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Introduction
Chemistry is an important part of designing explosives, the chemicals and their reactions can be used to predict the energy output and type of effect the explosion will have. Explosives have different uses and will need to utilise different effects, some require the explosive force of the detonation (e.g. blasting charges, frag grenades), and some require the other effects of explosives such as the sound wave or light produced (e.g. Flashbang grenade)
This report will be looking into and detail the chemistry involved within a simple explosive device. The device in question will be a military hand grenade. A hand grenade is small explosive device used, usually by the military, for many different effects. One is called a “flashbang” which creates a loud noise and bright flash of light to stun people, another is a “frag” grenade which upon detonation blasts small fragments in all directions as a means of anti-personnel.
Method
Top-Level Functionality
This outlines the basic top-level functioning of a generic grenade: 
· Initiation – Means of starting the Ignition Train. 
· Time delay – The delaying method between starting the Ignition Train and the ignition means of the Main Charge. The time delay will depend on the function of the grenade.
· Ignition – The means of initiating the Main Charge. This will depend on the main charge
· Main effect – The Main Charge 
Meyer et al describe the delay process (for any Ignition Train utilising it) as usually composed of a primer, delay column and a relay detonator [1]. They also describe the ignition train as being the composition of the charges between the initial stimulus and the final effect.
According to the JSP textbook of explosives, there are two types of explosive trains, Igniferous and Disruptive [2]. Igniferous trains are used for smoke grenades and similar due to the nature of explosives used, they will ignite the next component of the train by burning. Detonators are used as they detonate, imparting a shockwave to the next component.
Ignition train
Primer
A primer is a sensitive primary explosive which can be ignited easily by a spark, heat or impact according to Meyer et al [1]. Some examples of Chemicals used in primers according to Akhavan are: Potassium Chlorate, Lead Peroxide and Antimony Sulphide [3]. 
For this report we will look at a percussion primer made with Mercury Fulminate C2N2O2Hg:

Equation 1
According to Akhavan, Mercury Fulminate will readily decompose to its more stable products. It is quite sensitive to impact requiring only 1-2Nm of force to set it off. This makes it a primary explosive as it is quite easy to detonate. It also makes it quite hazardous to handle, this needs to be considered when manufacturing. Akhavan shows that out of the explosive they have listed, Mercury Fulminate scores a 10 in the Rotter impact test, the lowest score with the next being a 12 and the lowest of the secondary explosives being Nitrocellulose at 23.
Mercury Fulminate has a heat of formation of -267.99kJ/mol and an enthalpy of explosion of 1756.7kJ/kg.
Delay Column
The Delay Column, or fuse, is what determines how long after the initiation of the ignition train the main charge will be detonated. Akhavan indicates there are two different types of pyrotechnics used for delay compositions: Gassy and Gasless [3]. The type used depends on the conditions in which the explosive device will be used. Given that Gassy delays can be used at low altitudes and not in pressurised containers, black powder can be used.
Black powder:

Equation 2
Detonator
The detonator, or in this case the relay detonator, is initiated by the fuse and detonates the main charge. Detonators can utilise different means such as electrical charge, friction or impact, this causes a shockwave to disrupt the next part of the ignition train.
PETN:

Equation 3
PETN or Pentaerythritol tetranitrate, has a heat of formation of -530.53kJ/mol and a heat of explosion of 5815.08kJ/kg. The oxygen balance of -10.12 means it uses Kistiakowsky-Wilson rules. CO is formed first, then the Oxygens form water and any left over oxidise the CO to form Carbon Dioxide.
Main Charge
The Main Charge is what produces the desired effect when detonated. For this report it will just be a simple hand grenade using TNT. This would be a simple explosion to create a shockwave with the effect of damaging the target.

Equation 4
According to Akhavan the TNT has an Oxygen balance of -73.96 which means it uses the modified Kistiakowsky-Wilson rules. TNT also has a heat of formation of -62.07kJ/mol and an enthalpy of explosion of 4091.63kJ/kg. [3] The modified KW rules mean that oxygen forms water first and any leftover goes into carbon monoxide. TNT is quite insensitive with a score of 152 from the Rotter impact test.
Manufacture
Mercury Fulminate 
Mercury Fulminate is created by pouring mercury dissolved in nitric acid into ethanol. White fumes are created, which changes to red/brown fumes, then back to white. Crystals of Mercury Fulminate are formed and need to be washed with water to remove the excess acid. [3]
Black powder
Black powder is made by mixing sulphur, Charcoal and salt-peter (Potassium Nitrate) together.
PETN
PETN is created by mixing formaldehyde and calcium hydroxide in an aqueous solution at about 65°C. The next step involves pouring this into nitric acid to nitrate it at 25°C finishing the reaction.
TNT 
TNT, or 2, 4, 6-Trinitrotoluene, is made using several nitrations of toluene. First to mono-nitrotoluene, then di-nitro and finally tri-nitro. This will produce isomers of the compound which need to be removed using a sodium sulphate solution to treat it. Nitration is an important part of the manufacture of a lot of other explosives such as RDX, Nitro-glycerine and PETN. [3]
Conclusions
· All explosives have an ignition train to set them off
· Primary explosives are used to initiate other explosives due to their sensitivity
· Secondary explosives are used for the main charge due to the amount of energy released
· Secondary explosives are typically much less sensitive then Primary
Recommendations
· Look into quantities of explosives for different effects
· Look in more depth into the delay function to set the time delay precisely
· Research alternative materials for the device 
· Look into shape of explosive to yield maximum efficiency
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