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PREFACE

This handbook constitutes Part Two of a planned series on Military Pyrotech-
nics and forms part of the Engineering Design Handbook Series of the Army Mate-
riel Command. Part Two deals with the problems of safety in the pyrotechnics
laboratory and plant, processing procedures and equipment, particle size proce-
dures, and contains a glossary of terms.

Part Three, a separate handbook with the same date of publication, contains
data sheets on 128ingredients used in pyrotechnic compositions .

Part One, under preparation at the time of publication of Parts Two and Three,
will deal with the physical and chemical theoretical aspects of the production of
pyrotechnic effects, and the application of the theory to practice. It will also in-
clude a history of the pyrotechnic art and an extensive bibliography.

A future volume, currently in the planning stage, will be devoted to discussion
of methods used in the evaluation of pyrotechnic items, determination of their com-
pliance with the requirements of the using services, special equipment and proce-
dures which are followed in tests and evaluation, and considerations affecting the
interpretation of results.

Material for Parts Two and Three was prepared by McGraw-Hill Book Company
for the Engineering Handbook Office of Duke University, prime contractor to the
Army Research Office--Durham. The entire project was under the technical guid-
ance of an interservice committee, with representation from the Army Chemical
Center, Ballistics Research Laboratories, Frankford Arsenal, Harry Diamond
Laboratories, Picatinny Arsenal, U. §. Naval Ammunition Depot (Crane), U. §.
Naval Ordnance Laboratory, and U. §. Naval Ordnance Test Station. Chairman of
this committee was Mr. Garry Weingarten of Picatinny Arsenal.

Agencies of the Department of Defense, having need for Handbooks, may sub-
mit requisitions or official requests directly to Equipment Manual Field Office (7),
Letterkenny Army Depot, Chambersburg, Pennsylvania. Contractors should sub-
mit such requisitions or requests to their contracting officers.

Comments and suggestions on this handbook are welcome and should be ad-

dressed to Army Research Office--Durham, Box CM, Duke Station, Durham, North
Carolina 27706.
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CHAPTER 1

SAFETY IN THE PYROTECHNICS LABORATORY AND PLANT

1. INTRODUCTION

This chapterpresentsthe basic principles and
considerations involved inachievingsafety. It is
intended as a guide tohelp reduce accidents dur-
ingthe research, development, and processing of
new and improved military pyrotechnics. The
material presented here doesnot replace exist-
ing safety regulations, procedures, Standard
Operating Procedures (SOP's) or bulletins, but
is intended to supplement them and to aid in the
preparation of new regulations.

Safe practices in handling pyrotechnics are
the result of the experiences and knowledge of
interested personnel and safety experts. All
safety-conscious personnel know the necessity
for abiding by established safety rules for their
own protection and for the protection of others.
The processing, testing, storage, and disposal
of pyrotechnic materials and items present
problems because many of the ingredients and
mixtures are toxic, sensitive, and potentially
explosive. A thorough knowledge of pyrotechnic
ingredients, compositions, and their reactions
is an absolute necessity for handling pyrotech-
nics in the best and safest manner. A bibliog-
raphy of pertinent literature is included at the
end of this chapter. Safety cannot be delegated;
it is the responsibility of each worker. Super-
visors must personally assume responsibility for
educating subordinates and promoting safety
within their groups.

Pyrotechnic compositions are physical mix-
tures of finely powdered compounds and ele-
ments. The main constituents are (1)oxidizing
agentssuchaschlorates, perchlorates, nitrates,
peroxides, oxides, andchromates; (2) fuels such
as powdered metals, silicon, boron, sulfur,
hydrides, and sugar; and (3) binders and color
intensifiers, which are usually organic. When
ignited, these mixtures readily undergo an
exothermal reactionthat generates considerable
energy in arelatively short periodof time. The
heat of reaction for one gram of pyrotechnic

composition ranges from approximately 200 to
2500 caloriespergram. Thisamountof energy,
although dangerous, is generally not asdestruc-
tive as the energy of explosives because it is
released as light and heat, with temperatures
ranging from approximately 1000°to 3500 °C,
rather than as mechanical energy. Loose flash
compositions, even when unconfined, are the
exception because (1)they release their energy
in a much shortertimethanpressed pyrotechnic
compositions, although less rapidly than explo-
sives; (2) the volume of air entrapped in the
compositionincreases itsbrisance; and (3) when
confined, there is an additional danger from the
high velocity fragments of the ruptured case.

Pyrotechnic ingredients and compositions
must also be considered hazardous because of
their toxicity and sensitivity. Without prior
knowledge, or if physico-chemical principles
are inadequate, one must consider new ingre-
dients or compositions potentially hazardous.
Each new material and composition must be
evaluated to determine toxicity, sensitivity,
processing hazards, and optimum methods of
storage and disposal. Taking chances and fail-
ing to follow specified safety practices are the
most frequent causes of accidentsinthe labora-
tory or plant.

2. BASIC SAFETY RULES

The safety precautions that apply to pyrotech-
nics may be summarized in the following four
rules:

(1) Know the properties of ingredients and the
reactions of compositions.

(2) Recognize the dangeroussituationsthat may
arisebecause of potential oractualhazards.

(3) Minimize the hazardsby working with small
samples, and observing established practices
for safety equipment, processing, testing, stor-
ing, and disposal.

(4) Observe the practices of good housekeeping.



These rules are interdependent, and inatten-
tion to one defeats the objectives of the others.
To minimize ahazardous situationthe conditions
that arcorcanbe dangerous must be recognized;
this requires a thorough understanding of the
characteristics and properties of pyrotechnic
ingredients and the practices and procedures
that constitute safe housekeeping.

a. Knowledge of Pyrotechnic Materials

No experiment o rmixture preparation should
beundertaken without thorough knowledge of the
properties of the ingredients to be used and the
reaction products that result from testing. The
literature should be consulted for toxicity, sen-
sitivity, compatibility, storage, and disposal
precautions. Before any experiment or prep-
arationis started, each supervisor should make
certain his subordinates comprehend fully, and
arc using, the best and safest practices.

A knowledge of pyrotechnic materials will
depend on understanding the following six im-
portant characteristics:

(1) Toxicity

(2) Sensitivity

(3) Recactions withother materials
(4) Safe working limits

(5) Storage characteristics

(6) Disposal precautions

The first four points are¢ discussed immedi-
ately below. Storage and disposalarediscussed
under Processing Pyrotechnic Materials.

(D Toxicity. TFtoxicity is defined as the inherent
ability of achemical substancetoproduce injury
once it gains access to the body and hazard, as
the likelihood of toxic injuryoccurring while
handling or using a chemical, one can sce that
a chemical of high toxicity is not necessarily a
hazard. Undertheusual circumstances of hand-
ling or use the likelihood of toxic exposure may
not arisc; whereas, a chemical of low toxicity
may be extremely hazardousif handling provides
opportunity for toxic exposure.

A chemical must be considered toxic if it
injures tissues or organs so as to prevent them
from functioning normally. All possible expo-
sures and effects must be considered. In gen-
eral, chemical injury results from skin contact,
ingestion, and inhalation. The eyes may be
injured and vision impaired; skin may be irri-
tated, blistered, or burned in such a manner
that a permanent scar may be formed. Swallow-
ing may result in irritation or injury to the
digestivetract. Inhalation oftoxic dusts, vepors,
or smokes may resultin irritationorpermanent
injury to the nasal passages and lungs. The
degree of injury from contact varies greatly;it
may be slightorserious, and may occur rapidly
or may be delayed for days, weeks, or years.
To produce injury to internal organs, a toxic
substance must enter the blood stream through
the lungs, the mouth, or the skin (either per-
cutaneously or through an open break).

Avoidance or prevention of toxic exposures
may take forms such as the use of protective
clothing and equipment, ventilation of buildings,
proper design of equipment, and proper storage
of toxic chemicals. Thus, all those concerned
(supervisors, safety officers, engineers, and
operators) must make aconcerted effortto reduce
hazards. All personnel handling chemicals
should know possiblehazards, control, and first
aid treatment. The extent of prevention proce-
dures must be determined by the possibility of
exposure under the conditions of use, by the
toxicity of the chemical, by the nature of its
cffects in or on the body, and by the way in which
it gains access to the body.

The health hazard normally associated with
handling pyrotechnic items, aside from skin
contact, ingestion, and inhalation of the compo-
nents during manufacture, isthe inhalation of the
end products after dissemination. Allingredients
used inpyrotechnics should be considered poten-
tially toxic; thisalsoapplies to compositions and
the products of reaction. All possible precau-
tions should be taken to minimize exposure to
dusts and vapors generated during handling and
testing.

Each compound must be treatedas apotential
health hazarduntil all exposure limits have been
established for man, on an acute and chronic
basis. Personnel who come in contact with



pyrotechnic materials should use protective
clothing, masks, goggles, and skin creams, and
practice personal cleanliness to avoid toxic com-
plications. Safety experts and medical author-
ities should be notified immediately on any
question about exposure totoxic materials or any
unusual symptoms after exposure. Labels on
stored materials should indicate the tpxicity of
the material and the antidote or treatmentif
kiiown.

(2) Sensitivity. The sensitivity of a pyrotechnic
composition 1s considered as its response to
external stimuli such as heat, impact, friction,
moisture, electrostatic discharge, and initia-
tion. In this section these tests are briefly de-
scribed. Afull descriptionofthetesting proce-
dure appears in the section on Evaluation Tests.
No fullscalepreparation of a new or experimen-
tal mixture should be undertakenwithout conduct-
ing sensitivity tests on small specially prepared
samples. Full scale preparation may be at-
tempted only if the results of the sensitivity tests
indicate that no definite or potential hazard
exists. Ifan uncertainty exists, the preparation
should be scaled up in minimum increments to
gain experience before attempting a full scale
preparation. It should be noted that sensitivity
tests do not always give a definite correlation
with actual practice, becausethe physical condi-
tions involved in laboratory orplant preparations
seldom duplicate the controlled conditions in
laboratory sensitivity testing. Experience has
shown, however, that sensitivity tests are reli-
able guides for categorizing compositions with
respect to sensitivity.

(a) Sensitivity to heat. Because all pyrotechnic
compositions are initiated by heat or heat plus
shock, one shoulduse some of the common tests
to establish or measure the response of an in-
gredientora composition when exposed to heat.

Ignition temperature. This is most often done
by placing a small quantity of the material in a
thin walled metallic container such as a copper
blasting cap, and inserting the cap and its con-
tents rapidly into a molten metal bath of known
and controlled temperature. This process is
repeated at various selected temperatures, and
thetime from insertionto reaction is noted. The
average time for ecach temperature is plotted

against the reciprocal of the absolute temper-
ature. The slope of the line is calculated in the
Arrhenius fashion to yield the activation energy
of the sample. This value can be taken as a
measure of the sensitivityto heat of the sample.

/16/

Autoignition temperature. Anothertestfor sen-
sitivity to heat 1s maintaining the sample at a
constant temperature, somewhat below its ex-
pected ignition temperature, and noting if a reac-
tion occurs with extended time of exposure. If
noreactionoccursin a reasonable time, the test
isrepeated with a fresh sample at a little higher
temperature. Thetestiscontinued until a reac-
tion is obtained in a short period of time such as
several minutes. The autoignition temperature
test can be used as a rapid means to determine
whether the composition will react at elevated
storage temperatures. /3/

Flashpoint. When easily decomposed orvolatile
organic chemicals are used, it is desirable to
determine whether the vapors are readily flam-
mable, andthetemperature at which they ignite.
Thetemperature at which ignitiontakesplace can
be determined by means of the flash point test.
If the vapors are found to be ignitible below ele-
vatedtemperatures, the ingredient should not be
usedunless means are providedtoprevent escape
of the flammable vapors. /7/

Vacuum stability. The vacuum stability test
subjects the sample, while under vacuum, to a
selected elevated temperature for a predeter-
mined periodof time. ¥ an excessive amount of
gas is evolved the material is considered un-
stable. /4/

Flammability. The flammability test deter-
mines the likelihood that a pyrotechnic charge
will catch fire when exposed to an open flame.
In this test the sample is exposed to an oxyhy-
drogen flame at a specified distance for a fixed

9e;iod of time. The time to reaction is noted.
3

(b) Sensitivity to impact. Sensitivity to impact
is another important safety parameter to per-
sonnelwho prepare, handle, and transport pyro-
technic compositions. The test procedure most
oftenused isthe placing of a small sample of the
material onahardened steel plate and droppinga




known weight from selected heights. Fresh
samplesaresubjectedto weight drops of varying
heightsuntil no reaction is obtained. This value
is taken as a measure of the sensitivity to
impact. /4/

(c¢) Sensitivity to friction. Qualitativetests may
be conducted by rubbing a small quantity of the
mixture between unglazed porcelain plates or
with an unglazed mortar and pestle. Another
testis to place a small portion of the sample on
ahard surface and strike it a glancing blow with
a hammer. /3/  Friction tests are important
when determining safety for processing and
transporting the mixture.

A more quantitative test employs a pendulum
friction device developed by the Burcau of
Mines. The apparatus consists of a supported
pendulum to the lower end of which is attached
a shoe designed for interchangeability of dif-
ferent types of surfaces. The pendulum is ad-
justed, before testing the sample, to give a
specified number of swingsacrosstheanvil. The
shoe is permitted to fall from aspecified height
and to sweep back and forth across the sample
held inasteel anvil having deep grooves cut into
it at right anglestothelineof swing. The sample
is first subjected to the steel shoe andif areac-
tionoccurs beforeten samples have been tested,
the testisdiscontinued and afibreshoe is substi-
tuted for the steel shoe and the testing is con-
tinued. /3/

(d) Sensitivity tomoisture (hygroscopicity). The
hygroscopic nature of the pyrotechnic material
or its ability toabsorbmoisture fromthe atmos-
phere must be known if it is to be considered for
military application. The rate at which moisture
is absorbed and the weight absorbed will depend
onsuchfactors as the particle size of the mate-
rial and its purity, and the ambient relative
humidity. Animportant parameter with respect
to the hygroscopic property of a Pyrotechnic
ingredient is its critical relative humidity.
This is the relative humidity value below which
the ingredient will not absorb moisture and
above which it will absorb moisture. The ab-
sorption of moisture by an ingredient can affect
the sensitivity to ignition, propagation and
stability of apyrotechnic composition. /3,6/

(e) Sensitivity to electrostatic discharge. To
evaluate the ecase with which a pyrotechnic in-
gredient or mixture is initiated by electrostatic
energy, one places a small sample of the ma-
terial in a depression of a steel block. The ap-
paratusisadjustedto give the desired number of
joules and the needle point is positioned to per-
mit the discharge of the spark when the critical
distance between the needle and sample is
reached. Reactions such as burning and sparks
arc recorded. /6, 12, 15/

(f) Sensitivity to initiation (ignitibility). Al-
though pyrotechnic compositions may be initiated
by such stimuli as heat, impact, friction and
electrostatic discharges, sensitivity to initiation
is usually considered as the minimum energy
required to cause complete propagation of the
composition. Heat is the usual source for this
energy and may be accompanied with hot gases
or hot solid particles.

There is no established method for deter-
mining the ignitibility of pyrotechnic compo-
sitions.  For special applications varying
amounts of igniter compositions have been used,
as well as miner's cord at varying distances.
Compositions have also been subjected to the
flash from varying amounts of blackpowder to
obtain an indication of the sensitivity to initiation.

(3) Reactions With Other Materials (Compati-
bility). Compatibility, which 1s the ability of an
ingredient or composition to remain unaffected
whenin contact with other ingredients or a con-
tainer, is an important parameter with respect
to sensitivityand storage characteristics. Many
combinations of ingredients such as potassium
chlorate and red phosphorus are very dangerous,
and someingredients will react with the contain-
crmaterial. Table 1-11lists a number of chem-
ical combinations of common materials that are
known to be incompatible. It is especially im-
portant that all tools and equipment that come
incontact with eitheringredientsorcompositions
be meticulously cleanbecause unclean tools may
affect the performance and stability of a pyro-
technic composition.

(4) Safe Working Limits. During development
of a new item, tests should be conducted to de-
terminethe consequencesof accidental initiation.




TABLE 1-1. HAZARDS OF PYROTECHNIC INGREDIENTS

All items are assumed to be comparatively
finely divided, and some of the metals and non-
metals are in the form of dust. Oxidation prod-
ucts thatare substantially inert are notincluded.
Degree of hazard may be increased by decreased
particle size and increased temperature, and
may be affected by presence of moisture or air.
Impurities may alter sensitivity to reaction.

FUELS

Inorganic (metals, alloys, and nonmetals): In
the finely divided state react vigorously with
oxidizing agents. Easily ignited in air by flame
or spark. Manyare pyrophoric when very finely
divided. Contact with water should be avoided.
Alkali metals: React violently with water;
possible explosion. Ox-
idize on exposure to air.
React violently when
heated with CO2, halogens,
and chlorinated hydro-
carbons. Keep under
kerosene.

Lithium Reacts explosively with
sulfur. Handle under a
blanket of argon or helium

gas (not nitrogen).

Potassium Forms explosive mixtures
with chlorinated hydro-
carbons. Reacts with
nitrates, sulfates, hydro-
xides, chromates, man-
ganates, silicates.

Handle under a blanket

of nitrogen gas. Destroy
if stored for some time
while exposed to air.
Small amounts can be
disposed by reacting

in ethanol. Burn large
quantities.

Sodium Reacts explosively with
sulfur; when molten
reacts violently with
sulfur dioxide. Presents
same hazards aspotas-
sium.

Fuel

Alkaline earth
metals:

Calcium

Magnesium

Aluminum

Boron

Carbon Black,

Lampblack

Hazard

React with moisture and
oxidize in air, but much
more slowly than alkali
metals. Storage under

kerosene not necessary.

Reacts explosively with
hexachlorobensene or
sulfur. Reacts vigorously
without explosion when
heated with titanium diox-
ide or tungsten trioxide.
When finely divided will
burn in oxygen at 300°C,
Reacts violently with
halogens above 400°C.
Reacts with fluorine at
room temperature.

Dust clouds explode when
heated or ignited by a
spark. Reacts with chlo-
rinated hydrocarbons and
halogens. Reacts when
heated with alkali oxides,
hydroxides,and carbonates.

Reacts with water and may
ignite because of liberated
hydrogen. Dust may ex-
plode inair. Reacts vio-
lently when heated with
carbon tetrachloride and
other chlorinated hydro-
carbons and carbon dioxide.
Reacts with halogens. May
explode when heated with
hexachlorobenzene or
tellurium .

Dust may explode sponta-
neously in air or when
ignited by a spark.

May ignite or explode spon-
tancously in air or when
heated by flame or spark.
Reacts spontancously with
sulfur and drying oils.



TABLE 1-1. HAZARDS OF PYROTECHNIC INGREDIENTS (Continued)

Fuel

Copper

Graphite

Magnesium-
Aluminum
Alloy 50/50 and
65/35

Manganese

Molybdenum

Nickel

Phosphorus

White or
yellow:

Red:

Hazard Fuel

Reacts with hydrogen Silicon
peroxides and organic
chlorides.

Substantially inert. Dif- Sulfur
ficult to ignite. When

ignited burns with intense

heat.

Presents much the same
hazard as magnesium and
aluminum.

May ignite in air. Can be
ignited by an electric
spark.

Oxidized by moisture at

room temperature. May

explode when heated in

air.

May explode when heated Titanium
in air.

Reacts when heated with
alcohol to form ethylene
and spontancously flam-
mable phosphine. Burns
in air or carbon dioxide
when heated. Reacts with
sulfur when heated.

Ignites spontancously
in air. Reacts with
organic materials.
Store under water
and keep below 44°C. Tungsten
May ignite sponta-

neously in air if it Zinc
contains sufficient

yellow phosphorus.

Reacts with organic

materials. Mixture

with chlorates are

extremely sensitive.

Hazard

Reacts with steam at red
heat. Reacts with the
halogens.

May react explosively in
air. May ignite spon-
tancously in the presence
of carbon, lampblack,
fats, oils and other or-
ganic materials. Reacts
violently when heated with
mercuric oxide. Reacts
explosively when ground
together with metallic
sodium and with the
alkali metals and zinc
when heated. Reacts
violently when heated
with potassium oxide.
When heated with am-
monium nitrate, the
mixture ignites.

Explodes spontancously
in air; reaction more
vigorous if small amount
of water is present.
Burns when heated in
C02 or nitrogen. Reacts
when heated with carbon
tetrachloride. Pyro-
phoric when very finely
divided. Keep wet with
at least 25% water o
water plus alcohol.
Handle only in inert
atmosphere of argon or
helium.

May explode when heated
in air.

May explode when heated
in air. Reacts violently
when heated with strong
alkalies. Reacts when
heated with COg or CCly.
Reacts explosively with
sulfur.
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Fuel Hazard

Reacts when heated with
water vapor, oxygen,
nitrogen, carbon monox-
ide and dioxide, halogens,
sulfur, carbon, silicon,
phosphorus, boron, and
aluminum. Firesdifficult
to extinguish. Pyrophoric
when very finely divided.
Keep wet with at least
25% water. Handle only
in an inert atmosphere of
argon or helium.

Zirconium

Less reactive than either
nickel or zirconium.

Zirconium -
Nickel Alloy
70/30, 30/70

Inorganic Compounds: Not usually hazardous
by themselves. Vary in ease of decomposition
by heat and reactivity with oxidizing agents.

Antimony Reacts with hot water

Sulphide and steam. Decomposes
on heating.

Calcium Reacts with water and

Phosphide spontancously liberates
flammable phosphine.
May explode when
heated by a flame. Liable
to spontanecous combus-
tion.

Calcium Reacts with water and

Silicide liberates flammable

silicon hydrides. When
heated it decomposes

and may burn or explode.
Ferrous Sulfide Reacts with water.

Zirconium
Hydride

Reacts violently on heating
with easily reducible ox-
ides. Reacts at red heat
with all except the noble
gases forming nitride,
carbide, oxide, etc. Dry
powder can beignited by

a static spark or shock.

Fuel Hazard

Organic Compounds: Combustible; most rep-

resent nootherparticular hazard by themselves.
Only a few are used as fuels, although many
organic ingredients are used as additives. May
react with oxidant present but their reaction
as a fuel is secondary.

Heatedvapors may explode
when ignited in air. Reacts
when heated with oxidiz-
ing agents, particularly
strongly with CrOg3.

Anthracene

Dextrin No particular hazard.

Lactose Reacts vigorously when
heated with oxidizing
agents, expecially chlo-
rates. Dust canbe ignited
in air by anelectric spark.

Reacts when heated with
oxidizing agents, partic-
ularly chlorates.

Sugar

OXIDANTS

Inorganic Compounds: Form sensitive mixtures
with powdered metals and organic materials. The
sensitivity and reactivity are increased as the
temperature is raised, and may result in ex-
plosion. Avoid exposure towater vapor as many
oxidants are hygroscopic. The sensitivity of
mixtures containing the following oxidizers
decreases inthe following order (approx.): chlo-
rates, perchlorates, peroxides and some oxides,
nitrates, chromates. These classes and their
individual compounds are listed below in alpha-
betical order.

Chlorates
Barium Reacts when heated with
Chlorate finely divided metals, am-

monium salts, sulfur, sul-
fides, phosphorus, finely
divided organic materials,
oils, greases, charcoal
and solvents.
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Oxidant

Potassium
Chlorate

Chromates

Barium
Chromate
Lead
Chromate

Nitrates

Ammonium
Nitrate

Barium
Nitrate

Calcium
Nitrate

Hazard

Sensitive to shock or heat
and when mixed with reduc-
ing materials such as
sugar, charcoal, shellac,
starch, sawdust, oils and
grease, lint, vegetable
dusts, alcohols and other
organic solvents ,powdered
metals, ammonium com-
pounds, sulfur, sulfides,and
phosphorus.

React vigorously when
heated with finely divided
metals and easily ox-
idizable materials.

Reacts vigorously when
heated with powdered
metals, galvanized iron,
lead solder, sulfur, sul-
fides, phosphorus, chlo-
rides, nitrates, chlorates,
nitrites, organic nitro
compounds, charcoal and
oxidizing carbonaceous
material. Ignites when
heated with sulfur.

Reacts vigorously when
heated with reducing ma-
terials, particularly
phosphorus, sulfur, and
sulfides.

May be exploded by shock,
heat, flame or chemical
action. Reacts vigorously
when heated with boron,
phosphorus, sulfur, sul-
fides, sodium acetate, and
flammable organic ma-
terials suchas oils, tallow,
and fibrous materials.

Oxidant

Lithium
Nitrate

Potassium
Nitrate

Sodium
Nitrate

Strontium
Nitrate

Hazard

May explode when heated
with reducing agents,
phosphorus, sulfur, and
sulfides.

Canbe detonated by shock.
Reacts vigorously when
heated with boron, phos-
phorus, sulfur, sulfides,
sodium acetate, and
flammable organic ma-
terials such as oils,
tallow, and fibrous ma-
terials. Handle as an
explosive.

Dangerous fire and ex-
plosion hazard when heated
alone or with reducing
materials.

Reacts vigorously when
heated with phosphorus,
sulfur, sulfides, and
reducing materials.

Oxides and Peroxides

Barium
Peroxide

Chromic Acid

Cuprous Oxide

Ferric Oxide

May explode when heated
with magnesium,aluminum,
zinc, phosphorus, sulfur,
sulfides, charcoal, and
other reducing materials.
Reacts with moisture.

Reacts vigorously when
heated with most metals,
acetic acid, acetone,
alcohol, glycerine, flam-
mable and reducing
materials.

Explodes when heated
withpowdered magnesium.

When heated can act as an
oxidizer, e.g.,thermite;
reaction with aluminum.
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Oxidant

Ferrosoferric

Oxide

Lead Oxide

Lead
Peroxide

Lead
Sesquioxide

Lead
Tetroxide

Manganese
Dioxide

Molybdenum
Trioxide

Hazard

When heated can act as
an oxidizer.

May explode when
heated with magnesium.

When heated reacts with
reducing materials and
may ignite. Mixtures
with red phosphorus,
sulphur, sulphides, and
charcoal are sensitive

to impact and friction.
May detonate when heated
with powdered aluminum,
magnesium, or zinc.

When heated with mag-
nesium may detonate.

When heated reacts with

reducing materials. May
explode when heated with
magnesium,.

Reacts when heated with
reducing agents. Forms
sensitive mixtures with
red phosphorus, sulfur,
sulfides and hyposulfides.

When heated reacts with
sodium, potassium, mag-
nesium, aluminum and
silicon and is itself re-
duced to the metal. When
heated with zinc there 1s
only apartial reduction.
Reacts with halogens and

molten potassium chlorate.

Oxidant
Silicon

Dioxide

Strontium
Peroxide

Zinc Oxide

Perchlorates

Ammonium
Perchlorate

Barium

Perchlorate

Calcium

Perchlorate

Lithium

Perchlorate
Potassium
Perchlorate

Strontium

Perchlorate

Polychlorotri-
fluoroethylene

Hazard

Reacts when heated with
metals. May explode when
heated with magnesium.

May be detonated by heat,
shock,or catalysts. Reacts
violently when heated with
reducing materials, mag-
nesium, aluminum and
zinc. Mixtures with red
phosphorus, sulfur and
sulfides are sensitive to
impact, friction and heat.
Reacts with water.

Hydrolyzes slowly in
water. May explode when
heated with powdered
magnesium.

Behave very similarly.
When heated may ignite
and explode. When
heated with powdered
metals, particularly mag-
nesium and aluminum,
sulfur, sulfides, phos-
phorus, and combustible
carbonaceous material,
react violently.

Comparatively inert.
Under conditions of high
shear, where fine par-
ticles of fresh metal are
exposed, soft metals
such as aluminum and
magnesium react
vigorously.
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ADDITIVES

This includes a variety of materials, most of
which are addedin comparatively smallpropor-
tions to compositions for special purposes such
as intensifiying color, retarding, binding. The
oxidants listed below result from the burning of
the compositions. The miscellaneous materials
have been grouped below for convenience.

Additive Hazard

Carbonates and Bicarbonates

Barium, React with mineral acids,
Calcium, and giving off COg. Represent
Magnesium nohazard. Used as coolants
Carbonate; or antiacids.

Potassium and

Sodium

Bicarbonate

Catalyst (for polymerization)

Cobalt
Naphthenate

Marketed as a6% solution
inmineral spirits. Spirits
arevolatile and flammable
and may explode when
heated in air. Explodes
on mixing with methyl-
ethyl ketone peroxide
(see Lupersol DDM under
Fuels--Organic).

Color Intensifiers

Inorganic

Barium and Present no particular

Strontium hazard.

Chlorides

Organic

Dechlorane Comparatively inert.

Hexachloro- Dangerous when heated

benzene with alkalies or metals.
Explosive chloracetylene
is produced.

Hexachloro- When heated to decompo-

ethane sition produces toxic fumes

of chlorides. Relatively
inert.
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Additive Hazard
Polytetra- When heated reacts with
fluorocthylene molten alkali metals and
(Teflon) fluorene.

Polyvinylchlo- When heated reacts with
ride alkalies.

Dyes May behave as fuels and
react when heated with
strong oxidizers.

Explosives

Black Powder Dectonated by friction,
heat, impact, or by

electric spark.

Nitrocellulose When dry extremely sensi-
tive to shock and friction.
Easily accumulates static
charges. Highly inflam-
mable and explosive. De-
composition on storage is
accelerated by acids and
alkalies, resulting in
possible fire or ex-

plosion.

Tetranitro-
carbazole.

May explode on heating.

Oxalates

Barium,
Calcium, and
Strontium
Oxalate

Oxides

These result from the burning of compositions
containing the corresponding metal or metal
compound.

Alkali Oxides
Potassium and
Sodium Oxides

Give off dangerous CO.

React with water with the
evolution of heat, which in
the presence of organic
material may be sufficient
to cause ignition.

Alkaline-carth
Oxides, Calcium,
Barium, and

Magnesium
Oxide
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Additive

Aluminum
Oxide

Chromic
Oxide

Potassium
Oxide

Titanium
Dioxide

Solvents

Acetone

Alcohol

Carbon
Tetrachloride

DibutyIphthalate

Hazard Additive
Reacts vehemently when

heated with calcium Kerosene
carbide.
When heated decomposes
suddenly at 330°C.
Binders
Reacts violently when
heated with sulfur. Asphaltum
Calcium
Resinate
Reacts vigorously when Calcium
heated with metallic Stearate
calcium.
Castor Oil

Vapors form an explosive

mixture with air. Reacts

vigorously with oxidizing Ethycellulose
agents, particularly chlo-

rates, peroxides, and

chromic acid.

Vapors form an explosive Gum Arabic
mixture with air. Reacts

vigorously with oxidizing Gum Tragacanth
agents, particularly chlo-

rates, chromic acid and Laminac 4116

sodium peroxide. Reacts
with phosphorus at 215°C
forming ethylene and
spontancously flammable
phosphine.

Reacts slowly with water
forming hydrochlorine
acid. Reacts when heated
with alkali and alkaline
carth metals, peroxides,
and metal powders such
as aluminum, iron, and Parlon
sodium peroxides.

Linseed Oil

Flammable. When heated
reacts with oxidizing
agents.
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Hazard

Vapors may explode when
heated in air. Reacts
when heated with halogens
and oxidizing agents such
as CrOj3, Nag09.

Dust cloud may explodein
air.

When heated reacts with
oxidizing agents.

No particular hazard.
Acts as a retardant.

Reacts when heated with
oxidants, particularly
chlorates.

Reacts on heating with
oxidizers. Dust may
be ignited by an electric
spark.

No particular hazard.
No particular hazard.

The original mixture
contains such small
amounts of unstable
peroxides (e.g.,methyl-
ethyl ketone peroxide,
benzoyl peroxide) that
the mixture may be
considered merely as
combustible.

Reacts when heated with
sulfur or oxidizing agents,
particularly chlorates.

Will ignite in the flame
of a Bunsen burner, but
the flame is self ex-
tinguishing. Gives off
HCI on heating to
decomposition.
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Additive Hazard Additive Hazard
Shellac Dust can be ignited by Thiokol The monomer is poly-
anelectric spark. Reacts Liquid merized by various organic
when heated with oxidizing Polymer peroxides. Conventional
agents, particularly LP-2 paint driers and PbOg2 are
chlorates. also excellent.
Stearic Acid No particular hazard. Zinc Stearate No particular hazard.
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These tests should be conducted on full scale
items, when possible, and should test exposure
to heat, vibration, jolt, transportation, drop,
andsoon. Theresultsof these tests can be used
to establish safe limits for processing, testing,
storage, and disposal.

b. Recognizing
Situations

and Minimizing Hazardous

Areas in which actual or potential hazards
exist should be noted whenever a new item is
being developedoranolditem isbeing improved.
Every effort should be made to comply with ex-
isting regulations on processing, testing,
storage, and disposal. As always, good house-
keeping should be emphasized and followed.

Safety experts and other experienced person-
nel should be consulted to help anticipate trouble
spots and minimize potential hazards. Super-
visory personnel should always be alert to sen-
sitive areas, and must, in turn, teach subordi-
nates to take all essential precautions.

3. PROCESSING PYROTECHNIC MATERIALS

Many possibilities for accidents exist when
processing pyrotechnic ingredients and compo-
sitions. Potential hazards must be eliminated

in each of the following steps that make up the
processing procedure.

(1) Transportation
(2) Storage

(3) Grinding
(4) Weighing
(5) Blending
(6) Granulating
(7) Loading
(8) Drying

(9) Assembly
(10) Testing

(11) Disposal

Also, the followingbasic principles should be
applied to each of the above steps.

(a) Adoptasystematic plan for each experiment

or operation.
(b) Work with minimum quantities.

(¢) Ground all containers and equipment to avoid
electrostatic buildup.

(d) Clean thoroughly all containers, tools, and
equipment prior to use.
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