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[bookmark: _Toc215850718]Introduction

The performance of an ideal explosive (i.e. a homogeneous explosive where oxygen is bonded at the molecular level) can often be determined from its oxygen balance. It is a complex subject, but simple determination of explosive power or TNT equivalence can be calculated from knowing oxygen balance (), heat of explosion (Q) and the volume of gaseous products of detonation produced (V). The simple equation for an ideal explosive decomposition (depending on oxygen balance) is shown in Equation 1:



[bookmark: _Ref191545228][bookmark: _Toc193351382]Equation 1: Typical formula for an explosive
In the above equation the CHNO denote carbon, hydrogen, nitrogen and oxygen atoms, and a, b, c, and d denote the number of those atoms in the explosive molecule. For example, TNT (C7H5N3O6) has 7 carbon atoms, 5 hydrogen atoms, 3 nitrogen atoms and 6 oxygen atoms in one molecule.

Oxygen balance (OB, OB%, or Ω) is an expression that is used to indicate the degree to which an explosive can be oxidized, to determine if an explosive molecule contains enough oxygen to fully oxidize the other atoms in the explosive. For example, fully oxidized carbon forms carbon dioxide, hydrogen forms water, sulphur forms sulphur dioxide, and metals form metal oxides. A molecule is said to have a positive oxygen balance if it contains more oxygen than is needed and a negative oxygen balance if it contains less oxygen than is needed.

An explosive with a negative oxygen balance will lead to incomplete combustion, which commonly produces carbon monoxide, which is a toxic gas. Explosives with negative or positive oxygen balance are commonly mixed with other energetic materials that are either oxygen positive or negative, respectively, to increase the explosive's power. For example, TNT is an oxygen negative explosive and is commonly mixed with oxygen positive energetic materials or fuels to increase its power. To determine the oxygen balance of an explosive in the form , the following formula is used based on Equation 1 (see Equation 2). 



[bookmark: _Ref191545282][bookmark: _Toc193351383]Equation 2: Oxygen Balance Equation (CHNO Explosive)
Notes: 

Equation 2 does not apply to heterogeneous explosives (containing additives such as Al, B, Mg, Zn etc) where the fuel and oxidiser a mixed separately.

a, b, c and d are the number of atoms of carbon, hydrogen, nitrogen and oxygen in the molecule. 

MW is the molecular weight of the explosive (i.e. TNT molecular weight is 227g).

[bookmark: _Toc215850719]Calculating Oxygen Balance for Mixtures

Calculating oxygen balance for mixtures of ideal explosives such as RDX and TNT is no black art. You simply calculate the oxygen balance for each explosive and then multiply the values by the percentage composition. For example, Figure 1 shows the typical oxygen balance curve for some secondary explosives and their values. The representation has been described in lectures, with primary explosives following no fixed pattern.


[image: ]

[bookmark: _Ref191570859][bookmark: _Toc193351340]Figure 1: Oxygen Balance Curve for Primary and Secondary Explosives

Therefore, if we were to calculate the oxygen balance for RDX/TNT 50/50, then we would follow Equation 3. 



[bookmark: _Ref191571980][bookmark: _Toc193351384]Equation 3: Oxygen Balance for Mixtures of Ideal Explosive

%

Explainer: As we improve the oxygen balance (i.e. move towards zero), we are moving away from creating C(s) (enthalpy of formation value 0 kJ mol-1), CO(g) (enthalpy value -110), and H2O(g) (enthalpy of formation -241.8) towards CO2(g) (enthalpy -393.5). As such, more and more energy is being produced as we tend towards zero oxygen balance (EGDN being the utopia). Once we have a surplus of oxygen (such as NG), energy values start to drop again as O2(g), like N2(g), has an enthalpy of formation value of 0.
[bookmark: _Toc215850720]The Kistiakowsky-Wilson Rules

Once we know the oxygen balance of an explosive (it will be positive, zero, or negative), we can then begin to consider what the products of detonation may be (working towards the explainer in the paragraph above). These are determined by the Kistiakowsky-Wilson (see Table 1) and modified Kistiakowsky-Wilson rules (see Table 2). Dependent upon the oxygen balance value, you MUST use the appropriate table. For oxygen balance values less negative than -40 (i.e. -30 etc), us the Kistiakowsky-Wilson rules. For oxygen balance values more negative than -40 (i.e. -45 etc), use the modified rules.


[bookmark: _Ref191545309][bookmark: _Toc215850748]Table 1: The Kistiakowsky-Wilson Rules
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[bookmark: _Ref191545322][bookmark: _Toc215850749]Table 2: The Modified Kistiakowsky-Wilson Rules
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Examples of products of detonation can be seen in Table 3 (overleaf) using these rules:


[bookmark: _Ref191548001][bookmark: _Toc215850750]Table 3: Examples of Products of Detonation
[image: A table with chemical formulas
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When we use these tables, the products of detonation can be determined, which allows us to calculate heat of explosion (Q, in kJ mol-1 or kJ kg-1) and volume of gases produced (V in dm3 mol-1 or dm3 g-1). 

[bookmark: _Toc215850721]Calculating the Volume of Gaseous Products Produced (V)

V is simple to determine from the equation below (see Equation 4) and values for some explosives are shown in Table 4:

 (for dm3 mol-1)

[bookmark: _Ref191550918][bookmark: _Toc193351385]Equation 4: Calculating Volume of Detonation Gases (dm3mol-1)

[bookmark: _Ref191551296][bookmark: _Toc215850751]Table 4: Examples of Volume of Gases from Detonation
[image: A table with numbers and symbols
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[bookmark: _Toc215850722]Calculating the Heat of Explosion (Q)

Hess’ Law is then used to calculate the heat of explosion (Q) (see Equation 5)

[image: ]
[bookmark: _Ref191551029][bookmark: _Toc193351386]Equation 5: Determining the heat of explosion using Hess' Law
[image: ]

Examples of heat of explosion using Hess’ Law can be seen in Table 5:


[bookmark: _Ref191551114][bookmark: _Toc215850752]Table 5: Examples of Heat of Explosion
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[bookmark: _Toc215850723]Calculating the Power Index and TNT Equivalence of an Explosive based on Q and V

Power Index (PI) of an explosive calculated using Equation 6.  


Power Index = 

[bookmark: _Ref191551500][bookmark: _Toc193351387]Equation 6: Power Index
Where Qe and Ve are the values calculated for the explosion under consideration.

The TNT equivalence (TNTe) of an explosive (based on the values of Q and V) can be determined using Equation 7

TNT Equivalence = 

[bookmark: _Ref191569872][bookmark: _Toc193351388]Equation 7:Equation for TNTe (based on Q and V)

Table 6 shows the values of PI and TNTe for certain primary and secondary explosives.


[bookmark: _Ref191551545][bookmark: _Toc215850753]Table 6: The Power Index of Certain Explosives (gauged against Picric Acid as Standard)
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[bookmark: _Toc215850724]Calculating the Gurney Constant for Fragmentation

On some occasions you may be required to calculate the Gurney constant for homogeneous or heterogeneous compositions. The Gurney Constant can be calculated from the following equation:






[bookmark: _Toc193351389]Equation 8: Calculating the Gurney Constant from Velocity of Detonation



[bookmark: _Toc215850725]Adding Aluminium

When we add aluminium to an ideal explosive, the composition becomes heterogeneous. As explained in the class, Al particles can be too large to react in the reaction zone and have an endothermic response – they absorb heat to get up to their ignition temperature. As such, they do not generate heat until the detonation products have formed. Depending upon the amount of aluminium added, energy is released upon reaction with the detonation products (anaerobic combustion) and then subsequently if excess aluminium reacts with atmospheric oxygen (aerobic combustion). When aluminium reacts with the oxygen provided by the detonation products (or atmospheric oxygen), Al2O3(s) is formed. This has an enthalpy of formation of -1669 kJ mol-1, thereby significantly increasing the heat of explosion. For aerobic combustion, Al will only react for so long as the heat generated by the explosion can raise its temperature above its ignition temperature.

The effect of metal additives such as Al, Zn, Mg and Ti is to reduce peak overpressure, reduce gas volume, and extend reaction zone thereby increasing heat of explosion and impulse duration, which makes their application in enhanced blast munitions invaluable.

In very general terms [1], the aluminum reaction is calculated at around 1/3rd in explosives with low oxygen balance (< 50%) and around 2/3rd  in explosives with high oxygen balance (> 50%).
From this (very limited) information, we can generate a crude rule of thumb to apply to
aluminized explosives.

· For explosives with oxygen balance > 50%, assume 2/3rd of the aluminum reacts.
· For explosives with oxygen balance < 50%, assume 1/3rd of the aluminum reacts.

The table below identifies CHEETAH values for TNT equivalency based against DDESB TNT equivalency’s based on % of aluminium reacting according to oxygen balance.

[bookmark: _Toc215850754]Table 7: Comparison of TNTe according to percentage of aluminium reacting
[image: A table with numbers and a few words
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[bookmark: _Toc215850726]A Useful List of Explosives and their Properties

It is always useful to have a list of the properties of a selection of explosives for comparison. The table below (Table 8) provides you with a list of homogeneous and heterogenous explosives, ranging from TNT, through RDX (hexogen), HMX (octogen) and PETN. What the table presents of interest is the varying nature of TNT equivalence, depending upon the measurement being taken. It demonstrates how careful you need to be when quoting the properties of an explosive.

[bookmark: _Ref215849517][bookmark: _Toc215850755]Table 8: A list of the properties of some common explosives and their TNT equivalencies

[image: image.png]

The following table (Table 9), provides the properties of HMX incorporating measures of aluminium and boron powders by weight percent. It demonstrates how Q can be affected by the addition of metal powders. If you like, you can work out the equations of the reactions to determine how V will be affected, and therefore the overall power of the explosive.

[bookmark: _Ref215850627][bookmark: _Toc215850756]Table 9: Formulations and mechanical sensitivities of explosives containing B-Al
[image: A table with numbers and a number
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Finally, the following link provides access to some open source literature on the properties of some select explsoives that may be common to you: 

https://psemc.com/resources/pyrotechnic-white-papers/properties-of-selected-high-explosives-rev/
[bookmark: _Toc215850727]Questions

[bookmark: _Toc215850728]Oxygen Balance (this example worked out for you)

What is the oxygen balance, likely products of detonation, heat of explosion, volume of gases and power index for:

a. TNT – C7H5N3O6
b. RDX – C3H6N6O6

Things we need to know up front: 

1. Use K-W rules when the oxygen balance is more positive than -40 (i.e. tending towards 0). 
2. Use the modified rules when the oxygen balance is more negative than -40 (tending towards -100 for example).

[image: ]

	Compound
	△Hf (kJ/mol)

	TNT (s)
	-26.10

	RDX (s)
	+62.00

	C (s)
	00.00

	CO2 (g)
	-393.50

	CO (g)
	-110.50

	H2O (g)
	-241.80

	N2 (g)
	00.00

	O2 (g)
	00.00

	
	



[bookmark: _Toc215850729]TNT





Therefore, this is more negative than -40 so we use the modified K-W rules:












 [literature value = -4091]






Therefore, Power Index = 

TNT Equivalence 


[bookmark: _Toc215850730]RDX





Therefore, this is less negative than -40 so we use the K-W rules:












 [literature value = -5036]



Therefore, Power Index = 

TNT Equivalence 

[bookmark: _Toc215850731]Rothstein and Peterson

Using the Rothstein & Peterson method, caclulate the velocity of detonation of picryl fluoride shown below. Literature gives the D’ at TMD to be 7.50 mm/µs (7500 ms-1). How accurate is the result?

[image: A structure of a chemical formula
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[bookmark: _Toc193351341]Figure 2: Picryl Flouride (Solid Explosive)






[bookmark: _Toc193351390]Equation 9: Rothstein & Peterson (D')





[bookmark: _Toc193351391]Equation 10: Rothstein & Peterson (F)

[bookmark: _Toc215850732]Stine Method

Using the Stine Method, calculate the velocity of detonation of HMX (C4H8N8O8). Literature value is 9.11 mm/µs (9110 ms-1). How accurate is this method?

[image: ]
[bookmark: _Toc193351392]Equation 11: The Stine Method (D)

[image: A chemical structure with black text
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[bookmark: _Toc193351342]Figure 3: Octogen



[bookmark: _Toc215850733]The Keshavarz Method for determining D

Using the Kashavarz method, determine the velocity of detonation of HMX. How accurate is the estimation? Assume density is 



[bookmark: _Toc193351393]Equation 12: Calculating D for Keshavarz


[bookmark: _Toc193351394]Equation 13: Calculating C-J pressure for Kashavarz



[bookmark: _Toc193351395]Equation 14: Calculating impulse for Kashavarz

Where: 

NHx = number of NH or NH2 groups in explosive
Ar = number of aromatic rings in aromatic explosives


[bookmark: _Toc215850734]Estimating D as a function of Density (Cooper)

At TMD (1.77 g cm-3), PETN has a D’ of 8.29 km s-1. What is the velocity of detonation for PETN at a density of 1.60 g cm-3?

 kms-1

[bookmark: _Toc193351396]Equation 15: Calculating D as a function of TMD

[bookmark: _Toc215850735]Estimating D of Mixtures

What is the velocity of detonation for Octol (75/25)? Note: Octol is a mix of HMX and TNT, where DHMX = 9.11 km s-1 and  DTNT = 6.95 km s-1.




[bookmark: _Toc193351397]Equation 16: Calculating Dmix using Cooper

H6 is reported to comprise RDX/TNT/Al/Wax (45/30/20/5). DRDX = 8.25 km s-1, DTNT = 6.95 km s-1 ,
characteristic velocity of Al and wax are 6.85 km s-1 and 4.22 km s-1 respectively. What is the Gurney constant for H6?

[bookmark: _Toc215850736]Estimating Detonation Pressure

Literature provides a detonation pressure of 39 GPa for HMX and detonation pressure of 19 GPa for TNT. What is the detonation pressure for the octol composition above if its density is 1.8 g cm-3?


 

[bookmark: _Toc193351398]Equation 17: Estimating detonation pressure (Pcj)

Pcj = detonation pressure at C-J plane in GPa
𝜌= density of unreacted explosive in g/cm-3
D = detonation velocity in km/s
𝛾= ratio of specific heats (Cp/Cv) of detonation products (𝛾≈3 for densities 1 – 1.8)



[bookmark: _Toc215850737]Answers

[bookmark: _Toc215850738]Rothstein & Peterson

MW = 231
A = 1 (aromatic)
G = 0 (solid)
n (O) = 6
n (N) = 3
n (H) = 2
n (F) = 1
n (HF) = 1
n (B/F) = 0 since the molecule is obviously oxygen deficient
n (C) = 0 since there are no oxygen atoms doubly bonded to C
n (D) = 0, since there are no oxygen atoms singly bonded to C
n (E) = 0, since there are no nitrate groups existing as a nitrate ester





  

 

[bookmark: _Toc215850740]Stine Method

[image: ]
In this method you need to find the heat of formation of HMX, which is 21 kcal/mol. 









[bookmark: _Toc215850741]The Keshavarz Method for determining D

In this method we need to remember that HMX is not an aromatic explosive, therefore the final term in the Isp calculation is ignored.













[bookmark: _Toc215850742]Estimating D as a function of Density (Cooper)

 kms-1

7.78 kms-1


[bookmark: _Toc215850743]Estimating D of Mixtures
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Order Condition Reaction

1 Oxygen atoms oxidize ‘H’ atoms to H,O molecules 2H + O — H,0 (gas)

2 Remaining ‘O’ atoms oxidize all ‘C’ atoms to CO C+0 - CO (gas)
molecules.

3 Remaining ‘O’ atoms oxidize all ‘CO’ molecules to CO, CO + 0 — CO, (gas)
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Explosive
substance

Reaction for decomposition products

Nitroglycerine

C3HsN3Og(l) - 3CO2(g) + 2¥2H20(g) + 120(g) + 1V2N2(g)

EGDN C2HaN206(s) — 2C02(g) +2H20(g) + N2(g)
PETN CsHsN2O12(s) - 2CO(g) + 3C02(g) + 4H20(g) + 2Nz(g)
CL-20 CeHeN12012(s) - 3CO(g) + 3C02(g) + 3H20(g) + 6N2(g)
TNAZ C3HaN4Os(s) - 2CO(g) + CO2(g) + 2H20(g) + 2N2(g)

FOX-12 C2H7N70s(s) - 2C0(g) + 3H20(g) + ¥iH2(g) + 3V4Na2(g)
FOX-7 C2HaN4O4(s) - 2CO(g) + 2H20(g) + 2N2(g)

RDX C3HsN6Os(s) — 3CO(g) + 3Hz0(g) + 3N2(g)
HMX

CsHsNsOs(s) — 4CO(g) + 4H20(g) + 4N2(g)

Nitrocellulose
(14.14 % N)

CeH7011N3(s) —
4%,C0(g) + 1%2C02(g) + 3%4H20(g) + 12N2(g)

Nitroguanidine

CHaN4O2(s) — CO(g) + H20(g) + Hz(g) + 2N2(g)
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Explosive

Decomposition products

Vidm? kg™

substance
Niroglycerine | 3CO2(g) + 2/4Hz0(g) + %:0(g) + 1%4Nz(@) 739.80
Nzg’:ﬁ‘:";:;ﬁe 414CO(g) + 1%C0x(g) + 3%H:0(g) + 1%Nx(g) | 821.79
EGDN 2C0z(g) +2H:0(g) + Na(g) 736.53
PETN 2C0(g) + 3C0z(g) + 4Hz0(g) + 2Nz(g) 779.41
RDX 3CO(g) + 3H20(g) + 3Nz(g) 907.63
HMX 4CO(g) + 4H:0(g) + 4Nz(g) 908.12
Nitroguanidine CO(g) + HzO(g) + Ha(g) + 2Nz(g) 1076.22
Picric acid 5%CO(g) + %4C(s) + 1%H:0(g) + 1%Ng) | 83106
Tetryl 54CO(g) + 1%C(s) + 2%H0(g) + 2%Nalg) | 819.90
TATB 3C0(g) + 3C(s) + 3Hz0(g) + 3N(g) 780.94
NTO 2C0(g) + H20(g) + 2Nz(g) 86113
TNAZ 2C0(g) + COx(g) + 2Hz0(g) + 2Na(g) 816.29
cL20 3CO(g) + 3COz(g) + 3Hz0(g) + 6N:(g) 766.80
FOX-12 2C0(g) + 3H:0(g) + YaHz(g) + 3%N2(g) 964.04
FOX-7 2C0(g) + 2H:0(g) + 2Nz(g) 907.63
HNS 9CO(g) + 5C(s) + 3Hz0(g) + 3N(g) 746.28
T 3%CO(g) + 3%C(s) + 2%H0(g) + 1%Nlg) | 739.65
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AH’;=% AH’(detonation products) - AH’;(explosive)
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where AH;, is heat of detonation, AH’/is standard heat of formation.
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Explosive substance

Empirical formula | AHd/kJ mol!

QukJ kg!

Primary explosives

Mercury fulminate HgC2N202 -500.00 1756.70
Lead styphnate PbCsH3N3Os -868.00 1853.49
Lead azide PbNs -469.00 1610.36
Tetrazene C2HgN100 -310.04 1647.79
Secondary explosives
Nitroglycerine C3HsNaOe -1414.40 6228.46
Nitrocellulose (14.14%N) CeH7011N3 -1281.37 4312.84
EGDN C2H4N206 -1021.31 6716.30
PETN CsHaN4O12 -1838.37 5815.08
RDX CsHsNsOs -1127.36 5075.50
HMX C4HsNsOs -1484.44 5012.30
Nitroguanidine CHaN4O2 -260.31 2501.36
Picric acid CsHaN3O7 -756.28 3301.02
Tetryl C7HsNsOs -1246.35 4340.50
TATB CsHsNsOs -902.89 3497.52
NTO C2H2N403 -362.08 2783.90
TNAZ C3HsN4Os -1131.86 5891.01
CL-20 CeHeN12012 -2609.59 5955.43
FOX-12 C2H7N7Os -591.54 2828.70
FOX-7 C2HaN4O4 -574.71 3881.13
HNS C1aHsNsO12 -1798.46 3994.48
TNT C7HsN3Os -929.34 4091.63
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A\

Explosive Qv/ dm? ka- Explosive | Power TNT
substance kJ kg™ m 1 kg Power* | index/% Equiv.
Primary explosives
Mercury fulminate | 1756.70 215 37.77 13.77 0.12
Lead styphnate 1853.49 | 301 55.79 20.34 0.19
Lead azide 1610.36 | 218 35.11 12.80 0.16
Secondary explosives
Nitroglycerine 6228.46 | 739.80 | 460.78 167.97 1.52
N(iﬁrgie‘l'j‘/o'ﬁie 4312.84 | 82179 | 35442 | 129.19 147
EGDN 6716.30 | 736.53 | 494.68 180.32 1.63
PETN 5815.08 | 779.41 453.23 165.21 1.50
RDX 5075.50 | 907.63 | 460.67 167.92 1.52
HMX 5012.30 | 907.63 | 454.99 165.85 1.50
Nitroguanidine 2501.36 | 1076.22 | 269.20 98.13 0.89
Picric acid 3301.02 | 831.06 274.33 100.00 0.91
Tetryl 4340.50 | 819.90 355.88 129.73 1.18
TATB 3497.52 | 780.94 273.13 99.56 0.90
NTO 2783.90 | 861.13 239.73 87.39 0.79
TNAZ 5891.01 | 816.29 | 480.88 175.29 1.59
CL-20 5955.43 | 766.80 | 456.66 166.46 1.51
FOX-12 2828.70 | 964.04 272.70 99.41 0.90
FOX-7 3881.13 | 907.63 352.26 128.41 1.16
HNS 3994.48 | 746.28 298.10 108.66 0.98
TNT 4091.63 | 739.65 302.64 110.32 1.00
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Explosive DDESB Detonation Oxygen | Cheetah TNT | % Al reacted in
TNT temperature, balance | equivalency, Cheetah
equivalency 100 % Al (to CO), 100% Al calculation to
reacted % reacted give DDESB
(Cheetah), K TNT equivalenc:
HBX-3 1.14 4585 44 224 33
Tritonal 1.07 4594 48 2.22 32
H-6 1.35 4587 67 1.62 69
HBX-1 1.17 4425 69 1.49 53
Minol-2 1.20 4302 109 1.44 65
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Table 3. Results of TNTe calculations for various explosives

Density, Heat of
v | o o | ol | 2 o [ T T, oo, [
wewy| 7| gang) | W0 | @9 P | @ | men |t
TNT 1.64 259 5569 190 6950 1.00 1.00 1.00 1.00 1.00 0.00
Hexogen 18 338 6334 347 8754 131 114 1.83 1.26 1.38 15.94
Hexotol
90/10 1.61 33.1 6232 256 7910 1.28 1.12 1.35 1.14 122 7.58
80/20 16 323 6150 242 7745 1.25 110 127 L11 LI18 6.57
70/30 1.59 316 6070 227 7580 122 109 119 109 L15 5.00
60740 1.59 30.8 6003 219 7415 1.19 1.08 115 1.07 1.12 4.24
Octogen 19 338 6538 393 9100 131 117 207 1.31 1.46 20.55
Octol
90/10 1.75 33 6438 303 8320 1.27 1.16 1.59 1.20 131 11.07
80/20 1.71 322 6342 278 8050 1.24 1.14 1.46 1.16 125 8.40
70/30 1.7 313 6242 267 7900 121 112 141 1.14 122 179
60/40 1.7 30.6 6156 253 7680 118 L1l 133 L1l LI18 6.14
Pentrite 1.77 32 6400 335 8300 1.24 115 1.76 119 1.34 16.04
Tetryl 1.68 275 5920 245 7560 1.06 1.06 129 1.09 113 152
PBX-9011 177 332 6168 299 8700 128 L11 1.57 1.25 1.30 10.19
HMX/PU
80/20 1.43 341 5856 193 7334 1.32 1.05 1.02 1.06 111 9.23
70/30 14 338 5566 182 7200 1.31 1.00 0.96 1.04 1.07 10.51
RDX/PU
80/20 1.57 33.8 5735 234 7778 131 1.03 1.23 112 1.17 8.33
70/30 1.38 337 5436 167 6961 1.30 0.98 0.88 1.00 1.04 12.50
NM 113 386 6435 125 6523 1.49 116 0.66 0.94 1.06 24.76
NGL 1.59 32 6606 246 7580 124 119 129 1.09 120 521
DATB 1.79 289 5498 259 7520 112 0.99 1.36 1.08 114 9.87
PETN/PU
90/10 1.65 319 6406 263 7950 123 115 1.38 114 123 6.50
80/20 1.50 324 6034 215 7465 1.25 1.08 113 1.07 114 5.48
70/30 139 327 5682 165 6957 1.26 1.02 0.87 1.00 1.04 10.82
PEP (85/15) 1.50 3240 6186 215 7600 1.25 L1 113 109 L15 4.78
SEMTEX 1.40 33.80 6372 198 7220 1.31 1.14 1.04 1.04 113 8.19
COMP. A-3 | 1.67 334 6780 286 8470 1.29 122 1.51 1.22 131 7.63
Cc-4 1.66 338 6650 257 8370 1.31 119 135 120 126 1.24
COMP. B 1.72 30.6 6000 281 8052 118 1.08 1.48 1.16 122 10.41
LX-17 191 29.1 4407 316 7630 112 0.79 1.66 110 117 21.14
LX-14 183 336 6452 363 8958 1.30 1.16 1.91 1.29 141 17.57
LX-04 1.86 33.7 5940 330 8460 1.30 1.07 1.74 1.22 133 15.27
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Sample  HMX (%) B (%) _Al(%) __ other (%) ___I'(%) ___F*(%) _ 0°(dg)
PF-1 64 0 20 16 4 10 5.8387
PF-2 64 6 14 16 12 20 6.5657
PF-3 64 10 10 16 24 32 6.1849

I is the impact sensitivity.
F* is the friction sensitivity.
Q¢ is the heat of detonation.
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Table 5.3 Kistiakowsky—Wilson rules

Rule no. Conditions

1 Carbon atoms are converted to carbon monoxide

2 If any oxygen remains then hydrogen is then oxidized to water

3 If any oxygen still remains then carbon monoxide is oxidized
to carbon dioxide

4 All the nitrogen is converted to nitrogen gas, N,

Table 5.4 Decomposition products of HM X using the Kistiakowsky—Wilson

rules

Rule no. Conditions Products

1 Carbon atoms are converted to carbon 4C-4CO
monoxide

2 If any oxygen remains then hydrogen is 40-4H,0
then oxidized to water

3 If any oxygen still remains then carbon No more oxygen
monoxide is oxidized to carbon dioxide

4 All the nitrogen is converted to nitrogen 8N —> 4N,

gas, N,
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Table 5.3 Kistiakowsky—Wilson rules

Rule no. Conditions

1 Carbon atoms are converted to carbon monoxide

2 If any oxygen remains then hydrogen is then oxidized to water

3 If any oxygen still remains then carbon monoxide is oxidized
to carbon dioxide

4 All the nitrogen is converted to nitrogen gas, N,

Table 5.4 Decomposition products of HM X using the Kistiakowsky—Wilson

rules

Rule no. Conditions Products

1 Carbon atoms are converted to carbon 4C-4CO
monoxide

2 If any oxygen remains then hydrogen is 40-4H,0
then oxidized to water

3 If any oxygen still remains then carbon No more oxygen
monoxide is oxidized to carbon dioxide

4 All the nitrogen is converted to nitrogen 8N —» 4N,

gas, N,





