result of rapid release of energy tremendous boom is heard at ground level causing 

the air to expand faster than the speed of sound. This produces a shock wave called sonic boom.  

The colors are produced by heating the metals. As the metal heated electrons in the ground state 

absorb energy and jump to higher energy level. As the electrons descend back to lower energy 

levels they emit light. The amount of energy emitted is the characteristic of that element. Sodium  

produces yellow light. 
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Thermo-analytical studies of pyrotechnic mixture have proven to be an effective alternative for 

probing such materials and can provide guidelines for designing materials with efficient thermal 

properties. Furthermore, the research proposed here is based on the modeling the performance 

results of the pyrotechnic mixtures with oxidizers by using the different thermo-analytical 

techniques such as TG/ DTA/DSC. 

Fireworks can be beneficial and powerful tool in any screen designer, several aspects of it make 

it really shine in an enterprise environment when used by both small and large design team. This  

information is very essential in understanding the importance of fire sciences in an analytical 

method. 

EFFECT OF CONCENTRATION OF OXIDIZERS AND FUELSON PUROTECHNICS 

The discovery that a mixture of potassium nitrate, charcoal, and sulfur is capable of doing useful 

work is one of the most important chemical discoveries or inventions of all time. For preparation 

of pyrotechnics mixtures different composition may be used. The intensity of reactivity of 

pyrotechnics mixture may be enhanced by increasing the quantity of fuel(carbon black & 

charcoal). Pyrotechnics mixture of dry and wet form cab be prepared but in case of wet mixture 

homogeneity increases that lower the temperature of reaction. carbon black as compared to 

charcoal produces more energy from the oxidation of carbon.In this way, a large variety of  

pyrotechnics mixtures can be designed and analyze in which multi-functionality can be easily 

built to address technological needs. In pyrotechnics, when a solid-liquid conversion takes place, a 

self-propagating reaction is initiated. The oxidizing agent is mostly the key ingredient in such 

conditions. 

Heat is transmitted during the reaction of pyrotechnic mixtures. This is important to ignite the mixture 

and the burning behavior of the pyrotechnic samples may be studied. 

EFECT OF RETARDANTS AND ADDITIVES IN PYROTECHNICS 

There are many applications by which fire retardants exert their influence on the combustion.  

They are used to delay the time of ignition, reduces the rate of heat release during combustion as  

well as reduces the surface spread of flames. Different retardants are used like phosphorous  
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based compounds, nitrogen based compounds, phosphorous/nitrogen synergism, silicon based 

compounds, inorganic metal hydrates and carbonates. Metal ions as effective flame inhibitors  

and fire suppressants have attracted great attention. The well-known metal ions were potassium 

and sodium, whose compounds are widely used in fire suppression applications, such as 

carbonate, bicarbonate, chloride, and oxalate. Additives play an important role in pyrotechnics.  

They decrease the burning rate of mixtures, and slow down the reaction rate. Inert material e.g.  

clay alumina, silica, magnesium oxide, diatomaceous earth, or endothermically decomposing 

materials like carbonates and oxamide are used as high performance rate suppressant in some 

propellant compositions. 

ROLE OF SPECTROSCOPIC TECHNIQUES IN FIRE WORKS 

Many spectroscopic techniques are the backbone of fire sciences. When heat is absorbed atoms 

are excited as a result different color appears which are the characteristics of that element which 

comes under the heading of spectroscopy. I wish to focus on different spectroscopic techniques  

which are being used to make pyrotechnics more effective in the world. Now the major focus by 

most researchers is to do such studies through which thermo-analytical studies can be used for 

peaceful purposes. Flammability is a catch-all term to describe the reaction to fire characteristics 

of a material. Flammability assessment is fundamental in the screening and evaluation of a fire 

retardant material. 

Calorimetry is the most widely used method providing quantifiable flammability parameters. It is  

employed as a means of predicting how a material will behave in a real fire situation.  

ELECTRO-EXPLOSIVE DEVICES (EEDs) 

Electrically initiated primers, pyro-cartridges, igniters, detonators, gas generators etc are 

included in this class of pyrotechnics. The design of EEDs includes the use of conducting 

compounds (i.e. lead styphnate) mixed with graphite, got bridge wire, semiconductor base 

bridge, exploding bridge wire, thin foil initiator etc. Many EEDs have been developed and are 

being utilized for many purposes such as the ignition of solid rocket/missile propellants, ignition 

of gun propellants, ignition of pyrotechnic devices, rupturing of a diaphragm, shearing of a 

cable/locking pin, actuation of pyro-jack, pumping of electrolyte to activate the primary 

electrical battery, demolition of unexploded ordnances etc [1] 
. Many EEDs varying in electrical 
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characteristics, safety levels, sizes and output performances have been designed. As such,  

pyrotechnic materials and electro-explosive devices (EEDs) could be very useful in the future. 

NANO SCALE PROTECHNICS 

For the past ten years work has been extensively done on nano-materials. The manufacture 

techniques, characterizations and applications of nano-materials are being studied worldwide. 

Nano scale ingredients can be utilized in high energy systems such as propellants, explosives and 

pyrotechnics. Meta-stable intermolecular compositions (MICs) using nano Al/Fe2O3 have been 

synthesized. Moreover their physiochemical and thermal properties have been studied [2]. 

USES OF PYROTECHNICS IN VARIOUS FIELDS 

The light which is emitted by pyrotechnic reactions is used to illuminate candles, photoflash 

cartridges, tracers and signal flares. These can be used for battlefield illumination, taking pictures  

etc. These compositions are mostly mixtures of an oxidizing agent and a metal fuel [3] 

A pyrotechnic delay element is a self-contained pyrotechnic device. It is made up of an initiator, 

a delay column and an output charge, assembled into an inert cover. Pyrotechnic delay devices  

slow down the pyrotechnic compositions. Laser beams have become very common in civil and 

military use. Laser sources which branch out for multiple simultaneous ignitions of pyro-devices 

are being currently used. The conventional pyrotechnics produce pollution such as lead and 

barium salts. Nowadays work is being done in the manufacture of lead-free electric matchsticks 

(which are synthesized by the nano-scale pyrotechnic materials, MICs). 

IMPROVED PYROTECHNICS 

In modern times the designs of pyrotechnics requires more safety and efficiency. Another aspect 

which has to be included nowadays is care for the environment. 

Considering the challenges the future will bring in construction of pyrotechnic systems, some 

objectives have been set up. These objectives include improved designs of EEDs, development 

of IR-Illuminating compositions, developments of multi spectral IR and smoke compositions,  

developments of LIDs (Laser Initiated Devices), developments of slow burning delay 
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compositionsand designs of pyro-delays with improved accuracy, automation of processes and 

formulations of compositions with enhanced efficiency and reduced sensitivity level.  

Research is being done to replace toxic ingredients by non-toxic or low-toxic components in 

pyrotechnic systems. These new ingredients should be able to replace them without degrading 

the safety, performance and effectiveness [4]. 

METHOLOIGIDES 

Thermal calculations will be carried out by using Universal Thermal Analyzer. Sample is run in 

the instrument in which nitrogen gas is used at heating rate of 15OC/min. It will give three type 

of result of a sample TG,DTG and DSC. Then TG and DTG are combined and compared with 

DSC to confirm sample purity. TG tells about weight loss with temperature. DTG tells about 

heat changes and DSC tells about energy changes of a thermal reaction. The recording systems  

are of following types: 

1-Time-base potentiometric strip chart recorders check the heating rate of furnace for linearity.  

2-In X, Y recorders, we get curves having plot of mass directly against temperature. 

3- The normal mode of recording data is the percentage mass change against temperature or time 

[5]. 

Microscale combustion calorimetry has been the development of the micro scale combustion 

calorimeter (MCC). This apparatus is utilized to determine the flammability characteristics of 

polymeric materials by use of combustion calorimetry. 

Lateral ignition and spread of flame test (LIFT) apparatus is used a radioactive heat source in 

the presence of pilot flame which is used to measure the time of ignition and lateral spread of fire 

along the surface of a vertically oriented material. I also work on thermo-analytical devices such 

as C80,VST. 
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