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[bookmark: _Toc218026694]Introduction
Explosives are a form of organic energetic material which have the capability to produce large amounts of energy in a very short space of time when they are initiated. Due to the properties of these materials being desirable for demolition and munitions they are heavily utilised in commercial and military environments for a wide range of applications. High explosives are divided primarily into two categories which are primary and secondary explosives (depending on how sensitive they are to stimulus such as heat and shock).
 In this paper the learner explores the different roles of primary and secondary explosives discussing the differences in sensitivity of both categories of explosives and where they are used with in a system. The learner discusses how the material reacts when undergoing detonation and what factors need to be considered to ensure a successful detonation is sustained- The key factors which impact detonation include the materials sensitivity, density, confinement and also critical diameter. Understanding the importance of the properties of high explosives are important within in the OME environment as this allows potential safety risks to be mitigated or managed to ensure the risk is as low as reasonably practicable.
[bookmark: _Toc218026695]Primary Explosive
Primary explosives are one type of high explosive that are extremely sensitive and do not require a large stimulus for initiation to occur- There are multiple different forms of stimulus which can cause primary explosives to undergo detonation such has heat, shock, friction and electrical impulse [1]. Due to them having higher sensitivity, primary explosives are used to start the detonation train [2] and is used in the smallest quantity required. This process is a reaction where the explosive material decomposes extremely quickly resulting in rapid gas expansion (blast), heat and increasing pressure to be produced which will shatter anything which the explosive itself encounters [3]. This means there are multiple considerations which need to occur for a successful detonation to be sustained through all the material. Some primary explosives are so sensitive however, they will detonate straight away due to them being that sensitive to stimuli.
Lead azide is an example of a primary explosive which can be used to initiate secondary explosives in the process of detonation [1]. Figure 1 is a visual representation of a detonation train; a small quantity of primary explosives is detonated via a stimulus such as shock or heat and due to it being extremely sensitive will detonate rapidly. This produces a large amount of energy and pressure producing a pressure wave which will propagate through the unburned material initiating the booster and subsequently the main charge which are less sensitive secondary explosives in comparison to the lead azide. The flame front accelerates up to the velocity of sound within that material resulting in the detonation to be successful, however is the velocity of sound is not sustained the detonation will fail.
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Main charge -RDX 
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[bookmark: _Toc218026685]Figure 1 Explosive Detonation train
Some factors which need to be considered to ensure a successful detonation wave include critical diameters and density. The critical diameter is the minimum surface area needed to ensure the detonation transition is successful. The detonation shock wave is not flat but is convex and is accelerated by the heat and gas which is being produced as the material decomposes rapidly.
 Another consideration is the energetics density- lead azide has a density of 4.1 g  with a detonation velocity of 4500 [1]. Materials which have a higher density have an improved energy concentration in the material resulting in faster velocity of detonation and pressures [2] as the more energy available to support the shockwave. For the detonation wave to propagate through the material the velocity of detonation must be greater than the velocity of sound in the material. Primary explosive can also be mixed with other compositions to improve their stability or even increase their sensitivity.
[bookmark: _Toc218026696]Secondary Explosive
Secondary explosives are another form of high explosive which also has military applications-However they differ to primary explosives as they are not as sensitive which is beneficial as they are used to compile the main charge of a munition [3] as seen in Fig.1.  Secondary explosives typically ignite through the process of adiabatic compression of small gas pockets which are present in and between the crystal structure of the material. The main charge of a system will be containing more explosive that is less sensitive to accidental ignition which improves the safety of that system.
[bookmark: _Hlk218000056]RDX was a popular secondary explosive which was heavily used in world war ӀӀ because the material is less sensitive to shock and friction, more powerful and had a higher melting point in comparison to other explosives used at the time such as PETN [4].  Secondary explosives have a lower density but a higher detonation velocity in comparison to primary explosives- For example, RDX has a density of 1.7   and a detonation velocity of 8440 and lead azide has a detonation velocity of 4500 [1].
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[bookmark: _Toc218026686]Figure 2 Effect of density on velocity of detonation for secondary explosives [1]
As displayed in Figure 2 as the density of the secondary explosive increases so does the detonation velocity. This demonstrates that the density and the velocity are linked meaning that there is potential for the performance of the energetic material to be improved by increasing the density until the theoretical maximum density (TMD) is reached. The TMD for RDX is 1.806 g/cc [6] therefore the velocity of detonation and also the pressure will continue to increase up that density is reached.
[bookmark: _Toc218026697]Confinement 
When an explosive is detonated unconfined there Is energy that is lost to the surrounding environment, if the loss of energy out ways the energy which is being generated by the material, then the detonation will fail.  To combat the loss of energy confinement is used to reduce the energy losses and also the critical diameter allowing for the energy behind the detonation wave to be maintained and sustaining the detonation. 
The use of confinement is beneficial to the OME professional as this allows the amount of explosive required to achieve the desired output to be reduced whilst still getting the same effects. This is because the detonation products cannot be lost causing hot high-pressure gases to be trapped in the munition resulting in rapid gas expansion. Another advantage of utilizing confinement is that it increases the safety of the system in different ways such as, reducing the amount of explosive used reduces the blast radius and noise produced when detonated- which is beneficial when conducting trials on smaller ranges. Furthermore, confinement also allows the energy produced to be more targeted and as further calculations can be carried out it increases the predictability of the output avoiding unwanted surprised occurring. Another benefit of utilising confinement is to increase the fragmentation effects during detonation, if natural confine isn’t utilised an explosive charge can become embedded in inert material [6].
Other considerations which OME Professional need to be aware of are the physical changes which occur such as the energetic material being subject to different climates, impact or thermal cycling. This can result in chemical reaction to occur with non-explosive components of this system and the energic materials which will result in explosive compound being present on areas where is shouldn’t be and can affect the reliability of the system functioning as expected.
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Initiator- Lead azide 
· density of 4.17 g  
·  detonation velocity of 4500 [1]
· Critical diameter 0.6mm [7] 

Main charge -RDX 
· density of 1.8   
· detonation velocity of 8440 [1]. 
· Critical diameter 5.2mm [7]







[bookmark: _Toc218026687]Figure 3 Munition example
Figure 3 shows an example of a munition with a primary explosive (initiator) of lead azide which can be ignited by shock, heat, or even electrical impulse it with detonate almost immediately after the activation energy has been exceeded creating a pressure wave because of the rapid gas expansion which will compress the main charge (RDX). Due to the adiabatic compression hot spots forming in the structure of the main charge the detonation wave will continue to propagate sustaining the detonation providing its velocity reaches the speed of sound within the material.
The casing of the munition provides an element of confinement to the energetic material; the casing thickness can vary depending on the desired output required from the system. For example, for a blast munition a thinner casing would be used as the casing will not be able to with stand as high pressure ranges causing the case to break apart and rupture quicker than for fragmentation. Fragmentation munitions will utilise a thicker casing but will require more energy to break the case apart as the casing will absorb more energy before it ruptures which forms sharp fragments which are used to hit multiple targets opposed to just one.

[bookmark: _Toc218026698]Conclusion
In conclusion, primary and secondary explosives are both used in munitions forming vital parts of the detonation train. Primary explosives such as lead azide are more sensitive to stimulus which is why they are used in detonators and will initiate the detonation train – however they are more susceptible to accidental ignition. Secondary explosives such as RDX are not as sensitive as primary explosives and are used within the main charge of the detonation train as they are more stable. The detonation train can contain boosters also which will be a mixture such as RDX and wax which will then subsequently detonate the main charge.
There are key factors which can affect the how the detonation wave will propagate through the material, these include the materials density, diameter and confinement. By increasing the density of the explosive (until the maximum density is reached) this will increase the detonation velocity and detonation pressure. Confinement reduces the amount of energy which is lost to the environment and increases the pressure which will help to sustain the detonation as well as reducing the amount of explosive which is needed. Confinement is beneficial to OME professionals as it allows less primary explosives to be used within a munition whilst still maintaining the same output, it also ensures the munitions performance is more predictable and will continue to be reliable throughout the entirety of the munition’s life cycle.
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