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[bookmark: _Toc109392225]Section 1 – Introduction

Through this paper I aim to research into gaining understanding of the characteristics and properties of water relating this to its chemical behaviour. Relating this from a chemistry perspective, looking into its chemical properties and behaviours as a result of its chemical make-up leading to the physical attributes it gains from this. This will aid me to therefor apply this learning to understand its effects on HME articles and processes in order to gain a better understanding of its importance in terms of safety, use and handling of OME and effectiveness for use for its application after being subject to the effects of water.

[bookmark: _Toc109392226]Section 2 – Physical and Chemical Properties of water and chemical behaviour related to them (E.g. states of matter and molecular structures) 

[image: ]A molecule of water consists of 1 atom of Oxygen with 2 atoms of Hydrogen, joined together with the use of a covalent bond between its nuclei [1]. Figure 1. [2]


It can be said through reading [2], that it can be confirmed that oxygen has six electrons it its outmost shell, this shell is cable of holding 8 electrons total, by bonding the two hydrogen atoms to the oxygen the outer shell is filled by sharing electrons between the oxygen and hydrogen, as shown visually in figure 1. 

Figure 2 [18]
Figure 3 [17]


One mole of water is 6.02x10^23 water molecules, using its Molecular mass of 18, found using the Periodic table and figures above. It can be found that 1 mole of water is 18 millilitres. 
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Water makes up part of our atmosphere and can vary between “0 and 4%” [3]. This water can be in any of the three states, dependent on its molecular structure. Moisture as a gas), rain as liquid or solid as ice and snow. It is described by Shapley as “Water in the gas phase has a bent structure with an H-O-H angle of 104.5 degrees. In the liquid and solid forms, there are bonds between the hydrogen atoms of one molecule of H2O and oxygen atoms of other molecules.”
Humidity is the amount of water molecules present in the air at one time, this relative to its containment. For example an explosive store vs the Nevada desert. This can vary massively between seasons and its geographical location.
Relative humidity is described by Shapley, to be the “the ratio of the actual water vapour pressure to the saturation water vapour pressure” this is expressed as a percentage of what it would require to saturate at the same temp. Absolute humidity is the amount of water in g per M^3 without reference to the temperature for saturation. 
These are important to bear in mind when carrying out OME process due to low humidity in working areas creating higher risk of electrostatic discharge, this is particularly dangerous when working with explosives. This is why the HSE and JSP482 highlight minimum humidity regulations, these are strict because if the atmosphere other problems can occur as discussed later. 

[bookmark: _Toc109392228]Section 4 – The role of water in various chemical processes 

[image: ]Redox reactions are oxidation-reduction reactions used to transfer electrons between the elements involved in the reaction (reactants), it is stated in [4] these electrons move through “Strong Chemical Bonds”. It can also be the process of providing the other reactant with oxygen. Meaning that a Redox reaction is where oxidation and reduction is occurring at the same time in the reaction. Reduction being the loss of oxygen from one reactant and oxidisation being the oxygen gifted to the other reactant. An OME example of this taking place would be the reaction of thermite. Explained by Royal Society of Chemistry [5]Figure 5 [19]

As shown in figure 4 the thermite reaction is exothermic so as part of the redox reaction a lot of heat is produced helping to fulfil its purpose/application when used in OME. 
Water is used as part of a lot of REDOX reactions due to it being a readily available source of oxygen for the reaction and being able to add additional H20 molecules to balance a redox reaction. These reactions with the use of water are referred to as ‘aqueous redox reactions’. An example of an aqueous redox reaction would be within the creation of Tritanol in granulated form ‘Trigran’ [6]. Where water is poured into the charge before ignition to create the Redox reaction, adding oxygen to its mix and therefor making it more explosive, increasing the outgoing velocity of its cutting charge (shaped). [7] With all explosives, the more oxygen you are able to add a molecule the more explosive it is but also more sensitive. Hence why adding water to Trigran after positioning is a safer way to do this as it will not need to be transported at as high a sensitivity and water is readily available.
[8]
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Water can create an adverse effecting on HME articles directly by effecting them physically. An example of this would be oxidisation of an explosives casing or containment device. Most commonly this would be the ‘rusting’ of a cast iron ammunition case like an M107 shell, as explain by Jim Clark [9] this is the product of when there is a presence of an oxide (water) and iron to react to its atoms, he states “Rust can be thought of as a hydrated iron(III) oxide, Fe2O3.xH2O. "x" shows a variable amount of water attached to the iron(III) oxide.” The outcome of this for a 107 shell would be that the more of the oxide (water) present on the surface of the shell the quicker and more severely it will begin to corrode/react. Meaning the casing will degrade quicker in water than it would in a moisture rich storage facility. The danger of a highly corroded shell would be that its dimensions of thickness would begin to change to the point where it might affect its function upon impact. Moreover if left to long it could lead to the casing rusting all the way through, this is particularly dangerous if it is a liquid filled round. This is because it could cause explosive leaking upon transportation, use or storage. 
If the moisture or water is able to reach the main fill of the explosive adverse effects could worsen further. With fill materials such as PE (Plastic explosive), more specifically PE-4 as researched in 1960 [10]. Where it was discovered that through exposure to water, the oils within plastic explosives can be washed away, reducing its explosive effect and is much more difficult to initiate due its reduced sensitivity. It is worth noting on shells containing explosive chains, for example the 38mm Bismarck in figure 6. With water ingress the chain may not continue through all components of the chain or caused a detonation in situe which is highly dangerous especially for the operator. Similarly Offgassing could created due to the ingress of water into the explosive material, it can create cracks within the fill material of the OME article, and this moisture in turn reacts with the carbon in the fill, forming carbon bubbles. Due to these bubbles it means that the fill is not linear throughout which can cause a wide range of issues upon initiation of the device.Figure 7 [21]

Extended exposure to water and moisture can cause rubber seals in OME articles such as flashbangs or flares to fail especially when dirty or in a location of varying temperatures. [11] These failures can lead to water/water ingress into the powdered fill of these items. Preventing them from burning and reacting upon electronic initiation usually provided by a fuzehead. Even though magnesium does not react poorly to water, when in moisture form inside the flare with powdered magnesium when heat is involved (large amount produced by a flare). Ian Fleming [12] shows an example of what can happen with heat involved with the mix of water and magnesium. The reaction can cause the produced hydrogen to pop, which in the case of the flare may cause the aluminium casing to burst, damaging a launcher or aircraft. 
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In order to best prevent the described problems associated with ingress it is best to follow the UK MOD explosive regulations JSP482 [13]. This highlights a wide range of regulations and procedures to follow when working with explosives. For example “Chapter 12 Control and Management of Explosives and Associated Facilities” sets guidelines about the amount of people allowed to enter a magazine or esh dependent on its explosive category being stored and the quantity involved. This will reduce the likelihood of moisture being spread into the storage facility due to the reduced amount of people breathing and transferring airborne water particles. Similarly this is transferrable to “Chapter 13 Storage and Handling of Explosives” and “Chapter 17 Explosives Facilities - Safety Precautions” this will mean that rules are put in place in any area that explosive articles are being processed or manufactured, in order to maintain stable conditions within the workspace to minimalize water ingress by ensuring this work is being carried out in the perfect environment. Figure 8 [13]

It can be said that the sensitivity of an explosive reduces when it its wet form, for example [14] which discusses Entaerythrite Tetranitrate in its entirety, discussing that it can be synthesised to have a 25% water content. This is the same for many explosive compounds if synthesised with water intentionally rather than accidental water ingress. As mentioned this reduces its sensitivity but will remove the risk of the material being ruined by water/moisture ingress, this will be beneficial for both transport and storage to prevent safety issues and prevent accidental misfires as mention previously. The material will just have to be resynthesized to remove water before use for its intended purpose. 
For munitions with regular failures due to moisture ingress, it may require a redesign or MK2 of its initial design. This is a common issue with flares used for military use and there are constant revision and testing happening into order to further develop the device. For example improved casings to non-oxidising materials or using dividers within a fill that will prevent the ingress of moisture into the most sensitive part. Similarly for a fragmenting charge it would be beneficial to choose material grades wisely, if steel is used the fragments could rust and affect their mass or corrode together. Using a material like stainless steel would be much more effective. 
A device should be picked for application for the environment it will be used, for example a device with a fill chemically sensitive to water should not be used by the navy for example, due to the higher moisture content in the air and higher likelihood of it coming into contact with water.
Research can be done into the materials used in the fill in order to find out if the synthesis could be changed in order to make the material fill resistant to the effects of water, as has been done with ANFO mixtures in [15] with the application of bio-oils in order to make ANFO resistant to water.
[bookmark: _Toc109392232]Section 7 – Conclusion

To conclude from my research it is clear to see that water has a large adverse effect on OME articles and materials, to the point where it can render them no longer able to function or worse, change them to a very sensitive dangerous state. Some applications of water can be positive, for example use as a cutting or shape charge, EOD Disrupters or demolition charges. For example ALICE – Aluminium and ice which the application of water (ICE) make the reaction more severe due to the hydrogen production. [16] To conclude overall, control is the most important thing to consider with OME and water, following JSP482 [13], the likelihood of water/moisture being where it shouldn’t is reduced and wet synthesised explosives are best for storage and transport. 
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