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1. [bookmark: _Toc109388491]Introduction
The aim of this report is to describe and explain the detrimental effect that water can have on explosive materials, OME articles, and the processes to produce them. 
The report will discuss the properties of water, both chemical and physics. The earth’s atmosphere, and how much water is present in the surroundings. The role water plays in a verity of chemical reactions, covering both acid base and redox reactions.
The adverse effects on OME related article, process and materials will then be explained and discusses, covering a variety of effects, followed by some possible solutions to combat the problem posed by water.
[image: ] [1]
A water molecule, or H2O, is made up from two hydrogen atoms, and a single oxygen atom. The single electron of each hydrogen atom forms a covalent bond with one of the 6 outer shell electron of the oxygen atom. 
The remaining outer electrons of the oxygen form two lone pairs on one side of the molecule, giving it a relatively negative side to the molecule. The hydrogen side being relatively positive. 
2. [bookmark: _Toc109388492]Properties of Water
2.1. [bookmark: _Toc109388493]Physical
A physical property of a substance can be seen and recorded, without changing its identity. Examples of physical properties are colour, boiling and melting points and density. [2]
Water is the liquid name of H2O, water can also be found in solid (Ice) and gaseous (Steam) states.
The boiling point of water is 100 degrees Celsius or 373.15 Kelvin, this is the point liquid water transitions to steam. 
The melting point of ice is 0 degrees Celsius or 273.15 Kelvin, this is the point solid water, ice, transitions into a liquid. 
The diagram below show the water in its three diffeent stataes, including the hydrogen bonds holding the water molocules togther in water and ice. [image: ] [3]
A Hydrogen bond is an intermolecular force, creating a bond between two molecules. They are weaker than covalent or ionic bonds. The hydrogen bonds in water are formed between the relative positive hydrogen atom of one water molecule, and the relatively negative oxygen side of another. [4]
2.2. [bookmark: _Toc109388494]Chemical
The chemical properties of a substance describes its ability to undergo a reaction due to its composition. [2]
Water has an amphoteric nature, meaning it can act as either an acid or a base in reactions, for example, and acid:

Or a base:


Water also plays a large part in redox reactions, electropositive atoms will reduce a water to a hydrogen molecule. For example the reaction between water and sodium to produce sodium hydroxide and hydrogen.
Also in photosynthesis, water can be oxidised to produce oxygen, making it useful on both sides of redox reactions.
Another chemical property of water is its strong hydrating tendency, resulting in its ability to carry out hydrolysis reactions. It is used to dissolve many ionic compounds, and come covalent compounds. [5]

[bookmark: _Toc109388495]3. The Atmosphere
[bookmark: _Toc109388496]3.1. What makes up the atmosphere?

Below is a pie chart visualising the percentage makeup of the earth’s atmosphere, water vapour makes up such a small amount, but can also vary, so is not represented on the chart.  


[image: ] [6]
[image: ] [7]
Water vapour in the atmosphere is a very important greenhouse gas, supplying the second most heat to the earth after the sun. The water vapour absorbs heat radiated by the earth and then radiates in all directions, returning some of the lost heat to the earth. Resulting in the planets warming. [8]
The chart shows more accurate levels of what can be found in the atmosphere, water is not shown as it is a condensable greenhouse gas, it can transition between a gas and liquid depending on the temperature of the atmosphere. This results in the concentration of water vapour in the atmosphere increasing as the atmosphere gets warmer. [9]
[bookmark: _Toc109388497]3.2. Relative humidity
According to Elhadi M.Yahia, Relative humidity (RH) refers to the moisture content (i.e., water vapor) of the atmosphere, expressed as a percentage of the amount of moisture that can be retained by the atmosphere (moisture-holding capacity) at a given temperature and pressure without condensation. [10]
[image: ] [11]
The above diagram demonstrates relative humidity. It shows the amount of water in the atmosphere, relative to the saturation amount that the air can hold at the given temperature, multiplied by 100. 
When the relative humidity is between 0.1-100% water can remain as water vapour. If relative humidity of 100% is reached the ambient air is cooled, this is the dew point. The water vapour in the atmosphere condenses to for liquid water. 
[bookmark: _Toc109388498]4. Waters Role
[bookmark: _Toc109388499]4.1. Reduction /Oxidation
Reduction and oxidation reactions are all about the movement of electrons, although they can be used to describe different operations. An oxidation reaction cannot happen without a reduction reaction happening simultaneously. 
[bookmark: _Toc109388500]4.1.1. Reduction
Reduction is a term used to describe a few different operations. It is used when a substance loses an oxygen atom. It is also used when a substance gains a hydrogen atom, or gains one or more electrons.

The equation showing the formation on sodium hydroxide, in this equation, the water molecules are reduced to hydrogen, losing an oxygen atom.
[bookmark: _Toc109388501]4.1.2. Oxidation
Oxidation is a term used to describe a few different operations. It is used when a substance gains an oxygen atom. It is also used when a substance loses a hydrogen atom, or loses one or more electrons. Oxidation is the opposite or reduction. 
Below shows the half reactions of the photosynthesis reaction, it can be seen that the water has been oxidised, also, simultaneously a reduction reaction has happened to the carbon dioxide.  
[image: ] [12]
The water molecules in photosynthesis are oxidised, as it has lost its hydrogen atoms.
[bookmark: _Toc109388502]4.2. Acid/Base
On the pH scale, water is 7. 7 of the pH scale is neutral. This means that water is neither an acid nor a base. 
Despite this, water can act as either an acid or a base depending on what reaction it is a reactant in.
Water can even act as an acid or a base in a pure sample of water. Around 6 in 1 million water molecules will do the following:
[image: ]
This reaction is what’s known as the auto ionization of water.
[bookmark: _Toc109388503]4.2.1. Acid
According to Britannica,
‘An acid is any substance that in water solution tastes sour, changes blue litmus paper to red, reacts with some metals to liberate hydrogen, reacts with bases to form salts, and promotes chemical reactions (acid catalysis)’ [13]
When acting as an acid, water will donate a proton. When in the presence of an amide ion, the water molecule will donate a proton forming ammonia. 
[image: ] [14]
[bookmark: _Toc109388504]4.2.2 Base
Also according to Britannica,
‘in chemistry, any substance that in water solution is slippery to the touch, tastes bitter, changes the colour of indicators (e.g., turns red litmus paper blue), reacts with acids to form salts, and promotes certain chemical reactions (base catalysis)’ [13]
When acting as a base, a water molecule will accept a proton from a different compound. For example, dissolving HCl in water.
[image: ] [14]
[bookmark: _Toc109388505]5. Adverse effects of Water
OME materials and articles cover anything involving ordnance, munitions and explosives. Ordnance is a delivery system for munitions, for example a gun. Munitions are the articles fired by the gun, for example a bullet or tank round. Explosives cover a wide range of different compounds and types. They are generally found in munitions. For example gunpowder in a bullet, high explosive in a tank round, or homemade explosive in an improvised explosive device. The definition of an explosive from the international labour organization is:
‘An explosive substance is a solid or liquid substance (or mixture of substances) which is in itself capable by chemical reaction of producing gas at such a temperature and pressure and at such a speed as to cause damage to the surroundings. Pyrotechnic substances are included even when they do not evolve gases.’ [15]
Water is generally believed to be detrimental to explosives during manufacture and storage. During the manufacture of some explosives, water vapour can react with carbon atoms in the explosives in the manufacturing process, forming bubble, or voids, within the explosive fill of an OME article.
Voids in the explosive fill of a charge can reduces the density and payloads of the charge, therefore reducing the effectiveness, performance and lethality. [16]
The best explosives are ones of high explosive power but low sensitivity. If explosives have high sensitivity, they can be imitated by small changes in heat, friction or shock, such as a drop. It has been found that the exposing of Nitrotriazolone (NTO) to more humidity and water, the more sensitive and therefore dangerous it becomes. [17]
Many pyrotechnics such as flares are made to operate whilst in water, this is important as they are used as distress signals in harsh environments such as the middle of the sea. 
 
[bookmark: _Toc109388506]6. The Solutions?
Vacuum filling is the process of casting an explosive into its casing whilst it is molten and under a vacuum, these conditions along with the vibration of the charge prevents air and moisture entrapment into the explosive fill before it solidifies.  [16]
Outgassing the explosives fills is one way to reduce voids in the explosive fills. The gas is removed from the fill, along with water vapour.  Resulting in no reactions between the carbon and water molecules. The reduction of voids results in more consistent, denser and more lethal charges. This is partially importing in testing and characterisation, as constancy is required for accurate data sets. 
One way to reduce water ingress into articles of OME is the correct storage procedures. Articles should be stored in purpose built tempter and atmospherically controlled magazines. These are built to control the humidity in the air and surrounding temperature in an effort to reduce the water ingress into the building and therefore explosive articles. 
Another way of circumnavigating the problems introduces by water is by adding the water to explosives themselves. Water gel explosives are a jelly-like consistency in tubes. They are a fuel sensitized explosive mix of ammonium nitrate acting as an oxidiser. [18]
[bookmark: _Toc109388507]7. Conclusion and Evaluation
This report has covered water from the very basics. From the chemical makeup, to its physical and chemical properties, its ability to form hydrogen bonds. Where it is found, in the atmosphere and what else is found in the air. Relative humidity has been explained, showing how difficult it can be to avoid water. How it reacts with different compounds and its versatility to be able to act as both an acid and a base and the role it plays in redox reactions. 
[bookmark: _GoBack]Water can have detrimental effects on articles of OME, including increasing sensitivity, decreasing payload and lethality, so contamination should be avoided at all costs. Weather it is through correct storage procedures and buildings, manufacturing conditions and processes, or incorporating water into the explosives themselves to avoid the adverse effects. 
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