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Covering the authors work and experiments

| from 1890 to 1935.

A drop of ink, t'is said
made millions think:

A spark of fireworks has oft’
made thousands blink.
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Though handicapped in the struggle
of life, I have achieved some small suc-
cess through the constant untiring assist-
ance of my wife. As a slight token of
appreciation I dedicate to her this work.

The Author.



Preface.

In following work the object has been to place on
file a complete record of the developements of the art
of pyrotechny up to the present time. Previous epochs,
in what may be considered the modern manufacture of
fireworks, have been puncuated by Ruggiere, 1812 in
Italian; Chertier, 1854 in French; Kentish, 1878 in English
and Antoni 1893 in Italian.

There have been writings on the subject as early as
the year 1225 and the first authentic manual seems to
be in German, written in 1432 but these are mainly
museum curiosities. Since 1893 some historical and special-
ized articles have appeared in connection with pyrotechny
but nothing of a general or comprehensive character in
the way of a working manual.

In the interim great strides have been made, both in
the materials used as well as in the methods employed
in the mass production of articles in general use for

public celebrations.

Powdered aluminum has added many beautiful effects;
picric acid is extensively used and potassium perchlorate
has greatly reduced the danger from spontaneous com-
bustion. Phosphorus, both yellow and amorphous is large-
ly used and machines to replace manual operations have
been devised in many instances.

The formulars herein given are all taken from those
in actual use and will positively produce the effects for
which they are indicated. The machines and tools shown
are those in use in the largest and most recently equip-

ped factories.
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The article on Chinese - Firecrackers is the first detail-
ed description of this interesting article ever written in

the English language.

A caution added here might not be amiss. Never hold
any kind of fireworks in the hand while it is burning.
Make this rule without exception because sometimes the
most unexpected explosions occur and cause painful injury.
If firing shell be sure never to look into the mortar after
the shell has been inserted. A spark might have in
some manner gotten inside. Also never allow the arm
or hand to come over the muzzle of the mortar. Long
sections of bare match should be used on shells so that
the one lighting them has ample time to reach a safe
distance in case of the bursting of the gun. There is
always enough danger to avoid all unnecessary risk.

The beginner is advised to read carefully and memo-
rize the indtructions given under “manipulations” before
attempting the production of any kind of fireworks.
Actions which seem trivials are sometimes fraught with
gravest danger. The object of fireworks is to give pleas-
ure so do not compound it with tragedy.

 In conclusion I might add that in this work pyrotechny
is treated rather as a craft than as an art. For the
artistic feature, imagination only is requisite but to work
out the results of imagination is just plain tedious, patient
and often hard work. Consequently, if we have the
methods at hand it will be easier to bring to life the
artistic ideas.

January 30th. 1937,
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INTRODUCTION.

To those contemplating the making of fireworks, either
professionally or as an amusement it is desirable to under-
stand the principles which govern the operations of the
various devices as well as the compositions of the chemi-
cals entering into their production.

The principle of colored lights is based on:

Ist. Producing a mixture that will burn at a
reasonable speed while generating an intense heat,

2nd. Adding thereto the salts of such elements,
in the spectrum of which, predominate lines of the de-
sired colors.

Heat generating compounds consist chiefly of:

(a). Substances which yield oxygen freely when
ignited in the presence of carbon, viz:

Potassium chlorate,
Potassium per-chlorate,
Potassium nitrate,
Sodium chlorate,
Barium nitrate,
Strontium nitrate,
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(b). Carbon and carbonaceous sources, viz:

Charcoal,
Shellac,

Fossil gums,
Resins,
Asphaltum,
Dextrine,
Stearine,
Sugar of milk,
Corn flour etc.

In addition to the above there are some substances
which when added to colored fire compositions increase
the affinity of the several constituents for one another
thereby improving the colors, viz:

Sulphur

Picric acid

and in the instance of blue and green fires it is almost
essential to add an easily volatilized chloride in order to
get sufficient depth of color.
viz: Calomel

Sal Ammoniac.

The exact function of these last named substances
is not entirely clear but it appears that the beft spectrums
are yielded by the chlorides of the elements. However
most chlorides are deliquescent and therefore unsuited
to fireworks making. By adding a substance that yields
chlorine freely at the moment of decomposition the
necessary conditions are produced for obtaining the best
results,

The following substances are most generally used
for producing pyrotechnical colors.

PURPLE

Strontium and Copper compounds.

6l



ORANGE

Strontium and Sodium salts.
Bright or “Plain” Mixings
Consist almost entirely of:

Saltpeter,
rarely Lead nitrate,

Sulphur,
Charcoal or lampblack.

with the addition of

_ Steel filings,
Iron borings,
Zinc powder,
Antimony,
Orpiment,
Realgar.

PINK

Calcium carbonate,
Calcium sulphate,
Calcium oxalate.

GREEN

Barium nitrate,

Barium chlorate,

Boric acid,

and rarely Thalium nitrate.

RED

Strontium nitrate,
Strontium carbonate,
and rarely Lithium salts.
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BLUE

Copper carbonate,

Copper arsenate,

Copper sulphate,

Copper black oxid,

Copper & Ammonium sulphate,
Copper oxalate,

Copper & Ammonium chloride.

YELLOW

Sodium oxalate,
Sodium bicarbonate,
Sodium metantimoniate.

The intensly bright white sparks are produced by

aluminum powder. At one time Magnesium was used
for this purpose but it has been entirely discontinued.
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PART L
INGREDIENTS

SALTPETER
(Nitre—Potassium nitrate)

This most important ingredient is produced in New
York state of so high a quality that it is needless to
look for better. The most suitable for pyrotechnical
purposes generally is the “double refined, powdered”
which can be obtained at from 5c to 15¢ Ib. in barrels
of 350 lbs. the price varying according to market con-
ditions. For some large work granulated saltpeter is used,
burning slower and being cheaper at the same time. The
most suitable is “Dupont #2".

Specifications for saltpeter to be used in fireworks
making call for a salt that is clean, white and should
be ground fine enough to pass through a sieve of 80
to 100 mesh. It should contain less than 1% of sodium,
calcium and magnesium salts combined.

POTASSIUM CHLORATE
K C1 O,

This very necessary chemical is now also being pre-
pared in this country, near Niagara Falls, of an excellent
quality. The price varies considerably though it usually
declines somewhat after July 4th. The powdered ranges
from 9¢ to 16c Ib. in kegs of 112 lbs. For pyrotechnical
purposes it should be white, odorless and contain not
over ¥ of 1% of sodium, calcium and bromine combined.
It should be of the same fineness as saltpeter.
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POTASSIUM PERCHLORATE.
K Cl1 O,

This recently produced substance forms another val-
uable addition to the pyrotechnists art. Containing even
more oxygen than the chlorate it is less liable to de-
composition due to the fact that it is a salt of perchloric
acid which is a much more stable acid than chloric from
which the chlorate is derived. It can be substituted for
the chlorate in mo$t mixings and can be safely used in
connection with sulphur. The price is slightly higher than
the chlorate and its specifications are practically the same

SULPHUR.

The “four of sulphur” which is used almost exclu-
sively is made of good quality in New York state from
the product of the Louisiana mines and is sold at 2¢ to
3c Ib. in barrels of 250 lbs. Italian washed sulphur is
recomended by some of the older English pyrotechnists
for use with chlorate of potash but the writer never uses
formulas containing the two substances, if possible. It is
almost white and comes in bags of 50 lbs. “Flowers”
of sulphur is also sometimes used as well as coarsely
ground sulphur which burns somewhat slower than the
first two varieties. Specifications call for less than /10
of 1% of impurities and the finely ground should pass
through a sieve of 120 mesh.

CHARCOAL.

Willow coal is the best for fireworks purposes through
coal made from any soft wood is suitable. Pine coal
is not very desirable. Excellent charcoal is made near
Rochester, N. Y. and can be had finely powdered, granu-
lated or mixed @ 1%4¢ lb. in barrels or sacks. Charcoal
that has a brown tint indicates incomplete carbonization
and should be avoided. Also it should contain a minimum
of grit.  Shaking a sample in a bottle of water and de-
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canting several times will disclose an excessive amount
of sand etc.

LAMPBLACK.

Germantown lampblack is very popular with pyrotech-
nists though there are a number of good brands on the
market. To make a good bright star it should be free
from oil or other impurities and it is sometimes necessary
to bake it as will be explained later, in order to get rid
of volatile impurities which impair its briliancy in burn-

ing. It can be bought in barrels of 1 lb., packages @
3¢ lb.

SHELIL AC
and other gums etc.

Shellac, a gum like substance, is the secretion of an
inse@ living on a large variety of trees in northern India.
After going through various processes it finally reaches
this country in some dozen different grades. The T N
is a good grade for fireworks making and costs 25¢ to
35¢1b. As it is pradically impossible to powder this article
oneself, a ball mill being necessary, great care must be
excercised in purchasing powdered shellac as it is fre-
quently adulterated with sand etc. For the best work
shellac is almost indispensable but for stock goods, tableau
fires and torches a number of substitute gums have been
introduced such as Kauri, a fossil resin of a light yellow
to a dark brown color, obtained from New Zeland. Red
Gum comes from the Kangaroo Islands, 5 miles from
Australia. K. D. dust is used for green fire. Asphaltum
produces excellent colors when finely ground but owing
to its containing sulphur, or perhaps on account of be-
ing so easily decomposed it is liable to cause spontaneous
combustion when mixed with potassium chlorate. A mix-
ture of these will explode violently when struck with a
hammer on an anvil. With potassium perchlorate, how-
ever, it is entirely safe. The Syrian Asphaltum is the
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best. So called Green Gum is merely powdered coconut
shells and has no more value in pyrotechny than saw-
dugt. Flour, dextrine, sugar of milk etc. are also frequently
used as sowrces of carbon. Another article of this

character is
STEARINE.

In making blue fire it has been found that stearine
produces a- better effect, especially with paris green and
other copper salts, than mos&t any of the other hydro-
carbons. [t is mostly obtained in cakes and is reduced
to a servicable condition by setting a carpenter's plane
upsidedown over a box and shoving the cakes against
the blade so as to shave the $tearine as fine as possible.
When it is then mixed with the other ingredients it will
pass through an ordinary sieve.

STRONTIUM NITRATE.

This article is made principally in England. lts chief
source is celestite which is also shipped to Germany and
this country for conversion into the nitrate. It is put up
in kegs of 110 lbs. and casks of 600 lbs. in a sufficiently
pure condition for use as received, costing here from 6c¢
to 8c lb. It is probably the most useful color producing
chemical used in fireworks making, as the deep red light
which it gives is the most marked effect which the pyro-
technist has achieved. Owing to its deliquescent properties,
however, a number of methods have been devised to
overcome this tendency one of which is to melt in an
iron pot over a fire some shellac and stir in the nitrate
of $trontia, cooling and pulverizing. Another plan is to
use carbonate of strontia but at the cost of considerable
depth of color. Strontium nitrate is used in a somewhat
coarser powder than the potassium salts but should be
a clean white and contain not over /5 of 1% moidture
and % of 1% sodium salts.
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STRONTIUM CARBONATE.

In damp climates there is no alternative but to use
this strontium compound for most exhibition work as a

piece of lancework made with nitrate of $trontium, if
exposed for one hour to a damp atmosphere, will hardly
burn. Precipitated carbonate of strontium is the only
kind which should be used and may be purchased for
about 16¢ Ib. or can be easily made by adding carbonate
of ammonia to a solution of strontium nitrate, thoroughly
washing and drying the precipitate. If sodium carbonate
is used as a precipitant it is almost impossible to remove
every trace of it from the carbonate of étrontium and
causing an orange tint to the red light.

BARIUM NITRATE.

Like dtrontium this chemical also comes to us mainly
from England and Germany in similar packings and cests
usually from 5c¢ to 7c lb. on this side. As a color pro-
ducer it i1s far inferior to $trontium though it does not
attract moisture. If used without calomel its color is so
pale as to be almost indistinguishable from white. Specifi-
cations for fireworks making are pracically the same as
for strontium nitrate. A better salt for making green fire is

BARIUM CHILORATE.

This salt give a very beautiful emerald color but its
high co#t, viz: about 30c lb. makes it little used except
in exhibition work. Some recipies have been given for
green fire using boracic acid, thalium salts etc. but if
used at all it is to a very limited extent. All barium
salts are very poisonous.

SODIUM OXALATE.

It is a sérange fact that while yellow is the most
eommon. color of fires in gemeral its practical production
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in pyrotechny is accompanied with some difficulty from
the fact that there is practically only one insoluble salt
of sodium while all the others are more or less hygroscopic.
The nitrate and bicarbonate give deep yellow lights but
the least dampness will render them incombustible and
even the oxalate, will in damp weather, attract moisture.
The exception is Sodiwn met-antimoniate but as this salt
costs $4.00 lb. and at best gives a pale color, it is not
much used. Oxalate of soda costs about 20c Ib. or can
be easily made by adding bicarbonate of soda to a hot
concentrated solution of oxalic acid. A copius precipitate
falls which however cannot be washed but must be dried
on a filter. An excess of oxalic acid should be main-
tained in this operation.

COPPER ARSENITE
(Paris green)

This article is made in New York state and elsewhere
in this country and can be bought for from 10c to 15¢
Ib. from dealers in painters supplies. It can also be easily
made by adding a solution of blue-stone to one of arsenius
acid, washing and drying the resultant bulky precipitate.
It is used in making blue fire. The kind used for green
paint is entirely satisfactory for fireworks making.

COPPER CARBONATE.

This substance is also used for making blue fires
but better effects are obtained by the use of other copper
compounds, with less trouble. The native carbonate is
almost useless for fireworks purposes but the precipitated
is easily obtained from dealers in pyrotechnical chemicals
or can be made by adding carbonate of ammonia to a solu-
tion of blue-stone. Chertiers Copper is made by carefully
adding aqua ammonia to a solution of blue-stone, evap-
orating and chrystalising. Black sulphuret of copper, black
oxide of copper and various other copper compounds are
occasionally used. The author has obtained the best results
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with copper ammonium chloride, and calomel is unneces-
sary with this salt.

COPPER SULPHATE.

For most purposes where a good blie was required
for exhibition purposes the older pyrotechnigts used this
salt but owing to its being a sulphate great care must
be used in mixing it with chlorate of potash and a separate
sieve should be used for mixtures of these substances,
which should not be employed in any other work. It costs
usually 10c to 15c Ib. Mixtures containing it must not
be stored but used promptly after making. Exposure to
moist air oxidizes this and releases sulphuric acid. This
can be obviated by using potassium perchlorate but the
resulting mixtures are much more difficult to ignite im
the form of ftars etc.

ANTIMONY.

Metalic or Reglus antimony, when finely powdered
in an iron mortar is used in making white fire. It may
be had from machinery dealers at 6¢c to 7c Ib.

ANTIMONY SULPHURET.
(black)

This may be obtained from drug dealers and codts
6c to 8¢ lb. but is often so impure as to be entirely
useless. If 70% pure it is still servicable for pyrotechni-
cal purposes and is used for making white fire, maroons
and smoke effects. Red and orange sulphurets are also
sometimes used. The compounds are poisonous.

RED ARSENIC, (REALGAR)
As S,
ORPIMENT
As S,

These minerals come mostly from Hungary, in iron
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kegs of several hundred pounds and range in price from
6¢c to 9c lb. for the powdered. They are useful in mak-
ing white- $tars, especially as these take fire far more
easily than those made from antimony. Arsenic compounds
are also used for making yellow smoke in day fireworks.

ALUMINUM.

When, about 50 years ago, it was found that a star
of unusual brilianey could be produced by the use of
magnesium this metal suddenly came into considerable
demand in spite of its then cost of $75.00 Ib. About
the time that its price was reduced to $5.00 lb. it was
found that aluminum was in every way better and cost
litle more than $1.00 lb. in fine powder. It can now
be gotten from most paint dealers, in | Ib. cans or papers
at 60c lb. Aluminum powder should be 95% pure. It
may contain 2% fatty meterial and 1% silicon. The fine
should pass through a 100 mesh sieve and the flake,
through a 50 mesh sieve.

CALOMEL.

This is used to deepen the color of fires when they
are not sufficiently deep without its use. It has been
found that the chlorides of metals give the best spectrum
but chlorides are not usually practical for fireworks mak-
ing so the addition of an easily decomposed chloride to
fireworks compositions is to produce a chloride at the
moment of combustion, thereby acquiring the desired result.
Finely divided metals also take fire spontanously in chlo-
rine gas and the great heat thereby produced probally
causes the increased depth of color. Calomel is made in
Philadelphia and elsewhere and costs 65¢ to 70¢ Ib. but

this price has recently been advanced.

AMMONIUM CHLORIDE.
Sal Ammoniac.

This is sometimes used as a substitute for calomel
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but its affinity for moisture seriously interferes with its
general use. The crystalized salt is almost useless.

DEXTRINE.

In all the old works on pyrotechny, either a solution
of shellac in alcohol or gum arabic in water is used to
bind compositions for making stars and other similar pur-
poses, but at present, in most cases the necessary amount
of dextrine is added at once to the mixture and then
nothing but water is needed to form it into the desired
objects. Dextrine also improves the color of some fires
and it may be advantageously used in place of glue for
light work. Potato dextrine usually comes in sacks of
about 200# and costs from 2Yc to 5¢ lb. When used
for gumming rocket sticks, tabs etc. it is simply mixed
with water to the desired consistency. The light brown
#152 is most suitable for pyrotechny.

GLUE.

Several forms of glue are used in fireworks making.
For attaching lances to frame work a good grade of
carriage glue is best. For attaching mine bottoms ete. to
the cases cheap carpenters glue will suffice. For placing
shell fuses and securing the ends of cannon crackers,
good liquid glue is mo$t convienent.

GUM ARABIC.

In powdered form this is used in some star composi-
tions, especially for making Japanese Stars. It is also used
in “Son of a Gun” composition.

STEEL FILINGS.
Cast iron borings etc.

A beautiful scintilating effect is produced with steel
filings used in various ways. The Japanese make a little
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tube of twisted paper, at one end of which is a com-
position which when lighted produces a glowing bead
of molten flux. The balance of the tube contains steel
filings, which when reached by the fused bead, burst -in-
to feather like flashes. In other countries steel filings are
added to gerbs, fountains and driving cases with result-
ing liilliancy. A beautiful waterfall effect is produced by
charging from 50 to 200 cases 2 inches in diameter and
12 inches long with a composition containing cast iron
borings. These are fastened to scantlings al intervals of
about 15 inches, each scantling holding about 16 gerbs.
These are matched and hoisted to a wire cable some
50 feet above the ground. When burned the effect is
most realistic as the arc of the suspended wire gives
just the right curve to cause the appearance of perspec-
tive while the roar of the burning gerbs is also char-
acteristic of Niagara Falls as the fire from the iron bor-
ings drops to the ground.

The bedt steel filings for gerbs is known as “needle
steel”. This resembles broken sewing needles but is really
a by-product of some turning or planing operation. The
steel filings from saw filing shops are quite good provid-
ed they are the result of hand filing and not the particles
thrown off by emery wheels, which are useless for pyro-
technical purposes. When steel filings are added to gerb
compositions, the saltpeter quickly attacks them, frequently
causing the gerb to become quite hot. The steel is rusted
and this action practically destroys its usefulness. To
prevent this the steel must be coated in some way that

the saltpeter cannot attack it which may be accomplished
as follows: ' '

In an agateware saucepan place a piece of paraffin
and carefully melt it, heating as much as possible with-
out permitting it to smoke. To this add clean steel fil-
ings, as much as the paraffin will thoroughly coat. There
should be no surplus of paraffin but just enough to com-
pletely cover each filing. Shake the pan and stir frequent-
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ly while cooling to prevent the filings from caking. Steel
fillings are also used for $tars in rockets and shells.

CLAY.

This is used for closing the ends of most cases as
well as choking them when they are not crimped. Most
any kind of clay will do. It must be thoroughly dried,
pulverized and sifted. Before using, it may be salightly
dampened. For convienence where a large quantity is
required, powdered fire-clay in barrels may be used as
this saves the rather tedious job of drying and powdering.

GUN POWDER.
This is used in all grades from Dupont FFF Rifle

to the coarse grains as large as cracked corn, for shells.
A slow burning powder is preferable for a driving charge
as it reduces the liability of shells bursting in the mortar

MEAL POWDER.

This article is used considerably in display work for
gerbs etc. and in shells and rockets as a blowing charge.
It is generally supplied in 25 lb. wooden kegs but is
sometimes difficult to obtain. In that case some pyro-
technists make a fairly good article themselves, as follows:

Mount a 50 gallon wood barrel on two uprights so
that it will revolve freely on centers fastened to the heads.
On one center attach a crank and cut a hole (closed
by a suitable plug) into side of barrel for putting in and
removing the necessary ingredients. Place in the barrel
300 to 500 lead balls about one inch in diameter. When
it is desired to make meal powder put into the barrel
a thoroughly mixed composition as follows:

Saltpeter, double refined 15 1bs.
Willow charcoal 3 0«
Sulphur flour 2«
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The barrel is now revolved for about 500 turns. The
longer it is turned, the stronger the powder will become
Great care must be exercised to see that no foreign mat-
ter such as mnails, gravel etc. find their way into the
barrel as this might result in an explosion.

New Ingredients.

Some years ago powdered magnesium was added to
the ingredients used in pyrotechny and very fine bright
effects were produced with it. Just when its high price
and its affinity for oxygen, causing it to decompose the
chemicals with which it was mixed, made pyrotechnists
look at it askance aluminum came on the scene. Add-
ed to stars and torches it greatly increases their brilliancy
and beauty. Exquisite water fall effects are produced
with it as well as comets, tailed stars and intensly bright
flares. large quantities of finely divided aluminum (pyro
aluminum) are used in the new “flash crackers” and the
same composition is used in maroon shells. Besides
increasing the report it gives a startlingly bright flash to
the explosion. Being unaffected by water it is likewise
much safer than magnesium but care should be used
in handling it because as, before mentioned all finely
divided metals are liable to explosion when in contact
with oxygen producing chemicals. Rubbing into it a small
amount of vaseline seems to reduce the danger of accident.

Picric acid is another valuable ingredient in fireworks
making. When added in small guantities to colors it
deepens them and increase their brilliancy without mak-
ing them burm much faster. Also beautiful colors can
be produced with it, almost free from smoke. But it
must always be kept in mind that picric acid (tri-nitro-
phenol) is a first cousin to T N T the tremendous ex-
plosive force of which is only too well known. For this
reason it cannot be used in shells as stars made with
it will detonate when confined, instead of burning. An-
other effect for which large quantities of picric acid were
used until some years ago when a fatal accident occured
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in a factory employed almogt exclusively in making them
are the amusing “whistling fireworks”. Picrate of potash
has the peculiar property of emiting a shrill whistling
sound when rammed tightly and burned in a small tube.
If made in small quantities and carefully handled it seems
to be reasonably safe but the result of a barrel of it
accidently detonated can be readily imagined.

Still another substance producing a most beautiful
effect when fired from specially prepared rockets, as will
be explained later in detail, is phosphorus. It is with
this that the so called “liquid fire rockets” are made and
a more beautiful display than these does not exigt. They
consist of an intensly yellow flame melting as it falls
through the air, breaking into myriads of incandescent
particles with a heavy background of white smoke.
Obviously, the greatest care must be exercised in its use
as phosphorus burns, even when very small are most
painful, but when properly handled it is no more danger-
ous than many other articles.

Considerable quantities of phosphorus are also used
in the manufacure of the article variously known as
“gpit devil” “son of a gun”, “devil on the walk” etc.
but deaths of children by poisoning on account of mis-
taking these tablet looking contrivances for candy and
eating them has caused their restriction in some states.

Amorphous phosphorus is the base of most of the
toy torpedoes in use. Fulminate of silver was used al-
most exclusively for this purpose 40 vears ago but only
a small amount is used now owing to its very sensitive
nature. However, its method of use and preparation will
be given later as a matter of record.

Zinc powder is used to some extent for making
what is known as Elecric Spreader Stars. These produce
an original effect, breaking up while burning into many
small bluish-green particles. These, being propelled with
considerable force give the appearance of eledirical dis-
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charges, hence the name. On account of the explosive
nature of zinc dugt the making of this star mu#t be done
with caution and reserve, until it is well understood.

An effect that is always beautiful, is easily produced,
is perfedly safe under all circumstances and is susceptible
of an infinite variety of uses is the Japanese or lamp-
black star. The well known Willow. Tree rockets and
shells are made with it and it may be used as garniture
for colored rockets, mines etc. An unusual fullness is
given to any article to which a small quantity of Jap.
star is added.
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PART 1L

MANIPULATIONS

The handling of explosives, naturally, is never en-
tirely free of danger. No more so is eledricity, gasoline
and many other things in daily use yet many persons
have devoted long lives to the making of fireworks with-
out having an accident. Even with the greatest care,
however, accidents will occur to both those employed
in making fireworks as well as those burning them. It
is here endeavored to point out the most fruitful sources
of accident though obviously it is impossible to foresee
every instance in which some carelessness or unknown
factor may bring on disaster.

First, always keep separate places, a considerable
distance apart to be used for making so-called “plain
mixings” as rockets, romancandle and gerb composition
containing sulphur, and the colored mixings containing
chlorate of potash. Separate sieves and utensils of every
description must be employed and those working in the
“plain” sections of the factory must not go into the rooms
of those in the “colored” sections.

Second, keep in mind that very slight friction will
sometimes gtart the burning of mixtures of finely divided
chemicals. Star composition has been known to explode
while being sifted, by scratching the brass wire sieve
bottom with the finger nail, while rockets have taken
fire from the brass solid rammer striking the top of the
spindle while ramming.

Third, finely divided metals, when in contact with
chlorate of potassium sometimes take fire suddenly. While
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fortunately this is seldom the case it must not be lost
sight of. Even steel filings and iron borings frequently
become quite warm when mixed with saltpeter etc. and
rammed into gerbs. Fire is said to have occured from

this action. The prevention of this has been explained
under “Steel Filings”.

Employes in the mixing and ramming rooms of fac-
tories should be required to wear rubber shoes while at
work and a condtant source of danger is the carrying
of matches. This cannot even be controlled by requir-
ing the employes to change their clothes in the factory
before going to work and having them wear garments
without pockets as they will sometimes slip out for a
smoke during rest hours and have matches secreted some-
where about their persons.

Small buildings should be supplied, about 12 feet
square and not less than 50 feet apart for all those en-
gaged in mixing and ramming operations as well as for
those making stars and as much as possible have one
person to a room. Doors should be placed at both ends
of work rooms and should always open to the outside
with no fastenings on the inner side but held closed, if
desired, by spring hinges. Fire buckets, inspected daily
should be on each building, supplemented by fire hose
convienently placed for emergency.

The mo#t successful method of reducing the liability
of serious accidents to a minimum is to keep at all times
the least possible amount of composition on hand in the
work rooms and to remove to Storage or finishing rooms
all rammed articles as quickly as they accumulate.

Long experience has shown the following list of mix-
tures used in pyrotechny to exhibit the characteristics
following each and are to be handled accordingly.

SALTPETER, SULPHUR, CHARCOAL and LAMP-
BLACK seem to be the safedt combinations with which
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we have to deal, accidents with these accur only when
a spark has been struck in some manner and brought
in contact with mixtures of them.

BARIUM NITRATE with sulphur, saltpeter and alumi-

num are not reporled to have caused any accidents.

BARIUM and STRONTIUM NITRATES, ALUMI-
NUM and similar substances in combination with POTAS-
SIUM PER-CHLORATE have been found to be among

the safe mixtures even when mixed with sulphur and gums.

Barium nitrate and Strontium nitrate when in combi-
nation with potassium chlorate and shellac or other gums
form a sensitive mixture and this condition is largely in-
creased when powdered charcoal is added. Care is there-
fore urged to avoid all unneccessary friction when handl-
ing same.

BARIUM CHLORATE yields its oxygen quite readily

so it is to be handled with great care in compounds
containing shellac and other hydrocarbons.

ALUMINUM powder in mixtures with potassium chlo-
rate, barium nitrate and shellac or other carbon sources

are classed as “hazardous”.

Mixtures of potassium chlorate with sulphur, sulphates
or sulphides are to be avoided at all times. Chlorates
should never be mixed with ammonium salts as this
combination is said to be liable to spontaneous com-
bustion. See “Marshall on Explosives”.

Potassium bi-chromate and permanganate are to be
handled with care, especially in combination with finely
divided metals.

Mixtures of picric acid and chlorates are too sensi-
tive for ordinary use. See “Marshall on Explosives”.
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Compositions of potassium chlorate and phosphorus
must never be mixed except under water. Phosphorus
alone must never be removed from water for more than
a few moments at a time, and then handled so as to
avoid all friction. ;

FULMINATES of MERCURY and SILVER should
only be handled by expexts.

When care is urged in the foregoing combinations it
does not refer to. small amounts used by a person of
ordinary judgement but more specifically to amounts of
10 to 100 pounds when thoughtlessly handled as so
much sand or cement.

When experimenting with new substances use the
smallest possible amounts of the component chemicals
until the entire safety of the mixture is assured. Before
using considerable quantities of new mixtures they should
be subjected to exhaustive tests as friction, percussion,
detonation and moisture with subsequent drying. Also
their flash point should if possible be ascertained with
suitable apparatus for this purpose.

MIXING.

The first operation in fireworks making and I may
say the most important is mixing. Chemicals are so well
made now and can be so easily obtained in a powder-
ed state that long articles on purifying, powdering etc.
are unnecessary. All chemicals should, of coarse, be ob-
tained of the best quality procurable at a reasonable price
and as finely powdered (as a general thing) as possible
but chemically pure drugs are not necessary.

For mixing on a small scale, round brass wire sieves
are the best. For lances and the more particular work
#22 to #26 mesh may be used while for plain making
#16 to #18 mesh is suitable. If 25 lbs. or more of com-
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position is to be mixed ordinary painted wash tubs are
most convienent and the sieves should be made so as
to just fit inside the upper edge of same while for mix-
ings of from 100 Ibs. up troughs are often used. For
these, the sieves are made square and fit just inside the
troughs, same as with tubs. Mixing machines are some-
times used for bright work or mixings containing no chlo~
rate of potash but they are too dangerous for colors.

With the plain mixings, the coal is weighed first and
put into the bottom of the tub; then the sieve put in
place and the sulphur, saltpeter etc. pushed through it.
When everything is sifted, bare the arms and mix well
in every direction. Place the sieve on another empty tub
of same size and sift from the first tub into the second
one, a scoopful at a time. When all has passed through
for the second time repeat once more into the first tub,
mixing between siftings and after last sifting. For ordinary -
compositions this is sufficient but some mixtures are pass-
ed four or five times through the sieves.

In colored mixings more care must be observed and
each ingredient sifted separately the first time, except the
shellac, coal etc. which can be put right into the bottom
of the tub. Never throw the chlorate of potash on the
sieve at the same time with dextrine or other hydrocar-
bons but sift the potash first and add other salts one by
one. Great care should be taken never to let the finger-
nails strike the sieve while sifting as it is very easy to
“firike  fire"from such causes, with disastrous effect as
sharp star compositions in a loose state are almosgt as
explosive as meal powder. Special mixings will be de-
scribed when we come to the compositions requiring them.

CASE ROLLING.

This is the next most important operation of the busi-
ness and the one requiring probably the most mechani-
cal skill judging from the time required to learn it and
the comparatively small number of really good case roll-
ers to be found in most factories.
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All kinds of fireworks require a case of some kind
except tableau fires. A good case must be tightly rolled
and almost as hard as iron. The best arrangement for
case rolling is a sort of large desk made of tongue and
grooved flooring tightly joined and frmly nailed to sills
of about 2 inches thickness and tapering from 2 inches
in front to 6 or 7 inches in the back so as to form a
gentle rise from front to rear. According to the work
to be .done the rolling board may be made from two
to four feet wide. See Fig. 1. A marble slab also is
good for rolling rocket cases.

Most cases are rolled from strawboard, featheredged,
The best is made in Elbridge, N. Y. and comes in sheets
26" x 38" with weights varying from 40 to 150 sheets
to bundle of 50 lbs. For rockets, two or three turns of
hardware or cartridge paper are used first, backed up by
five or six turns of strawboard. The cartridge paper be-
ing waterproof swells and contracts but little in rolling'
while the strawboard, being absorbent swells considera-
bly; therefore when the strawboard is rolled on the out-
side of the case, it contracts in drying and is shrunk on
making a very firm case. Heavy manilla and so called
cotton sampling paper also make good rocket cases if
carefully rolled but as these shrink considerably in dry-
ing, the ramming tools are liable to stick unless specially
adapted to this kind of paper. The recently produced
“Kraft” paper should make an excellent case though !
have never used it. There is also a greyish rag paper
which is extensively used for candles.
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The best strawboards and pulp boards cost about
$25.00 per ton.

The lightest cases used in fireworks making are lance
cases. Some pyrotechnists use posgter paper of different
colors, corresponding to the color of the composition to
be rammed into them, while others use linen paper.

Colored paper has the advantage of making lances
easily distinguishable in case the boxes containing them
become mixed. On the other hand it requires keeping
a larger stock of empty cases continually on hand which
is sometimes inconvienent. Linen paper is much strong-
er and only one kind is required, the different colors of
lances being kept separated by having boxes for them
with the colors marked on the outside.

Lances are made from %" to 3%" in diameter and from
2%" to 4" long. Generally speaking, the greater the dia-
meter, the less need be the length. [ generally use a
lance %" diameter made of ribbed linen paper 17" x
22" about 16 lbs. to the ream, cut in four, the smallest
way or across the ribs and six times the long way or
with the ribs. This makes 24 cuts from each sheet 33"
x 414" Now procure & brass or copper tube with an
outside diameter of 4" and some good paste. Take a
little bunch of say one or two dozen sheets and lay
them squarely before you on the rolling board so that
the 3%" sides are at top and bottom and holding them
down tightly with the left hand, rub them gently io-
ward you with the thumb nail of the right hand so
that each one will slide about %" below and to the left
of the one under it. Apply paste to these edges, lay the
tube now on the top sheet about 3%" from the bottom of
same and %" from left or pasted edge. With the ends
of the fingers of the right hand bend the lower edge
around the tube, laying over about 4" and roll to upper
pasted end. Then with a turn of the fingers twist the boty
tom in. The bottoms should not be made too solid and if
even a litile hole is left in them it will be easier after-
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wards to stick them on the pins. Sometimes when an
exhibition is made on the grounds and not subjedt to
much handling, the lances are made without any bottoms.
They may now be thrown lightly in a basket or sieve
to dry. These operations while very simple are quite
hard to describe and a few moments of pracical demon-
stration will go farther than several pages of description.

Pin wheel cases and match pipes are rolled in a
general way the same as lances, except that no bhottoms
are made to them and brass or steel rods are used in-
stead of tubes. The most convienent size for match pipes
is one yard in length and %" diameter. Use a good
quality of manilla or kraft paper 24" x 36" 20 lbs. to
ream. The quire is cut the longest way of the sheet, in-
to dtrips 4" to 5" wide. A steel rod four feet long is
the best for rolling them. Pin wheel pipes are usually
made 12" long and 3/16" diameter. Sometimes one end
is made slightly funnel shaped by pasting a strip of paper
6" long and 2" wide at one end tapering to %" at the’
other, rolled around the end of the rod. Rolling match
pipes properly is one of the most difficult operations to
masdter, in the business. It is therefore advisable to be-
gin on shorter pipes until practice is acquired.

ROMAN CANDLE CASES.

These are also somewhat difficult to roll. It is almost
essential to have feather edged boards for this work and
preferably strawhboard. The sheets for one to four ball
candles are pasted entirely over with rather thin paste.
From six ball up, only about 4" on each end of the
sheet should be pasted on both sides. The manner of
proceeding is to lay a sheet on the rolling board, pretty
well up near the top, and upside down. Then with a
4" flat paint brush apply thin paste quite heavily on
about 4" of the top of the sheet and about the same
amount on the bottom. Now place another sheet on top
of this but about one inch lower down, so that an inch
of the first one extends beyond the next on top of it.
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Paste as before and repeat the operation until a dozen
or more sheets are in the pile. Now reverse the entire
lot at once so that the former bottom one will be on
top. Paste over the bottom and top edges of pile now
exposed and rub off surplus paste with a scrape of the
rod and you are ready to begin rolling. (Fig. 2).

Wil

Dry

7777777717 7777
==y
Fig. 2.

Lay the rod across the pile about 3" from the bot-
tom. Lift bottom edge of first sheet, lay it over rod,
draw rod with paper around it back, until edge of strip
is on top of rod and by sliding the fingers along the
rod and edge of sheet until same sticks firmly to it, for
its entire length. Now roll firmly along, one hand fol-
lowing the other until the whole sheet is rolled up, care
being taken that the case does not run to one side. By
a quick backward twist of the rod it may now be re-
moved from the former and placed on rack for drying.

The diameters and lengths of roman candles has been
changed and reduced so often of late years that no
standard of sizes can be given but the following will
be found to be as useful as any for the average work
and may be used comparatively. Special sizes may be
easily adapted to the required circumstances. When cut-
ting paper for candles and other cases as well care should
be taken to always cut so the case rolls with the grain
of the paper and with the feather edge at the top of
the sheet.
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NO, LENGTH BORE SIZE OF SHEET NO. OF STRAWBOARD

I ball 44" 5/16" 445" x 6" 140
2 - 515" “ 5"x 7" “
3 0« 613" “ 65" x 8" “
4 85" “ 84" x 10 “
6 - 12" %" 12" x 13" *
8 15" « 15"x 16" “
1o« 17" 7/16" 17" x 20° *
12« 197 “ 19" x 200 “
15 220 7% 22" x 26" 120
20 * 26" “ 26" x 26" “
25 ¢ 320 * 32"x 26" 100
30 * 36" * 36" x 26" “

Cases for rockets, gerbs, fountains, tourbillions, saxons
etc. and the small paper guns used for mines, floral
shells etc. require considerable skill and dtrength for roll-
ing, especially the larger sizes. After seeing a great many
case rollers at work and employing at different times
their various methods, | have come to the conclusion that
the following is not only the easiest but makes the best
case.

Procure a small hair scrubbing brush of good quality
and long stiff hair. Have the paste somewhat stiffer than
for candles. Lay the sheet of strawboard on the rolling
board, (in the case of rockets, with the sheet of cartridge
paper on top of it) Now, with the scrubbing brush rub
some paste evenly over the cartridge paper, (not as much
as for candles) and immediately roll up as tightly as
possible, except the last two inches or so. Now paste
the sheet of strawboard over as you did the cartridge
paper and place the partly rolled case on top of it about
2" or 3" from the end nearest you, seeing that the edges
of both are even. Raise the end of the strawboard pro-
jecting behind the already partly rolled case and bend
it around so it will lay between the part of the cartridge
paper left unrolled, and continue rolling, pressing mean-
while the case firmly to the rolling board or marble slab
until the case is completed. This leaves a case that is
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already half dry and when completely so, should be firm
enough that it cannot be bent in on the ends with the
fingers. The advantages of this method of rolling heavy
cases is that the paper, especially the strawboard has not
the time to become softened and swelled up as when a num-
ber of sheets are pasted down at once, and a tighter, clean-
er and more easily and quickly dried case results. If too
much pasdte is used, when the case dries the water from
the pagte evaporates, leaving the case spongy.

The sizes of rockets vary as much as those of candles
consequently the following list can only be used approxi-
mately:

Size Length Bore: Length Sheet Strawboard No. Stw. Brd.. Hdw. Paper

loz. 34" %" 1o 140

2 4 “ 13" N

3 4 " 174" “

4" 5 ue 20" 120

6" 6 916" 13" “ 12°

8 [ 7" %" ‘8“ L1} “

b, 8 u" 20" “ 17"

2 9" »%" 26" 140 25"

3¢« 10 I 26" 120 “

4 ¢ 11 144" “ “ 50™

6“ 13" 114" 52m™ “ 50m™

* These can be convienently used in two lengths.
Mine Cases.

No. Height Diameter No. Strawboard No, Pieces

I 4" 115" 140 ]

2 4340 1 1116 120 |

3 514" 2 116 100 1

4 7" 24" 100 2

5 814* 2%" 100 3

6 10 2% 100 4
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Floral Shell Guns.

No, Height Diameter No. Strawboard No. Pieces
1 9 2 5/16" 100 3.
2 e 2 1116 100 4
3 i3 3 3116 100 4
4 15 314" 100 5
Gerbs.
Length . Dlameter

g A

1" In

13 BA

15¢ 144"

15" Niagara Falls 2r
SHELL CASES.

These, though not being rolled (except the canister
shell cases) properly come under this division as they
are part of the case rollers’ business, to make and are
composed of paper and paste.

There are two ways of making them. One, roughly
speaking, consists of papering the inside of a hole; the
other, papering the outside of a ball. We will take a
six inch diameter shell as an example to work on as it
is the most popular size and same method is employed
for all. First procure a perfectly round ball of wood or
some other substance, five inches in diameter. We then
cut dtrips of dtrawboard and tagboard or heavy paper
of most any kind, about 3" wide and 44" long and pagte
them on a board, one on top of another, with so much
paste between them that they will not stick together but
will become soft and pulpy. | have used a sort of red
building paper sold in rolls, which made a better case
than any other kind I ever used. The #trawboard and
other paper should not be pasted in the same pile but
two piles made, one pile of each kind
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Now smear the ball or mold well with paste so it
will be wet enough to keep the paper from drying and
gticking to it before shell case can be finished. Then
take strips of paper from either pile firét and lay them
on the mold, beginning on top and running half way
down the side. Lay the second strip so it will lap over
the first one about 4" at the lower end and almost over
it on top but 14" lower down. The third strip should
start €till a half inch further down from the top while
the fourth strip again starts at the top. This will prevent
the shell case from becoming egg shaped. Continue this
until the entire upper half of the ball has been covered
with paper. Each strip must be firmly pressed down and
all surplus paste squeezed out with the fingers. Now
repeat the operation as before but using the other paper.
The objet is to make it easier to see where one layer
has begun and the other ended as each layer is put on.
Another way is to cut the strips a foot long and after
softening with paste as above, lay them on the mold
from the top to the middle, tearing off the strip at the
required point and letting second and third pieces start
half an inch below the other so as not to get the top
too thick as explained above.

After the third layer has been put on one should be
laid on crosswise, crossing as much as possible the first
layers. This process is continued, pressing each strip as
firmly as possible until the case is about 3%" thick at the
edges where it is usually thinest, and not over %" on
top. If the work has been properly done the half shell
can now be slipped off and allowed to dry. When dry
the lower edge should be trimmed off with a sharp knife
at a point that will make two halves, when put together
show a fair sphere.

The other method is to have a wooden block hol-
lowed out so as to have a hole in it 5%4" in diameter
and a perfet semi-sphere. Or a mold may be made by
taking a ball of this diameter, oiling it well and setting
it halfway of its diameter into a box of wet plaster of
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paris. Now then, proceed as before, except pagting the
strips inside the hollow instead of on the outside of the
ball. This will make a better looking shell and I be-
lieve, a stronger one when properly done. The paper
may be cut into strips a foot or more long and torn off
as they reach the edge of the hollow. In this way all
waste is avoided and the rough edge made more even
and regular. The #trips should be pressed very firmly
as the quality of the shell depends on this. If the pres-
sure against the fingers, in rubbing out the paste, makes
them sore, a piece of wood about 3" long and 14" wide,
rounded and slightly curved on the edge, may be used
as a sort of squeezer. If the work has been well done,
the case should be as firm as wood when dried. To
assit in removing the wet shell case from the mold, frst
place in the bottom of it two strips of cloth at right
angles with the ends protruding over the sides, long
enough to permit pulling the case out by them when it
is completed.

When the halves have been evenly trimmed place
two together so as to form a sphere and secure joint
with a sdtrip of canvas smeared with glue. Then put on
one or two more layers of paper. After again drying, bore
hole for fuse through one end or better still bore hole
through one half, from inside, with a wood bit, before
joining the halves.

In addition to these methods very good shells can
be easily and quickly made where hollow balls of zinc,
tin or wood can be obtained. The wood half balls need
only to be well glued together and they are ready for
use. Those of zinc and tin require to be papered just
as directed for shell making with round mold except that
entire ball is papered until it is about %" thick for 6"
shell and %" for 10" shells. Others in proportion.

The cases for cylindrical or canister shells need no

detailed description as they are made just like any other
heavy case. A former of the required size is procured
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and the case rolled thereon just as for a mine, of straw-
board or other paper. When thoroughly dry the wooden
heads or plugs are fitted, nailed in with 1" iron brads,
or well glued if made with a flange and carefully sealed
all around with several thicknesses of good manilla paper.

DRYING CASES.

For all cases more than 6" long, racks are most con-
vienent for drying them. These are made of strips of
%" x 2" cypress or other light wood, suitable for support-
ing them. The longer the cases, the farther apart the
strips should be. When filled with cases they should be
moved to a well ventilated room or covered platform.
If placed in the sun they will be badly warped when
dry. (Fig. 3) Center and end strips are %" x 3"

Small cases may be thrown into sieves 2 feet wide
by 4 feet long, made of 1" material, 4" deep and the
bottoms covered with galvanized hardware cloth of 4"
mesh.

When cases are stored away care should be taken
to protect them from roaches and mice as these are at-
tracted by the paste.
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FORMERS.

All paper cases are rolled on formers of one kind
or another. For rockets, gerbs etc. these may consigt of
hard wood sticks but better formers are made of light
brass tubing with an outside diameter equal to the inside
diameter of the case desired. They should be one to two
inches longer than the intended case and fitted with wood-
en handles to enable them to be easily removed when

case is rolled. (Fig. 4)

Fag. 4

iy - W
Rocket case
Former
Mines etc. are rolled on wooden formers, the ends
of which are turned down to convienent size to fit the
hand. Roman candles are rolled on rods of machine steel

while match pipes and pin wheels are rolled on thin
brass or steel rods. Lances, on small brass tubing.

PASTE.

Without this simple article, I doubt if any great a-
mount of modern fireworks could be produced, as it is
in almost constant demand in every depariment of the
factory.

Ready made paste is now so easily and cheaply ob-
tained that few persons care to bother about making it
but for those not so fortunately situated the following is
a standard method:

Mix 4 ozs. wheat flour with 8 ozs. water
and % oz powd. alum, rubbing until free
of lumps. Pour this slowly and with con-
stant stirring into:
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16 ozs. boiling water to which has
been added,

5 drops carbolic acid,

5 drops oil of cloves,

2 grains corrosive sublimate.

When cold it should be ready for use.

Another method which I am about to describe, I
think, not only the best and simplest but requires nothing
for preserving and if properly made, will keep for a
month in winter. The process consists mainly in allow-
ing the batter to sour before cooking; and cooking by
adding boiling water instead of placing direaly on the
fire where it is likely to get lumpy or overcooked. The
following details are for making paste in lots of three
or four buckets per day.

Procure two deep wooden tubs of about 20 gallons
capacity. Buy a barrel of the cheapest grade of flour
you can get. Samples or sour and wormy flour will do
if it is not adulterated. Put 2 or 3 bucketfuls of flour
into one of the tubs and add water, ftirring meanwhile
with a paddle until well mixed and about as thick as is
convienent to handle. It does not matter if it is lumpy
as these all come out in the souring. When the tub has
been filled not more than one third full allow it to rest
in a warm place (about 90°F) for two or three days by
which time fermentation will have set in. When the fer-
mentation is complete the flour will have settled as a
heavy batter in the bottom of the tub with a sour brown-
ish liquid over it. Pour this off and fill several buckets
about one third full of this batter. Now have a water
boiler of about ten gallons capacity with faucet in hottom,
on a gasoline stove or furnace and when this is filled
with boiling water place one of the buckets of batter
under the faucet. Open it and while the water is run-
ning in &tir it briskly. The contents of the bucket will
at first become as thin as milk but as it begins to fill
it will gradually thicken until it can hardly be stirred if
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all the details have been correctly followed, and a bucket
of clear, clean and very sticky paste, free from all lumps
will be the result. The other tub may be used alternate-
ly with the first for souring batter while that in the first
is being used for paste making. This paste, having been
soured before cooking cannot sour again and will not
become watery.

Glue and dextrine are sometimes added to make paste
bind better and alum, bluestone, salicylic acid etc. to pre-
serve it but these are all unnecessary if made as above.

CRIMPING.

Sometimes gerbs, etc. are choked or crimped to re-
duce the opening, in place of using clay. This is done




by taking a turn of strong s$tring or piano wire around
the case while still wet, about %" from the end and draw-
ing tightly while turning the case slightly so as to make
a neat job. One end of the siring should be tied to a
wall or some unyielding object while the other is passed
around the body (a) (Fig. 5). A nipple with a short
point slightly smaller than the desired opening to be left
in the end of the case, should be inserted about %" be-
fore drawing the string so that the end of the case will
be kept open and crimping neatly done (b). A mech-
anical device made by a Cincinnati machine works does
the work very neatly and much quicker than the string
process, {c¢) (Fig. 5).

RAMMING.

As this operation will be described in detail under
each of the articles to be rammed as we come to them,
only a few general directions will be given. All ram-
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“ming should be done in small sheds as fur removed from
the balance of the factory as practicable and with one
side open toward which the operator should always have
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his back while at work. A stout wood block, either rest-
ing on the ground or over a foundation should be used
for ramming on. For heavy ramming the best mallets
are those made of raw-hide. These are round and range
in weight from % lb. to 10 lbs. About 2 lbs. is a good
weight for the average work. (Fig. 6).

Ramming tools should be made of brass or gun-metal
also the nipples, while the spindles for rockets must be
made of steel.

Scoops for taking up the desired amount of composi-
tion at a time, can be made of tin or any light metal
and should be provided in different sizes from about 14"
in diameter and 1" long to 1" in diameter and 3" long,
with about six intermediate sizes as some compositions
work better when rammed in small quantities than others
with the same caliber of cases,

RAMMING with ROD and FUNNEL

For all small work such as serpents, saucissons etc.
make a funnel about 4" high, 3 inch diameter on top
and 5/16" at the bottom, without a spout, (Fig. 7) (a).

Procure a rod 4" diameter and 12" to 18" long according
to work to be done. A wooden knob may be fastened
to top of same for convienence in ramming (c). In use,
a case is slipped on a nipple (d). The funnel, half full
of composition, has its small end inserted in top of case
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and with the rod moved up and down, gtriking the bottom
firmly each time, the composition becomes rammed with
sufficient solidity. When case has been rammed to with-
in 14" of top, funnel is removed and a charge of clay
is added to stop end, by striking clay a few blows with
a light mallet and suitable drift or rammer. The arrange-
ment for lances is somewhat lighter. The funnel (b) is
very efficient. It is 214" diameter on top and 2}5" high
with a 34" shoulder on bottom and a spout 4" outside
diameter projecting from bottom for ¥4". This, when re-
moved from lance leaves just the proper amount of case
empty for priming.

MATCHING.

This is the term used to designate that fundion of
pyrotechny which consigts of bringing fire to the various
parts of devices as they are burned. In most of the in-
dividual articles a short piece of match is twisted in the
nosing of the wrapper or fastened otherwise. In set pieces
this operation takes on an importance second to none in
the art.

Starting at a leader at which a set piece is lighted
and which must be long enough to reach from the
device when erected, to a convienent distance from the
ground so the operator can reach it, the match must lead
to every part of the piece.

The matching of lance work is fully described under
that heading. In the case of set pieces consisting of
gerbs, wheels etc. the gerb is first primed by smearing
a little priming on inside of choked end of case. A
nosing is put on, considting of 2 or 3 turns of stout paper
rolled around end of case so as to project 2 inches be-
yond end. About half an inch of the piping is removed
from a length of quickmatch. This is bent back, inserted
into the nosing and secured by tying tightly with two
half hitches. The match is now brought over to the next
gerb and bent at right angles over it. At 2 inches from
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this point it is bent back again onto itself and at point
of first bend, again at right angles so as to lead to the
next gerb. (Fig. 8). At the bottom of this bend the pip-
ing is cut off, bearing match, with a sharp knife, and
this portion pushed into nosing of second gerb and secur-
ed by tying as before. See (Fig. 8). Candles, wheel cases
‘etc. are treated in the same manner.

Fig.'S

If a gerb has been properly primed it is not necessary
for the match to enter choke as fire will reach it from
priming.

It is a good plan to have the leader from which a
piece of fireworks is ignited, to run to each section of
same, irrespective of the fact that said sections are already
connected to one another in the process of matching it,
as sometimes a length of match will go out in the center
of the pipe, owing to some defect not observed in mak-
ing it. It is therefore advisable to have the match joined
wherever it crosses, as for instance, on top of a lance
guarding as much as possible against all chance for one
or the other secion to fail.

If it is desired to have one part of a piece to burn
after the -other has been burning a-while, as when candles
or gerbs are used in connecion with lance work, these
gerbs etc. are matched to a separate leader which may
be fired by hand after the lances are half consumed, or
they may be connected to several lances about half way
down so that when they have burned to this point the
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balance will be lighted automatically. This is done be-
cause, lances burning so much longer than candles or
gerbs, if all are fired at once, the gerbs etc. would be
finished before the lances were well under way, while
it is best for the finest effe to come at the end.

PRIMING.

In order to insure lighting, especially in exhibition
work, all gerbs, wheel cases, lances ete. are primed which
consists of smearing a little moist gunpowder about the
mouth of the case. Priming is made by adding water
to grain powder in a suitable receptacle until the powder
becomes pasty. A little alcohol and dextrine can be ad-
vantageously added.

FINISHING.

In factories, where stock or shelf goods are made
this is quite an important department. All kinds of fire-
works are covered with some kind of colored paper and
often stripes and borders are added. Candles, rockets,
serpents, small mines and triangles are covered with
different colored poster. Flower Pots are usually cover-
ed with calico paper while fancy rockets, large mines
saucissons, floral shells and fountains are covered with
glazed paper, stripes being added where desired. The
size of cuts as given herc are for use with candles and
rockets of the size shown in this work. They are usually
2" longer than the article to be papered if it has to be
matched at one end and tucked in at the other; 1" longer
where matching only is done and the same length where
only the case is covered as in mines etc.

1 oz. Sky Rockets 3" x 5°
2« - “ 3 x 6
3 0« “ 4" x 614"
4 ¢ b with cone 4" x 644"
6 “ “ “ “ 5 x 7"
g « “ “ 6" x 8"
I b “ “ 6" x 94"
2« - * “ 7 x 10y

45



I ball Roman Candles A
2 ¢ « “ 2"
3 - “ “ 3
4 - “ “ 3
6 “ « 4
8 “ “ 4
10 “ “ 5"
12« “ “ 51
15 “ “ 6"
20 “ * 6"
25 “ «“ 6"
30  “ “ “ 6

WRAPPING.

HoM MMM K MM K K MK

6"
7!!

8“

10"
14147
17
197
2r
24
28"
34
38

To make a good neat, tight and strong bundle is
about as important and | may say difficult to learn as any
other part of the fireworks business.

Roman Candles from 1 to 4 ball are packed 3 dozen

in a bundle.

From 6 ball up, | dozen in a package.

The packages of 1 dozen are made in two forms, viz:
four sided and six sided, (Fig: 9) (b) and (a) respectively.

To make the four sided package of 1 dozen 8 ball
candles lay 5 on the bench in front of you so the candles
run paralel with the bench. Mark the space they cover
and fit into top of bench four wood pins about one inch
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of which project above, two on each long side of the
space occupied by the 3 candles, so same may be easily
laid between them. See dots, (Fig. 9), (b). Now cut a
sheet of manilla paper 19" long and 14" wide and lay
this between the pins jugt as the candles laid before, and
replace the five candles, now on top of the paper be-
tween the pins. On top of these five place four more
and on top of them three. This makes twelve. Draw
the paper tightly over them and fold it like a druggist
makes a bundle. Now close the ends as follows: with
two fingers press the top of the folded paper over the
end of three top candles; then, holding same down with
both thumbs, fold in the two sides of package with the
firet and second fingers of each hand at the same time;
then holding these folds with the left hand, lift the opposite
end of the bundle with the right which will cause the
bottom to fold itself over the other folds. Now, with a
brush dipped in thick paste give the end a daub on the
lagt fold and while the bundle is still ftanding on this
end fold the top end the same way. Before folding the
lagt fold give it a daub of paste as you did the other
end. Lean against the wall and place a paper weight
or tile on top of end to hold it in place until dry. After

a quantity are packed like this and dried the labels are
affixed.

To make the six sided bundle a person must first
learn to form the candles in the hand, Count out one
dozen candles and encircle the bunch at one end with
both hands. Now work them about (this is hard to de-
scribe on paper) until they form a triangular bunch (a)
with three candles on each side of the triangle. When
this has been accomplished, lay them on the wrapping
sheet (cut as described above, though preferably wider)
holding them lightly so they retain the triangular form.
To get the paper around them without having them to
fall in a heap is still harder to describe and equally hard
to master though easy enough when learned. Once the
bundle has been gotten to the wrapping sheet one hand
is sufficient to maintain its form so with the other lift the
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side of the sheet nearest you and bend it partly around
the package so you can hold it while the other hand is
released long enough to enable it to take the paper on
that side. Straighten and flatten it well on over the candles
and begin rolling up the bundle until the other edge of
the paper is rcached. Paste this edge and lap it on the
bundle and you are ready for the corners. If the bundle
has been properly made, when it lays on one of the
faces of the triangle, the top row must be composed of
2 candles; the second row, 3 the third row 4 and the
bottom row 3. Now bend the paper down from ihe top
first, then bend in the two upper sides, then the two
lower sides and finally, by lifting the bundle, from opposite
end, the bottom folds over all the others. A little paste
secures it as described above.

The bundles of smaller candles are formed in a wood-
en former, hollowed out to the size of a bundle of 3
dozen (c) and when it is packed with the required
number they are secured with a #tring perparatory to
wrapping. '

Short stick sky rockets are nearly always packed in
paper boxes. long sticks are packed as follows: Cut
some pieces of #18 iron wire 6 inches long. Then take
half or a dozen rockets with the heads all even and
work them in the hands until they form as square a
bundle as possible and bend one of the pieces of wire
around the sticks just below the matches. This should
be done with one hand while the other holds the bundle
in shape. Now pass another wire around the sticks
about a foot from the bottom. Cut some pieces of straw-
board as wide as the bundle of rockets on the wide
sides and long enough to go completely over the heads
and down the other side nearly to the matches. Cut
some wrapping paper six inches wider than the rocket
head bunch and long enough to go twice around it.
Paste the far edge for about one inch and lay the bundle
of rockets with the strawboard around it, on the sheet
and wrap it up as tightly as possible. Fold in the upper
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end; secure with a little paste and set aside, heads down-
ward, to dry. Later, the other end may be gathered in
and secured with another piece of wire.

Wheels, tourbillions etc. are made into most any kind
of a package desired, while mines, fountains etc. are
given one or two turns of paper over the finishing to
keep them clean.

Serpents, flower pots and torches are packed like
roman candles. Blue lights, the same. Fancy rockets are
packed heads and sticks separately, the heads in boxes
and the sticks loose.

"WIRING.

For mo#&t purposes annealed iron wire from 18 guage
to 20 guage is the most servicable. The easiest and
quickest way to use it for wiring rockets, triangles etc.
is to cut it in lengths of from 4" to 6" according to the
size of the work to be done. A large quantity can be
cut at once by using a bench shear and cutting several
hundred at one time. Rockets can be quite securely fast-
ened with one wire if a GUM BOARD (Fig. 10) is used.
Else two wires are necessary. A gum board is made
by taking a piece of }4" board 6" long and nailing pieces
of rocket stick around it on three sides on top and one
side on the bottom. Put into this about | oz. of dextrine
mixed with water to the consistency of jelly and it is
ready to commence wiring.

Fig,to

Put a pile of rockets and wire to your left and a bundle
of sticks and the gum board to your rightt. Rub one
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side of the end of a stick against the bottom of the gum
board so a little gum will adhere to it. Lay it with the
gummed side against the rocket about three quarters of
the way to the cone. Hold it in this way in the left
hand and with the right, bend a wire around it about
the middle giving one turn on the side of gtick. Now,
with a pair of nippers give about three more turns cut-
ting the wire with the last turn. If no gum is used two
wires are necessary.

TYING.

In doing exhibition work dtring plays a very import-
ant part and the best and most convienent knot for all
purposes is the sailors two half hitches. (Fig. 11).

This is somewhat difficult for most persons to learn. The
best way is to practice on a dtick. Pass string under
stick bringing free end over left of loop; bring it over
same again passing end again to left of second loop but
between second and first. An ordinary tie of the free
ends now secures it permanently. This knot will be
found invaluable in matching.

LABELING.

This very easy operation may be still further simpli-
fied if done in the right way. Take a board about a
foot square. Smear it well on top with thin pagte and
lay a label on it, face down. Cover this well with paste
and place another label on top of it repeating the past-
ing and putting down of labels until several dozen are
on the board. This will soften them so that when taken
up and pressed with the fingers or the pagte brush a-
gainst the bundle to be labeled they will adhere firmly
and lay flat.
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DESIGNING.

When it is desired to produce in fireworks a por-
trait, a picture of a building, monument etc. or a line of
lettering this is first drawn on the floor with a piece of
chalk fixed into the end of a stick so that the designer
may walk about sketching his picture from the miniature
plan as he goes along. The floor is first laid off with
a chalk line into squares one foot each way and in
multiples of 50 square feet five feet wide and 10 feet
long. For instance, if a picture 10 feet high and 20 feet
long is desired it is composed of 4 sections 5'x 10' or
two high and two wide.

The sketch is now taken and marked off with rule
and dividers into 200 equal squares, 10 high and 20 wide
corresponding to the full sized squares on the floor. These
are numbered along the edge of sketch on top and on
one side. The squares on the floor are numbered in the
same way. With the chalk now draw into each square
on the floor, the same lines as appear in corresponding
square of sketch. When this is done, an exact repro-
duction of small picture will be ready to be placed on
frames.

For lettering or lines of wording this is not necessary
as design can usually be drawn directly onto the floor
with free hand, of the desired size and without enlarge-

ment.

51



PART III
ARTICLES OF MANUFACTURE.

MATCH.
(Quick Match)

This is used for conveying fire to the cumbustible
portion of pyrotechnical devices and is distinguished from
FUSE by the fa®t that its effect is almost instantaneous
while fuse burns at a comparatively very slow and exa&
rate. It consists of cotton wicking impregnated with gun-
powder and covered with a loose paper piping. As al-
most every piece of fireworks requires match for lighing
it and lance work and exhibition pieces in general are
absolutely dependent on good match for their successful
operation it is essential to make this very necessary article
as nearly perfect as possible. There are several ways of
making match which will be classified as the “French
System” and the “English System” and candle and rocket
match.

French System

Secure two pieces of 1" x 3" lumber and into one
edge of each drive a number of 87 nails for half their
length, about one inch apart. Set these pieces up hori-
zontally, with the nail edges uppermost, about 3 feet
above the ground, one at each end of a dry shed some
30 feet long. Wicking or cotton cord of the proper thick-
ness can be secured already in balls, as desired. Now
get some cotton cord or wicking not less than 24 mesh
and fasten the end to the nail nearest the wall, on one
of the above pieces of 1" x 3". With the ball of cord
walk to the other end of the shed and, drawing it rather
tightly, fasten it to the corresponding nail in the other
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strip of 1" x 3" by taking a few turns around the nail.
Leave the ball temporarily at this end of shed, in a light
box to keep it clean.

In an agate pan mix 3 lbs. rifle powder thoroughly
with 4 ozs. dextrine and add water, stirring with the
fingers until all the grains are wet. Allow to stand a
few minutes until a small lump pressed between the fingers
feels perfectly smooth and contains no more grains. Stir
in some more water and a little alcohol until the mixture
is about the consistency of mush.

Holding the pan in the left hand, under the first
length of cord take up a handful of the powder mixture
and work it well into the cotton while holding the pan
so as to catch the drippings, and walk backwards to
other end of shed. When this is reached go back to the
begining of the s$trand, take some of the powder in the
right hand, pass the cord over the first joint of the first
finger, place thumb on top of it and again walk back-
wards toward other end of shed but without working
any more powder into the cord, simply allowing it to
run through the finger and thumb for the purpose of
rubbing off rough uneven places and leaving a smooth
well finished surface.

Now take up the ball of cord again and, passing it
around the third or fourth nail to the right, stretch a
second length to the point of begining, fastening it here
also several nails away from the first strand. This is for
the purpose of not touching the fnished strand while
working the powder into the second one. Proceed as
with firét length and when finished move it to second
nail, étretching it tightly into place. Repeat with the
following strand until all the powder is used up.

If the weather is dry match will be ready for piping
in a day or two. In dry climates gum arabic makes a
better match than dextrine but where there is much mois-
ture in the air dextrine is safer. When the match is dry
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and stiff it may be cut down and the pipes threaded on.
Match pipes are made of 20 lb. manilla or kraft paper
24" x 36", cut into strips 4" wide and 36" long, rolled
on a %" gteel rod, only the edge of the sheet being
pasted for about one inch. When piping match crease
or gather the end of first pipe when in place so next
pipe may be slipped over it for about | inch.

A simple and clean method of making perfect exhibi-
tion match, and one, which to the best of the authors
knowledge is original, is as follows:

Make a cup of brass, about 3" diameter, at top, 214"
at bottom and 2%" high as shown in accompanying sketch.

At its bottom attach a spout pointing upward and termi-
nating in an opening %" diameter. A small dish pan, a
2 quart pudding pan and a match frame 4' x 6' complete
the requirements of apparatus. Then prepare the follow-
ing mixtures;

No. 1| No. 2
Dextrine 3 ozs. Dextrine 1% ozs.
Gunpowder 2 lbs. Gunpowder | lb.
Water 2 pts. Water 12 ozs.

Alcohol 4 ozs.
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Into the dish pan place mixture No. 1, mixing the
gunpowder thoroughly with the dextrine before adding
water. When powder has completely melted add alcohol,
and stir well Unwind into this about 2 lbs. of good
cotton twine of not less than 24 mesh, and with a stick
press it well into the powder mixture. Into the pudding
pan place mixture No. 2 proceeding as for No. 1. This
however, should be thicker; (about like soft putty).

Now take the end of the cord and pass it through
the spout of brass can, from the inside; fill the cup with
mixture No. 2 and pull through spout enough cord so
end may be attached to match frame. Hold the cup in
the left hand and revolve the frame with the right, plac-
ing dishpan so cord will feed out, over notch in back
of top rim of cup and through powder mixture into frame
separating each dtrand by about 3. If spout of cup fits
cord snugly a perfedly round, smooth match will result
and if surgeons rubber gloves are worn the hands will
not be soiled. Be sure to keep the small cup always full.

English System

Make a light frame of wood like the frame of a
looking glass (Fig. 12), six feet long and four feet wide

and hang it in an upright stand so that it can revolve
just like the mirror in a dresser. Then get a quantity of cot-
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ton wicking, 24 mesh and unwind it into a thin pan about
a foot in diameter and six inches deep. In another similar
pan put 2% lbs. rifle powder mixed with 2% ozs. dextrine
and cover it with 24 pints water, stirring occasionally
until powder is melted; then add 2% ozs. alcohol and
mix well. Pour this over the lamp wicking in the first
pan taking care to leave the end of wick hanging over
edge of pan so it can be easily found. Begining with
this end now run all the wicking into the empty pan,
taking care that every part of it is well soaked with the
wet powder, a little of which should remain after the
cotton is passed for the firgt time and this may now be
poured over the pile of wet wick, pressing or kneading
same so as to thoroughly soak every part, when it can
be returned to the first pan as before. It is now ready
for the frame. Tie the end of wick to one side of end
of frame and while someone turns it slowly feed match
into it with the dtrands about %" apart. When all of it
is on the frame remove from the stand to a part of the
floor covered by large sheets of paper and support it over
these on four blocks about 3" high, one at each corner
of frame. Now take a small sieve of meal powder and
dugst it carefully over so as to cover it evenly with a
layer of powder. The frame of match may now be plac-
ed in the sun or elsewhere to dry. Match made by this
process is all of one length, viz: 2 yards, and is very
round in appearance. It burns fiercely but will not stand
as severe usage as that previously described. It also takes
longer to make.

Match piping serves the double purpose of protecting
the match from injury and making it burn infinitely fast-
er. A piece 20 feet long will flash from one end to the
other in less than a second.

ROCKET and CANDLE MATCH.

Match made by either of the two previous methods
is too expensive for use with the cheap grade of stock
fireworks on the market so a simpler method has been
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devised for this purpose. It is essentially like the last
described process.

Into a small tub put a gallon of starch, well boiled,
and $tir into it about 15 lbs. of a thoroughly mixed com-
position made of

Saltpeter 16
Fine charcoal 5
Sulphur 2%

Soak in this, cotton wick of about 5 strands until nearly all
the composition is absorbed but about one half inch which
should 4till cover the cotton in the tub. Work it in well
and run it on a frame as directed in preceeding descrip-
tion but the frame may be smaller for convienence of
handling by one person, as long lengths are not required.
Neither does it need to be dusted with meal powder.
If well made, however, it will burn freely and serve its
purpose completely. When dry it is tied in bunches, |
to 2 inches in diameter and cut into the desired lengths
with a tobacco cutter or large sharp knife.

FUSE.
(Blasting)

This is used in fireworks making, in the produdion
of cannon crackers and to a lesser degree in small bomb-
shells. It consists essentially of a cotton pipe containing
meal powder and burns at a rate of approximately |
inch in 3 seconds. It can be had in sizes varying from
% to %" in diameter and from the cheapest painted
cotton kind to one heavily coated with gutta percha for
under-water work.

It is made by a very ingenious machine which weaves
a cotton fabric around a small tube. As this tube is
withdrawn its place is taken by the meal powder which
is forced in through the opening in the tube. The largest
factories are in Simmsboro, Conn.
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TABLEAU FIRE.

This is about the simplest form of fireworks at present
in use. It is made by mixing thoroughly the necessary
ingredients to produce the desired color and heaping it
on an iron plate or board, in a pile, so it may be easily
lighted. Or it may be put up in tin cans for the trade.
Good tableau fire should burn brightly without sputtering
and smoke as little as possible. It should take fire easily
but never be liable to spontaneous combustion. Litho-
graphed cans may be used as containers, designating by
their color the color of the fire they contain and with
firing directions printed on them. A small piece of match
placed in each can facilitates lighting it.

WHITE FIRE.

Saltpeter 3 12 8 7

Sulphur ] 2 2 2

Metalic antimony 1

Antimony sulphide ] 1

Realgar I 134
BLUE FIRE.

Potassium perchlorate 24

Potassium chlorate 6 16 8

Paris green 4 6

Shellac 14

Stearine 1 | 2

Barium nitrate 4 7

Calomel 12 1

Sal ammoniac 1

Copper ammon. chloride 4 6

Asphaltum 1

Lactose 6

In the above color it should be bourn in mind that
paris green is very poisonous and a handkerchief should
be tied over the nose if it has to be handled much.
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RED FIRE.

Strontium nitrate 80 10 16 14
Potassium chlorate 20 4 8 4
Shellac 3

Red or Kauri gum 12 3

Asphaltum 3
Charcoal 1

Dextrine 1

Fine saw dust 12

Rosin 1

Lampblack 1

If it is desired to make tableau fires more bulky one
or two parts of fine sawdust may be added to any of
the above recipies without materially affecting the color.
If the sawdust will not pass freely through the sieve it
may be added after the other ingredients are sifted and
mixed and rubbed in with the hands.

PINK FIRE.

A fire somewhat cheaper than the above but inferior
in color may be made as follows:

Nitrate of Strontia 48 16 18
Saltpeter 12 4 7
Sulphur 5 2 2
Charcoal 4 I 23
Red gum 3 2
Dextrine )

This should not cost over 7 cents per pound while
the other formulas cost about 9% cents per pound. A
pink light may also be made by substituting lime or
chalk for strontia but more chlorate of potash is required
and the smoke is greater.

YELLOW FIRE.

Nitrate of baryta 36
Oxalate of soda 6
Sulphur 3
Red gum 5
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GREEN FIRE.

Nitrate of baryta 8 9 4
Chlorate of potash 4 3 2
Shellac 1 14
Red gum 2

Dextrine /16

Fine saw dust ¥

Sal ammoniac I

I have never found anything better or as good as
this, therefore give only the one recipe.

SMOKELESS TABLEAU FIRE.

For theatrical or indoor use colored fires are very
objectionable on account of the choking smoke they give
off. The following mixings give a fire producing very
little smoke which quickly dissipates after fire is burned.

RED.

Nitrate of strontia
Picric acid
Charcoal

Shellac

-

GREEN.

Nitrate of baryta 4
Picric acid 2
Charcoal 1

Disolve picric acid in boiling water; add strontia or
baryta; stir until cold and dry on filter or piece of cloth.

It should be observed that in all mixings, the formulas
cannot be considered absolute as the purity and general
characteristics of chemicals differ so much that all mix-
ings must be tested and regulated to the existing con-
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ditions of materials, climate etc. If tableau fire burns tos:
slowly more potass; or coal should be added; if too fast,
more strontia, baryta etc. In rocket, candle or gerb com-
positions, saltpeter or meal powder will increase the com-
bustion while coal and sulphur will retard it.

TORCHES.

These may be clasified according to the purpose for
which they are intended. Military torches have but one
requirement which is that they produce the maximum
illumination of the deepest hue of color desired. As these
are fully described in special works issued by the govérn-
ment and really form no part of commercial pyrotechnics
it will be unnecessary to devote further space to them
here. Railway torches or fusees, on the other hand, are
the cheapest form of pink light, as anything capable of
attracting the attention of the engineer is all that is re-
quired. They are usually 3" diameter and 8" to 12" long
exclusive of the handle and burn from 5 to 20 minutes.
The following compositions are adequate:

RAILWAY FUSEES

Potassium perchlorate 2%
Strontium nitrate 48 18 16 18
Saltpeter 12 7 4
Sulphur 5 2 5 24
Fine charcoal 4 Y% I

Red gum 10 2

Dextrine Y

Sawdust 1

moisten with Kerosene before ramming

Fusees are provided with a slip cap which is used
for igniting them. The end of the torch is capped with
paper onto which is painted a mixture of

Potass; chlorate 6
Antimony sulfid 2
Glue ]
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while the end of the cap is similarly painted with a paste of

Black oxid of manganese 8
Amorphous phosphorus 10
Glue 3

When the cap is pulled off and struck againgt the end
of the fusce it takes fire like a safty match. With some
compositions it is necessary to have a little tarting fire
at top of torch just under the capping or priming under
the cap which will suffice to cause easy ignition. (Fig. 13)

PARADE TORCHES

Parade torches for campaign purposes, where a cheap
grade of fire suffices and where competition urges the
manufacturers to produce the largest article at the small-
est price, one of the methods is to add 50% of fine saw-
dust to the mixing, This does not greatly affect the burn-
ing of the torch and makes it look twice as large at
practically no extra cost. The following is a good formula:

RED.

Potass; chlorate

Nitrate #trontia, 30
8
Red gum 7

Saw-dust may be added ad libitum. The torches are
usually 3" diameter and 12" long and should burn, with
the above mixing, 8 to 10 minutes.

RAMMING CAMPAIGN TORCHES.

A very cheap method of ramming these torches is
to moisten the composition with dilute dextrine solution
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until it is damp enough to hold together when a hand-
ful is tightly squeezed. A dozen torch cases are tied in
a bundle and pressed into a pile of damp composition
on a slab. It is then moved to a clear part of the slab
and jolted firmly against it by liftiing the bundle a few
inches and jarring it downwards. More composition is
shaken in from the top when the jarring is repeated and
this continued until torches are full when they are set
aside to dry. By this manner a dozen torches may be
rammed in one minute. The handles may be attached
by a strip of ‘gummed paper 2 inches wide, half of which
encircles the torch and the other, the end of the torch
handle. The other end of torch is nosed and matched
in the regular way, (Fig. 14).

]

R — - .
Fi_g.]@ Camfmiqn forch.

A better way of ramming torches is as follows:

Tie the cases in bundles of 12, Place on ramming
block and insert spout of funnel (Fig. 15), into one of

them. Then pass a suitable rod through it untl it rest
on block also. Now, with a scoop, fill the funnel with
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composition and, fteadying same with the left hand, grasp
the rod firmly with the right and raising it about six
inches, drive it with a firm stroke up and down as the
composition runs into the case. Continue this operation
until case is filled. When funnel is removed the space
oceupied by the spout will serve for inserting the handle
which is done by applying to it a little gum or glue.

TORCHES for CARNIVAL PARADES.

These present the most exading requirements and
the following formulas are the result of more than 30
years of experimenting during which some exceptional
mixings have been developed as well as some most beauti-
ful colors which, in modified form, may be used for box
stars in shells etc.

Carnival Parade Torches must be of deep color, give
maximum illumination, burn slowly and clean, not be
prohibitive in cost and give off as little smoke as possible.
They should burn not less than 15 minutes with a length
of about 18" exclusive of handle and a diameter of %"

The standard formula of 40 years ago was: for

RED.

Nitrate strontia 16
Potass: chlorate 8
Shellac, 3

however, this burns somewhat fircely and is rather ex-
pensive. A better mixing ist

Nitrate strontia 14
Potass: chlorate 4
Ground asphaltum gum 3

or
Strontium nitrate 40
Potassium chlorate 8
Red gum, 7%
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This will burn 17 minutes in an 18" torch. The lategt
formula, giving exceptional results is:

Strontium nitrate
Potassium perchlorate
Sulphur, ground

Red gum

-

This gives a fine color, burns clean and is inexpensive.
GREEN PARADE TORCHES

Barium chlorate ‘ 5
Barium nitrate 40 30 4
Potassium chlorate 11
Potassium perchlorate

*K. D. gum 6
Sulphur, ground

Sal ammoniac 1
Shellac 1
Calomel 2

W NN

*K. D. and Red gum are supplied by New York

dealers in pyrotechnical supplies.
BLUE PARADE TORCHES

Potassium perchlorate 5 24 24

Paris green 2

Copper-ammonium sulphate 6

Copper-ammonium chloride 6

Dextrine 1

Calomel 1

Sugar of milk 2

Sulphur 9

Stearine 2
- Asphaltum

—
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- PURPLE PARADE TORCHES

Strontium nitrate
Potassium perchlorate
Black oxid of copper
Calomel

Sulphur

"AMBER PARADE TORCHES

W W OO~y

Strontium nitrate 36
Sodium oxalate 8
Shellac 5
Sulphur 3
Potassium perchlorate 10

The lagt two torches are exceptionally beautiful and
have been used very effectively in canival parades. Great
care must be observed in mixing compounds containing
sodium oxalate, that all the ingredients are perfectly dry,
and it is best in a damp climate, to mix only on a clear
day, for the reason that the least moigture is liable to
cause the oxalate to decompose forming sodium nitrate
or chloride which is still more deliquescent than the oxalate
and the work is soon so wet that it will not burn. Even
when mixed in dry weather it should be protected from
dampness by parafined wrappings or otherwise.

In cutting the paper for a 15 minute parade torch
%" diameter and 18" long cut 35 to 40 lb. Kraft paper
so it will roll with the grain 18" in length and across
the grain 113" This will give four complete turns and
cause more regular burning. Pasting the outer edge for
3 or 4 inches will be sufficient.

Capping and Matching Parade Torches.

A good method of doing this is as follows:

Cut some cotton cloth into pieces about 2 inches square.
Cover them with paste and bend them securely over the
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tops of the torches as shown in sketch (Fig. 16a). When|
they have dried punch a hole about | inch deep through
the cloth and into the top of torch, with an awl about
1" diameter, into which inscrt the match. Then make

up some thin priming of gunpowder, gum water and a
little alcohol. . Place this in a squirt oil can with a large
opening in its spout and, shaking frequently to prevent
it from separating, press out a drop or two at the point
where the match enters top of torch. If this is properly
done it will secure the match in place and cause the
torch to ignite freely. .

ALUMINUM TORCHES.

This beautiful piece of pyrotechny was firét introduced
in parades by the author, with sensational results, about
35 years ago. A row of 12 men was placed at the
head of the line of march and with these all burning
aluminum torches simultaneously there was produced the
effect of an oncoming avalanche of fire. For this torch
a case 4" diameter and 16" long is used with a round
wooden handle 6" long. They are rammed and matched
much as other parade torches and a good formula is:

Potassium perchlorate 13
Fine aluminum powder 6
Flake aluminum 5
Dextrine or licopodium |

A beautiful modification of this is the
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RED and ALUMINUM TORCH.

These should be %" diameter 18" long and of the
following composition

Strontium nitrate 3
Potassium perchlorate

Shellac

Coarse flake aluminum
Lycopodium

— b N

another formula is:

Strontium nitrate 13
Sulphur 3
Mixed aluminum 3

Before ramming, this formula should be moistened with
a solution of | part shellac in 16 parts of alcohol and
one part of this solution used to every 36 parts of com-
position. As this mixture is somewhat difficult to ignite
it is necessary to scoop out a little from the top of torch
and replace it with starting fire as shown in (Fig. 17).

Sfa'rﬁn_g fire

Fig .1y

STARTING FIRE.
Saltpeter 6
Sulphur flower 4
Fine charcoal 1

An aluminum torch of heretofore unheard of brilliance
and giving an illumination, in the | inch diameter size,
of what is said to be 100,000 candle power is made as
follows:

Barium nitrate 3
Mixed aluminum

Sulphur

Vaseline
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Rub the vaseline into the barium nitrate; mix sulphur
and aluminum separately; then mix with barium nitrate
and vaseline. A starting fire for this also is required,
as follows:

Barium nitrate 4
Saltpeter ' 3
Sulphur 1.
Shellac I

PORT FIRES.

These are small torches 3§" diameter 12" long, used
in exhibitions for lighting other pieces of fireworks. They
are rammed with rod and funnel and a good mixing is:

Meal powder 1

Sulphur 2 4
Saltpeter 5 5
Charcoal 1

Ship Lights and Distress Signals.
“BENGOLAS”

Another form of torch is the Bengola or Blue Light
used mostly by ships in signaling for pilots. They consist
of a gtout paper case 14" in diameter and 4" long, 3"
of which is composition and %" clay at bottom; the
balance being the socket into which the handle is fitted,
{Fig. 18). They should be rammed quite hard; the nosing

Figls-

should be of good strong paper secured around the match
with twine and the match should be piped where it
passes through the nosing. The finished light should
then be painted with melted parafine so as to protect it
againgt the dampness of the sea air. This is an average
formula:
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Saltpeter 12
Sulphur 2
Antimony sulfid 1

Digtress signals are the same except that they burn
red. The regulation Life Boat equipment consists of 6
or 12 enclosed in a water tight copper can. The follow-
ing formula is suitable:

Potass: chlorate 5
Strontium carbonate 14
Shellac 1
‘Dextrine ]

TOY BLUE LIGHTS.

These are little lights 14" diameter and 6" long made
by rolling a light case as for lances. Cut the paper 2*
x 6" the 6" way running with the grain of the paper.
One end should be closed as for lances. Bunch about
200 into a bundle with string, all the open ends being
uppermost when the bundle is stood on end. Now make
the following composition:

Saltpeter 5
Sulphur 2
Antimony sulfid 1

When thoroughly mixed place it on a large sheet of
strong paper previously spread on a firm table. Set the
bundle of blue light cases alongside of the composition
on the paper, with the open ends up and pour a hand-
ful of composition on top of them. Shake the bundle so
as to make composition fall into the cases as much as
possible and repeat several times. Now with both hands
raise the bundle of partly filled lights and bring it down
on the table with a good blow. Repeat this several
times and then again the firét operation of filling them
and pounding them on the table until all are well filled
when the ends may be tucked in with a dull awl,
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ROMAN CANDLES.

These are probably the most popular piece of fire-
works made, from a sales point of view. Up to some
years ago they were made entirely by hand, that is, one
at a time. Then a combination rammer taking a dozen
at a time was devised. And later the Candle Machine
which handles six dozen was perfected. To make roman
candles by hand, roll the cases as described and have
a lot of stars of different colors ready. Then make some
candle composition as follows; .

ROMAN CANDLE COMPOSITION

Powdered saltpeter 18 lbs.
Fine powdered charcoal |
Flowers of sulphur 6 “
Dextrine .
Water 1 gallon

After all the ingredients are well mixed and sifted
three times add the water and mix again until the whole
lot is evenly dampened. Then force through a 16 mesh
sieve into cloth bottomed trays and dry in the sun.

Hond lv Rammer outfit !
Fig. 19

Now provide a ramming outfit as shown in (Fig.19)
consigting of a pin block (b), a rammer (a), a composi-
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tion scoop (c), a clay scoop (d) and a gunpowder scoop
(e). The various parts must, of coarse, be proportioned
to the size of candle it is intended to make. Say you
will begin with an 8 ball. The pin of pin block must

Comrmkm’& a ’ Star board

be 3" diameter. The rammer, slightly smaller so it can
pass easily up and down the candle case which also is
3%". The clay scoop should hold a level teaspoon full
of clay; the composition scoop, a heaping dessert spoon-
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ful; and the gunpowder scoop should be 4" diameter
and %" deep. It may be made from a .22 cal. rifle shell,
if desired.

Now, place an empty case on the pin; pour in a
scoop of clay and ram it firmly with a light mallet.
Remove rammer; pour in a scoop of gunpowder on top
of which drop a star and lastly, a scoop of candle com-
position.  Ram with about six blows of a light mallet.
Remove rammer and pour in another scoop of gunpowder;
another star and another scoop of candle composition,
repeating this until case is filled to within 2" of the top.
Remove candle and finish as described under that head.

Hand Combination Candle Rammer.

Detuil of' sh;“s’lhg ﬁoard;. RAMMER
A RN

This consists of an iron pin plate (e), funnel plate,
iron (f), a wooden guide board (d), three wooden shift-
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ing boards, viz: clay board (c), star board (b), and com-
position board (a) as well as a gun-powder box (Fig. 23
and 24) and rammer (g). The construction of shifting
boards can be readily understood from detail sketch (Fig.
21). The pins shown in upper plates should be under-
stood as being in lower plates. Otherwise slots would
become clogged with composition while in use.

The holes in upper board are of a size to contain
just sufficient composition clay etc. for one charge (A).
This board slides a distance of about %" controlled by
pin (CD). When upper board is pushed back the holes
are filled and when ready to discharge it is drawn for-
ward so the holes are in line with the holes in lower
fixed board when the contents falls through funnel into
candle being rammed, (B). The gunpowder box is describ-
ed under “Candle Ramming Machine” so it is unnecessary
to repeat its construction. - It is of course smaller than
the one for large machine and made of size to correspond
to.pin plate etc. Finally there is the rammer (Fig. 21),
(g) consigting of eight steel rods with compression springs

fitted through a wooden handle bar as shown, with de-
tail of whole at (H). -

This apparatus is used for ramming one to four ball
candles and can also be used for serpents and saucissons.

Place pin plate on some solid wood block or concrete
base; place guide board over pins so that the holes en-
circle the pins fairly; slip a candle case on each pin;
place funnel plate on top of assembly and raise guide
board so as to make cases center nicely.

Now, fill clay board, composition board and star board.
Place clay board over funnel plate so holes are in line
and shift, tapping lightly so that all clay falls out through
funnel plate and into candles. With rammer give 10 to
15 @trong blows through each row of holes. Put on gun-
powder box and draw plate until a charge enters candles.
Then take star board; place as was done with clay board
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and shift. See that all stars have entered candles and
put on composition board. When this has been discharg-
ed give about 8 to 10 blows with the rammer, not quite
as hard as for the clay. Now give another charge of
gunpowder, another board of stars and a second charge
of candle composition (if more than 1 ball candles) and
repeat until desired number of stars have been used.

CANDLE RAMMING MACHINE.

llll

bt |th

| ’ |

[

Iy

- The ramming machine herewith illustrated was de-
signed in Cincinnati and is used principally for ramming
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roman candles from 6 ball to 30 ball but up to three
ounce rockets may be rammed solid with it and the
hollow center of rocket made by driving a spindle into
it afterwards as will be explained later. Flower pots
may also be rammed with this machine and the writer
has adapted it to making 3" cannon crackers at the rate
of 72 at a time. However, several sets of rammers of
different lengths and thickness are required for the differ-
ent sizes of candles.

The frame is of cast iron about 7 feet high; the up-
right sides are 1%" thick with a V edge on inner sides
upon which the head block (A) slides. The rammer as-
sembly is fastened to head block by stud bolts. The
guide board (C) is made of " lumber and serves to
keep the rammers properly in line. This board is loose
enough to slip up and down on the rammers while
machine is in use. The pin plate (D) rests on base of
machine and is slid into place from in front and retained
by short stops in the rear. Several of these plates also
are required, corresponding with the rammer assemblies
as above. The pawl (E) holds the rammers up while
the articles to be rammed are arranged below. When
all is in place and the firét charge of clay (in the case
of roman candles) is in the cases an attendent pulls the
rope attached to head block, which serves to disengage
the pawl. The rammers are now lowered slowly until
they enter the funnel plate. The rope is released and
as the rammer head falls it rams the clay in the bottom
of the cases. From 5 to 15 blows are usually required
to ram each charge.

If composition becomes so dry that it will not pack
firmly it should be dampened with a very little water.
The stars should be hard and dry and free from star
dust which can be sifted out by shaking stars in a coarse
sieve. The floor of ramming room also should be kept
free from all accumulated composition etc. to guard a-
gaindt accidents frem friction of the shoes or otherwise
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It should here be noted that when cutting the paper
for machine rammed roman candles, a thin V shaped
slip should be cut from one end (a) of a sheet at side
nearest the operator when being rolled. The object of
this is to form a somewhat funnel shapped end to case
which materially assists its easy ramming. This end
must, of course, be uppermost when case is in machine.

(a, b) (Fig. 16).

The funnel plate is made of cast iron one inch thick
and the other dimensions being the same as head of
rammer assembly. It is drilled with 72 holes in 6 rows
of 12 each corresponding with the inside of the diameter
of the candles to be rammed and spaced same as the
rods in rammer head. These holes are countersunk on

F);S 16
b

upper side of plate, to a depth of one third thickness
of plate so as to give them the shape of a funnel while
the under side is counter bored somewhat larger than
the outside of the candles to be rammed, which slip in-
to these recesses and thus are held in place while machine
is being operated.

This funnel plate is supported in the ramming machine
by an adjustable frame attached to sides of machine,
which permits it to be moved up and down as required
to fit the various lengths of cases to be rammed. This
frame is not shown in drawing of machine.

POWDER BOX.
The powder box (Fig. 23 & 24) is made of brass
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3/16" thick and its construction will be readily understood
from sketch. The bottom consists of three brass plates,
each %" thick, drilled with 3/16" holes spaced at same
distance as those in funnel plate. The holes in upper
and middle plates are 5" nearer the rear of the box than
the holes in the bottom plate. The upper and lower
plates are fixed but the middle plate moves forward and
backward %". When it is pushed back the holes in it
and the top plate are in line, so when the box is charged
-with rifle powder, the holes in middle plate become filled.
"When the center plate is drawn forward the holes in it
and these in the bottom plate come into line and the
little powder charge in ‘each hole falls out into the roman

candle below it. Detail at (Fig. 24) (b).

To facilitate the use of this box it is placed on the
adjustable stand (Fig. 25) whereon it can be raised to
the desired height for the work in hand. This stand is
:made of light lumber and preferably on rollers so it may
be moved into position and out of the way, as desired
between charges.

The shifting boards follow the same principle as
illustrated in hand ramming machine relative to arrange-
ment of holes etc.-but are of a size to fit other parts
of big machine. Boards of different thickness must be
provided so as to hold the required amount of compo-
sition for the different sizes of candles rammed. The holes
in star board should be slightly larger than the stars so
:as to permit them to fall through easily when in use.
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The stars for roman candles should be somewhat longer
than their diameter as this makes them easier to fall in-
to place when filling a shift board. :

To fill these boards, a scoop of composition or a
handful of stars is thrown on top of it; the board is
shaken until the holes are evenly filled and the surplus
allowed to slide off into the composition or star tray. By
using boys to keep the extra pin plates and shifting
boards filled as quickly as needed, and others to remove
the loaded candles, a very large number -of them can be
loaded in a day, by one machine. A pin plate of candle
cases is slipped on to the base of the machine; the funnel
plate is lowered on top of it; the guide board is raised,
causing the ends of cases to enter the funnel plate which
is fastened in place by set screws or thumb bolts on
sides of frame. The rammer head is allowed to decend
sufficiently to see that all is clear. It is drawn back up
into place and a shifting board of clay slipped over and
its contents discharged into the candles, a slight jar be-
ing given to assure all holes of having emptied. The
rammer head is now dropped some 10 or 12 times to
set the clay, and withdrawn to its original position. The
powder box is now slid across funnel board and by pull-
ing handle of center plate a charge of gunpowder enters
the candles. After removing powder box a board of stars
is shifted into the funnel plate. Care mudt now be used
to see that all stars have slipped through funnel plate
into candles. Now a board of composition is discharged
the same way and the whole rammed with about 8 to
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10 blows. This operation is repeated as often as the size
of candle requires. When lagt charge of composition has
been rammed the pin plate of candles is removed, un-
loaded and refilled with empty cases while another pin
plate of empty cases has been slipped into its place in
machine.

BATTERIES.

A very effective piece of fireworks (Fig. 26) easily

made by taking a wood box about two inches longer
than the candles to be used and filling it with about
three dozen 8 ball or 10 ball roman candles. The space
above the candles in the box is to be filled with a few
scraps of match, one piece allowed to hang over the side
and a piece of cardboard nailed over for a top.

BOMBETTE FOUNTAINS.

These are an effective combination of candles and
floral shells packed in a large box as shown in (Fig. 27).

AR

Fig. 27
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All are lighted at once by scraps of match in the top,
but the floral shells' are matched so as to fire alternately,
one at a time as shown, during the burning of the candles.

Another interesting use for roman candles is in the
so called union battery (Fig. 28) which consisted originally

Ftas 29
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of one battery each of candles containing white, red and
blue stars. It is however, now used effectively with candles
of varigated stars.

BENGOLA BATTERY.

Fireworks displays are often started with a row of
vari-colored lights or bengolas set about 25 feet apart in
front of the set pieces. When these are supported by a
fan of candles or gerbs a very. effective display is pro-
duced. The bengolas are lighted first and- when they
have burned half way, the candles or gerbs are lighted.

(Fig. 29) L
SKY ROCKETS.

Next to roman candles, these are perhaps the most
popular article of the pyrotechnical craft and on good
authority, seem to have antedated the candle. So much
has been written about sky rockets that any general
description would be superfluous. ‘The French, in partic-
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ular, have left a most detailed history, sometimes amusing
in view of present day conditions, regarding its manu-
facture.

Fig. 30
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Suffice to say that the rocket consigts of a tube of
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paper, rammed with suitable composition, its lower end
choked to about one third the diameter of its bore and
a hollow center extending upward though the composi-
tion to about 3 inch of the top. A stick attached to
the tube serves to balance it while ascending. Broadly
the composition of a rocket, that is the portion of it
which burn