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	A report focused on the detrimental effects that water (H2O) could have on Ordnance, Munitions and Explosives. A broad focus on not just explosives but on also the munitions encased within explosives, such as bullets and the mechanism that fire such materials. Background information is integrated and investigated into the physical properties of water. These include the atomic structure of water, atmospheric conditions and relative humidity, and the potential for electro-static discharge of charged particles within an atmosphere, notably where water is present around explosive charges. Furthered by a chemical view of water involving its polarity due to its bonding structure and its amphoteric nature. Amphoteric nature is inclusive of understanding the  acid/base reactions  of water as a solvent as well as subsequent redox reactions that can create corrosion. Mitigation techniques, tools and protection have been described in order to help lessen the adverse effects for OME materials. Leading to conclusions drawn from the entire report.
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1. [bookmark: _Toc109229526]Introduction

When viewed from Space, water in liquid, frozen and gaseous (clouds) form can be seen. In fact, liquid water covers around 75% on the Earth Surface, the abundance of which formed the basis for life. For all its benefits, water is anathema to the ordnance, munitions, and explosives community. The chemical and physical properties of water in all its states, including that within the atmosphere have created many issues in the OME field. The ramifications can be experienced at the top level in ordnance, which is the mechanism used to fire the munition projectile, all the way through from sub-system, the munition that cases the explosive charge and down to the component level that is the explosive charge within the munition itself. 
An explosive is  a substance or device that can be manufactured to produce a volume of rapidly expanding gas. They are highly energetic compounds that generate high pressure gases when a physical or chemical stimuli is added. Such release of gases includes NO, H2O, CO, and CO2 [1] . Explosives can be compartmentalised into smaller terms and groups such as, primary, secondary as well as mining blasting agents [2]. Low or deflagrating explosives tend to be composed of an oxidant that decomposes rapidly but at a slow burn rate and their major usage is in propellants. High explosives detonate faster than the speed of sound and do not deflagrate to create a rapid decomposition of high pressure and tend to be used in the creation of Military munitions.

2. [bookmark: _Toc109229527]Physical Properties of Water and effects on OME
2.1. [bookmark: _Toc109229528]Structural States

Water is the only known substance to exist in all three known states of matter: liquid, solid and gas. In liquid state water has Hydrogen bonded by two Oxygen atoms in an almost perfect tetrahedron structure. In a solid state, water has a crystalline hexagon structure with a lower density than water due to the voids left within the hexagon structure, Figure 2.1.1. When there is enough energy to break the hydrogen bonds, water becomes its third state, water vapour, or gaseous. Water vapour is directly attributed to relative humidity. The boiling point and freezing points of water are 100 degrees and 0 degrees Celsius respectively. Water is also known as the universal solvent due to its polar nature.
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Figure 2.1.1 – Structure of water in liquid and solid state [3]

2.2. [bookmark: _Toc109229529]Relative Humidity

Relative humidity (RH) is the term used to describe direct measurement of water vapour, within the air. For explosives, RH is integral in the preservation of explosive charges. RH measures the amount of water as a percentage within an atmosphere against the total amount possible, e.g., 65% humidity denotes 65% out of 100% is water vapour. There is a direct correlation between the higher the temperature and increased water vapour present in the air. RH influences the rates of chemical reactions as well as the physical changing within an object, such as size or structural strength. Both ends of the spectrum can dramatically alter, detrimentally, the object exposed to the changes [7]. 
RH is considered a “Saturation” issue, as higher levels can infiltrate and become absorbed into an explosive mixing process. A fully completed high explosive charge, once packed, and sealed that is saturated with moisture can be extremely dangerous. The locked moisture can create microscopic cracks within the explosive material and create structural weaknesses [8]. The moisture can react with the carbon within explosives to create bubbles of carbon monoxide, known as outgassing. This creates an undesirable effect in the completed explosive munition. High humidity of water vapour also creates an oxidation reaction on the structural surface on the ordnance. Which will eventually lead to more weaknesses within the overall firing structure of the munition known as corrosion [9].
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Figure 2.2.1 – Corrosion rate increase on Steel [10]

2.3. [bookmark: _Toc109229530]Electro- Static Discharge (ESD)

When separate materials are in contact with one another, an action such as friction can be formed which can lead to negatively charged electrons on one material being transferred to the other. The material that has lost an electron becomes positively charged while the other becomes negatively charged. This is known as the triboelectric effect and is the creation of a discharge of static electricity. Upon a material having created a charge, it is now defined as an electrostatically charged material and the charge on it can be transferred to another material creating an ESD event. Water is a type of material that has no static charge, in that it has an equal number of protons, neutrons and electrons. Due to water having all its electrons bound within H2O or OH- within the air, it enables the air itself to be a good conductor, enabling it to dissipate any built-up charge into smaller unnoticeable burst. The event still happens but is spread out and not focused into one large discharge. Should an event occur, the discharge breaks the molecular bonds of the carbon atoms and of the oxygen atoms to re-bond them into a bonded carbon/oxygen atom. The rebalance of energy occurring during the breaking and forming of the new bonds produces heat which in turn can initiate a charge.
The triboelectric effect can depend upon a variety of factors including separation speed, area of the contact between the two materials, temperature of the environment, chemistry of the materials, RH and importantly particle size of explosive. Powdered processes are more susceptible to ESD events than that of completed, compacted, shaped charges due to the smaller granular surface area. Generally, it is a safe approach to treat all explosives, in all conditions as vulnerable to ESD occurrences [11].



3. [bookmark: _Toc109229531]Chemical properties of Water and effects on OME
3.1. [bookmark: _Toc109229532]Polarity

Water has unusual chemical properties due to the polarity of its molecules, specifically the hydrogen bonds . Water is the result of covalent bonds between hydrogen atoms and a lone oxygen atom. Oxygen atoms have shared pairing of electrons and are therefore the greater influence/ attraction over the hydrogen atoms. This attraction creates paired opposite charges (Dipoles) [5]. The partial positive charge is attributed to the hydrogen atom while oxygen has a partial negative charge. Each molecule of water has the potential to bond itself further to a maximum of 4 Hydrogen bods with other water molecules. With all bonds, energy is a necessity to break and form bonds and subsequently energy is released upon these interactions [12]. 
A dielectric constant is a measure of how easy/difficult a material is polarised with an electric field. The dialectic constant of water is around 80.4 at 20 degrees [4]. The high nature of this enables a key role in water acting as solvent [5]. Water, also, in a dense and sufficiently hot enough environment can play the part of a catalyst in which, it speeds a chemical reaction without being consumed within explosive reactions [6]
H2O has a structure that is considered “bent” due to two pairs of unshared Oxygen electrons that are of a repelling nature set at 104.5 degrees to create a tetrahedron shape. H2O is the chemical formula and colloquially known as Dihydrogen Oxide in the field of chemistry. This is shown in Figure 3.1.1
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Figure 3.1.1- Molecular structure of water [13]

3.2. [bookmark: _Toc109229533]Amphoteric Nature

Water has a very important property known as the Amphoteric Nature of water. Water has a high polarity which enables it, as a solvent in liquid form, to donate protons (like an acid) as well as receive protons (like a base). Water at 25 degrees has equal concentration of H+ and OH- molecules, both are concentrated at 1.0 x 10-7 Moles [12]
	When acting as base, water decreases the H+ in a solution. For instance, Hydrochloric acid will dissolve in water it will separate into protons of H+ and ions of CL-. The proton is then accepted by the water to form a hydronium ion (H3O+). Conversely when water is acting like an acid, water increases the hydrogen positive ions in a solution. For instance, it will donate a proton to NH3 [14].

Consequently, it is this ability of accepting and donating protons that allows water to attract with other molecular compounds. The positively and negatively charged hydrogen and oxygen within water creates a stripping effect to other molecules. Although a relatively weak base and acid, its abilities as a strong solvent to induce this stripping effect that can disrupt formed bonds within explosive compounds, disintegrating the bonds and creating chemical instability [12].

3.3. [bookmark: _Toc109229534]Redox Reactions

Oxidation is the process of losing electrons while reduction is the opposite, in that it is a process that gains electrons. These processes combine into the umbrella term of Redox. In terms of waters redox ability, it behaves like its Amphoteric nature. When present to a strong electron donor water will function as an oxidising agent, whereas in the presence on a strong electron receiver, water acts a reducing agent. Due to it being a weak oxidising or reducing agent, it used again in the medium of a solvent to expediate the process [15].
Due to the oxygen present within the water molecule, water has strong corrosive abilities. Corrosion is an electrochemical process of oxidation in metals. Iron (III) oxide, commonly known as rust, is produced when as a result of the oxygen within water, be it atmospheric or liquid form. Rust is the general term to describe red oxides in Iron, steel, or its alloys. The only metals that rust is Iron and Steel and these are commonly used within ordnance and munitions. However, oxidation also occurs on other materials but under different names, e.g., tarnish on silver and Verdigris on copper [16]. A series of chemical reactions occur to result in the final chemical formula of rust below:
4Fe + 3O2 + 6H2O → 4Fe(OH)3.
Once rusting starts, it is a process that is very difficult to stop. Free oxygen and dissolved iron form the oxide that releases electrons that then traverse and flow to another un-rusted part to continue the process anew. Without proper coating or protection on the ordnance to protect from rusting, the consequences could be a malfunction of the system, misfiring or unexpected incident involving the munition and/or explosive charge.

4. [bookmark: _Toc109229535]Mitigation Techniques

Having shown the numerous detrimental effects of water within the OME ecosystem, developments have had to be made to mitigate the physical and chemical reactions resulting from water exposure. A vast area of mitigation comes in the form of environmental control. Controlling the environment enables the producing OME factory to control the ingress/exposure of water within the atmosphere that can potentially infiltrate into the production of explosives from powder production to shaped compacted charges. It also aides in mitigating ESD and reducing the corrosive effects of water. For potential ESD events, adjusting RH within an ordnance factory is one key aspect and one layer against the potential initiation of explosives via ESD. Management of ESD states that the dissipation of charge and the decay of such should occur within a 2 to 4 seconds to be classed as safe [17]. This can be achieved by minimising friction on surface areas and by introducing conductive flooring and footwear to supply a low resistance path to the earth. Personal protective equipment on the operator such as conductive footing and cotton-based overalls can add an extra layer of protection [8]
	The corrosive nature of water on ordnance can create hydrogen embrittlement, which is the absorption of hydrogen within the metal crystalline structure causing it to become brittle. This embrittlement can be intergranular or trans-granular. Generally, corrosion penetrating within a metal can structurally weaken the entire system with devastating consequences when firing live, explosive munitions [18]. The UK and US governments spend billions annually to prevent and mitigate such effects, the US in fact spent $20.8 billion in 2013. The application of coatings to firearms and general ordnance, such as paint based, oils or waxes can provide a protective layer where the corrosive reactions from water cannot penetrate to the main frame of the ordnance. The British government use a varying combination of such methods to mitigate this, albeit these coatings are classified. [19]

5. [bookmark: _Toc109229536]Conclusion

It can be concluded that the physical and chemical properties of water have multiple adverse effects in the OME field. These are inclusive of, but not limited to, corrosion of the ordnance, the cracking/outgassing of the munitions and as well chemical decomposition of the explosive charge itself. All of which can lead to misfiring, incomplete explosion, shorting of the detonation effect and desensitisation [20]
However, alongside the adverse consequences of water exposure, it has been seen that relative humidity of an environment can create an environment that acts as a mitigator against accidental initiation. A study by the Lawrence National laboratory also discovered another unexplored positive consequence of water interaction within an explosive. They found that molecules in water, specifically the H and OH atoms can actually break oxygen bonds that were part of the explosive nitrogen bonds and transfer to the carbon molecules (the fuel) in PETN explosives, when under extreme temperatures. This reaction served as a catalyst within the explosive that speeds up the chemical reactions without being consumed during initiation. In essence, they concluded that when detonating PETN, water acting as both an oxidiser and reducer, worked in tandem to help transport oxygen as a fuel to further the yield of the explosion and super critical temperatures [6]. 
It is a fine balance to mitigate the adverse effects of exposure within OME. However, if there was significant progress made in using the molecules within water as extra fuel and oxidiser to improve the yields of explosives, then it is worthy investigation.
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