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[bookmark: _Toc58336310]Introduction 
Simple Explosive Devices have their place in many different areas of everyday life. They are present in even the most obscure of areas, but offer numerous different useful properties when controlled in a proper manner. Beyond the use of everyday life, Simple Explosives can be found in Industry, in places such as mining, demolition, construction, and manufacturing. The Armed Forces/Military also use these Explosives in many of the Munitions products which they use to defend the Nation. 
This document reports the exploration of materials which can be used in Simple Explosive Devices. General physical and chemical properties, as well as heat capacities and exothermic interactions, alongside manufacturing methods will also be investigated. 
[bookmark: _Toc58336311]Background
For the purposes of this document, a Hand Grenade (time-delay fragmentation anti-personnel hand grenade by its correct name) will be discussed. It is also important to state, that the terminology used throughout the industry for different sub components, is vast. For the purposes of this document, all terminology will be consistent. 
. 
[bookmark: _Toc58336312]Fragmentation Grenade
Hand Grenades are widely used throughout The Worlds’ Armed Forces, due to their power, effectiveness, low weight, and cost. Grenades are built up from many components. The Fuze sub assembly as seen in [Figure 1], is assembled into an explosively filled, Steel body [Figure 2] 
[image: FM 23-30: M204A2]
[bookmark: _Ref58336007]Figure 1 - M204A2 Fuze
[image: M26, M26A1 & M61]
[bookmark: _Ref58336089]Figure 2 - M26 Hand Grenade
The basic functions throughout Hand Grenades, and namely the Fuze [Figure 1] are all fairly similar, such that a Primer is struck, this ignites the Delay which burns until it reaches the Detonator, which in turn initiates the Main Charge [Figure 2] – this is commonly referred to as the Explosive Train [Figure 3]. The Explosive Train is described further in Section 2.2.
[bookmark: _Toc58336313]Explosive Train
The Explosive Train, as defined by the Oxford Dictionary [1] as a succession of initiating and igniting elements arranged to cause a charge to function. These trains are generally multi-stage. In the case of the aforementioned Fragmentation Grenade, there are four [Figure 1]:
· Primer
· Delay
· Detonator
· Main Charge
Each part of the train provides sufficient energy in order to ‘take-over’ the next step. For example, with the detonator removed – the energy created by the Delay would not be great enough to initiate the Main Charge


[image: ]
[bookmark: _Ref58306724][bookmark: _Ref58336208][bookmark: _Ref58336252]Figure 3 - Explosive Train diagram
[bookmark: _Toc58336314]Primer
The first part of the Explosive train. The Primer provides the initial burst of energy in order to start the train. The main chemicals used in these components are generally Lead Styphnate, and Barium Nitrate – though it is worth noting, that there are a number of Metal free/non-toxic Primer available. 
[bookmark: _Toc58336315]Lead Styphnate
The Lead Salt of Styphnic Acid – commonly used as a Primary Explosive. Sensitive to heat, friction, and shock. It is reddish orange in appearance [Figure 2], and can be manufactured by reacting .Stphnic Acid with Lead hydroxide or carbonate [2]
[image: File:Lead styphnate by Explosiopedia.jpg]
[bookmark: _Ref58317358]Figure 4 - Lead Styphnate
	Chemical Formula
	C6HN3O8Pb

	Chemical Structure
	[image: Lead styphnate.png]

	Molar Mass
	450.288g/mol

	Odour
	Odourless

	Density
	3.06g/cm3

	Boiling Point
	Detonates

	Solubility
	Insoluble in most organic solvents


Figure 5 - Lead Styphnate Properties
[bookmark: _Toc58336316]Barium Nitrate
A compound, which acts as the oxidiser for the reaction. A hygroscopic solid which is white and odourless [Figure 4]. It can be manufactured by reacting and crystallising barium oxide, hydroxide, or carbonate, with citric acid [3]. As it is an oxidizer, it must be kept away from any sources of moisture, and can inadvertently ignite any combustible material if heated by flame. 
[image: File:Barium nitrate sample watchglass.jpg]
[bookmark: _Ref58318248]Figure 6 - Barium Nitrate
	Chemical Formula
	Ba(NO3)2

	Chemical Structure
	[image: Barium nitrate.png]

	Molar Mass
	261.337g/mol

	Odour
	Odourless

	Density
	3.24g/cm3

	Boiling Point
	Decomposes

	Solubility
	Insoluble in alcohols and hydrocarbons


Figure 7 - Barium Nitrate Properties
[bookmark: _Toc58336317]Delay
The Delay is the second part of the Explosive Train. Much like the Primer, this provides the Energy required for the next part of the Train. But, delay charges burn at a much slower and consistent rate. This quite simply, allows there to be a time delay, between the User initiating the Explosive Train, and the Main Charge initiating. A Fragmentation Grande which went off in the User’s hands would be less than ideal. 
[bookmark: _Toc58336318]Common fuels:
· Silicon
· Boron
· Manganese
· Tungsten
· Antimony
[bookmark: _Toc58336319]Common Oxidizers
· Lead dioxide
· Iron oxide
· Barium chromate
· Lead chromate
· Bismuth
DSIAC (Defense Systtems Information Analysis Centre) state that “typical Fragmentation Grenades fuzes use objectional chemical such as Barium Chromate, Lead Chromate, and Ptassium Perchlorate” [4]. For the purposes of this Grande, Barium chromate will be assessed. 
[bookmark: _Toc58336320]Barium Chromate
Barium Chromate (also known as Barium Tetraoxochromate) is a yellow sand like powder [Figure 6]. Much like the Barium Nitrate previous discussed, the Chromate is a good oxidizer which is used in many type of Pyrotechnic delays. It is synthesised by reacting Barium Hydroxide or Chloride with Potassium Chromate.  
[image: Barium Chromate at Rs 850/500 gram(s) | Barium Chromate | ID: 11799981312]
[bookmark: _Ref58326943]Figure 8 - Barium Chromate
	Chemical Formula
	BaCrO4

	Chemical Structure
	[image: Barium chromate.png]

	Molar Mass
	253.37g/mol

	Density
	4.498g/cm3

	Solubility
	Soluble in strong acids 


Figure 9 - Barium Chromate Properties

[bookmark: _Toc58336321]Potassium Perchlorate
Is a strong inorganic salt oxidizer, which reacts slowly with organic substances. It is colourless and has a heap of uses. It can often be found in Primers, as well as fireworks and sparklers. It can be produced through 
[image: Potassium Perchlorate, KClO4, 7778-74-7, Potassium chlorate(VII), peroidin,  पोटेशियम परक्लोराइट in South Dum Dum, Kolkata , Naveen Enterprise | ID:  21297453362]
Figure 10 - Potassium Perchlorate
	Chemical Formula
	PClO4

	Chemical Structure
	[image: Potassium perchlorate.png]

	Molar Mass
	138.55g/mol

	Density
	2.5239g/cm3

	Solubility
	Negligible in alcohol, insoluble in ether


Figure 11 - Potassium Perchlorate Properties

[bookmark: _Toc58336322]Detonator
[bookmark: _Toc58336323]PETN – Pentaerythritol Tetranitrate
Comes by many names, but commonly PETN. It is an explosive material, which is the nitrate ester of pentaerythritol. It can be manufactured by reaction of pentaerythritol and concentrated nitric acid [5]. It is more difficult to detonate than primary explosives, so makes a good bridge between the Delay and Main charge as discussed in Section 2.2.


[image: PETN: The powder at the center of airline terror alert - CNN.com]
Figure 12 - PETN
	Chemical Formula
	C5H8N4O12

	Chemical Structure
	[image: Pentaerythritol tetranitrate.png]

	Molar Mass
	316.137g/mol

	Density
	1.77g/cm3 @20°C

	Detonation Velocity
	8400 m/s


Figure 13 - PETN Properties
[bookmark: _Toc58336324]Main Charge
[bookmark: _Toc58336325]RDX - Cyclotrimethylenetrinitramine
Also has a number of names, but most commonly referred to as RDX. It is obtained by treating hexamine with white fiming nitric acid. It is a white solid, which is tasteless and has no scent. 
[image: How We Bought RDX | Outlook India Magazine]
Figure 14 - RDX
	Chemical Formula
	(O2N2CH2)3/C3H6N6O6

	Chemical Structure
	[image: Cyclonite.png]

	Molar Mass
	222.117g/mol

	Density
	1.858g/cm3 @20°C

	Detonation Velocity
	8750 m/s


Figure 15 - RDX Properties

[bookmark: _Toc58336326]Conclusion
Whilst it may not be deemed a conventional recipe for the contents of a Fragmentation Grenade. The Substances discussed should give sufficient reactions in order for the munition to function. 
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