
 

 i

Pyrotechnic Literature Series No. 4 
 

Pyrotechnic Chemistry 
 

Table of Contents 

 
Preface ........................................................................................................................     i 
Author Biographical Information ...........................................................................   iii 
 1) Introduction to Pyrotechnic Chemistry  ..................................   D. R. Dillehay 
 2) Chemical Components of Fireworks Compositions  ...................   T. Shimizu 

• Oxidizing Agents .................................2-2 
– Ammonium perchlorate, NH4ClO4 ..2-2 
– Potassium chlorate, KClO3 ..............2-4 
– Potassium nitrate, KNO3 .................2-5 
– Potassium perchlorate, KClO4 .........2-6 

• Combined Oxidizing and  
 Color Agents ..................................2-7 
– Barium chlorate, Ba(ClO3)2·H2O .....2-7 
– Barium nitrate, Ba(NO3)2 ................2-7 
– Sodium nitrate, NaNO3 ....................2-8 
– Strontium nitrate, Sr(NO3)2 .............2-9 

• Red Color Producing Agents .............2-10 
– Strontium carbonate, SrCO3 ..........2-10 
– Strontium oxalate, SrC2O4·H2O .....2-10 

• Orange Color Producing Agent .........2-11 
– Calcium carbonate, CaCO3 ............2-11 

• Yellow Color Producing Agents .......2-11 
– Sodium bicarbonate, NaHCO3 .......2-11 
– Sodium carbonate, Na2CO3 ...........2-11 
– Sodium chloride, NaCl ..................2-11 
– Sodium oxalate, Na2C2O4 ..............2-12 

• Green Color producing Agent ...........2-12 
– Barium carbonate, BaCO3 .............2-12 

• Blue Color Producing Agents ............2-12 
– Basic copper carbonate (two types)2-12 

 CuCO3·Cu(OH)2  and .............. 2-12 
 2CuCO3·Cu(OH)2 .....................2-12 

– Copper acetoarsenite,  
 Cu(C2H3O2)2·3Cu(AsO2)2 .........2-12 

– Copper arsenite, CuHAsO3 ........... 2-12 
– Copper powder, Cu ....................... 2-12 
– Copper sulfate, CuSO4·5H2O ........ 2-13 

• Combustion Agents (Fuels) .............. 2-13 
– Accroides resin (red gum) ............. 2-13 
– Aluminum, Al ............................... 2-13 
– Amber powder (Kunroku) ............. 2-15 
– Antimony trisulfide, Sb2S3 ............ 2-15 
– Arsenic sulfide (realgar), As2S2 .... 2-16 
– Charcoal ........................................ 2-17 

 Hemp coal ................................ 2-17 
 Paulownia charcoal .................. 2-17 
 Pine charcoal ............................ 2-17 

– Dextrin, (C6H10O5)n·xH2O ............. 2-17 
– Ferro-silicon, FeSi ......................... 2-18 
– Iron filings, Fe ............................... 2-18 
– Lactose (milk sugar),  

 C12H22O11·H2O ......................... 2-18 
– Lampblack (pine black) ................. 2-18 

 Carbon black ............................ 2-18 
– Magnalium, MgAl ......................... 2-19 
– Magnesium, Mg ............................ 2-19 
–  Coating of Magnesium Powder 

 .................................................. 2-20 
– Pine root pitch ............................... 2-21 
– Red phosphorus, P ........................ 2-21 
– Rosin .............................................. 2-22 

 Combustion Agent BL ............. 2-23 
 Wood rosin FF ......................... 2-23 

– Shellac ........................................... 2-24 



 ii

– Silicon, Si ...................................... 2-24 
– Starch, (C6H10O5)n ......................... 2-24 
– Sucrose (cane sugar), C12H22O11 ... 2-25 
– Sulfur, S ........................................ 2-25 
– Titanium, Ti .................................. 2-25 
– Wood meal .................................... 2-25 
– Zinc dust, Zn ................................. 2-26 

• Smoke Dyes ...................................... 2-26 
– Auramine ...................................... 2-26 
– Indigo pure .................................... 2-27 
– Oil orange ..................................... 2-27 
– Oil red ........................................... 2-27 
– Oil yellow ..................................... 2-27 
– Para red (p-nitroaniline red) .......... 2-27 
– Phthalocyanine blue ...................... 2-28 
– Rhodamine B ................................ 2-28 

• Other Chemicals 
– Anthracene, C14H10 ....................... 2-29 
– Benzene hexachloride  

 (BHC), C6H6Cl6 ....................... 2-29 
– Boric acid, H3BO3 ......................... 2-29 
– Boron, B ........................................ 2-29 
– Chlorinated isoprene rubber .......... 2-30 

– Gallic acid ......................................2-30 
– Guanidine nitrate,  

 NH:C(NH2)2·HNO3 ..................2-30 
– Hexachloroethane (HCE), C2Cl6 ...2-30 
– Iron oxide, red, Fe2O3 ....................2-31 
– Lead oxide, red (minium), Pb3O4 ..2-31 
– Naphthalene, C10H8 .......................2-31 
– Picric acid, trinitrophenol,  

 C6H2(NO2)3OH .........................2-31 
– Polyvinyl chloride  

 (PVC), CH2:CH·Cl ...................2-31 
– Potassium dichromate, K2Cr2O7 ....2-32 
– Ultramarine, Na2S2·3NaAlSiO4 .....2-32 
– Zinc oxide, ZnO ............................2-33 

• Binding Agents ..................................2-33 
– Casein ............................................2-35 
– Gelatin ...........................................2-35 
– Nitrocellulose ................................2-35 
– Polyester (unsaturated polyester) ..2-37 
– Soluble glutinous rice starch  

 (Mizinko) ..................................2-37 
– Wheat flour ....................................2-38 
– Wheat starch ..................................2-38 

 

 3) An Introduction to Chemical Thermodynamics  ...........................   B. Sturman 
• Introduction ......................................... 3-1 
• A Few Words about Mathematics ...... 3-1 
• Chemical Thermodynamics ................ 3-1 
• A Preamble about Matter .................... 3-2 
• The Molecular Structure of Matter ..... 3-2 
• Molecular Structure of the  

 States of Matter .............................. 3-3 
• A Digression into Mechanics .............. 3-3 
• Displacement, Speed and Velocity ..... 3-3 
• Acceleration, Force and Newton’s  

 First Law ........................................ 3-3 
• Mass and Newton’s Second Law of ..Mo-

tion ...................................................... 3-3 
• Mass and Weight ................................ 3-4 
• Pressure ............................................... 3-4 
• Newton’s Third Law of Motion .......... 3-4 
• Work ................................................... 3-5 
• Energy ................................................. 3-5 
• Potential Energy .................................. 3-5 
• Equilibrium ......................................... 3-6 
• Equilibrium and Reversibility ............. 3-7 

• Kinetic Energy .....................................3-7 
• Conservation of Energy .......................3-8 
• Heat as a Form of Energy ....................3-9 
• Temperature ......................................3-10 
• The Zeroth Law of Thermodynamics 3-10 
• Molecular Interpretation of  

 Temperature .................................3-10 
• Heat Capacity ....................................3-10 
• Amount of a Substance ......................3-10 
• Thermodynamic Systems ..................3-11 
• Thermodynamic States and State ....Func-

tions ...................................................3-11 
• Changes in State Functions ...............3-12 
• State Functions and Equilibrium .......3-12 
• Internal Energy and the First  

 Law of Thermodynamics .............3-13 
• Enthalpy ............................................3-13 
• Thermochemistry ..............................3-14 
• Hess’ Law of Heat Summation .........3-14 
• Application to Pyrotechnics ..............3-15 



 

 iii

• Effect of Temperature on the  
 Enthalpy .......................................3-19 

• Spontaneous Processes ......................3-19 
• A New State Function: Entropy ........3-20 
• Molecular Interpretation of Entropy...3-21 

– The Natural Tendency To  
 Get into a Mess .........................3-21 

– Messiness among the Molecules ...3-21 
– The Effect of Temperature on  

 Molecular Disorder ..................3-22 
• Attractions between Mixing  

 Molecules .....................................3-22 
• Order Here, Disorder There ...............3-22 
• The Consequences of  

 Molecular Disorder ......................3-23 
• The Relationship between Entropy  

 and Molecular Disorder ...............3-24 
• A Justification of the Entropy  

 Formula ........................................3-24 
• Entropy Changes in Reversible Processes 

 at Constant Temperature ..............3-25 
• Entropy Changes in Real Processes ..3-25 

– Entropy Change in the Expansion  
 of a Perfect Gas ........................3-26 

• Entropy and the Direction of  
 Change in Isolated Systems .........3-26 
– Expansion of a Gas at Constant ... Tem-

perature ..........................................3-26 
– Transfer of Heat between Two  

 Objects at Different  
 Temperatures ............................3-27 

• The Second Law Restated .................3-27 
• The Driving Force of Change ............3-28 

– Another State Function:  
 The Gibbs Free Energy .............3-28 

• The Third Law ...................................3-29 

• The Standard Free Energy of  
 Formation ..................................... 3-29 

• Variation of the Gibbs Free Energy  
 with Pressure, Temperature and  
 Volume ........................................ 3-30 

• Variation of Gibbs Free Energy  
 with Pressure, at Constant  
 Temperature ................................. 3-30 

• Variation of Gibbs Free Energy  
 with Temperature, at Constant  
 Pressure ........................................ 3-31 

• Variation of Gibbs Free Energy  
 with Chemical Composition,  
 at Constant Temperature and  
 Pressure ........................................ 3-32 

• Free Energy Changes and  
 Chemical Reactions: Effect of 
 Temperature ................................. 3-32 

• Free Energy Changes and Phase  
 Changes: Freezing and Melting  
 of Solids ....................................... 3-32 

• Free Energy Changes and Phase  
 Changes: Evaporation of Liquids 3-33 

• Free Energy and Chemical  
 Reactions in Gases ....................... 3-33 

• Relative Activities ............................. 3-34 
• Relative Activities and  

 Equilibrium Constants ................. 3-35 
• Equilibrium Constant, Free Energy  

 and the Stability of Compounds .. 3-35 
• Variation of Equilibrium Constants  

 with Temperature ......................... 3-36 
• Variation of Equilibrium Constants  

 with Pressure ................................ 3-37 
• Application to Pyrotechnics .............. 3-38 
• Thermodynamic Modeling ................ 3-39 
• Summary and Conclusion ................. 3-41 

 

 4) Pyrotechnic Ignition and Propagation: A Review  ...... K. L. & B. J. Kosanke 
• Introduction .........................................4-1 
• Pyrotechnic Reaction Energy ..Considera-

tions .....................................................4-1 
• Thermal Run-Away and Spontaneous Igni-

tion .......................................................4-3 
• Thermal Run-Away Temperature .......4-6 
• Spontaneous Ignition Due to Thermal 

 Run-Away ......................................4-6 

• Time to Ignition, “Cook-Off” Tests .... 4-7 
• Ignition and Ignition Temperature ...... 4-8 
• The Effect of Melting and Tammann Tem-

perature ............................................... 4-9 
• Propagation and the Propagation Inequal-

ity  4-11 
• Conclusion ........................................ 4-12 



 iv

 5) Control of Pyrotechnic Burn Rate  ..............................  K. L. & B. J. Kosanke 
• Introduction ......................................... 5-1 
• Pyrotechnic Ignition ............................ 5-2 
• Factors Controlling Burn Rate ............ 5-3 

– Choice of Fuel and Oxidizer ........... 5-3 
– Fuel to Oxidizer Ratio ..................... 5-5 
– Degree of Mixing ............................ 5-5 
– Particle Size .................................... 5-5 
– Particle Shape ................................. 5-6 
– Presence of Additives ..................... 5-7 
– Catalysts .......................................... 5-8 

– Ambient Temperature ......................5-9 
– Local Pressure .................................5-9 
– Degree of Confinement .................5-10 
– Physical Form ................................5-11 
– Degree of Consolidation ................5-11 
– Geometry .......................................5-12 
– Crystal Effects ...............................5-13 
– Environmental Effects ...................5-13 
– Conclusion .....................................5-14 

 

 6) Our Present Knowledge of the Chemistry of Black Powder ...  I. von Maltitz 
• Introduction ......................................... 6-1 
• Problems Relating to Black Powder ...Re-

search .................................................. 6-1 
• The Importance of Black Powder Chemis-

try ........................................................ 6-2 
• Parameters of this Investigation .......... 6-2 
• Reactions and Combustion Products .. 6-2 
• Charcoal’s Significant Influence ........ 6-6 

– Charcoal Varieties ........................... 6-7 
– Charcoal Manufacture ..................... 6-7 
– Temperature Considerations ........... 6-7 
– Volatiles .......................................... 6-8 

– Charcoal Variations .........................6-8 
– Chemical Analysis ...........................6-8 
– Charcoal Substitutes ........................6-9 

• The Ignition Process ............................6-9 
– Ignition Phases ................................6-9 
– Sulfur’s Importance .......................6-10 
– Sulfurless Black Powder ................6-11 
– Binary Mixtures .............................6-11 
– Flame Spread Rates .......................6-11 

• The Influence of Moisture .................6-12 
• The Effect of Aging ...........................6-12 
• Conclusion .........................................6-12 

 

 7) Pyrotechnic Primes and Priming  ................................  K. L. & B. J. Kosanke 
• Introduction ......................................... 7-1 
• Pyrotechnic Ignition and Propagation . 7-1 
• Propagation Energy (Shimizu)  

 Diagrams ....................................... 7-3 
• Basic Priming Situations ..................... 7-5 
• Other Propagation Problems ............... 7-7 

• Prime Formulations ...........................7-10 
• Prime Binding ...................................7-12 
• Prime Application Techniques ..........7-14 
• Alternatives to Priming .....................7-16 
• Conclusion .........................................7-16 

 

 8) Pyrotechnic Delays and Thermal Sources  .....   M. A. Wilson & R. J. Hancox 
• Introduction ......................................... 8-1 
• Delay Compositions ............................ 8-1 
• Combustion in Consolidated  

 Columns ......................................... 8-2 
• Burning Rate ....................................... 8-3 

– Determination of Burning Rate ....... 8-4 
o Incremental Method .................... 8-4 
o Extrusion Method ....................... 8-4 

• Factors Affecting Burning Rate .......... 8-4 

– Thermochemistry and  
 Stoichiometry .............................8-5 

– Physical Properties of the  
 Reactants ....................................8-7 

– Purity and Moisture .........................8-7 
– Thermal Conductivity within  

 the Column .................................8-8 
– Direct Heating .................................8-8 
– Reaction Products ............................8-8 



 

 v

– Void Space and Compaction  
 Pressure ......................................8-9 

– Environmental Factors ....................8-9 
– Design and Manufacturing  

 Factors ......................................8-10 
o Column Length and Diameter ...8-11 
o Burning Rate and Filling  

 Density ...................................8-11 
o Ignition Source ..........................8-12 
o Priming Compositions ...............8-12 
o Ignition Transfer and Sealing ....8-12 

• Gassy Delay Compositions ...............8-13 
• Gasless Delay Compositions .............8-13 

– Chemistry of Gasless Delay . Composi-
tions ...............................................8-15 

– Effect of Pressure on Gasless Delay 
 Compositions ...........................8-15 

• The Pyrotechnic Delay Element ........8-17 

• Thermal Sources ............................... 8-18 
– Chemistry of Thermites ................ 8-18 
– Uses for Thermites ........................ 8-18 
– Ingredient Selection ...................... 8-19 

o Fuels .......................................... 8-19 
o Oxidisers ................................... 8-19 

– Improvements in Ignitability ......... 8-19 
o General ...................................... 8-20 
o Inclusion of Copper or  

 Manganese Oxides into  
 Iron Oxides ............................ 8-20 

o Inclusion of Metal Oxides of  
 High Specific Gravity ........... 8-20 

o Inclusion of Salt Oxidisers – ....Ther-
mates ......................................... 8-20 

o Explosives Safety Hazards ........ 8-21 
• Conclusion ......................................... 8-21 

 

 9) The Chemistry of Colored Flame  ...............................   K. L. & B. J. Kosanke 
• Introduction .........................................9-1 
• The Nature of Light .............................9-1 
• More Quantum Theory ........................9-3 
• Atomic Line Spectra ............................9-4 
• Molecular Band Spectra ......................9-7 
• Sources of Continuous Spectra from 

 Flames ............................................9-9 
• A Further Introduction to Color and Spec-

troscopy .............................................9-12 
• Quantifying Color Sensations ...........9-14 
• Classical Laws of Additive  

 Color Mixing ................................9-17 
• The Measurement of Color ................9-20 
• Color Theory Applied to  

 Pyrotechnic Flames ......................9-21 
• Pyro-Chemical Flames for  

 Color Production ..........................9-25 

• Color Generating Chemical  
 Species and Their Production ...... 9-29 

• Red Colored Flame Chemistry .......... 9-32 
• Control of Red Flame Chemistry ...... 9-34 
• Optimizing Red Flame Chemistry .... 9-37 
• Green and Orange Colored  

 Flame Chemistry .......................... 9-40 
• Yellow Colored Flame Chemistry .... 9-42 
• Blue and Purple Colored Flame  

 Chemistry ..................................... 9-43 
• Additional Considerations  

 Regarding Oxidizers .................... 9-44 
• Additional Considerations  

 Regarding Fuels ........................... 9-45 
• Considerations Regarding  

 Ignitability and Burning  .............. 9-46 
• Prospects for Future Improvement .... 9-46 

 

 10) Illuminants and Illuminant Research  .....................................   D. R. Dillehay 
• Introduction .......................................10-1 
• Pressure Effect on Flame ...................10-2 
• Plume Effect ......................................10-3 
• Formulation Effect ............................10-5 

• Diameter Effect ................................. 10-5 
• Spin Effect ........................................ 10-6 
• Liner Effect ....................................... 10-7 
• Shifting Spectral Output ................... 10-7 

 



 vi

 11) Propellant Chemistry  ......................................................................  N. Kubota 
• Introduction ....................................... 11-1 
• Energetics of Propellants .................. 11-2 

– Generation of Heat Energy ........... 11-2 
o Heat of Explosion and Heat of ...For-

mation ....................................... 11-2 
o Oxygen Balance ........................ 11-3 

– Characterization of Energetic  
 Materials .................................. 11-4 

• Propellant Ingredients ....................... 11-5 
– Homogeneous Propellants ............ 11-5 
– Heterogeneous Propellants ........... 11-8 

o Composite Propellants .............. 11-8 
o Smokeless and Smokeless  

 Propellants ........................... 11-11 
o Composite Modified  

 Double-Base Propellants ..... 11-12 
– Granulated Propellants ................ 11-12 

o Black Powder .......................... 11-12 
o Gun Propellants ....................... 11-13 

• Reaction of Propellants ................... 11-14 
– Thermal Decomposition Process 11-14 

– Characteristics of Thermal Decomposi-
tion ...............................................11-15 

• Combustion of Propellant ................11-16 
– Combustion Wave Structure of 

 Propellants ..............................11-16 
o Combustion Zone ....................11-16 
o Heat Transfer Process ..............11-17 

– Combustion of Homogeneous  
 Propellant ...............................11-17 
o Combustion Wave Structure ....11-17 
o Burn Rate Characteristics ........11-17 
o Dark Zone Reaction .................11-18 
o Fizz Zone Reaction ..................11-18 
o Burn Rate Characteristics ........11-19 

– Combustion of Heterogeneous 
 Propellant ...............................11-19 
o Combustion Wave Structure ....11-19 
o Burn Rate Characteristics ........11-20 
o Combustion of CMDB  

 Propellant .............................11-20 
– Combustion of Granulated  

 Propellant ...............................11-22 
 

 12) Principles of Solid Rocket Motor Design  .......................................  N. Kubota 
• Introduction ....................................... 12-1 
• Flight Dynamics of Rocket  

 Projectiles .................................... 12-1 
– Momentum Change of Exhaust  

 Gas............................................ 12-1 
– Aerodynamic Drag and Flight 

 Trajectory ................................ 12-2 
• Thermodynamics for Thrust  

 Generation ................................... 12-3 
– Structure and Combustion of a  

 Rocket Motor ........................... 12-3 
– Mass Balance in a Rocket Motor .. 12-4 
– Thrust and Specific Impulse ......... 12-5 
– Pressure Sensitivity of Burn Rate .. 12-6 
– Pressure Sensitivity of  

 Rocket Motor ........................... 12-7 
• Propellant Grain Design ................... 12-8 

o Thrust Versus Burning Time .... 12-8 
o Grain Design Concept ............. 12-10 
o Selection of Propellants .......... 12-10 

• Design of Rocket Motor Case  
 and Thermal Protection ............. 12-11 

– Size and Shape of Rocket  
 Motor Case .............................12-11 

– Materials Used for Motor Cases ..12-11 
– Thermal Protection ......................12-11 

• Design of Nozzle .............................12-12 
– Size and Shape of Nozzle ............12-12 
– Materials Used for Nozzle ...........12-12 

• Design of Igniter ..............................12-13 
– Ignition Transient ........................12-13 
– Pyrolants Used for Igniter ...........12-14 

• Combustion Phenomena in a  
 Rocket Motor .............................12-15 
– Erosive Burning ...........................12-15 
– Stable and Unstable Combustion .12-15 
– Combustion under Centrifugal 

 Acceleration ...........................12-16 
• Design of Two-Stage Motors  

 with Two Propellant Grains  
 in One Chamber ..........................12-17 
– Mass Balance of Booster Phase....12-17 
– Mass Balance of Sustainer Phase .12-19 



 

 vii

– Design of Propellant Grains .........12-19 
– Firing Test Results........................12-22 

• Summary ......................................... 12-23 

 

 13) Pyrotechnic Spark Generation  B. J. & K. L. Kosanke and C. Jennings-White 
• Introduction .......................................13-1 
• Incandescence ....................................13-2 
• Pyrotechnic Spark Duration ..............13-3 
• Common Spark Producing Elements 13-4 
• Control of Carbon Sparks ..................13-6 
• Control of Metal Sparks ....................13-8 
• Alloys and Corrosion ........................13-9 

• “Fire-Fly” or Transformation  
 Effects ........................................ 13-10 

• Branching Sparks and  
 Senko Hanabi ............................. 13-11 

• Glitter and Microstars ..................... 13-12 
• Conclusion ...................................... 13-13 

 

 14) Glitter Chemistry  ...............................................................   C. Jennings-White 
• Introduction .......................................14-1 
• Lloyd Scott Oglesby: Potassium  

 Sulfide Theory ..............................14-3 
• Myke Stanbridge: Aluminum  

 Carbide Theory ............................14-5 
• Troy Fish: Aluminum Sulfide  

 Theory ..........................................14-6 
• Michael Swisher: Thermitic Theory...14-6 
• Takeo Shimizu: Polysulfide  

 Reduction Theory .........................14-7 
• Experimental Observations ...............14-7 

– The Necessity for Potassium .........14-8 
– The Necessity for Sulfur ................14-8 

– The Necessity for Nitrate .............. 14-9 
– The Necessity for Aluminum ........ 14-9 
– The Role of Barium Salts ............ 14-10 
– The Role of Antimony Sulfide .... 14-10 
– Tests of Swisher’s Thermitic  

 Theory .................................... 14-11 
– What Is the Fuel in the  

 Flash Reaction? ...................... 14-12 
– Physical Observations ................. 14-13 

• Discussion ....................................... 14-13 
• Colored Glitter ................................ 14-14 
• Safety Considerations ..................... 14-15 

 

 15) Strobe Chemistry  ...............................................................   C. Jennings-White 
• Introduction .......................................15-1 
• Genesis of the Shimizu Hypothesis ...15-2 

– Testing the Shimizu Hypothesis ....15-2 
• Various Strobe Compositions ............15-3 

• “Dark” and “Flash” Binary Mixtures 15-4 
• Conclusions ....................................... 15-7 
• Strobe Frequency ............................... 15-8 
• Safety Considerations ........................ 15-8 

 

 16) A Study of the Combustion Behaviour of Pyrotechnic Whistle Devices 
(Acoustic and Chemical Factors)  ................... M. Podlesak and M. A. Wilson 

• Introduction .......................................16-1 
• Computer Modeling of  

 Combustion ...................................16-2 
• Acoustic Model .................................16-3 

– Thermo Acoustic Feedback  
 Mechanism ...............................16-6 

– Quantitative Analysis of  
 Acoustic Data ............................16-8 

• Energetics .......................................... 16-9 
– Acoustic Impulse .......................... 16-9 
– The Consumption of Mass .......... 16-10 
– Fuel and Oxidiser Decomposition 

 Temperatures ......................... 16-11 
– Decomposition Products ............. 16-12 
– Explosive Behaviour ................... 16-13 

• Concluding Remarks ....................... 16-14 



 viii

 17) Sensitiveness of Pyrotechnic Compositions  ...............................   D. Chapman 
• Introduction ....................................... 17-1 

–  The Term Sensitiveness ........... 17-1 
–  Accident Statistics ................... 17-1 
–  Context of Sensitiveness within 

Safety Testing ............................... 17-1 
• Standard Sensitiveness Test  

 Apparatus ..................................... 17-2 
–  Impact Tests ............................. 17-2 

o Bureau of Explosives Impact Ma-
chine .......................................... 17-3 

o BAM Fallhammer ..................... 17-3 
o Rotter Test ................................. 17-3 
o 30 kg Fallhammer Test ............. 17-4 
o Modified Type 12 Impact Tool . 17-4 
o Impact Sensitivity Test ............. 17-4 
o Additional Methods  

 Described in the Encyclopedia  
 of Explosives .......................... 17-4  

– Friction Tests ................................ 17-4 
o BAM Friction Test .................... 17-5 
o Rotary Friction Test .................. 17-5 
o Friction Sensitivity Test ............ 17-6 
o ABL Friction Test ..................... 17-6 
o Torpedo Friction Test ............... 17-6 
o Closed Friction Test .................. 17-6 

– Electrostatic Tests ......................... 17-6 
– Ad Hoc Test Methods ................... 17-7 

o Portable Impact Tester .............. 17-7 
o Mallet Friction .......................... 17-8 
o Hammer test .............................. 17-8 

– Non-Ambient Test Methods ..........17-8 
– Elevated Temperature Impact ........17-8 
– Elevated Temperature Friction ......17-8 

• Sensitiveness Test Result Treatment .17-9 
– Limiting Values .............................17-9 
– Bruceton Method ...........................17-9 
– Probit Analysis ..............................17-9 

• Comparison of Test Methods ..........17-10 
– UN Orange Book Comparisons ...17-10 
– Encyclopedia of Explosives Compari-

sons ..............................................17-11 
– Comparative Studies ....................17-11 

• Use of Sensitiveness Methods .........17-13 
– Transport (UN Orange Book) ......17-13 
– Notification of New Substances ..17-14 
– Placing Explosives on the  

 European Market  
 (CE marking) ..........................17-14 

– Major Hazard Safety Control  
 Systems (COMAH) ................17-14 

• Sensitiveness Results for  
 Pyrotechnic Compositions .........17-14 
– Impact Sensitiveness Results .......17-14 
– Friction Sensitiveness Results .....17-16 
– Electrostatic Sensitiveness  

 Results ....................................17-17 
• Sensitiveness Case Studies ..............17-18 

–  Titanium/Black powder ..........17-18 
–  Peterborough Explosion .........17-19 
–  Potassium Chlorate/Thiourea .17-20 

 

 18) Hazardous Chemical Combinations: A Discussion 
  ..............................................................   C. Jennings-White and K. L. Kosanke 

• Introduction ....................................... 18-1 
• Chlorates ........................................... 18-2 

– With Aluminum ............................ 18-3 
– With Magnesium and Zinc ........... 18-4 
– With Acids .................................... 18-4 
– With Ammonium Salts ................. 18-5 
– With Copper(II) [Cupric] Salts ..... 18-5 
– With Sulfur ................................... 18-5 
– With Sulfides ................................ 18-6 

• Perchlorates ....................................... 18-6 
– With Aluminum ............................ 18-6 
– With Magnesium ........................... 18-6 

– Substances Hazardous with  
 Chlorates but not with  
 Perchlorates ..............................18-6 

– With Sulfur ....................................18-7 
– With Sulfides .................................18-7 

• Aluminum ..........................................18-7 
– With Water ....................................18-7 
– With Copper(II) [Cupric] Salts ......18-8 

• Magnesium ........................................18-9 
– With Acids .....................................18-9 
– With Ammonium Salts ..................18-9 
– With Water ....................................18-9 



 

 ix

– With Copper Salts .........................18-9 
– With Sulfur ....................................18-9 

• Zinc .................................................18-10 
– With Acids ...................................18-10 
– With Ammonium Salts ................18-10 
– With Water ..................................18-10 
– With Copper Salts .......................18-10 
– With Sulfur ..................................18-10 

• Addendum for Magnalium ..............18-10 

– With Chlorates and  
 Perchlorates............................. 18-11 

– With Acids .................................. 18-11 
– With Ammonium Salts ................ 18-11 
– With Water .................................. 18-11 
– With Copper Salts ....................... 18-11 
– With Sulfur .................................. 18-11 

• Closing Remarks ............................. 18-11 

 

 19) Assessing the Risks — Suggestions for a Consistent Semi-Quantified 
Approach  .............................................................................................. T. Smith 

• What Does Assessing the  
 Risks Mean? .................................19-1 

• Principles of Risk Assessment ..........19-2 
• Risk and Hazard ................................19-2 
• Quantitative vs. Qualitative Risk 

 Assessment ...................................19-3 
• Individual and Societal Risk ..............19-4 
• Qualitative Risk Assessment  

 Schemes .......................................19-5 

• The Role of Risk Assessment in UK 
 Pyrotechnic Operations ................ 19-8 

• Which Risks Are the Most  
 Important To Address First? ........ 19-8 

• Keeping Risks in Perspective ............ 19-9 
• Documenting Risk Assessments ....... 19-9 
• Conclusions ..................................... 19-10 

 
 


