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[bookmark: _Toc203636366]Abstract 
This report shows how to calculate the oxygen balance of a provided mixture and comparatively breaking them down. Calculating the products of detonation, the comparison of the given mixture to TNT as well as the brisance are also in the report. It is believed the explosive mix is named ‘Comp B’ officially.



















[bookmark: _Toc203636367]Oxygen Balance and Velocity of Detonation
[image: ] 60% RDX and 40% TNT is the mixture given. The parameters have been given and are shown in ‘Figure 1.’Figure 1

As the oxygen balances for both RDX and TNT are given in the parameters above, the calculation to work it out for the explosive mix is fairly simple. 
(Percentage of RDX times the Oxygen Balance of TNT) plus (Percentage of TNT time the Oxygen Balance of TNT)
(%RDX x O2 Balance of RDX) + (%TNT x O2 Balance of TNT)
As RDX is 60%, the first half of the calculation will be (0.6 x -21.61). As TNT is 40%, the latter half of the calculation will be (0.4 x -73.96). 
(0.6 x -21.61) + (0.4 x -73.96) = -42.55. The oxygen balance of the given explosive mix is - 42.55%. 

Calculating the Velocity of Detonation (VoD) is slightly longer but as the parameters are given, there is no difficulty. The Calculation of VoD for an explosive mix is: 
((Percentage of RDX times the Density of RDX times the VoD of RDX) + (Percentage of TNT times the Density of TNT times the VoD of RDX)) all divided by the mixture density.

((%RDX x Density of RDX x VoD of RDX) + (%TNT x Density of TNT x VoD of TNT)) / Density of Mix
In the parameters given, all parts for the calculation are present and shown.                       ((0.6 x 1.793 x 8440) + (0.4 x 1.654 x 6850)) / (0.6 x 1.793) + (0.4 x 1.654) = 7834.11.
The approximate value of the VoD for the provided mixture is 7834.11 m/s.

[bookmark: _Toc203636368]Properties and Comparison
To find out what the Products of Detonation (PoD) are for the explosive mix, a set of rules can be applied. These rules are called the Kistiakowsky-Wilson rules and are shown below in ‘Figure 2.’


	Rule no.
	Conditions

	1
	Carbon atoms are converted to carbon monoxide

	2
	If any oxygen remains, then hydrogen is then oxidized to water

	3
	If any oxygen still remains, then carbon monoxide is oxidized to carbon dioxide

	4
	All the nitrogen is converted to nitrogen gas, N 2


Figure 2
These rules only apply when the oxygen balance is more than -40%. To work out the PoD, the moles must first be calculated. To work out the moles, first the molecular weight must be worked out. In the case of RDX and TNT, they have extremely similar molecular weights. RDX has one of 222.12 g/mol [1] and TNT has one of 227.13 g/mol [2]. For the ease of calculation, a figure of 100g can be assumed for the mixture. Therefore, the explosive mix would be 60g of RDX and 40g of TNT. The moles of each component inside the mixture are worked out by 60/222.12 for RDX and 40/222.13 for TNT.  RDX has 0.176 moles in the explosive mix and TNT has 0.270 moles. Using these figures, a further calculation can occur to find out the moles of C, H, N and O and therefore find the PoD. For the 60% of RDX, it is known that RDX contains C3H6N6O6. By multiplying the moles by the breakdown of CHNO, it can be found how many moles are in this part of the explosive mix. C = 0.270 x 3 = 0.81, H = 0.270 x 6 = 1.62, N = 0.270 x 6 = 1.62 and finally O = 0.270 xx 6 = 1.62. Once the same has been done for TNT, the full breakdown of moles can be seen for the entire explosive mix. TNT has a configuration of C7H5N3O6. C = 0.176 x 7 = 1.232, H = 0.176 x 5 = 0.880, N = 0.176 x 3 = 0.528 and finally O = 0.176 x 6 = 1.056. Now the full breakdown is achieved, it can be seen how many moles of each are in the explosive mix: C = 2.042 moles, H = 2.5 moles, N = 2.15 moles and O = 2.676 moles.
Applying the Kistiakowsky-Wilson rules to these figures shows the full PoD. The 2.5 mol of Hydrogen oxidises and becomes 1.25 mol of H2O and leaves 1.43 mol of O2. This remainder becomes 1.426 mol of CO. The 2.15 mol of N converts into 1.075 mol of N2. After all of this, 0.616 mol of C is left. This remainder will be a solid that is propagated outwards such as soot. 

Brisance is the term referred to when talking about the shattering capabilities for a high explosive. The word derives from a French word ‘briser/brisant’ which translates to ‘to break.’ And then even further back to the Celtic reign where the word ‘brissam’ in old Irish also translates as ‘to break.’ [3] Throughout history, ‘brisance’ has been used for many different examples, and it is usually closely aligned with fragmentation. One purpose of it being use is fragmented shells, designed to detonate whilst in the air, therefore causing structural damage, therefore fragmenting. Another purpose of fragmentation is plastic explosives, also use fragmentation to create a high brisance effect. This is primarily because of the large shock waves that they create, resulting in fragmentation of surrounding and external materials. These are commonly used within EOD for bulk demolitions to ensure they complete detonation of the munition. Finally, grenades. Grenades are seen as effective because of what they do. By creating high velocity fragments made from the hard exterior [image: A graph of a graph

AI-generated content may be incorrect.]shell, they are effective and are still used. Figure 3



 
 
	The graph is showing the association between brisance, pressure and detonation.  
Figure 3 illustrates that detonation velocity and detonation pressure are directly correlated with brisance. Table 1 shows that the mixture comprising 60% RDX and 40% TNT demonstrates a greater brisance effect than pure TNT, this is because of its higher RDX content and a detonation velocity of 7774.37 m/s. Nonetheless, the brisance of the mixture remains lower than that of pure RDX, 

As can be seen above, the 60/40 RDX/TNT mix is far more efficient than TNT on its own. This can be seen with the oxygen balance, which shows a larger amount of incomplete combustion and means less energy is released and therefore the overall performance isn’t as good either. This is also down to the comparison of detonation pressure, the brisance and the VoD. 


[bookmark: _Toc203636369]Detonation 
An explosive train usually consists of a detonator (primary explosive), the booster, and the main charge (both of which are secondary explosives). This methodology is commonly used when a disposal of a munition takes place, and this is used to set off the main charge which is usually either PE4 or PE8. There are two types of commonly used detonators, electric and non-electric.				 [image: Diagram of a diagram of a relay

AI-generated content may be incorrect.]
Figure 4
Lead azide is the most common composition inside a detonator, and this is mainly due to it being very sensitive and a quick VoD. When creating a detonator, the gain length and critical diameter must be considered. The critical diameter is the minimum diameter of the charge and if it is not correct, instead of detonating correctly, the lead azide would not release the correct energy to the booster and therefore render the entire explosive train unsuccessful. It would most likely just burn out. The gain length is the minimum length required to achieve successful detonation and it not done correctly, the detonation would either not release enough energy or release too much and would cause the problem of failure.

The chosen detonation would be an electric detonator. This is due to a very quick and almost guaranteed detonation with a booster of the munition.


[bookmark: _Toc203636370]Improvements 
To implement this explosive mix into a grounded sea mine, certain improvements have to be made. The major difference that needs to be considered is the change in the surrounding density as water is denser. This will cause a difference in the shockwave as well as the oscillating gas bubbles that follow. These bubbles follow along with the shockwave and contract and expand and cause extreme pressure. A vital improvement that should made to this assumed ‘Comp B’ mixture, would be by adding some Aliminium powder. This would change the compound into something called Torpex. Torpex is a secondary explosive that is roughly 50% more powerful than TNT. By reducing RDX to 42%, keeping TNT at 40% and adding 18% of Aliminium powder, it officially becomes Torpex. It is already used in torpedoes, depth charges and naval mines. [4] The Aliminium will absorb heat and create a quicker reaction due to it being endothermic (absorbs heat). 


Conclusion
The 60/40 RDX/TNT mix has been defined as Comp B and the oxygen balance has been worked out as well as the properties, PoD and VoD. It has been shown that by adding Aliminium powder and reducing some RDX, it would become a well-known deep-sea munition filler and would perform very effectively in a grounded sea mine.
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A mixed explosive composition comprises 60% RDX and
40% TNT, with the following explosive parameters:

Explosive TNT RDX
Density 1.654 gcm® 1.793gcm?®
VoD 6850 ms™ 8440 ms™
Detonation Pressure 19 GPa 31.9 GPa
Critical Diameter (unconfined) 2 mm 1.5 mm
Oxygen Balance -73.96 -21.61

Enthalpy of Formation -62.07 kJ mol ™" +70.29 kJ mol”




