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Chapter 1
Black Powders and Propellants

The first true explosive invented and used by mankind is the black powder or original "gun
powder”. This invention 1s considered by many to be the greatest invention in history because It
allowed man, for the first time, to do massive amounts of useful and heavy work without using
animals or human labor~ Large scale mining, obstacle clearing, and nearly all the major
engineesing achievements since are the result of the invention of explosive powders.

To start learning the science of explosives, we will teach the basics of the chemistry, and
technology beginning with the history ot black powder.

Most explosives use two kinds of chemicals to create an explosion

1} A combustible that burns when ignited, with oxygen in the air or mixed with it. This can
be the paper this book is written on, the clothes you are wearing, the wood your house s
built with. the fuel you put in your cars gas tank, coal that is mined from the ground, and
even the grain dust in your local farm elevator

2} An oxygen source such as liquid oxygen that welders use, or some chemical that
supplies oxygen as a solid, iquid, or gas that can be mixed with a combustible. These are
called oxidizers and include chlorates and nitrates.

When combustibles are exposed to high heat, they ignite and burn as fire. You can start
wood, paper, your own clothes, and even gasoline on fire without causing an explosion.
This is because the combustible chemicals that they are made of consist of layers of
combustible materials on the chemical-atomic level that can be tens of theusands of layers
hick When the combustible catches fire, only the layer that is exposed to the oxygen i
the air will burn at that instant. Once it is consumed in the chemical reaction of burning,
created gases and solids that come off the fire now let the air reach the next layer

so that layer can now burn. This "fire” burns so fast that on the atomic level, the layers
burn off at a rate of tens of thousands every second. As the fire burns, you can feel the hot
gases coming off of the fire as they expand and push outward. This 1s because heat
causes gas to expand rapidly and to a large volume.

By intimately mixing an cxygen source in between many of these combustible layers,
mankind learned how to burn ail the combustible mixture instantly. When all the parts of
a chemica! mix catch fire and burn nearly instantaneously, we have an explosion. This 1s
because the expanding gases cannot all leave the burned material gradually hike you see
in an ordinary fire. They are all created at once creating a huge pressure because so much
of the solid or liquid is turned into a hot gas in a tiny space instantly. The result 1s a
shock wave that travels outward at a high velocity sometimes reaching several miles per
second.

1-1
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This is what you see when an empty gas tank filled with vapors only, explodes.
All the gas is burned at once instead of a small amount burning only at its surface
where air can reach the liquid. The vapors are now all intimately mixed at the atomic level
in the air so that the burning is nearly instant and complete. A gas fire can burn for several
minutes before al! the fuel is finally reacted with cxygen in the air. Huge amounts of hot
gas rise and travel away from the fire and fresh air rushes in to continue providing
more oxygen to sustain the burning. When the gas is mixed completely in the air as a
vapor, it burns all at once, not leaving enough time tor the expanded hot gases to drift off.
All the gas explodes outward all at once, producing the shockwave we call an explosion.
This is the principle in which tiny amounts of gasoline are fed and partiaily
vaporized in your car engines cylinders. The small explosion from tae ignited gasohne
push the piston down the cylinder at a special time, much like ignited powder pushes
bullets down a gun barrel. This same principle applies to nearly all explostves and
explosions.

[ The exceptions can include a water boiler expleding from the pressure of boiling

water converted to a gas. Water doesn't burn and is not an explosive, yet it was converted
to a gas under pressure by heating it, and when 1t cannot be contained by the steel of a
modern boiler, it explodes outward with a shock wave from the hot expanding gase’s that
produces the same effects as an explosive based explosion. ]

The first explosive discovered (invented) by man is black "blasting™ or "sun" powder.
It is made up of three chemicals. These are

Potassium Nitrate or {KNO3) which stands for one atom of Potassium (K ), one atom of
Nitrogen (N), and three atoms of Oxygen {O). This provides the
oxygen source for the explosive, as well as the combustible
Nitrogen which comes off of the reaction as a gas.

Charcoal or (C) which is a Carbon (C) source that ia this form burns in the presence
of oxygen.

Sulfur or (S) which is also a combustible that burns in the presence of oxygen.

The perfect or complete burning mixture by the chemical reaction of this mix s

Potassium Nitrate (KNO3) 20 moles (a mole is a complete molecule of the material)
Charcoal (C) 30 moles
Sultur {S) 10 moles
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[f this is mixed perfectly so it all burns completely and instantly, you get a burning
reaction that causes the carbon to become Carbon Dioxide gas {CO2), or if the oxygen 15
hmited, 1t will form Carbon Monoxide (CO) gas. The result of the above reaction when

1ignited 1s-

6 K2C03 {Solid) This 1s a solid restdue of Potassium Carbonate
K2504 {Solid) This is a solid residue of Potassium Sulfate

14 CO2 Thas 1s carbon dioxide gas
16 CO This 1s carbon monoxide gas
10 N2 This 1s Nitrogen gas

As you can see, a large part of the chemical weight of the sohd powder that you 1gnmited
has been converted instantly 10 gas and the explosive reaction also gives oft a great deal of
heat which reaches 2000-3000 degrees instantly at the center of the explosien.

By changing the formula of how much of each ingredient you use, you can force formation
of different amounts of gas, leaving unreacted solids behind, or preducing more of one gas over
another. The effects that these changes have on the explosion include hotter and faster burning,
and slower and cooler burning that does less damage to artillery barrels.

You can see from this reaction that you didn't need oxygen from the air to burn all the
charceal and sulfur instantly. If vou mix the powder perfectly as a dust, the mix will burn preperly
as a controlled explosion. These first explosions powered early pyrotechnics in ancient China and
soon were used to propel steel bullets down a gun barrel. It allowed mass mining of tmportant
minerals and assisted in the digging of canals.

The work that explosives could do changed the course of world histery. The nattons that
could produce the most and best guns and more powerlul explosives to use in these guns would
often win wars and decide how the conquered people would live {or die).

Making Black Powders

The three ingredients for making black powders are Charcoal, Sulfur, and Potassium
Nitrate (also known as saltpeter or niter). All can be obtained from chemical heuses and can be

field improvised as well.

Charcoal: has been used by man as a portable fuel for fire since ancient fimes. It 1s made by
burning wood in the presence of too little oxygen. In the middie ages charcoal burners would
build a furnace by piling wood up around a central pole, sometimes leaving a hele in the muddle.
The entire pile is covered with a clay made up of clay soil and powdered charcoal dust. This
covering holds down the combustion so the end product 1s charcoal instead of ashes.
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A workman lights the furnace through the top and lets it burn. As it burns, it needs more
air and vents are opened on the sides. The wood eventually turns into a small heap of charcoal.
The carbon making up the charcoal has been reduced from the mix of chemicals in the wood to 2
pure state that can be burned slowly in the presence of air.
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A modern way of making your own charcoal is to dig a large trench, fill it with wooed, and
set it on fire. When it is blazing fiercely, throw a covenng over it to cut off the air supply abruptly.
Covering it with corrugated steel panels used in steel buildings will work. Don't use anything that
will catch fire. Shovel earth on the steel to completely bury and seal it underground. Leave it for
several days to cool, and then open it up and shovel it inte bags. You can now use it anytime you
need a slow burning fire, such as cooking food, making bricks. or for making explosives.

The reason that charcoal burns siowly in this form is that 1t becomes porous when heated
forming a "char". The oxygen from the air diftuses siowly into the pores allowing it to "smolder”.
This provides you with the slow burning "char-coal”

Sulfur: also known as brimstone, is one of the worlds largest mineral and chemical industries and
makes up about .05% of the worlds crust. Fiemental sulfur is mined from the earth as 1s, usually
mixed with other contaminants. 1t is found in volcanic rocks and over salt dome structures and 1n
evaporated basins. Large mining companies dig it up from the ground and purify it. Sulfur is
insoluble in water and separated from other minerals by distillation, flotation, filtration, solvent
extraction or a combination. In the US elemental sulfur can be purchased from fertilizer dealers n
any volume desired or from chemical supply houses. 1t is used in varicus fertilizers, making
sulfuric acid, refining gasoline, leaching copper and uramum ores, and making paints, pigments,
pulp and paper. It is also sold in small amounts in drug stores and hardware stores for small scale
fertilizer use in gardens and sweet corn plots.
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Many countries restrict access to elemental sulfur because of its use in explosives. If mixed
fertilizers can be obtained that are high in elemental suifur, the suifur can usually be separated
from the other ingredients because by mixing in water and letting the other materials dissolve into
solution. Sulfur is insoluble in water and will settle out to the bottom. The water can be poured
off and the remaining suifur dried by evaporation.

Potassium Nitrate (Saltpeter or Niter): Until the creation of nitrogen based chemical industries
prior to world war one, virtually all mtrate salt used in all wars was obtained from the mixtures of
manure and soil found in pig sties, chicken coups, horse stables, and sewage lagoens for human
waste. Bacterial action on the manure from the vanous microbes in the soil {or that fleat in from
the air) act on the Nitrogen in the solid and hquid wastes by combining it with oxygen from the air
and converting it to nitrate salts. Since potassium is the most common alkali present in the soils
and in human waste, most of the nitrate is produced in this salt form, although small amount of
sodium nitrate may be formed. Potassium Carbonate or other Potassium salts may be added to the
soil in advance to aid in the production of the saltpeter.

After several days or weeks of fermenting in the soil, the mix is boiled in vats of water
sometimes with additional potash or fime. This boiling extracts all the water soluble salts fromn the
manure-soil mix, and the water is poured off. The solids from the bottom are discarded, and the
water is then boiled down and concentrated to where most of the ordinary salts precipitated out 10
the bottom. The solution left over is poured into a separate container and allowed to cool. When
this final solution cools, crystals of fairly pure niter would fall out of solution and be harvested
and dried for use in explosive powders.

Formulations

Mixing these three ingredients has always been a difficuit and dangerous undertaking. At
first, artillerymen in the field mixed thetr own powders, but professional mills soon sprang up 10
mass produce the powders and ordnance. The powder was kept wet during mixing to avoid the
risk of explosion. At first only fine powder was used. Later, the fines were used as primer while
the coarse granules were separated while wet by passing through sieves, and were used n the
main charges. The Potassium Nitrate was also used to impregnate twine so it could be used as a
slow burning fuse in cannons and would not burn out in the wind.

The production of flying fire (the first incendiary rockets) was accomplished by mixing
O parts niter

3 parts charcoal, preferably from grapevine or willow trees,
i part sultur.

1-5
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These were mixed together, poured into a hollow reed or piece of wood and would fly
where it was pointed when lit, or if in a metal mounted tube that could be held steady, it could be
aimed at an enemy and the flying fire as well as anything in the tube in front of it would fly at the
tarzet and light it on fire.

A later formula of 6 parts niter, S parts willow charcoal, and 5 parts sulfur was used with
marginal success in firearms but led to the modern pyrotechnic formulas. In the following
centuries various mixtures were studied and used in war.

Saltpeter Charcoal Sulfur

8th Century Marcus Graecus H6.6 22.2 11.1
" " 69.2 23.1 7.7
1252 Roger Bacon 37.5 31,2 313
1560 Whitehorn 50.0 333 16.7
1635 Bntish Govt 75.0 i2.5 12.5
1781 Bishop Watson 750 15.0 160

Black Powders used in military and sport use ratios very similar to the last two formulas
above. Almost everyone uses the 6:1:1 or 6:1.2:0.8 ratios when preparing black powders today.

Since Charcoal and Sulfur are both combustibles, some people ask why both are needed n
the formula. Sulfur doesn't produce gas by itself (it becomes solid potassium sulfate), but it
catches fire more quickly and at lower temperatures than the other components, and spreads the
fire through the powder faster. It also fills in the spaces between the grams of the other parts. The
Charcoal provides all the carbon for the gas conversion, and the niter {Saltpeter) provides the
necessary oxygen.

The grains of black powders are poor conductors of heat. When they are lighted and begin
te burn, they burn up the outer layers of the grains first. This means that as each grain burns from
the outside in, it becomes smaller and smaller and preduces less and less gas until 1t 15 used up.

Larger grains, which needed to burn longer were used n big guns so that all the powder
would not burn at once. This allowed the gases to move the artillery shelis so there would be less
instant, and more gradual pushing pressure to accelerate the big shells down the barrel. The grains
were manufactured in cubes, lozenge shapes, and as hexagonal prisms to find better burning
shapes.

The hexagonal prisms were eventually made with a hole runming the length of the prism
down its center. When these caught fire and burned, the outsides became smaller and rate of gas
production reduced, however, the insides of these grains would grow in size producing more gas.
This allowed an even greater production of gas continuously, and provided a smooth acceleration
to artillery shells as they were pushed down the heavy gun barrels. This resulted in greater range,
and higher muzzle velocities.
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By creating multiple perforations in the powder grains, the burning surtace area could
increase as the burning took place and create increases m the gas production. This added even
more velocity to the shells, as the pushing power increases after the shell is already in motion
going up the tube. Once again this resulted in higher muzzle velocities, and longer ranges. it also
produced less wear and damage to the gun barrels from the higher back pressures and
temperatures of burning all at once in a small cavity behind the shell casing while 1t was still at
rest.

The most successful powder for long range rifled guns was "cocoa powder" which used a
partially burned brown charcoal made trom rye. [t had colloidal properties and flowed under
pressure. The grains were effectively cemented together with little sulfur in the formula, and they
would burn slowly. The disadvantage was that it was friction sensitive and might even catch fire

from shaking in a bag. The formula used was 77-80% saltpeter, 17-20% Brown Charceal, and
0-5% Sulfur.

When black powders explode, they produce a white smoke. This is because the sohd
particies left over from the burning are accelerated out the gun barrel with the projectile and are
suspended in the air by the hot gases that are produced. When most powders burn, about 43% of
its weight converts to gas, 1% becomes water vaper, and the remaining 56% are discharged as
suspended solids. This smoke 1s often obiectionable because the hot solids irritate the nose, eyes,
throat and lungs. It also gives away the firers position.

One gram of exploding powder normally yields 781 calories and 271 cc. of gas with a
temperature at its center during the explosion of 3,880 degrees.

Commercial Manufacture

In order to produce the large quantities of powders required for war, countries organized
their chemical industries to efficiently produce it by the trainloads. By the 18th century, stamp
mills would be used to mass produce a uniform, quality powder. Before the stamp mills the
gunpowder was pressed through sieves in a wet state and resulted in grains that varied in their
density and composition. This meant that the bullets and shells would not have the same ballistic
path each time the gun was fired.

[n the stamp mills the powder was mixed together by hand or with a mechanical nuxer hike
the modern cement mixers. A small amount of water was added to prevent dust. The most
intimate mixing was achieved by pouring the charcoal and sulfur into a solution of water and miter
at about 130 degrees. The hot mass evaporates the water and all the parts precipitate together 1n a
very intimate mix which is spread out on a floor to cool and the lumps are broken up.
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The stamp mill uses a miil with wheels that weigh 8-10 tons apiece and continuously
rotates over the powder mass for 3 hours at about 10 turns per minute. Heat from the "milling”
evaporates the water which requires replacement to keep the powder from drying and igmting.
The wheel cake and clinker formed by the pressure is broken up into small pieces and sent to the
Presses.

A horizontal hydraulic press then apphes pressure 10 powder packed between its plates of
about 1200 pounds per square inch producing two foot square press cakes.

The next and most dangerous step 1s the "corning” or granulating. The granulator 1s set up
at a distance away from all the other buildings and all its machinery is operated by remote control.
The press cake is broken up and granulated between crusher rolis and then the grains are drepped
onto shaker screens. The dust goes into 2 bin for use as fuse powder and fireworks. The oversize
erains are recrushed until all are the right size. By making a powder uniform in size, density, and
mix. the ballistic effects are consistent when ordnance is fired and the aiming can be depended on.

The final grains are tumbled and dried in a revolving wooden cylinder with warm air. A
surface glaze can be added by adding a small amount of graphite while fumbling. The final desired
moisture is 1-1.5% for best shelf life.

The powder is rescreened and graded according to size from coarse {C) to fine (F)

[n the final analysis, black powder is simply a mechanical mixture of Sulur, Charcoal, and
Potassium Nitrate. The more intimate the mixing, the better the powder performance. Y ou want
the maximum mutual contact between these 3 parts and so the manufacturing procedures and
processes involve doing this mixing the in the best possible manner.

On the next page is a general flow diagram of the plant process for the manufacture of
black powders. ‘
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Commercial plant flow-thru for black powders
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Corning mills and screens, of desired size, [ines re-
in series cycled to press,
Fines ]
Resl
house |
_ Tumbling erodes sharp edges
Glare mill Tumbling [rom the particles. Drying
barrei results from fractional heat
andt, In some cases, hot air
passed through the drum.
Rest Graphite 15 added to drum in
house f[inal stage to glare particles.

Fine particies of finished

Screen and pack house ' Screening powder are recycled to
wheel mill units.

i { Fines
- Screening and packaping
Packaging | may be combined in one
unit,

:

l Storage or shipment

Storage and shipping areas
are removed from plant proper.
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Modern manufacture of Potassium Nitrate is accomplished by mixing Nitric Acid with
Potassium Chloride {a mined fertilizer) to yield a solution of Hydrochloric acid and a Potassium

Nitrate salt.

Potassium Nitrate is only slightly soluble in aichchol. 1o the following directions for the
Improvised field manufacture of Saltpeter from soil_ the US Army incorporates this property In its
directions from the Improvised Munitions Handbook.

Field Improvised Potassium Nitrate

Potassium Nitrate (saltpeter) can be extracted from many patural sources and can be used
to make nitric acid, black powder and many pyrotechnics. The yield ranges from .1 to 10% by

weight, depending on the fertility of the soil.

Matenals

Nitrate bearing earth or other matenal,
about 3.5 galions (13.5 litres)

Fine wood ashes, about 1/2 cup
Bucket - 5 gallons {19 litres) capacity

2 pieces of finely woven cloth, each
slightly larger than the bottom of the bucket.

Shallow pan or dish as wide as bucket bottom
Shatiow heat resistant container

Water - 1-3/4 gallons (6-3/4 litres)

Awl. knife, screwdriver or other hole producing
instrument

Alcohol, about 1 gallon {4 litres)

Heat source

Paper

Tape

1-10

Source

Soil containing old decayed vegetable or
animal matter

Old Cellars or farm dirt floors

Earth from old burial grounds

Decayed stone or mortar building foundation

Totally burned whitish wood ash powder
Totally burned paper (black)




History, Design, and Manufacture of Explosives

Procedure

{ Punch holes in bottom of bucket. Spread
one piece of cloth over holes inside of bucket.

2 Place wood ashes on cloth and spread to make
a layer about the thickness of the cloth. Place second

piece of cloth on top of ashes.

3 Place dirt in bucket.

Cloth

4 Place bucket over shallow contamer. Bucket may
be supported on sticks if necessary.

5 Boil water and pour it over earth in bucket a little at
2 time. Allow water to run through holes in bucket mto

shallow container. Be sure waler S0€s through all of
the earth . Allow drained liquid to cool and settle for

1-2 hours.

Note: Do not pour all the water at once, since this may cause stoppage.

6. Carefully drain off liquid into heat resistant container.
Discard ant sludge remaining in bottom of shallow contamer.

1-11
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: : I ¥ISE

7 Boil mixture over hot fire for at least 2 hours. Small 5[:-}:1::3.- ° 4
grains of salt will begin to appear 1n the solution. Scoop 1..
these out as they form using any type of improvised ﬁf 4

Heal
Resistant
Conldiner

strainer.

>
-
e

._" i [ -‘

ledl Soure e

8. When liquid has boiled down to 1/2 1its original volume
remove from fire and let sit. After 1/2 hour add an equal
volume of alcohol. When mixture is poured through paper,
small white crystals will collect on top of it.

9 To purify the potassium nitrate, re-dissolve the crystals in the smallest amount of boiled water.
Remove any salt crystals that appear {Step 7), pour through an improvised filter made of several
pieces of paper and evaporate or gently heat the concentrated solution to dryness.

10. Spread crystals on a flat surface and allow to dry. The potassium crystals are now ready to
lseg. _

A safe but effective {and expensive) way of making Potassium Nitrate if vou have access
to Nitric Acid is to simply neutralize the acid directly with Potassium Carbonate or Bicarbenate

until the solution reaches a neutral pH. Then it is allowed to dry.

-12




History, Design, and Manufacture of Explosives

Nitric Acid for Explesives

Most other explosives are built around Nitric Acid and it is the foundation for aimost all
explosive and related ordnance industries in modern civilization. It is impossible to improvise a
major acid factory in the field, but [ will briefly describe the various ways that Nitric Acid 1s

produced.

Most Nitric Acid is produced
1) by oxidizing Ammonia (NH3)
with Oxygen (O2)
to form Nitric Oxide {NO) and water (H20).
This is often done by mixing or bubbling ammonia through liquid oxygen or bubbling the
02 gas through ammonia water solution.

More Oxygen (02) is added
to form Nitrogen Dicoxide (NO2)
which is a deadly poisonous gas by itself.

By adding water (H20), the nitric acid (HNO3) is formed with some NO
which is recycled back into the plant.

This is how the oxygen is built into the chemicals to provide the oxidizer in modern
explosives in the form of Nitric Acid. [n essence, it is oxygen taken out of the air and turned into a
liquid as the Nitric Acid, and then ultimately this is reacted to form solid nitrate salts for use in
black and blasting powders. This same idea applies to all the other expiosives.

2) Nitrogen and Oxygen can be reacted directly in a nuclear reactor in the presence ot
enriched uranium. About one gram of Uranium with the necessary N and O yields app. two tons
of Nitric Acid. |

3) High pressure oxidation of Nitrogen Tetroxade

If you have access to Sulfuric Acid, you can make Nitric Acid for other expiosives from
Potassium Nitrate as described in the Improvised Munitions Handbook of the US Army.

1-13
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Field Improvised Nitric Acid

Nitric acid is used in the preparation of many explosives, incendiary muixtures, and acid
delay timers. It may be prepared by distilling a mixture of potassium nitrate and concentrated
sulfuric acid.

Materials Required Sources
Potassium Nitrate (2 Parts by volume) Drug store/ Fertilizer outlets
Concentrated Sulfuric Acid Chemical Supply Stores/Auto Batteries

2 glass or ceramic bottles (narrow necks preferred)

Pot er Frying Pan
Heat Source {Wood coal or charcoal)

Tape- Electrical or masking NOT Cellophane tape
Paper or rags

Important: If Sulfunc acid 1s obtained from auto battery, concentrate it by boiling until white
fumes appear. Do not inhale fumes.

The amount of Nitric acid produced is equivalent to the amount of Potassism Nitrate.
For 2 parts Nitric Acid use 2 parts Potassium Nitrate and 1 part Sulfunc Acid.

Procedure
: . . . Botile or
1. Place dry potassium nitrate in bottle or jug, Jug, less } i[
Add sulfuric acid. Do not fill bottle more than ?:f; ok \ Paste of

Potassium
Nitrate and
Concentrated
Sulfurtc Acid

1/4 full. Mix until paste is formed.

Caution: Sulfuric and Nitric Acid will burn skin
and destroy clothing. If any is spilled, wash 1t away
with a large quantity of water. Fumes are also
dangerous and should not be inhaled.

2. Wrap paper or rag around necks of 2 bottles.
Securely tape necks of bottles together. Be sure
bottles are flush against each other and that there

are no al SPaces. Necks of Bottles
Flosh Againat Each Other

1-14
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3. Support bottles so that empty bottle is slightly
lower than bottle containing paste so that nitnic
acid that is formed in receiving bottle will not run
back into paste bottle.

4. Build fire in pot or frying pan.

5. Gently heat bottle containing mixture by moving
fire in and out. As red fumes begin to appear
pericdically pour cool water over empty receiving
hottle. Nitric acid will begin to form in the recerving

bottle.

Caution: Heat bottle slowly or it may shatter. oa1 Resistant Containss
If necessary place bottle to be heated in container R, Filled with Send or Gravel
filled with sand or grave!l By heating this cuter : -

container the heat transfer is gradual.

6. Continue heating until no more red fumes are formed.
If the nitric acid is cloudy (not clear) pour into clean bottle
and repeat steps 2-0.

Nitric Acid should be kept away from all combustibles
and should be kept in a sealed glass or ceramic container.
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Finally, black Powder can be field improvised as follows from the US Army Improvised
Munitions Handbook.

Improvised Black Powder

Black powder can be prepared in a simple, safe manner. It may be used as blasting or gun
powder.

Matena! Reguired

Potassium Nitrate, granulated, 3 cups {3/4 litre)

Wood charcoal, powdered, 2 cups {1/2 litre)

Sulfur, powdered, 1/2 cup (1/8 litre)

Alcohol, 5 pints {2.5 hires)

Water, 3 cups

Heat source

2 buckets - each 2 gallon (7.5 litres) capacity, one must be heat resistant
Flat window screening,

Large wooden stick

Cloth 2 sq. ft. {(60cm)

Note: The above amounts will vield 2 # (900 grams) of black powder. To double the amount,
double all quantities used in manufacture.

Procedure

1 Place alcohol in one of the buckets

2 Place Potassium Nitrate, charcoal and sulfur in the heat resistant bucket. Add one cup water
and mix thoroughly with wooden stick until ail ingredients are dissolved.

3 Add remaining water (2 cups) to mixture. Place bucket on heat source until small bubbles begin
to form.

i-10
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4 Remove bucket from heat and pour mixture
into alcohol while stirring vigorously.

5 Let alcohol mixture stand about 5 minutes.
Strain mixture through cloth to obtain black powder.

Discard liquid. Wrap cloth around black powder
and squeeze to remove all excess liquid. .

Fiiter

6. Place screening over dry bucket. Place |
workable amount of damp powder on screen ¢
and granulate by rubbing solid through screen.

Damyp Dlack

Pravde r //

Sereen /
-

Note: If granulated particles appear to stick together
and change shape, recombine entire batch of powder
and repeat steps 5 and 6.

Granulated
Black

Powder
7. Spread granulated black powder on flat dry surtace

so that layer about 1/2 inch (1-1/4 cm) Is formed. Allow
to dry. Use radiator, car heater or direct sunlight. It should
be dried in 1 hour. The longer the drying period, the less effective the black powder.

2 Remove from heat as soon as powder is dry. It is now ready to use.

[ Authors Note: This method is superior to simply mixing the ingredients together. When
granules are mixed, all the parts are physically separated by a large physical distance {in chemical
terms). When they are dissolved and crystallized together the individual melecules are mixed
much closer together making the powder much more effective. |
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Sometimes slower and cheaper blasting powders are desired and can be achieved by
reducing the amount of Saltpeter in the formula as follows

Saltpeter Charcoal Sulfur
72% 15% 13%
40% 30% 30%
62% 18% 20%

Currently, most military black powder consists of - Commercial users {slower burning)

Potassium Nitrate 74 % Sodium Nitrate 71%0
Carbon 15.6% 16.5%
Sutfur 10.4% 12.5%

Sodium Nitrate is used in blasting powder instead of Potassium Nitrate in many
formulations containing 67-77% of the Sodium Nitrate, 9-14% Charcoal, and 8-22% Sulfur. It 1s
also used to make pellet powders which resemble dynamite wrapped in paper cartridges. The
cartridges contain small holes for inserting a fuse.

Sodium Nitrate can be made by simply neutralizing Nitric Acid with Sodium Bicarbonate
(Baking Soda) which yields the Sodium NMitrate salt.

Other Powders and Propellants

Propellant powders can be made using Ammonium Nitrate. This salt 15 a common fertilizer
for agricultural use. It can also be made by buying ammonum carbonate or bicarbonate at the
chemical supply companies or even using househeld ammonia to react with and neutralize the
nitric acid. Once neutral {or slightly acidic) the salt is ready to be used.

In 1885, a new propellant called Ammonpulver was invented and patented m Germany.
This new propellant got its name from using

35-38% Ammonium Nitrate
40-45% Potassium Nitrate
14-22% Charcoal

This formula had the advantage of not requiring any Sulfur and was sold under the trade
name "Amidpulver”.

[-13
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An improved version which produced little smoke {most of it converting to gas), and
oroducing a flashless discharge (so 1t wouldn't give away the firers position) was developed and
consisted of

Ammonium Nitrate 37%

Potassium Nitrate 14%
Charmal 49%

A mixture of 85% Ammonium Nitrate and 15% Charceal burns aimost completely {eaving
only a thin bluish-gray smoke and 1s also flashless. Burning Ammonpulver mixtures of 80-50%
Ammonium Nitrate and 10-20% Charcoal produce gases that reach only 900 degrees (compared
to 3000-4000 degrees with many other explosives) which make it useful in larger artillery guns
where the higher temperatures damage the gun barrels. These are also useful in chemical and
biological warheads as bursting charges where the low temperatures cause the liquid components
te convert to vapor without incinerating as much of the dispersed gases. As a propellant, it has
ballistic properties similar to other propellants containing 1/3 mitroglycenn.

Ammonpulver explosive has the advantages of being insensitive to shock and friction, is
cheap and easy to make, and is powerful, flashless, and smokeless. This propellant can be made n
paper cartridges like dynamite and used as artiflery charges directly, however, there are preblems
that must be addressed. First, the Ammonpuiver must be sealed in the cartridges so it does not
draw moisture from the air (it is very hygroscopic). Secondly, the Ammonpulver cannot be
allowed to reach temperatures above 90 degrees F or i changes it crystalline state to a form that
crumbles the big grains and results in powders that produce high velocity gases. This can resuit 1n
blowing agpart the gun barrels from the greater pressures. This propellant should be stored and
maintained in air conditioned rooms untii ready for use if used in artillery.

Guanidine Nitrate is a stable and non-hygroscopic salt (it doesn't draw moisture and can
be stored in open air). It burns cooler than Ammonium Nitrate and is a flashless explosive.
Guanidine is a strong organic base (baking soda and ammonia are also strong bases). It is similar
to urea or carbamic acid in its formula.

Its formuia is HN=C{NH2)2 and is considered a combustible. {Remember that explosives
are things that burn on their own and have oxygen sources called oxidizers mixed in so it all burns
at once.) Guanidine is manufactured commercially by heating ammonia under pressure, or by
heating calcium cyanamide with ammonium iodide.

A Guanidine carbonate is made commercially and is used in industry in soap and cosmetic
products. It can be used to directly form Guanidine Nitrate by neutralizing Nitric Acid to the salt
corm. It can also be made from the direct reaction of ammonium nitrate and urea. If it comes in
contact with organic material like an alchohol, it can generate heat on its own and explode. It is
also somewhat sensitive to shock and heat.
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Guanidine Nitrate has been used in biasting powder tormulas of

Potassium MNitrate 40-60%
Guanidine Nitrate 24-48%
Charcoal 12-16%

Another blasting powder has been made from muang

Sodium Nitrate 65%
Sodium Cresol Sulfonate 35%

in water and running it into a heated steel drum to evaporate the water. When it was dry,

the powder was scraped off the side of the drum and wrapped in waterproof paper as cartridges.
It is safe to handle and is an inexpensive powder.

The Sodium Cresol Sulfonate comes from the sulfonation of Cresol. Cresol is a coal tar or
petroleum derivative that can also be produced from Toluene and is used in a wide range of
industries. The Cresol is sulfonated by reacting with sulfuric acid or sulfur trioxide, and then s
neutralized to the sodium form by reacting with Sodium Carbonate or baking soda.

[ Authors Note: Wherever a sodium atem 1s required to complete a reaction, 1 have chosen
to use sodium carbonate and bicarbonate. When these are reacted, they give oft COZ2 gas and this

carries the potential heat energy of the reaction away with it. Sodium Hydroxide {Caustic Soda or
Lye) is the lowest cost sodium material that can be used and is used in many cases commercially.

The reason I don't recommend it, is that it generates heat and might catch a combustible on fire or
detonate explosive material in runaway reactions. |

A blasting powder more powerful than black powder that produces little smoke and 1s
stable and non-hygroscopic can be made from grinding together

Potassium Nitrate 46%
Ammoenium Picrate  54%

Ammonium Picrate will be described in detail in the Arematic Nitro Compound chapter.

Benite is a more recent propellant powder that is made by mixing
Potassium Nitrate 60%

Plasticized Nitroceilulose 40% (covered in a later chapter)

This formula also reduces smoke and when mixed, and it can be extruded as strands.
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Modern manufacture of Black Powders involve improvements on the mechanical mixing

to acheive the most intimate form of the components. Most plants follow the following steps.

1. Dry Potassium Nitrate is pulverized in a ball mill to make it as fine as possible.

7 Sulfiur is milled into cellular charcoal in a separate ball mill till pertectly rmixed.

1 The two materials are then screened and the powders loosely mixed in a tumbling mixer
4. The material is passed through a magnetic seperator o remove any metal particles.

5 The mix is then tranferred to an edge runner wheel mill similar to those already
described

6 The wheel mills run over the powders to increase the density of the grains. Water 15
added to keep it cool, reduce dust, and improve the mixing. This lasts 3-4 hours.

7. The powders are placed into hydraulic presses to form cakes {density of 1.6 to 1.8)

8 The cakes are then passed through a corning mill, crushed, screened, and formed mto
the final sized products.

9. The grains are then polished, dried, and mixed with graphite to form a protective glaze.

The final powders must be kept sealed and dry. They will draw moisture from the air in

humid conditions and lose ignitability at 3-4% mossture.

A modern improvement on the above procedure has been the development of the "Jet
Mill". This type of mill has no moving parts. High pressure air jets remove the black powder mix
from the bottom of a storage bin and inject them into the jet mill. This high velocity stream forces
the particles to collide and breaks them apart until they can pass through a serve or cyclone
seperator. The coarse particles are continuously recycled. The mill can be adjusted for the

production of various grain sizes. This system has replaced many of the wheel mill systems in the
US.
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A reliable small arms powder propeliant can be field improvised by following the US Army
improvised munitions instructions as follows -

Red/ White powder propellant

Red or white powder propellant may be prepared in a simple, safe manner. The
formulation described below will result in app. 2 1/2 # of powder. This is a small arms propellant
and should only be used in weapons with 1/2 inch diameter or less, such as the match gun or 7.62

carbine, but not pistols.

Material Requuired

Heat source

2 gallon metal bucket

Measuring cup {3 ounces)

Wooden Spoon or rubber spatula

Meta! sheet or aluminum foil ( at least 1 sq. ft.)
Flat window screen {at least 1 sq. ft.)
Potassium Nitrate ( granulated 2 1/3 cups)
White Sugar { granulated 2 cups)

Powdered Iron Oxide {(rust) 1/8 cup if available
Clear water, 3.5 cups

Procedure

1. Place the sugar, potassium nitrate, and water
in the bucket. Heat with a low flame, stirnng
occasionally until the sugar and potassium nitrate dissolve.

2. If available, add the iron oxide to the solution.
Increase the flame under the mixture until it boils
gently. { The mixture will remain red)
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3. Stir and scrape the bucket sides occasionally until
the mixture is reduced to one quarter of its onginal
volume, then stir occasionally.

4. As the water evaporates, the mixture will become
thicker until it becomes the consistency of breakfast
cereal or homemade fudge. At this stage of thickness,
remove the bucket from the heat source, and spread
the mass on the metal sheet.

5. While the material cools, score it with the spoon
or spatula in furrows about 1 inch apart.

6. Allow the material to air dry, preferably in the sun.
As it dries, rescore it occasionally ( about every 20 minutes)
to aid drying.

7 When the material has dried to a point where it 1s

moist and soft, but not sticky to the touch, place a small
spoontul on the screen. Rub the material back and forth
against the screen mesh with spoon or other flat object

until the material is granulated into small wormlike particles.

8. After granulation. return the matenal to the sun to
dry completely.

1-23
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Chapter 2
Nitric Esters

If you are a layman and are intimidated by the use of chemical names and terms, don't
worry. In this book we will take the time to explain everything. The words "Nitric Esters" come
from

"Nitric" - which means that nitric acid was used to make this material into a nitrate.

"Ester” - is 2 name chemists use to describe or name a compound that was made from

both an acid (like nitric acid) and an organic material like an alchohol.

We call the reaction of an acid and an inorganic base a "salt". Potassium Nitrate

is a salt of the inorganic base Potassium and the acid Nitric which we learned
how to mix and make in the last chapter. This s the same thing, only using an
organic alchohol in place of the base. Ancther name for this group could also be
"organic nitrates” or alcohel nitrates.

The words Nitric Ester in this case means nitration of an ester or alchohol. In the last
chapter we nitrated several bases like potassium and sedium so that they would provide the
oxygen from the nitric acid to the powders combustibles. This allowed them te burn instantly and
explode. Here, we take advantage of the idea that alchohols are combustibles. Alcohol will burn
when ignited. That is why ethanol (ethy! alchohol) is used in place of some of the gasoline 1n your
cars. When it is mixed with the oxygen in the air, it will burn instantly and explode.

It became interesting to explosive chemists to see if the Nitric Acid could be combined
directly with these combustibte alchohols so that single chemical explosives could be produced.
The ideas were that the explosive could be made to burn up completely without feaving behind
solid residues, and they could burn more efficiently than the powders.

It was discovered during the making of these early Nitric Esters that the new matenal
would resemble the properties of the alchohol that was used to make it. Glycenn for example is a
viscous oil. Nitroglycerin is also a viscous oil. Methyl and Ethyl alchohels are volatile iquids that
quickly evaporate into the open air. Ethyl and Methyl Nitrates are also volatile iquuds.

Many of the nitric esters are used as plasticizers in many ntirocelluiose formulations which
will be covered in later chapters.
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Alkyl Nitrates

Ethyl Nitrate: is prepared by heating a mixture of Ethyl Alcohol, Urea Nitrate (described
in chapter 5 - Nitroamines), and Nitric acid and distilling the gases that come off of 1t

[ For those that do not understand, T will describe here what distilling 1s. When you want
to separate liquid materials you can often simply heat the materials until one of them reaches a
point where its chemistry causes it to change to a gas. In a moonshine still, the alchohol is
separated from the water used to extract 1t by heating it until the alchohol turns to a gas. This gas
comes off, leaving the water behind and is transferred down a tube and into a receiving contamner
where it cools and condenses back into a liquid. Gasoline and Kerosene are produced from o1l by
the same principle. ]

Ethyl Nitrate has a beiling point of 87 degrees C so must be kept cool in storage. It has
about 48% of the explosive energy of Nitroglycerin, but has a greater initial detonation velocity.
Blasting caps will not detonate Ethyl Nitrate unless the explosive is tamped (confined) so that
pressure is created to start the explosion. When Ethyl Nitrate is mixed with "Fullers Earth” n
proportions of 70/30 or 60/40 it yields a "Brisant" explosive that will detonate without
confinement.

["Fullers Earth" is an absorbent first used by Alfred Nobel to make a safe to handle dry
explosive from dangerous hquids. Fullers Earth is also known as Diatomaceous Earth, and 1t 1s
dug up from the ground, separated and sold for many industrial uses such as filter aids, oil
absorbents, etc. The first use of it was to absorb Nitroglycerin to make Dynamite and was sold as
"Nobels Safety Powder". Charcoal is also used as an absorbent of hiquid explosives.

"Brisant” or Brisance is a measure of how much shock is produced during the detonation
of an explosive. A Brisant explosive is one that produces a powerful shock wave.

"Ethyl Alcohol” or Ethanol is the alchohol distilled from fermented grains {comn
squeezings) and is usually safe to drink.

"Methy! Alcchol or Methanol is distilled from wood or trees or produced from methane
oases. It is poisonous and not safe to drink (causes blindness).]

Methyl Nitrate: is produced by first mixing nitric acid with urea. This is done to remove
the last traces of nitrous acid. The mixture of this is then mixed with methanol and carefully
distilled.

Its vapors smell like chloroform and the fiquid is colorless and less viscous (thick) than
water. Methyl Nitrate dissolves colloidal mtrocotton to produce an expiosive jelly from which the
Methyl Nitrate then evaporates.

Methyl Nitrate has a greater energy content and explosive effect than Nitroglycerin. it
turns to vapors {explosive) at only 60-65 degrees F and is much more shock and heat sensitive (it
catches fire and explodes at only 150 degrees) than Nitroglycerin which makes 1t nearly
impossible to use in practical explostve applications.
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The reason Methyl Nitrate is of interest here s that a set of tests measuring the velocity of
detonation of Methyl Nitrate in different kinds of confined tubes led to new ideas of how to make
more powerful explosives by increasing the confinement strength.

Scientists found that by confining this same explosive in different diameter tubes, they
could increase the velocity of detonation. By using thicker tubing to confine and hold n the
explosive they could add even more power. The confining or "tamping” effect is used today 1n
mining and many military ordnance designs. Generally, the stronger the confinement, the more
powerful the explosive effect.

Tube Matenal inside Diameter Outside Diameter Thickness Velocity m/s
Glass Smm 7mm 2mm 1950
(lass 3mm Tmm 4mm 2191
(lass 3mm 12mm 9mm 2482

The velocity in meters per second increased by app. 10% for each doubling of the
thickness of the glass confinement. Adding large diameters of confinement to explosives adds
considerably to the speed of the explosive detonation wave. The amount that the velocity of
detonation can build up to depends on how much pressure you <an build up before the container
ruptures. Many explosives require confinement to even be able to detonate at all. This makes them
safer to store in bulk.

These ideas also led to the creation of concepts of using the explosive itselt to oppose
itself and prevent the instantaneous escapoc of the explosive gases. By using tamped (greater
density of loading) explostves, and in some designs, detonating them from the outside in, which,
in effect compresses the mass of the core, a much more powerfu! detonation wave can be
created  You use the outside mass of gases of exploding materials to oppose themselves n the
core. creating stronger confinement and more powerfu} explosions.

n-Propyl Nitrate: 18 manufactured by mixing Propyl Alcohol and Nitric Acid and carefully
distilling. Prepyl Alcohol is made by oxidizing natural gas and it is used as a solvent for waxes,
vegetable oils, resins, brake fluids and solvent degreasing. It is also an antiseptic. The preparation
of this explosive is very hazardous. If the Nitric Acid has a specific gravity of > 1.42 or the acid 15
mixed, it will likely explode no maiter how effective the cooling system is. When mixed with
Fullers Earth at a 10/4 ratio, it yields a powerful explosive that requires a blasting cap to detonate.
This has been used in rocket propellant formulations.

{sopropyl Nitrate: 1s prepared by mixing Isopropy! lodide with Silver Nitrate to yield
Silver lodide and the explosive. The 2tchohol is oxidized if you attempt to mitrate it directly with
Nitric Acid, which is why the nitrate and isopropyl are reacted to the above materials first.. Ths
explosive will ignite or catch fire easily if brought mto contact with other organic materials.
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Nitroglycerin

The proper name of this explosive is glyceryl trimtrate and is abbreviated as NG. An
[talian Chemist named Ascanio Sebrero invented NG, nitromannite, and nitrolactose n
1846-1847. Sobrero, in his attempts to nitrate glycerin (glycerin 1s a syrupy alchohol derived from
soap manufacture and various chemical processes), found that when mixing strong acid into the
glycerin, it produced a viclent reaction and yielded toxic red fumes. Through experimenting, he
found that if he mixed the Nitric Acid {one part) into two parts Sulfuric Acid and kept 1t cold by
encasing the container in ice (keeping the liquid below O degrees C) he could add the giycenn
safely. The glycerin dissolved into the acid mix. When this entire mix was poured into water, an
oily precipitate formed that was the chenucal Nitroglycerin.

Sobrero scraped the oil into another container and washed it repeatedly with water until 1t
was free of any residual acid and then dned it in a vacuum over sulfuric acid {which aids in
removing moisture from the air). He aiso found that he could dissolve the NG in alchohel, and
reprecipitate it again with water. He also observed that it exploded when brought into contact
with metal Potassium or Phosphorus. It would ignite and bumn it placed on Platinum foil. If heated
gently, it decomposes, however, if touched by a red hot piece of wire, it would detonate instantly.
NG also has the effect of causing severe toxicity by inhaling its fumes, swallowing a tiny amount
(a single drop can kill and cause violent iliness even if it isn't swallowed), or getting a few drops
on the skin.

Sobrero kept his original sample from his lab a guarded secret until 1886, aimost 40 years
later, when he took some of his original sample to Nobel where they found it was still an effective
explosive. It was re-tested in 1913, 60 years after being produced, and found to still be as
nowerful as when it was first tested.

Alfred Nobel woutd finally make NG safe for everyone to store and handle by mixing 1t
with Fullers Earth to produce Dynamite {chapter 6). |

When soap is manufactured, amimal and vegetable fats are warmed up 1n water with Lye
(caustic soda) and soap is produced. The soap is the alkali salt of the fatty acids and 1t torms a
precipitate. Glycerin remains dissolved n the ligquid and is recovered from the evaporation of the
water. The glycerin will not evaporate, and will absorb moisture from the air. Commercially
purified giycerin (99%) is the ideal to use for manufacturing a pure, water-white NG.

Dusing WW 1, Germany could not produce encugh glycerin from fats to meet its explosive
manufacturing needs. As a result, they developed a process of adding sodium sulfite to alchohol
fermentation and found that this encouraged the production of generous amounts of glycenn as a
byproduct through bacteral action.

By WW?2 many countries experimented with various chemical means of increasing
Glycerin and Nitroglycerin production. Most of these involve the use of byproduct gas from the
petroleum industries.
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Commercial production of NG for most of its history involved the premixing of a mixture
of 40% Nitric Acid, with 60% Oleum {which is sulfuric acid containing some sulfur tri-oxide).

One part of glycerin is slowly added to 6 parts of this mixed acid. Dunng mixing,
compressed air is pumped into the mix to keep it from reaching more than 22-25 degrees C. More
modern methods involved using cooling coils inside the mixer with salt solutions circulated to
keep the mix cool and mixing with impeltors. I the temperature nises above 25 C or red fumes
start to rise from the mix, the factory workers quickly dump the mix inte a vat of cold water
underneath it so it doesn't explode and blow up the plant.

Once the entire mix s complete, it is cooled until it reaches 15 degrees C and the mix 1s
transferred to a separator where the NG rises to the top (because it is lighter than water and
seperates from it) and is scraped off into a separate tank. Here it is placed in a drowning wash to
remove the 10% of acid left over. This wash water and NG mix is agitated with compressed air
and if the water is warmer {38-43 degrees C) it does a better job of removing the residual acid.
The NG is heavier than the water and sinks to the
bottom. The washings continue with 2-3% sodium carbonate selution, until pH paper tests on the
NG show it to be neutral. Vacuum filtering removes the final wash water. Using a table salt
solution on the final wash usually helps remove the last bit of mossture.

Nitroglycerin explodes at 218 degrees C. It is completely soluble in most alchohols.
Although toxic in small amounts, it relaxes arteries when administered tn tiny amounts and 1s used
for a variety of medical purposes. NG is very sensitive to shock, and this sensitivity increases as
its temperature rises. Placing a drop on a countertop, by itself, or absorbed on filter paper, it will
explode if struck by a hammer. |

NG is used as a plasticizer for nitrocellulose in propetiant formulas. It is usually mixed
with other liquids such as triacetin or dibutyl phthalate to desensitize it before transport. Mixing it
into absorbent solids or nitrocellulose has the same effect, aithough it may become more sensitive
to friction as a solid. NG is also used as a solvent for many other explosive ingredients. It has a
high freezing point {13.2 C) which created problems in NG dynamite until formulas were
developed to overcome this. NG may burn if present as a thin layer on 2 countertop, but wall
always explode if confined.

Drop tests have been made on shock sensitive detonaters to compare their sensitivity.
A 2 Kg weight dropped at the following heights will ignite the following explosives.

Mercury Fulminate 4.5 cm

Lead Azide O cm

Nitroglycerin 10-12 cm
Blasting Gelatin 12-15 cm
Tetry! 30-35 cm
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For comparison, when the temperature of NG 1s raised to 90 degrees F_ the drop required
to ignite it is 5-6 cm. The velocities of detonation were found to change under different conditions
of loading and mmitiation.

Material Matenal Diam. Velocity of Detonation
lLead Tube  3mm Internai Dhameter 1300 m/s
Lead Pipe 30MM T " 1525 mfs
Iron Pipe 30 MM T " 2050 m/s

It has since been found that with extremely powerful detonators, and a diameter of
1537 S5mm the velocities of NG can reach 6,700 to 8,500 m/s.

In 1864 Nobel patented several ways of detonating NG so 1t could be useful for work.
These included placing a small glass vial of black powder mto the NG and detonating it, using an
electric spark like a modern day spark plug to spark just above the liquid, heating a wire immersed
in the NG, and using percussion caps.

Later improvements in detonators included a mixture of black powder and mercury
filminate, fulminate by itself, and finally in copper detonators. The invention of the blasting cap
would bring about certain and safe detonation of all types of explosives and are used today for
most commercial explosive requirements.

These patents allowed Nobel to begin mass production of NG and by 1886, he had opened
major explosive manufacturing plants in the US and all the major European countries. The NG
was initially used in tunneling operations and clearing roadcuts. During the early operations, they
discovered that frozen NG could not be detonated normally, and they began the practice of
freezing it before and during all transportng. In order to explode the frozen NG, they would thaw
out one cartridge and use it to detonate the rest of the frozen matenal.

Liquid Nitroglycerin is mainly used today in making dynamite, and cordite/ballistite
oropellants. It also finds occasional use in oil well drilling. Most modern processes for making NG
are continuous flow and constdered safer than the batch processes.

Biczzi process
1 The mixed acid and glycol are metered into a nitrator. Thus nitrator 15 made of
stainless steel and has highly polished inner surfaces to reduce friction. [t is a
small cylindrical shaped vessel with many banks of spiral, closely packed cooling
coils and a high speed turbostirrer,
2 The mixed acid and glycerol are quickly submerged and mixed with 3 parts
water to form an emulsion and are forced past the cooling coils.
3 There is an overflow pipe attached 10 cm from the top. Part of the NG
overflows into a seperator, while part recycles and flows back into the vortex to
add cooling by dilution. The temperature is kept at 10-20 C.
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4. In the seperator, a slow moving propellor at the top gently breaks up the
emuision and prevents overheating. The heavier spent acid flows continuously out
the bottom while the NG flows out the top. The NG may also be seperated by
centnifuge.

5 The NG flows intc a soda washer, and then into water washers unt neutral.

The nitrator contains a large bottom outlet to allow its mix to drop guickly into a
drowning poo! if a runaway reaction begins. It also has an exhaust pipe for fumes at the top. This
same process has been used for many of the other nitric esters.

Nitro Nobel Injecior Process

A specially designed injector is used to mix the precooled acid mixture and the
slycerin. The injector nozzle forces the mixed acid in past a special nozzle that contains the
alcohol glycerin. As it passes by the nozzle, it creates a vacuum (designed for 4. 4mm Hg) which
draws or sucks the glycero! {at 48 C) into the acid mix where it mixes and reacts instantly to form
an emulsion. This emulsicn is quickly cooled to 15 € over cooling coils and tlows by gravity to a
centrifuge where it is continuously seperated from the spent acid. The spent acid is recycled while
the NG is emulsified immediatly in a jet water spray to form a nonexplosive mix which is then
neutratized in soda water and washed. The final NG is mixed by an injector into water to form a
storable emulsion that is safe to store and transport.

Dinitroglycerin

Known chemically as Glycery! dinitrate, it is very soluble in water, is similar to NG 1n 1ts
explosive properties, and while it is more expensive and difficult to make, it can be mixed into NG
to lower its freezing point and was used in Germany to make non freezing dynamites. Other
materials are used for that purpose today.

Di-NG is produced in the same manner as N(y except that more ghycerin is used. For 3-4
parts Nitric Acid, one part of glycerin 1s used. It alsc forms if a shortage of sulfuric acid is used in
the batch because their is insufficient dehydrating action. The Di-NG 1s separated from any other
NG in the mix by separating off the trinitrate as usual, extracting it from the water with ether and
washing the ether with diluted sodium carbonate. The remaining water and ether are removed by
evaporating them off 1 a vacuum

Di-NG can be used to gelatinize nitrocotton and when it is washed out with water it leaves
a tough stiff mass for use as nitrocellulose explosive.

Di-NG is a thinner oil than NG, and is colorless and more volatile. Di-NG can be treated
with a 30% solution of caustic soda {lye or sodium hydroxide) to preduce nitroglycide. This 15
then boiled in water to yield "mononitroglycerin”.
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Mononitroglycerin {(Mono-N(5)

Mono-NG is separated from Di-NG by 1its greater solubility in water. It is a colosless oil
which is very hygroscopic and completely miscible with water and alchohol. It is not freely soluble

in NG and does not make good nitrocetlulose gel. 1t is insensitive to shock and in its oil form
cannot be detonated with a #8 blasting cap. If mixed into fullers earth, it detonates at low power,

from 10cc to 75cec expansion. In its crystalline form it expands from 10cc to 245 cc and detonates
easty.

Nitroglycide

Nitroglycide is made by mixing Di-NG in a 30% solution of sodium hydroxide in water. A
colorless precipitate forms that is washed with water, extracted by mixing into ether, and dried to
yield nearly pure nitroglycide. It is a very mobile liquid that is more sensitive to shock and heat
than NG (due to its mobility). It does not freeze at -20 degrees, is miscible with alchohols and
NG, forms excellent gels with nitrecotton and even guncoiton at room temperatures, and 1t
explodes on contact with concentrated sulfuric acid.

Dinitrochlorohydrin

has been used in admixtures to lower the freezing point of NG and dvnamite. It 1s
prepared by autoclaving (steam heating) a mix of limited hydrochloric acid and glycerin to form
chiorohydrin which can also be made from a warmed mixture of glycerin and sulfur chloride. The
chlorohydrin is then vacuum distilled from the mixes while heating. At 12-15mm of atmospheric
pressure produced by the vacuum, the chlorchydrin vaporizes at 130-150 degrees, while the
glycerin doesn't vaporize until 165-130 degrees.

Once recovered, the chlorohydrin is nitrated the same way as the NG. The
dinitrochlorohydrin is yellow-brown in color, has a specific gravity of 1.541 at 15 degrees, and
boils at 190 degrees at atmospheric pressures. It 1s non hygroscopic and nearly impossible to
freeze. NG and Dinitrochlorohydrin can be manufactured together by nitrating both together at
the same time. It is also hard to ignite by fire and shock aithough it is readily detonated by
fulminate. It is unsuitable for mining without additives because it produces hydrogen chlenide on
detonation which is a lethal gas. By adding sodium or potassium nitrate in sufficient amounts,
solid salts are formed with the chlorides during detonation making it safe from the gas.

Acetyldinitroglycerin
has been recommended for lowering the freezing point of NG. It is produced by mixing

dinitroglycerin with acetic or acetyl oxide or by nitrating monoacetin. This is a comparable
explosive to dinitrochlorohydrin, but ts more expensive to manufacture.
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Formyldinitroglycerin

can be prepared in combination with nitroglycerin by warming glycerin with oxalic acid to
produce monoformin which is then nitrated with the slycerin to yield a non freezing mix of NG.

This mixture is also too expensive to be adapted commercially.
[Oxalic Acid is a deadly poisonous weak acid used to clean radiators and other metais. It

is the poisonous material found in rhubarb leaves and can be extracted from the leaves i water
solutions. It is also manufactured commercially in large amounts]

Tetranitrodiglycerin

By mixing a small amount of concentrated Sulfuric Actd with Glycerin and heating i,
ether and water is formed with diglycerin and polyglycerin. If you heat the glycenn without acid,
but in the presence of .5% sodium sulfite or other atkali {(which acts as a catalyst) and distill out
the water while condensing the higher boiling materials, then most of the material formed and
recovered is diglycerin with only a few percent formed as polyglycerm. With this technique you
can make a mixture of diglycerin 50-60%, polygiycerin 4-6%, and unchanged glycerin 34-46%.
This mixture can be directly nitrated to form a mixture of tetranitrodigtycerin which can be used

’ to make non freezing dynamite.

The diglycerin can be vacuum distilled off of the mixture at 245-250 degrees at 8mm
pressure. It is more viscous and dense than glycerin and is very hygroscopic. It is nitrated with the
same acid mix as glycerin, but requires less total acid for nitration. The material is washed with a

salt water solution {the salt is used to speed up the separation).

The resulting tetranitrodiglycerin is a very thick, non hygroscopic oil that 1s scluble n
alchoho! and ether, but is insoluble in water. It does not gelatinize cotton alone but will do so
slowly when mixed with nitroglycerin. It is less sensitive 10 shock than nitroglycerin but is easily
detonated with fulminate. Dynamite produced with this material was equivalent to 85.6% ot the
explosive force of NG based dynamite.

Nitrogiycol

One of the early ideas to make non freezing dynamite was to atiempt 10 nitrate anti-freeze
materials. Ethylene Glycol is a combustible alcohel and anti-ireeze which catches fire at 775
degrees F (412 C). To make ethylene glycol, ethylene is first obtained. kt is seld commercially as
a gas and is the six highest volume chemical produced in the US (1985). It is produced by
dehydrating ethanoi, by thermal cracking of hydrocarbon gas, and other chemical methods. The
ethylene glycol is then produced by air oxidation of the ethylene followed by hydration (adding
water) of the ethylene oxide. There are several other processes to chemically make ethylene glycol
and it is sold in large volume in the US as anti-freeze and coolant, foam stabilizer, solvents, and
other industrial processes.
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Nitroglycol is produced using the same mixed acid as NG. The reaction is kept cooler than
NG with less compressed air agitation (this reaction generates more heat). Using an ice bath 1s
recommended. The washing is done with small amounts of cold wash water because the
Nitroglycol is more soluble and much more volatile than NG {when a liquid is descrnibed as
volatile, it means it turns to a gas in open air easily. The gasoline you pump into your car is a
volatile liquid) . Nitroglycol is a colorless, non hygroscopic liquid that yields a shghtly preater
explosive force than NG (590cc to 650cc expansion). It is less sensitive to shock than NG and

harder to ignite by heat.

Nitroglycol gelatinizes celloidon cotton much faster than NG and at room temperatures
(NG has to be warmed). 1t makes excellent dynamite but should not be used with ammoenum
nitrate explosives in warm envoirenments. It is too volatile for use in these types of double base
smokeless powders and will evaporate in warm weather which affects the ballistic properties of

the fired artillery shells.

Ammonium Nitrate-Fuel Oil {ANFO) explosives have replaced most of the historical
demand for nitroglycol based dynamite.

Dinitrodiglycol

Dietheylene glycol can also be nitrated in the same way 10 produce Dinitrodiglycoel. It
results in a viscous, colorless, odorless oil that is slightly hygrescopic and can be mixed with NG.
[t is hard to ignite and a small amount cannot be detonated with heat. When mixed 50/50 with NG

or nitregiycol it will detonate properly and explodes with energy comparable to NG

Trinitrophenoxyethyl Nitrate

is an explosive made by converting glycol to its sodium derivative, and mixing it with
dinitrichlorobenzene at 130 degrees which yields dinitriphenoxyethyi alchohol. This 15 then
nitrated with mixed acid to vield the Trinitrophenoxyethyl Nitrate powder. This white powder 1S
insoluble in water, soluble in acetone, it gelatinizes collodion nitrocotton and 15 an excellent
primer similar to picric acid and tetryl in sensitivity to mechanical shock.

Nitration of Ethylene
A number of patents have been issued for the production of explosives based on the idea

of mixing ethylene gas into the mixed acids. These usually yielded a material called Kekule o1l that
was used to make pure nitroglycol.
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A Swedish inventor named Ohman developed a way of producing nitric esters from
electrolysis, principally nitroglycol and dinitroglycol. He used a platinum gauze anode immersed n
acetone solution of calcium nitrate. Ethylene is bubbled over the surface of the gauze. An
ajuminum cathode is immersed in a nitric acid and calcium nitrate solution that moves to the
anode compartment during the electrolysis and is replenished with nitric acid as required. The
anode liquid is neutralized with slaked lime, distilled in vacuum to recover and reuse the acetone,
and the residue is separated from the calcium nitrate to yield a mixture of nitroglycol and
dinitroglycol. This has been sold under the name "oxinite" and its dynamite is similar to NG
dynamite.

Diethylene Glycol Dinitrate (DEGN)

made by nitrating diethylene glycol, it is the most widely used explosive plasticizer (other
than NG) in making gun propellants. It burns cooler than NG which decreases erosion of gun
tubes and eliminates muzzle flash. It is used in some double cast rocket propellants but sutters

some deterioration if stored at high temperatures for a long time. It has a detonation velocity of
6,750 m/s and detonates at 240 C.

Triethylene Glycol Dinitrate (TEGN)

is made from nitrating triethylene glycol, and is also a plasticizer for nitrocellulose
propellants when used with metrio! trinitrate. This desensitizes the TEGN because it expiodes
easily from friction and shock.

Pentryl

also produced from ethylene, Pentryl (for 2 4 6-trinitrophenylnitraminoethyl nitrate) falls
into several chemical categories of nitro compounds. It was first produced by mixing
ethanolamine with dinitrochiorobenzene in a solution of alchohol and sodium hydroxide which
yielded 2 4-dinitrophenylethanolamine. This was then nitrated by mixed acid. It was later made by
directly nitrating phenylethanclamine. The tiny cream colored crystals are soluble in NG and has
detonating properties similar to tetryl and is much more sensitive to friction than picric acil and
TNT. Its explosive power is similar to these matenials.

Hexanitrodiphenylaminoethyl Nitrate

one of the byproducts of commercial Pentryl production is tetranitrodiphenylethanolamne.
By nitrating in mixed acid, yellow plates of this material were produced. The crystals were
precipitated from acetone by adding alchohol. It is similar to other detonators in shock sensitivity
and ignites at 350-400 degrees.
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Trimethylene Glycel Dinitrate

When glycerin is produced from fermentation, 1t also yields trimethylene glycol which can
be left in the mix for explosives or fractionally distilled out. The liquid is syrupy, clear, soluble in
water, and is nitrated by the same method already described for nitrating other alchohols. The
temperature is lowered by 10 degrees during nitration to prevent oxidation. Trimethylene glycol
can also be made from Acrolein (a war gas) and is used to make polyesters.

The explosive forms a good gelatin with nitrocotton, is less sensitive to shock than NG
and is much more stable in storage. It has about 90% of the expansion power of NG but produces
a greater Brisance (due to its lower viscosity). It is also known as 1,3-propanediol dinitrate and
has found modern use as a propellant coolant in rockets and artillery formulations.

Propylene Glycol Dinitrate

Propylene is produced from thermal cracking of ethylene and has been used to produce
glycerin for NG production. It is turned to propylene oxide by peroxidation, or by
chlorohydration of propylene followed by saponification with lime. This is then hydrated to yield
the propylene glycol which is used as anti-freeze, in polypropylene resins, as a solvent, etc. It LS
nitrated the same and yields the same properties as its chemical 1somer, Ethylene Glycol Dintrate.

Butylene Glycel Dinitrate

Butylene Glycol is produced by the direct reduction of aldol. It can be nitrated directly at
temperatures of -10 degrees and yields a colorless liquid that does not freeze. It produces good

gelatin with nitrocotton, is insensitive to shock but detonates on initiation. its explosive power 1s
65-75% of NG.

Trimethylolethane Trinitrate (Metriol Trinitrate)

is widely used to desensitize other nitric esters. it is not a good plasticizer and must be
used with others plasicizers like metriol triacetate to make socd nitrocellulose. It is made by
nitrating Trimethylolethane (which is used to make varnishes, polyester resins, and synthetic
drying oils) by the usual mixed acid method.

Butanetriol Trinitrate
is obtained by nitrating Butanetriol {used an emulstfier for cosmetics, ink, paper, cork.and

textiles) by the mixed acid. It has been used as an oocd explosive cellulose plasticizer and as as 2
coolant in propellant formulas because of the large velume of cool gas it produces on ignition.
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Nitroerythrite

is made from erythritol, which is a tetrahydric alchohol found and extiracted from lichens
and algae. The Erythritol Tetranitrate (its chernical name) is produced by dissolving erythrite in
strong nitric acid kept at below 0 degrees dunng the entire process (by encasing in ice). [ts
precipitated by adding concentrated sulfuric acid (see the following Nitromannite instructions). Its
as powerful as NG, and because its a solid, it can be used as a smokeless powder and pnmary
explosive.

Nitromannste

Mannitol occurs in nature as a plant sap or exudate. It is hexahydcic alchohol also known
as manna sugar, and can be syntheticaily made by hydrogenating corn sugar or glucose. It can be
nitrated by using the same mixed acid used for NG, or it can be dissolved directly in Nitric Acid as
follows.

1. Place 50 grams of Nitric Acid in a 300cc flask and cool to below 0 degrees C.

2. Add 10 grams of Mannitol very slowly and stir with a thermometer making sure the
temperature does not rise above 0 degrees.

3 When all of the Mannitol is dissolved, add 100 grams of Sulfuric Acid 93% slowly
while stirring and keeping cold.

4. Filter the porridge like mass, and wash with water once, and then wash again with a
dilute solution of sodium bicarbenate and water, and finally with water again to remove
all the acid.

5. Beil this crude product in alchohol to dissolve it, and filter off while hot. The filtered
alchohol is allowed to cool and the white needle nitromannite crystals torm. These are
filtered off.

6. The remaining alchohol can be boiled while adding water unti turbad 1 appearance.
This is then also filkered to yield additional crystals.

Final yield 1s about 23 grams.

Nitromannite is only slightly soluble in cold alchchol but very soluble in hot alchchol and
‘< insoluble in water. It is stable at ordinary temperatures, but care must be taken 10 avoid hagh
temperatures. It will begin to decompose and give off red fumes. It should be stored in a cool
location Nitromannite detonated in a column 12 8mm in diameter and at a density of 1.73
(compressed) yields a velocity of 8,260m/s or over | 1/2 miles per second. it is about as sensitive
to friction and heat as NG and is used as a high explosive in compound detonators with
diazodinitrophencl. Nitromannite mixed with Tetracene form a powerful and brisant primary
explosive, which needs only moderate heat to ignite.

Two other hexanitrates, Nitrodulcite and Nitrosorbite are produced by the same methods
from Dulcite (from Madagascar manna) and d-Sorbite (from bernes of the mountain ash).
Commercial sources of both these are availabie.
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Nitrated Sugars

As a group, the nitrated sugars share many common properties. The sugars are polyhydnc
alchchols which yield nitric esters that are difficult to purify and are harder to stabilize than other
nitric esters. The nitrated sugars have characteristics of the sugars from which they are made.
When warm they become sticky and resinous, they do not crystallize easily, and if left in their
precipitated state, they contain decomposition products, mainly nitrous acid, which causes
continued decomposition and destroys its explosive properties. By adding wood meal at 1-2% or

diphenylamine at .1-.2%

taken up and decomposition is arrested.

to the nitrated sugars, they can be stabilized so that the nitrous acid 1s

One of the earliest nitrosugars commercially produced was a mixture of 20-25% cane
sugar with 75-80% glycerin nitrated directly and repeatedly washed with baking soda solutions
and concentrated salt solutions. The final product is has been sold as Nitroydrene and contains
86% nitroglycerin and 14% nitrosucrose.. Wood meal was added to dynamite made from
nitrchydrene to stabilize it.

The nitrosugars are usually all soluble in alchohol, acetone, and acetic acid and are
insoluble in water. All produce solid crystals on precipitation. All are made in pure form by mixing
the sugar in concentrated nitric acid at 0 degrees C, in the required amounts and then,
concentrated sulfuric acid is added drop by drop to form the corresponding nitrosugars.

Nitrosugar
Nitroarabinose
Nitroglucoese
Nitromannose
Nitromaltose
Mitrolactose

MNitrosucrose

Cherical Name
/-Arabinose tetramirate
J-Glucose pentanifrate
J-Mannose pentanitrate
Maitose octonitrate

Lactose octonitrate
Glucosan Trimtrate

Lactose hexamtrate

Sucrose octonitrate
d-xylose tetransirate
/-Rhamnose tetranitrate / {rinitrate
Methylglucoside tetranitrate
Methylmannoside tetramtrate
d-Galactose pentamitrate
Fructosan trimitrate
Sorbosan tninitrate
d-Glucoheptose hexanitrate
Trehalose cctonitrate
Raffinose hendecanitrate
Tetraamylose octonitrate
Diamylose hexamtrate

Triamylose hexanitrate / enncamtrate

2-14

Nitrated and derived from
I-Arabinose
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Glucosan / d-glucose
Lactose

Sucrose

d-xylose

/-Rhamnose
Methylglucoside
d-methylmannoside

d- Galactose

d-fructose

d-sorbose
d-gluccheptose
trehalose

raffinose

tetraamylose

diamylose or tetraamylose
triamylose / hexaamylose




History, Design, and Manufacture of Explosives

Early explosive designs contained  Nitrolactose 25%
Ammonium Nitrate  63%
Sodium Niirate 6%

Vegetable absorbent 4%

And using an acetone solution of ~ 78% Nitrolactose
0% DNT {dinitrotoluene)

o treat 13% wood pulp
plus .2% diphenylamine

The US Army developed the following improvised explostve from sugar, using Sodium
Chlorate as the oxidizer. Aluminum powder can also be used in place of the sugar as the
combustible. Although this is not a nitrated explosive or nitric ester, | included it here because the

principles are similar and should be included with sugar based explosives. (see chiorate explosives
in the dynamite and high explosives chapter).

Sugar/Aluminum Explosive

An explosive munition can be made from sodium chlorate combined with granular sugar,
or aluminum powder. This explosive can be detonated with a #8 commerscial or a military blasting

cap.

Material Required

Sodium Chlorate
Granulated Sugar
Aluminum powder
Wooden rod or stick
Bottle or jar

Blasting Cap
Steel Pipe threaded at one end, end cap and tape

Wax
Measuring container
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Procedure

1. Add three volumes sodium chlorate to one
volume aluminum, or two volume granular sugar,
in bottle or jar.

2. Mix ingredients well by stirring with the wooden
rod or stick.

How te use

1. Wax blasting cap, pipe and end cap.

2 Thread end cap onto pipe.

3. Pour mixture into pipe.

4 Insert and tape blasting cap just beneath
surface mixture.

Nitrated Carbohydrates

At the same time nitroglycerin was discovered and developed, chemists began to nitrate
combustible materials such as cotton, paper, starch, and other carbohydrate based substances.
This led to several new classes of explosives.

In 1833, Braconnot dissolved starch in nitric acid and when he added water to the mix,
curds of a white precipitate formed. After filtering and washing it with water he found that it
would not redissolve in boiling water, or dilute sutfuric acid. 1t did dissolve in concentrated
sulfuric acid and could not be recovered. He called this new matenal "wytoidine”. When he added
this material to a paper or cloth it left a brilliant, varnish like, waterproof coating on it. When it
was heated on cardboard or heavy paper, it carbonized or liquetied leaving the paper undamaged.
This would eventually lead to the invention of celluloid for photography and filmmaking. The
experiment would be repeated with sawdust, cotton and linen with similar results.
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By 1838, Pelouze would nitrate paper by dipping it inte WNitric Acid for 2-3 minutes,
removing and washing it in water. He produced a parchment like material that was waterproof
and very combustible - It was the worlds first true nitroceltulose because it was mitrated
thoroughly, not just on the surface as Braconnot had done.

In 1846, several chemists presented their discovery of Guncotton 1o the world. Among
many substances tested, cotton would be dipped in nitric acid and pressed between glass and
stirred to insure it was soaked thoroughly. It was then washed until it was free from acid and
dried. By immersing for 12 hours, a strong explosive could be directly produced provided that it
was washed to completely remove all the acid. If this was not done, the guncotion would
deteriorate in storage and would not explode properly by burning all 1ts material. This would
effect and vield unreliable ballistic properties if used as a propellant or as an explosive.

By using a mixture of equal parts of concentrated sulfuric and nitric acids, cotton could be
soaked for several minutes and yield good explosive material that was easier to dry. Sawdust was
also treated in this way about the same time and produced an explosive that some thought could
be used to replace gunpowder.

In 1846, Pelouze made the distinction between the xyloidine of Braconnot, and his
suncotton which he called "Pyroxylin”.

100 parts starch dissolved in nitric actd and precipitated immediately yields 128-130 parts
xylowdine.

100 parts cotton or paper immersed in nitric acid for several minutes or days yields
168-170 parts pyroxylin after washing and drying.

An English patent of John Taylors disclosed i 1846 refined this process. Cotton was
immersed in one part Nitric Acid, and three parts Sulfuric Acid at 50-60 degrees F for | hour. 1t
was then washed under a stream of water until free from acid, pressed {squeezed) to remove the
water, dipped in a dilute solution of potassium carbonate (1 oz. in one gallon of water), to
neutralize any imbedded acid and again pressed dry. He rerinsed in a solution of potassium mtrate
(1 oz. to one gatlon of water) which he said added explosive power to the product, pressed 1t
again, spread it out on a tray and dried it at 150 degrees F. His guncotton was ready to use. He
also included the ideas of using other vegetable matter containing cellulose with this process.

In 1853, the Austrian government built the first factory for production of guncotion. After
the cotton was nitrated, they purified it by

1. washing the nitrated cotton for 3 weeks

2. boil it in the potassium carbonate solution for 15 minutes

3. wash again for 3-5 days

4 impregnate with waterglass (sodium silicate)

5. Dry at 150 degrees F.
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12 pounder guns test fired the new guncotton as a propellant and the barrels were
seriously damaged and some burst by even single firings. In 1860, bronze guns were tried with the
shell explosive also being made of guncotton. The shock of the firing expleded many of the shells
in the barrel, destroying the barrels. When propelling charges of sunpowder were used, the
guncotton based shelis could be fired without detonating in the barrels.

During the early 1860's while the US Civil War was raging, several guncotton storage
magazines in Europe exploded killing numerous workers and by 18635, the production of
guncotton was cutlawed in much of Europe. The problems of its impurity was cause by tiny
amounts of residual acid which made it unsafe to store and handle. Its too fast burning for use 1n
artiliery was also a problem but both these diffuculties were soon overcome with new patented
ideas.

The first improvement involved making the guncotton as usual, and then taking the fiber
while wet and pulping it (beating it with knives in cylindrical mills) so 1ts fibers were broken to
tiny pieces. This allowed the washing to remove tiny traces of acid that soaked into the insides of
the fibers and would not ordinarily wash out. The guncotton could now be made stable and safe.

The second improvement involved forming the guncotton nto pressed blocks for use as
solid artillery propellant. Although this was still too powertul a charge, it could be used effectively
for blasting.

By 1867, the researchers, by use of pulping, could make the guncotton free of acid.
Moisture would not effect it. Sunlight would not affect it. Only by elevating the temperature
considerably could any decomposition be started. By pulping to a very fine powdery size, all the
capiliaries and cells of the fiber would be exposed and all the acid would be washed out or
neutralized by the carbonate soakings. It was critical to oulp, wash for 20 hours, and neutralize in
carbonate solution to produce a stable, safe, and compressible guncotton with good shelf life.

In 1868, it was discovered that guncotton could be detonated very powerfully by using the
fulminate detonator that Nobel had used with nitroglycerin. It was alsc found that a small amount
of dry guncotton could be sealed in a naval mine, and be used as a booster to detonate a large
charge of wet guncotton. The water had no effect on the explodability of the guncotton as long as
a large enough dry booster charge was used. This began the science of naval underwater
explosives and mine warfare.
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MNitrocellulose

Almost every plant on earth produces cellulose for 1ts cell walls and wood fibers. Cotton
fiber is nearly pure cellulose which made it ideal for the guncotton explosives, but wood 1s also
nearly as pure and can be used to make excellent smokeless powder and explosives.

Cellulose can yield trinitrate on complete nitration because it contains 3 hydroxyl groups
for each anhydroglucose unit. This means that if each group reacts during the chemical nitration,
it produces complete trinitrate forms that will test at 14.15% Nitrogen (N)}. This is important
hecause the measure of how effective the nitration has been is usually determined by testing for N

after all other acid and residual is removed. Most commercial Nirocellulose runs 13.75-14% N,
and it is difficult to achieve perfect mitration.

A Collodion is a nitrocellulose that contains 8-12% nitrogen and is also soluble 1n ether

alchohol. The first celtuloid was made in 1870 by dissolving coliodion nitrocellulose in camphor
under heat and pressure.

Collodion was made by nitrating tissue paper with a mix of 35.4% nitric acid, 44. 7%
sulfitric acid, and 19.9% water. 22 pounds of this acid are used per pound of paper and 1t was
nitrated at 55 degrees for 30 minutes and contained 11-1 1.2% N.

Camphor and castor oil were added to yield tough and flexible films.

Salicylic acid was added at 2% to make "comn remover .

and Nitroglycerin was added to make the first blasting gelatin,

By 1895, Mendeleev produced the first "nyrocellulose” that contained 12.6% N which
could be used to make a military smokeless powder. The higher US grades containing 13.2-13 4%
N were called high grade nitroceilulose and were prepared by

{. Pour 1 part sulfuric acid into one part nitric acid while stirring, and allow to ceol.

2. Add 5 grams of cotton {dried at 100 degrees for 2 hours) into 150cc of this mixed acid
and stir occasionally over 30 minutes using a glass rod.

3 Remove the cotton and press it to remove as much acid as possible.
4. Add quickly to a beaker of cold water and stir to dilute the residual acd.

5 Remove and wash the nitrocotton under running water and then boil it for an hour 1n 2
beaker of distilled water.
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6 Boil 3 more times with fresh distilled water each time for 1/2 hour each.

7 1f the water from the last boiling shows the slightest trace of acidity with pH paper or
meter, rinse it and boil again.

8. When pH neutral, wring out the water, and dry in a paper tray for 48 hours.

Pyrocellulose was made commercially from purified cotton linters, or wood cellulose. [n

scaled up production, a stainless steel or iron nitrator with mixing paddles was used.

1 A 1500 # mix of 21% nitric acid, 63% sulfuric acid, and 16% water 1s prepared.

2. A charge of 32# of cellulose is added while mixing or stirring for 20-30 minutes while
keeping the temperature at 30-34 degrees F.

3. Open the nitrator at the bottom letting the slurry gravity flow into a centrifuge.

4. Separate the shurry quickly by centrituging, send the acid to the recovery tanks to
refortify the acid for reuse, and the nitrated product is wringed dry and dumped into a
basin where it is mixed intc and "drowned"” in a fast moving stream of water.
S_Transfer to the guncotton line for purifying and stabilizing.

Stabilizing and shipping preparation

1. "Sour boiling" in large wooden tubs by steam heating {boiling) in a water solution
containing .25-.5% sulfuric acid for 16 hours.

2 Decant the solution. fill with fresh water, and boil again for 3 hours. Repeat 3 more
times for a total of at least 40 hours of boiling with 4 changes of water.

1 To remove the fibers that still have acid inside of them, they are pulped in a mill to
break the fibers apart by shredding and into a beater to break into short lengths.

4 A weak solution of sodium bicarbonate is added during pulping to neutralize the
liberated acid.

5 Remove remaining acid absorbed or occluded on the fiber surfaces by reboiling it
again {poaching) for 4 hours with a dilute sodium carbonate solution, and then twice more
with fresh water for 2 hours each.

6. Wash 8 more times with agitation in cold water and decant at least 40% of the water
each time.
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7. After the final washing, screen the material so it passes sieves of 022" in size, wring
out the material to reduce its moisture to 26-28% and pack in hermetically sealed
coniainers.

Guncotton was prepared the same way by using a stronger acid of
24% nitric acid
67% sulfuric acid
9% water

140# of this acid is used for every 4# of dry cotton and is stabilized the same way except
that it is not pulped.

By 1930, scientists had finally figured out that if they pulped the nitrocellulose before they
washed it, they could cut down on the hydrolyzing washes {to about 20 hours total from the
original 52 hours). They had also discovered by this time that they could displace the tiny amounts
of acid still clinging to the fibers by adding a new material that had greater adhesion tension than
the acids. These substances were aniline red, bismark brown, methyl orange,
m-phenylenediamine, urea, substituted urea’s such as diethyldiphenylurea, and diphenylamine.

In fact, washing the nitrocellulose for 1/2 hour in either 5% urea in water or diphenylamine in
alchohol gave more stability than 20 hours of repeated water washes.

Modern nitrocellulose is produced according to a desired Nitrogen (N) content.

Trirutrate 14.15% N
Dingrate 11.11%
Mononitrate 6.76%

Most propeHiant nitrocellulose today contains 12.6-13.1% N while blasting gelatin uses
11-12% N material. Some commercial products may contain only 8-11.5% N.

Nitrocellulose is inherently unstable and it decomposes to a number of gases at 125 C. At
50 C the rate of decomposition is noticable and increases at a rate of 3.5 times for each 10 C raise
in temperature.

Dry nitrocellulose burns furiously and rapidly. It usually needs to be present 1n large
quantities or be confined in order to detonate. 1n its dry state it is ensitive to friction, static
electricity, impact, and heat. Because of this it is always shipped wet in alcochoel or water. Even
nitrocellulose shipped in 40% water can detonate in confinement with z large imitiator.
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Several modern processes for manufacture ot Nitrocellulose are used. All use cotton
linters or wood pulp, are treated with mixed acid_ hot acidified water, pulped, neutralized, and
washed. These include-

Mechanical Dipper Batch Process:

1. A pump or conveyor moves all the raw materials to the top floor of the plant.

2 Linters and/or wood pulp are passed through picking rellers to form a fluffy mass and
then dried at 80-100 C to less than 1% moisture to minimize dilution of actd and the
chance of a fire in the nitrator.

3 The ingredients are fed into a battery of mechanically stirred nitrators {called dipping
pots) with a ratio of 20-50 parts acid mix per part of cellulose depending on the desired N
content and wether you are using cotton or wood. The mixers are stirred at high speed
and the cellutose is rapidly submerged and mixed for 15-20 minutes.

4. The mix is dropped out the bottom by gravity into a centrifuge where the spent acid 1s
separated from the nitrocellulose. One centnifuge usually services several batch nitrators
and is timed for continuous use.

5. The cake is passed to a wringer to press out more water and then the filter cake 15
washed to remove absorbed acid in a slurry tank.

6. It is then pumped to a mixer for addition of the stabalizer.

Semicontinious:

1 The cellulose is continugusly and automatically fed into a series of pots at a controlled
rate. It falls into the slurry of acid and is submerged by a turbtne agitator.

2. The first pot feeds by gravity into a second pot by a series of under and overflow pipes
which ensure adequate retention time in each pot. Each pot increases the nitration.

3. The discharge from the last pot is fully nitrated cellulose.

4. The product is discharged into a horizontal basket centrifuge below the pot, and dried

to a cake.

5 This is discharged to a slurry for washing in a tank below, and for stabalization.

The purification process for both these methods is the same. The materials are submerged
- water and heated to 98 C with live steam. This boil is continued for 40-60 hours for
pyrocellulose (12.6% N), and 60-96 hours for suncotton (13.15% N). This 1s followed by several
washings and neutralizing boils, pulping, and a final neutralizing with sodium carbonate sclution.
After poaching and more washings,the slurry is screened and blended to the final desired N
content.

In actual practice, the manufacturing plants produce so much material that the exhaust
fumes and water discharges must be treated to avoid senous poliution problems.
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Nitrostarch

At first, nitrostarch was nitrated and dissclved in mtric acid. It was then precipitated out
with sulfizric acid or spent acid from nitroglycerin manutacture. It was similar to xyloidine and had
very poor stability. By mixing the starch in mixed acid so it would not dissclve, it could be made
stable and the starch would retain the appearance of the starting material atter nitration,

Tapioca and potato starch was first used but by 1917 all nitrostarch was produced from
comn starch in the US. There were several processes used, all using the same basic principles.

|. Fats and pectic acid were removed from the starch by washing with dilute caustic soda
solution, and then 1n water.

2 1t was dried to <.5% moisture.
3 Acid was mixed containing 38% nitric acid and 62% sulfuric acid.

4 R00# of acid was added to the nitrator, then 200# of starch added while mechanically
stirring. Starting temperature was 32 degrees and was kept at a maximum of 40 degrees F

5. AfRter nitrating for at least 30 minutes, the entire contents were gravity fed into a tub of
water.

6. Repeated cold water washings were used without boiling. The first washing used
ammonia to neutralize the acid and added greatly to its stability.

7 The final nitrostarch was dried at 35-40 degrees.

Nitrostarch is not very hygroscopic, is insoluble in water, and does net form a good
coltoid as nitrocellulose does. Trojan explosives for hand and nifle grenades, and mortars used n
WW 1 used these formulas containing Nitrostarch.

Nitrostarch 25%
Ammonium Nitrate 33%
Sodium Nitrate 38%
Charcoal 2%
Heavy hydrocarbons 1%
Antacid 1%
Diphenylanﬁne 3%

This mix was prepared by fine grinding and drying and then adding the materials together
in a mixing barrel with the nitrostarch added last while the mixer is turning. Mortar shells were
loaded by stemming and grenades were filled by shaking the mix down funnel tubes.
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Some grenades were made with 97% nitrostarch and 1.5% each of Arabic gum and
petroleum oil as a binder and coating added to the mixer while running. The granules were free
running and loaded easily into the grenades.

Nitrostarch was used in blasting explosives in the following patented formulas

Nitrostarch 30% 39% 30% 40% 40% 40%
Ammoeniem Nitrate  15% 20% - - - 20%0
& TNT nux

Sodium Nitrate 46.8% 37.25% 58% 37.7% 34.7% 17. 7%
Barium Nitrate - - - 200 20% 20%
Charcoal 3% - 5% - - -
Parattin O1l o0 75% 5% 8%  B% 8%
Sulfur 3% 2% 5% - 3% -
Antacid 1.5% 1% 1.5% 15% 15% 1.5%
Lrea 2% 2% 2% 2% 2% 2%

Formaldehyde Based Explosives

Formaldehyde was originally produced from methyl alcohol by oxidation. The methyl
alchohol was entirely derived from the distillation of woed. During WW1 both came into short
supply for production of methylamine used to make tetryl and other uses. It was in fact too

expensive for serrous use as an explosives raw material. By WW2 synthetic methyl alchohel could
be produced

first, by passing steam (water) over coke which yielded Carbon Monoxide and Hydrogen

second, additiona! hydrogen is provided by the action of iron on steam or by electrolysis
of water

thirdly, by heating carbon monoxide and hydrogen in the presence of zinc or chrommum
oxide catalyst

This enabled a nearly unlimited supply of cheap methanol { with cheap energy), and as a
result, formaldehyde, for use in commercial explostves production.

The formaldehyde was produced by mixing the methyl alchohol vapor with air and passing
it over a red hot catalyst of metallic copper or silver gauze. Oxidation occurs and formaldehyde 1s
formed.

When formaldehyde is reacted and condensed with acetaldehyde, nitromethane,

cyclopentanone, or cyclohexanone, they form polyhydric primary alchohels which can be nitrated
to produce powerful nitric ester explosives.
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PETN (Pentaerythrite tetranitrate) is preduced by

1. Mixing 4 moles {or more for an excess) of formaldehyde with one mole of acetaldehyde
in a warm water solution containing weak calcium hydroxide or other alkali at 65-70 degrees.
This yields pentaerythritol in a mixed solution

2 The calcium hydroxide is precipitated  as calcium sulfate by mixing in sulfuric acid
and the mixture is filtered, and then concentrated by vacuum evaporation. A white powder of
crystals is formed and dried.

3 400cc of nitric acid is placed in a large beaker and 100 grams of pentaerythrite is added
while keeping the mix at 25-30 degrees. 40Ucc of sulfuric acid is added slowly while stirring and
cooling to precipitate the PETN.

4 The crude PETN is filtered off and washed with 50% sulfuric acid, then washed again
with water.

5 The PETN is then dissolved in hot acetone with a small amount of ammonium
carbonate to neutralize the remaining acid and precipitate it. The hot iquid is filtered cff into a
solution of 90% alchoho! of large volume which precipitates pure needle crystals of PETN.

PETN can be made directly from Nitric Acid without the use of Sulturic acid by

1. Adding a small amount of urea to 400cc of fuming Nitric Acid to react out any free
nitrous acid and bubbling dry air through it until it is completely decolorized.

7 Cool in a 600cc beaker in a freezing salt and ice mixture.

3100 grams of pentaerythrite, ground to pass a 50 mesh sieve is slowly added to the acid
while stirring and keeping cool (below 5 degrees C). Continue to stir and cool for 15 minutes
after the final portion is added.

4 The mixture is "drowned" by adding 3 liters of cracked ice and water.

5. The precipitated crude PETN 1s filtered off, washed free from acid, and added to a liter
of hot 5% sodium carbonate solution. It is again filtered and washed.

6. The final material is dried, and then mixed into and recrystallized from acetone.

Commercial quality PETN melts at 138-138.5 degrees
Pure PETN meits at 140.5-141 degrees
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All this seems like a lot of processing, however the formaldehyde raw materials come frem
the air which reduces the cost and they can be mass produced in wartime. The end product PETN
is one of the most powerful explosives known as well as being one of the most stable and least
reactive nitric esters. This makes it an ideal and extremely reliable expiosive for a wide range of
murations.

PETN is insensitive to friction but is exploded easily by tiny amounts of initiator (only .01
oram of lead azide is required to initiate PETN). It detonates at 5,330 meters per second, when
loaded at a density of .85 in a 25mm pipe. When compressed to 1.62, the detonation velocity
increases to 8,000 meters per second. [ts great brisance and sensitivity make it ideal for use 1n
compound detonators.

When pressed under high pressure and broken into grains, the PETN is a powertul
smokeless powder and works well with the primers in smail arms ammunition. PETN has aiso
been mixed with TNT, nitroguanidine, and guanidine picrate to form compressed two and three
part mixtures of high explosive that are less sensitive to shock and heat than other smokeless
powders and reliably detonate on imitiation. It dissolves in TNT with as much as 2/3 of the final
mix as PETN. Rich mixtures are used as propellant powders and less nich mixtures are used as

brisant and powerful high explosives.

By mixing 10-30% of one of the fluid nitric esters {(such as nitroglycerin or nitroglycol)
into PETN. a "plastic” mass or explosive can be made that can be shaped into desired torms or
granulated to easily load into shells and detonators.

It is important that the PETN be purified because as little as .01% occluded acid or alkah
can speed its decomposition. If pure, it can be stored for 18 months at 65 C without deteriorating.

More modern processing methods include

1. Nitrating in large stainless steel mixers {at 15-25 C) with agitators and cooling

coils.
2. Discharging te a jacketed ditution tank where the acid is diluted to 30% and

the temperature is kept at 15-25 C. The PETN crystals precipitate out here.
3. The crystals are vacuum filtered and washed with water, then soda water, and

finally cold water.
4 The water wet PETN is then dissclved in acetone at 50 C with a small amount

of sodium bicarbonate or ammonia and then reprecipitated with water.

PETN is shipped wet in a water-alcohol packing. It 1s easily imtiated and is used as a
pressed charge in blasting caps and detonators, and as the core explosive in commercial sheet
explosives and detonater cord. In recent years it has been replaced by RDX for most miintary

LISCS.
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A dynamite equivalent called Ammonpenthrinit has been tested in the early 1930's using
the following formulas

AMMONPENTHRINIT GELATIN DYNAMITE
PETN 37%0 -
Nitroglycerin 10% 63%
Nitrocotton - 2%
Dinitrotoluene 5% -
Wood meal - 5%
Ammonium Nitrate 48% 30%
Expansion Test 430cc 465¢cc
Velocity 6,600m/s 7.025m/s
Loading Density .36 1.47

Dipentaerythrite Hexanitrate - Dipentaerythrite is formed during production of
pentaerythrite and its explosive nitrate is formed with the PETN dunng nitration. It is recovered
from the crude PETN in moist acetone by fractional crystallization when the mixture i1s drowned
in water. The crystals precipitate and are recovered by filtration. It is less sensitive to shock and
heat than PETN but is less stable, especiaily at high temperatures.

Nitroisobutylglycerin trinitrate made by nitrating a mixture prepared from

1.3 parts formaldehyde and 1 part nitromethane mixed and condensed in a sclution of
potassium bicarbonate to yield trimethylolartromethane.

2. This is recrystalized from water to 150 degrees and is nitrated in a mx of 40% nitric
and 60% sulfuric in the same manner as NG, or with very strong nitric acid as with PETN

This explosive is a thick yellow oil, solubie in aichohol, less soluble in water and does not
gelatinize nitrocotton very well.

Nitropentanone

Explosive tetranitrates are formed from the condensing of cyclopentanone and
cyclohexanone with formaldehyde. By reducing these, their respective pentanitrates are formed.
They are less sensitive to shock than PETN and 3 of the 4 melt at low temperatures which allow
them to be conveniently loaded into ordnance by pouring and allowing to cool to a solid.

Melting point Velocity of Detonation at low to high density
Nitropentancne 74 C 4,630-7,940
Nitropentanot 92 C 5.060-7,360
Nitrohexanone 66 C 5.710-7 670
Nitrohexancl 122.5C 5,470-7.670
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Improvised Instant Explosives from Nitric Esters

Sometimes, their is a need for an instant built and ready to use explosive that does not

allow for the preparation of quality controlled and precision made munitions. The following 1dea
comes from the authors observations.

Several decades ago at TVA (Tennessee Valley Authority), a rail car exploded while it
was being loaded with nitric acid. It killed several nearby workers and sent debris from the rail car
nearly 2 miles. Some parts of the rail car were never found. The car had previously been used to
haul an organic alchohel and after it was unloaded, someone failed to check the car for residue or
leftovers. It was estimated that only a few hundred pounds of alchohol had been left in tt.

From the safety and mixing directions in this chapter, combined with this last story, it
should be obvious that a truckload or rail car size explosive can be quickly improvised and
prepositioned for use in warmaking,

The explosive design can be any size and would use the following same principles.

1. A tank containing a few pounds up to 10 tons of nitric acid can be placed onto the
bottom of a semi trailer running down its length. The tank will have its top removed when
positioned, so the acid is uncovered and completely exposed from the top. It wili also have
sufficient clearance to hold an additional few pounds to 10 tons of alchohol.

2 A similar tank would be positioned directly over the bottom tank and supporied
sufficiently to contain 10 tons of aichchol suitable for an explosive as described in this
chapter. It will generate considerable heat on direct addition with the acid and seif
detonate. ’

3. Theoretically, it should be possibie to have the top tank sufficiently valved to drain 1ts
contents into the bottom tank in a matter of seconds. In reality, this may not be practical
or even possible. In this event, small explostves can be placed along the bottom of the tank
as a bursting charge so that it would rupture the tank causing its contents to drain rapidly
into the acid below. The rapid mixing and rise in temperature would cause the self
detonation of the nitrated alchohol and result in a potential 2G ton explosion. Mechanical
means of tipping over the top tank or other means ot releasing its contents quickly may
also be devised. It is obvious that this type of self mixing can be accomplished much

more easily with smaller amounts and can be easily devised as a self igniting bocby trap.
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4. The final weapon needs to be prepositioned in the expected advance of the enemy or as
close as possible to a selected target.

5. The bursting charge should be fused to detonate by time, proximity, radio, or other
means as necessary and desired to have the greatest possible ettect on the enemy.

An explosive of this volume should be able to destroy an area app. equal to that of a city
block. ! originally intended to add this to the weapons design chapter, but I thought it would be
more instructive coming on the heels of learning the science of mtrated alchohol explosives.
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Chapter 3
Smokeless Powders and Propellants

In 1864 a captain with the Prussian artiliery made what many beiieve was the first
smokeless powder. He prepared fine grains of wood by washing, boiling, bleaching, then nitrating
and purifying it as nitrocellulose at the time. He then impregnated the grains with potassium
nitrate and with a combination of both potassium and barium nitrate salts.

The mixture was impure and would not burn perfectly and in fact burned siower than
guncotton, but it still burned too fast for use in artillery. In fact it still burned too fast to be used in
large caliber rifles but became popular for use with shotguns,

By 1870, researchers found they could partiaily gelatinize the powder by soaking 1t 1n a
mixture of ether-alchohol. This was manufactured and sold as "Collodin". The next smokeless
powder was made of nitrocotton mixed with the potassium and barium nitrate and improved by
adding a dye and formed into grains made from the gelatinized mass, produced by the
ether-aichchol treatment.

These new powders had about the same power as black powders, produced little or no
smoke and burned quickly. They were used in shotguns, hand grenades, and used to ignite the
dense colloided propellant artillery charges of the time.

A wide variety of formulas were used, all of them built around nitrocellulose fibers that
were stuck together, not completely colloided, and containing added potassium and barium
nitrates, camphor, vaseline, paraffin, starch, dextrin, potassium dichromate or another oxidizing or
inhibiting salt, a stabilizer like urea or diphenylamine, and finally, a dye made from coal-tars.

Basic formulas for early bulk powders were very similar

Nitrocellulose 84% 87% 89%
Potassium Nitrate 7.5% 6% 6%
Barium Nitrate 7.5% 2% 3%
Starch - - 1%0
Paraflin o1l - 4% -
Diphenylamine 1% 1% 1%

.
t
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The powders were prepared by

1. The mixed batch {above) would be added to a wheel mill like the one used for black
powders. The wheels in this mil! don't have to reach the huge compression levels that the black
powder mills do so they are much lighter and were made of wood. App. 200# of powder would

be added with 100# of water and 90 grams of a bright colored dye such as resaniline. This mix is
milled for about 45 minutes.

2. The product is run through a lumpbuster made of wooden blocks that rub the material
over a perforated zinc plate. The blocks rotate in a fashion to break up the material and force 1t
through the perforations,

3. About SO# of this material is placed in a "sweetie barrel" which is a large rotating
copper pan that remotely resembles a cement mixer. The lower part of the barrel is immersed n a
vat of near boiling water that heats the vat and its contents while 1t rotates. The copper pan
rotates at about 15 RPM and wooden scrapers mounted inside the pan keep the sides cleaned
continuously. This tumbling motion and scraping action has the eftect ot granulating the powder
into spherical grains. It takes about 40 minutes for the drying grains to no longer stick to the sides
and be ready screening.

4. The grains are passed through a 12 mesh sieve with all the oversize left on the screen
recycled back to the wheel mili.

5 The 12 mesh and smaller material is conveyed into a horizontal mixer with a mixed
solvent of
1 part acetone
6 parts alchohol

one gallon of this solvent is added per 15 pounds of poewder grains. The acetone dissolves
the nitrocellulose and the alchohol does not. The end effect that this mix has is to cause the fibers
to swell, soften, and stick together.

Hot air is blown down the cylinder while it rotates raising the temperature to 50-55
degrees C. The solvent evaporates and is distilled for reuse while the product now consists of
hardened grains.

6. The product is screened again with the grains between 12 and 50 mesh bewng sent 1o
drving and packaging for use. The outsize material is recycled to the wheel mill or horizontal
Mxer.
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The buik sporting powder was also manufactured by the "still" process.

1. Pulped Nitrocellulose (500# - 12.6%N) is added to a still containing 700 gallens of
water, 10# of potassium nitrate, and 30# of barium nitrate dissolved in it.

2 The mix is stirred and agitated while 145 galions of a mixed solvent of
2 parts butyl acetate
3 parts benzene
and about 3# of dissolved diphenylamine

is added to the mix.

3. The stirring must be violent enough to break up the sclvent into small droplets with
globular clusters of nitrocellulose forming and building up on each drop.

4. While stirring continucusly, the mix is distilled under vacuum at about 30 degrees C.

5. The liquid is fractionally distilled so that the solvent is condensed into a storage tank
and the water is recycled back to the stiil

6. The globules are broken up into grains by viclent stirring, then they are drained from
the still into a centrifuge where they are filtered off and then dried.

The final powder contains 1-1.5% potassium mitrate and app. 3.5% barium nitrate. The
water which contains leftover nitrates is recharged and recycied.

The first true smokeless colloided powder, used for 65mm cannon in test firings on 23
Dec. 1884, produced the same barrel pressures and ballistic effects with the charge weighing only
about 1/3 of the previous powders. The velocity of the projectiles increased by about 100m/sec
and increased considerably in velocity and power with only small mcreases in charge size.

This new powder was made by treating a mix of soluble and inscluble mitrocotton n
ether-alchohol and kneading the mass to produce a thick jelly. This was rolled into thin sheets, cut
into squares, and then dried. As equipment improved, the jelly would be forced through a die into
desired shapes such as strips and cartridges to fit cannon. These were cut to length and dried. A
glaze of graphite was added to slow down the rate of surface burning and prevented the buildup
of static electricity. This new powder produced no smoke on firmg. By using strips as the cannon
charges, they coutd get them to burn in such a way that the entire surface area remained uniform
from the start to the finish of the burning This produced a smooth, continuous push for the
artillery shells.
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In 1888, Alfred Nobel produced his "ballistite” for artillery which he made by mixing
Nitroglycerin and soluble nitrocellulose in 1 to 2 and 2 to 1 ratios in a solvent. By replacing all the
camphor in his previous formulas with nitroglycerin, he could produce a "gelatin”. The next year
he figured out that by using all soluble nitrocetiulose, he could make his ballistite without the use
of a solvent. To do this, he mixed the NG and soluble nitrocelluiose together under water and
then heated the mix to 80 degrees C to gelatinize it. He then rolied 1t into thin sheets, cut it with a
knife or scissors to the shapes and sizes his customers wanted, and additives would be included
such as chlorate or picrate to improve its explosive and ignition properties.

The gelatinizing could be speeded up by using an excess of NG and removing it after
mixing with 75% methy! aichohol.

[n 1989, a British patent disclosed the alternative method of placing the parts in hot water
and mixing by pumping compressed air into the liquid. When the gelatin formed, it was removed,
and pressed between hot (50-60 degrees ) rollers which squeezed cut the water. The sheet was
folded and repeatedly passed through the rollers until the desired consistency was achieved. It was
then rolled to the reguired thickness, cut into destred shapes, and glazed with graphte.

At the same time, the British Gov't decided to use a powder for its guns which were made
from a different process. Guncotton and NG were mixed together in acetone, and vaseline
(mineral ielly) was mixed in as well to help form a plasticizing and moldable mass. It was then
pressed through dies to form the gov't requested shapes of oval or circular cords and the product
was heated to dry the cords and distil! the acetone solvent. The product was called cordite, and
the process using vaseline would be the forerunner of modern plastic {moldable) explosives.

The idea of using vaseline was actually intended to try and lubricate the barrel and add to the
projectile velocity while reducing wear n the barre!l. The vaseline was actually burned up in the
explosion and had the effect of lowering the temperature of the burning so that it would produce
less barrel damage with the same ballistic effect. It also had a stabilizing effect by absorbing nitnc
oxide and prevent its decomposing effects.

The first cordite used a formula of - A cooler burning formula for less barrel damage was

Guncotton 37% 65%
NG 58% 30%
Vaseline 5% 5%%

Cordite was also made in flakes as well as cords, and also n sized perforated tubes ready
to use 1n artillery.

The next invented smokeless powder was "Indurite”. It was a colloid made by mixing
guncotton with nitrobenzene (an aromatic nitro). The final product was shaped and hardened or
indurated” by freating it with hot water or steam. The heat vaporized most of the nitrobenzene,
leaving a very hard mass and was used in 1" to 6 artillery (app. 10-70mm).

b d
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By 1897, the pyrocellulose and nitrocellulose were being used alone by colloiding 1n
ether-alchchol and forming cylinders that were multi-perforated and ready to use. The US used
this as the main artillery propellant during WW1.

The pyrecellulose and other straight nitrocellulose such as those just described are called
single base powders. These are simple colloided powders with only one explosive base. Some
solvents can be added, both explosive and non explosive, that remain in the product, and that
effect the temperature, burning rate, and power of the final powder.

The Aromatic Nitros described in the next chapter dissolve nitrocetiulose or dissolve 1nto

it. which results in two explosives in the same powder. These are still reffered to by many people
as single base propellants.

Double base propellants are those which contain both NG as a liquid explosive plasticizer
and nitrocellulose.

Multi base propellants are those that involve NG, nitrocellulose, and other crystalline
explosives in combination with double base formulas. An example would be adding nitroguamdine
which does not absorb into the explosive base mix but is mixed 1n as a finely subdivided additive
throughout the explosive.

Additives are added to control the hygroscopicity, gelatimzing, gun flash, balhistic
properties, and temperature.

Rocket propellants may use pelymeric binders like polysulfides, polyurethanes, and
polybutadienes in place of the nitrocellulose. Rockets do not use single base propellants because
of their low energy and poor combustion. Composites using the plastic binder with an INOrganic
oxidizer like ammonium perchlorate and a combustible metal fuel like aluminum are usually used.
Plasticizers, extenders, rate of burn catalysts and other additives are included in the formulas. The
rocket formulas are not used in guns because they erode the gun harrels and leave behind too
much residue inside the barrel to be practicable.

Some explosives alter the properties by themselves such as

1. Mixing 10-15% nitroguanidine with 85-50% pyrocellulose. When colloided in
ether-alchohol it can be extruded through dies and produces a flashless powder.

2 PETN is insoluble in Nitrocellulose colloids but can still be mixed in to yield a hotter
and more brisant explosive powder.
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Single Base Powder Manufacture/ Solvent Extrusion Batch Process
The earliest mass manufacture of pyrocellulose proceeded generally as follows.

1. Pulped pyrocellulose of 25% moisture s squeezed in a press at app. 250# per square
nch for several seconds. The pressure is released and alchohol is pumped into the cavity and 1s
then pressed into the pyrocellulose mass at about 3500 PSI. The alchohol and pyroceliulose are
2dded here at 2 1'1 ratio. A cylinder shaped block is produced that is saturated with the correct
amount of alchohol to colloid the pyrocellulose. The block is placed into a vulcanized fiber
canister and covered with a lid to prevent the loss of solvent to evaporation.

2. The compressed block is broken up by hand or with wooden spatulas in the mixer.
These mixers are similar to double arm bread dough machines used in bakeries to knead the
material. The mixer is jacketed so cool water can be pumped through continuously to maintain the
low temperature of the batch. Diphenylamine is mixed into ether so it represents 1% of the weight
of the final product. The mixed ether (at twice the weight of the alchohol) is added rapidly and
mixed in thoroughly at high speed. The final mass lcoks like churned brown sugar that you can
squeeze in your fingers like putty, making thin films or colloids.

3 The loose mass is then re-pressed in a "preliminary” bleck press at 3500 PS1. The
formed block is then placed in a "macaroni” press where it is pressed through -

1-12 mesh steel plate screen

2-24 mesh steel plates screens

1-36 mesh steel plates screen

and finally through a brass plate with the macareni perforations at 3000-3500 PSL

These macarcni pieces then drop directly into a cylinder where it is squeezed to the night
size for the "graining” press. This cylinder 1s called a final blocking press where the product 1s
pressed at 3,500 PSI for 1-2 minutes and completes the colloiding,

This final pyrocellulose block is translucent, amber colored, dense, elastic and very tough.

4 This colloid block is forced through the dies ot a hydraulic press to form single and
multiple perforated tubes. These dies have centrally fixed steel wires, one for the single
perforation and seven for the multiperforation tubes. The mass is forced into the dies at
1500-3800 PSI and emerge in the form of a tube with the desired perforations. The press head
may contain up to 36 dies to produce small caliber (diameter) ammunition. A single die would be
ased to make the propellant powder tubes for 16 inch guns.
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The resulting perforated rope or cord 1s passed through troughs as it 1s pushed out the
press into rotary cutters which cut it into short cylinders of 2-2.5 times the diameter for direct use

in the intended guns or munitions. It is also coiled up into fiber canisters and taken to other rooms
for custom cutting.

5. The final green powder contains much of the ether-alchohoi solvent which is removed
by placing it in drying ovens with circulated air heated to 55-65 degrees C forced through it. This
air picks up the evaporating alchohol and ether and condenses it in refrigerated receiving tanks.
The air is then reheated and recycled through the powder. This process requires attention and
patience because the powder can form a skin on its surface during drying that resembles drying
glue and it prevents the escape of the solvent.

Recovery of the solvent is improved by scrubbing the ar atter refrigeration with cresol or
other liquid to recover leftover ether and it is then distilled for reuse.

6 The matenial is then "water dried" by soaking the powder in hot water (65 degrees C)
which causes tiny pores and cracks. This allows the remaining alchohol and ether to dissolve
directly into the water which then evaporates back out of the water. When the solvent is reduced
to required levels (the time required varies with the size of the powder), the grains are sent to a
continuous dryer and dried at 55-65 degrees C.

The final solvent in the product is 3-7.5% depending on the diameter of the grain "web"
and has 9-1 4% moisture in a surface coating and filling the pores and cracks. This amount of
water is important because it actually provides stability to the finish product by inhibiting further
moisture absorption and inhibiting evaporation, both of which can cause deterioration of the
powder. This effect was so important that the French soaked their powders for several days in hot
water before drying. ‘

The final powder for small munitions is usually coated with graphite to prevent moisture
changes and static electricity (it conducts electricity away instead of letting it build up}. [t also
makes it flow easier which improves its loading characteristics. The final powder is blended nto
uniform sizes so the final ballistic characteristics are also uniform. Its easy to blend small grains,

however, strips, cords and tubes are difficult or impossible to blend. The finished product 1s
placed in airtight boxes weighing 160-1 504 each.
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Modern improvements on this basic process include-

Adding ballistic modifiers, stabilizers, and hiquid plasticizers as desired during the mixing
in the water jacketed bread dough mixers (step 2).

Using an inert gas such as CO2 or Nitrogen 1o "purge” the press chambers of the vertical
block press before adding the powder (step 3) to avoid explosive mixtures of air and solvent.

Allowances for shrinkage during drying is made with each size of munitions in the die
design.

During the ramming of the material through the extruder dies, care is taken to avoid and
exclude explosive air and solvent mixtures by adequate ventilation {(step 4)

Continuous Solvent Extrusion Process (single base propellants)

The newer continuous processes for making solvent based artillery propellants allow
manufacturers a considerable reduction in labor, air and water pollution and explosive hazards.

The main differences of these processes are -

|. Thermal dehydration: by placing the received water soaked nitrocellulose on a
continuous vacuumn belt filter where it is dried under vacuum followed by direct infusion
of hot air at 80 degrees C. This effectively reduces the moisture to 2%.

2. Compounding; which is a continuous weigh belt that receives alchohol wet
nitrocellulose from a surge feeder and moves it to a compounder. While on the belt, other
ingredients are metered and added automatically. This forms a loosely mixed paste that 1s
fed down the conveyer and into a heavy duty reciprocating screw mixer that maintains
the desired hot temperature and that thoroughly works and mixes the mass into a paste.
The paste is forced past pins and out through a die plate, cut inte small pellets, and
continuously fed to water jacketed screw extruders.

As the material comes out of multiple dies, the strands are cooled to assist cutting in an
adjustable roll cutter.

3. Solvent recovery: The cut grains are screened to remove clusters and group 1n
uniform sizes. The pellets are then treated with hot inert gas which is distilled, and then
soaked in hot water which is managed as previously described, and then air dried to
reduce moisture from 12 t¢ 3%

3-8




History, Design, and Manufacture of Explosives

Solventless Extrusion Process
This process is mainly used for making double based rocket prepellant gramns with web_
thicknesses of 1.35-2 cm, for thin sheet mortar (M8) propellant, and some artillery propellants 1n
Europe. ‘ |
1. Explosive and non-explosive liquid plasticizers and water insoluble materials are mixed
into nitrocellulose suspended in a slurry of hot water.

7 The water is vacuum filtered or centrifuged, and the wet mass is partially dried by
various means. |

3. The mass is then passed through heated rolls to completely mix the colloid into sheets
of uniform propellant, and dried to .8% moisture

4 These sheets are then cut and rolled into scrolls for feeding into the extruder which
produces the propellant grains. Sometimes the sheets are used as a sheet propeilant
directly, or cut up and used as flake propellant.
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Nitrocellulose cast propeliants may also be made by first making small grain propellant
powder by the above described solvent extrusion method. This casting powder is then mixed with
a fluid plasticizer that fills the air spaces between the granules and diffuses into the grains. This
causes a swelling of the grains and a coalescing ot the granules into a single monolithic mass.

The plasticizer is usually a mix of an explosive liquid and an inert or combustible liquid or oel
which does not chemically react with the nitroceliulose.

Polymer based cast propellants are made the same way as the nitrocellulose cast
propellants except that polymeric {plastic) binders are used. Metal fuel and other solid additives
and oxidizers may be used other than nitrocellulose.

Smokeless Powder and Propellant Additives

Stabilizers may be added to prevent the decomposition of nitroceitulose. When exposed
to air, nitrocellulose produces nitrous and nitric acids that speed further decomposition. When
stored in open air in cool temperatures, this decomposition is very slow and nearly impossible to
heasure in the short term, When temperatures rise, the decomposttion rate increases dramatically
and becomes measurable.

1f the acids are removed are removed during processing, neutralized, or prevented from
forming, then the rate of decomposition, even at high temperatures, proceeds almost
imperceptibly.

Substances can be added to nitrocellulese which reacts with the acids to remove or
neutralize them. These substances must not react with the explosive nitrocellulose, and the
reaction products it produces cannot react with the explosive materials as well. In the early 1900's
amy! alchohol was used by France to stabilize its nitrocellulose. The ‘explosion of the magazines
and sinking of the battleships Jena in 1907 and Liberte in 1911 was attributed to the
decomposition: and resulting spontaneous combustion of the stored mitroceltulose powders.

The powders became unstable because the amy! alchohol produced reaction products that
converted the alchohol to nitrous and nitric esters that broke down, produced red fumes, and
yielded valerianic acid. The presence of this bad smelling acid was used as a sign that the stored
explosives had become unstable.

Aniline was also used in early stabilizer formulations, but it too formed Nitro
compounds that attacked nitrocellulose and was discontinued.

As we described earlier, the use of diphenylamine was found to be effective, and by
1909 it was used worldwide in smokeless powders and 1s still being used today.
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An antacid such as powdered limestone or chalk (calcium carbonate) 1s used as a stabilizer
in dynamite. Urea is used in celluloid and dynamite because 1t reacts with nitrous acid forming
harmless CO?2 and Nitrogen gas and this prevents the acids further decomposing the explosive.
When its use was attempted in nitrocellulose, the gases broke up the uniformity of the colloid and,
although it would still detonate, the rate of burning was attected which altered the actual ballistic
course of the shells that it propelled. The small gas bubbles were welcomed in the celluloid
application because they caused it to have a whiter appearance which the customers preferred (it
prevented the appearance of aging or yellowing).

Various materials have been tested for their ability to stabilize nitrocellulose. These
include

Nitrogen Dioxide: which speeds decomposition

Pyridine: which not only sped up decomposition, at 2-3% of the formuia, 1t caused
detonation when heated to 110 degrees C.

Tetryl: which being an explosive was examined for 1ts potential to add power and stabilize
the explosive. It furned out to be very unstable.

Trinitronapthalene: at 10% of the formula produced stability roughly equal to that of 2%
diphenylamine.

Diphenylnitrosamine: is an excellent stabilizer at ordinary temperatures, but decomposes
itself at 110 degrees C.

(It is desired to be able to store explosives in magazines without detonators, and formulas
are devised so that small fires will not easily ignite the main explosive charges stored in the
magazines. This is also why you do not store detonators, primers and initiators in the same
magazine as the main charges and propellants. |

Carbazol: stabilizes well at high temperatures, but does poorly at room temperatures.

Diphenylamine: while the best overall stabilizer at 1-2% produces unstable nitrocellulose it
added at 10%. Diphenylamine reacts with the decomposition products of nitrocellulose {which
always form in tiny amounts due to aging and heat) to form Diphenylnitrosamine which we have
already mentioned is an excellent stabifizer by itself. Under further nitration from the
decomposition acids, this forms p-nitrosodiphenylamine, which 1n turns reacts further to form
2 4'- and 4,4'-dinitridiphenylamine. Both of these on further reaction with more Nitro
decomposition products form 2,4,4'-trinitrodiphenylamine which is the final form that can be
nitrated.
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Nitrocellulose is hygroscopic and its ability to absorb moisture can be influenced by
additives. The amount of moisture in the powders is important because it affects the ballistic
properties of shells fired with it. The following chart shows the effects of moisture from the open
air on nitrocellulose, on barrel pressure and velocity.

Heurs left open External moisture Velocity ft/sec Pressure #/sq.1n.
0 1.02% 1,706 31,100
24 1.15% 1,699 31,236
43 1.4 % 1,685 30,671
72 1.47% 1680 29,636
96 1.57% 1,669 28,935

When Nitrocellulose is colloided with nitroglycerin without using a solvent, it 15 not
hygroscopic, even in humid conditions. Colloiding with ether-aichohol causes moisture absorption
because the achohol-ether itself is hygroscopic and the residual solvent in the product will draw
moisture. In the water dried powder, the surface solvents are mostly displaced or removed by the
water so the surface shows little hygroscopicity while the interior is cut off by the "skin” cCoverng
the powder so it draws little moisture.

Coatings are often added or surface layers altered so they will repel moisture or seal the
interior off from atmospheric influences. These have include graphite, lead stearate, and wax.

The aromatic Nitro compounds discussed in the next chapter have a considerable eftect on
reducing moisture absorption, and since they are explosive solvents of their own right, they add to
the explosive power of the powders.

Non-hygroscopic smokeless powder can also be made by using guncoiton in place of all or
part of the nitrocetiulose, and gelatinizing it with non-explosive solvents (described shortly).

Rate of Burning can be controlled by the shape of the propellant. Strips, flakes and tubes
of powder present a burning surface that is nearly constant from start to finish if the shapes are
longer and thinner. By adding multiperforations from the wire in the dies descnbed earlier, the
burning surface increases as the burning proceeds. This results in a gas whose production
accelerates and this results in a greater velocity of the bullet or shell that is being projected from
the barrel.

Progressive burning ballistite {(high Velocity) can be made by

|. Forming a central slab or strip made of 50% soluble nitroceliulose made without
volatile solvent and 50% nitroglycerin. This slab burns at about 3,000 degrees.

2. An outer layer made of strips formed by a mix of 50% soluble nitrocellulose and 50%
crystalline solid dinitrotoluene made without volatile solvent. This burns at about 1,500 degrees.
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3. These material are pressed between warm rollers to the desired thickness and then
combined by pressing in their respective layers between the warm rollers again as a laminate.

Flakes or single perforated short grains or cylinders can be made progressive burning by
1. treating the grains with a gelatinizing agent as follows

2. treating nitrocellulose with a non-volatile, non-explosive sclvent, dissolved in benzene
or acetone

3. Tumbling the grains and the treated nitrocellulose together in a sweetic barrel while
heating to evaporate off the solvent.

This material is called a "deterrent” or "moderant” and is applied as a coating,

During WW 1, sym-dimethyldiphenylurea was used as a deterrent for high velocity
ammunition and was called "centralite”. The ethyl analog, called diethyldiphenylurea was an
improvement over the methyl form and the ethyl version was called Centralite #1. The methyl
form Centralite #2. The butyl form produces better nitrocellulose gelatin than either of these and
is used more frequently.

Other modern deterrents include dibutyi phthalate, and dinitrotoluene (DNT) which are
applied to the surface in small gun propeliants to torce more progreesive burning. [ The surface
areas are forced to bum more slowly ].

Additives such as lead acetyl salicylate, lead stearate, and lead stannate at 1-2% of the
formula will increase the burning rates and are used in some rocket propellant formuias.

Gun and rocket propellants as we have seen, normally burn n parzilel layers so that the
surface recedes (burns up) in all directions from the origonal surface. As grains increase in surface
area during burning, they burn progressivety and increase In air volume produced and pressure,

The grain shapes and castings on the following page demonstrate the effect of the burning
cross section on the rate of burning. The first set are artillery propeilants. The second set are
rocket propellants.
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Gelatinizing agents have many uses in double base and mtrocetiulose powders.

They act to reduce powder flash

They slow down the rate of powder bumn

They suppress the uptake of moisture

They reduce the amount of volatile solvent needed for nitrocellulose powders
They eliminate the need for volatile solvent completely n double base powders

The centralites described earlier, in addition to the above properiies are also good
stabilizers.

Their are many gelatinizing agents used to gelatinize nitrocellulose and the patents number
in the thousands. The amount of agent needed to complete {100%) the gelatinizing of
nitrocellilose depends on its form - soluble or insoluble. Insoluble nitrocellulose usually takes
substantially more agent to complete gelatinization.

Different chemical groups including esters, amides, urea dertvatives, halogen compounds,
ketones, and alchohots have been tested as gelatinizing agents.

Gelatinizing agents for insoluble nitrocellulose and the amounts needed to complete 100%
of the gelatinization in 95% alchohol include

Ethyl Sebecate 320 parts
Dimethylphenyl-o-tolylurea 260

Ethyi Succinate 400

Ethyl phthalate 360

Triphenyl phosphate 400

Ethyl malonate 400 incomplete
Ethyl oxalate 400 incomplete
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Soluble nitrocellulose requires much less material to gelatimize its 100% of its mass

Ethyl Sebecate 65 parts
Dimethylphenyl-o-tolylurea G5
Dimethyldiphenylurea 80

Ethyl Succinate 00

Ethyl phthalate 95

Ethyl Citrate X

Benzyl Benzoate 90

Ethyl malonate 90 incompletely
Ethyl Oxalate 00 more incompletely
Ethyl stearate 90 incompletely
Ethyl acetoacetate 90 partial

If you use different solvents to gelatinize the nitrecellulose, the amounts of agent 1o
complete the gelatinization changes. As a general rule, Benzene is most eftective followed by
Alcohol. and finally Ligroin [Ligrein is a flammable solvent distilled from petroleum].

Parts necessary to gelatinize 100 parts of pyrocellulose mn the following solvents

Benzene
Sym-dimethylurea 70
Svm-diethylurea 50
Tetramethylurea
Triphenylurea 35
a_a-diphenyl-p-tolylurea 40
Tetraphenylurea 30
Ethyltriphenylurea
Sym-dimethyldiphenylurea 25
Sym-diethyldiphenylurea 30
Sym-di-n-butyldiphenylurea 20
{ /nsym-dimethyldiphenylurea
Carbamic acid ethyl ester 80
Methylcarbamic acid ethyl ester 60
Ethylcarbamic acid ester 60

Phenylcarbamic acid ethyl ester 90
Diphenylcarbamic acid phenyl ester 70

Methyl sebecate 70
Ethyl sebecate 50
Isc-amyl sebecate 95
Methyl phthalate 70
Ethyl phthalate 50
Iso-amyl phthalate 50
DNX ol 130
Trinttretoluene 300

Alcohol Ligroin
60
50
B0

Noe action
80
70
70
60
60
1406
90
90
20
80

80 1G5
30 90
70 90
95 115
935 100
95 80
120 330
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Marny other materials have been tested that produce gelatinization under a wide range of
conditions and completeness.

Flash suppression is important because the flash of the guns both large and small allows
enemy units to locate the firers position and produce accurate counterbattery fire. This can be a
serious preblem at night where the discharge of 12" guns can be seen 30 miles away. When
powder is burned during firing, hot gases exit the end of the gun barrel with some of the gas still
combustible and these gasses catch the air "on fire" by providing heat and combustible to mix with
the air. The fire sometimes extends to ha!f a football field in length in the old batileship guns of

WW2I

To suppress flash in nitrocellulose and nitrocellulose-nitroglycerin powder, there are a
number of additives and svecial formulas that have been used. These include

1. Adding salts to lower the temperature of the gas leaving the barrel. These include
Added in a bag placed on top of the charge

Potassium Chloride

Potassium Hydrogen Tartarate

Powdered Tin

Black Powder

Potassium Nitrate (4 parts) and Crystalline DNT (1 part)

Mixed into the powder

Starch

Hydrocellulose

Anthracene

Diethyldiphenylurea

Dibutyl Phthalate

The aromatic Nitro compounds (next chapter)

2. Adding carbonaceous material to the powder. This causes more and cooler gas to be
formed which reduces flash

Oxinihde
Hydrocellulose
Charcoal
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3. Using or adding a cool burning explostve such as

Ammonium Nitrate
Guanidine MNitrate
Nitroguanidine

4. Changing the granule shape to affect rate of burning

When flash suppressing agents are added in a bag on top of the main charge, they are
usually powdered or pelleted in form and weigh from .1# to 1# depending on the gun size. Guns
as large as 155mm have been satisfactonly suppressed.

Two of the patented, smokeless, flashless, nonhygroscopic powders was made with the
following formulas

Nitrocetiulose T6-79%0 Soluble Nitrocellulose 30%
Dinitrotcluene 21-24% Insoluble Nitrecelluiose 30%
Diphenylamine 1% DNT 15%

Nitroglycenn 25%

The application of modern processes to the particular propellant used today are

Solvent Extrusion Cannon
Fast Burning Rockets
Casting Powder
Ignition Powder ,
Rilfles, Small caliber weapons, Expulsion Charges

Solvent Emulsion Rifles and Smail caliber weapons

Solventless Extrusion Small Rockets
Cannon

Solventless Rolling  Mortars

Casting Small and Large Rockets
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The US Army provides the following instructions for produced nitrocellulose explosives 1n
the field from common matenals

Improvised Nitrocellulose Explosive

An acid type explosive can be made from Nitric Acid and white paper or cotton cloth.
This explosive can be detonated with a commercial #8 or any military blasting cap.

Matenial Required Source

Nitric Acid Chemical supply 90% {sp. gravity 1.48)
White unprinted, unsized paper Paper towels, napkins

Clean white cotton cloth Clothing , sheets, eic.

Acid resistant container Wax coated pipe or can, ceramic, glass jar

Aluminum foil or acid resistant matenal
Protective gloves

Blasting Cap

Wax

Procedure

1. Put on gloves

Acid Container

2. Spread out a layer of paper or cloth on aluminum Nitric Acid

foil and sprinkle with nitric acid unti} thoroughly

soaked. If aluminum foil is unavaitable use an Aluminum Foil < d
acid resistant material {glass, ceramic, or wood). \ ,?:

Paper or Cloth
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3. Place another layer of paper or cloth on top of d
the acid- soaked sheet and repeat step 2 above.

Repeat as often as necessary.

}t&im’.r
4. Roll up the aluminum foil containing the acid

soaked sheets and insert the roll into the acid
resistant container.

Note: If tray is used instead of foil, caretully
roll up and move with wooden sticks or tongs.

Blﬂsling Cap

5. Wax blasting cap.

6 Insert the blasting cap in the center of the rolled
sheets. Allow S minutes before detonating the explosive.
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Ball Powder

Ball grain powder, used mostly in small caliber weapons and primarily for shotguns, 15
spherical or flattened ellipses of grains resembling small bails.

It 15 manufactured as follows

1. Pulped nitrocellulose is supplied from the plant, or from obsolete granular propellant
that is ground in a hammermill underwater to a powder.

2. Calcium carbonate, usually in the form of chalk, is added to the water (1-2%j) 1o
neutralize any free acid given off by the nitrocellulose.

3. The nitrocellulose solution is pumped into a still.

4. Diphenylamine is dissolved into a sclution of ethyl acetate (diphenylamine dnives the
remaining acid in the nitrocellulose out into the water), this mix of which s then added to the
nitrocellulose. Any other desired additives such as DNT or centralite are also added at this time.

5 The mix is heated to 70 degrees C and agitated for 30 minutes to form a heavy syrup or
"lacquer” and to dissclve the nitroceilulose.

6 When the correct censistency is reached, starch or gum Arabic solution is added to

form an emulsion of spherical nitrocellulose globules and prevents their coalescing into larger
lumps.

7 Sodium suifate is added to the water in the still. This causes the free water around the
slobules to have a different osmotic pressure than the water inside the globules.

8 The still is closed and the water is extracted. The mixture is agitated vigorously under
pressure se the globules form the correct size.

9. The pressure is reduced and the ethyl acetate is distilled off and recovered. This must be
done slowly to insure the grains are round. If done too quickly, they form teardrop shapes. By

doing it slowly, it gives the solvent inside the grains time to reach the surface without affecting its
shape.

10. Once the grains are cooled, they are transferred 1n a water slurry to another stii! where
they are coated. This coating is an emulsion of nitroglycerin dissolved in foluene (or another
explosive dissolved in a solvent in which the nitrocellulose is insoluble). The coating is mixed over
the grains and the mix is distilled to remove the solvent. This leaves a coating of nitroglycenn or
other explosive on the surface of the grains. This coating 1s usually applied up to a maximum of
15% of the total weight. A coating of centralite was sometimes placed over it. The grains are
passed through sieves underwater fo untform sizes, and pversize material i1s passed through rollers
to reduce the web diameter.
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11 The material is dried, glazed with graphite, sized, and used in shotgun shells and small
caliber ntles.

The chief advantage of this process is that it is done underwater until drying, and
does not pose an explosion hazard untii the final stages.

Grinding

Grind powder

Lo size
MNitrocellulose area | I
Prepare new N _
using woodpulp | ExLraction

Extracl, leach

DNT, DPA, DBP from
ML slurry the NC usung benzene

|

| I
Hardening weigh Mitroglveerin coating Salt, coal and glaze _
Heceive and weigh _ ] S '
batch [or hardening. Impregnate with NG in Coat with tin .{ilﬂIl-IElE
either pure NC or ethyl acetate and for potassium nitrate
extracted powder | Vacuum distili to Gilaze with graphile
remove EA
I | Apply deterrent, ]
- B dibutyl phthatale
Hardening in stills ! PP Dry screen
Time/temperature heat .
Prepare NC [acquer treatment Remowve “overs’' and !
with EA, CaCO,, DPA, excess dust
calloid, and MNaS0, 1 l
Form grains, shape Roll and dewater
' Blendin
Density spheres Roll to specific web e
. Wash colloid and Centrifuge into Preblend, 5 circles
i Nas0, circle buggies for ' into B0 hapgs, 85 k¢ ea
l ;nnv;;n:ni Lo the Final blend, cross
v blend of 15 preblends
l Size separation I to get a 75,000 kg lot
| Screen into .spe-n:it'ic Tray dry l
! cuts and weigh charge _
 for NG coating Load powder into Packing

trays and dry with

. Pack into M-24s
1 hot air in ovens {copper-lined wooden
_ _J boxes} or hiber drums,
o 150 per contamer

il

Ball powder batch process. NC = nitrocellulnse, A = ethyl acetate, DPA = diphenylamine,
N = nitroglycerine, DNT = dinitrotcluene, DBP = dibutyvlphihalate.
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Material
Nitrocellulose

N %
Nitreglycenn
Nitroguamdine
Ethyl Centralite
Diphenylamine
2-nitrodiphenylamine
Dinitrotoiuene
Dibutyl Phthalate
Potassium Nitrate
Barnum Mitrate
Potassium Sulfate
Lead Carbonate
Cryohite
Graphite
n-Butyl stearate
Heat of Explosion
Burning rate at
20,000 psi in cm/s

Material
Nitroceliulose

N Yo
Nitroglycenn
Nitroguantdine
Ethyl Centralite
Diphenylamine
2-nitrodiphenylamine
Dinitrotoluene
Dibuty! Phthalate
Potassium Nitrate
Barium Nitrate
Potassium Sulfate
Lead Carbonate
Cryohte
Graphite
n-Butyl stearate
Heat of Explosion
Burmng rate at
20,000 psi in cm/s
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U.S. Artillery and Gun Propeliant Formulas (in %)

ML M2 MS
35 715 B2
13.15 1325 1325
195 15
6 B
|
10
5
7 7
1.4 1.4
]
1
3 3

3140 4522 4334

7.6 127 14
M17 M26 M30
22 675 28
153.15 1315 12.6
21.5 25 22.5
547 477
1.5 6 1.5
5
75
3 3
A5

4019 4082 4082
1[4 it4 122

Mé M8 M9 MiId Mid
857 522 578 98 Q0
13.15 13.15 13.25 13.15 13.1
43 44)
b6 7 O
] | |
10 3
3 3 2
1.2 1.5
i 1
A A
3182 5192 5422 39506
8.4 17.8 23 11.4
M31 Nacotypel 1MR
20 036 100
126 12 13.15
19
4.7
1.2
T
1.5
8 (as a coating)
4.5
1.2 |
]
3
3
3370 3601
79

M15S
20
13.15
19
54.7

3350
10.2




History, Design, and Manufacture of Explosives

Current Use Nitrocellulose Propellant and Additives

Matenal
Nitrocellulose

Nitroglycerin, Metriol Trimtrate,
Diethylene glycol dinstrate

Triethylene glycol dinitrate,
Dinitrotoluene,
Dimethyl, diethyl, or dibutyl phthalates

Tracetin

Diphenylamine, diethyl centrahe,
2-nitrodiphenylamine

Lead salts- Lead stannate, lead stearate,
lead salicylate

Carbon Black

l.ead stearate, graphite, wax

Potassium sulfate, Potassium nitrate,

Potassium-Aluminum Flueride {cryohte)

Ammonium Perchlorate,
Ammonium Nitrate

RDX, HMX, Nitroguanidine,
other nitroanunes

Alymimuim

].ead Carbenate, Tin

Applicaticn or use
Explosive Binder

Plasticizers

High explosive plasticizers

Fuel

Stabihzers

Ballistic modifiers

Dve

Lubricants

Flash reducers

[norganic oxidizers

Organic oxdizers

Metallic fuels, catalysts

Defouling Agents
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Cast Propellants

- After WW2, the US found that its nitrocellulose propellants were inadequate tor use 1n
large ballistic rockets and missiles. The new solutions involved the development of large casted

propellants where the ingredients are

1. Mixed together
2. Cast into a moid
3. Cured into nig1d torms

Some of these propellants have been cast as single forms of 15-20" in diameter, and
100-150" high and weighing up to 1,500 tons. The energy output of these propeliants was
increased dramatically over nitrocellulose by adding aluminum as the combustible fuel and high
energy explosives like HMX as oxidizers {from the extra oxygen available during their

detonation).

The development started at the California Institute of Technology in 1942 with new
formulas containing 25% asphalt and 75% potasstum perchlorate. With the invention of the new
polymers, a family of etastomer-based propellants was soon born using 90% crystalline explosive
ingredients and 10% plastic binders.

The polysulfides were the first ones developed in the late 1940's and early 1950's. These
were cured by adding compounds like p-quinone-dioxime, and sulfur to oxidize the polymer.
Dibuty! phthalate was added as a plasticizer, magnesium oxide te provide thermat stability,
ferrocene and iren oxide as burning rate catalysts, and copper phthalocyanine as a burning rate

SUppressor.

In the mid 1950's, the polyurethanes, manufactured trom long chain polyalcohels became
available in a wide range of motecular weights. By adding dusocyanates to form stable polymers,
they could be used in large case bonded rocket motors. Ferric acetyl-acetonate was added as a
cure catalyst, dioctyl adipate and dioctyl sebacate as plasticizers, sodium lauryl sultate to inhibt
foam formation, carbon black as a radiant heat diffuser, metai oxides and copper chromite as
ballistic modifiers, and magnesium oxide and phenyinapthylamine as stabalizers.

During high temperature storage and high humidity, the polyurethanes would begin to
degrade with serious results. Several rocket explosions on the launching pads due to deterioration
occured and quality control as well as possible new polymers were intensely scrutimzed.

By the late 1950's, acrylic acid and the liquid copotymer of butadiene were cured together
by epoxides andfor polyfunctional imines 1o produce the first polybutadienes (PBAA). These
were soon improved by making terpolymers of butadiene, acrylonitrile, and acrylic acid (PBAN).
The PBAN's have been used extensively ever since for high performance rockets. Hundreds of
new polymer based formulations have been developed and patented since then.
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Nitrocellulose based cast propeliants were developed as well during WW2. Small
cylinders of "casting powder” grains are joined i a partial solution of casting solvent to form a
single monolithic grain. Inorganic oxidizers and {uels were added, and lead stearate was
incorporated to control the burning rate. A plasticizer {glyceryl triacetate) was added to IMProve
the low temperature burmng pertormance.

It was learned that rocket propeliants couid not contain cracks, pores or cavities 5o rigid
quality standards were developed that mvolved X-ray and ultrasound inspections and repeated
testing of the raw materials and final products. When the rocket formulas began to incorporate
high energy explosives like HMX, ammonium perchlorate, and aluminum, more launch pad
explosions occured because the explostve force was so great that during ignition, parts of the
casting could be blown apart and would break up the casting so it all burned and exploded at
once. Or it would fly through the wall of the rocket resulting in the escape of gas out the side of
the rocket and causing it to head in unpredictable directions.

Similar problem would occur in gun propellants as higher energy formulas were used to
propel the shell to greater distances. Longer barrels and slower burning formulas were devised to
acheive the greater distances. Because of this many of the gun propetlants incorporated large
amounts of nitroguanidine and RDX to lower the flame temperature and achieve high energy at
the same time. This minimized the gun tube wear and muzzle flash.

Modern composite rockets use a variety of materials in their design for propeliants. These
find wide use in today's rocket artillery and missiles. A polymer binder helds matenals in a plastic
matrix and provides mechanical strength. These will be summarized in the following chart.

Binders
Polysulfides cured by oxidation reactions, low solids loading
capacity |

Polyurethanes cured with isocyanates, medium sclids loading
Polyethers capacity
Polyesters

Polybutadienes cured with epoxies or aziridines, better lcading
Colpolymer, butadiene capacity, ess cure stability and mechanical
and acrylic acid propesties

Terpolymers of butadiene, superior properties and storability

Acrylic acid and acrylenitrile
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Carboxy-terminated Polybutadiene

Hydroxy-terminated Pelybutadiene

Oxadizers
Ammonium Perchlorate

Ammonium Nitrate

RDX-HMX
{High Energy Explosives)

Fuels
Aluminum

Metal hydndes

Ballistic Modifiers
Metal oxides

Ferrocene denivatives

Various coolants

Physical Modifiers
Plasticizers

Bonding agents

cured with epoxies or aziridines, very good solids
loading capacity, good properties and performance

cured with diisocyanates, very good solids loading,
properties, performance, and storability

Most common, high density, produces smoke in
cold or humid conditions, burning rate can be vaned
Hygroscopic, and changes phases. Special use only
Low burning rate, forms smokeless combustion
products

High energy and density, smokeless, difficult for
low burning rates

High density, most common. Smoky and produces

corrosive combustion products

Very high impulse, low stability, low density, smoky

Iron Oxide most commonly used
Significant increase in burming rate

For low burning rate

Improves processability and physical handling
properties in low temperatures. Increases energy if
pitrated. Can vaporize or migrate.

Improves adhesion of binders to solids
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The first step in making a high energy nitroceliutose cast propellant 15 1o prepare a
casting powder by conventional solvent extrusion. A typical formula mix would be-

30%
10%
30%
28%
2%

Nitrocellulose
Plasticizer
Solid Oxudizer
Metalhc Fuel
Stabalizer

This powder is then mixed with a fluid plasticizer (33%) that diffuses inte the powder and
fills the interstices of the granules. The granules swell and coalesce into a single moenelithic grain.
The plasticizer is usually a mix of nitroglycerin or other explosive liquid and an inert fluid such as

triacetin.

The final composition contains-

22%
32%
20%
20%
2%

Nitrocellulose
Plasticizer
Solid Oxtidizer
Fuel
Stabalizer

This final mix will not directly bond to the wall of the rocket, so an adhesive resin 1s
sprayed into the interior while the rocket motor 1s rotated and a smali amount of the casting
powder is sprayed on to form a liner. The Imner is cured and the rocket is placed in a casting pit
where the casting powder is poured directly into the liner while vibrating it to maximize the

loading density.

The solvent plasticizer is pressurized and passed slowly upward {from the bettom) intc the
powder bed while it is being held stationary by a pressure plate on the top. It fills the spaces
between the granules and swells the grains to form a single casting inside the rocket tube and this
s cured at 45-60 C for as long as 2 weeks. The final casting should be 2 tough, pore free, sturdy

structure.
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Nitorocellulose Cast Propellant Formulas

Materal

Nitrocellulose {12.6% N)
Nitroglycerin

Triacetin

Dicctyl Phihalate
Aluminum

HMX

Stabalizer

Ammonium Perchlorate
Lead Stearate

Burning Rate at 1,000 psi in c/s
Heat of Explosion

Low Energy High Energy A
59 20
24 30
0 6
3
20
11
2 2
11
2
65 1.4
2,931 7.718

"Slurcy Cast” propellants are manufactured in {wo types

Nitrocellulose based

PV based

{MNitrosols)
(Plastisols)

Lh e )
= 13 |

21
20

2.0
7.432

The Nitrosols use microspheres of fine powdered nitrocellulose of 5-50 #m in diameter
made by a solution and graining process similar to that used for ball powder grains. These
eranules are more dense than normal and resist plasticization until cured at higher temperatures.

The particles are dispersed under vacuum in a

sigma blade mixer into an explosive based

plasticizer like nitroglycerin, metriol trinitrate, or triethylene glycol diniirate. These materials are
premixed beforehand with the other formula ingredients. A powdered metal such as aluminum
may be added during mixing followed by a solid oxidizer. While under vacuum and at a
temperature of 40 C, the slurry is poured into a mold and cured at elevated temperatures to a

solid gran,
Nitrasol Formulations

Nitrocellulose 15-30%
Pentaerythritol trinitrate (PETN) 0-50%
Ammonium Perchlorate 20-30%
Aluminum 15-20%
Liquid explosives & inert plasticizers 10-30%
Stabahzer 1-2%0
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To make plastisol, the dense sherical particles of PV are mixed at 1:1 with a plasticizer
like dibutyl sebacate or 2-ethylhexyladipate to form a creamy untiorm mix. The slurry 1s then
poured into the mold with the oxidizer, fuel, wetting agents, stabalizer, and rate accelerators and
then heated to 150-180 C. The PVC dissclves into the plasticizers to form a gel that becomes a
solid at low temperatures. These high viscosity mixes can be formed directly intc grains by screw
extruders which cure during the extruding itself.

Piastisol Formulations

PV 10%
Dibutyl sebacate 10%
Ammonium Perchlorate 65%
Aluminum 15%0

Stabalizers, carbon black, etc .5-2%

Metal Tuel
and \ | Pretreatment
solid additives
receipt and QC l
¥
. | 1
Binder _ _
receipt and QC i
Oxidizer F}zi_dizer Propellant Quality
receipt and QC grinding and [~ & mixing conkrol
blending {QC)
I
Inert oarts Chamber Subscale
nert pa == insulation and Casting motor
receipl and QJC . - .
lining testing
- Care Cunng

preparation

- Fiﬂﬂi Test
"1 assembly firing
Ship

Baich process [or cast-composite polymer-based propellants.
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The other polymers which we mentioned earlier were also built into cast propellant
formulas. The pouring into molds is similar to the methods already descnbed, with the humdity
being reduced to less than 40% during processing. It is critical that ali the components be ground
to a fine powder (like talcum powder) by various grinders and pulvenizers. The final matenal
should flow like water.

Propellant Type

Polysulfide  Polyurethane CTPB HTPB PBAN PBAA Butadicne

Ammoemum Perchlorate 63 70 13 70 69 63

Binder {above) 36 21 12 12 11 15 14
Magnesiutm Oxide 1

Sultur 2

Aluminum 8 15 18 15 16

Other fuel 1 &
Dioctyl adipate 4

Iron catalyst 1 1
Ammonium Nitrate 80
Burning rate at 100 psi 9 8 98 6 137 17 3
0 CIY'S

Heat of Explosion 4543 6,280 6,448 35,960 2721
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Chapter 4

Nitro Aromatics

The aromatics are a group of chemicals produced from petroleum and coal tar that mostly
produce a strong and not unpleasant odor. Chemically, they are defined as a group of unsaturated
cyclic hydrocarbons containing one or more rings. Most of these have a benzene with a & carbon

ring containing 3 double bonds.

Nitroaromatic explosives are usually made by nitrating the aromatics three times to the
"tri" mitro stage. This yields explosives contaiming three NQO2 groups. As a group, these are the
most important and generally most powerful military explosives.

The Aromatic Compounds are denved from

| Coal: which is subjected to distillation by heating in the absence of air.
This vields  Coke
Light O1l
Ammonia Liqueur
Coke-oven gas
Tar (about 120# per ton of coal)

One ton of Tar is then distilled to yield {WW2 recovery-Europe)
Light Onl for 32# of benzene, 5# of toluene, and 6# of xylene

Middle Qi1  for 40# of phenol and cresols, and 100# of

naphthalene
Heavy Oil for concentrated cresols and phenols
Green Oi} for 10-40# of anthracene
Pitch 1,200#

One ton of dry coke oven tar in the US (1980's) contains on average

Medium-Soft Pitch 1270# Naphtha 19.4#
Benzene 2.4# Naphthaiene 1 76#
Teluene S# methylnaphthalene  18%
o-Xylene B# acenapthene 214
m-Xylene 1.44# flourene 12.8#
ethylbenzene A anthracene 15#

styrene A phenanthrene 53%

phencl 12.2# carbazole 12#

cresol (all) 20# Tar bases 41#%

xylenols 720 Tar acids 16.6#
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Since WW2. most of the aromatics now come from the fractional distillation of crude oil.
Most of these are produced and sold by the major petroleurmn refiners for a wide range of chemical
uses. Many of the aromatics have been nitratec for use as explosives or explosive additives and
we will describe the major categones here.

When countries go to war, they try to maximize production of the aromatics 5o that they
can be combined chemically with nitric acid to mass produce explosives. The most important of
these has been toluene to produce trinitrotoluene (TNT). At the same time this is produced, large
volumes of the other aromatics are produced, and as the prices of these drop with the increase of
their supply, new processes were developed to convert these to useful military explosives.

The best example of this is benzene, which was converted to chlorobenzene, after which
Dow corporation invented a way to convert It to aniline and phenol which produces "picric acid”.
In addition. the chlorobenzene can be nitrated to yield dinitrochlorobenzene which is easily
converted to the explosives picric acid, tetryl, and others.

Several of the most powerful nitrated aromatics have been tested as follows

At .3 grams density per cubic centimeter (density of loading) they produced
the following pressure in Kgs/sq. cm.

Trmtrobenzene 4 105
Trinitroaniline (picramide) 3.940
Trinitrophenol {picric acid) 3 865
Trinitrotoluene (TNT) 3.675
Tri-nitro-m-xytene 2,980
Trinitroresorcinol (styphnic acid) 2 840 (at a density of .25 grams/cu.cm.}
Trinitromesitylene 2.780
Trinttronapthalene 2,670

ATl the nitrated aromatics are very poisonous by inhalation of their vapors when heated, by
ingestion of tiny amounts, and by dermal eye or skin exposure. In fact, nitrobenzene is so deadly
that small amounts spilled on clothing that was not immediately removed has killed the workers in
the manufacturing plants. It has been considered for use as a chemical weapon because of these
properties.
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Trinitrotoluene (TNT)

TNT is a dry, nonhygroscopic powder that can be stored indefimitely at room temperatuses
without deteriorating. It is relatively insensitive to impact, friction, shock, and electrostatic

charges. In test firings in high acceleration guns, it produces premature (in barrel) detonations at
less than one in a mithion.

TNT can be safely melted and handled at 80.8 degrees C, it can be poured into bombs and
projectiles as a hquid (stecam melted) and cooled for ready to use mumtions. Melted TNT can
easily be mixed and used as a liquid carrier with RDX, HMX, aluminum, ammonium nitrate, and
other ingredients with high melting points tc form castable explosives (from the siurries). This
allows mass production of the shaped charges used n anti-armor weapons. TNT expands by
10-20% on melting to a liquid and then contracts on cooling and solidifying. This leaves cracks
and cavities in the castings which reguire special manufacturing metheds to prevent.

TNT is prepared in a 3 stage batch nitration which is described as follows -

Stage one

1. A mix of 2 parts of concentrated Sulfuric Acid and 1 parts of Nitric Acid is added to
toluene slowly while stirring vigorously and maintaimng the mixing container in a cold
water bath at between 30-40 degrees C {A water jacketed mixer 15 used in modern
practice. The rafio 1s 444 parts of mixed acid into 100 parts of the toluene. The addition of
acid may take several hours.

2 After all the ingredients are mixed, continue 1o stir for 30 more minutes without cooling
and allow the mix to stand overnight in a separator vessel (funnel).

3. The product is now in two layers. The lower layer of spent {used up) acid 1s drawn off

Stage two

4 The mononitrotoluene left over is dissolved with 1 part mononitrotcluene inte 2.2 parts
sulfuric acid while keeping cooled in a water bath or jacketed mxer.

5 A mixed acid of concentrated suifuric and nitric acids is prepared at a 1. | ratic and
warmed to 50 degrees C.




History, Design, and Manufacture of Explosives

6. One part of this mixed acid is then added drop by drop, to 1.5 parts of the
mononitrotoluene-sulfuric acid mix which becomes hot and 1s maintained at a constant
temperature of 90-100 degrees C. This may take severa! hours. On completion, this
mixture is sticred for 2 hours more at the same temperature to complete its mitration.

7. This mix is again allowed to stand and separate. The upper layer 1s mostly

dinitrotoluene (DNT) with some TNT mixed in. The bottom layer of spent acid is drawn
off

Stage Three

8. One part of this dinitrotoluene is stirred vigorously while 2.2 parts of fuming sulfuric
acid 115% {oleum) is slowly added and the temperature is kept at 90 degrees C.

9 A mixed acid of | part nitric acid and 1 part of 115% Oleum is added drop by drop to
the dinitrotoluene-oleum mix which has been kept and stirred vigorously at 100-115
degrees C. This generates its own heat but after about 3/4 of the acid has been added, 1t
will be necessary to add heat to it while completing the nitration. This will take several

10. After the mix is completed, continue stirmng tor 2 more hours with the temperature
maintained at 100-115 degrees C. while stirring. This keeps the mixture liquid and allows
the nitration reaction to complete.

11 Let the material stand overnight. The TNT layer on top will have turned into a sohd
cake. The lower layer of spent acid contains precipitated crystals of TNT and still contains
TNT in solution. The cake is removed, and a large volume of water is added to the spent
acid which precipitates the remaining TNT (TNT is inscluble in water).

12 The water is filtered off, rinsed with water, and the crystals are added to the main
patch of TNT cake.

13 The TNT is melied in hot water and is agitated vigorously, and fittered off. This 1s
done 3-4 times to remove all the acid in the liquid TNT.

14 The TNT is then granulated by allowing it to cool slowly under hot water while 1t 1s
being stirred. The crystals precipitate and are filtered off leaving a crude commercial

sample.

[ Commercial TNT has been precipitated by running the solution over refrigerated metal
surfaces and scraping it off, or simply letting 1t stand and coot on its own in targe tubs and
then draining the water |
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This material is usable in many explosives in this form but contatns impurities of
somers and TNB/TNX which segregate in high explosive artiliery shells. This leaves a
cavity in the shell which can cause the shell to detonate during the shock of firing or
failing to detonate during fuse initiation if the cavity is under the booster for the fuse.

Punfication

15. Prepare a solution of 5% sodium hydrogen sulfite and mix 5 parts of this solution with
one part of the TNT crystals at 90 degrees C which produces a melted nuxture.
Vigorously stir this mix (because the parts do not mix on their own) for 1/2 hour at this
temperature. The sodium sulfite reacts with the impurities to form water soluble materials
that are red in color. Then draw off the water and wash with hot water until the washings

are colorless.

When TNT is mixed with organic bases, brightiy colored explosive powders are produced.

TNT te  Mix Ratio  Base Melting Point Color
1:1 Anihne 83-84 C Bnlliant Red
1:1 Dimethylariline Violet
11 O-toluidine 53-55C Light Red
3.2 Carbazole 160 C Yellow
1:1 Carbazole 140-200 C  Dark Yellow

Commercial mass production of TNT generally follows the srocedures already described.
The manufacturers use nitrators made of stainless steel equipped with propellors, thermometer
wells. concentric cooling water coils, and fume ducts. Drowning tubs are positioned beneath each
nitrator in case of unaway reactions. Production is accompliished in the batch process by-

1 Charging the Lst nitrator with mixed acid fortified to 60% from the 2nd dinitration stage
and cocled to 46-52 C,

2 Toluene is added by gravity flow over a period of 20 minutes with the temperature kept
at 57 C. It is digested and agitated for 15 minutes more and aliowed to settle and cool.

3. The spent acid at the bottom is drained off and recovered. The acid from the trnitration
is fortified and pumped into the nitrator and the temperature is raised to 77 C,
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4. The mononitotoluene is added while the temperature is maintained at 835 C. This 1s
allowed to settle and coo!l. The dinitrotoluene oil is pumped under pressure to the tnmitrator while
the spent acid is fortified and sent to step 1 for reuse.

5. The mixed acid in the trinitration is concentrated nitric and sulfuric acid with oleum
heated toc 91 C. The dinitrotoluene is fed into the mixer over 45 minutes at 91 C while agitating,
The temperature is then increased to 113 C to digest the mix while agijtating for 50 minutes. The
TNT is then seperated with the TNT going to purification and the spent acid bemg forfied and
sent to step 3.

6. The TNT is purified by crystallization, water washing, neutralization, sellited (treating
with a 16% sodium suifite soluticn to remove impurities}, and filtered. This takes about 25
minutes.

[The spent sellite solution is highly toxic and cannot be discharged without treatment. This
is usuaily done by filtering through diatamaeceous earth and activated carbon. ]

7. The TNT cake from the filter is washed, reslurried, pumped to the melter and liquified
with live steam. The melt is decanted with some water into a drier which bubbles hot air (100 C)
through the melt to remove the moisture. The dry, molten TNT is then poured onto a brass faced
surface which is cooled by coils. This causes the TNT to turn solid and it is scraped oft in tlakes.
The flakes are packaged and ready to ship.

TNT is also made by continuous processes, most of which have the nitration flowing in
one direction in the plant, while the acid materials run countercurrent. The spent acid from the 3rd
stage is cycled to the 2nd stage, and this spent acid is cycled to the 1st stage. Usually, six stages
are involved using 8 separate nitrators. |

Stage | Mononitration 55-60 C
Stage 2 Dinitration 70 C
Stage 3 Dinitration 80-85 C
Stage 4 Trinitration 90 C
Stage 5 Trimtration 95 C
Stage © Trinitration 106G C

TNT can be used to make Trinitrostilbene { TNS) and ultimately Hexanstrostilbene
(HNS). These are very insensitive to shock, heat, friction, and impact and can be used in explosive
ordnance that requires burrowing through walls and other sclid material before detonating.
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Trinitrostilbene is prepared by

1. Dissolving 10 grams of TNT in 25¢c of benzene in a 100cc flask equipped with a reflux
condenser.

2 Add 6ce of benzaldehyde and .5cc of piperadine, this mix is refluxed mn a water bath
for 1/2 hour.

3. While still hot, pour the materia! intc a beaker and allow the materal to cool and
crystallize. The crystals are filtered and coliected.

4. The crystals are washed twice with alchoho, redissolved in 2/3 alchohol and 1/3
benzene and then cooled and recrystalhized.

Hexanitrostilbene (HNS) is used in cast explosives as a crystal modifier. When

combined with Hexanitrobenzene, it is used in aluminum covered detonation fuses designed for
storage and placement in 150-175 C heat. HNS 1s prepared by-

1. Mixing a solution of tetrabydrofuran and methanol with TNT and cooling to 5 C
2. Adding and mixing this solution inte aqueous sodim hypochlorite.
3. To this, add a 20% solution of trimethylamine hydrochlonde at 5-15 C.

4. The HNS precipitates and is filtered and then washed with methanol and
acetone solution. |

TNT, as well as the other nitrated aromatics are extreme fire and explosion risks
when brought in contact with alkali. There should be no ammonia, or caustic soda, potash.
or other alkaline substances stored, or even located on the premises to avoid the nsks and
dangers of accidents.

TNT can be safely distilled in vacuum without any decomposition.
TNT is soluble in acetone and toluene. It is insoiuble in cold water and alchohol.

TNT is stable and safe when stored in air tight, and lightproof containers and does
not require monitoring in storage like nitrocellulose and powders require.
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Nitrated Benzene's

Nitrobenzene is one of the most toxic substances known. Alse called "Oil of Mirbane”,
it is a yellow liquid with a boiling point of 208 degrees C. Its vapors are absorbed through the
skin, eyes, and by inhalation and can kill with just a few PPM continuous concentration.

It is used in some explosive formulations, to make aniline, and to produce dyes and
medicines. It is prepared by -

1. Premixing 100 grams of nitric acid and 150 grams of concentrated suifuric acid in a
500cc beaker and allow to cool te room temperature.

2. Add 51 grams of benzene slowly with considerable shaking to prevent local overheating
and if the reaction exceeds 50-60 degrees C, cool with tap water guickly.

3 Once all the benzene has been added, attach an air condenser to the flask and heat the
material in the water bath at 60 degrees for | hour (keep a thermometer 1n the water).

4. Allow to cool. The upper layer is Nitrobenzene which is separated off from the spent
acid, and then washed once with water. Stir vigorously. The nitrobenzene is now the
lower layer.

5 Wash several times with dilute sodium bicarbonate solution until free from acid {clear).

& Wash once more with water, add calcium chloride to dry, and distill off at
206-208 degrees.
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The US Army provides the following improvised munitions instruction for making 2

nitrobenzene based explosive.

Nitrobenzene and Nitric Acid Explosive

An explosive munition can be made from mononitrobenzene and nitric acid. It is a simple
explosive to prepare. Just pour the mononitrobenzene into the acid and stir.

Material Required

Nitric Acid
Moncnitrobenzene (aitrobenzene)

Acid resistant measuring container
Acid resistant mixing rod

Blasting Cap

Wax

Steel Pipe, end cap and tape
Bottle or jar

Note: Prepare mixture just before use.

Procedure

1 Add 1 volume nitrobenzene to 2 volumes
Nitric Acid in bottle or jar.

2. Mix ingredients well by stirring with acid
resistant rod.

Sources

Field grade or 90% Conc.

( specific gravity 1.48)

Drug store (Ol of mirbane)

Chemical and industry supply (solvent)
(Glass, clay, etc.

Danger: Nitric acid will burn skin and destroy clothing.

Nitrobenzene is toxic - Do not inhale fumes.
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How 10 use

1. Wax blasting cap, pipe, and end cap.

2. Thread end cap conte pipe.

3. Pour mixture into pipe. Blasting Cap

Mixture

4. Insert and tape blasting cap just beneath
surface of mixture.

5. Use wax to seal end of the pipe.

Note: Confining the open end of the pipe will add to the effectiveness of the explosive
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Dinitrobenzene can be mixed with ammenium nitrate and other mixtures for shell and
bomb filling. Dinitrobenzene is made by nitrating nitrobenzene as follows -

1 Concentrated sulfuric acid - 25 grams, and nitric acid - 15 grams, are mixed in an open
flask in a boiling water bath under a hood.

2. 10 grams of nitrobenzene is added gradually over a half an hour.

3 The mixture is cocled and then cold water is added. The dinmitrobenzene separates out
as a solid. After filtering off, it is crushed and washed with water again.

4. The crystals are then mixed into hot nitric acid or alchoho! and recrystallized by
cooling.

Dinitrobenzene melts at 90 degrees, can explode if heated rapidly or under shock, 1s
slightly soluble in water or benzene, and soluble in ethyl acetate or chloroform. It is very toxic.

Trinitrobenzene (TNB) can be prepared from dinitrobenzene, but the process 15 S0
difficult and expensive that other ways have been developed to commercially produce it..

Manufacture of TNB by nitrating TNT with sodium dichromate.
1. Sulfuric acid {300cc) is mixed with 30 grams of purified TNT 1n a tall beaker in a basin

2 The mix is stirred vigorously with an electric stirrer while powdered sodtum dichromate
is added in tiny amounts. No lumps are aillowed to form and none is allowed to float to the
surface. As the reaction raises the temperature to 40 degrees C, a cold water bath 1s added
to the basin to keep the temperature between 40-50 degrees. When 45 grams has been
added, keep stirring for 2 more hours maintaining the temperature.

3 Allow to cool and stand overnight. Trinitrobenzoic acid crystals are formed and are
filtered off in an asbestos filter. The solid crystals are rinsed with cold water and then
dissolved in hot water at 50 degrees.

4 The solution is filtered and then boiled until all the trinitrobenzene precipitates. The
liquid is cooled and the crystals rinsed with water. They are very nearly pure.

TNB is soluble in acetone, ether, and benzene, and insoluble in water. It formed colortul
compounds with organic bases that are dangerous explosives when dry. After acidification, they
can be reacted with copper and other metal salts to form primary explosives.
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TNB can be reacted with hydroxylamine in cold aichohel solution to form Trinitroaniline

(picramide) which is aiso a very powerful explosive. TNB can be oxidized in mild aikali selution
by potassium ferricyanide to yield picric acid.

TNB is significantly more powerful and brisant than TNT and is less sensitive to impact.
The shock wave from TNB is more capable of knocking down walls of buildings than almost all
other explosives. It usually requires an initiator of .5 grams of mercury fulminate used to detonate

8G grams of dynamite, which then detonates the TNB. TNB detonates at 7,347 m/s at a density of
1.64 or greater.

[ Velocity of detonation depends on the explosive, how dense 1t 15 packed in the charge,
with the more dense packing being more powerful, and how strong the container 1s that holds 1t.
Pipe bombs are often used in explosives in place of paper cartridges because strongly confimng
the explosive allows it to build pressures that force the more complete detonation of all the

confined materials before the container ruptures. In fact, many materials will not even detonate
without confinement. |

Aminonitrobenzenes

The di and tri-aminotrinitrobenzenes can withstand very high temperatures fre long
periods of time without degrading or detonating. They are also insensitive to impact. They are

mixed into cast molding powders by similar metheds used to make PBX {last chapter), and are
used in special high temperature applications.

DATB {1,3-Diamino-2.4,6-trinitrobenzene) is produced by mitrating m-phenylenediamine
at 120-140 C.

TATB (1,3,5-Triamino-2,4,6-trinitrobenzene) is made by nitrating trichlorobenzene with
mixed acid followed by treatment with ammonia in alcohol.

Nitrated Chlorobenzene's

Economics drive the production choices of explosive manufacture. The abundance of
chiorine from caustic seda and ash production combined with cheap, mass produced benzene
from toluene production, resulted in the development of cheap and abundant chlorcbenzene which

could be nitrated. The results were dinitrochlorebenzene which could be produced by directly
nitrating the chlorobenzene, or by chlorinating dinitrobenzene.
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The dinitrochiorobenzene could be nitrated to produce Trinitrochlorobenzene (picryl
chloride), but this is expensive in acid and does not produce economntic explosive yields.
The dinitrochlorobenzene however can be used to produce |
dinitrophenol {picric acid) by hydrolysis
dinitroaniline by reaction with ammonia
dinitromethylaniline by reaction with methylamine

Alt of these are powerful and useful (and economic) explosives which we will cover.

Trinitroxylene (TNX)

The xylenes produced from coal tars come in 3 isometric forms, only one of which can be
properly nitrated. All the xylenes are sulfonated together which yields the m-xylene sulfonic acid
that can be nitrated. The steps are -

1. One part of the mixed xylenes are mixed with one part of 93% sulfuric acid at 50
degrees C for 5 hours.

2. The liquid is filtered off from any solids and diluted with the addition of 33% water.
This is autoclaved at 130 degrees for 4 hours. This forms the m-xylene precipitate. The
remaining o-xylene suifonate can be converted by autoclaving at 200 degrees to

o-xylene.

3. The m-xylene is nitrated in the 3 steps directly with nitric and sulfuric acid. It 1s
precipitated from benzene in large coloriess needies which melt at 182.3 degrees (.

TNX has been used in commercial dynamites. It contains a large excess of carbon and can
be formulated as an oxidizer for use with other gh combustible materials. 1t has accordingly
been fine ground and mixed with ammonium nitrate (77%) and TNX {23%) for use as a high
explosive shell filling (loaded under compression to insure detonation). Mixes of 45% TNX, 45%
TNT. and 10% Picric acid form a semi sol:d at warm temperatures that can be easily poured into
shells as a castable filling. A mix of TNX 10%, TNT 40%, and Picric acid 50% can be melted

under water vielding powerful, pourable, explosives.
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Nitrated Phenols and Picrates

Hexanitrebiphenyl is prepared by boiling picryl chioride (trinitrochlorobenzene} with
copper powder in a solvent of nitrobenzene for a few minutes. Without the solvent, this mix
explodes at 127 degrees C from the heat of reaction. The crystals are precipitated from toluene
and contain 1/2 molecule of toluene of crystallizaticn. They are insoluble in water, and slightly

soluble in alchohols, most solvents, and melts at 263 degrees. It produces a yellow color with
sulfuric acid, and red with alchohol with added alkall.

This material cannot be prepared by directly nitrating Biphenyl, but can yield
tetranitrobiphenyl precipitated from benzene. Both of these are powerful explosives.

Picric Acid (also known as Trinitrophenol, piconitric acid, nitroxanthic acid, carbazotic
acid, phenolirinitrate, melinite, lyddite, pertite, shimose, and many others) is one of the most
important explosive substances ever discovered. It was origonally recovered by mtrating Indigo
and used as a fast dye for silk and weol.

Nitric acid attacks phenol violently and quickly oxidizes part of it to oxalic acid {which 1s a
useful acid for radiator cleaning and is the highly poisonous material found in thubarb leaves) and
some resinous byproducts. Using mixed acid on phenol produces a poor yield of a mix of
mononitrephenols. These can be nitrated to dinitrophenol (m.p. 114-115 degrees), and then to
picric acid, but the end yields are so poor that this process is not used commerciaily.

The production of picric acid 1s accompiished by -

| Sulfonation: 25 grams of phenol and 25 grams of concentrated sulfuric acid are heated
together in a round bottem flask equipped with an air condenser for 6 hours in an oil bath

at 120 degrees C.

2 After cooling, the mix is diluted with 75 grams of 72 % sutturic acid. This mix 15
transferred to an Erlenmeyer flask under a hood.

1 Nitration: Add 175¢cc of 70% nitric acid siowly, one drop at a time. When it has all been
added and the reaction has subsided, heat the mixture on the steam bath for 2 hours.

[ When acid of less than 93-98% strength is called for, it is prepared by simply adding the
right amount of water to dilute it This takes away some of the heat energy of dilution and makes

it safer to use for subsequent reactions|
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4 Allow it to sit and cool overnight. The picric acid crystals are filtered off in a porcelain
filter (picric acid is a strong acid itself and reacts with metals to form explosive salts),
washed with sma!l amounts of water until the sulfate 1s removed, and air dried.

5 Purification: 15 grams of picric acid is added to 1 liter of water, boiled, filtered hot, and
atiowed to cool slowly. Heavy drops of brown oil during the boiling should be removed.
Pure picric acid precipitates from the cool water in yellow needle crystals.

6. White crystals (m.p. 122.5 degrees) can be obtained by recrystallizing from 30%
hydrochloric acid.

An additional step of using less nitric acid to produce dinitrophenol, and then to picric acid
has also been used commercially.

A catalytic process using mercuric nitrate, yields picric acid as follows -
1. 10 grams of mercuric nitrate is dissolved into 600cc of nitric acid.

2. 200 erams of benzene in a 2 liter round bottom flask equipped with a sealed-on
condenser is refluxed with the nitric acid selution on a sand bath for 7 hours,

3 The material is transferred to anocther flask and distilled wath steam. Benzene distills
first, followed by nitrobenzene, then last, a mixture of dinitrobenzene and dinitrophenol.

4. The leftover liquid is filtered hot and allowed to crystallize as impure picric acid.
This can be purified by using the hot water descrnibed earlier.
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The US Army has used the following improvised field method for producing Picric Acid

Picric Acid from Aspinn

Picric Acid can be used as a booster explosive in detonators, a high explosive charge, or as
an intermediate to preparing lead picrate or DDNP.

Material Required

Aspirin Tablets ( 5 grains per tablet)
Alcohol, 95% pure

Sulfuric Acid, concentrated from battery acid boiled till white fumes appear
Potassium Nitrate

Water

Paper Towels

Canning Jar, 1 pint

Red {glass or wood)

(Glass containers

Ceramic or glass dish

Cup

Teaspooen

Tablespoon

Pan

Heat Source

Tape

Procedure

1. Crush 20 aspirin tablets in a glass container.
Add 1 teaspoon of water and work mto a paste.

7. Add app. 1/3-1/2 cup of alcohol (100 ml.)
to the aspirin paste, stir while pouring.
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3 Filter the alchohol-aspirin solution through 2
paper towel into another glass container. Discard
the solid left on the paper towel.

4 Pour the filtered solution into a ceramic or glass dish.

5. Evaporate the alcohol and water from the
solution by placing the dish into a pan of hot water.
White powder will remain in the dish after evaporation.

Note: Water in pan should be at hot bath temperature,
not boiling, app. 160-180 degrees F. It should not burn
the hands.

6. Pour 1/3 cup {80 ml.) of concentrated sulfuric acid
into a canning jar. Add the white to the sulfuric acid.

7. Heat canning jar of sulfuric acid in a pan of
simmering hot water bath for 15 minutes; then

remove jar from the bath. Solution will turn to a yellow-
crange color.

8 Add 3 level teaspoons (15 grams) of potassium mitrate
in 3 portions to the yellow-orange solution, stir vigorously
during additions. Solution will turn red, and then back to yellow-orange
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9 Allow the solution to cool o ambient or room
temperature while stirring occasionally.

10. Siowly pour the solution, while stirring, into
1-1/4 cup ( 300 ml.) of cold water and allow to cool.

11. Filter the solution through a paper towel to
a glass container. Light yeliow particles will collect
on the paper towel.

12. Wash the light yellow particles with 2 tablespoons
( 25 m!.) of water. Discard the waste liquid in the
container.

13. Place particles in ceramic dish and set in a hot water
bath, as in step 5, for 2 hours.

Picric acid has been used as a yellow dye for silk and wool. It 1s a strong acid and attacks
metals, forming explosive picrates. It could not be used in explosive devices without first lining
the interior surfaces of the shell or bomb with asphalt or ceramic material that would not react

with the acid.
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Commercial production of the "picrates” is accomplished usually by melting the picric acid
and adding the powdered metal or material to the melt with the appropriate amount of water. The
following chart describes the amount of hydration {water) in the formula, and its sensitivity to
shock and heat detonation. The less water in the formula, the more sensitive the picrate. They are
compared to other detonators.

Matenial Hydration 2 Kilo drop test-Inches Explosion Temp €.
Mercury Fulminate  none 2 210
Tetryi nomne 8 260
TNT none 14 470
Picric Acid none 14 320
Ammonium Picrate none 17 320
Sodmum Picrate 1 HZO 17 360
Sodium Picrate none 15 -
Copper Picrate 3 H20 19 300
Copper Picrate none 12 -
Mickel Picrate 6 H20 26 390
Nickel Picrate none 4 -
Aluminum Picrate 10 H20 36 360
Aluminum Picrate 2 R20 16 -
Aluminum Picrate none 16 .
Chromium Picrate 13 H20 36 330
Chromium Picrate none 10 -
Ferrous Picrate 8 H20 36 310
Ferrous Picrate none 14 -

Picric acid, besides being an excellent initiator for explosions, is an excellent main
explosive when mixed with other oxidizers. It can be compressed, and melted for casting in shells
and cartridges. Cast charges usually required the use of compressed picric acid or tetryl to mitiate.
When explosives are melted for casting, it is desired that they be mehed at 70-100 degrees. Below
100 so that hot water can be used to melt it, above 70 to prevent formation of exudates or
material separations. Because picric acid by itself melts at 1225, it is usually mixed with other
materials to lower its melting point. Some of these mixtures include -

Picric acid 60% and Dinitrol Phenol 40%0

Trinitro-m-cresol 60% and picric acid 40%

Picric acid 55%, dinitrophenol 35%, and trinitro-m-cresol 10%
or the above with TNT in place of the mitrodiphenol
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All these melt at 80-90 degrees under water in wooden tanks treated with steam. The
water is usually treated with sulfuric acid to remove any chance of formed metal picrates.

Dry picric acid (88%) can be mixed into melted stearc acid or paraffin and then 1s rolled,
and grained. It can be compressed for a powertul explosive less sensitive to shock and nearly as
brisant as picric acid itself.

Picric acid based cast charges found extensive use as a burster in gun projectiles, however,
it is no longer used in military explosives because of its formation of sensitive salts with metals.

Dinitrophenol is a powertul explosive that has been mixed with picric acid to produce
pourable explosive filling for shells and bombs. It can also be made by autoclaving
dinitrochlorobenzene in the presence of caustic soda. It is precipitated on acidification with
sulfuric acid or can then be nitrated to yield picric acd.

Ammonium Picrate is less sensitive to shock than picric acid and is not easily detonated
by mercury fulminate. It does not react to form metal salts and is very stable in storage. Powdered
and compressed picric acid or tetryl have been used to imtiate it. Two forms of ammonium picrate
crystals can be formed which are lemon yellow and brilliant red in color respectively.

Ammonium picrate is produced by mixing a suspension of picric acid and hot water and
adding a large excess of ammonia and stir until everything is dissolved. The solution s allowed to
cool and the red ammonium picrate crystals precipitate. When stored in an airtight container, it is
stable for vears. If stored in water it forms the yeilow crystals after several months, or can be
formed quickly by recrystallizing in water several times.

Ammonium Picrate is a high explosive, insensitive to shock, and is used primarily for those
applications. It is used in compressed form as a burster in naval projectiles for maximum armor
penetration against enemy ships. It is also used in armor piercing artillery projectties.

Guanidine picrate is produced by mixing guamdine mtrate and ammonium picrate 1n a
warm solution. Fine yellow guanidine crystals precipitate out. It ts even less sensitive to shock and
friction than ammonium picrate and cannot be detonated by mercury fulminate. It requires a picric
acid booster. It can be recrystallized from water or alchohol and cannot be melted for pourning.
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Nitrated Napthalenes

Up to 4 aitro groups can be added to naphthalene to form the mono, di, tri, and tetra
naphthalenes. Mixed acids are used with an excess of nitric acid each time, and the temperatures

are increased for each nitration to 130 degrees for the tetra form.

The mononitronaphthalenes are not considered explosives. The dinitronaphthalenes, which
melt at 140 degrees, show a small explosive capacity. The trinitronaphthalenes (naphtite) melts at

110 degrees. The tetranaphthalenes mett at 220 degrees.

None of these are sensitive to shock, and they rise in power with more nitration. The tetra
form is as powerful as TNT and much less impact senstive.

At a loading density of .3, the following firing pressures in Kilos/ sq. cm. were reporied.

Mononitronaphthalene 1,208
Dinitronaphthalene 2,355
Trintronapthalene 3,275
Tetranitronaphthalene 3,745

Nitrated naphthatenes have found wide historical use in safety explosives and dynamites.
Mixed with other aromatics, chlorate oxidizers, and ammonmum nitrate, it would form powertul

high explosives.

In WW1 extensive production of sheli filling contained

7 parts ammonium nitrate
| part dinitronaphthaiene Mixed by grinding in a black powder mll
and loaded into-shells by compression

7 parts picric acid
3 parts mononitronaphthalene Melted together under water and used in
air dropped large bombs.

This was so insensitive that the impact of a rifle bullet could not detonate it.

| part Dinitronaphthalene
4 parts picric ackd Melts together at 105-110 degrees under water

This is more powerful than the fast formula and 1s less sensitive to shock than the picric acid.
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A German land mine formula was used consisting ot

Potassium perchlorate 56%
Dinitrobenzene 32%
Dinitronaphthalene 12%

Small caliber shells were made using
TNT 66%0
Trinitronapthalene 33%
Compressed Picric Acid 1 % as a booster

The trinitronaphthalene found use as a stabilizer for nitrocellulose in place of 2%
dichenylamine when added at 10%. At this amount it also reduced the combustien temperature

and moisture absorption.

Other Nitrated Aromatics

Trinitrocresol is made by sulfonating and then substituting the nitro groups (the same
way picric acid is made) inte m-cresol. It 1s soluble in water and alchohol. 1t has been used as a
large shell artillery filling when made into its ammonium salt {ammonium trinitrocresol) and mixed

with ammonium nitrate.

Trinitroresorcinol, also known as styphnic acid, is used to make strong explosive metal
salts that are more powerful than the picrates. Lead styphnate has been used to initiate lead azide
and other materials in initiators. It {resorcinel) is easily nitrated to the trinitro as yellow crystals

orecipitated from aichohol or water, and is a strong dibasic acid.

Trinitroanisol has similar properties to picric acid but does not attack metals to form the
dangerously explosive salts. It can be colloided with nitrocellulose and has been used to make
flashless strip powder {which decomposed over time to produce picric acid and yellow stain

everything and everybody it touched). It melts at 67-68 degrees.
It can be directly nitrated, but is incredibly dangerous 1o attempt and must be kept below 0

degrees C. A drop of anisol into 10cc of nitric acid yields color changes of yeliow to green 10 blue
to reddish purple. The bluish purple color readily detonates.

Trinitrochlorobenzene (picryl chloride) is used te make it commercially.

i Dissolve 35 grams of picryl chloride in 400cc of methyl alchoho! with warming under
reflux and allow to cool to 30-35 degrees.

2. Mix 23 grams of caustic soda to 35¢cc of water and add this solution slowly through the
condenser while the liquid is cooled and prevented from boiling. Allow it to stand 2 hours.

4-22




History, Design, and Manufacture of Explosives

3_Filter off the red precipitate, wash with alchohol, and stir into a water solution while
adding strong hydrochloric acid until all the red color 1s gone.

4. The yellowish-white precipitate is washed with water to remove sodium chloride, and
dried, and then recrystallized from methyl alchohol or other anhydrous solvents te yield
pure tinitroamsol.

It has been used as a booster charge in 75mm artillery shells and in combination with other
explosives in air dropped bombs. Less sensitive than picric acid to shock, trinitroanisol has a
substantially higher velocity of detonation than TNT (7,640 m/s compared to 6,880 m/s).

Trinitroaniline also known as picramide, is prepared by nitrating amline in glacial acetic
acid solution, or using the mixed nitric-sulfuric acid solutions. It is a strong explosive, but better
ones can be made from aniline and its compounds as foltows.

Tetranitroaniline {TNA) is an extremely reactive chemical substance that is difficult to
handle and store. It is prepared by

|. Reducing m-nitrobenzene with polysulfide to yield m-nitreaniline sulfate.

2. Directly nitrating this with nitric acid to vield yellow or greenish brown crystais from

acetone. It is soluble in glacial acetic acid. It melis and decomposes at 226 C.

TNA is substantially more powerful than TNT. By adding a small amount of water to
TNA in acetone, it is converted to trinitroaminophenol {m.p. 176 degrees) that will attack metals
similar to picric acid. If TNA is boiled in sodium carbonate solution, trinitroresercinol is formed.
Water alone attacks and decomposes TNA within hours to days which makes it unsuitable as a
military explosive. |

Tetryl  tetralite, pyronite, nitramine) for .?.,4ﬁ-trinitmphe:nylmethylnitramine, has been
prepared by mitrating, dimethylaniline as follows -
1. Dissolve 20 grams of dimethylaniline in 240 grams of concentrated sulfuric acid.

2. Drip this solution from a funnel into a beaker of 160 grams of nitric acid {80%0) which

has been warmed to 55-60 degrees and stirred continuously. The reaction temperature
should be kept between 65-70 C. This will take an hour.
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1 Allow to cool while stirring and then filter on an asbestos filter, wash the solids
with water. and beil in 240cc of water for one hour, replacing water lost by
boiling.

4 The crude tetry! is filtered off, ground under water and passed through a 150
mesh sieve.

5 This is mixed in 12 times its weight of water and boiled for 4 hours, then
repeated with fresh water.

6. The solid crystals are dried and dissolved 1n benzene

7 The solution is filtered and allowed to evaporate, the residue is recrystallized
from alchohol.

Tetry! melts at 129.4 and with impurities present, at 128.5 C.

Commercia!l tetryl can also be made from the following raw material stream.

1. Methyl alchohol + Ammonia at high temperature m the presence of a
thorium oxide catalyst will form methylamine.

2. Methylamine reacts with dinitrochlorobenzene to form dinitromonomethylamine
3 This can be directly nitrated with nitric acid to form Tetryl

It is commercially manufactured today by first dissolving dimethylanisidine in 98 %
sulfuric acid. This is then nitrated with mixed acid.

Heating tetryl alone produces picric acid. Heating it in solvents yields methyl picramide.

Tetryl is stable at ordinary temperatures, 1t ts more powerful and brisant than TNT and
picric acid, and much more sensitive to shock. It has been used as a boester and in reinforced
detonators.

Ethyl Tetryl, similar to tetryl in its explosive properties, has been produced by the
nitration of both mono and di-ethylaniline. It is purified by recrystallizing 2 times from nitric acid
and once from alchohol
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Butyl Tetryl is prepared by nitrating n-butylaniline and crystallizing trom alchohol. It
produces sodium picrate when boiled m a solution of baking soda. Its yellow plate crystals meit at
98 degrees C. It has been used in boosters, primers, and detonating fuse. It requires .2 grams ol
mercury fulminate to detonate it. It explodes at 210 degrees and is more powerfu! than TNT.

All the above Tetryl compounds are considered chemically to be nitramines as well .

Hexanitroazobenzene {HNAB) is prepared from mixing, hydrazine into hot water with
sodium or calcium carbonate and adding dinitrochlorobenzene. This yieids
tetranitrohydrazobenzene that is nitrated and oxidized to the explosive in mixed acid. The orange
crystals precipitate from acetone and melt at 2] 5 C. Ttis a powerful explosive with excellent
stability at high temperatures, and low sensitivity to shock, friction, and impact.

Hexanitrodiphenylamine, is a high explosive prepared from dinitrochlorobenzene or
direct nitration of diphenylamine. It is also effective as a chemical weapon because of the severe
blisters it forms on skin while being a direct poison, and the damage its dust causes to the mucous
membranes of the lungs, nose, and throat.

1. 32 grams of powdered chalk or precipitated calcium carbonate are added to 70 grams
of aniline to form a uniform suspension in water and heated to 60 degrees.

3 Melted dinitrochlorobenzene (150 grams) is added slowly to the mix while stirring and
heated gradually to 90 degrees from the reaction.

3. The crystals are washed with hydrochlorc acid to remove the aniline and calcium, then
washed with water until free from the resulting chlondes.

4. Dry in an oven at 100 degrees to yieid dinitrodiphenylamne.
5. 50 grams of ground powdered, dinitrodiphenylamine is added in small amounts to 420

srams of nitric acid while stirring vigorously and maintaining at 50-60 degrees. The color
of the solution will change from red (dinitro) to yellow (tetranitro).

6. Once compiete, the temperature is raised for 2 hours while stirring at 80-90 degrees.

7 The solution is cooled and filtered, washed with water until free from acid, and air dned
or oven dried at 100 C.

8 The tetranitrodiphenylamine (50 grams) is added slowly while stircing te a mix of 250
grams each of sulfuric and mtric acid.
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9 Allow to stand for 3 hours at rcom temperature.

10. Drown in ice water to precipitate the hexanitrodophenylamine, filter, wash the crystals
in water, and air dry.

11. Purify by recrystallizing by dissolving 1n cold acetone and adding ether to precipitate it

Hexanitrodiphenyl Sulfide is produced by mixing trinitrochlorobenzene {picryl chloride)
and sodium thiosuifate in a solution of alcohol and magnestum carbonate. Soluble 1n acetone,
insoluble in alcohol, it is nonpoisoncus and melts at 234 C. Its explosion yields poisonous and
combustible sulfur dioxide gas making at a useful filling for weapons aimed at enclosed spaces
such as buildings, ships, and underground bunkers.

1+ can also be nitrated further to produce Hexanitrodiphenyl Sulfone which is powertul,
and less sensitive to shock.

Hexanitrocarbanilide is prepared by nitrating diphenylurea {carbanilide). Carbamlide 1s
prepared by heating urea and aniline together at 160-165 C.
1. Add 40 grams of carbanilide to 60 cc of sulfuric acid.

2 Add this, one drop at a time to 96cc of nitric acid. This will take 4 hours.
Stir vigorously and maintain it a 35-40 degrees C.

3 While stirring raise the temperatuse to 60 degrees over 1/2 hour and keep it
there for 1 more hour.

4. Allow to stand overnight.
5. Precipitate with cracked ice and cold water and filter.
6 This yields crude tetranitrocarbanilide - wash with water and air dry.

7. Add 10 grams of this to 16 grams of sulfuric acid mixed with 24 grams of nitric
acid and heat on a steam bath for 1 hour with censtant stirnng,.

8 Allow to cool to room temperature, drench in cracked ice and water, and filter.

9 Wash with 500cc of hot water and air dry.
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[t produces picric acid if warmed in dilute sulfuric acid, and trinitroaniline if boiled in
ammonia and water. It has been used in primers, boosters, detonating tuse, and as a high
explosive in armor piercing formutas. It explodes at 3415 degrees.

Mixed Aromatic Nitro Explesives

Many explosive mixes are produced using TNT and other aromatic nitros. In fact, TNT 1s
far and away the most heavily produced explosive in the world today. The military and
commercial buyers use it "as is", combined with other high melting powder explosives as a base in
a binary slurry, or mixed into a binary with aluminum to form a high temperature ternary

explosive.

Most military munitions are filled with TNT or TNT based slurry mixtures. These are
usually melted and then directly pour-cast into the ordnance.

The most widely used binary munition has been "composition B". it is made by mixing
water wet RDX to 2 melt of TNT at 95-100 C and then decanting the excess water while
evaporating the remainder. Additives are included to increase the casting strength, and decrease
sensitivity and exudation.

Composition B is the starting material for making aluminized explosives which burn at
very high temperatures {7,000 C+). When ternary mixtures with aluminum are made, the
aluminum is powdered and screened. This 1s then added to a melted RDX-TNT slurry and 1s
stirred until the mix is uniform. Calcium chloride is added with a small amount of desensitizer and
the mix is cooled to 85 C and then poured into its mold.

Aluminum based explosives include

Tritonals TNT + Aluminum
Ammeoenals and Minols TNT + Aluminum + Ammonium Nitrate
HBX's TNT + RDX + Aluminum

Other explosive combinations nciude

Octols TNT + HMX

Cyclotols TNT + RDX

Pentolites TNT + PETN

Tetrytols TNT + Tetryl

