
THE DETREMENTAL EFFECT OF WATER ON EXPLOSIVE MATERIALS AND OME ARTICLES.



Abstract
This report looks at the effects moisture, water vapor and in general water has on explosive material, with potential ways to limit and avoid it being an issue.
After exploring the breakdown of water and the chemical processes the report looks at the breakdown of the explosive before combining the two together and addressing some issues.
From the findings of the report there are ways to combat and limit any ingress. Ideas arise such as coatings, limited use, using other items or putting various control factors in place.

Contents
                 Abstract	1
1.	Introduction	2
2.	Physical and chemical properties of water and chemical behaviour related to them	3
2.1	States of matter	3
2.2	Molecular structure	3
3.	Gunpowder	4
4.	Water in the Atmosphere and Relative Humidity	4
5.	The role of water in various chemical processes	5
5.1	Acid and Base Reactions	5
5.2	Redox Reactions	5
6.	The adverse effect of water on various OME related materials, articles, and processes.	6
6.1	Outgassing	6
7.2        Condensation Polymerisation Reactions	6
7.	Moisture solving issues and solutions	7
8.	Conclusion	7
9.	References	8
10.   Appendices	9
              TNT	9




1. [bookmark: _Toc109222497]Introduction
The majority of water exists in the Troposphere which is the lowest layer of the atmosphere of earth. Under normal conditions on earth, water is in a liquid state and that is the most common state for humans to usually come across it, especially as it is used in everyday life for tasks such as washing, cleaning, and drinking. Water is integral to the survival of humans and as it is not possible to store water, humans need fresh intake daily. This is not the case for OME’S, and this report will look deeper into the effects of water within an OME (Ordnance, Munition and Explosive).


2. [bookmark: _Toc109222498]Physical and chemical properties of water and chemical behaviour related to them
2.1 [bookmark: _Toc109222499]States of matter
Water has three states of matter which are liquid, gas and solid. A few simple examples of water in all three states have been provided below.
Rain, Running tap water – Liquid state
Snow, Ice – Solid State 
Water Vapor, Steam from a boiling kettle – Gas state
The above examples are only a few examples for the states of water. When water is in a liquid state, the molecules are more spaced apart and can move around more freely. When in a solid state it is the opposite as they are packed tightly and do not have the freedom to roam around. Finally, in a gaseous state they are given even more freedom than when in the liquid state allowing them to roam freely with no pattern to them.
2.2 [bookmark: _Toc109222500]Molecular structure
As explained by Steven S. Zumdahl [1], water is a substance composed of the chemical elements hydrogen and oxygen which exists in gaseous, liquid, and solid states. Water acts vastly different in the way that the Ice which is formed in the solid state is less dense that the liquid form of water. This is why ice sits and floats on top of water. This is crucial for a lot of animals which live in the water. If ice were denser than water it would sink, and the water would begin to freeze again, eventually forming a whole sea/lake of ice thus killing the animals below.
The scientific name for water is H20, this is due to the molecular structure being made of 2 Hydrogen atoms and one oxygen atom. Water is flexible and versatile which helps to allow it to perform important chemical reactions.
As seen in figure 1 below, the two Hydrogen atoms are both positively charged, and the single Oxygen atom is negatively charged. Which is explained by Professor John Blamire [2] as a Hydrogen bond.
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Figure 1 [3]



3. [bookmark: _Toc109222501]Gunpowder
Due to there being such a wide array of explosives available, this report will focus on Gunpowder and the effects caused by water. Gunpowder is also known as black powder and is thought to have originated in the 10th century in China where it was used in fireworks [4]. Gunpowder is now commonly used in munitions and will be commonly seen as in figure 2
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Figure 2 [5]
According to compound interest [6] Gunpowder, by weight, consists of 75% Potassium Nitrate, 15% Charcoal and 10% Sulphur. These function as the following: Charcoal (Primary Fuel), Sulphur (Catalyst) and Potassium Nitrate is more than ¾ oxygen therefore providing this to the rapid burning. Although, one method which started with what was called the French method of making Gunpowder by using straw, urine and ashes to replace the Potassium Nitrate this was then filtered over a year through more ashes and urine before going onto a second process called the Swiss method which involved using a sandpit and the French method combined to filter out the urine [7]. 
There are many possible chemical equations for Gunpowder due to it having the ability to be in gaseous or solid states, but the main products are K2CO3, CO2, and N2.
Some properties of Gunpowder have been provided below [8].
Ignition Temperature: 300-370 Degrees Celsius 
Burning Property: Burns Vigorously 
Moisture Effect: Substantial (May even fail to ignite)

4. [bookmark: _Toc109222502]Water in the Atmosphere and Relative Humidity
There is always water in the air [9] but often the particles are so small they are unable to be seen by the human eye. Clouds are made of water and often release water droplets more commonly known as rain. 
Relative Humidity or RH as it is commonly known is the ratio of the amount of water vapour in the air and the amount of water vapour present in the air before the water vapour condenses, this is why relative humidity is expressed as a percentage. 
RH is overly sensitive to changes in the temperature, and this must be regulated in an explosive atmosphere to ensure there are no accidental firings. Humidity controls are put into place to ensure that static build up can not happen. The process works by the water vapor/moisture dissipating any static charge which builds up due to friction.

5. [bookmark: _Toc109222503]The role of water in various chemical processes 
5.1 [bookmark: _Toc109222504]Acid and Base Reactions
It was found the water has the ability to function as an acid and a base which therefore means it can be both a proton donor and a proton accepter depending on the conditions it is placed under. Water sits alone in the neutral section on the PH scale. Acids appear on the lower end of the PH scale ranging from 1-6 and can include items such as a car battery, stomach acid and vinegar. Bases appear on the upper end of the PH scale ranging from 8-14 and can include items such as household bleach, toothpaste, soapy water, and detergent. 
Acids are molecules that can donate a proton. Bases are molecules that can accept a proton.
Whilst acids and bases react with each other, Water in fact has the capability to react with itself. This happens in a process call autoionization or self-ionization [10]. This occurs when water molecules exchange protons with each other. This proton movement is shown in figure 3
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Figure 3 [10]
Whilst one water molecule acts as a base, the other acts as an acid. By doing this they create hydronium and hydroxide ions that then gives the equation of (H3O+) = (OH−) This occurs in pure water which is defined as water that is free from impurities like calcium and sodium which are found in tap water. The process to ensure water is pure includes degassing which is a process to remove dissolved gases like CO2 from liquids.
Degassing is similar to outgassing. The main difference being that outgassing occurred unintentionally whereas degassing is a process to remove the dissolved gases with intention.

5.2 [bookmark: _Toc109222505]Redox Reactions 
Redox stands for Oxidation and Reduction, also known as oxic and anoxic. This process involves a transfer of electrons between two species with the criteria stating that they will always occur simultaneously. There are oxidising agents and reducing agents, the oxidising agent is an ion or molecule that will accept electrons however the ion or molecule that will donate the electrons called the reducing agent. Commonly known as the abbreviation OIL RIG, standing for oxidation is loss and reduction is gain. Water molecules can be used as products and reactants in part of an atom’s redox reaction as a lot of reactions occur in aqueous solution.
6. [bookmark: _Toc109222506]The adverse effect of water on various OME related materials, articles, and processes.
As noted by Goliard Ruelas [11] if a substantial amount gets into the Gunpowder, it will cause problems as Potassium Nitrate is very highly water soluble, so it will dissolve then wash out completely from the mixture of Gunpowder. Therefore, making it unusable for any processes.
Gunpowder has a hygroscopic nature as told by Ajoy K.Bose [8], he continues by explaining that due to some ingredients in the mixture to make Gunpowder its use is restricted in moist weather, therefore putting it at a huge disadvantage. Despite this gunpowder is still used in ammunition regularly. The building humidity will be around 55% - 65%. Figure 3 contains results from a temperature and humidity progression to see the results on the moisture gain.
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Figure 4 [8]
6.1 [bookmark: _Toc109222507]Outgassing 
Outgassing is a release of gas that was trapped or absorbed into a material. When the gas is trapped in the material and the temperature rises, air and moisture heat up and expand which in turn increases the pressure and causes the outgassing to occur.
Outgassing occurs naturally and an example is the Limnic eruption of Lake Nyos in August 1986 where between 1,700 and 1,800 people died due to a pressure build-up of CO2 in the lake which ended up bursting into the air and poisoning animals and people nearby. [12]
Degassing is a technique in which gas is purposely removed from a material in order to avoid any pressure build up which is often used in magma.

[bookmark: _Toc109222508]6.2 Condensation Polymerisation Reactions
Condensation Polymerisation Reactions receive this name because they normally produce water and often occur in biological organisms. In the process, small molecules join together to produce a polymer and they lose a small molecule like water. 
One type of polymer is Cellulose. By nitrating Cellulose with sulfuric acid and nitric acid it creates nitrocellulose which is used as the main ingredient of Gunpowder.
Synthesis tests were done to show how nitrocellulose reacts with the ratio 2-3-3 for Nitric acid, Sulphuric acid, and Water. The results are shown in figure 5 [12].
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7. [bookmark: _Toc109222509]Moisture solving issues and solutions
When a process requires explosive, a clear and obvious solution to ensure the moisture ingress is kept to a minimum would be to have it written into the procedure that the explosives will not be exposed to the atmosphere from their sealed container until it is necessary and the exact time in that procedure which they are to be used. The less time spent in the atmosphere, the better.
Ensuring the explosive is wrapped in conductive and waterproof bags and containers would also aid in stopping any moisture ingress or accidental water damage.
Various issues will be classed as noise factors which are difficult to control such as environmental issues and weather. By maintaining the above suggestions and then implementing control factors such as relative humidity controls for the room where the explosive is stored and opened, it will not just limit any accidental firing but also ensure less moisture ingress from external sources.
Coating on the explosive or absorbent filler which make them more resistant to water will also aid in solving any ingress issues. 

8. [bookmark: _Toc109222510]Conclusion
From the report it appears that although explosives are linked and used in numerous ways in conjunction with water, they are not considered the best of friends and must be monitored wisely. 
Water will be an issue with regards to moisture ingress. The research from the report shows that there are ways to avoid and counteract this in ways such as sealing them as much as possible and only using them when necessary.
The overall conclusion to take away is that looking after the explosive is going to avoid any unwanted mishaps. If it is possible to get away doing a job without the explosive then you would negate the fact altogether but if it is a necessity then good storage, care, good control measures in place, and a potential coating could limit if not solve the majority of the moisture ingress or issues.
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9. [bookmark: _Toc109222512]Appendices 

Before completion of the report, research into other explosives such as TNT was completed but was not chosen to be included, although it has been shown below.
[bookmark: _Toc109222513]TNT
The focus of this report and the affects water has on any explosive material will be based around TNT which is also known as Trinitrotoluene. This has been chosen to gain an in-depth view into the genuine pros, cons and effects water has.
As shown in figure 2, TNT has a yellow colour and is seen in a solid state. As written by Abid Rafique [13], TNT has the formula C6H2(NO2)3CH3 or it may be written as 2,4,6- trinitrotoluene.
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Figure 6 [13]
Due to the long-term utilisation of TNT, there is a lot of contaminated soil around the world. This being the case has led to many studies and work being done on the effects this could have. One study was done with subcritical water. This was where contaminated soil mixed with water was added at increased temperatures. It was stated that the soil was 12% contaminated with TNT [14].
As stated previously by the student, the formula for Trinitrotoluene is C6H2(NO2)3CH3, this breaks down to show the molecular structure contains 7 carbon atoms, 5 Hydrogen atoms, 3 Nitrogen Atoms and 6 Oxygen atoms. This is displayed in figure 3.
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Figure 7 [14]
As provided by the technical fact sheet from the EPA [15], TNT has the following physical and chemical properties.
227.13 per mol – molecular weight
Boiling point – 240 c
Melting point 80.1 c
Henry’s Law Constant (atm-m3 /mol at 20o C) - 4.57 x10-7
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TABLE 21.4
Gunpowder Moisture Gain [2]

Temperature °C RH.%
26 75
25 90
30 90

Gain %

0.75
1.91
251
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