Chemistry OME Level 4
The chemistry involved in a simple explosive device
James Howe
UWTSD
1910319
L4 - Chemistry (OME) (ACDA4011)
Table of Contents
Introduction	2
Conducted research	2
Explosive groups	2
The ignition train	3
Energy yield	5
Physical and chemical properties	5
Case study discussion	6
Materials	6
Processes	6
Conclusion	7
References	7
[bookmark: _Toc57312349]Table of Figures
Figure 1 Lead azide reaction	2
Figure 2 Reaction products	2
Figure 3 RDX Reaction	3
Figure 4 Electrical Detonator Diagram	3
Figure 5 M213 Fuse Cross-Section	4
Figure 6 M67 Fragmentation Grenade	4
Figure 7 RDX Splitting Into Elements	5
Figure 8 RDX Recombines Releasing Energy	5
Figure 9 Lead Azide Structure	5




[bookmark: _Toc58440478]Introduction
In this report the details of the chemistry of a simple explosive device will be explored. Ranging from the materials used within and the properties they provide to the manufacturing processes used to form said materials.
Some of the topics covered will include the explosive train, the main effects of the explosive and how energy is released through chemical reactions.
The differences between categories of explosives will be outlined such as primary versus secondary explosives and a case study of a specific device will be used to show some of the real world processes that take place.
“A hand grenade is an anti-personnel weapon designed and used to clear out enemy fortifications, buildings or trenches. It can be used with devastating effect in confined spaces, against unprotected enemy combatants.” They have been used since WWI in trench warfare and most major conflicts have seen the use of grenades. [1]
[bookmark: _Toc58440479]Conducted research
[bookmark: _Toc58440480]Explosive groups
Primary explosives undergo a rapid transition from burning to detonation and can transmit the detonation wave between itself and a less sensitive explosive. These explosives can be detonated from stimuli such as heating or shock impact. When detonated they produce an incredible amount of gas which in turn becomes thermal energy, this is used to initiate a more stable explosive. Lead azide is an example of a primary explosive.

[bookmark: _Ref57991240][bookmark: _Toc58000682][bookmark: _Toc58252417][bookmark: _Toc58440458]Figure 1 Lead azide reaction
The reaction in Figure 1 is endothermic, meaning it takes in energy, acquiring 213 kJ of energy. One of the nitrogen atoms is expelled from the N3 ion and it then reacts with another N3 ion in the compound to create the outcome in Figure 2.

[bookmark: _Ref57991298][bookmark: _Toc58000683][bookmark: _Toc58252418][bookmark: _Toc58440459]Figure 2 Reaction products
This reaction is very exothermic, so it produces energy. 657 kJ is output along with the nitrogen gas. Within the first reaction, the decomposition of the N3 ion can involve up to 3 nearby N3 ions in the compound. If they are to react simultaneously, the decomposition of up to 22 further N3 ions could occur. This leads to a runaway reaction as each time a reaction occurs there is the possibility for 2-3 more reactions. This can help explain why lead azide crosses the burning to detonation phase so quickly, a small number of lead azide reactions can induce an explosion in a large number of N3 ions and then the explosion of the whole mass. [2]
Primary explosives have a detonation velocity in the range of 3500-5500 ms-1. This is a measurement of the velocity of the detonation shock wave as it travels through the explosive compound, subsequently causing the explosive reaction behind it.
Secondary explosives are usually more powerful than primary explosives but they require a more powerful stimulus to be initiated. This means they usually can’t be detonated by heat or shock and results in them being less sensitive. They require a detonation wave to be initiated which usually comes from a primary explosive as they are easier to initiate (more sensitive).

[bookmark: _Ref57991676][bookmark: _Toc58000684][bookmark: _Toc58252419][bookmark: _Toc58440460]Figure 3 RDX Reaction
Figure 3 shows the explosive reaction of RDX (Research Department eXplosive), when initiated by the detonation of a primary explosive. The initiation of RDX results in the compound’s atoms becoming disorganised as it breaks the molecular structures. When they recombine they mostly create gaseous products and a large amount of heat. The combination of primary and secondary explosives is essential for the highest safety (using less of the sensitive materials) and highest blast effect (secondary explosives have higher detonation velocities). [2]
[bookmark: _Toc57312351][bookmark: _Toc58440481]The ignition train
An explosive train or ignition train is used to initiate an explosive composition in a series of steps. The train uses the initial force from the primer and intensifies it to a point where it can set off the main charge.
A useful and simple analogy of the explosive train in a device is to think about lighting a fire. Typically it is very difficult to get the coals to burn using a lighter. So to get the required heat in the fire to get the coal burning, wood logs are burnt but to burn them you first need a small fire. This follows the same principle as a lot of explosive devices where the main charge is difficult to initiate and so it uses a multi-stage process to get to the end goal. Lighter -> paper -> kindling -> small bits of wood -> larger log -> coal. Initiator (provides stimulus) -> primer -> detonator -> booster (device dependant) -> main charge.
Detonators are used to initiate explosives where a shockwave is required, such as secondary explosives. The detonators themselves can be initiated through friction, flash, percussion and the use of electricity.[bookmark: _Ref57993885][bookmark: _Toc58000685][bookmark: _Toc58252420][bookmark: _Toc58440461]Figure 4 Electrical Detonator Diagram







Figure 4 shows how a bridgewire can be used to ignite the fuse head by heating up using the electrical current passing through it. The priming charge is a sensitive primary explosive so when the fuse head ignites, it will burn to detonation which sends a shockwave towards the base charge. This shockwave is enough to initiate the secondary explosive in the base charge.
 [3][bookmark: _Ref58165544][bookmark: _Toc58252421][bookmark: _Toc58440462]Figure 5 M213 Fuse Cross-Section










[bookmark: _Ref58165551][bookmark: _Toc58252422][bookmark: _Toc58440463]Figure 6 M67 Fragmentation Grenade
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The M67 Grenade coupled with the M213 Fuse pictured above in Figure 5 and Figure 6 is a good example of the explosive train being used in a simple explosive device. The M67 is a fragmentation hand-thrown grenade, used in close combat and causes casualties by high velocity fragmentation being projected in a uniform pattern. The M213 fuse is a pyrotechnic delay-detonating fuse, with two safety features, a steel safety pin and a pull ring. 
Starting by squeezing the safety leaver and then removing the safety pin and ring, the device is then thrown. The striker assembly spring allows the striker to initiate the primer in the top of the fuse after the safety leaver expands outwards. This ignites the delay composition which burns for ~5 seconds [3] which gives it enough time to travel its trajectory to around 30m. Next in the train is the detonator charge which is used to initiate the main Composition B charge. The whole item weighs 400g and 180g of that is the explosive filler.
The fuse contains lead azide, lead styphnate and RDX. Composition B used as the main charge in the grenade is a mixture of RDX and TNT in a 60/40 split respectively and a desensitising wax. [5] It was developed before WWI and it was used in mortar shells, demolition charges, warheads and shaped charges. TNT is melted using a steam jacketed kettle and wet RDX is added in slowly. Heating and stirring allows the water to evaporate, then the Comp B is cast into the desired shape using a mould where it then cools. Lead azide and lead styphnate are used together in the initiator as lead azide alone is not particularly susceptible to initiation via impact stimuli [2].
[bookmark: _Toc57312352][bookmark: _Toc58440482]Energy yield
The heat of formation of a reaction is a way to describe and calculate the energy that enters and exits the system, using the elements in a substance, denoted by ΔHf. A negative value for the heat of formation means the reaction is exothermic; heat is released, whereas a positive heat of formation value means heat is absorbed during the reaction and hence it is an endothermic reaction.
The energy provided by explosives that deflagrate are measured as the heat of deflagration and explosives that detonate as the heat of detonation in kJ mol-1 or the heat of explosion in kJ kg-1. Explosives require energy to break the bonds of the compound into its constituent elements.

[bookmark: _Ref58251388][bookmark: _Toc58252423][bookmark: _Toc58440464]Figure 7 RDX Splitting Into Elements
The equation shown in Figure 7 shows the breakdown of RDX into its elements after energy is added to the reaction. They form new bonds between each other in Figure 8 and release energy, more than the energy required to start the reaction chain.

[bookmark: _Ref58251842][bookmark: _Toc58252424][bookmark: _Toc58440465]Figure 8 RDX Recombines Releasing Energy
[bookmark: _Toc57312353][bookmark: _Toc58440483]Physical and chemical properties
[bookmark: _Toc58440466]Figure 9 Lead Azide Structure






Lead azide is a good choice for use in the fuse of a grenade, specifically the detonator charge as it is very sensitive [6]. It is one of the most common explosives used in various explosive trains in both the military and civilian industries. It requires a higher temperature to cause spontaneous combustion than mercury fulminate (another explosive used in primers) and it does not decompose when being stored for long periods at standard temperatures. However, mercury fulminate detonates faster than the lead azide, to combat this it is mixed with lead styphnate (as in the M213 fuse) to act as a sensitizer. The sensitivity it has to shock and friction stimuli can be changed quite dramatically using the particle size. Lead azide is obtained as a white precipitate constructed by tiny crystals, it can be compressed into moulds.
[bookmark: _Toc58440484]Case study discussion
[bookmark: _Toc58440485]Materials
As discussed above, the ignition train in this example has to receive a stimulus, ignite the delay composition, wait for said delay, initiate the detonator and then initiate the main effect. The stimulus it receives is an impact stimulus from the striker assembly, the delay composition provides the time delay effect required to throw the grenade the required distance without it going off. The dry lead azide used in the detonation charge doesn’t react with or corrode iron, steel, aluminium or copper [6] making it a good choice for the inside of a grenade whose components will be mostly easy and cheap to manufacture materials such as iron and steel. A safety precaution that needs to be taken however, is that the lead azide is kept dry when in contact with copper as when wet it can form copper azide which is dangerous and highly sensitive.
Composition B is used as the grenade’s main charge as it is constituents are regularly manufactured and are common explosives. TNT can be cast into shells and also pressed and it is mixed with RDX to create Composition B. The manufacturing process is cheap and so are the raw materials required. It is more safe than other explosives to handle as it has a low sensitivity to impact and friction stimuli. It has a pretty high explosive power and a low melting point which makes the casting easier, faster and less expensive. [2]
[bookmark: _Toc58440486]Processes
Lead azide manufacture uses sodium azide and lead nitrate. Sodium azide is dissolved in distilled water to create a sodium azide solution. The same is carried out with the lead nitrate to produce a lead nitrate solution. The two solutions are mixed together with a dextrin solution (a starch based thickening agent). The mixture is allowed to cool and stirring continues. The combined mixture is then poured into a plastic container and the precipitate it forms (lead azide) is filtered out using a vacuum flask. To help optimize the drying process, ethyl alcohol is added to the lead azide precipitate. [6]
The manufacture of lead azide does lead to environmental impacts due to the use of electricity. A lot of electricity comes from fossil fuels and is used to power the boiler and the vacuum pump in this process. An excess of lead nitrate is used to ensure all of the sodium azide is consumed and it remains in the final liquid at the end after the lead azide precipitate is collected, a pH adjustment is required before the waste products can be dealt with. The solid lead sulphate that remains afterwards can be co-processed and used in cement to not waste it.
Lead azide can be stored and handled using hydraulic devices that allow smooth movements whilst also eliminating the chance of an electrical signal stimulating the compound to explode whilst in storage or transit. The manufacturing process can be automated using computers and machines that mix, dose and dry the product without human interaction, eliminating the possibility of an explosion occurring near a plant worker. [7]


[bookmark: _Toc57312358][bookmark: _Toc58440487]Conclusion
The use of an explosive train in a simple explosive device (the hand grenade) has been explored in this report. It is vital to use a variety of safety mechanisms and a chain of explosives that have different properties to provide a safe and easy to use device. The safety mechanisms such as the lever and pin allow the grenade to be transported in vehicles with a lower chance of accidental initiation but also when a soldier is carrying it on their person.
The use of both Composition B and lead azide in the explosive train of the grenade makes sense as from the discussion above, Composition B has low manufacture costs, high stability and good explosive power and lead azide is sensitive to the impact stimulus, it doesn’t react corrosively with the frame of the grenade and it can be stored without decomposing for a long amount of time.
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