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Preface '

This book does not claim to be a definitive text on fireworks and the
fireworks industry. It is primarily an introduction to the basic science of
fireworks with particular emphasis on the underlying chemistry and
physics.

The historical material — stemming from several well known sources —
is valuable for its technical content. The subject matter then advances to
a presentation on the characteristics of gunpowder, whose unique
properties cause it to be the mainstay of the fireworks industry, even
today.

Succeeding chapters describe the manufacture and functioning of the
most popular fireworks, including rockets, shells, fountains, roman
candles, bangers, gerbs and wheels in what is hoped is a stimulating and
easily assimilated way for those approaching the subject for the first time.

Whilst the book is aimed at students with A-level qualifications, or
equivalent, it is also intended to be useful background material and a
source of reference for anybody engaged in a study of pyrotechnics as
applied to fireworks. Chapters on fireworks safety and jegislation
complete the book and deserve special mention.

None of this book could have appeared ~ at least as a comercial
project — without the enthusiastic advice and very willing co-operation of
Mr John Stone and the late Gordon Curtis of Pains-Wessex Ltd. I am
also indebted to Bill Decker of Pains Fireworks for permission to
reproduce the black and white photographs, and to David Cox who
gave advice on their selection and indeed took many of the pictures.

Probably the most comprehensive general text on fireworks is the
book by the Rev. Ronald Lancaster and co-contributors (Fireworks —
Principles and Practice, 3rd Edition) and I am grateful to him for
discussing my book with me and for giving permission to quote some of
his formulae.

I must also acknowledge the many friends and display operators with
whom I have enjoyed sharing my passion for fireworks over the years.
These include Ray Harrison, Henry Duniop, Campbell Wilson, Chris
Wilson, Ken Norton, Dave Laurence, Andy Goodwin and Debbue,
Jonathon Webb, Steve Cornall, Dale Sullivan, Roly Harrison, the late
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Wally Betts, Kevin Russell, Robert Stevens and my number two
daughter, Jane.
My grateful acknowledgements also go to Kay, Carol and Peter who
worked wonders on the computer.
Finally, I would like to thank my dear wife, Lyn, who sat through
| countless evenings of researching, writing and re-writing.
But having a degree in chemistry and a birthday on the 5th November,

what else could a person choose to write about?
Michael S. Russell
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Glossary

AFTERGLOW The glowing remains produced by the firing of gun-
powder-based products such as quickmatch. It is very important that
any afterglow 1s extinguished, especially when reloading shells or
mines into mortar tubes.

AMORCE A toy cap that consists of a paper envelope containing
explosive composition and which forms part of a roll.

APOGEE The point at which a projectile, such as a rocket, is at its
greatest height above the Earth.

BANGER A small tube containing gunpowder that is ignited from a
stmple fuse.

BATTERY A group of Roman candles or a set of similar or connected
fireworks.

BINDER A substance such as varnish, shellac or gum arabic that is used
to bind together the components of a pressed composition.

BLACK POWDER (synonymous with Gunp'owder) An intimately milled
mixture of potassium nitrate, sulfur and charcoal that has propellant
or explosive properties. |

BOMBETTE A combination of candles and/or shells packed in a box and
fired by interconnecting fuse.

BOUQUET Simultaneously ejected coloured stars froth rockets or shells.

BRITISH STANDARD (Fireworks) BS7114: Part 1 Classification of Fire-
works, Part 2 Specification for Fireworks, Part 3 Methods of Test
for Fireworks (BSI Sales Dept, Linford Wood, Milton Keynes
MK14 6SL, UK).




Xit Glossary

BURNING RATE The regression of a reaction zone of a pressed com-
position or fuse, usually expressed in millimetres per second. The
volume burning rate is expressed in cubic centimetres per second
while the mass burning rate, which is the product of the composition
density and the volume burning rate, is expressed in grams per
second.

BURSTER Explosive composition which will burn to evolve gas which in
turn is intended to burst open the firework case in order to expel one or
more pyrotechnic units.

cAP Small amount of impact-sensitive explosive composition con-
tained in a non-metallic envelope.

CATHERINE WHEEL A firework comsisting of spiral of pyrotechnic
composition in a paper case that rotates on a pin.

CHINESE FIRE A pyrotechnic composition based on meal powder, iron
filings and charcoal which is designed to produce visual effects
including sparks.

CLER The Classification and Labelling of Explosives Regulations 1983,
HMSO, HS(R)17, ISBN 011 8837060.

CLOVE HITCH A knot which is used (or should be used) by fireworks

operators in order to effectively secure stakes to posts, erc. It is affected

. by looping the cord around the timber so that the loop crosses over at

1 the front. The top section of cord is then looped again around the

timber, but this time passed undemeath the cross to form a double

loop. The knot is then pulled taut and secured with a half-granny knot
or similar.

COMET A single large star expelled from a firework such as a mine.

__J, COMPOSITION (Explosive) An intimate mixture of fuels, oxidisers and

o additives of such particle size that, when pressed, it is capable of

’ producing pyrotechnic effects. .

CONSUMER PROTECTION The Fireworks (Safety) Regulations 1997. SI
No. 2294,

| CRACKER SNAP Two overlapping strips of paper or card with a friction-
sensitive explosive composition in contact with an abrasive surface.
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Glossary Xiit

CROWN WHEEL A circular firework with a central pivot that rests upon
a nail or spike to give the effect of spinning like a wheel and then nsing

into the sky.

DEBRIS Any part of a firework that remains after the firework has
finished functioning.

DEFLAGRATION A burning surface reaction that progresses as suc-
cessive layers are raised to their initiation temperature and ignited.

DELAY TRAIN A combination of igniters and fuses that burn for a
predetermined time before igniting the main explosive composition.

DEVICE An assembly consisting of various type of fireworks, hinked
together, each producing specific pyrotechnic effects, with a single
point of ignition.

EQUATION (chemical) A representation of a chemical reaction, using
the symbols of the elements to represent the actual atoms and
molecules taking part in a reaction. For example, a classical, but
simplified, overall reaction for the deflagration of gunpowder is as
follows:

2KNO; + § + 3C - K8 +3C0O,+ N;
Potassium Sulfur  Charcoal Potassium Carbon Nitrogen
nitrate sulfide dioxide

EXOTHERMIC A term used to describe a chemical reaction in which
energy in the form of heat 1s released.

EXPLOSION A violent and rapid increase of pressure in a confined space,
brought about, in fireworks, by internal exothermic chemical reactions
in which relatively large volumes of gases are produced.

EXPLOSIVE Substances which undergo rapid chemical changes, with the
(chemical) production of gases, on being heated or otherwise initiated.

EXPLOSIVES ACTS Acts of Parliament whose objectives are to control the
manufacture, keeping, sale, conveyance, importatign and criminal use
of explosives. ‘

FIRECRACKER An early form of banger using gunpowder and paper
cases commonly tied into bundles or strips.

FIREWORK An article containing an explosive composition which, upon
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functioning, will burn and/or explode to produce visual and/or aut
effects which are used for entertainment or signalling,

FLASH POWDER A mixture of fuels, oxidisers and other additives that
capable of being initiated to undergo fast deflagration which is usual
accompanied by smoke and a bright flash.

FLITTER (colloquial) A. spark that gives a transient but twinklin
effect.

FOUNTAIN A long, tubular firework from which a jet or spray of spark
issues, sometimes accompanied by stars,

FUEL Any substance capable of reacting with oxygen and oxyge
carriers (oxidisers) with the evolution of heat.

FUSE An item with pyrotechnic or explosive components that 1
intended to be ignited in order to start the firework functioning or «

transmit ignition from one part of a firework to another.

FUSEE An article resembling a safety match but which has additiona
pvrotechnic composition that glows after ignition and is essentially
wind-proof and weather-proof. Used for lighting fuses.

GERB A small tubular firework from which a jet or spray issues.

GRAIN The particulate matter of a granulated composition, or a charge
of solid rocket propellant, or a unit of mass, where one
grain = 0.0648 2.

GUNPOWDER See BLACK POWDER.

HSE Health and Safety Executive. (Explosives Inspectorate. Magdalen
House, Bootle, Merseyside L20 3QZ, UK).

IGNITION Initiating combustion by raising the temperature of the
reactants to the ignition temperagure.

INCANDESCENCE The emission of light caused by high temperatures;
white or bright red heat.

INITIATOR  The first component in a pyrotechnic or explostve train.



Glossary XV

LANCE Small, tubular firework designed to emit a coloured flame for
about 90 seconds. Used for a visual effect in set-pieces.

LATTICE A framework of crossed laths used for supporting lances or
other fireworks.

LOCAE List of Classified and Authorised Explosives. (HSE Books, PO
Box 1999, Sudbury, Suffolk, CO10 6FS, UK).

MAROON A firework that is fired from a mortar and explodes with a
loud report. Usually used to signal the start of a display.

MEAL POWDER A very fine particle-size gunpowder that is used for
priming and making matches.

MILL The apparatus for reducing the particle size of pyrotechnic
ingredients and/or intimately mixing the said ingredients.

MINE A firework that is fired from a mortar and which contains a single
propellant charge and pyrotechnic units.

MIS-FIRE The failure of any firework or pyrotechnic unit to function
within the expected time. In the event of a mis-fire, at least 20 minutes
should be allowed before approaching the firework.

MORTAR A tube from which a mine or shell may be fired.

NEC Net Explosive Content. The mass of explosive composition within
a firework.

OPERATOR A person who operates fireworks or pyrotechnic displays
(usually in conditions of darkness, cold and damp, with little financial
reward, but inestimable dedication).

PARTY POPPER Small hand-held firework operated by a pull-string,.
PAYLOAD The total mass of pyrotechnic effects carried by a rocket, ezc.

PEC The Packing of Explosives for Carriage Regulations 1991 (SI 1991/
2097y HMSO, ISBN 011015197X.

PIC Plastic Igniter Cord. A fuse burning with an intense flame progress-
ively along its length. Used for igniting the match attached to shells,
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Xvi Glossar;

etc. Different burning speeds are available from 49sm=! tc
33sm™".

PIPED MATCH A fuse con'sisting of quickmatch enclosed in a paper pipe
that serves to increase the burning speed.

PORTFIRE A hand-held tubular appliance containing slow-burning

explosive composition which will emit a small lame. Commonly used
for lighting fuses.

PRIMING A layer of readily ignited explosive composition that is applied
to the surface of the main composition in order to facilitate ignition.

PROPELLANT ~ An explosive composition that burns with the character-
istics necessary for propelling shells and rockets, ezc.

PYROTECHNIC Of, like, or relating to fireworks.

PYROTECHNIST = A person skilled in the art of making or using fireworks.

QUICKMATCH A fuse consisting of gunpowder coated onto cotton yarn
using an adhesive such as gum arabic. |

RAD HAZ Radio Hazard. The hazard associated with the use of
electro-explosive devices (EEDs) such as wirebridge fuseheads in the
vicinity of radio-frequency transmitting equipment (BS 6657: Preven-

tion of Inadvertent Initiation of Electro-explosive Devices by Radio-
frequency Radiation). -

ROCKET A self-propelled firework with stick for stabilisation of flight.

ROCKET LAUNCHER A tube, frame, box or base from which rockets may
be launched. |

ROMAN CANDLE A tubular firework usually containing a plurality of
alternate pyrotechnic units and propellant charges.

SAXON A tubular firework containifig a pair of opposing nozzles that is
designed to rotate by virtue of a central pivot.

SERIES FIRING A method of firing fireworks electrically by connecting

wirebridge fuschead igniters in'series, i.e. one after the other, so that
the current flows through each in turn.
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SsERPENT The preformed shape of explosive composition or an integral
container of explosive composition that functions with the emission of

expanded residue.

5 SET-PIECE  An assembly consisting of lances and other fireworks linked
together to form images and other pyrotechnic effects with a single

point of ignition.

SHELL A firework designed to be projected from a mortar tube and
containing propellant charge, delay fuse, burster and pyrotechnic

units.

spARKLER Wire coated along one end with explosive composition, and
designed either to be non-hand held (i.e. free-standing or fixed to a

support) or to be held in the hand.

STAR A compressed pellet of explosive composition designed to be
projected as a pyrotechnic unit, with visual effects. )

sQuIB A small tubular firework, conta.iniﬁg gunpowder, that makes a
hissing sound and then explodes.

STOICHIOMETRIC MIXTURE A balanced mixture which, on reaction, will
yield a stoichiometric compound. For example, two molecules of
hydrogen and one molecule of oxygen constitute a stoichiometric
mixture because they vield exactly two molecules of water on combus-
tion. Such a balance is important when formulating pyrotechnic

composttions.
THROWDOWN An article containing an impact-sensitive explosive com-
position.

TOURBILLIONS Fireworks designed to revolve on the ground and then
ascend. They consist of tubes with opposing nozzles and small wings.
They used to be known as ‘aeroplanes’ in the UK.

WHEEL Any firework that is designed to rotate about a fixed point.

WHISTLER A firework designed to whistle by virtug'of an explosive
composition containing gallic acid or similar.

WIREBRIDGE FUSEHEAD An electric igniter containing a bridgewire
surrounded by a small bead of explosive composition designed to

emit a short burst of gas and flame.




