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Introduction
A hand grenade is an anti-personnel explosive device, designed to clear out areas where the enemy is present in vast numbers. It is most devastating in confined spaces where there is a high concentration of enemy personnel. Hand grenades are most commonly used when the enemy is within 20-35 metres. Their main effects are blast and fragmentation.
The heat of formation of a hand grenade alters the magnitude of the blast, because the heat change to produce one mole of a compound from its constituent elements under defined conditions can alter its energy output as an exothermic reaction. This means negative enthalpy change, thus meaning there is less products than reactants.
Initiation sequence
· The operator of the hand grenade has to release the safety pin. It is removed with a harsh pull on a circular metal loop. These safety pins are not loose and require a large amount of force to pull free from the grenade body. The safety pin has to be removed whilst firmly holding the lever/handle to prevent the initiation from undergoing to soon. Removing the safety pin does not trigger any internal initiation of the fuse.
· Once the safety pin is removed, the only safety mechanism left preventing initiation is the hand lever. This is a metal lever that is under spring tension. Once the grenade is thrown, the hand lever is free to spring upwards causing the initiation process to start.
· As the lever is released, a firing pin strikes a percussion cap. 
· The percussion cap contains a small amount of explosive powder that is sensitive to impact/striking. Once this explosive is struck, it releases a slow burn chemical delay fuse. If this delay is too long, the enemy can throw the grenade back. If it is too short, it will detonate in the air close to friendly personnel. The chemical delay fuse commonly lasts 3-5 seconds before initiating the detonator.
· The detonators main role is to initiate the main explosive charge. The detonator undergoing a supersonic detonation initiates the main charge. The explosive in a detonator absorbs heat via conduction and convection from the delay fuse. This burns the explosive material, releasing hot gas. This causes the material to compress causing it to become denser and burn more quickly. The material undergoes a cabinet reshuffle, where the compressive wave travels faster than the speed of sound. This causes the material ahead of the compression wave to be initiated by shock.
· The main charge releasing a blast wave and fragmentation.
Chemistry in an incendiary grenade
Benzene is a hexagonal ring of 6 carbon atoms joined by multiple sigma bonds. Each carbon in the ring is connected to a hydrogen atom with another sigma bond. There is a pi bond above and below the hexagon that connects the carbon atoms. This makes Benzene extremely flammable. It is used in the No. 76 special incendiary grenade, along with white phosphorous, water and rubber.

Chemistry in an explosive grenade
The main charge in a hand grenade will be an insensitive high explosive. It is made insensitive by adding a plasticiser which lowers the viscosity and modifies the oxygen balance. The plasticiser also prevents the natural degradation/decomposition reaction from happening by binding to NO2 groups. TNT is used in some hand grenades and has a negative oxygen balance of -74%.
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Figure 1. Diagram showing the internals of the M26 grenade



Method
Percussion cap:
As mentioned earlier, a percussion cap is a small amount of explosive powder contained in a metal disc and initiated by impact. This is the most sensitive explosive within the train of events, as if it is too insensitive you risk the grenade not functioning at all. This follows the principle of match, paper, wood and coal. When dealing with explosives you always start sensitive.
Percussion caps could either contain Mercuric Fulminate (Hg(CNO)2) or Potassium Chlorate (KClO3). Mercuric Fulminate replaced flints to ignite black powder, it tends to be better than Potassium Chlorate as it is non-corrosive. It does however decompose into its constituent elements over time and is toxic. When considering the OME performance requirements, you should try to use materials that do not pose a negative impact on the environment. Therefore, a toxic energetic should be avoided where possible. 
The decomposition of Mercuric Fulminate is:
4 Hg(CNO)2 → 2 CO2 + N2 + HgO + 3 Hg(OCN)CN
The release of Carbon Dioxide and Nitrogen is not an impact to the environment as Nitrogen makes up over 78% of the atmosphere and Carbon Dioxide 0.04%. However, the decomposition releases HgO (mercuric oxide) which is highly toxic. When HgO is exposed to high temperatures it releases toxic fumes. However as Mercuric Fulminate is used in such small quantities for a percussion cap, the toxicity could be negligible. Mercuric Fulminate is also heavily reliable as it is highly sensitive to impact, friction and heat. Which are the characteristics required for a percussion cap.
Potassium Chlorate in its pure form is a white crystalline substance. It is an oxidising agent so is an acceptor of electrons. It can be produced by the Liebig process. The Liebig process involves passing Chlorine into hot Calcium Hydroxide. When being produced you get:

6 Ca(OH)2 + 6 Cl2 → Ca(ClO3)2 + 5 CaCl2 + 6 H2O
Ca(ClO3)2 + 2 KCl → 2 KClO3 + CaCl2
The Liebig process produces a lot of water as a by-product, which is considered the final acceptor of electrons and of course a nontoxic compound. Therefore when comparing it Mercuric Fulminate it is favoured when considering the OME performance requirements. A negative of Potassium Chlorate is that it is easily damaged by water. When designing a grenade you need to think of the end operator and end environment it will be used in. If the grenade was being used in a desert, then water damage may not be such a problem. However, Potassium Chlorate is also known to spontaneously ignite.

Delay fuse:
A delay fuse is designed to cause a slow chemical reaction that will eventually trigger a detonator. The delay has to be long enough, so the grenade does not go off as soon as it is thrown. But short enough that the enemy can’t throw it back. The OME performance requirements state the energy has to be released on demand. The demand for the energy release of a grenade is that it does not release it as soon as it leaves the operator. This is why a delay fuse is introduced into the sequence of events.
One type of delay fuse is a safety fuse. A safety fuse consists of a black powder core in a textile tube, covered in a waterproofing agent. With a tough rigid plastic outer body. They are capable of burning underwater.
A vast number of elements and compounds can be used in delay fuses, as they tend to be igniferous or detonating. Lead Styphnate is an example of a compound that can be igniferously initiated. In the M26 grenade the M204A1 fuse is used, this is a powder burn fuse lasting 4-5 seconds.
Lead Styphnate can be produced by the reaction of Magnesium Styphnate with Lead Acetate in the presence of Nitric Acid. 
{C6N3O8}MgH2O + Pb(CH3CO2)2 → {C6N3O8}PbH2O + Mg(CH3CO2)2
Lead Styphnate is an allotrope. It can be formed in two different physical forms. You can get Lead Styphnate as alpha and beta polymorphs. Both are monoclinic crystals. The lead cores are seven-coordinate and connected by oxygen bridges. The water molecule is coordinated to the metal and contains a hydrogen bond to the anion. Many of the Pb-O distances are short, showing a small degree of covalency. The styphnate ions lie in approximately parallel planes linked by Pb atoms.




For simplicity, the delay fuse should be a chemical burn rather than a detonation.
	Igniferous 
	Detonating

	Longer delay time for the grenade to be thrown further in the air.
	Will produce a more violent reaction.

	Easy to produce and cheap.
	Will produce a greater noise and therefore be more threatening to the enemy.

	Can be made waterproof using certain agents.
	More complex and expensive to manufacture.

	Less reliable.
	More reliable.

	Delay time can be easily altered by using a different quantity of powder.
	Delay time cannot be altered easily.



Detonator:
A detonator commonly takes its form as a blasting cap. They are used to set off the main charge in an explosive device, such as a grenade. In modern explosive devices, the main charge is highly insensitive so that the energy is only released on demand and is not accidently initiated by dropping it or significant temperature changes. Therefore a detonator must provide us with a lot of activation energy quickly and reliably in order to trigger the main effect of our grenade. The most common detonator is a blasting cap. 
Blasting caps function by an electrical impulse. Specifically a high current. This current causes wires to produce resistance. As resistance increases within the wires, so does the heat. The heat reaches such a temperature that the wire actually vaporizes and explodes due to the electrical resistance heating. This occurs in EBW detonators.
Sodium Azide is found in the air bags of cars. When a car crashes, crumple zones fold in causing sensors to tell the ECU that airbags need to be deployed. An electrical current stimulates the sodium azide to decompose rapidly into sodium metal and nitrogen gas. Both these products are nontoxic and do not release harmful gases, so using sodium azide would pass the OME performance requirement for little environmental damage.
However, the most common compound found in explosive detonators is Tetryl (C7H5N5O8). Tetryl has a detonation velocity of 7570m/s which means it is a high explosive and has the potential to propagate a shock through a main charge. Tetryl is a yellow crystal solid, almost insoluble in water but soluble in other solvents like benzene. Tetryl is commonly used as it is more sensitive and explodes more easily than ammonium picrate. Tetryl can be triggered by shock, friction and heat. Therefore, in our train of explosives an igniferous fuse can trigger it.
When using Tetryl it is often popular due to how short lived it is in its toxic form. It is degradable and decomposes rapidly in water.
Tetryl is manufactured by slowly mixing dimethylaniline with concentrated nitric acid in the presence of sulphuric acid. During its manufacture, it is essential the correct PPE is worn due to Tetryl being highly irritant to the skin.

Main charge:
The main charge produces the main effects of the grenade. It is vital it operates as expected. It must fit the five OME performance requirements:
· It must not release toxic gases when in storage.
· It must have limited effect to the environment.
· Energy released only on demand.
· Pot life must be long enough that the explosive does not crack/crystalize.
· It must be insensitive to accidental ignition from shock (dropping it).
The main charge produces the blast and causes the fragmentation. Without the main charge, the device would not be able to suppress the enemy.
Two common explosives are TNT and Nitro-glycerine.
TNT (Trinitrotoluene) (C6H2(NO2)3CH3) is a yellow solid. It is produced by nitrating toluene with a mixture of sulphuric and nitric acid to produce mononitrotoluene. The MNT is separated and re-nitrated to DNT. The process occurs again to form TNT using an anhydrous mixture of nitric acid and oleum. It is stabilized with sodium sulphite. TNT is favoured for its high insensitivity to shock and friction. It is less sensitive than nitro-glycerine. It melts at 80 degrees Celsius so it can be safely poured. This is  beneficial for the grenade production as grenades are filled from the bottom upwards by pouring the explosive into the cast iron body. Under detonation, TNT undergoes: 2C7H5N3O6 → 3N2 + 5H2 + 12CO + 2C. The energy comes from the breakup of the bonds. It is a negative enthalpy change due to there being less products than reactants. The chemical combustion gives out energy as heat, light and sound. This is said to be an exothermic reaction. TNT has a high activation energy, so it is not easy to accidently trigger.
Nitro-glycerine (C3H5N3O9) is a dense colourless oily explosive liquid. It is produced by nitrating glycerol with white fuming nitric acid. It takes the form of an organic nitrate. It is commonly used in mining/quarrying. It is highly sensitive making it more easily to accidental ignition than TNT. However it produces very little smoke which could be seen as a positive and a negative depending on its required effect.
Results
Potassium Chlorate will be chosen over Mercuric Fulminate as it is nontoxic and more easily produced via the Liebig process.
An igniferous delay fuse will be used as it is more adaptable than a detonation fuse. The igniferous fuse will also easily trigger the Tetryl detonator. 
The Tetryl (det velocity of 7570m/s) detonator was chosen for its high sensitivity, which is desirable at that stage in the cycle as if it is too insensitive the igniferous fuse will fail to provide the required activation energy.
The main charge will be TNT (det velocity of 6900m/s) for its high stability and characteristics for it to be poured.
Discussion
When referring back to the OME performance requirements, it is essential that the explosive material limits its effect on the environment. This is why Potassium Chlorate was chosen over Mercuric Fulminate. The Mercuric Fulminate also releases toxic gas when exposed to heat, therefore it fails to reach the performance requirement of not releasing harmful products under storage. Mercuric Fulminate also decomposes into its constituent elements in a short space of time by undergoing: 4Hg(CNO)2 → 2CO2 + N2 + HgO + 3Hg(OCN)CN and Hg(CNO)2 → 2CO + N2 + Hg.
An igniferous delay fuse is preferred due to its adaptability. By easily changing the NEQ of the powder, the time of the fuse can be altered. This means the grenade can be used at closer and longer range and has the potential to be used in a grenade launcher.
Although Tetryl is highly irritant to the skin, it can be produced safely if the correct PPE is issued. Although Tetryl is also toxic, it only lasts in this form for a very short amount of time and can be easily broken down by water. Therefore it can be broken down in the environment by natural processes such as rain. It also has a high det velocity of 7570m/s which means it can trigger the insensitive TNT sufficiently and on demand.
When grenades are produced they are filled with explosive from the bottom. This is done by making an explosive liquid. TNT can be turned into a liquid at just 80 degrees Celsius, therefore using little energy in the manufacturing process. It is also insensitive to shock and friction reducing the risk of accidental initiation. TNT has a high activation energy thus meaning it will be stable during storage.

Conclusions
With the consideration of the environment being an ever-growing concern, it’s vital that the explosives industry does their part in keeping toxic emissions as low as realistically possible. With this in mind, TNT is a good choice for the main charge as the infrastructure is already there for its production. It is a simple process involving three nitrifying processes. This also compliments the OME performance requirement of causing as little harm to the environment as possible. TNT also does not crack easily as it is poured in a dense liquid form meaning less risk of bubbles and gaps forming. This extends the pot life of the explosive and reduces risk of crystallisation, which could be a long-term storage issue. As TNT is highly insensitive it means energy is released only on demand. The energy released from TNT is an exothermic reaction where energy is given out. The reaction produces less products than reactants, thus meaning a negative enthalpy change. The energy comes from its elements. TNT is a nitrogen and oxygen rich compound. Meaning oxidation reactions can occur releasing energy. When the explosive burns, it produces highly stable substances (CO, CO2 and N2) with strong bonds. This energy is used as our blast effect. The pressure tears apart the iron casing of the grenade. A coil in the grenade shell causes it to break up into frags. These frags then penetrate the enemy and our effect of the grenade has been successful in suppressing the enemy.
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Obsolete. These grenades are used to supplement small arms fire against an enemy in close combat. They produce casualties th
The M26 and M26A1 fragmentation grenades have been reclassified as the M61 under the product improvement program that ac

WARNING: Although the casualty-producing radius is 50 feet (15 m), fragmentation can disperse as far away as 755 feet (230 ir

These grenades have an olive drab body with a single yellow band at the top and yellow markings, which indicate a high-explosi'_





