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oxamide (OXM) .........................11-25 
oxidation (see chemical oxidation) 
oxidizer.......................................11-25 
OXM (see oxamide) 
oxygen...............................9-29, 15-25 
 atomic oxygen..............9-29, 15-25 
 exchange .................................7-15 

————— P ————— 
paraffin ...........................................9-1 
paraquinone dioxime (PQD).......11-25 
particle  
 morphology .................11-46, 12-5 
 , nano-(see nano-particle) 
 size .............................18-63, 19-19 
passivation..................................19-19 
periodic table (see chemical periodic  
 table) 
phosphate ...................................21-39 
phosphide ...................................21-39 
phosphorus ........................9-29, 15-25 
 (V) oxide......................9-29, 15-25 
 , red ............................13-54, 21-39 
 , white ...................................21-39 
photoflash (see flash, photo-) 
phthalic acid .................................6-65 
pitch .............................................9-1 
plasticizer (see rocket propellant  
 plasticizer) 
plume (see rocket plume) 

pollution, air (see air pollution) 
poly- 
 butadiene .............................. 11-25 
  carboxy-terminated (CTPB) 
  ........................................ 11-25 
  hydroxyl-terminated (HTPB) 
  ...........3-35, 8-19, 11-25, 19-37 
 ester ........................... 11-25, 11-65 
 ethylene ................................ 11-25 
 saccharide ................................. 8-1 
 sulfide (PS) ........................... 11-25 
 tetrafluroethylene (PTFE/Teflon) 
  ........................................ 10-45 
 urethane (PU) ....................... 11-25 
 vinyl chloride (PVC) ..... 9-1, 11-25 
 vinylidine chloride.................... 9-1 
powder 
 , Black (see Black Powder) 
 , concussion (see concussion  
  powder) 
 , flash (see flash powder) 
 , lift (see lift powder) 
 Yellow (see Yellow powder) 
potassium .......................... 9-29, 15-25 
 chlorate (also see chlorate / sulfur) 
  .. 5-25, 6-30, 7-51, 9-29, 11-16, 
  .......11-72, 12-43, 15-25, 18-53 
 chloride........................ 9-29, 15-25 
 dichromate ........9-29, 13-61, 15-25 
 nitrate.......9-29, 12-5, 15-25, 21-51 
 oxide ............................ 9-29, 15-25 
 perchlorate ................... 9-29, 15-25 
 permanganate............... 9-29, 15-25 
 sulfide .......................... 9-29, 15-25 
PQD (see paraquinone dioxime) 
praseodymium.............................. 13-1 
pressure 
 , blast (see blast pressure) 
 , chamber (see rocket motor 
  chamber pressure) 
 , impulse (see impulse pressure) 
 , internal 
  , concussion mortar  
       (see concussion mortar  
        internal pressure) 
  , fireworks shell (see fireworks  
       shell internal pressure) 
 , over- (see overpressure) 
 , sound (see sound pressure) 
propagation model ....................... 6-17 
propellant (also see rocket propellant  
 and Black Powder) 
 , chemistry (see rocket propellant 
  chemistry) 
 degradation ........................... 16-53 
 epoxy (see rocket propellant,  
  epoxy) 
 evaluation (see rocket propellant  
  evaluation) 
 , mono- 
  (see rocket propellant,mono) 
 opacifier (see rocket propellant  
  opacifier) 
 , single-base .......................... 16-53 
PROPEP.............................. 1-11, 7-74 
propulsion theory (see rocket motor  

 propulsion theory) 
proximate pyrotechnics (also see  
 concussion mortar; concussion  
  powder) 
 fog ...........................................7-73 
 health effects ...........................3-14 
 , low smoke colored flame  
  (see flame, low smoke) 
PS (see polysulfide) 
PTFE (see polytetraflouroethylene) 
PU (see polyurethane) 
PVC (see polyvinyl chloride) 
pyrogen.......................................19-66 
pyrolant ......................................10-45 
pyrotechnic reaction residue 
 (see reaction residue, pyrotechnic) 
pyrotechnics 
 , low smoke ........ 7-11, 9-68, 10-17 

————— Q ————— 
qualitative analysis (see chemical  
 analysis, qualitative) 
quality factor ..............................19-61 
quickness 
 test, Black Powder...................9-51 
 tester, Eprouvette ....................9-51 

————— R ————— 
radiation, thermal (see thermal radiation) 
radiative transfer.........................19-53 
radiometer, IR.............................12-57 
radium ..........................................13-1 
rate, regression (see regression rate) 
ratio, nozzle expansion (see rocket 
 motor nozzle expansion ratio) 
ratio, specific heat (see specific heat  
 ratio) 
RDX (see cyclotrimethylene 
 trinitramine) 
reaction 
 , Goldschimdt (see Goldschimdt  
  reaction) 
 , heat of (see enthalpy of reaction) 
 residue, pyrotechnic ..............13-40 
reactivity (see chemical reactivity) 
recoil force (see concussion mortar,  
 recoil force) 
red flame (see flame, red) 
red phosphorous (see phosphorous, red) 
reduction (see chemical reduction) 
regression rate ............................19-37 
resin, acaroid (see acaroid resin) 
review of  
 Big Bang, A History of Explosives 
  .........................................14-74 
 Black Powder Manufacture 
  Methods and Technique.....7-76 
 Black Powder Manufacturing , 
  Testing and Optimizing....18-74 
 Chemistry of Explosives, The 
  .................. 10-69, 10-71, 21-72 
 Chemistry of Fireworks, The 
  ..............................12-69, 12-71 
 Color, An Introduction to  

 Practice and Principles ...21-74 
 Experimental Composite 
  Propellants An Introduction to 
  Properties and Preparation of 
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  Composite Propellant Design, 
  Construction, Testing and 
  Characteristics of Small  
  Rocket Motors ................. 12-68 
 Explosives ............................. 16-77 
 Fire Protective Clothing, A Guide 
  for Those Who Manufacture  
  or Store Pyrotechnics or  
  Propellants........................ 9-67 
review of (continued) 
 Fireworks Principles and Practice 
  ........................................ 10-61 
 Hearing Protection A Guide for 
  Those Who Manufacture,  
  Test, or Use Explosives ... 10-68 
 Ignition Handbook ................ 19-74 
 Incendiary Art: The Representation  
  of Fireworks in Early Modern  
  Europe............................. 14-76 
 Introduction to the Technology of 
  Explosives ......................... 9-67 
 Introductory Practical  
  Pyrotechnics...................... 6-72 
 Lectures Notes for Pyrotechnic 
  Chemistry .......................... 6-72 
 Pollution Caused by Fireworks 
  ................................. 8-72, 8-74 
 Propellants and Explosives: 
  Thermochemical Aspects of 
   Combustion ..................... 16-78 
 Proximate Special Effects  
  Familiarization and Safety 
  ........................................ 17-80 
 Pyrotechnic Chemistry ........ 21-75,
  ............................  21-78, 21-79 
 Pyrotechnics ..................................  
  .......18-67, 18-68, 18-69, 19-73 
 Selected Pyrotechnic Publications 
  of Dr. Takeo Shimizu, Part 3:  
  Studies on Fireworks Colored- 
  Flame Compositions ....... 10-65 
 Theater of Fire........................ 9-65 
rheometry (rheology) ................. 12-52 
risk 
 assessment ............................ 18-32 
 profile (see hazard analysis) 
rocket motor (also see rocket plume 
  and rocket propellant) 
 acoustic emissions ................ 13-35 
 , Black Powder.......................... 5-1 
 chamber pressure ......3-35, 5-1, 6-9 
 , composite................... 3-35, 11-25 
 design ....................................... 5-1 
 diagnostics .......11-1, 12-57, 14-50, 
  ............................. 21-21, 21-59 
 fuel........................................ 19-37 
 flow patterns ......................... 21-21 
 grain geometry........................ 3-35 
 , hybrid 5-47, 11-1, 13-35, 14-50,  
   .......16-71, 21-21, 21-59 
 nozzle expansion ratio ..... 3-35, 6-9 
 optical emissions ...... 13-35, 21-21, 
  ........................................ 21-59 
 propellant evaluation ..... 1-11, 7-74 
 propulsion theory...............5-1, 6-9 
 spectroscopy ......................... 21-21 

 test facility...............................11-1 
 testing, static..... 11-1, 14-50, 19-37 
 thrust .........................................6-9 
  coefficient ............................6-9 
  measurement......................7-33 
  sensor...............................14-50 
rocket plume..................... 11-1, 12-57 
 diagnostics................. 13-35, 21-59 
 exhaust ...................... 13-35, 21-59 
 spectroscopy..... 11-1, 12-57, 21-59 
rocket propellant (also see rocket motor) 
 chemistry...............................11-25 
 , composite .........  3-35, 6-36, 7-33, 
  ............................... 8-19, 11-25 
rocket propellant (continued) 
 , epoxy.....................................7-33 
 evaluation...................... 1-11, 7-74 
 grain geometry ........................3-35 
 , mono .....................................6-35 
 opacifier ................................11-25 
 plasticizer ..............................11-25 
 sensitiveness data ....................7-59 
 , silicone ..................................8-31 
 stabilizer.................... 11-25, 15-25 
 , whistle ...................................7-59 
rocket, strobe (see strobe rocket) 
rosin .............................................8-1 

————— S ————— 
saccharide, various .........................8-1 
safety 
 accidental ignition (see accidental  
  ignition) 
 analysis............... 4-15, 5-11, 12-16 
 distance .................................19-43 
 management ..........................16-27 
 , manufacturing 4-15, 5-11, 16-27 
 , mortar explosion (see mortar  
  explosion) 
 , stage pyrotechnic (see proximate 
  pyrotechnics health effects) 
salute ................................. 15-1, 16-1 
 blast pressure (see blast pressure,  
  salute) 
 , fuel-air...................................4-25 
  sound pressure (see sound 
       pressure, fuel-air salute) 
 in-mortar explosions  
  (see mortar explosion) 
 weak confinement .....................4-5 
samarium ......................................13-1 
sandbag.......................................10-37 
scandium.......................................13-1 
scanning electron microscopy, 
 (see microscopy, scanning electron) 
SCB (see semiconductor bridge  
 igniter) 
SDT (see simultaneous differential  
 thermal analysis) 
seamed mortar (see mortar, seamed) 
self heating .................................18-53 
SEM, (see microscopy, scanning  
 electron) 
semiconductor bridge igniter (SCB) 
  .............................................2-1 
sensitiveness 
 , bullet .....................................2-36 

 data (see rocket propellant 
  sensitiveness data) 
 , electric match ..................... 17-65 
 , friction .................................. 7-51 
 , impact ................................. 21-51 
 terminology............................. 7-65 
 test methods ...................4-15, 6-57 
 , testing 
  electrostatic discharge 3-1, 6-57 
 , thermal............7-51, 11-16, 12-43 
sensitivity .................................... 7-65 
 (also see sensitiveness) 
shaped charge............................. 19-14 
shell 
 detonation (see fireworks shell  
  detonation) 
 , fireworks (see fireworks shell) 
shellac ............................................ 9-1 
silica ............................................ 5-8 
silicon .......................................... 9-29 
 dioxide .........................9-29, 15-25 
silicone (also see rocket propellant, 
  silicone) 
 binder (see binder, silicone) 
 fuel (see fuel, silicone) 
simultaneous differential thermal  
 analysis ................................. 14-15 
single-base propellant (see propellant,  
 single-base) 
smoke .............................13-54, 21-39 
 composition .......................... 18-23 
 dye ........................................ 18-23 
 health effects (see proximate 
  fireworks health effects) 
 , low 
  , colored flame (see flame,  
       colored, low smoke) 
  , flash (see flash, photo-, low 
       smoke) 
  , pyrotechnics (see pyrotechnics,  
       low smoke) 
 ring........................................ 17-53 
sodium...............................9-29, 15-25 
 benzoate.................................... 9-1 
 bicarbonate...................9-29, 15-25 
 carbonate......................9-29, 15-25 
 chlorate ........................9-29, 15-25 
 chloride ........................9-29, 15-25 
 nitrate.... 9-29, 11-25, 15-25, 19-53 
 oxalate..........................9-29, 15-25 
 oxide ............................9-29, 15-25 
 perchlorate ...................9-29, 15-25 
 salicylate ................................... 9-1 
 sonic flow (see flow, sonic) 
sound pressure ............1-26, 4-5, 4-25,  
  ........................4-37, 5-33, 15-1 
 , concussion mortar ........1-26, 5-33 
 , flash powder ........................... 4-5 
 , fuel-air salute ........................ 4-25 
 , whistle........................4-37, 17-19 
sound toroid ............................... 17-53 
spark, colored............................... 9-57 
special effect .............................. 19-14 
specific heat ratio ........................... 6-9 
specific impulse ....................3-35, 5-1 
spectra, flame (see flame spectra) 
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spectrometer, video .....................7-37 
spectroscopy.................................7-37 
 , absorption............................16-71 
 , atomic .......................18-1, 21-59 
 , fireworks star (see star spectra) 
 molecular 18-1, 19-1, 21-59, 21-71 
 , rocket plume (see rocket plume  
  spectroscopy) 
 , X-ray (see X-ray analysis) 
spontaneous ignition............2-22, 6-17 
stability, chemical (see chemical  
 stability) 
stabilizer (see rocket propellant  
 stabilizer) 
stage pyrotechnics (see proximate  
 pyrotechnics) 
star 
 acceleration .............................10-1 
 , blue .......................................17-1 
 , colored ............... 7-11, 8-19, 17-1 
 , composite ..............................8-19 
 , green .....................................17-1 
 , red .........................................17-1 
 spectra .....................................17-1 
 , strobe (see strobe) 
starch .............................................8-1 
stearin .............................................9-1 
steel mortar (see mortar, steel) 
stoichiometry................................1-19 
strain gauge ................................14-50 
strobe 
 flare.........................................6-68 
 frequency stabilization ............6-68 
 rocket ......................................8-31 
 star model .................................4-1 
strontium ...........................9-29, 15-25 
 carbonate......................9-29, 15-25 
 chloride ........................9-29, 15-25 
 chromate ...............................13-61 
 monochloride .................18-1, 19-1 
 monohydroxide .......................18-1 
 nitrate ...........................9-29, 15-25 
 oxalate..........................9-29, 15-25 
 oxide ............................9-29, 15-25 
storage 
 , explosives (see explosives storage) 
 , fireworks (see fireworks storage) 
sucrose............................................8-1 
sugar .............................................8-1 
sulfur .................... 9-29, 15-25, 21-51 
 acidity .....................................7-51 
 / chlorate (see chlorate / sulfur) 
 dioxide .........................9-29, 15-25 
 trioxide.........................9-29, 15-25 
suppressant, combustion  
 (see combustion suppressant) 
suppressant instability ................11-25 

————— T ————— 
TA  (see triacetin) 
TAGN (see triamino guanidine nitrate) 
TDI (see toluene-2,4-diisocyanate) 
Teflon (see polytetraflouroethylene) 
TEGDN (see triethyleneglycol dinitrate) 
temperature 
 , flame (see flame temperature) 
 , ignition (see ignition temperature) 

terephthalic acid........................... 6-65 
test 
 burn 
  , consumer fireworks stand 
     (see consumer fireworks 
        stand test burn) 
  , ISO container ............... 16-59 
  , fireworks storage........... 16-59 
 , cook-off (see cook-off test) 
 equipment 
  , electrostatic discharge (ESD) 
     (see electrostatic discharge 
        test equipment) 
 , electro-magnetic compatibility  
  (see electro-magnetic  
      compatibility test) 
 facility (see rocket motor test 
  facility) 
 fireworks storage 
 , HERO (see hazard of  
  electromagnetic radiation to  
  ordinance test) 
 methods, sensitiveness  
  (see sensitiveness test methods) 
 , quickness (see quickness test) 
tester, quickness (see quickness tester) 
testing 
 , detonability ........................... 2-36 
 , electrostatic discharge (see 
  electrostatic discharge testing) 
 , output.................................. 14-45 
 , static (see rocket motor testing, 
  static) 
TG (see thermo-gravimetry) 
theatrical (see proximate pyrotechnics) 
theory 
 , glitter (see glitter theory) 
 , ignition (see ignition theory) 
 , molecular orbital (see molecular  
  orbital theory) 
thermal 
 analysis ...........14-15, 18-23, 18-63 
 energy distribution.................. 6-70 
 radiation hazard ........................ 6-1 
 run-away................................. 6-17 
 sensitiveness (see sensitiveness,  
  thermal) 
 stability ............7-51, 11-16, 11-72, 
  ............................  12-43, 18-53 
thermate ....................................... 13-9 
thermite............................. 13-9, 17-65 
thermo- 
 chemical equilibrium ............ 12-16 
 chemistry ................................ 9-29 
 dynamic(s) ...........1-11, 1-37, 7-74, 
  ....................9-29, 12-31, 15-25 
  modeling .......7-74, 16-5, 16-37 
 gravimetry (TG)......... 14-15, 18-23 
Thomas model ........................... 18-53 
threshold limit value (TLV) ....... 13-61 
thrust (see rocket motor thrust) 
titanium............................. 9-29, 15-25 
 carbon (see carbon / titanium) 
 dioxide......................... 9-29, 15-25 
TLV (see threshold limit value) 
TNETN (see trimethylolethane  

 trinitrate) 
TNT equivalency... 12-16, 15-1, 21-13 
toluene-2,4-diisocyanate (TDI)...11-25 
toroid .........................................17-53 
toxicity 
 , chromium ............................13-61 
 , stage pyrotechnics (see proximate 
   pyrotechnics health effects) 
toy caps (see caps, toy) 
tracer composition ......................11-65 
tragacanth (see gum tragacanth) 
tri- 
 aminoguanidine nitrate (TAGN) 
  .........................................11-25 
 ethanolamine .........................11-25 
 ethyleneglycol dinitrate (TEGDN) 
  .........................................11-25 
 methylolethane trinitrate 
  (TNETN) .........................11-25 
triacetin (TA)..............................11-25 
tris (1-(-methyl)aziridinyl) ..phosphine  
 oxide (MAPO).......................11-25 

————— U ————— 
Uffculme accident ........................14-1 
UN hazard classification..16-59, 19-43 
urazole ................................ 4-15, 5-11 
urethane ........................................6-43 

————— V ————— 
velocity, muzzle (see muzzle velocity) 
video spectrometer (see spectrometer,  
 video) 
viewing distance, effect of............3-22 
VIME (see violent in mortar explosion) 
violent in mortar explosion (VIME) 
  .........................................14-56 
 (also see mortar explosion) 
viscosity......................................12-52 
vortex .........................................17-53 

————— W ————— 
water .........................................15-25 
wax .............................................9-1 
 , bees .........................................9-1 
whistle 
 combustion mechanism17-19, 21-1 
 curious observation ...............17-19 
 fuel ..................... 6-65, 7-59, 17-19 
 measurements.............. 4-37, 17-19 
 mode selection...........................7-1 
 music production.......................7-1 
 rocket (see rocket propellant,  
  whistle) 
 sound pressure (see sound pressure,  
  whistle) 
 theory ................. 4-37, 17-19, 21-1 
wood .............................................8-1 

————— X ————— 
xanthorrhoea...................................9-1 
X-ray analysis.............................13-40 

————— Y ————— 
Yellow Powder ...........................14-65 
yttrium..........................................13-1 

————— Z ————— 
zinc ............................... 9-29, 15-25 
 chromate................................13-61 
 oxide............................ 9-29, 15-25 
 sulfide.......................... 9-29, 15-25 
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zirconium ................................... 11-25 zirconium carbide .......................11-25 
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