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This document investigates the performance of a primary and secondary explosive including the effects of the critical properties of each explosive.  The primary explosive that has been selected is lead azide (LA) and the secondary explosive is Royal Demolition eXplosive (RDX).  This document will then review the detonation velocity of RDX and how it changes due to the change in density along with a theory into how this and confinement are used by OME professionals.
[bookmark: _Toc216872849]Material Properties
Lead Azide is a commonly used as an initiator for an explosive train.  This is due to the low activation energy of the material allowing for it to easily detonate when simulated [1].   One of the most common applications of LA is detonators. 
RDX is the base of many different energetic compositions whether it be gun propellants or as a main explosive fill [1].  This comes from the materials properties and mixtures that allow for the material to be used in PBX, Melt Cast, Pellet and propellant compositions.  The material properties shown in table 1 show the properties of the selected explosives.
Table 1 shows the properties of Lead Azide and RDX
	Characteristic
	Lead Azide
	RDX

	Heat of Explosion (kJ/kg) [1]
	1610.36
	-5075.50

	Volume of detonation (V/dm3 kg-1) [1]
	230 [2]
	907.63

	Critical Diameter (mm) [1]
	0.4 – 0.6
	<3.7mm

	Velocity of Detonation (m/s)
	5500
	 8750

	Theoretical Maximum Density (g/cm3) [1]
	4.80 
	1.81

	Heat of Formation (kJ/mol) [3]
	+469 
	-64.4

	Temp of Ignition (⁰C) [1]
	350
	214

	Molecular Weight [3]
	291
	222.117

	Melting Point (⁰C) [1]
	Dec.
	204

	F of I [1]
	15-25
	80

	Power (TNT Equiv) [1]
	0.16
	1.52

	Oxygen Balance [1]
	0
	-21.61%


[bookmark: _Toc216872833]Table 1 Material Properties of Lead Azide & TNT
As table one shows these properties are characteristic of primary and secondary explosives.  LA when used in a detonator provides the start to an ignition train however the detonation products include lead which is a detriment to the environment along with people within proximity to the ignition.  
RDX with its versatility allows for it’s use in many OME articles with the properties in table 1 being that of raw RDX.  These characteristics can be moulded with binders for boosters or mixed with TNT for a melt cast explosive.  It’s for this reason that these two materials are some of the most common in OME.
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There are many factors that affect explosives and the way they operate.  Two of the most important factors are critical diameter and critical density.  These factors effect whether the material will detonate at all.  If either of these values for the material are too low, then the material itself will not detonate [1].  In the case of the selected primary and secondary material the critical diameters can be seen in table 1.  The critical diameter can be changed with the help of confinement.  This assignment focuses on unconfined explosive material but as an example figure 1 shows the unconfined material LA and RDX.  The material diameters have been selected to appropriately start and sustain detonation.  If the material were to be confined in a metal case this would allow for the gaseous products formed to build the pressure within the container.  With the increase in pressure the burn rate would increase reducing the run-up time of the detonation of the secondary charge.  In the case of LA, confining the material would not have a noticeable effect in the size of the charge due to the critical diameter already being 0.4mm - 0.6mm.  RDX on the other hand confinement would allow for a smaller critical diameter than the 3.7mm.  This would allow for the material to be used in smaller products without losing the capability of detonation.  An OME professional could use this to create smaller detonators with confined LA and confinement of RDX to increase the velocity of the detonation.
Table two shows the specific parameters that allow LA to behave as a primary explosive.
	Characteristic
	LA

	Run distance of DDT (mm) [2]
	1-3

	Sensitivity to friction (N) [2]
	0.3 to 0.5

	Specific Heat Capacity (J/kgK)
	0.377

	Density (kg/m3)
	3800


[bookmark: _Toc216872834]Table 2 Characteristics of LA
The characteristic that is also important to allow for successful detonation is the critical density of the material.  This is the opposite to the TMD as this is the density in which the material can no longer detonate.  While some values were discovered these were not in published work meaning they could not be included.  If the material does not meet both the critical diameter and density then the material cannot detonate.
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[bookmark: _Toc216872837]Figure 1 Material initiation and detonation transfer
Figure 1 shows the planned method of detonation transfer.  This method begins with a friction as the form of initiation.  From there the detonation will progress through the primary explosive and both raise the temperature around one end of the secondary explosive but will also provide a shockwave to RDX.  The LLNL conducted a series of tests on several compositions to test the critical temperature of the material.  The critical temperature is defined as the lowest temperature at which an HE of a given configuration will self-heat to explosion.  This value is like the temperature of ignition for RDX meaning that the material will ignite due to the heat of the explosion of the primary explosive along with the shockwave causing hotspots throughout.  Hotspots are small pockets that compress when the shockwave passes through [1].  This creates friction between the crystals causing an increase in temperature.  If the ignition temperature is reached, then the material will start to deflagrate before transitioning to detonation.  The shape of these material is as shown in figure 1 with the material exceeding the critical diameter to ensure the detonation can occur.
To ensure the detonation transfer there are several calculations that can be done.  These could include specific heat capacity, and the energy required to raise the temperature of the secondary explosive to its ignition temperature to calculating the shock pressure from the primary to the secondary.  Due to both these materials being unconfined the transition will be a mixture of both igniting the secondary explosive and the shock pressure.  
Specific heat of RDX = 1.148 J/kgK
Figure 2 shows the calculations to raise the temperature of RDX to the ignition temperature of RDX from the detonation of LA
[image: ]
Figure 2 Calculations to raise temperature of RDX

These calculations show that there is sufficient energy available to raise the temperature of the whole charge of RDX.  This shows that the closest point of the RDX will be ignited by the LA detonation and with the additional shock pressure will cause a detonation.
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The velocity of detonation in energetic materials relies on the density of the material.  In OME we use methods of pressing different compositions in order to increase the density of the material.  However, we can only press material up to a point before going any further becomes difficult.  It would require a larger press and there would be safety concerns as to how the material would behave when being pressed.  With that in mind we can theories the maximum density using factors such as particles size and volumes.  The theoretical maximum density (TMD) of an explosive is the calculated maximum density a material can reach.  [1]This would also give the maximum velocity of detonation of a material.  Table 3 shows the detonation velocity of RDX at increasing densities.
	Density (g/cm3)
	Velocity of Detonation (m/s)

	1.59 [1]
	8250

	1.77 [3]
	8700

	1.81 [1]
	8750


[bookmark: _Toc216872835]Table 3 Velocity of Detonation of RDX at varying densities
These detonation velocities show the proportional relationship between density and detonation velocity.  In practice this we use shock pressure to help initiate booster and main charges within an explosive chain.  With that in mind the increase of detonation velocity due to density would allow for the increase in the likelihood of detonation occurring in the main charge.  This is critical to the safety of OME as a munitions primary function is to detonate, we the appropriate stimulus is applied.  If a munition failed to use the correct explosive train in an ordinance such as an artillery shell, then the outcome would be the munitions failure to detonate and would require disposal.
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