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[bookmark: _Toc108792116]Abstract
This report aims to investigate water, one of the most abundant molecules on Earth, understand how its properties cause it to act and react with OME materials, and the impact this has on them. It was found that a number of water’s physical and chemical properties cause it to pose a serious problem to explosive compositions of all types, particularly its ability to dissolve and oxidise other substances. The report looks at just how these reactions take place, how this affects the performance and safety of OME, and also looks at what measures are taken, or can be taken, to help prevent moisture ingress from occurring on explosive samples, to help protect the integrity of the OME material. This, in turn, ensures proper function at the time of use, and protects the safety of the user.
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Water (H2O) is a chemical compound formed from hydrogen and oxygen atoms. Described as the essential building block for life, it is abundant on Earth, covering 70% of the planet. As well as being vital to survival of life on Earth, it also provides a significant role in chemistry due to its properties. It is the only substance on Earth to exist in abundance in all three states of matter, and thus, when talking about its interaction with OME[footnoteRef:1], all three states must be considered. [1:  OME = Ordnance, Munitions & Explosives] 

Water, in all three states, displays a measurable and well-studied set of properties, both physical and chemical, of which given values are expressed in Table 1.
	Key Property
	0oC
	25oC
	100oC

	Specific heat capacity[footnoteRef:2] [2:  The energy required to raise one kilogram (kg) of the material by one Kelvin (K). [11]] 

	2093J/kg/K
	4200J/kg/K
	1.8-1.9J/kg/K

	Heat of fusion[footnoteRef:3] [3:  The energy input required to change the phase of a substance from a solid to a liquid.] 

	334kJ/kg
	
	

	Heat of vaporisation[footnoteRef:4] [4:  The energy input required to change the phase of a substance from a liquid to a gas.] 

	
	
	2256kJ/kg

	Density
	0.9-0.92g/cm3
	1g/cm3
	0.00076g/cm3 (at 100C)

	Conducts Electricity
	No (when pure)
	No (when pure)
	No (when pure)


Table 1: Physical Properties of Water (data obtained from [1]).
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	Property
	Value

	Atomic Mass
	18

	Molar Mass
	18g/mol

	Bond Type
	Polar covalent

	Separation energy[footnoteRef:5] [5:  The energy required to decompose a molecule, atom, or nucleus into its constituent particles. [10]] 

	475kJ/mol (3sf)

	pH
	7


Table 2: The Molecular Properties of Water, with figures taken from [1] and [2])
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A water molecule is a covalent bond of two hydrogen atoms and one oxygen atom. The oxygen atom, with six valence electrons, shares two single bonds, one each, with two hydrogen atoms, which each have a single valence electron. By reacting in this way, and ‘sharing’ electrons, all three atoms are stabilised within a water molecule. Figure 1 illustrates the nature of the polar covalent bond that forms water a water molecule.
[image: The Configuration of the Water Molecule | EARTH 111: Water: Science and  Society]
Figure 1: The polar covalent bond of hydrogen and oxygen to form a molecule of water [3].
As shown in Figure 1, both hydrogen atoms bond to the same side of the oxygen atom. Because of this, the positively charged hydrogen protons are ‘left’ exposed at one end of the molecule, giving it a weak positive charge. Conversely, the other side of the atom, due to the presence of the oxygen electrons, there is a weak negative charge. This is called a dipolar molecule [3]. The presence of this polarity makes water one of the best natural solvents, having the ability to dissolve the vast majority of compounds.
Pure water does not conduct electricity, however impurities, such as dissolved oxygen ions within atmospheric water, due to the strong dissolution potential of water, allows impure water to both conduct electricity, and increase the rate of other reactions, such as oxidation, another process that can have a detrimental effect on explosives.
One of the most unique chemical properties of water is its ability to act as both an acid and a base in chemical reactions. An acid is a substance that donates a proton in a chemical reaction, and a base is a substance that accepts a proton in a chemical reaction [1].
This rare property is best demonstrated during a reversible reaction that occurs in water called ‘auto ionisation’ [1], as shown in equation 1.

In this process, two neutrally charged water molecules will react to form a positively charged hydronium ion, and a negatively charged hydroxide ion. Water is both donating and accepting a hydrogen proton in this instance, and acting as both the acid and the base. Its ability to do this means that it has the ability to react in different ways with different types of substances.
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Approximately 0.4% of the Earth’s atmosphere is made up of water vapour. This value is variable, but increases closer to sea level. The constant presence of naturally occurring water vapour within the atmosphere means that measures are taken frequently to protect explosive substances from moisture. On average, there is 29.9kg of water in the atmosphere per square metre (converted using [4]), and this poses significant issues for manufacturers and users of OME. 
Another issue with atmospheric water is impurities. Pure water is made more prone to being a good oxidiser by the existence of free hydrogen and oxygen ions that have been dissolved in to the water. Water’s potential to react with different explosive compositions in different ways provides significant challenges, and the abundance of water in the atmosphere means that actions have to be taken to provide adequate storage of potentially dangerous explosives.
Explosive compounds, as with all potentially hazardous chemicals, are accompanied by safety data sheets, with determined parameters for storage, such as acceptable temperature exposure, desired humidity, approved containers etc. Failure to comply with these can lead to issues with explosive compounds, both in terms of their desired performance, and also their safety.
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Corrosion in explosive compositions is incredibly undesirable. It is defined as ‘a galvanic process by which metals deteriorate through oxidation, usually, but not always, to their oxides’ [5].
Oxidation is a very common chemical reaction, one half of what is defined as a ‘redox’ reaction, the name given to ‘a reaction where there is a transfer of electrons from one species to another’ [6]. Oxidation refers to the loss of electrons during a chemical reaction, whereas reduction refers to the gain. 
A conventional chemical explosion is a very intense, and very fast, oxidation reaction, whereas corrosion as a far slower process. Whilst the two are similar in terms of their innate chemistry, the effects of long-term corrosion on an explosive sample can have long term degrading consequences on the composition’s performance and safety. 
Water can be reduced when it comes in to contact with certain metals. As stated in [7], the chemical half-reaction describing the reduction of water is given by equation 2.

In the case of explosive compositions, highly reactive group one and two metals such as potassium, strontium and magnesium are abundant. Many of these metals will react with water without much stimulation, and so the introduction of water to these compositions will instigate a redox reaction between water and the metals present within the HE[footnoteRef:6] composition. Equation 3 describes the chemical equation for this process, which [7] claims is ‘favourable when M (the metal) is an s-block metal’, as the majority of metals present in explosive substances are. [6:  HE = High Energy] 


In this reaction, water oxidises the metal within the composition and breaks down, releasing hydrogen gas in a process called ‘outgassing’
This effect is amplified by water impurities, such as dissolved ions present in atmospheric water, particularly dissolved oxygen ions that help to exacerbate the oxidation process of metals.
The oxidation, and by extension, degradation of explosive compositions can have serious implications on performance and safety. 
In the case of complex weapon systems, for example, the escape of hydrogen gas causes gas pockets, and thus an uneven fill of the composition within its component (rocket motor, warhead etc.). Many complex weapon systems are designed with specialised features to maximise impact at the point of detonation, and rely on an even fill of explosives within the components in order to achieve complete function, particularly features such as shaped charges or delay compositions. The flammable nature of hydrogen gas also adds a safety risk, whereby premature detonation can be caused within boost or rocket motors when hydrogen gas ignites alongside the propellant, which poses a health and safety risk as well as a performance risk.
As well as the presence of H2 within fills, the corroded metals themselves, now more stable post-reaction, are far less likely to function as intended upon detonation, as a portion of the sample of energetic material has already reacted with the oxygen in water and stabilised (due to having the ideal number of valence electrons post reaction).
For example, the reactive magnesium (2 valence electrons) found in many HE compounds will react with the oxygen (6 valence electrons) in water to produce a stable magnesium oxide with 8 valence electrons. The energy required for this compound to break apart is now far greater than it would have been previously to detonate the previous magnesium compound, thus reducing the explosive yield of the composition. This destabilisation is incredibly undesirable for manufacturers and users of explosive substances. Equation 4 describes the above chemical reaction, as found in [6]. This process is the same for other s-group metals found in explosive substances.
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‘The dissolution process is the process by which the molecules of a substance (called solute) disperse within another substance (called solvent) to give a homogeneous mixture (called solution), in which each solute molecule is completed surrounded by solvent molecules’ [8]
The gradual dissolution of nitro-glycerine in to water in dynamite when stored in damp conditions, and the resulting leakage of pure nitro-glycerine to the surface of dynamite, poses a potentially fatal safety risk to mining and blasting teams. 
Nitro-glycerine was first made in 1846 by Ascanio Sobrero [9] as one of the first modern explosive compositions post-gunpowder. However, nitro-glycerine is incredibly sensitive to shock and heat, and so was not viable long-term for the growing Victorian-era mining and quarrying industry. Alfred Nobel worked to find viable improvements, and by mixing nitro-glycerine with a soft sedimentary substance called kieselguhr, or diatomite, nitro-glycerine could be turned into a workable paste, which could be shaped in to rods, and placed in casing (to form sticks) which was far more stable [9]. The material was named dynamite and went on to become the commercial explosive of choice for mining, blasting and quarrying worldwide.
Pure nitro-glycerine is slightly, but not particularly soluble in water, and moisture ingress in to dynamite can have serious effects on its safety and usability.
When water is introduced to dynamite, quantities can seep in to the inside and mix with the aqueous nitro-glycerine based paste inside. Slowly, nitro-glycerine dissolves in to the water, and then leaks away to the surface of the dynamite as the water evaporates from within. If the dynamite is then exposed to cold temperatures (below 13 degrees Celsius), then the nitro-glycerine can crystallise on the outside of dynamite sticks, leaving a build-up of extremely sensitive, crystalline nitro-glycerine.
The sensitivity of nitro-glycerine means that this is extremely dangerous. It is a contact explosive, meaning that it is detonated by way of physical shock. The electrostatics generate from contact from a person alone could be enough to cause detonation. It is critical therefore that dynamite is not left in damp conditions, as undiluted nitro-glycerine is one of the world’s most powerful explosives.
Preventions and Solutions
Safe Storage Regulations
In truth, the best way to preserve the condition of an explosive is not to control the composition, but to control the environment in which it is stored. Modern explosives are manufactured and issued with a Safety Data Sheet, which determines all of the key storage conditions required to ensure the protection of the explosive, including an acceptable temperature range for storage and an acceptable relative humidity.
There are strict laws in the UK regarding the storage and transportation of explosive substances to best ensure that the risk to the public from the effects of environmental exposure are kept to a minimum. To obtain a license to do so can be a long process, and fit and proper storage facilities must be in place. The temperature and humidity of such storage conditions must also be continually monitored to ensure that the environment remains safe for storage, and all explosives must be moved from an area if that area is no longer fit for storage.
Ion-Mask
It is much easier to preserve explosives in magazines behind the front line, however munitions on the front line are at far more exposure to detrimental environmental conditions, and technologies do exist to help preserve these munitions and weapons systems in harsh combat environments, such as welding a system together with environmental seals.
[bookmark: _Toc108792128]One technology used to prevent moisture impact on munitions is called ‘Ion Mask’, an impermeable, gelatine-like coating that causes all water impacting on the surface to turn to droplets and run-off. Originally marketed to protect soldiers from exposure to the damaging effects of chemical weapons, it has since been rolled out into conventional warfare scenarios, such as coating munitions and weapons to ensure that they, and the explosives inside, are not corroded in harsh environments by water. It is marketed to be more than 100 times more effective than Gore-Tex, the leading civilian alternative, used on electronics such as mobile phones to make them water resistant [10].
Conclusion
Water is abundant on Earth. There are billions of litres in the atmosphere at any one time, and its chemical and physical properties provide problems for manufacturers and users of OME to prevent that atmospheric water having a detrimental impact on the explosives. The majority of problems facing OME with regard to moisture ingress relates to water’s ability to oxidise metals present within explosive compositions, which affects all kinds of explosive compounds from high explosive warheads, all the way to commercial pyrotechnics such as fireworks and flares, as the degradation of the explosive within will have the same performance and safety effects. Another issue facing OME is water’s excellent ability to dissolve other substances due to its polar nature of bonding, which means that explosive samples can be dissolves slowly over time and drawn out of the explosive itself, exposing it to both users and the environment, which is particularly dangerous when talking about commercial blasting explosive such as dynamite, which contains highly sensitive nitro-glycerine, which can react on impact with any friction.
The easiest way to protect explosives from this risk is to store them safely, protected from the environment, according to their Safety Data Sheet. However, on the front lines, this can be much more difficult to do, and so high-tech waterproofing technologies, such as ion-mask, do exist to prevent moisture ingress from occurring, and to protect both the explosive, and the user, from being at risk of the detrimental effects of moisture ingress.
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