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In this study, the importance of critical diameter and critical density will be evaluated. This will include results from theoretical calculations and physical recordings. A literature review will be conducted to review the characteristics and properties of one primary and one secondary explosive. This assessment will show the values of unconfined explosives and how confinement can have a positive or negative effects on OME professionals. The correlation of detonation velocity and density of a secondary explosive will also be explored. 
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In this assessment, the chosen primary explosive will be Lead Azide, while the secondary explosive will be TNT (Trinitrotoluene). These materials will be evaluated for their physical and chemical properties.
[bookmark: _Toc216962277][bookmark: _Toc216963247]Primary Explosive Characteristics
Lead azide, with the chemical composition of Pb (N3 )2, is an extremely powerful primary explosive, usually paired with a secondary explosive such as TNT, RDX. As lead azide has a relatively low thermal ignition temperature of 327 – 360 ºC and a temperature of ignition via hotspots is 430 – 500 ºC [1] , accidental ignition of this composition is very high. Once the rapid decomposition begins, the reaction accelerates violently producing gas and heat making it extremely advantageous in detonators. This violent reaction ensures reliable initiations with minimal energy input.  It is also moderately sensitive to:
Impact – small mechanical shocks can cause detonation, sensitivity of 2.5 – 4 Nm [1]
Friction – minor rubbing/scraping can lead to detonation, sensitivity of 0.1 – 1 N [1]
ESD – can be triggered by electrostatic discharge
Thermal – as stated before, decomposes at roughly 330 ºC 
The heat of detonation of Lead Azide is 1.6-1.8 kJ/g and a detonation velocity of ≈4500 m/s [2].

[bookmark: _Toc216962278][bookmark: _Toc216963248]Secondary Explosive Characteristics
TNT, Trinitrotoluene, with the chemical composition of C7H5N3O6 is an extremely reliable secondary explosive, so much so that it is vastly used in munitions today. TNT has a comparatively low melting point of 80.7 ºC and insensitivity to impact, friction and ESD – meaning it can be poured into shells and/or charges with little to no risk of accidental detonation making it moderately safe to handle [1]. Furthermore, due to these properties of insensitivity, handling, transportation and producing can be achieved on a much larger scale. It has a friction sensitivity of >352 N and an impact sensitivity of 15 Nm [1].
TNT has a heat of detonation of approximately 4.2 kJ/g, releasing mass amounts of energy upon detonation  and a detonation velocity of around 6800m/s which makes it extremely efficient for military munitions [1].
[bookmark: _Toc216962279][bookmark: _Toc216963249]Critical Diameters and Densities 
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Critical diameter is the smallest diameter of an explosive charge where a stable detonation can happen. If the diameter is below this critical diameter, the charge will fail to detonate and may revert to deflagration or no reaction at all.
Critical density refers to the energy output of the detonation. A higher density may give you a higher energy output; if the density is too high for the given composition, this would crush the crystals in the explosive and give little to no reaction at all and contrarily, if the density is too low, it will give an unstable detonation. 
The critical diameter of an explosive refers to the minimum density required before detonation failure, guaranteeing a successful performance. The critical density can vary to give the material various effects; for example, velocity, pressure and overall efficiency. 
Due to lead azide being such a sensitive explosive, it has an extremely small critical diameter in the range of 1.2 – 2.5 mm [3]. The critical density of lead azide is prominently recorded as 3.8 – 4.0 g / cm3 [1] , [2]. The low critical diameter of lead azide is only a positive in military ordnance as it will occupy less space in the munition. 

As TNT is a much more insensitive explosive, the critical diameter is much larger that the primary explosive, lead azide. TNT has a critical diameter typically of 16 – 30 mm [4]. This shows that a large amount of TNT is needed or suitable confinement to sustain a rapid detonation. The critical density is much lower compared to lead azide due to their difference in thermal sensitivity – TNT has a critical density of 1.50 – 1.65 g / cm3 [5].

As the amount of lead azide in the detonator is miniscule, the detonation is almost instantaneous sending a shock front through the secondary explosive, TNT. If both compositions are within the parameters of their relative critical diameters and densities, then the pressure wave will travel through both explosives at the speed of sound, detonating the explosive virtually instantly. This performance can vary if these values are changed. For example, if the critical density used for the TNT sits just below the maximum density, then the explosive power will be at its highest and the energy output is at its maximum. If the critical density sits below its minimum value, then there will be failure in the material and detonation cannot be achieved; it will deflagrate, or no reaction will occur at all. These outcomes will be very similar with the lead azide, if the density sits below the minimum, the output may not be powerful enough the begin detonation of the TNT.

[bookmark: _Toc216962281][bookmark: _Toc216963251]Stimulus Applied to the Primary Explosive
The initiation system that is applied to the primary explosive will be electrical. On the ‘open’ end of the detonator, electrical wire is crimped into it. An electrical current is passed through the wire and into the detonator, this caused detonation within the device. Electrical initiation is an extremely effective method of initiation and widely used due to its many positives; for example, it has extremely precise timing, the explosive can be initiated remotely and is much safer compared to physical initiation (match and safety fuse). 

[bookmark: _Toc216962282][bookmark: _Toc216963252]Effect of Confinement 
When an explosive is unconfined, the shock front is spread over a much wider area so a lot of energy from the initiating explosive is lost to its surroundings and if sufficient energy is not delivered to the explosive, then detonation will fail. Whereas if the explosive is confined, this focuses the pressure wave into the casing and explosive. As more energy is being pushed into it, the critical diameter can be decreased [6]. Without confinement the gases expand too quickly which is why a larger critical diameter is needed for unconfined explosives but for confined explosives, the gases are harnessed for that little bit longer allowing maximum energy release.

Using confined explosives has a hugely positive effect for OME professionals. As the critical diameter is decreased, the amount of explosive needed is also decreased allowing faster manufacturing processes.
 When an explosive is confined, the expanding gases (due to heat and decomposition of the explosive) are trapped in the casing of the munition so when it reaches the target, the gases expand so much that the casing tears apart, delivering the maximum amount of energy release which, in turn, gives the biggest possible detonation. Furthermore, it reduces the risk of detonation failures or incomplete detonations which pose a serious safety hazard to the OME professionals. The confinement can also assist with controlled fragmentation and explosive power to focus on the intended target. The container can be modified to give specific types of fragmentation per specific target; for example, an Mk2 Grenade has clear, grid-shaped engravements on its exterior, so each piece of fragmentation is a similar shape and size to ensure maximum damage.

[bookmark: _Toc216962283][bookmark: _Toc216963253]Velocity of Detonation vs Density
As the density of an explosive material decreases, the composition is less tightly packed; this means the shock front will not be able to transfer that energy effectively through the TNT [7]. The voids in the material absorb some of the energy flowing through it, this causes hotspots rather than a uniform shock front. 
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As shown in the graph above, taken from the book – The Chemistry of Explosives, as the density increases, the detonation velocity increases up to its maximum critical density. Once it reaches the critical density of the material, the graph will start to plateau as at this point, it becomes self-confined.

	DENSITY OF TNT (g/cm3)
	detonation velocity(m/s)

	1.0
	≈4500-5000

	1.2
	≈5200-5500

	1.4
	≈6000-6300

	1.55
	6850

	1.6
	≈6900-7000



From this table, it clearly shows that at the lower end of the densities, the detonation velocity jumps up drastically as the density is increased. Towards the higher end of the densities, the differences in detonation velocities grows smaller – this is the plateau that was referenced previously. Using this trend, the theoretical maximum critical density can be calculated without the need of a physical detonation.
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