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[bookmark: _Toc235737545]1.0 INTRODUCTION 
Explosives are used in military and engineering applications where a controlled release of energy is required. The performance of an explosive depends on properties such as oxygen balance, velocity of detonation (VoD), detonation pressure, density and brisance. These properties determine how efficiently an explosive releases energy.

Many military explosives are mixtures rather than a single explosive. A common example is a mixture containing 60% RDX and 40% TNT. RDX provides high explosive performance, while TNT makes the mixture easier to manufacture by melt casting.

This model report examines a 60% RDX and 40% TNT mixture by calculating its oxygen balance and approximate velocity of detonation. It also introduces the explosive's expected performance.
[bookmark: _Toc235737546]2.0 EXPLOSIVES CALCULATIONS, AND ANALYSIS

A mixed explosive composition comprises 60% RDX and 40% TNT, with the following explosive parameters:


[bookmark: _Toc235737167]Table 1: Explosive Parameters.
	Explosive
	TNT
	RDX

	Density
	1.654 g cm-3
	1.793 g cm-3

	VoD
	6850 ms-1
	8440 ms-1

	Detonation Pressure
	19 GPa
	31.9 GPa

	Critical Diameter
	2 mm
	1.5 mm

	Oxygen Balance
	-73.96
	-21.61

	Enthalpy of Formation
	-62.07 kJ mol-1
	+70.29 kJ mol-1


[bookmark: _Toc235737547]2.1 OXYGEN BALANCE
[bookmark: _Toc235737512]Equation 1: (2-1)
Oxygen Balance = (0.60 × -21.61) + (0.40 × -73.96)
= -42.55%
The oxygen balance of −42.55% shows that there is not enough oxygen to completely react with all the carbon and hydrogen in the explosive. This means that some carbon monoxide (CO) and solid carbon (soot) will be produced during detonation [3]. However, the mixture has a better oxygen balance than TNT on its own (−73.96%), meaning it can release energy more efficiently [4].
[bookmark: _Toc235737548]2.2 VELOCITY OF DETONATION
[bookmark: _Toc235737513]Equation 2: (2-2)
Velocity of Detonation = (0.60 × 8440) + (0.40 × 6850)
= 7804 m/s
The calculated VoD is higher than the velocity of detonation of TNT (6850 m/s). A higher VoD means that the explosive releases its energy more quickly and produces a stronger shock wave. This improves fragmentation and overall explosive performance [1].
[bookmark: _Toc235737549]2.3 EXPLOSIVES ANALYSIS 

Brisance is the ability of an explosive to break or shatter materials. It describes how quickly an explosive releases its energy after detonation. Explosives with a high brisance produce a strong shock wave, making them suitable for breaking hard materials such as metal, concrete and rock [5].
Brisance mainly depends on the velocity of detonation (VoD), detonation pressure and density of the explosive. In general, an explosive with a higher VoD and higher pressure will have a greater brisance because it releases its energy more quickly [1].

Based on the data provided, RDX has a higher brisance than TNT.

[bookmark: _Toc235737168]Table 2: Explosives Property.
	Property
	TNT
	RDX

	Velocity of Detonation
	6850 m/s
	8440 m/s

	Detonation Pressure
	19 GPa
	31.9 GPa

	Density
	1.654 g/cm³
	1.793 g/cm³



RDX has a much higher detonation pressure and a faster detonation velocity than TNT. This means it produces a stronger shock wave and is better at breaking or fragmenting materials. For this reason, RDX is commonly used in military explosives where high explosive power is needed [5].
The 60% RDX and 40% TNT mixture combines the advantages of both explosives. RDX increases the explosive performance, while TNT makes the mixture easier and safer to manufacture. This type of mixture is similar to Composition B, which has been widely used in bombs, artillery shells and demolition charges [6].

Detonation is a very fast chemical reaction that travels through an explosive faster than the speed of sound. During detonation, the explosive changes from a solid into hot gases within a very short time. These gases expand quickly and create the blast wave responsible for the explosion [7].

The products formed during detonation depend on the oxygen balance of the explosive.
The oxygen balance of the 60% RDX and 40% TNT mixture is −42.55%. This means there is not enough oxygen to completely react with all the carbon and hydrogen in the explosive.

The main products expected after detonation are:

· Carbon dioxide (CO₂)
· Water vapour (H₂O)
· Nitrogen gas (N₂)
· Carbon monoxide (CO)
· Solid carbon (soot)

Because the oxygen balance is negative, some carbon cannot fully react with oxygen. Instead of producing only carbon dioxide, some carbon forms carbon monoxide and soot. This is common in many military explosives that have a negative oxygen balance [2]. 

Compared with TNT alone, the addition of RDX improves the oxygen balance. This means the mixture produces less soot and uses more of its chemical energy during detonation, making it more efficient [8]. The 60% RDX and 40% TNT mixture is more efficient than TNT on its own for several reasons.

Firstly, the mixture has a higher velocity of detonation. The estimated VoD of the mixture is 7804 m/s, compared with 6850 m/s for TNT. A higher VoD produces a stronger shock wave and increases the explosive's ability to break materials [1].

Secondly, the mixture has a better oxygen balance. TNT has an oxygen balance of −73.96%, while the mixture has an oxygen balance of −42.55%. Although the mixture still has a negative oxygen balance, it is closer to zero, allowing more complete combustion and better energy release [2].

Another advantage is the higher energy content of RDX. RDX has a positive enthalpy of formation, meaning it stores more chemical energy before detonation than TNT. This increases the overall explosive performance of the mixture [6].

Finally, TNT still plays an important role because it melts easily and can be poured into munition casings. Pure RDX cannot be manufactured in the same way because it breaks down before melting. Mixing RDX with TNT creates an explosive that is both powerful and practical to manufacture.

Overall, the 60% RDX and 40% TNT mixture performs better than TNT alone. It has a higher detonation velocity, greater brisance and a better oxygen balance while remaining suitable for large-scale military production. For these reasons, similar mixtures have been widely used in military munitions for many years [5].
[bookmark: _Toc235737550]3.0 EXPLOSIVE TRAIN DESIGN AND INITIATION SYSTEM
An explosive train is a sequence of explosives that safely transfers energy from the initiation system to the main explosive charge. Each explosive becomes more powerful than the previous one. This ensures that the main charge detonates reliably and safely. An explosive train also reduces the risk of accidental initiation because the main explosive is usually insensitive and cannot be detonated by a small spark or flame alone [9].
For the 60% RDX and 40% TNT mixture, a shock-to-detonation initiation system would be the most suitable choice. This is because RDX is a secondary explosive and requires a strong shock wave to detonate. It cannot normally be initiated by heat or a small flame [1].

	Detonator


↓
	Primary Explosive
(Lead Azide)


↓
	Booster Charge
(PETN)


↓
	Main Charge
(60% RDX / 40% TNT)


[bookmark: _Toc235736691]Figure 1: Block diagram showing the sequence of components in a typical explosive train for a 60% RDX / 40% TNT mixture.

[bookmark: _Toc235737551]4.0 IMPROVING THE EXPLOSIVE FOR A GROUNDED SEA MINE
Grounded sea mines are designed to damage or sink ships by exploding underwater. Explosions in water behave differently from explosions in air because water is much denser and transfers pressure more effectively. As a result, underwater explosions create a powerful shock wave followed by a gas bubble that expands and collapses several times. This is known as the bubble pulse, and it can cause serious damage to a ship's hull [9].
The 60% RDX and 40% TNT mixture already has good explosive performance because it has a high detonation velocity and produces a strong shock wave. However, its performance could be improved further for underwater use.
One possible improvement is to add a small amount of aluminium powder to the explosive. Aluminium reacts with the hot gases produced during detonation and releases additional heat. This extra energy increases the temperature and pressure of the explosion, making the gas bubble larger and increasing the strength of the bubble pulse [10]. This is useful in sea mines because a larger bubble pulse can cause more damage to the underside of a ship.
Another improvement is to use a water-resistant binder. A binder helps hold the explosive together and protects it from moisture. Sea mines may remain underwater for long periods before they are activated, so protecting the explosive from water is important. A suitable binder can improve the reliability and storage life of the explosive without significantly reducing its performance [11].
The design of the mine casing is also important. The casing must be strong enough to protect the explosive during transport and while it is underwater. At the same time, it should allow the explosive energy to be released effectively when the mine detonates. Steel is commonly used because it provides good strength and corrosion resistance. Protective coatings can also be applied to reduce rust and extend the service life of the mine [12].
The position of the sea mine also affects its performance. Grounded sea mines are placed on the seabed where they remain stable until a target passes nearby. Modern sea mines are often fitted with sensors that detect changes in pressure, sound or magnetic fields produced by ships. These sensors help ensure that the mine detonates at the correct time, improving its effectiveness while reducing the chance of accidental activation [13].
Overall, the 60% RDX and 40% TNT mixture is suitable for use in a grounded sea mine because it provides a good balance between explosive power and manufacturability. Adding aluminium powder, using a waterproof binder and designing a durable casing would improve underwater performance and increase the reliability of the munition.
[bookmark: _Toc235737169]Table 3: Potential Improvements for Grounded Sea Mine.
	Improvement
	Reason

	Aluminium powder
	Increases blast energy and bubble pulse.

	Waterproof binder
	Protects the explosive from moisture.

	Steel casing
	Protects the explosive and improves durability.

	Corrosion-resistant coating
	Extends service life underwater.

	Pressure or magnetic sensors
	Improves reliability and reduces accidental activation.



[bookmark: _Toc235737552]5.0 CONCLUSION
This report has looked at the performance of a 60% RDX and 40% TNT explosive mixture. The calculations showed that the mixture has a better oxygen balance and a higher velocity of detonation than TNT alone. This means it releases energy more efficiently and produces a stronger explosion [1].
The report also explained that RDX provides high brisance, while TNT makes the explosive easier to manufacture and handle. A suitable explosive train using Lead Azide, PETN, and the RDX/TNT mixture was proposed to ensure reliable detonation [2]. Finally, improvements such as adding aluminium powder, using a waterproof binder, and designing a strong casing were suggested to improve the performance of the explosive as a grounded sea mine [3].
[bookmark: _Toc235737553]Overall, the 60% RDX and 40% TNT mixture offers a good balance between explosive performance, reliability, and practical use in military applications.



6.0 REFERENCES
[1] P. W. Cooper, Explosives Engineering. New York, NY, USA: Wiley, 1996.
[2] T. M. Klapötke, Chemistry of High-Energy Materials, 4th ed. Berlin, Germany: De Gruyter, 2019.
[3] B. M. Dobratz and P. C. Crawford, LLNL Explosives Handbook: Properties of Chemical Explosives, Lawrence Livermore National Laboratory, Livermore, CA, USA, UCRL-52997, 1985.
[4] S. Zeman, "Sensitivity and performance of energetic materials," Propellants, Explosives, Pyrotechnics, vol. 43, no. 1, pp. 3–15, 2018.
[5] P. W. Cooper, Explosives Engineering. New York, NY, USA: Wiley, 1996.
[6] T. M. Klapötke, Chemistry of High-Energy Materials, 4th ed. Berlin, Germany: De Gruyter, 2019.
[7] J. A. Conkling and C. Mocella, Chemistry of Pyrotechnics: Basic Principles and Theory, 2nd ed. Boca Raton, FL, USA: CRC Press, 2019.
[8] N. Kubota, Propellants and Explosives: Thermochemical Aspects of Combustion, 3rd ed. Weinheim, Germany: Wiley-VCH, 2015.
[9] N. Kubota, Propellants and Explosives: Thermochemical Aspects of Combustion, 3rd ed. Weinheim, Germany: Wiley-VCH, 2015.
[10] T. M. Klapötke, Chemistry of High-Energy Materials, 4th ed. Berlin, Germany: De Gruyter, 2019.
[11] S. Zeman, “Effect of binders on energetic materials,” Propellants, Explosives, Pyrotechnics, vol. 43, no. 1, pp. 3–15, 2018.
[12] P. W. Cooper, Explosives Engineering. New York, NY, USA: Wiley, 1996.
[13] J. A. Conkling and C. Mocella, Chemistry of Pyrotechnics: Basic Principles and Theory, 2nd ed. Boca Raton, FL, USA: CRC Press, 2019.






2

image1.png




