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[bookmark: _Toc108865658]Introduction
Despite the prevalence of explosives in the modern world, they have been around in various forms since approximately 220BC [1]. During our 2000 plus years of history with explosives, humans have developed and refined explosives for different uses ranging from pyrotechnic displays to nuclear bombs. However, throughout its long and storied history, there has been a constant battle against the ever-present threat of an inconveniently abundant substance by the name of dihydrogen monoxide, otherwise known as: water. This report will look at the properties of water, its presence in the atmosphere, the role of water in chemical processes and its interactions with Ordinance, Munitions and Explosives (OME.)

[bookmark: _Toc108865659]Physical and chemical properties of water
Water is very simple in its molecular make up, being comprised of 2 hydrogen atoms and 1 oxygen atom, joined together with covalent bonds, arranged as H-O-H bent at an angle of about 105° [2]. The Oxygen atom has very high levels of electronegativity which means that it draws the electrons shared by other atoms, such as hydrogen in this case, very close, giving it a negative charge whilst the hydrogen atoms become more positive [3]. This polar bond allows each oxygen atom in a water molecule to bind to the hydrogen atoms of other water molecules through these hydrogen bonds as can be seen in figure 1 [4].
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Fig 1. Water molecules and hydrogen bonds [2].
[bookmark: _Toc108865660]States of matter
Water is one of the very few substances that is found naturally occurring in its 3 states, Liquid (water,) Solid (ice,) and Gas (water vapour,) in abundance across the planet. A large part of this is thanks to the hydrologic cycle [5]. The melting (and freezing) point of water is 0°C, and it boils at 100°C. It is only because of the presence of water almost everywhere on the planet in some form or another that life, that is reliant on the presence of water, can exist as far and wide as it does [2].
[bookmark: _Toc108865661]Water in the atmosphere and relative humidity
Often called ‘The Blue Planet,’ the Earth is unique in our solar system for being the only planet to contain water. Just over 70% of the surface is the earth is covered in water. This liquid form of water is easily identifiable to the naked eye, but water also exists as water vapour in the air.
Water is present in the atmosphere in its gaseous form because of evaporation. Relative humidity (RH) is how moisture content of air is often discussed. Relative humidity focuses on the amount of water vapour in the air compared to how much it could have. The limit of how much water the air can hold varies based on the temperature [6]. Warmer air can hold more water than cooler air. For example, there is more water in an environment that is 60 degrees Celsius with an RH of 50% than there is in an environment that is only 10 degrees Celsius with the same RH value of 50%. 100% relative humidity, referred to as the ‘dew point,’ is therefore the maximum amount of water vapour that can be held in air at a given temperature [7].

[bookmark: _Toc108865662]The role of water in various chemical processes 
[bookmark: _Toc108865663]Red-ox reactions
The red-ox reaction is in fact 2 reactions that occur simultaneously: reduction and oxidation. Oxidation is the process of an element or compound losing 1 or multiple electrons to an oxidising agent which is trying to reach the same valance configuration as the Nobel gas preceding it in the periodic table. As oxidation occurs, so must too, a reduction reaction. Reduction is the process of gaining elections from a reducing agent to gain the same electron configuration as the Nobel gas following it in the periodic table. Full valence shells, such as those that the Nobel gases have, are the most stable configuration of electrons in the outer shell which is why reactions occur; the reacting components are trying to reach happiness, and this is done by becoming the most stable version of themselves that they can be.
The formation of water is a red-ox reaction. Oxygen, as the oxidiser, gains the sole valence electron from each hydrogen atom changing its oxidation number from 0 to -2, showing that is it now more negatively charged as there are now more electrons than protons in the oxygen atom. This is the reduction part of the reaction. The oxidation happens at the same time; the hydrogen atoms are giving away their valence electrons, changing their oxygen numbers from 0 to +1, becoming more positively charged.
[bookmark: _Toc108865664]Water in acid base chemistry
Amphoteric is the word used to describe a chemical species that can react as both an acid and a base whilst under different conditions [8]. Water is one such species, acting as a base in the presence of an acid, accepting protons donated by the acid it is reacting with, and as an acid in the presence of a base, donating protons to the base it is reacting with.
Examples:
Hydrochloric acid and water -

Sodium Hydroxide and water -

The Bronsted theory explains the role of water in acid-base reactions is that water dissociates by transferring hydrogen protons from one molecule acting as an acid to another acting as a base.

[bookmark: _Toc108865665]The adverse effect of water on various OME related materials 
[bookmark: _Toc108865666]Signal flares
Signal flares are often used at sea to convey a message to others in the area. One of the uses of such flares is to indicate the need for aid. In the 1800s, a device dubbed the Very pistol, or flare gun, was developed by a man called Edward Very, which operates by launching a flare into the air [9]. Distress flares can be fired from such a flare gun. When the trigger of the gun is pulled, a primary charge is set off by a percussion cap, which propels a flare into the air before a secondary charge is set off, producing a bright red-orange flame [10].
To produce the bright red light, several chemicals are used. Strontium Nitrate is used to create the distinctive red orange glow indicating distress. Potassium perchlorate is used as a very powerful oxidiser, allowing the strontium to burn rapidly. The final main ingredient in flares is magnesium, which when burning, produces a bright white light [10]. The mixture of these three materials produces a bright red light that can be seen for many kilometres. However, they are not perfect, as they all react in some way with water.
Strontium Nitrate is a white crystalline solid that is highly soluble in water, meaning that it will dissolve in the presence of water into an aqueous solution, 70.9g of Strontium Nitrate per 100ml of water at 18°C [11].Potassium Perchlorate is also water soluble, but not nearly as much as Strontium nitrate, only 1.7g per 100ml of water at 20°C [12].Magnesium reacts slowly with water to create magnesium hydroxide.

This combination of reactions means that flares that have been exposed to large amounts of moisture for extended periods of time, will function poorly, or not at all due to the main ingredients being either washed away or consumed by reactions initiated by water ingress.
[bookmark: _Toc108865667]Outgassing
Outgassing is a process which occurs after water vapour or other gasses are trapped within an explosive mixture during the manufacturing process. Over time the gasses that have been trapped within, are slowly released causing cracks and forming gaps withing the charge. This can affect propagation of detonation and thus greatly reduce the effectiveness of the explosive [13].
[bookmark: _Toc108865668]Polymer bonded explosives
Polymer bonded explosives (PBX) were developed to desensitise explosive materials [1]. Some of these binders are mostly inert, but some, such as Hydroxy Terminated Polybutadiene, or HTPB, increase the performance of explosive compositions whilst reducing the likelihood of accidental initiation. The nature of polymers means they are, however, subject to the process of depolymerisation under the right conditions. Some binders can be broken down into monomers through the process of depolymerisation in the presence of water [8]. This process may result in the explosives re-sensitising, negating the desired effect of the binding agent, and potential damage to the explosives.
[bookmark: _Toc108865669]Black powder
Black powder is well known to be adversely affected by water. The reason for this, is once again solubility in water. When exposed to water, the saltpetre (Potassium Nitrate) dissolves in water, 35g of saltpetre per 100ml of water, and is washed away from the mixture, making it inert [14].
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Static and electrostatic discharge are very much a threat to explosives and pyrotechnics. Many, particularly the more sensitive mixtures, are susceptible to initiation when exposed to electrical currents of sufficient power. Static build-up occurs when objects rub, come into contact, or detach from each other and electrons are deposited on the surface [15]. More specifically, electrons move from the atoms with lower levels of electronegativity to those with greater electronegativity [16]. Once sufficient static build up has occurred on a surface it is released in the form of an arc, heading to earth. The more isolated from earth an object is, the greater the amount of static can be stored. The more static is stored, the greater the distance that can be traversed by the static discharge. 
Whilst air is an isolator for low levels of ESD, water in the air and surrounding environment can help reduce or eliminate entirely the build-up of ESD. Dry air resists the flow of electricity, increasing static build up and the risk of electrostatic discharge. In explosive environments, humidity can be controlled and is increased to maintain safety. The downside of this, is that the same measures that are used to increase safety and prevent static build up, result in high levels of water vapour in the air, which may compromise the explosives. This means a delicate balance must be struck to maintain safety of personnel and the quality of explosives.

[bookmark: _Toc108865671]Solutions to prevent the performance issues associated with moisture ingress
[bookmark: _Toc108865672]Storage
The UK government recommends storage between 5°C and 25°C, whilst a heavy emphasis on the protection of explosives and explosive propellants from high levels of humidity. Storage contains are to be arranged to allow air flow between multiple containers and raised on battens to allow air flow beneath containers [17]. This stops the build-up of stagnant air.
[bookmark: _Toc108865673]Packaging
Waterproof packaging should be used as standard means of transporting and storing explosives. Explosives can be sealed in watertight bags in areas of low relative humidity as to not trap unwanted moisture within the packaging. This bagged explosive can then be stored in appropriate outer packaging as per the explosive regulations 2014 [18].
[bookmark: _Toc108865674]Waterproofing
Waterproofing of the explosives can be done by adding a waterproof coating to either the finished product or as part of the mixture during manufacturing. A waterproof version of ammonium nitrate, which is historically a very water-soluble component of explosives, was developed in 1959 for use in the mining industry [19]. The ammonium nitrate particles are coated in a polyethylene-microcrystalline wax which allows for use in the presence of water and increases the density of the explosive so that it sinks to the bottom of bore holes filled with water. This allows for a more effective use of the blasting charge in environments that are difficult or impossible to be rid of water.

[bookmark: _Toc108865675]Conclusion
Explosives have been around for thousands of years, and scientists are still striving to create explosives that have the desired output without compromising on safety. There is a delicate balance to be struck, and the development of Insensitive High Explosives (IHE) and Insensitive Munitions (IM,) proves that this can be done. Unfortunately, water is likely to always be an issue for some explosives as some of the most readily available explosive compounds are very water soluble, as are some of the binding agents used in their manufacture. Currently one of the best ways to avoid the adverse effects of water is by limiting exposure to water and water vapour; controlling humidity of the environment; waterproofing packaging and appropriate storage conditions.
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