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History, Design, and Manufacture of Explosives 

Diazonium salts and Diazodinitropbenol 

represent a group of chemical salts that explode easily when in their dry crystalline form. 
The members of this group are usually fonlled by "diazotization, or reacting an aromatic with 
nitrous acid or gas in the presence of excess mineral acid. 

One of the earliest known of this group is diazobenzene nitrate, first prepared by bubbling 
nitrous gas into a cooled aqueous solution of aniline nitrate, and adding an equal volume of 
alcohol which precipitated the white crystals on addition of ether. This was washed with ether, 
gently pressed between two pieces of filter paper and dried under vacuum. Sunlight and moisture 
causes it to rapidly decompose. It detonates very easily from blow or friction, or when heated to 
9OC. 

Also exhibiting the same sensitivity is m-Nnitrobenzenediazonium perchlorate, patented in 
1911 and used in compound detonators for high explosive nitric esters. It is also unstable in 
moisture and sunlight. It is prepared by -

I. Add . S gram of m-nitroaniline to Scc of water in a wide test tube and stir to suspension. 

2 . Add .Scc of concentrated hydrochloric acid and 2.2cc of20% perchloric acid and stir. 

3. After the solids are dissolved, add lScc of water and keep cool by immersing the 
test tube ill cracked ice. 

4. Dissolve 1/4 gram of sodium nitrite ill I or 2 cc of water and add in 4 doses while 
stirring with a glass rod with the end covered with rubber tubing. 

5. After standing in the ice for 5 minutes, filter, wash the pale yellow needles with cold 
water, then with alcohol, and then with ether. 

6. Dry in several small portions separately on filter paper. 

Diazodintrophenol (DDNP), was originally produced by bubbling nitrous gas into an 
alcoholic solution ofpicramic acid (dinitroarninophenol, which is not picric acid). 
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11 has since been made by -

I . Suspending 10 grams of picramic acid in 120cc of 5% hydrochloric acid in a beaker 
standing in a cooling bath of ice water and stirred rapidly. 

2. Sodium nitrite (3.6 grams) is dissolved in IOcc of water and added all together and then 
stirred for 20 minutes. 

3. The precipitate is fihered (slowly and gently) or preferably collected, and washed 
thoroughly with water. 

4. The dark brown crystals may be used "as is" or purified by dissolving in hot acetone 
and agitating while adding a lot of ice water to precipitate the now yellow crystals . 

The DDNP is nearly non-hygroscopic, a little less stable than lead 87jde, and sensitive to 
mction and impact. Is brisance is similar to TNT and it is incorporated in many blasting cap 
fOllllulations. It cannot be dead pressed, and does not always detonate from fire if unconfined, but 
will bum with a quick flash like nitrocellulose. It is soluble in nitrobenzene, acetone, strong 
hydrochloric acid and nitroglycerin. It is insoluble in cold water. It decomposes in sunlight and 
with exposure to moisture. 

Valious tests show that DDNP is much more powerful than mercury fulminate or lead 
azide. Because it will not always ignite easily from fire it is safer in some circumstances than these 
other primary explosives. It reliably detonates at 180 C from hot metal when confined. 

Trinitroazidobenzene is made by 

I . Chlorinating aniline to form trichloroaniline • 

2. Diazotizing as already described to fOlIn sym-trichlorobenzene and then nitrating it. 

3 . Nitration is accomplished by dissolving the material first in 32% oleum, adding strong 
nitric acid, and heating at 140-150 C until the precipitation stops. 

4 . This resulting trinitrochlorobenzene is added to an actively stirred solution of sodium 
azide in water wet alcohol. 

5. The precipitate is filtered, washed with alcohol, and then water, and is air dried . 

6. It can be purified by dissolving in chloroform and allowing to cool where the greenish 
yellow crystals fOIlIl . 
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It is readily soluble in chlorofolltl, slightly in alcohol, and insoluble in water. It is not 
hygroscopic, and does not attack the metals in the presence of moisture. It is volatile at elevated 
temperatures and decomposes rapidly in hot storage. This decomposition yields 
hexanitrosobenzene which is an explosive comparable to tetryl and is stable and nonhygroscopic. 

This explosive burns when ignited in the open, but explodes with great force when 
confined in detonators. It is less sensitive to shock and fiiction than mercury fulminate but is made 
more sensitive by mixing in finely ground glass to it. It can also be dead pressed to where it only 
burns when ignited. It is best used by mixing moist material with nitrocellulose and a small 
amount of amyl acetate, hand screening, and allowing it to dry to granules. 

T etracene and its related explosive salts 

Tetracene exists as pale yellow crystals and is made in modem production by adding 
sodium nitrite to a solution of I-amino guanidine hydrogen carbonate in dilute acetic acid at 30 C. 
The precipitated crystals are filtered, water washed, dried at room temperature, and are stable up 
to 75 C. It is insoluble in water, alcohol, ether, and benzene. 

Tetracene (short for l-guanyl-4-nitosoarninoguanyltetrazene) forllls many explosive salts 
with useful properties, some of which we will describe here. 

It is soluble in hydrochloric acid and fOllns tetracene hydrochloride that is precipitated by 
adding ether. By treating it with alkali like ammonia or sodium acetate, it yields the tetracene 

. 
agam. 

In a solution of excess silver nitrate, it yields tetracene silver nitrate. 

When left in solution with caustic soda, it produces several compounds induding 
triazonitrosoaminoguanidine which reacts with copper oxide or acetate to yield a blue copper 
explosive precipitate. This can be mixed with acid to further yield the explosive tetrazolyl azide. 

Sodium Nitrite, in the presence of mineral acids, reacts with the aminoguanidine to form 
guanyl azide. This fOllllS salts with acids such as guanyl azide nitrate which does not explode, but 
produces considerable light during rapid decomposition. 

When reacted to fontl picrate and perchlorate salts, powerful explosives sensitive to heat 
and shock are fOl med. 
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If hydrolyzed with strong alkali, it fOl IllS the alkali metal salt of hydrazoic acid. It is 
hydrolyzed by ammoniacal silver nitrate in cold water to form soluble silver azide and yellow 
silver cyanamide precipitate. lbis can be treated with acids or weak base to convert it to 
5-aminotetrazole. 

When aminoguanidine and sodium nitrite are reacted in an excess of acetic acid, they fOlIll 

1,3-ditetrazolyltriazine. 

When tetracene explodes, it produces a lot of black smoke, but very little noise. As it is 
pressed it begins to rapidly lose its power and is dead pressed easily. It has the unusual propeny 
of increasing its power beyond its own brisance when used in combination with other primary 
explosives. This synergistic effect has led 10 its being incorporated into many combination and 
compound detonators. It is also a very powerful booster because of this effect. It has been used in 
primer, detonator, compound, and other detonators including explosive bolts and rivets. 

Cyanuric Triazide is made by adding pure powdered cyanuric chloride to a water 
solution of an excess of silver azide while cooling and agitating. It is insoluble in water and readily 
soluble in acetone, benzene, and ether. It melts at 94 C and decomposes at lOOC. The melted 
material dissolves TNT and the other aromatic nitros. It is so sensitive that the crystals should be 
dried gently under vacuum. 

The tiny crystals are more sensitive than the fulminates and have exploded while loading 
into detonators, and the large crystals are very sensitive and explode with very little pressure of 
any kind. It is one of the more powerful of the primary explosives as the following comparison 
demonstrates. 

Explosive 
Cyanuric Triazide 
Lead Styphnate 
Lead Azide 
Mercury Fulminate 

Velocity of detonation mls 
5,545 
4,900 
4,500 
4,490 

• 

It usually requires only 1/3 to 114 as much cyanuric triazide to detonate other high 
explosives than mercury fulminate often only a few hundredths of a gram being used. It is much 
more sensitive to shock than mercury fulminate 

This material is hygroscopic and slightly volatile and must be used only in detonators that 
are completely sealed. 
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PETN has already been described in chapter two under fOllllaldehyde based explosives. It 
is used as a pressed base charge, in detonators and blasting caps. It is also used as the core of 
commercial detonating cord and in sheet explosives. It is very easily and reliably initiated. 

In the expansion tests the comparative results of detonators were 

PETN 
T rinitrotriazidobenzene 
Tetryl 
TNT 
Mercury Fulminate 
Lead Azide 

100% 
90% 
70% 
60"10 
23% 
16% 

Nitrogen Sulfide melts at 178 C and explodes at higher temperatures. It detonates 
violently with shock or blow and is less sensitive than the fulminates but has a lower velocity of 
detonation. It has found occasional use in fuses, primers, and blasting caps in the first half of this 
century by itself and with other oxidizers. 

It is made by 

1. Dissolving 1 parts sulfur chloride in ]() parts carbon disulfide and cooling . 

2 . Anhydrous ammonia is bubbled in until the first dark brown precipitate has redissolved 
and an orange yellow solution forms. 

3. This solution contains solid ammonium chloride and it is filtered off and rinsed with 
carbon disuIfide. 

4. The solution is evaporated and the residue is boiled in carbon disulfide to remove sulfur. 

5. The undissolved material is crude carbon disulfide which is added to by the cooling 
precipitates from the liquid. 

6. The entire mass is recrystallized in carbon disulfide to purity. 

Nitrogen Se1enide is produced by bubbling anhydrous ammonia into a solution of 
selenium chloride which yields an orange-red precipitate. It detonates on contact with sulfuric 
acid and is used best with acid delay detonators . It explodes violently with heated and is 
considered dangerous to handle because it ignites from frictio", heating to 230 C, and very mild 
blows. 
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ChapterS 

Pyrotechnics 

The art and science of chemically generating light, heat, and sound, is closely related to 
the pure science of explosives which chemically generates the same effects. These effects, when 
used to entertain, for convenience, or for war, are called • pyrotechnics' . 

The categories of uses include 
Fireworks 
Theatrical Effects 
Model Rockets 
Utility Flares 
Photography 
Smoke 
Tracer munitions 
Incendiaries 
Time Delay Initiators 

The pyrotechnics use the same basic chemistry as explosives. They do not depend on 
oxygen from the air to generate the combustion reactions, but have their own oxidizer to supply 
the necessary oxygen, and their own fuel to support combustion. When ignited together, they 
perro, m the work required by their design and chemistry. 

Fireworks 

The first frreworks were basically the black powder used in the early weapons, combined 
with an additional combustible, to produce noises and propel "fire" compositions into the air. 
These first combustible additions included -

I ron and steel filings Obtained from steel mills and screened for fine and coarse 
sizes, they produce white and red sparks. 

Ground cast iron Filings ground in mortars and used to make "Chinese fires" 

Copper filings Produced green sparks 

Zinc filings Y ie!ds blue flame 

Antinomy Sulfide Fine powder produced blue flame 

Yellow Amber Produces yellow flame 
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Lampblack Soot, adds deep red color to fire 

Yellow sand Produces golden yellow rays 

All of these were combined to the standard black powder formulas in the earliest fireworks 
to provide entertaining colors. Soon ,the early pyrotechnists would experiment with various 
chemical salts to find out what new colors and effects could be created. The earliest combinations 
include -

Copper sulfate and ammonium chloride 

Potassium chlorate and perchlorate 

Copper acetate and copper sulfate 

Strontium Nitrate or chlorate 

Calcium chloride 

Copper nitrate 

Sodium chloride, niter, and alcohol 

For green fire. The chloride combines to 
volatalize the copper and produce brighter 
colors. 
Added to provide oxygen in the reaction 
with salts which would add new and much 
brighter colors to the flames that burned. 

Added to ammonium chloride to produce 
"Russian fire" 

To yield various red colors to flame 

with alcohol to produce orange flame 

for emerald flame 

for yellow flame 

These early fonnulas would be mixed, often with alcohol, and then loaded into paper 
canridges with a cotton wick running out from the mixture. These were sealed with wax or clay 
and then the wick would be lit when ready to use to ignite the mixtures. Chlorate mixtures had to 
be handled carefully since they would easily ignite during loading from friction (potassium 
chlorate is the material on the end of matches). Adding sulfur to the mixtures usually added 
considerably to the brightness of the mixtures, but was often haurdous. The addition of extra 
nitrates to add both color and oxygen to the reaction was also a popular trend. 

The first use of magnesium as a fuel in fireworks occurred in 1865, and aluminum in 1894. 
Both are still used as the most common fuel source in pyrotechnic formulations today. Both 
produce the dazzling white lights we see as the foundation in most fireworks mixtures. The 
magnesium works better in acid mixtures with such oxidizers as alkali metal salts or barium and 
potassium nitrates that include a few percent organic binder to stabilize the mix. These mixes are 
used in tracer bullets and flares . 
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Aluminum powder is more energetic in alkaline mixes such as when mixed with potassium 
perchlorate for photoflash compositions. Sulfur should not be added to m.gnesium mixtures, but 
in other fotltlulas it improves the ignitability and retards the reaction rate for longer burns. 

The fOllllula materials have to be carefully considered when designed. Adding ammonia 
salts to the mixes can lead to the formation of ammonium chloride salts which may ignite on 
standing. The chlorates can react and spontaneously ignite sulfur or red phosphorus during 

• • rruxmg. 

Ammonium picrate soon became part of for mulas where colored fires were desired 
without the production of smoke and offensive odors (such as in indoor theaters). It could 
detonate on contact with potassium chlorate or lead nitrate and would detonate from shock or 
fire . Hydrated lead picrate (1 H2O) was used in caps and primers because it detonates easily from 
fire and shock. Potassium and sodium picrate deflagrate from flame in mixtures adding to the 
show. Other picrate salts were found unsuitable for use in fireworks. 

Metal oxides (such as iron oxide) and the metal fuels magnesium and aluminum or barium 
peroxide have found use in incendiary pyrotechnics called "the!JIlites" which require special 
igniters to use . 

There are many older formulations that were prepared around the following materials and 
ranges. 

Potassium Nitrate 
Sulfur 
Strontium Nitrate 
Barium Nitrate 

Charcoal 
Potassium chlorate 
Sugar, sawdust 
Cryolite 
Picric acid 

Potassium picrate 
Aluminum 
Perchlorate salts 

50-80% 
10-25% 
50-70% 
25-70% 

5-10% 
15-40% 
5-20% 
5-20"/0 
10-30% 

10-30"10 
10-30"/0 
10-40"/0 

used in white colors, and to make pink with strontium salts 
adds intensity and slower burning to formula 
Makes red with no potassium nitrate, pink with it 
Makes yellow with no potassium nitrate, blue with 

• 

Potassium chlorate 
Slows down burning rate 
Used in combinations with or without potassium nitrate 
added combustible in slower burning mixes 
Aluminum sodium fluoride, adds yellow to flame 
Deepens colors and adds brilliancy, explosion from shock 
risk 
replaces part of potassium nitrate to make "whistle" sounds 
adds dazzJing brilliance to light 
Used in aerial compositions without sulfur, sulfides, or 
picric acid (for safety) 
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The strontium and barium salts would provide oxygen for the combustion as well as 
coloring the flames, and were usually combined with sulfur and/or charcoal as the combustible. 

The propellant for the early fireworks consisted of black powder mixtures that were 
diluted with added combustible of sulfur and charcoal to slow down the production of gases as 
the rockets became larger. This was done for safety and show as the paper and cardboard tubes 
could not withstand artillery fOllllulations even in small amounts. 

Modem safety regulations and technology has led to the use of other "salts" ill fireworks 
formulas. These are mixed to produce shadings from the primary colors. 

Red 
Yellow 
Blue 

Green 
Silver 

White 

White Glitter 
Gold glitter 
Gold streamers 

Strontium caroonate or oxalate 
Sodium oxalate or Cryolite (aluminum sodium fluoride) 
Cupric carbonate with ammonium perchlorate or 
Potassium chlorate with Polyvinyl chloride (PVC) or 
hexachlorobenzene [Do not mix chlorate and ammonium] 
Barium Chlorate 
Aluminum with ammonium perchlorate (choice of aluminum powder or 
flake is critical) 
Black powder and Antinomy or, Strontium and barium nitrates with 
magnesium in PVC 
Aluminum, antinomy, and black powder 
Above with sodium oxalate 
Charcoal or lampblack (soot) 

These fOIll1ulas would be propelled with black powder or the modem rocket propellants 
described in chapter 3. Additives are included for producing other properties that the final device 

• 

reqwres. 

The actual design and manufacture of the fireworks devices has been an art form. The 
ideas that led to the wide range of entertaining actions were often ingenious. The main for JUs of 
the devices will be described here. 

Whistle devices are fireworks made with materials that produce different pitch sounds 
when burned inside a tube and the air is discharged through a narrow throat similar to band 
instruments. The pitch is varied by the size and shape of the hole and by the size or diameter of 
the charge. The larger the charge, generally producing the deepest pitch and greatest volume 
because of the larger amount of gas produced. These devices were often built into muhiple 
charges that produced changes in pitch with changes in the visual burning display. 
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The earliest whistle makers used 60% potassium picrate and 40% potassium nitrate 
rammed into bamboo tubes !/4" to 3/4" in diameter. This mix could be exploded from shock and 
was not used in aerial fireworks for fear of premature detonation from the shock of the "rocket" 
propellant. Sometimes, they were attached to the side of rockets to make whistle noises during 
the rockets flight. Safer whistles soon emerged using 75% potassium chlorate, and 25% gallic 
acid and were often used in whizzers that would scoot along the ground "whistling" and then 
explode at the end of the movement. 

Modem whistles use the chlorates, perchiorates, or nitrates, mixed with an aromatic 
compound like trihydroxybenzoic acid, or potassium benzoate, or sodium silicylate. 

Roman candles are basically mortars that fire out a succession of displays called stars, or 
showers of glowing sparks, or other projectiles. They are constructed of cardboard tubes that 
have the stars, a delay mixture, and black powder propellant in alternating layers. The delay 
mixture is a special mix of black powder with a large excess oflarger granule charcoal mixed in. 
This causes it to bum much more slowly while sending out a lot of sparks. The earliest delay 
mixture was called "candle comp" and was fonIlulated as -

Potassium Nitrate 34 parts 200# (mesh size) 
Sulfur 7 parts 200# 
Charcoal #4 15 parts 24# 
Charcoal #3 3 parts 16# 
Charcoal #2 3 parts 12# 
Dextrin 1 part 

The bottom of the tube was sealed with clay. 

The bottom layer would be standard black powder pressed into place. 
The next layer would be the star, projectile, or other device. 
The third layer would be the candle compo 

The stars or projectiles were smaller than the diameter of the tube and would leave air 
space around their bodies. These would be filled with candle comp and all three layers would be 
rammed tightly into place. 

These layers would be repeated until the tube was full and a fuse was attached to the final 
layer on top. Once the fuse was lit, the candle comp would bum slowly around the star and when 
it would reach the black powder layer, the instant burning would propel the star or other 
entertainment out the end of the tube which would ignite and present its visual show. The candle 
comp would continue to bum in the next layer underneath repeating the show until all the layers 
were finished. 
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The stars used in the roman candles are peJlets of burning mixtures that yield a variety of 
light and sparks when ignited. The stars are prepared by thoroughly mixing a damp mixture of the 
mass and then cutting or extruding the mix into the desired size and star shape. This shape is 
preferred because the comers catch fire from the candle comp easily while permitting the burning 

around the cuts. 

Examples of early fOlmulas include -

Red Blue Green Yellow Rose Amber Green 

Potassium Chlomte 48 48 12 32 
Potassium Perchlorate 12 10 44 

Potassium Nitrate 6 

Barium Perchlorate 90 

Strontium Carbonate 8 
Strontium Oxalate 1 

Barium Nitmte 16 12 12 

Paris Green 18 

Copper Oxalate 
Sodium Oxalate ? 4 -
Fine Charcoal 8 4 8 

Lampblack 1 

Dextrin 3 ~ 1 3 I 6 
~ 

Shellac 6 10 2 6 2 15 

The wiDow tree shower effect in roman candles used a formula of 

Meal Powder 
Lampblack 
Antinomy sulfide 
SheJlac in alcohol 

32 parts 
24 
4 
2 

Violet 

12 

9 

5 

3 

Twinklers which produce showers of alternating brightness while falling were made using 

Meal Powder 24 parts 
4 Sodium oxalate 

Antinomy sulfide 3 
Powdered aluminum 3 
Dextrin 1 
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Spreader stars use about 213rds powdered zinc which yield a green-white flame 

Fountains, are also known in various forms as gerbs, wbeels, pinwbeels, saxons, and 
flower pots. They produce jets of sparks that are the result of the combustion of 
pyroaluminum, cast iron turnings, or coarse titanium. Black powder diluted with an extra 
ingredient, so it slows down the overall reaction, is used for the combustion. During loading into 
heavy cardboard tubes, a mix of 50% alcohol and water is used. It is ignited by fuse strands 
passed 1T0m top to bottom. When ignited, the contents spews out under great pressure without 
exploding. The wheels are driven by tubes attached to the sides or edges of round or curved 
device that rotates around its center. The tubes shoot out jets of fire and operate in a prearranged 
sequence. 

Serpents are mixtures that bum progressively and f01l1l large amounts of black ash as they 
bum. They use a mild oxidizer like picric acid and which is mixed with nitrated naptbol pitch. A 
mix of rooting pitch 40% and syrian asphalt 60% has also been used in place of the napthol pitch. 

Torpedoes are small primary explosives (such as silver fulminate) that are enclosed in 
small bags and mixed with gravel. They explode on impact when thrown against solid surfaces. 

Firecrackers have been produced using many fOJlllulations. The formulas are usually 
coarse grained powder in tubes of cheap paper. They would use fuses of tissue paper twisted 
around the powder and wrapped together in "Chinese firecrackers" . Powdered aluminum, 
potassium chlorate and potassium perchlorate have also been incorporated into the many 
variations of firecracker compositions. 

Sparklers are currently made by dipping wires into a thick liquid mix containing dextrin or 
shellac, an oxidizer, steel filings, and pyroaluminum. The older formulas were usually black 
powder with barium nitrate, antinomy sulfide, aluminum powder, dextrin, and lampblack mixed 
together as very tine powders. These were mixed with small amounts of water until a "molasses' 
consistency was achieved. The wires would be dipped into the mix and allowed to dry. Then they 
would be re-dipped until the desired thickness is achieved. 
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Theatrical Effects 

Many effects like smoke, fog, lightning, and flame, are usually produced from the use of 
oil dispersions, dry ice, and arc lamps. Bullet fire as well as artillery or cannon fire is accomplished 
by using blank cartridges with small amounts of black powder that discharge gray solids only irom 
the blast. Tbey provide better visual eftects than tbe commercially produced blank shells. The 
bullet hits are usually small holes that resemble exit craters. These are filled with a small explosive, 
red liquid. and tben covered to conceal tbeir presence. They are ignited in the desired sequence 
electrically producing an outward burst. In reality, a bullet that strikes an individual only leaves a 
small hole going in and as it pushes against body tissues it forms craters at its exit point. The 
actual bullet exit more closely resembles the "Hollywood" bullet entrance hits . 

Other effects such as erupting volcanoes and certain other science fiction scenes use 
pyrotechnic reactions that are violent and are filmed with high speed equipment and then slowed 
for use in movies. Reaction substances include dropping glycerin on potassium pelluanganate, a 
mix of potassium chlorate and powdered sugar detonated with a drop of sulfuric acid, or by 
mixing potassium nitrate, ammonium dichromate, and dextrin and igniting by flame or electricity. 

Rockets 

Rockets used in fireworks and model rockets are entertaining forms of pyrotechnics which 
propel themselves skyward by their own power. The older rockets used paper and cardboard 
casings, while some modem versions use plastic and composite materials . The bottom of the 
rocket tube is usually sealed with clay and then with either a pressed black powder charge or 
a casted solid propellant similar to those described in chapter 3. The black powder produces only 
about 20-30% of the specific impulse of the solid propellants because oftbe large volume of 
solids produced in its combustion. Most use a clay nozzle to produce the high pressure discharge 
of the gases. The rockets are usually ignited by a fuse cord or electric match. The burn time lasts 
less than a second so the combustible container usually does not catch fire. 

When adding pressed black powder to the rockets, the fOlIllulas are adjusted and diluted 
down for the larger diameter tubes. The reason for this is that the amount of powder burned at the 
same time in the larger tubes is much greater and yields hot gas much faster than cardboard tubes 
and the nozzle can take. Typical formulas for the different sizes include -
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Diameter 3" 4 .25" 13" 
Weight I ounce 3 ounce 6 pound 
Potassium nitrate 36 36 30 
Sulfur 6 5 5 
Charcoal #3 5 12 
Charcoal #6 12 
Charcoal dust 7 17 12 

When the propellant runs out in some rockets, the head (as opposed to warhead) contains 
a parachute, firecrackers, stars, or other entertaining payload which is deployed by a separate 
charge of gunpowder. 

Utility li1ares 

are used by railroads and highway crews as well as stranded motorists . They were 
generally used to warn people in case of coming upon an accident or signal a train crossing or 
stranded vehicle. One of the early formulas for producing a slow burning red flare was made by 
first preparing a mix of -

, 
10# of maple sawdust 
I oz. of miners wax 

in a steam jacketed kettle and cooked to a dry powder. The oils were retained which aided 
in moderating the burning rate. This was mixed as follows -

Strontium Nitrate 100#(rnesh) 
Sulfur 200# 
Prepared sawdust 20# 
Potassium perchlorate 200# 
Wood flour 200# 

132 parts 
25 
20 
15 
1 

This mix filled into a paper tube would bum at about 1 inch per minute. The top is usually 
charged with a primer of potassium chlorate, charcoal, red gum, and barium nitrate moistened 
with alcohol and sealed. It is lit by a scratch device similar to matches. It usually is designed to 
bum with a distinctive red flame for about 30 minutes. 
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The color of a flare or other light source becomes important in bad weather conditions. 
The amount of relative intensity required from a particular color oflight to be visible at 5,000 
meters (nearly 3 miles) is 

Night 
Clear 
Light Rain 
Overcast and ha ze 
Heavy Rain 

Day 
Clear 
Overcast and haze 

Red 
1.0 
1.2 
3.2 
8.9 

2,000 
4,778 

Amber 
2 .0 
2 .1 
4.1 
33 .5 

2, III 
7,556 

White 
2 .5 
3.0 
3 .1 
132 

3,222 
11.111 

Green 
2.8 
3.2 
5.9 
567 

4,000 
10,000 

A number of chemical light generating substances have been developed for use as 
emergency lighting. These are usually based on mixing hydrogen peroxide with a fluorescing 
substance such as bisphenylethynylanthracene and a cyclic compound such as 
trichlorocarbobutoxyphenyl oxalate. 

Aares are used by the military for a variety of uses. These include -

Infra Red flares used to locate downed aircrew and behind the lines personnel. 

Decoy flares to draw enemy forces to wrong locations 

Ground illumination for parachuting 

Signal flares 

The infra red flares take advantage of the fact that the natural ten ain usually reflects long 
wavelengths. The use of infra red image intensifiers make it very easy to pick out IR signals from 
the background. FOImulas to emit specific wavelengths include -

.7611m . 79mn .8-.9um 
Silicon 10 \0 16.3 
Potassium Nitrate 70 
Cesium Nitrate 78.7 
Rubidium Nitrate 60.8 
Hexamethylenetetramine 16 23.2 
Epoxy Resin 4 6 5 
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Directional flares used to signal from concealed locations usually consist oflong tubes 
inside a air cooled tubing that bums deep inside and emits light only where it is pointed. The air 
cooled second tube yields no detectable signal to other observers. These often use 
magnesium-flourocarbon reactions that are lower in heat production. 

In the visible light spectrum, magnesium is reacted with alkali nitrates to produce the 
greatest brightness and intensity for the longest duration (1-5 minutes). This is the usual duration 
of a parachute drop. Flares must usually generate combustion temperatures of more than 3,000 C 
to be visible to the human eye. This can be achieved with zirconium and titanium. but the best 
results are usually achieved with aluminum and magnesium. Illuminating sheDs and flares usually 
use 53-58% magnesium powder, 36-40% sodium nitrate, and 4-8% alkyd resin. 

Photography 

Night photography flashbulb light is basically the use of explosives to generate light . 

Commercial flash bulbs use zirconium metal in a glass bulb which is ignited by an electric 
wire which is coated with a friction sensitive chlorate composition. Once the camera shutter is 
actuated, the wire is pushed into the bulb and rubs against an activating surface which ignites the 
bulb and bums the oxygen instantly producing the bright light for the photograph. 

Military flash systems use mixtures of loosely packed aluminum powder, potassium 
perchlorate, and barium nitrate. These are initiated by explosive charge and are used in large scale 
night aerial and ground photography. These mixtures can generate massive amounts of visible 
light when used in volume. They are also used to simulate projectile ground bursts. 

Smoke 

Smoke is used by the military to obscure vision, signaling, daytime fireworks, and to 
locate artillery fire . Obscuring methods usually use fog-oil atomizers, dispersal's of titanium 
tetrachloride (FM smoke), or burning sulfur trioxide. HC smoke is the result of the combustion of 
aluminum with hexacloroethane and zinc oxide which produces a cloud of finely divided zinc. 

Signal smoke is usually colored or white. Black is difficult to distinguish against the 
background and is usually not used. The visibility of the smoke depends on its particles abilities to 
scatter light, how large the particles are, how hot the cloud is or if it is illuminated by another 
source, and its contrast to the background colors. Under hazy conditions for example, yellow and 
orange are easier seen than blue or green. 
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FOlltlulas use organic dyes that have a low combustion temperature, so they easily 
volatalize, evaporate, and then recondense in the cool air. Modem formulas add sodium 
bicarbonate to inhibit the chlorate and often have added sugar or sulfur. The modem dyes are 
"substituted anthraquinones" which are also carcinogenic and pose health and disposal problems. 

The following formulas have been used in previous wars. 

Red Yellow Green Blue 
Potassium Chlorate 1 33 33 7 
Lactose I 24 26 5 
Paranitraline Red 3 
Auramine 34 15 
Chrysoidine 9 

• 

Indigo 26 8 

Rhodamine red, malachite green, and methylene blue have been used in more modem dye 
fOllnulas as the pigmentation agent. 

White smoke has been made by burning a mix of60% potassium chlorate, and 20% each 
oflactose and powdered aluminum chloride which produces a cloud of finely divided white 
particulates. 

Shell marker "smoke boxes" used for artillery sighting have historically used arsenous 
oxide and red phosphorus mixed with small amounts of paraffin or stearine. When the shell 
exploded, a colored cloud would fOJ III marking the location of the hit. This was done when 
smokeless explosive shell fOllnulations came into use. 

Tracer Munitions 

Tracer bullets have been used to 

Mark target impacts 
IdentifY nighttime combat participants 
Estimate range 
Guide the direction of fire 
Act as incendiaries 

Tracer bullets are designed to leave a clearly visible trail, usually red for the best visibility 
in bad weather. Green tracer fOi lIlulations are made by using barium salts in the fOi mula. Daylight 
tracers include using dry powders, sublimed organic dyes, and the combustion of phosphorus, or 
cadmium and sulfur (yellow smoke). Adding magnesium to the tracer increases visibility. 
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Strontium Peroxide 
Magnesium 

Delay igniter Dim Igniter 
90 

Delay action igniter 
Calcium Resinate 
Barium Peroxide 
Zinc Stearate 

10 

Strontium Nitrate 
Strontium Oxalate 
Potassium Perchlorate 
Toluidine Red Identifier 

6 
94 

Incendiaries 

Bright Day Igniter 

15 

83 
I 

I 

Red Tracer 

28 

4 

40 
8 
20 

Most "pyro" incendiaries are based on the use of metal fuels such as aluminum and 
magnesium with an oxidizer and a small amount of barium nitrate to make the mix easy to ignite. 
Their are also a group of metals that can be made to bum as the oxides flake from their surface 
during combustion. These metals have been incorporated in incendiary rounds and include 
zirconium, titanium, depleted uranium, and misch metal. [Misch metal is a mix of fused rare earth 
chlorides treated by electrolysis]. 

The idea behind u sing the above fOll Ilulations in bullet and artillery rounds, and in air 
dropped bombs is that they easily start destructive and dangerous fires. They are usually used 
against flammable targets such as fuel depots and aircraft fuel tanks. The larger rounds carry fuses 
and are used to spray the incendiary metal fragments inside enemy tanks to ignite fuel tank sand 
munitions. 

Against other targets that do not ignite easily, the military uses napalm and thermite 
mixtures that adhere to the target and bum at length, forcing an ignition. The thellllites use coarse 
iron oxide scale and granular aluminum that are made easy to ignite by adding a small amount of 
barium nitrate. 

Time Delay Initiators 

are used in grenades, bombs used against bunkers, aircraft ejection systems, missile 
separation and so on. Black powder fuse cord has been used for centuries to provide a reliable 
delay. Once lit, it can be depended on to continue to bum at predicted rates because of the 
presence of hot solid by products (its hard to put 'out the fuse). Operating conditions in the high 
atmosphere, under water, or in other difficult conditions brought about new fuse delay 
fOllllulations. These include -
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Manganese delay 

"T-IO" 

Zirconium­
Nickel 

Tungsten-Viton 

Tungsten delay 

Mn --

PbCr04 -
BaCr04 --

B --

Ni --

Zr --

KC104 --

Ce02 --

W --

Fullers Earth --

History, Design, and Manufacture of Explosives 

Mn 
PbCr04 

29% 
26% 

BaCr04 45% 

Bum time slcm 
.8-5.4 

B 
BaCr04 

3-15% .23-.32 
97-85% 

Ni-Zr 
BaCr04 
KCl04 
Ce02 

26% .8 for 70"IoZr-30%Ni 
60% 4.6 for 70"1.Ni-30%Zr 
14% 
up to 10% 

W 30% .8-6.2 

BaCr04 55% 
KClO4 10% 
Fullers Earth 4% 
Viton 1% 

W 30"1. .04-16! up to 24 with CaF2 

BaCr04 55% 
K Cl04 10"1. 
Fullers Earth 5% 

Manganese 
Lead Chromate (Yellow chrome) 
Barium Chromate (Lemon chrome) 
Boron 
Nickel 
Zirconium 
Potassium Chlorate 
Cerium Dioxide 
Tungsten 
Diatomaceous earth 
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