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Chapter |
The Science of Combustion

In order to use fire as a weapon, vou need to learn how to start a fire and how to make it
do the greatest amount of useful damage or harm to an enemy. There is a basic language or words
that you need to know in order to learn the sciences of using fire as a weapon. We will start with
a few defintions.

Combustion: is an exothermic {creates its own heat) chemicai oxadation reaction. The
result of basic elements going through "combustion” is that they form oxides. Organic compounds
usually form carbon dioxide and water because the carbon in them reacts with oxygen and heat to
form new molecules. This process is called oxidation. When this oxidation takes place, chemicals
are broken apart, the bonds holding them together are ruptured causing them to form new
compounds. This reforming generates new heat of "combustion” which continues to drive the
reaction of more chemicals. As fong as there is fuel and oxygen (or other oxidizer) available to
support these reactions, and the heat to break apart the bonds holding them together, the fires of
combustion continue.

An example is the reaction of two hydrogen (2H2's) and oxygen (O2). When these are
brought together they form 2 molecules of water (2-H20). This reaction generates its own heat.

Chemicals vary greatly in the temperatures at which their bonds will rupture to "catch fire"
and form new chemical bonds. For solids and gases this temperature is called their ignition points.
For liquids, it is also called their flash points which is the temperature where they begin to give oft
gases that form ignitable mixtures with air. Carbon Disulfide, a liquid, has a flash pomt of -30C
and an auto ignition temperature of 100C. This means it gives off ignstable gases into the air at
-30C and when the liquid reaches 100C it "catches fire" and burns continuously. In the case of
carbon disulfide, the reaction generates so much new heat so quickly that it burns almost
explosively. Materials like rubber hydrocarbon and nylon are difficult to ignite at almost any
temperature because their chemical bonds are so strong that they require continuous addition of
outside heat to break apart the bonds holding them together.

Oxidation: is any chemical reaction in which electrons are transferred. Chemical atoms
will react with each other when energy (usualty heat) is applied. When they exchange electrons to
form new materials, this process is called oxidation. Oxygen is not a combustible but it supports
combustion because it easily accepts electrons from other chemical atoms. This means it 1s an
"oxidizer". The element chlorine is also considered an oxidizer because it easily accepts elecirons.
Many chemical substances contain oxygen or chiorine in their molecular formula m such a way
that they easily accept electrons in reactions. These molecules are called oxidizers. Chemicals
with the names of chlorates, perchlorates, nitrates, peroxides, and permanganates are all
considered oxidizers. That is because all of them contain chemical oxygen that 13 available to
easily accept electrons from other chemicals. This means that they all can be combined with a
combustible fuel source to easily burn when 1gnited.

1-1
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If the combustion takes place all at once so the reactions are nearly instantaneous, a huge
volume of combustion gases are produced. When the surrounding air cannot abscrb and cool
these gases fast enough, a shockwave is formed that expands outward. This shockwave is called
an explosion.

Oxidation can take place very slowly. The chemical reaction of the metal "Iron is a good
example. Over time, when exposed to air and moisture, it donates electrons to the oxygen m the
air forming a new molecuie called "Tron Oxide” because the metal Iron has now been oxidized.
This iron oxide is the red rust we see on iron metals that have reacted with the air. Because this
process is so slow, we do not see the heat from it. When iron oxide, now an oxidizer because 1t
contains oxygen, is mixed with a metal fuel ke powdered aluminum metal, you can produce
another reaction called a thermitic reaction. When this mixture is ignited, it reacts to exchange
electrons very quickly producing a huge volume of heat {(about 2,200 C) which softens steel.

When a material donates electrons, it is called a reducer because the electrons it has are
transferred to other chemicals "reducing” the electric charge of the other chemical. When reducers

and oxidizers are brought together, they usually react immediately creating a lot of heat (fire) and
often produce explosions.

Combustibles are any substances that will burn. A Flammable substance is any matenal
that burns rapidly and ignites easily. The physical state of the material will often determine 1if 1t 1s 2
combustible or if it is flammable. Pyrophoric metals such as depleted uranium, titanium, or
zirconium will easily ignite and burn rapidly in the form of powder or flakes and are considered
flammable. Most of these are non-combustible when in solid bulk form. Cellulose is considered
combustible when it is made into a fabric like textiles or paper. When it 1s finely divided in a form
like cotton linters where the oxygen in the air is mixed with it, it 1 considered flammable. Many
substances will melt and burn (like nylon), but will not preduce a flame trom their breakdown
reactions and are not considered combustibles. Many plastics only ignite at high temperatures and
produce toxic fumes (like PVC and Polyurethane). Plastics like the acrylics and cellulose based
polymers easily ignite and are considered combustibie and in some forms are flammable. Glass is
considered non-flammable in all its forms. ‘

The actual definition for classifying a material as flammable are those substances which
have a flash point of less than 100 degrees F {37.7 C) and a vapor pressure of not over 40 psi at
106 F. Flammable gases igrite very easily and burn so quickly that they often produce explostons,
especially if the gas is confined. The most common flammable gases are hydrogen, carbon
monoxide, acetylene, and almost any other hydrocarbon based gas. Oxygen by itself is not
combustible of flammable but will quickly make its combustible surroundings flammable if leaked
out in large velume.

These definition are important to know when weapons of war are to be constructed. 1f
you plan on using incendiary weapons, i is helpful to know which material are the most easily
ignitable. These would be the flammable chemicals. The best targets in war are the flammable
ones followed by the combustibles. If the targets are military, such as bunkers or tanks, you need
to know the temperatures necessary to damage the metal srfaces, intake filters, and so on. You
need to know how much fue! and oxidizer is necessary to do the job.
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The basic chemical names and reactions are easy to understand once you know a few bastc
terms. Each chemical atom has its own symbol and name which can be seen on the following chart

and on the periodic table of elements.

Incendiaries, the science of using fire as a weapon

Element Symbol  Atomic Mumber  Element Symbaol  Atomic Number
Aclimiom Ac 89 Mercury Hg B
Alumirnum Al 13 Molyhdenum Mo 42
Americium Am 35 Neodyminm MNd 60
Antimony Sb 51 Neon Ne [0
Arpen Ar 18 Neptunium Np 93
Arsenic As 33 MNickel M 28
Aslatine Al 85 MNiohiim Nh 41
Rarinm Ba 56 (Columbrium)

Rerkelinm Bk o7 MNitrogen N T
Beryllium Be 4 Nobhelhiem No t02
Hisimuth Bi g3 Osmiam {5 76
Boron B 5 Oxvpen O ]
Hronnne Br AS Ealladium - Pd 46
Caclmium Cd 4R Phosphorus P 15
Caidecim Ca 20 Pladinum | i T8
Californium I OR Plutonmum T 94
Carhon C 6 Polonium o %4
Certum { e 58 Poiassim K 19
Cesiim s 3 Prosenckymium I'r 5%
Chlorine I 17 Promothium Pm 1
Chromirm Cr 24 Protactimnm Pa 0|
{ ol (o a7 2 ki 1n RE
[Copautr (' 29 Honedon 241 M
C'urivm C'm 0 ILheninm Roe 75
Prysprosinen D b Rhohiem Rh 45
insteminm I's Q9 IR ubidmm Rh 37
Frihanam Er hR 21l henam Ru d4d
Trngm Eu 6 Samuarigm S 6.
Ferninm Fm [{LL Seandium Se 21
Fluerine F G Selenium S 34
Franeiom Ir w7 Siheon S 14
Cradolimium Cad i Silver Ap 47
Cinlhm (i 31 Sodim ™A 11
{icrinaniam i 32 Stromtium ST iR
Cintld A T Sullur 5 16
Halbhuum Hl 72 Tantalum Tz IR
Tleliom He 2 Technetium Te 43
Holmium Ho 67 Tellurinem Te 52
Hydropen H 1 Terbium Th 03
Indium in 49 Thallium Tl 81
Tmwline i 53 Thorium Th )
Tridium Ir Fil Thulium Tm 69
Iron Fe 26 Tin Sn )
K rypton Kr 16 Titanmum Ti 22
Lanthanum La 37 Tungsten (Wollram) W 74
Lawrencium Lr 103 Uranium L. Q2
Lead Ph R2 Vanadinom V 23
Lithium L: 3 xXenon xXe 54
Lureftum La 71 Ytterbiem Yb 70
Magnesium Mg 12 Yitrium Y 39
Manpanese Mn 23 Zinc Fdy 30
Mendelevium Md 101 Zirconiam 2 40




Incendiaries, the science of using fire as a weapon

The elements names, symbeols used in chemical formulas, and atomic numbers

1 Periodic table of the elements 18
Group
1A VIllA
3 2 - e New holation ~ et P 14 15 16 17 2
H Previous IUPAC form — — »~ wB (v8 vB viB viB | He
10079 | NIA - CAS version —— A WA VA  VIA  VHA |3.00280]
| a7 T 4 6 7 2 g 10 |
Li | Be C{N O | F [Ne
| b3 |8.01218 12011 |14.0057 [15.990 [16.9984 | 20.179
11 12 3 3 6 3 10 11 | 15 16 17 18
Na (Mg | ma VA  VIA ViltA P S | CliAr
22.959% | 25305 | mB YB VB — Vil —— IB 30.9738 | 3206 | 35453 { 39.948 ;
19 | 20 { 2 23 | 28 | 25 ] 26 | 27 | 28 | 20 [ 30 | 3 35 | 36
K 1Ca|Sc VI|ICrIMn|Fe|{Co| Ni [CujZniGa Br | Kr
350883 | 40.0B | 449559 50.9415 | 51995 |54.9380 | 55887 [56.9332| SREY [ 63546 [ 6539 | B9.T2 79804 | 8380
37 38 39 a1 | 42 43 a4 a5 45 47 48 49 57 5
Rb|Sr| Y Nb Mo | Tc |IRu{Rh | Pd |A9 |Cd | In j : | | Xe |
85 4678 | B7.62 [BB9DSY [ 91.224 (929064 | 9594 | ] 101.07 | 102,906 | 106.42 1[]?_3[-‘,35112.41 | 134.82 | 11871 {12175 [ 12760 1126505 | 13125
55 56 57 72 73 74 77 78 79 B 82 83 B% 86
Cs|BallaxHf [ Ta | W Ir | Pt {Au|HG | Tl |Pb| Bi {Po | At | Rn
132 505 § 137.33 138006 | 178.49 | 180.938 { 183.85 | 185.207 15222 | 195.08 [196.967 | 20059 [204.363 | 207.2 | 208 980 20 | 22
7 BB 83 | 1D45] 1055} 106 5| 107 4
Fr |Ra [ AC a Unp |UnhilUns
(223) | 226.025 | 227.02¢ 262 | @263
' T i _
* Lanthani 58 59 60 61 62 62 &4 55 66 67 &8 B9 70 71
anthanide | Ce | Pr PmiSm|Eu|Gd|Tb{Dy|Ho | Er (Tm|Yb|Lu
14012 | 120,908 | 144.24 150.36 | 151.96 | 157.25 | 156.925 ] 15250 | 164.930 | 167.26 [16E.934 | 173.04 | 174 95]
A Aclinide g 01 94 85 36 938 549 100 101 102 103
cories | YO | Pa plPu|{Am|Cm|Bk! Cf | Es {Fm|Md Noj Lr
232035 | 231,036 | 238 028 Joazoes | 239) | 4% | @7 | gan) | @sn ] s | (25T @sh | 1259 (260;

Mote: Alomic masses shown here are the 1983 1LUPAC values {maxmum of six signficant figures). a Symbols based on 14 PAC systermnalc names.

Virtually all chemicals have a CAS # which is a Chemical Abstract Service registry

number. Many chemicals will have the number mentioned with them in this encyclopedia senes.
This allows the reader to look them up at university libraries for further manufacturing or
technical information. Even the basic elements have a CAS #. The CAS # for Iron is 7439-89-6.
Iron Oxide biack, is 1309-37-1 and it has a formula of FeO or can also exist as Fe203 or Fe304.
The letters Fe represent Iron while the O stands for Oxygen. In the formula, the numbers
following the letters tell how many atoms of the element are there. If a group of elements have
more than one of the same elements attached, they are placed in parenthesis and the number
follows the parenthesis. A good example is the nerve gas Diisopropyl Fluorophosphate. Its CAS #
is 55-91-4. Its chemical symbols are [{CH3)2 CHO]2 POF. The iscpropyl s represented by the
letters inside the brackets[ ]. The di means that there are 2 of them and the brackets are followed
by the number 2. The CH3 represents a Carbon (C), a Hydrogen (H) and the three following the
H stands for three hydrogens. There are two of these in the isopropyl molecule. A space is left
before the next part of the formula (or in many textbooks the numbers are very small and in the
lower part of the line). The P,O,F stand for the elements phosphorus, cxygen, and tluonne.

14
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Chemicals can be made up of twe or more different types of molecules with different CAS
identifying numbers. These types of chemical mixtures are called compounds. A good example of
a compound is the intimate mixing of charceal, potassium nitrate, and sulfur. When these are
mixed together intimately, they are very easy to ignite and they burn together so fast that they
produce a low velocity explosion. This mixture or "compound” 1s known as gunpowder.

Chemicals can burn very slowly as in the earlier example of the iron rust, they can be faster
such as the burning of a piece of paper, they can be very fast such as the burning of a tank of
gasoline, or they can be nearly instantaneous as when ammonium nitrate burns all at one and
detonates in an explosion like the Oklahoma City bombing.

The amount of heat given off by burning substances varies greatly depending on how fast
they burn and the chemistry of the burning. If materials generate extra heat as they burn, they are
called exothermic. These add to the temperature of a fire. If they produce reactions and gases that
absorb heat, they are called endothermic. If gases are produced that absorb heat, they have the
effect of cooling the fire. Many of the gases formed by the burning of ammomum nitrate actually
take heat away from the reaction by forming cool carbon monoxide and carbon dioxide gases.
This cooling effect iowered the temperature and maintainability of the high temperatures at the
center of the explosion and was responsible for the fact that many nearby combustibles were not
set on fire. The explosion did not produce enough heat for a long enough time to achieve the auto
ignition temperatures for many of the combustible substances in adjacent buildings, vehicies, and
plants. Another good example is using fire to change water into steam. it takes a lot of hot fire to
convert liquid water into steam without the water itself actually increasing i temperature. Ths 15
why firefighters use water to fight fires.

Some chemicals act as catalysts. A catalyst is a substance that doesn't become part of the
reaction, but it drastically speeds up the reaction rates of the materials around 1t. Water acted as a
catalyst in the earlier example of Iron converting to Iron Oxide rust. It speeded ugp the reaction
and caused the metal to rust faster. Sunlight acts as a chemical catalyst on human skin, speeding
harmful chemical reactions that can lead to sunburn or cancer. Many catalysts wili speed up
combustion and are often incorporated inte weapons for this purpose.

The physical state of the material affects how it burns or how 1t can be attacked with fire.
Solids

Because solids are physically dense, they usually burn very slowly and cannot mix with air
on their own to speed up the rate of burning. Finely divided solids still burn only on their surfaces
but have much more surface area exposed to the air and other chemicals and so can react
thousands of times faster than a solid block of the same material. Many solids are combustible that
are used in construction like wood, cellulose, plastics, roof shingles (made with asphait) and
insulation sheets. These usually have low ignition temperatures and require small amounts of fuel
and heat to ignite. Military vehicles and bunkers are made out of things like concrete, steel, 1ron,
zinc, tin, and other metais that are non-combustible, and must be attacked wath much hotter
weapons in order to melt them to reach the target sensitive targets inside. The density of a solid
affects its ability to resist or slow down the rate of burning of a fire or how fast the heat of 2 fire 1s
conducted through it to the inside.
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Weapons used against non-combustible solids can aftect them by softening the metal so
that projectiles can penetrate them more easily (depleted uranium rounds used by the A-10 in the
Persian guif war against the Iraqi tanks are a good example), they can be used to melt the metals
so they flow away from center of the fire, or they can be heated so they expand and cause stress
damage. Heat expansion can change the shape of metals and effectively destroy electnical
connections, bearings, support joinis, and weapon barrels.

The thermal conductivity of solids play a role in weapons construction. A steel piate will
teansfer or conduct heat from a fire next to it much more rapidly than a piece of plywood. If the
heat is high enough it can ignite materials on the other side without being destroyed by the heat
itself. This is important in incendiary attacks against steel tanks holding fltammable gases and
liquids like oil, propane, natural gas, gasoline, etc. The piece of plywood would not conduct heat
through it although if it reaches its autoignition temperature it may readily burn through and once
destroyed, the fire may ignite combustibles on the other side.

Very few solid materials actually burn. Most of the time, sohd materials get so hot that
they begin to give off vapors and it is these vapors that actually burn. Wood is a good example.
When the kindling temperature of the wood is reached (the temperature needed to ignite and keep
the wood burning - another name for ignition temperature used tor wood fires) a process called
pyrolysis begins in which the heat causes combustible vapors to form from the chemicals that the
wood is made up of.

When you strike a match to ignite a fire, a chemical in the match head {usually potassium
chlorate) reacts to generate high heat. This reaction is very fast and results in the large flare of fire
when the match is first struck and lighted. The heat from this match head causes carbon in the
wooden part of the match to evolve gas which then burns and keeps the match on "fire”. Arson
investigators can often tell what was used to start a fire by looking at the combustibles which
burned and did not burn. This will tell them how hot the fire was. Each solid combustible
generates a measurable amount of BTU's and by comparing the BTU's available as fuel to the
actual damage a building experienced, an investigator can tell if a fire was started and provided
with outside fue!. Ifit was, then they determine it was a deliberate act of arson.

In war, it is important to know how much fuel and temperature is required to reach the
auto ignition temperatures of the target. The physical characteristics of several fire fuel sources
are -

Substance BTU's/Cu Ft. Ignition Temp. F Flash Point F
Wood 320,000 500

Coal 650,000 600

Matural Gas 462 000 900-1170

Propane 685,700 871

(Gasoline 065,500 -45

Kerosene 1,010,000 110

Diesel Fuel 1.035,000 110

It is also known how fast materials burn on their own. Wood burns at 3/4" per hour. If the
rate of burning exceeds that additional fuel, oxygen, or heat 1s required to increase the reaction
rate.

1-6




Incendiaries, the science of using fire as a weapon

The meliing points {F) of construction materiais used in military vehicles, buildings, and
electromics are -

Soft Solder 374-421 Brass 1710-1810
Tin 450 Bronze 1910

1ead alloys 550 Copper 1980
Silver solder 580 Cast iron 2150
Electrical fuses 700 Stainless steel 2550

Zinc 780 Wrought Iron 2750
Aluminum 1350 Steel 2760
(lass 1200 Tungsten filament 6100
Silver 1600-1650

When a material melts, it first softens and then it turns from a solid to a hiquid. Glass
softens at about 1000 F and melts at 1200 F_ At the atomic level, the atoms become so hot that
they are pushed apart and cannot remained connected in a crystalline structure. This causes them
to liquefy and flow. When they flow they assume the shape of any container they are in of they
flow like lava wherever gravity takes the hquid.

Because many wooden solids do not conduct heat, they must be burned through
completely before adiacent materials can catch fire. If it is desired to burn a building to the ground
by a fire bomb thrown through a window, the interior furniture and panels of the room will burn
first and rapidly. The wooden support studs will not be damaged until the fire burns through the
paneling completely. If emergency showers put out the fire before the paneis are burned through
the supports are unaffected and the paneling can be easily replaced. The attempt to burn the
building down fails. The use of materials to accelerate the rate of burning and the use of
projectiles or pyrophoric shrapnel to create holes through the panels will drastically increase the
spread of the fire and are important tools for incendiary weapons designs.

Steel supports, if unprotected by thick fireproot materials can be weakened by fire at much
lower temperatures than their melting pomts. Tensile strength's of all metals decline significantly
as the core temperature it reaches increases. Stone and concrete materials can actually explode or
experience spalling from the trapped, heated moisture still inside its pores and converied 1o steam
The effect is like a boiler exploston.

Most building supports are designed to experience four times the mechanical stresses they
normally sustain. To cause a building to collapse due to incendiary attack, about 3/4 of the
support structure must be destroyed or degraded.

The melting point of steel used in buildings, bunkers and armoured vehicles s about 2700
F. Certain aircraft use very high temperature metals and ceramics that can sustain up to 4000 F.
Jets of burning gas, thermite metal reactions, jeiled fuels to keep combustion on a speafic point,
and other high temperature combustion is required to cause heat damage te these types of metals.
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Metal pipes containing liquids in buildings and vehicles can experience loss of strength of
up to 90% as their core temperature rises above 700 F. These can rupture from the pressure of
the compressed gases formed inside them. If the pipes contain fuel, they can add to the fire and
produce explosions as well inside the target.

Conerete is brittle and has no tensile strength (no ability to resist pulling or pushing out of
shape). That is why steel reinforcing is added to hiway, building, and bunker constructions. A
concrete covering of 1-3 inches protects steel from the corrosive effects of moisture and
atmospheric acids. [n high temperature fires, the concrete may conduct encugh heat to the steel to
weaken it. while simultaneously suffering damage from moisture expansion itself. This
combination can lead to structural failures.

[The recent bombings of the World Trade Center and the Federal building in Oklahoma
City provide good applied examples. Both had clear objectives of destroying the entire sfructures
with maximum loss of life. Both must be considered failures because of the lack of basic
knowledge of explosives and incendiaries. If even a little incendiary science had been applied to
the bombs, both would have been surrounded by several tons of gasoline or other high
temperature combustibles. The resulting explosions would have acted as primers for very large,
high temperature incendiary explosions. The high temperatures could have weakened the
structures to produce total collapse while igniting the surrounding areas. It the temperature rise
was sufficient in the core around the vehicles, the identifying metal parts would have melted
leaving no reliable, identifiable trace or track of the vehicles used. ]

Ligquids

The main difference between liquid and solid fire is how much easier liquids are to igoite.
The reason for this is that sclids have to be heated to the point where they physicaily break apart
and emit vapors which are flammable. This usually requires a lot of external heat energy to start.
Flammable liquids usually require little energy to igmte. The flash point is usually reached at or
slightly above room temperature and once vapors are emitted, the auto ignition point 15 easty
attained. The flash point is usually slightly higher than the boiling point. Most flammable liquids
boil at low temperatures and form explosive mixtures with the surrounding air. The flash pomnt 1s
the minimum temperature at which the vapor can ignite but it often requires the higher auto

ignition temperatures to actually self-sustain the combustion. These temperatures are usually
10-50 degrees F igher.

The flash and ignition points of liquids are based on normal atmospheric oxygen and the
effects of any confinement. If the pressure is higher due to confinement, it raises the igntion
temperature. This alsc happens if vapor dilutes out the availabie oxygen and the ranges in which
liquids will stilt ignite in air mixtures will be included with many of the flammable hiquids we will
describe.

The energy content as measured by BTU's can give an idea of how much energy 1s
generated by the same amounts of 2 particular substance. Kerosene produces more BTU's than
pasoline and less of it can be used te support the same amount of combustion.
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(>ases

As the temperature of a liguid increases, the heat raises the energy level of the atoms
pushing them further apart until they finally cannot be held together any longer. They then leave
the liquid, escaping as a gas at the surface. If it s contained, the gas assumes the shape of the
container and builds up pressure against the walls of the container. This pressure 15 called the
vapor pressure of the gas.

The heat content of a gas is much smaller than that of a liquid. That 1s why gases are
usually compressed and stored as liquids. Their velume 1 reduced as much as 30:1 making it
easier and cheaper to transport and store greater volumes of energy. This also apphes to
incendiary weapons. It is much cheaper and easier 10 make more powerfid liguid based weapons
than vapor based weapons because the liquids concentrate much more energy in a much smailer
space than gases can.

Many of the gases have a specific range of concertrations in air in which they will ignite. 1f
you flood the carburesor of a car with too much gas, 1t cant start because the "explosive lmit"
range of the gas when mixed with air has been exceeded. If the minimum limit is not reached the
gas-air mix will not ignite. The gas must be mixed in the required range to be ignitable

As a liguid is heated and turns into a gas it rapidly mixes with and forms a homogenous
mixture with the air and any other gases present in its surroundings. SOme gases are lighter than
air and rise. Helium is a good example and it is used to support the weight of and make balloons
rise in air. Propane is heavier than air and quickly sinks to the ground and separates from the air.
This makes it 2 good candidate for incendiary attack agamnst underground tunnels and bunkers
because it would dispiace the air as it descended into the cavities. The prevailing drafis, air
convecticn's, and thermal currents quickly displace, dilute, and carry off gases into the
atmosphere. In order to be effective the gas must be sufficiently concentrated and quickly igmited.

These principles are used to good effect in military fuel air explosives which will be described
later.

The Principles and Behaviors of Fire
All fires require 3 things in order to occur.
1 Fuel which can exist as a solid, hquid, or gas.

2. Oxygen or other oxidizer which can also be a solid, liquid, or most often a gas.
3. Heat to reach ignition temperature for self sustaining combustion

The process of combustion of solid fuels is often called pyrolysis. Once a solid fuel such
as wood is ignited, it begias to pyrolyze and the moisture in it turns to water vapor. Once most of
the water is driven off as vapor, the solid begins to decompose from the heat and they give oft
combustible vapors. This process of breakdown of the sohd and production of combustible vapors
is called pyrolysis. It is the vapors above the tuel that burn, not the solids. Solids like wood,
plastic, and coal do not burn, they pyrolyze.
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Wood pyrolysis is a good example to teach since most construction of buildings in the

world are based on wood products. Wood is made up mostly of cellulose with some hemicellulose
and lignin. These substances account for almost all of the non-water weight of the wood. When
the wood is subjected to heat, the heat is radiated into the wood which yields the following-

| Water absorbs much of the heat and turns to vapor carrying away this first heat energy
into the air. Once the wood reaches 212 F, all of the free water will be driven off, and this
dries out the wood. Once the wood reaches about 500 F it will autoignite.

2 When the wood becomes dehydrated, the cetlulose and hemicellulose breaks down nto
carbon monoxide, carbon dioxide, and hydrogen gases. The CO and H are combustible
and burn in the air. Some water vapor comes out the cellulose as waters of hydration

and goes into the air carrying some heat away with 1t.

3. Finally, when the available oxygen in the cellulose and adjacent air runs out, the carbon
left in the wood turns to charcoal. The charcoal has a large surface area and burns slowly
as it takes time for atmospheric oxygen to diffuse into its pores and continue to support
further combustion. Charcoal has been known to continue to pyrolyze (produce gases)
for months and even years at very low temperatures.

The combustion centinues as long as heat, air, and available carbon s present 1o support

formation of CO gas. This gas reacts in the air with oxygen to produce CO2. You can ofien see
this type of pyrolysis by looking at the glowing embers of charcoal or fireplace logs after the
flame has died out. Solids continue to pyrotize and give off gas as long as sufficient heat 1s
available, until only ash is left.

Chemically, the results of the burning of a carbohydrate looks like this -
C6 H10 O5 (a carbohydrate molecule) is heated in the presence of air which contains
02 {oxygen). These are heated together and form 6 CO2's {carbon dioxide)

and 5 H2()'s {water) as water vapor

Virtually all fuels, whether they are solid, liquud, or gas, contain large amounts of carbon

and hydrogen in their chemical structures. This allows the sustained chemical burning reactions to
continuously produce water vapor from the hydrogen and oxygen, and carbon gases from the
carbon and oxygen reactions (plus a iot of heat of combustion).

Liquid fuels also pyrolyze, burning only where the gases are coming off of the surface of

the liquid. Most liquids are volatile, that 1s, they turn to gas vapors quickly when heated and it 1s
these vapors that rise off of the liquid that actually burn. Because their boiling points are almost
always lower than their pyrolysis temperature, few liquids will ever pyrolize. They turn to vapors
and are completely consumed without leaving solid unburned residues behind. In effect the liquids
are distilled into the fire as combustible gas which is then the fuel for the fire to continue to burn.
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The best example to see how this works is to fill a glass jar with kerosene and light the
surface. Then look carefully with your eye level parallel to the top of the kerosene. Y ou will see
that the flame is actually a little bit above the surface of the kerosene and their is small space
between the kerosene and the flame. This is the area that the kerosene is changing from a liquid to
a gas. This gas has to mix with the air to reach flammable limits so that the oxygen in the air can
burn with it. This mix of hot vapors rises as it burns and the height of the flame represents the
time it takes for all the vapor fuel to burn up.

The visible flame from the burning mix of vapors gives off visible light and considerable
heat which are the product of the exothermic chemical reactions we described earhier.

Another rule in chemistry, is that the rate of burning or consuming of available fuel
doubles for every 10 degree C rise in temperature. This is why fires rage out of control. Once
most of the available fuel is used up or the supply of oxygen in the air runs out, the process runs
out of energy and the fire begins to die out.

Heat is energy that results from chemical reactions. It can be transmitted in 3 forms.

1. Radiation, where the heat is transmitted through the air in the form of waves.
Heat from the sun reaches us in this manner over millions ot miles where we

fee! it on our skin.

2 Convection, where the air around a fire is heated and is forced cutward by
the heat of expansion, and upward because hot gas is thinner due to the expansion
and rises. The hot air warms its surroundings and continues to mix with the

cooler air around it

3. Conduction, where heat is transferred through a solid because the molecules

et hot on one side and "conduct™ heat molecule by molecule through the sohd.
Each solid material has a rate at which it will conduct heat through it. Metals tend
to be good conductors and are used in auto and industrial heat radiators. Insulating
materials are poor conductors and do not easily transter heat. Copper heats faster

than steel. Steel heats much faster than wood.

A fire usually consists of three phases.

| Incipient phase where the fire begins in a room or vehicle or wooded area at a
temperature of 400-800 F. Most of the pyrolysis products are water vapor and CO2 during this

phase.
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2. Free burning phase where the fire consumes the surrounding fuel and air, builds up heat,
and produces a thermal column of rising hot gases. The base of the fire reaches 800-1000 F, and
the hot gases, if enclosed raise the ceiling temperatures to 1200-1600 F. Solids adjacent to this
high heat begin to pyrolyze and char. Once the heat causes the ignition of these adjacent sclids, 2
"flashover” occuss.

3 Smoldering phase where the available oxygen and/or fuel run out. When the oxygen
content drops below 13%, it will no longer support the combustion of vapors from solids (this 1s
why certain velatite liquids are used in weapons-they can burn at much lower oxygen levels, and
in the case of ethylene oxide used in fuel air explosives, it requires no oxygen at ail).

The temperature inside a room or vehicle drop and the ceiling temperature will usually be
about 1000-1300 degrees F. The charring matenals continue to slowly produce combustible
vapors that are not being burned. These buiid up increasing the air pressure with a high fuel
mivture. Most of this mix is carbon monoxide which comes off the smoldering charcoal and
doesn't burm until 1125 F.

with a lack of oxygen and plenty of smoke, the COZ n the room will often react with the
smoke to produce more CO which is now avaiiable as a flammable fuel.

The fire which consumed the Apollo astronauts trapped in their capsule on the launch pad
in the 1960's is a good example of the course a fire can take in an enclosed space.

If their is no venting of these superheated and pressurized gases that have built up, the
opening of a door will introduce a fresh oxygen supply and this often causes the area to explode
as all the hot fuel now has a combustible mixture with 2 low igmition point. This condition is called
a backdraft and 2 Hollywood motion picture of the same name was used to depict this condition
which often confronts firefighters.

Firefighters usually try to vent the build up of zases from the roof so that the pressure can
he released without an inflow of oxygen. This gets rid of both the pressure and seme of the CO
while leaving the charring fuels without an immediate oxygen supply to support combustion.

Air flow has a great effect on fires. Many fires inside of enclosures may burn themselves
out quickly due to using up the available oxygen supply. Having entrance openings (preterably
where the wind is coming from) and exit openings on the side the wind is blowing towards insures
a stable supply of oxygen to feed the fires.

The mass bombing raids on Japan and Germany physically generated their own huge
inbound drafts of air to feed the enormous fires that were started. These produced superheated
flames that rapidly spread and could not be put out until all the available fuel was consumed. [ts
effect was to virtually destroy the entire towns that were bombed with the incendiares and were
the first to produce their own wind patterns.
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Weather can have an effect on how effective fire warfare can be conducted. Fires in
subzero weather are not much harder to start than in normal weather. They can be much harder to
put out because of frozen water lines and the general discomfort and difficulties of the firehighters
due to the weather. Rain will have little effect on most fires unless it 1s very heavy.

Other factors affecting the use of incendiary weapons in fires is the use of chemicals that
burn when mixed in water or directly ignite with water, chemicals that are air reactive, and
chemicals that produce toxic gases when heated. All these add to the effectiveness ot incendiary
weapons and will be covered in great detail later in this book.

The science of using fire as a weapon is to figure cut how best to ignite fires, and get the
starter fires to reach the ignition point of its surroundings in the most rapid manner possible so as
to cause the greatest amount of damage. These methods can be enhanced by the use of many
additives to accelerate the spread of the fires, raise the temperatures for easy ignition or specific
damage to metals such as armor, add hazardous materials that make fighting fires or being in their
vicinity dangerous, and s0 on.
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Phosphorus
Phosphorus Pentasulfide
Platinum

Potassmm

Potassium Chlorate
Rhenium

Rhedmum

Rubidium

Sodium

Strontium

Tantalum

Thorium

Titanium & Salis
Trichloromalamine
Tungsten

Uranom

Uranium Dioxide
Ytirmm

Zmc

Zircomum & Carbide

Air Reactive Igniters

Raney Nickel
Boranes
Tnethylborane
Silanes

Calcium Sikicide
Tnsilane

Tetrasilane
Phosphines

Calcium Phosphide
Cobaltous Resinate
Dibromoacetylene
Diethyl Zinc

Lithium Metal
Aromatic compounds
Lithium compounds
Chloride compounds
2-ethyihexaldehyde
Magnesium Amide
Trethylaluminum & Saits

Water Reactive Igniters

Aluminum Carbide
Aluminum Hydnde
Bromium Pentaflucnde

2-13
2-13
2-13
2-14
2-14
2-14
2-15
2-15
2-15
2-15
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2-22
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2-23
2-23
2-24
2-24

TC-2
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Buiyllithium

Calcium Carbide

Copper Phosphide
Diethylaluminum chlonde
Phosphorus Pentasuifide
Phosphorus Tnsulfide
Sodium Aluminum Hydnde
Sodium Borehydride
Sodium Dithionate
Sodium Hydnde

Zinc Selenide

Non Nitrate Oxidizers

Sodium Chlorate
Potassium Chlorate
Manganous Carbides *
Acetyl Benzoyl Peroxide
Acetyl Peroxide
Aluminum Chlorate
Ammontum Chlorate
Ammonium Perchiorate
Ammonium Permanganate
Aqua Regia

Barium Chlorate
Banum Perchlorate
Barium Permanganate
Barium Peroxide
Bromine

Calcium Chiorate
Calcium oxadizer salts
Cesium perchlorate
Chiornic acid

Chromic acid
Cobalious Perchlorate
Hydrogen Peroxide
Lithium oxtdizers
Magnesium oxidizers
Manganese dioxide
Perchionc acid
Perchloryl fluoride
Performic acid
Potassium oxidizers
Silver oxidizers
Sodum oxidizers
Stronfium oxidizers

TC-3

2-24
2-24
2-24
2-24
2-24
2-25
2-25
2-25
2-25
2-25
2-25
2-26
2-27
2-33
2-34
2-34
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2-34
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2-34
2-35
2-35
2-35
2-35
2-35
2-35
2-35
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2-36
2-36
2-36
2-37
2-37
2-37
2-37
2-38
2-38
2-338
2-38
2-39
2-39
2-40
2-41
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Urea peroxide
Zinc oxidizers
Dusts
Aluminum dusts
Ammonium hypophosphate
Antiomy dusts
Benzoyl peroxide
Cadmium
Calcium hydnde
Calcium dusts
Camphor
Charcoal
Chlorobenzoyl percxade
Cotton dust
Lead dioxide
Phosphorus dusts
Potassium dusts
Sedium aluminum hydnde
Sodium dusts
Stannic phosphide
Sulfur
Titamum hydnde
Zirconium hydnde
Mixtures for fuel air explosives
Liquids and gases hsted
Liquid fitels
Thermal cracking
Butadiene
Xylenes
Ethylene derivatives
Liquids-alphabetical
Nitrate based explosives
Gelled fuels and Napalm
Lye systems
Lye alcohol systems
Soap alcohol system
Egg system
[atex system

Wax system
Ammal blood system

Chapter 3 Incendiary Formulas and Devices
Improvised fire starting
Small arms and large gun shell design

TC-4

2-41]
2-42
2-42
2-42
2-43
2-43
2-43
2-43
2-43
2-44
2-44
2-44
2-44
2-43
2-45
2-45
2-45
2-45
2-40
2-46
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Hand Thrown Incendiaries
Chemical fire bottle

Igniter from book matches
Mechanically initiated fire bottie
Acid delay incendiary

Air Dropped and Positioned Bombs

Floating Bombs

Truck Bombs

Fuel air explosives

Blast pressure

Fragmentation

Fire effects

Frag. & Incend. bomb design
Rockets and Missiles

Primary explosives & Incendiarys
Electrical, mechanical & laser light
Booby trap and delay devices
Fire bottle launcher

Electric bulb imtiater

Watch delat timer

No flash fuse 1gniter

Dried seed timer

Fuse cords

Clothespin time delay switch

Can liquid time delay

Time delay initiators

Aerosol & pump delivery systems

Chapter 4 Attacking fuel based targets

Autoignition temperatures-vapors
Autoignition temps- dusts
Explosibility comparisons
Attacking combustible fuel targets

Chapter 5 Attacking non liguid combustible targets

Chemicat industnes

Solid fuels

(Grain elevators

Record keeping centers
Plastic and rubber
Wastewater treatment
Solvent processing plants
Warehouses

TC-5

3-13
3-14
3-16
3-13
3-21
3-23
3-24
3-28
3-30
3-30
3-31
3-32
3-35
3-37
3-4]
3-52
3-35
3-58
3-62
3-06
3-68
3-70
3-72
3-74
3-76
3-78
3-79

4-1
4-3
4-4
4-7
4-11

5-1
5-3
5-3
5-4
3-5
3-3
5-5
5-0
5-6
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Materials processing

Public assembly

Hotels and public occupancy
Mines

Wildland fires

Chapter 6 Non Combustible "Hard" targets

Thermal conductivity
Refractory metals
Target types

Tank trucks

Rail tank cars
Aircrati

Ships

Armored vehicles

Chapter 7 Attacking Firefighting Infrastructure

Water supply systems
Wells and resorvoirs

TC-6

5-6
3-b
5-0
5-7

H-1
6-2
6-4
0-5
6-7

6-10
6-12

7-1
7-1
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Chapter 2

Primary Incendiary Chemicals

The primary chemicals described in this chapter are used as the first or primary chemicals
to ignite further fires. These are used as a fire to start a fire and in some cases to self’ 1gnite the
fires. In chapter 3 we will teach the science of using chemical and non-chemical methods to start
fires and the devices used to contain and deliver them.

The following groups of chemicals are used as fire starters and to sustain fire weapons.

l.

2

9.

Metallic fuels and thermites

- Sparking and pyrophoric fragmenting matertals
. Adr reactive 1gniters

. Water reactive igniters

. Noen Nitrate Oxidizers

. Dusts

Mixtures for fuel-air explosives

. Liquud fuels

Nitrate based Explosives

10. Gelled fuels and Napalm

'
—
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1) Metallic Fuels and Thermites

The original "Thermite", developed by the German chemist Hans Goidschmidt in 1900
was a mixture of ferric (iron) oxide and powdered aluminum. The German army used it n
enclosed metal cylinders and ignited it with a strip of magnesium ribbon. The reaction reached
about 2200 C which was enough to melt many of the early alloys and would soften most steel
alloys today. Many of the metal oxides will react with pure metal to exchange the oxide and
produce similar temperatures if heated to their auto-ignition temperature.

The fires ignited by thermites supply their own oxygen and are nearly impossible to step
until the reaction is complete. They continue to radiate heat long afler the reaction ends which
makes them ideal for starting other fires reliably. Commercial uses of thermute include remote
welding of various alloys, and generating external emergency heat. Military uses include use In
sabot rounds so the metal is softened making it easier for the rod to penetrate the sottened armor.
I is also used in missiles and rockets for similar effects on armor, and use agamnst armored fuel
and munitions storage in the form of air dropped bombs. It the purpose is to set secondary tires,
the thermite core is used to ignite another flammable fuel, usually a liquid that vaporizes and
detonates, or that spreads over a large area so that the fires can be spread as rapidly and widely as
possible.

The metal and metal oxides are usually in powdered form to provide the most intimate
mixing of the ingredients. The most popular commercial combination has been aluminum {24%)
and iron oxide (76%). Almost any other pyrophoric metal covered mn the next secticn can
substitute as either the metal or the oxide. The formula for the mixing of thermites 15 -

M(a) + M Oxide(b} + Heat = M Oxude {a) + M (b)

A metal we call (2) is mixed intimately with a metal oxide we call (b). When enough heat
is applied to start a reaction, the oxide jumps to the other metal leaving a new metal behind.
Because of the energy spent in the reaction, it 1s not reversible continuously but it does generate
tremendous heat energy focused on one spot. In the case of military thermites using aluminum and
iron oxide the reaction proceeds as -

8 Alumimum plus 3 Iron Oxide Black (Fe3 O4) or red {FeZ O3)
(Atomic Weight =27 x 8 = 218) (Atomic weight 232 x 3 = 696)

Total atomic weight of 914
Aluminum 218 = 24%
Iron Oxide 696 = 76% by weight

When heat is added the resulting chemicals are 4 Aluminum Oxide {Al2 O3}
and 9 [ron (Fe)
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The military has added binders and plasticizers te prevent the powders trom segregating
during transport. These have included mineral jelly {vaseline), a variety of flammable polymers
and adhesives. and chemicals such as waterglass (sodium silicate), sulfur, and celluloid. The metal
mix can also be pressed into the incendiary cartridges at high pressure {12,000 # sq. 1n.) which
doubles its density and prevents separation of the particles. Jelled fuel additives or Barium Nitrate
are sometimes mixed in to make it easier to ignite.

The sodium silicate when added at 15% aided in complete reaction of the materials
because it effectively communicated the heat of initiation to all parts of the weapon. The hquid
waterglass is mixed into the thermite material forming a moldable mass that can be shaped and
then baked to dry {drying is very important because the waterglass brings unbound moisture inte
the charge) into a final casted shape. These casted destgns are very effective against armor.

The addition of sulfur produces a spattering effect of the hot molten matenals making 1t a
good candidate for air dropped incendiary bombs whose purpose is to widely spread fires.

Various plasticizers and celluloid are mixed by dissolving them in a solvent like ethyl
acetate and then mixing them thoroughly into the thermite mix. The solvent is dissolved oft

leaving the plasticizers mixed into all the pores and thoroughly covering the particles. {See the
plastic explosives section of volume 3)

Thermites are ignited by a starter fire such as produced by black powder from a fuse, a
mix of barium peroxide and aluminum, or in medern weapons, bartum nitrate. Most explosive
initiators and booster charges will ignite thermite.

Improvised thermite may be made by -
{ . Obtaining aluminum foil and uarelling it.

2. Spraying the surface of the foil with a spray adhestve like those use for sticking
labels onto bags. Vaseline may also be used in a very thin coating,

3. Spreading a very thin layer of iron oxide {black or red), like the kind used m
animal feeds, over the entire surface of the foil.

4 Roll up the foil as tightly as possible.

5 Add an initiator that will produce a powerful flame to the center core.

Potassium chlorate from the ends of matches with a fuse wilt werk. For electnic
detonation. an automobile spark plug may be used to ignite confined gaschne from
a wire initiator and battery or other power source.
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Almost any metal that will burn in air can be used as the fuel. Most metal oxides can be
used as the oxidizers as long as the mix combination is ignitable. The most commeon sources are

Metal fuels
Aluminmum
Magnesium
Barmm
Boron
Cadmium
Calcium
Cerium
Cesium
Copper
Erbium
Iron
L.ead
Lanthanum
Moelybdenum

MNickel
Potassium
Rhenium
Rhodium
Rubidium
Strontium
Thorum
Tungsten
Uranmium
Yttnum
Zinc
Zirconium
Lithium

The oxides of these are
usable as the metal oxide
reactant. Each formula
must be checked for proper
material handling.

The most popular oxides are copper, nickel, manganous, and lead. Mixtures of magnesium
and manganous dioxide have also been used in thermite mixtures.

The heat generated by aluminum based thermites with different metal oxidizers 1s -

Metal Oxade
Manganous Dioxide

Mn2

Melybdenum Tricxade MoO3

Copper Oxide

{ron Oxade

Iron Oxide

Lead Dioxide
Chromic Oxade
Tungstic Oxade
Copper Oxide Red
Lead Oxide

CuO
Fe2(3
Fe304
PbO2
Cr203
W03
Cuz()
Pb30O4

Kcal/gram

1.15
[.1

093
.95
G.87
0.73
0.63
0.69
(.58
0.47

Kcal/cu. cm.
4.6
472
5.0
4.0
3.7
5.1
2.6
3.8
3.1
3.5

It is apparent from the chart that manganous dioxide produces the greatest amount of heat
per weight of thermite while the lead dicxide, due to its greater density can concentrate the

greatest amount of heat into the smallest area.

Many of these metals are described in detail in the next section.
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Thermites are generally considered to produce no gas and therefore no pressure or
shockwave when used {no explosion). In thecry this is correct. In actual practice, some shock

effect is produced because -

| Some transient species are produced such as Al20 and AlO at the lugh temperatures
which allows formation of some gas end products.

2. Impurities in the metals and oxides which produce gas end products.

3. Internal gases in between the powder particles that expand instantly when heated to

more than 2000 C.

The effects are generally that a small shock wave is produced when thermites are igmted.
The third item on the list, the void between the particles can be nearly eliminated by a process
developed by Monsanto as follows.

1. Flake or powdered aluminum, or aluminum silicon alloy powder is mixed into a cuprous
oxide powder that is screened to less than 400 mesh and mixed for 1 hour

[11% aluminum and 89% Cu20]

2. A prepared die with the desired shape of the thermite is prepared so that the mix can
be pressed under high pressure (10,000 psi) for 1 hour at a temperature of 480 degrees C.
The die is coated in graphite to extend its woerking life and the pressing is done in a pure
dry nitrogen atmosphere.

3. The pressing at high pressure and densities under conditions where it cannot ignite,
forces the aluminum to plastically deform and fill the air spaces between the particles

forming a continuous solid mass.

This process can produce a wide selection of shapes and sizes for the finished thermte
products. A variety of machining can be done to the shapes to further create new shapes to fit
needed requirements. The machining is done with sharp high speed tool bits and at as slow a rate
as possible. A vacuum is used to draw hot chips and dust away immediately to avoid ignition of

the mass.

It was found in testing that formulating a fuel rich thermite {aluminum at 15-20%), the
actual heat produced was greater than the original formula and the mechanical processing
properties were improved.

The use of aluminum-silicon alloy powder had some advantages over the aluminum in that
it lowered the ignition temperature of the fuel from 660 10 577 C. This made it more sensitive 10O
ignition and it was also less conductive electrically. The net effect was that the thermite would
burn more rapidly and retiably. A layer of this material was incorporated on top of the commercial
aluminum-copper oxide formula to facilitate easter ignition with the pyrofuze used. {Small holes
were drilled in the top for the fuse). The pyrofuze was a pellet or wire of palladium and ruthenium
alloy. The most reliable ignition system was Lo us the pyrofuze pellets in pairs to msure that if one
failed. the other would likely complete the ignition. By nlacing them close together, they could
produce heat which amplitied each others effects and improves the probability of ignition.
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Thermates: are mixtures of thermites in which additives are included in the formula to
lower the ignition temperature and make them easier to ignite. In the actual world of usmg
thermites in the military, it has been the experience in the real world that pure thermites do not
ignite and burn as expected 100% ot the time. Most weapons today in this class are of the
Thermate vadety in which additives are included. These include -

Oxidizers Metal and other fuels
Barium Nitrate Sulfur
Potassium Chromate Hydrocarbon otls
Potassium Permanganate Zinc Powder

Magnesium Powder

A new type of thermite/thermate mixture was developed 1n the late 1960's that further
improved the igniting and burning properties of these types of weapons. These involved the
addition of "ferrocene” compounds. These new "ferrocene” thermites use the addition of ron
based hydrocarbon chemicals called Bis{cyclopentadienyl) iron, and Bis(alkylcyclopentadienyl)
iron. There are many types of both of these classes of iron and they will be covered in detail with
their formulations in weapons in the next chapter

2) Sparking and Pyrophoric Fragmenting Materials

Many materials are used to create the initial spark to start a fire. These are generally
knewn as sparking materials, or in the case of many metals that are used in incendiary bullets, as
pyrophoric fragmenting materials. The usual definition for a pyrophoric material is any liquad or
solid that can ignite spontaneously in air at 130 F (54.4 C). Some of the materials ignite with
moist air by reacting with water and will also be covered in the next two sections on air and water
Lgniters.

Powdered metals that are ground to 325 mesh and smaller often become pyrophoric
because they oxidize quickly in air, catch fire and especially when colliding at high speed 1nto
other materials (like incendiary rounds fired into armor) due to the friction sparking produced.
They are used in incendiary bullets, bombs, and flares. All the metals are produced commercially
as powders by one process or another. Sheets or ingots of the metals can be reduced to powder
by erinding in a ball mill in water or under an mert atmosphere so it does not ignite from a spark .




Incendiaries, The science of using fire as a weapon

Many of the metals described here have been studied as incendiary components of small
arms (20 mm and smailer) because they have the unique property of fracturing and flaking off the
surface as it oxidizes to the metal oxide leaving a fresh metal surface exposed to continue to burn
from oxidizer attack. These metals are unfused in the rounds and ignite on impact. Often. the
metal fuel alloy is mixed with an oxidizer like banum nitrate to aid rapid combustion. These types
of bullets are usually used against subsonic aircraft {especially helicopters) to ignite the fuel tanks.
Jet fuels are harder to ignite because of their high flash point and require fused large diameter
incendiaries with long burn times and very high temperatures 1o ignite. Attacks on stored tuel
tanks and flammable targets is also effective. Attacks against structures usually require large scale
incendiary bombing with jelled fuels and napalm to be effective.

Many of the materials ignite on contact with orgamc materials. Examples include -

Alcohol's Acids
Ethanol Acetic
Methanol Formic Other ignitable groups may include
[sopropyl Benzoic Hydrocarbons, Olefins, Ethers
Sugars Oxalic Carbohydrates, Aromatics, etc.
Oleic
Stearic

At times we will refer to a metal being reduced by reacting with another metal. All this
means is that it is converted from its oxide metal form to the straight metal by chemically
exchanging or giving up its oxygen to the reducer. All the thermite reaction we described are the
reduction of one metal oxide by a metal to its own metal form. The metal becomes the oxiude once
the reaction is complete. This thermitic type of reaction 1s widely used in chemistry to create
metals from oxide ores in industry.

Barium: [CAS # 7440-39-3] Ba - is a silvery white metal that melts at 704-850 C and boitls at
1140-1637 C. The metal is extremely reactive and it reacts with water, ammonia, halogens,
oxygen (air), and most acids. It is pyrophoric in that it ignites in air and must be stored under
petroleum, inert gas, or oxygen free liquid until 1t is ready 1o use.

It is produced by reacting Barium Oxide with aluminum metal while heating tc yield the
Barium metal and aluminum oxide. Silicon may also be used which yields sihcon oxide. The final
Barium is available as powder, rods, wire, and plate. The Barium metal alloys spark when slight
friction is applied. Most Barium originates as a mined Barite (Barium Sulfate) and is processed
o the various salts used in industry. All the salts except the sulfate are very poisonous. The
sulfate is used as an X-Ray contrast.
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Barium is used to make the sparking part of spark plug alloys, as lubricant for anode
rotors in X-Ray tubes, getter alloys for vacuum tubes, and a deoxidizer for copper. Barium
Chlorate is used in pyrotechnics as an oxidizer and Barium salts are used in pyrotechnics to
produce green sparks or are mixed with other materials to produce other celors. Barium chromate
is used in safety matches, fuses, and ignition controi devices. Barium Nitrate is an explosive and
primer as well as a poisonous rodenticide. Barium peroxide is used for thermal welding of
aluminum.

Beron: B - is a highly reactive brown-black powder. The powder ignites spontaneously in air and
reacts exothermically with metals above 900 C which makes it a good candidate for thermites (1t
is not a metal). 1t is used in many electronic and nuclear processes and special alloys. It also
explodes on contact with hydrogen iodide.

Most Boron salts are ultimately derived from Borax (Sedium Borate) which 1s recovered
from salt lakes and alkali soils by evaporation and related processes. This is reacted with sulfunc
or hydrochloric acid to yield the sodium salt and Boric Acid. The Boric acid (a white powder) 15
then reacted with various substances to form Borates. If it is heated, it yields Boric oxide which
can then be heated with aluminum or magnesium to yield the pure Boron crystals and aluminum
Or magnesium oxide.

Most Boron salts are mildly poisonous. Boron phosphide ignites spontaneously at 390 ¥
{199 () and evolves toxic fumes on contact with water and acids.

Cadmium: [CAS # 7440-43-9] Cd - is a blue-white metal or gray white powder. It melts at 321

* and boils at 767 C. It is soluble in acids and ammonium nitrate solution and lowers the melting
points of some alloys. It is flammable in powder form or flake form and toxic if inhaled The water
soluble salts are very toxic but usually induce vomiting which minimizes dose retained.

Cadmium salts are used in a wide range of laboratory and chemical processes and in
alloys. Calcium lodate will ignite m contact with organic acids and alcohols. Cadmium Oxide,
used in batteries yields deadly poisonous fumes when heated.

Calcium: [CAS # 7440-70-2] CaO - is an alkaline sitver white crystalline metal that melts at 845
C and boils at 1480 C. When mixed in water, it evolves hydrogen gas while forming calcium
oxide, making it a good source of portable flammable gas in solid storage. The powder 15
flammable in air, when heated (it may explode due to the hydrogen from air moasture), or 1f
brought into contact with oxidizers. It is considered a reducing agent. The metal is produced by
electrolysis of fused calcium chloride or by heating ime (calcium oxide) under vacuum with
aluminum to form the aluminum oxide and calcium metal.
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All calcium is derived from limestone {calcium carbonate) mines and is reacted with acids
to yield the various salts. The lime (or quicklime) is made by heating calcium carbonate until all wts
CO2 is driven off. The lime evolves heat when mixed with water making 1t useful for a wide range
of construction purposes. Lime may ignite organic acids and alcohof’'s on contact.

Carbon Disuifide: [CAS # 124-38-9] CS2 - is a colorless or slightly yellow liquid that has a flash
point of -22 F (-30 C) and boils at 46.3C. Its autoignition temperature 13 212 ¥ (100 C), the same
as the boiling point of water. It is made by reacting natural gas with sulfur, or by mixing natural
oas and hydrogen sulfide at high temperature (plasma process), or by heating charcoal and sulfur
together and distilling the vapors. The last method uses materials familiar to those with explosives
and black powder.

Carbon disulfide is a poison that is easily absorbed by the skin. It is highly flammable and
can be ignited by friction against coarse materials or by striking. It is also an explosion risk when
mixed in air. Its explosive limits in air are 1-50%.

Cerium: [CAS # 7440-45-1] Ce - is a gray highly reactive metal that melts at 795 C and boils at
3275 C. It decomposes water preducing hydrogen gas and may ignite on rapid heating at 300 F.
It is mined as various ores and processed to the metal and salts. The metal is used with wron to
make pyrophoric alloys that create sparks and alse to make ignition devices.. It is also a
component of "Misch Metals” which are used in lighter flints and incendiary bullets.

Cesium [CAS # 7440-46-2] Cs is a liquid metal with a boiling point of 28 C or just above room
temperature and it boils at 705 C. It is a soft solid below its boiling point. It 1s highly reactive and
decomposes water on contact releasing hydrogen gas (forming cesium oxide) which 1gnites
instantty. It also reacts viclently with oxygen, sulfur, phosphorus and halogens with instant
ignition or explosion. It must be kept stored in sealed containers until ready to use. It causes skin
burns and may ignite mosst skin instantly.

It is made by thermochemical reduction of cesium chioride mixed with calcium. Cesium 1s
mined as pollucite ore and it is sold as a liquid or soft solid. Cesium saits are very poisonous and
any cesium oxidizer salt is capable of igniting organic alcohol's and acids on contact.

Copper: [CAS # 7440-50-8] Cu - is a reddish metal that melts at 1083 C and boils at 2595 C. It
is noncombustible except as a powder which is flammable. It is highly toxic as a dust or mst in
the air. It is used in many alloys and electrical conductors. It is produced by various methods from
different ores and is widely available as ingot, sheet, rod, wire, tubing, shot, powder, and
whiskers. Copper phosphide reacts with water releasing dangerousty flammable and toxic
phosphine and it may explode on contact with potassium nitrate.
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Diisopropyl peroxydicarbonate: [CAS # 105-64-6] 1s a colorless crystalline solid that melts at
8-10 C. 1t is made by reacting sodium peroxide with isopropyl chloroformate. It should be
refrigerated in open containers until ready to use. It decomposes at room temperature producing
flammable and corresive gases and explodes on heating,

Dimethyl Cadmium: C2H6Cd is made by reacting ethane gas with metal cadmum. 1t boils at
105 C and detonates with flame at 150 C. It is used as a catalyst and in chemical synthesis.

Erbium: Er is a soft metal solid that melts at 1522 C and boils at 2500 C. 1t 1s mined as a rare
earth mineral and is produced by electrolysis or reduction of its salts. 1ts powder is flammable. It
is used in special alloys, nuclear controls, and room temperature lasers.

Europium: Eu is a soft gray metal that melts at 826 C and boils at 1485 C. It 1s mined as a rare
earth mineral oxide and is reacted with lanthanum or Misch metals to reduce it to its metal form.
[t is the most reactive of the rare earth metals and oxidizes rapidly in air and may 1gnite
spontaneously from an open container. It reduces metal oxides making it 2 good thermite and
liberates hydrogen from water forming its oxide and explosive gas. Moist air preduces flammable
and explosive conditions in contact with this metal It is used as a neutron absorber 1n nuclear
controls and as a phosphor in postage stamp glues which permits recognition electronicaily of first
class mail.

Ferric Nitraie, [CAS # 10421-48-4] Fe{NO3)3 9H20 15 2 violet crystal solid that is made by
reacting nitric acid with metal scrap iron or iron oxide. It melts at 472 C and decomposes at 125
C. The powder can ignite on contact with organic alcohol and acid.

Fluorine: [CAS# 7782-41-4] F is a pale yellow gas that 15 the most powerful oxidizer known. It
reacts with almost any substance at reom temperature, and ignites most of them durning the
reaction where it forms fluoride salts. The gas is produced from mined and processed flueride
salts and liquids which are usually derived from mined calcium flucride or mined
fluorophosphates. The salts are treated to electrolysis with special copper bearing anodes and
steel cathodes with monel screens {that don't react with fluorine). Fluerine is also used 1n
production of a variety of nerve gases and to make various tluonde salts and metal fluondes. It 18

very toxic by inhalatien.
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Furfuryl Alcohol: [CAS# 98-00-0] CAH30OCH?20H is a colorless liquid that beils at 170 C and
autoignites at 490 C. It is made by exposing farfural to hydrogen gas and distilling it. The furfural
is a liquid produced by treating oat and rice hulls and corn cobs to a steam and acid digestion. It 15
widely used as a sclvent and wetting agent in many industries. This organic alcohol will ignite and
explode on contact with many mineral acids making it useful in binary delay igniters using the
mineral acid to eat through a barrier to then ignite the secondary matertals.

Lanthanum: [CAS# 7439-91-0] La is a white ductle superconducting metal that melts at 920 €
and boils at 3454 C. 1ts powder oxidizes so rapidly in open air that it ignites spontaneously. It Is
produced directly from mined ores by sulfuric actd reaction and separation. It causes liver damage
and inhibits blood clotting if ingested in small amounts. It is used in a wide range of pyrophoric
alloys, rocket propellants, and as a phosphor for X-Ray screens. It is available in ingots, rods, and
powder. Its oxide form is made by igniting the metal or an acid or hydroxide or the metal itself
directly which burns with a brilliant white hght.

Lithium: [CAS# 7439-93-2] Li is a soft silvery metal that melts at 179 C and boils at 1317 C. It
reacts exothermically with nitrogen in moist air at high temperature and ignites with air near its
melting point. It often explodes on contact with water, acids, or oxidizers and the fire cannot be
put out without special chemicals. Lithium 15 toxic to the central nervous system. It isused in a
huge range of chemical and electrical products and processes. It is sold as ingots, rods, wire,
ribbon, and pellets. It is an ideal water reactive igniter and is used 1n incendiary bullets.

Magnesium: [CAS# 7439-95-4] Mg 1s a slivery, hard. alkaline earth metal, easily fabricated
which melts at 650 C and boils at 1107 C. Magnesium is mined and also recovered trom sea water
and brines. The mineral chloride is fused and treated to electrolysis to produce the magnesium
metal Tt is also obtained by reacting ferrosilicon with magnesium oxide in which the oxide
switches during heating. The magnesium is combustible in air at its melting point and cannot be
extinguished with water. Its powder is used in flash photography and pyrotechnics because of its
bright flash. 1t is available as mngots, bars, powder, sheet, plate, rods, tubing, ribbon, and flake.

Misch Metal: is a mixture of fused rare earth metals in the chloride form that are prepared by
electrolysis. They are sold in waffle like plates weighing 40-60#, packed in otled paper or
immersed in oil, are coated with a vinyl paint {0 prevent spontaneous ignition. Manufacturers buy
the metal for use in lighter flints and various alloys. It has also been researched as small arms
pyrophoric fragment generators in incendiary projectiles.

The rare earth metals are - Scandium, Yttrium, Lanthanum, Cerium, Neodymium,
Praseodymium, Promethium, Samarium, Europium, Gadolinium, Terbum, Dysprosium,
Holmium, Erbium, Thulium, Ytterbium, and Lutetium. Many are used because they are flammable
as powders or their alloys can be used as igniters in various forms.
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Molybdenum: [CAS# 7439-98-7] Mo is a gray metal or black powder that melts at 2610 C and
boils at 5560 C. It is used to produce high temperature alloys, printing inks, missile and aircraft
parts, and special batteries. Mined moybdenite ts roasted to yield molybdenum trioxide which s
then reduced in a furnace with atuminum or hydrogen to yield the metal. It has very high material
strength at high temperatures, it oxidizes rapidly at 1000 F at sea level but is stable at high
altitudes and low air pressure. [ts powder or dust is flammable in open air and is mildly toxic if’

mhaled.

NaK Alloy: is a soft silvery solid or liquid that is stored under kerosene in sealed containers. The
liquid contains 78% Potassium with 22% Sedium, and its mekting point is -11 C. The solid melts
at 19 C and contains 56% Potassium and 44% Sodium. It ignites on contact with air and explodes
in the presence of moisture, oxygen, halogens, and acids. Only dry salt or soda ash can be used to
extinguish the fire. It is used for heat exchange fluid, as a catalyst, and special elecincal
conducting operations. It is an excellent choice for a wide range of incendiary ignition
applications.

Nickel: [CAS# 7440-02-0] Ni is a malleable silvery metal that polishes easily and resists chemical
carrosion. It melts at 1455 C and baoils at 2900 C. Nickel sulfide ores are mined and reduced to
nickel oxide in furnaces and further reduced to the metal which are cast or refined electrolyticaily
to the desired shapes. It is available as ingot, pellets, shot, sponge, powder, and strip. It is
flammable as a dust and is highly toxic if inhaled. Its used in corrosion resistant alloys, magnets,
battieries, fuel cells, and as a catalyst.

Nitrogen Trichloride: [CAS# 10025-85-1] NCI3 1s a liquid or crystalline solid which explodes
when heated to 200 F or exposed to direct sunlight. These properties make 1t useful in igniting
other materials or fiels. It is made by the direct mixing of chlerine gas with nmitrogen gas. It can be
stored in cold water as a solid.

Nitryl Fluoride: [CAS# 10022-50-1] FNO2 is a colorless gas which boils from liquid at -72 C
and is made by mixing fluorine gas with nitrogen dioxide. Its special properties include igniting on
contact with selenium, iodine, phosphorus, arsenic, antinomy, boron, silicen, and molybdenum.
This makes it useful as a special materials igniter in binary devices and it is also used as in rocket
propellants. The ignition with arsenic makes i useful in production of poisonous arsenic gases in
chemical weapons formulas.

2-12




Incendiaries, The science of using fire as a weapeon

Phosphorus: [CAS# 7723-14-0] P occurs as white, red, or black phosphorus. The white
phosphorus is produced from reduction of phosphate rock, sand and coke in an electric furnace.
The phosphorus vapor is driven off and condensed under water (it is insoluble in water). It ignites
spentaneously in air at 86 F {30 C) and is stored under water until ready to use. It is solid at 20 C
and liquid at 44 C. It is very toxic by ingestion and inhalation and has been used in rodenticides. it
causes skin buens on contact and has been incorporated into many military napalm and incendiary
formulas because the fire cannot be put out n air.

The red phosphorus is produced by heating the white phosphorus with a catalyst at 240 C.
It autoignites at 260 C. Large amounts ignite in contact with oxidizing materials and reacts with
oxygen and water vapor to evolve deadly phosphine gas. Because of this water cannot be used to
extinguish it. It is used to make metallic phosphides and safety matches.

Phosphorus Pentasulfide: [CAS# 1314-80-3] P285 is a vellowish crystalline mass that burns in
air forming P205 and SO2 gas. It ignites by friction and in contact with water or acid where it
liberates poisonous and flammable hydrogen sulfide. Fumes from the solid are toxic by inhalation.
It is made by reacting phosphorus and sulfur together i an inert atmosphere.

Phosphorus Sesquisulfide: [CAS# 1314-85-8] P483 is a vellow crystalline mass that is made by
oently heating phosphorus and suifur tegether. It ignites very easily by friction, is insoluble 1n cold
water, and melts at 172 C. Tt autoignites at 100 C if dissoived in sclution.

Platinum: {CAS# 7440-06-4] Pt is a silvery, white, ductile metal that melts at 1769 C and boils at
3827 C. Tt does not corrode or tarnish and absorbs large volumes of hydrogen if heated. The
mined platinum ore is separated from copper and nickel ores that usually occur with it and is then
dissolved in aqua regia acid. The platinum is then reacted in solution with ammonium chloride to
form ammonium hexachloroplatinate which precipitates cut as a solid. This solid is filtered off and
ignited to form a platinum sponge. This is then melted in an electric turnace.

Platinum is flammable in powder form and its water scluble saits are very toxic. It 15
available as wire, compression's, and powder. It is widely used as a catalyst, in lab ware, dentistry,
and thermocouples.
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Potassium: [CAS# 7440-09-7] K is a soft silvery alkali metal that is rapidly oxidized in moist air
to its oxide form. It is mined in a variety of ores in large volumes. The mined potassium chloride
form is mixed with sodium metal and distilled thermochemically to yield the potassium metal and
sodium chioride salt. It reacts with water to form potassium hydroxide {(caustic potash) and
flammable hydrogen gas. The reaction creates great heat causing the potassium to melt and
splatter which ignites the hydrogen. The burning potassium is very hard to extinguish. It can also
ignite in moist air and may explode from chemical reaction. It can expiode when handled or cut,
and can form peroxides even when stored under mineral oil. It should be stored in inert gas such
as argon or nitrogen or under oxygen free liquids like toluene. It is also stored under vacuum.

The metal is used to make potassium peroxide, NaK alloy, and to seed combustion gases
in chemical processes.

Potassiumm Chlorate: [CAS# 3811-04-9] KCIO3 is a white powder which melts at 368 C and
decomposes at 400 C giving off oxygen gas. It 15 a powerful chemical oxidizer used in explosives,
pyrotechnics, percussion caps, and the tips of matches. It forms explosive mixtures with
combustibles and is ignited by friction and heat on wood when combined as follows -

Potassium Chlorate  45-55%

Animal glue 9-11%

Starch 2-3%

Sulfur 3-5%

Antacid 3%

Diatomaceous Earth 5-6%

Silica filler 15-32% {as powdered glass or fine silica)

Burning rate catalyst as needed (K2Cr207 - potassium chromate
or PbS203 - lead sulfite)

This is mixed together in a water suspension and the match tips are dipped into the mix
and dried.

The process for field improvising potassium chlorate by electrochemical cell will be
covered under oxidizers or may be found in volume 3 (explosives}.

Rhenium: [CAS# 7440-15-5] Re is a silver white solid or gray to black powder metal which
melts at 3.180 C and boils at 5,630 C. Its tensile strength 1s 80,00 psi. It is produced from mined
molybdenite residues and reduced by hydrogen gas under pressure. The metal powder is
consolidated into wires, rods, or strips by powder metallurgy. It is flammabie in powder form. It 1s
used to make alloys, filaments, electric contacts, thermocouples, igniters for flash bulbs, and
refractory components of missiles.
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Rhodium: [CAS# 7440-16-6] Rh is a white solid metal that melts at 1966 C and boils at 4500 C.
It is produced as a powder from mined platinum ores and fabricated by casting or powder
metallurgy. 1t has very high thermal and electrical conductivity. it 1s flammable in powder form
and used to make thermocouple alloys, furnace windings, lab crucibles, electrical contacts, and
headlight reflectors.

Rubidium: [CAS# 7440-17-7] Rb is a highly reactive silver white alkaline metal solid that melts
at 39 C and boils at 688 C. Rubidium is mined or recovered from brines and reacted with
hydrochloric acid to yield the chloride salt. It is then reacted thermochemically with calcium to
yield the metal.

Rubidium reacts vigorously with air and water and can easily ignite or explode. It 1s stored
under kerosene or similar liquid. It causes skin burns on contact. It is used as a catalyst and 1n
photocells.

Sodium: [CAS# 7440-23-5] is a soft, silver white metal that 1s waxlike at room temperatures. It
melts at 97.6 C and boils at 892 C. It must be stored in airtight containers or under liquids like
naphtha that do not contain water or free oxygen. It reacts with water to form sodium hydroxide
(caustic soda) and flammable hydrogen gas and it ignites spontaneously n dry air if heated
slightly. The metal is produced from fused salt {(sodium chloride} and calcium chlonde
electrolysis. It is used in reduction of other metals and many other applications.

It is available as brick, coated powders, dispersions, and amalgam {mix of metals)

Strontium: [CAS# 7440-24-6] Sr is a pale yellow soft metal similar to calcium in it properties. It
melts at 752 C and boils at 1350 C. Mined ores are dissolved in hydrochloric acid to yield the
chloride salt which is melted and treated by electrolysis in a graphite crucible. The cooied upper
cathode space vields the metal. It is also produced by thermal reduction of the oxide with
aluminum to yield the metal and aluminrum oxide.

It is spontanecusly flammable as a powder and ignites when heated above its melting
point. It reacts with water to produce hydrogen gas and is stored under naphtha. It is used in
alloys and electron tubes.

Tantalum: [CAS# 7440-25-7] Ta is a black powder or a steel blue metal that melts at 2956 C
and boils at 5425 C. The tensile strength of its wire is 130,000 psi. Tantalum is mined as tantalum
potassium fluoride which is reduced in an electric furnace or by sodium metal reduction to the
metal form. The powdered metal is converted to metal mass by sintering in a vacuum or growing
foot long crystals by arc fusion. The pure metal is resistant 1o virtually all types of corrosion from
acids_ salt water, alkalis, or chlorine, and at any temperatures.
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The dust is flammable and toxic by inhalation. It is available as sheets, rod, wire, and
crystals.

Thorium: [CAS# 7440-29-1] Th is a soft sitvery metal that melts at 1700 C and boils at 4500 C.
1t is flammable and explosive in its powder form even at room temperatures due to its very low
ignition temperature. Some of its alloys can ignite spentaneously in air and are good igmters
(magnesium, aluminum, nickel, and chromium). Thorium 1s mldly radioactive and its decay
isotopes are very dangerous if ingested in tiny amounts.

Thorium dioxide containing 1% cerium oxide can be heated by a weak yellow gas tlame to
incandescence where it emits a brilliant white light that is used in refractory applications. It 1s
available in sheets, as a powder, or in bars.

Thorium is mined as monazite which is broken down by acid attack to yield a thorium salt
in solution. The metal is produced by oxidation reaction with aluminum or calcium or by fused
salt elecirolysis. The powder is then fabricated into metal by powder metallurgy methods.

Titanium: [CAS# 7440-32-6] Ti is a silvery solid metal or dark gray powder that melts at 1675 C
and boils at 3260 C. It is only 55% the weight of steel but slightly stronger. It 1s widely distnbuted
i the earth's crust in various ores which are mined, separated, and then dissolved in acid to yield
fitanium salts. The metal is produced by reduction ot titanium tetrachloride with sodum or
magnesium. It is available as a powder, sheet, bars, tubing, rods, wire, and sponge.

The metal is flammable and ignites in air at 1200 C. It burns in a pure nitrogen atmosphere
and cannot be extinguished by water or CO2 which adds to the fire. It 1s used in aerospace alloys,
and a wide range of lightweight equapment.

Titanium dichioride and trichloride: [CAS# 10049-06-6 TiC12 and 7705-07-9 TaCl3} are both

solid crystals that ignite on contact with air and must be stored undef water or in inert gas. They
are produced by attacking titanium metal with hydrochloric acid and other processes.

[This offers an easy improvised method of making an open air igniter. Titanum metal
powder is reacted with a water solution of concentrated hydrochloric acid. It is stored this way
under water in a sealed container but must be used quickly because the water decomposes it.
Once the container is broken and the material is distributed and exposed to open air, it 1gnites. ]

Trichloromelamine: is made by chlorinating melamine (89% chlorine, 11% melamine) in water
or with the gas. {t forms a white powder that is slightly soluble in water and insoluble in benzene.
It reacts to ignite spontaneously with organic alcohol or acids.
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Tungsten: [CAS# 7440-33-7] W is a hard gray solid recovered from ores by acid digestion and
reduced by reaction with aluminum while heating (thermite). It melts at 3410 C, the highest of all
metals and boils at 5927 C. The metal oxidizes in air at 400 C and accelerates producing 1ts own
heat. The powder is highly flammable and may ignite spontaneously in open air at room
temperature.

It is used in high speed tool steel, electric light bulb filaments, contact points, and as a
heating element in furnaces. It is also used in rocket nozzles to survive enable it to survive the

combustion temperatures, and as a vapor deposited film on solar energy systems because it retams
heat at 500C.

Uranium: [CAS# 7440-61-1] U is a dense, silvery solid radioactive metal that melts at 1132 C
and boils at 3818 C. It reacts with nearly all non metals and 1s attacked by water, acids, and
peroxides but not alkalis. The uranum ore is mined and ‘eached under oxidizing conditions with
nitric acid to give uranyl nitrate solution. It is puritied by precipitation in solvent {ether, alkyl
phosphate esters) and then treated with hydrogen fluoride to obtain uranium tetrafluoride. The
metal is obtained by reduction with calcium or magnesium and is stored in inert atmospheres or
underwater.

Uranium powder ignites spontaneously in air. It has been widely used as depleted
projectiles because the metal oxidizes in air and flakes off exposing more metal to air exidation.
Because it is dense, it can be fired as bullets into enemy tanks. Because it oxidizes rapidly, it can
start fires once inside the tank with almost any combustibie material present. 1t is also highly toxic
and is a source of ionizing radiation.

Uranium Dioxide: [CAS# 1344-57-6] UO2 is prepared from the uranyl nitrate above, is heated
to form uranium trioxide, and then reduced by reacting with hydrogen gas to form water and the
uranium dioxide. It is a black, water insoluble powder that 1s a high tadiation risk, and the powder
ignites spontaneously in air. It 1 used to pack nuclear fuel rods.

Ytirium: [CAS#7440-65-5] Y is a dark gray rare earth metal that melts at 1500C and boils at
7627 C. It is mined as a mixed ore and the fluoride salt 1s reduced by reaction with calcium. It 1s
available as ingots, lJumps, crystal sponge, and a flammable powder. It is used in nuclear
technology, alloys, ceatings, and semiconductors.

Zinc: [CAS# 7440-66-0] Zn is a shining white metal with a blue gray luster that melts at 419 C
and boils at 907 C. The mined ores are roasted to produce the zinc oxide which is reduced by
carbon and heat or by leaching with sulfuric acid and electrolyzing the zinc to deposit it on
contact surfaces. [t is available as sheet, rolled forms, wire, and dust powder. The dust 1s
flammable and an explosion risk. It is used in alloys, electroplating, metal spraying, dry cell
batteries, roof gutters, organ pipes, and many others apphcations.
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Zirconium: [CAS#7440-67-7] Zr is a hard grayish crystalline metal scale or gray amorphous
powder. It melts at 1850 C and boils at 4377 C. Mined zirconia ore is converted to cyanonitnide
and then chlorinated to obtain zirconium tertrachleride. This is reduced with magnesium metal {0
obtain magnesium tetrachloride and zirconum metal. It is made into plate, strips, bars, wire,
sponge, foil, and is flammable and explosive as a dust, borings, or shavings. The powder is kept
wet in storage to prevent open air ignition. It is used to coat nuclear fuel reds, corrosion resistant
alloys, photoflash bulbs (ignite and produce the flash) pyrotechnics, welding fluxes, expiosive
primers, and many lab processes.

Zirconium Carbide: ZrC is a gray crystalline solid that is made by heating zirconium oxide and
coke in an electric furnace. It melts at 3400 C and boils at 5100 C. The dust will ignite
spontanecusiy in air. It is used in incandescent filaments, high temperature electrical conductors,
refractory, and cutting tool components.

3) Air Reactive Igniters

Chemicals are used to start fires by reacting with the envoirenment they are in. It 1s
required in some applications to be able to ignite in open air. Igniting fuel air explosives above a
target would be an example. The materials are usually kept in a sealed container in vacuum, 1n an
inert atmosphere, or under a liquid it doesn't react with such as water, kerosene, or ether. They
are activated mechanically such as having the container punctured by cellision with a target or
corroded through with an acid delay mechamsm

The only air reactive igniter used by the military that the author 1s currently aware of 1s the
MK2 nighttime marine location marker. When 1t hits the water, seawater mixes with metaiiic
phosphides and carbides producing a chemical mix of acetylene and phosphine which rises to the
surface and on contact with air, burns with a brilliant flame.

Air reactive igniters have been mixed inte military flame thrower gels so they would 1gmte
on contact with air {self ignite), and adding triethyl aluminum to rocket propellants so they self
ignite in air. The process of making something ignite spontaneously in air is called making it
"hypergolic™.

[~
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Many materials that ignite in air have been covered m the last section on pyrephornic
materials. Those that specifically ignite in air at room temperature reliably without outside
assistance are -

Barium NaK alloy Titanium D1 & Tn1 Chlondes
Boron White phosphorus Uramum

Cesium Phosphorus Pentasulfide Uranium Dioxide

Fluorine gas Potassium Zirconium Carbide
Lanthanum Rubidium Sodium

Europium Titanum

Other air reactive igniters include phosphine and its derivatives, silane and its derivatives,
boranes {especially with complexed halides), thorium-silver alloys, and chromic anhydride with
ethyl alcohol among others. Cerium amalgam and "Raney Nickel also ignite mn air.

Raney Nickel: is made by leaching the aluminum trom a 50/50 aluminum nickel alloy by using a
259, caustic soda solution. The resulting metal must be stored under water or alcohol.

Boranes: are boron hydrides, or boron with hydrogen attached. When these are reacted with
complexed halides, they are very reactive and flammable on contact with air.
The halides are binary compounds of the halogens. The halogens inciude -
Fluonne Chiorine
Bromune lodine and Astatine

Triethylborane: ({C2H5)3 B is a colorless hquid with a flash point of -32 F and boils at 95 C. Its
heat of combustion is 20,000 BTU/. It is made by reacting boron halide with triethylaluminum or
by reacting diborane with ethylene. It autoignites in open air and reacts violently with water and
oxidizing materials. It is used as an igniter for jet and rocket fuels, as a tuel additive, and chemical
intermediate.

Silanes: are silicon hydrides, or silicon with hydrogen attached. Silane {SiH4) is the simplest, and
it is highly flammable, igniting in open air. The silanes are made by reacting a metal silicide such
as magnesium, aluminum, lithium, iron, or other metal with and acid to yield the metal salt and
silane. The silane is reacted with chlorine to yield dichlorosilane and trichlorostlane {also known
as silicochloroform). The latter boils at 32 C and ignites in open air. It can also be made by
reacting hydrogen chloride gas with silicon, ferrosilicon,, or calcium silicide in the presence of a
copper catalyst.
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Calcinm Silicide: CaSi2 is made from fusing sand and the calcium metal or oxide. It decomposes
in hot water and will ignite spontaneously in air.

Trisilane: [CAS# 7783-26-8] Si3H8 is a colorless liquid that boils at 53 C and explodes on
contact with air. It is made by dehydrating silane.

Tetrasitane: [CAS# 7783-29-1] Si4H10 1s also a colorless liquid that boils at 109 C and will
ignite or explode in air. It is made by dehydrating tnisilane.

Phosphines: the simplest is hydrogen phosphide [PH3] which is a colorless gas that autoignites m
air at 100 F (37.7 C) and boils at -85 C. 1t is made by reacting freshly formed hydrogen or caustic
potash with white phosphorus. It is alse a deadly poison gas. It is used to react with many
aromatics, aliphatics (hydrocarbons), and other chemicals. It has been used in some of these
reactions to make military poison gases. Many of the metal phosphides react with water to release
the flammable phosphine (see the next section on water reactive 1Zniters).

Calcium Phosphide: [CAS# 1305-95-3] Ca3P2 or Ca2P2 is a brown crystal or gray granular
mass that is made by heating calcium phosphate with aluminum or carbon, or by passing
phosphorus vapors over metailic calcium. It decomposes on contact with water releasing
phosphine gas with heat that ignites in air.

Cobaltous Resinate: is made in the same way as soap except that cobalt is used to react with the
fatty acids instead of sedium hydroxide. A cobalt salt is first turned into a cobaltous hydroxide by
reacting it with caustic soda (sodium hydroxide). This is then reacted with a fatty acid ester which
- this case is the oil extracted from pine trees called rosin, {the cobaltous hydroxide is used 1n
place of the caustic soda normally used) to make a heavy metal soap which in this case 15 the
cobaltous resinate. The byproduct of the reaction is glycerol, used to make explosives like
nitroglycerin {see Volume 3). The reaction takes place as the rosin cil and hydroxide are heated
together in water or an excess of oil. The cobaltous resinate ignites on contact with air and should
be stored in water or oil. it is used commercially as a varnish dryer.

Dibromoacetylene: [CAS# 624-61-3] is a heavy, coloriess, liquid that is made by mixing
tribromoethylene and alcoholic potash. It explodes by heating or in direct contact with oxygen
(air). It is toxic by inhalation and injection. It 1s used in erganic synthesis.

2-20




Incendiaries, The science of using fire as a weapon

Diethylzinc: [CAS# 557-20-0] Zn(C2H5)2 was the first known organometallic compound. It is a
colorless pyrophoric liquid that beils at 118 C, but ignites on contact with air and decomposes
violently in water. It is made by mixing zinc chloride with triethyl aluminum or ethyl iodide with
_inc and sodium zinc. It is used as a high energy aircraft and missile fuel

Lithium metal reacted with aromatic compounds yield organclithium compounds which all are
pyrophoric and will ignite in air. The mam compounds are butyllithium, methyllithium (from
benzene or hexane), Phenyllithium, and so on.

[ Authors Note: The aromatics compounds are denived from

1 Coal: which is subjected to distillation by heating in the absence of air.
This vieids  Coke
Light Onl
Ammona Liqueur
Coke-oven gas
Tar {about 120# per ton of coal)

One ton of Tar is then distilled to yield (WW2 recovery-Europe)
Light Oil for 32# of benzene, 5# of toluene, and .6# of xylene
Middle Oil  for 40# of phenol and cresols, and 100# of

naphthalene
Heavy Onl for concentrated cresols and phenols
Green Oil 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 1 270# Naphtha 19 4#
Benzene 2 A# MNaphthalene 1 764
Teluene et methylnaphthalene  18%

o-xylene 8% acenapthene 21#
m-xylene 1.44 flourene 12 8%
ethylbenzene A# anthracene 15#

styrene A# phenanthrene S3#

phenol 12.2# carbazcle 12#

cresel (all) 20# Tar bases 41#

xylenols 724 Tar acids 16 .6#

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 petroleum refiners for a wide range of chemucal
uses. Many of the aromatics have been nitrated for use as explosives or explosive additives. |
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Fthyllithiem: C2H5Li are solid transparent crystals usually suspended in benzene and 1gmtes in
air and reacts with oxadizers,

Methyllithium: CH3Li from reaction of methane and lithium hydroxide which self ignstes in air.

Lithium Aluminum Hydride: [CAS# 16853-85-3] LiAlH4 is a white powder that decomposes
from the meisture in air forming aluminum metal, lithium hydride, and hydrogen. It will ignite
from rubbing or grinding and reacts violently with water. It is made by reacting aluminum chleride
with lithium hydnde.

Lithium Hydride: is also a white powder that is decomposed by water to hithum hydroxide and
hydrogen gas which ignites from the heat of reaction. It is produced by reacting molten lithium
with hydrogen gas and stored mn benzene.

2.6-dimethoxyphenyllithium: (CH30)2 C6H3Li is a free flowing, white, pyrophoric powder
that is stable indefinitely in seated containers. It ignites spontanecusly in air. it 1s also an
organolithium compound.

Ethyl Aluminum DiChloride: CZH5AICI2 is a clear yellow pyrophoric liquid that boils at 194 C.
It ignites on contact with air and reacts viclently with water. It 1s produced by reacting aluminum
chloride with ethyl aluminum sesquichloride and is used for aromatic hydrogenation.

Ethyl Aluminum Sesquichloride: (C2H5)3 AI2CI3 is also a clear vellow pyrophoric iquid that
ignites in air and reacts violently with water. 1t is produced by reacting aluminum metal with ethyl
chlonde. |

Methyl Aluminum Sesquichloride: (CH3)AI2CI3 s a colorless hiquid made from aluminum
metal and methyl chlonde. It ignites in air and reacts viclently with water.

2-ethylhexaldehyde: C4HOCH (C2H5) CHO is a colorless high beiling liqumd {163.4 C} that
ignites in open air. It is used in perfumes and organic synthess.

Magnesium Amide: [CAS# 7803-54-5] Mg(NH2)2 are white crystals that decompose when
heated. They are made by reacting magnesium metal with ammonia at high pressure. The crystals
autoignite in open air at room temperature, and reacts violently with water while evolving
AMIMOoenia.
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Triethylaluminum: [CAS# 97-93-8] (CZH5)3 Al is a colorless liquid that has a flash point of -63
F and boils at 194 C. It is produced by introducing ethylene and hydrogen into an autoclave with
aluminum metal under heat. It ignites spontaneously in air and reacts violently with water, acids,
alcohol's, halogens, and amines. It destroys skin tissue on contact. It is used in pyrophoric fuels
and gas plating of aluminum.

Tri-n-hexylaluminum: (C6H13)3 Al is a coloriess pyrophoric liguid that ignites in air at reom
temperatures. It is made by the exchange reaction between hexane and isobutyl aluminum.

Triisobutylaluminum: [{CH3)2 CHCHZ}3 Al is a colorless liquid that autoignites at 39 F (4C).
It ignites spontanecusly in air and reacts violently with water and many other maternals. It
destroys human tissue on contact. It is made by reacting isobutylene and hydrogen gas with
aluminum unrder heat and pressure.

4) Water Reactive Igniters

All the alkali metals and their hydrides, alloys, carbides, and amides will all ignite on
contact with water. Many of these have already been described.

If you mix ammonium salts, or chlorates, and magnesium metal together, the mix wiil
ignite on contact with water because of the exchange reactions that yields unstable ammonium
chlorate.

Mixing sodium hydroxide {caustic soda) and ferrosilicon together as fine powder, they will
glow with incandescence when water is added. Aluminum powder and iodine mixed together will
react viclently with water.

Magnesium powder and silver nitrate mixed will ignite and burn with a blinding flash 1t
water is dripped into the mix. A mix of aluminum and magnesium metal with sodam peroxide wiil
produce the same flash. These mixes make good location markers because of the brightness they
produce.

Other water reactive igniters not already covered include -

Aluminum Carbide: Al4C3 is a yellow powder that decomposes in contact with moisture in the
air or water and releases methane gas and heat which can ignite. It is produced by simply heating
aluminum oxide with coke in an electric furnace. It 1s used to generate methane, as a drymg agent,
and reducing agent.
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Aluminum Hydride: AIH3 is a white powder that decomposes at 160 C and releases hydrogen
pas on contact with water. With hittle additional heat. it is a fire an explosion producer. It is used
to produce electrodeless coatings on plastics, fibers, and other metals, and as a reducing agent.

Bromine pentafluoride: [CAS# 7789-30-2] BrF5 is a colorless fuming liquid that boils at 40.3

C_ It reacts with every known element except nmitrogen, exygen, and the inert gases. It explodes
on contact with water and is used as an oxidizer in liquid rocket propellants. It is made by reacting
Bromine gas with fluorine gas in an atmosphere of nitrogen to dilute the gas. It is a toxic gas and
is very corrosive to skin tissue.

Butyllithium: is made by reacting butyl alcohol with lithium oxide. It has several possible
chemical formulas that are stored in liquid solution below 15.5 C. It is a rocket fuel component
and ignites in moist air.

Calcinm Carbide: [CAS# 75-20-7] CaC21s a oray-black hard solid that melts at 2300 C It
decomposes in water to form explosive acetylene, calcium hydroxide and heat. It 1s made by
heating a mix of powdered limestone and coke or anthracite in an electric furnace. It 1s used to
senerate acetylene gas for welding and as a reducing agent.

Copper phosphide: Cu3P21sa gray-black metallic powder that is made by heating copper metal
and white phosphorus together. When it comes mn coniact with water, 1t may ignite producing
flammable and toxic phosphine gas. It is used to manufacture phosphor bronze.

Diethylaluminumchloride: {C2H5)2AICI 15 2 colorless pyrophoric liquid that boils at 208 C.Itis
made by reacting triethylaluminum and aluminum sesquichloride together. 1t reacts violently with
water and easily ignites in contact with air or water. It is used to produce organometallics and as a
polyolefin catalyst.

Phosphorus pentasulfide: [CAS# 1314-80-3] P2S5 is a yellowish crystalline solid mass that
burns in air forming P205 and SO2 gas. Contact with water liberates poisonous and flammable
hydrogen sulfide gas which ignites easily. It is also ignited by friction. It 15 made by reacting white
phosphorus and sultur in an mert atmosphere and must be kept in sealed containers until ready to
1ge. 1t is used to make insecticide selutions of parathion and malathion, in safety matches, ignition
compounds, and sulfonation.
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Phosphorus Trisulfide: [CAS# 12165-69-4] P2S3 Is made by reacting a smaller volume of sulfur
with white phosphorus as above. It is a gray yellow mass that reacts with water and ignites
spontanecusly. 1t is used as a chemical reagent.

Sodium Aluminum Hydride: [CAS# 13770-96-2] NaAlH4 is a white crystalline solid that reacts
with water to form caustic soda and hydrogen and may ignite or explode because of its self
generating heat. It is used as a reducing agent. It is made by reacting aluminum chloride and
sodium hydride together.

Sodium Borohydride: [CAS# 16940-66-2] NaBH4 is a white crystailine powder that is made by
reacting sodium hydride and trimethyl borate at 250 C. It also reacts with water as above to form
hydrogen gas, sodium hydroxide, and heat. It should be stered in a sealed container until ready to
use. It is used as a source of hydrogen gas, as a bleaching and reducing agent, precipitating,
mercury from waste by reduction, and organic synthesis.

Sodium Dithionate: [CAS# 7775-14-6] Na25§204 also known as sodium hydrosuifite is 2 lemon
colored powder or flake. It may ignite on contact with water and heat. It is made by reacting
sodium formate with a mix of sodium hydroxide and sulfur dioxide gas. It can also be made by
dissolving zinc metal in sodium bisulfite. Milk of ime (calcium hydroxide suspended in water) s
added to precipitate the zinc-sodium suifite leaving the hydrosulfite in an excess of sodium
bisulfate solution with the water boiled off.

Sodium Hydride: [CAS# 7646-69-7] NaH 1s a solid powder that metts at 860 C and
decomposes. Very fine particles decompose at 250 C with evolution of hydrogen and also
decomposes with hydrogen and heat on contact with water. It is usually made as a gray dispersion
of powder in oil (25-50%) and is available mn 1 pint to 55 gallon drums. It is made by reacting
sodium metal and hydrogen gas in a dry atmosphere. It 1s used as a metal descaler and alkylating

agent.

Zinc Selenide: [CAS# 1315-09-9] ZnSe 15 a yellowish to red crysialline solid that may ignite in
contact with acids or water. 1i is used as the windows in infra red optical equipment and m
phosphors. It is made by reacting zinc metal with sodium selenie.
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S) Non Nitrate Oxidizers

In order to support combustion, an OXygen SOurce 1s required. This usually comes trom
the oxygen in the air. It can also come from chemicals that produce fires that cannet be
extinguished by smothering because they supply their own available oxygen in their chemical
structure. These chemicals are usually classified as chlorates, perchlorates, hypochlorites,
peroxides, and permanganates. If they are present in large amounts, they burn so fast that the heat
of expanding gas forms a shock wave we know as an explosion.

All chlorate based explosives are ultimately derived from ordinary table salt and other
basic salts. In early times, salt could be heated to drive off the chlorine as a gas leaving caustic
soda behind. The chlorine gas could be distilled and used to "chlorinate” solutions of calcium and
sodium to produce calcium and sodium "Hypochlorites”. These would be chlorimated again to
produce the first chlorates. These hypochlorites and chlorates would find uses in the early
explosives, pyrotechnics, and rocket industries by providing oxygen to combine with fuels and
burn instantly producing an explosion {see Volume 3).

In 1866, the electrolysis of salt water (brine) was discovered, and 1t was used to mass
produce both sodium hydroxide and chlorine. It would soon be used to make all the chlorates,
hypochlorites, and perchlorates.

The science of producing chlorate oxidizers trom electricity is simple. You only need a
power supply and an electrolysis cell. The simplest design 1 have seen, is for making an
improvised cell using the power of an auto battery and vehicle alternator. The alternator and
battery provides 12 volts of electricity to a feedstock solution of salt water.

Although the chemistry is very, very complex, the chemical results are not. The salt water
solution has a current passed through it using conducting rods called anodes and cathodes which
break apart water into free hydrogen and oxygen. The hydrogen comes off as a gas at the cathode
which causes agitation and mixing of the solution. The oxygen stays in the water solution and
ceacts with whatever materials are added to the water. In this case, it is our added salt. When sait
has oxygen added to it, it becomes Sodium Chiorate. The chemical results are

NaCl (salt) + 3 H20 (water) + electricity = NaCl0Q3 (sodium chlorate) + 3H2 {gas)

What actually happens is that the salt spliis apart into chlorine which concentrates at the
anode and sodium which collects at the cathode. Because they are in water, the chlorine forms
hypochlorous and hydrochloric acids. The sodium forms sodium hydroxide in solution. In
chemical processing, each part is drawn off. There 1s a diaphragm in between the rods that allows
a slow diffusion of the water through it while keeping the sodium trom diffusing back towards the
anode.
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l——> 15% MaCl - 12% NaDH solution

Anode:  2C17— Clp + 2e™
Cathode: 2H,0 + 2 — Hy + 20H

Overall; 2Ma* + 2CF + ZH,0 — 2Na* + 20H™ + Ciz + H;

In actual production of chlorates the diaphragm is not necessary because the chemicals are

all kept n solution.

The US Army improvised munitions handbook provides the instructions for the

manufacture of chiorates in the field.

Sodium Chlorate

Sodium Chiorate is a strong oxidizer used in the manufacture of explosives. It can be used

in place of Potassium Chlorate or other nitrate salts.

Material Required

2 carbon or lead rods
(11in. dia. x 5 in. long)
Salt or ocean water
Sulfuric Acid, diluted
Motor vehicle

Water

2 wires, 16 gauge (3/64" dia.) x 6 ' long insulated

(Gasoline

| sallon glass jar, wide mouth (5" x 6 high)
Sticks and String

Teaspoon and Knite

Trays and Large flat pan

Cup

Heavy cloth

Sources

Dry cell batteries (2.5 x 7 in.)
or plumbing supply store
Grocery store or ocean

Auto battery
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Procedure

| Mix 1/2 cup of salt into the one gallon glass jar

with 3 liters or quarts of water.

. Add 2 teaspoons of battery acid to the solution

and stir vigorously for 5 minutes.

3. Strip about 4 inches of insulation from both
ends of the 2 wires.

4 With knife and sticks shape 2 strips of wood
 x 1/8 x 1-1/2". Tie the wood strips with strng

to the lead or carbon rods so that they are 1-1/27 apart.

5 Connect the rods to a battery in a
motor vehicle with the insulated wire.

6. Submerge 4.5 in. of the reds into the
salt water sofution.

7. With gear in neutral position, start the vehicle engine.
Depress the accelerator 1/5 of the distance to the floorbeard.
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8 Run the engine with the accelerator in this position for 2
hours, then shut it down for 2 hours.

9. Repeat this cycle for a total of 64 hours while mamntaming - 2 Salt Water
the level of the acid salt water solution in the glass jar. ' Solution

Caution: Do not touch bare wire leads to avoid dangerous shock.

10. Shut off the engine. Remove the rods from the
class jar and disconnect wire leads from the battery.

11. Filter the solution through the heavy cloth into
a flat pan or tray, leaving the sediment at the
bottom of the glass jar.

12. Allow the water in the filtered solution to
evaporate at room temp. {app 16 hrs ). The residue
is app. 60% or more Sodium Chlorate which 1s
pure encugh to be used as an explosive ingredient.

The commercial production of Sodium Chlorate uses a number of refinements. These
include-

| Using graphite anodes while operating at >40 C (60-75 C 1s best).

I-J

_ Using titanium anodes coated with one of the "noble" metals at 80 C

Making large cells with spacings of .3-.6cm between anodes-cathodes..

(R

4. Using salt concentrations of 100-110 g/hiter.

5. Using mild steel cathedes.

6. Use a recovery system for the hydrogen gas.

7. Optimum pH 15 6.9

8. Adding 2-3 grams of sodium chromate per liter to reduce loss of cathode matenal.

fPart of the chemistry is preduction of acid and alkali which eats the metais)
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The end result is the conversion of 1300# of salt, and about 800# of water using about
6.000 KW-h to produce one ton of sodium chiorate. In improvised preduction, 12 volt systems are
used for safety reasons. These can easily be set up at home using step down transtormers 1o
convert house 110 volt to 12 volt systems. This is done for many portable electrical devices.

The sclids that form come from impurities in the sait, water, and breakdown of the rods.
These are filkered off. Rods are consumed at a rate of 25-60# per ton of chlerate produced.

When the cell material is converted {at app 30 hours) to a mix of app 60% sodium
chlorate and 40% salt and hypochlorite, it is passed to a holding cell where 1 gram of urea or
formate is added per liter to destroy residual hypochlorite. The lefiover chromate remains and
provides protection for metal parts. The liquid 1s filtered_ and heated and allowed to concentrate
by evaporation. This precipitates a crop of sodium chloride (salt) crystals leaving behind a hot
solution of very concentrated sodium chlorate. This solution is cooled and the sodwum chlorate
crystals precipitate cut. The leftover solution is recycled back to the electrochemical cells or the

cell teed.

[Commercial preduction of chlerine can be accomplished by this process by drawing oft
chlorine liquid or gas at the anode for use in making other incendiaries, and # is also used n
making a number of military poison gases. The caustic soda 1s likewise used in a number of
incendiary weapons. The hydrogen gas can also be collected for use as a combustible in weapons. ]

It is also possible to skip the concentration step, let the water cool, recover a crop of
sodium chlorate crystals, and then resaturate the liquid with salt and recycle it to the cells.

The sodium chlorate can be recrystallized in alcohol which precipitates the salt first. This
is filtered off and distilled leaving behind purified sodium chlorate.

To make sodium perchlorate, the high concentration of sodium chlorate crystals are mixed
into water in the same way as the starting salt solution was, and this is fed into the cell. The
process is repeated with additional oxygen going into the water and forming the perchlorate salts.

NaClO3 + H20 + electricity = NaClO4 (sodium perchlorate) + 2H

To produce Potassium Chlorate, a hot solution of Potassium Chloride is prepared and
sodium chlorate added to it. The reaction yields sodium chloride salt and potassium chlorate
crystals which can be precipitate from the cold water in the same way as the sodium chlorate.
Potassium chlorate can also be produced by processing potassium chloride in the electrochemical
cells in the same fashon.
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The following chart shows the solubility's of both chlorates.
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The fellowing are the diagrams of two commercially available sodium chlorate
electrochemical cells capable of producing 25-100 tons/year.

Section B—-R
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Krehs {Zarich) ceil for the production of chlorate; tank and pipes are titanium or steel
poiytetrafluorethylene. 1, electrolysis cells; 2, reaction tanks; 3, risers; 4, downcomers with cooling jacket;
%, expansion joints; §, hydrogen demister: 7, bus bars; 8, circulalion of electrolyte through pas evolution

at the counter electrode; 9, anodes {activated titanium); 10, titanium flange onto which Lhe anodes are bolted:
11, steel cathodes welded directly onto the cell housing.
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Diamond Shamrock/Huron Chemicals cell for the production of chlorates. . cathode feeder

electrodes: 2, bipolar electrode units; 3, cathode current feeder; 4, anode curtent feeder; 5, electroiyte input
to electrolysis chamber; 6, electrolyte exit from electrolvsis chamber; 7, cooling coil; B, conling waler con-
nections: 9, electrolyte level; 13, electrolyzis cham her: 11, chemical reaction chamber.
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The first attempted use of potassium chlorate occurred in 1783, when the chemist
Berthollet attempted to replace the potassium nitrate in a black gunpowder stamp mill with the
chlorate salt. He mixed it in at 6 parts chlorate to one part each of sultur and charcoal. In about an

hour, the mill exploded killing workers, observers, and destroying the mill.

In 1849, an attempt was made to make chlorate gunpowder again. The mix this time was

Potassium Chiorate 4 parts
Cane sugar 1 Part
Potassium ferrocyamde | part

it was a poor propellant powder, but made a sharp explosion with a lot of noise. Because
of this it found use as a pyrotechnic powder for entertainment.

The chlorates would also soon find uses in primers and Sprengel high explosives. The
chlorates were found to be very sensitive to blows and friction when mixed with sulfur, sulfides,
and picric acid. This sensitivity led to the development of using potassium chlorate as the prumary
ingredient for matches and is the most widely used fire starting material on earth (see section 2 of

5 this chapter for the matches formula).

Oxygen can also be attached to chemicals for use in explosives and incendiaries by turning
basic metals and organic bases into peroxides. This is done by reacting alkali metals with oxygen
directly melting the metals, usually at 300-400 C and mixing oxygen enriched air into it. The

reaction for sodium proceeds as

7Na + 02 = Na202 which is sodium peroxide.
This mix can be used to make hydrogen peroxide by simply adding water. The reaction 15-

Na202 plus 2 H20 (water) produces ZNaOH Sodium Hydroxide
and H202 Hydrogen Peroxide

Because sodium perexide is so corrosive, the reactors use nickel alloys coated with
praphite and equipped with zirconium stirrers. Zirconium metal is the recommended matenial tor

handling sodium peroxide.

Another source of oxygen supplying material is the element manganese. This element
easily assimilates oxygen into its formulas. The most basic is manganous dioxide which can ignite
organic materials on its own. It 1s mined as pyrolusite. It can also be made by electrolysis like the
chiorates, or by heating manganous oxide or metal in the presence of oxygen. These methods can
also be used to add more oxygen to produce manganates and permanganates {MnO3 and Mn0O4).
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Manganous also reacts with nitrogen above 740 C to form nitrides, and with carbon
reacting on molten manganese to form varnous carbides. Manganous Tricarbide has the umque
ability to further react with water to yield 75% hydrogen, 12-15% CH4 (methane), and 6-8%
ethylene. This provides a huge source of potential energy that can be turned to hquid
hydrocarbons. [t is also an excellent source of incendiary flammable gas.

[ Authors Note: This last process 1s one reason why the world will not run out of large
volumes of energy after the oil runs out. By simply using mined coal, charcoal, or other carbon
source to melt and react with manganese, the world will always have a supply of fuel. The only
factor will be the cost. This is a lot more expensive than simply pumping it out of the ground. As
long as we pay the price. the world will still have energy. So, you see, there is still hope. |

When oxidizers are brought into contact with fuels, they otten ignite reactions, or with a
little heat will almost always ignite. The main chemical oxidizers are -

Acetyl Benzoyl Peroxide: [CAS# 644-31-5] is a white crystalline solid made from acetic acid and
benzoyl peroxide. It evaporates when gently heated and may explode if rapidly heated or shocked.
[t can autoignite in contact with organic materials. It is used in medicine and in a bleaching tlour.

Acetyl Peroxide: [CAS# 110-22-5] (CH3CO)2 02 are colorless crystals sold as a 25% solution
in dimethyl phthalate. It is made from mixing hydrogen peroxide and acetic acid. The pure
material is easy to ignite or explode at 30 C or above, especially around a fuel source. 1t 1s used as
an explosive initiator and as a catalyst tor resins.

Aluminum Chlorate: ACIO3)3 are colorless crystals made by electrolysis of aluminum
chloride in the same manner as described for sodium chioride aiready in electrochemical cells. [t 1s
a powerful oxidizer which easily icnites fuels. It is used as a disinfectant and as a color control for

acrylic resins.

Ammonium Chlorate: [CAS# 10192-29-7] NH4CIO3 1s a white crystalline solid made by
reacting ammonium chloride with sodium chlorate in solution. 1t easily ignites in contact with
even small amounts of combustibles and may detonate from heat or vibration. It can be used as a
high explosive.

Ammonium Perchlorate: NH4ClO4 are white crystal sohds produced by reacting ammomum
hydroxide, hydrochloric acid, and sodium chlorate and recovered by crystallization. It ignites
violently with combustibles and is shock and heat sensitive. 1t is used in high explosives,
pyrotechnics, and used in smokeless rocket and jet propellant.
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Ammonium Permanganate: NH4MnO4, a powder with a metallic sheen that explodes from
shock or heat. Produced by reacticn of ammenia and permanganous acid {HMnO4) which 1s made
by adding oxygen and then water 1o manganous dioxide.

Aqua Regia: is 2 mixture of 3-4 paris hydrochioric acid and 1 part nitric acid. It 15 used to
dissolve ptatinum, gold. and other metals. It 1s a fuming yellow sutfocating liquid that 15 a
powerful oxidizer.

Barium Chlorate: [CAS# 13477-00-4] Ba(CIO3)2 HOH are colorless flat crystals made by the
electrolysis of barium chloride. A powerful poison and strong oxidizer that can ignite on contact
with organic materials and is used in pyrotechnics, explosives, and to make other chlorates.

Rarium Perchlorate: Ba (ClQ4)2 4H20 is made by electrolysis of barum chlorate and 1s an
experimental rocket fuel. 1t is also toxic and 1gnites with organic matenals.

Barium Permanganate: Ba{Mn04)2 are brownish crystals that have the same properties as the
chiorates. It is used as a strong disinfectant and used to make other permanganates.

Barium Peroxide: [CAS# 1304-29-6] BaO2 is a grayish white powder made by heating barium
oxide in oxygen or air at 1000 F. 1t is a bleaching agent, used to decolorize glass, thermal weld
aluminum. and manufacture hydrogen peroxide. it igmiles or explodes with organic matenals.

Bromine: [CAS# 7726-95-6] Br is a dark, ceddish brown liquid that boils at 58.8 C and attacks
most metals. It reacts vigorously with aluminum and explosively with potassium. Bromine is made
from oxidation with chlorine of salts from seawater and natural brines {Great Salt Lake, dead sea,
etc). It can ignite combustibles on contact and 15 toxic by ingestion and inhalation. 1t 15 used to
manufacture ethylene dibromide (anti-knock gasoline), for water purification, dyes,
pharmaceuticals, and shrink prooting wool,

Calcium Chlerate: [CAS 10137-74-3] Ca(CiO3)2 2ZHZ20 are yellowish crystals that melt at 106
C. It is made by mixing chlorine gas into a hot calcium hydroxide {lime) slurry. 1t forms explosive
ures with most combustibles. It is used in pyrotechnics, dusting powder to kill poison 1vy,
photography, and as a herbicide.
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Calcium Hypochlorite: [CAS# 7778-54-3] Ca{OCh)2 alse known as calcium oxychleride 15 a
white crystalline solid that decomposes at 100 C and in water or alcohol. It 1s made by
chlornating a shurry of lime and caustic soda n which the calcium hypechlorite precipitates out as
a dihydrate (with 2 molecules of water). This is dried to the final powder under vacuum. It 1s a
powerful oxidizer that ignites with contact on most organic materials. It is used as a bactericide,
alzaecide, swimming pool disinfectant, bieaching agent, and deodorant.

Calcium Perchlorate: [CAS# 13477-36-6] Ca(Cl04)2 are white crystals that decompoese at 270
C. Tt ignites in contact with organic matenals. It is made by electrotysis of calcium chlorate.

Calcium Permanganatie: [CAS# 10118-76-0] Ca{Mn04)2 4H20 are violet crystals that are
decomposed by alcohol. Made by the reaction of permanganous acid and lime in water. [t ignites
organic materials and is used for stenhizing water, dentistry, disinfectant, deodorizer, rocket fuel
additive with hydrogen peroxide, and binder for welding electrode coatings.

Calcium Peroxide: [CAS# 1305-79-9] Ca02 made by mixing a calcium sait or calcium oxide
with sodium peroxide and crystallizing out of solution (it 1s soluble in acids and nearly inscluble
water). It ignites organics and is used 1n antiseptics, bleaching cils, and high temperature
oxidations.

Cesinm Perchlorate: CsClO4 is made by electrolysis of cesium chlonide to chiorate and then
perchlorate. Its crystals are soluble in hot water and insoluble in alcohol or acetone. Igmtes
organic materials on contact and is used for specialty glasses, optics, and power generation.

Chloric Acid: [CAS# 7790-93-4] HCIO3 TH2O s a liquid acid made by reacting barium chlorate
and sulfuric acid. Barium sulfate precipitates leaving the chloric acid in solution. It ignites organic
materials on contact and is used as a catalyst in pelymerization of acrylomtnle.

Chromic Acid: [CAS# 7738-94-5] CrO3 also known as chromium trioxide, is a crystal in this
form and a liquid as H2CrO4 (the acid in solution). It is made by reacting sulfuric acid with
sodium dichromate and the crystals precipitate out by evaporation., or by chromite fused with
soda ash and limestone and then reacted with sulfuric acid, or by electrolysis of chromium. 1t 1s
very poisonous, a carcinogen, ignites organic materials and may explode on contact with reducing
agents. 1t is used in chromium plating, process engraving, anodizing, ceramic glazes, metal

cleaning, and etching plastcs.
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Cobaltous Perchlorate: Co(Cl0O4)2 are red needle crystals made by electrolysis of cobalt
chloride to the chlorate and perchlorate and precipitating by evaporation. May ignite or explode
organics. 1t is used as a chemical reagent.

Hydrogen Peroxide: [CAS# 7722-84-1] H202 is a liquid that in pure form is stable, but requires
an inhibitor to counter effects of contamination by trace metals like copper, 1ron, and other heavy
metals. The inhibitor is usually acetanilide or sodium stannate at 1%. It s available commercially
as 27.5. 35. 50, and 70 % concentrations. [t can be made by auto-oxidation of isopropyl alcohol
or an alkyl anthrahydroquinone in the presence of paliadium catalyst. 1t can also be made by
electrolysis of sulfuric acid or acidic ammonium bisulfate to yield peroxydisulfate which 1s then
hydrolyzed to form hydrogen peroxide. The concentrated solutions are very toxic. They are used
in bleaching and deodorizing textiles, wood pulp, harr, making organic and incrganic peroxides,
manufacturing slycerol, electroplating, epoxidation, controlling viscosity in starch and cellulose
solutions, seed disinfectant, and as a substitute for chlorne 1n water and sewage treatment.

1 ithium Chlorate: LiClO3 are needle crystal made by electrelysis of lithium chloride. 1t can
explode from shock or on contact with organics and is used in rocket and missile propellants. [t 15
also the most water soluble inorganic salt.

Lithium Perchlorate: [CAS# 7791-03-9] are colorless crystals made by electrolysis ot hthium
chlorate or reaction of lithium oxide with perchloric acid. 1t kas more available oxygen on a
volume basis than liquid oxygen making it the most potentially powerful oxidizer {by volume})
available. It is used in solid rocket propetlants and explodes easily in contact with organic
materials.

Lithium Peroxide: {CAS# 1203 1-80-0] is a fine white powder that decomposes at 20 C and 1s
made from mixing hydrogen peroxide and lithium hydroxide. Soluble in water and insoluble in
alcohol. it can ignite or explode with organic materials. It is used to supply up te 33% available
(active)} oxygen.

Magnesium Chlorate: [CAS# 10326-21-3] Mg(C103)2 6H20 is a white powder, soluble m
water and insoluble in alcohol. Made by electrolysis of magnesium chloride and used as a defohant
or desiccant, it ignites with most orgamcs.

Magnesium Bromate; [CASH7789-36-8] Mg({Br03)2 6H20, white crystals made by adding
magnesium sulfate 1o a solution of barium bromate. lgnites organic materials.
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Magnesium Perchlorate: [CAS# 10034-8 1-81 as Mg(Cl04)2 or with 6H20. White crystals
soluble in water and alcohot and made by reaction of magnesium hydroxide and perchlorc acid.
Used as a regenerable drying agent for gases, and 1gnites with organics.

Magnesinm Permanganate: [CAS# 103 77-62-5] MgMnO4 6H20 are bluish black crystals that
are soluble in water. used in antiseptics, and ignites erganics. Made trom permanganous acid and
magnesium hydroxide. .

Magnesium Peroxide: [CAS# 1335-26-8] MgO?2 also known as magnesium dioxide, white
crystals inscluble in water, soluble in dilute acids with formation of hydrogen peroxide. Available
oxygen 28 4%, is made by mixing magnesium sulfate and either sodium or barium peroxide
together. It reacts with organics and acid materials and moisture with possible ignition. It is used
as a bleaching agent and antacid.

Manganese Dioxide: [CAS# 1313-13-9] MnO2 occurs in nature and is mined as pyrolusite. It
can ignite organic materials in concentrated form and is used as a depolarized in dry cell battenies,
pyrotechnics, in matches, textile dyeing and as a source of metallic manganese.

Perchloric Acid: [CAS# 7601-90-3] HCIO4 is a colorless fuming liquid that boils at 19 C. It 1s
made by distilling potassium perchlorate mixed with concentrated sulfuric acid under reduced
atmospheric pressure in an oil bath at 140-190 C. It reliably and vigorously ignites most organic
materials and detonates from shock or rapid heat (hot wire). It 1s toxic by ingestion and inhalation
and is used to make perchlorates, various esters (alcohol's), and in explosive propellanis.

Perchloryl Fluoride: [CAS 7616-94-6] CIFO3 is a colorless gas or liquid that boils at -46.8 C
that is nonflammable but supports combustion and ignition with organics. Made from the reaction
of oxygen, flucrine, and chiorine gas, it Is ased in rocket fuels and as a fluorinating agent 1n

chemical reactions.

Performic Acid: [CAS# 107-32-4] HCOOOH is a colorless liquid that is unstable in mixed
solutions. It is made by mixing formic acid, peroxide, and sulfuric acid together for two hours and
then distilled. It explodes when shocked or heated or m contact with reducing matenals, metals,
and metallic oxides. 1t is used in various chemical reactions.
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Potassinm Chlorate: [CAS# 3811-04-9] KCIO3 can be made by the glectrolysis already
described, or by mixing solutions of potassium chloride with sodum or calcium chlorate. The
transparent colorless crystals decompose at 400 C, forms explosive mixtures with combustibles
and is used to make matches, pyrotechnics, explosives, percussion caps, bleaching, and
disinfectant.

Potassium Perchlorate: [CAS# 7778-74-7] KC10O4 are colorless crystals easily decompesed by
contact with organic matter and reducing materials, or by concussion. Seluble in water, inscluble
in alcohol. it is used in explosives, photography, flares, and in solid rocket propellants. 1t is made
by electrolysis as already described.

Potassium Permanganate: [CAS# 7722-64-7] KMnOA4, dark purple crystals with a blue metallic
sheen are soluble in water and decomposed by alcohol or at 240 C. Made by oxidation of
manganese in an alkaline electrolytic cell (already described at the start of this section) or by
treating a hot solution of potassium manganate with carbon dioxide and the crystals drop out of
solution on cooling. May ignite or explode with organic materials and is used in disinfectant,
deodorizer. bleach, radioactive decontamination of skin, antiseptic, and air and water purification.

Poiassium Peroxide: [CAS# 17014-71-0] K202 is made by reacting potassium metal in oxygen
forming yellow crystal masses which decompose 1n water evolving oxygen. Ignites or explodes
with organics and is used for oxygen generating gas masks {from the moisture in the air), and as a

bleaching agent.

Silver Chlorate: [CAS# 7783-92-8] AgClO3 is a white crystalline solid that is made by reacting
silver nitrate and sodium chlorate in an exchange reaction. It can detonate with combustibles if
shocked or heated. 1t is used in organic synthesis.

Silver Perchlorate: [CAS# 7783-93-9] AgClO4 are coloriess crystals that explede in contact
with many organic solvents or on friction or grinding. It is made by reacting silver oxide with
perchleric acid. 1t is used mainly for explosive compositions and detonators.

Silver Permanganate: [CAS# 7783-98-4] AgMnO4 1s a violet crystalline powder that 15
decomposed by alcohol and light and should be stored in opaque bottles. 1t is made by the
reaction of silver oxide and permanganous acid. It detonates when shocked or heated and is used

in gas masks and medicine.
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Silver Peroxide: Au202 is a grayish powder that is soluble m acids and insoluble in water. Made
from hvdrogen peroxide and silver oxide, it 1s ignitable with organics and is used In making
silver-zinc batteres.

Sodium Bromate: [CAS# 7789-38-0] NaBrO3 is a white powder that ignites organic materials.
It is made by passing bremine into a solution of sodium carbonate which forms sodium bromate
and sodium bromide. Alcohol is added in which the sodium bromate precipitates out and the
sodium bromide stays in solution.

Sodium Carbonate Peroxide: 2Na2C03 3HOOH is a white crystalline powder that is sclubie In
water and decomposes at 100 C evolving oxygen which it contains as 14% active oxygen. It is
made by crystallizing from a solution of soda ash ot sodium bicarbonate and hydrogen peroxide.
The oxygen released can ignite on contact with organics. It is used as a portable selid source of
hydrogen peroxide, in household detergents, dental cleansers, bleaching, and dyeing,

Sodium Chiorate: [CAS# 7775-09-9] NaClO3 are colorless crystals preduced by electrolysis in
hot solution described at the start of this section, easily starts fires on contact with organics and
used for bleaching (to make chlorine dioxide) for paper, ore processing, as a herbicide and
defoliant. substitute for potassium chlorate because it 1s more water soluble, in matches, flares,
pyrotechnics, and to make perchiorates.

Sodium Hypochlorite: [CAS# 7681-52-9] NaOCl SH20 is made by adding chlorine to a cold
dilute solution of sodium hydroxide. It is unstable in air unless mixed with the sodium hydroxide
and is usually stored in solution of cold water. it decomposes in hot water and also reacts with
most organic materials. It is used in bleaching, water purification, medicine, fungicides, SWIimming
pool disinfectant, laundering, and as a germicide. ‘

Sodium Perchlorate: [CAS# 7601-89-0] NaCiO4 sometimes with a2 molecule of water are white
crystals soluble in water and alcohol, and are made by concentrating a sclution of sodium chlorate
after cold electrolysis with the crystals precipitating out. Also can be made by mixing salt {sodium
chloride) and sodium chlorate and heating until they fuse. The unchanged chloride is leached cut
of the solids with water. It is used in explosives and jet fuel. It ignites or explodes with many
organics and sulturic acid.
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Sodium Permanganate: [CAS# 10101-50-5] NaMnQO4 3H20) are purple to reddish-black
crystals that are made and sold in solution. It 1s made by dissolving sodium manganate in water
and bubbling chlorine or ozone into it. The solution 1s concentrated with the crystals precipitating
out. It ignites with many organics. It is used as a bactericide, disintectant, making saccharin, is an
antidote for poisoning by morphine, curare, and phosphorus.

Sodium Peroxide: {CAS# 1313-60-6] NaZ02 is a yellowish white powder that turns yellow
when heated. absorbs water and carbon dioxide from the air, and provides about 20% active
oxygen. It is soluble in cold water with evolution of heat. It is made by heating metallic sodum to
300 C in aluminum trays and passing dry air in which the carbon dioxide has been removed nto
the mass. It is easily ignmited or detonates on contact with water, alcohol's, acids, powdered metals,
and organic materials and must be kept dry. 1t 1s used in bleaching paper and textiles, as a
deodorant, zenerating oxygen in diving bells (submarines), ore processing, and germicidal soaps.

Strontinm Chlorate: [CAS# 7791-10-8] Sr(Cl0O3)2 pessible with 3H20, is a white crystalline
powder, scluble in water, slightly soluble in alcohol. Made by mixing strontium hydroxide nto a
warm water solution and bubbling in chlorine. The sclution is cooled and alcchel precipitates the
crystals. 1t is very sensitive to shock, heat, friction, and organics, any of which may detonate 1t. It
is used to make pyrotechnics (red fire) and tracer bullets.

Strontium Perchlorate: {CAS# 13450-97-0] St{C104)2 are colorless crystals very scluble in
water and alcohol, Made by reacting strontium hydroxide and perchloric acid. It can ignite or
detonate with organics and is used in pyrotechnics.

Strontium Peroxide: [CAS# 1314-18-7] SrO2, possible with 8H20J, is a white powder that 1S
soluble in ammonium chloride solution and alcohol, is insoluble in cold water and decomposes In
hot water. [t is made by passing oxygen over heated strontium oxide or by reacting strontium
oxide with hydrogen peroxide. 1t may ignite or detonate organics if heated, shocked, in contact
with reducers or catalysts, and is used in bleaching, fireworks, and as an antiseptic.

Urea Peroxide: [CAS# 124-43-6] CO(NHZ2)2 HOOH is a white crystalline powder that 15
decomposed by moisture at around 40 C. Tt 1s soluble in water and alcohol and forms explosive
solutions with solvents like ether and acetene which extract the hydrogen peroxide. Its active
oxyaen is 16%. It is made by reacting hydrogen peroxide with urea and forms a water free source
of portable hydrogen peroxide. it can ignite organics and is also used for bleaching, disintectants,
cosmetics, blueprint developer, and pharmaceuticals.
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Zinc Chlorate: [CAS# 10361-95-2] Zn{C103)2 4H20 is a colorless to yellowish crystal that

rurns to mush from the moisture in the air (deliquescent) and is soluble in water and alcohol.
Made from electrolysis of zinc chloride or reaction of chlonic acid and zinc oxide. lgnites organics

with added heat.

7inc Perborate: Zn{(B0O3)2 + H20, is an amorphous white powder, insoluble in water and slowly
decomposed by it. Made by mixing sodium peroxide with boric acid and zinc salt, or boric acid
with zinc peroxide. Can self ignite when wet with heat or contact with organic materials. 1t 18 used
in medicine and as an oxidizing agent.

Zinc Permanganate: [CAS# 23414-72-4] Zn(MnO4)2 6H20 are violet brown or black,
hygroscopic crystals. Decomposes from licht, air, or alcohol and is soluble in water or acids.
[unites with organic materials and 15 used as an antiseptic.

Zinc Peroxide: [CAS# 1314-22-3] ZnO2 is a white powder that is actually a mix of 45-60%
70072 with the rest as zinc oxide. It is made by reacting barium oxide into a solution of zinc
sulfate and filtering with the barium sulfate staying mn solution. The zinc oxide and peroxide are
insoluble in water and the peroxide decomposed by the waier, acid alcohol, and acetone. it
explodes when heated to 190-212 C and ignites with many organics. It is used to cure rubber and
elastomers, in pharmaceuticals, and mgh temperature oxidation.

6) Dusts

There are a large number of solids that easily pyrolize at low temperature. When exposed
to a small amount of heat. they produce easily ignited (low ignition temperature) gases. Many
have been described so far.

The following solid materials are highly flammabie and are useful in starting and spreading,
fires.

Aluminum Phosphide: AIP is dark gray or dark yellow crystals made from reacting hot
aluminum metal with white phosphorus. When heated it evolves the highly flammable and
poisonous gas phosphine. It is used as an insecticide, fumigant, and in semiconductors.

Aluminum Resinate: [CAS# 61789-65-9] is a brown solid mass made by heating rosin with tron
metal and aluminum salts. This vields the iron salt and fused alunminum resinate which is recovered
by precipitation. 1t is used as a drier for varmishes and is easily ignited.
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Ammonium Hypophosphite: NH4N2ZPO?2 are deliquescent crystals or white powder that
decomposes to flammable and toxic gases ( nitrogen dioxide and phosphine) when heated. Soluble
in water and alcohol. it is used as a catalyst in nylon manufacture. It 15 made by reacting
phosphine and ammonium nitrate.

Antinomy Pentasulfide: [CAS# 1315-04-4] Sb2SS5 is a orange-yellow powder, insoluble in
water. soluble in concentrated hydrochloric acid with evolution of hydrogen sulfide and soluble in
alkali. 1t is made by bubbling hydrogen sulfide through a water suspension of antinomy oxide or
oxychloride. 1t ignites on contact with oxidizers and evolves toxic particles of antinomy in the
smoke during combustion, 1t is used as a red pigment and tubber accelerator.

Antinomy Trisulfide: [CAS# 1345-04-0] Sb253 securs in nature as the black crystalline stibnite.
It explodes easily in contact with oxidizers and is used in yellow pigments, pyrotechnics, maiches,
percussion caps, camouflage paints (it reflects infra red radiation in the same way that green
vegetation does) and ruby glass.

Benzoyl Peroxide: [CAS# 94-36-0] (CoH5CO)2 02 is a white granular solid that contains 6.5%
active oxygen. It is made by reacting benzoic acid which is widely used in restaurants as a food
preservative, with hydrogen peroxide. It melts at 103 C and decomposes explosively at 105 C,
and if dry it can explode spontaneously at room temperature. Because of this it is stored in at least
33%, water. It autoignites at 80 C and is highly toxic by inhalation. [t is used in pharmaceuticals,
cosmetics, bleaching, as a drying agent tor unsaturated oils, rubber vulcanization without sulfides,
and preduction of cheese.

Cadmium: already described, all of its saits are considered flammable in powder form. These
salts are exceptionally dangerous because the fumes they emit while burning are toxic above .05
mg in a cubic meter of air. Fatal doses of vapor, fume, or solid are achieved with almost invisible
concentrations in the air which result from combustion.

Calcium Hydride: [CAS# 57308-10-8] CaH2 is grayish white lumps made by reacting calcium
metal with hydrogen gas. [t evelves hydrogen on contact with water which decomposes it to
calcium hydroxide. This makes it a good source of portable and flammable hydrogen gas. It 15
used as a reducing agent making it dangerous tn contact with most oxidizers, is also used as a
drying agent, and is alsc used as a cleaner in blocked up o1l wells.
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Calcium Oxide: [CAS# 1305-78-8] Ca0 also known as lime or quicklime, it is usually in the
form of white-gray hard lumps which reacts with water to make calcium hydroxide and preduce
heat which is sufficient to ignite some flammable gases. A good source of portable, water
activated heat {and cheap). It is made by roasting calcium carbonate in kilns untii all the carbon
dioxide 1s driven off.

Calcium Phosphide: [CAS# 1305-99-3] Ca3P2 or Ca2P2. also known as photophor, are red
brown crystalline granular masses. Insoluble in alcohol and ether, it is decomposed by water to
toxic and Nlammable phosphine gas. it is made by reacting white phosphorus vapors with calcium
metal or calcium oxide, or by reacting calcium phosphate with aluminum cr carbon while heating,
It is used for signal fires, pyrotechnics, torpedoes, and rodenticide.

Calcium Resinate: [CAS# 9007-13-0] is a yellow:sh white powder or lumps, scluble in acid and
solvents, insoluble in water. Made by boiling calcium hydroxide with rosin and filtering leaving the
solid resinate on top, or by fusion of hydrated hme and melted rosin. It can spontanecusly selt
heat and is flammable. 1t is used in waterproofing, making paint dniers, perfumes, cosmetics,
enamels, coatings for fabrics, wood and paper, and tanning leather.

Camphor: [CAS# 76-22-2] C10H160 is a ketone (a liguid usualtly made by the oxidation of an
alcohol) which occurs naturally in the wood of the camphor tree. The campher is a solid ketone of
white crystals which have a flash point of 150 F and autoignites at 871 F. It is made by steam
distillation of camphor wood or made synthetically by treating pinene with acetic acid and
nitrobenzene {or turpentine oil). When heated it evolves flammable gases and explosive vapors. It
s used as internal and external medicine, as a plasticizer for mirocellulose and other explostves, 1n
insecticides. for moth and mildew proofing, tooth powders, embalming, and pyrotechnics.

Charcoal is made by burning wood in a shortage ot air or oxygen. This causes the formation of
partially burnt wood that becomes very porous and burns very slowly due to the slow rate of
diffusion of air into the pores. It can be purchased as briquettes for cooking and 1s an excellent
source of portable slow burning fuel. 1t can ignite when wet or even spontaneously in open air and
is used for a wide range of processes, products, explosives, fuel, gas absorbent, and arc hight
electrodes.

Chlorobenzoyl Peroxide: {CAS# 94-17-7] (CIC6H4C0)2 00 is made by reacting
benzochlorocarbonate { a disinfectant) with hydrogen oeroxide. It is a white powder that explodes
when heated to 38 C and reliably ignites on contact with all organic materials (no exceptions- this
works!). Used as a bleaching agent and polymerization catalyst. Store in a cool dark place!

244




Incendiaries, The science of using fire as a weapon

Cotton dust, fiber, or linters: are readily ignited because the sohd fuel cotton is mixed with the
oxygen in the air and supports combustion. It 15 used in explosives (nitrocotton or guncotton),
and in most household fabrics. made explesive by mixing with oxidizers in the previous section.

Lead Dioxide: [CAS# 1309-60-0] PbO2, brown crystals that are soluble in glacial acetic acid and
neoluble in water and alcohol. Made by adding bleaching powder to an alkaline solution of lead
hydroxide. It is an oxidizer that igmtes many organic materials and is toxic. 1t is used in lead

batteries, matches, explosives, and electrodes.

Phosphorus Heptasulfide: [CAS# 12037-82-0] P4S7 is made by reacting sulfur and white
phosphorus and like all the other similar combinations, it is flammable and eveolves toxic fumes.

Phosphorus Pentachloride: [CAS# 10026-13-8] PCIS, yellow crystalline mass that fumes In
moist air and is soluble in carbon disulfide. Made by action of chlorine gas on phosphorus or
phosphorus trichloride. It reacts with water evolving flammable gases and is used as a chlerinating

agent or dehydrating agent.

Potassium Borohydride: [CAS# 13762-51-1] KBH4 is a white crystalline powder which 1s
decomposed by acids with evolution of hydrogen. It is made by reacting potassium hydroxide and
sodium borohydride. It is a portable source of hydrogen and is a reducing agent for many
chemicals. Used as a foaming agent for plastics and is highty flammable.

Potassium Bromate: [CAS# 7758-01-2] white crystals that are soluble in boiling water and is a
strong oxidizer. Made by passing bromine gas into a solution of caustic potash (potassium
hydroxide). lgnites organic matertals with heat and is used in food additives, and as a maturing

agent in flour,

Potassium Sulfide: [CAS# 1312-73-8] K25, Red or yellow crystals, deliquescent 1n air, soluble
in water and alcohol and insoluble in ether. Can ignite spontaneously in open air and explode 1n
dust or powder form. Made by bubbling hydrogen sulfide gas into potassium hydroxide in
solution. Used as a medicine and chemical reagent.

Sodium Aluminum Hydride: [CAS#13770-96-2] NaAlH4 is a white crystalline material that
decomposes on contact with moisture in the air to evolve hydrogen and caustic soda with heat. It
may ignite or explode in contact with oxidizers and is made by reacting aluminum chlonide with

sodium hydride in cellosolve solution or tetrahydroturan.
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Sodium Amide [CAS# 7782-92-5] NaNH2 1s a white crystalline powder also knewn as
sodamide, is made by passing dry ammonia gas over metattic sodium at 350 C. It is used to make
sodium cyanide {a very poisonous material) and is a dehydrating agent. ltis a flammable powder
that is easily ignited.

Sodium Hypophosphite: [CAS# 7681-53-0] Na2H2PO2 H20 is a white sranular powder that is
soluble in water and slightly soluble in alcohol. It may explode if mixed with strong oxidizers and
decomposes to toxic and flammable phosphine gas on heating. It is made by neutrahzing
hypophosphoric acid with sodium carbonate. It is used as a substitute for sodium nitrite n smoked
meats and as a reducing agent in electrodeless nickel plating of plastics and metals.

Sodium Sulfide: [CAS# 16721-80-5] Na2S or with 9 H20, yellow or brick red lumps or flakes
which are soluble in water and slightly soluble alcohol. 1t is made by heating sodium acid sulfate
(sodium bisulfate) with salt and coal to above 950 C and extracting and crystallizing with water.

It evolves toxic hydrogen sulfide in contact with acids and easily ignites or explodes. 1t is used as
an analytical and photographtc reagent and hydremetallurgy of gold ores.

Stannic Phosphide: [CAS# 25324-56-5] Sn2P2 or SnP, also known as Tin phosphide, 1t is made
by heating tin and white phosphorus together in a furnace. Silver white lumps that are soluble m
acids and is flammable in air. May evolve toxic phosphine and toxic tin in air.

Sulfur {[CASH# 7704-34-9] S1s a mined crystal used to make sulfuric acid and sulfate salts. It 1s
used in black powder an ignites eastly or explodes in powder form. The information on it 1S SO
large that it is best to write : The Sulfur Institute, 1725 P St. N.W. Washington D.C. Sultur
mining and processing constitutes one of the largest industries on earth.

Titanium Hydride: [CAS# 7704-98-5] TiH2 is a black metallic powder that explodes if mixed
with oxidizers and evolves hydrogen on heating, It 1s made by titanium with hydrogen gas or
reducing titanium oxide with calcum hydride and hydrogen while heating above 600 C. 1t is used
in powder metallurgy and to produce pure hydrogen (it can yield 1800cc {STP) of hydrogen per
cc of hydride, preduce foamed metals, solder for metal glass composites, and reducing
atmospheres for furnaces. It 1s also a hydrogenation agent.

Zirconinm Hydride: [CAS# 7704-99-6] ZrH?2 is a gray black metallic powder that autoigmtes at
770 C. It is made by reducing mined zirconia with calcium hydride or magnesium in hydrogen gas,
or by reacting hydrogen gas and zirconium metal. It ignites in contact with oxidizers and is used 1n
powder metallurgy, metal foaming, and hydrogenation.
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7) Mixtures for fuel-air explosives

The military uses explosives for the purposes of knocking things down with a shock wave
effect. Incendiaries by definition are used to burn things down. In the context of this section we
are going to broaden the defimtion of fuel air munitions to include explosives to spread fires in
ddition to their shock wave effects. We can call them fuel-air incendiaries, although both etfects

apply.

The military method of constructing a fiel air explosive is to make bomblets containing a
highly flammable liquid which burns at 0-100% limits in air. [Gasoline explodes at 1.3-7.6%] In
other words, it doesn't need the oxygen In the air to ignite and burn completely and instantly. it
also produces a vapor cloud quickly that increases in strength as the gases burn outward. The
bomblets are limited in size to about 80# each because this is the largest amount of liquid that can
be reliably converted to vapor in the fraction of a second before ignition. The vapor cloud from
the ethylene oxide that is used by the military is about 8' high and 50’ in diameter. Many bomblets
are dropped and ignited tegether to saturate an area. The clouds produce a shock wave of up to 5
times that of TNT and are the most powerful nen nuclear explosives currently 1n production (by
brisance and weight).

To get a hiquid to explode and spread both a destructive shock wave and high temperature
flame outward into a large area, it must

1. Have a high range of flammable limits in air.
7 Have a low igniticn point {is highly flammable).
3 Communicate the flame by burning at a high temperature.

4. Be accompanied by a fuel that can be distributed with it that burns slower to
iunite contact materials. Many materials will not ignite easily without long and hot

contact with an ignitien source.
5 Have a low beiling point so it quickly turns to vapor at room temperature.

These requirements will be discussed mn the device design in more detail in the next
chapter. In this section, we will describe those materials that are good candidates for mixing in ar
and use to produce vapor clouds. 1t 1s also important to keep in mind that when you ignife
incendiary ordnance, you are igniting vapois, not liquid gasoline. When arsonists first use gasoline
without understanding these concepts, they otten have its vapors ignite or blow up in their face.
Arson investigators who suspect gasoline used in arson fires will regularly check the hospitals for

burn victims and the beauty parlors for people who had hair singed and burned off from being
caught in the igniting vapors.
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All of the following chemicals can burn in combination with the oxygen in the air, or n
some cases. all by themselves.

Acetaldehyde: [CAS# 75-07-0] CH3CHO is a colorless liquid that boils at 20.2 C and its
explosive limits in air are 4-57%. It 1s made by oxidation of acetylene, vapor phase oxidation of
ethanol. or catalvtic reaction of acetylene and water. It 1s used to make acetic acid, pentaerythritol
which is used in explosives, synthetic flavors, and pyridines. It is considered narcotic.

Acetylene: |[CAS# 74-86-2] HCCH is a colorless gas which 1s made by mixing calcium carbide
with water (a safe binary way to store and deliver this ordnance tuel as a solid and water). It 1s
also made from natural gas, fuel oil, and petroleum by varicus processes. It is available as
compressed welding gas which boils at -81.8 C and autoignites at 355 C. It burns with an
intensely hot flame which makes it ideal for igniting other materials. It explostve limits in air are
2.5-80%. It explodes with silver, mercury, and copper 1f mixed and heated. It is used to make
vinyl chioride, vinyl acetate, acrylonitrile, and to weld and cut metals. [t is also an asphyxiant gas.

1.3 Butadiene [CAS# 106-99-0] H2C:CHHC:CH2, also known as vinylethylene, is the 36th
largest chemical by volume produced in the US (1985). It is a colorless gas that is easily liquefied
(it boils at -4.4 C) and its flash point is -105 F. It autoignites at 780 F (414 C) and its explosive
Limits are 2-11% in air. It is made by removing hydregen from butane or butenes by a catalyst or
by oxidation {removal with formed water). It is purified by distilling with furfural or by absorption
in aqueous cuprous ammonium acetate. Itis sold in liauid cylinders and used to make synthetic
elastomers like neoprene and styrene, and resins.

Butane: [CAS# 106-97-8] CH3CH2CH2CH3 1s a coloriess gas, known for its use in butane
lighters and high octane liquid fuels. 1t 1s condensed with 30# of pressure at 32.5C to a liquid. 1t 1s
a liquid at 0 C, autoignites at 761 F (405 ) and is an asphyxiant gas. [t is a byproduct from
natural gas and petroleum manufacture and is narcotic in high concentrations. 1ts explosive lumnits
ace 1 9-8 5% in air. It is used as a household and industrial fuel. Butane can be stored in liquid
containers (without pressure) that uses itself as a liquid refrigerant which is circulated to keep 1t
cool. It is also used as a propellant in aerosols.

Butene-1: {Ethylethylene) [CAS# 25167-67-3] CH2:CHCH2CHS3 is a liquefied petroleum gas
that boils at -6.3 C and autoignites at 700 F (371 C). It can be produced directly trom ethylene, its
explosive limits in air is 1.6-9.3% and 1t is an asphyxiant gas. It is used to make a variety of fuels
and alcohol's.
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Butene-2- {Dimethylethylene) CH3HC:CHCH3 boils at 3.7 C and autoignites at 615 F (323 C). It
is obtained by the fractional distillation of refinery gas and is used as a solvent and to polymerize
pasoline. It is an asphyxiant gas which has flammable limits in air of 1.8-9.7%.

Carbon Disulfide; [CAS# 75-15-0] CS2 is a clear liquid made by reacting natural gas or
petroleum fractions with sulfur, or by heating charcoal and sulfur together and distill the vapors. It
is a poison by skin absorption, boils at 46.3 C and autoignites at 100 C {212 F) and forms
explosive vapors in air at 1-50% and can be ignited by friction. 1t is used mn carbon tetrachlonde
manufacture and flotation agents.

Carbon Monoxide: [CAS# 630-08-0] is a colorless gas or liquid that burns with a violet flame. It
boils at -190 C and autoignites at 1128 F {609 (). It can be obtained in volume by mixing oxygen
and carbon dioxide together in contact with incandescent graphite, coke, or anthracite. Steam
attacking coal or natural gas also generates carbon monoxide. It is also made by combusticn of
organics with limited oxygen from the air as in automobile cylinders. Its flammable limits in air are
12-75% which is why forest fires are so hard to put out (they produce massive amounts of carbon
monoxide. It is toxic by inhalation and has an affimty for blood hemoglobin that is 200 times
greater than that of oxygen.

Chlorotrifluoroethylene: [CAS# 79-38-9] CIFC:CHZ Is a colorless gas that boils at -27.9 C and
has flammable limits ot 8.4-38.7% in air. It is made by reacting trichlorotrifluoroethylene with zinc
metal. 1t is used in resin manufacture.

Cyanogen: [CAS# 460-19-5] NCCN is a colorless poison gas that boils at -20.7 C ard has
flammable limits in air of 6-32%. It is made by slowly dripping potassium cyanide nto copper
sulfate solution or heating mercury cyanide. It may ignite from heat or light. It is used in welding
and cutting metals (burns with a purple tinged flame), as a fumigant, and in rocket propellant.

Cyclopropane: (Trimethylene) [CAS# 75-19-4] C3HO 15 a colorless gas that boils at -32.9 C and
auloignites at 928 F {497 C). It 1s made by using zinc metal dust to reduce dibromocyclopropane.
I[ts explosive limits in air are 2.4-10.3%. It is narcotic in high concentrations and toxic at higher
levels. Tt is used as an anesthetic. 1t can also be made by reduction of cyclobutene with carbon

moenoxide.

Diethylamine: [CAS# 109-89-7] (C2ZH5)2NH is a colorless hiquid that boils at 55.5 C and
autoignites at 594 F (312 C). It is made from the reaction of ethyl chloride and ammonia while
heating under pressure. Its flammable limits mn air are 1.8-10.1% and it is used in flotation agents,

resins, pesticides, and corrosion innibitors.
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1.1-difluorethane: [CAS# 75-37-0] CH3CHF? is a colorless, odorless gas that botls at -24.7 (
and has flammable limits in air of 3.7-18%. It is narcotic in high concentrations and is made by
adding hydrogen fluoride to acetylene. It 1s used to make other chemicals (an intermediate).

Dimethylamine: [CAS# 124-40-3] (CH3 )2NH is a gas that smeils like ammonia, boils at 6.9 {,
and auteignites at 806 F (430 C}. 1t is made by reacting methanol and ammonia at high
temperatures with a catalyst. Its explosive limits in air are 2.8-14%. It is used as an acid gas
absorbent. flotation agent, gas stabilizer, surfactant, dehairing agent, and rocket propellant.

Dimethyl Ether: [CAS# 115-10-6] CH30CH3 15 a colorless liquid or compressed gas that bois
at -24 C, flash point of -41 C (-42 F), and autoignites at 662 F (350 C). It is made by dehydration
of methanol and is used as a refrigerant, solvent, spray propeliant, a and polymer stabihzer.

Dimethyl Sulfide: [CAS# 75-18-3] (CH3)2S8 15 a colorless liquid that boils at 37.5 C and
autoignites at 403 F (206 C). 1t is made by heating Kraft pulping black liquor. with inorganic suliur
compounds, or by mixing potassium sulfide with methyl chloride in methanol. Its flammable limits
i air are 2. 2-19.7% and it is used as a gas deodorant and solvent tor INOTEANICS.

Ethane: Also known as dimethyl [CAS# 74-84-0] C2ZH6 is a colorless, odorless gas that boils
2i-88.63 C and autoignites at 959 F (515 C). Made by fractionation of natural gas, its flammable
limits in air are 3- 12%. It is used as a refrigerant, fuel, and 1s the source of the petrochemicals

ethylene and halogenated ethanes. It 15 an asphyxiant gas.

Ethyt Alcohol: [CAS# 64-17-3] C2H50H is made from ethylene by catalytic hydration, or trom
fermentation of grain biomass and wastes. 1t 15 a liquid that boils at 78.3 C and autoigmtes at

793 F {422 C). Its flammable limits in air are 3 1-19% which makes it harder to flood carburetors
of automobiles using ethy! alcohol mixtures. 1t autoignites at about 100 F higher than gasoline
which sometimes makes the mix harder to ignite from spark. 1t is used in gasohol, as a soivent, to
make ethylene and butadiene, in explosives, as an octane booster, and in yeast growth mediums

(biclogical weapons).

Ethylamine: [CAS#75-04-7] CH3CH2NH? is a colorless liquid or gas that boils at 16.6 C and
autoignites at 723 F (383 C). It is made from ethyl chloride and alcoholic ammonta under heat and
pressure. Its flammable limits in air are 3.5-14%. It is used in solvent extraction, petroleum

refining, and detergents.
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Ethyl Chloride: Chloreethane [CAS# 75-00-3] C2H5Cl boils at 12.5 C and is compressed to
store as a liquid. It autoignites at 966 F (518 C) and its flammable limits are 3.8-15 4% in air. it 15
made by reacting ethylene and hydrogen chloride gas, or by passing hydrogen chloride gas mto a
solution of ethanot and zinc chloride (no water). It is used to make tetraethy! lead and
ethylcellulose, refrigeration, as a solvent for fats, oils, waxes, resins, sulfur, and phosphorus, and
insecticides.

Ethylene: [CAS# 74-85-1] H2C:CH2 is the 6th highest volume chemical in the US (1985). lt1sa
colorless gas that boils at -103.9 C and autoigmtes at 1009 F (543 C). It is an asphyxiant gas that
has explosive limits in air of 3-36%. It is made by thermal cracking of hydrocarbon gases or
dehydration of ethanol, or from synthesis gas with Ruthenium as a catalyst. It is used to make a
wide range of plastics, in welding and cutting, refrigeration, accelerate fruit npenings, and as an
anesthetic.

Ethylene Oxide: [CAS# 75-21-81 1s the 23rd highest volume chemical produced in the US 1n
1985. Used in military fuel air explosives, it boils at 10.73 C and 1s liquefied under pressure. It
autoignites at 805 F {429 C) with flammable and explosive limits of 3-100% in air. it 15 made by
adding oxygen gas or air with ethylene with a silver catalyst, or adding alkahi to ethylene
chlorohydrin (makes a deadly binary poison gas and incendiary explosive combination because the
chlorohydrin penetrates rubber and protective clothing and is deadly poisonous by skin
absorption). It is used to make ethylene glycol, surfactants, rocket propellant, and is a fungicide.

Formaldehyde: [CAS# 50-00-0] HCHO the 24th highest volume chemical produced in the US
(1985), a readily polymerized gas, sold In 37-50% water solutions, it may contain up to 15%
methanol to inhibit polymerization. It boils at -19 C and autoignites at 806 F (430 C). 1t is made

by oxidation of methanol, propane, or butane using a silver, copper, or iron-molybdenum catalyst.
Its explosive limits are 7-73% in air and is toxic by inhalation. It is used to make resins, fertihzer,

disinfectant, ethylene glycol, embalming fluids, biocide, preservative, and foam insulation.

Gasoline: is a mixture of liguid hydrocarbons that boil at around 91 F and autoignite at 700 F. lts
explosive limits in air are 1.4-1.6% to 6-7.6%. It is a mixture of mostly paraffin's and aromatics
and is widely available as a fuel for motor vehicles. It is ignited by an electric spark plug (hnt for

suitable igniter in military ordnance).
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Hydrogen: [CAS# 1333-74-0] H2 1s the most abundant element in the universe and is made in
pure gas form from many chemicals already described. It is also made by reacticn of steam and
carbon monoxide and many other processes. It can be compressed, and is widely used as a fuel.
its auloignition temperature is 1075 F (580 C) and its explosive limits are 4-75% n air. [f their 15
any doubt about its potential to use fire as a weapon, see the incineration of the Zeppelin
Hindenburg {blimp). Hydrogen is used in production of ammonia, ethanel, hydrogenation of
vegetable oils, fuel for nuclear rocket engines, missile fuel, cryogenic research, and as an
automobile fuel using metal hydrides (iron titanium hydnde works best) to store and release the
hydrogen by heating at required times.

Hydrocyanic Acid: [CAS# 74-90-8] HCN also known as prussic acid or hydrogen cyanide,
vained notoriety with its use by soviet assassins in the 70's and 80's in the form of pellets or
sprayed from a squirt gun. It 1s a water-white liquid below its boiling point of 25.6 C. It 15
sensitive to light and autoignites at 1000 F (537 C). Its explosive limits in air are 6-41% and s
made by reacting ammonia and air with methane or natural gas in the presence of a catalyst. It 1s
also recovered from coke oven gases and from reacting bituminous coal and ammonia at 1250 C.
It also occurs naturally in some plant tissues. It is sold n concentrations of up to 10% with .05%
phosphoric acid added as a stabilizer. It 13 used to make acrylonitrile, cyanide salts, dyes,
rodenticides and other pesticides.

Hydrogen Sulfide: [CAS# 7783-06-4] H2S is a colorless gas that is soluble in water and alcohol,
nd that boils at -60.2 C and autoignites at 500 F {260 C}. 1t is made by sulfuric acid acting on
on or other sulfides, or by reacting hydrogen gas and sultur vapor under heat and pressure. Its
explosive limits in air are 4.3-46% and it is a toxic gas. 1t is used to punty hydrochloric and
sulfuric acid, to precipitate metal sulfides and provide a liquid source of sulfur and hydrogen as
compressed or in other solutions.

Isobutane [CAS# 75-28-5] (CH3)2CHCH is a liquefied petroleum gas that boils at -11.73 C
and autoignites at 864 F (462 C). lts explosive limits in air are 1.9-8.5% and it 1s made by

- omerization of butene, and from natural gas and refinery gases. It is used as a refnigerant,
aerosol propellant, to make synthetic rubber, and in moter fuels.

Isobutene: [CAS# 115-11-7] (CH3)2C:CHZ is also a liquefied petroleum gas made by
fractionation of refinery gases or catalytic cracking of MTBE. 1t boils at -6.9 C and explodes in
air at 1.8-8.8%. It is used to produce isooctane, aviation vasoline, butyl rubber, resins, and
solvents. [t polymerizes easily and reacts with many matenals.
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Methane: [CAS# 74-82-8] CH4 the first member of the paraflin (alkane) series of hydrocarbens,
a colorless, odorless gas that is lighter than air. it reacts with chlorine and bromine in direct
sunlight explosively, but does not react with many acids, alkalis, and salts. [t autoignites at 1000 F
(537 C) and its explosive limits in air are 5-15%. It 1s made in nature by decaying vegetation,
swamps, marshes, and in natural and coal gas. It can be made by reacting carbon monoxide and
hydrogen, carbon dioxide and hydrogen with a nickel catalyst, or hot coal and steam passed over
a nickel catalyst at high temperature. it is also oroduced by anaerobic decomposition of manure
and agricultural wastes. It is used to make many petrochemicals, carbon black, and synthetic
pProtens. -

Methanethiol: [CAS# 74-93-1] CH3SH is a water white liquid that boils at 5.96 C and explodes
in air at 3.9-21.8% with ignition. 1t is made by mixing methanol { methy! alcohol) and hydrogen
sulfide together. It is used as a jet fuel additive, as a fungicide, and to produce the amino acid
methiomine.

Methyl Alcohol [Methanol]: {CAS# 67-56-1 CH3O0H is the 22nd highest volume chenucal in the
US {1985), it is a clear liquid that beils at 64.5 C and autcignites at 867 F (464 C). It 1s made by
high pressure synthesis of carbon monoxide and hydrogen, or partial oxidation of natural gas
hydrocarbons. It can be made by gasification of wood, peat, and lignite, and from methane with a
molybdenum catalyst. Its explosive limits in air are 6-36.5% and causes blindness if ingested. [t Is
used to make formaldehyde, acetic acid, antifreeze, solvent for nitrocellulose, ethylcellulose,
source of hydrogen for fuel cells, and manufacturing synthetic proteins.

Methylamine: [CAS# 74-89-5] CH3NH2 is a colorless gas that boils at -6.79 C and autolgmtes
at 806 F (430 (). It is made by mixing methanol and ammonta at high temperature over a catalyst.
Its explosive limits are 5-21% in air, and it is used to make pesticides, dyes, surfactants, tuel
additives. rocket propellant, solvent, and photographic developer.

Methyl Chloride: [CAS# 74-87-31 15 a colorless compressed gas or liquid that boils at -23.7 C
and autoignites at 1170 F {632 C). It 1s decomposed by water and is made by chlerinating
methane. or mixing hydrochloric acid with methano! as liquids or gas. Its explosive limits 1n air are
10.7-17%. it is narcotic with psychic eftects, and it is used to make tetraethyl lead, silicones,
refrigerant, fluid for thermometric and thermostatic equipment, low femperature selvent,
herbicide, and topical anesthetic.
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Natural Gas: is a mixture of low molecular weight hydrocarbons recovered from underground
deposits around the world. 1t 15 an asphyxiant gas that contains roughly 85% methane, 10%
ethane, and a 5% mix of propane, butane, and nitrogen. It autoignites at 900-1100F and is stored
as a compressed gas or liquid. The components boil at their respective boiling peints and the
explosive limits in air for the mixture is app. 3 8-17%. [t is used for fuel and cooking gas,
ammonia synthesis, formaldehyde and other petrochemicals, and methanol

Neopentane: [CAS# 463-82-1] CSHIZ or C(CH3)4 is a colorless gas or liquid that botis at 9.5 C
and autoignites at 324 F (450 C). It is denved n small amounts from natural gas and from
reacting methane with methanol or propane and ethane. lts explosive limits in air are 1.4-7.5%
and it is used to make butyl rubber.

Propane: [CAS# 74-98-5] C3H8 made from petroleum and natural gas, 1s available commerctally
in large volumes as a compressed gas of iquid which boils at -42.5 C and autoigmtes at 874 F
{467 C). 1t is an asphyxiant gas with explosive limits in air of 2.4-9.5%. It is used to make
ethylene, solvent, refrigerant, aerosol propellant, and gas enricher. Ocean soing tankers were at
one time considered to be at risk from detonation by terrorists. Because it quickly boils at room
temperature and would disperse in mass volumes, a major release of a propane tankers contents
would likely have the effect of a small atomic bomb once it was ignited. The effect would hkely be
comparable to the detonation of 2,000+ tons of ammonium nitrate at a Texas port in 1947, The
fire and explosion burmed for weeks kilhing more than 500 people, injuring thousands, leveling
property for miles i every direction and knocking two planes out of the sky.

Propyl Chloride: [CAS# 540-54-3] CH3CH2CH2Cl is a liquid that boils at 46.6 C and
autoignites at 1100 F {593 C). lts explosive limits in air are 2.5-11%: It is made by chlorinating
propyl alcoho! or reaction with hydrogen chloride or hydrochloric acid.

Propylene: [CAS# 115-07-1] CH3CH: CH? is the !2th highest volume chemical nroduced in the
US (1985). 1t is a colorless gas that boils at -47.7 C and autoignites at 927 F (497 C). It is made
by catalytic and thermal cracking of ethylene using a zeolite catalyst, or trom naphtha. kts
explosive limits in air are 2-11%, it is an asphyxiant gas, and is used for making isopropyl alcohol,
polypropylene, glycerol, propylene oxide, heptene, polymer gasoline, acrylic acid, viny! resins, and
oxy chemicals.
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Trimethylamine: [CAS# 75-50-3] (CH3)3N1sa colorless gas easily liquefied which boils at -4 C
and autoignites at 374 F {190 C). It is made by reacting methanol and ammonia at high
temperature over a catalyst. lts explosive limits in air are 2-11.6% and its vapors are toxic by
‘nhalation. §t is used to make organic choline salts, to provide warning odor in natural gas, making
disinfectants, flotation agent, attracting insects, and plastics.

Vinyl Chloride: [Chioroethane- the most important vinyl monomer: CAS# 75-01-4} CH2:CHC]
is the 19th largest chemical by volume in the US (1985). It boils at -13.9 C and autcignites at 382
F {472 C). It is very toxic by all exposure routes, and 1s used to make PVC and adhesives for
plastics. 1t is an easily liquefied colorless gas that is made by dehydrating and dechlorinating,
ethylene dichloride, or by mixing hydrogen chleride and acetylene as liquids or gases. lis
explosive limits in air are 4-22%.

Vinyl Ether: [CAS# 109-93-3] CH2:CHOCH:CH2 is a colorless light sensitive liquid that boils
at 39 C and autoignites at 680 F (360 C). Its explosive limits are 1.7-27% in air and 1s made by
treating dichloroethyl ether with alkali. It is used at 3-5% with PVC to make clear plastics, and as
a short operation anesthetic only.

Vinyl Ethyl Ether: [CAS# 109-92-2] CH?2-CHOC2HS is an extremely reactive colorless hquid
that autoignites at 395 F {201.6 C) and can polymerize as a liquid or vapor. [ts flash point is -46 C
and its explosive limits in air are 1.7-28%. It 1s made by reacting acetylene with ethanol and 1s
used in copolymerization. It 1s usually stored underground and contains an inhibitor to minimize
vapor losses and prevent polymerization.

Vinylidene Chloride: [CAS# 75-35-4] CH2 CCl12 is a colorless liquid that readily polymernzes
and boils at 37 C. and autoignites at 856 F (457 C). Made trom vinyl chloride and hydrogen
chloride with an inhibitor added to prevent prepelymenization. Its explosive limits are 5.6-11.4%
in air. is texic by inhalation, and 1s used to copolymerize vinyl chlonide and acrylonitrile te form
saran. Also used to make adhesives and synthetic fibers.

Vinylidene Fluoride: {CAS# 75-38-7] H2C CF2 is a colorless gas that boils at -83 C and
autoignites below 1000 F. Its explosive limits in air are 5.5-21%. It is made by mixing hydrogen
gas with dichlorodifluorethylane. It 1s used in polymers and copolymers.

Vinyl Methyl Ether: [CAS# 107-25-5] CHZ CHOCHS3 is a colorless compressed gas or liquid
that boils at 6 C and autoignites below 1000 F. lis explosive hmits in air are 2.6-39%. It is used to
make copolymers used in coatings, polystyrene, adhesives, and as a plasticizer for nitroceliulose.
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%) Liquid Fuels

A number of liquid fuels are easily ignited and once lit, communicate tire extremely well.
The ones listed here are not suitable for vaporizing and using as a fuel-air explosive-incendiary
weapon because of the higher flash and boiling points which prevent their quick and complete
vaporization at or close to room temperature.

Once a fire has started with sufficient energy to heat and vaporize many liquads, they are
sufficient to produce large volumes of combustible gases and spread fires eftectively. In order to
do this their flash points must generally be below rcom temperaturc so that starter vapers are
produced without outside heat. In addition, they must autoignite from the heat of a spark. Once
lit, they vaporize and boil easily from the heat of combustion and communicate this heat te solids
in the target to begin pyrolysis and achieve the maximum amount of destruction. Most candidate
liquids suitable as sources of destructive flame are derived from petroleum refining. [t 1s unpertant
to understand how these chemicals are produced and where they come from so here is the authors
short course on petroleum based incendiary fuel candidates.

About 90% of the worlds organic chemicals {carbon based molecules, most of which are
combustible) are made from petroleum and natural gas, In 1985 the US used 16,000,000 barrels
of crude oil a day. 7.33 barrels = 1 ton so about 2,197,300 tons of oil were consumed daily 1n the
UUS About 3% of this amount was used to make (process into) chemicals with the rest being used
for motor fuels. About 65,000 tons of non fuel chemicals were made in the US each day from
petroleum.

The refining and distillation of crude o1l produces a number of combustible matenals.
Boiling Ponts Name Use

<20C CGases Similar to natural gas. Flared {burned} because of
cost of recovery. May be used as tuel

20-150C Gasohne Used as fuel and chemicals, contains some aromatics
(Light Naphtha)

150-200 C Heavy Naphtha Same as light naphtha

175-275C Kerosene Jet, tractor, and heating fuel

200-400 C Gas Onl Diesel and heating fuels

>350 C Lubricating Ol Lubrication and cracking for lighter fuels

>350 C Heavy Fuel Ol Boiler Fuel, may be cracked for lighter fuels

>350 C Asphalt Paving, coating, and structural uses
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The thermal cracking or "steam cracking” of hydrecarbons or natural gas yields other
major chemicals. The most important of these groups is the "Olefins”.

H,* methane

Ethane {for fuel)
propane -y
{or other @ 3z
feed stock) C |C,-C, | 2 - .
E v é Compressor Acid removal @
u 2 @ - T
H,0 - =
=h
E
D
O
Ethane,
ethylene,
Ethylene E 50Me
% Ethylene Acetylene acetylene |
o Ethane hydrﬂgenatﬂr El
Ethane > — r=
(recycle) E
D
Propylene Propylene, -
propane,
some C3-Cy
= propadiene &
= | Propylene - methylacetylene |
B Hydrogenation y
", | Propane =
O o
o
L
Propang o
(recycle) Ca . La
~
i
x
=
Pyrolysis -
gas O

Manufacture of olefins by thermal cracking.

The Olefins- Ethylene, Propylene, and the Butylenes (C4 fraction), are included with
Methane. and the Aromatics- Benzene, Toluene, and Xylenes. These 7 chemicals are the basic
materials used to make nearly all the important organic chemicals used today. The 28 highest

volume organic chenmcals are included in this hst -
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Toluene- Yields Benzene

Ethvliene

Ethylene Dichloride
Ethylbenzene
Styrene

Viny! Chlende
Ethylene Oxade
Acetic Acid

Vinyl Acetate

Methane

LUrea

Methanol
Formaldehyde
Acetic Acid

Methy! -butyl] ether

Propylene
Acetone
[sopropanol
Propylene Oxade
Acrylonmitnle
Cumene

Pheno!

Xyienes

Terephthalic Acid
p-Xylene

Dimethyl terephthalate

Benzene
Ethylbenzene
Styrene
Cyclohexane
Phenol
Acetone
Adipic Acid
{Cumene

{4 Fraction
Butadiene

Acetic Acid

Methyl 7-butyl ether

Butadiene can be made from the C4 distilled material by dehydrogenation -

Soivent Olefins

Crude C, extraction

Alkanes

A process called catalytic reforming was developed to produce benzene, toluene, and
xylenes because the coal tars could not come close to meeting demand. This process tlows as -

Acid
aextracticn

{sobutene
oligomer

94-99% pure o
butadiene '(_—I- Purification
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C. H gas

Naphtha Preheater l——>—l Reactor H Separator ,————)-
Recycled H }
— e

Stabilizer

Nonaromatics C
Benzene © 2
T DA t @
N3 romatics |= -
1k E h 1 +
] m S 52
arTrEEEZ:s = Aromatics | ® T
a + solvents | %% h
o L L
| -
n
Solvent
(recycled)

Some C?, Ca, Cq aromatics

Xylenes can be separated into different parts by fractional distillation -

Liquido & m
Liquid ethyibenzenes

ortho 18-25% _
meta 45-52% Heat - ”
para 17-20% exchanger entri uge__

ethylbenzene 8-13%

Salid p

Liquid

Centrifuge Meit tank

99 + %

pure psolid ¢ 95% pure p solid

Ethylene can be used to produce a wide range of organcs, many combustible and suitable
for use in incendiaries. A partial listing includes
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Ethyiene
- ] l ] Ethylbenzene ] L |
Ethandl 2 Ethyd Ethylene Ethylene
r L P T -1 Ethyltoluene chloride  dibromide dichionde
Acetaldehyde Ethyi Ethyi Chloral Ethyl 3 _ r'—L'—]
I amines bromide ether D€ aromalics Toyaethyl  Ethyl
1 | T I lead  celiulose
Acetaldol 2-Ethyl  Acetic acid Pentaery I — :
| hexanol & anhydride thritoi Ethylene  Vinyl Tl, 1,2 Methyl
r L Miscellaneous : - richloro
1,3-Butylene Croton derivatives amines chlonde ethane chlorotarm
giycol aldehyde Peracebic acid L.
Paraldehyde Pentachloro Tetrachloro Vinylidene
_I" Pyridine ethane ethane chloride
Acetate Acetyl Vinyl Trimethvlal | | l
ters chioride acetate ¥ :
s . - Propane Perchiore  Trichloro Methyl
Acetamlide Aspinn Cellulose ethylene ethylene  chloroform
aCetate
Polyviny! Chloroacetic
alcoho acids
— T i ‘
Polyethylene Copolymers Propionaldehnyde fthylene oxide
— ——— | -
Low High FPropylene Ethyl Vinyl n-Prapyl Propionic acid
density density acetate acetate alcohoi
LI B DR | |
Ethylene Polyethylene  Ethoxylated Glycol Ethanolamines Hydroxyethyl
glycol Eglycols surfactants pthers cellulose
| L L ] | 1
Polyesters Dioxane Ethylene Giyozal

carbonate dioxplanes

Acetal: [CAS# 105-57-7] CH3CH(OCZH5)2 15 a coloriess liquid decomposed by dilute acids and
forms a constant boiling mixture with ethanol. Its flash point is -20.5 C, it boils at 103 C, and
autoignites at 230 C (446 F). It is made by partial oxidation (usmng chemicals or gas) of ethanol. It
is used as a solvent, in cosmetics, perfumes, and flavornngs.

Acrolein: [CAS# 107-02-8]) CH2ZCHCHO 1s a colorless or yellowish liquid which boils at 52.7 C
and autcienites at 277 C (532 F). lis flash point is 0 F. It is made by oxidation of ally! alcohol or
propylene, by heating glycerol with magnesium sulfate, or from propylene with a
bismuth-phosphorus-molybdenum catalyst in air. It is very reactive and was used by Germany In
WW1 as a poison gas. [ts explosive limits in air are 2.8-31% and it is used to make synthetic
olycerol, polyurethane, herbicide. methionine, resins, and as a warning agent in gases because of
its choking odor.
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Acrylonitrile: [CAS# 107-13-1] H2C:CHCN also known as vinyl cyanide is the 38th highest
volume chemical produced in the US in 1985. lts flash pomnt 15 O C, it boals at 77.3 C, and its
explosive limits in air are 3-17%. It 1s made by using the same catalyst as Acrolein (above-
bismuth. etc.) with propylene, oxygen, and ammonia. it can also be made by adding hydrogen
cyanide to acetylene with a cuprous chlonde catalyst. It is toxic by dermal and inhalation routes
and is used to make acrylic fibers, polymers, nitrile rubber, grain fumigant, and catalysts.

Ammoninm Polysulfide: {NH4)2Sx exists only n solution and is decomposed by any acids to
yield the highly tlammable and toxic hydrogen sulfide vases already described. It is made by
bubbling hydrogen sulfide into 28% ammomuim hydroxide in water and dissolving an excess of
sulfur into the solution. It provides a safe, portable, liquid source of flammable and poisen gas
when combined with acid.

Amyl Acetate: [CAS# 628-63-7| CH3COOCS5H11 is a colorless liquid with a flash point of
65-95 F and autoignites at 714 F (380 C). 1t has a banana odor and its explosive limits in air are

| 1-7.5%. It is made by mixing amyl alcohol with acetic acid with some sulfuric acid as a catalyst.
[t is used as a solvent for lacquers and paints, in photographic film, leather and nail polish,
warning odor, flavoring agent, and as a solvent for phosphors 1 Jamps.

Amyl Chlordes: CH3(CH2)3CH2Cl and similar formulas are straw (0 purple colored liquuds that
have a flash point of 38 F, and distill at 85-109 C (boily. They are made by vapor phase
chlorination of a mix of pentane and isopentane. kts explosive limits in air are 1. 4-8.6% and 1s
narcotic in high vapor concentrations. [t is used to make amyl compounds and as a soil fumigant.

Amyl Nitrate: [CAS# 1002-16-0] (CH3 )2CHCH2CH2NO?2 is a yeltowish liquid with a frusty
odor. Insoluble in water, decomposes on exposure to hght. air, and water. It boils at 99 C and
autoignites at 207 C (405 F), and may explode because it contains its own combustible oxygen, [t
is made by mixing amyl alcohol with nitrous oxide and is used in perfumes and diazonium
(explosive) compounds.

Benzene: [CAS# 71-43-2] CoH6 is the 16th highest velume chemical produced 1n the US (1983}
It is a colorless liquid whose vapors produce smoky flame. It boils at 80.1 C, flash point of -11 C,

and autoignites at 1044 F {562 C). 1t is made by pyrolysis of gasoline and fractional distillation ot
coal tar. It is very toxic and its flammable limits in air are 1.5-8%. It is used to make ethylbenzene,
dodecylbenzene for detergents, cyclohexane for nylon, nitrobenzene, chlorobenzene, and benzene

sulfonic acid.
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Butyl Alcohol: three forms made from butene. iscbutene, and by other processes. Flash points of

52-95 F. boiling points of 82-117 C and autoignition of 689-892 F. Used for many solvents, paint
removers, industrial cleaners, making esters, plasticizers, and as an octane booster it unleaded
gasohne.

Butanol combined with many aromatics and organic acids form highly flammable liquids with low
flash and boiling points, and generally very low autoignition temperatures.

Celanese Solvent is a commercial mix of flammable hquids used as a replacement for methyl ethyl
ketone in viny!, for butyl alcohel m nitrocellulose lacquers, and butanol in brake tluids. Its flash
point is 10 F, it boils at 115-120 C, and ignites under 1000 F.

Chilorobenzene: [CAS# 108-90-7] CoH5Cl is a clear liquid with an almond odor that boils at
131.6 C. flash point of -45 C and autoignites at 1130 F. It is made by passing chlorine gas nto
benzene with a ferric chloride catalyst. Its explosive limits in air are 1.8-9.6% and it is used to
make phenol, aniline, solvent, pesticide, and as a heat transfer fluad.

Collodion: is a solution of nitrocellulose (see Volume 3- pyroxilin) dissolved m ether and alcohol.
It is a pale yellow, syrupy liquid with a flash peint of O F. It is used to coat wounds and abrasions,
in corn removers and drugs, photography, engraving, and explosives. It is easily ignited.

Cyclohexane: [CAS# 1 10-87-7] C65H12 is the 43rd largest chemical by velume produced mn the
US in 1985. It is a colorless liquid that boils at 80.7 €, with a flash point of 6.3 C. Its autoigmtion
temperature is 473 F {245 ) and its flammable limits in air are 1.3-8.4%. 1t 13 made by catalytic
hydrogenation of benzene and it < found in all crude oils at .1-1%. It is used to make nylon © and
nylon 6.6, and is a sclvent tor many chemicals. It is also used to make other flammable liquids like
Cyclopentane which boils at 50 C and is used in motor 01ls.

Diacetone Alcohol: [CASH 123-42-21 CH3COCH2C(CH3)20H is a colorless liquid made from
the condensation of acetone which boils at 169 C, flash point of 73-100 F, and autoignites at 1118
F (603 C). lts explosive limits in air are | 8-6.9%. 1t is used as a solvent for nitrocellulose, oils,
resins. waxes, tars, lacquers, coating compositions, and as a preservative for animal tissue. It 15 2
stronger solvent with acetone muxed 1n.

Diacetyl: [CAS# 431-03-8] CH3COCOCHS3 is a yellow liquid made irom special fermentation’s
of glucose, and from synthesis of methyl, ethyl, ketone. [t is used as an aroma carrier 1 food
products and has a flash point ot 4-5 C, and botls at 38-91 C.
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Dichloroethylene: [CAS# 540-59-0] CIHC-CHCl is a colorless liquid that is low boiling at 47-49
C. Hash point of 3.9 C {39 F) and is a narcotic in high concentrations. It is made by the partial
chiorination of acetylene and is used in perfumes, lacquers, and thermoplastics.

Diethyl Carbonate: [CAS# 105-58-8] (C2H5)2C03 is a colorless liquid used as a solvent for
nitrocellulose, many resins, and adhering rare earth metals to cathodes. Its flash point 1s 77 F (25
C). and boils at 125 C. 1t is made by -

1. Reacting chlorine and carbon monoxide te produce Phosgene gas. This is a potson

military gas.

2. Reacting the phosgene with ethanol to make ethylchlorocarbonate (CICO2CZHS5)

3. Adding anhydrous ethanol to yield the final diethyl carbenate.

Diethyl Ketone: [CAS# 96-22-0] C2HSCOC2HS is a colorless liquid that beils ai 101 C, flash
point of -42 C, and autoignites af 452 C (846 F). It is made by distilling sugar (sugar s an
alcohol) with an excess of lime. It is used in medicine and organic synthesis.

Diisopropylamine: [CAS# 108-1 R-9] [(CH3)2CH]2 NH is a colorless liquid that boils at 841 C,
flash point at-1.1 C (30 F), and 1s made by mixing isopropyl chloride and ammonia. 1t 1s
flammable and toxic by dermal, inhalation and ingestion routes. [t is used as an intermexiate
chemical and catalyst.

Dimethylacytal: [CAS# 534-15-0] CH3CH{OCH3)2 is a colorless liquid that boils at 63 C, flash
point of 26.6 C (80 F), is flammable, and is made by heating acetaldehyde with methyl alcohol and
olacial acetic acid and distilling. It is used in medicines and crganic synthesis.

2.3-dimethylbutane: [CAS# 79-29-8] {CH3 )2CHCH{CH3)2 1s a colorless liquid also known as
diisopropy! which is used in the manufacture of high octane fuel, in herbicide, and in manufacture
of DFP nerve gas. It is made by mixing ethylene with isobutane in the presence of an aluminum
chloride catalyst. It boils at 57.9 C, flash point of -28.9 C and is flammable and autoignites at 788
F. and is possibly explosive in air.

{,l-dimethylhydrazine: {CAS# 57-14-7] {CH3)2ZNNH?2 15 a colorless hysroscopic liquid that
boils at 63 C, flash point of -15 C (5 F), and autoignites at 480 F (249 C). It 1s made by reacting
dimethylamine and chloramine, or catalytic oxidation of dimethylamine and ammonia. [t 1s tox1c
by skin absorption and is used in rocket and jet fuels, stabilizer tor organic peroxide fuel additives,
absorbent for acid gases, and is a plant growth control agent.
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1. 4-Dioxane: [CAS# [23-91-1] OC H2CH20CH2CH? is a colorless liquid that boils at 101.3 C.
flash point of 18.3 C (65 F), and autoignites at 180 C (356 F). It is made by mixing ethylene
slycol {anti-freeze) with acid, or by mixing alkali into 8, B-dichloroethyl ether. 1t 1s used as a
solvent for many organics, in many cleamng fluids, cosmetics, deodorants, and scintiiiation
counter (for radiation). 1t forms explosive peroxides when iunited and may explode as a result ol

iemtion.

1.3-dioxalane: [CAS# 646-006-0] OCH2CH20OCH?2 is a water white liquid that boils at 74 C.
flash point at 1.67 C (35 F), and is toxic by ingestion and inhalation. 1t is made by reacting
formaldehyde with ethylene glycol (anti-freeze). It is used as a lower boiling solvent for many

matenals.

Ethyl Acetate: [CAS# 14]1-78-6] CH3COOC2HS is a colorless, fragrant liquid that boils at 7/ C
and has a tlash point of -4.4 C (24 F). Its autoignition point is 800 F {426 ()}, it is made by heating
acetic acid and ethyl alcoho! with sulfuric acid present and distilling. 1ts flammable limits in atr are
2 2-9%, it is toxic by dermal and inhalation routes, and is used to make smokeless powders,
pharmaceuticals, fruit fragrances, and as a solvent.

Ethyl Bromide: [CAS# 74-96-4] C2HSBr is a colorless liquid that boils at 38.4 C, autoignites at
952 F {511 C), and has a flash pont of 80 F {26 C). It is made from ethanol or ethylene and
hydrobromic acid mixed together in several processes. 1t 1s toxic by dermal, inhalation, and
ingestion absorption, and is used as an anesthetic, refrigerant, solvent, grain fumigation, and
organic synthesis. Its explosive limits are 6-11% in air.

Ethy! Butyrate: [CAS# 105-54-4] C3 H7CO2C2HS5 is a colorless liquid with a pineapple odor
that boils at 120.6 C. flash point of 25.5 C (78 F), and autoignites at 462 C (865 F} 1t 1s made by
reacting ethyl alcohol and butynic acid while heating in with sulfuric acid and then distilling. 1115
used to make flavoring exiracts, pertumes, and .5 a solvent for cellulose ethers and esters.

Ethylchlorocarbonate: [CAS# 541-41-3] CICOOC2HS is a water white liquid that boils at 95 C,
flash point at 161 C (61 F), and decomposes \n water or alcohol. 1t is made by reacting carbon
monoxide and chiorine gas to first produce phosgene gas. This is then ireated with ethanol to
produce hydrogen chloride gas and ethy! chlorocarbonate. 1t is used in making flotation agents,

polymers, and 1socyanates.

Ethyl Cyanide: [CAS# 107-12-0] C2HSCN is a colorless liquid with an ethereal odor that boils
at 97 4 C and its flash point is 16.1 C (61 F}. 1t s made by heating barium ethy} acetate and
potassium cyanide and distilling the gas. It is toxic by dermal, ingestion, and inhalation, and 15
ased for solvents. dielectric fluid, and as a chemical intermediate.
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Ethylene Dichloride: [CAS# 107-06-2] CICH2CH2Cl is the 14th highest volume chemical
oroduced in the US {1983), 15 a celorless oily liquid with a chleroform odoer. 1t boils at 83.5 C_ its
flash point is 13.3 C {56 F}, and its explostve limits in air are 6-16%. 1t is made by action of

chiorine on ethylene using a metallic catalyst and distilling. It is also made by reacting
hydrochloric acid with acetylene. [t s used for making vinyi chloride, trichloroethyiene, as a lead
scavenger in anti-knock gascline, in paint and varnish remover, ore tlotation, and in cleaning

gompounds.

Ethyleneimine: [CAS# 151-56-4] CHZNHCHZ 1s a clear colorless liquid that boils at 57 C, flash
point of -11.1 C {12 F), and auioignites at 322 C (612 F). 1t 1s made by mixing ammonia with
ethylene chloride by using an acid receptor. It is absorbed by the skin and causes tumors, 1ts
flammable limits are 3.6-46%. and it is used to make protective coatings. pharmaceuticals,

adhesives, surfactants, and as a chemical intermediate.

Ethy! Ether: |CAS# 60-19-7] (C2ZH5)20 15 a colorless Tiquid that boils at 34.5 C, its flash pomt IS
_45 C {-49 F), and autoignites at 180 C (350 F). It 1s made by action of sulfuric acid on ethanol or
ethylene and distilling. It 1s absorbed by the skin and is a central nerveus system depressant which
makes is useful as an anesthetic. 1t is also used in smokeless powder, as a solvent {(nitrocellulose),
and as an extractant. It forms explosive peroxides and its explosive limits in air are 1.85-45%.

Ethyl Formate: [CAS# 109-94-4] HCOOC2HS5 is a water white unstable liquid with a tlash point
of -4 F {-20 C), boils at 54.3 C, and autoignites at 851 F (455 C). 1ts explosive limits in air are
7 8-13.5%. It decomposes slowly in water and is made by heating ethanol with fermic acid in

sulturic acid. 1t is narcotic and is used as a solvent tor nitrocellulose, as a fumigant, herbicide, and

to make synthetic flavors.

Ethyl methylacrylate: [CASH 97-63-2] H2C:CCH3COOC2HS5 is a colerless liquid with a tlash
peint of 21.1 C (70 F), and bails at 119 C. It is made by reacting methacrylic acid or methyl
methacrylate with ethanol. It is easily polymerized and is used to make many polymers.

Ethyl Proprionate: [CAS# 105-37-3] C2H5CO0C2ZHS is 2 water white liquid with a pineapple
odor that boils at 99 C. has a flash point of 12.2 C (54 F), and autoignites at 476 C (890 F). It 1s
made by mixing ethanol with propionic acid and is used for making resins, fruit syrups, and as a

solvent for cellulose esters and ethers.
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Furan: [CAS# 110-00-9] HC:CHCH:CHO is a colorless liquid that turns brown over time, boils
at 31.4 C. flash point of 0 C (32 F), and has flammable limits in air of 2-24% (it forms explosive
peroxides on contact with air), 1s absorbed by the skin and is used n orgamc synthesis. It 1s made
by dry distillation of furoic acid from furtural.

n-heptane: [CAS# 142-82-5] CH3(CH2)5 CH3 15 a colorless liquid that boils at 98.4 C, flash
point of -3.9 C (25 F), and autoignites at 222 C (433 F). It 1s made from the fracticnal distillation
of petroleum and is used for solvents, lab reagents, as an anesthetic_ and 1s a standard for cctane
ratings - pure heptane = zero.

1.4-hexadiene: [CAS# 42296-74-2] H2C:CHCH2HC:CHCHS3 1s a colorless liquid made by
reacting ethylene and butadiene in the presence of a special catalyst. Its flash point 1s -21.1C {-6
F), it boils at 64 C, and its explosive limits in air are 2-6.1%.

lodine pentafluoride: [CAS# 7783-66-0] IF5 15 a very fuming liquid that boils at 98 C and
attacks glass. It is made by passing fluorine gas over todine. It is very toxic and reacts violently
with water. often igniting. It is used in fluorinating and n military and commercial incendhary
tormulas.

Iron Pentacarbonyl: [CAS# 13463-40-6] Fe(CO)5 is a mobile, yellow liquid that evolves carbon
monoxide on exposure to air or light, is insoluble with water making it easy to store under water,
and it has a flash peint of 5 F (-15 C). 1t boils at 102.8 C, is made by passing Carbon monoxide
over iron dust in the presence of an ammonia catalyst, and is used n making high frequency coils.
[t is a vood source of portable, air or light activated flammable gas. 1t is toxic by all exposure

routes.

Isobutylamine: [CAS# 78-81-9] (CH3)2CHCHINH. is a colorless liquid that is a strong caustic,
its flash point is -9.4 C (15 F), and boils at 66-09 C. It autoignites at 712 F {377 C) and 1s used 1
insecticides. It is made by mixing isobutyt alcohol with ammoma.

Isocyanic acid: [CAS# 75-13-8] HN C O 1s a gas made from heating cyanuric acid to 300-400 C
2 ciream of carbon dioxide. It is used to make urethanes and allophanes. 1t can also be made
from nitric oxide, carben monoxide, and hydrogen with a palladium or indum catalyst. Itisa
severe explosion risk in this form and ignites at below 11G0 k.
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Isooctane. [CAS# 540-84-1] (CH3}3CCH2CH{CH3)2 is a colorless liguid made from fractional
distillation of petroleum that boils at 99,2 C, autoignites at 417 C (784 F), and has explosive limits
in air of 1.1-6 %. Its flash point is -107.4 C and it is used as a solvent, and in motor fuel.

1sopropyl alcohol: [CAS# 67-63-0] (CH3)2 CHOH alse known as isoprepanel and 2-propanol,
it is a colorless liquid that boils at 82.4 C, autoigniies at 453 C {850 F), and its flash point 15 33 F.
It is made by treating propylene with sulfuric acid and hydrolyzing. It is used to make acetone and
its derivatives, glycerol, and is a solvent for many otls. It is also a deicer for many tuels and 1s
used in preservatives, and lotions.

Isopropylamine: [CAS# 75-31-0] (CH3)Z CHNHZ is a colorless liquid that boils at 32.4 C,
autoignites at 402 C (756 F), and has a flash point of -37.2 C {-35 F). It is made from acetone and
ammonia under pressure and is used for rubber accelerators, dves, insecticides, bactenicides,
surfactants, and dehairing agents.

Isopropyl Ether: [CAS# 108-20-3] (CH3)2 CHOCH {CH23)2 is a colorless hquid with an
ethereal odor that beils at 67.5 C, autoignites at 443 C (830 F), has a flash point of -17.7 C{ O F),
and explosive limits in air of 1.4-21%. 1t 15 used as a solvent for oils, waxes, dyes, and resins, m
paint and varnish removers, and rubber cements.

Isopropyl Mercaptan: [CAS# 73-33-2] (CH3)2 CH {HS) is a liquid with a terrible odor. 1ts flash
point is -34.4 C {-30 F), it bols at 51-55 C. and is made by reacting propylene and hydrogen
sulfide. [t is used as a standard in petroleum analysis and to make other organic chemicais.

Methyl acetylene: [CAS# 74-99-7] CH2 C CH is made from acetylene and methanol, 15 a
colorless liquefied gas that boils at -21.3 C and has a flash point of -101 5 C. ltisused as a
specialty fuel and intermediate and 1s toxic by inhalation.

Methyl Acrylate: [CAS# 96-33-3] CH?2-CHCOOCHS3 is a colorless liquid that boils at 80.5 C
and its flash point is -3.8 C (25 F). It is made by mixing ethylene cyanohydrin and methanol with
in dilute sulfuric acid. or by acetylene, carbon menoxide, and methanol in the presence of a nickel
or cobalt catalyst. It is used to make acrylic polymers, amphoteric surfactants, and vitamn B1.

Methylallyl Chloride: CH2:C(CH3)CH2Cl s a colorless 10 straw colored liquid with a boihing
point of 64.5 C, a flash point ot -19.4 C (-3 F), and explosive limits in air of 3.2-8.1%. It is made
from ally! alcohol and methy! chloride, and is used for production of insecticides, plastics,
pharmaceuticals, and tumigants.
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3-methyl-2-butene: C5SH10 or H3CCH:C{CH3)2 is a colorless hquid with a bad odor that boils
at 38.51 C. flash point at -45 C (-50 F)}, and is insoluble in water. 1t 1s made by cracking of
petroleum and is used for hydrogenation, halogenation, alkylation, and condensation reactions.

Methylchloreformate: [CASH# 79-22-1] CICOOCHS3 is a colorless liquid decomposed by hot
water and stable in cold water. It boils at 71.4 C, flash point at 12.2 C (54 F), and is made by
reacting methanol and carbonyl chloride. It is used as a military poison {tachrymator- tear gas) and
1n msecticides.

Methylcyclohexane: CH3C6H!1 is a colorless liquid that bois at 100.8 C and has 2 flash point
of -3.9 C (25 F). Its autoignition temperature is 285 C (545 F) and s made by reaction of
methanol and cyclohexane. Its lower explosive limit is 1.2 % in air and 1t 1s used as a solvent for
celiulose ethers and in organic synthesis.

Methylcyclopentane: CSHOCHS3 is a colorless liquid that boils at 72 C with a flash point of -6.6
C {20 F). 1t is a narcotic and 15 used as an extractive solvent. 1t is made from cyclopentane and
methanol or methane.

Methyl Ethyl Ketone: [CAS# 78-93-3] CH3COCHZ2CH3 is a colorless liquid with an acetone
odor that boils at 79.6 C, flash point of -4.4 C {24 F), and autoignites ai 515 C (960 F). It is made
from fermentation, and oxidation of butane. Its explosive limits in air are 2-10% and 1s used 1n
nitrocellulose coatings, vinyl films, cements, adhesives, smokeless powder, and acrylic coatings.

Methyl isobutyl ketone: [CAS# 108-10-1] {CH3)2 CHCH2COCHS3 is a colorless liquid with a
pleasant cdor that boils at 1158 C, autoignites at 46CG C (860 F) and flash point of 227 C (73 F}.
It is made by the mild hydrogenation of mesityl oxide. Its explosive limits in air are 1.4-7.5% and
it is used as a solvent for paints, varnishes, nitrocellulose, making methyl amyl alcohol, and
extracting uranium from fission products.

Methyl Isocyanate: [CAS# 624-83-9] CH3NCO 1s a coloriess liquid that boils at 39.1 C with a
flash point of 20 F (-6.6 C). it is made from isocyamic acid and methanol and is used as a chemical
intermediate. It ignites at less than 1000 ¥
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Methyl methacrylate: [CAS# BC-62-6] CH2:C{CH3)COOCHS3 is a colorless liguid with a tlash
point of 0-10 C and auto ignites at 421 € {790 F). 11 boils at 101 C and is polymerized by light,
heat, ionizing radiation, and catalysts. 1t is made by oxidation of tert-butyl alcoho! to methacrolein
and then to methacrylic acid which is then reacted with methanol 1t is also made from acetone
cyanohydrin, methanol, and dilute sulfuric acid. ts exvlosive limits in air are 2.1-12.5% and 1t 1s
used to impregnate concrete and make polymethacrylate resins.

Methyl Propionate: [CAS# 554-12-1] CH3CH2COOCHS3 is a colorless liquid that boils at 79.5
C. autoignites at 468 C (876 F), and has a flash point of -2.2 C {28 F). It 1s made from propionic
acid and methanol. its explosive limits in air are 2.5-13%, and it i1s used as a solvent for cellulose
nitrate, lacquers, paints, coating compositions, and flavoning.

Naphtha: [CAS# B030-30-6] is an ether distilled from petroleum which distilis between 175-247
C (347-464 F) and boils at 30-60 C. It autoignites at 287 C (550 F) and its explosive limits in air
are 1-6%. [t is made from various distillation and cracking processes for petroleum, coal tars, and
natural gas. It is used in paint thinners, varnishes, pasoline, dry cleaning, resins, solvents, naphtha
soaps, ethylene, and acetic acid.

Neohexane: [CAS# 75-83-2] C6H14 is a colorless liquid with a flash point of -47 C (-54 F), boills
at 49.7 C. and autoignites at 425 C (797 F). It 1s made by thermal or catalytic combining
{alkylation) of ethylene and isobutane which are recovered from refinery gases. Its explosive limits
in air are 1.2-7% and it is used in high octane motor and jet fuels, and 1n agricultural chemicals.

Nickel Carbonyl: [CAS# 13463-39-3] Ni(CO) s a coloriess liquid that boils at 43 C and
explodes at 60 C {140 F). It is made by passing carbon monexide gds over powdered nickel. [t 1s
very toxic and is used in continuous mckel coatings on steel.

n-gctane: [CAS# 111-65-9] CH3{CHZ2)6CH3 is a colorless hiquid that boils at 125.6 C, flash
point of 13.3 C (50 F), and autoignites at 220 C (428 F}. It is recovered from petroleum and 1s
used as a solvent and azetropic distiltations.

Pentaborane: [CAS# 19624-22-7] BSHY 15 a colorless liquid with a pungent odor that boils at 33
C. has a flash point of 30 C {86 F) and ignites spontaneously in air at 150 C if it contans
impurities. It is made by hydrogenation of diborane. 1t is used as a fuel for air breathing engines,
in propellants, and is very toxic by ingestion and inhalation.
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Pentene: as different isomers. it is made from gasoline and boils at 30-37 . autoignites at 272 C
(523 F). and is used in high octane motor fuel and In pesticides. Formuia #1-
CH3CH2CH2CH:CHZ.

Propargyl Bromide: [CAS# 106-97-7} HC CCH2Br 15 a hquid that botls at 90 C, flash point of
65 F. and is used as a soil fumigant and chemical intermediate. It 15 made under high pressure

from acetylene.

Propionaldehyde: {CAS# 123-38-6] C?H5CHO is a water white liquid with a suffocating odor
that boils at 48 8 C with a flash point of 0 C (15 F). Its autoignition temperature is 207 C (405 F)
and its explosive limits in air are 3-16%. It s made by oxidation of propy! alcohol with dichromate
or by passing propy! alcohol over copper at high temperature. It is used to make propionic acid,
polyviny!l and other plastics, disinfectant, and preservative.

Propyl Acetate: [CAS#109-60-4] C3H700CHS3 is a colorless liquid with a pleasant odor that
boils at 102 C, autoignites at 450 C (824 F) and has a flash point of 14.4 C (58 F). It is made by
mixing acetic acid and n-propyl alcohol in sulfuric acid. Its explosive limits in air are 2-8% and 1t

is used in flavoring agents, perfumes, as a solvent tor mtrocellulose, in resins, plastics and
lacquers.

Propy! Alcohol: [CAS# 71-23-8] CH3CH2CH20H is a colorless liquid that smells like ethanol.
and boils at 97.2 C. Its flash point is 25 C (77 F), its autoigmtion temperature 15 371 C (700 ¥),
and its explosive limits in air are 2-13%. It is made by oxidation of natural gas or from tused oil. It
i« used as a solvent for waxes, oils, and resins, making cellulose ethers and esters, polishing rmxes,

brake fluids, and antiseptics.

Propylene Dichloride: [CAS# 78-87-5] CH3CHCICH2Cl is a colorless liquid that boils at 96.3
C, flash pomnt of 16.1 C (61 F), and autoignites at 557 C (1035 F). It1s made from propylene
mixed with chlorine. Its explosive limits in air is 3.4-14.5% and it 15 used to make
perchloroethylene, carbon tetrachloride, as a solvent for fats, oils, waxes, and resins, in sSCOUrng

formulas. metal degreasers, and as a soul fumigant.

Propylene Oxide: [CAS# 75-56-9] 15 the 41st highest volume chemical produced n the US
(1985). It is a coloriess liguid that boils at 33.6 C. has a flash point of -37.2 C (-35 F) and its
explosive fimits in air are 2-22%. It is made by peroxidation of propylene, epoxidation of
propyiene by a hydreperoxide complex using a molybdenum catalyst, or chlorchydration of
propylenc followed by saponification with lime. It is used to make urethane foams, propylene

slycol's, surfactants, detergents, fumigant, and solvents.
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Propyl Formate: [CAS# 110-74-7] CH3CH2CH2COOH is a liquid that beils at 81.3 C, flash
point at -2.8 C (27 F), and autoignites at 453 C (851 F). It is used in flavorings and is made from
formic acid and propylene.

Pyridine: {CAS# 110-86-1] N(CH)> is a yellow to clear liguid with a nauseating cdor that is
mildly alkaline. Its flash point is 20 C (68 F), it boils at 115.5 C, and it autoignites at 482 C {900
F). It is made from coal tar middle oi and coke oven gases, or synthetically from ammonia and
acetaldehyde. Its explosive limits in air are 1.8-12.4%, it is toxic by inhalation and ingestion, and 1t
is used to make vitamins, drugs, fungicides, and rubber chemicals.

Tetrahydrofuran: [CAS# 109-99-9] CH2CH2CH2CH20 is a water white liquid with an ethereal
odor that has a flash point of -15 C (5 F), boils at 66 C, and autoignites at 321 C (610 F). Its
explosive limits in air are 2-11.8%. It 1s made by catalytic hydrogenation of furan with a mickel
catalyst, or by dehydration of 1,4 butanediol with an acid catalyst. It is used as a solvent for
resins, in topcoating solutions, protective coatings, adhesives, magnetic tape, printing ink,
reducing lithium atuminum hydride, and cellophane.

Thiephene: [CAS# 110-02-1] CHCHCHCHS 1s a colorless liquid with a ring structure, aiso
knowi as thiofitran. that has a flash point of -1.1 C (30 F), and boils at 84 C. It 1s made from the
benzene fraction of coal tar and petroleum, or synthetically by heating sodium succinate with
phosphorus trifluoride. It is used as a solvent, dye, and in pharmaceuticals.

Toluene: [CAS# 108-88-3] C6H5SCH3 1s the 27th highest volume chemical produced in the US in
1985 It is a coloriess liquid, benzene like odor, that has a flash point of 4.4 C (40 F), botls at
110.7 C. and autoignites at 536 C (997 F). Its explosive limits in air are 1.27-7%, it is made from
catalytic reforming of petroleum, or from fractional distillation of coal tar light oil. It is toxic by all
exposure routes and is used for aviation gasoline, high octane motor fuels, to make benzene,
ohenol, caprolactam,, 15 a widely used solvent, a diuent and thinner in nitrocellulose lacquers, an
adhesive solvent in plastic toys and model airplanes, and used to make many other chemicals.

Toluene is used to ignite many laboratery munitions by simply spraying the outside or soaking it
and then igniting by flame or spark.

Triethylamine: {CAS# 121-44-8] (CZH5)3N is a colorless liquid with a flash point of 0 C (10 F),
boils at 89.7 C, and has explosive limits in air of 1. 2-8%. It 1s made by mixing ethyl chlonde and
ammomia under heat and pressure. 1t is used in penetrating and waterproofing formulas,
corebinding resins, corrosion inhibitor, and propellant.
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n-valeraldehyde: [CAS# 110-62-3] CH3{CH2)3CHO is a colorless liquid with a flash point of

12.2 C {54 F), boils at 103 C, and is made by oxidation of amyl alcohof. It is used in flavoring and
rubber accelerators.

Vinylcyclohexene: [CAS# 110-40-3] CH2: CHCHCH2CH:CHCH2CH2 is a liquid with a flash
point of 21.2 ¢ (70 F), boils at 128 C, and autoignites at 269 C (317 F). It forms gum on iong

exposure to air and is used in polymers and organic synthesis. It is made from vinyl alcohol and
cyclohexene.

Vinylidene Chloride: [CAS# 75-35-4] CH2 CCI2 is a colorless liquid made from chlorine and
vinyl chloride (dehydrogenated). Its flash point is -10 C (14 F), it boils at 37 C, and autcignites at
457 C (856 F). Its explosive timits in air are 5.6-11.4%, and it is used to make saran fiber,
adhesives, and synthetic fibers.

Vinyl isobutyl ether: [CAS# 109-53-5] CH2 CHOCH2CH(CH3)2 is a colorless hquid that
polymerizes easily. Its flash point is -9.4 C (15 F), boils at 83.3 C, and is made by the catalytic
union of isobutyl alcohol and acetylene. It is purified by distillation from metallic sodium, and 15
used for polymers used in surgical adhesives, coatings, plasticizer for nitrocellulose and other
plastics, and in resins.

9) Nitrate Based Explosives

An explosive is a mix of chemicals that, when ignited, are mixed i such an intimate
fashion that they bum up all at once. The expanding gases form a powerful shockwave moving
outward from the ignition point at very high speeds which causes damage to structures and
propels any material in front of it (like bullets in a gun barrel)

In order to burn all at once, the materials must contain an oxidizer {see section 3) which
are often used for propellants and slower burning explosives, or contain a nitrate salt which1s a
powerful oxidizer that is used as the basis for most explosives. This oxidizer must be intimately
mixed at the chemical level with a fuel source so that the burning can take place all at once. If it 1s
not mixed completely, you still get fire, but there is often no detonation (shock wave) or only a
partial detonation.
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Explosives can be used in incendiary devices to
1. Ignite an incendiary fuel mix or target combustibles

2. Distribute incendiary material over a large area by acting as a "bursting” charge to
incendiary bombs

3. Cause shockwave damage to expose target combustibles and accomplish #1 and #2.

Volume 3 of our series covers the manufacture of explosives in great detad. Some of 1t
will be reviewed here in the context of accomplishing the three stated objectives above.

The first explosives used the oxidizer potassium nitrate and mixed 1t with the fuel sources
sulfur (brimstone), and charcoal. This mix was used to make black pewders. The sulfur and
charcoal both burn on their own in air by reacting with oxygen in the air. This burning only occurs
on the surface of the fuels where they can be supplied with the oxygen.. By adding the nitrate in
the form of potassium nitrate, this burning could become much more rapid (nearly mstantaneous)
because the oxygen in the nitrate is available all through the mix aliowing it to burn all at once.

The ideal maximum burning rate of this mixture is 6 parts potassiumn nitrate and one part
each of the sulfur or charcoal. By adding more of either of the solid fuels, the burning rate 1s
slowed down and the force of the explosion and the temperature of the explosion are both
reduced. The black powder is easily ignited by spark, hot wire, or flame and is used to
communicate the fire by mixing or soaking into twine to make fuse cord, and by detonating and
communicating the fire and shock wave to other explosives or projectiles. The core temperature
of exploding black powder is 3,880 degrees F. It is important that these temperatures are
maintained for close to a second in order to ignite other materials. When black powder burns it
produces gases, and it also produces chemical solids as a result of this combustion. These hot
solids aid in communicating temperature long enough to cause ignition. Charcoal, by itself,
produces gases that usually reach only 900 F by themselves and 1s often added to gun propeliants
in an excess to lower the explosive temperatures and reduce the corrosive wear from the heat of
explosions.

Other low temperature explosives are used for gun barrels and in mines where It is
important to not set fire to combustible ores, especially coal. Guanidine nitrate and ammonium
nitrate are the primary explosives used to accomplish this. Many serious mine explosions (n the
late 1800's led to the study of how explosives communicate heat to mine gases.

The principal gas that would ignite or explode in mines is methane. Methane can burn
continuously and explode when mixed in air at 5-14%. At 9.5%, it is in perfect formula balance to
burn completely with oxygen in the air and produces the greatest amount of hot gas. This results
in the most powerful and hottest burning explosions. This mixture was usually igmited at about
650-700 C and since all explosives generate higher temperatures than this at their core, it resulted
in a ban for some years on the use of explosives in mining.
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Then, in 1877, a scientist named Le Chatelier found that there was a delay in time for
methane to explode from exposure to high temperatures before it would actually ignite. These
wWere -

At 650 C 10 seconds to detonate
At 1000 C 1 second
At 2200 C Instantaneous

Only the 2200 C temperature would always ignite the methane gases. It was found that
explosives detonating at 1500 C in coal seams and 1900 C in bordering rock would not ignite the
gas mixtures because the flame time required for autoignition was insufficient. The expanding
gases from many lower temperature explosives produced expanding gases that quickly cooled as
they moved out and mixed in the surrounding air. They would be at their peak core temperatures
for only a fraction of a second.

The result of this research was that hot burning explosive mixtures like the black powder
described above would always ignite the methane gas, while explosive materials that produce
cooler gases would not. Ammonium Nitrate explodes at core temperatures of 950-1130 C
depending on its particle size and fisel mixture. It could also have a smalt amount of added water
to yield lower temperature gases by formation of steam. By using mixtures which consistently
burned at core temperatures below 1500 C, they found they could sately use explosives even
though the methane gases detonate at much lower temperatures. The key here 1s the exposure
time. In order for explosives to reliably communicate fire, they must be at higher temperatures,
burn for longer duration's, or yield hot solids that can maintain and spread the autoignitiocn
temperature to the target.

The explosives that were used to yield cooler gases were mitroglycerin, nitrocellulose, and
other aromatic nitros. Lower temperature combustibles which produced larger volumes of gas
included sulfur, charcoal, flour, sugar, oil, sawdust, rosin, and paraffin

The original Guhr Dynamite burned at 2940 C, with 1/2 ammonium nitrate it dropped to
2090 C. and with 80% ammonium nitrate it detonated at 1468 C. Any salts that added water to

the chemical mix like Epsom salts would also lower the explosion temperature.

Virtually all other explosives yield sufficient temperatures to igmte the combustible fuels
we have already described so far in this book. All the primary explosives {primers and detonators
used to set off explosives) will reliably ignite most incendiary mixtures.

Most nitrate based explosives are made from the mixing of nitric acid with various
materials to make nitrate salts. Most of these are combustibles which provide both the fuel and
oxygen necessary for the explosion to take place. Many of these mixtures are done in the presence
of sulfuric acid which is used as a cooling and diluting medium. The final explosive maternals are
precipitated as a solid crystalline material in most cases and 1s recovered by filtration.
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Preparation of explosive materials is dangerous and needs to be done with great care. All
instructions must be followed religicusly to avoid accidents. Commercial manufacture of
explosives is often done by mechanical remote control to avoid loss of life in the event of runaway
reactions. Commercial explosives and even firecrackers offer good means of initiating or igniting
incendiary mixtures.

10) Gelled Fuels and Napalm

At the outbreak of WW?2, it was desired by the military to find better means of productng
reliably started, maintained, and spreading fires. Early allied incendiary bombing of German and
Japanese targets failed te produce significant damage and the search was on for materials that
would stick to targets long enough to actually pyrolize and ignite them. The first of these
materials, developed in 1943 was the original Napalm. These early mixtures involved the adding
of aluminum naphthenate (from which the name napalm is derived), and aluminum palmate to
petroleum to thicken it and make it stick to enemy targets long enough to cause pyrolisis and
autoignition.

The use of gasoline by itself presented many problems. It would vaponze nto a gas and
disseminate in the air in volume before much of it would burn. Since much of its combustion took
place in the open air above and away from other combustible targets, it actually did very hittle
damage. The liquid portion that did not vaporize quickiy would run off of the targets and often
vaporize without ever igniting. Also, the burning of a thin layer of gasoline (vapors), would not
yield a very hot or intense flame that was necessary for target pyrolysis.

Another disadvantage of the petroleum is that it burned up quickly, and only at its drop
point without being able to spread its fire over large target areas.

The first gelled napalm solved many of these problems. By geiling the fiquid fuel, it could
stick to the targeted structures instead of merely running oft and collecting in low spots on the
ground. It would alsc vaporize much more slowly allowing for sustained burn times which would
force pyrolysis of most combustibles and melt or at least soften and weaken most metals. By using
mechanical and chemical means such as air bursting charges or propellers to spread the gel, the
material could be ignited and spread over much larger areas to cause more intense and greater
conflagrations. The net result was the very effective mass fire bombings of Dresden and Tokyo
which killed many tens of thousands of people and leveled the cities in intense firestorms.
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The firestorms were 2 new phencmenon to warfare. The heat at the center of these huge
fires was so great that large masses of air were forced to rise which sucked in fresh air at the
pround level. This source of fresh oxygen would be drawn in literally at gale force velocities and
produced an uncontrollable cycle of intensification. It was impossible for firefighters on the
ground to function in any attempt to battle the blazes. In some cases it would take days for the

fires to burn themselves out {usually because ail the available combustible fuel was already
consumed.

The early formulas varied depending on the thickness of the gel desired. The aluminum
naphthenate is considered to be a heavy metal soap. The group of metallic salts are formed by
mixings the metals that are heavier than sodium, with alkali naphthenate or palmitic acid in a
water solution. These salts can be made from aluminum, calcium, cobalt, lead, and zinc. By
mixing these metals and forming the metallic soaps, they could then be used to thicken gasoline
and have been used commercially to make thick greases and lubricating oils. All of these are very
sowerful thickeners and are incorporated at only a few percent of the gasoline, or up to 20% or
more depending on the viscosity desired.

Any of the ceconut, cleic, and naphthenic acids or fatty acids can be used and mixed with
aluminum, calcium, cobalt, lead, and/or zinc in the metal, oxide, or hydroxide forms to make the
original metal soaps used for a sticky napalm gel. Palomtic acid, tall oil, and stearic acid can also
be used as a substitute fatty acid to make these metal soap thickeners.

Production mixes for metal seap based napalm {add gasoline)

Metal, oxide, or hydroxade + Fatty Acid

Aluminum Coconut Onl
Calcium Oleic Acid
Cobalt Naphthenic Acid or alkali
Lead Palmatic Acid
Zine Tall (il
Stearic Acid
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The advent of the Vietnam War led to the development of new polymer based thuickeners
that could be produced from hydrocarbons {without using expensive aluminum or other important
metals). This resulted in the use polystyrene, benzene, and gasoline mixtures that would be called
Napalm-B. This mixture was a thick liquid rather than a gel and would burn at 1562 F (850 C) for
2-3 times as long as the original napatm. This made it capable of producing more heat damage to
non-combustibles, and cause greater pyrolytic action on combustibles nearby. Additives have been
developed to increase its adhesion properties and burning times. Many of these have already been
described in the previous sections but include various metals, hydndes, tar, asphalt, petroleum
jelly, natural and synthetic rubbers (as evidence, see the rubber tire fires that burn for months
without firefighters being able to extinguish them), and organometals.

The basic formula for napalm-B without additives 1s -
Polystyrene thickener 30%

Benzene 25%
(Gasoline 25%

Also during the Vietnam War, it became a requirement to teach individual soidiers in the
field how to improvise the production of gelling mixtures from materials found in the jungle, 1n
local stores, and from area factories. This led to the development of the following field improvised
formulas published in the Improvised Munitions Handbook of the US Army.
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Gelled Flame Fuels - Lye Systems

Lye (caustic soda or sodium hydroxide) can be used in combination with powdered rosin
or castor oil to gel gasoline for use as a flame fuel which will adhere to target surfaces.

Note: This fuel is NOT suitable for the chemical (sulfuric acid) fire bottle. The acid will react with
the lye and break down the gel.

Matenals Required

Parts by volume Ingredient How Used Sources

Ol (Gasoline Motor fuel Gas station

2 (Flake) or Lve Making Soap Foed or drag storc

1 (Powder) Drain Cleaner

15 Rosin Mig paint or varnish Nawval stores/Indusiry
or
Castor (Ol Medicine Food and drug stores

Procedurse

Caution: Make sure their are no open flames in the area when mixing the flame fuel.

1. Pour gasoline into jar, bottle, or other contamner. {Do not use an aluminum container)

2. If Resin is in cake form, crush into small pieces.

3. Add Rosin or castor oil to the gasoline and stir for about 5 minutes to mix thoroughly.

4. In a second container (not aluminum), add lye to an equal volume of water slowly with stirring.
Caution: Lye solution can burn skin and destroy clothing. Wash away with water.

5. Add lye solution to the gasoline mix and stir uatil the mixture thickens.

Note: The sample will eventually thicken to a very firm paste. This can be thinned, if desired, by
adding more gasoline.
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Lye Alcohol Systems

Lye can be used in combination with alcoho! and any of several fats to gel gasoline tor use
as a flame fuel

Note: This fuel is not suitable for use in chemical fire bottle (sulfurnc acid)

Materials Required

Parls by volume [ngredient How used Commen source

60 Gasoline Motor Fuel (Gas station

2 {flakc) or Lye Making soap Food or drug store

1 {powdcr) Drain cleancr

3 Ethyl alcohol Whiskey. Medicine Liqucur or drug store

Note: Methyl (wood) alcohol or isopropyl {rubbing) alcohol can be substituted for ethy] alcohol, but their use
produccs softer gels.

14 Tallow Food/Making soap Fal. rendered by cooking meat
or sucl of ammals

Note: The following can be substituted for the tatlow
a. Wool grease (lanolin-very good) -- fai extracted from sheeps wool
b. Castor Onl
¢ Any vegetable oil {(corn, cottonseed. peanut. linsced)
d. Anv [ish o1l
¢. Butter or olcomarganne

Il is nccessary when using substitutes (c) 1o (¢) to double the amount of fat and lye for good bodving.

Procedure {No smoking)

1 Pour gasoline into the bottle, jar or other contamer. {Do not use Aluminum container)
2. Add tallow (or substifute) to the gasoline and stir for about 1/2 minute to dissolve fat.

3. Add alcohol to the gaseline mixture.

4. In a separate centainer (not aluminum} slowly add lye to an equal amount of water. Mixture
should be stirred constantly while adding lye.

5. Add lye solution to the gasoline mixture and stir occasionally until thickened {about 1/2 hour).

Note: This mixture will eventually thicken (1-2 days) to a very firm paste. This can be thinned, it
desired by stirring in additional gasoline.
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Soap Alcohol System

Common household soap can be used in combination with alcohol to gel gasoline for use
as a flame fuel which will adhere to target surfaces.

Material Required

Paris by volume Ingredients How used Common source
36 Gasoline Motor fuel (Gas station
1 Ethyl Alcoho! Whiskey/Medicine Ligucur or drug store

Note: Methyl or Isopropyl alcohkol may be substitwted for the whiskey.

2) [powderced) Laundry soap Washing clothes stores
or
28 {flake)

Note: Unless the word soap actually appears on the container, a washing compound ts probably a detergent.
These cannot be used.

Procedure

Caution: No smoking

1. If bar soap is used, carve into thin flakes using a kmfe.

2. Pour alcohol and gasoline into a jar, bottle, or other container and mix thoroughiy.

3. Add soap powder or flakes to gasoline-alchohol mix and stir occasionally until thickened
{about 15 minutes).
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Egg Systems

The white of any bird egg can be used to get gasoline for use as a flame fuel which will
adhere to target surfaces.

Matenials Required

Parts by volume Ingredient How used Common SOurce
35 {Gasoline Motor fuel (Gas station
14 Egg Whiics Food Food store/Farms/Bird Nests

plus any one of the ollowing

] Table Salt Food Sea water. food store

3 {rround cofiee Feod Coffee plant. food store
3 Dried ica lcaves Food Tea plant. food storce

3 Cocoa Food Cocoa trees. Food store
2 Sugar Food : Sugar cane. food storc
| Saitpeter Explosives. maiches Drug storc, improviscd
1 Epsom salts Medicine. mincral water Diug store. food store
2 Washing soda Washing cleaner.medicineFood or drag storc
1-1/2 Baking soda Baking Food or drug storc
1-1/2 Aspirin Medicine Food or drug store
Procedure

Caution: No smoking

1. Separate egg white from yolk. This can be done by breaking the egg mto a dish and carefuily
removing the yolk with a spoon.

Note: Do not get the egg yolk mixed with into the egg white. 1f they get mixed, discard.
2. Pour egg white into a jar, bottle, or other container and add gasoline.

3. Add the salt (or other additive) to the mixture and stir occasionaily until gel forms (about 5-10
minutes)

Note: A thicker gelied flame fuel can be obtained by putting the capped jar in hot (65 deg. C.)
water for about 1/2 hour and letting them cool to room temperature. {DO NOT HEAT THE
JELLED FUEL CONTAINING COFFEE).
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Latex Sysiems

Any mitky white plant fluid is a potential source of latex which can be used to gel gasoline.

Materials required

ingredient How used LCommon source

Gasoling Motor Fuel Gas station

Latex. commercial or natural Paints. adhestves Tree or plant, rubber cement

plus onc of the following acids

Acetic Acid (Vinegar) Salad dressing, {ilm developing  Food stores, photographic supply
Sulfurnic Ackd Batterics. chem. processing Motor vehicle batteries. Indusiry
Hydrochloric Acid Industrial, pickling Hardware stores. Industry

Note: I acids are nol available. use acid salt such as aluminum salfate or chloride or bi sulfates. Formic acid from
crushed red ants can also be used.

Procedure
Caution: No smoking
1. With commercial rubber latex:

a. Place 7 parts by volume of latex and 92 parts by voiume of gasoline in a bottle. Cap
bottie and shake and mix well.

b. Add 1 part by volume of vinegar or other acid and shake until gel forms,
2. With natural latex:

a. Natural latex should form lumps as it comes from the plant. If lumps do not form, add
a small amount of acid to the latex.

b. Strain off the latex lumps and altow to dry in air.
¢. Place 20 parts by volume of latex in bottie and add 80 parts by volume of gasoline.

Cover bottle and allow te stand until a swollen gel mass is obtained (2-3 days).
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Wax Systems

Any of several common waxes can be used to gel gasoline for use as a flame fuel which

will adhere to target surfaces.

Materials Required
Parts by volume Ingredient
80 (asoline

pius any one of the following

20 Ozocerite
Mincral Wax

Fossit wax
Cercsin wax

Beeoswax

Bayberry Wax
Myrile Wax

Procedure

How used Common source
Motor fuel Gas slation
Leather polish Matural deposits
Scaling wax Gencral stores
Candles Dept. stores
Crayons

Waxed Paper

Textile sizing

Furniture and Moor wax  Honeycomb of bec
Artificial Fruit and RowersGeneral and Dept. storcs

Lithographing

Wax Paper and candles

Textile finish

Candlcs.Soap Matural form

Leather Polish Myrica berrics

Medicine Dept.. Dmg. and General stores

1. Obtaining wax from natural sources: Plants and berrnes are potential sources of natural waxes.
Place the plants and/or berries in boiling water. The natural waxes will melt. Let the water cool.
The natural waxes will form a solid layer on the water surface. Skim off the solid wax and let it
dry. With natural waxes which have suspended matter when melted, screen the wax through a

cloth.

2 Melt the wax and pour into jar or bottle which has been placed in a hot water bath.

3. Add gasoline to the bottle.

4. When wax has completely dissolved in the gasoline, allow the water bath to cool slowly to

room femperature,

Note: If a gel does not form, add additional wax {up to 40% by volume) and repeat the above
procedure. If no gel forms with 40% wax mix a Lye solution of 50/50 with water and add 1/2%
by volume to the gasoline wax mix and shake until a gel forms.
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Animal Blood Systems

Animal blood can be used to gel gasoline for use as a flame fuel which will adhere to

target surfaces.

Material Required

Paris by volume Ingredient

68 (rasoline

30 Animal blood serum

plus any onc of the following

2 Salt
Ground Coilee
Dried Tea Leaves
Sugar

Lime

Baking soda

Epsom salis

Procedure

1. Preparation of ansmat blood serum.

How Used
Motor fuet

Food.medicine

Food

Food. beverages
Food. beverage
Foced sweetener
Mortar. plaster
Medicine. ceramics
Soil conditioncr

Baking. [ndustnal

Medicine
Mineral water

Common source
{ras station

Slaughterhouse. animals in wild

Sea waler. siores
Coflee plant. stores
Tea plani. stores
Sugar cane. stores
From calcium carbonate
Hardware. drug storcs
Garden supply
Food and drug stores

Drug and food stores

a_ Slit animals throat by jugular vein. Hang up-side down to dran
b. Place coagulated (lumpy) blood in a cloth or on a screen and catch the red fluid which

drains through.

¢. Store in a cool place if possibie.

Caution: Do not get aged animal bloed or the serum into a cut or scratch. This can cause
dangerous and possibly lethal blood infections.

2. Pour blood serum into jar, bottle, or other container and add gasoline.

3. Add the salt or other additive to the mixture and stir until a gel forms.
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Chapter 3
Incendiary Formulas and Devices

Fire has been used as a weapon, in war, for revenge, hatred, and about any other motive
imaginable since the dawn of man. The methods ot starting, delivering, and communicating fire
are nearly limitless and constantly added to by mans imagination. For our purposes we will
attempt to classify the methods used into the following categories.

. Tmprovised fire starting

. Small and Large Arms Incendiaries

. Hand Thrown Incendiaries

. Air Dropped and Positioned Bombs

Rockets, and Msstles

Primary explosives and incendiary chemical systems

" Flectrical. mechanical, and laser light related igmtion

. Booby trap and delay devices

~ Aerosol_ compressor, and pump based delivery systems

xﬂmﬂgjﬁf.n.hwtdr—l

There are many weapons whose designs have already been described in detail in Velumes
1.3 Most will not be described here although their basic designs may be useful in delivering
incendiaries instead of explosive or other ordnance. A few wiil be repeated here for the purpose of
teaching the basic concepts.

1) Improvised Fire Starting

There are many ways of starting and communicating fire that use materials already at hand
and do not require fabrication of any kind. Most of these do not fit into the categories of
manufactured weapons and will be described here.

The simplest ways of starting a fire 1s to use the ignition sources sold 1n many stores.

These include

Butane and other liguid fuel lighters sold at convenience stores. These are usually
equipped with a manufactured friction wheel and metal sparking apparatus at the point where the
fuel is discharged. The fiel valve is opened and the vapors from the fuel ignite producing a tlame
whose size can be controlled by opening or closing a valve on the outlet of the fuel container.
Increasing the opening size releases a greater volume of vapors. As the flame enlarges and
venerates more heat, it causes an increase in vapor pressure of the fiud fuel supply.
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Matches. made in a wide variety of shapes, sizes, and purposes. These include strike
anywhere and safety designed matches. A basic formula for production ot matches using
Potassium Chlorate as the primary ingredient has already been described on page 2-14. Matches
are usually designed to be ignited with friction by striking the chenncal coated head of the match
against an abrasive surface that generates sparks and ignites the chemical mixture. A large flame
burns generating sufficient heal to begin the pyrolysis of the wood in the main bedy of the match
itself The wood chars, producing combustible gases which keep the flame burning once the
chemical fuel mans out.

Charcoal briquettes normally require outside heat to catch fire. If the briquettes become
water soaked. they will often self ignite from the increased effect of oxidation caused by the
presence of water 1n its pores. This has been the cause of a number of spontaneous fires in storage
areas of homes and garages.

Vegetable Oil and Animal Fat have been implicated in the spontaneous ignition of tires
:n a number of cases. Oil soaked rags, soaked in an vegetable or animal fat can slowly oxidize and
ignite over time. [Petroleum based oils do not oxidize and oi! rags soaked petroleum cannot
spontaneously ignite because they do not generate their own chemical heat.] Several grocery
chain stores suffered major fires because employees had soaked up the oils from deep fat fryers
and other spilled lards and had used a particular brand of kitty litter. The litter acted as a catalyst
which sped up the oxidation of the tats which ignited in the garbage cans.

Chemical Oxidizers which have already been described can be store bought and ready to
use to ignite fires. Calcum Hypochlorite {Pg 36) can be bought from most swimming peol supply
companies and many store chains. It is used to chlorinate swimming pools and kill bacteria 1n
water by supplying chiorine. It is also a powerful oxidizer. [ Any chemical containing available
oxygen, chlorine, bromine, or fiuorine are considered oxidizers for fire purposes.

When it is mixed with most hydrocarbon tuels such as brake fluid or gasoline, it ignites.
About 2 tablespoons of brake fluid poured into 2 cups of calcium hypochlorite ignites from the
chemica! reaction in 30 seconds to 5 minutes and sends bright red-orange flames 4-6 feet in the
air. This makes this combination an effective improvised flare or usable in bmary larger scale
weapons.

Chlorates, already described in chapter 2 and above can be scattered in powder form on
Aoors made of combustible materials like wood. The friction from people walking on the powder
will ignite the chlorate and any combustible materials they are in contact with. Potassium
permanganate, purchased in drug stores as germicide and medicine will alse ignite from contact
with fuels. Most of the oxidizers in chapter 2 can he formulated with some reducer or fuel to seit
ignite. All oxidizer enhanced fires produce hotter burning flames than those produced by normal
combustion of matenals.

ttrJ
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Strikers are mechanical devices which contain a sparking alloy against which a metal wire
is scratched to generate sparks. They are most commonly used with welding equipment and
portable propane torches and are widely available at stores and industrial supply houses. They are
usually designed so that the sparks are generated several inches from the hand so that the operator
is not subjected to burns from ignition. The welding and torch equipment, once lit, can also be
used to communicate fire.

Mirrors and Lenses have long been used to ignite combustibles. Basic Boy Scout
iraining teaches the use of telescope lenses, mirrors, and other curved glass to focus the suns rays
on kindling or other easily ignited fuel. This method has long been a reliable method of starting
€res in the backwoods and the cheap plastic lens devices have even been offered as prizes in
cereal boxes.

Grinding and Sanding Equipmeat convert electrical energy into rapid revolving
abrasive surfaces that generate large volumes of sparks when brought into contact with most
metals. Any of these sparks usually are sufficient to autoignite combustible vapors and pyrolize
many solids.

Light Bulbs produce and exterior temperature of 250-600 F depending on the wattage.
The greater the watt output, the greater the temperature. This is sufficient to pyrolyze paper, and
cardboard cartons, and ignite many vapors with low autoignition points. Solid materials usually
have 10 be in direct contact with the hot bulb for some length of time after which they begin to
smolder and eventually accumulate enough temperature to igmte the vapors.

Spark Plugs are used to communicate electricity in the form of an arc jumping across
metal and used to ignite gasoline vapors inside an engine cylinder. This communicates fire reliably
to vapors in all conditiens.

Some general information on chemicals that may be useful in improvised flares or
explosive - incendiary compositions include -

Ammonium Nitrate, made from nitric acid and ammonia or ammonium bicarbonate 1s both
hygroscopic in that it draws moisture from the air, and it is deliquescent, that is, it absorbs so
much moisture that it turns to a gel and then a liquid. In this form 1t can mix inte and be absorbed
by many combustibles such as paper, cloth, cardboard, and sawdust. It easily bums and explodes
when ignited, even with the meisture present. [Sharried ammonium nitrate with 10% water and
more is used in many explosive formulas.] The mixing nto these combustibles also sensitizes the
ammontum nitrate to 1gnion.
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The colots of a flame are affected by the salts in the fuel. These can be used to make
improvised incendiary flares of different colors in the field. Matural fire = blue-yellow.

Violet or purple Potassium
Reddish-Yellow Caicium
Greenish-Yellow Magnesiam
Yellow Sodum

The colors produced by pyrotechnic and fireworks chemicals are covered in Volume 3.

2) Small Arms and Large Gun Shell Design
Small arms fire bullets while larger guns fire shells. The bullets propeliant 1s ignited by a
mechanical action which sets fire to a primer incendiary composition. This mechanical striking
action starts a fire which ignites a powder charge that propels the buliet or shell out the end of the

cun barrel towards the target (or wherever the gun is pointed).

Formulas for early friction primers used to start the first fire are -

Potassium Chlorate 2 562 446 14

Antinomy Sulfide 1 246 4406
Sultur 9 3.6

Meal Powder 3.0
Ground Glass 122 36
Charcoal 1.6
Calcium carbonate 02 2 2

Dextrin 3

A typical bullet functions as follows -

1) The firing pin dents the cap

2) The cap in the cartridge case crushes a detonating compound against a brass anvil

3} The flash of the small primer ignites the main charge

4) The main charge explodes, burning rapidly. The temperature reaches 2700 degrees C and after
0005 seconds from ignition the propellant expands to 14,000 times its own volume in gas. The
chamber pressure reaches 51,000 fi Ibs. per 510

5) The expanding gases force the sides of the cartridge case to seal so tightly against the walls of
the chamber that no gas leaks to the rear

6) The pressure forces the bullet up the bore and out of the muzzle at very high velocities
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Modern percussion primers are designed 1o also produce fire when struck by the firing pin
of a pistol, rifle, or cannon. It may also be used in the nose of a bullet or shell to imtiate a fire on
impact with a target. The early formulas used -

Mercury Fulminate  To produce the first explosion with heat and flame
Antinomy Sulfide To keep the flame burning longer
Potassium Chlorate  Provides oxygen for the combustion

TNT, Tetryl, PETN, or other high explosives may be added to make them burn hotter.
Ground glass is sometimes added to make them more sensitive to the percussion by throwing hot
particles of glass into the black powder charge. The hotter explosives are used for smokeless
propellants. The formulas were usually mixed wet with a gum arabic solution. They were loaded
into the caps like blasting caps are loaded, and then are pressed into place with the anvil inserted

and pressed in over 1t.

Mercury Fulminate 10 28 438 4 5 2
Potassium Chlerate 37 355 244 2 0 3 50
Antinomy Sulfide 40 28 262 3 3 3 20
Ground Glass 13 8.5 5

Ground Coke I

Tetryl 2

TNT 5
I.ead Peroxide 25

The last formula uses no fulminate and relies on the reaction of well mixed particles.
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Special military primer compositions use different materials. These include lead salts that
communicate "hot" lead combustion products into the main propellant charge and thiocyanate that
acts as an antacid. The PA-101 is non-corrosive and uses lead styphnate as the main explosive.
The FA-70 uses the chlorate combustion to form the combustion reaction. The final formula G-11
was developed for use in aircraft guns used at high altitudes where the bullets reached
temperatures of more than 200 C without misfiring,

FA-70 PA-101 G-11
Lead Styphnate 53
Banum Nitrate 22
Potassium Chlorate 53 51
Antinomy Sulfide 17 10 26
Calcium Sihcide 13
Tacot*® 10
Lead Thiocyanate 23
TNT 5
Aluminum Powder 10
Tetracene 5

* Tetranitro benzotriazolo benzotriazol - Tacot is the trade name {Du Pont)
Incendiary tracer munitions are produced to -

Mark target impacts

Identify nighttime combat participants
Estimate range

Guide the direction of fire

Act as incendianes

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

Delay igniter Dim lgniter  Bright Day Igniter  Red Tracer
Strontium Peroxide 90

Magnesium 6 15 28
Delay action igniter G4

Calcium Resinate 10 4
Barium Peroxide 83

Zinc Stearate 1

Strontium Nitrate 40
Strontium Oxalate 8
Potassium Perchlorate 20
Toluidine Red Identifier 1
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Specia! buliets are constructed in many ditterent forms {and formulas) to commuescate
incendiaty effects to a target. The idea behind using special designs and formulations in bullet and
artillery rounds {and in air dropped bombs) is that they easily start destructive and dangerous
fires. They are usually used against flammable targets such as fuel depots and aircraft fuel tanks.
The larger artillery rounds carry fuses and are used to spray the incendiary metal fragments inside
enemy tanks to ignite fuel tanks and munitions. Against other targets that do not igmte easily, the
military uses napalm and thermite mixtures that adhere to the target and burn at length, forcing an

igmition.

Most aircraft use aluminum as the primary structural material for their fuel tanks. This 1s
done as a weight saving measure. Special antiaircratt bullets have been develeped for use aganst
~luminum aircraft fuel tanks and structural parts. These involve the features of -

*Teflon tip (tetrafluoroethylene resin) or nosecone which strikes the target pomt
first Because of the kinetic energy of the high velocity impact, the Tetlon preduces
an violent exothermic reaction with aluminum paneling. An aluminum fluorine
compound is produced from this reaction which reduces the metal to a hot powder

which can ignmte fuel vapors.

* A plastic jacket and rotating band of glass reinforced 6/12 nylen, 43% filled with
olass, is fabricated so that the mterior cavity is octagonal in shape. This provides a
flight stable and accurate projectile. The advantages of this is that it is easy and
cheap to manufacture, can be mass produced, and does not require the use of
strategic metals. It also ruptures on impact more easily than metal jackets making
the impact more pyrophoric from the kinetic energy of the collision.

*The interior cavity is filled with a Misch metal/aluminum alioy that fits the
octagonal core and that breaks up on contact with the target spreading lethal
pyrophoric fragments throughout the target and ignites the fuel vapors over a

large area. The alloy is composed of

27% Commercial Misch Metal of 50% Cenum
25% Lanthanum |
5%, mixture of other rare earix

metals

+ 13% Aluminum metal

The overall design produces less erosion to gun barreis and less overall weight.
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A standard artillery shell used for
delivering incendiary matenal
usually contain the pyrophonc
maternial surrounding a core ot
bursting explosive. Quite often,
the casing 1s weakened to make
bursting and distribution of the
chemical easier.

Pyrophoric fragment generating bullets have been developed using Misch metal as a
coating on incendiary projectiles. In 1992, a patent was 1ssued to a group of German mventors on
applying a cerium based Misch metal coating onto projectiles that sphinters mnto pyrophoric
tragments on impact.

An ordinary or hollow projectile (hollow 1s preferred because it deforms and produces
splinters more readily) has a cerium Misch metal alloy applied as an exterior casing. This casing 1s
then pre fractured, or the sieel body can be formed with splinters, so thai the projectiie self
fracments on impact spraying hot pyrephoric fragments throughout the target.

The steps used to create and apply varnations of this coating are -

1. Preparation of projectile casing splinters. These are made of steel, hard metal, or heavy
metal. They are produced in the desired shapes of the splinters. The metal will contain

an adhesion promoter in it, usually a metal like cobalt, nickel, manganese, silver, copper,
or cadmium. The hard metals are usually made of tungsten carbide, titamum carbide, or
tantalum carbide. Heavy metals can be chromum-molybdenum, tungsten-vanadium-
niobium, tantalum-titanium-zirconium, or hatnium, or cobalt-nickel alloys.

The adhesion promoter is usually applied in a thickness of 5-50 mn, with a thickress ot
15-20 #m being the best. It is usually mixed into the base alloy at 22-27%.

The surface is then sandblasted to provide a clean, rough surface for the coating,
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2. The casings splinters are then made pyrophoric by the application of a metallic alloy
coating using cerium Misch metal wire which is metted and spray coated onto the base
metal at low pressure. The wire formuia used 1s -

Cerium 45-60%
Lanthanum 15-30%
Neodymium 10-20%
Praseodymum 4-7%
Y ttroum 2-4%
Samarmim 1-2%

1 This mix is available as coiled wire of 2-3mm thickness. 1f the wire can be obtained with
3-5% lead then this is preferred. The lead acts as a flowing agent and increases the ductility of the
Misch metal. The lead may be replaced with tin or germanium. All these metals partly segregate
and rise to the surface of the cooling alloy forming a protective coating on the metal.

4 Another useful additive is including calcium or magnesium imbedded in the form of tiny
wire mesh into the cesium at a rate of 3-5%. When the coating strikes the target, these metals act
as moderators on the rate of burn which increases the burn time. They also lower the igmtion
point and increases the sensitivity to ignition. This makes the Misch metal very easy to reliably
ignite on impact and helps maintain the burn time to insure ignition of the target combustibles.

5. The coating is applied by using a low pressure wire spraying method where it is turned
to a molten mass under an arc from two wires (or one wire being a non-alloy such as tungsten).
The Misch metal is finely atomized and propelied onto the surface by an inert gas {(argon). The
entire chamber in which this is done should be a complete vacuum followed by filling the chamber
with an inert argon atmosphere. This is to prevent the oxidation and ignition of the Misch metal.

The wire is 2-3mm and is applied in a direct current of 30-35 volt and current intensity of
40-60 ampere. The metai surface should be kept at a temperature of 250-400 C during the
spraying to achieve the best resuits.

6. After the coating is applied, the projectile is tempered for 20 nunutes to several hours at
600 C.

7. The projectile is then coated with an anti-corrosive layer to prevent oxidation of the
metal. This layer is usually made of a rubber flucride, cold zinc, silicone resin, polyethylene, or
polyurethane.

8. The final projectile can be "prefragmented" into special shapes and sizes to maximize
the pyrophoric effect. This is done by milling or lathing the coatings at the desired outline, or
using electron or ion beams to cut the outiine.
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When the projectile strikes the target, the bullet fragments into the sphinter shapes which
.znite from the force of impact and spread throughout the target area igniting combustibles on
contact More information is avaitabie from the German publication DE-A 20 59 753, or US

Patent 5,096.507.

An armor piercing incendiary projectile for 20-35mm weapons, patented m 1995
(#5442 989), is produced as follows.

R
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1. An exterior frangible body made of a brittle, porous, molded, sintered powder 1s
prepared from 60-100% stainless steel #316, and 0-40% iron. The powder may contain .2-2%
graphite {.8% ideal). The powder is compressed 1nt0 a casing mold to a density of 21-244#/Cum.

2 The molded powder is sintered in an mert atmosphere at 1500-1700 C for several hours
to produce a frangible casing that fragments into thousands of granules upon impact with the
target. The graphite powder vaporizes and escapes during this siep. A rotating band is added in
the casing mold for use with the desired rifling in the gun barrels of the shell size.

3. A penetrator rod made of very hard and dense material such as tungsten or tungsien
carbide (sintered from the powdered metal) 1s icerted into the casing and machined 1f necessary

for the desired fit.

4 An incendiary pellet is placed directly behind the penetrator rod and is larger in diameter

than the rod. The pellet is made of _irconium metal (or other incendiary metal) in an epoxXy matnx
which is molded into the casing. A large rear stainless steel plug is inserted behind the peliet.

The proiectile is designed to be fired from 20-35mm cannons at the highest muzzle
velocity (chamber pressure} that the gun can safely be operated at. The frangible body acts as a
sabol 1o carry the penetrator rod. 1ts stainless steel construction allows it 1o survive the finng

c rees and because of its velocity, it produces a highly energetic collision with the target and
fragments into many pea sized granules that continue forward. The penetrator Tod continues
forward and is guided and supported by the casing and its fragments as 1t punches a hole through
the target. The casing prevents bending or shattering of the rod and its fragments accompany the
rod to the interior of the target where the granules spread outward causing damage.
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The incendiary pellet follows the rod to the intertor, 1s ignited by the collision energy and
epoxy oxygen, and spreads cut in the interior of the target igniting combustibles.

Thin armor plating of most lightly armoured vehicles, aircraft, and structures is easily
penetrated by these sabot projectiles. Engine blocks are damaged and fuel tanks ignited from the
force of the impact which makes this an effective weapon. Other advantages inciude the absence
of explosives, fuses, detonators, and other components used in anti-armor projectiles previcusly
deployed. This makes these projectiles less costly to produce and safer to handle, manufacture,
and ship.

Armor piercing anti-tank incendiary shells can be prepared in several ways. Early designs
included placing incendiary material in a hollow nosecone of a shell, usually backed with armor
penetrating devices and explosive behind a ballistic cap. The ballistic cap was usually made ot a
cushioning material such as aluminum, lead, or similar alloys. These are used te reduce the shear
or rupture of the penetrating nose cone. It acts as a lubricant in aiding penetration of thick armor.
The incendiaries were conventional mixtures of magnesium/alumaium alloy, barium nitrate,
ammonium perchlorate, and so on. These early munitions also had the disadvantage of releasing

most of the incendiary on the entry side of the armor when the nosepiece would strnke and rupture
on the target.

In many circumstances, the incendiary would ignite and be completely consumed betore
any of it reached the interior of the armor. High speed photography was used to identify the

process where the incendiary was consumed before affecting the contents of armoured structures
and vehicles.

Two patented improvements were made to yield incendiaries that would ignite during or
afier penetration and would aid in penetration. The first improvement, patented in 1978 involved
the use of incendiary metals in the nosepiece, followed by a penetrating device. The second,
patented in 1984 involved adding an incendiary mixture behind an explosive.

In the first improvement, a metal of consisting of - Zirconum

Titanium
Thorum
is interspersed with a metal (or mix) of Hafriium
Tin Uranium
and/or Lead or mixtures of the above

The mixture of the above metals produces a cushioning lubricating effect for the
penetrator and it ignites during and afier penetration of the target armor. It also has the effect of
instantly liquefying steel armor in contact with the burning metal which forms a low melting
eutectic alloy of zirconium (or other metal) and steel. This reduces the friction on the penetrator
and the rest of the incendiary alloy which passes through the hiquefied armor.
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_95% of the first metal, preferably Zirconium, and 5-20% of the
second metal. preterably Tm. They are shaped into the desired torm by arc welding under an nert
atmosphere or vacuum and usually encased in an iron jacket while heated at 1,720 C. The metal

mixtures would not ignite until fired into target armor at a minimum of 1,700 to 2,000 feet per
second. The ignition would yield temperatures of 4. 000-9,000 F which produces an explosive type

of burning and sprays the incendsary particles outward These temperatures are sufficient to melt
holes in thin armor plate by themselves. The nosecone of a penetrating metal follows the

incendiary charge into and through the armor.
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and. is a multiple compoenent weapon

The second shell improvement, developed in Switzerl
in front of an explosive projectile

involving the fitting of a separate incendiary grenade or shell

tollowing L.
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The rear section of the grenade or shell contains 5 grams of a suitable incendiary like
sirconium as well as 7.5 grams of an explosive charge behind it (#14 and 15). Behind that, another
7.5 gram explosive charge (#16). The preferred explosive charges are -

30% Alumunum Powder
66% RDX/Cyclonite
4%  Binder or plasticizer

The projectile body tip (#12) 15 surrounded by 2 hood (#21). A forward incendiary charge
is located at in a hollow cylinder (#22). A base fuse (#16) ignites the explosive chain.

The forward incendiary ignites and softens the metal armor. The body tip strikes the soften
armor and the impact shock sets off the fuse which detenates the explosive propelling the
penetrator and its incendiary package through the armor and into the interior of the armoured

structure.

3) Hand Thrown Incendiaries

Most of the hand thrown incendiaries are
of the improvised molotov cocktail variety (1) or
are professionally manufactured grenades {2) which
usually contain self igniting air reactive materials like A

white phosphorus.
(" ( 1}%

Field Improvised Hand propelled Incendiartes developed by the US Army include -
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Chemical Fire Bottle

This incendiary bottle is self igniting on target impact

Materials Required

Sulfuric Acid

(Gasoline

Potassium Chlorate

Sugar

Glass Bottle with stopper ( 1 quart )
Small bottle or jar with lid

Rag or absorbent paper such as paper towels or newspaper
String or rubber bands

Procedure

| Sulfuric Acid must be concentrated. I battery acid or other dilute acid 1s used, concentrate It by
boiting until dense white fumes are given off. Container used should be of enamel ware or oven
glass.

7 Remaove the acid trom heat and allow to cool at room temperature.
3. Pour gasoline into the large { 1 quart ) bottle until it is app. 2/3 full.

4. Add concentrated sulfuric acid to gasoline
stowly until the bottle is filled to within 1" to 2"
from top. Place the stopper on the bottle.

5. Wash the outside of the bottle thoroughly
with clear water. £ ASHLINE £
Caution: If this is not done the bottle may
be dangerous to handle.

6. Wrap a clean cloth or several sheets of absorbent
paper around the outside of the bottle. Tie with string
or fasten with rubber bands.
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7. Dissolve 1/2 cup of potassium chiorate and 1/2 cup
of sugar in one cup of boiling water.

8 Allow the solution to cool, pour into the small bottle
and cap tightly. The cooled solution should be 2/3 crystals

and 1/3 liquid. If there is more liquid than this, pour oft
excess before using.

Caution: Store this bottie separately from the large bottle.

How to use

1 Shake the small bottle to mix contents and pour onto
the cloth or paper around the large bottle.

Bottie can be used wet or after solution has dried.
However, when dry, the sugar-potassium chlorate
mixture is very sensitive to spark or flame.

7 Throw or launch the bottle. When the botile breaks
against a hard surface {target) the tuel will ignite,
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Igniter from boek matches

This is a kigh temperature igniter made from paper book matches for use with Molotov
cocktail and other incendiaries.

Materials Required
Paper book maiches
Adhesive or friction tape

LIGHTER

Procedure

1. Remove the staples from match boeok and
separate matches from cover.

EEPARATE P A TELY 3
FlRoes Sowvg g

2. Fold and tape one row of matches.

3. Shape the cover into a tube with striking surface
on the inside and tape. Make sure the tolded cover

will fit tightly around the taped match heads. Leave
cover open at opposite end for insertion of the

matches.

T, N

4. Push the taped matches into the tube until the
bottom ends are exposed about 3/4".

sATCHED

5_Flatten and fold the cpen end of the tube so
that it laps over about 1" and tape in place.
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Use with Molotov Cockiail

Tape the "match and tab" of the igniter
to the neck of the molotov cocktail

Grasp the "cover and tab” and pull sharply )
or quickly to ignite. ‘H

General Use
The book match igniter can be used by
itself to ignite flammable liquids, fuse cords and

simuar 1tems requiring hot 1gaition.

Caution: Damp or wet paper book matches
will not ignite
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Mechanically Initiated Fire Bottle

The mechanically initiated fire bottie is an incendiary device which ignites when thrown

against a hard surface.

Matenals Reguired

Glass. jar, or short necked bottle with a leakproof lid or stopper

Tin can or similar container just large enough to fit over the lid of the jar

Coil spring (compression) app. 1/2 the diameter of the can and 1-1/2 times as long
(asoline

Four blue tip matches

Flat stick or piece of metal { 1/2" x 1/16" x 4" )

Wire or heavy twine

Adhesive tape

Procedure

1. Draw or scratch 2 lines around the can-
one 3/4" and the other 1-1/4" from the open end.

2. Cut 2 slots on opposite sides of the tin can at
the line farthest from the open end. Make slots

large enough for the flat stick or piece of metal
to pass through.

3. Punch 2 small holes just below the rim of the
open end of the can.
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4. Tape blue tip matches together in pairs. The
distance between the match heads should equal
the inside diameter of the can. Two pairs are
sutficient.

3. Attach paired matches to second and third coils
cf the spring, using thin wire.

. lnsert the end of the spring opposite the matches
inte the tin can.

7. Compress the spring until the end with the matches
passes the slot in the can. Pass the flat stick or piece
ot metal through slots in can to hold spring in place.
This acts as a safety device.

8. Punch many closely spaced small holes between
the lines marked on the can to form a striking surface
tor the matches. Be careful not to seriously deform
can.
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G Fill the jar with gasoiine and cap tightly.

10. Turn can over and place over the jar so that the
safety stick rests on the lid of the jar.

11. Place wire or twine around the end of the jar.
Thread end through holes in can and bind tightly to
jar. \

12. Tape wire or cord to jar near the bottom.

How ito use

|. Carefully withdraw flat safety stick.

2. Throw jar at hard surface.

[ Authors note- 3. Run like crazy. {See, I still have a sense of humor)_}
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Acid Delay Incendiary

This device will ignite automatically after a given time delay.

Matenals Required

Small jar with cap

Cardboard

Adhesive Tape

Potassium Chlorate

Sugar

Sulfuric Acid

Rubber sheeting {(auto inner tube)

Procedure

1. Sulfuric Acid must be concentrated. If battery acid or other dilute acid is used, concentrate 1t
by boiling. Container used should be of enamelware or oven glass. When dense white fumes begin
to appear, immediately remove the acid from heat and allow to cool at room temperature.

2. Dissolve 1 part by volume of Potassium Chlorate and one part by volume of sugar in 2 parts by
volume of boiling water.

3. Allow the solution to cooi. When crysials settle, pour off and discard the liquud.

4. Form a tube from cardbeard just large encugh A S ':?R

to fit around the outside of the jar and 2-3 times ' (—Y \

the height of the jar. Tape one end of the tube \ L

closed. %‘@J\#
anp 0 BOART) . _

5. Pour the Potassium Chlorate sugar crystals mte AA

the tube until it is about 2/3 full. Stand the tube aside A v

to dry. \

SARD ABOARD .
TVAE

3-21




Incendiaries, The Science of Using Fire as a Weapon

6. Drill 2 hole through the cap of the jar about
1/2" in diameter.

7 Cut a disc from rubber sheet so that 1t just fits
snugly inside the lid of the jar.

8. Partly fill jar with water, cover with rubber disc RUSEER
and cap tightly with the drilled lid. Invert bottle and
allow to stand for 2 few minuies to make sure that —.

there are no leaks. This is extremely important.

\ CAP
9. Pour water from jar and fill about 1/3 full with Q}\Rmma
concentrated sulfuric acid. Replace the rubber 0isC
disc and cap tightly. ~— ~SuLPtuaie

Important. Wash outside of jar thoroughly with clear
water. If this is not done, the jar may be dangerous
to handle during use.

How to use:
1. Place the tube containing the Sugar Chlorate crystals JAR WITH

. . ; ULPHURIE AND
on an incendiary or flammable material taped end down. :

TURE OF
SUGAR CHLORATE

2. Turn the jar of sulfuric acid cap end down and shde it

into the open end of the tube. MC ENDIARY OR

FLAMMATRL B
MATERIAL

After a time delay, the acid will eat through the rubber -
disc and ignite the sugar chlorate mix. The delay time

depends on the thickness and type of rubber used for

the disc. Before using the device, tests should be

conducted to determine the delay time that can be

expected.

Note: A piece of standard auto inner tube (1/327 thick)
wiil provide a delay time of about 45 minutes.
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Incendiary grenades of both antipersonnel 1
and antitank are used in modern warfare.
: i _ _ : 2
anti personnel are designed with an impact {1) i
or delay fuse which ignites a bursting charge r T
{2) rupturing the container wall (3) and jgniting ! ! 1
the incendiary contents {4). : 2
s a
_ _ i *E 4
Anti tank grenades usually use thermite '! . n
or Thermate typed formulas and are designed \\\ e 4
N Y

to be thrown and fly fuse first. On impact, the
fuse ignites the incendiary charge.

Concussion and flash grenades are filled with light intense incendiaries with air reactive igmters
that burn with a brilliant light to temporanly blind enemy personnel. They are usually used 1n
hostage situations where direct assault applying extreme force 1s not an option. These are often
accompanied by large noise making warsts to deafen and confuse the targets as well.

4) Air Dropped and Positioned Bombs

A wide range of incendiary ordnance has been devised that take the torm of bombs which
are air dropped or can be vehicle delivered in the form of positioned bombs. The first has been

widely used by military forces since WW?2 with the massive dropping of Napalm on cities and
jungle targets. The second has been the favorite method of terrorists, arsonists, and behind the

lines commandos. Most of the positioned bombs have been of the explosive variety, however,
incendiaries offer very effective means of extending the potential property destruction and loss of

hie.

Conventional bombs have already been described in detail in the first 3 volumes. These
have inciuded a wide range of explosives in air dropped, mail delivered, and positioned weapons
i the form of booby traps and mines. These will not be repeated here . Incendiaries can be
wubstituted as the core elementis of any of these designs. We will instead cover uses and designs

that have not been described to date. These include -

Floating bombs for use as markers or igniting o1l spalls on oceans and lakes
Truck Bombs and carried Bombs - Airlines, public places

Fuel-Air explosives

Fragmentation Bombs

Y
y

o)

L




Incendiaries, The Science of Using Kire as a Weapon

Fleating Bombs

Early incendiary designs to combat oil slicks by igniting them with air dropped ordnance
met with limited success. The earliest efforts involved dropping napalm bombs into the heaviest
concenirations of oil. While this would ignite the slick at the target center, the fire would quickly
burn itself out without consuming much of the widespread fuel in the slick. This was due to -

1. The slick is spread in such a thin layer that the heat output necessary to support
combustion is lost to the unlimited water source that acts as a heat sink. This makes
auteignition very ditficult.

2. The oil is chemically weathered in the sea water so that more volatile components are
isolated or separated out. This has the effect of raising the autoigmtion and flash point
temperatures. Remember that most sea water, especially in places like Alaska where the
Exxon Valdez leaked its cargo, is very cold and it has the effect of lowering the flash
point of the oil to where little or no vapor is evolved to catch fire. This requires sustained
heating to produce the ignitable vapors necessary tor flammability in air and autoigniting

3. Ocean action physically separates the slick into thousands of min: slicks which are
isolated from each other. This requires separate incendiary action to ignite each separate
pool.

These conditions led to using napalm in air burst's which would spread the tgnited fuel
over large areas. White phosphorus would be added to the formula so the napalm gel would ignite
- the air and rain fire onto the many pools of oil. The gel worked with some success because it
would burn for the several minutes which were often required to ignite the cold oil

A German company developed a cylinder device that 1s filled with calcium carbide and has
a sodium metal bar running down the center. Once it hit the water, the sodium reacted to produce
hydrogen gas and the calcium carbide reacts with the water to produce acetylene gas. The
hydrogen ignites the acetylene on contact and this very intense flame (burning much hotter than
the napalm) would ignite the oil.

Other combinaticns like raining granules of Teflon and Magnesium 1gniters onio the shcks
have been used with limited success. Others have tried priming the shicks with more volatile fuel
that is easier 1o ignite such as rags, straw, and commercial wicking agents. The main problem with
st incendiades has been the short duration of the burn and lack of wide distribution to reach all
parts of a slick.
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One of the better designs for floating incendiary bombs that can be dropped from aircratt
involves a patented (1983-4. 422 383) device that is basically a solid rocket fuel that 1s ignited
between two plywood discs surrounded by polystyrene which makes the entire assembly Hoat.
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A built in delay igriter is casted inside the composition. A safety pin is pulled and a spring
based striker is armed and reieased which pulis on a firing clip. The striker initiates a 9mm prnmer
cap which then ignites a delay fuse that burns at .5 cm per second and lasts about 20 seconds.

Once the delay fuse burns down to the end it 1gnites an incendiary powder. A curved copper tube
directs the hot blast into the main incendiary charge and ignites it. The charge burns outwardly at
a moderate rate spraying fire in all directions around the discs. The delay igniter is identical to that

used in hand grenades except that the fuse 1s longer.

The long burn time aids in reliably igniting the targets and consumes the surrounding
plywood and polystyrene as it burns down to its core. Hundreds of these discs can be mounted on
a wire which can be used to deploy them by the hundreds and simultaneousty pull the pins as they

are discharzed out of the aircraft.

The incendiary tormulas can be changed to adjust burn times as follows -

[gnition compositicn for a fast burn and hot flame

20-85% Boron Potassium Nitrate or Black Powder {1/3 fine F Type, 2/3 Coarse
tFF Type)

15-20% Binder consisting of 85% epoxy resin and 15% amine type curative
or polybutadiene with a dusocyanate curing agent

The incendiary compositions resemble standard sohd fuel rocket propellants and are
tormulated as tollows -

40-70% Ammonium Perchlorate (oxidizer)
10-30% Solid Metal Fuel (magnesium or Aluminum work best)
12-77% Binder of dextrin or colloida! silica used to thicken the mix viscosity so the

composition does not separate or settle during curing,
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This mix produces hot flame of 1450-2300 C and burns at a rate of 4-7 cm per minute.

55%, Ammonium Perchlorate 60% Ammonium Perchlorate
30% Aluminum 20% Aluminum

15% Binder 20% Binder

Burmns at 5.6 cm/sec at 2250 C Bums at 4.5 cmfsec at 1450 C
57% Ammonum Perchlorate 62% Ammomum Perchlorate
25% Magnesium 20% Magnesium

18% Binder 1 8% Binder

Burns at 6.5 cm/sec at 2350 C Burns at 6 cm/sec at 2350 C
56% Ammonium Perchlorate

25% Aluminum
18% Polybutadiene cured with disocyanate

1% Thixotropic agent
Burns at 4.5 cm/sec at 1800 C

The addition of magnesium increases the temperature while decreasing burn time (1t burns
faster). The binder should be plasticized with 20-30% of an ester like isodecyl pelargenate.

[ Authors note- the above discs make good decoys against infra red guided missiles
because they burn rocket propellant and distribute heat 1n a much more intense fashion than jet
engines|

Another floating incendiary composition involves the use hollow microspheres mixed into
an oxidizer, fuel, and rubber binder so that the composition floats. It is basically a foam equivalent
that has a specific gravity of less than one. This allows it to float while burning without using
nonincendiary matenals.

[ Authors Note - The use of microspheres or hydrogen producing metals can be used to
create foamed metals that have very low specific gravity and easily tloat on water. My great idea
was to build a standard steel hulled, giant aircraft carrier which would be supertacker sized and
large encugh to land and take oft aircraft without the need of arresting cables and catapults. The
huge size would allow much of the US Aur Force inventory on navy carriers. The interior
compartments on all sides of the ship would be filled with heavily foamed metal using
microspheres or hydrogen or CO2 gas that would hold the ship up and prevent its sinking in the
event of an enemy making Swiss cheese out of it with missiles. The 20-30' thick metal foam armor
would also provide considerable protection from most enemy ordnance. The ships could be
standardized and mass produced with the idea of rolling weapons systems on and off ke patnot
ricsiles for defense and crane lifted modern electronic systems. This saves having to tear the ship
apart every time a new invention comes along. It also allows the Navy to use and fight with most
standard Army ordnance. Tanks and Howitzers on the deck could substitute for destroyers while
mobile missiles launchers would vield portable missile cruisers. As usual, the military doesn't hsten
to outside ideas- its called the "not invented here syndrome™. |
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A castable floating composition can be made as tollows -

Magnesium, Aluminum, or other metal fuel powder
Oxidizer such as Iron Oxide, Manganous Dioxide, Titanium Oxide to yield a thermite. or-
Salt based oxidizer like Potassium or sodium chlorate
or commercial polytetrafuoroethylene molding powder
Elastomeric silicone (liquids curable to silicone rubber-may require heating}
Hollow plastic microspheres {or glass if heat curing 1s used)

Oxidizers commonly used in flare compositions can be used f colors are required. The
metal is first mixed and wetted with the liquid. This coats the magnesium particies so they do not
react with the oxidizer. Then the oxidizer is added. The microballocns are then added. The
viscosity at this point may be too great to get a good mix so a volatile sclvent may be added to
thin the mix down. This can be naphtha, xylene, or toluene. It is added to the desired thinness of
the mix. The curing agent is added just before pouring the mix into the desired mold shape. It 15
then cured in this shape with the solvent evaporating off. The final shape can be extruded,
molded, or rolled into other configurations and used if desired as an initiator for high explosives
or other incendiaries. It can also be placed in a canister, fused, and used as a flare or infra red
decoy. Explosives can be used to break it into pieces after ignition which spreads out the pieces
over a large area producing a widespread incendiary eftect.

Example formulas tnclude -

70 # Magnesium powder

20# Vulcanizing organopolysiloxane sealant dispersed into
50# Naphtholite solvent to decrease viscosity

20# Glass microspheres

104# Potassium chlorate

| # of stannous octoate added as a catalyst

The mixture is poured into molds to form canisters and then cured at 160 F tn an cven
where the solvent evaporated off. Fuses are inserted in the canisters and the material burns

brightly while floating.

An alternative formula used 70# Magnesium
20# Organopolysiloxane
30# Solvent
10# Microballoons

5# Potasstum chlorate

The oxidizer level in this formula produced incomplete burning in some deployed camsters
and should be increased in actual formulas.
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Truck Bombs

Explosive bombs have recently made the headlines after their use in the New York World
Trade Center, Oklahoma City, and possible use in the highly publicized TWA crash. In addition to
these domestic acts of terrorism, they have been used in the middie east tor decades and ofien
sponsored by the fundamentalist governments as political instruments.

Several suppositions can be made from the news reports and examination of the results.

1 The use of incendiaries to enhance and add to the effects of the explostves could have
easily and inexpensively been included. Surrounding the bombs with 8-10 tons of gasoline
would have produced extensive combustion that would have caused spalling of the
concrete and weakening of the steel reinforcement. It would have also ignmited numerous
fires at considerable distances from the bomb center. The gasoline could have been
obtained by using sump pumps to draw gasoline from filled tanks on the trunk into plastic
tanks placed on all 4 sides of the explosives.

Explosives lose their shockwave strength at the square of the distance from the center of
detonation. In other words. at 5 ft from the detonation center it exerts X force. At double
this distance (10, it exerts 1/4 X. At 20'= 1/16 X, and at 40'= 1/64 X. By the time you

reach 80 feet, the shockwave is reduced to less than 1% of its original power {(1/128)

Incendiaries will extend their effect at considerably greater distances from the center of
delivery as long as fuel can be propelled and 1s ignited as it reaches iis target.

7 Much has been made in the militia press of the second explosion at Oklahoma City. It 1s
the authors opinion that, as much as I like good conspiracy theories, a secondary
explosion is quite common from ruptured gas mains and the pyrolysis of combustibles in
the vicinity of the primary explosion. The gas trom pyrolized-or vented vapors accumulate
and when coming into contact with a spark or heat source, and fall into flammable limits in
air, will detonate. It would have been surpnising to me 1if their were not secondary
explosions at Oklahoma city or the world trade center.

3. The TWA flight had several widely publicized theories of what caused the crash. The
ase of explosive would have likely left a residue of explosive salts or caused structural
damage consistent with the massive expansion of gases. These were not definitely found.
The use of a missile required what would have been a ghly luminous launch that the
author thinks is impossible from the ground or sea without thousands of people
recognizing it. {An air launch was possible though unlikely]. Remember, a great deal of
propellant has to be burned to hift rocket or missile components te an altitude of several
miles. The propellant in a pop bottle rocket hfting itself a couple hundred feet is rehably
observed by thousands of onlookers and even TV viewers during the 4th of July
celebrations.
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The point of this observation is that an incendiary that burns a small hele through
the fuel tank wall does not cause shockwave damage and does not normally leave
traceable residue salts {depending on its composition). The mcendianies can be casted 1n
plastic forms that resemble everyday objects carried in luggage, do not yield goed X-Ray
contrasts unless they use metal fuels, and are capable of burning with sutticient heat to
melt holes through aircraft aluminum sheet. This makes an incendiary a much more hkely,
or possible candidate for a munition capable of causing the downing of an aircraft in thus
manner. The other advantage of using incendiaries is that they do not need to use nitrate
oxidizers to produce high temperatures that can melt metal plate and tgnite fuel. This
allows the easy transport of these types of devices onto public transportation. Such
materials can be casted or prepared as gels inside of tubes of toothpaste and other
common items carried by passengers. [Nitrates and nitrogen based gas by-products are
often easily detected when attempts are made to smuggle explosives onto airlines and into
public places].

Incendiaries offer many opportunities for clandestine attack because they do not produce
explosions themselves and their effects are often unnoticed until the damage is done. This makes
them ideal candidates for behind the lines operations. Since their effects can be magnified by using
them to ignite combustible targets, they offer greater potential as weapons than many explosives.
Details of target selection and attack will be covered in later chapters.

One other comment the author will inject here is about the fire at Waco, Texas during the
assault by law enforcement on the branch davidians. I have described chemicals in the last chapter
that are not only good candidates for incendiary weapons, but are also used as lachrymators. They
are used as tear gas or irmitating agents in crowd control. I the particular chemical used by law
enforcement was identified as having a low autoignition point and flammable limits in air
consistent with the volume of gas used, then it is quite possible that it contributed or may have
caused the fire that destroyed the compound and killed the occupants. It may have been ignited by
the use of a flash grenade normally used to biind opponents during armed assaults. The presence
of flammable gas pumpex into the compound couid have made a very deadly and widespread tire
just by its presence. The authors ideas in volume one to use anesthesia gases to overcome
resistance would have encountered the same problems had any sources of ignition been used by
assault forces or were encountered inside. A pilot light on a stove could easily ignite most
lachrymators or anesthesia gases making their use a potentially serious incendiary problem:
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Fuel Asr Explosives

We have already described the basic concepis for fuel air explosives. The requirements tor
a fuel to explode in air are its conversion to a vapor cloud at operating temperatures, 1ts low
autoignition point, and its wide flammable hmits tn air.

Conventional air dropped Fuel-air
explosives used by the US nulitary
coensist of clusters of bomblets of

71.8# (32.6 Kg) of ethylene oxide.

Each bomblet forms a cloud 8" igh

and 50" 1n diameter which detonates

on ignition with a biastwave force of

5 times that of TNT. I was widely used
in the Persian Gulf war against hard
targets and to clear minefields by the

overpressure generated by the biast, |

The mihitary use of explosive vapors
is a relatively new development in wartare.

To understand how to use incendiary vapor as a combined explosive and fire weapon their
are several concepts that need to be understood about explosives. When vapors are detonated,
any solids and all gas is rapidly keated into an expanding mass of very hot gas. Once detonated,
there are three effects that produce the desired damage to the target. These are blast pressure
which reaches very high levels in vapor based explosions, incendiary which spreads the fire, and
fragmentation which sprays pieces from any encasing and area debris along with the shock wave.

Blast Pressure: is the formation of app. 700 tons per sq. in. of atmospheric pressure that
forms at the core of most explosions in the first 1/10,000 of a second. This core of hot gas then
moves outward at velocities up to 13,000 miles per hour at these pressures compressing the
surrounding air in the form of a giant wave weighing many tons and destroying anything in Its
path. The force of the wave usually diminishes at the square of the distance 1t travels from 1its core
until it disappears.

Two types of pressure are actually formed. The first is the actual outward bound pressure
wave that compresses the surrounding air and forms a "shock front” that is only a fraction ot an
inch thick. The thinness of this wave is due to the compression forces that accumulate before the
air is actually set in motion. This shock front applies a hammering, sudden blow to all the objects
in its path. 1f it hits a wall it delivers a massive blow over the entire surface and mstantly tollows
through the collapsed portions with the strong winds of the pressure wave. This positive pressure
wave lasts only a fraction of a second (it doesn't travet the tull 3.6 miles in the first second)
because it attenuates as it moves out over a distance because of the greater volume of area it has
to cover. Most non nuciear explosives expend all their power within a few hundred feet of the

detonation center.
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Once the pressure wave forms and pushes away from the center of detonation, 1t pushes
the surrounding air out creating a partial vacuum in the center of detonation and spreading
outward behind the wave front. This partial vacuum exists behind the wavefront so that as the
pressure wave dissipates, this broad partial vacuum causes the air to reverse its movement and
rush inward to fill the void. This is called the vacuum wave {from the negative air pressure).
Although its velecity in its movement back towards the center of detenation is much lower, the air
still has great force and will strike and move cbjects in its path. It will suck windows out of
buildings and pull other objects back in towards the detonation center. This negative pressure
wave is less powerful than the pressure blast wave but lasts about three times as long and delivers

a devastating 1-2 punch to any objects in1ts path. This 1-2 punch is the most destructive effect of
fuel-air (or any other high) explosives.

Fragmentation: is an effect usually observed when a bomb is encased in a pipe or other
metal container or is surrounded by easily mptured or pre designed pieces (hike nails, ball
bearings, or fence staples). These are torn apart by the force of the explosion at its peak location
(the center of detonation) and are propelled outward by the blast pressure wave as fragments or
as nearby debris. These fragments have a torn, stretched, or thinned appearance, and they wouid
be a lot smaller and in a lot more individual pieces (broken apart) because ot the enormous heat
and pressure produced by the explosion and delivered at its maximum strength directly onto it.
When these pieces are deliberately attached to the outside of a bomb they are called shrapnel. The
advantage of using pre-formed shrapnel on the outside of a bomb instead of a strong casing is that
energy expended in actually breaking the casmg and creating fragments is now used in propelling
the many fragments (not counting the energy from the pressure build up when using a casing and
shattering it}.

The use of fragmenting materials adds to the blast damage by cutting, slicing, or punching
holes through any materiais in their path. The heat of the detonation will also be absorbed into
fragments and this heat is carried with them into other materials and if it is hot enough can cause
or spread secondary fires (the incendiary effect if it is designed to do this). Using good candidate
aterials that absorb heat and communicate it over distances and time 50 it can reliably ignite
target combustibles is part of the science of making incendiary munitions. That 1s also why the
author spends so much time describing ditferent candidate materials in other parts of this book.

The total heat developed by the fragments can come from -

The heat generated at the core of the detonation (hot gases which transfer heat)

Stretching and tearing of solid materials by the pressure and vacuum waves
Air fnction

Impact friction
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Fire effects: are produced by explosion resulting in thermal damage to the targets. When
an explosion of vapor takes place, especially at the upper limits of the flammable or explosive
limits in air, a lot of hydrogen and carbon monoxide is formed from the initial reaction and can
reexplode or ignite once more oxygen becomes available because the gases are still hot enough to
support combustion. Take gasoline for example. If it explodes at its lower limits (1-2%) most of
the gas consumed has adequate oxygen available to form CO?2 or water from the burned carbon
and hydrogen. At the upper limits, an excess of carbon and hydrogen is still there because there
wasn't enough oxygen from the air to use it all up. This means that CO is formed instead of COZ,
and the CO is a flammable gas. Combined with available left over hydrogen, it supplies an
ignitable mixture in air (the backdraft eftect), and this is very likely what happened to account for
the second explosion at Oklahoma City. Once fresh oxygen becomes available to support
combustion from the inrushing air, all that is needed is an autoignition temperature at any point 1n
the air-vapor mixture for a second powerful expiosion.

When solids are pyrolized, they also give off (distill) hydrogen first from their chemical
compositions and add to the potential fuel in the atmosphere. A low explosive hike black powder
produces shock waves that travel slower but carries many hot solid salts as a byproduct of the
combustion and these hot solids can communicate incendiary effects very effectively. High
explosives produce much higher temperatures which quickly mix into the surrounding air and cool
as the pressure wave moves outward. Solids absorb and retain heat much longer than air and
make more effective pyrophoric munitions. If high explosives that yield only gas are used and are
burned up, they need to be delivered near the combustible targets to deliver the necessary heat to
ignite them. If not, they need to be enhanced with other materials that can absorb and retain neat
while being propelled the necessary distances to the targets. Fuel air explosives produce a more
powerful shock wave than conventional high explosives. These can cause more pressure wave
damage and will actually carry the hot gas further than ordinary explosives before the heat is lost
to the atmosphere. Surrounding explosives with solid combustible debris is a good way to
enhance the fire damage it can cause.

One other concept we have not yet covered which needs to be addressed is the effect of
"Vapor Density". Air is used as the reference material and is give a value or density of 1.000. Any
other vapor or gas will have a density based on its comparison to air. If it is lighter than air it will
have a density of less than 1.000, and if it is heavier than air it will have a density greater than
1.000. This is important in using flammable gases as weapons because it allows you to attack n
vertical directions. Take the following densities of common materials as examples -

Vapor density Flammable limits

Hydrogen 0695 4-75%

Natural Gas (methane) b 5-15%

Ethylene Oxide 8711 3-100%
Acetylene 899 3-82%

Carbon monoxide 97 or I=air 12.5-74%
Propane 1.56 2.2-9353%
Carbon disulfide 2.6 1-44%

Gasoline 3-4 1.4-7.6%
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There are slight differences in the chart above and the chemical descriptions earlier. They
depend on which reference is being used by the author at the time of summarizing these ideas. The
idea behind using vapor density is that hydrogen 1s a gas that can be pumped into target areas
above your position (like the floor above in a building) and ignited. Hydrogen as a fuel nses, wiile
propane or gasoline vapors will sink making them good vapor weapon candidates for tunnels,
underground bunkers, and basement areas. Carbon monoxide generally mixes into and stays in the
same area as the air it is rmxed with.

When using vapor based weapons it is important that they be 1gnited at the levels nearest
their peak flammabie limits in air so that secondary combustible gases can also form and igmite.
This will maximize the effect of the explosive. The air force munitions experts take this into
account in their fuel air explosives by using cluster attacks to saturate an area and displace the
surrounding air with ethylene oxide clouds that push the air away from their impact points and
then ignite. Explosions taking place at the lower tlammable fimits cause building damage but often
produce little fire related damage and casualties.

One other concept that is important in the design of fuel air explosives is that be ignited
while still under pressure. When the ethylene oxide bomblets are dropped, they hit the target area
and the casing is cracked allowing the liquefied (under storage pressure) material 1o instantly boil
into the surrounding air. This boiling produces pressure that pushes outward forming the vapor
cloud. This cloud must be ignited while still exerting outward pressure to achieve the maxtmum of
3.000 to 12,000 feet per second detonation velocity that gives it the nickname of the poor boy
atomic bomb. This is why the bombs are not dropped as large one or two ton muniticns. They
force vapor outward, but by the time the mntenior liquid finally boils off, much of the cloud has lost
its pressure and has dissipated into the wind. The ignition has to take place quickly while the
cloud is still pushing ocutward producing pressure. This pile-pressure effect adds the power of the
detonation wave at its center to that of the unexploded pressurized gas that 1s being added to, and
exploding on, the leading edge of the wavetront.

These pressure effects on vapors and how they explode are different with increases in
pressure over that of one atmosphere (14.7 psi) and can be described as follows -

Pile pressure in detonation raises the detonation wave pressures
Initial pressure of 115 psig = 2,000 psig added detonation pressure
1,000 psig = 5,000 psigt

The initial higher pressures of the gas will also increase the flammable limits in air.

Natural gas 1 atmosphere = 5-15%
500 psig = 4-44%
1,000 psig = 4-53%
31000 pSlg — 4-60%0
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[Ligud compressed gases expand to considerable volumes in air. 4 060 gallons of LPG
will yield 146 000 cu ft. of pure gas. 1If mixed into air at its lower explosive limits, this yields over
6 million cubic feet of explodable gas. A 24" mainline of natural gas with a valve at every 8 miles
will contain 6,316,000 cu ft. at 700 psig. If mixed into air at its lower explosive Limits of 4-5%, 1t
will yield over 140 million cubic feet of explosive gases ]

The eftfect is that gases become more chemically reactive under pressure {which is one of
the reasons why detonating the nerve gas shells in a bunker under pressure during the Persian gulf
war was not a good 1dea for the US Army, and I will cover this in volume 5). Pressurized gases,
especially ones that are mixed with air are extremely dangerous and make powerfui explosions.

The surrounding atmosphere quickly absorbs the effects and pressures of explosions. For
explosives to be eftective they must very quickly so that all of the combined energy is used
together to maxinmze the forces in an explosion. It isn't the total release of energy, it 1s the speed
of its release that determines the peak force of a fuel air explosive.

An explosive set off in the main lobby of a building will have most of its energy absorbed
into the nearby atmosphere, walls, ceiling, and floor. It the fuel is distributed instead as a vapor
throughout the building and then detonated, the force 15 apphed throughout the building and will
cause much greater damage as a resuit. This makes fuel air explosives capable of being more
effective weapons than ordinary explosives because they can reach areas and cover much larger
areas with blast pressure waves and thermal effects that ordinary explosives are capable of. This is
why many of the liquid tuei matenals already described with low vaper and boiiing ponts can
make effectrve mumtions in many circumstance.

Blast waves behave like sound and Light waves in that they bounce off of reflective
surfaces. For example, we already stated that 1f an explosive is detonated 1n the open, most of its
force is dissipated at about 100" in every direction in the open air. If you place the same explosive
In a cave or sewer pipe, the blast wave will reflect off of the surfaces surrounding 1t {while
expending some of its energy damaging it) and will still be measurable at 200' away. H the angles
are correct, the waves will overlap and reinforce each other making a more powerful shock effect
than the oniginal wave itself. This 1s called the Munroe effect and is covered in volume 3.

The pressure waves will expand outward siriking objects and then moving around them
and reforming. The wave continues te push outward with dimimshed force. This tells you that the
best place to hide from an explosion ts immediately behind a very thick and heavy object that 1s
not likely to be punctured by debnis or pushed over on top of you. These unusual wave effects can
knock dewn walls on one side of a building while leaving a murror on the opposite wall hanging
and uncracked. This should be taken into account by the conspiracy theorists when evaluating
events like Oklahoma City and the world trade center bombings.
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Special explosive applications include underground ad underwater which have difterent
effects. The ground or earth can only be compressed by a shock wave a small amount and then
transmits its effects in the form of a wave similar to that of a sharp earthquake. A good example 1s
the effect of burying a 50# explosive about 10" deep and anywhere within 50° of a target structure.
The detonation produces a shockwave that breaks cast iron pipes at 30" away, sewer lines at 40,
and will damage and collapse foundations of buildings up to 50" away (which is why terronsts

don't actually need access to target buildings to knock them down). If the walls buckle from the
shock. it can bring the building down just like earthquake waves.

Water does not compress at alt and will transmit the full force of the shockwave outward

at very fast rates of speed and cause greater damage than its equivalent effects in normal
atmospheres.

Fragmentation and incendiary distobution bomb design

Most military fragmentation incendiary bombs are designed with pyrophoric fragmenting
materials {described in chapter 2) mixed into a plasticizer or contained freely inside a bomb. Thus
material surrounds an explosive core and may be fused in the nose with a contact, radar
proximity, altimeter, or other applicable detonating system. Once detonated, the casing shatters

and the fragmentary particles ignite and are propelied in ail directions from the core 1n accordance
with the design and orientation of the bomb.

One of the more modern fragmenting
designs is made by -

1. Making a spherical carner body
for the incendiary materials in the
form of ribs and grooves. The nibs
act as a flight stabilizing force on the
main body of the bomb. The carrier
body is made from round steel wire
which are cut as cylinders of 4mm
diameter and 4mm iengths. These are
cold pressed to yield the form shown.

2. This carrier body is degreased and
lightly etched with diluted nitric acid
which creates a rough surface that

increases adhesion of the incendiary.
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3. The cunny agent ot a two part epoxy : P Ian
resin 1s apphed at room temperature {o mh - 1
the inside surfaces of the carrier body. |
The resin is mixed with the pyrophonc
material and heated to 120 C. These are
then mixed together and vibrated at 70 Hz
to insure homogeneity.

4. The body 1s then transterred 1o a press
and compacted to force the resin-powder
mixture into the grooves. This triggers a
polymenzation reacticn and forms an
incendiary fragment mass that has sticking
ability and fragments easily.

5. The mass 15 compressed Into the desired

shape to fit around an mild explosive core and
inside a body. Stabilizing tail fins are added

and a light metal alloy or umpact and temperature
resistant plastic is used to jacket the munition.

The final radial fragmentation bomb ignites and ejects the particies on detonation.

Another method of distributing incendiaries is the standard droppmng of napalm. The
problems with this is that these munitions tend to not be aerodynamically stable, and their
precision on target in the unguided form is poor. On impact with the vround the incendiary
distribution is random whereby the napaim is splashed out of the bomb casing on breakup of the
jacket. I is ignited by an impact fuse using white phosphorus to spread and ignite some of the

splashes.

Improvements on these munitions are included in the following design 1deas -

An incendiary gel mixture of hydrocarbons
and gelatinizing agent is premixed and
incorporated inte a bomb casing. Inside
the casing also near the center 1s located

a series of mini ignition capsules which
ienite on contact with the ground. The
contents of the bomb are distributed as

the bomb drops. A parachute opens and
slows the descent ot the bomb.
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Several means of distribution may be used -
1. A cartridge is activated pushing the contents out and dispersing them by propeller action.

2 A detonating cord can run the length of the bomb and burst it spreading the gel and capsules.

.

3. The munition can be fused to burst on impact or at altitude depending on targeted area.

4. The device can be fuseless and hardened to penetrate a structure and then release its self
igmting contents.

5. Mechanical ejection rearward or forward by explosive or mechanical means.

6. Gas generating grains in place of the capsules may be used to provide propellant on ignition
and distribute the gel.

Once the gel with self igniting capsules reach the ground, the capsules reiease white
phosphorus or other reactive igniter which starts the munitions burming. This saves burming up gel
unnecessarily during the descent and all these methods aid in distribution over the target areas.

5) Rockets and Missiles

Incendiary rockets and missiles consist of the main body of the rocket or missile which
guides and propels the machine, and a warhead which carries the weapon. This warhead can be a
bomb, spraying device, delay bursting device, or any other conceivable contnivance.

One of the early rocket artillery designs |
used by the French in the 1870's delivered @ ;: pr— =

a warhead that weighed 15.43#% {7 Kg).

All modern designs use standard delivery systems to carry and deliver the payloads or
warheads. Some detailed design information on rockets and missiles has already been described 1
volumes 1 and 3 and a future detailed volume is planned. Our main intent here 1s to describe
recent desiuns of the payload or warhead carrying incendiary matenals.
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One of the more easily improvised modern
designs is a portable rocket artillery device
that has its own discardable launching tube. ot

'm

It can quickly be carmed, set up, and used # I e
anywhere in large volumes. A hand carrted ae N i‘
shovel can be used to secure its rear section
in the vround. The azimuth and elevation
be set as desired using wing bolts. The
launching tube itself i1s made of cheap and
disposable paper board or plastic and 13
used to both transport and launch the
rocket.

This ground to ground weapon can be used
to deliver any type of ordnance. In this case
it 1s designed to improve on the delivery

of incendiary materials like napaim or
thermitic type matenals

The rocket carries a cylindncal tank as the
warhead filled with an incendiary charge. Thus = .
charge is usually composed of kerosene or
gasoline that has been jelled, usually with
polystyrene. A bracket on the front of the
rocket carries 2 contact or proximity fuse
assembly. An explosive (#19) 1s pointed
into the main body helding the incendiary.
When the fuse 1s icmted by proximity or
contact, it ignites the explosive which dnives
its shell like a piston or spear into the body. %
This has the effect of igniting the incendiary ¢ -
Eand ruptun_ng the.cyhlj]der wal‘]_ The _mcem:_ilar}r Eﬁi‘%ﬁ?ﬁ%ﬁ
s sprayed in all directions radially, dispersing e
the flaming material over a wide area. ;.{,4;}-,,{,;,;;5{!:'{5fgli
The rear of the device carries a standard rocket motor {25) ﬂ"‘:{"ﬁfﬁf/’ '
assembly and tail fins for stabilization 1n flight.

Most early napalm weapons relied on the force ot

impact to disperse its contents which often resulted '

in a crater being formed and most of the incendiary =
burning in the hole rather than being widely disseminated. -

3-3%
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Another concept for releasing incendiary
payloads during flight is llustrated here.
A number of designs have been developed
to disperse incendiary contents out of the
rear of a ballistic shell during flight. These
shells can be artillery fired, or act as the
warhead on missiles and rockets. |

The incendiary usually exists in the form

of briquettes situated around a central igmtion
channel. A fuse in the nose ignites an explosive
which communicates force and fire down

the ignition channel. This explosive force
gjects the lighted briquettes out the rear

(or out the nose in some designs) spreading
them in a ring like tashion over the terrain

it 15 passing above. A piston is actually

driven by the explosive which forces the
briquettes out. The fire from the explostve
passes down the center channel and 1gnites
each briquette as i is being propelled down
the tube. The tube 11self must be strong
enough to contain the radial forces of the
explosive. The incendiary car be thesmitic n
nature and designed to burn for a long time.
This is most often accomplished by contamng,
the briquette in a metal casing with holes that

restrict the amount of air that can pass into and

feed the ignited mixture. This slows the rate of

burning and maintains the fuel for extended fire.

The compositicns can also be designed to emt
light, smoke, be made to tloat, or even self
explode directly above their targets to spray

fuel over a wider area. Usually light metal alloys
of high strength are used for the casings and are
machined to fit each other and shide down the tube

in the tinal assembly.
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Convention fragmentary warheads have long been designed using an interior core of mgh
explosive and surrounding it with steel ball bearings, cubes, nails, or rods which are propelled
outward as thousands of fragments when the explosive is detonated. A number ol improvements
are incorporated into modern warhead design using incendiary metals in place of ron or steel.
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A warhead section 1s prepared by casting
an expiosive charge inside the warhead
casing while leaving a space as shown
for frasgment matenal which 1s thicker

in depth at the nose of the device.

Fragmentation cubes are prepared by
cutting steel from rectangular extruded
bar stock and are otten coated with
plastic in standard fragmentation bombs.
In these designs, 2-12% of the cubes are
replaced with incendiary cubes made of
0% Zircomum and 10% Tin alloy. All
the cubes are cut to . 145" stze square.
Commercial Incedaloy 501 alloy may ,
be used. The steel and incendiary cubes {m ‘
are then mixed together in a mixer and R e R N L _ﬁf{”“
are then poured into the cavity around

the explosive charge. Once these are

poured in and vibrated fo aid in compacting

the cubes, a plastic is poured mto the

cubes to fill the spaces and form a sohd

stabihzed continuous mass. Insulating

and rubber compounds are also acceptable.

o —

Many other pyrophoric configurations and ideas can be used in these designs. In testing of
the above designs it was found by the patenting companies that the use of explosive fragments
alone did not ignite fuel barrels located at 30-70 feet from the warhead detonation, while the
zirconium-tin combination reliably set seme on fire at 2% to most or all at 12% in the fragmenting
mix. When air detonated the barrels were tested at 60-120 degrees from the longitudinal plane of

the missile.
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6) Primary Explosive’s and Incendiary Chemical Systems

Explosive materials are widely used in incendtary packages. This is because the sciences of
combustion are applied in near identical fashion. The unique aspect of explosives is the addition of
solid or liquid oxygen sources to drastically speed up what the oxygen in the air usually does. The
use of chemical oxidizers commonly used in explosives has the effect of increasing the flame
temperature (due to increased rates of combustion), and produces larger flames which spread the
fire more readily by pyrolyzing nearby solids and liquids. 1t is quite easy 1o combine many organic
combustibles like alcohol's with oxidizers to produce binary self igniting munitions capable of
producing furious fires. The possible numbers of formulations could run into the thousands.

A number of incendiary formula improvements were patented in the 1970’s that have
shown themselves to make more effective weapons. We will describe a handful of these in detail
so that more effective mixtures can be understood and applied by prospective weapons designers.

The early thermite formulas had many ignition problems. They were hard to light and did
not always completely burn as desired {scmetimes to fast or 00 slow). This led to a vanety of
additives to make them easier to fight and either burn faster or slower. These mcluded flake
aluminum, sulfur, hydrocarbon oils, zinc powder, magnesium powder, and many oxidizers hke
barium nitrate, potassium chromate, and potassium permanganate. These became known as
Thermates.

By 1970, it became known that any of a group of ferrocene-type compounds could be
added to the thermite or Thermate formulas and improved the ignition and burmng of the
compositions. Ferrocene compounds are made up of Iron which has four attached molecules of
alkyl groups or hydrogen in its formula as R1-R4 -

The compounds formed by this are known as

R2- Fe - R3 '

/oA his{cyclopentadienyl) wron

R1 R4 (cyclopentadienyl) (methylcyclopentadienyl) iron
(cyclopentyldienyl) (ethylcyclopentadienyl) iren
bis(propyicyclopentadienyl) iron
bis{(isopropylcyclopentadienyl) rron
bis{butyleyclopentadienyl) ron
bis{tert-butylcyclopentadienyl) wron
bis{hexylcycloepentadienyl) wron
bis(methylcyclopentadienyl) iron
(cyclopentadienyl) {dimethylcyclopentadienyl) 1ron
bis{ ethylcyclopentadienyl) ron
{cvclopentadieny?) (diethylcyclopentadienyl} iron
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The polymer forms of the above materials can also be used 1n thermitic designs. The
materials above are added at 2-50% of the formulations with 10-35% preferred. Magnesium
ribbon is most often used to ignite the thermites but in a series of comparisons below, foluene was
used to soak and ignite a thermite with a base formula of 25.2% aluminum and 74 8% 1ron oxide.

Thermite= 1 part is mixed with added 1 part ferrocene

| part potassium chromate did not burn Brief flare, very little burned

1 part BN and 1 part Al did not burn Small flare, little burned

1 part Zinc Powder did not burn Burned completely

1 part Zinc Powder with only 1/2 ferrocene = 85% burned

I part BN did not burn  plus 1 part magnesium burned completely

BN = Barium Nitrate, AF = Aluminum Flake
In other tests, ferrocene improved burning and ignition in all combinations.

The form of the thermite has an impact on how easily it lights and burns. As a powder in
the above example it is difficult to ignite and burn completely without special ignition condittons
and materials. When the thermites are pelletized and formed with a hollow core, either by dnlling
out of a casting or by casting or curing in this shape, they are much more easily 1gnited and
burned. The hollow core pellets are 7/16" OD, 3/16 ID, and 5/16" thick. When these are scaked
in toluene and ignited as in the above tests the following results were obtained.

| part thermite and 1 part potassium permanganate

pius .25 part ferrecene = Ignited and burned in 1 second
plus .5 part ferrocene = [gnited and burned completely in 3 seconds
plus 1 part ferrocene = Ignited and burned in 5-7 seconds

The pellets without any ferrocene did not burn at all. When magnesium strips are used to
ignite the thermites or other additives are mixed mn, the results fall in between the terrocene

additives and no additives.

A commercial napalm - thermite aerial bomb has been used with the following

cOmMposition.
65% gasoline, benzene, and polystyrene
35% Thermite of 1 part 74.8% Iron oxide and 25 2% powdered aluminum

1 potassium permanganate
1 part ferrocene

The above composition ignites and burns reliably with a magnesium strip. The use of
ferrocene compounds consistently improves virtually all thermite and Thermate formulas tor

burning and ignition properties.
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Other forms of aluminum as a group known as alkyl aluminum hydrides produce ar
exceilent alternative to thermites and napalms tor incendiary compositions. Some of them have
already been described in chapter 2. These aluminum compounds contain an alkyl group. The
word alkyl simply means an alcohol or its equivalent hydrocarbon. Methanol 1s an alcohol
{methane is the hydrocarbon) that is reacted with aluminum to tform a methyl aluminum hydnde.
The hydride 1s hydrogen. |

The following compounds as a group have been incorporated into effective incendiary
Weapons.

methylaluminum dihydnde ethylatuminum dihydnde
dimethylaluminum hydnde diethylaluminum hydnde
trimethylaluminum triethylaluminum
propylalumirum dihydride butylaluminum dihydnde
dipropylaluminum hydnde dibutylaluminum hydnide
tripropylaluminum tnbutylaluminum
iscbutylaluminum dihydnde

diisobuty! hydnde

triisobutylaluminum

The higher alkyls such as amy! and hexyl or the aromatic hydrocarbon derivatives such as
phenyl, toly!, and xylol can also be compounded with aluminum to form similar incendianes.

The formulas prepared for weapons use involve mixing the alummum compound at
80-98% weight, with 2-20% of a thickening gelling agent, or a diluent, beth of which should be a
combustible.

These mixtures ignite on contact with air, and organics that contain active hydrogen like
alcohol's, amines, organic and inorganic acids, and to some extent matenals like paper and wood.
They also react violently with water. The advantage of self igniting materials is that all parts of the
distributed incendiary refiably ignites everywhere it is released. When napalm is distributed and
ignited, parts of it may not burn if ignition is not achieved everywhere. The gasoline 1n it may
vaporize and disseminate into the air without ever contributing to the attack.

The materials used with these compounds must not react with the aluminum. It must make
a mixture pourable into aerial bomb casings, hand thrown bombs, or flame thrower reservoirs and
then sealed to prevent contact with air
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Diluents and other additives used mnclude -

Gasoline Tar Asphalt Petroleum Jelly
Kerosene Heavy Oil Mineral Oil Iron
Magnesmm Aluminum Zimc Boron

Lithium Sodium Diethyl Zinc Tributyl Bonae
Ferrocene Iron Sedium Hydnde Ferrocene Manganese

and most other sodium or alkali metal hydndes

A jelly like consistency is preferred over thickened liquids and are usually added at 4-12%
The gelling agents most suitable for mixing into the incendiary compeounds are -

Polyethylene Polypropylene Polybutylene Polyisobutylene
Polybutadiene Isobutylene-Styrene  Polysiyrene Polyvinyl Styrene
Latex, gum, and other synthetic and natural rubbers

Colvents are used sometimes to aid in the gelling process by swelling the polymeric tibers
and forming a more compact gel. These may include -

Pentane Hexane Heptane [sohexane and other aliphatics
Benzene Toluene Xylene and other aromatic solvents

The effect of gelling also delays igniticn of the composition in air which reduces burnng
before reaching the target when it is distributed in open air. Actua! mixtures used include -

69 parts of triethylalurmnum

73 parts of cement consisting of 16% rubber dissolved in toluene. The selvent is dissclved

off at 100mm of mercury at 80 C.

This thick mixture reliably adheres to metal targets and self ignites in 2-3 after contact.

K erosene can be mixed in to make thinner mixtures suitable for use in flame throwers
although the range is shorter than gelled gasoline mixtures. Small portions of these mixtures may
also be incorporated into other incendiaries in the form of small frangible capsules to act as
icniting agents when they are distributed N air.

The flames of these types of incendiaries burn intensely hot and are difficult to extinguish.
Metal soaps in combination with metal fuel aiso produce super hot temperatures when ignited.
Special combinations of mixes produce very long burn times. Some of these involve the mixing of
metal hydrides or heavy metais with solid fluorocarbon polymer acting as an oxidizer.

One of the more effective long burning designs involves the mixing of powdered heavy
metai fels mixed with solid polymers that contain available oxygen. These weapons have a
specific gravity of 2-4.5 and will burn n air for 30 minutes to 2 hours or longer
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These types of materials consist of

Acrylic ester
Organic Pelymer w/ copolymer of

50-93% Heavy Metal Glycidyl Methacrylate

Strontium Trimethylolpropane Trimethacrylate
Banum 2-ethylhexyl acrylate

Radium 2-nitro-2methylpropyl methacrylate
Zinc 1.3-butylene dichloroacrylate
Cadmmum methyl 2-chloroacrylate

Mercury ethyl fluoroacrylate

Scandium glycol diacrylate

Y ttrium 1 3-butylene dimethacrylate

All Lanthanum series metals 2-nitrobutyl acrylate

All Actinium series metals 2_2-nitrohexyl methacrylate
Titanium trifluoromethyl methacrylate
Zirconium propyl a-bromoacrylate

Hafmum methyl methacrylate

Vanadmm ethyl methacrylate

Niobmum butyl methacrylate

Tantalum methyl acrylate

Radioactive metals are usable but are hexy! acrylate

generally barred by international treaty. octyl acrylate

vinyl methacrylate

B-amine ethyl acrylate

M. N-dimethyl aminoethyl acrylate acetate
allyl methacrylate

methacrylic acid

acrylic acid

2-chioreacrylic acid

acrylamide

methallyl acrylate

pentaflucrophenoxy acrylate

The oxygen containing polymers serve as oxidizers and binders. The groups hsted above
venerally belong to one of the following classes of polymers-

Acrylic Vinyl Ester
Allyi Ester Vinyl Ether
Vinyl Ketone Epoxy Resin
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The copolymer of Glycidy! Methacrylate is mixed in at 90-99%% by weight with 1-10% of
one or more of the above materials. This may also be replaced or partially substituted from the

tollowing -
Vinyl Acetate Vinyl Methyl Ether Divinyl Ether
Vinyl Hexyl Ketone N-Viny! Pyrrolodine Itacomc Aad
Crotonic Acid Diethyl Fumarate Acrolein
Vinyl Stearate Maleic Anhydnde Dimethyl Maleate
Diallyl-3,5-dimethyl Phthalate Dhallyl Phthalate

Other additives may be added to harden the copolymer by cross linking which renders
them elastomeric, to modify the burning rate, to decrease the polymerization rate, etc.

Vinyl Chlende Vinylidine Chlonde Propylene

Methyl Styrene Cyclopentadiene Acrylenitrile
2-viny! Pyndine Styrene 2.5-dichlorostyrene
Tetrafluoroethylene  4-vinyl cyclohexane Diviny! Pyndine
Divinyl Benzene Divinyl Toluene

The formulas made be simple mixtures like Oxygen Polymer mix 5-31 parts
Powdered Metal Fuel 100 parts

Better compositions are based on  Acrylate type polymer 10-80 parts
Lanthanide Series Metal 100 parts
Zinc 10-100 parts

An example of a good acrylate type polymer for the above formula would be

Glycidyl Methacrylate 160 parts
Trimethylolpropane Trimethacrylate 2-8 parts

The most effective metal fuels are the Lanthanum series metal alloys including Misch
metal as well as zinc, zirconium, tantaium and vanadium. This metal fuel should be powdered
between 1 and 300 microns in size. It may be precoated with a thin layer of ignitton or primer
material or the monomer at .1-.5%.

This metal is then mixed with the monomer and or its mixture. The catalysts or other
2dditives are added at 01-3% of the mix and the mixed material is cast into the desired moid and
cured. The curing should take place at a low temperature 10 avoid premature 1gnition. The oxygen
containing polymer not only provides oxygen for combustion, it alsc provides strength for the mix
to remain coherent as an ash during its combustion. The compressed metal without the polymer
gives a non coherent ash.
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These compositions may be ignited by heat alone or by chemical igniting materials. These
incendiaries burn reliably leaving a coherent incandescent ash that can ignite combustibles for up
to 2 hours and longer that they come in contact with. The zirconrium mixtures reach
incandescence slowly and form a secondary reaction with air that burns vigorously about 10
minutes after the initial combustion. The residue of the exothermic alloys are capable of cutting or
welding metal after ignition.

The following mixtures were cast into molds and polymerized (cured} to schd bodies.
Each one burned on ignition leaving an ash that continued to burn in air for mere than an hour.
Other alloys containing 50-75% lanthanide elements and 20-30% Zinc also formed mcendiaries
that burned with similar properties.

Glycidyl Methacrylate 72.62 18 18
Trimethylol propane trimethacrylate 41

2-ethylhexyl acrylate 4.15

Butylene dimethacrylate 43 43
Benzoyl Peroxide (catalyst) 1 3 35
Benzoy! tolndine (promoter) N

Barium Nitrate 10

Potassium Nitrate 8
Alloy of 67.5% Lanthanide elements 336.9 71.27 74.32

and  32.5% Zinc (alloy 675 L)

Another formula that burns in air for 90 minutes with intense heat radiation and 1s ignited
by application of direct heat (in tests this was a butane flame)

2-ethylhexyl acrylate 4 parts
7-nitro-3-methyl-propyl methacrylate 30 parts
trimethylolpropane trimethacrytate 1 part
Alloy 675 L 65 parts
This mix is catalyzed with 1 part benzoyl peroxide and promoted with .1 part of

N N-dimethy!-toluidine and then cured to a tough solid mass.

The following mixture burns slowly for 53 minutes until the binder is exbausted and an
exothermic reaction begins. The entire mass is heated to mcandescence in 15 seconds and burns in
air for 2 hours. This exceptionally long burn time makes this type of incendiary an unprecedented
weapon of long term effect and will find future use in replacing standard thermite and Thermate

ordnance in attacking metal; targets.

2 _nitro-2-methyl-propyl methacrylate 34 paris
trimethylolpropane trimethacrylate ! part
Zirconum 65 parts

This mix sets to an elastic solid in a few hours.
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Most of the possible mixtures can be cast in molds that contain a prepared detonator, fuse
and igniter to make a ready to use bomb, and can also be machined to 2 final form to hit the
ordnance package.

The following formulas can be cured at room temperature and burn for 30+ minutes.

Glycidyl Methacrylate 1800 1700

Trimethylolpropane trimethacrylate 43 40

Benzoyl Peroxide 30 30

Potassium Nitrate 650

Sodium Oxalate 300

Mischmetal 50-96%/Zinc 4-50% 7.477 7.080
Alloy

The use of the above formulations in a wide range of ordnance has very real mihitary
potential and is a measurable improvement over thermite and Thermate munitions where long
burn times are required. They were developed in the early 1970's.

Also developed in the 1970's were a series a metal fuels formulas using aluminum and/or
magnesium powder in mixtures with fluorocarben oil {pat # 3,156,596) which was useful against
hard targets and produced little gas during reaction. These materials could not be mixed as a flud
form and casted into a desired shape. This made them difficult to use as munitions.

Soon afterwards, liquid polymerizable fluorocarbons (such as Tetfion) were developed 1n
formulations that could be used to form solids. In patent 3,565,700, the metal powders are mixed
with dodecafluoroheptyl methacrylate and other methacrylates and acrylates, which could be cast
in the desired shape and cured using a benzoyl peroxide catalyst with an amine activator. These
formulas usually took time to reach the desired high temperatures needed in attacking "hard”

targets like tank armor.

In 1977. a new high reaction speed and temperature incendiary was developed using
magnesium or aluminum powders mixed with a class of oxidizers called "fluoroalkyl phosphoric
acid esters”. Additives were added so this mix could be turned nto a paste that could be cast into
a desired shape for ordnance and cured at app. i35 Ftoa solid state. Once ignited, this material
would burn rapidly and vigorously melting holes in thick steel alloy sheet metais.

The fluoroalkyl phosphate esters used are made by reacting phosphoric acid with
chemicals called fluoralkanols. The resulting mixes can be mono and di esters and the ones
containing 5-11 carbon atoms work most effectively. Some of the commercial trade names of
these esters used to make this incendiary class are known as Zonyl 8-13, TLF 1914 and TLF
1916. Patent # 3.083,224 describes how to make these esters. The alcohol's used to react with
phosphoric acid to make the esters include -

3-48




Incendiaries, The Science of Using Fire as a Weapon

1.1, 7-tohydrododecafluoroheptyl
1.1,5-trihydrooctaflucropentyl

1,1 9-trihydrohexadecafluorononyl
1H,2H,2H2H-pentadecaflucrononyl
1H, 1H,2H,2H-heptadecatluorodecyl
1H, 1H-pentadecatiucrooctyl

When these esters are mixed with metal fuels like aluminum and especially magnesium,
they become attached chemically by a chemisorption process. On ignition, a condensed phase
reaction occurs that produces a very high combustion temperature that burns through metals.
Because there is no evolution of combustion gases, no heat is carried away as a gas and the high
temperatures radiate the heat into the contacted metal targets very efficiently.

The perfluoroalky! phosphate esters mixed with magnesium have exceptional properties m

that they can be mixed together to form a paste that quickly self hardens in a mold to the desired
form.

Other chemicals may be added that also react with magnesium fuel to generate heat
without gases that would carry the heat away. These include iron oxides, manganese dioxide, and
elemental silicen. The use of the thermite reaction of magnesium and iron oxide creates a molten
iron flux that improves heat transfer to the targeted metal surfaces. Powdered silicon metal and
coarse potassium perchlorate also improves the ability of the mix to burn holes through metal
targets. The elemental silicon forms a silicate that combines with the oxidized magnesium to form
a melting flux that conducts heat more effectively into target metals. Using coarse potassium
perchlorate (150-300 microns) works better than powdered potassium perchlorate i mumtions
tests.

The amounts of material used in these formulas varies widely.

Magnesium 35-15%
Esters 25-65%

additives mixed into the above include -

Fernc Oxide 28-35%
Magnesium 24-32%
Silicon 103-15%0
Potassium Perchlorate 10-25%
Esters 25-65%
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All the ingredients except the magnesium powder are mixed together in a mechan:cal

mixer while being heated to 8G-130 F to help liquety the fluoroalkyl phosphate ester. The
magnesium powder 1s added after 5-10 minutes and mixed for 10 more minutes. This composition

is then poured into the desired mold or cast into shape and cured at 135 F for 3 hours. These are
easily ignited by hot wires, igniter squibs, torch flame, or other pryogen mixtures.

The following formulas were tested and were found that 1t took 3 grams of incendiary to
burn through 2 tin plate cans. To burn through mild steel plate (. 041") equivalent to that used 10

55 gallon drums, a 25 gram amount was required.

1 2 3
Fluoroalkyl Phosphate Ester 32 32 29
[ Zonyl S-13]

Fernic Oxide 12 12 11
Magnesium Powder 28 28 26
Silicon 12 12 11
Potassium Perchlorate Coarse 16

13 23

[ithium Perchlorate

Throughout the 1970's, several methods were developed to use heavy metal sponge

y manufacture reliable incendiary munitions. The metal sponge forms {2.5-300%#)

particles to quickl
die and plastically

of hafnium, titanium, and zirconium were ductile enough to be pressed into 2
deform under pressure so they would assume the shape of the die. The greater the pressure, the

stronger the end shape was.

It was also known that when ignited with a mixed in fluorocarbon like Tetion, the warhead

would project fragments of the sponge over greater distances than other metal fuel incendiaries.

The fluorocarbon also formed meta! tetrafluorides in the first reactions which help sustain the

in air. When Teflon binder was used with the metal sponge, it would form

burning of the metal
physical strength, and a smooth surface finish

strong compacted shapes that had close tolerances,
making it easy to fit into warheads and other crdnance.

Teflon is the most tested fluorocarbon, but others may also be used such as -

Perflucropropylene { Tetlon 100)
Chlorotrifluoroethylene homopolymers {(Kel-F wax)

Vinylidene Fluoride (Kel-¥ elastomer)

and Copolymers such as

Viton A
Viton A-HV

Fluorel
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The metals are produced by various means. Zircomium ore IS refined from beach sands as
Zircon (Zirconium Silicate), converted to zirconium oxide by liquid extraction (Kroll process),
reacted with hydrochloric acid to yield zircomum chloride and then reduced by molten magnesium
in a furnace to yield the sponge particles.

Zirconium metal sponge and Teflon mixed together in different % and particles sizes to
yield a 1/2" OD x 1/4-1/2" pellet produced the following resulis. [Compared to pure zirconium
sponge ignited by torch with 100% burn } Compacting pressure was 12,000 psi.

Teflon micron size and %o

Zirconium Mesh size %% Static/Explosive 1gniiion

-1/4 +6 70 400 50 50% 0%
-1/4 +6 85 400 15 80 30

-1/4 +6 90 400 10 80 50

-5 +10 70 400 30 90

-6 +10 35 400 15 100

-6 +10 90 400 10 100 85

-10 +20 70 400 30 100

-10 +20 83 400 15 100

-10 +20 90 400 10 100 100
-1/4 +6 70 204 30 03 15

-1/4 +6 85 200 13 100

-1/4 +6 90 200 10 100 100
-6 +10 70 200 30 20 100
-6 +10 85 200 15 100

-6 +10 90 200 10 100 100
-10 +20 70 200 30 100 100
-10 +20 85 200 15 100

-10 +20 S0 200 10 100 100
1/4 +6 70 100 30 73 50

1/4 +6 8 100 15 100

1/4 +6 90 100 10 100 100
-6 +10 90 100 10 100
-6 +10 95 100 5 100
-10 +20 S0 100 16 100
-10 +20 95 100 3 100
65 +10 98 100 2 100 100

The last formuia was tested at 9,000 and 15,000 pst

100

100
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7} Electrical, mechanical, and laser light related ignition

Methods of igniting incendiary ordnance or igniting target combustibles includes a vanety
of electrical, mechanical, and laser based means.

Fires may be initiated using electricity in a number of ways. The most common method of
commercially producing fires using electnc current are -

1. Spark plugs in which a current is passed through a wire and is made to arc across metal
elements in order to complete its circuit. Although this principle has been the cause of many
accidental household and industrial fires, it is used to reliably ignite gasoline mixtures in car and
other engine type cylinders. A portion of a fhud is converted to vapor within its flammable imits
-1 air The electric current is then fired at the right titne to ignite the muxture, an electric arc
generates heat, and the fuel then ignites from this heat and burns the fue! air mixture. Many
improvised methods of igniting vapors can be created using plug wire, spark plugs and any
electrical source such as a house plug in, auto current, or any portable battery. All that is needed
is a combustible liquid with a flash point below room temperature 10 act as the fuel, air, and a
combustible target that will catch fire from the inttial combustion. Electric arcs backed up by
household current can reach 7,000 F easily for the duration of its arc. This 1s suffictent to pyrolize
any combustibie solid and melt many metals.

2. Passing a current through a conducting element like copper or aluminum metal will
increase the metals heat sufficiently to pyrolize solids and ignite combustibles. The hot plate and
stove elements, household electric heater elements, soldering iron elements and anything else
commercially produced to conduct heat from electricity can be converted to portable ignition and
incendiary use. Passing current into a light bulb causes it to heat rapidly and pyrolyze
combustibles like paper and textiles eventually igmting them. [ Arsonists favorite use cf laying a
lamp on its side with the bulb in contact with combustibles like cotton linters or cooking grease
which pyrolize easily]. Incandescent lamps generate a great deal of heat. The filaments of bulbs
generally reach 2,900 C at 100+ watts rating. The outside of the bulb reaches 250-570 C with
increases corresponding to wattage size.
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3. Other household appliances that generate heat from cusrent include irons, heating pads,
water heaters. coffee machines, etc. Many everyday items may be converted to incendiary
munitions on short notice. Welding and cutting equipment are designed to produce high heat and
generate sustained fires. They can be used to create glowing metals that can be delivered as
incendiary ordnance as can sparking tools like the grinder whee!s already described.

A number of metals have already been described that are used as alloys to generate sparks
and ignite other materials by mechanmcal means. Special formulas are prepared to produce both
sparks and ignitable vapors and are generally called first fires. Match heads are treated with a orst
fire composition and are used te ignite the wood they are applied to. Black powder is another first
fire because its hot solids communicate flame and heat t its surroundings. Other first fire

compositions mclude -
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1 2 3 4 3 6
Aluminum 13
Bairon 10
Charcoal 4
Magnesiim 25
Sihcen 20 25 26
Titanum 25
Zirconium 20
Zircomum Hydride 15
Barium Nitrate 530 90 75
lron oxide 50 22
Lead oxide 80 35
Tetranitracarbazele 5
Laminac Binder 5

These mixtures are usually ignited by some sort of strking or friction mechantsm which 1s
common to match lighier boxes. Other mechanical systems include delay devices that create
friction or other striking motions. These are actuated by cartridges or pressure (from gas) and use
the acronyms CAD/PAD. Sound can also be used to focus and generate a high temperature
ignition source.

Lasers and masers are newer methods of communicating heat by creating a beam of
concentrated light or electromagnetic radiation. The maser, invented in the early 1950's 1S an
acronym for "Microwave Amplification by Stimulated Emission of Radiation”. The basic science
hehind this is that when atoms of different chemicals is irradiated, it goes from one energy level to
another. It normally emits this radiation at -»adom as heat in all directions. The maser or laser
device causes these atoms to all emit their energy together at one time in one concentrated
dicection. The devices that have been built to make chemicals behave this way are complex and
cannot be improvised. Lasers that generate beat sufficient for use as incendiary weapons are
readily available from their civilian uses. At the time of this writing, the military has developed
"otar wars” lasers that have effective ranges of up to 200 miles that are capable of cutting through
metals of missile fuel tanks and destroying them on the launching pads through unclouded
atmospheres.

Lasers are made by amplifying light signals stnce these are forms of electromagnetic
radiation as well. Their wavelength was much shorter than the forms used in masers and required
the use of ruby crystals to emit the light in pulses. This was soon followed by gas lasers capable of
emitting a continuous beam. Laser light is made into a coherent beam {this means that the waves
are all in step). This allows a great concentration of heat energy. 1t is also light that is beamed at a
single wavelength instead of a mix of wavelengths, and it can be focused into a very narrow pencil
thin beam that does not spread until it passes over great distances. A single beam may be only a
foot wide by the time it reaches a distant object like the moon.
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All these characteristics have allowed lasers to be developed that can concentrate encrgy
of up te a million watts per square centimeter. This makes it usetul in welding and cutting metals.
It also makes it useful for setting combustible targets on fire. YAG (Y ttrium-Aluminum-Garnet)
and CO2 (Carbon Dioxide) lasers are commerciaily availabie for short range cutting and weiding
applications. These are capable of emitting pulses lasting a hundred miltionth of a second that can
pierce the sides of fuel storage tanks. A 500 watt CO?2 laser can cut 1mm steel sheet at a rate of
10cm per second.

The gas jet formed by lasers
cuts and welds metals. This
makes them a candidate as

an antl armor weapon at
short range.

laser beam

molten metal

parent metsd

Although death rays have not yet been produced that are effective battlefield weapons,
many of them are excellent as commando weapons for destroying fuel supplies and igmting other
stored combustible liquids and many sohds. They are also used in low power apphcation as
targeting aids in many small arms and most large military direct fire weapons.

Other commercial uses of lasers include reading the computer CD's and music CD's,
reading the bar codes in supermarkets, and a variety of medical surgery's.

8) Booby Trap and Delay Devices
Booby traps, mines and positioned weapons are a class of weapons that are used to tight a
superior enemy without having to be personally present or to defend or inhibit free movement
over selected territory. The advantages of these types of weapons are -
1. They are cheap to buld

2. They are easy 10 train troops to construct and set

3. Your troops don't have to be present and get shot at while the enemy is attacking
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Incendiaries make excellent ordnance choices for shock effect and attacking combusiibles
as remete munitions. The use of delay devices permit incendiaries to igmte and destroy targets
long after the troops have placed them.

It is also important that the correct type of incendiary munition be marned to each target
type. Combustible wooden structures are best attacked with widely dispersed fuel based matenals.
Hard targets like tanks and armored vehicles are attacked with higher temperature incendianes
like thermites that concentrate most of their heat on one spot to maximize penetration and
damage to a smalt area. Fuel storage and vehicle or aircraft tanks are best attacked with small
arms munitions designed to penetrate the tanks and ignite vapors.

[ncendiaries are often good choices for clandestine attack because they can easily be
smuggled into target areas and are often made of common materials that are readily availabie.
They initiate damage that spreads by using the targets susceptibility te burn. A thimbleful of
incendiary fuel can destroy buildings where explosives are somewhat limited in their ability to
destroy by the bomb size.

Having knowledge of how incendiaries work is also crucial. Many individuals who commit
arson use gasoline to ignite their targets. Most do not realize that it is the vapors that ignite and
not the liquid. Many of these individuals are caught as they show up at hospitals for treatment of
burn injuries or at barber and beauty shops to remove or camaflouge singed hair.

The above is the best reason for incorporating delay mechanisms into prepoesitioned
incendiary ordnance. Volume 2 Chapter 10 covers the basic types of delays and traps that can be
used. Some of these will be repeated here with modifications suitable to incendiary use.

One of the earliest delay incendiary devices used to provide time for the assault team to
escape is the candle. It is set vertically in combustible materials such as wood shavings or
newspapers soaked in kerosene. The burning rate is established by the rate of burn and height of
the candle. Seed grains have also been commonly used as a delay. The seeds are soaked in water
and swell up in a container which raises a wire to make contact with another wire and completing
a circuit. The amount of water and seeds can be adjusted to accurately provide the time delay.

White phosphorus and other air reactive materials can be used in a water leaking delay
system. A full bucket of water or other liquid inside a container is allowed to leak out through a
pinhole. The phosphorus or other igniter is uncovered when all the fluid leaks out and ignites n
the open air. A floating material can hold an additional combustibie to help fuel and expand the
fire. The size of the leak and the guanfity of water determine the delay.

Any mechanical means of bringing an oxidizer and reactant together after a suitable delay
will also work well. Electrical delays are already wired in to alarm clocks and the tirmg
mechanism need only be wired into the alarm or speaker circuit. Batteries can provide a delay
because they lose power when stored in a freezer. They can be placed in a device and slowly
regain power as they thaw. Once warmed suflictently the battery has enough power to send
current and voltage to activate a circuit or other device.

3-36




Incendiaries, The Science of Using Fire as a Weapon

A battery can also be used to drain power such as holding a gas valve or solenoid closed.
Once the power reserve is gone, the battery fails to hold the circuit closed, 2 spring moves and
releases the fuel and mechanically ignites the vapors or other combustibles. Both these actions can
be separate with the battery holding the fuel source with a stronger spring and failing there first. A
short time later, the second spring overcomes the weakened battery and sets oft an ignition
device. These can be made adjustable by the power reserve of the battery and the strength ot the
springs or power consumpiion of the solenoid

Another means of improvised delay circuitry involves filling a light bulb with gascline and
inserting it into a timed electrical circuit. This is done by drilling a small hole in the bulb and filhng
it through a funnel. The hole is sealed with a piece of fape and then inserted in a table or other
lamp. When the circuit is turned on by a clock timer or enemy targets entering the rcom and
switching the light on, the filament ignites the gasoline vapors and explodes rapidly dispersing fuel
around the lamp. [Authors note- do not forget to turn the lamp on when using a delay circut]

Trailers are used to spread fire rapidly from one location to another. A trail of gasoline or
kerosene soaked paper or rags is used to spread fire through buildings or from one fuel storage
area to another. Breaking a light bulb and placing a kerosene soaked rag around it while using the
above described delay systems is a good way to ignite trailers. The switch 1s turned on and the
circuit shorts across the filaments igniting the rags and any trailer that has been placed. There are
many actions that can be taken to enhance fires. These will be covered by target group in the
coming chapters. It should be remembered that all fires require large volumes of oxygen to sustain
combustion and should be ventilated at a low level. A venting near the roof of a fire has a chumney
effect by allowing hot combusted gases an escape which draws fresh oxygen in. This aliows the
fire to continue as long as combustible fuel is available and 1gmition temperatures are maintained.

Anocther delay that can be quickly set is to start a small fire on a floating object with
sufficient fuel. A large amount of flammable fue! that floats on water also works. Place it In a sink
with the water runming slowly. Once the sink overflows, the fire and fuel are dispersed. Other
common fuels that burn slowly include animal and vegetable fat, many cosmetics and perfumes,
and most household solvents.

The following methods of improvising delay mechanisms mn the field are derived from the
{JS Army handbook on the same subject.
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Fire Bottle Launcher

A device using 2 items {shotgun and chemical fire bottle) that can be used to start or place
a fire 80 yards from launcher.

Material required

Standard 12 gauge or improvised shotgun
Improvised fire bottle (Incendiary chapter)
Tin can, about 4" in diameter and 5-1/2" high
Wood, about 3" x 3" x 2"

MNail, at least 3" long

Nuts and bolts, or nails, at least 2-1/2" long
Rag

Paper

Dl

If Standard Shoigun is Used

Hard wood stick, about the same length as shotgun barrel and about 5/8° in diameter. Stick need
not be round.

2 washers, having outside diameter of 5/8"

Rubber disk, 3/4" in diameter and 1/4" thick. Leather or cardboard can be used.

12 gauge shotgun ammunition

If Improvised Shotgun is Used

Fuse, safety or improvised fast burning
Hard wood stick, 3/4" in diameter and about same length as the shotgun barre!
Black powder- 9 grams (135 grains)

3-58




{ncendiaries, The Science of Using Fire as a Weapon

Procedure

Method 1 - If Improvised Shotgun is Used

1. Dniii 2 small holes in center of wood
block app. 1" deep. Hole should have
app. the same diameter as the wooden
stick.

2. Drill 2 small holes on opposite
sides of the wooden block. Hole

should be large enough for boits

to pass through.

3 Fasten can to block with nuis
and bolts.

NOTE: Can may also be securely
fastened to tlock by hammenng
several nails through can and block.
Do not drll holes, and be careful not
to split woed.

4. Place wooden stick into hole m
wooden block. Drill small hole (same
diameter as that of the 3" nail} through
wooden block and through wooden

stick. Insert nail i hole.

Woorlen Stick

Can

3-3Y




Incendiaries, The Science of Using Fire as a Weapon

5. Crumple paper and place in bottom
of can. Place another piece of paper
around fire bottle and insert in can. Use

enough paper so that bottle wall fit snugly. e

Salety
Fuse

6. Place safety fuse and black powder

on paper. Tie each end with string.
Black

Powder

Placi PowdeT

Fip+ Plug Packare
7 Thread fuse through hole in plug. Place Seier Fuse
T )
powder package in rear of shotgun. Screw o -ﬁ;__ev}f!))-“
plug finger tight into couphng. —

NOTE: Hole in plug may have to be
entlarged for fuse.

8. Insert rag into front of shotgun. Pack
rag against powder package with stick.
USE CAUTION.
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Method II - If Standard Shotgun is Used

1. Follow steps 1 and 2 of shotgun grenade launcher
2. Follow procedure of method 1, steps 1-5.

3. Follow steps 9-11 of shotgun grenade launcher (chapter 4) using 1/3 of total propellant
mnstead of 1/2.

4. Load cartndge in gun,

How to use

| Insert stick and holder containing
chemical fire bottie.

Caution: Do Not tilf muzzle downward

Salety Fuse Pipe Plug

2. Hold gun agamst ground at 45 degree
angle and hght fuse.

Caution: Severe burns may result i
bottle shatters when fired. I possibie,
obtain a bottle 1dentical to that being
used as the tire bottle. Full about 2/3
full of water and fire as above. If Safety
bottle shatters when fired instead of
betng launched intact, use a different
type of bottle.

* same for both standard and improvisec

SOTE: Steps 1 and 2, "HW TO USE.”
&l
s hotgans .
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Electric Bulb Initiator

Mortar, mines and similar weapons often make use of electric initiators. An electric
initiator can be made using a flashlight or automobile electric hight bulb.

Material Reguired

Electric light bulb and mating socket

Cardboard or heavy paper
Biack Powder
Adhesive tape
Procedure Cardboard Tube
Cap or Tape
Method 1

1. Break the glass of the electric light bulb.
Take care not to damage the filament. The
initiator will not work if the filament is broken.
Remove all slass above the base of the bulb. ’

7 Form a tube 3-4" long from cardboard or
heavy paper to fit around the base of the bulb.

into place. s/ Tube

3 Fit the tube to the bulb base and tape ?mm Cardboard

Make sure that the tube does not cover
that portion of the bulb base that fits into
the socket.

Bulh Base

4. If no socket 1s available for connecting
the initiator to the firing circuit, solder the
connecting wires to the bulb base.
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CAUTION: De not use a hot scldering iron
on the completed igniter since it may ignite
the black powder.

5 Fill the tube with black powder and tape
the open end of the tube closed.

Black Powder

Method 11

If the glass bulb is large enough to hold
the black powder, it can be used as the
container.

Procedure

1. Fill a small hole in the top of the
bulb.

2 Fill the bulb with black powder
and tape the hole closed. Bulb

Tape

Black Powder
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[Authors note: Many years ago, as part of a Halloween prank, a friend placed a lighted
ciearette into the end of an M-80 fireworks explosive which he then placed under the windsheld
wiper of a police car parked in front of the local police station. He returned to work {the rest of
us were to be his alibi, hey I was 16 years old at the time) and when we went off our shift a short
time lates we drove by the police station where a lot of angry looking officers were watching their
patrol car being towed away. The window had a 6" hole in it with cracks all the way across. |
ouess when they read this they can remove that from their unsolved mystery folder. It was a good
thing the M-80 was not placed near the gas tank with its cap slightly loosered ]

Delay Igniter From Cigarette

A simple and economical time delay can be made with a comnmon cigarette

Materials Required

Ciuarette

Paper match

String {shoelace or sitmilar cord)

Fuse Cord {improvised or commercial)

CUT SO INNER CORE IS EXPOSED
Procedure

| Cut end of fuse cord to expose inner core.

CIBARETTE

2 Light cigarette in normal fashion. Place

a paper match so that the head Is over exposed
end of fuse cord and tie both to the side of
the burning cigarette with stnng.

'..Ir.l
G
e
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3. Position the burning cigarette with fuse
so that it burns freely. A suggested method
is to hang the delay on a twig.

0 WMCERBANY
== om eThen BEVIER

\,.,
& 4
| '

NOTE: Common dry cigarettes burn about 1"

every 7 or 8 minutes in still air. If the fuse cord if
is placed 1" from the burning end of the cigarette ',""""" WTS SROUES
a time delay of 7-8 minutes will result.

Delay time will vary depending upon type of
cigarette, wind, moisture, and other atmosphernc
conditions.

To obtain accurate delay time, a test run should be
made under use conditions.
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Waich Delay Timer

A time delay device for use with electrical firing circuits can be made by using a watch
with a plastic crystal.

Material and equipment required

Watch with plastic crystal
Small clean metal screw
Battery

Connecting wires

Drill or nail

Procedure

| If watch has a sweep or large second hand, remove it. If delay time of more than hour 1s

required, alse remove the minute hand. I hands are painted. carefully scrape pamnt from contact
edge with knife.

7 Drill a hole through the crystal of the

watch or pierce the crystal with a heated
nail. The hole must be small enough that
the screw can be tightly threaded into it.

3 Place the screw in the hole and turn
down as far as possible without making
contact with the tace of the watch. If
screw has a pointed tip, it may be necessary
to urind the tip flat.

If no screw is available, pass a bent sttt wire
through the hole and caps 1o crystal.

[MPORTANT: Check to make sure hand of watch
cannol pass screw or wire without contacting 1t
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How to use

1. Set the watch so that a hand will reach the screw
or wire at the time you want the firing circuit completed.

2. Wind the watch

3. Attach a wire from the case of the watch
to one terminal of the battery.

4 Attach one wire from an electric inthiator
(blasting cap, squib or alarm device) to the
screw or wire on the face of the watch.

5. After thorough inspection is made to assure
that the screw or the wire connected to 1t 15 not
touching the face or case of the watch, attach
the other wire trom the initiator to the second
terminal of the battery.

CAUTION: Follow step 5 carefully to prevent premature initiation. '
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No Fuse Flash Igniter
A simple no-flash fuse igniter can be made from common pipe fittings

Maternial Required

/4" Pipe cap

Sohd 1/4" Pipe plug

Flat head nail about 1/16” in diameter
Hand dnill

Commen "strike anywhere" matches
Adhesive tape

Procedure

l. Screw the pipe plug tightly into the
pIpe cap.

PLUG
SO
7t

DRIiL.I, CAP

2 Dnll hole completely through the
center of the plug and cap large
enocugh that the nail fits loosely.

L‘LMETER OF FUSE CORD
P — 178 in.

PIPE FPLUG

3. Enlarge the hole in the plug except
for the last 1/8" so that the fuse cord
will just fit.

‘DIAMETER OF HML

4. Remove the plug from the cap and
push the flat head nail through the hole
in the cap from the inside.
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5 Cut the striking tips from app. 10 striking FUSE CORD Zi
matches. Place match tips inside pipe cap PiPE PLUG :Eﬁ
and screw plug in finger f1ght. é"

How To Lise

1 Stide the fuse cord into the hole in the
pipe plug.

2 Tape igniter to fuse cord.

3. Tap point of nail on a hard surface
to ignite the fuse.
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Dried Seed Timer

A time delay device for electrical finng circuits can be made using the principle of
expansion of dned seeds.

Material Required

Drned peas, beans, or other dehydrated seeds
Wide mouth glass jar with non-meial cap
Two screws or bolts

Thin metal plate

Hand dnll
Screwdriver

Procedure

1. Determune the rate of nse of the dned
beans selected. This 15 necessary to
determine delay time of the timer.

a. Place a sample of the dried seeds
int the jar and cover with water.

b. Measure the time it takes for the
seeds to rise a given height. Most
dnied seeds increase 50% 1n one to
two hours.

f

2. Cut a disc from thin metal plate. Disc METAL PLATE
should fit loosely inside the jar.

NOTE: If metal is painted, rusty, or otherwise
coated, it must be scraped or sanded to obtan
a clean metal surface.

DRILL

yd

3. Dnll two holes in the cap of the jar about 2" CAP

apart. Diameter of holes should be such that
screw or bolts will thread tightly into them. I
the jar has a metal cap or no cap, a piece of
wood or plastic (NOT METAL) can be used

a5 d COVEL.
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4 Tumn the two screws or bolts through
the holes in the cap. Bolts should extend

about 1" into the jar.
BOLT

IMPORTANT: Both bolts must extend
the same distance below the container

COVeET.
. . . METAL
5 Pour dried seeds into the container. The DISC
level will depend upon the previously
measured rise time and the desired delay. JAR

- DRIED SEEDS
6. Place the metal disc in the jar on top of
the seeds.

How to Use

WIRES

|. Add just enough water 10 completely cover

the seeds and place the cap on the jar. ME TAL DISC

DRIED
SEEDS

7 Attach connecting wires from the firing circuit
to the two screws on the cap.

EXPLOSIVE

.iwf

~— BATTERY BRLASTING CAFP

Expansion of the seeds will raise the metal disc until it contacis the screws and closes the circuit.
This can also be used to bring incendiary chemmcal combinations inte contact with each other.
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Fuse Cords

These fuse cords are used for igniting propellants and incendiaries or, with a non-electric
blasting cap, to detonate explosives.

FAST BURNING FUSE

The burning rate of this fuse 1s app. 40" per minute

Matenal Required

Soft cotton string {Potasstum Nitrate 25 parts
Fine Black Powder or (Charcoal 3 paris
Piece of round stick (Suifur

Two pans or dishes

Procedure

1. Moisten fine block pewder to form a
paste or prepare a substitute as follows:

a. Dhssolve Potassium Nitrate in an equal amount of water,

b. Pulverize charcoal by spreading thinly on a hard surface and rolling the round stick
over 1t to crush to a fine powder.

¢. Pulverize sulfur 1n the same manner.

d. Dry mix Sultur and Charceal

e. Add Potassium Nitrate solution to the dry mix to obtain a thoroughly wet paste

STRING  MNAIL

2. T'wist or braid three strands of cotton
string together.

3. Rub paste mixture mto twisted string

: BLAG
with fingers and allow to dry. K POWDER PASTE

)

™

3-72




Incendiaries, The Science of Using Fire as a Weapon

4. Check actual burning rate of fuse by measuring the time it takes for a known length to burn.

Thus 15 used to determine the length needed for a desired delay time. If 5" burns for 6 seconds, S0
inches of fuse cord will be needed to obtain a one minute (60 second) delay time.

SLOW BURNING FUSE

The burning rate of this fuse is app. 2" per minute

Matenal Required

Cotten string or 3 sheelaces

Potassium Nitrate or Potassium Chlorate
Granulated Sugar

Procedure

1. Wash cotton string or shoelaces in hot soapy water; rinse in fresh water.

2. Drssolve 1 part Potassium Nitrate or Potassium Chlorate and 1 part granulated sugar
in 2 parts of hot water.

3. Soak strning or shoelaces in sotution.
4. Twist or braid three strands of string together and allow to dry.

5. Check actual burning rate of the fuse by measuring the time it takes for a known length to bumn.
This 15 used to determine the length needed for the desired delay time. If 2" burns for 1 minute,
10" wall be needed to obtain a 5 minute delay.

NOTE: The last few inches of this cord (the end inserted in the materiat to be ignited) should be

coated with the fast burning black powder paste if possible. This MUST BE DONE when the fuse
is used to 1gnite a biasting cap.

REMEMBER: The burning rate of either of these fuses can vary greatly. DO NOT USE for
igmition until you have checked their burning rate.
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Clothespin Time Delay Switch

A 3-5 minute time delay switch can be made from a clothespin switch and a cigarette. The
system can <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>