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Abstract
This report goes into what water is, its physical and chemical properties and what waters effect on Ordinance, Munitions and Explosives is and what precautions could be taken to solve these effects.
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1. [bookmark: _Toc109382853]Introduction
Water is the substance that covers roughly 71% of the surface of Earth, according to research done by NASA [1]. Water as a word comes from the Latin “aqua” which was used by alchemists to describe “dilution” [2]. Water on Earth contributes to many chemical processes essential to life and this report will go into what water is, it’s properties and how it is used in in the field of Ordnance, Munitions and Explosives (OME).
2. [bookmark: _Toc109382854]What is Water?
Water is quite unique as is one of only a few substances that exists commonly on Earth in all 3 main states of mater. Solid known as ice that forms at 0oC, liquid known as water that normal exists between 0oC and 100oC and gas known as water vapour or steam that forms at waters boiling point of 100oC [3]. To understand these states of matter, the molecular structures need to be observed and understood. 
2.1 [bookmark: _Toc109382855]Molecular Structure of Water
[image: Diagram

Description automatically generated]The molecular structure of water consists of 2 Hydrogen atoms and 1 Oxygen atom, as this substance consists of two different elements it makes water a compound and giving water the chemical formula H2O. Helmenstine said that “when 2 atoms or ions chemically link where they share electron pairs, they form a molecular bond or otherwise known as a covalent bond” [4]. The covalent bond in water is known as polar because “the distribution of the electrons forming the covalent bond between the two atoms are unequal thus meaning one atom is slightly positive and the other slightly negative” [4], this can be seen in Figure 1. [bookmark: _Toc109382653]Figure 1 Polar Covalent Bond of Water

Now that the structure of water has been discussed, this leads onto the properties of water.
2.2 [bookmark: _Toc109382856]Physical Properties of Water
Water has many unique properties, but first the physical properties will be looked at. The physical property of water refers how water presents itself and acts at certain temperatures of which have been previously stated as solid at below 0oC, liquid between 0 and 100oC and gas at over 100oC. The unusual part of this is that as a report by Encyclopaedia Britannica says “when water is in its solid form, the bonds form quite an open structure which makes ice less dense. This property means ice floats on liquid water, which is uncommon amongst other substances” [5]. 
Other properties of water include viscosity and surface tension, both of which are affected by temperature like density is. Water has a high surface tension and along with the other properties it makes water a good solvent. A solvent is a substance that dissolves another substance to form a solution and because water can dissolve almost all everything it is known as the “universal solvent” [6].
[bookmark: _Toc109382857]2.3 Chemical Properties of Water
The chemical properties of water are many, but the focus in this part will be acid-base reactions, redox reactions and oxidization as these have the most common effect on OME.
[bookmark: _Toc109382858]2.3.1 Acid-Base Reactions
One of the important properties of water is its ability to act as both an acid or proton donor and as a base or proton acceptor. What this means is that water’s behaviour in autoionization of water, shows water as an amphoteric substance [5] [7]:
[image: ]
[bookmark: _Toc109382654]Figure 2 Acid-Base Reaction
In Figure 2 (l) represents in liquid state, (aq) means dissolved in and the double arrows shows the reaction occurring in both directions creating an equilibrium.
[bookmark: _Toc109382859] 2.3.2 Redox Reactions
A chemical reaction where the change in the oxidization level is caused by the transfer of electrons between the two reactants is called a redox reaction. The oxidization level refers to the gain and loss of the electrons, so the reactant that gains the electron(s) is known as an oxidizing agent and the one that losses is a reduction agent. An oxidization-reduction reaction is a type of redox reaction and a fast version of this combustion, this is important in OME as this is how explosions occur.
[bookmark: _Toc109382860]3.Water in the Atmosphere
Water is pretty much everywhere including in the air as water vapour. Helmenstine describes atmosphere as being “the gases held by gravity that surround a planetary body or star” [8]. The amount of water vapour or moisture in the air is known as humidity.
[bookmark: _Toc109382861]3.1 Humidity
The 2 types of humidity to focus on are relative humidity and absolute humidity. Absolute humidity is amount of moisture in the air, without consideration of the temperature. Relative humidity is amount of moisture in the air comparative to the air temperature and is recorded a percentage of how much water vapour there could be in the air [9]. 
[bookmark: _Toc109382862]4 Chemical Processes related to OME involving Water
Water plays a significate role in various OME processes from a chemistry point of view and below are just some examples of this.
[bookmark: _Toc109382863][image: Diagram, schematic

Description automatically generated]4.1 HMX[bookmark: _Toc109382655]Figure 3 Molecular Structure of HMX

High Melting Explosive (HMX) or octogen is an explosive used widely in military applications. HMX’s molecular structure is made up of an eight-membered ring of alternating carbon and nitrogen atoms, giving it a high molecular weight and thus making HMX highly potent [10]. Although HMX slightly dissolves in water, it is used in HMX production as well as storage and transport to desensitize the material. Sensitivity in explosives refers to how the explosive performs when exposed to external stimuli such as friction, impact or heat that may result in the explosive to combust or detonate [11].
[bookmark: _Toc109382864]4.2RDX
[image: Diagram, schematic

Description automatically generated]RDX or Research Development Explosive or Royal Demolition Explosive is chemically close to HMX. It is also known as cyclonite, hexogen and hexahydro-1,3,5-trinitro-1,3,5-triazine. It does not occur naturally, so it is made synthetically [12]. RDX is very slow at dissolving in water, but water is used in the same way as it is with HMX and other explosives when they are manufactured etcetera, to desensitize the material.[bookmark: _Toc109382656]Figure 4 Molecular Structure of RDX


[bookmark: _Toc109382865]4.3 Dynamite
Dynamite is “simply” some sort of absorbent material (like sawdust) saturated with Nitroglycerin; this absorbent material makes the Nitroglycerin more stable [13]. Dynamite was often used in mining and demolition but when moisture gets into dynamite it can be a problem as it can cause the Nitroglycerin to leak away, so to combat this dynamite is often coated in a wax layer.
Dynamite and TNT (Trinitrotoluene) are often used to mean the same thing, this however is incorrect. TNT is a chemical compound that is relatively insensitive and water resistant making it safer than dynamite [14].
[bookmark: _Toc109382866]4.4 ANFO
Ammonium Nitrate – Fuel Oil (ANFO) is used commonly in the modern age as substitute for TNT as it is far cheaper to produce. Its development came from Cook, when he mixed ammonium nitrate, aluminium powder and water in 1956 to create what was called a “slurry explosive”. When the water was replaced by a fuel oil like diesel as it has a better carbon chain to give it more energy [15].
[bookmark: _Toc109382867]5. The adverse effects water has on OME Materials/Articles/Processes
As mentioned before, water can have some quite serious effects on OME. Below will briefly explain some other effects:
[bookmark: _Toc109382868]5.1 Water Ingress
Water ingress is when water or moisture enters a material or article. This causes a problem when OME is stored on transported poorly. The effects that moisture can have on OME include [16]:
· Degradation of the material making it less effective or in the case of fuses, failure to function at all
· Increase in weight, making tracking and accuracy of missiles to be affected
· Desensitization where water acts as shield between reactants thus causing a lack of combustion or explosion
· The presence of moisture could as lead to fungal growth, presenting a health risk to humans

[bookmark: _Toc109382869]5.2 Oxidation
As mentioned before oxidation or rusting is a type of redox reaction. Iron and water reacting is shown below:
[image: ]
[bookmark: _Toc109382657]Figure 5 Rust
As rust forms on OME articles it causes problems such as increasing the surface are on the fins of missiles thus generating less lift inflight. Rust can also cause the casings to fail structurally and resulting in a lack of containment of the fillings and allowing for water ingress to occur more easily.
An example of these effects occurring would be in the case of the wreck of the SS Richard Montgomery [17].
[bookmark: _Toc109382870]5.3 Water as a Catalyst
In a journal written by Lawrence Livermore National Laboratory scientists “Water can act as an unexpected catalyst when high explosives detonate as it acts as a chemical catalyst that transports oxygen between reactive sites” [18].
[bookmark: _Toc109382871]5.4 ESD
Electro-Static Discharge (ESD) can cause the ignition of OME materials. ESD is the generation, storage, and delivery of an electro-static charge [19]. This static charge can cause ignition of materials, so precautions must be taken.
[bookmark: _Toc109382872]6.Solutions to the Effects
[bookmark: _Toc109382873]6.1 ESD Precautions
The risk of an ESD event can be reduced by increasing the relative humidity (RH) in the air during OME processes as water reduces the generation of static [9] [19]. In the UK the limits of RH are governed by the Health & Safety Executive (HSE).
[bookmark: _Toc109382874]6.2 Storage and Transport of OME
Again, RH plays a role in the storage of OME as it reduces the risk of an ESD event when items are moved as well as proper storage can reduce the effects of water ingress and oxidation of OME items. Water is used to desensitize explosives during transport to reduce the risk of detonation through external stimuli. The storage and transport of explosives in the UK is governed by the HSE under the Explosives Regulations 2014.
[bookmark: _Toc109382875]7.Conclusion
In conclusion water is very important in chemistry and plays a significant role in the world of OME as it can help and hinder combustion and detonation of explosives. Water is incredibly useful as a solvent and dissolves most substances. If precautions are not when storing, transporting, and processing OME materials and articles, it can have serious consequences to humans both physically and legally, buildings and the environment.
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4Fe + 30, + 6Hy0 — 4Fe(OH)3
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