
Contents

1 Introduction................................................................................................................... 11

2 Short history.................................................................................................................. 11

3 Commercial explosives................................................................................................12

3.1 Basic characteristics of commercial explosives................................................. 12

3.2 Classification of commercial explosives.............................................................. 12
3.2.1 According to use...........................................................................................................12

3.2.2 According to the physical properties and consistency...............................................12

3.2.3 According to the type of sensibilization (technology determining).......................... 13

3.3 Classic gelatins......................................................................................................... 13

3.4 The basic components of the present-day gelatinized explosives are:....... 15
3.4.1 Example of the typical composition of gelatinized explosive.....................................16

3.4.2 Example of the composition of baryte-containing gelatinized explosive..................17

3.4.3 Blasting works in a dense build-up area or for precise contour disconnection....... 17

3.5 Semi-gelatinized explosives..............  18

3.6 Principles of mining safety......................................................................................18

3.7 Principles of the testing of mining safety explosives....................................... 20

3.8 Physiological aspects of applications of nitrate ester type explosives....... 21

3.9 Solving of problem of the “health harmlessness" of gelatinous explosives 22

3.10 Powdered and granulated ammonium nitrate explosives..............................22
3.10.1 Ammonium nitrate (AN).............................................................................................. 22

3.10.2 NCN (nitro-carbonitrate)............................................................................................. 25

3.10.3 ANFO explosives.......................................................................................................... 26

3.10.4 Drawbacks of the ANFO explosives.............................................................................29

3.11 Water resistance of explosive mixtures..............................................................30

3.12 Slurry Explosives.......................................................................................................30
3.12.1 Slurries of the Ist generation........................................................................................ 31

3.12.2 Slurries of the IInd generation (oil in water - O/W or water gels)............................. 31

3.12.3 Sluries of the IIIrd generation (aluminized O/W)......................................................... 32

3.12.4 Slurries of the IVth generation - reversed emulsions (water in oil - W/O)................ 34

3.12.5 However (warning)...................................................................................................... 38

3.12.6 Heavy ANFO = HANFO................................................................................................. 39

3.12.7 Utilization of demilitarized explosives.........................................................................39

3.12.8 Structured and Powdered reversed emulsions........................................................... 41

3.12.8.1 Powdered W/O explosives.......................................................................................41

3.13 Intermolecular Explosives.......................................................................................42

5



3.14 Explosives for special uses.....................................................................................43
3.14.1 Treatment of metals....................................................................................................43

3.14.2 Hardening of metals by explosion.............................................................................. 44

3.14.3 Shaping of metals........................................................................................................44

3.14.4 Welding of Metals.......................................................................................................45

3.14.5 Compacting of powdery materials............................................................................. 45

3.14.6 Perforation in media with high temperatures............................................................46

3.14.6.1 Prediction of the thermostability threshold of polynitro compounds......................48
3.14.7 Secondary blasting......................................................................................................49

3.14.8 Tapping of blast furnance...........................................................................................49

3.14.9 3.14.9 Contour blasting..............................................................................................49

3.14.10 Under-water blasting..................................................................................................49

3.14.11 Seismic prospecting.....................................................................................................49

3.14.12 Rocket and aircraft technology.................................................................................. 49

3.14.13 Medical purposes........................................................................................................50

3.14.14 Priming charges...........................................................................................................50

3.15 References................................................................................................................52

4 Military Explosives......................................................................................................55

4.1 Introduction..............................................................................................................55

4.2 The use of explosives in a military technique.................................................... 55

4.3 The basic requirements on the characteristic of military explosives............ 56

4.4 Classification of military explosives.................................................................... 56
4.4.1 According to the ammunition's use........................................................................... 56

4.4.2 According to the manufacturing method of the charges.......................................... 56

4.4.3 According to the consistency...................................................................................... 57

4.5 Kinds of military explosives.................................................................................. 57
4.5.1 Chemically unique basic explosive compounds.........................................................57

4.5.1.1 Trinitrotoluene (TNT, 2,4,6-trinitrotoluene)........................................................... 57
4.5.1.2 2,4-Dinitroanisole (l-methoxy-2,4-dinitrobenzene; DNAN)....................................58
4.5.1.3 2,4,6,N-Tetranitro-N-methylaniline (Tetryl)............................................................ 58
4.5.1.4 2,2,,4,4/,6,6/-Hexanitrostilbene (HNS)..................................................................... 58
4.5.1.5 2,4,6-Trinitrobenzene-l,3,5-triamine (TATB).......................................................... 59
4.5.1.6 2,2-Dinitroethene-l,1-diamine (FOX-7, DADNE)..................................................... 59
4.5.1.7 l,3,5-Trinitro-l,3,5-triazinane (Hexogen; RDX)....................................................... 59
4.5.1.8 l,3,5,7-Tetranitrol,3,5,7-tetrazocane (Octogen; HMX)...........................................59
4.5.1.9 cis-l,3,4,6-Tetranitrooctahydroimidazo-[4,5-d]imidazole (bicyclo-HMX; BCHMX).. 60
4.5.1.10 e-2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (CL-20; HNIW).......60
4.5.1.11 Nitroquanidine (NQ)................................................................................................ 61
4.5.1.12 N, N-bis(2-Nitroxyethyl)nitramine) (DINA)...............................................................61

6



4.5.1.13 N-n-Butyl-N-(2-nitroxyethyl)nitramine (BUNENA)................................................... 61
4.5.1.14 Pentaerythritol tetranitrate (Pentrit; PETN; Np)...................................................... 61
4.5.1.15 1,2,3-Propanetriol trinitrate (Nitroglycerine; NG).................................................... 62
4.5.1.16 Diethylen glycol dinitrate (DEGN)............................................................................ 62
4.5.1.17 Methyl nitrate.......................................................................................................... 62
4.5.1.18 Nitromethane (NM):.................................................................................................63
4.5.1.19 2/2/2-Trinitroethyl-4/4/4-trinitrobutyrate (TNETB )...................................................63
4.5.1.20 S-Nitro-l^^-triazole-S-on (NTO).............................................................................63
4.5.1.21 EDDN (ethylenediamine dinitrate)...........................................................................64
4.5.1.22 Hydrazinium nitrate (hydrazine nitrate; HN)............................................................ 64

4.6 Mixed explosives..................................................................................................... 65
4.6.1 Reasons for the use of mixed explosives......................................................................65

4.6.2 Explosives intended for the production of charges by pressing................................ 65

4.6.2.1 Phlegmatization of explosives.................................................................................65

4.6.3 Castable mixtures based on polynitro arenes as a continuous phase...................... 67

4.6.3.1 The TNT formulations............................................................................................. 67
4.6.3.2 The DNAN formulations......................................................................................... 68
4.6.3.3 Mutual comparison of the mixtures' performance, containing TNT and DNAN

respectively............................................................................................................. 69

4.7 Explosives with increased devastating effect.................................................... 69
4.7.1 Enhanced blast explosives (EBX; aluminized)............................................................. 69

4.7.2 Dense Inert Metal Explosives (DIME)...........................................................................71

4.7.3 Mixtures for ammunition with active cartridges cases..............................................72

4.7.4 Explosives for volumetric weapons.............................................................................. 73
4.7.4.1 Thermobaric explosives (TBX)..................................................................................73
4.7.4.2 Fuel-air explosives....................................................................................................75

4.8 Plastic bonded explosives (PBX).......................................................................... 77
4.8.1 PBX for filling by pressing............................................................................................77

4.8.1.1 Methods of the PBXs' preparation.......................................................................... 77
4.8.1.2 Filling by pressing.................................................................................................... 78
4.8.1.3 Preparation PBX for filling by casting...................................................................... 78
4.8.1.4 PBX for filling by casting..........................................................................................79

4.8.1.4.1 Benefits of the castable PBX.............................................................................79
4.8.1.4.2 Disavantages of the castable PBXs....................................................................80
4.8.1.4.3 PBX for filling by extrusion.................................................................................BO

4.8.1.5 Explosives for ammunition with a low vulnerability (LOVA, IM)..............................80

4.9 Filling of the munition objects..............................................................................82
4.9.1 Filling by casting.......................................................................................................... 83

4.9.1.1 Mixtures Hexogen-TNT (hexolites)........................................................................... 84
4.9.1.2 Basic technological procedures of the TNT and Hexolites casting........................... 85

7



4.9.1.3 Casting of the shaped charges....................................................................................87

4.9.1.3.1 Casted high explosive charges for cumulative ammunition..............................87

4.9.2 Filling by pressing............................................................................................................ 89

4.9.2.1 Pressing ability of the explosive material...................................................................89

4.9.2.2 Pressing to the sticking point and compression to the required pressure................ 91

4.9.2.3 Filling by means of a conveyor screw.........................................................................92

4.10 Examples of some military explosives.................................................................94

4.11 Explosives of Various Consistencies...................................................................... 96
4.11.1 Liquid explosives.............................................................................................................96

4.11.1.1 Nitromethanes...........................................................................................................96
4.11.1.2 Mixtures with nitric acid.............................................................................................97

4.11.1.3 Hydrogen peroxide.....................................................................................................97

4.11.1.4 Astrolites................................................................................................................... 100

4.11.1.5 Binary explosives...................................................................................................... 100

4.11.2 Paste explosives (PEX)................................................................................................. 100

4.11.3 Plastic explosives..........................................................................................................102

4.11.3.1 Plastic explosives with highly viscous vaselines or oils as binders:...........................102

4.11.3.2 Plastic explosives with polymeric binders................................................................103

4.11.3.2.1 Plastic explosives with a polyisobutylene (PIB) binder.................................... 103

4.11.3.2.2 Plastic explosives with diene high-molecular caoutchoucs as binders............105
4.11.3.2.3 Other polymeric binders.................................................................................... 105

4.11.3.3 Evaluation of the consistency of plastic explosives..................................................108

4.11.4 Flexible (elastic) self-supporting explosives.............................................................. 109

4.11.5 Mechanically firm explosives......................................................................................Ill

4.11.6 Effect of binding matrixes on the detonation parameters of PBXs..........................112

4.11.6.1 Detonation velocity of PBX.......................................................................................112

4.11.6.2 Performance and sensitivity..................................................................................... 113

4.12 Conventional explosives for the initiation of nuclear charges................... 115

4.13 References.................................................................................................................116

5 Disarmament technologies....................................................................................... 122

5.1 Introduction.............................................................................................................. 122

5.1.1 The chemical transformation......................................................................................122

5.1.2 Free combustion (OB) and free detonation (OD)....................................................... 123

5.1.3 Detonation in a closed metal chamber (CD)............................................................. 124

5.1.4 Burning in closed equipment.......................................................................................125

5.1.4.1 Fluidized bed combustion (FBC)...............................................................................125
5.1.4.2 Burning in a rotary kiln (RK)......................................................................................125

5.1.4.3 Mobile combustion furnaces (MF)...........................................................................125

5.1.5 Biodegradation.............................................................................................................126

5.1.6 Storage on the seabed or underground.................................................................... 126

8



5.1.7 Direct application in the rock blasting......................................................................128

5.1.8 Processing into industrial explosives or powders...................................................... 128

5.2 Disarmament procedures for ammunition (withdrawal of fillers)............129
5.2.1 Thermal methods.......................................................................................................129

5.2.1.1 Melt out techniques................................................................................................. 129

5.2.1.2 Water jet washout....................................................................................................130
5.2.1.3 Smelting by hot oil or paraffin..................................................................................130
5.2.1.4 Microwave Smelting (indirect heating).................................................................... 131
5.2.1.5 Induction Smelting (indirect heat)........................................................................... 131
5.2.1.6 Cryocycling............................................................................................................... 131
5.2.1.7 Cryofracture............................................................................................................ 131
5.2.1.8 The Czech method of the use of InfraBoxes - infrared smelting in a mobile unit.....132

5.2.1.9 Solvent washout...................................................................................................... 132
5.2.2 Mechanical methods................................................................................................. 133

5.2.2.1 Fluids jets................................................................................................................133
5.2.2.1.1 Fluids jets spurting by liquid nitrogen]............................................................ 134
5.2.2.1.2 Spurting by anhydrous ammonia.................................................................... 134
5.2.2.1.3 Spurting by carbon dioxide............................................................................. 134

5.2.2.2 Cutting explosives from the munition object...........................................................134
5.2.2.3 Using ultrasound to fragment............................................................................... 134

5.2.3 Known methods of withdrawing military explosives from objects

(disarmament technologies).....................................................................................135

5.3 Safety aspects of the withdrawn explosive fillers in terms of their

stability....................................................................................................................137

5.4 Separation of components from the withdrawn fillers of ammunition.... 138

5.5 References.............................................................................................................. 139

9


