  ACDA6020 Chemical principals govern the lifecycle fo a munition - Synthesis




















By Daniel Garton 2219350
ACDA6020
2219350@student.uwtsd.ac.uk
Contents
1.Introduction	2
Table of figures	3
2. Manufacture of TNT (Trinitrotoluene)	3
3. Manufacture of RDX (Research Department Explosive)	4
4. Processing & Formulation: Melt Casting	5
5. Propulsion Chemistry	6
Nitrocellulose	6
Celluloid	6
Ball powder	7
Primary cartridge	7
Geometry	7
6. Conclusion	7
Bibliography	7

[bookmark: _Toc219047545][bookmark: _Toc219048959]1.Introduction
This report covers the chemical principles behind manufacturing of an energetic material. This is 1 section of 4 to cover the question “Energetic material lifecycle chemistry from synthesis to demilitarisation” apply to an 81mm UK HE mortar the L41 [1]. This report goes along with the presentation in Annex A.
This report covers the synthesis of TNT, RDX and propellants. And the process of taking the raw components to final product such as melt cast. 
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[bookmark: _Toc219047546][bookmark: _Toc219048961]2. Manufacture of TNT (Trinitrotoluene)
The formation of TNT is a 3-step process, the beginning ingredient is Toluene and mixed acids (nitric and sulfuric acid mixed). As shown below create MNT, DNT and finally TNT [2]. As you move right along this process the reaction becomes more unreactive and therefore higher temperature and acid strength is required. This is why DNT to TNT requires oleum (Sulfuric trioxide) to be used. The mixed acid crates No2+ ions which attack the benzene ring. The Benzene ring gives off a H+ ion and No2 joins the ring [3]. Each time this happens the ring becomes less reactive as ring has less electrons ready to react. This is why oleum and temperature is required to encourage the reaction.
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[bookmark: _Toc219048972]Figure 1-3 stage process
Below is the diagram of how TNT is often produced in industry. 3 reactors are used with the strongest acid is placed into reactor 3 and as it gets consumed in the reaction it becomes weaker but can still be used at the previous stage reaction. The product is moved from reactor 1 to reactor 3 leaving crude TNT at the end.
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[bookmark: _Toc219048973]Figure 2- Industrial TNT Reactor
Crude TNT is not ready to be used in manufacturing such as melt cast. Crude TNT contains 4% unsymmetrical isomers [2] which reduce purity. This contamination effects the melting point and can lead to sweating. Sodium Sulfite is used to wash the crude TNT this reacts with the isomers. This new Ion is soluble in water and the mix is washed with water washing away these isomers leaving red water and TNT. 
[bookmark: _Toc219047547][bookmark: _Toc219048962]3. Manufacture of RDX (Research Department Explosive)
As previously mentioned, TNT uses a process called nitration, RDX is synthesised using a process call nitrolysis [4]. Hexamine and nitric acid are used as the starting foundations. Hexamine is a cage like structure, the nitric acid attacks this structure breaking the carbon-hydrogen bonds.  These bonds are rearranged to make RDX. In industry there are 2 main ways of synthesising RDX, the Woolwich and the Bachmann’s. Woolwich was the process used by BAE systems Bridgewater [5]. The Woolwich process is typically more wasteful in terms of acid required but produces purer RDX type A whilst the Bachmann’s is more efficient with its ingredients it produces an RDX HMX mixture and has more complicated acid management systems.
RDX forms in crystals which have a high melting point, this often necessitates a binder to be used for ease of processing.

[bookmark: _Toc219047548][bookmark: _Toc219048963]4. Processing & Formulation: Melt Casting
Now that the 2 raw energetic materials used in the main fill of the L41 have been synthesised. They need to be combined and processed into the body of the munition.
Typically a melt cast explosive like Comp B uses roughly a 60/40 split TNT to RDX and 1% wax [1]. The TNT and binder acts as a carrier for the RDX to ease manufacture and increase safety. Once manufactured the TNT/wax carrier helps protect the RDX from detonation from stimuli the munition will experience during its lifecycle [6].
A steam jacket is used to melt the TNT which has a melting point of 80c and the RDX is added to the steam jacket and mixed. Once mixed the mixture is cooled in water to form granules. Granules are used across the industry to improve homogeneity and ease of decanting material.
The materials are now prepped for melt cast. The body of the munition and headers are preheated before the process begins. The TNT/RDX mix is put into a steam jacket to melt the TNT and take advantage of eutectic principal. The RDX crystals are in suspension within the melted TNT. This material is decanted into the body and then taking to the cooling bays.
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[bookmark: _Toc219048974]Figure 3- Melt cast defects
Cooling is a critical safety and quality factor for the munition. If the explosive is not cooled correctly Shrinkage, voids, micro tears and separation can occur. These features are critical to the characteristics of the explosive fill. To control the cooling the filled bodys are placed in an oven and are slowly brought to ambient, a cooling probe is injected into the fill and slowly overtime draws out of the fill, controlling the solidification front. A header is used so that there is excess material to fill in the gaps as the material contracts as it cools. The cooling rate also affects the size of crystals formed.

[bookmark: _Toc219047549][bookmark: _Toc219048964]5. Propulsion Chemistry
The propulsion system of the L41 consists of a double base propellant primary cartridge and 6 augmenting charges which are nitrocellulose casings with ball powder (Single base) [1].
[bookmark: _Toc219048965]Nitrocellulose
The process begins with cotton linter with is nitrated using the mixed acid, this process determines the energetic properties, It has unstable residue from the nitration process [7]. The esterified cellulose goes through hydrolyse to break down the unstable residue. A long boil of 60-100hrs [8] to remove the sulphate and nitrate esters which stabilises the NC
[bookmark: _Toc219048966]Celluloid
The manufacturing of celluloid uses the NC just produced and is stabilised and shaved into sheets. [9]
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[bookmark: _Toc219048975]Figure 4- Celluloid flow chart
[bookmark: _Toc219047550][bookmark: _Toc219048967]Ball powder
1. NC(Nitrocellulose) is dissolved in Ethyl Acetate
2. Chalk and DPA (Diphenylamine) is added to the lacquer which acts as stabilisers.
3. This is poured into a reactor with water and agitated to form droplets
4. Animal glue it added to stabilise the droplets, without the glue the droplets would combine again. Higher glue concentration means faster surface coverage and smaller droplets.
5. Sodium sulphate is used to remove water from the mixture
6. This is distilled off leaving single base grains.
[bookmark: _Toc219047551][bookmark: _Toc219048968]Primary cartridge
The primary cartridge uses double base propellant which is nitrocellulose and nitro-glycerine. This is created in by mixing the two components in water, NG (Nitroguanidine) is hydroscopic so reacts with NC to create double base propellant.
[bookmark: _Toc219047552][bookmark: _Toc219048969]Geometry 
The issue with ball powder is that as the grains burn the surface area decreases which means the burn rate decreases. To combat this a concentration grade is created with in the grains to even the burn rate. This is completed by the grains being heated in a tumbler, DBP diffuses into the outer surface of the grain. DBP is an inert plasticiser creating the concentration scale [9].
[bookmark: _Toc219047553][bookmark: _Toc219048970]6. Conclusion
This report has summarized the synthesis of raw components and processing of the material into the L41 81mm mortar dictated by key chemistry principles. 
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Annex
Group presentation
https://d.docs.live.net/9ceb376912945250/Documents/Uni/Advanced%20Chem/Advanced%20Chemistry%20Group%20Presentation.pptx
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