

1. Introduction
Presentation title: Chemical Compatibility and Decomposition Pathways in Energetic Materials
Technical summary section to be reviewed: Stabiliser Chemistry. 
This technical summary will be reviewing the key concepts covered, any supporting technical explanations, as well as reviewing the relevance to OME lifecycle chemistry in the stabiliser chemistry section of the named presentation.
2. An introduction to stabilisers
[image: A white text on a white background

AI-generated content may be incorrect.]Slide 1 of this section describes explosive stability succinctly expressing ‘Explosive stability could be described as: An explosive material than can be transported, handled and stored under normal conditions without undergoing unintended initiation’ [1]. While slide 2 covers what stabilisers are and how they work, as chemical additives that impede the natural decomposition of energetic materials. As seen in figure 2 with the addition of the following information: 
Figure 2 Slide 2 of Stabiliser Chemistry Section [1] [2] [3]
The presenter explained some of the explosives found in the nitrate ester group consisting of: NG, NC, NQ, PETN, EDGN and ETN. An example of SEMTEX was used describing the use of PETN within SEMTEX. PETN is within the nitrate ester group of so is susceptible to the same degradation mechanisms, however PETN is much more chemically stable than the propellants in the same group due to the specific structure of PETN, this process is slower under normal conditions. 
It was highlighted that desensitising and stabilisation are chemically different mechanisms, where stabilisation is where chemicals are actively participating in chemical reactions, PBXs differ often though additives that ‘fill the gaps’ surrounding the explosive particles and then plasticisers that then make this new material malleable. Although it is still important to remember that some polymers found within PBX’s are susceptible to hydrolysis, a degradation mechanism stated earlier within the presentation [1] [2] [3].  


3. Common stabiliser types
Slide 3, figure 3, It was explained that the most used stabilisers for the nitrate ester group belong to the aromatics functional group. More specifically aromatic amines and aromatic urea derivatives. The amount used is typically 1-5% of the propellants mass. [4] [3]
[image: A black text on a white background

AI-generated content may be incorrect.]















Figure 3 Common stabiliser types [3] [4]

Again, plasticisers and binders were mentioned with a reiteration that the explosive compositions that utilize them are typically more chemically stable so don’t require the same mechanism of stabilization. Plasticisers can be explosive and both plasticisers and binders can go through their own separate age/storage related breakdown. 
4. Simplified Mechanism of Action
[image: A diagram of a reaction

AI-generated content may be incorrect.]A simplified diagram of the mechanism of action displayed on the slide seen in figure 4, although not an indicative representation the diagram displayed is an easy-to-understand, broad explanation of Figure 4 Slide 4 a simplified mechanism of action [2] [3] [4]



how the aromatic amines and aromatic urea derivatives previously mentioned interact with the nitrogen oxide radical breakdown products, this reaction forms what is known as stable daughter compounds. The molecules function like an antioxidant but not in the traditional sense for the nitrate ester group of explosives, however antioxidants are added to PBX’s and plastic explosives [2] [3] [4]. 
5. Case study
[image: A diagram of a chemical formula

AI-generated content may be incorrect.]The case study covered looked at nitrocellulose and stabilisers ethyl centralite (EC) and diphenylamine (DPA). To understand the reactions of EC and DPA there must firstly be an understanding of the breakdown process of nitrocellulose. Seen on slide 5, figure 5. Figure 5 Slide 5 NC decomposition process [3]

The NC decomposition process involves a series of complex reactions that produce nitrogen oxide, nitrogen dioxide and free radicals consisting of alkoxyl radical and methylene. The nitrogen oxides produced then react with the remaining moisture in the NC forming nitrous (HNO2) and nitric acids (HNO3). This is primarily thermolysis and hydrolysis, initiating in reaction 3&4 with propagation from reaction 5 onwards seen in figure 5. 

Slide 6, figure 6 explains in depth the absorption interaction between NC and DPA, with DPA bonded to the NC matrix.
A free radical alkoxy group originating from the NC, reaction 1 in figure 6, abstracts hydrogen from the amine group of DPA resulting in the formation of a stable ROH compound. An ROH compound is a compound containing a carbon-hydrogen chain within the hydroxyl functional group.  Another reaction forming stable N-nitroso diphenylamine (NNO-DPA) occurs through the reaction between the radical formed on the amine and nitrogen oxide, reaction 2 on figure 6. Additionally, the interaction between NO2 in NC and DPA forms nitramine, which is unstable and further degrades into derivative 2-nitro diphenylamine (2-NDPA). These daughter products can also act as stabilisers [3]. 

[image: A diagram of a chemical reaction

AI-generated content may be incorrect.]Ethyl centralite reacts with the nitrogen oxide species of breakdown products of NC by nitrosation with the nitro reactions like DPA, but the nitro substitution occurs with a preference for the ortho and para of the phenyl group, so where it is situated on the benzine ring, while a phenol group is a hydroxyl (-OH) group directly attached to a carbon atom in an aromatic ring. Figure 6 Slide 6 DPA Stabiliser [3]

[image: A diagram of a molecule

AI-generated content may be incorrect.]The depletion of EC will break an aromatic ring, and its molecules will be hydrolysed by water in an acidic medium simultaneously. Once this urea bond is split, monoaromatic derivatives will be formed, resulting in the formation of ethylaniline and the release of carbon dioxide (CO2) [3] this can be seen in figure 7, slide 7. Figure 7 slide 7 Ethyl Centralite stabiliser [3]

To conclude this section a comparison between the two stabilisers was performed and displayed on slide 8, figure 8. DPA is shown to be carcinogenic and ethyl centralite is less toxic during production and handling, there have been studies showing daughter products of EC are more toxic than DPA and vice versa. It was explained how EC increases thermal stability by increasing the activation energy while DPA works well without affecting performance, however due to the bonds formed between NC & DPA that can’t seem to be separated makes detection and future lifecycle monitoring difficult. A key point to note is that DPA can only be used with single based propellants due to its incompatibility with nitroglycerin. It was also highlighted that both stabilisers will be consumed over time, once it has all be consumed the normal degradation process will occur as [image: A blue and white chart with black text

AI-generated content may be incorrect.]explained by the colleague in ‘degradation mechanisms’, section one of the presentation. [5] [6] [7]Figure 8 slide 8 stabiliser comparison [5] [6] [7]

6. Lifecycle and Environment 
[image: A chart of different types of organisms

AI-generated content may be incorrect.]Figure 9, slide 9 demonstrates the the need and current push for ‘green stabilisers’ some studies have found mass bio accumilation in soild of both EC and DPA in the surroundings of military bases, this relivant to waterways due to the toxcity of both stabilisers to aquatic environments while DPA is an EU priority pollutant, EC still had longterm adverse affects [5] [6] [7] [8] [9] [10]. Figure 9 Slide 9, environmental impacts of stabilisers [5] [6] [7] [8] [9] [10]

7. Closing slide and overview. 
[image: A chart of different types of drugs

AI-generated content may be incorrect.]Figure 10, slide 10 shows a simple overview of what stabiliser to use when while highlighting the key point that these pairings may not always work, like DPA can only be used with single based propellants, not all stabilisers are compatible. This section was then handed to a colleague to continue the ‘compatibility testing methods’ section of the presentation [3] [4] [5] [11]. Figure 10 Slide 10, Overview [3] [4] [5] [6] [11]


This group did well to cover and explain the process from degradation to stabilisation and then to testing and monitoring, the simple explanations with a deep dive into nitrate esters was key to the easy to follow and understand the theories of the chemical reactions within the real-world environment of energetics. The whole presentation was clear and flowed well from one presenter to the next following the same pattern, so it was easy to understand. 
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