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2. [bookmark: _Toc57103342]Introduction
This assignment will break down and discuss the function of an explosive device that has a simple top-level function. There are many of these types of devices that are used in a wide array of different industries such as construction, demolition, entertainment, and mining. The field that has been chosen for this assignment is the defence industry. The device that has been chosen is a military hand grenade that produces smoke for screening purposes. [1] 
The smoke grenade should be designed in such a way that it is effective in producing a dense smoke screen that is visible to the naked eye. Each stage of the ignition train will need to have its own mechanism for releasing energy to the next stage to get to the final desired output. The chosen chemicals for each stage must be stable enough so that they cannot ignite by shock, vibration, or other external factors that they are likely to encounter. It is vital that a sufficient time delay is put into the device for the protection of the user, to ensure that the bursting charge does not initiate until it is a sufficient distance away from the user. There must be a safety device built into the device to stop accidental ignition. It is vital that all potential safety issues relating to the user of the device are kept as low as reasonably practical.


3. [bookmark: _Toc57103343]Method 
To best do this assignment it has been split into sections, it begins with the method that is going to be undertaken to gain the relevant inform required to produce a successful OME (Ordnance munitions and Explosives) device. This will be done by doing research into existing designs and previous design of devices with the same function. There will then be research into literature for OME chemicals that are new and upcoming as well as chemicals that are reliable and commonly used for this type of device. 
Once the relevant research and the method is completed the assignment will then describe the ignition train from initiation until the smoke screen is produced. The assignment will then look at the materials that have been chosen for the device followed by how these will be manufactured. It will then calculate the reactions that happen at each stage in the ignition train. This will be done by firstly creating balanced equations for the chemical reactions, to do this the oxygen percentage will need to be calculated firstly. This can be done for an explosive of molecular formula CaHbNcOd with a molecular weight M by using the formula below:


[bookmark: _Toc57101841]Equation 1- Oxygen Percentage Formula [2]
Once this has been calculated the rules below must be applied to balance the equation:
	K-W Rules (For explosive molecules with an oxygen balance greater than -40%)
	Modified K-W Rules (For explosive molecules with an oxygen balance less than -40%)

	1. Convert as many available C atoms to CO as O atoms allow
	1. Convert H atoms to H2O

	2. If there is any oxygen left use it to oxidise H atoms to water
	2. If any oxygen left convert C atoms to CO


	3. If there is then any oxygen left uses it to convert CO to CO2
	3. If any oxygen left convert CO to CO2


	4. Convert all the nitrogen atoms to nitrogen gas molecules N2
	4. Convert N atoms to N2 gas molecules


[bookmark: _Toc56958385]Table 1-Table of K.W Rules [2]
At this stage the heat of formation and its exothermicity can then be calculated. [3] The heat of formation gets calculated using the formula below:

[bookmark: _Toc57101842]Equation 2- Calculation for the heat of formation [4]
Once this information is gathered the exothermicity can be determined. It will conclude by explaining the reason for the selection of final design and describe the requirements that will need to be in place to ensure quality and safety standards are met. 


4. [bookmark: _Toc57103344]Screening Smoke Grenade 
4.1. [bookmark: _Toc57103345]Ignition Train
As discussed above each type of explosive device has its own ignition train for producing its unique desired outcome. The ignition train for the smoke grenade begins with the grenade being held in the hand with the fly off lever in the palm of the hand and fingers wrapped around the grenade holding firmly. Once the user is prepped and ready to throw the grenade the safety pin is removed from the striker mechanism by twisting and pulling it. When the grenade is thrown and leaves the users hand the fly-off lever gets ejected by the force applied to it from the helical spring acting through it. At this point the striker will be released and will actuate against the percussion cap where the primary explosive is held. The primary explosive inside the percussion cap will initiate creating a blast that will travel towards the delay compassion and ignite it. The delay composition is there as a safety measure to protect the user by ensuring that there is adequate time from the time that the user has thrown the device until the bursting charge ignites. 
Once the delay composition has completed its burning it will go on to ignite the bursting charge. The bursting charge has a Nitro Cellulous Fibre that runs down the centre of it which transmits the flash from the delay composition to the bursting charge. The bursting charge has two functions firstly to ignite the main filling and to also rupture the body of grenade to allow the smoke to be released. To ensure that an instant and dense cloud of smoke is produced the burning and scattering of the main filling must happen in an even pattern. Once the ignition train described above has been completed a dense screen of smoke will be produced that will be affective in the visible spectrum. [5] Below is a labelled sectioned drawing of the grenade hand smoke screening Red Phosphorus L84A1 in Figure 1.
[image: ]
[bookmark: _Toc56157831][bookmark: _Toc56347761][bookmark: _Toc56958383]Figure 1- Grenade Hand Smoke Screening Red Phosphorus L84A1 [3]


4.2. [bookmark: _Toc57103346]Primary explosive
The first material that was required to be chosen in the ignition train was the primary explosive, which will be inside the smoke grenades percussion cap. There are many different types of chemicals that could have been chosen such as Lead Azide, Mercury Fulminate or Pentaerythritol Tetranitrate however Diazodinitrophenol was chosen instead. [6] 
The reason that DDNP (Diazodinitrophenol) was chosen is because of its low levels of toxicity due to the Lead and antimony being replaced with alternative chemicals. The chosen primary explosive is more powerful than the alternative mercury fulminate but is less sensitive than it and does not decompose in acid.  Its disadvantages are that it cannot be dead pressed into shape and is found to lacks consistency with effects being shown when used in centrefire ammunition. [7] [8]
4.2.1. [bookmark: _Toc57103347]Material
The information on the chosen primary explosive composition is shown in the table 1 below: 
	Chemicals

	
	Percentage [9] 
	Molecular Formula
	Molar Weight
	Density
	Chemical Drawing

	[bookmark: _Hlk56426069]DDNP (Diazodinitrophenol)
	30%
	C6H2N4O5 






[10]
	210.1 g/mol





[10]
	1.63
g/cm³ 





[11]
	[image: ]             [10]

	Tetrazene
	10%
	H4N4 




[12]
	60.06 g/mol



[12]
	1.7 g/cm3



[13]
	[image: ] [12]

	PETN (Pentaerythritol Tetranitrate)
	5%
	C5H8N4O12 







[14]
	316.14 g/mol 






[14]
	1.77 g/cm3 






[15]
	[image: ]       [14]

	Aluminium
	5%
	Al

[16]
	26.98
g/mol
[16]
	2.7 g/cm³
[16]
	N/A

	Nitrocellulose (Double-Based)
	10%
	C18H21N11O38





[17]
	999.4 g/mol




[17]
	1.682 g/ml




[18]
	[image: ] [17]

	Barium Nitrate
	40%
	BaN2O6



[19]
	261.34 g/mol


[19]
	3.24 g/cm³


[20]
	[image: ]                                   [19]

	Binder
(phenacetin)
	20%
	C10H13NO2





[21]
	179.22 g/mol




[21]
	1.0±0.1 g/cm3 




[22]
	[image: ]             [21]


[bookmark: _Toc56958386]Table 2- Primer chemical composition 
4.2.2. [bookmark: _Toc57103348]Material Manufacture
The chosen primary explosive described above will be manufactured by mixing the ingredients shown in table 1 to the shown percentages. The mixtures will be added to the mix using a granular laser measuring system to ensure a precise mix and to avoid rapid pouring. The DDNP will be immersed in water due to it being desensitized by it until its required to be used. The mixture will be pressed to shape containing 0.034 g of the primary explosive mix and will be held together with a phenacetin binder.  Handling of all these chemicals requires a high level of care due to their highly sensitive nature. They must be kept in a temperature-controlled environment and avoid any form of friction, impact or static. The process must be kept to a high level of cleanliness and any residues disposed of appropriately.  [23] [24]
4.2.3. [bookmark: _Toc57103349]Reactions
The first reaction in this process as discussed above is the primary explosive, the equations for the reaction, heat released and its exothermicity is shown below:

[bookmark: _Toc57101843]Equation 3- Oxygen Percentage Formula for (C6H2N4O5) +(H4N4) +(C5H8N4O12) +(Al) +(C18H21N11O38) +(BaN2O6)
The Formula (C6H2N4O5) +(H4N4) +(C5H8N4O12) +(Al) +(C18H21N11O38) +(BaN2O6) will be multiplied by 2 for ease of balancing.Heat of Formation
Can’t be calculated
2(C6H2N4O5) +2(H4N4) +2(C5H8N4O12) +2(Al) +2(C18H21N11O38) +2(BaN2O6)

(Al2O3) +2(BaO)+ 35(H2O) +34(CO) +24(CO2) +35(N2)

	
	
	X1
	X2

	Carbon 
	29
	58

	Hydrogen
	35
	70

	Nitrogen
	35
	70

	Oxygen
	61
	122

	Aluminium
	1
	2

	Barium
	1
	2


 
The heats of formation for some of the chemical compounds could not be found so the known ones are shown in table 3, because of this the heat of reaction and the exothermicity cannot be determined. If they were found the equation shown in the method under Equation 2 would be used. This would be done by taking the sum of the chemical products heat of formation minus the sum of the chemical reactions heat of formation. This result would then be used to see if the reaction is endothermic giving a positive answer or exothermic giving a negative answer. Due to the nature of this reaction its likely to be exothermic. [4]
	Chemical Products
	Heat of Formation/ Bond energy (kJ/mol)
	Chemical Reactions
	Heat of Formation/ Bond energy (kJ/mol)

	C6H2N4O5
	Unknown
	Al2O3
	-1675.7 [25]

	H4N4
	115.5 [25]
	BaO
	-548.0 [25]

	C5H8N4O12
	-538.5 ± 0.8 [26]
	H2O
	-241.8 [25]

	Al
	0
	CO
	-110.5 [25]

	C18H21N11O38
	Unknown
	CO2
	-393.5 [25]

	BaN2O6
	988.0 [25]
	N2
	0

	Total:
	Can’t be calculated
	Total:
	-2,969.5


[bookmark: _Toc56958387]Table 3- Table of the heat of formation for chemicals in the primary explosive
4.3. [bookmark: _Toc57103351]Delay Composition
The next material that was required to be chosen in the ignition train is the delay composition. The selection of this next chemical was vitally important in ensuring that a sufficient time delay is put into the device for the protection of the user. The delay composition that was chosen for the smoke grenade is a Zirconium-Nickel Alloy, Barium Chromate and Potassium Perchlorate mixture. 
The reason that the Barium chromate and the Potassium Perchloride was chosen in the delay composition is because it can be used to modify the burn rate this is because it is an oxidising agent. The downside to the Barium chromate is that its toxic and if its inhaled as dust or fumes it is a carcinogen. The Zirconium Nickel alloy mixed 70 to 30 is used due to it being highly flammable and will act as the fuel. The downside to this chemical is that the dust is explosive and hazardous so would need to be kept away from flames, sparks, electrostatic and heat during manufacturing to avoid any accidental ignition. [27]
4.3.1. [bookmark: _Toc57103352]Material
The information for the chosen chemical composition is shown in table 2 below: 
	Chemicals

	
	Percentage [28]
	Molecular Formula
	Molar Weight
	Density
	Chemical Drawing

	Barium Chromate

	60%
	BaCrO4 




[29]
	253.32 g/mol



[29]
	4.5 g/cm³ 




[30]
	[image: ]    [29]

	Zirconium-Nickel Alloy 70/30

	26%
	NiZr


[31]
	147.84 g/mol

[31]
	Unknown
	Unknown

	Potassium Perchlorate
	14%
	ClKO4



[32]
	138.55 g/mol


[32]
	2.52 g/cm³ 


[32]
	[image: ]    [32]


[bookmark: _Toc56958388]Table 4- Delay composition chemical composition 
4.3.2. [bookmark: _Toc57103353]Material Manufacture
The Delay Unit will contain 1.2 g of Delay Composition in three separate pellets each pellet being 0.4 g each. The Barium Chromate, Zirconium-Nickel Alloy and the Potassium Perchlorate delay composition is made by using the agglomerate mixing method. The chemicals will be suspended in a fluid during mixing making a wet mix.  The mixing will be done mechanically by mills and high-speed blenders, this will produce a homogeneous mixture of the chemicals described above. [33]
4.3.3. [bookmark: _Toc57103354]Reactions
The second stage in the ignition train is the delay composition, the equations for the reaction, heat released and its exothermicity could not be calculated due to lack of required information. If this was to be calculated the equation showed below would need to balance so that the chosen input chemicals and its reactance are the same. Once this was completed the rules shown above in the method would need to be used to calculate its heat of formation. This result would then be used to see if the reaction is exothermic if the rection
 is negative or if its endothermic giving a positive answer. [4] The chemicals that would react 
 are shown below: 

	Barium
	1

	Chromium
	1

	Oxygen
	8

	Nickel
	1

	Zirconium
	1

	Potassium
	1

	Chloride
	1


 (BaCrO4) +(NiZr) +(ClKO4)


Ba +Cr +O8 +Ni +Zr +Cl +K

 Heat of Formation
Can’t be calculated



[bookmark: _Toc57103356]
4.4. Bursting Charge
The next material that was required to be chosen in the ignition train is the bursting charge composition. The bursting charge will have a Nitro Cellulose fibre put along its length through the centre to aid its ignition. The chosen composition for the bursting charge is a Barium Nitrate and Magnesium powder mix. 
The reason these chemicals were chosen is because the Barium Nitrate is not combustible but will accelerate the burning by acting as an oxidiser to the Magnesium. This chemical composition is stable and requires the initiation of delay composition before it will react. The downside is that the Barium Nitrate is soluble in water and becomes toxic. [34]  The reaction produced by these chemicals are highly exothermic although more heat could have been produced by reacting the Magnesium with Sodium Oxide that level of energy isn’t required. [35]
4.4.1. [bookmark: _Toc57103357]Material Manufacture
The information for the chosen chemical composition of the bursting charge is shown in table 3 on the overleaf: 


	Chemicals

	
	Percentage [36]
	Molecular Formula
	Molar Weight
	Density
	Chemical Drawing

	Barium Nitrate
	70%
	BaN2O6 



[19]
	261.34 g/mol


[19]
	3.24 g/cm³ 


[20]
	[image: ]                [19]

	Magnesium powder
	30% 
	Mg 

[37]
	24.305 g/mol
[37]
	1.74 g/cm³ [38]
	N/A 


[bookmark: _Toc56958389]Table 5- Bursting charge chemical composition 
The information on the Nitro cellulose Fibre for inside the bursting charge is shown in table 4 below: 
	Chemicals

	
	Percentage 
[36]
	Molecular Formula
	Molar Weight
	Density
	Chemical Drawing

	Nitro cellulose 
(Fibre) 
	100%
	C18H21N11O38




 [17]
	999.4 g/mol



[17]
	1.682 g/ml



[18]
	[image: ] [17]


[bookmark: _Toc56958390]Table 6- Nitro Cellulose Fibre chemical composition
4.4.2. [bookmark: _Toc57103358]Material Manufacture 
The Nitrocellulose fibre will be produced by the process of electrophilic substitution where the Oxygen and Hydrogen will be replaced by the nitro group on the cellulose structure leaving water as a by-product. This process starts with acids and cellulous being added to a mix where it will nitrate. Once the nitration process is completed it will need to go through a pre-stabilisation process before it gets pressure boiled and then post stabilising. To then finish creating the nitro cellulous it must be mixed with alcohol before getting sent to the next stage. At this stage the Nitrocellulose will be a wet watery like paste and will require additives and stabilisers to be added. To finish it will need to be rolled, pressed, cut, dried, blended and sorted into different lots before it gets fitted. [39] 
The fibre will be in the centre of the Bursting Charge with Barium Nitrate and Magnesium Powder mixed 70 to 30 around it, all encased in an aluminium tube. This barium nitrate for the bursting charge is made by causing a reaction between barium chloride and sodium nitrate. This product will then need to be recrystallized and filtered to gain the Barium Nitrate for the mixture. [40] The Magnesium powder for the mixture is made by firstly going through the cutting milling process to get the piece small enough to then be finished in the Vortex milling process. [41]
4.4.3. [bookmark: _Toc57103359]Reactions
The next stage in the ignition train is the bursting charge the equations for the reaction is shown in equation 4 on the overleaf: 


Nitro cellulose (Fibre) 

[bookmark: _Toc57101844]Equation 4- Oxygen Percentage Formula for C18H21N11O38
The Formula C18H21N11O38 will be multiplied by 2 for ease of balancing.
Heat of Formation
Can’t be calculated
2(C18H21N11O38)


21(H2O) +17(CO) +19(C02) +22(N)

	
	X1
	X2

	Carbon 
	18
	36

	Hydrogen
	21
	42

	Nitrogen
	11
	22

	Oxygen
	38
	76


The heats of formation for the chosen chemical could not be found but the reactants chemicals could, these are shown in the table below:
	Chemical Products
	Heat of Formation/ Bond energy (kJ/mol)
	Chemical Reactions
	Heat of Formation/ Bond energy (kJ/mol)

	C18H21N11O38
	Unknown
	H2O 
	-241.8 [23]

	
	
	CO
	-110.5 [23]

	
	
	CO2
	-393.5 [23]

	
	
	N2
	0

	
	
	Total:
	-745.8


[bookmark: _Toc56958391]Table 7- Table of the heat of formation for chemicals in the Nitro Cellulose Fibre
This means as stated previously that the heat released by the reaction and its exothermicity cannot be determined.
Bursting charge 	
For the ease of balancing the equation Mg 6 will be usedHeat of Formation
ΔH = -2,702
(BaN2O6) + 6(Mg)
[image: ]
(Ba) + (N2) +6(MgO)

	Barium
	1

	Nitrogen
	2

	Oxygen
	6

	Magnesium
	6



The equation and heat of formation above was gained from the book ‘fundamentals of Pyrotechnics’ by ‘A.A. Shidlovskys’ [35]. This means that the reaction is exothermic and will release heat. 
4.5. [bookmark: _Toc57103361]Main Filling
The next chemicals in the ignition train that were chosen are a red phosphorus and binder mix for the main filling. The reason that this was chosen is because it is a very effective material for forming a dense cloud of smoke. Red phosphorous is chemically reactive and is friction sensitive so the handling of it should be treated as a hazardous material and precautions taken to avoid any contact and inhalation of the dust. The red Phosphorus when it is burning reacts with moisture in the air that causes scattering. There are many cases of people becoming ill from contact with one of the possible products of red phosphorus phosphine, so it is vital that precautions are taken with the substance. This substance is poisonous, can corrode metals, can cause cracking, and can spontaneously combust. The other hazards associated with the smoke produced include disorientation, suffocation, induce asthmatic attack and burns.  [42]
4.5.1. [bookmark: _Toc57103362]Material
The information on the chemical composition of the main filling is shown in table 5 below: 
	Chemicals

	
	Percentage 
[36]
	Molecular Formula
	Molar Weight
	Density
	Chemical Drawing

	Red Phosphorus
	80%
	P4 [43]
	30.97 g/mol
[43]
	2.34
g/cm³
[44]
	N/A

	Binder
	20%
	C10H13NO2 




[21]
	179.22 g/mol



[21]
	1.0±0.1 g/cm3 



[22]
	[image: ] [21]


[bookmark: _Toc56958392]Table 8- Main filling chemical composition
The information for the chosen chemical composition of the Polyethene separator discs that go between the layers of main filling is shown in table 6 below: 
	Chemicals

	
	Percentage 
[34]
	Molecular Formula
	Molar Weight
	Density
	Chemical Drawing

	Polyethylene separator discs
	100%
	(C2H2) n 




[45]
	103–107
g mol−1




[45]
	0.97 g/cm3



[46]
	[image: ] [45]


[bookmark: _Toc56958393]Table 9- Polyethene separator discs 
4.5.2. [bookmark: _Toc57103363]Material Manufacture
The red phosphorous for the main filling is made by sealing white phosphorous in an iron vessel and heating it to around 400°C for a few hours. It’s important that the temperature for this process is controlled to control the reaction precisely because the conditions can affect the degree of crystallinity. To ensure that there is no white phosphorous remaining this product will then need to be split up mechanically and heated with a solution of caustic soda. To prepare the red phosphorous for mixing it will need to be graded and ground by sieving it. This product is then mixed with the binder composition to a ratio of 80 to 20 and pressed into hexagonal Discs. The disks are then stacked inside the smoke grenades body with the polyethene separator disks between each layer until it is filled to 205 g. The bursting charge will sit down the centre of the disks as could be seen above in figure 1.  [47]
4.5.3. [bookmark: _Toc57103364]Reactions
The final stage in the ignition train is the main charge the equations for the reaction, heat released and it’s exothermicity is shown on the overleaf.


Main Charge Red Phosphorous
The Red phosphorous will react with the oxygen in the air and will burn the equation for this is below:
Heat of Formation
[bookmark: _Hlk56758719]ΔH = -3010 kJ
4P + 5O2 
[image: ]
P4O10

	Phosphorous
	4


 
	


The equation and heat of formation above was gained from ‘David Holley, Power Point presentation, Slide 96, The Chemistry of Pyrotechnics’ [47] The gained value for the heat of formation shown above shows that the red phosphorous reacts exothermically. 
5. [bookmark: _Toc57103366]Conclusion/ Discussion
The materials that were chosen for the device were paramount in the desired outcome being produced successfully and reliably. The grenade was designed in such a way that it would meet the requirements previously stated above and produce an effective dense smoke screen that is in the visible spectrum. The chemicals that are chosen for each stage in the ignition train are stable enough so that they cannot be ignited by shock, vibration, or any other external factors that they are likely to encounter. There are two safety devices built into the system to protect the user, the first is the delay composition. The other is the safety pin needing to be twisted and pulled before ignition to stop accidental ignition for example if it got accidently caught on the users webbing. 
The chemicals that are used need to be manufactured by using remote operation wherever feasible due to its sensitivity. It is also important that if an event is to occur that it cannot propagate through any of the processes. An example of this is one primer to another or from the plate to the hopper. It is also safety critical that standards of cleanliness are kept to the highest level to prevent sensitisation.
The Grenade will require artificial aging tests to be carried out to see how the chosen chemicals are affected. It is vital that after the aging process that the ignition train will still work and produce the desired outcome effectively. The grenade would also require ISS (In Service Surveillance) to be carried out to check the serviceability of the systems that are being stored throughout its lifecycle. 
I believe that this assignment was successful, however if it was to be done again one of the things that would have been done different is choosing different chemicals. The reason for this is due to the lack of information that was available on the chosen chemicals and the calculations for each stage could not be complete because of this. The other thing that would be changed is to look for an alternative chemical that could be used to produce a dense smoke screen instead of the Red Phosphorous due to its associated hazards. 
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4 The Grenade Hand Smoke Screening Red Phosphorus LB4A1 (see Fig 1) comprises

four main parts:

4.1 Grenade Body.
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Fig 1 Grenade Hand Smoke Screening Red Phosphorus L84A1




image2.png
N\

+z—o0O




image3.png




image4.png




image5.png




image6.png




image7.png




image8.png




image9.png




image10.emf

image100.emf

image11.png
9 9 9

2%9%9

Structure of Polyethylene
(CHa)n




