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[bookmark: _Toc217014322]Introduction 
[bookmark: _Hlk216770294]An explosive is a manufactured chemical compound that has the potential to release large quantities of chemical energy almost instantaneously. This release of energy is also accompanied by large amounts of thermal energy, light, noise and the formation of a pressure wave. 
In both military and civilian settings, the understanding of how explosives work is very important. Critical density and critical diameter are two key factors that affect if an explosive will detonate. Critical diameter is the minimum diameter an explosive can be while being able to sustain a stable detonation. Critical density is the minimum amount of explosive material packed together that is needed for the explosive to work effectively. These factors are especially important when designing an explosive system like explosive trains where a smaller primary explosive is used to start the detonation of a larger secondary explosive. [6]
This literature review aims to explore the importance of critical diameter and critical density in relation to a successful detonation. Performance characteristics of one primary explosive and one secondary explosive will be examined by focusing on their critical parameters in unconfined conditions. The review will also cover how detonation transfers from the chosen primary explosive to the secondary explosive in an explosive train by including the types of stimuli that can initiate the primary explosive and how confinement can affect the critical diameter. Finally, a conclusion will be made with a clear diagram highlighting the critical density, diameter and velocity from both the primary and secondary explosive that can achieve successful detonation.
[bookmark: _Toc216897971][bookmark: _Toc217014323]Primary Explosive – Lead Azide 
Lead Azide is a highly sensitive primary explosive commonly used in detonators and initiation systems for explosives. Its chemical formula is Pb(N₃) ₂) and is a crystalline compound that is valued for its ability to reliably initiate secondary explosives such as TNT. [5]
A Primary Explosive is an explosive which is easily initiated from a small stimulus such friction, heat, electricity, impact etc. They can either deflagrate or detonate. Deflagration is where the explosive material reacts by fast combustion, with the reaction travelling slower than the speed of sound and without a shockwave. Detonation is where the explosive material decomposes via a supersonic shockwave causing extreme temperature and pressure, releasing energy in a fraction of a second. Primary explosives are most often used to initiate reactions whereby their chemistry produces a shockwave or burn rate of sufficient magnitude to deflagrate or detonate a less sensitive explosive. [1]
Primary explosives are usually synthesised in the form of crystalline or powdery material with low bulk density and large specific area. This isn’t ideal for reliable use and as such a degree of compaction is required. However higher densities are harder to ignite, or may only burn with without detonation, due to a phenomenon called ‘dead pressing’. [1]
The critical diameter of Lead Azide is very small. Upon research the specific values of the critical diameter were not found as it is rarely reported due to sensitivity and safety constraints. Experimental research has investigated the initiation and reaction behaviour of Lead Azide in micro-scale charges. In one study, researchers used cylindrical Lead Azide charges with diameters ranging from 200 µm down to 10 µm. To study the initiation and reaction behaviours a high-speed streak camera was used. This shows how small the diameter of Lead Azide can be and still produce a detonation when appropriately confined and initiated.[7]
[bookmark: _Toc216897972][bookmark: _Toc217014324]Secondary Explosive – Trinitrotoluene (TNT)  
Trinitrotoluene, which is more commonly known as TNT is a very stable secondary explosive as it is less sensitive to shock and friction making it suitably safe during transport and handling. Its chemical formula is C₇H₅N₃O₆ and is classified as a nitroaromatic compound. TNT is known for is stability, ease of handling, and relatively low sensitivity compared to primary explosives, making it a preferred choice for a variety of explosive applications. It is commonly used as a standalone explosive or as a component in composite explosives such as amatol or Composition B. Its versatility and reliability make it a key material use in military ordnance like artillery shells and landmines.
Secondary explosives are a type of explosive material that required a significant amount of energy to detonate such as heat, shock or a primary explosive. They are generally less sensitive than primary explosives making it safer to handle, transport and store. Secondary explosives are often used as the main charge in munitions, bombs, and blasting operations, where controlled detonation is required. They are initiated by a primary explosive or a detonator. [2]
An explosive is classified as a low explosive when the rate of advance of the chemical reaction zone into the unreacted explosive is less than the velocity of sound through the undisturbed material. In contrast with primary explosives, secondary explosives such as TNT exhibits significantly larger critical diameters, particularly under unconfined conditions. This is because of their lower sensitivity and larger reaction zone, which increases energy losses at the detonation front when diameter is insufficient. As a result, TNT requires a large diameter and appropriate density to sustain stable detonation. 
Velocity of detonation (VOD) is a key indicator of the performance of high explosives such as TNT, as it reflects the speed at which the detonation front propagates through the material. The VOD of TNT is strongly influenced by its density. At lower densities, increased porosity leads to energy losses and incomplete reaction which results in a reduced detonation velocity. As the density of TNT increases, improved particle contact and more efficient shock transmission allow the detonation front to propagate more effectively, leading to higher VOD values. As density approaches the theoretical maximum density, the VOD of TNT reaches its maximum achievable value, with further increases in density providing minimal additional performance benefit.
TNT is a high explosive with a detonation velocity of approximately 6,500 m/s at its theoretical maximum density of 1.5 g/cm³. It has a figure of insensitiveness of 152, meaning that it is relatively insensitive to mechanical shock, friction, and heat, which contributes to its widespread use in munitions and demolition. TNT is also chemically stable which makes it safe for long-term storage without significant degradation. Additionally, it has a melting point of 80.8°C, which enables it to be safely melted and cast into various shapes for use in explosive charges. [1] [4]
The critical diameter of TNT is not one specific value as it is recorded as various measurements across different sources. These values include 2mm, 8-10mm and 27mm. The reason for there not being a fixed value for critical diameter is because of the way that the TNT is prepared, measured and characterized. [4]
[bookmark: _Toc216897973][bookmark: _Toc217014325]Explosive Train
Within an explosive train, the role of the primary explosive is to provide a sufficiently strong and rapid stimulus to initiate detonation in the secondary explosive. Once initiated the primary explosive is capable of overcoming the critical diameter and density requirements of the secondary explosive. If these conditions are not met, then the detonation will fail to transition which results in a partial reaction or deflagration of the secondary explosive. Understanding the critical diameters and densities of both explosives is essential for a reliable detonation within an explosive train. 
In an explosive train where the primary explosive is Lead Azide and the secondary explosive is TNT. The detonation will begin with a small stimulus such as Electrostatic Discharge (ESD) like shock, heat or impact that will be applied to the Lead Azide. Since Lead Azide is very sensitive it will respond by detonating and generating a high-pressure shockwave. The shockwave travels into the TNT charge which without the Lead Azide would be too insensitive to detonate from the ESD stimulus. The shock from the Lead Azide detonating will drive the detonation through the TNT causing the TNT to detonate which all happens in a fraction of a second. 
[bookmark: _Toc216897974][bookmark: _Toc217014326]Effects of Confinement 
Confinement plays a critical role in the detonation behaviour of both the primary and secondary explosives by reducing their energy loss at the detonation front. Under unconfined conditions, a portion of the energy that is released upon detonation is lost to the surrounding environment which can prevent the reaction zone from being fully sustained, particularly at smaller diameters. As a result, unconfined explosives usually exhibit larger critical diameter compared to confined explosives. 
The importance of confinement in every phase of the initiation, growth, and propagation of explosive reactions cannot be over- stressed. A change in the confining medium can change the critical value of a dimension by a factor of ten or more.
When an explosive is confined, the surrounding material restricts radial expansion and reflects energy back into the explosive charge. This increases the pressure and temperature within the reaction zone, allowing detonation to be sustained at smaller diameters than would otherwise be possible. Consequently, confinement effectively reduces the critical diameter required for successful detonation in both primary and secondary explosives.
Critical diameter is heavily impacted by confinement as a study documents that the critical diameter of PPBW-115 is 24mm when the compound is in a confined condition, but if the compound is in an unconfined condition, then the critical diameter is increased to 80mm. The influence of confinement is particularly important for secondary explosives such as TNT, which are less sensitive and more prone to detonation failure under marginal conditions. By reducing the critical diameter and improving shock transmission, confinement enhances detonation reliability and increases the likelihood of a successful transition from the primary explosive within an explosive train.[4]
From an OME professional perspective, the ability to manipulate confinement offers several practical benefits. These include improved reliability of initiation systems, reduced explosive mass requirements and greater control over detonation performance. Understanding the relationship between confinement and critical diameter allows for safer and more efficient explosive system design, particularly where weight or sensitivity constraints are present.
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In conclusion, this literature review examined the critical role that critical diameter and critical density play in deciding whether an explosive will sustain a stable detonation. These parameters are crucial for understanding the different performance characteristics between a primary explosive like Lead Azide and a secondary explosive like TNT as well as the importance of considering these parameters in the design of an explosive train. 
The chosen primary explosive, Lead Azide has a very small critical diameter and a low critical density. Whereas the chosen secondary explosive, TNT has a larger critical diameter and a higher critical density in order to detonate. 
In an explosive train the interaction between lead azide and TNT depends on the shockwave that the Lead Azide produces when it detonates being strong enough to overcome the critical requirements of the TNT. For reliable performance it is important to understand the type of stimulus required to initiate the Lead Azide and how conditions affect the TNT.
Explosive behaviour is also impacted by confinement by reducing the critical diameter needed which will improve the success of detonation. Overall, understanding these parameters is essential in the safe design and effectiveness of explosive systems. 
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