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Introduction:
The following is a top-level report looking into the design and functionality of a military hand grenade. The main areas of focus will be the selection of a timing (Delay), primary and main charge explosive with the purpose being to give alternate design for a modern grenade. For each stage, initial research into different composition will be done before one is selected and analysed in further detail including ∆H, exothermicity and any safety concerns that composition may pose.

Method:
The method of research for each stage will involve looking at different compositions and their key properties for the given stage. A timing composition needs to be looked at in terms of delay as too short or too long and the device won’t function as intended however the amount of composition to achieve the given delay must also be investigated as a grenade couldn’t be thrown if it required 5kg of delay comp just to achieve a 10 second delay. For priming, compositions it is important that they have an ease of ignition and can support train otherwise the device would not ignite or function however, the method of ignition must also be considered, as accidental ignition of the composition could prove catastrophic. The main charge is the simplest to investigate, as the only two major factors are explosive power and stability, this is because you want the device to have the most destructive potential you can without the risk that it will simply ignite whist being carried by a soldier.

Research:
In this section we will go though each of the required stages and identify possible compositions for each one as well as looking at their properties to help determine the best on for the final design.

Timing composition:
The L109A1 is the primary fragmentation grenade of the British army and has a delay fuse of between 3 and 4 seconds [1] so we want a composition that produces the same time delay. The first possible composition is Lead(2+) silicate which has a burn rate of 1.5-2 cm/s [2] meaning you would need 6cm of composition to reach the same delay as the L109A1. This size would be possible to fit inside a grenade however, the design arrangement of the delay may need to be changed to a coil instead of a stead fuse as to minimise the area used whilst still maintaining the needed length to provide adequate delay. 

The second possible composition I researched was a mixture of . By altering the ratios of these three chemicals you can produce a timing composition with different burn rates. The ratios I researched are 30/50/20, which according to the Environmentally Benign Pyrotechnic Delays paper given at the 38th International Pyrotechnics Seminar [3] this particular ratio gives a delay of 1.41s/cm. This means we would only need 2.5cm to achieve the required delay, this is a great reduction in size compared to the previous composition and would be able to fit easily within a grenade without any modification to fuse design.

The final composition I researched was the most common found in fireworks, Black match. Black match is typically made of black powder coated in dextrin or less commonly gum Arabic. The typical burn rate for black match is 2.5 cm/s [4] this would require 10cm to achieve the needed delay. Similar to the lead silicate this would require a small amount of redesigning for the grenades fuse mechanism as 10cm would not fit in a standard grenade.

Priming composition:
Priming composition are used to ignite the main charge from the fuse as most secondary explosives need significant energy to cause them to detonate. The first composition I researched was Lead Azide, this has an ignition temperature of 350C and ignition energy of 7millijoules or after a fall of 6 inches [5]. This composition has a good temperature of ignition and is unlikely to be ignited ambient temperature; the energy required in low but could be mitigated by insolation so a static charge would not ignite the compound. The shortfall distance would need to be mitigated to prevent accidental or premature ignition of the device.

The second priming composition I researched was silver azide, this has an ignition temperature of 250C [6]. The composition is also very sensitive to both static and friction so would need the same mitigation measures as the previously mentioned lead azide. The overall activation energy is lower than lead azide but still high enough that environmental heat shouldn’t prove to be an issue in premature detonation.

The final priming composition I investigated was mercury fulminate, this composition has a much lower ignition temperature than the previous two mentioned at only 170C but due to impurities can start as low as 100C [7]. The lower temperature of ignition could lead to accidental ignition due to environmental factors as temperatures of 100C inside a metal container could be achieved under direct sunlight in desert conditions where current military operations are underway.

Main Charge composition: 
The main charge of an explosive device is where the majority of its destructive potential comes from because of this you want a composition that has a high power index. The first composition I looked into was TNT, which has a relative explosive power of 95 and detonation velocity of 6950m/s. It is also insensitive to both friction and shock [8] making it a very stable compound. This stability is useful, as you do not want the large quantities inside a grenade to detonate accidentally. It also does not detonate until 240C [8] meaning it will not be set off by environmental temperature whilst inside storage container.

The second main charge I investigated was HMX, which has a relative explosive power of 160, significantly higher than that of TNT. HMX also has a velocity of detonation of 9124m/s more than 2000m/s greater than that of TNT meaning it would impart a lot more energy onto its target leading to greater destructive potential. The temperature of ignition 279C [9] giving it the highest activation energy requirement. The down side of this greater power is an increase in sensitivity, where as TNT is completely insensitive HMX has a low sensitivity to both shock and friction. This could cause it to detonate prematurely however due to it still being a low sensitivity the change of this happening is very unlikely.

The final composition I research was RDX, coming from the same family group as HMX, RDX has the highest relative explosive power of 170 and the second highest detonation velocity at 7900 m/s of the compounds I looked at. Its temperature of ignition is 260C [9] giving a low activation energy but due to stability will only burn instead of detonate unless set of by a primary explosive first. Being part of the HMX family RDX also has low sensitivity to both shock and friction instead of being completely insensitive however as it’s only low the chance of accidental detonation is unlikely.

Discussion:
After looking over all the research, I decided on the explosive train of  as my delay, Lead azide as my primer and RDX as my main charge. I chose  as it has the slowest burn rate and there for less is needed compared to the other two options, this would allow a device to contain more main charge improving its overall destructive capability. Lead azide was chosen as my primer because it was the most stable and although the activation energy is higher, it is still achievable with the delay composition chosen. RDX was my choice for a main charge composition as it has both a high relative explosive power and is insensitive. HMX may have been able to produce a greater velocity of detonation but had both lower power and was more sensitive leading RDX to be the clear choice.

:
The energy release from this compound comes from the creation of silicon oxide as the bismuth di-oxide and Antimony tri-oxide break down and the antimony forms a strong triple bond.



ΔH 0 + (-573.9) + (298) = 3*(-911) + 0 + 0

-275.9 = -2733

ΔH = -2457.1Kj/mol

Each component is stable on its own and there is no great risk to storage until the compound is mixed. Once the powders have been combined care must be taken to not expose the mixture to heat to prevent ignition, when in large quantities the compound make detonate. Care must be taken to avoid exposure to moisture as this will reduce the effectiveness of the compound.

The compound is produced by combining all three components in the ratios required to produce the delay needed. This combining is done by passing all three components together through a B.S 14 mesh sieve [11]. Once mixed it must be immediately inserted into the final device or stored in hermetically sealed containers away from heat sources and other flammable materials that the compound could cause to ignite.

Lead azide:
The energy release from lead cones from the creation of nitrogen, below is the reaction of lead azide when heated to ignition point.



When heated the lead azide breaks down leaving pure lead and producing nitrogen gas.

ΔH 469Kj mo = 0 + 0

= -469Kj mo
Lead azide has a molecular weight of 291g/mol and proves to be insoluble in water [11]. Due to its simple chemical nature and resistance to water it can be stored safely for a long time as long as its kept physical stable. This is due to its very high sensitivity to shock, if allowed to fall it may explode so should be stored at the bottom of any storage facility and kept away from possible electoral sources. The performance of lead azide has not been known to reduce over time so is ideal for a device that may be used rarely and stored for a long time. 

Lead azide is produced constantly by the reaction of lead nitrate or acetate with sodium azide under basic conditions to avoid formation of hydrazoic acid, which explodes readily. he crystal size must be carefully controlled, large crystals being dangerous, by controlling the stirring and by using wetting agents. Demineralized water must be used. With thickeners such as dextrin, sodium carboxymethylcellulose, or poly(vinyl alcohol), purities from 92% to 99% are possible, the former containing 3% dextrin and 4 - 5% Pb(OH)2. [11]

RDX:
The decomposition of RDX can not fully oxides everything during the explosion as it does not contain enough oxygen and its only when exposed to the atmosphere that it can react fully. Below is the equation for the decomposition of purely RDX without extra atmospheric oxygen.
 
ΔH 209.165 kJ/mol = 3*(-113.804) + 3*(-286.299) + 0
209.165 = -1200.309
= -1409.474 kJ/mol
RDX has a molecular weight of 222.12g/mol and appears as a white crystalline powder [12]. RDX is soluble in water so caution needs to be taken during long-term storage to avoid moisture, as this will reduce the effectiveness of the compound. Due to its resistance to both static charge and impact storage precautions need not be as strict as other main charge compounds however it must still be kept away from any storage of detonators as an explosive shock will cause the compound to detonate as opposed to simply burn.

RDX is manufactured in discrete batches by the nitrolysis of hexamine with nitric acid alone of with acetic anhydride [12]. A second process that has been used to manufacture RDX, the direct nitration of octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX), has not yielded a percentage of RDX as high as the percentage produced in the Bachmann process.

Conclusion:
After looking into alternative compositions trains for a military grenade the selected explosive train of , Lead azide and RDX meets all the criteria I initially set out to research and should function as an effective design for a fragmentation grenade. The overall safety and storage of this new train would not need to be any different from the current safety measures taken so no higher-level changes would need to be made for deploying such a device into service.

The delay composition will provide the required delay of 3-4 seconds as to match the current delay used on grenades. This will only require a 2.5cm long tube of composition so will fit vertically into a grenade the same as current delay compositions used.

The priming composition will be sufficient to ignite the main charge and cause detonation whilst remain stable enough to not cause accidental detonation. The primary down side of this composition is the harmful nature of lead and the environmental impact that is caused by the dispersal of lead particles over a large area. Due to the limited nature or priming compositions all currently, use a potential toxic metal with environmental hazards so would need to be changed in the future to prevent environmental damage.

[bookmark: _GoBack]The main charge of RDX is a composition that is regularly used in the filling of military explosives including the L109A1 fragmentation grenade. Due to it already being used as a grenade filler this will provide the required power of the grenade keeping it the same as the previous in service device. With the changed to the delay and priming composition it may be possible to fill more of the grenades volume with the RDX composition and therefore would provide a greater detonation.
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