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MIC (see metastable

intermolecular composite)
micro encapsulation

(see encapsulation, micro)
microscopy, scanning electron

(SEM)

particle morphology ....... 11-46,

strobe star ......ccocveveerereneenn, 4-1
missile, ballistic

(see ballistic missile)
model,

hot liquid (see hot liquid model)

, Thomas (see Thomas model)
modeling, thermodynamic

(see thermodynamic modeling)
molecular orbital theory ........ 19-1,

mono-
propellant (see rocket
propellant, mono)
saccharide
(see saccharide, various)
morphology, particle (see
microscopy, scanning electron,
particle morphology)
mortar (also see mortar rack)
clearance............... 13-31, 14-72
, concussion
(see concussion mortar)
explosion ..... 8-43, 9-21, 10-37,
......................... 14-56, 22-16
fragment
computer modeling....... 9-21
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hazard mitigation........ 10-37

veloCity ... 8-43, 9-21
length.....coeeveeveicee 11-70

effect on drift................ 3-30
MOdeling......ccocoeereneennene 16-37
placement........cccoceeevennennn. 3-22
pressure..........cee.... 22-3, 22-52
rack

dense pack design........... 2-6

findedesign........cccce....... 2-6
,Seamed ..o 1-6

, Stedl.......1-6, 8-43, 9-21, 10-37
motor (see rocket motor)
Munroe effect .........ccoceeeeneneee 19-14
music, whistle, production of
(see whistle, pyrotechnic, music
production)
muzzle velocity........ 10-56, 16-37,

.......................... 22-3, 22-52
N
nano-
aluminum
(see aluminum, nano-)
material ................ 19-19, 23-70
particle................. 19-19, 23-81
scale composite................ 17-65
naphthalene..........cc.ccoceeeeieenne 9-1
NASA Lewiscode.................. 7-74
n-butyl ferrocene................... 11-25
NC (see nitrocellulose)
NEOAYMIiUM......ccceveverrerieinns 13-1
NG (see nitroglycerine)
nitrate ester .......oovvevereenes 11-25
nitro-
cellulose (NC)...... 11-25, 16-53
diglycol .....cooovevnieen. 16-53
glycerine (NG)..... 11-25, 16-53
guanidine (NQ) ........c..... 11-25
NItrogen.........ccveeveenene. 9-29, 15-25
, high (see high nitrogen)

nitrous oxide...... 5-47, 9-29, 15-25
no-fire current

(see current, no-fire)
noise filtering.......cc.ceevevvnene. 14-40
nomenclature, chemical

(see chemical nomenclature)
nozzle expansion ratio (see rocket

motor nozzle expansion ratio)
NQ (see nitroguanidine)

o]

oligosaccharide...........cccceeuennee. 8-1
opacifier (see propellant opacifier)
organic fuel (seefuel, organic)
output testing (see testing, output)
overpressurel-26, 2-6, 12-16, 15-1

oxamide (OXM) ....ccceevvernene 11-25
oxidation (see chemical oxidation)
(0 ([o [ R 11-25

OXM (see oxamide)
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OXYQEN .o 9-29, 15-25
atomic oxygen........ 9-29, 15-25
exchange........ccooeeveneeenne 7-15

P
PAraffin .....ccoooeiiieneeeee 9-1

paraguinone dioxime (PQD).11-25
Parlon™ (see chlorinated rubber)

particle
morphology ........... 11-46, 12-5
, Nano-(see nano-particle)
SIZE.oiiiee 18-63, 19-19
PasSiVation........c.ccvereeeennene 19-19
periodic table
(see chemical periodic table)
phosphate.........cccecevenerennens 21-39
phosphide.........cccoerenenennens 21-39
phosphorus.................. 9-29, 15-25
(V) oxide................ 9-29, 15-25
B 1= o IS 13-54, 21-39
s WhIte e 21-39
photoflash (see flash, photo-)
phthalic acid.........ccccevevuernnnen. 6-65
PILCh i 9-1
plasticizer (see rocket propellant
plasticizer)

plume (see rocket plume)
pollution, air (see air pollution)

poly-
butadiene...........ccccoveunnnen. 11-25
carboxy-terminated (CTPB)
.................................... 11-25
hydroxyl-terminated HTPB)
...... 3-35, 8-19, 11-25, 19-37
(S5 (= GRS 11-25, 11-65
ethylene.......ccocevveenens 11-25
saccharide......ccoovveeceereennne, 8-1
sulfide (PS) ...ccevvvvevrinnns 11-25
tetrafluroethylene (PTFE/
Teflon) ........... 10-45, 24-11
urethane (PU)........ccccue.e. 11-25
vinyl chloride (PVC)........... 9-1,
........................ 11-25, 22-63
vinylidine chloride... 9-1, 22-63
powder
, Black (see Black Powder)
, concussion

(see concussion powder)

, flash (see flash powder)

, lift (seelift powder)

Yellow (see Yellow powder)

potassium..........ccoueeee. 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 ....ocoeeeevereenee 9-29, 15-25

perchlorate............. 9-29, 15-25

permanganate......... 9-29, 15-25

sulfide ..o 9-29, 15-25
PQD (see paraguinone dioxime)
praseodymium .........cccceevernene 131
pressure

, blast (see blast pressure)

, chamber (see rocket motor

chamber pressure)

, impulse (see impul se pressure)

, internal

, concussion mortar
(see concussion mortar
internal pressure)
, fireworks shell
(see fireworks shell
internal pressure)

, mortar (see mortar pressure)

, Over- (see overpressure)

, sound (see sound pressure)
Primer ....occeveevereerennen 24-3, 24-64
propagation model ...... 6-17, 23-87
propellant (also see rocket

propellant and Black Powder)

, chemistry (see rocket

propellant chemistry)

degradation ...........ccceeeee 16-53

epoxy (see rocket propellant,
epoxy)

evaluation (seerocket propellant
evaluation)

, mono-

(see rocket propellant,mono)
opacifier (see rocket propellant

opacifier)
,single-base.........cce..... 16-53
PROPEP.......cccoovrrn 1-11, 7-74

propulsion theory (seerocket motor
propulsion theory)
proximate pyrotechnics (also see
concussion mortar and
concussion powder)

hedlth effects.........cccoeunen. 3-14
, low smoke colored flame
(see flame, low smoke)
PS (see polysulfide)
PTFE (see polytetra-
flouroethylene)
PU (see polyurethane)
PV C (see polyvinyl chloride)
PYIOGEN ...cvveiviveeiee e 19-66
pyrolant........cccceeveveereereneen 10-45
pyrotechnic reaction residue
(seereaction residue,
pyrotechnic)

pyrotechnics(s)
ignition
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(seeignition, pyrotechnic)
, low smoke...7-11, 9-68, 10-17

qualitative analysis (see chemical
analysis, qualitative)

quality factor .........ccceevuennene. 19-61
quickness

test, Black Powder............. 9-51

tester, Eprouvette............... 9-51

R

radiation,thermal

(seethermal radiation)
radiative transfer .................. 19-53
radiometer, IR .......c.ccvveenens 12-57
radium ......ccoceeeveeeceecreeceeeee, 13-1

rate, regression
(seeregression 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.................
........................... 3-40, 24-64
reactivity (see chemical reactivity)
recoil force (see concussion
mortar, recoil force)
red flame (see flame, red)
red phosphorous
(seephosphorous, red)
reduction (see chemical reduction)
regression rate.........cccceeueee 19-37
resin, acaroid (see acaroid resin)
review of
Big Bang, A History of
Explosives.................. 14-74
Black Powder Manufacture
Methods and Technique.......

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 Composite
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Propellant Design,
Construction, Testing and
Characteristics of Small
Rocket Motors............ 12-68
Explosives.......cccccoevennnne 16-77
Fire Protective Clothing, A
Guide for Those Who
Manufacture or Sore
Pyrotechnics or Propellants

Fireworks Art........c........ 22-70
Fireworks Principles and
Practice (3” ed.)......... 10-61
Fireworks Principles and
Practice (4" ed.)......... 23-67
Hearing Protection: A Guide
for Those Who Manufacture,

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 .....ccccvvereenene 6-72

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.........cccccoeevvnnnnene.
..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........cc....... 9-65
rheometry (rheology) ........... 12-52
risk
assessment......coceeeeveeenne 18-32

profile (see hazard analysis)
rocket motor (also see rocket
plume and rocket propellant)
acoustic emissions........... 13-35
, Black Powder ................... 51
chamber pressure 3-35, 5-1, 6-9
, composite............. 3-35, 11-25
design ... 51

diagnostics. 11-1, 12-57, 14-50,

......................... 21-21, 21-59
fUEL .o 19-37
flow patterns............o...... 21-21
grain geometry............c...... 3-35

, hybrid ...... 5-47, 11-1, 13-35,
.. 14-50, 16-71, 21-21,

.......................... 21-59
iMpUlSe ..occvevveeeeeeeene, 22-44
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
SPECLIOSCOPY ..vvvvvverrnverrnnes 21-21
test facility .....coovvveveerienenn 11-1
testing, static.......... 11-1, 14-50,
.................................... 19-37
thrust
coefficient........ccceeevuenene. 6-9
measurement......7-33, 22-44
SENSON ... 14-50
rocket plume................ 11-1, 12-57
diagnogtics............ 13-35, 21-59
exhaust.................. 13-35, 21-59
spectroscopy 11-1, 12-57, 21-59
rocket propel lant
(also seerocket motor)
chemistry ......cccccevvevinnene 11-25
, composite... 3-35, 6-36, 7-33,
........................... 8-19, 11-25
3 EPOXY i 7-33
evaluation................. 1-11, 7-74
grain geometry...........e..... 3-35
, MONO....coiiine 6-35, 23-70
opacifier.....ccoeverieenennne 11-25
plasticizer ......ccccoveveneennn. 11-25
sensitivenessdata............... 7-59
, SHICONE v 8-31
stabilizer ............... 11-25, 15-25
yWhistle ..o 7-59
rocket, strobe (see strobe rocket)
(015 o IR SRN 81
S
saccharide, various................... 8-1
safety

accidental ignition
(see accidental ignition)
anaysis......... 4-15, 5-11, 12-16

distance.......ccocovrrvrirnnne, 19-43
management ..........cceevee. 16-27
, manufacturing ....... 4-15, 5-11,

.................................... 16-27

, mortar explosion
(see mortar explosion)
, Stage pyrotechnic
(see proximate pyrotechnics
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health effects)

SAULE ..o 15-1, 16-1
blast pressure
(see blast pressure, salute)
fuel-air .o 4-25

sound pressure (see sound
pressure, fuel-air salute)
in-mortar explosions
(see mortar explosion)

weak confinement................ 4-5
SAMATUM ..o 13-1
SANADAG.....coveveeeeeee 10-37
SCANAiUM.....oveeeieriee e 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 .......ccoovevevenienenn 18-53

SEM, (see microscopy, scanning
electron)

semiconductor bridge igniter

(01 =) I 2-1
sensitiveness

Jbullet .. 2-36

data (see rocket propellant

sensitiveness data)

, electric match ................ 17-65

, friction ...... 7-51, 23-39, 23-51

,impact ..... 21-51, 23-39, 23-51

terminology.......cccoevvveenene. 7-65

test methods............. 4-15, 6-57

, testing

electrostatic discharge..........
.............................. 3-1, 6-57

, thermal ..... 7-51, 11-16, 12-43,
........................ 23-39, 23-51
SENSItIVILY v, 7-65

(also see sensitiveness)
shaped charge.......cc.ccecvvuenene 19-14
shell

detonation (see fireworks shell

detonation)

, fireworks (see fireworks shell)
shellaC....cooeevveveseseseee, 9-1
shock tube.......cccoeeveninenen. 40-50
SHICA i 5-8
SHICON .ot 9-29

dioxide.......ccoun.... 9-29, 15-25
silicone (also see rocket propellant,

silicone)

binder (see binder, silicone)
fuel (seefudl, silicone)
simultaneous differentia thermal

single-base propellant
(see propellant, single-base)
SMOKE. ..o 13-54, 21-39

(0 )Y 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)

] 010 TR 17-53
sodium ....cocvveeieiinen, 9-29, 15-25
benzoate.......c..ccovvvveviienn, 9-1
bicarbonate............. 9-29, 15-25
carbonate................ 9-29, 15-25
chlorate.................. 9-29, 15-25
chloride.......c.cc...... 9-29, 15-25
nitrate......... 9-29, 11-25, 15-25,
.................................... 19-53
oxaate......occeeueennnen. 9-29, 15-25
oxide.....ccoveeeveenen. 9-29, 15-25
perchlorate............. 9-29, 15-25
salicylate.....cccocevererenieninne 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 .........ccceee. 4-5
, fuel-air salute.................... 4-25
, whistle.................. 4-37,17-19
sound toroid..........ccceeeveeeenee. 17-53
spark, colored ........ccoovevreenenne 9-57
sparkler (see fireworks sparkler)
specia effect......covveinnnenee. 19-14
specific heat ratio..........cccuc...... 6-9
specific impulse.............. 3-35,5-1
spectra, flame (see flame spectra)
spectrometer, video ................ 7-37
spectroscopy .... 7-37, 24-17, 24-28
, absorption ........ccoceeuenee. 16-71
, aOMIC o 18-1, 21-59
, fireworks star
(see star spectra)
molecular .....18-1, 19-1, 21-59,
.................................... 21-71
, rocket plume (see rocket
plume spectroscopy)
, timeresolved.................. 23-81
, X-ray (see X-ray anaysis)
spontaneous ignition..... 2-22, 6-17
stability, chemical
(see chemical stability)
stabilizer
(see rocket propellant stabilizer)
stage pyrotechnics

(see proximate pyrotechnics)
star (seefireworks star)

Starch o 8-1
(S (S | [ 9-1
steel mortar (see mortar, steel)
stoichiometry ........cccceceveveenee. 1-19
strain gauge.......coeeeveeeiennns 14-50
strobe
flare..oeeececeeeeee 6-68
frequency stabilization...... 6-68
(076! S 8-31
star model ......ccooeveiiieinne 4-1
strontium.........cceeeuee. 9-29, 15-25
carbonate................ 9-29, 15-25
chloride.................. 9-29, 15-25
chromate ........cccceevvueennen. 13-61
monaochloride........... 18-1,19-1
monohydroxide................. 18-1
nitrate......ccceevveunene. 9-29, 15-25
oxalate......cceeeuenne. 9-29, 15-25
oxide...cocevvrerrrnnn, 9-29, 15-25
storage
, explosives
(see explosives storage)
, fireworks
(see fireworks storage)
SUCTOSE.....vvieeeeereeereesressseesans 8-1
SUJA .ot 81
sulfur ..o 9-29, 15-25, 21-51
Ity oo 7-51
[chlorate (see chlorate/sulfur)
dioxide........cooun..... 9-29, 15-25
trioxide.......c.oveuenen. 9-29, 15-25

suppressant, combustion

(see combustion suppressant)
suppressant instability.......... 11-25

T

TA  (seetriacetin)
TAGN

(see triamino guanidine nitrate)
TDI (see toluene-2,4-diisocyanate)
Teflon

(see polytetraflouroethylene)
TEGDN

(seetriethyleneglycoal dinitrate)
temperature

, flame (see flame temperature)

, ignition

see ignition temperature)
measurement ................... 23-10
terephthalic acid..................... 6-65
test
burn

, consumer fireworks stand
(see consumer fireworks

stand test burn)
, 1SO container .......... 16-59
, fireworks storage..... 16-59,

..................................... 22-9
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, 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........cccevevvennns 2-36
, electrostatic discharge
(see electrostatic discharge
testing)
y OULPUL ..o 14-45

, Static (see rocket motor
testing, static)

tetrazing......ccooeeveeeveieesienens 23-70
TG (see thermo-gravimetry)
theatrical

(see proximate pyrotechnics)

thermite........... 13-9, 17-65, 23-81
thermo-
chemical equilibrium....... 12-16
chemistry ......cccccoeeieiennne 9-29

couple measurement........ 23-10
dynamic(s)..... 1-11, 1-37, 7-74,
............... 9-29, 12-31, 15-25
modeling. 7-74, 16-5, 16-37,
............ 22-28, 23-61, 23-87,

......................... 24-11, 24-17
gravimetry (TG) ...14-15, 18-23

(0 oL CT 24-50
Thomas moddl ...................... 18-53

threshold limit value (TLV) .13-61
thrust (see rocket motor thrust)

titanium .......coceveeenee 9-29, 15-25
carbon (see carbon / titanium)
dioxide.........cco...... 9-29, 15-25

TLV (seethreshold limit value)
TNETN

(see trimethylolethane trinitrate)
TNT equivalency........ 12-16, 15-1,

.................................... 21-13
toluene-2,4-diisocyanate (TDI) .....
.................................... 11-25
tOroid.....coevveeiieeeie e 17-53

toxicity
, chromium ........cccceeveenee. 13-61

, Stage pyrotechnics
(see proximate pyrotechnics
health effects)
toy caps (see caps, toy)
tracer composition................ 11-65

.................................... 19-43
urazole......ccoeveveveernenee. 4-15,5-11
urethane.........ccocecvvvivvieveenen, 6-43

Y,
velocity, muzzle
(see muzzle velocity)

video spectrometer
(see spectrometer, video)
viewing distance, effect of .....3-22
VIME
(seeviolent in mortar explosion)
violent in mortar explosion (VIME)
(also see mortar explosion)

.................................... 14-56
AVIES o0 S 1 YN 12-52
LV/0] 1 (< QO 17-53
w
(VLT (< S 15-25
(LT G 9-1
L DEES. oo, 9-1
whistle
combustion mechanism..17-19,
..................................... 21-1
curious observation.......... 17-19
fuel...ocovenee 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 tragacanth (see gum tragacanth) theory............ 4-37,17-19, 21-1
, glitter (see glitter theory) tri- WOOM ..ot 81
, ignition (see ignition theory) aminoguanidine nitrate (TAGN) X
,molecular orbital (see | 11-25 | xanthorrhoea..........cccocevereereenne. 9-1
molecular orbital theory) ethanolamine................... 11-25 | X-ray analysSis......cccceveveennne 13-40
thermal ethyleneglycol dinitrate Y
analysis......14-15, 18-23, 18-63 (TEGDN) ..o 11-25 | Yellow Powder..................... 14-65
energy distribution ............ 6-70 methylolethane trinitrate YHIUM oo, 13-1
radiation hazard................... 6-1 (TNETN) v 11-25 Z
FUN-BWEY ..vereeeeseeeeeeeeeeeneas 6-17 | triacetin (TA)wcoevererereene, 11-25 | ZINC oo 9-29, 15-25
sensitiveness tris (1-(-methyl)aziridinyl) chromate........cccccccveveenene. 13-61
(see sensitiveness, thermal) phosphine oxide (MAPO) ........ (o) ([o [T 9-29, 15-25
stability.......7-51, 11-16, 11-72, | e 11-25 sulfide......cccceevruennee. 9-29, 15-25
........................ 12-43, 18-53 U Zirconium .......ccceeeveeeeenen.nn. 11-25
thermate ........ooevveveecveieene, 13-9 | Uffculmeaccident.................. 14-1 | zirconium carbide................. 11-25
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