	
	
	



Technical Summary – Sensitivity & Safety Management
(To Accompany Group Presentation: AP/HTPB vs CL-20/GAP Rocket Propellants) 
LX Module Title Module Title – ACDA6020
Alex Lamdin
19th January 2026


Table of Contents
1. Introduction
2. Sensitivity Fundamentals
2.1. Sensitivity of an Energetic Material
2.2. Classifying Sensitivity
3. Energetic Sensitivity & Binders
3.1. Inherent Problems with Energetic Materials
3.2. Purpose of Binders
4. Material Overviews
4.1. AP/HTPB
4.2. CL-20/GAP
4.3. Final Comparison
5. [bookmark: _Hlk219666949]Conclusion - Effect of Energetic Sensitivity on OME Safety Management
6. References & Bibliography
7. Annex 1 – Group Presentation: “A Comparison of AP/HTPB and CL-20/GAP Rocket Propellants”

1. Introduction
Students on the OME Engineering course were tasking with researching and presenting on a topic relating to energetic chemistry and its wider implications within the OME industry and use. The cohort was split into groups, each of whom selected an appropriate topic from a given list or created their own with approval from the lecturer. The author’s group consisted of four colleagues from Dstl, and they chose to present on the topic of: “A Comparison of AP/HTPB and CL-20/GAP Rocket Propellants”.
This topic is particularly relevant to the current OME industry, where “tried and tested” substances, techniques and equipment is continually assessed against up-and-coming, new to market alternatives. In this case, Ammonium Perchlorate/ Hydroxyl-Terminated Polybutadiene (AP/HTPB) is the most common solid rocket propellant, having been in use for several decades and can be found in a wide variety of munitions. In the constant pursuit of technological advancement, industry is keen to explore the possibility of replacing it with a more powerful alternative. One such potential replacement is Hexanitrohexaazaisowurtzitane/Glycidyl Azide Polymer (CL-20/GAP), which offers an incredible potential power output, but with the drawbacks of cost, complexity and sensitivity. The presentation sought to compare the two materials, their chemical characteristics and the implications of their real-world use.
The presentation was split equally amongst the four students in the group, with each taking the section most suited to their knowledge and prior workplace experience:
· Student A presented “An Introduction to Rocket Motors and Comparing Propellant Performance”
· Student B presented “Syntheses of HTPB, GAP, AP and CL-20”
· Student C (the author) presented “Sensitivity & Safety Management”
· Student D presented “Stability of Rocket Motors”

This technical summary covers the content of the author’s section “Sensitivity & Safety Management”.


2. Sensitivity Fundamentals
2.1.	Sensitivity of an Energetic Material
If an Explosive/Energetic material is defined as: “A substance that, when subjected to certain external stimuli, undergoes a rapid chemical decomposition reaction, releasing a large amount of energy in the form of heat, gas, noise and pressure”, then the sensitivity of an energetic material can be defined as “The ease of which an energetic substance is initiated by an external stimuli.”
The stimuli that could initiate an energetic can be broadly classified into four categories: Mechanical, Shock, Electrical and Thermal. As such, this carries over to sensitivity:
· Mechanical Sensitivity is the sensitivity of an explosive to direct impact or friction.
· Shock sensitivity is the sensitivity of an explosive to shock, such as a nearby detonation.
· Electrical sensitivity is the sensitivity of an explosive to Electrostatic Discharge (ESD).
· Thermal sensitivity is the sensitivity of an explosive to temperature, such as its autoignition temperature or its ease of ignition via a flame/hot particulates.
Not strictly sensitivity, but highly related, is alto the ability of an explosive substance to self-sustain a reaction throughout its overall volume following its initiation.
Understanding the sensitivity of an energetic material to any of these stimuli strongly influences how an explosive substance is used and handled throughout its lifecycle.​ For example, the shock sensitivity needs to be known to determine an appropriate explosive train for initiation (in the case of a detonating explosive), but also to ensure that any transport container has appropriate shock mitigation to protect the explosive during shipping and handling.
2.2.	Classifying Sensitivity
To understand and apply energetic sensitivity to the OME lifecycle we need to be able to describe the sensitivity in a useful manner. Quantitively providing someone with a sensitivity figure (“Don’t expose that explosive to more than 100 Newtons of Friction”) is unlikely to provide any actual benefit, as the individual will struggle to understand what it actually means in practice. Explosives are also organic molecules, which means that the exact sensitivity will vary slightly between supposedly identical samples/items.
As such, sensitivity is generally described qualitatively. Rather than providing an exact figure for every stimuli, a rough description of an explosive’s sensitivity is used. In the UK, sensitivity is tested and described according to the Energetic Materials Testing and Assessment Policy (EMTAP) Manual of Tests. [1] This classifies sensitivity to a stimuli into one of three bands: “Comparatively Insensitive”, “Sensitive” and “Very Sensitive”. This allows users to have a decent understanding of a substances handling characteristics and any decisions stemming from them.
 
	Test​
	Very Sensitive​
​
	Sensitive​
	Comparatively Insensitive​

	Impact (BAM)​
(Threshold for 50% chance of ignition after 30 tests)​
	≤ 2 J​
	> 2 J but ≤ 10 J​
​
	> 10 J​

	Friction (BAM)​
(Threshold for 50% chance of ignition after 30 tests)​
	< 80 N​
	≥ 80 N but ≤ 360 N​
	> 360 N​

	ESD​
	Ignitions at 0.045J​
	Ignitions at 4.5J but not at 0.045J​
	No ignitions at 4.5J​


Table 1 – EMTAP Sensitivity Classifications [1]


3. Energetic Sensitivity & Binders
3.1.	Inherent Problems with Energetic Materials
The majority of energetic molecules are crystalline, which creates a fundamental issue when trying to minimize the sensitivity of an explosive compound or mixture. As crystals grow organically, they create jagged shapes, sharp corners, thin needles and brittle structures.​ These cause friction when multiple crystals contact one-another, are brittle and can snap or crack and have sharp corners which can collect electrostatic charge​. Their irregular shape also causes voids, which can lead to hotspots formation due to adiabatic heating. All of these contribute to the sensitivity of a material, and thus create problems when face with real world preparation, handling, storage and use.
[image: ]Fig. 1 – Energetic Crystalline Impacts
3.2.	Purpose of Binders
Polymeric binders, due to the nature of polymers, form large matrices or long chains. These are ideal for combining with an energetic material, as these large molecules surround the energetic crystals, preventing contact and providing cushioning between them. They reduce the shock transmitted to the energetic crystals with their lower modulus absorbing impact energy, whilst their plastic nature encapsulates defects and microcracks whilst filling voids and thus reducing the likelihood of hotspot formation due to adiabatic heating.
Whilst these seem like the perfect solution, there are potential drawbacks. If not cured correctly, or combined with an incompatible material, they themselves can cause voids or cracks​ within the mixture. They can become brittle over time, cracking and increasing the sensitivity, and can suffer from inadequate plasticity at low temperature.
However, in general, they provide a solution to the inherent problem of crystalline energetic molecules and when used correctly with appropriate consideration can vastly reduce the sensitivity of a composite mixture. Binders can also act as fuel, or in certain cases are energetic themselves, thus contributing to the performance of a given mixture.
[image: ]Fig. 2 Crystal Cushioning Provided by Polymeric Binder Molecules


4. Material Overviews
4.1.	AP/HTPB
Ammonium Perchlorate (Formula NH4ClO4) is a powerful inorganic oxidizer. Naturally it forms Orthorhombic, Acicular crystals, but as it is not an explosive itself, it isn’t hugely sensitive. It is usually classed as “Comparatively Insensitive” to Impact, Friction, Shock and ESD. It is reasonably thermally sensitive, with an autoignition temperature ~ 237°C, but is incapable of self-sustaining a reaction without a combustible fuel. [2,3,4,5]
HTPB (Formula C4H6O2) is an explosively inert binder. However, due to it containing Carbon and Hydrogen it burns well and is an excellent fuel. Being a polymer, it forms long chains of molecules and is highly elastic, or “rubbery”. This allows it to stretch and deform under mechanical stress, dissipating energy and reducing any transmitted shock through the material. [6,7,8,9,10]
When AP is combined with HTPB (and also often with aluminum to increase the available fuel), we have a complete (low/deflagrating) explosive mixture​. Unsurprisingly, the sensitivity of the complete propellant mixture is greater than that of the neat AP. In particular, AP/HTPB mixes can be “Very Sensitive” to friction, with recorded initiation as low as 54 N, but also as high as 99 N, this being highly dependent on particle size and mixture ratios.​ The particle size can also massively effect the burn rate, critical diameter and the mixture’s ability to self-sustain. [6,7,8,9,10,11]
	Stimuli​
	AP​
	AP/HTPB(/AL)​

	Impact​
	Comparatively Insensitive​
	Sensitive​

	Friction​
	Comparatively Insensitive​
	Sensitive - Very Sensitive *​

	Shock​
	Comparatively Insensitive​
	Comparatively Insensitive​

	ESD​
	Comparatively Insensitive​
	Comparatively Insensitive​

	Thermal​
	Sensitive​
	Sensitive *​


Table 2 – Sensitivity of AP/HTPB
4.2.	CL-20/GAP
CL-20 (Formula C6H6N12O12) is extremely powerful molecular secondary explosive, containing 6 Nitramine groups per molecule​.​ As such, it can be used as a detonating charge, however it can also be used within a composite propellant, with its extremely high energy density used to maximise the impulse​ generated by the rocket motor.
In its natural form it generated tetragonal crystals which are extremely brittle, and unsurprisingly when considering the energy density this makes it “very sensitive” to mechanical stimuli, with a rotter Figure of Insensitivity (FOI) of <20. Selective crystal control and milling have been shown to improve mechanical sensitivity​. It is also “Sensitive” to ESD​ and has a Low autoignition Temperature of ~ 136°C. [12,13,14,15,16]
GAP (Formula C3H5N3O) is a binder which is itself Energetic, containing Azide groups. This means it has a high energy content and contributes energy to the reaction, enhancing the performance of the composite propellant. It has a much higher Glass Transition temperature than HTPB​, and is prone to microcracking if not adequately controlled. It is also prone to voids during filling, although less so than pure CL-20. It is less sensitive than CL-20 in every regard, and has a lower autoignition temperature of ~ 242°C. [13,17]
When CL-20 and GAP are combined, this can be done traditionally (via mixing) or via crystal coating, which shows strong potential for further sensitivity reduction.​ The combination displays generally lower sensitivity than CL-20, however this is highly subject to: crystal size​, binder quality​ and moisture content. Of particular note is a large improvement in sensitivity to ESD. The complete mixture of far easier to handle than raw CL-20. [13,15,17]
	Stimuli​
	CL-20​
	CL-20/GAP​

	Impact​
	Very Sensitive​
	Sensitive – Very Sensitive​

	Friction​
	Very Sensitive​
	Sensitive – Very Sensitive​

	Shock​
	Very Sensitive​
	Sensitive​

	ESD​
	Sensitive​
	Comparatively Insensitive​

	Thermal​
	Sensitive​
	Sensitive​


Table 3 – Sensitivity of CL-20/GAP
4.3.	Final Comparison
AP/HTPB(/AL) is, in general, less sensitive to the majority of stimuli, however careful attention needs to be paid to the particle size during manufacture, as well as friction during assembly/handling. It is well understood and has been used for many years.​
CL-20/GAP is generally more sensitive than AP/HTPB propellants, however there is large amounts of ongoing research into ways to reduce its sensitivity due to the potential of utilising it’s vast energy content.
	Stimuli​
	AP/HTPB(/AL)​
	CL-20/GAP​

	Impact​
	Sensitive​
	Sensitive – Very Sensitive​

	Friction​
	Sensitive - Very Sensitive *​
	Sensitive - Very Sensitive ​

	Shock​
	Comparatively Insensitive​
	Sensitive​

	ESD​
	Comparatively Insensitive​
	Comparatively Insensitive​

	Thermal​
	Sensitive *​
	Sensitive​


Table 4 – Comparison of Sensitivity of AP/HTPB & CL-20/GAP.
*Highly Dependent on Component Particle Size


5. Conclusion - Effect of Energetic Sensitivity on OME Safety Management
In practicality, the selection of propellants for use within a service munition is subject to a huge variety of factors, such as unit cost, the quantity required and the production requirements (such as manufacturing infrastructure, synthesis complexity and lead time). However, understanding, and often minimising, the sensitivity of a propellant compound is vital to safely handling, storing and using the munition with minimal risk to your own personnel. By accurately characterising the sensitivity of an OME item, users can be informed and trained to minimize any handling risks.
Especially with higher performance munitions, the risks of a more sensitive substance have to be balanced against the benefits that it brings to the battlefield. Where the usage of a substance is deemed “worthwhile” due to providing clear advantages, risks must be managed and made ALARP through engineering, and informed handling.​
To summarise, “Traditional” AP/HTPB mixes are usually less sensitive and easier to handle and as such are more suited to mass manufactured general munitions.​ This is likely to continue for the foreseeable future unless any more suitable mixtures are found.
High performance CL-20/GAP mixtures are generally more sensitive. As such, whilst their use can be justified with (and their performance characteristics more suited to) high precision, specialist munitions (Such as Hypersonic Missiles), it is unlikely that the risk/balance case will allow for wider use until further developments in reducing its sensitivity.
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