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1. [bookmark: _Toc203555375]Introduction
For this report the student has been asked to complete multiple different tasks, the first being to work out the oxygen balancing and velocity of detonation. Other tasks include explaining the different parts of a initiation train and how to improve the provided explosive mix if it was to be used in a underwater sea mine. 
1. [bookmark: _Toc203555376]Oxygen Balancing 
The student has been provided with the following breakdown of the characteristics for an explosive mixture of RDX at sixty percent and TNT at forty percent. This can be seen in table 1 below. 
	Explosive
	TNT
	RDX

	Density
	1.654 g cm-3
	1.793 g cm-3

	VoD
	6850 ms-1
	8440 ms-1

	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-1
	+70.29 kJ mol-1


[bookmark: _Toc203555385]Table 1 - Characteristics of TNT and RDX explosive mix
Using the physical parameters of the given explosive mix the student can now work out the overall oxygen balance. The student will be using the following equation. 

[bookmark: _Toc203555389]Equation 1 - works to find overall oxygen balance
Now the student can substitute in the figures required to work out equation 1, these can be seen below. 
	Explosive 
	Percent of explosive in mixture 
	Oxygen balance 

	TNT 
	0.40
	-73.96%

	RDX 
	0.60
	-21.61%


[bookmark: _Toc203555386]Table 2 - figures used to work out overall oxygen balance
this would then mean that the final equation for the overall mixture would look like. 

[bookmark: _Toc203555390]Equation 2 - Equation 1 will added figures
This can then be simplified by working out the brackets in equation 2 

[bookmark: _Toc203555391]Equation 3 - Complete overall oxygen balance equation
The student then needs to work out the approximate velocity of detonation. This was worked out by first using the following equation working out the density of the overall mixture from the density of both TNT and RDX. 

[bookmark: _Toc203555392]Equation 4 - workings for overall mixture's density
The student can now use the following figures to substitute into equation 4. These can be seen below 

	Explosive
	Percent of explosive in mixture
	Density of explosive 

	TNT 
	0.40
	1.654 g cm-3

	RDX 
	0.60
	1.793 g cm-3


[bookmark: _Toc203555387]Table 3 - Figures used to work out the overall mixture density
Equation 5 below shows the figures being substituted in. 

[bookmark: _Toc203555393]Equation 5 - equation 4 with substituted values
Now that the density of the explosive mixture has been worked out this can be used to work out the individual velocity of detonation for TNT and RDX parts in the mixture. The same equation can be used for both TNT and RDX.

[bookmark: _Toc203555394]Equation 6 - equation to work for VoD of TNT
)
[bookmark: _Toc203555395]Equation 7 - Equation to work for VoD of RDX
These equations can then be used but substituting in the values previously worked out.

[bookmark: _Toc203555396]Equation 8 - VoD of TNT in mixture

[bookmark: _Toc203555397]Equation 9 - VoD of RDX in mixture
Finally, the student can take all of their workings and use the following equation to work out the velocity of detonation for the mixture. 
VoD mixture = (percent of TNT * density of TNT in mix) + (percent of RDX * density of RDX in mix)
[bookmark: _Toc203555398]Equation 10 - equation for VoD of the mixture

[bookmark: _Toc203555399]Equation 11 - Working for VoD of mixture
This has given the student the resulting velocity of detonation of the mixture at 7774.37 .
For this assignment the student has also been asked to explain which explosive in the mixture would result a higher brisance effect, the best way to explain this is as follows “the shattering or crushing effect of an explosive measurable by the crushing of sand or the compression of a metal cylinder and dependent upon the rate of detonation and other factors” [2]. The effect of brisance has been used to increase the power of weapons for many years some obvious examples are 
· Hand grenades
· Artillery shells
· Mortar shells
· Antipersonnel bomblets
The key use of fragmentation weapons are to cause as much damage to personnel and structures by them detonation in the air raining down rough and ridged metal casings or metal pellets added to weapons to do extra damage.
There are multiple test that can be used to test the shattering power of an explosive a few are 
· The sand test – this test involves a measured sample of explosive detonated in sand (of 30 mesh grain size), and the shattering effect on the grains of sand is evaluated by sieving after for change in the sand grain size. [3]
· [image: Fig. 4]Trauzl Lead Block Test – this test involves a known quantity of explosive is detonated inside a lead block with a pre-drilled hole. The expansion of the hole in the lead block is measured after the detonation. A greater expansion indicates higher brisance. Figure 1 shows a example [bookmark: _Toc203555381]Figure 1 - Example of the Trauzl test

The sand crush test and Trauzl lead block test are commonly used to determine the relative brisance in comparison to TNT which is considered a standard reference for many purposes. 
[image: ][bookmark: _Toc203555382]Figure 2 - A graph showing the effect of brisance and detonation pressure [11]


From figure 2 it can be seen that the relative brisance and detonation pressure have a direct impact on each other. From table one, equation 8 and 9 the student knows that RDX in this mix has a higher brisance effect as its VoD is 8440 m/s along with a detonation pressure of 41.9 GPa where as TNT only has a VoD of 6850 m/s but also has a lower detonation pressure of 19 GPa. This means that overall this mixture will have a better Brisbane effect over TNT but less than RDX as it is a mixture of both. 

The student needs to be apply the Kistiakowsky-Wilson rules when working the chemical equation when the oxygen balance in the mixture is higher than -40%. The rules are followed
	Rule 
	Rule condition 

	1
	Carbon atoms are converted to carbon monoxide

	2
	If any oxygen remains hydrogen is then oxidized to water

	3
	Any oxygen remaining will oxidizes carbon monoxide to carbon dioxide

	4
	All nitrogen converted to nitrogen gas


[bookmark: _Toc203555388]Table 4 - Kistiakowsky-Wilson rules
Referring to equation 3 the student knows that the overall oxygen balance is -42.55% so this would mean that the modified Kistiakowsky rules need to used instead which follows the same first four rules but added two more 
· A portion of the carbon monoxide formed in the earlier steps may be converted back to solid carbon.
· A portion of the carbon monoxide may be converted to water. 
Before using the rules, the student found the chemical formulas and molecular weight for both TNT and RDX. TNT reference [5]
	Explosive 
	Chemical formula 
	Molecular weight 

	TNT
	C7H5N3O6
	227.13 g/mol (2dp)

	RDX 
	C3H6N6O6
	222.12 g/mol (2dp)



The student then take all of the information above to apply the rules to 100g of the TNT – RDX mix. This is done as to simply working out the moles for both parts being 

[bookmark: _Toc203555400]Equation 12 - Workings for TNT moles

[bookmark: _Toc203555401]Equation 13 - Workings for RDX moles
The chemical formula for the overall mixture works out as C2.04 H2.5 N2.15 O2.68 this is from the following workings 
	Chemical 
	TNT  
	RDX
	Explosive mix

	Carbon
	0.176 x 7 = 1.232 mol
	0.27 x 3 = 0.81 mol
	0.81 + 1.232= 2.04 mol.

	Hydrogen 
	0.176 x 5 = 0.88 mol 
	0.27 x 6= 1.62 mol
	1.62 + 0.88 = 2.5 mol

	Nitrogen
	0.176 x 3 = 0.528 mol
	0.27 x 6 = 1.62 mol
	1.62 + 0.528 = 2.15 mol

	Oxygen 
	0.176 x 6 =1.056 mol
	0.27 x 6 = 1.62 mol
	1.62 + 1.056 = 2.68 mol



[bookmark: _Toc203555377]Explosive train 
When researching for this report the student wanted to find a simple explanation of what a explosive initiation train is and found the below 
“An explosive train is a series of explosive components arranged in such a way that a small, initial detonation will reliably lead to a significantly larger explosion. The aim is to ensure the controlled and predictable initiation of larger and more powerful explosive charges. “An example of the explosive train explained above can be seen in figure 2 [4]. 
[image: ][bookmark: _Toc203555383]Figure 3 - A example of an explosive train

From the above the student knows that the key role of an initiation train is for the main explosive charge to be set off. A main charge is normally harder to set off as they are a lot less sensitive, this means that depending how insensitive the main charge is it might require a booster. some examples of these are [6] 
· Nitroglycerin (NG)
· Nitromethane (NM)
· Pentaerythritol tetranitrate (PETN)
· Trinitrotoluene (TNT)
Detonators are the most efficient way to set off main explosive charges. Detonators are highly effective because they reliably initiate explosions in high explosives, which are difficult to detonate directly. They act as a small, controlled explosion that triggers a much larger explosion, making them essential for various applications like mining, construction, and demolition. Different types of detonators include 
· Electrical detonators – these dets use a electrical current to heat a wire or bridge wire to ignite the primary explosives 
· Non-electric detonators – these dets use various methods to ignite like a fuse, percussion cap or a shock tube.
· Exploding-Bridgewire (EBW) Detonators -these dets ignite by a high current used to vaporize a thin wire which in turn creates a shockwave which sets of the explosives.
· Slapper Detonators – these dets use an exploding metal foil to propel a slapper pellet into the explosive charge.  
Some detonators contain secondary explosives to amplify and transmit the explosive force to the main charge as the secondary explosives create a bigger shock wave, but the main explosive in detonators are primary this is because primary explosives are able to spread from surface burning to detonation within very small distances. Primary explosives are also very sensitive to stimuli (impact and friction), so they are easily ignited. Some examples are [6]
· Mercury fulminate
· Silver azide
· Lead azide is the most common initiative explosive used in detonators.
[image: ]For this assignment the student believes the best option would be an electrical detonator in particular the RP-83. A break down of a RP-83 can be seen below in figure 3.[bookmark: _Toc203555384]Figure 4 - Detail breakdown of RP-83

As seen in figure 3 some explosive trains require a booster as some primary explosives are too insensitive to be reliably set off by just a detonator. An explosive booster is used like a bridge between the detonator and the main charge as they are more sensitive, they give the main charge the necessary energy to set off. some examples of boosters are [7]
· PETN
· PE4 and PE8
· RDX
· C4
· Semtex 
For this assignment the student believes to set off the RDX 60 / TNT 40 mixture it would be best to start with an electrical detonator such as the RP-83 in figure 4, leading to a booster of PE8 which is normally made up of 86.5 % RDX and 12.5% plasticizer the student deals with this explosive and has the experience to know the detonator and PE8 will give the RDX  TNT mix the required energy to ensure full detonation. 

[bookmark: _Toc203555378]How to improve the explosive mixture for underwater performance 
For this section the student is required to look into different ways to improve the RDX and TNT mixture provided to help it function as a grounded sea mine. To start the student decided to look up what are currently used underwater, this resulted in RDX and TNT which are used as they are safter to handle than other explosives and they  
Torpex is a explosive mixture very similar to the one provided as it is made up of 42% RDX, 40% TNT and 18% Aluminum powder [9]. aluminized explosive slows down the attenuation of detonation pressure and improves the bubble energy by secondary combustion reactions this helps improve the reaction to the overall detonation. RDX-based aluminized charge has a long reaction zone and a low detonation energy release process [10].
[bookmark: _Toc203555379]Conclusion
In this report the student has broken down the different required steps calculating different figures for the provided explosive mixture such as oxygen balancing and its velocity of detonation. Then the student has been able to take this information alone with other experience and explain a explosive train breaking down what components would work best for this explosive mixture. Finally the student was able to research what could improve the RDX-TNT mix so it could function as a sea mine. 
[bookmark: _Toc203555380]References 
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RP-83 Explosive Train

1. Plastic molded head
2.Brass sleeve

3. Bridgewire (Gold)

4.Initiating explosive: 8 mg PETN

5. Middle Charge: 123 mg HMX with binder

6. Qutput explosive: 908 mg HNIX with binder
7. Aluminum cup 0.007" thick




image1.jpeg
Materallocation

Void

™

ANFO-IG sand

LEAD W

S

s  Detonator

i Explosive
Lead

Steel plate

Material location
vad
pe
ANFOIG
LEAD W
saxp.
Axro
™
ROX 18
sTERLIN

@

®





image2.png
Calculated Detonation Pressure/ GPa

90

y =0.2626x - 6.7504
R? =0.9949

100

HMX-TNT o

110 120 130
Relative Brisance / %TNT

140




