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1. Introduction

a) Purpose of Assignment
The purpose of this assignment is to explain the importance of critical diameter and critical density in relation to successful detonation.

b) Critical Diameter
The critical diameter of an explosive is a key characteristic of detonatable materials, defined as the “minimum diameter from which a detonation wave can transmit into free space without failure” [1] (below which stable detonation cannot propagate) of a cylindrical charge, regardless of how high the velocity of the initiating shock wave is in order to achieve successful detonation.
If the diameter of the charge is too small, detonation will fail to propagate [2]. If it is lower than the critical diameter, then the lateral energy lost would be significant enough to not be able to supply enough energy to keep the detonation front at detonation velocity, therefore the wave would decay.
The diameter of the cylindrical explosive is therefore a crucial component when trying to successfully detonate an explosive, being pivotal that the diameter is equal or larger than the critical diameter.

c) Critical Density
The critical density of an explosive is the minimum loading density at which an explosive will support steady detonation under specified confinement and initiation conditions.
If the density is too low, then the explosive will become overly porous and the reaction front has to jump gaps, which slows detonation, increases curvature, and can cause the explosive to fail. Similarly, if the density of the explosive is too high, then the reaction rates or sensitivity can change so that the input stimulus can no longer form a full detonation wave.
The density of these charges are vital in order to produce an explosive that will detonate with the expected velocity, sensitivity to initiation and whether the diameter is above or below the critical diameter.




2. Material Characteristics

a) Primary Explosive
Lead Azide (Pb(N3)2)
Lead Azide is a very powerful and sensitive primary high explosive which has been the mainstay of Service detonator fillings since the early to mid-20th century. Like all other primary explosives, it does not completely meet the ideal requirements, but its safety, reliability and performance are all acceptable when it is manufactured and used in the light of accumulated knowledge and experience. [3]
The performance of Lead Azide in regard to detonation is characterised to have a fast detonation, high brisance (shattering), and immediate transition from shock to detonation.
The role of Lead Azide being a primary explosive is used almost exclusively as an initiating explosive within the explosive train due to it being highly sensitive to impact, friction and electrostatic discharge, with only milligrams/joules to tens-of-milligrams/joules being needed to effectively initiate the reliant secondary explosive.
Due to Lead Azides “High initiating efficiency, high density, low cost, reasonably good stability, ability to withstand high pressures without becoming dead pressed, and long-term experience are the main reasons for its extensive application as a charge for detonating secondary explosive in flash, stab, electric, and other types of detonators.” [4]

	Empirical Formula
	(Pb(N3)2)

	Appearance 
	White powder

	Molar Mass (g/mol)
	291.24

	Melting Point (°C)
	~190

	Explosion Point (°C)
	~350

	Volume of explosion gases (L∙kg-1)
	231



b) Secondary Explosive
RDX (CH2N2O2)3
Cyclotrimethylenetrinitramine or “RDX is the most widely used crystalline high explosive in military applications. The vast majority of in-service high explosives across all applications contain RDX.”[5]
It is a secondary high explosive that comes with high detonation velocities and brisance although has a relatively low sensitivity compared to Lead Azide and other primary explosives. In military explosives it is mainly utilised within cast, presses and plastic bonded formations for demolition charges and explosives.
RDX as a secondary explosive in comparison to that of TNT delivers mass for mass significantly higher blast and brisance. Because of RDX’s combination of high energy, good stability and sensitivity makes it so it serves as the main “ingredient in plastic bonded explosives. Civilian applications of RDX include use in pyrotechnics (cap-relay, cutting cords, detonators” [6]
The use of RDX comes with many benefits to the user and manufacturer, some including the “respectable performance, reasonable insensitivity, ease of manufacture and acceptable low cost.” [6] Due to RDX’s low sensitivity makes it so it is much safer to utilise for bulk use and handling compared to other secondary high explosives with higher sensitivities.

	Empirical Formula
	(CH2N2O2)3

	Appearance 
	White Powder/ Colourless Crystals

	Molar Mass (g/mol)
	222.12

	Melting Point (°C)
	204-206

	Explosion Point (°C)
	200

	Volume of explosion gases (L∙kg-1)
	903



3. Detonation

a) Critical Diameters & Densities
For this example of a successful detonation as part of an explosive train will utilise just an Initiator and a Main Charge.
Each of these characteristics listed for the Critical Diameter, Critical Density and Velocity of Detonation each have a different value for Just Enough and Theoretical Maximum Density (TMD), each being values that will achieve successful detonation.
Just enough being the value for at which the detonation will successfully happen, but with the general values that are used for these explosives.
TMD being the values at when the density of the explosive is at its absolute highest density which represents a state with no air gaps, which maximises the velocity and power of the explosion. Critical diameters and detonation velocity losses are reduced for fine particle sizes. [2]

Initiator:
For this explosive train, the initiator being used will be Lead Azide due to it being “an initiating explosive; even a small amount can trigger an explosion caused by simple external stimuli.”[7]
Lead azide is the primary explosive, converting the weak stimulus into a fully developed detonation. It has a short run-up distance and high detonation pressure for its size/ density, which means that only a small pellet is needed to produce a strong shock pulse into the RDX, which is the next element in the train. This makes it ideal for reliably initiating the secondary explosives of RDX in compact detonator designs.
	
	JUST ENOUGH
	TMD

	Critical Diameter (mm)
	0.01-0.1
	0.01-0.1 [8]

	Critical Density (g/cm³)
	3.4–3.6
	3.85

	Velocity of Detonation (km/s)
	4.7–5.2
	6.2–6.3



Main Charge:
The Main Charge being used in this example will be RDX due to it having high energy, fast detonation velocity and powerful shock output, making it an ideal choice for a Main Charge in this explosive train. Lead Azide should ensure full detonation of this main charge. 
RDX is known to be an overall insensitive explosive, which typically doesn’t detonate directly from a weak stimulus, but will respond well to the quick, short shock from a primary explosive such as Lead Azide.
	
	JUST ENOUGH
	TMD

	Critical Diameter (mm)
	1-1.5
	1-1.5 [9]

	Critical Density (g/cm³)
	1.5–1.6  
	1.7–1.8 

	Velocity of Detonation (km/s)
	7.4–8
	8.7–8.8



In the event of increasing the density of RDX in this detonation from ‘just enough’ to the theoretical maximum density, the velocity would rise linearly with density, then would plateau as it approaches the theoretical maximum density. 

b) Stimulus
The stimulus used in this explosive train to successfully detonate the initiator of lead azide is friction. Friction acts on the sensitive lead azide and begins to raise the local temperature and pressure enough for the lead azide to deflagrate and then rapidly transition to detonation in its small, confined pellet.
The resulting lead azide detonation sends a short, high‑pressure shock into the main charge RDX, driving it above its critical initiation threshold so it builds up to full detonation as the main charge.
Friction in this instance is usually applied using either a firing pin impact on the lead azide charge, forcing deformation and micro-fractures in the lead azide causing hot spots inside the explosive grains where decomposition can then lead to detonation. Before detonation, the lead azide will start by decomposing exothermically resulting in the release of gases and excess heat. This small reaction zone then grows, leading to pressure and temperature rising which eventually results in the detonation of the initiator in the explosive train. 

c) Confinement
In the circumstances that the explosive is confined, then changes would happen to the values of the critical diameter that would ultimately benefit the professional. 
The value of the critical diameter would be reduced for both lead azide and RDX, which allows for smaller pellets/ columns to sustain detonation and transfer it effectively along the explosive train. This happens because of the lateral energy lost from the detonation front are reduced.
This comes as a benefit to the OME Professional as it allows for the design of more compact, efficient and safer detonators/ boosters. This achieves lighter more compact initiators while maintaining that high reliability. This overall benefits in multiple avenues for instance, reducing the cost of detonators/ boosters since 

4. Conclusions

a) Summary of Main Findings
To summarise the research that was conducted:
Critical diameter and Critical density are crucial components to consider when either manufacturing explosives to use within an explosive train or when putting together an explosive train to detonate. These values instruct either the user of what diameter and density is needed to use both safely and effectively. These values also  determine the difference between a failed and successful detonation.
Although there are a number of different factors affecting the explosive to ensure a successful detonation, the main areas to consider are that an effective stimulus is being used to ignite the first explosive to then detonate the main charge. It is also important to make sure that the multiple explosives are compatible with specific sensitivity levels of each other to be able to successfully and safely detonate.
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