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PREFACE

d new information

This is the second writing in book form from a series of earlier papers an
dozens of smoke

that re[_:'resents many hours of designing and tesling various devices using
producing materials and chemical supplies readily available to the hobbyist.

The project was taken as an effort to satisfy countless requests from the growing number
of those, both novice and professional alike, who require reliable, tested information oN
pyrotechnic smoke production. Much of the literature available on the topic give limited
information on construction techniques and list chemical candidates not readily available to the
public or of a source not consistent to practical economical construction.

Our approach was to study basic procedures and various compositions, test them and
adjust or weed out those not in favor of our objective and with them, those that include complex
procedures or materials not generally available. As standard procedure, we include a list of
possible ingredients, both smoke and gas producing, that can be used to decrease, increase of
generally improve smoke generation. We also give results of burn testing individual components
for visual assessment of possible use.

Information, procedures and results given in this text are by no means complete and final -
nothing is set in stone. The study represents onfy the results of limited tests based on the
somewhat limited resources available to the average hobbyist. Quality control and good
resources and equipment will yield the best resuits. Apply them to the best of your ability.

Our appreach and experiments were performed with the amateur in mind. We list technical
information on ingredient candidates that may be applied to improve upon the compositions and
devices to suit particuiar applications. Those experienced in the procedures can develop their
own ideas and tooling befitting applications not particularly outlined in the text.

As per our tests, the results of our labors are listed and the reader/user must draw his/her
own conclusions as to the fitness of use of the material and information supplied and draw a

conciusion as to their application.

As we cannot control the use of this information and the quality of the equipment,
chemicals or procedural techniques used, results may vary slightly from user to user. This is
normal and may be remedied through quality control and patience. We express no warrantiss of
safety or fitness of use for the information listed and the user assumes all risks and

responsibilities associated thereof.

Experiments must be done with patience and a complete understanding of the chemicals,
materials and procedures. Read and familiarize yourself with the information for each composition
and device before you attempt to duplicate the exercises. Equip yourself as outlined and follow
all safety procedures discussed. Always record your steps and the results of your tests as you
proceed for future reference - right or wrong. Keep the information in a folder and review it from
time to time when designing similar formulations or duplicating others. You will find this

information invaluable as reference.
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the author's
tail. All risks
this material,

This material | ;
exriier'lernc;es1 L?st?r‘tl.;;altc:si for informational purposes only. It is based solely on
regarding the use of lhi[;;atm{ procedures not necessarily explained in great de
the user agrees to hold haa E;I ial are the reader/user’s sole responsibility! in using
or proven,“damages iﬁiurigz e‘ss :ha author, seller or any in part thereof for any claims, allege
of the information, . costs, losses or expenses resulting from the purchase and/or Use
Any us [ i
COgnizantyof tﬁeofqg]tﬁ material should only be attempted by persons 21 years of age or older fully
unless you fully unde rr:: of the chemicals, compositions and devices discussed. DO not proceed
Always remember 1o ;Sb:gg;”:a; );OU l:ave read and know how each chemical must be handied.
. afety rules and iti i [
required should there be any. y and conditions upon starting and secure proper permits

WARNING

rous to formulate, assemble and
erved at all times. Pyrotechnic
d impact with those containing

Compositiqps and devices discussed herein may be dange
use. Ut_njtost caution and proper safety practices must be obs
compositions discussed herein may be sensitive to heat, friction an

chlorates leading the list.
Whenever using chlorates, be very careful to avoid friction during the mixing process and

ﬂt_ay_e; .mix them with sulfur, sulfides, sulfates or antimonies. The resulting compound is extremely
sensiive to healt, friction, impact and pressure. The liabilities generally outweigh the assets with
these mixtures, however, used in compliance, chlorate mixtures may be used and stored with
relative safety. Never grind, pound, pulverize or compress mixtures containing chlorates!

As with most any pyrotechnic composition or device, the compounding and construction
of pyrotechnic mixtures and devices should be approached with caution! Their manufacture and
use may be neither predictable nor completely reliable to operate as intended. The use of quality
materials and a properly equipped work space is mandatory for safety and good resulits.

The procedures and results listed herein are that of the author’s experiences which may
not be outlined in great detail and therefore should not be construed as completely safe
manufacturing practices.

As with any pyrotechnic mixture and/or device, smoke generating devices produce heat
and flame during combustion. Discretion must be used to evaluate the surrounding area they will
be used in to avoid spot fires. Used as cover smoke and thrown into dry grass or other

combustible debris is a gamble at best.



e wm B EEEEEEEEE e N N~

1)

2)

3)

4)

5)

§)

BASIC SAFETY PRECAUTIONS

Always wear safety goggles, rubber gloves and respiratory protection (dust mask) during
all operations.

r\_Iever §m€lkt_e during operations or mix/prepare compositions near sources of heat or flame
(including pilot lights). Always work in a well ventilated area.

Ne:ver grind or pulverize different classes of chemicals together - always separately. Never
grind oxidizers with any other chemical, metal powder or composition!

Mixing should be accomplished by sifting several times through a clean 15 to 30 mesh
brass or aluminum screen (these are non-sparking) followed by gently rolling / shaking in
a clean piastic container with snap-on lid.

All mixing and production hardware should be plastic, glass, wood, brass or aluminum and
properly grounded using a woven wire mesh grounding strap or similar. Any and all

"~ electrical equipment must be grounded in this manner as well as any large metal storage

drums being used. Never use iron, steel or their alloys for mixing purposes.

Never prepare more compaosition than you intend to use at a time. Mixtures should never
be "stored” in an uncompleted form. In unprotected dry form, many ingredients may be
hygroscopic - that is to say, they will absorb moisture from the air causing degradation and
poor performance. Use completed devices as soon as possibie. Humidity, temperature,
geographical location, storage duration and conditions all have adverse affects on
pyrotechnic compositions and devices with spontaneous combustion during storage
always a possibility in extreme conditions.

Always clean tools and equipment before a moist or uncured material has a chance to dry
or cure. Dry / cured materials are much harder to remove (if at all} and are much more
sensitive to heat and friction and therefore near impossible to remove safely and without

damaging tools.

Always store chemicals, compositions and compieted devices out of the reach of children
at all times. Oxidizers and flammable chemicals and materials should be stored separately.




TERMS RELATIVE TO THIS TEXT

Caf(«‘"mg_f{"fc; Agent(s) or media that is known to cause various cancer(s).
Composition; Mixtures of various components blended to a homogenized state.
Endothermic; Chemical changes which absorb heat.

Exothermic; Chemical changes which produce heat.

Granulation; Refers to the particle size of individual ingredients or of composition screen

o kneading to obtain particular particle size(s) or granules.
Hygroscopicity; The ability or rate of a substance to absorb moisture over others.

Stability; The ability to retain intended properties in prolonged storage or of use under
) universal conditions. ,
Sublime; To convert a solid substance by heat into vapor and upon cooling,
' condensing into a solid form (smoke particle formation).
Vaqqr{ze; Convert from a solid or liquid to a vapor or gas.
Volitilize Convert from a solid form to a vapor or gas.
BASIC THEORY AND USE
SMOKE PRODUCTION

Reliable, dense smoke formation as discussed herein can be more of an art than science.
It involves the sometimes difficult combustion, incomplete combustion or sublimation of
ingredients to produce gas and solid smoke particle formation.

The term “smoke” or “smoke formation” relates to the formation and suspension of fine
solid particles in air. The production of solid particles create a higher density cloud which is
different from liquid particles suspended as “fog” from aerosols. Here, the liquid particle asrosols
are much lighter and smaller in particle size which disperse in air more rapidly than do solid
particles.

Smoke production is tailored to the particular application in demand which will range from
simple firework devices for amusement to high volume tactical designs to obscure troop and
armament movement and signaling/survival applications. Other designs would inciude rodent
control and insecticides, theatrical effects, rocket and missile tracking, mortar and artiliery range-

finding, etc..

This text will study candidate materials, their‘function, how to change desired effects by
adjusting particle sizes, grain shapes and chemical percentages as well as ignition and

propagation.
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PROCESSED SMOKE CLASSIFICATIONS

1)

2)

3)

4)

Combustion; The high heat burning of compositions forming gas which, upon contact
with the moisture in the air, forms solid particles. Example; hexachjoroethane of
ammonium chloride compositions form vapor chlarides of zinc, aluminum or other that
react with moisture forming white smoke. A second is nitrate/sulfur compositions that
depend on combustion to reduce the materials to their by-product gasses and residual
solids forming the smoke cloud. This type does not necessarily depend on moisture for
smoke production and is usually an off-white color. We should note that most pyrotechnic
smoke formulations depend on the moisture content in air to create the dense particle
formation. The higher the humidity, the more dense the smoke cloud

incomplete combustion; Smoke generated from imperfect combustion of hydrocarbon
compositions. An example here is carbon/soot produced from naphthalene, anthracene,
asphaltum or rubber compounds. This type of smoke is black in color.

Sublimation / volitilization; Smoke produced from a vaporized organic dye. An example
is organic or aniline dye or compositions employing sulfur that are volatilized by a low heat
reaction of combustible fuel(s) forming solid particles that attract moisture in air forming
the desired color smoke.

Combination reactions; A few compositions employ a combination of reactions to create
smoke particle formation. In one case, a hydrocarbon / chloride structure utilizes
incomplete combustion, partial volitilizing role combining soot with vapors of chloride
(acting as the colorant) producing white smoke in air. Another is an oxidized sulfur / fuel
mixture in which combustion of a fuel causes sulfur to both sublime and combust preducing
solid smoke particles attached to gaseous products including carbon dioxide and sulfur
dioxide. This type of smoke is typically used to control insects, rodents and other harmful
pests in greenhouses and as mouse, mole and gopher control.

GRAIN FORMATION CLASSIFICATION

A)

B)

Solid; This type utilizes compression fo form a solid peilet, stick or cannister known as the
grain. Ignition of a pressed grain requires an adhesive prime mixture spread over the entire
exposed surface or end grain. Solid devices of this type are generally long duration and
relatively low smoke production used for checking wind drift, wind tunnel use and pest
control when an additional insecticide component is added. An example composition would
include nitrate / sulfur or of a carbon smoke formation from incompiete combustion.
Phosphorous compositions also figure into this classification.

Cored; Grain formation of this type utilize a ram with coring spindle to compress the
composition leaving a core for increased surface area of burn and dramatic volumes of
smoke. The device is ignited at the bottom of the core (primed) where smoke output can
be controlled by both depth and diameter of the core itself. Examples of this type include
all four classifications listed above and color smoke devices.
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C) Powder; The most common device us

1 A ucfed
: : Ing loose powder compositions are those prod
for the consumer fireworks trade. T f p

iti hey employ a small paper can loosely filled with the
Ezgﬁgotsjltlon and fused with either safalyyfusepurya pls;u wirz fﬁcﬁon igniter (the iatter beingd
= Y outdoorsmen for signaling and survival applications). This type of smqke
omposition packed loosely containg enough air space between the particles to provide
an Increased surface area of burn and subsequent satisfactory smoke volume. If color
smoke compositions are used in this manner, the formulation must combust at a low heat

and_employ candidate materials that leave little or no ash to trap the subliming dye
particles which would result in poor color quality.

UNDERSTANDING BASIC OPERATION

Smoke production has for
military interests. Smoke genera
product nature from industry is g
implemented. Smoke compositi
another story indeed.

Most pyrotechnic reactions produce smoke that can play dual roles, both scoundre! and
saint. As scoundre!, smoke can obscure the desired visual reaction thus rendering it less
effective. Examples cited are color flame formulations (tracers, aerial stars, flares, efc). Mixtures
of this type usually employ high oxidizer contents andfor metaliic fuels that increase the
combustion temperature which will reduce the quantity and density of the unwanted byproduct.
The less the smoke, the more translucent the color.

On the other hand, smoke has many useful applications and compositions designed to
increase smoke production are being continually sought and applied. Examples include but are
not limited to; controliing or repeliing insects and rodents, fungicides, bioiogical applications,
military and paramilitary roles, signaling and survival, troop, agency and employee training, movie
and theatrical effects and rocket or munition tracking.

years been a topic of great intrigue to civilian, industrial and
ted as a product of solid and/or liquid combustion or of a by-
enerally considered pollution and costly steps to control it are
ons designed for use in the pyrotechnics industry are quite

There are many useful materiai candidates for good smoke production. As stated, the term
“smoke" refers to the suspension of fine solid particles in air. With this in mind, the candidate
material must be combusted thus producing gasses and by-product solids which are dispensed
into the air forming the desired quantity, density and color of smoke. Again, this is accomplished
in a number of ways,

Generation through: 1) Combustion ‘
2) Incomplete combustion
3) Sublimation / volitilization
4) Combined reaction{s)




e desired
jume at a
e by-

et -C? ndidate materials from vast resources must be chosen carefully according to th

ctin _he reaction. This reaction would be one of both gas and solids yielding in vo
combustion temperature low enough to get the job done without consuming much of tn
product solids that would otherwise be viewed as smoke

Gas production formed through combustion of a fuel is a necessary by-product playing 2
dua]’ role in smoke generation. By-product gasses form the means by which vaporized solid
particles are dispensed to cooler air from a heated reaction zone condensing into smoke. The
volume and/or density of smoke depends on the fuels combusted, the rate at which combustion
fh”ed subsequent gas production takes place and the quantity of moisture (humidity) present n

air.

Heat of reaction is also very important in smoke generation where high combustion
temperatures consume fuels more efficiently thus feeding on the vaporized material(s) to reduce
their numbers. It is therefore important to keep the reaction temperature as low as possible yet
adequate to reduce the fuel(s) to a gaseous state. Typical combustion temperatures for smoke
compositions will range from approximately 400° F (color smoke) to 1200° F (chlorides).

Candidate materiai(s) chosen for: 1) Gas production (vaporized materiai)
2) Solid particle formation
3) Solid and vapor particle condensation

Combustion of a composition designed to create smoke would include a combination of
one or more of the following candidate materials; fuel, heat and flame suppressors, oxidizer(s),
organic dyes and chlorinated hydrocarbons. These combinations provide both smoke (sofid
particle formation) and gasses which provide the pressure needed to dispense vaporized

materials rapidly from the heated reaction zone.

The events that lead to gas production and smoke generation occur in a heated reaction
-one where combustion of a suitable fuel and oxidizer vaporize volatile ingredients. In the case
of color smoke, a low heat reaction is required to sublime or vaporize an organic dye which is
carried away from the reaction zone with gasses where it is cooled, attracts moisture in the air
and condenses once again into micronized solid dye particles we view as color smoke. A heat
and flame suppressoar is added to color smoke formulations in order to keep the reaction at a low
temperature to protect the vaporized dye from decompasing thus ensuring good color and quality.
The melting point of the dye must be lower than it's decompasition point. The larger this spread,
the better the dye will work for color smoke. This same type of (vaporizing) reaction also applies
to sulfur, ammonium chioride and a few aromatic hydrocarbens,

The reaction creating white smoke is obtained, among others, by the formation of chlorides
from a heated compound of zinc and a chlorinated organic hydrocarbon or a compound of
phosphorous which also releases byproduct gasses with oxides. Both mixtures strongly attract
moisture in the air to form the solid particles we view as white smoke. Sunny days and humid
atmospheres will enhance both color and white smoke production. A caution when using

phosphorous; it produces toxic acidic smoke - phosphoric acid.

9-
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CHOOSING CHEMICAL CANDIDATES

Combusted components used in smoke production, as with any pyrotechnic reaction,
create a range of byproduct gasses and ash which may possibly be harmful to healtn and
environment, it is important to choose formulations employing components that will favor
standard; and pose a minimal harmful effect on both user and environment. Included in the list
of materials best avoided are (but not limited to); carcinogenic compounds and those issuing
poisonous or acidic fumes with smoke. These should be avoided for obvious reasons.

~ Pyrotechnic smoke generation is the heat reduction of fuel(s) and a volatilizing agent. The
choice of materials should be taken carefully in an effort to reduce or eliminate irritating or
pozgonous byproducts or combinations that render the composition sensitive to moisture, friction
or impact. Mixtures should be stable under a wide variety of physical and mechanical storage
conditions. Generally speaking, smoke production, although useful in many applications, E
unwholesome to both health and environment. We do not endorse improper use of or 1ay claim
that components and combinations studied herein are of a safe nature to construct, use or store.
Any experiments with established compositions and modified or new formuiations should enlist
steps to calculate local health and environmental impact and reduce them accordingly to a
satisfactory level. Smoke generation should always be done in well ventilated areas free of
combustible materials.

NOTABLE CAUTIONS

A} Combustion of phosphorous compounds; Phosphorous (red or white) is easily ignited
and burns producing acidic oxides which attract moisture to form dense white smoke
irritating to skin, eyes and respiratory system. Use only in well ventilated areas and avoid
inhaling smoke. Phosphorous compounds can be hygroscopic, sensitive (especially so
with any oxidizer) and unstable accordingly. However, new formulations combining red
phosphorous and a rubber binder are currently being tested and used.

Notation; The Space Shuttle generates millions of cubic feet of toxic, acidic smoke with
every launch. Environmentally speaking, is the use of small tactical or entertaining smaoke

devices actually a befitting problem?

B) Sublimation of sulfur; High percentages of sulfur in smoke compositions generate toxic
sulfur dioxide gas (SQ,) highly irritating to respiratory system and eyes. Such formulations
are used extensively for rodent control and insecticide / fungicide treatment.

C) Formulation of zinc chloride (HC smoke); Reaction between zinc or a zinc derivative
and a chlorinated organic compound (such as hexachloroethane) produces zinc chloride
vapor (ZnCL,;) which can cause nausea and headaches with prolonged exposure. HC
smoke compositions are extremely hard to ignite without a hot prime and compositions
employing pyrophoaric metallic zinc are sensitive to moisture and subject to spontaneous
combustion if not protected properly in storage. This type of smoke (tactical, used
extensively by the military and others) is irritating to the skin, eyes and respiratory system
and should be used in well ventilated areas. Avoid inhaling smoke.

-10-
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(?haminogemc or toxic dyes; Candidate dyes for color smoke production S.hgu’d E
osen carefully in an effort to reduce those that are highly toxic or carcinogenic (canast
causing) wherever possible. There are many organic dyés that fit the candidate group {860
color smoke section) but are limited to those that have a lower melting point than thelr
decomposition point. The larger the temperature difference between the two, the better the
dye will work for smoke production. As with any smoke, avoid inhaling and use in 2 well
ventilated area, '

Notation; One of the most popular dyes for color smoke (canary yeliow) is Auramine which
IS considered carcinogenic,

Environmental factors; In addition to the cautions listed above, smoke components must
also be chosen for environmental stability. The compositions and devices made using
them must be shielded from the harmful effects of moisture (including fumidity) and the
advgrse effects that changing seasons bring during prolonged storage. This would include
storing in sealed plastic bags or cartons in a cool, dry place.

LEAST HAZARDOUS SMOKE

There are many applications that require a non-toxic / reduced risk smoke where breathing

of it would be unavoidable, indeed, intentional. Such applications would include indoor stage &
theatrical effects and as a tactical training aid for military and professional response teams.

Smoke screens designed for such applications are not pyrotechnically generated but

instead rely on the volatilization of non-petroleum oils or oil solutions. These would include
mineral oils or glycerine solutions that are injected into a heated coil such as with a propane
heated fogger or the muffler of an internal combustion engine. The “fogs” generated from these
solutions are far less likely to create a health hazard to skin and lungs when breathed.

siks
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CHEMICAL CANDIDATES & APPLICATIONS

T

pyroteChhne:(r:e arde dozens of cha_mical candidates that may be used in combinations to ofo8

a and non-pyrotechnic smoke screens. The chart to follow depicts many of these
gents along with their particular function.

APPLICATION LEGEND

g) Oxidizer . B) Fuel C) Smoke production

G’ Gas production E) Heat production F) Heat suppression
) Stab!lzzer H) Sublime I ) Combust

J) Volatilize

A B C D E F G H I J

Aluminum, Al X X X

Ammonium chloride, NH4CI

Ammonium oxalate, (NH4)2C204H20

Anthracene, C14H10

Antimony sulfide, Sb2S3

W= |»xix|x

Asphaitum, (hydrocarbon) / Binder

Calcium carbonate, CaCO3

Calcium silicide, CaSi2 X X

KPP H PR x> X Ix]|x
>
KRR XXX | X

Cellulose acetate ** solution
Polymer / Thermoplastic / Binder

Charcoal / carbon, C

Corn meal

Dextrine ** C6H1005 / Binder

XX K|

HKpA X | =

Dextrose, C6H1206

Glycerine, solution, C3H8Q03

Hexachloroethane, C2Cl6

MR X X Ix X

Hexamine, (CH2)6N4

POl P A -

Lactose, C12H22011H20

x| > | x |x
>
> |
>
=

Magnesium, Mg

I CHEMICAL CANDIDATES FOR SMOKE GENERATION AND FUNCTION
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CHEMICAL CANDIDATES FOR SMOKE GENERATION AND FUNCTION __
MC y

AlBlc|p|le| |G |H]I

ﬂaﬂaesium carbonate * MgCO32

Magnesium oxide, MgO

Mineral oil, solution

X | X |Ix|x
>

Naphthalene, C10H8 X

X
e A
X

Organic dyes

X
b
x
|

Paraffin ** C26H54 [ Binder X

Phosphorous, red amorphous, P

x

Polyvinylchloride ** (PVC), X
(CH2=CHCIn /Binder

Potassium chlorate, KCIO3 X

Potassium nitrate, KNO3

lPotassium perchlorate, KCI04 X

Red gum, accaroides X

Sodium bicarbonate, NaHCO3

Sodium nitrate, NaNO3 X

Starch ™ C6H1005 [ Binder

Stearic acid * C18H3602

Sucrose, C12H22011

Sulfur, flour, 8

Wheat flour

Wood cellulose, (C6H1005)n

XXXXXXXXXXIKXK
=

XXX »|x

Zinc powder, Zn

R X I = x]|x]|x

>
P e
s
=

Zinc oxide, ZnO

*  Also used to reduce sensitivity ‘ |
» Also used as a binder, lubricator and/or moisture preventative

sublime; To convert a solid substance by heat into a vapor and upon cooling, condense back
into solid’form (such as smoke particle formation). “The higher the humidity, the higher the density
of the “fog”.

Volatilize; To convert from a solid form or substance to a vapor or gas. See notation ® above.
!
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constant from batch to batch in order to obtain reproducible pyrotechnic behavior an

FACTORS GOVERNING SMOKFE PRODUCTION

must be held

T : :
0 produce consistent desirable resuits, factors governing performance
d end result.

The primary variables are as follows:

1)

Y

3)

Chemical constitution; The reaction between two or more chemical or metalic slements

deter{nines final demise and therefore, application. A chemical reaction consists of the
combination and structural movement of atoms to produce a new species or sfr ucture.
Fundamentally, the atom is the foundation of all matter consisting of a nucleus of neutral
charged neutrons, positive charged protons and negative charged electron particles.
These elements are combined to form compounds. Pyrotechnic chemical or elemental
reactivity is primarily determined by the tendency of each element to loose or gain electron
balance in the reaction, such as the heated exchange of various chemicalelemerits in @
change of reaction product(s) (for this study, heat and smoke production). The process of
reaction products in smoke generation compounds is thus heat, decomposition, gas
evolution, element volatilization or sublimation, condensation for solid particle formation

(new structure) and ash or slag.

Moisture content; Of particular concern is the affect that moisture has on the chemical
composition itself. Moisture provides the “link” that may allow one element to prematurely
react with another resulting in poor, inconsistent results, decomposition and possible
spontaneous combustion if enough decomposition heat is generated. Compositions
containing metals (especially noted are zinc and magnesium) or chemicals that react with
moisture are of particular concern and steps must be taken in construction to safeguard

the device from it.
Compositions that require moistening for processing should employ wetting agents

that can be easily and adequately extracted (or evaporated) from the final product quickly.
Compositions that are moisture sensitive should employ binders that are not water
solvable - indeed, alcohol or solvent soluble binders are best used here.

The best procedure is one that A) avoids using hygroscopic materials or B) treatment
ta moisture-proof the exposed surface(s) and C) fby final sealing in wax, lacquer or viny!
solution or storage in plastic bags or containers with a silica gel packet to absorb moisturs

keeping it from the composition.

Particle size; A general principle of pyrotechnic propagation is “the finer the particle size,
the more reactive the composition”. This is explained by the intimacy of the components
of the composition when mixed. The finer their particle size, the more homogenous the
mixture resulting in highly reactive compositions. This of course depending on their
chemical constitution, intended function and design.

Propagation also depends on particle size of the composition itself. Often, the
combustion rate of the composition can be increased by increasing the surface area
exposed to burn at one time. This can be accomplished by granulating the composition
using a binder and raking the moist “dough” across a screen. The greater the surface area
exposed to burn, the faster the combustion rate of the composition granule to granule.

-14-



4)

5)

area than that of

These individual granules when combined supply a much larger surface i
the volume arl

fi G
39:-?;{;]0??: ong wh_r:m the composition is designed to produce smoke,
y of the smoke increases as well and the burn duration decreases.

In use with smoke compositions, particle size determines many criteria for proper
quke production. The mixture must be blended to a well homogenized state which is best
achieved with finely powdered ingredients. Homogeneity will increase as the component
particie size decreases. Therefore, individually, the components are reduced fo 2 fine
powdgr before blending. However, smoke compositions employ a wide variety of candidate
materials, each for its own properties or effect and they may be intentionally left in a
granular state in an effort to further control the combustion rate and/or provide room for
ash expansion as the composition combusts, For the most part, oxidizers, color dyes and
most fuel ingredients are finely powdered (passing 150 mesh) for good processability (see
sections on combustion, burn rates, surface of burn, consolidation, etc.). Bear in mind that
ingredient segregation in storage or shipping will be more evident in compositions in the
powdered state employing ingredients of varying particle size(s). If a larger granulation Is
required for one reason or another, it is better to granulate the mixed composition rather
than employing ingredients of varying granulations (see sections on controlling burn rates
and/or effects of component particle size, etc.).

Consolidation; Loading pressure plays a key role in the operation and subseguent
production of smoke. Mast smoke compositions depend on loose or porous grain formation
to allow unrestricted passage of subliming product and gas through the devgalcping ash.
If this passage is blocked, (such as with a dense degree of confinement), the resulting
smoke particle formation will be reduced according to the degree of obstruction. This IS
especially evident in color smoke production as the vaporized dye molecules attach
themselves to developing ash if it is not porous enough to allow reasonable escape.
Exceptions here would include sulfur / nitrate compositions, chlorides, insecticidal and
others employed in dense pellet formation or candles. The combustion configuration of
these types is a layer to layer “oscillation” burn where smoke formation does not
particularly depend on condensation but rather sublimation. Such devices usually have low
ash or slag development because of lower organic fuel(s) content and / or higher

combustion temperatures.

Reaction surface area; Surface area is critical in determining reactivity and smoke
volume produced. Hand in hand with other criteria mentioned, smoke production is also
controlled by the surface area exposed to burn (reaction surface area) where the desired
heat yield and constant combustion rate is mandatory in proper smoke particle formation,
Efforts to control output must include the controlled area of reaction. This is accomplished
by: A) Composition granulation, B) Consolidation to limit exposed reaction surface, C)
Grain formation - solid or cored, D) Containment dimension - controlling grain diameter,
length and core, E) Combinations according to type of composition and the volume and

density of smoke per the application.
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Combustion rate; The rate at which a contained composition burns is termed in linear
units of measure. For most pyrotechnic devices, fast reaction rates are measured in
meters per second and slow rates in centimeters per second. Smoke device reaction
rates are also measured in seconds with smoke preduction in cubic feet. Combustion
rates are varied by altering ingredients and other criteria mentioned in this chapter. Be
aware that loading pressure (consalidation) also piays a key role in combustion rate.
General pyrotechnic reaction rates can be significantly altered by loading pressure (such
as with solid rocket motors) where an increase in grain formation pressure leads to an
increase in burn rate {(measure in grams per second). This increase in combustion rate
increases as the chamber pressure increases. The higher the chamber pressure, the faster
the combustion rate of the propeliant, Generally, compositions having highest flame
temperatures (“high energy mixtures”) produced by larger percentages of oxidizer(s) and
/ or metals also represent the faster combustion rates. As smoke compositions usually
require low heat combustion and operate under low internal pressures, they are termed
as ‘low energy’ mixtures having contralled rates of reaction for both temperatures
generated and smoke volume produced per device in any given time.

Heat of reaction; Expressed in units of calories per gram where one calorie of heat is
required to raise the temperature of media (such as H,0) by one degree (celcius). With
this, we find the temperature increase of a measured amount of media resulting from the
heat release of a measured amount of composition being converted into calories of heat
from the reaction. T -

Reaction heat from pyrotechnic smoke production is very important. Unlike high
cnergy mixtures, best smoke production is a product of combustion inefficiency obtained
by a controlled low heat combustion or incomplete combustion of ingredients with an
absence of visible flame which would reduce simoke particle formation by decomposing
sublimed or volatilized vapors.
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9)

Lsed ar?desfehm heat is best controlled by the ratio of oxidizer to fusl(s), the tyPe of OXid!f:;
faster the percentage used in the formulation. The larger the oxidizer percentage,
combustion rate accompaniad by a likewise increase in combustion temperature.

In an effort to control this, smoke compositions often employ the use of a low reaction Lok

Sgldlljzgr such as potassium chlorate and supply a “cooling zone” within the casing to allow
ponized material(s) to cool prior to contact with air outside the reaction zon® where

moisture changes it into solid particles we view as smoke.

Confinement; The internal pressures generated and the material(s) used to corfine
(container controlling grain geometry) will determine much of the performance and overall
smoke production. Containers that are low in thermal conductivity (such as cardboard) will
abgorb excess reaction heat rather than transferring it to the un-reacted grain or mass.
This helps keep heat radiation down and improves vapor cooling and condensation. The
same composition in a metallic container will combust at a faster rate due to the increase
of heat conducted by means of the container to the grain “pre-heating” the compaosition
ahead of the reaction zone thus speeding the burn rate. Metallic fuel in the composition
itself has the same effect.

The degree of confinement refers to the internal pressure created by the rapid
release of reaction gasses and heat. This pressure is regulated by the size of the vent or
choke in the device. If this release is restricted by smaller vent(s), an increase in pressure
will occur with a likewise increase in heat and combustion rate. A faster combustion rate
increases the volume of smoke produced but the increase in heat generally decreases the
density of the smoke (depending on the type of smoke being produced). Here, worst case
scenario would be compositions employing color dyes or other materials that are
decomposed by heat thus reducing the color and/or density of smoke particle formation.
Keeping the reaction heat down by employing coolants in the composition and/or supplying
a cooling zone in the design markedly increases smoke volume and density. A test or two
will determine the proper balance between vent size and grain diameter for cptimum
results.

Volume of byproduct gas(es); Gaseocus combustion byproducts are essential in
dispersing vaporized smoke component particles. These gasses (mainly CO & CO,) are
the “stream” that transfers sublimed or volatilized vapors frem the reaction zone to be
cooled. These non-flammable gasses also displace oxygen within the reaction and cooling
zones to eliminate possible flaming that would destroy optimum smoke production. The
amount of gaseous product markedly effects the dispersion of these vapors. Generally
speaking, all components of smoke mixtures, whether exothermic or endothermic in nature,
produce combustion gasses aside from smoke production within the reaction. Candidate
materials should be chosen for their particular role in the combustion process which
provide both heat suppression and stabilization in addition to their gaseous byproducts.
Examples are CaC0;, MgCO;, and NaHCO,. Best smoke production occurs when copious
amounts of these gasses are praduced with vaporized smoke producing agents. Organic
and/or sulfur compounds generally provide the best levels of “naturally” produced gasses.
“Gassless’ compositions such as delay mixtures would employ a minimal percentage of

such materials.
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Environmental effects;
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affect proper smoke pro
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desired effect in use by i

Necreasing the density of the smoke Producegé to form the solid
Reaction products that strongly attract moistufe and c‘?’nde::?n;tes because tf_?e
particles we view as smoke are enhanced in moist, humid cid cooling in moist air.
condensation process of vaporized materials is accelerated by r?ign to this process. The
Smoke produced from large quantities of sulfur may be the excep of a sublimation than
process to create smoke from sulfur compositions is more oy
condensation and therefore is not adversely affecte;i by meS!Ufet volatilized dye vapors

Color smoke production also uses condensatrqn_to cc:_ﬂ\;;f jays a strong role in
back into solid color particles in air, however, sufficient lgr shpaded - raag or breszy
perceiving the true color as intended as well. Dull, cloudy o
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use.

CONTAINERS & CONSTRUCTION




. lication.
We have previously discus: actors I 3 duction and: B
P y discussed factors governing smoke pro for @ach type of

Bearing these in mind, we can refine construction procedures adequate durations
composition used. Smoke devices can be constructed in a variety of sizes, shapes, burt d directly
and smoke color. Construction of the container andfor grain shape should Gorreg‘-pon er the
with the type of composition used, the combustion temperature and total burm duration 8s P
application,

ner must be designed

Device i 5 ¢ sontai _
ices designed to produce smoke also produce heat. The cor A uan s possible

to contain the heat and superheated gassas in an effort to control burn hould
range fires during use. Heavy walls treated with a fire retardant and/or refractory agent s ”
therefore be considered mandatory when combustible casing materials are used. In addl,lo?d
because of the hygroscopicity of most smoke compositions, final case treatment 1O ﬁefare
moisture is also necessary (o insure optimum performance. There are many moistu
preventatives in the form of waxes or lacquers that are available for use.

BURN TEST RESULTS - EXAMINATION PROCEDURE

At the end of each burn, the casing was immediately examined for evidence of heat and
gas erosion to the inner and exterior surfaces of the casing. Results are listed per test.

Test 1

Compasition Color smoke dye / organic fuei(s)

Est. Burn Temp  400-450°C (752-842°F)

Burn Duration 80 seconds

Container Cardboard, spiral wound kraft 2.50" OD X 5.00" Long X .25" wWall
Retardant Firefox liquid fire retardant, container dip saturated

Results;

Container was warm but not uncomfortable to the touch. No evidence of heat damage was
found on the outside surface. Casing was cut lengthwise with band saw, ash examined and
removed. Further examination showed that the inner casing wall above the ash (cooling zone)
was blackened by the heat but not charred whereas the surface contacting the ash (rsaction
zone) was charred slightly - burned on the surface only.

The same test was conducted exactly as listed with one exception: No fire retardant was
used. The difference was as noted; Casing was hot after burn instead of warm and the inner
reaction zone surface had been charred into additional layers of paper (approximately twice as
much burn erosion). No visible sign of exterior surface heat damage.
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Test 2

Composition HC type, white

Est Burn Temp 900-1000°C (1652-1832° F)

Burn Duration 75 seconds

Container Cardboard, spiral wound kraft 2 50" OD X 5.00" Long X .25" Wah
Retardant Firefox liquid fire retardant, container dip saturated

Results;

The container was too hot to be handled comfortably yet had no visible sign of exterior
heat damage. Upon cutting open, ash was removed and casing examined for damage
Deterioration from heat was much higher than test 1. Surface charring was evident in cooling
zone (bumed into 2+ layers of paper) while the reaction zone posted heat damage of
approximately .065" (1/1 6") into the casing wall.

Performing the test without retardant, the reaction zone showed heat damage of
approximately 50% of wall thickness with evidence of slight heat browning on exterior surface.
Casing was brittle and easily crushed by hand. Alternately, additional tests were performed;

A) Coating the reaction zone surface (still wet from the liquid retardant) with a thin Ia_yer of
magnesium oxide (MgO). Results were only slightly better than test 2 (fire retardant only) in ¥hat
measured effects of heat were minimally in favor of using MgO as an additional refractory coating.

B) Applying a layer of carbon cloth to the inside of the casing previously treated with fire retardant
liquid (while still wet) which acts as an adhesive to hold it in place. The vent may also be similarly
coated. This combination was by far the most effective in controlling heat damage. The carbon
cloth acts as an insulator between the heat and the fire retardant impregnated paper thus
practically eliminating any charring.

Firefox Enterprises Inc. supplies carbon cloth in many widths. It is inexpensive and
easily cut with scissors to any shape required.

ADDITIONAL COMMENTS

The above test results are given as reference for better understanding between variables
of iow and high combustion temps and the subsequent heat damage. It is the author's opinion that
smoke devices of similar burn duration using paper casings employ similar means to reduce heat
erosion. The high combustion temperatures of HC compositions should employ casings with wall
thickness of 1/4" additionally treated with a fire retardant material to help ensure against possible
spot fires when used in the field. Likewise, the vent(s) and end-wall (case bottom) must also

employ similar measures such as those mentioned in “B” above,

In summation, remember that even though smoke producing compositions / devices are
designed to function with an absence of flame, they do produce intense reaction heat damaging
to not only the container itself, but possibly the environment in which it is used should the
container fail to properly insulate and repress heat and ash buildup. High combustion
temperatures and long burn durations require the best container designs possible.
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EFFECTS OF COMPONENT PARTICLE SIZE
COMPOSITION GRANULATION

In reference to part 3

: article sij G¢ 7 " overning Smoke
Production”, we wil| review the f o o JNRSE TAE of el o

ollowing points;

A) Particig size versus composition reactivity
B) Ingr edient homogeneity versus segregation
C) Composition granulation versus combustion rate

There are many vgriablgs to consider when designing formuiatia_ons ‘ and choosing
COm_Dongnts for pyrotechnic devices. Smoke compositions generally require fine component
particle sizes to achieve complete homogeneity, providing smooth combustion and volumes of
dense smoke. The lack of larger component particles within the composition (intentionally added
to control combustion rate or reduce density) would decrease possible segregation in shipping
and storage while increasing un-molded reactivity but would possibly pose an additional problem
of molded composition density which affects smoke particle formation during ash development
under combustion. Vaporized material(s) must be allowed to escape the confines of ash freely
to cool and exit the case with byproduict gasses to form the desired smoke cloud in the moist air.
Once powdered, densely molded compositions produce a more solidly (dense) formed ash
column that obstructs free vapor escape. The answer is not variant component particies or
compressed powder columns but a working combination of molding the compaosition within the
case supplying a center core and / or granulating the composition. Both provide an escape route
for the vaporized materials but they vary in combustion rate, A solid formed grain using powdered
composition with a center core will combust more slowly than a pressed granulated composition.
The latter having the larger surface area and therefore the faster combustion rate. A combination
of the two will yield the highest combustion rates and therefore larger volumes of smoke per
second of burn,

The granulating process takes place following full homogeneity of mixed component
materials with a small percentage (2-4%) of a compatible binder. Care must be taken during the
process to insure against accidental ignition. Whereas strong oxidizers are present (chlorates of
particular concern) caution cannot be overstated. Thorough remote mechanical mixing or milling
of ingredients (without oxidizer) followed by homogenous mixing with the oxidizer will yield the
best results with @ minimum of personal risk. As with any pyroteghnic composition, the process
of granulation and drying of smoke compositions is. undertaken with cayticn usip_g non-sparking
equipment and processing materials (brass or aluminum screens, containers, mixing equipment,

drying trays, etc.) In an approved unobstructed area.

GRANULATING PROCEDURE

Once blended, the composition is moistened with the- appropriate binder solution to a
dough-like mass and scraped across a coarse mesh screen of approximately 6 to 10 mesh over
a shallow tray covered with a sheet of paper. The trays can then be dried in the hot sun or placed
within a rack located in a drying room or “box” protected from moisture, high humidity, open flame

or intense heat in excess of 150° F that may ignite the material

21-




COLOR DYE PROCESSING NOTE

_ The handling and use of dyes for color smoke production is a messy undertaking which
IS augmented by the addition of Moisture. Steps to protact your hands, equipment and bench top
must bg taken in processing to insure against permanent staining. The use of disposable
proc:esgmg materials is highly recommendad. However, once the mixed composition is granulated
a_nd dried, it is easier to use and less messy due to the reduction of fine dusts that can be
airborne and carried to other surfaces to stain.

GRANULATION EFFECTS ON COMBUSTION RATE

First, lets revisit pages 14 section 3 (particle size), page 15 section 5 (reaction surface
area) and page 16 section 6 (combustion rate). Essentially, the information in part relates to
combustion rates as controlled through the surface area of burn whereas the overall surface area
of each granule determines its reactivity. Burn rates increase as the surface area exposed to
burn increases. A good example of this is small arms sporting “Black Powder”. The smaller the
grain size, the faster the burn rate due to their greater surface area (over that of larger grains)
that are exposed to burn at a given time (per gram) which is faster than larger grains of the same
composition and test sample weight. Black powder becomes explosive because of confined
pressure of heated gasses leading progressively to accelerated burning and even higher heat
and gas pressure buildup eventually leading to explosion - all in a millisecond. Because of low
pressure through vented casings, com_rentional smoke devices are not subject to explosive
pressure buildup but the rgaction of granulated product is essentially the same as the black
powder burn test at a scaled down rate.

To test this point we constructed three devices similar in design to the diagram on page
18. All three devices contained the same composition but different granulations.

Test 1

Device grain description Core molded, light hand pressure only
Composition Color smoke dye / organic fuel(s)
Composition granulation Powder

Oxidizer content 25% by weight (KCIO;)

Composition weight 3.0 oz (85.05 grams)

Estimated burn temperature 390° -410°C
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gum duration * 140 seconds

stimat

. srﬁgksen:g?e volume /sec 714 Cubic ft (ft*) / sec (fills an area 10" X 10' X 7' pe
ume 100,000 cubic feet (it) light density

r second)

C . i

Gaclt;lrtz;eniés, Color of s_moke faded @ B7 seconds into burn and continued to further degra'de in

s hcaa tU" grey / white @ 110 seconds through end of burn. Volume of smoke was consistent
ghout the burn. The ash was solidly formed with very little porosity.

Test 2
ggr\;:cz Sg:::_ac:n description Core molded, light hand pressure only
e position _ Color smoke dye / organic fuel(s) (same)
mposition granulation 12 mesh (.060 or approximately 1/16" diameter)
Omdlzer_gontent_ 25% by weight (KC10,)
Composmcm weight 3.0 oz (85.05 grams)
Estimated bum temperature 390°-410°C
Burn duration * 97 seconds
Estimated smoke volume / sec 1031 £/ sec (fills an area 10" X 10" X 10" per second)
Total smoke volume 100.000 ft? light density

Comments; Good rich color until approximately 93 seconds into burn then faded for remaining
four seconds of burn. Smoke volume was consistent throughout burn. Porous ash column.

Test 3

Core molded, light hand pressure only

Color smoke dye / organic fuel(s) (same)

5 mesh {159 or approximately 5/32" diameter)
25% by weight {(KCI0;)

3.0 oz (85.05 grams)

Device grain dimensions
Composition
Composition granulation
Oxidizer content
Composition weight

Estimated burn temperature 390°-410°C

Burn duration * 122 seconds

Estimated smoke volume / sec 820 ft* / sec (fills an area 10' X 10' X 8' per second)
Total smoke volume 100,000 ft* light density

Comments; Good color up to approximately 117 seconds gradually fading to grey / white at end
of burn. Consistent smoke volume throughout burn. Porous ash column.

* = gubject to slight variations according to loading pressure used

When using granulated compositions, it is not necessary or practical to screen and

separate according to size for general use. We have done it merely to show the difference in

smoke volume produced per second according to bur‘n rates as governed by particular part}cle
sizes. In using compositions of various particle sizes, wqh concern for a controlled burn d_uratmn,
the length of burn itself can be adjusted by the guantity of composition used, the length of (or
absence of) a center core, re-designing the geometry c_>f the device itself to combust at more than
one surface area or using compositions of varying qxldlzer to fuql{s) Ioadmgg. All of these steps
may be employed with granulated compositions without degrading the quality of the smoke.
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FIGURING SMOKE VOLUME & DENSITY

o tThle volume and density of smoke produced during the reaction can be expressed in terms
pe particle concentration (density) per gram of composition at a given burn rate. Whenever
'guring smoke density, the following factors must be considered;

1) Formation rate; The. rate at which vaporized smoke material(s) (expelled with byproduct
gasses) or solid particles generated through incomplete combustion (such as black soot
smoke compositions) are formed or released in air.

2) Particles per unit of volume; The quantity of solid smoke particles present within a
specific volume area (particle concentration) at a given time.

3)  Concentration weight; Represented by the rate of fall or displacement in a continuous
motion of air as related to gravity, air current, heat and humidity.

For our tests, we have shown the volume of smoke (expressed in cubic ft - ft*) generated
each second during the reaction. The equations are expressed as follows;

Legend
G = Total ft® generated

D = Total burn duration / second

C = Total camposition weight
FS = Cubic ft / second

Smoke produced ft* / second

FS

DV G

Smoke produced ft* / gram

PG

cV G

CR = Consumption rate
PG = Smoke produced ft* / gram

RG = Burn rate ft* / gram

Composition consumed grams / second

CR

DV C

Burn rate ft* / gram

RG
oV ES



nce of various

Oor example, if a thick, dense cloud is required for tacticeii Operatl‘:’?{s_l
at is said to offer total smoke production of 120,000 ft* and @ DY

. The faster a stated quantity of smoke is produced, the more dense will b
this reason, militar gg\f!‘dlng of course the composition and factors in both tests are equal. For
htige Vol ' i y devices are of short duration , that is to say, they are designed to produce

mes of smoke in a short period of time thus producing a heavy, thick smoke cloud that

huge ;
ncinalns close to the ground to effectively cover troop movement (additional information on
ilitary smoke devices will be covered later in the text).

the obscuring cloud p

Factors to consider when comparing commercial smoke devices;

1) Intended application

2)  Total smoke production ft*
3) Total composition weight
4) Total burn duration

In shopping for or designing smoke devices, knowing these factors and applying the

equatioqs, precise evaluation and custom design and operation can be calculated according to
the application and desired effects.

FIGURING UNKNOWN SMOKE PRODUCTION / TOTAL FT®

Calculating overall smoke production when it is unknown depends mainly on the users idea
of density required relating to the application. When designing smoke devices, one must first
have knowledge of intended use. For example, in use for determining design or air flow, (as in
wind tunnel applications) or showing wind current, direction, etc., smoke should be a steady
stream of long duration and can be of lower density such as using a long slender smoke “stick’
or “candle”. On the other hand, if the application calls for signaling or obscuring movement or
location, the device should be designed with shorter burn durations and larger volumes of smoke
such as that produced from tactical smoke device designs employing a center core for increased
burn surface. This density or smoke particle concentration can be calculated in a number of ways
assuming a particular application is mandatt_ary. Of course, the easy way would be to ignite a
device of particular composition weight within the confines of an enclosed area and calculate
cubic feet generated by multiplying the length X w@th X height of the enclosed ar%a. If the smoke
cloud is thick enough according to application in mind, the total. smoke volume in ft° per measured
quantity of composition is now known and other calculations and changes may be made

accord:: g;:irz-actical way of measuring density is a simple device constructed of glass and‘ an
electric light. First, construct a glass box open at the bottom one foot square and mount a light
socket with a low watt (25-60w) bulb outside the 'box at thg back side. Now, using a photographic
light meter, take a reading of the unobstructed light holding the meter to the front of the box and

g Tt ’rea ding. Place a gram or two of smoke composition in the box a!nd ignite it allowing the
e tain the smoke and record the burn duration. A second reading is now taken of the light
f:Jox = e ons ! h the smoke, recorded and compared to the first reading. Several tests are
mt:gjéttg; ":c;;"gs manner using various compositions and controlled quantities to be later equated
co
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quantities resuitingu:-: tli@iifll?gﬁi Thz_bast e e e ek GHIR P o
readings through the smoke.

Equatio .
concentration) T;i:;iih;adn pe usad_to calculate smoke volume and optical density (particle
Bvice previously discussed can be expressed as follows;

Legend
3\; - P?s're.d total volume smoke (ft%) per device
0 = | ;\tens!:y of measured light entering the box
TS - Th?c?(sr’:ey of measured light leaving the box (through the smoke)
Qc = Qitight ss of smoke layer (curtain) in these tests, one ft (1.0
uantity by weight of composition used to obtain desired optical
o6 = density (OD) in cubic fest (ft*)
MC - Desired optical density (% or coefficient)
- Mass of composition to produce total desired smoke volume (ft%)

Testing the value of a tailored smoke producing composition

LE - LL = OD (coefficient desired) @ 1 ft°
OD (%) = LE + 100 X QD

MC = QC X DV

QC +1f=MC =DV

The equations express the desired volume and optical density in percentage. When using
a light meter, the scale is 0 to 10 in measured incident and reflected light entering the meter. This
scale can be left as whole numbers, converted into fractions or used as percentage figures to
obtain LE and LL thus supplying the “coefficient” figure in the equation. Using our device, the first
step is to obtain the desired OD. This ability of “hiding” or “darkening” (coefficient) is expressed
here in percentage. Example; If LE =10 and LL = 5 using .1 gram of composition (QC) and the
hiding power (density) is adequate according to the intended application, the density coefficient
is .5 or 50% per 1 ft* @ .1 gram (QC). The equation is based on adequate OD.

LE=10
LL= 5

5 = 50% or .5 (density coefficient)
(f an increase in density is required, the coefficient increases as LL decreases. Example;

LE =10
LL= 3

7 = 70% expressed as .7 = 10+ 100 X 7 (70%)
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When designin '
. g devices to
ft° or an area of approx 70' x 70' f rzog
composition within 1°ft* (where m
Equated as;

0
uce larger specific volumes of smoke (examplée 100%0?
) with a 70% coefficient obtained by the reaction OF - g
= 1000) the resuiting MC = .1g x 100m (or 10m total comp)-

QC *+ 1 = (MC + DV) or 10m + 100m = 1

hiding \;)V:\sz ggr_1 ?fct) u:? % 1 ﬂ.a (TS) the resuiting device would create a smoke screen (with 70%
(Providing all fastors siar o ih thickness) or in theory, 1 ft wide x 10 ft high x 10,000 ft long
Remember, in theory, th ay:;n balance and particles do not fall or further scatter dimensionally).
it ' Ty, 3e.' evice has’a 70% density coefficient per ft of smoke in thickness and
generated 100,000 ft* total smoke in volume.

o V!\_"f(-; 5;5;?8_3 this fl|gure of OD as example only in an effort to compare smoke production
of less.than o, In reality, most smoke devices (using comparative methods) have OD values
S BESA e ° et’:j'b“ng them to advertise high smoke volume ft* because the optical density
e fhe very thick smoke curta_ln to obtain an un-advertised degree of obscuring properties.
AS the thickness of smoke (TS) increases, the optical density (OD) decreases unless an
increased quantity of composition is also used keeping it in balance and all other factors are in
balance accordingly. Therefore, to find values of increased smoke volume production (at
comparative OD coefficients) we express it as follows;

MC = QC x DV

Resulting OD of the larger cloud would be similar (providing cubical dimension area
increased at a proportional rate to that of test chamber) but would vary according to a
dimensionally changing cloud formation and rate of movement in open air. Total composition (MC)
must be increased proportionally to the total volume of smoke desired (DV) to produce similar OD
coefficients in comparatively resiricted dimensional enlargement.

In design, if the desired optical density can only be obtained from an unusually large
quantity of composition tested, steps should be taken to check for adequate smoke particle
formation by reviewing the factors involved and making adjustments accordingly or by changing
to another composition formulation completely. As example, a good design starting point using

the apparatus previously discussed can be written;

Intended application: Emergency signaling or marking positions

Desired total smoke volume: 100,000 ft®
Desired burn duration: 60 go 90 seconds
1 ft

Test chamber:

Test lamp: Wattage required to register 10 on the meter without

burying the needle

25 to 50%

ired optical density:
e . Adequate to produce desired optical density

Weight quantity of composition:

97




NOTES ON TACTICAL MILITARY SMOKE DEVICES

cad, military Smoke
00 to $40.00 each.
jor or white

Becaus i i
grenades ar‘g ir? r?f t:!?jl;unlque construction and large volumes of smoke produ
g mand when surplus stocks are available brining $30.

They feature de igniti of richly co
_ pendable ignition and their n me ichl
smoke i ¢ . . it ns.demig produces huge volumes of

enougr-:— ?: gg??é& ;etmgn of the device is to generate large volumes of smoke that is heavy
formation produces r! o the ground rather than rising rapidly to dissipate. This dense Fgrﬂcle
signaling. 1t is 800 a (I: oud formation capable of obscuring troop movement or for long dtistance
for igniﬁbn eas mp '?hed by the use of 10-14 ozs of composition pressed with a thermﬂe core
moist i € and increased surface of burn, This high particle concentration mixes with
. ure in the air and coagulates to form the dense cloud structure which is further enhanced
In warm humid environments.

i Comparative white smoke devices using formulations containing NH,CI and/or C,Cls (as
>ll as color smoke) can be easily and inexpensively produced using information contained in
this text. Tht_e container must be treated to retard moisture and must have a wall thickness
adequate to insulate against possible burn through accarding to the design and burn duration.
_Treated paper casings should be approximately .25 to .35” in thickness per 60 second burn and
increase in thickness as the burn duration increases.

CONTROLLING BURN RATE, SMOKE VOLUME
AND FLAMING THROUGH DESIGN

As we have only briefly discussed various points of these subjects, we will now study them
in greater detail as they are of particular concern in productive smoke devices.

Burn rates are controlled mainly by the oxidizer percentage and surface area of bum.

ing the oxidizer percentage in the compesition in an attempt to increase combustion for
greater volumes of smoke will most likely do more harm than good. As oxidizer ratios increase,

<o does the heat of combustion and likewise, the possibility of flaming which destroys smoke
particle formation. For this reason, oxidizers of low ignition and reaction temperatures are
employed. Where it can be used, the obvious candidate here is potassium chlorate (KelO;) which
provides low ignition points and reaction heat adequate to_ vaporize smoke agents with a minimum
of its percentage. It decomposes well below 400° C forming KCI, oxygen and other gasses such

as CO, CO, and others according (0 the fuels and stabilizers used.

Increas

Oxidizer ratios by weight per classification

1) Combustion 25-50% (up to 65% if C,Clg is sole oxidizer)

2) Incomplete combustion 45-55%

3) Sublimation / volatilization 22-32%

4) Combustion reactions 20-30%
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the grain to increase surfacz? of [ - partiCIE

too high thus C:ramiIr';uielg}s(ccontrol flaming which occurs if the percentage of axidizer is m|stake_nl},ir
Zone (burning Surfacg | ess-hee.“' S“PF"YinQ a "cooling zone” separate (above) from the rfeactlﬂn
cool before exiting to ) also aids in solid particle formation by allowing the vaporized particles to
minimally pressugi 3‘1::}: with moisture in the outside air. The cooling zone, properly vented an_d
oxygen thus kee ir?e it fy ensuing QESSes from the combustion process, displaces atmospherlc
flaming to pr P ! - ITOM the reaction which in turn helps control burn rate, heat buildup and

9 @ promote solid smoke particle formation for rich color and high density smoke clouds.

cause i;pgiizﬁ :c;here composition granulation is not practical (where addition of moisture may

desichs Ullisin IOUS Eeactlon such as C,Clg / Zn mixtures with water soluble binders) various

ample hereg osely placed powdered compositions can be employed with good success. An

s IS @ suitable container with compositions of adequate oxidizer ratio to ensure

ignlt{oﬂ and propagate without flaming in open air (see next section on composition testing). Upon
loading, the container is then supplied with three to five 1/4" diameter holes evenly spaced on a
spiral line starting in the center of the casing and toward each end. The device is then ignited
through the center hole and combusts equally toward each end venting an increased volume of
smoke as supplied by the greater surface area of burn (spirally in both directions from center) and
muitiple vents. Increasing the diameter and length of the container also increases smoke volume
and burn duration and devices for particular applications are designed accordingly. Compositions
that can be used in this manner include all four classifications listed on page 7 herein, providing
they combust to produce smoke in gpen air without voluntary flaming.

Another design similar in construction to that on page 18 using a powdered composition
sealed with a layer of prime composition thinned with tacquer to retard moisture and provide
positive ignition. The procedure uses a ram with a tapered spindle to lightly compress (by hand)
the composition forming a core within. A length of match or fuse is placed in the core and a
thinned slurry of prime composition in NC lacquer or cellulose acetate solution is added to
“sement” the fuse in place and coat the exposed surface of the smoke grain to seal it from
moisture and retain the formed grain shape. Upon ignition, the prime ignites all coated surfaces
for volumes of smoke aided by a mildly compressed smoke compaosition providing porous ash
development to aid the escape of vaporized smoke agents. Again, compositions from all four

classifications can be used here with good success.
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TESTING FOR PROPAGATION, SMOKE & ASH
DEVELOPMENT

When testing a tailored co
tr?e expense and time of constructi
air ?o observe Propagation, sign
testing compositions in this man
further tests of particular desj

Mposition to determine applicability, an easy method (without
Ng a complete device) is to test burn the composition in open
§ of visible flame, smoke production, and resulting ash. Pre-
ner will quickly supply information accurate enough to warrtané
gns. Here, the results are analyzed and the formulation adjuste

:Eli:i?j gsiistszr};’ Tor Optlmi.‘xtn performance with final testin; done as a completed devi'cg. it
fl - Bd that compasitions of higher reaction temps (800° C+) are likely to produce visible

ame in open air (the likelihood of which increases in breezy conditions) than those of lower
reaction temps such as color Smoke compositions and for this reason, the tests are only
pre"m'”?'fy and unsatisfactory results should not be discarded and thus considered useless. Such
compositions can often be adjusted for use here or other applications.

Factors to consider in Preliminary tests;

A) Ease of ignition

B) Propagation: smouldering or flaming (reaction heat)
C) Smoke volume and depth of color

D) Duration of burn per ounce

E) Ash quantity and density (porosity)

PROCEDURE

One ounce of composition is placed within a shallow open tin or similar container of
approximately 1 1/2" to 2" ID and 2" in depth, lightly pressed in by hand and fused with the
appropriate ignition source. Upon ignition, the factors are observed, burn duration timed, ash
weighed and results recorded (including smoke volume, color and density) for further evaluation.

A) Ease of ignition; The composition must ignite easily using a source appropriate to that
of the classification used (page 7). Opposite examples cited are; for ease of ignition
without hot priming (class 3) or for those difficult to ignite requiring hot “slags” or thermite

(class 1) C,Clg / ZnO type mixtures.

Propagation; The composition should *smoulder” without flame at an even rate producing

oy k i,n volume. However, as noted, in open air the reaction can occasionally flame
gOOdtsmoneexcess of'oxygen at reaction level which is absent in a confined reaction
= (i Sfrom atmospheric oxygen which is displaced by ensuing unreactive by-product
projecss d smoke. Reliable compositions should combust smoothly and rapidly producing
A of smoke. If the reaction is unsatisfactorily slow, with absence of visible
large Vc.”umesse the oxidizer content in small 1-2% increments until visible flame is
Ueire mci;etge flame can be extinguished by covering for a moment with the composition
apparent-_ nd it does not burst immediately into flames once the cover is slowly
Smooﬂggnt‘;%oiidizer percentage is correct and the composition should be tested further
rem ;

B)
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In a completeq gevi
e : _ . g
heat which Cause: :‘CI:: Excessive oxidizer content increases oxygen in the reaction Talsgl\g
MING. As noted, this also applies to atmospheric oxygen enterind

reaction zone Th :
in this respect. © Percentage of oxidizer and the design of the device itself is adjusted

C) ke v
olume :
& depth of color; Carefully constructed formulations will produce

Smo

appropriat :
controﬁ)ied ?hfg:g:? dl;f:?per!y contained with volume, burn duration and color quality
encountered with color s'ce grain design and composition granulation. A problem often
blocking much of the volamgke is poor color most often caused by a dense ash formation
is pre-tested and conf llized dye particles from proper exit. If a powdered oompos_ltion
reproduce good color thmms to all necessary qualities including good color but faﬂg to
granulation for sing| roughout burn in final device testing, the answer is comp:_)sitlo_n
containers with ngle vent devices (page 18) or loosely placed compositions In

several vents on a spiral line around the outside of the casing.

5 i de?g:giosc‘;‘g‘;ss_pmducmg White smoke are easily formulated and can be adjusted to meet
fuel(s) type and pe '9N and application farmats. Here, the purity of color is affected mainly by
the “dirtio _”% rcentage to that _of smoke agent(s) employed. The higher the fugls p_erc:entage,
il will be the smoke purity. However, fuels are necessary for ease of ignition, smoke
ensity and gas production and many are available that meet the requirements placed on them
for smoke production to perk a sluggish mixture, suppress heat or flame or increase non-
Compustlb!e Inert gas production to aid the development of evacuating smoke particles. Additional
oxidizer with a whitener is often added to help purify the color (by consuming and/or bleaching
soot) and lower the ignition point of an otherwise difficult to ignite mixture. Candidate examples

are KCIO, or NH,CIO, / ZnO.

EXAMPLE FORMULATIONS & TEST RESULTS

WHITE SMOKE
Ingredient % by weight Purpose
Hexachloroethane (HCE) 40-45 gas, smoke (also acts as oxidizer)
Zinc oxide 40-45 gas, smoke whitener, heat suppressor
Aluminum 4-7 ignition, smoke
Sucrose or Dextrose 5-10 ignition, gas, smoke
5-10 ignition, thorough combustion (less ash)

Potassium chlorate
) for ease of ignition and smooth burn but they also lend

an off-white color to the smoke in the form of soot. Additional ZnO will help purify the color. Here,
we add a small percentage of oxidizer to increase combustion of the organic ingredients to help
reduce soot and subsequent ash for a cleaner smoke color while reducing the ignition point for
simple reliable ignition. Generally, this type of composition contains no additional '(gonventslongl)
oxidizer (the HCE acts as the oxidizer) but these are notorious for being very difficult to ignite
requiring a thermite type ignition prime. Adding a small percentage of potassium chlorate will help

eliminate the ignition problems.

The formulation employs sugar(s
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COLOR SMOKE

lying a thick cloud

well as enyj
Of 500t UPON Combucty enrich the color. This is accomplished by supp the smoke cloud

: ! N that is easi '
higher density of perceivabl;jsdgzzlgr?Lﬁ;ed by the subliming dye thus making

Example formulations

The followi { o
Wing formulations for preliminary testing are listed with a constant minimum

oxidizer percenta
ge to show the effects of varying ingredients and their percentages.
Test A
! .
ngredient % by weight Purpose
Dye 55.0 Coloration
Potassium chiorate 25.0 Oxidizer
F]c:u_r, wheat 5.0 Fuel
Sodium bicarbonate 10.0 Stabilizer, gas, heat suppressor
Sucrose 50 Fuel, gas, smoke, ignition
Test evaluation uses a scale of 0-10 (10 being best, larger or faster)
Smoke volume 8 Coloration 8-9 Flaming Y
Ignition 10 Burn duration 7 Ash qty 8

The higher guantity of NaHCQ; in the formulation lengthens burn duration while supplying
vital unreactive CO, which replaces atmospheric oxygen at the reaction surface for better dye
vapor release without flaming. An excess of atmospheric oxygen at reaction zone would increase
combustion heat to destroy much of the vaporized dye thus diluting or destroying color. Here, a
slight increase in oxidizer content to increase combustion volume and likewise smoke volume is
possible without destroying the color quality. Increasing surface area of burn will also accomplish
this without increasing the oxidizer percentage. Note; Many military formulations contain up to

30% NaHCO, or other similar heat suppressor.

Test B

Dye 50.0 Coloration
Potassium chlorate 25.0 Oxidizer
Sodium bicarbonate 5.0 Stabilizer, gas, heat suppressor
Sucrose 10.0 Fuel, gas, smoke, ignition
Asphaltum 10.0 Fuel, smoke

Smoke volume 9 Coloration 10 Flaming 0

10 Burn duration 8 Ash qty 67

Ignition
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The prese
nce o :
quality by sublimin f a soliq hydrocarbon oke volume and color

Q9 out of the g markedly increases both sm .
proper dye vVapor release reaction zone which DFO{IidBS less ash that would otherwise plock

and provides of soot that is easily

TestC
Dye
Copesiumchiorate 25,0 Tt
ium bi -
Asphaltun'farbonate 5.0 Stabilizer, gas, heat suppressor
20.0 Fuel, smoke
Smoke voluy
Ignition = :g Coloration 10 Flaming 1
Burn duration 5 Ash gty 6

The gre :
excellent sn%o ;‘;e\foﬁg"cemage of asphaltum lengthened burn duration considerably yet supplied
ftie gGreater) would Me and rich color. A slight increase of oxidizer and bicarbonate (ox being

appreciably enhance operation in a completed device where atmospheric

oxyge :
Q:ysgeg cannot lend to flaming due to an enclosed reaction and ensuing CO, and other byproduct

TestD
Dye _ 55.0 Coloration
Potassium chilorate 25.0 Oxidizer
Sodium bicarbonate 2.0 Stabilizer, gas, heat suppressor
Sucrose 8.0 Fuel, gas, smoke
Zinc oxide 10.0 Smoke, gas, heat suppressor
Smoke volume 9 Coloration 7-8 Flaming 0
Ignition 10 Burn duration 8-9 Ash qty 10

Zinc oxide provides good smoke volume but as a whitening agent, it diluted the color
somewhat (the higher its percentage, the higher the dilution factor). Oxidizer content here could
be increased slightly and composition granulated to provide porous ash development, faster

combustion and improved smoke color overall.

Test E
Dye 56.0 Coloration
Potassium chlorate 25.0 0><|diz_er
Sodium bicarbonate 5.0 Stabilizer, gas, heat suppressor
Sucrose 10.0 Fuel, gas, smoke
Magnesium carbonate 5.0 smoke, gas, stabilizer, heat supp.
i 8 Flaming 5
moke volume 8 Coloration
Isgniﬁgn 10 Burn duration 8 Ash qty 8
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Here the M
composition gCO,; acts
Position by acting a; to accelerate the combustion rate of a loosely pla

uantit i -
;:ilkel fl Yy of atmospheric oxygen‘ cake agent preventing agglomeration and oo i
; b within the composition. In open air, the composition Wi
ydrocarbon such as as . I
would also control flam

ced powdered
higher
Il most

; hance overall |ati
ing and performance. Granulating
SUpply porous ash development for best results.

Test F
Dye
; 5 .
ot e 255 G
lum bica -
Sulfur, flour PN 15.0 Stabilizer, gas, heat suppressor
10.0 Fuel, gas, smoke, ignition
Smoke volu
Ignition me ?‘9 Coloration 8-9 Flaming 0
0 Burn duration 8 Ash qty 8

Sulf
hue. The ;r;gg?%c:igﬁtg‘mes of smoke and gas while supplying a rich slightly deeper color
agsoeiatad With Sulir  chl ge of NaH_CO'3 is necessary to stabilize and reduce the dangers
not CorEdsse & FiEK & orate combinations. In smoke devices, this combination is generally
stabilizer content g brlsk because of the low chlorate, high neutralizer percentages. The
bt can be equal to that of the chlorate for long term storage. Sulfur / chiorate
inations must be adequately protected from moisture in storage.

D) Quration of bqrn; As the length of burn is controlled by many factors previously
discussed, we will spend a bit more time studying perhaps the two most influential of these

factors by example as follows;
COLOR SMOKE PRODUCTION

As controlled through A) oxidizer content
B) composition granulation

.23 we express the effects of composition granulation at a constant oxidizer
cular formulation. Tests A through F (above) show the effects that
nd ratios of dye to fuel(s) have on the formulation using a constant
Here, we will show how to increase smoke production through an
(which also decreases the duration of burn) using a

On pages 21
percentage in a parti
varying components a
oxidizer percentage.

increased oxidizer percentage
constant percentage of dye. Dye is a dil
the slower the burn rate.
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Test 1
Eye | 50.0 Core molded, light pressure
p tassium chiorate 20.0 GComposition; powder
A phaltum 20.0 Composition qty; 30z
uc!'ose 5 Burn duration; 342 seconds
Sodium bicarbonate 2'5

Lengthy burn duration
for approximately 170 seco

combustion heat to control
more porous ash column

and low smoke volume (oxidizer percentage is too low). Good GOII;:
nds fading to grey. Percentage of oxidizer is much too low for prop ’
ash buildup which blocked the escape of vaporized dye. A smaller an

Wwould have produced better results. This particular formulation is of no

good use.

Test 2
Dye 50.0 Core molded, light pressure
Potassium chlorate 22.5 Composition; powder
Asphaltum 15.0 Composition gty; 3 0z
Sucrose 10.0 Burn duration; 269 seconds
Sodium bicarbonate 2.5

Low smoke volume but an increase over test 1. Good color for approximately 20rohse[cc)nd&sr
fading to end of bum. Very low heat yield and semi-porous ash development (hence, the long
color duration).

Test 3
Dye 50.0 Core malded, light pressure
Potassium chlorate 23.0 Compos'!tfon; powder
Asphaltum 15.0 Composition qty; 3 oz
Sug.rose 9.0 Burn duration; 198 seconds
Sodium bicarbonate 3.0

Low heat and smoke production but increasingly better than previous tests. Steady burn

s roducti t increasingly bet |
te and good ctolor throughout burn. This formulation is good for long burn novelty or for use in
rate a

wind tunnel or smoke markers.

Test 4
D 50.0 Core molded, medium pressure
= : C osition; powder
i 24.0 omp .
Potassium chlorate i ComoRitinn y: 3 8
asphRm 8.0 Burn duration; 241 seconds
Sucrose -
Sodium bicarbonate 3.0
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Potassium chi Seo
Orat

Asphaltum ° i

Sucrose 130

Sodium bicarbonate 3.{0)

Excellent s
bum into treateq

of previous tests

moke volume an
Casing (slight cha

Test 6
Dye 50.0
Potassium chlorate 250
Asphaltum 14.0
Sucrose 8.0
Sodium bicarbonate 3.0

Core molded, light prassure
Composition; powder
Composition gty;, 3 oz
Burn duration; 140 seconds

d. color throughout burn. Slightly higher heat yield yet did not
ITing only). Ash column was smaller and more porous than that

Core molded, light pressure
Caompaosition; granulated
Compasition qty; 3 oz

Burn duration; 85 seconds

The same composition as test 5 is granulated and loaded using the same procedure and
pressure. The result is a large increase in smoke volume and density with a decrease in overall
burn duration. Excellent smoke density and color (best of all tests). Ash column was
approximately the same size as test 5 but much more porous which provided best vaporized dye
particle release during combustion which resulted in improved smoke quality.

Our tests were continued with oxidizer percentages being increased to 30% with the same
constant dye quantity. Test 5 proved to be the best color using powdered compositions. When
the oxidizer content was increased over 25% (powdered composition) the color started to fade
increasingly earlier in the burn as the oxidizer percentage increased. By granulating the
composition, good color was achieved through ZQ%‘OXIdIZEI: levels wlth burn duration decreasing
accordingly. Best smoke color and volume was achieved with oxidizer levels between 25 and 27
percent. We observed no advantage to increasing the percentage over 27% as little change other

than higher heat with increased case erosion, sho

results.
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CDmpDSltlonS, IS are CQmmOnI, { to form |at b Dth thite aﬂd COI T

Ammonium Chloride

Anthracene Paraffin

Asphaltum Phosphorous, red

Cellulose ac Polymers / curatives

gharc:oat e Z:Jg:;nyichloride

olor d £

Corn m::ls Stearic acid

Dextrine Sulfur, flour

Dextrose Wheat flour

He Wood cellulose
xachloroethane Zinc, dust

Naphthalene Zinc oxide

Nitrocellulose lacquer

ash tha\riv;-c!:\ts ﬁg‘a‘:ke compositions yielding higher combustion temperatures usually evolve [ess
e T it reactions whgre the higher combustion heat decompases more of the ast_'\ as
: : ese higher heat reactions usually produce smoke through the production of chlorides
with byproduct gasses that condense with the moisture in the air forming the white cloud. As with
color smoke, the higher the humidity where used, the more dense will be the smoke cloud.
_High heat reactions in many smoke compositions may often be reduced by the addition of
a cooling agent / stabilizer material such as sodium bicarbonate, zinc oxide, calcium carbonate
or magnesium carbonate. The example formulation listed below was composed for the following
characteristics;

A) Lower ignition temperature {easier to ignite) and smooth bum
B) Lower combustion heat

C) Increased smoke and gas production

D) Longer storage life

Publicized HC Formulation Improved HC Formulation
% by weight

Hexachloroethane 45.0 Publicized HC 70.0
Zinc oxide 47.5 Potassium chlorate 10.0
Aluminum, powder 7.0 Sucrose 10.0
Zinc oxide 50
Magnesium carbonate 5.0
(additional %) Stearic acid 1.5

The addition of sucrose and potassium chlorate provide lower ignition temperatures and
smooth burn with an increase of gaseous product and smoke while stearic acid reduces the
sensitive frictional nature KCIO; may impose on the formulation. Increasing the oxidizer

ercentage slightly (1 -4%) further reduces the !gnatton point, reduces ash slightly and‘suppiyes
e moke generation throughout burn. Additionally, the magnesium carbonate and zinc oxide
Smm?th - eact?ve gas to quench possible flaming and provide white smoke through a “bleaching”
provide unl;_ as a coolant, they reduce combustion temperature and help stabilize the
eéf:’lztc.)sgigr!ngy neutralizing a'cids formation that may occur with moisture during storage.
C
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Ken to miniman s, PreSsure of ¢, ).

Ze the effects that moj

. itself,
duri , and the hygroscopicity of the mixiure e
shelf life. These ke Storag.e_ Without t

sture and humidity would otherwise have o:;
hese steps, the compositions would have rather sno
exposed surface of the composition within the
ne (40/60) or cellulose acetate solution (one ounce CA
completed with end caps in place, the device is sealed in
he better they are sealed, the longer their shelf life will be.

)» Once
tardant, T

BINDERS & SEALANTS

Pyrotechnic compositi
pPosition : . ;
components together in the hmmos often require an additional agent (binder) to hold the

s genous blend necessary to support proper combustion and must
;;rg?;?ﬁ;?gt:fbsi;%t:rt:;?ls-lghout construction, storage and use. Often times, loose compositions
or top of the other com eparate (one or more components migrating from the mix to the bottom
A binder simpl Ponents) which will have an effect on the performance of the device in use.

'mply holds the ingredients together thus preventing this. However, adding a binder
usually holds the entire mass together as one which decreases the surface area exposed to burn
Which would /ower the combustion rate. To fix this problem the composition containing the binder
is moistened with the proper solvent and the "dough” is scraped across a screen to granulate the
compaosition for use (see page 22 for more information).

Binders also act as a form of fuel and as such may tend to decrease the burn rate if added
after the fact. If not originally figured in the percentages and tested, adding additional fuel(s} of
any kind would reduce the oxidizer percentage in the formulation and thus reduce the bum rate
according to the percentage added. Keeping the percentage as low as possible (5% or less) is
best. Added as an additional agent, it may be necessary to increase the oxidizer percentage
slightly to keep the combustion rate consistent with original test results.

When selecting a binder, solubility is an important factor and must be considered
according to the components used. Mixtures employmg ingredients that are reag:tive with water
or moisture (such as C,Clg/Zn) should not employ binders that are water gctwated such as
dextrine or gum arabic. Here, cellulose acetate or NC lacquer solution is advised (for superrior
moisture resistance) or a8 binder that is alcohol soluple such as'red gum or gheila;. The binder
and its solvent must have a neutral (non reactive) effect in combm‘atuon with the othe;:-r
components. Note; acetone (and other solve_nts) are hygrgscppm arjd will absorp moisture in
storage if not purged with nitrogen. Before using wwth reactive ingredients, the moisture shoul_cl
he extracted by adding a tablespoon of granular desiccant per quart of solvent and shake. This

will absarb any moisture that may be present before use.

' s as well to “seal” the exposed composition to the container to
El?di SmC:igtii Z?\csi?ai:?an;ion. Used as a sealant, they must be resistant to moisture and
protect it fro ity in storage. Good candidates for sealants include cellulose acetate solution,
the effects of humt‘_ lny and vinyl resin solution. The first two are also the better choices for the
NC lacquer solu '0'95 because (used in moderation) they will not affect the ignition point or burn
bindel; 'Phg"il;nrﬁtis;l:f';rime Desirable properties of a good pyrotechnic sealant are as follows:
rate O :
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o Moisture.-
) Good adh

Good solubility
) ity in fa
Compatlbility with pls:at

pProof and non

AR

i -hygroscopi insolubility)
esjv : pic (water IN
Compatibility 1. o CPerties with a variety of substrates

ili
ity to Pyrotechnic chemicals in combination

drying solvents
sticizers to form elastomeric sea

jants if necessary

BASIC PYROT
ECHNIC BINDERS/SEALANTS AND THEIR PROPERTIES

Candidat
= Solubility Comments
Asph :
Phattum Mineral spirits Excellent low cost moisture-proof
Toluene sealant/binder. Flexible but burns
Turpentine with increased smoke. Softens @

other solvents

149 C

**Cellulose acetate

Acetone

Moisture-proof sealant/binder.

(Acacia gum)

(A For general purpose use, Solution may be thinned with
dissolve 1.0-1.125 0z CA | toluene to slow evaporation rate if
in one quart acetone. needed. **Excellent for use in prime
Thick, heavy slurries or as sole binder in moisture
concentrated solution is 3 sensitive compositions. Will not
oz CA/qt acetone increase ignition points. Can be
used to coat metals for protection.
Burns easily with no smoke of its
own to block visual effects. Add a
small % of plasticizer for
elastomeric sets. Good sealant
Dextrine Water Low cost, slightly hygroscopic, does
not moisture-proof. insoluble in
alcohol or solvents. Rigid set
i Water No moisture-proofing properties,
Gy P insoluble in alcohol, slightly acidic.

Not recommended for use with
chlorates. Rigid set

Linseed oil

Hydrocarbon solvents

Excellent moisture-proofing
properties but slow drying and
reduces combustion rate according
to gty used. Used extensively as
binder for road flares and similar
slow burning pyrotechnics. Usually
increases ignition points and burns
with smoke. Can be used to coat
metals.
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r Candidate

**Nitrocellulose ) Solubility Ccomments el
to make IaCQl(JZ?hd) Acetone Moistgre-proofbs‘;eﬁ:;r:] o with |
solutions Solun?nsfl";ﬁevaporation rate if
- o: toiuer;'e *?Excelient for use in Prlme
Nitrocellulose lacquer r;eeqes el er Sl
o ° uggzsitive compositions. Can I?e
used to coat metals for protectlgn.
Burns easily with noO smoke gf its
own to block visual effects. Will nf.:-ti
increase ignition points. Add a smal
% of plasticizer for elastomeric sets.
Commercial lacquer 1S more
expensive than cellulose acetate
o Acetone Easier to use in solution form (better
(Ehierinated nabber) Heptane solubility), moisture resistant. Good
Xylene chiorine donor for color flames.

Rigid set. More expensive than

other binders o

Polybutadiene resins
{(R-45 or Pban)

Un-catalyzed resin
thinned with plasticizers,
hydrocarbon oils and
solvents (where needed)

These require no volatile solvent to
evaporate from the mixture which
causes shrinkage. Instead, they are
cross linked using curatives
(isocyanates for R-45 and epoxy for
Pban). Low smoke production with
65+% oxidizer loadings and
moisture-proof qualities. Very
versatile. Can be used for most any
pyrotechnic application.
Compositions can be molded in
most any shape or granulated for
use and have excellent elastomeric
(abrasion resistant) qualities and

long shelf life. I
Polypropylene resin Toluene Use in solution form for moisture-
proof, elastomeric sets. Good binder
& sealant
r Polystyrene resin Methylene chloride Use in solution form for moisture-
Toluene proof, rigid sets. Good binder &
sealant
Polyvinylchloride Methylene chloride Easie( Fo use in solution form (better
(PVC) Methy! ethyl ketone solubility), moisture resistant. Goog
(MEK) chlorine donor for color flames
Cyclohexanone Rigid set ‘




L Candidate

it Red gum Solubility Comments
araides resin) Denatured alcohol Non-hygroscopic, good hot fuel and
Rasin —— binder. Rigid set
Alcohol Good fuel & moisture-proofing
Benzene binder. Tacky - easier to use in
Ether solution form. Burns with smoke.
Saran resin e Softens @ 110 C
Cyclohexanone Best used in solution form. Good
MEK chlorine danor for color flames. Non
. hygroscopic, moisture resistant rigid
SP”““‘“—-————-——_ © sets
ellac
(lac resin) . Denatured alcohol Good fuel, non-hygroscopic. Rigid
} ) o set. More expensive than cther

binders yet some formulations
require it (no substitutions) to get

s, good results
Sodium ”
Water Good binder with as little as 1%.
carbo :
WTgﬁélce}iulose ' Used as a thickening agent (gelling
l ) agent) for match slurries, etc. Rigid
’ set
” Starch Hot water Low cost. Purported to help
minimize the effects of moisture
Vinyl resin ' . Toluene Good binder with “tacky” adhesion
(40% solids solution) MEK while wet for specialty applications.

acetone Also used as the final coat over
electric match heads. Crystal clear
elastomeric sealant

Compositions that require casting into particular shaps(s) or “grains” should employ a
binder which has been figured in the formulation Pefceﬂtaga ~'not an addition to a e
.-n_Such an addition may have an effect on the ignition point and burn rate of the original
formulation. ok binder solutions may be employed to moisten a powder composition for
mlxtgre. However, ,Wtion “spritzed” onto a formed grain to keep it in tact. Providing the solids
aings of e 5 lut"m are low enough, the addition will have little or no effect on the physical
loadings of the soiull One of the best adhesives | have found for this is cellulose acetate. For
o aotach r'mx.se 1 0-1.125 oz CA is dissolved in one quart of acetone for use. Cellulose
" general pyrotechnic U he ‘jgﬂitiOﬂ point or combustion rate of the original mixture when used in
| acetate will not affectt

moderation.



IGNITION & DELAY
IGNITION

S.i{nplet thoro
compaositions have high igniti [
~ Compositions designmdn
oxldlzgr contents to control b .
If flaming occurs, both w::iurr?e‘;n ‘

Ugh ignitjon

On ting point oxidizer is the best choice. .

potassiumecgfoﬂ:;;nﬁsrt\:gm?mnIy used oxidizers in smoke compositions (mainly color smoke) is

combustion heat thén Othea aw mel'tmg Pcri'nt_ (356°C) supplying a lower ignition point and 101;@!‘

smoke compositions) r conventional oxidizers and the low percentage (usually below 30%in

Kandin hand with b oes not increase the sensitive natures to unacceptable levels that come
nigher percentages of chlorate.

\M’le_n'ever high ignition points are involved, the use of a hot thermic prime is used to ignite
the composition reliably. Such a prime contains agents, a combination of which, is easily ignited
by normal means and combust to form high energy (heat) and solid molten particies (slags) that
“melt” into the main composition to effectively initiate the ignition process. Once combustion is
started, the reaction (adequately supplied with combustible fuel(s) and oxygen) is sustained by
an atmosphere of increasing pressure and heated ash.

Requirements placed on prime mixtures include properties to,

A) Ignite easily by normal conventional means and supply exothermic values high enough to
quickly initiate heat transfer and sustained combustion.
B) Be compatible with other components and stable during manufacture and prolonged

periods of storage at various temperature an_cl atmosphe_ric ranges.
C) Propagate slowly to supply necessary thermic values with a minimum energy release of
combustion spatter, gas and light (to minimize possibilities of spot fires in use).
D) Sustain combustion throughout main reaction by supplying adequate molten “slags” to
transfer heat to unburned composition ben.eath tha initial reaction surface. S
hygroscopic indeed, supply protective moisture-proof barrier for sure fire ignition
= qufgzlr]\:vggther andl adverse storage conditions (through the use of a moisture resistant

resin such as cellulose acetate).

: rotechnic compositions which contain oxidizer percentages in excess

Unlike mo;t;gi:g){' low ignition points for easy ignition and rapid combustion rates, as

of 55-60% whicl ompositions must generate low combustion temperatures made possible by

stated, smoke Ct gs at levels barely adequate to initiate combustion and enough gaseous

oxidizer fergfg,i%porized combustibles freely from the reaction and further decomposition by
products 10 C

excessive heat or open flame.
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Cﬂmp sy
be inher
. ently difs;
i ) .

f IDW i e tions can
ulus such as

this heat (from molten
gnition points (well
t pe ignited without

S - n
Solid "slags”) unfjl gygpe IO the Surfany herefore be supplied with stim
the 800° C) is hexaenyeod com Ustion 4o @ composition and maintain this
the use of 5 therm; Sroethaneysin, develops. An example of such high |
C prim - 116 OF Zinc oxide/aluminum. These canno

® of high mc
: m :
A list of Candidate Mater; olten solids under combustion.

als for g i
Oxidizers SMoke and priming compositions include the following;
Barium nitrate

Barium peroxide
Potassium chiorate
Potassium nitrate
F’Otgssium perchlorate
Sodium nitrate

Also included i i
,» acting as high temperature oxidizers are,

Hexachloroethane
[ron oxide

Lead dioxide

Red lead tetraoxide

Fuels Antimony sulfide
Carbon (charcoal)
Dextrose
Lactose
Sucrose
Sulfur

Thermic agents Aluminum
Antimony sulfide

Iron oxide

Magnesium or magnallium
Manganese dioxide
Silicon

Asphaltum
Cellulose acetate (solution)

Dextrine
Nitrocellulose lacquer (solution)

Red gum

Binders (also act as fuels)

ili ' bonate
l i nts/stabilizers Calmum. car
Coolln%ﬁgznts) Magnesium carbonate
l (bifu Sodium bicarbonate

Zinc oxide
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el

Arc';‘l"“onilunn chloride
2101 dyas & pi
Zinic A pigments

Chlorides (combustion by-products)

Color agents

Prime compositions

values
are example com
generation). The |

By carefu|
Y selectin ; 5
and combustior, atgscsg didate materials, a varisty of prime mixtures with varying thermic
Positions whiriqu'red‘by the particular composition can be produced. Below
SN are listed in order of their thermic value (heat and slag

atter cop iti
MPositions are best used for high ignition point compositions.

& Sodium nitrate 51.0 % by weight
Sucrose 41.0
Charcoal 6.0
Cellulose acetate, solution to make a slurry
* Sodi i : i
e um nitrate is hYQFOSCOpIC. Do not use a water soluble binder to make the prime slurry for
B)  Potassium nitrate 70.0 % by weight
Charcoal 20.0
Red iron oxide 6.0
Dextrine 4.0 (water)
C)  Potassium perchlorate 60.0
Silicon 15.0
Aluminum, 40-270 mesh 8.0
Charcoal 4.0
Red iron oxide 3.0
Red gum 10.0 (denatured alcohol)
D) Barium peroxide 50.0
Potassium perchlorate 20.0
Aluminum, 40-270 mesh 50
Magnesium or magnallium
(approx 100 to 200 mesh) 15.0
Red iron oxide 5.0
Black iron oxide, medium fine 50
Cellulose acetate solution to slurry

. ates of these mixtures may be adjusted by adding or subtracting the
The combustlor; Jbtracti”g or adding the same amount of fuels). The higher the oxidizer

dizer percentages ( /
l sglgzgta%e the faster the combustion rate.
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Time delays

A]thOUQh primi

are other ways (. . '"9 doubleg |
The U}s’se tt)fm'PO'OI.“'C‘E’ longer. 2 2ight delay before ignition of the main composition, there
including direct i?] ta friction igni érCOHErDlled time delays when needed. e
black-match (l;r Stantanegyg igm“nm PUIl string igniter” allows a variety of delay possibilities
almost instantg alded cotton, varn i.n of the main composition using a length of quick-match or
braided ang Neous, g onge Mpregnated with black powder) which burns very rapidly,

coated to 5  delays, 4 length of safety fuse is used. This type of fuse is

fuse, the | Upply a s
onger the delay, lower combustion rate which is quite reliable. The longer the

The friction igniter g
: : ntaf
;Zscglinbg;zi;gen SPoxied to thzlr;isd:\igﬁrt tube or "barrel” to which the fuse or match is inserted.
: N grain. The other end of the smoke container, usually on the inside just above
JITY. Again, the |gn of the fuse or match is “cemented” into the main composition
. The igniter may alsg b 9th of fuse determines the delay time.
particular design ang type of € Mounted on the outside of the container as well to suit the
protected and can ignite s fjev'?e but this design has its drawbacks. The safety fuse is not
The use of py|| Strinpot frr'e.s If used in dry grasses or other combustibles.
applications where matchesg ‘thor? IS most common and highly desirable in survival and other
the other hand, just s len may be in short supply and reliable, wind-proof ignition is a must. On
explained, this type has its 'g 1 of safety fuse and a cigarette lighter can be used as well but as
Imits and finds its use more in firework applications than signaling or

I survival use.

SMOKE CANDLES & SMOKE STARS

Many compositions designed for use in pellet form (classification 1 & 4/A page 7) usually

I contain slightly higher percentages of an oxidizer with fusl(s) that produce smoke from their rapid
combustion. The smoke, largely a solid byproduct from the pyrotechnic reaction can produce

rather poor results as compared to the formation of metal chlorides and moisture. However, the

’ light weight smoke of lower density has its apph;sftions as well. An example of a smoke candle
that may be used for both wind tunnel use, fungicide for nurseries and rodent control (from the

high concentration of sulfur dioxide produced) is as follows;

A) White Potassium nitrate 48.0 % by weight  oxidizer
Sulfur, flour 440 fuel, smoke
5.0 fuel, combustion

Charcoal, air float

Dextrine (water) 3.0 fuel, binder

ublimes to form solid particles with strong sulfur dioxide gas (SQ,) aided
o t? L:-S; '%imn combustion. The high oxidizer content is required foE* sjgtained

by charcoal ::jhe <ulfur as well as ease the ignition. Unlike color smoke, the high heat produced
combustion of the quality of smoke produced from this type of reaction and no special
does not destroy he formation of pellets with no outer wrap is common practice

sl _indeed, S
conta!nsz;?’ Sﬁ‘i’gsi;%’e they require a hot pyrotechnic prime for proper ignition.
Rather difiic '
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Another form of sm

such as the prodyct Oke can be produc i - anic fuel(s)
production. The foflan, SO0 Volati o e incompiets combuslian of 209

ollowing formutas "® Salids of high carbon content are good candidates for e
ation is gn example of such a reaction;

B)  Black =
: : Otass;j
SulqurSIum Perchiorate 55.0 % by weight  oxidizer
Na 11.0 fuel, smoke
Asgﬁg'ﬁtilene (or anthracens) 300 fuel, soot
M (mineral Spirits) 4.0 fuel, binder, soot

An example of a diffe
containing red phosphorayg S type of composition that contains no conventional oxidizer is that

that strongly attract moistyre in ti Combustipn of phosphorous and metallic fuels produce oxides
very easily without a conye ti o f(.]”fn'ng a dense white smoke cloud. Phosphorous ignites
explored. The combination Nuonal oxidizer and there are many formulations currently being
mixture highly sensitive to fri of phosphorous and any conventional oxidizer would render the
combustion of PhOSphOrouZCt:-c:,:f shock or heat and will become unstably explosive! Note; The
use where direct co ntact Willpb Uces acidic/toxic phosphoric acid and is not recommended for

€ made,
C}  White Red phosphorous, amorphous ~ 55.0 % by weight  fuel, smoke
Manganese dioxide 30.0 fuel, combustion
Magnesium (coated) 7.0 fuel, smake
Magnesium carbonate 1.0 stabilizer
Cellulose acetate (solution) to slurry binder

The magnesium is coated prior to adding to the mixture for protection in storage. Devices
made from this composition must be sealed from moisture.

Fumes from burning phosphorous are toxic and compounds containing it are extremely
sensitive to heat, friction or spark and highly reactive when in contact with oxidizers or sources
of oxidizers such as prime compositions. Phosphorous is foo reactive to be used safely and it
is therefore the opinion of this author that it should be avoided. We offer this formulation for

information purposes only.

itions can also be used in compressed pellet form but it is best to
Color smo'i('encﬁ':;pg ?;ﬂn wall paper tube open at both ends. A hole is formed through the
press the compost 13 fused with a length of match and the ends are sealed with a moistureproof
grain end to end an Tuh's will supply enough surface area to produce good color, otherwise,
prime composition. 1h! duces a much smaller column of smoke. It is sometimes necessary to
burning from one _end proter‘lt for pressed pellets in order to overcome the lack of burn surface
increase the OXIdIZ:Srs?c?: yet not high enough to cause flaming which will destroy color. An
reated by compr .
gxample fgrmulation follows;

: 47.0 color dye
, damine B o
D) Violet ﬁgfassi um chlorate 27.0 oxidizer
gucrose or dextrose 13.0 e
13.0 stabilizer, coolant

g icarbonate ] - .
ggﬂﬁ;ﬂsg acetate solution — moisten mix lo press binder
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Smoke
peliets with no Wrd also

stars, Upon j

: gnition ¢ N prim; , as
display of smq » the byrg ch "0 They are loaded into shells in the same manner
Shimizu, Theykn(: trails ag they arge ignites the stars and splits the shell throwing a colorful
Y have slight char, 19, Trie following are examples of smoke stars taken from
E) Whi 985 1o suit product availability,
ite Chrysamhem
Um (hon-dye)
Potassiym i
Sl.ll‘l‘url ﬂuu:mrate 53.0 oxidizer
harcog| 4 7.0 fuel
Lampblacy | 02t 32.0 fuel
Dextrin ¢ 8.0 fuel
F) Black (non-dye) © solution (water ) to moisten binder
P -
N:ta:flurn perchiorate 56.0 oxidizer
Phthalene (moth balls) 33.0 fuel, smoke color
Sulfur, fioyr 11.0 fuel
Dextrine solution (water) to moisten binder
G) Green (dye)
Potassium chiorate 33.0 oxidizer
Sucrose (milk sugar) 27.0 fuel
Oil yellow 20.0 fuel, smoke color
B Phthalocyanine blue 20.0 fuel, smoke color
Cellulose acstate solution to moisten binder
I H) Yellow (dye)
Potassium chlorate 32.0 oxidizer
l Sucrose (milk sugar) 28.0 fuel
Oil yellow . 40.0 fgel, smoke color
l Cellulose acetate solution to moisten binder
) Blue (dye)
' Potassium chlorate 3?3 ?XI?IZEF
Sucrose (milk sugar) ' =
thalocyanine blue 40.0 fuel, smoke color
P to moisten binder

’ Cellulose acetate solution

e ) ;
COated iy, .. CTeate daylight aerial shells. The smoke is pressed into

' ' | lurry and dried.
thoroughly, the stars are coated with a prime s
ek pressé(?jd :sni!ce!g? ?ubber or latex gloves and cover the table with newspapers. Dyes
- t y i
When working Wi

: il stain hands and equipment. |
are messy to work wﬂl’;)?l}ﬁir\:’g ffom a star gun. If the stars flame (except formulations E & F)
tars
Test the S

reduce the oxidizer 1-2%.
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“EXPL
OSION oF SMOKE” & TRAILING
COMPOSITIONS

The term "ex A
: Plosion of -
;';O?j'!aa f?!gh_ energy COmDOSitioﬁm(?ke has been usad to explain the abrupt production of smoke
S mix. Usually a mi - ~8rtainly the most widely known of these high energy mixtures

nxtur : ; :
smoke produced from the ragic{l) f strong oxidizer (potassium perchiorate) and aluminum, the
Superheated combustion consists mainly of potassium and

aluminum oxides dis

The_se bt s, fi?;r;s;c; rand Mixing with moisture in the air forming light gray/white smoke.
dewf:es called flash bangs ThS have been employed in military simulator and white light flash
iy miing. Seide effect ©Se compositions can be altered to enhance various properties for
heat of-conbustion o, e 8. The addition of easily reduced materials that are vaporized in the
St Slightiy . © the density and color purity of the smoke produced and reduce the

B SNRS ey tW(.*-Drdlng to the quantity added to the flash mix.

whitening of the smoke "rhe0 agents can be added which will increase the density, volume and
as follows: : se two are ammonium chloride and zinc oxide. An example of this is

A) White flash & smoke

Potagsium perchlorate 63.0 oxidizer
Aluminum, dark flake 23.0 fuel, smoke
Ammonium chioride 7.0 fuel, smoke color
Zinc oxide, powder 7.0 whitening agent

‘ fncreasing the ammonium chloride will slow combustion rate and supply more smoke. The
zinc oxide cools and whitens the smoke by attracting and consuming the carbon produced during
combustion which would otherwise tint the smoke gray.

Black powder modifications

sitions similar to this and others can be modified to meet the requirements of
ts for compositions that “trail”, that is to say they burn in the patterns
I thin trails. We have all seen black powder used this way but black
go rapidly for particular applications. Mixtures of black powder and a

gg::gﬁ;tig?: };rz szrsne(} wide{)? in speqial effegts: We have all seen explosions and fireballs of flame
d thick black smoke ir the movies. This Is the result of ‘the combustion of two ingredients -
an der and granulated Anthracene. The black powder is the propellant and the anthracene
blac}< powder a boa) supplies thick rich black smoke. Sometimes a small bladder of gasoline is
(solid hyd.rocar o the flame front. The resulting “explosion” is directed upward using a heavy
added to increas H and lasts only a moment or two. The resulting smoke cloud looks like an

steel flash pot or trougd

: . ; in rubber.
oil reflr]?i:y 2:;?1 EL ::; f:: 05? black powder gives off large amounts of gaseous product and smoke
e

: d propellant choice for special effect applications. Other ingredients may be added
making it _&; Qgsmprate supply color flame of increase smoke. The possibilities are endless.
to adjust 1tS '

Compo
theatrical and special effec
they are placed in as sma
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" and experience. Di

The following prq,

: ced
owder. ur [
powder. This can be used ne 3r® examples to add color to the combustion f

5 lame of black
Wth [ . S " ili »
th color flash or to Hift an @ railing composition, a propellant to produce blan

k ammunition

vil
£ N S Off the ground (anvil firing).
Bl ‘
Strack Powder, granulated BE. % by weldt
N | ontium carbonate 15.0
Blue flame
glack Powder, granulated 85.0
Opper oxide, black 15.0
D) Purple flam
g9 e glack Powder, granulated 85.0
trontium Carbonate 39
Copper oxide, black 6.0

The addition of a ch|

can be done by adding o orine rich agent will deepen the color so it does not "wash out”. This

i additional 8% ' ide) to the mixture but at a
rice. Rem . o or so of PVC (polyvinylchloride) to u _
5) the am03:tbae§dezm tem you add to the black powder will slow the combustion rate according

ed. Try smal| test batches to see if it will work for your particular application.

Another method Can be used to formulate black powder mixtures to increase the

combustion rate. However, be cautious when using any of these modifications as propellants.

They are not a substitute for black powder for any conventional application. Each has properties

unigue to the particular mixture and adequate/complete testing as per the application is
mandatory. The following method may be used;

E) Red flame Black powder (commercial) 62.0
. Strontium carbonate 13.0
Potassium perchlorate 14.0

Polyvinylchloride (PVC) 8.0

Dexirine 3.0

With stirring, add enough boiling water_ to the' black powd_er to _make a smooth batter-like
slurry. Continue stirring while adding the other ingredients and mix until well Qhomogenized. If too
thick to mix, add a few drops of water. Do not add too much water. The mixture should be like

utty or [ay-dough for further processing. If not, wrap the mass in a coffee filter and squeeze out
P P water. Pack the “dough” into a ball and rub it across a 10 mesh screen over
the ¢.=3:»<<:e,t5’5t raﬁuiate' Allow the granules to dry thoroughly in the sun before testing. Adding
newspaper 'On? erchlorate (subtracting same from black powder) will increase the combustion
m?é'e 1}?;;32?:0353 may also be used to decrease the combustion rate.
rate.

- ing andfor madification of high energy mixtures such as these require great care

The mixing caster awaits the inexperienced or careless! These compositions are extremely
; d sensitive to @ wide variety of stimuli_ including heat, friction, static spark and other
reactive and =t and as such must be treated with respect. Only small test batches (10 grams
sources of m;;nftic;:::3 made at a time. Larger quantities must be mixed by remote means. The use
or less) should chemical safety glasses/goggles with polarized lenses if possible (face shield
of leather glovesrn sleeve cotton clothing is @ must when working with high energy mixtures. Yoy,
preferred) and long S'& t how damaging ultra violet light radiation from the combustion of metallic

: at Jus
would be surﬁ: :'if:resjcaﬂ be to the skin and eyes even at a distance!!
high energy
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High energy metalljc Composit
Oons

or visible/audible traits dy

controllc?tt::"mainiy by its granulation gize
er mixtures ‘

combustion heat, smokergay o oea. Joe difavek TSRCET L ‘g e

S L ;{rj gﬁs volume or sensitivity to various stimuli inciuding ignition points.

granulation size for each tezt'lsmu:j Aesarcing to thel e e o

Formulati : :
Fomuiaﬁgg gg ga_lsm black gunpowder (commercial) (Graylwhite smoke)
Formulation C) | g Increase in smoke and burn rate (White smoke)
Formulation D) nerease in burn rate, gas and heat (White smoke)
High chlorate content - extremely sensitive t0
(White smoke)

heat, friction, static spark, etc. Rapid burn rate
The purity of smoke produced from tests B, C & D was improved by the addition of
l:ammopzum chloride and zinc oxide. Both would be considered diluents in most formulations
including these tests but as components in high oxidizer, high energy mixtures, they increase
smoke volume and whiten the smoke by consuming atomic carbon during the burm.

Slower A B C D Faster

Oxidizers
Potassium nitrate

Potassium perchlorate
Potassium chlorate

Fuel / smoke
Charcoal
Sulfur, flour
L actose
Aluminum

Diluent / smoke / color '
Ammonium chloride

Zinc oxide

Binders .
Dextrine
Cellulose ace

* solution)
tate solution

Smoke production (scale 1 to 10)

75.0 40.0
35.0 64.0
67.0

150 120 10.0

10.0 6.0
10.0 90

15.0

50 8.0 100
20 30 40

3%+ 5 7 6
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Binder Solution jg
jssolved in

it. The mix i i a mi
Is Moistened wit. . QUre of 15% dextrine d

Chiorate compositi With en, water with approximately 10 to : :
Positions ar sensi)t?\?e tufftha solution E)pmake it azdough" for graalnula'ung,.n(3{-;1:;';1;3;‘:!1

O friction and shoul “nushed” through a scree
e B Y jieces with a wood

of rubbed across j
it for or
anulatin
g. Tha dry NWO " .
ed into p
rms” are gently crush better to USe

block then screen
) ed for gj
dextrine i Size. |

solution for test ¢ & S g;y\f,gﬂ‘a‘es (usually high static buildup) it Mmay g

Bear in mind th
at th :
become explosive when c?rﬁ' mixtures (granulated or powder) are highly flammable and
ined (rapid gas evolution)! Production and storage must be

according to local, state anq federal laws!

INSECT & RODENT CONTROL

For man ,
B iisad Suc)ée}{se?[;' smoke producing compounds laced with insecticides or poisons have
skunks. chuck siully to fUleal_ta _and eliminate burrowing animals (mice, rats, squirrels,
: s, coyotes, etc) by eviction, suffocation or inhalation of poisonous fumes. '

Combustion of mixtures designed to produce noxiou '

‘ ture s or toxic gasses and smoke, pressed
m-to'pellets or cand'les, ignited and placed within the confines of the infestation will 2xpertly
eliminate the pegt(s) in most cases quickly and thoroughly. The active ingredients are vaporized
by the combustion heat of the fuels and carried from the reaction zone with other combustion

byproduct gasses and dispersed into the air.
Similar compositions laced with volatilizable insecticides can also be used effectively to

control insects and bacteria, etc in greenhouses, barns, storage areas, cell

d smoke have the advantage of reaching into non—accessibllea;?ezgiigs g; itr\;'{ff:
and around foliage, etc. that liquid sprays cannot reach and insecté
and bacteria grow and breed. This was the thinking behind the development of household and
agricultural foggers and atomizers that release fine mists designed to penetrate hard to reach
areas. Although effective, these devices are only capable of treating surface areas that the “mists”
fall onto and kill only those that come in direct contact with the liquid agent(s).

Compositions designed to produce toxic gas or insecticidal smoke have the advantage of
rich density to penetrate and saturate the infested area(s) leaving a residual coating in places not
treatable by other means. Such devices can also be ignited upwind of a potential camping are
and allow the smoke to be can_'led through the site to rid it of flies, biting insects and moths takina
refuge in the grasses and foliage. | have used these devices in this manner successfully in mg
favorite camping area. Tr)e device | use gnntams about 3 ozs of composition with a burn ti X
A slight breeze carries the smoke across the area. ime of

approx 60 seconds.

walls. Mists an
crevices, between walls, In
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or fungicides with Semployin
burrowing insects g
fungus in enclosed g
example formulationg
lacquer or wax sp t
is also formed in t
of the grain. The

Comp()sitions

nsecticides
crawling Or
ous plant

devices are simple and easy to construct and use. The following

Moke g g agent_s which upon combustion, release toxic gas, |
Nd larvag o ectively used to control many types of ﬂ)"“g'v o
reas. These rough fumigation) as well as vertebrate pests or
L i
hhe liquig insacticig

€ Composition gn
Y are ignition Prime

hny in thick wall tubes previously treated on the inside WItZ
€8 do not absorb into the paper. A slight shaIIO\ﬂf ol
d sealed with cellulose acetate solution to retain the shape
d and fused for use.

PEST CONTROL SMOKE FORMULATIONS

ING
REDIENT 4 = & o E
” Potassium chlorate 25.0 25.0
,' Potassium nitrate 30.0
Sodium nitrate 65.0 43.0 l
1
Asphaltum 5.0
Cellulose, wood or paper 5.0 5.0
' Charcoal, air float 31.0 13.0 2.0
Diatomaceous earth 8.0
Sucrose 5.0 50 ﬂl
Sulfur, flour 4.0 9.0 55.0
" Ammonium chloride 5.0
52.0 3.0
Hexachloroethane (HCE) 4
Insecticide (*=additional) 18.0 12.0 12.0
- 0 A
] Magnesium carbonate 7 2
11.0 220
Zinc oxide
L
' ' igni ding on the insecticide used. Th
ulations may be difficult to |gn|t_e depen ‘ The
Note; The'se'fif?jsed by farmers are best. The higher the concent(attqn. the less you need
concentrated Va:f:ﬁquid is added to these formulations, they may not ignite at all.

to use. If to0 il
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Check the gof
. active j :
You will see g = INQredig
Use full stren Surpns'”gf low nts.on various household insecticides for
9th for these gey; V@ ingredient percentage. This shoul
©8s. Do not dilute any of the active ingredie

type and concentration.
d give you some ideas.
nts used.

Composition A)
Produyei
vertebrate . “PAUCn ; .
S ranging in sizEQ Mainly carbon monoxide, it is effective for treating burrowing
tion (subsaquent

composition weij fro ;

weight) as per { M mice to coyotes by adjusting the burn dura

n oy . t of composition
ntofc

will vary fi e §j
Ty irom 75 to 300 grams ;22;;;“91 nest or den to be treated. The amou
ngly.

ratin
pgs?‘;:je variety of toxins (80,, CO, CO,, etc) including those from a
e) to rid an area of both insects and small rodents. Here, the

insi rate i :
the inside to repel the liquig g;S absorbed into the composition. Containers must be treated on
vapohzed by the Combustion th?ls thus keeping them in the composition where they can be

Composition C) Em i which can be

. ployi 88U

against a wide variet 013:' ng CgCIG_issuung strong chlorine and other gasses which can be used
ga wid ety crawling insects and burrowing rodents.

Composition D) This

is added to the main 221”?[03’3' an additional pesticide for specific or varisty control. The pesticide

need to be increased sij hf;os-‘lt'c’” before pressing into the casing. Again, oxidizer content may

use on both insect ghtly in order to obtain a smooth burn with a minimum of heat. Good for
$ and rodents as per the active ingredient used.

Compositio i i
insecfs anc; S':nEl)l s composition employs a specific pesticide with S0, for variety control of
all rodents with dense coverage. Diatomaceous earth acts as an absorbent and

combustion catalyst.

In addition to pesticides and poisons, fungicides may also be employed in the same
manner for control of molds and mildew in musty or moist areas where proper ventilation is a

problem.

uses, produce areas and fruit cellars have used sulfur dioxide gas (SO,) to rid the
insects, bacteria and fungus. The SO, is generated by combfxstion of a
pyrotechnic composition containing a high percentage of sulfur pressed into pellets or candles
of varying burn duration as per the size of the area to be treated. Common size candles consist
of 250 to 500 grams of composition and several may be used to treat larger areas.

Although effective, these candles often times merely repel rodents but will kill if they are
trapped in areas where they cannot escape the gas. An ongoing program of treatment is most
effective for permanent results. The following areAexample forrgulations;

Greenho
area of rodents,

Potassium nitrate 25.0 18.0 oxidizer
potassium perchlorate 7.0 Sailizar
Sulfur, flour 70.0 70.0 active ingredient
Magnesium‘carbonate 1.0 1.0 stabilizer
Charcoal, air float 2.0 20 e

tate solution additional  additional binder AR

Cellulose ace
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Both mixtures . _
compression and thlzaarrr;:;e rather difficult o ignite (B slightly easier)

CA/quart acetone) andUQh drying, the pellets are dipped into cé

air in order to burn
possible, although slight,
percentages of KNO, with
may cause obvious dama

Properly. The addition of KCIO, is minimal and We,

increase in combustion rate and ease of ignition.
KCIO, is possible but comes with an increas
ge. Keeping the percentage as low as poss!

Replacing jarger
ain combustion heat that
ple is best.

SMOKE PRODUCTION & INSECT CONTROL
USING VOLATILIZED LIQUIDS

The idea aof volatilizing liquids to produce smoke is not a new one. Military units around the
world have used this method te produce dense smoke screens to obscure troop movement or
buildup or to confuse the enemy forces. Landing craft, armored vehicles and other equipment
produce the smoke cloud by pumping dtesgl fuel or mineral oil directly into the superheated
exhaust system where the oil vaporizes into microfine particles which condense with the moisture
in the air forming a dense white cloud. Oil based color smoke dyes may also be mixed with the
oil to produce color smoke trails. We have all seen the air force and navy flying teams producing
color smoke trails at air shows.

This same principle is qsed to fog large areas to control mosquitos and other flying and
crawling insects. The pesticide is mixed with mineral oil and injected into a superheated charibsr
or small tubing wrapped a_round the muffler or a propane fired heat source. The ensuing vapo
contains billions of microfine “droplets” of active pesticide settling on virtually everythin inp'tr
path. Here, the pesticide is chosen for quick knock down or a longer term residual effec? A .
child | remember the city trucks driving through the neighborhoods fogging for mos e S a
biting flies in the heat of summer evenings. The high volume of smoke PFOduc?ed dsri?tgg

i hood engulfing everything in its path dri :
throughout the neighbor Ifing everything path driven by a sligh _
eﬁecgve way to rid the area of flying pests. dhtbreeze. It is 4 very
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Oil base; ~ , :
Diesel oil, fus| oil, kerosene, mineral oil, mineral spirits, turpentine

Water base; Glycerine
t
PUTTIPEC? il:ltoog t:sasgdt:i? are two that would pose the least health risk when b(egt?;?o ;’;3
: . ©m, the least volatility (flammable risk). The first is glycerin
by mineral oil as the runnerh Up. Both of these ca,.,yb(e used to create smoke clouds by ;hemse;vzz
o s € health risk when used in an area where it will be breathed in suc AS
\Tr;’iﬁri}; raining or special effects stage or theatrical work. The U.S. military now uses “fog oil
. tngr:’ oil and special effects pyrotechnitions use glycerine mixed with water. Both are
fsilt;%e\:!itiaaefoggevapor iz& the oil which condenses in the air forming the cloud. Giycermﬁ \?;ater
I over ice creates g * » Anvone watching “thrillers”
on TV has seen this done. a "smoke” that stays on the floor. Any

_Mixtures containing a solid hydrocarbon and appropriate solvent are also included as
candidate materials for similar use. As example, a solution of solid organic dissolved in an
aromatic solvent is used as the volatilizing mixture to produce a dense cover cloud. Pesticides
and other active ingredients can then be added for a customized effect in addition to smoke

cover. Example;

Asphaltum 0to20 %

Mineral spirits . 20 to 40

Active ingredient 0to 20
*Mineral oil 10 to 40

** The mineral oil is added to modify the bumn rate, the formulation flammability (solvent
dilution) or the viscosity of the mixture. The amount of asphaltum is adjusted according to the

desired viscosity and volatility required. The higher its percentage, the;

A) Higher the viscosity (reduced fluidity)
B) Slower the combustion rate
C) The higher the density of the smoke
* D) Higher the flashpoint (temp at which auto-ignition occurs)

* E) Higher 'the ignition temperature
F) Higher the hydrocarbon molecular weight (more smoke)

* Replacing 8 percentgge of toluene with mineral oil will also raise the ignition temp and
flashpoint but the solvable mixing time is Iengthened. The higher the flashpoint, the less volatile
P becomes. To add the mineral oil, it should be dissolved in the solvent after the

tahsihn;;ﬁ:nreand pefore additional ingredients are added,
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The ViSCo .
Sity of the m;
thnt)rti]cgti?_a;hz fogging unit frop " is important, it must be fluid enough t© T
res e aturally, Mixture g olding tank to vaporizing chamber, coil or
fOl}Vsent Derr han_d held fo : Signed for a larger system may have to beré
= modifying ol tg mainta::i'g:;dared pesticides are added, the mixture may
roper viscosity.

ity
manifold without
duced in viscosity
require More

In solution, the g

. s
in the solvent which (with g??&:::]t:g t:tirovi
' ut mi

by the heating ves
Combiﬁatjg:: 'D(fftrﬁ?}er) and. sUbSequent heat available as generated by_ its hgat sou_rce.
just plain mineral oil is ajgq eral spirits (lower flammability/higher flash point) with mineral oil clar
used by the military. USedPOfSIbIe. Mineral oil alone (or mixed with smoke dyes) are commonly
health out of all smoke alone, the volatilization of mineral oil is considered the least risk to
generating solutions or solid pyrotechnic compositions.

condensslg;;gar:. ?!I':gur?; tt_?an 28 used with an oxidized material to produce white smoke by

“cloud” of micronized CI'.D” VaPfozes the oil which then condenses with mplsture forming the

65 IntrBEse Sk solid particles suspended in the air. Additional ingredients can be added
Smoke volume and/or purify the color. Example formulation as follows;

Asphaitum 15.0 % by weight
Toluene or mineral spirits 20.0 (additional)
Mineral oil 15.0

Zinc oxide 240

Cellulose (wood meal or paper pulp)  20.0

Potassium chlorate 26.0

This formulation is a basic starting point and may be adjusted in a number of ways to suit
a particular requirement. The percentage of oxidizer can be increased if the mixture is difficult to
ignite or if the combustion rate is too slow (the opposite also applies). The cellulose is an
absorbant and can be adjusted to accommodate fluid volume. Zinc oxide acts as a bleaching
agent to purify the (white) smoke color qnd it too can be reduced shightly to adjust the burn rate
or reduce the ignition point. Other materials can be added to customize the formulation such as
ammonium chloride which provides good white smoke while reducing the combustion heat if
reqwre_?llle procedure is pasically the same as listed previously. The asphaltum is dissolved in
the solvent followed by #he mineral oil: The other ingredients are added, mixed homogeneously
then pressed into the container. The mixing process should take a bit of time to allow some of the
solvent to evaporate fromHe mix. The mass is then pressed into place while it is still pliable and
<ot aside to allow the rest of (g golvent to evaporate before priming, fusing and placing the end
caps or plug to finish the deviee. This composition requires a core through the center of the grain
for volumes of smoke. ite (i ot crosslink to f ' ix) i
Although not a true composite (it does n o form the bmg!er matrix), it can be
< a form of composite because the asphaltum, solvent and mineral oil (plasticizer)
omeric, moisture resistant resin base as the solvent evaporates. Asphaltum may
lightly to form a more rigid set.

referred t0 @
gel to an elast
be increased $
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CO
MPOS‘TE SMOKE FORMULATIONS

In recent years
long term storage Effe(';tt? :re has been a lot of effort to develop smoke formulations immune e
pyroteghn,cs are notorioy, £ Unpredictable, adverse atmospheric conditions. Since conventional
to designing pyrotechy; Y Sensitive to a variety of stimuli during storage, the logical approach
following properties: € formulations for the future are those that contain some or all of the

1) Ease .
°f Production a- low process liability
2) Shrink contro b- inexpensive low tech process equipment
a- true composite “cross-links" using a curative to
form the polymer matrix. No solvents of water
to evaporate which causes shrinkage
a- elastomeric binder matrix to absorb minimal
shock and expansion/retraction of grain during
seasonal changes (heat and cold variables)
b- retain grain shape and bond strength with casing
c- ability to be cast or molded into shape without
4) Moi ) the use of a permanent casing (if requiret.j!)
isture resistant a- non-hygroscopic, indeed, moisture repelling
5) C . ) insulating binder matrix (generally rubbe.r base)
Orrosion resistant a- liquid polymer coats / insulates susceptible
materials from conditions of corrosion or decay
&) Stabilized composite a- rubber composite “insulates” the ingredients from
heat, abrasion, mechanical stress and moisture
which increases shelf life and reduces the dangers
of heat and cold in storage. Indeed, composite
pyrotechnics are generally harder to ignite
requiring primes

3) Flexural strength

There are many candidate materials that can be used to form elastomeric, moisture-proof
binders that will supply some or all of the above listed properties. The following example
candidates were chosen and tested for their ease of use, weatherproofing capabilities and low
cost. Properties for each are also listed; Legend: * indicates the properties are possible on a
limited scale depending on percentage of resin used and other factors.

Resin Properties Extender Elastomer Cure action
1,*3,4,*5,"6  hydrocarbon  mineral oil or  air cure by

A) Asphaltum solvents plasticizers  solvent evap.
1, 4, *5, *6 acetone plasticizers air cure by

cetate
B) Cellulose & solvent evap.

quer 1.4 *5 *6 acetone plasticizers air cure by

— lac
C) Nitrocellulose solvent evap.

———
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Resin Po——— —
re action
D) P-ban polymer — ——~———Froperties Extender Elastomer _CU

i 3 li g
il —nposie) 1.2,3,4,5 6 plasticizers plasticizers cross-link

EJ PD!Y BD R_45M reSin

with curative

(water based adh e( VA)

(irue composite) 1,2,3 4,5 6 plasticizers  plasticizers gi?ﬁﬁ‘ggg;?ve

1, %4, low PVA% for glycerine air cure by

Sive)

A)

B)

C)

D)

low viscosity solvent evap.

Aspha!tum was ch
are not “true” com
of one. Early m;
composite
asphalty

Osen for low cost and production ease. Although compositions using it
Posites, asphalt/mineral oil mixture has many of the desirable properties
Xtures of oxidizer, asphaltum and mineral oil were used in tt_ue first
_rocket propellant. For use in smoke compositions mentioned herein, the
of solid irr;n 'S ;'SSO!"GC’ in a 60/40 solvent/mineral oil mixture anq the appropriate arr;ounts
15% b gredients are mixed into it. Total asphalt percentage will range between 8% and

o BY weight. The “composite” is cured at temperatures between 70° and S0° until
tackiess (complete solvent evaporation).

As an avid pyrotechnist, | have used cellulose acetate solutions as a binder for a wide
variety of pyrotechnic compositions including pressed smoke mixtures and smoke “pellets”
or “candles”. It is inexpensive and easy to use, it supplies good adhesive properties
(especially when pressed) and excellent moisture-proofing qualities as well. It ignites and
burns easily but produces no smoke of its own (an asset in other compaositions). Although
it can be made elastomeric by the addition of plasticizers such as DOA, DBP, DOM, eic.,
they seem to reduce the adhesive qualities somewhat and the compaosition tends to
“crumble” unless enough CA is used in the solution (higher solids loadings) and enough
pressure is used to form the grain. A 16-20% solids loading CA solution should not use
more than 10% plasticizer in the solution. For rigid sets, CA is an excellent choice.

Compositions employing nitrocellulose lacquer as a binder exhibit good adhesion and
weather-proofing properties bu't similar to le. solutions, it has limited elastomeric qualities
without the addition of a plasticizer. 15% solids NC lacquer with a plasticizer retains more
adhesion than CAJplasticizer binders but their uses and properties are very similar. The
percentage of plasticizer should not exceed 10% F;f the 1 5%. NG solution percentage by
weight. Weaker NC solutions woulq use less Plastlcazer acc_c:rdlngly‘ Like CA solutions, NC
binders are very desirable supplying gpod mmsture-proqﬂ_ng propgrties without affecting
the combustion rate or smoke production of the composition. Again, an excellent choice

for rigid or semi-rigid sets.

p-pan polymer has beery used to produce more composite _propellants than any other

olymer choice. It is the binder for the rocket propellant used in the Space Shuttle SRB's
P d is an excellent choice for composite smoke formulations as well as other pyrotechnic
an lications (Composite Color Flame Formulat:ons ! Gary Purrington, Plastic Resin
ZF;’:I ded Rocket Fuel Systems / G. Purrington, Experimental Composite Propeliant / T

McCreary) and other formularies.
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PBAN can be ¢
ng an

epoxide DER. i"Tned wi ‘
elevated te,: piad rom gh a plasticizer or mineral oil and it cures (cross—linkS) usl

Perat ow Chemical or Shell 828. It requires 24 t0 48 hours 10 ct;re a;t‘

stern is much owe

than that o ures o
3 f ] L] I i
lyien e 5 Whith Lavs e Ao it i ite”
Mple whit uses Isocyanates. An excellent lower cost “trué composite
€ smoke formulation to follow;

s Ingredient

Zinc oxi *chlorat - -- - catlo
7 exa‘(’:’;'gﬁ:égt%wder ®, 200 pm NH,CIO, 33 0% oridizer
A : ane, gr n 8.0 smoke, color
S?dTL?nTE?; c!;lorideg Spiar EI;P{C(I;]? 13.0 smoke

: arbonat 4 11.0 smoke
Aluminum, Spherice| NaHCO, 40 stabilizer / CO,
Red iron oxide (ferfic4oq mesh Al 2.0 fuel / combustion
PBAN polymer oxide) Fe,0, 1.0 combustion catalyst
DER-331 or Shell 828 Proprietary 14.0 fuel / binder
Versamid 140, polya epoxy Proprietary 3.0 fuel / curative

' mide Proprietary - 1.0 fue! / cure ctist

E)

ckless). To make insecticidal

Press in .
place with a tapered core. Prime when cured (ta
de. This can be absorbed in

smoke add an additi
itional 3-4% of a i ici
sawdust and added to the mix.o concentrated insectici

Polybutadi .
Lik;’ PB Al\’lezz R-45M has many applications in addition to propellants and pyrotecnnics.
, newer formulations are constantly being devised using these binder systems.

It ma i : , .
y be thinned for use if necessary with a plasticizer or mineral oil and curing takes

place at room temperature (+65° F) usin i
mray g Isonate 143-L or Papi or at elevated
temperatures of +125° using IPDI. This “true composite” polymer is chosen for its rapid

cure rate and excellent polymeric values.

- PVA was tested and can be used for smoke formulations as well but
qualities besides ease of use and low cost. Its water base does not
ation with reactive metals and other candidate materials such as
uncoated magnesium and/or other metals (production of white oxide smoke) but works fine
in compositions containing no moisture sensitive/reactive agent(s). PVA beads are placed
in boiling water to make the adhesive and the viscosity is adjusted by the amount of PVA
added. If an elastomeric agent is needed, glycerine works better than oils or hydrocarbon
plasticizers and is mixed with the PVA adhesive solution just before mixing with the other

ingredients of the composition.

Polyviny! Alcohol
with limited desirable
allow its use in combin
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SMO K
KE COMPOSITION FORMULAE

Now you can p
the heart of the text -rﬁithe @ sigh of relief. We are now over the "how and why” and can get o
and understand the |iterateable formulations. Do not proceed unless you have previously rea
listed herein may require :Ir.e We have presented in this text. Although workable, the formulations
is also Imperative that you 'ght “tweaking” to get them to perform for you as they have for me. i
with and follow suggest Study material safety data sheets on the chemicals you will be workind
©d safety and health information listed for each.

The formulat; ;
information cove?et:;??s Lﬁted herein may be used as is or altered slightly thrgugh the use qf the
survival applications 0 IS text to meet specific requirements such as tactlcgl, commercial or
ventilated areas Ré bserve all safety rules listed herein and test only in approved well
carcinogenic Pe‘stic‘ dmemben many candidates for smoke production are harmful and/or
skin. Be awa}e of t Ides can be harmful in a number of ways including absorption through the
hese dangers and avoid inhalation of any type of smoke.

WHITE SMOKE
A) Potasst _ % by weight Cpmments ‘
Sium nitrate 48.0 Low hygroscopicity, does not react with
Sulfur, flour 46,0 moisture. Humid atmospheres will not
Sucrose 3.0 necessarily enhance the smoke density.
Charcoal, air float 3.0 Requires hot priming.

B) Potassium nitrate 46.0 Requires priming. Caution phosphorous!
Sulfur, flour 45.0 This mix uses 5% dextrine. Phosphorous
Lampblack 6.0 is moistened with water separate from
Red phosphaorous 3.0 others (wet) then mixed and cast.
Dextrine (additional) 5.0

C) Hexachloroethane 44.0 Difficult to ignite, requires thermic prime.
Zinc oxide 46.0 Mix is hygroscopic and produces chlorine
Aluminum, dark pyro 6.0 HCI smoke. Must be sealed well/storage.
Sucrose 4.0

D) Hexachloroethane 48.0 Difficult to ignite, requires thermic prime.
Zinc oxide 27.0 Mix is hygroscopic and must be sealed
Zinc dust 20.0 well to prevent possible spontaneous
Lactose 3.0 combustion (contains zinc). Produces HCI
Magnesium carbonate 2.0 smoke.
45.0 Same cautions as C above. In additi
joroethane , above. ition,
E) gii);;ag:i de 43.0 this one also forms silicic acid - irritating!
: _ 10.0
Calcium silicide 20

Magnesium oxide
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F) H.exachloroethan
Zinc oxide = ier
Potassium ch 40.0 Hygroscopic, must be sealed well. Eas
Ammoni lorate 40.0 to ignite than other HCE mixes but _stﬂl
UM chlorige 13.0 requires hot prime. Caution - contains
) 7.0 chlorate (sensitive).
G)  Ammonium chigrig,
Potassium Chlorate 50.0 Contains chlorate. Increased sensi‘tiViW
A_Sphaltum 30.0 but good ignition using ordinary primes.
Zinc oxide 10.0 Lower heat generation than other mixes.
Sucrose 50
Magnesium ca 4.0
fbonate 1.0
H)  Ammonium chlorig
e ¥ 5
Potassium chlorate ggg Same cautions as listed for G above.
Naphthalene ( '
moth b
Lactose s ? g'g
Zinc oxide 8.0
Magnesium carbonate 1.0
1) Hexach!oroethane 39.0 Self sealing composition when enough
A{nmomum perchlorate 20.0 CA solution is used to moisten completely
Zinc oxide 33.0 before pressing. Requires prime.
Sucrose or dextrose 4.0
Cellulose acetate solution i

Most white smoke compositions (except A & B) form chlorides an_d!or oxide; during
combustion that rely on moisture in the air for condensation to take place forming the white cloud.
Therefore, the smoke density from these compositions would be gnhancecl in humid climates. The
' ed by formulations A & B is of bumlr)g sulfur which does not necgssarliy require
densation to form the cloud which is not as dense, heavy (staying lower to the

lor as those that condensate.

smoke generat
moisture or Cort
ground) or pure in co

BLACK SMOKE
% by weight Comments
59.0 Requires thermic prime for ignition. The
A) Hexachloroetﬂif;\ezso 13.0 magnesium must be coated prior to
- nesium ddina.
Nl\g?:athalene (moth balls) Qg_g RS9
crose 15
fﬂl;gnesium carponate
53.0 somewhat difficult to ignite, hot prime is
potassium perchiorate 32.0 required. The rosin may be made into a
2 Anthracene 9.0 solution with alcohol to double as the
gulfur, flour 4.5 binder.
Rosin 1.5

Magnesium carbonate
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c)  Potassium Chiorag

Antimo ;
Naphthml( Sulfige, 200 m 41.0 Caution - contains chiorate! The chlorate
Asph IﬁI °ne (moth bal| o0 20.0 is mixed well into the CA solution before
Ceﬁ % tum s) 15.0 the other ingredients are added. If the miX
ulose acetate aaliii 16.0 is too thick, more CA solution may be
Clution 8.0 added for éasting
D) Potassium chlofate

Asphaltum 45.0 Caution - contains chlorate!

Dextrose 10.0

Magnesium Carbonate ?g

.Black smoke is form
containing carbon rich mat
Therefore, black smoke com
in a container with a vent th
color 1s gray, there is] u
carbonaceous materials a
smoke. These compositio

ed from the incomplete combustion of substances (or mixtures)
erials in free access to atmospheric oxygen at the burn surface.
positions do not require confinement to praduce good color. In fact,
e smoke can be produced from the tip of a flame from the vent. If the
sually a lack of atmospheric oxygen in the reaction zone and
re subliming instead of combusting to form the required black “soot”
ns are not necessarily enhanced by moisture in the air.

COLOR DYE SMOKE COMPOSITIONS

Most of the technical information on color smoke production has been previously listed in
this text. However, | feel it important to add a few notes on testing potential dye candidates for

use as color donors.

In order to produce color, the dye must be vaporized by the combustion heat of the fuel(s)
and exit the reaction zone attached to the by-produqt gasses where it condenses in air to re-form
the vapors once again into solid dye pgrtigies we view aslco|or smoke. Moisture does play a big
role here. The more moisture (humidity) in the air, the higher the density of the smoke and the
richer the color. It is the moisture that changes the dye vapors back into solid particles and the

more moisture there is, the faster this takes place tending to agglomerate the particles together

as den_?_lth); process involves heating the dye to a sufficient temperature causing vaporization of

' inimum of heat. If too much heat is generated, the dye is decomposed
th'e ye mo[ecule:dWIthof g:lno color will result. This reason alone warrants the use of a dye that
with the fuel(s) a-t'omemperaﬂife higher that its melting point. The larger the difference between
as & decompczf I Ithe dye will work for color smoke applications. Most pigments and dyes have
the two, the: pe il ints lower than their theoretical melting points. These cannot be used to
decgmposgsf; nf’;ke If they don't melt before they decompose, they are useless as color smoke
produce CO ’

didates Useable dyes must meet the following criteria;
candidates.
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1) Must volatilize r4n.
. a
t Pidj
;y‘g?ﬁlz(:if: than 2E§)te7n_;1peratures well below 500° C with a minimum of decompDSiti‘-?r‘
Um of o by ci;?:’e‘;‘_fhe melting point, the faster this will happen and with
ustion.

2) Smoke formeg
>4 shoy) .
should remain stable d condense into distinct, specific color as per the dye sample and

i i |
ggfcﬂy from the :Eact?c:” dispersed by the air (diluted). Distinct, rich color should ensué
L N surface only to be diluted in the air well afterward as weaker

3) The dye candji
30% is used(ij:Td?ht: ?c:um be_‘)f a concentration to produce rich color when a minimum of
average will range atrmbulangn_ Many smoke formulations call for up to 50% dye but the
formulation, the g about 40%. The dye is a diluent. The larger its percentage in the
produced per SECQQ!«M&_C the combustion rate. If it burns too slow, the volume of smoke
ond is decreased along with the color quality.

The _
technical ingr?rﬁ:g;;ef;?rt;esnng smoke dye (lsandidates is simple. The first step is 1o study the
need is carcinogenit ( & sample as supplted by the manufacturer. The information you \_mil
is not usually sup Iieg preferably not), melting point and decomposition point. This information
S N0 IESPRER Plied with the MSDS and therefore you must ask for it. If surplus dyes are used

ion is available, they may be tested in the following manner;

Heat a crucaple or a tin plate over a burner and drop a very tiny pinch of dye onta it. If the
dye d?meD'SES with no color vapors, it will not work as a smoke dye. If the color is poor and/or
very littie of it, check the surface of the heated crucible with a candy thermometer or similar
making sure the temperature is fess than 500 °C (932 °F). If the heat was higher than this, reduce
the temperature a bit and test the dye again. If poor color still results, the dye is a poar candidate
for use and would require too much dye in the formulation to be useful. If it melts rapidly and
zes with color, it can be added to your list as a smoke dye candidate for further testing.
Color is largely determined by reflected light. Because of this, the experiment should be
conducted in sunlight with proper ventilation. Shaded areas or poor light conditions will result in
darker, less vivid color. The following is a list of dye chemical groups we have tested with

success:;

vapori

Anthraguinone
Azo derivatives
Diphenylmethane (auramine 00)

Ketone Imine (auramine 0)
Perinone

Rosindone

Solvent dyes

Thiazine (methylene blue)
Triphenylmethane (basic green)
Xanthene (rhodamine B)

fety sake choose candidates of low toxicity and low or no carcinogenic traits.
For safre .
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VIOLET / RASPBERRY

A) Rhodamine B
Potassium Ch!éf;gthene)

Lactose

Cellulose (groy
: Nd wo
Magnesium Sarbonat gd or paper)

% by weight

48.0
26.0
15.0
6.0
5.0

Purpose

dye (color)

oxidizer

fuel / smoke / gas

fuel / ash quality
stabilizer / coolant / gas

nts; . j ]
Comments, RaSpberf}’/WOfef in coloration - very rich, bright color. Caution - Rhodamine B stains

hing it - -
everything it Comes in contact with and is difficult to remove. Cover all su

g,’o Ves.

B) Rhodamine B (Xanthene)
Sodium nitrate
Cellulose
Sucrose

Magnesium carbonate

41.0
27.0
27.0
3.0
2.0

rfaces and wear rubber

dye / color

oxidizer

fuel / ash quality

fuel / smoke / gas
stabilizer / coolant / gas

Comments; Hygroscopic, requires moisture-proof sealer. Slightly more difficult to ignite but not as
sensitive as chiorate compositions to work with. Can be used to make smoke stars in combination

with black powder bursts.

C) Methylene blue (Thiazine)
Rhodamine B (Xanthene)
Potassium chlorate
Sucrose
Cellulose
Zinc oxide

4.0
43.0
26.0
14.0

8.0

5.0

dye / color

dye / color

oxidizer

fuel / smoke / gas

fuel / ash quality

stabilizer / coolant / smoke

Comments; Deeper coloration than the above farmulations (more blue). The more blue dye

added, the closer to violet in color.

Additional comments; Cellulose is added in an effort to reduce ash density by providing a more

porous ash column fo

increases porosity whi '
With less dye vapors being “filtered

BLUE

A) indigo, synthetic
Blue (Thiazine)
Potassium chlorate

Sucrose
Cellulose (ground wood or paper)

Magnesium carbonate

Comments, Reqqire _
be increased if it is requiré

s higher than normal combus
d for good color (slight increase only).
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r dye vapor release. Cellulose combusts easily with a minimum of ash. This
ch opens more “avenues” for the vapors to exit the developing ash column.
" out by the ash, the more rich the color of smoke will be.

dye / color

dye / color

oxidizer

fuel / smoke / gas

fuel / ash quality
stabilizer / coolant / gas

tion temperatures for best color. Oxidizer can



Comments; Richer biye Color at a wide range of

C)

Comments;, Rich, deep color High NaHCO,

D)

Comments; Lower combustion temperatures with good color.

Blue (A”thraqlﬂnone)

Potassium chjgy 45.0
Sucrose e 25.0
Cellulose 15.0
Magnesium Carbonate b

5.0

Blue (Anthraquinone)

Potassium chlorate ggg
Sulfur, flour 10-0

Sodium bicarbonate 240

Blue (Anthraquinone)

Al 38.0
Guanidine nitrate 35.0
Cellulose 16'0
Sucrose 8'0
Magnesium carbonate 3.0

GREEN

A) Biue (Anthraquinone dye) 12.0
Yellow (Diphenylmethane) 28.0
Potassium chlorate 26.0
Sulfur, flour 10.0
Sodium bicarbonate 24.0

dye / color

oxidizer

fuel / smoke / gas

fuel / ash quality
stabilizer / coolant / gas

combustion temperatures.

dye / color

oxidizer

fuel / smoke

stabilizer / coolant / ash qglty

reduces sensitive nature of S / KCIO, combination.

dye / color

oxidizer

fuel / ash quality

fuel / smoke / gas
stabilizer / coolant / gas

dye / color

dye / color

oxidizer

fuel / smoke / gas
stabilizer / coolant / ash gity

Comments; Rich green color. Dye ratios can be adjusted to obtain color depth from forest green
to lime green.

B)

C)

Green (Anthraquinone) 42.0
Potassium chlorate 26.0
Sulfur, flour 9.0
Sodium bicarbonate 23.0
Comments; Good rich emerald green color.
Green (Anthraquinone) 47.0
Potassium chlorate 27.0
Sucrose jl?g
lose )
Cellu L

Zinc oxide

Comments; Good rich smoke color and density.
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dye / color

oxidizer

fuel / smoke / gas
stabilizer / coolant / ash qity

dye / color

oxidizer

fuel / smoke / gas

fuel / ash quality

stabilizer / coolant / smoke



Green (solvent dye

Potassium pergp, 40.0 dye / color
Antimony sulfig lorate 29.0 oxidizer
e 9.
Celluloss 200 mesh 20.0 fuel / combustion / smoke
Magnesium cg 80 fuel / ash quality
.
bonate 3.0 stabilizer / coolant / gas

Comments; No ch
Orate. [ess sensitive with good color and burn.

RED
A) E:f (Mono azo or anthraquinone) 45.0 dye / color
: ?ssmm chlorate 25.0 oxidizer
CZ{I:I Olse 15.0 fuel / smoke / gas
" ulose 10.0 fuel / ash guality
agnesium carbonate 5.0 stabilizer / coolant / gas

Comments; Good color and smoke volume. Easily ignited with smooth burn.

B)  Red/orange (Mono azo) 35.0 dye / color
Rhodamine B (Xanthene) 10.0 dye / color
Potassium chlorate 27.0 oxidizer
Sucrose 20.0 fuel / smoke / gas
Zinc oxide 8.0 stabilizer / coolant / smoke

Comments; Larger ash development. Best used in open top smoke “pots”. Deep rich color with
volumes of dense smoke.

C) Paranitraniline red (Aniline dye) 48.0 dye / color
Potassium chlorate 27.0 oxidizer
Lactose 19.0 fuel / smoke / gas
Magnesium carbonate 6.0 stabilizer / coolant / gas

Comments,; Deep rich blood red color, easily ignited with smoath burn.

ORANGE
A) Chrysoidine (Mono azo) 49,0 dye / color
potassium chlorate 27.0 oxidizer
Sucrose 12.0 fuel / smoke / gas
lose 8.0 fuel / ash quality
oo 4.0 stabilizer / coolant / gas

Magnesium carbonate
Commenrg' Good orange color and smoke volume.
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B)  Oil scarlet (Mop,q

Potassium Ch|0ratazo) 470
Sucrose e 26.0
Magnesium Carbonate 19.0

com 80

ments, Mono
920 dye appears to produce

dye / color

oxidizer

fuel / smoke / gas
stabilizer / coolant / gas

temperatures that woyy s o ol good, deep color even at higher combustion

dye candidates.

) Oil scarlet (Mono azo) -

Auramine O (Dj
; Phenyim
Potassium chiorate Bl 9.0

Sucrose P
Cellulose 128
Magnesium carbonate 5.0

dye / color

dye / color

oxidizer

fuel / smoke / gas

fuel / ash quality
stabilizer / coolant / gas

omments: Bri :
C ; Brighter in color, not as deep, not as "brown” as “B” above. Excellent volume and

color.

YELLOW

A) Auramine O (Diphenylmethane) 45.0
Potassium chiorate 26.0
Sucrose 16.0
Cellulose 8.0
Magnesium carbonate 5.0

Comments; Excellent canary yellow color with a hint of green.

B) Chrysoidine (Mono azo) 8.0
Auramine O (Dipheny[methane) 37.0
Potassium chlorate 28.0
Lactose 22.0
Magnesium carbonate 50 .

Comments; Bright canary yellow smoke - excellent coloration.

C) Auramine O (Diphenylmethane) 40.0
Potassium chlorate %gg

ur :
Sulfur, flo o

Sodium bicarpbonate

Comments; Military type formulation. Good color and volume.

dye / color

oxidizer

fuel / smoke / gas

fuel / ash quality
stabilizer / coolant / gas

dye / color

dye / color

oxidizer

fuel / smoke / gas
stabilizer / coolant / gas

dye / color

oxidizer

fuel / smoke / gas
stabilizer / coolant / ash qlty



HINTS ON PRODUCING CUSTOM COLORS

dP;gcil;cm? different shades or custom colors is possible simply by mixing the appropriate
color Ay gether. To reduce your research time, we offer the following information,

To mix for custom colors, candidate dyes should have approximately the same melting and
decomposition points of one another. Usually, if the dyes you have chosen will work to produce
color smoke by themselves, they will work in combination to produce the custom color as well. On
the other hand, diluting a red dye with white to produce pink will not work in most cases. Do you
know why? It has been covered in this text. Yes, that's correct......the white smoke compositions
burn too hot and will most likely destroy the dye before it vaporizes from the reaction zone.
Instead, use less red dye to weaken the color thus producing a pink in various depths according
to the dye percentage used. However, pink is not a color | would produce so | list it only for the

object lesson. The same reasoning applies to making powder blue from dark blue dyes.

_ Dyes of the same chemical family will usually have similar melting points and would be the
obvious choice in combination to produce custom colors. However, if dyes of the same chemical
family are not available, go back to the crucible burn test.

Mix the appropriate amount of dye(s) together with enough solvent to make a paste. Aliow
to dry and drop a bit onto the hot plate or crucible and note the results as previously explained.
Mixing with soivent disperses the two dyes evenly together which allows the two to vaporize
together which will yield the best color. We have found this to be the best process over mixing
and bum testing the dyes in powder form. Onice you arrive at the proper ratio, the next step is to
test it in formulation. Here, the dyes are added to enough solvent to make a runny paste then the
other ingredients are added and mixed until well homogenized. The solvent should'be evaporated
at this point. Be sure you record all your efforts for future use. Remember, dyes stain!

| hope you have enjoyed this text as much as | did performing the tests for it. Thanks.
Gary W. Purrington - Text upgrade finished December 2000




