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[bookmark: _Toc109385897]Section 1 – Introduction
Water can have a detrimental effect on explosive materials and OME articles and processes. This will be explored as well as the physical and chemical properties of water and its chemical behaviour, humidity and water in the atmosphere, and the role of water in varying chemical processes. Possible solutions to prevent performance issued caused by water ingress will also be covered.
[bookmark: _Toc109385898]Section 2 – Physical and Chemical Properties and behaviours of water.

[bookmark: _Toc109385899]Structure of Water
Water is made up of one oxygen atom covalently bonded to two hydrogen atoms (Figure 1). This is done by the oxygen atom sharing an electron with each hydrogen atom in order to complete their outer shells and have no remaining valance electrons. Figure 1 – Make up of Water Molecule [14]

In the case of water the molecule is polarised, this is due to the two hydrogen atoms being on the same side of the oxygen atom. As a result of the oxygen atom having more mass it pulls the electrons closer to it causing a partial negative charge (d-) around the atom and a partial positive charge (d+) around the hydrogen atoms. [1]
As a result of the polar charges water experiences intermolecular forces such as hydrogen bonding (Figure 2). This causes the hydrogen atom from one water molecule to be strongly attracted to one of the lone pairs of electrons around the oxygen atom of another water molecule. The resulting dipole-dipole force gives water its unique physical and chemical properties. Figure 2 – Hydrogen Bonding of Water [15]

Structure of Ice. When water freezes into ice the molecules arrange themselves into a crystalline lattice formation, the hydrogen bonds become permanent meaning the molecules no longer freely move about within the substance as the bonds fix them in place. The lattice structure consists of an interconnected hexagonal framework which spreads the atoms apart as there are spaces left in the centre of the hexagon. As a result Ice has a lower density than water. 
[bookmark: _Toc109385900]Physical Properties 
Water has a freezing point of 0 degrees Celsius at which point it solidifies into ice. Water has a rare property to it in which it expands when it freezes due to the aforementioned crystalline structures. As a result of its expansion the density of ice is lower than that of water, this causes ice to float. 
However at room temperature water is a liquid.
Also has a boiling point of 100 degrees Celsius where it evaporates into a gas in the form of steam. 
[bookmark: _Toc109385901]Chemical properties and behaviours
Water is an amphoteric substances, this means that in chemical reactions it can act as either the acid or the base. 
Water can also be an oxidiser in the presence of metals and a reducer in the presence of non-metals.
Water has a very high heat capacity, meaning it can absorb a large amount of energy before increasing in temperature. This is caused by the hydrogen bonds which hold the molecules in place and resist them moving. [2] 
Oxygen can be soluble in water, this is crucial to organisms that live in water as they use this oxygen for respiration. However as the temperature of the water increases its oxygen solubility decreases meaning more of the dissolved oxygen gets forced out by the more energetic water molecules. [2]
The pH value of pure water is neutral 7. However this can vary with temperature as the splitting of water into hydrogen ions (hydroxonium ions) and hydroxide ions is an endothermic process. Meaning as the water is heated more of the molecules favour the ion side of the equation and as a result increasing the pH value. [3]
[bookmark: _Toc109385902]Section 3 – Water, the atmosphere and relative humidity 
There is a curtain water content within the atmosphere, this is known as the humidity content. 
Humidity changes depending on the season, temperature, altitude, geographical location plus many more factors. This can effect OME processes and designs as a system designed to work in a low humidity environment such as the Middle Eastern desert might not be suitably designed to be stored in a location with high humidity. Humidity also plays a large role on working and manufacturing of explosives as stipulated in the government guidance for such activities the humidity must be between certain levels to reduce risk of static build up. 
Water vapour in the atmosphere has a very high radiation absorption coefficient. The vapour is actually responsible for absorbing up to 70 percent of the suns radiation, particularly infrared radiation. This is said to be a contributing factor to global warming because as the temperature rises the amount of water vapour in the atmosphere increases which intern absorbs more radiation generating more heat. [4]   
The atmosphere contains water in all three of its forms, water vapour in the form of humidity, as clouds which can be made of a mixture of water vapour and liquid water, then Rain is water in its liquid form and finally snow which is water in solid form known as ice.  [1]
[bookmark: _Toc109385903]Section 4 – Water in chemical processes

[bookmark: _Toc109385904]Water as an acid or a base
Water can be used to dilute down either acids or bases as it can be either within a reaction. When it is mixed with a strong base water can donate a hydrogen ion to neutralise this. When water is mixed with a strong acid the water can accept the hydrogen ion from the acidic substance. 
HCL + H2O → H3O⁺ + CL⁻
Above is an example of water acting as a base, here it accepts the hydrogen ion from the hydrochloric acid. 
H2O + NH2⁻ → OH⁻ + NH3
This is an example of water acting as an acid in the reaction by donating a hydrogen ion to produce ammonia. 
H2O ↔ H⁺ + OH⁻
This is all made possible by water being an amphiprotic compound – it can either accept or donate a proton. The process shown above is known as the autoionization of water. The equilibrium point of this equation is temperature dependant. At cold temperatures water favours the H2O side of the reaction and as the temperature increases the percentage of molecules splitting into ion for increases. This reversible reaction works on the Le Chatelier’s principle. [3] 
[bookmark: _Toc109385905]Redox Behaviour of water
Water can act as either an oxidising agent or a reducing agent, in this way it mirrors the behaviour seen in the acid / base reactions by being able to be both sides of the reaction. When mixed with a strong reducing agent, water will act as the oxidising agent by accepting electrons. However if water is mixed with a strong oxidising agent then water will play the role of the reducing agent. Water is a week redox agent so requires mixing with a strong agent to get a notable reaction.  [5]
An example of a redox reaction using water in OME is the use of Aluminium and Ice (ALICE) as a rocket propellant. The key to how this works is that the aluminium has a stronger bond to the oxygen that the hydrogen in water does. In ALICE the aluminium is ground up into nano-particles, mixed up into water and then frozen into ice to prevent the aluminium particles from forming an oxide coating. Once it is given sufficient ignition energy, usually done via a detonator and booster charge, the aluminium reacts so strongly with the oxygen atom from the water it breaks the hydrogen bonds and forms aluminium oxide and pure hydrogen. This reaction produces a great deal of heat which means once ignited it can sustain the reaction until all the aluminium fuel is gone. 
[bookmark: _Toc109385906]Section 5 – Adverse effect of water on various OME related materials, articles and processes.
The most obvious and easiest to spot effect water can have on OME articles is rusting of the casings or storage containers. This is caused by the water oxidising the metal that it’s exposed to. This in turn can cause the item to become dangerous as it could affect the strength or function of the article. In addition to this weather seals can perish over time which mean they no longer prevent moisture ingress allowing water to react with the components and fill within the munition. This is why in accordance with DSA 03.OME which is the Defence Code of Practice, custody holders of live assets must inspect their explosive holdings each year to assess its condition. [6]
In the case of flash cartridges, water making the Black powder wet will desensitise the explosive making it harder to set the cartridge off. Even further to this point if the powder stays wet for too long it is possible for the water to wash the potassium nitrate out of the mixture, permanently destroying its explosive properties. 
Another problem in OME with water is it can cause outgassing if it is present in the mixture when casting explosives. This causes gas bubbles in the fill which lowers the explosives performance as the fill isn’t even inside the casing. 
Every attempt possible needs to be made to exclude water from the manufacturing and storage of explosive mixes containing Hydroxy-Terminated Polybutadiene (HTPB) or Hydroxy-Terminated Polyether (HTPE). [7] HTPB is formed by the free radical polymerisation of 1,3-butadiene, this can cause some branching and formation of a polymer with a hydroxyl group. When using HTPE as a binder in the process of making HMX “the diisocyanates used to cross-link the binder polymer react readily with water.” [8] Figure 3 – Formation of Polyurethanes [10]

The reaction used to make Polyurethane is shown in figure 3. Polyurethane is a commonly used binder in Polymer bonded explosives (PBX) and is based upon the HTPB binder. This results in it sharing the same issues with water during manufacture. As can be seen in figure 4 if water is present during the manufacturing of Polyurethane the product will be urea as this is the favoured reaction when water is present, therefore the reactants must be kept dry thought out the process to get the desired outcome. [9]
Figure 4 – Reaction of an Isocyanate with water [10]

Polyurethane is desired in the manufacture of explosives as it provides the mix with “outstanding mechanical properties, hydrolytic stability, ageing stability, and desirable viscosity and solids loading.” [10]
Many explosives contain ammonium nitrate (NH4NO3) which can be irreversibly broken down by being dissolved in water. One example of this is ANFO (ammonium nitrate/fuel oil) which when exposed to water the ammonium nitrate dissolves into the water and irreversibly breaks apart. This happens because of waters polar molecules are able to interfere with the ionic bonds that make up part of ammonium nitrate, as a result the ammonium cation (NH4⁺) and the nitrate anion (NO3⁻) separate. These ions then react with the H⁺ and OH⁻ ions found in water due to it being an amphiprotic compound which then results in the following equation rendering the solution explosively inert. [11] [12] [13]
NH4⁺ + NO3⁻ + OH⁻ + H⁺ → NH4OH + HNO3
[bookmark: _Toc109385907]Section 6 – Solutions to prevent performance issues associated with water ingress. 
The main solution is to prevent water ingress and moisture build up around explosive material and munitions as far as reasonably practical by following the government guidance written in DSA03 OME regulations on safe packing, storage and transport of explosives. This details how everything should be packed, sealed and handled depending on its explosive composition and designed use. [6]
Another solution to performance issues from water is to design the article for the environment it is going to be used in, if this means there is going to be high water exposure then select an explosive that is less susceptible to ingress. 
[bookmark: _Toc109385908]Section 7 – Conclusion
In conclusion water can have a detrimental effect on explosive materials and OME articles and processes. Some explosive binders cannot be made in the presence of water so the process has to be completed in as dry an environment as possible. Water can also have an adverse effect on munitions casings and packaging resulting in degradation over time causing the munition to either perform suboptimal or even worse become unsafe in storage. This is why it is important to follow the legislation set out by DOSR to ensure that all explosives are dealt with safely. 
Having said this water has many important qualities that not only make it essential for life on earth but also mean some OME processes use it to great effect to achieve their desired result such as ALICE propellant. 
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