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I.

Abstract

Chemical principles were evaluated as the governing framework for energetic material
performance across the munition lifecycle, with emphasis placed on the design stage and
the mechanisms of energy release. A conventional 81 mm mortar bomb was used as the
reference system to anchor how chemical behaviour maps to fuze initiation, main fill
detonation, propellant deflagration, and casing break-up. The First Law was used to
frame the fixed energy budget for an event through AU = Q@ — W, and to justify the use
of TNT equivalence and warhead energy partitioning approaches for estimating the
balance between casing work and blast output. The Second Law was used to explain
irreversibility and efficiency limits through entropy increase during conversion of an
ordered solid into hot gases and fragments. Composition-driven effects were treated using
CHNO thermochemistry, oxygen balance as a predictor of product set and temperature
potential, and heats of formation to estimate heat of explosion Qin k] - kg~*. Product-gas
behaviour was linked to equations of state and hydrocode modelling as the route from
chemical energy release to pressure histories, casing fracture, and fragment velocity. The
overall conclusion was that chemical principles set the achievable performance envelope,
while real munition behaviour is shaped by platform constraints, variability, ageing,

safety requirements, and end-of-life considerations
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1. Individual Technical Summary Group Specification
The group brief was to:
“Critically evaluate how chemical principles govern the entire lifecycle of key
energetic materials, from synthesis and energy release to degradation and

environmentally compliant disposal.”

On the introductory figures (Figures 1, 2), the lifecycle was divided into design,
manufacture, in service behaviour, and disposal. This contribution covered the design

stage, focusing on the question:

“How do chemical principles that govern energy release constrain and enable

munition design?”

The Question

1. Energetic Material Lifecycle Chemistry — From

Synthesis to Demilitarisation (4 people)

Critically evaluate how chemical principles govern the
entire lifecycle of key energetic materials, from synthesis
and energy release to degradation and environmentally
compliant disposal.

Slide 2 of 52

Figure 1— The Group Question
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Munition Life Cycle

% Libbie Bus
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Design Manufacture In Service Disposal
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Figure 2 — Munition Life Cycle

A conventional 81 mm mortar bomb was used as a reference system (Figure 3). Its body,
fuze, tail, and main fill illustrated how the chemistry of energetic materials is linked to

component level design, although the system is referred to more generally as “the

munition” in this summary.
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The Munition: 81 mm Mortar

Main Fill

A typical 81mm Mortar will be used as the example
throughout this lifecycle presentation.

Slide 4 of 52

Figure 3 — The Munition: 81lmm Mortar [1] [2]

2. Thermodynamic framing
Energetic behaviour was first linked to the laws of thermodynamics (Figure 4). During
burning, deflagration, or detonation, chemical bond energy is converted into heat, high
pressure gas, and mechanical work on the surroundings. In the munition, this work
appears as blast loading and case fragmentation. The First and Second Laws provide the

basic rules for these transformations and must be satisfied in any realistic design [3].




ENERGY RELEASE CHEMISTRY IN MUNITION DESIGN

Energetics

&

chemical energy — heat — pressure — mechanical work.

CHy

OsN NO,

=

>

NO,

Laws of Thermodynamics in

Laws of thermodynamics describe how energy behaves in physical systems.

Understanding these laws is essential for:

Predicting energy transformations
during rapid decomposition of
explosive materials.

Designing munitions that
deliver controlled, repeatable
energy release.

Slide 6 of 52

Figure 4 — Laws of Thermodynamics in Energetics

Ref: [1], [2]

The First Law was then applied using the example in Figure 5. The internal energy of the

system is the heat released by reaction minus the mechanical work performed.
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First Law, Work & Heat in
Explosives

Example: 8 Imm Mortar TNT, energy left once

. . case has fragmented
First Law of thermodynamics:
energy cannot be created or destroyed, only transferred or 14 Mr(1 — Mc)
converted from one form to another Wb =119 [T] ¢

AU=Q-WA - change in internal energy of the explosive +
products Mr = Mass Ratio = Case
Q - heat supplied to the system

W - mechanical work done by the system on its
surroundings

Case mass
Charge Mass
C = Mass of Charge
Mc = whole confinement

In an explosive event, chemical bond energy is converted Mr=2=18/09

into internal energy; expanding gases then perform ]':;:_0?
mechanical work on the case and the air. €=

. ) . 1+2(1-1)
For gas expansion against external pressure: a large Wb =119|—————=| 0.9
increase in volume at high pressure gives a large amount of 1+2

work available for blast and fragmentation.

m Wb = 0.357 BarechargeTNTe
Ref: [1], [3]

Slide 7 of 52

Figure 5 — First Law, Work & Heat in Explosives

For an explosive this means that the reaction enthalpy is divided between the internal
energy of the products and the PAV work that breaks and accelerates the case and drives
the blast wave. This is the basis for TNT equivalence. For a 0.9 kg TNT filled munition,
the available chemical energy is 0.9 kg TNT equivalent. Empirical relationships from [4]
Warheads were used to show how part of this energy is consumed in case fragmentation

and how the remaining TNT equivalent is then used in blast calculations [3].

The key point is that design does not change the total energy, it only changes how a fixed

amount of chemical energy is split between different effects.
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3. Reaction mode: deflagration versus detonation
The mode of energy release was then considered (Figure 6). Deflagration was described
as a subsonic surface reaction controlled mainly by heat and mass transfer, often with
atmospheric oxygen involved in the case of tail propellants. Detonation was defined as a
supersonic shock supported reaction front moving through the energetic mass, with

reaction occurring in the high-pressure products behind the shock [5].

Detonation vs Deflagration

Detonation: Supersonic, shock-supported reaction Deflagration: Subsonic surface reaction;
front; energy transfer via compression waves; near- heat/pressure diffusion governs rate. Confinement
constant VoD for a given explosive and density. increases burn speed but no internal shock.
Peak Peak
overpressure overpressure
— Detonation ,\1 51 Deflagration
£ process E process
= i
o g
2 Z
z Ambient pressure 2 Ambient pressure
: VAR A VA
0

Distance — — — —# Distance — — — -»

Transition medhanisms: Burning-to-Detonation (BTD) or Shock-to-Detonation (SDT). A critical
diameter and effective coupling are required for takeover.

Slide & of 52 Ref: [4], [5]

Figure 6 — Detonation vs Deflagration

Whether a given formulation and geometry will detonate or only burn depends on
reaction kinetics, critical density, critical diameter, crystal microstructure, and
confinement [6]. Burning to detonation transition occurs when a confined deflagration
accelerates until a self-sustaining detonation forms. This behaviour is required in the fuze
train where a small initiating stimulus must reliably drive the booster and main fill, but it

is unacceptable in the propellant bed where only controlled deflagration is required. Fill
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selection and charge layout must therefore ensure that detonation occurs only in the

intended parts of the munition [7].

4. Second Law, entropy, and efficiency
The Second Law was linked to explosive performance through entropy, with an
illustrative hot to cold system shown in Figure 7 [3]. Entropy was described as a measure
of how widely energy is spread within a system. Heat flows from hot to cold increasing

total entropy; the reverse process does not occur without external work.

Second Law, Entropy &
Explosive Efficiency

the total entropy, or disorder, of a closed system can only increase over time

» Heat flows naturally from the hot block to the cold block.

AQ » As this happens, energy that was concentrated in the hot block becomes
T, st T more spread out between both blocks.
i Transfer x

(Hot) | | (cold) » That spreading-out of energy is what is called an increase in entropy.

AS = Entro -AQ » The process doesn't reverse by itself as you never see heat flow from cold
T to hot without doing work, which is the essence of the Second Law.

In Energetics:
» Detonation turns an ordered solid into hot gases and moving fragments, so the energy becomes much
more spread out and the entropy increases.

» Some of that energy appears as organised motion (blast, fragment velocity); the rest goes into heating
gases, air and fragments in a highly irreversible way.

» Indesign we care how much of the total chemical energy feeds the desired damage mechanisms, within
the limits set by this unavoidable spreading-out of energy.

Ref: [1], [6]

Slide 9 of 52

Figure 7 — Second Law, Entropy & Explosive Efficiency

In a detonating munition, an ordered crystalline solid is converted into hot gases and
moving fragments [7]. Energy is spread over many degrees of freedom and entropy

increases. Only part of the reaction enthalpy appears as organised motion, such as
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fragment kinetic energy and blast impulse. The rest appears as random thermal motion
and irreversible heating of products, air, and casing [5], this affects design. If natural
fragmentation alone is relied on, variations in material flaws and local stresses can cause
large shot to shot differences. The use of preformed fragments was highlighted to control
how energy is channelled into fragments, while accepting that the overall increase in

entropy cannot be avoided.

5. Oxygen Balance & Thermochemistry
The link from molecular structure to products and energy density was made through
oxygen balance and thermochemistry (Figures 8 and 9). Oxygen balance shows whether a
CHNO explosive has enough oxygen to convert all carbon to carbon dioxide and all
hydrogen to water [8]. TNT has a strongly negative oxygen balance and is oxygen
deficient, its idealised products include carbon monoxide and solid carbon as well as
carbon dioxide, water, and nitrogen. Fuel rich compositions tend to be more stable and
easier to process but have lower flame temperature and lower specific energy.
Compositions with near zero or slightly positive oxygen balance give hotter gases, higher
detonation pressures, and greater specific energy, but usually higher sensitivity and more

demanding insensitive munitions performance [3].
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Oxygen Balance & Product

Composition

Oxygen balance (OB) indicates whether there is enough
oxygen in the molecule to fully oxidise C and H to CO=2
and H20:

b
d—2a—i

=
MW

x 1600

TNT has a strongly negative OB — oxygen-deficient (-
74%). products include CO and solid carbon.

Design consequences:

» Fuel-rich explosives: slightly lower flame temperature,
more soot and CO, often reduced sensitivity and good
casting behaviour.

» Near-zero or slightly positive OB formulations: hotter,

cleaner gases and higher performance, but usually
more sensitive.

Slide 10 of 52
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Example: TNT

Products of TNT = C;Hs5N3O¢

C7HsN3 045
2.5 Hy0) + 35 COpgy +3.5 Cy + 15 Ny

d-2a-7
RZTXISDD
6—14—%
= e— = — 0,
227 1600 74%

Ref: [2], [7]

Figure 8 — Oxygen Balance & product Composition

Thermochemistry of CHNO

Explosives

+ Thermochemistry turns the OB formula into a
numerical energy per kg, using heats of
formation and product rules.

« That specific energy is the chemical fuel for the
detonation: it sets the upper limit on product
temperature, pressure and PAV work.

+ Comparing Q (kJ-kg™1) between explosives
allows the rank of fills by energy density and
see what extra performance we gain over TNT.

+ The same thermochemical data feed into EOS
and hydrocode models, so this is the link from
molecular structure — predicted blast and
fragmentation.

Slide 11 of 52

Product Energy Qutputs

A H k) mal)
TNT -26.10
ROX +H52 00
O 000
(R -393 50
(S 1150
HA 241 80
Mo 000
[ 000

Compound

€7Hs Ny gy = 25 Hy 0y + 3.5 COgpy +3.5 €y + 15 Ny
+ Q = [(AH; Products) — (AH;Reactants)|
~Q = [(AH;H,0 + AH;CO) — (AH; TNT)]
#Q =[(25 x (—2418) + 35 x (—1105) — (—62.10)]
=~ Q =[(—991.25) - (~26.10)] = —965.15k/mol
MWint = (84077 +5.040 + 42,021 + 95994] =227.132gmol "

_ AHf; X 1000  (—965.15 x 1000}
- MW - 227

= —4251 kjkg~"

Ref: [6], [8]

Figure 9 — Thermochemistry of CHNO Explosives
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Using elemental composition and product rules, such as the Kistiakowsky—Wilson and
modified Kistiakowsky—Wilson schemes, balanced detonation equations can be written.
These, combined with tabulated heats of formation, give the heat of explosion

Q in kJ-kg™". This value defines the chemical energy available to raise the product
temperature and pressure and to provide PAV work [9]. Thermochemical results are then
used as inputs to product gas equations of state, such as JWL, and to hydrocode models
that predict blast loading, case fracture, and fragment velocity for a given munition

design [10].

6. From chemistry to Munition Design
Figures 10 and 11 showed how these principles map onto the components of the
munition. Sensitivity and critical diameter were associated with the fuze, which must turn
a small initiating stimulus into a reliable detonation in the main fill while remaining safe
in storage and handling. Heat of formation, oxygen balance, detonation velocity, and
critical diameter were associated with the main fill, which must generate enough pressure
and energy to fragment the body within the space allowed by the system geometry. Heat
of combustion, burn rate law, and gas equations of state were associated with the tail
propellant, which must deflagrate in a controlled manner to launch the weapon without

structural failure and without unintended transition to detonation.
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Sensitivity & critical diameter (chemical
structure — initiation physics)

+ Molecular structure, formulation and
microstructure set how easily an explosive

responds to impact, friction, heat and shock.

+ These same factors control the critical
diameter - the smallest charge size that can
sustain a detonation instead of quenching.

+ Together they define whether a given
explosive will actually support a stable
detonation wave in the geometry the
designer wants.

Slide 12 of 52

Chemistry to Physics Linkages

Confinement & geometry (charge layout
— pressure and fragmentation)

+ Casings, liners and surrounding structures
constrain expansion, turning chemical
energy into pressure histories that drive
case fracture.

+ Charge shape and wall thickness influence
wave focusing, fragment mass and spray
pattern.

+ S0, the way the chemistry is packaged

decides how the physics of the blast and
fragmentation actually look.

Ref: [5], [9]

Figure 10 — Chemistry to Physics Linkages

Blast/Frag -

Heat of formation,

oxygen balance,
det theory (VoD)

From Chemistry to Munition Design

Sensitivity,
Critical Density,

IGUSELICRIIIN Def-to-Det, blast-

P(r:opl'.:llsi"ond- Dotenat - BTD burn front
ontrolle etonation
deflagration \.

Propellant Main Fill Fuze

Heat of
Combustion, burn
rate, gas EoS
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Governs All:

1st Law - energy conserved: AU = Q — W, sets total energy available and
PAV work.

2nd Law - entropy increases, processes are irreversible once energy is
spread out.

Ref: [5], [10]

Figure 11 — From Chemistry to Munition Design
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Candidate fills were compared in Figure 12, including TNT, Composition B, Octol, and
polymer bonded explosive formulations. Higher RDX or HMX content generally
increases density and specific energy, which increases detonation velocity and detonation
pressure. However, higher crystal energy and different microstructures can increase
sensitivity and reduce tolerance to high acceleration launch environments [11]. TNT
based fills therefore remain attractive for many gun launched munitions due to robust

processing and survivability under launch, even when higher performance formulations

exist [12].

Possible Compositions

Basic Complexity Complex

Comp B (RDX/TNT  Octol (HMX/TNT) PBX (e.g.,
RDX/GAP)

60,/40)

Sensi;.‘i\-'ity.-f / Processabili %mi:qwitvfl;i’m?;abi" Sensi:qivity.-fl' “Processabili
ty
TNT Comp B (RDX/TNT Octol (HMX/TNT) PBX (e.g., RDX/GAP)
low cost; ubiquitous supply 60/40) + Higher material/quality + Higher program cost &
Lower VoD/PC] — softer frag + Good cost-to-effect cost cycle time
Wide, forgiving melt-cast balance + \Very high performance + High potential performance
window + Higher VoD/PC] — strong (frag driver) (formulation-dependent)
* Moderate sensitivity; not IM=- frag + blast +  Melt-cast but tighter * Harder processing:
focused *  True melt-cast; familiar thermal window mix/degas/cure required
Extremely mature & well- QA/controls +  Hotter/more brittle in + Strong IM behaviour
understood * Risks: exudation/voids — service possible
manage via PSD & purity + Solid data, less ubiquity +  Program specific
B A E s Ys T E M s + Broad service pedigree than Comp B maturity /standards

Slide 14 of 52

Figure 12 — Possible Compositions
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7. So What?

The original question asked how chemical principles govern the lifecycle of energetic
materials. From a design and energy release perspective, those principles define the

design envelope for munition effectiveness.

Thermodynamics constrains the total energy budget and direction of change through
relations such as AU = @ — W. Thermochemistry, oxygen balance, and kinetics define
how much energy can be released, which products are formed, and how quickly release
occurs, which then governs pressure generation and PAVwork. Sensitivity, critical
diameter, confinement, and coupling determine whether release proceeds as controlled
deflagration or detonation, and therefore whether the required blast and fragmentation

outputs are achieved within safety and insensitive munitions limits.

Real behaviour deviates from idealised theory due to geometry, manufacturing variation,
ageing, and model assumptions. The same chemistry that governs energy release also
influences stability and degradation, so design choices affect storage, demilitarisation,

and environmentally compliant disposal.

8. Conclusion
This concludes that ideal behaviour implied by theory is rarely observed in full. Real
systems are constrained by weapon system, available mass and volume for energetic
material, cost, safety policy, manufacturing capability, and demilitarisation routes. The

design question is typically framed as follows: The space and mass available for
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energetic fill are fixed and a required performance level is specified, the formulation and
configuration that will deliver that performance must then be selected while remaining
compliant with mechanical constraints, safety requirements, and lifecycle limits.
Thermochemical calculations, equations of state, TNT equivalence, and empirical
warhead design curves provide the technical basis for this selection, but survivability
under launch, ageing behaviour, insensitive munitions compliance, and disposal
feasibility must also be accommodated.

This results that chemical principles do not only describe energy release, they set the
outer bounds of what is physically achievable for a given warhead concept. Within those
bounds, engineering judgement and system constraints determine the compromise
between performance, robustness, and lifecycle burden. In that sense the chemistry of
energetic materials governs not only how a munition functions in analysis, but also how

its design is shaped to remain effective, safe, and manageable throughout its lifecycle.
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The Question

1. Energetic Material Lifecycle Chemistry - From Synthesis to

Demilitarisation (4 people)
Critically evaluate how chemical principles govern the entire
lifecycle of key energetic materials, from synthesis and energy
release to degradation and environmentally compliant disposal.

Shide 2 of 52
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The Munition: 81 mm Mortar

Main Fill Fuze

A typical 81mm Mortar will be used as the example throughout this
lifecycle presentation.

Design

How do chemical principles govern energy release that
effect munition design?

Owen Miller

BAE SYSTEMS

Shide 5 of 52
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Laws of Thermodynamics in Energetics

Laws of thermodynamics describe how energy behaves in physical systems.

chemical energy » heat - pressure » mechanical work.

CHy
OsN | N NO, "
o
NO, !
Understanding these laws is essential for:

Predicting energy transformations Designing munitions that deliver
during rapid decomposition of explosive controlled, repeatable energy
materials. release.

Ref: [1], [2]
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First Law, Work & Heat in Explosives

Example: 81mm Mortar TNT energy left once

g case has fragmented
First Law of thermodynamics:
energy cannot be created or destroyed, only transferred or converted 1+ Mr(1 — Mc)
from one form to another Wb =1.19 [—] C

1+ Mr

AU=Q-WA - change in internal energy of the explosive + products Case mass
Q - heat supplied to the system Mr = Mass Ratio = Caseli
W - mechanical work done by the system on its surroundings Charge Mass

C = Mass of Charge

In an explosive event, chemical bond energy is converted into internal Mc = whole confinement

energy; expanding gases then perform mechanical work on the case and

the air. Mr=2=18/09

C=0.
For gas expansion against external pressure: a large increase in volume Mc=1
at high pressure gives a large amount of work available for blast and
fragmentation. Wb = 1.19 M
142

Wb = 0.357 BarechargeTNTe
BAE SYSTEMS
Ref: [1], [3]

Slide 7 of 52
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Detonation vs Deflagration

Detonation: Supersonic, shock-supported reaction front; energy Deflagration: Subsonic surface reaction; heat/pressure
transfer via compression waves; near-constant VoD for a given diffusion governs rate. Confinement increases burn speed
explosive and density. but no internal shock.

Peak Peak
overpressure overpressure
ﬁ1 . Detonation ﬁ1 o Y Deflagration
E process £ process
8 L
L @
5 5
2 Ambient 2
4 mbient pressure 8 ssure
ol o
0 Ot =
Distance — — — —» Distance — — — —»

Transition mechanisms: Burning-to-Detonation (BTD) or Shock-to-Detonation (SDT). A critical diameter and effective
coupling are required for takeover.

o8 of52 Ref: [4], [5]

Second Law, Entropy & Explosive
Efficiency

the total entropy, or disorder, of a closed system can only increase over time

* Heat flows naturally from the hot block to the cold block.

AQ * Asthis happens, energy that was concentrated in the hot block becomes more spread
g out between both blocks.
i reantfes] L
* That spreading-out of energy is what is called an increase in entropy.
(Hot) ] l (Cold) P g 8y Py
AS = Entropy = A-:-: * The process doesn't reverse by itself as you never see heat flow from cold to hot without

doing work, which is the essence of the Second Law.
In Energetics:

Detonation turns an ordered solid into hot gases and moving fragments, so the energy becomes much more spread out and
the entropy increases.

Some of that energy appears as organised motion (blast, fragment velocity); the rest goes into heating gases, air and fragments
in a highly irreversible way.

In design we care how much of the total chemical energy feeds the desired damage mechanisms, within the limits set by this
unavoidable spreading-out of energy.

Side 9 of 52 Ref: [1], [6]
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molecule to fully oxidise C and H to CO, and H,0:

d—Za—g
Q-WXIGDO

TNT has a strongly negative OB -+ oxygen-deficient (-74%). products

include CO and solid carbon.

Design consequences:

* Fuel-rich explosives: slightly lower flame temperature, more soot

and CO, often reduced sensitivity and good casting behaviour.

* Near-zero or slightly positive OB formulations: hotter, cleaner
gases and higher performance, but usually more sensitive.

Slicde 10 of 52

Thermochemistry turns the OB formula into a numerical
energy per kg, using heats of formation and product
rules.

» That specific energy is the chemical fuel for the
detonation: it sets the upper limit on product
temperature, pressure and PAV work.

+ Comparing Q (kJ-kg™") between explosives allows the
rank of fills by energy density and see what extra
performance we gain over TNT.

* The same thermochemical data feed into EOS and

hydrocode models, so this is the link from molecular
structure + predicted blast and fragmentation.

Slide 11 of 52

Oxygen balance (OB) indicates whether there is enough oxygen in the

Thermochemistry of CHNO Explosives......

Oxygen Balance & Product Composition

Example: TNT

Products of TNT = C;HsN;O0g

C7HsN3Og5)
> 2.5 Hy0(g) + 3.5 CO(g) +3.5 C5) + 15 Ny(q)

d—2a—%
=———£ %1600
MW
6—14—52’
Q—TX 1600 = —74%

Ref: [2], [7]

Compound AH (kl'mol)
Table &3 Modified Kistiakiesky— Wilsom rales INT 2610
Tate we. Conditions EDX +62.00
1 rogen aioms aeecovvened i wales Cm 00.00
3 e gl O -393.50
‘ i commenod 1o nitregen gis, N COw -110.50
HO -241.80
My 00.00
Oy 00.00

CH5N3Og(s) — 2.5 Hy0gy + 3.5 CO(gy +3.5 C5) + 1.5 Nygy
% Q = [(AHProducts) — (AHyReactants))|
+ Q = |(AHyH,0 + AHpCO) — (AHFTNT))
«Q = [(25 % (—241.8) + 3.5 x (—110.5) — (—62.10)]
& Q = [(—991.25) — (—-26.10)] = —965.15k/mol ™!
MWtnt = [84‘;0?? +5040 + 42021 + 9569941 =227.132gmol ™!

_ AHfg X 1000  (-96515X1000) ... .
=T aw 227 = Jkg

Ref: [6], [8]
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Sensitivity & critical diameter (chemical structure +
initiation physics)

+ Molecular structure, formulation and microstructure
set how easily an explosive responds to impact,
friction, heat and shock.

» These same factors control the critical diameter - the
smallest charge size that can sustain a detonation
instead of quenching.

» Together they define whether a given explosive will

actually support a stable detonation wave in the
geometry the designer wants.
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Propulsion - Blast!Frag‘;
Controlled Detonation
deflagration \

g Propellant Main Fill

Heat of Combustion,
burn rate, gas EoS

Heat of formation,
oxygen balance, det

theory (VoD) 8TD

Chemistry to Physics Linkages

Confinement & geometry (charge layout + pressure
and fragmentation)

* Casings, liners and surrounding structures constrain
expansion, turning chemical energy into pressure
histories that drive case fracture.

» Charge shape and wall thickness influence wave
focusing, fragment mass and spray pattern.

* So, the way the chemistry is packaged decides how

the physics of the blast and fragmentation actually
look.

Ref: [5), [9]

From Chemistry to Munition Design

Sensitivity, Critical
, Def-to-Det,

Densi

Wttt blast-burn front

J

Fuze

Governs All:

1st Law - energy conserved: AU = Q - W, sets total energy available and PAV work.

2nd Law - entropy incr

BAE SYSTEMS

Slhide 1306 52

es, processes are irreversible once energy is spread out.

Ref: [5], [10]
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Possible Compositions

Basic Complexity Complex

TNT Comp B (RDX/TNT 60/40) Octol (HMX/TNT) PBX (e.g., RDX/GAP)

Cost Cost Cost Cast
5 5 . 5 o
‘ g 4
q .1 a
wa-un‘ - Blast Maturity Blast Maturity 'Bhu Maturity : Blast
Sensi tiveryAM P il ! il itivi Processability SensitiviyIM Processabiliy
TNT Comp B (RDX/TNT Octol (HMX/TNT) PBX (e.g., RDX/GAP)
+ low cost; ubiguitous supply 60/40) + Higher material/guality + Higher program cost &
«  Lower VoD/PC] — softer frag  + Good cost-to-effect cost cycle time
+  Wide, forgiving melt-cast balance + Very high performance + High potential performance
window + Higher VoD/PCJ — strong (frag driver) (formulation-dependent)
« Moderate sensitivity; not IM- frag + blast + Melt-cast but tighter + Harder processing:
focused «  True melt-cast; familiar thermal window mix/degas/cure required
+ Extremely mature & well- QA/controls + Hotter/more brittle in « Strong IM behaviour
understood « Risks: exudation/voids — service possible
manage via PSD & purity + Solid data, less ubiquity + Program specific

+ Broad service pedigree than Comp B maturity/standards
BAE SYSTEMS

Ref:[11],[12]
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So What?

Chemical principles set the design envelope: AH', oxygen balance, kinetics, sensitivity and EOS fix how much energy a fill can
release, at what rate, and in which mode (burn, deflagration, detonation).

* Engineering works inside that envelope: case geometry, confinement and explosive train tune how much of that energy becomes
useful blast/fragmentation versus other channels, balancing performance against safety and IM requirements.

*  Models have limits: TNT-style thermochemistry, constant-P/constant-V assumptions and ideal product rules are approximations -
real munitions see non-ideal products, gradients, manufacturing variation and ageing.

* Lifecycle link: the same chemistry that governs energy release also controls stability, degradation pathways and toxic products, so
choices made at design must support safe storage, use, demilitarisation and environmentally compliant disposal.

Slhide 150 52
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You demonstrate excellent engagement with the
literature

across both the presentation and the written
reflection. Sources are

appropriate, credible, and clearly relevant to energetic
materials and munition

design, with strong use of authoritative textbooks,
standards, and

peer-reviewed material. Literature is not simply cited
but used to support and

frame technical arguments, particularly in relation to
thermodynamics,

thermochemistry, and lifecycle considerations.

Minor improvements are needed in referencing
precision. A

small number of references contain formatting
inconsistencies, and one acronym

(JWL) is used without being defined on first
appearance. These are technical

issues rather than conceptual weaknesses, but
attention to such detail is

expected at this level,

Knowledge and Understanding 18/20

Your work shows a very strong and confident
understanding of

the chemical principles governing energy release in
munitions. Thermodynamics,

oxygen balance, entropy, and thermochemistry are
applied accurately and with a

depth that exceeds typical L6 expectations. Key
distinctions, such as

deflagration versus detonation, are explained clearly
and correctly, supported

by well-chosen diagrams and equations.

Importantly, the chemistry is not presented in
isolation but
is consistently linked to real munition systems,



demonstrating sound
disciplinary understanding rather than abstract theory.

Cognitive and Intellectual Skills 23/25

This is a major strength of the submission. You move
well

beyond description into clear analysis and evaluation,
showing how chemical

principles constrain, enable, and shape munition
performance across the

lifecycle. The discussion of entropy and efficiency is
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the treatment of oxygen balance and product
composition shows a high level of

conceptual clarity.

The presentation and reflection are both structured
around a

clear analytical question, which is addressed logically
and answered

convincingly. Your responses to questions further
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understanding and the ability to think critically under
pressure.

Practical Application Skills 23/25

You apply chemical principles very effectively to
practical

munition design, including energy partitioning, casing
fracture, blast

generation, and performance trade-offs. The linkage
between molecular-level

chemistry and system-level behaviour (pressure
histories, fragmentation, safety

constraints) is well developed and technically accurate.

The work shows a strong appreciation of real-world
constraints,

including safety, ageing, variability, and disposal
considerations, which

significantly strengthens the practical relevance of the
analysis.



Transferable Skills 14/15

The presentation was delivered to a very professional
standard,

with clear structure, logical progression, and excellent
time management.

Visual material were well designed and supports,
rather than replaces, verbal

explanation. Communication was confident and
authoritative, and complex ideas

are conveyed clearly to the audience.

The written reflection is similarly well structured and
coherent, although slightly exceeding the word count.
Minor formatting

inconsistencies do not detract significantly from the
overall quality but

should be addressed in future submissions.
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